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Abstract Magnolol, a substance purified from the bark ofMagnolia officialis, inhibits cell proliferation and induces
apoptosis in a variety of cancer cells. The aim of this study was to study the effects of magnolol on CGTH W-2 thyroid
carcinomacells. After 24 h treatmentwith 80mMmagnolol in serum-containingmedium, about 50%of the cells exhibited
apoptotic features and 20% necrotic features. Cytochrome-c staining was diffused in the cytoplasm of the apoptotic cells,
but restricted to themitochondria in control cells.Western blot analyses showedan increase in levels of activated caspases
(caspase-3 and -7) andof cleaved poly (ADP-ribose) polymerase (PARP) bymagnolol. Concomitantly, immunostaining for
apoptosis inducing factor (AIF) showeda time-dependent translocation from themitochondria to the nucleus. Inhibition of
either PARP or caspase activity blocked magnolol-induced apoptosis, supporting the involvement of the caspases and
PARP. In addition, magnolol activated phosphatase and tensin homolog deleted on chromosome 10 (PTEN) and
inactivated Akt by decreasing levels of phosphorylated PTEN and phosphorylated Akt. These data suggest that magnolol
promoted apoptosis probably by alleviating the inhibitory effect of Akt on caspase 9. Furthermore, inhibition of PARP
activity, but not of caspase activity, completely prevented magnolol-induced necrosis, suggesting the notion that it might
be caused by depletion of intracellular ATP levels due to PARP activation. These results show that magnolol initiates
apoptosis via the cytochrome-c/caspase 3/PARP/AIF and PTEN/Akt/caspase 9/PARP pathways and necrosis via PARP
activation J. Cell. Biochem. 101: 1011–1022, 2007. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

Studies on several cell human cancer lines
have shown the potential of compounds purified
from traditional Chinese herbs as anticancer
drugs. One of the candidates,magnolol, isolated
from the root and bark of Magnolis officialis, is
well-known for its anti-oxidative, anti-athero-
sclerosis, and lipolysis and steroidogenesis-
stimulating effects [Teng et al., 1988; Wang
et al., 2000; Huang et al., 2004; Chen et al.,
2005a,b]. Recently, attention has been paid to
its anticancer action. Generally, lower concen-
trations of magnolol (3–40 mM) inhibit cell pro-
liferation and high concentrations (80–100 mM)
induce apoptosis of several cell lines derived
from human cancers, including colon cancer,
HepG2hepatoma, leukemia cells, fibrosarcoma,
melanoma, and squamous carcinoma [Lin
et al., 2001, 2002; Ikeda and Nagase, 2002;
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Yang et al., 2003; Zhong et al., 2003]. In animals
inoculated subcutaneously with B16-BL6 mel-
anoma cells, magnolol effectively inhibits inva-
sion and metastasis [Nagase et al., 2001; Ikeda
and Nagase, 2002].

Severalmechanisms for themagnolol-induced
apoptosis of cancer cells have been proposed.
These include a reduction in the mitochondrial
membrane potential, cytochrome-c release,
activation of caspases 9, 8, and 3, downregula-
tion of Bcl-2, and upregulation of Bad and Bcl-x
[Lin et al., 2001; Ikeda and Nagase, 2002; Chen
et al., 2003;Yanget al., 2003; Zhong etal., 2003].
Pan-caspase or selective caspase inhibitors or
overexpressionofBcl preventmagnolol-induced
apoptosis of human leukemia cells and human
squamous carcinoma cells [Yang et al., 2003;
Zhong et al., 2003].

Other mechanisms governing apoptosis
include the PI3K/Akt pathway. PTEN reduces
the levels of PIP3, a second messenger gener-
ated from PI3K required for Akt phosphoryla-
tion, which then decreases Akt activity [Ali
et al., 1999; Cantley andNeel, 1999]. Activation
of the Akt signaling pathway appears to be an
important event in thyroid tumorigenesis and
tumor progression [Kada et al., 2004]. Inacti-
vating mutation, or loss, of the PTEN gene is
seen in human tumors of breast, prostate,
thyroid, and endometrial origin. Loss or reduc-
tion of the PTEN gene results in hyper-activa-
tion of the PI3K/Akt signaling pathway in
human malignancies [Ali et al., 1999; Cantley
and Neel, 1999]. Activation of PI3K/Akt is
associated with all types of thyroid carcinomas
[Fagin, 2002]. Moreover, mutation of PI3KCA,
the catalytic subunit of PI3K, is frequently
found in anaplastic thyroid carcinoma, result-
ing in Akt activation [Garcia-Rostan et al.,
2005]. Since the kinase activity of Akt regulates
the phosphorylation of several downstream
effectors, such as NF-kappa B, Bad, and GSK-
3 [Mitsiades et al., 2004], inactivation of Akt by
dephosphorylation can activate Bad and cas-
pase 9, thus facilitating apoptosis [Cardone
et al., 1998; Datta et al., 1999]. Importantly,
the PI3K/Akt pathway controls thyroid cell
proliferation by regulating the phosphorylation
of p27 (kip1), an inhibitor of Cip/Kip cdk, at an
ectopic position, threonine157 or 198, instead of
at the normal phosphorylation sites, serine 10
and threonine 187, thus resulting in cytoplas-
mic sequestration of p27 in human thyroid
carcinoma cells [Motti et al., 2005]. Although

the importance of the cytochrome-c/caspase
pathway has been examined [Lin et al., 2001;
Ikeda and Nagase, 2002], little is known about
the contribution of the PTEN/Akt pathway to
the magnolol-induced apoptosis of cancer cells.

PARP is a chromatin-associated protein, and
its main functions are to stabilize DNA struc-
ture and repair damaged DNA [Ha and Snyder,
1999]. Activation of caspase 3 cleaves PARP,
which is then unable to repair DNA and
consequently, the apoptotic process is acceler-
ated [Ha and Snyder, 1999]. Moreover, PARP
activation triggers translocation ofAIF from the
mitochondria to the nucleus, which also con-
tributes to apoptosis [Susin et al., 1999]. In
addition, excess PARP activation causes intra-
cellular ATP depletion and results in necrosis
[Proskuryakov et al., 2003]. Whether magnolol
induces necrosis of thyroid carcinoma cells and
whether PARPactivation is involved remains to
be examined.

In this study, we investigated the effect of
magnolol on a Chinese thyroid carcinoma cell
line, CGTH -W2. We identified the cell death
patterns and examined whether Akt, the cyto-
chrome-c/caspase pathway, and PARP activity
were essential for magnolol-induced apoptosis
and necrosis.

MATERIALS AND METHODS

Cell Culture

The CGTH W-2 cell line, derived from a
metastatic thyroid follicular carcinoma from a
Chinese patient in Taiwan, was a generous gift
fromDr. Jen-Der Lin [Lin et al., 1996]. The cells
were grown in RPMI 1640 containing 10% fetal
bovine serum, 1 mM sodium pyruvate, and
100 IU/ml of penicillin and streptomycin, pH
7.2 (all from Gibco BRL, Grand Island, NY) in a
humidified atmosphere of 5% CO2–95% air at
378C.

Drugs Used

Magnolol, isolated from Magnolia officinalis
with a purity of over 99%, was purchased from
the Pharmaceutical Industry Technology and
Development Center, Taiwan. The PARP inhi-
bitor, 3-aminobenzamide (3AB), was obtain-
ed from Sigma (St. Louis, MO). The general
caspase inhibitor, z-Val-Ala-Asp(OMe) -fluoro-
methylketone (z-VAD-FMK) and the specific
caspase-9 inhibitor, N-acetyl-Leu-Glu-His-Asp-
CHO (Ac-LEHD-CHO), were purchased from
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Biomol (Plymouth Meeting, PA). The specific
caspase-8 inhibitor, Z-I-E(OMe)-T-D(OMe)-FMK
(Z-IETD-FMK), was obtained from R&D sytems,
Inc. (Minneapolis, MN).

MTT Test

Thyroid carcinoma cells were plated at a
density of 2� 104 cells per well in a 24-well
plate and incubated for 24 h with different
concentrations of magnolol in the presence or
absence of 10% fetal calf serum. After two
washes with phosphate-buffered saline (PBS;
137 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4,
8mMNa2HPO4, pH7.3), 500ml ofRPMImedium
containing 0.5 mg/ml of 3-[4,5-dimethylthiazol-
2-yl]-2, 5-diphenyltetrazolium bromide (MTT;
Sigma) was added to each well, then incubation
was continued for 4 h to allow the conversion of
the substrate into the purple formazan product.
The medium was then removed and the cell
lysed with 500 ml of DMSO and the absorbance
at 590 nm measured with a spectrophotometer
(Beckman Coulter, Inc., Fullerton, CA).

Propidium Iodide Staining for Necrotic Cells

Propidium iodide (PI; Sigma) was used to
detect plasma membrane disruption in necrotic
cells. Cells were treated with DMSO (vehicle
control) or 80 mM magnolol for 6, 18, or 24 h;
then, after washes with serum-free medium,
were incubated for 30 min with PI (50 mg/ml in
serum-freemedium) in a CO2 incubator. After a
brief wash with PBS, the cells were fixed for
5 min in 10% formalin, washed with PBS, and
mounted in fluorescence mounting medium.
All experiments were performed with triplicate
dishes and more than 100 cells were examined
for each dish.

Assay for Apoptotic Cells

Cells were treated with DMSO (vehicle con-
trol) or magnolol for 6, 18, or 24 h, washed with
PBS, and fixed for 5 min in 5% formalin and
0.5% Triton X-100 at room temperature. After a
brief wash with PBS, the cells were stained for
15 min with 1 mg/ml of 40,6-diamidino-2-pheny-
lindole dilactate (DAPI; Sigma) in 0.9% NaCl
and mounted in fluorescence mounting med-
ium. Apoptotic cells were identified by the
presence of chromatin condensation or apopto-
tic body formation. TUNEL staining was also
performed using a kit according to the manu-
facture’s instruction (Calbiochem, La Jolla,

CA). The cells were fixed in 10% formalin in
PBS, rinsed with PBS, permealized briefly, and
incubated with TUNEL reaction mixture. All
experiments were performed with triplicate
dishes and more than 100 cells were examined
per dish.

Immunocytochemistry

After treatment, cells werewashedwith PBS,
fixed for 5 min in 10% formalin in PBS, and
permeabilized for 10 min with 0.15% Triton
X-100 in PBS. After PBS washes (3� 5 min),
non-specific binding sites were blocked by
30 min incubation at room temperature with
5% non-fat milk in PBS. The cells were then
incubated overnight at 4oC with monoclonal
mouse anti-cytochrome-c antibodies (Promega,
Madison,WI) or polyclonal rabbit anti-AIF anti-
bodies (Cell Signaling, Beverly, MA), washed
with PBS, and incubated for 1 h at 378C with
fluorescein isothiocyanate-conjugated second-
ary antibodies (Sigma) or biotinylated goat
anti-rabbit IgG and avidin-biotin-peroxidase
mixture (Vector Labs, Burlingame, CA). The
peroxidase reaction was then visualized by
developing with the SG substrate solution
(Vector Labs). For double labeling for apoptotic
cells and cytochrome-c, cells were first immu-
nostained for cytochrome-c and then stained
with DAPI. Finally, the cells were washed with
PBS, mounted using 3% n-propyl gallate and
50% glycerol in PBS, and examined using a
Zeiss epifluorescence microscope (Carl Zeiss,
Oberkocheu, Germany) equipped with a Nikon
DIX digital camera (Nikon, Tokyo, Japan).

Cell Fractionation and Western Blotting

To prepare whole cell lysates, after treat-
ment, CGTH W-2 thyroid carcinoma cells were
washed oncewithPBSandhomogenized in lysis
buffer (10 mM EGTA, 2 mM MgCl2, 60 mM
PIPES, 25 mM HEPES, 0.15% Triton X-100,
1 mg/ml of pepstatin A, 1 mg/ml of leupeptin,
1 mM NaF, and 1 mM phenylmethylsulfonyl
fluoride). To prepare the cytosolic fraction, after
treatment with magnolol, CGTH W-2 thyroid
carcinoma cells were briefly washed with PBS,
ultrasonicated for 2� 10 s in RIPA buffer
(50 mM Tris-HCl, 1% Triton X-100, 0.25% Na
deoxycholate, 150mMNaCl, 1mMEDTA,1mM
PMSF, 1 mMNaF, 1 mMNa3VO4, 1 mg/ml each
of aprotinin, leupeptin, and pepstatin, pH 7.4),
centrifuged at 14,000g for 30min at 48C, and the
supernatant taken as the cytoplasmic fraction.
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For electrophoresis, an equal volume of
sample buffer was added and the mixture heat-
ed at 908C for 3 min. Proteins (40 mg per lane)
were electrophoresed on a 10% SDS polyacryla-
mide gel and transferred to a nitrocellulose
membrane (Schleicher & Schuell, Inc., Keene,
NH). Strips from the membrane were then
blocked by incubation for 30 min at room temp-
erature with 5% non-fat milk in Tris-buffered
saline, pH 8.2, containing 0.1% Tween (TBS-
Tween) and incubated overnight at 48C with a
1:1, dilution of monoclonal mouse antibodies
against cytochrome-c (Promega) or rabbit anti-
bodies against active caspase 3 (Cell Signaling),
active caspase 7 (Cell Signaling), cleaved PARP
(BioVision Research Products, Mountain View,
CA), Akt1(Santa Cruz Biotechnology, Santa
Cruz, CA), phosphorylated Akt (Santa Cruz
Biotechnology), PTEN (Santa Cruz Biotechnol-
ogy), or phosphorylated PTEN (Cell Signaling)
diluted in TBS-Tween. After washes with TBS-
Tween, the stripswere incubated for 2 h at room
temperature with a 1:7,500 dilution of alkaline
phosphatase-conjugated anti-mouse or anti-
rabbit IgG antibodies (Promega), and bound
antibody was visualized using nitro blue tetra-
zolium and 5-bromo-4-chloro-3-indolyl phos-
phate (Sigma) as chromogen. The density of
the bands on the nitrocellulose membrane was
quantified by densitometry using Gel Pro 3.1
(Media Cybernetics, Silver Spring, MD), taking
the density of the band in the control sample as
100% and expressing the density of the band in
the test sample as a percentage of this. All ex-
periments were performed at least three times,
and the values are expressed as the mean�SE.

Flow Cytometry

Isolated populations of nuclei were incubated
inpropidium iodide stain solution (PBS contain-
ing 0.5% Triton X-100, 50 mg/ml PI, 2 mg/ml
RNAse) for 30min at 4oC. Following incubation,
nuclei were collected by centrifugation at 1,g for
5 min at 4oC and resuspended in 500 ml cold
PBS. The samples were analyzed on a Becton-
Dickinson FACS-scan (Mountain View, CA)
using an argon laser (excitation 530 nm). PI
fluorescence was detected using 620 nm band
pass filter. Data analysis was performed using
Win MDI 2.8 software program.

Statistical Analysis

All results are expressed as the mean�SE.
Statistical differences between means were

assessed using Student’s t-test, with a P value
less than 0.05 being considered significant.

RESULTS

Magnolol Induces Apoptosis and
Necrosis of CGTH W-2 Cells

In the DMSO-treated control group, CGTH
W-2 cells were flattened and polygonal. The
concentration of magnolol inducing cell death
was dependent on the absence or presence of the
serum. In the presence of serum, 24 h treatment
with 40 or 60 mM magnolol decreased cell
survival by 30 or 70%, respectively (Fig. 1A),
whereas, in the absence of serum, only 15 or

Fig. 1. Effect of magnolol on cell viability. CGTH W-2 cells
were treated for 24 h with 0.1% DMSO or magnolol at various
concentrations in serum-containing medium (A) or serum-free
medium (B) before being processed for the MTT test. n¼ 3, *,
P<0.05; **, P< 0.01, compared to the DMSO group.
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20 mM magnolol was required to decrease sur-
vival by 30 or 90% (Fig. 1B). Since CGTH W-2
cells became retracted after 6–24 h incubation
in serum-freemedium, to prevent cell distortion
we performed all experiments in the serum
media. In the following studies, the conditions of
serum-containing medium and 80 mMmagnolol
were used, unless otherwise indicated. First, we
identified the cell death patterns seen after 6 or
24 h treatment with 80 mM magnolol. Figure 2
shows characteristic apoptotic cells identified
by DAPI staining (Fig. 2A(b); control 2A(a)) and
by TUNEL staining (Fig. 2A(d); control 2A(c)).
The percentages of apoptotic cells in DMSO
groups are 8, 5, 5, and 3% in Figure 2B(a–d),
respectively. The apoptotic ratios in plain
medium appeared to be about 3–4%, lower than
the values for DMSO groups, indicating the
minor cytotoxic effect from DMSO alone. Quan-
titative analyses using different assays for apo-
ptotic and necrotic cells confirmed the increases
in apoptotic (Fig. 2B(a–c)) and necrotic cells
(Fig. 2B(d)) with time of magnolol treatment.
Figure. 2B(c) shows that the DNA contents in
the sub-G1 regions of magnolol-treated cells
were significantly greater than those in control
cells. The apoptotic cell percentages estimated
by DAPI staining may be higher than that by
TUNEL staining at 6 h of magnolol treatment,
since at the very early beginning of apoptosis,
cells with chromatin condensation might be
TUNEL-negative.

Signaling Pathways for
Magnolol-Induced Apoptosis

To examine changes in the distribution of
cytochrome-c, we performed both immunofluor-
escence and Western blot analyses. DMSO-
treated control cells showed a normal appear-
ance of the nuclei, and cytochrome-c was
localized in the mitochondria (Fig. 3A,B). After
treatment for 6 h with magnolol, the mitochon-
dria in apoptotic cells became swollen, and an
increase in the cytosolic staining of cytochrome-
c was observed (Fig. 3C,D). The amounts of
cytochrome-c in the cytoplasm increased with
time of treatment (Fig. 4A), while those in the
membrane fractions appeared unchanged by
Western blotting analyses (data not shown).
Our result was similar to those reported by
Clark et al. [2006], which showed in the rat
hippocampus after traumatic brain injury,
increased levels of cytosolic cytochrome-c was
not associated with a concomitant reduction in

mitochondrial cytochrome-c. Since cytochrome-
c release can activate caspase 3, we examined
levels of active caspase 3, as shown by the
appearance of 19 kDa and 17 kDa fragments
cleaved from 30 kDa inactive procaspase 3 and
found that these increased significantly after
6 h treatment with magnolol, then gradually
decreased with further incubation (Fig. 4B).
The 89 kDa fragment, produced from 116 kDa
PARP-1 by caspase 3 activity, was not seen
in DMSO control cells, but became detectable
and peaked at 6 h after magnolol treatment
(Fig. 4B). The levels of active caspase 3 decreas-
ed at 18 and 24 h, while those of active caspase 7
started to increase at 6 h and peaked at 18 h
after magnolol treatment (Fig. 4B). Thus,
increased levels of active caspase 7 might be
attributed to the increased PARP cleavage after
6 h of magnolol treatment. Pretreatment with
inhibitors specific for caspase 9 and 8 partially
reduced the levels of active caspase 3 increased
by magnolol (data not shown), indicating that
caspase 3 acts distal to caspase 9 and8. Thenext
experiment supports that both caspase 9 and 8
contribute to the regulation of PARP cleavage,
since specific inhibitors of these two caspases
partially or completely prevented magnolol-
induced PARP cleavage (Fig. 4C).

Activation of PARP-1 triggers the release of
AIF frommitochondria and translocation to the
nucleus [Susin et al., 1999]. In DMSO-treated
cells, AIF was restrictively localized in the
mitochondria (Fig. 5A), while, after 6–24 h of
treatment with magnolol, diffuse staining of
AIF was noted in the nuclei, a sign of nuclear
translocation (Fig. 5B–D). The percentages of
AIF-positive nuclei increased with time of
magnolol treatment (Fig. 5). To confirm the
involvement of caspase and PARP activation in
magnolol-induced apoptosis, we treated the
cells with the PARP inhibitor, 3AB, the general
caspase inhibitor, z-VAD-FMK, the caspase-8
inhibitor, Z-IETD-FMK or the caspase-9 inhi-
bitor, Ac-LEHD-CHO, for 30 min before, and
during, incubation for 6 h with magnolol.
Treatment with different inhibitor alone did
not affect the proportions of apoptotic cells.
Inhibiting the activities of total caspases or
caspase 9 significantly blocked the induction of
apoptosis by magnolol (Fig. 6A). The specific
caspase-8 inhibitor partially decreased the
percentages of apoptotic cells induced by mag-
nolol without reaching statistical significance.
Inhibition of PARP activity by 3AB also largely
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Fig. 2. Analyses of apoptotic and necrotic cells induced by
magnolol.A: Cells were treated for 6h with 0.1%DMSO (a, c) or
80 mM magnolol (Mag) (b, d) in serum medium. Apoptotic cells
were identified by nuclear condensation after DAPI staining
(b; control a), or by TUNEL positivity (d; control c). Bar¼ 40 mm.
B: Quantitative analyses of apoptotic and necrotic cells by

magnolol. The percentages of apoptotic cells were evaluated by
DAPI staining (a) or TUNEL staining (b). A representative result
from flow cytometry is shown in (c). Necrotic cells were vitally
stained with PI (d). n¼3. *, P<0.05, compared to the DMSO
group.
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prevented induction of apoptosis by magnolol
(Fig. 6A). This effect may be explained by the
observation that 3AB partially prevented the
magnolol-induced PARP cleavage (Fig. 4C),
therefore, allowing more PARP for repairing
damagedDNA. In addition, the protective effect
of 3AB may be due to inhibition of AIF trans-
location by inactivating PARP, as supported
by the findings that PARP-deficiency and
PARP inhibitor block AIF-induced apoptosis
[Boulares et al., 1999; Yu et al., 2002; Zhang
et al., 2005]. Thus, the apoptosis triggered
by magnolol is both caspase- and PARP-
dependent.
Levels of phosphorylated PTEN, an active

form of PTEN, were decreased with time of
magnolol treatment, concomitantly with a late
decrease in PTEN expression after 24 h treat-
ment (Fig. 7A). PTEN can inactivate Akt by
dephosphorylating it. As expected, the levels
of phosphorylated Akt (inactive Akt), were
significantly decreased by magnolol, in accom-
plishment with its downregulation (Fig. 7B).

Mechanisms for Magnolol-Induced Necrosis

DNAdamage increasesPARPactivity, result-
ing in depletion of intracellular ATP, which
might result in necrosis. When PARP activity
was inhibited by 3AB, induction of necrosis by

magnolol was completely prevented (Fig. 6B).
Inhibition of caspases had no such effect.

DISCUSSION

Previous studies demonstrated the apoptotic
effect of magnolol on several human cancer cell
types and that thepathwaymediatingapoptosis
is the cytochrome-c/caspase 3 cascade [Lin et al.,
2001; Yang et al., 2003]. The present work
extended these studies to human thyroid carci-
noma cells. In addition to the major apoptosis
pathway, necrosis was found to be a minor
contributor to magnolol-induced cell death in
this cell type.

Using immunofluorescence andWestern blot-
ting analyses, we demonstrated cytochrome-c
release in the cytoplasm of apoptotic cells.
Furthermore, activations of caspase 3 and
caspase 7 were observed after 6 and 18 h of
magnolol treatment, respectively. The involve-
ment of caspases was further confirmed by the
observation that a pan-caspase inhibitor com-
pletely inhibited magnolol-induced apoptosis.
Consistent with a previously reported mechan-
ism for magnolol in other cell cancer cells, we
showed that the cytochrome-c/caspase 3 path-
way contributed to the magnolol-induced apop-
tosis of thyroid carcinoma cells. Interestingly,
we found that either a pan caspase inhibitor or

Fig. 3. Distribution of cytochrome-c inmagnolol-treated cells. Cells were treated for 6 hwithDMSO (A,B)
or 80 mMmagnolol (C,D), then processed for cytochrome-c immunostaining (B, D) or DAPI staining (A, C).
The arrow indicates cytosolic staining for cytochrome-c in apoptotic cells. Bar¼ 20 mm.
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a caspase-9 inhibitor but not the caspase-8
inhibitor caused complete block of magnolol-
induced apoptosis. The data suggest that cas-
pase 9 acts as the upstreammolecule to activate
caspase 3. Several intrinsic pathways account

for cytochrome-c release from mitochondria,
such as the translocation of Bax to, and
competition with Bcl-2 in, the mitochondrial
membrane, the translocation to the mitochon-
dria of a truncated form of Bid formed by

Fig. 4. Effect of magnolol on levels of cytochrome-c, active
caspase 3, and cleavedPARP.Cellswere treatedwithDMSOand
80 mM magnolol for 6, 18, or 24 h. Western blotting showing
analysis of the cytosolic and membranous fractions for cyto-
chrome-c (A) or of the total cell lysates for active caspase 3 (17
and 19 kDa), active caspase 7 (20 kDa), cleaved PARP (89 kDa),
or b-actin (loading control). B: A typical blot and densitometric

scans of triplicate blots are shown. *, P<0.05; **, P<0.01
compared to the DMSO group. C: Effect of different caspase
inhibitors on magnolol-induced PARP cleavage. Cells were
pretreated with different inhibitors (50 mM z-VAD-FMK, 1 mM
3AB, 50 mM Ac-LEHD-CHO, 50 mM Z-IETD-FMK) for 30 min
before, and during, 6 h incubation with 80 mM magnolol, then
cell homogenates analyzed for cleaved PARP levels.
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caspase 8 activity, the loss of the mitochondrial
membrane potential, or the opening of perme-
ability transition pores upon Ca2þ overload
[Smaili et al., 2000; Ferrer and Planas, 2003].
The mechanism by which magnolol induces
cytochrome-c release remains to be studied.
PARP is primarily activated by DNA breaks,

and mild activation facilitates DNA repair and
cell survival [Virag, 2005]. In early apoptosis,
this enzyme activated may accelerate the apo-
ptotic cascade by mediating the translocation
of AIF from the mitochondria to the nucleus.
However, excessive DNA damage induces over
activation of PARP, which switches the mode of
cell death from apoptosis to necrosis by con-
suming NADþ and ATP. Consistent with the
above hypotheses, this study provided evidence
that magnolol caused PARP activation, as
shown by AIF translocation from the mitochon-

dria to the nucleus, and PARP activation was
necessary for the effect ofmagnolol on apoptosis
and necrosis, since PARP inhibition by 3AB
abrogated these effects. Nuclear translocation
of AIF is known to induce peripheral chromatin
condensation and large-scale DNA fragmenta-
tion [Susin et al., 1999; Yu et al., 2002, 2003].
Thus, inhibition of PARP activity by 3ABmight
block AIF translocation from the mitochondria
to the nucleus, thus preventing DNA damage
[Yu et al., 2003; van Wijk and Hageman,
2005]. PARP is cleaved at the late apoptotic
phase by caspase 3 or caspase 7 [Decker and
Muller, 2002]. In this study, early activation
of caspase 3 and late activation of caspase 7
apparently contributed to the time-dependent
increase in cleaved PARP. One of the cleaved
PARP fragments, the N-terminal DNA-binding
domain, promotes apoptosis by preventingDNA

Fig. 5. Time course study ofmagnolol-induced translocation of AIF. Cellswere treatedwithDMSO for 24 h
(A) or 80 mM magnolol for 6 (B), 18 (C), or 24 h (D) and immunostained for AIF. The localization of AIF in
magnolol-treated cellswas visualizedby biotin-avidin-peroxidasemethod. Bar¼ 20mm. Lower panel: Time
course analysis of AIF-positive cells after magnolol treatment. n¼3, *, P<0.05; **, P<0.01, compared to
the DMSO group.
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repair-induced survival, since it binds strongly
to DNA and inhibits the catalytic activity of
intact PARP-1 [D’Amours et al., 2001].

PTEN dephosphorylates inositol phospholi-
pid intermediates of the PI3K pathway, thus
inhibiting activation of the downstream target,
Akt [Ali et al., 1999; Cantley and Neel, 1999].
In the present study, magnolol induced PTEN
activation and downregulation and depho-
sphorylation of Akt. The reduction in phos-
phorylatedAkt levels correlatedwithadecrease

in PTEN phosphorylation at the same time
point. Inactivation of Akt by dephosphorylation
removes its inhibitory effect on several compo-
nents of the cell death machinery, such as Bad
and caspase 9, which, in turn, induce apoptosis
[Cardone et al., 1998; Datta et al., 1999]. The
reason why the caspase-9 inhibitor caused
complete inhibition of magnolol-induced apop-
tosis may be due to the fact that caspase 9 is the

Fig. 6. Effect of a PARP inhibitor or caspase inhibitors on
magnolol-induced cell death. Cells were incubated with inhi-
bitors alone or in the presence of different inhibitors (50 mM
z-VAD-FMK, 1 mM 3AB, 50 mM Ac-LEHD-CHO, or 50 mM
Z-IETD-FMK) for 30 min before, and during, 6 h incubation with
80 mM magnolol, then stained with PI or DAPI to calculate the
percentageof apoptotic (A) or necrotic cells (B). n¼3, *,P< 0.05
compared to the magnolol-treated group.

Fig. 7. Changes in the total and phosphorylation levels of PTEN
andAkt after magnolol treatment. Cells were treatedwithDMSO
or 80 mMmagnolol for different intervals (6, 18, or 24 h), then the
cell homogenates were analyzed for PTEN (A), p-PTEN (A), Akt
(B), and p-Akt (B) byWestern blotting. b-actin, loading control. A
typical blot and data on densitometric scans of triplicate blots for
p-PTEN (A, lower panel) and p-Akt (B, lower panel) were shown.
*, P<0.05; **, P<0.01, compared to the DMSO group.
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common downstream effector of both the Akt
and cytochrome-c/caspase cascades. In addi-
tion, inactivation of Akt activates GSK3b,
resulting in destabilization of cyclin D1 and
upregulation of p27, thus inhibiting the cell
cycle [Motti et al., 2005]. This downregulation of
Akt activity provides another possible mechan-
ism for magnolol-induced apoptosis.
Recent studies also suggest that PTEN can

suppress the invasiveness and motility of
various types of tumor cells [Koul et al., 2001;
Raftopoulou et al., 2004]. Akt inactivation via
dephosphorylation reduces the invasiveness of
melanoma and bladder cancer cells [Stewart
et al., 2003;Wu et al., 2004; Franke et al., 2005].
Previous studies have shown that magnolol has
an inhibitory effect of invasiveness and metas-
tasis of melanoma [Nagase et al., 2001; Ikeda
and Nagase, 2002]. Our findings that magnolol
induced PTEN activation and Akt inactivation
may account for these effects. A study of the
effect of magnolol on the invasiveness and
motility of CGTH W-2 cells is currently under-
way. The regulation of PTEN expression is
poorly understood. PPARg agonists have been
shown to upregulate PTEN expression in
pancreatic cancer cells [Farrow and Evers,
2003] and non-small cell lung cancer cells [Lee
et al., 2006]. In human umbilical vein endothe-
lial cells, sphingosine-1-phosphate acts through
the S1P2R receptor, a G-protein-coupled recep-
tor, to increase PTEN activity by tyrosine
phosphorylation [Sanchez et al., 2005]. Under-
standing how magnolol upregulates PTEN
expression is of considerate interest. Thus,
magnolol may represent a new therapy for the
treatment of thyroid cancers.
Necrosis also contributed to the magnolol-

induced cell death. PARPhas been implicated in
apoptosis and necrosis. PARP overactivation
consumes NADþ, and depletes intracellular
energy stores, thus resulting in cell dysfunction
or necrosis [Ha and Snyder, 1999; Herceg and
Wang, 1999]. The involvement of PARP activa-
tion in the induction of necrosis bymagnololwas
confirmed by the observation that the PARP
inhibitor, 3AB, successfully abolished magno-
lol-induced necrosis. In conclusion, we provide
evidence that, in response to magnolol treat-
ment, CGTH W-2 thyroid carcinoma cells die
mainly due to apoptosis, with a minor contribu-
tion from necrosis. Apoptosis is mediated by the
cytochrome-c/caspase 3/PARP and PTEN/Akt
pathways and necrosis by the PARP pathway.
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