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Background and aims: Induction of apoptosis of cancer cells through ligands of nuclear hormone
receptors (NHRs) is a new approach in cancer therapy. Recently, one of the NHRs, peroxisome prolif-
erator activated receptor y (PPARY), has been shown to influence cell growth in certain cancer cells
although its effect on hepatocellular carcinoma (HCC) has not been analysed.

Methods: Experiments were conducted using three human liver cancer cell lines, PLC/PRF/5, Hep G2
and HuH-7, in vitro. These cells were exposed to troglitazone, a synthetic ligand for PPARy, and the
effects on cell growth were analysed.

Results: Expression of PPARy mRNA was detected in all three liver cancer cell lines. Activation of
PPARy by troglitazone caused a marked growth inhibition in a dose dependent manner in three
hepatoma cell lines. The DNA fragmentation ELISA assay and Hoechst 33258 staining revealed that
the growth inhibitory effect by adding troglitazone was due to apoptosis of PLC/PRF/5, which strongly
expressed PPARy. Troglitazone also induced activation of the cell death protease, caspase 3, but not
caspase 8, in PLC/PRF/5 cells. However, expression levels of antiapoptotic factor bel-2 and apoptosis
inducing factor bax were not affected.

Conclusion: Our study showed that PPARy was expressed in human liver cancer cells and that the lig-
and for PPARY, troglitazone, inhibited the growth of these cells by inducing apoptosis through caspase
3 activation, indicating that troglitazone could be potentially useful as an apoptosis inducer for the

treatment of HCC.

prevalent cancers in the world.' * Because of the clinical

characteristics of HCC, such as association with chronic
liver disease and multicentric hepatocarcinogenesis, an effec-
tive treatment is not fully established and the prognosis is still
poor. Because of the persistent rise in the prevalence of HCC
and limited therapeutic options, there is an immediate need
for identifying a new molecular target for anticancer therapy
in HCC. As one of the evolving cancer therapies, induction of
apoptosis through ligands of nuclear hormone receptors
(NHRs) has been previously reported.’ *

Peroxisome proliferator activated receptor y (PPARy) is a
member of the NHR super family, which includes receptors for
steroids, thyroid hormone, and retinoic acid.” PPARy is highly
expressed in adipose tissues and is an important regulator of
adipocyte differentiation. Activation of this receptor in cultured
preadipocytes causes lipid accumulation and activation of sev-
eral genes characteristic of adipocytes.® The synthetic drug tro-
glitazone has been known as a relatively high affinity ligand for
PPARY and was used widely in patients with insulin resistant
diabetes mellitus. Recent data showed that ligands for PPARy
exhibit growth inhibitory effects on colon cancer, breast cancer,
prostate cancer, and gastric cancer by affecting differentiation
and/or inducing apoptosis’™® both in vitro and in vivo. Since
some liver cancer cells, especially in the well differentiated
type, demonstrated accumulation of fatty droplets, transforma-
tion of hepatocytes into HCC may be associated with dysregu-
lation of lipid metabolism. In this study, we analysed the possi-
ble role of PPARy and the effect of troglitazone on liver cancer
cells to examine its therapeutic effect in HCC.

MATERIALS AND METHODS

Analysis of cell growth

Human liver cancer cell lines PLC/PRF/5, Hep G2, and HuH-7
were cultured in Dulbecco’s modified Eagle’s medium (Gibco

I |epat0cellular carcinoma (HCC) is one of the most

BRL, Grand Island, New York, USA) containing 10% fetal
bovine serum (Equitech-Bio, Ingram, Texas, USA), 50 U/ml
penicillin, and 50 pg/ml streptomycin (Gibco BRL). Cells were
incubated at 37°C in a humidified chamber of 5% CO,.

The synthetic ligand for PPARY, troglitazone, was kindly
provided by Sankyo Pharmaceuticals (Tokyo, Japan). Troglita-
zone was dissolved at appropriate concentrations in dimethyl
sulphoxide (Wako, Tokyo, Japan) and in cell culture medium
at a final concentration of less than 0.1% (vol/vol).

HCC cell lines were seeded in 96 well microtitre plates
(Nunc Inc., Napervill, Illinois, USA) at a cell density of 2x10*
cells/0.1 ml/well for PLC/PRF/5 and HuH-7, and at 4x10* cells/
0.1 ml/well for Hep G2. After overnight incubation, the
medium was replaced with 0.1 ml of fresh medium containing
different concentrations of troglitazone and microtitre plates
were incubated for 24, 48, 72, and 120 hours. Cell growth was
measured by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) assay (Sigma, St Louis, Missouri, USA).
The number of viable cells was estimated by measuring
absorbance (OD 550 values) in a microplate reader at 550 nm
with a reference wavelength of 650 nm.

RNA analysis

Total cellular RNA was extracted using Isogen (Nippon Gene,
Toyama, Japan) according to the protocol recommended by the
manufacturer. In this assay, 20 pg of total RNA sample was
fractionated by electrophoresis through 1% agarose gel and
then blotted onto Hybond-N nylon membranes (Amersham

Abbreviations: NHR, nuclear hormone receptor; PPARY, peroxisome
proliferator activated receptor y; HCC, hepatocellular carcinoma; NFkB,
nuclear factor kappa B; Ab, antibody.
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Life Science, Buckinghamshire, UK), followed by ultraviolet
cross linking. Hybridisation was carried out at 42°C for 12
hours with *P labelled ¢cDNA probes. The probe for human
PPARy was kindly provided by Dr Spiegelmann.*

Quantification of DNA fragmentation by ELISA

DNA fragmentation was measured using a cellular DNA frag-
mentation ELISA kit (Roche Diagnosis, Mannheim, Ger-
many), as described in the protocol provided by the manufac-
turer. Briefly, liver cancer cell line PLC/PRF/5 was adjusted to
1x10* cells/well in a microtitre plate. After overnight BrdU
labelling, cells were treated with 0, 5, 10, and 100 pM of trogli-
tazone for 72 hours. Cells were lysed and the microtitre plate
was centrifuged at 250 g for 10 minutes. Then, 100 pl of the
supernatant were removed and analysed by ELISA, using the
instructions recommended by the manufacturer.

Detection of apoptotic cells

Nuclear morphology was assessed using Hoechst staining.
PLC/PRF/5 was incubated with 20 pM of troglitazone for 72
hours. Cells were washed with Dulbecco’s modified Eagle’s
medium and labelled with Hoechst 33258 (Sigma) for 10
minutes. The cells were examined by fluorescence microscopy.
Apoptotic cells were distinguished by their characteristic pat-
terns of nuclear condensation, cytoplasmic rounding.

Detection of caspase activity

PLC/PRF/5 was treated with troglitazone for 48 hours and
activation of caspase 3 and caspase 8 was analysed using 250
pg of cell lysate by the colorimetric protease assay kit (MBL,
Aichi, Japan), as recommended by the manufacturer. The
activity of caspase was converted through measurement of
absorbance (OD 405 values) using a microplate reader at 405
nm. Non-specific reaction was corrected by subtracting the
background readings from the combination of cell lysates and
buffers.

Western blot analysis

To determine protein expression of bcl-2 and bax, western blot
analysis was performed. PLC/PRF/5, treated with various con-
centrations of troglitazone for 96 hours, was lysed in lysis
buffer (10 mM Tris HCI, pH 7.4, 150 mM NacCl, 1% Nonidet
P-40, 1 mM EDTA, 0.1% sodium dodecyl sulphate, 0.1%
deoxycholic acid, and protease inhibitor mixture). Following
centrifugation at 14000 rpm at 4°C for 15 minutes, the protein
concentration of the supernatants was determined using the
Bio-Rad protein assay kit (Bio-Rad, Hercules, California,
USA). A total of 30 pg of protein per lane was run on sodium
dodecyl sulphate-polyacrylamide gel electrophoresis and then
transferred onto nitrocellulose membranes for western
blotting (Trans-Blot Transfer Medium; Bio-Rad). Membranes
were blocked overnight at 4°C in a milk blocking buffer (5%
non-fat dry milk). The blots were then probed for two hours
with primary antibody (Ab) diluted in blocking buffer (20 mM
Tris HCl, pH 7.4, 150 mM NacCl solution containing 0.1% Tween
20). Rabbit anti-bcl-2 polyclonal Ab (Calbiochem, San Diego,
California, USA; diluted 1/500), mouse anti-bax monoclonal
Ab (Santa Cruz Biotechnology, Santa Cruz, California, USA;
diluted 1/100), and mouse anti-B-actin monoclonal Ab
(Sigma; diluted 1/2000) were used. Following five washes, the
blots were incubated for one hour with horseradish peroxidase
conjugated secondary Ab (Toyobo, Osaka, Japan; diluted
1/2000). After additional washing, membranes were devel-
oped by western blotting luminol reagent from Santa Cruz
Biotechnology.

Statistical analysis

Results are expressed as mean (SD). Statistical analysis was
performed by repeated measures analysis of variance followed
by Fisher's PLSD test. A value of p<0.05 was considered
statistically significant.
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Figure 1 Northern blot analysis revealed peroxisome proliferator
activated receptor y (PPARY) expression in all three liver cancer cell
lines (PLC/PRF/5, Hep G2, and HuH-7). The expression level of

PPARy mRNA was higher in PLC/PRF/5 than in Hep G2 or HuH-7.

RESULTS

Expression of PPARy in human liver cell lines

Although recent data showed that several cell lines of colon
cancer, breast cancer, prostate cancer, and gastric cancer
expressed PPARy mRNA,™ expression of PPARy mRNA in
liver cancer cell lines has not been studied. Expression of
PPARY mRNA was detected by northern blot analysis in all
three liver cancer cell lines used in the present study (fig 1).
The expression level of PPARywas higher in PLC/PRF/5 than in
the two other cell lines (Hep G2 and HuH-7).

Troglitazone inhibits growth of liver cancer cells in vitro
Three liver cancer cell lines were continuously cultured in the
presence of various concentrations of troglitazone to investi-
gate the effect of troglitazone on cell growth. Significantly,
troglitazone markedly inhibited cell growth in all three cell
lines. The growth inhibitory effect of troglitazone on
PLC/PRF/5 was similar to that on HuH-7 with an effective dose
(EC,,) of 10 pM (fig 2A). In contrast, Hep G2 was less sensitive
to the inhibitory effect of troglitazone than Huh-7 and
PLC/PRF/5 (120 hours). Treatment with 10 pM of troglitazone
resulted in significant growth inhibition in all three cell lines
in time course studies over 120 hours (fig 2B).

Troglitazone induces cell apoptosis

As the growth inhibitory effect of troglitazone is reported to be
due in part to induction of apoptosis," we carried out the fol-
lowing experiments. Culture of PLC/PRF/5 for 72 hours in the
presence of 10, 50, or 100 pM of troglitazone was associated
with cellular DNA fragmentation measured by ELISA, which
increased proportionately with increasing concentrations of
troglitazone (fig 3). We also evaluated chromatin morphology
using Hoechst 33258 staining (fig 4). PLC/PRF/5 treated with
20 pM of troglitazone for 72 hours showed morphological fea-
tures of apoptosis. In contrast, untreated cells maintained
normal chromatin patterns and cell size. The number of apop-
totic cells was proportional to the dose of troglitazone (data
not shown).
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Figure 2 (A) Effect of troglitazone on the growth of liver cancer cell lines. The growth of all three liver cancer cell lines was inhibited by

troglitazone treatment in a dose dependent manner. Data are presented as per cent growth relative to untreated cells (120 hours). (B-D) Time
course of inhibition of cell growth by troglitazone. Treatment with 10 yM of troglitazone resulted in significant growth inhibition of all three cell

lines (PLC/PRF/5 (B), Hep G2 (C), and HuH-7 (D)) up to 120 hours.

Troglitazone activates caspase 3 but not caspase 8
As apoptosis of cells usually involves activation of cysteine
proteases of the caspase family,"” we analysed the effect of tro-
glitazone on activation of caspase 3 and/or caspase 8 in liver
cancer cells. Treatment of PLC/PRF/5 for 48 hours with 5 or 10
pPM of troglitazone resulted in a significant increase in the
activity of caspase 3, and the increase was dose dependent
(p<0.01) (fig 5). On the other hand, the activity of caspase 8
was not influenced by treatment with troglitazone (fig 5).
Western blot analysis showed that protein expression levels
of bcl-2 and bax in PLC/PRF/5 were not changed by treatment
with various concentrations of troglitazone for 96 hours (fig
6).

DISCUSSION

It has been shown that PPARYy plays an important role as a
regulator of lipid metabolism and a key mediator of lipid stor-
age. Recently, the synthetic reagent troglitazone, which was
originally developed as a therapeutic agent for diabetes melli-
tus, has been demonstrated to act as a relatively high affinity
ligand for PPARy, and exerts growth inhibitory effects on
colon cancer, breast cancer, prostate cancer, and gastric
cancer.” " However, to our knowledge, the role of PPARyin liver
cancer cells has not been discussed previously. In the present
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Figure 3 DNA fragmentation by ELISA assay, as measured by
absorbance (OD 450 values). Culture of PLC/PRF/5 for 72 hours in
the presence of troglitazone resulted in dose dependent DNA
fragmentation.
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Figure 4 Detection of apoptosis of PLC/PRF/5 cells by Hoechst 33258 staining. PLC/PRF/5 treated with 20 pM of troglitazone for 72 hours
showed morphological features of apoptosis. In contrast, untreated cells maintained normal chromatin patterns and cell size (original

magnification x200).
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Figure 5 Effect of troglitazone on caspases 3 (A) and 8 (B) in PLC/PRF/5 cells. PLC/PRF/5 cells were treated for 48 hours with 5 or 10 yM
of troglitazone. The activity of caspase 3, but not that of caspase 8, was significantly increased in response to troglitazone in a dose

dependent manner. **p<0.01.
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Figure 6 Effect of troglitazone on expression of bcl-2 and bax.
Western blot analysis demonstrated that expression levels of bcl-2
and bax in PLC/PRF/5 were not changed by treatment with
troglitazone for 96 hours.

study, we analysed the effect of troglitazone on growth and
induction of apoptosis of liver cancer cells in vitro.

Our results showed that PPARy mRNA was expressed at
various levels in all three liver cancer cell lines. Furthermore,
we also demonstrated that the growth of liver cancer cell lines
was inhibited by troglitazone in a dose dependent manner.
However, the rank order of the sensitivity to troglitazone did
not correspond to the levels of PPARy expression in these cells.
HepG2, which expressed the same level of PPARy mRNA as
HuH-7, was relatively insensitive to the growth inhibitory
effect of troglitazone. That the expression level of PPARy does
not parallel the growth inhibitory effect of the ligand is in
agreement with the results of Elstner and colleagues” and
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Mueller and colleagues.® Interestingly, the growth inhibitory
effects of troglitazone were observed at concentrations equiv-
alent to those detected in patients with insulin resistant
diabetes mellitus treated with the same agent. This finding
suggests that the clinical dose of troglitazone can potentially
inhibit the growth of liver cancer cells.

To determine the underlying mechanisms of the growth
inhibitory effect of troglitazone, we investigated whether tro-
glitazone acts by inducing apoptosis of liver cancer cells. For
this purpose, we performed DNA fragmentation assay and
Hoechst staining. In both assays, troglitazone induced
apoptosis of PLC/PRF/5 in a dose dependent manner. Chinetti
and colleagues'" also reported that troglitazone induced apop-
tosis of human monocyte derived macrophages. However,
other reports showed that apoptosis was not a major
mechanism by which troglitazone induced cell growth inhibi-
tion but that differentiation of cancer cells by the ligand was
the major mechanism." "

We also analysed the mechanisms of troglitazone induced
apoptosis. Results from our study demonstrated that troglita-
zone activated caspase 3 but not caspase 8, which are cysteine
proteases of the caspase family. We hypothesised that such
activation of caspase 3 might indicate that apoptosis was
mainly regulated by mitochondria related apoptosis factor." .
However, expression levels of antiapoptotic factor bcl-2 and
apoptosis inducing factor bax were not overtly affected by tro-
glitazone treatment. In this regard, Elstner and colleagues”
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reported that exposure of human breast cancer cells to a com-
bination of troglitazone and all-frans-retinoic acid decreased
bcl-2 protein to nearly undetectable levels.

Recent studies have examined the relationship between
activation of PPARy and nuclear factor kappa B (NFKB). NFKB
is a DNA binding protein that augments the transcription of
various genes involved in cell proliferation and plays an
important role in cell development, survival, and
oncogenesis.'”"* In this respect, Chinetti and colleagues' sug-
gested that PPARy induced cellular apoptosis by interfering
negatively with the antiapoptotic NFKB signalling pathway.
Further studies are needed to elucidate the exact mechanisms
of troglitazone induced apoptosis of liver cancer cells.

Hepatocellular carcinoma is a major cause of cancer related
mortality in the world and the number of new cases with this
cancer is increasing.' > However, the prognosis of liver cancer is
generally less favourable than other cancers. Treatment for
this disease has mainly focused on surgical resection, emboli-
sation therapy, and ethanol injection; these therapies are far
from optimal. In this study, we showed that a clinical dose of
troglitazone induced growth inhibition of liver cancer cells in
vitro, indicating that troglitazone could be useful as a
potentially effective new therapeutic agent, used alone or in
combination with conventional chemotherapeutic agents, in
patients with liver cancer. However, assessment of the clinical
utility of this agent should await more thorough analysis of its
local and systemic effects as troglitazone induced liver injury
has been documented in recent studies.” *

In summary, in the present study we have demonstrated
expression of PPARy in human liver cancer cells. Our results
also showed that the ligand for PPARY, troglitazone, inhibited
cell growth and induced apoptosis. The latter findings suggest
that this agent might be potentially useful in the treatment of
liver cancer.
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