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Abstract. Colon cancer is one of the most commonly diag-
nosed malignancies and is a leading cause of cancer‑associated 
mortality. The aim of the present study was to investigate the 
molecular mechanisms underlying colon cancer and identify 
potentially significant genes associated with the disease using 
weighted gene co‑expression network analysis (WGCNA). The 
test datasets used were downloaded from The Cancer Genome 
Atlas  (TCGA) database. WGCNA was applied to analyze 
microarray data obtained from colon adenocarcinoma samples 
to identify significant modules and highly associated genes. 
A gene co‑expression network was constructed and different 
gene modules were selected. Functional and pathway enrich-
ment analyses were performed to investigate the molecular 
mechanisms of colon cancer. In addition, highly connected 
hub genes associated with the most significant module were 
selected for further analysis. Nine specific modules associ-
ated with colon cancer were identified, of which the turquoise 
module was observed to exhibit the greatest association with 
the disease. Pathway enrichment analysis of the turquoise 
module suggested that genes in the turquoise module were 
associated with ‘RNA polymerase’ and ‘purine metabolism’. 
Furthermore, gene ontology enrichment analysis revealed 
the top 30 hub genes with a higher degree in the turquoise 
module, such as σ‑non‑opioid intracellular receptor 1, trans-
membrane protein 147  TMEM147) and carbamoyl‑phosphate 
synthetase 2, aspartate transcarbamylase, and dihydroorotase, 
were predominantly enriched in the biological processes 
‘translation’ and ‘gene expression’. Experimental verifica-
tion demonstrated that the expression of TMEM147 in colon 
cancer was significantly increased compared with the control. 

Therefore, the results suggested that genes associated with 
RNA polymerase and the purine metabolic pathways may 
be substantially involved in the pathogenesis of colon cancer. 
Furthermore, TMEM147 may represent a biomarker for colon 
cancer.

Introduction

Colon cancer is the most common type of gastrointestinal 
cancer and remains a leading cause of morbidity and mortality 
worldwide (1). Surgery remains the cornerstone of therapeutic 
management for patients with early‑stage colon cancer (2). At 
present, there are no effective therapies available for advanced 
or metastatic colon cancer (3). Recurrence occurs in 10‑30% of 
patients with colon carcinoma despite the prior use of radical 
treatment (4,5). A detailed molecular understanding of the 
pathogenesis of colon cancer is essential for the improvement 
of clinical outcomes for patients and may reveal additional 
clinical applications.

Prior studies have aimed to identify genetic alterations 
involved in the progression of colon cancer in order to 
provide more effective interventions for the disease  (6‑8). 
For example, Wang et al (9) demonstrated that the collagen 
type XI α1 chain and asporin genes may be involved in the 
progression of colorectal cancer. Dekervel et al (10) confirmed 
the involvement of intratumoral hypoxia in the underlying 
mechanisms of colon cancer and demonstrated the associa-
tion of hypoxia‑driven gene expression with high recurrence 
rates in advanced colon cancer (10). A recent study indicated 
that the caudal type homeobox 2 gene may serve as a prog-
nostic biomarker in Stage II and Stage III colon cancer (11). 
Another recent investigation revealed that overexpression of 
the Golgi phosphoprotein 3 gene in human colon cancer cells 
may inhibit cancer cell apoptosis and promote proliferation 
by activating the Wnt signaling pathway (12). More recently, a 
study demonstrated that the activity‑dependent neuroprotector 
homeobox gene may represent a pharmacologically induc-
ible repressor of Wnt signaling in colorectal cancer (13). In 
addition, Fagoonee et al (14) reported that the RNA‑binding 
protein epithelial splicing regulatory protein 1 stimulates the 
growth of cancer epithelial cells and promotes the progres-
sion of human colorectal cancer (14). However, many genes 
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associated with the development and progression of colon 
cancer require further investigation.

Weighted gene co‑expression network analysis (WGCNA) 
groups were applied to functionally categorize genes into 
modules based on their associations with co‑expressed 
genes (15). Highly interconnected genes (hub genes) in these 
modules may be involved in the initiation and progression of 
the associated disease. Liu et al (16) used WGCNA to construct 
a gene co‑expression network and demonstrated that a module 
associated with the hypertrophic cardiomyopathy pathway was 
also exhibited in coronary artery disease samples. Liu et al (16) 
also reported that the glucose‑6‑phosphate dehydrogenase and 
S100 calcium binding protein A7 genes may represent poten-
tial targets in coronary artery disease (16). In a further study, 
WGCNA identified seven modules that are notably linked with 
latent and active tuberculosis (17). Therefore, WGCNA may be 
applied to analyze microarray data for colon cancer.

In the present study, WGCNA of microarray data obtained 
from colon cancer samples was performed to further investi-
gate the molecular mechanisms underlying colon carcinoma, 
and to identify additional potentially significant genes 
associated with colon cancer. A gene co‑expression network 
was constructed and different gene modules were selected. 
Functional and pathway enrichment analyses were conducted 
on genes in the significant modules. Highly connected hub 
genes in the most significant module were selected, and these 
genes may be considered to represent candidate biomarkers 
and therapeutic targets for colon cancer.

Materials and methods

Microarray data. In the present study, gene expression profile 
data were downloaded from The Cancer Genome Atlas data-
base (TCGA; https://cancergenome.nih.gov/) (18). The database 
contained eight colon adenocarcinoma (COAD)  (19,20) 
samples and eight normal samples (https://portal.gdc.cancer.
gov), generated in multiple studies.

Data preprocessing. The downloaded sample files were 
merged into a gene expression matrix. Genes with missing 
expression values were removed, and the expression values 
of the remaining genes were log2 transformed. Following 
preprocessing, the expression matrix with rows and columns 
contained 14,662 genes and 16 samples.

The downloaded sample data contained data for samples 
from different batches. The batch differences were removed 
by batch normalization using the ComBat procedure 
implemented in the SVA R package (version 1.28.0)  (21). 
Subsequently, the normalize.quantiles.robust function 
in the preprocess Core package (http://bioconductor.
org/packages/release/bioc/html/preprocessCore) was applied 
to perform unified normalization. Normalized data were used 
for subsequent analyses, including screening for differences in 
gene expression and network construction.

Determination of the differential expression levels of genes. 
Levels of differential gene expression were calculated using 
the limma R package in Bioconductor (version 3.22.7) (22) via 
calculation of the log2 fold change (FC) value and the P‑value 
of each gene. Greater |log2FC| values of genes indicated 

greater differences in the expression of these genes compared 
with the normal group and the COAD group. In general, genes 
with log2FC >1 and P<0.05 were considered to be upregulated, 
and genes with log2FC <‑1 and P<0.05 were considered to be 
downregulated. Furthermore, genes were separated into three 
categories, according to the log2FC value calculated with the 
limma R package (22). Firstly, genes for which the difference 
in the expression levels between the disease group and the 
control group was not significant (‑0.5 <log2FC <0.5) were 
excluded from the present study. The remaining genes were 
separated into two categories for subsequent analysis: i) Genes 
with log2FC ≥0.5; and ii) genes with log2FC ≤‑0.5.

Generation of the WGCNA network, construction of the hier‑
archical clustering tree and identification of modules. The 
WGCNA package (version 1.64‑1) (http://www.genetics.ucla.
edu/labs/horvath/CoexpressionNetwork/Rpackages/WGNA) 
provides a comprehensive collection of functions for 
conducting weighted correlation network analysis (23). Instead 
of describing the correlation structure between thousands of 
genes and a sample trait, WGCNA analysis focuses on the 
association between the sample trait and a few, usually <10, 
modules (24). In the WGCNA algorithm, the elements in the 
co‑expression matrix of the genes are no longer the correlation 
coefficients of the genes, but rather the weighted value of the 
correlation coefficients. The criteria for the weighted value 
are such that the connections between the genes contained 
in each gene network can follow the scale‑free law, in which 
p(i) is inversely proportional to in, where I is the node degree 
(connectivity) and p(i) is the probability that a node has n 
links (degree  i). In practical applications, the network is 
made to an approximate scale‑free distribution by selecting 
the weighting coefficients such that log(i) and log[p(i)] are 
negatively correlated, and the correlation coefficient should 
be at least 0.8.

The specific construction process of WGCNA networks 
includes three steps. In step one, the co‑expression matrix 
of genes is defined. The gene correlation matrix S=[Smn] is 
constructed based on the correlation coefficient Smn=|cor (m, n)| 
between the gene m and the gene n. In the second step, adja-
cency functions are defined. In the WGCNA algorithm, for any 
gene pair, the adjacency coefficient amn is used as a measure 
of inter‑gene correlation: amn=power (Smn, β)=|Smn|β. In step 
three, the parameter β of the adjacency function is determined 
according to the scale‑free network principle.

After satisfying the above conditions, the network can be 
constructed and divided into modules. Linking modules to known 
features involves two aspects. The first is the calculation of the 
characteristic values of the module, followed by the calculation 
of the correlation coefficient between the feature vector of the 
module and the feature of interest. The second involves grouped 
phenotypic data (such as disease status), for which a P‑value for 
each gene for differential expression between each group (e.g. 
disease and normal groups) is calculated using the t‑test, and the 
log10(P‑value) is defined as gene significance (GS). The module 
significance (MS) of each module is defined as the mean value 
of the GS of the genes contained in the module. The MS values 
are compared. In general, if the MS value of a module is signifi-
cantly higher than that of other modules, this module may be 
related to the existence of the disease.
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In the present study, the WGCNA package (24) was used to 
construct the network and hierarchical clustering tree.

Functional enrichment analysis of significant genes in 
the identif ied modules. The Database for Annotation, 
Visualization and Integrated Discovery (DAVID; http://david.
niaid.nih.gov) can help investigators in the functional inter-
pretation of large lists of genes (25). In the present study, 
gene ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analyses for impor-
tant genes in the identified module were performed using 
the DAVID Bioinformatics Resources (25). P<0.05 was set 
as the criterion for identifying overrepresented GO terms 
and pathways. In addition, the connection of the genes in the 
selected module was visualized using Cytoscape software 
(version 3.1.0) (26).

RT‑qPCR validation. Total RNA was extracted from six pairs 
(female to male ratio, 1:2; mean age, 71; age range, 52‑83) 
of colon cancer tissues and corresponding noncancerous 
colon tissues, which were collected from the Department of 
Gastrointestinal Colorectal and Anal Surgery, China‑Japan 
Union Hospital of Jilin University (Changchun, China) using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), according to the manufacturer's instruc-
tions. All participants underwent no other treatment before 
resection. All tissues were collected between January and 
April 2018. Harvested tissues were immediately frozen in 
liquid nitrogen and stored at ‑80˚C prior to RNA extraction. 
The study was approved by the institutional ethical committee 
of China‑Japan Union Hospital of Jilin University and 
informed consent was obtained from every patient. The quality 
and quantity of RNA samples were evaluated using an Infinite 
M100 PRO microplate reader (Tecan Group, Ltd., Mannedorf, 
Switzerland). RNA was reverse transcribed to cDNA using a 
PrimeScript™ RT Master Mix (Takara Biotechnology Co., 
Ltd., Dalian, China). All cDNA was amplified using the 
following primer sets: GAPDH forward, 5'‑TGA​CAA​CTT​
TGG​TAT​CGT​GGA​AGG‑3' and reverse, 5'‑AGG​CAG​GGA​
TGA​TGT​TCT​GGA​GAG‑3'); carbamoyl‑phosphate synthe-
tase 2, aspartate transcarbamylase, and dihydroorotase (CAD) 
forward, 5'‑CCA​TGC​ACT​AGA​CAG​CCA​AGA‑3' and reverse, 
5'‑CGG​CTC​AGT​GTG​GAT​ACG​AC‑3'; transmembrane 
protein 147 (TMEM147) forward, 5'‑ACA​CGC​TAT​GAT​CTG​
TAC​CAC​A‑3' and reverse, 5'‑CAG​AGG​TGG​ACG​AAG​GTC​
TC‑3'; and σ‑non‑opioid intracellular receptor 1 (SIGMAR1) 
forward, 5'‑CGA​AGA​GAT​AGC​GCA​GTT​GG‑3' and reverse, 
5'‑TCC​ACG​ATC​AGA​CGA​GAG​AAG‑3'. GAPDH was used as 
a reference gene for normalization. Power SYBR-Green PCR 
Master (Thermo Fisher Scientific, Inc.) was used for qPCR, 
according to the manufacturer's instructions. Each reaction 
was performed in a final volume of 20 µl, containing 8 µl of 
cDNA, 1 µl of each primer and 10 µl 2X SYBR Premix EX 
Taq (Thermo Fisher Scientific, Inc.). RT‑qPCR was performed 
on a Viia7 Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using the following thermocy-
cling conditions: Denaturation at 50˚C for 3 min and 95˚C for 
3 min; followed by 40 cycles of 95˚C for 10 sec and 60˚C for 
30 sec. Gene expression levels were quantified using the 2‑ΔΔCq 
method.

Statistical analysis. All data are presented as the 
mean  ±  standard error of the mean and were analyzed 
using SPSS 22.0 software (SPSS, Inc., Chicago, IL, USA). 
Differences between colon cancer samples and control samples 
were determined using the Student's t‑test. All experiments 
were repeated three times. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Data preprocessing and differential expression analysis. 
Following limma analysis, 6,134 genes that were not signifi-
cantly different between the COAD samples and controls were 
removed, and 8,528 genes were retained. The 8,528 genes 
included 4,388 upregulated genes with log2FC ≥0.5 in group A 
and 4,140 downregulated genes with log2FC ≤‑0.5 in group B. 
These genes were used for the subsequent analyses.

WGCNA network construction and analysis. The WGCNA 
package was used to perform gene cluster analysis on the 
genes (log2FC ≥0.5) (Fig. 1A). In a cluster dendrogram, height 
is a measure of dissimilarity according to the topological 
overlap matrix (23). By selecting different height cutoff values, 
the gene outliers were screened out and the number of genes 
was controlled. The genes within the first branch of the hierar-
chical cluster tree (Fig. 1A) were considered a research target 
for the follow‑up analysis.

WGCNA requires the network to follow the scale‑free 
distribution. As shown in the left panel of Fig. 1B, when β=13, 
the network satisfied the scale‑free characteristic for the first 
time, and the vertical axis value exceeded 0.8 (the location 
of the green line in the figure), which is a prerequisite for 
building a WGCNA network. The figure on the right of Fig. 1B 
depicts the average connectivity of the network.

After determining whether the network obeyed the 
scale‑free distribution, the hierarchical clustering tree was 
constructed and the gene modules were identified. As shown 
in Fig. 1C, branches of the hierarchical cluster tree defined 
nine modules with assigned colors. A total of two methods 
were used to examine the association between each module 
and colon cancer. The first was the MS value. The gene 
significance of the genes in each module was calculated. The 
MS was defined as the mean value of GS. A higher MS value 
for a module indicated that module had a stronger correlation 
with the disease. The second method was an MS correlation 
analysis (27). As shown in Fig. 1D and Table I, the turquoise 
module displayed the strongest correlation with the disease.

Functional enrichment analysis of genes in the turquoise 
module. KEGG pathway enrichment analysis was conducted 
for the genes in the turquoise module (Table II). Genes in this 
module were mainly related to ‘RNA polymerase’ and ‘purine 
metabolism’. The top 30 genes with high connectivity were 
selected from the turquoise module for GO functional anno-
tation. These genes were mainly enriched in the biological 
processes ‘translation’ and ‘gene expression’, in the cellular 
component ‘ribonucleoprotein complex’ and in the molecular 
function ‘structural constituent of ribosome’ (Table III). The 
associations of these 30 genes are presented in Fig. 2. The 
top 30 genes were all upregulated with log2FC >1, including 
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Figure 1. WGCNA. (A) Hierarchical cluster tree generated using the topological overlap measure dissimilarity. (B) Determination of parameter β of the adja-
cency function in the WGCNA algorithm. (C) The hierarchical cluster tree of genes in the colon cancer network. Each color represents a certain gene module. 
(D) The module significance (average gene significance) of the modules. WGCNA, weighted gene co‑expression network analysis.

Figure 2. Association of the top 30 genes in the turquoise module, assessed using Cytoscape software. This figure is fully connected and each node is connected with 
the remaining nodes. Colors from red to green represent the log2FC value from large to small. The darker the color, the higher the degree of differential expression.
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POTE ankyrin domain family member E, SIGMAR1, protein 
arginine methyltransferase 1, galactokinase 1, TMEM147 and 
CAD.

WGCNA analysis was also performed for genes in group B 
with log2FC ≤‑0.5. However, the analysis did not meet the 
condition of constructing a scale‑free network and it was not 
possible to identify significant gene modules for group B.

RT‑qPCR validation of identified genes. To validate the gene 
expression changes identified by the aforementioned bioin-
formatics analysis, RT‑qPCR was used to evaluate a number 
of potentially critical genes in color cancer, including CAD, 
TMEM147 and SIGMAR1, which exhibited a high degree in 
the constructed network. As shown in Fig. 3, the expression of 
TMEM147 was significantly higher in the colon cancer tissues 
than in the control tissues. However, no significant differences 
in the expression of CAD and SIGMAR1 were evident between 
colon cancer tissues and control tissues, perhaps reflecting the 
small sample size.

Discussion

In the present study, nine modules associated with COAD were 
identified. Of these, the turquoise module exhibited the stron-
gest correlation with the disease. Genes in this module were 
associated with ‘RNA polymerase’ and ‘purine metabolism’. 
In addition, the top 30 hub genes with a higher degree in the 
turquoise module, which included SIGMAR1, TMEM147 and 
CAD, were predominantly enriched in the biological processes 
‘translation’ and ‘gene expression’.

Cancer involves marked changes to the transcription 
factors associated with RNA polymerases I  and III  (28). 
Recently, Bellido et al (29) determined that there is an asso-
ciation between germline mutations in a subunit of the RNA 
polymerase III transcription complex and a predisposition to 
colorectal cancer. In addition, purine metabolizing enzymes 
have been revealed to exhibit increased activities to attenuate 
accelerated purine metabolism occurring in cancerous 
tissues (30). Purine antimetabolites are an important class 
of drugs in the treatment of cancer (31). In the present study, 
genes in the significant modules were predominantly involved 
in ‘RNA polymerase’ and ‘purine metabolism’, and therefore 
are important to the pathogenesis of colon cancer.

SIGMAR1 encodes a receptor protein that has been 
suggested to have an important role in the cellular functions 
of various tissues associated with the immune, endocrine and 
nervous systems (32,33). An association between SIGMAR1 
and colon cancer has been demonstrated in numerous 
studies  (34,35). SIGMAR1 may induce the invasive abili-
ties of cancer cells by regulating cellular electrical activity 
in response to extracellular stimulation  (36). Recently, 
Gueguinou  et  al  (34) observed that increased SIGMAR1 
expression induces breast and colorectal cancer cell migration 
by regulating calcium homeostasis. In addition, SIGMAR1 was 
revealed to be significantly enriched in the turquoise module, 
which exhibited the highest connection with colon cancer. In 
conclusion, it was hypothesized that SIGMAR1 may have an 
important role in the regulation of colon cancer cell migration 
and invasion. However, further studies using a larger number 
of samples are required to confirm this finding.
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TMEM147 is a member of the transmembrane protein 
family, which has important roles in various physiological 
processes in disease, including migration, adhesion and 
signal transduction regulation  (37). TMEM147 stimulates 
cell proliferation via negative modulation of M3 muscarinic 
receptor expression in H508 human colon cancer cells (38). In 

the present study, TMEM147 was upregulated and addition-
ally identified as a hub gene in the most significant module 
associated with colon cancer. Furthermore, the expression 
level of TMEM147 in colon cancer was investigated using 
RT‑qPCR. Thus, it is conceivable that TMEM147 serves an 
important role in the development and progression of colon 

Table III. GO analysis of the top 30 genes with higher connectivity.

Category	 Term	C ount	 P‑value

GOTERM_BP_ALL	 GO:0006412-translation	 6	 4.58x10‑5

GOTERM_BP_ALL	 GO:0010467-gene expression	 11	 0.001482883
GOTERM_BP_ALL	 GO:0044267-cellular protein metabolic process	 9	 0.005342118
GOTERM_BP_ALL	 GO:0009058-biosynthetic process	 11	 0.005548833
GOTERM_BP_ALL	 GO:0008152-metabolic process	 16	 0.009967762
GOTERM_CC_FAT	 GO:0030529-ribonucleoprotein complex	 8	 3.58x10‑6

GOTERM_CC_FAT	 GO:0005840-ribosome	 6	 9.21x10‑6

GOTERM_CC_FAT	 GO:0033279-ribosomal subunit	 4	 7.17x10‑4

GOTERM_CC_FAT	 GO:0005635-nuclear envelope	 3	 0.033087058
GOTERM_MF_FAT	 GO:0003735-structural constituent of ribosome	 5	 4.36x10‑5

GOTERM_MF_FAT	 GO:0005198-structural molecule activity	 5	 0.006405258

GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function.

Figure 3. Reverse transcription‑quantitative polymerase chain reaction validation of expression changes in three selected differentially expressed genes (CAD, 
SIGMAR1 and TMEM147) between colon cancer samples and control samples. *P<0.05 vs. respective control (Student's t‑test). CAD, carbamoyl‑phosphate 
synthetase 2, aspartate transcarbamylase, and dihydroorotase; SIGMAR1, σ‑non‑opioid intracellular receptor 1; TMEM147, transmembrane protein 147.

Table II. KEGG pathway enrichment analysis for genes in the turquoise module.

KEGG ID	D escription	 P‑value	C ount

hsa03020	RNA  polymerase	 4.70x10‑8	 13
hsa00230	 Purine metabolism	 8.27x10‑6	 29
hsa00240	 Pyrimidine metabolism	 0.000117076	 19
hsa03010	R ibosome	 0.000136386	 18
hsa03008	R ibosome biogenesis in eukaryotes	 0.000284171	 16
hsa00030	 Pentose phosphate pathway	 0.00060088	 8
hsa01100	 Metabolic pathways	 0.000680717	 112
hsa03013	RNA  transport	 0.000911011	 23
hsa00100	 Steroid biosynthesis	 0.002054999	 6
hsa03040	 Spliceosome	 0.007030765	 18

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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cancer. Additional studies are required to assess the role of 
TMEM147 in colon cancer.

Pathway enrichment analysis of the turquoise module 
suggested that genes in the turquoise module were related to 
the purine metabolic pathway. CAD is associated with the 
enzymatic activities of the first three enzymes in pyrimidine 
biosynthesis: Carbamoyl phosphate synthetase, aspartate 
transcarbamoylase, and dihydroorotase (39). The multifunc-
tional CAD protein can control gene expression in both the 
nucleus and cytoplasm (40). Additionally, regulation of pyrim-
idine pathways is disrupted in malignancies (41). Purine and 
pyrimidine antimetabolites remain an important class of drugs 
for the treatment of cancer (42). In the present study, CAD was 
a hub gene in the significant module associated with colon 
cancer. The results support the potentially significant role of 
CAD in the pathogenesis of colon cancer. This possibility is 
currently being assessed.

Nevertheless, the present study had some limitations. 
Firstly, relatively few samples were included for the bioin-
formatics analysis, which may have affected the accuracy of 
the WGCNA analysis. More gene datasets should be used 
for cross‑validation. Secondly, CAD and SIGMAR1 did 
not exhibit significant differences between the colon cancer 
tissues and control tissues, which may be affected by the small 
sample size. However, the roles of CAD and SIGMAR1 merit 
future experimental verification in studies with more samples. 
Thirdly, the top 30 hub genes with a high degree in the 
turquoise module were illustrated in the present study; only 
three of these were selected as the primary targets, and the 
other genes also merit further investigation.

In conclusion, nine specific modules were identified in 
COAD samples, of which the turquoise module displayed 
the highest correlation with the disease. Genes associated 
with ‘RNA polymerase’ and ‘purine metabolism’ may be 
significantly involved in the pathogenesis of colon cancer. 
TMEM147 may play an important role in the development and 
progression of colon cancer. Experimental verification with 
a larger number of samples is required to verify the results. 
Additionally, the roles of CAD and SIGMAR1 warrant future 
experimental verification in studies with more samples. The 
increased understanding of the role of genetic alterations will 
provide novel insights into the mechanisms of colon cancer, 
and may be critical for the development of a future therapeutic 
intervention for colon cancer.
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