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Background: MicroRNAs (miRNAs) plays an essential role in the pathogenesis of colon cancer. This study aims to identify and
verify key miRNAs that may serve as potential biomarkers for early diagnosis and treatment of colon cancer.

Methods: Two miRNA microarray datasets (GSES53339 and GSE126093) were downloaded from the Gene Expression Omnibus
(GEO) database, and the common differentially expressed miRNAs (DEMis) of both were identified by the “limma” package and the
intersect function in R. Then, the miRwalk online tool was used to predict the target genes of the common DEMis and perform Gene
Ontology (GO) functional and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis on those DEMis.
The miRNA-gene network was constructed using Cytoscape software to identify key miRNAs and validated using quantitative real-
time PCR (qRT-PCR) and The Cancer Genome Atlas (TCGA) dataset information for experimental and external database validation,
respectively. In addition, we explored the correlation between key miRNAs and infiltrating immune cells and immunotherapy
biomarkers.

Results: Fourteen common DEMis were identified from the GEO database, and five targeted genes were predicted. A microRNA-gene
network was subsequently constructed to identify three key miRNAs (miR-363-3p, miR-520e, and miR-330-5p). Both qRT-PCR and
external database validation confirmed our findings. In addition, we found that miR-520e was significantly associated with infiltrating
immune cells and established immune checkpoints.

Conclusion: Our study identified three key miRNAs that influence the development of colon cancer. In addition, further studies
suggest that infiltrating immune cells may play an essential role in the pathogenesis of colon cancer. These findings assist in early
diagnosis and precision-targeted therapies.

Keywords: colon cancer, GEO, miRNA, qRT-PCR, immune cell infiltration

Introduction

With nearly 2 million new cases and 1 million deaths worldwide in 2020, colorectal cancer is the third-most common cancer
and the second leading cause of cancer-related deaths.' According to data from the US Surveillance, Epidemiology and End
Results program and the National Program of Cancer Registries program, the incidence of colorectal cancer among people
aged 50 to 64 years and young adults under 50 years is increasing by 1% and 2% per year, respectively.” Among them, colon
cancer is nearly one-third more common than rectal cancer.' In addition, patients with colon cancer have lower 1- and
5-year survival and a worse prognosis than patients with rectal cancer.’ Colon cancer treatment requires multimodal
management, such as surgery, radiotherapy, chemotherapy, immunotherapy, and molecular targeted therapy.* Although
existing treatment strategies have achieved specific results, obstacles such as limited drug selection, drug resistance,
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complex anatomical localization, and post-operative recurrence rates have brought colon cancer to the forefront of the
research agenda.’ The initial symptoms of colorectal cancer are atypical, and the early diagnosis rate is relatively low, with
more than 50% of patients already at an advanced stage at the initial diagnosis.” Therefore, elucidating the pathogenesis of
colon cancer, identifying novel molecular targets, and developing targeted drugs are the critical measures needed to
improve the treatment and survival of individuals with this aggressive disease.’

MicroRNAs (miRNAs) are a class of non-coding, small-molecule, single-stranded RNAs with a length of 20-25
nucleotides. In eukaryotic cells, miRNAs play an essential role in various physiological and pathological processes by
regulating the expression of transcription factors.’” Recent studies have shown that the abnormal expression of miRNAs is

811 miRNAs can act as

closely related to tumor development, including tumor invasion, metastasis, staging, and prognosis.
both tumor suppressor genes and oncogenes in tumor tissues.'> Koo et al found that a novel tumor suppressor miRNA, miR-
4779, was expressed at a low level in colon cancer tissue and functions by directly targeting PAK2 and CCND?3 to inhibit
tumor cell growth through cell cycle arrest and apoptosis.'> Li et al demonstrated that miR-3065-3p was highly expressed in
colorectal cancer tissues and promoted cancer stemness and metastasis by targeting CRLF1."* Furthermore, another study
found that miR-3651 was associated with the tumor-lymph node-metastasis stage. Inactivation of the PI3K/AKT and
MAPK/ERK signaling pathways in colorectal cancer cells by downregulating miR-3651 induced growth arrest and
apoptosis in cancer cells."> MiRNAs are involved in numerous signaling pathways in colon cancer pathology and have
great potential for clinical diagnosis, prognosis, and personalized, targeted therapy.'® Therefore, further studies on miRNAs
will help to understand the mechanism of colon cancer and its biological functions, and provide a theoretical basis for its
prevention, diagnosis, and treatment.

Recent studies have evaluated miRNA expression in cancer using microarray datasets or next-generation sequencing
technology. The new technologies can help identify critical miRNAs related to cancer development, which are considered
effective candidates for biomarkers in cancer development, thus screening for them is critical. Wu et al found that miR-
155-5p is a key miRNA contributing to the aggressiveness of clear cell renal cell carcinoma by targeting PEG3."” Li et al
identified four key miRNAs for prostate cancer using bioinformatics.'® However, these studies suffer from several
limitations. First, most cancer studies use a single dataset for fundamental miRNA analysis.'® This may result in
inaccuracies due to differences in microarray platforms and sample specificity. Second, although some studies have
used multiple microarray datasets to identify key miRNAs in cancer, they did not collect corresponding clinical cancer
samples to validate them. These limitations highlight the need to use diverse datasets and validate the key miRNAs
identified in the analysis of these datasets. Therefore, this study aimed to identify potential biomarkers for colon cancer

and address the issues mentioned above.

Methods

miRNA Microarray Data Download
Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo) is a public database that stores high-

throughput gene expression and microarray data.'” The keyword “colon cancer miRNA human” was searched in
the GEO database, and two GEO datasets (GSE53339 and GSE126093) were randomly selected for download by
using the GEOquery package of R software.” Data from 32 samples (16 cancer and 16 normal tissue samples) were
included. The GSE53339 dataset, published in December 2013 and based on the GPL18058 platform (Exiqon
miRCURY LNA microRNA array versionl8), is taken from tissue samples of cancer patients, including six cancer
and six adjacent tissue samples. The GSE126093 dataset, published in February 2019 and based on the GPL18058
platform (Exiqon miRCURY LNA microRNA array version 18), is also taken from tissue samples of cancer
patients, including ten cancer and ten adjacent tissue samples.”' Using R software, the probe ID in the download
file was converted to the miRNA SYMBOL name. All miRNA expression data were standardized and log2

transformed.
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Screening for Common Differentially Expressed miRNAs (DEMis)

The GSE53339 and GSE126093 microarray datasets were analyzed using the “limma” R package (log|fold change| > 2,
P-value < 0.05).%% The intersect function in R was used to identify the common DEMis among GSE53339 and GSE126093.
A Venn diagram was generated by the VennDiagram R package.”

Prediction of the Target Genes of Common DEMis

MiRwalk3.0 is a freely available, comprehensive miRNA database that can provide information about predicted or
experimentally confirmed miRNA-target interactions.”* MiRwalk3.0 integrates information from miRDB, TargetScan,
miRTarBase, and other databases. It contains the miRNA target gene information for many species, thus providing
a comprehensive technology platform for developing scientific research experiments. We used the miRwalk3.0 online

tool (http://mirwalk.ummuni-heidelberg.de/O0miRNA) to predict the targeted genes of the common DEMis, on the condition
25,26

that the target genes could be predicted by two databases (miRDB and TargetScan) simultaneously.

Gene Ontology (GO) Functional and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathway Enrichment Analyses of Common DEMis

ClusterProfiler is a GO-based tool that uses input IDs such as “groupGO” “enrich” and “enrichKEGG” to perform gene
analysis and enrichment analysis.”” Additionally, clusterProfiler is used to carry out functional clustering analysis and
visualize sample data, which allows complex biological information to be processed better. To determine the biological
functions of the common DEMis, we used clusterProfiler to perform GO functional and KEGG pathway enrichment
analyses of the target genes of the common DEMis. Screening criteria for the result of GO functional and KEGG
pathway enrichment analyses were P-value < 0.05.

Construction of the miRNA-Gene Network and Identification of the Key miRNAs
Cytoscape is a software platform designed for the visualization of molecular interaction networks and biological
pathways. It is commonly used to construct biological networks such as “IncRNA-miRNA-mRNA”, “protein-protein”
and “miRNA-gene” interactions.”® In miRNA-gene networks, miRNA node degree can be used as a key indicator of the
importance of a specific miRNA. In this study, key miRNAs were defined as node degree > 20. We used Cytoscape
software to build miRNA-gene networks of common DEMis and identified key miRNAs based on node degree.

Experimental Validation of Key miRNAs

To verify the authenticity of the key miRNAs we had identified, the colon cancer tissues and colon normal tissues of
fifteen colon cancer patients were selected for qRT-PCR analysis. We extracted total RNA from the tissues using TRIzol
(Vazyme, Nanjing, China) reagent. Total RNA was reverse transcribed into cDNA using the miRNA Ist Strand cDNA
Synthesis Kit (Vazyme, Nanjing, China). Expression levels of miRNA were measured using a quantitative real-time PCR
system (Applied Biosystems, Foster City, CA, USA). The data was analyzed using the comparative cycle threshold (CT,
272CTy method. qRT-PCR program settings: pre-denaturation at 95 °C for 5 min, denaturation at 95 °C for 10 sec,
annealing/extension at 60 °C for 30 sec, repeat 40 cycles, other parameters are performed according to the instrument
default settings. GraphPad Prism 9.0 was used to analyze the qRT-PCR data. The reference gene for the qRT-PCR
experiment was U6. The study was approved by the Ethics Committee of the Affiliated Hospital of Integrated Traditional
Chinese and Western Medicine, Nanjing University of Chinese Medicine (2019LWKZ009). All patients had signed
informed consent forms to allow research on the specimens. Information on the clinical characteristics of patients can be
downloaded from the Supplementary Material (Table S1).

Survival Analysis of Key miRNAs

The Cancer Genome Atlas (TCGA) is a widely used public database, jointly established by the National Cancer Institute and
the National Human Genome Research Institute.’ It contains relevant data on various cancers, such as miRNA expression,
mRNA expression, IncRNA expression, and clinical data. Therefore, the colon cancer dataset in the TCGA database was used
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to verify whether the key miRNAs are related to survival outcomes. Forest plots and Kaplan-Meier plots were constructed
using the survival package of R software. A P-value < 0.05 was considered statistically significant.

Assessment of Immune Cell Infiltration in Colon Cancer
CIBERSORT (https://cibersortx.stanford.edu/) was used to evaluate immune cell infiltration of colon cancer in the TCGA
database.’® CIBERSORT is a tool for the deconvolution of the human immune cell subtype expression matrix based on

linear support vector regression principles. CIBERSORT provides a set of gene expression signatures for 22 immune cell
subtypes by default. The “pheatmap” package and the “ggplot2” package were used to create a boxplot of immune cell
infiltration.”’

Correlation Analysis of Key miRNAs with Infiltrating Immune Cells and

Immunotherapy Biomarkers

Correlations between key mRNAs and infiltrating immune cells were explored using Spearman’s method, and the results
were visualized using the “ggplot2” package.®' Furthermore, given immunotherapy’s potential as a treatment for colon
cancer, this study also examined the associations between essential miRNAs and crucial immune checkpoints, including
PD-L1, CTLA-4, PDCDI1, LAG-3, HAVCR2, TIGIT, ICOS, IDOI1, and BTLA. A P-value < 0.05 was considered
statistically significant.

Results

Screening for Common DEMis

We used the “limma” R package to analyze the GSE53339 and GSE126093 miRNA microarray datasets and obtained the
DEMis. We screened 99 miRNAs from the GSE53339 microarray dataset and 307 miRNAs from the GSE126093 microarray
dataset. Figure 1A and B show the DEMis of the GSE53339 and GSE 126093 microarray datasets, respectively. As shown in
the figure, the red dots represent up-regulated DEMis, and the green dots represent down-regulated DEMis. The intersect
function in R was used to identify the common DEMis among GSE53339 and GSE126093. The following 14 common DEMis
were identified: miR-548b-5p, miR-363-3p, miR-145-3p, miR-18a-3p, miR-4677-5p, miR-520e, miR-5583-5p, miR-521,
miRPlus-C1066, miR-431-5p, miR-548n, miR-938, miR-330-5p, and miR-4776-3p. As shown in Figure 1C, the red area
represents the DEMis number of GSE53339, the blue area represents the DEMis number of GSE126093, and the purple area
in the middle indicates the number of common DEMis.

Prediction of the Target Genes of Common DEMis Using GO Functional and KEGG

Pathway Enrichment Analyses

Utilizing the miRwalk 3.0 online resource, we predicted target genes for common differentially expressed miRNAs
(DEMIiRs) identified by both miRDB and TargetScan databases. The target genes of the following five miRNAs were
predicted: miR-18a-3p, miR-330-5p, miR-363-3p, miR-431-5p, and miR-520e. To study the biological functions and
metabolic pathways of these miRNAs, clusterProfiler software was employed to analyze the miRNA target genes. GO
functional analysis revealed the following miRNA-associated terms: (i) “biological processes” involving the regulation of
oxidative stress-induced neuronal death, peptidyl-lysine trimethylation, and tube morphogenesis; (ii) “cell components”
comprising the ruffle, leading-edge, and basal plasma membranes; and (iii) “molecular functions” involving phosphati-
dylinositol, gamma-catenin, and beta-catenin binding properties (Figure 2). KEGG pathway enrichment analysis showed
that the target genes of miRNAs were mainly involved in ECM-receptor interaction and the PI3K/Akt, Ras, and TGF-f
signaling pathways (Figure 3).

Construction of the miRNA-Gene Network and Identification of Key miRNAs
The miRNA-gene network was constructed using Cytoscape software (Figure 4), and the node degrees of the common
DEMis were determined. Supplementary Table S2 shows the node degree information for the common DEMis. Three of
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Figure | Analysis results of DEMis. (A) Differentially expressed miRNAs in the GSE53339 microarray dataset. The red dots represent up-regulated DEMis, and the green
dots represent down-regulated DEMis. (B) Differentially expressed miRNAs in the GSEI26093 microarray dataset. The red dots represent up-regulated DEMis, and the
green dots represent down-regulated DEMis. (C) Venn diagram of DEMis. As shown in the figure, the red area represents the DEMis number of GSE53339, the blue area
represents the DEMis number of GSEI126093, and the purple area in the middle indicates represents the number of common DEMis.

the miRNAs had very high node degrees (miR-363-3p, miR-520e, and miR-330-5p), and they were therefore considered
to be highly associated with the development of colon cancer.

Verification of Key miRNAs

We selected colon cancer and matched paracancerous tissues from 15 patients for QRT-PCR analysis to verify the
authenticity of the key miRNAs we identified. The results showed that miR-330-5p and miR-520e were significantly
upregulated in colon cancer tissues, while miR-363-3p was downregulated, with all differences being statistically
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Figure 2 GO functional analysis of the common DEMis. The horizontal axis represents the number of genes, the vertical axis represents the name of the pathway, the red

rectangle represents the biological process, the green rectangle represents the cellular component, and the blue rectangle represents the molecular function.

significant (P-value < 0.05) (Figure 5). For detailed information regarding qRT-PCR primers of miRNA, please refer to
the Supplementary Material (Table S3).

Survival Analysis of Key miRNAs

According to the median expression of miRNA, patients were divided into high-expression and low-expression groups.
Then, the Kaplan—-Meier diagram of miRNA was drawn using the survival package of R software. The results showed
that the expression of two miRNAs (miR-363-3p and miR-520¢) was related to the prognosis of patients (Figure 6A—C).
Subsequent univariate analysis identified a prognostic association with miR-363-3p expression (Figure 6D); however, the
multivariate analysis did not corroborate this finding (Table S4). Future studies with larger, well-characterized cohorts
may provide more evidence.

Immune Cell Infiltration Results

CIBERSORT software was used to evaluate the differences in immune infiltration between 22 immune cell types between
colon cancer tissues and normal controls. Figure 7A shows the proportions of immune cells in colon cancer tissues and
normal controls. Compared with normal control tissues, naive B cells, plasma cells, and M2 macrophages were more
infiltrated in colon cancer tissues, while MO macrophages, M1 macrophages, follicular B helper T cells, and activated
mast cells were less infiltrated (Figure 7B). The relevant heatmaps of 22 immune cells are shown in Figure 8. M2
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Figure 3 KEGG pathway enrichment analysis of the common DEMis. The horizontal axis represents the number of genes, the vertical axis represents the name of the
KEGG pathway.

macrophages and activated mast cells showed the strongest negative correlation (correlation coefficient = —0.47), while
M1 macrophages and resting dendritic cells showed the strongest positive correlation (correlation coefficient = 0.4).

Correlation of Key miRNAs with Infiltrating Immune Cells and Immunotherapy

Biomarkers

Correlation analysis of miR-363-3p, miR-330-5p, and miR-520e with infiltrating immune cells showed that miR-520e
was significantly associated with infiltrating immune cells. miR-520e was positively correlated with activated CD4
memory T cells (P-value <0.001; r=0.24) (Figure 9A—C). Furthermore, a significant association was observed between
these pivotal miRNAs and established immune checkpoints (Figure 9D).

Discussion

Colon cancer is a common malignant tumor of the digestive system that severely threatens human health and life
expectancy.®> More than half of colon cancer patients have disease progression due to a lack of timely diagnosis.
Furthermore, approximately 60% of patients will eventually develop metastatic recurrence, and their 5-year survival rate
is less than 15%.%-* However, the current treatment strategy for colon cancer has begun a revolutionary shift from
surgery, radiation, and chemotherapy to immunotherapy and molecular targeted therapy. Nonetheless, drug resistance is
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Figure 4 Visualization of the miRNA-gene network of the common DEMis. The red circle represents miRNAs, and the blue circle represents genes, respectively. The node
degree represents the importance of any individual node in the network. The higher the degree of a node, the more important the node in the network. The core miRNAs
are the nodes with the highest degree.

still a problem in 50% of colon cancer patients.”> Therefore, the discovery of new therapeutic targets remains a top
priority. Fortunately, with the rapid development of molecular biotechnology, details regarding the pathogenesis and
therapeutic targets of colon cancer have been identified at the gene level. As a result, miRNA homeostasis has become
one of the most popular research hotspots in the biomedical field, with miRNA disorders being implicated in almost all
types of diseases, including tumors.>®’

In the pathological process of tumors, miRNAs play a dual role as both tumor promoters and suppressors. Abnormal
miRNA expression is closely related to tumor carcinogenesis, malignancy, and drug resistance. Lin and his team found
that up-regulation of miR-181a-5p promoted apoptosis and enhanced the sensitivity of breast cancer cells to chemother-
apeutic agents.”® Another study showed that overexpression of miRNA-93-5p could increase the migration and

invasiveness of breast cancer cells by targeting FGD5.*

Moreover, Li et al demonstrated that serum miR-486-5p was
significantly overexpressed in patients with cervical cancer and was responsible for stimulating the proliferation,
migration, and invasion of cervical cancer cells by inhibiting PTEN expression and activating the carcinogenic PI3K/
Akt pathway.*® There is ample evidence that miRNAs are involved in numerous signaling pathways in colon cancer and
have great potential for clinical diagnosis, prognosis, and personalized targeted therapy.'® Therefore, it is necessary to
identify and validate key miRNAs in colon cancer to explore their potential research value in early diagnosis and precise

targeting therapy.
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Figure 5 Comparison of relative expression of miRNAs between the colon cancer tissues and the paracancerous tissues. *P < 0.05 and **P < 0.0| indicate that the data are
statistically significant.

Our study integrated two previously generated miRNA microarray datasets to identify 14 common DEMis. The genes
targeted by the common DEMis in both miRDB and TargetSca databases were predicted using the miRwalk3.0 online
tool. Five miRNAs (miR-18a-3p, miR-330-5p, miR-363-3p, miR-431-5p, and miR-520¢), which targeted genes, were
subjected to GO functional and KEGG pathway enrichment analyses. GO functional analysis revealed the following
miRNA-associated terms: (i) “biological processes” involving the regulation of oxidative stress-induced neuronal death,
peptidyl-lysine trimethylation, and tube morphogenesis; (ii) “cell components” comprising the ruffle, leading-edge and
basal plasma membranes; and (iii) “molecular functions” involving phosphatidylinositol, gamma-catenin, and beta-
catenin binding properties. KEGG pathway enrichment analysis showed that miRNAs were mainly involved in extra-
cellular matrix (ECM)-receptor interaction as well as the PI3K/Akt, Ras, and TGF-f signaling pathways. The PI3K/Akt
intracellular signaling pathway is primarily responsible for cell growth and glucose metabolism, and its activation is
closely related to the metastasis of various cancers.*' Research has shown that in the colon cancer cell line HT-29, the
PI3K/Akt pathway evades apoptosis and promotes cell proliferation through Akt activation.** The exact pathway also can
up-regulate matrix metalloproteinases and increase the invasiveness of colon cancer.®® These results are not only
consistent with our findings, but also demonstrate the importance of these miRNAs.

We subsequently constructed the miRNA-gene network and identified three colon cancer-related miRNAs (miR-330-
5p, miR-363-3p, and miR-520e). miR-330-5p is the product of the miR-330 gene, and abnormal expression of miR-330-
Sp is closely related to the development of various cancers, including cell proliferation, migration, invasion, apoptosis,
and epithelial-mesenchymal transition. However, the exact role of miR-330-5p in cancer remains controversial.***
Deng et al found that miR-330-5p regulates proliferation, apoptosis, and invasion of colorectal cancer cells by targeting
SND1.*® However, in some cancers (such as thyroid, liver, and cervical cancer), miR-330-5p can promote both
tumorigenesis and anti-tumorigenesis. Gao and his team found that miR-330-5p can target the downstream tumor
promoter TLR4 and inhibit its expression, thereby inhibiting the progression of thyroid cancer.*’ Moreover, Jing et al
found that miR-330-5p promotes thyroid cancer by inhibiting the expression of SRF gene tumor formation.’® The miR-
520e¢ gene is located at locus 19q13.4 on the chromosome and is one of the critical members of the miR-520 family. The
abnormal expression of miR-520e is closely related to the occurrence and development of various cancers, such as breast,
liver, and colorectal cancer. A study by Yi et al found that miR-520e expression was significantly increased in breast
cancer tissues and promoted proliferation and migration of breast cancer cells in vitro.”' Tian et al found that miR-520e
could target the EphA2 gene and inhibit its expression, thereby suppressing the development of liver cancer.’> MiR-363-
3p belongs to the miR-363 family. The abnormal expression of miR-363-3p is also closely related to the occurrence and

development of various cancers. miR-363-3p can act as a tumor suppressor to inhibit the proliferation, metastasis, and
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Figure 6 The Kaplan-Meier plots (A—C) and univariate analysis of forest plots (D) for the three key miRNAs signature in colon cancer patients.

invasion of various cancers.”® > A study has shown that miR-363-3p could target the SphK2 gene and inhibit its
expression, thereby inhibiting the development of colorectal cancer.’® Research indicates that miR-363-3p targets the
SphK2 gene, suppressing its expression, which in turn may impede colorectal cancer progression.’® While miR-363-3p is
implicated as an tumor suppressor gene, analysis of the TCGA database reveals that its elevated expression correlates
with poorer outcomes. This paradox is also reflected in other datasets.””*® In addition, these key miRNAs did not show
significance in multivariate analyses, despite the fact that these miRNAs are strongly associated with tumor progression
and prognosis. To resolve these inconsistencies, further stratified analysis is required to uncover variation across
demographics such as race, gender, and age.

After that, we verified the reliability of the three key miRNAs by gqRT-PCR to reveal the pathogenesis of colon cancer
and identify new therapeutic targets. The results showed that miR-330-5p, miR-363-3p, and miR-520e were significantly
different between colon cancer and normal tissues (P < 0.05). Previous study has shown a strong relationship between
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Figure 7 Immune cell infiltration in colon cancer. (A) Relative proportions of immune infiltration in colon cancer. (B) Boxplots showing significantly different immune cells in
colon cancer patients. P < 0.05 was considered statistically significant, *P < 0.05, ***P < 0.001.

miR-330-5p and miR-520e with colon cancer pathology. We searched the three key miRNAs in the human microRNA-
mRNA interactome database. The results showed that miR-330-5p and miR-363-3p had been verified in human samples,
and this information also confirms the authenticity of our results.’® The results of each study showed that these miRNAs
are key miRNAs of colon cancer and play important roles in the development of colon cancer. This study also allowed us
to recognize the limitations of small sample sizes and the differences between patients with colon cancer. Therefore, we
will demonstrate the association between these key miRNAs and colon cancer by expanding the clinical sample size in
subsequent studies.

Finally, we used CIBERSORT to assess the differential expression of immune cell infiltration patterns in colon
cancer. Increased infiltration of naive B cells, plasma cells, and M2 macrophages and decreased infiltration of MO
macrophages, M1 macrophages, follicular B helper T cells, and activated mast cell infiltration may be related to the
pathogenesis and progression of colon cancer. A recent study showed that colon cancer patients had a higher proportion
of M2 macrophages than normal controls.®® Therefore, M2 macrophages may be involved in the pathogenesis of colon
cancer. An earlier study showed that PLD4 promotes the antitumor effect of M1 macrophages in colon cancer cells.®'
Nonetheless, the roles of naive B cells, plasma cells, follicular B helper T cells, and activated mast cells in colon cancer
remain unclear. Based on our correlation analysis of key miRNAs and infiltrating immune cells, we found that only miR-
520e was significantly associated with infiltrating immune cells. Therefore, we speculate that these miRNAs may not be
involved in immune response pathways. Notably, significant associations were also observed between these key miRNAs
and established immune checkpoints, suggesting their utility as potential prognostic biomarkers and therapeutic targets in
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Figure 8 Correlation matrix of 22 immune cells in colon cancer. Blue represents negative correlation; red represents positive correlation. P< 0.05 was considered
statistically significant, *P < 0.05, **P < 0.01.

immunotherapy for colon cancer. Current study posits that miRNAs offer novel insights into the molecular regulatory
mechanisms governing immune checkpoints, which play a critical role in tumor evasion and the establishment of the
tumor microenvironment.®* ¢4

In summary, the innovative nature of our study stems from (i) using an integrated approach instead of a single
miRNA microarray dataset, (ii) constructing a miRNA-gene network and using the node degree to identify key miRNAs,
and (iii) performing qRT-PCR verification on the key miRNAs. The combination of the above methods can effectively
screen more reliable biomarkers, thereby helping to improve the diagnosis, treatment, and, ultimately, the prognosis of
colon cancer patients.

Conclusions

In this study, we explored the key miRNAs that influence the development of colon cancer from the perspective of
molecular biology using bioinformatics methods. We found that three key miRNAs (miR-330-5p, miR-363-3p, and miR-
520¢e) may be highly associated with the pathogenesis of colon cancer. We then verified the reliability of these three key
miRNAs by qRT-PCR. The results of survival analysis also confirmed that the key miRNAs were related to the prognosis
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Figure 9 Correlation between miR-330-5p, miR-363-3p, and miR-520e and infiltrating immune cells and immunotherapy biomarkers. (A) Correlation between miR-330-5p
and infiltrating immune cells. (B) Correlation between miR-363-3p and infiltrating immune cells. (C) Correlation between miR-520e and infiltrating immune cells. The size of
the dots represents the strength of the correlation between miRNA and immune cells. (D) Correlation between key miRNAs and established immune checkpoints. The
color of the dots represents the p-value, the redder the color, the larger the p-value, and the bluer the color, the smaller the p-value. P < 0.05 is considered statistically

significant, *P < 0.05.

of patients. Finally, we believe that these three miRNAs are key miRNAs of colon cancer and play important roles in the
development of colon cancer. Collectively, these findings will improve our understanding of colon cancer’s pathogenesis

and the molecular mechanisms involved.
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