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Background: Several studies show that autophagy plays an important part in the biological processes
of lung adenocarcinoma. Therefore, this work aimed to establish one scoring system on the basis of the
expression profiles of differentially expressed autophagy-related genes (DEARGS) in patients with lung
adenocarcinoma.

Methods: The Cancer Genome Atlas (TCGA) was applied to retrieve lung adenocarcinoma data. The
overall survival (OS)-associated DEARGs were selected for the DEARG scoring scale. Moreover, the online
database Kaplan-Meier Plotter (www.Kmplot.com) was employed to verify the accuracy of our results.
Results: The expression patterns of DEARG were detected in lung adenocarcinoma as well as normal lung
tissues. A gene set related to autophagy was identified, along with 9 genes that showed marked significance in
predicting the lung adenocarcinoma prognosis. According to the cox regression results, DEARGs (including
ITGB4, BIRCS5, ERO1A, and NLRC4) were applied to calculate the DEARGS risk score. Patients with
lower DEARGS risk scores were associated with better OS. Moreover, based on analysis with the receiver
operating characteristic (ROC) curve, DEARGs accurately distinguished the healthy tissues from lung
adenocarcinoma tissues (area under the curve (AUC) value of >0.6).

Conclusions: A scoring system is constructed based on the primary DEARGs, which accurately predicts

the outcomes of lung adenocarcinoma.
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Introduction

Nowadays, there are over 200,000 lung cancer cases among
cancer diseases in 2019 worldwide (1). As the leading cause of
death among various cancers (2), the total lung cancer deaths
exceed the sum of those of the following three most prevalent
cancers, namely, colon, breast and pancreatic cancers (1). The
prognosis for lung cancer is relatively poor due to its hidden
symptoms at the early disease stage (3). Thus, more attention
should be paid to develop the early screening approaches and
the novel treatments for lung cancer (2).

As a catabolic process, autophagy maintains the cellular
homeostasis through the lysosomes-recycling intracellular
components (4,5). As verified by previous studies, autophagy
plays various roles, including the neutral, tumor-suppressive, or
tumor promoting activities (6-8). At the early stage of cancer,
protein and organelles in tumor cells are degraded by autophagy,
which relieves the chromosomal instability and cell injury, thus
suppressing tumor development (9-11). Nonetheless, autophagy
facilitates the survival of cancer cells in the presence of stress
conditions when cancer is formed, therefore promoting tumor
development (12,13). Besides, those autophagy effects on cancer
are examined through the immune system, microenvironmental
stress, and nutrient availability (14).

Several studies report that certain scoring systems can
be developed, including the immune score, stromal score
or DNA damage-repair, to assess the biological processes
of tumors (15-17), which reminds us that a scoring system
of autophagy may also be built in various tumors (18,19).
Autophagy inhibition and stimulation are reported as the
treatments for autophagy, and they are also the crucial parts
in patient assessment (14,20-22). Furthermore, numerous
studies also demonstrate that, the activation of autophagy is
remarkably related to chemo-resistance, cancer dormancy
and stem cell survival (23).

Previous study has reported the relationship of autophagy
with the non-small cell lung cancer (NSCLC) (3).
Nonetheless, few studies use the large-scale expression
patterns for assessing the autophagy effect on the prognosis
for lung adenocarcinoma. This study aimed to build a novel
scoring system based on the screened crucial differentially
expressed autophagy-related genes (DEARGs), which might
serve as a perspective tool in assessing autophagy.

Methods
Gene set related to autophagy

Genes involved in the autophagy process were identified
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using the human autophagy database (Human Autophagy
Database, http://autophag.lu/clustring/index.html).

Patient samples

Gene expression profiles and clinical data of lung
adenocarcinoma patients were retrieved from The Cancer
Genome Atlas (TCGA) database, and a total of 594
specimens were collected based on TCGA microarray as
the cohort.

Processes

Principal component analysis (PCA) was carried out using
the R program, to investigate those different expression
profiles of genes in the enrolled specimens. The receiver-
operating characteristics (ROC) curves of R package were
plotted using the survival ROC of R package to assess the
survival specificity and sensitivity. Then, the values of area
under the ROC curve (AUC) were determined based on
those plotted ROC curves. In addition, the online database
Kaplan-Meier Plotter (www.Kmplot.com) was applied in
verifying the accuracy of our results.

Analyses of functional envichments

For the differentiated expressed genes (DEGs), the R 3.6.1
was utilized to analyze their functional enrichment for
confirming the three categories of Gene Ontology (GO),
including biological processes (BP), molecular functions
(MF), and cellular components (CC).

Statistical analyses

Multivariate and univariate Cox regression analyses were
used for assessing the associations among DEARGs, the
risk score value (established by DEARGS) and other clinical
baseline characteristics for prognosis prediction. According
to the risk score, patients with lung adenocarcinoma were
classified as low or high-risk group based on the median risk
score. Survival analyses were regarded as the crucial results;
and patient prognosis [overall survival (OS)] was compared
among various ranges of score using log-rank test and
Kaplan-Meier analysis.

The time-dependent ROC curves were plotted to calculate
the predictive ability of our risk model. Bioinformatics
analysis was carried out using the R software (version 3.6.1).
P value of <0.05 was considered as statistically significant.
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Figure 1 DEARGS within lung adenocarcinoma tissues.

Differences in clinical baseline characteristics between low-
risk and high-risk groups were examined through y’ test or
Student’s #-test.

Results
DEARGs within lung adenocarcinoma tissues

Expression of 232 ARGs was analyzed in 535 lung
adenocarcinoma and 59 normal lung tissue samples
using Wilcoxon signed-rank test, and 30 differentially
expressed ARGs (DEARGs) were found. The results
showed that 18 of the included DEARGSs were up-
regulated, and 12 were down-regulated (llog2FCI >1,
FDR <0.05, Figure I).
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Prognostic factors of DEARGs in patients with lung

adenocarcinoma

A total of 31 DEARGS expression within lung adenocarcinoma
cases was analyzed through univariate Cox regression
analysis for identifying the related DEARGS for prognosis
prediction (Figure 2). According to our results, 9 genes
(ITGB4, DLC1, HSPBS, GAPDH, NLRC4, BIRCS, EROIA,
DAPK?2, and ATIC) were related to the survival of lung
adenocarcinoma (Figure 2B). Multivariate Cox proportional
hazard regression analysis was also carried out to identify
the best model in predicting the patient prognosis. Based
on the results, NLRC4 (HR 0.63, 95% CI: 0.43-0.90),
ITGB4 (HR 1.14, 95% CI: 1.02-1.28), ERO1A (HR
1.39, 95% CI: 1.14-1.70) and BIRCS5 (HR 1.14, 95% CI:
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Figure 2 DEARGs within patients with esophageal cancer were used to construct and analyze the risk model for OS. (A) In training

group, OS for patients with low (green line) and high risk (red line) lung adenocarcinoma was analyzed by Kaplan-Meier survival curve. (B)

DEARGS expression within lung adenocarcinoma cases analyzed by univariate Cox regression analysis. (C) AUC values of OS were shown

based on the ROC curves for lung adenocarcinoma patients.

0.98-1.31) were found to be the risk factors that
independently predicted survival. The risk score was
calculated according to the following formula, risk score
= (0.1331 x I'TGB4 expression) - (0.4698 x NLRC4
expression) + (0.1270 x BIRCS expression) + (0.3314 x
EROIA expression). The high-risk DEARGs were related
to poor prognosis; on the contrary, the low-risk ones were
markedly associated with superior prognosis.

A bigher DEARG score was related to the worse OS

Table 1 presents the baseline features of all the included
cases. As suggested by our log-rank test results obtained
using the Kaplan-Meier survival curve, compared with
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low-risk cases, the high-risk cases showed poor prognosis
(Figure 2A4). Therefore, the ROC curves were plotted to
determine the effect of the as-constructed signature on
patient OS. Based on our results, the AUC value for those
prognostic models to predict OS was 0.735. To better
predict the prognosis for lung adenocarcinoma patients,
baseline characteristics (including age, gender, Tumor,
Node, and Metastasis stage in all patients) were used in
ROC curve analysis. Then, their distributions were ranked
and analyzed, which revealed that stage (AUC 0.714), node
stage (AUC 0.674), tumor stage (AUC 0.653), gender (AUC
0.562), age (AUC 0.508), and metastasis stage (AUC 0.502)
were followed by the risk score (Figure 2C).

As shown in the figure, high-risk cases in OS group had
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Table 1 Baseline characteristics of patients with lung adenocarcinoma

Characteristics Total (n=522) Percentages (%)
Age, years
>65 262 50.19
<65 241 46.17
Unknown 19 3.64
Gender
Female 280 53.64
Male 242 46.36
Stage
Stage | 279 53.45
Stage Il 124 23.75
Stage llI 85 16.28
Stage IV 26 4.98
Unknown 8 1.53
T
T1 172 32.95
T2 281 53.83
T3 47 9.00
T2 19 3.64
Unknown 3 0.57
M
MO 353 67.62
M1 25 4.79
Unknown 144 27.59
N
NO 335 64.18
N1 98 18.77
N2 75 14.37
N3 2 0.38
Unknown 12 2.30

Survival rate
Survival (n=1) 167 31.99
Death (n=0) 355 68.01
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Figure 3 Prognosis for cases with low and high-risk lung adenocarcinoma. (A) Distribution of risk scores for lung adenocarcinoma cases

in OS model with low (green) and high (red) risks. (B) Scatter plot showing the survival status of lung adenocarcinoma patients in the OS

model. Green and red dots represent the survival and death cases, respectively. (C) Risk gene expression in low (pink) and high (blue) risk

lung adenocarcinoma cases in the OS model.

up-regulated BIRCS, I'TGB4, and ERO1A, whereas down-
regulated NLRC4. Figure 3 displays the distributions of risk
gene expression, survival status and risk score among these cases.

GO functional envichment analysis

Therefore, functional enrichment analysis was carried out
on these genes. According to those 10 most significant GO
terms with regard to MF, CC and BP categories; the above-
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mentioned DEGs were potentially associated with immune
cell regulation, ECM, cytokine activation and binding of
receptors (Figure 4).

Multivariate Cox regression analysis on risk score as well
as baseline clinical features

The results showed that the tumor stage (HR 1.861, 95%
CI: 1.159-2.990), and risk score (HR 2.052, 95% CI: 1.621-
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A value Hazard ratio
age 0.929 1.001(0.982-1.020)
gender 0.996 1.001(0.699-1.434)
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Figure 5 Univariate and multivariate cox regression analyses for OS among lung adenocarcinoma cases. (A,B) Univariate and multivariate

cox regression analyses, respectively.

2.597) were the independent risk factors of survival (Figure 5).

Associations of risk signature and DEARGs with clinical
features (including gender, age, stage, 1, N, M stage)

As demonstrated by our results, BIRC5, ERO1A, NLRC4
and risk score were related to the survival status and stage

(Figure 6).

The Kaplan-Meier Plot dataset was used for result

verification

The results showed that these four genes were related to
the poor OS and progression-free survival (PFS); however,

© Translational Cancer Research. All rights reserved.

difference in the post-progression survival (PPS) was not
statistically significant (Figure 7).

Discussion

NSCLC is generally classified as three principle histological
subtypes, including lung adenocarcinoma (40-70%), large-
cell carcinoma (10-15%), and squamous-cell carcinoma
(20-30%) (24). This study aimed to find out a more helpful
approach to predict the prognosis for lung adenocarcinoma.

Under physiological situation, autophagy functions
as an intracellular quality control system to maintain the
homeostasis; besides, it is mainly responsible for removing
the damaged proteins (25). Previously, Mathew ez al. (26)
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indicated that, the loss of autophagy within pancreas and
liver resulted in oxidative stress, inflammation as well
as chronic tissue damage, which revealed the benefits
of autophagy in tumor initiation. Autophagy is the new
therapeutic approach, and its process in tumor has long
been proposed. Nevertheless, according to the results by Sui
et al. (27), autophagy probably affected patient responses to
chemoradiotherapy, which worked as an assisting tool.

Firstly, this study found the different expression of
autophagy between lung adenocarcinoma and normal
lung tissues, which might explain the role of autophagy.
However, no consensus is reached for the controversial
functions of autophagy so far (28); therefore, it may
be helpful to develop a useful autophagy-related risk
score to assist the clinical workers in better applying the
autophagy-targeted therapy for lung adenocarcinoma
patients. Obviously, compared with other classical clinical
indicators, the risk score calculated by the DEARGS score
was superior.

In previous studies, Liu er #/. indicated that the
processes of autophagy and apoptosis were crucial in
the pathophysiology of NSCLC (3). First of all, plenty
of evidence demonstrates that autophagy assists in the
migration and invasion of lung cancer cells by toll-like
receptors (TLR4)- triggered by TL3 (29). Moreover,
several studies report that various substances are beneficial
for lung cancer patients, such as Marsdenia tenacissima (30),
Juglanin (31), SBI0206965 (32), di-limonene (33), CK1a (34)
and miR-138 (35). Lastly, some drugs not only play certain
roles in the autophagy, but also target some other antigens
[including CD47 (36) and ULK1(37)], thus rendering them
with the synergistic antitumor effects.

Among the independent risk genes included in this study,
we are especially interested in BIRCS and ERO1A. Among
them, the high BIRCS level indicates cancer development
of and dismal prognosis for lung adenocarcinoma (38).
Knocking down BIRCS induces the apoptosis of cancer
cells, which is thereby considered to be an underlying
target of AML treatment (39). For ERO1A, Takei ez al. (40)
indicated that it was over-expressed in various cancer
types, and its expression acted as a novel factor related
to poor cancer prognosis. Additionally, Tanaka er al. (41)
also showed that, ERO1A played an important part in the
formation of disulfide bond under the combined action of
the programmed cell death-1 (PDI). Moreover, EROI1A
regulates MHC class I expression on cell surface and
redox status, thus resulting in changes in CD8" T cells
susceptibility (42).
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Conclusions

All in all, DEARGS are used to successfully establish a
novel scoring system in this study, which accurately assesses
the outcomes for patients with lung adenocarcinoma.
The included DEARGS are confirmed by the online
dataset called Kaplan-Meier Plotter (www.Kmplot.com).
According to our results, DEARGs are regarded as the
treatment targets and prognostic biomarkers within lung
adenocarcinoma. Moreover, our results should be verified in
additional studies.
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