ANTICANCER RESEARCH 41/: 2383-2395 (2021)
doi:10.21873/anticanres.15013

Modulation of Apoptosis and Epithelial-Mesenchymal
Transition E-cadherin/TGF-f/Snail/TWIST Pathways by
a New Ciprofloxacin Chalcone in Breast Cancer Cells

RANIA ALAAELDIN!, GAMAL EL-DIN A. ABUO-RAHMAZ, QING-LI ZHAO? and MOUSTAFA FATHY*”

!Department of Biochemistry, Faculty of Pharmacy, Deraya University, Minia, Egypt;
’Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Deraya University, Minia, Egypt;
’Department of Radiology, Graduate School of Medicine and Pharmaceutical Sciences,
University of Toyama, Toyama, Japan,

*Department of Biochemistry, Faculty of Pharmacy, Minia University, Minia, Egypt;
>Department of Regenerative Medicine, Graduate School of Medicine and Pharmaceutical Sciences,
University of Toyama, Toyama, Japan

Abstract. Background/Aim: This study aimed to investigate
the effect of the new ciprofloxacin chalcone [7-(4-(N-
substituted carbamoyl methyl) piperazin-1 yl)] on the
proliferation, migration, and metastasis of MCF-7 and MDA-
MB-231 breast cancer cell lines. Materials and Methods: Cell
viability, colony formation and cell migration abilities were
analysed. Cell cycle distribution and apoptosis were examined
by flow cytometry. The molecular mechanism underlying
chalcone’s activity was investigated using qRT-PCR and
western blotting. Results: This new ciprofloxacin chalcone
significantly inhibited proliferation, colony formation, and cell
migration abilities of both cancer cell lines. Furthermore, it
initiated apoptosis and caused cell cycle arrest at G2/M and
S phase in MCF-7 and MDA-MB-231 cell lines, respectively.
In addition, it up-regulated the expression of pro-apoptotic
factors, p53, PUMA and NOXA, and down-regulated the
expression of anti-apoptotic factors, MDM?2 and MDM4. At
the same time, it inhibited epithelial-mesenchymal transition
by increasing the expression of E-cadherin and decreasing the
expression of TGF-1, SNAIL, TWIST1, MMP2, and MMP9.
Conclusion: This new ciprofloxacin chalcone exhibited
promising apoptotic and anti-metastatic activities against
MCF-7 and MDA-MB-231 breast cancer cell lines, and,

Correspondence to: Qing-Li Zhao, Department of Radiology,
Graduate School of Medicine and Pharmaceutical Sciences, University
of Toyama, 2630 Sugitani, Toyama 930-0194, Japan. Tel: +81
764347267, Fax: +81 764345190, e-mail: zhao@med.u-toyama.ac.jp

Key Words: Breast cancer, ciprofloxacin chalcone, apoptosis,
metastasis, epithelial-mesenchymal transition, P53, E-cadherin,
TGF-f.

therefore, is an attractive molecule for drug development in
the treatment of breast cancer.

Breast cancer is the most common malignancy in women
worldwide. Each year, approximately, 1.7 million new cases
of breast cancer are diagnosed (1). Moreover, metastasis
occurs in nearly 30% of breast cancer cases after treatment
of the primary tumour (2). In addition, 90% of mortality is
due to cancer invasion and metastasis (3). Thus, early
detection of cancer (4, 5) and the identification of anti-cancer
agents with promising anti-metastatic potential are important
cancer therapy.

Cancer affects various pathways involved in angiogenesis
and carcinogenesis (6-8). Many tumour suppressor genes are
suppressed in the majority of cancers including p53, which
is the main regulator of cellular responses to potentially
oncogenic stimuli such as DNA damage, hypoxia, and
metabolic stress (9). Mouse double minute 2 homolog
(MDM2) and MDM4 play key roles in maintaining the
normal activity of p53 in healthy normal cells, while their
high expression contributes to inactivation of p53 (10).
Therefore, MDM2 and MDM4 are considered potential
targets for cancer therapy.

Screening existed agents for new therapeutic applications
(11, 12) and alternative activities (13, 14) has become an
attractive approach. One of the compounds that has shown
alternative pharmacological activities is ciprofloxacin (15-
17). Ciprofloxacin is a fourth-generation member of the
fluoroquinolone family, which has an established safety
profile as an antimicrobial agent for decades. It is very well
known to target bacterial DNA replication and transcription
through DNA topoisomerase II and gyrase (15). Furthermore,
it has been thoroughly studied for its antiproliferative activity
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Figure 1. Structure of the newly synthetized ciprofloxacin chalcone.

against different cancer cells (16, 17). Numerous studies
have suggested that structural modification may improve the
potency and effectiveness of the parent drug (18). The C-7
position in the chemical structure of the parent drug has been
the focus of many researchers reporting that it affects the
mechanism of action, cell permeability as well as the
pharmacokinetic properties of the drug (19). Additionally, the
piperazine moiety at C-7 position showed structural
flexibility to obtain new derivatives (19). Recent reports
indicated that different derivatives of ciprofloxacin show
potent cytotoxic activities (16, 20). Previously, we reported
the anti-proliferative and apoptotic effect of a new
ciprofloxacin-derivative against lung, colorectal, and cervical
cancer cells (21, 22). As an extension of our previous
findings, the main focus of this study was to investigate, for
the first time, the effect of the new ciprofloxacin chalcone
[7-(4-(N-substituted carbamoyl methyl) piperazin-1 yl)] on
viability, proliferation, migration, and invasion abilities of
breast cancer cell lines (MCF-7 and MDA-MB-231) and
examine the molecular mechanism underlying this activity,
aiming at identifying an attractive molecule for drug
development in the treatment of breast cancer.

Materials and Methods

Synthesis of ciprofloxacin chalcone. The derivative was obtained in
good yield following a reaction between the appropriate amine and
bromoacetyl bromide utilizing potassium carbonate as a base in
dichloromethane. Then alkylation of ciprofloxacin was performed
with 2-bromoacetamide derivatives in acetonitrile in the presence
of trimethylamine (TEA) (23, 24). This chalcone, shown in Figure
1, was identified and characterized by proton nuclear magnetic
resonance (!HNMR), carbon-13 NMR (!3C-NMR), and mass
spectrometry as previously reported (24, 25).

Cell culture. MCF-7 and MDA-MB-231 cells were obtained from

American type culture collection (ATCC, Manassas, VA, USA).
Fresh Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-
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Aldrich, St Louis, MO, USA) was used as a culture medium,
supplemented with 10% fetal bovine serum (FBS, Biosolutions
International, Melbourne, Australia), 1% penicillin-streptomycin
mixture (Invitrogen, Grand Island, NY, USA), and 1% L-glutamine
(Sigma-Aldrich) in a humidified 5% CO, atmosphere at 37°C.

Cell viability assay. Cell viability assay was achieved using the
MTT reagent [3-(4, 5-dimethyl thiazol-2yl)-2, 5-diphenyltetrazolium
bromide]. 10,000 MCF-7 and MDA-MB-231 cancer cells per well
were seeded in triplicate in 96-well plates and allowed to grow in
fresh DMEM medium for 24 h. Then, medium was changed with
fresh DMEM containing different concentrations (20, 60, 180, 550,
1600 pM) of the tested chalcone. After incubation for 24 and 48 h,
10 pl of MTT (5 pg/ml) were added per well and incubated in the
dark for 3 h at 37°C. To dissolve the Formazan crystals that were
formed, 100 pl of DMSO were used and absorbance was measured
using an ELISA reader at 570 nM (26). The ICs, of the compound
was calculated for each cell line using Graph Pad Prism-9 software.

Annexin V assay. Annexin V-FITC Apoptosis Detection Kit (Sigma-
Aldrich) was used to detect apoptosis by flow cytometry, according
to the manufacturer’s instructions. Phosphatidyl serine sites on the
cell membrane are marked with Annexin V-FITC. Propidium iodide
(PI) marks the cellular DNA in necrotic cells. This combination
allows discrimination between live cells (annexin V negative, PI
negative), early apoptotic cells (annexin V positive, PI negative),
late apoptotic (annexin V positive, PI positive), and necrotic cells
(annexin V negative, PI positive). Using the ICs of the tested
chalcone (33.6+3.43 uM and 97.47+8.65 uM for MCF-7 and MDA-
MB-231 cancer cells, respectively), the cancer cells were treated for
24 h. Then, untreated and treated cells were suspended in 1X
Binding Buffer at a concentration of ~1x10¢ cells/ml. Five ul of
FITC-Conjugated Annexin V and 10 pl of propidium iodide solution
were added in 500 pl of cell suspensions. The cells were incubated
at room temperature for 10 min in the dark. Cell fluorescence was
determined immediately with a flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA), by counting at least 104 cells from each
sample. Dot plots were obtained, and apoptosis was estimated.

Cell cycle analysis. For assessment of the cell cycle distribution,
flow cytometric analysis using propidium iodide was performed in
triplicate. A total of 1x10° cells of both untreated and treated cancer
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cells (treated for 24 h with the ICs, concentration of the examined
chalcone, 33.6+3.43 uM and 97.47+8.65 uM for MCF-7 and MDA-
MB-231 cancer cells, respectively) were collected by centrifugation,
washed with phosphate buffer saline (PBS, pH=7.4, Sigma-Aldrich)
and fixed with ice cold 66% ethanol. The fixed cells were washed
with PBS and resuspended for 30 min in 1 mg/ml RNAse.
Propidium iodide (50 pg/ml) was used to label the intracellular
DNA by incubating the cells for at least 20 min at 4°C in the dark.
Then, samples were analysed using flow cytometry.

Colony formation assay. Cells were seeded in triplicate in 12-well
plates at 500 cells/well and allowed to attach for 24 h in fresh
DMEM medium. Then, the medium was changed to DMEM
containing the ICs, of the examined chalcone, cells were incubated
for 24 h, and doxorubicin was used as a positive control at the
concentration of 1 uM (21, 25). Then, cells were washed with PBS
twice and allowed to grow in fresh DMEM medium without the
examined compound for 14 days at 37°C in a humidified 5% CO,
atmosphere, and the medium was changed twice a week. Then, cells
were washed with PBS, fixed in 4% formaldehyde, and stained for
15 min with crystal violet. The number of colonies was estimated
using the Image Processing and Analysis Java (ImagelJ) program
(National institutes of health, Bethesda, Maryland, United States).
Colony formation ability was assessed by using the following
equation:

no. of colonies
% of colony formation= *100
no. of cells seeded

Cell migration assay. Cells (1x100 cells) were seeded in triplicate
in 35 mm cell culture dishes in DMEM medium and incubated at
37°C in a humidified 5% CO, atmosphere for 24 h to attach. Then,
a wound was created in the formed monolayers, using 200 ul tips.
Cells were washed with PBS, treated with the ICs of the examined
chalcone in DMEM (33.6+3.43 uM and 97.47+8.65 uM for MCF-
7 and MDA-MB-231 cancer cells, respectively), and incubated for
24 h. Doxorubicin was used as a positive control at the
concentration of 1 pM. Images were captured using the cytosmart
live-cell imaging system (Lonza Walkersville, Inc., Walkersville,
MD, USA). Estimation of the open scratch area was performed at
different time points using ImagelJ, and data were analysed using
GraphPad Prism-9 software (GraphPad, La Jolla, CA, USA).

RNA isolation and real-time gPCR assay. MCF-7 and MDA-MB-
231 cancer cells were treated with the ICs( of the new chalcone,
33.6+3.43 uM and 97.47+8.65 uM, respectively, or 1 pM of
doxorubicin, as a positive control (21, 25), for 24 h. Then, total
RNA was extracted from the cells using the Qiagen RNA extraction
kit (Hilden, Germany) according to the manufacturer’s instructions.
The expression of the p53, MDM4, MDM?2, p53 up-regulated
modulator of apoptosis (PUMA), NOXA, E-cadherin, transforming
growth factor (TGF-f1), SNAII and Twist-related protein 1
(TWIST1) genes was assessed by real-time qPCR. Quantification of
mRNA was achieved by utilizing the Rotor-Gene 6000 Series
Software 1.7 (Qiagen, Hilden, Germany). Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as internal control
(27). The sequences of the primers are shown in Table I, and the
primer sequences were obtained from National Centre for
Biotechnology Information (NCBI). RT-PCR reactions, performed

Table 1. Primer sequences.

Primer Sequence of the primer

MDM4 Forward: 5’-TGTGGTGGAGATCTTTTGGG-3’
Reverse: 5’-GCAGTGTGGGGATATCGT-3".

MDM?2 Forward: 5’-CGAGCGCCCAGTGCC-3’

Reverse: 5’-AGGTGGTTACAGCACCATCAG-3’.
P53 Forward: 5’-GGTGACACGCTTCCCTGGAT-3’
Reverse: 5’-CATCCATTGCTTGGGACGGC-3".

PUMA Forward: 5>-GTGGGTCCCCTGCCAGATT-3"
Reverse: 5’-GGAGCTGCCCTCCTGGC-3".

NOXA Forward: 5°-CGAGGAACAAGTGCAAGTAGCTG-3’
Reverse: 5’-GCCGGAAGTTCAGTTTGTCTCC-3".

E-cadherin Forward: 5’-ACTGATGCTGATGCCCCCAA-3’
Reverse: 5’-TGTACTGCTGCTTGGCCTCA-3’

TGF-p1 Forward: 5’-CACCTTGGGCACTGTTGAAGT-3’
Reverse: 5’-CCTCTCTGGGCTTGTTTCCTCA-3’

SNAII Forward: 5’-CGGCCTAGCGAGTGGTTCTT-3"
Reverse: 5’-AGGAAAGAGCGCGGCATAGT-3’

TWISTI1 Forward: 5’-ATGTCCGCGTCCCACTAGCA-3’

Reverse: 5’-GCCCCACGCCCTGTTTCTTT-3"

using the Qiagen one step RT-PCR (Qiagen) kit, contained 100 ng
of total RNA, 1x buffer, 0.6 uM forward and reverse primers, 400
uM of each dNTP, and 2 pl enzyme mix. The conditions were as
follows: 35 cycles of 25 s denaturation step at 95°C, 30 s primer
annealing at 58°C, and 20 s polymerization at 72°C.

Triplicate RT-PCR reactions were performed for each sample.
Cycle threshold (Ct) was determined for each sample, and the
average Ct was calculated. In order to exclude the production of
non-specific DNA fragments and to characterize the obtained
amplified mixture without the interference of contamination, a
melting curve analysis was achieved between 60-95°C at 1°C
intervals with the Rotor-Gene 6000 Series Software 1.7 (Qiagen),
using the SYBR Green fluorescent dye. After normalization to the
control GAPDH expression, the target gene expression in the treated
cells relative to the untreated ones was calculated.

Analysis of protein expression via western blotting. To detect the
expression levels of P53, MDM4, MDM2, Matrix metalloproteinase
(MMP)-2 and MMP-9 proteins, sodium dodecyl sulphate—
polyacrylamide gel electrophoresis (SDS-PAGE) analysis was
performed. MCF-7 and MDA-MB-231 cells were treated with the
IC5y of the chalcone, 33.6+£3.43 puM and 97.47+8.65 uM,
respectively, for 24 h or with 1 uM of doxorubicin, which was used
as positive control. After washing with PBS, protein extraction was
performed in RIPA lysis buffer, containing 50 mM Tris—Cl, pH 7.5,
0.1% SDS, 150 mM NacCl, 0.5% sodium deoxycholate, | mM PMSF,
and 1% Nonidet P-40, supplemented with the complete protease
inhibitor cocktail (Roche, Mannheim, Germany). The Bradford
method was used to determine the protein concentration (28). Cell
lysates containing 30 pg protein were separated by SDS-PAGE (15%
acrylamide), transferred to a Hybond™ nylon membrane (GE
Healthcare) and incubated for 1 h at room temperature in Blocking
Solution. Membranes were incubated overnight at 4°C with P53,
MDM2, MDM4, MMP-2 and MMP-9 antibodies (New England
Biolabs, Ipswich, MA, USA) diluted (1:1000) with PBS. Then,
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membranes were washed for 30-60 min and incubated at room
temperature for 1 h with the HRP-conjugated secondary antibody
(New England Biolabs) diluted (1:1000) in PBS (29).
Immunoreactive proteins were detected using an enhanced
chemiluminescence kit (GE Healthcare, Little Chalfont, UK) by a
luminescent image analyzer (LAS-4000, Fujifilm Co., Tokyo, Japan).
An antibody against f3-actin (New England Biolabs) (1:1000) was
used to detect [-actin, which was used as a loading control.
Electrophoresis and electroblotting, using a discontinuous buffer
system, were carried out in a Bio-Rad Trans-Blot SD Cell apparatus
(Bio-Rad, Hercules, CA, USA). Densitometric analysis was then
performed by using ImageJ. Data were normalized to -actin levels.

Statistical analysis. Each experiment was repeated at least three
times. Data are expressed as mean+standard deviation. Student’s ¢-
test was used to analyse differences after one-way analysis of
variance (ANOVA), with the use of GraphPad Prism 9 statistical
software (GraphPad) and Excel software (Microsoft, Redwood, WA,
USA). Differences were considered significant when the probability
values (p) were less than 0.05.

Results

Cell viability assay. The survival of MCF-7 and MDA-
MB-231 cells was examined following treatment with
different concentrations of the examined chalcone for 24
and 48 h. Survival of the cells was expressed as a
percentage relative to that of the untreated cells, which
was considered 100%. As shown in Figure 2A and B, the
drug significantly inhibited the proliferation of both cell
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Figure 2. Survival of MCF-7 (A) and MDA-MB-231 (B) cancer cells
after 24 and 48 h treatment with different concentrations of the
examined chalcone. Data represent the mean+SD. Significant
differences were analyzed by one-way ANOVA test, compared to
untreated cells. (C) Represents the ICsy values of the tested chalcone
for MCF-7 and MDA-MB-231 cells.

lines in a concentration- and time-dependent manner. The
IC5 of the chalcone was 33.6+3.43 uM and 97.47+8.65
uM for MCF-7 and MDA-MB-231 after 24 h, respectively,
whereas it was 18.48+1.73 uM and 52.10+4.87 uM for
MCEF-7 and MDA-MB-231 after 48 h, respectively, as
shown in Figure 2C.

Annexin V assay using flow cytometry. Apoptotic cells were
estimated using Annexin V assay. Cells were treated with the
IC4( of the chalcone for 24 h. Apoptotic cells in the early
phase (Annexin V-positive/PI-negative) can be distinguished
from those in the late phase (Annexin V-positive/PI-positive)
and necrotic phase (Annexin V-negative/PI-positive), as
shown in Figure 3. The proportion of total apoptosis was
significantly increased (p<0.001) from 0.66+0.03% to
12.71£1.37% and from 0.67+0.04% to 12.74+0.9% for
MCF-7 and MDA-MB-231 cells, respectively, as shown in
Figure 3E.

Cell cycle analysis using flow cytometry. To further determine
the mechanism of apoptosis, we investigated the changes in
cell cycle distribution after 24 h treatment with the ICs of the
chalcone in both cell lines. In accordance with the annexin V
assay, the preG1 peak was significantly (p<0.001) increased
in treated MCF-7 and MDA-MB-231 cells. Cell cycle arrest
at the G,/M and S phase for MCF-7 and MDA-MB-231 cells
was observed, respectively (Figure 4).
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Figure 3. Representative flow cytometric dot plots of Annexin V staining. (A) and (B) represent dot plots for untreated and treated MCF-7 cells,
respectively. (C) and (D) represent dot plots for untreated and treated MDA-MB-231 cells, respectively. X axes and Y axes represent FITC-conjugated
Annexin V and PE-conjugated PI, respectively. (E) The percentage of total apoptotic and necrotic cells in both cell lines after treatment with the

IC5 of the chalcone for 24 h. Data represent the mean+SD. Significant difference was analyzed by one-way ANOVA test. ***p<0.0001 compared
to untreated cells.
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Figure 4. Cell cycle phase distribution of untreated cells and cells treated with the ICs concentration of the chalcone for 24 h as determined by
flow cytometric analysis. (A) and (B) Representative histograms for cell cycle distribution after PI staining of untreated and treated MCF-7 cells,
respectively. (C) and (D) Representative histograms for cell cycle distribution after PI staining of untreated and treated MDA-MB-231 cells,
respectively. (E) Percentage of untreated and treated cells in the various cell cycle phases in both cell lines. Data represent the mean=SD. Significant
difference was analyzed by one-way ANOVA test. *p<0.05, **p<0.01, ***p<0.001 compared to untreated cells.

Colony formation assay. To examine the ability of the  both cancer cells to form colonies. Doxorubicin was used as
chalcone to inhibit colony formation from a single cell, a  a positive control.

colony formation assay was performed after 24 h treatment

with the ICs of the tested chalcone. As shown in Figure 5,  Cell migration assay. To investigate the migration inhibitory
chalcone significantly (p<0.001) suppressed the ability of  potential of the examined chalcone against breast cancer
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Figure 5. Effect of the chalcone on colony formation. (A) and (B) colonies formed after treatment of MCF-7 and MDA-MB-231 cells with the IC5,
of the chalcone, respectively. Doxorubicin was used as a positive control. (C) Graph showing the percentage of colony formation ability of both
cell lines. Bars represent the mean=SD. **p<0.01, ***p<0.001 compared to untreated cells.

cells, a cell migration assay was performed after 24 h  wound closure was 48.78%=4.67, as shown in Figure 6C.
treatment with the I1Cs( of the chalcone, as shown in Figure =~ Doxorubicin was used as a positive control.

6. The examined drug significantly (p<0.05) inhibited

migration of MCF-7 cells where the percentage of wound  Expression of p53, MDM4, MDM2, PUMA, NOXA, E-
closure was 68.34%=x6.34, and potently (p<0.01) inhibited  cadherin, TGF-f1, SNAIl and TWISTI genes. The expression
migration of MDA-MB-231 cells where the percentage of  of the p53, MDM4, MDM?2, PUMA, NOXA, E-cadherin, TGF-
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Figure 6. Effect of the chalcone on the migration ability of cells. (A) and (B) Representative images were obtained at 0 and 24 h for untreated
(control) and cells treated with the IC s of the chalcone and doxorubicin following the generation of a scratch in MCF-7 and MDA-MB-231 cancer
cells, respectively. Magnification: x40. (C) Quantification of the percentage of closure by measuring the open scratch area at 0 and 24 h in MCF-
7 and MDA-MB-231 cancer cells. *p<0.05, **p<0.01 compared to untreated cells.

1, SNAII and TWISTI genes was assessed by quantitative
real time PCR (Figure 7). Gene expression was normalized to
GAPDH and doxorubicin was used as a positive control.
When compared to untreated cells, expression of p53, PUMA,
NOXA and E-cadherin genes was significantly (p<0.001)
increased in both cancer cells after treatment with the chalcone
at the IC5, concentration for 24 h. Furthermore, the chalcone
significantly (p<0.001) decreased the expression of MDM4,
MDM?2, TGF-f1, SNAII and TWISTI genes.
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Expression of P53, MDM4, MDM?2, MMP-2 and MMP-9
proteins. Expression of P53, MDM4, MDM2, MMP-2 and
MMP-9 proteins in MCF-7 and MDA-MB-231 cancer cells
untreated or treated with the ICs, concentration of the
chalcone for 24 h is shown in Figure 8A; doxorubicin was
used as a positive control (Figure 8). Protein expression was
normalized to B-actin protein. In chalcone-treated cells, when
compared to untreated cells, expression of p53 protein was
significantly (p<0.001) increased in MCF-7 and MDA-MB-
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Figure 7. Expression of p53, MDM4, MDM?2, PUMA, NOXA,
E-cadherin, TGF-f1, SNAIl and TWISTI genes was determined by
quantitative real-time PCR. Relative gene expression in MCF-7 (A) and
MDA-MB-231 (B) cells treated with the ICs, concentration of the
chalcone for 24 h compared to untreated cells. Doxorubicin was used
as a positive control. Expression was normalized to the corresponding
GAPDH gene expression. Bars represent the mean+SD. Significant
difference was analyzed by one-way ANOVA. **p<0.01, #p<0.001
compared to untreated cells.

231 cancer cells. Whereas expression of MDM2, MDM4,
MMP-2 and MMP-9 proteins was significantly (p<0.001)
decreased in chalcone-treated MCF-7 and MDA-MB-231
cancer cells compared to untreated cells.

Discussion

Cancers are heterogenous, show differential resistance to the
drugs and use different pathways to survive and grow (30-
32). Therefore, continuous screening for new therapeutic
agents with different pharmacological effects are required
(33-37). Breast cancer is considered heterogenous at the
clinical and molecular level, and is classified into many
subtypes that have been identified through gene expression
(38). Amongst recognized types, luminal A molecular
subtype represents most of estrogen receptor (ER) and
progesterone receptor (PR) positive malignancies, and

accounts for 70% of breast cancer cases (39). Other subtypes
of breast cancer include human epidermal growth factor
receptor 2 (HER2)-positive cancer, which represents 15-20%
of the cases and shows high levels of HER2 protein, and
triple negative breast cancer (TNBC), which represents
approximately 15% of all breast cancer cases and shows no
expression of ER, PR, and HER2 proteins (40).

MCF-7 breast cancer cells are (ER)-positive and (PR)-
positive (41), and belong to the luminal A molecular subtype
(42). It is an appropriate model for different breast cancer
studies especially those involving anticancer drugs. Despite
the fact that luminal A molecular subtypes show sensitivity
toward endocrine therapy, some possess or acquire resistance
to treatment (43). Breast cancer patients with positive
hormone receptor (HR+) status suffer from primary or
secondary endocrine therapy resistance, which prevents
effective treatment. MDA-MB-231 cells are from TNBC, and
are characterized by the lack of ER, PR, and HER2
expression (44). TNBC is considered a highly aggressive
tumour with great metastatic potential, high mortality rate,
and poor clinical outcome (45). The molecular mechanisms
of breast cancer genesis and progression are better understood
nowadays (46), yet, the underlying mechanism of TNBC
relapse has not been fully elucidated. Therefore, no targeted
therapy has significantly improved patient survival (47).
Moreover, traditional therapeutic strategies such as
chemotherapy, radiation therapy, hormone therapy, and
targeted therapy are still not adequate and usually
accompanied by major side effects, including drug resistance,
immune toxicity or unexpected toxicity (40). Therefore,
finding new potential medications that target different
pathways could help prevent or delay resistance to therapy.

In the present study, the effect of a new ciprofloxacin
chalcone on the proliferation, migration, and invasion
abilities of the breast cancer cell lines MCF-7 and MDA-
MB-231, was investigated and the molecular mechanism
underlying this activity was partially explained. The new
chalcone inhibited proliferation and reduced viability of both
cancer cell lines in a concentration-dependent manner, while
the inhibition was more potent in MCF-7 cancer cells.
Furthermore, annexin V staining and cell cycle analysis
indicated that it induced apoptosis and cell cycle arrest.
Specifically, our new ciprofloxacin chalcone induced cell
cycle arrest at the G,/M and S phases in MCF-7 and MDA-
MB-231 cancer cells, respectively. This was further
evidenced at the molecular level.

Inactivation of p53 in the majority of tumors may be due to
genetic mutations or up-regulation of its inhibitory proteins
such as MDM2 and MDM4, which target the transactivation
domain of p53 and inhibit p53-mediated transcription.
Furthermore, they trigger proteasomal degradation of p53 (48).
Following treatment of MCF-7 and MDA-MB-231 cancer
cells with the examined chalcone, the expression of MDM?2
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Figure 8. Expression of P53, MDM4, MDM2, MMP 2 and MMP 9 proteins in MCF-7 and MDA-MB-231 cancer cells. (A) Representative western
blots of P53, MDM4, MDM2, MMP-2 and MMP-9 proteins in MCF-7 and MDA-MB-231 cells treated with the IC s, concentration of the chalcone
for 24 h. (-actin was used as an internal loading control and doxorubicin was used as a positive control. (B) Protein expression in MCF-7 and
MDA-MB-231 treated cells relative to untreated cells after normalization to the corresponding [(3-actin protein levels. Bars represent the mean=SD.

Significant difference was analyzed by one-way ANOVA, **p<0.01,*

and MDM4, on the gene and protein levels, was suppressed,
whereas the expression of p53 was clearly increased. We
hypothesize that the examined chalcone down-regulated the
expression of MDM?2 and MDM4 leading to the up-regulation
of p53 expression, which is in accordance with Valianato et
al. who suggested that other fluoroquinolone members could
regulate specific miRNASs to cause alternative splicing on
MDM4 transcript and interfere with its expression (49).

The up-regulation of p53 explains the induction of in both
cancer cells. This was confirmed by the increase in the
expression of pro-apoptotic genes, such as PUMA and NOXA.
Once p53 expression is up-regulated, it activates pro-apoptotic
BH-3 containing proteins, such as PUMA and NOXA, followed
by binding with and inactivation of anti-apoptotic members of
the bcl-2 family and further interaction with and activation of
other pro-apoptotic proteins, such as Bak and Bax (50).

Importantly, in an attempt to investigate the anti-
metastatic potential of the examined chalcone, colony
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p<0.001, compared to untreated cells.

formation and cell migration assays were performed. The
results showed that chalcone suppressed the formation of
colonies and migration abilities of both cells. Epithelial—-
mesenchymal transition (EMT) is critical for the conversion
of primary localized tumors into invasive and metastatic
cancers and is usually accompanied by chemoresistance and
tumor stemness. The loss of cell adhesion and lack of
epithelial properties in addition to gaining a mesenchymal
phenotype are fundamental characteristics of an invasive
capacity and migration (51). There are various pathways
involved in EMT; the down-regulation of E-cadherin, a
transmembrane molecule crucial for maintaining the
epithelial phenotype and cell-cell interactions, is a hallmark
of the EMT induction, which is accompanied by activation
of different transcription factors such as Snail and Twist-1
that directly bind to the promoter region of E-cadherin and
inhibit its transcription (52, 53). Another pathway for
activating EMT is TGF-p/Smad signaling pathway. The
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activation of this pathway results in the phosphorylation and
activation of Smad2 and Smad3, which bind directly to the
promoter region of Snail and activate its transcription leading
to augmented down-regulation of E-cadherin expression
(54). Matrix metalloproteinases (MMPs) are a family of
calcium-containing and zinc-dependent proteases that
facilitate the degradation of many extracellular matrix
(ECM) proteins and basement membranes resulting in its
remodeling, which is critical for cancer invasion and
metastasis (55). MMP2 has been shown to degrade type 1V,
V, VI, and X collagens in addition to gelatins in the
basement membranes, while MMP9 degrades type IV
collagen and fibronectin in the basement membranes and
ECM affecting the adhesion capacity of cancer cells. ECM
and basement membranes are considered natural barriers
against cancer cell migration, invasion, and metastasis (56).

Our findings are in accordance with the hypothesis that,
in both breast cancer cell lines, EMT induction occurs via
activation of many transcription factors including SNAI1 and
Twist-1, along with the TGF-B pathway, which is
accompanied by the down-regulation of E-cadherin and a
high MMP2 and MMP9 expression. Our new ciprofloxacin
chalcone significantly down-regulated the mRNA levels of
Snail, Twist-1, and TGF-p along with the up-regulation of
E-cadherin. Also, it inhibited the expression of MMP2 and
MMP9 proteins in both breast cancer cell lines leading to
significant suppression in their abilities for colony formation
and cell migration, exhibiting promising anti-metastatic
activity against both MCF-7 and MDA-MB-231 breast
cancer cell lines.

In conclusion, the present study showed, for the first
time, that this new ciprofloxacin chalcone [7-(4-(N-
substituted carbamoyl methyl) piperazin-1yl)] targeted the
pS3/MDM2/MDM4/PUMA/NOXA pathway, which led to
inhibition of proliferation and induced cell cycle arrest and
apoptosis in MCF-7 and MDA-MB-231 cells. Furthermore,
it inhibited their migration and metastatic ability by down-
regulating MMP-2 and MMP-9 expression and inhibiting
EMT through blocking the TGF-f pathway, suppressing
SNAIIT and TWIST1 transcription factors, and increasing
expression of E-cadherin. Therefore, this new
ciprofloxacin chalcone exhibited promising apoptotic and
anti-metastatic activities in MCF-7 and MDA-MB-231
breast cancer cell lines making it an attractive molecule for
drug development in the treatment of breast cancer.
Further studies of this new chalcone are required to
increase our understanding of the molecular mechanisms
underlying its effects.
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