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Troglitazone, originally approved by the Food and Drug Administration for the management of
type Il diabetes, was later withdrawn due to its severe hepatotoxic effects. In an effort to repurpose
Troglitazone, we investigated its potential antitumor effects on FaDu human hypopharyngeal carcinoma
cells. Our study found that Troglitazone induced cell cycle arrest at the G2/M phase, which was
accompanied by a reduction in key cyclins and cyclin-dependent kinase regulators. Simultaneously,
Troglitazone upregulated negative regulators such as p21CIP1/WAF1 and p27KIP1. Furthermore,
Troglitazone activated key apoptotic caspases, leading to the cleavage of poly (ADP-ribose) polymerase.
These apoptotic responses were mediated through the intrinsic pathway, involving the regulation of
both anti-apoptotic and pro-apoptotic factors. Notably, Troglitazone-induced apoptosis was linked to a
marked increase in the expression of peroxisome proliferator-activated receptor gamma, and this effect
was partially reversed by GW9662, a peroxisome proliferator-activated receptor gamma antagonist.
In conclusion, our findings suggest that Troglitazone exerts its antitumor effects through peroxisome
proliferator-activated receptor gamma activation, making it a promising candidate for repurposing as a
therapeutic agent for human hypo pharyngeal carcinoma.
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Hypopharyngeal carcinoma originates from the
epithelial lining of the hypopharynx, the lower
section of the pharynx that connects the larynx to the
esophagus. Although it accounts for less than 5 % of
all head and neck malignancies, it is characterized
by rapid progression and a poor prognosis. Several
risk factors contribute to its development, including
tobacco use, excessive alcohol consumption, and
occupational exposure to hazardous substances such
as asbestos and wood dust. Treatment strategies vary
based on tumor size, location, disease stage, and
the patient's overall health status, with options that
include both surgical and non-surgical therapies.
Despite advances in medical interventions, the
overall prognosis remains unfavourable, with a 5y
survival rate ranging from 30 % to 40 %",

was previously approved for the treatment of
type Il diabetes but was later withdrawn due to
hepatotoxicity>’]. TGZ 1is a potent agonist of
Peroxisome Proliferator-Activated Receptor Gamma
(PPARY), a member of the PPAR family, which
also includes PPARa and PPARB/8. Upon binding
to PPARy, TGZ promotes heterodimerization
with Retinoid X Receptor (RXR), leading to their
translocation into the nucleus. Within the nucleus,
the PPARY/RXR heterodimer acts as a transcriptional
regulator, binding to PPARY response elements in the
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promoters of target genes and recruiting coactivator
proteins in a ligand-dependent manner. This process
enables the precise regulation of various biological
functions, such as glucose and lipid metabolism and
the facilitation of adipocyte differentiation’.

Recent studies have highlighted the potential of
thiazolidinedione’s (PPARy agonists, including
TGZ) in promoting differentiation and suppressing
proliferation in various cancer cell types!®”. PPARy
activation has been associated with cell cycle arrest,
inhibition of migration, and apoptosis in several
cancers, including those of the pancreas, breast,
colon, lung, and prostate®®!. However, the anticancer
effects of TGZ in human hypopharyngeal carcinoma
remain largely unexplored, particularly regarding
the role of PPARY in tumorigenesis. In this study, we
evaluated the antitumor potential of TGZ in FaDu
cells, focusing on its ability to induce apoptosis and
its association with PPARy-activation. Our findings
provide evidence that TGZ exerts its anticancer
effects through a PPARy-dependent mechanism,
reinforcing TGZ as a promising therapeutic
candidate for repurposing in human hypopharyngeal
carcinoma.

MATERIALS AND METHODS

Materials:

TGZ (>98 % purity) was purchased from Cayman
Chemical (MI, United States of America). Other
chemicals and reagents were supplied by Merck (MO,
USA). Antibodies for cyclin A, cyclin B1, cyclin El,
caspase 3, caspase 9, cdkl, cdk2, cdk4, FADD, and
p27 were obtained from Santa Cruz Biotechnology
(CA, USA). Cyclin D, p21, p53, and cleaved caspase 7
antibodies were achieved fromcell signalling technology
(MA, USA). Antibody for cleaved Polymerase (PARP)
was from Abcam (MA, USA).

Cell culture and 3-(4, 5-Dimethylthiazol-2-yl)-2, 5
Diphenyl Tetrazolium Bromide (MTT) assay:

FaDu cells were obtained from the Korea cell line
bank (Seoul, Korea) and cultured in minimum essential
medium supplemented with 10 % fatal bovine serum and
100 units/ml antibiotics (Invitrogen, Carlsbad, USA)ina
humidified atmosphere with 5 % Carbon Dioxide (CO,)
at 37°. For the MTT assay, 100 ul of a cell suspension
(2x10* cells/well) was seeded into 96-well plates. After
24 h, TGZ or clofibrate at concentrations ranging from
50 to 200 uM were added to each well. Following a 24
h treatment period, 200 pl of MTT reagent (0.5 mg/ml)
was added to each well, and the plates were incubated
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at 37° for an additional 4 h. After carefully removing
the supernatant, the formazan crystals were dissolved
by adding 200 pl of 10 % sodium dodecyl sulfate in
hydrochloric acid (HCI), (0.1 N), followed by gentle
shaking for 90 min. Cell viability was then measured
spectrophotometrically at 540 nm using a Multiskan FC
reader.

Cell cycle analysis:

1.2x10° cells were seeded into each well of 6-well plates
and incubated for 24 h before being treated with 150 uM
TGZ for an additional 24 h. After treatment, the cells
were harvested and fixed with 1 ml of 75 % cold ethanol
at -20° for 2 h to preserve cellular structures. The fixed
cells were then incubated with 200 pug/ml DNase-free
RNase and 250 pl of Propidium lodide (PI) in the dark
at 37° for 15 min to ensure effective Deoxyribonucleic
Acid (DNA) staining. Flow cytometric analysis was
performed using laser excitation at 488 nm.

Apoptosis analysis:

The cells (2x10° cells/ml) were exposed to 150 uM TGZ
for 24 h. After incubation, the cells were harvested,
washed with Phosphate Buffer Saline (PBS), and
then stained with Alexa Fluor® 488 annexin V and PI
according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA, USA). Flow cytometric analysis of
the samples was performed using a Beckman-Coulter
system (Beckman-Coulter, Olympus, USA).

DNA fragmentation analysis:

The TGZ-treated FaDu cell pellets were harvested and
cold-lysed using a buffer containing HEPES (200 mM),
Triton X-100 (2 %), Sodium Chloride (NaCl) (40 mM),
and Ethylenediaminetetraacetic Acid (EDTA) (20
mM) at pH 8.0 for 30 min. RNase A and proteinase K
were then added to remove residual Ribonuclic Acid
(RNA) and proteins, respectively. After 90 min of
incubation, DNA was precipitated by adding a mixture
of ammonium acetate in isopropanol and incubating for
30 min. The DNA was then resuspended in TRIS/EDTA
buffer and separated on a 1.2 % agarose gel at a voltage
of 50 for 2 h. The DNA bands were visualized using a
Ultraviolet (UV) imaging system (Bio-Rad, CA, USA).

Western blot analysis:

The cells were treated with 75 and 150 uM TGZ for 24
h, then lysed on ice using lysis buffer (Cell Signalling,
MA, USA) and centrifuged at 4° to remove the
precipitate. The protein concentration in the lysates was
determined using the Bicinchoninic Acid (BCA) protein
assay (Pierce, IL, USA). Equal amounts of protein (20-
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50 pg) from each lysate were separated by Sodium
Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and transferred onto Polyvinylidene
Fluoride (PVDF) membranes (Millipore, MA, USA).
Finally, the protein signals were visualized using an
imaging station (Bruker BioSpin, Billerica, MA, USA)
and quantified using Carestream molecular imaging
software.

Real-time Polymerase Chain Reaction (PCR):

To assess messenger RNA (mRNA) expression, total
RNA was first isolated using an RNA extraction
kit (TRI, Ambion, USA). DNA was removed using
RNase-free DNase 1. Next, 10 pg of RNA was mixed
with Oligo (dT) 12-18 primers and SuperScript™ II
reverse transcriptase (Invitrogen, USA) in a total
reaction volume of 50 pl to synthesize complementary
DNA (cDNA). Primers for the amplification of target
genes were designed using Vector NTI Advance
software (InforMax, MD, USA). The sequences
of the primers used were: h-Glyceraldehyde-3-
phosphate  Dehydrogenase (GAPDH) (Forward,
5'"-CTCTGACTTCAACAGCGACA-3";
Reverse, 5’-TCTCTCTCTTCCTCTTGTGC-3"),
B-cell leukemia/lymphoma 2 (Bcl-2)
(Forward, AGGAGCTCTTCAGGGACGG;
Reverse: CCAGGTGTGCAGGTGCOQ), Bad
(Forward: TGGGCAGCACAGCGCTA;
Reverse: CCCACCAGGACTGGAAGAC),
Bcel-2  associated X protein  (Bax) (Forward:
CCAAGAAGCTGAGCGAGTGT; Reverse:
CAGCCCATGATGGTTCTGAT), PPARa (Forward:
CCTCCTCGGTGACTTATCCT; Reverse:
ATTCGATGTTCAATGCTCCACTG), PPARP
(Forward: GTAGATGTGCTTGGAGAAGGCC;
Reverse: AGGCTGAGAAGAGGAAGCTGGT), and
PPARy(Forward: TATCGACCAGCTGAATCCAGAG;
Reverse: TCGCCTTTGCTTTGGTCA). The optimal
thermal cycling conditions were 95° for 10 min,
followed by 45 cycles of 95° for 10 s, 60° for 10 s,
and 72° for 10 s, using the LightCycler-FastStart
DNA Master SYBR Green I kit (Roche, Mannheim,
Germany). The protocol concluded with a melting step
at 65° for 15 s, followed by cooling at 40° for 30 s.
The results were analysed by using LightCycler 3.5.3
software (Basel, Switzerland).

RESULTS AND DISCUSSION

FaDu cells were treated with varying concentrations
of TGZ, and its cytotoxic effect was evaluated using
the MTT assay. As the TGZ concentration increased
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from 50 to 200 pM, cell viability decreased, with
the half maximal inhibitory concentration (IC,)
determined at 150 uM. In contrast, treatment with the
same concentrations of clofibrate, a PPARa agonist,
showed no cytotoxic effect (fig. 1A). TGZ treatment
also resulted in noticeable morphological changes and
reduced cell density (fig. 1B).

To examine the effect of TGZ on cell cycle progression,
FaDu cells treated with 150 uM TGZ for 24 h were
stained with PI and analysed by Fluorescence-Activated
Cell Sorting (FACS). As shown in fig. 2, the cells in the
G1 phase decreased, while a marked accumulation in the
S phase was observed. Notably, the proportion of cells
in the G2/M phase significantly increased, indicating
that TGZ effectively disrupted cell cycle progression at
the G2/M checkpoint, preventing the transition into the
G1 phase and subsequent proliferation.

The expression of p21 and p27 in Western blot analysis
increased in a time-dependent manner following
treatment with 150 uM TGZ (fig. 3A), without affecting
p53 expression (fig. 3B), suggesting that the activation
of p21 and p27 was p53-independent. Additionally,
TGZ (150 puM) significantly reduced the expression
levels of cyclins (D1 and E1) and cyclin-dependent
kinases (Cdks 4 and 2) in a dose- and time-dependent
manner (fig. 3C and fig. 3D), effectively inducing cell
cycle arrest.

Flow cytometric analysis and DNA fragmentation were
used to assess apoptosis after treating FaDu cells with
the indicated concentrations of TGZ for 24 h. TGZ
treatment increased the population of cells in both early
and late apoptosis, with 15.36 % and 40.51 % of cells,
respectively (fig. 4A). DNA laddering, characteristic of
apoptosis, was observed, with nucleosomal fragments
of 180 bp (fig. 4B), indicating that TGZ induced DNA
damage and apoptosis in FaDu cells.

The protein expressions of pro-apoptotic Bax and
Bad significantly increased following TGZ treatment
at various time points and doses. In contrast, the
expression of anti-apoptotic regulators, including Bcl-
2, Bid, and FADD, was reduced in a dose- and time-
dependent manner (fig. 5SA and fig. 5B). Although Bcl-2
expression showed minimal change after 24 h treatment
with 150 uM TGZ, the mRNA expressions of Bad and
Bax were markedly increased (fig. 5C), supporting
the involvement of the mitochondrial pathway in
TGZ-induced apoptosis. Furthermore, TGZ treatment
induced the proteolytic activation of caspases-3
and caspases-7 (fig. 5D), while the expression of
procaspase-3 and procaspase-9 was downregulated.
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The cleavage of PARP, a marker of apoptosis, was
significantly increased under TGZ treatment (fig. 5E),

(data not shown). To investigate whether TGZ-induced
PPARY expression is associated with apoptosis, cells

were co-treated with GW9662, a PPARy antagonist.
Western blot analysis showed that the expression
of cleaved PARP, which was highly expressed in the
presence of TGZ, was reduced when both TGZ and
GW9662 were co-treated (fig. 6B). Similarly, cell
viability, which was suppressed under TGZ treatment
(75 uM or 150 uM), was partially restored when cells
were co-treated with GW9662 (fig. 6C).

indicating the inactivation of DNA repair functions.

TGZ treatment upregulated the mRNA expression of
the PPAR family, particularly PPARy, which increased
five-fold at 12 h and 24 h (fig. 6A). The increase in
PPARy mRNA expression was time-dependent, with
the maximum expression observed at 12 h, as confirmed
by real-time PCR analysis. The induced expression
of PPARy was further validated by Western blotting
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Fig. 1: TGZ inhibited cell proliferation in FaDu cells. (A): Cells were treated with various concentrations of TGZ for 24 h, and cell
viability was determined using an MTT assay. Clofibrate, a PPARa agonist, served as the control; (B): Images of FaDu cells taken
with an inverted light microscope (X100 magnification): (a) Initial control cells; (b) Control cells after 24 h; (c) Cells treated with
TGZ (75 pM) for 24 h; (d) Cells treated with TGZ (150 pM) for 24 h

Note: Vertical bars represent the average of three experiments (n=3), ( =#= ): Troglitazone and ( =—#=—): Clofibrate
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Fig. 2: (A): Histogram and (B): Percent cell distribution of each cell cycle in TGZ-treated FaDu cells. Cells were arrested in the
G2/M phase under TGZ treatment. FaDu cells were treated with or without 150 pM of TGZ for 24 h before undergoing cell cycle

analysis
Note: ( [M): GO/G1; (B ): Sand ( O): G2/M
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Fig. 3: Effect of TGZ on cell cycle proteins. FaDu cells were treated with 150 pM of TGZ for different durations. Western blotting
was carried out by using antibodies against p21, p27, Cdk1 (or Cdc2), Cdk2, Cdk4, cyclin A, cyclin B1, and cyclin E1 after treat-
ing cells with TGZ
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Fig. 4: TGZ induced apoptosis and chromosome fragmentation in FaDu cells. Cells were treated with the indicated concentrations
of TGZ for 24 h and subjected to the Annexin V binding assay (A) or DNA ladder analysis (B)
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Fig. 5: Effects of TGZ on Bcl-2 family expressions and apoptotic marker proteins. FaDu cells were treated with the indicated

concentrations of TGZ for a specified period. (A, B): Proteins such as Bad, Bax, Bid, FADD, and Bcl-2 were detected by Western
blotting; (C): The mRNA expressions of Bcl-2, Bad and Bax were quantified by real-time PCR and (D and E): The expressions of
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Fig. 6: The effect of TGZ-induced apoptosis on PPARYy expression in FaDu cells. (A): Comparison of mRNA expression of PPARs
at different time points under 150 pM of TGZ; (B): PPARY dependency of FaDu cell death; (C): MTT assay to assess the PPARy
dependency of FaDu cells under TGZ treatment. FaDu cells were incubated with Troglitazone (75 or 150 nM) for 24 h (black bars) in
the presence or absence of the PPARY antagonist GW9662 (20 pM) (gray bars). Cell viability assays were carried out as described in
materials and methods Note: Values are expressed as a percentage of the control. Data are presented as means+Standard deviation

(n=3)

Note: (IO0): Control; (H): TGZ 150 pM (12 h) and ( l): TGZ 150 pM (24 h)

The anticancer effects of TGZ and its association with
PPARy activation were investigated in FaDu cells. TGZ
induced cell death by suppressing cellular growth and
causing DNA damage. It led to G2/M phase arrest, with
a significant accumulation of cells at this phase in the
cell cycle (fig. 2). The expression of cell cycle inhibitors,
p21 and p27, was markedly increased in response to
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TGZ, while the expression of cyclin/CDK complexes
decreased. Specifically, TGZ inhibited G1 cyclin-CDK
and cyclin E/CDK2 complexes during the GO and early
G1 phases!!?l. Notably, cyclin D1 expression decreased
sharply after 6 h of treatment (fig. 3), which would
inhibit cyclin D1-mediated Rb phosphorylation, thus
preventing the transition from G1 to S phasel®.
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by the Korea Government (No. RS-2023-00222390).

TGZ also induced apoptosis in FaDu cells, exhibiting
hallmark features such as membrane blabbing,
cytoplasmic shrinkage, an increased apoptotic cell
population, and DNA fragmentation. The death
signalling of TGZ-induced apoptosis occurred via
the mitochondrial pathway and caspase cascade. This
pathway was initiated by the permeabilization of the
outer mitochondrial membrane, mediated by Bcl-2
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