Bull. Pharm. Sci., Assiut University, Vol. 44, Issue 1, 2021, pp. 119-130.

/9001 : 2015 ) in 19/772017 No. 168 (9001 : 2008

Website: http://bpsa.journals.ekb.eg/
e-mail: bullpharm@aun.edu.eg

Bulletin of Pharmaceutical Sciences é

Assiut University

BULL. PHARM. SCI.

Assiut Univ.

ROSIGLITAZONE SHOWS SEQUENCE-SPECIFIC SYNERGY WITH
CHEMOTHERAPEUTIC DRUGS IN INHIBITION OF MCF-7 BREAST

CANCER CELL LINE

Sally Al-Moualem'" and Fawza Monem"

'Program of Molecular Biology and Biotechnology, Department of Biochemistry and

2

Microbiology, Faculty of Pharmacy, Damascus University, Damascus, Syria
2Department of Clinical Laboratories, Al-Assad Hospital, Damascus, Syria

Preclinical studies have shown that peroxisome proliferator-activated receptor y (PPARy)
ligands such as thiazolidinediones (TZDs) can exert antitumor effects against breast cancer and
a variety of other cancers. In this study, we investigated the potential of repurposing a PPARy
ligand, rosiglitazone (RGZ), in combination with either of three chemotherapeutic agents,
doxorubicin (Dox) or cisplatin (Cis) or 5-fluorouracil (5-FU), for the in-vitro treatment of breast
cancer cell line, MCF-7. RGZ augmented the growth inhibition effect of Cis and 5-FU on MCF-
7 cells. The synergy was observed only when chemotherapy preceded RGZ and not vice versa,
demonstrating a sequence-specific effect. We also observed that the first administered drug gave
its cell cycle pattern and apoptosis/necrosis pattern to the subsequently applied drug. Besides,
no adipose differentiation in the form of lipid droplet accumulation was induced in treated cells
regardless of the used drugs and their sequence of application. Together, our data show a
synergistic effect of administering RGZ after Cis or 5-FU and suggests an inhibitory role of RGZ
on the chemo-resistant MCF-7 side-populations.

INTRODUCTION

Differentiation therapy is defined as the
reactivation of normal differentiation pathways
in tumor cells to achieve a less aggressive,
more tolerable phenotype to traditional adopted
medications'. Solid tumors are characterized by
their heterogeneity in differentiation state and
mitotic potential. While the normal tissue
differentiation process includes cellular growth
or arrest, many malignant cells fail to express
adequate levels of molecular or morphological
markers of the terminally-differentiated state,
which makes these cells more resistant to
chemo- and radiotherapy. Thus, differentiation
therapy could induce the development of a
tumoral phenotype with better prognosis™.

Drug repurposing or repositioning is the
process of seeking new medical treatments
within the drugs available with a particular
medical indication, such as hypertension,
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diabetes, or hyperlipidemia, instead of
developing drugs de novo. It is based on the
principle of polypharmacology, where one drug
with multiple target and off-target effects may
present various modes of action. Enthusiasm
for drug repurposing is growing, especially in
the field of oncology, where common examples
include statins, angiotensin-receptor blockers,
metformin, aspirin, and vitamin D*,

PPARys are transcription  factors
belonging to the nuclear receptors family and
involved in many pathways, including
adipogenesis, apoptosis, and cell cycle. These
receptors are activated by binding to their
specific ligands. They undergo morphological
alterations, form heterodimers with the retinoid
X receptor (RXR), and bind to particular
PPARYy response elements (PPREs) in many
genes' regulating regions’. PPARy ligands of
thiazolidinediones (TZDs) family (FDA
approved for the treatment of Type 2 Diabetes)



showed effectiveness in proliferation and
invasion inhibition and apoptosis in multiple
tumors, including breast cancer, lung cancer
and leukemia’*®.

There is some evidence on the use of
TZDs in the treatment of breast cancer by
inducing apoptosis, cell cycle arrest,
autophagy, and differentiation and by reducing
angiogenesis and metastasis’*'"’. Mueller er al.”
reported a significant increase in the gene
expression of PPARy in the majority of human
metastatic breast carcinomas. Activation of
PPARYy leads to the accumulation of lipids and
alterations of gene expression, including
upregulation of a normal breast development
biomarker, maspin, which has anti-tumoral
activity.

In addition to evidence supporting the
possibility that PPARYy activation will become
one of the strategies used in treating breast
cancer; its relatively low toxicity and good
clinical tolerance could be promising in its use
in chemoprevention or post-surgical supportive
treatment”.

Breast cancer is the most common cancer
among females, affecting approximately 2.1
million women yearly worldwide''. Although
chemotherapy has dramatically improved
patients' survival in recent decades, the chemo-
resistance phenomenon remains one of the
significant challenges in cancer treatment
worldwide and is responsible for tumor
recurrence. Hence, we aimed to assess the
effect of combining differentiation therapy
(PPARY agonist) with traditional chemotherapy
on cell growth, apoptosis, and differentiation of
the breast cancer cell line MCF-7.

MATERIALS AND METHODS

Materials

The MCEF-7 cell line was obtained from
The European Collection of Authenticated Cell
Cultures (ECACC), Sigma-Aldrich (USA).
Roswell Park Memorial Institute (RPMI)-1640
Medium and penicillin-streptomycin antibiotics
were obtained from EuroClone (Italy). Fetal
bovine serum (FBS) was obtained from Sigma-
Aldrich (USA) and recombinant human insulin
from Novo Nordisk (Denmark). MTT reagent
and cell culture grade dimethyl sulfoxide
(DMSO) were obtained from Genaxxon
(Germany). Doxorubicin and 5-fluorouracil
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from Ebewe (Austria) and cisplatin from
Mylan (France).

Cell culture and treatment

The MCEF-7 cell line was maintained in a
complete medium of RPMI-1640 supplemented
with 10% fetal bovine serum, 1% recombinant
human insulin, and 1% penicillin-streptomycin
antibiotics. Cells were incubated at 37 °C with
5% CO2, and the medium was replaced every
48 to 72 hours. Rosiglitazone (RGZ) dissolved
in DMSO, and doxorubicin (Dox), 5-
fluorouracil (5-FU), and cisplatin (Cis) aqueous
solutions were used in drug sensitivity assays.

For drug combinations, cells were cultured
with the complete medium in 96-well plates.
On the next day, cells were treated in the
presence of serum with RGZ at its half-
maximal inhibitory concentration (ICsy), 50
uM, for 48 hours, followed by 24 hours of
drug-free medium or 4 hours of drug-free
medium followed by 20 hours of treatment
with the chemotherapeutic agent. In other
wells, cells were treated with the chemo-
therapeutic agent (Dox or Cis or 5-FU) for 20
hours followed either by 52 hours of drug-free
medium or by 4 hours of drug-free medium
followed by 48 hours of treatment with RGZ
(50 uM), (Fig. 1). Cell growth was measured
using the  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay 72
hours after treatment initiation.

Measurement of cell growth

Cell growth was measured using the
tetrazolium salt (MTT), which is cleaved by a
mitochondrial dehydrogenase to produce dark
blue formazan crystals. The crystals were
dissolved using DMSO. Optical density was
measured at 540 nm, and the approximate live-
cell number was determined from the cell line
standard curve (cell density-optical density).
Two independent experiments were performed
in six replicates, and the mean value was
calculated for each condition, and cell growth
calculated as:

Percentage of cell growth =
Mean Cell No.in treated wells
Mean Cell No.in control wells

x100




Median-effect analysis (MEA)

The median-effect analysis was performed
as described by Chou and Talalay'>. CompuSyn
software” was used to calculate combination
indices (Cls) for augmented concentrations of
chemotherapeutic drugs combined with a fixed
concentration of RGZ and average Cls. A CI of
1 indicates an additive effect, whereas a CI < 1
indicates synergy, and CI>1 indicates
antagonism.

Flow cytometry

At 72-h post-treatment, the cells were
detached using trypsin-EDTA and washed
twice with PBS, then resuspended in serum-
free medium. For the Apoptosis/Necrosis
assay, cells were stained using Annexin-V-
GFP'* (Atomic Energy Commission of Syria
(AECS), Syria) and propidium iodide (PI) and
analyzed using BD FACSCalibur Flow

Cytometer (BD Biosciences, San Jose, CA).
For cell cycle analysis, the DNA content of PI-
stained cells was analyzed by flow cytometer
as described by Darzynkiewicz ef al.".

Nile blue staining

Cells were cultured with the complete
medium in 12-well plates and treated as
described in figure 1. After 72 hours, wells
were washed twice using PBS and fixed with
paraformaldehyde (4% in PBS) for 30 minutes.
Cells were washed 2 to 3 times with PBS and
stained with Nile blue solution (lpg/ml in
distilled water) for 20 minutes in the dark.
Plates were rinsed with distilled water and
examined using a fluorescent microscope
(Nikon Eclipse TS100, Japan). Oleic acid
(1/4000) for 24 hours was used as a positive
control.

A I RGZ »|«——Drug-free—»
0 48 h. 72h.
Drug-
B | RGZ »] iree ——Chemo——>
0 48 h. 52 h. 72 h.
C «—Chemo— |« Drug-free 3
0 20 h. 72h.
Drug-
o «——Chemo—> [ free |« RGZ 5
0 20h. 24h. 72h.

Fig. 1: Timeline of applied drugs (Chemotherapy and rosiglitazone) on MCF-7 cell line: (A) in studies of
rosiglitazone (RGZ) as a single agent, RGZ was administered for 48 hours followed by 24 hours without
drug; (B) in studies of RGZ before treatment, cells were treated with RGZ for 48 hours followed by a 4-
hours drug-free washout and Dox or Cis or 5-FU for 20 hours; (C) in studies of single-agent chemotherapy,
each chemotherapeutic drug (doxorubicin (Dox) or cisplatin (Cis) or S5-fluorouracil (5-FU)) was
administered for 20 hours followed by 52 hours without drug; (D) in studies of RGZ after treatment, cells
were treated with Dox, Cis or 5-FU for 20 hours followed by a 4-hour drug-free washout and RGZ for 48
hours. In single-agent studies, cells were treated with RGZ at concentrations of 12.5, 25, 50, 100, 200 uM,
Dox at concentrations of 0.25, 0.5, 1 or 2 uM, Cis at concentrations of 12.5, 25, 50 or 100 pg/ml and 5-FU
at concentrations of 50, 100, 200 or 400 pg/ml. In combination studies, cells were treated with 50 uM RGZ
before or after various concentrations of Dox or Cis or 5-FU as indicated.
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RESULTS AND DISCUSSION

Results

RGZ potentiates Cis- or 5-FU-induced
MCF-7 growth inhibition in a sequence-
specific manner

To assess the efficacy of combining
rosiglitazone with some cytotoxic
chemotherapeutic drugs against breast cancer
cells, we applied previously mentioned drugs in
a sequence-specific manner and reported cell
growth after treatment. We found that cell
growth inhibition was the highest when MCF-7
cells were treated with Dox or 5-FU or Cis
followed by RGZ, noting that the application of
RGZ after Dox resulted in significant inhibition
of cell growth compared with Dox alone, only
at smaller Dox concentrations.

We observed similar results when
administering combinations of Cis or 5-FU
with RGZ, where we found sequence-specific
effect potentiation appearing when RGZ
followed Cis or 5-FU. However, RGZ blocked
the growth inhibitory effect of the subsequent
chemotherapeutic drug (Cis, Dox, and 5-FU)
independently of chemotherapy type, its
mechanism of action, or its concentration, as
we noticed a fluctuation in the percentage of
cell viability around the ICsy, of RGZ
(48.42 £2.10 uM) in wells treated with RGZ
followed by chemotherapy: Dox, 5-FU and Cis
(55.4£9.34 uM), (p= 0.13338) (Fig. 2).

Median-effect analysis revealed sequence-
specific synergy when RGZ followed Cis or
5-FU

RGZ-chemotherapy interactions were
assessed using median-effect analysis. The
average CI for the combination of Cis followed
by RGZ is 0.75. Conversely, with the
combination where RGZ was followed by Cis,
where average CI was 4.43, indicating partial
antagonism. MEA revealed synergy between
Dox and RGZ when applying Dox followed by
RGZ, only at low Dox concentration. On the
other hand, no growth inhibition or synergy
approved when  using  higher  Dox
concentrations.

Similarly, we found a sequence-specific
synergy when applying 5-FU followed by RGZ
(average CI= 0.56) but partial antagonism
when 5-FU was preceded by RGZ (average Cl=
5.48) (Fig. 3).
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RGZ following Cis shifted cells from early
to late apoptosis

To determine cell percentage in early or
late apoptosis in treated cell cultures, cell
analysis was performed using PI and Annexin-
V- GFP and flow cytometer. Live -cells
remained uncolored (Annexin-V-GFP7/PI).
Cells in early apoptosis showed Annexin-V-
GFP positive and PI negative staining patterns
(Annexin-V-GFP*/PI), whereas cells in late
apoptosis showed Annexin V and a Pl-positive
staining  pattern  (Annexin-V-GFP*/PI").
Finally, Necrotic cells showed Pl-only staining
pattern (Annexin-V-GFP/PI").

In control non-treated cell cultures, 96.3%
of MCF-7 were Annexin-V-GFP/PI, 2.6%
were Annexin-V-GFP*/PT and 1.1% were
Annexin-V-GFP*/PI" with no necrotic cells.
RGZ treated cells (50 uM), 48 hours showed
similar staining patterns to control cells, with
91.5% (Annexin-V-GFP/PI), 3.96% (Annexin-
V-GFP'/PT), and 4.5% (Annexin-V-GFP*/PT").

Application of RGZ (50 uM) preceding
Cis resulted in an increase of apoptotic cells
(33.1% and 9.5%) compared with control cells
(2.6% and 1.1%). Conversely, Cis treatment
(25 pg/ml) resulted in 0.4% live cells, 73.9%
early apoptotic cells, 25.8% late apoptotic and
0.01% necrotic cells. Application of Cis
followed by RGZ (50 uM) resulted in a rise in
apoptotic cell percentage (52.4% and 47.3%)
compared with control and RGZ followed by
Cis treated cells, with the observation of cell
shift to late apoptosis pattern compared with
early apoptotic pattern in cells treated with Cis
alone.

Dox treatment (1 uM, 24h.) exhibited a
decrease in live-cell percentage to 30.4% and
an increase in early apoptotic (36.3%) and late
apoptotic cells (27.1%) and necrotic cells
proportions (6.6%). This pattern did not change
when treating cells with RGZ (50 uM, 24 h.)
after Dox. Conversely, the application of Dox
after RGZ caused a little decrease in cell
viability (85.5%) with an increase in necrosis
(7%) compared with control and RGZ-treated
cells (Fig. 4).
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Fig. 2: Sequence-specific interaction between rosiglitazone (RGZ) and either of doxorubicin (Dox), or cisplatin
(Cis), or 5-fluorouracil (5-FU) in growth inhibition of MCF-7 cells. (A) MCF-7 growth inhibition
comparison between wells treated with RGZ and wells treated with RGZ followed by chemotherapy. (B)
MCE-7 cell growth kinetics in various combinations of RGZ and Dox; (C) of RGZ and 5-FU; and (D) of
RGZ and Cis.
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Fig. 3: Combination indices (CIs) for different combinations (rosiglitazone-chemotherapy), calculated using
CompuSyn software: (A) Scatter dot plot showing combination index (CI) values for each drug
combination; and (B) table showing average CI for each tested combination. A CI of 1 indicates additive
effects, whereas a CI < 1 indicates synergy, and CI > 1 indicates antagonism. Cis: cisplatin, Dox:

doxorubicin, 5-FU: 5-fluorouracil, and RGZ: rosiglitazone.
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Fig. 4: Apoptosis/Necrosis assay of MCF-7 cells treated with various combinations of rosiglitazone (RGZ) and
chemotherapeutic drugs using flow cytometry: (A) for control and RGZ-treated MCF-7 cells (left to right);
(B) for doxorubicin (Dox), Dox/RGZ and RGZ/Dox combinations (left to right); and (C) for cisplatin (Cis),
Cis/RGZ and RGZ/Cis combinations (left to right).

The preceded drug gave its cell cycle pattern
to MCF-7 cells treated in the absence or
presence of subsequently applied medication

To investigate the effect of previous
treatments on the progression of the cell cycle,
we performed cell cycle analysis with
fluorescent DNA stain, propidium iodide (PI).
Dox treatment caused a remarkable shift from
Gl to S phase, where cell proportion in the S
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phase was 95.33% compared with 30.02% in
control cells. Cells treated with Dox followed
by RGZ exhibited similar behaviour. They
showed an S phase arrest (87.61%).
Conversely, cell treatment with RGZ followed
by Dox showed a small raise in S phase cell
proportion with (38.92%) and a decrease in
G2/M phase cell proportion (0%) compared
with control cells (2.6%).



Our data showed similar results with Cis increase in S phase cell proportion. In contrast,

alone, and Cis followed RGZ treatment cells, no significant difference in cell cycle was
which exhibited a slip in GO/G1 cell proportion observed in RGZ alone, or RGZ followed by
(33.34% and 23.9%, respectively) and an Cis compared with control (Fig. 5).
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Fig. 5: Cell cycle analysis of MCF-7 cells treated with various combinations of rosiglitazone (RGZ) with
Chemotherapeutic drugs using flow cytometry: (A) with doxorubicin (Dox) and (B) with cisplatin (Cis).

The histogram of cell cycle distribution was generated from 10,000 events per sample.
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No lipid droplet accumulation was observed
as a sequence of combinations application

To determine whether previous drug
combinations led to lipid droplet accumulation
in MCF-7 treated cells, we used the lipid-
specific fluorescent dye, Nile blue. Neither
control nor rosiglitazone-alone-treated cells nor
combinations-treated cells showed
fluorescence, indicating no lipid accumulation
occurred under our experimental conditions.
Interestingly, we observed few lipid droplets
(not more than one to two droplets in a cell in
approximately 15% of cells) in wells treated
with Cis followed by RGZ.

Discussion

We found partial antagonism when
applying drugs in chronological order: RGZ
followed by chemotherapy regardless of
chemotherapy type, its mechanism of action, or
its concentration, which provides evidence for
a shared mechanism that mediates the cell-
protective effect of RGZ against cytotoxic
therapeutic drugs. Noting that we added human
recombinant insulin to the culture medium in
our experiments, the protective effect might be
due to the insulin-sensitizing action of RGZ as
described by Djazayeri et al."**"" when worked
on bone marrow recovery.

This type of experiments could not allow
the identification of mechanisms underlying the
effect of combination to be synergistic or
antagonistic, which requires prolonged tests.
However, our study may contribute to the
filtering of compounds that are more likely to
be effective in subsequent trials.

In our experiments, RGZ-Dox
combinations did not show a synergism on
MCF-7 cells. Patel et al'® suggested a
mechanism of action for Dox relying on its
ability to increase ceramide production (a
sphingolipid), which has raised recently as a
second messenger in multiple signals
transduction pathways, including the apoptosis
pathway. This pathway is responsible for the
apoptosis activity (Potentiation) effect of Dox.
Other studies reported the role of ceramide in
decreasing levels of PPARy with a concurrent
augmentation of its transcriptional activity.
They mentioned that DOX-induced cell
apoptosis is dependent on the PPARy
pathway'®. That could explain the enhancement
of RGZ of the Dox-inhibitory activity in
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relatively low concentrations. In contrast, we
did not observe such inhibition in combinations
containing higher Dox concentrations, with the
underlying mechanism still unknown. Our
results differ from those of Arif and his
colleagues®, who reported an increase in Dox-
toxicity on MCF-7 breast cancer cell line when
combined with RGZ.

Conversely, we found synergism when
applying cytotoxic chemotherapeutic drugs (5-
FU and Cis), followed by RGZ on breast
cancer cells. 5-FU induces the upregulation of
the transient receptor potential cation channel
subfamily V member 1 (TRPVI) gene in MCF-
7 cells, which, in turn, influences calcium entry
and stimulates the production of intracellular
ROS and activation of Poly (ADP-Ribose)
Polymerase 1 (PARPI). In turn, RGZ elevation
causes further activation of TRPV1 and an
increase in calcium levels®'.

Cis killed a higher percentage of MCF-7
cells (known to be sensitive to Cis) and
probably induced cell cycle arrest in the S
phase in more resistant subpopulations. This is
consistent with researches showing that cell
cycle progression arrests in Cis sensitive cell
lines in the G2 phase, while cells enter
apoptosis with high doses”**. Subsequent
application of RGZ increased the proportion of
both apoptotic and S-phase arrested cells,
which implies a role of RGZ on cancer stem
cell subpopulation associated with the MCF-7
cell line™.

Studies differed in assessing the role of
PPARy ligands in protecting non-cancerous
cells from Cis-induced toxicity in a PPARy-
dependent pathway, and its modulation of NF-
KB and TNF-o and oxidative stress in
mice” . Our results in breast cancer were
consistent with Reddy ar al.”’ results showing a
protective effect of TGZ on cells when applied
to precede the chemotherapy on non-small cells
lung cancer (NSCLC) cells, as they reported an
antagonistic effect when treating cells with
troglitazone (TGZ) (a PPARy agonist) followed
by Cis, unlike treating cells with Cis followed
by TGZ, showing synergism resulted from Cis
induction of PPARG expression which, in turn,
enhances his effect later.

Finally, contrary to studies in which
pioglitazone induces lipid droplets
accumulation in MCF-7 cellsz, we did not
observe lipid droplets accumulation (as a



marker of adipose-differentiation) in treated
cells with any of the tested combinations
except for the Cis/RGZ combination. It might
be that 72 h. treatment was not sufficient to
translate the molecular signs into a marked
phenotype and induce lipid synthesis and
storage, or it could be that MCF-7 cells -known
as having a relatively well-differentiated
phenotype- were not the perfect model for
studying this type of interaction.

The question remains: will our data in-
vitro fit well with those in-vivo, considering the
higher concentrations used of RGZ compared
to typical plasma concentrations and its high
protein binding property, which makes its free
plasma concentrations much lower than in-
vitro sufficient concentrations? Several factors
may contribute to the RGZ activity, some of
which relate to the nature of the tumor and its
differentiation state, probably responsible for
making it more sensitive or resistant to the
differentiation effects of glitazones. In contrast,
others relate to glitazones' nature and their
ability to accumulate in some tissues in
concentrations high enough to produce an
aimed biological effect. This requires extensive
studies of more diverse combinations of
glitazones and chemotherapeutics to achieve
perfect combinations.

Conclusion

Combinations containing the PPARy
ligand: RGZ with cytotoxic chemotherapeutic
drugs (5-FU and Cis) showed sequence-
specific synergism when RGZ followed
chemotherapy. Whereas, when RGZ precedes
chemotherapy, it blocked these cytotoxic
effects. Nor additive or synergistic effect was
not found when combining doxorubicin with
RGZ.

All previous treatments did not lead to
lipid droplet accumulation (as an indicator of
RGZ-induced adipose differentiation) in
treated MCF-7 cells regardless of drug
concentrations and drug application sequence
considering conditions and times experimented
in our experiments.

We were limited as thiazolidinediones
have many biologically overlapping effects and
PPARy-dependent and independent targets,
making it challenging to manage effects and
interpret data. In parallel, MCF-7 represents a
particular genetic, epigenetic, and phenotypic

state and does not reflect the high
heterogeneity of breast tumors in general. We
can suggest that the application of
combinations on other, and maybe less-
differentiated, breast cancer cell lines or on in-
vivo breast cancer models; and/or the use of
treatment-times different from those applied in
our study could lead to better effects and
possibly, drug synergy.
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