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ABSTRACT
MicroRNAs (miRNAs) are a class of small noncoding RNAs that negatively regulate post-transcriptional gene
expression by binding to the 3´-untranslated regions (3´UTR) of messenger RNA (mRNA). In recent years have been
identified that aberrant expression of miRNAs correlated with cancer progression. Colorectal cancer (CRC) is oneof
the most cancer-related deaths malignancies in human thatmiRNAs can dramatically effect on its progression. The aim
of this studywas to evaluatethe inhibitory effect of miR-92a-3p on SW 48 cells (human CRC cell line) and its effects
on theexpression oftumor protein P63. Studies demonstrate that miR-92a-3p is overexpressed in colorectal cancer.
Here with using Locked Nucleic Acid (LNA) anti-miR-92a-3p we suppressed the expression of this miRNA. We
quantified the amount of miR-92a-3p in three-timeintervals and determine that LNA-anti-miR significantly inhibits
this miRNA, we have also determined that inhibition of miR-92a-3p enhanced the amount oftumor protein p63
expression a member of p53 homologue that involves in cell cycle arrest, differentiation and apoptosis in cells.This it
might be a promising finding for understanding CRCmechanisms, etiology and planning strategy for treatment of this
cancer.
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1. INTRODUCTION
MiRNAs are small noncoding RNAs that by
binding to 3´UTR of mRNAs regulate gene
expression through inhibition of translation or
degradation of them[1-3]. MiRNAs are involved
in biological processes, including the cell cycle,
differentiation, proliferation and development,
metabolism, aging and apoptosis in the body[4].
Up-regulationand down-regulation of miRNAs

can causemany diseases for instance heart and
cardiovascular
diseases,
rheumatologic,
autoimmune, infectious, inflammatory,metabolic
disorders and cancers[5-10]. Several studies
demonstrate that miRNAs expression change in
various kinds of cancers, including, colorectal
cancer (CRC) [11, 12]. CRCis one of the most
common human malignancies, with a worldwide
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incidence [13, 14]. CRC is a heterogeneous
disease with accumulation of both genetic and
epigenetic alteration that change total gene
expression[15, 16].MiRNAs in the CRC can up or
down-regulated and the prominent role of
miRNAs in the genesis, progression and response
to treatments of CRC are demonstrated[17].
MiR-92a-3p is one of the members of miR-17–92
clusters that located on chromosome 13q31.3 and
highly overexpressed in several cancers including
CRC[18, 19]. This cluster includesmiR-17, miR18a, miR-19a, miR-20a, miR-19b, and miR-92a3p[20].Tsuchida And et al reported thatin CRC
miR-92a-3p was transcribed at higher levels than
the other five miRNAs[20]. Studiesalso
demonstrate miR-92a-3p overexpressed in
leukemia,[21, 22] hepatocellular carcinoma[23]
and Medulloblastoma[24].
In addition have been identified that miR-92a-3p
is reversely regulatedtumor protein p63 a homolog
of p53 that involved in epithelial differentiation,
cell cycle and apoptosis[25]. Recently has been
found that in acute promyelocytic leukemiamiR92a-3p has overexpressed and negatively
regulated one isoform of p63 [26].
Although the numerous of research on CRC have
been performed, however, p63 expression in CRC
and the relationship between p63 and miR-92a-3p
in CRC poorly understood. In this study, we
evaluatedmiR-92a-3p inhibition by LNA-anti-miR
on SW 48 cells (human CRC cell line)and then
measured the amount of p63.There are several
methods for the inhibition ofmiRNAs andLNAis
the way of our chosen. LNA is a modified
oligonucleotide which has high-affinity and
excellent specificity toward complementary RNA
or DNA[27]. LNA by binding to target miRNA
cause the inhibition of miRNA through inducing
degradation ofit[28].
2. MATERIAL AND METHODS
2.1. Cell culture
SW48 (human CRC cell line) was supplied from
National Cell Bank of Iran (Pasteur Institute,
Tehran, Iran).The cell line was held in Roswell
Park Memorial Institute (RPMI) 1640 (Gibco,
Paisley, UK) supplemented with fetal bovine
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serum (FBS)(Gibco, Paisley, UK) 10 % v/v,100
U/ml of penicillin and 100 µg/ml of streptomycin
(Sigma-Aldrich, Saint Louis, MO, USA) in an airsaturated and humid atmosphere Containing of 5%
CO2 in 25-cm2culture flasks (Nunc, Roskilde,
Denmark) at 37ºC.The cells were passaged twice
weekly to remain in exponential growth phase.
2.2. Cell transfection
The mature nucleotide sequences of miR-92a3pwere
obtainedfromwww.mirbase.org
as
UAUUGCACUUGUCCCGGCCUGU(accession
numberMIMAT0000092).
miRCURYLNA™
(microRNA Inhibitor) for hsa-miR-92a-3p and
microRNA inhibitor negative control (scrambled)
oligonucleotides were purchased from the Exiqon,
Copenhagen, Denmark. Both oligonucleotides
were labeled at their 5 ends with a fluorescent
dye (6-Carboxyfluorescein).
Transfection of SW48 was performed by using
PolyFect™transfection reagent kit (Qiagen,
Hilden, Germany) according to their protocol. In
brief initially,5×105 cells in the exponential
growth phase were cultured in six-well culture
plates (Nunc, Roskilde, Denmark) containing 1.8
ml RPMI 1640 per well with no antibiotic or
FBS.Twelve µl miRCURY LNA™ and
microRNA Inhibitor negative control(scrambled)
were mixed with forty-eight Transfection Reagent
in 200 µl Opti-MEM I Medium (Sigma-Aldrich,
Saint
Louis,
MO,
USA)
and
15
minuteswereplaced in the dimness. The complex
was subsequently added to the cells and swirled
cautiously to be sure that distribution over the
entire plate surface. Following 8 h of incubation,
the FBS and antibiotics were added and the cells
were incubated the 24, 48 and 72 h.LNA was
conjugated with 6-Carboxyfluorescein and SW48
cells, which transfected with the LNA, and was
surveyed by a fluorescence microscope.
2.3.
Quantitative
Real-time
Reverse
Transcriptase-PCR
Real-time polymerase chain reaction (PCR) was
carried out to find out the efficiency of miR-92a3p inhibition by LNA-anti-miR. Firstly, total RNA
was extracted 24, 48 and 72 hours post
transfection with a miRCURY RNA Isolation
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Kit™ (Exiqon, Copenhagen, Denmark) and the
amount of total RNA was measured by 260/280
absorbance, then complementary DNA(cDNA)
was synthesized with a Universal cDNA Synthesis
Kit™ (Exiqon, Copenhagen, Denmark). Real-time
PCR was performed by using the SYBR® Green
master mix Kit™ (Exiqon, Copenhagen,
Denmark) andspecific miR-92a-3p primers
(Exiqon, Copenhagen, Denmark). Forinternal
control used from Synthetic RNA spike-in
templates and its primers (Exiqon, Copenhagen,
Denmark). The StepOnePlus™ Real-Time PCR
Systems (Applied Biosystems, Foster City, CA,
USA) instrument was used for real-time PCR
experiments and the ∆∆Ct method selected for
data calculation.
2.4. Cell extraction and western blot
Cell extraction was done with NP-40 (Abcam,
Massachusetts, USA).The concentration of protein
was measured by Quick Start™ Bradford Protein
Assay (BIO-RAD, Hercules, CA, USA). 100 µg
of proteins were resolved in10% SDS-PAGE, for
detection of molecular weight accompanied with
proteins was resolved,Spectra™ Multicolor Broad
Range (Thermo scientific, Waltham, MA, USA)
as a molecular ladder and electrophoresis were
performed with 100 V. Western blotting was
performed byelectroblotting (BIO-RAD, Hercules,
CA, USA) on nitrocellulose membrane
(Amersham,
Piscataway,
NJ,
USA).After
beingblockedwith 5% skimmed milkMembranes
were probedwithprimary antibodies, mouse
monoclonal anti-p63(Santa Cruz Biotechnology,
California, USA), mouse monoclonal anti-β-actin
(Santa Cruz Biotechnology, California, USA) at
1:500 dilutions. The secondary antibody was goat
anti-mouse IgG-HRP, horseradish peroxidase
labeled (Santa Cruz Biotechnology, California,
USA),at 1: 5,000dilutions. Immunoreactivity was
detected by activating of HRP enzyme by Opti4CN Substrate Kit (BIORAD, Hercules, CA,
USA).The density of protein bands was measured
using Image J software version 1.4o (National
Institute of Health, Bethesda, MD, USA).
2.5. Statistical analysis
All the experiments were performed in triplicate.
The data analysis carried out using SPSS 20
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(IBM, NY, USA). Pearson and Spearman
correlation coefficient were applied to the data.
Linear regressions were performed to predict the
change in p63 by miR-92a-3p.The data were
described as the mean ± standard deviation. The
statistical significance was assumed at 5%
significance level.
3. RESULTS
3.1. LNA vigorously inhibit miR-92a expression
in SW 48 cells
Fluorescence microscopy showed the amount of
the transfection of SW 48cells with LNAwas
approximately 90%. (Fig.1). The expression of
miR-92a-3pwas measured by quantitative RealTime Reverse Transcriptase-PCR in cells
thattransfected with LNA anti-miR (LNA group),
cells that transfected with scrambled (scrambled
group)and control (untreated) group. In the control
and scrambled groups, the amount ofmiR-92a-3p
was approximately the same at 24, 48 and 72 h
after transfection but in the LNA group, this
amount was significantly diminished (Fig.2).
3.2. Inhibition of miR-92a significantly
increased the amount of tumor protein P63 in
SW 48 cells
For evaluation of ap63 expression, western blot
was performed inLNA, scrambled and control
groupsat 24, 48 and 72 h after transfection. The βactin protein was used for internal control (Fig.3).
After 24 h p63 expressionswere not detected in
any of the three groups. At 48 h in LNA group
p63 expression was increased at the level that was
comparable to β-actinbut in scrambled and control
groups not detected. This increase was also seenat
72 h after transfection whereas no expression was
detected on scramble and control groups (Fig.4)
4. DISCUSSION
Identification of miRNAswas revolutionized our
knowledge aboutthe regulation of gene expression
and have opened a new hopethat this small
noncodingRNAsmay be used for therapeutic
goals.Down-regulation and up-regulation ofsome
miRNAs expression can be correlated with cancer
development[29, 30].Furthermore, miRNAs used
1426
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as diagnostic and prognostic biomarkers[31]. To
date, several miRNAs have been identified that
consider theact as a biomarker in the variety of
cancers. For example, in one study by evaluation
of six miRNAs in apatient with CRC have been
shown that two oncogenic miR-21 and miR-92a in
the CRC tissueare significantly higher than control
tissue and can be a potential biomarker for CRC
[32]. In another study was reported that miR-212
as an independent prognostic biomarker
significantly associated with a prolonged overall
survival and also event-free and relapse-free
survival in the cohort study[33].
According to the tumor, node, metastasis (TNM)
staging system CRC is classified to stage0, stageI,
Stage IIAStage IIB,Stage IIIA, Stage IIIB, Stage
IIIC, Stage IV [34]. CRC progression from a
benign tumor to adenocarcinoma is the result of
theaccumulation of both genetic and epigenetic
alteration that change total gene expression [15,
16]. Microsatellite instability (MSI) and
chromosomal instability (CIN) also are effective
factors in the CRC progression [35].Beside of
traditional views about CRC recently confirmed
that miRNAs have also anoutstanding role in this
cancer[36]. In the CRC miRNAs show that have
animpressiverole in different levels of this
malignancy from early stage development cell
growth, proliferation and invasion to metastasis
[37]
The miR-17-92 cluster that located in
chromosome 13q31.3 demonstratedthat its
transcript is activated by c-myc, located on 8q and
have oncogenic activity. Diosdado and et
al[19]demonstrate that the contribution of the
miR-17-92 cluster on benign colorectal adenoma
to adenocarcinoma progression.MiR-92a is a
member
of
the
miR-17-92
clusterthat
overexpressedby
promoting
tumor
proliferation,inhibiting tumor apoptosis or
promoting tumor invasion and metastasis[38].
Although miR-92a is downregulated in breast
cancer[39] butin a variety of cancers, this miRNA
is significantly increased including leukemia [21,
22, 40, 41], hepatocellular carcinoma [23],Ovarian
cancer [42]and Medulloblastoma [43].In Acute
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promyelocytic leukemia has been shown that by
inhibition of miR-92a,p63 is overexpressed[26].
In CRC miR-92a-3pis highly overexpressedbut,
the transcript target yet not well understood,
howeverin one study demonstrate that there is an
inverse correlation between miR-92a-3p and
PTEN (phosphatase and tensinhomologue).The
relation between miR-92a-3p and p63 first
timedescribed in 32D mouse myeloid leukemia
[25].Furthermore,bioinformatics
evaluationshowed that one of the targets of this
miRNA is tumor protein p63.
Our results indicated in CRC cells inhibition of
miR-92a-3p induced expression of tumor protein
p63.This tumor protein is identified as ausual
tumor suppressor gene and p63 is important for
regulation of normal development, proliferation
and apoptosis [44]. This protein is involved in
epithelial differentiation, cell cycle arrest and
apoptosiscan
effect
on
cancer
development[45].Our western blot analysis clearly
showed that miR-92a-3p effects on expression of
tumor protein p63 in the CRC. Because the tumor
protein p63 have an apoptotic role in normal cell
and the level of this protein was undetectable in
CRC cell,therefore,it can be thecause of
theunregulated proliferation of this cancer cell.
We studied usingLNA anti-miR against the miR92a-3pon CRC cells. WithperformingQuantitative
Real-Time Reverse Transcriptase-PCR confirmed
that LNA can effectively inhibit the miR-92a-3p
expression
also
western
blot
analysis
demonstrated that subsequent miR-92a-3p
inhibition, the amountof tumor protein p63
wasincreased.This study showed the role of miR92a-3p as an oncogene in CRC by affecting on
tumor protein p63.
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Fig.1 SW 48 cells weretransfected with LNA-anti-miR that 6-Carboxyfluorescein conjugated to it, for evaluation
of transfection efficiency used of fluorescent microscopy a. Before transaction b. After transfection. Scale bars 50
µm
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Fig. 2 Assessment of the miR-92a-3p level by real-time PCR on SW 48 cells 24, 48 and 72 h after transfection with
LNA-anti-miR and scrambled. The ∆∆Ct method was used foranalysis of data and the untreated group was considered
as a reference. The data were given as mean ± SD. p˂ 0.038

Fig. 3 Western blot analysis was performed for evaluation of tumor protein p63expression at 24, 48, and 72 h after
transfection,β-actin used as an internal control
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Fig. 4 Assessment of p63/β-actin expression on SW 48 cells after transfection and western blot analysis at 24, 48 and
72 h. The data were given as mean ± SD. p ˂ 0.033
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