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Increase in RNASEL gene expression by 
miR-29-3p inhibitors in HEK293T c ells
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ABSTRACT
background: RNase L is known as a terminal component of antiviral and Interferon (IFN) pathways in mammalian cells. On the 
other hand, the human miR-29 family of microRNAs (miRs) has three mature members, miR-29a, miR-29b, and miR-29c. miR-29 is 
encoded by two gene clusters and the family members have multifunctional roles in various biological processes.
objectives: To determine the potential role of miR-29 in the regulation of RNASEL gene expression by designing inhibitors against 
its targeting miRNA, miR-29a-3p and evaluate the RNase L expression.
material and methods: After selecting miR-29a-3p as a main regulating miRNA for RNASEL in silico, two inhibitors were designed 
against it and synthesized. Synthesized strands were made double-stranded DNA oligos, treated with T4 polynucleotide kinase (PNK), 
cloned into the pCDH-CMV-MCS-EF1-cGFP-T2A-Puro vector and transformed into DH5α. Colony PCR and sequencing was done for 
affirmation. Then the miR-29a-3p inhibitors were transfected into HEK-293T cell line and RNASEL gene expression was analyzed.
results: The miR-29a-3p inhibitors decreased miR-29a-3p expression in vitro. In addition, miR-29a-3p expression reduction resulted 
in an increase of RNASEL gene expression.
conclusions: miR-29a-3p inhibitors could increase in RNASEL gene expression which potentially affects the antiviral/IFN pathway. 
The inhibitors could be considered as drug candidates in different diseases especially viral infections.
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INTRODUCTION

microRNAs (miRs) are an important class of small, en-
dogenous, non-coding RNA 20-22 nucleotides that me-
diate post-transcriptional gene silencing [1]. miRNAs 
bind to 3ˈUTR, of their mRNA targets and prevent their 
translation through preventing interaction 3ˈUTR and 
5ˈUTR ends of mRNA essential for initiation of trans-
lation and/or may bind to their target mRNA and re-
cruit of the miRNA induced silencing complex (miRISC). 
However, miRNAs are not restricted to attachment only 
to 3ˈ and 5ˈ UTRs of mRNAs as they may also interact 
with the open reading frame, ORF [1–3]. In mammalian 
cells, miRNA biogenesis and processing pathway typi-
cally have several steps that convert primary miRNA 
transcripts (pri-miRNAs) into the biologically-active and 
mature forms of miRNA. Like mRNAs, pri-miRNAs have 
been transcribed by RNA polymerase II enzyme in the 
nucleus and they are recognized and cropped by Drosha 
complex, a ribonuclease enzyme, into new precursor 
miRNA (pre-miRNA) which has a hairpin structure [4]. 
Pre-miRNA will be translocated by exportin-5 protein and 
Ran-GTP into the cytoplasm and now needs to proceed by 
second ribonuclease enzyme, Dicer RNase III, into a ~22 
nt long miRNA duplex [2]. However, some miRNAs like 
miR-29b mostly return to the nucleus of the cell and in 
this case, its distinctive hexanucleotide terminal motif 
acts as a nuclear localization element (NLE) [5]. Th e miR-29 
family is one of the most important miRNA families in 
human that has a multifunctional role in a wide variety 

of molecular pathways in mammalian cells. Th e miR-29 
family consists of three members located in two genomic 
loci in clusters: miR-29-a/b1 on chromosome 7 in human 
and chromosome 6 in mouse, miR-29-c/b2 on chromo-
some 1 in human and mouse [6]. Th e miR-29 family 
members differ only in two or three bases [7]. 
Several studies have shown the important effect of 
miRNA regulation of the immune response especially of 
the Interferon (IFN) pathway [8]. From Toll-Like Receptors 
(TLRs) to Interferon receptor (IFNAR1/2) cascade mediators 
like Signal Transducer and activator of transcription 2 
(STAT1/2), Janus Kinase 1 (JAK1), Interferon Regulatory 
Factor 9 (IRF9), Interleukin-1 Receptor Associated Kinases 
(IRAKs) and IFN-Regulated Genes (IRGs) are targeted 
and regulated by miRNAs [9, 10]. Importantly, miR-29a 
is one of the miRNA families involved in IFN pathway 
regulation and miRNA-29a has been shown to decrease 
IFNAR1 expression on murine thymic epithelial cells. 
Besides, it has been shown that gene knockout mice 
lacking miR-29a have increased expression of IFNAR1 and 
also hypersensitivity to poly I:C treatment [11]. 
Th e mammalian innate immune system recognizes dou-
ble-stranded RNA(dsRNA) as a sign of cell damage and po-
tentially viral infection. Activation and degrade of intra-
cellular RNA is mediated by RNase L which mechanism 
is considered as a protective process [12]. IFNs induce the 
expression of oligoadenylate synthetases, OAS, which 
synthesize 2ˈ-5ˈ oligoadenylates (2-5A) in response to 
especially viral infection. 2-5A triggers dimerization and 
conversion of latent RNase L to its activated form. RNase 
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L is a 741 amino acid latent endoribonuclease expressed 
in mammalian cells [13]. RNase L has a strong antiviral 
activity and it implements its activity via viral genome/
mRNA degradation, cellular mRNA/rRNA degradation 
and amplification of IFN production [14, 15].
Objectives: The current study aimed to evaluate miR-29a-3p  
and RNASEL expression in presence of miR-29a-3p inhibi- 
tors in the HEK-293T cell line. The studies suggest an im-
portant role for miR-9a-3p regulation of RNASEL expression. 

MATERIALS AND METHODS

In Silico Analysis and miR Inhibitor Design
The miRNAs that targeted RNASEL were identified 
from miRNA/target databases, TargetScanHuman and  
miRTarBase online tools [22, 23]. First of all, miRNAs, 
which were predicted in both databases with the highest 
score for targeting RNASEL, were listed and thus  
miR-29a-3p was selected.
A short or small hairpin RNA (shRNA) is an artificial 
RNA molecule with a tight hairpin turn that can be used 
to silence target gene expression via RNA interference 
(RNAi) [24]. The two strands of the shRNA were de-
signed by a unique manual method. The sequences of the  
shRNA were engineered from the miR-29a-3p sequence 
in miRBase [25]. The reverse of the miR-29a-3p sequence 
was formulated and then was modified for what was 
predicted to be the best inhibitory effect on miR-29a-3p. 
A second series of shRNA sequences were designed for 
comparison of efficacy. The secondary structure of the 
designs were analyzed by RNAfold [26]. The first and 
second design of anti-miR-29a-3p were named AD-1 and 
AD-2, respectively. All of the sequences were synthesized 
and tested (Table 1).

Cloning of Double-Stranded Anti-miR into Plasmid 
pCDH and Transformation
For cloning into an expression vector, the sense and anti-
sense were attached together. Briefly, 15µl of each sense 
and antisense strands (from 100 µM stock solution) was 
mixed with 15µl of Tris/NaCl buffer (pH = 8) and 30µl H2O. 
Regarding the secondary structure in sequences, it was 
necessary to reduce the annealing temperature gradu- 
ally. Specifically, for the first round, the temperature was 
set to 110 °C and immediately reduced to 90 °C for 1 min 
then was gradually decreased to 37 °C as once per 0.5 °C. 
Finally, the reaction was incubated at 37 °C for 1 h. In 
order to prepare the sample for ligation, phosphoryla-
tion of newborn dsDNA was essential. Therefore, dsDNA 
was treated with T4 PNK (T4 Poly Nucleotide Kinase) 
(ThermoFisher, USA) according to the manufacturer’s 
protocol [27].
The pCDH-CMV-MCS-EF1-cGFP-T2A-Puro vector (Stem Cell 
Technology, Iran) was selected as an expression vector 

and the double-stranded DNA was cloned into the EcoRI 
and XbaI cleavage sites of pCDH. Briefly, at the first 
pCDH plasmid backbone was cleaved by EcoRI and XbaI 
restriction enzyme (ThermoFisher, USA) and then, was 
cleaned up from rest of restriction enzymes and digested 
segments via plasmid clean-up kit (MN, Germany). In or-
der to assess the digestion, samples were electrophoresed 
at 1% agarose gel at the side of undigested plasmid and 
1Kb gene marker. Therefore, the digested pCDH backbone 
was incubated with an insert segment of double-stranded 
Anti-miR in the presence of T4 DNA Ligase and its buffer 
(ThermoFisher, USA). Ligated plasmids were transformed 
into DH5α strain of Escherichia Coli bacterium through 
0.1M CaCl2 and heat-shock assay.

Colony selection, PCR and Sequencing
Ten bacterial colonies were selected from an LB agar 
medium dish infected by transformed DH5α. Then each 
of the colonies was sub-cultured using fresh LB agar me-
dium (Merck, Germany) and were used directly as a tem-
plate for PCR. A pair of primers from upstream to down-
stream of multiple cloning sites (MCS) of pCDH were 
designed. The primers were designed by primer 3 web-
site. PCR products were run on 2% agarose gel electropho-
resis. Cytomegalovirus promoter region (CMV-F) primer 
(AATGGGCGGTAGGCGTGTA) and Elongation Factor1 pro-
moter region (EF1-R) primer (GGACTGTGGGCGATGTGC).
All bacterial colonies contain our shRNA sequence were 
sequenced (Macrogen, South Korea). Plasmid extraction 
was done using the manufacture protocol and a Miniprep 
Kit (Qiagen, Germany). The same primer pairs that are 
utilized in colony PCR were been used for sequencing. 

Transfection of HEK-293T Cells
HEK-293T cells (Stem Cell Technology, Iran) were pro- 
pagated in DMEM (Dulbecco’s Modified Eagle Medium) 
(Gibco, USA) supplemented with 5% fetal bovine serum 
(FBS), 100 U.ml penicillin, 100µg.ml streptomycin and 
2% sodium carbonate at 5% CO2 at 37 °C. One day before 
transfection, HEK-293T cells were seeded around 4.0 × 105  
in each well of six-well plate (SPL, Korea). In order to 
assay that plasmids have an ability to express correctly 
in eukaryote cells or not, 1µg of each AD-1 and AD-2 plas-
mids were transfected into HEK-293T cells at 80 to 90% 
confluency using Lipofectamine 2000 (ThermoFisher, 
USA) according to manufacturer’s instructions. 

RNA Extraction, cDNA Synthesis, and Real-Time PCR
After 48 h, the transfected cells were evaluated using 
an inverted fluorescence microscope (Nikon TE200) and 
the total cellular RNA extracted with RNXplus solu-
tion (CinnaGen. Iran). The RNA quantity and quality 
were confirmed via using a UV-Vis spectrophotome-
ter (Biochrom TM WPA Biowave II, UK) and by electro-
phoresis on 1% agarose gel, respectively. qRT-PCR was 

Table 1. Sense and antisense sequences of miR inhibitors 

Name Sequence

Anti-miR-29a-3p (1)- sense CTAGATGGCACCATCTGAGGTCGGTTATCAAGAGTAACCGATTTCAGATGGTGCTAG

Anti-miR-29a-3p (1)-antisense GATCCGGCGGACGTTTCTTAAGAACTCTTGATTCTTAAGAAACGTCCGCCG

Anti-miR-29a-3p (2)-sense CTAGATGCCACCATCTGAGGTCGGTTATCAAGAGTAACCGATTTCAGATGGTGCTAG

Anti-miR-29a-3p (2)-antisense AATTCTAGCACCATCTGAAATCGGTTACTCTTGATAACCGACCTCAGATGGTGGCAT
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performed using 1 µg RNA converted into cDNA using  
a RevertAid RT reverse transcription kit (ThermoFisher, 
USA) according to the manufacturer’s instructions. Two 
types of cDNAs were synthesized for each sample, total 
and specific, which were synthesized with Random 
Hexamer (commercial) and specific stem-loop primer 
for miR-29a-3p (manual design 5-GTCGTATGCAGAGCAG
GGTCCGAGGTATTCGCACTGCATACGACTGGGGTA-3), re-
spectively. qRT-PCR has been performed using Evagreen 
real-time master mix (Solis Biodyne, Estonia) in Step-One 
plus machine (Applied Biosystem, USA) for 15 min at 95 °C 
for initial denaturation, 40 cycles including 10 seconds 
at 95 °C for denaturation, 20 seconds at 56 oC (miR-29a-
-3p)/60 °C (RNAESL) for annealing and 30 seconds at  
72 °C for extension.

Data analysis
For statistical evaluation of the increase in RNASEL ex-
pression, data were analyzed for significant differences 
by Prism 5.0 (GraphPad Company, CA, USA) via using 
appropriate test, One-Way ANOVA. The probability of 5% 
was assumed statistically significant (P < 0.05).

RESULTS

AD-1 and AD-2 Suppress miR-29a-3p Expression 
The complementary sequences were hybridized and 
phosphorylated by T4 PNK treatment. T4 PNK-treated 
double-stranded DNAs were cloned by T4 DNA ligase 
into EcoRI and XbaI cloning sites. The bi-directional se-
quencing results for the dsDNA of anti-miR constructs 
were determined to be inserted correctly into the pCDH 
vector (Figure 1). The plasmids then were transfected to 
HEK293T cell line and transfection efficiency was con-
firmed through observation of GFP (Green Fluorescent 
Protein) positive cells using Nikon Eclipse TE2000 fluo-
rescent microscope. After 48 h incubation, total RNA that 
was extracted, converted to cDNA and used as a template 
of qRT-PCR were normalized with housekeeping genes 
HPRT and SNORD47 for RNASEL and miR-29a-3p, respec-
tively. Based on observed data from the above genes, the 
normalized fold change data (2-ΔΔCt) were analyzed and 
showed a significant decrease in miR-29a-3p expression 
level after treatment of both AD-1 and AD-2 Anti-miR- 
-29a-3p plasmids (****P < 0.001). (****P < 0.0001) (Figure 1).

AD-1 and AD-2 Induce Increased RNAESL Expression 
It was anticipated the treatment of the HEK-293T cells 
with AD-1 and AD-2 Anti-miR-29a-3p could increase the 
expression level of miR-29a-3p’s target, RNASEL. It was 
tested by Real-Time PCR with primers targeting RNASEL. 
The efficiency of AD-1 and AD-2 plasmids in the inhibi-
tion of miR-29a-3p were approximately the same and 
were not different, that’s why both of Anti-miR-29a-3p 
plasmids were pooled and transfected, then RNASEL gene 
expression was measured and normalized with internal 
control, HPRT. Treated cells had a significant difference 
in transcriptional expression of RNASEL in comparison 
to the scrambled control after 48 h (*P < 0.0155) and af-
ter 72 h (**P < 0045) (Figure 2). Although the increased 
percentage of RNASEL expression was about 10% and 20% 
after 48 and 72 h, respectively, it seems it could be higher 
in the next hours if was evaluated.

DISCUSSION

The miR-29 family, especially miR-29a-3p, has so import-
ant regulating role in different molecular processes and 
pathways. miR-29 has a direct role in lifespan and repro-
duction in a gender-dependent manner [16]. Song et al 
found that miR-29 family members can regulate glucose 
metabolism in type 2 diabetes mellitus (T2DM) through 
inhibiting SPARC, secreted protein acidic rich in Cysteine, 
negatively [17]. As another example, Yu et al observed 
that the coding region of Human cytochrome P450 2C19 
(CYP2C19) has been targeted by miR-29a-3p and miR-23a-3p 
which has a suppressive effect on CYP2C19 expression in 
HepaRG cells [18]. There has been shown overexpression 
of miR-29b leads Hepatic stellate cells (HSCs) to remain 
in the quiescent state and prevents the expression of 

Figure 1. After 48 h posttransfection, miR-29a-3p transcriptional 
expression was measured and normalized with internal control, 
Snord47 small nuclear RNA. The expression level of miR-29a-3p 
was significantly different in compared to scrambled control 
(****P < 0.0001)
The values are expressed as Mean ±SD. All experiments were 
repeated three times.

Figure 2. HEK-293T cells were transfected with AD-1 and 
AD-2 and expression level of RNase L was quantified 48/72 h 
posttransfection and normalized with internal control, HPRT
The expression level of RNase L was significantly different in 
compared to the scrambled control at 48 h (*P < 0.0155) and  
72 h (**P < 0.0045). The values are expressed as Mean ± SD. 
Three repetitions were performed for each experiment.
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Extra Cellular Matrixes (ECMs) like Col1a1 and Col1b1 [19]. 
On the other hand, Park et al found that miR-29 family 
members can upregulate the p53 expression and therefore 
induce apoptosis in a p53-dependent manner [21]. The 
miR-29 family has also been linked to skin diseases, for 
instance, miR-29b has been downregulated during skin 
wound healing that improves angiogenesis and synthesis 
of collagen [20]. These data approve the important role of 
miR-29a-3p in diverse biological pathways.
Additionally, 2-5A/RNase L pathway is a host RNase 
pathway involved in various viral infections. For in-
stance, an elevated level of RNase L and presence of 
the degraded RNA that is characteristic of RNase L ac-
tivation were correlated with IFN-mediated inhibition 
of vaccinia virus [28], reovirus [29] and infection of 
encephalomyocarditis virus (EMCV) [30]. RNase L also 
could induce autophagy in response to viral infections. 
Chakrabarti and his colleagues showed infection of ve-
sicular stomatitis virus (VSV) or encephalomyocarditis 
virus (EMCV) triggered a higher level of autophagy in 
wild-type mouse embryonic fibroblast (MEF) than RNase 
L-null MEF [31]. In addition to the anti-viral feature, 
RNase L has a role in the regulation of cell cycle [32], 
apoptosis [33], prevention of translation by cleavage of 
18s & 28s rRNA [34].
In this mean, investigation of the role of miR-29 in 
immune responses and mechanisms of defense of cells 
needs to be considered more. In this study, we showed 
the role of miR-29a-3p in the regulation of RNASEL ex-
pression which is important in the anti-viral response. 
Consistent with our results, Lee et al have shown that 
miR-29 family represses RNASEL expression in some cell 
lines. They demonstrated miR-29 family has 4 target 
sites in 3’-UTR region of RNASEL’s mRNA and a novel 
oncogenic role in CML (chronic myelogenous leuke-
mia). It has been demonstrated that loss of RNase L 
inhibits proliferation in vitro and tumor growth in a 
xenograft model as well [35]. Hassel and his colleagues 
also showed miR-29 family could repress the expression 
of RNase L protein level across several cells. However, 
unlike present data in this study, they did not observe 
any change in RNASEL mRNA level [36]. There are some 
studies shown RNASEL is targeted by other miRNAs. 
A previous report revealed that RNASEL is a direct tar-
get of miR-146b. Li et al showed RNase L protein level 
was increased in the presence of miR-146b inhibitors 
compared with control in H9c2 cell line [37]. It seems 
augment of the RNase L might be an effective strategy to 
fight against viral and bacterial infections. It would be 
roughly said that the inhibition of miR-29a-3p can help 
to augment RNASEL expression and activity. However, 
it totally depends on the type of infection and generally 
miR-29-3p expression level. In the case of increased level 
of miR-29a-3p expression, inhibition and reduction level 
of the mentioned miR-29a-3p could increase in RNASEL 
mRNA significantly. But in the case of decreased level 
miR-29a-3p expression, miR-29-3p inhibition has too 
limited effect on RNASEL mRNA level.

CONCLUSION

The significantly decreased transcriptional expression 
level of RNASEL in this study showed at least miR-29a-3p  

can suppress RNASEL by targeting and cleaving its  
mRNA. miR-29a-3p could prevent the translation of 
RNASEL mRNA as well. Despite the significant but low 
level of RNASEL augment (about 20%), a further assess-
ment like western blot assay or luciferase assay could 
determine the exact effectiveness of miR-29a-3p suppres-
sion in RNSAEL’s biological role.
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