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Background: Colorectal cancer (CRC) is a malignant tumor particularly common in
developing countries. In this study, we used Weighted Gene Co-Expression Network
Analysis (WGCNA) of chip data and screened hub genes in CRC to find the gene modules
specifically correlated with clinical traits. Methods: WGCNA was used to identify the gene
modules specifically associated with metastasis in colorectal cancer. Cytoscape software
was used to construct a co-expression network. The expression of CYTH1 was determined
by qRT-PCR. Results: Based on the predicted co-expression network, we identified that
the turquoise module was associated with CRC clinical metastasis traits. Turquoise module
genes were analyzed, and we identified the hub gene CYTH1 using Cytoscape software.
Additionally, we found CYTH1’s expression was lower in CRC tissue and cells when
compared with normal counterparts.
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12 ABSTRACT

13 Background: Colorectal cancer (CRC) is a malignant tumor particularly common in developing 

14 countries. In this study, we used Weighted Gene Co-Expression Network Analysis (WGCNA) of 

15 chip data and screened hub genes in CRC to find the gene modules specifically correlated with 

16 clinical traits. Methods: WGCNA was used to identify the gene modules specifically associated 

17 with metastasis in colorectal cancer. Cytoscape software was used to construct a co-expression 

18 network. The expression of CYTH1 was determined by qRT-PCR. Results: Based on the 

19 predicted co-expression network, we identified that the turquoise module was associated with 

20 CRC clinical metastasis traits. Turquoise module genes were analyzed, and we identified the hub 

21 gene CYTH1 using Cytoscape software. Additionally, we found CYTH1’s expression was lower 

22 in CRC tissue and cells when compared with normal counterparts. 

23 Introduction

24 Worldwide, colorectal cancer (CRC) is one of the most common malignant tumors of the 

25 digestive system. With economic developments, and changes in eating habits and lifestyles, the 

26 incidence and mortality rates are increasing year by year, and the age of onset is decreasing [1]. 

27 The occurrence of CRC is a complex multi-gene, multi-step and multi-stage process that requires 

28 the interaction of numerous genes, and includes oncogene activation and inactivation of tumor 

29 suppressor genes [2]. Therefore, finding the core genes that regulate the development of CRC 
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30 and effective therapeutic targets are the focus of current research.

31 Weighted Gene Co-Expression Network Analysis (WGCNA) is an analytical method used for 

32 complex samples [3]. It is an algorithm for module information using high-throughput 

33 sequencing data. In this method, a module is defined as a group of genes with similar expression 

34 profiles. If some genes consistently have similar expression changes in a physiological process or 

35 in different tissues, then we have reason to believe that these genes are functionally related, and 

36 they are then defined as a module. When a gene module is defined, we can use the results to 

37 study the correlation between module and clinical characteristics, find the most relevant gene 

38 module, and focus on analysis [4].

39 In this study, a co-expression net was constructed based on a dataset comprising 2000 genes 

40 from 148 human CRC samples using the WGCNA method. Correlations were analyzed between 

41 each module and the clinical functions of genes were detected within these modules. The genes 

42 found in our study that were highly correlated with tumor progression may be beneficial to the 

43 clinical treatment of CRC.

44 Material and Methods 

45 Data processing                                                    

46 Data for WGCNA related to CRC were obtained from the NCBI Gene Expression Omnibus 

47 (GEO) (http://www.ncbi.nlm.nih.gov/geo) with accession number GSE21510. The data set 

48 consisted of a total of 148 samples. We applied the GEO2R tool to analyze the differential genes, 

49 sorted them by P value and gene expression fold-change [5, 6], and selected the first 2000 

50 samples for further analysis.

51 Analysis and construction of a co-expression module in CRC

52 The WGCNA algorithm screens the power values in module construction. The gradient method 

53 is used to test the independence and average connectivity of different modules with different 

54 power values (ranging from 1 to 20). An appropriate power value of 12 is determined when the 

55 degree of independence is 0.9. Once the power value is determined, module construction is 

56 continued by the WGCNA algorithm, which also identifies the common representation module. 
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57 WGCNA is run in the R package (http:/www.r-project.org/), and the strength of the interaction 

58 with the heat map tool package [7, 8] is analyzed.

59 Constructing module-trait relationships of CRC

60 Module-trait associations were estimated using the correlation between the module eigengene 

61 and the phenotype (clinical traits), allowing for easy identification of the expression module 

62 highly correlated to the phenotype [9, 10]. Modules showing P values <0.05 were regarded as 

63 significant trait-related modules. 

64 Analysis of hub genes of module using Cytoscape

65 We extracted the gene of the model with the highest correlation of color, and imported genes into 

66 Cytoscape to analyze the core gene. A plug-in module of MCODE was used to screen for hub 

67 proteins, as MCODE is used to find clusters (highly interconnected regions) in a network [11]. 

68 Cell culture

69 The cell lines LOVO, DLD-1, Caco2, HT29, SW620 and SW480 and NCM460 were obtained 

70 from the American Type Culture Collection (ATCC). Cells were cultured in RPMI 1640 

71 (Hyclone) supplemented with 10% fetal bovine serum (FBS) (Gibco) at 37°C with 5% CO2. 

72 RNA extraction and RT-qPCR

73 Using TRIzol reagent (Takara, Kusatsu, Japan) according to the manufacturer’s instructions, 

74 total RNA was extracted from the six CRC cell lines LOVO, DLD-1, Caco2, HT29, SW620 and 

75 SW480, as well as from control intestinal mucosal epithelial NCM460 cells. RNA reverse 

76 transcription to cDNA was performed using the Reverse Transcription Kit (Takara). qRT-PCR 

77 analysis was carried out using SYBR Green I (Takara) in triplicates. Results were normalized to 

78 the expression of GAPDH [12]. The sequences of CYTH1 primers were as follows: forward, 

79 5’-GACGACAGCTACGTTCCCAG-3’, and reverse, 5’-TCCTGTTTTCTCCGTCGGATG-3’. 

80 The primers were obtained from PrimerBank (PrimerBank ID 110349771c1), with an amplicon 

81 size of 140 bp. The sequences of GAPDH primers were as follows: forward, 5’-

82 GACTCATGACCACAGTCCATGC-3’, and reverse, 5’-AGAGGCAGGGATGATGTTCTG -3’. 

83 The 2-ΔΔCt method was used to calculate relative expression levels of CYTH1 in tissues. ΔCt 
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84 = CtCYTH1 – CtGAPDH, ΔΔCt = ΔCtTumor –ΔCtControl. GraphPad Prism 6 software 

85 was used for graph construction [13].

86 Results

87 Pre-processing of the CRC datasets

88 The gene expression Series Matrix File of the CRC datasets was downloaded from the GEO data 

89 repository (http://www.ncbi.nlm.nih.gov/geo). The dataset GSE21510 contained a total of 148 

90 samples, and the microarray platform was GPL570. We used GEO2R for different expression 

91 gene analysis and identified that the P value of 45198 genes was greater than 0.05. WGCNA was 

92 restricted to 2000 genes, We sorted the differential genes by P value and analyzed the first 2000 

93 genes. The 2000 genes were further investigated as input for hierarchical clustering analysis, 

94 which was performed using the function flashClust. We found that the 148 samples yielded two 

95 main clusters (Fig. 1A), where tumor samples became one cluster, and the other normal samples 

96 yielded the other one.

97 Constructing a co-expression network

98 WGCNA was utilized to analyze the dataset comprising 2000 genes taken from 148 samples. 

99 When constructing WGCNA, it is necessary to select the soft threshold power to improve co-

100 expression adjacent gene similarity screening. In order for WGCNA to have a relatively balanced 

101 scale-independent and average connectivity, we first performed a network topology analysis on 

102 various soft threshold powers. The lowest power 12 with a scale-free topological fit index of 

103 0.90 was selected (Fig. 1B), and a hierarchical clustering tree of 2000 genes was generated (Fig. 

104 1C).

105 Correlation between each module and clinical traits

106 Based on the clustering dendrograms and network heatmap plot of genes（Fig. 2A and 2B), 

107 three modules were constructed, and each was shown in a different color. Each module showed 

108 independent validation to one other. The results indicate that one turquoise module was 

109 significantly associated with CRC clinical metastasis traits（Fig. 2C). The gray gene modules 

110 were ignored in this study because the housed genes did not belong to any modules. In addition, 
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111 we plotted the scatter plot of the gene signal and module members and found that the most 

112 relevant to the metastasis trait is the turquoise module gene (Fig. 2D and 2E).

113 Module visualization and hub genes

114 We imported the turquoise module gene and its correlation file into Cytoscape software to 

115 analyze the hub genes. Cytoscape software identified the top three hub modules that included 

116 CYTH1, LOC157273 and RP11-744D14.2, and the hub genes in the three modules were 

117 yellowed (Fig. 3). 

118 Down-regulation of CYTH1 mRNA in CRC tissues and cells 

119 CYTH1 was significantly down-regulated in CRC tissues compared to adjacent tissues based on 

120 the Oncomine microarray dataset and web-based data-mining platform (Fig. 4A). We further 

121 evaluated the expression levels of CYTH1 in six CRC cell lines including LOVO, DLD-1, Caco2, 

122 HT29, SW620 and SW480. Compared to normal colorectal epithelium cells NCM460, the 

123 expression levels of CYTH1 were down-regulated in all investigated CRC cell lines (Fig. 4B). 

124 Discussion

125 The main purpose of this study was to use a global approach to construct a gene co-expression 

126 network to predict candidate gene clusters involved in the mechanism of CRC metastasis.

127 WGCNA is a systematic biological method used to describe the pattern of gene associations 

128 between different samples, and it can be used to identify highly relevant gene sets. Compared to 

129 genes that only focus on differential expression, WGCNA uses the most variable genetic 

130 information to identify genes of interest, and conducts a significant association analysis with the 

131 phenotype. Not only is the information fully utilized, the association of genes and phenotypes is 

132 linked to the association of several gene sets with phenotypes. This study analyzed gene 

133 expression data using the WGCNA method. Due to the limitation on the number of input genes, 
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134 we selected 2000 genes with the largest differences. WGCNA was applied to investigate 2000 

135 different expression genes from 148 samples acquired from a dataset obtained from the NCBI. 

136 We then analyzed this gene and finally identified three gene modules.

137 The main biological characteristics of malignant tumors are their invasiveness and their 

138 metastasis process, which are the main causes of recurrence and death in cancer patients. CRC’s 

139 metastasis process is dynamic and complex, and the mechanism involved is very complicated. 

140 To analyze the relevant gene sets of CRC metastasis, we used the WGCNA method to link the 

141 obtained module to clinical traits, and found that the turquoise module is most closely related to 

142 metastasis. We imported the turquoise module genes into Cytoscape for analysis and obtained 

143 three hub genes. Among them, the hub gene with the most connections with other genes was 

144 CYTH1. Cell Adhesin-1 (CYTH1) is a member of the cell adhesionrin family, is highly 

145 expressed in natural killer and peripheral T cells, and regulates the adhesion of integrin to the 

146 plasma membrane of lymphocytes [14, 15]. Members of this family have the same structural 

147 organization, consisting of an N-terminal coiled-coil motif, a central Sec7 domain, and a C-

148 terminal pleckstrin homology (PH) domain [16]. 

149 In order to further validate our results, we analyzed the expression level of CYTH1 in CRC cells 

150 using qRT-PCR and the Oncomine database. The results showed that the expression of CYTH1 

151 was significantly down-regulated. We presumed that CYTH1 was possibly involved in the 

152 function and pathology of CRC, but the special function and mechanism is not clear, and 

153 requires further in vitro and in vivo investigations.

154 Conclusions

155 Our results describe the correlation between modules and clinical traits, and indicate that CYTH1 

156 may serve as a promising therapeutic target for CRC.

157
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198

199 Figure legends

200

201 Figure 1.  The cluster analysis of CRC. Sample clustering to detect outliers.  A.   All the 

202 samples were in the clusters. Below is the clustering of clinical features, white is low and red is 

203 high. B. Analysis of network topology for different soft-thresholding powers. The influence of 

204 the soft-thresholding power (x-axis) on scale-free fit index (y-axis). C.The influence of the soft-

205 thresholding power (x-axis) on mean connectivity (degree, y-axis) .

206 Figure 2. Clustering dendrograms of genes and analyze the correlation between each 

207 modules and clinic traits. A. Clustering of CRC different expression genes co-expression 

208 module via WGCNA. B. Association of gene expression modules. The yellow of the middle part 

209 represents the correlation between the modules. The different colors of the horizontal and 

210 vertical axes represent different modules. Light color denotes low topological overlap, and 

211 deeper color denotes higher topological overlap. C. Module and clinic trait associations. Each 

212 row corresponds to a module eigengene, column to a clinic trait. Each cell contains the 

213 corresponding correlation and p-value. Correlation analysis between characteristic genes and 

214 clinical characteristics. D. Correlation analysis between blue module eigengene and metastasis. E. 

215 Correlation analysis between turquoise module eigengene and metastasist.

216 Figure 3. Three modules from the interaction network. The hub genes are highlighted yellow. 

217 The hub gene of the first model is CYTH1, the hub gene of the second model is LOC157273 and 

218 the hub gene of the third model is RP11-744D14.2. Because the first module contains too many 

219 genes with more than 1000 edges, only the core gene is displayed.

220 Figure 4. Expression levels of CYTH1 mRNA in CRC tissues and cell lines. A. Expression 

221 levels of CYTH1 mRNA with CRC tissues and control tissues in Oncomine. Red boxes represent 

222 expression down-regulation. The graph on the right is the results from TCGA 

223 (http://cancergenome.nih.gov/) database. TCGA is a powerful database platform for integrating 

224 multiple cancer genome sequencing data. The results showed that CYTH1 expression was down-

225 regulated 2.027-fold in CRC specimens compared with control colorectal tissue specimens. B. 

226 RT-qPCR analysis of CYTH1 expression in six CRC cell lines compared with the control 

227 colorectal epithelium NCM460 cell line. Error bars indicate the mean ± standard deviation of 

228 three independent experiments. ***P<0.001.

229
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Figure 1
Figure1

The cluster analysis of CRC. Sample clustering to detect outliers.( A) All the samples were in
the clusters. Below is the clustering of clinical features, white is low and red is high. (B)
Analysis of network topology for different soft-thresholding powers. The influence of the soft-
thresholding power (x-axis) on scale-free fit index (y-axis). (C)The influence of the soft-
thresholding power (x-axis) on mean connectivity (degree, y-axis) .
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Figure 2
Figure 2

Figure 2. Clustering dendrograms of genes and analyze the correlation between each
modules and clinic traits. (A) Clustering of CRC different expression genes co-expression
module via WGCNA. (B) Association of gene expression modules. The yellow of the middle
part represents the correlation between the modules. The different colors of the horizontal
and vertical axes represent different modules. Light color denotes low topological overlap,
and deeper color denotes higher topological overlap. (C) Module and clinic trait associations.
Each row corresponds to a module eigengene, column to a clinic trait. Each cell contains the
corresponding correlation and p-value. Correlation analysis between characteristic genes and
clinical characteristics of. (D) Correlation analysis between blue module eigengene and
metastasis. (E) Correlation analysis between turquoise module eigengene and metastasist.
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Figure 3
Figure 3

Figure 3. Three modules from the interaction network. The hub genes are highlighted yellow.
The hub gene of the first model is CYTH1, the hub gene of the second model is LOC157273
and the hub gene of the third model is RP11-744D14.2. Because the first module contains too
many genes with more than 1000 edges, only the core gene is displayed.
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Figure 4
Figure 4

Figure 4. Expression levels of CYTH1 mRNA in CRC tissues and cell lines. (A) Expression levels
of CYTH1 mRNA with CRC tissues and control tissues in Oncomine. Red boxes represent
expression down-regulation. The graph on the right is the results from TCGA
(http://cancergenome.nih.gov/) database. TCGA is a powerful database platform for
integrating multiple cancer genome sequencing data. The results showed that CYTH1
expression was down-regulated 2.027-fold in CRC specimens compared with control
colorectal tissue specimens. (B) RT-qPCR analysis of CYTH1 expression in six CRC cell lines
compared with the control colorectal epithelium NCM460 cell line. Error bars indicate the

mean ± standard deviation of three independent experiments. ***P<0.001.
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