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Abstract
BACKGROUND 
Gastric cancer (GC) is a malignant tumor with high morbidity and mortality. 
Expression of COL5A2 is significantly elevated in GC. Abnormal expression of 
noncoding RNAs (ncRNAs) have been found in GC, including microRNA 
(miRNA) and long noncoding RNA (lncRNA). Competing endogenous RNA 
network plays an important regulatory role in GC. However, its specific 
regulatory mechanism has not been elucidated.

AIM 
To gain insight into the ncRNA regulatory mechanism and immune microenvir-
onment related to COL5A2 in GC.

METHODS 
RNA sequencing data and clinical information from The Cancer Genome Atlas 
data portal were used to analyze the expressions of COL5A2, miRNA and lncRNA 
related to the prognosis of GC. Cox regression analysis and Kyoto Encyclopedia of 
Genes and Genomes analysis were performed to assess the risk factors and 
relevant function of COL5A2. StarBase was used to predict the interaction of 
miRNA–lncRNA or miRNA–mRNA in GC. The relationship between COL5A2, 
miR-144-3p and ENTPD1-AS1 were verified by dual luciferase reporter assay. The 
association of COL5A2 with immune cell infiltration were analyzed using the 
Tumor Immune Estimation Resource database and single sample gene set 
enrichment analysis. The expression of COL5A2 and macrophages in paired GC 
tissues were detected by immunohistochemical staining.
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RESULTS 
We verified that the upregulation of COL5A2 expression was associated with the prognosis of GC and was an 
independent risk factor for GC. miR-144-3p was downregulated and correlated with the prognosis of GC. miR-144-
3p regulated the expression of COL5A2 through direct interaction with COL5A2. ENTPD1-AS1 was elevated in GC 
and competitively bound to miR-144-3p, thus inhibiting the expression of miR-144-3p. ENTPD1-AS1 enhanced the 
expression of COL5A2 through sponging miR-144-3p. Compared to paired normal tissue, COL5A2 expression was 
upregulated at the protein level, especially in the middle and late stages of GC. The high expression of COL5A2 
was positively linked to macrophage infiltration in GC.

CONCLUSION 
COL5A2 regulated by ENTPD1-AS1–miR-144-3p was associated with poor prognosis and macrophage infiltration 
in GC. This could be a new biomarker and therapeutic target in GC.

Key Words: COL5A2; Noncoding RNAs; Macrophage infiltration; Prognosis; Gastric cancer
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Core Tip: Gastric cancer (GC) is a malignant tumor with high fatality rate. Competing endogenous RNA network and infilt-
ration of immune cells play an important role in the development of GC. In this study, we verified that high expression of 
COL5A2 was closely related to poor prognosis and was an independent risk factor for GC. We predicted and validated that 
long noncoding RNA ENTPD1-AS1 regulated the expression of COL5A2 through sponging miR-144-3p. Additionally, we 
confirmed that upregulation of COL5A2 expression strongly correlated with immune infiltration of macrophages. ENTPD1-
AS1-miR-144-3p-COL5A2 might be a new therapeutic target for GC.

Citation: Yuan HM, Pu XF, Wu H, Wu C. ENTPD1-AS1–miR-144-3p-mediated high expression of COL5A2 correlates with poor 
prognosis and macrophage infiltration in gastric cancer. World J Gastrointest Oncol 2023; 15(7): 1182-1199
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INTRODUCTION
Gastric cancer (GC) remains the fourth leading cause of cancer death worldwide. About 95% of cases are gastric 
adenocarcinoma (GAD) subtype[1]. The survival rate of GC has improved with medical advances. However, the median 
survival time for advanced GC is < 12 mo[2]. Accordingly, exploring the molecular mechanism of GC is of great 
significance for finding better therapeutic targets and better treatment.

The extracellular matrix is mainly composed of collagen and is related to proliferation, differentiation, migration, and 
metabolism of cancer[3]. Recent studies have shown that COL5A2, one of the collagen genes, is upregulated in several 
types of cancer and associated with immune cells infiltration[4,5]. Traditionally, COL5A2 is considered tightly related to 
the occurrence of classical Ehlers–Danlos syndrome[6,7]. However, high expression of COL5A2 is found to be associated 
with worse prognosis and drug resistance[8-10]. COL5A is also found closely associated with immune cell infiltration, 
which may be related to the inhibitory effect of collagen on the production of CCL2[5]. In proliferative diabetic 
retinopathy, COL5A2 is closely related to the infiltration of M2 macrophages[11].

Noncoding RNAs (ncRNAs), such as microRNAs (miRNAs), long noncoding RNAs (lncRNAs) and circular RNAs 
(circRNAs), are critically involved in GC development[12]. ncRNAs could affect the proliferation, invasion, migration and 
metastasis of GC by regulating target miRNA genes[13]. Studies have revealed that miR-144-3p can affect the occurrence, 
development, and prognosis of cancer by inhibiting the expression of target genes[14,15]. ncRNAs can upregulate the 
expression of cancer-promoting genes by inhibiting the expression of miR-144-3p[16,17]. ENTPD1-AS1 is an antisense 
lncRNA that may be associated with short stature[18]. Recently, ENTPD1-AS1 is considered to be a new ncRNA that 
regulates the proliferation and apoptosis of cancer cells and also serves as a prognostic marker in glioblastoma 
multiforme[19,20]. However, the ncRNA regulatory mechanism and immune infiltration of COL5A2 are still unclear in 
GC.

In this study, we verified that high expression of COL5A2 in GC was closely related to poor prognosis and was an 
independent risk factor. We predicted and verified a new competing endogenous RNA (ceRNA) network, namely, 
ENTPD1-AS1 regulated COL5A2 expression through sponging miR-144-3p. We confirmed that upregulation of COL5A2 
expression strongly correlated with immune infiltration of macrophages. ENTPD1-AS1–miR-144-3p regulation of 
COL5A2 correlated with poor prognosis and macrophage infiltration in GC.

https://www.wjgnet.com/1948-5204/full/v15/i7/1182.htm
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MATERIALS AND METHODS
Sample collection
We collected 40 paired GC and normal specimens from the Eighth Affiliated Hospital of Sun Yat-Sen University. These 
tissues were obtained from the patients undergoing GC surgery. All the patients signed informed consent forms. This 
research was approved by the Ethics Committee of the Eighth Affiliated Hospital of the Sun Yat-Sen University.

Cell culture
Human Embryonic Kidney cells (293T) and human GAD cell line (AGS) were cultured in dulbecco's modified eagle 
medium (GIBCO, Invitrogen, Carlsbad, CA, United States) containing 10% FBS (GIBCO) and 100 U/mL penicillin, and 0.1 
mg/mL streptomycin (Invitrogen, Carlsbad, CA, United States).

Expression and prognostic analysis of COL5A2 in GC
The Gene Expression Profiling Interactive Analysis (GEPIA; http://gepia.cancer-pku.cn/) database was utilized for the 
expression and prognostic analysis of COL5A2 in numerous cancers.

Clinical information and data acquisition of patients with GAD
The mRNA expression data of GAD in tumor and normal tissues (446 cases of tumor, and 45 cases of normal tissue) and 
clinical material were obtained from The Cancer Genome Atlas (TCGA) public database (https://portal.gdc.cancer.gov). 
The basic information of human miRNA was downloaded from http://www.mirbase.org. We conducted a differential 
analysis and survival analysis on the expression of COL5A2 in normal tissues and GC tissues. Data transformation was 
achieved using Perl script. R version 4.1.2 was used in several analyses.

Cox regression analysis
We organized the clinical data of GAD and matched the expression of COL5A2 in the corresponding samples. Samples 
with incomplete or missing data were excluded from this analysis, and finally 322 specimens were obtained. Univariate 
and multivariate Cox proportional hazards regression models were used to assess COL5A2 for prediction of overall 
survival (OS).

Functional enrichment analysis of COL5A2
We analyzed Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment of COL5A2 by gene set 
enrichment analysis (GSEA). We found gene markers corresponding to 22 immune cells and extracted the expression of 
these gene markers from the TCGA data. Using single sample GSEA (ssGSEA), we determined the infiltration of these 
immune cells in COL5A2 high expression and low expression groups.

Prediction and analysis of the interaction between mRNA and miRNA or miRNA and lncRNA
We used starBase (http://starbase.sysu.edu.cn/) to predict the interaction of miRNA–mRNA or miRNA–lncRNA. 
StarBase is a powerful target gene prediction software, and it includes 7 functional domains for prediction. We set the 
screening conditions for at least two sites that considered the gene to be the target gene of COL5A2, and the gene was 
retained. The expression data of miR-144-3p and ENTPD1-AS1 came from the TCGA database. We conducted the 
expression analysis, correlation analysis, and survival analysis using R version 4.1.2.

Dual-luciferase reporter assay
The sequences of COL5A2 or ENTPD1-AS1 that may bind to miR-144-3p were cloned into the pmirGLO vector (Sangon 
Biotech Co., Ltd. Shanghai, China). We constructed four kinds of double luciferase report plasmids: COL5A2 3′UTR-wt, 
COL5A2 3′UTR-mut, ENTPD1-AS1-wt and ENTPD1-AS1-mut.

SiRNAs and miRNA mimics
siRNAs, miRNA mimics and their corresponding negative controls (NC) were designed by GenePharma Co., Ltd., 
(Shanghai, China). The sequence was as follows: MiR-144-3p mimics: (UACAGUAUAGAUGAUGUACU), mimics NC: 
(UUGUACUACACAAAAGUACUG), si-ENTPD1-AS1: (GGCCCGUAAUGGAGAUCGATT, UCGAUCUC-
CAUUACGGGCCTT), si-NC: (UUCUCCGAACGUGUCACGUTT, ACGUGACACGUUCGGAGAATT).

Cell transfection
We seeded cells into 24-well plates at a density of 1.5 × 105 cells per well. When the cells reached 60% to 70%, dual 
luciferase reporter vector and miR-144-3p mimics or NC mimics were transfection into 293T cells and AGS cells in the 
presence of Lipofectamine™ and P3000™ (L3000001, Invitrogen, United States). In some experiments, mixture of 
Lipofectamine™ and miR-144-3p or si-ENTPD1-AS1 was transfection into AGS cells. After 6 h, fresh medium was 
replaced. 48 h later, Fluorescence intensity was detected by Dual-Luciferase® Reporter Assay System (E1910, Promega, 
United States).

Quantitative reverse transcriptase polymerase chain reaction
RNAs were extracted by Trizol from AGS cells. RNA was reversely transcribed into cDNA with Evo M-MLV RT Premix 
(AG11701, Accurate Biotechnology, Hunan, China) and then detected gene expression with SYBR® Green Premix Pro Taq 

http://gepia.cancer-pku.cn/
https://portal.gdc.cancer.gov
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HS quantitative polymerase chain reaction (qPCR) Kit for qPCR (AG1170, Accurate Biotechnology, Hunan, China). The 
primers were synthesized by Sangon Biotech Co., Ltd (Shanghai, China). COL5A2: (Forward: GGATCACAGGGACCAA-
GAGGAGAG, Reverse: GCACCAGGTTGACCAGGAACAC), ENTP1-AS1 (Forward: CCTGCCTCTGCCTCCAAGTAG, 
Reverse: TTCGAGACCAGCCTGACCAAC), hsa-miR-144-3p (RT Primer: GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACAGTACA, Forward: GCGCGCGTACAGTATAGATGA, Reverse: ATCCAGTGCAGG-
GTCCGAGG). U6 (Forward: GGAACGATACAGAGAAGATTAGC, Reverse: TGGAACGCTTCACGAATTTGCG), 
GAPDH (Forward: TGTGTCCGTCGTGGATCTGA, Reverse: GCAGCTGTGACACACAGTA). miRNA was detected by 
stem-loop. U6 or GAPDH as internal control. The relative expression of genes was calculated by 2−ΔΔCt.

Correlation analysis of COL5A2 and immunological checkpoints
Tumor IMmune Estimation Resource (TIMER) database (https://cistrome.shinyapps.io/timer/) integrated the results of 
multiple algorithms based on the sequencing results of TCGA. We used the TIMER and GEPIA database to analyze the 
correlation between COL5A2 and immune cells or immune checkpoints.

Immunohistochemistry
All tissue slides were dewaxed, hydrated, and antigen was retrieved. We inactivated endogenous enzymatic activity and 
blocked nonspecific sites. Primary and secondary antibodies were incubated and rendered with Diaminobenzidine 
(DAB). The concentration of primary antibodies was anti-COL5A2 (1:100, Thermo Fisher, PA5-38880, United States), anti-
CD68 (1:2000, Abcam, ab955, United Kingdom). We selected the corresponding secondary antibody according to the 
primary antibody (1:100, Santa Cruz Biotechnology, sc-2357/sc-516102); DAB detection kit (50:1, Servicebio, G1212, 
China). All slides were observed and counted by a Carl Zeiss microscope (Axio Imager A2, Germany). The CD68+ cell 
counts were conducted by taking the average value of three high power fields (HP). Based on the number of CD68+ cells, 
the macrophage infiltration was categorized into weak (30–60/HP), moderate (60–90/HP), and strong (> 90/HP) 
subgroups.

Statistical analysis
R with the survminer, survival, Ggforest and limma packages was used for analysis. GraphPad 8 with unpaired t-test and 
Spearman correlations was used for some analyses. aP < 0.05 was considered statistically significant.

RESULTS
Expression and prognostic analysis of COL5A2 in pan-cancer
To identify the differential expression of COL5A2 in pan-cancer, the expression of COL5A2 was assessed in 18 types of 
cancer by GEPIA. The expression of COL5A2 was significantly increased in nine cancers compared with the normal group 
(Figure 1A, P < 0.05). There was no significant difference in the other nine cancers (Supplementary Figure 1). Among the 
cancers with significant differences in COL5A2 expression, OS analysis was conducted using GEPIA database. No 
significant prognostic difference in 8 out of 9 cancers was observed (Figure 1B–I). Only in GC, high expression of COL5A2 
was associated with poorer prognosis (Figure 1J, P = 0.01).

Cox regression analysis and KEGG enrichment analysis of COL5A2 in GC
To verify the results obtained from the GEPIA database, we analyzed the expression and survival prognosis of COL5A2 
using RNA-sequencing data from TCGA. In line with previous studies[21], significantly high expression of COL5A2 was 
found in TCGA data and 27 paired specimens (Figure 2A and B). We performed survival analysis and found a significant 
difference in OS between high and low COL5A2 expression groups (Figure 2C, P =0.018).

Excluding patients with missing or incomplete information, 322 of the 433 patients were included in the cox regression 
analysis. From clinical information, it suggested that patients with GC were mainly in the middle and late stages, with a 
high rate of lymph node metastasis, less distant metastasis, and a high mortality rate (Supplementary Table 1). Cancer 
stage, especially N stage, was the most important prognostic indicator. Age, T stage, and COL5A2 expression were risk 
factors for GC (Table 1). To determine whether these risk factors were independent of other factors, multivariate Cox 
regression was conducted. Only age [1.03 (1.01-1.1), P = 0.002] and expression of COL5A2 [1.23 (1.05-1.5), P = 0.013] were 
independent prognostic factors (Figure 2D).

Dividing GCs into COL5A2 high- and low-expression groups, we used KEGG enrichment to analyze which signaling 
pathways were associated with differential genes between the two groups. According to normalized enrichment score, 
nominal P value, the 10 most enriched signaling pathways in KEGG were shown in Supplementary Table 2). To be more 
concise, we integrated these signaling pathways into one diagram (Figure 2E). The most significantly enriched signaling 
pathways in the COL5A2 high expression group were the interaction between extracellular matrix and receptors, focal 
adhesion, and some classic cancer-related signaling pathways such as the transforming growth factor-β signaling 
pathway.

miRNAs that interact with COL5A2 in GC
To investigate whether COL5A2 was regulated by miRNAs in GC, we used starBase to predict which miRNAs would 
bind to COL5A2. There were 69 miRNAs with the potential to bind to COL5A2, and it was visualized by cytoscape 
(Supplementary Figure 2). According to the principle of gene regulation, miRNA should negatively correlate with 

https://cistrome.shinyapps.io/timer/
https://f6publishing.blob.core.windows.net/a76016b1-8499-438a-81d6-247b93d0ca3a/WJGO-15-1182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a76016b1-8499-438a-81d6-247b93d0ca3a/WJGO-15-1182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a76016b1-8499-438a-81d6-247b93d0ca3a/WJGO-15-1182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/a76016b1-8499-438a-81d6-247b93d0ca3a/WJGO-15-1182-supplementary-material.pdf
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Table 1 Univariate analysis and multivariate analysis of correlation of COL5A2 expression among gastric cancer patients

Univariate analysis Multivariate analysis
Parameter

HR 95%CI
P value

HR 95%CI
P value

Age 1.022 1.004-1.039 0.014a 1.030 1.011-1.049 0.002b

Gender 1.372 0.941-2.001 0.100 1.289 0.873-1.903 0.202

Grade 1.364 0.963-1.930 0.080 1.397 0.974-2.005 0.069

Stae 1.576 1.268-1.959 < 0.001c 1.446 0.956-2.187 0.081

T 1.276 1.022-1.593 0.032a 0.954 0.702-1.295 0.761

M 1.809 0.973-3.364 0.061 1.475 0.677-3.214 0.328

N 1.343 1.147-1.573 < 0.001c 1.119 0.891-1.405 0.334

COL5A2 1.278 1.096-1.489 0.002b 2.321 1.215-4.434 0.011a

aP < 0.05.
bP < 0.01.
cP < 0.001.

COL5A2. Thus, we set the screening condition that miRNA was negatively correlated with COL5A2 and P < 0.001. For 
COL5A2 was upregulated in GC, so the target miRNA was downregulaed in GC compared with normal tissues. miR-29c-
3p and miR-144-3p were negatively correlated with COL5A2 [Figure 3A (r = -0.27, P = 2.1e-07) and Figure 3B (r = -0.16, P 
= 0.0017)] and markedly downregulated in GC [Figure 3C (P = 1.4e-09) and Figure 3D (P = 0.013)]. We analyzed the 
prognostic impact of miR-29c-3p and miR-144-3p. Only low expression of miR-144-3p had a significant effect on survival [
Figure 3E (P = 0.058) and Figure 3F (P = 0.041)]. All these findings meant that miR-144-3p was the most likely upstream 
miRNA to regulate COL5A2 in GC.

Prediction and analysis of upstream lncRNAs of miR-144-3p
lncRNAs can competitively bind to miRNAs, which leads to upregulation of oncogenes. We predicted using starBase 
which lncRNAs would interact with miR-144-3p. We examined the correlation between lncRNAs, COL5A2 and miR-144-
3p (Table 2). For downregulated miR-144-3p, expression of lncRNAs should be upregulated in GC. Among all lncRNAs, 
ENTPD1-AS1, NORAD, and ZNF460-AS1 were negatively correlated with miR-144-3p [Figure 4A (r = -0.32, P = 1.6e-10), 
Figure 4B (r = -0.21, P = 3e-05) and Figure 4C (r = -0.24, P = 2.1e-6)]. ENTPD1-AS1 and NORAD were positively correlated 
with COL5A2. ZNF460-AS1 had a negative correlation with COL5A2 [Figure 4D (r = 0.11, P = 0.036), Figure 4E (r = 0.14, P 
= 0.0067) and Figure 4F (r = -0.042, P = 0.42)]. We analyzed the expression of lncRNA in GC, and three lncRNAs were 
significantly upregulated in GC [Figure 4G (P = 3.6e-06), Figure 4H (P = 1e-10) and Figure 4I (P = 0.011)]. Kaplan–Meier 
analysis revealed that the higher the ENTPD1-AS1 expression, the better the OS [Figure 4J (P = 0.002), Figure 4K (P = 
0.229) and Figure 4L (P = 0.351)]. By taking into account expression and prognostic analysis, our data suggested that 
ENTPD1-AS1 was the most likely lncRNA to regulate the miR-144-3p/COL5A2 axis in GC.

LncRNA ENTPD1-AS1 enhances the expression of COL5A2 through sponging miR-144-3p
In order to verify the interaction of ENTPD1-AS1, miR-144-3p and COL5A2, we constructed dual luciferase reporter 
vector (Figure 5A). The results showed that in the presence of miR-144-3p mimics, the luciferase activity of COL5A2 
3′UTR-wt group was significantly reduced compared to COL5A2 3′UTR-mut group in both 293T cells and AGS cells. 
However, when transfected with NC mimics, there was no difference in fluorescence intensity between COL5A2 3′UTR-
wt group and COL5A2 3′UTR-mut group (Figure 5B and C). Similarly, the luciferase activity was reduced when miR-144-
3p mimics interacted with ENTPD1-AS1-wt instead of ENTPD1-AS1-mut. When transfected with NC mimics, the change 
of fluorescence intensity disappeared (Figure 5D and E). Additionally, when miR-144-3p enrichment was present, the 
expression of COL5A2 was decreased in AGS cells (Figure 5F and G). Compared to si-NC, si-ENTPD1-AS1 led to a 
decrease of miR-144-3p (Figure 5H and I). All these results suggested that ENTPD1-AS1 might promote the expression of 
COL5A2 by suppressing the expression of miR-144-3p.

COL5A2 has a correlation with immune checkpoints in GC
For immunotherapy having a low response in many cancers, there is a pressing need to find new target genes that could 
improve the efficacy of immunotherapy. Considering the cancer-promoting role of COL5A2, we analyzed the association 
of COL5A2 with checkpoints using the TIMER database. Our analyses revealed a high correlation between COL5A2 and 
CD274 and a lower correlation between COL5A2 and CTLA4 or PDCD1 (Figure 6A). We observed similar results in the 
GEPIA database (Figure 6B–D). These results suggested that COL5A2 mediated immune escape in GC.

COL5A2 is associated with immune cell infiltration in GC
To explore the link between COL5A2 and immune cells, we determined the relationship between COL5A2 and immune 
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Table 2 Correlation analysis between long noncoding RNA and COL5A2 or long noncoding RNA and miR-144-3p in gastric cancer

lncRNA miRNA/mRNA R value P value

ENTPD1-AS1 miR-144-3p -0.324 1.6E-10c

ZNF460-AS1 miR-144-3p -0.243 2.1E-06c

NORAD miR-144-3p -0.215 3.0E-05c

ENTPD1-AS1 COL5A2 0.109 3.6E-02a

ZNF460-AS1 COL5A2 -0.042 4.2E-01

NORAD COL5A2 0.140 6.7E-03b

aP < 0.05.
bP < 0.01.
cP < 0.001. lncRNA: Long noncoding RNA.

cell biomarkers. We found a significant and positive association with COL5A2 and M2 macrophage biomarkers (CD163, 
VSIG4 and MS4A4A). The other immune cells biomarkers had a lower correlation or only some of the markers had a 
correlation with COL5A2 (Table 3). The TIMER database indicated that COL5A2 was significantly associated with infilt-
ration of various immune cells, including neutrophils, macrophages and dendritic cells, but most correlated with 
macrophage infiltration (Figure 7A). We used ssGSEA to analyze the enrichment of 22 types of immune cells in groups 
with high and low COL5A2 expression. We discovered a significant difference in immune infiltration of macrophages, 
neutrophils and B memory cells between COL5A2 high and low expression groups. In line with our previous results, 
macrophage infiltration was most correlated with COL5A2 (Figure 7B, P < 0.001). These results indicated that COL5A2 
was significantly positively linked to macrophage infiltration.

Expression of COL5A2 and its correlation with macrophages in GC
To verify the correlation between COL5A2 and macrophage infiltration in GC, we detected expression of COL5A2 and 
macrophages (CD68+) by immunohistochemistry in GC and paired normal tissues. According to the stain density, we 
divided the expression of COL5A2 into three levels, including weak, moderate, and strong staining, with corresponding 
scores of 1–3. According to the number of CD68+ cells, we divided macrophage infiltration into three groups: Weak 
(30–60/HP), moderate (60–90/HP), and strong (> 90/HP) (Figure 8A). The expression of COL5A2 at the protein level was 
clearly higher than in the paired peritumor tissues (Figure 8B, P = 0.025). Expression of COL5A2 between low stage GC (I 
and II) and high stage GC (III and IV) was assessed to determine whether COL5A2 was related to GC stage. Compared 
with low stage GC, the level of COL5A2 was significantly higher in high stage GC (Figure 8C, P = 0.0106). Pearson 
correlation analysis was performed to determine the relation between COL5A2 expression and macrophage infiltration in 
GC. Clearly, macrophage infiltration was consistent with COL5A2 staining intensity (Figure 8D, r = 0.7459, P < 0.0001). 
These results demonstrated that high expression of COL5A2 was observed in GC and COL5A2 was strongly positively 
correlated with macrophage infiltration.

DISCUSSION
GC is one of the tumors with high morbidity and mortality. Collagen is upregulated in advanced GC, and some collagen 
genes can be used as cancer biomarkers and can distinguish precancerous from cancerous lesions[22,23]. Several studies 
have shown that COL5A2 is upregulated in various cancers and can be used as a prognostic marker[24,25]. Here, we 
explored the upstream regulatory molecular mechanisms and immune function of COL5A2 in GC. We confirmed that 
COL5A2 was enriched and can predict poor prognosis in GC. We verified that COL5A2 was closely related to macrophage 
infiltration in GC. A new ceRNA network, ENTPD1-AS1–miR-144-3p–COL5A2 was identified, which may partially 
explain the upstream regulatory mechanism of COL5A2 in GC.

We confirmed that COL5A2 was increased in a number of tumors, but it was associated with worse survival only in 
GC. Cox regression analysis found that COL5A2 could be an independent prognostic factor for GC. KEGG enrichment 
analysis found that high expression of COL5A2 was associated with multiple signal transduction pathways. All these 
results revealed that COL5A2 was strongly associated with worse prognosis and has a crucial role in the development of 
GC. ceRNA plays a critical role in the regulation of gene expression in GC[26,27]. The mechanism of ceRNA mainly refers 
to that lncRNAs inhibit the negative regulation of miRNAs. For example, upregulation of circRNA KIF4A expression in 
GC can regulate the miRNA-144-3p–EZH2 axis to facilitate cell migration and invasion[28]. To investigate whether 
COL5A2 was regulated by the ceRNA network, we predicted by starBase which miRNAs could bind to COL5A2. We 
discovered that miR-29c-3p and miR-144-3p were most likely to regulate COL5A2 in GC. Although miR-29c reduced in 
GC and associated with tumor aggressiveness had been reported, our findings suggest that miR-29c-3p plays a role in GC 
by regulating COL5A2. Some studies have demonstrated that miR-144-3p inhibited cancer proliferation and migration, 
potentially serving as a biomarker in GC[16,29], which was consistent with our results that miR-144-3p was downreg-
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Table 3 Correlation analysis between COL5A2 and biomarkers of immune cells in gastric cancer

Immune cell Biomarker R value P value

B cell CD19 -0.053 3.1 × 10-1

CD79A 0.008 8.8 × 10-1

CD8+ T cell CD8A 0.078 1.3 × 10-1

CD8B -0.066 2.0 × 10-1

CD4+ T cell CD4 0.312 8.4 × 10-10,c

M1 macrophage NOS2 0.146 4.6 × 10-3,b

IRF5 0.154 2.7 × 10-3,b

PTGS2 0.373 1.1 × 10-13,c

M2 macrophage CD163 0.466 < 2.2 × 10-16,c

VSIG4 0.454 < 2.2 × 10-16,c

MS4A4A 0.400 < 2.2 × 10-16,c

Neutrophil CEACAM8 0.018 7.3 × 10-1

ITGAM 0.443 < 2.2 × 10-16,c

CCR7 0.072 1.7 × 10-1

Dendritic cell HLA-DPB1 0.100 5.4 × 10-2

HLA-DQB1 0.103 4.7 × 10-2,a

HLA-DRA 0.118 2.3 × 10-2

HLA-DPA1 0.096 6.2 × 10-2

CD1C 0.064 2.2 × 10-1

NRP1 0.568 < 2.2 × 10-16,c

ITGAX 0.470 < 2.2 × 10-16,c

aP < 0.05.
bP < 0.01.
cP < 0.001.

ulated and closely related to prognosis in GC. Considering correlation analysis and expression analysis, ENTPD1-AS1, 
NORAD, and ZNF460–AS1 might regulate COL5A2 through a ceRNA network in GC. Three lncRNAs were negatively 
correlated with miR-144-3p, but only ENTPD1-AS1 and NORAD were positively correlated with COL5A2. Therefore, we 
focused on ENTPD1-AS1 and NORAD. Survival analysis suggested that ENTPD1-AS1 was significantly associated with 
GC survival. The most potentially upregulated lncRNAs was ENTPD1-AS1. Many lncRNAs have been identified as 
ceRNAs in GC, such as HOTAIR, MALAT1, NORAD and H19[30]. Some studies reported that lncRNA NORAD 
promoted GC cell growth by inhibiting expression of miR-608 or miR-433-3p[31,32]. Here, we revealed that NORAD 
promoted the development of GC by inhibiting expression of miR-144-3p. ENTPD1-AS1 is an antisense transcription 
lncRNA, which can be used as a prognostic marker in glioblastoma multiforme[19]. We confirmed that the most probable 
ceRNA regulatory network for COL5A2 in GC was NTPD1-AS1–miR-144-3p–COL5A2 through dual luciferase assay.

Recent studies have shown that fibrillar collagen can facilitate immune cell infiltration with bioinformatics analysis
[33]. Genes associated with M2 infiltration of GC have been described in some previous studies, including COL1A1, 
COL4A1, COL12A1 and PDGFRB[34,35]. Wei et al[36] identified that stromal-relevant gene clusters could be used as 
prognostic genes and were associated with macrophage infiltration in GC. However, most of the results were obtained 
through database analysis and lacked experimental validation. Similar to previous studies, we found that COL5A2 was 
markedly positively associated with macrophage infiltration, using the TIMER database and ssGSEA. We confirmed by 
immunohistochemical staining that COL5A2 was significantly highly expressed, especially in the high stage of GC and 
was significantly positively correlated with macrophage infiltration at the protein level by IHC staining. These results 
give us a more complete view that macrophage infiltration may partially explain the carcinogenesis mediated by COL5A2 
in GC.

There are some limitations to this study. First, although we proved the direct interaction of miR-144-3p and COL5A2 or 
miR-144-3p and ENTPD1-AS1 by Dual-Luciferase Reporter Assay and siRNA transfection, further experimental 
verification and confirmation were needed, such as RNA Binding Protein Immunoprecipitation (RIP) and in vivo 
experiments. Second, COL5A2 was found to be associated with poor prognosis of GC and macrophage infiltration by in 
vitro experiments, the sample size was small, these results thus should be verified in COL5A2 knockout mice, and tested 
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Figure 1 COL5A2 was upregulated in pan cancer and associated with the overall survival of gastric cancer. A: Analysis of COL5A2 expression 
in 9 types of cancer by Gene Expression Profiling Interactive Analysis database; B: Associations of COL5A2 expression with the overall survival (OS) in Breast 
invasive carcinoma; C: Associations of COL5A2 expression with the OS in Cholangio carcinoma; D: Associations of COL5A2 expression with the OS in esophageal 
carcinoma; E: Associations of COL5A2 expression with the OS in Glioblastoma multiforme; F: Associations of COL5A2 expression with the OS in head and neck 
squamous cell carcinoma; G: Associations of COL5A2 expression with the OS in kidney renal clear cell carcinoma; H: Associations of COL5A2 expression with the 
OS in prostate adenocarcinoma; I: Associations of COL5A2 expression with the OS in Uterine Corpus Endometrial Carcinoma; J: Associations of COL5A2 expression 
with the OS in stomach adenocarcinoma. aP < 0.05. BRCA: Breast invasive carcinoma; CHOL: Cholangio carcinoma; ESCA: Esophageal carcinoma; GBM: 
Glioblastoma multiforme; HNSC: Head and Neck squamous cell carcinoma; KIRC: kidney renal clear cell carcinoma; PRAD: Prostate adenocarcinoma; UCEC: 
Uterine Corpus Endometrial Carcinoma; STAD: Stomach adenocarcinoma.
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Figure 2 Expression, prognostic value, and enriched function of COL5A2 in gastric cancer from The Cancer Genome Atlas data. A: 
Expression of COL5A2 in gastric cancer (GC), normal (n = 45), tumor (n = 446); B: COL5A2 expression in 27 paired normal and tumor tissues; C: Overall survival of 
GC patients grouped by COL5A2 median cutoff; D: Forest plots depicting the results of multivariate Cox regression analysis. Age and high expression of COL5A2 
predicted a low survival rate independently, n = 322. Error bars represent 95% confidence intervals; E: Gene set enrichment analysis illustrating the key pathways 
enriched in COL5A2 high expression group. aP < 0.05, bP < 0.01.
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Figure 3 miR-29c-3p and miR-144-3p may bind to COL5A2. A: Expression correlation between miR-29c-3p and COL5A2 in gastric cancer (GC) based on 
The Cancer Genome Atlas (TCGA) data; B: Expression correlation between miR-144-3p and COL5A2 in GC based on TCGA data; C: Expression of miR-29c-3p in 
GC and control samples; D: Expression of miR-144-3p in GC and control samples; E: Prognostic value of miR-29c-3p in GC; F: Prognostic value of miR-144-3p in 
GC. Normal: n = 45, tumor: n = 446.

in big samples.

CONCLUSION
We verify that COL5A2 is an independent risk factor and can be as a biomarker for GC. Our results demonstrate that 
COL5A2 exerts a tumor-promoting effect by promoting immune cell infiltration, especially macrophage infiltration. We 
have identified a novel ceRNA network that facilitates COL5A2 expression in GC, namely, lncRNA ENTPD1-AS1 
upregulates the expression of COL5A2 by inhibiting the expression of miR-144-3p. These results partly explained the 
upstream regulatory mechanism and immune mechanism of COL5A2 in GC. COL5A2–miR-144-3p–ENTPD1-AS1 has the 
potential to be a novel therapeutic target for GC.
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Figure 4 ENTPD1-AS1, NORAD and ZNF460-AS1 may interact with miR-144-3p in gastric cancer. A: Correlation analysis between miR-144-3p and 
ENTPD1-AS1; B: Correlation analysis between miR-144-3p and NORAD; C: Correlation analysis between miR-144-3p and ZNF460-AS1; D: Correlation analysis 
between ENTPD1-AS1 and COL5A2; E: Correlation analysis between NORAD and COL5A2; F: Correlation analysis between ZNF460-AS1 and COL5A2; G: 
Expression of ENTPD1-AS1 in tumor and normal tissues; H: Expression of NORAD in tumor and normal tissues; I: Expression of ZNF460-AS1 in tumor and normal 
tissues; J: Overall survival (OS) analysis for ENTPD1-AS1 in gastric cancer (GC); K: OS analysis for NORAD in GC; L: OS analysis for ZNF460-AS1 in GC. Normal: n 
= 45, tumor: n = 446. P < 0.05 means a significant difference.
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Figure 5 Long noncoding RNA ENTPD1-AS1 regulated the expression of COL5A2 through sponging miR-144-3p. A: Construction of dual 
luciferase reporter plasmids, including wild type (wt) and mutant (mut) of 3′UTR COL5A2 and ENTPD1-AS1; B: dual luciferase reporter assay to evaluate the direct 
interaction of COL5A2 and miR-144-3p in 293T; C: Dual luciferase reporter assay to evaluate the direct interaction of COL5A2 and miR-144-3p in human gastric 
adenocarcinoma cell line (AGS); D: dual luciferase reporter assay to detect the interaction of ENTPD1-AS1 and miR-144-3p in 293T; E: dual luciferase reporter assay 
to detect the interaction of ENTPD1-AS1 and miR-144-3p in AGS; F: The Transfection efficiency of miR-144-3p in AGS was evaluated; G: Effect of miR-144-3p on the 
expression of COL5A2, detected by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR); H: The Transfection efficiency of ENTPD1-AS1 in AGS 
was evaluated; I: Effect of ENTPD1-AS1 on the expression of miR-144-3p in AGS, detected by qRT-PCR. aP < 0.05, bP < 0.01, cP < 0.001. AGS: Human gastric 
adenocarcinoma cell line; NC: Negative controls.
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Figure 6 Association of COL5A2 and checkpoints. A: Correlation analysis between COL5A2 and immune checkpoints in Tumor Immune Estimation 
Resource database; B: Correlation analysis between COL5A2 and CTLA4 by Gene Expression Profiling Interactive Analysis database; C: Correlation analysis 
between COL5A2 and PDCD1; D: Correlation analysis between COL5A2 and CD274.
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Figure 7 COL5A2 was associated with immune cell infiltration. A: Tumor Immune Estimation Resource database to analyze the correlation between 
COL5A2 and immune cells adjusted by tumor purity; B: Enrichment of 22 kinds of immune cells in the COL5A2 high and low expression group, n = 376.
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Figure 8 COL5A2 was upregulated in gastric cancer and closely related to macrophage infiltration. A: Expression of COL5A2 and macrophages 
(CD68+) in gastric cancer (GC) and normal tissues by immunohistochemistry. Weak, moderate and strong were assessed by scoring staining intensity or average 
number of CD68+ cells/high power field, respectively; B: Protein expression of COL5A2 in paired tumor and nontumor tissues, n = 40; C: Expression of COL5A2 in low 
stage (I and II) and high stage (III and IV) GC, n = 40; D: Correlation between COL5A2 and macrophages in GC tissue was analyzed with Spearman correlation, n = 
40. HP: High power field.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a malignant tumor with high morbidity and mortality. Expression of COL5A2 is significantly 
elevated in GC. However, its specific regulatory mechanism has not been elucidated.

Research motivation
Abnormal expression of noncoding RNAs (ncRNAs) has been found in GC, including microRNA (miRNA) and long 
noncoding RNA (lncRNA). The ncRNA regulatory mechanism and immune microenvironment related to COL5A2 in GC 
are not well understand.

Research objectives
To explore the competing endogenous RNA regulatory mechanism and immune mechanism of COL5A2 in GC.

Research methods
StarBase was used to predict the interaction of miRNA–lncRNA or miRNA–mRNA in GC. The direct interaction between 
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COL5A2, miR-144-3p and ENTPD1-AS1 were verified by dual luciferase reporter assay. The correlation between of 
COL5A2 and macrophages infiltration was analyzed through bioinformatics and validated in paired GC tissues by 
immunohistochemical staining.

Research results
miR-144-3p interacted directly with COL5A2 and negatively regulated the expression of COL5A2. ENTPD1-AS1 was 
elevated in GC and competitively bound to miR-144-3p, thus inhibiting the expression of miR-144-3p. Compared to 
paired normal tissue, COL5A2 expression was upregulated at the protein level, especially in the middle and late stages of 
GC. The high expression of COL5A2 was positively linked to macrophage infiltration in GC.

Research conclusions
COL5A2 regulated by ENTPD1-AS1–miR-144-3p is associated with poor prognosis and macrophage infiltration in GC.

Research perspectives
ENTPD1-AS1-miR-144-3p-COL5A2 might be a new therapeutic target for GC.
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