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A B S T R A C T

Pancreatic cancer is one of the most aggressive malignancies in the digestive system, characterized by vague early symptoms and rapid disease progression. 
Currently, treatment options for pancreatic cancer are limited, with unsatisfactory outcomes and poor prognosis, as the overall 5-year survival rate is less than 10%. 
Therefore, it is crucial to identify new biomarkers for pancreatic cancer.

We analyzed the differential expression of EFNA5 at the mRNA level using data from the TCGA, GTEX, and GEO databases, followed by validation of EFNA5 
protein expression differences through immunohistochemistry. Kaplan-Meier survival analysis and Cox regression analysis were used to explore the prognostic value 
of EFNA5. KEGG, GO enrichment analyses, and GSEA were employed to predict the biological functions of EFNA5. Bioinformatics algorithms were utilized to analyze 
the impact of EFNA5 on drug sensitivity, immune cell infiltration, and tumor mutational burden. Finally, we conducted cell phenotype experiments to investigate the 
effects of EFNA5 on the proliferation, migration, and invasion of pancreatic cancer cells. Bioinformatics data showed that the mRNA level of EFNA5 was higher in 
pancreatic cancer tissues compared to normal tissues. Immunohistochemistry experiments confirmed that the protein expression level of EFNA5 was significantly 
higher in pancreatic cancer tissues (n = 19) than in adjacent normal tissues (n = 19). Survival analysis indicated that the overall survival (OS) and progression-free 
survival (PFS) were worse in the high EFNA5 expression group compared to the low expression group. Univariate and multivariate Cox regression analyses 
demonstrated that EFNA5 is a risk factor affecting the prognosis of pancreatic cancer patients. KEGG pathway enrichment analysis revealed that differentially 
expressed genes (DEGs) between high and low EFNA5 expression groups were primarily enriched in pathways such as PI3K/Akt, axon guidance, and focal adhesion. 
GO enrichment analysis showed that DEGs were mainly associated with functions like epidermis development, cell adhesion, and intercellular junctions. Immune cell 
infiltration analysis found that EFNA5 expression was correlated with the infiltration levels of various immune cells. The tumor mutational burden was higher in the 
high EFNA5 expression group compared to the low expression group. Drug sensitivity analysis indicated that the high EFNA5 expression group had lower sensitivity 
to several commonly used chemotherapy drugs for pancreatic cancer. Cellular experiments demonstrated that knocking down EFNA5 inhibited the proliferation, 
invasion, and migration of pancreatic cancer cells. EFNA5 is overexpressed in pancreatic cancer tissues, and its high expression is associated with poor prognosis in 
pancreatic cancer patients. Downregulation of EFNA5 reduces the proliferation, migration, and invasion capabilities of the pancreatic cancer cell line BxPC-3. EFNA5 
is closely related to the occurrence, development, prognosis, immune infiltration, and drug sensitivity of pancreatic cancer. Our study suggests that EFNA5 is a 
potential biomarker and therapeutic target.

1. Introduction

Pancreatic cancer is a relatively rare but highly malignant tumor of 
the digestive tract. Currently, pancreatic cancer ranks as the eighth most 
common cancer among women and the tenth among men in the United 
States, yet it is the fourth leading cause of cancer-related deaths in the 
country (Siegel et al., 2023). Pancreatic ductal adenocarcinoma (PDAC) 

accounts for the majority of pancreatic cancers (over 90%), while other 
subtypes such as pancreatic head cancer, pancreatoblastoma, and 
neuroendocrine tumors are relatively rare (Collisson et al., 2019; Park 
et al., 2021). Due to its characteristics of insidious early symptoms, late 
diagnosis, low resectability (Ahmadipour et al., 2024), high metastatic 
potential, and high recurrence rate, the 5-year survival rate for 
pancreatic cancer is only 10% (Mizrahi et al., 2020). Therefore, 
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identifying new prognostic biomarkers and potential therapeutic targets 
is crucial for improving the prognosis of pancreatic cancer.

EFNA5, fully named Ephrin A5, is a member of the Eph/Ephrin 
signaling system. Eph proteins belong to the transmembrane tyrosine 
kinase receptor superfamily, and their ligands are known as Ephrins, 
derived from the abbreviation for Eph family receptor interacting pro
teins (Kania and Klein, 2016). Ephrin ligands can bind to Eph receptors 
to initiate short-range bidirectional intercellular communication, lead
ing to various biological effects (Depaepe et al., 2005). The Eph/Ephrin 
(EFN) signaling axis is closely associated with neural development, 
angiogenesis, cell differentiation, proliferation, apoptosis, and tumori
genesis (Depaepe et al., 2005). Physiologically, EFNA5 primarily par
ticipates in neurological development and lens homeostasis; 
pathologically, abnormal upregulation of EFNA5 in the retina promotes 
pathological retinal neovascularization (Ieguchi and Maru, 2021). 
EFNA5 is closely related to several malignancies and exhibits abnormal 
expression in colorectal cancer (Papadakos et al., 2022), pancreatic 
cancer (Xie et al., 2021), glioma (Ricci et al., 2020), non-small cell lung 
cancer (Zhang et al., 2023), and other malignancies. In gliomas and non- 
small cell lung cancer, EFNA5 expression is elevated, promoting 
tumorigenesis and progression through various mechanisms (Ricci et al., 
2020; Zhang et al., 2023). Interestingly, EFNA5 is downregulated in 
colorectal cancer, with studies indicating that MiR-645 promotes the 
malignant biological behavior of colorectal cancer by targeting EFNA5, 
suggesting that EFNA5 may act as a “tumor suppressor gene” in colo
rectal cancer (Li et al., 2020). This highlights the ability of EFNA5 to 
promote or inhibit tumorigenesis and progression through multiple 
mechanisms (Sivanathan et al., 2022). In pancreatic cancer, studies have 
shown that effective neoadjuvant chemotherapy (NAT) can reduce the 
expression of collagen types I, III, IV, and V in pancreatic cancer tissue, 
and this stromal remodeling is closely related to EFNA5 (Nakajima et al., 
2022). NAT may inhibit collagen expression by downregulating EFNA5. 
However, there are few studies on the mechanism of EFNA5 in 
pancreatic cancer.

In this study, we first analyzed the mRNA expression of EFNA5 in 
pancreatic cancer using the GTEX, TCGA, and GEO databases, and then 
validated the protein expression of EFNA5 in pancreatic cancer tissues 
through immunohistochemistry. We also analyzed the relationship be
tween EFNA5 and the survival prognosis of pancreatic cancer patients 
based on the TCGA database. Next, we explored the signaling pathways 
and biological functions involving EFNA5 in pancreatic cancer through 
KEGG, GO, and GSEA methods. Additionally, we employed bioinfor
matics algorithms to investigate the correlation between EFNA5 and 
immune cell infiltration, drug sensitivity, and tumor mutational burden. 
Finally, we designed a series of in vitro experiments to evaluate the 
impact of EFNA5 on the proliferation, migration, and invasion of 
pancreatic cancer cells.

2. Methods

2.1. Bioinformatics data Sources

The Cancer Genome Atlas Program (TCGA, https://www.cancer. 
gov/ccg/research/genome-sequencing/tcga) is a comprehensive proj
ect that has cataloged sequencing data, including RNA-Seq, methylation 
data, and copy number variation (CNV) data, from over 10,000 
cancerous and adjacent non-cancerous tissue samples across more than 
30 types of tumors. It also provides corresponding clinical information.

The Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih. 
gov/geo) is a database that primarily collects gene expression profile 
data from studies published by researchers worldwide. The Genotype- 
Tissue Expression (GTEX, https://gtexportal.org/home) project col
lects genomic data from over 50 types of normal tissues and organs, 
donated by healthy volunteers during their lifetime.

In this study, two datasets from the GEO database were used: 
GSE183795 (Yang et al., 2022) (139 PDAC samples and 102 normal 

samples) and GSE15471 (Badea et al., 2008) (36 PDAC samples and 36 
normal samples). We also used sequencing data from 171 normal 
pancreatic tissue samples from the GTEX database and 179 pancreatic 
cancer tissue samples and 4 normal tissue samples from the TCGA 
database.

2.2. Tissue samples

We collected 19 pairs of pancreatic cancer and adjacent non- 
cancerous tissue paraffin-embedded specimens from patients who un
derwent surgical resection at the Second Affiliated Hospital of Zhengz
hou University between 2018 and 2022. Inclusion criteria: 1) 
Postoperative pathological diagnosis of primary pancreatic cancer; 2) 
No preoperative radiotherapy, chemotherapy, or other related treat
ments; 3) No concomitant other malignancies. Exclusion criteria: 1) 
Specimens of inadequate quality for subsequent experiments; 2) Patients 
who received radiotherapy or chemotherapy before surgery; 3) Patients 
with tumors in other organs or systems. The study was approved by the 
Ethics Committee of the Second Affiliated Hospital of Zhengzhou Uni
versity, with the ethical approval number 2023210.

2.3. Analysis of the diagnostic and prognostic value of EFNA5 in 
pancreatic cancer

Raw data were organized using R 4.2.1 and Strawberry Perl 5.3.2.1. 
The R package “limma” was used to analyze the differential expression 
of EFNA5 between tumor and normal tissues, followed by visualization 
using the “ggplot2″ and ”ggpubr“ packages. Survival analysis, including 
overall survival (OS) and progression-free survival (PFS) differences 
between high and low EFNA5 expression groups, was performed using 
the R packages ”survival“ and ”survminer.“ Univariate and multivariate 
Cox regression analyses were conducted to assess the prognostic value of 
EFNA5 in pancreatic cancer. A nomogram was constructed using the 
”regplot“ package to predict the prognosis of pancreatic cancer patients 
based on EFNA5 expression levels, age, gender, tumor grade, and stage.

2.4. Functional enrichment analysis

KEGG and GO functional enrichment analyses were used to explore 
the potential functions of the EFNA5 gene. The “limma” package in R 
was used to identify differentially expressed genes (DEGs) between high 
and low EFNA5 expression groups, with selection criteria of logFC ≥ 0.5 
and adjP < 0.05. The “clusterProfiler” package in R was then used to 
perform KEGG and GO enrichment analyses on these DEGs (Yu et al., 
2012). Gene Set Enrichment Analysis (GSEA) is an enrichment method 
developed by the Broad Institute to analyze upregulated or down
regulated gene sets separately. We used GSEA to analyze the pathways 
enriched in the low and high EFNA5 expression groups (Subramanian 
et al., 2005).

2.5. Immune cell infiltration analysis

CIBERSORT, developed by Stanford University, is an immune infil
tration analysis tool that uses a linear support vector regression-based 
deconvolution method to estimate the proportion of different immune 
cell subtypes in tumor tissues based on gene expression data (Newman 
et al., 2015). In this study, the CIBERSORT algorithm was used to 
analyze the differences in immune cell infiltration between high and low 
EFNA5 expression groups.

2.6. Tumor mutational burden analysis

Tumor mutational burden (TMB) data for pancreatic cancer were 
downloaded from the TCGA website. The data were processed using R 
and Perl software to analyze the correlation between EFNA5 expression 
and TMB.
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2.7. Drug sensitivity analysis

The “OncoPredict” package (Maeser et al., 2021), which is based on 
machine learning algorithms, builds prediction models by training 
known cell expression profiles and drug sensitivity information. This 
package can predict tumor cell responses to different drugs based on 
gene expression profiles, thereby providing a basis for personalized 
treatment. We downloaded IC50 values for various anticancer drugs and 
expression profile data of cell lines from the GDSC database (Yang et al., 
2013). The “OncoPredict” package in R was used to analyze the rela
tionship between EFNA5 expression and the sensitivity of pancreatic 
cancer to commonly used chemotherapy drugs and small-molecule 
antitumor drugs.

2.8. Immunohistochemistry experiments

Paraffin blocks were sectioned, and immunohistochemical staining 
was performed according to the following steps: deparaffinization, an
tigen retrieval, blocking endogenous peroxidase activity, primary anti
body incubation (1:100 dilution), secondary antibody incubation, DAB 
staining, hematoxylin counterstaining, clearing, and mounting. The 
immunohistochemical results were independently and blindly evaluated 
by two professional technicians, assessing staining intensity and the 
percentage of positive cells in all sections (Chahrour et al., 2023). The 
staining intensity was scored as follows: no color, 0 points; light yellow, 
1 point; yellowish-brown, 2 points; brown, 3 points. The percentage of 
positive cells was scored as follows: <5%, 0 points; 6%-25%, 1 point; 
26%-50%, 2 points; 51%-75%, 3 points; >75%, 4 points. The final 
immunohistochemical score was calculated as the product of the stain
ing intensity and the percentage of positive cells: 0 points for negative 
(− ), 1–4 points for weak positive (+), 5–8 points for moderate positive 
(++), and 9–12 points for strong positive (+++).

2.9. Cell lines and Culture Conditions

The pancreatic cancer cell line BxPC-3 was purchased from Shanghai 
Zhongqiao Xinzhou Biotechnology Co., Ltd. Cells were cultured at 37◦C 
in a 5% CO2 atmosphere with 10% fetal bovine serum (FBS, CLARK) in 
1640 medium.

2.10. Western blotting

Cells were lysed with RIPA buffer, and proteins were extracted. 
Protein concentration was determined using a BCA kit. Samples were 
separated by 10% SDS-PAGE and transferred onto PVDF membranes. 
Membranes were incubated with primary antibodies at 4◦C for 12 h, 
washed three times with TBST, and then incubated with secondary an
tibodies at room temperature for 1 h. After three washes with TBST, the 
membranes were developed using ECL detection reagent (Ahmadipour 
et al., 2022).

2.11. Cell transfection

Three EFNA5-siRNAs were synthesized by Shanghai Shenggong 
Bioengineering Co., Ltd. siRNA-02, validated by Western blotting, was 
selected for subsequent experiments. The transfection reagent lipo8000 
was provided by Beyotime Biotechnology. The transfection system 
consisted of siRNA, lipo8000, and OptiMEM. Proteins were extracted or 
subsequent experiments were performed 48 h after transfection.

2.12. CCK8 proliferation assay

The CCK8 kit was provided by Yacoy Biotechnology Co., Ltd. The 
working system was prepared by mixing CCK8 reagent and 1640 me
dium at a 1:9 ratio, with 10 µL of the working solution added to each 
well. Cells were seeded in 96-well plates at a density of 5 × 103 cells per 

well after digestion and counting. The CCK8 working solution was added 
at 0, 24, 48, and 72 h after seeding, incubated for 2 h, and then measured 
at 450 nm.

2.13. Transwell assay and wound healing assay

An 8 µm pore Transwell chamber was used for this experiment. The 
upper chamber contained 1640 medium with 2% FBS, with 5 × 104 cells 
(or 10 × 104 cells for the invasion assay) seeded. The lower chamber 
contained 1640 medium with 20% FBS. For the invasion assay, Matrigel 
was pre-coated onto the membrane. After 24 h of incubation, cells were 
fixed, stained, and photographed.

For the wound healing assay, a 10 µL pipette tip was used to create 
scratches after 48 h of transfection, followed by a medium change. Im
ages were taken under a microscope at 0 and 48 h after scratching.

2.14. Statistical analysis

Bioinformatics data were analyzed and visualized using R (version 
4.2.1). Experimental data were analyzed using SPSS 26.0 and GraphPad 
Prism 9.5.0. Data were expressed as mean ± SD. An independent Stu
dent’s t-test was used to analyze normally distributed variables, while 
the Mann–Whitney U test (Wilcoxon rank-sum test) was used for non- 
normally distributed variables.

3. Results

3.1. Differences in EFNA5 at the mRNA level

An analysis was conducted on mRNA sequencing data from 171 
normal pancreatic tissues from the GTEx database, 179 pancreatic 
cancer tissues and 4 adjacent non-cancerous tissues from the TCGA 
database. The results indicated that EFNA5 expression was significantly 
higher in pancreatic cancer tissues compared to normal tissues, with the 
difference being statistically significant (p < 0.001), as shown in Fig. 1- 
A. To validate this difference, we used external datasets for further 
verification. Differential analysis was performed on two datasets from 
the GEO database, GSE15471 and GSE183795. The results confirmed 
that EFNA5 was also highly expressed in pancreatic cancer tissues, with 
the differences being statistically significant (all p < 0.001), as shown in 
Fig. 1-B and 1-C.

3.2. Differences in EFNA5 at the protein level

To verify the results obtained from the database analysis at the 
protein level, we conducted immunohistochemistry (IHC) experiments. 
EFNA5 protein expression was examined in 19 pancreatic cancer tissues 
and 19 adjacent non-cancerous tissues. Representative IHC images are 
shown in Fig. 2-A and 2-C. We then performed a statistical analysis of the 
IHC scores for the cancerous and adjacent tissues. The results demon
strated that EFNA5 expression at the protein level was significantly 
higher in cancerous tissues compared to adjacent tissues, with the dif
ference being statistically significant (p < 0.001), as shown in Fig. 2-B.

3.3. Survival analysis

Based on data from the TCGA database, 177 pancreatic cancer pa
tients were divided into a high EFNA5 expression group (n=88) and a 
low expression group (n=89) using the median EFNA5 expression level 
as the cutoff. The Kaplan-Meier method was employed to analyze the 
relationship between EFNA5 expression levels and overall survival (OS) 
as well as progression-free survival (PFS). The results showed that both 
OS and PFS were significantly shorter in the high EFNA5 expression 
group compared to the low expression group (p < 0.01), as shown in 
Fig. 3-A and -B.

Subsequently, to determine whether EFNA5 is an independent 
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prognostic factor for pancreatic cancer patients, we conducted univari
ate and multivariate COX regression analyses using OS as the outcome 
measure, considering EFNA5 and various clinicopathological parame
ters, as shown in Fig. 3-C and 3-D. Univariate COX regression analysis 
indicated that EFNA5, age, T stage, and N stage were risk factors 

affecting OS, with an HR value of 1.052 and a 95% CI of 1.004–1.103 (p 
< 0.05) for EFNA5. Multivariate COX regression analysis further 
revealed that EFNA5, age, and N stage were significant factors influ
encing OS in pancreatic cancer patients, with an HR value of 1.065 and a 
95% CI of 1.014–1.119 (p < 0.05) for EFNA5. These data further 

Fig. 1. A. Analysis of EFNA5 expression in pancreatic cancer tissues (n = 179) and normal tissues (n = 175) based on the GTEX and TCGA databases. B. Analysis of 
EFNA5 expression in pancreatic cancer tissues (n = 36) and adjacent non-cancerous tissues (n = 36) in the GSE15471 dataset. C. Analysis of EFNA5 expression in 
pancreatic cancer tissues (n = 139) and adjacent non-cancerous tissues (n = 102) in the GSE15471 dataset.

Fig. 2. A. Immunohistochemistry (IHC) results of 19 adjacent non-cancerous tissues, showing representative images under 200x and 400x magnification. B. EFNA5 
expression in pancreatic cancer tissues (n = 19) is significantly higher than in adjacent non-cancerous tissues (n = 19), with p < 0.001. Green dots represent the IHC 
scores of adjacent non-cancerous tissues, and red dots represent the IHC scores of cancer tissues. C. IHC results of 19 pancreatic cancer tissues, showing representative 
images at different staining intensities.
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indicate that EFNA5 is a risk factor affecting the prognosis of pancreatic 
cancer patients.

3.4. KEGG and GO enrichment analysis of EFNA5

Using the median EFNA5 expression level as a threshold, pancreatic 
cancer samples from the TCGA database were divided into a high EFNA5 
expression group (n=88) and a low expression group (n=89). Differ
entially expressed genes (DEGs) between the high and low EFNA5 

expression groups were identified using the criteria |log Fold Change 
(FC)| > 0.5 and adjusted p-value < 0.05. KEGG and GO enrichment 
analyses were then performed on these DEGs. Bubble plots were created 
to illustrate the top ten pathways from the KEGG enrichment analysis 
and the top five functions from the GO enrichment analysis, as shown in 
Fig. 4.

KEGG pathway enrichment analysis revealed that DEGs were pri
marily enriched in pathways such as PI3K/Akt, axon guidance, focal 
adhesion, proteoglycans in cancer, ECM-receptor interaction, central 

Fig. 3. A. In the TCGA data, the overall survival (OS) of the high EFNA5 expression group (n = 88) is significantly shorter than that of the low expression group (n =
89), p < 0.01. B. The progression-free survival (PFS) of the high EFNA5 expression group (n = 88) is significantly shorter than that of the low expression group, p <
0.01. C, D. Univariate and multivariate COX regression analyses determine the prognostic value of each factor.

Fig. 4. A. Bubble chart of KEGG pathway enrichment analysis. B. Bubble chart of GO functional enrichment analysis.
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carbon metabolism in cancer, and adherens junction, with the PI3K/AKT 
pathway having the highest number of enriched DEGs. GO functional 
enrichment analysis showed that in the Biological Process (BP) category, 
DEGs were mainly enriched in processes such as epidermis development, 
regulation of fluid levels, cell–cell junction organization, and epithelial 
cell development. In the Cellular Component (CC) category, DEGs were 
primarily enriched in components such as cell–cell junction, apical part 
of cell, apical plasma membrane, basal part of cell, and basement 
membrane. In the Molecular Function (MF) category, DEGs were mainly 
enriched in functions such as cadherin binding, cell adhesion mediator 
activity, and laminin binding.

3.5. GSEA enrichment analysis of EFNA5

Gene Set Enrichment Analysis (GSEA) was performed to identify 
enriched pathways in the EFNA5 high expression group and low 
expression group. The high expression group had six significantly 
enriched pathways, while the low expression group had 36 significantly 
enriched pathways. The top five pathways, ranked by enrichment score, 
are illustrated in Fig. 5. The results showed that the EFNA5 high 
expression group was primarily enriched in pathways related to base 
excision repair, cell cycle, drug metabolism, and homologous recombi
nation. In contrast, the EFNA5 low expression group was enriched in 
pathways related to cell adhesion, chemokine signaling, and cytokine- 
cytokine receptor interaction.

3.6. Immune cell infiltration and tumor mutation burden analysis

To evaluate the impact of EFNA5 on immune cell infiltration, the 
CIBERSORT algorithm was used to analyze the distribution of immune 
cells between the EFNA5 high and low expression groups. The results 
showed that the high expression group had higher levels of M0 macro
phage infiltration and lower levels of CD8+ T cells and activated CD4+
memory T cells compared to the low expression group, as shown in 
Fig. 6-A. Further analysis of the correlation between EFNA5 expression 
and immune cell levels revealed a positive correlation between EFNA5 
and M0 macrophages (p < 0.01) and a negative correlation between 
EFNA5 and CD8+ T cells (p < 0.001), as shown in Fig. 6-B.

Tumor Mutation Burden (TMB) refers to the number of somatic 
nonsynonymous mutations within a specific genomic region and is 
associated with patient survival and the efficacy of immunotherapy. 
TMB data for pancreatic cancer patients were downloaded from the 
TCGA database, and a statistical analysis was conducted to compare 
TMB between the EFNA5 high and low expression groups. The results 
indicated that the high expression group had a significantly higher TMB 

(p < 0.01), as shown in Fig. 6-C.

3.7. Drug sensitivity

Expression profile data and IC50 values for various anticancer drugs 
in different cell lines were downloaded from the GDSC database. Based 
on this data, the “OncoPredict” package was used to predict the IC50 
values for different chemotherapy drugs and small molecule inhibitors 
in pancreatic cancer samples from the TCGA database. Lower IC50 
values indicate higher sensitivity to the drug. Drug sensitivity analysis 
showed that, compared to the EFNA5 low expression group, the high 
expression group had reduced sensitivity to gemcitabine, paclitaxel, 
oxaliplatin, irinotecan, cisplatin, docetaxel, AMG-319 (a PI3K inhibitor), 
and AT13148 (an AKT inhibitor), with statistically significant differ
ences (p < 0.05). For 5-FU, the high expression group showed a trend 
towards reduced sensitivity, but the difference was not statistically 
significant, as shown in Fig. 7.

3.8. Cell phenotype experiments

We designed a series of experiments to investigate the impact of 
downregulating EFNA5 expression on the proliferation, migration, and 
invasion abilities of pancreatic cancer cells. Western blot analysis was 
used to detect the expression levels of EFNA5 protein. Compared with 
the si-NC group, all three siRNAs significantly reduced EFNA5 protein 
expression (p < 0.05), with si-EFNA5-02 showing the highest knock
down efficiency. Therefore, si-EFNA5-02 was selected for subsequent 
experiments, as shown in Fig. 8-A.

The CCK8 assay was employed to assess the proliferation ability of 
BxPC-3 cells after EFNA5 knockdown. The results showed that the 
proliferation of BxPC-3 cells was significantly inhibited after EFNA5 
knockdown compared with the si-NC group (24h, p < 0.05; 48h, p <
0.01; 72h, p < 0.001), as shown in Fig. 8-B.

A wound healing assay was conducted to evaluate the effect of 
EFNA5 knockdown on the migration ability of BxPC-3 cells. The results 
indicated that the “healing speed” was slower in the si-EFNA5 group 
compared to the si-NC control group, suggesting that EFNA5 knockdown 
reduced the migration ability of BxPC-3 cells (p < 0.05), as depicted in 
Fig. 8-C.

Transwell migration and invasion assays were utilized to assess cell 
migration and invasion capabilities. The results showed that, compared 
with the si-NC control group, fewer cells in the si-EFNA5 group passed 
through the porous membrane (p < 0.01), indicating that EFNA5 
knockdown decreased the migration ability of BxPC-3 cells, as shown in 
Fig. 8-D. Furthermore, compared to the si-NC control group, fewer cells 

Fig. 5. A. GSEA enrichment analysis of the EFNA5 high-expression group. B. GSEA enrichment analysis of the EFNA5 low-expression group.
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in the si-EFNA5 group passed through both the Matrigel and the porous 
membrane (p < 0.01), demonstrating that EFNA5 knockdown reduced 
the invasion ability of BxPC-3 cells as shown in Fig. 8-D.

4. Discussion

Pancreatic cancer often presents with atypical early clinical symp
toms, leading patients to seek medical attention due to nonspecific 
gastrointestinal issues such as vague abdominal pain, jaundice (in cases 
of pancreatic head cancer), loss of appetite, nausea, and vomiting (Cai 
et al., 2021). Given the typically short course of pancreatic cancer, by 
the time noticeable symptoms appear, the disease has often progressed 
to an advanced stage, leaving 80–90% of patients ineligible for surgery. 
Additionally, due to the highly malignant nature of pancreatic cancer 
cells and their resistance to chemotherapy, the prognosis for pancreatic 
cancer patients is poor, with a 5-year survival rate of less than 10% 
(Stoffel et al., 2023). Thus, identifying potential biomarkers and thera
peutic targets for pancreatic cancer is urgently needed in the diagnosis 
and treatment of this disease.

In this study, we aimed to analyze the diagnostic and prognostic 
value of EFNA5 in pancreatic cancer and gradually reveal its role in 
tumorigenesis and progression. Based on data from the GTEx, TCGA, and 
GEO databases, we found that the mRNA level of EFNA5 was signifi
cantly elevated in pancreatic cancer tissues, which was validated using 
external datasets (GEO). To confirm whether its protein levels were 
similarly elevated, we collected 19 pairs of pancreatic cancer tissues 
from the Second Affiliated Hospital of Zhengzhou University and con
ducted immunohistochemistry experiments. The results also indicated 
that EFNA5 protein expression was significantly higher in cancerous 
tissues compared to adjacent non-cancerous tissues, leading us to 
conclude that EFNA5 is upregulated in pancreatic cancer (Dolatabadi 
et al., 2022). To explore whether EFNA5 is associated with prognosis, we 
performed survival analysis using clinical data from TCGA, revealing 

that patients with high EFNA5 expression had significantly worse 
overall survival and progression-free survival than those with low 
expression (Dolatabadi and Ahmadzadeh, 2023). Univariate and 
multivariate COX regression analyses showed that EFNA5 is an inde
pendent risk factor affecting the prognosis of pancreatic cancer patients, 
indicating that EFNA5 could be used as a predictor of patient outcomes 
(Dolatabadi et al., 2023). Taken together, these findings suggest that 
EFNA5 may function as an oncogene in pancreatic cancer, though 
further investigation is required to understand how it promotes tumor
igenesis and progression.

To elucidate the biological functions of EFNA5 in pancreatic cancer, 
we first performed functional enrichment analysis. KEGG enrichment 
analysis indicated that EFNA5 is closely related to signaling pathways 
such as PI3K/Akt, axon guidance, focal adhesion, and ECM-receptor 
interaction (Ahmadian et al., 2022). The PI3K/AKT pathway is one of 
the most frequently mutated pathways in various cancers and plays a 
crucial role in cell growth, survival, proliferation, metabolism, and 
motility (He et al., 2021). KRAS mutations, present in over 90% of 
pancreatic cancers, are considered the main oncogenic driver and 
therapeutic target in this disease, and they can induce overexpression of 
mutant PI3KCA, leading to abnormal activation of the PI3K/AKT 
pathway (Tiemin et al., 2020; Gu et al., 2022). Therefore, it can be 
speculated that EFNA5 promotes pancreatic cancer development 
through the PI3K/AKT pathway. Regarding the axon guidance pathway 
in pancreatic cancer, studies have shown that pancreatic cancer cells can 
secrete the axon guidance molecule SEMA3D, which, by binding to the 
receptor PLXND1 on dorsal root ganglia (DRG) cells, increases the 
neuroinvasive capacity of pancreatic cancer cells. Knocking out 
SEMA3D in pancreatic cancer cells or blocking PLXND1 on DRG cells 
with antibodies can reduce invasion capacity (Jurcak et al., 2019). The 
focal adhesion signaling pathway is composed of multiple pro-survival 
signaling molecules, including integrins, growth factor receptors, and 
intracellular molecules such as focal adhesion kinase, which critically 

Fig. 6. A. Immune cell distribution in the EFNA5 high- and low-expression groups. B. Correlation analysis between EFNA5 and levels of infiltrating immune cells. C. 
Tumor mutation burden analysis.
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regulate cell behavior, influence tumor cell survival, lead to drug 
resistance, and serve as potential cancer targets (Eke and Cordes, 2015). 
GO enrichment analysis revealed that differentially expressed genes 
(DEGs) were mainly associated with functions such as epidermal 
development, cell adhesion (Eftekhari et al., 2020), and intercellular 
junctions, which are crucial for tumor progression and metastasis 
(Livshits et al., 2012; Garcia et al., 2018). GSEA showed that high 
EFNA5 expression was enriched in pathways related to base excision 
repair, cell cycle, and drug metabolism, all of which are closely related 
to tumor formation and progression (Grundy and Parsons, 2020; 
Michael and Doherty, 2005). In summary, the upregulation of EFNA5 
may contribute to the formation and progression of pancreatic cancer by 
affecting these biological functions, although further studies are needed 
to confirm whether EFNA5 participates in pancreatic cancer develop
ment through these mechanisms.

Immune cells are an important component of the tumor microenvi
ronment, playing a dual role in either inhibiting cancer cell proliferation 
or promoting apoptosis and necrosis, thereby exerting an anti-tumor 
effect, or providing a favorable environment for tumor growth, thus 
promoting cancer progression (Tay et al., 2023). The CIBERSORT al
gorithm can predict immune cell infiltration in tumor tissues based on 
transcriptomic data. We used the CIBERSORT algorithm to analyze 
differences in immune cell infiltration between high and low EFNA5 

expression groups. The results showed that the high EFNA5 expression 
group had higher infiltration levels of M0 macrophages and lower levels 
of CD8+ T cells and activated CD4+ memory T cells. Correlation anal
ysis revealed a positive correlation between EFNA5 expression and M0 
macrophage infiltration levels, and a negative correlation with CD8+ T 
cells. Previous studies have reported that M0 macrophage expression is 
elevated in bladder cancer and is closely associated with poor clinical 
prognosis, although this has not yet been reported in pancreatic cancer. 
CD8+ T cells are key players in the anti-tumor immune surveillance 
system, possessing strong cytotoxicity that can directly kill tumor cells 
(Schreiber et al., 2011). CD4+ T cells have a complex role in anti-tumor 
immunity (Ostroumov et al., 2018); on one hand, they can exert anti- 
tumor effects by assisting B cells, NK cells, and CD8+ T cells, while on 
the other hand, they can also transform into immunosuppressive regu
latory T cells (Tregs) that promote tumor growth (Reina-Campos et al., 
2021). Therefore, the upregulation of EFNA5 may influence the infil
tration of M0 macrophages, CD8+ T cells, and activated CD4+ memory 
T cells in tumor tissues, thereby altering the tumor immune microen
vironment and promoting tumor progression.

Tumor mutational burden (TMB) reflects the extent of mutations in 
malignant tumors and is clinically associated with better immuno
therapy outcomes. After analyzing TMB between high and low EFNA5 
expression groups using bioinformatics algorithms, we found that the 

Fig. 7. Drug sensitivity analysis.
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high EFNA5 expression group had a higher TMB (Huseynov et al., 2024). 
Therefore, we hypothesize that if immune checkpoint inhibitors are to 
be used in the future treatment of pancreatic cancer patients, EFNA5 
expression levels could be considered as a reference, which might help 
predict treatment efficacy, though this hypothesis requires validation 
through clinical research (Jardim et al., 2021).

The “Gemcitabine + Paclitaxel” regimen and the “FOLFIRINOX” 
regimen are classic first-line chemotherapy options for patients with 
advanced pancreatic cancer (Tempero et al., 2021). The “FOLFIRINOX” 
regimen, consisting of 5-fluorouracil, leucovorin, irinotecan, and oxa
liplatin, has significantly better median progression-free survival and 
overall survival compared to the “Gemcitabine + Paclitaxel” regimen 
(Shroff et al., 2019), though it is associated with greater toxicity and 
requires higher physical fitness, necessitating a comprehensive consid
eration of the patient’s individual condition when choosing a treatment 
regimen. To explore whether EFNA5 expression levels influence treat
ment choice, we analyzed the relationship between EFNA5 and drug 
sensitivity using the “OncoPredict” package based on the GDSC data
base. The results showed that the high EFNA5 expression group had 
lower sensitivity to gemcitabine, paclitaxel, oxaliplatin, and irinotecan, 
and a trend towards reduced sensitivity to 5-FU, although the difference 
was not statistically significant. These findings suggest that patients with 
high EFNA5 expression may have relatively poor therapeutic outcomes 
when using first-line chemotherapy drugs, and also hint that targeting 
EFNA5 may help overcome resistance to first-line treatment in pancre
atic cancer.

Nevertheless, our study has some limitations. Due to the limited 
availability of clinical specimens, we were unable to provide more 
clinical data to validate the relationship between EFNA5 and prognosis. 
Therefore, more clinical trials are needed to confirm the prognostic 
value of EFNA5.

5. Conclusion

In summary, EFNA5 mRNA and protein are highly expressed in 
pancreatic cancer tissues, and high EFNA5 expression is associated with 
poor prognosis of pancreatic cancer patients. Based on the biosignature 
algorithm, we found that EFNA5 is involved in the development of 
pancreatic cancer through multiple mechanisms. Cellular phenotyping 
experiments showed that knockdown of EFNA5 expression reduced the 
proliferation, migration, and invasion ability of the pancreatic cancer 
cell line BxPC-3. Our study demonstrated that EFNA5 is closely associ
ated with pancreatic cancer development, progression, prognosis, im
mune infiltration, drug sensitivity, and tumour mutational burden. 
EFNA5 is a potential diagnostic and prognostic marker and therapeutic 
target.
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