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Abstract
Introduction: Agonists of peroxisome proliferator-activated receptor gamma (PPARγ) have
been examined as chemopreventive and chemotherapeutic agents. The aim was to investigate
the cytotoxicity and action mechanisms of 15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2), one of
endogenous ligands for PPARγ, in terms of PPARγ-dependency and the mitogen-activated
protein kinase (MAPK) and Akt pathway in three human renal cell carcinoma (RCC)-derived
cell lines.
Methods: 786-O, Caki-2 and ACHN cells were used as human RCC-derived cell lines. Cell
viability and caspase-3 activity was detected by fluorescent reagents, and chromatin-condensation was observed with a brightfield fluorescent microscope after staining cells
with Hoechst33342. The expression levels of proteins were detected by Western blot
analysis.
Results: 15d-PGJ2 showed cytotoxicity in dose-dependent manner. 15d-PGJ2 induced
chromatin-condensation and elevated caspase-3 activity, and the cell viability was restored by
co-treatment with a pan-caspase inhibitor, Z-VAD-FMK, indicating the involvement of
caspase-dependent apoptosis. The cytotoxicity was not impaired by a PPARγ inhibitor,
GW9662, suggesting that 15d-PGJ2 exerted the cytotoxicity in a PPARγ-independent manner.
Some antioxidants rescued cells from cell death induced by 15d-PGJ2, but some did not,
suggesting that reactive oxygen species (ROS) did not contribute to the apoptosis. 15d-PGJ2
also increased the expression levels of phospho-c-Jun N terminal kinase (JNK) in Caki-2 cells,
and decreased those of phospho-Akt in 786-O cells, indicating that the JNK MAPK and the
Akt pathways participated in the anticancer effects of 15d-PGJ2 in some cell lines.
Conclusion: 15d-PGJ2 exerted cytotoxic effects accompanying caspase-dependent apoptosis, and this effect was elicited in a PPARγ-independent manner in three cell lines. In addition,
the JNK MAPK and Akt pathway was involved in the cytotoxicity of 15d-PGJ2 to some extent
in some cell line. Therefore, our study showed the 15d-PGJ2 to potentially be an interesting
approach for RCC treatment.
Key words: 15-deoxy-Δ12,14prostaglandin J2; PPARγ; Renal cell carcinoma; Apoptosis; JNK MAPK;
Akt.

http://www.medsci.org

Int. J. Med. Sci. 2012, 9

Introduction
Renal cell carcinoma (RCC) accounts for about
2% of all tumors, and the most common histological
subtype is clear renal cell carcinoma (75%) [1]. Although nephrectomy is the most effective treatment at
an early stage, advanced renal cancer is still associated
with a poor prognosis, with a five-year survival rate
of less than 10%, as RCC is relatively resistant to
chemotherapy and radiotherapy [2]. Recently, novel
agents for RCC targeting cancer-specific pathways
have been developed, such as sorafenib and sunitinib.
Although they have been shown to be beneficial in
patients with advanced RCC [3, 4], the effect is insufficient and it is therefore necessary to discover new
targets for the treatment of RCC. Indeed, there have
been several reports of other possible targets by us
and others [4-6].
Peroxisome
proliferator-activated
receptor
gamma (PPARγ) belongs to the superfamily of nuclear hormone receptor transcription factors [7],
playing major roles in adipogenesis [8], glucose metabolism [9], and angiogenesis [10]. It has been reported that PPARγ is expressed in normal tissues and
its expression is changed at a variety of tumor sites
[11]. It has been also detected in the tissue of renal cell
carcinoma patients at the mRNA and protein level [12,
13].
15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) is an
end-product of prostaglandin D2, and known as an
endogenous ligand for PPARγ [14, 15]. Badawi et al.
showed that tissue levels of 15d-PGJ2 were markedly
decreased in tumors and metastatic breast tissue
compared with control tissue, suggesting that the
modulation in tissue levels of 15d-PGJ2 influence the
development of cancer and its progression to metastasis [16]. Therefore, it is thought to be well worth
investigating the effects of 15d-PGJ2 on cancer cells as
a potential treatment for cancer. Indeed, 15d-PGJ2
shows not only anti-inflammatory and cytoprotective
activities, but also proapoptotic and anti-proliferative
properties in many cancer cell lines [11], including
colorectal [17-20], lung [20], breast [20, 21], hepatocellular [22], renal cell [23-25], prostate, and bladder
cancers [25, 26]. These apoptotic effects are thought to
be mediated by PPARγ-dependent [27, 28] and
PPARγ-independent [19, 21, 22, 26, 29] pathways.
Moreover, a number of apoptotic mechanisms have
been proposed for 15d-PGJ2 [11, 14, 21, 27, 30-33], for
example, the involvement of the mitogen-activated
protein kinase (MAPK) pathway [17, 18, 29, 31];
however, little information on RCC has been available
to date. Furthermore, we already demonstrated that
15d-PGJ2 enhanced the anti-tumor activity of camp-
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tothecin against Caki-2 cells, one of renal carcinoma
cell lines independently of PPARγ pathway [34].
In the present study, we investigated whether
15d-PGJ2 induced cell death in three human RCC cell
lines, 786-O (Von Hippel-Lindau (VHL) -deficient and
primary organ-derived cells), Caki-2 (VHL-expressing
and primary organ-derived cells) and ACHN
(VHL-expressing and metastatic site-derived cells).
We chose them because all three cell lines have been
commonly used and we could elucidate whether they
would respond to 15d-PGJ2 through a similar mechanism or not. We also examined its mechanisms of action in terms of dependency on PPARγ and the
MAPK and Akt pathways, comparing among three
cell lines.

Materials and methods
Chemicals
15d-PGJ2 was purchased from Cayman Chemical
(Ann Arbor, MI) and dissolved in DMSO just before
use. The final concentration of DMSO in the medium
did not exceed 0.1%. GW9662 was purchased from
Sigma
(St.
Louis,
MO).
N-benzyloxycarbonyl-Val-Ala-Asp fluoromethyl ketone (Z-VAD-FMK) was obtained from Enzo Life
Sciences International (Plymouth Meeting, PA).
N-acetyl-L-cysteine (NAC), reduced glutathione
(GSH), vitamin E, and melatonin were purchased
from Nacalai Tesque (Kyoto, Japan). SB202190 (p38
inhibitor), SP600125 (c-Jun N-terminal kinase (JNK)
inhibitor), and Akt inhibitor IV were obtained from
Merck (Darmstadt, Germany).

Cells and cell culture
786-O, ACHN, and Caki-2 cells were obtained
from Summit Pharmaceuticals International (Tokyo,
Japan), the Cell Resource Center for Biomedical Research Institute of Development, Aging and Cancer
Tohoku University (Sendai, Japan), and DS Pharma
Biomedical (Osaka, Japan), respectively, and were
used as human renal carcinoma cell models. Then
786-O and Caki-2 were maintained in a culture medium consisting of RPMI1640 (Nacalai Tesque) and
ACHN was cultured in DMEM (Wako Pure Chemical
Industries, Osaka, Japan). The media were supplemented with 10% heat-inactivated FBS (Invitrogen,
Life Technologies, Carlsbad, CA) and 50 U/mL penicillin-50 µg/mL streptomycin (Nacalai Tesque). Cells
were cultured in an atmosphere of 95% air and 5%
CO2 at 37˚C, and subcultured every 3 or 4 days.

Cell viability
Cell

viability

was

measured

with

Cell
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Quanti-BlueTM (BioAssay Systems, Hayward, CA).
Briefly, cells were seeded onto 96-well plates (Asahi
Glass, Tokyo, Japan) at 5 × 103 /well and incubated
for 24 h. The cells were treated with 15d-PGJ2 or Akt
inhibitor IV in the presence or absence of other
chemicals for a further 24 h using FBS-free medium.
The assay was performed as described previously [6].
It utilizes the conversion of alamar blue reagent to
resorufin fluorescence by metabolically active cells
and resorufin was measured in a CytoFluor® Series
4000 Fluorescence Multi-Well Plate Reader (PerSeptive Biosystems, Framingham, MA) at an excitation
wavelength of 530 nm / emission 580 nm. The 50%
growth inhibitory concentrations (IC50) were calculated according to the sigmoid inhibitory effect model
E = IC50γ/(IC50γ + Cγ). E represents the surviving fraction (% of control), and C and γ represent the drug
concentration in the medium and the Hill coefficient,
respectively. For co-exposure experiments, 15d-PGJ2
was used at 1.5, 7 and 3 μM for 786-O, Caki-2, and
ACHN cell lines, respectively, as determined approximately the IC50 of each cell line. The agents and
their concentrations used for co-exposure experiments
are indicated as follow: Z-VAD-FMK (100 µM),
GW9662 (20 µM), NAC (1 mM), GSH (1 mM), vitamin
E (1 µM), melatonin (1 mM), SB202190 (3 µM), and
SP600125 (1 µM for 786-O and Caki-2 cells / 0.1, 0.3,
and 1 µM for ACHN cells).

Detection of chromatin condensation (fluorescence microscopy)
For nuclear staining, cells were treated with
15d-PGJ2 for 24 h at 1.5, 7 and 3 μM for 786-O, Caki-2
and ACHN cell lines, respectively. Immediately after,
the nuclear chromatin of trypsinized cells was stained
with 80 μg/mL of Hoechst 33342 (Nacalai Tesque) in
the dark at room temperature for 15 min. They were
then observed with a brightfield fluorescent microscope (VANOX; Olympus, Tokyo, Japan) under UV
excitation. Chromatin-condensed cells were photographed at a 40-fold magnification. In addition, at a
20-fold magnification, more than 120 cells with condensed chromatin were counted in each experiment
and their percentage was calculated.

Fluorimetric assay of caspase-3 activity
Caspase-3 activity was assessed using a Caspase
3 Assay Kit, Fluorimetric (Sigma), according to the
manufacturer’s instructions. Briefly, cells were seeded
in 96-well plates at 5 × 103 /well and cultured for 24 h.
After exposure to 15d-PGJ2 at 1.5, 7 and 3 μM for
786-O, Caki-2, and ACHN cell lines, respectively, the
supernatant was aspirated and cells were harvested
with lysis buffer (50 mM HEPES, pH 7.4, 5 mM
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CHAPS and 5 mM DTT). The reaction buffer, containing
16.6
μM
Acetyl-Asp-Glu-Val-Asp-7amido-4-methylcoumarin (Ac-DEVD-AMC), a caspase-3-specific substrate, was added to the wells, and
the production of AMC was detected in a CytoFluor®
Plate Reader at 360 nm (excitation) / 460 nm (emission). Enzymatic activity was determined as initial
velocity expressed as nmol AMC/min/mL. It was
then corrected with the quantity of protein in each
well detected by a BCA protein assay kit (Thermo
Fisher Scientific, Waltham, MA).

Assay of lactate dehydrogenase (LDH) leakage
Cells were seeded onto 24-well plates (Asahi
glass) at 3 × 104 /well and cultured for 24 h. The medium was removed and the cells were washed with
fresh serum-free medium 3 times and incubated for 1
h. They were treated with 15d-PGJ2 at 1.5, 7 and 3 μM
for 786-O, Caki-2, and ACHN cell lines, respectively,
for 24 h, and supernatant was obtained by centrifugation (170 × g, 3 min). The LDH activity in the supernatant was assayed with LDH-Cytotoxic Test Wako
(Wako), according to the manufacturer’s instructions.
Briefly, the samples were reacted with a coloring solution containing nitrotetrazolium blue, and the diformazan produced from nitrotetrazolium blue by
oxidation of NADH was detected in a MTP-500 microplate reader (CORONA ELECTRIC, Ibaraki, Japan)
at 570 nm. LDH leakage was calculated according to
the equation; LDH leakage (% per positive control) =
(S-N) / (P-N). S, N and P represent the absorbance in
the sample, negative and positive controls, respectively. The positive control was the supernatant of
cells treated with 0.2% Tween 20 (Nacalai Tesque),
and the negative control was the supernatant incubated with 0.1% DMSO.

Antibodies
The rabbit monoclonal antibodies against phospho-SAPK/JNK (Thr183/Tyr185), Akt (C67E7) and
phospho-Akt (Ser 473) (D9E) XP™ were purchased
from Cell Signaling Technology (Danvers, MA) and
the mouse monoclonal antibody against β-actin (C4),
from Santa Cruz Biotechnology (Santa Cruz, CA). The
horseradish peroxidase-linked antibody for donkey
anti-rabbit IgG and sheep anti-mouse IgG was obtained from GE Healthcare (Buckinghamshire, UK).
All antibodies were diluted with blocking buffer.

Western blot analysis
ACHN cells were harvested by scraping and
washed with ice-cold phosphate-buffered saline
(PBS). In the experiment for phosphorylation of JNK
MAPK, cells were plated in 100-mm dishes 24 h before
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treatment and then treated with 15d-PGJ2 at 3 μM for
1, 8 or 24 h, and in the experiment for phosphorylation
of Akt, cells were treated with 15d-PGJ2 for 1 and 24 h.
Lysis buffer (20 mM Tris (pH 7.5), 150 mM NaCl, 1%
Triton X-100, 0.5% sodium deoxycholate, 1 mM
EDTA, 0.1% SDS, 1mM NaF, 1 mmol/L Na3VO4 and
0.1% protease inhibitor cocktail (Sigma)) was added to
pellets, and the cells were sonicated briefly then incubated on ice for 20 min. Cell extracts were centrifuged at 16,000 × g for 15 min at 4˚C, and the supernatants were transferred to new tubes. Protein concentrations were determined by a BCA protein assay
kit (Thermo Fisher Scientific). The samples were
mixed with the same volume of Laemmli Sample
buffer containing β-mercaptoethanol (Bio-Rad Laboratories, Hercules, CA) and boiled for 5 min, and 15 μg
of protein was loaded onto 10% SDS-polyacrylamide
gels. After electrophoresis, the proteins were transferred to polyvinylidene difluoride membranes
(ATTO, Tokyo, Japan) and blocked with Tris-buffered
saline-0.1% Tween 20 (TBS-T) containing 2% ECL
Advance™ Blocking Agent (GE Healthcare) for 1 h.
Blocked membranes were reacted with primary antibodies (diluted 1:10,000) for 1 h at room temperature
and washed five times with TBS-T. After incubation
with the secondary antibody (diluted 1:25,000) for 1 h
at room temperature, the membranes were again
washed five times. The signal was visualized using
ECL Advance™ detection reagents (GE Healthcare).
Protein expression levels were evaluated on densitometric measurements using ImageJ software. β-actin
level was used as a standard for each sample, and
protein levels at base line (0 h) were defined as 1.0.

Statistical analysis
Data are expressed as the mean ± SD. Statistical
significance was compared with Student’s or Welch’s
t-test for comparisons of two groups and
non-repeated one-way ANOVA followed by Dun-
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nett’s post-hoc test for multiple comparisons. P < 0.05
was considered significant.

Results
Effects of 15d-PGJ2 on cell viability
Figure 1 shows the effects of 15d-PGJ2 on cell
viability in three RCC cell lines. 15d-PGJ2 showed
cytotoxicity in a dose-dependent manner with IC50
values of 1.41 ± 0.09, 6.45 ± 0.26, and 3.21 ± 0.87 µM in
786-O, Caki-2, and ACHN cells, respectively, suggesting that 15d-PGJ2 showed cytotoxicity in RCC cell
lines.

Effects of 15d-PGJ2 on nuclear morphology and
caspase-3 activity
To explore whether the cytotoxicity of 15d-PGJ2
occurred through apoptosis or necrosis, we observed
chromatin condensation, a typical morphological
change in apoptosis, and the activation of caspase-3, a
downstream factor of the caspase cascade. When cells
were exposed to 15d-PGJ2 at approximately the IC50 of
each cell line for 24 h, chromatin condensation was
found after staining with Hoechst 33342 (Figure 2A).
The percentage of cells with chromatin condensation
was significantly increased by 15d-PGJ2 treatment,
from 3 to 24, 4 to 27 and 7 to 30% in 786-O, Caki-2, and
ACHN cells, respectively (Figure 2B). Next, we examined the activation of caspase-3. Treatment with
15d-PGJ2 resulted in approximately a 36-, 12-, and
19-fold increase of caspase activity in 786-O, Caki-2,
and ACHN cells, respectively (Figure 2C). Moreover,
a pan-caspase inhibitor, Z-VAD-FMK, significantly
but not completely recovered the viability of cells
exposed to 15d-PGJ2, from 25 to 71%, 21 to 47%, and
31 to 63%, respectively (Figure 2D). These results
suggested that 15d-PGJ2 induced cell death through
caspase-dependent apoptosis to significant extent.

Figure 1. Concentration-dependent cytotoxic effects of 15d-PGJ2 in 786-O, Caki-2, and ACHN cells. Cells were
precultured for 24 h at 5 × 103 /well in 96-well plates and treated with 15d-PGJ2 for 24 h. Cell viability was assessed by fluorescent assay,
and data represent the mean ± S.D. from 4 independent preparations.
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Figure 2. Apoptosis assays for 15d-PGJ2 in three RCC cell lines. (A, B) Induction of chromatin condensation by 15d-PGJ2. Typical
fluorescence micrographs of Caki-2 cells stained with Hoechst 33342 (A) and percentages of chromatin-condensed cells (B). Cells were
treated with 15d-PGJ2 for 24 h at the IC50 of each cell line and stained with Hoechst 33342 for 15 min at room temperature. They were
then observed under a brightfield fluorescence microscope with UV excitation and the percentage of chromatin-condensed cells was
determined. Data represent the mean ± S.D. from 4 independent preparations. Statistically significant difference from the control: **p <
0.01 assessed by t-test. (C) Effects of 15d-PGJ2 on caspase-3 activity. Cells were seeded in 96-well plates at 5 × 103 /well and cultured for
24 h. After exposure to 15d-PGJ2 at the IC50 of each cell line for 24 h, caspase-3 activity was assessed with a fluorimetric Caspase 3 Assay
Kit according to the manufacturer’s instructions. Enzymatic activities were determined as initial velocities corrected with the quantity of
protein. Data represent the mean ± S.D. from 4 independent preparations. Statistically significant difference from the control: **p < 0.01
assessed by t-test. (D) Effects of a pan-caspase inhibitor on 15d-PGJ2-induced cell death. Cells were precultured for 24 h at 5 × 103 /well
in 96-well plates and exposed to 15d-PGJ2 with or without Z-VAD-FMK (100 μM) for 24 h. Cell viability was assessed by fluorescent assay,
and data represent the mean ± S.D. from 4 to 5 independent preparations. Statistical significance was assessed by t-test.
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Effects of 15d-PGJ2 on LDH leakage
To find the contribution of necrosis to cell death,
we next measured the levels of LDH in media as a
marker of cell lysis and necrosis [35]. LDH leakage per
positive control were 12.3 ± 2.9%, 13.2 ± 0.7%, and 9.6
± 0.8% in 786-O, Caki-2, and ACHN cells, respectively, when cells were treated with approximately the
IC50 of 15d-PGJ2 (Figure 3), suggesting that necrosis
was partly involved in cell death.
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Participation of PPARγ in the effect of
15d-PGJ2 on cell viability
To investigate the molecular mechanisms of cell
death induced by 15d-PGJ2, we first examined
PPARγ-dependency. Figure 4 shows the effects of a
PPARγ antagonist, GW9662, on 15d-PGJ2-induced cell
death. The cytotoxic effect of 15d-PGJ2 was not impaired by GW9662, indicating it to be independent of
PPARγ.

The effects of antioxidants on the cytotoxicity
of 15d-PGJ2
As 15d-PGJ2 was also reported to generate reactive oxygen species (ROS) [36], we next investigated
the effects of antioxidants. Figure 5 shows the effect of
antioxidants, NAC and GSH, on the cytotoxic action
of 15d-PGJ2. NAC or GSH almost completely reversed
the 15d-PGJ2-induced cell death in all three cell lines.
Conversely, there was no recovery at all from
15d-PGJ2-induced cell death among cells co-treated
with other antioxidants, vitamin E (1 µM) and melatonin (1 mM) (Figure 6).
Figure 3. LDH leakage in RCC cell lines treated with
15d-PGJ2. Cells were precultured for 24 h at 3 × 104 /well in
24-well plates and exposed to 15d-PGJ2 for 24 h. Absorbance at
570 nm in supernatant of the sample (S), negative control (N), and
positive control (P) was used for calculation. LDH leakage was
determined at follows; LDH leakage (% per positive control) =
(S-N) / (P-N), and data represent the mean + S.D. from 3 independent preparations. The positive control was the supernatant of
cells treated with 0.2% Tween 20 and the negative control was the
supernatant of cells incubated with 0.1% DMSO.

Participation of the p38 and JNK MAPK
pathways in the effect of 15d-PGJ2 on cell viability
To investigate the involvement of the MAPK
pathway in the cytotoxic mechanisms of 15d-PGJ2,
two MAPK inhibitors were co-treated with 15d-PGJ2.
Figure 7A shows the effects of a p38 inhibitor,
SB202190, on 15d-PGJ2-induced cell death. Cell viability was not impaired by co-exposure to SB202190,
suggesting that the p38 pathway did not mainly participate in the cytotoxic effect of 15d-PGJ2.

Figure 4. Effects of a PPARγ inhibitor, GW9662, on 15d-PGJ2-induced cell death. Cells were precultured for 24 h at 5 × 103
/well in 96-well plates and exposed to 15d-PGJ2 with or without GW9662 (20 μM) for 24 h. Cell viability was assessed by fluorescent assay,
and data represent the mean ± S.D. from 5 independent preparations. Statistical significance was assessed by t-test.
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Figure 5. Effects of antioxidants with a thiol-group,
NAC (A) and GSH (B), on 15d-PGJ2-induced cell
death. Cells were precultured for 24 h at 5 × 103 /well in
96-well plates and exposed to 15d-PGJ2 in the presence or
absence of NAC (500 μM) or GSH (1 mM) for 24 h. Cell
viability was assessed by fluorescent assay, and data represent the mean ± S.D. from 4 to 5 independent preparations.
Statistical significance was assessed by t-test.

Figure 6. Effects of antioxidants without a thiol-group,
vitamin
E
(A)
and
melatonin
(B),
on
15d-PGJ2-induced cell death. Cells were precultured for
24 h at 5× 103 /well in 96-well plates and exposed to 15d-PGJ2
in the presence or absence of vitamin E (1 μM) or melatonin (1
mM) for 24 h. Cell viability was assessed by fluorescent assay,
and data represent the mean ± S.D. from 4 to 5 independent
preparations. Statistical significance was assessed by t-test.
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Figure 7. Involvement of the p38 and JNK MAPK pathway in 15d-PGJ2-induced cell death. Effects of a p38 MAPK inhibitor,
SB202190 (A), or JNK inhibitor, SP600125 (B, C), on 15d-PGJ2-induced cell death and the effects of 15d-PGJ2 on phosphorylation of JNK
(D). Cells were precultured for 24 h at 5 × 103 /well in 96-well plates and exposed to 15d-PGJ2 at approximately the IC50 in the presence
or absence of SB202190 (3 μM) or SP600125 (0.1, 0.3, 1 μM) for 24 h. Cell viability was assessed by fluorescent assay, and data represent
the mean ± S.D. from 4 independent preparations. Statistical significance was assessed by t-test or Dunnett’s test. To detect proteins, cells
were precultured for 24 h in 100-mm dishes. Cells were then treated with 15d-PGJ2 at 3 μM for 0 and 8 h. Protein (15 μg) was analyzed
by Western blotting for the expression of phospho-JNK. Relative protein levels were quantified using ImageJ, and each phospho-JNK signal
was normalized to the β-actin signal. The representative bands and the results of densitometric analysis from three independent preparations were described, and data represent the mean ± S.D. from 4 independent preparations.
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A JNK inhibitor, SP600125, did not prevent
15d-PGJ2-induced cell death in 786-O and Caki-2 cells,
but significantly improved the viability of ACHN
cells (Figure 7B).
As improvement of cell viability by SP600125 (1
µM) was observed only in ACHN cells, we next investigated the dose-dependent effects of SP600125
and the effects of 15d-PGJ2 on the expression of
phospho-JNK in ACHN cells. SP600125 improved the
viability of ACHN cells in a dose-dependent manner
(Figure 7C). In addition, the expression levels of
phospho-JNK was tend to be increased by exposure to
15d-PGJ2 for 8 h (Figure 7D). This suggested the JNK
pathway to be involved in 15d-PGJ2-induced cell
death to some extent in ACHN cells.

Figure 8. Involvement of the Akt pathway in
15d-PGJ2-induced cell death. (A) To detect proteins, cells
were precultured for 24 h in 100-mm dishes. Cells were then
treated with 15d-PGJ2 at 3 μM for 1 and 24 h. Protein (15 μg) was
analyzed by Western blotting for the expression of Akt and
phospho-Akt. (B) To investigate the effects of an Akt inhibitor,
cells were precultured for 24 h at 5 × 10 3 /well in 96-well plates
and treated with Akt inhibitor IV for 24 h. Cell viability was assessed by fluorescent assay, and data represent the mean ± S.D.
from 6 independent preparations. Relative protein levels were
quantified using ImageJ, and each Akt and phospho-Akt signal was
normalized to the β-actin signal. Relative ratio of normalized Akt
and phospho-Akt signal to untreated cells in each time was described.
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Participation of the Akt pathways in the effect
of 15d-PGJ2 on cell viability
The expression levels of phospho-Akt were
markedly decreased by exposure to 15d-PGJ2 for 1
and 24 h only in 786-O cells, whereas the levels of total
Akt were not changed (Figure 8A), but not in other
cells (data not shown). In addition, Akt inhibitor IV
decreased the cell viability of 786-O cells in a
dose-dependent manner, with an IC50 value of 3.67 ±
0.84 μM (Figure 8B). This suggested that 15d-PGJ2
inhibited Akt activation at the same levels of an Akt
inhibitor and exerted cytotoxic effects in 786-O cells.

Discussion
PPARγ is known to play many roles when activated by a ligand, such as synthetic antidiabetic thiazolidinediones and a natural eicosanoid derivate,
15d-PGJ2. These ligands, apart from their functions in
normal tissues, have been reported to induce growth
arrest or apoptosis in diverse tumor cells [6, 11, 13,
17-27, 29, 30]. In the present study, we evaluated the
effects of 15d-PGJ2 on the viability of RCC cells and
investigated the mechanisms of cytotoxicity.
First, we confirmed the cytotoxicity of 15d-PGJ2
in RCC cell lines as it was demonstrated in Caki-2
cells in the previous study [34]. 15d-PGJ2 exhibited
dose-dependent cytotoxicity with IC50 values of
1.4-6.5 μM (Figure 1). This cytotoxicity of 15d-PGJ2
accompanied chromatin condensation (Figure 2A, 2B)
and caspase-3 activation (Figure 2C). In addition, a
pan-caspase inhibitor, Z-VAD-FMK, significantly restored cell viability (Figure 2D), suggesting that
15d-PGJ2 induced cell death through caspase-dependent apoptosis to some extent in RCC cell
lines; however, the recovery achieved by
Z-VAD-FMK was incomplete. This suggested some
involvement of other forms of death, such as caspase-independent apoptosis, autophagy, or necrosis.
Indeed, a caspase-independent mechanism was reported to be partly involved in the 15d-PGJ2-induced
apoptosis of hepatoma, chondrosarcoma, and choriocarcinoma cells [22, 37, 38]. Moreover, LDH leakage
was observed in all three cell lines treated with
15d-PGJ2, albeit to a small extent (Figure 3), suggesting that necrosis was partly but not mainly involved
in the cell death.
To investigate the molecular mechanisms of
15d-PGJ2-induced cell death, we first examined the
involvement of PPARγ. 15d-PGJ2 has high affinity for
human PPARγ [15], and is known to induce adipogenesis through PPARγ-activation, but it is unclear
whether PPARγ is involved in the cytotoxic effect of
15d-PGJ2. In our results, GW9662, an irreversible
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PPARγ antagonist, did not improve cell viability at all
(Figure 4), although the PPARγ protein is expressed in
these three cell lines [6]. This suggested the cytotoxicity of 15d-PGJ2 in RCC cell lines to be independent of
PPARγ, as supported by reports in other cell types
[19, 21, 22, 26, 29]. Kim et al. showed that GW9662
inhibited the cytotoxic effect of 15d-PGJ2 in neuroblastoma cells [27]. Shen et al. showed that cell death
was partly, but not completely, blocked by GW9662 in
chondrosarcoma cells, suggesting that 15d-PGJ2 exerted its effect via both PPARγ-dependent and
-independent pathways [30]. Accordingly, the involvement of PPARγ in the cytotoxicity of 15d-PGJ2
seems to depend on the cell strain, and it is important
to accumulate information for each type of cell as the
genomic responses to PPARγ activation are complex
[11].
15d-PGJ2 was also reported to generate ROS and
to induce apoptosis in various kinds of cells [17, 18,
28, 36], so we next investigated the effects of antioxidants. Interestingly, our data showed that two antioxidants, NAC and GSH, rescued cells from cell death
induced by 15d-PGJ2 (Figure 5), although the other
antioxidants, vitamin E and melatonin, did not (Figure 6). These findings suggested that NAC and GSH
recovered the cell viability by the mechanisms other
than the antioxidative effects, and this discrepancy
among the antioxidants might be accounted for by
their construction. As 15d-PGJ2 can reportedly form
covalent adducts with thiol-containing biomolecules
via Michael addition [14], due to an electrophilic
α,β-unsaturated carbonyl group in the cyclopentenone ring, NAC and GSH, possessing a thiol-group,
were assumed to bind to 15d-PGJ2 and attenuate the
effect of 15d-PGJ2. In addition, Paumi et al. showed
that a GSH-conjugate of 15d-PGJ2 was effluxed from
cells through multidrug resistance proteins, and the
cytotoxic and transactivating effects of 15d-PGJ2 were
attenuated in breast cancer cells [39]. Accordingly, in
this case as well, NAC, a precursor of GSH, was converted to GSH, and could reduce the intracellular
concentration of 15d-PGJ2, thereby recovering the cell
viability. Therefore, these findings indicated that ROS
did not contribute to the apoptosis induced by
15d-PGJ2 in RCC cells.
Next, we focused on the cell signaling pathways
involved in cell survival or proliferation. As some
reports showed that 15d-PGJ2 also regulated MAPK
activation [17, 18, 29, 31], we first investigated the
involvement of the p38 and JNK MAPK pathways,
known to be activated by various forms of stress, in
the cytotoxic effects of 15d-PGJ2 on RCC cells. While a
p38 MAPK inhibitor (SB202190) did not affect the cytotoxicity of 15d-PGJ2 in any of the cell lines (Figure
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7A), a JNK inhibitor (SP600125) improved the viability
of 15d-PGJ2-treated ACHN cells in a dose-dependent
manner (Figure 7B, 7C), and the level of phosphorylated JNK tended to be increased after 8 h (Figure 7D).
These findings suggested that the p38 pathway did
not mainly participate in the 15d-PGJ2-elicited cell
death, but that the JNK pathway was involved to
some extent only in ACHN cells. The reason why the
mechanisms of action differed among the three cell
lines was unclear; but Okano et al. also reported that
the actions of 15d-PGJ2 differed even among different
cell lines derived from the organ [22]. In addition,
ACHN cells are derived from a metastatic site (pleural
effusion), while 786-O and Caki-2 cells originate from
a primary organ, and this might partly affect the
cell-dependency.
We next investigated the involvement of Akt,
which is known to be a downstream of phosphatidylinositol 3-kinase (PI3K) and have potent
antiapoptotic and proliferative functions. 15d-PGJ2
markedly decreased the expression level of phosphorylated Akt after 1 and 24 h-exposure in 786-O
cells (Figure 8A). This suggested that 15d-PGJ2 inactivated Akt and exerted cytotoxicity in 786-O cells, in
which an Akt inhibitor also showed cytotoxicity with
a low IC50 value (Figure 8B). The detail mechanisms of
inactivating Akt must be further investigated, but, like
other reports, the up-regulation of PTEN followed by
the reduction of PI3K activity might be involved in
this case [40]. Therefore, the inactivation of Akt observed in this study might be an important mechanism of 15d-PGJ2 in some cell lines like 786-O cells.
In conclusion, the cytotoxicity of 15d-PGJ2 were
mainly due to caspase apoptosis in three RCC cell
lines but through different mechanisms in terms of
JNK MAPK and Akt pathways. Our study showed the
treatment with 15d-PGJ2 to potentially be an interesting approach for RCC though further experimental
and clinical investigations are needed.
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