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ABSTRACT

Background: In gene therapy, the use of RNA molecules as therapeutic agents has shown advantages over plasmid 
DNA, including higher levels of safety. However, transient nature of RNA has been a major obstacle in application 
of RNA in gene therapy. Methods: Here, we used the internal ribosomal entry site of encephalomyocarditis virus 
and the 3’ non-translated region of Poliovirus to design an enterovirus-like RNA for the expression of a reporter 
gene (enhanced green fluorescent protein) and a suicide gene (thymidine kinase of herpes simplex virus). The 
expression of these genes was evaluated by flow cytometry and cytotoxicity assay in human colorectal 
adenocarcinoma cell line (SW480). We then armed RNA molecules with a target sequence for hsa-miR-143 to 
regulate their expression by microRNA (miRNA) mimics. Results: The results showed effective expression of both 
genes by Entrovirus-like RNA constructs. The data also showed that the restoration of hsa-miR-143 expression in 
SW480 leads to a significant translation repression of the introduced reporter and suicide genes. Conclusion: 
Collectively, our data suggest the potential use of Entrovirus-like RNA molecules in suicide gene therapy. 
Additionally, as a consequence of the possible downregulated miRNA expression in cancerous tissues, a decreased 
expression of gene therapy constructs armed with target sequences for such miRNA in cancer tissue is expected.
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INTRODUCTION

espite the significant progress in cancer 
therapy, the burden of the disease remains 
high, requiring new strategies for treatment

[1]. Suicide gene therapy, which involves the 
conversion of a non-toxic pro-drug into a cytotoxic 
compound by intracellular delivery of an enzyme-
coding sequence, is one of the several promising 
approaches in cancer therapy [2, 3]. However, the 
possibility of integration into the host genome and 
aberrant expression of the transgene has raised the 
safety issues associated with the use of DNA-based 
carriers. Moreover, the expression of suicide genes in 
non-targeted tissues restricts the applicability of this 
method [4]. For amelioration of the safety concerns 
related to the use of DNA, messenger RNA (mRNA) 
has been proposed as a vehicle for gene delivery [5]. 
The possibility of direct delivery of mRNA to the 
cytoplasm, hence avoiding the nuclear membrane, 

leads to a more rapid expression of the transgene 
compared to a DNA delivery molecule [6]. 
Additionally, the risk for integration of the transgene 
into the host genome is defeated by replacing DNA 
molecules with RNA counterparts. Hence, the 
expression of foreign genetic information for a limited 
period of time is guaranteed when using RNA instead 
of DNA. However, the susceptibility of RNA 
molecules to endogenous nucleases and their short 
half-life have limited their use in gene therapy. In this 
regard, the in vitro chemical modifications can increase
the resistance of these molecules to degradation by 
nuclease [7, 8]. Moreover, it has been shown that 
secondary structures found in 5′ and 3′ untranslated 
regions (UTR) of RNA increase the half-life of these 
molecules through interaction with cellular factors such 
as RNA-binding proteins [9].

Using the thymidine kinase gene of herpes simplex 
virus type I (HSV1-TK) in conjunction with inactive 
ganciclovir (GCV) as a pro-drug is the most promising 
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approach in cancer treatment; however, the non-
specific expression of the gene in non-cancerous cells 
has seriously limited its application [10]. Targeted 
delivery of the toxic genes by viral vectors has been 
practiced using tissue-specific promoters. However, the 
leaky expression of toxic gene in normal cells has 
made the use of mRNA as a direct source of gene 
product more attractive [11]. Target specificity of the 
suicide gene-expressing mRNA could be achieved 
using the tissue-specific microRNA (miRNA) [12]. 
This group of small, non-coding RNA acts in various 
regulatory systems, including post-translational 
regulation of gene expression. Mature miRNA is 
recruited to the RNA-induced silencing complex and 
interacts with its target mRNA. The interaction of 
miRNA with the 3′UTR of protein-coding mRNA is 
considered as the main mechanism of gene silencing. 
This usually leads to a decrease in protein expression 
either by mRNA degradation or by translational 
repression [13]. Brown and colleagues [14] have 
previously showed the ability of miRNA in controlling 
and restricting transgene expression to particular cell 
types. They used four perfectly complementary target 
sites for the cell line-specific miRNA at the 3′UTR of 
the transgene cassette to restrict transgene expression 
in all cell lines but the target one. This strategy was 
further used by the same group and others in a number 
of different cancer cell lines in order to show the broad 
applicability of this method [14-16]. mRNA degrade-
ation and loss of translation often requires 100%
complementarity between miRNA and its target [17]. 
However, it has been shown that the inhibition of the 
target mRNA is directly affected by the amount of 
miRNA within a cell and miRNA expression must 
reach a threshold in order to obtain a significant level 
of suppression [18].

The suppressive role of miRNA-143 in colorectal 
cancer, which is the third most frequently occurring 
tumor worldwide, is well established [19, 20]. It has 
been previously shown that the expression of miRNA-
143 in transformed cells is severely decreased [21]. 
Such decrease in the cellular levels of miRNA-143
provides a good chance for cell-specific expression of a 
suicide gene. In normal cells, high levels of miR-143
prevent the expression of the suicide gene construct, 
while in transformed cells the absence of miRNA-143
can result in efficient expression of the suicide 
construct.

In a previous study, we showed that 3′UTR of 
Poliovirus in a reporter gene construct has enhancing 
effects on the stability of the corresponding mRN [22]. 
The present study, a Picornaviridae-like RNA suicide 
gene structure containing the internal ribosomal entry 
site of encephalomyocarditis virus and 3′UTR of 
Poliovirus was constructed. This construct was used to 

evaluate the effect of three tandem repeats of a 
complete complementary miRNA-143 target sequence 
on the expression of HSV1-TK and enhanced green 
fluorescent protein (EGFP) construct in SW480 cell 
line.

MATERIALS AND METHODS

Plasmid design and construction. Plasmid B1 was 
chemically synthesized by Biomatik (Cambridge,
Ontario, Canada). In this plasmid, the sequences of 
internal ribosomal entry site from encephalo-
myocarditis virus (GenBank: X74312.1, nucleotides
285-868), HSV1-TK (KOS strain, GenBank: 
JQ673480.1, nucleotides 46613- 47743), three tandem 
repeats of complementary sequence for hsa-miR-143
(MI0000459) and 3′UTR from Poliovirus (Sabin 1
strain, GenBank: AY184219, nucleotides 7376–7441) 
were designed in tandem and subcloned into 
pcDNATM3.1 (-). B1 plasmid was used as the basis for 
the construction of plasmid B1ΔAgeI in which the 
tandem repeat of hsa-miR-143 was omitted by AgeI 
enzyme digestion.  For construction of B2 plasmid, 
EGFP open reading frame was amplified by sequence-
specific primers (Table 1) from pIRES2-EGFP plasmid
(Clontech Laboratories, Mountain View, CA) as the 
template. PCR thermal cycles were as follow: the 
initial denaturation at 95°C for 5 minutes and 30 cycles 
of 95°C for 30 seconds, 60°C for 20 seconds and 72°C 
for 90 seconds and  a final expansion in 72°C for 5
minutes. Thymidine kinase sequence was then replaced 
by EGFP open reading frame after digestion with XbaI
and BamHI enzymes. B2ΔAgeI plasmid was prepared
by omitting the target sequence of hsa-miR-143 from
B2 plasmid by AgeI enzyme digestion procedure (Fig. 
1).  Plasmids were introduced to competent bacterial
host using standard methods. All restriction enzymes 
used in this study were purchased from Thermo Fisher 
Scientific (Waltham, MA, USA).

   Table 1. Sequence of primers used in PCR and RT-PCR 
procedures

Primer name Primer sequence

IRES forward 5’TCTAGA GCCCCTCTCCCTCCCCCC3’

EGFP reveres 5’GGATCC CGCGGCCGCTTTACTTGT3’

Tk forward TCCTCGAGTCATAGCGCGGGT

Tk reveres ATCCATGGCTTCGTACCCCTGCA

Recognition sites for XbaI and BamHI enzymes are indicated as 
bold letters. EFGP, enhanced green fluorescent protein; Tk,
thymidine kinase
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Fig. 1. Schematic representation of constructed plasmids. B1 plasmid was chemically synthesized. Tandem repeat of hsa-miR-143
was removed by AgeI restriction enzyme to have B1ΔAgeI plasmid. HSV1-TK sequence was then replaced by EGFP to attain B2
plasmid. Finally, tandem repeat of hsa-miR-143 was removed by AgeI enzyme, and B2ΔAgeI was produced. EGFP, enhanced green 
fluorescent protein

microRNA synthesis. The sequence of hsa-miR-143-
3p (MI0000459) was extracted from miRBase database 
(http://www.mirbase.org/) and chemically synthesized 
by Metabion (Martinsried, Germany). Mature sequence 
of hsa-miR-143 was chemically modified by addition 
of a 5'-2'-O-Methyl (5'-2'Ome-UGAGAUGAAGCAC 
UGUAGCUC). An antisense sequence was also 
chemically synthesized with no modifications (GAGC 
UACAGUGCUUCAUCUCA). Sense and antisense 
strands were diluted to a final concentration of 50 μM 
in RNase free water in order to generate mature 
duplexes of hsa-miR-143. Thirty microliter of each 
RNA oligonucleotide solution and 15 μl of siRNA 
annealing buffer (Qiagen, Hilden, Germany) were 
mixed and then the mixture was incubated at 90°C for 
1 minute and 37°C for 45 minutes. Aliquots were kept 
at -70°C and thawed right before each experiment. 
Mimic House Keeping Positive Control 2 (GAPDH 
[glyceraldehyde 3-phosphate dehydrogenase], Thermo, 
Waltham, MA, USA) was used as a positive control. 
According to the manufacturer’s report, Mimic House 
Keeping Positive Control 2 (GAPDH) targets the 
3′UTR of GAPDH mRNA and reduces the GAPDH 
mRNA levels by 90%.  miRIDIAN miRNA Mimic 
Negative Control (Thermo, Waltham, MA) was used as 
negative control for miRNA. Manufacturer claims that 
this scrambled miR does not target any mRNA 3′UTR 
in human cell. 

Cell culture. SW480 (a human colorectal adeno-
carcinoma cell line) was obtained from National Cell 
Bank of Iran (NCBI, Pasteur Institute of Iran, Tehran, 
Iran). Cells were cultured in high glucose DMEM
supplemented with 10% FBS (PAA, Pasching, 
Austria), 2 mM glutamine (PAA), and antibiotic-
antimycotic solution (10,000 units of penicillin, 10,000
μg of streptomycin, and 25 μg of amphotericin B per 
mL) (PAA). Cells were maintained at 37ºC in a 
humidified incubator supplemented with 5% CO2. The 
flask media were changed every three days. 

Plasmid linearization and in vitro transcription. All 
four plasmids were digested by EcoRI restriction 
enzyme to produce linearized plasmid DNA as 
templates for in vitro transcription. Also, the linearized 
plasmids were visualized by agarose gel electro-
phoresis to avoid any contamination by the remaining 
undigested plasmids and to confirm the integrity of the 
linearized plasmid. These linearized plasmids were 
further purified by a standard Phenol-chloroform 
extraction to a final concentration of 1 µg/µL [23]. 
Only gel extracts with A260/280 ratio in the range of 1.8-
2.0 were used to proceed into in vitro transcription.

RNA transcripts were prepared by in vitro
transcription by mMessage mMachine Kit (Ambion, 
Austin, TX, USA) according to the manufacturer’s 
recommendations. Purified linearized plasmid DNA 
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was used as template. In vitro transcripts were treated 
with RNase-free DNase (Ambion, USA) at 37°C for 30
minutes to remove the possible DNA contamination. 
Then poly-A tail was added to the transcripts by 
Poly(A) Tailing Kit (Ambion) according to the 
manufacturer’s manual. Finally, mRNA was purified 
by a standard acidic phenol/chloroform extraction 
protocol followed by isopropanol precipitation [23]. 
Quantity of in vitro transcripts were evaluated by 
measuring the absorbance at 260 nM using Picodrop 
(Hinxton, UK). The ratio of 260-280 nM was used as 
an indicator of RNA quality. Only the in vitro 
transcripts with absorbance ratio at A260/280 between 
1.9- 2 were used for transfection. The proportion of 
full-length transcripts was checked by formaldehyde 
denaturing agarose gel electrophoresis [23].

mRNA and miR transfection. A previous study 
showed that the highest rate of pDNA-transfected 
SW480 cells was obtained by Effecten® transfection 
reagent (Qiagen, Germany) [24]. According to those 
results, Effecten® was used for the transfection of 
SW480 with in vitro transcribed mRNA. Several 
proportions of RNA: transfection reagent were tried 
out in order to obtain higher transfection rates. Briefly, 
the day before transfection, 50 × 103 and 25 × 103 cells 
were seeded in 24- and 48-well cell culture plates, 
respectively to achieve 80% confluency at the day of 
transfection. At the proper confluency, 1 or 2 µg of 
purified mRNA was used to transfect each well in 24-
and 48-well plates, respectively at the ratio of 4:10 of 
RNA:Effecten®. Transfected cells were maintained at 
37°C in a humidified incubator supplemented with 5%
CO2. To confirm the functionality of miR processing 
machinery in SW480 and to show the efficacy of miR 
transfection by Effecten™ transfection reagent
(miR:Effecten), we utilized different concentrations of 
Mimic House Keeping Positive Control 2 (GAPDH) to 
transfect cells at 80% confluency. miRIDIAN miRNA 
Mimic Negative Control was used to transiently 
transfect cells and was also used as scrambled negative 
control through the study. SW480 cells were 
transiently transfected with hsa-miR-143 duplexes 24
hours before transfecting cells with each  mRNA when 
the confluency of cells was 80% [25]. 

EGFP expression assay. Twenty four hours after 
transfection with EGFP expressing mRNA (or 48 hours 
after transfection with hsa-miR-143 duplexes), cells 
were collected by trypsinization. Trypsin was then 
neutralized by 0.1 mL of DMEM supplemented with 
5% FBS. EGFP expression was evaluated by a flow 
cytometry instrument (CyFlowTM, Partec GmbH, 
Munster, Germany) equipped with FloMax@ software 
(Quantom Analysis GmbH, version 2.7). Results were 
acquired when forward scatter and side scatter

channels were set in a linear mode and FL1 channel in 
a log mode. Events were triggered based on forward 
scatter. Gate was then set up based on the forward 
scatter-side scatter plot to avoid cellular debris. Mean 
fluorescence intensity of FL1 in the transfected cells 
and percentage of EGFP-expressing cells were the 
important parameters for comparison between groups. 
Cultured cells were visualized by direct fluorescence 
microscopy (INVERSO TC100 Epi Fluor, Cetti, 
France) prior to flow cytometry analysis. 

RNA extraction and RT-PCR. One day after 
transfecting SW480 (50 × 103 cells per well) with 
mRNA, total cellular RNA was isolated by RNeasy kit 
(Qiagen, USA) according to the manufacturer’s 
manual. The quality and quantity of extracted RNA 
were assessed by measuring the absorbance in 260 and 
280 nM. RT-PCR analysis by sequence-specific 
primers for thymidine kinase [24] was performed on 2
ng of purified RNA in 20 μL reactions using Power
SYBR®Green RNA-to-CT™1-Step kit (Applied 
Biosystems, USA). Final abundance of mRNA was 
obtained by normalization to GAPDH mRNA as the 
reference gene. Relative abundance of mRNA was 
then calculated by ΔΔCT method, followed by further 
calculation through 2-(ΔΔ(C

T
)) method [26]. All real-

time PCR analyses were carried out using Applied 
Biosystems7500Fast apparatus (Applied Biosystems, 
CA, USA). Standard GAPDH primers were purchased 
from NanoCinna Technologists (Tehran, Iran). All 
real-time analyses were carried out in triplicate.

Cell proliferation assay. SW480 was seeded in a 48-
well cell culture plate (25 × 103 cells per well). Two 
days after transfection with miR, or one day after 
transfection with mRNA, different concentrations of 
GCV (0, 20, 40 and mg/ml) was added to the culture 
medium. Forty eight hours later, cell proliferation 
assay was performed by Cell Proliferation Kit II (XTT, 
Roche, Basel, Switzerland) according to the 
manufacturer’s manual. Four hours after incubation in 
CO2 incubator, the optical density of the plate was 
measured by a Synergy 4 Microplate Reader (BioTek, 
Winooski, VT) at 500 nM (690 nM as background). 

Statistical analysis. Data were analyzed with the 
SPSS statistical package (SPSS for Windows, Version 
16.0. Chicago, SPSS Inc.). All experiments were 
performed in at least triplicates. In addition, ANOVA 
test (when measuring differences among multiple 
means) was performed using SPSS in order to 
determine the significance of differences between 
means. Difference between means was considered 
statistically significant when P value was less than
0.05.
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     Table 2. Several ratios of RNA:Effectin and transfection efficiency calculated by flow cytometry 
analysis.          

Amount of RNA 
(μg)

Transfected cells at RNA:EffectinTM ratio (%)

1:10 1:5 4:10

0.5 3.80 ± 0.20 3.47 ± 0.02 -
1 22.50 ± 0.08 10.37 ± 0.01 -
2 - - 54.54 ± 4.70
4 - - 5.28 ± 0.24

                             

                              The highest transfection percentages were obtained at 4:10 ratio (mean ± SD).

RESULTS

Sequencing and restriction mapping for the plasmid 
constructs. Results of the restriction enzyme analysis 
by HindIII and SalI enzymes and DNA sequencing 
confirmed the accuracy of all four plasmids (data not 
shown). The correct cloning of procedure was 
confirmed by DNA sequencing.

Optimization of RNA:Effecten ratio. To achieve 
optimal transfection efficiency for RNA:Effecten 
combination, we selected several proportions between 
in vitro transcribed B2 RNA and Effecten™ (Table 2). 
Flow cytometry results showed that the highest
transfection rates were achieved with RNA:Effecten 
ratio of 4:10. Therefore in further RNA transfection 
tests, this ratio of RNA:Effecten was used (Fig. 2).

Efficient knock down of GAPDH mRNA by Mimic 
House Keeping Positive control. The best ratio of 
RNA:Effecten was used to transfect SW480 with 
Mimic House Keeping Positive Control 2 (GAPDH) 
and miRIDIAN miRNA Mimic Negative Control. RT-
PCR results indicated that the application of 100 nM of 
Mimic House Keeping Positive Control 2 (GAPDH) 
reduced the relative abundance of GAPDH mRNA by
75%. Application of 50 nM of Mimic House Keeping 
Positive Control 2 (GAPDH) reduced the levels of 
GAPDH mRNA by only by 30%. A higher
concentration of mimic miR (200 nM) did not result in
lower abundance level for GAPDH mRNA (Fig. 3).

Fig. 2. Representative of flow cytometry graphs for SW480 transfected with different proportions of B2 mRNA: Effecten. (A) 
Untransfected SW480; (B) SW480 transfected with pEGFPN1 plasmid as a control for transfection procedure; (C) SW480 transfected 
with 0.5 µg B2 mRNA by 1:10 proportion to Effecten; (D) SW480 transfected with 0.5 µg B2 mRNA by 1:5 proportions to Effecten; 
(E) SW480 transfected with 1 µg B2 mRNA by 1:10 proportion to Effecten; (F) SW480 transfected with 1µg of B2 mRNA by 1:5
proportion to Effecten; (G) SW480 transfected with 2 µg B2 mRNA by 4:10 proportion to Effecten; (H) SW480 transfected with 4 µg 
B2 mRNA by 4:10 proportion to Effecten. In each graph, the emission wave lengths obtained from FL1 channel was plotted against 
forward-scattered light (FSC).

Q2= 9.92%
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Fig. 3. Relative expression (RQ) of GAPDH mRNA in 
SW480 transfected with different concentrations of Mimic 
House Keeping Positive Control 2 (GAPDH). 
concentrations (50, 100, and 200 nM) of Mimic House Keeping 
Positive Control 2 (GAPDH) were used to attain
level of GAPDH mRNA knock down. Best results were 
observed when 100 nM of Mimic House Keeping Positive 
Control 2 (GAPDH) was used to transfect cells by the 
of miR:Effecten transfection reagent.

EGFP expression was down regulated by hsa
143. The expression of hsa-miR-143 is demolished in 
SW480 cell line [19]. Therefore, SW480
the host cell line for a gain-of-function study.  
According to the results from transfection of SW
with Mimic House Keeping Positive Control 
(GAPDH), cells were transfected with 
miR-143 duplex. As shown in Figure 
cytometry data showed that when hsa-miR

Fig. 4. Effect of transient expression of hsa-miR
in cells transfected with B2 mRNA, and hsa-
scrambled miR, respectively (A). Flow cytometry analysis of SW
of transfected cells (depicted as fold changes [B]) nor mean fluorescence intensity (C) changed in the presence of mimic miR 
143. * indicates the statistical significance (P < 0.05

(A)
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GAPDH mRNA in 
concentrations of Mimic 

). Three different 
of Mimic House Keeping 

were used to attain the highest 
level of GAPDH mRNA knock down. Best results were 

 nM of Mimic House Keeping Positive 
was used to transfect cells by the 4:10 ratio 

EGFP expression was down regulated by hsa-miR-
 is demolished in 
480 was used as 
function study.  

According to the results from transfection of SW480
mic House Keeping Positive Control 2

cells were transfected with 100 nM hsa-
As shown in Figure 4A, flow 

miR-143 level 

was restored, EGFP expression was dropped by 
Similarly, when cells were transfected with B
and scrambled miR, EGFP expression showed 
reduction compared to the cells transfected with B
mRNA and hsa-miR 143. When the target sequence of 
hsa-miR-143 was omitted from the mRNA construct in 
B2ΔAgeI mRNA, results from the 
analysis showed a non-significant difference (
in the transgene expressing cells and the mean 
fluorescence intensity levels in the presence of hsa
miR-143 (Fig. 4B and 4C).

Down regulation of thymidine kinase mRNA in 
presence of hsa-miR-143 in SW
PCR analysis showed that hsa
successfully reduce the abundance of B
by   80%   compared to control 
scrambled miR and B1 mRNA. 
omitting the target sequence for hsa
B1ΔAgeI mRNA, the level of this mRNA was dropped 
only 28% when hsa-miR-143 was used to treat cells 
instead of scrambled miR (Fig. 5

More resistance to the cytotoxic effect of GCV in 
the presence of miRNA 143. 
shown that concentrations between 
GCV do not have cytotoxic effects on SW
Analysis of variance for XTT results showed a 
statistically significant difference in SW
when 20 µg/ml or higher concentrations
used to treat cells transfected with
0.05). When 100 nM hsa-miR

miR-143 duplex on EGFP expression from B2 and B2ΔAge
-miR-143 was reduced 88% and 80% in cells transfected with no microRNA and 

Flow cytometry analysis of SW480 transfected with B2ΔAgeI mRNA showed that neither percen
of transfected cells (depicted as fold changes [B]) nor mean fluorescence intensity (C) changed in the presence of mimic miR 

0.05).

(B) (C)
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EGFP expression was dropped by 88%. 
transfected with B2 mRNA 

EGFP expression showed 80%
reduction compared to the cells transfected with B2

When the target sequence of 
 was omitted from the mRNA construct in 

I mRNA, results from the flow cytometry 
significant difference (P > 0.05) 

in the transgene expressing cells and the mean 
fluorescence intensity levels in the presence of hsa-

of thymidine kinase mRNA in the 
SW480. Results from RT-

PCR analysis showed that hsa-miR-143 duplex can 
successfully reduce the abundance of B1 mRNA 

control group that   received
. On the other hand, by 

mitting the target sequence for hsa-miR-143 in 
the level of this mRNA was dropped 

 was used to treat cells 
5).

resistance to the cytotoxic effect of GCV in 
. It has been previously 

shown that concentrations between 20 to 80 µg/ml of 
GCV do not have cytotoxic effects on SW480 [27]. 
Analysis of variance for XTT results showed a 
statistically significant difference in SW480 viability

ml or higher concentrations, of GCV were 
used to treat cells transfected with B1 mRNA (P <

miR-143 was applied to a 

AgeI mRNA. EGFP expression 
ransfected with no microRNA and 

I mRNA showed that neither percentage 
of transfected cells (depicted as fold changes [B]) nor mean fluorescence intensity (C) changed in the presence of mimic miR and miR-
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Fig. 5. Relative abundance of B1 and B1Δ
SW480 supplemented with hsa-miR-143 mimic
analysis revealed that the abundance of B1 mRNA was reduced 
by 80% in the presence of mimic miR. The reduction was less 
significant in the case of B1ΔAgeI mRNA (28%

similar set of GCV concentrations followed
transfection with B1 mRNA, analysis of variance 
showed that difference in absorbance between wells 
treated with 0 and 20 µg/ml GCV was not statistically 
significant (P = 0.75). This observation also applie
the wells treated with 40 and 60 µg/ml GCV
0.969) (Fig. 6A). It can be concluded that h
has increased SW480 resistance to GCV.
the resistance to GCV in the presence of hsa
was due to sequence-specific interaction of miR
sequence on B1 mRNA and hsa-miR
evaluated the cytotoxicity of  B1ΔAgeI
presence of hsa-miR-143 and different concentrations 

Fig. 6. Effect of mimic miR-143 and scrambled miR on inhibition of 
evaluated after transfection with B1 mRNA and after treatment with different concentrations of GCV in the presence
miR-143. (B) SW480 viability after transfection with B
decreased with increased GCV concentration in transfected cells
and after treatment with different concentrations of GCV in the presence of either mimic miR

              B1 mRNA                      B1ΔAgeI mRNA
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ΔAgeI mRNA in 
 mimic. RT-PCR 

 mRNA was reduced 
The reduction was less 

28%).

similar set of GCV concentrations followed by 
analysis of variance 

showed that difference in absorbance between wells 
ml GCV was not statistically 

This observation also applied to 
ml GCV (P = 

It can be concluded that hsa-miR-143
. To prove that 

the resistance to GCV in the presence of hsa-miR-143
specific interaction of miR-target 

miR-143, we 
mRNA in the 

and different concentrations 

of GCV. Statistical analysis showed a significant 
difference in cell toxicity when 
applied to the cells transfected with
B1ΔAgeI mRNA (P = 0.00) (
indicated that omitting the target sequence for hsa
miR-143 increases the sensitivity of cells to GCV 
significantly. Sequence-specific effect of miR
further verified statistically by prol
the cells, which had been transfected with B
along with 100 nM of miRIDIAN miRNA Mimic 
Negative Control (P < 0.0001
results showed that cells receiving the scrambled miR 
instead of hsa-miR-143 were highly 
(Fig. 6C).

DISCUSSION

Gene therapy, as a novel strategy, has broadened our 
horizons in cancer therapy. Yet, a downside to this 
approach is safety issue, including transgene
integration into the host genome. Here, we have used
RNA agents to express two transgenes (EGFP as a
reporter model and HSV1-TK as a therapeutic gene) in 
a human cell line and investigated the efficiency of 
cytotoxicity induced by HSV1-TK.

In complete agreement with previous studies 
29], flow cytometry results showed that our RNA agent 
can efficiently express EGFP 
established fact  that RNA 
translocate between cells [30] can explain the different
pattern of EGFP expression in flow cytometry graphs
(Fig. 2B vs. 2G). An efficient exchange of RNA
molecules between cells could be therefore considered

 and scrambled miR on inhibition of ganciclovir (GCV) cytotoxicity
 mRNA and after treatment with different concentrations of GCV in the presence

 viability after transfection with B1ΔAgeI mRNA in the presence/absence of hsa-miR
decreased with increased GCV concentration in transfected cells. (C) SW480 viability was evaluated after transfection with B

treatment with different concentrations of GCV in the presence of either mimic miR-143 or scrambled miR

I mRNA
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of GCV. Statistical analysis showed a significant 
difference in cell toxicity when 20 µg/ml of GCV were 

ransfected with either B1 or 
) (Fig. 6B). This result 

indicated that omitting the target sequence for hsa-
 increases the sensitivity of cells to GCV 

specific effect of miR-143 was 
further verified statistically by proliferation assay of 

which had been transfected with B1 mRNA 
 nM of miRIDIAN miRNA Mimic 

0.0001). Cytotoxicity assay 
showed that cells receiving the scrambled miR 

 were highly sensitive to GCV 

DISCUSSION

Gene therapy, as a novel strategy, has broadened our 
horizons in cancer therapy. Yet, a downside to this 
approach is safety issue, including transgene
integration into the host genome. Here, we have used

to express two transgenes (EGFP as a
TK as a therapeutic gene) in 

a human cell line and investigated the efficiency of 
TK.

In complete agreement with previous studies [28, 
, flow cytometry results showed that our RNA agent 

can efficiently express EGFP (Fig. 2). The well-
RNA macromolecules
can explain the different

pattern of EGFP expression in flow cytometry graphs
An efficient exchange of RNA

cells could be therefore considered

cytotoxicity. (A) SW480 viability was 
 mRNA and after treatment with different concentrations of GCV in the presence/absence of mimic 

miR-143. Cell viability was 
 viability was evaluated after transfection with B1 mRNA 

 or scrambled miR.
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as a compensation mechanism for low efficiency of the 
nucleic acid delivery in gene therapy [31].

To decrease the chance of unspecific expression of 
HSV1-TK in normal cells, we used a tandem of three 
repeats with absolute complementarity to hsa-miR-143
as an arming strategy. 

Although a very recent finding by Chivukula et al.
[32] have raised controversy around the cell-
autonomous tumor suppressor role of miR-143, this 
miRNA has been repeatedly reported and commonly 
accepted as a tumor suppressor in colorectal 
malignancies.

Flow cytometry (Fig. 4A) and cytotoxicity assay 
(Fig. 6A) results showed that when hsa-miR-143 was 
restored in SW480, the transgene expression by B1 and 
B2 mRNA was successfully deteriorated. When the 
abundance of hsa-miR-143 was restored in SW480, 
cytotoxicity of GCV was more strongly inhibited at 
low dose (20 µ/ml) by miR mimic. This result could be 
partly due to intrinsic sensitivity of SW480 to GCV at 
higher doses. When the target sequence for miR was 
omitted from the RNA construct, and the scrambled 
miR was used instead of miR mimic, RNA construct 
expressing HSV1-TK gene was strongly cytotoxic 
(Fig. 6).  Similarly, EGFP expression level in the 
presence of miR-143 mimic was significantly restored 
when hsa-miR-143 target sequence was omitted from 
the construct (Fig. 4).

The comparison of the induced down-regulation of 
target mRNA by either a commercial duplex miR 
(Mimic House Keeping Positive Control 2 [GAPDH]) 
or our mimic duplex led us to believe that despite the 
differences in our design, efficient repression of 
translation could be achieved. Authors believe that this 
phenomenon could be partially due to the absolute 
complementarity of mimic miR and its antisense target 
sequence at the 3′UTR of the target mRNA. 

It is known that the specificity of the interaction of a 
miR and its target mRNA is the  key issue in miR 
function and the degree of translation inhibition [33]. A 
previous study showed that for efficient endonuclease 
cleavage, base pairing at the site of cleavage (between 
bases 10 and 11) is require, and mRNA cleavage by 
endonucleases is usually favored when perfect base
pairing between the miRNA and mRNA happens [34]. 
In accordance with findings of Yekta et al. [34], RT-
PCR analysis of B1 mRNA showed a significant 
decrease in mRNA abundance in the presence of miR 
mimic (Fig. 5).

Based on the findings in the current research, we 
suggest that stabilized RNA constructs are convenient 
vehicles to deliver genetic information into recipient 
cells. Also, it can be suggested that due to aberrant 
miR expression signature of tumors, applying miR 
target sequences can be used as an effective arming 
strategy for tumor-specific expression of suicide genes. 

ACKNOWLEDGMENTS

This study was funded by a graduate school
scholarship of Pasteur Institute of Iran (Ph.D. program 
in Pharmaceutical Biotechnology) in partial fulfillment
of the Ph.D. degree of M.R. Authors would like to 
thank Dr. Anis Jafari for critically reading the 
manuscript and rewriting the introduction. 

REFERENCES

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. 
CA Cancer J Clin. 2014 Jan/Feb; 64(1):9-29.

2. Walther W, Schlag PM. Current status of gene therapy 
for cancer. Curr Opin Oncol. 2013 Nov; 25(6):659-64.

3. Duarte S, Carle G, Faneca H, de Lima MC, Pierrefite-
Carle V. Suicide gene therapy in cancer: where do we 
stand now? Cancer lett. 2012 Nov; 324(2):160-70.

4. Kreiter S, Diken M, Sahin U. mRNA vaccination and 
personalized cancer therapy.  Cancer Immunotherapy 
Meets Oncology: Springer; 2014. p. 89-100.

5. Tavernier G, Andries O, Demeester J, Sanders NN, De 
Smedt SC, Rejman J. mRNA as gene therapeutic: how 
to control protein expression. J Control Release. 2011
Mar; 150(3):238-47.

6. Rejman J, Tavernier G, Bavarsad N, Demeester J, De 
Smedt SC. mRNA transfection of cervical carcinoma 
and mesenchymal stem cells mediated by cationic 
carriers. J Control Release. 2010 Nov; 147(3):385-91.

7. Kormann MSD, Hasenpusch G, Aneja MK, Nica G, 
Flemmer AW, Herber-Jonat S, et al. Expression of 
therapeutic proteins after delivery of chemically 
modified mRNA in mice. Nat Biotechnol. 2011; 
29(2):154-7.

8. Schlake T, Thess A, Fotin-Mleczek M, Kallen KJ. 
Developing mRNA-vaccine technologies. RNA Biol. 
2012 Nov; 9(11):1319-30.

9. Wan Y, Qu K, Zhang QC, Flynn RA, Manor O, Ouyang 
Z, et al. Landscape and variation of RNA secondary 
structure across the human trans-criptome. Nature. 2014
Jan; 505(7485):706-9.

10. Vassaux G, Martin-Duque P. Use of suicide genes for 
cancer gene therapy: study of the different approaches. 
Expert Opin Biol Ther. 2004 Apr; 4(4):519-30.

11. Wu C, Lin J, Hong M, Choudhury Y, Balani P, Leung 
D, et al. Combinatorial control of suicide gene 
expression by tissue-specific promoter and microRNA 
regulation for cancer therapy. Mol Ther. 2009 Dec; 
17(12):2058-66.

12. Sakurai F, Katayama K, Mizuguchi H. MicroRNA-
regulated transgene expression systems for gene therapy 
and virotherapy. Front Biosci (Landmark Ed). 2011
Jun;16:2389-401.

13. Lytle JR, Yario TA, Steitz JA. Target mRNAs are 
repressed as efficiently by microRNA-binding sites in 
the 5′ UTR as in the 3′ UTR. Pro Natl Acad Sci USA. 
2007 Jun; 104(23):9667-72.

14. Brown BD, Gentner B, Cantore A, Colleoni S, 
Amendola M, Zingale A, et al. Endogenous microRNA 



132                                                                                        Rasekhian et al.                                                Iran. Biomed. J., July 2015

http://IBJ.pasteur.ac.ir

can be broadly exploited to regulate transgene 
expression according to tissue, lineage and 
differentiation state. Nat Biotechnol. 2007 Dec; 
25(12):1457-67.

15. Kelly EJ, Hadac EM, Greiner S, Russell SJ. Engineering 
microRNA responsiveness to decrease virus 
pathogenicity. Nat Med. 2008 Nov; 14(11):1278-83.

16. Kelly EJ, Russell SJ. MicroRNAs and the regulation of 
vector tropism. Mol Therapy. 2009 MAr; 17(3):409-16.

17. Ul Hussain M. Micro-RNAs (miRNAs): genomic 
organisation, biogenesis and mode of action. Cell Tissue 
Res. 2012 Aug; 349(2):405-13.

18. Mukherji S, Ebert MS, Zheng GX, Tsang JS, Sharp PA, 
van Oudenaarden A. MicroRNAs can generate 
thresholds in target gene expression. Nat Genet. 2011; 
43(9):854-9.

19. Cordes KR, Sheehy NT, White MP, Berry EC, Morton 
SU, Muth AN, et al. miR-145 and miR-143 regulate 
smooth muscle cell fate and plasticity. Nature. 2009
Aug; 460(7256):705-10.

20. Pagliuca A, Valvo C, Fabrizi E, di Martino S, Biffoni 
M, Runci D, et al. Analysis of the combined action of 
miR-143 and miR-145 on oncogenic pathways in 
colorectal cancer cells reveals a coordinate program of 
gene repression. Oncogene. 2013 Oct; 32(40):4806-13.

21. Kitade Y, Akao Y. MicroRNAs and their therapeutic 
potential for human diseases: microRNAs, miR-143 and 
-145, function as anti-oncomirs and the application of 
chemically modified miR-143 as an anti-cancer drug. J 
Pharmacol Sci. 2010;114(3):276-80.

22. Rasekhian M, Roohvand F, Teimoori‐Toolabi L, Amini 
S, Azadmanesh K. Application of the 3′‐noncoding 
region of poliovirus RNA for cell‐based regulation of 
mRNA stability: Implication for biotechnological 
applications. Biotechnol Appl Biochem. 2014 Nov-Dec; 
61(6):699-706.

23. Maniatis T, Fritsch EF, Sambrook J. Molecular cloning: 
a laboratory manual: Cold Spring Harbor Laboratory 
Cold Spring Harbor, NY; 1982.

24. Teimoori-Toolabi L, Azadmanesh K, Amanzadeh A, 
Zeinali S. Selective suicide gene therapy of colon cancer 
exploiting the urokinase plasminogen activator receptor 
promoter. BioDrugs. 2010 Apr; 24(2):131-46.

25. Wang Z. The guideline of the design and validation of 
MiRNA mimics.  Methods Mol Biol. 2011; 676:211-23.

26. Pfaffl MW. A new mathematical model for relative 
quantification in real-time RT-PCR. Nucleic Acids Res. 
2001 MAy; 29(9):e45.

27. Teimoori-Toolabi L, Azadmanesh K, Zeinali S. 
Selective suicide gene therapy of colon cancer cell lines 
exploiting fibroblast growth factor 18 promoter. Cancer 
Biother Radiopharm. 2010 Feb; 25(1):105-16.

28. Fotin-Mleczek M, Zanzinger K, Heidenreich R, Lorenz 
C, Thess A, Duchardt KM, et al. Highly potent mRNA 
based cancer vaccines represent an attractive platform 
for combination therapies supporting an improved 
therapeutic effect. J Gene Med. 2012 Jun; 14(6):428-39.

29. Geall AJ, Mandl CW, Ulmer JB. RNA: the new 
revolution in nucleic acid vaccines. Semin Immunol. 
2013 Apr; 25(2):152-9.

30. Kolodny GM. Cell to cell transfer of RNA into 
transformed cells. J Cell Physiol. 1972 Feb; 79(1):147-
50.

31. Nicholas TW, Read SB, Burrows FJ, Kruse CA. Suicide 
gene therapy with Herpes simplex virus thymidine 
kinase and ganciclovir is enhanced with connexins to 
improve gap junctions and bystander effects. Histol 
Histopathol. 2003 Apr; 18(2):495-507.

32. Kent OA, McCall MN, Cornish TC, Halushka MK. 
Lessons from miR-143/145: the importance of cell-type 
localization of miRNAs. Nucl Acids Res. 2014 May; 
doi: 10.1093/nar/gku461.

33. Valencia-Sanchez MA, Liu J, Hannon GJ, Parker R. 
Control of translation and mRNA degradation by 
miRNAs and siRNAs. Genes Dev. 2006 Mar; 
20(5):515-24.

34. Yekta S, Shih IH, Bartel DP. MicroRNA-directed 
cleavage of HOXB8 mRNA. Science. 2004 Apr; 
304(5670):594-6.


