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ORIGINAL ARTICLE 762

Arsenic Trioxide Induces
Apoptosis Through JNK and ERK
in Human Mesothelioma Cells

RYOJl EGUCHI,' YOSHIHIRO FUJIMORL> HIROMI TAKEDA,' CHIHARU TABATA,'?
TOSHIRO OHTA,* KOUZO KURIBAYASHI,'® KAZUYA FUKUOKA,"?

AND TAKASHI NAKANO '3

' Department of Thoracic Oncology, Hyogo College of Medicine, Nishinomiya, Japan

2Cancer Center, Hyogo College of Medicine, Nishinomiya, Japan

3Division of Respiratory Medicine, Department of Internal Medicine, Hyogo College of Medicine, Nishinomiya, Japan
4Department of Food and Nutritional Sciences, Graduate School of Nutritional and Environmental Sciences, University of Shizuoka,

Shizuoka, fapan

Malignant mesothelioma is an aggressive tumor of serosal surfaces, which is refractory to current treatment options. Arsenic trioxide
{Asy03) is used clinically to treat acute promyelocytic leukemia, and also to inhibit proliferation of several solid tumors including
hepatoma, esophageal, and gastric cancer in vitro. Here we found that As;O; inhibited cell viability of a mesothelioma cell line,
NCI-H2052. AsyO; induced apoptosis of NCI-H2052 cells, which was accompanied by activation of c-jun NiHa-terminal kinase (JNK) 1/2,
extracellular signal-regulated kinase (ERK) /2, and caspase-3. zV¥AD-fink, a broad-spectrum caspase inhibitor, inhibited As;O3-induced
apoptosis and activation of caspase-3, but not that of JNK/2 and ERKI1/2. Small interfering RNAs (siRNAs) targeting JINK1/2
suppressed As;Os-induced caspase-3 activation and apoptosis, indicating that JNK1/2 regulate As;O3-induced apoptosis though caspase
cascade. Furthermore, JNKI siRNA abrogated As,Os-induced JNK2 phosphorylation and JNK2 siRNA abrogated As;Os-induced JINKI
phosphorylation, suggesting that JNIKJ and JNK2 interact with each other. Moreover, JNKI siRNA, but not JNK2 siRNA,

abrogated As,Os-induced ERKI/2 phosphorylation. JNK2 siRNA together with PID98059, a specific MAPK/ERK kinase inhibitor,
suppressed As,O3-induced apoptosis more significantly than JNK2 siRNA alone. These results indicated that As,O; induces apoptosis of
NCI-H2052 celis mainly through INK 1/2 activation, and that ERK1/2 is involved in As;O3-inducad apoptosis when JNK1/2 are inactivated.

. Cell. Physiol. 226: 762768, 201 1. © 2010 Wiley-Liss, Inc.

Malignant mesothelioma is an aggressive tumor arising from
mesothelial cells of serous membranes including pleura,
peritoneum, and pericardium (Robinson etal., 2005; Vogelzang,
" 2008; Tsao et al., 2009). Malignant mesothehoma is highly
resistant to most chemotherapeutic agents (Vogelzang, 2008)
and radiation, and surgical therapy generally show limited
efficacy (Goudar, 2005; Vogelzang, 2008). So far combinations
of pemetrexed and cisplatin appear to be the best
chemotherapy regimen for malignant mesothelioma aithough
the median survival was 12 months (Vogelzang et al., 2003).
Malignant mesothelioma still remains an uncurable disease.
Arsenic trioxide (As,O3) is an ancient drug used in traditional
Chinese medicine, which has been introduced to Western
medicine in the last century (Antman, 2001). This drug has
attracted wide interest for its ability to induce complete
remission in patients with acute promyelocytic leukemia (APL),
through induction of apoptosis and differentiation (Chen etal,
1997; Shao et al., 1998). Apoptotic effect of As,Oj3 is also
observed in other cancer cells in vitro, including neuroblastoma
(Akao et al., 1999), ovarian cancer (Du and Ho, 2001), gastric
cancer (Zhang et al., 1999), esophageal cancer (Shen et al,,
1999), and hepatoma (Oketani et al., 2002). However, the effect
of As,O3 on mesothelioma cells has not been examined.
Induction of apoptosis usually depends ona common
executor, caspase-3 (Kiechle and Zhang, 2002), which also
cleaves and inactivates poly (ADP-ribose) polymerase (PARP),
a DNA repairing enzyme (Decker and Muller, 2002). in
As,O3-induced cell death, activation and involvement of
caspase-3 has been reported in APL cells (Shao etal., 1998). The
mitogen-actiated protein kinase (MAPK) pathways constitute a
large kinase network that regulates a variety of physiological

© 2010 WILEY-LISS, INC.

processes, including cell growth, differentiation, and apoptosis
(Zhang and Liu, 2002). To date, three MAPK pathways have
been characterized in detail: c-Jun NHj-terminal kinase (JNK),
p38 and extracellular signal-regulated kinase (ERK). Generally,
JNK and p38 are key mediators of stress and inflammation
responses evoked by a variety of physical, chemical, and
biological stress stimuli. The ERK pathway is mostly induced by
growth factors and mediates cell proliferation, but it also
mediates apoptosis by stress stimuli (Lee et al,, 2003). JNK has
two ubiquitously expressed isoforms, NK1 and JNK2, and a
tissue-specific isoform; JNK3. MAPKSs have been reported to be
involved in As;Os-induced apoptosis of APL cells and other
tumor cells (Ramos et al.,, 2006; Kang and Lee, 2008), with the
specific MAPK pathway involved depending on the cell type and
stimulus.
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As,O3INDUCES APOPTOSIS OF MESOTHELIOMA CELLS

In this study, we investigated cytotoxic and apoptotic effects
of As,O3; on human mesothelioma cells. As,Oj inhibited the
proliferation of mesothelioma NCI-H2052 cells and induced
apoptosis of the cells at clinically feasible concentrations.
Further clarification of cell signaling pathways revealed the
involvement of JNK-dependent caspase cascade and
ERK-dependent pathway in As,Oj3-induced apoptosis.

Materials and Methods
Cell culture and reagents

Human mesothelioma cell line NCI-H2052 was obtained from the
American Type Culture Collection (Rockville, MD). Cells were
cultured as monolayers in RPMI-1640 medium (Sigma, St. Louis,
MO) with 10% fetal bovine serum (Sigma) under a humidified
atmosphere containing 5% CO, at 37°C. zVAD(OMe)-fmk (zVAD)
and PD98059 were purchased from BIOMOL (Plymouth Meeting,
PA). All other chemicals were purchased from Sigma unless
otherwise stated.

Treatment with As;O; and inhibitors

Cells (2 x 10°) were seeded in a 100 mm-dish (Becton Dickinson
Labware, Franklin Lakes, NJ) and cultured for 24 h. Old medium
was aspirated, and fresh medium containing As,O5 or vehicle
(phosphate-buffered saline) was added together with zVAD,

PD98059, or vehicle (dimethylsulfoxide) for inhibition treatment.
Cells were then cultured for 2-72h.

Cell viability analysis

Cells were seeded ina 96-well plate (Becton Dickinson Labware) at
2 x 10 per well. Cell viability was determined by a colorimetric
assay using Cell Counting Kit-8 (CCK-8; Dojin Chemical Institute,
Kumamoto, Japan). Briefly, after As,Oj3 treatments, WST-8,
2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt was added in
each well. The intensity of color developed was quantified using a
micro plate reader (SPECTRAmax PLUS384, Molecular Devices,
Sunnyvale, CA) to obtain the number of viable cells (Miyamoto
etal,, 2002). Color intensity was quantified by a microplate reader
(SPECTRAmax PLUS384). Experiments were repeated in
quadruplicate.

Flow cytometric analysis of apoptosis

Apoptosis was analyzed by flow cytometry using an Annexin V
(Ax)-FITC Kit (Medical & Biological Laboratories Co. Ltd, Nagoya,
Japan) according to the manufacturer’s protocol (Vermes et al,,
1995; van Engeland et al., 1996; de Cupis et al., 2003). Briefly,
NCI-H2052 cells (I x 10°) treated with As,O3 were trypsinized,
washed and then labeled with Ax-FITC and propidium iodide (PI).
The fluorescence intensity was measured using a Cytomics FC 500
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Fig. I.

As,0O; induces apoptosis of mesothelioﬁqa cells. A: As,O; inhibits proliferation of human mesothelioma cell line. Human mesothelioma
NCI-H2052 cellswere treated with As,O; for 72 hat the indicated concentrations. Cell proliferation was assessed using a colorimetric CCK-8 assay
asdescribed in Materials and Methods Section. B: Flow cytometricanalysis using double staining with Axand Plin NCI-H2052 cells. The numbers of

early apoptotic cells (Ax+/Pl—) and late apoptotic and necrotic cells (Ax+/P1+) were significantly increased 72 h after the treatment with

6 pM As,0;. C: As,O; activates caspase-3, which was inhibited by zZVAD(OMe)-fimk (zVAD). Cell extracts were prepared from NCI-H2052 cells
treated with 6 uM As,O; alone or together with 100 uM zVAD for 24 h. D: As,Oj3-induced apoptosis of NCI-H2052 cells is suppressed by zZVAD.
NCI-H2052 cells were treated with 6 M As; O3 alone or together with 100 uM zZVAD for 72 h, and analyzed for Ax(+) apoptotic cells by flow
cytometry. The experiments in B and C were performed three times and the representative data are shown.
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