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ABSTRACT 

Acute myeloid leukemia (AML) frequently relapses after initial treatment, though it is possible that drug resistance 
occurs. Hence, it seems necessary to develop novel therapies such as gene therapy specifically via miRNA trans-
fection. MicroRNA-101 has been considered as a tumor suppressor in different types of cancer. It is demonstrated 
that exogenous miR-101 transfection is associated with decreased viability in AML in this paper. Besides, the 
increase of pro-apoptotic protein BIM expression in both mRNA and protein level has been illustrated. The recent 
findings provide an insight into the novel function of miR-101 in AML by activating BIM as an important mediator 
in intrinsic apoptosis pathways. Generally, miR-101 has been considered as a therapeutic target in our data and 
might have a valuable role in AML. 
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INTRODUCTION 

Acute Myeloid Leukemia (AML) is a 
comparatively rare cancer that appears in peo-
ple with average age of 60 years. Its incidence 
among younger group of people is 2-3 cases 
among 100000 patients. It increases to 13-15 
cases per 100000 individuals, among the age 
of 70-80 years; i.e. the incidence of this dis-
ease increases by age (Altucci et al., 2005; 
Burnett et al., 2011). AML is a hematopoietic 
stem cell malignant tumor of non-lymphoid 

category and a genetically clonal and hetero-
geneous disorder, diagnosed by the accumu-
lation of somatically acquired genetic disor-
ders. These transformations change the natu-
ral mechanisms of renewal, proliferation and 
differentiation (Altucci et al., 2005; Marcucci 
et al., 2011). There is significant amount of 
information that confirm that AML includes a 
disease or a set of diseases, which are severely 
heterogeneous from the aspect of morphol-
ogy, cytochemistry of leukemic population, 
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immunophenotype, cytogenetic and molecu-
lar disorders that originate from mutation or 
over-expression of some genes (Burnett et al., 
2011). In other words, AML is a group of 
hematopoietic malignancies, diagnosed by 
the retarded growth and the maturation of my-
eloid cells in bone marrow and blood 
(Cammarata et al., 2010). 

At present, chemotherapy is the sole treat-
ment of AML in young patients, in which dif-
ferent chemotherapeutic agents of anthracy-
cline family are combined. While, for the pa-
tients of over 60 years age, combined chemo-
therapy is not possible, hence there has devel-
oped a huge tendency towards modern thera-
peutic approaches (Burnett et al., 2011). 
Nowadays, various efforts are being carried 
out across the globe to develop modern tech-
nologies in order to prevail over inherent de-
ficiencies of chemotherapy and combat dif-
ferent cancers without causing damage to nor-
mal cells (Del Burgo et al., 2014). 

Gene therapy is a modern therapeutic ap-
proach that can potentially be able to decrease 
protein or gene expression because of its effi-
cient effects (Nordling-David and Golomb, 
2013). It had been used in many diseases such 
as cancer, AIDS and cardiovascular disorders. 
Among medical therapeutic procedures, this 
approach is possible through genetic reagent 
insertion into patients' special cells, where en-
coded proteins are produced (Jayakumar et 
al., 2010). Gene therapy includes the transfec-
tion of nucleic acid-based compartments such 
as; plasmids, antisense oligonucleotides, and 
different types of RNAs to nucleus or cytosol 
that are able to be effective to decrease the 
gene expression that is involved in disease, 
both in vivo and in vitro conditions (Nordling-
David and Golomb, 2013). 

Today, among RNAi therapeutic candi-
dates, microRNAs have been highly regarded. 
Synthetic miRNA transmission to cells as a 
constitution that can imitate internal miR per-
formance creates a hopeful method for cancer 
treatment. miRNAs target several cellular 
processes and therefore have broad effects to-
ward modern methods (Cortez et al., 2014). 

miRNAs are a group of small endogenous 
noncoding RNAs that have 18-22 nucleotides, 
expanded among animals and plants. Several 
studies have shown the importance of these 
structures in protection of cellular homeosta-
sis (Ji et al.,  2017). Researchers have proved 
the role of miRNAs in a vast scope of biolog-
ical processes like carcinogenesis and act as 
key controllers in gene expression. The 
miRNA expression has been found to be very 
irregular in cancerous cells (Peng and Croce, 
2016; Wang et al., 2015). In fact, miRNAs are 
functional RNAs that cause gene-expression 
silencing by targeting the mRNA. Based on 
miRNA's important roles in oncogenesis, 
these structures have been assessed as diag-
nostic biomarkers, oncogenic factors, or tu-
mor suppressors, having therapeutic poten-
tials. miRNAs are generally related to differ-
ent stages of tumor progression such as; pro-
liferation, metastasis and invasion, angiogen-
esis, apoptosis and drug/radiation resistance 
in diseased cells (Wang et al., 2015). There-
fore, it can be noted that the acquired 
knowledge about down-regulation and loss of 
expression of miRNA provides new opportu-
nities for therapeutic methods. Application of 
miRNAs as a single therapeutic reagent or as 
a combination therapy in conventional treat-
ment methods probably presents technical ad-
vantages beyond other methods. miRNAs are 
small molecules and less antigenic toward 
peptides or protein-encoded genes, so they 
can function potentially better than other bio-
logical moieties (Soriano et al., 2013).  

miR-101 is a tumor suppressor that neu-
tralizes tumor progression and development 
by down-regulating some oncogenes. It is 
proved that miR-101 can prevent clonal can-
cer cell formation in vitro and hinder the tu-
mor growth in vivo. It is also able to sensitize 
some types of cancer cells towards apoptosis. 
Mcl-1 was determined as a functional target 
for miR-101. Decreased miR-101 expression 
has been observed in several kinds of cancers 
(Su et al., 2009; Xu et al., 2014). 

Mitochondrial programmed cell death 
pathways are controlled by Bcl-2 superfamily 
that consists of several pro-apoptotic and anti-



EXCLI Journal 2017;16:1257-1267 – ISSN 1611-2156 
Received: August 12, 2017, accepted: November 11, 2017, published: November 27, 2017 

 

 

1259 

apoptotic proteins. This group is character-
ized by conserved four BH domains. While, 
anti-apoptotic proteins such as Bcl-2, Bcl-XL, 
Mcl-1, Bcl-w have four domains of BH type 
(BH 1-4). The pro-apoptotic members of this 
family such as; Bax and Bak have only three 
domains of BH type (1-3). Another group of 
proteins, having only BH3 domain (BH3- 
only), are Bid, Bad, Noxa, Puma, Bik/NBK, 
BIM isoforms and other members (Plötz et 
al., 2013). BIM protein at first connect to anti-
apoptotic proteins and then allow multi-do-
main pro-apoptotic proteins like Bak and Bax 
to form channels on mitochondrial membrane 
and result in cytochrome-c release and onset 
of apoptosis (Gogada et al., 2013). RNAi-me-
diated suppression of BIM suppresses cell 
death (Kawabata et al., 2012).  

Because of the importance of apoptotic re-
sistance in oncogenesis, tumors necessarily 
show resistance towards apoptosis (Llambi 
and Green, 2011). Apoptotic induction pro-
vides a supportive mechanism in protection 
toward carcinogensis by the means of trans-
formed cell omission. So imperfect apoptotic 
program for tumor cells works as a feature for 
them and finally causes resistance toward 
chemotherapy (Plötz et al., 2013). Conse-
quently, application of gene-based drugs such 
as apoptotic inducing miRNA can increase 
hopes to cure several kinds of cancers.  

By considering the importance of miRNA 
as a therapeutic factor in the process of gene 
therapy in different cancers, the aim of this re-
search was to assess the effect of miRNA-101 
on pro-apoptotic BIM expression at protein 
level in KG-1 (AML cells) and HBMF-SPH 
(normal bone marrow cells) cell lines. 
 

MATERIALS AND METHOD 

Chemicals and reagents 
Penicillin, streptomycin, 3-(4,5-Dime-

thyl-thiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), HEPES buffer (10 mM, 
pH=5.5) and microRNA mimic, has-miR-101 
were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Dimethyl sulfoxide 
(DMSO) was purchased from Merck (Ger-
many). RPMI-1640 medium, Dulbecco’s 

modified Eagle’s medium (DMEM), trypsin, 
fetal bovine serum (FBS), and phosphate 
buffered saline (PBS) were purchased from 
Gibco Medicago. RevertAid™ First Strand 
cDNA Synthesis Kit was purchased from 
Thermo Scientific (USA). RNeasy Mini Kit 
was purchased from Qiagen (USA). Primary 
antibody was obtained from Santa Cruz Bio-
technology (USA). Lipofectamine 2000 and 
HRP-conjugated secondary antibody was 
purchased from Invitrogen (USA). Human 
KG-1 (AML cell line) and HBMF-SPH (nor-
mal human bone marrow cells) cell lines were 
supplied by the Pasteur Institute, Tehran, Iran. 
Deionized water was used throughout the ex-
periments and all chemicals were of analytical 
grade unless otherwise indicated. 
 
Preparation of miR-101 loaded cationic  
liposomes and transfection  

Lipofectamine 2000 (Lipo), a widely used 
commercial agent, was used as a cationic lip-
osome (CL) to introduce miRNA-101 to cells. 
In order to transfect the miR-101 mimics into 
cells, lipofectamine 2000 was used essentially 
as described by the manufacturer’s protocol. 
Final concentration of 25 µM of Lipo/miR-
101 was used for transfection into bone mar-
row cells. 
 
Cell culture  

KG-1 cells, an AML cell line, and HBMF-
SPH cells, a normal bone marrow cell line 
were seeded in 25-cm2 flasks in RPMI-1640 
medium supplemented with 10 % FBS, 50 mg 
streptomycin/ml, 50 mg penicillin /ml at 
37 °C in a humidified atmosphere, containing 
5 % CO2. The cells were used for further ex-
periments after three successful passages. 
 
Cellular uptake  

The KG-1 cells were seeded at a density 
of 5×105 cells/well in 6-well plates and incu-
bated for 24 h. Then, the cells were treated 
with FAM-labeled miRNA alone and 
Lipo/FAM-labeled miRNA at a suitable con-
centration into each well to determine the cel-
lular uptake of miRNA. After treatment, the 
cells were incubated for 3 h, washed thrice 
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with PBS and fixed with 4 % paraformalde-
hyde solution (Thermo Scientific, USA). The 
solution of 4',6-diamidino-2-phenylindole 
(DAPI, 0.125 µg/ml) was used to stain live 
nuclei in KG-1 cells. To achieve this goal, 
fixed cells were treated with DAPI for 15 min 
and the cellular uptake was assessed using 
fluorescent microscope (Olympus, Japan). 
 
Cytotoxicity evaluation of miRNA contain-
ing CLs against bone marrow cell lines 

The cytotoxic effects of bare miR-101 and 
Lipo/miR-101 on KG-1 and HBMF-SPH 
cells were assessed using MTT assay. To 
measure the cytotoxicity, both cell lines were 
seeded in 96-well plates at a density of 1×104 
cells/well. After 24 hours, cells were treated 
with miR-101 and Lipo/miR-101 and incu-
bated again. To assess the viable cell percent-
ages, 20 µl MTT (5 mg/ml) was added to each 
well and evacuated after 3 h of incubation and 
150 µl DMSO was then added to each well. 
The proportion of viable cells was measured 
colorimetrically by microplate reader 
(EPOCH Microplate Spectrophotometer- 
synergy HTX, Bio Tek, USA) after 72 hours 
of incubation at 570 nm wavelength. 
 
In vitro cell transfection 

KG-1 and HBMF-SPH cells were seeded 
at a density of 1×106 cells/well in 6-well 
plates in RPMI 1640 medium and incubated 
overnight. Next day, the cells were incubated 
with 25 µM Lipo/miR-101 and bare miR-101 
for 24 h. 

 
Quantitative Reverse-Transcriptase Poly-
merase Chain Reaction (qRT-PCR) analy-
sis 

Quantitative RT-PCR analysis was ap-
plied to determine the relative expression 
level of BIM. After 24 h treatment, total RNA 
was extracted from cells, using RNeasy Mini 
Kit (Qiagen, USA), according to the manufac-
turer's instructions. Following DNase treat-
ment, RNA concentrations, quality and integ-
rity were determined spectrophotometrically 
using Nanodrop (Waltham, MA, USA). Total 
RNA (1 mg) was used to convert RNA into 

single-stranded complementary DNA using 
RevertAid™ First Strand cDNA Synthesis 
Kit (Thermo Scientific, USA), according to 
the manufacturer’s instructions. Then, qRT-
PCR was performed using SYBRR Green 
PCR Master Mix to evaluate the expression 
level of pro-apoptotic gene, BIM. Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) 
was used as an endogenous control. Real time 
PCR was performed at least thrice for all cell 
lines. The primers for BIM were as follows: 
forward, 5'-TCTGACTCTGACTCTCG-
GACTG-3' and reverse, 5'-GGATTACCTT-
GTGGCTCTGTCTG-3' and the primers for 
GAPDH were as follows: forward, 5'-
TGCACCACCAACTGCTTAGC-3' and re-
verse, 5'-GGCATGGACTGTGGTCATG-
AG-3'. Data were normalized to the endoge-
nous control and analyzed using the compar-
ative threshold cycle method (2-∆∆Ct) to deter-
mine the relative expression of BIM before 
and after treatment. 
 
Western blotting analysis 

The BIM protein expression was deter-
mined by Western blotting analysis. KG-1 
cells were seeded in a 6-well plate at a density 
of 5×105 cells/well and incubated for 24 h. To 
evaluate the amount of BIM protein in KG-1 
cells, total cell protein was extracted by NP40 
lysis buffer after 24h treatment. To prevent 
protein degradation, phosphatase inhibitors 
(Sigma, USA) and anti-protease cocktail 
(Roche, Germany) were used. The concentra-
tion of extracted protein was assessed by 
Qubit Protein Assay Kit (Invitrogen, USA). A 
total of 40 µg protein/sample was used for gel 
electrophoresis (on 7.5 % and 12 % SDS-
PAGE gel) and the resultant proteins were 
transferred to nitrocellulose membrane. 
Blocking was performed in 5 % BSA block-
ing buffer. Then, the blots were incubated 
with primary antibody at a dilution of 1:1000 
at 4 °C overnight and again incubated with 
secondary antibody at a dilution of 1:2000. 
Protein detection was carried out ECL West-
ern Blot Detection Reagents. 
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Statistical analysis  
To statistically analyze the data, SPSS 

software (version 22) was used. Quantitative 
data are expressed as the mean ± standard de-
viation (SD). Data were analyzed using Stu-
dents’t-test. P < 0.05 was considered statisti-
cally significant. 
 

RESULTS 

Cellular uptake 
In order to evaluate the ability of gene 

transfer by lipofectamine 2000 into the cells, 
KG-1 cells were transfected with Lipo/Fam-
labeled miRNA and Fam-labeled miRNA and 
intracellular study was performed after 3h 
treatment. In vitro cellular uptake of both 

compositions was assessed using fluorescent 
microscope (Figure 1) (Schnittert et al., 
2017). Fluorescence microscopy has shown 
negligible cellular fluorescence after treat-
ment with bare Fam-labeled miR which indi-
cates its partial transfection into KG-1 cells. 
While in cells which were treated with 
Lipo/Fam-labeled miRNA showed remarka-
bly higher fluorescence intensity. As shown 
in Figure 1, lipofectamine 2000 could inter-
nalize miRNA efficiently into the cells. The 
results suggest that the cationic lipid-based 
carrier, such as lipofectamine, can be used to 
deliver different types of acid nucleic to the 
cells actively and can be a potent gene deliv-
ery system in cancer therapy. 

 

 
Figure 1: A) The intracellular pattern of Lipo/Fam-labeled miRNA (green) in KG-1 was observed by a 
fluorescent microscope after incubation for 3 h. B) Nuclei were stained with DAPI prior to observation 
(blue). C) Merged images. D) The intracellular pattern of bare Fam-labeled miRNA (green) in KG-1 was 
observed by a fluorescent microscope after incubation for 3 h. E) Nuclei were stained with DAPI prior to 
observation (blue). F) Merged images 
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Inhibition of AML cells proliferation using 
miRNA-101 

To evaluate cytotoxicity of miR-101, 
MTT assay was used with Lipo/miR-101, na-
ked miR-101 and lipofectamine as treatments 
in KG-1 and HBMF-SPH cells. Lipofec-
tamine 2000 was used to ensure its non-cyto-
toxicity. As shown in Figure 2, lipofectamine 
2000, as a cationic lipid-based carrier, showed 
no anti-proliferative effect in both cell lines. 
However, KG-1 cells exposed to Lipo/miR-
101 and miR-101 showed significant cytotox-
icity comparing to HBMF-SPH cells after 
72 h treatment (p<0.05). In addition, the ex-
posed KG-1 cells to Lipo/miR-101 signifi-
cantly showed more cytotoxic effects than 
cells exposed to the bare miR-101 (p<0.05). 
The results of MTT assay have indicated that 
the Lipo/miR-101 could successfully be en-
tered into the cells as compared to naked miR-
101 (Figure 2), and specifically exert its anti-
proliferative and cytotoxic effects in cancer 
cells. The results also showed that lipofec-
tamine 2000 as a cationic lipid-based carrier 
could successfully interact with anionic-
charge miR-101 and internalize it into cells 
effectively (Figure 2 and Figure 3). 

 

BIM expression is increased by miR-101 
transfection  

First, the effect of miR-101 transfection 
on expression levels of the pro-apoptotic 
gene, BIM, was measured using qRT-PCR. 
The quantitative real-time PCR analysis dis-
played that KG-1 cells has very low BIM ex-
pression level but it is significantly higher in 
HBMF-SPH cells (p<0.05). 

As shown in Figure 4, the BIM expression 
levels were increased in miR-101 and 
Lipo/miR-101-treated KG-1 and HBMF-SPH 
cells. BIM expression was increased signifi-
cantly in KG-1 cell line compared to HBMF-
SPH cells in miR-101 and Lipo/miR-101 
groups (p<0.05). Lipo/miR-101 treatment in-
creased BIM expression more than other 
groups in both cells but only in KG-1 cells, its 
increasing was significant (p<0.05). The level 
of BIM expression in KG-1 cells treated with 
Lipo/miR-101 significantly increased than 
KG-1 cells exposed to miR-101. So, 
Lipo/miR-101 treatment caused significant 
increase in BIM expression levels KG-1 cell 
line (p<0.05) (Figure 4). However, the results 
of qRT-PCR indicated that Lipo/miR-101 
would notably result in increasing expression 
of BIM in cells (p<0.05). These findings 
showed that the expression of pro-apoptotic 
gene, BIM, is remarkably up-regulated after 
transfection of miR-101 with cationic lipid-
based carrier, lipofectamine 2000.  
 

 

 

Figure 2: KG-1 and 
HBMF-SPH cells via-
bility after 72 h of treat-
ment with Lipofec-
tamine, bare miR-101 
and Lipo/miR-101. 
Cell viability de-
creased significantly 
in KG-1 cells trans-
fected by Lipo/miR-
101 as compared to 
other groups (p<0.05). 
(*. The mean differ-
ence is significant at 
the 0.05 level).  
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Figure 3: In vitro cell viability of KG-1 (A-C) and HBMF-SPH (D-F) cells treated with different interven-
tions. (A) and (D) cells treated with lipofectamine 2000. (B) and (E) cells treated with bare miR-101 for 
72 h. (C) and (F) cells treated with Lipo/miR-101 for 72 h. Results showed significant difference between 
miR-101 and Lipo/miR-101 in KG-1 cell line (p<0.05). 
 

 
Figure 4: Relative expression level of BIM at 24 h after transfection with different treatments in KG-1 
and HBMF-SPH cell lines. Results illustrated that relative expression of BIM significantly increases after 
miR-101 transfection (Lipo/miR-101) in KG-1 cell lines (p<0.05). (*. The mean difference is significant 
at the 0.05 level).    
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To confirm the initial findings for BIM 
mRNA in KG-1 cell line (AML), Western 
blot analysis was applied to assess BIM ex-
pression at protein level and the correlation of 
miR-101 and BIM expression was evaluated. 
The results of Western blotting analysis 
showed that BIM expression was dramati-
cally increased in treated KG-1 cells (Figure 
5). As shown in Figure 5B, Lipo/miR-101 
treatment caused more expression in BIM 
protein in KG-1 cells compared to naked 
miR-101. Statistical analysis showed that ex-
pression of BIM protein was significantly 
(p<0.05) associated with miR-101 transfec-
tion with cationic lipid-based carrier. Overall, 
the results suggested that miR-101 could in-
duce BIM expression and produce BIM pro-
tein in KG-1 cells, also induce apoptosis in 
AML cancer. 

 
DISCUSSION 

A matter of utmost importance is to re-
place the traditional therapies with conven-
tional cancer treatments such as chemother-
apy due to its irreparable side effects (Cross 
and Burmester, 2006). The recent develop-
ment in the knowledge of cancer treatments 

has led to the advanced progress of new ther-
apeutic approaches in cancer therapy, partic-
ularly gene therapy. Gene therapy includes 
any methods to treat a disease by genetic 
modification in cells. The materials which can 
be used in gene therapy may be different types 
of acid nucleic such as plasmid, microRNA or 
siRNA (Amer, 2014; Husain et al., 2015). 

MicroRNA is one of the factors that have 
proven to play an important role in carcino-
genicity. Its involvement in carcinogenesis is 
a multi-stage process. Studies that featured 
miRNA overexpression or ablation in differ-
ent cancers can prove the correlations be-
tween miRNAs and carcinogenesis (Ji et al., 
2017). In recent years, many of the discovered 
miRNA regulatory roles have led to an inter-
est in these categories of nucleic acid. In ad-
dition to their roles in cellular processes, miR-
NAs also show considerable potential for di-
agnostic and therapeutic usages (Baumann 
and Winkler, 2014). How miRNA enters into 
the cell, is one of the major challenges in 
miRNA application as a therapeutic agent. 
Owing to its charge and size, miRNA can 
hardly cross the cell membrane. It is neces-
sary to develop carriers with the purpose of  

 

 
Figure 5: A) Evaluation of the pro-apoptotic BIM protein expression was performed by Western blot 
analysis at 24 h after transfection. Actin was used as loading markers and shown at the bottom of each 
blotting membrane analyzed, as indicated. B) Levels of BIM protein in cells treated with different inter-
ventions. Results showed that levels of BIM protein significantly increase after miR-101 transfection in 
KG-1 cells (p<0.05). (*. The mean difference is significant at the 0.05 level). 
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gene delivery in order to transfect gene into 
cells efficiently. Lipofectamine 2000 is one of 
the commercial reagents which is developed 
as a cationic lipid-based carrier for gene de-
livery. It is an effective carrier for miRNA de-
livery according to previous studies 
(Bakhshandeh et al., 2012). In the present 
study lipofectamine 2000 was used as a 
miRNA carrier. Fluorescent microscopy re-
sults confirm that miRNA internalization into 
cells with lipofectamine 2000 is more effi-
cient than bare miRNA (Figure 1). These 
findings can be referred to Bakhshandeh et al. 
(2012) and Huang et al. (2015). 

The FAM-labeled miRNA and 
Lipo/FAM-labeled miRNA transfection effi-
ciency was examined by fluorescent micros-
copy. In agreement with previous findings, 
current study showed that Lipofectamine 
2000 can be used for cancer cells transfection 
efficiently (Huang et al., 2015). 

The results of MTT assay illustrated that 
the viability of KG-1 cells was significantly 
decreased in the Lipo/miR-101 group com-
pared to the other groups. These findings im-
ply that miRNA-101 might function as a tu-
mor suppressor in AML. We have noticed that 
exogenous miR-101 significantly inhibited 
the cell proliferation in AML (Figures 2 and 
3). This is in agreement with the findings of 
the present study that miR-101 might have a 
tumor suppressive role in different types of 
cancer. Xu et al. (2014) indicated that trans-
fection of miR-101 repress proliferation of 
hepatocellular carcinoma cell lines (Xu et al., 
2014). Bao et al. (2016) obtained the same re-
sults in gallbladder carcinoma (Bao et al., 
2016). Other researchers reported the same 
results in other types of cancer (Huang et al., 
2013; Liu et al., 2017; Luo et al., 2012, 2013). 

BIM is a pro-apoptotic BH3-only protein 
of Bcl-2 family that binds to anti-apoptotic 
proteins; therefore, allows the pro-apoptotic 
multidomain proteins, Bax and Bak to lead to 
cytochrome-c release and apoptosis. Pro-
apoptotic protein BIM is frequently induced 
upon treatment with anticancer therapeutics. 
However, BIM induction-based anticancer 

therapy includes many limitations such as di-
versity in controlling systems of BIM in can-
cer cells (Gogada et al., 2013). It has been 
suggested that in different malignancies trans-
fection of miR-101 can lead to cell prolifera-
tion inhibition and play a consistent suppres-
sive role in tumor development (Gui and 
Shen, 2012). 

In the present study, we evaluated the 
BIM expression level after miR-101 transfec-
tion. In order to assess the relative expression 
of BIM, a pro-apoptotic member of Bcl-2 su-
perfamily, qRT-PCR and then Western blot-
ting have been done after miR-101 transfec-
tion. In this study, we observed a significant 
overexpression of BIM in both mRNA and 
protein levels in AML cell line after transfec-
tion. It seems that exogenous miR-101 can re-
sult in some changes in the expression of anti-
and pro-apoptotic members of Bcl-2 family. 
It has been reported that myeloid cell leuke-
mia sequence 1 (Mcl-1), an anti-apoptotic  
member of Bcl-2 superfamily, was specified 
as a direct target of miR-101 (Gui and Shen, 
2012). Although another study has indicated 
that miR-101 can suppress proliferation, mi-
gration and invasion, and stem cell-like phe-
notype of aggressive endometrial cancer cells, 
at least through targeting EZH2, MCL-1 and 
FOS. It means that endogenous mRNA and 
protein levels of these target genes were 
down-regulated in miR-101-transfected cells 
(Konno et al., 2014). Glaser et al. (2012) re-
ported that decreased expression of Mcl-1 
kills transformed myeloid cells in vitro by ac-
tivating the mitochondrial or intrinsic apop-
totic pathway in a BIM-dependent manner 
(Glaser et al., 2012). Zhang et al. (2011) indi-
cated that down-regulation of EZH2 by miR-
101 induces BIM expression, and hence, 
apoptosis will be increased in non-small cell 
lung cancer cells (Zhang et al., 2011). In ad-
dition, Kim et al. (2017) suggested that miR-
101 can sensitize tumor cells apoptosis by up-
regulation of BIM expression in an EZH2-de-
pendent manner, indirectly. However, they 
stated that miR-101-3p targets the 3'-UTR of 
BIM mRNA directly, resulting in increased 
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BIM expression in serum-deprived endothe-
lial cells. In general, all of these evidences 
suggest that miR-101 has a distinct cellular 
function in tumor cells versus normal cells. 
This microRNA is a tumor-suppressive (pro-
apoptotic) function in majority of cancers; 
however, its function in normal cell can be 
different (Kim et al., 2017). 

This information revealed that miR-101 
has an important mediator role in mitochon-
dria-dependent intrinsic apoptosis in AML 
cells and can regulate expression of cell sur-
vival genes such as BIM. Since the intrinsic 
apoptosis pathway is usually regulated by a 
balance between pro-apoptotic and pro-sur-
vival Bcl-2 family proteins. Therefore, BIM 
is an important component to initiate the in-
trinsic apoptosis pathway and can result in 
cell apoptosis induction in AML.  

In conclusion, it can be demonstrated that 
miR-101 suppresses the growth of cancer cell 
by up-regulating pro-apoptotic gene, BIM, in 
AML. Considering the previous studies, 
down-regulation of endogenous miR-101 oc-
curs in many different types of cancer. So our 
findings suggest that miR-101 transfection 
can compensate for depletion of miR-101 and 
exert unique effects of tumor suppressive 
miRNA on its target genes. In general, an up-
regulation of BIM, a pro-apoptotic protein of 
Bcl-2 family occurs. Our findings imply that 
therapeutic strategies aimed at compensation 
for miR-101 expression may be beneficial to 
patients with AML. 
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