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Characterization of free radical-induced cell injury processes of placenta cells is of
vital importance for clinical medicine for the maintenance of intrauterine fetal life.
The present study has analyzed cell injury processes in cells of the choriocarcinoma
cell line JAR treated with menadione, an anticancer drug, and H2O2 in comparison
to osteosarcoma 143B cells using electron microscopic and flow cytometric tech-
niques. Flow cytometry on JAR cells exposed to 100 �M menadione and dou-
ble-stained with Annexin V and propidium iodide (PI) detected apoptotic cells reach-
ing the maximum after 4 h of incubation with a rapid decrease thereafter. Viable
cells became decreased to 46% of the control after 2 h of incubation, reaching 5% af-
ter 4 h. Cells stainable with both Annexin V and PI began to increase distinctly after
2 h of incubation, reaching 55% after 4 h. Electron microscopy showed that cells
stainable with both dyes specified above had condensed nuclei and swollen cyto-
plasm, suggesting that they were undergoing a switch of the cell death mode from
apoptosis to necrosis. On the other hand, 90% of 143B cells remained intact after 4 h
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of menadione treatment although the intracellular levels of superoxide were always
higher than those of JAR cells treated with the drug. In contrast, JAR cells were
more resistant than 143B cells to H2O2-induced cytotoxicity. These results may sug-
gest that cytotoxicity of menadione cannot be explained simply by oxygen free radi-
cals generated from the drug. The resistance of JAR cells to oxygen free radical-in-
duced cytotoxicity may be advantageous for intrauterine fetal life.

Data have accumulated demonstrating that
apoptosis, a form of cell death, plays a crucial
role in normal development and differentia-
tion of human placenta (Smith et al., 1997a;
Chan et al., 1999; Mayhew et al., 1999). At an
early stage of gestation, villous trophoblasts
proliferate markedly and form the outer
villous syncytiotrophoblasts and the inner
cytotrophoblasts that finally form the pla-
centa. Recent advances in the study of
syncytiogenesis have revealed that a series of
early steps of the apoptosis cascade precede
syncytial fusion in human trophoblasts
(Huppertz et al., 1998; 1999). Phospha-
tidylserine translocation from the inner to
the outer plasmalemmal leaflet, which is an
early sign of apoptosis, is a prerequisite for
syncytial fusion (Leyden et al., 1993; Adler et
al., 1995). In contrast to other cellular sys-
tems, the apoptotic cascade in syncytial sys-
tems does not proceed immediately to
apoptotic death. Instead, upon syncytial in-
corporation of a trophoblast cell into the
neighboring syncytrophoblast, high levels of
apoptosis inhibitor (Mcl-1, Bcl-2) block pro-
gression of the apoptotic cascade (Pőtgens et
al., 2002).
Characterization of apoptosis in placenta

has been achieved by several investigators be-
sides those cited above, including Fas expres-
sion (Runić et al., 1998) and expression of
apoptosis-inducing Fas ligand (FASL) (Bam-
berger, 1997). Recently, Crocker et al. (2001)
have shown that, upon exposure to
TNF�/TNF�, dexamethasone, staurosporine,
or hypoxia, cytotrophoblasts isolated from
whole term placenta, syncytiotrophoblasts ob-
tained by treating cytotorphoblasts by recom-
binant human epidermal growth factor
(EGF), and human extravillous trophoblast
cell line, SGHPL-4, showed increased apo-

ptosis. The typical morphological features of
apoptosis were observed in cytotrophoblasts
and SGHPL-4 cells, but only chromatin con-
densation was observed in syncytiotropho-
blasts. Enhanced levels of reactive oxygen
species (ROS) and decreased levels of antioxi-
dants have been postulated to contribute to
the development of pre-eclampsia, which is
one of the most significant diseased condi-
tions associated with human pregnancy along
with intrauterine growth restriction (Wilson
& Wang, 1993; Walsh & Wang, 1995; Wang &
Walsh, 1996; Ishihara et al., 2002). Actually,
increased apoptosis has been found in
pre-eclampsia and intrauterine growth re-
striction (Smith et al., 1997b; Ishihara et al.,
2002). Thus, it is urgent to characterize fur-
ther responses of placenta to oxidative stress
and analyze the apoptotic processes in pla-
centa.
In the present study we attempted to charac-

terize apoptosis in cells of the human chorio-
carcinoma cell line JAR in comparison to that
in human osteosarcoma 143B cells using
menadione (2-methyl-1,4-naphthoquinone,
MEN) and hydrogen peroxide as experimen-
tal models for the induction of oxidative
stress and apoptosis. MEN, a redox cycling re-
agent, is one of the most popular chemicals
which are known to induce cell death, and has
been extensively studied by many investiga-
tors (DiMonte et al., 1984a; 1984b; McConkey
et al., 1988; Dypbukt et al., 1994; Sata et al.,
1997; Yamaguchi et al., 1997; Sun et al., 1999;
Derfuss et al., 1998; Turner et al., 1998;
Carcchio et al., 1999; Samali et al., 1999;
Hollensworth et al., 2000; Jones et al., 2000;
Laux & Nel, 2001; Ma et al., 2002;
Gerasimenko et al., 2002). MEN is known to
generate superoxide (O2

.–) during its metabo-
lism (Thor et al., 1982) which is then con-
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verted into hydrogen peroxide (H2O2) by the
action of superoxide dismutase. The drug in-
duces either apoptosis or necrosis depending
on experimental conditions, such as its con-
centration, duration of treatment and source
of tissues (McConkey et al., 1988; Dypbukt et
al., 1994; Sata et al., 1997; Samali et al.,
1999). Recently, we have carried out a de-
tailed analysis on time-dependent ultra-
structural and flow cytometric changes with
annexin V/PI staining of human osteo-
sarcoma cell line 143B cells using 100 �M
MEN, and found that transition of the cell
death mode from apoptosis to necrosis occurs
before the apoptotic processes are completed.
In the electron microscope, 143B cells treated
with MEN for 6 h consisted of a mixed popula-
tion of cells with typical apoptotic features
and those with a mixture of apoptotic and ne-
crotic features and the population of the lat-
ter type of cells became predominant when
the incubation time with MEN was prolonged
further. Cells with a mixture of apoptotic and
necrotic features observable by electron mi-
croscopy and stainable both with Annexin V
and PI were designated as “intermediate
cells”, indicating that they were a transitional
state from apoptosis to necrosis (Kamiński et
al., 2003).
In the present study we tried to characterize

apoptosis in human choriocarcinoma JAR
cells in comparison to that in human
osteosarcoma 143B cells using MEN and hy-
drogen peroxide (H2O2) as experimental mod-
els for the induction of apoptosis caused by
oxidative stress. We demonstrate here that
intracellular levels of superoxide in MEN-
treated JAR cells are distinctly lower than
those in MEN-treated 143B cells and yet the
apoptotic and necrotic changes of the former
cells are more distinct than of the latter. JAR
cells are more resistant to H2O2-induced cell
injury. These results may suggest that other
factors besides superoxide may be involved in
the MEN-induced cell injury processes and
that JAR cells are more resistant than 143B
cells to oxidative stress.

MATERIALS AND METHODS

Cell culture. The choriocarcinoma cell line
JAR (ATCC HTB-144) was cultured in a hu-
midified atmosphere with 5% CO2 in
RMPI-1640 (Sigma Chemical Co., St. Louis,
MO, U.S.A.) containing 1 mM sodium
pyruvate, 10 mM Hepes (Sigma Chemicals,
U.S.A.), supplemented with 10% heat-inacti-
vated fetal bovine serum (Gibco), penicillin
(100 IU/ml) and streptomycin (100 �g/ml)
(Sigma Chemicals, U.S.A.). Human osteo-
sarcoma cell line 143B cells (ATCC
CRL-8303) were grown at 37�C in a humidi-
fied atmosphere with 5% CO2 in Dulbecco’s
Eagle medium (Nissui Co. Ltd, Tokyo, Japan)
containing 1 mM pyruvate (Sigma Chemicals,
U.S.A.) supplemented with 10% fetal bovine
serum (Gibco) and kanamycin (50 �g/ml)
(Sigma Chemicals, U.S.A.) as described be-
fore (Karbowski et al., 2001). 143B cells were
kindly provided by Dr. M. Tanaka, Depart-
ment of Gene Therapy, Gifu International In-
stitute of Biotechnology (Yagi Park, Gifu, Ja-
pan).
Treatment of cells with inducers of free

radicals. Cells were cultured in the presence
of inducers of oxygen free radicals: mena-
dione (2-methyl-1,4-naphthoquinone, MEN)
(Sigma Chemicals, U.S.A.) or hydrogen per-
oxide (Sigma Chemicals, U.S.A.). Cells cul-
tured on 6-well culture dishes (5�105–1�106

cells/well) were treated for 2, 4, 6, 9, 15 or 24
h with 100 �M MEN or 1 mM H2O2 in the cul-
ture medium. Recently we observed that
MEN at a concentration of 100 �M causes
transition of the cell death mode from
apoptosis to necrosis in 143B cells (Kamiński
et al., 2003) and this concentration of MEN
was adopted also in the present study.
Assessment of cell viability. Viability of

cells cultured in the presence of MEN or
H2O2 for various times, specified above, was
assessed by the leakage of lactate dehydro-
genase (LDH) from the cell essentially accord-
ing to the method of Gallo et al. (1999).
Aliquots of cell suspension were centrifuged
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for 3 min at 15000 � g, and the supernatant
thus obtained was used for the assay. To a
cuvette containing 0.05 M Tris/HCl, pH 7.4, 1
mM sodium pyruvate and 0.15 mM NADH
and 10 �l sample of the assay solution was
added and the decrease in absorbance at 340
nm resulting from the conversion of NADH to
NAD+ was measured spectrophotometrically.
The extent of LDH release was expressed as
the percentage of the total release, i.e., the re-
lease of LDH after cell lysis with 1% Triton
X-100.
Flow cytometric detection of the

intracellular levels of oxygen free radi-
cals. The overall intracellular levels of
superoxide (O2

.–) were measured following
the conversion of dihydroethidium (DHE)
(Molecular Probes Inc., Eugen, OR, U.S.A.)
into ethidium by the method of Mancini et al.
(1997) as described before (Spodnik et al.,
2002). Cells growing on 6-cm culture dishes
were stained with DHE (final concentration,
10 �M) for 30 min at 37�C in a humidified at-
mosphere with 5% CO2. Intracellular levels of
H2O2 were measured using dichlorodihy-
drofluorescein diacetate (H2DCF-DA) (Molec-
ular Probes) essentially by the method of Gar-
cia-Ruitz et al. (1997) as described previously
(Karbowski et al., 1999a; 1999b). Cells grow-
ing on 6-cm culture dishes were stained with
H2DCF-DA (final concentration, 5 �M) for 1 h
at 25�C. Cells stained with DHE or
H2DCF-DA collected from the culture dish by
trypsinization were washed in phosphate-buf-
fered saline (PBS) (Sigma Chemicals, U.S.A.),
pH 7.4, re-suspended in PBS and submitted
immediately to FACSCAN (Coulter Corpora-
tion, Coulter, France).
Annexin V and PI binding assay. Loss of

phospholipid asymmetry and exposure of
phosphatidylserine in the outer leaflet of the
cell membrane of experimental cells was as-
sayed using FITC conjugated Annexin V
(BioSource Int., CA, U.S.A.) and propidium
iodide (PI) (Molecular Probes) double stain-
ing. PI can be used to assess plasma mem-
brane integrity and cell viability. PI is ex-

cluded from cells with intact plasma mem-
branes. Cells growing on 6-cm culture dishes
were collected by trypsinization, washed with
PBS, spooled with floating cells and sus-
pended in 50 �l of Annexin V binding buffer
(10 mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM
CaCl2). In some experiments, cells attached
to the culture dish excluding those floating in
the culture medium were used. Then,
FITC-Annexin (2.5 �l) and PI (final concen-
tration, 2 �g/ml) were added and the mixture
was kept for 30 min at 20�C in the dark. The
sample volume was adjusted to 0.5 ml with
the Annexin V binding buffer and submitted
to flow cytometric analysis using Coulter
FACSCAN.
Intracellular levels of ATP. The intra-

cellular level of ATP was measured by high
performance liquid chromatography (HPLC).
Extraction of nucleotides from the cells was
carried out essentially according to the
method of Kalsi et al. (1999). Cells (5�106

cells/ml) were collected from the culture
dishes by trypsinization, centrifuged together
with those floating in the culture medium and
were washed with PBS. The cells were then
suspended in 0.3 ml of cold 1.4 M HClO4 and
kept for 15 min on ice for the extraction of nu-
cleotides. The acid extracts were neutralized
to pH 7.5 by the addition of 0.1 ml of cold 3 M
K2HPO4 and centrifuged (14000 � g). The
supernatants obtained were subjected to anal-
ysis by HPLC according to the method of
Smoleński et al. (1990). Protein was deter-
mined using Bradford method (1976) after
dissolving the perchloric acid precipitates in
0.5 M NaOH.
Electron microscopy. An equal volume of

a fixative containing 4% glutaraldehyde, 4%
formaldehyde and 0.2 M Na-cacodylate, pH
7.4, was added to the culture medium to fix at-
tached and floating cells. When cells attached
to culture dishes and those floating in the cul-
ture medium were fixed separately, the cul-
ture medium was removed from the culture
dish, transferred to a test tube and fixed by
the addition of an equal volume of the alde-
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hyde solution, specified above. The surface of
the culture dish was washed gently with PBS
and a fixative containing 2% glutaraldehyde,
2% formaldehyde and 0.1 M Na-cacodylate,
pH 7.4, was added to the culture dish to fix
the attached cells. After fixation the samples
were post-fixed with osmium tetroxide. Dehy-
dration was initiated with 25% ethanol con-
taining 1% uranyl acetate followed by graded
series of ethanol. The samples were then
treated with propylene oxide and processed
for electron microscopy as described before
(Karbowski et al., 1997).
Statistical analysis. Data presented are

means ± standard deviation (mean ±S.D.) of
at least three different experiments. Statisti-
cal comparisons of data were made using
paired t-test. Values of experimental groups
are statistically different from those of the
control group at: a (P < 0.001), b (0.001 < P <
0.01), c (0.01< P < 0.02), d (0.02 < P < 0.05).

RESULTS

Viability of JAR cells treated with MEN or
H2O2

In Figs. 1A and 1B both JAR cells and 143B
cells were treated with 100 �M MEN and 1

mM H2O2, respectively, for various lengths of
time and the viability of cells was measured
using LDH release. In the case of MEN, the
rates of LDH release from both cell lines were
similar to each other for up to 4 h of the treat-
ment, and they became distinctly higher in
JAR cells than in 143B cells when the treat-
ment lasted for 6 h or longer reaching 75%
and 60%, respectively, at 24 h of the treat-
ment. On the other hand, LDH release from
JAR cells remained less than 5% for up to 9 h
of H2O2-treatment reaching 12% at 24 h while
that from 143B cells was 11.5% after 4 h of
the treatment reaching 77.5% at 24 h. These
data suggest that JAR cells are more resistant
than 143B cells to H2O2-induced oxidative
stress while they are more susceptible than
the latter cells to MEN-induced cell injury.
Thus, time-dependent changes in the
intracellular levels of oxygen free radicals in
MEN- or H2O2-treated JAR cells were ana-
lyzed in comparison to those of 143B cells.

Intracellular levels of oxygen free radicals
in MEN- or H2O2-treated JAR cells

In Figs. 2A and 2B, intracellular levels of
O2

.– and H2O2, respectively, were measured
in JAR cells treated with MEN for various
lengths of time, in comparison to those in
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Figure 1. Time-dependent changes in the viability of JAR cells and 143B cells treated with MEN or
H2O2 judged by LDH release.

Cells were treated with 100 �M MEN (A) or 1 mM H2O2. Values are expressed as the percentage of the total enzyme
activity obtained by treating cells with Triton X-100. Values are expressed as the means ±S.D. of three experi-
ments. Data on experimental groups are statistically different from the corresponding control at: a (P < 0.001),
b (0.001 < P < 0.01), c (0.01 < P < 0.02), d (0.02 < P < 0.05).



143B cells. The intracellular level of O2
.– in

JAR cells became remarkably increased im-
mediately after MEN treatment reaching the
maximum after 4 h of the treatment with a
rapid decrease thereafter (Fig. 2A). Also in
the case of 143B cells, MEN caused a rapid
and distinct increase in the intracellular level
of O2

.– reaching the maximum after 6 h of the
treatment. The maximum intracellular level
of O2

.– in JAR cells, however, was much
higher than that in 143B cells. The time-de-

pendent changes in the intracellular level of
H2O2 in JAR cells treated with MEN were
similar to those in 143B cells. Namely, it de-
creased rapidly after 2 h of the treatment, and
remained low thereafter (Fig. 2B). The
changes in the intracellular level of H2O2 in
H2O2-treated JAR cells were distinct from
those of 143B cells: the intracellular levels of
H2O2 in H2O2-treated JAR cells remained es-
sentially the same as that of the control
throughout the experiment while those of
JAR cells increased distinctly immediately af-
ter the addition of H2O2, reaching the maxi-
mum after 6 h of the treatment followed by a
rapid decrease (Fig. 2C). Typical examples of
flow cytometric charts obtained for MEN- and
H2O2-treated JAR cells and those for 143B

cells are shown in Figs. 3A–3C and 3D–3F,
respectively.

Changes in the ultrastructure of JAR cells
treated with MEN or H2O2

For electron microscopic examination of
cells, they were treated with MEN or H2O2 for
various lengths of time and cells attached to
the culture dish were collected avoiding the

contamination with floating cells in the cul-
ture medium, as described before (Kamiński
et al., 2003). JAR cells were characterized by
the presence of irregular shaped nuclei with
prominent nucleoli (Fig. 4A) and scarce mito-
chondria were scattered in the cytoplasm
(Fig. 4B). After 4 h of the MEN treatment,
typical apoptotic cells with highly condensed
nuclei and cytoplasm were occasionally de-
tected (Fig. 4C). Although the majority of
cells did not show such typical apoptotic fea-
tures, aggregation of chromatin in the nu-
cleus was evident and depositions of electron
dense materials were frequently seen in mito-
chondria (Fig. 4D). After 6 h of the MEN
treatment, aggregation of chromatin in the
nucleus became further evident and the cyto-
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Figure 2. Changes in the intracellular levels of reactive oxygen species in JAR cells and 143B cells
treated with MEN or H2O2.

Cells were treated with 100 �M MEN and intracellular levels of O2
.– (A) and of H2O2 (B) were measured using

dihydroethidium for the former and H2DCF-DA for the latter. Cells were treated with 1 mM H2O2 and intracellular
levels of H2O2 were measured using H2DCF-DA (C). Data are the means ± S.D. of three experiments.



plasm became highly vacuolated (Fig. 4E).
High magnification electron micrographs
showed swelling of cytoplasm with distinct
degenerative changes of organelles, and mito-
chondria were no longer detected (Fig. 4F).
After 24 h of the MEN treatment the degener-
ative changes in the cytoplasm proceeded fur-
ther, and plasma membranes often became
ruptured (electron micrographs are not
shown).
Results obtained with 143B cells were in

agreement with the data reported previously
(Kamiński et al., 2003). Namely, typical
apoptotic cells and those with moderately
condensed nuclei and swollen cytoplasm
co-existed at 6 h of the MEN treatment (elec-
tron micrographs are not shown). After 9 h of

the treatment, apoptotic cells were no longer
seen and cells with moderately condensed nu-
clei and swollen cytoplasm dominated (elec-
tron micrographs are not shown). Next, ef-
fects of H2O2 on the ultrastructure of JAR
cells were examined. The majority of JAR
cells treated with H2O2 for up to 9 h remained
intact (Fig. 5A), and mitochondria appeared
normal (Fig. 5B). When the duration of the
treatment of cells with H2O2 was prolonged
for 24 h, moderate aggregation of chromatin
in the nucleus was observed occasionally
(electron micrographs are not shown). On the
other hand, H2O2 exerted more distinct ef-
fects on 143B cells: cells with numerous
autophagic vacuoles in the cytoplasm and ag-
gregation of chromatin in the nucleus were of-
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Figure 3. Flow cytometric charts demonstrating time-dependent changes in the intracellular levels of
O2

.– and H2O2 in MEN-treated JAR cells (A, B) and 143B cells (D, E) and levels of O2
.– and H2O2 in

H2O2-treated JAR cells (C) and 143B cells (F).

Data were obtained from the experiments shown in Fig. 2.



ten detected after 2 h of the treatment. Typi-
cal apoptotic cells were encountered occasion-
ally (Fig. 5C). When 143B cells were treated
with H2O2 for 6 h or longer, cells with numer-
ous autophagic vacuoles (Fig. 5D) were more
common (Fig. 5E) and with aggregated
chromatin scattered in the nucleus. Highly
vacuolated mitochondria with depositions of
electron dense materials were often encoun-
tered after 24 h of the treatment (Fig. 5F).

Detection of apoptotic and necrotic
changes in MEN- and H2O2-treated cells by
Annexin V and PI double staining

FITC-conjugated Annexin V and PI staining
was used in the present study to detect
apoptotic and necrotic changes in MEN- and
H2O2-treated JAR cells. When cells dou-
ble-stained with the dyes were analyzed by
flow cytometry, four different groups of cells

were obtained based on their stainability:
those unstainable with Annexin V and PI
(Annexin V(–)/PI(–)): viable cells; those
stainable with Annexin V but unstainable
with PI (Annexin V(+)/PI(–)): apoptotic cells;
those stainable with both Annexin V and PI
(Annexin V(+)/PI(+)): late apoptotic or ne-
crotic cells; and those unstainable with
Annexin V but stainable with PI (Annexin
V(–)/PI(+)): necrotic cell debris or apoptotic
bodies. Fig. 6A shows JAR cells treated with
MEN for various lengths of time stained with
the dyes and subjected to flow cytometry. The
population of apoptotic cells reached a maxi-
mum after 4 h of the treatment and rapidly
decreased thereafter while that of necrotic or
late apoptotic cells began to increase after 2 h
of the treatment and continued to increase
thereafter reaching 95% after 24 h. On the
other hand, most of 143B cells treated with
MEN for up to 4 h remained intact (Fig. 6B).
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Figure 4.  Ultrastructural changes of MEN-treated JAR cells.

JAR cells attached to the culture dish after the treatment with 100 �M MEN for 4 h (C, D) or for 6 h (E, F) were
fixed for electron microscopy. A: control. Magnification: A, C, E: �3500; B, D, F: �8750.



The population of apoptotic cells reached the
maximum after 6 h of the treatment and de-
creased thereafter. The frequency of late
apoptotic or necrotic cells was larger than
that of apoptotic cells after 9 h of the treat-
ment, reaching 80% after 24 h, in agreement
with the data from our laboratory published
before (Kamiński et al. 2003). Next, flow
cytometric analysis was performed on
H2O2-treated JAR cells (Fig. 6C) and 143B
cells (Fig. 6D). As was expected from the elec-
tron microscopic results described in the pre-
vious section, the toxic effects of H2O2 on
both JAR and 143B cells, especially the for-
mer, were less distinct compared to those of
MEN. Namely, about 70% of JAR cells treated
with H2O2 for 24 h remained unstainable
with Annexin V and PI. The frequencies of
both apoptotic and necrotic cells were less

than 5% throughout the course of the experi-
ment, excepting the population of late
apoptotic or necrotic cells, which reached
about 10% after 24 h of the experiment
(Fig. 6C).
In the case of 143B cells, 52% of the

H2O2-treated cells remained unstainable with
the dyes after 24 h of the treatment, although
the frequency of both apoptotic and necrotic
cells was much higher than for JAR cells
(Fig. 6D). The results described above were
obtained for cells attached to the culture dish
spooled with those floating in the culture me-
dium. When only the cells attached to the cul-
ture dish were used, similar results were ob-
tained, although Annexin V(+)/PI (+) cells
were somewhat less frequent.
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Figure 5.  Ultrastructural changes of H2O2-treated JAR cells and 143B cells.

JAR cells attached to the culture dish after the treatment with 1 mM H2O2 for 9 h (A, B) and 143B cells treated for
2 h (C), 6 h (D, E) or 24 h (F) were fixed for electron microscopy. Magnifications: A, C–E: �3500; B, F: �8750.



Changes in intracellular levels of ATP in
MEN- and H2O2-treated JAR cells

The electron microscopic and flow
cytometric results suggested that the switch
of the cell death mode from apoptosis to ne-
crosis took place in MEN- and H2O2-treated

JAR cells. Thus, temporal changes in the
intracellular level of ATP in cells treated with
MEN or H2O2 were examined, since a de-
crease in the intracellular level of ATP plays a
key role in cell injury processes (Trump et al.,
1971; Trump & Berezesky, 1994) and also in
the switch mechanism of the cell death mode
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Figure 6.  Viability of MEN- and H2O2-treated JAR cells and 143B cells.

Cells were treated with 100 �M MEN (A: JAR cells; B: 143B cells) or 1 mM H2O2 (C: JAR cells; D: 143B cells) for up
to 24 h, and stained with Annexin V and PI for flow cytometry. Annexin V(–)/PI(–): intact cells; Annexin
V(+)/PI(–): apoptotic cells; Annexin V(+)/PI(+): late apoptotic or necrotic cells; data are the means ± S.D. of three
experiments. Data on experimental groups are statistically different from the corresponding control at: a (P <
0.001), b (0.001 < P < 0.01), c (0.01 < P < 0.02), d (0.02 < P < 0.05).

Figure 7. Time-dependent changes in intracellular levels of ATP in MEN- and H2O2-treated JAR cells.

Cells were treated with 100 �M MEN (A) or 1 mM H2O2 (B) for up to 24 h and ATP was measured by HPLC. Data
on experimental cells are expressed as the percentage of the values of the corresponding controls. Values are the
means ± S.D. of three experiments. Data on experimental groups are statistically different from the corresponding
control at a (P < 0.001), b (0.001 < P < 0.01), c (0.01 < P < 0.02), d (0.02 < P < 0.05).



from apoptosis to necrosis (Leist et al., 1997;
Ferrari et al., 1998; Ha & Synder 1999). JAR
cells were treated with MEN or H2O2 for vari-
ous lengths of time for up to 24 h, and the
intracellular levels of ATP were measured. As
shown in Fig. 7A, the intracellular levels of
ATP in JAR cells decreased to 26.6% of the
original level (control 10 ± 5 nmoles ATP/mg
protein) after 2 h of the MEN treatment
reaching 9.8% after 24 h, while those in 143B
cells remained at about 60% of the original
level (control 8 ± 5 nmoles ATP/mg protein)
for up to 6 h of the MEN treatment and de-
creased to almost zero after 9 h. The
intracellular level of ATP in JAR cells was
83% after 2 h of H2O2 treatment and 69.2% af-
ter 24 h (Fig. 7B), while in 143B cells it de-
creased to 10% of the original level after 2 h of
H2O2 treatment and remained at a similar
level for up to 24 h.

DISCUSSION

The present study demonstrated that JAR
cells from a human choriocarcinoma cell line
are more susceptible than the 143B cells de-
rived from a human osteosarcoma cell line to
MEN-induced oxidative stress while they are
more resistant than the latter to H2O2-in-
duced oxidative stress. This was supported by
electron microscopic and flow cytometric
data together with those on changes in the
intracellular level of ATP.

Transition of cell death mode from
apoptosis to necrosis in MEN-treated JAR
cells

The flow cytometric analysis on MEN-
treated JAR cells showed that the population
of apoptotic cell reached its maximum after
4 h of the incubation followed by a gradual de-
crease. On the other hand, the population of
late apoptotic or necrotic cells began to in-
crease after 2 h of the incubation and contin-
ued to increase distinctly thereafter. In the

electron microscope, the major population of
cells after 6 h of the MEN treatment consisted
of those with condensed nuclei and swollen
cytoplasm. Recently, we showed that the
switch of the cell death mode from apoptosis
to necrosis took place in 143B cells when they
were exposed to MEN, and the major popula-
tion of cells after 9 h of the incubation con-
sisted of those with condensed nuclei and
swollen cytoplasm, which were designated as
“intermediate cells”, indicating that they
were in a transitional state from apoptosis to
necrosis (Kamiński et al., 2003). The electron
microscopic features of JAR cells after 6 h of
MEN treatment detected in the present study
were essentially the same as those of the
143B cells, cited above, indicating that the
switch from apoptosis to necrosis took place
also in JAR cells. As to the mechanism in-
volved in the switch of the cell death mode
from apoptosis to necrosis, increases in the
intracellular level of free radicals have been
stressed by several investigators (Bonfoco et
al., 1995; Nobel et al., 1997; Hampton &
Orrenius, 1997). A massive increase in the
intracellular level of oxygen free radicals may
cause caspase inactivation and affect mito-
chondria resulting in a decreased ability to
produce ATP. In the present study, we
showed that the intracellular level of O2

.– in
JAR cells began to increase immediately after
MEN treatment, reaching maximum at 4 h.
The intracellular level of ATP decreased to
less than 30% of the control 2 h after the treat-
ment. It is tempting to assume that the in-
crease in the intracellular level of O2

.– is the
triggering factor for the induction of
apoptosis and above certain levels of O2

.–,
ATP generation from mitochondria drasti-
cally decreases resulting in the switch from
apoptosis to necrosis detected in JAR cells.
However, other functions of MEN than the
generation of oxygen free radicals must be
taken into account. MEN is known to cause
GSH depletion and arrylation of proteins
thereby altering the activity of key thiol en-
zymes in ATP metabolism (this will be dis-
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cussed later), and exact mechanisms of the
switch of the cell death mode from apoptosis
to necrosis detected in the present study
await further investigation.

Difference between JAR cells and 143B
cells in susceptibility to MEN- and H2O2-in-
duced cytotoxicity

The present study showed that JAR cells
were more susceptible than 143B cells to
MEN-induced cytotoxicity while they were
more resistant than the latter to H2O2-in-
duced cytotoxicity, based on the data on LDH
release, electron microscopy and flow
cytometry. However, the MEN-induced eleva-
tion of the intracellular level of O2

.– was
much more distinct in 143B cells than in JAR
cells. The cytotoxic effects of quinines includ-
ing MEN are thought to be mediated by
NADPH-cytochrome P450 reductase through
their one electron reduction to semiquinone
radicals, which subsequently enter the redox
cycle with molecular oxygen to produce O2

.–

which dismutates either spontaneously or in
a reaction catalyzed by superoxide dismutase
(SOD) to form H2O2. H2O2 is then converted
into H2O and O2 catalyzed by catalase, or par-
ticipates in the Fenton reactions generating
hydroxyl radicals (Hassan & Fridovich, 1979).
MEN also generates O2

.– through nonenzy-
matic interaction with thiols such as reduced
glutathione (GSH) or protein-SH (Werfers &
Sies, 1983; Ross et al., 1985; Takahashi et al.,
1987; Bellomo et al., 1987; Tzeng et al., 1994).
In addition, MEN inhibits glutathione
reductase and induces severe depletion of
GSH (Bellomo et al., 1987; Tzeng et al., 1994).
These properties of MEN suggest that, al-
though MEN shares to some extent a signal-
ing pathway with H2O2 for cell death induc-
tion, it may affect cells differently to H2O2
through modification of protein-SH and GSH
by oxidation (Thor et al., 1982; Werfers &
Sies, 1983; Takahashi et al., 1987) or
arylation (DiMonte et al., 1984a) or by influ-
encing cellular Ca2+ homeostasis (DiMonte et

al., 1984b; Gerasimenko et al., 2002). Re-
cently, McAmis et al. (2003) have shown that
MEN causes endothelial barrier failure by a
direct effect on intracellular thiols, independ-
ently of H2O2 production. Namely, using pul-
monary artery endothelial cells and diffu-
sional permeability to fluorescein isothio-
cyanate-labeled bovine serum albumin (FITC-
BSA) as a measure of barrier function, they
found a profound barrier dysfunction with a
parallel fall in glutathione almost to deple-
tion, while H2O2 gave only a slight decrease
in GSH concentration. Interaction of MEN
with GSH has been found to differ depending
on the cell type: in hepatocytes 15% of GSH is
conjugated to MEN to form MEN-SG and 75%
is oxidized to GSSG (Chung et al., 1997). It
has been also shown that glutathione deple-
tion occurs rapidly in MEN-exposed platelets,
before the plasma membrane and intra-
cellular membrane damage (Cho et al., 1997).
Thus, although MEN may exert toxic effects
on 143B and JAR cells by various mecha-
nisms described above including glutathione
depletion, disturbance in Ca2+ homeostasis,
inactivation of thiol enzymes, the degree of
cell injury could be different between the two
cell lines used in the present study. It showed
that the cytotoxic effects of MEN on both JAR
and 143B cells were much more pronounced
than those of H2O2. Furthermore, the eleva-
tion of the intracellular level of O2

.– by MEN
was much higher in 143B than in JAR cells,
although the former were less severely in-
jured. These results could be explained by the
other effects of MEN, described above, than
the direct action of O2

.– generated from the
drug.
The present study shows that JAR cells are

more resistant than 143B cells to H2O2
cytotoxicity. Shibukawa et al. (2003) have re-
ported that overexpression of N-acetylgluco-
saminyltransferase (GnT-III) suppresses
H2O2-induced apoptosis. It has been shown
that human choriocarcinoma cell lines, in-
cluding JAR used in the present study, have a
high expression of N-acetylglucosaminyl-
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transferase IV (GnT-IV) (16-66-fold) and
GnT-III (15-25-fold) as compared with those in
human placenta (Takamatsu et al., 1999).
Thus, the resistance of JAR cells to H2O2
cytotoxicity observed in the present study
could be explained by the above described
lines of evidence although we did not analyze
the activity of GnT-III in the present study.
The fact that JAR cells are more resistant
than 143B cells to H2O2 cytotoxicity might be
important for the intrauterine life of the fe-
tus. We are now repeating the experiments
using human placenta to verify the data ob-
tained in the present study and the results
will be reported soon.
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