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Abstract
Purpose: This study aims to identify the key pathway and related genes and to further explore the potential molecular
mechanisms of triple negative breast cancer (TNBC). Methods: The transcriptome data and clinical information of breast cancer
patients were downloaded from the TCGA database, including 94 cases of paracancerous tissue, 225 cases of Basal like type, 151
cases of Her2 type, 318 cases of Luminal type A, 281 cases of Luminal type B, and 89 cases of Normal Like type. The differentially
expressed genes (DEGs) were identified based on the criteria of |logFC|�1.5 and adjust P < 0.001.Their functions were annotated
by gene ontology (GO) analysis and Kyoto Encyclopedia of differentially expressed genes & Genomes (KEGG) pathway analysis.
Cox regression univariate analysis and Kaplan-Meier survival curves (Log-rank method) were used for survival analysis. FOXD1,
DLL3 and LY6D were silenced in breast cancer cell lines, and cell viability was assessed by CCK-8 assay. Further, the expression of
FOXD1, DLL3 and LY6D were explored by immunohistochemistry on triple negative breast tumor tissue and normal breast
tissue. Results: A total of 533 DEGs were identified. Functional annotation showed that DEGs were significantly enriched in
intermediate filament cytoskeleton, DNA�binding transcription activator activity, epidermis development, and Neuroactive
ligand�receptor interaction. Survival analysis found that FOXD1, DLL3, and LY6D showed significant correlation with the
prognosis of patients with the Basal-like type (P < 0.05). CCK-8 assay showed that compared with Doxorubicin alone group, the
cytotoxicity of Doxorubicin combined with siRNA-knockdown of FOXD1, DLL3, or LY6D was much significant. Conclusion:
The DEGs and their enriched functions and pathways identified in this study contribute to the understanding of the molecular
mechanisms of TNBC. In addition, FOXD1, DLL3, and LY6D may be defined as the prognostic markers and potential therapeutic
targets for TNBC patients.
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Introduction

Breast cancer is a heterogeneous disease with different

histological abnormalities, cytogenetic abnormalities, and differ-

ent responses and prognoses to treatments. It accounts for 16% of

all female cancers.1 As a special subtype of breast cancer, triple-

negative breast cancer (TNBC) does not express the estrogen

receptor (ER), progesterone receptor (PR), and human epidermal

growth factor receptor 2 (HER2).2 TNBC has the features of poor

prognosis, greater invasiveness, higher distant recurrence, and

worse survival among metastatic diseases.3 In addition, existing

targeting and endocrine therapy strategies are only applicable to

the patients with HR or HER2-positive breast cancer. For TNBC,

conventional chemotherapy remains the primary treatment.4

The heterogeneity of TNBC is generally considered to con-

sist of 3 levels: clinical, histological, and molecular levels.
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Recently, the genomic DNA copy number array, mRNA array,

exon sequencing, DNA methylation, miRNA sequencing, and

protein array have been used to elucidate the subtypes and

molecular mechanisms of TNBC, and the data sets generated

are stored in public databases, such as The Cancer Genome

Altas (TCGA), and GEO, etc. These public data sets offer the

possibility to study the molecular mechanisms of TNBC from

different perspectives.5 Meanwhile, a deeper understanding of

the molecular mechanisms of TNBC will help to develop new

strategies for TNBC treatment.

In this study, we identified differentially expressed genes

(DEGs) in TNBC by comparing tumor tissues of TNBC with

normal tissues, as well as comparing TNBC with other mole-

cular subtypes of breast cancer. These DEGs were then sub-

jected to gene ontology (GO) analysis and Kyoto Encyclopedia

of differentially expressed genes & Genomes (KEGG) pathway

analysis. In addition, the protein-protein interaction (PPI) net-

work was constructed and the module screening analysis was

performed. Furthermore, to explore the relationship between

these DEGs and prognosis, we performed Cox regression uni-

variate analysis and Kaplan-Meier survival analysis. Our find-

ings may help to further understand the molecular mechanisms

of TNBC and contribute to the diagnosis, prognosis and drug

development of TNBC.

Material and Methods

Data Acquisition and Preprocessing

The RNA expression profile (level 3) of 1208 breast cancer

patients and their clinical information were obtained from

TCGA (https://gdc-portal.nci.nih.gov/) (data download in

August 2018).

The sequencing data selected in this study all followed the

following screening criteria: (1) histopathologically diagnosed

as breast cancer; (2) the age and follow-up data of the selected

patients were complete; (3) selected patients did not suffer from

other types of malignant tumors. Based on the above screening

criteria, we finally obtained RNA-seq data from 1158 cases,

including 94 samples of paracancerous tissue and 1064 samples

of tumor tissue. The 1064 samples of tumor tissue included 225

cases of Basal like type, 151 cases of Her2 type, 318 cases of

Luminal type A, 281 cases of Luminal type B, and 89 cases of

Normal like type. No ethical approval was required because the

data comes from a public database. The data for RNA-seq were

downloaded from the TCGA biolink Package, and the normal-

ization of RNAseq was performed using the variance stabilizing

transformation function in DESeq2.

Identification of DEGs

First, we divided the data into the following 5 groups: group 1:

Basal like vs. Normal; group 2: Basal like vs. Her2; group 3:

Basal like vs. Luminal A; group 4: Basal like vs. Luminal B;

and group 5: Basal like vs. Normal like. Then, the DEGs were

identified from each set of data by using the DESeq2 package

in the R language.6 In this study, the threshold for identification

of DEGs was |logFC|�1.5 with the adjust P value < 0.001. The

P heatmap R package7 was used for plotting the heatmap of the

DEGs in each group, and the top 100 genes with significant

differences (including 50 up-regulated genes and 50 down-

regulated genes) were displayed. The volcano map was plotted

using the ggplot2 R package.8 Subsequently, the Venn mapping

was conducted to analyze the shared DEGs in each group,

which generated 533 DEGs in the Basal like subtype. A flow

chart was used to show the overall framework of the study

(Figure 1A).

GO and KEGG Pathway Enrichment Analysis

The biological significance of the 533 DEGs, including the

biological processes, cellular components, and molecular func-

tions, was then explored through the GO enrichment analysis.

Meanwhile, the KEGG pathway analysis was used to explore

the key enriched pathways of the 533 DEGs. In this study, we

defined P < 0.05 and Q-value <0.05 as the screening criteria for

GO and KEGG pathway enrichment. The R package cluster

profiler9 was used for the GO and KEGG analysis.

Construction of PPI Network

The PPI network is composed of individual proteins, which

participate in all the aspects of life processes through interact-

ing with each other, such as bio-signal transduction, gene

expression regulation, energy and material metabolism, or cell

cycle regulation. Systematic analysis of the interaction of a

large number of proteins in the biological systems has great

significance in understanding the working principles of pro-

teins in biological systems, the mechanisms of biological sig-

nals and energy metabolism under special physiological

conditions (such as diseases), and the functional links among

proteins. We used the STRING database (Version 10.5) to

construct the PPI network, which was then visualized using

Cytoscape (Version 3.5.1).10 MCODE is a plugin for Cytos-

cape that supports the clustering of the PPI network to build

functional modules. A module with MCODE score > 3 and

nodes number > 3was provided, based on which we selected

the modules with TOP3 MCODE scores for the display.

Survival Analysis

The 533 DEGs were subsequently analyzed for their correla-

tion with the clinical prognosis of patients. The Cox propor-

tional hazard regression model was used to analyze the

association between DEGs and the survival period of the

patients with Basal like subtype obtained from TCGA. DEGs

with P-value < 0.05, which were considered to be significantly

different in the Cox regression univariate analysis, were then

used to construct the Kaplan-Meier survival curves (Log-rank

method) for the patients with Basal like subtype. In this study,

we defined DEGs with P < 0.05 in the Cox and Kaplan-Meier

analysis as the potential biomarkers. The R packages survival
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Figure 1. A, Flow chart of this study. B, Venn diagram of aberrant expression profiles of mRNAs between Basal like vs. Normal, Basal like vs.

Her2, Basal like vs. Luminal A, Basal like vs. Luminal B, Basal like vs. Normal like. A total of 533 intersecting mRNAs were identified.
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and survminer were used for the univariate Cox and Kaplan-

Meier analysis.11

Reagents and Drugs

Doxorubicin (DOX, Num: HY-15142A) was purchased from

MdeChemExpress. DOX was dissolved in 100% dimethyl sulf-

oxide (DMSO; Fisher Scientific, Pittsburgh, PA, USA). The

final concentration of DMSO in the medium did not exceed

0.2% in all cell treatments. FOXD1, DLL3, and LY6D siRNA

and primer were purchased from GenePharm (Shanghai, China).

The CCK8 kit was purchased from MdeChemExpress. TRIzol

reagent was purchased by Invitrogen Life Technologies, Carls-

bad, CA, USA. The RT-qPCR kit was from Aidlab Biotechnol-

ogies Co., Ltd., Beijing, China. Primary antibody of FOXD1 was

purchased by Bioss Co., Ltd., Beijing, China, and primary anti-

body of DLL3, LY6D were purchased by Proteintech group, Inc.

Cell Transfection

One day prior to the transfection, the cells were seeded in 96-

well plates at a density of 1*10 5̂/ml and cultured in Opti-MEM

to achieve a confluency of approximately 50% at the time of

transfection. Transfection was performed using Lipofectamine

3000. The medium was changed 4-6 hrs after the transfection,

and the cells were incubated in an incubator for 24 hrs.

siFOXD1, SS 50-GGCAAUUAUUAUUGUACUAUU-30,
AS 50-UAGUACAAUAAUAAUUGCCAG-30. siDLL3, SS

50-GGAUGCACUCAACAACCUAAG-30, AS 50-UAGGUUG

UUGAGUGCAUCCGG-30. siLY6D, SS 50-GCUUCUGCAA

GACCACGAACA-30, AS 50-UUCGUGGUCUUGCAGAA

GCGA-30.

Cell Culture

By searching the CCLE (Cancer Cell Line Encyclopedia) data-

base,12 we used the cell line BT549 with relatively high expres-

sions of FOXD1 and DLL3, and the cell line MDA-MB468 with

relatively high expression of LY6D. The above cell lines and the

non-triple negative breast cancer cell line MCF7 were purchased

from the Cell Bank of Shanghai Institute of Cell Biology, CAS,

and cultured in the DMEM medium (High glucose, HyClone

Company, UT, USA) containing 10% fetal bovine serum (Sijiq-

ing Company, Hangzhou, China) and 100 units/ml penicillin/

streptomycin, Gibco / Invitrogen) at 37�C and 5% CO2.

Reverse Transcription-Quantitative Polymerase Chain
Reaction (RT-qPCR)

The total RNA was extracted by TRIzol reagent, according to

the manufacturer’s instructions. The RT-qPCR assays were

performed according to the manufacturer’s instructions of the

2X SYBR Green qPCR kit, which was conducted by an

Applied Biosystems ABI Prism 7000 Real-Time PCR System

(Applied Biosystems, Foster city, CA, USA). The cycling con-

ditions were as follows: 94�C for 3 min to activate the DNA

polymerase, followed by 40 cycles of 95�C for 40 sec, 61�C for

60 sec and 72�C for 40 sec, and then extended at 72�C for

10 min. The reactions for each gene were repeated 3 times and

independent experiments were performed in triplicate. The pri-

mer sequences were as follows:

FOXD1, forward 50-TGAGCACTGAGATGTCCGATG0

and reverse 50-CACCACGTCGATGTCTGTTTC-30 .

DLL3, forward 50- CACTCCCGGATGCACTCAAC0 and

reverse 50- GATTCCAATCTACGGACGAGC-30.

Figure 2. Volcano plot used to display the differentially expressed

genes screened in each group. (A) Normal vs. Basal like, (C) Her2 vs.

Basal like, (E) Luminal A vs. Basal like, (G) Luminal B vs. Basal like,

(I) Normal like vs. Basal like. Heatmap visualization of a subset of

the top 50 up- and downregulated DEGs across different groups.

(B) Normal vs. Basal like, (D) Her2 vs. Basal like, (F) Luminal A vs.

Basal like, (H) Luminal B vs. Basal like, (J) Normal like vs. Basal like.
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LY6D, forward 50- TGGGGATTCCACACCTCTCT0 and

reverse 50- GGATCCACAGGGCTTCTGTC-30.

CCK8

The BT549 and MDA-MB468 cell lines were seeded in 96-well

plates at a density of 1*10 5̂/ml, respectively. After overnight

incubation, the cells were transfected with siRNA or negative

control siRNA. DOX (0.5uM) was added as single drug or

combined with different siRNAs 24 hrs later. After 24 hrs, the

medium was removed and CCK8 (10 ml in 100 ml of DMEM)

was added to each well, and the plates were incubated at 37�C
for 1 hr, followed by the OD value measurement. The cell

viability was calculated according to the following formula:

Figure 3. GO terms analysis of DEGs using cluster profiler. Cnetplot used to show the potential biological complexity of the same gene that may

belong to multiple annotation categories. (A-B) Cellular component (CC), (C-D) molecular function (MF), (E-F) biological process (BP).

(G) KEGG pathway enrichment analysis of DEGs.
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cell viability ¼ [(As-Ab) / (Ac-Ab)] * 100%. The experiment

was repeated 3 times.

Immunohistochemistry

Paraffin sections were baked at 60�C for 1 hour, dewaxed by

xylene (xylene I 10 min, xylene II 10 min), gradient alcohol

(100% 3 min, 100% 3 min, 95% 3 min, 90% 3 min, 85% 3 min,

75% 3 min, distilled water 3 min, distilled water 3 min, PBS 3

min). Then used 3% H2O2 to treat the sections and washed with

PBS thoroughly. The sealant (5%BSA) was dripped and placed

in wet box at room temperature for 30 minutes. The primary

antibody (FOXD1, DLL3 and LY6D was respectively 1:100,

1:50 and 1:20) was added and incubated in a wet box at 4�C
overnight, and washed with PBS. The biotinylated secondary

antibody (1:200) was added and incubated in wet box at room

temperature for 20 minutes, and the secondary antibody was

washed with PBS. Added horseradin-labeled streptomycin and

incubated at room temperature for 20 minutes, and rinse with

PBS. DAB color development agent, tap water fully rinse.

Then, hematoxylin was redyed, dehydrated, transparent and

neutral gum was sealed.

Statistical Analysis

R (Version 3.3) and survival package were used for survival

analysis. DEGs with P value less than 0.05 in Cox and Kaplan-

Meier analysis were defined as potential biological markers.

Results

Identification of DEGs

The sequencing data were divided into the following 5

groups: group 1: Basal like vs. Normal; group 2: Basal like

vs. Her2; group 3: Basal like vs. Luminal A; group 4: Basal

like vs. Luminal B; and group 5: Basal like vs. Normal like.

We obtained genes that were differentially expressed in the

normal tissue of Basal like type compared with other sub-

types. According to the threshold of |logFC|�1.5 and adjust

P <0.001, a total of 3306 DEGs were obtained in group 1

(including 2043 up-regulated and 1263 down-regulated

Figure 4. (A) The PPI network visualizated by Cytoscape for the DEGs. Red and blue circles represent up-regulated and down-regulated genes,

respectively. Top 3 modules from the protein-protein interaction network. (B) Module 1, (C) module 2, (D) module 3.
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genes); a total of 1621 DEGs were obtained in group 2

(including 1016 up-regulated and 605 down-regulated genes);

a total of 2576 DEGs were obtained in group 3 (including

1659 up-regulated genes and 917 down-regulated genes); a

total of 2514 DEGs were obtained in group 4 (including 1664

up-regulated and 744 down-regulated genes); and a total of

1958 DEGs were obtained in group 5 (including 1214 up-

regulated and 744 down-regulated genes). The DEG identi-

fied in each group were displayed using a volcano map

(Figure 2A, C, E, G, I), and heat maps were plotted to show

the 100 genes with the most differential expression in each

group (including 50 up-regulated and 50 down-regulated

genes) (Figure 2B, D, F, H, J). The information on all DEGs

was shown in the Supplementary Document 1. Next, the Venn

map was constructed to identify the specific genes with dif-

ferential expression (Figure 1B) in the Basal like subtype

compared to normal tissues and other subtypes, and a total

of 533 DEGs (including 431 up-regulated and 102 down-

regulated genes) were obtained.

GO and Pathway Analysis

The 533 DEGs were subjected to GO and KEGG pathway

analysis to further explore their functions and pathway enrich-

ment. The screening criteria of P <0.05 and Q-value <0.05

were used. For the cellular components, they were significantly

enriched in the intermediate filament cytoskeleton, intermedi-

ate filament, and collagen trimer (Table S1, Figure 3A); for the

molecular functions, they were significantly enriched in the

DNA-binding transcription activator activity, RNA polymerase

II�specific, enzyme inhibitor activity, and endopeptidase inhi-

bitor activity (Table S2, Figure 3C); and for the biological

processes, which were significantly enriched in the epidermis

development and skin development (Table S3, Figure 3E). In

addition, we also constructed the cnetplot to show the potential

biological complexity of the same gene that may belong to

multiple annotation categories (Figure 3B, D, F).9

Next, we performed the KEGG pathway enrichment analysis

on these 533 DEGs. The results showed that the most significant

Figure 5. Prognostic value of 3 genes—FOXD1 (A), DLL3 (B), LY6D (C)—in Basal-like cancer patients.
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pathway for DEGs enrichment was “Neuroactive ligand�recep-

tor interaction.” In addition, there were different degrees of

enrichment in “Estrogen signaling pathway,” “Protein digestion

and absorption,” and “Retinol metabolism” (Figure 3G).

PPI Network Construction and MCODE

We constructed the PPI network of the identified DEGs with

STRING database, and then visualized the PPI network using

Cytoscape (Version 3.5.1). As shown in Figure 4A, 517 nodes

and 500 edges with PPI enrichment P-value < 1.0e-16, were

identified. Based on the PPI network, we used MCODE for the

module analysis and selected the 3 highest-rated modules for

display (Figure 4B, C, and D).

Survival Analysis

By analyzing the association between DEGs and survival

period of the patients with Basal like type, the biomarkers with

significant effects on survival were identified. DEGs with

P-value <0.05 were considered to be significantly different in

the Cox regression univariate analysis, and then, they were

used to construct the Kaplan-Meier survival curve (Log-rank

method) of the patients with Basal like subtype. In this study,

we defined DEGs with P < 0.05 in the Cox and Kaplan-Meier

analysis as the potential biomarkers. The results showed that

FOXD1 (HR ¼ 1.6, 95% CI (1.1-2.2), P ¼ 0.01, log rank

P ¼ 0.0065) (Figure 5A), DLL3 (HR ¼ 1.8, 95% CI

(1.3-2.5)), P ¼ 0.0011, log rank P <0.001) (Figure 5B),

andLY6D (HR ¼ 1.2, 95% CI (1-1.5), P ¼ 0.016, log rank

P ¼ 0.0015) (Figure 5C) were negatively associated with the

survival of the patients with Basal like type.

CCK8 Analysis

Compared to BT549 and MDA-MB468, MCF7 was more sen-

sitive to DOX (P < 0.05, Figure 6A). At the same

Figure 6. Cytotoxicity of doxorubicin for breast cancer cell lines. Cell viability was assessed by CCK-8 assay, each group was repeated for 3

time. The data of group was analyzed by T test, value of P < 0.05 was significant statistical differences between the groups. The error bars

represent SD. These 3 cell lines show different sensitivity to DOX (A). BT549 cells were treated with 0.5 mM DOX alone or combined with si-

FOXD1 respectively, DMSO acted as the control, and then subjected to CCK8 assay (B). BT549 cells were treated with 0.5 mM DOX alone or

combined with si-DLL3 respectively, DMSO acted as the control, and then subjected to CCK8 assay (C). MDA-MB-468 cells were treated with

0.5 mM DOX alone or combined with si-LY6D respectively, DMSO acted as the control, and then subjected to CCK8 assay (D).
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concentration(DOX 0.5uM), compared with the group which

was treated with DOX alone, the groups treated with DOX

combined with siRNA knockdown of FOXD1, DLL3, and

LY6D showed more cytotoxicity (Figure 6B, C, and D). The

efficiency of siRNA was performed by RT-PCR (Figure 7).

Immunohistochemistry

Immunohistochemical analysis was performed on the normal

breast tissue and tumor tissues with the molecular subtype of

triple negative breast cancer, as shown in the Figure 8.

Discussion

TNBC is a subtype of breast cancer with worse prognosis than

other molecular subtypes. Although chemotherapy has

achieved some progress, and pathological complete remission

can be achieved after neoadjuvant therapy, the metastasis rate

of INBC is still higher than other subtypes, and the prognosis is

poorer.13 Recently, with the development of high-throughput

sequencing and bioinformatics, the understanding of the mole-

cular mechanism of cancers is also deepening. As a publicly

funded project, TCGA aims to identify major oncogene varia-

bility and has developed a comprehensive review of cancer

genome. This study aimed to identify the potential biomarkers

in TNBC by analyzing the TCGA transcriptome sequencing

data. The DEGs were identified by comparing the transcrip-

tome data of Basal like type with the data of normal and other

subtypes, and bioinformatics analysis and in vitro experiments

were performed.

First, the GO analysis of cellular components revealed that

the 533 DEGs were significantly enriched in “intermediate

filament cytoskeleton,” and “intermediate filament.” It plays

an important role in cell migration and invasion, as well as in

immune response, tissue renewal, or wound healing. This abil-

ity of migration plays a key role tumor development as it pro-

motes cancer cells to invade adjacent tissues, thus leading to

metastasis.14 At present, although the role of actin and micro-

tubule cytoskeleton networks is relatively clear,15,16 the role of

intermediate filaments (IFs) still needs to be further explored. It

has been demonstrated that the expression of a particular subset

of IF proteins can be commonly used as a biomarker to identify

the origin tissue of tumor. IF expression and compositions are

also used to determine the progression of cancer, indicating that

they reveal, to some extent, the ability of cell invasion.17,18

Second, the GO analysis of molecular functional enrichment

showed that DEGs were mainly enriched in the transcription

factor, activity and RNA polymerase II core promoter proximal

region sequence-specific binding. Phosphorylation of RNA

polymerase II is necessary for the initiation and elongation of

transcription, and inhibiting this process leads to cell death in

the preclinical model of TNBC.19

Third, the GO analysis of biological processes showed that

DEGs were significantly enriched in such processes as epider-

mis development, skin development, and epidermal cell differ-

entiation. Epidermal proliferation is a strictly controlled

process. Genetic alterations in the signaling pathways that reg-

ulate the proliferation and differentiation of keratinocytes may

disrupt this balance and lead to pathological changes including

carcinogenesis.20

Figure 7. The transfection efficiency of si-FOXD1, si-DLL3 and si-LY6D were verified by RT-PCR.
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Subsequently, in order to analyze the signal pathways in

which DEGs were enriched, we performed the KEGG pathway

analysis, and the results showed that the Neuroactive

ligand�receptor interaction pathway showed significant

enrichment. It is shown that in the pan-cancer analysis using

the TCGA data, this pathway ranks the fifth in the malignant

tumor mutation pathways.21 This pathway is the most signifi-

cant in patients with gliomas and is associated with poor prog-

nosis.22 In addition, other study has shown that changes in the

expression level of this pathway may affect lung cancer risks.23

In summary, these DEGs play important roles in many bio-

logical processes, some of which have been fully annotated, but

the mechanisms associated with TNBC still need further studies.

Later, we constructed a PPI network using these DEGs, aiming

to analyze the interactions. In addition, the survival analysis was

performed with clinical information of patients in the TCGA

database to determine the relationship between these DEGs and

patients’ outcomes. KM and COX survival analysis were con-

ducted on 533 DEGs to screen for survival-related Hubgenes,

which screened by the Survival package in R language. The can-

didate gene was defined as the P value of both KM and COX were

< 0.05. We found that FOXD1, DLL3, and LY6D were negatively

associated with the survival of patients with Basal like type.

FOXD1 belongs to the forkhead family of transcription fac-

tors. This family is widely present in the process of biological

evolution and is involved in many molecular cascades and

biological functions, such as the embryonic development, cell

cycle regulation, metabolic regulation, and signal transduction.

The dysfunction of FOXD1 is associated with a variety of

diseases; therefore, it may be a biomarker and potential ther-

apeutic target.24 Studies have shown that it promotes the cell

growth and metastasis of NSCLC,25 and the downregulation of

Figure 8. Expression of DLL3, FOXD1, and LY6D (SP�100 and SP�400) in TNBC tissue: Expression of DLL3 in TNBC tissue (SP�100 and

SP�400) (A, B). Expression of FOXD1 in TNBC tissue (SP�100 and SP�400) (D, E). Expression of LY6D in TNBC tissue (SP�100 and

SP�400) (G, H). Expression of DLL3, FOXD1, and LY6D (SP�100) in normal breast tissue (C, F, I).
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FOXD1can inhibit cell proliferation and migration of LSCC

cells.26 The deletion of FOXD1 can inhibit the invasion and

migration of melanoma, glioma, and osteosarcoma to some

extent.27-29 Recent study reported that the over-expression of

FOXD1 promoted the proliferation, migration, invasion of

nasopharyngeal carcinoma cells.30 Bai et al, revealed identified

potential therapeutic target genes for breast cancer (BC) by the

investigation of gene expression changes after ionizing radia-

tion (IR) in BC cells, and found FOXD1 was one of the hub

nodes in the transcriptional regulatory network of the overlap-

ping DEGs.31 Another bioinformatics analysis also revealed

FOXD1 was the breast cancer survival related gene.32 Zhao

et al reported that FOXD1 was up-regulated in breast cancer

tissues, and depletion of FOXD1 expression decreases the abil-

ity of cell proliferation and chemoresistance in MDA-MB-231

cells.33 In this study, we silenced FOXD1 in the TNBC breast

cancer cell line BT549 by the means of RNA interference.

Consistently, we found that compared with the group admini-

strated with DOX alone, the cytotoxicity of DOX combined

with si-FOXD1 was stronger.

DLL3 (Delta Like Canonical Notch Ligand 3) encodes the

members of the d protein ligand family. This family functions as

a Notch ligand and is characterized in its DSL domain, an EGF

repeat and transmembrane domain. Members of this family play

important roles in the progression of cancers. A retrospective

study suggests that up-regulated DLL3 protein can be used as a

diagnostic and prognostic marker for endometrial cancer. The

study stated that the high expression of DLL3 was associated

with patients’ ages (odds ratio [OR]¼ 1.74), advanced stages of

the International Federation of Gynecology and Obstetrics sys-

tem (OR ¼ 2.9), grade III/IV (OR ¼ 5.1), myometrial invasion

(OR ¼ 2.2), pelvic involvement (OR ¼ 12.9), and para-aortic

lymph node metastasis (OR ¼ 9.9) (P < 0.001). According to

Spino M, DLL3 can serve as a potential target for the treatment

of Isocitrate Dehydrogenase-mutant Glioma.34 DLL3 was over-

expressed in small cell lung cancer (SCLC), which caused a

poorer prognosis.35 Matsuo et al reported that DLL3 was

expressed in neuroendocrine cells of the gastrointestinal tract

and that might play a pivotal role in gastrointestinal neuroendo-

crine carcinoma cells.36 Zhang et al reported silencing Nothc4/

Dll3 could decrease endothelial markers and function of tumor-

derived endothelial cells under chemotherapy treatment in breast

cancer.37 The investigation of DLL3 was limited, but the above

research was consistent with our results.

LY6D (Lymphocyte Antigen 6 Family Member D) is a

member of the lymphocyte antigen family 6 (Ly6). A single-

cell sequencing study showed that LY6D may be a prognostic

factor for advanced prostate cancer.38 In another study, Rubin-

feld B demonstrated that LY6D/E48 antibody in combination

with irinotecan achieved significant efficacy in the human

xenograft model of Colo205.39 LY6D is upregulated in laryn-

geal cancer and may serve as a biomarker for chemoresistance

in laryngeal squamous cell carcinoma.40 Mayama et al ana-

lyzed the biomarkers associated with distant metastasis by

microarray and immunohistochemistry, and the results sug-

gested that LY6D was a potent marker for distant metastasis

of ER-positive breast cancer patients.41 Luo et al reported that

LY6D was overexpressed in breast cancer, and was associated

with poor outcome.42 The CCK8 analysis in this study also

showed that DOX combined with si-LY6D significantly inhib-

ited the cell viability of tumor cells.

Conclusion

In summary, this study identified the DEGs between Basal like

and other subtypes/normal tissues in the TCGA database using

bioinformatics. The key functions and pathways of DEGs enrich-

ment were subsequently identified. In addition, by combining

patients’ clinical information, the genes that were closely related

to patients’ prognosis were further identified by Cox regression

univariate analysis and Kaplan-Meier survival analtsus. Subse-

quent cell experiments were performed to silence FOXD1,

DLL3, and LY6D using the RNA interference technique, which

further confirm the relationship between them and the Basal like

type. This study provides new insights for exploring underlying

mechanisms of Basal like type breast cancer and may provide

potential biomarkers for its diagnosis and prognosis.
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