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ABSTRACT

Introduction: Colorectal cancer (CRC) is the third leading cancer, ranked after breast cancer and lung cancer
worldwide. Previous studies reported that the mortality rate of CRC is high among patients due to late diagnosis
and prognosis. Therefore, this study was conducted to identify miRNAs and the target genes that could poten-
tially be used as a biomarker for CRC. Materials and methods: In this study, three datasets that consist of both
miRNA and gene expression profile in normal and primary CRC tumour tissues were selected from the NCBI GEO
database. The GEO2R tool analysis was performed followed by InteractiVenn analysis to find the intersection of
differently expressed miRNAs (DEMs) and differently expressed genes (DEGs) between the datasets. A total of 91
DEMs were identified and further analysed using Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis, Gene Ontology (GO), miRWalk and DIANA-miRPath databases, while 321 DEGs were analysed using
KEGG and GO analyses. Finally, the selected DEMs and DEGs were analysed using Cytoscape software to anal-
yse the interaction networks. Results: Two overexpressed microRNAs (hsa-miR-30a-5p and hsa-miR-149-5p) and
three underexpressed microRNAs (hsa-miR-520b, hsa-miR-409-3p, and hsa-miR-142-5p) along with their respec-
tive target genes were identified in this study. The down-regulated genes included HDAC9 and CALDT1, while
up-regulated genes comprised STOX2, PDLIM5, CPEB3, TLE4, FGD4, ZNF292, PRNF, EYA4, and ZBTB8A. Con-
clusion: In conclusion, this work has identified five miRNA-gene panels that holds potential for more accurate
diagnosis, better prognostication, and the development of tailored therapeutic interventions for CRC patients.
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INTRODUCTION

Colorectal cancer (CRC) stands as a significant contributor
to cancer-related mortality on a global scale. In 2023,
it was estimated that around 153,020 individuals were
diagnosed with CRC, resulting in 52,550 deaths from
the disease. Among these cases, approximately 19,550
diagnoses and 3,750 deaths will occur in individuals
under the age of 50 (1). In Malaysia, CRC is the second
most prevalent cancer, accounting for 13.5% of cancer
cases (2). Genetic heterogeneity characterizes CRC,
primarily manifesting through microsatellite instability
(MSI) and chromosomal instability (CIN) pathways (3).

CRC often remains asymptomatic until advancing to
late stages with low survival rates, underscoring the
pivotal role of early detection (4). Recent studies have
highlighted the involvement of microRNAs (miRNAs)

in cancer pathways, demonstrating their regulation of
genes implicated in carcinogenesis by binding to the
3" untranslated region (UTR) of target mRNAs. MiRNAs
contribute to post-transcriptional gene expression in cell
signaling pathways, playing a significant role in crucial
tumour processes through the construction of miRNA-
mRNA networks (5).

Numerous studies have explored miRNA involvement
in CRC pathways, including the analysis of RNA
sequencing data for miRNA-regulated genes and
differentially expressed miRNAs in early-stage CRC
tissues, precancerous lesions, and colonic intraepithelial
neoplasia (6). MiRNAs have also been investigated as
biomarkers for CRC liver metastasis (7), and contributors
to CRC progression (8). Despite extensive research,
many potential miRNAs remain unidentified. Hence
in this study, in-silico approaches were employed to
identify differentially expressed miRNAs associated
with  CRC by comparing normal and CRC tumour
samples. Bioinformatics tools were utilized with the aim
of identifying miRNAs as potential biomarkers for the
diagnosis and prognosis of CRC.
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MATERIALS AND METHODS

Datasets mining and processing

Concentrating on Agilent microarray platform datasets,
potential datasets were acquired from NCBI GEO (https://
www.ncbi.nlm.nih.gov/geo/) using keywords such as
CRC, microRNA, microarray, human, and tissue sample
during the period from March 2 to March 11, 2021.
Datasets with a sample count of fewer than three and
lacking the GEO2R analysis function were excluded.
Next, the selected datasets were further analysed using
GEO2R analysis  (https://www.ncbi.nlm.nih.gov/geo/
geo2r/) and Interactivenn analysis software (http://www.
interactivenn.net/index2.html) to identify potential
DEMs and DEGs which might be involved in the CRC
pathway.

KEGG pathway and enriched GO analysis of selected
DEMs and DEGs

KEGG pathway and enriched GO analyses were
conducted on selected differentially expressed miRNAs
(DEMs) and genes (DEGs) to identify key miRNAs and
genes significantly involved in the CRC pathway. For
DEMs, analysis was performed using DIANA-miRPath
v.3 (http://www.microrna.gr/miRPathv3), incorporating
Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) pathway enrichment analyses.
Regarding DEGs, enriched GO functional and KEGG
pathway analyses were carried out using DAVID
(Database for Annotation, Visualization, and Integrated
Discovery) (https://david.ncifcrf.gov/) to gain deeper
insights into the biological functions and pathways
related to the selected DEGs. The cutoff criteria for
statistical significance were set at a p-value adjusted
to <0.05, following recommendations from previously
reported studies (7, 9).

Target prediction of selected DEMs

In addition to DIANA-miRPath v.3, the miRwalk 3.0
database (http://mirwalk.umm.uni-heidelberg.de) was
utilised, integrating both predicted and validated miRNA-
target interactions from databases such as TargetScan,
miRDB, miRBase, and miRTarBase (10). This approach
was employed to predict target genes for the selected
DEM). The resulting potential target lists from both
databases were compared with the list of DEGs obtained
from the NCBI GEO database. The overlapping targets
were then chosen for PPI network analysis.

DEMs-DEGs network analysis

Protein-protein interaction (PPl) among DEGs were
retrieved from STRING database (https://string-db.
org/) with a confidence score of 0.4 (9) and visualised
on the Cytoscape 3.8.2 platform (11). Meanwhile,
DEM targets were predicted using CyTargetLinker (12)
using the linksets extension downloadable from https://
cytargetlinker.github.io/pages/linksets. The source of
miRNA-mRNA interactions was sourced from four
databases including miRBase, miRTarBase, TargetScan

and TransmiR. Out of all DEMs target, only DEGs were
selected for further analysis. According to the theory
of miRNA-mRNA interaction, an up-regulated miRNA
causes the targeted mRNA to be downregulated. miRNA
that has been down-regulated, on the other hand, has
been found to increase the expression of targeted mRNA
(13). As a result, only nodes with interaction between
up-regulated DEMs and down-regulated DEGs, as well
as down-regulated DEMs and up-regulated DEGs were
chosen for further analysis.

RESULTS

Analysis of three selected datasets retrieved from NCBI
GEO database

Three datasets meeting the inclusion criteria and
encompassing both miRNA and gene expression profiles
of CRC tissue samples on the Agilent platform were
successfully obtained from the NCBI GEO database
(https://www.ncbi.nlm.nih.gov/geo/).  The  selected
datasets are GSE128449, GSE35602, and GSE35982,
with specific details provided in Table I.

Table I: Details of selected datasets retrieved from NCBI
GEO database

Geo mRNA miRNA Number/ Refer-
Accession microarray microarray type of  ences
datasets platform platform samples
GSE128449 Agi- Agi- miRNA
lent-014850  lent-021827 profile:
Whole Hu-  Human miR- 4 normal
man Genome  NA Microar- 20 tumour
Microarray ray G4470C
4x44K (GPL14767) ”:Ef[i\::‘. (14)
G4112F 4pnormé1|
(GPL4133) 32 tumour
GSE35602 Agi- Agi- miRNA
lent-014850  lent-019118 profile:
Whole Hu- Human 8 normal
man Genome miRNA 17 tumour 15)
Microarray Microarray
4x44K 2.0 G4470B ”:Emg
G4112F (GPL8227) 8pn0rmél
(GPL6480) 26 tumour
GSE35982 Agi- Agi- miRNA
lent-014850  lent-021827 profile:
Whole Hu-  Human miR- 8 normal
man Genome  NA Microar- 8 tumour 16)
Microarray ray G4470C mRNA
4x44K (GPL14767) rofile:
G4112F 8pnormz;|
(GPL4133)
8 tumour

GEOZ2R analysis and InteractiVenn analysis results

Expression analysis of DEMs and DEGs in tumour and
control samples across three datasets was conducted
using  GEO2R  (https://www.ncbi.nIm.nih.gov/geo/
geo2r/). Significant expression changes were identified
by applying p-values (Benjamini-Hochberg method) less
than 0.05, logFC 21 for up-regulated, and logFC<-1 for
down-regulated genes/miRNA. DEMs and DEGs with
logFC between -1 to 1 were considered to have normal
expressions. From GEO2R analysis, a total of 761 DEMs
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(320 up-regulated, 271 down-regulated, 170 normally
expressed) and 8630 DEGs (1207 up-regulated, 837
down-regulated, 6586 normally expressed) were
selected from GSE128449. A total of 107 DEMs (22 up-
regulated, 85 down-regulated, 0 normally expressed) and
1888 DEGs (99 up-regulated, 96 down-regulated, 1693
normally expressed) were selected from GSE35602.
In addition, a total of 183 DEMs (4 up-regulated, 131
down-regulated, 48 normally expressed), and 11665
DEGs (4610 up-regulated, 0 down-regulated, 7055
normally expressed) were selected from GSE35982.

The selected DEMs and DEGs were further analysed
using InteractiVenn software (http://www.interactivenn.
net/index2.html) to find the intersection of DEMs and
DEGs between the datasets. Figure 1.1 displays the Venn
diagram for up-regulated and down-regulated DEMs,
while Figure 1.2 illustrates the Venn diagram for up-
regulated and down-regulated DEGs. Since there is no
data entry in GSE35982 for down-regulated DEGs (logFC

-1), the Venn diagram was constructed between two
other datasets. Therefore, the intersection between three
and two datasets was used as the final list of a total of
91 DEMs and 322 DEGs, respectively. However, a final
analysis revealed that one gene in the list of DEGs used
an unknown gene symbol and was removed, leaving
321 potential DEGs for further analysis. The final list
includes 91 DEMs (79 downregulated, 12 upregulated)
and 321 DEGs (6 downregulated and 315 upregulated).

GSE

Figure 1.1: Venn diagram analysis for (A) up regulated and (B) down
regulated DEMs
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Figure 1.2: Venn diagram analysis for (A) up regulated and (B) down
regulated DEGs

KEGG and enriched GO functional analysis of DEGs

In the absence of CRC-related pathways from the
analysis, the top 5 results were selected. KEGG
pathway enrichment analysis revealed that up-regulated
DEGs were enriched in ‘Neuroactive ligand-receptor
interaction,” ‘cAMP signaling pathway,” ‘Tuberculosis,’
‘HTLV-l infection,” and ‘Circadian entrainment,” with

details provided in Figure 2. Conversely, there was no
output for down-regulated DEGs in the KEGG pathway
analysis.

Neuroactive ligand-receptor
interaction
HTRI1AB, ADRB2.
CHRM4, DRD4, GRIN1.
GRIK2, MCHR2,
NPEWR2. PTGDR PIRYS

e

cAMP signaling pathway
HTRI1B, ADCY10, ADCYS,
ADRB2, CAMK2D,
GRINLIHIP. NFATCI.

Circadian entrainment
GNAOIL, ADCY10,
ADCYS, CAMK2D,
GRIN1, PER3, RYR3

B/ a

NFATCL HLA-DQA2

HTLV-I infection
LCK, WNTI1. ]llRl,

Tuberculosis
BCL2, CAMK2D,
TFNA21, IL10RA, HLA-
DMA, HLA-DQAL,

DQAL HLA-DQA2,

Figure 2: A total of 315 up regulated genes were analysed by KEGG
pathway enrichment analysis. Those genes found to be enriched in
pathway related to cAMP signaling pathway, tuberculosis, HTLV-I
infection, circadian entrainment and neuroactive ligand-receptor
interactions.

Examining GO from three perspectives that includes
biological process (BP), cellular component (CC),
and molecular function (MF) has revealed significant
findings. In the BP group, up-regulated DEGs were
predominantly associated with ‘positive regulation of
GTPase activity,” ‘response to drug,” ‘intracellular signal
transduction,” ‘positive regulation of apoptotic process,’
and ‘negative regulation of neuron apoptotic processes.’
However, there was no output for enriched GO analysis
in the BP group for down-regulated DEGs.

In the CC group, up-regulated DEGs were primarily
involved in ‘Integral component of membrane,” ‘Plasma
membrane,” ‘Extracellular region,” ‘Extracellular space,’
and ‘Integral component of the plasma membrane.’
Down-regulated DEGs were notably enriched in
‘anchored component of the membrane.” In the MF
group, up-regulated DEGs were primarily associated
with ‘Calcium ion binding,” ‘Actin binding,” ‘Receptor
binding,” ‘Heparin binding,” and ‘Phospholipid binding.’
However, no output resulted for down-regulated DEGs
from the MF group analysis.

Integration with DIANA-miRPath and Protein-Protein
Interaction Networks identified 19 potential targets

Among the 91 DEMs identified through Venn diagram
analysis, only 28 had information stored in the DIANA-
miRPath v.3 database. Consequently, these 28 DEMs
were selected for analysis, while the remaining DEMs
were excluded from the query. Although no output
was obtained for the GO analysis, the KEGG pathway
analysis identified 19 downregulated miRNAs that could
potentially be involved in the CRC pathway. These
include hsa-miR-455-3p, hsa-miR-592, hsa-miR-520b,
hsa-miR-409-3p, and hsa-miR-142-5p. These selected
miRNAs were further analysed using the PPl network.
In addition, analysis of the selected 19 miRNAs were
also done using DIANA-miRPath to reveal 33 potential
target genes which includes BRAF FOS, GSK3B,
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TGFBR1, SMAD2, PIK3CB, TCF7L2, PIK3R2, BAX,
RHOA, APPL1, KRAS, TGFB1, MAPK9, DCC, PIK3CD,
JUN, SMAD4, CTNNB1, MSH6, AXIN2, MAPK8, AKTT,
PIK3R1, PIK3CG, CASP9, PIK3, LEF1, MAP2K1, MAPK]T,
TGFBR2, PIK3R2 and RALGDS.

Integration of data from miRwalk and miRPath revealed
21 predicted target genes associated with the selected
DEMs

The miRWalk database (http:/mirwalk.umm.uni-
heidelberg.de) was utilised to identify potential target
genes for 19 selected DEMSs. Following the defined
parameters for each bioinformatics tool, predicted genes
were selected based on the consensus of at least three
algorithms (17), resulting in a total of 81,917 target
genes predicted for the selected DEMs. Subsequently,
the outcomes from miRWalk were compared with the
list of predicted target genes associated with the CRC
pathway derived from DIANA-miRPath v.3 analysis.
The analysis revealed an overlap of 21 targets in both
miRWalk and DIANA-miRPath v.3 prediction results.
These targets include BRAF, TGFBR1, SMAD2, PIK3CB,
TCF7L2, PIK3R2, BAX, APPL1, KRAS, TGFB1, MAPKY,
JUN, SMAD4, CTNNB1, MAPK8, PIK3R1, PIK3CG,
CASP9, LEF1, MAP2K1, and PIK3R2. Notably, none of
the predicted targets were found among the selected
DEGs.

DEMs-DEGs network analysis unveiled two panels of
five miRNAs

The regulatory network was constructed among DEMs
and DEG:s to identify key molecules associated with the
CRC pathway (7). From 321 list of DEGs, 288 nodes
were detected on STRING, and they are connected
by 316 edges. Meanwhile, network extension from 91
DEMs resulted in a total of 12,473 nodes and 74,494
edges. From this massive network, DEGs and DEMs were
extracted and targets that were not on the DEGs list were
removed, leaving 246 nodes with 1,037 edges. Applying
interaction theory, nodes indicating interactions
between up-regulated DEMs and down-regulated
DEGs, as well as those between down-regulated DEMs
and up-regulated DEGs, were selected for display. After
eliminating nodes with DEMs-DEGs exhibiting a similar
trend of up- or downregulation, the network consisted
of 221 nodes connected by 848 edges. The interaction
between up-regulated DEMs (depicted as red diamond
nodes) and their target DEGs (depicted as green circle
nodes) was extracted from the network, leading to the
identification of two potential up-regulated miRNAs:
hsa-miR-30a-5p and hsa-miR-149-5p, along with their
respective target genes, HDAC9 and CALD]T (Figure 3).
Hsa-miR-30a-5p is predicted to reduce the expression
of both genes, while hsa-miR-149-5p is expected to
be involved in reducing the expression of CALDT.
Concurrently, an analysis of the interaction between
down-regulated DEMs and their target DEGs revealed
three promising down-regulated DEMs (hsa-miR-520b,
hsa-miR-409-3p, and hsa-miR-142-5p). These DEMs

exhibited high potential for regulating up-regulated
target genes, as evidenced by their interactions with
multiple miRNAs, including STOX2, PDLIM5, CPEB3,
TLE4, FGD4, ZNF292, PRNP, EYA4, and ZBTBSA.

Figure 3: A. Four nodes extracted from the network showing the
up regulated DEMs (red diamond nodes) and down regulated DEGs
(green circle nodes) interaction. Two potential up regulated miRNA:
hsa-miR-30a-5p and hsa-miR-149-5p.

DISCUSSION

In this study, three datasets were analysed using GEO2R
and Venn diagrams, leading to the identification of 91
DEMs, with 79 downregulated and 12 upregulated,
along with 321 DEGs, comprising 6 downregulated and
315 upregulated ones. Subsequently, the 91 DEMs were
subjected to further analysis using DIANA-miRPath
and Protein-Protein Interaction Networks. However,
this analysis was constrained by the tools’ limitations,
allowing only 28 DEMs to be processed, resulting in
the discovery of 19 downregulated miRNAs potentially
implicated in the CRC pathway. Additionally, employing
miRwalk and miRPath, we predicted 21 target genes
associated with the identified DEMs. Intriguingly, none
of these target genes overlapped with the previously
identified list of 321 DEGs. The absence of overlap
between the predicted target genes and the previously
identified DEGs may arise from the regulatory
complexity inherent in biological systems. This lack of
overlap underscores the intricate nature of regulatory
mechanisms and emphasises how different analytical
approaches complement each other in revealing
potential regulatory networks. Hence some true target
genes were missed in the analysis due to detection
thresholds or statistical cutoffs.

For further analysis of the identified DEGs and DEMs,
STRING analysis was conducted, revealing two
potential  up-regulated miRNAs:  hsa-miR-30a-5p
and hsa-miR-149-5p. Additionally, their respective
target genes, HDAC9 and CALD1, were identified.
Furthermore, three promising down-regulated DEMs
(hsa-miR-520b, hsa-miR-409-3p, and hsa-miR-142-
5p) were identified. These DEMs showed significant
potential for regulating up-regulated target genes, as
evidenced by their interactions with multiple mRNAs,
including STOX2, PDLIM5, CPEB3, TLE4, FGD4,
ZNF292, PRNP, EYA4, and ZBTB8A. Hence this study
proposes five combinatory panels consisting of two
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overexpressed miRNAs (hsa-miR-30a-5p and hsa-miR-
149-5p) and three underexpressed miRNAs (hsa-miR-
520b, hsa-miR-409-3p, and hsa-miR-142-5p), along
with their corresponding target genes. Among these,
HDAC9 and CALD1 were identified as down-regulated
genes, whereas STOX2, PDLIM5, CPEB3, TLE4, FGD4,
ZNF292, PRNP, EYA4, and ZBTB8A were determined to
be up-regulated.

While network analyses identified hsa-miR-30a-5p as
an overexpressed miRNA, several experimental studies
have consistently shown significant downregulation
of hsa-miR-30a in CRC tissues compared to adjacent
noncancerous tissues (18-23). This suggests tight
regulation of hsa-miR-30a-5p in CRC, warranting
further investigation into its potential as a biomarker for
CRC detection. Moreover, hsa-miR-30a-5p has been
previously reported to be induced by the Wnt/B-catenin
pathway, promoting glioma cell invasion by repressing
NCAM (24). On the other hand, hsa-miR-149-5p has
been implicated in CRC progression (8) and identified
as one of the miRNAs in a four-serum miRNAs panel
with significant potential for non-invasive stomach
adenocarcinoma (STAD) diagnosis (25). Among the
underexpressed miRNAs, hsa-miR-520b has been
reported to regulate liver cancer cell migration by
targeting MLK3 and ILK2 (interleukin 2) (26, 27). Hsa-
miR-409-3p plays a role in regulating cell proliferation
and tumor growth by targeting E74-like factor 2 in
osteosarcoma (28) and is also involved in the regulation
of ACVR2B, LHX2, and KFL12, which are associated with
aggressive features in lung carcinoids (29). In CRC, hsa-
miR-409-3p expression was significantly downregulated
in CRC tissue compared with patient-matched normal
tissue (30). Furthermore, hsa-miR-142-5p expression has
been implicated in CRC progression by targeting SDHB,
thereby facilitating the generation of aerobic glycolysis
(31, 32). These suggest the significant involvement of
specific miRNAs in CRC, suggesting their potential as
biomarkers for detection and prognosis. Further research
into the dysregulated miRNAs and their target genes
may provide insights into CRC pathogenesis and lead to
improved diagnostic and therapeutic approaches.

The down-regulated gene HDACY, identified as a tumor
suppressor, exhibits preferential expression in lung
cancer and differentiated hepatocellular carcinoma, and
may contribute to chemo-resistance in breast cancer (33-
35). Conversely, CALD1 shows promise as a prognostic
biomarker for gastric cancer and influences colon cancer
prognosis by activating sub-peritoneal fibroblasts (36,
37). In terms of DEG targets, up-regulation of STOX2
is associated with the progression of oral squamous
carcinoma (38), while elevated expression of PDLIM5
facilitates tumorigenesis and migration in prostate and
lung cancers (39, 40). Studies suggest that TLE4 up-
regulation promotes CRC progression via the JNK/c-Jun
signaling pathway (41), and increased PRNP expression
is observed in colorectal carcinoma, indicating potential

prognostic significance in CRC (42). Additionally, EYA4
emerges as a potential diagnostic marker for early
CRC and may serve as a stool biomarker for detecting
invasive CRC (43, 44). Furthermore, ZBTB8A, ZNF292,
FGD4, and CPEB3 are implicated in various cancer
pathways, such as gastric adenocarcinoma, CRC with
high microsatellite instability, and aggressive prostate
cancer phenotype (45-50). The diverse array of target
genes identified, including HDAC9, CALD1, STOX2,
PDLIM5, TLE4, PRNP, EYA4, ZBTB8A, ZNF292, FGD4,
and CPEB3, underscores their potential significance
in CRC progression and prognosis, warranting further
investigation to elucidate their roles and potential
therapeutic implications in CRC management.

While our findings indicate overexpression of hsa-miR-
30a-5p in CRC, we acknowledge the contrasting results
reported in previous studies (18-23). This inconsistency
underscores the complexity of miRNA dysregulation
in CRC, which can vary depending on multiple factors
including sample size, patient demographics, tumour
heterogeneity, and experimental methodologies.
Moving forward, further analyses are needed to validate
our results and explore potential explanations for the
differences observed between our study and previous
reports. By integrating our findings with existing literature
and conducting additional experiments, we aim to
provide a clearer understanding of the role of selected
miRNAs in CRC and their clinical implications. This
study may have limitations regarding sample size and
diversity. A larger and more diverse sample population
could enhance the robustness and generalisability of
the findings, especially considering the heterogeneity of
CRC.

While the identified miRNA-gene pairs show promise,
further validation in independent cohorts is necessary to
confirm their associations with CRC and to assess their
reliability as biomarkers or therapeutic targets. Functional
experiments are crucial to elucidate the mechanistic
roles of these miRNA-gene pairs in CRC pathogenesis,
progression, and treatment response. Future studies
could focus on the molecular mechanisms underlying
the interactions between the identified miRNAs and
their target genes. This could involve investigating the
regulatory networks and signaling pathways involved in
CRC development and progression. Cellular level studies
could explore the effects of manipulating the expression
levels of the identified miRNAs and their target genes
on CRC cell proliferation, migration, invasion, and
apoptosis. This could provide valuable insights into the
functional significance of these miRNA-gene pairs in CRC
biology. Additionally, future studies could focus on drug
development targeting the dysregulated miRNA-gene
pairs. Investigating the efficacy and safety of targeted
therapies in preclinical models and clinical trials could
lead to the development of novel treatment strategies
in CRC. By addressing these limitations and pursuing
future studies at both the molecular and cellular levels,
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advancements can be made in understanding CRC
pathogenesis and potentially uncovering new avenues
for diagnosis, prognosis, and treatment.

CONCLUSION

The outcomes of this bioinformatics investigation
unveiled five combinatory panels comprising two
overexpressed mMiRNAs (hsa-miR-30a-5p and hsa-
miR-149-5p) and three under expressed miRNAs (hsa-
miR-520b, hsa-miR-409-3p, and hsa-miR-142-5p),
along with their respective target genes. HDAC9 and
CALDT were identified as down-regulated genes, while
STOX2, PDLIMS5, CPEB3, TLE4, FGD4, ZNF292, PRNP,
EYA4, and ZBTB8A were found to be up-regulated.
These combinations demonstrated potential clinical
implications for CRC patients. Firstly, these miRNA-
gene pairs could serve as biomarkers for early detection
of CRC, facilitating timely intervention and improved
treatment outcomes. Secondly, the expression patterns
of these pairs may have prognostic value, aiding in
predicting disease progression and treatment responses.
Lastly, understanding the roles of these miRNA-gene
pairs offers insights into potential therapeutic targets,
potentially leading to the development of personalised
treatment approaches for CRC patients. Overall, this
study contributes to the potential for more accurate
diagnosis, better prognostication, and the development
of tailored therapeutic interventions in CRC.
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