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. Colorectal cancer (CRC) is associated
with  mRNA processing and immune
response-related pathways, which are
crucial in tumor progression and metastasis.
. Regulatory molecules such as
miRNAs and IncRNAs are pivotal
players in CRC pathogenesis, but their
roles in detailed mechanisms remain
underexplored in certain key pathways.

. This study constructed a multi-layer
network integrating DEPs, miRNAs, and
IncRNAs, revealing novel molecules such
as SLCOA3-AS1 and LINC00943, as
potential diagnostic and therapeutic targets.
. It highlights specific splicing and
immune-related mechanisms, providing
actionable insights into the complex
interactions driving CRC progression.

e
Background: Long non-coding RNAs (IncRNAs) play critical

roles in gene expression regulation and have emerged as
potential biomarkers for cancer diagnosis and treatment. This
study aimed to investigate the potential role of two IncRNAs,
LINC00943 and SLC9A3-AS1, as candidate biomarkers for
colorectal cancer (CRC) diagnosis and therapy.

Methods: Initially, we investigated differentially expressed
proteins (DEPs) in CRC through a comprehensive bioinformatics
analysis and constructed a multi-layer regulatory network
to understand the complex interactions. Subsequently, tissue
samples were collected from CRC patients at Milad Hospital in
Isfahan, Iran, between June and December 2021. The expression
levels of LINC00943 and SLC9A3-AS1 were evaluated using
quantitative reverse transcription polymerase chain reaction
(QRT-PCR). Statistical analyses were performed using GraphPad
Prism version 9. Expression differences between tumor and
adjacent non-tumor tissues were evaluated using paired
Student’s ¢ test. Receiver operating characteristic (ROC) curve
analysis was conducted to evaluate diagnostic performance. A
P value less than 0.05 was considered statistically significant.
Results: LINC00943 expression was significantly upregulated
in tumor tissues compared to adjacent controls (P<0.0001), with
strongdiagnostic performance (AUC=0.8078, sensitivity=83.3%,
specificity=76.7%). SLC943-AS] also showed increased
expression (P=0.0299), but with limited diagnostic value
(AUC=0.6124). Network analysis identified SERBP1, KHSRP,
and HNRNPAI as central hub proteins, while miR-15b-5p and
NEATI emerged as key regulatory elements.

Conclusion: These findings suggest that LINC00943 could
serve as a valuable biomarker for CRC diagnosis and treatment,
providing insights into the regulatory mechanisms underlying
CRC pathogenesis.
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Overexpression of SLC9A3-AS7 and LINC00943 in colorectal cancer

Introduction

Over the past decades, the number of colorectal
cancer (CRC) patients has dramatically
increased, making it the third leading cause
of cancer-related deaths worldwide with over
930,000 fatalities annually." 2 This alarming
rise in mortality rates indicates that our current
understanding of CRC pathogenesis remains
incomplete. The  predominant research
focus on individual genes, proteins, or single
signaling pathways may not sufficiently unravel
the complex mechanisms underlying CRC.
Consequently, there is a pressing need for more
comprehensive approaches to investigate the
molecular basis of CRC.

Recent advancements in systems biology
have renewed interest in researching complex
disorders by offering a holistic perspective on
disease mechanisms. Systems biology integrates
data from various biological layers, such as
genomics, proteomics, and transcriptomics,
to provide a comprehensive understanding
of disease processes. This approach allows
researchers to elucidate the intricate interactions
and regulatory networks within biological
systems, facilitating the identification of novel
therapeutic targets and biomarkers. 4

One such modern approach involves
constructing multi-layer networks (DEPs-
miRNAs-IncRNAs), which can effectively identify
key players in various regulatory layers. Multi-
layer network construction involves integrating
differentially expressed proteins (DEPS),
microRNAs (miRNAs), and long non-coding
RNAs (IncRNAs) to uncover the regulatory
interactions that drive disease progression.®
However, few studies have applied multi-layer
network construction to CRC, particularly
focusing on protein expression changes.

Based on this framework, our central
hypothesis is that integrating DEPs with
regulatory layers of miRNAs and IncRNAs will
reveal critical molecular mechanisms driving
CRC progression. Specifically, we propose that
the IncRNAs, LINC00943 and SLC9A3-ASf,
act as central regulatory hubs, modulating
splicing and immune-related pathways, and
thereby contributing to tumor development. This
approach aims to provide a comprehensive view
of the regulatory interactions and identify critical
drivers involved in CRC pathogenesis.

Materials and Methods
Bioinformatics Study
Proteomics Dataset Acquisition: A

proteomics dataset (PXD005693) generated
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by Costanza and colleagues was obtained
from the ProteomeXchange database (http:/
proteomecentral.proteomexchange.org),®
comprising protein expression profiles from six
CRC tumor tissues and their corresponding
non-tumor tissues.’

In-silico Protein Identification: To detect
the proteins from the peptide spectrum, the
target-decoy strategy was applied utilizing
MaxQuant software (Max Planck Institute of
Biochemistry, = Germany; https://maxquant.
org). The following parameters were set to
optimize protein identification: 1. Methionine
oxidation, N-terminal acetylation, and cysteine
carbamidomethyl were selected as variable
and fixed post-translational modifications,
respectively, 2. Trypsin enzyme with up to two
missed cleavages was selected as theoretical
cleavage enzyme. 3. The maximum peptide
length for identification was set to seven amino
acids, 4. False discovery rate (FDR)<0.05 in
PSM was used as the threshold for statistical
significance in protein identification. 5. Match
between runs was enabled to match undetected
peptides among technical replicates.” 8

Quality Control Evaluation: Two unsupervised
methods, principal component analysis and
hierarchical clustering, were used to evaluate
the quality of the samples. The ggplot2 package
(tidyverse, USA, https://ggplot2.tidyverse.org) in R
software (R Foundation for Statistical Computing,
Vienna, Austria; https://www.r-project.org) was
also used to visualize each plot.°

Protein Quantification: The differentially
expressed proteins were screened by Perseus
software (Max Planck Institute of Biochemistry,
Martinsried, Germany; https://maxquant.org). In
this process, the following filters were applied:
removal of contaminants, reverse hits, and proteins
identified only by site. Log2 transformation was
applied, and proteins with at least three valid
intensity values in any condition were retained
for further analysis. A t test of two samples based
on Benjamini-Hocheberg as one of the strict
FDR strategies was used, and Q value was set
at 0.05. To make sure about the quality control of
the dataset, PCA, as well as heatmap clustering
using Euclidean correlation, were performed.™

Enrichment Analysis: To explore the
functionals of identified DEPs, gene ontology in
three sections (Biological Process (BP), Molecular
Function (MF), and Cellular Component (CC)
analysis was applied employing the ClueGO
plugin in Cytoscape software (The Cytoscape
Consortium, USA; https://cytoscape.org), and adj.
P<0.05 was selected as the cut-off criteria. After
that, the obtained results were summarized in
parent terms utilizing the REVIGO database.'" 2



Zia Jahromi N, Mahmoudi Mandani A, Sadeghi Moghadam Kaji N, Abbasi Teshnizi H, Nourmohammadian Dehkordi F, Yousefi M, et al.

Pathway Enrichment Analysis: Reactome
(Ontario Institute for Cancer Research, Toronto,
Canada; https://reactome.org), an essential
resource for understanding the functions and
biological pathways of DEPs, was used for
pathway enrichment analysis; each term with adj.
P value<0.05 was considered the significantly
altered pathway. For the next step, the EnrichR
database was applied to visualize the obtained
results.™

miRNAs and IncRNAs prediction: To
predict the microRNA based on identified DEPs,
miRTarBase section (v.) via the EnrichR database
was applied, adjusted P<0.05 was used as a
significant statistical criterion to select the most
reliable microRNA. The miRNet database was
employed in order to find IncRNAs associated
with predicted microRNAs; only IncRNAs with
adjusted P value<0.05 were considered potentially
correlated with the predicted miRNAs.™ 15

Multi-Layer Network Construction: First,
a protein-protein interaction (PPl) network
was constructed among identified DEPs using
STRING (https://string-db.org), and interaction
edges were retrieved by the CluePedia plugin
in Cytoscape. After creating PPI interaction,
a multi-layer network was constructed amid
curated IncRNAs, microRNA, and DEPs using
Cytoscape software. After network construction,
central molecule in each layer were identified
based on topological parameters (degree,
betweenness, and closeness) separately using
the cytoHubba plugin.'® 7

Practical Study; Samples Collection

Samples were collected from patients at
the time of initial diagnosis, before receiving
any therapy. Patients with major comorbidities
were excluded as much as possible, although
some patient characteristics were beyond our
control. Tissue sampling was conducted with
the informed consent of patients with CRC at
Milad hospital, Isfahan, Iran, between June

and December 2021. Thirty tumor tissues and
thirty adjacent normal tissues were preserved
in RNAlater solution. All ethical aspects of the
study were approved and supervised by the
Ethical Committee of Milad Hospital, Isfahan.
Demographic and clinical details of the CRC
patients are provided in table 1.

The study protocol was reviewed and
approved by the Ethics Committee of the Islamic
Azad University of Shahrekord (IR.IAU.SHK.
REC.1400.051). All analyses were conducted in
accordance with the principles of the Declaration
of Helsinki. The patient and his parents provided
written informed consent to participate in this study.

Expression Assay

According to the protocol, RNA extraction from
tissues was performed using Trizol (Invitrogen,
USA). cDNA was then synthesized using first-
strand cDNA synthesis kit (TaKaRa, Shiga, Japan),
and SYBR green master mix (Amplicon, Odense,
Denmark) was used for the qRT-PCR reaction.
The primers used to check the expression of each
gene are provided in table 2.

Statistical analysis was conducted using
GraphPad Prism software version 9.0 (GraphPad
Software, USA). Expression differences were
assessed using t-test and one-way ANOVA.
The data were analyzed using both the 2-22¢T
method and log2 fold change transformation,
and statistical significance was set at P<0.05.

Bioinformatics Results

The rapid growth of high-throughput
technologies in biology has generated an
increasing amount of data, which should be
re-evaluated to gain valuable information.
Accordingly, in this investigation, in order to
provide a comprehensive understanding of the
underlying mechanisms of CRC, a pre-existing
proteomics dataset was assessed. Additionally,

Table 1: Demographic and clinical details of the colorectal cancer patients

Demographics

Colorectal cancer patients

Sample size 30
Sex Male (%) 12 (40%)
Female (%) 18 (60%)
Age range (year, mean+SD) 62.6+10.4
Tumor size (cm, meantSD) 5+2.2
Grade Grade | 22 (73.3%)
Grade Il 8 (26.7%)
Stage Stage | 8 (26.7%)
Stage Il 20 (66.7%)
Stage Ill 2 (6.6%)
Metastasis Positive 11 (36.7%)
Negative 19 (63.3%)
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Table 2: The sequences of primers used in the study

LncRNAs Primers

LINC00943 Forward: 5 ACAGATACCAGATACGGGACA 3/
Reverse: 5 GGAAGTGACTATTGCAACCCA 3/

SLC9A3-AS1 Forward: 5 TGCGGGAGAGGAAGGCGAG 3/

Reverse: 5 CCGCAACCTGAAAGGCACG 3

a multi-layer network was constructed as a
valuable analyticalmethod to give aholisticinsight
into the regulator interaction of components.
The selected dataset encompassed the
colorectal non-cancerous and cancerous
tissues reported by Costanza and colleagues,
in the main article, the pivotal role of EXPEL
as a novel method to isolate specific biological
layers in order to be introduced as a diagnostic
and prognostic biomarker was demonstrated.®
To transform the RAW data into an informative
protein table, MaxQuant (Max Planck Institute
of Biochemistry, Martinsried, Germany; https://
maxquant.org) was applied. Accordingly,
3024 proteins were identified. In the next
step, to ensure the quality of samples, PCA, a
predominant unsupervised method for quality
assessment, was used; the analysis showed
that most samples were segregated based on
experimental groups (figure 1). Although a few

samples that did not cluster according to group
categorization, were eliminated from further
analysis to improve data quality. In the following,
1148 differentially expressed proteins were
identified utilizing Perseus software Max Planck
Institute of Biochemistry, Martinsried, Germany;
https://cox-labs.github.io/coxdocs/perseus__
instructions.html), considering FDR<0.05 as
the statistically significant threshold. Pathway
enrichment analysis was carried out to decipher
the biomedical phenomena of identified
DEPs. The preliminary analysis of pathway
enrichment results indicates that immune
response, mMRNA metabolism, and hemoglobin
scavenger receptor-related pathways are the
main enriched pathways identified based on
DEPs. Furthermore, actin cytoskeleton-related
pathways, such as Rho GTPase activity, were
also identified that pertains to altered proteins
(figure 2). To provide acomprehensive view of GO
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Figure 1: The figure illustrates the assessment of dataset quality using unsupervised clustering methods. a) A heatmap of gene|
expression data with hierarchical clustering is shown. The color gradient from red to green indicates relative gene expression
levels, where red denotes high expression, green denotes low expression, and black represents intermediate levels. The]

[dendrogram above the heatmap illustrates the clustering relationships among samples. Tumor samples are marked with open|
circles, while non-tumor samples are indicated by filled circles, confirming distinct grouping between the two conditions. b) A
principal component analysis (PCA) scatter plot demonstrates the distribution of samples along Component 1 (73.1% variance)
and Component 2 (12.6% variance). Tumor and non-tumor samples are represented by open and filled circles, respectively.
Ellipses highlight the clustering of each group, demonstrating clear separation and supporting the integrity of the dataset.
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Figure 2: The figure demonstrates the functional enrichment analysis of differentially expressed proteins (DEPs) using
cytoscape software. Cytoscape software together with the ClueGO plugin were employed to perform functional enrichment}
analysis based on the Reactome database. The resulting network diagram illustrates key biological processes and pathways|

associated with mRNA processing and immune response. Nodes represent enriched pathways, and edges indicate functional
relationships between them. The color of each node reflects statistical significance, with an adjusted P value threshold of <0.05.

categorization, DEPs were examined concerning
BP, MF, and CC. In this connection, GO analysis
showed that the biological process (BP) of
the DEPs was principally involved in two main
classifications, such as “mRNA metabolism”.
This can be illustrated by the “regulation
of mRNA metabolic process” and “mRNA
metabolic process”. The second classification
of BP concerns the immune response function,
such as “Neutrophil activation” and “platelet
degranulation”. The most striking finding from
pathway and biological process analysis was that
all terms consistently indicated the alteration of
mRNA metabolism and immune system-related
activity. Interestingly, considerably enriched
terms are directly attributed to scavenger
receptor functions.

Notably, in agreement with the above
findings, the majority of identified terms in the
MF category are related to “mRNA binding”.
Another primary enriched term is “cell adhesion
molecule binding”, which aligns with the previous
pathway analysis findings. Furthermore, the only
significantly enriched term in the CC category
was “extracellular exosome” (figure 3).

To provide a holistic insight into the potential
interaction of DEPs, a PPl network was
constructed using the STRING database as the
interaction source. As a further step, given the
regulatory essence of miRNAs and IncRNAs
as practical elements in the expression of
proteins, we were interested in making an

integrative network between DEPs and their
related regulatory elements; hence, a multi-
layer network comprising proteins, miRNAs, and
IncRNAs was constructed, which was evaluated
in terms of well-known graph theory topological
concepts (Degree, Betweenness, and
Closeness) to recognize the key-drivers in each
layer as an indispensable part of a biological
network (figure 4). The top 10 nodes attributed
to each predicted layer were considered hub
molecules based on their highest topological
score. The topmost identified hub-DEPs were
KHSRP, HNRNPA1, SERBP1, HSPAS8, CALR,
SRF2, SERBP1, in particular, can be considered
a decisive molecule in CRC development and
warrants further investigation, which is inspected
as a decisive molecule in CRC development.'
Furthermore, the top regulatory miRNAs in
the created multi-layer network comprised
miR-15b-5p, miR-424-5p, miR-1301-3p, miR-
16-5p, and miR-497-5p. Given their nature,
they may serve as non-invasive biosignatures
for early recognition of these kinds of complex
conditions.” For example, miR-15b-5p has been
identified as a biomarker in CRC through both
systematic and experimental studies.?
Concerning the fact that IncRNAs, as
one of the main regulatory biological layers,
play an influential part in the alteration of
protein expression levels through the impact
on transcriptional and post-translational
regulation,?® they were therefore included

Iran J Med Sci
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Figure 4: The figure illustrates the integrative multi-layer network construction describing interactions among differentiall
lexpressed proteins (DEPs), predicted microRNAs (miRNAs), and long non-coding RNAs (IncRNAs). The network was generated
using the CluePedia plugin in Cytoscape. Nodes are color-coded by biomolecule type: blue for IncRNAs, yellow for miRNAs,

and red for proteins. The circular layout highlights the complexity and connectivity of the regulatory network. Hub elements|
from each layer, identified based on centrality and interaction density, are listed alongside the network, revealing key regulator
components potentially involved in the studied biological context.

as another component of the multi-layer
network. According to the network evaluation
approach, several top IncRNAs were identified,
including NEAT1, KCNQ10T1, XIST, HCG18,
SLC9A3-AS1, LINC00943, and MCM3AP-AST.

In accordance with the centrality score,
it could be seen that the top IncRNAs have
previously been investigated in the progression
of CRC. Nonetheless, the other elicited IncRNAs
should be further examined in CRC.

Iran J Med Sci

Experimental Results

The results of this study showed that
the expression of LINC00943 in the tumor
tissues was increased compared to that in
the adjacent non-tumor tissues (P<0.0001),
as analyzed using GraphPad Prism software.
In addition, SLC9A3-AS1 expression was
also significantly upregulated in tumor tissues
compared to that in the adjacent non-tumor
tissues (P=0.0299).
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Table 3: RNA expression analysis in clinical pathology

Clinical feature Category SLC9A3-AS1 (meantSD) LINC00943 (meantSD)

Metastasis Positive -3.593+3.898 3.412+3.220
Negative -4.147+4.430 4.953+4.598
P value* 0.7333 0.3365

Grade Grade | -4.394+4.516 4.254+4.402
Grade Il -2.706+4.145 4.754+3.633
P value® 0.3371 0.7764

Stage Stage | -3.949+5.355 4.768+4.584
Stage Il -3.710+3.884 4.144+4.218
Stage I -6.268+2.845 5.305+3.422
P value® 0.7259 0.8966

#Unpaired t test; #Ordinary One Way ANOVA,; A significance level of P<0.05 was considered statistically significant.

Figure 5 shows the expression changes of
LINC00943 and SLC9A3-AST in tumor versus
adjacent non-tumor tissues. LINC00943 was
evaluated for its diagnostic utility in differentiating
CRC tumor samples from adjacent controls.
The transcript levels of LINC00943 showed
significant diagnostic power, with an AUC
of 0.8078. Additionally, measuring the AUC
related to SLC9A3-AS7T showed no significant
diagnostic power. Figure 6 provides details
about ROC analysis.

Table 3 shows the details of the
expression profile of these RNAs in relation
to clinicopathological. However, there is no
significant relationship between the expression
profile of these RNAs and clinicopathological
features. This lack of significant association
may be due to the limited sample size. Statistical
analysis was performed using GraphPad Prism
software, and differences between groups
were assessed using a t-test and ordinary one-
way ANOVA.

This study provides an integrative, multi-layered
analysis of CRC pathogenesis by combining
protein expression data with regulatory
elements such as miRNAs and IncRNAs.
By comparing tumor with non-tumor tissues,
we identified DEPs and constructed a multi-
layer regulatory network. The overall results
revealed two dominant biological themes,
mRNA processing and immune response,
that consistently appeared across enrichment
and network analyses. Moreover, several hub
molecules, including splicing regulators and
immune-related proteins, emerged as potential
biomarkers or therapeutic targets.

Cancer remains a major global health
challenge and a leading cause of mortality
worldwide.?? Hence, despite the extensive
survey, the exact mechanisms involved are
hitherto rudimentary. However, considering the

Iran J Med Sci

upward mobility of state-of-the-art equipment
in the biological subject alongside the myriad
generated big data in this area, re-analyzing the
pre-existing datasets and integrating the kinds
of the biological layer could be a promising
approach to catch a comprehensive insight
into the underlying mechanisms of complex
disorders.? 24

Accordingly in this study, a protein expression
profile of individuals’ colorectal tumor tissue
compared to non-tumor tissue reported by
Costanza and colleagues, was analyzed after
validating the satisfying quality of the dataset;
a set of differentially expressed proteins was
detected to perform valuable further analysis.®
Given the crucial role of integrative measures in
examining complex disorders, an inclusive map
comprised of DEPs, miRNAs, and IncRNAs was
created to facilitate our understanding of the
pathogenesis of CRC advancement, which could
provide an opportunity to announce novel drug
targets and remedial approaches. In the first step,
various enrichment measures were carried out
to overview the altered biomedical phenomena
comprehensively. In accordance with the achieved
findings, all results in these methods consistently
revealed the critical roles of MRNA processing
and immune response in the pathogenesis of
CRC. Accordingly, a large body of evidence has
indicated the pivotal function of MRNA processing,
such as alternative splicing (AS), in CRC
progression. It is also worth mentioning that AS
events could be considered potential therapeutic
targets for CRC. In this regard, the increased
expression of COL6A3 as a survival element in
CRC has been recently reported.?® Remarkably,
our results in network analysis revealed SF3B3
as the highest-scoring central protein known as
the main splicing element in the mRNA splicing
pathway, which has not yet been investigated in
CRC advancement. However, a recent study has
merely highlighted SF3B3 as an age-associated
factor in CRC advancement.?® Among all the
identified hub proteins, other splicing elements
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such as HNRNPA1 and SRSF2 were identified.?’
Accordingly, Shilo and colleagues indicated
that SRSF2 is a well-known mutated protein
in some sort of cancer. Moreover, it is shown
that the alternative splicing in SRSF2 is directly
associated with tumor development;?® however,
detailed function of the SRSF2 in CRC has not
been previously shown. Further research should
investigate splicing procedures, specifically
hub proteins in CRC development, based on
attained findings.

In line with previous studies, our results
underscored the role of immune response
pathways in CRC advancement.?®3' Among
the enriched related terms, a wide variety of
pathways can be seen which are practically
linked to innate immune systems. For instance,
platelet degranulation, which is examined in a
recent study that demonstrated that depending
on the ambiance of a function such as a
bloodstream or local, could be a promotive or
prophylactic factor in CRC development.3?
Notably, notwithstanding the pathway as
mentioned earlier, our result revealed the
alteration of neutrophil and interleukin terms,
which is generally considered a pioneer factor
in the inflammation response against infectious
state and homeostasis regulation. Moreover,
inconsistent with the pivotal role of the immune
response, such as announced terms, GO
analysis indicated coherent findings based on
neutrophil and platelet degranulation, which
can describe the inflammatory nature of cancer
and their critical role in the wound healing
process. Strictly speaking, it has recently been
considered that platelets play a predominant role
in immune response regulation. More broadly,
further research might be required to provide a
comprehensive overview to introduce potential
pertinent biomarkers.33

The proportion of enriched terms among all
observations is related to scavenger receptor
function that is directly linked to innate immune
response. Accordingly, our results revealed
scavenger receptor class A (SR-A1) as one of
the essential pathways, which also accords
with the earlier observations showing that how
the suppression of SR-A1 can mitigate lung
cancer metastasis.** This finding corroborates
the ideas of Ryu and colleagues suggested that
all sorts of scavenger receptors such as A to E
are principally related to an array of cancer.3®
However, it seems that further research is
required to better understand their roles, so that
they can be considered both rational therapeutic
targets and potential biomarkers.

To put it more simply, our functional analysis
favors the modification of two main categories:
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mRNA processing and immune response and
its proper functions such as neutrophil and
platelet degranulation. Furthermore, scavenger
receptors could point to metastasis and wound
healing processes in CRC. The engagement of
immune systems may provide a novel insight into
the immunological aspect of CRC pathogenesis
and should be focused on further investigation.

Inthe following step, based on the constructed
multi-layer network, topological parameters
were screened to identify the central molecules
in each predicted layer to decipher the critical
driver of pathogenesis in CRC. Hence, given the
pivotal role of regulatory factors such as miRNAs
and IncRNAs, an interacting multi-layer map
could be a reasonable measure to decipher the
complex nature of cellular regulatory processes.
Despite the introduced hub DEPs, which showed
that a considerable part of them is in line with
our functional analysis, we recognized hub
regulatory elements. Interestingly, the majority of
central miRNAs have been previously examined
as decisive elements either in CRC progression
or metastasis and apoptotic function, miR-
15b-5p, which has recently been introduced as
a promotive factor for growth and apoptosis in
breast and CRC.* Consequently, other identified
hub-miRNAs, including miR-16-5p, miR-424-5p,
miR-497-5p, and let-7b-5p, have been shown
in the initial investigation that agrees with their
influential role as a progressive factor in various
sorts of cancer.®” 3¢ Although it could be noted
that some of the recognized hubs have not
been directly investigated in CRC advancement,
likewise miR-1301-3p. Therefore, since miRNAs
could be an effective leader in certain kinds of
specific biological processes, focusing on them
can facilitate our understanding of underlying
pathogenesis mechanisms, and also, provide
potential biomarkers.

In line with our network findings, we identified
SLC9A3-AS1 and LINC00943 as potential
hub IncRNAs in CRC. SLC9A3-AS71 is an
antisense RNA 1 involved in several orders
through the interaction with proteins and other
regulatory factors including miRNAs in facilitating
nasopharyngeal carcinoma.*®* Moreover, recent
clinical evidence has strongly supported the role
of SLC9A3-AST as a circulating biomarker. In a
cohort of 130 CRC patients versus 96 healthy
controls, Xu and colleagues (2025) demonstrated
that serum SLC9A3-AS7 expression was
significantly elevated, with high diagnostic
accuracy in ROC curve analysis. Functional
assays further confirmed that SLC9A3-AS1
promotes proliferation, migration, and invasion
of CRC cells by modulation of the miR-486 axis,
highlighting its potential as a clinically actionable
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biomarker and therapeutic target.“° This aligns with
our computational predictions and emphasizes
the translational relevance of SLC9A3-AS1.

Similarly, LINC00943, though has not yet
been investigated in colorectal cancer, was
reported to play a pivotal oncogenic role in
gastric cancer. Xu and colleagues (2021)
demonstrated that LINC00943 regulates cancer
cell proliferation and chemosensitivity by the
hsa-miR-101-3p axis, thereby modulating
tumor progression and therapeutic response.
This evidence suggests that LINC00943 may
function as a critical regulator across multiple
gastrointestinal malignancies. Taken together,
these findings support the plausibility of our
network-based prediction that LINC00943 could
act as a novel IncRNA biomarker in CRC.#

Moving on to the constructed interacting
network, other predicted regulatory factors were
also associated with IncRNAs, which are known to
participate in pre- and post-translational regulation
and may affect miRNAs. Among these, hub-
IncRNAssuchasNUTM2B-AS1andMCM3AP-AS1
(C10rf132) have not yet been directly investigated
in CRC progression, highlighting novel candidates
for future experimental validation. Their potential
involvement in tumorigenesis emphasizes the
importance of expanding IncRNA-focused studies
in CRC.

However, this study was limited by its
relatively small sample size and lack of functional
assays to directly assess the mechanistic role
of SLCY9A3-AST1 in CRC. Therefore, further
investigations incorporating larger cohorts and
experimental validation of regulatory interactions
are warranted to deepen our understanding
of CRC pathogenesis and to evaluate the
therapeutic potential of these INncRNAs.

Conclusion

Our analyses consistently highlighted two
regarding the involvement of two main pathways,
such as mMRNA processing and immune
response-related pathways. Additionally, based
on a constructed multi-layer network, we
introduced several hub molecules in regulatory
layers, including SLC9A3-AS1, LINC00943, and
miR-1301-3p, which may serve as promising
candidates for future investigations. These
molecules could provide diagnostic value and
offer mechanistic insights into the underlying
molecular basis of CRC.
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