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Background: Breast cancer (BRCA) shows genetic, epigenetic, and phenotypic diversity. Methylation 
of N6-methyladenosine (m6A) affects the occurrence, development, and therapeutic efficacy of BRCA. 
However, the characteristics and prognostic value of m6A in BRCA remain unclear. We aimed to classify and 
construct a scoring system for the m6A regulatory gene in BRCA, and to explore its potential mechanisms.
Methods: In this study, we selected 23 m6A regulatory genes and analyzed their genetic variation in 
BRCA, including copy number variation (CNV) data, expression differences, mutations, gene types, and 
correlations between genes. Survival curves were drawn by the Kaplan-Meier method, and a log-rank P<0.05 
was considered statistically significant. The partitioning around medoids (PAM) algorithm was used for 
molecular subtype analysis of m6A, single-sample Gene Set Enrichment Analysis (ssGSEA) algorithm was 
used to quantify the relative infiltration levels of various immune cell subgroups, and a scoring system was 
built based on principal component analysis (PCA).
Results: In BRCA, m6A regulatory gene mutation frequency is not high, while that of CNV mutation 
is high, which is related to gene expression and closely related to prognosis. In this study, we identified 
3 different m6A subtypes, which are closely related to the level of immune cell infiltration. We further 
constructed an m6A score system, in which lower scores were correlated with low tumor mutation burden 
(TMB), later clinical staging, programmed cell death 1 ligand 1 (PD-L1) expression, and triple-negative 
breast cancer (TNBC).
Conclusions: This study highlights the diversity and complexity of the role of m6A in BRCA. The 
classification of BRCA based on the m6A regulatory gene can help us understand the characteristics of 
BRCA and help develop individualized immunotherapy regimens.
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Introduction

Breast cancer (BRCA) is one of the most common 
malignant tumors in women. According to the latest global 
cancer data, there were 2.26 million new cases of BRCA 
and 680,000 deaths worldwide in 2020. The rapid growth 
of new cases of BRCA has replaced lung cancer as the most 
prolific cancer in the world (1), which seriously threatens 
the physical and mental health of women. Thanks to 
advances in local and systemic therapy, about 70–80% of 
patients with early metastasis-free BRCA can be cured, but 
advanced-stage patients remain unable to achieve remission 
with existing treatments (2). At the molecular level, BRCA 
is a highly heterogeneous disease (3), and multiple studies 
have shown that genetics, epigenetics, and transcriptome 
modifications influence the occurrence and progression of 
BRCA (4-6).

Methylation of N6 adenosine (m6A) is the most 
common and abundant methylation modification in 
eukaryotic messenger RNAs (mRNAs). Writers, erasers, 
and readers are the 3 important components to identify 
m6A modification sites and regulate the splicing, transport, 
translation, and stability of RNA. Modification of m6A 
can have positive or negative effects on the occurrence, 
differentiation, invasion, and metastasis of BRCA (6,7). In 
addition, there is growing evidence that m6A modification 
can control the immune response and plays an important 
role in both congenital and acquired immune responses 
in tumors (8-10). Study of the m6A protein and its 
inhibitors can reveal new opportunities for early diagnosis 
and treatment of BRCA, especially in combination with 
immunotherapy.

Based on the heterogeneity of BRCA, researchers have 
found significant differences in proliferation, apoptosis, 
invasion, and migration of tumor cells with different BRCA 
subtypes (11), as well as significant differences in response 
to treatment and prognosis. Therefore, continuing research 
on molecular typing of BRCA can assist in establishing 
the basis for precise and individualized treatment plans. 
To date, there have been few studies on molecular typing 
of the m6A regulatory gene and BRCA. Our study 
aimed to explore the typing of BRCA based on the m6A 
regulatory gene, evaluate the differences of immune cell 
infiltration, and construct a scoring system, to provide a 
theoretical basis for basic research and clinical treatment. 
We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3404).

Methods

Data set acquisition and data preprocessing

We obtained tumor mutation burden (TMB) data from 
1,109 tumors and 113 normal samples in the breast cancer 
cohort of the Cancer Genome Atlas (TCGA, https://
cancergenome.nih.gov/). We downloaded copy number 
variation (CNV) data for TCGA queue from the University 
of California Santa Cruz (UCSC). In addition, we searched 
the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/) to download GSE20685 breast 
cancer data sets (including tumor, 327 cases). All RNA-
seq data was normalized using the ComBat function in the 
sva package (https://bioconductor.org/packages/sva/). The 
CNV data, expression differences, mutations, gene types, 
and correlations among 23 breast cancer-related m6A 
methylation genes were analyzed by the R software package 
(https://www.R-project.org/). 

Survival analysis

Univariate Cox regression analysis and the Kaplan-Meier 
method were used to evaluate the prognostic role of  
23 genes associated with m6A methylation in breast cancer. 
When the Kaplan-Meier method was used to plot survival 
curves, a log-rank P<0.05 was considered statistically 
significant.

Consistency cluster analysis and immunoinfiltration 
analysis

We performed Cluster typing using the Consensus 
Cluster Plus software package (https://bioconductor.org/
packages/ConsensusClusterPlus/) based on the common 
expression of 23 m6A methylation regulatory genes. At 
the same time, the single-sample Gene Set Enrichment 
Analysis (ssGSEA) algorithm was used to calculate the 
immune cell content of tumor samples (28 immune cells) 
and compare the differences in the immune cell content 
between different m6A types. Then, we analyzed the gene 
differences between the groups according to the m6a typing 
(RNAseq expression matrix of TCGA and GEO datasets) 
and obtained differentially expressed genes (DEGs). We 
then performed univariate Cox analysis with a P<0.05 for 
filtering and obtained the prognostic DEGs. Based on the 
prognostic DEGs, consistency clustering was repeated to 
compare the m6A typing of the 2 different algorithms.

https://dx.doi.org/10.21037/atm-21-3404
https://dx.doi.org/10.21037/atm-21-3404
https://bioconductor.org/packages/ConsensusClusterPlus/
https://bioconductor.org/packages/ConsensusClusterPlus/
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Construction of m6A score and its clinical significance

Principal component analysis (PCA) was performed 
on prognostic DEGs, major components 1 and 2 were 
extracted, and a new score (M6AScore = PCA1 + PCA2) was 
set to be obtained, which was named the m6AScore. The 
correlation between m6AScore and immune cells, TMB, 
different clinical subtypes, and PD-L1 was analyzed.

Statistical analysis

The software package of R language (https://www.r-project.
org/) was used to analyze the data, the ComBat function in 
the sva package was used to normalize all RNA-seq data, 
and the Kaplan-Meier method was used to draw the survival 
curve. Logarithmic rank P<0.05 was considered statistically 
significant. The Consensus Cluster Plus software package 
was used for cluster typing and ssGSEA algorithm was used 
to evaluate tumor-infiltrating immune cells.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results

Genetic variation and prognosis of the m6A gene in BRCA

In this study, we first analyzed CNV mutations of 23 genes 
in BRCA. Among them, VIRMA and YTHDF1 mainly 
showed amplification, while WTAP, RBM15, ZC3H13, 
YTHDF2, and RBM15b had widespread deletion. In 
addition, the expression of these genes in tumors and 
normal tissues were analyzed. High expression of VIRMA, 
RBM15, YTHDF1, YTHDF2, HNRNPC, FMR1, LRPPRC, 
HNRNPA2B1, and IGFBP2 was detected in tumors. The 
expressions of METL14, METL16, ZC3H13, RBM15b, 
YTHDC1, IGFBP1, IGFBP3, and FTO were significantly 
decreased in tumors (Figure 1). Patients with high 
expression of IGFBP1, IGFBP3, and RBM15b had a better 
prognosis, while those with low expression of ALKBH5, 
FMR, VIRMA, WTAP, YTHDF1, and YTHDF3 had a worse 
prognosis (Figure 2). We then analyzed the incidence of 
somatic mutations. A total of 57 (5.78%) of the 986 samples 
had genetic changes in the m6A gene, including missense 
mutations, nonsense mutations, and frameshift deletion 
mutations. The gene ZC3H13 had the highest mutation 
frequency, followed by LRPPRC and RBM15 (Figure 1). We 

analyzed the role of 23 m6A methylation genes in BRCA 
(“writers”: METTL3, METTL14, METTL16, WTAP, 
ZC3H13, RBM15, and RBM15b; “readers”: YTHDC1, 
YTHDC2, YTHDF1, YTHDF3, YTHDF2, HNRNPC, 
FMR1, LRPPRC, HNRNPA2B1, IGFBP2, IGFBP3, and 
RBMX; and “erasers”: ALKBH5 and FTO), which suggested 
that the interaction between the genes HNRNPC and 
hnRNPA2B1 might be risk factors, while IGFBP3 and 
YTHDF3 might be potential protective factors, and were 
associated with tumor progression and prognosis (Figure 1). 
Based on the above analysis, there are significant differences 
and associations between the m6A gene and BRCA genome 
and transcription, and the expression changes and genetic 
variation of the m6A gene play an important role in 
regulating the occurrence and development of BRCA and 
are closely related to prognosis.

Genotyping based on m6A methylation regulatory genes

Based on 23 m6A methylation regulatory genes, TCGA 
queue and BRCA samples from the GSE20685 dataset 
were grouped into K subtypes using the partitioning 
around medoids (PAM) algorithm in Consensus Cluster 
Plus. According to the cumulative distribution function 
(CDF) curve of the consensus score and the area under the 
curve (AUC), when k=3, 3 m6A subtypes (Figure 3A-3D) 
were distinguished. To further understand whether these 
3 m6A subtypes can reflect different clinical outcomes of 
patients. Based on overall survival (OS) analysis, there was 
no significant difference in prognosis among the 3 subtypes 
(P=0.439) (Figure 3E). Surprisingly, when we tried to use the 
ssGSEA algorithm to calculate the content of immune cells 
in tumor samples (23 types of immune cells) and compared 
the infiltration of immune cells among different m6A 
subtypes, we found that 3 subtypes were filled with a large 
number of immune cells, and the infiltration level of most 
subtypes was high (Figure 3F). Then, we conducted paired 
genetic difference analysis for the 3 subtypes and obtained 
3,407 DEGs (Figure 3G). Univariate Cox analysis and P 
value were used for screening, 276 prognostic DEGs were 
obtained, and then classified again. This revealed a further 
division of m6A into 3 types, and there was a significant 
difference in prognosis between each type (P<0.001) 
(Figure 3H-3K). Therefore, based on the prognostic DEGs 
of 23 m6A methylated genes, BRCA can be divided into  
3 molecular subtypes (A, n=452; B, n=588; C, n=377), all of 
which were closely related to immune cell infiltration, and 
differences in expression were detected.
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Figure 1 Genetic alteration of the m6A modulation gene in breast cancer. (A) CNV mutation frequency of 23 m6A regulatory genes. This 
column represents the frequency of change. Deletion frequency, green dots; Amplification frequency, pink dots. (B) Expression of 23 m6A 
regulatory genes in normal tissues and breast cancer tissues. (C) Fifty-seven of 986 BRCA patients experienced 23 genetic alterations to m6A 
with a frequency of 5.78%. It mainly includes missense mutation, nonsense mutation, and frame-loss mutation. (D) Expression interaction 
of 23 m6A regulatory genes in BRCA. The lines connecting the m6A regulatory genes show how they are correlated with each other, with 
positive associations in red and negative associations in blue. The size of each circle represents the prognostic effect of each regulatory gene 
and is scaled by a P value. The color of the left half of the circle represents the modification type of m6A (erasers, readers, writers), while the 
right half of the circle represents survival factors affecting the patients, green represents protective factors and purple represents risk factors. 
*P<0.05, **P<0.01, ***P<0.001. CNV, copy number variation; BRCA, breast cancer. 

Construction of m6A score

Cluster analysis was performed on 276 genes to further 
evaluate the correlation between prognostic DEGs genes 
and clinical significance. We found that older patients with 
late clinical-stage and poor clinical prognosis were mainly 
molecular subtype C (Figure 4A). Although our study found 
that m6A plays an important role in immune infiltration 
and prognosis of BRCA, these analyses were based on 
patient populations only and were not able to predict the 
pattern of action of m6A in individual patients. Therefore, 
PCA analysis was performed on 276 differential genes to 
develop an m6A score (m6AScore = PCA1 + PCA2) to 

further identify the relevant clinical features of m6A. The 
results showed that the m6A score was closely related to A, B, 
and C 3 subtypes, and each gene cluster was closely related. 
Patients with a high m6A score had a better prognosis 
(P=0.002), and patients with poor prognosis were mainly 
concentrated in type C (Figure 4B-4E).

Clinical significance of m6A score

We performed validation the m6A score to clarify its potential 
prognostic value. Correlation analysis of immune cells 
showed that central memory CD8 T cells and neutrophils 
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Figure 4 Construction of the m6A score. (A) Correlation analysis between DEGs typing and clinical features with patients subsequently 
divided into different genomic subtypes. TNM stage, age, prognosis, molecular subtype, and gene cluster were used as patient annotations. 
(B) Correlation between m6A score and m6A subtypes. (C) Relationship between m6A score and genotyping. (D) Prognostic analysis of low 
and high m6A score. (E) Sankey plots of different molecular subtypes (A, B, C), m6A gene clusters, and m6A score. DEGs, differentially 
expressed genes; TNM, tumor, node, metastasis.

were positively correlated with high m6A score, while most of 
the remaining immune cells were negatively correlated with 
low m6A score (Figure 5A). In terms of TMB, a high m6A 
score correlated with higher TMB, and was concentrated in 
the B and C types. Patients with high TMB had worse OS 
(P=0.001), and high m6A score with high TMB had a poor 
prognosis, consistent with the expected results (Figure 5B-
5E). In terms of age, a higher m6A score was associated with 
a worse prognosis regardless of age ≥45 or age <45 years 
(Figure 5F-5G). In terms of tumor, node, metastasis (TNM) 
staging, in addition to patients with early metastases, patients 
with high m6A scores had a better prognosis (Figure 5H-5M). 
A Low m6A score was associated with low PD-L1 expression, 
and was concentrated in patients with TNBC (Figure 5N-5P), 
which may be the reason for the poor prognosis in the group 
with a low m6A score. In conclusion, our study found that 
the m6A score was related to immune cell infiltration and 
response to immunotherapy, and had a certain prognostic 
predictive ability.

Discussion

Based on TCGA cohort and GEO dataset, the genetic 
mutation of the m6A regulatory gene in BRCA was 
firstly analyzed. The results showed that BRCA exhibited 
unique somatic mutations and genetic disorders due to its 
heterogeneity. There were deletion and amplification of 
m6A regulatory genes in CNV to varying degrees, but the 
mutation frequency was not high, and the mutation rate of 
somatic cells was only 5.78%, which mainly presented as 
meaningless mutation. A study of the m6A regulatory gene 
spanning 33 cancers showed that the frequency of mutations 
in the m6A regulatory gene was very low in tumors, 
ranging from 0.02% to 8.07% (12), which is consistent 
with our findings. The IGFBP3 and YTHDF3 genes may 
be protective factors, while HNRNPC and HNRNPA2B1 
may be risk factors, further affecting the gene expression 
between BRCA and normal tissues. Surprisingly, several 
studies have shown that HNRNPC is overexpressed in 
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Figure 5 Clinical significance of m6A score. (A) Correlation analysis between m6A score and 28 kinds of immune cells. (B-E) Correlation and prognostic analysis of m6A score and tumor mutation load. (F-M) Analysis of prognosis prediction ability of m6A score in different clinical subtypes. (N) 
Correlation analysis between m6A score and PD-L1. Correlation analysis between (O,P) m6A score and TNBC. PD-L1, programmed death-ligand 1; TNBC, triple negative breast cancer.
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BRCA and cell lines and that knocking down HNRNPA2B 
can reduce the proliferation of breast cancer cells, induce 
apoptosis, and prolong the S phase of the cell cycle  
in vitro (13). Subsequently, Wu et al. further demonstrated 
that inhibition of HNRNPC in breast cancer cells (MCF7 
and T47D) inhibited cell proliferation and tumor  
growth (14). In addition, YTHDF3 overexpression predicted 
a poor prognosis for OS, and YTHDF3 upregulation was 
an independent prognostic factor for OS in BRCA patients. 
Externally, YTHDF3 overexpression was demonstrated to 
be present in BRCA patients with brain metastasis (15,16). 
The loss of glucose-regulated protein 78 can reduce the 
entry of IGFBP-3 into cells, thereby altering its tumor-
promoting effect and predicting a poor prognosis in BRCA 
patients (17), which is quite different from our results. 
In general, mutations may have little influence on m6A 
modification, but they play an indispensable role in the 
genetic or epigenetic factors of BRCA, and are closely 
related to prognosis.

There is growing evidence that the m6A regulatory gene 
plays a role in inflammation, immunity, and tumors through 
regulators (18-20); however, no studies have been conducted 
to explore the relationship between m6A regulatory genes 
and BRCA molecular typing. Therefore, identification of 
the corresponding molecular subtypes in BRCA based on 
m6A regulatory genes may facilitate understanding of the 
mechanism of m6A modification of BRCA and its potential 
clinical applications. In this study, we identified 3 different 
BRCA subtypes, which are characterized by a large number 
of immune cell infiltrates and complex relationships 
between gene clusters within each subtype. Previous 
studies have shown that interactions between different 
m6A regulatory genes influence tumor differentiation 
and pathogenesis (21), which explains the different gene 
expression patterns among molecular subtypes. It was found 
that IGF2BP1, IGF2BP2, and IGF2BP3 were upregulated in 
TNBC and downregulated in other types of BRCA and that 
CBLL1 was upregulated in estrogen receptor (ER)-positive 
breast cancer (22,23). In addition, there is growing evidence 
that the tumor microenvironment plays an important role 
in tumor progression and immunotherapy (24). Han et al. 
demonstrated that binding of the m6A reader YTHDF1 
promotes the translation of encoded lysosomal proteases, 
thereby reducing the cross-presentation of dendritic cells 
(DCs) to tumor antigens, and that inhibition of YTHDF1 
reduces immune escape and thus improves the therapeutic 
effect of PD-1 (25). Based on these findings, we hypothesize 
that the m6A regulatory gene plays an important role in 

immune activation and tumor cell infiltration and that some 
patients may benefit from immunotherapy.

To better quantify the molecular subtype of m6A 
regulatory genes and define different m6A modification 
methods, we established the m6A score. Neutrophils and 
central memory CD8 T cells showed a high m6Ascore for 
infiltrative characteristics, while the rest of the immune 
cells showed a low m6A score. Neutrophils play a key role 
in tumors. Neutrophils have a direct role in killing tumors. 
Neutrophils combined with lymphocytes can predict the 
prognosis of BRCA patients, and targeting neutrophils is 
a potential treatment approach for BRCA (26,27). Further 
analysis showed that a higher m6A score was positively 
associated with mutations in TMB and had a poorer 
prognosis. Immunotherapy based on immune checkpoint 
inhibitors has some efficacy in TNBC, and these patients 
often show higher TMB and immune cell infiltration (28-30). 
In addition, we observed a strong correlation between the 
m6A score and PD-L1, a predictor of the immune response, 
suggesting that the m6A gene may influence the efficacy of 
immunotherapy and that this score could be used in clinical 
practice to assist in the formulation of treatment plans. 
There were some limitations in our study, and more clinical 
samples, especially those from eastern populations, are 
needed for verification of our findings. Conversely, more 
clinicopathological features should be included to improve 
the accuracy of the predictive model.

Conclusions

In this study, we comprehensively evaluated BRCA samples 
based on 23 m6A regulatory genes and performed subtype 
analysis to construct a scoring system. At the same time, 
we evaluated the immune infiltration, which helped us to 
improve the understanding of the role of m6A in BRCA and 
may provide a theoretical basis for immunotherapy.
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