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Abstract: Objectives: This study aimed to explore the diagnostic, prognostic, and therapeutic values of cadherin fam-
ily genes (CDH1, CDH2, and CDH3) in non-small cell lung cancer (NSCLC) subtypes: lung adenocarcinoma (LUAD) 
and lung squamous cell carcinoma (LUSC). Methodology: We analyzed the expression of CDH1, CDH2, and CDH3 
in LUAD and LUSC using TCGA and TIMER2 data, and evaluated protein levels through immunostaining data from 
the HPA database. Gene expression across LUAD and LUSC stages was examined using GEPIA2. Methylation and 
mutation analyses were conducted vby OncoDB and cBioPortal, respectively. Prognostic significance was assessed 
through survival analyses using the KM Plotter tool. Gene enrichment and immune infiltration correlations were 
investigated using DAVID and GSCA databases. Knockdown experiments in PC9 cells were performed to assess the 
effects of CDH1 and CDH2 on cell proliferation, colony formation, and wound healing. Results: The expression of 
CDH1, CDH2, and CDH3 was significantly elevated in both LUAD and LUSC. Methylation analysis revealed reduced 
promoter methylation of cadherin genes in tumor samples compared to normal tissues. Mutational analysis showed 
that CDH2 exhibited the highest mutation frequency (63%), followed by CDH3 (23%) and CDH1 (19%). Survival 
analysis indicated that higher expression of CDH1, CDH2, and CDH3 was associated with poor prognosis in both 
LUAD and LUSC. Knockdown of CDH1 and CDH2 in PC9 cells resulted in reduced cell proliferation, colony formation, 
and impaired wound healing, with CDH2 knockdown showing more pronounced effects. Conclusion: CDH1, CDH2, 
and CDH3 were upregulated in LUAD and LUSC, contributing to tumor progression and poor prognosis. Knockdown 
of CDH1 and CDH2 in PC9 cells impaired proliferation, colony formation, and wound healing, highlighting their po-
tential as therapeutic targets.
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Introduction

Non-small cell lung cancer (NSCLC) is the most 
common and deadly type of lung cancer [1, 2], 
accounting for approximately 85% of all cases 
worldwide [3, 4]. It is a major public health chal-
lenge with high morbidity and mortality, despite 
advances in diagnostic and therapeutic inter-
ventions [5, 6]. NSCLC includes several sub-
types, including adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma [4, 7]. 
Early detection of NSCLC remains difficult, and 

by the time the disease is diagnosed, many 
patients present with metastatic disease, lead-
ing to a poor prognosis [8, 9]. The five-year sur-
vival rate for NSCLC remains low, especially for 
patients with advanced stages of the disease 
[10, 11].

Current diagnostic strategies primarily rely on 
imaging techniques such as chest X-rays, CT 
scans, and PET scans, as well as biopsy-based 
histopathologic examination for confirmation 
[12]. However, these methods often lack sensi-
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tivity, especially in early-stage disease or small 
lesions, which contributes to a delay in diagno-
sis [13]. Additionally, molecular profiling through 
liquid biopsy and genetic testing is still in the 
early stages of adoption, with limited availabili-
ty and high cost being significant barriers in 
clinical practice [14]. On the therapeutic front, 
treatment options for NSCLC include surgery, 
chemotherapy, radiation therapy, targeted ther-
apy, and immunotherapy [15]. While targeted 
therapies and immune checkpoint inhibitors 
have shown promise, they are only effective in 
specific patient subgroups defined by molecu-
lar markers such as EGFR mutations, ALK  
rearrangements, and PD-L1 expression [16]. 
However, the efficacy of these treatments is 
limited by the development of resistance and 
the heterogeneous nature of the disease. 
Furthermore, the complexity of NSCLC sub-
types poses a significant challenge in develop-
ing universally effective therapies. Therefore, 
there is a critical need for better diagnostic bio-
markers, prognostic indicators, and therapeu-
tic targets to improve patient outcome and 
guide personalized treatment strategy [17].

The progression of NSCLC, like many other can-
cers, is driven by a series of genetic mutations 
and molecular alterations that promote uncon-
trolled cell growth, resistance to cell death, and 
metastasis [18-20]. One such group of mole-
cules that have been implicated in cancer pro-
gression are cadherins, a family of transmem-
brane glycoproteins responsible for mediating 
cell-cell adhesion [19]. Cadherins play essen-
tial roles in maintaining tissue architecture  
and cellular integrity [21, 22]. The cadherin 
family is composed of several isoforms, includ-
ing E-cadherin (CDH1), N-cadherin (CDH2), and 
P-cadherin (CDH3), each of which has distinct 
biologic functions and relevance to cancer biol-
ogy [23, 24].

E-cadherin (CDH1) is a key molecule in epithe-
lial cells that promotes cell-cell adhesion  
and inhibits cellular motility, playing a crucial 
role in maintaining tissue integrity [25]. Loss of 
E-cadherin expression is a hallmark of epitheli-
al-to-mesenchymal transition (EMT), a process 
that contributes to cancer metastasis [26]. 
Reduced expression of E-cadherin has been 
associated with poor prognosis and increased 
metastatic potential in a variety of cancers [27, 
28]. N-cadherin (CDH2), which is primarily 
expressed in mesenchymal cells, is upregulat-

ed in many cancers and is involved in promot-
ing EMT [29]. The upregulation of N-cadherin 
facilitates cellular migration and invasion, con-
tributing to cancer progression and metastasis 
[30]. Similarly, P-cadherin (CDH3) has been 
implicated in several types of cancer, including 
breast and lung cancers, and has been shown 
to play a role in tumor cell migration, invasion, 
and survival [23, 31].

Although significant progress has been made in 
understanding the role of cadherins in cancer 
biology, their full diagnostic and therapeutic 
potential, particularly in NSCLC, remains to be 
fully realized. Restoration of E-cadherin expres-
sion or inhibition of N-cadherin and P-cadherin 
signaling offers promise as a therapeutic strat-
egy to reverse EMT and prevent metastasis 
[22, 32]. However, challenges remain in trans-
lating these findings into effective clinical 
intervention.

This study aimed to analyze the diagnostic, 
prognostic, and therapeutic values of cadherin 
family genes (CDH1, CDH2, and CDH3) in 
NSCLC through both in silico [33, 34] and in 
vitro experiments [35, 36]. By investigating the 
expression patterns, functional roles, and ther-
apeutic implications of these genes, we seek to 
identify novel biomarkers for early detection 
and progression of NSCLC. Additionally, we 
aimed to explore the use of targeting cadherin-
mediated signaling pathways as a therapeutic 
approach for improving the outcomes of NSCLC 
patients. Ultimately, our research endeavors to 
contribute to the growing body of knowledge 
surrounding cadherin family genes in cancer 
biology and their application for clinical 
management.

Materials and methods

Expression landscape of cadherin genes

The expression analysis of cadherin genes 
(CDH1, CDH2, and CDH3) in LUAD and LUSC 
was conducted using publicly available data-
bases to assess both mRNA and protein expres-
sion levels. For mRNA expression data, the 
TIMER2 database (https://cistrome.shinyapps.
io/timer/) [37] was used, which provides 
immune-related gene expression profiling and 
tumor immune infiltration analysis based on 
data from The Cancer Genome Atlas (TCGA). 
This database was used in the study to analyze 
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the mRNA expression levels of CDH1, CDH2, 
and CDH3 across LUAD and LUSC samples. For 
protein expression data, the Human Protein 
Atlas (https://www.proteinatlas.org/) [38] was 
used, which offers comprehensive tissue and 
cell expression data derived from immunohis-
tochemistry (IHC) analysis. This database was 
instrumental in the work in confirming the pro-
tein expression levels of CDH1, CDH2, and 
CDH3 in LUAD and LUSC samples.

Expression analysis of cadherin gene expres-
sion across different stages of LUAD and LUSC

The GEPIA2 database (http://gepia2.cancer-
pku.cn/) [39] was used to examine the expres-
sion of these cadherin genes across different 
stages (I-IV) of LUAD and LUSC. GEPIA2 pro-
vides gene expression analysis based on data 
from TCGA and GTEx. To further investigate the 
molecular involvement of cadherin genes in 
LUAD and LUSC, we used the GSCA database 
(http://bioinfo.life.hust.edu.cn/GSCA/#/) [40] 
for Gene Set Enrichment Analysis (GSEA). GSCA 
is a web tool that provides comprehensive anal-
ysis of gene set enrichment, offering insight 
into the molecular mechanisms driving cancer.

Methylation analysis of cadherin genes in 
LUAD and LUSC

The OncoDB database (https://oncodb.org/) 
[41] was used for methylation analysis of CDH1, 
CDH2, and CDH3 in LUAD and LUSC tumors. 
OncoDB provides comprehensive cancer-relat-
ed genomic data, including methylation profiles 
of genes in various cancer types. In our study, 
the OncoDB database was employed to com-
pare the methylation levels of cadherin genes 
in tumor samples and normal tissues.

Mutational analysis of cadherin genes in LUAD 
and LUSC samples

The cBioPortal database (https://www.cbiopor-
tal.org/) [42] was used in this study to perform 
mutational analysis of CDH1, CDH2, and CDH3 
in LUAD and LUSC samples. cBioPortal is an 
online platform that provides access to a wide 
range of cancer genomic data, including muta-
tion frequencies, variant types, and copy num-
ber variations (CNVs) in various cancer types.

Prognostic analysis of cadherin genes in LUAD 
and LUSC samples

The KM Plotter tool (https://kmplot.com/analy-
sis/) [43] was used to analyze the correlation 

between the expression levels of cadherin 
genes and overall survival in LUAD and LUSC 
samples. KM Plotter is a widely used online tool 
for assessing the prognostic value of gene 
expression in cancer patients, providing surviv-
al curves by the Kaplan-Meier method.

Correlation of cadherin gene expression with 
immune inhibitors in LUAD and LUSC

The TISIDB database (http://cis.hku.hk/TISI- 
DB/) [44] was used to analyze the correlation 
between the expression of cadherin genes 
(CDH1, CDH2, and CDH3) and various immune 
inhibitors in LUAD and LUSC. TISIDB is an inte-
grated resource for studying tumor-immune 
interactions, including the relationship between 
gene expression and immune checkpoint inhib-
itors across various cancer types.

Gene enrichment analysis of cadherin genes

The DAVID tool (https://david.ncifcrf.gov/) [45] 
was employed to perform gene enrichment 
analysis for cadherin genes (CDH1, CDH2, and 
CDH3) in LUAD and LUSC. DAVID is a compre-
hensive online resource for functional annota-
tion and pathway analysis of gene lists. The 
DAVID tool was used to examine the cellular 
component, molecular function, biological pro-
cess, and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways associated with 
cadherin genes.

Correlations of cadherin gene expression with 
immune infiltrates and drug sensitivity

The GSCA database (http://bioinfo.life.hust.
edu.cn/GSCA/) [40] was used to assess the 
correlation between cadherin gene expression 
and immune infiltrates in LUAD and LUSC, as 
well as to analyze the potential drug sensitivity 
associated with these genes. The GSCA data-
base provides comprehensive cancer-related 
datasets and tools for exploring gene expres-
sion, immune infiltrates, and drug responses.

Cell culture, transfection, and expression 
analysis

PC9 cells (purchased from ATCC, USA) were cul-
tured in RPMI-1640 medium (Thermo Fisher 
Scientific, Catalog No. 11875093) supplement-
ed with 10% fetal bovine serum (FBS) (Ther- 
mo Fisher Scientific, Catalog No. 16000044) 
and 1% penicillin-streptomycin (Thermo Fisher 
Scientific, Catalog No. 15140122) at 37°C in a 
5% CO2 incubator.
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The cells were transfected with small interfer-
ing RNAs (siRNAs) targeting CDH1 and CDH2 
(Thermo Fisher Scientific, Catalog Nos. AM- 
16708 and AM16702) using Lipofectamine™ 
RNAiMAX Transfection Reagent (Thermo Fisher 
Scientific, Catalog No. 13778150) according to 
the manufacturer’s protocol. A non-targeting 
control siRNA was used as a negative control. 
The final siRNA concentration used was 20 nM 
for each gene.

Total RNA was isolated from PC9 cells using the 
RNAqueous™ Total RNA Isolation Kit (Thermo 
Fisher Scientific, Catalog No. AM1912) follow-
ing the manufacturer’s instructions. The isolat-
ed RNA was reverse transcribed into comple-
mentary DNA (cDNA) using the High-Capacity 
cDNA Reverse Transcription Kit (Thermo Fisher 
Scientific, Catalog No. 4368814) as per the 
manufacturer’s instructions. Briefly, 1 µg of 
RNA was used in a 20 µL reaction mixture, 
which was incubated at 25°C for 10 minutes, 
37°C for 120 minutes, and then 85°C for 5 
minutes to inactivate the reverse transcript- 
ase.

mRNA expression of CDH1 and CDH2 was 
quantified using the PowerUp™ SYBR™ Green 
Master Mix (Thermo Fisher Scientific, Catalog 
No. A25742). Reactions were performed using 
a 20 µL reaction volume consisting of 10 µL 
PowerUp™ SYBR™ Green Master Mix, 1 µL 
cDNA, and 0.2 µM primers for CDH1, CDH2, 
and GAPDH (Thermo Fisher Scientific, Catalog 
Nos. Hs01023894_m1, Hs00983056_m1, 
and Hs02786624_g1, respectively). Data were 
normalized to GAPDH expression, and relative 
gene expression was determined using the 
2-ΔΔCt method.

Total protein was extracted from the transfect-
ed PC9 cells using the RIPA Lysis and Extraction 
Buffer (Thermo Fisher Scientific, Catalog No. 
89900) supplemented with a protease inhibitor 
cocktail (Thermo Fisher Scientific, Catalog No. 
78443). The protein concentration was deter-
mined using the Pierce™ BCA Protein Assay Kit 
(Thermo Fisher Scientific, Catalog No. 23225). 
Equal amounts of protein (30 µg) were sepa-
rated by SDS-PAGE on 10% gels and trans-
ferred onto a PVDF membrane (Thermo Fisher 
Scientific, Catalog No. 88518). The membranes 
were blocked with 5% non-fat dry milk in TBS 
with 0.1% Tween-20 for 1 hour at room temper-
ature. After blocking, the membranes were 

incubated with primary antibodies against 
CDH1 (Thermo Fisher Scientific, Catalog No. 
32-1700) and CDH2 (Thermo Fisher Scientific, 
Catalog No. TA503933) at 1:1000 dilution over-
night at 4°C. After washing, the membranes 
were incubated with secondary antibody 
(Thermo Fisher Scientific, Catalog No. 31430) 
at a 1:5000 dilution for 1 hour at room tem-
perature. Protein bands were detected using 
the Pierce™ ECL Western Blotting Substrate 
(Thermo Fisher Scientific, Catalog No. 32209).

Cell proliferation assay

Cell proliferation was assessed by measuring 
the levels of CDK-8 expression in PC9 cells 
using a CDK-8 ELISA kit (Thermo Fisher 
Scientific, Catalog No. PV4402). PC9 cells were 
seeded at 1 × 104 cells/well in a 96-well plate 
and transfected with CDH1 and CDH2 siRNAs. 
After 24-, 48-, and 72-hour post-transfection, 
the cell culture supernatant was collected for 
analysis. The levels of CDK-8 were determined 
according to the manufacturer’s protocol, which 
involves binding of the CDK-8-specific antibody 
to the immobilized antigen. The reaction was 
developed using a substrate solution, and the 
absorbance was measured at 450 nm using a 
microplate reader. The relative CDK-8 levels 
were normalized to the control group to assess 
the effect of the gene knockdown on cell 
proliferation.

Colony formation assay

PC9 cells were seeded at 500 cells per well in  
a 6-well plate and allowed to form colonies  
for 10-14 days. Colonies were fixed with 4% 
paraformaldehyde (Thermo Fisher Scientific, 
Catalog No. 28908) and stained with 0.1% 
crystal violet (Thermo Fisher Scientific, Catalog 
No. C3886). Colonies were counted using 
ImageJ software (NIH) to quantify the number 
of colonies formed.

Wound healing assay

PC9 cells were grown in a 6-well plate to 90% 
confluency. A linear scratch was created using 
a sterile 200 µL pipette tip, and the wells were 
washed with PBS (Thermo Fisher Scientific, 
Catalog No. 10010023) to remove any 
detached cells. Cells were incubated in RPMI-
1640 medium supplemented with 2% FBS. 
Images of the wound area were captured at 0 
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and 24 hours using a light microscope (Thermo 
Fisher Scientific, Catalog No. ECLIPSE TS100). 
The percentage of wound closure was calculat-
ed by comparing the initial wound area to the 
remaining open area at each time point.

Statistical analysis

Statistical analysis was performed using 
GraphPad Prism software (Version 9.5.1). Data 
were expressed as mean ± standard deviation 
(SD) from at least three independent biological 
replicates. Comparisons between two groups 
were performed using an unpaired Student’s 
t-test, and multiple group comparisons were 
analyzed using one-way or two-way analysis  
of variance (ANOVA) followed by Tukey’s post 
hoc test. Correlations between gene expres-
sion and clinical data were evaluated using 
Pearson’s correlation coefficient. Survival anal-
ysis was conducted using the Kaplan-Meier 
method, and differences in overall survival 
were assessed using the log-rank test. 
Statistical significance was set at *P < 0.05, 
**P < 0.01, and ***P < 0.001.

Results

Expression landscape of cadherin genes

The expression levels of cadherin genes (CDH1, 
CDH2, and CDH3) were analyzed across NSCLC 
subtypes (LUAD and LUSC), using data from 
TCGA datasets by the TIMER2 database. 
Results showed that CDH1, CDH2, and CDH3 
exhibited significantly (p-value < 0.05) elevat- 
ed expression levels in LUAD and LUSC sam-
ples (Figure 1A), indicating a potential involve-
ment of these genes in the tumorigenesis and 
progression of NSCLC. Furthermore, protein 
expression analysis using IHC data from the 
HPA database revealed that the protein levels 
of CDH1, CDH2, and CDH3 were also high in 
both LUAD and LUSC samples (Figure 1B). 
These results are consistent with the mRNA 
expression data and suggest that the cadherin 
family genes are upregulated in NSCLC, and 
contribute to the malignant characteristics of 
these tumors.

Expression of cadherin genes across different 
stages of LUAD and LUSC

The expression of cadherin genes (CDH1, 
CDH2, and CDH3) was analyzed across differ-

ent stages (I-IV) of both LUAD and LUSC using 
the GEPIA2 database. The analysis revealed 
that there were no significant stage-dependent 
variations in the expression of these genes in 
either LUAD or LUSC. For LUAD, the F-values for 
CDH1, CDH2, and CDH3 were 0.567 (Pr(>F) = 
0.637), 0.789 (Pr(>F) = 0.501), and 1.81 (Pr(>F) 
= 0.145), respectively, indicating no significant 
differences in expression across stages (Figure 
2A). Similarly, for LUSC, the F-values for CDH1, 
CDH2, and CDH3 were 1.3 (Pr(>F) = 0.273), 
0.181 (Pr(>F) = 0.91), and 2.42 (Pr(>F) = 
0.0657), showing no stage-specific expression 
patterns (Figure 2A). GSEA analysis via the 
GSCA database revealed significant enrich-
ment of CDH1, CDH2, and CDH3 in LUAD, with 
enrichment scores above 0.25 for each gene 
(Figure 2B). This indicates that cadherin genes 
are involved in the molecular processes driving 
LUAD, and may contribute to the pathogenesis 
of the disease.

Methylation analysis of cadherin genes in 
LUAD and LUSC

The methylation analysis (promoter and gene 
body) of cadherin genes (CDH1, CDH2, and 
CDH3) in LUAD and LUSC tumors by the OncoDB 
database revealed lower methylation levels in 
tumor samples compared to normal tissues. In 
both LUAD and LUSC, methylation levels were 
significantly (p-value < 0.05) reduced in the 
promoter regions of these genes, indicating 
hypomethylation in the tumor samples (Figure 
3). This suggests that the reduced promoter 
methylation of cadherin genes in both LUAD 
and LUSC may be an important factor in their 
altered expression.

Mutational landscape of cadherin genes in 
LUAD and LUSC

Mutational analysis of cadherin family genes 
(CDH1, CDH2, and CDH3) was performed in 
LUAD and LUSC samples using the cBioPortal 
database. In the analyzed samples, CDH1, 
CDH2, and CDH3 were found to have varying 
mutation frequencies. CDH2 exhibited the high-
est mutation frequency, with 63% of the sam-
ples showing alterations, followed by CDH3 
with 23% and CDH1 with 19% (Figure 4A). 
Among the observed mutations, missense 
mutations were the most prevalent type, while 
nonsense mutations and frameshift deletions 
were less common (Figure 4B). In terms of vari-



Cadherin genes for diagnosis and therapy in NSCLC

3723 Am J Transl Res 2025;17(5):3718-3737

Figure 1. Expression landscape of cadherin family genes in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). A. The expression levels of 
CDH1, CDH2, and CDH3 were analyzed across LUAD and LUSC samples using The Cancer Genome Atlas (TCGA) datasets. B. Protein expression analysis by im-
munohistochemistry (IHC) data from the Human Protein Atlas (HPA) database revealed high protein levels of CDH1, CDH2, and CDH3 in LUAD and LUSC samples. 
*P-value < 0.05, **P-value < 0.01, and **P-value < 0.001.
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Figure 2. Expression of cadherin genes across different stages of in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). A. The expression of 
CDH1, CDH2, and CDH3 was analyzed across different stages (I-IV) of LUAD and LUSC using the Gene Expression Profiling Interactive Analysis (GEPIA2) database. 
B. Gene set enrichment analysis (GSEA) via the Gene Set Cancer Analysis (GSCA) database revealed significant enrichment of CDH1, CDH2, and CDH3 in LUAD and 
LUSC. P-value < 0.05.
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Figure 3. Methylation analysis of cadherin genes in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). Methylation analysis of CDH1, CDH2, 
and CDH3 in LUAD and LUSC tumors was performed using the OncoDB database. P-value < 0.05.
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Figure 4. Mutational landscape of cadherin family genes in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). A. Mutational frequencies of 
CDH1, CDH2, and CDH3 in LUAD and LUSC samples were analyzed using the cBioPortal database. B. Types of mutations observed in cadherin genes. C. Somatic 
mutation rates in cadherin genes. D. Copy number variations (CNVs) of cadherin genes.
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ant types, single nucleotide polymorphisms 
(SNPs), especially T>C substitutions, were the 
most frequent, contributing significantly to the 
overall mutational landscape (Figure 4B). The 
somatic mutation rate was highest in CDH2, 
with 5.29% of the samples showing somatic 
mutations (Figure 4C). Missense mutations 
were primarily observed in this gene, spread 
across various regions. On the other hand, 
CDH1 and CDH3 had lower somatic mutation 
rates (1.06% and 1.59%, respectively), with 
missense mutations again being the dominant 
type in both genes (Figure 4C). Regarding CNVs, 
both LUAD and LUSC samples showed signifi-
cant amplification and deletion events in cad-
herin family genes. CDH2 was notably amplified 
in both LUAD and LUSC, with a higher frequency 
of heterozygous amplifications observed, par-
ticularly in LUAD (Figure 4D). CDH1 showed a 
moderate frequency of amplifications in LUAD, 
while CDH3 displayed a combination of homo-
zygous deletions and heterozygous amplifica-
tions in LUSC (Figure 4D).

Prognostic values of cadherin genes in LUAD 
and LUSC

The analysis of the prognostic value of cadherin 
family genes in NSCLC (LUAD and LUSC) was 
performed using the KM plotter tool. In LUAD 
samples, high expression of CDH1 was associ-
ated with a significantly worse overall survival 
(HR = 1.33, logrank P = 2.9e-06) (Figure 5A), 
indicating that higher CDH1 expression may act 
as a negative prognostic factor. Similarly, CDH2 
showed that higher expression was associated 
with poor prognosis (HR = 1.26, logrank P = 
0.00014) (Figure 5A), while CDH3 expression 
also significantly correlated with reduced sur-
vival (HR = 1.22, logrank P = 0.00092) (Figure 
5A). For LUSC, CDH1 expression showed an 
even stronger association with poor prognosis 
(HR = 1.48, logrank P = 7.3e-06) (Figure 5B), 
suggesting it may be a more critical prognostic 
marker in LUSC. The expression of CDH2 (HR = 
1.19, logrank P = 0.041) and CDH3 (HR = 1.19, 
logrank P = 0.042) were also correlated with 
worse overall survival in LUSC (Figure 5B).

Correlation of cadherin gene expression with 
immune inhibitors in LUAD and LUSC

The correlations between cadherin genes and 
various immune inhibitors in LUAD and LUSC 
were analyzed using TISIDB database. The cor-

relation results suggested positive correlations 
between the expression of cadherin genes and 
immune inhibitors in both LUAD and LUSC 
(Figure 6A). For example, in LUAD, CDH1 
expression showed a moderate positive corre-
lation with VTCN1 (rho = 0.163, P = 0.000193) 
(Figure 6B), indicating that higher expression of 
CDH1 was associated with increased expres-
sion of VTCN1. Similarly, CDH2 expression cor-
related positively with VTCN1 (rho = 0.214, P = 
9.34e-07), and CDH3 expression showed a 
slightly stronger positive correlation with VTCN1 
(rho = 0.22, P = 4.7e-07) (Figure 6B). In LUSC, 
the same trends were observed, with CDH1 
positively correlating with VTCN1 (rho = 0.32, P 
= 3.06e-13), CDH2 showing a positive correla-
tion with VTCN1 (rho = 0.214, P = 9.34e-07), 
and CDH3 showing a slightly weaker correlation 
with VTCN1 (rho = 0.199, P = 7.35e-06) (Figure 
6B).

Gene enrichment analysis of cadherin genes

The gene enrichment analysis by the DAVID tool 
revealed several key findings across different 
categories. The cellular component terms high-
lighted a strong involvement of cell junctions, 
with terms such as “zonula adherens”, “focal 
adhesion”, “membrane microdomain”, and 
“adhesion junction” showing significant enrich-
ment (Figure 7A). Molecular function terms 
demonstrated enrichment in categories like 
“cadherin binding”, “integrin binding”, “tyrosine 
kinase binding”, and “protein kinase binding 
(Figure 7B)”. Biological process terms showed 
enrichment in processes like “cell junction 
assembly”, “canonical Wnt signaling pathway”, 
and “cell adhesion (Figure 7C)”. These enriched 
terms suggested that key cellular processes 
involving adhesion and Wnt signaling were sig-
nificantly impacted in the samples. Finally, 
KEGG pathway analysis revealed the enrich-
ment of pathways such as “adhesions junc-
tion”, “gastric cancer”, and “prostate cancer 
(Figure 7D)”.

Correlations of cadherin gene expression with 
immune infiltrates and drug sensitivity

A correlation between cadherin gene expres-
sion and immune infiltrates was assessed in 
LUAD and LUSC using the GSCA database. In 
LUAD, several negative correlations were 
observed between the expression of CDH1, 
CDH2, and CDH3 and specific immune cell 
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Figure 5. Prognostic values of cadherin genes in lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC). A. Kaplan-Meier survival analysis of CDH1, 
CDH2, and CDH3 expression in LUAD samples. B. Kaplan-Meier survival analysis of CDH1, CDH2, and CDH3 expression in LUSC samples. P-value < 0.05.
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types, including NK and MAIT cells (Figure 8A). 
In LUSC, the negative correlations between 
cadherin genes and immune infiltrates were 
more pronounced for CDH1, CDH2, and CDH3. 
These genes showed significant negative rela-
tionships with various immune cells such as 
gamma_delta cells and Th1 cells (Figure 8B). In 
the analysis of cadherin gene expression and 
drug sensitivity, significant positive correlations 
were found for all three cadherin genes (CDH1, 
CDH2, and CDH3) with various drugs, including 
8-oxo-dG, IWR-1, and AZD-0530 (Figure 8C). 
These results indicated that elevated expres-
sion of cadherin genes may contribute to resis-
tance against these therapeutic agents, sug-

gesting they have a role in influencing drug 
response.

Knockdown effects of CDH1 and CDH2 on, 
cell proliferation, colony formation, and wound 
healing in PC9 cells

In the final part of the study, the effects of 
CDH1 and CDH2 knockdown on various cellular 
processes in PC9 cells were investigated. After 
knockdown experiments, we observed a signifi-
cant (p-value < 0.001) reduction in mRNA 
expression of CDH1 and CDH2 (Figure 9A). This 
was confirmed by western blot analysis, which 
showed a corresponding decrease in CDH1 and 

Figure 6. Correlation of cadherin gene expression with immune inhibitors in lung adenocarcinoma (LUAD) and lung 
squamous cell carcinoma (LUSC). A. Correlation analysis between cadherin genes and immune inhibitors in LUAD 
and LUSC using the TISIDB database. B. Correlations between cadherin genes and selective immune inhibitors in 
LUAD and LUSC. P-value < 0.05.
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Figure 7. Gene enrichment analysis of cadherin genes. A. Cellular component enrichment terms. B. Molecular function enrichment terms. C. Biological process 
enrichment terms. D. KEGG pathway enrichment analysis. P-value < 0.05.
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Figure 8. Correlations of cadherin gene expression with immune 
infiltrates and drug sensitivity. A. Correlations of cadherin gene 
expression with immune infiltrates in lung adenocarcinoma 
(LUAD). B. Correlations of cadherin gene expression with immune 
infiltrates in lung squamous cell carcinoma (LUSC). C. Correlation 
analysis between cadherin gene expression and drug sensitivity. 
P-value < 0.05.
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CDH2 protein levels in the knockdown cells 
(Figure 9B and Supplementary Figure 1). 
Furthermore, cell proliferation was significantly 
impaired in both CDH1 and CDH2 knockdown 
cells, with the CDH2 knockdown leading to a 
greater reduction in proliferation (Figure 9C). 
Colony formation assays demonstrated that 
both knockdowns reduced colony numbers, 
especially in CDH2-silenced cells, which formed 
fewer colonies (Figure 9D, 9E). Additionally, 
wound healing assays revealed that both CDH1 
and CDH2 knockdowns significantly hindered 
wound closure, with the CDH2 knockdown 
showing the most severe delay in closure 
(Figure 9F-H).

Discussion

Non-small cell lung cancer (NSCLC) is the most 
prevalent form of lung cancer, accounting for 
approximately 85% of all lung cancer cases 
[46-49]. It is classified into two major subtypes: 
lung adenocarcinoma (LUAD) and lung squa-
mous cell carcinoma (LUSC) [50]. Despite 
advancements in treatment, the prognosis for 
NSCLC patients remains poor, primarily due to 
late-stage diagnosis, resistance to therapy, 
and metastatic spread [51]. Given the complex-
ity of the molecular mechanisms driving tumori-
genesis and progression in NSCLC, a deeper 
understanding of the genetic and epigenetic 

Figure 9. Knockdown effects of CDH1 and CDH2 on cell proliferation, colony formation, and wound healing in PC9 
cells. A. mRNA expression levels of CDH1 and CDH2 after knockdown. B. Western blot analysis confirming the corre-
sponding decrease in CDH1 and CDH2 protein levels in knockdown cells. C. Cell proliferation assays showing signifi-
cant impairment in cell growth following CDH1 and CDH2 knockdown. D, E. Colony formation assays demonstrating 
that both knockdowns reduced colony numbers. F-H. Wound healing assays showing significant delays in wound 
closure in both CDH1 and CDH2 knockdown cells. ***P-value < 0.001.
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alterations associated with the disease is 
essential for identifying therapeutic targets 
[52-54].

Cadherin family proteins, including CDH1 
(E-cadherin), CDH2 (N-cadherin), and CDH3 
(P-cadherin), play pivotal roles in cell-cell adhe-
sion and tissue architecture [22]. Their dysreg-
ulation and roles in cell proliferation and migra-
tion has been rarely implicated in different 
malignancies, including NSCLC [24, 55]. The 
proliferation, migration, and invasion of NSCLC 
cells mediated by CDH1, CDH2, and CDH3 are 
likely influenced by several key signaling path-
ways, including the Wnt/β-catenin pathway, 
epithelial-mesenchymal transition (EMT), and 
other related pathways [22, 32]. Recent studies 
have highlighted the involvement of cadherin 
genes in regulating the Wnt/β-catenin path- 
way, where CDH1 has been shown to inhibit 
β-catenin-mediated transcriptional activation, 
thereby controlling cell proliferation and surviv-
al in cancer cells [22, 32]. Additionally, cadher-
ins, particularly CDH2 (N-cadherin), play a piv-
otal role in promoting EMT, a process that 
enhances cell migration and invasion by alter-
ing cell-cell adhesion [22, 32]. Furthermore, 
cadherins are also implicated in TGF-β and 
Notch signaling pathways, both of which are 
involved in the regulation of cellular differentia-
tion, migration, and metastasis, further sup-
porting their use as therapeutic targets in 
NSCLC [21, 23].

This study aimed to investigate the expression, 
methylation, mutational landscape, and prog-
nostic value of cadherin genes in LUAD and 
LUSC [56]. By understanding the role of cadher-
ins in NSCLC, we hope to uncover novel molec-
ular pathways that could be targeted for thera-
peutic intervention. The study also explored the 
effects of CDH1 and CDH2 knockdown on cel-
lular processes such as proliferation, colony 
formation, and wound healing in PC9 cells, a 
commonly used NSCLC cell line.

Our results revealed that CDH1, CDH2, and 
CDH3 were significantly upregulated in both 
LUAD and LUSC samples. These findings were 
in line with previous studies showing that cad-
herins, particularly CDH1 and CDH2, are often 
upregulated in various cancers. For example, a 
study demonstrated increased CDH1 expres-
sion in breast cancer, particularly in advanced-
stage tumors [57]. Similarly, another study 

found that CDH2 overexpression in breast was 
associated with worse prognosis, aligning with 
our finding of a possible role for CDH2 in driving 
the malignancy of LUAD and LUSC [58]. 
However, one novel aspect of our study is the 
inclusion of CDH3 in our analysis, which, to our 
knowledge, has not been as extensively stud-
ied in the context of NSCLC. 

Our analysis of promoter methylation in LUAD 
and LUSC revealed hypomethylation of cad-
herin genes, which is consistent with earlier 
studies. For example, a previous study showed 
that hypomethylation of CDH1 was associated 
with increased expression and cancer progres-
sion in various tumor types, including lung can-
cer [59]. Similarly, another study found the 
reduced methylation levels in the promoter 
regions of cadherin genes, correlating with 
tumorigenesis in NSCLC [60]. Our results not 
only confirm these previous findings but also 
extend them by including CDH2 and CDH3, 
which have not been studied as extensively in 
terms of methylation status in NSCLC.

Our study highlights that cadherin gene expres-
sion may be a prognostic biomarker in NSCLC. 
We found that higher expression of CDH1, 
CDH2, and CDH3 was significantly associated 
with worse survival outcomes in both LUAD and 
LUSC. Previous studies have also linked cad-
herin expression to poor prognosis in various 
cancers. For instance, a study demonstrated 
that increased CDH1 expression was associat-
ed with poor survival in NSCLC [61]. Similarly, 
another study found that overexpression of 
CDH2 was correlated with reduced survival in 
breast patients [62]. Our study reinforced these 
findings but extended them by systematically 
analyzing the three cadherin genes (CDH1, 
CDH2, and CDH3) in both LUAD and LUSC and 
linking their expression to prognosis across 
both subtypes of NSCLC. A unique aspect of 
our study was the use of comprehensive sur-
vival analysis for all three cadherin genes 
across both LUAD and LUSC, offering a more 
nuanced view of their prognostic value. 
Additionally, we observed that CDH1 showed  
an even stronger association with poor progno-
sis in LUSC compared to LUAD, which contrasts 
with the findings of a previous study [63],  
that reported a similar trend but in a different 
cohort of lung cancer patients. Our study pro-
vides more robust evidence for CDH1 as a prog-
nostic marker specifically for LUSC, suggesting 
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that subtype-specific differences in cadherin 
expression should be further explored.

Our findings on the correlation between cad-
herin gene expression and immune inhibitors 
add a novel layer to the understanding of cad-
herin-mediated immune regulation in NSCLC. 
Previous studies have shown that cadherins 
can influence immune cell recruitment and 
adhesion [64, 65]. In our study, we found posi-
tive correlations between cadherin expression 
and immune inhibitors like VTCN1 in both LUAD 
and LUSC, which may suggest a role for cadher-
ins in modulating immune responses in NSCLC. 
This correlation may have implications for 
immune checkpoint therapy, although more 
research is needed to elucidate the functional 
significance of this relationship. Our analysis of 
cadherin gene expression and drug sensitivity 
also presents a novel finding. We observed that 
elevated expression of all three cadherin genes 
correlated with resistance to several therapeu-
tic agents. This highlights the potential of  
cadherins as biomarkers for predicting drug 
response in NSCLC, suggesting that targeting 
cadherin pathways may enhance the efficacy of 
certain therapies, an underappreciated con-
cept in lung cancer treatment.

Despite the comprehensive nature of our study, 
several limitations should be acknowledged. 
First, our analysis primarily relied on publicly 
available datasets, which may have inherent 
biases due to sample composition or data pre-
processing methods, limiting the generalizabil-
ity of our findings. Additionally, the cross-sec-
tional nature of our data does not allow for 
causal inference, and the absence of functional 
validation experiments (e.g., RNA interference 
or CRISPR-based knockout) to confirm the role 
of cadherin genes in NSCLC progression limits 
the interpretation of their precise mechanisms. 
Moreover, while we have provided evidence for 
the prognostic significance of cadherin expres-
sion in both LUAD and LUSC, the influence of 
confounding factors, such as patient treatment 
history, comorbidities, and tumor microenviron-
ment, was not accounted for in our analysis. 
Moreover, future work involving larger clinical 
cohorts will be crucial for the robustness of our 
results. Future prospective studies with larger 
cohorts and experimental validation are neces-
sary to confirm the clinical relevance of cadher-
ins and to explore their therapeutic use in 
NSCLC.

Conclusion

Our study provided compelling evidence that 
cadherin family genes (CDH1, CDH2, and CDH3) 
are upregulated in NSCLC and are associated 
with poor prognosis, particularly in LUAD and 
LUSC. Our findings not only corroborated previ-
ous studies but also contributed new insight 
into the role of CDH3 as a candidate therapeu-
tic target. The correlation with immune inhibi-
tors and drug sensitivity further highlighted the 
clinical relevance of these genes, offering new 
avenues for the development of personalized 
treatment in NSCLC.
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Supplementary Figure 1. Uncut western blot bands of CDH1, CDH2, and GAPDH.


