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mTOR/S6K1 signaling pathway is a center of cell growth and survival and dysregulation of this pathway is
involved in the incidence of many cancers. MiRNAs are key regulators of gene expression at post-translational levels
and their dysregulation is considered in many cancers. There are various methods for detection of miRNAs. Regarding
extensive development of bioinformatics, these applications can be utilized for prediction of miRNAs and their target
genes with acceptable accuracy. Therefore, the aim of this study was to apply bioinformatic software and programs, as a
low cost method for prediction of miRNAs targeting mTOR/S6K1 signaling pathway. Prediction of miRNAs targeting
mTOR and S6K1 genes was performed using bioinformatic software and programs named TargetScan, miRBase,
miRanda, microCosm, microPIR, miRDB, miRSearch, miRWalk, DIANA-microT, PicTar, TarBase, miRTarBase,
miRNAMap and MirZ bioinformatics tools Hsa-miR-100-5p, hsa-miR-99a-5p, hsa-miR-199a-3p, hsa-miR-99b-5p and
hsa-miR-96-5p had the highest score and repeat among all databases to target 3'-UTR of mTOR and hsa-miR-557, hsa-
miR-362-5p, hsa-miR-500a-5p, hsa-miR-223-3p and hsa-miR-200c-3p had the highest score to target 3'-UTR of S6K1.
Bioinformatic approaches are accessible and low-cost techniques to find miRNASs targeting genes in different signaling
pathways. Considering the role of mTOR/S6K1 signaling pathway in cell growth and survival and its dysregulation in
different cancers, miRNAs that suppress this signaling pathway can be utilized as a potential effective therapeutic and
diagnostic tool.
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Introduction

The mTOR/S6K1 signaling pathway is
important in many aspects of cell growth and
survival whether in natural or pathologic conditions.
Mechanistic Target of Rapamycin (mTOR) is a
serine/threonine Kkinase located in short arm of
chromosome number 1 (1p36) and is expressed in
all mammalian cells [1]. In the interaction with
several other proteins, mTOR forms multi-protein
complexes, called mTORC1 and mTORC2, which

cell development, and cellular metabolism [2].
One of the S6K1 substrates is S6 ribosomal
protein and the programmed cell death protein 4
(PDCD4), a tumor suppressor. Totally, S6K1
activation results in increased protein synthesis by
effects on various factors. Recent studies have
also shown mTOR and S6K1 are involved in the
biosynthesis of lipids and nucleotides. Changes
and disturbances in the mTOR/S6K1 signaling
pathway have been observed in a wide variety of
cancers and studies declared that inhibition of this

are structurally and functionally different. One of
the key downstream effectors of mTOR is S6K1,
which initiates the translation of mRNA into a
protein that is essential for cell growth and survival,
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pathway by various factors can contribute to the
treatment of various cancers [1,3,4].

Micro-RNAs (miRNAs) are a class of single-
stranded RNAs with an average length of 18 to 22
nucleotides and are the key molecules for
regulation of gene expression at post-translational
levels. The functional mechanism of these molecules
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is binding to 3' untranslated regions (3'-UTR) of
the target gene’s mRNA, which subsequently
leads to suppression of the translation, or the
complete degradation of mRNA [5-7]. MiRNAs
are very important regulatory molecules in most
biological processes. Over the past decades, many
studies investigated the mMIRNAs expression
changes and its correlation with a large number of
disorders, especially cancers [8-10]. The results of
these studies suggest that determination of various
mMiRNAs expression profiles can be used as an
appropriate tool for the diagnosis, prognosis and
even treatment of many diseases and cancers [5].

There are different methods for quantitative
measurement of mIRNAs in tissues and
investigation of their roles in different disorders.
These techniques are in situ hybridization,
microarrays, real-time PCR, next generation
sequencing and Nanostring nCounter [11,12].
These methods are often expensive and are not
usually available to everyone. One of the
disadvantages of these methods is their inability to
differentiate between pri-, pre- and mature
miRNAs as well as their families [13]. For
example: microarrays is known as the most
popular diagnostic method for miRNAs and is a
high power technology that help researchers to
evaluate the expression of a large number of
targets in only one experiment, but due to the
costs, it is not commonly used, especially in
developing countries and its sensitivity and
specificity are limiting factors [13].

Today, due to the large amounts of biological
information, the use of computers in biosciences
has been developed. Bioinformatic is composed of
biology and computer sciences and can provide a
large amount of data over a short period of time.
A large number of engineers and bioinformatic
specialists are designing and developing new tools
for better and faster management of data.
Availability, high speed in performance and being
cost beneficial are among the advantages of
application of bioinformatic. Due to the possibility
of errors during the use of bioinformatic tools,
multiple programs and software can be
simultaneously used to achieve more reliable
results.  Furthermore, the information of
bioinformatic tools have acceptable accuracy.

Today, there is a wide range of information
about miRNAs and their regulatory function on
target genes and different pathways [12,13].
Considering the role of mTOR/S6K1 signaling
pathway in many cancers, the purpose of this
study was to identify and determine of miRNAs
targeting mTOR and S6K1, as their inhibitors, by
applying bioinformatic algorithms. The results of
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this study can take the first steps toward using
these small RNA molecules for identification, pre-
screening and even the treatment of the different
cancers.

Materials and Methods

For prediction of miRNAs targeting 3'-UTR
of mMTOR and S6K1 mRNAs, the bioinformatic
softwares named in table 1 were applied. All
information obtained from mentined softwares
were extracted and inserted in an excel file. The
information of TargetScan was the basis of
comparisons since the algorithm used in this
software is the best one for prediction of mMiRNAs
and their target genes [14]. MiRNAs with 8mer
and 7mer-m8 seed matchs which had the highest
levels of complementarity with the 3'-UTR of
mMTOR and S6K1 mRNA were selected. All
acquired data were compared to TargetScan.
Therefore, the number of repeats of miRNAs in
other tools and databases were evaluated. Finally,
the miRNAs with higher score and repitation in
different databases were selected as the miRNA
target gene.

Results

The TargetScan database is applied for
prediction of miRNAs targetinf 3’-UTRs in
mammals, including humans. In this software the
status of binding of each miRNA to its target 3'-
UTR is reported in three ways based on the type
of hybrid they form. 1) Bindings with eight
nucleotide protected seeds (8mer) which is the
most complete type of connection, 2) bindings in
the form of seven nucleotides (7mer) that is
divided into two categories: 7mer-m8 and 7mer-
1A and 3) bindings with six nucleotides are shown
as 6mer. The algorithm used in this software is of
the most powerful ones for prediction of miRNAs.
The miRBase is also a searchable database of
sequences and interpretations of miRNAs and is
the most comprehensive reference in this regard.
In this database, the information about the
sequences of immature and mature miRNAs, with
the symbol of mir and miR respectively is
available. The results obtained from bioinformatic
databases and tools mentioned in the materials
and methods section demonstrated that miRNAs
including hsa-miR-100-5p, hsa-miR-99a-5p, hsa-
miR-199a-3p, hsa-miR-99b-5p and hsa-miR-96-
5p have the highest score and repeat among all
databases to target 3'-UTR of mTOR gene mRNA
as well as hsa-miR-557, hsa-miR-362-5p, hsa-
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miR-500a-5p, hsa-miR-223-3p and hsa-miR-
200c-3p were the miRNAs which had the top
scores in targeting the 3’-UTR of S6K1 mRNA.

Table 2 summarizes the results of
bioinformatic prediction in databases. With this
explanation that the number 1 represents prediction
of miRNA at the desired database as the miRNA
targeting the relevant mRNA and number Oshows
failure to predict favarable miRNA.

Discussion

MiRNAs are one of the key regulators of
gene expression at post-transcription levels and
several studies have shown dysregulation in
miRNAs involved in many diseases and cancers.
In recent years, there was an increasing interest to
miRNAs as the valuable diagnostic and prognostic
molecules, even appropriate and effective potential
molecular tools for targeted therapies [15,16]. The
role of dysregulation in mTOR/S6K1 signaling
pathway was approved in many types of cancers.
Therefore, an interesting strategy against cancers
maybe inhibition of mTOR signaling pathway by
miRNAs targeting the key genes in this pathway
[17]. This study aimed to identify the miRNAs
targeting mTOR and S6K1 genes from mTOR
signaling pathway. Results showed “miR-100,
miR-99a, MiR199a, MiR-99b and mMiR-96” and

Table 1. Software and bioinformatic databases

Prediction of miRNAs Targeting mTOR/S6K1 Signaling Pathway

also “miR-223, miR-557, miR-362, miR-500a and
miR-200c” are potential inhibitors of mTOR and
S6K1, respectively.

MiR-100 is a member of miR-99 family
(miR-99a, miR-99b and miR-100). The potential
role of miR-100 in diagnostic, prognostic and
therapeutic strategies of cancers was investigated
in different studies. Chu Qin et al. showed ectopic
expression and imbalance in miR-100 is involved
in tumor generation and progression in many
cancers. These researchers used bioinformatic
analysis in their study and the results indicated
MTOR is directly targeted by miR-100 [18] that
this finding is in agreement with ours. In another
study, Wang et al. showed that miR-100
suppresses the mTOR signaling pathway in
pulmonary hypertension induced by hypoxia [19].
In a study by Yang et al., miR-99a was introduced
as a tumor suppressor miRNA in breast cancer.
The results show that miR-99a presumably
suppress the tumorigenicity and phenotype of
breast cancer stem cells by targeting mTOR
signaling pathway [20]. Since the mTOR has an
oncogenic role, overexpression of this key
regulator can lead to cancer; therefore, the
miRNAs which target this gene, act as a tumor
suppressor miRNA. In a research that was
conducted by Wei et al., the results indicated that
down-regulation of miR-99b can lead to mTOR
overexpression. In this study, miR-99b introduced

Rank Software/Database Web address
1 TargetScan http://www.targetscan.org/vert_71/
2 miRBase http://www.mirbase.org/
3 miRanda http://www.microrna.org/microrna’home.do
4 microCosm http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
5 microPIR http://www4a.biotec.or.th/micropir/
6 miRDB http://mirdb.org/
7 miRSearch https://www.exigon.com/mirsearch/
8 miRWalk http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
9 DIANA-microT http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index
10 PicTar http://www.pictar.org/
11 TarBase http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index
12 miRTarBase http://mirtarbase.mbc.nctu.edu.tw/
13 miRNAMap http://mirnamap.mbc.nctu.edu.tw/
14 MirZ http://www.mirz.unibas.ch/

Table 2. The results of bioinformatic prediction of miRNAs targeting 3'-UTR of mTOR and S6K1 mRNAs
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as a key mediator of mTOR [21]. Li and
colleagues found that up-regulation of miR-199a
can reduces the cell proliferation and increases the
apoptosis rate. This phenomena is in favor of
physiological conditions and against cancers. The
results of this study showed that miR-199a
mimics can target mMTOR mRNA at 3'-
untranslated region (3'-UTR) region and hence
can reduce its expression. It should be noted the
these researchers used TargetScan algorithm for
miR-199a target gene identification [22]. In a
study by Zhang et al. miR-233 introduced as a
potential biomarker with the highest predictive
accuracy for screening and early diagnostic of
non-small cell lung cancer [23]. The results of a
research conducted by Ni et al. on breast cancer
showed that down-regulation of miR-362 inhibits
the proliferation, differentiation, migration and
invasion of cancerous cells. TargetScan algorithm
was used in this study to identify of miR-362
target mRNAs, too [24]. In a large number of
studies, the mutual effects of miR-96 and mTOR
signaling pathway has been investigated,
including the study of Sun et al. on interaction
between miR-96 and mTOR. The results of this
study approved the targeting of mTOR by miR-96
[25]. Also, the results of Oliveras-Ferraros et al.
approved the tumor suppressor role of miR-96
[26]. Katayama et al. demonstrated that the
expression of miR-557 in tumor tissues of
hepatocellular carcinoma was decreased [27].
Therefore, regarding the ability to regulate gene
expression, miRNAs play a key role in the
incidence of cancers and tumor metastasis [28]. In
general, one miRNA can target many genes and
on the other side, one gene also affect by a lot of
miRNAs. During cancer, dysregulation of these
miRNAs and their target genes occurs. Today, the
use of MiRNAs in biological and medical sciences
has become widespread and bioinformatic can de
served as a rapid, economical and reliable tool in
these fields.
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