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BACKGROUND AND PURPOSE
Troglitazone (Tro), rosiglitazone (Rosi) and pioglitazone (Pio) are anti-diabetic thiazolidinediones that function as ligands for
peroxisome proliferator-activated receptor g (PPARg); however, Tro has been withdrawn from the market due to liver toxicity
issues. Mitochondrial dysfunction induced by Tro has been suggested to be an important mechanism behind its cytotoxicity.
Constitutively active nuclear hormone receptors, oestrogen-related receptor a and g are thought to regulate mitochondrial
mass and oxidative phosphorylation together with their co-activators PPARg co-activator-1a and -1b (PGC-1a and PGC-1b).
Hence, in this study, we investigated whether Tro affects the expression and activity levels of these regulators.

EXPERIMENTAL APPROACH
Cellular viability was measured by an ATP-based assay. Mitochondrial mass and reactive oxygen species (ROS) were quantified
by two different fluorogenic probes. Apoptosis was measured by an Annexin-V-based kit. Gene expression at the levels of
mRNA and protein was measured by quantitative RT-PCR and Western analysis. Over-expression of PGC-1a was mediated by
an adenovirus.

KEY RESULTS
Tro, but not Rosi or Pio, selectively stimulated PGC-1a protein degradation. As a result, Tro reduced mitochondrial mass, and
superoxide dismutases 1 and 2 expressions, but induced ROS to initiate apoptosis. Using a ubiquitin–proteasome inhibitor
MG132, it was established that blocking PGC-1a degradation partially suppressed the reduction of mitochondrial mass.
Importantly, over-expressing PGC-1a partially restored the Tro-suppressed mitochondrial mass and attenuated the cytotoxic
effects of Tro.

CONCLUSIONS AND IMPLICATIONS
Collectively, these results suggest that PGC-1a degradation is an important mechanism behind the cytotoxic effects of Tro in
the liver.

Abbreviations
Dym, mitochondrial membrane potential; ATP5b, ATP synthase; cyt-C, cytochrome C oxidase; ERRg, oestrogen-related
receptor g; PGC-1a, peroxisome proliferator-activated receptor g co-activator-1a; FBS, fetal bovine serum; JNK, c-Jun
N-terminal protein kinase; PBS, phosphate-buffered saline; PGC-1b, peroxisome proliferator-activated receptor g
co-activator-1b; Pio, pioglitazone; PPARg, peroxisome proliferator-activated receptor g; ERRa, oestrogen-related receptor
a; PPRE, peroxisome proliferator-activated receptor response element; ROS, reactive oxygen species; Rosi, rosiglitazone;
SOD1, superoxide dismutase 1; SOD2, superoxide dismutase 2; Tfam, mitochondrial transcription factor A; Tro,
troglitazone; TZD, thiazolidinedione
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Introduction

Troglitazone (Tro), rosiglitazone (Rosi) and pioglita-
zone (Pio) are anti-diabetic thiazolidinediones
(TZDs) that function as ligands for peroxisome
proliferator-activated receptor g (PPARg) (Desvergne
and Wahli, 1999). TZDs bind to and enhance PPARg
activity through its C-terminally located ligand
binding domain (Lehmann et al., 1995); thus, TZDs
are thought to mediate their anti-diabetic effects by
modulating the expression of PPARg target genes
involved in regulating metabolism (Staels and
Fruchart, 2005).

Despite their demonstrated efficacies in reducing
blood glucose level and enhancing insulin sensitiv-
ity in patients, the risk-to-benefit ratios of this class
of compounds are still hotly debated due to a range
of side effects induced by TZDs (Scheen, 2004). All
three TZDs induce oedema in patients and increase
their body weights (Niemeyer and Janney, 2002;
Tang et al., 2003); Rosi and Pio are associated with
increased risks of heart dysfunction (Home et al.,
2007; Lincoff et al., 2007), and Tro has been with-
drawn from the market due to liver toxicity issues
(Watkins and Whitcomb, 1998). PPARg activation in
the kidney collecting duct appears to be responsible
for the oedema (Zhang et al., 2005). However,
although all three TZDs can activate PPARg in the
liver, only Tro induced idiosyncratic hepatotoxicity,
suggesting that activation of PPARg may not be the
only mechanism responsible for Tro-induced liver
toxicity.

Mitochondrial dysfunction induced by Tro has
been suggested to be an important aspect behind
hepatotoxicity (Masubuchi, 2006). Tro was found to
decrease mitochondrial membrane potential (Dym),
and increase permeability in both rat and human
isolated hepatocytes, whereas Rosi had a minimal
effect (Haskins et al., 2001). The decrease in Dym may
be the result of inhibition of mitochondrial oxidative
phosphorylation induced by Tro (Nadanaciva et al.,
2007). This defect is associated with the generation of
reactive oxygen species (ROS) (Shishido et al., 2003).
As ROS is known to affect stress-activated protein
kinases, Tro was demonstrated to activate apoptosis
signal-regulating kinase 1 in human immortalized
hepatocytes HC-04 (Lim et al., 2008). In addition, Tro
activated c-Jun N-terminal protein kinase (JNK), and
a JNK inhibitor partially suppressed the Tro-mediated
cell death in human HepG2 hepatocarcinoma cells
(Bae and Song, 2003). Importantly, Tro caused liver
injury in heterozygous superoxide dismutase 2
(Sod2�) mice, suggesting that an effect on the anti-
oxidative capacity of mitochondria constitutes part
of the mechanism behind its hepatotoxicity in vivo
(Ong et al., 2007).

The constitutively active nuclear hormone recep-
tors, oestrogen-related receptor a and g (ERRa and
ERRg), together with their co-activators, PPARg
co-activator-1a and -1b (PGC-1a and PGC-1b), are
thought to regulate mitochondrial mass and oxida-
tive phosphorylation (Giguere, 2008). Because these
factors govern many important aspects of mitochon-
drial function (Wu et al., 1999; Kamei et al., 2003),
we hypothesized that Tro may affect the expression
or activity of ERRa, ERRg, PGC-1a and PGC-1b to
induce cytotoxicity. In this study, we found that Tro,
but not Rosi or Pio, selectively stimulated the degra-
dation of PGC-1a protein, leading to reductions in
mitochondrial mass and the expression of super-
oxide dismutase 1 (SOD1) and SOD2, and the
induction of ROS that then initiate apoptosis.

Methods

Cell culture and viability assay
Human hepatocarcinoma HepG2 cells were pur-
chased from American Type Culture Collection and
grown in MEM medium (Gibco, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS)
(HyClone, Logan, UT, USA) and 1¥ penicillin/
streptomycin (Gibco), and maintained at 37°C and
5% CO2. For cell viability assay, cells were seeded in
96-well plates at a density of 30 000 cells per well
with or without compounds added. After treatment
of indicated time, viability was measured by using
CellTiter-Glo Kit (Promega, Madison, WI, USA) and
recorded by a VERITAS Microplate luminometer
(Turner Biosystems, Sunnyvale, CA, USA).

Transfections
Transient transfections were performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
following the manufacturer’s instructions. For
luciferase reporter assays, cells at 85–95% confluency
in 96-well plates were co-transfected with reporter
plasmids (25 ng per well), Renilla luciferase (3 ng per
well) as an internal control for transfection efficiency
and the appropriate mammalian expression vectors
(5 ng per well). Six hours after transfection, the cells
were treated with drugs for 24 h. Luciferase activity
was measured by using a VERITAS Microplate lumi-
nometer following the Dual-Glo Luciferase Assay
System (Promega) technical manual.

Quantitative real-time PCR
Total RNA extraction, first-strand cDNA generation
and quantitative real-time PCR analysis were per-
formed as described previously (Nie and Wong,
2009). Relative gene expression was normalized to
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b-actin levels. Sequences of primers used are listed in
Supporting Information Table S1.

Western blot analysis
Cells were lysed using RIPA reagent (Shanghai Shen-
neng, Shanghai, China) according to the manufac-
turer’s protocol, and protein extracts were analysed
by 10% SDS–PAGE and blotted onto PVDF mem-
brane. Membranes were incubated with rabbit anti-
ERRa, -ERRg, -PGC-1a and -PGC-1b antibodies all
generated in-house, or mouse anti-b-actin antibody
(Boster, Wuhan, China) followed by horseradish
peroxidase-conjugated secondary antibody (Amer-
sham, Buckinghamshire, UK) and developed with
ECL reagent (Amersham).

Mitochondrial mass assay
Mitotracker green (Invitrogen) was added and quan-
tified as described by Chen and Wong (2009).
Briefly, cells were incubated in serum-free medium
(pre-warmed to 37°C) with 150 nM Mitotracker
Green FM for 20 min in the dark. After being
stained, the cells were washed twice with cold
phosphate-buffered saline (PBS) and suspended in
200 mL PBS. Subsequently, the cells were analysed
on a flow cytometer (FAC-SCalibur, BD Biosciences,
San Jose, CA, USA) with excitation at 490 nm and
emission at 516 nm. Data were processed by using
the CellQuest program (BD Biosciences).

ROS assay
ROS production in mitochondria was measured by a
cell-permeable fluorogenic probe MitoSOX Red
(Invitrogen) that is selectively targeted to the mito-
chondria where it specifically reacts with superoxide
anion. Drug-treated cells were loaded with 5 mM
MitoSOX Red for 10 min at 37°C, washed with PBS,
and the fluorescence was detected with a flow
cytometer (FAC-SCalibur, BD Biosciences) with exci-
tation set at 510 nm and emission at 580 nm. Data
were processed by using a CellQuest program (BD
Biosciences).

Assessment of apoptosis
Annexin V-PE apoptosis detection kit I (BD Bio-
sciences) was used for quantification as described
previously (Wu et al., 2009). Briefly, cells were
washed twice with cold PBS and resuspended in 1¥
binding buffer at a concentration of 1 ¥ 106 cells mL–1,
then 100 mL of the solution (1 ¥ 105 cells) was trans-
ferred to a 5 mL culture tube, and 5 mL of Annexin
V-PE and 5 mL of 7-amino-actinomycin D were
added. Subsequently, the cells were gently mixed and
incubated for 15 min at room temperature (25°C) in
the dark. Finally, the cells were suspended in 400 mL
PBS for analysis using a flow cytometer (FAC-

SCalibur, BD Biosciences), and data were processed
by using the CellQuest program (BD Biosciences).

Adenovirus over-expressing human PGC-1a
A recombinant adenovirus encoding the human
PGC-1a was prepared by transfecting a linearized
pAd5vector containing 2.4 kb human PGC-1a
cDNA into Trex-293 cells. Purified virus at a multi-
plicity of 50 was used to infect HepG2 cells in media
with 2.5% FBS. For mitochondrial mass assays, 2 ¥
105 HepG2 cells per well were plated in 24-well
plates and incubated overnight before infection
with the adenovirus. For cell viability assays, 2 ¥ 104

HepG2 cells per well in 96-well plates were used. For
mRNA collection, 4 ¥ 105 HepG2 cells per well in
six-well plates were used instead. Twenty-four hours
after infection, cells were treated with dimethyl sul-
phoxide or 25 mM Tro for another 24 h. Adenovirus
without any additions was used as a control.

Statistical analysis
All assays were performed at least three independent
times. Data are presented as mean � SD and analy-
sed by Student’s t-test or ANOVA (Figures 2C,D, 3A,D
and 5). Asterisks indicate significant differences: *P <
0.05, **P < 0.01, ***P < 0.001.

Plasmids and chemicals
A pGL3-luciferase reporter (Promega) with the per-
oxisome proliferator-activated receptor response
element (PPRE) from fatty acid-binding protein 4
promoter cloned in was kindly provided by Dr Brian
Lavan. Expression vectors for PPARg1 and PPARg2
were cloned from cDNA generated from THP-1 mac-
rophages. An expression vector for PGC-1a has been
described previously (Wang et al., 2009). Tro and
GW9662 were purchased from Cayman Chemical
(Ann Arbor, MI, USA), while other chemical reagents
were obtained from Sigma (St. Louis, MO, USA).
Drug/molecular target nomenclature conforms to
the British Journal of Phamacology’s Guide to Receptors
and Channels (Alexander et al., 2008).

Results

Specific effects of Tro on cell viability and
apoptosis
Tro, Rosi and Pio share a common methoxy-phenyl-
methyl-1,3-thiazolidine-2,4-dione backbone struc-
ture with different substitutions (Figure 1A). All
three glitazones enhanced the expression of a
reporter luciferase driven by a PPRE in human hepa-
tocarcinoma HepG2 cells, more specifically increas-
ing the co-expression of the PPARg1 isoform
(Figure 1B). Consistent with the reported EC50s of
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these glitazones, Rosi and Pio activated PPARg1 at
concentrations as low as 0.2 mM, while Tro required
higher concentrations to fully activate PPARg1.
Similar results were observed with the PPARg2
isoform (Supporting Information Figure S1).

On the other hand, after the amount of FBS used
for incubation had been reduced, only Tro dose-
dependently reduced cell viability; Rosi and Pio did
not significantly affect cell viability (Figure 2A–D).
The reduction in cell viability mediated by Tro
increased with time, whereas with Rosi and Pio
viability was still preserved after a longer exposure
time (Supporting Information Figure S2). In addi-
tion, this Tro-mediated reduction in cell viability
was not blocked by the addition of a PPARg antago-
nist GW9662 (Figure 2E). Also, Tro, but not Rosi and
Pio, increased apoptosis (Figure 2F). Collectively,

these data suggest that activation of PPARg is not
involved in Tro-induced cytotoxicity.

Tro elevates mitochondrial ROS level and
suppresses mitochondrial mass
Tro-induced hepatotoxicity has been linked to an
increase in ROS (Shishido et al., 2003). Hence, we
investigated whether Tro-induced ROS is derived
from the mitochondria. Using a fluorescence dye
MitoSOX Red, which selectively targets the mito-
chondria and reacts with superoxide anion, we
found that Tro dose-dependently elevated mito-
chondrial ROS level, but Rosi and Pio did not
(Figure 3A). Next, it was found that the expression
levels of SOD1 and SOD2, which are responsible for
neutralizing superoxide anion, were specifically
reduced by Tro (Figure 3B–C).

Figure 1
Structure–activity relationships of glitazones with PPARg. (A) Chemical structures of Tro, Rosi and Pio. (B) HepG2 cells were transfected with
expression and reporter plasmids as described in Methods. Relative activity was calculated and expressed as fold induction over that induced by
dimethyl sulphoxide (vehicle control). Columns represent mean and vertical lines SD.
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Because Tro reduces mitochondrial antioxidative
capacity, we next determined whether Tro also
affects mitochondrial mass by using another fluo-
rescence dye MitoTracker Green that stains the
mitochondria independent of Dym. We found that
Tro, but not Rosi or Pio, dose-dependently reduced
mitochondrial mass (Figure 3D). Correspondingly,
the expression levels of mitochondrial transcription
factor A (Tfam), cytochrome C oxidase (cyt-C) and
ATP synthase (ATP5b) that are involved in regulat-
ing mitochondrial mass, oxidative phosphorylation
and ATP production, respectively, were specifically
reduced by Tro (Figure 3E,F; Supporting Information
Figure S3).

Tro selectively reduces PGC-1a protein level

Tro suppressed the mRNA expression levels of SOD1,
SOD2, Tfam, cyt-C and ATP5b; ERRa, ERRg, PGC-1a
and PGC-1b are responsible for governing the
expression of these genes at the transcriptional level
and controlling mitochondrial mass (Giguere,
2008). Hence, we next determined whether Tro
affects the expression or activity levels of these mito-
chondrial regulators. We found that both Rosi and
Pio did not significantly affect the mRNA expression
levels of ERRa, ERRg, PGC-1a and PGC-1b
(Figure 4A–D), whereas Tro moderately increased
the mRNA expression levels of ERRa, ERRg and

Figure 2
Differential effects of glitazones on cell viability and apoptosis. (A–D) HepG2 cells cultured in (A) 10%, (B) 5%, (C) 2.5% and (D) 0.5% FBS were
treated with different doses of Tro, Rosi and Pio for 24 h before cell viability measurement. (E) HepG2 cells in 2.5% FBS were pretreated with 1 mM
of the PPARg antagonist GW9662 for 2 h before Tro addition. The relative viabilities were measured and expressed as in (A). (F) The % of apoptotic
cells were measured after 24 h drug treatments in HepG2 cells cultured in 2.5% FBS. (A–E) The relative level under dimethyl sulphoxide treatment
was set as 1. *P < 0.05, **P < 0.01, ***P < 0.001.
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PGC-1a (Figure 4A–C). In contrast, Western blot
analysis revealed that of these three glitazones
tested, only Tro specifically reduced the protein
level of PGC-1a, but not ERRa, ERRg and PGC-1b
(Figure 4E), by strongly indicating that down-
regulation of PGC-1a expression at the protein level
is correlated to the reductions in mitochondrial
mass and target gene expression mediated by Tro.

Blocking PGC-1a degradation
partially reverses the Tro-altered
mitochondrial function
Because the mRNA level of PGC-1a was actually
modestly increased by Tro, the reduction in the level
of PGC-1a protein is probably due to a reduced
translation rate and/or an enhanced protein degra-

dation rate. The activity of PGC-1a is subjected to
regulation by the ubiquitin–proteasome pathway
(Sano et al., 2007). In order to establish that PGC-1a
protein degradation is an important aspect of Tro-
induced cytotoxicity, we used a proteosome inhibi-
tor MG132 to suppress the activity of the ubiquitin–
proteasome pathway. We found that MG132
stabilized the expression of PGC-1a (Supporting
Information Figure S4); meanwhile, it partially
restored the loss of mitochondrial mass (Figure 5A)
and the suppressed expression levels of Tfam, cyt-C
and ATP5b (Figure 5B,C; Supporting Information
Figure S5). However, MG132 alone strongly
increased mitochondrial ROS level (data not
shown), negating our ability to analyse its effect on
Tro-mediated alteration of ROS production.

Figure 3
Effects of Tro on mitochondrial ROS and mass. (A) The levels of mitochondrial ROS (B–C) mRNA expression levels (B, SOD1 and C, SOD2) and
(D) the amounts of mitochondrial mass were measured after the drug treatments. (E–F) mRNA expression levels of (E) ATP5b and (F) Tfam were
measured as in (B). (A–F) Drug treatments for 24 h were performed in HepG2 cells cultured in 2.5% FBS. The relative level under DMSO treatment
was set as 1. **P < 0.01, ***P < 0.001.
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Over-expression of PGC-1a partially
alleviates the Tro-mediated cytotoxicity
Because MG132 blocks the degradation of not only
PGC-1a, but also other proteins, we next deter-
mined whether over-expressing PGC-1a is able to
restore the reduction of viability induced by Tro. We
constructed an adenovirus encoding PGC-1a, and
found that it effectively enhanced the protein
expression level of PGC-1a compared to a control
adenovirus (Supporting Information Figure S6). We
found that increasing the expression of PGC-1a was
able to partially restore the Tro-mediated reductions
of Tfam, cyt-C and ATP5b expression (Figure 6A;

data not shown) and mitochondrial mass
(Figure 6B). Additionally, an increased expression of
PGC-1a was effective in alleviating the Tro-
suppressed cell viability (Figure 6C), strongly sug-
gesting that a decrease in the protein level of
PGC-1a through degradation is an important event
behind the Tro-induced cytotoxicity.

Discussion

Tro, Rosi and Pio all function well as PPARg ago-
nists. As members of the TZD class of drugs, these

Figure 4
Effect of Tro on PGC-1a protein levels. (A–D) mRNA expression levels of (A) ERRa, (B) ERRg, (C) PGC-1a and (D) PGC-1b were measured after 24 h
drug treatments in HepG2 cells cultured in 2.5% FBS. The relative level under dimethyl sulphoxide (DMSO) treatment was set as 1. *P < 0.05, **P
< 0.01. (E) Representative Western blots of ERRa, ERRg, PGC-1a, PGC-1b, with b-actin as a control. (F) The reductions in PGC-1a protein level from
three independent experiments were quantified against DMSO as a control.

BJPTroglitazone promotes PGC-1a degradation

British Journal of Pharmacology (2010) 161 771–781 777



compounds were developed and marketed as anti-
diabetic agents albeit target-dependent and
compound-specific side effects. Significantly, Tro
was withdrawn from the market due to liver tox-
icity issues. Tro was estimated to induce 10 liver-
related deaths in one million (Plosker and Faulds,
1999). Tro treatments also inflicted less deadly, but
more frequent, idiosyncratic liver injury character-

ized by elevations in serum alanine transaminase
and aspartate transaminase levels (Plosker and
Faulds, 1999).

The mechanism behind the Tro-mediated hepa-
totoxicity is likely to involve alterations in mito-
chondrial function (Masubuchi, 2006). PGC-1a
serves as a transcriptional co-activator for a number
of transcription factors (Handschin, 2009). In par-
ticular, PGC-1a functions with ERRa and ERRg to
guide the expression levels of mitochondrial regula-
tors and enzymes (Giguere, 2008). In this study, we
found that Tro, but not Rosi or Pio, selectively
stimulated the degradation of PGC-1a protein
(Figure 4). As a result, Tro reduced mitochondrial
mass and induced ROS to initiate apoptosis (Fig-
ures 2 and 3). Using a ubiquitin–proteasome inhibi-
tor MG132, we established that blocking PGC-1a
degradation partially suppressed the reduction of
mitochondrial mass (Figure 5). Importantly, increas-
ing the expression of PGC-1a was partly able to
reverse the Tro-induced reduction in mitochondrial
mass and its effects on cell viability (Figure 6). Col-
lectively, these results suggest that PGC-1a degrada-
tion is an important aspect behind Tro-induced liver
toxicity.

Down-regulation of PGC-1a at the protein level
is likely to be a primary event preceding some of
the mitochondrial dysfunction previously observed
with Tro. Specifically, we found that the expression
levels of ATP5b, cyt-C and Tfam, which are regu-
lated by PGC-1a with ERRa or ERRg (Giguere,
2008), were suppressed by Tro, and that blocking
PGC-1a degradation by MG132 restored their
expressions (Figure 5). Suppressing the expression
levels of these oxidative phosphorylation enzymes
(ATP5b and cyt-C) and mitochondrial biogenesis
regulator (Tfam) is likely to result in reduced oxi-
dative phosphorylation and ability to generate
ATP, which may be the main mechanisms behind
the decreased Dym and cellular ATP levels
previously reported (Tirmenstein et al., 2002;
Nadanaciva et al., 2007).

Although we found that Tro induced the degra-
dation of PGC-1a protein and modestly increased its
mRNA level, the mechanism leading to these effects
is still not known. The modest increases in ERRa,
ERRg and PGC-1a mRNA levels (Figure 4A–C) may
actually reflect a compensatory mechanism to mini-
mize the impact of the reduction in PGC-1a protein
induced by Tro (Figure 4E). Because the Tro-induced
decrease in PGC-1a protein was partially blocked by
the proteasome inhibitor MG132, Tro may enhance
the expression level of the ubiquitin E3 ligase,
SCFCdc4, which has been shown to induce the degra-
dation of PGC-1a protein (Olson et al., 2008). Tro
may also enhance the activities of glycogen syn-

Figure 5
The effect of MG132 on the Tro-induced alteration in mitochondrial
function. (A) The amounts of mitochondrial mass with or without
5 mM MG132 pretreatment in the presence of increasing amounts of
Tro were measured. (B–C) mRNA expression levels of (B) Tfam and
(C) ATP5b were measured. (A–C) Drug treatments for 24 h were
performed in HepG2 cells cultured in 2.5% FBS. (B–C) The relative
level under dimethyl sulphoxide treatment was set as 1. **P < 0.01,
***P < 0.001.
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thase kinase 3b (GSK3b) and p38 MAPK; both func-
tion to enhance the degradation of PGC-1a
mediated by SCFCdc4 (Olson et al., 2008). Alterna-
tively, Tro may alter the expression levels of certain
microRNAs that would target the 3′UTR of PGC-1a
mRNA suppressing its translation.

Regardless of the mechanism, the Tro-mediated
effects are more clearly demonstrated in HepG2
cells supplemented with relatively lower amounts
of FBS (Figure 2). This serum concentration-
dependent effect may reflect growth factor and/or
survival signalling pathways that impact on the
stability of PGC-1a protein. We speculate that
reductions in growth factor and/or survival signal-
ling pathways may contribute to the extent of Tro-
induced liver toxicity in type II diabetics. Liver
insulin resistance is a key aspect of type II diabetes
(Leclercq et al., 2007). Insulin resistance involves
down-regulation of insulin-induced phosphoryla-
tion of insulin receptor substrates (IRS1/2) that
play important roles in activating phosphoi-
nositide 3-kinase (PI3K) and its downstream
kinases, including Akt (Tanti and Jager, 2009). PI3K
and Akt are responsible for communicating the

survival signal (Vara et al., 2004). Intriguingly, Akt
can phosphorylate and suppress the activity of
GSK3b (Cross et al., 1995). It is possible that sup-
pressing the survival pathway due to insulin resis-
tance may exacerbate the Tro-induced liver
toxicity, partly by attenuating the negative regula-
tion by Akt of GSK3b that promotes SCFCdc4-
mediated PGC-1a degradation. Other physiological
stresses that activate p38MAPK may further impact
on the extent of liver toxicity induced by Tro by
stimulating GSK3b phosphorylation of PGC-1a,
leading to its degradation by SCFCdc4 (Olson et al.,
2008).
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Supporting information

Additional supporting information may be found in
the online version of this article.

Figure S1 Transient transfections were performed
as in ‘Materials and Methods’ except for using
PPARg2 expression vector. Six hours after transfec-

tion, cells were treated with drugs for 24 h.
Luciferase activity was measured and the relative
activity was calculated and expressed as fold induc-
tion over dimethyl sulfoxide (DMSO) as a vehicle
control.
Figure S2 HepG2 cells cultured in 2.5% fetal
bovine serum (FBS) were treated dose-dependently
with troglitazone, rosiglitazone and pioglitazone for
(a) 24, (b) 48 and (c) 72 h before cell viability mea-
surement as in ‘Materials and Methods’. The relative
level under dimethyl sulfoxide (DMSO) treatment
was set as 1. *P < 0.05, **P < 0.01, ***P < 0.00.
Figure S3 The mRNA expression levels of cyt-C in
HepG2 cells cultured in 2.5% FBS after drug treat-
ments for 24 hr were measured by quantitative
RT-PCR. b-actin was used as a control and the rela-
tive level under DMSO treatment was set as 1.
**P < 0.01.
Figure S4 HepG2 cells cultured in 2.5% fetal
bovine serum (FBS) were treated drugs indicated.
Twenty-four hours after treatment, the protein
level of PGC-1a and b-actin as a control were
measured.
Figure S5 The mRNA expression levels of cyt-C in
HepG2 cells cultured in 2.5% FBS after drug treat-
ments for 24 h were measured by quantitative
RT-PCR. b-actin was used as a control and the rela-
tive level under DMSO treatment was set as 1.
***P < 0.001.
Figure S6 HepG2 cells at 4 ¥ 105 per well in 6-well
plates were plated and incubated overnight before
mock infection (blank) or infections with either a
control adenovirus (vector) or an adenovirus encod-
ing PGC-1a (Ad5-PGC-1a) at a multiplicity of infec-
tion of 50. Twenty-four hours after infection, the
protein levels of PGC-1a and b-actin as a control
were measured.

Table S1 Sequences of primers used for RT-PCR are
based on human genes and shown from 5′ to 3′

Please note: Wiley-Blackwell are not responsible for
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