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Abstract Live ischemia–reperfusion injury is associated

with endoplasmic reticulum (ER) stress-induced apoptosis.

Activation of peroxisome proliferator-activated receptor-a
(PPARa) may inhibit hepatocyte apoptosis induced by

oxidative stress and protect against liver injury. This study

aimed to investigate the effects of PPARa activation,

through a specific agonist, on ER stress-induced apoptosis

in human liver hepatocellular carcinoma (HepG2) cells.

HepG2 cells were challenged with H2O2 and treated with

WY14643, a selective PPARa agonist, in the presence or

absence of the PPARa antagonist of MK886. Cell viable

assay (MTT) and immunostaining were used to evaluate

cell viability. The level of apoptotic cell death was quan-

tified through Annexin V/PI staining. Alanine amino-

transferase, asparatate aminotransferase, and malondi-

aldehyde levels were measured to determine the presence

of cellular injury and oxidative stress. RT-PCR and Wes-

tern blot analysis were used to detect mRNA and protein

expression of PPARa, BiP, and CHOP. Immunofluores-

cence was utilized to determine the intracellular localiza-

tion of CHOP. H2O2 and MK886 both reduced the viability

of HepG2 cells, increased oxidative stress and apoptosis,

up-regulated the BiP and CHOP expression, and induced

CHOP translocation from the cytoplasm to the nucleus.

Compared with cells treated with H2O2 alone, pre-admin-

istration of WY14643 increased cell viability, attenuated

apoptosis, improved cell function, down-regulated BiP and

CHOP expression and inhibited CHOP translocation. The

effects of WY14643 were completely abolished using the

MK886 antagonist. PPARa activation protects against

H2O2-induced HepG2 cell apoptosis. The underlying

mechanisms may be associated with its activation to sup-

press excessive ER stress.

Keywords PPARa � Oxidative stress � Endoplasmic

reticulum stress � Hepatocyte � Apoptosis

Introduction

Liver ischemia–reperfusion (LIR) injury often occurs in a

number of clinical settings, such as liver resection surgery,

liver transplantation, and hemorrhagic shock, and results in

hepatic cell damage and death [1]. Previous studies have

demonstrated that endoplasmic reticulum (ER) stress is an

initiator of apoptosis during LIR injury [2–4]. LIR injury is

associated with Ca2? escape from the ER to the cytosol and

this process in turn triggers the production of reactive

oxygen species (ROS), leading to oxidative stress and

producing a number of unfolded proteins that accumulate

in the ER [5, 6]. To cope with the increase in unfolded

proteins, mammalian cells generate a specific adaptive

response called the unfolded protein response (UPR) [4, 7,

8]. Upon activation of the UPR, the chaperone BiP

(GRP78) binds to misfolded proteins thereby activating

proximal UPR transducer proteins, such as PKR-like ER-
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localized kinase (PERK), inositol requiring enzyme 1a
(IRE1a), and activating transcription factor 6 (ATF6) [9,

10]. PERK autophosphorylation, IRE1a transautophosph-

orylation, and ATF6 activation all induce the expression of

several genes including amino acid transporters, chaper-

ones, and the C/EBP homologous protein/GADD153

(CHOP) [11–16]. Overexpression of CHOP leads to cell

cycle arrest and/or apoptosis by decreasing Bcl-2 protein

levels and translocating the Bax protein from the cytosol to

the mitochondria [17]. Furthermore, induction of CHOP

causes the cell to undergo apoptosis by up-regulating cas-

pase-3 [17, 18].

PPARa is one of the three subtypes of peroxisome pro-

liferator-activated receptors (PPARs), which are members of

a set of nuclear receptors related to retinoid, steroid, and

thyroid hormone receptors that are abundantly expressed in

liver parenchymal cells. WY14643, a selective PPARa
agonist, protects vital organs against various ischemia–

reperfusion injuries to the heart, brain, kidney, and liver

[19–21]. WY14643 decreases apoptosis of cardiomyocytes,

preserves myocardial function, and resumes cardiac con-

tractility after global cardiac IR under CPB [22]. Meanwhile,

WY14643 up-regulates fatty aldehyde dehydrogenase

(FALDH), which may contribute to the defensive system

against oxidative and ER-related stress [23].

LIR injury is caused by oxidative and ER stress and

leads to apoptosis. However, PPARa activation can protect

against such injuries, although the possible molecular

mechanisms behind this effect remain elusive. The aim of

the present study is to evaluate whether PPARa activation

by WY14643 protects against ER stress-induced HepG2

apoptosis and to identify a possible underlying mechanism.

Materials and methods

Cell culture and drug treatment

Human liver hepatocellular carcinoma (HepG2) cells, pur-

chased from Shanghai Cell Bank, (Chinese Academy of

Sciences, Shanghai, China) were cultured in the Dulbecco’s

modified Eagle’s medium (GIBCO, Grand Island, NY,

USA) and supplemented with 10 % fetal calf serum (GIB-

CO) at 37 �C in a humidified incubator containing an

atmosphere air and 5 % CO2. For the MTT assay and PI-

DAPI staining (see below), HepG2 cells were organized

into 12 treatment groups as follows: negative control (no

treatment); WY14643 treated cells (25 lM for 8 h dis-

solved in DMSO (Cayman Chemical, USA); DMSO alone

(0.05 % for 8 h; mock treated); 0.1 mM, 1 mM, and 3 mL
H2O2 (Sigma, USA) treated cells; 25 lM WY14643 (2 h

pre-treatment) and 0.1 mM, 1 mM, and 3 mL H2O2 (for

6 h); and 0.05 % DMSO (2 h pre-treatment) and 0.1 mM,

1 mM, and 3 mL H2O2 (for 6 h). There were six groups in

flow cytometry and immunofluorescence microscopy ana-

lysis as follows: negative control (no treatment), WY14643

treated cells [25 lM for 8 h dissolved in DMSO (Cayman

Chemical, USA)], MK886 (an inhibitor of PPARa) alone

(25 lM for 10 h), H2O2 alone (1 mM for 6 h), 25 lM

WY14643 (2 h pre-treatment) and 1 mL H2O2 for 6 h,

MK886 (25 lM, 2 h pre-treatment) and 25 lM WY14643

(2 h) and 1 mL H2O2 (6 h). For the quantification of as-

paratate aminotransferase (AST), alanine aminotransferase

(ALT) and malondialdehyde (MDA) levels, RT-PCR and

Western blotting analysis, HepG2 cells were randomized

into six groups: negative control (no treatment), WY14643

treated cells (25 lM for 8 h), DMSO alone (0.05 % for 8 h;

mock treated), 1 mL H2O2 (for 6 h), 25 lM WY14643

(2 h pre-treatment) and 1 mL H2O2 for 6 h, DMSO alone

and 1 mL H2O2 for 6 h. Each experimental group above

were randomized into five groups: negative control (no

treatment), MK886 treated cells (25 lM for 8 h), 1 mL
H2O2 (for 6 h), 25 lM WY14643 (2 h pre-treatment) and

1 mL H2O2 for 6 h, MK886 (25 lM, 2 h pre-treatment),

and 25 lM WY14643 (2 h) and 1 mL H2O2 (6 h).

MTT assay

HepG2 cells were cultured in 96-well plates at a density of

1–5 9 105 cells/L (100 ll/well) for 24 h. 25 lM

WY14643 or 0.05 % DMSO was added to the culture

medium 2 h before H2O2. Then, cells were treated with

various concentrations of H2O2 (0.1, 1, and 3 mM). After

6 h of H2O2, MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide] solution (5 mg/mL) was

added to each well (Sigma). The cells were incubated at

37 �C for 4 h. The reaction medium was carefully removed

from each well, and 150 ll of DMSO was added to ensure

solubilization of the crystals. The optical density values

were measured using a microplate reader (Rayto, China) at

490 nm. Five replicates were applied per sample.

PI-DAPI staining

HepG2 cells were cultured in 24-well plates at a density of

1–5 9 104 cells/L (500 ll/well) and incubated with a final

concentration of approximately 5 lg/ml DAPI (40,6-dia-

midino-2-phenylindole) (Sigma) to the cell culture medium

for 24 h. 25 lM WY14643 and 0.05 % DMSO were added

to the culture medium 2 h before H2O2. Cells were then

treated with various concentrations of H2O2 (0.1, 1, and

3 mM). After 6 h of H2O2 exposure, the reaction medium

was carefully removed from each well, and the 500 ll of

DMEM with 5 lg/ml propidium iodide (PI, Sigma) was

added to the cells for 30 min. Images were captured using

fluorescent microscopy (Olympus, Tokyo, Japan).
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Flow cytometry

HepG2 cells (1–5 9 105 cell/well) were seeded in 6-well

plates and treated with MK886, WY14643, DMSO, or

H2O2. The cells were labeled with Annexin V and PI

(BestBio Biosciences, China). The percent apoptosis was

determined by flow cytometry and analyzed by Folwjo

software. The percent of cell in early apoptosis was cal-

culated by enumerating cells that were Annexin V-positive

and PI-negative, while the percent of cells in late apoptosis

was calculated by enumerating cells that were Annexin

V-positive and PI-positive.

Alanine aminotransferase (ALT), asparatate

aminotransferase (AST), and malondialdehyde (MDA)

measurements

The supernatants of the HepG2 cells treated above men-

tioned treatments were harvested and the activities of AST,

ALT and MDA released from cells were determined with

commercially available kits. These assay kits were pur-

chased from the Jiancheng Bioengineering Institute (Nan-

jing, China).

RT-PCR (reverse transcription-polymerase chain

reaction) analysis

Total RNA was isolated by using Trizol Reagent (Invit-

rogen) according to the manufacturer’s instructions.

Reverse transcription was performed with the AMV

enzyme (Promega) using the manufacturer’s protocol.

Amplification primers were 50 GGT ATT GAA ACT GTG

GGA GG 30 (forward) and 50 TTG TCT TCA GCT GTC

ACT CG 30 (reverse) for GRP8/BIP, 50 GGA GCT GGA

AGC CTG GTA TGA 30 (forward) and 50 TCC CTG GTC

AGG CGC TCG ATT T 30 (reverse) for GADD153/CHOP,

and 50 TCA CCA ACT GGG ACG ACA T 30 (forward) and

50 GCA CAG CCT GGA TAG CAA C 30 (reverse) for

b-actin.

Western blotting analysis

Cultured cells were collected and lysed in 2 % SDS sample

buffer followed by SDS–PAGE. Proteins were transferred

to PVDF membranes and blocked for 30 min at room

temperature with phosphate buffered saline with 0.05 %

Tween-20 (PBST) containing 5 % nonfat dry milk. The

blots were washed three times with PBST and incubated at

4 �C overnight with either an anti-GRP78/BiP antibody

(1:2000; Abcam, ab21685), an anti-GADD153/CHOP

antibody (1:500; Santa Cruz Biotechnology, sc-793), or an

anti-PPARa antibody (1:100; Santa Cruz Biotechnology,

sc-1985). All primary antibodies were dissolved in PBST.

The next day, the blots were washed three times with

PBST, then incubated for 1 h at room temperature with

horseradish peroxidase (HRP)-conjugated secondary anti-

bodies (1:2,000 dilution) (Deko Cytomation, Denmark) in

PBST. Proteins were visualized using the ECL detection

system (Thermo Scientific Pierce). The blots were stripped

and incubated for 2 h with HRP-conjugated monoclonal

mouse anti-GAPDH (1:2,000; KangCheng Biotechnology,

KC-5G5) in PBST. Blots were developed using the ECL

detection system. All the results shown were from three to

four independent experiments.

Immunofluorescence

Cells grown on glass cover slides were washed with PBS

and fixed in 10 % formalin solution containing 4 %

formaldehyde for 20 min at 4 �C. Fixed cells were blocked

with PBS containing 1 % bovine serum albumin and 0.1 %

Triton X-100 for 30 min at room temperature then incu-

bated with an anti-GADD153/CHOP antibody (1:50, Santa

Cruz Biotechnology, sc-793), and visualized with an anti-

rabbit IgG Alexa 594 secondary antibody (1:200, Molec-

ular Probe). After the incubation with secondary antibod-

ies, the cells were stained with 40 lg/ml DAPI for 10 min,

and mounted. Microscopic analyses were performed to

determine colocalization of the proteins.

Statistical analysis

All data are expressed as mean ± SD. To determine if

significant differences occurred between the means of two

groups, an unpaired two-tailed Student’s t test was applied.

To determine if significant differences occurred among the

means of several groups, a one way analysis of variance

(ANOVA) was performed followed by Scheffe’s post hoc

tests. A p-value of \0.05 was considered to be significant.

Results

PPARa activation increases cell viability

The changes in cell viability of HepG2 cells exposed to H2O2

were examined with the MTT assay and PI-DAPI staining.

After treating cells with 0.1 mM H2O2 for 6 h, cell viability

of the HepG2 cells was not altered. However, cell viability

decreased from 100 to 59.6 ± 9.6 % with 1 mM H2O2 for

6 h and to 30.2 ± 3.5 % with 3 mM H2O2 for 6 h

(P \ 0.001). Pretreatment with 25 lM WY14643 prior to

1 mM or 3 mM H2O2 exposure significantly increased cell

viability to 92.6 ± 14.2 % and 45.6 ± 4.0 % when com-

pared to cells treated with H2O2 alone as assessed with MTT,

respectively (P \ 0.001) (Fig. 1a). Using the PI/DAPI
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staining, all cells were stained with DAPI and PI stained only

dead cell. Cell viability as determined with this technique

decreased to 56.1 ± 5.6 % with 1 mM H2O2 and to

32.0 ± 4.7 % with 3 mM H2O2 relative to the control group

(P \ 0.001) (Fig. 1b, c), while 25 lM WY14643 pretreat-

ment significantly increased the cell viability to

96.4 ± 3.8 % and 52.8 ± 6.0 % when compared to that of

control, respectively (P \ 0.001) (Fig. 1b, c). However, cell

viability was not altered with either WY14643 or DMSO

alone as assessed by both MTT assay and PI-DAPI staining.

PPARa activation reduces cell apoptosis

To obtain additional evidence for H2O2-induced apoptosis

and the protective effect of PPARa activation, cellular

apoptosis was assessed through flow cytometry using PI

and Annexin V-FITC staining that identifies dead and

apoptotic cells, respectively [24]. Cells in the early stages

of apoptosis were 5.67 ± 0.45 % (mock control),

6.24 ± 0.58 % (25 lM WY14643 alone), 25.2 ± 1.39 %

(25 lM MK886 alone), 27.13 ± 2.01 % (1 mM H2O2

alone), 15.1 ± 2.01 % (25 lM WY14643 and 1 mM

H2O2), 27.1 ± 2.08 % (25 lM MK886, 25 lM WY14643,

and 1 mM H2O2), respectively (Fig. 2). Statistical analysis

indicated that both MK886 alone and H2O2 alone induced

significant apoptosis (P \ 0.001). However, the pre-

administration of WY14643 reduced the levels of apoptosis

compared with H2O2 alone and MK886 inhibited the effect

of WY14643 (P \ 0.001) (Fig. 2).

PPARa activation protects cell function

WY14643 treatment alone did not induce hepatocyte

damage. Compared with the mock control group, ALT

levels were significantly increased from 3.6 ± 0.8 to

74.7 ± 3.0 U/L in the cells treated with H2O2 alone and

were also significantly increased from 5.5 ± 1.6 to

71.2 ± 2.7 U/L in the cells treated with MK886

(P \ 0.001). AST levels were also increased from

7.2 ± 1.5 to 93.3 ± 6.7 U/L in the cells treated with H2O2

alone and from 10.9 ± 2.2 to 101.3 ± 5.1 U/L in the cells

treated with MK886 (P \ 0.001). The increases of ALT

and AST induced by H2O2 were significantly attenuated to

17.5 ± 3.1 and 26.2 ± 7.8 U/L with pretreatment of

WY14643 (P \ 0.001) (Tables 1, 2), while the ameliora-

tion of PPARa agonist WY14643 was attenuated by the

pretreatment of PPARa antagonist MK886.

Fig. 2 Apoptosis rate. The effect of WY14643, DMSO, and H2O2 on

HepG2 cell apoptosis was measured by Annexin V-fluorescein

isothiocyanate/propidium iodide staining. The early apoptotic cells

stained by Annexin-V-fluorescein isothiocyanate are located in the

lower right quadrant. In the graphs, each column represents the

mean ± SD of apoptosis rate. (n = 6 independent experiments).

*P \ 0.001 versus control; **P \ 0.001 versus H2O2; #P \ 0.001

versus WY14643 ? H2O2

bFig. 1 Cell viability. The effect of WY14643, DMSO, and H2O2 on

HepG2 cell viability was measured by MTT assay (Fig. 1a) and PI-

DAPI staining (Fig. 1b, c). In c, double labeling of DAPI (blue) and

PI (red). In the graphs, H2O2 (black filled rounds, n = 6),

DMSO ? H2O2 (gray filled squares, n = 6), WY14643 ? H2O2

(black filled triangles, n = 6). Data are presented as mean ± SD

percentage of control (cells untreated with drugs). *P \ 0.001 versus

the control group (H2O2 0 mM); **P \ 0.05 versus the H2O2 group at

1 and 3 mM. (Color figure online)
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PPARa activation attenuates oxidative stress

The MDA levels were increased significantly in cells

treated with MK886 alone (from 3.35 ± 0.41 to

6.90 ± 0.43 lmol/L), and in cells treated with H2O2 alone

(from 3.07 ± 0.43 to 7.54 ± 0.48 lmol/L) (P \ 0.001).

Pretreatment of WY14643 decreased the levels of MDA

compared with the H2O2 treatment (to 3.18 ± 0.31 lmol/L)

(P \ 0.001). However, the levels of MDA increased sig-

nificantly to 7.05 ± 0.27 lmol/L in cells treated with

MK886, WY14643, and H2O2 compared with cells treated

with WY14643 and H2O2 (P \ 0.001) (Tables 3, 4).

Suppressive effects of PPARa on BiP and CHOP

mRNA expression

Treatment with the PPARa agonist, WY14643, not only

reduced the level of apoptosis in HepG2 cells due to H2O2,

but it also inhibited H2O2-induced BiP (Bip/b-actin from

110.0 ± 7.3 to 76.7 ± 5.6 %) and CHOP (CHOP/b-actin

from 42.7 ± 2.8 to 22.0 ± 4.1 %) mRNA expression

(P \ 0.001) (Fig. 3a, c, e). Treatment with the PPARa
antagonist, MK886, suppressed the effect of WY14643

during H2O2-induced BiP and CHOP mRNA expression.

Compared to cells treated with WY14643 and H2O2, BiP

(Bip/b-actin from 59.5 ± 3.4 to 83.8 ± 4.6 %) and CHOP

(CHOP/b-actin from 36.0 ± 3.6 to 74.6 ± 3.6 %) mRNA

expression was up-regulated in cells treated with MK886,

WY14643, and H2O2 (P \ 0.001) (Fig. 3b, d, f). Addi-

tionally, MK886 significantly up-regulated BiP mRNA

expression from 52.7 ± 3.3 to 78.3 ± 2.8 % and CHOP

mRNA expression from 12.1 ± 1.1 to 66.4 ± 3.4 %

compared to cells treated with only DMSO (P \ 0.001)

(Fig. 3).

PPARa alters H2O2 induced PPARa, BiP, and CHOP

protein expression

WY14643, as a selective PPARa agonist, activated

PPARa, however, H2O2 also up-regulated PPARa protein

expression (PPARa/GAPDH from 62.6 ± 12.0 to

158.6 ± 14.6 % compared to mock controls) (P \ 0.00)

(Fig. 4a, e). MK886, as a selective PPARa antagonist,

prevented both endogenous and extrinsic PPARa ligands to

active PPARa (P \ 0.001) (Fig. 4b, f). H2O2 increased the

percentage of BiP/GAPDH from 40.7 ± 6.5 to

180.4 ± 11.0 % and the percentage of CHOP/GAPDH

from 13.3 ± 4.7 to 188.2 ± 9.8 % (P \ 0.001). Treatment

with WY14643 produced a significant reduction in H2O2-

induced BiP protein expression by 101.8 ± 13.2 % and

CHOP protein expression by 67.6 ± 14.5 % (P \ 0.001)

(Fig. 4a, c, g). However, in contrast to the effects of

WY14643, MK886 was able to inhibit the repression of

BiP (from 31.2 ± 4.6 to 72.3 ± 5.8 %) and CHOP (from

17.4 ± 4.2 to 56.1 ± 4.1 %) protein expression

(P \ 0.001) (Fig. 4b, d, h). Moreover, when compared

with mock control cells, MK886 treatment alone signifi-

cantly induced BiP (28.0 ± 4.1 to 44.4 ± 5.3 %)

(P = 0.001) and CHOP (3.4 ± 0.6 to 46.8 ± 6.0 %)

expression (P \ 0.001) (Fig. 4b, d, h).

Table 1 Mean ± SD (U/L)

Group AST ALT

Control 7.2 ± 1.5 3.6 ± 0.8

DMSO 7.2 ± 1.8 4.2 ± 1.0

WY14643 7.8 ± 1.4 4.2 ± 1.1

H2O2 93.3 ± 6.7* 74.7 ± 3.0*

DMSO ? H2O2 98.8 ± 9.5 75.8 ± 4.4

WY14643 ? H2O2 26.2 ± 7.8** 17.5 ± 3.1**

* P \ 0.001 versus control; ** P \ 0.001 versus H2O2

Table 2 Mean ± SD (U/L)

Group AST ALT

DMSO 10.9 ± 2.2 5.5 ± 1.6

MK886 101.3 ± 5.1* 71.2 ± 2.7*

H2O2 107.8 ± 7.2* 72.0 ± 5.0*

WY14643 ? H2O2 31.7 ± 3.8** 26.6 ± 3.5**

MK886 ? WY14643 ?H2O2 105.5 ± 4.3# 72.8 ± 3.0#

* P \ 0.001 versus control; ** P \ 0.001 versus H2O2; # P \ 0.001

versus WY14643 ? H2O2

Table 3 Mean ± SD (lmol/L)

Group MDA

Control 3.07 ± 0.43

DMSO 3.16 ± 0.21

WY14643 3.18 ± 0.31

H2O2 7.54 ± 0.48*

DMSO ? H2O2 7.73 ± 0.42

WY14643 ? H2O2 3.94 ± 0.41**

* P \ 0.001 versus control; ** P \ 0.001 versus H2O2

Table 4 Mean ± SD (lmol/L)

Group MDA

DMSO 3.35 ± 0.41

MK886 6.90 ± 0.43*

H2O2 7.08 ± 0.21*

WY14643 ? H2O2 4.22 ± 0.26**

MK886 ? WY14643 ? H2O2 7.05 ± 0.27#

* P \ 0.001 versus control; ** P \ 0.001 versus H2O2; # P \ 0.001

versus WY14643 ? H2O2
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Fig. 3 BiP and CHOP mRNA expression. The effect of WY14643,

MK886, DMSO and H2O2 on BiP, and CHOP mRNA expression in

HepG2 cells. In the graphs, each column represents the mean ± SD of

BIP/b-actin and CHOP/b-actin. (n = 6 independent experiments).

*P \ 0.001 versus control; **P \ 0.001 versus H2O2; #P \ 0.001

versus WY14643 ? H2O2
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Effect of PPARa on the intracellular localization

of CHOP

In the control group, CHOP protein expression was con-

centrated in the cytoplasm at a very low level. H2O2-

induced CHOP translocation to the nucleus, but the pre-

treatment of WY14643 dramatically prevented CHOP

translocation from the cytoplasm to the nucleus. MK886

reversed the effect of WY14643, and caused CHOP to

transfer to the nucleus (Fig. 5).

Discussion

In the present study, we demonstrate that PPARa activa-

tion, through its agonist WY14643, protected hepatocytes

against H2O2-induced ER stress-mediated apoptosis, due to

the evidence of down-regulated BiP and CHOP expression,

reduced apoptosis, and increased cellular function of this

in vitro model. These protective effects were mediated by

PPARa since they were abolished by MK886, a PPARa
antagonist, which was demonstrated through flow cytom-

etry analysis with Annexin V and PI, RT-PCR analysis,

Western blotting analysis, and immunofluorescence. Con-

versely, our data also indicated that PPARa inhibition,

through MK886, up-regulated BiP and CHOP mRNA and

protein expression, induced apoptosis and caused liver cell

damage (Fig. 6).

LIR injury is a major complication in liver surgery,

particularly in liver transplantation and hepatic resection

[25]. LIR effects the ability of the ER to synthesize, fold,

and sort proteins and also leads to ER stress and activation

of the UPR [5]. PERK, ATF6, and IRE1a are three family

members of the UPR and their downstream targets such as

eIF-2a, ATF4, XBP1 are activated during partial hepatec-

tomy under IR with the induction of CHOP and BiP up-

regulation and caspase-12 activation in both under steatotic

and nonsteatotic conditions [26]. As reported previously [2,

4, 27], a rapid increase in CHOP is a common response of

liver cells to LIR injury which may be a key pathway

leading to liver cell apoptosis. There is a functional link

between oxidative stress and ER stress. Increasing evi-

dence has suggested that oxygen species (ROS) are a key

mediator of LIR injury [28, 29], and accumulation of ROS

in the ER increases CHOP expression and leads to ER

stress and cell death [30]. Furthermore, exposure to the

oxidant, tert-butyl hydroperoxide, increases oxidative

stress, increases the accumulation of ROS in the ER and

up-regulates expression of BiP and CHOP in human retinal

pigment epithelium cells [31]. In line with a previous study

[32], using a established H2O2 induced ER stress mediated

apoptosis model, as reported here, our data show that

oxidative stress induced by H2O2 contributes to ER stress

through the up-regulation of BiP and CHOP, accompanied

with a remarkable increase of MDA, ALT, and AST

Fig. 5 Localization of CHOP. The effect of WY14643, MK886 and

H2O2 on localization of CHOP in HepG2 cells by immunofluores-

cence. Red fluorescence marks CHOP, blue fluorescence marks

nuclei. The white arrow indicates that CHOP expressed in the

cytoplasm, the green arrow refers to the localization of CHOP in the

nuclei. (Color figure online)

Fig. 4 BiP, CHOP, and PPARa protein level. The effect of

WY14643, MK886, DMSO and H2O2 on BiP, CHOP and PPARa
expression in HepG2 cells. In the graphs, each column represents the

mean ± SD of BIP/GAPDH, CHOP/GAPDH and PPARa/GAPDH.

(n = 6 independent experiments). *P \ 0.001 versus control;

**P \ 0.001 versus H2O2; #P \ 0.001 versus WY14643 ? H2O2

b
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release in response to H2O2 challenge associated with

CHOP localization in the nucleus (Fig. 5).

Activation of PPARa provides protection against organ

injury resulting from ischemia reperfusion. For example, a

PPARa agonist WY14643 significantly reduced the severity

of liver pathology [33], and also provided a protective effect

on dietary steatohepatitis, which results from the action of

ROS on accumulated lipids and excessive formation of lip-

operoxides in the livers of mice [34]. In the brain, WY14643

prevents ROS production in hippocampal neurons and pro-

tects from b-amyloid induced neurodegeneration [21]. Our

previous study [20] also showed that WY14643 adminis-

tration before the onset of liver ischemia significantly pro-

tects liver against LIR injury in rats. Its effect is probably

associated with the enhancement of anti-oxidative capaci-

ties, inhibition of inflammation and enhanced expression of

antioxidant enzymes such as SOD, decreased MDA levels in

the liver, and decreased levels of TNF-a, IL-1b and MPO in

the plasma. Pretreatment of WY14643 exerts a protective

effect against hypoxia/reoxygenation injury in primary

hepatocyte cultures by activating PPARa, attenuating oxi-

dative stress and these effects occur in a dose-dependent

manner [35]. However, the mechanism by which PPARa is

activated with WY14643 and provides a protective effect is

still unknown. The current data reported here show that

WY14643 activates PPARa, and completely down-regu-

lated the expression of BiP and CHOP at both the tran-

scriptional and translational level, while both BiP and CHOP

mediate the development of ER stress to trigger cell apop-

tosis. Furthermore, we found that WY14643 blocked H2O2-

induced translocation of CHOP from cytoplasm to nucleus.

Administration of WY14643 activated PPARa and

increased PPARa expression, while MK886, a selective

antagonist of PPARa, inhibited the activation of PPARa.

Ultimately, MK886 triggers cells to become apoptotic,

however, WY14643 activates PPARa mediating the anti-

apoptotic effect to protect cells [36].

In summary, our data indicate that WY14643 protected

HepG2 cells against H2O2-induced apoptosis and MK886

reduced cell viability and increased apoptosis. Further-

more, MK886 abolished the anti-apoptotic effect of

WY14643 on H2O2-induced apoptosis via suppressing

activation of PPARa. Interestingly, we also found that

H2O2 stimulated the up-regulation of endogenous PPARa
in HepG2 cells. The mechanisms for this observation are

unknown but warrant further study.

Our study is not without limitations: first, a liver cancer

cell line was used. Although they behave and respond to

drug treatments, this may be different to normal primary

cells. Secondly, a relatively high concentrations of H2O2

used in our experiments and are likely irrelevant clinically.

Third, MK886, as a noncompetitive PPARa antagonist,

may not completely block WY14643 on the activation of

PPARa. Further studies, therefore, are required to deter-

mine whether PPARa activation would suppress excessive

ER stress and its associated changes as shown in our study

in a clinically relevant model of LIR injury.
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