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Peroxisome proliferator-activated receptor c augments
tumor necrosis factor family-induced apoptosis in
hepatocellular carcinoma
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Proliferator-activated receptor c (PPARc) is a nuclear receptor,
which mainly associates with adipogenesis, but also appears to
facilitate cell di¡erentiation or apoptosis in certain malignant
cells.This apoptosis induction by PPARc is increased by co-stimu-
lation with tumor necrosis factor (TNF)-a-related apoptosis-indu-
cing ligand (TRAIL), a member of theTNF family. In this study, we
investigated the e¡ect of PPARcon Fas-mediated apoptosis in he-
patocellular carcinoma (HCC) cell lines. PPARc was expressed on
all seven HCC cell lines and located in their nuclei. 15-Deoxy-D-
12,14-prostaglandin J2 (15d- PGJ2), a PPARc ligand, inhibited cellu-
lar proliferation in HepG2, SK-Hep1 or HLE cells, unlike pioglita-
zone, another PPARc ligand, which did not have a signi¢cant
in£uence on proliferation of these cells. However,15d-PGJ2 facili-
tated Fas-mediated HCC apoptosis that could not be induced by
Fas alone.These results suggest that PPARc can augment TNF-fa-
mily-induced apoptosis. [r 2002 Lippincott Williams & Wilkins.]

Key words: Apoptosis, hepatocellular carcinoma, peroxi-
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Introduction

Hepatocellular carcinoma (HCC) is becoming a
leading cause of cancer death in Japan. Recent
advances in understanding HCC and progressive
treatments including hepatic resection have im-
proved the prognosis of patients. However, it is
difficult for most patients with HCC to achieve
complete remission, especially with non-surgical

treatment including transcatheter arterial emboliza-
tion, percutaneous ethanol injection therapy or
chemotherapies. Each approach has limitations and
underscores the importance of research addressing
the basic mechanisms leading to HCC to identify
potentially new therapeutic approaches.

Peroxisome proliferator-activated receptor g
(PPARg) is a member of the PPAR subfamily of
nuclear receptors, which have an important regula-
tory role in adipogenesis and inflammation. PPARg
gene expression is abundant in adipose tissue, but it
has become clear recently that this gene is also
present in other tissues and specialized cells, includ-
ing liver, colon, skeletal muscle, breast, prostate,
type 2 pulmonary alveolar macrophages or activated
macrophages and foam cells.1 PPARg has two iso-
forms, PPARg1 and PPARg2. PPARg1 is encoded by
eight exons and PPARg2 is encoded by seven exons.2

The extra-adipocyte expression of PPARg is specifi-
cally the PPARg1 isoform, whereas expression of the
PPARg2 isoform remains adipocyte specific.1

Ligands selective for PPARg include prostaglandin
J2 (PGJ2) derivatives, such as 15-deoxy-D-12,14-PGJ2

(15d-PGJ2),3 and antidiabetic thiazolidinedione
(TZD) compounds,4 including pioglitazone or trogli-
tazone. PPARg ligand has been demonstrated to
regulate adipocyte differentiation and glucose homeo-
stasis, as well as inhibition of cellular proliferation
and anchorage-independent growth of human colo-
rectal cancer.5 Furthermore, PPARg activation by
ligands induces apoptosis in carcinoma or normal
cells.6–10 In these studies, carcinoma cells were
induced to undergo apoptosis by PPARg ligand alone.
Some carcinoma cell lines became apoptosis within
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24 h after treatment with PPARg ligands and the cell
viabilities were significant decreased,6,7 but this apop-
tosis is not observed in other carcinoma cell lines.9

In liver tissue, PPARg receptors play an important
role in controlling the activation state of the stellate
cells and their repression or inactivation may predis-
pose to hepatic fibrosis.11 In rodents, PPAR ligands
are hepatocarcinogenetic12 and the first approved
drug that specifically activates PPARg, troglitazone,
has rarely been found to cause serious liver injury.11

Troglitazone may not be appropriate for clinical
treatment of tumors, even if treatment with PPAR
ligands results in effective suppression or apoptosis
of carcinoma cell, in vitro.

Members of the tumor necrosis factor (TNF)
family, e.g. Fas ligand, TNF-a or TNF-related apopto-
sis-inducing ligand (TRAIL), can induce apoptosis of
target cells by stimulation of specific receptors.13

However, HCC is usually resistant to apoptosis
induced solely by receptor stimulation. Numerous
anti-apoptotic proteins in HCC interfere with the
necessary signaling pathways of these receptors.14,15

However, PPARg ligand can induce apoptosis in
malignant cells via its receptor stimulation. Although
the mechanism is not known, this nuclear receptor
stimulation may augment the effect of Fas stimula-
tion and sensitize cells for Fas. Recently regulation of
TRAIL-induced apoptosis by co-stimulation of PPARg
on Jurkat cells was reported.16 TRAIL is a type II
membrane protein, whose C-terminal extracellular
domain shows clear homology to other TNF family
members.17 Hence, we speculate that PPARg also may
have similar effects on Fas-mediated apoptosis in
HCC. Our studies suggest that PPARg enhances Fas-
mediated apoptosis of HCC cells and results in more
effective suppression of HCC cellular proliferation.

Materials and methods

Cell linesand HCC tissues

The Jurkat T cell line, the human HCC cell lines,
HepG2, Hep3B and SK-Hep1 cells were purchased
from ATCC (Rockville, MD). The HCC cell lines,
Huh7 ( JCRB 0403), HLE ( JCRB 0404) and PLC/PRF/
5 ( JCRB 0406), were all purchased from the Health
Science Research Resource Bank (Osaka, Japan). The
Jurkat cells were cultured in RPM1 1640 (Gibco/BRL,
Grand Island, NY). The other cell lines were cultured
in Dulbecco’s modified Eagle’s medium (Dainippon
Pharmaceutical, Osaka, Japan) at 371C. All media
were supplemented with 1% penicillin/streptomycin

(Gibco/BRL) and 10% heat-inactivated fetal calf
serum (Gibco/BRL). Human HCC tissues and non-
tumor tissues were obtained from surgical resection
for immunohistochemical analysis. We obtained
informed consent from patients for subsequent use
of his resected tissues.

Detection of PPARg

Expression of PPARg in HCC cell lines was analyzed
by Western blotting. HCC cells were harvested and
lysed in lysis buffer (50 mmol/l Tris–HCl, pH 8,
150 mmol/l NaCl, 5 mmol/l EDTA, 1% NP-40 and
1 mmol/l phenylmethylsulfonyl fluoride) on ice. After
centrifugation, supernatants were collected and their
protein contents measured using a BioRad protein
assay kit (BioRad, Hercules, CA). Equal amounts of
protein from each extract were separated by 14%
SDS–PAGE and transferred onto nitrocellulose mem-
branes (Toyo Roshi, Tokyo, Japan) using the BioRad
electrotransfer system (BioRad). Blots were blocked
by incubation in 5% non-fat dried milk in phosphate-
buffered saline (PBS) overnight at 41C and probed for
2 h at room temperature with rabbit anti-PPARg1,2
polyclonal antibody (Calbiochem, San Diego, CA).
Antibodies were diluted 1:1000 with 0.05% Tween 20
in PBS. The immunoblots were then probed with
horseradish peroxidase-conjugated anti-rabbit IgG
(1:2000 diluted with 5% non-fat dried milk in Tris–
HCl, pH 7.5 and 0.05% Tween 20). After the final
washing, signal was detected with an ECL kit
(Amersham Pharmacia Biotech, Little Chalfont, UK).

Immunohistochemical staining for PPARg was
performed on resected HCC tissues and non-tumor
tissues. Deparaffinized sections were heated for
10 min at 1201C in a pressure cooker to reactive
antigen and treated with 0.3% H2O2 in methanol for
20 min to abolish endogenous peroxidase activity.
Sections were blocked with normal goat serum in
PBS and incubated overnight with a 1:40 dilution (in
PBS) of rabbit anti-PPARg1,2 polyclonal antibody
(Calbiochem) at 41C. The sections were incubated
with a second biotinylated anti-rabbit Ig diluted
1:200 in PBS, followed by a 1:200 dilution of
avidin–biotin–peroxidase complex (Vectastain ABC
kit; Vector, Burlingame, CA) diluted 1:200 in PBS for
30 min at room temperature. After each incubation
step, the sections were carefully washed 3 times in
PBS, for 5 min, each time. They were developed in a
substrate solution of 0.01% 3,30-diaminobenzidine–
hydrogen peroxide for visualization and counter-
stained with Mayer’s hematoxylin. They were rehy-
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drated in ethanol, cleared in xylene and mounted.
The stain sections were examined under � 200
magnification.

Assessment of viabilityof HCC cells

To assess the viability of HCC cells, the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay was performed. The HCC cells
were plated at a density of 5� 103 cells/well in 96-
well microtiter plates (Corning Glass Works, Corn-
ing, NY) and each plate was incubated for 24 h at
371C in 5% CO2. 15d-PGJ2 (Cayman Chemical, Ann
Arbor, MI) (10 mM/l) or pioglitazone (Takeda, Osaka,
Japan) (10 mM/l) were added in the absence or
presence of 50 ng/ml Fas antibody (MBL, Nagoya,
Japan), 50 ng/ml TRAIL (R & D System, Minneapolis,
MN) or 50 ng/ml TNF-a (Cosmo Bio, Tokyo, Japan)
and the plate were incubated for 48 h. The live-cell
count was determined using a Cell Titer 96 assay kit
(Promega, Madison, WI) according to the manufac-
turer’s instructions. The absorbance of each well was
measured at 570 nm with a microtiter plate reader
(BioRad).

Detection of apoptosis

A total 2� 104 HCC cells/well were cultured in an
eight-well Lab-tek chamber slide (Nalge Nunc, Roche-
ster, NY) for 24 h, followed up by addition of 15d-PGJ2

(Cayman Chemical) (10mM/l) or pioglitazone (Takeda)
(10mM/l) and 50 ng/ml Fas antibody (MBL). After
incubation for 48 h, cell nuclei were stained with
40,6-diamidino-2-phenylindole (DAPI; Sigma, St Louis,
MO) and observed with a fluorescence microscope
(Zeiss, Guöttingen, Germany).

Results

PPARgexpression in HCC cell lines

We investigated the expression of PPARg in seven
human HCC cell lines (HepG2, HLE, SK-Hep1,
Hep3B, Huh7, PLC/PRF/5 and Chang liver). Bands
corresponding to PPARg antigen were observed in all
seven HCC cell lines examined (Figure 1).

PPARgexpression inhuman HCC tissues

To determine the in situ expression of PPARg, nine
HCC tissues and nine non-tumor liver sections were
examined by immunochemistry. All non-tumor liver
tissues showed negative staining for PPARg, whereas
all HCC tissues revealed positive staining for PPARg
(Figure 2A and B). At the cellular level, PPARg
expression was located in the nucleus of HCC cells.
Taken together with the results from the HCC cell
lines, it appears that these PPARg appears to be
prevalent in human HCC.

E¡ect of PPARg ligand stimulation in human HCC
cells

In order to elucidate the function of PPARg in HCC
cells, we investigated the effect of PPARg ligands on
human HCC cell line viability (Figure 3). Three HCC
cell lines (HepG2, SK-Hep1 or HLE) were incubated
with 15d-PGJ2 at the indicated concentrations and
cell viability was decreased by 50 mM with 15d-PGJ2 in
all cell lines after 48 h (Figure 3A). HLE cellular
proliferation was suppressed at lower concentrations
related to HepG2 and SK-Hep1 cells. We also
investigated the effect of pioglitazone for cellular
viabilities (Figure 3B), but did not observe changes in

Figure 1. PPARg expression in seven human HCC cell lines (HepG2, HLE, SK-Hep1, Hep3B, Huh7, PLC/PRF/5 and
Chang liver) and a humanT cell lymphoma cell line (Jurkat) by Western blotting. Arrow means the expression of
PPARg.
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cell proliferation of these HCC cell lines with 48 h
incubation at the indicated concentrations.

The inhibitionof HCC cellsproliferation and
induction of apoptosisby PPARg ligandsand
anti-Fasantibody

We evaluated the effects of PPARg and Fas ligand,
TNF-a and TRAIL on HCC cell viabilities. We
incubated HCC cells with PPARg ligands and TNF
family members (anti-Fas antibody, TRAIL or TNF-a).
After 48 h incubation, 15d-PGJ2 in combination with
anti-Fas antibody, TRAIL or TNF-a decreased cell
viability greater that either alone (Figure 4A). In
contrast, pioglitazone had little influence on HLE
viability (Figure 4B). To evaluate induction of
apoptosis by co-stimulation of PPARg ligands and
anti-Fas antibody, changes in nuclear morphology

were studied using DAPI staining (Figure 5). HLE
cells were incubated with or without the indicated
reagents, for 48 h at 371C. The cells that were co-
stimulated by anti-Fas antibody and 15d-PGJ2 showed
nuclear fragmentation or condensation, as opposed
to the other conditions which did not demonstrate
morphological changes.

Figure 2. Indirect immunohistochemistryof non-tumorhepatic cells (A) and HCCcells (B) for PPARg.Bothprepara-
tionswere stainedwith antibody for PPARgand counterstainedwith hematoxylin (�200).

Figure 3. E¡ects of PPARg ligand stimulation on viabi-
lity of human HCC cells. HCC cells were incubated with
theindicatedconcentrationsof15d- PGJ2 (A) or pioglita-
zone (B) for 48 h at 371C. Circles, HepG2; squares, SK-
Hep1; triangles,HLE.

Figure 4. E¡ects of co-stimulation of PPARg ligands
and anti-Fas antibody (F),TRAIL (TR) orTNF-a (TN) on
the viability of HCC cells. HCC cells were treated with
anti-Fasantibody (50 ng/ml) in thepresenceorabsence
of15d-PGJ2 (D,10 mM) or pioglitazone (P,10 mM) for 48 h
at 371C.Insteadofusinganti-Fasantibody,TRAIL (50 ng/
ml) or TNF-a (50 ng/ml) were also used in this experi-
ment.C, control.
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Discussion

In this study, PPARg was expressed on all seven HCC
cell lines and located in their nuclei. In non-tumor
tissues preparations, PPARg was not detected in the
cytoplasm or nuclei of hepatocytes, but it was
observed in the inter-hepatocellular spaces of the
same preparations. In accordance with a previous
report,11 this result reflects a phenomenon of PPARg
localized expression on Kupffer cells or stellate cells
in normal liver tissues. With respect to protein
expression levels of the HCC cell lines, PPARg
expression was observed in all HCC cell lines, but
these expression levels varied among all cell lines. In
particular, HLE cells and Chang liver cells showed
higher expression than other cell lines.

Next, we evaluated the effects of PPARg ligands for
HCC cell lines using pioglitazone and 15d-PGJ2.
Pioglitazone is TZD derivative, which represents a
novel class of oral drugs for the treatment of
diabetes. However, troglitazone, also being a TZD
derivative, causes severe hepatic dysfunction
leading to hepatic failure;18–20 the mechanism of
hepatotoxicity is not known.20 In this study, we use
pioglitazone as a PPARg ligand, instead of troglita-
zone, because there are no reports of hepatotoxicity
with pioglitazone.21 15d-PGJ2 is a naturally occurring
compound and plays an important role for

adipogenesis and inflammation as a homeostatic
response. HLE cell proliferation was restricted
strongly by 20–50 mM 15d-PGJ2, affected at the lower
concentration, whereas HepG2 cells and SK-Hep1
cells were not. This suggests that the PPARg protein
level between HLE cells and the other two cell lines
may be related to sensitivities for 15d-PGJ2. However,
the effect of PPARg may depend not only on the
receptor density, but also on post-transcriptional or
post-translational regulation, because the expression
level of PPARg protein did not necessarily correspond
to the magnitude of the growth-inhibitory effects.22

In this study, pioglitazone did not induce effective
inhibition of cell proliferation on all three HCC cell
lines, of up to the maximum 50 mM concentration.
According to previous reports,16,23 the inhibitory
effect on cell proliferation was observed for 4 or 6
days when those cells were incubated with pioglita-
zone or other TZD derivatives. However, we exam-
ined the effect of PPARg ligands on cell proliferation
during 48-h culture using suitable concentrations
exacted during clinical usage. The mechanism of the
differing effects of 15d-PGJ2 or pioglitazone on cell
viabilities remains obscure in this study. We spec-
ulate that the most suitable conditions for suppres-
sion of cell proliferation may vary between these
two PPARg ligands or an unknown alternative
signaling pathway may be present to influence cell

Figure 5. 15d-PGJ2 and anti-Fas antibody-induced apoptosis in HLE cells. These cells were cultured for 48 h as
follows: (A) no reagents, (B) 50 ng/ml of anti-Fas antibody, (C) 10 mM of pioglitazone, (D) 10 mM of 15d-PGJ2,
(E) 50 ng/ml of anti-Fas antibody and 10 mM pioglitazone or (F) 50 mg/ml of anti-Fas antibody and 10 mM15d-PGJ2.
All cellnucleiwere stainedwith DAPI.
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proliferation with PPARg ligands. It should be noted
as well that 15d-PGJ2 is a natural product and
pioglitazone is artificially synthesized. PPARg is a
nuclear receptor and PPARg ligand must penetrate
the cell-surface membrane transport through the
cytoplasm to the nucleus. This process may be more
difficult for pioglitazone than for 15d-PGJ2.

The Fas system is an important component of cell
apoptosis induction.13 However, the Fas system is
not significantly involved in apoptosis in human
HCC,24 although Fas is expressed on their surfaces.
Consistent with previous reports, our study showed
that anti-Fas antibody could not induce apoptosis of
all three HCC cell lines, although they express Fas on
their cell surfaces. However, a 48-h incubation with
the 15d-PGJ2 could augment Fas-mediated apoptosis
of the HLE cells. In HCC cells, the Fas system is
abnormal with soluble Fas expression,14 a down-
stream inhibitor of the death signal from Fas.15 We
did not assess changes in Fas expression on HCC cell
surfaces or proteins associated with inhibition of
apoptosis when these HCC cells were cultured with
15d-PGJ2 or pioglitazone. Because HCCs show one
or more inhibitory proteins of the Fas signaling
pathway, it may be difficult to induce apoptosis even
if PPARg affects Fas expression on the HCC cell
surface. Although it is reported that PPARg promotes
development of malignancy under certain condi-
tions,25,26 it is already known that PPARg induces G1

arrest in malignant cells and suppresses cell prolif-
eration.22,27 Perhaps this nuclear receptor on malig-
nant cell nuclei may induce transcriptional activities
related to apoptosis signaling or down-regulation of
apoptotic inhibitory proteins.

Recently, HCC cells were reported to be exposed
to an environment containing Fas ligand.14,24,28–30

This phenomenon implies that HCC cells receive Fas
stimulation continuously. PPARg stimulation induces
apoptosis of HCC cells with continuous Fas stimula-
tion, by release from Fas-induced death signaling
pathway after a suitable period of incubation. In the
current study, inhibition of cell proliferation by
15d-PGJ2 was facilitated by co-stimulation with
TNF-a or TRAIL. Further experiments are necessary
to evaluate the interaction between PPARg and
Fas signaling pathways, which are competent to
induce apoptosis. With respect to other malignant
cell lines, e.g. colon or lung malignant cells, PPARg
ligands are already known to induce differentiation
of tumor cells.9,23 We did not assess the ability of
inducing cell differentiation by PPARg ligands in this
study, but this characteristic is also interesting
for application of HCC treatment and should be
evaluated.

Conclusion

PPARg can induce decrease of HCC cell viabilities by
its ligand stimulation and PPARg can enhance Fas-
mediated apoptosis for HCC cells.
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