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Background: Ferroptosis is a novel iron-dependent cell death, and an increasing number of studies have
shown that long non-coding RNA (IncRNAs) are involved in the ferroptosis process. However, studies
on ferroptosis-related IncRNAs in lung squamous cell carcinoma (LUSC) are limited. In addition, the
prognostic role of ferroptosis-related IncRNAs and their relationship with the immune microenvironment
and methylation of LUSC is unclear. This study aimed to investigate the potential prognostic value of
ferroptosis-related IncRNAs and their involved biological functions in LUSC.

Methods: The Cancer Genome Atlas (TCGA) database and the FerrDb website were used to obtain
ferroptosis-related genes for LUSC. The “limma” R package and Pearson analysis were used to find
ferroptosis-related IncRNAs. The biological functions of the characterized IncRNAs were analyzed by Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). We evaluated the prognostic
power of this model using Kaplan-Meier analysis, receiver operating characteristic (ROC), and decision
curve analysis (DCA). Univariate and multifactor Cox (proportional-hazards) risk model and a nomogram
were produced using risk models and clinicopathological parameters for further verification. In addition,
the relationship between characterized IncRNAs and tumor immune infiltration and methylation was also
discussed.

Results: We identified 29 characterized IncRNAs to produce prognostic risk models. Kaplan-Meier
analysis revealed the high-risk group was associated with poor prognosis in LUSC (P<0.001), and ROC (AUC
=0.658) and DCA suggested that risk models could predict prognosis. Univariate and multifactorial Cox as
well as nomogram further validated the prognostic model (P<0.001). Gene set enrichment analysis (GSEA)
showed that the high-risk group was associated with pro-tumor pathways and high-frequency mutations in
TP53 were present in both groups. Single sample gene set enrichment analysis (ssGSEA) showed significant
differences in immune cell infiltration subtypes and corresponding functions between the two groups. Some
immune checkpoint and methylation-related genes were significantly different between the two groups
(P<0.05).
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Conclusions: We investigated the potential mechanisms of LUSC development from the perspective of

ferroptosis-related IncRINAs, providing new insights into LUSC research, and identified 29 IncRNAs as

biomarkers to predict the prognosis of LUSC patients.
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Introduction

Lung cancer is one of the most common cancers globally
and has the highest mortality rate (1,2), with about 2 million
new cases and 1.76 million deaths per year (3). The disease
is broadly divided into non-small cell lung cancer (NSCLC)
(85% of total diagnoses) and small cell lung cancer (SCLC)
(15% of total diagnoses) (4), and among the former, the
most common subtype is adenocarcinoma, followed by
lung squamous cell carcinoma (LUSC). LUSC accounts
for approximately 40% of all lung cancers, and most
patients present early with clinical symptoms and regional
metastases at the time of pathological confirmation (5).
LUSC is more common in smokers and men compared
to other histological types (6), although its incidence
has now declined dramatically, partly due to a decline in
smoking rates. Advances in diagnosis and treatment have
been made in recent years, but the 5-year overall survival
(OS) rate for LUSC remains low. Cancer patients with
low OS usually have specific markers, that is, markers with
cancer susceptibility and risk, that are at high risk of cancer
and are expected to benefit from prevention studies (7).
To date, various studies have reported on potential
prognostic markers for LUSC. CCNA2, AURKA, AURKB,
MUC22, and KLK6 were found to be associated with
poor prognosis in LUSC and was associated with immune
cell infiltration (8,9). However, these studies have only
understood the involvement of biomarkers in influencing
the immune microenvironment and have not fully explored
the underlying mechanisms of biomarkers. Therefore, it is
particularly important to find a comprehensive and effective
prognostic marker for the disease.

Ferroptosis is a novel type of cell death, which unlike
autophagy and apoptosis, is an iron- and reactive oxygen
species (ROS)-dependent cell death (10). These cellular
abnormalities are due to membrane lipid peroxidation
and oxidative stress resulting in the loss of selective
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permeability of the plasma membrane (11). Compared to
normal cells, cancer cells exhibit iron addiction (12), and
in contrast to the abnormal iron metabolism in cancer,
ferroptosis appears to be an antitumor process (13,14).
In recent years, ferroptosis inducers are expected to be
potential therapeutic options to induce cancer cell death,
especially for malignancies resistant to radiotherapy and
chemotherapy (15,16). Increasing evidence indicates long
non-coding RNAs (IncRNAs) play a crucial regulatory role
in the occurrence and development of cancer, as they can
regulate the proliferation, invasion, and metastasis of cancer
cells and metabolic reprogramming (17). A few reports have
suggested IncRNAs are involved in ferroptosis. Ferroptosis-
related IncRNAs have been reported to be associated with
prognosis of pancreatic, colon, and liver cancers (18-20).
It was also been reported in lung adenocarcinoma that
ferroptosis-related IncRNAs affect patient prognosis (21).
However, no corresponding studies have been reported
in LUSC.

This study systematically analyzed the association
between ferroptosis-related IncRNAs expression and
clinicopathological features of LUSC patients in The
Cancer Genome Atlas (TCGA) database. We also
constructed prognostic signatures based on 29 ferroptosis-
related IncRNAs and assessed their ability to independently
and accurately predict factors for LUSC. This study
provides new insights into the underlying mechanisms
of LUSC and the identification of 29 ferroptosis-related
IncRNAs could serve as diagnostic and prognostic
biomarkers. We present the following article in accordance
with the TRIPOD reporting checklist (available at https://
tler.amegroups.com/article/view/10.21037/tlcr-22-224/rc).

Methods

The flow chart of systematic bioinformatics analysis in this
study was showed in Figure 1. The study was conducted
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Figure 1 Flow chart for bioinformatics analysis. TCGA, The Cancer
Genome Atlas; LUSC, lung squamous cell carcinoma; IncRNA, long
non-coding RNA; FDR, false discovery rate; GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes.

in accordance with the Declaration of Helsinki (as revised
in 2013).

Data acquisition

Gene expression and clinical data on LUSC patients were
obtained from TCGA database (https://portal.gdc.cancer.
gov/repository) and analyzed in R language (R version
4.1.2). Gene expression profiles were normalized, and
patients with a clear pathological diagnosis, gene expression,
and clinical data were included, resulting in a final total of
504 samples. Clinical data collected from the 504 LUSC
patients included clinicopathological stage, gender, age,
pathologic stage, smoking, survival status, and survival time,
and their baseline characteristics are summarized in Table 1.
Ethics approval was not required, as TCGA is a public
database.
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Table 1 Clinical characteristics of patients in the TCGA dataset

Characteristics Levels Overall
n 504
Gender, n (%) Female 131 (26.0)
Male 373 (74.0)
T, n (%) ™ 50 (9.9)
Tla 24 (4.8)
T1b 40 (7.9)
T2 174 (34.5)
T2a 87 (17.3)
T2b 34 (6.7)
T3 71 (14.1)
T4 24 (4.8)
M, n (%) MO 414 (82.1)
M1 5(1.0)
Mia 1(0.2)
M1b 1(0.2)
MX 79 (15.7)
Unknown 4(0.8)
N, n (%) NO 320 (63.5)
N1 133 (26.4)
N2 40 (7.9)
N3 5(1.0)
NX 6(1.2)

Age (years), median [IQR] 68 [62, 73]

TCGA, The Cancer Genome Atlas; IQR, interquartile range.

Identification of ferroptosis-related IncRNAs

To search for ferroptosis-related genes in LUSC, gene
expression profiles from TCGA database and ferroptosis-
related genes from the FerrDb website (11) were combined.
Finally, 382 ferroptosis-related genes were identified in
LUSC. Pearson correlation analysis was used to search for
IncRNAs associated with ferroptosis-related genes, and the
screening criteria were correlation coefficient |R*150.4 and
P<0.001. Significant differential expression of ferroptosis-
related IncRNAs was set at false discovery rate (FDR) <0.05
and Ilog,FCI >1 by using the “limma” R package, and
the biological function of ferroptosis-related differentially
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expressed genes (DEGs) was explored using Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis.

Construction and evaluation of the prognostic signature

Univariate Cox regression models were used to identify the
most relevant ferroptosis-related IncRNAs for OS in LUSC
patients (P<0.05), and 29 target ferroptosis-associated
IncRNAs were identified as candidates for a prognostic
signature model (Figure S1). We stratified characteristic
IncRNAs using the following formula to compute the risk
score (22): risk score = (coefficient IncRNAI x expression
of IncRNA1) + (coefficient IncRNA2 x expression of
IncRNA2) + ... + (coefficient IncRNAn x expression
IncRINA). The associated risk score for each LUSC patient
was also evaluated and patients were divided into high-risk
and low-risk groups using the median risk score as the cut-
off point.

Receiver operating characteristic (ROC) analysis
(“survival ROC” R package) and decision curve analysis
(DCA) were then used to assess the accuracy and
clinical applicability of the prognostic risk model (23).
Univariate analysis was performed on risk model and
clinicopathological parameters to determine that age,
stage, and risk model were associated with prognosis. Next,
multifactorial Cox regression analysis of these three factors
was performed and all were found to be associated with
prognosis. The nomogram was used to further determine
whether the prognostic risk model was an independent
prognostic factor for LUSC patients.

Bioinformatic analysis

The Tumor Immune Estimation Resource (TIMER) (24),
CIBERSORT (25), CIBERSORT-ABS (26),
QUANTISEQ (27), Microenvironment Cell Populations-
counter (MCP-counter) (28), XCELL (29), and EPIC (30)
algorithms were applied to assess the infiltration of various
immune cells between high-and low-risk groups based
on the ferroptosis-related IncRNAs prognostic signature.
The differences in immune cell infiltration under different
algorithms were displayed in a Heatmap, and single-sample
gene set enrichment analysis (ssGSEA) was used to quantify
immune cell subpopulations and related functions between
the two groups (31). The potential immune checkpoint was
also displayed.
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We used the gene set enrichment analysis (GSEA)
method based on the KEGG and HALLMARK gene
sets with the “clusterProfiler” R package (P<0.05 and
FDR <0.25) to determine in which signalling pathways
the differentially expressed genes were involved. The
gene mutation analysis obtained information on genetic
alterations from the cBioPortal database (http://www.
cbioportal.org/) and the quantity and quality of gene
mutations were analyzed in the two groups by using the
“Maftools” R package (Mutation Annotation Formatted
files).

Statistical analysis

Spearman correlation analysis was used to analyze
the correlation between ferroptosis-related genes and
ferroptosis-related IncRNAs, and chi-square test was used to
analyze the difference in the proportion of clinical features.
Wilcox test was used to compare the proportion of tumor-
infiltrating immune cells. The OS between different groups
was plotted using the Kaplan-Meier product-limit method,
with P values based on the log-rank test. Univariable and
multifactor Cox regression analyses were implemented to
identify its independent predictors. All P values were based
on a two-sided statistical test, and P<0.05 was considered
statistically significant.

Results
Functional enrichment analysis of ferroptosis-related DEGs

Combining univariate and multifactorial analyses, we
identified 29 ferroptosis-related IncRNAs associated with
prognosis. These were evaluated using GO and KEGG
analysis to understand the potential biological pathways of
ferroptosis-related DEGs (Figure 2). Biological processes
were mainly involved in the production of oxidative
stress, metabolism, and homeostasis of superoxide, while
molecular functions were implicated in influencing apical
and basal plasma membrane functions and nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase. Cellular
components were mainly up-regulated in the NADPH
oxidoreductase complex and iron ion binding. KEGG
analysis showed that these DEGs were mainly involved in
ferroptosis, microRNAs in cancer, the hypoxia-inducible
factor-1 (HIF-1) signaling pathway, the NOD-like receptor
(NLR) signaling pathway, and energy metabolism.
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Figure 2 Functonal enrichment analysis of ferroptosis-related DEGs. (A) GO analysis results showed the enriched biological processes, cell

components, and molecular functions associated with DEGs. (B) KEGG pathway analysis results showed the enriched signaling pathways associated
with DEGs. NADPH, nicotinamide adenine dinucleotide phosphate; BP, biological process; CC, cellular component; MF, molecular function; HIF-1,
hypoxia-inducible factor-1; DEG, differendally expressed gene; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Identification of prognostically significant ferroptosis-
related IncRNAs

Based on the ferroptosis-related IncRNAs obtained in the
previous period, we calculated risk scores and constructed
prognostic signatures to predict the survival of 504 enrolled
LUSC patients. As shown in Figure 34, compared with low-
risk patients, high-risk patients had significantly poorer OS
(P<0.001). The time-dependent ROC curve demonstrated
the area under the curve (AUC) value for the ferroptosis-
related IncRNAs prognostic signature was 0.658, which had
superior performance than the AUC values for age (AUC
=0.536), gender (AUC =0.496), and stage (AUC =0.562)
in predicting the prognosis of LUSC (Figure 3B). Patients
were then ranked according to the risk scores based on the
ferroptosis-related IncRNAs prognosis signature (Figure 3C,
upper), and the scatter plot showed the survival rate
correlated with the risk scores, where patients with higher
risk scores had shorter survival times (Figure 3C, middle).

© Translational Lung Cancer Research. All rights reserved.

Interestingly, the heatmap suggested that most characteristic
IncRNAs were negatively correlated with our risk model,
so more studies are needed to explore the reasons for this
(Figure 3C, bottom). The time-dependent ROC curve
showed the AUC of characteristic IncRNAs for 1-, 2-, and
3-year survival were 0.658, 0.693, and 0.687, respectively
(Figure 3D). DCA graphically illustrated that ferroptosis-
related IncRNAs prognostic signature brought more net
benefit of survival than other parameters (Figure 3E).

Description of the fervoptosis-related IncRNASs as an
independent prognostic factor

Multivariate Cox regression analysis was then performed
to determine whether the ferroptosis-related IncRNAs
prognostic signature was an independent prognostic factor
for LUSC. Univariate analysis showed that age (P<0.05),
stage (P<0.05), and the signature risk score (P<0.001) were
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Figure 3 Prognostic analysis of the ferroptosis-related IncRNAs in LUSC patients based on TCGA. (A) Kaplan-Meier survival curve analysis

showed the survival time of patients with high-risk scores based on the ferroptosis-related IncRNAs prognostic signature was significantly

poorer than those with low-risk scores (P<0.001). (B) ROC curve analysis showed the prognostic accuracy of ferroptosis-related IncRNAs

prognostic risk scores and clinicopathological parameters such as age, gender, and stage. (C) Patients were ranked according to the risk score,

and the correlation between survival time and risk scores was demonstrated using scatter plots. Heatmap shows the correlation between

characteristic IncRINAs and the risk model. (D) The time-dependent ROC curves for 1-, 2-, and 3-year OS predictions by the risk score model

in the TCGA-LUSC cohort. (E) The DCA of ferroptosis-related IncRNAs prognostic risk scores and clinicopathological parameters such as

age, gender, and stage. AUC, the area under the curve; IncRNA, long non-coding RNA; LUSC, lung squamous cell carcinoma; TCGA, The

Cancer Genome Atlas; ROC, receiver operating characteristic; DCA,

associated with OS, in which the risk score was statistically
significant, and this was confirmed by multivariate analyses
(Figure 4). The heatmap for the association between the
ferroptosis-related IncRNAs prognostic signature and
clinicopathological features was also analyzed, as shown
in Figure 5. A nomogram was then constructed by using
the signature and traditional clinicopathological features,
including gender, age, and stage (Figure 6), and the results
demonstrated the nomogram using the signature risk score
was reliable and accurate. The above results indicated
that the ferroptosis-related IncRNAs signature could be
identified as an independent prognostic factor for LUSC
patients.
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decision curve analysis; OS, overall survival.

Molecular characteristics of patients in the bigh- and low-
risk group

We performed GSEA to determine the gene sets enriched
between the high- and low-risk group. In the high-risk
group, the enriched gene sets included angiogenesis, apical
surface, cholesterol homeostasis, hedgehog signaling, and
TGF-p signaling (Figure 74), where DNA repair, E,F
targets, G,M checkpoint, and MYC targets were enriched
in the low-risk group (Figure 7B) (P<0.05, FDR <0.29).
Gene mutations were then analyzed to better understand
the biology of the characteristic IncRNAs. The top 10 genes
were identified with the highest mutation rate in two
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separate groups (Figure 7C,7D) and showed significantly
higher mutation counts in the high-risk group than in the
low-risk group. The mutation rate of each gene was more
than 20% in both the high- and low-risk group. Missense
variations were the frequent mutation type, followed by
nonsense, and frameshift deletions. Despite the difference
in mutation rate, the mutated genes were approximately the
same in both groups.

Ferroptosis-related IncRNAs and tumor immune
microenvironment (TIME)

Figure 2B shows the pathways associated with ferroptosis-
related DEGs using KEGG analysis. Of interest is the
HIF-1 pathway, which is closely associated with TIME.
To further explore the correlation between the ferroptosis-

© Translational Lung Cancer Research. All rights reserved.

related IncRNAs and TIME, different algorithms were
used to determine the proportion of tumor-infiltrating
immune cells (TIICs), including TIMER, CIBERSORT,
CIBERSORT-ABS, QUANTISEQ, MCP-counter,
XCELL, and EPIC. The heatmap showed the TIICs
in high- and low-risk groups under various algorithms
(Figure 8) and revealed differences in the various TIICs in
the high- and low- group, such as CD4" T cell, CD8" T
cell, Neutrophil, macrophage, and myeloid dendritic cells.
We next used ssGSEA to analyze the correlation between
the function of the above immune cell subpopulations
and the high- and low-risk group. The result showed
significant differences in T cell functions, including
antigen presentation process, checkpoint inhibition,
cytokine receptor (CCR), T cell activation and inhibition,
inflammatory response, and release of types I and II IFN
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Figure 7 Molecular characteristics of patients in the high- and low-risk group. (A,B). The GSEA analysis in the high- and low-risk group to
enrich characteristic gene sets (P<0.05, FDR <0.29). (C,D) Significantly mutated genes in LUSC patients in the high- and low-risk group.

The top 10 mutated genes in each group ranked by mutation rate

counts are shown on the top. TMB, tumor mutation burden; NA,

rate; LUSC, lung squamous cell carcinoma.

(Figure 9A4). The immune checkpoint is closely related to
immune cell function. Although there are three popular
immune checkpoints at present: PD-1, CTLA-4, and PD-
L1, there are still much literature reporting that a variety of
immunosuppressive molecules and costimulatory molecules
are involved in tumor immune escape. Therefore, we used
ssGSEA to look for immune checkpoints significantly
associated with the constructed risk model of ferroptosis-
related IncRNAs to look for IncRNAs upstream of
ferroptosis and immune response. We found significant
differences in immune checkpoint molecules between the

© Translational Lung Cancer Research. All rights reserved.

are shown. The mutation rate is shown on the right, and the mutation

no answer; GSEA, gene set enrichment analysis; FDR, false discovery

two groups (P<0.001), including the classic PDCD-1 (PD-1),
CD276, ICOS, and CTLA4 (Figure 9B).

Ferroptosis-related IncRNAs and m6A methylation

Various data have shown that IncRNA is closely related to
methylation in the occurrence and development of cancer.
Through analysis, we found m6A-related mRNA expression
was significantly different between the high- and low-
risk groups, including YTHDFI1, YTHDCI1, HNRNPC,
YTHDC2, METTL3, ALKBHS, and FTO (Figure 10). This
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provides a new idea for studying methylation and ferroptosis
in LUSC.

Discussion

Resistance to radiotherapy and chemotherapy remains the
key challenge facing cancer treatment today, and ferroptosis
appears to hold potential for reversing this process. As
IncRNA has been found to participate in the ferroptosis
process of tumor cells, targeting ferroptosis-associated
IncRNAs could benefit patients whose cancer progresses
after treatment. In this study, we systematically investigated
the association between the expression of 29 ferroptosis-
associated IncRNAs and prognosis in LUSC tumor tissues
and constructed and verified a new prognostic model
integrating them differently.

Firstly, through GO and KEGG analysis, it was found

© Translational Lung Cancer Research. All rights reserved.

that ferroptosis-associated IncRINAs were not only enriched
in the ferroptosis process, oxidative stress, and lipid
metabolism-related pathways, but were related to the HIF-1
signaling pathway, microRNAs in cancer, central carbon
metabolism in cancer, and NLR signaling pathway, which
are involved in the development of cancer. microRNA-9
has been reported to regulate ferroptosis in melanoma by
targeting glutamic oxaloacetate transaminase (32), and
HIF-1 and central carbon metabolism were associated with
non-tumorigenic ferroptosis (33,34). Although there is
no direct evidence for the relationship between NLR and
ferroptosis, it has been documented that high intracellular
ROS levels can activate the NLR pathway, which in turn
promotes cellular scorching (35). This may provide a
possible theoretical basis for another mode of cell death,
ferroptosis.

A total of 29 ferroptosis-related IncRNAs with prognostic

Transl Lung Cancer Res 2022;11(4):632-646 | https://dx.doi.org/10.21037/tler-22-224
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Figure 9 Immune characteristics of ferroptosis-related IncRINAs prognostic signature. (A) ssGSEA for the association between immune cell
subpopulations and related functions. (B) Expression of immune checkpoints between the two groups. Adjusted P values are shown as: ns,
not significant; *, P<0.05; **, P<0.01; ***, P<0.001. APC, antigen-presenting cell; CCR, chemokine receptor; HLA, human leukocyte antigen;
MHC, major histocompatibility complex; IFN; interferon; IncRNA, long non-coding RNA; ssGSEA, single-sample Gene Set Enrichment
Analysis.
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Figure 10 Expression of m6A-related genes between different groups. The expression differences of YTHDFI, YTHDC1, HNRNPC, YTHDC?2,
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P<0.001.

significance were identified in this study. MYOSLID
modulates epithelial-mesenchymal transition in head and
neck squamous cell carcinoma to promote invasion and
metastasis (36), and stress-induced LASTR promotes
breast cancer metastasis by regulating the activity of U4/
U6 recycling factor SART3 (37). MIR22HG can regulate
the miR-486/PTEN axis to promote cell proliferation in
bladder cancer (38), while LUCAT1 promotes colorectal
cancer tumorigenesis by targeting the ribosomal protein
L40-MDM2-p53 pathway by binding UBAS52 (39).
Although some of the 29 ferroptosis-related IncRINAs have
not been studied, it can be hypothesized that they promote
tumor progression based on the above studies, which is
consistent with our conclusions (Figure 34). There are no
studies on the role of ferroptosis-related IncRNAs in the
prognosis of LUSC patients, and our findings may provide
new ideas for exploring the mechanism of the disease.

Risk scores were calculated for each LUSC patient
based on the expression of 29 ferroptosis-related IncRNAs
in the prognostic signatures, and patients were divided
into high- and low-risk groups based on the median risk
score. The survival time of those with high-risk scores

© Translational Lung Cancer Research. All rights reserved.

was shorter compared with low-risk scores. ROC and
DCA curve analysis validated the prognostic accuracy of
ferroptosis-related IncRINAs prognostic signatures in LUSC
patients, and the prognostic signatures risk scores were an
independent prognostic factor in univariate and multifactor
Cox regression analyses. A nomogram showed risk scores
for ferroptosis-related IncRNAs prognostic signatures were
more predictive of prognosis in LUSC patients compared
with clinicopathological parameters (gender, age, and stage),
and calibration plots showed the predicted 1-, 3-, and 5-year
survival rates were similar according to the column line
plots. Overall, in our study, ferroptosis-related IncRNAs
prognostic signatures independently and accurately
predicted survival outcomes in LUSC patients.

By performing GSEA on the high- and low-risk groups,
we found the high-risk group was enriched in angiogenesis,
TGF-B, and hedgehog signalling pathways, while the low-
risk group tended to be enriched in cell cycle signalling
pathways. Targeting ATF4 has been reported to inhibit
tumor angiogenesis and promote ferroptosis in glioma
cells (40), and in hepatocellular carcinoma, T'GF- inhibited
System Xc suppressing ferroptosis (41). Although no clear
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reports show the association of the hedgehog pathway with
ferroptosis, there is potential to tap the former in ferroptosis
based on its ability to promote lipid peroxidation as well as
maintain the stemness characteristics of cancer cells (42).
TP53 is an important known oncogene that can regulate
apoptosis and cell cycle and inhibit tumor development by
regulating ferroptosis (43). We identified high-frequency
mutations in TP53 in both groups at the time of mutation
prediction, which suggests that in addition to activating
glutathione peroxidase 4 (GPX4), which is a key protein
of the classical ferroptosis pathway, ferroptosis can also be
driven through the TP53 pathway.

Immune escape is the main cause of failure in tumor
immunotherapy. Therefore, restoring or enhancing
immune cells in recognition of tumor cells and killing
capability is the main direction of current immunization
therapy and research. A previous study has shown that the
ferroptosis-specific lipid peroxidation level is significantly
increased after anti-PD-L1 treatment, while the sensitivity
of tumor cells to immunotherapy is significantly reduced
after blocking the ferroptosis pathway (44). In this study,
TIICs that differed in high- and low-risk groups were found
by different immune cell infiltration analysis methods,
and differences in immune cell subpopulations and
corresponding functions in the two groups were analyzed
using ssGSEA. We also found the most relevant immune
checkpoints for ferroptosis-related IncRNAs by ssGSEA,
including the classic PDCD-1 (PD-1), CD276, ICOS, and
CTLAA4. This suggests combining ferroptosis inducers with
immune checkpoint inhibitors could be a boon for LUSC
patients with poor immunotherapy results.

Since methylation is also associated with the development
of ferroptosis in tumor cells (45), this study also explored
the differential methylation-related genes in the high and
low groups, and a total of seven genes were identified,
including YTHDFI, YTHDCI, HNRNPC, YTHDC?2,
METTL3, ALKBHS, and FTO. This provides new ideas for
the exploration of the ferroptosis mechanism in LUSC.

Our study has several limitations. First, our findings were
not validated through other independent cohorts to further
determine the stability and accuracy of the prognostic
model. Second, our study was based on a retrospective
study from the publicly available TCGA database and was
not conducted in a prospective cohort study with a clinical
sample to determine clinical applicability. Finally, further
biochemical experiments, such as immunohistochemistry,
quantitative real-time fluorescence, quantitative PCR and
flow cytometry, and clinical data analysis, are needed to

© Translational Lung Cancer Research. All rights reserved.
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confirm our findings. In a word, we investigated the potential
mechanisms of LUSC development from the perspective of
ferroptosis-related IncRNAs, providing new insights into

LUSC research, and identified 29 IncRNAs as biomarkers
to predict the prognosis of LUSC patients.
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Figure S1 Univariate Cox regression analysis of ferroptosis-related IncRNAs for OS in LUSC patients.
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