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Abstract 

Lung squamous cell carcinoma (LUSC) is a cancer with extremely high mortality and its 
prognosis is challenging. Previous studies have shown that Ferroptosis has an important 
relationship with the occurrence and development of various cancers. However, the 
prognostic value of Ferroptosis-related genes differentially expressed in LUSC still needs 
to be further studied and clarified. In this study, the mRNA expression profile and clinical 
data of LUSC patients were downloaded from public databases. We used the Cox 
regression model to construct a multi-gene signature in the TCGA cohort. Our results 
showed that in the TCGA cohort, 50 FRGs were differentially expressed. We constructed 
a cox regression model composed of 17 gene markers and divided patients into high and 
low risk groups. Compared with patients in the low-risk group, OS in the high-risk group 
was significantly lower (p <0.001,). We also verified that in the multiple Cox regression 
analysis, the risk score is an independent predictor of OS (HR> 1, p <0.01). ROC curve 
analysis confirms the predictive ability of FRGs model. GSEA shows that the differences 
between the high and low risk groups are mainly related to metabolic pathways. In short, 
a new gene feature related to Ferroptosis can be used for prognostic prediction of LUSC, 
providing new ideas and directions for targeted therapy. 
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1. Introduction 

Lung cancer, a malignant lung tumor, has become the leading cause of death. The number of deaths 

each year exceeds that of colorectal cancer, prostate cancer, and breast cancer combined [1,2]. Lung 

cancer can be roughly divided into small cell carcinoma and non-small cell carcinoma, which account 

for 15% and 85% of all lung cancers respectively [3]. The main subtypes of non-small cell lung cancer 

are divided into adenocarcinoma (LUAD) and squamous cell carcinoma (LUSC). Lung squamous 

cell carcinoma (LUSC) accounts for approximately 40% of all lung cancers[4]. In the past, surgery, 

radiotherapy and chemotherapy were the main treatments for advanced lung squamous cell carcinoma. 

For now, molecular analysis is the key to selecting first-line treatment options for advanced cancer 

[5]. However, unlike LUAD, there is no reliable targeted drug for LUSC so far [6]. Although the 

comprehensive treatment of LUSC has achieved certain results, the prognosis of LUSC is still very 

poor, and it is urgent toA determine the key molecules of treatment and prognosis [7]. 
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Ferroptosis is a unique regulatory cell death caused by the accumulation of iron-dependent lipid ROS 

[8]. In recent years, with the increasing resistance of many tumors to traditional treatment methods, 

induction of Ferroptosis has become an important method for inducing cancer cell death [9,10]. In 

addition, research has confirmed that Ferroptosis inhibits tumor growth and kills tumor cells [10]. In 

addition, studies have shown that many Ferroptosis-related-genes play an important role in the 

prognosis of tumors.For example, studies have shown that SLC7A11, a key regulator of Ferroptosis, 

is highly expressed in a variety of cancers such as lung squamous cell carcinoma (LUSC), 

hepatocellular carcinoma (LIHC), papillary cell carcinoma (KIRP), and studies have also confirmed 

the high expression of SLC7A11 It is significantly related to the poor prognosis of patients with LIHC 

and KIRP, but its role in LUSC remains to be studied [11]. In addition, polymorphisms such as 

cisd111 and TP53 genes (S47 variants) are known to negatively regulate ferroptosis. In general, 

ferroptosis plays a key role in tumors, so the construction of FRGs models may have important 

significance for predicting and exploring the prognosis of tumors, especially LUSC, which has 

extremely high mortality [8]. However, the LUSC model related to FRGs is still unclear. 

In this study, the mRNA expression profile of LUSC patients and the corresponding clinical data 

were downloaded from TCGA. Then, We proposed a risk score based on 17 FRGs differentially 

expressed in LUSC as a prognostic biomarker for LUSC. Finally, to explore its internal mechanism, 

We further carried out a f enrichment analysis.  

2. Materials and Methods 

2.1 Data source 

First, Ferroptosis-related-genes (FRGs) were obtained from the FerrDb database (http://www. 

zhounan.org/ferrdb/) [12], and then we use xenabrowser to download Lung Squamous Cell 

Carcinoma (LUSC) related standardized RNA expression from TCGA Data as well as clinical data 

and survival data. All the genes were standardized in a DESeq2 package.The clinical information 

includes total number of patients (n = 551), gender, age, TNM stage, T stage, N stage, M stage, 

survival time and survival status. 

2.2 Data processing and acquisition of differential genes 

Based on the expression of RNA-seq in cancer tumor tissues and adjacent normal tissues in TCGA 

LUSC, the DEseq2 R package was used to screen out 50 differentially expressed FRGs for other 

subsequent analysis (logFC> 1 or logFC <- 1) , P adjusted value <0.05). 

2.3 Gene enrichment analysis 

The R package "clsuterProfiler" is used for gene enrichment analysis. KEGG and gene ontology (GO) 

databases are used to annotate and visualize these FRGs differential genes [13]. KEGG can provide 

annotations on the functional significance of genes. GO annotation can reveal the connection between 

genes and molecular functions, biological processes or cellular components [14]. In addition, the R 

package "Goplot" is also used to further visualize the GO and KEGG enrichment pathways. In 

addition, GSEA is also used to enrich the KEGG pathway of risk score. 

2.4 Construction of Cox Regression Model of Prognostic Signatures of FRGs Related to LUSC 

Multivariate Cox regression analysis is used to calculate and judge the prognostic value of FRGs in 

LUSC. Based on the multivariate Cox regression algorithm, a survival-related model was constructed 

from 17 prognostic-related FRGs, and the "survival" R-packages were selected and used to establish 

prognostic risk markers. The formula for risk score is as follows: 

Risk score = ∑ 𝐶𝑜𝑒𝑓𝑖 × 𝑥𝑖
𝑛
𝑖=1  

These 17 genes and their corresponding coefficients can be obtained by the method of minimum 

likelihood deviation. The sum of the products of these 17 genes and coefficients is the risk score of 

each patient. 
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2.5 KM survival analysis 

The "survival" and "survminer" R packages are used to build the visualization of the risk scoring 

curve. With the risk score formula, all LUSC patients were divided into low-risk and high-risk groups 

with the median of the risk score as the critical value, and then the KM survival curve was drawn. 

2.6 Statistical Analysis 

We use the DESeq2 software package to obtain differentially expressed FRGs. The Cox regression 

model was used for multivariate survival analysis. Based on the median risk score, the population is 

divided into high-risk and low-risk groups. To further validate the model, we used the Kaplan-Meier 

method to analyze the correlation between the risk score and overall survival, and used the log-rank 

test to compare survival curves. The ROC curve was analyzed to further confirm the validity of the 

model. The area under the 1, 5, and 10-year curve (AUC) was also calculated. In addition, we also 

compared the advantages of risk scores in models constructed with different clinical parameters age, 

gender, TMN staging, and risk score. Regarding the log-rank test and the Cox proportional hazard 

regression model, significance was set at p <0.05. The above analysis was performed in version 4.0.2 

of R software. 

 

 

Figure 1. Expression of Ferroptosis-related genes in LUSC and normal tissues. (A) Volcano map of 

367 autophagy-related genes. Red represents Ferroptosis-related genes that are up-regulated relative 

to LUSC normal tissues, blue represents Ferroptosis-related genes that are down-regulated, and 

black represents Ferroptosis-related genes that are not significantly different. (B) Heat map of 50 

Ferroptosis-related differential genes. (C) The KEGG enrichment pathway of 50 Ferroptosis-related 

differential genes. 
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3. Result 

3.1 Screening and KEGG enrichment analysis of FRGs 

A set of ferroptosis genes was obtained on the FerrDb website. Then download the RNA-seq and 

clinical and prognostic data of LUSC patients from the TCGA database and screen them. According 

to the expression of differentially expressed genes in LUSC, 50 differentially expressed genes (logFC> 

1 or logFC <-1, corrected p value<0.05) heat map (Fig. 1A) and volcano map (Fig. 1B) visualize the 

expression of FRGs that are differentially expressed between LUSC cancer tissue and the 

corresponding patient's normal tissue. KEGG enrichment found that FRGs were mainly concentrated 

in arachidonic acid metabolism, iron disease, cysteine and methionine metabolism, glutathione 

metabolism, HIF-1 signaling pathway, serotonin synapse, antifolate and other pathways. (Fig. 1C) 

 

 

 

Figure 2. GO enrichment results at different levels. (A) Visualize the biological process of 50 

Ferroptosis-related genes in GO. (B) Visualization of 50 Ferroptosis-related genes in GO molecular 

functions. (C) Visualization of 50 Ferroptosis-related genes in GO cell components .(D) Total GO 

enrichment set. 

 

3.2 BP, CC, MF level differentially expressed FRGs in GO function annotation 

50 differentially expressed FRGs were analyzed for GO function enrichment. At the BP level, GO 

enrichment is mainly reflected in response to oxidative stress, cofactor metabolic process, cellular 

response to chemical stress, cellular resoonse to oxidative stress, response to acid chemica, response 

to steroid hormone (Fig. 2A). However, On the MF level, it is mainly reflected in iron ion binding; 

oxidoreductase activity, acting on single donors with incorporation of molecular oygen, incorporation 
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of two atoms of oxygen;oxidoreductase activity, acting on single donors with incorporation of 

molecular oxygen; dioxygenase activity (Fig. 2B). In CC, these genes are mainly expressed in the 

basolateral plasma membrane, apical plasma membrane, the apical part of the cell, and endocytic 

vesicles, Redox enzyme complex (Fig. 2C). Finally, the top-ranked total enrichment pathways are as 

follows (Fig. 2D). 

3.3 Cox multivariate regression model construction based on OS prognostic FRGs. 

By analyzing the expression and function of differentially expressed FRGs in LUSC, we constructed 

a cox multivariate risk score model consisting of 17 genes to predict the prognosis of cancer patients. 

The seventeen genes are AKR1C2, ALOX5, DUOX1, MUC1, SLC2A1, AKR1C1, CYBB, IL33, 

ALOX12, SLC7A11, AKR1C3, SRXN1, TSC22D3, ENPP2, ATF3, ABCC1, GCLM (Fig. 3D/E/F). 

The forest map shows the HR values of these genes, of which AKR1C2, ALOX5, MUC1, SLC2A1, 

ALOX12, SLC7A11, SRXN1, ENPP2, and ATF3 are risk genes, and the rest are low risk genes (Fig. 

3A). The risk score is calculated as follows: risk score = (0.23365 × AKR1C2 expression) + (0.1760 

× ALOX5 expression) + (-0.07894 × DUOX1 expression)+(0.11728 × MUC1)+(0.11376 × SLC2A1 

expression)+(-0.23932 ×AKR1C1 expression)+(-0.18459× CYBB expression)+(-0.09190 × IL33 

expression)+(0.05662×ALOX12 expression)+(0.15422 x SLC7A11 expression) + (-0.09029 x 

AKR1C3 expression) +(0.17951×SRXN1 expression) +(-0.13938× TSC22D3 expression) + 

(0.39364 × ENPP2 expression) + (0.10266 × ATF3 expression) + (-0.12330 × ABCC1 expression) + 

(-0.16491 ×GCLM expression). (table1) 

 

Table 1. Expression coefficients of cox regression model composed of 17 genes 

Gene coef exp.coef. se.coef. z p 

AKR1C2 0.23 1.26 0.07 3.36 0.00 

ALOX5 0.18 1.19 0.09 2.06 0.04 

DUOX1 -0.08 0.92 0.05 -1.49 0.14 

MUC1 0.12 1.12 0.05 2.37 0.02 

SLC2A1 0.11 1.12 0.07 1.71 0.09 

AKR1C1 -0.24 0.79 0.08 -2.82 0.00 

CYBB -0.18 0.83 0.08 -2.21 0.03 

IL33 -0.09 0.91 0.05 -1.87 0.06 

ALOX12 0.06 1.06 0.04 1.49 0.14 

SLC7A11 0.15 1.17 0.06 2.41 0.02 

AKR1C3 -0.09 0.91 0.06 -1.52 0.13 

SRXN1 0.18 1.20 0.09 1.99 0.05 

TSC22D3 -0.14 0.87 0.10 -1.44 0.15 

ENPP2 0.39 1.48 0.09 4.41 0.00 

ATF3 0.10 1.11 0.07 1.56 0.12 

ABCC1 -0.12 0.88 0.07 -1.75 0.08 

GCLM -0.16 0.85 0.08 -1.95 0.05 

 

3.4 The relationship between FRGs signal and prognosis in LUSC patients 

In order to further explore whether the OS characteristics related to Ferroptosis-related-genes can 

predict the prognosis of LUSC patients, the Kaplan-Meier curve was used to analyze and evaluate the 

OS prognosis of patients in high and low risk groups (Fig. 3B). The incidence of OS in the high-risk 

group was significantly lower than that in the low-risk group (p<0.001). At the same time, we also 

performed in-depth visualization of the risk scores of patients in the high-risk and low-risk groups.It 

can be seen that as the risk score increases, patient deaths are also increasing. The above results show 

that the risk score accurately reflects the survival of patients, and the OS characteristics of Ferroptosis-

related-genes can accurately predict the prognosis of LUSC patients. In addition, the ROC curve also 

shows that our model can predict well the prognosis of patients at 1, 5, and 10 years (Fig. 3C). 
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Figure 3. Construction of Cox regression analysis model. (A) Forest map of 17 genes. HR>1 

indicates that the gene has a promoting effect on LUSC. The HR of these three genes is greater than 

1, indicating that they are all risk genes that promote the LUSC process. (B) Cox regression analysis 

model consisting of 17 genes (AKR1C2, ALOX5, DUOX1, MUC1, SLC2A1, AKR1C1, CYBB, 

IL33, ALOX12, SLC7A11, AKR1C3, SRXN1, TSC22D3, ENPP2, ATF3, ABCC1, GCLM) 

represents a lower risk score, and the red line represents a higher risk score (P <0.001)(C) ROC 

curve (D-F) Visualization of risk score. 

 

Table 2. Clinical data of LUSC in TCGA: survival time, OS, gender, age, TMN classification, stage 

and risk score of appeal model 

 Overall 

n 489 

fustat (mean (SD)) 0.43 (0.50) 

futime (mean (SD)) 2.64 (2.64) 

Gender = MALE (%) 362 (74.0) 

age (mean (SD)) 67.23 (8.56) 

PT (%)  

T1 110 (22.5) 

T2 286 (58.5) 
T3 70 (14.3) 

T4 23 (4.7) 

PM (%)  

M0 405 (82.8) 

M1 7 (1.4) 

MX 77 (15.7) 

stage (%)  

satgeIV 11 (2.2) 

stageI 239 (48.9) 

stageII 156 (31.9) 

stageIII 83 (17.0) 

PN (%)  

N0 312 (63.8) 

N1 126 (25.8) 
N2 40 (8.2) 

N3 5 (1.0) 

NX 6 (1.2) 

riskscore (mean (SD)) 1.18 (0.75) 



 

 

322 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 8, 2021 

DOI: 10.6919/ICJE.202108_7(8).0043 

 

 

Figure 4. (A-F)AKR1C1,AKR1C2, ALOX5, ENPP2, MUC1, SRXN1 expression on the GEPIA 

website. (G-H) The pathway of GSEA enrichment to KEGG in the high and low risk groups of the 

median cost of the risk score. 



 

 

323 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 8, 2021 

DOI: 10.6919/ICJE.202108_7(8).0043 

In order to investigate whether the Ferroptosis-related-genes-related characteristics of OS are 

independent prognostic factors for LUSC patients, we performed Cox multiple regression analysis 

using age, sex, TMN classification, stage, and risk score (Table 2). Multivariate Cox regression 

analysis showed that age, M grade, T grade, and risk score were independent factors affecting the 

prognosis of ccRCC. Then, construct a ROC curve to determine the prediction accuracy of the cox 

multivariate regression model for 1, 5, and 10 years. The area under the ROC curve (AUC) for 1 year, 

5 years, and 10 years are all greater than 0.7, indicating that the model has good prediction accuracy. 

At the same time, the nomogram shows that the risk score is the most important factor in the newly 

constructed cox multivariate regression model, indicating that the risk score plays an important role, 

and further proves the reliability and independence of the risk score model based on the FRGs-related 

characteristics of OS. 

3.5 Verification of 6 gene expression levels and GSEA of high and low risk groups 

In order to further confirm the reliability of our model, we used the GEPIA website to verify the 

expression of the 6 FRGs that performed most prominently in the model. The GEPIA website verified 

that these genes are cun'zai between the normal group and the LUSC group (Fig.4A/B/C/D/E/F). At 

the same time, in order to further explore the significance of the high and low risk groups of the 

appeal model, we divided the samples into two groups according to the level of risk scores, and 

performed the KEGG enrichment analysis of GSEA (Fig.4G). The differential genes between the two 

groups are mainly enriched in the following pathways, such as Ascorbate and aldarate metabolism, 

Drug metabolism-cytochrome P450, Metabolism of xenobiotics by cytochrome P450, Pentose and 

glucuronate interconversion, Porphyrin and chlorophyll metabolism (Fig. 4H). 

4. Discussion 

LUSC is a malignant disease with a poor prognosis [15]. Therefore, there is an urgent need to find 

biomarkers that can accurately diagnose and treat LUSC. Many current studies have found that 

Ferroptosis is an important factor affecting the occurrence and development of LUSC, and has 

important significance and research value for the occurrence and development of cancer [16, 17]. 

However, regarding FRGs, the mainstream is still studying the impact of FRGs on tumor occurrence 

and treatment, and research on the value of FRGs on tumor prognosis is still relatively rare. 

First, we obtained genes related to Ferroptosis (FRGs) from the FerrDb database, and then used the 

differentially expressed RNA data of LUSC and normal gastric tissue on TCGA to obtain 50 

differentially expressed FRGs. KEGG analysis showed that these FRGs were mainly enriched in 

arachidonic acid metabolism, iron disease, cysteine and methionine metabolism, glutathione 

metabolism, HIF-1 signaling pathway, serotonin synapse, antifolate and other pathways. GO analysis 

shows that at the biological process level, these ATGs are mainly enriched in oxidative stress, cofactor 

metabolic process, cellular response to chemical stress, and at the molecular function level, these 

genes are enriched in iron ion binding; oxidoreductase activity, acting on single donors with 

incorporation of molecular oygen, incorporation of two atoms of oxygen; oxidoreductase activity, but 

at the cellular component level, it mainly focuses on basolateral plasma membrane, apical plasma 

membrane, the apical part of the cell, and endocytic vesicles. 

The prognosis model proposed in this study consists of 17 FRGs (AKR1C2, ALOX5, DUOX1, 

MUC1, SLC2A1, AKR1C1, CYBB, IL33, ALOX12, SLC7A11, AKR1C3, SRXN1, TSC22D3, 

ENPP2, ATF3, ABCC1, GCLM). From the FerrDb database, we can further classify: AKR1C2, 

MUC1, AKR1C1, SLC7A11, AKR1C3, ENPP2 belong to Suppressor, ALOX5, DUOX1, CYBB, 

ALOX12, ATF3, ABCC1, GCLM belong to Driver, SLC2A1, IL33, SLC7A11, SRXN1 belong to 

Marker. Drivers are genes that promote ferroptosis, Suppressors are genes that prevent ferroptosis 

and Markers are genes that indicate the occurrence of ferroptosis [18]. AKR1C2, AKR1C1, and 

AKR1C3 all belong to the AKR superfamily. The members of the AKR superfamily are usually 

located in the cytoplasm and exhibit NAD (P)(H)-dependent oxidoreductase activity [19]. Studies 

have found that AKR1C2 and AKR1C2 are down-regulated in smokers who have quit smoking for 

at least one year, but smoking is one of the most important factors leading to LUSC [20]. Other studies 
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have shown that AKR1C3 does play an important role in the radiosensitivity of NSCLC cancer cells, 

especially in the IL-6-mediated signaling pathway. It is reported that down-regulation of MUC1 can 

inhibit the growth of human non-small cell carcinoma [21]. ENPP2, more commonly known as 

autotaxin (ATX), can catalyze the hydrolysis of lysophosphatidylcholine (LPC) to lysophosphatidic 

acid (LPA). Increased levels of ATX and LPA can promote idiopathic pulmonary fibrosis (IPF) in 

lung tissue and bronchoalveolar lavage fluid (BALF) patients, and pulmonary fibrosis is associated 

with an increased risk of lung cancer [22]. xCT (SLC7A11) is an important regulator of ferroptosis. 

Studies have shown that overexpression of xCT may support the progression of lung cancer[23]. 

ALOX5 and ALOX12 mainly encode members of lipoxygenase gene family. DUOX1 gene silencing 

may be closely related to aggressive and metastatic lung cancer [24]. The reduction of NOX2 encoded 

by genes such as CYBB and CYBA is related to the reduction of lung cancer metastasis. The up-

regulation of ATF3 in lung cancer may promote cell proliferation, migration and invasion of lung 

cancer [25]. Current research shows that the common polymorphisms in the 3'untranslated regions of 

ABCB1 and ABCC1 may be related to the etiology of lung cancer [26]. GCLM is a key enzyme in 

the synthesis of glutathione (GSH), a modified subunit of glutamine cysteine ligase (GCL), and its 

co-expression is related to the resistance of non-small cell lung cancer transplants to CDDP[27]. In 

addition, the IL-33/ST2 pathway up-regulates the cell membrane glucose transporter 1 of non-small 

cell lung cancer cells, which promotes the glucose uptake and glycolysis of non-small cell lung cancer 

cells, which is beneficial to the growth and metastasis of human lung cancer in vitro [28]. The 

expression of SRXN1 is increased in lung cancer. A number of studies have shown that SRXN1 has 

a protective effect on oxidative damage [29,30]. However, although these genes are closely related to 

the occurrence and development of lung cancer, the mechanism of action with the LUSC subtype of 

lung cancer is still unclear, and further research is needed. 

GSEA shows that the high and low risk groups are mainly related to metabolism and redox pathways: 

ascorbic acid and alginate metabolism, drug metabolism-cytochrome P450, cytochrome P450 

metabolism of xenobiotics, mutual conversion of pentose and glucuronate , Metabolism of porphyrin 

and chlorophyll. 

Our research reveals the relationship between the seventeen genetic model and LUSC, but this is only 

a research based on public databases, and more prospective clinical data is needed to prove its clinical 

utility. Studies have found that cigarette smoke condensate induces cytochrome P450 and aldehyde 

ketone reductase in oral blood vessels, which is consistent with the pathway occupied by our high-

risk population. 

All in all, our study defines a new prognostic model for 17 genes related to Ferroptosis. This model 

has been proved to be independently related to OS, which provides new insights for the prediction of 

LUSC prognosis. In fact, the underlying mechanism between LUSC and FRGs is still poorly 

understood and deserves further study. 
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