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Abstract: Trophoblasts play a crucial role in embryo implantation and maintenance of normal pregnancy. Recently,
oxidative stress has been considered as one important factor in the pathogenesis of spontaneous abortion and
preeclampsia. Many studies have reported that the plasma levels of hydrogen peroxide (H,0,) are significantly in-
creased in women with preeclampsia, but the mechanisms involved in H,0,-induced cell cytotoxicity in trophoblasts
are still not completely explained. Our present study was undertaken to provide a united understanding of the role
of oxidative stress generated by H,0, on human trophoblasts and the underlying intracellular signaling pathways.
Exposure to H,0, resulted in a concentration-dependent growth decrease and apoptosis in human trophoblast-like
JEG-3 cells. H,0, treatment also caused intracellular reactive oxygen species (ROS) production and concomitant
dissipation of the mitochondrial membrane potential. The three MAPK subfamilies, ERK1/2, JNK and p38 kinase,
were all activated under H,O,-induced oxidative stress. Blocking the activation of JNK and p38 kinase increased
cell viability and decreased apoptosis induced by H,0, with their respective inhibitors, SP600125 and SB203580.
However, preventing ERK1/2 activation further increased H202-induced cell death with U0126, an inhibitor of ERK
upstream kinase MEK1/2. Taken together, these findings suggest that the mitochondria-dependent pathways and
JNK-p38 kinase pathways are involved in H,0,-induced oxidative damage of human trophoblast-like JEG-3 cells,
while ERK1/2 pathway may play an active role in cell survival following oxidant injury.
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Introduction and penetrate into the decidualized maternal
uterus. This process is essential not only for
physically attaching the placenta to the mother,

but also for remodeling the maternal spiral

Trophoblasts are specialized cells of the pla-
centa that exert a crucial role in embryo implan-

tation and maintenance of normal pregnancy.
During the early stage of pregnancy, the human
cytotrophoblasts proliferate and differentiate
into two distinct lineages: the multinucleate
syncytiotrophoblast and the invasive extravil-
lous trophoblast. Syncytiotrophoblasts cover
the entire surface of the placenta to facilitate
fetal-maternal exchanges and secrete numer-
ous hormones, such as human chorionic
gonadotrophin, into the maternal circulation,
which are required for maintenance and immu-
nological adaptation of pregnancy [1]. Extra-
villous trophoblasts grow out from the placenta

arteries to allow it to provide an adequate blood
supply to the growing fetus as pregnancy pro-
gresses [2]. Therefore, factors that impair tro-
phoblast function may result in a range of
adverse pregnancy outcomes such as sponta-
neous abortion, preeclampsia, intrauterine
growth restriction and even stillbirth [3].

Oxidative stress, an imbalance between oxi-
dants and antioxidants in favor of oxidants, has
been implicated in suboptimal reproductive
performance from the earliest stages of devel-
opment to labor and delivery [4]. The placenta
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generates reactive oxygen species (ROS) which
may contribute to the oxidative stress seen
even in normal pregnancy but this is increased
in pregnancies complicated by preeclampsia,
IUGR and miscarriages [5]. Hydrogen peroxide
(H,0,), a stable member of ROS family, is a key
terminal metabolite of the cellular oxidative
stress cascade that plays an important role in
oxidative stress-mediated diseases. H,0, can
diffuse freely through cell membrane, and is
also revealed as a component of oxidative isch-
emia/reperfusion stress in placenta. It has
been reported that the plasma H,0, levels are
significantly higher in women with preeclamp-
sia than those of normal pregnant women [6].
And growing evidence demonstrates that there
a correlation between H,0, and some potential
biomarkers of preeclampsia, such as nitric
oxide (NO) and soluble TNF-a receptor 2 (STNF-
R2) early in maternal circulation and at term in
placenta [7, 8], suggesting a direct effect of oxi-
dative stress on placental function. This hypoth-
esis was confirmed by recent in vitro study
showing that H,0, modulates directly the func-
tion of placenta. Zhou et al [9] have illustrated
that high levels of H,0, can down-regulate
HLA-G expression in trophoblasts during pre-
eclampsia and trophoblasts expressing HLA-G
are vulnerable to oxidative stress. Murata et al
[10] have proved that H,0, can induce apopto-
sis in primary cultured trophoblasts and signifi-
cantly inhibit the invasion ability, tube-like for-
mation of TCL1 (a human immortalized EVT cell
line). In many studies, H,O, has been used to
induce oxidative stress of human trophoblasts
[11, 12]. But the mechanisms involved in H,0,-
induced cell cytotoxicity in trophoblasts are still
not completely explained.

Mitogen activated protein kinases (MAPKs) are
well-known and evolutionary conserved media-
tors in signal transduction pathways, which
control embryogenesis, gene expression and
cell functions [13]. The three well-characterized
subfamilies of MAPKs, extracellular signal-reg-
ulated kinase (ERK), c-Jun N-terminal kinase
(JNK), and p38 kinase, are major protein kinas-
es activated by ROS [14]. Shin et al [15]
observed increased activation of ERK1/2 and
p38 kinase in pre-eclamptic human placentas.
Xiong et al [16] found that the phosphorylation
of p38 and JNK increased in human placental
explants when exposed to various preeclamp-
sia-associated stresses including angiotensin
I, hypoxia and inflammatory cytokines. In
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human choriocarcinoma JAR cells, hydrogen
peroxide has been shown to activate JNK, but
not p38 and ERK1/2 [12]. Thus it is proposed
that MAPKs play a crucial role in the cellular
events of human trophoblasts under oxidative
stress.

The aim of this study is to provide a united
understanding of the role of oxidative stress
generated by H,0, on human trophoblasts and
the underlying intracellular signaling pathways.
Because of ethical reasons, experimental stud-
ies of xenobiotics in placenta or fetus can rarely
performed in vivo. So in our experiments, we
have used a human choriocarcinoma cell line,
JEG-3, which has a number of properties char-
acteristic of normal placental trophoblast as an
in vitro model system.

Materials and methods
Cell culture

The choriocarcinoma JEG-3 cell, one of the
human trophoblast-like cell lines, was obtained
from the Cell Bank of Chinese Academy of
Sciences (Shanghai, China) with the original
source being the American Type Culture
Collection (ATCC). Cells were cultured in DMEM/
F12 complete medium supplemented with 10%
FBS and maintained in 5% CO, at 37°C. Cells
were detached by routine trypsinization every 3
to 4 days.

Cell viability assay

JEG-3 cells were seeded at a density of approxi-
mately 2x10* cells/well in 96-well flat-bottom
microplates (Costar, USA). After 12 h, the medi-
um was replaced by phenol red-free DMEM/
F12 containing 10% FBS. Meanwhile, H,0, (O,
100, 250, 500, 750, 1000 uM) or H,0, (500
M) with or without U0126 (20 uM), SB203580
(20 uM), SP600125 (10 uM) was added to the
corresponding wells, and cultured the cells for
another 24 h. Then MTT (Sigma Aldrich St.
Louis, MO, USA) was added to each well in 20 ul
(5 mg/mlin PBS) and incubated at 37°Cfor 4 h
until purple formazan crystal developed.
Subsequently, the MTT-containing medium was
removed, 150 ul of DMSO was added and incu-
bated at room temperature for 30 min. The
formazan absorbance was measured at a
wavelength of 490 nm on an automatic micro-
plate reader (Bio-Rad 3550). The OD values of
the treated cells were compared with the val-
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ues generated from the untreated control cells
and reported as the percentage viability of
control.

Cell apoptosis assay

JEG-3 cells were cultured in 6-well plates
(Costar, USA) and exposed to H,O, and/or dif-
ferent MAPK inhibitors for 24 h. At the end of
exposure, both floating and attached cells were
collected by brief trypsinization and washed
with PBS twice, then subjected to an Alexa
Fluor® 488 annexin V/Dead Cell Apoptosis Kit
(Molecular Probes, Inc., UK) following the step-
by-step protocol provided by the manufacturer.
Samples were incubated at room temperature
for 15 min in the dark with Annexin V and Pl and
analyzed by a BD FACSCalibur flow cytometer
for the quantification of apoptotic cells. The
apoptosis ratio was calculated as the apoptosis
percentage of the treated cells to that of the
untreated control.

Cell morphological observation

JEG-3 cells were seeded and cultured in 6-well
plates (Costar, USA) until the cell monolayer
reaching approximately 50% confluency. Then
different concentrations of H,0, was added
and cultured for 24 h. After being washed three
times with PBS, cell morphology was observed
under phase-contrast microscopy. For fluores-
cent staining, the cells were then fixed with 4%
paraformaldehyde, washed with PBS, and incu-
bated with 4-6-diamidino-2-phenylindole (DAPI)
staining solution (Beyotime Company, Hang-
zhou, China) for 5 min in the dark at room tem-
perature. Fluorescence images were observed
by using an Olympus BX51 fluorescence micro-
scope (Tokyo, Japan), and recorded with a high-
resolution DP70 Olympus digital camera.

ROS measurement reactive oxygen species

The oxidative fluorescent dye dihydroethidium
(DHE, Molecular Probes, Inc., UK) was used to
evaluate ROS production in JEG-3 cells after
H,O, treatment. DHE, by virtue of its ability to
freely permeate cell membranes, is used exten-
sively to monitor superoxide production. It
reacts with superoxide anions and forms a red
fluorescent product (2-hydroxyethidium) which
binds to DNA in the nucleus [17]. Briefly, after
different treatments with H202 for 4 h, JEG-3
cells were washed with pre-warmed PBS and
incubated with DHE (10 uM) in phenol red-free
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DMEM/F12 for 30 min at 37°C in the dark.
Then cells were washed with pre-warmed phe-
nol red-free medium, images were obtained
with a fluorescent microscope, and the signal
was quantified using Image ProPlus Software
(Olympus, USA). The ROS production was calcu-
lated as the fluorescence signal intensities of
treated groups to the control.

Mitochondrial membrane potential (MMP)
analysis

Alterations in MMP were analyzed by flow
cytometry using the mitochondrial membrane
potential assay kit with JC-1, which is a marker
of mitochondrial activity (Beyotime Company,
Hangzhou, China). In normal undamaged nucle-
ate cells, mitochondrion has a high MMP.
Breakdown of MMP is often linked to early
apoptosis. JC-1 is most widely applied for
detecting mitochondrial depolarization occur-
ring in the early stages of apoptosis [18]. JC-1
exhibits potential-dependent accumulation in
mitochondria, indicated by a fluorescence
emission shift from green to red. Cells contain-
ing J-aggregates have high MMP, and show red
fluorescence (590 nm, FL-2 channel). Cells with
low MMP are those in which JC-1 maintains
monomeric form, and show green fluorescence
(530 nm, FL-1 channel). Briefly, after different
treatments with H202 for 24 h, JEG-3 cells were
collected and incubated with 0.5 ml JC-1 work-
ing solution for 20 min at 37°C, then washed,
resuspended in medium, and analyzed by flow
cytometry. CCCP (carbonylcyanide-p-chloro-
phenol hydrazone) was used as positive con-
trol. Data were revealed as the monomers posi-
tive percentage of the treated cells to that of
the untreated control.

Western blotting analysis of ERK1/2, JNK and
p38 kinase

Following H,O, (500 pM) treatments for differ-
ent time points, JEG-3 cell lysates were pre-
pared on ice in RIPA buffer (50 mM Tris-HCI, pH
7.4, 150 mM NaCl, 1% NP-40, 10 mM NaF,
0.25% sodium deoxycholate, 1 mM EDTA, 1
mM PMSF and phosphatase inhibitors; Roche,
USA). The supernatants were obtained by cen-
trifugation at 15 000 xg for 20 min at 4°C, and
detected for protein concentration using the
Bradford protein assay kit (Beyotime Company,
Hangzhou, China). Protein samples (50 ug)
were separated by 10% SDS-PAGE and trans-
ferred onto nitrocellulose membranes. After

Int J Clin Exp Pathol 2014;7(3):959-968



MAPKs in H,O_-induced oxidative damage of human trophoblasts

A 120
3
Ew00f — [ L
S
w 80 %
e
=y
ﬁ 40 ¢ *
fe
3 20| ’—T *
0 \ . \ k =l
H,0, o 100 250 500 750 1000 M
C  control 100uM 250uM
‘.\
500 M 750 uM 1000 pM

B 7 N
6 1
$E ¢
@ g 4f % *
w
o] L3
Bow ¥ [ *
0 =
g2 x
1]
0 s . )
H,0, 0 100 250 500 750 1000 pMm
D control 100uM 250puM

1000 pM

Figure 1. H,0O, induces cytotoxicity in JEG-3 cells. JEG-3 cells were treated with H,0, at indicated concentrations for
24 h. Subsequently, MTT assay (A) and Annexin V and Pl staining (B) were applied to analyze the viability and apop-
tosis of JEG-3 cells, respectively. Data are presented as the percentage or the fold of untreated control. Error bars
represent the standard error of the mean. *P<0.05, versus control. Morphological changes of JEG-3 cells treated
with H,0, for 24 h were visualized by inverted microscope (original magnification x100) (C) or by fluorescence mi-
croscope after DAPI staining (original magnification x200) (D). Data presented are representative of three individual

experiments.

blocking, the membrane was probed with spe-
cific primary monoclonal rabbit anti-phospho-
ERK1/2 (Thr202/Tyr204), anti-phospho-SAPK/
JNK (Thr183/Tyrl85), anti-phospho-p38 MAP
Kinase (Thr180/Tyr182), anti-ERK, anti-SAPK/
JNK, polyclonal rabbit anti-p38 MAP Kinase
(1:1000; Cell Signaling Technology), and mono-
clonal mouse anti-GAPDH (1:1000; Santa Cruz,
CA, USA) antibodies overnight at 4°C, then fol-
lowed by incubation with HRP-conjugated sec-
ondary antibodies. After extensive washing,
proteins of interest were detected by enhanced
chemiluminescence system (ECL, Thermo
Scientific, UK) and quantified by densitometry
using Quantity One (Bio-Rad, USA).

Statistical analysis
Experiments were performed three times inde-
pendently. Results are expressed as mean *

SEM. Statistical comparisons were performed
by one-way analysis of variance (ANOVA) fol-
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lowed by a Dunnett test. Differences were con-
sidered as statistically significant at P<0.05.

Results
H.,0, induces cytotoxicity in JEG-3 cells

The growth inhibition of JEG-3 cells by H,0, was
first assessed by MTT assay following treat-
ment of different concentrations of H,0, for 24
h. As shown in Figure 1A, H,O, significantly
inhibited the viability of JEG-3 cells at the con-
centrations of 0.5, 0.75 and 1.0 uM for 24 h,
respectively (P<0.05). The inhibitory effect of
H,0, on JEG-3 cells was concentration-depen-
dent. At the concentration of 0.5 M, H,0, sig-
nificantly decreased the viability to about 70%
after exposing for 24 h, but for the concentra-
tion of 1.0 uM, the viability was just approxi-
mately 10% of the untreated control.

In order to quantitatively evaluate the pro-apop-
totic effects of H,0, on JEG-3 cells, annexin V

Int J Clin Exp Pathol 2014,7(3):959-968
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Figure 2. H,0, causes intracellular ROS production and MMP loss in JEG-3 cells. JEG-3 cells were treated with H,0,
at indicated concentrations for 4 h and stained with DHE for 30 min to measure ROS production by fluorescence
microscope. (A) Representative fluorescence images (original magnification x200), (B) quantitative presentation of
ROS production by the fluorescence signal intensities of treated cells to the untreated control. After treatment with
H,0O, for 24 h, JEG-3 cells were stained with JC-1 to evaluate the mitochondrial membrane potential (MMP). (C) Rep-
resentative flow cytometry plots, (D) quantitative presentation of JC-1 monomers positive ratio by the percentage of
the treated cells to the untreated control. Error bars represent the standard error of the mean from three individual

experiments. *P<0.05, versus control.

and Pl double staining was performed followed
by flow cytometric analysis. As shown in Figure
1B, H,0, induced a moderate to strong apop-
totic death in a concentration-dependent man-
ner. Following the treatment with H,O, at the
concentrations of 0.5 uM for 24 h, the apopto-
sis ratio increased approximately 3.52 fold
compared to untreated control.

The cytotoxicity of H,0, on JEG-3 cells was also
confirmed by the morphological study. When
the concentration of H,0, was less than 250
MM, there were no obvious morphological
changes in JEG-3 cells. From the concentration
of 500 pM, H,0, induced pronounced cell dam-
age as displayed by cell rounded-up, shrinkage
and gradual detachment from culture dishes
under phase-contrast microscopy (Figure 1C).
And we further visualized the nuclear morphol-
ogy by DAPI staining under fluorescence micro-
scope. The nuclei of H,0_-untreated JEG-3 cells
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were stained uniformly, but the H,O -treated
cells exhibited chromatin condensation and
nuclear fragmentation in a concentration-
dependent manner (Figure 1D).

H.,0, causes intracellular ROS production and
MMP loss in JEG-3 cells

ROS play an important role in apoptosis induc-
tion under both physiologic and pathologic con-
ditions [19]. So we next investigated the intra-
cellular ROS generation in JEG-3 cells after
H,0, treatment using the fluorescence dye
DHE. JEG-3 cells were exposed to H,0, for 4 h,
and then incubated with DHE (10 uM) in phenol
red-free DMEM/F12 for 30 min in the dark. The
fluorescence images depicted a gradually rise
in ROS level of JEG-3 cells (Figure 2A).
Quantification of the fluorescence intensity
showed that ROS generation was increased in
a concentration-dependent manner after H,0,
treatment (Figure 2B).
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Figure 3. H,0, stimulates the activation of MAPKs in JEG-3 cells. JEG-3 cells were serum starved for 12 h, and then
stimulated with H,0, (500 uM) for the indicated time points. The phosphorylation of ERK, p38MAPK and JNK were
evaluated by western blot analysis. GAPDH was used as a loading control. (A) Typical blots; (B-D) densitometric
analysis, the phospho/total MAPK is normalized to 1 in untreated control. Data presented are the representative
of three independent experiments. Error bars represent the standard error of the mean. *P<0.05, versus control.

Breakdown of MMP is the marker of mitochon-
dria dysfunction and has been shown to associ-
ate with cell apoptosis [20]. To determine
whether H,0,-induced apoptosis in JEG-3 cells
involves mitochondrial disruption, we mea-
sured the fluorescence emission shift (red to
green) by a JC-1 dye kit to examine the depolar-
ization of mitochondrial membrane. JEG-3 cells
were treated with different concentrations of
H,0, for 24 h, thereafter stained with JC-1 dye
and analyzed by flow cytometry. From the con-
centration of 0.5 uM, H,0, treatment induced a
noticeable increase in green fluorescence
intensity (Figure 2C). Quantification of JC-1
monomer positive cells (lower rectangle) dem-
onstrated a significant concentration-depen-
dent increase following H,O, treatment com-
pared to the untreated control (Figure 2D).

H.,0, stimulates the activation of ERK1/2,
P38MAPK and JNK in JEG-3 cells

To study the signaling mechanisms, we exam-
ined the involvement of MAPKs in the effects of
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H,0, on JEG-3 cells. Treatment with H,0, (500
pUM) of JEG-3 cells resulted in a rapid increase
of Thr202/Tyr204 phosphorylation of ERK1/2.
This phenomenon was time dependent, being
maximal at 15 min and reversing to baseline
after 60 min (Figure 3A and 3B). The phosphor-
ylation of p38 (Thr180/Tyr182) and JNK
(Thr183/Tyr185) was also raised in a similar
time-dependent manner (Figure 3A, 3C and
3D). Total immunoreactive ERK, p38 and JNK
did not alter evidently during this time frame
(Figure 3A). Immunoblots with anti-GAPDH anti-
body confirmed equal protein loading. These
data demonstrate that H,0, treatment can acti-
vate these three MAPK pathways.

Roles of MAPKs in H,0-induced cytotoxicity of
JEG-3 cells

To further elucidate the roles of the three MAPK
pathways in the cytotoxicity of H,0, on JEG-3
cells, we investigated the effects of U0O126 (an
inhibitor of ERK upstream kinase MEK1/2),
SB203580 (a p38 MAPK inhibitor) and SP-

Int J Clin Exp Pathol 2014;7(3):959-968
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Figure 4. Roles of MAPKs in H,0,-induced cytotoxic-
ity of JEG-3 cells. JEG-3 cells were treated with H,O,
(500 uM) for 24 h with or without U0126 (20 uM),
SB203580 (20 uM) or SP600125 (10 pM). Thereaf-
ter, MTT assay was used to measure the cell viability
(A) and Annexin V and PI staining was for apoptosis
analysis by flow cytometry (B). Data are presented
as the percentage or the fold of control. Error bars
represent the standard error of the mean from three
individual experiments. *P<0.05, versus control;
#P<0.05, versus H,0,-treated group.

600125 (a JNK inhibitor) on the viability and
apoptosis of JEG-3 cells with the presence of
H,0,. Interestingly, the cell viability was in-
creased with SB203580 and SP600125, but
further decreased with U0126 compared to
H,O,-treated group (Figure 4A). And similarly,
H,0,-induced apoptosis of JEG-3 cells was alle-
viated by SB203580 and SP600125, but fur-
ther intensified by U0126 (Figure 4B).

Discussion

Oxidative stress induced-damage has been
linked to the pathophysiology of a number of
disease states involving cancer, diabetes mel-
litus, cardiovascular disease, neurological dis-
orders, ischemia/reperfusion injury and inflam-
matory diseases, and ageing [21]. It occurs
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when the production of free radicals exceeds
the capacity of antioxidant defenses. Free radi-
cals can be classified as reactive oxygen spe-
cies or reactive nitrogen species. Hydrogen per-
oxide, a representative ROS member, is a meta-
bolite generated by a variety of enzyme-cata-
lyzed redox reactions from nearly all sources of
oxidative stress. Increasing evidence has dem-
onstrated that elevated level of H,0O, may con-
tribute to the occurrence and development of
Alzheimer’s disease thyroid diseases [22, 23].

Recently, oxidative stress has been suggested
to play a critical role in the pathogenesis of
spontaneous abortion and preeclampsia [24].
Sugino et al [25] reported that the decrease in
superoxide dismutase (SOD, an antioxidant
enzyme) expression and the increase in lipid
peroxide in the decidua could be involved in the
termination of spontaneous abortion. Jauniaux
et al [26] found that the immunoreactivity for
heat shock protein 70 (a marker for cellular
stress) and nitrotyrosine residues (a marker of
protein oxidative damage) was greater in sam-
ples from peripheral than from central regions
of normal placentas, and from missed miscar-
riage compared to controls.

Poranen’s investigation showed lipid peroxida-
tion was increased and the activity of antioxi-
dant enzymes SOD and glucose 6-phosphate-
dehydrogenase (G6PD) was decreased in pre-
eclamptic placenta [27]. Hilali's study demon-
strated that oxidative stress and DNA damage
were elevated in mildly pre-eclamptic patie-
nts and their offspring, indicating that increased
oxidative stress may be important in inducing
DNA damage in pre-eclamptic patients [28].
And it has been reported that plasma H,0, lev-
els are increased in women with preeclampsia
[6-9] and high levels of H,0, can directly reduce
the viability and damage the function of human
extravillous trophoblast cells [10]. These results
agree with our present study, in which we dem-
onstrated that H,O, treatment decreased the
viability and triggered the apoptosis of human
trophoblast-like cell line JEG-3 cells in a con-
centration-dependent manner. And this cyto-
toxicity of H,0, on JEG-3 cells was displayed as
the apoptosis characterization by cell rounded-
up and shrinkage, chromatin condensation and
nuclear fragmentation.

ROS can modulate various physiological cell
functions, whereas excess ROS induce oxida-
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tive modification of cellular macromolecules,
inhibit protein function, and ultimately result in
cell death either by apoptosis or necrosis [29].
In the present study, we also analyzed the intra-
cellular ROS production in JEG-3 cells after
H,0, treatment. The results of DHE staining
indicated that H,0, induced ROS production in
a concentration-dependent manner, suggest-
ing that H,0,-mediated cytotoxicity was corre-
lated with the increased levels of intracellular
ROS in JEG-3 cells. It is a well proven fact that
mitochondria of living cells play a main role in
the formation of free radicals and dissipation of
the mitochondrial membrane potential (MMP)
is a key event in initiation of apoptosis signaling
pathways [30]. To evaluate the role of mito-
chondria in H,O,-induced apoptosis in JEG-3
cells, we used a MMP sensitive JC-1 dye to
examine the depolarization of mitochondrial
membrane. The flow cytometric analysis
showed that H,0, led to a significant disruption
of MMP as evidenced by the increase in JC-1
monomer positive cells. These data indicate
that the involvement of mitochondria-depen-
dent pathways in H,0_-indued oxidative injury
of JEG-3 cells, and further examination should
be done to clarify the detailed signaling
pathways.

Reactive oxygen species have been considered
as a “second messenger” in intracellular sig-
naling cascades that control cell growth, prolif-
eration, migration, and apoptosis [31]. However,
growing evidence implicates alterations in
redox signaling as a contributor to many dis-
ease processes [32]. MAPK signaling pathways
are well known to be involved in diverse physi-
ological processes, including the morphological
and functional differentiation of villous tropho-
blast, and have been proved to be critical for
induction of oxidative stress responses [14,
33]. So to elucidate the potential mechanisms
leading to the oxidative stress by H,0, of JEG-3
cells, we explored the role of MAPK signal cas-
cades, including ERK1/2, JNK and p38 kinase.

Our results indicated that the phosphorylation
of these three MAPK subfamilies was all
increased under H,O_-induced oxidative stress
in JEG-3 cells. To further investigate the roles of
MAPK pathways in the oxidative stress induced
by H,0,, we blocked ERK1/2, JNK and p38
Kinase pathways with their respective inhibitors
U0126, SP600125 and SB203580, and ana-
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lyzed the viability and apoptosis of JEG-3 cells
with the presence of H,0,. Interestingly,
SB203580 and SP600125 treatment increa-
sed cell viability and decreased apoptosis,
while U0126 treatment further decreased cell
viability and increased apoptosis induced by
H,O,. These results suggest that H,0,-induced
oxidative injury may involve only p38 and JNK
activation, but not ERK activation of JEG-3
cells.

Generally, JNK and p38 kinase are classified
together as stress-responsive kinases, which
are critical mediators of oxidative stress-
induced apoptosis [14]. Wu et al [34] have
shown that the activation of JNK may partici-
pate in H,O_-induced apoptosis by mediating
the level of Mammalian Ste20-like protein
kinase 3 (Mst3) in the 3A-sub-E human tropho-
blast cell line. Shen et al [35] have indicated
that Aflatoxin G1, one of the most common con-
taminants in food, induces oxidative DNA dam-
age and triggers apoptosis through ROS-
mediated JNK and p38 kinase pathways in
A549 human alveolar basal epithelial cells.
Consistently with these studies, our results
demonstrated that the phosphorylation of JNK
and p38 kinase was all increased under H,0,-
induced oxidative stress in JEG-3 cells. And the
respective inhibitors SP600125 and SB203580
of JNK and p38 kinase increased cell viability
and decreased apoptosis of JEG-3 cells with
the presence of H,0,, suggesting that JNK and
p38 kinase pathways are involved in H,0,-
induced oxidative injury of JEG-3 cells.

It is well known that ERK1/2 play an important
role in stimulating cell survival and cell cycle
progression. Many studies have shown that
ERK1/2 have proliferative and protective
effects on cells exposed to oxidative stress [36,
37]. Our study is also in line with their known
pro-survival role, because H,0, stimulated the
activation of ERK1/2 and U0126, a specific
inhibitor of ERK upstream kinase MEK1/2, fur-
ther intensified the cell oxidative damage
induced by H,0O, in JEG-3 cells. However, it was
recently reported that ERK1/2 also have pro-
apoptotic roles. H,O -induced apoptosis has
been shown to be dependent on ERK1/2 in
human glioma cells and gingival fibroblasts
[38, 39]. These data suggest that Whether
ERK1/2 promote cell survival or death is prob-
ably in large part cell type specific.

Int J Clin Exp Pathol 2014;7(3):959-968
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In conclusion, we have shown that the mito-
chondria-dependent pathways and MAPK path-
ways are involved in H,0,-indued oxidative inju-
ry of human trophoblast-like JEG-3 cells. We
also provide evidence that JNK-p38 kinase
pathways play a critical role in pro-apoptotic
effect while ERK pathway in protective effect
following oxidant injury. Our study may help to
establish the novel policy to maintain proper
oxidative balance in the placenta which is nec-
essary for successful pregnancy.
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