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Abstract. Approximately 9% of cancer-related deaths are
caused by colorectal cancer (CRC). CRC patients are prone to
liver metastasis, which is the most important cause for the high
CRC mortality rate. Understanding the molecular mechanism
of CRC liver metastasis could help us to find novel targets for
the effective treatment of this deadly disease. Using weighted
gene co-expression network analysis on the sequencing data of
CRC with and with metastasis, we identified 5 colorectal cancer
liver metastasis related modules which were labeled as brown,
blue, grey, yellow and turquoise. In the brown module, which
represents the metastatic tumor in the liver, gene ontology (GO)
analysis revealed functions including the G-protein coupled
receptor protein signaling pathway, epithelial cell differen-
tiation and cell surface receptor linked signal transduction. In
the blue module, which represents the primary CRC that has
metastasized, GO analysis showed that the genes were mainly
enriched in GO terms including G-protein coupled receptor
protein signaling pathway, cell surface receptor linked signal
transduction, and negative regulation of cell differentiation. In
the yellow and turquoise modules, which represent the primary
non-metastatic CRC, 13 downregulated CRC liver metastasis-
related candidate miRNAs were identified (e.g. hsa-miR-204,
hsa-miR-455, etc.). Furthermore, analyzing the DrugBank data-
base and mining the literature identified 25 and 12 candidate
drugs that could potentially block the metastatic processes of the
primary tumor and inhibit the progression of metastatic tumors
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in the liver, respectively. Data generated from this study not
only furthers our understanding of the genetic alterations that
drive the metastatic process, but also guides the development of
molecular-targeted therapy of colorectal cancer liver metastasis.

Introduction

Colorectal cancer (CRC) ranks third in men and second in
women among common malignancies (1). Approximately 9%
of cancer-related deaths are caused by CRC (2). An important
reason for the high cancer-related mortality rate is that CRC
patients are prone to liver metastases. An epidemiological
survey showed that <25% of patients with CRC developed
liver metastases at the time of diagnosis and another 20%
of patients developed liver metastases after resection of the
primary tumor (3). Moreover, radical resection of the meta-
static lesions in the liver could not be achieved in 80-90% of
patients. In patients with unresectable CRC liver metastases,
the 5-year survival rate is close to 0%. Even if the metastases
were completely resected, the median survival time is only
~35 months (4). Thus, it is extremely important to study the
molecular mechanisms underlying CRC liver metastases and
to find novel targets for the effective treatment of this deadly
disease.

During the process of malignant progression, metastasis-
associated genetic mutations accumulate in a small fraction
of cells within the primary tumor. Once these cells acquire
sufficient metastasis-related genetic alterations, they start to
undergo a process including local infiltration, lymphovascular
invasion, travel within the blood or lymph, extravasation,
and angiogenesis at a distant site (5). To unveil the molecular
genetic changes in the tumor cell that are responsible for the
metastatic process, we sequenced tumor samples from 3 groups
of patients: primary CRCs without liver metastasis, primary
CRCs with liver metastasis, and the metastatic tumors in the
liver. The data have been uploaded into the Gene Expression
Omnibus (GEO) database (GSE72718).

Currently, the treatment of CRC liver metastasis is limited
to surgery with or without adjuvant chemo-radiation. This
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course of treatment has some limitations. Firstly, not all CRC
liver metastases are surgically resectable. Secondly, chemo-
radiation can cause serious damage to normal tissue such
as bone marrow suppression and compromises the patient's
overall health (6,7). Thirdly,adjuvant chemo-radiation therapy
may directly lead to liver injury and increase complications
after liver resection (8,9). In recent years, molecular-targeted
therapy has emerged as an effective strategy for the treat-
ment of metastatic cancer (10). Molecular-targeted therapy
can be used as a therapeutic means to treat patients with
colorectal cancer liver metastasis who are unable to undergo
surgical treatment, or patients with unresectable tumors.
Molecular-targeted therapy could also act as a new adjuvant
therapy after surgical resection to reduce the rate of cancer
recurrence. In order for molecular-targeted therapy to be
effective, it requires precise identification of all of the poten-
tial molecular targets that are responsible for the metastatic
process.

Model organisms can not only illustrate local char-
acteristics of gene regulatory networks, but also support
comprehensive and systematic analyses of regulatory
signaling pathways. Thus, investigation of model organisms
has become a desirable method for disease research and drug
discovery in recent years (11,12). Weighted gene co-expression
network analysis (WGCNA) is a common modular analysis
technique that has been used to identify and screen biomarkers
or therapeutic targets of different diseases (13). In this study,
we used WGCNA to identify colorectal cancer liver metastasis
related gene modules. microRNAs (miRNA) regulating these
modules were predicted using the miRTarBase database. The
functions of the target genes of the miRNAs and the modules
were analyzed with the DAVID database. Moreover, using the
DrugBank database (14), we identified candidate drugs that
can regulate colorectal cancer liver metastasis related modules.
Our study uncovered some new targets and candidate anti-
metastasis drugs for future research into the mechanism and
molecular-targeted therapy of CRC liver metastasis.

Materials and methods

Sample collection and gene sequencing. With the approval
of the institutional ethics review board, we collected primary
non-metastatic colorectal tumor (PNMCT) samples from
10 patients with colorectal cancer who had no liver metastases
within ten years of follow-up, primary metastatic colorectal
tumor (PMCT) samples and their paired metastatic CRC
samples in the liver (LMCT) from 9 patients with CRC who
had liver metastases (Fig. 1A) We used the next generation
sequencing technology of Affymetrix (Human Transcriptome
Array 2.0) to detect gene expression in the 28 samples and then
uploaded the data to the GEO database (GEO no. GSE72718).
The technology platform, samples and groups used in this
study are shown as Table I. Based on the sequencing results,
we established a heatmap of differentially expressed genes
(DEGsS) in this study (Fig. 1B).

Weighted gene co-expression network analysis (WGCNA).
WGCNA, a common modular analysis technique, has been
used to identify and screen biomarkers or drug targets for
complex diseases. We used the genefilter package of the
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programming language and software environment R to filter
out genes with smaller differences in expression between
the three groups than within the groups prior to WGCNA.
First, we used WGCNA to construct the correlation matrix
of co-expressed genes. Elements in the co-expression matrix
included pairwise correlation coefficients between genes
(i.e., the correlation coefficient between each gene pair m
and n was: Smn = Icor(m,n)l; thus, the co-expression matrix
was: S = [Smn]). Next, the power adjacency function amn =
power (Smn, ) = ISmnl § was used as an indicator to measure
the relationships between genes. According to the principle
of scale-free networks, the weighting coefficient § was deter-
mined, and the matrix S was converted into an adjacency
matrix A = [amn]. Then, a hierarchical clustering tree was
constructed with different branches of the tree representing
different gene modules. After module identification, the
p-value from the significance test for the expression of each
gene between different groups was calculated using the t-test
based on the phenotypic data of the groups. Gene significance
was indicated using the log p-value. The significance of each
module was defined as the mean value of gene significance for
genes within the module. Modules with an increased signifi-
cance might have a correlation with the presence of a specific
disease. Modules were clustered in meta-modules for the
module eigengene dendrogram, which is a dendrogram of all
differentially expressed probesets clustered based on a dissim-
ilarity measure. Each line of the dendrogram corresponds to a
probeset. The multi-colored bar below the dendrogram shows
the modules identified using the dynamic cutting method,
with each gene color-coded based on its module assignment.
Module gene members are not always adjacent to each other
because WGCNA modules do not comprise only leaves with
their direct ancestors (Fig. 1C).

Gene ontology (GO) analysis. To understand the function
of modules and target genes, we used The Database for
Annotation, Visualization and Integrated Discovery (DAVID)
v6.7 to identify the differentially expressed (DE) GO terms of
DEGs and target genes of DE microRNA in modules. Fisher's
exact test was used to identify the significant DE GO term.
The p-value cut-off is 0.05.

Establishing miRNA-target gene network. We identified the
modules that were gradually downregulated during colorectal
liver metastasis progression (from PNMCT through PMCT to
LMCT). Based on the relationship between miRNA and the
target gene, gradually downregulating the miRNAs in the
modules might gradually increase target gene expression and
thus contribute to the progression and metastasis of CRC. We
used the miRTarBase database to predict the confirmed target
genes of miRNAs. Cytoscape software was used to establish
the miRNA-target gene network.

Establishing candidate drug-module network. The DrugBank
database is a unique bioinformatics and cheminformatics
resource that combines detailed drug data with comprehensive
drug target information (14). The database contains 8,198 drug
entries including 1,985 FDA-approved small molecule drugs,
204 FDA-approved biotech (protein/peptide) drugs, 93 nutra-
ceuticals and over 6,000 experimental drugs. In this study,
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Table I. Summary of data series.

Series Array platform Samples Experiment design Group
GSE72718 GPL17586.0 GSM1868934-GS Liver metastatic LMCT
[HTA-2_0] M1868942 colorectal tumor
Affymetrix Human GSM1868943-GS Primary metastatic PMCT
Transcriptome M1868951 colorectal tumor
Array 2 GSM1868952-GS Primary non-metastatic PNMCT
M1868961 colorectal tumor
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Figure 1. WGCNA of the colorectal cancer liver metastasis genome sequencing data. (A) Illustration of the 3 groups of tumor specimens that have been
sequenced. LMCT, metastatic tumor in the liver; PNMCT, primary non-metastatic colorectal cancer; PMCT, primary metastatic colorectal cancer. (B) Based
on the genome sequencing results, we established the heatmap of DEGs. (C) Modules were clustered in meta-modules for the module eigengene dendrogram,
a dendrogram of all differentially expressed probesets clustered based on a dissimilarity measure. Each line of the dendrogram corresponds to a probeset.
The multi-colored bar below the dendrogram shows the modules identified using the dynamic cutting method with each gene color-coded based on module

assignment.

we used the DrugBank database Version 4.3 (http:/www.
drugbank.ca/) to identify the candidate drugs that target the
genes in our modules. Finally, Cytoscape software was used to
establish the candidate drug-module gene network.

Literature mining on candidate drugs that connect regula-
tory network modules. To identify novel antitumor metastasis
drugs, we analyzed 119 candidate drugs related to the modules.

Perl was used to write a program for literature mining.
ActivePerl 5.16.2 was used to mine literature information from
PubMed (NCBI). The mining scope was set to include titles
and abstracts, along with candidate drug names, modular gene
names and ‘cancer’ as key words. This search provided reports
related to each candidate drug and cancer. Integrating the
candidate drug screening results, literature mining results and
the modular genes, we identified the drugs with the greatest
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Figure 2. Heat maps of WGCNA modules. WGCNA of the sequencing data identified five colorectal cancer liver metastasis related modules (i.e., brown, blue,

grey, turquoise and yellow).

potential antitumor activity for the modular core function
groups.

Statistical analysis. The t-test was used to identify the DEGs
and the DE modules based on WGCNA. Fisher's exact test was
used to identify the significant GO terms. The p-value cut-off
is 0.05.

Results

Screening the gene modules. Using WGCNA to analyze the
sequencing data, we found a total of 5 functional modules for
colorectal cancer liver metastasis (i.e., brown, blue, turquoise,
grey and yellow module) (Fig. 2). Modules with a significant
increase in gene expression might have a correlation with the
presence of a specific disease. Based on the p-value from the
significance test for each module, the brown module and blue
module were significantly associated with LMCT and PMCT,
respectively. The grey module, turquoise module and yellow
module were significantly associated with PNMCT (p<0.05)
(Fig. 3).

miRNA-mRNA regulatory network. In addition to protein
coding genes, there were some DE miRNAs in the five

modules. As shown in Figs. 2 and 3, the expression of the
miRNAs was gradually downregulated in the turquoise and
yellow modules. According to the principle of targeted gene
suppression by miRNAs, the inhibitory effect of the down-
regulated miRNA on the target gene was reduced, resulting in
high expression of the target gene. Therefore, the downregu-
lated miRNA in the yellow and turquoise modules may play
an important role on the development of CRC. There were a
total of two miRNAs in the yellow module (i.e., hsa-miR-3151
and hsa-miR-4518). There were a total of 11 miRNAs in
the turquoise module (i.e., hsa-miR-320d; hsa-miR-4690;
hsa-miR-455; hsa-miR-4270; hsa-miR-892c; hsa-miR-378a;
hsa-miR-4740; hsa-miR-204; hsa-miR-4417; hsa-miR-539;
hsa-miR-3158). We used the miRTarbase database to predict
the confirmed target genes of miRNAs. The results showed
that there were 256 target genes of the two miRNAs in the
yellow module (Fig. 4) and 2,502 target genes of 11 miRNAs
in the turquoise module (Fig. 5).

Functional analyses of the gene modules and target genes. To
understand the function of the module and the target genes of
the miRNAs, the DAVID database was used to analyze their
GO terms. The results showed that the main functions of the
blue module were 5 GO terms including G-protein coupled
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Figure 3. The statistical test of DE modules based on WGCNA. Based on the p-value of each module, the brown and blue modules were significantly associated
with LMCT and PMCT, respectively. The grey, turquoise and yellow modules were significantly associated with PNMCT (p<0.05).

Figure 4. The miRNA-target mRNA regulatory network of the yellow module. According to the principle of targeted gene suppression by miRNAs, down-
regulation of the miRNA will reduce its inhibitory effect on the target gene and consequently result in high expression of the target gene. Therefore, the
downregulated miRNAs in the yellow module may play an important role on the development of CRC. We predicted the target mRNAs of DE miRNAs and

established the miRNA-target mRNA network of the yellow module.

receptor protein signaling pathway, cell surface receptor
linked signal transduction, and negative regulation of cell
differentiation. The GO terms G-protein coupled receptor
protein signaling pathway, epithelial cell differentiation and
cell surface receptor linked signal transduction were included

in the main functions of the brown module. The functions of
the miRNA target genes in the turquoise module included cell
motion, wound healing, and regulation of cell adhesion. There
were 4 main GO terms for the miRNA target genes in the
yellow module (e.g., regulation of cellular protein metabolic
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Figure 5. The miRNA-target mRNA regulatory network of the turquoise module. Consistent with the method used in Fig. 4, we predicted the target mRNAs
of DE miRNAs and established the miRNA-target mRNA network of the turquoise module.
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Figure 6. Functional analysis of DEGs (in the blue and brown modules) and the target genes of DE miRNAs (in the turquoise and yellow modules). The DAVID
database was used to analyze the function of colorectal cancer liver metastasis related modules. Enrichment score=-log p-value, p<0.05.

process, and regulation of transcription). Enrichment score=-
log p-value, p<0.05 (Fig. 6).

Identification of candidate drugs that regulate the modules.
We found that the genes in the brown and blue modules were
gradually upregulated from PNMCT to LMCT; therefore,
the two modules may be closely related to the progression
of CRC. In order to identify potential new therapies for
colorectal cancer liver metastasis, we used the DrugBank
database to isolate the candidate drugs that regulate these two
modules. The DrugBank database is a unique bioinformatics
and cheminformatics resource that combines detailed drug
data with comprehensive drug target information. Based on
the DrugBank database, we identified 83 candidate drugs
as regulators of the brown module. Among the DEGs in the

brown module, adrenocepor 1D (ADRA1D), 5-hydroxytrypta-
mine receptor 1D (HTRI1D), lysyl-tRNA synthetase (KARS),
lipocalin 9 (LCN9) and methionine sulfoxide reductase A
(MSRA) were the important targets of drug regulation. A
total of 43 candidate drugs were identified as regulators of the
blue module. Among the DEGs in the blue module, calcitonin
related polypeptide § (CALCB), formyl peptide receptor 1
(FPR1), 5-hydroxytryptamine receptor 2B (HTR2B), recoverin
(RCVRN) and retinoid x receptor (RXR) were the important
targets of drug regulation. Cytoscape software was used to
establish the candidate drug-module network (Fig. 7). Of
note, there were 17 candidate drugs (for example, Ropinirole,
Dihydroergotamine, Olanzapine, Pramipexole and Doxepin)
that can regulate the two modules among these candidate
drugs.
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Figure 7. The candidate drug-module network. The DrugBank database was used to identify the candidate drugs that regulate the brown and blue modules.
Cytoscape software was used to establish the candidate drug-module network. Eighty-three and 43 candidate drugs were identified as regulators of the brown
and blue modules, respectively. Among these drugs, 17 drugs can regulate both modules.

Screening of potential new anti-metastasis drugs. To search
for novel anti-metastasis drugs, we conducted literature mining
of the cancer-related research on the 83 candidate drugs that
regulate the brown module and the 43 candidate drugs that
regulate the blue module. The number of reports was an
indicator of the extent of research on the drug's use in cancer
treatment. In particular, fewer reports were associated with
a higher likelihood that the drug could become a novel anti-
metastasis drug. The results revealed that 24 candidate drugs
have been studied extensively and have already been proven to
be effective anticancer drugs among the candidate drugs that
regulate the brown module. These drugs included Epinephrine,
Ketamine, Prazosin, Labetalol (the number of relevant reports
was >100). Twenty-five candidate drugs, however, have not
been extensively studied with respect to their anticancer
value, such as Droxidopa, Eletriptan, Loxapine (the number
of relevant reports was <10). Among them, 9 candidate drugs,
such as Almotriptan, Dapiprazole, DB03711 (NXN-188), have
never been studied with respect to cancer (Fig. 8A). The 25
candidate drugs might have the potential to suppress CRC
liver metastases through their regulation of the genes in the
brown module.

Among the drugs that regulate the blue module, 14 candi-
date drugs have been studied extensively such as Tretinoin,
Bromocriptine, Chlorpromazine. Twelve candidate drugs have
not been extensively studied with respect to their anticancer
value (the number of relevant reports was <10). Among
them, 3 candidate drugs Minaprine, DB05461 (OPC-28326),
DB05492 (Epicept NP-1), have never been studied with respect

to cancer (Fig. 8B). The 12 candidate drugs might have the
potential to prevent primary CRC from developing into liver
metastases through regulation of the blue module.

Discussion

Tumor metastasis is a multi-step, multi-stage, and complex
process involving multiple pathways and multiple genetic
changes. Therefore, research on the genetic alterations associ-
ated with the metastatic process is essential for understanding
its molecular mechanisms. Next-generation sequencing offers
unprecedented tools to unveil the genetic changes underlying
CRC liver metastasis.

Tumor metastasis models normally start with mutations
of metastasis-related genes in a small fraction of tumor cells.
When these genetic changes accumulate to a certain degree,
these cells will gradually or randomly acquire a metastatic
capacity and then undergo the series of processes which
eventually result in distant tumor metastasis (5). On the other
hand, some tumors only invade locally without the capacity
for distant metastasis. Among our study groups, the tumors
that did not metastasize over 10 years of follow-up after the
diagnosis of CRC (PNMCT) were not supposed to bear any
metastasis-related genes, and thus could serve as a negative
control. The metastatic tumors within the liver (LMCT) should
theoretically contain all the genetic alterations required for the
metastatic process. The group of paired primary CRC samples
that have metastasized (PMCT) is supposed to bear a spectrum
of metastasis-related genes. This simple group set-up allowed
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Figure 8. Potential new anti-metastasis drugs that could regulate the DEGs in the brown and blue modules. To identify novel anti-metastasis drugs, we
conducted a literature review of the cancer-related research on the 83 candidate drugs that regulate the brown module (A) and the 43 candidate drugs that
regulate the blue module (B). The number of reports was an indicator of the extent of research on the candidate drugs use in cancer treatment. In particular,
fewer reports were associated with a higher likelihood that the candidate drug could become a new anti-metastasis drug. Twenty-five candidate drugs have the
potential to treat colorectal cancer liver metastasis through regulating the genes in the brown module (A). Twelve candidate drugs have the potential to prevent
primary CRC from developing into liver metastasis through regulating the blue module (B) the number of relevant reports was <10.

us to dynamically and comprehensively explore the genetic
changes that occurred during CRC liver metastases.

Studies have shown that genes with expression similarities
often exist in samples from different diseases. When these
genes are co-expressed, they are often closely associated with
disease phenotypes. Thus, gene co-expression network analysis
is an important tool to identify these genes (15). Among the
five modules screened out by WGCNA in our study, the brown
module was closely associated with the phased changes in CRC
liver metastasis (Fig. 2). The expression of genes in this module
gradually increased during the transition from non-metastasis
to metastasis (from PNMCT to LMCT), suggesting that the
brown module was positively correlated with the tumor meta-
static process. The result of GO analysis showed that the GO
terms G-protein coupled receptor protein signaling pathway
and cell surface receptor linked signal transduction were the
main functions of the brown module. Research indicates that
G protein-coupled receptors (GPCRs) have a close relation-
ship with tumor metastasis. Tang et al, found that GPR116,
an adhesion G-protein-coupled receptor, can promote breast

cancer metastasis (16). Yan er al found G protein-coupled
receptor 87 (GPR87) promotes the growth and metastasis of
CD133" cancer stem-like cells in hepatocellular carcinoma
(17). GPCRs can facilitate tumor metastasis by activating
Rho GTPases and cytoskeletal changes. Additionally, GPCRs
can supplement nutrition for tumor angiogenesis and thereby
provide a path for tumor metastasis. The role of GPCRs in
colorectal cancer liver metastasis is presently unknown. Our
results suggest that GPCRs have great potential as therapeutic
targets for colorectal cancer liver metastasis. Moreover, cell
surface receptors play important roles in tumor metastasis.
Kim et al found that the cell-surface receptor for complement
component Clq (gC1qR) was a key regulator for lamellipodia
formation and cancer metastasis (18). Mutation or inactivation
of genes encoding cell surface receptors leads to decreased
cell adhesion and thereby promotes tumor metastasis, which
is an important step underlying this process. Therefore, the
brown module that was primarily associated with the GO term
function cell surface receptor-linked signal transduction might
be critical for CRC liver metastasis. Furthermore, highly
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expressed genes of the blue module were closely associated
with the transitional phase of colorectal cancer liver metastasis
(PMCT). The GO analysis revealed that the functions of the
blue module were consistent with the functions of the brown
module. This result indicates that GPCRs and cell surface
receptors may participate in the entire colorectal cancer liver
metastatic process.

Both the brown and blue modules can be used as targets
for anti-metastasis drugs. Drugs directly acting on the brown
module can inhibit the progression of the metastatic tumor,
whereas drugs acting on the blue module can block or interfere
with the process of tumor metastasis, thereby reducing the rate
of incidence of CRC liver metastasis. We screened drugs regu-
lating the brown module and blue module using the DrugBank
database (Fig. 7). A total of 83 and 43 medicinal monomers
regulated the brown and blue modules, respectively. Notably,
19 medicinal monomers could simultaneously regulate both
modules, among which olanzapine, ketamine, yohimbine,
and chlorpromazine have been extensively used in anticancer
therapy. Guo et al found that olanzapine induced autophagy
to inhibit glioma stem-like cells proliferation (19). Recent
research has indicated that the antipsychotic chlorpromazine
can inhibit sirtuin 1 to treat CRC (20). Among the drugs
targeting the brown module, bromocriptine reduces the risk
of breast cancer brain metastasis, and cabergoline treatment
of metastatic breast cancer has entered the clinical trial stage
(21,22). Additionally, among the drugs targeting the blue
module, tretinoin was reported to inhibit CRC cell growth and
metastasis in an early study (23). Indeed, Adachi et al found
that tretinoin could inhibit cell invasion in human colon cancer
(24). Tretinoin can not only treat existing diseases (LMCT),
but also serves as a preventive measure for high-risk patients
(PMCT). All of the aforementioned drugs have a certain effect
on cancer or cancer metastasis, demonstrating the power of
our drug screening. In addition to the drugs proven to have
anticancer effects, 25 drugs in the brown module and 12 drugs
in the blue module have been less studied in cancer-related
research based on our literature mining. These drugs also play
a role in regulating the brown module or the blue module,
similar to the proven drugs. Our results suggest that these
yet unproven drugs have the potential to become novel drugs
against CRC liver metastasis.

Notably, these drugs all had several targeted genes in the
two modules. The major targets in the brown module included
the serotonin 5-HT 1 D a autoreceptor gene (HTR1D) and
the ald-adrenergic receptor (ADRA1D). Serotonin can stimu-
late the growth of invasive tumors and carcinoids through
the 5-HT receptor, and serotonin receptor antagonists have
been shown to successfully prevent cancer cell growth (25).
Lamm er al reported that the growth and invasion of human
pancreatic cancer cells was suppressed after the downregula-
tion of HTR1D (26). However, the role of HTR1D in CRC
remains unclear. We found that HTR1D expression constantly
increased during the progression of CRC until the develop-
ment of liver metastasis. This finding suggests that HTR1D
may promote colorectal cancer liver metastasis. Additionally,
a study indicated that ADRAID is closely associated with
tumors and participates in the induction of the prostate cancer
cell proliferation process (27). However, a role for ADRAID in
CRC has not been reported. These results suggest that HTR1D
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and ADRAID have the potential to become new targets for
the treatment of CRC liver metastasis. In the blue module,
5-hydroxytryptamine receptor 2B (HTR2B) and retinoid X
receptor f (RXRB) are the major drug targets. Zhang et al
found that HTR2B was the most significantly altered gene in
samples of liver metastases of a uveal melanoma (28). Soll et
al found that HTR2B expression was significantly correlated
with liver cancer cell proliferation (29). Moreover, RXRB
has been shown to promote cell proliferation and survival
of triple-negative breast cancer and increased lymph node
metastases, tumor recurrence, distant metastasis, and poor
prognosis of oral cancer (30,31). These results suggest that
HTR2B and RXRB may play major roles in the process of
tumor development and metastasis; however, their relationship
with CRC liver metastasis has not been elucidated. Our results
indicate a close association between HTR2B and RXRB and
the progression stage of colorectal cancer liver metastasis.
Therefore, these two genes may become new targets for the
early prevention and treatment of CRC liver metastasis.

In addition to protein-coding genes, the role of non-coding
genes in disease is also important. As shown in Figs. 2 and 3,
genes in the yellow and turquoise modules included coding
genes and miRNAs that were gradually downregulated during
CRC liver metastasis progression. According to the principle
of targeted gene suppression by miRNAs, the inhibitory effect
of the downregulated miRNA on the target gene was reduced,
resulting in high expression of the target gene. Therefore, grad-
ually downregulating the miRNAs in the yellow and turquoise
modules might gradually increase target gene expression and
thus contribute to the progression and metastasis of CRC. The
yellow module contained two miRNAs. GO analysis revealed
that the main function of these miRNAs was in the regulation
of the transforming growth factor-f (TGF-f) receptor. Are et
al found that activated TGF-f inhibited colorectal cancer liver
metastasis, whereas restoration of TGF-f3 receptor II activity
reduced the metastasis rate (32). Therefore, these miRNAs
negatively regulated the TGF-f receptor, possibly promoting
the development of colorectal liver metastasis. The turquoise
module contained 11 miRNAs that were closely related to cell
motion and cell adhesion based on the GO analysis. Clearly,
these miRNAs are implicated in tumor cell metastasis because
the enhancement of cell migration and reduction of cell adhe-
sion could promote tumor metastasis. Among the 13 miRNAs
in the two modules, miR-455 was shown to suppress the prolif-
eration and invasion of CRC cells (33). Wu et al and Zhang
et al observed the downregulation of miR-204 in CRC, and
miR-320d exhibited low expression in CD133* CRC stem cells
(34,35). Other miRNAs have not been investigated in CRC
research. Our results suggest that the gradual downregulation
of miRNAs that regulate the TGF-f} receptor, the miR-455,
-204 and -320d, likely play a role in CRC liver metastasis.

In conclusion, using WGCNA to analyze the sequencing
data, we have identified unique gene modules in CRC liver
metastatic tissue that are not present in the non-metastatic
CRC. Using analysis of the miRTarbase database to predict the
confirmed target genes of miRNAs, we have identified 13 CRC
liver metastasis related candidate miRNAs. Furthermore,
analyzing the DrugBank database identified 25 and 12 candi-
date drugs from the brown and blue modules, respectively,
that could potentially block the metastatic processes of the
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primary tumor and inhibit the progression of metastatic tumor
in the liver. Data generated from this study not only enhances
our understanding of the genetic alterations that drive the
metastatic process, but could also guide the development of
molecular-targeted therapy for CRC liver metastasis.
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