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Lowering expression of Epsin‑3 
inhibits migration and invasion 
of lung adenocarcinoma 
cells by inhibiting 
the epithelial–mesenchymal 
transition
Yunhe Li , Pei Zhang , Guoxu Tang , Jiahui Zhong , Zhenghong Wang  & Bing Zhu *

The epithelial–mesenchymal transition (EMT) is a genetic reprogramming that tumor cells utilize for 
metastasis. Epsin‑3 (EPN3) is an endocytic adapter protein involved in clathrin‑mediated endocytosis 
and had been previously linked to EMT in breast cancer and glioma metastasis. In this study, identified 
the role of epsin‑3 in lung adenocarcinoma and metastasis and epsin‑3 levels identified using an 
expression profile analysis of patient data indicated the protein was abnormally overexpressed in 
lung adenocarcinoma patients and this was directly linked to disease severity. Gene knockdowns of 
EPN3 in human adenocarcinoma cell line A549 and the non‑small cell lung carcinoma cell line H1299 
decreased the levels of mesenchymal markers, including vimentin (VIM), N‑cadherin (NCAD) and 
embryonic transcription factors like zinc finger E‑box binding homeobox 1(ZEB1), snail, and the key 
molecules of Wnt pathway such as β‑catenin and resulted in increased expression of the epithelial 
marker E‑cadherin (ECAD). Our data links EPN3 to the EMT process in lung cancer and inhibition of its 
expression reduced the metastatic and invasive ability of lung adenocarcinoma cells by inhibiting the 
EMT process.
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Lung cancer is one of the most common malignancies and the second most prevalent cancer with 2.2 million 
new cases in  20201. Pathological classifications divide lung cancer into the most prevalent non-small cell and 
small cell lung cancers. The non-small cell cancer can be further divided into lung adenocarcinoma and lung 
squamous cell carcinomas and the adenocarcinoma (LUAC) is the primary pathological  type2. Lung cancer 
development occurs via tumor invasion and metastasis from in situ to distant sites and is often the primary 
reason for poor treatment effect and poor prognosis. In addition, cancer heterogeneity is also a primary 
reason for treatment failure and this is due to both genetic diversity and phenotypic  plasticity3–5. For example, 
phenotypic transformations of tumors from proliferative to invasive are regulated by a genetic transformation 
termed the epithelial–mesenchymal transition (EMT) where tumor cells lose their epithelial characteristics 
and intercellular connections weaken. These cells acquire mesenchymal cell characteristics and the ability of 
independent migration and  invasion6,7. EMT is regulated by many factors but the most prominent are the 
abnormal expression of embryonic transcription factors such as the Zn finger E-box binding homeobox 1 (ZEB1) 
and Zn finger E-box binding homeobox 2 (ZEB2) as well as other developmental regulators including snail 
(Snail1 and Snail2) and twist (Twist1 and Twist2). These gene families play a central role in the EMT process 
in cancer and a major outcome is the suppression of E-cadherin (ECAD) and other epithelial adhesion-related 
genes and cell polarity and cytoskeleton structure are altered via these and other transcriptional co-repressor 
and histone modifying enzyme  complexes8,9.
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The epsins encoded by EPN1-3 are a protein family of endocytic adapter proteins involved in clathrin-
mediated  endocytosis10,11. EPN1 and EPN2 are generally expressed throughout the  body12 while EPN3 is 
restricted to gastric parietal cells under normal  conditions13. EPN3 expression is significantly elevated in damaged 
epithelial tissues and numerous tumor  tissues14. EPN3 overexpression enhances breast and glioma tumor cell 
metastasis and invasion by altering the EMT process. EPN3 enhances the migration and invasion of glioblastoma 
cells by activating the transcription factors Slug, Twist and ZEB1, but not Snail 1 or ZEB2, to induce EMT in 
glioma cells. And EPN3-induced partial EMT is instrumental for the transition from in situ to invasive breast 
carcinoma, the mechanism may be that EPN3 regulates and accelerates ECAD endocytosis on the cell membrane, 
activating and activating it β-catenin dependent EMT program, and, accordingly, high EPN3 levels are detected 
at the invasive front of human breast cancers and independently predict metastatic rather than loco-regional 
 recurrence15,16, but the role of EPN3 in lung cancer is unclear.

In the current study, lung adenocarcinoma (LUAD) expression profile data from the TCGA (The Cancer 
Genome Atlas) database and immunohistochemistry were used to examine whether EPN3 expression differed 
between normal and lung adenocarcinoma tissues. Their findings were used to verify whether EPN3 expression 
differed between normal lung bronchial cell and lung cancer cell and then determine the expression relationship 
between EPN3 expression and EMT in lung cancer. Based on these results, to determine whether the expression 
of EPN3 in Adenocarcinoma of the lung cells enhances their invasive ability.

Materials and methods
EPN3 gene expression profiling and functional analysis
Gene expression and clinical data of LUAD patients were obtained from the University of Southern California 
(UCSC) https:// xenab rowser. net/ datap ages/ using the Htseq-FPKM data set in TCGA-LUAD that were 
transformed into TPM data using R software. The Limma package in R 4.10 was used to identify differential 
gene expression levels between tumor and normal tissues using a setting of p < 0.05 and |log2 FC|≥ 1. LUAD 
patient survival data was then correlated with EPN3 expression and patient prognosis using the Surviviner and 
Survminer package in R that was then visualized using Kaplan Meier curves. Differentially expressed genes 
(DEG) were also correlated to EPN3 expression using Limma. Expression levels that grouped by expression 
level of EPN3 in LUAD with |log2 FC|≥ 0.585 and adjusted p values < 0.05 were used for Gene Ontology (GO) 
and KEGG library classifications utilizing tools from the David database https:// david. ncifc rf. gov/. And KEGG 
data comes from www. kegg. jp/ kegg/ kegg1. html.

Immunohistochemistry
EPN3 protein levels in paraffin embedded sections of LUAD and normal lung tissues were examined after 
dewaxing and rehydrating. Antigen repair and blocking of endogenous peroxidase were carried out using 
hydrogen peroxide (3%) under a condition of avoiding light at room temperature. The slides were blocked with 
goat serum (AIFang Biologic, Hunan, China) and stained using a horseradish-peroxidase linked rabbit anti-EPN3 
antibody that dilution ratio is 1:1000 (Cohesion Biosciences, Suzhou, China). The stained tissue sections were 
photographed by a microscope imaging system (Nikon, Japan).

Cell lines and construction of EPN3‑knock down stable cell lines
The human normal bronchial cell line Beas-2b, human tumor adenocarcinoma cell line A549 and human 
non-small cell lung carcinoma cell line H1299 were purchased from ATCC (Manassas, VA, USA). They were 
cultured in DEME, Ham’s F-12 K and RPMI 1640 (Gibco, Grand Island, NY, USA) with 10% fetal bovine 
serum (PAN, Germany) and maintained at 37 °C in a 5%  CO2 atmosphere. A stable knock-down of EPN3 was 
constructed using the lentivirus strain Gv493 expressing a short hairpin using the Hu6-MCS-CBH-gcGFP-RES-
puromycin vector (Genechem, Shanghai, China). The targeting sequence was constructed using the following 
oligonucleotides: 5′-AGT GGC CTT CAC CGA AGT CAT-3′. Control (CTR) sequences were 5′-TTC TCC GAA 
CGT GTC ACG T-3′. According to the lentivirus user manual, stable EPN3 knock down cell lines were obtained 
by co-culturing cells at a concentration of 5 ×  104/ml with a lentivirus titer of 1 ×  108TU/ml for 24 h, followed by 
independent cultivation of the cell line for 48 h.

The lentivirus user manual comes from the official website of Genechem.

Cell migration and invasion assays
The wound healing assays were examined in 6 well plates (Corning, Ithaca, NY, USA) by allowing the cells to 
grow to confluence and were then removed in a line using a pipette tip and photographed. The cells were then 
incubated for 24 h and the monolayers were re-photographed17 and the extent of cell migration was assessed by 
comparison using Image J (https:// imagej. nih. gov/ ij/ downl oad. html, accessed as of April of 2022).

Transwell assays of A549 and H1299 cells was also conducted using 24-well Transwell plates (Corning) that 
were pre-coated with (for the purpose of testing invasion) or without (for the purpose of testing migration) 
matrigel-coated membrane (Corning, U.S.) and contained 3 ×  105 cells/well in a serum-free basal medium in the 
upper chambers. Medium containing 10% serum was added to the lower chambers as chemotactic agent. The 
cells were allowed to migrate for a duration of 24 h. The chambers were fixed with paraformaldehyde for 30 min, 
followed by staining with crystal violet for 20  min18 before observing and photographing in a microscope. Cells 
were quantified using Image J (https:// imagej. nih. gov/ ij/ downl oad. html, accessed as of April of 2022).

Western blotting
RIPA lysis buffer, protease inhibitor mixture and BCA protein kits were obtained from (Beyotime, Shanghai, 
China). Total protein lysates were prepared using standard techniques and lysates were separated using 

https://xenabrowser.net/datapages/
https://david.ncifcrf.gov/
http://www.kegg.jp/kegg/kegg1.html
https://imagej.nih.gov/ij/download.html
https://imagej.nih.gov/ij/download.html
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SDS-PAGE (Epizyme Biotech, Shanghai, China). Primary antibodies used for Western blots were EPN3 
(Cohesion) and Vimentin (5741), E-cadherin (3195), N-cadherin (13116), snail (3879), ZEB1 (3396) and 
β-Catenin (8480) antibodies were all obtained from Cell Signaling Technology (Beverly, MA, USA). Antibodies 
to β-actin (GB11001) and GAPDH (GB15004) were obtained from Service Bio (Wuhan, China). Secondary 
antibodies used were anti rabbit IgG HRP (Cell Signaling, 7074). And we used a total protein content of 50 μg 
in each well. The dilution ratio of the primary antibody included EPN3, Vimentin, E-cadherin, N-cadherin, 
snail, ZEB1and β-Catenin used in our experiment is 1:1000. The dilution ratio of the primary antibody included 
β-actin and GAPDH used in our experiment is 1:2000. And the dilution ratio of the secondary antibodies used 
in our experiment is 1:10,000.

Specific steps:

(1) Total cell protein extraction

➀ Remove the cells to be used for protein extraction from the cell culture incubator, discard the remaining 
culture medium, wash the cells twice with 4 °C PBS buffer, and discard the PBS buffer.

➁ Add RIPA lysis solution 100 containing 1% protease inhibitor mixture (universal, 100×) to a 6 cm culture 
dish containing cells after cleaning μl. Lyse on ice for 30 min and gently scrape the cells on the bottom 
of the culture dish with a cell scraper during this period to ensure even cell lysis.

➂ After 30 min of lysis, take a clean 1.5 ml centrifuge tube and suck the cell lysis solution into the centrifuge 
tube. Use ultrasound to shake on ice at 30% power for 5 s, with an interval of 10 s, repeating 3 times.

➃ Centrifuge at 4  °C for 10 min at a rate of 12,000 rpm/min. After completion, take 100% of the 
supernatant μ Add a new pre labeled 1.5 ml centrifuge tube and add SDS-PAGE protein loading buffer 
to it at a volume of 1:4. Then place the centrifuge tube in a 100 °C constant temperature heater and heat 
for 10 min. After heating, the total protein sample is prepared and stored in a − 20 °C refrigerator.

➄ Take the supernatant after centrifugation in ④ and measure the protein concentration according to the 
instructions of BCA reagent.

(2) Immunoblotting

➀ Configure SDS-PAGE gel according to the instructions of PAGE gel rapid preparation kit.
➁ After the gel in ① is prepared, assemble it into the electrophoresis instrument and add the 

electrophoresis solution. According to the measured total protein concentration, add the total protein 
sample to the upper gel. According to 80 V constant pressure, after the protein sample runs to the lower 
layer of gel, change to 120 V constant pressure, and then until the protein runs to the bottom of gel.

➂ When the protein in ② runs to the bottom of the gel, take out the gel, cut the band with the required 
molecular weight according to the molecular weight shown in the protein marker, and conduct 
electroporation. When the electroporation is set to 250 mA constant current, and electroporate each 
molecular weight of the protein according to its own protein for 1 min, and transfer the protein from 
the SDS-PAGE gel to the PVDF membrane.

➃ After the electrical conversion is completed, take out the PVDF membrane with the converted protein 
and place it in a serum-free protein blocking solution for 30 min to block.

➄ After the closure is completed, incubate the corresponding protein primary antibody overnight at 4 ℃ 
based on the band of the target protein.

➅ Take out the PVDF membrane that has been incubated with primary antibody, place it in TBST, wash 
for 10 min, and repeat 3 times; Then, incubate the cleaned PVDF membrane strips in the secondary 
antibody for 1 h.

➆ Wash the PVDF membrane strips that have completed secondary antibody incubation with TBST again 
for 10 min each time, repeating 3 times.

➇ Use ECL developer to complete imaging detection of the cleaned strips under the gel imager.

Western blotting grayscale values were measured by imagelab that downloaded from BIO-RED official website 
https:// www. bio- rad. com/ zh- cn/ produ ct/ image- lab- softw are? ID= KRE6P 5E8Z# fragm ent-6. By comparing the 
grayscale values of the target gene and the house-keeping gene, the expression level of the target gene in cells 
can be measured.

Immune cell analysis
The TIMER (Tumor IMmune Estimation Resource) database (https:// cistr ome. shiny apps. io/ timer/) was used 
to analyze the correlation between EPN3 expression and expression of immune cells in patients with LUAD. 
CIBESORT was used to analyze the effect of EPN3 expression on immune cell infiltration in LUAD on R software 
4.1 by LUAD expression profile.

Statistics
Cell migration experiments were analyzed using Image J for area calculations and cell counting. Prism 9.0 was 
used for t-tests.

Western blotting results were measured by imagelab and analyzed using t-tests between two groups and 
one-way ANOVA between ≥ 3 groups.

All results were expressed as mean ± standard deviation and all experimental data were repeated 3 times.

https://www.bio-rad.com/zh-cn/product/image-lab-software?ID=KRE6P5E8Z#fragment-6
https://cistrome.shinyapps.io/timer/
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Ethics statement
This study does not involve animal experiments and does not require ethical review related to animal experiments. 
And Ethical review and approval was not required for the study on human participants in accordance with the 
local legislation and institutional requirements. Written informed consent for participation was not required for 
this study in accordance with the national legislation and the institutional requirements.

Results
Expression and prognosis of EPN3 in lung adenocarcinoma
In order to verify the expression of EPN3 in lung adenocarcinoma, we compared the expression level of EPN3 in 
cancerous and normal tissues through the expression profile data of LUAD in the TCGA database. EPN3 levels in 
lung adenocarcinoma was significantly higher than that in normal tissues (Fig. 1A). The expression profile data 
in TCGA is also linked to patient prognosis data and we found that patients with high expression of EPN3 in 
lung adenocarcinoma had a worse prognosis (Fig. 1B). We also confirmed in Western blotting experiments that 
our cell lines A549 and H1299 expressed significantly greater levels of the protein than did the control normal 
bronchial cell line Beas-2b derived from a non-cancerous patient (Fig. 1C). These results suggested that EPN3 
may play an important role in the occurrence and development of lung adenocarcinoma. The presence of EPN3 
protein in lung adenocarcinoma was also apparent and was elevated in cancer versus normal control tissues 
using immunohistochemical staining (Fig. 2).

EPN3 is an EMT regulator
In order to verify the role of EPN3 expression in lung adenocarcinoma, we used LUAD expression profile data 
in the TCGA database to locate DEGs associated with epn3 expression and then analyzed them using GO and 
KEGG. EPN3 expression was linked to cell connections, adhesion and immune functions in patients with lung 
adenocarcinoma and this correlated with EMT processes involving the decline of cell connection and adhesion 
functions (Fig. 3). To verify a role for EPN3 in lung adenocarcinoma, we constructed EPN3 gene knockdowns 
in A549 and H1299 cells using shRNAs and examined EPN3 expression using western blotting (Fig. 4A,B). We 

Figure 1.  (A) EPN3 expression level between normal tissue and lung Adenocarcinoma. (B) Prognosis of LUAD 
patients between high EPN3 expression level group and low EPN3 expression level group. (C) EPN3 expression 
level between normal lung cell line (Beas-2B) and lung cancer cell line(A549 and H1299) by western blot. n = 3, 
p < 0.05. Quantification of bands relative to β-actin using Graphpad prism (*p < 0.05; **p < 0.005).
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compared Epn3 patterns to those of other markers known to be involved in EMT. E-cadherin (ECAD) expression 
declines with EMT onset while N-cadherin (NCAD) is  increased19–21. We found that E-cadherin was increased 
in A549 EPN3-knockdown (KD) cells while N-cadherin and vimentin (VIM) levels decreased (Fig. 4C,E,G). In 
H1299 cells, E-cadherin was absent (Fig. 4F) but the mesenchymal markers N-cadherin and vimentin decreased 
significantly (Fig. 4D,H). These data indicated that EPN3 knockdown inhibits the expression of known EMT 
markers suggesting EPN3 expression may be required for EMT.

Figure 2.  Immunohistochemistry of EPN3 expression level in LUAD versus normal human lung tissue. As 
shown in the figure, EPN3 exhibits high expression in lung adenocarcinoma tissue, and low expression in 
normal lung tissue (n = 3).

Figure 3.  Analysis of DEGs from LUAD patient data relative to EPN3 grouping by expression level. (A) 
Analyzing the cellular functions involved in EPN3 in lung adenocarcinoma cells by GO enrichment analysis. (B) 
Analyzing the signaling pathways involved in the regulation of EPN3 in lung adenocarcinoma cells by KEGG 
pathway analysis.
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EPN3‑KD decreased the ability of invasion and metastasis of lung adenocarcinoma cells
We further examined whether EPN3 expression was also reflected in its ability to direct cellular migration, a key 
component of EMT and metastasis. In EPN3-KD cells, migration and invasion ability for both A549 and H1299 
cells was decreased using in vitro assays (Figs. 5 and 6).

Mechanism of EMT mediated by EPN3 expression
We further explored the mechanism of the effects of EPN3 on EMT by examining the expression of EMT-
associated transcription factors. ZEB1 and Snail protein expression were decreased in EPN3-KD cells and this was 
consistent with decreased levels of β-catenin which is a primary regulator of the Wnt signaling pathway (Fig. 7).

Effects of EPN3 expression on immune infiltration in lung adenocarcinoma
We further explored the effect of EPN3 expression on immune function in lung adenocarcinoma using TIMER 
database analysis of immune cells expression in lung adenocarcinoma patients with EPN3 expression. EPN3 
expression was positively correlated with tumor purity, i.e., the percentage of cancer cells in a tumor tissue. In 
contrast, the presence of immune cells including B and CD8-positive T cells, neutrophils and dendritic cells 
was negatively correlated with EPN3 expression. Infiltration of B and T cells was more obvious in the low-risk 
group while regulatory T cells and M2 macrophages were elevated in the high-risk groups (Fig. 8A,B). These data 
suggested that EPN3 expression in lung adenocarcinoma may also be related to the immune escape of tumor 
cells and the deconstruction of the immune microenvironment during metastasis development.

Discussion
For this study, we explored the high expression of EPN3 in lung adenocarcinoma, and analyzed its possible 
negative impact on the prognosis of lung adenocarcinoma patients. We also explored that EPN3 may affect 
the development of lung adenocarcinoma by mediating and regulating the occurrence of cell EMT in lung 
adenocarcinoma. We utilized the expression profile data of lung adenocarcinoma patients in the TCGA database 
and found that EPN3 expression in lung adenocarcinoma patients increased significantly compared with matched 
normal tissues. These data allowed the prognosis of patients with lung adenocarcinoma to be predicted by 
EPN3 gene expression. We found a worse prognosis for patients with high expression of EPN3. These patients 
also presented higher levels of EPN3 protein in lung adenocarcinoma tissues. EPN3 gene knockdowns reduced 
invasion and migration of A549 and H1299 cells in vitro. These results implicate EPN3 as an oncogene in lung 
adenocarcinoma. Inhibiting the expression of EPN3 can significantly reduce the spread to surrounding tissues 
and migration of lung adenocarcinoma cells.

We further found a tight linkage of EPN3 gene expression to expression of cell adhesion molecules. EMT 
results in the loss of epithelial characteristics and cell–cell connections and  adhesion6,7 and our data suggested 
that EPN3 is linked to EMT. In glioma and breast cancer, increasing EPN3 expression enhanced metastasis and 
invasion ability of tumor cells by inducing  EMT15,16. Expression of the EPN3 gene in lung adenocarcinoma 
may also be related to the EMT of lung adenocarcinoma cells that thereby enhance tumor cell invasion and 

Figure 4.  Western blot analysis of EPN3-knockdown (KD) cell lines and expression of EMT markers. The 
differences in expression level of EPN3 between normal cell, control group and EPN3-KD group in A549 
and H1299 (A,B). The differences in expression level of NCAD, ECAD and VIM between control group and 
EPN3-KD group in A549 (C,E,G). The differences in expression level of NCAD, ECAD and VIM between 
control group and EPN3-KD group in H1299 (D,F,H). NCAD, N-cadherin; ECAD, E-cadherin; VIM, vimentin. 
n = 3, *p < 0.05, **p < 0.01, ***p < 0.001.
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migration. EPN3 knockdowns in A549 and H1299 cells resulted in decreased expression of E-cadherin, a 
primary mediator of cell connection and adhesion and is an inhibitory protein for the invasion and growth of a 
variety of epithelial  tumors19–21. In A549 cells, expression of E-cadherin increased with the inhibition of EPN3 
expression although in H1299 cells, E-cadherin was not expressed. In contrast, elevation of EPN3 was positively 
correlated with N-cadherin expression which is abnormally up-regulated in metastatic tumor cells. Interestingly, 
N-cadherin synergizes with the FGF receptor that results in MMP-9 over-expression and tumor cell invasion 
that are all related to the  EMT21. We found that in A549 and H1299 cells N-cadherin decreased significantly 
with the inhibition of EPN3 expression. Another EMT related protein is vimentin that is a major component of 
intermediate filaments and an EMT  marker22. Vimentin is overexpressed in lung  cancer23,24 and its overexpression 
is closely related to tumor growth and  metastasis25–27. We found that vimentin protein expression decreased 
significantly in EPN3-KD cells consistent with the link to EMT.

We also found that ZEB1 protein expression was decreased significantly with the inhibition of EPN3 
expression in A549 and H1299 cells. ZEB family proteins inhibit E-cadherin  expression28 and these functions 
were consistent with our results. Snail is a zinc finger transcription factor that can also inhibit E-cadherin 
transcription and acts to mediate the occurrence of EMT resulting in local tumor cell  infiltration29–33. We 
found that Snail protein expression was decreased significantly in EPN3-KD cells. β-Catenin is a key effector 
molecule in Wnt signaling  pathway34 that activates ZEB1 and induces the EMT to enhance the migration and 
invasion of tumor  cells35. EPN3 belongs to the epsin family of adaptors that link PM proteins with the endocytic 
machinery. EPN3 also possess lipid-binding and membrane-bending ability. At present, studies have shown 
that EPN3 in breast cancer may regulate key EMT proteins such as ECAD, β-Catenin, to induce the occurrence 
of cell EMT  process16. This may suggest that EPN3 mediated regulation β-Catenin induced EMT may occur 
on the cell membrane in lung adenocarcinoma cells. Our results using lung adenocarcinoma cell lines A549 
and H1299 indicated β-catenin protein expression decreased significantly after the expression of EPN3 was 
inhibited. Therefore, when EPN3 expression is inhibited, the activation of WNT signal pathway mediating EMT 
is weakened, and the expression of transcription factors ZEB1 and snail that activate EMT process is significantly 
decreased. These indicated that EPN3 may induce EMT process of tumor cells through Wnt pathway regulation 
and regulation of transcription factors that mediate EMT activation in lung adenocarcinoma cells.

Figure 5.  Effects of EPN3-KD on cell migration using the indicated cell lines. The wound healing assays results 
and statistical analysis of A549 cell line (A,B). The wound healing assays results and statistical analysis of H1299 
cell line (C,D). n = 3,*p < 0.05, ***p < 0.001.
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Our GO enrichment analysis indicated that EPN3 may alter tumor immune responses in lung cancer. 
According to TIMER assays, EPN3 expression was positively correlated with the purity of the tumor; i.e., higher 
EPN3 levels indicated a greater proportion of tumor cells versus stromal cells. In contrast, B and CD8-positive 
T cells, neutrophils and dendritic cells involved in anti-tumor effect were negatively correlated indicating that 
EPN3 can inhibit the killing effect of immune cells on tumors in lung adenocarcinoma and thereby promote 
tumor growth. According to the CIBESORT results also suggested that the high-risk patient group displayed 
decreased humoral immune response (B cell infiltration) often represented a worse  prognosis36,37. However, the 
decrease of B cell content indicated that EPN3 can inhibit B cell infiltration and this is more conducive to tumor 
growth. Additionally, EPN3 regulated T cell content in the high-risk group and a decreased T cell recruitment 
promotes tumor growth. The M0 macrophage content increased in the high-risk group; however, it shows more 
M0 macrophages to be polarized to M2 subtype. M2 macrophages are immunosuppressive and allows tumor 
 growth38–41. EPN3 upregulation may inhibit the immune response to lung adenocarcinoma cells to promote 
proliferation and metastasis.

EPN3 expression in patients with lung adenocarcinoma occurred most likely via activation of the WNT/β-
Catenin signaling pathway regulates ZEB1 and Snail transcription factors that promote EMT. Our bioinformatics 
analyses indicated that in lung adenocarcinoma, EPN3 expression is linked to the immune response in tumor 
tissues and elevation of its expression may be immunosuppressive.

However, our study still has significant limitations regarding the role of EPN3 in lung adenocarcinoma. In 
this study, the impact of EPN3 expression on the clinical survival and prognosis of lung adenocarcinoma patients 
lacks systematic clinical prospective research support. Further research is needed on the molecular mechanism 
of EPN3 mediated EMT in lung adenocarcinoma and the expression of EPN3 may also regulate the growth, 
invasion, immune regulation and other processes of lung adenocarcinoma cells through other pathways, and 

Figure 6.  Crystal violet staining and quantification of EPN3-KD cell invasion experiment in Transwell plates 
and statistical analysis for the A549 and H1299 cell lines (A). Migration experiment in Transwell plates and 
statistical analysis for the A549 and H1299. n = 3, **p < 0.01.
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Figure 7.  Western blot analysis of protein expression of key EMT-related factors in EPN3-KD cell line. The 
differences in expression level of ZEB1, β-catenin and Snail between control group and EPN3-KD group in 
A549 (A). The differences in expression level of ZEB1, β-catenin and Snail between control group and EPN3-KD 
group in H1299 (B). n = 3, *p < 0.05, **p < 0.01.

Figure 8.  Tumor immunity. Linkage between EPN3 expression level and immune cell populations taken 
from LUAD patient TIMER database (A). Analysis of immune cell populations in LUAD grouped by EPN3 
expression level (B).
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further research is needed. These effects require further experimental verification and is planned for the near 
future in our laboratory.

Data availability
The original contributions presented in the study are included in the article. Gene expression and clinical data 
of LUAD patients were obtained from the University of Southern California https:// xenab rowser. net/ datap ages/ 
using the Htseq-FPKM data set in TCGA-LUAD that were transformed into TPM data using R software. Gene 
Ontology (GO) and KEGG library classifications utilizing tools from the David database https:// david. ncifc rf. 
gov/. And we have obtained KEGG usage authorization. And KEGG data comes from www. kegg. jp/ kegg/ kegg1. 
html. The TIMER database (https:// cistr ome. shiny apps. io/ timer/) was used to analyze the correlation between 
EPN3 expression and expression of immune cells in patients with LUAD. Further inquiries can be directed to 
the corresponding author.
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