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Abstract: Triple-negative breast cancer (TNBC) is a heterogeneous disease that accounts for 10–15%
of all breast cancer cases. Within TNBC, the treatment of basal B is the most challenging due to its
highly invasive potential, and thus treatments to suppress metastasis formation in this subgroup
are urgently needed. However, the mechanisms underlying the metastatic ability of TNBC remain
unclear. In the present study, we investigated the role of Aurora A and Bcl-xL in regulating basal B
cell invasion. We found gene amplification and elevated protein expression in the basal B cells, which
also showed increased invasiveness in vitro, compared to basal A cells. Chemical inhibition of Aurora
A with alisertib and siRNA-mediated knockdown of BCL2L1 decreased the number of invading cells
compared to non-treated cells in basal B cell lines. The analysis of the correlation between AURKA
and BCL2L1 expression in TNBC and patient survival revealed significantly decreased relapse-free
survival (n = 534, p = 0.012) and distant metastasis-free survival (n = 424, p = 0.017) in patients
with primary tumors exhibiting a high combined expression of AURKA and BCL2L1. Together, our
findings suggest that high levels of Aurora A and Bcl-xL promote metastasis, and inhibition of these
proteins may suppress metastasis and improve patient survival in basal B TNBC.
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1. Introduction

Breast cancer is the most common cancer in women worldwide, accounting for 31% of
all cancer cases and is the second leading cause of cancer-related death at 15% of all breast
cancer deaths [1]. Although prognosis for women diagnosed with localized disease is good
with a 5-year survival rate of 87%, the 5-year survival rate for those diagnosed with distant
metastasis is only 23.4% [2]. Of all breast cancer subtypes, the triple-negative breast cancer
(TNBC), which accounts for 10–15% of all breast cancer cases, is associated with worse
prognosis compared to other subtypes due to its aggressive nature, higher metastatic rate
and early recurrence [3,4]. Treatment of this breast cancer subgroup is very challenging due
to the lack of available treatments and tumor heterogeneity [5]. Although chemotherapy
has been shown to improve TNBC patient survival, it has limited efficacy after the tumor
has metastasized [6]. Importantly, several targeted therapies have recently been approved
for TNBC. PARP (poly adenosine diphosphate-ribose polymerase) inhibitors have been
approved for BRCA1 and BRCA2 mutation carriers, which account for approximately
20% of TNBC patients [7]. Additionally, an antibody conjugate consisting of an anti-
Trop2 antibody conjugated with SN-38 (Sacituzumab govitecan), the active metabolite of
irinotecan, was recently approved by the FDA for metastatic TNBC based on promising
phase III study results [8,9]. Finally, the addition of the anti-PDL1 pembrolizumab to
neoadjuvant chemotherapy has shown to significantly improve event-free survival for
high-risk TNBC [10].
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TNBC significantly overlaps with the molecular basal-like breast cancer subtype [11],
which can be divided into: basal A, with mixed basal/luminal/epithelial-like features; and
basal B, exhibiting mesenchymal-like features and spindle-like morphology [12,13]. The
epithelial-like phenotype can, under normal circumstances, switch to the mesenchymal-like
phenotype through epithelial–mesenchymal transition (EMT), and in cancer cells, this pro-
cess has been shown to play a key role in cancer invasion and metastasis [14–17]. Recently,
we showed that gene copy number variations (CNV) rather than specific mutations are the
leading cause of breast cancer spread and lymph node (LN) metastasis [18]. Using single
cell sequencing, we identified the CNV of chromosome 20q in LN metastasis compared
to the primary tumor and found that amplification of AURKA (protein: Aurora Kinase A
(Aurora A)) and BCL2L1 (protein: Bcl-xL) was associated with LN metastasis. Furthermore,
overexpression of Aurora A and Bcl-xL has been associated with breast cancer metastasis
through the induction of EMT [19,20].

Aurora A is a mitosis regulator required for genome stability, which controls the
G2/M transition via the phosphorylation of breast cancer type 1 (BRCA1) and activation of
the cyclin-dependent kinase 1 (CDK1)/cyclin B complex [21]. Aurora A overexpression
has been identified in many solid tumors, including lung, ovarian, colorectal and breast
cancer, as well as in hematologic tumors such as T-cell lymphoma and is linked to poor
prognosis, drug resistance and degradation of the tumor suppressor p53 [14,15,19,21–23].
Several Aurora A inhibitors have been developed, including alisertib (MLN8237), which are
currently undergoing numerous phase 1 and 2 clinical trials in breast and other cancers [24].
Alisertib is a selective Aurora A inhibitor that prevents phosphorylation of Aurora A,
leading to cell cycle arrest in the G2/M phase, autophagy and apoptosis, with the latter
likely by altering the expression of B-cell lymphoma 2 (BCL-2) family members [25,26].
The BCL-2 protein family is characterized by the BCL-2 homology domains (BH1-4) and
includes the anti-apoptotic BH1-4 protein Bcl-xL [27], which was found to also have other
functions [28]. Importantly, metastasis may be enhanced by the ability of cancer cells to
resist apoptosis, and highly metastatic cancer cells likely exhibit a greater survival ability
and resistance to apoptosis than poorly metastatic cells [29–31]. Indeed, it has been shown
that Bcl-xL expression increases the metastatic potential of breast cancer cells in vivo by
promoting resistance to growth factors and organ-derived cytokines [32]. Furthermore,
Bcl-xL can improve cell survival and enhance anchorage-independent growth, which may
cause metastasis [32]. Many inhibitors targeting the BCL-2 family proteins have been
developed, but Bcl-xL specific inhibitors are not yet available.

In this study analyzing TNBC cell lines, we investigated the role of Aurora A and Bcl-
xL amplification and overexpression in two mesenchymal-like basal B cell lines compared
to an epithelial-like basal A breast cancer cell line. Higher copy number and expression
of Aurora A and Bcl-xL were associated with higher invasion ability in basal B cell lines.
Furthermore, we observed that Aurora A inhibition with alisertib and siRNA-mediated
BCL2L1 knockdown decreased the invasion of basal B cells. Finally, we showed that clinical
TNBC samples co-expressing higher mRNA levels of AURKA and BCL2L1 correlated with
shorter relapse-free survival (RFS) and distant metastasis-free survival (DMFS) of patients
with TNBC. Our results suggest that targeting Aurora A and Bcl-xL to suppress tumor
metastasis in the basal B TNBC subgroup, which has limited therapeutic options, may be a
useful therapeutic strategy.

2. Results
2.1. TNBC Cells with the Basal B-Like Phenotype Exhibit Gene Amplification and Overexpression
of Aurora A and Bcl-xL

Although Aurora A and Bcl-xL have both been linked to cancer formation and metas-
tasis in breast cancer [19,32], their specific role in the ability of basal A and B cells to invade
and metastasize remains unclear. To examine the correlation between Aurora A and Bcl-xL
expression and metastatic abilities in basal A and basal B TNBC, we first confirmed the
epithelial or mesenchymal features of MDA-MB-468, CAL-120 and MDA-MB-231 cells
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(Figure 1a) [33] and evaluated their invasion ability in vitro (Figure 1b). As expected, im-
munocytochemical analysis using the mesenchymal marker, vimentin and the epithelial
marker, EPCAM showed: low vimentin and high EPCAM in MDA-MB-468 cells, consis-
tent with epithelial basal A phenotype; and high-vimentin and low-EPCAM expression
in CAL-120 and MDA-MB-231 cells, consistent with a mesenchymal basal B phenotype
(Figure 1a). An invasion assay showed that CAL-120 and MDA-MB-231 cells exhibited
higher invasive properties than MDA-MB-468 cell lines (Figure 1b). Although the higher
invasion ability of CAL-120 cells compared to MDA-MB-468 cells did not reach statistical
significance, the differences observed between these two cell lines in vimentin and EPCAM
expression support the mesenchymal phenotype of CAL-120 cells. These findings support
the classification of MDA-MB-468 cells as basal A subtype and CAL-120 and MDA-MB-231
cells as basal B subtype, and that basal B exhibits higher invasive properties.
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Next, we evaluated AURKA and BCL2L1 copy numbers and Aurora A and Bcl-xL 
protein levels in the two basal B (CAL-120 and MDA-MB-231) cell lines compared to the 
basal A cell line (MDA-MB-468). AURKA and BCL2L1 amplification were observed in both 
basal B cell lines when compared to the basal A cell line (Figure 2a). Importantly, 

Figure 1. Basal B breast cancer cell lines CAL-120 and MDA-MB-231 showed mesenchymal phenotype
and increased invasiveness versus MDA-MB-468 basal A cells exhibiting an epithelial phenotype.
(a) Immunocytochemical analysis of formalin-fixed paraffin-embedded (FFPE) basal A, MDA-MB-468
cells and basal B, CAL-120 and MDA-MB-231 cells lines, stained for EPCAM and vimentin (×20);
(b) Invasive properties of basal B cells relative to the basal A cell line as determined by a cell invasion
assay kit. The data represent the mean of three biological replicates ± SEM. Statistically significant
differences calculated by one-way ANOVA are shown as ns > 0.05 and *** p ≤ 0.001.

Next, we evaluated AURKA and BCL2L1 copy numbers and Aurora A and Bcl-xL
protein levels in the two basal B (CAL-120 and MDA-MB-231) cell lines compared to the
basal A cell line (MDA-MB-468). AURKA and BCL2L1 amplification were observed in both
basal B cell lines when compared to the basal A cell line (Figure 2a). Importantly, examining
protein levels by Western blotting showed higher expression of both Aurora A and Bcl-xL
in the basal B cell lines than in the basal A cells (Figure 2b), with CAL-120 exhibiting the
highest Aurora A expression, while MDA-MB-231 showed the highest Bcl-xL expression.
Comparable results were obtained with immunocytochemical analysis of these proteins
in the three cell lines (Figure 2c). Together, these findings show that TNBC cell lines with
the basal B phenotype (basal B TNBC) are more invasive and exhibit higher levels of both
Aurora A and Bcl-xL.
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Figure 2. Basal B TNBC cells exhibit amplification of AURKA and BCL2L1 and overexpression of
Aurora A and Bcl-xL. (a) Evaluation of AURKA and BCL2L1 gene copy numbers by quantitative
RT-PCR copy number assay using TaqMan copy number variant (CNV) primers in basal A or B breast
cancer cell lines. RNase P was used as reference. The data represent the mean of three biological
replicates ± SEM. Statistically significant differences calculated by one-way ANOVA are shown as
ns > 0.05, ** p ≤ 0.01, *** p ≤ 0.001 and **** p ≤ 0.0001; (b) Western blot analysis of Aurora A and
Bcl-xL in lysates from MDA-MB-468, CAL-120 and MDA-MB-231 cell lines. GAPDH was used as
loading control. A representative of 2 biological replicates is shown; (c) Immunocytochemical analysis
of FFPE basal A, MDA-MB-468 cells and basal B, CAL-120 and MDA-MB-231 cell lines, stained for
Aurora A and Bcl-xL (×20).
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2.2. Inhibition of Aurora A and BCL2L1 Reduces Invasion of Basal B TNBC Cell Lines

To further investigate the role of Aurora A in the invasion capability of basal B TNBC
cells, we tested a specific Aurora A inhibitor, alisertib and evaluated its effect on cell
viability and invasion (Figure 3). Alisertib IC50 value for CAL120 and MDA-MB-231 cells
was determined as 10 and 19.33 µM, respectively, and 20 µM alisertib was used for further
experiments in both cell lines (Figure 3a). Furthermore, alisertib induced an increased
Aurora A and Bcl-xL expression and decreased vimentin compared to untreated CAL-
120 and MDA-MB-231 cells as evaluated by Western blotting (Figure 3b). Importantly,
treatment with alisertib inhibited CAL-120 and MDA-MB-231 cell invasiveness (Figure 3c),
consistent with reduced levels of vimentin observed upon treatment (Figure 3b). Although
alisertib reduced invasion in MDA-MB-468 cells as well, vimentin levels in this cell line were
significantly lower (Figure 3b) which supports the lower invasiveness and aggressiveness
of these cells. Together, these findings suggest an important role for Aurora A in regulating
invasion in highly aggressive basal B TNBC cells.
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Figure 3. Aurora A inhibitor, alisertib reduces the invasive properties of basal B breast cancer cells.
(a) Concentration-dependent inhibition of cell viability performed in basal B cells to determine the
IC50 of Aurora A inhibitor alisertib, as assessed by an MTT assay 72 h after treatment; (b) Western
blot analysis of Aurora A, Bcl-xL and vimentin in MDA-MB-468, CAL-120 and MDA-MB-231 cells
before and after treatment with alisertib (10 µM in MDA-MB-468 cells and 20 µM in CAL-120 and
MDA-MDA-MB-231 cells, treated for 72 h). GAPDH was used as loading control; (c) Analysis of
invasion properties of basal A and basal B cells treated with alisertib (10 µM in MDA-MB-468 cells and
20 µM in CAL-120 and MDA-MB-231 cells, treated for 72 h) relative to cells without chemoattractant.
The data represent the mean of two biological replicates ± SEM.

As Bcl-xL expression was found to be significantly higher in the more invasive basal B
cells compared to the less invasive basal A cells (Figures 2b,c and 3b), we further investi-
gated the role of BCL2L1 in the invasion capability of basal B TNBC cells. To this end, we
performed siRNA-mediated transient knockdown of BCL2L1 and evaluated its effect on
cell growth and invasion (Figure 4). Bcl-xL expression was significantly reduced at 72 h
in both cell lines treated with BCL2L1–siRNA compared to cells treated with scrambled
siRNA, as assessed by Western blotting (Figure 4a). We observed decreased cell growth of
CAL-120 and MDA-MB-231 cells 72 h following BCL2L1–siRNA transfection compared to
cells transfected with the control siRNA, as evaluated by crystal violet assay (Figure 4b).
Notably, BCL2L1 siRNA-mediated knockdown caused a marked reduction in the invasive-
ness of CAL-120 and MDA-MB-231 cells (Figure 4c). Together, these findings support a role
for BCL2L1 in controlling basal B TNBC cells invasion. A schematic presentation of the role
of Aurora A and Bcl-xL in regulating the invasion of basal B cells is shown in Figure 5.
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Figure 4. BCL2L1 siRNA-mediated knockdown reduces the invasive properties of basal B TNBC cells.
(a) Western blot analysis of Bcl-xL in CAL-120 and MDA-MB-231 cells before and after treatment
with BCL2L1–siRNA or scrambled siRNA at 24, 48 and 72 h. GAPDH was used as loading control;
(b) Evaluation of CAL-120 and MDA-MB-231 cell growth at 24, 48 and 72 h following BCL2L1
siRNA-mediated knockdown determined by crystal violet colorimetric assay; (c) Analysis of invasive
properties of CAL-120 and MDA-MB-231 cells at 72 h after treatment with BCL2L1–siRNA relative
to cells treated with scrambled siRNA (control). The data represent the mean of two biological
replicates ± SEM.

Int. J. Mol. Sci. 2022, 23, x FOR PEER REVIEW 6 of 15 
 

 

Figure 4. BCL2L1 siRNA-mediated knockdown reduces the invasive properties of basal B TNBC 
cells. (a) Western blot analysis of Bcl-xL in CAL-120 and MDA-MB-231 cells before and after treat-
ment with BCL2L1–siRNA or scrambled siRNA at 24, 48 and 72 h. GAPDH was used as loading 
control; (b) Evaluation of CAL-120 and MDA-MB-231 cell growth at 24, 48 and 72 h following 
BCL2L1 siRNA-mediated knockdown determined by crystal violet colorimetric assay; (c) Analysis 
of invasive properties of CAL-120 and MDA-MB-231 cells at 72 h after treatment with BCL2L1–
siRNA relative to cells treated with scrambled siRNA (control). The data represent the mean of two 
biological replicates ± SEM. 

 

Figure 5. Inhibition of Aurora A with alisertib and blockage of Bcl-xL reduces invasion of basal B
breast cancer cells. A schematic presentation showing the role of Aurora A and Bcl-xL in regulating
basal B cell growth and metastatic capability (created with BioRender.com, Toronto, ON, Canada).

2.3. High AURKA and BCL2L1 Expression Correlates with Poor Clinical Outcome in TNBC

To investigate the prognostic value of Aurora A and Bcl-xL in cohorts of TNBC patients,
we used the web-based tool Kaplan–Meier plotter to access the correlation between AURKA
and BCL2L1 mRNA expression and clinical outcome. High BCL2L1 expression significantly
correlated with shorter relapse-free survival (RFS, n = 534, p = 0.0019) and distant metastasis-
free survival (DMFS, n = 424, p = 0.0055) in TNBC patients (Figure 6a). High AURKA
expression was also associated with shorter RFS and DMFS in the same patient population,
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but this correlation was not statistically significant (Figure 6b, p = 0.017 and p = 0.13,
respectively). Notably, mean expression of combined AURKA and BCL2L1 was calculated,
and high AURKA-BCL2L1 mRNA expression showed a significant correlation with low RFS
(p = 0.012) and DMFS (p = 0.017) (Figure 6c). Cox regression multivariate analysis including
mean expression of combined AURKA and BCL2L1, MKi67 and ESR1 expression showed
that combined AURKA and BCL2L1 and ESR1 expression are independent prognostic
factors of RFS (HR 1.65, p = 0.0036; HR 1.42, p = 0.041, respectively) and DMFS (HR 1.74,
p = 0.013; HR 1.49, p = 0.041, respectively; Table 1.) The KM plotter does not subdivide the
basal-like subtypes into basal A and B; thus, we were not able to perform survival analysis
of these markers separately in basal A and basal B TNBC. These data support a correlation
between high AURKA and BCL2L1 and poor clinical outcome in TNBC patients.
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Figure 6. High AURKA and BCL2L1 expression correlates with shorter relapse-free survival (RFS) and
distant metastasis-free survival (DMFS) in TNBC. Kaplan–Meier survival curves of RFS and DMFS
for (a) BCL2L1 and (b) AURKA mRNA expression by KM plotter analysis; (c) Kaplan–Meier survival
curves of RFS ad DMFS for combined BCL2L1 and AURKA mRNA expression by KM plotter analysis.
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Table 1. Multivariate analysis of RFS and DMFS according to MKI67, ESR1, AURKA and BCL2L1
expression in TNBC tumors.

Variable RFS HR (95% CI) 1 RFS p DMFS HR (95% CI) 1 DMFS p

MKI67 0.89 (0.62–1.28) 0.5373 1.05 (0.72–1.53) 0.799
ESR1 1.42 (1.02–2) 0.0407 * 1.49 (1.02–2.19) 0.0412 *

AURKA + BCL2L1 1.65 (1.18–2.3) 0.0036 ** 1.74 (1.12–2.69) 0.0134 *
1 RFS: Relapse-free survival; DMFS: Distant metastasis-free survival. * p ≤ 0.05 and ** p ≤ 0.01

3. Discussion

TNBC and the partly overlapping molecular subtype basal-like breast cancer represent
an aggressive subtype of breast cancer that is associated with high metastatic ability, tumor
heterogeneity and lack of effective therapies [4,34]. Although chemotherapy is initially
effective, the majority of TNBC, particularly the basal B subtype, will metastasize and ex-
hibit chemotherapy resistance, which limits the efficacy of further therapy and is associated
with poor clinical outcomes [35–37]. Investigating the mechanisms of metastasis formation
is essential for developing effective clinical interventions for this patient population [38].
Aurora A and Bcl-xL have both been linked to the metastatic process in different types of
cancer, including breast cancer [19,32], but their specific impact on the ability of TNBC cells
to invade and metastasize remains unclear.

Here, we showed gene amplification and protein upregulation of Aurora A and
Bcl-xL in basal B TNBC cell lines compared to basal A cells, which correlated with a
mesenchymal phenotype and higher invasive capabilities of basal B cells. Other studies
have found upregulation of Aurora A and Bcl-xL in breast cancer, including basal-like
breast cancer and an association with breast cancer progression through the activation of
EMT and tumor stemness [19,20]. However, concomitant high expression of these two
molecules has not yet been shown in basal B TNBC. Identifying the vulnerabilities of TNBC
is particularly challenging due to its high heterogeneity and lack of major cancer drivers.
Thus, identification of the co-expression of Bcl-xL and Aurora A opens the possibility for co-
targeting therapeutic strategies in TNBC. Indeed, targeting the anti-apoptotic protein Bcl-xL
together with anti-mitotic agents has recently been proposed as an efficient therapeutic
strategy for different cancers, including TNBC [39]. In a different study, it was shown that
TNBC cells expressing Bcl-xL are sensitive to combined inhibition with a drug targeting Bcl-
xL and a drug targeting CDK1/2/4 but not when the Bcl-xL inhibitor was combined with
drugs inhibiting FOXM1, CDK4/6, Aurora A or Aurora B [40]. In contrast, our data show
that basal B TNBC cell lines co-expressing Aurora A and Bcl-xL are sensitive to Aurora
A inhibition with alisertib. Furthermore, we found that treatment with alisertib induces
increased expression of Bcl-xL in basal B TNBC cells, further supporting co-targeting both
molecules. In line with our findings, it was recently shown that the combined inhibition of
Aurora B and Bcl-xL caused synergistic cell growth impairment in cancer cells [41,42].

The Aurora A inhibitor alisertib has been shown to hinder the phosphorylation of
Aurora A and induce apoptosis by altering the expression of the BCL-2 family proteins to a
pro-apoptotic state through increased expression of pro-apoptotic proteins and decreased
expression of anti-apoptotic proteins, such as Bcl-xL [25]. In our study, we observed an
increased Aurora A expression after treatment with alisertib in basal B TNBC cells, which
can be explained by the accumulation of non-phosphorylated Aurora A. Furthermore,
we showed that the reduced metabolic activity induced by alisertib in basal B cells is
not due to the induction of apoptosis, as Bcl-xL expression is increased, likely due to a
compensation mechanism in response to the growth inhibition caused by the Aurora A
inhibitor. Instead, the reduced cell viability can be a result of the cell cycle arrest caused
by Aurora A inactivation. Importantly, inhibition of Aurora A and knockdown of BCL2L1
resulted in reduced in vitro invasion of both basal B cells compared to non-treated cells,
suggesting that these two targets are important in the metastatic process in mesenchymal-
like TNBC.
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To further investigate the implications of overexpression of Aurora A and Bcl-xL in
TNBC breast cancer patients, we assessed the correlation between AURKA and BCL2L1
mRNA expression and clinical outcomes using the web-based tool KM plotter. We found
that high-BCL2L1-AURKA correlated with shorter RFS and DMFS. High levels of Bcl-
xL or Aurora A have been previously correlated with poor overall survival (OS) and
short progression-free survival (PFS) in breast cancer, including TNBC [40,43–46], but a
correlation between co-expression of AURKA and BCL2L1 and TNBC patient survival has
not yet been reported. Of the studies that evaluated these markers and clinical outcomes
in TNBC, one study found a correlation between AURKA and OS and PFS in a small
population of TNBC patients (n = 122) [44]. Another study showed an association between
BCL2L1 levels and OS in a larger TNBC patient population (n = 580), but only one microarray
dataset was used, and RFS and DMFS were not evaluated [40]. Furthermore, this study
showed that high levels of AURKA either alone or together with BCL2L1 levels were not
associated with altered patient survival [40]. Our study is the first, to our knowledge, to
show that high co-expression of AURKA and BCL2L1 correlates with poor RFS and DMFS
in a large population of TNBC patients from different datasets.

In summary, our evaluation of the association between Aurora A and Bcl-xL copy
numbers and expression and epithelial/mesenchymal phenotypes in TNBC shows that
the co-expression of Aurora A and Bcl-xL is associated with the invasion capability of
TNBC cells in the basal B subtype, and inhibition of both molecules is required to suppress
tumor metastasis. Finally, we suggest that combined AURKA and BCL2L1 expression is a
prognostic factor in TNBC as tumors exhibiting high expression of both markers correlate
with poor outcomes.

4. Materials and Methods
4.1. Cell Line Culture

The TNBC cell lines MDA-MB-468 and MDA-MB-231 were obtained from ATCC, and
CAL-120 was obtained from Leibniz Institute DSMZ—German Collection of Microorgan-
isms and Cell Cultures. All cell lines were grown in Dulbecco’s Modified Eagle Medium
(DMEM, Sigma, Darmstadt, Germany) supplemented with 10% fetal bovine serum (FBS,
Gibco, ThermoFisher Scientific, Waltham, MA, USA) and 1% penicillin/streptomycin (P/S,
Gibco, ThermoFisher Scientific, Waltham, MA, USA). All cell lines underwent DNA authen-
tication using Cell ID™ System (Promega, Walldorf, Germany) and mycoplasma testing
(Lonza, Basel, Switzerland) before use in the described experiments.

4.2. DNA Extraction and CNV Assay

DNA was extracted using the DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany)
according to manufacturer instructions. The DNA was diluted in 1× tris-EDTA (TE) buffer
to a concentration of 5 ng/L before running TaqMan Copy Number Assay PCR (Applied
Biosystems, ThermoFisher Scientific, Waltham, MA, USA) on a StepOnePlus Real-Time PCR
system v2.3 (Applied Biosystems, ThermoFisher Scientific, Waltham, MA, USA) in four
replicates using AURKA (Hs02938272_cn, Applied Biosystems, ThermoFisher Scientific,
Waltham, MA, USA) and BCL2L1 (Hs07178628_cn, Applied Biosystems, ThermoFisher
Scientific, Waltham, MA, USA) copy number assays. TaqMan Copy Number Reference
Assay RNase P (4403326, ThermoFisher Scientific, Waltham, MA, USA) was used as a
control. The threshold was set to 0.2 for all targets, and data were analyzed with CopyCaller
Software v2.1 (Applied Biosystems, ThermoFisher Scientific, Waltham, MA, USA).

4.3. Protein Extraction and Western Blot

Cells were lysed in RIPA buffer (10mM Tris HCL (pH 8), 5mM Na2EDTA (pH 8),
1% NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl-sulfate (SDS)) containing
protease and phosphatase inhibitors (Complete Mini and PhosStop, Sigma, Darmstadt,
Germany ). Total protein was quantified using Pierce bicinchoninic acid (BCA) protein
assay (ThermoFisher Scientific, Waltham, MA, USA). SDS-PAGE was run with 15 µg
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protein lysate in each well. The protein was transferred from the gel to a polyvinylidene
fluoride (PVDF) transfer membrane and incubated with primary anti-Aurora A antibody
(HPA002636, Sigma, Darmstadt, Germany, dilution 1:250), anti-Bcl-xL antibody (2762S, Cell
Signaling Technology, Frankfurt, Germany, dilution 1:1000), anti-vimentin antibody (V6630,
Sigma, Darmstadt, Germany, dilution 1:1000) and HRP-conjugated secondary antibody
(anti-rabbit or anti-mouse IgG, P0448, P0447, Dako, Glostrup, Denmark, dilution 1:5000).
Anti-GAPDH antibody (clone 6C5, Santa Cruz Biotechnology, Dallas, TX, USA, dilution
1:20,000) was used as loading control. The membrane was developed using enhanced
chemiluminescence (ECL) Western blot kit (GE Healthcare, Buckinghamshire, UK) and
visualized on Fusion-Fx7-7026 WL/26MX instrument (Vilber, Collégien, France).

4.4. Immunocytochemistry

Sections of 4 µm were cut from formalin-fixed and paraffin-embedded (FFPE) blocks
of cell lines and incubated with anti-Aurora A (HPA002636, Sigma, Darmstadt, Germany,
dilution 1: 250), anti-Bcl-xL (2762S, Cell Signaling Technology, Frankfurt, Germany, dilution
1: 1000), anti-vimentin (clone V9, Dako, Glostrup, Denmark, dilution 1:8000) and anti-
EPCAM (clone Ber-EP4, Dako, Glostrup, Denmark, dilution 1:250) antibodies. Microscopy
of the cells was performed on a Leica DMLB microscope (1003/numerical aperture [NA]
1.25; Leica Microsystems, Wetzlar, Germany) with 40× objectives using LasV3.6 acquisi-
tion software.

4.5. Aurora A Inhibition with Alisertib

Alisertib (name MLN8237, formula C27H20ClFN4O4, #HY-10971, Medchem Express,
Sollentuna, Sweden), an orally active and selective Aurora A kinase inhibitor (IC50 = 1.2 nM),
which binds to Aurora A kinase resulting in mitotic spindle abnormalities and mitotic accumu-
lation, was dissolved in dimethyl sulfoxide (DMSO, Sigma, Darmstadt, Germany). The effect
of alisertib on CAL-120 and MDA-MB-231 cells viability was determined by a dose–response
curve based on different drug concentrations of alisertib ranging from 0.0001 µM to 20 µM,
and DMSO as vehicle, for 72 h. Cell viability was measured using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenylte-trazolium bromide (MTT) assay.

4.6. BCL2L1 siRNA Knockdown

BCL2L1 gene knockdown was performed using Silencer Validated siRNA (Sigma,
Darmstadt, Germany) with the sequence: sense GGAGAACCACUACAUGCAGtt and
antisense CUGCAUGUAGUGGUUCUCCtg on CAL-120 and MDA-MB-231 cells. Chemical
transfection was done with Lipofectamine RNAiMAX reagent (Invitrogen, ThermoFisher
Scientific, Waltham, MA, USA) in Opti-MEM media (Gibco, ThermoFisher Scientific,
Waltham, MA, USA) and MISSION siRNA Universal Negative Control (SIC001, Sigma,
Darmstadt, Germany). Efficiency was evaluated at 24, 48 and 72 h after transfection with
Western blotting. The effect of siRNA-mediated knockdown on cells growth was evaluated
with crystal violet colorimetric assay.

4.7. Cell Proliferation Assay

Transfected cells were seeded (104 cells/well) in 96-well plates and incubated for 24,
48 and 96 h at 37 ◦C in 5% CO2 for evaluation of cell proliferation using crystal violet-based
colorimetric assay [47]. The absorbance was measured in Sunrise™ 500 absorbance reader
(Tecan, Männedorf, Switzerland).

4.8. Cell Invasion Assay

Cell invasion was measured using the cell invasion assay kit (ECM554, Sigma, Darm-
stadt, Germany) according to manufacturer instructions. The cells were starved in serum-
free growth medium for 24 h before seeding 2.5 × 105 cells per insert in a 24-well plate.
The plate was incubated for 72 h at 37 ◦C and 5% CO2 humidity. For the inhibitor and
siRNA-mediated knockdown experiments, cells were first treated with alisertib or BCL2L1-
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siRNA in medium containing serum for 48 h, after which the media was changed to
serum-free growth medium with alisertib treatment. Next day, cells were seeded in inserts,
and invasion was evaluated 24 h after seeding. Cell growth medium with serum was
used as a chemoattractant. Cells without chemoattractant under the insert were used as a
non-invasive control for the invasion assay. Cell invasion was measured with fluorescent
light emission (480 nm/520 nm) using a Victor3™ 1420 counter (Perkin Elmer, Waltham,
MA, USA).

4.9. Kaplan–Meier Plotting

The web tool Kaplan–Meier (KM) plotter (Budapest, Hungary) [48] was used to
generate survival curves for TNBC patients depending on mRNA expression (gene chip) of
AURKA and BCL2L1. All datasets available in KM plotter were included in the analysis.
The inclusion criteria for sample selection were: ER and PR negative by IHC and HER2
negative by array, independently of clinical and pathological characteristics, such as grade,
lymph node status or previous treatment. JetSet optimal probe was selected for each gene
(probe Id 208,079 for AURKA and probe Id 212,312 for BCL2L1) and the best performing
threshold was selected as the cut-off. Mean expression of both genes was used to evaluate
the correlation of combined AURKA and BCL2L1 expression. Relapse-free survival (RFS)
and distant metastasis-free survival (DMFS) were selected as endpoints.

4.10. Statistical Analysis

Statistical significance was calculated using one-way ANOVA, and p-values ≤ 0.05
were considered statistically significant. GraphPad Prism v.8 (GraphPad Software, Inc., San
Diego, CA, USA) was used for statistical analysis.

Author Contributions: Conceptualization, N.S., C.L.A., S.E. and H.J.D.; methodology, N.S., C.L.A. and
S.E.; validation, N.S., C.L.A. and S.E.; formal analysis, N.S., C.L.A. and S.E; investigation, N.S., C.L.A.
and S.E.; resources, H.J.D.; writing—original draft preparation, N.S. and C.L.A.; writing—review and
editing, all; supervision, C.L.A., S.E. and H.J.D.; funding acquisition, H.J.D. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was funded by the Danish Cancer Society.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All datasets generated during the study will be made available upon
reasonable request to the corresponding author, Henrik Ditzel, email address: hditzel@health.sdu.dk.

Acknowledgments: We would like to thank the laboratory technicians Anette Rasmussen and Lene
E. Johansen at the Department for Cancer and Inflammation, Institute of Molecular Medicine, Univer-
sity of Southern Denmark, for their technical assistance; Lisbeth Mortensen and Lone Christensen
at the Department of Pathology, Odense University Hospital for their technical assistance with
immunohistochemistry; and M. Kat Occhipinti for editorial assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2022. CA Cancer J. Clin. 2022, 72, 7–33. [CrossRef] [PubMed]
2. Association of the Nordic Cancer Registries; Danish Cancer Society; Danckert, B.; Ferlay, J.; Engholm, G.; Hansen, H.L.;

Johannesen, T.B.; Khan, S.; Køtlum, J.E.; Ólafsdóttir, E.; et al. NORDCAN: Cancer Incidence, Mortality, Prevalence and Survival in
the Nordic Countries. Available online: http://www.ancr.nu (accessed on 29 August 2022).

3. Malorni, L.; Shetty, P.B.; De Angelis, C.; Hilsenbeck, S.; Rimawi, M.F.; Elledge, R.; Osborne, C.K.; De Placido, S.; Arpino, G.
Clinical and biologic features of triple-negative breast cancers in a large cohort of patients with long-term follow-up. Breast Cancer
Res. Treat. 2012, 136, 795–804. [CrossRef] [PubMed]

4. Bauer, K.R.; Brown, M.; Cress, R.D.; Parise, C.A.; Caggiano, V. Descriptive analysis of estrogen receptor (ER)-negative, proges-
terone receptor (PR)-negative, and HER2-negative invasive breast cancer, the so-called triple-negative phenotype: A population-
based study from the California cancer Registry. Cancer 2007, 109, 1721–1728. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/35020204
http://www.ancr.nu
http://doi.org/10.1007/s10549-012-2315-y
http://www.ncbi.nlm.nih.gov/pubmed/23124476
http://doi.org/10.1002/cncr.22618
http://www.ncbi.nlm.nih.gov/pubmed/17387718


Int. J. Mol. Sci. 2022, 23, 10053 12 of 13

5. Denkert, C.; Liedtke, C.; Tutt, A.; von Minckwitz, G. Molecular alterations in triple-negative breast cancer-the road to new
treatment strategies. Lancet 2017, 389, 2430–2442. [CrossRef]

6. Ehmsen, S.; Hansen, L.T.; Bak, M.; Brasch-Andersen, C.; Ditzel, H.J.; Leth-Larsen, R. S100A14 is a novel independent prognostic
biomarker in the triple-negative breast cancer subtype. Int. J. Cancer 2015, 137, 2093–2103. [CrossRef]

7. Gonzalez-Angulo, A.M.; Timms, K.M.; Liu, S.; Chen, H.; Litton, J.K.; Potter, J.; Lanchbury, J.S.; Stemke-Hale, K.; Hennessy, B.T.;
Arun, B.K.; et al. Incidence and outcome of BRCA mutations in unselected patients with triple receptor-negative breast cancer.
Clin. Cancer Res. 2011, 17, 1082–1089. [CrossRef]

8. Bardia, A.; Tolaney, S.M.; Loirat, D.; Punie, K.; Oliveira, M.; Rugo, H.S.; Brufsky, A.; Kalinsky, K.; Cortes, J.; O’Shaughnessy, J.; et al.
ASCENT: A randomized phase III study of sacituzumab govitecan (SG) vs treatment of physician’s choice (TPC) in patients (pts)
with previously treated metastatic triple-negative breast cancer (mTNBC). Ann. Oncol. 2020, 31, S1149–S1150. [CrossRef]

9. Bardia, A.; Hurvitz, S.A.; Tolaney, S.M.; Loirat, D.; Punie, K.; Oliveira, M.; Brufsky, A.; Sardesai, S.D.; Kalinsky, K.; Zelnak,
A.B.; et al. Sacituzumab Govitecan in Metastatic Triple-Negative Breast Cancer. N. Engl. J. Med. 2021, 384, 1529–1541. [CrossRef]

10. Schmid, P.; Cortes, J.; Pusztai, L.; McArthur, H.; Kummel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.; Harbeck, N.; et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. N. Engl. J. Med. 2020, 382, 810–821. [CrossRef] [PubMed]

11. Sotiriou, C.; Neo, S.Y.; McShane, L.M.; Korn, E.L.; Long, P.M.; Jazaeri, A.; Martiat, P.; Fox, S.B.; Harris, A.L.; Liu, E.T. Breast cancer
classification and prognosis based on gene expression profiles from a population-based study. Proc. Natl. Acad. Sci. USA 2003,
100, 10393–10398. [CrossRef]

12. Keller, P.J.; Lin, A.F.; Arendt, L.M.; Klebba, I.; Jones, A.D.; Rudnick, J.A.; DiMeo, T.A.; Gilmore, H.; Jefferson, D.M.; Graham,
R.A.; et al. Mapping the cellular and molecular heterogeneity of normal and malignant breast tissues and cultured cell lines.
Breast Cancer Res. 2010, 12, R87. [CrossRef] [PubMed]

13. Neve, R.M.; Chin, K.; Fridlyand, J.; Yeh, J.; Baehner, F.L.; Fevr, T.; Clark, L.; Bayani, N.; Coppe, J.P.; Tong, F.; et al. A collection of
breast cancer cell lines for the study of functionally distinct cancer subtypes. Cancer Cell 2006, 10, 515–527. [CrossRef] [PubMed]

14. Opyrchal, M.; Gil, M.; Salisbury, J.L.; Goetz, M.P.; Suman, V.; Degnim, A.; McCubrey, J.; Haddad, T.; Iankov, I.; Kurokawa,
C.B.; et al. Molecular targeting of the Aurora-A/SMAD5 oncogenic axis restores chemosensitivity in human breast cancer cells.
Oncotarget 2017, 8, 91803–91816. [CrossRef] [PubMed]

15. Tayyar, Y.; Jubair, L.; Fallaha, S.; McMillan, N.A.J. Critical risk-benefit assessment of the novel anti-cancer aurora a kinase inhibitor
alisertib (MLN8237): A comprehensive review of the clinical data. Crit. Rev. Oncol. Hematol. 2017, 119, 59–65. [CrossRef]
[PubMed]

16. Lee, J.-G.; McKinney, K.Q.; Hwang, S.-I. Chapter 10—Proteomic Differences and Linkages between Chemoresistance and
Metastasis of Pancreatic Cancer Using Knowledge-Based Pathway Analysis. In Molecular Diagnostics and Treatment of Pancreatic
Cancer; Azmi, A.S., Ed.; Academic Press: Oxford, UK, 2014; pp. 221–244.

17. Lamouille, S.; Xu, J.; Derynck, R. Molecular mechanisms of epithelial-mesenchymal transition. Nat. Rev. Mol. Cell Biol. 2014,
15, 178–196. [CrossRef]

18. Bao, L.; Qian, Z.; Lyng, M.B.; Wang, L.; Yu, Y.; Wang, T.; Zhang, X.; Yang, H.; Brunner, N.; Wang, J.; et al. Coexisting genomic
aberrations associated with lymph node metastasis in breast cancer. J. Clin. Investig. 2018, 128, 2310–2324. [CrossRef]

19. D’Assoro, A.B.; Liu, T.; Quatraro, C.; Amato, A.; Opyrchal, M.; Leontovich, A.; Ikeda, Y.; Ohmine, S.; Lingle, W.; Suman, V.; et al.
The mitotic kinase Aurora—A promotes distant metastases by inducing epithelial-to-mesenchymal transition in ERalpha(+)
breast cancer cells. Oncogene 2014, 33, 599–610. [CrossRef]

20. Keitel, U.; Scheel, A.; Thomale, J.; Halpape, R.; Kaulfuss, S.; Scheel, C.; Dobbelstein, M. Bcl-xL mediates therapeutic resistance of a
mesenchymal breast cancer cell subpopulation. Oncotarget 2014, 5, 11778–11791. [CrossRef]

21. Nikonova, A.S.; Astsaturov, I.; Serebriiskii, I.G.; Dunbrack, R.L., Jr.; Golemis, E.A. Aurora A kinase (AURKA) in normal and
pathological cell division. Cell. Mol. Life Sci. 2013, 70, 661–687.

22. Zhang, J.; Li, B.; Yang, Q.; Zhang, P.; Wang, H. Prognostic value of Aurora kinase A (AURKA) expression among solid tumor
patients: A systematic review and meta-analysis. Jpn. J. Clin. Oncol. 2015, 45, 629–636. [CrossRef]

23. Weier, H.U.; Mao, J.H. Meta-analysis of Aurora Kinase A (AURKA) Expression Data Reveals a Significant Correlation between
Increased AURKA Expression and Distant Metastases in Human ER-positive Breast Cancers. J. Data Min. Genom. Proteom. 2013,
4, 127.

24. Clinical Trials. Available online: https://clinicaltrials.gov/ (accessed on 1 July 2018).
25. Ren, B.J.; Zhou, Z.W.; Zhu, D.J.; Ju, Y.L.; Wu, J.H.; Ouyang, M.Z.; Chen, X.W.; Zhou, S.F. Alisertib Induces Cell Cycle Arrest,

Apoptosis, Autophagy and Suppresses EMT in HT29 and Caco-2 Cells. Int. J. Mol. Sci. 2015, 17, 41. [CrossRef] [PubMed]
26. Liewer, S.; Huddleston, A. Alisertib: A review of pharmacokinetics, efficacy and toxicity in patients with hematologic malignancies

and solid tumors. Expert. Opin. Investig. Drugs 2018, 27, 105–112. [CrossRef] [PubMed]
27. Popgeorgiev, N.; Jabbour, L.; Gillet, G. Subcellular Localization and Dynamics of the Bcl-2 Family of Proteins. Front. Cell Dev. Biol.

2018, 6, 13. [CrossRef] [PubMed]
28. Gabellini, C.; Trisciuoglio, D.; Del Bufalo, D. Non-canonical roles of Bcl-2 and Bcl-xL proteins: Relevance of BH4 domain.

Carcinogenesis 2017, 38, 579–587. [CrossRef]
29. Shtivelman, E. A link between metastasis and resistance to apoptosis of variant small cell lung carcinoma. Oncogene 1997,

14, 2167–2173. [CrossRef]

http://doi.org/10.1016/S0140-6736(16)32454-0
http://doi.org/10.1002/ijc.29582
http://doi.org/10.1158/1078-0432.CCR-10-2560
http://doi.org/10.1016/j.annonc.2020.08.2245
http://doi.org/10.1056/NEJMoa2028485
http://doi.org/10.1056/NEJMoa1910549
http://www.ncbi.nlm.nih.gov/pubmed/32101663
http://doi.org/10.1073/pnas.1732912100
http://doi.org/10.1186/bcr2755
http://www.ncbi.nlm.nih.gov/pubmed/20964822
http://doi.org/10.1016/j.ccr.2006.10.008
http://www.ncbi.nlm.nih.gov/pubmed/17157791
http://doi.org/10.18632/oncotarget.20610
http://www.ncbi.nlm.nih.gov/pubmed/29207686
http://doi.org/10.1016/j.critrevonc.2017.09.006
http://www.ncbi.nlm.nih.gov/pubmed/29065986
http://doi.org/10.1038/nrm3758
http://doi.org/10.1172/JCI97449
http://doi.org/10.1038/onc.2012.628
http://doi.org/10.18632/oncotarget.2634
http://doi.org/10.1093/jjco/hyv058
https://clinicaltrials.gov/
http://doi.org/10.3390/ijms17010041
http://www.ncbi.nlm.nih.gov/pubmed/26729093
http://doi.org/10.1080/13543784.2018.1417382
http://www.ncbi.nlm.nih.gov/pubmed/29260599
http://doi.org/10.3389/fcell.2018.00013
http://www.ncbi.nlm.nih.gov/pubmed/29497611
http://doi.org/10.1093/carcin/bgx016
http://doi.org/10.1038/sj.onc.1201059


Int. J. Mol. Sci. 2022, 23, 10053 13 of 13

30. Takaoka, A.; Adachi, M.; Okuda, H.; Sato, S.; Yawata, A.; Hinoda, Y.; Takayama, S.; Reed, J.C.; Imai, K. Anti-cell death activity
promotes pulmonary metastasis of melanoma cells. Oncogene 1997, 14, 2971–2977. [CrossRef]

31. Glinsky, G.V.; Glinsky, V.V. Apoptosis amd metastasis: A superior resistance of metastatic cancer cells to programmed cell death.
Cancer Lett. 1996, 101, 43–51. [CrossRef]

32. Fernandez, Y.; Espana, L.; Manas, S.; Fabra, A.; Sierra, A. Bcl-xL promotes metastasis of breast cancer cells by induction of
cytokines resistance. Cell Death Differ. 2000, 7, 350–359. [CrossRef]

33. Dai, X.; Cheng, H.; Bai, Z.; Li, J. Breast Cancer Cell Line Classification and Its Relevance with Breast Tumor Subtyping. J. Cancer
2017, 8, 3131–3141. [CrossRef]

34. Gluz, O.; Liedtke, C.; Gottschalk, N.; Pusztai, L.; Nitz, U.; Harbeck, N. Triple-negative breast cancer—Current status and future
directions. Ann. Oncol. 2009, 20, 1913–1927. [CrossRef] [PubMed]

35. Rakha, E.A.; El-Rehim, D.A.; Paish, C.; Green, A.R.; Lee, A.H.; Robertson, J.F.; Blamey, R.W.; Macmillan, D.; Ellis, I.O. Basal
phenotype identifies a poor prognostic subgroup of breast cancer of clinical importance. Eur. J. Cancer 2006, 42, 3149–3156.
[CrossRef] [PubMed]

36. Schneider, B.P.; Winer, E.P.; Foulkes, W.D.; Garber, J.; Perou, C.M.; Richardson, A.; Sledge, G.W.; Carey, L.A. Triple-negative breast
cancer: Risk factors to potential targets. Clin. Cancer Res. 2008, 14, 8010–8018. [CrossRef] [PubMed]

37. Liedtke, C.; Mazouni, C.; Hess, K.R.; Andre, F.; Tordai, A.; Mejia, J.A.; Symmans, W.F.; Gonzalez-Angulo, A.M.; Hennessy, B.;
Green, M.; et al. Response to neoadjuvant therapy and long-term survival in patients with triple-negative breast cancer. J. Clin.
Oncol. 2008, 26, 1275–1281. [CrossRef]

38. Bell, R.; Barraclough, R.; Vasieva, O. Gene Expression Meta-Analysis of Potential Metastatic Breast Cancer Markers. Curr. Mol.
Med. 2017, 17, 200–210. [CrossRef]

39. Gayle, S.S.; Sahni, J.M.; Webb, B.M.; Weber-Bonk, K.L.; Shively, M.S.; Spina, R.; Bar, E.E.; Summers, M.K.; Keri, R.A. Targeting
BCL-xL improves the efficacy of bromodomain and extra-terminal protein inhibitors in triple-negative breast cancer by eliciting
the death of senescent cells. J. Biol. Chem. 2019, 294, 875–886. [CrossRef]

40. Castellanet, O.; Ahmad, F.; Vinik, Y.; Mills, G.B.; Habermann, B.; Borg, J.P.; Lev, S.; Lamballe, F.; Maina, F. BCL-XL blockage in
TNBC models confers vulnerability to inhibition of specific cell cycle regulators. Theranostics 2021, 11, 9180–9197. [CrossRef]

41. Murai, S.; Matuszkiewicz, J.; Okuzono, Y.; Miya, H.; De Jong, R. Aurora B Inhibitor TAK-901 Synergizes with BCL-xL Inhibition
by Inducing Active BAX in Cancer Cells. Anticancer Res. 2017, 37, 437–444. [CrossRef]

42. Shah, O.J.; Lin, X.; Li, L.; Huang, X.; Li, J.; Anderson, M.G.; Tang, H.; Rodriguez, L.E.; Warder, S.E.; McLoughlin, S.; et al. Bcl-XL
represents a druggable molecular vulnerability during aurora B inhibitor-mediated polyploidization. Proc. Natl. Acad. Sci. USA
2010, 107, 12634–12639. [CrossRef]

43. Olopade, O.I.; Adeyanju, M.O.; Safa, A.R.; Hagos, F.; Mick, R.; Thompson, C.B.; Recant, W.M. Overexpression of BCL-x protein in
primary breast cancer is associated with high tumor grade and nodal metastases. Cancer J. Sci. Am. 1997, 3, 230–237.

44. Xu, J.; Wu, X.; Zhou, W.H.; Liu, A.W.; Wu, J.B.; Deng, J.Y.; Yue, C.F.; Yang, S.B.; Wang, J.; Yuan, Z.Y.; et al. Aurora-A identifies
early recurrence and poor prognosis and promises a potential therapeutic target in triple negative breast cancer. PLoS ONE 2013,
8, e56919. [CrossRef] [PubMed]

45. Nadler, Y.; Camp, R.L.; Schwartz, C.; Rimm, D.L.; Kluger, H.M.; Kluger, Y. Expression of Aurora A (but not Aurora B) is predictive
of survival in breast cancer. Clin. Cancer Res. 2008, 14, 4455–4462. [CrossRef] [PubMed]

46. Siggelkow, W.; Boehm, D.; Gebhard, S.; Battista, M.; Sicking, I.; Lebrecht, A.; Solbach, C.; Hellwig, B.; Rahnenfuhrer, J.; Koelbl, H.;
et al. Expression of aurora kinase A is associated with metastasis-free survival in node-negative breast cancer patients. BMC
Cancer 2012, 12, 562. [CrossRef] [PubMed]

47. Lundholt, B.K.; Briand, P.; Lykkesfeldt, A.E. Growth inhibition and growth stimulation by estradiol of estrogen receptor
transfected human breast epithelial cell lines involve different pathways. Breast Cancer Res. Treat. 2001, 67, 199–214. [CrossRef]

48. Lanczky, A.; Gyorffy, B. Web-Based Survival Analysis Tool Tailored for Medical Research (KMplot): Development and Implemen-
tation. J. Med. Internet Res. 2021, 23, e27633. [CrossRef]

http://doi.org/10.1038/sj.onc.1201147
http://doi.org/10.1016/0304-3835(96)04112-2
http://doi.org/10.1038/sj.cdd.4400662
http://doi.org/10.7150/jca.18457
http://doi.org/10.1093/annonc/mdp492
http://www.ncbi.nlm.nih.gov/pubmed/19901010
http://doi.org/10.1016/j.ejca.2006.08.015
http://www.ncbi.nlm.nih.gov/pubmed/17055256
http://doi.org/10.1158/1078-0432.CCR-08-1208
http://www.ncbi.nlm.nih.gov/pubmed/19088017
http://doi.org/10.1200/JCO.2007.14.4147
http://doi.org/10.2174/1566524017666170807144946
http://doi.org/10.1074/jbc.RA118.004712
http://doi.org/10.7150/thno.60503
http://doi.org/10.21873/anticanres.11335
http://doi.org/10.1073/pnas.0913615107
http://doi.org/10.1371/journal.pone.0056919
http://www.ncbi.nlm.nih.gov/pubmed/23437271
http://doi.org/10.1158/1078-0432.CCR-07-5268
http://www.ncbi.nlm.nih.gov/pubmed/18628459
http://doi.org/10.1186/1471-2407-12-562
http://www.ncbi.nlm.nih.gov/pubmed/23186136
http://doi.org/10.1023/A:1017977406429
http://doi.org/10.2196/27633

	Introduction 
	Results 
	TNBC Cells with the Basal B-Like Phenotype Exhibit Gene Amplification and Overexpression of Aurora A and Bcl-xL 
	Inhibition of Aurora A and BCL2L1 Reduces Invasion of Basal B TNBC Cell Lines 
	High AURKA and BCL2L1 Expression Correlates with Poor Clinical Outcome in TNBC 

	Discussion 
	Materials and Methods 
	Cell Line Culture 
	DNA Extraction and CNV Assay 
	Protein Extraction and Western Blot 
	Immunocytochemistry 
	Aurora A Inhibition with Alisertib 
	BCL2L1 siRNA Knockdown 
	Cell Proliferation Assay 
	Cell Invasion Assay 
	Kaplan–Meier Plotting 
	Statistical Analysis 

	References

