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ABSTRACT
Colorectal cancer (CRC) is one of the most common tumors, ranking second in the global cause of death 
from cancer. The prognosis of advanced patients is still very poor. In this study, hub modules with the 
highest association with tumor-infiltrating immune cells were identified by weighted gene co-expression 
network analysis based on CRC expression data from the Gene Expression Omnibus database. Next, three 
hub genes (ADAM8, IL-1A, VAV3) related to infiltrating immune cells were identified by co-expression 
network and prognostic analysis. After analysis and verification of the TIMER database, ADAM8 was 
selected as a prognostic biomarker. Finally, the result of functional test showed that ADAM8 gene 
expression down-regulation partially reversed the immune tolerance of CRC cells to TILs. By bioinfor-
matics analysis methods and the experimental techniques, we identified ADAM8 as a prognostic 
biomarker and clinical therapeutic target related to tumor-infiltrating immune cells in CRC.
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Introduction

Colon cancer is the 3rd most common malignancy 
worldwide with a relatively high mortality. Tumor, 
node and metastases (TNM) classification showed 
the value of evaluating disease prognosis [1,2]. 
However, identical TNM stage and similar thera-
peutic strategy may still lead to divergent clinical 
outcomes of patients with colon cancer [3,4]. 
T cells are divided into two categories: αβ T cells 
and γδ T cells according to TCR subtype with γδ 
T cells small numbers mainly distributed in tissues 
such as skin and intestinal mucosa. Tumor- 
infiltrating γδ-T-cells consist of Vδ1 and Vδ2 sub-
types, γδ T cells are now considered to be promis-
ing candidates for adoptive cell immunotherapy 
[5]. Big data analysis across 25 cancers and 14 
solid non-brain tumors showed that among all 
tumor-infiltrating T lymphocytes, tumor- 
infiltrating γδT cells had the high correlation 
with good prognosis, indicating that γδT may 
play a vital important role in anti-tumor immunity 
[6]. Previous research showed that the number of 
Vδ1 T cells were markedly increased, whereas 
Vδ2 T cells were significantly decreased. The 
imbalance of the ratio of the two disrupted the 
tumor immune microenvironment [7]. Since γδ 
T cells do not have MHC restriction on tumor 
antigen recognition and also rapidly produce 
a substantial amounts of cytokines and effectively 
kill malignant tumors, γδ T cell-based cancer 
immunotherapy is considered a promising therapy 
in tumor immunotherapy field [8,9]. Currently, 
a number of clinical trials regarding γδ T-cell- 
based specific immunotherapy have been com-
pleted or are ongoing for the assessment of the 
safety and anti-tumor efficacy of γδ T cells [10].

PD-1/PD-L1 and CTLA4 inhibitors require the 
participation of significant immune cell infiltration 
surrounding tumors. The abundance of TIL can be 
used as a biomarker to predict responsiveness of PD- 
1/PD-L1 inhibitors. In many clinical studies, TIL 
abundance has shown good predictive value for the 
clinical efficacy. One study investigated the possibi-
lity of TIL as a biomarker for PD-1 inhibitors in the 
treatment of melanoma and Non-small cell lung 
cancer (NSCLC). The density of CD4+ and CD8 
+ TIL in melanoma was found to be significantly 

correlated with the response rate after PD-1 inhibitor 
treatment. When CD8+ TIL count ≥1900/mm 2, the 
response rate (RR) was as high as 90% [11]. The 
increasing number of CD8 + T cells, PD-1 + T cells 
and PDL1 + T cells at the tumor center and invasive 
margin of patients with good response to PD-1 inhi-
bitor was significantly higher than that of patients 
with tumor progression [11]. When there was 
CD8 + T cell infiltration in the tumor microenviron-
ment, the response rate of PD-1 inhibitor treatment 
was higher [12]. The high infiltration of CD8 + T 
cells on the invasive margin in CRC with hepatic 
metastases indicates a better response to chemother-
apy [13].

Therefore, the identification of immune-related 
biomarkers will help monitor colon cancer immu-
notherapy response, predict patient outcome and 
even reverse cancer immunotolerance. In this 
study, we used bioinformatics analysis methods to 
evaluate the immune microenvironmental cell infil-
tration in CRC patients, and then identify a novel 
biomarker. Finally, we explored its biological effects, 
providing new therapeutic targets for clinical treat-
ment of CRC. We used WGCNA R package to con-
struct a co-expression network about genes in the 
dataset. Based on the CIBERSORT algorithm, the 
T-cell compositions of CRC samples were evaluated. 
We then identified gene modules and key hub genes 
related to TILs cell infiltration. Then, some indepen-
dent prognostic biomarkers were identified and ver-
ified. After analysis and verification of the TIMER 
database, ADAM8 was considered as a prognostic 
biomarker. Finally, the functional test result showed 
ADAM8 participated in the promotion of CRC cell 
proliferation. The ADAM8 gene expression down- 
regulation partially reversed the immune tolerance 
of CRC cells to TILs. With bioinformatics analysis 
methods and the experimental verification, we 
demonstrated that ADAM8 was a promising 
immune-related biomarker and therapeutic target 
related to tumor-infiltrating immune cells in CRC.

Materials and methods

WGCNA analysis

The Series Matrix File of GSE31905 was down-
loaded from the GEO database (https://www.ncbi. 
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nlm.nih.gov/geo/query/acc.cgi?acc=GSE31905), 
including the transcriptome data of 55 groups of 
patients for subsequent analysis. This study found 
hub modules or genes and explored the relation-
ship between the gene module network and 
a given cancer phenotype and the core genes in 
the network by using Weighted Gene Co- 
Expression Network Analysis. The WGCNA-R 
package was performed to construct a co- 
expression network and the genes with the top 
5000 variances were selected by this algorithm. 
The soft threshold was set to 2. The weighted 
adjacency matrix was converted into 
a topological overlap matrix (TOM) to assess the 
network connectivity. The hierarchical clustering 
method was used to construct the clustering tree 
structure of the TOM. Different branches of the 
clustering tree represent different gene modules, 
and different colors represented different modules. 
Genes with similar patterns were grouped into one 
module according to the weighted correlation 
coefficients of genes.

Immune cell infiltration analysis:

The CIBERSORT algorithm(http://cibersort.stan 
ford.edu) was performed to analyze the RNA-seq 
data of COAD patients to estimate the relative 
proportion of 22 immune infiltrating cells by 
using the R package ‘CIBERSORT’. The content 
of immune cells in every sample together with the 
mRNA expression data was constructed WGCNA 
network to find the module genes highly related to 
immune infiltration and further explore its specific 
molecular mechanism.

Gene module function enrichment analysis:

In order to understand the biological functions 
and signal pathways involved in the modules 
which had the highest correlation with the pheno-
type, we referred to the Metascape database (www. 
metascape.org), to annotate and visualize. The top 
500 genes with the highest degree from specific 
modules were analyzed based on GO and KEGG 
pathway analysis. Min overlap≥3 was considered 
to be statistically significant, with P ≤ 0.01.

TCGA data acquisition:

The TCGA database(https://tcga-data.nci.nih.gov/ 
tcga/) is currently the largest cancer gene information 
database including gene expression data, miRNA 
expression data, copy number variations, DNA 
methylation, SNP, etc. We downloaded raw and pro-
cessed data containing information regarding mRNA 
expression in 473 tumor samples and 41 normal 
samples.

The relationship between hub genes and immune 
cells:

We used the TIMER database (https://cistrome. 
shinyapps.io/timer/) to detect the infiltration of 
different immune cells in tumor tissues according 
to RNA-Seq expression profiling data. In our 
study, we explored the relationship between the 
hub gene and the content of different immune 
cells and compared the level of tumor infiltrating 
with different somatic copy number alterations of 
the hub gene by the TIMER database. Gene mar-
kers and chemokines of CD8 + T cells were mea-
sured via correlation modules in the TIMER 
database.

Genetic alteration from cBioPortal

Genomic alteration (amplification, deep deletion, 
mRNA high) of three hub genes in CRC was obtained 
from cBioPortal (https://www.cbioportal.org/). The 
OncoPrint schematic was plotted in cBioPortal.

GSVA (Gene Set Variation Analysis)

Gene set variation analysis (GSVA) is a non- 
parametric and unsupervised method for evaluating 
the enrichment of transcriptome gene sets. GSVA 
was implemented by the ‘GSVA’ package of R. All 
gene sets used in this study were acquired from the 
Molecular signatures database and the GSVA algo-
rithm was applied to comprehensively score each 
gene set to evaluate potential changes in the biolo-
gical function. Furthermore, the protein–protein 
interaction (PPI) network of hub genes was con-
ducted via the String and Cytoscape (version 3.7.1).
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Cell culture and siRNA-ADAM8 construction

The SW480 cells were purchased from Cell Bank 
of Typical Culture Preservation Committee of 
Chinese Academy of Sciences (Shanghai, China). 
The SW480 cells were cultivated in DMEM con-
taining 10% of fetal calf serum. The ADAM8 
siRNA sequences were as follows: si-ADAM8-1 
sense 5ʹ-GGACAAGCUAUAUCAGAAAdTdT-3ʹ 
and antisense 3ʹ- 
dTdTCCUGUUCGAUAUAGUCUUU-5ʹ; and si- 
ADAM8-2 sense 5ʹ- 
GCACCUGCAUGACAACGUAdTdT-3ʹ and anti-
sense 3ʹ-dTdTCGUGGACGUACUGUUGCAU-5ʹ, 
all of which were obtained from RiboBio Co. Ltd. 
SW480 cells (1 × 105) were transfected with siRNA 
or control using Lipofectamine 2000 reagent 
according to the manufacturer's protocol. 
ADAM8 levels were measured and were analyzed 
after 48 h transfection.

RNA extraction and quantitative RT-PCR

RNA samples were isolated from SW480 using the 
FastPure Cell/Tissue Total RNA Isolation kit. 
Then, the RNA was reverse-transcribed into 
cDNA with HiScript III RT SuperMix. The tran-
script levels of ADAM8 were analyzed by Real- 
time fluorescent quantitative PCR with the SYBR 
Green I fluorescent dye reagent. Amplifications 
were performed with ADAM8 primers under the 
following reaction conditions at 95°C for 30 sec (1 
cycle), followed by 45 cycles consisting of 95°C for 
10 sec and 60°C for 35 sec. The ADAM8 primer 
sequences were as follows: 5′-ACA 
ATGCAGAGTTCCAGATGC-3′and 5′- 
GACCACACGGAAGTTGAGTT −3′.

Cytotoxicity assay

PBMCs or TILs were co-cultured with tumor cells 
under different treatment (NC/Si1/Si2) in 200 μL 
DMEM (including FBS) at 5:1, 10:1, 20:1, 50:1 
efficiency target ratio (E: T) in a 96-well plate, 
done in triplicates, and incubated in a humid 
environment at 37°C for 48 hours in a 5% carbon 
dioxide cell incubator. Cell growth viability was 
determined using the Cell Counting Kit 8 
(Beyotime, Shanghai, China) following the 

manufacturer’s instructions. Absorbance at 
450 nm was read with a Elx800 Reader 
(BioTECH Instruments Inc., Winooski, Vermont, 
USA). The viability of tumor cells was calculated 
by the following formula: tumor cell viability 
(%) = (mixed cell absorbance-effector cell absor-
bance-medium control)/(target cell absorbance- 
medium control) × 100.

Statistical Analysis:

Statistical analyses were conducted using 
a statistical computing language R. Kaplan–Meier 
survival analysis for these two expressing groups 
split at median value was completed with 
R package ‘survival’. All statistical tests were two- 
sided and P value < 0.05 was considered to be 
statistically significant.

Results

This study aimed to identify a new prognostic 
biomarker related to TILs infiltration that would 
help monitor immunotherapy response and 
explore the mechanism of immune infiltration in 
CRC. By the CIBERSORT algorithm and con-
structing the WGCNA, gene modules and key 
hub genes were identified as biomarkers related 
to TILs infiltration. Then, enrichment analysis for 
genes in hub module and Kaplan-Meier analysis 
revealed that three genes (ADAM8, IL-1A, VAV3) 
were identified to be immune-related biomarkers. 
Then, TIMER analysis demonstrated that 
ADAM8, VAV3, IL-1A were positively correlated 
with the immune cells infiltration. PPI and Gene 
Set Variation Analysis showed three genes were 
related to immunity. However, ADAM8 was 
found to be more closely related to immune mar-
kers and chemokines of T cell. Finally, cytotoxicity 
assay demonstrated that ADAM8 gene may be 
involved in immune microenvironment regula-
tion. Our data and experimental results showed 
that ADAM8 is a better immune-related prognos-
tic marker compared with IL-1A and VAV3.

Public datasets

The TCGA database contained 514 samples from 
CRC patients, including 41 normal tissue samples 
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and 473 tumor samples. Besides, the Series Matrix 
File of GSE31905 was downloaded from the GEO 
database, including the transcriptome data of 55 
groups of patients for subsequent analysis. It stores 
data including gene expression, miRNA expres-
sion, copy number variations, DNA methylation, 
SNP, etc.

Gene co-expression network of colon cancer

The CIBERSORT algorithm was performed to 
analyze the RNA-seq data of COAD patients to 
estimate abundances of 22 immune infiltrating 
cells. Then, the fractions of seven distinct subtypes 
of T Lymphocytes in each patient together with 
the mRNA expression data were selected as trait 
data of Weighted Gene Co-Expression Network 
Analysis network. Then, the WGCNA R package 
was used to construct a co-expression network of 
all genes in the original data set and the genes with 
the top 5000 variances were screened by this algo-
rithm. The analysis of network topology was per-
formed using an optimal soft threshold power 
conducive to a relatively good balance between 
scale-independence and mean connectivity. As 
presented in Figure 1a, according to scale-free 
topological criteria, soft power was chosen to be 
2 to set up a scale free network. Subsequently, the 
hierarchical clustering method was performed to 
construct the clustering tree structure of the 
Topological Overlap Matrix. Genes with similar 
patterns formed a branch of the tree and were 
grouped into one module according to the 
weighed correlation coefficients of genes. Then, 
a cluster dendrogram was generated to obtain six 
gene modules (Figure 1b). Then, we computed the 
Pearson's correlation coefficient between module 
eigengenes and T-cell infiltration to determine the 
module-trait significance using module–trait rela-
tionship analysis. Heatmap was performed to show 
the correlation between the above modules and 
tumor-infiltrating immune cells (Figure 1c)

Identification of hub modules and functional 
enrichment analysis

Among the six modules identified, the blue mod-
ule showed the highest association with the phe-
notype (immune cells). High correlation with 

T cells follicular helper (R2 = 0.55, P = 5e-05) 
and T cells gamma delta (R2 = 0.57, P = 2e-05) 
was prominently observed with blue-colored mod-
ule clusters. After performing the gene significance 
against module membership, we observed that 
genes with high module memberships tended to 
have high gene significance for T cells gamma 
delta in this module (cor = 0.75, P < 1e−200; 
Figure 1d). However, the correlation between the 
remaining modules and T cells was below 0.5. So 
far, we have discovered that the bule module can 
be used as a hub module to be related to tumor- 
infiltrating immune cells.

Next, we performed GO analysis and KEGG 
pathway analysis to better understand the biologi-
cal functions of genes in the blue module using the 
online bioinformatics database Metascape. In our 
analysis we used the genes within the module to 
perform pathway analysis using metascape data-
base. As shown in Figure 2, the top 20 GO enrich-
ment terms were related to immunity. The top 
three enriched biological process Gene Ontology 
(GO) terms were Cytokine-mediated Signaling 
Pathway, Lymphocyte Activation and Leukocyte 
Activation Involved In Immune Response 
(Figure 2).

Identification and validation of hub genes

There were 1812 genes in the GSE31905 blue 
module. In order to screen out the core genes 
that are more clinically relevant and highly corre-
lated to the module eigengene, we then performed 
survival analysis. Three genes (ADAM8, IL-1A, 
VAV3) were identified to be related to patient 
prognosis. As shown in Figure 3a, high ADAM8 
expression was associated with poorer overall sur-
vival in CRC patients. Other results of IL-1A, 
VAV3 were also presented in Figure 3.

Pertinence of hub expression and immune 
infiltration level in CRC cancer

Then, we further explored whether expression of 
these three genes were related to immune infiltra-
tion in CRC, including some immune cell types. 
To reveal the relationship between hub genes and 
infiltrating immune cells, we used the TIMER 
database to analyze. As shown in Figure 4, 
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ADAM8 expression was positively correlated with 
CD4 + T cells (r = 0.381, P = 2.62e−15), 
Macrophages (r = 0.42, P = 9.71e−19), 
Neutrophil (r = 0.596, P = 5.88e−40), Dendritic 
Cell (r = 0.575, P = 8.34e−37), CD8 + T cells 
(r = 0.201, P = 4.48e−05; Figure 4a). However, 
no significant correlation was found between 
ADAM8 expression and B cells. Similarly, IL-1A 
positively correlated with Neutrophil (r = 0.281, 
P = 7.17e−09). There was no apparent relationship 
between B cell, Macrophage and IL-1A (Figure 
4b), but VAV3 had a modest association with 
immune infiltration (Figure 4c). Besides, we 
explored the correlation between ADAM8 expres-
sion and cell surface marker of CD8 + T cells 
(CD8A and CD8B), general T cells (CD2 and 
CD3D) and T cell chemokines (CCR5, CX3CR1, 
CXCR3, CXCR6 and CCL22) in CRC. The results 
showed that the expression level of ADAM8 was 

positively correlated with the immune biomarkers 
and chemokines of CD8 + T cells. There is no 
obvious correlation between IL-IA, VAV3 and 
these markers (Supplementary Figure S1).

Genetic information of hub gene in CRC

Subsequently, the three hub genes’ alteration 
information in TCGA CRC patients were deter-
mined by performing OncoPrint of CBioPortal. 
The frequency of alteration of three hub genes 
was shown in Figure 5. ADAM8 and VAV3 altered 
most (8% and 9%, respectively), amplification, and 
missense mutation was the main type. ADAM8 
showed higher methylation in tumor tissues com-
pared with matched normal tissues. On the con-
trary, other hub genes exhibited opposite results 
(Supplementary Figure S2).

Figure 1. Construction of WGCNA analysis.
Notes: (a) Analysis of connectivity distribution and scale-free topological histogram of different soft threshold power (β). (b) 
Hierarchical clustering grouped genes into various modules and different colors represent different modules. (c) Heatmap shows 
correlations of module-related genes and T-cell infiltration. (d) A scatter plot of gene significance (GS) for T cells gamma delta vs. 
module membership (MM) in the blue module.Abbreviations: WGCNA, weighted gene co-expression network analysis 
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Co-expression Genes correlated with hub genes 
in CRC were confirmed using spearman method 
to analyze mRNA sequencing data from CRC 
patients. There were 955 genes high correlation 
to ADAM8 (cor > 0.3, P < 0.01). The top five 
significant genes sets positively and negatively cor-
related with ADAM8 were shown in the circos and 
heatmap (Figure 6a and 6d). As it turned out, 
ADAM8 seemed to have extensive influence on 
the transcriptome. Other results for the IL-1A 
and VAV3 outcomes identified were listed in 
Figure 6. Using STRING and Cytoscape, we set 
up the PPI network for these genes and discovered 
that the core genes were mainly related to inflam-
matory response and positive regulation of cyto-
kine production (Supplementary Figure S3).

Functional analysis and signaling pathways of 
hub genes

By performing GSVA analysis on hub genes of the 
low-expression group and the high-expression 
group, we got the detailed functions of those hub 
genes. Figure 7 showed the genes were mainly 
involved in the regulation of molecular functions 
and biological processes and signaling pathways 
including inflammatory pathway, TNFA signaling 
via NFKB, and IL2-STAT5 signaling pathway.

Knockdown of ADAM8 increased the sensitivity 
of TILs cell killing

Among these three genes, these findings suggested 
that ADAM8 might play the most important role 

Figure 2. The enrichment analysis of hub module.
Notes: (a) The top 20 enrichment terms are displayed as a bar chart. (b) The network diagram of GO biological processes is 
constructed as a node. Nodes with the same color share the same cluster ID.Abbreviations: GO, Gene Ontology 
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in regulating TME components, especially as it 
was associated with immune infiltration in CRC. 
To further investigate the potential effect of 
ADAM8 on CRC, gene silencing of ADAM8 in 
SW480 was performed by RNAi. Real-time RT- 
PCR indicated that siADAM8 had a high inhibi-
tory effect compared with control siRNA (Figure 
8a). Then, SW480 cells were used as target cells to 
evaluate the cytotoxic potential of 5:1, 10:1, 20:1, 
50:1 TILs or PBMCs. PBMCs or TILs were co- 

cultured with different treatment tumor cells for 
48 h. As shown in Figure 8, the anti-tumor activity 
of TILs and PBMCs was evaluated after co-culture 
of TILs/PBMCs and control-knockdown or 
ADAM8-knockdown CRC cells (Figure 8b – 8d). 
Compared with the control group, the sensitivity 
of TIL cell killing in the ADAM8 knockdown 
group was significantly increased, suggesting that 
the ADAM8 gene expression down-regulation par-
tially reversed the immune tolerance of SW480 

Figure 3. Identification of hub genes.
Notes: Survival analysis. (a) ADAM8 (P = 2.107e-02) was associated with prognosis in CRC. (b) IL-1A (P = 4.162e-02) was associated 
with prognosis in CRC. (c) VAV3 (P = 2.255e-02) was associated with prognosis in CRC (high or low expression, n = 233). 
Abbreviations: CRC, colorectal cancer 

Figure 4. Correlation between three expressed prognostic genes and immune cell infiltration through TIMER.
Notes: The correlation between the abundance of six immune cell (B cells, CD4 + T cells, CD8 + T cells, neutrophils, macrophages, 
and dendritic cells) and the expression of (a) ADAM8, (b) IL-1A, (c) VAV3. The purity-corrected partial Spearman correlation and 
statistical significance are displayed in the upper right corner. 
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cells to TILs. However, no significant difference 
was observed in PBMCs group. Down-regulation 
of ADAM8 gene expression regulated and 
enhanced the killing effect of TILs on tumor 
cells. ADAM8 gene may be involved in immune 
microenvironment regulation.

Discussion

CRC, one of the most common malignancies of 
the digestive system, is a complex molecular net-
work disease. To further understand the molecular 
mechanisms of its tumorigenesis and tumor pro-
gression, we presented the gene expression data 
matrix of CRC and normal tissue sample as raw 

data. Through the WGCNA, we successfully 
mined all related modules. WGCNA can be widely 
used as a data mining tool or gene screening 
method to find clusters of highly relevant genes 
in various cancers. For example, Zhen Xiang et al. 
performed WGCNA analysis to identify the brown 
module positively correlated with IDO1 expression 
level [14].

The hub genes were ADAM8, IL-1A and VAV3. 
ADAM8 is abnormally expressed in a number of 
types of solid tumor, such as breast cancer [15,16], 
brain cancer [17,18], gastric cancer [19], pancreatic 
cancer [16,20] and lung cancer [21,22]. ADAM8 was 
involved in tumor proliferation, invasion, metasta-
sis, angiogenesis, chemoresistance, playing an 

Figure 5. Genetic Alteration of hub genes in CRC.
Notes: ADAM8 (alteration rate 8%), IL-1A (alteration rate 4%) and VAV3 (alteration rate 9%) genetic alterations in TCGA CRC patients. 
Abbreviations: TCGA, The Cancer Genome Atlas; CRC, colorectal cancer 

Figure 6. Co-expression Genes correlated with hub genes in CRC.
Notes: Gene expression heat map for ADAM8, IL-1A and VAV3 co-expressed genes as well as co-expression correlation. The top five 
significant gene sets positively and negatively correlated with ADAM8 are shown in the circos and heatmap (a and d). The top five 
significant gene sets positively and negatively correlated with IL-1A are shown in the circos and heatmap (b and e). The top 5 
significant gene sets positively and negatively correlated with VAV3 are shown in the circos and heatmap (c and f). Red color 
represented a positive correlation, while green shows a negative correlation. 
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important role in tumorigenesis [23,24]. 
Additionally, ADAM8 was revealed to be associated 
with poor patient prognosis [25]. According to our 
results, CRC demonstrated VAV3 a high alteration 
rate of 9% among three hub genes. The previous 
study also confirmed that overexpression of VAV3 
can promote the invasion and metastasis of color-
ectal cancer, which was related to poor prognosis 
[26]. TIMER analysis demonstrated that ADAM8, 
VAV3, IL-1A were positively correlated with the 
immune cells infiltration. PPI and Gene Set 
Variation Analysis showed three genes were related 
to immunity. However, the relationship between 
VAV3, IL-1A and the immune cells infiltration, 
immune markers and chemokines of CD8 + T cell 
were not as obvious as ADAM8. Therefore, VAV3 
may have a more prominent impact on the malig-
nant biological behavior of CRC, but have a small or 
insignificant impact on the tumor 
microenvironment.

Tumor microenvironment (TME) is now consid-
ered one of the 10 hallmarks of cancer [27]. Changes 
in the tumor microenvironment have been widely 
considered to be an important target that can affect 
the prognosis of patients with CRC. However, we 
found that the current researches on tumor micro-
environment and CRC were slightly insufficient, 
and there was no research on the prognosis of 
CRC patients according to the analysis of cellular 
components of the immune microenvironment. 

This study analyzed the cellular infiltration of the 
immune microenvironment of CRC patients, pro-
posed three immune-related prognostic biomarkers, 
and described their biological functions in CRC 
patients, providing a new target for CRC immu-
notherapy. Our study suggested that ADAM8 
expression was positively correlated with infiltration 
of CD8 + T and CD4 + T cells immune and markers 
and chemokines of CD8 + T cell. Immunotherapy 
may be more suitable for these patients. Besides, our 
findings had similar results with previous study. 
ADAM8 was associated with poorer overall survival 
in CRC patients [23]. Overall, our data and experi-
mental results show that ADAM8 is a new prognos-
tic biomarker that may be useful for developing 
more effective CRC treatment strategies.

In this study, the complex omics data were sim-
plified into several functional modules by WGCNA. 
Based on the WGCNA data, we identified three hub 
genes as potential γδ T cell related biomarkers of 
CRC that are associated with OS. A variety of gene 
modules with different biological functions were 
identified. Next, TIMER database was used to 
explore the relationship between the hub gene and 
the content of immune cells and to compare the level 
of tumor infiltrating with different somatic copy 
number alterations of the hub gene. We experimen-
tally further investigated the relationship between 
ADAM8 and the immunologic microenvironment. 
However, there were some shortcomings in this 

Figure 7. Function analysis and signaling pathways of hub genes.
Notes: Biological function changes of different samples between the high and low ADAM8, IL-1A and VAV3 expression groups. (a, b 
and c) Barplot of GSVA results.Abbreviations: GSVA, Gene Set Variation Analysis 
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study. The sample size of the study was not large 
enough, and our population also had limited repre-
sentativeness of CRC patients. Follow-up studies 
with a larger the target population are required to 
further solve the above-mentioned questions. Due to 
technical constraints of chip sequencing technology, 
the existence of batch effect might cause the risk of 
data bias.

Conclusion

In our study, three hub genes (ADAM8, IL-1A and 
VAV3) were considered as possible candidate prog-
nostic biomarkers related to T cell infiltration. Further 
analysis including bioinformatical analysis and the 
validating experiments showed that ADAM8 expres-
sion was more associated with TILs infiltration. 

Overall, ADAM8 is a better immune-related prognos-
tic marker compared with IL-1A and VAV3.

Highlights

(1) Hub genes (ADAM8, IL-1A, VAV3) would be related to 
tumor-infiltrating immune cells.

(2) ADAM8, IL-1A, VAV3 were selected as a prognostic 
biomarkers.

(3) Down-regulation of ADAM8 can enhance the killing 
effect of TILs on tumor cells.
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