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Abstract: Background: Lung adenocarcinoma (LUAD) remains the most common type of lung cancer and is associ-
ated with distant metastasis and poor prognosis. Epithelial-mesenchymal transition (EMT) plays crucial roles in 
carcinogenesis, embryogenesis, and wound healing. EMT-related molecules may be adopted for early diagnosis and 
prognosis of cancer and targeting them may constitute an attractive strategy for treatment. This study aims to iden-
tify the EMT-related long non-coding RNAs (lncRNAs) and develop a risk signature to accurately predict the prognosis 
of LUAD patients. Methods: The RNA-seq data and corresponding clinical profiles were obtained from LUAD cohort of 
The Cancer Genome Atlas (TCGA) database. EMT-related lncRNAs significantly associated with prognosis were iden-
tified by Pearson correlation analysis and univariate regression analysis. Subsequently, an EMT-related prognostic 
risk signature was developed through LASSO and multivariate regression analyses. Kaplan Meier and receiver op-
erating characteristic curve analysis were implemented to assess the predictive performance of the signature. The 
nomogram was constructed to predict the 1-year, 3-year, and 5-year overall survival of LUAD patients. Additionally, 
enrichment analyses were carried out to identify probable biologic processes and cellular pathways involved in the 
signature. The correlation of immune cell infiltration and risk score was also evaluated by CIBERSORT algorithm. 
Finally, we constructed a ceRNA network to further study possible downstream targets and molecular mechanisms 
of EMT-related lncRNAs in LUAD. Results: Eight EMT-related lncRNAs were identified to develop a prognostic risk 
signature in LUAD. Patients with high-risk scores had worse survival outcomes than those with low-risk scores. The 
signature showed robust predictive potential, and was verified to be an independent prognostic factor. Moreover, 
the risk score based on the signature was significantly correlated with immune cell infiltration in LUAD. Conclusions: 
We established and validated a prognostic signature that reflects the tumor microenvironment characteristics and 
predicts the outcomes for LUAD.
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Introduction

As the second most commonly diagnosed can-
cer, lung cancer was the top cause of cancer-
related deaths both in men and women in 2021 
[1]. Millions of new cases are diagnosed with 
lung cancer every year, and frustratingly, the 
disease is always associated with poor progno-
sis and high cost. Lung adenocarcinoma (LUAD) 
remains the most diagnosed histologic subtype 
of lung cancer, comprising around 40% of all 
cases. Despite advances in treatment strate-
gies over the past few years, the prognosis of 

LUAD patients is still unsatisfactory [2]. Genetic 
alterations are crucial in biologic pathways  
during carcinogenesis, and further induce the 
recurrence of cancer and reduce the survival 
rate [3].

Thus, it is essential to identify molecular mark-
ers that, together, constitute a prognostic risk 
signature.

Defined as the interaction between basement 
membrane and polarized epithelial cells, epi-
thelial-mesenchymal transition (EMT) occurs 
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during wound healing, fibrosis, organ develop-
ment, and embryogenesis, and cells are mor-
phologically dedifferentiated from an epithelial 
to a mesenchymal phenotype, including a low 
expression level of E-cadherin and high expres-
sion level of N-cadherin, vimentin, and cellular 
proteases [4]. More notably, the dysregulation 
of EMT is involved in carcinogenesis and pro-
gression of cancers, including the resistance  
to anti-tumor drugs, invasion, and metastasis 
[5]. EMT is regulated by a variety of genes  
that originate from the tumor stroma to aff- 
ect the progression of cancer [6]. Next-genera- 
tion sequencing enables the comprehensive 
genomic atlas of cancer to be extensively stud-
ied. Specific genomic constitutents, including 
long non-coding RNA (lncRNA), mRNA, and mi- 
croRNA, provide insight into tumor molecular 
characteristics [7]. The lncRNAs are implicated 
in tumor progression and may have prognostic 
value in cancer [8, 9]. Notably, EMT-related 
lncRNAs play critical roles in the processes 
[10]. For example, ADAMTS9-AS1 has been 
reported to be related to lymph node metasta-
sis and prognosis in colorectal cancer [11]. 
Upregulation of PTAR can facilitate EMT and 
metastasis in the progression of ovarian can-
cer [12].

Given the critical roles of EMT and lncRNAs in 
carcinogenesis and progression of cancer, our 
study aims to explore the prognostic value of 
EMT-related lncRNAs in LUAD. We downloaded 
the RNA-seq data from The Cancer Genome 
Atlas (TCGA) database to develop and validate 
a risk signature with EMT-related lncRNAs for 
LUAD. A lncRNA-mediated ceRNA network was 
also constructed to further explore the down-
stream targets and molecular mechanisms of 
EMT-related lncRNAs in LUAD.

Materials and methods

Data collection

The 200 genes related to EMT were obtained 
from the MSigDB v7.2. The RNA-seq expression 
information and corresponding clinical profiles 
of LUAD samples were obtained from the TCGA 
database. Totally, 492 LUAD samples with com-
plete survival data and OS more than 30 days 
were included and randomly divided into train-
ing and testing datasets in a 3:1 ratio.

Correlation analysis

The EMT-related lncRNAs were determined 
using Pearson’s correlation analysis (correla-
tion coefficient |R|>0.5 and P<0.01).

Construction of a prognostic signature

We used univariate Cox analysis to determine 
the EMT-related lncRNAs that were closely 
related to OS using the “survival” package in 
the training dataset (P<0.05). The candidate 
lncRNAs were defined as risk-related ones  
with hazard ratios (HRs) HRs>1 and protec- 
tive ones (HRs<1). The “glmnet” package was 
used to perform LASSO regression analysis 
with the candidate lncRNAs. As a type of linear 
regression, LASSO is a form of compression 
estimation that can produce a more refined sig-
nature by setting up a penalty function, that 
can compress certain coefficients by defining 
others as zero, gaining the advantage of sub- 
set shrinkage. Subsequently, 20 lncRNAs were 
analyzed by multivariate Cox regression analy-
sis to determine the independent prognostic 
factors using the “survminer” package. Finally, 
eight EMT-related lncRNAs were identified to 
construct a prognostic signature. The formula 
based on the regression coefficient and expres-
sion of each lncRNA is shown below.

Risk Score = 0.033460557 * AP000695.6 + 
0.065258036 * AGAP2-AS1 + 0.19135319 * 
RP11-342K6.1 + (-0.069681386) * LINC01128 
+ (-0.151082575) * CRNDE + (-0.016143386) 
* TRG-AS1 + (-0.005174436) * RP11-116O18.1 
+ (-0.118042351) * LINC00892.

Verification of the prognostic signature

The risk score of each sample was calculated 
using the formula above. Then the samples 
were classified into the high and low-risk gr- 
oups according to the median risk score. A 
scatter plot was applied to show the correla- 
tion between the survival status and risk score. 
Kaplan-Meier survival curve analysis was used 
to compare the survival of patients between 
the two risk groups. The predictive accuracy of 
the signature was assessed using receiver-
operating characteristic (ROC) curves. ROC cur- 
ves were used to evaluate the effectiveness  
of the risk score, and area under the curve  
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(AUC) was calculated by the “survivalROC” R 
package.

Correlation of clinicopathologic characteristics 
and risk scores

Chi-square test was performed to explore the 
correlation of risk scores with clinicopathologic 
characteristics, including age (<65/≥65 years), 
gender (female/male), tumor stage (stage I/II/
III/IV), TNM stage (TI/T2/T3/T4, N0/N1/N2/
N3, and M0/M1).

Establishment and verification of the nomo-
gram

To predict the probable 1, 3, and 5-year OS of 
LUAD patients, we constructed a prognostic 
nomogram model using the “rms” R package 
based on traditional clinical variables related  
to prognosis and risk score. Then, calibration 
plots and time-dependent ROC curves were 
performed to assess the performance of the 
prognostic nomogram.

Functional enrichment analysis

The “limma” R package was used to determine 
the differentially expressed genes (DEGs) bet- 
ween the two risk groups using |logFC|>0.5 
and P<0.05. Subsequently, the “clusterProfiler” 
R package was used to perform Gene Ontology 
(GO) enrichment analysis of DEGs to identify 
biologic processes, cellular components, and 
molecular functions. Kyoto Encyclopedia of Ge- 
nes and Genomes (KEGG) analysis was used to 
explore the potential enriched signaling path-
ways. We also performed the Gene Set En- 
richment Analysis (GSEA) to explore biologic 
pathways and functions related to low and 
high-risk groups.

Correlation of the signature and immune cell 
infiltration

To identify the correlation between the risk 
group and immune cell infiltration, the CIBER- 
SORT algorithm was performed to define the 
proportion of 28 immune cells acquired from 
gene expression profiles. CIBERSORT is a meth-
od for characterizing cell composition of com-
plex tissues from their gene expression profiles. 
Wilcoxon rank-sum test was used to determine 
immune cells that had different infiltration le- 
vel between the high and low-risk groups. Pear- 
son correlation coefficient was performed to 

explore the relationship between each signa-
ture lncRNA and immune cells.

Construction of the ceRNA network and func-
tional enrichment analysis

The miRcode database was downloaded from 
the website (http://www.mirco de.org/), and 
used to determine miRNAs that interacted with 
the lncRNAs. Finally, 18 pairs of interactions in 
eight miRNAs and five lncRNAs were identified. 
Subsequently, the correlation of the miRNAs 
and their target mRNAs was identified by Tar- 
getScan, and miRTarBase, and 217 mRNAs in 
total were determined. Cytoscape software 
was used to visualize the ceRNA network. The 
target mRNAs were used to construct a PPI  
network with the help of STRING website. We 
obtained the hub genes from the above PPI net-
work using CytoHubba plugin of Cytoscape. 
Finally, GO and KEGG analyses were used to 
unravel the main functions of the target mRNAs.

Statistical analysis

All the data analysis was done with R software 
(version 4.0.2). Kaplan-Meier curve analysis 
was performed to analyze the survival. LASSO, 
univariate, and multivariate Cox regression an- 
alyses were performed to assess prognostic 
significance. ROC curve analyses and AUC were 
applied to determine the predictive capacity of 
the prognostic risk signature. P<0.05 was con-
sidered significant.

Results

Construction of a prognostic signature in the 
training dataset

The flowchart of this study is shown in Figure 1. 
We identified 200 genes related to EMT from 
MSigDB v7.2 and 178 EMT-related lncRNAs 
using Pearson correlation analysis from the 
TCGA LUAD cohort. Univariate Cox regression 
analysis was done to determine the candidate 
lncRNAs with the significant prognostic values, 
in total, 54 EMT-related lncRNAs were included 
(Figure S1). Then, the included lncRNAs were 
entered into an OS-based LASSO Cox regres-
sion model with penalty parameter tuning con-
ducted by 10-fold cross-validation to detect the 
best penalty parameter lambda. 20 lncRNAs 
were identified for further study (Figure 2A-C). 
Eight lncRNAs were finally determined through 
multivariate Cox regression analysis to con-
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struct the risk signature (Figure 2D). Three 
lncRNAs (AP000695.6, AGAP2-AS1, and RP11-
342K6.1) with HRs>1 were considered as risk 
factors, while the other five (LINC01128, 
CRNDE, TRG-AS1, RP11-116O18.1, and LINC- 
00892) with HRs<1 were regarded as protec-
tive lncRNAs. Subsequently, a Sankey diagram 
(Figure 2E) was used to show the correlation  
of the lncRNAs and the EMT-related genes as 
well as the risk types.

Evaluation and validation of the EMT-related 
lncRNA signature

A scatter plot was made to present OS status of 
LUAD patients based on the risk scores in the 

training dataset (Figure 3A-C). The results 
showed the high-risk group was related to more 
deaths. The scatter plot and heatmap present-
ed consistent results in the testing dataset 
(Figure 3D-F), indicating a robust and stable 
predictive capacity of the signature.

Additionally, Kaplan-Meier curve analysis dem-
onstrated that the low-risk group had signifi-
cantly higher OS and PFS rates than the high-
risk group both in the training (Figure 4A, 4B) 
and testing datasets (Figure 4D, 4E). ROC an- 
alysis based on the risk signature showed AUC 
values of 1, 3, and 5-year survival of 0.655, 
0.691, and 0.664 in the training dataset (Fi- 
gure 4C), and 0.829, 0.705, and 0.723 in the 

Figure 1. Flowchart of this study.
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Figure 2. LASSO coefficient profiles of 54 EMT-related prognostic lncRNAs. Each curve corresponds to a lncRNA (A). 
Selection of the optimal parameter in LASSO regression with 10-fold cross-validation (B). Regression coefficient of 
each signature lncRNA (C). Multivariate Cox regression analysis of the eight signature lncRNAs (D). Sankey diagram 
of lncRNAs and EMT-related genes as well as risk types (E).
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Figure 3. Distributions of risk scores and survival status of LUAD samples in the training (A, B) and testing datasets (D, E). The heatmaps of the signature lncRNAs 
in the training (C) and teating (F) datasets.
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testing dataset (Figure 4F). The results reveal- 
ed that the EMT-related lncRNA prognostic sig-
nature had a robust reliability and accuracy in 
predicting the prognosisof LUAD.

Correlation of the EMT-related prognostic sig-
nature and clinicopathologic features

To evaluate the correlation of the risk scores 
and EMT, we used the chi-square test in the 
training (Figure 5A) and testing (Figure 5B)  
datasets. Results showed that the high-risk 
group had significantly higher EMT scores than 
the low-risk group both in the training and test-
ing datasets (P<0.05), therefore the high-risk 
group confers metastasis and invasion proper-
ties on cancer cells by enhancing resistance to 
apoptotic stimuli, aggressiveness, and mobility. 
Similarly, the risk scores of patients with the 
ages ≥65 years, stages III-IV, T3-T4, and N2-N3, 
were significantly higher than those with the 
ages <65 years, and stages I-II, N0-N1, T1-T2, 
respectively (P<0.05) (Figure 5C, 5E-G). How- 
ever, no significant difference was observed in 

the risk scores between the M0 and M1 
patients, or gender subgroups (Figure 5D, 5H).

To further assess the clinical value and applica-
tion of the predictive signature, Kaplan-Meier 
survival curve analysis was performed to com-
pare discrepancies between the risk groups 
and clinicopathologic features, including age 
(<65/≥65 years, Figure 6A, 6B), gender (fe- 
male/male, Figure 6C, 6D), tumor stage (stage 
I/II/III/IV, Figure 6E, 6F), and TNM stage (T1/
T2/T3/T4, N0/N1/N2/N3, and M0/M1, Figure 
6G-L). The survival rates of patients between 
the two risk groups were significantly different 
in age, gender, tumor stage, and TNM stage 
(P<0.05). The high-risk group had poorer sur-
vival outcomes than the low-risk group in 
almost all the subgroups. However, no signifi-
cant difference was found in N stage (N2-N3), 
probably because of the small sample size. The 
results suggest the high-risk group tended to 
be associated with more advanced tumor sta- 
ge, invasion, and metastasis than the low-risk 
group.

Figure 4. Kaplan-Meier curves showed that the high-risk group had a worse overall survival and progression-free 
survival than the low-risk group both in the training (A, B) and testing datasets (D, E). Receiver operating character-
istic (ROC) curves of the signature for predicting the 1, 3, and 5-year survival in the training (C) and testing datasets 
(F).
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Independent prognostic value of the signature 
in LUAD

Univariate Cox regression analysis indicated 
that risk score, tumor stage, and TNM stage 
were significantly correlated with the OS of 
LUAD patients (P<0.05, Figure 7A). Multivariate 
Cox regression analysis showed that the risk 
score was an independent prognostic factor for 
LUAD patients after adjusting for these clinical 
values, although tumor stage was also inde-
pendently prognostic (P<0.05, Figure 7B). For a 
more accurate evaluation of the signature, we 
conducted a nomogram model based on the 
traditional independent clinical variables and 

risk score (Figure 7C). The calibration curves at 
1-year, 3-years, and 5-years presented high 
consistency between the predicted and actual 
survival rates (Figure 7D-F). ROC curves sh- 
owed the AUCs for 1-year, 3-year and 5-year  
OS were 0.724, 0.753, and 0.686, respectively 
(Figure 7G). The results suggested a robust 
predictive capacity of the prognostic signature.

Principal component analysis (PCA) and func-
tional annotation of EMT-related lncRNAs

We performed PCA to determine the differenc-
es between the two risk groups according to 
EMT genes, EMT-related lncRNAs and overall 

Figure 5. The correlation of the risk scores and EMT in the training (A) and testing (B) datasets. Patients with differ-
ent clinicopathologic features, including age (C), tumor stage (E), T stage (F), and N stage (G), but not gender (D) and 
M stage (H), had different levels of risk scores.
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Figure 6. Kaplan-Meier curves showed that the signature retained its prognostic value in of LUAD samples with different clinicopathologic features, including age (A, 
B), gender (C, D), tumor stage (E, F), T stage (G, H), N0-N1 stage (I), and M stage (K, L), but not N2-N3 stage (J).
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Figure 7. Univariate and multivariate Cox regression analyses revealed that the risk score was an independent prognostic predictor in the training dataset (A, B). 
Nomogram based on risk score, tumor stage, and T stage (C). Calibration plots of the nomogram for predicting the probability of OS at 1, 3, and 5-year (D-F). Time-
dependent receiver operating characteristic (ROC) curves for the Nomogram to predict 1, 3, and 5-year overall survival (G).
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gene expression profiles. The results suggest 
that the lncRNA signature can distinguish bet- 
ween the two risk groups (Figure 8A-C). 

GO analyses showed that the DEGs between 
the two risk groups were enriched in the follow-
ing GO terms: keratinocyte differentiation, epi-
dermal development, T cell receptor complex 
plasma membrane signaling receptor complex, 
and endopeptidase regulator activity (Figure 
8D). KEGG analysis demonstrated that me- 

tabolism of xenobiotics by cytochrome P450, 
drug metabolism-cytochrome P450, neuroac-
tive ligand-receptor interaction, and vascular 
smooth muscle contraction were significantly 
enriched (Figure 8E). Finally, GSEA was used to 
explore the probable biologic processes and 
pathways in the two risk groups. The biologic 
pathways including E2F targets, EMT, and G2M 
checkpoint were identified with the altered 
genes in the high-risk group (Figure 8F-H). 
Above all, cancer-related pathways and EMT 

Figure 8. Principal component analysis (PCA) based on entire set (A), EMT genes (B), and EMT-related lncRNA (C). 
Gene ontology (GO) biologic process analysis (D), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analy-
sis (E), and Gene Set Enrichment Analysis (GSEA) (F-H) showing the differentially expressed genes (DEGs) between 
the two risk groups.
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were enriched in the high-risk group, suggest-
ing significant correlation of high-risk scores 
with EMT and cancer progression.

Correlation of the prognostic signature and 
immune cell infiltration

To determine the relationship between the risk 
score and immune cell infiltration, the relative 
quantities of 28 types of immune cells were 
compared between the two risk groups. There 
were significant differences in many types of 
immune cells between the two groups, and the 
relative quantity of immune cells in the high-
risk group was significantly lower than that of 
the low-risk group. Specifically, the relative 
quantity of CD8 T cells was significantly lower in 
the high-risk group than that in the low-risk 
group, suggesting a weaker ability to kill cancer 
cells in the former group (Figure 9A). A correla-
tion analysis between immune cell infiltration 
and each lncRNA showed that expression lev-

els of AP000695.6, AGAP2-AS1, TRG-AS1, and 
LINC00892 were significantly and positively 
related to the infiltration level of most im- 
mune cell types. However, the expression lev-
els of LINC01128, CRNDE, RP11-342K6.1, and 
RP11-116O18.1 were significantly and nega-
tively associated with the infiltration level of 
most immune cells (Figure 9B). These results 
showed that the signature was significantly cor-
related with infiltration by immune cells.

Construction of a ceRNA network and func-
tional enrichment analysis

To explore the interactions of lncRNAs, mRNAs 
and miRNAs, a ceRNA network based on 5 
lncRNAs, 8 miRNAs, and 217 target mRNAs 
was constructed (Figure 10A). Additionally, the 
top 10 hub genes were acquired from the PPI 
(Figure 10B). GO analysis showed that the top 
GO terms included positive regulation of pro-
tein serine/threonine kinase activity, lung de- 

Figure 9. Correlations between the signature and each immune cell infiltration score (A). Correlations between each 
signature gene and each immune cell infiltration score (B).
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velopment, amaroidal-type cell migration, ex- 
trinsic apoptotic signaling pathway, and pepti-
dyl-serine modification (Figure 10C). The top 
KEGG signaling pathways were MAPK, Rap1, 
TGF-beta, PI3K-Akt signaling pathway, and EG- 
FR tyrosine kinase inhibitor resistance (Figure 
10D). We also identified genes in significantly 
related functions and pathways. Several impor-
tant genes such as VEGFA, PTEN, and MAPK1, 
were highlighted (Figure 10E, 10F).

Discussion

Lung adenocarcinoma (LUAD) is the most fre-
quent histologic subtype of lung cancer, and 
most patients at the time of diagnosis are at an 
advanced stage with metastasis and poor prog-
nosis. Thus, it is essential to define new bio-
markers to improve the management of LUAD 
[13]. EMT can play a critical role in the biolo- 
gic processes, including carcinogenesis, mi- 
gration, metastasis, and drug resistance [14]. 
lncRNAs are a diverse class of RNAs involved in 
numerous biologic processes, including chro-
matin modification, imprinting, transcription, 
posttranslational processing, and regulation of 
gene expression [8]. The lncRNAs that act as 
decoys, scaffolds, and enhancer RNAs have 
been evaluated as probable diagnostic and 
prognostic biomarkers in cancers and provide 
targets for therapeutic application [15]. While 
most studies have mainly focused on the func-
tion of specific EMT and lncRNAs in the occur-
rence and progression of cancers, the clinical 
value of EMT-related lncRNAs have not been 
fully explored in cancers, particularly in LUAD 
[16-19].

Herein, we established a novel prognostic risk 
signature with eight EMT-related lncRNAs for 
LUAD, and validated that the prognostic signa-
ture possesses reliable predictive capability. 
Univariate and multivariate Cox regression an- 
alysis illustrated that the risk score based on 
the signature is an independent prognostic pre-
dictor in LUAD.

In the signature, AP000695.6, AGAP2-AS1,  
and RP11-342K6.1 were unfavorable lncRNAs, 
whereas, LINC00892, LINC01128, TRG-AS1, 

CRNDE, and RP11-116O18.1 were protective 
lncRNA (Figure S2). The roles, functions, and 
working mechanisms, of most lncRNAs in the 
signature have been investigated in many types 
of cancers. AP000695.6 has been identified  
as a prognostic risk signature in gastric carci-
noma [20]. LINC00892 has been identified as 
a prognostic risk signature in bladder cancer 
[21, 22]. LINC01128 has been reported to facil-
itate osteosarcoma by functioning as a sponge 
of miR-299-3p [23]. In addition, AGAP2-AS1 
[24, 25], TRG-AS1 [26, 27] and CRNDE [28, 29] 
have been reported to act as competitive 
endogenous RNA to promote proliferation and 
metastasis by sponging different miRNAs in he- 
patocellular carcinoma, colorectal cancer and 
lung cancer, respectively. The other two lnc- 
RNAs, RP11-116O18.1 and RP11-342K6.1, 
have not been reported on yet.

The molecular mechanism remains to be fur-
ther explored despite the excellent prognostic 
capacity of the eight EMT-related lncRNAs  
in LUAD. Therefore, we also performed GO,  
KEGG, and GSEA analysis to explore biological 
pathways and processes in lncRNAs. Results 
displayed that EMT and malignancy-related 
pathways were significantly enriched in the 
high-risk group, suggesting a high correlation of 
the risk score with tumor metastasis and 
progression.

Immune cell infiltration in the tumor microenvi-
ronment (TME), particularly T cells, is a key 
mediator of tumor destruction and plays an 
important role in immunotherapy [30]. EMT-
related lncRNAs had been reported to affect 
the prognosis of patients through immune 
mechanisms in bladder cancer [31], colorectal 
cancer [32] and melanoma [33]. Neverthe- 
less, the function and prognostic value of EMT-
related lncRNAs in mediating immune infiltra-
tion and prognosis of LUAD remain to be char-
acterized. In this study, a correlation analysis of 
risk scores and immune-cell infiltration demon-
strated the number of immune cells in the low-
risk group was significantly higher than that of 
the high-risk group, and this contributed to a 
prolonged survival outcome.

Figure 10. The ceRNA network of five EMT-related lncRNAs (blue) and their target miRNAs (red) and mRNAs (green) 
(A). Network diagram of top 10 hub genes (B). Functional analysis of 217 target mRNAs: the dotplot based on top 20 
Gene ontology (GO) biological process analysis (C) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis (D). Network diagram between GO biologic processes (E), KEGG pathways (F), and mRNA.
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Finally, a ceRNA network was built to study pos-
sible downstream targets and mechanisms of 
EMT-related lncRNAs in LUAD. The results sh- 
owed some important genes such as VEGFA, 
PTEN and MAPK1 that are included in MAPK, 
Rap1, TGF-beta, PI3K-Akt signaling pathways 
may mediate the function of EMT-related lnc- 
RNAs in LUAD. Precise molecular mechanisms 
need to be further elucidated.

However, there are some limitations that sh- 
ould be noted in this study. First, the study is 
based on a public dataset. Second, the sample 
size from the LUAD cohort from TCGA database 
is still limited. The signature has not been vali-
dated in other databases and requires inde-
pendent external validation to assess its clini-
cal relevance. Finally, further biochemical ex- 
periments including quantitative polymerase 
chain reaction (qPCR), western blot analysis, 
and clinical data analyses are needed to fur-
ther confirm the signature.

Thus, we identified EMT-related lncRNAs sig- 
nificantly associated with survival outcome and 
constructed a prognostic risk signature with 
robust predictive potential in LUAD. The find-
ings offer valuable insights for future study into 
prognostic biomarkers and therapeutic targets 
to enable individualized treatments for LUAD 
patients in different risk categories.
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Figure S1. 54 EMT-related lncRNAs with significant prognostic values determined by univariate Cox regression anal-
ysis.
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Figure S2. Survival analysis in the two subgroups of patients classified by the expression level of each gene in the signature.


