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BCL11A confers cell invasion and migration in androgen
receptor-positive triple-negative breast cancer
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Abstract. Triple-negative breast cancer (TNBC) is associated
with poor clinical prognosis due to alack of effective therapeutic
options. The expression of B-cell lymphoma/leukemia 11A
(BCL11A) has been indicated to correlate with TNBC carcino-
genesis, though the precise mechanisms of BCL11A-induced
tumorigenesis in TNBC remain unclear. Using data retrieved
from The Cancer Genome Atlas (TCGA) database, the
present study demonstrated that BCL11A expression was
upregulated in TNBC, compared with other types of breast
cancer. Furthermore, in a tissue microarray of 140 patients
with breast cancer, an elevated BCL11A level was corre-
lated with unfavorable overall survival (OS), and exogenous
BCL11A-knockdown was subsequently verified to inhibit
tumor growth and metastasis in TNBC. Notably, the same
tissue microarray revealed that a favorable patient outcome
was associated with high expression levels of BCL11A and
androgen receptor (AR). Moreover, BCL11A-knockdown
significantly inhibited the expression level of AR and further
had an influence on proliferation, migration and invasion in
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TNBC cell lines. Collectively, the results of the current study
indicate the function of BCL11A in TNBC progression, and
provide new insights into the unique mechanism of BCL11A in
AR regulation, emphasizing the significance of more research
on BCLI11A and AR regulation in TNBC molecular treatment.

Introduction

Breast cancer is an important public health threat to women
worldwide. Triple-negative breast cancer (TNBC) accounts
for 20% of total breast cancer cases, and is characterized
as estrogen receptor (ER)-negative, progesterone receptor
(PR)-negative, and HER2-negative (1). As a result of its
aggressive biological characteristics and the lack of effec-
tive treatment options, TNBC has been associated with poor
prognosis, when compared with other subtypes of breast
cancer (2). Therefore, the development of novel TNBC
therapies is urgently required. Recently, several studies have
shown that other types of hormone receptors are expressed in
TNBC, such as androgen receptor (AR) (3). AR was proved
to have a high level of structural similarity to that of ER
and PR (4). Several studies have demonstrated that different
types of breast cancer exhibited diverse function of AR.
AR-associated signaling pathway was speculated to act as
either tumorigenic or antitumor effect in multiple studies in
breast cancer. A previous study identified AR as a commonly
expressed nuclear receptor in breast cancer, which was crucial
in promoting tumorigenesis (5). In ER-positive breast cancer,
AR could predict promising outcome, while in TNBC, the
prognostic value of AR expression is still controversial. In
TNBC, multiple researches have illustrated different results
on the function of AR (5-8). Furthermore, it has been found
that bicalutamide, an AR inhibitor, could reduce TNBC prolif-
eration and activity (1). Nevertheless, the precise molecular
mechanisms of AR-induced cell proliferation, migration and
invasion in TNBC cells remains unclear. The present study
identified BCL11A, a novel oncogene, and its potential role in
the AR-associated regulation of TNBC.

BCLI11A, also known as Evi9 and CTIPI1, was firstly
discovered in leukemia with chromosome transloca-
tion t (2;14)(p13;q32.3). The BCL11A gene is located on human
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chromosome 2pl3 and is ~102 kb in length (9). BCL11A is
primarily expressed in brain and hematopoietic tissues (10),
though accumulating evidence suggests that it also plays an
essential role in the formation of other tumors, including
prostate cancer, lung cancer, laryngeal squamous cell carci-
noma and acute leukemia (11-16). In lung cancer, Jiang et al
identified BCL11A could induced by miR-30a and act as a
potential prognostic factor in NSCLC (17). Additionally, in
lung squamous cell carcinoma (LUSC), Lazarus et al found
that BCL11A was integral to LUSC pathology and could
interact with SOX2 to regulate several downstream transcrip-
tion factors (18). In prostate cancer and colorectal cancer, it
has been demonstrated that BCL11A overexpression strongly
reversed the influence of tumor progression induced by
FOXQI inhibition (19,20). Notably, BCL11A may also promote
stemness in breast cancer cells by inducing Wnt/f-catenin
signaling (21). BCL11A activation is associated with the induc-
tion of numerous carcinogenic signaling pathways, and there
is growing evidence to suggest that BCL11A downregulation
inhibits tumorigenesis (22,23). However, the specific functions
of BCL11A and the underlying mechanism of its involvement
in TNBC have not been fully clarified. The results of the
present study demonstrated the importance of BCL11A in the
development and progression of TNBC, and for the first time,
identified the potential mechanism of BCL11A-associated AR
regulation in TNBC.

Materials and methods

Clinical samples. Tissue microarray HBre-Ducl40Sur-01
was obtained from Shanghai Outdo Biotech Co., Ltd, and
contained tissue samples collected between January 2001 and
August 2004. The corresponding patients had not received
radiotherapy or chemotherapy prior to surgery. Experiments
with tumor tissues were performed according to the Declaration
of Helsinki and were approved by the Ethics Committee of
Jinling Hospital. Construction of the tissue microarray has
previously been demonstrated (24). The surgical time was
between 2001.07-2004.08. The follow-up time was up to
2013.07. The median survival time was 76 months.

TCGA database. Breast cancer tissue samples with RNA-seq
data and clinicopathological information were downloaded
from the cancer genome atlas (TCGA) database released
on October 31, 2018. Samples were divided into four breast
cancer subtypes according to their ER, PR and HER?2 status.
At the time of analysis, 466 luminal A samples, 103 luminal B
samples, 39 HER2-positive samples and 140 TNBC samples
were included in our study. Overall survival (OS) was measured
from the date of diagnosis to the date of death due to all causes
or the last follow-up.

Immunohistochemistry. Immunohistochemical staining was
performed as previously described (24). Staining was scored
as: i) ++++ if >80% tumor cells were immuno-positive;
ii) +++ for 51-80%; iii) ++ for 11-50%; iv) + for 1-10% cells;
and v) -if <1% of the tumor cells were positively stained. The
staining intensity was categorized as negative (-), weak (+),
moderate (++) or strong (+++). The H-score method was utilized
via multiplying the percentage score by the staining intensity
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score and produce a summed score between 0 and 12. The
standard of classification was shown as follows: Intensity score
(0O=no staining, 1=weak, 2=moderate and 3=strong); stained
cell proportion score (0=0%, 1=1-10, 2=11-50, 3=51-80 and
4=81-100%). BCL11A high expression was defined as
H score =6. AR positive was defined as =10% expression.
Immunostained sections were observed using a microscope
(Carl Zeiss Inc.).

Cell lines and culture conditions. TNBC cell lines
(MDA-MB-231 and Hs578T) were provided by Chinese
Academy of Science Committee Type Culture Collection
Cell Bank (Shanghai, China). Cell culture experiment was
conducted as recently described (25). MDA-MB-231 and
Hs578T cells were cultured in RPMI 1640 and DMEM
medium, respectively, both supplemented with 10% fetal
bovine serum (FBS) and 100 units/ml penicillin/streptomycin
(all Gibco; Thermo Fisher Scientific, Inc.). The cells were
maintained at 37°C with 5% CO,.

Plasmids and transient transfection. Short hairpin (sh)RNA
sh-BCL11A and the negative control sh-NC were cloned
into expression plasmids to generate recombinant lenti-
viral vectors (LV-shRNA-BCLI11A and LV-shRNA-NC).
Cells were transfected with recombinant lentivirus plasmid
LV-shRNA-BCLI1A or LV-shRNA-NC in the presence of
5 pg/ul polyene (Sigma-Aldrich; Merck KGaA). Lentivirus
plasmids were provided by Suzhou GenePharma Co., Ltd. and
si-BCL11A was provided by Guangzhou RiboBio Co., Ltd.
The sequences were: sh-BCL11A: 5-GCAGATAAACTTCTG
CACTGG-3'; sh-NC: 5"TTCTCCGAACGTGTCACGT-3
si-BCL11A: 5-GAACACTCATGGATTAAGA-3.

Western blotting. Samples were prepared using a RIPA lysis
buffer containing a protease inhibitor cocktail. The protein
concentrations were quantified with the BCA kit (All kits from
KeyGen Biotech). Subsequent experiment was conducted as
recently described (26). The antibodies used for western blot-
ting were as follows: Rabbit anti-BCL11A (ab191401, 1:10,000,
Abcam), rabbit anti-AR (ab74272, 1:300, Abcam), rabbit
anti-GAPDH (ab181603, 1:10,000, Abcam) and rabbit IgG
(#7074, 1:10,000, Cell Signaling Technologies, Inc.).

Colony formation assay. Transfected cells were seeded into
a 6-well plate (600 cells per well) and incubated in fresh
medium at 37°C for 14 days. The resulting colonies were fixed
with 100% methanol. And then colonies were stained with
0.5% crystal violet. Colonies containing >50 cells were manu-
ally numbered.

Wound-healing assay. Following transfection, cells were
seeded into 6-well plates and incubated at 37°C until 90%
confluence. A sterile pipette tips was used to create a wound
across each cell monolayer, and the cells were incubated in
serum-free medium for a further 12 h. Images of the wound
area were captured at 0 and 12 h, and wound closure was
assessed using Image-Pro Plus 6.0 (Media Cybernetics, Inc.).

Transwell assay. Following transfection, 2x10* cells (in 200 pl
serum-free medium) were added to the upper chamber of a
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Figure 1. BCLI11A expression in triple-negative breast cancer tissues and its association with survival. (A) BCLI1A mRNA expression data in different
subtypes of breast cancer were extracted from The Cancer Genome Atlas mRNA database. One-way ANOVA analysis was performed among four groups.
“"P<0.001. (B) BCL11A expression in different subtypes of breast cancer using a tissue microarray is presented. (C) Representative immunohistochemical
staining images of BCLI11A protein level in patient tissues are presented. Patients were divided into high (image above) and low (image below) BCL11A
expression groups according to the histochemistry score. (D) Overall survival of patients with breast cancer with high (red) or low (blue) BCL11A expression
is presented. P=0.012. BCL11A, B-cell lymphoma/leukemia 11A; NC, negative control.

Transwell insert; 800 ul of medium (supplemented with
10% FBS) was added to the lower chamber as a chemoattrac-
tant. After culturing at 37°C for 24 h, cells that had migrated
to the lower matrix membrane were stained with crystal violet;
stained cells were counted using a light microscope.

Cellcycle analysis.Cellstransfected with LV-shRNA-BCLI11A,
LV-shRNA-NC or the mock were cultured in 6-well plates
at 2x10° per well. Cells were harvested and centrifuged
at 1500 rpm for 5 min. Subsequent steps were performed as
recently described (27). The cells were washed with ice-cold
PBS and fixed with 70% ethanol overnight at -20°C. The
fixed cells were washed with PBS for 10 min and treated with
RNAase A for 30 min followed by incubation with propidium
iodide for 30 min at room temperature. The cell cycle in
each specific sample were evaluated by the flow cytometer
(FACSCalibur) following the manufacture's instruction. The
ModFit software was used to analyze the cell cycle result.

Statistical analysis. Data analysis was performed with
SPSS v.20 (IBM Corp.) and GraphPad Prism software v.7
(GraphPad Software, Inc.). All experiments were indepen-
dently conducted =3 times. Comparisons between two groups
were analyzed using Student's t-test. Comparisons between
multiple groups were analyzed using one-way ANOVA,
followed by Tukey's post hoc test. For the IHC results, P-values

were calculated using the ¥ test to compare the distribution
of demographic variables. Survival analysis were performed
according to Kaplan-Meier method. Prognostic factor was
calculated using Cox proportional hazards regression model.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Elevated expression of BCLIIA correlates with an unfavor-
able outcome of breast cancer patients. To evaluate the
expression level of BCL11A in breast cancer, BCL11A mRNA
expression data was extracted from TCGA database, which
showed that TNBC tumors expressed significantly increased
levels of BCL11A compared with those of other types of breast
cancer (P<0.001) (Fig. 1A). Subsequently, IHC staining was
performed in a breast cancer microarray (140 tissue samples)
to detect the expression of BCL11A (Fig. 1B-C). The posi-
tive rates of BCL11A in TNBC, HER-2 breast cancer and
luminal A breast cancer were 100% (31/31), 21.4% (2/14)
and 2.9% (2/70), respectively. Demographic, pathological
and clinical variables were also analyzed. Furthermore, the
association between BCL11A expression and clinical char-
acteristics of 140 cases was reviewed and analyzed (Table I).
Results showed that 36 cases (25.7%) exhibited high BCL11A
levels, while 104 cases (74.3%) exhibited low BCLI1A levels.
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Table I. Relationship between expression of BCL11A and clinicopathologic features of patients with breast cancer.

BCL11A high BCLI11A low
(n=36) (n=104)
Variables n % n % x> P-value
Age 0.946 0.331
<51 years 16 44 4 56 53.8
>51 years 20 55.6 48 46.2
Histological® 3.278 0.166
I 1 2.8 11 10.9
-1 35 97.2 90 89.1
TNM stage® 0.714 0.700
I-1I 24 66.7 67 65.7
I 12 333 35 343
ER status® 80.545 <0.001
Negative 34 944 13 135
Positive 2 5.6 83 86.5
PR status’ 62.177 <0.001
Negative 35 972 23 24.0
Positive 1 2.8 73 76.0
HER-2 status® 9.503 0.009
Negative 33 91.7 68 70.8
Positive 3 8.3 28 29.2
AR status' 4223 0.040
Negative 8 222 43 413
Positive 28 77.8 61 58.7

2A total of three samples of the histological status of BCL11A low expression group were missed. °A total of two samples of the TNM stage of
BCL11A low expression group were missed. °A total of eight samples of ER status of BCL11A low expression group were missed. ‘A total of
eight samples of PR status of BCL11A low expression group were missed. °A total of eight samples of HER-2 status of BCL11A low expres-
sion group were missed. ‘A total of eight samples of AR status of BCL11A low expression group were missed. Bold values are statistically
significant (P<0.05). BCL11A, B-cell lymphoma/leukemia 11A; ER, estrogen receptor; PR, progesterone receptor; AR, androgen receptor;

HER-2, human epidermal growth factor receptor-2.

In addition, these data revealed that BCL11A expression was
not significantly correlated with age, histological or TNM
stage. Notably, a high BCLI11A level was strongly associated
with decreased level of ER, PR and HER-2, and an increased
level of AR. Then, correlation between BCL11A level with
patient clinical outcomes was investigated, revealing that high
BCLI11A expression was correlated with poor OS (Fig. 1D,
P=0.012). In order to elucidate whether OS was correlated
with any of the clinicopathological variables, multivariate
analysis with Cox proportional hazard model was applied.
As displayed in Table II, several factors were significantly
associated. Therefore, BCL11A was speculated to act as an
independent unfavorable prognostic biomarker in breast cancer
[(HR)=2.099; 95% (CI)=1.123-3.925; P=0.020]. In summary,
these results suggest that in breast cancer patients, BCL11A
expression is correlated with a poor outcome.

BCLI1A-knockdown reduces TNBC cell proliferation.
Multiple researches have demonstrated that BCL11A is
critically associated with tumor development and progression.

However, the function of BCL11A in breast cancer, particu-
larly in TNBC, requires additional in-depth exploration. The
present study demonstrated that TNBC tissues exhibited
significantly higher BCL11A expression compared with other
types of breast cancer. To further gain evidence of its crucial
role in TNBC, the effects of BCL11A inhibition on the tumori-
genic capacity of TNBC cells were investigated, using an
shRNA-knockdown assay (Fig. 2A). BCL11A expression was
not significantly related with cell cycle (Fig. 2B, Fig. S1A-F).
However, the results of the colony formation assay showed
that BCL11A-knockdown significantly reduced the cell prolif-
erative ability in both cell lines (Fig. 2C). These data thus
indicated that BCL11A could induce TNBC cell proliferation
and promote cancer development and progression.

BCLIIA induces TNBC cell migration and invasion. Few
studies have elucidated the correlation between BCLI1A
expression and cell proliferation in TNBC. The present
study indicated that BCL11A promoted TNBC proliferation.
To further evaluate its biological function, the influence of
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Table II. Univariate Cox proportional hazard regression model analysis of breast cancer for overall survival.

Univariate analysis

Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value
Age 1.397 (0.769-2.538) 0272
TNM stage 2.361 (1.307-4.25) 0.004 2.543 (1.398-4.625) 0.002
Tumor size
<2 cm 1.000 1.000
2-5cm 1.403 (0.617-3.10) 0419 1.237 (0.541-2.828) 0.614
>5 cm 2.355 (0.786-7.01) 0.126 1.584 (0.478-5.251) 0452
Node status
0 1.000 1.000
1-3 1.003 (0.439-2.29) 0.994 0.897 (0.381-2.113) 0.840
4-9 2.454 (1.190-5.01) 0.015 2464 (0.231-26.27) 0.455
>10 2.177 (0.709-6.64) 0.174 2474 (0.212-28.93) 0.470
Histological 0.953 (0.341-2.67) 0.928
ER status 0.532 (0.288-0.984) 0.044 0.597 (0.314-1.134) 0.115
PR status 0.528 (0.284-0.99) 0.043 0.599 (0.313-1.146) 0.121
HER-2 status 0.829 (0.382-1.76) 0.634 0.718 (0.324-1.592) 0415
BCL11A status 2.150 (1.169-3.96) 0.014 2.099 (1.123-3.925) 0.020

Bold values are statistically significant (P<0.05). ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor
receptor-2; BCL11A, B-cell lymphoma/leukemia 11A.
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BCLI11A protein on TNBC migration and invasiveness ability  lines (Fig. 3A). Likewise, a Transwell assay revealed that
was determined. Using a wound-healing assay, BCL11A  BCL11A-knockdown significantly decreased the metastatic
knockdown noticeably inhibited cell migration in both cell  potential of TNBC cells (Fig. 3B). These data thus revealed that
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BCLI11A could facilitate TNBC migration and invasion, which
may result in carcinogenesis and metastasis. Collectively, these
results confirmed that exogenous BCL11A knockdown inhib-
ited tumor progression in TNBC, and support the tumorigenic
role of BCL11A in TNBC cell function.

BCLIIA regulates the expression of AR in TNBC cells. The
aforementioned data showed that BCL11A was upregulated
and served as a carcinogenic factor in TNBC. Although TNBC
is characterized as lacking of ER, PR and HER-2, it expresses
other receptors like AR. Yet the correlation of BCL11A and
AR in TNBC cells remains unknown. To address it, the
present study evaluated if inhibiting BCL11A could influence
AR expression level in TNBC cell lines. Using a tissue micro-
array, a significant positive association was illustrated between

BCLI11A level and AR (Fig. 4A). Furthermore, knockdown of
BCLI11A expression significantly down-regulated the expres-
sion level of AR in TNBC cells (Fig. 4B). To determine whether
the AR reversely regulated BCL11A expression, TNBC cells
were treated for 48 h with dihydrotestosterone (DHT), an AR
agonist, or bicalutamide, an AR antagonist. BCL11A protein
expression was then analyzed by western blotting. The results
show that the activation or inhibition of AR signaling had
no significant impact on BCL11A protein expression level
(Fig. 4C and D). Moreover, in the functional assay, the AR
agonist, DHT, significantly reversed the antitumor effect of
si-BCLI11A in both TNBC cell lines (Fig. 5A-D). Collectively,
these results provided solid evidence that BCL11A could
induce the expression of AR and further had an influence on
proliferation, migration and invasion in TNBC cell lines.
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Discussion

In the current study, BCL11A was shown to be upregulated,
and to be a predictor of poor clinical outcome in patients
with TNBC. BCL11A was determined to serve as an inde-
pendent indicator of unfavorable outcome in breast cancer.
Experimentally, down-regulating BCL11A expression in
TNBC cells significantly inhibited tumor progression.
Statistical analysis demonstrated that high BCL11A level
was associated with higher expression of AR. Subsequent
experimentation also revealed that knockdown of BCL11A
expression significantly down-regulated the expression level
of AR in TNBC cell lines and further had an influence on cell
function in TNBC.

It has previously been disclosed that as well as normal
lymphoid development and globin switching, BCL11A plays
an active role in mediating tumorigenesis (28,29). In bone
metastasis of breast cancer, the expression of BCL11A is
significantly increased compared with control group (30).
In the present study, BCL11A was shown to be upregulated
in patients with TNBC, and high BCL11A protein level was
associated with poor OS, suggesting that there is a correla-
tion of BCL11A expression with breast cancer. Regarding
tumorigenesis in prostate cancer, it was previously shown that
BCLI11A overexpression strongly reversed the influence of
tumor progression induced by FOXQI inhibition (19). On the
basis of previous results, in TNBC cells, disrupting BCL11A
expression significantly reduced cell proliferation and inva-
sion. Additionally, gene expression profiling of BCLI11A
siRNA-treated SUDHLG6 cells proved that BCL11A could
be associated with the signaling network of cell cycle (22).
However, the present data did not indicate a relationship
between BCL11A and cell cycle in TNBC. The possible reason
may be that BCL11A cannot increase transcriptional rate
in TNBC, which would lead to the decreased expression of
cyclin genes. Tsang et al investigated the cell cycle phenotype
in the BCL11A-deficiency hematopoietic stem cells (HSCs),
suggesting the reduction of quiescence in the Bcllla™™ HSC
compartment (31). However, changes in the transcriptome are
one of the earliest events in entry to the cell cycle. Therefore,
the cell cycle progression requires further translational and
post-translational regulation, which might accout for our cell
cycle result. During neocortical development, BCL11A is
necessary for the cell polarity switch and upper layer neuron
migration (32). In current study, disrupting BCL11A expres-
sion significantly reduced cell migration in TNBC. Finally, our
data provided compelling evidence that BCL11A is critical in
the tumor progression of TNBC.

In addition, it is important to elucidate the potential under-
lying mechanism in TNBC and the downstream targets of
BCLI11A in TNBC. As we all known, TNBC is characterized
as lacking of ER, PR and HER-2. However, it expresses other
hormone receptors like AR. AR has been recognized to act as
a very important factor in recent years. Our present data indi-
cated that high BCL11A level correlated with higher level of
AR in breast cancer patients. Although correlation coefficient r
is only 0.174, we evaluated to focus on the significance of
P-value, which was 0.040 and statistically significant. Previous
study has reported that AR was expressed in a particular group
of TNBC patients and was strongly correlated with clinical
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prognosis. Increasing evidence has indicated that AR signaling
pathway played a critical role in modulating oncogenesis and
tumor metastasis. To gain more solid evidence, we designed
the following experiment in TNBC cell lines to further inves-
tigate if inhibiting BCL11A could influence AR expression
level and subsequently influence tumor cell function. The
present study showed that BCL11A knockdown significantly
down-regulated the expression level of AR in TNBC cells
and further had an influence on cell function, which suggests
that AR may be a downstream target of BCL11A. Also, the
results of DHT or bicalutamide treatment in TNBC cells
demonstrated that activating or inhibiting AR signaling had
no significant impact on BCL11A protein level. To the best of
our knowledge, the present study is the first to reveal a unique
molecular mechanism by which BCL11A regulates the level
of AR in TNBC, and further research in the future is required
to determine the precise mechanism of BCL11A and AR in
TNBC tumorigenesis and potential targeted therapies.

In summary, the present study suggests that BCL11A as
a novel biomarker of tumorigenesis, which acts through the
upregulation of the AR in breast cancer. Therefore, BCL11A
may act as both a new prognostic predictor and a feasible target
for TNBC therapy. Moreover, these data indicate that in-depth
research of BCL11A and AR as promising implications for
TNBC-targeted therapeutic options is warranted.
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