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Background: The role of autophagy-related long-stranded non-coding RNA (IncRNA) in breast cancer
(BRCA) is unclear. We proposed to screen autophagy-related IncRNAs in BRCA and construct a prognostic
risk assessment model to explore prognostic correlates.

Methods: We extracted BRCA IncRNAs from The Cancer Genome Atlas (TCGA) database and
autophagy-related genes from the Human Autophagy Database (HHADD), to screen for autophagy-related
IncRNA pairs (ARLP) in BRCA. Single-factor Cox regression analysis and multi-factor Cox regression
analysis were used to screen IncRNAs associated with BRCA prognosis, and risk models were established. We
divided BRCA patients into high-risk and low-risk groups based on median risk scores. The single-sample
gene set enrichment analysis (ssGSEA) algorithm was used to calculate the abundance of 28 immune cells in
the TCGA-BRCA cohort and to analyze the relationship between the risk score and the level of immune cell
infiltration by ARLP characteristics.

Results: Univariate Cox regression results showed that 42 ARLPs were significantly associated with overall
survival (OS) in BRCA patients. Further multifactorial analysis showed that a total of 11 IncRNAs, including
SEMA3B-AS1, ST7-AS1, AL136295.7, AC090912.1, LINC01871, AL136531.1, AC024361.1, OTUDG6B-
AS1, LINC01786, AL122010.1, and MAPT-AS1, were prognostically independent influencers of BRCA. The
risk model developed was further validated as a new independent prognostic factor for BRCA patients by
Kaplan-Meier (KM) analysis, univariate and multivariate Cox regression analysis to calculate the risk score.
In addition, the results of the relationship between risk score and immune infiltration showed that low risk
score was associated with T-lymphocyte subpopulation.

Conclusions: Our study suggested that a risk model consisting of 11 autophagy-related IncRNAs can be
used to assess the prognosis of BRCA patients.
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Introduction Alongside important advances in the treatment of BRCA,

The latest cancer reports show that breast cancer developments in antitumor therapies have greatly improved

(BRCA) has replaced lung cancer as the leading cancer the survival rate and quality of life of tumor patients.

worldwide, posing a serious threat to women’s health (1,2). However, with the use of antineoplastic drugs, resistance
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gradually develops, leading to reduced therapeutic efficacy,
treatment relapse, metastasis, and finally to treatment
failure. Although the means of diagnosis and treatment of
BRCA have improved, it has maintained a high mortality
rate (3,4). Tumor metastasis and recurrence are complex
biological processes, and traditional tumor markers
carcinoembryonic antigen (CEA) and carbohydrate antigen
153 (CA153) are no longer recommended as indicators
for the diagnosis and postoperative follow-up of BRCA
because they lack sufficient sensitivity and specificity. The
occurrence and progression of BRCA is accompanied by
abnormal regulation at multiple genes and levels (5,6). The
search for effective diagnostic and prognostic markers is of
great importance in the prevention and treatment of BRCA.

In recent years, the rapid development of high-
throughput sequencing technology has led to a deeper
understanding of molecular biology, especially non-coding
RNAs. Long-stranded non-coding RNAs (IncRNAs) are
a class of endogenous RNAs with transcripts longer than
200 nucleotides (7). Studies have reported that IncRNAs
are involved in tumorigenesis, progression, metastasis, and
immune response and are associated with poor prognosis
(8,9). Interfering with IncRNA expression can alter the
tumor profile and has been widely recognized in several
cancer types (10). Recent studies have shown that tissue-
specific expression profiles of IncRINAs may represent tissue
specificity for different stages of BRCA and may serve as
biomarkers or therapeutic targets for BRCA diagnosis and
prognosis.

Autophagy is a highly conserved self-degradation
mechanism that occurs within eukaryotic cells and is
fundamental to the maintenance of organismal health (11).
Alterations in autophagy are closely associated with
various diseases such as tumors, metabolic disorders,
and neurodegeneration (12). An increasing number of
studies have shown that IncRNAs are involved in cancer
development by regulating autophagy levels and have an
important role in prognostic assessment with BRCA (13,14).
However, the significance of autophagy-associated IncRNAs
in BRCA prognosis has been rarely reported. Identifying
autophagy IncRNAs that are closely associated with BRCA
and prognosis is of great importance. In this study, we
proposed to screen out BRCA autophagy-related IncRNAs
and construct a risk scoring model in order to provide a new
reference for clinicians to predict the prognosis of BRCA
patients. Recent studies have shown that BRCA is not only
composed of tumor cells, but also has significant changes
in the surrounding stroma or tumor microenvironment.
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For example, inhibitory immune cells, soluble factors
and changed extracellular matrix work together to hinder
effective anti-tumor immunity and promote the progression
and metastasis of BRCA (15). Herein, we investigated
the relationship between autophagy risk model and
immune infiltration of BRCA, which laid the foundation
for autophagy-related immunotherapy. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-6251/rc).

Methods
Raw data

The transcriptomic data of 1,109 BRCA samples and
113 normal samples were downloaded from The Cancer
Genome Atlas (TCGA) (https://cancergenome.nih.gov/),
along with clinical data of BRCA patients, including age,
tumor-node-metastasis ('INM) stage, tumor stage, distant
metastasis, overall survival (OS) time, and survival status.
We also downloaded autophagy-related genes from the
Human Autophagy Database (HADD). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Screening for autopbagy-associated differentially expressed
IncRNAs

The autophagy genes were matched with the expression
matrix of IncRNAs using Pearson correlation analysis, and
IncRNAs with absolute value of correlation coefficient R
greater than 0.3 and P value less than 0.001 were selected
as autophagy-associated IncRNAs in this study (LncRNA
has a large amount of data. In order to filter fewer and more
important IncRNA, we set the P value less than 0.001).
The grouping was assessed by principal component analysis

(PCA.

Construction of autopbagy-associated IncRNA prognostic
features

One-way Cox regression analysis was performed using
the Survival package in R (https://cran.r-project.org/web/
packages/survival/index.html) to determine the association
of differentially expressed autophagy-associated IncRNAs
with patient survival. Autophagy-associated IncRNAs with
P<0.05 in the results of one-way Cox regression analysis
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Figure 1 Risk models of 11 autophagy related IncRNAs. (A) Forest map of 11 autophagy-related IncRNAs obtained by multivariate Cox

analysis; (B) Kaplan-Meier survival analysis of high- and low-risk groups based on risk model and median risk score. IncRNA, long stranded

non-coding RNAs.

were subjected to multifactorial Cox regression analysis.
Based on the selected IncRINA gene expression multiplied
by the sum of the multifactorial Cox regression coefficients,
the risk score (risk score) was calculated for each patient,
and BRCA patients were divided into low- and high-risk
groups according to the median risk value.

Survival analysis

Univariate Cox regression analysis and Kaplan-Meier
(KM) method were used to assess the prognostic role of
autophagy-associated IncRNA. Survival curves were plotted
using the KM method, and log-rank P<0.05 was considered
statistically significant.

Correlation analysis of risk scores with immune cells

The level of immune infiltration in BRCA was calculated
using the single-sample gene set enrichment analysis
(ssGSEA) algorithm, while the correlation between risk
score and immune cells for prognostic features was analyzed
in the TCGA-BRCA cohort, and finally, the prognosis of

immune cell content and risk score was assessed.

Statistical analysis

We used KM plots to assess differential survival between
groups, and log-rank P<0.05 was considered statistically
significant. Univariate and multivariate (stepwise) Cox

© Annals of Translational Medicine. All rights reserved.

regressions were used to construct prognostic characteristics.
Wilcoxon test and Spearman’s correlation were used for
analysis of variance and correlation, respectively. A P value
<0.05 was considered statistically significant.

Results
Results of ARLPs

We extracted 13,413 IncRNAs from the TCGA-BRCA
cohort and downloaded 257 autophagy-associated genes
HADD. After performing Pierce correlation analysis,
we obtained 1,160 autophagy-associated IncRNAs for
subsequent analysis.

Results of prognostic characterization of ARLPs

Univariate Cox regression results showed that 42 ARLPs
were significantly correlated with OS of BRCA patients.
Further multifactorial analysis showed that a total of 11
IncRNAs, including SEMA3B-AS1, ST7-AS1, AL136295.7,
AC090912.1, LINC01871, AL136531.1, AC024361.1,
OTUDG6B-AS1, LINC01786, AL122010.1, and MAPT-
AS1, were prognostic independent influencers of BRCA
(Figure 1A4). Patients were divided into a high-risk group
(545 patients) and a low-risk group (545 patients) according
to median risk score, and survival analysis showed that
patients with low-risk score had a worse prognosis than

the high-risk group (P<0.001) (Figure 1B). Subsequently,
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Figure 2 Eleven autophagy-related IncRNAs co-expression networks constructed by Cytoscape. IncRNA, long stranded non-coding RNAs.

we constructed a co-expression network of autophagy-
related genes by Cytoscape (https://cytoscape.org/) on 11
IncRNAs of the model, which further confirmed that these
11 IncRNAs had significant co-expression relationships
(Figure 2). To further understand the relationship between
autophagy genes, IncRNAs and risk factors, we performed a
clustering analysis. The results showed that LINC01786 and
AL136295.7 were the major risk factors, while LINC01871
and AL136531.1 were the major protective factors (Figure 3).

Expression and survival analysis of ARLPs

We analyzed the expression of 11 ARLPs in tumor
tissues and normal tissues and showed that AC090912.1,
AL122010.1, AL136295.7, AL136531.1, LINC01871,
SEMA3B-AS1, and MAPT-AS1 were significantly highly
expressed in tumor tissues (P<0.001) (Figure 4). Survival
analysis showed that SEMA3B-AS1, ST7-AS1, AL136295.7,
AC090912.1, LINC01871, AL136531.1, AC024361.1,
LINCO01786, AL122010.1, and MAPT-AS1 had a better
prognosis in the high-risk score, while OTUD6B-AS1 had a
worse prognosis in the high-risk score (Figure 5). This also
suggested that OTUDG6B-AS1 may be the risk factor while
the remaining 10 IncRNAs such as SEMA3B-AS1, ST-

© Annals of Translational Medicine. All rights reserved.

AS1, and AL136295.7 are protective factors.

Relationship between risk scoves and clinical characteristics

Correlation analysis between risk score and clinical
characteristics, univariate analysis showed that risk score was
significantly associated with age, clinical stage, tumor size,
lymph node metastasis, and distant metastasis (P<0.001).
Multifactorial analysis showed that age (P<0.001) was an
independent factor affecting risk score (Figure 64,6B).

Relationship between risk scorve and immune cells

We downloaded the results from TCGA database
containing various immune cells in BRCA and analyzed the
correlation between risk score and immune cells. Grouped
according to high- and low-risk scores, the results showed
that central memory CD8 T cells, T follicular helper cells,
and memory B cell infiltration levels were significantly
correlated with high risk scores, and activated CD8 T cells,
effector memory CD8 T cells, and type 1 T helper cell,
activated B cell, immature B cell, natural killer (NK) T
cell, eosinophil, mast cell, and monocyte were significantly
associated with low risk scores. The infiltration levels of
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Figure 3 Mulberry diagram of 11 autophagy-related IncRNAs co-expression. IncRNA, long stranded non-coding RNAs.

Activated CD4 T cell, Activated CD8 T cell and Effector
memory CD4 T cell were higher in BRCA tissues than in
normal tissues. (Figure 7A,7B). Survival analysis showed that
activated B cell, CD56 bright NK cell, and NK cell had a
better prognosis in the high risk score (Figure 7C-7E).

Discussion

Autophagy can both promote and inhibit tumorigenesis
and progression, playing a double-edged role in tumors,
as well as those of BRCA. Autophagy provides BRCA
cell viability to induce recurrence of metastatic BRCA;
whereas, autophagy can also inhibit BRCA metastasis by
suppressing cell proliferation (16,17). Several studies have
reported that the prognosis of BRCA can be assessed and
has some diagnostic value by constructing models for
coding genes and non-coding RNAs (18,19). The analyses
in these studies were mainly conducted by quantifying
the expression levels of transcripts. In our study, IncRNA
pairs were generated using autophagy-associated genes
and TCGA-BRCA cohort pairing, which is more reliable
compared to other studies.

We obtained transcriptomic and clinical data of BRCA

© Annals of Translational Medicine. All rights reserved.

patients from TCGA, autophagy genes from HADbD
database, and extracted autophagy and IncRNA for
associated risks. First, differential expression of ARLP
was determined and prognostic models were constructed.
Immune cell abundance data from the TCGA-BRCA
cohort were downloaded from the Tumor Immunity
Evaluation Resources (TIMER) database to analyze the
relationship between risk scores for ARLP features and
immune cell infiltration and prognosis. In our study,
11 autophagy-associated IncRNAs were identified as
independent predictors of prognosis in BRCA, and risk
models were constructed. Among these 11 autophagy-
associated IncRNAs, SEMA3B-AS1, LINC01871, and
AL122010.1 have been identified as both BRCA stem cell-
associated IncRNAs, which are associated with the prognosis
of BRCA patients (20). In addition, studies have shown that
SEMA3B-AS1 is involved in the regulation of progression
in gastric, hepatocellular, and esophageal cancers (21-23).
Studies have shown that the role of ST7-4S! in tumors
is mainly to promote tumor progression. The IncRNA
ST7-ASI promotes malignancy in lung adenocarcinoma
by regulating the miR-181b-5p/KPNA4 axis (24). The
IncRNA ST7-AS1 promotes TRPM7 expression by

Ann Transl Med 2022;10(2):58 | https://dx.doi.org/10.21037/atm-21-6251
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upregulating microRNA-543 thereby promoting cervical
cancer progression (25). In addition, IncRNA ST7-AS1
expression was found to be downregulated in BRCA,
involved in cell cycle, DNA repair, and immune cell
infiltration in the BRCA immune microenvironment, and
its low expression suggested poor prognosis (26). Studies
have shown that OTUDG6B-AS1 inhibits thyroid cancer
viability, migration, and invasion by targeting miR-183-5p
and miR-21 (27). Interestingly, OTUD6B-AS1 regulates the
GSKIP/Wnt/B-catenin signaling pathway by segregating
miR-664b-3p, thereby promoting cell proliferation and
invasion of hepatocellular carcinoma cells (28). As a side
note, autophagy-related IncRNAs may play opposite roles
in tumors. In addition to this, the inhibitory IncRNA
MAPT-ASI suppresses proliferation and migration and
sensitizes cancer cells to paclitaxel by regulating MAPT
expression in estrogen receptor (ER)-negative BRCA (29).
Other autophagy-associated IncRNAs have not been
investigated regarding their biological functions in cancer.
Analysis of the correlation of 11 autophagy-associated
IncRNAs with clinical characteristics showed significant

© Annals of Translational Medicine. All rights reserved.

correlations with age, clinical stage, tumor size, and lymph
node status, suggesting that autophagy overarchingly
promotes the development and progression of BRCA.
Further multifactorial analysis revealed that age was an
independent risk factor, with autophagy levels accumulating
with age and finally promoting BRCA, as well as explaining
the reason why patients with high scoring risk have a worse
prognosis.

In the present study, we also focused on the relationship
between autophagy-related IncRNA models and immune
cell infiltration. The results showed that most of the
immune cells were associated with low risk scores, and
only some of them were associated with high risk scores.
In this study, we focused on the role of T-lymphocyte
subpopulations in BRCA. The results showed that most
T Iymphocytes were concentrated in the low-risk group,
suggesting that T lymphocytes may be suppressors of
BRCA. For example, CD4" Thl secretes interleukins,
interferons, and tumor necrosis factor (TNF), which
activate effector cells to play an immunoreactive role
against BRCA, and NK cells play an oncogenic function

Ann Transl Med 2022;10(2):58 | https://dx.doi.org/10.21037/atm-21-6251
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during tumor immunosurveillance (30,31). These
findings suggest that the role of T lymphocytes may be
tuned to different tumor microenvironments. This study
was somewhat flawed by the fact that no external data
validation was performed, and also by the limitations of

the database analysis itself.
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Conclusions

In conclusion, this study finally identified 11 autophagy-
associated IncRNAs as potential tools for prognosis of
BRCA patients and constructed a new model of BRCA

prognosis to help clinicians in their assessment of patient
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immune cells; (B) analysis of immune cell abundance in BRCA and normal tissues. ns represents P>0.05; *, P<0.05; **, P<0.01; ***, P<0.001;
(C-E) prognostic analysis of activated B cell, CD56 bright NK cell and NK cell in high and low risk scores. IncRINA, long stranded non-

coding RNAs; NK, natural killer; BRCA, breast cancer.

prognosis based on risk scores.
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