
Deciphering gene expression signatures in liver metastasized colorectal 
cancer in stage IV colorectal cancer patients

Mahmood Rasool a,*, Sajjad Karim a, Absarul Haque b, Mohammed Alharthi c,  
Adeel G Chaudhary a, Peter Natesan Pushparaj a

a Center of Excellence in Genomic Medicine Research, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah 21589, Saudi Arabia
b King Fahd Medical Research Center, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah 21589, Saudi Arabia
c Faculty of Medicine, King Abdulaziz University Hospital, King Abdulaziz University, Jeddah 21589, Saudi Arabia

A R T I C L E  I N F O

Keywords:
Colorectal cancer liver metastasis
Gene expression signature
Gene set enrichment analysis
Differentially expressed genes
Biomarkers

A B S T R A C T

Background: Colorectal cancer (CRC) liver metastasis (CRLM) is a clinical challenge, and optimizing treatment 
strategies is crucial for improving patient outcomes. This study aimed to identify gene expression signatures 
associated with CRLM for early diagnosis and improved treatment outcomes.
Methods: We obtained RNA-seq data of 34 samples (17 colorectal tumor samples from metastasized liver and 17 
samples from normal surrounding colonic epithelia) from the Gene Expression Omnibus (GEO) with accession 
number GSE50760 and analysed them using next-generation knowledge discovery (NGKD) tools such as GEO2R 
and web based gene set enrichment analysis (WebGestalt).
Results: A total of 18808 genes were identified in the initial analysis which were further reduced to 2490 
differentially expressed genes (DEGs) after applying different parameters using GEO2R tools. Furthermore, in the 
gene set enrichment analysis (GSEA), we analysed the biological processes, cellular components, and molecular 
functions. We analysed four pathways: KEGG, panther, reactome, and wikipathway cancer. In each analysis, we 
ascertained the most important top expressed and downregulated genes.
Conclusions: We identified various gene sets that could be used as important prognostic and therapeutic markers, 
particularly in patients with advanced CRLM. Future studies in larger cohorts may further our research findings 
to establish the best prognostic biomarkers for early diagnosis and overall survival.

1. Introduction

Colorectal cancer (CRC) is one of the major health issues the world is 
facing today (Rasool et al., 2021) and the patient’s condition worsens 
with CRC liver metastasis (CRLM), which is present in almost one-fourth 
of the primary diagnosed patients and contributes to an increase in the 
mortality rates of CRC patients (Kim et al., 2015). The overall five-year 
survival rate of CRLM is less than 10 %, making it one of the deadliest 
diseases (Abdel-Rahman et al., 2019).

Although the outcomes of CRLM vary with the different strategies for 
prognosis, surgical removal of isolated CRC liver metastases showed the 
best curative effects. The latest results have shown many folds in sur
vival rates after hepatic resection of CRC, implying improved prospects 
(House et al., 2010). Following improved targeted therapies, improve
ments in CRLM management have contributed significantly to 
improving the overall median survival rates in patients up to 30 months 

or more (Petrelli et al., 2024).
The main reason for better management is the selection of effective 

targeted therapies, such as anti-epidermal growth factor receptor 
(EGFR) and anti-vascular endothelial growth factor (VEGF) antibodies, 
which are the result of improved molecular characterization of CRC. 
These biomarkers not only improve overall prognosis but also enable 
better choices for personalized medicine approaches from palliative care 
to potential cures (Petrelli et al., 2024).

While observable progress has been made in recent years in under
standing organ-specific cancer medicines, knowledge of metastatic 
cancer cases remains poor. Therefore, a comprehensive understanding 
of the molecular mechanisms of organotropic metastasis is important for 
predicting biomarker-based prognosis, utilizing it for new therapeutic 
inventions, and ultimately, utilizing it for overall patient survival and 
outcomes (Chen et al., 2018; Michl et al., 2024).

The term ‘organotropic metastasis” is defined as the spread of cancer 
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to distant organs in a non-random, well-regulated manner under the 
control of different factors, such as molecular signatures of cancer cells, 
subtype of cancer, microenvironment of host immune systems, and in
teractions of various cells in the locality (Chen et al., 2018). Although 
the mechanisms that cause CRC are well studied, the molecular under
standing is still very poor and evolving when it comes to CLRM thera
peutic implications and management. The alterations responsible for the 
transformation of normal colonic epithelium to adenocarcinoma may be 
both acquired and inherited (Araujo et al., 2023). Consequently, it is 
necessary to understand the molecular alterations that lead to the 
development of primary CRC in metastatic disease, particularly in 
multidisciplinary approaches in CRLM and beyond (Araujo et al., 2023).

The molecular underpinning of CRLM is complex and involves many 
different factors and biological events. Hence, to develop better thera
peutic strategies, it is essential to understand these molecular processes, 
knowledge of patients, and their selection to achieve overall survival 
and health outcomes (Araujo et al., 2023). The process of CRC metastasis 
in the liver requires special skills of a subset of CRC cells that modify 
themselves and acquire the ability to escape from the primary site (i.e., 
colon or rectal) and mount on to the liver. The steps involved in this 
transfer from CRC to CRLM are epithelial mesenchymal transition, 
relocation through the extracellular matrix, tissue invasion, and over
coming circulation and settlement in the liver parenchyma (Yu et al., 
2020).

Therefore, the current study aimed to define the gene signatures in 
liver metastasized colorectal cancer using the tumor samples taken from 
the liver, analysis of the expression pattern of genes, and analysis using 
various next-generation knowledge discovery (NGKD) tools to dissect 
the underlying molecular pathways and associated genes for improved 
understanding and development of diagnosis and prognosis in CRC pa
tients with liver metastasis.

2. Materials and Methods

2.1. Data acquisition

In this study, we obtained RNA-seq data of 34 samples (17 colorectal 
tumor samples from metastasized liver and 17 samples from normal 
surrounding colonic epithelia) from the GSE50760 dataset (Kim et al., 
2014). Initially, the dataset contained 18 patients’ samples (metastatic 
liver CRC) and 18 normal samples, but we removed one sample in our 
analysis due to a peculiar expression pattern.

2.2. GEO2R analysis

GEO2R (for comparison of two or more groups of samples in GEO 
series by using variety of R packages from Bioconductor project) anal
ysis was performed using the Benjamini and Hochberg (False discovery 
rate) method (Benjamini and Hochberg, 1995) along with a significance 
level cut-off at 0.05, and log 2 fold change (log2FC) threshold at 1 to 
identify differentially expressed genes and generate a uniform manifold 
approximation and projection (UMAP) plot (UMAP is the latest tech
nique for visualization of relatedness of samples using dimension 
reduction technique), volcano plot (used to reveal the statistical signif
icance (− log10 P value) as compared to magnitude of fold change (log2 
fold change) and is capable of easily understanding and visualizing 
differentially expressed genes), and mean difference (MD) plot (MD plot 
is also used to visualize expression of genes and it shows log2 fold 
change vs. average log2 expression values).

2.3. Web-based gene SeT AnaLysis Toolkit (WebGestalt)

The WebGestalt online tool was used for functional enrichment 
analysis, interpretation, and extraction of biological insights from the 
genes of interest (Liao et al., 2019). The basic parameters were set as 
follows: a) Organism of interest: Homo sapiens, b) method of interest: 

gene set enrichment analysis (GSEA). c- functional database: gene 
ontology (biological process non-redundant, cellular component 
redundant, and molecular function non-redundant) and pathway (kegg, 
panther, reactome, and wikipathway cancer). The advanced parameters 
were set to their respective default values. For GSEA, both the gene 
symbol and the long fold change (logFC) value from the gene list were 
uploaded with the logFC cutoff set at (1.5 to − 1.5).

3. Results

The present study aimed to identify a gene expression signature 
predictive of CRLM development. For this research, we obtained a 
dataset from the NCBI Gene Expression Omnibus (GEO) database with 
accession number GSE50760. The primary aim of this study was to 
identify the gene signatures associated with liver-metastasized CRC in 
patients with stage IV CRC.

3.1. GEO2R

In the GEO2R analysis, we identified that the expression pattern of 
the genes in CRLM patients was entirely different from that in the 
normal tissue samples, as indicated in the UMAP plot (Fig. 1). In GEO2R, 
we obtained a set of 18,808 genes in total, while after applying the logFC 
cut-off of 1.5 and − 1.5, the number of differentially expressed genes was 
reduced to 2490. Therefore, we employed 2490 gene sets in all analyses. 
The 20 most significantly 20 genes (upregulated and downregulated 
regulated) are listed in Table 1.

3.2. WebGestalt

In WebGestalt, we selected gene set enrichment analysis (GSEA) for 
all analysis parameters as a standard and modified the other options as 
described. Under geneontology, we further analyzed two main path
ways: 1-geneontology and 2-pathway.

3.2.1. GSEA geneontology
In this study, we analysed biological processes, cellular components, 

and molecular functions (all noRedendant).
In geneneontology biological process (GO BP), we found “acute in

flammatory response” as the most enriched underlying process (Fig. 2. 
accession number GO:0002526) with an Enrichment Score of 0.70394 
and a Normalized Enrichment Score of 3.5471.

In geneontology cellular component (GO CC), we found “blood 
microparticle” as the most important (Fig. 2. accession number 
GO:0072562), enrichment score of 0.79645, and normalized enrichment 
score of 3.8727.

In geneontology molecular function (GO MF), we found “enzyme 
inhibitor activity” as most upregulated (Fig. 2. accession number 
GO:0004857), enrichment score of 0.62087, and normalized enrichment 
score of 3.1806. Whereas we found “passive transmembrane transporter 
activity” as the most downregulated (Fig. 2. accession number 
GO:0022803), with an enrichment score of − 0.35864 and a normalized 
enrichment score of − 2.1878. The top 10 genes involved in all these 
processes are listed in Table 2. The top 10 enriched genes in KEGG, 
Panther, and Reactome pathways based on GSEA method in WebGestalt 
are provided in Table 3.

3.2.2. Differentaially regulated pathways
We analysed the DEGs in WebGestalt using four different pathway 

databssuch as KEGG, Panther, Reactome, and Wikipathway Cancer. In 
KEGG, we found “complement and coagulation cascades” as the most 
expressed pathway (Fig. 3. accession number: hsa04610), with an 
enrichment score of 0.73993 and a normalized enrichment score of 
3.5550.

Based on Panther, we identified “blood coagulation” as the most 
differntialy regulat pathway (Fig. 3. accession number P00011) with an 
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enrichment score of 0.81729 and a normalized enrichment score of 
3.0456. In Reactome, we found that platelet degranulation” and 
“response to elevated platelet cytosolic Ca2 + were the most highly 
expressed pathways (Fig. 3. accession numbers: R-HSA-114608 and R- 
HSA-76005, respectively), with an enrichment score of 0.76992 and a 
normalized enrichment score of 3.4019. Whereas in Reactome pathway 
we found “Stimuli-sensing channels” pathway as most downregulated 
pathway (Fig. 3. accession number: R-HSA-2672351), with an enrich
ment score of − 0.53501 and a normalized enrichment score of − 2.1980.

Based on Wikipathway Cancer, we found “One Carbon Metabolism” 
pathway is most expressed (Fig. 3. accession number: WP241), with an 
enrichment score of 0.54191 and a normalized enrichment score of 
1.6907. In this wikpathway cancer we also found “Metabolic reprog
ramming in colon cancer” (accession number: WP4290, enrichment 
score 0.58271, normalized enrichment scores 1.4962), “Epithelial to 
mesenchymal transition in colorectal cancer” (accession number: 
WP4239, enrichment score 0.34684, normalized enrichment scores 
1.4739) and “LncRNA involvement in canonical Wnt signalling and 
colorectal cancer” (accession number: WP4258, enrichment score 
0.38307, normalized enrichment score 1.4619; Table 4).

4. Discussion

CRC is one of the most prevalent types of cancers worldwide. 
Currently, many therapeutic options are available to treat CRC, such as 
surgical removal of tumors, radiation therapy, interventional radiology, 
and drug control, including targeted therapy, immunotherapy, and 

chemotherapy (Morawska et al., 2023). The development of these 
curative measures has decreased the mortality rate of CRC (McQuade 
et al., 2017). In contrast, the incidence of CRC is on the rise in the 
general population, particularly in populations under the age of 40 years 
(Siegel et al., 2017).

The treatment and overall survival of patients mostly depend on the 
local tumor extent and the presence of distant metastasis. Therefore, 
knowing the CRC stage is of utmost importance for determining the 
treatment options. General staging assessment techniques include im
aging of organs, such as abdominal pelvic and chest computed tomog
raphy (CT) scans and magnetic resonance imaging (MRI) examinations 
(McQuade et al., 2017).

Roman numerals were used to indicate the stages of cancer, ranging 
from 0 to IV. O indicates the lowest stage level and is normally limited to 
the colon lining. The stage IV level means that the cancer has spread to 
other parts of the body (metastasized) and is called the advanced stage 
of cancer (McQuade et al., 2017).

The most affected organ in stage IV CRC is the liver, followed by the 
lungs, lymph nodes, peritoneum, and ovaries (Manfredi et al., 2006; van 
der Geest et al., 2015). Overall survival and prognosis are based on the 
stage, extent of cancer spread, and CRLM (van der Geest et al., 2015). To 
date, the most established treatment option is to remove the tumor via 
surgical resection of the colon, liver, and other organs (Araujo et al. 
2023). However, this option is limited to the presence of a tumor in a 
particular location and has not metastasized, which is the case in most 
stage IV patients. Therefore, it is very difficult to treat patients with 
stage IV CRLM, for whom surgery is not an appropriate option. In such 
cases, patients need to be treated based on personalized treatment 
strategies.

Hence, the research focus is shifting towards the development of 
bioinformatics models and integration of artificial intelligence (AI) tools 
in medical practice, which can predict cancer more precisely, especially 
in stage IV CRLM cases. Chakedis et al. (2017) developed a machine 
learning-based model using bootstrap resampling and multifactorial 
logistic regression analysis, showing incredible precision in predicting 
recurrence risk (Chakedis et al., 2017). Consequently, the idea of pre
cision medicine based on the molecular profile of each patient to identify 
genotype and phenotype variations is becoming more popular. These 
factors play a major role in the prognosis and prediction of treatment 
modalities in clinical practice (Araujo et al., 2023).

In our study, where we studied all patients with stage IV CRLM, the 
focus was to identify the genetic signatures that are displayed in this 
cohort as a group that can be used in the future for prediction, diagnosis, 
and employment as measures for treatment success.

In GO BP, we found “acute inflammatory response (GO:0002526)” as 
the most enriched. This response is categorized as a brief but fast and 
fairly uniform response to active injury and results in the accumulation 
of granulocytic leukocytes and plasma proteins, which either resolve 
within a short span of time or stay and become a chronic inflammatory 
response. In this acute inflammatory response, the inter-α-trypsin 

Fig. 1. Shows UMAP, Volcano and Mean-difference plots. In A, Green dots show the CRLM samples while purple denotes control samples whereas in B and C the red 
dots show the upregulated genes while blue dots show downregulated genes. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.)

Table 1 
Shows the top 20 most upregulated and downregulated genes sets.

S. No. Genes 
(upregulated)

LogFC Genes 
(downregulated)

LogFC

1 C8B 9.774 OTOP2 − 9.421
2 HPR 9.739 TMIGD1 − 8.993
3 APOA2 9.577 VSTM2A − 8.939
4 ITIH1 9.573 CLCA4 − 8.877
5 F2 9.564 CA1 − 8.835
6 AHSG 9.564 KRT24 − 8.817
7 C8A 9.532 GCG − 8.540
8 ALB 9.516 NKX2-3 − 8.420
9 CPB2 9.514 MS4A12 − 8.340
10 FGG 9.493 CLDN8 − 8.254
11 APCS 9.493 OTOP3 − 8.167
12 FGB 9.484 CD177 − 7.911
13 AFM 9.476 LINC01082 − 7.910
14 APOA1-AS 9.469 PYY − 7.833
15 F9 9.468 GUCA2B − 7.670
16 PLG 9.468 HSD3B2 − 7.624
17 SERPINA4 9.456 HAPLN1 − 7.583
18 APOC3 9.437 BEST4 − 7.418
19 AMBP 9.422 VIP − 7.195
20 FGA 9.392 CDKN2B-AS1 − 7.188
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Fig. 2. Geneontology A: Biological Process B: Cellular Component C: Molecular Function.

Table 2 
The top 10 enriched genes in geneontology in biological process, cellular component and molecular function.

S. No Gene Symbol Score 
(up)

Gene Symbol Score Gene Symbol Score Gene Symbol Score 
(Down)

Biological process Cellular Component Molecular Function Molecular Function

acute inflammatory response blood microparticle enzyme inhibitor activity passive transmembrane transport activity

1 ITIH4 7.485 HPR 9.739 APOA2 9.577 OTOP2 − 9.421
2 SAA1 7.328 APOA2 9.577 ITIH1 9.573 CLCA4 − 8.877
3 C6 7.209 ITIH1 9.573 AHSG + 9.564 OTOP3 − 8.167
4 SERPINA3 7.156 AHSG + 9.564 SERPINA4 9.456 BEST4 − 7.418
5 SERPINF2 7.07 F2 9.564 APOC3 9.437 GRIK3 − 6.708
6 CFHR1 7.014 C8A 9.532 AMBP 9.422 BEST2 − 6.574
7 C4BPA 6.501 ALB 9.516 APOA1 9.337 CLCA1 − 6.392
8 C5 6.02 APCS 9.493 SERPINC1 9.327 AQP8 − 5.804
9 SERPINA1 5.217 FGG 9.493 ITIH2 9.278 GRIA4 − 5.78
10 CFI 4.811 FGB 9.484 SERPIND1 8.949 TRPM6 − 5.307
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inhibitor heavy chain 4 (ITIH4) gene was the most expressed gene 
(LogFC 7.845). In previous studies in dogs, this gene was found to be 
associated with surgical trauma and was highly expressed up to four 
times. Therefore, this gene may be a good biomarker for CRLM, as most 
patients underwent surgical removal of the tumor in grade IV patients 
(Soler et al., 2016). Another study in human patients using mass spec
trometric wheat germ agglutinin multiple reaction monitoring found 
that biomarker combinations of PF454-62, ITIH4429-438, and APOE198- 

207 achieved a specificity of 97.5 % and sensitivity of 84.5 % in CRC 
diagnosis, which may serve as a highly effective diagnostic biomarker 
for CRC patients (Tsai et al., 2021). ITIH4 has been previously described 
to have higher expression in early gastric cancers using mass spec
trometry and expression analysis using sera and exomes of patients with 
early gastric cancer (Sun et al., 2021).

In GO CC, we found “blood microparticle (GO:0072562)” as the most 
enriched. The blood microparticle is a phosphoslipid microvesible 
originating from cell types such as blood cells, platelets, and endothelial 
cells, and has membrane receptors with other protein characteristics of 
parental cells. They are heterogeneous in size (0.05 to 1.5 μm) and free 
of nucleic acids. They are released under certain conditions, such as 
shear stress, proapoptotic stimulation, or complement attack, and their 
release is a highly controlled process. Therefore, their release is 
important for the diagnosis of vascular pathologies. These microparti
cles are involved in various cell-to-cell interactions and signalling 
pathways. Their physiological roles have been demonstrated in various 
pathological conditions such as cancer metastasis, inflammation, and 
response to pathogens (Simak and Gelderman, 2006). In this biological 
process, we found that (HPR) gene was the most expressed (logFC 
9.739). The HPR gene encodes a protein that binds to hemoglobin in a 
pattern similar to that of haptoglobin. HPR epitopes have been identified 
as predictors of breast cancer (Kuhajda et al., 1989).

In GO MF, we found “enzyme inhibitor activity (GO:0004857)” as 
the most upgraded and the APOA2 gene was most expressed gene (logFC 
9.577). Enzyme inhibitor activity, also known as metalloenzyme in
hibitor activity, is generally described as binding to, stopping, pre
venting, or even reducing the activity of an enzyme. APOA2 is involved 
in CRC. A study conducted in ninety-one patients shown that APOA2 is 
strongly correlated with CRC with exceptional screening efficacy, with 
an area under the curve (AUC) of 0.957, specificity of 93.33 %, and 
sensitivity of 85.71 % (Xu et al., 2024). Therefore, APOA2 may serve as a 
biomarker of greater interest. Whereas we found “passive trans
membrane transporter activity (GO:0022803)” as the most down
regulated and the OTOP2 gene was found to be most downregulated 
gene (logFC − 9.421). This passive transmembrane transporter activity is 
involved in the movement of a single solute from one side of the 
membrane to the other side of the membrane by conformational change, 
using the facilitation diffusion technique, or if the solute is charged by 
using a membrane potential-dependent process. The OTOP2 gene has 
been shown to be significantly correlated with CRC. The expression of 

OTOP2 is significantly lower in CRC tissues than in normal individuals. 
Furthermore, in vitro functional assays have shown that OTOP2 gene 
silencing reduces caspase-3/-9 activity and promotes cell proliferation, 
migration, and mesenchymal transition (Guo et al., 2022).

In geneontologies, blood microparticles, and enzyme inhibitor ac
tivities, the most common genes were APOA2, ITIH1, and AHSG.

Based on KEGG, we found “complement and coagulation cascades 
(hsa04610)” as most differentially regulated pathway. The complement 
system is a proteolytic cascade in blood plasma and is a defense mech
anism against pathogens and a mediator of innate immunity, whereas 
the coagulation cascade is the conversion of proenzymes to serine pro
teases, leading to the generation of thrombin, which converts soluble 
fibrinogen into insoluble fibrin clots. In this pathway, we found that C8B 
was the most expressed gene (logFC 9.774). This gene is a part of the 
complement system, which helps in the body’s immune response. 
Recently, C8B has been shown to be an important predictor of survival in 
patients with HBV-related hepatocellular carcinoma patients (Zhang 
et al., 2021).

Based on Panther, we found that blood coagulation” was the most 
enriched pathway (P00011). In this process, multiple coagulation fac
tors of blood interact with each other, resulting in the creation of 
insoluble fibrin clots to stop bleeding and blood loss. In this pathway, we 
found that the F2 gene was the most highly expressed (logFC 9.564), 
which is an essential factor in blood clotting (hemostasis). F2 dictates 
the formation of coagulation factor II, also called prothrombin (the 
inactive form of thrombin). In response to injury, fibrinogen is converted 
into fibrin, which constitutes the blood clot. Thrombin is believed to 
participate in tissue repair, cell proliferation, and angiogenesis). 
Thrombin is also thought to be involved in cell growth and division 
(proliferation), tissue repair, and angiogenesis (Lancellotti et al., 2009). 
Further research is needed to elucidate the role of the F2 gene in CRLM 
patients.

Based on Reactome, we found “Platelet degranulation (R-HAS- 
114608) and “Response to elevated platelet cytosolic Ca2+ (R-HAS- 
760050” as the highly enriched. Platelets contain specific effector mol
ecules and release different storage granules at the time of vascular 
injury, mainly alpha granules, dense granules, and lysosomes that 
modulate cell signalling. The most highly expressed gene in these two 
pathways is α2-Heremans-Schmid glycoprotein (AHSG), also known as 
fetuin-A (logFC9.564), which is known to inhibit insulin action. A recent 
study in patients ASHG has been indicated that ASHG showed a modest 
linear association (Nimptsch et al., 2015). Therefore, more research is 
needed to determine the role of ASHG in patients with CRLM.

We also found “Stimuli-sensing channels (R-HAS-2672351)” 
pathway as most downregulated pathway. These ion channels coordi
nate sensations such as pain, taste, vision, warmth, and cold. These 
channels include acid-sensing ion channels (ASICs; Wang & Xu 2011) 
and transient receptor potential channels (TRPCs; Takahashi et al. 
2012). The most downregulated gene in this pathway was chloride 

Table 3 
Top 10 enriched genes in differentially regulated pathways based on KEGG, Panther, and Reactome.

S. No Gene Symbol Score Gene Symbol Score Gene Symbol Score 
(Up)

Gene Symbol Score 
(Down)

KEGG Panther Reactome Reactome

Complement and coagulation cascades Blood coagulation Platelet degranulation Stimuli-sensing channels

1 C8B 9.774 F2 + 9.564 AHSG 9.564 CLCA4 − 8.877
2 F2 + 9.564 FGG + 9.493 ALB 9.516 BEST4 − 7.418
3 C8A 9.532 FGB + 9.484 FGG + 9.493 BEST2 − 6.574
4 CPB2 9.514 F9 9.468 FGB + 9.484 CLCA1 − 6.392
5 FGG + 9.493 PLG 9.468 PLG 9.468 TRPM6 − 5.307
6 FGB + 9.484 FGA 9.392 SERPINA4 9.456 SCNN1B − 4.829
7 F9 9.468 SERPINC1 + 9.327 FGA 9.392 TRPA1 − 3.992
8 PLG 9.468 SERPINA10 7.728 APOA1 9.337 TRPV3 − 3.393
9 FGA 9.392 F7 7.488 ORM1 9.264 CASQ2 − 3.28
10 SERPINC1 + 9.327 SERPINF2 7.07 ORM2 9.228
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channel accessory 4 (CLC4A; logFC − 8.877). A recent study it showed 
that downregulation of CLCA4 is associated with the development and 
progression of CRC. Its expression was shown to be lower in primary 
CRC cases, whereas it was even lower in liver metastases. Therefore, 
CLCA4 may serve as a good indicator of CRC metastasis in different 
organs, particularly the liver (Wei et al., 2020).

Based on Wikipathway Cancer we found “One Carbon Metabolism 
(WP241)” pathway as the most enriched. In this pathway, folate plays 
the main role, serving as the donor of single carbons in one of the three 
oxidation states: reduced (5-methyl-THF), intermediate (5,10 
methylene-THF), and oxidized (10-formyl-THF). In this pathway, we 
found that the methionine adenosyltransferase 1A (MAT1A) gene was 
the most highly expressed (logFC 9.007). MAT1A is predominantly 

expressed in the normal liver and is required for the synthesis of S- 
adenosylmethionine, a principal biological methyl donor. Different ex
periments have shown that it acts as a chemopreventive agent in he
patocellular carcinoma and other forms of cancer. In experimental 
models, it was effective as a chemopreventive agent in HCC and perhaps 
other forms of cancer as well (Lu et al., 2012), but regarding CRLM, 
more work is needed regarding CRLM.

We also observed “metabolic reprogramming in colon cancer 
(WP4290). Metabolic reprogramming in cancer is known to be driven by 
multiple factors, such as tumor suppressor genes, oncogenes, growth 
factor alterations, and tumor-host cell interactions, which promote 
cancer cell anabolism and further tumor growth. In this pathway, we 
found that the (ALDOB) gene was the most enriched (logFC 5.651). 

Fig. 3. Differentially regulated pathways based on GSEA method using WebGestalt: A: KEGG, B: Panther, C: Reactome, D: Wikipathway Cancer.
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Recent studies have shown that higher expression of ALDOB promotes 
CRC metastasis by accelerating epithelial-mesenchymal transition 
(EMT) and may be used as a therapeutic agent and a potential prognostic 
factor (Li et al., 2017).

In wikipathway cancer, we also observed an epithelial to mesen
chymal transition in colorectal cancer (WP4239)”. In this EMT transi
tion, cells lose epithelial characteristics and adopt mesenchymal 
properties, such as increased motility, which is a crucial part of CRC 
metastasis. In this pathway, we found that the vitronectin (VTN) gene 
was the most expressed (logFC 9.301). In a large-scale systematic pro
teomic quantification study, VTN was shown to be highly expressed in 
CRC samples. It appears that VTN expression increases with tumor stage 
and metastasis, and this may act as a prognostic marker in CRC (Yin 
et al., 2015).

Furthermore, in wikipathway cancer, we found “LncRNA involve
ment in canonical Wnt signalling and colorectal cancer (WP4258).” 
LncRNAs have been found to play important roles in CRC pathogenesis. 
In this pathway, we found the palmitoleoyl-protein carboxylesterase 
(NOTUM) gene (logFC 6.35). In a recent study, NOTUM has been shown 
to be involved in CRC progression. NOTUM expression was even more 
elevated in metastatic cells. Inhibition of NOTUM expression suppresses 
cancer proliferation, which proves the important role of NOTUM in 
metastasis and can be used as a therapeutic and diagnostic marker (Yoon 
et al., 2018).

In summary, we observed different pathways with gene sets that may 
support management based on patient- and tumor-specific factors. Our 
comprehensive approach, incorporating the genetic profiles of patients 
in stage IV, may help alleviate disease, reduce disease burden, and 
improve patient care. Future studies with more AI and advanced bio
informatics tools may support more refined prognostic models, address 
study limitations, and reach the ultimate goal of personalized medicines 
for CRLM patients, particularly in stage IV patients.

5. Conclusions

In conclusion, we identified various pathways and gene sets 
responsible for CRLM in patients with stage IV disease. The genes such as 
C8B, OTOP2, ITIH4, HPR, APOA2, OTOP2, F2 +, AHSG, CLCA4, 
MAT1A, ALDOB, VTN, and NOTUM seem to play important roles in 
CRLM progression. The most important pathways identified in this study 
were complement and coagulation cascades, blood coagulation, platelet 
degranulation, stimuli-sensing channels, and one carbon metabolism. 
These new insights will shed more light on CRC-related signalling net
works and will enhance our understanding of complex tumor biology. 
These molecular pathways need to be validated in larger cohorts, aided 
by functional experiments. It appears that a better understanding of the 
molecular profiles of patients are needed to adopt more personalized 
approaches for disease management in view of the complexity of this 
disease by affecting multi-organ systems.
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