
Page 1/27

Comprehensive Analysis of the Autophagy-
Dependent Ferroptosis-Related Gene FANCD2 in
Lung Adenocarcinoma
huikai miao 

Sun Yat-sen University Cancer Center
qiannan ren 

Sun Yat-sen University Cancer Center
hongmu li 

Sun Yat-sen University Cancer Center
mingyue zeng 

Sun Yat-sen University Cancer Center
dongni chen 

Sun Yat-sen University Cancer Center
youfang chen 

Sun Yat-sen University Cancer Center
zhesheng wen  (  wenzhsh@sysucc.org.cn )

Sun Yat-sen University Cancer Center

Research

Keywords: lung adenocarcinoma, autophagy-dependent ferroptosis, FANCD2, prognosis, immunity

Posted Date: June 7th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-541121/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-541121/v1
mailto:wenzhsh@sysucc.org.cn
https://doi.org/10.21203/rs.3.rs-541121/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/27

Abstract
Background. The development of lung adenocarcinoma (LUAD) involves the interactions between cell
proliferation and death. Autophagy-dependent ferroptosis, a distinctive cell death process was implicated
in a multitude of diseases, whereas no research revealing the relationship between autophagy-dependent
ferroptosis and LUAD pathogenesis was reported. Thus, the primary objective was to explore the role and
potential function of the autophagy-dependent ferroptosis-related genes in LUAD.

Methods. Clinical information and transcriptome pro�ling of patients with LUAD were retrieved and
downloaded from open-source databases. Autophagy-dependent ferroptosis-related genes were screened
by published articles. The key gene was identi�ed as the intersection between the differentially expressed
genes and prognosis-related genes. Patients were divided into high- and low-risk groups using the
expression level of the key gene. The validity of the key gene prognosis model was veri�ed by survival
analysis. The correlation between the clinical characteristics of LUAD and the expression level of the key
gene was analyzed to explore the clinical signi�cance and prognosis value. And the roles of the key gene
in response to chemotherapy, immune microenvironment and tumor mutation burden were predicted. The
validation of key gene expression levels were further performed by immunohistochemistry staining.

Results. FANCD2, a key autophagy-dependent ferroptosis-related gene by searching database, was
con�rmed as an independent prognostic factor for LUAD occurrence. The high expression level of
FANCD2 was associated with an advantaged TNM stage, a less chemotherapy sensitivity, a low
ImmuneScore, which indicated a deactivation status in immune microenvironment, a high tumor
mutation burden, and a poor survival for LUAD patients. Pathway enrichment analysis showed that
FANCD2 were involved in response to oxidative stress and neutrophil mediated immunity.
Immunohistochemistry staining showed that the expression level of FANCD2 is higher in LUAD patients
than normal tissue samples, which was in accordance with the database report.

Conclusion. FANCD2, a key gene related to autophagy-dependent ferroptosis, could work as a biomarker,
which predicts the survival, chemotherapy sensitivity, tumor immunity and mutation burden of LUAD.
Research of autophagy-dependent ferroptosis and targeting the FANCD2 may offer a new perspective for
the treatment and improvement of prognosis in LUAD.

Introduction
Lung adenocarcinoma (LUAD) is one of the most common malignant tumors in the world, demonstrating
a rising trend in recent years [1]. Traditional treatments, such as surgery, radiotherapy, and chemotherapy,
could not meet all LUAD patients’ needs due to the high recurrence and metastasis. Although
immunotherapy has been shown to improve survival in LUAD patients, the 5-year overall survival rate is
only 23% [2]. The pathogenic mechanism of LUAD should be further elucidated to discover a new
effective treatment strategy.
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The tumor heterogeneity, including immune microenvironment and tumor mutation burden, could affect
the immunotherapy effectiveness. The recent research has revealed that ferroptosis is also involved in T
cell immunity and cancer immunotherapy. The increased ferroptosis contributes to the anti-tumour
e�cacy of immunotherapy [3].

Ferroptosis is an iron-dependent form of regulated cell death which is characterized by the excess
reactive oxygen species (ROS) generation and lethal accumulation of lipid peroxidation [4] [5] [6].
Disregulation of ferroptosis has been implicated in multiple physiological and pathological processes,
including cancer cell death and T-cell immunity [7]. Autophagy-dependent ferroptosis is a key type of
ferroptosis which is featured by excessive autophagy and lysosome activity [8]. The in�uence of
ferroptosis, especially autophagy-dependent ferroptosis, on tumor microenvironment needs to be further
studied.

The iron metabolism and homeostasis could be in�uenced by immune cells and related molecules [9].
Immune cells in the microenvironment play crucial roles in the maintenance of iron metabolism balance
[10]. The excessive activation of ferroptosis in tumor cells can lead to tumor antigens exposure which
activates the immnue system. Then, the immunogenicity of the microenvironment was improved and the
effectiveness of immunotherapy was enhanced [11]. Immunotherapy can activate CD8 + T cells to
enhance the lipid peroxidation in tumor cells, which further contribute to the increase in ferroptosis in turn
[3]. Therefore, targeting ferroptosis to improve the effectiveness of cancer immunotherapy might become
a prospective strategy in the future. In the clinical applications of immunotherapy, tumor mutation burden
(TMB) is emphasized as an emerging feature and a biomarker of immunotherapy response [12] [13]. TMB
is de�ned as the total number of somatic, coding, base substitution, and indel mutations per megabase
of genome examined [14]. Each of these mutations results in the generation of one protein that is an new
antigen and could be recognized by the immune system [15]. Highly mutated tumors are more likely to
carry neoantigens, making them become the targets for activated immune cells [14].

In this study, we comprehensively analyze the genome of LUAD, identify autophagy-dependent
ferroptosis-related genes closely associated with the prognosis and chemotherapy sensitivity, further
construct and validate the predictive model of the key gene, and explore the relationship with immune
in�ltration and tumor mutation. Our �ndings may help generate personalized treatment and improve the
clinical outcomes of LUAD patients.

Materials And Methods
Work�ow

A multi-step approach was used to identify and analyse the autophagy-dependent ferroptosis-related key
gene in LUAD. The transcriptome and clinical information were downloaded from The Cancer Genome
Atlas (TCGA) project and Gene Expression Omnibus (GEO) data. Autophagy-dependent ferroptosis-related
genes were screened by the published articles. Differentially expressed genes (DEGs) related to
autophagy-dependent ferroptosis were identi�ed. Univariate and multivariate Cox analyses were applied
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to screen out the independent prognosis genes related to overall survival (OS). The key gene was
identi�ed by the intersection of the DEGs and the prognostic genes. The LUAD patients were classi�ed
into the high-risk and low-risk groups based on the key gene expression level. Kaplan-Meier (K-M)
analysis and receiver operating characteristic (ROC) curve were conducted to analyze the survival
prognosis of patients in TCGA and GEO cohort. Chemotherapy sensitivity was predicted between different
risk group. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) were conducted
to investigate the potential bio-function of the key gene. ImmuneScore was calculated using the Tumor
Immune Estimation Resource (TIMER) algorithm and the TMB was counted as the total number of
mutations per megabyte of tumor tissue.

LUAD patients dataset processing

All the RNA-Seq data was normalized as fragments per kilobase of transcript per million mapped reads.
mRNAs ensemble gene identities were derived from the HUGO Gene Nomenclature Committee (HGNC)
database. The corresponding clinical information include age, gender, tumor grade, lymph node
metastasis, AJCC TNM stages and survival outcomes. Patients with insu�cient clinical data were
excluded. OS was estimated as the primary endpoint.

Construction and validation of an autophagy-dependent ferroptosis-related gene signature

Autophagy-dependent ferroptosis-related genes were retrieved from the literatures published before
January 2021. The gene expression �le was obtained after combining the related mRNA expression and
the clinical data. The DEGs between tumor and normal tissues were identi�ed with a false discovery rate
(FDR) < 0.05 in the TCGA cohort. Univariate and multivariate Cox analysis of OS were performed to
screen the genes with prognostic values. The key gene was identi�ed by the intersection of the DEGs and
the prognostic genes in the TCGA cohort. Patients were strati�ed into high-risk and low-risk groups based
on the median value of the key gene expression. And the prognostic value was validated by a GEO cohort
(GSE116959). The clinical correlation analysis of the key gene was conducted between high- and low-risk
groups.The time-dependent ROC curve analyses were conduct to evaluate the predictive power of the key
gene. The mRNA expression level of the key gene in various types of cancers were identi�ed in the
Oncomine database [16]. The mRNA and protein expression of the key gene in LUAD were determined
using the Gene Expression Pro�ling Interactive Analysis (GEPIA) and The Human Protein Atlas (HPA)
database [17] [18].

Chemotherapeutic response prediction

The commonly used chemotherapy for lung adenocarcinoma, including pemetrexed, cisplatin,
gemcitabine, paclitaxel, vinorelbine, docetaxel, doxorubicin, etoposide, erlotinib and ge�tinib, were all
analyzed in our study [19]. The chemotherapeutic response was estimated by using the R package
“pRRophetic” [20]. The half maximal inhibitory concentration (IC50) of each patients of different risk
group were compared.
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Functional enrichment analysis

The biological functions and pathways of the key gene were elucidated through the DEGs between the
high-risk and low-risk groups. GO enrichment and KEGG pathway analyses were then were assessed in
DAVID database.

Correlation between the key gene and tumor immune cell in�ltration

The enrichment levels of immune cells was quanti�ed by the Tumor Purity, Estimate Score, Immune Score
and Stromal Score in each sample. The tumor immune cell in�ltration was calculated by Single Sample
Gene Set Enrichment Analysis (ssGSEA). Then we analyzed the correlation between the key gene
expression and the abundance of in�ltrating immune cells (B cells, CD8+ T cells, CD4+ T cells,
macrophages, neutrophils and dendritic cells) via The Tumor IMmune Estimation Resource (TIMER)
database [21].

Analyses of somatic mutations and TMB estimation

The somatic mutation pro�les of LUAD patients were downloaded from TCGA database. The mutation
frequency with number of variants/the length of exons (38 million) were calculated for each sample. The
OncoPlot of the top 10 mutated genes were plotted. The detailed mutational information, including the
variant classi�cation, the number of variant type and the single-nucleotide variant (SNV) class were
displayed. Then we assessed the corelation between the key gene expression and the TMB levels.

Preparation of LUAD and normal tissue samples and immunohistochemistry

The clinical tissue samples of LUAD were obtained from patients who received surgery in Thoracic
Oncology Department of Sun Yat-sen University Cancer Center, which was approved by the Institutional
Review Committee of Sun Yat-sen University Cancer Center. The protein expression of the key gene in
LUAD were determined using immunohistochemistry. The detail immunohistochemistry procedure was
performed according to strict adherence to the manufacturers’ instructions. LUAD samples were �xed
using 10% formalin and were embedded in para�n. Immunohistochemistry was carried out using the
processed 5µm continuous sections. Samples were dewaxed with decreasing concentrations 100%, 95%,
75% and 50% of ethanol and were washed in deionized water. The sections were heated in a microwave
with TE buffer pH 9.0 to retrieve antigens. Endogenous peroxidase was inhibited by incubation in goat
serum. Then they were incubated in rabbit anti-FANCD2 (Proteintech, 204006-1-AP, 1:1,200) overnight at
4℃. Next, the sections were incubation with horseradish peroxidase-coupled goat anti-rabbit secondary
antibody and stained using DAB Detection Kit (Polymer). The following process is cell nucleus staining,
dehydration, xylene infusion, and mounting [22].

Results

Characteristics of the LUAD patients from datasets
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The �ow chart of this study was shown in Fig. 1. A total of 316 LUAD patients from the TCGA cohort and
381 LUAD patients from the GEO (GSE116959) cohort were �nally enrolled. The detailed clinical and
tumor characteristics of the LUAD cohorts were summarized in Table 1. A total of 70 autophagy-
dependent ferroptosis-related genes were identi�ed by literatures review, which was shown in Fig. 2.
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Table 1
Clinical and tumor characteristics of the LUAD cohorts

  TCGA cohort GEO cohort

No. of patients 316 381

Age (median, range) 64 (33–86) 69 (38–89)

Gender    

Female 163 (51.6%) 166 (43.6%)

Male 153 (48.4%) 215 (56.4%)

Tumor    

T 1–2 275 (87.0%) NA

T 3–4 41 (13.0%) NA

Node    

N 0–1 267 (84.5%) NA

N 2–3 49 (15.5%) NA

Metastasis    

M 0 296 (93.7%) NA

M 1 20 (6.3%) NA

TNM stage    

164 (51.9%) 246 (64.6%)

76 (24.1%) 65 (17.1%)

56 (17.7%) 56 (14.7%)

20 (6.3%) 14 (3.6%)

TP53    

Wide type NA 287(75.3%)

Mutant type NA 94(24.7%)

Survival status    

OS years (median) 2.19 2.24

LUAD, adenocarcinoma of lung, TCGA, The Cancer Genome Atlas, GEO, Gene Expression Omnibus,
No: number, T: tumor, N: regional lymph node, M: metastasis, NA: not available, OS, overall survival.
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Three steps were carried out to screen the key gene. First, 7 DEGs in Fig. 3A were selected. Second, 8
genes that had prognostic values for LUAD were selected (Fig. 3B). Third, the key gene was obtained as
the intersection between DEGs and prognosis-related genes using Venn diagrams (Fig. 3C). As a result,
FANCD2 was identi�ed as the key gene, which worked as a prognosis-related differentially expressed
gene in LUAD.

The mRNA and protein expression levels of FANCD2 were extracted by TCGA database

The FANCD2 expression in different tumors was evaluated using TCGA RNA-sequencing data (Fig. 4).
FANCD2 expression was signi�cantly higher in various tumors compared with adjacent normal tissues,
and the consistent �ndings were shown in LUAD (Fig. 5A). After examining the mRNA expression level of
FANCD2 in LUAD, the protein expression level was further explored by immunohistochemistry. There is a
higher expression level of FANCD2 in LUAD tissues than normal lung tissues (Fig. 6), which is in line with
the result of HPA statabase (Fig. 5B). In summary, the present results indicated that both transcriptional
and translational expression levels of FANCD2 were overexpressed in patients with LUAD which may be
involved in the pathogenesis of LUAD.
Prognostic risk model and predictability evaluation

The LUAD patients were strati�ed into high and low risk groups by the FANCD2 expression level. Table 2
showed the association of FANCD2 expression and the clinical features. A high expression of FANCD2
achieved a signi�cant correlation with a high TNM stage (P<0.05). In the TCGA cohort, the FANCD2
expression was de�ned as an independent prognostic factor after the univariate and multivariate Cox
regression analyses (Figure 7A). The patients in high risk groups have a poor survival than the low risk
group in TCGA cohort. Similarly, relevant data from a GEO cohort (GSE35570) was used to validate the
prognostic value of FANCD2 expression in LUAD (Figure 7B). Besides the poor survival and a high TNM
stage, the high expression of FANCD2 was also related to a high frequency of TP53 mutation (P<0.001,
Table 2). The sensitivity and speci�city of the FANCD2 model was calculated by the area under ROC
(TCGA cohort: AUC = 0.736, GEO cohort: AUC = 0.677), suggesting that the FANCD2 signature was
effective for predicting survival of LUAD (Figure 8). We investigated the response to chemotherapy in
high- and low-risk patients with LUAD, and found that 29 chemotherapeutic drugs displayed signi�cant
differences in estimated IC50 between highand low-risk patients, and that high-risk patients with LUSC
showed increased sensitivity to all 29 chemotherapies (Figure 9).

Functional annotation of DEGs in different risk groups

GO and KEGG pathway enrichment analyses were used to evaluate the possible functions and pathways
of the screened DEGs. As shown in Figure 10 A, the top �ve GO terms were response to reactive oxygen
species, regulation of peptidase activity, neutrophil degranulation, neutrophil activation involved in
immune response, and neutrophil activation. The top �ve pathways were phagosome, antigen processing
and presentation, human T-cell leukemia virus, Th17 cell differentiation, and salmonella infection by
KEGG enrichment (Figure 10 B).
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The results of GO analysis showed that these DEGs might be involved in response to reactive oxygen
species and immune processes. The data were consistent with our results that FANCD2 is correlated with
ferroptosis and immune responses. Pathway enrichment analysis revealed that DEGs may be enriched in
pathways related to phagosome and antigen processing and presentation, indicating that these genes
function in autophagy and immune system.

Association between FANCD2 and immune-related scores

The potential immune mechanisms of LUAD were further explored through the scoring of tumor immune
component (TumorPurity, ESTIMATEScore, ImmuneScore, StromalScore), and immune in�ltrating cells,
which all counted according to immunity-enriched groups (Figure 11). Each patient in the LUAD cohort
was scored by above indicators. The immune cell in�ltration levels changed along with the FANCD2 gene
copy numbers (Figure 12). The LUAD patients with a high expression level of FANCD2 had a low
ESTIMATEScore (Figure 12A), ImmuneScore (Figure 12B) and StromalScore (Figure 12C), but high
TumorPurity (Figure 12D)was found in the high expression of FANCD2. Neutrophil cell in�ltration levels
seemed to positively associate with altered FANCD2 gene copy numbers in LUAD (cor = 0.15, P<0.001,
Figure 13), which is consistent with the GO results of neutrophil degranulation, neutrophil activation
involved in immune response, and neutrophil activation in Figure 10A.

Landscape of mutation pro�les in LUAD cohort

Mutation information of LUAD cohort was displayed in oncoplot, where various colors with annotations
represented the different mutation types (Figure 14). Then, the top 5 mutated genes in LUAD with ranked
percentages were exhibited, including P53 (47%), TTN (41%), MUC16 (40%), RYR2 (34%) and CSMD3
(34%). These mutations were further classi�ed according to different mutation categories. Findings
indicated that missense mutation accounted for the most fraction (Figure 15A), and single nucleotide
polymorphism (SNP) occurred more frequently than insertion or deletion (Figure 15B), and C>A was the
most common single nucleotide variants (SNV) in LUAD (Figure 15C). The LUAD patients with a high
expression level of FANCD2 showed a higher TMB (P<0.001, Figure 15D), which suggested that FANCD2
could work as a TMB marker and play a role in prediction of response to immunotherapy.

Table 2. Baseline characteristics of the patients in different risk groups
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Characteristics TCGA-LUAD cohort GEO-LUAD cohort

  High risk Low risk P value High risk Low risk P

value

Gender(%)     0.09     0.25

Female 71(46.4%) 88(57.1%)   112(58.9%) 103(53.9%)  

Male 82(53.6%) 66(42.9%)   78 (41.1%) 88(46.1%)  

Age (%)     0.17     0.99

< 65y 74(48.4%) 60(39.0%)   52 (27.4%) 52(27.2%)  

≥65y 79(51.6%) 94(61.0%)   138(72.6%) 139(72.8)  

TNM stage     0.03     0.01

- 112(73.2%) 120(77.9%)   152(80.0%) 159(83.2%)  

- 41(26.8) 34(22.1%)   38(20.0%) 32(16.7%)  

TP53     NA     <0.001

Wide type - -   132(69.5%) 155(81.1%)  

Mutant type - -   58(30.5%) 36(18.8%)  

LUAD, adenocarcinoma of lung, TCGA, The Cancer Genome Atlas, GEO, Gene Expression Omnibus, y,
years, NA: not available.

Discussion
LUAD is a common malignancy with a high morbidity and mortality [1]. The development of LUAD often
involves genetic abnormalities and immune dysfunction [23]. Iron metabolism could in�uence malignant
biological behaviors and impact the tumor microenvironment [24]. The increase of labile iron in cancer
cells can both facilitate DNA replication [25], and induce the coourrence of ferroptosis [4] to participate in
and accelerate tumor progression.

Ferroptosis is a programmed cell death in which multiple signaling molecules interact with each other in
the tumor microenvironment and synergistically regulate tumor progression [26]. Ferroptosis has a dual
role in tumour promotion and suppression [27]. On the one hand, the induced tumor cell ferroptosis inhibit
tumor metastases, involve in drug resistance and in�uence cancer immunotherapeutic e�cacy [28] [3]
[29] [26]. On the other hand, ferroptotic damage could contribute to in�ammation-related
immunosuppression within the tumour microenvironment and promotes the growth of tumors [27] [30].
The role of ferroptosis in lung adenocarcinoma has not been elaborated. Our research provides a new
perspective for the development of lung adenocarcinoma.
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Ferroptosis was once considered as a novel cell death process which was distinct from apoptosis,
necrosis, and autophagy [4]. However, studies from autophagy-de�cient cells suggested that ferroptosis
was a type of autophagy-dependent cell death in some conditions [8]. Autophagy, especially certain types
of selective autophagy, such as ferritinophagy [31] [32], lipophagy [33], clockophagy [34] [35], and
chaperone-mediated autophagy [34], could promote ferroptosis through lipid peroxidation.

FANCD2 (FA complementation group D2) contributes heterogeneously to Fanconi anemia (FA), a genetic
disorder characterized by birth defects, progressive bone marrow failure, and cancer-prone phenotype
[36]. The patients with aberranct expression of FANCD2 possess abnormality in chromosomal breakage
and hypersensitivity to DNA crosslinking agents [37]. As an DNA damage response regulator, FANCD2
also can regulate ferroptosis sensitivity by inhibiting iron accumulation and lipid peroxidation in an
autophagy-independent manner [38] [39]. FANCD2 has an intricate relationship with tumor. The
heterozygous and somatic mutations of FANCD2 were reported in a variety of malignancies, including
pancreatic cancers and squamous cell carcinomas [40] [41]. The overexpression of FANCD2 was involved
in metastasis-prone melanomas [42] and colorectal cancer [43]. In our study, FANCD2 was identi�ed as
an autophagy-dependent ferroptosis-related key gene in the LUAD occrrence after comprehensive
analysis.

In tumor microenvironment, immune cells could regulate tumour ferroptosis during cancer
immunotherapy [3]. Besides, ferroptosis also could regulate immunity activity within the tumour
microenvironment [30]. The potential connection between behavior of immune cells in the tumor
microenvironment and ferroptosis needs to be further studied. In our study, the high expression of
FANCD2 group achieved a high fraction of neutrophil, which revealed that ferroptosis-related gene
FANCD2 may be closely associated with neutrophil-mediated tumor immunity.

In accordance with above �ndings, the contents of the antigen processing and presentation were enriched
by KEGG analyses. In adaptive immunity, neutrophils play a signi�cant role in internalizing antigen and
regulating antigen-speci�c responses [44]. When ferroptosis occurred, the immunogenic signals, such as
lipid mediators, were released by the death cells. Subsequently, the antigen-presenting cells including
neutrophils were attracted to the site of ferroptotical cells [30]. A multitude of recuited neutrophils further
activated the immune system to resist the invasion of pathogenic factors. Abnormal and uncotrolled
ferroptosis may be implicated with invalid inmmunity [30]. Our research indicated that high expression of
FANCD2 induced the aberrent ferroptosis and further contributed to the abnormality of anti-tumor
immunity in patients with LUAD.

TMB level has demonstrated utility in selecting patients for response to immunetherapy and has proven
to be an important biomarker for patient selection. Patients who are in high TMB bene�t more from
immunotherapy, which provided a new avenue to make LUAD treatment more precise [45]. In our study,
the LUAD patients with a high expression level of FANCD2 achieved a high TMB, indicating that these
patients may gain more bene�t from immunotherapy than those with a low FANCD2 expression level.
Among the mutation genes, tumor suppressor gene inactivation, such as P53, is very common in LUAD
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[46]. P53 activation has been explored to be essential in some other activities to suppress tumor
progression [47] [48], whereas the anti-P53 activity traditionally drives cell senescence, cell cycle arrest
and apoptosis [49]. Additionally, P53 was reported to be correlated with ferroptosis, and it could inhibit
cystine uptake and sensitize cells to ferroptosis. Study revealed that the sensitivity of ROS-induced
ferroptosis was markedly increased in P53-activated cells [50]. Our study founds that P53 is the most
frequently mutated gene and positively correlated with a higher FANCD2 expression level, which indicated
that the P53 mutation may activate the FANCD2-mediated ferroptosis and increase the response of
immunotherapy in LUAD.

Conclusions
Our study identi�ed a novel autophagy-dependent ferroptosis-related gene, FANCD2 gene which was
proved to be independently associated with OS in LUAD and may serve as prognostic factor for LUAD.
FANCD2 expression level was negatively correlated with immune in�ltrating levels but positively
correlated with somatic mutation in LUAD, which indicated that FANCD2 may act as a potential inhibitor
to interfere with immune cells and revealed the potential relationship and interaction between ferroptosis
and immunity in LUAD pathogenesis. More mechanistic studies are needed to verify the role and function
of FANCD2-mediated feroptosis in the LUAD in future.
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Figures

Figure 1

Research framework for the exploration procedure and comprehensive analysis of the autophagy-
dependent ferroptosis-related gene. LUAD, Adenocarcinoma of lung; TCGA, The Cancer Genome Atlas;
GEO, Gene Expression Omnibus; mRNA, messenger RNA; K-M, Kaplan-Meier; GO, Gene Ontology; KEGG,
Kyoto Encyclopedia of Genes and Genomes; TMB, Tumor Mutational Burden.
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Figure 2

Autophagy-dependent ferroptosis-related genes.
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Figure 3

Identi�cation of the candidate autophagy-dependent ferroptosis-related genes in the TCGA cohort. (A)
There are 7 genes which were differential expressed between normal and lung tumor tissue. (B) Forest
plots showing the results of the univariate Cox regression analysis between gene expression and OS. (C)
Venn diagram to identify differentially expressed genes between tumor and adjacent normal tissue that
were correlated with OS. TCGA, The Cancer Genome Atlas; OS, Overall Survival; DEGs, Differentially
Expressed Genes.
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Figure 4

The transcription levels of FANCD2 in different types of cancers. FANCD2, FA Complementation Group
D2.

Figure 5

The expression levels of FANCD2 in LUAD. (A) The mRNA expression level of LUAD in GEPIA database.
(B) The protein expression level of LUAD in HPA database. LUAD, Adenocarcinoma of lung; GEPIA, Gene
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Expression Pro�ling Interactive Analysis; HPA, The Human Protein Atls; N, the number of tumors and
normal tissues.

Figure 6

The protein expression levels of FANCD2 in LUAD patients by immunohistochemistry. LUAD,
Adenocarcinoma of lung;
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Figure 7

Survival analysis of FANCD2 in LUAD in TCGA database (A) and GEO cohort (B). LUAD, Adenocarcinoma
of lung; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus;

Figure 8

ROC curve of the FANCD2 risk score. The risk score is shown by the receiver operating characteristic curve
for predicting survival of the TCGA cohort (A) and the GEO cohort (B). ROC curve, receiver operating
characteristic curve; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus.
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Figure 9

Chemotherapeutic responses in high- and low-risk patients with LUAD.
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Figure 10

Representative results of GO (A) and KEGG analyses (B). GO, Gene Ontology; KEGG, Kyoto Encyclopedia
of Genes and Genomes.
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Figure 11

The enrichment levels of immune-related process and immune score in the LUAD cohort.
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Figure 12

The correlation between the FANCD2 expression level and ESTIMATE Score (A), Immune Score (B),
Stromal Score (C), Tumor Purity (D).
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Figure 13

The correlation between the FANCD2 expression level and six immune cells in�ltration level.
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Figure 14

The oncoplot of the TMB. TMB, tumor mutational burden.

Figure 15

The Variant Classi�cation (A), the Variant Type (B), the Single Nucleotide Variant Class (C), the correlation
of the FANCD2 expression level and TMB (D) in the LUAD cohort. SNP, single nucleotide polymorphism;
INS, insertion; DEL, deletion; SNV, single nucleotide variants; TMB, tumor mutational burden.


