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Original Article

A novel PD-1/PD-L1 pathway-related seven-gene signature for the 
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Background: Breast cancer (BC/BRCA) is the most common carcinoma in women. The average 5-year 
survival rate of BC patients with stage IV disease is 26%. A considerable proportion of patients still do 
not receive effective therapy. It is an unmet need to identify novel biomarkers for BC patients. Herein, we 
evaluated whether the programmed cell death protein 1/programmed cell death ligand 1 (PD-1/PD-L1) 
status is associated with the clinical outcomes of BC, based on data from The Cancer Genome Atlas (TCGA).
Methods: Clinical and transcriptome data of BC patients were obtained from TCGA dataset, and 
prognostic genes in BC patients were identified, as well as the PD-1/PD-L1 pathway mainly associating with 
the BC patients. Following the execution of the consensus clustering algorithm, BC patients were segregated 
into two clusters, and subsequent investigation of the potential mechanisms between them was carried out. A 
comparison of ferroptosis and N6-methyladenosine (m6A) was conducted between the two groups with the 
greatest difference in prognosis. Based on least absolute shrinkage and selection operator (LASSO) analysis, 
a signature associated with the PD-1/PD-L1 pathway was developed, and the prognosis outcome and the 
predictive accuracy of the signature model were further assessed. 
Results: Prognostic genes in BC patients were studied using TCGA data and it was found that the PD-1/
PD-L1 pathway was most associated with the BC patients. Then, a low-risk (C1) group and a high-risk (C2) 
group of BC patients were constructed based on a PD-1/PD-L1 pathway-related signature. The functional 
analyses suggested that the underlying mechanisms between these groups were mainly associated with 
immune-related pathways. We found that ferroptosis and m6A were significantly different between the two 
groups. A PD-1/PD-L1 pathway-related gene signature was further developed to predict survival of BC 
patients, including 7 genes [mitogen-activated protein kinase kinase 6 (MAP2K6), NF-kappa-B inhibitor 
alpha (NFKBIA), NFKB Inhibitor Epsilon (NFKBIE), Interferon gamma (IFNG), Toll/interleukin-1 
receptor domain-containing adapter protein (TIRAP), IkappaB kinase (CHUK), and Casein kinase 2 alpha 3 
gene (CSNK2A3)]. The receiver operating characteristic (ROC) curves were analyzed to further assess the 
prognostic values of these 7 genes. The 1-, 3-, and 5-year values of the areas under the curve (AUCs) for 
overall survival were 0.651, 0.658, and 0.653 in this seven gene signature model, respectively. 
Conclusions: PD-1/PD-L1 pathway-related subtypes of BC were identified, which were closely associated 
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Introduction

Breast cancer (BC/BRCA) is a global health challenge, and 
is the most common carcinoma in women according to 
the World Health Organization (WHO) (1). It has been 
estimated that BC affected one in eight women in 2020 (2). 
In BC patients with stage IV disease, the average 5-year 
survival rate is 26% (3). Despite recent advancements in BC 
treatment and improved patient outcomes, a considerable 
proportion of patients still do not receive effective therapy 
(1-3). Therefore, there is an unmet need to identify novel 
biomarkers for early-stage detection, prognosis, and survival 
of BC patients.

Recently, the most significant molecular markers 
associated with BC include estrogen receptor (ER),  
progesterone receptor (PR), human epidermalgrowth factor 
receptor-2 (HER2), and the Mib1/Ki-67 proliferation 
index (4). These markers are firmly established as part of 
the standard care for all primary, recurrent, and metastatic 
BC patients (4). Carcinoembryonic antigen (CEA) and 
carbohydrate antigen (CA) 15-3 antigens are the most 

valuable serum tumor markers in BC patients (4). The key 
drawbacks of these markers include their insensitivity to 
low-volume disease and lack of specific properties (4). Thus, 
they do not have any utility in the screening or diagnosis of 
BC (4). Extensive research is currently being conducted on 
novel biomarkers in BC.

It is commonly known that inhibiting the programmed 
cell death protein 1/programmed cell death ligand 1 (PD-
1/PD-L1) pathway is essential for enhancing antitumor 
immune responses in multiple tumor types (5). Indeed, 
PD-1/PD-L1 immune checkpoint inhibitors (ICIs; PD-
1, PD-L1, and CTLA-4 inhibitors) are used for clinical 
therapy in multiple tumors (6). In BRCA deficiency, type 
I interferon and proinflammatory cytokines are produced, 
inducing an innate immune response dependent on 
STING. The PARP inhibitors are also shown to inhibit 
GSK3 inactivation and upregulate PD-L1 (7). As a 
consequence, T-cell activation is suppressed, leading to 
cancer cell apoptosis (7). Additionally, a number of co-
inhibitory immune checkpoint molecules, namely PD-
L2, CD47, SIRPα, LAG-3, Tim-3, and TIGIT, have been 
demonstrated and are universally applicable for assessing 
immune response (8). Immunotherapy, especially ICIs 
represented by PD-1 and PD-L1 antibodies, as a new 
cancer treatment method, has achieved good therapeutic 
effect in solid tumor patients, including melanoma and 
lung cancer (9). ICIs may be the preferred choice when 
aiming for sustained efficacy outcomes, while targeted 
therapies are primarily considered for patients in need of a 
relatively rapid objective response. When immunotherapy 
is administered to melanoma of unknown primary patients, 
it is likely to result in improved outcomes when contrasted 
with the melanoma of known primary subset. This may be 
attributed to their higher immunogenicity, as evidenced 
by immunologically mediated primary site regression (10). 
However, in BC, especially triple negative breast cancer 
(TNBC) with high malignancy, ICI treatment benefits only 
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a small proportion of patients (8,9), indicating that BC 
limits the efficacy of immunotherapy. In addition, although 
BC is divided into different types, there are few studies on 
different types of conservative signaling pathways. The 
common mechanisms of BC might be the conservative 
prognostic and predictive factors in BC. As a result, it is of 
great importance to find out common novel biomarkers and 
expand the beneficiary population in BC.

Based on the available reports, we acknowledge the 
significant role of the PD-1/PD-L1 pathway in various 
tumor types. Nevertheless, research on this topic in relation 
to BC remains relatively limited. It is crucial to elucidate the 
association between this pathway and prognosis specifically 
in BC.

In this study, we performed a systematic investigation to 
identify prognostic genes in BC patients using The Cancer 
Genome Atlas (TCGA) sequencing data and focused on 
assessing its functional roles of PD-1/PD-L1 status in BC 
patients. We identified two clusters (C1 and C2) of BC 
patients based on a PD-1/PD-L1 pathway-related signature, 
and investigated the differences of underlying mechanism, 
tumor immunity, ferroptosis, and N6-methyladenosine 
(m6A) expression between different risk groups. Our analysis 
revealed a notable correlation between the gene signature 
and prognosis, suggesting its potential as an independent 
prognostic factor in clinical pathology. We further developed 
a PD-1/PD-L1 pathway-related gene signature to predict 
survival of BC patients. Biomarkers related to the PD-1/
PD-L1 pathway were associated with a poor prognosis in 
BC patients. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-2270/rc).

Methods

Ethical statement

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

Datasets of BC patients

We obtained the transcriptome data and the clinical 
information of 1,101 BRCA patients from TCGA dataset 
(https://portal.gdc.cancer.gov/projects/TCGA-BRCA). 
Among the 1,101 BRCA samples, 184 patients were 
excluded due to a final follow-up of 0, unclear last survival 
status, or samples with no corresponding expression values. 

Identification of prognostic genes in PD-1/PD-L1 pathway 

We first analyzed prognostic genes in BC patients using 
single factor Cox analysis and P values were used to 
determine the top 20 prognostic genes. Then, these 
prognostic genes were subjected to functional annotation 
through Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses. The prognostic genes of the 
PD-1/PD-L1 pathway were identified in BC patients.

Consensus clustering analysis of prognostic genes of the 
PD-1/PD-L1 pathway

We used the R package ConsensusClusterPlus (version 1.54.0) 
to cluster consensus data by size, and a maximum of six clusters 
were created. In order to plot the heatmap, the pheatmap R 
package (version 1.0.12) was used. The R package survival was 
used to draw and analyze Kaplan-Meier (KM) curves. 

Identification of differentially expressed genes (DEGs) and 
functional enrichment analysis

DEGs between C1 and C2 in the TCGA-BC patients were 
screened by “DESeq2” R package based on the criteria [|log 
fold change (FC)| >1 and P<0.05]. Displaying DEGs was 
done using volcano plots. An R package called pheatmap 
(version 1.0.12) was used to create heatmaps for the 50 most 
significant DEGs. We used the R package ClusterProfiler 
to perform the Gene Ontology (GO) and KEGG analysis.

Comparative analysis of ferroptosis and m6A between BC 
subtypes

We obtained ferroptosis-related genes (11) and m6A-related 
genes (12) from previous research. We analyzed the expression 
profiles of ferroptosis-related genes and m6A-related genes 
between C1 and C2 in BC patients. A heatmap of ferroptosis-
related genes and m6A-related genes was plotted using 
pheatmap R package (version 1.0.12). Statistical analyses 
were performed using R software (version 4.0.3, 2020; the R 
Foundation for Statistical Computing, Vienna, Austria).

Development of a prognostic gene model in the TCGA-BC 
cohort

To construct a prognostic model, we used the least absolute 
shrinkage and selection operator (LASSO) Cox regression 
method implemented in the “glmnet” R package. The 
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variables with non-zero coefficients were selected to build 
the prognostic model based on the minimum lambda 
condition. Each gene’s expression levels were combined by 
multiplying them by their respective coefficients to calculate 
a risk score. The median risk score was used to classify 
TCGA-BC patients into high- and low-risk groups. The R 
package “survival” was used to draw and analyze KM curves. 
According to Cox proportional hazards analysis, hazard ratios 
(HRs) and 95% confidence intervals (CIs) are calculated. An 
area under the curve (AUC) greater than 0.70 indicates good 
predictive ability; between 0.70 and 0.50 indicates lower 
accuracy; and less than 0.50 indicates no predictive ability.

Immunohistochemical analysis

Based on the transcript levels of genes of the PD-1/PD-
L1 pathway, we further investigated the protein expression 
of these genes between BC tissues and normal tissues using 
the Human Protein Atlas (HPA) database (https://www.
proteinatlas.org).

Statistical analysis

We used R (version 3.6.3) for our statistical analysis. 
Prognostic factors for BC were found using survival analysis 

at a significance level of P<0.05. Log-rank tests were used 
to evaluate the comparison between high-risk and low-
risk groups based on KM survival analysis. The statistical 
significance level was set at a two-sided P value of 0.05.

Results

KEGG pathways of prognostic genes in BC

To investigate the mechanism of prognostic genes in BC 
patients, 866 prognostic genes were found using the single 
factor Cox analysis and the top 20 genes are shown in 
Figure 1A based on P value (table available at https://cdn.
amegroups.cn/static/public/tcr-23-2270-1.xlsx). 

KEGG enrichment analyses were carried out based on 
these genes. Interestingly, the pathways of prognostic genes 
were mainly associated with primary immunodeficiency, 
cytokine-cytokine receptor interaction, and PD-L1 
expression and PD-1 checkpoint pathway in cancer  
(Figure 1B and table available at https://cdn.amegroups.
cn/static/public/tcr-23-2270-2.xlsx), which suggested that 
immune pathway might play an important role in BC. As 
the PD-1/PD-L1 pathway is closely associated with cancer, 
we next focused on assessing its functional roles of PD-1/
PD-L1 status in BC patients.

Names
CEL
PGK1
TMEM31
WNT3A
MCTS1
PCMT1
USP41
PELO
TCP1
STXBP5
JCHAIN
DERL1
MRPL13
SLC16A2
PTCHD4
TARS1
QPRT
ZDHHC9
KLRB1
IYD

P value
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Hazard ratio (95% CI)
1.347 (1.216,1.492)
1.809 (1.45,2.257)
1.945 (1.467,2.58)
1.687 (1.345,2.117)
2.523 (1.686,3.774)
1.83 (1.403,2.387)
1.515 (1.262,1.82)
2.065 (1.468,2.905)
1.619 (1.289,2.032)
1.58 (1.257,1.986)
0.887 (0.835,0.942)
1.594 (1.263,2.012)
1.518 (1.231,1.871)
1.332 (1.152,1.539)
1.761 (1.323,2.345)
1.592 (1.256,2.018)
1.25 (1.115,1.401)
1.66 (1.279,2.155)
0.739 (0.632,0.864)
1.332 (1.148,1.546)

0.632 1       1.5       2       2.5       3     3.5 3.77 4
Hazard ratio

Primary immunodeficiency

Top 10 KEGG pathways

–log10  
(P value)

Count

Class
KEGG

Glutathione metabolism

PD-L1 expression and PD-1 
checkpoint pathway in cancer

Th1 and Th2 cell differentiation

Th17 cell differentiation

Chagas disease

Cytokine-cytokine 
receptor interaction

T cell receptor signaling pathway

NF-kappa B signaling pathway

Hematopoietic cell lineage

6

5

4

3

10
15
20
25

2 3 4 5 6

A B

−log10 (P value)

Figure 1 KEGG pathways of prognostic genes in breast cancer. (A) The prognostic genes in breast cancer. (B) The top 10 KEGG 
enrichment pathways of prognostic genes in breast cancer. CI, confidence interval; PD-L1, programmed cell death ligand 1; PD-1, 
programmed cell death protein 1; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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Tumor classification based on the PD-1/PD-L1 pathway 
in BC

Next, we investigated whether the expression of 13 genes 
of the PD-1/PD-L1 pathway [including mitogen-activated 
protein kinase kinase 6 (MAP2K6), NF-kappa-B inhibitor 
alpha (NFKBIA), CD3D, CD3E, NFKB Inhibitor Epsilon 
(NFKBIE), Interferon gamma (IFNG), CD247, ZAP70, 

Toll/interleukin-1 receptor domain-containing adapter 
protein (TIRAP), PDCD1, CD3G, IkappaB kinase (CHUK), 
and Casein kinase 2 alpha 3 gene (CSNK2A3)] was related 
to BC subtypes. TCGA-BC patients were divided into 
different subtypes using these genes through consistency 
cluster analysis. When the clustering variable (kappa) was 2, 
two clusters of TCGA-BC patients were well constructed 
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Figure 2 Tumor classification based on PD-1/PD-L1 pathway in breast cancer. (A) The PCA of different clusters. (B) Consensus clustering 
matrix of BC patients for k =2. (C) Heatmap of gene expression related to PD-1/PD-L1 pathway in different clusters. Red and blue 
represents high and low gene expression, respectively. (D) KM survival curves of OS in different clusters. HR, hazard ratio; CI, confidence 
interval; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; PCA, principal component analysis; BC, breast 
cancer; KM, Kaplan-Meier; OS, overall survival. 
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based on the results of principal component analysis (PCA) 
and consistency clustering matrix analysis (Figure 2A,2B and 
table available at https://cdn.amegroups.cn/static/public/
tcr-23-2270-3.xlsx). In addition, two clusters of TCGA-
BC patients were well separated, as displayed in Figure 2C. 
We further compared overall survival (OS) times between 
two groups. KM curves of OS showed that patients in C1 
had better survival than those in C2 (HR =0.595; 95% CI: 
0.429–0.824; P=0.0018, Figure 2D and table available at 
https://cdn.amegroups.cn/static/public/tcr-23-2270-3.xlsx).

Functional annotation between two clusters

Further exploration of that underlying mechanism was 
required between these two clusters in BC patients. 
According to the volcano plot, we identified 372 DEGs (367 
upregulated; 5 downregulated) between C1 and C2 using 
the cut-off criteria (FC ≥2 or FC ≤0.5, and P value <0.05) 
(Figure 3A and table available at https://cdn.amegroups.cn/
static/public/tcr-23-2270-3.xlsx). Several upregulated genes 
(CD3E, CD3D, LCK, CD2, etc.) were displayed by volcano 
plot (Figure 3A). The top 50 significantly DEGs were shown 
in the heatmap, indicating different characteristics between 
the two clusters (Figure 3B). 

Functional annotation between the two clusters was 
analyzed based on the information of these 372 DEGs. 
KEGG enrichment analyses revealed that the pathways were 
primarily related to viral protein interaction with cytokine 
and cytokine receptor, Th1 and Th2 cell differentiation, and 
primary immunodeficiency (Figure 3C and table available 
at https://cdn.amegroups.cn/static/public/tcr-23-2270-4.
xlsx). Moreover, GO enrichment analyses showed a similar 
result, with DEGs being mainly associated with regulation 
of immune cell proliferation, regulation of T cell activation, 
and positive regulation of cell-cell adhesion (Figure 3D and 
table available at https://cdn.amegroups.cn/static/public/tcr-
23-2270-4.xlsx). Thus, these results further suggested that 
tumor classification based on the PD-1/PD-L1 pathway in 
BC was mainly related to immune-related biological processes 
and signaling pathways. This result further indicated that C1 
patients might exhibit increased immune cell proliferation and 
positive regulation of T cell activation.

Comparative analysis of ferroptosis and m6A between BC 
subtypes

It has been reported that anti-PD-1/PD-L1 resistance 
induces tumor cell ferroptosis (5,13), indicating that the 

PD-1/PD-L1 pathway has a crucial role in this process. 
Thus, we analyzed the expression profiles of ferroptosis-
related genes between C1 and C2 in BC patients. Heatmaps 
and boxplots depicted that 8 of the 25 ferroptosis-related 
genes were significantly different between the two clusters, 
including EMC2, NFE2L2, HSPB1, SLC1A5, SAT1, GLS2, 
DPP4, and ACSL4 (Figure 4A,4B and table available at 
https://cdn.amegroups.cn/static/public/tcr-23-2270-5.xlsx). 
These results may suggest that the PD-1/PD-L1 pathway 
and ferroptosis are correlated with BC prognosis.

Recently, it has been shown that m6A demethylases fat 
mass and obesity-associated (FTO) protein promotes PD-
L1 expression through inducing m6A demethylation in 
cancers (14). We further analyzed the expression profiles 
of m6A-related genes between C1 and C2 in BC patients 
(Figure 4C,4D and table available at https://cdn.amegroups.
cn/static/public/tcr-23-2270-4.xlsx). Interestingly, heatmaps 
and boxplots depicted that 15 of the 20 m6A-related genes 
were significantly different between the two clusters, 
including METTL14, WTAP, VIRMA, RBM15, ZC3H13, 
YTHDC1, YTHDC2, YTHDF3, YTHDF1, YTHDF2, 
HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, and ALKBH5 
(Figure 4A,4B and table available at https://cdn.amegroups.
cn/static/public/tcr-23-2270-6.xlsx). In summary, we found 
a correlation between the PD-1/PD-L1 pathway and m6A-
related gene expression in BC.

Development of a prognostic gene model in the TCGA-BC 
cohort

To explore the prognostic value of 13 genes of the PD-1/
PD-L1 pathway, we developed a PD-1/PD-L1 pathway-
related prognostic model to predict the clinical prognosis. 
The LASSO regression algorithm was used to further 
optimize these genes, yielding seven genes of the PD-1/
PD-L1 pathway associated with TCGA-BC prognosis, 
including MAP2K6, NFKBIA, NFKBIE, IFNG, TIRAP, 
CHUK, and CSNK2A3 (Figure 5A and table available at 
https://cdn.amegroups.cn/static/public/tcr-23-2270-5.xlsx). 
We calculated risk score as follows: risk score = (−0.3866 × 
MAP2K6 expression) + (−0.3106 × NFKBIA expression) 
+ (−0.0521 × NFKBIE expression) + (−0.1587 × IFNG 
expression) + (0.207 × TIRAP expression) + (0.2416 × CHUK 
expression) + (0.2465 × CSNK2A3 expression). The cut-off 
points for the median risk score categorized the BC patients 
into two groups (high-risk vs. low-risk; Figure 5B). Based on 
KM curves, the low-risk group was significantly more likely 
to survive than the high-risk group (P=7.19e−06, Figure 5C). 
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The receiver operating characteristic (ROC) curve analyses 
were used to assess the prognostic value of these seven genes. 
AUCs for OS at 1, 3, and 5 years were 0.651, 0.658, and 
0.653, respectively (Figure 5D and table available at https://
cdn.amegroups.cn/static/public/tcr-23-2270-7.xlsx). 

Immunohistochemical analysis of seven genes between BC 
tissues and normal tissues 

Low-risk individuals had significantly higher levels of 
transcript levels for MAP2K6, NFKBIA, NFKBIE, and 
IFNG than high-risk individuals. As compared to the high-

https://cdn.amegroups.cn/static/public/tcr-23-2270-7.xlsx
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risk group, the low-risk group showed significantly lower 
levels of TIRAP, CHUK, and CSNK2A3. We used the 
HPA database to analyze the protein expression of these 
genes. The immunohistochemical expression of these genes 
showed that the expression of MAP2K6, NFKBIA, and 
NFKBIE was low in BC tissues, with the exception of IFNG 
(Figure 6A-6D), whereas TIRAP, CHUK, and CSNK2A3 
were overexpressed in BC tissues (Figure 6E-6G). These 
results suggested that the protein levels of six genes were 
consistent with their transcript levels.

Discussion

In this study, we first studied prognostic genes in BC 
patients using TCGA data and found that the PD-1/PD-
L1 pathway mainly associated with the BC patients. A low-
risk C1 group and a high-risk C2 group of BC patients 
were constructed based on a PD-1/PD-L1 pathway-related 
signature. The functional analyses suggested that the DEGs 
between these groups were mainly associated with immune-
related pathways. We also found that ferroptosis and m6A 
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Figure 6 Expression patterns of seven genes in PD-1/PD-L1 pathway associated with BC prognosis. (A) The IHC of MAP2K6 from the HPA 

database (BC: https://www.proteinatlas.org/ENSG00000108984-MAP2K6/pathology/breast+cancer#img; NC: https://www.proteinatlas.
org/ENSG00000108984-MAP2K6/tissue/breast#img). (B) The IHC of NFKBIA from the HPA database (BC: https://www.proteinatlas.
org/ENSG00000100906-NFKBIA/pathology/breast+cancer#img; NC: https://www.proteinatlas.org/ENSG00000100906-NFKBIA/tissue/
breast#img). (C) The IHC of NFKBIE from the HPA database (BC: https://www.proteinatlas.org/ENSG00000146232-NFKBIE/pathology/
breast+cancer#img; NC: https://www.proteinatlas.org/ENSG00000146232-NFKBIE/tissue/breast#img). (D) The IHC of IFNG from the 
HPA database (BC: https://www.proteinatlas.org/ENSG00000111537-IFNG/pathology/breast+cancer#img; NC: https://www.proteinatlas.
org/ENSG00000111537-IFNG/tissue/breast#img). (E) The IHC of TIRAP from the HPA database (BC: https://www.proteinatlas.
org/ENSG00000150455-TIRAP/pathology/breast+cancer#img; NC: https://www.proteinatlas.org/ENSG00000150455-TIRAP/tissue/
breast#img). (F) The IHC of CHUK from the HPA database (BC: https://www.proteinatlas.org/ENSG00000213341-CHUK/pathology/
breast+cancer#img; NC: https://www.proteinatlas.org/ENSG00000213341-CHUK/tissue/breast#img). (G) The IHC of CSNK2A3 from 
the HPA database (BC: https://www.proteinatlas.org/ENSG00000254598-CSNK2A3/pathology/breast+cancer#img; NC: https://www.
proteinatlas.org/ENSG00000254598-CSNK2A3/tissue/breast#img). The IHC staining was used and IHC slid at ×200 magnification. BC, 
breast cancer; NC, negative control; MAP2K6, mitogen-activated protein kinase kinase 6; NFKBIA, NF-kappa-B inhibitor alpha; NFKBIE, 
NFKB Inhibitor Epsilon; IFNG, Interferon gamma; TIRAP, Toll/interleukin-1 receptor domain-containing adapter protein; CHUK, 
IkappaB kinase; CSNK2A3, Casein kinase 2 alpha 3 gene; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; 
IHC, immunohistochemistry; HPA, Human Protein Atlas. 
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between low- and high-risk groups were significantly 
different. We further developed a PD-1/PD-L1 pathway-
related gene signature to predict survival of BC patients and 
identified seven genes (MAP2K6, NFKBIA, NFKBIE, IFNG, 
TIRAP, CHUK, and CSNK2A3). Taken together, PD-1/PD-
L1 pathway-related biomarkers strongly correlated with the 
prognosis of BC patients.

According to KEGG enrichment analyses of prognostic 
genes, primary immunodeficiency and the PD-1/PD-L1 
pathway were closely related to BC, indicating that the 
tumor immune pathway contributes to occurrence of BC. 
Recently, ICIs (PD-1, PD-L1, and CTLA-4 inhibitors) 
have been used for clinical therapy in multiple tumors (6). 
In addition, various co-inhibitory immune checkpoint 
molecules, such as PD-L2, CD47, SIRPα, LAG-3, Tim-
3, and TIGIT, have been validated as universally applicable 
for assessing immune response (8,15). However, in BC, ICI 
treatment benefits a small proportion of patients (15-17), 
indicating that BC limits the efficacy of immunotherapy and 
requires new novel targets. 

Recently, some important molecular markers associated 
with BC include ER, PR, HER2, and the Mib1/Ki-
67 proliferation index (4). These biomarkers are firmly 
established as part of the standard care for all primary, 
recurrent, and metastatic in BC (4). In addition, the 
prognostic biomarkers of some factors, including tumor 
microenvironment, tumor-specific ceRNA, and lncRNA, 
were identified based on the prognosis prediction  
models (18-21). 

Functional annotation between the low-risk C1 group 
and high-risk C2 group of BC patients further confirmed 
that immune-related pathways (cytokine and cytokine 
receptor and Th1 and Th2 cell differentiation) were 
associated with BC. We further found a correlation of the 
PD-1/PD-L1 pathway with ferroptosis- and m6A-related 
gene expression for different risk group in BC. Therefore, 
these results further suggested that tumor classification 
based on the PD-1/PD-L1 pathway could differentiate BC.

Due to the strong correlation between status of the 
PD-1/PD-L1 pathway and clinical prognosis in BC, 
high-risk and low-risk patients were divided using a gene 
signature. A seven gene signature was identified using 
LASSO regression analysis, comprising MAP2K6, NFKBIA, 
NFKBIE, IFNG, TIRAP, CHUK, and CSNK2A3, displayed 
a substantial effect on survival prediction. In these genes, 
TIRAP, CHUK, and CSNK2A3 were overexpressed in 
BC tissues compared with normal tissues, whereas the 
expression of MAP2K6, NFKBIA, and NFKBIE was low in 

BC tissues, with the exception of IFNG, at the protein level.
TIRAP has been shown to regulate cytokine secretion 

and the inflammatory response through TLR2/TLR4 
signaling in BC (22). CHUK, encoding inhibitor of nuclear 
factor kappa-B kinase subunit, plays an essential role in the 
NF-kappa-B signaling pathway in BC (23). CSNK2A3 plays 
a role in the pathogenesis of the lung cancer development 
and progression (24). Dual specificity MAP2K6 is an 
essential component of the Mitogen-activated protein 
kinase (MAPK) pathway in many cancers (25,26). NFKBIA 
and NFKBIE is involved in sporadic BC (27). 

The study is subject to several limitations. Despite 
conducting a comprehensive evaluation and analysis using 
multiple platforms and databases, the conclusions are solely 
based on in vitro analysis. Due to the inherent limitations 
of computational analysis, additional network experiments 
are necessary to elucidate the underlying mechanisms. 
Therefore, further experimental exploration is necessary to 
uncover the potential mechanisms of these crucial genes.

Taken together, the expression of gene signatures related 
to these pathways predicted BC patients’ prognoses. A 
certain degree of clinical satisfaction can be achieved with 
this feature in terms of BC management.

Conclusions

PD-1/PD-L1 pathway-related subtypes of BC were 
identified, which were closely associated with the immune 
microenvironment, the ferroptosis status, and m6A in BC 
patients. The gene signature involved in the PD-1/PD-
L1 pathway might help to make a distinction and predict 
prognosis in BC patients.
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