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Abstract
Breast cancer (BC) is a heterogeneous disease divided into four molecular subtypes that display different
prognoses. Molecular alterations in breast cells contribute to breast carcinogenesis. However, the
molecular characteristics involved in developing BC subtypes remain largely unknown. Further
identi�cation of molecular mechanisms involved in different BC subtypes might help improve treatment
strategies and prognosis of patients. In the present study, two microarray datasets (GSE57297 and
GSE65194) containing four BC subtypes were downloaded from the Gene Expression Omnibus (GEO)
database. Comparative analyses were performed to identify speci�c differentially expressed genes
(DEGs) for each BC subtype, as well as overlapped (core) between all subtypes. bc-GenExMiner and
Kaplan-Meier plotter databases were respectively utilized to investigate the differential expression and
prognostic value of DEGs. A total of 25 DEGs (12 speci�c and 13 core) were found to be signi�cantly
associated with prognosis. We found that a high level of C9orf116 predicted better OS in the Luminal A
subtype. Also, increased transcription levels of FAM13A and RASIP1 were associated with shorter OS in
the Luminal B subtype. High mRNA expression of PDE7A, and COTL1 conferred longer OS, while elevated
expression of TM4SF1 and AREG predicted shorter OS in the TNBC subtype. Increased mRNA levels of
GSR, and DAPK2 conferred better OS in the HER2 subtype; however, increased expression levels of
HOTAIR, PLEKHG4, and POU6F1 predicted poor OS. For the core DEGs, increased expression of IFI6 and
UBE2S predicted shorter OS. Meanwhile, increased mRNA levels of AK5, C2orf40, CNN1, HOXA5, NTRK2,
PAMR1, PROS1, SCARA5, SDPR, TGFBR3, and TSHZ2 conferred better OS. In conclusion, this study
strictly identi�ed speci�c genes that may help to select precision prognostic biomarkers in different BC
subtypes.

Introduction
Breast cancer (BC) is the most commonly diagnosed cancer globally, with approximately 2.3 million new
cases in 2020, accounting for 11.7% of all cancer cases1. BC is an uncontrolled proliferation of breast
cells, beginning in different areas of the breast and leading to malignancy2. Based on receptor status and
the gene expression pattern, BC is divided into four molecular subtypes including, Luminal A, Luminal B,
human epidermal growth factor 2 (HER2), and Triple-negative breast cancer (TNBC). The Luminal A
subtype is considered to be mostly estrogen receptor (ER)-positive and has a low histological grade.
Luminal-B tumors are de�ned as being ER-positive and/or progesterone receptor (PR)-positive3. HER2, a
tyrosine kinase, is identi�ed to be overexpressed or ampli�ed in about 20-25% of BC patients. The
overexpression of this oncoprotein implicates in excessive cell growth, migration, and angiogenesis4,5.
TNBC is a type of BC with negative expression of ER, PR, and HER2. TNBC is considered highly invasive
and has greater metastatic potential, higher relapse rates, and a worse prognosis6. Each subtype displays
different biological behavior and prognosis and has distinct treatment strategies7. Despite advancements
in the therapeutic approaches of BC, due to the high heterogeneity, the effectiveness of treatment
methods is still not very satisfactory, leading to a poor prognosis of patients8,9.



Page 3/21

It is well documented that the molecular alterations in breast cells implicate in breast carcinogenesis7.
However, the molecular characteristics and pathways involved in developing BC subtypes are still largely
unknown10. Investigating the abnormally expressed genes in BC might help unravel the possible
molecular mechanisms involved11. Whole transcriptome analysis is considered to be useful in identifying
differentially expressed genes (DEGs) contributing to BC development and progression12,13. The
combination of molecular biology and bioinformatics tools and web servers provides great convenience
for identifying potential therapeutic, diagnostic, and prognostic biomarkers11,14,15. The current study
aimed to identify core and subtype-speci�c DEGs in BC and elucidate their prognostic values. Therefore,
we initially analyzed DEGs between BC subtypes and normal samples using two datasets obtained from
Gene Expression Omnibus (GEO). Subsequently, we conducted bioinformatics analysis to screen and
verify key core and subtype-speci�c genes as potential prognostic biomarkers in BC.

Methods

Data collection
In order to identify DEGs in different subtypes of BC, two gene expression pro�les, including GSE57297
(GPL17077 platform) and GSE65194 (GPL570 platform), were retrieved from the GEO database
(http://www.ncbi.nlm.nih.gov/geo). GEO is an international genomics database in which scientists and
researchers submit the data of microarray/gene pro�les. The datasets contained 178 human BC tissue
samples with different subtypes and 18 normal breast tissue samples. A �owchart of the current study
and essential details of the GEO datasets are shown in Fig. 1. All methods were performed in accordance
with relevant guidelines and regulations.

Data preprocessing
R software, a free statistical computing and graphics environment, was used to analyze and standardize
the raw data16. Data processing, background adjustment, and quantile normalization of all the raw data
�les were performed using the robust multi-array average (RMA) algorithm of the Affy package17.

Identi�cation of DEGs
The linear models for microarray data (limma) R package was applied to identify DEGs between different
BC subtypes and normal samples18. Adjusted P values < 0.05 and |log2 fold change (log2FC) | > 1 were
considered as cut-off values for identifying DEGs. Core and speci�c DEGs among subtypes were
determined and visualized by an R package called VennDiagram19.

KEGG pathway enrichment analysis
Enrichr (https://maayanlab.cloud/Enrichr/) is an online analysis tool for gene functional annotation. We
performed Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of DEGs
through the Enrichr database20. P < 0.05 was de�ned as signi�cant.
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bc-GenExMiner v4.8
The expression trends of subtype-speci�c and core DEGs in BC were veri�ed using the Breast Cancer
Gene-Expression Miner v4.8 (bcGenExMiner v4.8) (http://bcgenex.ico.unicancer.fr) database21. This
database contains cancer transcriptomic data obtained from The Cancer Genome Atlas (TCGA). The
"expression" module of the bcGenExMiner was used to assess the expression of DEGs according to the
Nature of the tissue determined by the Prediction Analysis of Microarray 50 (PAM50) test. The Dunnett-
Tukey-Kramer's test and Welch's t-test were performed to calculate the p-value. A value of P < 0.05 was
considered to be signi�cant.

Kaplan–Meier plotter
Kaplan-Meier plotter (www.kmplot.com) database, which contains gene expression pro�les and survival
information of cancer patients, was applied to evaluate the prognostic value of the core and subtype-
speci�c DEGs22. All BC patient samples were divided into high and low expression groups based on the
median mRNA expression in order to analyze the overall survival (OS). The log-rank P < 0.05 was
considered as the cutoff.

cBioPortal
cBioPortal (https://www.cbioportal.org/), a web resource, provides data exploration and analysis of
cancer genomics data23. In order to analyze the genomic pro�le changes of the core and subtype-speci�c
DEGs, the breast invasive carcinoma (TCGA, Firehose legacy) dataset, which included data from 1108
samples were selected. The genomic pro�le changes parameters included mutations, copy number
alterations (CNAs) from GISTIC, and mRNA expression Z scores (microarray).

Results

Identi�cation of DEGs
Two datasets containing 18 normal samples and 178 BC samples were analyzed. Genes with the
adjusted P-value < 0.05 and |log2FC|> 1 were considered as DEGs. Totally, 1456 (492 up-regulated and
964 down-regulated) and 1599 (1039 up-regulated and 560 down-regulated) DEGs were identi�ed in the
Luminal A subtype within GSE57297 and GSE65194, respectively. Moreover, 1079 (510 up-regulated and
569 down-regulated) and 2161 (1420 up-regulated and 741 down-regulated) genes were differentially
expressed in the Luminal B subtype within GSE57297 and GSE65194 datasets, respectively. There were
543 (249 up-regulated and 294 down-regulated) and 2791 (1854 up-regulated and 937 down-regulated)
DEGs in the TNBC subtype within GSE57297 and GSE65194, respectively. In addition, 2524 DEGs (1643
up-regulated and 881 down-regulated) were identi�ed in the HER2 subtype within the GSE65194 dataset.
All the DEGs are listed in Supplementary Table S1. Volcano plots of DEGs are illustrated in Fig. 2a-g. After
the integration of above-mentioned DEGs in each subtype between the two datasets and obtaining one
DEG pro�le for each subtype, we combined the DEG pro�les of the four subtypes by the Venn diagram to

http://www.ncbi.nlm.nih.gov/geo
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identify core and speci�c DEGs among the subtypes. A total of 2253 core and speci�c DEGs were
identi�ed: 31 core DEGs, 44 speci�c DEGs for the Luminal A subtype, 57 speci�c DEGs for the Luminal B
subtype, 2076 speci�c DEGs for the HER2 subtype, and 45 speci�c DEGs for the TNBC subtype (Fig. 2h).
The details of the core and subtype-speci�c DEGs are summarized in the Supplementary Table S2.

Enrichment analysis of DEGs
The KEGG pathway enrichment analysis revealed that DEGs in Luminal A, Luminal B, TNBC, and HER2
samples were mainly enriched in caffeine metabolism, pentose phosphate pathway, peroxisome, and
protein processing in the endoplasmic reticulum, respectively (Fig. 3a-d). Moreover, core DEGs were most
commonly enriched in protein digestion and absorption (Fig. 3e).

DEGs screening
To validate the accuracy of results and obtain key core and subtype-speci�c genes, we analyzed the
expression of the identi�ed core and speci�c DEGs using the bc-GenExMiner v4.8. To that end, we
screened genes that signi�cantly expressed in each subtype compared to other subtypes as well as
normal samples. As a result, 181 genes among 2253 DEGs were veri�ed (Supplementary Table S3). There
were 9 speci�c DEGs for the Luminal A subtype (all down-regulated), 20 speci�c DEGs for the Luminal B
subtype (9 up-regulated and 11 down-regulated), 33 speci�c DEGs for the TNBC subtype (17 up-regulated
and 16 down-regulated), and 90 speci�c DEGs for the HER2 subtype (63 up-regulated and 27 down-
regulated). Meanwhile, 29 core DEGs were identi�ed among the subtypes (4 up-regulated and 25 down-
regulated).

Survival analysis
The Kaplan-Meier plotter was used to determine the relationship between the selected DEGs and OS in BC
patients. The association between the identi�ed core DEGs and OS was analyzed in all BC patients.
However, investigating the association between the expression of speci�c genes with the OS was
restricted to the distinct subtypes, determined by the StGallen and PAM50 criteria. As a result, 36 genes
(23 speci�c and 13 core genes) among 181 DEGs were signi�cantly associated with the OS
(Supplementary Table S4). Thereafter, we investigated the correlation between the expression of those 23
subtype-speci�c genes and OS in other subtypes to exclude unspeci�c biomarkers. Subsequently, the
genes which were signi�cantly associated with OS in other subtypes were excluded to screen genes for
each subtype in a stricter manner. Finally, 25 DEGs (12 speci�c and 13 core) were found to be
signi�cantly associated with OS (Table 1). High expression of C9orf116 was related to better OS in the
Luminal A subtype. Moreover, elevated expression of FAM13A and RASIP1 was associated with shorter
OS in the Luminal B subtype. High mRNA expression of PDE7A, and COTL1 was notably correlated with
longer OS, while elevated expression of TM4SF1 and AREG was associated with shorter OS in the TNBC
subtype. In addition, increased mRNA levels of GSR, and DAPK2 predicted better OS in the HER2 subtype.
On the other hand, high transcription levels of HOTAIR, PLEKHG4, and POU6F1 notably correlated with
poor OS in the HER2 subtype. For the core DEGs, high expression of IFI6 and UBE2S was related to
shorter OS; however, increased mRNA levels of AK5, C2orf40, CNN1, HOXA5, NTRK2, PAMR1, PROS1,
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SCARA5, SDPR, TGFBR3, and TSHZ2 were signi�cantly correlated with better OS. Figures 4 and 5
respectively illustrate the expression pattern and prognostic value of �nal selected core and subtype-
speci�c DEGs.

Table 1
A panel of 25 gene signatures (12 unique genes to each subtype) are served as prognostic biomarkers in

breast cancer patients. (Kaplan-Meier plotter)

  Up-regulated Down-regulated

Luminal
A

C9orf116  

Luminal
B

  FAM13A, RASIP1

Triple-
Negative

PDE7A,
TM4SF1,
COTL1

AREG

HER2 GSR, HOTAIR DAPK2, PLEKHG4, POU6F1

Core IFI6 (6-16),
UBE2S

AK5, C2orf40 (ECRG4), CNN1, HOXA5, NTRK2, PAMR1, PROS1 (PROS),
SCARA5, SDPR (CAVIN2), TGFBR3, TSHZ2

Genomic alteration analysis
Genomic alterations of the 13 core and 12 subtype-speci�c DEGs were analyzed using the cBioPortal
database. The results revealed that these genes were altered in 551 (50%) of 1101 BC patients. Notably,
the PDE7A gene was mutated in 14% of BC patients (Fig. 6).

Discussion
Breast cancer is considered as a major human health problem with the highest incidence among cancers
and an increased mortality rate1. Therefore, elucidating molecular mechanisms underlying different BC
subtypes is inevitable for choosing effective treatment methods and improving the prognosis of patients.
Here we found 13 core and 12 subtype-speci�c DEGs associated with prognosis in BC, potentially
indicating the clinical application of these DEGs.

C9orf116, also known as PIERCE1, was discovered to be involved in the cell cycle process in mice24.
C9orf116 was found to induce cell proliferation in rat liver cell line BRL-3A25. Moreover, C9orf116 ablation
inhibited cell growth in KRAS-mutant non-small cell lung cancer (NSCLC), which might have therapeutic
potential in KRAS-mutant NSCLC26. However, the role of C9orf116 in BC is unclear at present. Our
analysis showed that C9orf116 was speci�cally up-regulated in the Luminal A subtype, and this high
expression predicted better OS in the Luminal A subtype BC.
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We revealed that FAM13A and RASIP1 expressions were speci�cally down-regulated in the Luminal B
subtypes. Also, elevated expression of FAM13A and RASIP1 was correlated with shorter OS in the
Luminal B subtype. FAM13A single-nucleotide polymorphism (SNP) rs1059122 was found to be
associated with BC risk in the Chinese female population27. It has been demonstrated that RASIP1 is
essential for blood vessel formation and angiogenesis28. RASIP1 was identi�ed to play a role in NSCLC
metastasis29, whereas its role in BC is unclear.

In the selected speci�c DEGs for TNBC subtype BC, expression of PDE7A, TM4SF1, COTL1, and AREG
was notably associated with prognosis. We found that PDE7A was speci�cally up-regulated in TNBC. It
has been demonstrated that inhibition of PDE3, PDE4, PDE7, or PDE8 suppresses migration in triple-
negative MDA-MB-231 cells through stimulating cyclic adenosine monophosphate (cAMP) signaling
pathway30. We revealed that high mRNA expression of PDE7A signi�cantly conferred longer OS. Also, we
observed that the PDE7A gene was altered in 14% of BC patients. Several lines of evidence indicate that
TM4SF1 functions as an oncogene in various cancers31–33. Fan et al. reported that TM4SF1 implicates in
BC cell migration and invasion34. Interestingly, the TM4SF1 expression level was identi�ed to be
obviously high in the TNBC subtype compared to the other subtypes31,34, which is in conformance with
our �ndings. We identi�ed that elevated expression of TM4SF1 was signi�cantly associated with shorter
OS in TNBC patients. COTL1 was reported to suppress BC cell growth35, while in a recent study, COTL1
was identi�ed to be up-regulated in BC tissues, promoting cell migration and tumor metastasis36. We
observed that COLT1 was speci�cally highly expressed in TNBC, and its overexpression conferred longer
OS in TNBC patients. It was demonstrated that knock-down of AREG in SUM-149 cells, a TNBC cell line,
inhibited cellular invasion in BC37. We found that the expression level of AREG was speci�cally down-
regulated in TNBC tissues. Moreover, we identi�ed that overexpression of AREG was related to the shorter
OS in TNBC patients.

In the selected speci�c DEGs for HER2 subtype BC, expression of GSR, HOTAIR, DAPK2, PLEKHG4, and
POU6F1 was notably associated with prognosis. GSR encodes glutathione reductase, providing a
protective role against oxidative stress38. GSR was reported to be a potential biomarker that could predict
response to treatment in primary ER+ ductal breast carcinoma39. Copy number loss of GSR was identi�ed
in primary lung adenocarcinoma and squamous cell carcinoma40. Our results showed that GSR was
speci�cally highly expressed in the HER2 subtype. Also, overexpression of GSR was associated with
better OS in the HER2 subtype. Compared to normal breast tissues, overexpression of Long noncoding
RNA HOTAIR has been detected in BC tissues and cells41–44. A growing body of evidence indicates that
HOTAIR might display a role in cell proliferation, migration, invasion, metastasis, and apoptosis in BC44–

47. We revealed that HOTAIR expression was speci�cally up-regulated in the HER2 subtype, which was
notably correlated with worse OS in the HER2 subtype. DAPK2, a pro-apoptotic protein, was suppressed in
BC cells by miR-520h, which protected BC cells from drug-induced apoptosis48. We found that DAPK2
was speci�cally down-regulated in the HER2 subtype. Moreover, we observed that enhanced expression
of DAPK2 conferred favorable OS in the HER2 subtype. PLEKHG4, also known as FLJ00068, was



Page 8/21

identi�ed to play an essential role in skeletal muscle and adipocytes49,50, while its role in tumors is
unknown. Our results showed that PLEKHG4 was speci�cally down-regulated in the HER2 subtype. We
found that elevated expression of PLEKHG4 was related to poor OS. POU6F1, a transcription factor, was
indicated to play a role in stem cell proliferation in HER2 positive BC tissues51. We revealed that POU6F1
was speci�cally down-regulated in the HER2 subtype. Additionally, we found that overexpression of
POU6F1 predicted a shorter OS in the HER2 subtype.

In the selected core DEGs for BC, expression of IFI6, UBE2S, AK5, C2orf40, CNN1, HOXA5, NTRK2, PAMR1,
PROS1, SCARA5, SDPR, TGFBR3, and TSHZ2 was notably associated with prognosis. IFI6, also known as
6-16, is an antiapoptotic protein that enhances the metastatic potential of BC cells via mtROS52. Notably,
high expression of IFI6 was remarkably associated with shorter OS in ER+ BC patients53. Also, we
observed that IFI6 was up-regulated in BC patients, and its high expression was associated with poor OS.
UBE2S was reported to be highly expressed in BC tissues and associated with BC cell migration and
invasion54. Similarly, we observed up-regulation of UBE2S in BC tissues, which was signi�cantly
correlated with worse OS. AK5 induces proliferation and autophagy and inhibits apoptosis in gastric
cancer. Also, AK5 was suggested as a potential prognostic marker as well as a therapeutic target for
gastric cancer55. AK5 was down-regulated in colorectal cancer due to hypermethylation, and it is involved
in cell migration and invasion in colorectal cancer56. In a previous study, AK5 was indicated to be
aberrantly hypermethylated in BC cells57. We identi�ed that all four BC subtypes displayed lower
expression of AK5 than normal breast tissues. Moreover, we observed that an increased level of AK5
predicted better OS in BC. The role of AK5 in the development and progression of BC needs further
exploration.

It has been demonstrated that HOXA5 mRNA and protein expression was remarkably decreased in the BC
tissues and cells58–61. Until now, few studies have reported the tumor-suppressive function of HOXA5 in
inducing apoptosis in BC cells through p53-dependent and caspase-dependent pathways58,59. Teo et al.
indicated that loss of HOXA5 in mammary cells leads to reduced CDH1 and CD24 expression and
consequently results in loss of epithelial phenotypes, enhanced stemness, and acquisition of invasion
and migration characteristics62. Consistent with previous �ndings, we observed remarkably decreased
HOXA5 mRNA in the BC tissues compared to normal breast tissues. Moreover, we identi�ed that
overexpression of HOXA5 conferred better OS in BC.

In line with our �ndings, CNN1 was identi�ed to be down-regulated in BC tissues and cells compared to
normal breast tissues and cells, and it was suggested as a potential gene involved in BC
development63,64. Wang et al. clari�ed that overexpression of CNN1 suppressed proliferation, migration,
and invasion of BC cells and promoted cell apoptosis63. Our �ndings also showed that high expression of
CNN1 conferred better OS in BC patients. Accumulating evidence has shown that C2orf40, also known as
ECRG4, expression was down-regulated in BC tissues and cells64–67, con�rming our results. Additionally,
Lu et al. found that promoter hypermethylation leads to a decrease in the expression of C2orf40 in BC.
They also indicated that C2orf40 overexpression inhibits cell proliferation, migration, and invasion in BC
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cells by blocking cell cycle progression at the M phase through inhibiting UBE2C expression, a mitosis-
regulating gene. According to the abovementioned �ndings, C2orf40 was proposed as a tumor
suppressor gene in BC66. Notably, higher expression of C2orf40 was identi�ed to be associated with
better OS67, which is in conformance with our �ndings. NTRK2 has been reported to be involved in the
mechanism underlying invasive breast cancer68. In line with our results, it was demonstrated that high
expression of NTRK2 was notably related to better OS. Therefore, it was supposed to be a candidate
prognostic marker of OS in BC68,69.

PAMR1 expression was reported to be frequently lost in BC tissues and cell lines70,71. In line with these
�ndings, we observed down-regulation of PAMR1 in BC patients compared to normal breast tissues.
Additionally, we showed that up-regulation of PAMR1 in BC patients was notably correlated with longer
OS. PROS1 acts as a ligand of the TAM receptors. Abnormally high expression of PROS1 has been
reported to be involved in tumorigenesis and the development of human cancers, including oral
squamous cell carcinoma, glioblastoma, papillary thyroid carcinoma, prostate, and colorectal cancer72–

76. According to the available literature, PROS1 expression and prognostic signi�cance in BC are still
unknown. In the current study, we identi�ed that PROS1 expression was decreased in the BC patients
compared to normal samples. In addition, we found that high expression of PROS1 was notably
associated with longer OS. It was reported that down-regulation of SCARA5 is implicated in BC
tumorigenesis via promoter methylation77. Similarly, You et al. revealed that BC tissues displayed lower
SCARA5 expression than para-carcinoma tissues and signi�cantly exhibited a correlation with
histological grade, tumor size, and lymph node metastasis78. In line with these �ndings, we identi�ed that
SCARA5 expression was signi�cantly decreased in BC tissues and that conferred worse OS in BC cohorts.

SDPR, also known as CAVIN2, is reported to be down-regulated in BC tissues and cell lines79–85, and its
expression level correlated with the tumor stage84. It was previously demonstrated that decreased level of
SDPR was remarkably associated with poor OS83,84, RFS, and DMFS81, representing the prognostic
potential of SDPR in BC81,84. Dong et al. found a reduction in TGFBR3 expression during BC progression
and determined that decreased expression of TGFBR3 was associated with unfavorable RFS. They
provided evidence that loss of TGFBR3 expression induces BC invasion and metastasis86. He et al. also
reported that low expression of TGFBR3 was associated with a worse OS87, which is in line with our
�nding. TSHZ2 was proposed to act as a tumor suppressor in BC88, and lower expression of TSHZ2 leads
to mammary tumorigenesis89. We observed signi�cant down-regulation of TSHZ2 in the four subtypes of
BC patients compared to the normal breast samples that was corrrelated with worse OS.

In summary, we conducted bioinformatics analysis to identify key core and speci�c genes among the BC
subtypes and evaluate their potential prognostic values. Although further experimental studies are
required to validate our �ndings, the current study provides a new perspective into the molecular
characteristics of each subtype of BC and might help to select precision prognostic biomarkers in
different BC subtypes in the future.
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Figure 1

A �owchart of the current study.
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Figure 2

Identi�cation of DEGs between different BC subtypes and normal tissues. Panels a-g illustrate volcano
plots of DEGs for Luminal A within GSE57297 (a) and GSE65194 (b), Luminal B within GSE57297 (c) and
GSE65194 (d), TNBC within GSE57297 (e) and GSE65194 (f), and HER2 within GSE65194 (g). The
differential gene expression pro�le is represented according to the negative logarithm to the base 10 of
the Adj. P-value and log2 FC. The red color dots denote DEGs. The black dots represent genes that were
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not differentially expressed. The adjusted P-value <0.05 and |log2FC|> 1 were considered as cut-off
criteria. Panel h shows the Venn diagram of the overlapping and speci�c DEGs among the subtypes.

Figure 3

KEGG pathway enrichment analysis of DEGs. Panels a-e illustrate KEGG enrichment scatter plots of DEGs
in Luminal A (a), Luminal B (b), TNBC (c), and HER2 (d) subtypes, and core DEGs (e) in BC patients. A
value of P < 0.05 was set as a threshold.
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Figure 4

The expression of 13 core and 12 speci�c DEGs in each subtype (bcGenExMiner v4.8). Panels a-y
illustrate the expression level of speci�c DEGs for the Luminal A (a), Luminal B (b, c), TNBC (d-g), and
HER2 (h-l) subtypes and core DEGs (m-y). The Dunnett-Tukey-Kramer's test and Welch's t-test were used
to compare mRNA expression differences between groups. C2orf40, namely ECRG4. SDPR, namely
CAVIN2. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
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Figure 5

The correlation between the expression of 12 subtype-speci�c genes and OS in Luminal A (a), Luminal B
(b, c), TNBC (d-g), and Her2 (h-l). The association of mRNA expression of 13 core DEGs with OS (m-y) in
BC patients. IFI6, namely 6-16. PROS1, namely PROS.
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Figure 6

Genomic alteration of core and subtype-speci�c DEGs in BC patients (cBioPortal).
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