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Background: Colon adenocarcinoma (COAD) is one of the most common malignancies. To 
identify candidate genes that may be involved in colon adenocarcinoma development and 
progression, weighted gene co-expression network analysis (WGCNA) was used to construct 
gene co-expression networks to explore associations between gene sets and clinical features and 
to identify candidate biomarkers. Moreover, we intend to make a preliminary exploration on it.
Methods: Gene expression profiles and clinical information were collected from The Cancer 
Genome Atlas COAD database for analysis. The gene expression profiles of GSE106582 and 
GSE110224 were screened from the Gene Expression Omnibus database for verification. 
WGCNA analysis, functional pathway enrichment analysis, and prognosis analysis were 
performed on three databases. Target genes were selected from the key genes for experi-
mental verification and research.
Results: Key genes obtained by WGCNA analysis were mainly enriched in key functions 
and pathways such as drug metabolism, steroid hormones, and retinol metabolism. A total of 
four prognostic genes were screened out: SELENBP1, NAT2, VSIG2, and CES2. VSIG2 was 
selected as the target gene for experimental verification, and its encoded protein was found to 
be mainly expressed in immune cells. Its expression was positively correlated with immune 
infiltration.
Conclusions: VSIG2 was shown to be associated with immune invasion and antigen 
presentation in COAD, suggesting it plays an important role in COAD development and 
progression. It could be used as a potential biomarker or therapeutic target for COAD.
Keywords: prognosis, WGCNA, immune-related gene, molecular biomarkers, The Cancer 
Genome Atlas, Gene Expression Omnibus

Introduction
Colon adenocarcinoma (COAD) is the most important histological type of color-
ectal cancer (CRC), ranking third (13.5%) and second (9.5%) among the worldwide 
incidence of malignancies in male and female patients, respectively, and is a serious 
hazard to human health.1 Numerous studies over the past two decades have 
identified genetic mutations that are associated with the prognosis of COAD and 
patient response to treatment; moreover, some targeted therapies have also been 
developed.2,3–5 However, the exact molecular mechanism of COAD progression 
remains unclear, which limits the ability to treat advanced disease. Therefore, 
a better understanding of gene expression during the occurrence and progression 
of COAD will help improve diagnosis and treatment.
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mRNA Microarray technology is becoming increas-
ingly accurate and has been widely used to explore 
changes in animal and plant gene expression.6–8 In recent 
years, high-quality microarray and high-throughput 
sequencing have aided the discovery of changes in gene 
expression during COAD development and progression,9– 

11 and even screened biomarkers for COAD diagnosis, 
therapy, and prognosis. Gene profiles can be obtained 
from public databases such as Gene Expression Omnibus 
(GEO) and the Cancer Genome Atlas (TCGA), and the use 
of integrated bioinformatics methods can overcome the 
limitations associated with different microarray platforms 
and small sample sizes.

As a commonly used gene module analysis technique, 
weighted gene co-expression network analysis (WGCNA) 
has been widely used in the identification and screening of 
molecular markers or drug targets for complex diseases.12 

In this study, genetic changes in CRC were identified from 
two mRNA microarray datasets in the TCGA and GEO 
database, and differentially expressed genes (DEGs) 
between COAD and normal tissues were obtained. Using 
WGCNA, the most significant functional modules in the 
process of cancer development were obtained, and the 
differentially expressed genes in the modules were 
screened out as research objects. Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) were used for functional enrichment analysis. 
The target genes were obtained through survival analysis, 
then prognostic genes were screened and VSIG2 was 
selected as a target gene for experimental verification.

Materials and Methods
WGCNA Analysis of TCGA
Gene expression profile data with corresponding clinical 
data were searched for and downloaded from the TCGA 
database (https://portal.gdc.cancer.gov/). TCGA COAD 
dataset gene expression profiles contained 437 samples 
including 398 tumor tissues and 39 corresponding healthy 
mucosal tissues. COAD clinical datasets of 385 patients 
were also downloaded. Cystic, mucinous, and serous neo-
plasm\complex epithelial neoplasm\complex epithelial 
neoplasm COAD samples were excluded from analysis. 
The series matrix files from TCGA were annotated with an 
official gene symbol using the data table of the microarray 
platform to obtain gene expression matrix files. R software 
was used to identify differentially expressed genes 

(DEGs), with fold change >2 and adjusted P-value <0.05 
considered to indicate a statistically significant difference.

The “WGCNA” R package was used to construct co- 
expression networks for all genes in TCGA COAD and 
healthy samples. First, RNASeq data were filtered to 
reduce outliers, then an appropriate soft threshold β 
weighting coefficient was selected to build gene networks 
in the connection between the scale-free network, and the 
phase relationship between genes was used to construct 
a hierarchical clustering tree. Next, the weighted correla-
tion coefficient of the gene was used in classification 
according to expression pattern, with genes sharing similar 
patterns grouped into the same module; genes were then 
classified into different modules according to their expres-
sion pattern for the next analysis. Then, this weighted 
correlation coefficient was used to transform the correla-
tion matrix into an adjacency matrix and further transform 
it into a topological overlap matrix (TOM).13,14

Finally, Pearson’s correlation coefficient and the 
P-value of the module eigengene, composed of each mod-
ule gene and sample, were calculated by the WGCNA 
algorithm. The relationship between different modules 
and clinical traits was measured by Pearson’s correlation 
coefficient, and the module with the highest correlation 
coefficient was selected for subsequent analysis. In this 
study, the gene module most down-regulated in TCGA 
COAD samples compared with healthy samples was 
selected.

Pathway Analysis
DEGs of the target module were identified by constructing 
a Venn diagram (http://bioinformatics.psb.ugent.be/webt 
ools/Venn/). KEGG and GO enrichment analyses were 
then performed. KEGG is a database resource for under-
standing advanced functions and biological systems from 
large-scale molecular data generated by high-throughput 
experimental techniques,15 while GO is a major bioinfor-
matics tool for annotating genes and analyzing their bio-
logical processes (BPs), molecular functions (MFs), and 
cellular components (CCs).16 DEG functional analysis was 
performed using the clusterProfiler, org.Hs.eg.db, enrich-
plot, ggplot2 R package, with P<0.05 considered to indi-
cate a statistically significant difference. The results based 
on the top 10 BPs, MFs, CCs, and KEGG were visualized.

Verification by the GEO Database
Gene expression profile data were searched for and down-
loaded from the publicly available NCBI GEO databases, 
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including those from GSE106582 (https://www.ncbi.nlm. 
nih.gov/geo/query/acc.cgi?acc=GSE106582) and 
GSE110224 (https://www.ncbi.nlm.nih.gov/geo/query/acc. 
cgi?acc=GSE110224). GSE106582 was an expression pro-
filing based on the GPL10558 platform (Affymetrix 
Human Gene Expression Array) and contained 194 sam-
ples, including 117 tissue mucosa samples and 77 tissue 
tumor samples. GSE110224 was an expression profiling 
based on the GPL570 platform and contained 34 samples, 
including 17 normal adjacent samples and 17 primary 
colorectal adenocarcinoma samples.

DEGs and WGCNA co-expression networks of the two 
GEO databases were analyzed in the same way. Similarly, 
construction of a Venn diagram was used to screen out 
DEGs in the most significantly down-regulated modules. 
DEG functions and pathways were then enriched and 
analyzed as described above.

Key Gene Screening
The intersection gene of the three databases was identified 
by constructing a Venn diagram. Overall survival analysis 
of seed genes in the most critical module was performed 
using Kaplan–Meier curves in R packages by TCGA clin-
ical database which were compared statistically using the 
Log rank test. Then the expression of prognostic-related 
genes was mined by the TCGA dataset.

Immunocorrelation Analysis
Prognostic-related genes underwent correlation analysis 
with immune cells and immune markers using the 
TIMER database (https://cistrome.shinyapps.io/timer/), 
with correlations adjusted by tumor purity.

Immunohistochemical Analysis
Primary anti-VSIG2 antibodies were obtained from 
Affinity Biosciences (Victoria, Australia), anti-LC3 anti-
bodies from Abcam (Cambridge, MA, USA), and the 
DAB chromogenic kit and enzyme-labeled goat anti- 
mouse/rabbit IgG polymer purchased from Beijing 
Zhongshan Jinqiao Biotechnology Co., Ltd. (Beijing, 
China).

Hematoxylin and eosin-stained sections of specimens 
from 30 patients with colon cancer were collected from the 
Department of Pathology, Affiliated Hospital of Binzhou 
Medical University, and diagnosed by two senior patholo-
gists after a double-blind review. A total of 4–6 sections of 
tumor tissue and adjacent healthy tissue were available 
from each patient, and paraffin-embedded tissue with 

more lymphocyte infiltration was selected for continuous 
sections.

Using the EnVision staining technique, tissue sections 
were dewaxed and rehydrated, subjected to antigen retrie-
val under high pressure and heat, and 3% H2O2 was used 
to block endogenous peroxidase. According to the manu-
facturers’ instructions, anti-VSIG2 and anti-LC3 antibo-
dies were diluted and incubated with tissue samples at 4°C 
overnight. Samples were then washed with phosphate- 
buffered saline (PBS) and incubated with the secondary 
antibody at 37°C for 30 min. The DAB chromogenic kit 
was used for color development according to the manu-
facturer’s instructions, hematoxylin redyeing, differentia-
tion, dehydration, transparent, neutral rubber seal. As 
suggested by the antibody manufacturers, known positive 
tissue was used as the positive control, and PBS was used 
as the negative control in the absence of the primary anti-
body. Two researchers who were unaware of the clinico-
pathological statuses of the specimens scored each section 
independently.

The number of tumor cells (non-immune cells) show-
ing positive LC3 expression and immune cells showing 
positive VSIG2 expression were used to determine the 
degree of immune infiltration. VSIG2 and LC3 were 
mainly expressed in the cell membrane or cytoplasm, and 
the presence of yellow-brown or brown-yellow particles 
was a positive sign. Ten independent fields were observed 
under 400× magnification, and the five with the highest 
density of immune cells were selected. The number of 
immune cells in each of the five fields was counted, and 
an average value was calculated. Samples whose count 
was higher than average were classified as the strong 
immunoinfiltration group, and those whose count was 
lower than average were classified as the weak immunoin-
filtration group. Scoring was based on the intensity of 
staining and the proportion of positive cells. For staining 
intensity, a score of 0 was given for cells without staining, 
1 for light yellow, 2 for yellow-brown, and 3 for brown. 
For the number of positive cells, a score of 0 was for ≤5%, 
1 for 6%–25%, 2 for 26%–50%, 3 for 51%–75%, and 4 for 
>75%. The two scores were multiplied, and a final score 
≥4 was considered positive, and ≥8 was considered 
strongly positive.

Statistical Analysis
R software (v.3.6.3) and SPSS 25.0 software were used for 
statistical analysis. Enumeration data were analyzed by the 
χ2 test, the independent samples t-test was used for 
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comparisons between two groups, and one-way analysis of 
variance was used for comparisons between multiple 
groups. The correlation of protein expression was analyzed 
by the Spearman’s rank correlation coefficient, with P < 
0.05 was considered statistically significant.

Results
TCGA Database Research Results
A gene set containing 3572 DEGs (TCGA_DIFF) was 
obtained from the TCGA database, among which 2229 
genes were down-regulated and 1343 were up-regulated 
compared with healthy tissue (Figure 1A).

All samples were included in the clusters of WGCNA 
analysis. The soft-power threshold β was determined by 
the function “sft$powerEstimate”; β = 3 was selected for 
further analysis (Figure 1B) and the shear height was set to 
0.25. A total of nine gene modules in TCGA were detected 
based on the TOM matrix (Figure 1C). From the heatmap 
of modules and characters, it was found that the green 
module (1339 genes) had the highest degree of correlation 
with colon adenocarcinoma in TCGA (Figure 1D). The 
TCGA_green module was selected to screen seed genes.

DEGs of the most significantly down-regulated mod-
ules were obtained by constructing Venn diagrams 
(TCGA_DIFF and TCGA_GREEN). A total of 957 
genes were screened (Figure 2A), and R packages was 
used for their functional enrichment analysis (Figure 1E 
and F).

GEO Database Verification
Using the same method, we obtained two different gene 
sets, GSE106582_diff and GSE110224_diff. 
GSE106582_diff included 504 DEGs consisting of 328 
down-regulated genes and 176 up-regulated genes, while 
GSE110224_diff included 519 DEGs consisting of 296 
down-regulated genes and 223 up-regulated genes 
(Figure 3A and G).

We performed WGCNA analysis of the two GEO data-
sets using the same method, β = 10 (GSE106582) and β = 
12 (GSE110224), for both (Figure 3B and H). A total of 
nine modules were detected in GSE106582 and 11 modules 
in GSE110224 (Figure 3C and I). The turquoise module 
(681 genes) in GSE106582 (GSE106582_turquoise; 
Figure 3D) and the turquoise module (816 genes) in 
GSE110224 (GSE110224_turquoise; Figure 3J) were the 
most significantly down-regulated modules, so were used 
to screen hub genes.

DEGs in the most significantly down-regulated mod-
ules of GSE106582 and GSE110224_turquoise were 
obtained by constructing Venn diagrams 
(GSE106582_diff and GSE106582_turquoise, 
GSE110224_diff and GSE110224_turquoise). A total of 
283 genes were screened for GSE106582 and 253 for 
GSE110224 (Figure 2B and C).

The functions enriched in the three databases were 
mutually confirmed with the channels, and included: “hor-
mone metabolic process”, “apical part of cell”, “brush 
border”, “microvillus”, and “chloride transmembrane 
transporter activity”. Co-enriched pathways included: 
“steroid hormone biosynthesis”, “retinol metabolism”, 
“metabolism of xenobiotics induced by cytochrome 
P450”, “drug metabolism - cytochrome P450”, “bile secre-
tion”, and “chemical carcinogenesis” (Figures 1E and 
F and 3E and F, K and L).

Screening for Key Genes
A total of 80 co-expressed DEGs from TCGA, 
GSE106582, and GSE110224 databases were identified 
and screened after constructing a Venn diagram 
(Figure 2D).

A total of 379 patients had complete gene expression 
and survival information data, which were used for overall 
survival (OS) analysis using the Kaplan–Meier survival 
plot with survival and survminer R packages. Four pro-
gression-related DEGs were identified as potentially prog-
nostic (SELENBP1, NAT2, VSIG2, and CES2; Figure 4A– 
D). We then plotted scatter plots and paired plots of these 
DEGs for tumor and healthy samples based on gene 
expression data from the TCGA database (Figure 4E–L). 
Of these genes, VSIG2 was not enriched in the functions 
and pathways of the most important modules of WGCNA. 
Therefore, it was chosen for further analysis in this study 
to determine its role in colon cancer.

Relationship Between VSIG2 and 
Immunity
Based on the TIMER database analysis of VSIG2 and 
immune cells, we found that VSIG2 expression was posi-
tively correlated with the number of B cells and negatively 
correlated with the number of macrophages and neutro-
phils (Figure 5A). Moreover, a significant positive correla-
tion was observed between VSIG2 expression and nitric 
oxide synthase 2, as a marker of M1 macrophages, and 
a significant negative correlation was detected between 
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Figure 1 Analysis of TCGA database. (A) The database erases the volcanic map of the genes that differ from the normal sample. (B) Determination of soft threshold (β) for 
weighted gene co-expression network analysis. (C) Gene cluster dendrogram. (D) Heat map of correlation between clinical features and module features. (E) Go histogram 
of co-expression differential genes. (F) KEGG histogram of co-expression differential genes.
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VSIG2 expression and CD163, as a marker of M2 macro-
phages (P < 0.05; Figure 5B and C).

Immunohistochemical Verification of 
VSIG2 and LC3 Expression
VSIG2 was mainly expressed in the cytoplasm and cell 
membrane of immune cells, especially plasma cells and 
macrophages, but at lower levels in T cells. The expression 
was significantly higher in immune cells of healthy tissues 
than in immune cells of cancerous tissues (Table 1). 
However, VSIG2 expression did not differ significantly 
between non-immune cells of healthy versus cancerous 
tissues (Figure 6A and B).

Assessment of the infiltration intensity by immunohis-
tochemistry enabled the 30 patient samples to be divided 
into high VSIG2 expression and low VSIG2 expression 
groups. Immunoinfiltration was significantly stronger in 
the group with high VSIG2 expression than in those with 
low VSIG2 expression (Table 2).

We previously found that LC3 expression was posi-
tively correlated with immune infiltration (unpublished 
observations). Here, the 30 samples were also divided 

into high and low expression groups according to the 
expression intensity of LC3 in cancer cells (Figure 6C). 
LC3 expression was significantly positively correlated 
with the amount of immune infiltration in colorectal cancer 
(Table 3). Additionally, the amount of immune infiltration 
was highest in samples showing both high VSIG2 and 
positive LC3 expression, and lowest in samples showing 
low VSIG2 expression and negative LC3 expression 
(Table 4).

Discussion
COAD is one of the most common malignancies. 
However, despite previous investigations into its etiology, 
the exact mechanism of development remains to be deter-
mined. Here, we performed WGCNA analysis on the 
TCGA COAD dataset and conducted GO and KEGG 
enrichment analyses of the co-expressed DEGs, which 
were verified by GSE106582 and GSE110224 in the 
GEO database. It is worth noting that the database selected 
in this study has been used in the study of COAD, but to 
our knowledge WGCNA analysis has never been con-
ducted on it.

Figure 2 VENN. (A) DEGs of the most significant down-regulated module in the TCGA database. (B) DEGs of the most significant down-regulated module in the TCGA 
database. (C) DEGs of the most significant down-regulated module in the TCGA database. (D) DEGs were co-expressed in three databases.
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The three databases were enriched with many similar 
functions and pathways, including those involving steroid 
hormones, retinol metabolism, bile acid metabolism, drug 
metabolism, and sulfur metabolism. Colon cancer drug 
metabolism is a research hotspot, and the antimetabolite 
5-fluorouracil (5-FU) is a recommended chemotherapy 
agent.17 5-FU drug resistance in colon cancer was pre-
viously shown to be conferred by a SphK2-induced 
increase in dihydropyrimidine dehydrogenase.18 

Moreover, sulfur-metabolizing bacteria are associated 
with an increased risk of distal colon cancer.19

In this study, we intersected DEGs of the most signifi-
cantly down-regulated module in the three databases. 
A total of 80 co-expressed genes were identified for survi-
val analysis and of these, four progression-related genes 
were identified by survival analysis: SELENBP1, NAT2, 
VSIG2, and CES2. These four genes were chosen as our 
target genes. CES2 and NAT2 were enriched in drug meta-
bolism-related pathways. Previous studies have shown that 
CES2 overexpression has prognostic value in COAD, 
while oxaliplatin resistance in COAD cells was found to 
be reversed by inhibiting the phosphoinositide 3 kinase 
signaling pathway after CES2 knockdown.20 Additionally, 
the conversion of capecitabine to 5-FU requires CES2.21

NAT2 is considered to be a prognostic factor for the 
survival of patients with COAD,22 and can alter the ther-
apeutic index of anticancer drugs.23,24 SELENBP1 is 
enriched in the sulfur metabolism pathway, and its inhibi-
tion is a common late event in the rapid development of 
COAD.25–27

The expression of VSIG2 was lower in the three data-
bases of COAD by bioinformatics analysis, and the prog-
nosis of the low expression group was worse. We 
speculated that VSIG2 is a tumor suppressor gene of 
COAD and plays an important role in the occurrence and 
development of COAD. However, the function of VSIG2 
in COAD is not clear. To clarify its role in colon cancer, 
we conducted a data query and immunohistochemistry in 
this study.

Its recommended name of V-set and immunoglobulin 
domain-containing protein (https://www.genecards.org/), 
and the fact that family members VSIG328 and 
VSIG429,30 are associated with immune function sug-
gested that the role of VSIG2 may also be related to 
tumor immunity.

Through TIMER database analysis, we found that 
VSIG2 is closely associated with immune cells in 
COAD, showing positive correlations with B cells and 

Figure 3 Analysis of GEO database: (A–F) Analysis of GSE106582 database (The figures type are the same as database TCGA). (G–L) Analysis of GSE110224 database (The 
figures type are the same as database TCGA).
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Figure 4 (A–D) The survival curves of continuous variables of key genes. (E–L) Scatter plots and paired plots of gene expression differences of key genes.

Figure 5 (A) Correlation between VSIG2 and immune cells. (B) Correlation of VSIG2 with tumor-associated M1 macrophage markers. (C) correlation of VSIG2 with 
tumor-associated M2 macrophage markers.
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negative correlations with neutrophils, and macrophages. 
Previous studies reported that the colon cancer tumor 
infiltration of CD20+ B lymphocytes was associated with 
good prognosis.31 Other investigations found that the ratio 
of neutrophils to lymphocytes is a clear predictor of colon 
cancer prognosis, and that tumor-associated neutrophils 
can promote tumor development.32

The study of macrophages in colon cancer tissue 
mainly refers to tumor-associated macrophages (TAMs), 
which have antitumor effects.33–35 To determine the rela-
tionship between VSIG2 and M1 and M2 TAMs, we 
analyzed their correlations using the TIMER database. 
VSIG2 positively correlated with M1 macrophage mar-
kers, and negatively correlated with M2 macrophage mar-
ker. Because VSIG2 negatively correlated with the total 
amount of tumor-associated macrophages, we speculated 

that when VSIG2 is missing in colon cancer, the increase 
of M2 type macrophages plays a leading role in the pro-
cess of macrophage infiltration. So we speculate that the 
loss of VSIG2 expression in colon cancer is associated 
with an increase in M2 macrophages which promote tumor 
development. Thus, VSIG2 itself has an antitumor effect.

Although VSIG2 is differentially expressed in colon 
cancer compared with healthy tissue, and is closely related 
to immune cells, its protein expression pattern in colon 
cancer was unknown. Our immunohistochemical analysis 
revealed that VSIG2 was mainly expressed in normal 
tissues, but weakly expressed in cancer. It was mainly 
expressed in the cytoplasm and membrane of immune 
cells, but weakly expressed in non-immune cells. We 
speculated that the difference in the expression of VSIG2 
between normal tissues and cancer tissues might be caused 
by its differential expression in immune cells.

Previous studies have shown that monocytes and 
macrophages play important roles in antigen 
presentation,36 while B cells and plasma cells are involved 
in the formation of the antitumor immune response, with 
B cells presenting homologous tumor antigens to T cells. 
The functional outcome of this interaction depends on the 
B cell phenotype. Additionally, the homogeneity and spe-
cificity of antibodies produced by plasma cells can drive 
different immune responses.37 Therefore, increases in 

Table 1 Expression of VSIG2 in Immune Cells of Cancer and 
Normal Tissues

n VSIG2 P

++ + –

Normal 30 24 2 4 <0.001*
Tumor 30 7 15 8

Notes: *P<0.05. 
Abbreviation: VSIG2, expression of VSIG2 in immune cells.

Figure 6 (A) The expression of VSIG2 in normal tissues. (B) The expression of VSIG2 in cancer tissues. (C) The expression of LC3 in cancer tissues.

Table 2 Correlation Between the Expression of VSIG2 in 
Immune Cells of Cancer Tissue and the Intensity of Immune 
Invasion

n VSIG2 r P

+ –

Immune infiltration + 15 14 1 0.452 0.012*

– 15 8 7

Notes: *P<0.05. 
Abbreviation: VSIG2, expression of VSIG2 in immune cells of cancer tissue.

Table 3 Correlation Between Autophagy - Related Factor LC3 
and the Intensity of Immune Invasion in Cancer Tissue

n LC3 r P

+ –

Immune infiltration + 15 13 2 0.484 0.006*
– 15 6 9

Notes: *P<0.05. 
Abbreviation: LC3, LC3 expression in somatic cells of carcinoma tissues.
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mononuclear macrophages and plasma cells are thought to 
raise the number of infiltrating immune cells. Because 
VSIG2 was highly expressed in both types of immune 
cells of healthy tissue in the present study, we suspect 
that it functions to maintain normal immune surveillance 
and antigen-presenting cells. Moreover, the reduced 
VSIG2 expression in plasma cells and macrophages of 
tumor tissue implies a decrease in immune escape and 
immune cell infiltration during colon cancer.

Tumor immune escape refers to the phenomenon 
whereby tumor cells survive and proliferate in vivo by 
escaping from immune system recognition and attack 
through a variety of mechanisms. Studies have shown 
that it is promoted by CD4+ T cells and TAMs.38,39 Here, 
our observation that VSIG2 was negatively correlated with 
CD4+ T cells and TAMs indicates that the absence of 
VSIG2 in tumors leads to tumor immune escape. To 
investigate the relationship between VSIG2 and immune 
cell infiltration, we analyzed the correlation between 
VSIG2 expression and the number of immune cells in 
cancerous tissue. We found that when VSIG2 was highly 
expressed in immune cells, immune infiltration was stron-
ger and multiple infiltrating immune cells were detected. 
This suggests that high VSIG2 expression confers 
a stronger antigen presentation ability, which attracts 
more immune cells.

We previously showed that colon cancer cell autop-
hagy enhances immune infiltration following the increased 
production and exposure of tumor-associated antigens 
(unpublished observations), and that endogenous LC3 
lysosome substitution is a sign of autophagy.40 This is 
similar to the deduced VSIG2 function in the present 
study, thus the correlation between VSIG2 and LC3 was 
studied in this experiment. We used LC3 immunohisto-
chemical staining and showed that the immunoinfiltration 
was the highest when both LC3 and VSIG2 were positive, 
while the immunoinfiltration was the lowest when both of 
them were negative. We inferred from this that high LC3 
expression is associated with enhanced autophagy, leading 
to the production of more tumor-related antigens. 

Additionally, we reasoned that high expression of VSIG2 
can promote more immune cells to combine with the 
antigen produced by autophagy, resulting in stronger 
immune infiltration. Thus, the synergistic relationship 
between VSIG2 and LC3 supports the infiltration of 
immune cells.

Conclusions
In general, our bioinformatics assessment indicates that 
DEGs may play a key role in the occurrence, prognosis, 
growth and development of COAD. In this study, we 
screened 3572 (TCGA), 504 (gse106582) and 519 
(gse110224) DEGs from three databases using WGCNA. 
The functions determined from enrichment analysis are 
closely related to steroid hormones, retinol metabolism, 
bile acid metabolism, drug metabolism and thiol metabo-
lism. These processes can lead to the development of 
COAD. Through further screening, 80 DEGs and 4 prog-
nosis-related genes (SELENBP1, NAT2, VSIG2 and CES2) 
were obtained. Among them, VSIG2 has rarely been stu-
died in COAD. We provide evidence that VSIG2 may be 
an immune-related gene that plays a role in antigen pre-
sentation and immune invasion. It can therefore play a role 
in metabolism of colon adenocarcinoma by regulating 
immune response. Studying the expression and prognosis 
of these genes undoubtedly progresses the understanding 
of the role of these genes in the growth and development 
of COAD. The findings of this study will help to deepen 
the understanding of the molecular pathogenesis of 
COAD. In addition, prognosis-related genes may be poten-
tial biomarkers, which can be used to detect and target 
COAD for treatment. However, there are still many short-
comings in this study. The sample size of this study was 
small. These findings should be further verified in a large 
sample size retrospective study. Additionally, the findings 
presented have not been verified by in vitro mechanism of 
action experiments. In the next study, we aim further 
reveal the mechanism of VSIG2 in COAD from 
a molecular perspective.

Table 4 Correlation Between the Expression of LC3 and VSIG2 and the Intensity of Immune Invasion

n VSIG2+/LC3+ VSIG2+/LC3- VSIG2-/LC3+ VSIG2-/LC3- P

Immune infiltration + 15 12 2 1 0 <0.001*
- 15 2 6 4 3

Notes: *P<0.05. 
Abbreviations: LC3, LC3 expression in somatic cells of carcinoma tissues; VSIG2, Expression of VSIG2 in immune cells of cancer tissue.
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Abbreviations
CRC, colon cancer; COAD, colon adenocarcinoma; 
WGCNA, weighted gene co-expression network analysis; 
TCGA, The Cancer Genome Atlas; GEO, Gene 
Expression Omnibus; GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; BP, biologi-
cal process; CC, cellular component; MF, molecular func-
tion; TIMER, Tumor IMmune Estimation Resource.
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