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Abstract
Collagen type IV (Col IV) is the main constituent of the basement
membrane. Under physiological conditions, Col IV plays an important
role in maintaining epithelial integrity and stabilizing epithelial function
of the gastric mucosa. Under pathological conditions, Col IV can be free
from the basement membrane under the influence of tumor cells and play
a pro-metastatic role. Although there is a increasing number of
investigations on Col IV, no studies to date have directly uncovered the
prognostic role and potential regulatory role of the six isoforms of Col IV
in gastric cancer. In the present experiment, we aimed to analyze the role
of COL4A family genes in gastric cancer. COL4A1/2/3/4 was
significantly overexpressed, while COL4A5/6 was decreased in gastric
cancer tissues according to TCGA data and our immunohistochemical
staining results. And COL4A1 had a positive correlation with tumor stage,
while COL4A5/6 had negative correlations with tumor stage.
COL4A1/2/4/5/6 can be considered as a diagnostic indicator of gastric
cancer. High levels of COL4A1/2/4/5/6 expression may be predictive of a
poor prognosis of gastric cancer. The percentages of genetic alterations in
COL4As for stomach cancer varied from 3 to 17% based on the TCGA
data (COL4A1, 10%; COL4A2, 8%; COL4A3, 3%; COL4A4, 5%;
COL4A5, 17%; COL4A6, 17%). Besides, COL4As may modulate tumor
progression by participating in classical cancer pathways:
COL4A1/2/3/4/5/6 can activate the EMT process; COL4A2/3/4/6 can
inhibit apoptosis and cell cycle; COL4A3/4/5 can activate the PI3K/AKT
signaling pathway. This study implied that COL4As have diagnostic and
prognostic value for gastric cancer.
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Introduction
Gastric cancer (GC) is a malignant tumor originating from the epithelial
cells of the gastric mucosa. And GC is the third most deadly disease
globally [1]. Most gastric cancer patients have no obvious symptoms in
the early stage, and most of them are in the progressive stage or with
multiple metastases throughout the body at the time of initial diagnosis,
thus losing the opportunity for radical surgery. Moreover, patients with
GC who suffered from lymph node or distant metastasis of cancer cells
often had a reduced 5-year survival rate of 7%-34% [2-4]. Although
clinicians have improved treatment plans, the therapeutic effect of
patients with progressive gastric cancer is not satisfactory.
The tumor microenvironment is a sophisticated ecological environment
that, to a certain extent, contains important factors that determine the
malignancy of gastric cancer cells, such as immune cells and extracellular
matrix (ECM) [5]. There is increasing evidence of a close regulatory
relationship between the tumor microenvironment and tumor cells in
gastric cancer [5]. Collagen type IV (Col IV) is a major component of the
ECM and is involved in forming the basement membrane of various
tissues. Moreover, the adhesion capacity of human cells can be regulated
by Col IV. Mak et al stated that Col IV can be identified as a valid marker
of fibrosis and cirrhosis [6]. Moreover, Col IV can be recognized as a
biomarker for primary and metastatic hepatoma [7]. Zhou et al pointed
out that multiple forms of mutations in COL4A occurred in cervical
cancer and that these mutations can suppress immune infiltration [8].
These suggest that Col IV may have a regulatory effect on cancers. The

aim of this study was to investigate the expression of COL4As in normal
and gastric cancer tissues by performing bioinformatics analysis and IHC
to elucidate its potential prognostic and diagnostic role in the progression
of gastric cancer.
Materials and methods
Clinical tissue specimens
The tissue samples involved in this experiment were obtained from the
First Affiliated Hospital of Hebei University of Chinese Medicine with 30
gastric cancer patients. All subjects provided informed consent.
TCGA database
The expression data of COL4As were obtained from TCGA database [9].
And, the ROC of COL4As were assessed using GraphPad Prism 7
software according to TCGA database .

UALCAN analysis and Oncomine database analysis
We compared the COL4As mRNA expression between normal and tumor
groups by UALCAN platform [10] and Oncomine database [11]. Besides,
the relationship between COL4As expression and specific clinical
characteristics was also analyzed by using UALCAN platform.
TIMER database analysis and GSCALite analysis
In this experiment, the correlations of COL4As expression status with
immune infiltration level were assessed using the gene module and the
relevant results were re-visualized with R [12]. Then, drug targets and
pathway activity of COL4A family genes were analyzed using GSCALite
tool [13].

Overall survival analysis and cBioPortal analysis
The overall survival information of COL4As was analyzed by K-M
plotter [14, 15]. The cBio Cancer Genomics Portal is a multi-omics
database for research and analysis of cancer-related genetic data [16]. The
genetic alterations of COL4As were analyzed by cBioPortal tool and
methylation CpG site of OS for COL4As were analyzed by MethSurv.
Functional enrichment analysis of COL4As
To explore the linkage between COL4As, a PPI network was constructed
[17]. GO and KEGG of COL4As and their top-30 related genes were
performed using DAVID tool [18].
Immunohistochemistry
Immunostaining of COL4A1-6 was conducted using mouse polyclonal
antibodies against COL4A1, COL4A2, COL4A3, COL4A4, COL4A5,
COL4A6 (Santa Cruz Biotechnology, dilution:1:500). The detailed
criteria for defining the frequency and extent of SLC30A1 and
SLC30A10 expression was scored as follows: 0 (0-5%); 1 (6-25%); 2
(26-50%); 3 (51-75%); and 4 (76-100%). Staining intensity was scored as
follows: 0 (negative); 1-2 (weak); and >2 (strong).
Statistical analysis
All statistical analysis was performed using SPSS 21.0 software and R
software. P < 0.05 indicated a statistically significant difference.
Results
The differential expression of COL4As in pan-cancers
To determine the expression levels of COL4As, the ONCOMINE
database was used to compare levels of COL4As transcripts in cancer and

normal tissue. We revealed that the six COL4As were overexpressed in
most tumors (Fig. 1A). In addition, with the GEPIA platform, the
prognostic value of COL4As in pan-cancers were also evaluated. As
shown in Fig. 1B, we found that high levels of COL4A1-6 expression
may be predictive of a poor prognosis of most tumors, while acted as
protection factors in cholangiocarcinoma, kidney renal clear cell
carcinoma.
Transcriptional levels of COL4As in gastric cancer
As shown in Fig. 2A-F that COL4A1/2/3/4 was significantly
overexpressed, while COL4A5/6 was decreased in gastric cancer tissues.
And COL4A1 had a positive correlation with tumor stage, while
COL4A5/6 had negative correlations with tumor stage (Fig. 2G-I).
COL4A1/2/3/4 was significantly overexpressed, while COL4A5/6 was
decreased in gastric cancer patients with a positive lymph node status
compared to those with a negative lymph node status (Fig.3A-F). Besides,
COL4A1/2 gene expressions had significant correlations with H. pylori
infection status, while COL4A5/6 had negative correlations with H.
pylori infection status in gastric cancer patients (Fig. 3G-L).
Prognostic and diagnostic value of COL4As
The KM plotter tool was used to investigate the prognostic ability of
COL4A1/2/3/4/5/6 expression in gastric cancer. As shown in Fig. 4A-F,
increased expression of COL4A1/2/4/5/6 tended to be related to poor OS.
And, the diagnostic values of COL4As were assessed using ROC curves.
As shown in Fig. 4G-L, COL4A1/2/4/5/6 can effectively distinguish
gastric cancer patients from healthy individuals. Meanwhile, we again
validated the prognostic value of COL4As in gastric cancer using the
GSE62254 dataset (Table 1). And the prognostic value of COL4As

expression with different clinical parameters of gastric cancer patients
were explored according to GSE62254 dataset (Table 2-4). In addition,
the effects of methylated CpG sites on COL4As'OS in thyroid cancer
patients were summarized in Table 5.
Then, integrated prognostic value of COL4As was also conducted by
SurvExpress online platform. Prognostic risk scores of COL4As were
calculated based on the SurvExpress online platform's unique algorithm.
Compared with low-risk group, the high-risk group of COL4As displayed
a significantly unfavorable OS outcome (HR = 1.55, 95% CI = 1.09-2.21,
P = 0.01359). And ROC curves of COL4As were showed in different
survival time points in patients with gastric cancer. The expression of
COL4A1/2/4/5/6 in the high-risk group was significantly higher than in
low-risk group (Fig.5A-D). Besides, the relationships between COL4As
expression and clinicopathological characteristics in patients with gastric
cancer were shown in Supplementary Table 1-6. For instance, COL4A2
was associated with M stage with gastric cancer paitents; COL4A3 was
linked to the histological type of gastric cancer; COL4A4 was correlated
with pathologic stage of gastric cancer, etc.
Mutations of COL4As
Genetic mutations of COL4As were analyzed through cBioPortal
database. 739 patients from five studies of stomach adenocarcinoma were
analyzed. As showed in Fig. 6A, mutations in COL4As were present in
almost all gastric cancer subtypes. And COL4As were altered in 232
samples of 739 patients with stomach cancer (31%) (Fig. 6B). The details
of all mutations of COL4As in stomach cancer are summarized: COL4A1
had 9 truncating mutation, 3 splice mutation and 31 missense mutations;
COL4A2 had 9 truncating mutation and 19 missense mutations; COL4A3

had 3 truncating mutation and 16 missense mutations; COL4A4 had 6
truncating mutation, 5 splice mutation and 22 missense mutations;
COL4A5 had 2 truncating mutation, 3 splice mutation and 14 missense
mutations; COL4A6 had 1 truncating mutation, 3 splice mutation and 14
missense mutations. The percentages of genetic alterations in COL4As
for stomach cancer varied from 3 to 17% based on the TCGA data
(COL4A1, 10%; COL4A2, 8%; COL4A3, 3%; COL4A4, 5%; COL4A5,
17%; COL4A6, 17%) (Fig. 6B).
Function enrichment of COL4As
To explore the linkage between COL4As, a PPI network was constructed
(Fig. 7A). We also computed the association of COL4As with each other
by calculating COL4As’ mRNA expression. We found a strong and
positive correlation in the following COL4As: COL4A1 with COL4A2;
COL4A3 with COL4A4; COL4A5 with COL4A6 (Fig. 7B). Besides,
DAVID was used to perform GO and KEGG analyses to find the
functional enrichment of COL4As. As shown in Fig. 7C, biological
processes included extracellular matrix organization, collagen catabolic
process, cell adhesion, etc. Cellular components analysis indicated that
these proteins localized mainly to extracellular region, extracellular
matrix, collagen type IV trimer,integrin complex, basement membrane,
extracellular exosome and collagen type V trimer (Fig. 7D). Molecular
function analysis found that these proteins were primarily involved in
matrix structural constituent, extracellular matrix constituent, collagen
binding, etc (Fig. 7E). As shown in Fig. 7F, KEGG analysis found that
these proteins were primarily involved in ECM-receptor interaction,
PI3K-Akt signaling pathway, pathways in cancer, etc. As shown in Fig.
8A, COL4As may modulate tumor progression by participating in
classical cancer pathways: COL4A1/2/3/4/5/6 can activate the EMT

process; COL4A2/3/4/6 can inhibit apoptosis and cell cycle; COL4A3/4/5
can activate the PI3K/AKT signaling pathway. And the drug targets of
COL4As were also analyzed (Fig. 8B). As shown in Table 6-11, these
results were the kinase, miRNA and transcription factor targets that can
regulate the expression of COL4As by using the LinkedOmics database.
Immune infiltration of COL4As
Then, immune infiltration levels of COL4As were explored (Fig. 9).
Dendritic cells were correlated with COL4A1 (Cor = 0.203, p = 8.34e-05),
COL4A2 (Cor = 0.227, p = 1.02e-05), COL4A3 (Cor = 0.332, p =
5.67e-11), COL4A4 (Cor =0375, p = 7.84e-14). CD4+ T cells were
correlated with COL4A1 (Cor = 0.281, p = 4.60e-08), COL4A2 (Cor
=0.402, p=1.20e-15), COL4A3 (Cor = 0.539, p = 5.17e-29), COL4A4
(Cor =0.336, p=4.24e-11), COL4A5 (Cor =0.508, p=1.97e-25) and
COL4A6 (Cor =0.382, p= 3.67e-14). Macrophages were correlated with
COL4A1 (Cor =0.369, p=2.30e-13), COL4A2 (Cor =0.401, p=9.97e-16),
COL4A3 (Cor =0.448, p=1.19e-19), COL4A4 (Cor =0.241, p=2.87e-06),
COL4A5 (Cor =0.494, p=3.36e-24) and COL4A6 (Cor =0.249,
p=1.29e-06). And neutrophils were correlated with COL4A1(Cor =0.133,
p=1.05e-02), COL4A3 (Cor =0.181, p=4.50e-04), COL4A4 (Cor =0.194,
p=1.72e-04). These results suggested that the immune cells most
associated with COL4A in gastric cancer were macrophages and CD4+ T
cells. And IHC results showed that COL4A1/2/3/4 staining was notably
dominant in the cytoplasm of gastric cancer tissues, while COL4A5/6
was decreased in gastric cancer tissues (Fig.10).

Discussion

Malignant tumors have become the primary risk factor for human health
[19]. Stomach cancer is the third most deadly disease globally [20, 21].
There is substantial evidence that rapid proliferation, abnormal
differentiation, distant metastasis and immune infiltration of human cells
are important features of cancer development and are strongly associated
with poor prognosis of patients with malignancies [22-24]. Although the
usage of gastroscopy has improved the diagnosis rate of gastric cancer.
However, there are still a large proportion of patients who are already in
the advanced stage of stomach cancer at the time of diagnosis [25].
Therefore, searching for sensitive and specifically altered genes in gastric
carcinogenesis and exploring the molecular mechanism of their roles in
depth are of great theoretical and practical significance for the clinical
diagnosis and treatment of gastric cancer as well as providing new targets
for the research of anti-cancer drugs, which meet the current urgent need
for individualized treatment of gastric cancer.
The tumor microenvironment (TME) is composed of cellular and
non-cellular components [26]. For example, cellular components include
stromal cells, macrophages, and immune cells; non-cellular components
include a large number of extracellular matrix, cytokines, growth factors,
chemokines, etc [26]. During the progression of gastric cancer, tumor
cells are regulating the formation of TME by continuously secreting
specific factors; on the other hand, TME continuously promotes cancer
progression in response to changing environmental conditions, leading to
abnormal cancer growth, angiogenesis, metastasis and drug resistance
[27-30]. It is well documented that abnormal expression of COL IV is
associated with liver disease [31], breast cancer [32], and colon cancer
[33]. Besideds, different histological patterns of V-type collagen levels
have prognostic values for a variety of solid tumors [34]. To investigate

the different roles of each COL IV isoform in gastric carcinogenesis, GC
expression profiles were analyzed using public sequencing data from the
TCGA database.
It has been documented that COL4As are frequently aberrantly expressed
in cancers. Li et al showed that COL4A1 was overexpressed in gastric
cancer and had a diagnostic and prognostic value for gastric cancer by
performing bioinformatics analysis according to GSE27342, GSE29272,
and GSE33335 data [35]. In glioma and glioblastoma, upregulated
SLC30A1 and SLC30A2 genes may promote carcinogenesis by
regulating PI3K-Akt pathway-related proteins [36]. COL4A1 may play a
critical function in the proliferation and colony formation of breast cancer
cells. In particular, recent experimental results indicated that silencing
COL4A1 expression in hepatocellular carcinoma HepG2 cells
significantly inhibited the capacity for proliferation, migration and
invasion [37]. Inhibition of COL4A2 gene expression in hepatocellular
carcinoma cells attenuated the proliferation and migration ability of
hepatocellular carcinoma cells [37]. COL4A2 can be regarded as a core
gene in the pathogenesis of breast cancer and has a prognostic value in
breast cancer [38]. Jiang et al suggested that overexpressed crosstalk
genes, including COL1A1 and COL1A2, may be involved in the
progression and poor prognosis of low-grade gliomas by regulating tumor
microenvironment interactions [39]. And COL4A2 expression had the
most significantly positive correlations with the existence of macrophages
and dendritic cell in cervical cell carcinoma [8]. COL4A3 is up-regulated
in ovarian cancer [40]. And COL4A3 was

an angiogenesis related gene

of kidney renal clear cell carcinoma [41]. Besides, COL4A3 was a
prognostic indicator of gastric carcinomas [42]. Li et al indicated
COL4A4 was notably down-regulated in esophageal squamous cell

carcinoma [43]. COL4A3 and COL4A4 may have a cancer-promoting
effect on Wilms tumor and can influence the evolution of Wilms tumor
[44]. Peng pointed out that the COL4A5 gene can be methylated in
gastric cancer and that methylation is strongly associated with cancer
recurrence [45]. COL4A5 was involved in regulating the formation of
hemangiomas [46]. Down-regulation of COL4A6 expression enhances
the invasiveness of prostate cancer cells (PC-3 and DU145), and the
methylation status of COL4A6 can be used as an important marker of
prostate cancer prognosis [47]. In this experiment, we first compared the
levels of COL4A family gene transcripts in multiple cancers and
corresponding normal tissues. Then, we concretely evaluated the
expression levels of six COL4As. COL4A1/2/3/4 was significantly
overexpressed, while COL4A5/6 was decreased in gastric cancer tissues.
Consistent with previous results, we found that COL4As had prognostic
value for gastric cancer, except for COL4A3 gene. And COL4A1,
COL4A2, COL4A4, COL4A5 and COL4A6 can effectively distinguish
gastric cancer patients from healthy individuals.
To date, genetic changes of the COL4A family gene have been identified
in glomerulosclerosis, familial microhematuria, and some cancers [8,
48-50]. Consistent with previous research, GO analysis displayed that
COL4A family genes contributed to cell adhesion, endodermal cell
differentiation, cell-matrix adhesion. Alterations in cell-cell adhesion
have the potential to directly initiate and exacerbate the ability of cancer
cells to metastasize. And KEGG pathway enrichment analysis showed
that the functions of COL4As were riched in some cancer-related
pathways. Besides, we found that the immune cells most associated with
COL4A in gastric cancer were macrophages and CD4+ T cells. And
multiple forms of mutations in COL4A occurred in cervical cancer and

that these mutations can suppress immune infiltration [8]. Therefore,
these results imply that COL4As may contribute to the evolution of
gastric cancer in cancer by regulating specific immune cells, such as
macrophages and CD4+ T cells.
Conclusion
The results of different expression, ROC curves, survival curve and
immune cell infiltration of COL4A family genes showed that COL4A
family genes have diagnostic and prognostic value for gastric cancer.
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Figures

Figure 1
The transcription levels of COL4A family genes in different types of cancers (A) Oncomine data. (B)
GEPIA data.

Figure 2
The expression level of COL4As (A-F) The expression of COL4As. (G-L) Correlation between expression of
COL4As and tumor stages. *, P-value < 0.05, **, P-value < 0.01, ***, P-value < 0.001.

Figure 3
Relative expression and the correlation between COL4As with pathological parameter (A-F) Expression of
COL4As based on nodal metastasis status. (G-L) Expression of COL4As based on H.pylori infection
status.

Figure 4
The prognostic value and ROC of individual COL4As (A-F) The OS of COL4As. (G-L) The ROC of COL4As.

Figure 5
Integrate prognostic value of COL4As (A) The K-M plot of COL4As. (B) The ROC curve of COL4As
showing the integrate the prognostic value of COL4As. (C) The heatmap of COL4As showing the different
distribution of COL4As expression. (D) The bar plot of COL4As illustrating the mRNA level of COL4As in
highand low-risk groups.

Figure 6
Oncoprint and alteration differences of COL4As in gastric cancer (A) A summary of alteration in COL4As.
(B) The visual summary Oncoprint based on a query of the COL4As. (C) Kaplan–Meier plots comparing
OS in cases with and without COL4As alterations. (D) KM plots comparing DFS in cases with and without
COL4As alterations.

Figure 7
Correlation and functional enrichment analysis of COL4As (A) Protein–protein interaction network
analysis using. (B) Pearson correlation analysis of individual among COL4As. (C) Biological process
analysis; (D) cellular components; (E) molecular function. (F) KEGG analysis.

Figure 8
Analysis of the main cancer pathways and drug targets of COL4As (A) Cancer pathways of COL4As. (B)
Drug targets of COL4As.

Figure 9
Correlations between expression of COL4As with immune in ltration level (A) COL4A1, (B) COL4A2, (C)
COL4A3, (D) COL4A4, (E) COL4A5 and (F) COL4A6.

Figure 10
The IHC results of COL4As, bar=20μm.
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