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Abstract: Colorectal cancer (CRC) is a leading cause of cancer-related deaths, largely due to metastasis,
particularly to the liver, and the limited understanding of the molecular mechanisms underlying this process.
In this study, we focused on investigating the role of long non-coding RNAs (IncRNAs) as key regulatory
factors in CRC progression and metastasis to liver tissues. Using high-throughput sequencing and microarray
approaches, we analyzed gene expression profiles from two independent IncRNA datasets to identify potential
players involved in liver metastasis. Our findings revealed five IncRNAs—PROX1-AS1, SOX9-AS1,
LINC01594, LINCO01555, and APOA1-AS—previously known for their roles in CRC progression, now
identified as being involved in the liver metastatic process. Additionally, 20 other IncRNAs, including VCAN-
AS1, SYP-AS1, SMIM2-IT1, NCOA7-AS1, and LINC01449, were also identified as potential contributors to CRC
liver metastasis. Notably, two INcRNAs—SATB2-AS1 and LINC01116 —emerged as common candidates across
both datasets, suggesting their significant role in promoting CRC metastasis to the liver. These two IncRNAs
hold promise as molecular targets for therapeutic and diagnostic development. In conclusion, our study
uncovers a novel layer of regulatory mechanisms involving IncRNAs in CRC liver metastasis. These findings
advance our understanding of the molecular behaviors that drive CRC progression and offer new avenues for
targeted therapeutic strategies and diagnostic tools, particularly for liver metastasis in CRC.

Keywords: colorectal cancer (CRC); liver metastasis; long non-coding rnas (Incrnas); gene expression profiling;
therapeutic targets

1. Introduction

Colorectal cancer (CRC) is one of the most prevalent malignancies globally and a leading cause
of cancer-related deaths. Despite advancements in treatment strategies, the prognosis for patients
with advanced or metastatic CRC remains poor. A key challenge in combating CRC is the insufficient
understanding of the molecular mechanisms that drive tumor initiation, progression, and metastasis,
particularly at the genetic and regulatory levels. This lack of knowledge limits the discovery of novel
therapeutic targets and impedes the development of effective diagnostic tools, making CRC an often-
untreatable condition in its advanced stages [1, 2].

In this study, we aim to fill this critical knowledge gap by investigating the molecular behaviors
and pathways that contribute to CRC progression, with a particular focus on metastasis to the liver—
one of the most common and life-threatening metastatic sites for CRC. Our primary goal is to identify
potential therapeutic and diagnostic targets by delving into the molecular underpinnings of CRC at
a high resolution. To achieve this, we employed cutting-edge high-throughput sequencing
technologies, coupled with microarray-based gene expression profiling, to systematically analyze the
vast landscape of genes implicated in CRC [3-5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Given the complexity of cancer biology and the sheer volume of gene expression data generated,
we utilized systems biology approaches to streamline our analysis. By integrating and analyzing
thousands of gene expression profiles, we aimed to uncover key molecular players—particularly
those involved in regulatory networks that influence CRC metastasis. A major focus of our research
is on the role of regulatory factors, especially long non-coding RNAs (IncRNAs), which have emerged
as important regulators of gene expression and cancer progression. Through upstream regulatory
analysis, we sought to gain deeper insights into the function of IncRNAs and their potential as novel
therapeutic or diagnostic targets in CRC [6-10].

By shedding light on these critical molecular mechanisms, our study seeks to contribute to a
better understanding of CRC at the molecular level, potentially paving the way for the development
of more effective, targeted interventions for CRC patients. Our findings may offer new avenues for
therapeutic strategies aimed at halting CRC progression and improving patient outcomes,
particularly in cases of liver metastasis.

2. Materials and Methods:

2.1. Expression Profile Analysis

In this study, we utilized the GSE148918 dataset from the Gene Expression Omnibus (GEO) to
identify differentially expressed genes (DEGs). The analysis was conducted using R programming
with packages such as Limma and DESeq?2. A threshold of +1 for log fold change and a p-value < 0.05
were set as the criteria for significant gene expression changes (Fig.1A). To validate these findings,
we employed another dataset (GSE174602), obtained through microarray techniques. This dataset
was also analyzed in R, using the same thresholds as in the initial analysis [11-13].

I-D« Metastatic process in CRC B0

\\@“;’ From Colon to Liver tumors J

Colon Tumors GSE148918 \- i
A) RNA-se q CRC metastatic to Liver
mRNA and IncRNA

Identificat GSE147602
onCECs microarrays
L Upstream mRNA and IncRNA
B) 4 LncRNAs

[ 1021

P.value £0.05

\\ DEGs

421 3 ,
LncRNAs e —

C) String Plug-in

PPl Network In Cytoscape 16

DE-LncRNAs DE-LncRNAs

ADD DE-

Size of node - LncRNAs with

based on
Centrality
value

oy

Centrality analysis

Figure 1. Overview of Analytical Workflow Leading to Current Study Results. This figure
summarizes the steps taken in the study to analyze and interpret the data. A) The comparison between


https://doi.org/10.20944/preprints202412.0421.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 December 2024 d0i:10.20944/preprints202412.0421.v1

metastatic liver tumors and primary CRC tumors was performed using bulk RNA-seq techniques. B)
Re-analysis of the data identified 1921 significantly differentially expressed genes (DEGs). C) These
DEGs were input into Cytoscape software, using the STRING database to construct the protein-
protein interaction (PPI) network. D) Centrality analysis was performed using the CentiScape plugin
to determine the most influential genes within the PPI network, identifying key hub genes. E)
Upstream analysis was conducted to predict which regulatory IncRNAs might regulate the identified
DEGs. F) This upstream analysis highlighted 421 IncRNAs as potential regulators of the DEGs. G) The
expression of these 421 IncRNAs was cross-referenced with the DEGs to filter relevant IncRNAs. H)
To further refine this, an additional microarray dataset was re-analyzed and compared with the 421
candidate IncRNAs. I) From this analysis, 23 IncRNAs were identified as DE-IncRNAs in the first
dataset, and 16 DE-IncRNAs were found in the second dataset. J) Integration of both DE-IncRNAs
and their target DEGs was performed to map them to the PPI network.

2.2. Upstream Analysis

Identifying DEGs helps to understand which genes are altered during the progression of
metastatic colorectal cancer to liver tissue, but it is crucial to determine the factors regulating these
genes. Several regulatory elements, such as transcription factors (TFs), microRNAs, and protein
kinases, play pivotal roles in this process. While many of these regulators have been extensively
studied in cancer, others, such as long non-coding RNAs (IncRNAs), remain less understood,
particularly in metastatic cancers. In this study, we used the IncHUB_IncRNA_Co-Expression
database from the EnrichR web tool (https://maayanlab.cloud/Enrichr/) (Fig.1E). This database
revealed IncRNAs that are co-expressed with our candidate genes, providing insights into their

potential regulatory roles [14].

2.3. Protein Network Construction

This section aims to study protein interactions following transcriptional changes. We utilized
the STRING database to source protein-protein interaction data, and Cytoscape software was
employed to visualize and analyze the network. The protein network was constructed using the
default settings of the STRING-db package within Cytoscape (Fig.1C). Given the complexity of the
network, we applied the CentiScape plug-in to calculate betweenness centrality (Fig.1D), which
measures the importance of each node within the network. Nodes with the highest betweenness
scores were identified as hub genes, likely playing significant roles in the metastatic progression from
primary colorectal cancer to liver metastasis [15-18].

2.4. DE-LncRNAs

The results from the upstream analysis were verified by comparing them with the expression
profiles obtained in the current study. Specifically, the IncRNA database results were cross-
referenced with our identified DEGs (Fig.1G). To further strengthen these findings, a second dataset
of IncRNAs derived from microarray techniques was identified and re-analyzed. The outcomes from
this second dataset were then compared to the DEGs found in the current study, reinforcing the
robustness of our results (Fig.1H).

3. Results

3.1. Differential Expression Genes

We analyzed 12 samples from the GSE148918 dataset, which includes 8 Organoid_CRC samples
and 4 Organoid_Liver samples (Supplementary Figure 1). The dataset contains 64,099 genes,
comprising both mRNA and LncRNA (Supplementary Table 1). Of these, only 1,921 genes met the
significance criteria, with a fold change of less than -1 or more than 1, and a p-value of <0.05. Among
the 1,921 genes, 1,118 were overexpressed in liver metastatic samples, while 805 genes were
downregulated (Fig.2) (Supplementary Table 2).
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To validate our LncRNA results, we used an additional dataset, GSE147602, which consists of
20 samples: 10 CRC samples and 10 liver metastatic samples. Following Principal Component
Analysis (PCA), 4 noisy CRC samples and 1 noisy liver sample were removed, leaving 15 samples
for further analysis (Supplementary Figure 2). These samples contained 38,213 genes each
(Supplementary Table 3). After filtration, we identified 2,963 significant genes. Of these, 1,468 showed
overexpression, while 1,495 were downregulated in liver metastatic samples (Supplementary Figure
3) (Supplementary Table 4).
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Figure 2. Dispersion of Expressed Genes from Primary CRC Tumors to Liver Metastatic Tumors. This
figure illustrates the distribution of gene expression changes between primary colorectal cancer (CRC)
tumors and liver metastatic tumors. Genes shown in red are overexpressed, and those in blue are
downregulated. Black nodes represent non-significant genes. Significant genes are defined by a p-
value < 0.05, with upregulated genes having a log2 fold change (Log2FC) > +1 and downregulated
genes having a Log2FC <-1.

3.2. Construction of PPI Network

A total of 1,921 genes were used to construct the protein-protein interaction (PPI) network. The
STRING database identified 1,607 proteins, with 159 proteins found to have no connections. This
indicates that while these nodes were identified in the database, their interactions with other genes
in our dataset were not found. As a result, these unconnected nodes were excluded from further
analysis. The final network consisted of 1,448 nodes and 8,748 edges (Fig. 3).

Given the complexity of the network, we needed a method to evaluate the interactions of
each node and determine which nodes are more critical. To achieve this, we used the
betweenness centrality criterion. The top 10 nodes, including FN1, JUN, and SOX2, were
identified as hub genes, playing a significant role in our network. These genes are particularly
important in the later stages of liver metastasis compared to the earlier stages in colon tissue
(Table 1).
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Figure 3. Illustration of the Protein-Protein Interaction (PPI) Network. This figure depicts the PPI
network consisting of 1,448 nodes and 8,748 edges. Nodes in red represent upregulated genes, while
nodes in blue represent downregulated genes. The size of the nodes and their labels are proportional
to their centrality scores, reflecting their significance within the network.

Table 1. Top 10 Hub Genes in the PPI Network. This table presents the top 10 hub genes identified in
the PPI network. The first column lists the hub gene names, followed by the adjusted p-values in the
second column, p-values in the third column, and betweenness scores in the fourth column. FN1, with
the highest betweenness score, emerges as the most significant hub gene, indicating its central role in
interactions within the PPI network associated with colorectal cancer metastasis to liver tissue.

Name padj Pvalue Betweenness
FN1 3.95E-27 1.13E-29 133042.2
JUN 1.59E-06 3.56E-08 101029.8
Sox2 10.015148 0.001137 1100116.9
EGF 3.00E-04 1.12E-05 78299.49
AGT ' 1.71E-10 1.97E-12  76350.64
BCL2 0.252012 0.04707 73450.41
CAV1 1 0.005062 2.95E-04 6976245
DLG4 0.001252 5.64E-05 55110.58
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CFTR 4.89E-30 1.12E-32 48873.94
CD74 1.86E-05 5.13E-07 48418.26

3.3. Upstream analysis

After identifying the alterations, the next important question was to understand how these
alterations occurred. To address this, we performed upstream analysis within the molecular biology
framework. Using 1,921 DEGs, we queried an IncRNA database to identify potential interactions,
finding approximately 400 IncRNAs that met the significance threshold of a p-value < 0.05. When
comparing these with the 1,921 DEGs, only 23 IncRNAs were identified as differentially expressed
IncRNAs (DE-IncRNAs). We also mapped their range of activity by constructing an interaction
network (Fig.1I).

Additionally, we utilized other databases to validate the influence of these IncRNAs on the 1,921
DEGs. From the second dataset, 2,963 DEGs were identified, and when compared to the ~400
IncRNAs, only 16 IncRNAs were found to be DE-IncRNAs. Interestingly, both datasets revealed two
common IncRNAs, LINC01116 and SATB2-AS1, which exhibited significant alterations in expression
between primary and liver metastatic tumor samples. LINC01116 showed a 5-fold increase in
expression, while SATB2-AS1 was upregulated by 7-fold (Table 2) (Fig.4).
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Figure 4. The integration of 37 differentially expressed IncRNAs (DE-IncRNAs) into the PPI network,
representing 1,523 nodes and 9,450 edges. Red nodes indicate overexpressed genes, while blue nodes
indicate down-expressed genes. DE-IncRNAs are represented by V-shaped nodes.
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4. Discussion

Colorectal cancer is one of the major causes of mortality in the Iranian population. A key
approach to addressing this issue is halting the progression of the disease. To achieve this, a
comprehensive understanding of the molecular players involved in the progression is essential, with
metastasis being the primary mechanism of concern. This study aims to address this problem by
investigating the molecular mechanisms at play, particularly through upstream analysis focusing on
IncRNA regulation, using high-throughput techniques such as RNA-seq and microarray datasets.

LINCO00365 has been reported to function as a tumor suppressor by inhibiting HIF-1a-mediated
glucose metabolism reprogramming in breast cancer, as demonstrated by Liu et al. in 2023 [19].
Additionally, Taghehchian et al. (2022) found LINC00365 to be overexpressed in gastric cancers,
influencing the epithelial-mesenchymal transition (EMT) mechanism [20]. Zhu et al. (2020) further
identified LINC00365 as a promoter of colorectal cancer progression [21]. Collectively, these studies
highlight the role of LINC00365 across various cancer types, with its overexpression being linked to
colorectal cancer progression.

However, in the current study, LINC00365 was found to be downregulated in liver tissue, where
it displayed 26 interactions (Table 2), the highest number of interactions among the IncRNAs
identified in the PPI network. Based on these findings, LINC00365 appears to play a barrier role in
preventing metastasis to liver tumors.

Table 2. The table represent indicated DE-IncRNAs from first and second datasets. The first columns
indicate symbol names, the second columns express logFC criteria which indicate amount of
differential expressed genes, the third and fourth columns representing P.value and adjusted.P.value
respectively and the final column report DE-IncRNA targets from our DEGs.

First Dataset Second Dataset
P.Valu Target LogF | P.Valu Target
Symbol LogFC Padj Symbol Padj
e s C e s
) 0.0187 | 0.1329 VCAN-
LINC00365 1.9622 26 1.6172 | 0.00036 | 0.00448 | 29
3 2 AS1
8
72230 | 6.2E- SATB2- -
SATB2-AS1 1.3E-52 25 0.04048 | 0.12922 | 25
2 56 AS1 1.4441
0.0799 -
LINC00278 2477 0.0095 22 LINC00974 0.00107 | 0.00973 | 24
7 1.1489
- 0.0068 | 0.0626 - 7.57E-
LINC02826 49147 21 SYP-AS1 0.00148 | 19
3 8 1.1536 | 05
5
1.1490 3.9E- -
LINC01559 5.6E-11 21 LINC00440 0.0008 | 0.00789 | 19
4 09 1.4691
- 0.0208 | 0.1436 SMIM2-
CLCA4-AS1 3.8708 21 -1.03 0.00295 | 0.02051 | 18
9 8 IT1
5
) 3.2E- -
LINC01133 1.7134 | 1.9E-18 21 LINCO01555 0.007 0.03816 | 18
16 1.3152
7
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34856 | 0.0013 | 0.0171 - 2.05E- | 6.73E-
LINC02563 20 LINC01449 18
7 3 4 12126 | 07 05
) 00194 | 0.1367 ;
LINC00462 46938 20 LINC00114 0.00927 | 0.04644 | 18
3 2 21923
2
31929 | 00184 | 0.1316 NCOA7- | -
VLDLR-AS1 19 0.0004 | 0.00479 | 17
8 5 1 AS1 1.0249
0.0002 | 0.0043 ]
PRICKLE2-DT | 54572 19 ERVH-1 0.00025 | 0.00347 | 17
4 3 1.3516
25618 1.9E- 7.72E-
PROX1-AS1 3.6E-09 19 APOAI1-AS | -1.248 0.00011 | 17
3 07 07
ADAMTS19- | 4.9585 0.0001
41E-06 18 LINCO1116 | 1.9556 | 0.00066 | 0.00683 | 16
AS1 4 2
2.2537 0.0036
LINC00887 ; 00002 | 18 LINC00626 | 1.7331 | 0.0161 | 0.06867 | 16
_ 0.0009 | 0.0133
EVX1-AS 1.6468 18 LINC00607 | -1.411 | 0.00133 | 0.01147 | 16
7 3
4
NEUROG2- 4.8057 5.2E- -
1.6E-06 17 LINC00379 0.01837 | 0.07516 | 16
AS1 9 05 1.3688
_ 0.0182 | 0.1306
LHFPL3-AS2 | 3.4488 17
5 2
6
34865 | 0.0014 | 0.0182
LINC02418 17
1 4 6
) 0.0116 | 0.0933
LINC00957 1.0528 17
5 9
6
8.9E-
SOX9-AS1 23242 | 37E-24 16
22
) 0.0027 | 0.0301
LINC02747 1.3091 16
1 9
7
- 0.0110 | 0.0900
LINC01594 2.4685 16
7 8
6
56798 | 1.3E-
LINCO1116 6.3E-07 16
7 08
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In addition, LINCO00278 has previously been reported to play a role in metastatic liver tumors in
colorectal cancer (CRC) [22, 23]. In our study, LINC00278 was overexpressed and exhibited 22
interactions in the PPI network. Similarly, LINC01559 was also overexpressed in liver metastatic
tumors, with 21 regulatory interactions in the protein network (Table 2). A previous study reported
that LINC01559 suppresses CRC progression by regulating miR-106b [24], and it has also been linked
to triple-negative breast cancer, as shown by Yang et al. in 2022 [25]. Therefore, LINC01559 is
proposed as a candidate IncRNA in liver metastatic cancers.

Furthermore, Yao et al. (2024) reported that LINC01133 could inhibit the progression of CRC to
metastatic liver by regulating miR-186 [26]. In our study, LINC01133 was identified as a DE-IncRNA
and was downregulated in metastatic liver tumors (Table 2), which aligns with its role in inhibiting
metastasis. This downregulation supports the findings of our methodology, highlighting
LINCO01133’s inhibitory role in liver metastasis from CRC.

Furthermore, Yao et al. (2024) reported that LINC01133 could inhibit the progression of CRC to
metastatic liver by regulating miR-186 [26] . In our study, LINC01133 was identified as a DE-IncRNA
and was downregulated in metastatic liver tumors, which aligns with its role in inhibiting metastasis.
This downregulation supports the findings of our methodology, highlighting LINC01133’s inhibitory
role in liver metastasis from CRC.

LINCO02826 has been implicated in hepatocellular carcinoma [27], and in our study, it was highly
downregulated during the metastatic process to the liver in CRC samples, with 21 interactions in the
PPI network (Table 2). These observations suggest that LINC02826 may be involved in the metastatic
process, given its significant alteration from primary to metastatic liver tumors and its interactions.
Therefore, LINC02826 is proposed as a candidate IncRNA for further study in CRC progression to
liver metastasis.

Moreover, the relationship between CLCA4-AS1 and head and neck squamous carcinoma was
reported by Liao in 2024 [28]. In our study, CLCA4-AS1 was identified as a DE-IncRNA,
downregulated in liver metastatic tumors, with 21 connections in the PPI network (Table 2),
suggesting its regulatory role in the metastatic process of CRC to the liver.

LINCO00462, one of our DE-IncRNAs, may also be related to the progression network, as it
displayed 20 interactions and was highly downregulated (Table 2). Previous studies by Zhang et al.
in 2021 identified LINC00462 as a biomarker for liver cancers [29]. Therefore, we propose, for the first
time, that LINC00462 may be involved in the progression of CRC to liver metastasis.

Moghadami et al. previously reported VLDLR-AS1 as a biomarker for CRC due to its
downregulation in healthy samples [30]. In our study, VLDLR-AS1 was overexpressed in metastatic
tumors compared to primary CRC tumors, with 19 interactions in the progression network (Table 2),
suggesting its potential role in the metastatic progression to the liver and its value as a therapeutic
target.

Additionally, PROX1-AS1 was identified as a DE-IncRNA in our study, with 19 interactions in
the progression network and overexpression in liver metastatic tumors compared to primary CRC
tumors (Table 2). Liu et al. previously reported in January 2023 that PROX1-AS1 plays a role in CRC
progression mechanisms [31]. Our study extends this by demonstrating its role in CRC progression
to liver metastasis. This finding suggests that PROX1-AS1 could be a potential molecular therapy
target to reduce CRC progression to liver tissue.

The IncRNA PRICKLE2-DT was found to be highly overexpressed (5-fold change) in liver
metastatic tumors, with 19 interactions within the progression network (Table 2). This suggests that
PRICKLE2-DT could play a novel role in the progression of CRC metastasis to liver tissue, marking
its potential importance for the first time in this context.

LINCO00887 was previously reported to be involved in liver metastasis progression by Liao et al.
in September 2024 [32]. This supports our methodology, which identified LINC00887 as a DE-
IncRNA influencing the PPI network through 18 interactions (Table 2), further validating its potential
as a key player in metastatic progression. This finding encourages attention to other candidate
IncRNAs discovered in this study.
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EVX1-AS was reported as a molecular driver in colon cancer progression by Gao in 2021 [33],
and our study confirmed its role as a DE-IncRNA in CRC liver metastasis with 18 connections in the
current PPI network analysis (Table 2). Similarly, LINC02418, previously identified in 2020 by Tian
et al. as associated with CRC progression [34], was also found to be a DE-IncRNA in this study with
17 interactions, highlighting its relevance to the metastatic process in liver tissue. Additionally,
LINC00957 was linked to CRC progression in 2019 by Zhang et al. [35], further supporting its
potential role in this context.

SOX9-AS1, known for its role in regulating SOX8 and promoting proliferation in hepatocellular
cancer cells (HCC) via miR-5590-3p, was reported by Moghadam et al. in 2021 [36]. In our study,
SOX9-AS1 was identified as a DE-IncRNA driving progression from CRC to liver metastasis through
16 interactions in the PPI network (Table 2).

LINCO01594 was reported as a CRC metastatic biomarker by Liu et al. in 2023 [37]. In our analysis,
LINCO01594 was downregulated in liver metastatic tumors, with 16 interactions in the metastatic PPI
network (Table 2), making it a promising target for suppressing metastasis or serving as a diagnostic
biomarker for liver involvement.

Three IncRNAs—LHFPL3-AS2, NEUROG2-AS1, and ADAMTS19-AS1 —were identified as DE-
IncRNAs involved in CRC progression from primary to liver metastatic tumors, interacting with the
PPI network through 17, 17, and 18 connections, respectively (Table 2).

Our analysis also identified 16 DE-IncRNAs from the second dataset, with 14 being unique.
Among these, LINC00607 was found to be downregulated in liver metastatic tumors, with 16
interactions in the progression network (Table 2). Its role in tumor progression was previously
reported by Dong in hepatocellular carcinoma cells in 2023 [38]. Similarly, LINC00114 was
downregulated in metastatic CRC liver tissue, with 18 interactions in the PPI network (Table 2),
aligning with Qin et al.'s 2022 findings that LINC00114 plays a role in liver tumor progression via
EZH2 [39].

Additionally, LINC01555 and APOA1-AS were identified as DE-IncRNAs in our study, with 18
and 17 interactions in the CRC progression network (Table 2), respectively. Both have been suggested
as potential therapeutic targets to prevent metastasis from primary CRC tumors based on previous
studies in 2022 and 2024 [40, 41].

Among the 10 other DE-IncRNAs identified in our analysis—such as VCAN-AS1 and
LINC00626 (upregulated), and SYP-AS1, SMIM2-IT1, NCOA7-AS1, LINC01449, LINCO00974,
LINCO00440, LINC00379, and ERVH-1 (downregulated)—no previous reports link them directly to
CRC liver metastasis (Table 2). Given their significant differential expression and their direct
interactions within the progression network, these IncRNAs may play roles in CRC metastasis to the
liver. Further experimental validation, such as through RT-PCR, is recommended to confirm their
involvement.

SATB2-AS1, a known suppressor of metastasis in CRC and other cancers, was found to be
downregulated in our study, with 25 direct connections in the progression network. Although
SATB2-AS1 typically inhibits metastasis, its minimal downregulation (-1 logFC) in this study
suggests it may play a nuanced role in the early stages of CRC metastasis to the liver. Further
investigation using experimental approaches is warranted to clarify SATB2-AS1’s exact function.

We identified two shared IncRNAs that influenced the PPI network during the transition from
primary colon tumors to metastatic liver tumors. One of them, SATB2-AS], is a known suppressor of
metastasis in colorectal cancer, where its overexpression has been associated with reduced tumor
aggression and metastatic potential [42, 43]. Additionally, in hepatocellular carcinoma, SATB2-AS1
was reported by Huang in 2023 to play a developmental role via the miR3678-3b pathway [44]. In our
study, SATB2-AS1 was one of the two shared DE-IncRNAs, interacting with 25 direct connections in
the progression network (Table 2), linking primary CRC tumors to liver metastases. Interestingly,
SATB2-AS1 was downregulated in our analysis (Table 2), which might suggest its involvement in the
metastatic process, possibly indicating a shift in its regulatory function as the tumor progresses from
the primary site to the liver. The slight downregulation (-1 logFC) hints at a nuanced role in this
transition. These findings suggest the need for further assessment of SATB2-AS1's exact role in the
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progression of colorectal cancer to liver metastasis, with future studies utilizing laboratory
techniques like RT-PCR to better understand its function.

Long intergenic non-protein coding RNA 1116 (LINCO01116) is a long non-coding RNA
(IncRNA), a type of RNA over 200 nucleotides in length that is not translated into proteins. Aberrant
expression of LINC01116 has been associated with several cancers, including lung cancer, gastric
cancer, colorectal cancer (CRC), glioma, and osteosarcoma. It plays a critical role in promoting cell
proliferation, invasion, migration, and apoptosis [45]. Previous studies have shown that inhibiting
LINCO01116 can reduce tumor progression in CRCs [46]. Furthermore, LINCO01116's role in
hepatocellular carcinoma (HCC) was highlighted by Kun Wang in 2023 [47]. In our study, LINC01116
was found to be overexpressed and involved in 16 interactions within the progression network from
CRC to liver metastasis (Table 2). This positions LINC01116 as a strong candidate for further
investigation into its role in metastatic CRC to liver tumors. Future experimental studies should focus
on inhibiting its expression and monitoring its effects on tumor progression in liver metastasis.

In summary, our study provides a comprehensive analysis of IncRNAs involved in the
progression of colorectal cancer (CRC) to liver metastasis. By integrating data from multiple datasets,
we identified several differentially expressed IncRNAs (DE-IncRNAs) with significant roles in the
metastatic process, such as LINC01116 and SATB2-AS1. These IncRNAs not only interact within key
protein-protein interaction (PPI) networks but also present potential as diagnostic biomarkers and
therapeutic targets. The results suggest that these IncRNAs play vital roles in regulating CRC
progression, making them promising candidates for future research aimed at disrupting the
metastatic process.

5. Conclusion

In this study, we aimed to deepen our understanding of the regulatory factors, particularly long
non-coding RNAs (IncRNAs), and their roles in the progression and metastasis of colorectal cancer
(CRC) to liver tissues. Our analysis identified five IncRNAs—PROX1-AS1, SOX9-AS1, LINC0159%4,
LINCO01555, and APOA1-AS—which were previously known for their roles in CRC progression but,
for the first time, were shown to affect the liver metastatic process. Additionally, from two IncRNA
expression datasets, we identified 20 novel IncRNAs (VCAN-AS1, SYP-AS1, SMIM2-IT1, NCOA7-
AS1, LINCO01449, LINCO00974, LINCO00626, LINC00440, LINC00379, ERVH-1, VLDLR-ASI,
PRICKLE2-DT, ADAMTS19-AS1, NEUROG2-AS1, LHFPL3-AS2, LINC00365, LINCO02826,
LINC01559, CLCA4-AS1, LINC02563, and LINC00462) that may play a role in CRC progression and
liver metastasis.

Moreover, two IncRNAs—SATB2-AS1 and LINCO01116—emerged as the only common
candidates across both datasets, suggesting a potential role in the metastatic process from primary
CRC tumors to liver tissues. This makes them promising targets for molecular therapy and diagnostic
applications.

In summary, our findings highlight a new dimension of regulatory mechanisms driven by
IncRNAs in the metastatic network of CRC to liver tissues. Several novel molecular players involved
in this progression process from primary CRC to liver metastasis were uncovered, contributing to
our understanding of molecular behaviors. These insights pave the way for designing new
therapeutic or diagnostic strategies focused on CRC progression, particularly in liver metastasis.
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