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Objective: In this research, we studied the genes associated with ferroptosis to develop
a prognostic model and find out an association with tumor immune microenvironment in skin
cutaneous melanoma (SKCM) patients.

Methods: To find SKCM-related ferroptosis genes, we used Cox regression and LASSO
approach on 60 genes related to ferroptosis and SKCM-related RNA-seq. Following that,
a ferroptosis-related gene signature was created. Time-dependent ROC curve and Kaplan—
Meier analysis were calculated to determine its capability of prediction. Besides, several
assessments were used to evaluate overall survival (OS), accompanied by the creation of
a nomogram for the clinicopathologic factors and the ferroptosis-related gene signature we
established. We also investigated the relationship between ferroptosis-related gene signature
with three immune checkpoints and immune cell infiltration.

Results: Our prognostic model included two genes (ALOX5, CHACI1). In both TCGA and
GEO cohorts, OS was lower in high-risk category. Using our gene signature, we can reliably
predict OS. Additionally, our gene signature can predict immune cell infiltration and SKCM
immunotherapy response.

Conclusion: Our gene signature has shown to be a reliable predictor of OS, reflect the immune
microenvironment, and predict the effectiveness of immunotherapy for SKCM patients.
Keywords: skin cutaneous melanoma, SKCM, ferroptosis, immune microenvironment,

immune checkpoint

Introduction

There are over 200,000 new cases diagnosed per year worldwide with skin cuta-
neous melanoma (SKCM), which is a very aggressive disease.' Patients who have
lived 5 years since the time of diagnosis of advanced melanoma have a 5-year over
survival (OS) average of 10-29%, and the total success rate of their form of
chemotherapy is less than 20%.' Though great efforts have been devoted to the
management of advanced and metastatic SKCM, the treatment and management of
it is far less effective.’ Ultraviolet radiation and hereditary predetermination are the
major melanoma risk factors.* Early detection and management of melanoma
contribute to improved results as well as new treatments for even more severe
stages of the disease. Mortality from melanoma has actually been remaining con-
stant, with relatively little improvement over time, which emphasizes the signifi-
cance of continuing studies on the molecular mechanisms of melanoma production
and clinical goals.’
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In the human body, iron is a necessary micronutrient for
certain biological processes, for example, cell metabolism,
cellular development, and proliferation.® Iron homeostasis is
precisely controlled by iron ingestion, systemic transport,
and preservation inside the body.” In tumor cells, alterations
in iron metabolism may cause two-side impact: on the heme
synthesis and sequestration, leading to the accumulation of
free iron and depletion of hemoglobin.® Although the major-
ity of tumor cells have an elevated iron requirement, an
adequate level in the body can encourage tumor growth and
proliferation, iron accumulation above that range may trigger
cell death, or cell death may result in membrane lipid
peroxidation.’ Ferroptosis may be of use in the management
of some cancers. Ferroptosis has gained popularity as
a potential cancer cure after the first presentation in 2012."°
A number of experiments have concluded that ferroptosis
plays a crucial function in cell death and in tumor
inhibition."" Additional studies have shown the importance
of ferroptosis in diagnosis and prognosis,'? but During the
formation and progression of the disease, key regulators and
pathways of ferroptosis are still unclear.

The term
immune cells that exist inside a tumor. TIME regulates iron

“tumor microenvironment” refers to the
synthesis and homeostasis in the body. Iron homeostasis is
often maintained by Thl cells, macrophages, etc. Further, it
was discovered that immunoregulation and ferroptosis
worked in concert in TIME."? The activation of cytotoxicity
in tumor cells reveals tumor antigens, enhancing the micro-
environment’s immunogenicity and hence the treatment’s
effectiveness and a separate research study discovered that
activating CD8 T-cells can boost lipid peroxidation activity in
the TIME against tumors, and the increased lipid peroxida-
tion of the tumor cells aids the therapeutic action of
immunotherapy.'*'®

While there are a variety of SKCM signatures, ferrop-
tosis studies are yet to be proven. Ferroptosis models, for
the first time, are built from detailed gene expression, but
representing the actual physiological status were devel-
oped for use in the SKCM population to predict the micro-
environment of the patient in the patient cohort. It is
possible that this approach may help with making treat-
ment choices in the future.

Materials and Methods

Data Collection
A total of 460 SKCM RNA-seq data and accompanying
clinical details were downloaded from TCGA database.

RNA-seq data and SKCM clinical details for another 213
samples were extracted from Gene Expression Omnibus
(GSE65904) database. TCGA and GEO data are freely
accessible. Thus, the present study was excluded from
ethics committees of the respective jurisdiction. The pre-
sent study adheres to the TCGA and GEO guidelines.

PPl Network Construction

For differentially expressed ferroptosis-related genes,
a protein-protein interaction (PPI) network was discovered
using the STRING database. For exploring the molecular
interactions, the Cytoscape bioinformatics tool was used.

Development of a Gene Signature
Related to Ferroptosis That Can Predict

Prognosis

The search for ferroptosis-related genes of prognostic signif-
icance as part of the univariate Cox analysis of OS. By
minimizing the chance of overfitting, LASSO method was
used to build a predictive signature. The R package “glmnet”
was performed for variable chosen and shrinkage. After that,
multivariate regression was used to define the model with the
lowest criterion score, that is goodness of fit metric.'®
Afterward, the ferroptosis gene signature risk score was
divided in conjunction with linear combination of the risk
factor and the expression equation (B). Risk score = B; *
genejexpression + [, * gene.expression + [z *
genesexpression + ... + B, * gene expression. Using the
risk score algorithm, For each patient, a risk score was
determined. To divide the patients into high-risk and low-
risk categories, we used the median risk score level as
a cutoff value. In this analysis, the Kaplan-Meier method
was conducted to test the significance of variations in survi-
val time between the high-risk and low-risk classes. The
ROC curve (including 1-, 3-, and 5-year survival) was cre-
ated to represent the ferroptosis-based signature using
“survivalROC” R package to show sensitivity and specificity.

Clinical and Pathologic Factors
Associated with Gene Signature Related

to Ferroptosis

We used “survival” R package to complete the univariate
and multivariate studies on gene signature related to fer-
roptosis and clinicopathologic characteristics in TCGA
and GSE65904. Further, various properties were tested to
determine whether the gene signature related to ferroptosis
was correlated with clinicopathological factors.
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Construction of Prognostic Nomogram
In order to provide a quantitative method for predicting the
survival risk for SKCM patients, the nomogram was
developed by R package “rms” using a ferroptosis signa-
ture as well as quantitative data. In the meanwhile, cali-
bration curves were drawn to provide an accurate estimate
of predictive and test the accuracy of nomograms.

Gene Set Enrichment Analysis

According to their calculated risk values, the SKCM sam-
ples were split into two groups (high and low risk groups).
We used GSEA to differentiate between the two groups in
order to discover and study the essential mechanism for
KEGG pathways.'” The reference gene collection was c2.
cp.kegg.v6.2.symbols.gmt, which was annotated.

Relationship of Ferroptosis-Related Gene
Signature and the 22 Tumor-Infiltrating

Immune Cells

In both datasets, CIBERSORT was used to measure the
proportion of tumor infiltrating immune cells. Via the
linear support vector principle, CIBERSORT is really
effective at analyzing expression matrices of immune cell
types.'® The association between 22 different types of
tumor-infiltrating immune cells was investigated. An inte-
grated study of Spearman coefficient and Wilcoxon-rank
sum was performed to determine the relationship between
the 22 tumor infiltrating immune cells.'® We evaluated the
association between the risk score and the levels of expres-
sion levels of CTLA4, PD-1, and PD-L1, the three main
immune checkpoint genes.

Statistical Analysis

Kaplan—-Meier study was performed using R packages
“survival” and “survminer.” The “survival” package was
used to analyze the Cox study. For ROC study, the
R package “survivalROC” was used. Statistical signifi-
cance is shown by a p-value < 0.05.

Results

Patient Characteristics

A total of 460 melanoma samples were obtained from the
TCGA database. There were 213 individual samples from
the validation dataset. Table S1 includes all the basic
demographic information. Figure 1 represents the design
of the present analysis.

Characterization of Ferroptosis-Related

Gene Signature

This research includes a total of 60 ferroptosis-related genes
(Table S2). A PPI network was built to elucidate the inter-
relationships among these genes (Figure S1). We developed
Kaplan—Meier curves from the TCGA database of ferroptosis-
related genes to study OS. 10 genes were strongly related to
patient outcome in the Log rank test (p < 0.05) among the 60
genes (Figure 2A). For the purpose of building a ferroptosis-
related model, LASSO was applied to select the best optimal
model (Figure 2B and C). 8 genes were found with the
LASSO algorithms. Finally, a risk model was generated
using a multivariate Cox regression analysis. The genes
ALOXS5 and CHACI have been found to be highly predictive
(Figure 2D). After calculated the expression equation () The
following equation is used to calculate the signature’s risk
value: risk score = (—0.3258) x expression (ALOXS) +
(0.1597) x expression (CHACI1). Among them, it was con-
cluded that a protective effect was demonstrated for ALOXS
had coefficient <0 associated with long OS (Figure S2A).
CHAC1 was associated with short OS and coefficient > 0
and considered as a high-risk factor (Figure S2B). Each patient
in the TCGA and GEO cohorts was given a risk score, and
they were divided into low and high risk categories.

Evaluation of the Risk Model

The risk scores were measured and the patients were divided
into high- and low-risk categories based on the median level.
(Figure 3A). In both TCGA and GSE65904, expression of
ALOXS was increased in conjunction with low risk, seen in
heatmap (Figure 3B). The expression of CHACI1 was
increased in conjunction with high risk in bot datasets.
Patients in the TCGA population get a weaker OS as their
risk level rises (Figure 3C). The mortality rate was also
greater in the high-risk group, according to our findings
(Figure 3D and E). Furthermore, for the prognostic classifi-
cation of risk score, a ROC study was conducted. We looked
at the prognosis prediction classification efficiency at 1, 3,
and 5 years. For the survival rates of 1, 3, and 5 years in
TCGA cohort, the prognostic signature had AUC values of
0.651,0.638, and 0.622, respectively. At 1, 3, and 5 years, the
AUC values in GEO dataset were 0.560, 0.636, and 0.557
(Figure 3F). Furthermore, for the prognostic classification of
risk score, a ROC study was conducted. We looked at the
prognosis prediction classification efficiency at 1, 3, and 5
years. For the survival rates of 1, 3, and 5 years in the TCGA
cohort, the prognostic signature had AUC values of 0.651,
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Figure | Flowchart of this study’s analysis protocol.

0.638, and 0.622, respectively. At 1, 3, and 5 years, the AUC
values in the GEO dataset were 0.560, 0.636, and 0.557
(Figure 3F). These results showed that the developed prog-
nostic tool has good sensitivity and specificity to estimate
SKCM patients.We used immunohistochemistry findings
from the Human Protein Atlas database to demonstrate that
ALOXS was significantly increased in normal skin tissue and
CHACI was significantly increased in melanoma tissue to
further establish the expression of two identified genes in the
signature (Figure 4).

The Ferroptosis-Related Signature
Studied by Univariate and Multivariate
Cox Analysis

The signature model’s independence was determined using
univariate and multivariate Cox regression analyses in
clinical applications in the TCGA (Figure 5A) and GEO
(Figure 5B) datasets. By using univariate Cox study, risk
score was positively correlated with prognosis; however,

by using multivariate Cox study, it indicated that the
signature was an independent prognostic risk factor. Our
results showed that the two-gene signature worked effec-
tively in clinical practice.

Nomogram Development

We generated nomograms that combined both the ferrop-
tosis-related signature and the typical clinicopathological
factors centered on the TCGA cohort (Figure 6A) and
GEO cohort (Figure 6E) to estimate OS risk of people
with SKCM using a quantitative process. The nomograms
had reasonable precision as an optimal model in both the
TCGA dataset (Figure 6B-D) and the GEO dataset,
according to calibration plots (Figure 6F—H).

Gene Set Enrichment Analysis

We used GSEA to determine between high and low risk
groups in terms of biological pathways. In TCGA and
GEO cohorts, GSEA research showed the gene sets were
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Figure 2 The TCGA cohort was used to identify potential ferroptosis-related genes. (A) Univariate Cox regression study identifies prognostic factors. (B) LASSO
coefficient distributions for the |10 ferroptosis-related possible prognostic genes. (C) Plots of the produced coefficient distributions for the logarithmic (lambda) series for
parameter selection (lambda). (D) Multivariate Cox study was used to construct a ferroptosis-related gene signature in the TCGA cohort.

greatly enriched in RNA polymerase and Aminoacyl
tRNA biosynthesis. Oxidative phosphorylation was also
shown to be enriched in the TCGA dataset, as was base
excision repair in the GEO dataset (Figure 7).

Identification of the Association Between
the Ferroptosis-Related Gene Signature
and Immune Cells

CIBERSORT was performed to better understand how the
two-gene signature and the immune microenvironment
interacted, and detailed comparisons with the risk score
were created. Figure 8A shows the relative content

distribution of 22 in TCGA cohort.
Figure 8B shows in high-risk population, the concentra-

immune cells

tions of Macrophages M0 and Mast cells resting are higher
than the other group. In the high-risk population, T cells
CD4 memory resting, T cells CDS, T cells CD4 memory
activated, and Macrophages M1 were lower than the other
group. As seen in Figure 9, tumor-infiltrating immune cells
are independent predictors of cancer survival. As a result,
we evaluated whether ALOXS expression is related to the
amount of immune infiltration in SKCM. We examined the
correlation between gene signatures (ALOXS and
CHACI1) and 24 immune cell subsets in SKCM and
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Normal

Tumor

B CHACI

Figure 4 The expression of hub ferroptosis-related genes was tested using the HPA database in SKCM and normal tissue. (A) ALOX5 (B) CHACI.

discovered that ALOXS has a strong positive correlation
with B cell memory, B cell naive, plasma cells, CDS§
T cells, and T cells regulatory; however, ALOXS has
a robust negative correlation with macrophage M2, eosi-
nophils, mast cells resting, and NK cells resting. Another
analysis revealed that CHAC1 expression was substan-
tially connected with the infiltration level of activated
NK cells (R =0.15, p =0.007), T cell regulatory (R
=0.11, p=0.022), and Eosinophils (R =0.11, p=0.022), but
not with the infiltration level of T cell memory (R =—0.21,
p=0.0001).

Potential of the Risk Score as an
Immunotherapy Response Indicator

The relationship between three immune checkpoint genes
and risk score was studied in the TCGA and GEO cohorts.
Low levels of PD-1, PD-L1, and CTLA4 demonstrated
weak survival, as seen in Figure 10A. In both the TCGA
and GEO datasets, we discovered the low-risk population

had higher levels of PD-L1, PD-1 and CTLA4 level than
high-risk group, that risk score was significantly nega-
linked with CTLA4, PD-L1, and PD-1
(Figure 10B-D), suggesting the low-risk group was far
likely
immunotherapy.

tively

more to provide an immune response to

Discussion

Melanoma is the most aggressive form of skin cancer, and
its prevalence is on the increase across the world.?’ While
intense sporadic sun exposure is the most important risk
factor for melanoma, other factors such as family back-
ground, genetic sensitivity, environmental factors, and
immunosuppression often play a role.”! Since SKCM is
a molecularly heterogeneous cancerous cancer, its mole-
cular characteristics are linked to biological processes such
as cell proliferation, microvascular infiltration, and dis-
tance metastasis, and they play a significant role in the
prognosis of SKCM.?? As a consequence, It’s critical to
define important molecular markers that influence the
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Figure 5 In the TCGA and GEO cohorts, Independent prognostic factors for SKCM OS were discovered using univariate and multivariate studies. (A—B) TCGA cohort

(C-D) GEO cohort.

prognosis of SKCM patients, allowing for better early
diagnosis and treatment to improve SKCM clinical
outcomes.

The improvement of high-throughput techniques devel-
oped has opened up the possibility of discovering new
genes implicated in the onset and evolution of SKCM.
entails oxidation and is

Ferroptosis iron-dependent

a mediated autophagic cell death process.”> Excessive
intracellular iron storage is caused by disturbances in
iron metabolism, which may lead to ferroptosis.**
Several genes influence ferroptosis. Previous research has
shown that ferroptosis is an important method for killing
SKCM cells, but the exact molecular modifications and
mechanism of action remain unknown.

The aim of this research was to identify ferroptosis-
related genes that were correlated with SKCM prognosis
by analyzing SKCM-related RNA sequences obtained
from high-throughput array technologies utilizing Cox
proportional hazards regression and LASSO approaches.
Previous studies identified several genes, IncRNAs and

miRNAs as biomarkers in

SKCM.*?" However, the differentially expressed signa-

promising therapeutic
tures were explored between the normal and tumor sam-
ples, or between the primary and metastatic tissues, and
molecules associated with the progression of cancer were
not taken into consideration. Our model is based on the
construction of ferroptosis-related genes. We also com-
pared the our model to other researchers such as Shou
et al constructed a model based on hypoxic genes, but it
did not work well in the validation set and there was no
complete 1, 3 and 5 year predictive capability.”® Wu et al
constructed a prediction model for SKCM, but the sam-
ple size of the validation set was too small to represent
the accuracy of the model.?’’ Two genes (ALOXS,
CHACT1) collaborated to create a prognosis model that
accurately estimated the prognosis of patients with
SKCM, according to our findings. Furthermore, differ-
ences in the underlying disecases of SKCM have no
impact on the expression features of the two genes,
meaning that the prognosis model should be used to
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determine prognosis in a wide range of SKCM patients.
ALOXS is a member of the arachidonic acid-derived
family of proinflammatory lipid mediators. ALOXS also
plays an important role in lipid peroxidation mediation.”
ALOXS has recently been discovered to play a key role
in cell death processes such as apoptosis and
ferroptosis.’’ CHACI is a protein that belongs to the
glutamylcyclotransferase family. Deglycination of the
Notch receptor, which avoids receptor maturation and
reduces Notch signaling, has been shown to facilitate
neuronal differentiation by the encoded protein.* This
protein can also be involved in the unfolded protein
reaction, glutathione control, and cellular oxidative
equilibrium.>®> CHAC1 was discovered to digest glu-
to S5-oxoproline and Cys-
GSH

Increased expression of CHACI in breast and ovarian

tathione, converting it

Glydipeptide, lowering intracellular levels.**
cancer patients may mean a higher risk of cancer
recurrence.®” Until now, the mechanism of ALOX5 and
CHACI1 in SKCM has remained a mystery.

Since immune cell penetration is essential in tumors, In
each SKCM specimen, CIBERSORT was also performed
to measure proportional proportion of 22 different types of
immune cells.*® According to some data, the interaction

between the tumor and the microenvironment is important

in the development of SKCM and the likelihood of
responding to immunotherapies.>” As a result, we investi-
gated whether a ferroptosis-related gene signature may be
used to detect immune cell infiltration. The proportion of
T cells CDS,
Macrophages M1 and T cells CD4 memory activated in

T cells CD4 memory resting, and
low-risk group contributed more to immune response than
the other group, according to our findings.
Immunotherapy has shone new light on the manage-
ment of SKCM, with immune checkpoint inhibitors (ICIs)
emerging as a theoretically successful treatment option.*®
Anti-tumor immunity could be boosted by targeting
3940 The

between ferroptosis-related gene signature and ICI reactiv-

immune checkpoint molecules. association
ity was used to forecast ICI reactivity. The low-risk popu-
lation had higher levels of PD-L1, PD-1, and CTLA4
expression than the high-risk category. In SKCM patients,
low PD-L1, PD-1, and CTLA4 expression are linked to
a weak prognosis, indicating that a ferroptosis-related gene
signature has the ability to identify immunogenic and ICI-
responsive SKCM patients. The therapeutic selection of
ICIs in clinical practice is theoretically based on the pre-
dictive ability of ferroptosis-related gene signature.
Hopefully, this predictive approach can help to speed up

the development of personalized cancer immunotherapy.
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Figure 7 GSEA enrichment between groups of low and high risk.
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Figure 8 Immune cell infiltration in SKCM patients: distribution and visualization (A) Description of 22 immune cell subtypes’ calculated compositions in TCGA. (B) In

TCGA, 22 immune cell subtypes were compared between two groups.

Additionally, in order to evaluate the prognostic sig-
nificance of the new risk model, we performed the Log
rank test and the ROC curve analysis to investigate the
association between the model and clinical parameters.To
improve the precision of prognostic prediction, we created
and validated a nomogram by combining risk score, era,
and level, which could help predict clinical outcomes in
SKCM patients. By the use of AUC curves, we next
interrogated whether the ferroptosis-related gene patterns

could serve as an early predictor for the incidence of
SKCM. Our model demonstrated an AUC of 0.651,
0.638, and 0.622 in the TCGA at 1, 3, and 5 years respec-
tively. More specifically, these modern prognostic methods
have the potential to not only increase prognostic predic-
tion precision but also to estimate the real mortality risk of
particular patients, which is critical in clinical practice.
Combining our prognostic model with clinicopathological
indications improved prediction sensitivity and specificity
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Figure 9 Correlation between ALOX5, CHACI and infiltrating immune cells in SKCM patients.
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for 1-, 3-, and 3-year OS, resulting in better medical
therapy. To sum up, our research results indicate that
a two-gene prognostic model is a reliable tool for predict-
ing the overall survival of SKCM; it may be useful for
guiding therapeutic strategies to improve the clinical out-
come of melanoma patients This research has a number of
advantages. First, this signature has been thoroughly tested
and analyzed through a variety of databases, demonstrat-
ing its robustness and durability. Second, an extensive and
in-depth study was conducted on a variety of topics,
including discussions on the relationship between ferrop-
tosis-related gene signatures and immune cells, as well as
immune checkpoints. Third, a nomogram for quantitative
measurement was created, which is helpful for clinical
promotion and implementation. Nonetheless, there are
a few flaws in our study. As a result, further SKCM
patients and validations are required to validate this sig-
nature in prospective studies. However, there were several
limitations to this study. Firstly, it was based solely on the
TCGA and GEO databases; so, the finding must be vali-
dated using large clinical samples. Furthermore, because
this
a prospective study should be conducted to confirm the

study is based on a retrospective analysis,
model. Thirdly, more research into the processes of
ALOXS5, CHACI1 in SKCM is needed.

Finally, we developed a ferroptosis-based gene signa-
ture that is strongly related to the immune microenviron-
ment and can better predict survival and represent
immunotherapy efficacy in SKCM patients. The ferropto-
sis-related gene signature may potentially offer an impor-
tant method to fulfill the therapeutic criteria of SKCM
therapy to some extent in the era of precision medicine.
Ferroptosis is a type of cell death that varies from apop-
tosis in that the formation of iron-dependent lipid perox-
ides causes it.*' Much or insufficient ferroptosis is
associated with a rising number of physiological and
pathological processes, as well as dysregulated immune
responses.*” Despite being mechanistically revealed in -

- 43,44
vitro, 3

accumulating data suggest that ferroptosis may
be involved in many pathogenic scenarios.*’ Ferroptosis’
role in T cell immunity and cancer immunotherapy, how-
ever, is uncertain.

Immune checkpoint blockade medications are novel
immunotherapies that selectively activate T cells’ innate
ability to attack tumors.*® The important function of iron
in tumor development is linked to its potential to modulate
both innate and acquired immune responses, particularly in

T cells and macrophages. Our findings revealed a strong

positive correlation between gene signatures (ALOXS and
CHACI) and 24 immune cell subsets in SKCM, with
ALOXS5 having a strong positive correlation with B cell
memory, B cell naive, plasma cells, CD8 T cells, and
T cells regulatory; however, ALOXS5 has a robust negative
correlation with macrophage M2, eosinophils, mast cells
resting, and NK cells resting. CHAC1 expression was
found to be significantly linked to the infiltration levels
of activated NK cells, T cell regulatory cells, and
Eosinophils, but not to the infiltration level of T cell mem-
ory cells, according to another study.

According to a recent study showed the specific
makeup of the lymphatic environment may inhibit mela-
noma cells from undergoing ferroptosis, therefore boosting
metastasis.*” The immune system’s interaction with fer-
roptosis is still unknown. Macrophages have a critical
function in iron metabolism regulation.*®* ALOX5 was
found to be involved in forming leukotriene B4 (LTB4),
a pro-inflammatory lipid mediator that acts as a phagocyte

. 49,50
chemoattractant in ’

previous investigations.
Researchers also suggested that melanoma’s ferroptosis
cells release lipid mediators such LTB4 via ALOXS to
recruit macrophages to the ferroptosis cell location.
Previous research has shown that immunotherapy-
activated CDS8 + T cells make tumors more susceptible to
ferroptosis and, as a result, improve immunotherapy effi-
cacy in melanoma patients.”’ The era of immunity and
iron has dawned in cancer treatment. A potential cancer
treatment is ferroptosis-driven nanotherapeutics integrated
with

with radiotherapy has been shown to trigger ferroptosis

immunomodulation.”® Immunotherapy combined
and T-cell immunity in tumors. Thus, T cell-promoted
tumor ferroptosis is a novel anti-tumor mechanism.
Targeting tumor ferroptosis pathway constitutes
a therapeutic approach in combination with checkpoint

blockade.

Conclusion

In conclusion, we discovered two ferroptosis-related genes
in the OS of SKCM with strong predictive capacity, and
the prognostic model based on the two genes worked well.
The ferroptosis-related gene signature may also reflect the
immune microenvironment and the efficacy of immu-
notherapy in SKCM patients.
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