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Background: As a post-transcriptional regulatory mechanism, alternative splicing (AS) is engaged in a
variety of pathophysiological processes, and it has been widely reported in connection with the occurrence,
progression, metastasis, and drug resistance of cancer. However, the research on AS in lung adenocarcinoma
(LUAD) is very limited. In addition, the prognostic effect of AS event (ASE) on LUAD and its related
mechanism are not clear. This study aimed to explore the role and potential prognostic value of ASE in
LUAD.

Methods: Relevant data and ASE datasets of the sample were acquired from The Cancer Genome Atlas
(TCGA) and TCGASpliceSeq databases. We constructed a new prognostic criterion based on ASEs. Then,
Cox regression and least absolute shrinkage and selection operator (LASSO) regression analysis were used
to construct the model. Based on this model, the risk score of each ASE was calculated, and the reliability
of this model was evaluated by Kaplan-Meier survival and receiver operating characteristic (ROC) curve
analyses. Finally, these results were verified on different network platforms.

Results: We identified seven types of ASEs related to survival. The prognostic risk model for ASEs was
established. The Kaplan-Meier curve showed that compared to the low-risk group, the overall survival (OS)
rate of LUAD patients in the high-risk group was lower. ROC curve analysis showed that the prognostic risk
model of LUAD patients was well predicted, and the area under the curve (AUC) also confirmed this.
Conclusions: This study screened the ASE related to the prognosis of LUAD patients, and provided a
theoretical basis for further study of the correlation between ASE and the prognosis of LUAD patients. It

has provided new ideas for developing new biomarkers and therapeutic targets for LUAD patients.
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Introduction second of all new cancer cases, and its new deaths accounted
Global cancer statistics in 2020 showed that in 2020, the for the first of all cancer deaths, which is one of the main

number of new cases of lung cancer accounted for the causes of cancer deaths (1). Lung cancer is divided into
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non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC). Lung adenocarcinoma (LUAD) is the most
common histological type of NSCLC (2). According to the
World Health Organization (WHO), it has five subtypes.
Recently, however, researchers have proposed that Cribri-p
is a sixth pattern (3). Treatments options for LUAD include
first-line therapy and the current hot immunological and
targeted therapies. Although great progress has been made
in the treatment of LUAD (4-6), the mortality rate is
still high due to individual differences, epidermal growth
factor receptor (EGFR) mutations, and drug resistance to
chemotherapeutic drugs. Existing biomarkers such as BRAF
can no longer meet current needs, so there is an urgent
need to research new biomarkers to provide new targets for
the treatment of LUADs (7).

Alternative splicing (AS), also known as selective
splicing, enables the precursor messenger RNA (mRNA)
to produce different mRNA splicing isomers, resulting
in different proteins (8). As a post-transcriptional

Highlight box

Key findings

® This study used bioinformatics techniques to reveal the value of
some alternative splicing events (ASEs) in the prognosis of lung
adenocarcinoma (LUAD) patients. And because of this, it may
provide a new idea for revealing potential prognostic biomarkers
and treatment targets of LUAD patients.

What is known and what is new?

® In the past few decades, the existence of alternative splicing (AS)
has been identified as a driver of cancer by many studies, and has
become a new biomarker for other cancers. Studies have shown
that AS is connected with the proliferation and invasion of cancer
cells. What’s more, studies have shown that different types of ASEs
and polarization of macrophages can promote metastasis of lung
cancer.

® This study integrated the ASE spectrum and clinical data of
LUAD patients, and identified ASEs related to LUAD. This study
may show that ASEs can be used as a new biomarker related to
the prognosis of LUAD patients. We even established the model
to evaluate the relationship between ASEs and the prognosis of
LUAD. The study also showed that ASE risk score could be used
as an independent predictor of prognosis in LUAD patients, and
splicing factors could well predict the survival of LUAD patients.

What is the implication, and what should change now?

® The prediction model may provide ideas for finding specific targets
to improve the survival rate of LUAD. However, the specific
mechanism of the role of AS on the prognosis of LUAD patients

remains to be further explored.
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regulatory mechanism, AS is connected with a range of
pathophysiological processes, and is especially related to the
occurrence, progression, metastasis, and drug resistance of
cancer (9). Exploring abnormal ASEs will help us to study
the underlying developmental and prognostic mechanisms
in LUAD patients. In addition, according to relevant
research, ASEs have become an essential part of the
formation of tumor microenvironment (10).

The tumor immune microenvironment (TIME) is a
dynamic system that provides the necessary conditions for
tumor survival. It includes endothelial cells, fibroblasts,
pericytes, and immune infiltrating cells (10). Among them,
B cells, regulatory T (Treg) cells, and tumor-associated
macrophage (TAM) cells play a role in promoting LUAD.
ASEs change the TIME through immune infiltrating
cells, thus predicting the development and prognosis of
gastric cancer, bowel cancer, and other tumors (11,12). In
this study, LUAD RNA sequencing (RNAseq) data and
TCGASpliceSeq data were downloaded from The Cancer
Genome Atlas (TCGA) database to screen the AS data
related to the prognosis of LUAD patients, and to explore
the mechanism affecting the prognosis of LUAD patients.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-6/rc).

Methods
Data collection and organization

The RNAseq data used in this review were obtained from
TCGA database and then processed data. Clinical data
included 486 patients with complete age, sex, definite
TNM stage, and follow-up time. In addition, seven types
of AS event (ASE) data are provided in TCGASpliceSeq
database [alternating acceptor (AA), alternating donor (AD),
alternating promoter (AP), alternating terminator (AT), exon
skipping (ES); mutually exclusive exon (ME), and retained
intron (RI)]. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Construction of an independent predictive model

An UpSet plot was used to directly show the relationship
between ASEs and genes. The total lifetime of LUAD
was downloaded from the TCGA database. To screen for
ASE:s associated with survival, we divided patients into two
groups based on the median PSI value in each ASE and
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performed a univariate Cox analysis. Splicing events with
expression P value <0.05 were selected as survival-related
ASEs. A volcano plot was used to show ASEs related and
not related to prognosis. The top 20 overall survival-related
splicing events (OS-SEs) for each splicing mode were
filtered out based on the P value and displayed in a bubble
chart. Furthermore, in order to keep off over-fitting of the
prognostic model, least absolute shrinkage and selection
operator (LASSO) regression and multivariate Cox
regression were used to analyze the relationship between
each AS in LUAD and prognosis. Then, on the basis of the
median risk score, the samples were separated into a high-
risk group and a low-risk group. The survival curve of each
group was shown by Kaplan-Meier survival analysis, and the
receiver operating characteristic (ROC) curve was used to
verify the accuracy of the model. After that, the effectiveness
of the model was verified under different methods.

Statistical analysis

The correlation between the prognosis of LUAD and AS
was analyzed by Spearman correlation analysis. Kaplan-
Meier curve was used to draw OS diagrams among
different groups, and ROC curves were used to verify the
reliability of this model. Then, univariate and multivariate
Cox regression analyses were carried out to determine the
independent predictors. All P values were calculated on
the strength of bilateral statistical testing, and P<0.05 was
deemed to be statistically significant.

Results

Discovery of prognosis-related ASEs and OS-SEs from the
dataset

An enzyme can occur in various types of genes and a gene
can be localized in various types of splicing patterns (Figure
1A). ASEs associated with prognosis and their P values were
shown in volcano and forest plots, respectively (Figure 1B
and Figure S1). The bubble map showed the top 20 ASEs
in seven splicing patterns (Figure 1C). Among all ASEs,
KIAA0895L-36956-AA, INTS2-42894-AD, SH3KBP1-
88643-AP, BEST3-23330-A, IL1R1-54779-ES, TPM2-
86278-ME, and C100rf32-12982-RI were the most
remarkable events for AA, AD, AP, AT, ES, ME, and RI,
respectively.
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Construction and analysis of the independent prognostic
model

The prognostic marker was constructed for LUAD using
several of the top 20 OS-SEs. To avoiding over-fitting, a
LASSO plot and Lambda plot were performed (Figure 2A).
The whole sample was divided into two groups, and the
survival probability survival of each group was shown by
the results of survival analysis (Figure 2B), which indicated
that there was a huge difference between them. Compared
with low-risk patients, the OS of high-risk patients was
significantly worse. The Kaplan-Meier curve supported
the reliability of the model (P<0.001). The time-dependent
ROC curve showed that the area under the curve (AUC)
values of characteristic long non-coding RNA (IncRINA)
for 1-, 3-, and 5-year survival rates were 0.806, 0.752, and
0.746, respectively (Figure 2C). The time-dependent ROC
curve showed that AUC value of related genes was 0.806,
which was much better than the age (AUC =0.555), gender
(AUC =0.604), and stage (AUC =0.718) in predicting the
prognosis of LUAD (Figure 2D). The concordance index
verified the consistency between the predicted results and
the actual results, which showed that predicted results were
reliable (Figure 2E).

Results of the independent prognostic model

In order to verify the independence of risk score, univariate
and multivariate Cox regression analysis was carried out on
age, sex, stage, and so on. Since the P value of risk scores in
both analyses was smaller than 0.001, the risk ratios were
1.011 [95% confidence interval (CI): 1.007-1.015] and 1.011
(95% CI: 1.007-1.015), respectively. The risk score was
thus shown to be a good prediction model (Figure 34,3B).
Then, we use signatures and traditional clinicopathological
features including sex, age, and staging constructing the
nomogram. The results showed that the nomogram using
signature risk scores is reliable and accurate (Figure 3C).
The nomogram was basically consistent with the actual
predicted OS, which further showed that the prediction
model is reliable (Figure 3D). Therefore, SFs can be used as
a predictor of survival.

Prognostic analysis

Based on the previous data, we established a prognostic
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Figure 2 Establishment and analysis of independent prognostic model. (A) The LASSO plot which determine the number of OS-

SEs in survival analysis by LASSO regression. (B) The Kaplan-Meier plotter of the survival analysis in which low-risk patients (purple

curve) are more likely to have a longer life than high-risks patients (red curve). (C) The time-dependent ROC curves for 1-, 3-, and

S-year OS predictions by the risk score model. (D) ROC curve analysis showed the prognostic accuracy of prognostic risk scores and

clinicopathological parameters such as age, gender, and stage. (E) Concordance index is the evaluation of the prognostic model. AUC, area

under the curve; LASSO, least absolute shrinkage and selection operator; OS-SE, overall survival-related splicing event; ROC, receiver

operating characteristic; OS, overall survival.

model. Then, we analyzed the prognosis of LUAD in
different stages. As shown in Figure 44, among patients
with LUADs in stage I-II, low-risk patients have better OS
than high-risk patients. Coincidentally, this phenomenon
also occurs in patients with LUAD in stage III-IV (Figure
4B). Later, we divided the samples into three groups, and
SFTPAI had the greatest influence on gene expression

(Figure 4C).

Gene mutations in LUAD patients in the high- and
low-risk groups

Mutated genes were analyzed in order to comprehend the
biological characteristics of related genes. Among these two
separate groups, the first 20 genes had the highest mutation
rate (Figure 5), and the number of mutations in the high-
risk group was significantly higher than that in the low-risk
group. The mutation rate of each gene was more than 10%

© Journal of Thoracic Disease. All rights reserved.

in both high- and low-risk groups. Missense mutation was
identified as the most common kind of mutation, followed
by nonsense mutation.

Expression of immune-related genes

The expression of different immune-related genes was
analyzed. The heat map showed that there was less ASE
expression in the low-risk group and more in the high-risk

group (Figure 6).

Discussion

Lung cancer is the most common malignant tumor in the
respiratory system, and its high morbidity and mortality
have been the focus of global attention. According to
the data released by the Global Cancer Observatory
(GLOBOCAN) 2020, lung cancer ranks first in the cause of

7 Thorac Dis 2024;16(2):1463-1472 | https://dx.doi.org/10.21037/jtd-24-6
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Figure 3 Establishment and results of independent prognostic model. (A) The forest plot of univariate Cox regression analysis. (B) The

forest plot of multivariate Cox regression analysis. (C) A sample that predicted the 1-, 3-, and 5-year survival rates of LUAD patients
is represented by the red arrow. (D) Nomogram model plot to predict OS. *, P<0.05; ***, P<0.001. OS, overall survival; LUAD, lung

adenocarcinoma.

death among malignant tumors in the world and in China (1).
The pathogenesis of lung cancer is not very clear, and
it is related to many factors. A recent meta-analysis
showed that in addition to smoking, cooking habits, diet,
smoking, cancer and lung health history, as well as female
reproductive history are associated with lung cancer in non-
smoking women (13). In addition, age, race, socioeconomic
status, geographic location, and hormone replacement
therapy may also be associated with the incidence of lung
cancer (14,15). LUAD is the most common type of lung
cancer, and in recent years, combination therapy has made
substantial progress, but the prognosis of LUAD patients is
still poor, and the 5-year survival rate is less than 20% (16).
Therefore, the identification of new prognostic markers is
very important for personalized treatment and prognosis of
patients with LUAD.

AS, also known as selective splicing, enables a single gene
to produce multiple mRNA, which provides a mechanism

© Journal of Thoracic Disease. All rights reserved.

for proteome diversity for cells and plays a key role in the
occurrence or maintenance of malignant tumors (17). In the
past few decades, the existence of AS has been identified as
a driver of cancer by many studies, and has become a new
biomarker (17,18). A study has shown that AS is connected
with the proliferation and invasion of cancer cells (19).
Different types of ASEs and polarization of macrophages
can promote metastasis of lung cancer (20). High expression
of COLIAI can promote the proliferation and metastasis of
cervical cancer cells (21). Androgen receptor splice variant
7 (AR-V7) is a structurally active transcription factor. AR-
V7 expression is associated with drug resistance and poor
clinical prognosis of androgen receptor signaling inhibitors
(ARSI) (22). In addition to participating in the pathway of
chemotherapeutic resistance, AS can also affect the efficacy
of chemotherapeutic drugs through abnormal splicing of
molecular targets (23-25). Surprisingly, AS could provide
new insights into anti-cancer metabolic therapy (26). Based

7 Thorac Dis 2024;16(2):1463-1472 | https://dx.doi.org/10.21037/jtd-24-6
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to have a longer life than high-risks patents (red curve). (C) Gene expression in different stages of tumor. *, P<0.05; ***, P<0.001.
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Figure 5 Genetic mutations in LUAD patients in the high-risk and low-risk group. Ranking the mutant genes by mutation rate and
displaying the top 20 genes. The mutation rate is shown on the right and the mutation counts are reserved. *, P<0.05; **, P<0.01; ***,
P<0.001; ****, P<0.0001. LUAD, lung adenocarcinoma.
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on this, this review hypothesizes that AS may be a potential
molecular marker for predicting the prognosis of patients
with LUAD.

"This study integrated the ASE spectrum and clinical data
of LUAD patients, and identified ASEs related to LUAD.
The differences of seven ASEs related to prognosis were
KIAA0895L (AA), INTS2 (AD), SH3KBPI (AP), BESTS3
(AT), ILIR1 (ES), TPM2 (ME), and C100rf32 (RI). Among
them, SH3KBP1 is highly expressed in glioblastoma stem
cells, resulting in poor survival of glioma patients, affecting
tumor cell proliferation, migration, and germline stem

cells (GSCs) self-renewal ability (27). In addition, TPM2

© Journal of Thoracic Disease. All rights reserved.

is associated with the prognosis of patients with breast,
colorectal, and prostate cancer, and is involved in tumor
progression and chemotherapy resistance (28-30). In this
study, the correlation between ASEs and the prognosis of
LUAD patients showed that ASEs can be used as a new
biomarker related to the prognosis of LUAD patients. In
order to further evaluate the relationship between ASEs
and the prognosis of LUAD, a prognostic model was
established, which could clearly distinguish the OS rate of
patients with high risk and low risk of LUAD. The AUC
was 0.536, which shows the reliability of the risk model
for prediction. The concordance index further illustrated
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the reliability of the model. Furthermore, univariate and
multivariate Cox regression analyses were conducted
between the risk score in the prognostic model and the
clinical parameters of LUAD patients (age, sex, and stage).
The results showed that ASE risk score could be used as
an independent predictor of prognosis in LUAD patients,
and SFs could well predict the survival of LUAD patients.
As the main upstream regulator of ASEs, SFs play a role in
the progression of cancer by mediating the AS process. The
advantage of the prediction model in this study is that it
may provide ideas for finding specific targets to improve the
survival rate of LUAD. However, the specific mechanism
of as affecting the prognosis of LUAD needs to be further
studied. Moreover, the biggest problem facing the study is
that it is entirely based on biological analysis and lacks some
clinical data and in vitro experiments to further verify.

Conclusions

This study used bioinformatics techniques to screen
survival-related ASEs in LUAD patients, revealed the
value of some ASEs in the prognosis of LUAD patients,
and provided a new idea for revealing potential prognostic
biomarkers and treatment targets of LUAD patients.
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Figure S1 Prognostic factors based on Cox regression screening. RI, retained intron; ES, exon skipping; AT, alternating terminator; AP,
alternating promoter; CI, confidence interval.
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