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Abstract: Background: Recent studies have confirmed that Copines-1 (CPNE1) is associated with many malignan-
cies. However, the role of CPNE1 in stomach adenocarcinoma (STAD) is currently unclear. Methods: TIMER2.0, TCGA, 
UALCAN databases were used to investigate the expression of CPNE1 in STAD and normal tissues. KM-plotter data-
base was used to explore the relationship between CPNE1 expression and prognosis in STAD. Immunohistochemistry 
(IHC) was used to assess the protein levels of CPNE1 in both normal and cancer tissues, as well as to confirm the 
prognostic significance of CPNE1. In order to assess the viability of CPNE1 as a divider, the Recipient Operating 
Characteristics (ROC) curve was employed and the assessment based on the AUC score (below the curve). To inves-
tigate the potential function of CPNE1, correlation analysis and enrichment analysis were performed with the clus-
terProfiler package in R software. The CPNE1 binding protein network was constructed by STRING and GeneMANIA. 
The relationship between methylation and prognosis was explored by Methsurv database. The Genomics of Drug 
Sensitivity in Cancer (GDSC) was employed to predict drug responsiveness in STAD. Ultimately, CCK-8 assays and 
RT-qPCR were performed to confirm the correlation between CPNE1 expression and the IC50 of Axitinib in the AGS 
cell line. Result: CPNE1 is highly expressed in various cancers, including STAD. High expression of CPNE1 indicated 
poor overall survival (OS) of STAD (P < 0.05). The ROC curve suggested that CPNE1 was a potential diagnostic 
biomarker (AUC = 0.925). The functions of CPNE1 were enriched in DNA-acting catalytic activity, sulfur transferase 
activity, Ran GTPase binding, DNA helicase activity, helicase activity and eukaryotic ribosome biosynthesis. Hyper-
methylated CPNE1 predicts better prognosis in STAD (P < 0.05). Additionally, STAD patients with high-expression 
CPNE1 seemed to be more resistant to the chemotherapeutic agents, including A-770041, WH-4-023, AZD-2281, 
AG-014699, AP-24534, Axitinib, AZD6244, RDEA119, AZD8055, Temsirolimus, Pazopanib and Roscovitine. In vitro 
experiments demonstrated the involvement of CPNE1 in Axitinib chemoresistance. Conclusion: CPNE1 could be a 
predictive biomarker and a potential target for biological therapy in STAD.
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Introduction

According to the 2020 global cancer statistics, 
stomach adenocarcinoma (STAD) imposes a 
significant burden on global healthcare and is 
prevalent worldwide. It ranks fifth in terms of 
morbidity and fourth in mortality among all 
types of carcinoma. In 2020, over one million 
new cases were diagnosed, and 769,000 peo-
ple died from stomach cancer [1]. The high 
aggressiveness of STAD, its heterogeneous 
nature, low early detection rate, and high 
relapse rate contribute to a poor prognosis [2]. 
The mean survival time for STAD patients has 

been reported as only 12 months, and the 
5-year survival rate is as low as 20% in most 
regions [3]. Despite improvement in the preven-
tion, diagnostic screening, surgical resection, 
and adjuvant chemotherapy for STAD, further 
research is still needed to discover and develop 
more effective clinical treatment.

With the recent advances in high-throughput 
technologies, targeted therapy has gained in- 
terest. Currently, targeted therapies for STAD 
include anti-HER2 agents (Trastuzumab, Tras- 
tuzumab emtansine, Pertuzumab, Lapatinib, 
Trastuzumab deruxtecan, Margetuximab), anti-
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EGFR agents (Cetuximab and Panitumumab), 
anti-VEGF agents (Bevacizumab, Ramucirumab, 
Apatinib, Regorafenib, Sunitinib, Sorafenib), 
anti-mTOR (Everolimus), anti-HFG/MET agents 
(Rilotumumab and Onartuzumab), PARP inhibi-
tors (Olaparib), and immunotherapy (Nivolum- 
ab, Ipilimumab, Pembrolizumab, Avelumab). 
However, these treatments do not cover all 
types of STAD, and their effects are still unsat-
isfactory [4]. Therefore, there is a need to 
explore novel prognostic biomarkers and under-
stand their mechanism to improve the diagno-
sis, treatment choice, and prognosis of STAD.

As an evolutionarily conserved family of phos-
pholipid-binding proteins that depend on ca- 
lcium, copines share the characteristics of two 
C2 domains at the N-terminus and one von 
Willebrand Factor A (VWA) domain at the 
C-terminus [5]. Currently, nine members have 
been identified [6]. As the first family member 
to be discovered, CPNE1 is located at human 
chromosome 20q11.21 and codes for 537 
amino acids. The C2 domain may participate  
in cellular signal transduction and/or mem-
brane vesicle transport pathways [7]. Previous 
research has shown that the expression of 
CPNE1 may play a role in the pathogenesis of 
carcinogenesis and hepatocellular carcinoma 
[8], non-small cell lung cancer [9], breast can-
cer [10], prostate cancer [11], osteosarcoma 
[12], colorectal cancer [13], and renal cell carci-
noma [14]. Song et al. found that silencing of 
CPNE1 repressed cell proliferation and induced 
apoptosis by interaction with TRAF2 in pancre-
atic cancer [15]. Nevertheless, the prognostic 
significance of CPNE1 in STAD has not been 
documented, and its underlying mechanism 
remains unclear.

In this research, the expression of CPNE1 in 
STAD, its relationship with STAD prognosis, 
pathogenesis, and drug resistance were ex- 
plored through the use of bioinformatic analy-
sis. Furthermore, immunohistochemical analy-
sis of clinical specimens was employed to 
assess the expression of CPNE1 and its prog-
nostic significance in STAD.

Materials and methods

Data acquisition

The STAD gene expression profiles of 375 
tumor tissues and 32 normal tissues were ob- 

tained from The Cancer Genome Atlas (TCGA) 
database. Out of the specimens screened 
above, 32 specimens were paired samples.

Expression of CPNE1

TIMER2.0 database (http://timer.cistrome.
org/) was explored to determine pan-cancer 
CPNE1 expression levels. Different expression 
of CPNE1 between normal tissue and STAD 
were analyzed with TCGA data and the UALC- 
AN (http://ualcan.path.uab.edu/analysis.html) 
online database tool. The feasibility of CPNE1 
as a differentiator due to the area under the 
curve (AUC) score was evaluated using Receiv- 
er Operation Properties (ROC) curves.

Survival and prognosis analysis

The KM-plotter database (available at https://
kmplot.com/analysis/) was used to evaluate 
the correlation between CPNE1 expression  
and prognosis [16]. We used the 206918_s_ 
at probe, which includes survival and CPNE1 
expression data from 881 patients. Patients 
were divided into two groups, high-expression 
and low-expression, based on the median 
expression value of CPNE1. Immunohistoche- 
mical analyses of the specimens, originating 
from The Second People’s Hospital of Wuhu, 
were also performed to verify the aforemen-
tioned consequences. Before the study com-
menced, ethical approval was secured from the 
Ethics Committee of The Second People’s 
Hospital of Wuhu. The study adhered to all rel-
evant regulations.

Co-expression genes and enrichment analysis

To determine the biological function of CPNE1, 
we selected the top 100 coexpressed genes 
with a positive correlation with CPNE1 from the 
GEPIA (http://gepia.cancer-pku.cn/) database. 
The “enrichGO” function of the R package  
“clusterProfifiler” was employed to fulfill Gene 
ontology (GO) enrichment of BP, CC, and MF. 
The “enrichKEGG” function of the R package 
clusterProfifiler was used to accomplish Kyoto 
Encyclopedia of Genomes (KEGG) analysis. In 
addition, the h.all.v7.2.symbols.gmt [Hall- 
marks], c2.all.v7.2.symbols.gmt [Curated], and 
c7.all.v7.2.symbols.gmt [Immunologic signa-
tures] gene sets were chosen for Gene set 
enrichment analysis (GSEA) with the R package 
(version 3.6.3). False Discovery Rates (FDR) < 
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0.25, and p.adjust < 0.05 served as the signifi-
cant enrichment thresholds. 

Analysis of CPNE1 network

The STRING (version 11.5) database (https://
string-db.org/), which is a search tool for identi-
fying interactive genes. This had a score (medi-
um confidence) of > 0.4, and size cutoff was 
selected for no more than 10 interactors. 
GeneMANIA online database (https://genema-
nia.org/) was used to analyze the intergenic 
interaction network of CPNE1.

Methylation

MethSurv, an online tool for multivariate sur-
vival analysis utilizing DNA methylation data 
(available at https://biit.cs.ut.ee/methsurv/), 
was employed to assess the prognostic signifi-
cance of CpG methylation of CPNE1 in STAD 
[17].

Immunohistochemistry

Tumor tissues and corresponding non-tumor 
tissues (located 2 cm away from the tumor 
edge) were acquired from 110 patients with 
STAD who underwent curative gastrectomy  
at The Second People’s Hospital of Wuhu, 
Wuhu, China, between 2011 and 2016, along 
with clinical information. Immunohistochemical 
evaluation of CPNE1 was carried out with 
mouse monoclonal anti-CPNE1 antibody (Ab- 
cam, ab155675, 1:500). The specific details 
for immunohistochemistry were as previously 
described [18]. The assessment of staining 
results was performed by two experienced 
pathologists who were not involved in the 
experiment. Five random fields of view were 
selected from each slide at 400× magni- 
fication, with a count of 200 cells per field. 
ImageJ software was used for scoring, where 
no apparent cell staining was assigned a  
score of 0; staining in 1% to 10% of cells was 
scored as 1; staining in 10% to 30% of cells was 
scored as 2; staining in more than 30% of cells 
was scored as 3. The staining intensity was 
also scored as follows: no color or unclear color 
received a score of 0; pale yellow was scored  
as 1; light brown was scored as 2; and dark 
brown was scored as 3. The final score for each 
slide was the sum of the percentage of staining 
and the average intensity score. Individuals 
scoring 3 or above were categorized as exhibit-

ing high expression, whereas individuals scor-
ing less than 3 were categorized as having low 
expression.

Immunity-related characteristics analysis

The RNAseq data (level 3) and the correspond-
ing clinical information of STAD were obtained 
from The Cancer Genome Atlas (TCGA) dataset 
(https://portal.gdc.com). Samples were divided 
into two groups based on the median value of 
CPNE1 expression. In order to investigate the 
relationship between CPNE1 expression and 
the abundance of tumor-infiltrating immune 
cells (TIICs), such as B cells, CD4+ T cells,  
CD8+ T cells, neutrophils, macrophages, and 
dendritic cells, we conducted immunoscoring 
using immunedeconv, an R software package 
that integrates six advanced algorithms, in- 
cluding TIMER, xCell, MCP-counter, CIBER- 
SORT, EPIC, and quanTIseq. Subsequently, 
immune checkpoint-relevant transcripts in- 
cluding SIGLEC15, TIGIT, CD274, HAVCR2, 
PDCD1, CTLA4, LAG3, and PDCD1LG2 were 
chosen, and the expression levels of these 
eight genes were retrieved. Additionally, we uti-
lized TIMER portals to assess the correlation 
between CPNE1 expression and immune-relat-
ed cells. These findings were visualized using 
the R (v4.0.3) software packages ggplot2 and 
(or) pheatmap.

The evaluation of drug response

The RNAseq data (level3) and the correspond-
ing clinical information of STD tumors were 
obtained from the TCGA dataset (https://por-
tal.gdc.com). The largest publicly available 
pharmacogenomics database [Cancer Drug 
Sensitivity Genomics (GDSC), https://www.can-
cerrxgene.org/)] was used to predict differing 
responses to different chemotherapeutic 
agents between high and low expression 
groups. The index of half-maximal inhibitory 
concentration (IC50) was used for response 
evaluation. All of the above analytical methods 
and R software analyses were performed by 
using the R software, version v4.0.3 (R 
Foundation for Statistical Computing, 2020).

Cell culture and transient transfection

Four human gastric cancer cell lines (AGS, 
MGC-803, HGC-27 and GES-1) were procured 
from Procell Life Science & Technology Co., Ltd. 
(Wuhan, China). AGS, HGC-27 and GES-1 cells 
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were cultured in Roswell Park Memorial Ins- 
titute-1640 (RPMI-1640; Procell), respectively, 
while MGC-803 cells were grown in high-glu-
cose Dulbecco’s modified Eagle’s medium 
(DMEM; Procell). All media were supplement- 
ed with 10% fetal bovine serum (FBS; Procell) 
and 100 mg/mL penicillin-streptomycin solu-
tion (Procell), and cells were maintained in a 
humidified incubator at 37°C with 5% CO2.

RNA isolation and quantitative real-time PCR

Total RNA was extracted using SparkZol Re- 
agent Kit (AC0101-A, SparkJade). Subsequen- 
tly, reverse transcription and quantitative real-
time PCR (qRT-PCR) were conducted utilizing 
SPARKscript II RT Kit (AG0304-A, SparkJade). 
Primer sequences, obtained from TsingkeBio- 
technology Co., Ltd. (Beijing, China), were as  
follows: CPNE1 (forward: 5’-ACCCACTCTGCGTC- 
CTT3’, reverse: 5’-TGGCGTCTTGTTGTCTATG-3’). 
The experimental protocol adhered to proce-
dures previously described by our group [19] 
and gene expression analysis was conducted 
using the semiquantitative 2-ΔΔCt method.

Cell proliferation and cytotoxicity assays

Cell viability and proliferation were assessed 
using the Cell Counting Kit-8 (CCK-8; Biosharp, 
China) according to manufacturer’s instruc-
tions. The experimental protocol adhered to a 
previous study [20].

MTS cell proliferation assay

Axitinib (AG-013736), furnished by Pfizer (La 
Jolla, CA) in the form of a white powder, was 
stored at 4°C in a light-free environment. In 
vitro investigations involved dissolving axi- 
tinib in dimethylsulfoxide at a stock concentra-
tion of 10 mmol/L, which was then stored at 
-20°C. Additionally, axitinib was formulated into 
a homogeneous suspension (5 mg/mL) using 
0.5% carboxymethylcellulose (0.5% CMC)  
and stored at 4°C away from light. AGS cells 
were plated in 96-well plates at a density of 
approximately 3,000-5,000 cells per well and 
incubated overnight in complete medium. 
Subsequently, the cells were treated with 
Axitinib. Assessment of cell viability was con-
ducted after 48 hours of drug exposure em- 
ploying MTS tetrazolium substrate (CellTiter 96 
Aqueous One Solution Cell Proliferation Assay; 
Promega, Madison, WI) following the manufac-
turer’s protocol. The absorbance at 490 nm 

was measured using a spectrophotometer. 
Each experiment was replicated three times, 
with at least triplicates for each concentration.

Statistical methods

The R software (version 4.2.1) and SPSS 17.0 
software (SPSS Inc, USA) were employed to 
carry out all statistical analyses. The differenc-
es in CPNE1 expression between unpaired 
STAD and normal samples from TCGA data 
were examined by the non-paired Wilcoxon 
rank sumtest. Furthermore, the paired t-test 
was employed to assess the differences in 32 
paired samples of STAD and adjacent non-can-
cerous tissues from TCGA data, as well as in 
CPNE1 immunohistochemical scores between 
cancerous and adjacent non-cancerous tis- 
sues from clinical samples. The area under the 
curve (AUC) score was evaluated using the 
Receiver Operating Characteristic (ROC) curves 
with the pROC package (version 1.17.0.1). 
Survival analysis was determined by the 
Survminer package (version 0.4.9). Univariate 
and multivariate analyses were carried out with 
survival package (version 3.2-10). P-value < 
0.05 was considered significant.

Results

CPNE1 pan-cancer expression and expression 
in STAD

Abnormal expression of CPNE1 was observed 
in 15 tumors, with elevated expression in 14 
tumors, including STAD, and decreased expres-
sion in 1 tumor (Figure 1A). When compared  
to the normal samples, increased expression 
levels of CPNE1 were observed by unpaired 
(Figure 1B, P < 0.010) and paired (Figure 1C, P 
< 0.001) analyses of gene expression profiles 
derived from TCGA data in tumor samples. 
Furthermore, the statistical analysis of the 
UALCAN database indicated that CPNE1 was 
overexpressed in STAD compared to the nor- 
mal samples (Figure 1D, P < 0.01). The ROC 
curve demonstrated that the predictive ability 
of CPNE1 was reasonably accurate for predict-
ing cancer (Figure 1E, AUC = 0.925, CI = 
0.893-0.957). 

Correlation between CPNE1 expression and 
clinical characteristics in STAD

The level of CPNE1 expression in STAD was 
explored. The result showed that positive stain-
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ing of CPNE1 was predominately present in the 
cytoplasm of tumor cells and observed in 
59.09% (65/110) of STAD tissues (Figure 2). 

Prognostic value of CPNE1 in STAD

To investigate the connection between CPNE1 
expression and the prognosis in STAD, we 
assessed the prognostic value of CPNE1 using 
the KM-plotter database. Clearly, higher CPNE1 
expression was associated with worse overall 
survival [HR = 1.73 (1.45-2.08), Logrank P = 
1.2e-09] (Figure 3A). Additionally, we validated 
the relationship between CPNE1 expression 
and prognostic significance in STAD through 
immunohistochemistry. This demonstrated th- 
at CPNE1 overexpression indicated a worse 
overall survival [HR = 2.11 (1.37-3.23), Logrank 
P = 0.001] (Figure 3B). 

Co-expressed genes and enrichment analysis 

The top 10 genes associated with CPNE1 were 
selected from GEPIA, and ggplot2 package 
[version 3.3.3] was used to show the heatmap. 
The heatmap indicated that ERGIC3, CTNNB- 
L1, TTI1, ROMO1, SNHG11, SALL4, ASXL1, 
DHX35, NCOA6, and TPX2 were positively cor-
related with a high expression of CPNE1 (P < 

0.001) (Figure 4A). The top 100 genes connect-
ed with CPNE1 were collected for GO and KEGG 
analysis. GO analysis showed that DNA-acting 
catalytic activity, sulfur transferase activity, 
Ran GTPase binding, DNA helicase activity  
and helicase activity were enriched in the 
molecular function (MF) assay. KEGG data sug-
gested that eukaryotic ribosome biosynthesis 
was enriched (Figure 4B). 

GSEA was used to explore the biologic path-
ways regulated by CPNE1 in STAD between - 
two groups (high and low) of CPNE1 expression 
in the TCGA-STAD dataset. The results showed 
significant enrichment in pathways such as 
E2F-Targets (NES = 2.018, p.adj = 0.012, FDR 
= 0.006, Figure 5A), G2M-Checkpoint (NES = 
1.658, p.adj = 0.012, FDR = 0.006, Figure 5B), 
targets of miR-34B, miR-34C (NES = 1.426, 
p.adj = 0.028, FDR = 0.019, Figure 5C), CD8+ T 
cells (NES = 1.816, p.adj = 0.030, FDR = 0.017, 
Figure 5D) and B cells (NES = 1.595, p.adj = 
0.030, FDR = 0.017, Figure 5E).

Co-expression and network analysis

The STRING database was used to perform PPI 
network analysis and explore potential interac-

Figure 1. Expression of CPNE1 in STAD. (A) Expression levels of CPNE1 in different human cancer tissues com-
pared to normal tissues from the TIMER2.0 database, (B) Expression levels of CPNE1 in unpaired STAD and normal 
samples from TCGA data, (C) Expression levels of CPNE1 in 32 paired STAD samples and normal from TCGA data, 
(D) Expression levels of CPNE1 in STAD cancer tissues compared to normal tissue from the UALCAN database, (E) 
ROC curve indicates that CPNE1 exhibits high accuracy in predicting normal and tumor tissues. *P < 0.05, **P < 
0.01, ***P < 0.001.

Figure 2. Immunohistochemical detection of CPNE1 expression in STAD tissues. (A) High expression of CPNE1 in 
STAD tissues (100×), (B) Negative expression of CPNE1 in STAD tissues (100×), (C) High expression of CPNE1 in 
STAD tissues (400×), (D) Negative expression of CPNE1 in STAD tissues (400×), (E) CPNE1 immunohistochemical 
scores of normal and tumor tissues. ***P < 0.001.
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tions among the proteins associated with 
CPNE1 expression. The ten hub genes were 
PRKRIP1, LLGL2, FRYL, GGA2, ST3GAL2, PTX4, 
CRAMP1L, ASCC2, TELO2, and ATP10A (Figure 
6A). Additionally, GeneMANIA analysis revealed 
that the top 20 genes were primarily associat-
ed with CPNE1 (Figure 6B). 

Relationship between CpG methylation in 
CPNE1 and prognosis

A positive correlation between high cg0957- 
5314 methylation and longer OS was indicated 
by MethSurv network tool analysis (P = 0.0095) 

in STAD patients (Figure 7). This suggested that 
hypomethylation of CPNE1, a major epigenetic 
modification, plays a significant role in carcino-
genesis and progression in STAD patients.

CPNE1 may be a biomarker of immune re-
sponse prediction in STAD

In the above study, we found the CPNE1 expres-
sion enriched in abundant immune-associated 
pathways, prompting us to explore the involve-
ment of CPNE1 in STAD immunotherapy. As 
shown in Figure 8A, CPNE1 expression was 
associated with the tumor immune cell infiltra-

Figure 3. Kaplan-Meier survival curves grouped by high and low CPNE1 expression in STAD patients. (A) Overall 
survival (OS) in all patients of KMPlotter database, (B) Overall survival (OS) in 110 patients of the Wuhu validated 
cohort.

Figure 4. Co-expressed genes and enrichment analysis. (A) Heatmap of the top 10 genes associated with CPNE1 in 
STAD, (B) Enrichment analysis of the top 100 genes associated with CPNE1 in STAD.
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tion. Then, we investigated the correlation 
between CPNE1 expression levels and TIICs to 
observe if CPNE1 may forecast immunothera-
peutic responses in STAD. As shown in Figure 
8C, CPNE1 expression demonstrated a nega-
tive correlation with TIICs in STAD. Furthermore, 

the association between expression levels of 
immune checkpoint (ICP) genes and CPNE1 in 
STAD were explored. The immune checkpoint 
genes of PDCD1, PDCD1LG2 and SIGLEC15 
were upregulated in the low CPNE1 expression 
group (Figure 8B). 

Figure 5. GSEA analysis of CPNE1 
in STAD.

Figure 6. Network analysis of CPNE1 in STRING (A) and GeneMANIA (B) databases. (A) Network analysis of CPNE1 
in STRING database, (B) Network analysis of CPNE1 in GeneMANIA database.
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Prediction of treatment response to chemo-
therapy

The cell line data from the GDSC database 
were employed to predict the IC50 of commonly 
used chemotherapeutic drugs for STAD from 
TCGA cohort to assess resistance to drugs  
in high and low expression groups. 11 chemo-
therapeutic agents (A-770041, WH-4-023, 
AZD-2281, AG-014699, AP-24534, Axitinib, 
AZD6244, RDEA119, AZD8055, Temsirolimus, 
Pazopanib and Roscovitine) exhibited a signifi-
cantly lower IC50 in the low-expression group, 
indicating that those patients seemed to be 
more sensitive to the chemotherapeutic ag- 
ents containing these drugs (Figure 9A), while 
the high-expression group may be more resis-
tant to these drugs. In addition, we plotted the 
sensitivity of the different expression groups to 
10 other commonly used drugs as shown in 
Figure 9B.

Loss-of-function experiments in gastric cancer 
cells

To explore the function of CPNE1 in cell pro- 
liferation and Axitinib resistance, knockdown 

tion thresholds of 2.14 in the AGS cell line 
(Figure 10D). These results underscore the sig-
nificance of CPNE1 as a key regulator of cell 
proliferation and Axitinib sensitivity in gastric 
cancer.

Discussion

Previous studies have shown that abnormal 
expression of CPNE1, the first member of the 
CPNE family to be identified, is closely asso- 
ciated with the biologic behavior of various 
malignant tumors and hass diverse effects  
on the proliferation, differentiation, migration, 
and invasion of tumor cells. Su et al. [8] found 
that CPNE1 regulates the activation of the  
AKT/P53 pathway and affects the biologic 
behavior of hepatocellular carcinoma (LIHC) 
cells. Additionally, the expression of CPNE1 cor-
related significantly with tumor immune expan-
sion. Wang et al. [9] proved that CPNE1 inter-
acted with RACK1 through the MET signaling 
pathway to promote the progression of non-
small cell lung cancer. FAK, AKT, ERK, and other 
signaling pathways could be activated by the 
overexpression of CPNE1 in tissues and pro-
mote the proliferation and metastasis of lung 

Figure 7. Relationship between CpG methylation in CPNE1 and prognosis. 
High methylation of cg09575314 in CPNE1 indicates a longer overall survival 
(OS) in STAD.

experiments using siRNA we- 
re conducted. Initially, RT- 
qPCR analyses revealed re- 
latively elevated expression 
levels of CPNE1 in the three 
gastric cancer cell lines (AGS, 
MGC-803, and HGC-27) com-
pared to those in the normal 
gastric epithelial cell line 
(GES-1) (Figure 10A). Follow- 
ing this, we opted to silence 
the highest RNA-expressing 
AGS cell line, which resulted 
in a silencing efficiency of 
77% (Figure 10B). The results 
from the CCK-8 proliferation 
assay demonstrated a signi- 
ficant decrease in the pro- 
liferation rates of the AGS  
cell line following the knock-
down of CPNE1 (Figure 10C). 
Axitinib cytotoxicity assays 
revealed that the depletion of 
CPNE1 increased the sensi-
tivity to Axitinib. Notably, this 
effect varied with concentra-
tion. The viability differences 
were observed at concentra-
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cancer cells [10, 21]. Wang et al. [13] demon-
strated that the AKT/GLUT1/HK2 cascade is 
activated by CPNE1 which enhanced chemore-
sistance, and also promoted colorectal cancer 
progression. However, the prognostic role of 
CPNE1 in stomach adenocarcinoma (STAD) 
was not previously reported, and its underlying 
mechanism was unclear.

Our investigation showed that CPNE1 was over-
expressed in STAD relative to normal tissue, 
which was based on large transcriptome se- 
quencing data from TCGA and immunohisto-
chemistry. The ROC curve also demonstrated 
the predictive capability of CPNE1 for STAD. We 
found that the overexpression of CPNE1 was 
correlated with poor survival. Overall, these 

results suggested that CPNE1 may be relevant 
to tumor progression of STAD and serve as  
a prognostic marker and target for treatment. 
To investigate the mechanism of CPNE1, GO 
and KEGG analysis of coexpressed genes and 
GSEA analysis of CPNE1 were performed. 
These results of GO and KEGG analyses show- 
ed that CPNE1 was mostly associated with 
Ribosomebiogenesis and had molecular func-
tions including DNA helicase activity, Ran 
GTPase binding, sulfurtransferase activity and 
catalytic activity, acting on DNA. Previous stud-
ies have shown that quantitative and qualita-
tive changes in ribosomes can lead to devia-
tions in translation patterns and eventually 
lead to pathogenesis of cancer [22]. The DNA 
helicases are upregulated in many kinds of can-

Figure 8. Possible function of CPNE1 in STAD. (A) Correlation of CPNE1 expression with TIMER score of TIICs, includ-
ing B cells, CD4+, CD8+, Neutrophil, Macrophage and Myeloid dendritic cells, (B) Correlation of CPNE1 expression 
with immune checkpoint genes, including CD274, CTLA4, HAVCR2, LAG3, PDCD1, PTCD1LG2, TIGIT and SIGLEC15, 
(C) Correlation result of CPNE1 level and immune infiltration in STAD. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 9. Evaluation of different responses to chemotherapeutic agents between high and low expression groups 
was conducted by analyzing cell line data from the GDSC database. (A) Resistance of different CPNE 1 expression 
levels to several commonly used drugs, including A-770041, WH-4-023, AZD-2281, AG-014699, AP-24534, Axitinib, 
AZD6244, RDEA119, AZD8055, Temsirolimus, Pazopanib and Roscovitine, (B) Sensitivity of the different expression 
groups to other commonly used chemodrugs, including Z-LLNle-CHO, A-443654, BI-2536, Sorafenib, S-Trityl-L-cys-
teine, RO-3306, Rapamycin, QS11, Pyrimethamine and Obatoclax Mesylate. *P < 0.05, **P < 0.01, ***P < 0.001.
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cer, and are critical for cancer proliferation. 
Brosh et al. [23] indicated that several helicase 
gene mutations were associated with chromo-
somal instability. GSEA analyses showed that 
the expression of CPNE1 was enriched in  
several pathways, such as E2F-Targets, G2M-
Checkpoint, targets of mir-34B and mir-34C, 
CD8+ T cells and B cells. The E2F family primar-
ily regulates cell cycle progression and DNA 
synthesis and has been demonstrated to be 
linked with different types of tumors, including 
STAD [24]. The G2M checkpoint is the final 
checkpoint that regulates the cell cycle and 
prevents DNA damaged cells from entering 
mitosis [25]. Abnormalities of this checkpoint 
will lead to an abnormal cell cycle and ultimate-
ly lead to tumorigenesis and progression [26]. 
These suggest that CPNE1 may be involved in 
the cell cycle and participate in the occurrence 
and progression of STAD. In the current study, 
we also found the CPNE1 expression was 
enriched in CD8+ T cells-UP and B cells-DN 
pathways. 

namic during development and specific to 
somatic cells. Deviations from normal DNA 
methylation patterns are strongly associated 
with human diseases, including malignant 
tumors [29]. In this study, we found that DNA 
hypomethylation, an important epigenetic mod-
ification, can induce CPNE1 expression at the 
transcriptional level. Therefore, it also plays a 
significant role in carcinogenesis and progres-
sion of STAD.

We analyzed the immune microenvironment 
and observed that CPNE1 expression was as- 
sociated with TIICs and immune checkpoints. 
The infiltration of immune cells and their inter-
actions with cancer cells have shaped a dis-
tinct tumor immune microenvironment (TIME). 
It has been established that TIICs play a broad 
role in various aspects of cancer progression 
[30], which include immune evasion, metasta-
sis, drug responses, and the prognosis of can-
cer patients. In this study, we observed that the 
low expression of CPNE1 was associated with 

Figure 10. CCK-8 and qRT-PCR assays of gastric cancer cells transfected with 
CPNE1 siRNA. (A) Relative mRNA expression levels of CPNE1 in three gastric 
cancer cell lines and GES-1 cells, (B) Knockdown efficacies of CPNE1 siRNA 
in AGS cell line, (C) Results of CCK-8 proliferation and cytotoxicity experi-
ment in AGS cell line, (D) Inhibition of Axitinib on the AGS cell line. Cells were 
exposed to various concentrations of Axitinib for 48 h. Cell viability was de-
termined by MtS assay. Axitinib inhibited growth of AGS cell in a dose-depen-
dent manner (n = 3, mean ± SD). *P < 0.05, **P < 0.01, ****P < 0.0001.

To comprehensively analyze 
the function of CPNE1 in 
STAD, we analyzed the genes 
(ERGIC3, CTNNBL1, TTI1, RO- 
MO1, SNHG11, SALL4, ASX- 
L1, DHX35, NCOA6 and TPX2) 
that were significantly related 
to CPNE1 expression in STAD. 
Zhao et al. [27] also observed 
that the combined silencing  
of ERGIC3 and BFA treatment 
could synergistically impede 
the growth of lung cancer 
cells. The research of Li et al. 
[28] showed that CTNNBL1 
promotes proliferation and 
invasion in ovarian cancer. 
Our results confirmed that it 
may promote gastric cancer 
cell proliferation and inva- 
sion. The PPI network and 
GeneMANIA also showed the 
protein interaction between 
CPNE1 and other partners 
may play roles in the progres-
sion and invasion of tumors.

As one of the most important 
epigenetic processes that 
govern gene expression, DNA 
methylation is extremely dy- 
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higher TIMER scores of TIICs and demonstrated 
a negative correlation between CPNE1 expres-
sion and TIICs in STAD. These results demon-
strated that CPNE1 may play a regulatory role 
of the immune microenvironment. Additionally, 
we observed an association between decrea- 
sed CPNE1 expression and heightened levels 
of the immune checkpoint proteins (ICPs) 
PDCD1, PDCD1LG2, and SIGLEC15. This im- 
plies that CPNE1 expression influences the 
immune microenvironment in STAD tissues by 
impacting the expression of ICPs. Therefore, 
CPNE1 holds promise as an immunotherapy 
biomarker and prognosticator for tumor immu-
notherapeutic response.

Drug resistance represents an important chal-
lenge to improving the outcome for STAD 
patients. Our study has shown that high-expres-
sion CPNE1 appeared to be more resistant to 
chemotherapeutic agents, including A-770041, 
WH-4-023, AZD-2281, AG-014699, AP-24534, 
Axitinib, AZD6244, RDEA119, AZD8055, Tem- 
sirolimus, Pazopanib, and Roscovitine. A-770- 
041 and WH-4-023 are potent LCK inhibitors  
of Src family. They inhibit cell growth, prevent 
cell migration, and induce cell autophagy by 
halting cell cycle progression at the G1/S 
phase. PARP inhibitors, such as AZD-2281 and 
AG014699, can treat cancers with DNA repair 
defects, such as those harboring a BRCA1 or 
BRCA2 (BRCA1/2) mutation, by rendering them 
deficient in homologous recombination repair 
[31]. AP24534 and Axitinib are multitarget 
kinase inhibitors, both of them exert their anti-
angiogenic effects by blocking signaling medi-
ated by VEGFRs, PDGFRs, and c-Kit. Our in- 
vestigation demonstrated that axitinib alone 
exhibited a dose-dependent inhibition of AGS 
gastric cancer cell growth in vitro. AZD6244 
and RDEA119 are MEK inhibitors. AZD6244, in 
combination with chemotherapy, has shown 
beneficial effects in STAD [32]. AZD8055 and 
Temsirolimus are mTOR kinase inhibitors that 
can block cancer cell proliferation and/or in- 
duce cancer cell death, which may be contrib-
ute to treatment of STAD patients [33, 34]. 
Palbociclib and Roscovitine are CDK inhibitors, 
these can inhibit the cell cycle and anti-tumor 
cell proliferative activity and may have thera-
peutic benefits for STAD [35, 36]. In addition, 
our study found that high-expression CPNE1 
seemed to be more sensitive to S-Trityl-L-
cysteine, RO-3306, Rapamycin, QS11, Pyrime- 
thamine and Obatoclax-Mesylate, which may 

be therapeutic options for the high-expression 
group. Our study sheds light on the role of 
CPNE1 in STAD progression and its association 
with some drug resistance, including Axitinib. 
Understanding the mechanisms underlying 
tumor development and drug resistance is  
crucial for identifying therapeutic targets for 
personalized treatment. The identification of 
CPNE1 as a key player in STAD provides a  
promising opportunity for the development of 
novel therapeutic interventions. In summary, 
our findings highlight the significance of CPNE1 
in STAD and provide a foundation for future 
translational research.

Although we used bioinformatic methodsto 
explored the association between CPNE1 ex- 
pression and the prognosis of gastric cancer, 
we preliminarily investigated potential underly-
ing mechanisms. Weinvestigated the associa-
tion between CPNE1 methylation and gastric 
cancer prognosis, explored the association 
between CPNE1 expression and immune infil-
tration, as well as immune checkpoint expres-
sion, explored the association between CPNE1 
expression and resistance to potential thera-
peutic drugs, and validated the relationship 
between CPNE1 expression and STAD progno-
sis using immunohistochemistry, we have not 
carried out sufficient in vivo and in vitro experi-
ments to verify its mechanisms. The underlying 
mechanism needs to be further validated. In 
the future, we plan to conduct both in vitro and 
in vivo experiments to investigate the specific 
mechanisms by which CPNE1 participates in 
the development of STAD and its involvement in 
drug resistance.

Conclusion 

Our study demonstrated that CPNE1 expres-
sion is upregulated in STAD and strongly associ-
ated with poor survival. Additionally, CPNE1 
expression is linked to ribosome biogenesis, 
DNA helicase activity, cell cycle, tumor infiltrat-
ing immune, and DNA methylation. Further- 
more,, CPNE1 expression correlates with resis-
tance to certain drugs, notably axitinib. These 
findings collectively suggest that CPNE1 may 
serve as a predictive biomarker and target for 
therapy in STAD.
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