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Abstract Acute myelogenous leukemia (AML) is a com-
plex blood malignancy leading to immature leukemic stem
cells (LSCs) proliferation. T cell immunoglobulin mucin-3
(TIM-3) is known as a biomarker of AML LSCs. Several
microRNAs (miRNAs) can affect gene expression in AML.
In this study, the silencing effect of miR-133a-5p on TIM-3
expression in AML cell lineage (HL-60) was investigated.
It’s been hypothesized that miR-133a-5p may suppress the
TIM-3 expression in AML cell line. Initially, miRNA-
TIM-3 prediction, enrichment, and network analysis were
done. Then, miR-133a-5p mimic was transfected into HL-
60 cells. The TIM-3 protein and gene expression were
measured by flow cytometry analysis and real-time PCR,
respectively. MTT assay was also carried out. Based on the
Bioinformatics predictions, miR-133a-5p was able to
silence TIM-3 expression. Also, significant pathways per-
tained to miR-133a-5p were obtained using enrichment
analysis. According to this, miR-133a-5p was mainly
engaged in the MAPK signaling pathway and Nicotine

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12291-019-00834-z) contains sup-
plementary material, which is available to authorized users.

< Zohreh Hojati
z.hojati @sci.ui.ac.ir

Division of Genetics, Department of Biology, Faculty of
Sciences, University of Isfahan, Isfahan 81746-73441, Iran

Department of Immunology, Faculty of Medicine, Isfahan
University of Medical Sciences, Isfahan, Iran

Acquired Immunodeficiency Research Center, Isfahan
University of Medical Sciences, Isfahan, Iran

Department of Genetic and Molecular Biology, Faculty of
Medicine, Isfahan University of Medical Sciences, Isfahan,
Iran

addiction pathway using the KEGG database. The TIM-3
protein expression of the transfected cells was measured as
17.15 + 8.87% (p = 0.001). A 52.48% significant gene
silencing in mRNA level was obtained in comparison to the
negative control. Despite of down regulation of TIM-3,
HL-60 cell viability has not been significantly changed. It
has been finally confirmed that miR-133a-5p could strongly
suppress TIM-3 expression in AML cell line. Presumably,
down regulation of TIM-3 could affect MAPK and Nico-
tine addiction signaling pathways.
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Introduction

Acute myelogenous leukemia (AML) is a complex blood
malignancy that is prevalent in adults [1, 2]. In AML
patients, both of the leukemic stem cells (LSCs) and the
hematopoietic stem cells (HSCs) are observed in bone
marrow. Hence, to facilitate the diagnostic and therapeutic
purposes, finding a biomarker to discriminate between
them is essential. Among all investigated proteins pre-
sented on LSCs surfaces, TIM-3 showed a specific
expression [3, 4]; while normal HSCs do not express it.
Thus, TIM-3 could be used as a target for confronting
LSCs via inhibitory methods like monoclonal antibodies
and microRNAs [5]. As mentioned above, TIM-3 blocking
with the aim of AML remission causes autoimmunity.
Therefore, a provident fight against AML with the mini-
mum harmful consequences is needed. MicroRNAs, as the
non-coding RNAs, can interact with their mRNA targets
and are able to regulate the gene expression at the post-
transcriptional mechanism. These non-coding RNAs can
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bind to their mRNA target leading to mRNA degradation
or translational inhibition and also, activate the gene
expression. Using the inhibitory role of microRNAs, the
scientists design and synthesize the microRNA mimic
molecules to suppress the mRNA targets. It is demon-
strated that the critical region of microRNAs for silencing
their respective mRNAs is limited to the seed region,
including nucleotides 28 at the 5’ end of microRNA [6].
Also, microRNAs are classified as tumor suppressors or
oncogenes, related to the gene they regulate. Implications
of microRNAs in various cellular functions like prolifera-
tion, differentiation, and development, justify their asso-
ciation with cancers [7, 8]. In fact, genetic aberration
leading to abnormalities in the regulation of microRNAs
indicates their involvement in cancers [9]. Due to the TIM-
3 specific expression on AML LSCs and also according to
our bioinformatic studies, we assumed that targeting TIM-3
via miR-133a-5p mimic can possibly suppress TIM-3
expression on HL-60 cells (AML cell line) and presumably
open a new window to cure the AML in the future.

Materials and Methods
In Silico Analysis

For predicting the engagement of microRNA and TIM-3,
the online server Mirwalk 2.0 (http://zmf.umm.uni-heidel
berg.de/apps/zmf/mirwalk2/) was applied by TIM3 RefSeq
ID (NM_032782.4). Then, TargetScan 7.2 (http://www.tar
getscan.org/) was used for validation of the Mirwalk pre-
dicted interaction between microRNA and TIM-3.
miRTargetLink Human (https://ccb-web.cs.uni-saarland.
de/mirtargetlink/) and mirDIP (http://ophid.utoronto.ca/
mirDIP/index.jsp) were applied to gain the weak to strong
predicted targets. The targets of miR-133a-5p were
achieved using the options including weaker evidence and
predicted interactions from miRTargetLink Human. Also,
the targets of this microRNA were obtained according to
the score class (very high, high and medium) from mirDIP.
Also, Kyoto encyclopedia of genes and genomes (KEGG)
biological pathway (http://www.genome.jp/) and ShinyGO
v0.41 (Gene Ontology Enrichment Analysis 4+ more)
(http://bioinformatics.sdstate.edu/go/) by p value cut-
off = 0.05 for false discovery rate (FDR) were used to
identify the gene networks and gene ontology enrichment
analysis.

Cell Culture

HL-60 cell line was purchased from the Pasture Institute,
Iran. These cells were cultured in RPMI-1640 (BIO-IDEA,
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Iran) containing 10% Fetal bovine serum (FBS) and 1%
Pen-Strep (BIO-IDEA, Iran).

Transfection

24 h prior to transfection, 10° HL-60 cells were seeded in
each well of 24-well plate. For TIM-3 expression induc-
tion, the cells were treated with 50 ng PMA (Sigma
Aldrich, Germany). Then, miR-133a-5p mimic (Qiagene,
Germany) with an ultimate concentration of 50 nM was
applied for transfection to HL.-60 cells by using X-treme-
GENE transfection reagent (Roche, Germany). As an
indicator for transfection and also scramble siRNA,
LablelT siRNA delivery control labeled with FITC (Mirus,
USA) was used. Moreover, for comparison, mock (cells
treated with only X-tremeGENE transfection reagent) and
negative control (cells without treatment) were applied in
this study. Cells were refilled with fresh medium after
overnight incubation.

Cell Viability Test

HL-60 cells viability were assessed by Methylthiazole
tetrazolium (MTT) assay. To do so, in each well of 96-well
plate (Orang, Belgium) containing 90 pul medium, 10 pl
MTT solution (5 mg/ml) in PBS buffer (Sigma-Aldrich,
Germany) was added that was followed by incubation at
37 °C and 5% CO2 for 1 h. After removing the medium,
the cells were frozen at — 80 °C for 1 h. Then, 100 pul
dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Germany)
was added to each well while it was shaking for 30 min.
The optical density of each well of the plate was measured
using microplate reader at 590 nm and results were
reported as a percentage in comparison to the negative
control (untransfected cells).

Reverse Transcriptase and Quantitative Real-Time
PCR

HL-60 cells whole RNA was isolated by the RNX Plus kit
(Cinnagen, Iran) according to manufacturer recommended
protocol. For cDNA synthesis, the Revert Identify Tran-
scription Kit (Fermentase, Germany) was used following
the manufacturer’s instruction. TIM-3 expression level was
measured through quantitative real-time PCR (Applied
Biosystem, USA) and maxims SYBER Green qPCR master
mix kit (Fermentase, Germany). ACTB was used as a
housekeeping gene in this study and specific primers for
ACTB and TIM-3 were designed by Allele ID 7.0 software
(Table 1). The following conditions was performed for
real-time PCR, 40 cycles containing denaturation at 95 °C
for 15 s, annealing at 60 °C for 1 min, and extension at
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f’I(‘):;brleeall_ til;rfl:rrll:’e(rjl:equences used Specific primers Direction Sequence
p-Actin Forward 5'-TTCGAGCAAGAGATGGCCA-3'
Reverse 5'-CACAGGACTCCATGCCCAG-3'
TIM-3 Forward 5'-CCATCAGAATAGGCATCTACATC-3'
Reverse 5'-CCATCAGAATAGGCATCTACATC-3'

72 °C for 15 s. Finally, 2~AACt hethod was used for TIM-3
relative gene expression.

Flow Cytometry Analysis

TIM-3 protein expression on HL-60 cells was evaluated
using FACS Callibuor device (BD Bioscience, San Jose,
USA) and anti-human TIM-3-PE antibody (eBiosciences,
USA) according to the manufacturer protocol. Also, the
Cell Quest Pro software (BD Bioscience, San Jose, USA)
was accomplished for data analysis.

Statistical Analysis

Statistical analysis was performed by SPSS16.0 software
(SPSS Inc, Chicago, USA) through One-way ANOVA test.
Results were showed as mean percentage + relative stan-
dard deviation, and p values < 0.05 were considered as
meaningful.

Results

Prediction of miR-133a-5p as a TIM-3 Silencer
microRNA

MiR-133a-5p was predicted as a TIM-3 expression sup-
presser according to the miRWalk output by 9/12 of chosen
web servers (miRWalk, miRanda, Microt4, miRDB, miR-
Map, RNA22, PITA, Targetscan, and RNAhybrid). It
should be noted that there are no experimental researches
to prove this prediction. Moreover, the context score per-
centile of miR-133a-5p for TIM-3 expression suppression
predicted as 92%, based on the Targetscan output.

Enrichment Analysis Outcomes

The mirDIP predicted target genes of miR-133a-5p had
integrated scores ranging from 0.2 to 0.014. Also, 63 genes
were resulted as the predicted targets of miR-133a-5p by
miRTargetLink Human. Using KEGG server, 5131 pre-
dicted target genes were totally pertained to miR-133a-5p
(Table S1) and located mainly on the chromosomes 1, 2, 3,
11, 12, and 17 (data not shown). Also, MAPK signaling
pathway and Nicotine addiction pathway for miR-133a-5p

were involved as the top predicted pathways by
p = 2.2E—02 (Table 2). MAPK signaling pathway and its
engaged components in enrichment analysis of miR-133a-
5p were depicted in Fig. 1. Other significant pathways with
highest Enrichment FDR raging from 2.7E—02 to 4.0E—02
for this microRNA were included: pathways in cancer,
microRNAs in cancer, CAMP signaling pathway, Ras
signaling pathway, Calcium signaling pathway, P53 sig-
naling pathway, Autophagy, Endocytosis, PI3K—Akt sig-
naling pathway, Insulin resistance, Human papillomavirus
infection, Colorectal cancer, Small cell lung cancer,
Hepatocellular carcinoma, Focal adhesion, and Cellular
senescence (Table 2). Also, the STRING protein interac-
tion in the total predicted network and pathway interactions
were depicted (Fig. 2a, b). Most of the pathway interac-
tions were occurred among MAPK signaling pathway, Ras
signaling pathway, PI3K-Akt signaling pathway, Focal
adhesion, Human papillomavirus infection, pathways in
cancer, Colorectal cancer, Hepatocellular carcinoma, and
Small cell lung cancer (Fig. 2b).

TIM-3 Expression Induction on HL-60 Cells
by PMA

After 72 h of HL-60 cells treatment by PMA, TIM-3 pro-
tein expression on the cells was measured 76.8% while it
was 0.08% without PMA treatment (Fig. 3a). Also, 82.9%
of the cells were successfully transfected after 24 h of
using LableIT siRNA Delivery Control-FITC (Fig. 3b).

TIM-3 Expression Suppression on HL-60 Cell Line
by miR-133a-5p Mimic

The TIM-3 protein expression suppression on the cells was
confirmed by anti-TIM-3-PE antibody after 48 h of trans-
fection with miR-133a-5p mimic (72 h after TIM-3
induction by PMA) using flow cytometry method. The
TIM-3 protein expression on the transfected cells was
measured as 17.15 = 8.87% (p = 0.001).

Confirmation of Alteration in TIM-3 Expression
on HL-60 Cell Line by Real-Time PCR

Our results represented a significant 82.85% gene silencing in
translation level compared with the negative control.
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Table 2 The enrichment

analysis results of miR-133a-5p Enrichment FDR Genes in list Total genes Functional category

by ShinyGO v0.41 web server 5 50 95 295 MAPK signaling pathway
2.20E—-02 20 40 Nicotine addiction
2.70E-02 152 523 Pathways in cancer
2.70E—02 53 150 MicroRNAs in cancer
3.00E—02 65 196 CAMP signaling pathway
3.30E—02 72 230 Ras signaling pathway
3.30E—02 59 180 Calcium signaling pathway
3.30E—-02 28 72 P53 signaling pathway
3.30E—-02 45 128 Autophagy
3.30E—-02 76 243 Endocytosis
3.30E-02 106 353 PI3K-Akt signaling pathway
3.30E—-02 38 107 Insulin resistance
3.30E—-02 95 318 Human papillomavirus infection
3.30E—-02 33 86 Colorectal cancer
3.30E—-02 34 93 Small cell lung cancer
3.30E—-02 55 167 Hepatocellular carcinoma
3.90E—-02 63 199 Focal adhesion
4.00E—-02 52 159 Cellular senescence
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Fig. 1 MAPK signaling pathway and its engaged components in enrichment analysis of miR-133a-5p
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Fig. 2 a The STRING protein
interaction in the total predicted
network. In this image, 105
nodes and 124 edges were
considered. b pathway
interactions resulted from the
analysis of miR-133a-5p
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Fig. 3 Flow cytometry

analysis. a The histogram (A)
represents that 76.8% of the HL-

60 cells were expressed TIM-3

protein after PMA treatment.
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Moreover, no meaningful difference was observed among the =~ determined as 47.52 (p = 0.0001). According to our analysis,
negative, mock, and scrambled controls which demonstrated ~ 52.48% significant gene silencing in mRNA level was
the silencing process was done specifically (Fig. 3c, Table 3). obtained in comparison to the negative control. Again there
Also, the silencing effect of miR-133a-5p on TIM-3 expres-  was no meaningful difference between the negative, mock,
sion in transcription level using real-time PCR was  and scrambled groups (Fig. 4a, Table 3).
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Table 3 The fold change of gene expression of TIM-3 in this study
and their statistical results

Negative Mock Scramble miR-133a
1.11 1.48 0.98 0.48
0.91 0.52 1.04 0.48
1.01 1.00 1.01 0.48 AVE
0.14 0.68 0.04 0.00 SD
100.00 99.01 100.00 47.52 %
1.00 4.80 0.30 0.00 Rel. SD
p = 0.0001
A
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Fig. 4 a Measurment of the TIM-3 expression by real-time PCR
analysis. Transfected HL-60 cells with miR133a-5p mimic showed a
significant down regulation of TIM-3 (p < 0.05) compared with the
negative control. There was no meaningful difference between the
negative, mock, and scrambled controls. The asterisk (*) expresses
statistical significance. b Evaluation of cell viability by MTT assay.
Cell viability in transfected cells was measured as 80.037% compared
with the negative control which was not statistically meaningful

HL-60 Cells Viability Evaluation After Transfection
with miR-133a-5p

Using MTT assay, the transfected cells viability was
evaluated as 80.037 & 7.031% which had no meaningful
difference with the negative, mock, and scrambled controls

(p > 0.05). This indicated that in spite of reducing HL-60
cell line viability by silencing TIM-3 gene expression uti-
lizing has-miR-133a-5p mimic, this decrease was not sta-
tistically significant (Fig. 4b).

Discussion

AML is a disease of blood malignancy in which LSCs are
abnormally proliferated [1, 2]. LSCs and HSCs could be
distinguished by the molecules expressed on their surfaces.
Among them, TIM-3 has been characterized for its par-
ticular expression on LSCs [3, 4]. So it could be considered
as a suitable candidate for confronting AML LSCs [4].
Combining these findings with the role of microRNA
mimics in the experimental procedures, the silencing effect
of miR-133-5p mimic on TIM-3 expression in AML cell
line (HL-60) was investigated in the present study.
According to our bioinformatics studies, miR-133a-5p with
92% suppressing effect on TIM-3 expression has not been
yet validated in vitro. Here, we found that miR-133a-5p
functioned as a negative regulator of TIM-3 expression on
HL-60 cells in both transcription and translation levels,
according to real-time PCR and flow cytometry analysis,
respectively. The significant difference of silencing effect
between TIM-3’s mRNA and protein levels represents that
this microRNA might play its suppressing role on TIM-3
expression at the mRNA translational level by steric hin-
drance instead of mRNA degradation, but this probability
should be proved in the future in vitro and in vivo
researches.

In a study, Fooladinezhad et al. [10] found that TIM-3
expression was suppressed in AML cell line using miR-
330-5p and in another research by Emamdoost et al. [11]
the inhibitory effect of miR-125a-3p on TIM-3 expression
in HL-60 cells was proved. Also, several studies have
demonstrated that miR-133a-5p had tumor suppressor
properties in various human cancers, including gastric
cancer [12], colorectal cancer [13], esophageal squamous
cell carcinoma [14], non-small cell lung cancer [15],
osteosarcoma [16], ovarian cancer [17] and breast cancer
[18]. It seemed that the pathogenesis and the molecular
basis of these cancers are different, and thus the roles and
the gene targets and engaged signaling pathways of miR-
133a-5p in cancers can be possibly varied. According to
our enrichment analysis, miR-133a-5p was mainly engaged
in MAPK signaling pathway and Nicotine addiction path-
way using KEGG database. Presumably, down regulation
of TIM-3 by miR-133a-5p mimic could influence the yield
of these signaling pathways and their interaction, but these
in silico results have to evaluate by further in vitro and
in vivo experiments. In the current study, in spite of miR-
133a-5p silencing effect, MTT assay showed the decreased
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viability and apoptosis of HL-60 cells which was not sta-
tistically significant. However, further experimental
investigations can assess these results.

Conclusion

Altogether, the predicted bioinformatic results showed that
transfected miR-133a-5p mimic could suppress TIM-3
gene expression. Also, the enrichment and network anal-
ysis indicated that miR-133a-5p was mainly engaged in
MAPK signaling pathway and Nicotine addiction pathway
using KEGG database. The prediction outcomes were
proved at the mRNA and protein levels by quantitative RT-
PCR and flow cytometry, respectively. However, MTT
assay represented the reduced viability and apoptosis of
HL-60 cells which was not statistically significant. Proba-
bly, the down regulation of TIM-3 can influence the yield
of the obtained signaling pathways.
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