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Abstract: Gastric cancer (GC) shows high levels of heterogeneity and predicts a poor prognosis. The expressions of 
EHD3 are found to be misregulated in a number of tumors. However, the clinical significance and potential function 
of EHD3 expression in GC patients remain unknown. In this study, we found that EHD3 expression was distinctly in-
creased in GC specimens and cell lines in both TCGA datasets and our cohort. High levels of EHD3 expression were 
linked to worse outcomes for patients with GC in clinical tests. Nomogram based on multivariate assays displayed 
good predictive accuracy for GC patients, as evidenced by C-indices and calibration graphs. Low levels of EHD3 
mRNA were discovered in GC tissues due to EHD3 methylation’s negative regulation of EHD3. In addition, EHD3 was 
observed to be related to several immune cells and might play a role in successful immunotherapy. Functionally, it 
was verified that knockdown of EHD3 remarkably suppressed the proliferation, migration and invasion of GC cells 
in vitro and in vivo. Results of Western blot confirmed that knockdown of EHD3 suppressed the expressions of 
β-catenin, MMP-9, and N-cadherin, while promoting the expression of E-cadherin. Overall, this research identified 
a novel GC-related gene EHD3 which might be a novel prognostic biomarker involved in tumor microenvironment. 
EHD3 promoted the proliferation and metastasis of GC cells through influencing the Wnt/β-catenin/EMT signaling 
pathway, suggesting it as a novel treatment target for GC patients. 
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Introduction

Gastric cancer (GC) is an exceptionally aggres-
sive and deadly type of cancer, and its rising 
incidence and mortality rates make it a signi- 
ficant global health issue [1]. In the United 
States alone, the latest cancer statistics (2019) 
reported 17,230 new cases of GC and 11,140 
deaths caused by this disease [2]. Despite the 
development of various therapeutic strategies, 
patients with advanced GC continue to face an 
extremely poor prognosis, largely due to the 
high risk of metastasis and recurrence [3, 4]. 
One of the main challenges in treating GC is  
the lack of effective therapeutic options for 
advanced stages of the disease. Additionally, 
the molecular mechanisms underlying the 
development, invasion, and metastasis of GC 
are still not fully understood. Consequently, 
identifying novel metastasis-related genes and 

elucidating their underlying mechanisms are 
crucial steps towards developing more effective 
anti-cancer treatments [5]. To date, numerous 
studies have been conducted to identify po- 
tential metastasis-related genes, and their find-
ings have underscored the significance of vari-
ous cellular pathways, including cell adhesion, 
migration, and invasion [6]. However, more 
research is necessary to adequately explore 
the complex network of molecular interactions 
involved in GC metastasis. 

EHD3 [Eps15 homology (EH) domain-containing 
protein 3] is a member of the Eps15-homology 
domain (EHD) family of proteins, which are 
involved in regulating endocytic membrane traf-
ficking in cells [7]. Endothelial cells, which bor-
der the interior surface of blood arteries and 
play an important part in the modulation of vas-
cular homeostasis, are the cells that predomi-
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nantly produce the protein that is encoded by 
the EHD3 gene [8]. The EHD3 protein has been 
demonstrated to play a role in multiple cellular 
processes, encompassing endocytosis, intra-
cellular trafficking, and signaling. Specifically, it 
interacts with a variety of proteins engaged in 
membrane transport, including clathrin, caveo-
lin, and the SNARE complex [9, 10]. Studies 
have suggested that mutations in the EHD3 
gene may be associated with several human 
diseases. For example, EHD3 is involved in  
regulating blood pressure, and mutations in  
the gene may contribute to hypertension [11]. 
Other studies have revealed that EHD3 par- 
ticipates in regulation of glucose metabolism, 
and mutations in the gene may lead to the 
development of type 2 diabetes [12]. Previously, 
some studies have investigated the function of 
the EHD3 gene in several cancers, including 
glioblastoma and colorectal cancer, amongst 
others [13-15]. However, the expression and 
function of EHD3 in GC have not been repor- 
ted. 

Our research aimed to carry out an in-depth 
investigation into the significance of EHD3 in 
GC by making use of the RNA sequencing data 
acquired from TCGA datasets, in addition to  
the bioinformatics and statistical techniques. 
Furthermore, the functions of EHD3 in the 
developments of GC were carefully examined 
by conducting experiments both in vitro and in 
vivo to test our hypotheses.

Materials and methods

Tissue samples

GC specimens and corresponding adjacent 
non-tumor tissues were procured from 14 
patients who had undergone curative resection 
between 2021 and 2022 at the First Affiliated 
Hospital of Zhengzhou University. Prior to the 
surgery, none of the patients received any form 
of chemotherapy or radiotherapy. Pathological 
confirmation was performed to validate the col-
lected samples, which were subsequently pre-
served in liquid nitrogen to facilitate total RNA 
extraction. The present study was carried out in 
accordance with the ethical standards laid 
down by the Ethics Committee of the First 
Affiliated Hospital of Zhengzhou University, and 
all participating patients provided informed 
written consent.

Cell lines, culture conditions and cell transfec-
tion

The human GC cell lines SGC-7901, AGS,  
MGC-803 and BGC-823, as well as the human 
normal stomach epithelium cell line GES-1 
were derived from the renowned National 
Infrastructure of Cell Line Resource in Beijing, 
China. After that, these cell lines were grown  
in either RPMI 1640 or DMEM. The culture 
medium was placed in an incubator set to 37 
degrees Celsius with 5% carbon dioxide. For 
efficient cell transfection, the cutting-edge 
Lipofectamine 3000 method was employed, 
strictly following the guidelines provided by  
the manufacturer (Invitrogen, USA). During this 
procedure, EHD3 shRNA sequences were 
inserted into PLVX-shRNA vectors (sh-EHD3-#1, 
sh-EHD3-#2) painstakingly by the illustrious 
Genetong Biological organization (Xiamen, 
Fujian, China) in order to achieve the desired 
results. Further, sh-EHD3-#1, sh-EHD3-#2, or a 
control lentivirus vector was individually co-
transfected with pVSVG, pRRE, and pREV plas-
mids into GC cells precisely. The cutting-edge 
technology of Lipofectamine 2000 chemicals 
was utilized when these cells reached a conflu-
ent state of 70%.

RNA isolation and RT-qPCR

Total RNA was meticulously isolated from the 
specimens with the aid of the highly reliable 
TRIzol reagent (Takara). Subsequently, RNA 
samples were meticulously quantified. RNA 
samples with an OD value of 260/280 were dis-
played in a manner that conformed to the high-
est possible standards using a reagent specifi-
cally designed for this purpose. For precise 
quantification of relative transcript abundance, 
RT-qPCR was meticulously conducted, employ-
ing a LightCycler480 System (Roche Ltd.) 
instrument and the SYBR Green PCR kit. GAPDH 
transcripts were deployed as internal controls 
to ensure the highest levels of accuracy in the 
quantification of relative transcript abundance. 
To achieve the most robust and reliable analy-
sis, all data were meticulously examined with 
the 2-ΔΔCt methods, which have been proven to 
be highly effective in ensuring the highest lev-
els of accuracy and consistency in molecular 
analysis. RT-PCR for EHD3 was carried out with 
the forward primer 5’-TCAGGAAACTCAACGCC- 
TTTG-3’ and reverse primer 5’-CTCCAGCACA- 
GGGTTAGGTAG-3’. GAPDH forward and reverse 
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primers contained 5’-GGAGCGAGATCCCTCCA- 
AAAT-3’ and 5’-GGCTGTTGTCATACTTCTCATGG- 
3’, respectively. 

Cell counting kit-8 (CCK-8) assay

96-well plates were seeded with MGC-803 and 
SGC-7901 cells at a density of 2 × 103 cells per 
well, followed by overnight incubation. The cells 
in each well were then treated with 10 ul of 
CCK-8 solution (Dojindo, Kumamoto, Japan) for 
a period of two hours. The optical density (OD) 
values of these cells were further measured 
using a microplate reader at a wavelength of 
450 nm. The same procedure was repeated for 
three consecutive days to determine the OD 
values.

Colony formation assay

The cells in the logarithmic growth phase were 
treated with 0.25% trypsin to enable digestion. 
They were then dissociated using a plastic 
pipette and suspended in RPMI 1640 medium. 
The cells were seeded into a six-well plate at a 
density of 1 × 103 cells and incubated for one 
week. Afterwards, the cells were labeled with 
0.1% crystal violet for 30 minutes and then pre-
served with 4% paraformaldehyde for 15 min-
utes. The colony formation capacity was evalu-
ated relying on a microscope.

EdU assay

After being transfected, the GC cells were dis-
tributed at a density of 1 × 104 cells per well 
into 96-well dishes and then treated with  
the BeyoClickTM EdU Cell Proliferation Kit 
(Beyotime, Shanghai, China). DAPI solution was 
added to stain the cell nuclei. Finally, the cells 
were observed for EdU-positive cells using a 
fluorescence microscope (Olympus, Tokyo, 
Japan). 

Transwell assay

To assess the invasive abilities of MGC-803 
and SGC-7901 cells, Transwell assays were 
performed. Specifically, 2 × 105 cells of each 
type were placed into the upper chambers of 
Transwell plates which were pre-coated with 
diluted Matrigel® (1:5; BD Biosciences), and 
500 µl medium containing 10% FBS was added 
in the lower chambers. The cells on the upper 
membrane were gently brushed off after 48 

hours of incubation at 37 degrees Celsius, and 
the broken cells through the membrane were 
stained with 0.1% crystal violet for 10 minutes 
while the plates were maintained at room tem-
perature. Finally, the number of cells that had 
infiltrated the bottom chamber was tallied in 
five arbitrarily selected microscopic fields. It 
was hypothesized that the amount of tumor 
cells entering the bottom chamber was indica-
tive of their capacity to migrate or invade.

Wound-healing assay

Various batches of transfected GC cells were 
placed into 6-well culture plates and allowed to 
grow until reaching a confluency of approxi-
mately 80%. Subsequently, the cell monolayer 
was intentionally damaged through the use of a 
200 µl pipette tip. The migratory behavior of 
the cells was assessed at both 0 and 24 hours 
by virtue of an Olympus microscope.

TUNEL staining

After being cultivated for a full 24 hours, the 
cells were then given two washes in PBS, and 
then fixated with 4% paraformaldehyde for 15 
minutes, followed by permeation with 0.25% 
Triton-X 100 for 20 minutes. The TUNEL analy-
ses were implemented in compliance with the 
manufacturer’s guidelines provided by Roche. 
In a nutshell, the cells were first treated with a 
cocktail of terminal dexynucleotidyl transferase 
reaction for 45 minutes at 37 degrees Celsius. 
Both procedures happened at the same time. 
Final nuclear staining was performed using 
either hematoxylin or methyl green.

Western bolt analysis

The Radio Immunoprecipitation Assay (RIPA) 
lysate solution was utilized in order to obtain 
the complete protein from GC cells. With twenty 
milligrams of total protein running through an 
SDS-PAGE gel at a concentration of 10%, the 
resulting proteins were transferred to the nitro-
cellulose membrane. The membranes were 
blocked in 5% nonfat milk at room temperature 
for 1 h, followed by incubating with specific pri-
mary antibodies against EHD2 (ab154784), 
N-cadherin (ab76057), E-cadherin (ab15148), 
MMP-9 (ab38898), β-catenin (ab32572) and 
β-actin (ab124964) overnight at 4°C. After that, 
the membranes were incubated with a second-
ary antibody that was conjugated with horse-
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radish peroxidase. A package for ECL Western 
blotting was adopted to identify the protein 
band. β-actin was considered as the loading 
control for this experiment.

Animal treatment

Pathogen-free housing was provided for fe- 
male BALB/c mice that were purchased from 
Shanghai SLAC Laboratory Animal Co., Ltd. 
They ranged in age from 4-6 weeks and weighed 
between 18 and 20 grams. A randomized 
experiment was conducted on ten mice, with 
each group consisting of five mice. The rodents 
in each group were offered different treat-
ments. The sample size was determined con-
sidering statistical power and ethical guide-
lines. The inclusion and exclusion criteria of 
animals were independently established in 
accordance with the guidelines provided by 
AAA-LAC. Both MGC-803 and MGC-803-shRNA 
cells were inserted into the subcutaneous tis-
sue of rodents in each group using a volume of 
100 μL of PBS. All animal experiments were 
conducted in strict accordance with the 
Guidelines for the Care and Use of Laboratory 
Animals and approved by the Institutional 
Animal Care and Use Committee of the First 
Affiliated Hospital of Zhengzhou University. 

TCGA database

The dataset applied for RNA-sequencing con-
tained 375 GC samples and 32 normal stom-
ach tissues, each with corresponding clinical 
information downloaded from the TCGA data- 
sets.

Analysis of DEGs between EHD3-high and -low 
expression GC groups

The unpaired Student’s t-test included in the 
DESeq2 (3.8) software was used to identify and 
confirm genes with different levels of expres-
sion in individuals with EHD3-high and EHD3-
low. These genes are referred to as differen-
tially expressed genes, or DEGs. A heat map 
and volcano graphs were employed to provide 
comprehensive graphical representation of all 
DEGs.

Function enrichment analysis

DEGs were subjected to enrichment analysis  
of biological processes in Gene Ontology (GO), 
Kyoto Encyclopedia of Genes and Genomes 

(KEGG), and disease ontology (DO) using the 
clusterProfiler R and DOSE packages in order  
to predict their underlying functions [16]. The 
most important functional words distinguishing 
GC and normal categories were determined by 
GSEA. P<0.05 was considered statistically sig-
nificant. If the p-value for the enriched gene set 
was less than 0.05, with a false detection rate 
less than 0.025, the gene set was therefore 
deemed significantly enriched.

The construction of nomogram and calibration 
curves

The “rms” package in the R software was 
adopted to generate both a nomogram and cali-
bration plots. The nomogram allowed to assess 
the level of agreement between the predicted 
and actual probabilities, while the calibration 
plots served as an essential role in forecasting 
survival rates for 1, 3, and 5 years.

Association between EHD3 and immune cell 
type fractions

The relative fractions of 22 subtypes of infil- 
trating immune cells (TIICs) in TCGA STAD  
dataset were estimated with the aid of the 
CIBERSORT algorithm (https://cibersort.stan-
ford.edu/), using normalized gene expression 
data. The LM22 gene signature was used. Only 
patients with CIBERSORT P<0.05 were includ-
ed for further analysis, with the sum of immune 
cell type estimates equaled 1 for each sample. 
The proportions of TIICs between low and high 
expression groups were calculated for further 
comparison. A statistically significant result 
was determined at P<0.05. Besides, the impact 
of EHD3 on TILs was assessed by evaluating 
the relationship between EHD3 and immune 
checkpoints in different groups. Further, poten-
tial responses to immune checkpoint inhibitors 
(ICIs) were predicted by the Tumor Immune 
Dysfunction and Exclusion (TIDE) algorithm.

Statistical analysis

Statistical analysis was conducted using Prism 
7.0 (GraphPad software, CA, USA) and R version 
3.5.2. The differences between two groups of 
EHD3 were analyzed through the Student’s 
t-test. ROC analysis was employed to validate 
the diagnostic value of EHD3 for GC patients. 
The impact of EHD3 expressions on the overall 
survival (OS) and progression-free survival 
(PFS) of GC patients was assessed through 
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Kaplan-Meier analysis. Cox models were 
employed to conduct univariate and multivari-
ate analyses. A p-value of less than 0.05 was 
considered statistically significant.

Results

High expression of EHD3 in GC and its asso-
ciation with clinical variables

Initially, pan-cancer analyses revealed that 
EHD3 expression was dysregulated in various 
types of tumors, and its expression trend  
varied between different tumors (Figure 1A). 
Importantly, a distinct increase in EHD3 expres-
sions was found in GC specimens compared to 
non-tumor specimens (Figure 1B). To validate 
this finding, RT-PCR analysis was accordingly 
conducted, which showed consistent results 
with the TCGA dataset (Figure 1C). ROC analy-
sis further confirmed that high EHD3 expres-
sion had a strong diagnostic potential for GC, 
with an AUC value of 0.8036 (95% CI: 0.6372 to 
0.9700), indicating its ability to distinguish GC 
specimens from non-tumor specimens (Figure 
1D). Moreover, through investigating the asso-
ciations between EHD3 expressions and clini-
cal variables in GC patients, it was observed 
that EHD3 expressions significantly increased 
in GC patients with advanced clinical stages 
(Figure 1E and 1F). Nevertheless, no distinct 
association between EHD3 expression and 
grade, T stage, M stage, and N stage (Figure 1E 
and 1F) was detected. Additionally, a heat map 
was drawn to present the differences in the dis-
tribution of clinical characteristics between 
patients whose EHD3 expression was high or 
low (Figure 1G). Notably, all GC patients were 
divided into a high-expression group (n=187) 
and a low-expression group (n=188) based on 
the median expression level of EHD3.

The prognostic value of EHD3 expression in 
GC patients

To investigate the prognostic significance of 
EHD3 expression in GC patients, Kaplan-Meier 
analysis was conducted using TCGA datasets, 
finding that patients with high EHD3 expression 
exhibited a shorter overall survival (OS) than 
those with low EHD3 expression (P=0.021, 
Figure 2A; P=0.004, Figure 2B). Time-depen- 
dent ROC analysis revealed diagnostic accura-
cy of EHD3 expression (Figure 2C). Additionally, 
univariate analysis manifested that age, clinical 

stage and EHD3 expression were related to 
clinical outcomes of GC patients (Figure 2D). 
Furthermore, multivariate analysis confirmed 
that EHD3 expression (HR=1.330, 95% CI: 
1.061-1.668, P=0.014) was an independent 
prognostic factor for OS (Figure 2E). It is obvi-
ous that this independent prognostic risk factor 
could provide clinicians with a quantitative 
method to predict the likelihood of overall sur-
vival at 1, 3, and 5 years for GC patients (Figure 
2F and 2G).

The association between EHD3 expression 
and DNA methylation in GC

Initially, an analysis of the methylation level of 
EHD3 was completed, with Figure 3A display-
ing a clear distribution of 13 CpG sites. 
Furthermore, a moderate inverse correlation 
between EHD3 expression and DNA methyla-
tion was detected (Figure 3B). To pinpoint the 
CpG sites most strongly linked to EHD3 mRNA 
expression, Pearson correlation analysis was 
performed accordingly. Our findings indicated 
that methylation of cg00981472, cg01163837, 
cg05882522, cg06773122, cg08251399, cg- 
13795465, cg15355118, cg18444347, cg24- 
743639, cg25202298, cg25428398, cg258- 
40208, and cg2723003 was significantly and 
negatively associated with EHD3 expression 
(Figure 3C).

Correlation of EHD3 with the proportion of 
TICs

The immune cell landscape was explored with 
the help of the CIBERSORT approach, revealing 
the makeup of immune cells in GC samples 
(Figure 4A) and the interrelationships between 
immune cell types (Figure 4B). Furthermore, a 
total of ten types of tumor-infiltrating immune 
cells (TICs) related to EHD3 expression were 
identified (Figure 4C-E). Among these, six types 
of TICs displayed a positive correlation with 
EHD3 expressions, including Tregs, naïve B 
cells, resting CD4 memory T cells, monocytes, 
memory B cells, and resting mast cells. In con-
trast, four types of TICs exhibited a negative 
correlation with EHD3 expression, namely CD8 
T cells, resting NK cells, M1 macrophages, and 
activated CD4 memory T cells. These findings 
further supported the notion that EHD3 levels 
impacted the immune activity within the tumor 
microenvironment.
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Figure 1. EHD3 expression was upregulated in GC and predicted an advanced clinical stage. A. Pan-cancer analysis 
of EHD3 in the TCGA and GTEx datasets. B. The expressions of EHD3 in GC specimens and non-tumor specimens 
in the TCGA and GTEx database. C. RT-PCR for the expression of EHD3 in our cohort. D. ROC assays were applied to 
examine the diagnostic value of EHD3 expression of GC. E and F. Association between the expression of EHD3 and 
clinical characteristics in GC patients. G. The association between EHD3 expression and different clinical factors 
were shown using Heat map. *P<0.05, **P<0.01, ***P<0.001. 
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Prediction of EHD3 expression in GC for sensi-
tivity to immunotherapy

As immune cell function is regulated by vari- 
ous immune checkpoints, the relationship 
between EHD3 and different immune check-
points was further explored. The results indi-
cated a close association between EHD3 
expression levels and multiple immune check-
points (Figure 5A). Moreover, a negative corre-
lation was observed between EHD3 expres-
sions and tumor mutation burden (Figure 5B). 
The IPS algorithm was employed for the predic-
tion of immune responses. According to the 

data from the Cancer Immunome Atlas (TCIA), 
IPS scores were calculated based on the 
expression of PD-1 and CTLA4. Samples with 
high IPS scores (the top 25%) were considered 
as PD-1 or CTLA4 positive. All patients were  
further divided into four groups on the basis  
of PD1 and CTLA4 expression levels. It was 
revealed that in the PD1_negative_CTLA4_ 
negative, PD1_positive_CTLA4_negative, and 
PD1_negative_CTLA4_positive groups, pati- 
ents with low EHD3 expressions displayed  
higher scores of IPS (Figure 5C-F). The above 
results suggested that EHD3 might play a cru-
cial role in regulating immune checkpoints and 

Figure 2. The prognostic values of EHD3 expressions in GC patients. A and B. Kaplan-Meier curve of EHD3 expres-
sion for OS and PFS of GC patients. C. ROC curves drawn using TCGA data. D and E. Univariate Cox analysis and 
Multivariate assays of the risk factors related with survival of GC. F. Construction of nomogram by the EHD3 expres-
sions and clinical factors. G. The calibration plot. *P<0.05, **P<0.01, ***P<0.001. 
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tumor immune evasion, as well as predicting 
the sensitivity to immunotherapy. These find-
ings provided essential clues for further investi-
gating the potential applications of EHD3 in 
tumor immunotherapy.

The biological functions of EHD3 in GC

A total of 226 DEGs were screened by isolating 
a variety of DEGs from individuals with high or 
low EHD3 levels (Figure 6A). DO assays sug-

Figure 3. The association between EHD3 expression and DNA methyla-
tion in GC. A. Histogram of the distribution of 13 EHD3 CpG sites in GC. 
B. The expressions of EHD3 were negatively regulated by EHD3 DNA 
methylation. C. Correlation analysis of EHD3 mRNA with cg00981472, 
cg01163837, cg05882522, cg06773122, cg08251399, cg13795465, 
cg15355118, cg18444347, cg24743639, cg25202298, cg25428398, 
cg25840208, and cg2723003. *P<0.05, **P<0.01, ***P<0.001. 
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gested that 226 DEGs were mainly associated 
with lymphoblastic leukemia, brain disease, 
myopathy, muscle tissue disease and muscular 
disease (Figure 6B). GO assays revealed that 
EHD3-associated DEGs were primarily involved 
in muscle system process, muscle contraction, 
regulation of membrane potential, neuronal cell 

body, contractile fiber, myofibril, activator activ-
ity of signaling receptors, receptor ligand activ-
ity and hormone activity (Figure 6C). KEGG 
analysis suggested that 226 DEGs were princi-
pally enriched in neuroactive ligand-receptor 
interaction (Figure 6D). Through carrying out 
GSEA, it was found that CALCIUM_SIGNALI- 

Figure 4. Correlations of TICs proportion with EHD3 expressions. A. Distribution of 21 different TIC types in GC tu-
mor tissues as shown by a bar diagram. B. A heatmap depicting the relationships between twenty-one different TIC 
types. C and D. Differentiation of 21 distinct types of immune cells was compared between GC tumor tissues with 
low and high EHD3 expression using a violin plot, with the median EHD3 expression level serving as 100%. E. Cor-
relation between EHD3 expressions and infiltrating immune cells in GC. *P<0.05, **P<0.01, ***P<0.001. 
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NG_PATHWAY, CELL_ADHESION_MOLECULES_
CAMS, FOCAL_ADHESION and NEUROACTIVE_
LIGAND_RECEPTOR_INTERACTION were dyna- 
mically correlated with high EHD3 expression, 
while OLFACTORY_TRANSDUCTION was signifi-
cantly enriched in the low EHD3 expression 
group (Figure 6E). It could be concluded from 
the above results that EHD3 might play a sig-

nificant role in various biological processes and 
diseases, including but not limited to muscle 
system processes, neuroactive ligand-receptor 
interactions, calcium signaling pathways, cell 
adhesion, and olfactory transduction. These 
findings provided important clues for gaining 
insight into the functions of EHD3 and its role in 
the onset and development of diseases.

Figure 5. Prediction of EHD3 expressions in GC for sensitivity to immunotherapy. A. A close association between 
EHD3 expression levels and multiple immune checkpoints. B. A negative correlation between EHD3 expression and 
tumor mutation burden. C-F. Differences in IPS between EHD3 groups with high and low transcript levels when CTLA-
4 or/and PD1 is positive. *P<0.05, **P<0.01, ***P<0.001. 
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Inhibition of EHD3 knockdown on the prolif-
eration and metastasis of GC cells via Wnt/β-
catenin/EMT signaling pathway

The possible function of EHD3 in GC cells was 
investigated by analyzing its expression in a 
number of different GC cell lines. EHD3 mRNA 

and protein levels were distinctly higher in four 
GC cell lines compared to GSE-1 cells (Figure 
7A). Then, shRNA plasmids were used to knock-
down EHD3 expression in MGC-803 and SGC-
7901 cells, achieving an efficiency of over 65% 
(Figure 7B). The results of CCK-8 assays, EdU 
staining, and clonogenic assays demonstrated 

Figure 6. The function assays of EHD3-associated DEGs in GC. A. The representative DEGs associated with EHD3 
were shown in Heat map. B. DO analysis. C. Bubble graph for GO enrichment. D. Barplot graph for KEGG pathways. 
E. Gene Set Enrichment Analysis. *P<0.05, **P<0.01, ***P<0.001. 
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that EHD3 knockdown markedly suppressed 
the proliferation of MGC-803 and SGC-7901 
cells (Figure 7C-E). Moreover, TUNEL assays 
revealed that EHD3 knockdown significantly 
increased GC cell apoptosis (Figure 7F). Sub- 
sequently, in vivo experiments were performed. 
The tumor volumes and weights in the EHD3-
deficient group were remarkably smaller than 
those in the sh-control group, suggesting  
that repressing EHD3 expressions significantly 
inhibited tumor growth (Figure 8A-C). H&E and 
immunohistochemistry results showed that 
EHD3 knockdown suppressed the abnormal 
proliferation of GC cells (Figure 8D). In addition, 
the effects of inhibition of EHD3 on the migra-
tion and infiltration of GC cells were investigat-
ed. According to the results of the wound heal-
ing experiment, EHD3 knockdown substantially 
restrained the capacity of GC cells to migrate 
(Figure 9A). The transwell assays further reve- 
aled that MGC-803 and SGC-7901 cells repre-
sented lower invasive ability after EHD3 knock-

down (Figure 9B). Furthermore, the expres-
sions of N-cadherin, E-cadherin, MMP-9 and 
β-catenin related to the Wnt/β-catenin/EMT 
pathway were examined. It was observed that 
silence of EHD3 suppressed the expressions of 
N-cadherin, β-catenin and MMP-9, while pro-
moting the expression of E-cadherin (Figure 
9C). 

Discussion

In recent years, there have been significant 
advances in the research of GC, particularly in 
understanding the underlying molecular mech-
anisms and identifying potential biomarkers for 
clinical diagnosis and treatment [17, 18]. One 
notable breakthrough is the advancement of 
precision medicine, which focuses on targeting 
specific mutations or pathways in tumor cells. 
This approach has yielded promising results  
in clinical trials, leading to improved survival 
rates for patients with advanced GC. However, 

Figure 7. EHD3 knockdown impaired the proliferation and promoted cell apoptosis. A. RT-PCR and western blot as-
says for the expression of EHD3 in four GC cells and GSE-1 cells. B. qPCR and western blot assays detected EHD3 
levels in MGC-803 and SGC-7901 cells after transfection with EHD3 shRNAs. C. CCK-8 assays. D. Clonogenic as-
says. E. EdU assays. F. Tunel assays. Scale bars: 20 µm. *P<0.05, **P<0.01, ***P<0.001. 

Figure 8. In vivo mice studies validated that EHD3 depletion suppressed tumor growth. A. Images of MGC-803 tu-
mors and a size contrast to the original cells are presented. B. The tumor volume-time curves. C. The tumor weights. 
D. Relative Ki67 staining. Scale bars: 100 µm. *P<0.05, **P<0.01, ***P<0.001. 
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despite these achievements, the diagnosis of 
GC still remains a serious challenge. Currently, 
the most commonly used diagnostic markers 

for GC include carbohydrate antigen 72-4, car-
bohydrate antigen 19-9 and carcinoembryonic 
antigen [19, 20], which are proteins produced 

Figure 9. Knockdown of EHD3 suppressed the metastasis of GC cells via Wnt/β-catenin/EMT signalling pathway. 
A. Cell migration of MGC-803 and SGC-7901 was evaluated by wound healing assays after transfection with EHD3 
shRNAs. Scale bars: 200 µm. B. Cell invasion of MGC-803 and SGC-7901 cells was assessed by transwell invasion 
assays. Scale bars: 100 µm. C. The levels of N-cadherin, E-cadherin, MMP-9 and β-catenin following EHD3 shRNAs 
treated in MGC-803 and SGC-7901 cells were assessed through western blot. *P<0.05, **P<0.01, ***P<0.001. 
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by cancer cells and can be detected in the 
blood. While they are valuable in identifying 
patients with advanced GC, they lack the nec-
essary specificity for early detection. Further- 
more, these markers can also be elevated in 
other conditions, such as inflammation, liver 
disease, and pancreatitis, leading to false posi-
tives and unnecessary testing [21]. As a conse-
quence, more sensitive biomarkers are needed 
to be further demonstrated. In this study, a 
novel GC-related gene EHD3 was identified 
which was highly expressed in GC specimens. 
High EHD3 expression was confirmed to pre- 
dict an advanced clinical stage and poor prog-
nosis. Our finding suggested EHD3 as a novel 
diagnostic and prognostic biomarker for GC 
patients. 

In the meantime, research on DNA methylation 
in GC has attained significant progresses as 
well. Epigenetic transformation known as DNA 
methylation is an important component in the 
process of controlling how genes are expressed 
[22]. In cases of GC, abnormal DNA methylation 
patterns have been discovered, with hyper-
methylation of genes that suppress tumors and 
hypomethylation of genes that promote tumor 
growth being two of the more prevalent charac-
teristics [23]. Studies have shown that DNA 
methylation profiles can be used as biomarkers 
for early detection, prognosis, and prediction of 
response to therapy in GC [24]. Additionally, 
DNA methylation-targeted therapies have pre-
sented promise in preclinical studies, indicat-
ing that they may be a potential therapeutic 
strategy for GC treatment. In the initial phase of 
this study, Pearson correlations were employed 
to examine the potential impact of EHD3 meth-
ylation status on the expression of EHD3 
mRNA. A significant and robust negative asso-
ciation was determined between EHD3 methyl-
ation levels and EHD3 expression, particularly 
evident in GC tissues. Further, we proceeded to 
identify particular CpG sites in the EHD3 DNA 
promoter at which methylation was significantly 
correlated with the production of EHD3 mRNA. 
Surprisingly, virtually all of the CpG sites dis-
played substantial correlations with the pro-
duction of EHD3 gene products. Overall, our 
findings indicated that methylation of EHD3 
played a role in the negative regulation of 
EHD3. 

Tumor microenvironment (TME) refers to non-
cancerous cells and molecules surrounding a 

tumor [25], which are involved in the initiation, 
progression, and metastasis of cancer. An 
increasingly large number of studies have 
focused on understanding the complexity of 
the TME and how it influences the behavior of 
cancer cells. One area of intense research has 
been the role of TME in GC. The TME in GC is 
characterized by a variety of cells, including 
endothelial cells, immune cell and cancer-asso-
ciated fibroblasts [26, 27]. These cells interact 
with each other and with cancer cells to pro-
mote tumor growth and invasion. Recent stud-
ies have identified several key signaling path-
ways and molecules participating in TME-
mediated GC progression [28, 29]. For exam-
ple, the interaction between cancer cells and 
immune cells in the TME can modulate the 
expression of immune checkpoint molecules, 
such as PD-1 and PD-L1, which play a critical 
role in immune evasion by cancer cells. In addi-
tion, the TME can promote the activation of sig-
naling pathways, such as the Wnt/β-catenin 
pathway, which are involved in cancer cell pro-
liferation and invasion [30]. In this research, it 
was observed that the expressions of EHD3 
imposed a substantial effect on the infiltration 
of several immune cells. It is common knowl-
edge that macrophages and CD8+ cells are 
essential cell subgroups responsible for the 
immune function of leukocytes against malig-
nancies. At present, the immunophenoscore 
(IPS) is an algorithm that is commonly used to 
forecast the immune response. It was proved in 
this paper that GC patients with low expres-
sions of EHD3 exhibited higher scores of IPS, 
suggesting sensitivity to immunotherapy. Our 
findings indicated EHD3 as a potential target 
for immunotherapy. 

Given the above bioinformation analysis based 
on TCGA datasets, it was reasonable to sus-
pect that EHD3 may be a carcinogenic gene. 
Accordingly, loss-of-function experiments were 
performed to explore the potential function of 
EHD3 in GC. The results confirmed that knock-
down of EHD3 distinctly suppressed the prolif-
eration, migration and invasion of GC cells. 
However, a previous study reported that EHD3 
was lowly expressed in glioma and its overex-
pression increased cell growth both in vitro and 
in vivo, which was inconsistent with our find-
ings, suggesting that EHD3 may exhibit differ-
ent roles depending on the types of tumors. 
Finally, to explore the potential mechanisms 
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involved in EHD3 function on promoting GC  
progression, our attention focused on Wnt/β-
catenin/EMT signalling pathway. Recent stud-
ies have manifested that aberrant activation of 
this pathway contributes to tumor initiation, 
progression, and metastasis in GC [31, 32]. 
The dysregulation of β-catenin, a key down-
stream effector of the Wnt pathway, leads to 
the accumulation of β-catenin in the nucleus, 
exhibiting a regulatory effect on the expres-
sions of functional genes involved in tumor 
growth and metastasis. Several studies have 
identified various molecular mechanisms, 
including mutations in Wnt pathway genes, epi-
genetic modifications, and miRNA dysregula-
tion, which can activate or inhibit the Wnt/β-
catenin pathway in GC [33, 34]. Hence, the 
results suggested that knockdown of EHD3 
distinctly suppressed the activity of Wnt/β-
catenin/EMT signaling pathway. However, spe-
cific mechanisms by which EHD3 regulated 
Wnt/β-catenin/EMT pathway needed to be fur-
ther studied. 

Conclusions

Significant discoveries on the possibility of 
EHD3 as a novel biomarker for GC, its relation-
ship with progression, poor mortality, and 
immune infiltration, as well as its function in 
supporting tumorigenesis through abnormal 
inflammation and immune response, were 
uncovered by this research. The oncogenic 
characteristics of EHD3 were also carefully vali-
dated, including promotion of the proliferation, 
migration, and invasion of GC cells through the 
Wnt/β-catenin/EMT signaling pathway. These 
findings indicated that EHD3 may not only be 
able to provide a potential new pathway for 
investigating clinicopathological implications 
and molecular pathogenesis of GC when served 
as an effective predictor of treatment out-
comes, but also may play a role in the treat-
ment of other cancers.
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