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Inhibition of MicroRNA miR-92a Inhibits Cell
Proliferation in Human Acute Promyelocytic Le
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Abstract:

Objective: MicroRNAs (miRNAs) are endogeno
transcriptional regulation of gene expression in 3
of different miRNAs has been reported. In ac

NAs, 19-25 nucleotides in length involved in post-
of mRNAs. In many tumors, up- or down-regulation

vitro studies. In this study it is mainly aime 4@ f inhibition of miR-92a in viability of acute promyelocytic
leukemia (APL).

Materials and Methods: We perform 2 in an acute promyelocytic leukemia (APL) cell line (HL-60)
using locked nucleic acid (LNA) antagomir. Oints after LNA-anti-miR92a transfection, miR-92a quantitation
and cell viability were assesse e chain reaction (PCR) and MTT assays. The data was processed
using the ANOVA test.

Results: Down-regulag i APL cell line (HL-60) by LNA antagomir extensively decreased cell viability in APL.

cogunlugunda post-transkripsiyonel gen ekspresyon regiilasyonunda yer almaktadirlar. Cogu tiimérde, farkh
up- veya down-regiilasyonu rapor edilmistir. Akut myeloid lsemide miR-92a'nin up-regiilasyonu insan in vitro
calisma a bildirilmistir. Bu ¢calismada esas olarak, akut promyelositik 16semi (APL) de miR-92a inhibisyonunun etkisinin
degerlendirilmesi amac¢lanmistir.
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Gerec ve Yontemler: Akut Promyelositik Losemi (APL) hiicre dizisinde (HL-60) locked niikleik asit (LNA) antagomir
kullanarak miR-92a’nin inhibisyonunu gerceklestirdik. LNA-anti-miR92a transfeksiyonu sonras: farkli zamanlarda, miR-92a
kantitasyonu ve hiicre viabilitesi qRT-Real-Time-polimeraz zincir reaksiyonu (PCR) ve MTT testleri ile degerlendirildi.

ANOVA testi kullanilarak veriler islendi.

sinden az1 oldugunda, hiicre viabilitesi kademeli olarak zaman icinde azaldi. LNA-anti-miR ve kontrol gru
canlilig: acisindan farklhilik istatistiksel olarak anlamliyd: (p<0.024).

Sonugc: Bulgularimiza gére, miR-92a inhibisyonunun APL tedavisi icin yeni bir potansiyel terapd

sonucuna Varllm1§t1r.

Anahtar So6zciikler: mikroRNA, miR-92a, Akut promyelositik 16semi, Locked niikleik ast

Introduction

MicroRNAs (miRNAs) are post-transcription regulators
of gene expression involved in many cellular biological and
pathological activities [1]. Initially discovered in 1993 in
Caenorhabditis elegans should be italicized, miRNAs were
next revealed in many other organisms, including human
beings, and proved to play crucial roles in regulation of gene
expression. They are composed of the short ribonucleic aci8
(RNA) chain of 19-25 nucleotides [2]. MiRNAs are involved
in various biological processes, including the ce :

mimics the phenomenon attributed to
tumor suppressor genes, depending on

In addition, many reports favo
addition, many reports favo

oplastic proliferation. If
alignancy leads to death within a
[15]. Despite extensive studies,

as influential players in cell function can
n the pathogenesis of this disorder and

cases where conventional therapies are less
,18,19].

Recent studies on miRNAs in relation to AML revealed
many up- and down-regulation events, some correlated with
particular cytogenetic aberrations. It has been shown that
there is an increased expression of miR-92a in AMLI[20,
21]. In addition, this miRNA has been shown to negatively
regulate p63 in CD32 cells (a murine myeloid cell line)
leading to increased proliferation of these cells [22]. MiR-

158

2 cluster located on

ested that this cluster

gncogene in other malignancies,
pe leukemia [23].

ave proposed to examine the
ibition on HL-60 cell line proliferation
preliminary step in developing a novel
br AML. According to the American-

Britis B) classification, AML is divided into
subtypes, M0-M7 [15]. HL-60 cells are suitable in
nodel of AML-M3, also known as acute promyelocytic

Materials and Methods

Cell Culture

The HL-60 cell line (Human Promyelocytic Leukemia:
APL) was purchased from the National Cell Bank of Tran (NCBI,
Pasteur Institute, Iran) with Cytogenetic: 44,X,-X,-5,dic(5;17)
(qll;pll)del(7)(p?),der(7)t(5;7)(ql1;q?31)t(5;16)
(q11;2),add(8)(?),der(9)del(9) (p2?)t(9;14)(q2?;q2?),del(10)
(p?),ins(11;8)(q13?;?),der(14)t(14;15)(ql?;q?),15,der(16)
(5;16)(q?;q?22~24),der(16)t(7;16)(?;q?22~24),+18. The cell
culture was maintained in Roswell Park Memorial Institute
(RPMI) 1640 (Gibco, Paisley, UK) supplemented with fetal
calf serum (FCS; Gibco, Paisley, UK) 15% v/v, 100 U/mL of
penicillin and 100 pg/mL of streptomycin (Gibco, Paisley, UK)
in an air-saturated and humid atmosphere consisting of 5%
CO2 in 25-cm2 culture flasks (Nunc, Roskilde, Denmark) at
37°C. The cells were passaged twice weekly to maintain an
exponential growth phase.

Cell Transfection

The nucleotide sequences of miR-92a were obtained from
www.mirbase.org as UAUUGCACUUGUCCCGGCCUGU
(accession number MIMAT0000092). The miRCURY LNA
microRNA Inhibitor™ for hsa-miR-92a and microRNA
inhibitor negative control (scrambled) oligonucleotides were
purchased from Exiqon, Denmark. Both oligonucleotides
were labeled at the 5” end with fluorescent dyes, 6-FAM, for
subsequent detection of transfected cells.
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HL-60 cell transfection was performed by using the
X-treme GENE siRNA Transfection Reagent™ (Roche,
Mannheim, Germany) according to the manufacturer
instructions. Briefly, 5x105 cells in the exponential growth
phase were cultured in six-well culture plates (Nunc,
Roskilde, Denmark) containing 1.8 mL RPMI 1640 per
well without antibiotics and FCS. The 50 pmol miRCURY
LNA microRNA inhibitor™ was mixed with 5 pL X-treme
GENE siRNA Transfection Reagent™ in 200 pl Opti-MEM
I Medium™ (Gibco, Paisley, UK) and incubated for 15 min
at room temperature. The complex was then added to the
cells and swirled cautiously to ensure even distribution over
the entire plate surface. After 8 h of incubation, the FCS
and antibiotics were added, and the cells were incubated for
the 24, 48, and 72 h. Untreated cells and cells transfected
with scrambled-LNA were cultured parallel to the LNA-
anti-miR transfected cells. Efficiency of the transfection
was examined by flow cytometry and fluorescent
microscopy. LNA was conjugated with 6-FAM™ Fluorescein
(6-carboxyfluorescein) in order to detect and quantify LNA
transfected cells by fluorescent microscopy and FACSCalibur
flow cytometer (BD, USA).

Reverse Transcriptase microRNA Real Time Polymerase
Chain Reaction

Reverse transcriptase (RT) microRNA
polymerase chain reaction (PCR) was
determine the efficiency of miR-92a inhib
anti-miR. Briefly, the total cellular RN
48, and 72 h post transfection with th
Isolation Kit™ (Exiqon, Copenhagen,
c¢DNA was synthesized with t
Kit™ (Exiqon, Copenha

Master Mix Kit™
ecific miR-92a
from Exiqon,

was performed by usin

cells were assessed by the MTT (3-
zol-2-yl]-2, 5-diphenyl
ssay, which is based on reduction of MTT by

tetrazolium

ndrial dehydrogenase of intact cells to purple
oducts. The conversion is directly related to the
number of living cells. The MTT assay was performed at
the time intervals of 48, and 72 h post transfection. Two
hundred microliters of MTT (Sigma-Aldrich, USA) at the
concentration of 50 mg/mL was added to 5x10> HL-60 cells
suspended in 2 mL of RPMI 1640 medium and incubated for
4 hat 37 °Cin the dark. Two hundred microliters of dimethyl
sulfoxide (DMSO; Sigma-Aldrich, USA) was added to each

well and was shaken until dissolution of crystals. Blank
samples were prepared using exactly the same procedure
with an exception of cell incorporation. Absorbance was
measured by using a spectrophotometer (PG Instrument
T80, England) at 570 nm. Reading was conve
percentage of the controls.

Statistical Analysis

the miRCURY LNA
£ ected to HL-60 cells with
RNA Transfection Reagent. On the

ugated, transfection efficiencies were
ed by fluorescence microscopy and flow cytometry.
optimized protocol produced transfection
v of 90% [Figure 1].

Expression of miR-92a was evaluated by reverse
anscriptase microRNA real time PCR in HL-60 cells

Transfection

Transfection
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Figure 1: HL-60 cells have been transfected with 6-FAM™
fluorescein-conjugated LNA oligonucleotides and then to
assess transfection efficiency, they have been observed by
a fluorescent microscope and analyzed by flow cytometry.
Phase contrast (a) and fluorescent (b) images of the same
field of HL-60 cells show that a majority of the cells were
transfected. Representative FSC-SCS and FL1-Count flow
cytometry graphs are shown in (c). Scale bars: 50 pm.
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transfected with the miRCURY LNA microRNA Inhibitor™ regulating its expression in breast cancer [27]. In AML,
(LNA-anti-miR group), the microRNA inhibitor scrambled miR-92a overexpression was observed, as well as its
oligonucleotides (scrambled LNA group), and untreated inverse relationship with p63 protein expression in murine
HL-60 cells (untreated groups), at 24, 48, and 72 h post- CD32myeloid cells [22, 21].
transfection. Although, miR-92a expression was a little
lower in the scrambled LNA-transfected cells compared
to the untreated cells, the differences were not statistically approach to cancer treatment by employing an appro
significant. However, in all three time points, the expression inhibitory molecule to down-regula
of miR-92a was considerably lower in the LNA-anti-miR
group compared to the control groups (p<0.025). The

There are a number of studies on oncomi

expression of miR-92a was at the lowest level 24 h after 120

transfection and gradually increased in the next two time
points [Figure 2]. 100

Inhibition of miR-92a Decreased Viable HL-60 Cells
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considerably decreased LNA-anti-miR post-transfection.
The effect of LNA-anti-miR transfection on the cell viability
gradually increased over time as the viability of the LNA-antj
miR transfected cell was less than 50% of the untreated cells
at 72 h post-transfection [Figure 3]. The difference of the cell
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gure 2: Assessment of the miR-92a level by real time
PCR 24, 48, and 72 h after transfection. The AACt method
was used for data analysis, and the untreated group was
considered as a reference for each time point. Data were
mean=SD of three independent experiments.
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ith decreased cell viability after 24,48, and 72 h. T 2 4sh 72h
obably due to the transfection reagent toxicity, Time
cell viability was minimally decreased in the scrambled LNA

transfected cells compared to the normal controls (untreated Figure 3: Assessment of cell viability by the MTT assay

cells) but this difference was not statistically significant. performed 24, 48, and 72 h after transfection. The viability

MiR-92a is traced to be involved in various leukemia, of the untreated cells in each time point was considered as
including AML and ALL, hepatocellular carcinoma (HCC), 100% and the viability of other groups is presented as the
and several other cancers [26]. It is suggested that miR- percentage of the untreated cells in the same time point. Data

92a target’s estrogen receptor (ERB1) mRNA hence down were mean+SD of three independent experiments.
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miRNAs [28,29,30]. These studies are rapidly expanding
into advanced phases expecting to generate a new path
in challenges like chemo resistant cases or circumstances
needing augmentation of weak response to therapies [25].
One of the technologies employed in oncomiRs inhibition
is the LNA technology [31]. In this study, we used the same
technology to suppress already up-regulated miR-92a in an
APL cell line. Prevention of cellular proliferation subsequent
to the LNA transfection is indicative of successful inhibition
of miR92a in the cell line under study. Based on the fact
that cytogenetic abnormality of APL is really complex
and needs careful karyotype examination for patient’s
stratification and design of the therapeutic plan, blockage
of APL proliferation by inhibition of just one miRNA
is a big achievement. Manni et al. reported in a mouse
acute myeloid leukemia cell line that miR-92 inhibits p63
expression and that this protein has an important role in cell
proliferation [22]. Perhaps in human APL, p63 expression
is inhibited by miR-92a and induces the cell proliferation.
Chemotherapy is a routine approach for AML treatment
[15, 16], However, in many cases, chemo resistance does
not allow effective treatment and cell proliferation would
not relief, as it is frequently exemplified by resistance to all?
trans retinoic acid (ATRA) [24]. On the other hand, there
are some instances that oncomiR inhibition acts tog
the cells to chemotherapy agents, making this
therapy more effective than any one of the
alone [32,33].
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