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Purpose: To construct a prognostic model of breast cancer using ferroptosis-related
IncRNAs and explore novel therapeutic targets.

Materials and Methods: A prognostic characteristic model based on differential expres-
sion of ferroptosis-related IncRNAs in breast cancer was established based on TCGA data.
Results: Eleven ferroptosis-related IncRNAs associated with breast cancer prognosis were
identified. Kaplan—Meier analysis suggested that high-risk IncRNA signatures correspond to
a poor prognosis. The AUC of the signature IncRNAs was 0.682, demonstrating that it is
accurate in predicting BC prognosis. GSEA showed that ferroptosis-related IncRNAs in
high-risk individuals are mainly enriched in cell cycle, cell adhesion and tumor pathways.
Immunity and gene expression analysis revealed that APC co-inhibition, check-point, HLA,
inflammation-promoting and T cell co-stimulation among others were significantly different
between the high-and low-risk group. Three immune checkpoints were highly expressed in
the high-risk group.

Conclusion: Ferroptosis-related IncRNAs can be used as a prognostic feature to construct
a prognostic model of breast cancer, based on which early detection markers, therapeutic
targets and anti-tumor immune microenvironment can be studied, and clinical treatment can
also be instructive.
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Introduction
Breast cancer is the most common type of cancer in women and the second-leading
cause of cancer death among women.' About 1.2 million women are diagnosed
with breast cancer each year, and morbidity is rising by 5% to 20% a year." The
pathogenesis of breast cancer is complex, involving gene mutation, signal molecule
change and pathway abnormality. Risk factors for the disease include postmeno-
pausal obesity, the use of hormone replacement therapy, increased mammary gland
tissue and a family history of the disease.” Treatment of breast cancer depends on
histological type, stage, and hormone sensitivity. At present, the main treatments
are surgery combined with chemotherapy or radiotherapy, hormone therapy and
targeted therapy. However, the effectiveness of clinical treatment is limited by the
high recurrence and metastasis rates. Therefore, it is urgent to find new early
diagnostic markers and therapeutic targets.

Ferroptosis is a novel cell death mode, which is iron-dependent cell death
dependent on intracellular reactive oxygen species (ROS), different from

Received: 12 October 2021
Accepted: 9 December 2021
Published: 17 December 2021

International Journal of General Medicine 2021:14 9817-9831 9817
© 2011 Jia et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-7090-6364
mailto:sunpinghui@wfmc.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Jia et al

Dove

apoptosis.® The proliferation of cancer cells showed an
iron dependence compared to normal cells.* Some studies
have found that activating the ferroptosis process in cancer
cells could be a new strategy for treating tumors, espe-
cially for cancers that lack therapeutic targets.”® Ma et al.
Found that Siramesine and Lapatinib might activate the
ferroptosis process in breast cancer cells, which may be
a new treatment option for refractory breast cancer.’

Long non-coding RNAs (IncRNAs) are defined as
a class of RNAs with more than 200 nucleotides in length
and without protein-coding ability.® More and more stu-
dies have been conducted on LncRNA in recent years.
Although IncRNA cannot encode proteins, it is involved
in a variety of biological processes, such as cell prolifera-
tion, migration, invasion and resistance to apoptosis. These
processes are usually realized by interacting with DNA,’
RNA'®!" and/or proteins to regulate transcription and
translation. A number of studies have shown that
IncRNA is abnormally expressed in a variety of tumors,
which may promote tumor progression by promoting
tumor cell proliferation, migration and invasion.'? '
Recent research has shown that some IncRNAs can acti-
vate the ferroptosis process of cancer cells and thus play
an anticancer role, meaning that a new tumor treatment
scheme may be created. However, studies on ferroptosis-
related IncRNAs are still lacking. Therefore, it is urgent to
explore the expression and regulation of ferroptosis-related
IncRNASs in cancer cells. In addition, immune microenvir-
onment is also closely associated with ferroptosis in tumor
cells. In this study, we constructed a prognostic character-
istic model of differential expression for ferroptosis-
related IncRNAs in breast cancer based on TCGA data,
and performed enrichment analyses of the differential
genes for their function and the pathways involved.
Subsequently, differences in immune cells, immune func-
tion and immune checkpoints in prognostic models were
analyzed.

Methods

Data Collection

RNA-sequence data of 1222 patients were downloaded
from the TCGA-GDC database, including 1109 breast
cancer patients and 113 normal ones. The clinical charac-
teristics of the patients are revealed in Table 1. We
obtained the corresponding ferroptosis-related genes from
an online database called FerrDb that supplied ferroptosis
and associated

markers, their regulatory molecules

Table | Clinical Characteristics of Patients in TCGA Dataset

Variable Number of Samples
Gender

Male/Female 12/1085

Age at diagnosis

<65/>65 776/321

Stage

INI/INNVINA 183/621/249/20/24
T

TO/TI/T2/T3IT4/NA 0/281/635/138/40/3
M

MO/MI/NA 912/22/163/

N

NO/NI/N2/N3/NA 516/364/120/77/20

diseases. In total, 382 ferroptosis-related genes containing
150 Drivers; 109 suppressors; 123 markers were con-
firmed. The co-expression genes between ferroptosis-
related IncRNAs and breast cancer and their relationship
were analyzed using Pearson coefficient. The correlation
coefficient |R %>0.3 at P<0.001 was considered statisti-
cally significant. The clinical-pathological data of breast
cancer patients containing gender, age, stage, TMN, survi-
val status and survival time were downloaded from
TCGA-GDC database. Differentially expressed ferropto-
sis-related IncRNAs were screened based on FDR<0.05
and [log2FC[>1. Function of ferroptosis-related differen-
tially expressed genes (DEGs) including biological pro-
cesses (BP), molecular functions (MF) and cellular
components (CC) were analyzed by Gene ontology (GO).
Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis (KEGG) was used to analyze the
signaling pathways involved in DEGs. In this study, both
GO and KEGG were carried out based on the Database for
Annotation, Visualization and Integrated Discovery
(DAVID) online tool (https://david.ncifcrf.gov/).

Survival Analysis and Prognostic Model
Construction of the Ferroptosis-Related
IncRNAs

Lasso-penalized Cox regression and univariate Cox regres-
sion analyses were used to explore the ferroptosis-related
IncRNA signature, and classification of these IncRNAs
was performed based on risk score (Coefficient IncRNAI
x expression of IncRNA1) + (Coefficient IncRNA2 x
expression of IncRNA2) + -+ + (Coefficient IncRNAn x
expression IncRNAn). These IncRNAs were classified in

9818 "

Dove!

International Journal of General Medicine 2021:14


https://david.ncifcrf.gov/
https://www.dovepress.com
https://www.dovepress.com

Dove

Jia etal

low-risk (<median number) or high-risk (> median num-
ber) group according to the median score. Then, we con-
structed the prognostic model of the ferroptosis-related
IncRNAs. Univariate and multivariate COX analysis
were used to analyze independent prognostic factors of
breast cancer.

The Predictive Nomogram of Clinical
Features Combined with Prognostic
Model

We combined the ferroptosis-related IncRNA signatures
with
TCGA database and draw a predictive nomogram using

clinicopathological features obtained from the
R software, survival and regplot packages.

The Relationship Between

Ferroptosis-Related IncRNAs and mRNA
The
IncRNAs and mRNA was shown by Cytoscape software.

interaction network between ferroptosis-related

Gene Set Enrichment Analysis (GSEA)

Gene set enrichment analysis (GSEA) was carried out to
pick out the pathway that ferroptosis-related IncRNAs
enriched based on TCGA. We considered P<0.05 as sta-
tistical significance.

Immunity and Gene Expression Analysis

We use TIMER, CIBERSORT, CIBERSORT-ABS,
QUANTISEQ, MCPCOUNTER, XCELL, and EPIC algo-
rithms to estimate cellular components and cell immune
responses between high- and low-risk group based on
ferroptosis-related IncRNA signature. A heatmap was
obtained to show the differences in immune response
under different algorithms. In addition, the differences of
immune cell subsets infiltrating the tumor and related
functions between high-risk and low-risk group were ana-
lyzed by single-sample gene set enrichment analysis
(ssGSEA), and the immune checkpoint-related genes
retrieved from previous literature were analyzed for differ-
ential expression between high-risk and low-risk group.

Statistical Analysis

R software, version 4.1.1 was used to perform data analy-
sis. We use the unpaired Student’s #-test and the Wilcoxon
test to analyze the normally and non-normally distributed
variables, respectively. The differently expressed IncRNAs
were confirmed using Benjamini—-Hochberg method based

on FDR. We also plotted operating characteristic curve
(ROC) to evaluate the accuracy of the model in predicting
patient prognosis.'> Logistic regression analysis was used
to evaluate the relationship between ferroptosis-related
IncRNAs and clinicopathological features. In addition,
we performed the Kaplan—Meier survival analysis to plot
the survival curves of BC patients based on the ferropto-
sis-related IncRNA signature. For each analysis, P<0.05
was considered statistically significant.

Results
GO and KEGG Analysis of

Ferroptosis-Related DEGs

Thirty-eight ferroptosis-related DEGs were identified
including 15 upregulated genes and 23 downregulated
ones. GO analysis revealed that Biological Process
enriched in oxidation-reduction process, cellular iron ion
homeostasis, progesterone metabolic process and positive
regulation of cell proliferation among others. Cellular
Component mainly contained HFE-transferrin receptor
complex, cytosol and cell surface. Molecular Function
participated in ketosteroid monooxygenase activity, aldi-
tol: NADP+1-oxidoreductase activity, identical protein
binding, ferric iron binding and so on. KEGG analysis
suggested that ferroptosis-related DEGs mainly involved
in HIF-1 signaling pathway, fatty acid metabolism, steroid
hormone biosynthesis and PPAR signaling pathway
(Figure 1A and B).

The Ferroptosis-Related IncRNAs

Prognostic Model

In total, 1089 ferroptosis-related IncRNAs were identified.
Twenty-five significant ferroptosis-related IncRNAs were
confirmed using univariate COX analysis, which were then
involved in the multivariate COX analysis. We considered
11 differentially expressed IncRNAs (AC137630.3,
KLHDC7B-DT, AC012213.3, LIPE-AS1, SIDT1-ASI,
AC009171.2, HSD11B1-AS1, LINC02446, TFAP2A-
AS1, YTHDF3-AS1, AC079298.3) as independent prog-
nosis predictors of BC. Afterwards, we performed risk
scores and constructed a prognostic model based on
these IncRNAs, which divided patients into high-risk and
low-risk group.

Survival Analysis and Multifactorial Testing
Kaplan—Meier analysis suggested that the expression of
high-risk IncRNAs signatures is associated with low
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Figure | GO and KEGG analyses for ferroptosis-related differentially expressed genes.
Notes: (A) Barplot graph for GO (the longer bar means the more genes enriched. Blue: biological process; yellow: cellular component; red: molecular function). (B) Barplot

graph for KEGG (the longer bar means the more genes enriched).
Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis.
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Figure 2 Ferroptosis-related IncRNAs signature based on TCGA.

Notes: (A) Kaplan—Meier curves for BC patients in high- and low-risk group. (B) The AUC values showed the predictive efficiency of the risk factors (the AUC>0.6 means
high accuracy of prediction). (C) The survival status for each patient (low-risk population: on the left side of the dotted line; high-risk population: on the right side of the
dotted line). (D) ROC curve indicated the predictive efficiency of risk model for BC in |, 2, 3-year.

Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic; BC, breast cancer.

International Journal of General Medicine 2021:14 heeps: 9821
Dove:


https://www.dovepress.com
https://www.dovepress.com

Jia et al

Dove

survival rate (P<0.001, Figure 2A). In addition, the AUC
of the signature IncRNAs was 0.682, suggesting that it
along with age and stage is accurate in predicting BC
prognosis because their Area Under the Curve (AUC) is
greater than 0.6 (Figure 2B). Patients’ risk score—survival
status diagram revealed that the survival rate of BC

patients was inversely proportional to the risk score in 10
years (Figure 2C). The AUC predictive value for 1, 2 and
3-year survival rate of signature IncRNAs was 0.682, 0.71
and 0.712, respectively (Figure 2D), suggesting their accu-
racy in predictive prognosis. Univariate and multivariate
COX analysis demonstrated that IncRNA signature (HR:

A pvalue Hazard ratio | B pvalue Hazard ratio !
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| 1
) 1
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Figure 3 Univariate and multivariate COX analysis for risk model and clinical features.
Notes: (A) Univariate analysis for the risk model and clinical features. (B) Multivariate analysis for the risk model and clinical features (P value less than 0.01 were
considered statistically significant). (C) Heatmap showed the differences between the high- and low-risk groups for ferroptosis-related IncRNAs prognostic signature and

clinicopathological manifestations (*means significant difference).
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1.08,95CI: 1.06-1.10), age (HR: 1.04,95CI: 1.02-1.05)
and tumor stage (HR: 2.21,95CI: 1.76-2.77) were inde-
pendent prognosis factors of overall survival for BC
patients (Figure 3A and B). The hazard ratio (HR) >1,
the more the expression level, the higher the risk of
patients. The association between ferroptosis-related
IncRNAs prognostic signature and clinicopathological fea-
tures was shown in a heatmap, which showed that three
IncRNAs (ACO012213.3, YTHDF3-AS1, AC079298.3)
were highly expressed in the high-risk group, with
a more red color, indicating that they were high-risk
genes for BC. On the contrary, the expression of
AC137630.3, KLHDC7B-DT, LIPE-ASI1, SIDT1-ASI,
ACO009171.2, HSDI11B1-AS1, LINC02446, TFAP2A
—AS1 were reduced in high-risk group, with a less red
color, suggesting that they were low-risk genes for BC.
Additionally, there were significant differences in tumor
stage between the high- and low-risk groups (Figure 3C).
We also exhibit the interaction between signature IncRNA
and ferroptosis-related mRNA in Figure 4. The combined
nomogram of ferroptosis-related IncRNAs prognostic sig-
nature and clinicopathologic characteristics (Figure 5) was
able to accurately predict the survival of each patient by
calculating the contribution of risk models and clinical

AC 3

features to the prognosis of BC, which might be applied
in clinical treatment of BC patients.

Gene Set Enrichment Analyses

Gene set enrichment analysis (GSEA) demonstrated that
a mass of the ferroptosis-related IncRNAs-enriched path-
ways was active in the high-risk group, which mainly
involved in cell cycle, cell adhesion and cancer, such as
adherens junction, basal cell carcinoma, bladder cancer,
cell cycle, ECM receptor interaction, endometrial cancer,
gap junction melanoma and oocyte meiosis (Figure 6),
suggesting that these ferroptosis-related IncRNAs are
highly likely to be directly related to the occurrence and
development of BC.

Immunity and Gene Expression Analysis

A heatmap obtained by TIMER, CIBERSORT,
CIBERSORT-ABS, QUANTISEQ, MCPCOUNTER,
XCELL, and EPIC algorithms revealed the differential
expression of immune cells between high-risk and low-risk
group. Among them, the expression of macrophage M1 and
cancer-associated fibroblast significantly increased in the
high-risk group, while NK cell, T cell and B cell mainly
infiltrated in the low-risk group, which can determine the

KL DT HSDUBrAS1
LI 6 ACOE¥1 .2
TNERIP3 MAPK3

Figure 4 The interaction between signature IncRNA and ferroptosis-related mRNA expression.
Notes: Red represents signature IncRNA, green represents ferroptosis-related mRNA.
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Figure 5 A combined nomogram of ferroptosis-related IncRNAs prognostic signature and clinicopathologic characteristics.
Note: The nomogram predicts patient survival based on the clinical characteristics and risk model score of each patient. “*” represents the contribution to survival

prediction, the more*, the greater the contribution.

correlation between immune cells and breast cancer
(Figure 7). Correlation analysis of immune cell subgroups
and relevant function showed that APC co-inhibition, check-
point, cytolytic activity, HLA, inflammation-promoting,
MHC class 1, parainflammation, T cell co-inhibition, T cell
co-stimulation and type 1 IFN response were significantly
reduced in high-risk group (Figure 8), indicating that the
deletion of these immune functions increased the risk
of BC. To make better use of immune checkpoint suppres-
sion therapy, differential expression of immune checkpoints
between the two groups was studied. The results showed that
most checkpoints were significantly reduced in high-risk
group, while only four checkpoints (TNFSF4, TNFSF15,
NRP1 and CD276) increased in the high-risk group
(Figure 9), which suggests that immune checkpoint inhibi-

tion can reduce the risk of breast cancer, and checkpoints

expressed in high-risk groups can help guide ICIs research

and optimize immunotherapy.

Discussion

With the development of medical technology, the five-year
survival rate of breast cancer has improved in the past few
decades.'® However, the treatment of advanced breast
cancer is still difficult. Therefore, it is imperative to
explore biomarkers for early risk prediction and targeted
therapy.

In this study, we identified 11 ferroptosis-related
IncRNAs associated with breast cancer based on TCGA
database, and a prognostic model was constructed accord-
ing to the characteristics of these IncRNAs. Patients were
then divided into high-risk group and low-risk group on

the basis of this model. We compared the gene expression
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Figure 6 Continue.

differences between the two groups and analyzed the cell
function and signaling pathway enrichment of the DEGs.
DEGs were mainly enriched in cellular iron ion home-
ostasis, progesterone metabolic process and positive reg-
ulation of cell proliferation, indicating that ferroptosis,
progesterone metabolism and cell proliferation disorders
are likely to affect the occurrence and development of BC.
Survival analysis of both groups showed that the high-risk
group was associated with lower patient survival. We also
demonstrated that the model was accurate in predicting
patient outcomes through ROC curve. Although its AUC
value is lower than some clinical features, this may be
related to sample size or other factors, which need to be
further studied. Interestingly, we uncovered some differ-
ences in immune cells, immune function and checkpoints
between high- and low-risk group.

Several new studies have found that IncRNAs play an
important role in the occurrence and development of
tumors, which can be a tumor carcinogen or tumor sup-
pressor. RNA2 (HOXA- as2) is a novel tumor-associated
IncRNA being found abnormally expressed in a variety of

malignancies containing breast cancer.'” Abnormally
expressed IncRNA usually affects disease progression by
regulating transcription and translation, but recent studies
have found that it can also affect cancer by regulating
ferroptosis. For instance, Wang et al discovered that
IncRNA LINC00336 could inhibit ferroptosis in lung

8 another researcher found that

cancer.'® Meanwhile,
LINCO00618

leukemia.'®

could promote ferroptosis in human
In addition, data suggested that IncRNA
could be a potential target for breast cancer treatment.?’
IncRNA LINCO00908 could encode ASRPS, a small reg-
ulatory peptide of STAT3, whose downregulation blocks
angiogenesis in triple-negative breast cancer.>' Due to the
high efficiency, high tissue specificity and high stability of
IncRNA, it might be a potential early diagnostic marker
and therapeutic target. Ferroptosis is a new way of cell
death, and cancer cells depend on iron to proliferate,
meaning that activating the ferroptosis process in cancer
cells may be a novel treatment for cancer.” Lu et al
reported that reduced overall survival in colorectal cancer
patients is partly attributable to inhibition of ferroptosis in
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Figure 6 Gene enrichment analysis for ferroptosis-related IncRNAs based on
TCGA.

Notes: Red: high risk, the darker the red, the higher the risk; blue: low risk, the
darker the blue, the lower the risk.

colorectal cancer.”” Recent study indicated that prominin2
(PROM2) could reduce the ferroptosis of breast cancer
cells by stimulating iron export, thus promoting tumor
progression.”> Some breast cancer drugs cause cell death
by inducing cancer cells to produce too much ROS,**?
while ROS is essential for ferroptosis. However, most
refractory patients have drug resistance, which requires
us to open up novel therapeutic paths, such as promoting
ferroptosis of cancer cells in these patients. Ma et al found
that Siramesine and Lapatinib could be a potential treat-
ment because of their induction of ferroptosis in breast
cancer cells.” Recent studies have found some novel reg-
ulatory factors for ferroptosis, such as P53 and ACSL4,
which IncRNA.*¢
Therefore, it is construct

coincidentally are regulated by

reasonable for us to
a prognostic model of BC based on the difference of
ferroptosis-related IncRNAs expression between BC
patients and normal samples, although this model is calcu-
lated. Of course, the model has limitations because it was
not applied to actual clinical treatment and evaluation, and
we need more clinical data and experiments to prove its
credibility. In this study, we screened out three IncRNAs
(AC012213.3, YTHDF3-ASl1 AC079298.3)

expressed highly in high-risk group, suggesting that they

and

might be high-risk oncogene for breast cancer. Hongmei
Zhong et al proved that IncRNA AC012213.3 was highly
expressed in breast cancer tissues and cell lines.”’ In
that RADS5S4B  was
a downstream molecule of AC012213.3, overexpression
of the IncRNA ACO012213.3 promoted proliferation,
migration and invasion of breast cancer via RAD54B/

addition, they also found

PI3K/AKT axis and was associated with worse patient
prognosis.?” However, reports on the other two high-risk
IncRNAs (YTHDF3—AS1 and AC079298.3) are scarce,
which needs further study. So far, there are few studies
on ferroptosis-related IncRNAs, especially relationship
between it and breast cancer needs further research, so as
to find more novel therapeutic targets for breast cancer,
particularly for those refractory cancer patients.

GSEA revealed that ferroptosis-related IncRNAs asso-
ciated with breast cancer high-risk patients mainly
enriched in some pathways like cell cycle, cell adhesion
and various cancers, further proving that ferroptosis-
related IncRNA is connected to the occurrence of cancer.
Meanwhile, cell cycle confusion is the main cause of
infinite cell proliferation, which is consistent with tumor
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Abbreviation: BC, breast cancer.

growth. On the other hand, the destruction of cell adhesion
is the driving force of tumor metastasis and invasion.
These results suggest that ferroptosis-related IncRNA is
also closely related to tumor progression.

Using various algorithms, we calculated that immune
cells, including multiple B cells, T cell subsets and natural
killer (NK) cells, were less infiltrated in the high-risk
group for breast cancer. In contrast, M2 macrophage infil-
tration increased in the high-risk group. These findings
uncovered that there was a close relationship between anti-
tumor and immune microenvironment. Zhang et al
reported that immune-related pathways, such as NK cell-
mediated cytotoxicity and T cell receptor signaling, were
significantly down-regulated in high-risk patients with
breast cancer.”® M2 macrophage, a tumor microenviron-
ment immune suppressor cell, could down-regulate or
suppress the systemic immune response and thus inhibit
anti-tumor immunity.”’ ' Recent study reported that sig-
nals released by ferroptotic cells could recruit antigen
presenting cells to the site of ferroptosis occurring.*?
Wang et al found that CD8 + T cells could act against
tumors by activating ferroptosis in tumor cells.>* These are

all consistent with our findings. Many new mechanisms of
ferroptosis induction of CDS8 + T cells in tumor cells have
also been found, which may be a new way to explore anti-
tumor immunity.®*>¢

One hallmark of cancer is its ability to evade the
through  tumor-mediated

evasion.’’ Immune evasion can occur through a number

immune  system immune
of mechanisms, including the regulation of immune check-
points regulating the adaptive immune system, containing
CTLA-4, PD-1, and PD-L1. Immune checkpoint inhibitors
(ICIs) have been shown to respond to various cancers and
have anticancer benefits.*** Although the percentage of
patients who benefited from single-agent ICIs was demon-
strated to be low, these monotherapy studies also suggest
that immunotherapy can induce long-lasting antitumor
responses. Therefore, exploring the relationship between
the immune system and cancer is conducive to further
optimizing immunotherapy. Clinical classification of breast
cancer is mainly based on the existence of endocrine recep-
tors (ERs) and HER2.* Different clinical subtypes of breast
cancer respond differently to immunotherapy. Earlier stu-
dies have shown that breast cancers lacking these major
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receptors, known as triple negative breast cancer (TNBC),
may be the most sensitive of all subtypes to immunother-
apy. A clinical trial of 26 patients with estrogen receptor
(ER)—positive metastatic breast cancer treated with the
CTLA-4 inhibitors tremelimumab and exemestane showed
that CD4+ and CD8+ T cells relative to FOXP3-positive
regulatory T cells increased in peripheral, which might
suggest a strong anti-tumor immune response.’’
KEYNOTE-012 phase Ib trial explored the use of pembro-
lizumab in patients with PD-L1 positive chemotherapy-
resistant metastatic TNBC, which showed that the overall
response rate (ORR) of the 27 evaluable patients was
18.5%.** Results of ICI monotherapy in patients with
HER?2 positive breast cancer are rarely reported. ICIs rarely
work against tumors that are relatively deficient in CD8+
T cells, which are also known as “cold” tumors.** In theory,
increasing the number of CD8+T cells in breast cancer, thus
making the tumor “hot” would make ICIs work better.
Some combinations of measures that may make the tumor
hot are as follows: dual-checkpoint blockade,** induction
chemotherapy,*> PARP inhibitors,*® radiation therapy*’ and
oncolytic virotherapy.*® Some therapies that combine che-
motherapy with ICIs have yielded encouraging results. For
instance, ENHANCE 1 (KEYNOTE-150) trial investigating
the combination of eribulin mesylate with pembrolizumab
in metastatic TNBC patients demonstrated that the ORR of
the entire TNBC population regardless of PD-L1 status was
26%. Given the critical role of immune checkpoints in anti-
tumor therapy, we identified checkpoint expression levels
for patients in the model and found that multiple immune
checkpoints were significantly increased in the low-risk
group based on ferroptosis-related-IncRNAs signature,
including TNFRSE25, CD48, TNFSF14, TNFSF4, and so
on. On the contrary, only four checkpoints (TNFSF4,
TNFSF15, NRP1 and CD276) expressed highly in the high-
risk group. Targeting these four immune checkpoints in
high-risk groups with ICIs may provide a novel immu-
notherapy strategy for breast cancer patients. However,
more clinical studies are needed to determine the specific
use of ICIs and whether they should be combined with
other therapies.

Although we have identified some novel ferroptosis-
related IncRNAs associated with breast cancer, the specific
mechanism of action remains unclear. Therefore, further
studies are needed on the relationship between ferroptosis-
related IncRNAs and anti-tumor immunity. There are two
this
a retrospective study based on previous data, so the results

limitations to study: Firstly, our study is

are limited. On the other hand, due to the lack of data for
each clinical subtype of breast cancer, it is not possible to
analyze the characteristics of immune microenvironment
and anti-tumor immunity for each subtype. Further clinical
studies and basic trials are needed to verify the practicality
and accuracy of our model. However, our research is also
promising in that the ferroptosis-related IncRNAs we have
identified can help assess the risk of breast cancer patients
and explore strategies to optimize immunotherapy using
selected immune checkpoints.

Conclusion

Ferroptosis-related IncRNAs can be used as a prognostic
feature to construct a prognostic model of breast cancer,
based on which early detection markers, therapeutic tar-
gets and anti-tumor immune microenvironment can be
studied, and clinical treatment can also be instructive.
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