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Abstract

Background: Suicide gene therapy is one of the modern methods of cancer treatment. However, transmission for tumor cells
is one of the main challenges to overcome. Hypoxia is a common phenomenon in solid tumors that lead to changes in tumors
microenvironment. Hypoxia-responsive element sequences are regulatory sequences that lead to activation of their upstream and
downstream genes in hypoxic time. Bax is a strong proapoptotic gene that causes apoptosis in the time of over expression in cells.
Objectives: The aim of this study is to use this sequence in order to specify suicide gene therapy by the help of a gene producing
Bax protein under control of CMV promoter.
Methods: The gene of BAX, BAX3HRE and 3HRE were cloned into interested vectors. In the next step, the function of HRE sequence
on over expression of upstream gene under hypoxic condition was evaluated through western blot, MTT assay and real time PCR.
Results: The results of this study indicate that cells transected by pcDNA3.1/BAX 3HRE. The rate of apoptosis in them significantly
increased in comparison with pcDNA3.1/BAX in hypoxic conditions.
Conclusions: Regarding the role of HREs in increasing the expression of its upstream genes, it can be used to specify suicide gene
therapy in treatment of solid tumors.
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1. Background

Suicide gene therapy is one of the interesting meth-
ods of gene therapy that recently has drawn lots of inter-
est to itself in research. By definition suicide gene ther-
apy is a method in which vector containing killer gene is
transferred into the target cell and after the gene expres-
sion in the given cell, the cell is moved toward apoptosis
or necrosis (1). Of different types of killer genes identified
up to now, the genes encoding proteins such as P53, E1A,
P202, PEA3, BAX, Bik and enzymes metabolizing drugs such
as thymidine kinas and cytosine deaminase (2, 3).

Bax is a proapoptotic gene that causes apoptosis when
over-expressed in cell lines such as prostate, colon, cervical,
and ovarian cancers (4).

Although lots of research has been done related to the
suicide gene therapy, there are different challenges to over-
come. The limitation of expression of killer genes in tumor
cells is one of these challenges. One of the applied solu-
tions is the use of specific promoters of tissue and tumor
like human telomerase reverse transcriptase (5) and Sur-
vivin (6). However, the main problem of these promoters

is their low efficiency. Some researchers are working on
virus promoters like SV40 and CMV that benefits of high
efficiency (7). However, these promoters do not have any
specific targeting for tumor cell. It is activated in all tis-
sues to some extent. To have a specific promoter, Hypoxia-
responsive element (HRE) can be attached to virus promo-
tores. HRE sequences are sequences that are located up-
stream or downstream of different genes and function as
enhancers in hypoxia conditions on downstream and up-
stream promoters (8).

Binley et al. could achieved a targeted and specific ex-
pression of human cytochrome p450 in breast tumors in
hypoxia conditions through the combination of HRE ele-
ment and SV40 promoters (9).

Hypoxia is a common phenomenon in solid tumors
that lead to changes in tumors Microenvironment (10),
when the size of tumor reaches to 44 mm in tumor cells
this phenomenon occurs (11). Factor HIF-1 provides molec-
ular basis for cancer cells’ adaptation under hypoxia con-
ditions that are necessary for tumor progression in becom-
ing malignant (12, 13).
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Under normal oxygen conditions, HIF-1α (Hypoxia-
inducible factor 1-alpha) is rapidly degraded by Pathway,
but under hypoxic conditions this action is prevented
and results in HIF-1α accumulation in the nucleus. HIF-
1α and HIF-1β form heterodimer and are attached to hy-
poxia response element (HRE) which consequently acti-
vates more than 50 genes that have HRE in upstream
or downstream of their gene sequence and facilitate the
genes’ transcription (8), for example, nitric oxide, vascular
endothelial growth factor (VEGF) (13), DEC1, DEC2 (14), Ni-
tric Oxide (15), Nuclear Clustrin (16), human plasminogen
activator inhibitor-1 (PAI-1) (17), erythropoietin (EPO), glu-
cose transporter-1 (GLUT-1) and phosphoglycerate kinase
(PGK) (18). The HRE-inducible sequence allows a tight reg-
ulation of events, switching-on at low oxygen tension but
switching-off under reoxygenation (19).

The balance between poroapoptotic molecules like
BAX and anti-apoptotic ones like BCL-2 play an important
role in forming apoptosis in cancer cells. In order to en-
hance specifically the expression of Bax gene in MCF-7 cell
line in hypoxic condition. we used 3HRE sequence (GTCGT-
GCAGGACGTGACATCTAGT) (18) for the first time to specify
CMV promoter action to express BAX gene in cancer cells
that have suffered from hypoxia.

2. Methods

2.1. Cell Culture

The MCF-7 (Breast Cancer Cell Line) was cultured with
RPMI1640 (Gibco, USA) media supplemented with 10% fe-
tal bovine serum (FBS), 100 u/mL of penicillin and 100u/mL
streptomycin at 37° in a humidified incubator under 5%
CO2.

2.2. Hypoxic Condition

Hypoxia was obtained by an aerobic incubator (Mem-
mert, GERMANY). Cells were incubated under 5% CO2, 94%
N2, 1% O2 and 37° for 36 hours.

2.3. Plasmid Construction

BAX gene (Accession Number NM138764.4) with 3HRE
from PGK (Phosphoglycerate kinase) gene in the 3’ end was
synthesized and cloned in the treading vector. This syn-
thesized gene was sub cloned into the pcDNA 3.1 vector
using NheI and ApaI restriction enzyme as a result mak-
ing PcDNA3.1/BAX 3HRE. For construction of pcDNA3.1/Bax,
PcDNA3.1/BAX 3HRE was digested with HindIII restriction
enzyme; therefore, 3HRE was eliminated and pcDNA3.1/BAX
was made.

HRE primers were synthesized (Table 1). 3HRE was am-
plified with PCR and PCR products were recovered with gel

extraction kit subsequent at 2% agarose gel electrophore-
sis. The fragments were ligated in the downstream of GFP
gene in the pEGFP-N1 vector. pEGFP-N1 vector was used as
control the same as pcDNA3.1 vector (20).

2.4. Transfection

Cells were plated into 24-well dishes and grown for 24
hours to reach 70% - 90% confluence. Two sets of wells in
duplicate were prepared for each plasmid sample. Cells
were transfected with lipofectamin 2000 (Invitrogen, USA)
according to manufacturer’s instructions.

2.5. MTT Assay

Cell viability was determined with [3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide]
MTT. Briefly, cells were incubated for 36 hours, after that
MTT solution (1mg/mL) was added on to each well and
incubated for 2 hours at 37° C. The crystals were dissolved
in 200 µL DMSO and the extent of reduction of MTT was
determined as the absorbance at 470 nm. Wells with
complete medium and MTT but without cells were used as
blanks (21).

2.6. Western Blot

Incubated cells were harvested after 36 hours and lysed
with a lysis buffer. The lysate was sonicated and boiled at
80°C for 5 minutes. Total proteins were separated by 15%
SDS-PAGE and transferred to PVDF membrane. Following
this transfer, membrane was blocked with 5% skim milk in
Tris-buffered saline with tween 20 (TBST). The membrane
was incubated with mouse anti-GFP monoclonal antibody
(Roche) for 2 hours and washed with TBST for 3 times. It was
then incubated with HRP-conjugated secondary antibody
for 2 hours. After washing with TBST for 3 times the im-
mune complex was visualized with the NBT/BCIP. β-actin
was used as a control.

2.7. Real Time PCR

Total cellular RNA was isolated with Kit (Ferman-
tas,Lithuania) and cDNA was synthesized with Kit
(Bioneer,Republic of Korea). Real Time PCR was performed
in a reaction mixture containing cDNA. Specific primer
(Table 1) and SYBRGREN master mix (Bioneer,Republic of
Korea) was used in reaction. The amplification was per-
formed in a Corbet research rotor gene. The PCR reaction
was used as 94 for 10 minutes, 94 for 30 seconds and 60 for
30 seconds for 35 cycles. GAPDH was used as a control.
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Table 1. Primers Were Used in This Study

Forward Primer Revers Primer

Primer for proliferation of HRE 5′ - CCAAGCTTGTCGTGCAGG-3′ 5′ -TTAAGCTTGCTGTCACGTCC-3′

BAX for real time PCR 5′ -TGGAGCTGCAGAGGATGATTG-3′ 5′ -GAAGTTGCCGTCAGAAAACATG-3′

GFP for real time PCR 5′ -ACAACTACAACAGCCACAACG-3′ 5′ -GGTCACGAACTCCAGGAG-3′

GAPDH for real time PCR 5′ -GAAGGTGAAGGTCGGA GTC-3′ 5′ -GAAGATGGTGATGGGATTTC-3′

3. Results

3.1. Construction of Vectors

BAX gene containing 3 copies of HRE sequence was
cloned into expression vector pcDNA3.1. In the next step,
HRE was removed from synthesized fragment cloned into
pcDNA3.1 using HindIII enzyme. The cloning of two seg-
ments was verified by PCR and sequencing.

To make pEGFP N1 / 3HRE, at first, HRE was amplified
by PCR reaction using primers (Table 1) that have enzyme
identification site in their 5’ sides and after that, this se-
quence was cloned into downstream of GFP gene in vector
pEGFP-N1 in NotI region and its proper presence and direc-
tion was confirmed by the help of PCR and sequencing (Fig-
ure 1).

3.2. HRE Can Enhance Transcription of Genes That Located in Its
Upstream

In this study it was proved with Real time PCR that
HRE sequence can increase the expression of its upstream
genes. As it is shown in Figure 2, there was a significant in-
crease in the rate of mRNA expression of BAX gene in MCF-
7 cell line transfected with pcDNA3.1/BAX3HRE in compar-
ison with cells transfected with pcDNA3.1 / BAX under hy-
poxic conditions for 36h. The same results were obtained
when PEGFP-N1 and PEGFP-N1 / 3HRE were compared (Fig-
ure 2).

In order to prove the increase of GFP gene expression,
western blot was used. As it is depicted in Figure 3 the
results obtained by western blot verifies real time results
again (Figure 3).

3.3. Investigation of Apoptosis in MCF-7 Cells That Were Trans-
fected with pcDNA3.1/BAX and pcDNA3.1/BAX3HRE Under Hy-
poxia Conditions

MTT assay was used to assess transfected cells vi-
ability with vectors pcDNA3.1 / BAX and pcDNA3.1/BAX
3HRE.VectorpcDNA3.1 was used as a negative control.

Although cell death has occurred in transfected cells
with pcDNA3.1 /BAX under hypoxic conditions, there was a
rate of more than 95 % cell death in cells that transfected
with pcDNA3.1 /BAX 3HRE vector (Figure 4).
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Figure 1. Making of consract.1A schematic diagram showing the con-
stracts.1B/verification of cloning BAX3HRE and BAX in the pcDNA3.1 vector
with universal primer.1C/ verification of cloning 3 repetitive of HRE in downstream
of GFP gene in the pEGFP-N1 vector with universal primer.

4. Discussion

At first the effect of HRE sequences on increase of
mRNA expression of BAX and GFP genes was investigated in
MCF-7 cell line using Real Time PCR. The increase of expres-
sion of BAX gene along with high increase of apoptosis in
MCF7 cell line transfected with pcDNA3.1/BAX3HRE under
hypoxic condition can be related to the effect of 3HRE se-
quence located in downstream of gene.

Hypoxia is a common phenomenon of solid tumors.

Iran J Cancer Prev. 2016; 9(5):e4554. 3

http://ijcancerprevention.com/


Ghanbariasad A et al.

BAX

GFP

Control (Vector) Vector + HRE

Fo
ld

 m
R

N
A

 E
xp

re
ss

io
n

 R
el

at
iv

e 
to

 C
on

tr
ol

6

5

4

3

2

1

0

Figure 2. BAX and GFP mRNA expression in MCF7 cell line transfected by
pcDNA3.1/BAX 3HRE and pEGFP-N1/3HRE (HREs group) and pcDNA3.1/BAX and pEGFP-
N1 (without HREs = control group). BAX and GFP mRNA expression is significantly
increased (*P = 0.016 and **P = 0.011) in the HRE group compared with control group
(n = 3). Student’s t-test was used for analysis. Data shown is mean values± standard
deviation (SD).

Figure 3. Western Blot Analysis of the Expression of GFP in MCF7 Cells

Over expression of BAX was detected in MCF7 cells, when 36 hours after transfection
with PEGFP-N1/3HRE, comparing with MCF7 cells that transfection with pEGFP-N1.
Negative control was lysate from MCF7 cells.

Solid tumors that are in low oxygen conditions are adopted
to hypoxic condition by the help of transcription activa-
tion of more than 50 genes. These genes are the main
regulator of various aspects, including an angiogenesis,
tumorigenicity, metabolism, proliferation, invasion and
metastasis (22). Genes that are more active under hypoxic
conditions contain regulatory regions called HRE. These re-
gions are HIF-1 binding site, after binding this molecule to
HRE regions expression of the gene containing it was in-
creased (23-25). This element (HRE) can be located in up-
stream or downstream of genes (18).

HIF-1α expression increase has a direct relationship
with tumor progression and malignancy, so that re-
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Figure 4. The effect of BAX on cell viability in MCF7 cells.MCF7 cells were treated with
pcDNA3.1/BAX and pcDNA3.1/BAX3HRE and incubator in a hypoxia incubator for 36
hours the cell viability was measured with MTT assay. pcDNA3.1 was used as a nega-
tive control. Viability is significantly decrease (P = 0.001) in the pcDNA3.1/BAX3HRE
compared with pcDNA3.1/BAX (n = 3). Student’s t-test was used for analysis. Data
shown is mean values ± standard deviation (SD).

searchers have been able to prevent tumor growth by ex-
pression decrease in HIF-1α.This result can be shown im-
portant of HIF for progression of tumor (23-25). Many stud-
ies have been conducted using HRE sequences to improve
chemotherapy performance of solid cancers (26, 27). For
example, a virus using 6 copies of HRE sequence with Mini
CMV promoter increased the expression in E1A gene which
helped the virus to continue replicating under hypoxic
conditions and solved the problem of reducing the repli-
cation of the virus in hypoxic conditions (10).

Harada et al. showed that promoter miniCMV contain-
ing 5HRE sequence copies increase GFP gene expression up
to 500 times under controlled conditions of the amount
of HIF-1 in the laboratory (28). Fukui et al. could increase
expression of IFNα2b in RCC cells and prevented tumor
progression through HRE sequence (29). In another study
Koshikawa et al. showed increased expression of luciferase
gene up to 3 times under hypoxic conditions by the help
of HRE sequence (30). In the present study, the results ver-
ify the increase of expression of BAX gene about 5 times in
MCF7 cell line under hypoxic conditions.

Ingram and Porter have shown that 3 copies of HRE se-
quence taken from PGK gene lead to increasein gene ex-
pression under hypoxic conditions while it had no effect
on expression increase under normal oxygen conditions.
It worth mentioning HRE sequences were located down-
stream of gene (18).

One of the main problems of suicide gene therapy is its
toxicity caused by using drugs such as Ganciclovir, when
the genes producing enzymes metabolizing these drugs
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are used for gene therapy, liver and spleen toxicity is in-
evitable. However, researchers were able to decrease the
toxicity to 1000 times by the help of HRE sequences (9).

Various studies have proved that during cancer the
amount of anti-apoptotic proteins are increased in cancer
cells and cause the resistance of cancer cells to apoptosis
during chemotherapy and radiotherapy. One of the main
proapoptotic proteins is BAX protein of bcl-2 family (2).
Many researchers have shown that over expression of BAX
gene can overcome anti-apoptotic proteins and cause can-
cer cells’ apoptosis (3, 4, 31, 32). In this study it was shown
that BAX over expression can lead to apoptosis in cancer
cells.

Generally, the results of this study show that HRE se-
quences plays an important role in expression of its up-
stream genes in hypoxic conditions, which is a common
phenomenon of solid tumors (33). Based on this condition,
HRE sequence can be considered as a desirable way in tar-
geting of cancer cells for gene therapy.
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