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ABSTRACT 
 

Background: Breast cancer susceptibility gene 1 (BRCA1) is a well-known gene that acts a vital role in 
suppressing the growth of tumors. Previous studies have primarily focused on the genetic mutations of BRCA1 
and its association with hereditary breast invasive carcinoma (BRCA). However, little research has been done to 
investigate the relationship between BRCA1 and immune infiltrates and prognosis in BRCA. 
Methods: We obtained the expression profiles and clinical information of patients with BRCA from the 
Cancer Genome Atlas (TCGA) database. The levels of the BRCA1 gene between BRCA tissues and normal 
breast tissues were compared through the Wilcoxon rank-sum test. Additionally, we performed WB and RT-
qPCR techniques to detect the expression of BRCA1. We conducted functional enrichment analyses. 
Furthermore, we assessed immune cell infiltration using a single-sample gene set enrichment analysis. The 
methylation status of the BRCA1 gene was analyzed using the UALCAN and MethSurv databases. The Cox 
regression analysis and (KM) Kaplan-Meier method were employed to determine the prognostic value of 
BRCA1. In order to provide a practical tool for predicting the overall survival rates at different time points, 
we also constructed a nomogram. 
Results: Our analysis revealed that the expression of BRCA1 was significantly higher in BRCA tissues compared 
to normal tissues. Furthermore, this increased level of BRCA1 was found to be associated with specific BRCA 
subtypes, including T2, stage II, ER positive, ect. Importantly, the overexpression of BRCA1 was shown to be a 
negative prognostic marker for the overall survival rates of BRCA patients. Moreover, low methylation status of 
the BRCA1 gene was related to a poorer prognosis. Furthermore, our results indicated that high levels of BRCA1 
are related to a decrease in level of killer immune cells, such as natural killer (NK) cells, macrophages, CD8+ T 
cells, and plasma-like dendritic cells (pDCs) within the tumor microenvironment. 
Conclusions: Our study is the first to provide evidence indicating that the presence of BRCA1 can serve as a 
reliable marker for both diagnosing and determining the prognosis of BRCA. Moreover, BRCA1 acts as a crucial 
indicator of the cancer’s potential to infiltrate and invade the immune system, which has important 
implications for developing targeted therapies in BRCA. 
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INTRODUCTION 
 

Breast invasive cancer (BRCA) is the most common 

malignant tumor in women across the world. It 

accounts for approximately 11.7% of all cancer cases, 

or around 2.3 million new cases in the year 2020 [1, 

2], making it a major public health concern. Over the 

years, BRCA has garnered significant attention from 

researchers and medical professionals, leading to 

extensive exploration of its causes, progression, and 

potential treatment options. In recent decades, 

remarkable progress has been made in diagnosing and 

treating BRCA [3]. Several sensitive and efficient 

approaches have been developed, reducing the 

mortality rates associated with BRCA. However, 

despite these improvements, BRCA exhibits inherent 

heterogeneity, meaning that each patient’s tumor can 

have distinct characteristics and respond differently  

to treatment. Unfortunately, despite the advancements 

in diagnosis and treatment, the prognosis for  

most BRCA patients still remains poor. This 

highlights the urgent need for the development and 

implementation of more effective diagnostic and 

therapeutic methods.  

 

Breast cancer susceptibility gene 1 (BRCA1) is a 

widely recognized gene that is responsible for 

suppressing tumor growth [4–6]. It is commonly 

found to be mutated in individuals with a family 

history of breast and ovarian cancers [7]. Studies have 

shown that mutations in BRCA1 are detected in 

approximately 20% to 25% of hereditary BRCA cases 

and 5% to 10% of all BRCA cases [8]. Furthermore, it 

has been observed that a loss of heterozygosity (LOH) 

of BRCA1 is frequently observed in high-grade 

BRCA [9, 10]. BRCA1 plays a crucial role in 

maintaining genomic stability and is involved in 

various cellular pathways [6]. These pathways include 

DNA damage repair, activation of cell-cycle 

checkpoints in response to DNA damage, regulation 

of gene transcription, protein ubiquitination, chroma-

tin remodeling, and apoptosis [11]. Despite extensive 

research on BRCA1, its association with prognosis 

and immune infiltrates in BRCA has not been reported 

yet. 

 

The objective of this study is to utilize interactive tools 

to explore the transcriptional expression and prognostic 

significance of BRCA1 in BRCA. By employing 

bioinformatics techniques, we aim to investigate the 

relationship between BRCA1 expression and its clinical 

pathological features, prognostic implications, and 

immune cell infiltration in BRCA. Such investigations 

have the potential to aid clinicians in improving the 

treatment strategies and overall prognosis for patients 

diagnosed with BRCA. 

MATERIALS AND METHODS 
 

Collection of samples 

 

From 2013 to 2023, a total of thirty BRCA tissues were 

collected from individuals who were undergoing breast 

cancer resection at Breast Surgery Department of 

Guizhou Provincial People’s Hospital. The clinical 

information of BRCA patients is displayed in Table 1. 

The selection criteria for inclusion in the work required 

a confirmed diagnosis of BRCA through pathology 

examination. The entire process of sample collection 

was conducted in accordance with the ethical guidelines 

set forth by the ethics committee of the Guizhou 

Provincial People’s Hospital, ensuring the protection of 

the patients’ rights and well-being. 

 

Real-time fluorescent quantitative PCR assay (RT-

qPCR) 

 

Total RNA was isolated from tissues or cells according 

to the instructions of the RNA extraction kit (LS1040, 

Promega, Shanghai, China). Next, a fixed one-step RT‐

PCR kit (A6120, Promega, Shanghai, China) was 

utilized to synthesize cDNA. RT‐qPCR assay was 

employed utilizing the SYBR Green SuperMix system 

(TSE201, Tsingke Bio Technology, Beijing, China). 

The changes in gene levels were estimated by the 2-ΔΔCT 

method. The primer sequences utilized for assay were 

displayed in Table 2. 

 

Protein isolation and Western blotting 

 

The total protein was isolated from cells using the 

protein extraction kit (R0010, Solarbio, Beijing, China). 

To determine the protein concentration, the BCA 

protein assay kit (P0010, Beyotime, Shanghai, China) 

was employed. For the experiment, primary antibodies 

specifically targeting β-actin and BRCA1 were from 

ZSGB-BIO, China (TA-09, 1:1000) and HUABIO, 

China (HA500015, 1:1000), respectively. These 

primary antibodies were then incubated at 4° C 

overnight. After the primary antibodies were incubated 

with the samples, the next step involved diluting the 

secondary antibodies. Specifically, either goat anti-

mouse IgG-HRP or goat anti-rabbit IgG-HRP antibodies 

(ZSGB-BIO, Zhongshan, China) were mixed in a 

dilution ratio of 1:10000 (37° C for 1 hour).  

 

Data collection from TCGA database 

 

All mRNA expression data and clinical data of BRCA 

patients included in this study were sourced from two 

major databases, namely the TCGA (The Cancer 

Genome Atlas) database and the GTEx (Genotype-

Tissue Expression) database. The TCGA database is a 
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Table 1. Clinical features of patients. 

Features Variables No. (%) 

Age 
< 60 10 (33) 

≥ 60 20 (67) 

Gender Female 30 (100) 

Molecular subtype 

Luminal A 5(17) 

Luminal B 5(17) 

HER-2(+) 10(33) 

TNBC 10(33) 

Lymphatic metastasis 
Yes 18(60) 

No 12(40) 

Distant metastasis 
Yes 8(27) 

No 22 (73) 

 

Table 2. The primer sequences for qPCR. 

Primers for validated genes Prime sequence (5’-3’)  

Gene Forward Reverse 

GAPDH TATGACAACAGCCTCAAGAT AGTCCTTCCACGATACCA 

BRCA1 CAGAGGACAATGGCTTCCATG CTACACTGTCCAACACCCACTCTC 

 

collaborative effort by multiple institutions and contains 

comprehensive molecular data from tumor samples, 

while the GTEx database provides genomic and 

expression data from normal tissues. By utilizing these 

databases, this study ensured a robust and representative 

dataset that encompasses both cancerous tissue samples 

and normal tissue samples, allowing for a com-

prehensive analysis of the mRNA expression profiles in 

BRCA patients and their correlation with clinical 

outcomes. 

 

Cell culture 

 

The BRCA cell lines of human, including MCF-7, 

T47D, MDA-MB-231, and HCC-1806, were obtained 

from The Center for Molecular and Cellular Sciences 

in Shanghai, China. These cell lines were cultured  

in RPMI-DMEM which were purchased from 

VivaCell in Shanghai. Additionally, the culture media 

were supplemented with 1% penicillin-streptomycin 

solution from Beyotime in Shanghai and 10% fetal 

bovine serum from VivaCell. On the other hand. All 

the cells mentioned above were cultured in a 

controlled environment at 37° C with an atmosphere 

containing 5% CO2. 

 

Differential expression analysis of BRCA1 

 

Based on the minimum P-value of BRCA1 expression, 

the researchers categorized the cancer TCGA patients 

into two groups: BRCA1 high expression group and 

BRCA1 low expression group. To further investigate 

the differences in gene expression between these two 

groups, the researchers utilized the R package DESeq2 

developed by Love et al. in 2014 [12]. They set the 

threshold for differentially expressed genes (DEGs) as 

adjusted p-value<0.05 and | log2-fold change (FC) |>1. 

Additionally, the researchers aimed to evaluate the 

correlation between the expression of the top 10 DEGs 

and BRCA1. To do this, they employed Spearman 

correlation analysis, a statistical method used to 

measure the strength and direction of the monotonic 

relationship between two variables. 

 

Enrichment analysis 

 

GSEA, which stands for Gene Set Enrichment Analysis, 

is a computational method used to standardize RNA Seq 

data obtained from TCGA. This analysis tool, available 

at the website MSigDB, allows researchers to 

investigate the biological functions of BRCA1. To 

identify potential biological functions, we utilized GO 

(Gene Ontology) terminology and KEGG (Kyoto 

Encyclopedia of Genes and Genomes) pathway 

enrichment analysis. These analyses are performed 

using a gene clustering analyzer implemented in the R 

programming language. The GO terminology is 

categorized into three aspects: biological process (BP), 
molecular function (MF), and cellular composition 

(CC). By analyzing the genes associated with BRCA1, 

researchers can gain insights into the specific biological 

processes, molecular functions, and cellular components 
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related to this gene. In addition, KEGG pathway 

enrichment analysis allows researchers to explore the 

potential pathways in which BRCA1 is involved. The 

KEGG pathway database catalogs various biological 

pathways and provides a comprehensive understanding 

of the molecular interactions and signaling events 

related to specific genes or gene sets. To ensure the 

reliability of the enrichment results, two conditions 

must be met: an error detection rate (FDR) of less than 

0.05 and a nominal p-value of less than 0.05. These 

thresholds help researchers identify statistically 

significant enrichment results, indicating that the 

observed biological functions and pathways associated 

with BRCA1 are unlikely to occur by chance. 

 

Analysis of immune cells infiltration 

 

To determine the immune infiltration level, 24 immune 

cells were utilized in the analysis. The relative 

enrichment fraction of these immune cells in BRCA 

was measured using a single sample Gene Set 

Enrichment Analysis (GSEA) approach, which was 

conducted utilizing the R package GSVA [13]. 

Additionally, the relation between BRCA1 level and 24 

immune cells was discussed utilizing Spearman 

correlation analysis. Furthermore, the differences in 

immune infiltration levels between BRCA1 high- and 

low- groups were evaluated using the Wilcoxon rank 

sum test. 

 

DNA methylation analysis 

 

To discuss the potential mechanism of BRCA1 in 

BRCA development, we utilized the UALCAN 

database [14], which provides a comprehensive analysis 

of cancer transcriptome data. Specifically, we focused 

on analyzing the methylation status of the BRCA1 

promoter, a region responsible for regulating the 

expression of the BRCA1 gene. Furthermore, to assess 

the potential clinical significance of BRCA1 

methylation levels, we employed the MethSurv 

database [15] — an invaluable online resource for 

conducting multivariate survival analysis based on 

DNA methylation profiles. By integrating clinical 

outcome data with methylation information, we aimed 

to determine whether the methylation status of BRCA1 

could serve as a prognostic marker in cancer patients. 

Through these analyses, we aimed to gain insights into 

the role of BRCA1 methylation in cancer development, 

potentially providing a novel avenue for targeted 

therapies and personalized treatment strategies. 

 

Validation of the nomogram 

 

In order to predict the overall survival probability, we 

conducted a multivariate Cox analysis and established a 

column chart based on independent prognostic factors. 

This column chart served as a visual representation of 

the relationship between these factors and the survival 

probability. We then used a calibration chart to assess 

the performance of the column chart. By comparing the 

observed and predicted survival probabilities, we were 

able to evaluate the accuracy of our predictions. 

Additionally, we used a consistency index (C-index) to 

measure the discrepancies between the predicted and 

observed survival probabilities. This allowed us to 

quantify the effectiveness of our column chart in 

predicting overall survival. To create the column charts 

and calibration charts, we utilized the R package called 

RMS. With the help of RMS, we were able to visualize 

the relationship between the independent prognostic 

factors and the overall survival probability, allowing for 

a better understanding of the impact of these factors on 

survival outcomes. To further evaluate the accuracy of 

our prediction, we employed the timeROC software 

package. This software enabled us to conduct time-

dependent receiver operating characteristic (ROC) 

curves, which provided a comprehensive assessment of 

the predictive performance over time. By analyzing the 

ROC curves, we were able to determine the accuracy of 

our prediction at different time points and assess if our 

model was capable of accurately predicting survival 

probabilities at different stages of the disease. This 

helped us assess the reliability and applicability of our 

predictions in a real-world clinical setting. 

 

Survival analysis 

 

In order to analyze the survival data, we employed the 

Kaplan Meier method and logarithmic rank test. The 

cutoff value for this analysis was set at the minimum P-

value of BRCA1 expression, a gene of interest. To 

assess the impact of various clinical variables on patient 

prognosis, both univariate and multivariate Cox 

regression analysis were performed. In the univariate 

Cox regression analysis, we identified a prognostic 

variable with a significance level of p<0.1. This 

significant variable was further considered in the 

multivariate Cox analysis. To present the results in a 

visually appealing manner, we utilized the R software 

package ggplot2 to generate forest plots, which 

provided a graphical representation of the multivariate 

Cox regression results. 

 

Statistical analysis 

 

SPSS 22.0 software was adopted for data analysis. The 

expression difference between BRCA and normal 

tissues were analysed with the Wilcoxon signed-rank 
test. One-way analysis of variance was employed to 

perform comparisons between two groups. P <0.05 was 

deemed to be statistically significant. 
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Data availability statement  

 

The data that support the findings of this study are 

available on request from the corresponding author. 

 

Consent for publication  

 

All authors have read and agreed to the published 

version of the manuscript. 

 

RESULTS 
 

High expression of BRCA1 in BRCA 

 

The pan-cancer analysis showed that the level of 

BRCA1 was higher in most tumors compared to normal 

tissues, such as lung adenocarcinoma, bladder urothelial 

carcinoma, bile duct cancer, etc. (Figure 1A). The level 

of BRCA1 in BRCA was vitally higher than in normal 

tissue (Figure 1B). In addition, its expression was 

significantly higher than in paired adjacent tissues in 

110 cases of BRCA tissues (Figure 1C). Furthermore, 

the Receiver Operating Characteristic (ROC) curve 

analysis indicated that the expression of BRCA1 gene in 

BRCA patients demonstrated a high level of accuracy in 

predicting the presence of the disease. The Area Under 

the Curve (AUC) value of the ROC curve, which 

measures the discriminatory power of the BRCA1 

expression in distinguishing between BRCA patients 

and healthy individuals, was determined to be 0.766 

(Figure 1D). This suggested that BRCA1 could serve as 

a reliable biomarker for the diagnosis of BRCA, 

potentially aiding in the early detection and effective 

management of the disease. 

 

We conducted a comprehensive analysis using various 

experimental techniques to further evaluate the level of 

BRCA1 in BRCA tissues and ascertain its significance. 

First, we selected a number of breast cancer cell lines 

and compared them to normal breast epithelial cells 

using WB and RT-qPCR techniques. The results from 

both WB and RT-qPCR clearly demonstrated that the 

expression of BRCA1 in breast cancer cell lines was 

significantly upregulated when compared to normal 

 

 
 

Figure 1. The expression level of BRCA1 in tumors. (A) BRCA1 was highly expressed in many solid tumors, including BRCA (B, C). The 

ROC curve area was 0.766 (D), indicating BRCA1 was a biomarker of diagnostic of BRCA. P-values were calculated with two-tailed unpaired 
Student’s t-test, *p < 0.05, **p < 0.01, ***p < 0.001. 
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breast epithelial cells (Figure 2A, 2B). To further 

substantiate these findings, we expanded our analysis 

to include actual breast cancer tissues obtained from 

patients. We randomly selected 4 breast cancer tissues 

and their adjacent normal tissues for WB and RT-

qPCR detection. Consistent with our previous 

observations, the WB and RT-qPCR results confirmed 

a significant increase in the expression of BRCA1 in 

breast cancer tissues compared to their adjacent 

counterparts (Figure 2C, 2D).  

 

Associations between BRCA1 expression and 

clinicopathologic variables 

 

The increased expression levels of BRCA1 in invasive 

ductal carcinoma (IDC) compared to invasive lobular 

carcinoma (ILC) (Figure 3A). Furthermore, higher 

BRCA1 expression was found to be significantly 

associated with more advanced pathological staging, 

specifically in the N2 compared to the N3 (Figure 

3B), and in the T2 compared to the T1 (Figure 3C). 

The increased expression levels of BRCA1 and PR or 

ER positive (Figure 3D, 3E). Additionally, the 

analysis of the PAM50 molecular subtypes revealed 

that elevated BRCA1 expression was linked to 

specific subtypes: Luminal B subtype compared to 

Luminal A, Luminal B compared to human epidermal 

growth factor receptor 2 (HER2) subtype, and 

Luminal B compared to Basil subtype (Figure 3F). 

However, pathological stage, HER-2 status, and M 

stage were observed to have no significant 

relationship with BRCA1 expression (Figure 3G–3I). 

 

Prognostic value of BRCA1 in BRCA 

 

The (KM) Kaplan Meier method was utilized to assess 

the association between the level of BRCA1 and the 

prognosis of BRCA. To classify patients based on 

BRCA1 expression, the minimum P-value of BRCA1 

expression was used as the cutoff point. Consequently, 

patients were categorized into two groups: the BRCA1 

high- and low- level group. Comparing the outcomes, it 

was observed that patients in the high expression group 

of BRCA1 had a worse overall survival (OS) prognosis 

compared to patients in the low expression group 

(Figure 4A). The progression free interval (PFI) of the 

 

 
 

Figure 2. WB and RT-qPCR were used to detect the level of BRCA1 in BRCA. (A) WB and RT-qPCR (B) results showed that the 

expression of BRCA1 in breast cancer cells was higher than that in normal breast epithelial cells. (C) WB and RT-qPCR (D) results revealed that 
the level of BRCA1 in breast cancer tissues was higher than that in paracancerous tissues. The experiments were repeated 3 times. Data are 
shown as means ± SD. P-values were calculated with two-tailed unpaired Student’s t-test, *p < 0.05, **p < 0.01, ***p < 0.001. 
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BRCA1 high expression group also seemed to be lower 

(Figure 4B). Furthermore, the researchers also 

examined the prognosis of patients with high BRCA1 

expression across various subgroups. They discovered 

that patients with high BRCA1 expression had 

significantly unfavorable prognoses in several sub-

groups, including those with Luminal A and Luminal B 

subtypes, HER2 and Basil subtypes. Additionally, 

patients with high BRCA1 expression had worse 

outcomes in subgroups with different tumor sizes 

(specifically T1 and T2, T3 and T2), absence and 

presence of lymph node metastasis (N0 and N1), age 

older than 60 years, patients with invasive ductal 

carcinoma (IDC) and invasive lobular carcinoma (ILC) 

(Figure 5). To obtain a more comprehensive under-

standing of prognostic indicators in BRCA patients, 

researchers employed both univariate and multivariate 

Cox regression analysis. Additionally, certain 

 

 
 

Figure 3. Associations between BRCA1 expression and clinicopathological characteristics. Data were shown for (A) histological 

type, (B) N stage, (C) T stage, (D) PR status, (E) ER status, (F) PAM50, (G) pathological stage, (H) HER2 status, (I) M stage. P-values were 
calculated with two-tailed unpaired Student’s t-test, *p < 0.05, **p < 0.01, ***p < 0.001. 
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clinical characteristics were identified as independent 

factors influencing OS. The results showed that BRCA1 

expression, N1 stage, N2 stage, N3 stage, M1, T4 stage, 

age and Luminal B and HER2 classification were 

independent factors of OS in BRCA patients (Figure 

4C). 

 

Functional enrichment analysis of differentially 

expressed genes (DEGs) related to BRCA1 

 

Based on the given information, there were a total of 

501 differentially expressed coding genes between the 

BRCA1 high expression and low expression groups. 

Out of these genes, 317 were upregulated, accounting 

for 63.3% of the total, while 184 were downregulated, 

representing 36.7% (with an adjusted p-value<0.05 and | 

Log2 FC |>1) (Figure 6A). The study then focused on 

the top 10 DEGs and their relationship with BRCA1. 

These genes, including FGF4, CPLX2, PRSS48, SEZ6, 

IFNK, PAGE1, H4C13, DDI1, NEUROD4, and 

CSMD3, were further analyzed, and their association 

with BRCA1 was illustrated in Figure 6B. GO  

and KEGG enrichment analysis were conducted  

about all DEGs. The results revealed that BP 

 

 
 

Figure 4. The impact of BRCA1 level on prognosis in BRCA patients was evaluated utilizing Kaplan Meier. (A) OS and (B) PFI for 

BRCA patients with high- vs low- BRCA1. (C) Forest map of OS with BRCA patients based on multivariate Cox analysis.  
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(Biological Process) was mainly enriched involved in 

detection of chemical stimulus involved in sensory 

perception, detection of chemical stimulus involved in 

sensory perception of bitter taste and sensory 

perception of bitter taste. Regarding the cellular 

component (CC), nucleosome, CENP-A containing 

nucleosome and CENP-A containing chromatin were 

the major enrichments. For molecular function (MF), 

the enriched terms were bitter taste receptor activity, 

taste receptor activity and olfactory receptor activity. 

In terms of KEGG pathways analysis, the most 

significantly enriched pathways were Olfactory 

transduction, Neuroactive ligand-receptor interaction 

and Systemic lupus erythematosus (Figure 6C and 

Supplementary Table 1). Subsequently, GSEA 

demonstrated that DNA Double Strand Break 

Response biological processes were vitally enriched 

in the high BRCA1 level group (Figure 6D). 

 

The relationship between BRCA1 expression and 

methylation 

 

In order to clarify the potential mechanism of BRCA1 

overexpression in BRCA, we also used online tools to 

 

 
 

Figure 5. The impact of BRCA1 level on different subgroups prognosis of patients with BRCA discussed by the Kaplan-Meier. 
(A–I) OS survival curves of HER2 status, HER2 and Basel, N0 and N1, N0 and N2, IDC and ILC, ILC, T2, T1 and T2, T3 and T2 between high- and 
low- BRCA1 patients with BRCA.  
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study the correlation between BRCA1 expression level 

and methylation status. First, using the UALCAN 

database, we observed that the level of DNA 

methylation at the promoter in BRCA tissue was 

significantly lower than that in normal breast tissue 

(p<0.001) (Figure 7A). Most of the methylation sites in 

the BRCA1 DNA sequence were hypomethylated in 

BRCA. BRCA patients with low BRCA1 methylation 

had lower OS rates than those with high BRCA1 

methylation (Figure 7B, 7C). 

Relation between BRCA1 and immune infiltration 

 

The results displayed an apparent negative association 

between the level of BRCA1 and the number of 

immune cells infiltration, specifically macrophages, NK 

cells, pDCs and CD8+ T cells, and as shown in Figure 

8A. Furthermore, the BRCA1 high level group 

exhibited substantially lower enrichment scores for 

CD8+ T cells, macrophages, NK cells, and pDCs 

compared to the BRCA1 low level group as illustrated 

 

 
 

Figure 6. DEGs related to BRCA1 and its functional enrichment analysis utilizing GSEA, GO and KEGG. (A) Blue and red dots 
indicated the vitally down- and up-regulated DEGs in the Volcano plot, respectively. (B) The top ten DEGs positively correlated with BRCA1 
level. (C) KEGG, GO and GSEA (D) analysis of DEGs. 
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in Figure 8B–8I. Additional, we were surprised to find 

a positive correlation between BRCA1 and PD-L1 

(CD274) expression in BRCA (P<0.05) 

(Supplementary Figure 1). 

 

Construction and validation of a nomogram based 

on the independent factors 

 

To predict the prognosis of BRCA patients, a detailed 

analysis was conducted using various independent 

factors to generate a comprehensive nomogram. It was 

observed that as the total number of points on the 

chart increased, indicating the presence of more 

adverse factors, the prognosis of the BRCA patients 

worsened. This was evident in Figure 9A, where 

higher total points were associated with poorer 

prognosis. Furthermore, calibration curves were 

employed to assess the accuracy and reliability of the 

predictive performance of the nomogram (Figure 9B–

9D). Based on the results obtained from the analysis, 

it was found that BRCA1, a gene associated with 

BRCA susceptibility, played a crucial role as an 

independent prognostic factor in affecting the 

prognosis of patients with BRCA. 

DISCUSSION 
 

Because of the heterogeneous nature of BRCA, the 

current predicted pathological indicators like grade, 

HER2, ER, Ki67 and PR have some limitations in 

predicting prognosis. It is urgent to discover new 

biomarkers that can improve prognosis prediction with 

BRCA and personalized treatment. In this study, we 

analyzed the expression of BRCA1 in BRCA using data 

from the TCGA database. We found that BRCA1 was 

highly expressed in various tumor types, including 

BRCA (Figure 1A–1C). In addition, the significant 

discrepancy of BRCA1 expression between BRCA and 

normal breast cells or tissues was proved by our 

experiment (Figure 2). Furthermore, the Receiver 

Operating Characteristic (ROC) curve analysis indicated 

that the expression of BRCA1 gene in BRCA patients 

demonstrated a high level of accuracy in predicting the 

presence of the disease. The Area Under the Curve 

(AUC) value of the ROC curve, which measures the 

discriminatory power of the BRCA1 expression in 

distinguishing between BRCA patients and healthy 

individuals, was determined to be 0.766 (Figure 1D). 

Similarly, BRCA1 had been considered a candidate 

 

 
 

Figure 7. DNA promoter methylation level of BRCA1 and its effect on prognosis of patients with BRCA. (A) The promoter 
methylation level of BRCA1 in BRCA was lower than that in normal breast tissue. (B) Correlation between BRCA1 mRNA expression level and 
methylation level. (C) KM survival curves for methylation sites of BRCA1. P-values were calculated with two-tailed unpaired Student’s t-test, 
*p < 0.05, **p < 0.01, ***p < 0.001. 
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oncogene and has been found to be highly expressed in 

several other types of tumors, such as digestive system 

cancers [16], ovarian cancer [17, 18], lung 

adenocarcinoma [19]. Therefore, we believed that the 

expression of BRCA1 was one of the new biomarkers 

for the diagnosis of BRCA. 

In this study, our results displayed that the high level of 

BRCA1 in BRCA was related to some unfavorable 

clinicopathologic indicators, such as T2, IDC, ER 

positive, Stage II and PR positive (Figure 3A–3G). 

Moreover, the elevated level of BRCA1 in BRCA was 

an independent prognostic factor of poor OS. Similarly, 

 

 
 

Figure 8. Correlation between BRCA1 level and immune cells infiltration in BRCA. (A) Correlation between BRCA1 expression and 
24 types of immune cells. (B–E) Comparison of immune infiltration levels of immune cells (including macrophages, NK cells, pDC, and CD8+ T 
cells) between high and low BRCA1 level groups. (F–I) The expression of BRCA1 was negatively correlated with the level of infiltrating immune 
cells, including CD8+ T cells, NK cells, macrophages, and pDC. P-values were calculated with two-tailed unpaired Student’s t-test, *p < 0.05, 
**p < 0.01, ***p < 0.001. 
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further studies have discovered that BRCA1 level was 

a prognostic biomarker of poor survival in some solid 

tumors patients, including NSCLC [20, 21], ovarian 

cancer [22, 23], hepatocellular carcinoma [24], uterine 

serous carcinoma [25], and nasopharyngeal carcinoma 

[26, 27]. One potential explanation for the observed 

association between high BRCA1 expression and a 

poor prognosis in patients with BRCA is that elevated 

levels of BRCA1 could play a protective role in 

preventing additional DNA damage in cancer cells 

[28, 29]. This increased protection against DNA 

damage might then contribute to the development of 

resistance to chemotherapy treatments [30, 31], 

making it more difficult to effectively target and 

eliminate the tumor cells. 

 

Many scientific studies have provided evidence 

demonstrating the impact of tumor microenvironment 

on the progression of tumors [32]. It has been found that 

the interaction between tumor cells and the 

microenvironment can greatly influence tumor growth, 

invasion, and the response to therapy [33]. DNA 

methylation, which contributes to decrease level of 

gene, is closely related to tumor microenvironment 

 

 
 

Figure 9. Calibration curves and a nomogram and for prediction OS rates of BRCA patients. (A) A nomogram chart was a visual 

representation that displays the data of BRCA patients’ OS rates at specific time intervals, such as one, three, and five years. (B–D) Calibration 
curves were graphical tools used to predict the survival rates of cancer patients at specific time points. 
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[34, 35]. In our work, we researched the potential 

mechanism of BRCA1 high level in BRCA, and 

discovered that the increase of BRCA1 may be 

correlated with DNA hypomethylation of BRCA1 

(Figure 7A). Compared with hypermethylation BRCA 

patients, low methylation BRCA patients with 

BRCA1 had a poorer prognosis (Figure 7C). 

Additionally, immune cells, such as CD8+ tumor 

infiltrating lymphocyte (TIL), NK cells, pDCs, and 

macrophages, act a significant role in the body’s 

immune response against tumors in tumor micro-

environment [36–39]. Research has consistently 

shown that the presence of these immune cells is 

indicative of an anti-tumor immune response. In our 

study, we found that the expression of BRCA1, a gene 

associated with BRCA, was negatively related to the 

number of infiltrating macrophages, CD8+ T cells, NK 

cells, and pDCs (Figure 8). The type, density, and 

location of immune cells within the tumor 

microenvironment could influence patient outcomes 

[39]. Furthermore, infiltrating immune cells have been 

identified as independent prognostic factors in 

response to PD-1/PD-L1 blockers therapies (immune 

checkpoint inhibition therapies) and neoadjuvant 

chemotherapy [40]. Specifically, the increase of 

infiltrating CD8+ T cells could improve the prognosis 

of BRCA patients [41]. These findings are consistent 

with the results of our research, suggesting that the 

high level of BRCA1 may influence prognosis of 

BRCA through modulating the number of infiltrating 

immune cells. Furthermore, we found a positive 

correlation between BRCA1 and PD-L1 expression in 

BRCA (Supplementary Figure 1). Therefore, we 

speculated that BRCA1 affected the infiltration of 

immune cells by increasing PD-L1 level. 

 

Although this research provides a new view into the 

correlation between the level of BRCA1 and the 

prognostic price of the patients with BRCA, there are 

nonetheless a lot of shortcomings to be considered. 

Firstly, our research only concerned one dataset, 

which can also have restricted the variety of the 

patient populace and led to selection bias. Secondly, 

most of the data was downloaded from online 

databases. We were unable to assess the chemo-

therapy regimen received by the patients, which could 

potentially impact their prognosis and BRCA1 

expression. In subsequent studies, a large number of 

experiments are needed to verify the results of this 

study. 

 

In a word, this study has offered evidence suggesting 

that the presence of BRCA1 is associated with a 
worse prognosis in patients with BRCA. We found a 

strong correlation between BRCA1 and some invasive 

clinical features, such as tumor size, lymph node 

involvement. Additionally, we observed a negative 

impact of BRCA1 on immune cells infiltration, 

indicating that the presence of this gene may impair 

the body’s ability to mount an effective immune 

response against the tumor. Based on these findings, 

the research team proposed that BRCA1 could 

potentially serve as a new prognostic biomarker for 

BRCA. However, it is important to note that the exact 

mechanism by which BRCA1 influences the initiation 

and progression of cancer tumors remains unclear. 

Further investigation is required to unravel the 

complex biological pathways through which BRCA1 

exerts its effects.  
 

Abbreviations 
 

WB: Western blot; BRCA; breast invasive cancer; RT‒

qPCR: quantitative reverse transcription-polymerase 

chain reaction; SDS‒PAGE: sodium dodecyl sulfate‒

polyacrylamide gel electrophoresis; OS: overall 

survival; PFI: progress free interval; ER: estrogen 

receptor; PR: progesterone receptor; HER2: human 

epidermal growth factor receptor 2; LumB: Luminal B; 

IDC: infiltrating ductal carcinoma, ILC: infiltrating 

lobular carcinoma.  
 

AUTHOR CONTRIBUTIONS 
 

The research was designed by Na Wei and Min Dai. 

The information evaluation from the public database 

was made by way of Leilei Li and Shuangyan Li. Leilei 

Li and Xuyang Zhang was in charge of writing the 

draft. Liying Mei: methodology, software, formal 

analysis, review and editing. Xueqin Fu: picture 

arrangement. All authors reviewed the manuscript.  

 

ACKNOWLEDGMENTS 
 

We would like to thank the R language, researchers and 

study participants for their contributions. 

 

CONFLICTS OF INTEREST 
 

All authors declare that no financial or other conflicts of 

interest are associated with this study. 
 

ETHICAL STATEMENT AND CONSENT 
 

The research has been approved by the Ethics 

Committee of Guizhou Province People's Hospital and 

the approval number is (2023)261. The entire process of 

sample collection was conducted in accordance with the 

ethical guidelines, ensuring the protection of the 

patients’ rights and well-being. All patients provided the 

informed consent and signed the informed consent 

form. 



www.aging-us.com 1091 AGING 

FUNDING 
 

This work was supported by grants from the Master’s 

Research Initiation Fund of the Second Affiliated 

Hospital of Zunyi Medical University (SQ-2021-13).\ 

 

REFERENCES 
 
1. Sung H, Ferlay J, Siegel RL, Laversanne M, 

Soerjomataram I, Jemal A, Bray F. Global Cancer 
Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. 
CA Cancer J Clin. 2021; 71:209–49. 

 https://doi.org/10.3322/caac.21660 PMID:33538338 

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer 
Statistics, 2021. CA Cancer J Clin. 2021; 71:7–33. 

 https://doi.org/10.3322/caac.21654  
 PMID:33433946 

3. Stefanski CD, Keffler K, McClintock S, Milac L, Prosperi 
JR. APC loss affects DNA damage repair causing 
doxorubicin resistance in breast cancer cells. 
Neoplasia. 2019; 21:1143–50. 

 https://doi.org/10.1016/j.neo.2019.09.002 
PMID:31759252 

4. Fackenthal JD, Olopade OI. Breast cancer risk 
associated with BRCA1 and BRCA2 in diverse 
populations. Nat Rev Cancer. 2007; 7:937–48. 

 https://doi.org/10.1038/nrc2054 PMID:18034184 

5. Labidi-Galy SI, Rodrigues M, Sandoval JL, Kurtz JE, Heitz 
F, Mosconi AM, Romero I, Denison U, Nagao S, Vergote 
I, Parma G, Nøttrup TJ, Rouleau E, et al. Association of 
location of BRCA1 and BRCA2 mutations with benefit 
from olaparib and bevacizumab maintenance in high-
grade ovarian cancer: phase III PAOLA-1/ENGOT-ov25 
trial subgroup exploratory analysis. Ann Oncol. 2023; 
34:152–62. 

 https://doi.org/10.1016/j.annonc.2022.11.003 
PMID:36564284 

6. Savage KI, Harkin DP. BRCA1, a ‘complex’ protein 
involved in the maintenance of genomic stability. FEBS 
J. 2015; 282:630–46. 

 https://doi.org/10.1111/febs.13150 PMID:25400280 

7. Wu J, Lu LY, Yu X. The role of BRCA1 in DNA damage 
response. Protein Cell. 2010; 1:117–23. 

 https://doi.org/10.1007/s13238-010-0010-5 
PMID:21203981 

8. Hall MJ, Reid JE, Burbidge LA, Pruss D, Deffenbaugh 
AM, Frye C, Wenstrup RJ, Ward BE, Scholl TA, Noll 
WW. BRCA1 and BRCA2 mutations in women of 
different ethnicities undergoing testing for hereditary 
breast-ovarian cancer. Cancer. 2009; 115:2222–33. 

 https://doi.org/10.1002/cncr.24200  
PMID:19241424 

9. Matsuoka S, Rotman G, Ogawa A, Shiloh Y, Tamai K, 
Elledge SJ. Ataxia telangiectasia-mutated phosphory-
lates Chk2 in vivo and in vitro. Proc Natl Acad Sci USA. 
2000; 97:10389–94. 

 https://doi.org/10.1073/pnas.190030497 
PMID:10973490 

10. Dawson SJ, Provenzano E, Caldas C. Triple negative 
breast cancers: clinical and prognostic implications. Eur 
J Cancer. 2009; 45:27–40. 

 https://doi.org/10.1016/S0959-8049(09)70013-9 
PMID:19775602 

11. Somasundaram K. Breast cancer gene 1 (BRCA1): 
role in cell cycle regulation and DNA repair--perhaps 
through transcription. J Cell Biochem. 2003; 
88:1084–91. 

 https://doi.org/10.1002/jcb.10469 PMID:12647291 

12. Love MI, Huber W, Anders S. Moderated estimation of 
fold change and dispersion for RNA-seq data with 
DESeq2. Genome Biol. 2014; 15:550. 

 https://doi.org/10.1186/s13059-014-0550-8 
PMID:25516281 

13. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner 
M, Obenauf AC, Angell H, Fredriksen T, Lafontaine L, 
Berger A, Bruneval P, Fridman WH, Becker C, et al. 
Spatiotemporal dynamics of intratumoral immune cells 
reveal the immune landscape in human cancer. 
Immunity. 2013; 39:782–95. 

 https://doi.org/10.1016/j.immuni.2013.10.003 
PMID:24138885 

14. Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, 
Shovon AR, Athar M, Netto GJ, Qin ZS, Kumar S, Manne 
U, Creighton CJ, Varambally S. UALCAN: An update to 
the integrated cancer data analysis platform. 
Neoplasia. 2022; 25:18–27. 

 https://doi.org/10.1016/j.neo.2022.01.001 
PMID:35078134 

15. Modhukur V, Iljasenko T, Metsalu T, Lokk K, Laisk-
Podar T, Vilo J. MethSurv: a web tool to perform 
multivariable survival analysis using DNA methylation 
data. Epigenomics. 2018; 10:277–88. 

 https://doi.org/10.2217/epi-2017-0118 
PMID:29264942 

16. Wang GH, Zhao CM, Huang Y, Wang W, Zhang S, Wang 
X. BRCA1 and BRCA2 expression patterns and 
prognostic significance in digestive system cancers. 
Hum Pathol. 2018; 71:135–44. 

 https://doi.org/10.1016/j.humpath.2017.10.032 
PMID:29126833 

17. Tsibulak I, Wieser V, Degasper C, Shivalingaiah G, 
Wenzel S, Sprung S, Lax SF, Marth C, Fiegl H, Zeimet 
AG. BRCA1 and BRCA2 mRNA-expression prove to be 
of clinical impact in ovarian cancer. Br J Cancer. 2018; 

https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.3322/caac.21654
https://pubmed.ncbi.nlm.nih.gov/33433946
https://doi.org/10.1016/j.neo.2019.09.002
https://pubmed.ncbi.nlm.nih.gov/31759252
https://doi.org/10.1038/nrc2054
https://pubmed.ncbi.nlm.nih.gov/18034184
https://doi.org/10.1016/j.annonc.2022.11.003
https://pubmed.ncbi.nlm.nih.gov/36564284
https://doi.org/10.1111/febs.13150
https://pubmed.ncbi.nlm.nih.gov/25400280
https://doi.org/10.1007/s13238-010-0010-5
https://pubmed.ncbi.nlm.nih.gov/21203981
https://doi.org/10.1002/cncr.24200
https://pubmed.ncbi.nlm.nih.gov/19241424
https://doi.org/10.1073/pnas.190030497
https://pubmed.ncbi.nlm.nih.gov/10973490
https://doi.org/10.1016/S0959-8049(09)70013-9
https://pubmed.ncbi.nlm.nih.gov/19775602
https://doi.org/10.1002/jcb.10469
https://pubmed.ncbi.nlm.nih.gov/12647291
https://doi.org/10.1186/s13059-014-0550-8
https://pubmed.ncbi.nlm.nih.gov/25516281
https://doi.org/10.1016/j.immuni.2013.10.003
https://pubmed.ncbi.nlm.nih.gov/24138885
https://doi.org/10.1016/j.neo.2022.01.001
https://pubmed.ncbi.nlm.nih.gov/35078134
https://doi.org/10.2217/epi-2017-0118
https://pubmed.ncbi.nlm.nih.gov/29264942
https://doi.org/10.1016/j.humpath.2017.10.032
https://pubmed.ncbi.nlm.nih.gov/29126833


www.aging-us.com 1092 AGING 

119:683–92. 
 https://doi.org/10.1038/s41416-018-0217-4 

PMID:30111871 

18. Strickland KC, Howitt BE, Shukla SA, Rodig S, 
Ritterhouse LL, Liu JF, Garber JE, Chowdhury D, Wu CJ, 
D’Andrea AD, Matulonis UA, Konstantinopoulos PA. 
Association and prognostic significance of BRCA1/2-
mutation status with neoantigen load, number of 
tumor-infiltrating lymphocytes and expression of PD-
1/PD-L1 in high grade serous ovarian cancer. 
Oncotarget. 2016; 7:13587–98. 

 https://doi.org/10.18632/oncotarget.7277 
PMID:26871470 

19. Wu JL, Meng FM, Li HJ. High expression of lncRNA 
MEG3 participates in non-small cell lung cancer by 
regulating microRNA-7-5p. Eur Rev Med Pharmacol Sci. 
2018; 22:5938–45. 

 https://doi.org/10.26355/eurrev_201809_15923 
PMID:30280775 

20. Tiseo M, Bordi P, Bortesi B, Boni L, Boni C, Baldini E, 
Grossi F, Recchia F, Zanelli F, Fontanini G, Naldi N, 
Campanini N, Azzoni C, et al, and Bio-FAST trial group. 
ERCC1/BRCA1 expression and gene polymorphisms as 
prognostic and predictive factors in advanced NSCLC 
treated with or without cisplatin. Br J Cancer. 2013; 
108:1695–703. 

 https://doi.org/10.1038/bjc.2013.127  
PMID:23549037 

21. Rosell R, Skrzypski M, Jassem E, Taron M, Bartolucci R, 
Sanchez JJ, Mendez P, Chaib I, Perez-Roca L, 
Szymanowska A, Rzyman W, Puma F, Kobierska-Gulida 
G, et al. BRCA1: a novel prognostic factor in resected 
non-small-cell lung cancer. PLoS One. 2007; 2:e1129. 

 https://doi.org/10.1371/journal.pone.0001129 
PMID:17987116 

22. Byrne T, Nelson L, Beirne JP, Sharpe D, Quinn JE, 
McCluggage WG, Robson T, Furlong F. BRCA1 and 
MAD2 Are Coexpressed and Are Prognostic Indicators 
in Tubo-ovarian High-Grade Serous Carcinoma. Int J 
Gynecol Cancer. 2018; 28:472–8. 

 https://doi.org/10.1097/IGC.0000000000001214 
PMID:29465507 

23. Weberpals JI, Tu D, Squire JA, Amin MS, Islam S, 
Pelletier LB, O’Brien AM, Hoskins PJ, Eisenhauer EA. 
Breast cancer 1 (BRCA1) protein expression as a 
prognostic marker in sporadic epithelial ovarian 
carcinoma: an NCIC CTG OV.16 correlative study. Ann 
Oncol. 2011; 22:2403–10. 

 https://doi.org/10.1093/annonc/mdq770 
PMID:21368065 

24. Mei J, Wang R, Xia D, Yang X, Zhou W, Wang H, Liu C. 
BRCA1 Is a Novel Prognostic Indicator and Associates 
with Immune Cell Infiltration in Hepatocellular 

Carcinoma. DNA Cell Biol. 2020; 39:1838–49. 
 https://doi.org/10.1089/dna.2020.5644 

PMID:32876480 

25. Beirne JP, Quinn JE, Maxwell P, Kalloger SE, McAlpine J, 
Gilks CB, Harley IJ, McCluggage WG. BRCA1 
immunohistochemical staining as a prognostic 
indicator in uterine serous carcinoma. Int J Gynecol 
Cancer. 2013; 23:113–8. 

 https://doi.org/10.1097/IGC.0b013e3182798188 
PMID:23221734 

26. Yang J, Xu X, Hao Y, Chen J, Lu H, Qin J, Peng L, Chen B. 
Expression of DNA-PKcs and BRCA1 as prognostic 
indicators in nasopharyngeal carcinoma following 
intensity-modulated radiation therapy. Oncol Lett. 
2013; 5:1199–204. 

 https://doi.org/10.3892/ol.2013.1196 PMID:23599763 

27. Gao Y, Zhu J, Zhang X, Wu Q, Jiang S, Liu Y, Hu Z, Liu B, 
Chen X. BRCA1 mRNA expression as a predictive and 
prognostic marker in advanced esophageal squamous 
cell carcinoma treated with cisplatin- or docetaxel-
based chemotherapy/chemoradiotherapy. PLoS One. 
2013; 8:e52589. 

 https://doi.org/10.1371/journal.pone.0052589 
PMID:23326344 

28. Yoshida K, Miki Y. Role of BRCA1 and BRCA2 as 
regulators of DNA repair, transcription, and cell 
cycle in response to DNA damage. Cancer Sci. 2004; 
95:866–71. 

 https://doi.org/10.1111/j.1349-7006.2004.tb02195.x 
PMID:15546503 

29. O’Donovan PJ, Livingston DM. BRCA1 and BRCA2: 
breast/ovarian cancer susceptibility gene products and 
participants in DNA double-strand break repair. 
Carcinogenesis. 2010; 31:961–7. 

 https://doi.org/10.1093/carcin/bgq069 
PMID:20400477 

30. Fizazi K, Piulats JM, Reaume MN, Ostler P, McDermott 
R, Gingerich JR, Pintus E, Sridhar SS, Bambury RM, 
Emmenegger U, Lindberg H, Morris D, Nolè F, et al, and 
TRITON3 Investigators. Rucaparib or Physician’s Choice 
in Metastatic Prostate Cancer. N Engl J Med. 2023; 
388:719–32. 

 https://doi.org/10.1056/NEJMoa2214676 
PMID:36795891 

31. Zhu Y, Liu Y, Zhang C, Chu J, Wu Y, Li Y, Liu J, Li Q, Li S, 
Shi Q, Jin L, Zhao J, Yin D, et al. Tamoxifen-resistant 
breast cancer cells are resistant to DNA-damaging 
chemotherapy because of upregulated BARD1 and 
BRCA1. Nat Commun. 2018; 9:1595. 

 https://doi.org/10.1038/s41467-018-03951-0 
PMID:29686231 

32. Ngambenjawong C, Gustafson HH, Pun SH. Progress in 
tumor-associated macrophage (TAM)-targeted 

https://doi.org/10.1038/s41416-018-0217-4
https://pubmed.ncbi.nlm.nih.gov/30111871
https://doi.org/10.18632/oncotarget.7277
https://pubmed.ncbi.nlm.nih.gov/26871470
https://doi.org/10.26355/eurrev_201809_15923
https://pubmed.ncbi.nlm.nih.gov/30280775
https://doi.org/10.1038/bjc.2013.127
https://pubmed.ncbi.nlm.nih.gov/23549037
https://doi.org/10.1371/journal.pone.0001129
https://pubmed.ncbi.nlm.nih.gov/17987116
https://doi.org/10.1097/IGC.0000000000001214
https://pubmed.ncbi.nlm.nih.gov/29465507
https://doi.org/10.1093/annonc/mdq770
https://pubmed.ncbi.nlm.nih.gov/21368065
https://doi.org/10.1089/dna.2020.5644
https://pubmed.ncbi.nlm.nih.gov/32876480
https://doi.org/10.1097/IGC.0b013e3182798188
https://pubmed.ncbi.nlm.nih.gov/23221734
https://doi.org/10.3892/ol.2013.1196
https://pubmed.ncbi.nlm.nih.gov/23599763
https://doi.org/10.1371/journal.pone.0052589
https://pubmed.ncbi.nlm.nih.gov/23326344
https://doi.org/10.1111/j.1349-7006.2004.tb02195.x
https://pubmed.ncbi.nlm.nih.gov/15546503
https://doi.org/10.1093/carcin/bgq069
https://pubmed.ncbi.nlm.nih.gov/20400477
https://doi.org/10.1056/NEJMoa2214676
https://pubmed.ncbi.nlm.nih.gov/36795891
https://doi.org/10.1038/s41467-018-03951-0
https://pubmed.ncbi.nlm.nih.gov/29686231


www.aging-us.com 1093 AGING 

therapeutics. Adv Drug Deliv Rev. 2017; 114:206–21. 
 https://doi.org/10.1016/j.addr.2017.04.010 

PMID:28449873 

33. Pan Y, Yu Y, Wang X, Zhang T. Tumor-Associated 
Macrophages in Tumor Immunity. Front Immunol. 
2020; 12:775758. 

 https://doi.org/10.3389/fimmu.2020.583084 
PMID:33365025 

34. Moore LD, Le T, Fan G. DNA methylation and its basic 
function. Neuropsychopharmacology. 2013; 38:23–38. 

 https://doi.org/10.1038/npp.2012.112 
PMID:22781841 

35. Zhang MW, Fujiwara K, Che X, Zheng S, Zheng L. DNA 
methylation in the tumor microenvironment. J 
Zhejiang Univ Sci B. 2017; 18:365–72. 

 https://doi.org/10.1631/jzus.B1600579 
PMID:28471108 

36. Chen Y, Xu J, Wu X, Yao H, Yan Z, Guo T, Wang W, 
Wang P, Li Y, Yang X, Li H, Bian H, Chen ZN. CD147 
regulates antitumor CD8+ T-cell responses to facilitate 
tumor-immune escape. Cell Mol Immunol. 2021; 
18:1995–2009. 

 https://doi.org/10.1038/s41423-020-00570-y 
PMID:33177695 

37. Liu S, Lachapelle J, Leung S, Gao D, Foulkes WD, 
Nielsen TO. CD8+ lymphocyte infiltration is an 
independent favorable prognostic indicator in basal-
like breast cancer. Breast Cancer Res. 2012; 14:R48. 

 https://doi.org/10.1186/bcr3148 PMID:22420471 

38. Wu J, Li S, Yang Y, Zhu S, Zhang M, Qiao Y, Liu YJ, Chen 
J. TLR-activated plasmacytoid dendritic cells inhibit 

breast cancer cell growth in vitro and in vivo. 
Oncotarget. 2017; 8:11708–18. 

 https://doi.org/10.18632/oncotarget.14315 
PMID:28052019 

39. Widowati W, Jasaputra DK, Sumitro SB, Widodo MA, 
Mozef T, Rizal R, Kusuma HSW, Laksmitawati DR, Murti 
H, Bachtiar I, Faried A. Effect of interleukins (IL-2, IL-15, 
IL-18) on receptors activation and cytotoxic activity of 
natural killer cells in breast cancer cell. Afr Health Sci. 
2020; 20:822–32. 

 https://doi.org/10.4314/ahs.v20i2.36  
PMID:33163049 

40. Denkert C, Loibl S, Noske A, Roller M, Müller BM, 
Komor M, Budczies J, Darb-Esfahani S, Kronenwett R, 
Hanusch C, von Törne C, Weichert W, Engels K, et al. 
Tumor-associated lymphocytes as an independent 
predictor of response to neoadjuvant chemotherapy in 
breast cancer. J Clin Oncol. 2010; 28:105–13. 

 https://doi.org/10.1200/JCO.2009.23.7370 
PMID:19917869 

41. Mahmoud SM, Paish EC, Powe DG, Macmillan RD, 
Grainge MJ, Lee AH, Ellis IO, Green AR. Tumor-
infiltrating CD8+ lymphocytes predict clinical outcome 
in breast cancer. J Clin Oncol. 2011; 29:1949–55. 

 https://doi.org/10.1200/JCO.2010.30.5037 
PMID:21483002 

 

 

  

https://doi.org/10.1016/j.addr.2017.04.010
https://pubmed.ncbi.nlm.nih.gov/28449873
https://doi.org/10.3389/fimmu.2020.583084
https://pubmed.ncbi.nlm.nih.gov/33365025
https://doi.org/10.1038/npp.2012.112
https://pubmed.ncbi.nlm.nih.gov/22781841
https://doi.org/10.1631/jzus.B1600579
https://pubmed.ncbi.nlm.nih.gov/28471108
https://doi.org/10.1038/s41423-020-00570-y
https://pubmed.ncbi.nlm.nih.gov/33177695
https://doi.org/10.1186/bcr3148
https://pubmed.ncbi.nlm.nih.gov/22420471
https://doi.org/10.18632/oncotarget.14315
https://pubmed.ncbi.nlm.nih.gov/28052019
https://doi.org/10.4314/ahs.v20i2.36
https://pubmed.ncbi.nlm.nih.gov/33163049
https://doi.org/10.1200/JCO.2009.23.7370
https://pubmed.ncbi.nlm.nih.gov/19917869
https://doi.org/10.1200/JCO.2010.30.5037
https://pubmed.ncbi.nlm.nih.gov/21483002


www.aging-us.com 1094 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 
 

Supplementary Figure 1. Correlation analysis between the level of BRCA1 and CD274 using bioinformatics techniques. BRCA1 

and CD274 are positively correlated in BRCA. 
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Supplementary Table 
 

Supplementary Table 1. Functional enrichment analyses. 

ONTOLOGY ID Description 

BP GO:0050907 detection of chemical stimulus involved in sensory perception 

BP GO:0001580 detection of chemical stimulus involved in sensory perception of bitter taste 

BP GO:0050913 sensory perception of bitter taste 

CC GO:0000786 nucleosome 

CC GO:0043505 CENP-A containing nucleosome 

CC GO:0061638 CENP-A containing chromatin 

MF GO:0033038 bitter taste receptor activity 

MF GO:0008527 taste receptor activity 

MF GO:0004984 olfactory receptor activity 

KEGG hsa04080 Neuroactive ligand-receptor interaction 

KEGG hsa04740 Olfactory transduction 

KEGG hsa05322 Systemic lupus erythematosus 

 

 

 


