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Identification of an autophagy-related gene marker for predicting the prognosis in lung
adenocarcinoma patients

Abstract
Background: Lung adenocarcinoma (LUAD) is a tumor with high incidence rate and high
mortality rate. Previous studies have found that autophagy plays a vital role in tumorigenesis
and biological progression. The aim of our research is to screen and analyze
autophagy-related genes (ATGs) using bioinformatics technology, then establish a gene
expression model for predicting the prognosis of LUAD patients.
Methods: Differentially expressed ATGs in LUAD and normal tissues were screened by The
Cancer Genome Atlas (TCGA) dataset. We applied Go and KEGG enrichment analysis
of ATGs for identifying the relevant signaling pathways. Finally, the ATGs related with survival
were assessed using univariate and multivariate COX regression analyses. This project was
analyzed by R software.
Results: A total of 232 ATGs were obtained in LUAD. Subsequently, 30 ATGs were screened
out as genes associated with prognosis. GO analysis revealed that the 30 differently
expressed ATGs (DE-ATGs) were enriched in intrinsic apoptotic signaling pathway,
macroautophagy, and neuron death. In addition, KEGG analysis revealed that the DE-ATGs
were associated with autophagy (animal), ErbB signaling pathway and IL-17 signaling pathway.
Then, the risk score model was established by the 8 ATGs (ATG4A, CCR2, MBTPS2, APOL1,
ERO1A, SPHK1, ST13 and ITGA6), and LUAD patients were divided into high-risk and
low-risk groups with the risk score. The risk score was significantly related to overall survival
and prognosis by univariate and multivariate analysis (P < 0.001). The survival time of low-risk
score patients was showed by the cumulative curve that was obviously longer than high-risk
score patients (P< 0.001). Finally, the correlation of the autophagy-related risk characteristics
and multiple clinical parameters was analyzed.
Conclusion: A prognostic signature and nomogram based on 8 ATGs was constructed. This
research provides a new direction for the prognosis evaluation and guides the potential
treatment strategies for LUAD.
KEYWORDS: lung adenocarcinoma, autophagy, prognostic model, TCGA, bioinformatics

1 INTRODUCTION
With an estimated 1.8 million deaths and 2.2 million new cancer cases, lung cancer is the
second most commonly diagnosed cancer and the leading cause of cancer death in 2020 [1].
Lung adenocarcinoma is one of the most common histological subtypes of non-small cell lung
cancer (NSCLC). According to the report [2], it is close to 40% of NSCLC are adenocarcinoma,
and the other two subtypes are squamous cell carcinoma and large cell carcinoma. The early
symptoms of lung cancer are hidden and hard to find. Up to now, the early diagnosis of lung
cancer is still difficult to some extent [3]. According to statistics, 80% of lung cancer patients
have been diagnosed as advanced for the first time and could not be treated by surgery. The
molecular mechanism of pathogenesis, progress and drug resistance is a hot research topic in
the precise treatment of lung cancer, and which is also the key to drug treatment.
The screening of biomarkers is very important for the accurate early diagnosis and

treatment of lung cancer. Previous some studies found that Epidermal growth factor receptor



(EGFR) mutation and anaplastic lymphoma kinase (ALK) merge or rearrange may exist in lung
adenocarcinoma. At present, there are a variety of targeted drugs are used to treat the above
targets, such as gefitinib, erlotinib and Afatinib. However, only some patients are suitable for
targeted therapy [4]. In addition, with these targeted drugs patients treated with antibiotics may
gain resistance and make the treatment ineffective. Some patients were treated with targeted
drug for 6-12 months. The phenomenon of acquired drug resistance appeared after 12 months,
which seriously affected the treatment and prognosis of patients [5]. Studies showed that
autophagy serves a significant role in the development, treatment and resistance of NSCLC.
Autophagy can affect the development of NSCLC, which can be used in the development of
NSCLC treatment [6].
Autophagy is one of the ways of programmed cell death which is regulated by many kinds of

signal pathways and happens in some biological processes such as cell growth and
proliferation. Therefore, to clarify the effect of autophagy on tumor cells will provide more
theoretical basis for tumor treatment [7]. In addition, autophagy increases stress tolerance and
provides nutrients to meet the metabolic needs of tumor cells, even in adverse rings It also
maintains cell survival under environmental conditions, such as hunger or hypoxia, which is
swollen the tumor growth is very common [8]. whether it is tumor cell induced the activation of
cancer pathway or the stress of tumor microenvironment will increase from the demand for
phagocytosis, thus promoting the growth and survival of tumor [9]. At present, the big amount
of research shows that autophagy increases the sensitivity of tumor anticancer drugs, and thus
participates in the development of cancer regulation of tumor growth. In lung cancer cell
experiments, autophagy can be activated by epidermal growth factor receptor-tyrosine kinase
inhibitor [7,10].
In this study, bioinformatics methods were used to screen differentially expressed of ATGs in

LUAD. Furthermore, the prognosis model of ATGs was constructed according to Cox analysis,
which provides a new research direction for the application of ATGs in the prognosis
assessment and targeted therapy of patients with LUAD.

2 MATERIALS AND METHODS
2.1 Autophagy-related genes data acquisition
LUAD gene expression datasets with relevant clinical basic data were obtained from TCGA
website. We gained the RNA sequencing data of 54 normal samples and 497 tumor tissue
samples, and corresponding clinical data from TCGA.
Differentially expressed genes with p-values were analyzed with Wilcox test taking advantage
of the R software (version 4.0.4) in the LUAD samples. In order to distinguish the differentially
expressed ATGs, the threshold was set at the standard log2 fold change (logFC) >1.0, and the
false discovery rate (FDR) <0.05.
2.2 Go and KEGG enrichment analysis of differentially expressed ATGs
We used the R software for Gene Ontology (GO) enrichment analysis which involved three
categories: biological process (BP), cell components (CC) and molecular functions (MF).
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis used the same
method. We used a public protein-protein interaction (PPI) dataset (https://string-db.org/) to
generate PPI network of DE-ATGs, and the figure of PPI was edited by Cytoscape software
(version 3.7.2).

https://string-db.org/


2.3 Prognostic Model Construction
The R software “survival” package was used to univariate Cox analysis for finding differentially
expressed genes which were related with LUAD prognosis. Next, we constructed the
prognostic model of LUAD-ATGs using the multivariable Cox regression analysis. We used the
specific formula to calculate risk score, and the LUAD patients were classified into high risk
and low risk groups using the median risk threshold. The association between risk score
and prognosis of LUAD patients was analyzed by Kaplan-Meier plotter.
2.4 The construction and validation of nomogram and the expression of key ATGs
Age, gender, stage, grade, T, N, M, and risk score were incorporated into the nomogram model
by constructing with the “survival” and “rms” packages in R software. Additionally, the
expression of 8 key ATGs-based protein was confirmed online from the Human Protein Atlas
(HPA; http://www.proteinatlas.org/).
2.5 Statistical analysis
The survival curves were examined with logarithmic rank test and drawn by the K-M method.
For univariate and multivariate analysis, the cox proportional risk regression model was used.
Statistical comparisons between risk score and clinical parameters were performed with
bilateral t-test. In all statistical tests, a value of P＜0.05 represented a statistically significant
difference. We performed all statistical analyses by R software (version 4.0.4).
3 RESULTS
3.1 Differential expression analysis of ATGs
Based on the mRNA array analysis for 54 normal tissues and 497 LUAD tissues in TCGA, and
absolute mRNA expression levels of genes with logFC >1.0 and FDR < 0.05 were used as
a selection criterion. In total, 232 ATGs were obtained by R software “limma” and “ggpubr”
packages. The resulting scatter plot of ATGs can be found in Fig 1A. LogFC >1.0 and adj.p <
0.05 were set as selection criterion. Then, 30 ATGs which differentially expressed in LUAD
dataset were displayed (Fig 1B and 1C).
3.2 Functional enrichment analysis of the ATGs
We obtained a basis for biological understanding of 30 ATGs according to functional
enrichment analysis. The GO (Fig 2) and the KEGG (Fig 3A and 3B) enrichment analysis of
these genes were revealed. As for biological processes, the top three most significantly
enriched GO terms were intrinsic apoptotic signaling pathway, macroautophagy and neuron
death. Cellular components included the autophagosome, the autophagosome membrane and
endoplasmic reticulum chaperone complex. As for molecular function, ATGs were mainly
concentrated protein phosphatase binding, phosphatase binding and protein disulfide
isomerase activity. Enrichment analysis of KEGG pathways identified these genes were
associated with pathways in the autophagy (animal), ErbB signaling pathway and IL-17
signaling pathway. Moreover, the PPI network research of 30 ATGs were gained from online
STRING database, which was provided in Fig 3C.
3.3 Research of autophagy related risk characteristics associated with the prognosis of
LUAD
To further understand whether ATGs were related to the prognosis of LUAD patients, 30 ATGs
were analyzed through univariate Cox regression, we obtained 21 prognosis-associated genes
from TCGA-LUAD (Fig 4A), among which 9 genes (ATG4A, NLRC4, PRKCD, DAPK2, SIRT2,
CCR2, ATG16L2, DLC1, DRAM1) were considered as protective characteristics (HR<1), but



other 12 genes (ITGB4, BIRC5, CTSL, SPHK1, APOL1, ITGA6, ITGB1, GAPDH, ERO1A,
EIF2S1, MBTPS2, ST13) were considered as risk characteristics (HR>1). Next, we obtained
key 8 genes (ATG4A, CCR2, MBTPS2, APOL1, ERO1A, SPHK1, ST13 and ITGA6) related to
the prognosis of LUAD patients which were selected from 21 genes by multivariate Cox
regression analysis. The coefficients of 8 ATGs could be found in Table 1. We gained the
coefficient value of each risk gene based on the multivariate Cox regression analysis.
Construction of an autophagy prognostic model using the following formula based on ATGs:
risk score =(-0.5562 × expression value of ATG4A) + (-0.3777 × expression value of CCR2)
+(0.3398 × expression value of MBTPS2) + (0.1319 × expression value of APOL1) + (0.2030 ×
expression value of ERO1A) + (0.1832× expression value of SPHK1) + (0.2893 × expression
value of ST13) + (0.1399 × expression value of ITGA6). According to this formula, the
prognostic risk scores of patients were obtained from TCGA dataset. Fig 4B showed the
distribution of risk scores among LUAD patients, and Fig 4C revealed the correlation between
survival time and risk score. The heatmap was established to find the expression of 8 ATGs
included in our feature for low and high-risk groups (Fig 4D). The results revealed that patients
form the high-risk group incline to express risk genes, while patients from the low-risk group
tended to express protective genes.
3.4 Autophagy was identified as an independent prognostic indicator
Univariate and multivariate prognostic analyses were performed to find that the risk score was

an independent prognostic indicator for TCGA-LUAD (P < 0.001) (Fig 5A and 5B). The
representative Kaplan-Meier curve displayed that the survival over time of patients with
high-risk score was obviously shorter than low-risk score ones (Fig 5C). Fig 5D showed an
excellent predictive performance of our genetic characteristics (AUC =0.763）, compared with
age (AUC = 0.567), gender (AUC = 0.617), stage (AUC = 0.708), T-stage (AUC = 0.664),
M-stage(AUC = 0.506) and N-stage (AUC = 0.632). The AUC of risk score was higher than
that of others, and the results presented that the Cox model was better than other single
indexes for prognostic prediction analysis.
3.5 The correlations between the ATGs-related risk score and clinical indicators
The relationship between risk score and clinical indicators were studied (Fig 6). The results
displayed that the feature was significantly related to tumor stage (P = 0.019), and N stage (P
= 0.002). Furthermore, Student’s t-test analysis showed that the expression of these ATGs
differed among serious clinicopathological features. As shown in Fig 6, there were significant
differences in APOL1 expression among different tumor stages and age. There were
significant differences in CCR2 expression among different tumor stages, gender and age.
There were significant differences in ERO1A expression among different tumor stages and N
stage. There were significant differences in ITGA6 expression among different age. There
were significant differences in SPHK1 expression among different N stage.
3.6 Validation the expression of significant ATGs
We analyzed and studied the protein expression of 8 ATGs in the HPA database for
investigating the expression of these ATGs in LUAD patients. The results showed: ATG4A,
MBTPS2, ERO1A, SPHK1, ST13 and ITGA6 were overexpressed in LUAD tumor tissue
comparison with normal one. However, the expression of CCR2 was low in LUAD tumor tissue.
Additionally, there was not significantly different expression of APOL1 in LUAD tumor tissue
compared to normal one (Fig 7).

https://dict.youdao.com/w/eng/comparison_with/


4 DISUSSION
Autophagy was mediated by a series of ATGs, which involves the formation of
autophagosomes, lysosomes, autophagosomes, and organelle or cytoplasmic degradation
[11]. It could be induced by hypoxia, starvation, radiation, growth factor signaling inhibitors,
chemotherapy, and targeted drugs [12]. In recent years, more and more attention had been
paid to the role of ATGs in regulating intracellular transport, endocytosis, exocytosis,
macronocytosis and exosome production [13]. Therefore, it was very important to clarify the
regulation at the molecular level of autophagy. Recent research had shown that autophagy
played a two-way role in the tumorigenesis and development of tumor. One side, autophagy
could effectively inhibit tumor apoptosis, necrosis and inflammatory progression, and played a
role in inhibiting the tumorigenesis and development of tumor. In this case, autophagy was a
protective effect on the body [14]. On the other hand, tumor cells could also evade the killing
effect of external inhibitors through autophagy pathway, so that the tumor continued to
progress. In this case, autophagy played a role in promoting tumor growth [15].
Studies have shown that RAS mutation increases autophagy, enhance tumor growth,

survival and deterioration, and were related to the development of a variety of cancer,
including colon cancer, lung cancer and pancreatic cancer [10]. In the Genetically Engineered
Mouse Models (GEMMs) of lung cancer, pancreatic ductal adenocarcinoma, prostate cancer,
and melanoma, tumor progressed slowly by knockout of ATG5 or ATG7. Similar outcomes
were obtained by the deletion of BECN1 in breast cancer cells and the deletion of ATG13 or
ULK1 in glioblastoma, so inhibition of autophagy or autophagy genes could induce tumor cell
death.
In our research, the mRNA expression of 232 ATGs which gained from TCGA-LUAD dataset

were analyzed. At the same time, the abundance of molecular and biological pathway was
researched by GO and KEGG analysis. The conclusion revealed that the high concentration of
GO in cellular components and biological processes was closely related to autophagy. From
the perspective of molecular function, protein phosphatase binding was
maintained a close association with autophagy. Research have found that autophagy can be
activated by prolyl oligopeptidase inhibition via protein phosphatase 2A [16]. Furthermore, in
KEGG analysis, the most important pathways were enriched in autophagy. Based on these
results, we concluded that specific autophagy may be a tumor promoter in the development of
LUAD.
Univariate Cox regression analysis showed that 21 ATGs were related to the survival of

LUAD patients. Later, the characteristics of 8 ATGs were identified by multivariate Cox
regression analysis. We gained the risk score by calculating the mRNA expression value and
risk coefficient of ATGs. In the TCGA-LUAD database, risk score was then used to stratify
patients. Univariate and multivariate analysis showed that gene characteristics may act as an
independent prognostic indicator for LUAD. Similar outcome from ROC analysis showed that
gene characteristics had better predictive performance than other clinical risk factors.
In previous studies indicated that most of the ATGs contained in the signature were related

to the genesis and progression of tumor. ATG4A was a member of ATG family, which was a
key molecule in autophagy. ATG4A protease was a cysteine proteolytic enzyme, mainly
involved in ATG8 processing and lipid removal, and played a major functional role in promoting
autophagy maturation [17]. According to recent literature, ATG4A played vital role in the



stemness and epithelial mesenchymal transition of gastric cancer [18] and breast cancer [19]
cells. In addition, it is proved that ATG4A play a vital influence in the prognosis of lung cancer
[20] and ovarian cancer [21]. At the same time, it has been reported that miRNAs can regulate
the expression of ATG4A and participate in the regulation of autophagy [22].
C-C motif chemokine receptor 2(CCR2) was a receptor specificity for Monocyte

chemoattractant protein-1 (MCP-1/CCL2) [23]. There were two subtypes of CCR2: CCR2A
and CCR2B, of which CCR2B was the main functional form [24]. Recent studies have found
that CCL2/CCR2 was related to invasion and metastasis of non-small cell lung cancer,
colorectal cancer, breast cancer, bladder cancer and prostate cancer [25]. CCL2 can not only
bind to CCR2 on the surface of tumor cells, but also promote tumor cell proliferation, invasion
and other malignant biological behaviors through the CCL2/CCR2 molecular axis. In addition,
TAMs or vascular endothelial cells can be activated by combining with CCR2 on the surface of
them in the tumor microenvironment to indirectly promote tumor invasion, metastasis,
angiogenesis and other biological processes [26].
Membrane bound transcription factor protease site2(MBTPS2) encoded an intramembrane

zinc metalloprotease. This was vital for cholesterol homeostasis and endoplasmic reticulum
stress response [27]. There was evidence that MBTPS2 mutations contribute to many common
diseases, such as ichthyosis follicularis, alopecia and photophobia (IFAP) syndrome [28], but
there was a lack of study on MBTPS2 for autophagy of tumor.
Apolipoprotein L1 (APOL1) circulates in the blood as an important part of high density

lipoprotein (HDL). It was the only secretory protein secreted into the serum in the APOL protein
family and participates in lipid metabolism and cholesterol output [29]. The studies showed
that APOL1 gene variation was closely association with lipid metabolism disorder,
atherosclerosis, tumor, etc [30]. Intracellular accumulation of APOL1 has been reported to
associated with the processes of autophagy and cell death [31]. Many studies have suggested
that it implicated in the pathogenesis of various cancers, such as glioblastomas, hepatocellular
carcinomas, tumors associated with tuberous sclerosis, and pancreatic cancer [32]. However,
there was no detailed expression in the HPA-LUAD database.
Endoplasmic reticulum oxidoreductase 1-a (ERO1A) was a type of hypoxia-induced

endoplasmic reticulum oxidase, it can modulate translation and folding of oxidized proteins [33].
ERO1A was highly expressed in NSCLC, breast cancer, gastric cancer and which was related
to the proliferation and migration of tumor cells [34,35]. Therefore, ERO1A overexpression has
been show to serve a key role in tumor malignant phenotypes, promoting tumor proliferation,
metastasis, angiogenesis, and immune escape [36].
Sphingosine kinase was an activating enzyme of sphingosine, which can be divided into two

subtypes, including sphingosine kinase type 1(SPHK1) and sphingosine kinase type
2(SPHK2), which was the most important rate limiting enzyme in the synthesis of
sphingosine1-phosphate(S1P) [37]. Related studies suggested that SPHK1 can promote
proliferation of cells and prevent apoptosis. However, SPHK2 could induce apoptosis [38].
SPHK1 was also associated with the malignant biological behavior of serious tumors, such as
breast cancer [39], lung cancer [40], colon cancer [41], etc. Recent studies have found that
SPHK1 participated in the regulation of autophagy in some cells. Overexpression of SPHK1
increases the level of endogenous S1P, promoted the formation of autophagosome in glioma
cells, and stimulates tumor cells to produce protective autophagy [42]. In fibroblasts, SPHK1



regulated autophagy and endosome transport [43].
The gene suppression of tumorigenicity 13 (ST13) which was found by the Chinese

researchers at the end of last century, which was a colorectal cancer negatively related gene
[44].In fact, ST13 protein was a interacting protein(Hip) and co-factor (co-chaperone) of the
70-kDa heat shock proteins (HSP70), which facilitated the chaperone function of HSP70 in
protein folding and repairation [45].In recent years, it was found that ST13 expression in
different levels in the normal mucosa tissues of Colon, stomach, breast, uterus, ovaries with
the corresponding tumor tissue [46].These results suggested that ST13 was a potential tumor
therapeutic target [47].

Integrin alpha-6 (ITGA6) was a transmembrane glycoprotein adhesion receptor which
regulated cell-cell and cell to matrix adhesion [48]. It was including the mediation of tumor cell
adhesion, invasion and migration [49]. Previous researches have demonstrated that the
overexpression of ITGA6 was associated with the development process, poor prognosis and
reduced survival rate of various tumors. MiRNA can regulated the expression of ITGA6 at the
post transcriptional level. It has been found that miR-126 and mir-143-3p can respectively
inhibit the expression of ITGA6 which result in inhibiting the invasion and metastasis of NSCLC
[50] and colorectal cancer [51].
With the development of science and technology, high-throughput sequencing and

bioinformatics were rapidly evolving areas. It has been found that numerous gene features
based on serious data of RNA expression were investigated to predict the prognosis on LUAD.
However, independent validation in external data sets was usually lacking, compared to our
research. In addition, the majority of researches only focus on exploring molecular biomarkers,
ignoring the application of clinical features. However, clinical features related autophagy was
synthesized in our study to predict the outcomes of LUAD, which promise for clinical
application. Some limitations were inevitable in our study. Firstly, as a retrospective study,
further verification of gene signature and roving map was further needed in prospective studies
and multicenter clinical trials. Secondly, the raw data on LUAD obtained from databases
(TCGA and HPA) was limited and incomplete. Moreover, the function and mechanism of these
prognostic ATGs in LUAD should be studied in further research.
CONCLUSON
Our research provided in depth analysis of the ATGs expression profile in LUAD which

identified 8 prognostic signatures. Then, a prognostic vector was constructed by integrating
gene signatures and a variety of clinical features. Our gene signature and vector may provide
biomarkers to improve patient survival and prognosis prediction of LUAD patients, which
contributes to making the optimal and personalized treatment strategies. However, the clinical
efficacy of our signature should be conducted in large-scaled and prospective studies.
furthermore, the underlying biological mechanisms should be revealed.
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Figure legends
Fig 1 Differential expression of autophagy-related genes (ATGs) in TCGA-LUAD. A, Volcano
map of ATGs in tumor and normal samples of TCGA-LUAD. B and C, Box plot and Heatmap of
the expression of 30 differentially expressed ATGs in TCGA-LUAD
Fig 2 The barplot and circle of GO functional enrichment analyses. A, GO analysis of 30
DE-ATGs. “BP” stands for “biological process”, “CC” stands for “cellular component” and “MF”
stands for “molecular function”. B, The circle reveals the scatterplot of each item of 30
DE-ATGs by GO analysis
Fig 3 KEGG enrichment functional analysis and network of PPI. A, The KEGG analysis of 30
DE-ATGs. B, The circle reveals the scatterplot of each item of 30 DE-ATGs by KEGG analysis.
C, PPI network of the 30 ATGs in the prognostic gene signature
Fig 4 The autophagy related risk characteristics associated with the prognosis of LUAD.A,
Forest map of ATGs associated with LUAD survival, analyzed by univariate Cox regression. B,
Distribution of patients from LUAD clinical dataset by the value of risk score. C, Distribution of
survival time and risk scores of LUAD patients. D, The heatmap of the 8 signature ATGs
expression profiles
Fig 5 ATGs signatures are significantly related to the survival of LUAD patients. A, Forest plot
of associations between clinical features and prognosis of LUAD by Univariate analysis. B,
Forest plot of associations between clinical features and prognosis of LUAD by multivariate
analysis. C, Kaplan–Meier curves for low-risk and high-risk groups in the autophagy prognostic
mode. D, The receiver operating characteristic (ROC) curves of risk score and other indicators
Fig 6 The autophagy-related signature and signature-ATGs in the queues. A and B, the
autophagy-related signature in the queues stratified by N stages and tumor stages. C and D,
APOL1 in the queues stratified by tumor stages and age. E-G, CCR2 in the queues stratified
by tumor stages, gender and age. H and I, ERO1A in the queues stratified by tumor stages
and N stage. J. ITGA6 in the queues stratified by age. K, SPHK1 in the queues stratified by N
stages
Fig 7 Validation of the protein expression of ATGs between normal tissue and LUAD tumor
tissue in the HPA dataset



Table1 List of 8 key ATGs included in prognostic gene signature of LUAD



Figures

Figure 1

Differential expression of autophagy-related genes (ATGs) in TCGA-LUAD. A, Volcano map of ATGs in
tumor and normal samples of TCGA-LUAD. B and C, Box plot and Heatmap of the expression of 30
differentially expressed ATGs in TCGA-LUAD



Figure 2

The barplot and circle of GO functional enrichment analyses. A, GO analysis of 30 DE-ATGs. “BP” stands
for “biological process”, “CC” stands for “cellular component” and “MF” stands for “molecular function”.
B, The circle reveals the scatterplot of each item of 30 DE-ATGs by GO analysis



Figure 3

KEGG enrichment functional analysis and network of PPI. A, The KEGG analysis of 30 DE-ATGs. B, The
circle reveals the scatterplot of each item of 30 DE-ATGs by KEGG analysis. C, PPI network of the 30 ATGs
in the prognostic gene signature



Figure 4

The autophagy related risk characteristics associated with the prognosis of LUAD.A, Forest map of ATGs
associated with LUAD survival, analyzed by univariate Cox regression. B, Distribution of patients from
LUAD clinical dataset by the value of risk score. C, Distribution of survival time and risk scores of LUAD
patients. D, The heatmap of the 8 signature ATGs expression pro�les



Figure 5

ATGs signatures are signi�cantly related to the survival of LUAD patients. A, Forest plot of associations
between clinical features and prognosis of LUAD by Univariate analysis. B, Forest plot of associations
between clinical features and prognosis of LUAD by multivariate analysis. C, Kaplan–Meier curves for
low-risk and high-risk groups in the autophagy prognostic mode. D, The receiver operating characteristic
(ROC) curves of risk score and other indicators



Figure 6

The autophagy-related signature and signature-ATGs in the queues. A and B, the autophagy-related
signature in the queues strati�ed by N stages and tumor stages. C and D, APOL1 in the queues strati�ed
by tumor stages and age. E-G, CCR2 in the queues strati�ed by tumor stages, gender and age. H and I,
ERO1A in the queues strati�ed by tumor stages and N stage. J. ITGA6 in the queues strati�ed by age. K,
SPHK1 in the queues strati�ed by N stages



Figure 7

Validation of the protein expression of ATGs between normal tissue and LUAD tumor tissue in the HPA
dataset


