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ABSTRACT

Colorectal cancer (CRC) is a leading cause of cancer-related morttality, with high-risk cases
showing increased aggressivencss and poor prognosis. Recent studies suggest that long noncoding
RNAs (IncRNAs) such as C6orf223 may play crucial roles in CRC progression. This study
investigated the exptession and tregulatory role of C6orf223 in high-risk versus low-risk CRC
patients, focusing on its potential as a biomarket for diagnosis and prognosis.

We conducted differential expression analysis using RNA-seq data to identify key genes in high-
risk CRG, followed by correlation and pathway entrichment analyses to understand C6orf223.
Kaplan-Meiet survival analysis and receiver operating characteristic (ROC) curves assessed the
prognostic and diagnostic potential of C60rf223. RNA methylation and mutation patterns were
analyzed to explotre post-transcriptional regulation and genetic alterations in high-risk CRC.

Co6orf223 ~was significantly upregulated in high-risk CRC. High C60rf223 expression was
associated with poor overall survival, and a biomarker panel that includes Co6orf223 and
microRNAs showed strong potential for accurate diagnosis. Methylation and mutation analyses
revealed potential mechanisms enhancing C6o7/223’s stability and oncogenic activity.

Out findings indicate that C6orf223 acts as a binder to and inhibits tumor-suppressive
microRINAs, reducing, their availability to regulate cancer-promoting genes and may serve as a
valuable biomarker for CRC diagnosis and prognosis. Further research on IncRNA-microRNA
interactions could provide insights for novel CRC therapies.
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for advancements in early detection and therapeutic
strategies.! While considerable progress has been made
in understanding the pathogenesis of CRC, the overall
prognosis remains poor, especially due to high rates of
recurrence and treatment resistance.?® Current treatment
options, including surgery, chemotherapy, radiation, and
targeted therapy, have shown limited success in
achieving long-term remission, especially in advanced
cases. Consequently, identifying robust biomarkers and
therapeutic targets has become essential in CRC
research.*®

In recent years, noncoding RNAs have garnered
significant attention as potential biomarkers and
therapeutic targets in various cancers, including CRC.
Long noncoding RNAs (IncRNAs) and microRNAs
(miRs), both pivotal regulators of gene expression, are
increasingly recognized for their role in tumorigenesis
and cancer progression.®’LncRNAs, in particular, can
interact with microRNAs and other biomolecules,
exerting influence over cellular processes such as
proliferation, apoptosis, and metastasis.®° One such
IncRNA, C6orf223 (also known as LINC03040), has
emerged from bioinformatics analyses as a potentially
key player in CRC.1! Bioinformatics evidence
suggests that C6orf223 may play<a regulatory. role in
CRC pathogenesis in CRC.*By acting as a molecular
“sponge” for these microRNAS, C60rf223 may impact the
expression of genes associated with. CRC cell
proliferation, migration, and invasion, ultimately
influencing tumor behavior and patient
outcomes.’®.IncRNA  C6orf223 was selected for
investigation due to.its significant upregulation observed
in preliminary bioinformatics analyses of high-risk
colorectal cancer (CRC) patient datasets. Previous studies
have implicated C60rf223 in key oncogenic pathways,
such as cell proliferation and.immune evasion, which are
hallmarks of aggressive CRC phenotypes. Furthermore,
its predicted interactions with tumor-suppressive
microRNAs and the presence of regulatory features, such
as RNA methylation sites, position C6orf223 as a
compelling candidate for studying IncRNA-mediated
mechanisms in CRC progression. These factors,
combined with its potential as both a diagnostic and
therapeutic target, make C60rf223 a particularly valuable
focus for this study.!*1?

To further elucidate the role of C6o0rf223 in CRC,
this study will utilize a bioinformatics approach,
integrating transcriptomic data with in silico predictions
to identify C6orf223-regulated pathways and
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downstream targets. Advanced machine learning
algorithms will be applied to refine these analyses,
revealing the broader molecular network involving
C6orf223 and its potential influence on CRC
progression. This bioinformatics-driven exploration of
C60orf223's role in CRC could open new perspectives for
diagnostic and therapeutic strategies, laying the
groundwork for future clinical applications aimed at
improving patient survival and quality of life.

MATERIALS AND METHODS

Data Collection and Preprocessing

Data were collected from The Cancer Genome Atlas
(TCGA) and Gene Expression Omnibus (GEO)
databases, focusing on RNA-seq and mutation data from
colorectal cancer (CRC) samples. The Python packages
‘pandas’, “numpy’, and ‘scipy were used for data
handling-and statistical calculations. RNA-seq data were
preprocessed by filtering out genes with low expression
counts across samples using a threshold of mean
expression<1 to ensure data quality. Normalization was
carried out using the DESeq2 package in R, with the
log2(counts + 1) transformation applied to stabilize
variance across samples. Batch effects were corrected
using the ‘combat” function from the “sva’ package to
ensure consistency across datasets.

Identification of Differentially Expressed Genes

Differential expression analysis was performed
between high-risk and low-risk CRC groups. Python
packages statsmodels and scipy were used to compute p-
values and fold changes. The thresholds of log2 fold
change > 1 and false discovery rate (FDR)<0.05 were
selected to ensure analytical rigor and balance between
sensitivity and specificity in identifying biologically
meaningful differentially expressed genes (DEGs). A
higher fold change threshold minimizes false positives
by focusing on genes with substantial expression
differences, while the stringent FDR cutoff accounts for
multiple testing, reducing the likelihood of type I errors
in the analysis. The resulting DEGs were visualized with
a volcano plot generated by matplotlib and seaborn.
Upregulated and downregulated genes were highlighted
in contrasting colors to emphasize significant changes in
expression.
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Genomic Distribution and Circos Plot Visualization

To visualize the genomic distribution of mutations
and DEGs, we used a Circos plot created with the
“pycircos’ Python package. Mutation frequencies and
expression values were mapped across chromosomes,
which were arranged in a circular layout. This plot
provides an integrative view of mutations and DEGs
across the genome, allowing for the identification of
regions with significant alterations. Data preprocessing
involved grouping mutations by chromosomal location
and aggregating expression data per chromosomal
segment.

Gene Ontology and Pathway Enrichment Analysis

Gene Ontology (GO) analysis and pathway
enrichment were conducted to understand the biological
functions and pathways associated with the identified
DEGs. The “gseapy™ package in Python was used to
perform GO and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis. Only
terms with an adjusted p-value<0.05 were considered
significant. Enrichment plots were created using
“matplotlib™ to display the most enriched pathways and
biological processes. Prior to analysis;"DEG lists were
converted into compatible gene sets  using the
"Bio.Entrez” module from “biopython™ to ensure proper
annotation.

Correlation  Analysis of IncRNA-microRNA
Interactions

Pearson correlation analysis was used to assess the
regulatory relationship between IncRNA C6o0rf223 and
specific microRNAS (e.g:;, miR-150. and miR-214) in
CRC." Data preprocessing involved. standardizing
expression levels using the “StandardScaler” from
“sklearn.preprocessing’. The “pandas’ library was used
to compute correlation coefficients, and significant
correlations were visualized with scatter plots generated
using “seaborn” and “matplotlib™. A Pearson correlation
coefficient (r) threshold of >0.6 and p-value <0.05 was
used to define significant interactions.

Survival Analysis Using Kaplan-Meier Estimator
Kaplan-Meier survival analysis was performed to
evaluate the prognostic potential of C60rf223 expression
in CRC patients. Patients were stratified into high and
low expression groups based on the median expression
of C6orf223. Survival curves were generated using the
lifelines Python package, and the log-rank test was used

to assess statistical significance. The preprocessing
included normalizing survival data and removing
censored data for patients with insufficient follow-up
information. This analysis provided insights into the
association between C60orf223 expression and patient
survival outcomes.

Receiver Operating Characteristic Curve Analysis

To evaluate the diagnostic accuracy of C6orf223 as
a biomarker, receiver operating characteristic (ROC)
analysis was conducted using the “sklearn.metrics
module. ROC curves were plotted, and the area under
the curve (AUC) was calculated-to.assess the sensitivity
and specificity of C60rf223 in distinguishing high-risk
CRC patients. Data were preprocessed by standardizing
expression.values and encoding risk categories as binary
labels. The AUC values provided a quantitative measure
of the diagnostic utility of C6orf223.

RNA Methylation Analysis with MeRIP-Seq

To investigate post-transcriptional modifications,
specifically RNA methylation in C6orf223, MeRIP-seq
data were analyzed. Peaks representing methylated
regions were identified using the MACS2 peak caller,
and metaplots were generated with “deeptools’ to
visualize ~methylation patterns across samples.
Preprocessing included aligning reads using “bowtie2
and converting to bed format using “bedtools’. These
steps allowed for an accurate representation of
methylated regions within C6orf223, providing insights
into its regulatory role.

Mutation Analysis and Mutation Annotation Format
Summary

Mutation analysis was conducted using Mutation
Annotation Format (MAF) files, processed with
“pandas’ for filtering and aggregation. A summary plot
was generated to display mutation types and frequencies
across different risk groups. Python's “matplotlib™ and
“seaborn™ packages were used to visualize mutation
distributions, while “mafutils™ was applied for mutation
annotation. This allowed for the identification of
common mutations associated with high-risk and low-
risk groups in CRC.

Random Forest Model for Biomarker Selection

A Random Forest machine learning model was
trained to identify key biomarkers distinguishing high-
risk from low-risk CRC patients. The model was built
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using the "RandomForestClassifier” from
“sklearn.ensemble”, and hyperparameters were tuned
using “GridSearchCV". The feature importance plot
displays genes with the highest predictive value for CRC
risk stratification. Data preprocessing included
standardizing gene expression values and splitting the
dataset into training and testing sets. The model was
evaluated using cross-validation, with accuracy metrics
indicating the significance of identified biomarkers.

Heatmap and Cluster Analysis of Differentially
Expressed Genes

Hierarchical clustering and heatmap visualization of
DEGs were performed to identify gene expression
patterns across samples. The ‘seaborn.clustermap function
was used to create a heatmap, with Euclidean distance
and Ward’s linkage method for clustering. Data were
preprocessed by normalizing gene expression values and
imputing missing data. This analysis allowed for the
classification of samples based on gene expression
patterns, revealing clusters associated with high-risk and
low-risk groups.

Scatter Plot Analysis for Cross-validation

Scatter plots were generated to validate the
relationships between IncRNA and microRNA
expression levels across samples, ensuring consistency
in observed trends. The “matplotlib™ and “seaborn
libraries were used® to create scatter plots, with
regression lines added to indicate correlation strength.
Data preprocessing involved log-transformation . of
expression levels to reduce skewness and enhance
interpretability. This cross-validation step confirmed the
robustness of correlations observed in prior analyses.

RESULTS

Key Differentially Expressed Genes and Clustering
of High-Risk vs Low-Risk CRC Profiles

Through differential  expression analysis, we
identified a significant set of genes that were
upregulated in high-risk CRC patients compared to low-
risk patients, alongside another subset of genes that were
markedly downregulated (FigurelA). High-risk samples
displayed elevated levels of oncogenes involved in cell
proliferation, invasion, and survival, such as C6orf223,
which was one of the most highly expressed genes in this
group. In contrast, genes with tumor-suppressive
functions, including regulators of apoptosis and cell
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cycle arrest, were consistently downregulated in high-
risk patients, suggesting a molecular shift favoring
tumor aggressiveness (FigurelB).

To further explore these expression patterns,
hierarchical clustering analysis was performed on the
DEGs. This analysis revealed distinct clusters separating
high-risk from low-risk CRC samples(Figurel1C). High-
risk samples formed a cohesive cluster characterized by
high expression of genes associated with proliferative
pathways and immune evasion, which are hallmarks of
aggressive cancer phenotypes. This clustering not only
visually confirmed the molecular differences between
risk groups but also highlighted-specific gene clusters
that might serve as molecular markers for CRC
prognosis.

One prominent cluster in high-risk samples included
genes involved in inflammation _and‘immune response
regulation, suggesting that the tumor microenvironment
in high-risk CRC may be altered to support immune
evasion and tumor progression. Additionally, clustering
analysis identified a group of downregulated tumor-
suppressive genes~.in high-risk patients, further
distinguishing them from low-risk profiles. This
clustering provides a framework for understanding how
specific_gene expression patterns correlate with CRC
risk, potentially aiding in the development of targeted
therapies or personalized treatment plans based on a
patient's molecular profile (FigurelD).

Chromosomal Mapping of DEGs and Mutations

To explore the chromosomal distribution of
differentially expressed genes and mutations, a Circos
plot was generated (Figure 2A), showing the location of
DEGs and mutation hotspots across chromosomes.
DEGs were predominantly enriched on chromosomes 1,
5, and 13, with high mutation frequencies also observed
in these regions. Chromosome 5, for instance, displayed
a high density of mutations near the APC gene locus, a
well-known tumor suppressor in CRC. This pattern of
clustered mutations and differential expression suggests
that certain chromosomal regions may harbor critical
genetic alterations contributing to CRC pathogenesis,
with C60rf223 located in a high-mutation region, which
may further implicate its role in CRC progression.

Pathway Enrichment of DEGs

GO analysis of DEGs revealed significant
enrichment of biological processes associated with
tumor progression, including cell cycle regulation,
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apoptosis, and immune response (Figure 2B). Among
molecular functions, the regulation of transcription,
protein kinase activity, and binding were significantly
enriched, implicating the involvement of these genes in
signaling pathways critical for cancer development.
Pathway enrichment analysis using the KEGG database
identified key pathways such as the Wnt signaling
pathway, PI3K-Akt signaling pathway, and MAPK
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metastasis. The upregulation of genes within these
pathways in the high-risk group underscores their
potential role in promoting tumor aggressiveness, with
C60orf223 possibly exerting influence by modulating
these pathways through microRNA interactions.
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Figure 1. Differential gene expression and risk stratification in colorectal cancer (CRC) patients. This figure summarizes the
analysis of gene expression differences between CRC subgroups and their association with high-risk and low-risk profiles. A.
The volcano plot highlights differentially expressed genes between groups A and B, with upregulated genes in red and
downregulated genes in blue. C60rf223 is among the most significantly upregulated genes in high-risk samples, indicating its
potential role as an oncogene. B. The scatter plot compares gene expression between tumor and normal tissues, showing
significant upregulation (red) and downregulation (blue) in tumor samples, suggesting genes involved in tumorigenesis. C. The
box plot presents C6orf223 expression across high-risk and low-risk CRC groups, where high-risk samples exhibit elevated
C6orf223 levels, supporting its association with poor prognosis. D. The heatmap displays hierarchical clustering of selected
differentially expressed genes, illustrating distinct gene expression profiles between high-risk and low-risk groups. Red
indicates upregulated genes, while blue indicates downregulated genes, with clustering underscoring the molecular distinctions
between risk groups.
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Figure 2. Comprehensive analysis of C6orf223 in colorectal cancer (CRC). This figure presents a multifaceted analysis of
C6orf223 in CRC, highlighting its genomic distribution, immune correlations, and associated gene ontology (GO) terms. A. The
circos plot displays C6orf223 expression and related genomic alterations across chromosomes, with upregulated (red) and
downregulated (green) genes in CRC samples, indicating specific chromosomal regions with altered expression. B The
correlation analysis reveals associations between C60rf223 and various immune cell types in the CRC tumor microenvironment.
The x-axis shows correlation coefficients (r), with dot size indicating correlation strength and color representing p-value, where
green denotes significant correlations. This suggests C6o0rf223 may play a role in modulating immune cell infiltration in CRC.
C. The chord diagram links C6orf223 to specific GO terms, grouped by cellular processes (colors representing different GO
categories), illustrating its involvement in key regulatory pathways and biological functions relevant to CRC progression.

Prognostic Impact of C60rf223 Expression
Kaplan-Meier survival analysis indicated that
patients with  high = C6orf223 expression had
significantly shorter overall survival compared to those
with low expression levels (p<0.01). The median
survival time for high-expression patients was
approximately 24 months, while those with low
expression had a median survival of 48 months. This
finding indicates that C6orf223 could serve as a valuable
prognostic marker for CRC, with elevated levels
correlating with poor outcomes. The observed link
between high C6orf223 expression and reduced survival
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suggests that this INCcRNA may play an active role in
promoting tumor aggressiveness, possibly by enhancing
cell proliferation and resistance to apoptosis, thus
leading to a more invasive phenotype.

RNA Methylation of C6orf223

MeRIP-seq analysis revealed multiple methylation
peaks across the C6orf223 transcript, indicating
extensive RNA methylation, particularly in the 5'and 3'
regions. Methylation in these regions may stabilize
C6orf223 RNA or enhance its interaction with other
molecules, such as miRNAs or RNA-binding proteins,
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thereby increasing its functional potency. This post-
transcriptional modification suggests that RNA
methylation may play a role in regulating the stability
and oncogenic activity of C6orf223, potentially
amplifying its effects on miRNA sponging and gene
regulation in CRC.

Mutation and Hotspot Identification

Mutation analysis (Figure 3) identified several
commonly mutated genes in the high-risk CRC group,
including TP53, APC, and KRAS, which co-occurred

with high C6orf223 expression levels. The frequency of
these mutations was significantly higher in high-risk
samples than in low-risk ones, indicating that these
genetic  alterations may contribute to CRC
aggressiveness. TP53 and APC mutations are well-
established drivers in CRC, and their association with
high C6o0rf223 expression suggests a potential synergy
in promoting tumor progression. This highlights
C6orf223 as a potential biomarker for mutation-driven
pathways in high-risk CRC.
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Figure 3. Summary of genetic variants in colorectal cancer (CRC) Samples. This figure provides an overview of mutation types,
classifications, and frequencies in CRC. A. Variant classification bar chart, showing the distribution of different mutation
types, including nonsense mutations, frame shifts (deletions and insertions), missense mutations, and splice site mutations, with
nonsense mutations being the most frequent. B. Variant type breakdown, displaying the prevalence of single-nucleotide
polymorphisms (SNPs), insertions (INS), and deletions (DEL), with SNPs being the dominant variant type. C.Single-nucleotide
variant (SNV) classification, indicating the frequency of specific base substitutions, with C>T transitions occurring most
frequently. D. Distribution of variants per sample, highlighting a median of one variant per sample. E. Summary box plot of
variant classification, showing variability across samples. F. Top 10 mutated genes in CRC samples, with the APC gene being
the most frequently mutated, followed by LRP6 and C6orf223, suggesting a key role for these genes in CRC pathogenesis.
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Biomarker ldentification Using Random Forest
Model

The Random Forest model identified C6orf223,
along with miR-150 and miR-214, as the most important
biomarkers for distinguishing high-risk from low-risk
CRC patients (Figure 4). The model achieved an
accuracy of 82% in cross-validation, underscoring the
predictive power of these genes and miRNAs.
Co6orf223’s high feature importance score highlights its
relevance in CRC risk stratification, potentially offering
a target for future therapeutic interventions. This
machine learning approach further validated C60rf223

8. Validation of IncRNA-miRNA Interactions

Scatter plot analysis validated the strong correlations
between C60rf223 and miR-150/miR-214, consistent
with the hypothesis that C60rf223 acts as a molecular
sponge. Across multiple patient samples, these
interactions  remained  robust, suggesting that
C60rf223’s regulation of miRNAs is a key mechanism
in CRC. This interaction potentially explains how
C6orf223 modulates tumor-suppressive pathways by
sequestering miRNAS, promoting oncogenic processes,
and contributing to the aggressive phenotype observed
in high-risk CRC patients.

and associated miRNAs as critical elements in
distinguishing CRC subtypes.
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Figure 4. Forest plot of hazard ratios for key genes in colorectal cancer (CRC) survival analysis. This forest plot shows the
hazard ratios and pvalues for selected genes associated with CRC prognosis, highlighting their impact on patient survival.
Genes with hazard ratios greater than 1, such as NES, 1SG20L2, MYC, and C6orf223, indicate an increased risk of poor
outcomes with higher expression, suggesting their potential as risk factors. Conversely, TTC24 displays a hazard ratio less than
1, indicating a protective effect. Each point represents the hazard ratio for a gene, with the error bars showing 95% confidence
intervals, while the color intensity reflects the significance level (pvalue), with green for significant associations and red for
non-significant. This analysis identifies potential prognostic markers in CRC, emphasizing the roles of Céorf223, MYC, and
others in patient survival outcomes.
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DISCUSSION

The findings of this study are aligned with previous
research indicating that specific INCcRNAs can act as
potent oncogenic or tumor-suppressive factors in
various cancers, including CRC. For instance, a study by
Xu et al (2022) demonstrated that the INcCRNA MALAT1
promotes CRC cell proliferation and invasion through
interactions with miR-150, functioning similarly to how
C6orf223 might sequester microRNAs, as observed in
our analysis.***0ur data, showing the upregulation of
C60orf223 in high-risk CRC samples, suggest a similar
oncogenic role, where C60rf223 modulates tumor-
suppressive pathways, promoting cancer cell survival.
This supports Puzkowska et al’s findings on the critical
regulatory role of IncRNAs in microRNA pathways
within the CRC tumor microenvironment. 67

The differential expression of C60rf223 in high-risk
versus low-risk CRC patients echoes observations made
by Nomiri et al, who found that elevated AncRNA
expression levels often correlate with aggressive tumor
characteristics and poor prognosis in CRC patients.*®In
their study, high IncRNA expression-was associated
with enhanced proliferation markers and resistance to
apoptosis, findings that mirror the upregulation of
oncogenic pathways observed in our: high-risk CRC
cluster analysis.*® Furthermore, our clustering analysis
revealed distinct expression patterns in high-risk groups
enriched with genes related to cell proliferation and
immune evasion, in agreement with Nomiri’s et al’s
observations on the molecular signatures of high-risk
CRC profiles.

Pathway analysis. in our study highlighted the
activation of Wnt, PI3K-Akt, and MAPK signaling
pathways in high-risk CRC samples, consistent with
findings by Pan et al, who identified these pathways as
central to CRC progression.?®? Specifically, the Wnt
pathway, often dysregulated by mutations in the APC
gene, plays a crucial role'in CRC and was found to be
activated in our high-risk samples, potentially driven by
C6orf223 expression. Pan et al.'s work also pointed out
that the PI3K-Akt pathway can interact with specific
IncRNAs to promote cell growth and survival, similar to
the upregulation we observed in high-risk patients.??
Thus, our results reinforce the concept that InNcRNAs like
Cé6orf223 could facilitate the dysregulation of key
oncogenic pathways, further validating their role in CRC
aggressiveness.

The prognostic value of C6orf223 identified in this
study is further supported by recent research
emphasizing the clinical utility of INncRNAs as
prognostic markers in CRC. A meta-analysis by
Dastmaslchi et al found that IncRNAs, particularly those
involved in miRNA regulation, can serve as significant
predictors of survival in CRC patients.?® In our study,
Kaplan-Meier survival analysis revealed that high
C6orf223 expression correlates with shorter overall
survival, indicating its potential as a biomarker for poor
prognosis. Dastmaslchi et al’s meta-analysis also
suggested-that high-risk patients-with elevated INCRNA
expression might benefit from targeted therapies, an idea
that ‘our findings support, especially considering
C60orf223’s potential role in influencing key oncogenic
pathways.

Our ROC curve analysis, which demonstrated the
diagnostic_potential of C60rf223 is comparable to the
work.of He et al, who developed an INcRNA-microRNA
panel for CRC screening.?* Their panel, comprising
several IncRNAs and miRNAs, showed high diagnostic
accuracy. in.distinguishing CRC stages and patient risk
groups. Similarly, our combined biomarker panel
exhibited an AUC of 0.90, indicating strong sensitivity
and specificity for high-risk CRC detection. Lu et al.'s
work supports the application of such panels for early
CRC diagnosis and risk stratification, suggesting that
incorporating C6orf223 and specific microRNAs could
enhance CRC screening accuracy, especially in clinical
settings with limited access to invasive diagnostic
procedures.®

The RNA methylation analysis of C60rf223 in this
study highlights the emerging role of post-
transcriptional modifications in IncRNA function,
consistent with findings by Onozco et al.?® Their study
demonstrated that methylation of specific INCRNAs
enhances RNA stability and promotes oncogenic
activity in CRC cells. In our study, methylation peaks
were identified across C6orf223, particularly in
regulatory regions, suggesting that methylation may
enhance its stability and interaction with miRNAs and
other biomolecules. This agrees with Wang et al.’s
findings, supporting the potential of targeting RNA
methylation as a therapeutic strategy to inhibit
oncogenic IncRNAs in CRC.?

Our mutation analysis revealed a high frequency of
TP53, APC, and KRAS mutations in high-risk CRC
samples, which frequently co-occurred with elevated
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C60rf223 expression.??2 This finding aligns with the
work of Gao and Hao, who reported that InNcCRNAs often
work synergistically with genetic mutations to promote
tumorigenesis.?>% In particular, mutations in TP53 and
APC are well-known contributors to CRC progression,
and their co-occurrence with high C60rf223 expression
in our study suggests a possible cooperative mechanism
in tumor growth and survival. This insight that both
genetic and transcriptomic profiles are essential for
assessing cancer risk and progression, advocating for a
comprehensive approach in cancer diagnostics.3!

Finally, our Random Forest model identified
C6orf223 as the most predictive biomarker for CRC risk
stratification, with an accuracy of 82%. This aligns with
the findings of Liu et al, who used machine learning to
identify CRC biomarkers, achieving high prediction
accuracy with IncRNAs and microRNAs.*?Zhang et al
emphasized the importance of integrating IncRNAs and
microRNAs for improved diagnostic models, as
microRNA-IncRNA interactions  provide  richer
molecular context.®® Our findings support their
conclusion, indicating that combining IncRNAs with
miRNAs enhances the predictive power for CRC
stratification, making machine learning. approaches
valuable for identifying key biomarkers in cancer.

This study provides critical .insights ‘into the
molecular mechanisms underlying  CRC progression,
with a particular focus on the role of C6orf223.
Differential expression analysis revealed that Céorf223
is significantly upregulated in high-risk CRC patients
and is strongly associated with key tumor-suppressive
microRNAs. Functional analyses highlighted " its
involvement in essential encogenic pathways, such as
the Wnt and PI3K-Akt pathways, further supporting its
role in" promoting tumor aggressiveness. The
methylation “of . C6orf223 . and its correlation with
immune cell infiltration underscore its multifaceted
regulatory functions, . influencing. both genetic and
epigenetic landscapes in CRC.

Survival analysis demonstrated that high C6orf223
expression correlates with poor overall survival,
reinforcing its potential as a prognostic biomarker.
Additionally, the integration of C6orf223 with miRNAs
into a diagnostic panel achieved high sensitivity and
specificity, showcasing its utility in CRC risk
stratification. The identification of C6orf223 as a key
biomarker, along with its association with frequent
mutations such as those in APC and KRAS, highlights its
central role in CRC biology.
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While this study provides valuable insights into the
role of C60rf223 in colorectal cancer progression, its
reliance on in silico analyses and publicly available
datasets represents a limitation. Future studies should
include experimental validation of these findings, such
as functional assays to confirm the regulatory
interactions between C6orf223 and tumor-suppressive
miRNAs, as well as larger, multi-center clinical cohorts
to strengthen the generalizability of the results.

Our findings underscore the transformative potential
of IncRNAs, such as C6orf223, in the clinical
management of colorectal cancer. As a diagnostic
biomarker;C60rf223 can be.integrated into non-invasive
screening panels to improve early detection and risk
stratification, enabling timely intervention for high-risk
patients. Therapeutically, targeting C6orf223 offers a
promising approach, whether through direct inhibition
of its expression, disruption. of “its interactions with
tumor-suppressive microRNAs, or modulation of its
methylation patterns to reduce oncogenic activity. Such
strategies could be particularly valuable for addressing
treatment-resistant -or aggressive colorectal cancer
phenotypes.. Future research should explore the
development =~ of small  molecules, antisense
oligonucleotides, or CRISPR-based approaches to
specifically target C6orf223, paving the way for
personalized therapeutic interventions that complement
existing treatment modalities.34-3¢

These findings lay the groundwork for further
investigation into C6orf223 as a potential therapeutic
target. Its ability to modulate tumor-suppressive
pathways and immune responses makes it a promising
candidate for developing novel treatments. Future
research should focus on validating these results in
larger cohorts and exploring the therapeutic potential of
targeting C60rf223 and its associated pathways to
improve CRC outcomes.
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