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Background. To explore the expression pattern and functional role of EPH receptor A3 (EPHA3) in high-risk gastroin-
testinal stromal tumors (GISTs) and its potential relevance to tumor progression.
Materials and methods. Immunohistochemical (IHC) analysis was performed to evaluate EPHA3 expression across 
a pilot cohort of clinical GIST specimens with different risk stratifications. The biological functions of EPHA3 in vitro were 
assessed using (5-ethynyl-2’-deoxyuridine, EdU) assay, colony formation, apoptosis, wound-healing, and transwell 
assays in EPHA3-knockout GIST-430 cells. Furthermore, RNA sequencing (RNA-seq) analysis was utilized to identify dif-
ferentially expressed genes and associated signaling pathways following EPHA3 knockout.
Results. EPHA3 expression was found to be elevated in high-risk GIST specimens compared with intermediate-risk 
cases. Loss-of-function assays demonstrated that EPHA3 knockout attenuated cell proliferation and migration while 
promoting apoptosis in vitro. Pathway enrichment analysis suggested that EPHA3 expression is associated with cell 
adhesion, extracellular matrix interaction, and mesenchymal-related phenotypic remodeling.
Conclusions. Our findings suggest that EPHA3 is upregulated in high-risk GIST and contributes to aggressive cellular 
behavior in vitro. These preliminary data indicate that EPHA3 may play a role in the malignant progression of GIST, 
although its clinical utility as a biomarker requires further validation in larger cohorts.
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Introduction

Gastrointestinal stromal tumors (GISTs), the most 
frequent mesenchymal tumors in the gastrointes-
tinal system, have an annual incidence of 16–20 per 
million in Asian populations and 10–15 per mil-

lion in Western countries, with a gradually rising 
global trend.1,2 Molecularly, GISTs are associated 
with mutations in receptor tyrosine kinase (RTK) 
genes such as KIT or PDGFRA.3 Although tyrosine 
kinase inhibitors like imatinib have significantly 
improved treatment outcomes, therapeutic resist-
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ance and postoperative recurrence remain major 
clinical challenges.4

Accurate recurrence risk assessment is criti-
cal for guiding postoperative strategies, and the 
modified NIH consensus criteria introduced 
in 2008 are commonly used.5 According to this 
framework, gastric GISTs smaller than 5 cm with 
a mitotic count of < 5 per 50 HPFs are typically 
classified as low risk. These cases generally carry 
a favourable prognosis and are often managed 
successfully with surgery alone. In contrast, tu-
mors that exceed 5–10 cm in size, exhibit elevated 
mitotic counts (e.g., > 5 or > 10/50 HPFs), or are 
located in the non-gastric sites (such as the small 
bowel or colon) are considered intermediate or 
high-risk. Such features reflect enhanced biologi-
cal aggressiveness, including increased potential 
for invasion and metastasis, thereby increasing 
the likelihood of postoperative recurrence. These 
patients often require prolonged adjuvant TKI 
therapy.6

Despite the diagnostic utility of immunohisto-
chemical markers such as CD117 and DOG1, their 
ability to predict tumor behavior remains limited.7 
This underscores the need for novel biomarkers to 
better characterize GIST aggressiveness. EphA3, 
a receptor tyrosine kinase in the Eph family, has 
been reported to be upregulated in various can-
cers and is associated with aggressive clinical fea-
tures, including tumor invasion, metastasis, and 
poor prognosis in gastric and colorectal cancers.8-11 
However, its expression and role in GIST have not 
yet been thoroughly examined.

This study aimed to investigate EPHA3 expres-
sion in GIST samples across different risk groups 
and evaluate its potential as a biomarker for risk 
stratification. We further explored the impact of 
EPHA3 on GIST cell proliferation, migration, and 
apoptosis, and investigated the underlying molec-
ular mechanisms.

Materials and methods
Patient enrollment and tissue collection 

Between 2023 and 2025, a total of 11 patients di-
agnosed with primary gastrointestinal stromal 
tumors (GIST) at The First Affiliated Hospital 
of Nankai University were recruited (Table 1). 
Eligible participants met the following criteria: 
(1) newly diagnosed and histologically confirmed 
GIST; (2) availability of representative tumor tissue 
blocks for immunohistochemical and molecular 
analyses; and (3) no prior exposure to neoadjuvant 
treatments such as radiotherapy, chemotherapy, or 
targeted therapy. Tumor specimens were excised 
during radical surgery and promptly frozen in liq-
uid nitrogen to preserve RNA and protein integ-
rity for downstream analyses. Following resection, 
clinical data and histopathological features were 
collected for each patient. The study was approved 
by the Ethics Committee of Nankai University 
(Approval No. NKUIRB2025078), and written in-
formed consent was obtained from all subjects. All 
procedures were conducted in accordance with the 
Declaration of Helsinki.

TABLE 1. Clinicopathological characteristics of the study cohort (n = 11)

Case 
No. Gender Age Primary site Mitotic count  

(per 50 HPFs) Ki-67 Index NIH risk 
category

CD117 / 
DOG1

Maximum 
diameter (cm)*

1 Female 72 Stomach 10 5% Intermediate +/+ 2

2 Female 61 Stomach ≤ 2 <5% Intermediate +/+ 4

3 Male 39 Stomach 6 8% Intermediate +/+ 3

4 Female 82 Stomach < 5 5% Intermediate +/+ 7

5 Male 51 Stomach < 5 5% Intermediate +/+ 3

6 Female 81 Stomach > 20 15% High +/+ 5

7 Female 68 Stomach > 10 20% High +/+ 3

8 Male 37 Stomach > 20 10% High +/+ 4.5

9 Male 61 Stomach > 20 20% High +/+ 7

10 Male 67 Rectum > 10 15% High +/+ 6.5

11 Female 57 Stomach 14 3% High +/- 3.5

HPF = high-power field; NIH = National Institutes of Health

* �Tumor size was determined by the maximum diameter from the pathological gross description. Risk stratification was performed according to the modified NIH consensus 
criteria (2008).
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Histopathological evaluation and risk 
stratification

Histopathological evaluation was performed by 
two independent pathologists. The risk of recur-
rence for each GIST case was determined according 
to the modified National Institutes of Health (NIH) 
consensus criteria (2008), which integrates tumor 
size, primary site, and mitotic activity. Mitotic 
count was assessed by examining 50 consecutive 
high-power fields (HPFs, total area of 5 mm2) in 
the most cellular areas of the tumor. Tumors were 
specifically categorized into intermediate-risk 
and high-risk groups to compare the differential 
expression of EPHA3. For immunohistochemical 
(IHC) analysis, the scoring was conducted using a 
semi-quantitative system considering both stain-
ing intensity and the percentage of positive cells, 
as previously described. To ensure objectivity, the 
pathologists were blinded to the clinical risk strati-
fication of the patients during the evaluation.

Cell culture and transfection

GIST-430 cell line, derived from human gastroin-
testinal stromal tumor tissue, was generously pro-
vided by Professor Wenbing Ou from Zhejiang Sci-
Tech University. Cells were maintained in DMEM 
(High glucose; SparkJade, CA0002), added with 
fetal bovine serum (Gibco, USA, 10%) and penicil-
lin–streptomycin solution (MCE, HY-K1106, 1%). 
Cells were maintained at 37°C in a humidified at-
mosphere with 5% CO2.

To silence EPHA3 expression, GIST-430 cells 
were transfected with either EPHA3-specific siRNA 
(si-EPHA3) or a negative control (NC) siRNA. The 
siRNA sequences are provided in Supplementary 
Table S1. The small interfering RNA (siRNA) oligo-
nucleotides were designed and manufactured by 
Saisofi Biotechnology Co., Ltd. Transient transfec-
tions were conducted using GP-transfect-mate rea-
gent (GenePharma, G04008), following the recom-
mended protocol, Cells were collected for further 
analysis 48 hours later. The efficacy of gene knock-
down was subsequently examined with quan-
titative reverse transcription polymerase chain 
reaction (qRT-PCR) and Western blotting refer to 
Supplementary Table S2 (for detailed sequences). 

Establishment of EPHA3-knockout 
GIST-430 cells

To generate an EPHA3-deficient model, GIST-430 
cells were genetically edited using a CRISPR/Cas9-

based approach. A plasmid construct containing 
Cas9 nuclease and an sgRNA targeting human 
EPHA3 (Plasmid ID: L15525; supplier: Beyotime 
Biotechnology, China) was introduced into the 
cells using Lipofectamine™ 3000 transfection rea-
gent (Thermo Fisher, L3000001), according to the 
manufacturer’s instructions. Approximately 48 
hours after transfection, cells were subjected to 
puromycin selection at 2 μg/mL for 7–10 days to 
enrich stable knockout populations. EPHA3 dis-
ruption was subsequently validated by Western 
blotting, confirming the loss of protein expression 
in the established knockout cells.

Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded (FFPE) GIST 
specimens were sectioned at a thickness of 4 μm. 
The sections were deparaffinized in xylene and re-
hydrated through graded ethanol. Antigen retriev-
al was performed by microwave heating in 10 mM 
citrate buffer (pH 6.0) at medium power for ap-
proximately 10 minutes. Endogenous peroxidase 
activity was blocked with 3% hydrogen peroxide 
for 10 minutes at room temperature. After blocking 
non-specific binding, the sections were incubated 
overnight at 4°C with a primary monoclonal anti-
body against EPHA3 (Santa Cruz Biotechnology, 
sc-514209; dilution 1:1000). After three washes 
with PBS, an HRP-conjugated secondary antibody 
(ORIGENE, PV-8000-1) was applied for 1 hour at 
room temperature. Signal detection was performed 
using a DAB chromogen substrate, and nuclei were 
counterstained with hematoxylin. The slides were 
then dehydrated, mounted, and examined under a 
light microscope. EPHA3 expression was quanti-
tatively assessed by average optical density (AOD) 
using ImageJ software.

5-ethynyl-2’-deoxyuridine (EdU) assay

To evaluate cell proliferation, 430-WT and 430-KO 
cells were seeded into 24-well plates and cultured 
under standard conditions until reaching appro-
priate confluence. Cell proliferation was assessed 
using the BeyoClick™ EdU Cell Proliferation Kit 
with Alexa Fluor 488 (Beyotime, C0071S) accord-
ing to the manufacturer’s instructions. Briefly, 
cells were incubated with EdU working solution 
for an hour, then fixed with 4% paraformalde-
hyde and permeabilized with 0.3% Triton X-100. 
After washing with PBS, the cells were subjected 
to click reaction staining and counterstained with 
Hoechst 33342 to visualize nuclei. Images were 
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captured using a fluorescence microscope, and the 
percentage of EdU-positive cells was quantified 
using ImageJ software. All experiments were per-
formed in triplicate.

Colony formation assay

For colony formation assays, a total of 300 cells with 
EPHA3 KO or WT were placed in 6-well plates and 
grown for 10 to 14 days. The colonies were then 
fixed using 4% paraformaldehyde and stained 
with a 0.1% crystal violet solution (Solarbio, G1064) 
for visualization, and quantified under a micro-
scope.

Apoptosis assay by flow cytometry

To determine apoptotic cell populations, exponen-
tially growing GIST-430 cells were collected and 
rinsed twice with PBS. Using the Annexin V-FITC/
PI staining kit (Yeasen, 40302ES60), apoptosis was 
detected as per the manufacturer’s protocols. Cells 
were treated with Annexin V-FITC and propidium 
iodide for 15 minutes at room temperature, keep-
ing them in the dark to prevent photobleaching. 
Fluorescence signals were then acquired using a 
BD FACSCalibur flow cytometer. Data analysis 
and quantification of apoptotic fractions were per-
formed using FlowJo software. All experimental 
groups were assessed in three independent repli-
cates.

Wound healing assay

In 6-well plates, GIST-430 cells were grown until 
they reached full coverage. A sterile pipette tip was 
used to make a scratch, and the cells were then cul-
tured in a serum-free environment. Images were 
taken initially and after 24 h, and wound closure 
was quantified using ImageJ.

Transwell assay

Cells were seeded in DMEM (2%FBS) into 8-μm 
pore Transwell inserts (Corning, 3422), with 10% 
FBS medium in the lower chamber. Cells that had 
migrated were fixed with 4% paraformaldehyde 
after 24 hours, stained with 0.1% crystal violet, and 
counted in five random areas.

Western blot analysis

Total proteins were isolated using RIPA lysis buff-
er, and their concentrations were assessed with 

a BCA protein assay kit. Proteins in equal quan-
tities were resolved on SDS-PAGE gels and then 
moved to 0.22 μm PVDF membranes provided by 
Millipore. To reduce nonspecific binding, mem-
branes were incubated in 5% skim milk at room 
temperature for 1 hour. They were then incubat-
ed overnight at 4°C with the following primary 
antibodies: anti-EPHA3 (Santa Cruz, sc-514209, 
1:1000), anti-PCNA (Santa Cruz, sc-71858, 1:1000), 
anti-Bcl-2 (CST, #3498, 1:1000), anti-Bax (CST, #2772, 
1:1000), anti-cleaved Caspase-3 (ZenBio, L13OC01, 
1:1000), anti-ZEB1 (CST, #70512T, 1:1000), anti-Vi-
mentin (Proteintech, 10366-1-AP, 1:1000), and anti-
N-cadherin (Proteintech, 22018-1-AP, 1:1000). After 
thorough washing, HRP-conjugated secondary an-
tibodies (Proteintech, 1:1000) were applied for 60 
minutes at ambient temperature. SparkJade ECL 
Super chemiluminescence reagent (ED0015) was 
used for detection, and ImageJ software counted 
the signal intensities of the protein bands.

Quantitative real-time PCR (qRT-PCR)

The R1100 reagent from Solarbio was used to iso-
late total RNA. cDNA synthesis was performed 
using the EasyScript® All-in-One First-Strand 
cDNA Synthesis SuperMix for qPCR (TransGen, 
AE341), following the manufacturer’s protocol. 
Amplification was conducted on a Roche qPCR sys-
tem utilizing PerfectStart® Green qPCR SuperMix 
(TransGen, AQ601). The thermal cycling program 
began with an initial denaturation at 94°C for 30 
seconds, followed by 45 amplification cycles con-
sisting of 94°C, 5 seconds and 60°C, 30 seconds. 
Gene expression was normalized and quanti-
fied using the 2^−ΔΔCt method. Supplementary 
Table S1 provides all the primer sequences utilized 
in the assay.

RNA sequencing and bioinformatic 
analysis

Total RNA was obtained from 430-WT and EPHA3-
knockout (430-KO) GIST-430 cells and submitted 
to Hongxu Bio (China) for transcriptome profiling. 
Library construction and high-throughput paired-
end sequencing (150 bp, PE150) were performed 
on the Illumina NovaSeq platform. To ensure da-
ta quality, raw sequencing reads were processed 
with fastp12 for filtering and trimming. Clean reads 
were then aligned to the human reference genome 
(GRCh38) using HISAT2.13 Gene-level quantifica-
tion was performed using featureCounts14, and 
differential gene expression analysis was con-
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ducted using DESeq2.15 Differentially expressed 
genes (DEGs) were filtered using the criteria of 
an adjusted P value < 0.05 and |log₂ fold change| 
> 0.585, corresponding to a fold change > 1.5 for 
upregulated genes or < 0.67 for downregulated 
genes. Differentially expressed genes were visual-
ized using a volcano plot, and the full list of DEGs 
was provided in the Supplementary Table S3. To 
investigate their functional implications, Gene 
Ontology (GO) and KEGG pathway enrichment 
analyses were performed using clusterProfiler16 

and KEGG pathway annotation was based on the 
KEGG database.17 

Statistical analysis

Data are presented as mean ± SD from three in-
dependent experiments. Statistical analyses were 
performed using GraphPad Prism 9.0. Differences 
between two groups were assessed using unpaired 
two-tailed t-tests, and comparisons among mul-
tiple groups were analyzed by one-way ANOVA 

FIGURE 1. EPHA3 expression is elevated in high-risk GIST specimens and correlates with clinicopathological features. (A) 
Representative immunohistochemical (IHC) images of EPHA3 staining in intermediate-risk and high-risk GIST specimens, 
Scale bar = 100 μm. Full EPHA3 IHC images for all 11 patients are shown in Supplementary Figure S1, and the case numbers 
correspond to those listed in Table 1. (B) Quantification of EPHA3 staining by average optical density (AOD) in intermediate-
risk and high-risk GIST specimens. Each dot represents one patient. Data are presented as the mean ± SD. ****p < 0.0001. (C) 
Spearman correlation analysis between maximum tumor diameter and EPHA3 AOD values in 11 GIST patients (ρ = 0.7449, p = 
0.0112). (D) Spearman correlation analysis between mitotic count grade and EPHA3 AOD values in 11 GIST patients (ρ = 0.7583, 
p = 0.0092).

A

B

C D
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followed by Tukey’s post hoc test. Correlations be-
tween EPHA3 AOD values and tumor size or mi-
totic count grade were evaluated using Spearman 
correlation analysis. A p value < 0.05 was consid-
ered statistically significant. Significance levels 
are indicated as follows: p < 0.05 (*), p < 0.01 (**), p < 
0.001 (***), and p < 0.0001 (****).

Results 
EPHA3 positively correlates with 
malignant progression in GIST patients

To assess the correlation between EPHA3 expres-
sion and GIST progression, immunohistochem-
istry was performed on tissue specimens from a 
pilot cohort of 11 patients, including six catego-
rized as high-risk and five as intermediate-risk 
according to the modified NIH criteria. As shown 
in Figure 1A, representative IHC images revealed 
stronger EPHA3 staining in high-risk tumors than 
in intermediate-risk tumors. Quantitative analysis 
showed that EPHA3 AOD values were significant-
ly elevated in high-risk tumors compared with in-

termediate-risk tumors (Figure 1B). Spearman cor-
relation analysis further demonstrated that EPHA3 
AOD values were positively correlated with tumor 
size (ρ = 0.7449, p = 0.0112) and mitotic count grade 
(ρ = 0.7583, p = 0.0092) (Figure 1C-D, Table 1). Full 
EPHA3 IHC images for all 11 patients are shown in 
Supplementary Figure 1. These results suggest that 
increased EPHA3 expression is associated with the 
high-risk clinical features of GIST, potentially re-
flecting its role in biological aggressiveness.

EPHA3 promotes GIST tumor progression 
in vitro

To elucidate the functional contribution of EPHA3 
in GIST, we employed a CRISPR/Cas9-mediated 
knockout strategy in GIST-430 cells. Representative 
Western blot images showed the loss of EPHA3 
expression in 430-KO cells compared with 430-
WT cells (Figure 2A, Supplementary Figure 2). 
Functional assays, including EdU and colony 
formation assays, demonstrated that EPHA3 de-
pletion significantly attenuated cell proliferation 
(Figure 2B-C). In line with these observations, the 

FIGURE 2. EPHA3 promotes the proliferation and survival of GIST-430 cells. (A) Representative Western blot images showing showing the expression 
of EPHA3, Bcl-2, Bax, cleaved caspase-3, and PCNA in 430-WT and 430-KO cells, with β-actin as the loading control. (B) 5-ethynyl-2’-deoxyuridine, 
EdU) assay showing the proliferative capacity of 430-WT and 430-KO cells, Scale bar = 100 μm. (C) Colony formation assay of 430-WT and 430-KO 
cells. (D) Representative flow cytometry plots and quantification of apoptotic cells in 430-WT and 430-KO cells using Annexin V/PI staining. Data 
are presented as mean ± SD from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.

A B

C D
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expression of PCNA was notably decreased in 430-
KO cells (Figure 2A, Supplementary Figure 2).

To assess whether EPHA3 loss triggers pro-
grammed cell death, we utilized Annexin V/
PI double staining followed by flow cytometric 
analysis. A marked increase in apoptotic cell pop-
ulations was observed in 430-KO cells relative to 
430-WT cells (Figure 2D). Representative Western 
blot images further supported this finding, as 
EPHA3-deficient cells exhibited increased levels 
of cleaved caspase-3 and a reduced Bcl-2/Bax ratio 
(Figure 2A, Supplementary Figure 2). These data 
suggest that EPHA3 deficiency may activate the 
mitochondrial apoptosis pathway, thereby contrib-
uting to enhanced apoptotic activity and reduced 
tumor cell survival in GIST-430 cells.

EPHA3 deficiency impairs migration and 
invasion of GIST-430 cells in vitro 

To investigate the impact of EPHA3 in GIST cell 
mobility and invasive behavior, we conducted 
both wound healing and Transwell assays after si-
lencing EPHA3 in GIST-430 cells.

As anticipated, EPHA3 knockout significant-
ly reduced the wound-closure rate of GIST-430 
cells after 24 h, indicating impaired migratory 
capacity (Figure 3A–B). Consistently, the num-
ber of cells passing through the Transwell mem-
brane was markedly decreased in 430-KO cells 
compared with 430-WT cells (Figure 3C). In line 
with these observations, representative Western 
blot images showed decreased expression of 

A

B

C D

FIGURE 3. EPHA3 promotes the migration of GIST-430 cells. (A) Representative images of the wound-healing assay in 430-WT 
and 430-KO cells at 0 and 24 h. Scale bar = 500 μm. (B) Quantification of wound closure in 430-WT and 430-KO cells after 24 h. 
(C) Transwell migration assay showing the migratory ability of 430-WT and 430-KO cells. Scale bar = 200 μm. (D) Representative 
Western blot images showing ZEB1, N-cadherin, and Vimentin expression in 430-WT and 430-KO cells, with β-actin as the 
loading control. Data are presented as mean ± SD from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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E
FIGURE 4. RNA sequencing (RNA-seq) analysis of EPHA3-knockout GIST-430 cells. (A) Volcano plot showing differentially expressed genes (DEGs) in 
430-KO cells relative to 430-WT cells. DEGs were defined using the criteria of an adjusted P value < 0.05 and |log2 fold change| > 0.585. Red dots 
indicate upregulated genes, blue dots indicate downregulated genes, and grey dots indicate genes without significant differential expression. (B) 
Hierarchical-clustering heatmap showing the expression patterns of DEGs in 430-WT and 430-KO cells. Rows represent genes, columns represent 
samples, and the colour scale indicates row-wise Z-score-normalized expression levels. (C) Gene Ontology (GO) enrichment analysis showing the 
top five enriched terms in each GO category, including biological process, cellular component, and molecular function. (D) Kyoto Encyclopaedia 
of Genes and Genomes (KEGG) pathway-enrichment analysis showing the top 10 enriched pathways. (E) RT-qPCR validation of the relative mRNA 
expression levels of LAMC3, LAMA5, PTPRF, and CADM3 in 430-WT and 430-KO cells. Data are presented as the mean ± SD from three independent 
experiments. *p < 0.05, **p < 0.01, ***p < 0.001.



Radiol Oncol 2026; 60(3): 416-426.

Wei H et al. / EPHA3 upregulation promotes progression in High-Risk GIST424

ZEB1, N-cadherin, and Vimentin in 430-KO cells 
(Figure 3D, Supplementary Figure 3). These results 
suggest that EPHA3 may regulate mesenchymal-
related phenotypic remodeling and promote the 
migratory capacity of GIST-430 cells.

To control for potential off-target effects of 
EPHA3 depletion, we employed siRNA-mediated 
knockdown in GIST-430 cells. We also observed 
both a decreased migratory ability and down-
regulated expression of relevant marker proteins 
in GIST-430 cells following EPHA3 knockdown 
(Supplementary Figure 4). Critically, both ap-
proaches yielded consistent phenotypic outcomes, 
confirming that the observed effects are specifi-
cally attributable to EPHA3 depletion rather than 
off-target or compensatory mechanisms.

EPHA3 modulates the expression of 
genes associated with cell adhesion and 
matrix interactions in GIST cells

To elucidate the potential role of EPHA3 in the 
progression of gastrointestinal stromal tumors 
(GIST), we conducted a comparative transcriptom-
ic analysis using bulk RNA sequencing in 430-WT 
cells and their EPHA3-knockout (430-KO) counter-
parts. Differential expression analysis identified a 
total of 327 significantly altered genes, including 
162 upregulated and 165 downregulated genes, 
as visualized in the volcano plot (Figure 4A). 
Hierarchical clustering analysis further revealed 
distinct gene-expression patterns between 430-
WT and 430-KO cells (Figure 4B). The full list 
of differentially expressed genes is provided in 
Supplementary Table S2. Functional enrichment 
through Gene Ontology (GO) analysis indicated 
that these differentially expressed genes were 
predominantly involved in biological processes 
related to cell-cell adhesion, homophilic cell adhe-
sion, and cell junction assembly. Regarding cellu-
lar components, enrichment was observed in col-
lagen-containing extracellular matrix and apical 
plasma membrane. Molecular function categories 
significantly represented included proteoglycan 
binding, integrin binding, and collagen binding 
(Figure 4C). Additionally, KEGG pathway analysis 
highlighted the enrichment of several pathways 
associated with tumor invasiveness and mesen-
chymal remodeling, including extracellular matrix 
(ECM)-receptor interactions, PI3K-Akt signaling, 
and cell adhesion (Figure 4D).18 Among the identi-
fied differentially expressed genes, key mediators 
of cell-matrix interactions and adhesion, including 
LAMC3, LAMA5, PTPRF and CADM3 were select-

ed, and their altered expression levels were con-
firmed by RT-qPCR (Figure 4E). Collectively, these 
data suggest that EPHA3 may regulate signaling 
pathways associated with cell adhesion, extracel-
lular matrix interaction, and mesenchymal-related 
phenotypic remodeling in GIST cells.

Discussion

The biological role of EPHA3 in determining phe-
notypic characteristics across histopathological 
subtypes of GIST, particularly in high- and inter-
mediate-risk groups, remains poorly understood. 
In the present study, we found that EPHA3 expres-
sion was elevated in high-risk GIST specimens and 
was associated with larger tumor size and higher 
mitotic activity. In functional experiments using 
GIST-430 cells, EPHA3 deficiency significantly 
suppressed cell proliferation and migration while 
promoting apoptosis. Furthermore, transcriptomic 
profiling suggested that EPHA3 may contribute to 
the malignant phenotype of GIST cells through the 
regulation of pathways related to cell adhesion, ex-
tracellular matrix interaction, and mesenchymal-
related phenotypic remodeling. Nevertheless, 
several limitations should be acknowledged. The 
clinical cohort in this study was relatively small, 
and the in vitro functional analyses were per-
formed mainly in a single GIST-430 cell model. In 
addition, although our findings support an asso-
ciation between EPHA3 expression and aggressive 
clinicopathological features, the prognostic value 
of EPHA3 still requires validation in larger inde-
pendent cohorts.

Eph receptors and their cognate ephrin ligands 
play pivotal roles in diverse biological processes, 
including cell adhesion, migration19, and angiogen-
esis.20 Although their expression in normal adult 
tissues is typically restricted, Eph/ephrin family 
members are frequently overexpressed in human 
malignancies21, where they are often associated 
with aggressive, invasive, and metastatic behav-
ior.22-24 As cell surface receptors, Eph/ephrin sign-
aling can elicit distinct biological outcomes, rang-
ing from cell adhesion to repulsion, depending on 
multiple contextual factors. Emerging evidence 
suggests that these opposing effects are modulat-
ed by the intensity of Eph receptor activation, the 
specific cellular context, and receptor density at 
the cell surface.25,26 Crucially, EPHA3 acts as a key 
signaling hub, transmitting extracellular cues into 
intracellular responses that drive oncogenic poten-
tial across multiple malignancies. In glioblastoma 
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multiforme (GBM), EPHA3 demonstrates minimal 
expression in normal brain tissue but is markedly 
upregulated in glioblastoma stem cells (GSCs), 
where it critically maintains self-renewal capacity 
and cell survival. Notably, EPHA3 knockdown in-
duces tumor cell differentiation and apoptosis in 
GBM models.27

The Eph receptor family, including EPHA2, 
EPHA3, EPHB2, and EPHB4, is frequently dys-
regulated in breast cancer. Comparative analyses 
reveal significantly elevated expression of these 
receptors in malignant versus normal mammary 
epithelium. Specifically, EPHB2 overexpression 
occurs in 51% of breast tumors and correlates with 
unfavorable clinical outcomes. EPHB4 expression 
similarly associates with advanced tumor stage, 
higher histological grade, increased proliferation 
indices, and DNA aneuploidy.28 Functional studies 
demonstrate that EPHB4 knockdown reduces cell 
viability, enhances apoptosis, and sensitizes breast 
cancer cells to TRAIL-induced cell death.29 EPHA2 
overexpression also portends worse prognosis in 
breast cancer, where it potentiates HER2-mediated 
oncogenic signaling cascades. Genetic ablation of 
EPHA2 in murine models significantly attenuates 
mammary tumor progression and metastasis.30 In 
pancreatic cancer, EPHA2 knockdown has been re-
ported to reduce transwell invasion in specific mo-
lecular subtypes.31 Furthermore, EPHA3 has been 
identified as a novel effector of RAGE-mediated 
motility in breast cancer cells.24 Moreover, higher 
levels of EPHA4, EPHA7, and EPHA10 expression 
are linked to adverse clinical outcomes in breast 
cancer, with EPHA4 specifically promoting tumor 
progression through TGFβ pathway activation. 
These collective findings underscore the pivotal 
role of Eph receptors in driving oncogenic process-
es across diverse malignancies by orchestrating 
complex intracellular signaling networks.

Conclusions

In conclusion, our study demonstrates that EPHA3 
expression is remarkably elevated in high-risk 
GISTs compared to intermediate-risk cases, with 
its overexpression significantly correlating with 
aggressive features. Functional studies revealed 
that EPHA3 knockdown limits tumor cell prolif-
eration, invasion, and migration by modulating 
pathways associated with mesenchymal pheno-
typic remodeling and cell adhesion. suggest that 
EPHA3 may serve as a promising novel therapeu-

tic target and a potential candidate biomarker for 
the risk assessment of GIST.
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