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Abstract   
CRC is a malignancy with no significant symptoms such as bleeding or abdominal pain, and the 
condition is usually diagnosed when the tumor growth makes the treatment difficult. The survival of 
CRC patients depends on the disease progression. Most of the CRCs begin with an unbalanced and 
noncancerous growth of a polyp. CRC may be prevented if the polyps are removed from the colon. 
Screening reduces the incidence and mortality of CRC.  As the miRNAs play a significant role in the 
regulation of the cellular procedures, this study aims to predict the miRNAs, targeting the BCL9,FRMD6 
genes , using bioinformatics tools. After getting the BCL9,FRMD6 protein chain from the NCBI database, 
the miRNAs targeting the genes were predicted using TargetScan, miRDB, DIANA and miRWalk 
databases using different algorithms. Based on the scoring system of the bioinformatics software and 
considering the best targeting scores, (hsa-miR-30e-5p , hsa-miR-30d-5p) and (hsa-miR-106b-5p , hsa-
miR-106a-5p) are suggested as the potential miRNAs, targeting the BCL9,FRMD6 genes for future 
researches. Considering the significant role of the BCL9,FRMD6  genes on Colorectal cancer, the 
predicted  miRNAs can be used as the molecular biomarkers for the early detection of Colorectal cancer 
patients. 
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1. Introduction 
Colorectal cancer (CRC) is the third common 
malignancy in the world. According to the 
estimations, there are 945000 new CRC cases and 
492000 deaths due to this condition annually (1). 
CRC is a malignancy with no significant symptoms 
such as bleeding or abdominal pain, and the 
condition is usually diagnosed when the tumor 
growth makes the treatment difficult. However, the 
mortality rate during the past decade is decreasing 
due to screening, early diagnosis, and new and 
effective treatment methods to control metastasis 

(2). The survival of CRC patients depends on the 
disease progression. Most of the CRCs begin with 
an unbalanced and noncancerous growth of a 
polyp. CRC may be prevented if the polyps are 
removed from the colon. Screening reduces the 
incidence and mortality of CRC (1). Due to the fact 
that about 90% of all new cases of colorectal 
cancer occurring in individuals over 50 years old, 
older age is considered to be one of the most 
significant factors influencing the risk of 
developing colorectal cancer(3,4). The average age 
at diagnosis is 68 and 72 years old for men and 
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women, respectively. In a taxonomic consortium in 
2015, the colon tumors were divided into four 
Consensus Molecular Subtypes (CMSs), with each 
one has its specific characteristics (5). CMS1 
tumors are characterized by microsatellite 
instability (MSI) phenotype and activation of the 
safe paths. This subtype highly responds to the 
treatments which inhibit the safety inspectors. 
Also, the activity of the Matrix Metalloproteinase 
(MMP) genes is seen in this subtype. On the other 
hand, multiple mutations in these tumors lead to 
the creation of new antigens. CMS2 tumors are 
characterized by epithelial differentiation and 
activation of the WNT and MYC molecular paths. 
CMS3 tumors are characterized by a high mutation 
rate in the KRAS gene and activation of metabolic-
related paths. These tumors have high 
chromosomal instability (CIN). Finally, CMS4 
tumors are characterized by the high expression of 
the genes involved in epithelial-to-mesenchymal 
transition (EMT) and transforming growth factor β 
(TGFβ), vascularization, and extracellular matrix 
reconstruction. These tumors also have a high 
density of tumor-related trophoblasts (6). Some 
studies showed that the survival rate of the 
patients in this subtype is lower than the others, 
and they highly tend to metastasize. The high 
activity of EMT and TGFβ and the strong 
relationship between CCN2 expression and CMS4 
subtype of CRC are the most critical factors for this 
poor prognosis. According to the high expression 
of CCN2 in CRC in the CMS4 subtype and its 
determinative role in tissue fibrosis, more studies 
are needed to determine the value of CCN2 as an 
indicator and potential treatment goal in the 
invasive mesenchymal set of CRC (6). The 
messaging path of Wnt/B-Catenin precisely 
controls the transcription program, which is 
necessary for the growth and development of 
different multicellular organisms. The 
inappropriate activity of the Wnt/B-Catenin 
complex leads to cancer, especially CRC (7-9). Two 
genetic factors, pygo and BCL9, also help the 
duplication of B-Catenin during growth and 
development (10). As soon as the Wnt message is 
transferred, B-Catenin enters the nucleus and 
accumulates in them. Pygo respectively bonds with 
the goal genes of Wnt, BCL9, B-Catenin, TCF, and 
LEF, which help the transcription process. In the 
absence of B-Catenin, pygo can cooperate with 
some parts of Wnt, such as BCL9 (11,12). High 
expression of BCL9 and FRMD6 is reported in 
different human cancers. The increase of BCL9 and 
FRMD6 is reported during B-Catenin-dependent 
duplication and high Wnt activity in the CRC cells. 
BCL9 is known as the cancer progression factor, 
especially for methylation of lysine 4 (13). Studies 
show that a miRNA can attach to multiple target 
genes. As a result, a single miRNA can regulate the 

expression of plenty of the proteins (14). 
Simultaneously with the identification and 
discovery of microRNAs, computational methods 
have been developed and tools for understanding 
the function of microRNAs and predicting the 
pairing of microRNAs with target genes have been 
introduced(15). using bioinformatics databases 
can facilitate the prediction of the miRNA 
attachment, which can be proved in experimental 
studies. These computational predictions can 
reduce the cost and the time of the studies (16). 
 
2. Materials and Methods 
2.1. Predicting the miRNAs Targeting BCL9,FRMD6  
Genes Using TargetScan:  This database presents 
the bioinformatic studies, based on the probably of 
conserved targeting (PCT) in human and 
mammalians, mouse, worm, fly, and frog. The 
TargetScan evaluates the targeting probability, 
based on the attachment of the nucleotides in the 
seed region of the miRNA. The Ensembl number of 
the BCL9,FRMD6  genes  and homo sapiens and 
mouse was searched to predict the miRNAs in this 
site. 
 
2.2. Predicting the miRNAs Targeting  BCL9,FRMD6 
Genes  Using miRWalk: The database presents the 
miRNAs of humans, mice, and rats in predicted and 
experimental categories. The algorithm predicts 
the attachment site of the miRNA in the genome 
sequence of the species (the mitochondrial 
sequence is also included). The site was searched 
with different names of the BCL9,FRMD6 genes. 
 
2.3. Predicting the miRNAs Targeting  BCL9,FRMD6 
Genes Using DIANA: The database evaluates the 
predictions using miTG Score. The algorithm 
scores the predictions using the score of multiple 
conserved and non-conserved sites, showing 
mRNA expression alterations. The database is 
connected to UCSC, HUGO, and Ensembl SwissProt 
databases, and the BCL9,FRMD6 gene was 
searched. 
 
2.4. Predicting the miRNAs Targeting  BCL9,FRMD6 
Genes Using miRDB: This online database predicts 
the miRNAs of humans, mice, rats, dogs, and 
chickens, which provides search by miRNA or the 
target gene. A 50 to 100 score is provided, which 
shows the higher probability of miRNA to mRNA 
attachment. The BCL9,FRMD6 genes was searched 
in this database. 
 
2.5. Choosing the Top miRNA: The output of each 
database was extracted to a Microsoft Excel 
spreadsheet and those with the highest attachment 
probability in most of the databases were selected 
for further experimental studies. 
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3. Results 
3.1. Predicted BCL9 Gene in TargetScan, miRDB, 
miRWalk, and DIANA(Figure 1) 
 
3.1.1. The TargetScan database showed that miR-
30c-5p , miR-30d-5p , miR-30e-5p , miR-22-3p 
target  BCL9  gene.(Table1) 
 
3.1.2 The miRWalk database also showed that miR-
30d-5p and miR-30e-5p target the BCL9  gene. 
Similar genes were also reported by the 
TargetScan, miRDB, and RNA22.(Table2) 
 
3.1.3. The DIANA database resulted in miR-30e-5p 
and miR-30d-5p with 0.917 and 0.907 scores, 
respectively. (Table 3) 
 
3.1.4. The miRDB  showed  miR-30e-5p and miR-
30d-5p with the highest score of probability to 
target the  BCL9  gene. (Table 4) 
 
3.2. Predicted  FRMD6 Gene in TargetScan, miRDB, 
miRWalk, and DIANA(Figure 2) 
 
3.2.1. The TargetScan database showed that miR-
106a-5p , miR-106b-5p , miR-4295 , miR-301b 
target  FRMD6 gene.(Table 6) 

3.2.2. The miRWalk database also showed that 
miR-106a-5p  and miR-106b-5p target the FRMD6  
gene. Similar genes were also reported by the 
TargetScan, miRDB, and RNA22.(Table 7) 
 
3.2.3. The DIANA database resulted in miR-106b-
5p and miR-106a-5p  with 0.998 and 0.972 scores, 
respectively. (Table 8) 
 
3.2.4. The miRDB  showed  miR-106b-5p and miR-
106a-5p  with the highest score of probability to 
target the  FRMD6   gene. (Table 9) 
 
Selecting the Top miRNAs:  Selecting the top 
miRNAs, targeting the BCL9 , FRMD6 genes is 
shown in (Table 5 and Table 10). As a result, 
miRNAs with the highest score and most probable 
attachment to the target gene are collected in 
Table 11. miRNAs with the highest frequency in 
various databases are chosen for the experimental 
phase of this study. The miR-30e-5p and miR-30d-
5p for BCL9 gene and miR-106b-5p and miR-106a-
5p for FRMD6 gene  are also chosen to be 
measured in healthy people and those with 
Colorectal cancer, in the experimental phase of the 
study.(Table 11) 
  

Table1.Prediction  results of BCL9 gene targeting miRNAs at Targetscan database 

 
 

Table2.Prediction results of  miRNAs  targeting  the  BCL9  gene at the miRWalk  database 
 
 
 
 
 

 
 
 

miRNA Position in the UTR Seed Match PCT 

hsa-miR-30a-5p 329-335 7mer-m8 0/69 

hsa-miR-30b-5p 329-335 7mer-m8 0/69 

hsa-miR-30c-5p 329-335 7mer-m8 0/69 

hsa-miR-30d-5p 329-335 7mer-m8 0/69 

hsa-miR-30e-5p 329-335 7mer-m8 0/69 

hsa-miR-22-3p 850-856 7mer-m8 0/56 

hsa-miR-218-5p 592-599 8mer 0/76 

hsa-miR-140-5p 1202-1208 7mer-m8 0/58 

hsa-miR-101-3p.1 409-416 8mer 0/7 

hsa-miR-92a-3p 856-862 7mer-1A 0/47 

* This software divides how each miRNA binds to the 3'-UTR region of each gene based on 
the type of hybridization into three binding categories: 8mer, 7mer-m8 and 7mer-A1.  
 

miRNA 
Predicted miRWalk miRDB RNA22 Targetscan 

hsa-miR-30e-5p     
hsa-miR-30d-5p     
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Table3.Prediction results of miRNAs targeting the BCL9  gene at the DIANA database 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table4.Prediction results of miRNAs targeting the BCL9  gene at the miRDB database 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table5.How to select the target BCL9  gene receptor miRNA 

 

 
 
 
 
 

Number Ensembl Gene ID miRNA Name miTG Score 
1 ENSG00000116128(BCL9) hsa-miR-30c-5p 0/891 
2 ENSG00000116128(BCL9) hsa-miR-30d-5p 0/907 
3 ENSG00000116128(BCL9) hsa-miR-30e-5p 0/917 
4 ENSG00000116128(BCL9) hsa-miR-30a-5p 0/913 
5 ENSG00000116128(BCL9) hsa-miR-30b-5p 0/891 
6 ENSG00000116128(BCL9) hsa-miR-4802-5p 0/992 
7 ENSG00000116128(BCL9) hsa-miR-4668-3p 0/988 
8 ENSG00000116128(BCL9) hsa-miR-593-3p 0/960 
9 ENSG00000116128(BCL9) hsa-miR-22-3p 0/791 

10 ENSG00000116128(BCL9) hsa-miR-338-5p 0/988 

Target Rank Gene Symbole miRAN Name Target Score 
1 BCL9 hsa-miR-22-3p 90 
2 BCL9 hsa-miR-30c-5p 90 
3 BCL9 hsa-miR-30d-5p 90 
4 BCL9 hsa-miR-30e-5p 90 
5 BCL9 hsa-miR-144-3p 92 
6 BCL9 hsa-miR-218-5p 84 
7 BCL9 hsa-miR-6728-3p 95 
8 BCL9 hsa-miR-532-3p 95 
9 BCL9 hsa-miR-188-5p 94 

10 BCL9 hsa-miR-338-5p 94 

miRNA miRWalk Targetscan miRDB DIANA Total Score 
hsa-miR-30e-5p 1 1 1 1 4 
hsa-miR-30d-5p 1 1 1 1 4 

hsa-miR-22-3p 1 1 1 1 4 

hsa-miR-30c-5p 1 1 1 1 4 

hsa-miR-30a-5p 0 1 0 1 2 

hsa-miR-188-5p 0 0 1 1 2 

hsa-miR-338-5p 0 0 1 1 2 

hsa-miR-218-5p 0 1 1 0 2 

hsa-miR-532-3p 0 0 1 0 1 
hsa-miR-4668-3p 0 0 0 1 1 
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Figure 1.Predicted BCL9 Gene in TargetScan,miRDB,miRWalk and DIANA. (A) The TargetScan 

database showed that miR-30d-5p , miR-30e-5p target  BCL9  gene.(B) The DIANA database resulted in 
miR-30e-5p and miR-30d-5p with 0.917 and 0.907 scores respectively.(C) The miRDB  showed  miR-

30e-5p and miR-30d-5p with the highest score of probability to target the  BCL9  gene.(D) How to select 
the target BCL9  gene receptor miRNA 
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Figure3. The miR-30e-5p and miR-30d-5p   binding site in 3'      UTR.  The second structure of miRNA-3'UTR  

predicted by RNAhybrid (mfe:minimum free energy) 
 

Table6.Prediction  results of FRMD6  gene targeting miRNAs at Targetscan database 

 
Table7.Prediction results of  miRNAs  targeting  the  FRMD6  gene at the miRWalk  database 

 
 
 
 
 
 
 
 
 
 
 

miRNA Position in the UTR Seed Match PCT 
hsa-miR-106a-5p 161-168 8mer 0/89 
hsa-miR-106b-5p 161-168 8mer 0/89 

hsa-miR-4295 159-165 7mer-m8 0/78 
hsa-miR-301b-3p 159-165 7mer-m8 0/78 
hsa-miR-130a-3p 159-165 7mer-m8 0/78 
hsa-miR-30a-5p 1514-1520 7mer-m8 0/62 

hsa-miR-200b-3p 1686-1693 8mer 0/75 
hsa-miR-200a-3p 1663-1670 8mer 0/42 
hsa-miR-27a-3p 2567-2573 7mer-1A 0/71 
hsa-miR-27b-3p 2567-2573 7mer-1A 0/71 

miRNA Predicted miRWalk miRDB RNA22 Targetscan 
hsa-miR-106a-5p     
hsa-miR 106b-5p     
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Table8.Prediction results of miRNAs targeting the FRMD6  gene at the DIANA database 

 
 

Table9.Prediction results of miRNAs targeting the FRMD6  gene at the miRDB database 

 
 

Table10.How to select the target FRMD6  gene receptor miRNA 

 
 
 
 
 

Number Ensembl Gene ID miRNA Name miTG Score 
1 ENSG00000139926(FRMD6) hsa-miR-106a-5p 0/972 
2 ENSG00000139926(FRMD6) hsa-miR 106b-5p 0/998 
3 ENSG00000139926(FRMD6) hsa-miR-519d-3p 0/957 
4 ENSG00000139926(FRMD6) hsa-miR-526b-3p 0/960 
5 ENSG00000139926(FRMD6) hsa-miR-4295 0/923 
6 ENSG00000139926(FRMD6) hsa-miR-200b-3p 0/958 
7 ENSG00000139926(FRMD6) hsa-miR-429 0/958 
8 ENSG00000139926(FRMD6) hsa-miR-130a-3p 0/963 
9 ENSG00000139926(FRMD6) hsa-miR-301b-3p 0/910 

10 ENSG00000139926(FRMD6) hsa-miR-30a-5p 0/707 

Target Rank Gene Symbole miRAN Name Target Score 
1 FRMD6 hsa-miR-106a-5p 97 
2 FRMD6 hsa-miR 106b-5p 98 
3 FRMD6 hsa-miR-526b-3p 97 
4 FRMD6 hsa-miR-30a-5p 94 
5 FRMD6 hsa-miR-429 96 
6 FRMD6 hsa-miR-130a-3p 88 
7 FRMD6 hsa-miR-4295 88 
8 FRMD6 hsa-miR-301b-3p 88 
9 FRMD6 hsa-miR-200b-3p 96 

10 FRMD6 hsa-miR-8084 95 

miRNA miRWalk Targetscan miRDB DIANA Total Score 
hsa-miR-106a-5p 1 1 1 1 4 
hsa-miR-106b-5p 1 1 1 1 4 

hsa-miR-4295 0 1 1 1 3 

hsa-miR-301b-3p 0 1 1 1 3 

hsa-miR-130a-3p 0 1 1 1 3 

hsa-miR-30a-5p 0 1 1 1 3 

hsa-miR-200b-3p 0 1 1 1 3 

hsa-miR-8084 0 0 1 0 1 
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Figure 2.Predicted  FRMD6 Genes in TargetScan , miRDB , miRWalk and DIANA. (A) The TargetScan database 
showed that miR-106a-5p , miR-106b-5p target  FRMD6  gene.(B) The DIANA database resulted in miR-106a-

5p and miR-106b-5p with 0.972 and 0.998 scores respectively.(C) The miRDB  showed  miR-106a-5p and 
miR-106b-5p with the highest score of probability to target the  FRMD6 gene.(D) How to select the target 

FRMD6  gene receptor miRNA 
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Figure4. The miR-106a-5p and miR-106b-5p    binding site in 3' UTR.  The second structure of miRNA-

3'UTR  predicted by RNAhybrid (mfe:minimum free energy) 
 
 

Table11.Selected miRNAs for expression in patients with Colorectal cancer 

 
 
4. Discussion 
Bioinformatics is an important technique to 
manage biological big data. A collection of tools 
and software are used in modern biotechnology, 
using mathematics and statistics, to gain insight 
into the biological data and find answers for 
medical and biological questions(17). Extended 
studies are performed to develop miRNA 
measurement techniques. Microarray, in-situ 
hybridization, northern blot, and real-time PCR are 
used today to measure the miRNA expression. 
However, they are not feasible techniques for all of 
the purposes, due to high cost and required time. 
On the other hand, bioinformatics techniques are 
effective tools with lower cost to predict the 
miRNA interactions (18,19). Mo and colleagues 
have studied the miRNA roles in cancer and their 
importance as biomarkers, in 2012 (20). Bakhtiary 
and colleagues' bioinformatics evaluations have 

also reported miR-29 as a P13K/AKT inhibitor in 
prostatic cancer cells (21). Moradi and colleagues 
have also reported miR-5193 as a specific 
biomarker for hepatocellular carcinoma, using 
real-time PCR and bioinformatics techniques (22). 
There is no previous evidence on miR-30e-5p and 
miR-30d-5p as miRNAs, targeting the BCL9 gene 
and miR-106b-5p and miR-106a-5p as miRNAs, 
targeting the  FRMD6 gene  in  Colorectal cancer. 
This study suggests these two miRNAs as potential 
molecules in the early diagnosis of Colorectal 
cancer. 
 
5. Conclusion 
This study suggests the (hsa-miR-30e-5p , hsa-
miR-30d-5p) and (hsa-miR-106b-5p , hsa-miR-
106a-5p) molecules as miRNAs with a high 
probability of targeting the BCL9 , FRMD6  genes , 
based on their scores in different bioinformatics 

Gene Name miRNA Accession Number 

BCL9 hsa-miR-30e-5p MI0000749 

hsa-miR-30d-5p MI0000255 

FRMD6 hsa-miR-106a-5p MI0000113 

hsa-miR-106b-5p MI0000734 
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tools. Considering the important role of the BCL9 , 
FRMD6  genes in Colorectal cancer, the molecules 
seem to be useful in the early diagnosis of 
Colorectal cancer patients. 
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