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Abstract

Forkhead Box R2 (FOXR2) is a transcription factor located on the X chromosome and its transcription normally restricted to the testis. FOXR2
is aberrantly expressed in 70% of all cancers. FOXR2 promotes formation of CNS-embryonal tumors, pediatric brain cancers and subsets of
medullo-, pineo- and glioblastoma in CNS. MicroRNAs (miRNAs) are endogenous, small non-coding RNAs that function in regulation of gene
expression. Compelling evidence have demonstrated that miRNA expression is dysregulated in human cancer through various mechanisms,
including amplification or deletion of miRNA genes, abnormal transcriptional control of miRNAs, dysregulated epigenetic changes and defects in
the miRNA biogenesis machinery. MiRNAs may function as either oncogenes or tumor suppressors under certain conditions. The dysregulated
miRNAs have been shown to affect the hallmarks of cancer, including sustaining proliferative signaling, evading growth suppressors, resisting
cell death, activating invasion and metastasis, and inducing angiogenesis. An increasing number of studies have identified miRNAs as potential
biomarkers for human cancer diagnosis, prognosis and therapeutic targets or tools, which need further investigation and validation. In this
research, new microRNAs in FOXR2 gene were predicted using bioinformatics tools. SSC profiler program was utilized to predict the stem-
loop structures within the genomic area of FOXR2 gene. UCSC genome browser database was used to analyze the conservation status of the
putative miRNA and its precursor sequence. Furthermore, the FOXR2-miRNA's mature sequence was also performed by MatureBayes online
tool. In addition, RNAFOLD online software which applies the minimum-free energy (MFE) RNA structure prediction algorithm, was used for
approximate prediction of the stem-loop secondary structure. Our results demonstrate that FOXR2 with about 1925 bp length has one miRNA
stem-loop-like structure that has relatively conserved sequences. Overall, accumulative pieces of evidence indicated the presence of a novel
miRNA encoded within the FOXR2.
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Introduction
[5], the expression profile of FOXR2 in all cancers and the

different genetic and epigenetic mechanisms of FOXR2 expression
activation remain to be elucidated. Furthermore, the pattern and
regulation of FOXR2 expression in normal tissues is unknown.
The mechanisms through which FOXR2 promotes tumorigenesis
have also not been systematically evaluated. TFs usually exert
their effects by cooperating in transcriptional complexes. Indeed,
some TFs, including other members of the junction box family,
have been shown to mediate their effects by dimerizing directly
with other TFs or by associating with distinct DNA regions [8-12].
Analysis of FOXR2 expression among a cohort of human cancers
that includes both adult [13,14], and pediatric data sets shows
evidence of FOXR2 expression in more than 70% of cancer types

FOX proteins are a superfamily of evolutionarily highly
conserved transcriptional regulators (TFs) that all share a fork-
like DNA binding domain [1]. These TFs play a wide role in
cellular homeostasis and their expression is well controlled in
mature tissues. In this large family of TFs, FOXR2, located on the
X chromosome, has been implicated as an oncogene in a subset
of cancers including reproductive tracts [2-6]. However, there
is still no systematic characterization of the oncogenic role of
FOXR2 in all cancers, and the mechanisms through which it
induces tumorigenesis are not fully elucidated. Although FOXR2
has been shown to be activated through constitutive variants in
the central nervous system [7], and peripheral neuroblastomas
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and distinct mechanisms of FOXR2 activation, including a novel
nonstructural mechanism has been shown to account for most
FOXR2-expressing cancers [15-18]. These findings highlight
the unrecognized role of FOXR2 as a potent oncogene in human
cancers and show how TFs from different families cooperate to
induce oncogenes. In this research, considering the complex
function of FOXR2 gene, we predicted the presence of miRNAs in
this gene. [tis possible to consider part of the activities of this gene
to be related to the miRNAs that are inside this gene.

Methods

Bioinformatic prediction of miRNA presence in FOXR2
gene

To predict the presence of miRNA stem-loop structures,
SSCprofiler http://miRNA.imbb.forth.gr/SSCprofiler.
html was used. This site indicates the possibility of miRNA-like
secondary structures in the target sequence. This web portal
suggests the hairpin structures and mature sequence of a miRNA
based on features such as sequence, structure and conservation.
From the point of view of this software, in the secondary structures
of stem-loop similar to miRNA, the number of protrusions should
be less than 16 and the number of loops should be less than 32,
the average number of loops plus protrusions should be less than
37 and more than 25% of nucleotides must be protected. The
minimum free energy defined for that structure must be less than
-25.44kcal/mol. In this software, the score threshold is 3, and the
higher the score, the more likely the prediction is correct. For this
purpose, the genomic location of the desired gene is obtained as
a number through hg17 available on the UCSC website. Each time,
the sequence of 1000 base pairs is scanned in both positive and
negative strands, and in order to cover the marginal regions of the

site at

sequence, the sequences are scanned once from the beginning of
the sequence number obtained on the UCSC site plus 500 until the

marginal regions be covered too.

Prediction of the secondary structure (stem-loop) of
the miRNA sequence

For this purpose, use the RNAfold website at http://rna.
tbi.univie.ac.at/http://rna.tbi.univie.ac.at/ RNAfold
calculates and maps the minimum free energy (MFE) structure
of given sequences. If the minimum free energy of the series pin
structure is less than -25.44 kcal/mol, then the structure has good
stability. The structure is colored by base pairing probabilities.
The probability range is from 0 to 1. 1 is the highest value and
is marked with red color and 0 is the lowest value and is marked
with blue color.

became.

Evaluation of miRNA sequence conservation: To analyze the
degree of conservation of predicted miRNA sequences, the BLAT
section of the UCSC site at http://genome.ucsc.edu/ was used. On
this website, sequence conservationin 17 differentspeciesis shown
in green. Prediction of mature miRNA sequence: The MatureBayes
site at http://mirna.imbb.forth.gr/MatureBayes.html was used to
find the mature sequence of miRNAs. MatureBayes provides the
most likely start position of the mature miRNA(s) in each miRNA
precursor.

Results

Bioinformatic prediction of the presence of miRNA in FOXR2
gene: With the investigations carried out on the SSCprofiler site,
a miRNA was identified in exon 1 of the FOXR2 gene (Figure 1),
whose precursor sequence is listed in table 1. Also, the mature
miRNA sequence of these miRNAs was predicted with the help of
the MatureBayes site (Table 1). The location of miRNA precursor
sequence obtained in the exonic and intronic regions of the
gene was obtained with the help of ensemble site (https://asia.

ensembl.org/index.html).

Table 1: Predicted miRNA names, pre-miRNA sequences obtained from sscprofiler, and mature miRNA sequences obtained from Maturebayes

located in FOXR2 gene.

TCAGTAGGCCTGCTAGAAGCACT
GAAGAAAGAGG

miRNA’s Name Pre-miRNA Sequences Results Form SSC Profiler Mature miRNA Sequences Results from Maturebayes
TCTAGCAGGCACTTAAAGCTGTC
miR-2-FOXR2-5P:
CTTTGGGCATCATTTTTTTATGCA
miR-1-FOXR2 GTGTATCTCATCTAGGGAGCTTA GCUGUCCUUUGGGCAUCAUUUY

miR-2-FOXR2-3P:
UGUAUCUCAUCUAGGGAGCUUA

Predicting miRNA stem-loop structure and checking its degree
of conservation: With the help of the RNAfold online website, the
stem-loop structure (Stem-loop) of the identified miRNAs was
predicted (Figure 2a). Analysis of the pre-miRNA sequence using
the UCSC website showed that this sequence lacked conservation
among 17 different species (Figure 2b).
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Conclusion

So far, no microRNA has been reported in the FOXR2 gene.
During the investigations, it was found that there is a miRNA stem-
loop sequence in the FOXR2 gene, which has not been reported
so far. To predict the presence of microRNA, we first used the
SSCprofiler site, then we predicted the secondary structures
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of microRNA with the help of the RNAfold site. We assessed
sequence conservation using the UCSC site. To predict the mature
structure of microRNAs, the site Mature Bayes was used, which
showed us the most probable mature structures of microRNAs. So
far, bioinformatics methods have been used in several studies to

identify new miRNAs. The method used in this study has previously
been used for the bioinformatic identification of miRNAs, whose
existence has been confirmed after prediction using experimental
methods [19-21]. Therefore, it seems that bioinformatics methods
can help identify new miRNAs in the human genome.
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Figure 1: Position of miRNA in FOXR2 gene.
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Figure 2: a) degree of conservation of predicted miRNA sequence, b) prediction of miRNA stem-loop structure. Red colored units are more
likely to form base pairs.
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