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Abstract:  Background: COL21A1, a member of the protofibril-associated collagen family with interrupted helices, plays an important Background: COL21A1, a member of the protofibril-associated collagen family with interrupted helices, plays an important 

role in maintaining the integrity of the extracellular matrix under physiological conditions. So far, little is known about its role in the develop-role in maintaining the integrity of the extracellular matrix under physiological conditions. So far, little is known about its role in the develop-
ment of malignancy. Here, we performed a bioinformation-based investigation on COL21A1 expression and its correlation with immune cell ment of malignancy. Here, we performed a bioinformation-based investigation on COL21A1 expression and its correlation with immune cell 
infiltration and immunomodulatory factor expression in colon cancer tissues.infiltration and immunomodulatory factor expression in colon cancer tissues.
Methods: The expression of COL21A1 in different types of tumors and human tissues was analyzed using Gene Expression Profile Interaction Methods: The expression of COL21A1 in different types of tumors and human tissues was analyzed using Gene Expression Profile Interaction 
Analysis (GEPIA) and the Tumor Immune Assessment Resource website (Timer). The expression of COL21A1 in colon cancer was analyzed Analysis (GEPIA) and the Tumor Immune Assessment Resource website (Timer). The expression of COL21A1 in colon cancer was analyzed 
based on the Tumor Genome Atlas database (TCGA). The gene co-expression with COL21A1 in colon cancer was analyzed with LinkedOmics based on the Tumor Genome Atlas database (TCGA). The gene co-expression with COL21A1 in colon cancer was analyzed with LinkedOmics 
database. Gene ontology (GO) and KEGG pathway analyses were performed to explore the functions of COL21A1-related genes. The tumor database. Gene ontology (GO) and KEGG pathway analyses were performed to explore the functions of COL21A1-related genes. The tumor 
immune evaluation resource website (TIMER) and TISIDB data were used to investigate the correlation between COL21A1 expression and im-immune evaluation resource website (TIMER) and TISIDB data were used to investigate the correlation between COL21A1 expression and im-
mune infiltration.mune infiltration.
Results: COL21A1 expression in colon cancer tissues was significantly lower than that in paracancerous normal tissues. Among the genes co-ex-Results: COL21A1 expression in colon cancer tissues was significantly lower than that in paracancerous normal tissues. Among the genes co-ex-
pressed with COL21A1, the probability of being a low-risk marker for colon cancer was high among the top 50 positively associated genes. GO pressed with COL21A1, the probability of being a low-risk marker for colon cancer was high among the top 50 positively associated genes. GO 
analysis showed that COL21A1 was mainly involved in the organization of extracellular structures, extracellular regulation of signal transduc-analysis showed that COL21A1 was mainly involved in the organization of extracellular structures, extracellular regulation of signal transduc-
tion, and cyclic nucleotide metabolism. KEGG pathway analysis showed that COL21A1 was significantly associated with the extracellular ma-tion, and cyclic nucleotide metabolism. KEGG pathway analysis showed that COL21A1 was significantly associated with the extracellular ma-
trix-receptor interaction pathway and the protein digestion and absorption pathway. The expression level of COL21A1 was positively correlated trix-receptor interaction pathway and the protein digestion and absorption pathway. The expression level of COL21A1 was positively correlated 
with the infiltration of such immune cells as mast cells, macrophages, dendritic cells, neutrophils and regulatory T cells. In addition, COL21A1 with the infiltration of such immune cells as mast cells, macrophages, dendritic cells, neutrophils and regulatory T cells. In addition, COL21A1 
was positively correlated with the expression of tumor-suppressive immunoregulatory molecules such as TGFB1, CCL11, CX3CR1, CXCL14, was positively correlated with the expression of tumor-suppressive immunoregulatory molecules such as TGFB1, CCL11, CX3CR1, CXCL14, 
CCL14, CCR4 and CD28, and was negatively correlated with the expression of oncogenic immunoregulatory molecules such as CCL5 and CCL14, CCR4 and CD28, and was negatively correlated with the expression of oncogenic immunoregulatory molecules such as CCL5 and 
CCL15.CCL15.
Conclusion: The expression of COL21A1 was significantly down-regulated in colon cancer tissues. Its down-regulation was correlated with Conclusion: The expression of COL21A1 was significantly down-regulated in colon cancer tissues. Its down-regulation was correlated with 
immune cell infiltration and immunomodulatory molecule contents in colon cancer tissues. An in-depth investigation on COL21A1 may be ben-immune cell infiltration and immunomodulatory molecule contents in colon cancer tissues. An in-depth investigation on COL21A1 may be ben-
eficial for the immunotherapy of colon cancer.eficial for the immunotherapy of colon cancer.
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1. Introduction

Colon cancer, a common malignant tumor of the 
digestive system, seriously threatens human health and 
life with a 5-year survival rate of 40%-60% and an 
incidence rate of about 5% worldwide in 2017. In China, 
there were about 370,000 new cases of colon cancer 
and about 190,000 deaths in 2015. Despite the great 
progress in the treatment of colon cancer in recent years, 
the survival rate of patients is still very low. Therefore, 
it is extremely important to identify key factors in 

the progression of colon cancer, so as to develop new 
therapeutic targets and treatment strategies for colon 
cancer[1].

Tumor development must depend on the support and 
nourishment of the tumor microenvironment (TME). 
TME includes stromal cells, immune cells, vascular 
endothelial cells, soluble factors, and the extracellular 
matrix. The extracellular matrix consists of a complex 
network of collagen, integrins, laminin, fibronectin, 
glycosaminoglycan, and other components. Among 
them, collagen is the most abundant component and the 
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backbone structure of the extracellular matrix, which 
plays a central role in the construction and maintenance 
of the three-dimensional extracellular matrix meshwork. 
Significant dysregulation in the composition of collagens 
in the TME causes abnormalities in tissue physical 
and chemical properties through changing the overall 
structure of the extracellular matrix, which promotes 
malignant behaviors such as proliferation and invasion 
of cancer cells, and inhibits normal functions such as 
infiltration and activation of immune cells [2].  Up to 
now, 44 different types of collagen have been identified 
in humans. An in-depth study of the abnormal alteration 
of each collagen in TME and its relationship with other 
components of the microenvironment is important 
for understanding the mechanisms underlying tumor 

development and for finding new therapeutic strategies 
[3]. 

COL21A1 is localized at 6p11 12 and encodes the 
alpha chain of collagen XXI. It has an important role in 
maintaining the integrity of the extracellular matrix [4, 
5]. In recent years, it has been found that COL21A1 can 
regulate the chemotaxis of immune cells in tissues. In 
addition, COL21A1 expression is abnormally altered in 
head and neck tumor tissues and correlated with patient 
prognosis, suggesting the involvement of abnormal 
COL21A1 expression in tumor development. However, 
the expression and pathological mechanisms of this 
molecule in colon cancer have not been investigated 
yet. In this study, we analyzed the expression of 
COL21A1 in colon cancer based on the data from colon 

Figure 1: COL21A1 expression levels in different types of human cancers.
(A)、(B) Increased or decreased COL21A1 in data sets of different cancers compared with normal tis-

sues in the GEPIA database. (Green: normal tissue, Red: cancer tissue).  (C) Human COL21A1 expres-
sion levels in different tumor types from the TCGA database (*P < 0.05, **P <0.01, ***P < 0.001). (Blue: 
normal tissue, Red: cancer tissue)
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cancer patient samples in TCGA and investigated the 
correlation of its expression with tumor-infiltrating 
immune cells and immunomodulatory molecules.

2 Materials and methods

2.1 Data Source 
Expression data and relevant clinical information 

of 521 colon cancer patients (480 tumor samples, 41 
normal samples) were downloaded from The Cancer 
Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/). 
118 colon tissues in normal subjects were obtained in 
the GTEx database. RNAseq data in TPM format were 
obtained by the Toil process using UCSC XENA (https://
xenabrowser.net/datapages/)[6].

2.2 Transcriptional Expression of COL21A1
Gene expression profiling interaction analysis 

(GEPIA) (http://gepia.cancer-pku.cn/index.html) [7] and 
TIMER database were applied to analyze COL21A1 
expression in different types of tumors and human 
tissues. The RNAseq data in TPM format were log2-
transformed for inter-sample expression variation 
analysis and visualized using ggplot2. All calculations 
were performed using “R” (version 3.6.3).

2.3 Analysis of the LinkedOmics database.
The LinkedOmics database (HTTP: //www.linke 

domics.org/login.php)[8] was used to analyze 32 
multidimensional datasets associated with TCGA 
cancers. Differentially expressed genes associated 
with COL21A1 were filtered from the TCGA COAD 
cohort by the LinkFinder module in the database, and 
the correlation of the results was tested using Pearson, 
shown on volcano and heat maps, respectively. Gene 

set enrichment analysis (GSEA) in the LinkInterpreter 
module was used for functional module analysis of the 
gene ontology (GO) and KEGG pathways.

2.4 TIMER Database Analysis
A database for the systematic investigation of immune 

infiltration in different malignancies is called TIMER 
(https://cistrome.shinyapps.io/timer/). We used its gene 
module to examine the relationship between COL21A1 
and various immune cells, demonstrating the relationship 
between tumor purity and gene expression. The gene 
module allows the user to choose any gene of interest 
and visualize the relationship between its expression and 
the extent of immune infiltration in various cancer types. 
The graph depicts the link between estimated infiltration 
and gene expression. Since most immune cell types have 
a negative correlation with tumor purity, tumor purity is 
a significant confounding factor in our investigation. To 
employ a partial Spearman correlation in the correlation 
analysis, choose the “Adjust for purity” option[9]. 

2.5 Analysis of the TIDIDB
An online resource for studying interactions between 

the immune system and tumors is the TISIDB database 
(http://cis.hku.hk/TISIDB). Investigate COL21A1’s 
connections to immune cells and immunomodulatory 
elements using the TISIDB database.

2.6 Statistical Analysis
Using the Mann-Whitney U-test or the t-test (for 

normally distributed variables), tissue mRNA and 
protein levels were compared between groups (for non-
normally distributed variables). COL21A   1’s mRNA 
levels were not distributed regularly. The connection 
between clinical parameters and mRNA and protein 
levels (normally distributed variables) was examined 
using Pearson’s correlation coefficient; non-normally 
distributed variables were calculated using Spearman’s 
correlation coefficient. Statistics were considered 
significant for p-values under 0.05. Genes that exhibit 
differential expression were those with a fold change 
greater than 1. Utilizing the ggplot2 package, R software 
(version 3.6.3) was used to conduct all statistical 
analyses.

3 Results

3.1 The mRNA Expression Levels of COL21A1 in 
Colon Cancers

According to the data from the GEPIA (Figure 1A、
B)and TIMER databases(Figure 1C), COL21A1 ex-
pression was higher in adrenocortical carcinoma, breast 
cancer, diffuse large B-cell lymphoma, low-grade glio-
ma of the brain, mesothelioma, and thymic carcinoma 

Figure 2: Differential expression of COL21A1 
in colon cancer.

(A) :  COL21A1 express ion  l eve l s  were 
significantly lower in colon cancer, histogram; (B): 
COL21A1 showed a significant difference in the 
paired samples t-test, Scatterplot.
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Figure 3: Identification of immune-related genes in LinkedOmics database.
(A): Volcano plot, all genes significantly associated with COL21A1 in colon cancer by Pearson’s test. 

(B-C): Survival map showing the survival of genes positively and negatively associated with COL21A1 
in colon cancer. (D-E): Heat map showing the top 50 genes positively associated with COL21A1 and the 
top 50 genes negatively associated with COL21A1 in colon cancer. Red: positively associated genes, Blue: 
negatively associated genes.
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tissues than in paracancerous normal tissues. Decreased 
COL21A1 expression in tumor tissues was observed in 
a variety of carcinomas, including colon, cervical and 
lung malignancies. In colon cancer tissues, the decrease 
of COL21A1 expression was especially pronounced. 
Additionally, examination of the samples from TCGA 
database revealed that the expression of COL21A1 in 
colon cancer tissues was considerably lower than that in 
paracancerous normal tissues(Figure 2).

3.2 Identification of Immune-Related Genes
The LinkedOmics website was used to analyze the 

genes substantially related to COL21A1 expression in 
colon cancer tissues in order to comprehend the bio-
logical role of COL21A1 in colon cancer. 12,337 genes 
(red dots) were found to be positively related to CO-
L21A1, whereas 7,493 genes (green dots) were found to 

be negatively associated with COL21A1 (Figure 3A). 
Subsequently, the top 50 genes that are positively and 
negatively related to COL21A1 are given in distinct 
heat maps (Figure 3D, E). FAT4, PTN, ITIH5, PDZD2, 
and OLFML2A were the top 5 genes with positive as-
sociations, while KRTCAP3, PKP3, TSPO, SLC25A10, 
and ZNF593 were the top 5 genes with negative asso-
ciations. Among the top 50 positively related genes, 42 
genes had a protective hazard ratio (HR) and had a high 
likelihood of being a low-risk marker for colon cancer. 
By contrast, 29 of the top 50 negatively associated genes 
had a hazard risk ratio (HR) (Figure 3B, C).

3.3 Enrichment analysis of the differential genes 
related to COL21A1 in colon cancer

GO analysis (including biological process analysis, 
cell composition analysis, and molecular function anal-

Figure 4: COL21A1 enrichment analysis in colorectal cancer.
(A): Molecular Function; (B): Biological Process; (C): Cellular Component; (D): KEGG Pathway.
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ysis) showed that COL21A1 was mainly involved in 
cyclic nucleotide metabolism, extracellular matrix com-
position, and extracellular matrix structural composition 
(Figure 4A, B, C). KEGG pathway analysis showed that 
COL21A1 was significantly associated with the extra-
cellular matrix-receptor interaction pathway and protein 
digestion and absorption pathway (Figure 4D) (Tables 1, 
2). All genes in the extracellular matrix-receptor inter-
action pathway were differentially expressed genes, in-
cluding the platelet-responsive hormone (THBS) family, 
collagen, and fibronectin.

3.4 COL21A1 Expression Is Correlated With 
Immune Infiltration Level in Colon

Base on TCGA data, the GSVA software was used 
to analyze the correlation of COL21A1 expression with 
immune cell infiltration in colon cancer [10, 11]. The 
findings demonstrated a significant correlation between 
COL21A1 expression and the infiltration of mast cells, 
natural killer (NK), central memory type cells (Tcm), 

macrophages, T cells, dendritic cells, eosinophils, helper 
T cells, follicular helper T cells, effector memory type 
T cells (Tem), CD8+ T cells, B cells, regulatory T cells 
and neutrophils (Figure 5).

Additional examination of the results obtained 
above using the TIMER database revealed that CO-
L21A1 expression was positively correlated with the 
infiltration of mast cells (Rho=0.278,p=2.76e-06), 
macrophages (Rho=0.246,p=3.64e-05), dendrit-
ic cells (Rho=0.276,p=3.51e-06),  regulatory T 
cells  (Rho=0.268,p=6.43e-06) and neutrophils 
(Rho=0.181,p=2.64e-03), but negatively correlated with 
infiltration of γδ T cells（Rho=-0.073,p=2.27e-01） 
natural killer cells (Rho=-0.164,p=6.44e-03), eosin-
ophils（Rho=-0.024,p=6.88e-01）, follicular helper 
T cells（Rho=-0.121,p=4.54e-02）and CD8+ T cells
（Rho=-0.198,p=9.52e-04）(Figure 5). 

The combined analysis of the two databases revealed 
that the degree of mast cell, macrophage, dendritic cell, 
neutrophil and regulatory T cell infiltration in colon can-

Figure 5: The correlation between COL21A1 and immune cells in COAD.
(A): COL21A1 in relation to 24 immune cell infiltrates, lollipop diagram; (B-G): TIMER Database, 

Scatter plot of COL21A1 in connection to mast cells, macrophages, dendritic cells, B cells, regulatory T 
cells, and neutrophil immune infiltration, respectively.
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Figure 6: Relationship between COL21A1 expression levels and immunomodulators, chemokines, and 
receptors in colon cancer patients in the TISIDB database.

(A): Immunosuppressant-COL21A1 connection (three highest positive and three highest negative 
correlations); (B): Immunostimulator-COL21A1 connection (three highest positive and three highest 
negative correlations); (C): MHC molecule-COL21A1 connection (three highest positive and three 
highest negative correlations); (D): Correlation of Chemokine with COL21A1 (three highest positive and 
three highest negative correlations); (E): Correlation of Receptor with COL21A1 (three highest positive 
and two highest negative correlations).
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cer tissues was substantially correlated with the expres-
sion levels of COL21A1.

3.5 Relationship Between Immunoregulatory 
molecules and COL21A1

Finally, to further understand the correlation between 
COL21A1 and immune infiltration, we investigated the 
correlation of COL21A1 with the expression levels of 
immunosuppressants, immune agonists, chemokines 
and their receptors using the TISIDB database (Figure 
6). Among the immunosuppressants, KDR(rho=0.336), 
TGFBR1(rho=0.196) and TGFβ1(rho=0.161) were 
positively correlated with COL21A1 expression, 
while LGALS9(rho=-0.147), PVRL2(rho=-0.141)
and IL10RB(rho=-0.112) were negatively correlated 
with COL21A1 expression. Among the immune ag-
onists, CXCL12(rho=0.344), ENTPD1(rho=0.263) 
and CD28(rho=0.170) were positively, while TN-
FRSF14(rho=-0.248), RAET1E(rho=-0.103) and 
TNFSF9(rho=-0.103) were negatively correlated with 
COL21A1 expression. Among the MHC molecules, 
HLA-DOA (rho=0.081) and HLA-DQA2(rho=0.066) 
were positively, while TAPBP, TAP1 and HLA-F were 
negatively correlated with COL21A1 expression. 
Among the chemokines, CXCL12(rho=0.344), CX-
CL14(rho=0.291) and CCL11(rho=0.231) were positive-
ly, while CXCL16(rho=-0.183)、CCL15(rho=-0.165) 
and CCL5(rho=-0.104) were negatively correlated 
with COL21A1 expression. Among the chemokine 
receptors, CX3CR1(rho=0.278), CCR3(rho=0.173) 
and CCR4(rho=0.142) were positively, while CX-
CR3(rho=-0.086) and CXCR6(rho=-0.037) were nega-
tively correlated with COL21A1 expression.

4. Discussion

Previously, it was considered that the major role 
of collagen in the extracellular matrix was to provide 
sufficient stiffness and tensile strength to the tissue. 
However, it has recently been shown that some colla-
gen proteins can act as signaling molecules to govern 
the growth, proliferation, migration, and infiltration of 
tissue cells. In tumor tissue, aberrant alterations in col-
lagen composition and structure are involved in shaping 
the tumor microenvironment. COL21A1 is an important 
collagen component in colon. The relationship between 
the change of its expression and the initiation and devel-
opment of colon cancer has rarely been reported.

In this study, we found that the expression level of 
COL21A1 in colon cancer tissues was significantly low-
er than that in paracancerous normal tissues. The top 50 
genes that were positively correlated with COL21A1 
had a high likelihood of being low-risk markers for 
colon cancer, whereas the top 50 genes that were neg-

atively correlated had a high likelihood of being high-
risk markers. These results suggest that COL21A1 may 
function as a tumor suppressor in colon cancer.

Biological process analysis revealed that COL21A1 
is significantly associated with the cyclic nucleotide 
metabolic pathway. Cytoplasmic DNA sensing by cyclic 
guanosine monophosphate-adenosine monophosphate 
synthase in cells with DNA damage results in the pro-
duction of nucleotide diphosphate and the sequential 
activation of interferon (IFN) gene stimulating factor 
(STING)[12, 13], which in turn leads to the synthesis 
and release of type I interferon. The generated type I 
interferon attracts and activates dendritic cells, which 
in turn promotes them to release chemokines that cause 
primary T cells to assemble at the site of the lesion and 
present it with antigens[14-16].

In immunological infiltration analysis, we found 
that COL21A1 expression levels were highly positive-
ly correlated with the infiltration levels of mast cells, 
neutrophils, and regulatory T cells. Mast cells can exert 
their anti-tumor effects in several ways. Firstly, they 
can directly kill tumor cells by releasing proteases that 
disrupt their surface structure [17]. Secondly, they can 
inhibit tumor cell growth through Toll-like receptor-2 
activation and IL-6 production and release [18]. Thirdly, 
they can enhance the cytotoxic activity of eosinophils in 
the microenvironment, leading to tumor regression [19-
22]. Neutrophils infiltrating into tumor tissues specifi-
cally kill tumor cells and have no effect on non-tumor 
cells[23]. Unlike other cancer types, higher levels of 
regulatory T-cell infiltration in colon cancer tissues are 
associated with a better prognosis. These results suggest 
that the low expression of COL21A1 may be detrimen-
tal to the infiltration of mast cells, neutrophils, and reg-
ulatory T cells into the tissues and may contribute to the 
development of colon cancer.

TME is rich in chemokines, and the interaction of 
chemokines and their receptors mediates the migration 
and infiltration of immune cells into the tumor micro-
environment, regulates the activation or inactivation 
of different cell types, and determines the balance be-
tween anti-tumor and pro-tumor responses. Analysis of 
TISIDB database showed that COL21A1 is positively 
correlated with the expression of CXCL14, CX3CR1 
and CCR4, while negatively correlated with the expres-
sion of CCL5.

CXCL14 performs a variety of tasks. On the one 
hand, it is a potent chemokine for NK cells, B cells, 
macrophages, monocytes and immature DC cells. On 
the other hand, it can inhibit angiogenesis by preventing 
the chemotaxis of vascular smooth muscle cells and the 
development of the microvascular system [24-28]. Poor 
patient survival and increased lymph node metastases 
are linked to low levels of CXCL14 in colon cancer tis-
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sues[29]. Upregulation of CXCL14 expression can slow 
the growth of colon tumors by stimulating NK and DC 
cells [30]. CX3CR1 is a seven-transmembrane receptor 
that binds to CX3CL1 on the surface of monocytes, 
macrophages, NK cells and dendritic cells[31]. With 
powerful NK cell and T lymphocyte-mediated antitumor 
effects, colorectal cancer tissues with high CX3CL1 
expression have a high density of tumor-infiltrating 
lymphocytes, and patients have a better prognosis[32]. A 
higher infiltration of CCR 4+ and Foxp3+ regulatory T 
cells in colon cancer tissues is linked to a better patient 
prognosis, and regulatory T cells express high amounts 
of the particular chemokine receptor CCR 4[33-35]. 

CCL5 is an oncogenic factor produced by tumor 
cells. It promotes the growth of tumors by inhibiting T 
cell responses and fostering angiogenesis [36, 37]. The 
tumors with high CCL5 expression have a low T-cell 
response, active angiogenesis, and rapid tumor growth, 
while the tumors with low CCL5 expression have a sig-
nificant specific T-cell response in tumors [38]. colon 
cancer cells secrete large amounts of CCL5 to promote 
tumor metastasis by recruiting CCR1+ myeloid cells 
and preventing the infiltration of CD8+ T lymphocytes 
via the CCL15-CCR1 axis [39, 40]. Our result shows 
that the low level of COL21A1 may inhibit immune cell 
infiltration by altering the expression of specific chemo-
kines and receptors in the colon cancer microenviron-
ment.

In summary, COL21A1 expression was much lower 
in colon cancer tissues, and it was related to aberrant 
expression of several chemokines and receptors in co-
lon cancer tissues, which was unfavorable for immune 
cell infiltration. In future investigations, we will employ 
surgical samples from colon cancer patients to validate 
COL21A1 expression, elucidate the role of COL21A1 
in the dysregulation of colon cancer immune microenvi-
ronment, and provide a new target for developing effec-
tive immunotherapeutic strategies and drugs for colon 
cancer.
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