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Abstract 
Background: Colorectal cancer (CRC), a common and aggressive gastrointestinal 
cancer, presents significant challenges in diagnosis and prognosis prediction despite 
available detection and treatment options. Many studies emphasized the crucial link 
between abnormal microRNA regulation and their potential role in cancer development 
and progression. These miRNAs are recognized as important non-invasive biomarkers 
for prognosis and overall survival prediction in various cancers, including CRC.  
Materials and Methods: In this study, we compared the expression patterns of eight 
miRNAs in the serum of 36 CRC patients with those of 37 healthy controls. The 
matching criteria included clinicodemographic factors and CRC susceptibility, and the 
analysis was performed using quantitative real-time PCR (qRT-PCR).  
Results: The serum miRNA levels of these eight miRNAs (miR-19a, miR-92a, miR-103, 
miR-106a, miR-107a, miR-150, miR-221, and miR-720) in the study groups are 
significantly higher compared to the control group. This analysis revealed eight specific 
miRNAs with varying expression levels in CRC patients.  Furthermore, bioinformatic 
analysis using data collection and analytical tools has shown that these miRNAs may be 
associated with important aspects of colorectal cancer development and progression 
through the PI3K/AKT/PTEN, WNT/CATENIN, and EMT signaling pathways. 
Conclusion: Our analysis has identified a group of 8 overexpressed miRNAs (miR-19a, 
miR-92a, miR-103, miR-106a, miR-107a, miR-150, miR-221, and miR-720.) in serum 
samples of CRC patients. : Although further validation in larger and more diverse groups 
is necessary,  these findings support a potential mechanism of action for these miRNAs 
in CRC and their association with essential signaling pathways, including 
PI3K/AKT/PTEN, WNT/CATENIN, and EMT.  
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1. INTRODUCTION  

Advanced colorectal cancers (CRC), commonly found 
within communities, typically undergo late diagnosis, 
leading to increased mortality and morbidity rates. Despite 
the transdisciplinary treatments, the patient's prognosis 
remains poor (1). Sporadic CRC involves most cases of this 
cancer, which has an obvious relationship with individual 
lifestyle factors such as physical activity and alcohol 
consumption (2). Colorectal Carcinoma is generally 
categorized into two distinct groups; the first type of CRC is 
characterized by microsatellite instability and the other is 
related to microsatellite stability but chromosomal 
instability (1). Advances in molecular genetics have 
elucidated key mutations responsible for both sporadic and 
familial colorectal cancer. Many oncogenes and tumor 
suppressor genes, such as APC, KRAS, and p53, are 
frequently involved in these mutations in CRC. These 
genetic alterations dysregulate well-conserved signaling 
pathways (MAPK, PI3K, WNT, and EMT) critical for 
diverse cellular functions, tumor hallmarks development, 
and undesirable patient outcomes (1), as demonstrated in 
Figure 1. 

 

Figure 1. Pathophysiology and molecular perspective of colorectal 
cancer. 

The molecular underlying pathways and the location of 
colorectal tumors are crucial and defining criteria for 
predicting the patient's prognosis and treatment response 
(2, 3, 4). A large body of literature reveals diverse levels of 
mortality reduction at CRC related to these tests such as 
(gFOBT) with a mortality reduction of 8-16%, flexible 
sigmoidoscopy with a mortality reduction of 20-30%, and 
fecal immunochemical test (FIT) and follow-up colonoscopy 
with a mortality reduction of 41% (4, 5, 6). All this data 
addressing worldwide challenges in colorectal cancer (CRC)  
 

 
 
screening and diagnosis programs remain a critical public 
health concern. MiRNAs, these short single-stranded RNA 
molecules, have emerged as key players in the complex 
landscape of many cancers’ biology. MiRNAs have attracted 
significant research attention for their potential as 
oncogenes or tumor suppressors through critical signaling 
network manipulation. Utilizing these miRNAs promises 
early detection, monitoring, and personalized treatment 
strategies for CRC. Numerous studies have highlighted the 
diagnostic roles of miRNAs in CRC. Despite this body of 
research, developing CRC-specific functional miRNA panel 
of biomarkers as an informative predicting prognosis and 
treatment response criteria remains an obstacle. The present 
study aims to scrutinize the regulation patterns of 
microRNAs in colorectal cancer patients' serum to identify 
CRC-specific miRNAs and categorize them in terms of their 
mechanisms of action at the molecular level according to the 
bioinformatic analysis. A panel of categorized serum CRC-
miRNAs could provide an invaluable prediction marker 
table for prognostic prediction and clinical assessment of 
colorectal cancer patients in the future. 
 
2. MATERIAL AND METHOD  

2.1. Sample collection  

Samples were collected from the Department of Medical 
Oncology, Faculty of Medicine, Pamukkale University, from 
May 2018 to December 2019. These included 36 patients 
diagnosed histopathologically with colorectal cancer (who 
had not received preoperative radiotherapy or 
chemotherapy) and 37 healthy controls matched by 
demographic criteria. Experimental studies were conducted 
in the Cancer Biology laboratories within the Advanced 
Technology Application and Research Center at Pamukkale 
University. All patients had provided written informed 
consent. The study was granted ethical approval by the 
Pamukkale University Faculty of Medicine Ethics 
Committee. All participants provided written informed 
consent, and their samples were collected and subsequently 
stored at -80°C for further analysis. 
 
2.2. Isolation and quantitative real-time polymerase chain 
reaction (qRT-PCR) 

Total RNA was extracted from the samples using TRIzol 
reagent (Invitrogen, Waltham, MA, USA) following the 
manufacturer's protocol. The quality and quantity of the 
isolated RNA were subsequently evaluated using a 
NanoDrop 2000c spectrophotometer (Thermo Scientific, 
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 Waltham, MA, USA). cDNA synthesis was performed using 
the High-Capacity cDNA Reverse Transcription Kit 
(Thermo Fisher Scientific) to generate first-strand cDNA 
from 1 μg of total RNA. Quantitative real-time PCR (qRT-
PCR) was then performed using EvaGreen miRNA qPCR 
MasterMix (ABM, Canada) on a Rotor-Gene 6000 PCR 
system (Corbett Life Science, Australia). Relative miRNA 
expression levels were determined using the ΔΔCt method 
(Livak method) (7) with normalization to GAPDH as a 
reference gene. 
 
2.3. Statistical analysis 

All quantitative information was reported as mean ± 
standard deviation (SD) from three separate trials. The 
comparisons between the two groups were evaluated 
through Student’s t-test P:0.05, signifying statistical 
significance. 
 
3. RESULTS 

3.1. Data collection and analysis workflow 

A literature review and dataset analysis have been done to 
identify the CRC-specific miRNAs of interest. The Reactome 
(https://reactome.org/)(8) and KEGG 
(https://pubmed.ncbi.nlm.nih.gov/10592173/)(9) provided 
invaluable insights about pathways and member genes. Also for 
the analysis of these relationships, tools like miRbase 
(https://www.mirbase.org/)(10), 
(https://mirtarbase.cuhk.edu.cn/)(11), and In silico target 
prediction of miRNAs was performed using the TargetScan 
database (https://www.targetscan.org/)(12) for our specific 
miRNAs. These tools use various algorithms to predict 
interactions between miRNAs and mRNA transcripts. 
Afterward, perform pathway enrichment analysis and survey if 
miRNA target genes are statistically enriched in specific pathways 
utilized from tools like Enrichr 
(https://maayanlab.cloud/Enrichr/)(13) and DAVID 
(https://pubmed.ncbi.nlm.nih.gov/35325185/)(14)(15). Tools 
like Cytoscape (https://cytoscape.org/)(16) and STRING 
(https://academic.oup.com/nar/article/47/D1/D607/519847
6)(17) were used to visualize the network of interactions between 
miRNAs, their target genes, and pathway components.  
 
3.2 various associations between patients’ 
clinicodemographic factors and their susceptibility to 
CRC 

The study enrolled 35 patients with colorectal cancer and 
37 healthy controls. The patient group involved 10 males 
(27.8%) and 26 females (72.2%), while the control group 
had 12 males (32.4%) and 25 females (67.6%). Both groups 

had similar age distributions within a range of 42-80 years 
(median age: 58 years for patients and 56 years for controls; 
p > 0.05). While the patient group had a slightly higher 
smoking rate (50%) compared to the control group (40.5%), 
this difference wasn't statistically significant (p > 0.05). 
Similarly, the groups did not exhibit any significant 
differences in alcohol consumption (40.5% in patients vs. 
39.3% in controls; p > 0.05) or type 2 diabetes prevalence 
(38.9% in patients vs. 43.2% in controls; p > 0.05). These 
findings suggest that the patient and control groups were 
matched in terms of demographics (age, gender) due to the 
similar distribution observed (Table 1). 
 
Table 1. Clinicodemographic factors and their association with 
CRC. 
Clinicodemographic 
factors  

CRC patient 
group 

Healthy 
control group 

Age(median) 58 56 

Sex 
Female 26 (%72.2) 25 (%67.6) 

Male 10 (%27.8) 12 (%32.4) 

Cigarette 
Yes 18 (%50) 15 (%40.5) 

No 18 (%50) 22 (%59.5) 

Alcohol 
Yes 15 (%37.8) 12(%32.7) 

No 26 (%72.2) 28(%77.3) 

Type 2 DM 
Yes 14 (%38.9) 16(%43.2) 

No 22(%61.1) 21 (%56.8) 

 
3.3 The different expression levels of microRNAs in CRC 
serums  

The candidate miRNAs (miR-19a, miR-92a, miR-103, miR-
106a, miR-107, miR-150, miR-221, and miR-720,) were 
selected according to the previous experimental findings 
suggesting potential functions of these miRNAs in CRC 
pathogenesis. These miRNA expression levels were 
examined in 36 colorectal cancer patient groups and 37 
individuals in the control group.  As Figure 2 displays, the 
serum miRNA expression levels in the patient group exhibit 
significantly higher levels of expression related to the healthy 
control group. 
Examining the expression levels of chosen miRNAs showed 
a significant increase (p<0.001) within CRC patients 
compared to healthy individuals. This suggests that there 
might be varying levels of miRNA dysregulation linked to 
CRC. The sensitivity and specificity of these miRNAs for 
CRC diagnosis were evaluated using Receiver Operating 
Characteristic (ROC) analysis. Our analysis yielded an area 
under the ROC curve (AUC) ranging from 0.83 to 0.99,  
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Figure 2. Fold changes in targeted miRNAs’ expression in CRC. 

 
indicating excellent diagnostic potential (AUC > 0.9). These 
results are presented in Figure 3. 
 
4. DISCUSSION 
This study examined a panel of CRC-miRNAs in a Turkish 
population with colorectal cancer, focusing on their 
molecular mechanisms and potential for non-invasive early 
detection, monitoring, and personalized treatment. Initially, 
an in silico approach, TCGA transcriptome survey, and 
several experiments using CRC cells were employed to 
determine significantly dysregulated miRNAs in CRC, 
where the expression of specific miRNAs was modulated. 
Logistic regression, ROC curve, and survival analyses 
indicated the most crucial miRNAs with potential clinical 
applications. Through a comprehensive examination of 
healthy controls and CRC patients at each stage, specific 

candidates (miR-19a, miR-92a, miR-103, miR-106a, miR-
107, miR-150, miR-221, miR-720) emerged for evaluating 
their potential as predictive and prognostic factors. Our 
analysis offers 3 groups of special serum-miRNAs that are 
substantially prominent for their role in colorectal cancer 
cell initiation and development. These miRNAs are 
categorized based on their molecular functions, 
contributing to the dysregulation of basic cellular and 
molecular processes. The intersection of goal miRNAs with 
the relative signal transductions is schematically depicted in 
Figure 4. 
The first miRNA from the PTEN dysregulated 
categorization is miRNA-19a. This miRNA is involved in 
critical cellular processes such as cell proliferation and 
apoptosis, and the development of tumor cells. In the 
current study, the average level of serum miRNA-19a in the  
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   Figure 3. Diagnostic performance of selected miRNAs in CRC using ROC analysis. 

 
patient group was 2.45 ± 1.16, compared to 0.03 ± 0.08 in 
the control group. The data indicated a difference with a high 
statistical significance rate in the two groups (p<0.001), 
indicating a high expression of this miRNA in the serum of 
colorectal cancer patients. Zhang et al. 2020 provided data 
supporting the substantial function of miRNA-19a through a 
negative feedback regulatory mechanism with PTEN down-
expression in CRC patients (18). Based on existing evidence 
(19, 20), the miR-19a/ PTEN pathway is remarkably an 
executive role player in colorectal cancer and aligns with our 
results. MiR-92a is the other candidate miRNA identified to 
take part in this context. MiRNA-92a has an exponential 
expression level in the patient group with 2.77 ± 1.03 
compared to the control group with 0.47 ± 0.47 which is 
statistically considerable (p<0.001). MiR-92a functions as an 
oncogene in the facilitation of tumor cell invasion and 
migration by regulating E-cadherin, PTEN, RECK, and 
C13orf125 (21, 13). In a meta-analysis directed by Peng et al. 
miRNA-92a has a sensitivity of 76% and specificity of 75% 

in detecting colorectal cancer from healthy controls (22). 
However, in our study, miRNA-92a has a sensitivity of 97% 
 
and specificity of 97% in distinguishing colorectal cancer 
from healthy controls. This indicates that miRNA-92a has a 
high potential as a screening biomarker for colorectal 
cancer. The ongoing work revealed the average serum level 
of miRNA-103 as 1.19 ± 0.47 in the patient group and 0.78 
± 0.52 in the control group demonstrating a significant 
difference between them (p<0.001). Taking into account 
studies demonstrating the downregulation of LATS2 (22), 
Dicer, and PTEN (24) by miR-103 overexpression, leading 
to enhanced CRC cells’ hallmarks, it can be assumed that 
miR-103 plays its oncogenic role through inhibition of key 
tumor suppressors in PTEN transduction network (25). 
MiRNA-106a is one of the biomarkers that demonstrated 
statistically remarkable variation (p<0.001) in the serum 
expression level of the two groups. While the expression 
level in the CRC group was 1.57 ± 0.83; in the non-patient  
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Figure 4. The functional overlap between candidate miRNAs and signal transduction pathways. 

 
group, it was 0.62 ± 0.69. Hao et al 2017, found that the 
apoptosis resistance and cell proliferation in the CRC cells 
resulted from the suppressive effect of miR-106a on the 
autophagy-related gene 7 ATG7, confirming the miRNA-
106a over-expression correlation and its effective role in 
colorectal cancer (26), (27). The serum miRNA 200a levels 
were found with an average of 2.49 ± 0.52 in the CRC group 
and 0.4 ± 0.64 in the healthy control group in our 
experiment, with a dramatic differentiation between the two 
groups (p<0.001). Expression of this miRNA is positively 
correlated with the degree of tumorigenesis and 
differentiation of CRC cells, suggesting the miR-200a 
involvement in this concept (26). Li et al reported that miR-
200a overexpression remarkably decreased the activity of the 
PTEN by targeting the 3′-UTR region of this tumor 
suppressor (26). This finding suggests a potential role for 
miR-200a as a negative regulator of PTEN, possibly 
justifying its categorization among CRC-related miRNAs 
that influence PTEN function.  
Upregulation of miR-19a acts through a negative feedback 
loop with Forkhead box F2 (FOXF2)-dependent on the 
canonical Wnt signaling cascade in colorectal cancer. It 
could be considered an effective factor in lymph node 
metastasis (28) which supports miR-19a's potential role in 
promoting CRC progression. In the study by Zhang and 
colleagues, the transcript abundance of miR-92a was 
recorded at a high rate in colorectal cancerous cells and 
tumor tissues. This is consistent with our results related to 
the high expression of this biomarker in the 
serum. Moreover, targeting GSK3β, negative regulators of 

this pathway by miR-92a probably resulted in CRC stem cell-
like phenotype in this type of cells (18). The miR-107 
transcription level was on average 1.54 in the patient group 
and 0.41 ± 0.48 in the control group (p<0.001). In line with 
the oncogenic function of this biomarker, an increase in 
miR-103/miR-107 expression in advanced colon cancer has 
been illustrated (29). Additionally, it was shown that miR-
103/107 targets Axin2, a negative regulator of this pathway 
resulting in a continuous induction of β-catenin signaling, 
consequently probably contributing to the cell stemness, 
recurrence, and poor prognosis (30). The current 
exploration revealed a substantially elevated amount of 
miRNA-150 within the group of patients (1.38 ± 0.59) in 
contrast to the other one (0.49 ± 0.64), (p<0.001). Guo et 
al. study confirmed that miR-150 could potentially act as a 
novel Wnt effector, enhancing EMT in CRC cells by 
targeting the CREB1 and EP300 (31). As mentioned above, 
our serum analysis revealed overexpression of miR-92a in 
the trial group compared to the control group (p<0.001).  
There is overwhelming evidence that. the upregulation of 
miR-92a in CRC samples is linked to the aggressive 
phenotype of human colorectal cancer cells. It could affect 
the Epithelial to Mesenchymal Transition process (EMT) by 
regulating the GSK-Wnt/β-catenin pathway in CRC cells 
(32).  
Similar to our findings, a study by Hong et al. (2014) 
demonstrates a strong correlation between miR-103a 
accumulation levels and a more aggressive cancer 
phenotype, as well as poorer overall survival rates in 
colorectal cancer (CRC) patients (33). Additionally, the 
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 existing data are consistent with a negative feedback loop 
between miR-103-induced expression and a decreased 
amount of LATS2 a key component of the Hippo signaling 
cascade that could potentially interact with EMT-activating 
transcription factors (23, 34). The role of miR-150 and its 
cross-talk with EMT in CRC progression have been 
delineated in various above-mentioned studies (35). A 2016 
study by Guo et al. provided evidence suggesting that miR-
150 might play a remarkable role in colorectal cancer 
(CRC). Aligns with our findings, they demonstrated that 
miR-150 is specifically upregulated in CRC tissues. This 
upregulation seems to be linked to CRC invasion and 
metastasis with the elevated expression of Gli1 (glioma-
associated oncogene homolog 1), a factor potentially 
involved in the epithelial-to-mesenchymal transition (EMT) 
process (31). Additionally, molecular elements such as 
ZEB1, HMGA2, and FOXO4 are destined to be targets of 
miR-150 to promote EMT in CRC (36). The expression 
level of miR-221 was observed to be an average of 2.37 ± 0.6 
in the patient group and 0.41 ± 0.74 in the control group 
with a prominent differentiation (p < 0.001). In the study 
conducted by Qin in 2014, it was demonstrated that there 
is a reverse association between the overexpression of miR-
221 and RECK (MMP inhibitor) in CRC cells’ progression 
(32). Given the data presented, it is reasonable to posit a 
potential oncogenic role for miR-221 in CRC through its 
facilitation of epithelial-to-mesenchymal transition (EMT). 
In our ongoing study, the serum miRNA-720 level in the 
CRC group was significantly higher 1.32 ± 0.7 compared to 
the control group 0.63 ± 0.69, (p < 0.001).  Similar to the 
other findings related to this miRNA (37), our analysis 
demonstrated the over-expression of miR-720 in CRC. In 
addition, Wang et al. identified miR-720 as a specific 
regulator of the StarD13 3′-UTR, which exerts its control by 
targeting the Rho GAP activity of StarD13 (37). So, it could 
be considered a potential role player in colorectal cancer. 
 
5. Conclusion 
To summarize, this research has uncovered a panel of eight 
effective miRNAs including, miR-19a, miR-92a, miR-103, 
miR-106a, miR-107a, miR-150, miR-221, miR-720 with 
substantial expression variations in serum colorectal cancer 
patients. Our data provide valuable comprehensive insights 
into the mechanistic categorization of these miRNAs and 
their connection with progressive factors in colorectal 
cancer, which are related to critical cellular signal 
transductions such as PI3K/AKT/PTEN, 
WNT/CATENIN, and EMT. Despite these promising 
results, additional studies are needed to validate these 
observations in a bigger group of participants and different 

ethnicities. Nonetheless, the identification of these special 
dysregulated miRNAs with their signaling mechanism of 
action associated with colorectal cancer is pivotal to 
improving accurate diagnosis, monitoring, and treatment of 
this disease, either in the wet lab or in the clinic. 
 
Ethical statement 
The study was approved by the Institutional Review Board 
(IRB) of Pamukkale University of Turkey (approval number: 
[60116787-020/25606]). Written informed consent was 
obtained from all participants in the Department of Medical 
Oncology of Pamukkale University Faculty of Medicine 
according to the Declaration of Helsinki. 
 

Acknowledgment 

This work was supported by a grant (no. 2018TIPF033) 
from the Pamukkale University Scientific Research Projects 
Coordination Unit (PAUBAP), Turkey. 
 
Conflict of interest 

None. 
 

References  

1. Hoseini SH, Enayati P, Nazari M, Babakhanzadeh E, Rastgoo M, 
Sohrabi NB. Biomarker Profile of Colorectal Cancer: Current Findings 
and Future Perspective. J Gastrointest Cancer. 2024 Jan 2;  

2. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging 
trends, risk factors and prevention strategies. Nat Rev Gastroenterol 
Hepatol. 2019 Dec;16(12):713–32.  

3. Zlobec I, Lugli A. Prognostic and predictive factors in colorectal cancer. 
Postgrad Med J. 2008 Aug;84(994):403–11.  

4. Schreuders EH, Ruco A, Rabeneck L, Schoen RE, Sung JJ, Young GP, 
et al. Colorectal cancer screening: a global overview of existing programs. 
Gut. 2015 Oct;64(10):1637–49.  

5. Allison JE, Tekawa IS, Ransom LJ, Adrain AL. A comparison of fecal 
occult blood tests for colorectal-cancer screening. N Engl J Med. 
1996;334(3):155–9.  

6. Koh JL, Yan TD, Glenn D, Morris DL. Evaluation of preoperative 
computed tomography in estimating peritoneal cancer index in colorectal 
peritoneal carcinomatosis. Ann Surg Oncol. 2009 Feb;16(2):327–33.  

7. Motalleb G, Sancholi S, Yegane Moghadam A, Talaee R. P53 gene 
expression evaluation in patients with esophageal cancer using reverse 
transcriptase real-time polymerase chain reaction. Pajoohandeh J [Internet]. 
2015 Aug 10 [cited 2024 Jun 4];20(3):154–62. Available from: 
http://pajoohande.sbmu.ac.ir/article-1-2023-en.html 

8. Stein, L. C D. Reactome: a database of reactions, pathways and 
biological processes. Nucleic Acids Research, [Internet]. 2010. Available 
from: https://reactome.org/ 

9. KEGG: Kyoto Encyclopedia of genes and genomes - PubMed 
[Internet]. [cited 2024 May 30]. Available from: 
https://pubmed.ncbi.nlm.nih.gov/10592173/ 

10. miRBase [Internet]. [cited 2024 May 30]. Available from: 
https://www.mirbase.org/ 

 [
 D

O
I:

 1
0.

61
18

6/
ijb

c.
16

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                               7 / 8

http://dx.doi.org/10.61186/ijbc.16.2.7
http://ijbc.ir/article-1-1556-en.html


 

Page 8 of 8 | Iran J Blood Cancer, 2024, Volume 16, Issue 2 
 

 
Fereshteh Karbasian et al. 

11. miRTarBase: the experimentally validated microRNA-target 
interactions database [Internet]. [cited 2024 May 30]. Available from: 
https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/i
ndex.php 

12. TargetScanHuman 8.0 [Internet]. [cited 2024 May 30]. Available from: 
https://www.targetscan.org/vert_80/ 

13. Enrichr [Internet]. [cited 2024 May 30]. Available from: 
https://maayanlab.cloud/Enrichr/ 

14. DAVID Functional Annotation Bioinformatics Microarray Analysis 
[Internet]. [cited 2024 May 30]. Available from: https://david.ncifcrf.gov/ 

15. Sherman BT, Hao M, Qiu J, Jiao X, Baseler MW, Lane HC, et al. 
DAVID: a web server for functional enrichment analysis and functional 
annotation of gene lists (2021 update). Nucleic Acids Res. 2022 Jul 
5;50(W1): W216–21.  

16. Cytoscape: An Open Source Platform for Complex Network Analysis 
and Visualization [Internet]. [cited 2024 May 30]. Available from: 
https://cytoscape.org/ 

17. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, 
et al. STRING v11: protein-protein association networks with increased 
coverage, supporting functional discovery in genome-wide experimental 
datasets. Nucleic Acids Res [Internet]. 2019 Jan 8 [cited 2024 May 
30];47(D1):D607–13. Available from: 
https://doi.org/10.1093/nar/gky1131 

18. Zhang GJ, Li LF, Yang GD, Xia SS, Wang R, Leng ZW, et al. MiR-92a 
promotes stem cell-like properties by activating Wnt/β-catenin signaling in 
colorectal cancer. Oncotarget. 2017 Nov 24;8(60):101760–70.  

19. Liu Y, Liu R, Yang F, Cheng R, Chen X, Cui S, et al. miR-19a promotes 
colorectal cancer proliferation and migration by targeting TIA1. Mol 
Cancer. 2017 Mar 4;16(1):53.  

20. Dou L, Meng X, Sui X, Wang S, Shen T, Huang X, et al. MiR-19a 
regulates PTEN expression to mediate glycogen synthesis in hepatocytes. 
Sci Rep. 2015;5:11602.  

21. Colakoglu T, Yildirim S, Kayaselcuk F, Nursal TZ, Ezer A, Noyan T, et 
al. Clinicopathological significance of PTEN loss and the phosphoinositide 
3-kinase/Akt pathway in sporadic colorectal neoplasms: is PTEN loss 
predictor of local recurrence? Am J Surg. 2008 Jun;195(6):719–25.  

22. Peng Y, Huang D, Qing X, Tang L, Shao Z. Investigation of MiR-92a 
as a Prognostic Indicator in Cancer Patients: a Meta-Analysis. J Cancer. 
2019;10(18):4430–41.  

23. Zheng YB, Xiao K, Xiao GC, Tong SL, Ding Y, Wang QS, et al. 
MicroRNA-103 promotes tumor growth and metastasis in colorectal cancer 
by directly targeting LATS2. Oncol Lett. 2016 Sep;12(3):2194–200.  

24. Geng L, Sun B, Gao B, Wang Z, Quan C, Wei F, et al. MicroRNA-103 
promotes colorectal cancer by targeting tumor suppressors DICER and 
PTEN. Int J Mol Sci. 2014 May 13;15(5):8458–72.  

25. Nonaka R, Miyake Y, Hata T, Kagawa Y, Kato T, Osawa H, et al. 
Circulating miR-103 and miR-720 as novel serum biomarkers for patients 
with colorectal cancer. Int J Oncol. 2015 Sep;47(3):1097–102.  

26. Liu J, Ke F, Chen T, Zhou Q, Weng L, Tan J, et al. MicroRNAs that 
regulate PTEN as potential biomarkers in colorectal cancer: a systematic 
review. J Cancer Res Clin Oncol. 2020;146(4):809–20.  

27. Hao H, Xia G, Wang C, Zhong F, Liu L, Zhang D. miR-106a 
suppresses tumor cell death in colorectal cancer through targeting ATG7. 
Med Mol Morphol. 2017;50(2):76–85.  

28. Yu FB, Sheng J, Yu JM, Liu JH, Qin XX, Mou B. MiR-19a-3p regulates 
the Forkhead box F2-mediated Wnt/β-catenin signaling pathway and 
affects the biological functions of colorectal cancer cells. World J 
Gastroenterol. 2020 Feb 14;26(6):627–44.  

29. Chen HY, Lin YM, Chung HC, Lang YD, Lin CJ, Huang J, et al. miR-
103/107 Promote Metastasis of Colorectal Cancer by Targeting the 
Metastasis Suppressors DAPK and KLF4. Cancer Res. 2012;72(14):3631–
41.  

30. Chen HY, Lang YD, Lin HN, Liu YR, Liao CC, Nana AW, et al. miR-
103/107 prolong Wnt/β-catenin signaling and colorectal cancer stemness 
by targeting Axin2. Sci Rep. 2019 Jul 4;9(1):9687.  

31. Guo YH, Wang LQ, Li B, Xu H, Yang JH, Zheng LS, et al. The Wnt/β-
catenin pathway transactivates microRNA-150 and promotes EMT of 
colorectal cancer cells by suppressing CREB signaling. Oncotarget. 2016 
Jul 5;7(27):42513–26.  

32. Zhao F, Yang Z, Gu X, Feng L, Xu M, Zhang X. miR-92b-3p Regulates 
Cell Cycle and Apoptosis by Targeting CDKN1C, Thereby Affecting the 
Sensitivity of Colorectal Cancer Cells to Chemotherapeutic Drugs. 
Cancers. 2021;13(13):3323.  

33. Hong Z, Feng Z, Sai Z, Tao S. PER3, a novel target of miR-103, plays a 
suppressive role in colorectal cancer in vitro. BMB Rep. 2014 
Sep;47(9):500–5.  

34. Debnath P, Huirem RS, Dutta P, Palchaudhuri S. Epithelial-
mesenchymal transition and its transcription factors. Biosci Rep. 2022 Jan 
28;42(1):BSR20211754.  

35. Li C, Du X, Xia S, Chen L. MicroRNA-150 inhibits the proliferation 
and metastasis potential of colorectal cancer cells by targeting iASPP. Oncol 
Rep. 2018;  

36. Ameri A, Ahmed HM, Pecho RDC, Arabnozari H, Sarabadani H, 
Esbati R, et al. Diverse activity of miR-150 in Tumor development: 
shedding light on the potential mechanisms. Cancer Cell Int. 2023 Nov 
3;23(1):261.  

37. Wang X, Kuang Y, Shen X, Zhou H, Chen Y, Han Y, et al. Evaluation 
of miR-720 prognostic significance in patients with colorectal cancer. 
Tumor Biol. 2015 Feb 1;36(2):719–27.  

 

 

 [
 D

O
I:

 1
0.

61
18

6/
ijb

c.
16

.2
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-0
7-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.61186/ijbc.16.2.7
http://ijbc.ir/article-1-1556-en.html
http://www.tcpdf.org

