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A B S T R A C T   

Background:  Basal-like breast cancer (BLBC) is an important subtype of breast cancer. Twist1 is a key tran
scription factor in BLBC metastasis, which serves a key role in tumorigenesis. The potential mechanism of Twist1 
in BLBC remains to be elucidated. Here, we explored the role and molecular mechanism of Twist1 in BLBC. 
Methods:  The levels of CBX7, Twist1 and EphA2 in BLBC tissues and cells were determined by Western blot. ChIP 
and dual-luciferase reporter assays confirmed the interaction between CBX7, Twist1 and EphA2 promoter. The 
cellular functions were analyzed by CCK-8, colony formation, wound healing and Transwell assays. Expression of 
EMT related proteins was analyzed by Western blot. IHC measured the expression of CBX7, Twist1 and EphA2 in 
tumor tissues. 
Results: CBX7 was down-regulated in BLBC tissues and cells, whereas Twist1 and EphA2 were up-regulated. 
Twist1 silencing inhibited the cell migration, invasion and cancer metastasis of BLBC through targeting 
EphA2 and regulating EphA2 expression. Additionally, CBX7 blocked the binding of Twist1 to EphA2 promoter 
and inhibited EphA2 expression and suppressed BLBC growth and metastasis via Twist1/EphA2 axis. 
Conclusion:  CBX7 suppresses BLBC growth and metastasis through Twist1/EphA2 pathway. Our study may 
provide evidence and new therapeutic targets for the comprehensive treatment of BLBC.   

Introduction 

Breast cancer is one of the most common malignant tumors and the 
leading cause of cancer death among women worldwide [1]. According 
to the different gene expression profiles, breast cancer is divided into 
four subtypes: Tubular A (Luminal A), Tubular B (Luminal B), ErbB2 and 
basal-like [2]. Basal-like breast cancer (BLBC) expresses low levels of 
estrogen receptor, progesterone receptor and epidermal growth factor 
receptor 2, and highly expresses several basal markers such as cyto
keratins 5/6 and cytokeratin14 [3]. BLBC is prone to early metastasis 
and spread to the brain and lungs [4]. High invasiveness and metastasis 
of BLBC contribute to its poor clinical outcome and prognosis [5]. 
Studies showed that BLBC cells are more prone to 
epithelial-mesenchymal transition (EMT), thereby triggering tumor cell 

metastasis more easily [6]. Therefore, probing the molecular mechanism 
of BLBC metastasis has a very important role in the identification of new 
therapeutic targets. 

Twist1 is a member of the basic helix-loop-helix protein family and is 
a transcription factor with a helix-loop-helix domain [7]. Studies have 
found that Twist1 was highly expressed in many malignant tumors such 
as breast cancer, and it was proved to be related to tumor metastasis and 
prognosis [8]. Subsequent studies confirmed that Twist1, which acted as 
transcription factors, can regulate cell migration and invasion of EMT 
target genes [9]. For example, Twist1 can bind to E-box, and can also 
bind to the Slug promoter region to regulate the transcription of the 
genes, thereby inhibiting E-cadherin and promoting the progress of EMT 
[10,11]. As a transcription factor, Twist1 usually binds to the promoter 
regions of a variety of target genes and initiates the transcription 
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process. Our previous data have shown that Twist1 can bind to the 
promoter of the receptor tyrosine kinase ROR1 to up-regulate ROR1 
transcription and promote breast cancer metastasis [12]. However, the 
regulatory mechanism of Twist1 in breast cancer is still not fully 
characterized. 

EphA2 belongs to the Eph kinase family, which is the largest family 
of receptor tyrosine kinases [13]. When EphA2 binds with its ligand 
Ephrin A1, they regulate cell-cell interactions and many diseases, 
including breast cancer [14]. EphA2 is significantly highly expressed in 
BLBC, and its high expression often leads to poor prognosis [15]. In our 
previous research, we screened out a series of potential Twist1 target 
genes through gene chip analysis of cell lines overexpressing Twist1, and 
EphA2 was suddenly listed. We verified that EphA2 was significantly 
increased in T-47D cells overexpressing Twist1. Thus, we speculated 
that Twist1 could regulate EphA2 to promote the metastasis of BLBC. 

Chromobox protein homolog 7 (CBX7), an important member from 
the Chromobox family, participates in the formation of polycomb 
repressive complex and is found to be crucial for regulating breast 
cancer progression. For example, CBX7 expression was strongly corre
lated with breast tumor subtype aggressiveness and the proliferation 
markers [16]. In addition, previous studies found that CBX7 bound to 
E-box and hindered Twist1′s transcription of the miR-199a promoter 
[17]. According to the TCGA database analysis, CBX7 is low expressed in 
BLBC. Therefore, we speculate that CBX7 hinders Twist1′s transcrip
tional regulation of EphA2, and then down-regulates EphA2 to affect the 
EMT and metastasis of BLBC. 

In this study, we identified that Twist1 as a novel factor for the 
transcriptional activation of EphA2 in BLBC. CBX7 blocked the binding 
of Twist1 to EphA2 promoter and suppressed BLBC growth and metas
tasis through Twist1/EphA2 axis. Our results provide potential thera
peutic agent for the treatment of BLBC. 

Materials and methods 

Clinical specimens 

50 cases of basal-like breast cancer tissues and the adjacent tissues 
were obtained from surgically resected samples of BLBC patients from 
March 2018 to May 2019 in Xiangya Third Hospital of Central South 
University. Patients did not receive any radiotherapy or chemotherapy 
previously. Written informed consent was provided by patients. Samples 
were collected and stored in liquid nitrogen. Our research was approved 
by Clinical Research Ethics Committee of Xiangya Third Hospital of 
Central South University (No.2019-S144). 

Cell culture 

Human basal cell-like breast cancer cells (MCF-7, T47D, SK-BR-3, 
Hs578T, MDA-MB-231) and normal breast epithelial cells (MCF-10A) 
were provided by the American Type Culture Collection (ATCC, Mana
ssas, VA, USA). These cells were cultured in DMEM (Invitrogen, Carls
bad, CA, USA) containing 10% FBS (Gibco, Grand Island, NY, USA) and 
1% Penicillin-Streptomycin (Invitrogen) at 37 ◦C in 5% CO2. 

Cell transfection 

The short hairpin RNA (shRNA) targeting EphA2 (shEphA2–1, 
shEphA2–2), Twist1 (shTwist1–1, shTwist1–2) and CBX7 (shCBX7) were 
purchased from Sigma (St Louis, MO, USA). The open reading frames of 
Twist1 or CBX7 genes were cloned into the pLenti6.3/V5-puro vector by 
gene cloning. Constructs were cotransfected with packaging plasmids 
into HEK-293T cells. Viral fluids were collected after 24 h. For stable cell 
generation, the BLBC cell lines were infected and selected with 
puromycin. 

Western blot 

Cells were lysed by RIPA to extract the total protein. The protein 
concentration was determined using the BCA method. Then 10% SDS- 
PAGE electrophoresis was performed and the membrane was trans
ferred to the PVDF membrane (Millipore, Boston, MA, USA), followed by 
blocking with 5% skim milk for 1 h. The membranes were incubated 
with the primary antibody at 4 ◦C overnight: anti-CBX7 (ab21873, 
1:1000, Abcam, Cambridge, MA, USA), anti-Twist1 (#69,366, 1:1000, 
Cell Signaling Technology, Danvers, MA, USA), anti-EphA2 (34–7400, 
1:1000, Thermo Fisher Scientific, Waltham, MA, USA), anti-E-cadherin 
(ab133597, 1:1000, Abcam), anti-N-cadherin (ab76011, 1:1000, 
Abcam), anti-Vimentin (#5741, 1:1000, Cell Signaling Technology), 
anti-Slug-1 (ab27568, 1:1000, Abcam). The next day, the secondary 
antibody (#7074, 1:1000, Cell Signaling Technology) was incubated for 
1 h. Finally, the X-ray film was developed. 

Cell counting kit-8 (CCK-8) assay 

Cells were seeded on 96-well plates at a density of 3000 cells/well. 
Cell viability was tested at 0, 24, 48 and 72 h after incubation. 100 μL 
CCK-8 reagent (Beyotime, Shanghai, China) was added into each well 
for 2 h at 37 ◦C. The optical density value was determined at 450 nm by a 
microplate reader (Bio-Rad Laboratories Inc, Hercules, CA, USA). 

Colony formation assay 

Cells were cultured on 6-well plates (500 per well) and incubated at 
37 ◦C with 5% CO2 for 2 weeks. Colonies were fixed with 4% para
formaldehyde for 30 min and then stained using 0.5% crystal violet 
solution (Sigma). Finally, cell colonies were observed under a micro
scope (Olympus, Tokyo, Japan). 

Wound healing assay 

For detecting cell migration ability, cells were incubated on six-well 
plates. When the cell density reached 80% confluence, three scratches 
were made across the bottom of the plates in each well with a 200 μL 
pipette tip. The cells were then cultured in serum-free medium with 
proliferation inhibitor of ERK (PD98059, 10 μM, Cell Signaling Tech
nology). After 24 h, the scratch areas were photographed. 

Transwell assay 

Firstly, the inner side of the filter membrane was coated with 
Matrigel or without Matrigel at 37 ◦C for 2 h. Hs578T and MDA-MB-231 
cells were pretreated with proliferation inhibitor of ERK (PD98059, 10 
μM). After the matrigel was solidified, Hs578T and MDA-MB-231 cells 
were resuspended with 200 μL serum-free DMEM medium, and then 
inoculated into the upper chamber of Transwell chamber. Then, DMEM 
medium containing 20% serum was added into the lower chamber. After 
cultured at 37 ◦C and 5% CO2 for 12 h, the invaded cells were fixed in 
4% formaldehyde, stained with 0.1% crystal violet, and observed under 
a microscope (Olympus). 

Method for predicting E-box 

First, the human EphA2 promoter sequence (− 2000–1) was found 
according to UCSC (http://genome-asia.ucsc.edu/), and then the 
sequence of the E-box (− 689 to − 683 of the EphA2 promoter region) 
was found according to the palindrome sequence CACGTG of the E-box. 

Chromatin immunoprecipitation (ChIP) assay 

ChIP assay was performed in Hs578T and MDA-MB-231 cells with a 
ChIP Assay Kit (Cell Signaling Technology). Cells were crosslinked with 
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Fig. 1. CBX7 was down-regulated, while Twist1 and EphA2 were increased in BLBC. (A) IHC examined CBX7, Twist1 and EphA2 expression in BLBC tissues and 
adjacent normal breast tissues. Scar bar = 50 µm. (B) The levels of CBX7, Twist1 and EphA2 in BLBC tissues (n = 10) and adjacent normal breast tissues (n = 10) were 
determined by Western blot. (C) Chi-square test was used to detect the correlation between CBX7, Twist1, EphA2 expression and clinicopathological characteristics of 
BLBC patients. (D) Pearson analysis showed the correlation between the expression of CBX7 and EphA2, Twist1 and EphA2 in BLBC tissues. (E) The levels of CBX7, 
Twist1 and EphA2 in five breast cancer cell lines and breast epithelial cells were determined by Western blot. *P<0.05, **P<0.01, ***P<0.001. 
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1% formaldehyde for 10 min at room temperature. After that, cells were 
lysed using lysis buffer with protease inhibitors. Aliquots of lysates were 
used for each immunoprecipitation reaction with an equal amount of 
anti-Twist1 antibody (#69,366, Cell Signaling Technology), anti-CBX7 
antibody (ab91431, Abcam) or IgG (#2729, Cell Signaling Technol
ogy) overnight at 4 ◦C with Protein A/G magnetic beads (Thermo Fisher 
Scientific). One-fourth of the chromatin solution was used for total 
input. Subsequently, the immunoprecipitates were reverse cross-linked. 
The precipitated DNA was analyzed using RT-qPCR with the specific 
primers of EphA2 promoter. Primer sequence of Twist1 binding to 
EphA2 promoter: Forward: 5′-TCCCGTTTGTTTCACTCACA-3′, 20 nt; 
Reverse: 5′-CTGGCATGGGTTGATAGGTT-3′, 20 nt. 

Primer sequence of CBX7 binding to EphA2 promoter (E-box): For
ward: 5′-TCAAAACCTATCAACCCATGC-3′, 21 nt; Reverse: 5′- AGAAA
CAACATGCCCAAAGG-3′, 20 nt. 

Dual-luciferase reporter assay 

The potential binding sequences of Twist1 on the EphA2 promoter or 
CBX7 (E-box) on EphA2 promoter were mutated using the Quik
Change™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA). 
EphA2 promoter region (− 831 to − 822) containing the wild-type (WT-) 
or mutant (Mut-) Twist1 binding site (WT-Twist1, AGGCAGGTGT; Mut- 
Twist1, TCCGTCCACA), and EphA2 promoter region (− 689 to − 683) 
containing WT-E-box (CACGTG) or Mut-E-box (TATGAT) were cloned 
into pGL3-basic vector (Promega, Madison, WI, USA). Cells were seeded 
in 24-well plates until growth to 80% confluence. The EphA2 promoter 
constructs and Twist1 and/or CBX7 were co-transfected into the indi
cated cells using Lipofectamine 3000 reagent following the manufac
turer’s protocol. The luciferase activity was conducted after 48 h of 
transfection with Dual luciferase reporter system (Promega). 

Immunofluorescence 

Cells were plated on a petri dish. After attachment, cells were fixed 
with 4% paraformaldehyde (Sigma) for 15 min. Next, cells were per
meabilized with 0.5% Triton X-100 solution (Sigma) for 5 min. Goat 
serum blocking solution was used for blocking for 30 min. Cells were 
probed using anti-E-cadherin (ab133597, 1:1000, Abcam), anti-N- 
cadherin (ab76011, 1:1000, Abcam) at 4 ◦C overnight. The second 
antibody was labeled with fluorescent dye (A0516, A0562, 1:200, 
Beyotime) and incubated in the dark for 1 h. DAPI (1:5000, Beyotime) 
staining was performed for 5 min to stain the nuclei. Finally, slides were 
mounted and the protein localization and expression were observed 
under a laser confocal microscope (Olympus). 

Immunohistochemistry (IHC) 

Paraffin embedded tissues were sectioned, deparaffinized and rehy
drated. Antigen retrieval was conducted with 10 mM citrate buffer (pH 
6.0) in microwave. Following incubation with 5% normal goat serum for 
30 min, slices were incubated at 4 ◦C overnight with primary antibodies 
against CBX7 (ab21873, 1:200, Abcam), Twist1 (#69,366, 1:200, Cell 
Signaling Technology), EphA2 (34–7400, 1:500, Thermo Fisher Scien
tific). After incubation by HRP-labeled secondary antibody (#7074, 
1:1000, Cell Signaling Technology) for 1 h, slides were visualized with a 
light microscope (Olympus). 

Nude mice xenograft 

Five-week-old female BABL/c nude mice (n = 8/group) were ob
tained from Shanghai laboratory Animal Center of Chinese Academy of 
Sciences (Shanghai, China). For tumorigenesis experiment, mice were 
subcutaneously injected with 2 × 106 stably transfected cells in 150 μL 
PBS. Tail vein injection (150 μL, 2 × 106 cells) was conducted to verify 
metastasis. Tumor weights were measured and tumor volume = (Width2 

˟ Length)/2. After 45 days, the mice were sacrificed and lung tissues 
were taken out. The metastatic nodules in lungs were counted. HE 
staining was used to detect the tumor metastases in lung. The mice 
xenograft tumor experiments were permitted by the Animal Ethics 
Committee of Xiangya Third Hospital of Central South University 
(No.2019-S144). 

Statistical analysis 

All the data were expressed as means ± SD. The significance of dif
ference between any two samples was analyzed using Student’s t-test 
with GraphPad Prism 7 (Graphpad, La Jolla, CA, USA). ANOVA evalu
ated differences among multiple-group comparison. The relationship 
between Twist1 and CBX7, EphA2 in BLBC tissues was tested by using 
Pearson analysis. The association between CBX7, Twist1, EphA2 
expression and clinicopathological characteristics of BLBC patients was 
analyzed with chi-square test. At least three independent experiments 
were performed. A P value <0.05 was considered as statistically 
significant. 

Results 

CBX7 was down-regulated, while Twist1 and EphA2 were increased in 
BLBC tissues and cells 

We firstly assayed CBX7, Twist1 and EphA2 expression by IHC in 
BLBC tissues and normal adjacent tissues. Compared with adjacent 
normal tissues, CBX7 was lowly expressed, while Twist1 and EphA2 
were highly expressed in BLBC tissues (Fig. 1A). Moreover, Western blot 
revealed that the protein levels of CBX7, Twist1 and EphA2 had similar 
trends to the above results (Fig. 1B). Chi-square test showed that EphA2 
expression was not associated with the age and gender, but was related 
to BLBC grade, stage and lymph node metastasis. High expression of 
EphA2 was related to the advanced type of BLBC and lymph node 
metastasis (Table 1). Moreover, low expression of CBX7 or high 
expression of Twist1 and EphA2 was related to the advanced grade, 
invasion and lymph node metastasis of BLBC (Fig. 1C). In addition, 
Pearson analysis showed that CBX7 was negatively correlated with 
EphA2, while Twist1 and EphA2 were positively correlated in BLBC 
tissues (Fig. 1D). Furthermore, compared with breast epithelial cells, 
CBX7 was down-regulated, while Twist1 and EphA2 were up-regulated 
in breast cancer cells. Hs578T and MDA-MB-231 were the most obvious 
cell lines (Fig. 1E). These results suggest that CBX7, Twist1 and EphA2 
may regulate BLBC progression. 

Table 1 
The correlation between EphA2 expression and clinicopathological character
istics of BLBC patients.   

EphA2 expression 
Variable (n = 50) Low High P value 
Age     
<60years 19 9 10 0.4929 

≥60 years 26 15 11 
Gender     
Male 22 8 14 0.1806 
Female 27 15 12 
Grade     
Low 9 3 6 0.0440* 
High 41 29 10 
stage     
IþII 11 4 7 0.0041** 
IIIþIV 42 35 7 
Lyph node status     
N0 40 30 10 0.02638* 
N1, N2 10 2 5 

* P<0.05, **P<0.01. 
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Fig. 2. EphA2 knockdown inhibited the proliferation and metastasis of BLBC. Cells were transfected with shEphA2 or shNC. (A) Western blot measured EphA2 
protein level. (B-D) CCK-8, colony formation, wound healing experiments detected cell viability, proliferation and migration. (E) Transwell assay tested cell 
migration and invasion. Data are the means ± SD for three independent experiments. *P<0.05, **P<0.01. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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Fig. 3. Knockdown of Twist1 suppressed the proliferation and metastasis of BLBC. Cancer cells were transfected with shTwist1. (A) Western blot measured Twist1 
protein level. (B-D) CCK-8, colony formation, wound healing experiments detected cell viability, proliferation and migration. (E) Transwell assay tested cell 
migration and invasion. Data are the means ± SD for three independent experiments. *P<0.05, **P<0.01. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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EphA2 knockdown inhibited the proliferation and metastasis of BLBC 

To investigate the role of EphA2 in BLBC, cancer cells were trans
fected with shEphA2. Compared to control cells, EphA2 was obviously 
reduced in cells with EphA2 silencing (Fig. 2A). Cancer cell viability, 
proliferation and migration were greatly suppressed with EphA2 
silencing (Fig. 2B-D). Additionally, knockdown of EphA2 impaired cell 
invasion ability (Fig. 2E). Besides, EphA2 downregulation increased the 
fluorescence intensity of E-cadherin, but decreased N-cadherin intensity 
(Supplemental Figure 1A). Moreover, knockdown of EphA2 increased 
the expression of E-cadherin, but decreased the expression of N-cad
herin, Slug-1 and Vimentin (Supplemental Figure 1B). To further explore 
the role of EphA2 in BLBC growth and metastasis in vivo, cells with 
shEphA2 were injected into nude mice. EphA2 silencing reduced tumor 
volume and weight compared with control group (Supplemental 
Figure 1C). The lung lesions and metastatic nodules were significantly 
reduced with EphA2 silencing (Supplemental Figure 1D). Collectively, 
these data suggest that EphA2 knockdown suppresses proliferation and 

metastasis of BLBC. 

Knockdown of Twist1 suppressed the proliferation and metastasis of BLBC 

Next, cancer cells were transfected with shTwist1. Knockdown of 
Twist1 significantly decreased the expression level of Twist1 (Fig. 3A). 
Besides, with Twist1 silencing, cell growth, migration and invasion 
abilities were all impaired (Fig. 3B-E). Twist1 knockdown upregulated 
the E-cadherin fluorescence intensity, but downregulated N-cadherin 
intensity (Supplemental Figure 2A). Additionally, Twist1 silencing 
increased E-cadherin level. However, the levels of N-cadherin, Slug-1 
and Vimentin were decreased (Supplemental Figure 2B). For in vivo 
experiments, we found that with Twist1 knockdown, the tumor became 
smaller, lost weight and reduced volume (Supplemental Figure 2C). The 
lung lesions and metastatic nodules were greatly reduced with Twist1 
silencing (Supplemental Figure 2D). Thus, Twist1 knockdown inhibits 
proliferation and metastasis of BLBC. 

Fig. 4. Twist1 bound to EphA2 promoter and increased the expression of EphA2. (A) EphA2 expression increased in gene chip. Hs578T and MDA-MB-231 cells were 
transfected with shTwist1 or negative controls. (B) Levels of Twist1 and EphA2 were detected by Western blot. (C) ChIP assay detected Twist1 binding to EphA2 
promoter. (D) Dual luciferase reporter assay detected the binding of Twist1 to EphA2 promoter mutant and wild site. *P<0.05, **P<0.01. 
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Twist1 bound to EphA2 promoter and increased the expression of EphA2 

By analyzing the gene chip results of the Twist1 overexpression cell 
line, we found that EphA2 was also highly expressed in Twist1- 
overexpression T-47D cells (Fig. 4A). Cancer cells were then trans
fected with shTwist1. Decreased levels of Twist1 and EphA2 were 
observed in cells with shTwist1 compared to control group (Fig. 4B). 
Additionally, ChIP assay indicated that the binding of Twist1 to EphA2 
promoter was decreased with Twist1 knockdown (Fig. 4C). Dual- 
luciferase reporter assay revealed that with Twist1 silencing, the bind
ing of Twist1 to wild EphA2 promoter was reduced, but the binding to 
mutant EphA2 promoter remained unchanged (Fig. 4D). These data 

demonstrate that Twist1 binds to EphA2 promoter and increases the 
expression of EphA2. 

CBX7 blocked the binding of Twist1 to EphA2 promoter and 
transcriptionally inhibited the expression of EphA 2 

We further explored the regulatory relationship between CBX7 and 
Twist1 in BLBC development. Cancer cells were overexpressed with 
CBX7. Overexpression of CBX7 increased CBX7 expression, but 
decreased EphA2 expression (Fig. 5A). We predicted that CBX7 could 
target E-box and prevent Twist1 from binding to EphA2 promoter, 
thereby inhibiting Twist1′s transcriptional regulation of EphA2 

Fig. 5. CBX7 blocked the binding of Twist1 to EphA2 promoter and transcriptionally inhibited the expression of EphA2. Hs578T and MDA-MB-231 cells were 
overexpressed with CBX7. (A) The levels of CBX7, Twist1 and EphA2 were detected by Western blot. (B) The schematic diagram showed the regulatory relationship 
between CBX7 and Twist1 on the EphA2 promoter. (C) ChIP assay detected CBX7 binding to the E-box (CACGTG) on EphA2 promoter. (D) Dual luciferase reporter 
assay detected the binding of CBX7 and Twist1 to EphA2 promoter. (E) We further constructed pGL3-WT-E-box-Luc and pGL3-Mut-E-box-Luc. Dual luciferase 
experiment s confirmed that E-Box sequence was indispensable for CBX7 and Twist1 competition. Data are the means ± SD for three independent experiments. 
*P<0.05, **P<0.01, ***P<0.001. 
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(Fig. 5B). To test this hypothesis, ChIP assay indicated that the CBX7 
binding to the E-box on EphA2 promoter was increased with CBX7 
overexpression (Fig. 5C). Dual-luciferase reporter assay revealed that 
with CBX7 overexpression, the binding of CBX7 to WT-Twist1 increased, 

which hindered the transcriptional regulation of EphA2 by Twist1 
(Fig. 5D). We further constructed pGL3-WT-E-box-Luc and pGL3-Mut-E- 
box-Luc for dual-luciferase experiments. The results showed that in 
pGL3-Mut-E-box-Luc group, CBX7 did not bind to the E-box, resulting in 

Fig. 6. CBX7 regulated the proliferation of BLBC via Twist1/EphA2 axis. Cells were transfected with shCBX7 or shEphA2. (A) Western blot determined CBX7, Twist1 
and EphA2 protein levels. (B-D) CCK-8, colony formation, wound healing experiments tested cell viability, proliferation and migration. Data are the means ± SD for 
three independent experiments. *P<0.05, **P<0.01, ***P<0.001. 
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increased binding of Twist1 to EphA2 promoter and increased luciferase 
activity (Fig. 5E). These results suggest that CBX7 blocks the binding of 
Twist1 to EphA2 promoter and transcriptionally inhibits the expression 
of EphA2. 

CBX7 regulated the proliferation and metastasis of BLBC via twist1/ EphA 
2 axis 

To better understand the correlation between CBX7, Twist1 and 
EphA2 in BLBC progression, shCBX7 and shEphA2 were transfected into 
cancer cells. EphA2 was decreased when EphA2 was knocked down. 
CBX7 knockdown reduced CBX7 expression, while the expression of 
EphA2 increased in cells with shCBX7 (Fig. 6A). Besides, overexpression 
of CBX7 increased the expression of CBX7 (Supplemental Figure 4A). 
Additionally, cell viability, proliferation, migration and invasion abili
ties were greatly impaired in cell with EphA2 silencing compared to 
control group. On the other hand, knockdown of CBX7 enhanced cell 
viability, proliferation, migration and invasion, which partially over
turned the effect of EphA2 silencing (Figs. 6B-D and 7A). Meanwhile, 
CBX7 overexpression inhibited cell viability, proliferation, migration 
and invasion abilities compared to the control cells (Supplemental 
Figure 4B-E). Moreover, knockdown of EphA2 upregulated E-cadherin 

expression, while downregulated N-cadherin, Slug-1 and Vimentin 
levels. However, knockdown of CBX7 partially eliminated the effect of 
EphA2 silencing on the above proteins (Fig. 7B). Furthermore, the stable 
Hs578T and MDA-MB-231 cells transfected with shCBX7 or shEphA2 
were injected into nude mice. Knockdown of EphA2 inhibited the tumor 
growth compared to the control groups, but cotransfection with shCBX7 
overturned this effect (Supplemental Figure 3A and B). Similarly, IHC 
analysis showed that EphA2 expression decreased with EphA2 silencing. 
CBX7 knockdown reduced CBX7 expression, while the expression of 
EphA2 increased with CBX7 silencing (Supplemental Figure 3C). In 
addition, the tumor metastasis of EphA2 knockdown mice in lung was 
reduced obviously, while the tumor metastasis was aggravated with 
CBX7 silencing (Supplemental Figure 3D). Meanwhile, CBX7 over
expression inhibited the tumor growth and metastasis compared to the 
control group (Supplemental Figure 5). Collectively, these results indi
cate that CBX7 regulates the proliferation and metastasis of BLBC via 
Twist1/EphA2 axis. 

Discussion 

BLBC is a distinct breast cancer subtype and has strong invasiveness 
and metastatic potential with poor prognosis [18]. Therefore, 

Fig. 7. CBX7 regulated the metastasis and EMT of BLBC via Twist1/EphA2 axis. Cells were transfected with shCBX7 or shEphA2. (A) Transwell assay tested cell 
migration and invasion. (B) Western blot analyzed EMT related proteins. Data are the means ± SD for three independent experiments. *P<0.05, 
**P<0.01, ***P<0.001. 
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understanding of molecular mechanisms of BLBC metastasis can be of 
great importance [19]. Here, we identified that BLBC expressed high 
levels of Twist1 and EphA2, but low level of CBX7. In addition, we 
revealed a suppressive role of CBX7 in modulating the metastasis of 
BLBC through Twist1/EphA2 axis. 

There is evidence that Twist1 is a key factor that endows cells with 
malignant traits during BLBC metastasis. Shi et al. reported that inhi
bition of Twist1-BRD4 association suppressed BLBC cell invasion [20, 
21]. Similar to previous studies, we found that Twist1 was up-regulated 
in BLBC tissues and cells. Meanwhile, high expression of Twist1 
appeared to be associated with the malignancy grade of BLBC. Besides, 
repression of Twist1 inhibited the proliferation, EMT and metastasis of 
BLBC, suggesting that Twist1 modulates BLBC progression. 

We next verified for the first time that EphA2 was a downstream 
regulator of Twist1 in BLBC development. It has been shown that 
aberrant EphA2 level is involved in modulating the initiation and 
development of BLBC. For instance, EphA2 expression was enriched in 
BLBC, and loss of EphA2 function suppressed tumor growth [22]. 
Consistent with these findings, our analysis of BLBC data proved that 
EphA2 was greatly increased in BLBC. EphA2 expression was related to 
BLBC grade, stage and lymph node metastasis. Additionally, Twist1 was 
positively correlated with EphA2 expression in BLBC tissues. Further
more, functional assays indicated that EphA2 silencing suppressed the 
proliferation, EMT and metastasis of BLBC. Similarly, EphA2/Lyn/Tw
ist1 mechanotransduction pathway drove EMT, invasion, and metastasis 
in breast cancer [23]. EphA2 and Twist1 were highly expressed in the 
head and neck squamous cell carcinoma patients [24]. 

We further explored the mechanism of Twist1 and EphA2 on BLBC 
and revealed that Twist1 directly targeted EphA2 and induced EphA2 
level. Importantly, CBX7 blocked the binding of Twist1 to EphA2 and 
transcriptionally reduced the expression of EphA2. Literature has 
revealed that loss of CBX7 contributes to the development of BLBC. For 
example, CBX7 was associated with tamoxifen sensitivity, as well as 
chemosensitivity in breast tumors [25]. Notably, CBX7 prevented 
Twist1 from accessing the promoters of its target genes by directly tar
geting the promoters [17]. Here, we demonstrated that CBX7 was lowly 
expressed in BLBC and was negatively correlated with EphA2. Addi
tionally, CBX7 regulated the proliferation and metastasis of BLBC via 
Twist1/EphA2 axis. We also adopted a xenograft model to investigate 
the effects of CBX7, Twist1 and EphA2 on BLBC in vivo and provided the 
first evidence that CBX7 suppressed the tumor growth and lung metas
tasis of BLBC xenografts through Twist1 and EphA2. 

In conclusion, aberrant expression levels of CBX7, Twist1 and EphA2 
were observed in BLBC tissues and cells. At the mechanistic level, CBX7 
suppressed BLBC growth and metastasis through blocking the binding of 
Twist1 to EphA2 promoter. Thus, our study may provide innovative 
therapeutic targets for the diagnosis and prevention of BLBC distant 
metastasis. In addition, the cause of CBX7 downregulation in BLBC may 
due to the crosstalk between lncRNA/miRNA and CBX7 during BLBC 
progression, which remains elusive and requires further investigation. 
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