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Abstract

Polo-like kinase 1 (PLK1) regulates various steps of mitosis and aberrantly expressed in several
tumor types. As elevated levels of PLK1 contributes to tumorigenesis and poor prognosis,
specific inhibition of PLK1 has garnered increasing attention in recent years in anticancer
studies. The objective of this study was to examine cytotoxic, apoptotic, and DNA-damaging
potentials of SBE13, a PLKI inhibitor, against MDA-MB-231 breast cancer cells. The
regulatory efficacy of SBE13 on cell cycle arrest was also determined. Cytotoxicity of SBE13
was assessed via XTT assay. Apoptosis, cell cycle distribution, and DNA damage response
were also examined using the flow cytometry assay. The results revealed that SBE13 had a
dose-dependent cytotoxic effect in MDA-MB-231 cells. This compound has also induced cell
cycle arrest at the G2/M point and significantly promoted apoptosis and DNA damage response
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in MDA-MB-231 cells. Collectively, these data pointed out that SBE13 can be regarded as a
suitable candidate for the therapy of breast cancer. However, further studies are required to

consolidate the anticancer activity of SBE13.

1. Introduction

Cancer remains the second leading cause of death.
Despite new advancements in its diagnosis and
management, it contributes to important
morbidities and mortality in patients [1]. Although
there are many treatment modalities in cancer
therapy, chemotherapy remains to be a popular
treatment strategy. However, it is often related to
significant adverse effects; therefore, the
development of effective and especially targeted-
anticancer agents is an important prerequisite for
successful and satisfactory chemotherapy [2].
Globally, breast cancer the most frequently
diagnosed malignancy in the woman. Despite
recently introduced chemotherapeutic agents,
resistance development of breast cancer cells
continues to be an important contributor to
treatment failure. Thus, more effective and novel
strategies considering different signal transduction
pathways to improve the success of chemotherapy
and to reduce drug resistance are required for
breast cancer treatment [3].

Polo-like kinases (PLKSs) are ser/thr kinases playing
critical roles in mitosis and DNA damage response. In
humans, PLKs consist of five isoforms, among these
1soforms, PLK1 is the best characterized and the most
widely studied in cancer pathogenesis. Normally,
PLK1 is moderately expressed in normal cells during
mitosis and plays a vital role in the mitotic processes

such as spindle formation, centrosome
maturation/separation, chromatid separation, and
cytokinesis execution [2, 4]. Moreover, its

overexpression has been detected in a wide range of
cancers such as head and neck, non-small cell lung, and
esophageal cancers [5]. Additionally, increased
expression of PLK1 has been strongly correlated with
worse prognosis and thus, PLK1 seems to be
considered as a suitable target for chemotherapeutic
agents.

To date, several PLK1 inhibitors such as GSK461364,
BI 2536, and RO3280 have been developed and
investigated as potential anticancer drugs and they
have shown promising results in cancer cells. Many
studies have also presented that depletion of PLKI
causes decreased cell viability, DNA damage response,
cell cycle arrest, and finally apoptosis in tumor cells [6,
7, 8]. One of these inhibitors is SBE13 and this PLK1-
specific inhibitor demonstrated anticancer effects in
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several tumor cells with EC50 values ranging from 5
uM to 39 uM and caused apoptosis [9].

In the light of the above-mentioned observations
regarding PLK1 inhibition, the current study was
conducted to explore the cytotoxic actions of SBE13
against breast cancer cell line MDA-MB-231.
Although it is known that SBE13 exhibits an
anticancer effect on various human cancer cell types,
the anticancer potential of this compound in many
tumor cells including MDA-MB-231 has not been
elucidated yet. Therefore, in this work, SBE13 was
selected as a study compound.

2. Materials and Methods

2.1. Cell culture

Human breast cancer cell line MDA-MB-231 (ATCC,
HTB-26) was obtained from ATCC and cultured in
DMEM  (Gibco Thermo  Fisher  Scientific)
supplemented with 10% fetal bovine serum (Sigma-
Aldrich) and 50 U/mL penicillin/streptomycin (Sigma-
Aldrich). The cells were incubated at 37°C within a 5%
CO; humidified atmosphere.

2.2. Cell viability assay

The stock solution of SBE13 (Cayman) was prepared
in DMSO at a final concentration of 10 mM. Cell
viability was examined by a standard XTT assay
(Roche Diagnostic) after 48 h incubation as described
previously [2]. Briefly, cells were treated with various
concentrations (1, 2.5, 5, 10, 20, and 40 uM) for 48 h.
Then XTT assay was performed. All the experiments
were done in triplicate and the cell viability was
evaluated as viable cell amount percent compared to
control cells. The half maximal inhibitory
concentration (ICso) value of SBE13 in MDA-MB-231
cells was determined using the Graph Prism 7
software.

2.3. Cell cycle analysis

We assessed the cell cycle distribution by Muse Cell
Cycle Assay Kit (Merck Millipore) according to the
guideline of the producer. Before incubating for
attachment, 5 x 10° MDA-MB-231 cells were plated
into six-well plates. After confirmation of attachment,
the cells were exposed to SBE13 at ICso concentration
and incubated for 48 h. The cells were then washed

with phosphate-buffered saline (PBS) and fixed in 1

mL cold 70% (v/v) ethanol. Later, the fixed cells were
washed once with PBS, and incubated with 200 pL of
assay solution for 30 min in the dark at room
temperature. Finally, different cell cycle stage (GO/G1,
S, and G2/M) percentages of the cells were calculated
by Muse Cell Analyzer (Millipore).

2.4. Annexin V binding assay

Initially, MDA-MB-231 cells were plated into six-well
plates and incubated for attachment. The cells then
were exposed to SBE13 at ICso concentration and
incubated for 48 h. The cells were harvested, incubated
with Muse™ Annexin V & Dead Cell kit reagent, and
the manufacturer’s protocol were followed. Four
different populations were monitored by using
Annexin V and/or 7-AAD positivity on Cell Analyzer
(Muse, Millipore): Live, early apoptotic, late
apoptotic, and dead.

2.5. DNA damage assay

MDA-MB-231 cells were exposed to SBE13 at the
ICso concentration for 48 h and the induction of ATM
and H2AX was assessed by Muse Multi-Color DNA
Damage kit (Merck Millipore) according to the report
in our previous study [2].

2.6. Statistical analysis

Data obtained from the experiments were expressed as
the mean + standard deviation. Kruskal-Wallis
ANOVA test with post hoc Dunn’s test or Mann-
Whitney test were used as appropriate to compare the
variables measured after SBE13 exposition versus
controls. Targeting of PLK1 activity through SBE13
counteracts cell viability of MDA-MB-231 cells

3. Results

3.1. Targeting of PLK1 activity through SBE13
counteracts cell viability of MDA-MB-231 cells

The cytotoxicity of the PLKI1 inhibitor SBE13 has
been evaluated in MDA-MB-231 cells. The cells were
exposed to diverse concentrations of SBE13 (0-40 pM)
for 48 h and its antiproliferative effect was evaluated
using the XTT assay. Cell viability results are
represented in Figure 1 and it has been shown that
SBE13 has a dose-dependent inhibitory effect at 48 h
when compared to the untreated cells (P < 0.01).
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Figure 1. Cell viability percentages of MDA-MB-231 cells
were treated with SBE13 at concentrations from
1 to 40 uM for 48 h, measured with XTT assay.
Data are presented as mean with a standard
deviation of the three replicates. **Significantly
different when compared to cell viability of
control cells (P<0.01).

The ICso value of SBE13 was recorded as 15.7 uM for
48 hin MDA-MB-231 cells and this concentration was
used for the subsequent experiments.

3.2. SBE13 induces cell cycle arrest in MDA-MB-
231 cells

Next, to determine the cell cycle distribution effect of
SBE13 in MDA-MB-231 cells, cell cycle assay was
done and the results are displayed in Figure 2.
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Figure 2. Regulatory effect of SBEI3 on cell cycle
progression. The MDA-MB-231 cells were
treated with SBE13 with ICso value of 15.7 uM
for 48 h and the cell population rates are
presented as mean with a standard deviation of
three replicates. **Significantly different when
compared to cell population rate of untreated
cells (P <0.01).

The MDA-MB-231 cells were exposed to 15.7 uM of
SBE13 and the results indicated a significant increase

in the percentage of the G2/M cell by 49.8+1.10% in
the SBEI13 treated group when compared with
untreated control (36.5+1.12%) (P < 0.01). Moreover,
while SBEI13 treatment increased the GO0/G1
population, it decreased the S population (P < 0.01) as
presented in Figure 2.

3.3. SBE13 induces apoptosis in MDA-MB-231 cells

The effect of SBE13 on the induction of apoptosis in
MDA-MB-231 cells was also assessed by the Annexin
V binding analyses via flow cytometry. According to
the results, SBE13 treatment significantly promoted
the early and late apoptotic cell population when
compared to the control cells (P < 0.01).
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Figure 3. Cell population rate of MDA-MB-231 cells
presenting apoptotic effects of SBE13 after
exposed to the ICso value of SBE13, determined
with Annexin V assay. All experiments were
performed as at least three replicates.
**Significantly different when compared to cell
population rate of untreated cells (P <0.01).

As visible in Figure 3, the early and late apoptotic cell
population % in untreated cells (2.15+1.46%,
6.77£1.01%, respectively) significantly increased to
10.58£1.79% and 26.53+2. 75%, respectively, in
SBE13 administered group (P <0.01).

3.4. SBE13 induces DNA damage response in MDA-
MB-231 cells

Subsequently, to clarify SBE13 treatment on DNA
damage response in MDA-MB-231 cells, the cells
were treated with ICso concentration of SBE13 for 48
h, and then the Muse DNA damage assay was
performed. According to the results SBE13 treatment
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markedly induced DNA damage response in MDA-
MB-231 cells when compared to untreated cells.
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Figure 4. DNA damage response rates of MDA-MB-
231cells administered SBE13 with ICs
concentration for 48 h, determined with
activation of ATM and H2AX. Data are
expressed as mean with standard deviation, *P
<0.05, **P < 0.01.

Figure 4 showed that percentage of DNA double-
strand breaks (pATM+pH2AX+) and single-strand
breaks (pATM+pH2AX-) in untreated cells
(1.19£1.50%, 3.68% =*1.27, respectively) increased to
10.30+2.71% and 7.45%+3.20, respectively, in SBE13
treated group (P < 0.01). DNA damage data also
suggested that SBE13 possess a genotoxic efficacy on
MDA-MB-231 cells.

4. Discussion

In the present study, a series of experiments were
performed to evaluate the cytotoxic and apoptotic
effects of SBE13 on MDA-MB-231 cells representing
breast cancer. Furthermore, the DNA damage response
of SBE13 was examined. The cytotoxicity experiments
showed that SBE13 treatment significantly suppressed
cell viability. Flow cytometry studies also revealed that
SBE13 treatment induced cell cycle arrest at the G2/M
phase, induced apoptosis, and caused DNA damage to
MDA-MB-231 cells. For the first time, overall, these
findings suggest that SBE13 has significant anticancer
effects in MDA-MB-231 cells.

In many cancer cell types, pharmacologic perturbation
of PLKI1 activity via selective inhibitors induces cell
death through apoptosis and this makes PLKI1 a
fascinating anticancer drug target. In this context,
numerous studies have reported the anticancer effects
of PLK1 inhibition in solid tumors and hematologic
malignancies. Keppner and coworkers [10] analyzed
anticancer effects of SBE13 in different cancer cell
lines and according to their results, SBE13 exhibited
cytotoxic effect in a dose-depended manner in HCT-
15, MCF-7, BT-474, A431, SK-OV-3, and HelLa
cancer cell lines. Additionally, particularly high
concentrations of SBE13 caused cell cycle arrest at the
G2/M point and ultimately led to apoptosis. SBE13
treatment also caused abnormal mitotic figures in
HeLa cell lines. Similarly, it has been demonstrated
that SBE13 treatment significantly reduced the cell
viability of HeLa cells [11]. In another study, Lange
and colleagues [12] explored whether SBE13 and
PCKp inhibitor enzastaurin acted synergistically to
suppress the growth of diverse tumor cells such as
HeLa, MCF-7, hTERT-RPE1, HCT116p53wt, and
HCT116p53-/-. In that study, SBE13 and enzastaurin
showed synergistic effects on the cancer cell lines
excluding hTERT-RPE1. Furthermore, it has been
revealed that combination of SBE13 and enzastaurin
enhances the apoptosis in HeLa cells when compared
to enzastaurin alone.

In the literature, many studies examined the anticancer
efficacy of various PLK1 inhibitors such as BI 6727,
RO3280, BI2536, and GSK461364A [13]. In our
previous study [2], we have revealed that RO3280 has
significant anticancer effects on breast cancer cell line
MCF-7 and that RO3280 suppresses cell proliferation
through arresting cell cycle at G2/M point and causes
apoptosis by inducing total caspase levels and annexin
V binding. We also exhibited that RO3280 treatment
significantly ~decreases mitochondrial membrane
potential and increases DNA damage. Similarly, in the
current research on MDA-MB-231 cells, SBE13
displayed a significant anticancer effect in manners of
stimulating cell cycle arrest at G2/M point, inducing
DNA damage, and leading the cells to apoptosis. In a
similar fashion, it has been exhibited that depletion of
PLK1 activity through BI 2536 reduced proliferation
of A549, A427, and NCIH1299 cells. BI 2536 also
caused cell cycle arrest at the G2/M phase and
disorientation of centrosomes and mitotic spindles in
non-small cell lung cancer cells [8]. In a different study
on the same inhibitor, Wu et al. [4] examined whether
BI 2536 and cisplatin acted synergistically to inhibit
the growth of esophageal squamous cell carcinoma
(ESCC). Their results showed that combination of
BI2536 and cisplatin synergistically killed ESCC cells.
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Their further studies also exhibited that BI2536
treatment caused significant DNA damage and
disrupted the DNA damage repair in cisplatin-treated
cells both in vitro and in vivo. These results and our
findings showed that PLK1 inhibition causes
significant DNA damage. It has also been shown that
inhibition of PLK1 through BI6727 caused cell cycle
G2-phase arrest, induced apoptosis, and inhibited
migration of gastric cancer cells [14]. Another PLK1
inhibitor, TAK-960, was tested against multiple solid
and hematologic malignancies such as A2780, SW620,
HT-29, K562 and it was showed potent
antiproliferative activity in all tested cancer cell lines.
TAK-960 treatment also induced cell cycle arrest at the
G2/M phase and significantly suppressed the growth of
HT-29 colorectal cancer xenografts [15]. Recently,
other researchers examined the anticancer potency of
PLK1 inhibitor GSK461364A on glioblastoma
multiforme cell lines and found that PLK1 inhibition
arrested cells at the G2/M phase and caused significant
DNA damage. Their in vivo results also revealed that
PLKI1 inhibition significantly reduced tumor volume
and enhance radiation sensitivity in glioblastoma
multiforme [16].

5. Conclusion

Taken together, all the reports mentioned above
demonstrate that PLK1 plays a significant role in the
development and progress of human cancers and its
inhibition is specifically associated with reduced
proliferation of cancer cells. In accordance with the
findings of studies examined PLKI inhibitors in
several cancer cell lines, SBE13, another PLKI
inhibitor, seems to have meaningful cytotoxic activity
via cell cycle arrest in breast cancer cell line MDA-
MB-231. SBE13 also provides DNA damage and
apoptosis in MDA-MB-231 cells. SBE13 may be
considered a promising anticancer agent for the
treatment of breast cancer. However, there is a need to
conduct further in vitro and in vivo studies to elucidate
the potential use of SBE13 for breast cancer treatment.
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