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Drug resistance frequently develops in tumors during chemotherapy. Therefore, to improve the clinical outcome, more effective and
tolerable combination treatment strategies are needed. Here, we show that isochaihulactone (K8) enhanced paclitaxel-induced apoptotic
death in human lung cancer cells, and the enhancing effect was related to increasedNSAID-activated gene-1 (NAG-1) expression. CalcuSyn
software was used to evaluate the synergistic interaction of K8 and paclitaxel on human lung cancer cells; the synergistic effect of K8 in
combinationwith paclitaxelwas increasedmore than either of these drugs alone. Furthermore, the activity of ERK1/2was enhanced by the
combination of K8 and paclitaxel, and an ERK1/2 inhibitor dramatically inhibitedNAG-1 expression in human lung cancer cells. Therefore,
this synergistic apoptotic effect in human lung cancer cells may be directly associatedwith K8-inducedNAG-1 expression through ERK1/2
activation. Moreover, over-expression of NAG-1 enhanced K8/paclitaxel-induced apoptosis in human lung cancer cells. In addition,
treatment of nude mice with K8 combined with paclitaxel induced phospho-ERK1/2 and NAG-1 expression in vivo. Targeting of NAG-1
signaling could enhance therapeutic efficacy in lung cancer. Our results reveal that activation of NAG-1 by K8 enhanced the therapeutic
efficacy of paclitaxel in human lung cancer cells via the ERK1/2 signaling pathway.
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Cancer presents a serious clinical problem and poses significant
social and economic effects on the healthcare system. Despite
improved imaging and molecular diagnostic techniques, the
disease still affects millions of patients worldwide (Eisenberg
et al., 1998). Although taxanes and Vinca alkaloids are effective
for the management of different malignancies, resistance to
drugs such as paclitaxel and vincristine frequently develops
in some tumors after an initial quick and promising response
during chemotherapy (Jordan et al., 1998; Rafi et al., 2002;
Wang et al., 2004). Therefore, to improve the clinical outcome,
more effective and tolerable treatment strategies are needed. It
has been reported that combinatorial agents show promise for
cancer treatment because they can hit multiple targets involved
in tumor development (Mukhtar and Ahmad, 1999; McCarty,
2004; Narayanan et al., 2004; Ulrich et al., 2006). Consistent
with this view, there is currently increasing interest in low-
dosage treatments of a combination of twoormore agentswith
differentmodes of action (Tortora et al., 2003;Narayanan et al.,
2004; Wong and Robertson, 2004; Banerjee et al., 2005;
Lin et al., 2005; Velmurugan et al., 2005; Khor et al., 2006;
Narayanan et al., 2006; Ulrich et al., 2006). Many lignan natural
products have complex biological properties, making the
development of synthetic or separate methods for this large
� 2 0 1 1 W I L E Y - L I S S , I N C .
class of compounds a challenge to chemists and biologists.
Nan-Chai-Hu (Chai Hu of the South), the root of Bupleurum
scorzonerifolium, is an important Chinese herb in the treatment
of influenza, fever, malaria, cancer, and menstrual disorders in
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China, Japan, and many other parts of Asia. We previously
reported that the crude acetone extract of B. scorzonerifolium
causes cell-cycle arrest of A549 human lung cancer cells in the
G2/M phase, formation of giant cells, and apoptosis (Chen et al.,
2005; Cheng et al., 2005). The acetone extract fraction
was further partitioned, and we identified a novel lignan,
isochaihulactone (K8), which has anti-tumor activity against
A549 cells in vitro and in vivo (Chen et al., 2006). It was
previously reported that this compound was also isolated
from Bursera microphylla (Burseraceae), and shown to have an
anti-tumor effect (Cole et al., 1969). These findings indicate that
K8 is a promising new anti-mitotic anticancer compound with
potential for clinical applications.

We have found that several K8-induced genes are induced
by nonsteroidal anti-inflammatory drugs (NSAIDs). NSAID-
activated gene-1 (NAG-1) (also known as MIC-1, GDF-15,
placental TGF-b, and PLAB) was highly induced in the presence
of K8 in our previous study (Chen et al., 2007). NAG-1 is a
transforming growth factor-b-like secreted protein. It was
initially characterized as a p53-regulated gene (Baek et al., 2002;
Bottone et al., 2002). Over-expression of NAG-1 in breast
cancer cells, both in vitro and in vivo, results in growth arrest
and apoptosis; similar results were observed in colon cancer
cells (Baek et al., 2002; Bottone et al., 2002; Liu et al., 2003;
Chintharlapalli et al., 2005; Ko et al., 2007) and following
treatment of prostate cancer cells with purified NAG-1 (Liu
et al., 2003). These findings suggest that NAG-1 is linked to
apoptosis and that reduced expression of NAG-1 may enhance
tumorigenesis. It is known that the PPARg-dependent
activation of NAG-1 by troglitazone is due to induction of EGR-
1, which in turn activates NAG-1 (Rokos and Ledwith, 1997;
Chintharlapalli et al., 2006; Yamaguchi et al., 2006; Felts et al.,
2007). Like troglitazone, the PPAR-g active 1,1-bis (3’-indolyl)-
1-(p-substituted phenyl) methanes also induce EGR-1, which in
turn interacts with the proximal GC-rich EGR-1 motifs in the
NAG-1 promoter (Chintharlapalli et al., 2006). This reaction
represents a pathway for induction of EGR-1 and NAG-1, and
these responses contribute to the induction of growth
inhibition and apoptosis promoted by anti-tumor compounds in
cancer cells. In addition, we found that K8 induced growth
inhibition and apoptosis by activating EGR-1 andNAG-1 through
an ERK-dependent pathway, and this did not involve activation
of PI3K signaling (Chen et al., 2007).

In the current study, we demonstrate that the A549 human
lung cancer cell line show hypersensitivity toward paclitaxel,
and this may caused by up-regulation of the responsive factors
of NAG-1 activation via an ERK-dependent pathway.
Combination chemotherapy using anticancer drugs achieves
a better response rate, often exceeding the efficacy of a single
treatment. Our results distinguish the mode of action of K8 as
it interacts with paclitaxel in a synergistic manner and suggest
a mechanism for understanding the downstream effectors of
K8-induced growth inhibition in lung cancer cells.

Materials and Methods
Cell lines and cell culture

The human lung carcinoma cell line A549 (BCRC60074) was
obtained from the Bioresources Collection and Research Center
(BCRC, Hsin Chu, Taiwan). The human lung carcinoma cell line
H1299 (CRL-5803) was obtained from the American Type Culture
Collection (ATCC, Manassas, VA). The A549 and H1299 cells
were maintained with RPMI-1640 medium containing 10%
fetal bovine serum (FBS), 100U/ml penicillin, and 100mg/ml
streptomycin (Invitrogen, Carlsbad, CA). The cells were incubated
at 378C in a humidified atmosphere containing 5% CO2. The
growth medium was changed 2–3 days per week and subcultured
when 80% confluent.
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Fraction purification of K8 and structure determination

B. scorzonerifolium roots were supplied by Chung-Yuan Co. (Taipei,
Taiwan), and the plant was identified by Professor Lin of the
National Defense Medicinal Center, where a voucher specimen
was deposited (NDMCP 900801). K8 (4-benzo[1,3]dioxol-5-
ylmethyl-3-(3,4,5-trimethoxyl-benzylidene)-dihydro-furan-2-one)
was prepared as described previously (Chen et al., 2006) and for
drug safety monitoring, our previous study (Chen et al., 2006) and
United States Patent application (Appl. No.: 10/690,992) indicate
that K8 has no effect on normal cells or on organ function at the
therapeutic dosage in vivo.

Chemicals and reagents

RPMI-1640 medium, FBS, penicillin, streptomycin, trypsin/EDTA,
and a NuPAGE Bis-Tris Electrophoresis System (precast
polyacrylamide minigels) were purchased from Invitrogen
(Carlsbad, CA). An RNA isolation kit was purchased from
QIAGEN (Valencia, CA). The PKC inhibitor GF109203X,
paclitaxel (for drug safety monitoring, paclitaxel is widely used in
the treatment of lung, ovarian, and breast carcinomas (Mekhail and
Markman, 2002) and the first of a new class of microtubule
stabilizing agents, has been hailed by National Cancer Institute
(NCI) as the most significant advance in chemotherapy of the past
15–20 years (Paim et al., 2002)), vincristine, irinotecan, dimethyl
sulfoxide (DMSO), 3-(4,5-dimethyl thizol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), b-actin monoclonal antibodies, and
horseradish peroxidase (HRP)-conjugated secondary antibodies
were purchased from Sigma (St Louis, MO). The ERK1/2 kinase
inhibitor PD98059 and PI3K/AKT inhibitor LY294002 were
purchased from Calbiochem (San Diego, CA). The NAG-1,
caspase-3, phospho-AKT, AKT, phospho-PKC, PKC, phospho-
ERK1/2 and ERK1/2 monoclonal antibodies were purchased from
Cell Signaling Technology (Danvers, MA). Mycoplasma removal
reagent was obtained from Dainippon Pharmaceutical (Osaka,
Japan). The Annexin V-FLOUS Staining Kit was obtained
from Roche Molecular Biochemicals (Mannheim, Germany).
Polyvinylidene difluoride membranes, a bovine serum albumin
protein assay kit, and western blot chemiluminescence reagents
were purchased from Amersham Biosciences (Arlington
Heights, IL).

Growth inhibition assay

The viability of the cells after treatment with various chemicals was
evaluated using an MTT assay preformed in triplicate. Briefly, the
cancer cells (5� 103) were incubated in 96-well plates containing
200ml of the culture medium. Cells were permitted to adhere for
12–18 h and then washed with phosphate-buffered saline (PBS).
Solutions were always prepared fresh by dissolving 0.2% DMSO or
drugs in culture medium and then added to the A549 cells. After
48 h of exposure, the drug-containing medium was removed, cells
were washed with PBS, and the medium was replaced with fresh
medium. The cells in each well were then incubated in culture
medium with 500mg/ml MTT for 2 h. After the medium was
removed, 200ml of DMSO was added to each well. Absorbance at
570 nm of the maximum was detected using a PowerWave X
Microplate ELISA Reader (Bio-TeK Instruments, Winoski, VT).
The absorbance for DMSO treated cells was considered 100%.
The results were determined by three independent experiments.

Evaluation of the effect of K8 in combination with paclitaxel on
the inhibition of human lung cancer cell proliferation

A commercial CalcuSyn software package (Biosoft, Cambridge,
UK) was used for median-effect analysis, as described by Chou
and Talalay (Chou and Talalay, 1981). The dose-effect curve was
plotted using a logarithmic conversion of this equation to log
(fa/fu)¼mlog(D)�mlog(Dm) for each agent and then in fixed
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ratio combinations. In brief, A549 or H1299 human lung cancer
cells were seeded at a density of 5� 103 cells/well in flat-bottom
plates (200ml/well). After 24 h, the culture medium was removed
and the cells were washed with fresh FBS-free culture medium. By
this method, six concentrations (0.625, 0.25, 2.5, 5, 10, and 20mM)
of K8 combined with six concentrations (0.625, 1.25, 2.5, 5, 10, and
20 nM) of paclitaxel were added to A549 or H1299 cells. After 48 h
of exposure, the drug-containing medium was removed, the cells
were washed with PBS, and the medium was replaced with fresh
medium. The cells in each well were then incubated in culture
medium with 500mg/ml MTT for 4 h. After the medium was
removed, 200ml of DMSO was added to each well. Absorbance at
570 nm of the maximum was detected by a PowerWave X
Microplate ELISA Reader (Bio-TeK Instruments, Winoski, VT).
The absorbance for DMSO-treated cells was considered as 100%.
According to the survival rate, we calculated the combination index
(CI) based on the formula: CI¼ (D)1/(Dx)1þ (D)2/(Dx)2 (CI¼ 1
implies an additive effect, CI> 1 an antagonistic effect, and CI< 1 a
synergistic effect). (Dx)1 and (Dx)2 are the drug 1 and drug 2
concentrations that inhibit cell division by 50% after 48 h. (D)1 and
(D)2 are the concentrations of drug 1 combined with drug 2 that
inhibit cell division by 50% after 48 h.

Detection of apoptosis

Apoptosis was analyzed according to the method described
by van Engeland et al. (van Engeland et al., 1998) to detect the
integrity of the cellular membrane and the externalization of
phosphatidylserine. In brief, approximately 106 cells were grown
in 35-mm diameter plates. The cells were treated with various
herbal extracts and chemicals according to the experimental design
and then labeled with 10mg/ml annexin V-FLOUS and 20mg/ml
propidium iodide (PI) before harvesting. After labeling, the cells
were washed with binding buffer and harvested by scraping.
Cells were resuspended in binding buffer at a concentration of
2� 105 cells/ml before analysis by flow cytometry (FACScan). The
datawere analyzedwithWinMDIV2.8 software. The percentage of
cells undergoing apoptosis was determined by three independent
experiments.

Caspase activity assay

Activity of caspase-3 or caspase-9 was detected by using a
fluorometric assay kit (Promega, Madison, WI) according to the
manufacturer’s protocol. In brief, 2� 106 control or treated cells
were lysed in 50ml of cold lysis buffer and incubated in ice for
10min. Cell lysate (50ml) was added to 50ml of reaction buffer and
5ml of fluorogenic report substrate specific for caspase-3 in
a 96-well microplate. After incubation at 378C for 1 h, the
fluorescence from the cleaved C-terminal side of the aspartate
residue of DEVD-7-amino-4-trifluoromethyl coumarin was
detected by a fluorescence microplate reader (Fluoroskan Ascent;
Thermo Fisher Scientific,Waltham,MA), with excitation at 400 nm
and emission at 505 nm.

Isolation of RNA and RT-PCR

Total cellular RNA was extracted from cells using TRIzol Reagent
(Invitrogen, Carlsbad, CA) according to the manufacture’s
protocol. Then, 2mg of total RNA was reverse transcribed at
658C for 5min, followed by 378C for 60min in the presence
of Omniscript Reverse Transcriptase (QIAGEN) according to
manufacturer’s protocol. A total of 1mg of cDNA was amplified
in the presence of 20mmol of the following primers: NAG-1(F),
5’-ACTCCGAAGACTCCAGATTCCGA-3’; NAG-1(R),
5’-ATGCACATGGTCACTTGCACCT-3’; GAPDH(F),
5’-TGAAGGTCGGAGTCAACGGATTTGGT-3’; GAPDH(R),
5’-CAT-GTGGGCCATGAGGTCCACCAC-3’ with Taq DNA
polymerase (Takara Shuzo, Shiga, Japan). The thermal cycling
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profile was composed of an initial denaturation step at 958C for
10min and 30 cycles of 30 sec of denaturation at 958C, 30 sec
of annealing at 608C, and 1min of extension at 728C, with a final
10-min extension step at 728C. The intensity of the product bands
was analyzed using a GS-800 calibrated imaging densitometer
(Quantity One 4.0.3 software; Bio-Rad, Hercules, CA), and the
levels of GAPDH were used as a loading control.

Western blot analysis

A549 cells were seeded in a 10-cm dish, permitted to adhere
for 12–18 h, and then washed with PBS. Solutions were always
prepared fresh by dissolving 0.2% DMSO or drugs in culture
medium, which were then added to the cells. Cell pellets were
resuspended in lysis buffer (10 nM Tris-HCl [pH 7.5], 1mM
EGTA, 0.5% 3-[3-(cholamidopropyl) dimethylammonio]-1-
propanesulfonate, 10% [v/v] glycerol, 5mM b-2-mercaptoethanol,
and 0.1mM phenyl-methylsulfonyl fluoride) and incubated on ice
for 30min. After centrifugation at 16,000� g for 10min at 48C,
total cell lysates were collected. The protein concentration of the
cell lysates was measured with a Bio-Rad protein assay kit (Bio-Rad
Laboratories) following the manufacturer’s instructions. Aliquots
(20mg) of the cell lysates were separated by 10–12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE;
Bio-Rad) and transferred to polyvinylidene difluoride membranes
(Millipore, Billerica, MA). The membranes were blocked with 5%
skim milk overnight and probed with an appropriate dilution of
primary antibodies for 2 h at room temperature. Membranes were
washed three times with 0.1% Tween 20 and incubated with a
1:1,000 dilution of HRP-conjugated secondary antibody for 1 h at
room temperature. All proteins were detected using Western
Lightning Chemiluminescence Reagent Plus (PerkinElmer,
Waltham, MA) and quantified using a densitometer.

Anti-tumor activity in vivo

Xenograft mice were used as a model system to study cytotoxicity
of K8 combined with paclitaxel in vivo; the implantation of cancer
cells was carried out similar to previous reports. Female congenital
athymic BALB/c nude (nu/nu) mice were purchased from the
National Sciences Council (Taipei, Taiwan), and all procedures
were performed in compliance with the standard operating
procedures of the Laboratory Animal Center of Ilan University
(Ilan, Taiwan). All experiments were carried out using 6–8-week
old mice weighing 18–22 g. The animals were subcutaneously
implanted with 5� 106 A549 cells into their backs. When the
tumor reached 100–250mm3 in volume, animals were divided
randomly into control and test groups consisting of six mice per
group (day 0). In our previous study, the 10mg/kg K8 did not
significantly inhibit tumor growth (Chen et al., 2006). In addition,
we also found that 5mg/kg paclitaxel did not significantly inhibit
tumor growth (Shoemaker et al., 2006; Skobeleva et al., 2007).
Therefore, daily subcutaneous (sc) administration of 10mg/kg K8,
5mg/kg paclitaxel, and 10mg/kg K8 combined with 5mg/kg
paclitaxel dissolved in a vehicle of vitamin K1 (standard) was
performed from days 0 to 4 far from the inoculated tumor sites
(>1.5 cm). The control group was treated with vehicle only.
The mice were weighed three times a week up to 21–28 days to
monitor the effects, and at the same time, the tumor volume was
determined bymeasurement of the length (L) and width (W) of the
tumor. The tumor volume at day n (TVn) was calculated as
TV(mm3)¼ (LW2)/2. The relative tumor volume at day n (RTVn)
versus day 0 was expressed according to the following formula:
RTVn¼TVn/TV0. Tumor regression (T/C [%]) in treated versus
control mice was calculated using: T/C (%)¼ (mean RTV of treated
group)/(mean RTV of control group)� 100. Xenograft tumors
as well as other vital organs of treated and control mice were
harvested and fixed in 10% formalin, embedded in paraffin, and cut
in 4-mm sections for histologic study.



TABLE 1. Growth inhibition of K8 against human lung cancer cell lines

Cell line Origin IC50 (mM)

A549 Lung adenocarcinoma 18.5
H460 Lung adenocarcinoma 20.0
H1299 Lung adenocarcinoma 20.5
A549-T12 Lung adenocarcinoma 10.0

IC50, drug concentration that inhibits cell division by 50% after 43 h. Each value is based on at
least three different experiments.
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Immunohistochemical staining

All tumor tissues were fixed in 10% formalin at 48C and then
embedded in paraffin. Paraffin sections (5mm) were deparaffinized
in xylene and rehydrated through a graded series of ethanol
solutions. The sections were incubated with blocking solution (5%
nonfat milk powder in PBS) for 60min at room temperature,
followed by a 48C overnight incubation with anti-NAG-1, anti-
phospho-ERK1/2 and anti-caspase-3 monoclonal antibodies in
blocking solution separately. Subsequently, the immune complexes
were visualized using the LSAB2 system (Dako North America,
Carpinteria, CA), and then incubated for 15min with 0.5mg/ml
diaminobenzidine and 0.03% (v/v) H2O2 in PBS. Finally, sections
were counterstained with hematoxylin, mounted, observed under
a light microscope at magnifications of 400�, and photographed.

Statistical analysis

The data represent means� SD. Statistical differences were
analyzed using the Student’s t-test. For the pairwise comparisons
multiple samples, statistical differences were analyzed using the t-
test to compare the specific pairs of groups in one-way ANOVA
(LSD procedure). Values of P< 0.05 were considered significant
(�P< 0.05, ��P< 0.01, ���P< 0.001).

Results
K8 synergistically increases the cytotoxicity of paclitaxel
in human lung cancer cells

K8, a structural signature of lignan family compounds (Fig. 1),
caused cytotoxicity in various lung cancer cell lines (Table 1), as
well as in hepatocarcinoma, prostate adenocarcinoma, and oral
squamous cell carcinoma cells (Chen et al., 2006). However,
because it is not known whether K8 increases the sensitivity of
human lung cancer cells to other anticancer chemotherapeutic
drugs (paclitaxel, vincristine, and irinotecan), dose-response
curves of each single chemotherapeutic drug and its
combination with K8 at different doses were determined using
A549 andH1299 cells and further clarify is shown in Figure 2 and
Tables 2 and 3. To further investigate whether enhanced
anticancer chemotherapeutic drug sensitivity occurs in human
lung cancer cells, A549 and H1299 cells were exposed to K8
and shown the lethal rates of three ratios of K8 and paclitaxel in
Table 2 and a CalcuSyn analysis was used to evaluate whether
K8 has a synergistic effectwith other anticancer drugs (Table 3).
As shown in Figure 2B, A549 cells were simultaneously exposed
Fig. 1. Chemical structure of K8.
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to K8 and the depolymerization agent paclitaxel at equipotent
molar ratios for three generations to obtain CI plots, and were
shown a dramatically synergistic effect than the other
chemotherapeutic drugs. The CI values are summarized in
Table 3.

Up-regulation of NAG-1 protein expression and
increased apoptosis after combined K8/paclitaxel
treatment

The percentage of apoptosis induced by K8 or K8 combined
with paclitaxel in A549 cells is shown in Figure 3A. K8 (5mM)
induced 17.8% apoptosis compared with the control (2.2%).
The apoptosis rate induced by 2.5 nMof paclitaxel alone inA549
cells was 21.5%. In addition, the synergistic increasing
percentage of apoptosis induced by combined exposure
to 5mM K8 and 2.5 nM paclitaxel (2,000:1) was 38.4%.

In our previous study, K8 was shown to induce EGR-1 and
NAG-1 mRNA and protein expression in A549 cells (Chen
et al., 2006). To evaluate whether EGR-1 is involved in the
induction of NAG-1 expression by combined K8/paclitaxel
treatment, NAG-1 mRNA and protein expression was
determined by RT-PCR and western blot analysis, respectively.
The results showed thatNAG-1mRNAand protein expression
were up-regulated following combined K8/paclitaxel treatment
(Fig. 3B).

The proteolytic processing of inactive procaspases is an
essential component of the death pathway in many cells.
Caspases (e.g., caspase-1, -3, -8, -9, and -10) are involved in the
early stages of the proteolytic cascade and induction of
apoptosis. We observed increased activation of the effectors
caspase-3 and caspase-9 by K8 or paclitaxel, and this increased
activation was synergistically enhanced by treatment with a
combination of both drugs (Fig. 3C). These results suggest that
combined treatment with K8/paclitaxel induces apoptosis
through a caspase-dependent mechanism.

K8 enhances paclitaxel-inhibited ERK activation followed
by growth inhibition in human lung cancer cells

A role for MAPKs in the regulation of NAG-1 and NAG-1 as
a novel downstream target of the PI3K/AKT/GSK-3b (PI3K/
AKT) pathway has been reported in several studies (Yamaguchi
et al., 2004). To determine whether the MAPK/ERK, PKC, or
PI3K/AKT/GSK3 pathway plays a role in the induced growth
inhibition of human lung cancer cells following combined K8/
paclitaxel treatment, the A549 cells were treated with 5mMK8
combined with various concentrations of paclitaxel (1.25–
5 nM) in the presence or absence of the MEK/ERK1/2 inhibitor
PD98059 (12.5, 25, and 50mM), the PI3K/AKT inhibitor
LY294002 (5, 10, and 20mM), or the PKC inhibitorGF109203X
(5, 10, and 20mM). It was observed that an ERK inhibitor,
PD98059, inhibited cell death induced by combined K8/
paclitaxel treatment in a concentration-dependent manner in
human A549 human lung cancer cells (Fig. 4A).

To determine which of the signaling molecular was involved
in the induced growth inhibition following combined K8/



Fig. 2. K8 synergistically interactswith paclitaxel to inhibit the proliferation of human lung cancer cells in vitro. (A)A549 cellswere treatedwith
various concentrations of K8 or paclitaxel. After 48 h of incubation, the growth inhibition effect (IC50) was determined by the MTT assay. The
data represent the mean and SD from three independent experiments. MP<0.05, MMP<0.01, MMMP<0.001, compared with corresponding value
for cells treated with vehicle alone. (B) CI values for the K8 and anticancer chemotherapeutic drugs (paclitaxel, vincristine, and irinotecan)
combination treatments tested onA549 cells. CI values were calculated from the dose–response curves shown in part B and are given in Table 3.
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paclitaxel treatment, the effect of this treatment on ERK, PKC,
and AKT activation was assessed. Increased phospho-ERK
expression was observed after exposure of A549 cells to
combinedK8/paclitaxel treatment. Furthermore, expression of
PKC, phospho-PKC, AKT, phospho-AKT showed no obvious
changes (Fig. 4B). To investigate a possible role for ERK in the
regulation ofNAG-1, A549 cells were treatedwith both K8 and
TABLE 2. Lethal rates of A549 and H1299 human lung cancer cells with com

Cell line

K8:PaclitaxelU 500:1 K8:Pacl

K8 (mM) Paclitaxel (nM) Lethal rate (%) K8 (mM) Paclita

A549 10 20 71.2 20 2
5 10 69.5 10 1
2.5 5 64 5
1.25 2.5 60.6 2.5 2
0.625 1.25 53.2 1.25 1

A1299 10 20 76.4 20 2
5 10 70.5 10 1
2.5 5 67.9 5
1.25 2.5 62.1 2.5 2
0.625 1.25 55.6 1.25 1
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paclitaxel in the presence or absence of the MAPK inhibitor
PD98059. Western blot analysis indicated that inhibition of
phospho-ERK expression (via PD98059) inhibited NAG-1
expression and increased cleavage of caspase-3 following
combined treatment (Fig. 4C). These observations suggest that
activation of the ERK1/2 signaling pathway is involved in the
induction of NAG-1 expression and subsequent apoptosis in
bined K8/paclitaxel treatment

itaxelU 1,000:1 K8:PaclitaxelU 2000:1

xel (nM) Lethal rate (%) K8 (mM) Paclitaxel (nM) Lethal rate (%)

0 81.1 20 10 70
0 76.7 10 5 67.8
5 71.9 5 2.5 60.9
.5 66.7 2.5 1.25 58.3
.25 61.3 1.25 0.625 53.3
0 S4.7 20 10 75.3
0 74.9 10 5 66.2
5 69.1 5 2.5 61.1
.5 64.6 2.5 1.25 55.7
.25 59.8 1.25 0.625 53



TABLE 3. CI Values at ED50 of A549 and H1299 human lung cancer cells

with combined K8/paclitaxel, K8/vincristine, or K8/irinotecan treatment

Cell line

K8/Paclitaxel K8/Vincristine KS/Irinotecan

500:1 1,000:1 2,000:1 2,000:1 8,000:1 20:1 80:1

A549 0.05431 0.08357 0.12641 0.05891 0.43677 0.48525 7.10333
H1299 0.14711 0.17624 0.20984 0.07916 0.50165 0.51787 7.81839

The combination index (Cl) based on the formula: CI¼ (D)1/(Dx)1þ (D)2/(Dx)2 (Cl¼ 1
implies an additive effect, CM an antagonistic effect and CI< 1 a synergistic effect).
The ED50 value is the concentration of the drug that produces 50% of the maximum
response.
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human lung cancer cells following combined K8/paclitaxel
treatment.

NAG-1 enhances combined K8/paclitaxel toxicity in
human lung cancer cells

NSAIDs induce apoptosis in colorectal cancer cells (Bottone
et al., 2002). In our study, A549 cells were stably transfected
with an expression vector containing the full-length NAG-1
Fig. 3. Changes inNAG-1 protein expression and increased apoptosis aft
flowcytometryPI/annexinVstaining inA549cellsandthencellsweretreate
(0.625–10nM) for 48 h as indicated. (B)A549 cells were treatedwith 5mMK
werecollectedandtotalmRNAandproteinswere isolated forRT-PCRand
asinternalcontrols. (C)K8inducedA549cellapoptosisthroughactivatedca
with 2.5 nM paclitaxel (2,000:1) for 24 and 48h. The y axis shows relative
meanWSD fromthree independent experiments. MP<0.05, MMP<0.01, MMMP
or paclitaxel alone.
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coding region in the sense orientation. A pooled population of
cells obtained after selection with G418 was then used to
determine the effect of increased NAG-1 expression.Western
blot analysis indicated that these cells expressed the NAG-1
protein at a rate 2.0-fold greater than the empty vector-
transfected cells (Fig. 5A). These stably transfected cells were
incubated with K8 alone or combined K8/paclitaxel for 48 h,
and apoptosis was determined by flow cytometry (Fig. 5B).
Under all treatment conditions, a higher percentage of cells
expressing NAG-1 underwent apoptosis than cells transfected
with the empty vector (Fig. 5B). A colony formation assay also
confirmed that over-expression of NAG-1 enhanced the cell
toxicity following treatment with combined K8/paclitaxel
(Fig. 5C). Our results suggest that NAG-1 is critically important
for enhancing combined K8/paclitaxel toxicity in human lung
cancer cells.

K8 combined with paclitaxel enhances the growth
inhibition of human lung cancer xenografts in nude mice

Toevaluate the in vivo anti-tumor activity ofK8 alone, paclitaxel
alone, and combined K8/paclitaxel, human lung cancer
er combinedK8/paclitaxel treatment. (A)Apoptosis wasmeasured by
dwith0–20mMK8combinedwithvariousconcentrationsofpaclitaxel
8 combinedwith 2.5 nMpaclitaxel (2,000:1). In each time course, cells
westernblotanalysis.TheexpressionofGAPDHandb-Actinwereused
ppase-9andcaspase-3.A549cellsweretreatedwith5mMK8combined
caspase-3 (left) and caspse-9 (right) activity. The data represent the
< 0.001, comparedwith correspondingvalues for cells treatedwithK8



Fig. 4. Inhibition ofNAG-1 expression and growth inhibition by ERK1/2 inhibitor. (A)MTT assay of A549 cells with culture in serum-containing
mediumpretreatedwiththeMEK1/2inhibitorPD98059(12.5,25,and50mM)orPKCinhibitorGF109203X(5,10,and20mM)orPI3K/AKTinhibitor
LY294002 (5, 10, and20mM) for1 handthentreatedwithcombined5mMK8/(1.25, 2.5, and5mM)paclitaxel for24 h.Thefirst sample ineachgraph
showstheA549cellstreatedwithserum-containingmediaandnotestcompoundasanegativecontrol.ThedatarepresentthemeansWSDofthree
different experiments. MP<0.05, MMP<0.01, MMMP<0.001, compared with corresponding value for cells treated with K8 combined paclitaxel
treatment. (B)Westernblot analysis ofPKC,phospho-PKC,AKT,phospho-AKT,ERK1/2, andphospho-ERK1/2 inA549cells after treatmentwith
5mMK8 and/or combined with 2.5 nM paclitaxel (2,000:1) for 24 h. (C) A549 cells with culture in serum-containing medium pretreated with or
without theMEK1/2 inhibitor PD98059 (50mM) and then treatedwith 5mMK8and/or combinedwith 2.5 nMpaclitaxel (2,000:1) for the indicated
times. The phospho-ERK1/2, NAG-1 and cleaved caspase-3 were detected by western blotting.
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xenografts were established by subcutaneous injection of A549
cells into the dorsal tissue and cells on the backs of nude mice.
After the tumors reached approximately 100–250mm3, the
micewere given a daily subcutaneous injection of K8, paclitaxel,
or combined K8/paclitaxel for 5 successive days. Significant
suppression of tumor growth was observed in the groups
treated with combined K8/paclitaxel compared with the other
groups (K8 alone or paclitaxel alone) (Fig. 6A). In addition,
immunohistochemistry analysis showed increased phospho-
ERK1/2 (Fig. 6B), NAG-1 (Fig. 6C), and cleaved caspase-3
(Fig. 6D) protein expression in tumor cells treatedwith bothK8
and paclitaxel relative to the control groups in vivo.
Discussion

It has been shown that both paclitaxel and K8 enhance cell
growth inhibition and apoptotic cell death. Previous data
indicate that concurrent paclitaxel and radiation treatments
demonstrate locoregional activity in pancreatic cancer
(von Haefen et al., 2003). However, there have been few
investigations into the effects of K8 on the growth of lung
cancer cells. In the present study, we found that K8 also induced
JOURNAL OF CELLULAR PHYSIOLOGY
cell death in human lung cancer cells, and that the combination
of paclitaxel and K8 had a synergistic effect on cell death (Fig. 2
and Table 3). A putative signaling pathway that could account
for the actions of the combination of paclitaxel and K8 is shown
in Figure 7.

Paclitaxel and K8 are implicated in the regulation of various
signaling pathways involved in proliferation, differentiation, and
apoptosis (Ambrosini et al., 1998; Olie et al., 2000; Bacus et al.,
2001; Liu and Sun, 2003; Chen andWong, 2008; Rahman et al.,
2009). Existing data indicate that the MAPK pathway is related
to paclitaxel- or K8-induced cell death in three different human
cancer cell lines: HeLa cervical carcinoma, MCF7 breast cancer,
and A431 squamous carcinoma cells (Bacus et al., 2001). The
mitogen-induced ERK MAPKs are linked to cell proliferation
and survival, whereas the stress-activatedMAPKs, p38, and JNK
are involved in apoptosis (Wang et al., 2004; Shih et al., 2007).
Here, we found that paclitaxel or K8 alone induced ERK
activation, whereas the combination of these two compounds
synergistically induced activation of ERK (Fig. 4). Our results
suggest that the synergistic effect on cell death was mediated by
ERK signaling in human lung cancer cells. The balance between
apoptotic and anti-apoptotic signaling pathways plays a role
in the pathogenesis of a variety of cancers.



Fig. 5. Effect of NAG-1 expression on K8 combined with paclitaxel-induced apoptosis. (A) A549 cells were transfected with either pCDNA3.1
(Vector) or pCDNA3.1-NAG-1 (NAG-1), and stably transfected clones were selected by exposure to G418 (500mg/ml) for 3 weeks. The stably
transfected cloneswere treatedwith vehicle, 5mMK8,or 5mMK8combinedwith 2.5 nMpaclitaxel (2,000:1) for 24 h. (B)Apoptosiswasmeasured
byflowcytometryPI/annexinVstaininginstablytransfectedA549cellstreatedwithvehicle,K8,orK8combinedwithdifferentdosagesofpaclitaxel
(2,000:1 and 1,000:1) for 24h. The data represent themeansWSDof three different experiments. (C) Effects ofNAG-1 expression and treatment
with K8 combined with paclitaxel on colony formation. The stably transfected clones were treated with vehicle, K8, K8 combined with different
dosages of paclitaxel (2,000:1 and 1,000:1) for 24 h and then grown in culture medium for 2 weeks. The data represent the meansWSD of
three different experiments. MP<0.05, MMP<0.01, MMMP<0.001, compared with control.
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NAG-1 is a transforming growth factor-b-like secreted
protein and was initially characterized as a p53-regulated gene
(Baek et al., 2002; Bottone et al., 2002). In our current study, we
demonstrated that over-expression of NAG-1 in A549 cells
resulted in growth arrest and apoptosis. The similar results
were also observed in colon cancer cells (Liu et al., 2003;
Chintharlapalli et al., 2005;Chen et al., 2007; Ko et al., 2007) and
for treatment of prostate cancer cells with purified NAG-1,
which induces apoptosis (Liu et al., 2003). These findings
suggest that NAG-1 is linked to apoptosis and that reduced
expression of NAG-1 may enhance tumorigenesis. It has been
demonstrated that NAG-1 is highly induced after combination
treatment with sodium salicylate and PI3K/MEK1/2 inhibitor
(Kim et al., 2008)� In our study, although paclitaxel alone had a
mild effect onNAG-1 expression, the combination of paclitaxel
andK8 remarkably up-regulated the level ofNAG-1 (Fig. 5).We
also demonstrated that activation of the ERK pathway led to
activation of NAG-1 (Fig. 4). Taken together, we hypothesize
that activation of ERK signaling might enhance the effect of
paclitaxel, K8, or their combination by up-regulation of NAG-1.
We further provided evidence that an ERK inhibitor, PD98059,
JOURNAL OF CELLULAR PHYSIOLOGY
inhibited cell death induced by paclitaxel, K8, or their
combination in human A549 cells (Fig. 4A).

In conclusion, we present evidence that the combination of
paclitaxel and K8 synergistically induced ERK activation, up-
regulation of NAG-1, and cell death in human lung cancer cells.
Transient inhibition of ERK signaling further inhibited NAG-1
expression and drug-induced cell death in vitro and in vivo. The
MAPK/ERK1/2 signaling pathway has been implicated in the
regulation NAG-1 because the combination of paclitaxel and
K8 induced activation of phospho-ERK in A549 cells. These
results suggest likely gene targets for paclitaxel treatment in
combination with K8, which may be useful for future clinical
applications.
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Fig. 6. Enhancement of efficacy of K8 combined with paclitaxel in human lung cancer cells xenografts in Balb/c nude mice. Nude mice were
injected with approximately 5T 106 A549 cells into the dorsal subcutaneous tissue. (A)When the tumor volumes reached 100–250mm3, A549
tumor-bearing mice were administered subcutaneously with vehicle control, 10mg/kg K8, 5mg/kg paclitaxel, and 10mg/kg K8 combined with
5mg/kg paclitaxel on days 0–4 for 5 days. The relative tumor volumes in the control and therapeutic groups are shown. (B), (C), (D) Expression of
phospho-ERK1/2,NAG-1, and cleaved caspase-3 inA549 xenografts. A549 xenograftswere generated andmicewere treated as described above.
Five days after treatment, representative sections of A549 tumors in the control group and treatment groups were immunohistochemically
stainedwith(B)phospho-ERK1/2,(C)NAG-1,or(D)cleavedcaspase-3rabbitpolyclonalantibodies.Thecellspositive forphospho-ERK1/2,NAG-1,
or cleaved caspase-3 are stained brown. Scale bars, 100mm.

Fig. 7. The schematic illustration summarizes the synergistic apoptotic effect caused by the combination of K8 and paclitaxel in human lung
cancer cells via enhancing ERK1/2 and NAG-1 signaling.

JOURNAL OF CELLULAR PHYSIOLOGY

K 8 E N H A N C E S P A C L I T A X E L - I N D U C E D A P O P T O S I S 9



10 Y U E T A L .
Literature Cited

AmbrosiniG,AdidaC, SirugoG,Altieri DC. 1998. Inductionof apoptosis and inhibition of cell
proliferation by survivin gene targeting. J Biol Chem 273:11177–11182.

Bacus SS, Gudkov AV, LoweM, Lyass L, Yung Y, Komarov AP, Keyomarsi K, Yarden Y, Seger
R. 2001. Taxol-induced apoptosis depends on MAP kinase pathways (ERK and p38) and is
independent of p53. Oncogene 20:147–155.

Baek SJ, Wilson LC, Eling TE. 2002. Resveratrol enhances the expression of non-steroidal
anti-inflammatory drug-activated gene (NAG-1) by increasing the expression of p53.
Carcinogenesis 23:425–434.

Banerjee S, Zhang Y, Ali S, Bhuiyan M,Wang Z, Chiao PJ, Philip PA, Abbruzzese J, Sarkar FH.
2005. Molecular evidence for increased antitumor activity of gemcitabine by genistein in
vitro and in vivo using an orthotopic model of pancreatic cancer. Cancer Res 65:9064–
9072.

Bottone FG Jr, Baek SJ, Nixon JB, Eling TE. 2002. Diallyl disulfide (DADS) induces the
antitumorigenicNSAID-activated gene (NAG-1) by a p53-dependentmechanism in human
colorectal HCT 116 cells. J Nutr 132:773–778.

Chen T,Wong YS. 2008. Selenocystine induces S-phase arrest and apoptosis in human breast
adenocarcinoma MCF-7 cells by modulating ERK and Akt phosphorylation. J Agric Food
Chem 56:10574–10581.

Chen YL, Lin PC, Chen SP, Lin CC, Tsai NM, Cheng YL, Chang WL, Lin SZ, Harn HJ. 2007.
Activation of nonsteroidal anti-inflammatory drug-activated gene-1 via extracellular signal-
regulated kinase 1/2 mitogen-activated protein kinase revealed a isochaihulactone-
triggered apoptotic pathway in human lung cancer A549 cells. J Pharmacol Exp Ther
323:746–756.

Chen YL, Lin SZ, Chang JY, Cheng YL, Tsai NM, Chen SP, ChangWL, Harn HJ. 2006. In vitro
and in vivo studies of a novel potential anticancer agent of isochaihulactone on human lung
cancer A549 cells. Biochem Pharmacol 72:308–319.

Chen YL, Lin SZ, Chang WL, Cheng YL, Harn HJ. 2005. Requirement for ERK activation in
acetone extract identified from Bupleurum scorzonerifolium induced A549 tumor cell
apoptosis and keratin 8 phosphorylation. Life Sci 76:2409–2420.

Cheng YL, Lee SC, Lin SZ, Chang WL, Chen YL, Tsai NM, Liu YC, Tzao C, Yu DS, Harn HJ.
2005. Anti-proliferative activity of Bupleurum scrozonerifolium inA549 human lung cancer
cells in vitro and in vivo. Cancer Lett 222:183–193.

Chintharlapalli S, Papineni S, Baek SJ, Liu S, Safe S. 2005. 1,1-Bis(3’-indolyl)-1-(p-
substitutedphenyl)methanes are peroxisome proliferator-activated receptor gamma
agonists but decrease HCT-116 colon cancer cell survival through receptor-independent
activation of early growth response-1 and nonsteroidal anti-inflammatory drug-activated
gene-1. Mol Pharmacol 68:1782–1792.

Chintharlapalli S, Papineni S, Safe S. 2006. 1,1-Bis(3’-indolyl)-1-(p-substituted
phenyl)methanes inhibit colon cancer cell and tumor growth through PPARgamma-
dependent and PPARgamma-independent pathways. Mol Cancer Ther 5:1362–1370.

Chou TC, Talalay P. 1981. Generalized equations for the analysis of inhibitions of Michaelis-
Menten and higher-order kinetic systems with two or more mutually exclusive and
nonexclusive inhibitors. Eur J Biochem 115:207–216.

Cole JR, Bianchi E, Trumbull ER. 1969. Antitumor agents from Bursera microphylla
(Burseraceae). II. Isolation of a new lignan-burseran. J Pharm Sci 58:175–176.

Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler RC. 1998.
Trends in alternative medicine use in the United States, 1990–1997 : results of a follow-up
national survey. JAMA 280:1569–1575.

Felts AS, Ji C, Stafford JB, Crews BC, Kingsley PJ, Rouzer CA,WashingtonMK, Subbaramaiah
K, Siegel BS, Young SM, Dannenberg AJ, Marnett LJ. 2007. Desmethyl derivatives of
indomethacin and sulindac as probes for cyclooxygenase-dependent biology. ACS Chem
Biol 2:479–483.

Jordan A, Hadfield JA, Lawrence NJ, McGown AT. 1998. Tubulin as a target for anticancer
drugs: agents which interact with the mitotic spindle. Med Res Rev 18:259–296.

Khor TO, Keum YS, LinW, Kim JH, Hu R, Shen G, Xu C, Gopalakrishnan A, Reddy B, Zheng
X, Conney AH, Kong AN. 2006. Combined inhibitory effects of curcumin and phenethyl
isothiocyanate on the growthof humanPC-3 prostate xenografts in immunodeficientmice.
Cancer Res 66:613–621.

Kim CH, Kim MY, Moon JY, Hwang JW, Lee SY, Joo YM, Han SI, Park HG, Kang HS. 2008.
Implication of NAG-1 in synergistic induction of apoptosis by combined treatment of
sodium salicylate and PI3K/MEK1/2 inhibitors in A549 human lung adenocarcinoma cells.
Biochem Pharmacol 75:1751–1760.

Ko JK, Leung WC, Ho WK, Chiu P. 2007. Herbal diterpenoids induce growth arrest and
apoptosis in colon cancer cells with increased expression of the nonsteroidal anti-
inflammatory drug-activated gene. Eur J Pharmacol 559:1–13.

Lin J, Hsiao PW, Chiu TH, Chao JI. 2005. Combination of cyclooxygenase-2 inhibitors and
oxaliplatin increases the growth inhibition and death in human colon cancer cells. Biochem
Pharmacol 70:658–667.
JOURNAL OF CELLULAR PHYSIOLOGY
Liu RH, Sun J. 2003. Antiproliferative activity of apples is not due to phenolic-induced
hydrogen peroxide formation. J Agric Food Chem 51:1718–1723.

Liu T, Bauskin AR, Zaunders J, Brown DA, Pankhurst S, Russell PJ, Breit SN. 2003.
Macrophage inhibitory cytokine 1 reduces cell adhesion and induces apoptosis in prostate
cancer cells. Cancer Res 63:5034–5040.

McCarty MF. 2004. Targeting multiple signaling pathways as a strategy for managing prostate
cancer: multifocal signal modulation therapy. Integr Cancer Ther 3:349–380.

Mekhail TM, Markman M. 2002. Paclitaxel in cancer therapy. Expert Opin Pharmacother
3:755–766.

Mukhtar H, Ahmad N. 1999. Cancer chemoprevention: future holds in multiple agents.
Toxicol Appl Pharmacol 158:207–210.

Narayanan BA, Narayanan NK, Pittman B, Reddy BS. 2004. Regression of mouse prostatic
intraepithelial neoplasia by nonsteroidal anti-inflammatory drugs in the transgenic
adenocarcinoma mouse prostate model. Clin Cancer Res 10:7727–7737.

Narayanan BA, Narayanan NK, Pttman B, Reddy BS. 2006. Adenocarcina of the mouse
prostate growth inhibition by celecoxib: downregulation of transcription factors involved
in COX-2 inhibition. Prostate 66:257–265.

Olie RA, Simoes-Wust AP, Baumann B, Leech SH, Fabbro D, Stahel RA, Zangemeister-
Wittke U. 2000. A novel antisense oligonucleotide targeting survivin expression induces
apoptosis and sensitizes lung cancer cells to chemotherapy. Cancer Res 60:2805–2809.

Paim AP, Almeida CM, Reis BF, Lapa RA, Zagatto EA, Costa Lima JL. 2002. Automatic
potentiometric flow titration procedure for ascorbic acid determination in pharmaceutical
formulations. J Pharm Biomed Anal 28:1221–1225.

Rafi MM, Vastano BC, ZhuN, Ho CT, Ghai G, Rosen RT, Gallo MA, DiPaola RS. 2002. Novel
polyphenolmolecule isolated from licorice root (Glycrrhiza glabra) induces apoptosis, G2/
M cell cycle arrest, and Bcl-2 phosphorylation in tumor cell lines. J Agric Food Chem
50:677–684.

Rahman KM, Banerjee S, Ali S, Ahmad A, Wang Z, Kong D, Sakr WA. 2009. 3,3’-
Diindolylmethane enhances taxotere-induced apoptosis in hormone-refractory prostate
cancer cells through survivin down-regulation. Cancer Res 69:4468–4475.

Rokos CL, Ledwith BJ. 1997. Peroxisome proliferators activate extracellular signal-regulated
kinases in immortalized mouse liver cells. J Biol Chem 272:13452–13457.

Shih YW, Chen PS, Wu CH, Jeng YF, Wang CJ. 2007. Alpha-chaconine-reduced metastasis
involves a PI3K/Akt signaling pathway with downregulation of NF-kappaB in human lung
adenocarcinoma A549 cells. J Agric Food Chem 55:11035–11043.

Shoemaker AR, Oleksijew A, Bauch J, Belli BA, Borre T, Bruncko M, Deckwirth T, Frost
DJ, Jarvis K, Joseph MK, Marsh K, McClellan W, Nellans H, Ng S, Nimmer P, O’Connor
JM, Oltersdorf T, Qing W, Shen W, Stavropoulos J, Tahir SK, Wang B, Warner R,
Zhang H, Fesik SW, Rosenberg SH, Elmore SW. 2006. A small-molecule inhibitor of
Bcl-XL potentiates the activity of cytotoxic drugs in vitro and in vivo. Cancer Res 66:8731–
8739.

Skobeleva N, Menon S,Weber L, Golemis EA, Khazak V. 2007. In vitro and in vivo synergy of
MCP compounds with mitogen-activated protein kinase pathway- and microtubule-
targeting inhibitors. Mol Cancer Ther 6:898–906.

Tortora G, Caputo R, Damiano V, Troiani T, Veneziani BM, De Placido S, Bianco AR,
Zangemeister-WittkeU, Ciardiello F. 2003. Combined targeted inhibition of bcl-2, bcl-XL,
epidermal growth factor receptor, and protein kinase A type I causes potent antitumor,
apoptotic, and antiangiogenic activity. Clin Cancer Res 9:866–871.

Ulrich CM, Bigler J, Potter JD. 2006. Non-steroidal anti-inflammatory drugs for cancer
prevention: promise, perils and pharmacogenetics. Nat Rev Cancer 6:130–140.

van EngelandM,Nieland LJ, Ramaekers FC, Schutte B, ReutelingspergerCP. 1998. Annexin V-
affinity assay: a review on an apoptosis detection system based on phosphatidylserine
exposure. Cytometry 31:1–9.

Velmurugan B, Mani A, Nagini S. 2005. Combination of S-allylcysteine and lycopene induces
apoptosis by modulating Bcl-2, Bax, Bim and caspases during experimental gastric
carcinogenesis. Eur J Cancer Prev 14:387–393.

von Haefen C, Wieder T, Essmann F, Schulze-Osthoff K, Dorken B, Daniel PT. 2003.
Paclitaxel-induced apoptosis in BJAB cells proceeds via a death receptor-independent,
caspases-3/-8-driven mitochondrial amplification loop. Oncogene 22:2236–2247.

Wang PH,HsuCI, Tang SC,HuangYL, Lin JY, Ko JL. 2004. Fungal immunomodulatory protein
from Flammulina velutipes induces interferon-gamma production through p38 mitogen-
activated protein kinase signaling pathway. J Agric Food Chem 52:2721–2725.

Wong D, Robertson G. 2004. Applying combinatorial chemistry and biology to food
research. J Agric Food Chem 52:7187–7198.

Yamaguchi K, Lee SH, Eling TE, Baek SJ. 2004. Identification of nonsteroidal anti-inflammatory
drug-activated gene (NAG-1) as a novel downstream target of phosphatidylinositol 3-
kinase/AKT/GSK-3beta pathway. J Biol Chem 279:49617–49623.

Yamaguchi K, Lee SH, Eling TE, Baek SJ. 2006. A novel peroxisome proliferator-activated
receptor gamma ligand, MCC-555, induces apoptosis via posttranscriptional regulation of
NAG-1 in colorectal cancer cells. Mol Cancer Ther 5:1352–1361.
Q1: Author: The Journal’s copyeditors have taken care to format your authorship according to journal style (First name, Middle Initial,

Surname). In the event a formatting error escaped their inspection, or there was insufficient information to apply journal style, please

take a moment to review all author names and sequences to ensure the accuracy of the authorship in the published article. Please note

that this information will also affect external indexes referencing this paper (e.g., PubMed).



 
These proofs have been typeset using figure files transmitted to production when this article was accepted for publication. 
Please review all figures and note your approval with your submitted proof corrections. You may contact the journal 
production team at JCPprod@wiley.com if you wish to discuss specific concerns. 
 
Because of the high cost of color printing, we can only print figures in color if authors cover the expense. If you have 
submitted color figures, please indicate your consent to cover the cost on the table listed below by marking the box 
corresponding to the approved cost on the table. The rate for this journal is $500 USD per printed page of color, 
regardless on the number of figures appearing on that page. 
 
Please note, all color images will be reproduced online in Wiley InterScience at no charge, whether or not you opt for color 
printing. 
 
You will be invoiced for color charges once the article has been published in print. 
 

Failure to return this form with your article proofs may delay the publication of your article. 
 

 
JOURNAL 

JOURNAL OF CELLULAR 
PHYSIOLOGY MS. NO.  NO. COLOR PAGES  

 
MANUSCRIPT TITLE 

 

 
AUTHOR(S) 

 

 
No. Color Pages Color Charge No. Color Pages Color Charge No. Color Pages Color Charge 

     1 $500      5 $2500        9 $4500 
     2 $1000      6 $3000      10 $5000 
     3 $1500      7 $3500      11 $5500 
     4 $2000      8 $4000      12 $6000 

***Contact JCPprod@wiley.com for a quote if you have more than 12 pages of color*** 
 
 

  Please print my figures color     Please print my figures in black and white 
 
 

  Please print the following figures in color     
 
and convert these figures to black and white 

 

                           
 
Approved by  

 

 
Billing Address 

  
E-mail

 

   
Telephone

 

   
Fax

 

 



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Additional reprint and journal issue purchases 
 

  
Should you wish to purchase additional copies of your article, 
 please click on the link and follow the instructions provided: 
https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=JCP 9&acro= JCB  
 
Corresponding authors are invited to inform their co‐authors of 
the reprint options available. 

 
Please note that regardless of the form in which they are acquired, 
reprints should not be resold, nor further disseminated in electronic form, nor 
deployed in part or in whole in any marketing, promotional or educational 
contexts without authorization from Wiley. Permissions requests should be 
directed to mailto: permissionsus@wiley.com 

 
For information about ‘Pay‐Per‐View and Article Select’ click on the following 
link: http://wileyonlinelibrary.com/ppv
  

 

https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=JCP
mailto:permissionsus@wiley.com
http://wileyonlinelibrary.com/ppv


A. COPYRIGHT

1. The Contributor assigns to Wiley-Blackwell, during the full term of copy-
right and any extensions or renewals, all copyright in and to the Contribution,
and all rights therein, including but not limited to the right to publish, repub-
lish, transmit, sell, distribute and otherwise use the Contribution in whole or in
part in electronic and print editions of the Journal and in derivative works
throughout the world, in all languages and in all media of expression now
known or later developed, and to license or permit others to do so. 

2. Reproduction, posting, transmission or other distribution or use of the final
Contribution in whole or in part in any medium by the Contributor as permit-
ted by this Agreement requires a citation to the Journal and an appropriate
credit to Wiley-Blackwell as Publisher, and/or the Society if applicable, suitable
in form and content as follows: (Title of Article, Author, Journal Title and 
Volume/Issue, Copyright © [year], copyright owner as specified in the Journal).
Links to the final article on Wiley-Blackwell’s website are encouraged where
appropriate.

B.  RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable, the Contributor’s
Employer, retains all proprietary rights other than copyright, such as patent
rights, in any process, procedure or article of manufacture described in the
Contribution.

C.  PERMITTED USES BY CONTRIBUTOR

1. Submitted Version. Wiley-Blackwell licenses back the following rights to
the Contributor in the version of the Contribution as originally submitted for
publication:

a. After publication of the final article, the right to self-archive on the Con-
tributor’s personal website or in the Contributor’s institution’s/employer’s
institutional repository or archive. This right extends to both intranets and
the Internet. The Contributor may not update the submission version or
replace it with the published Contribution. The version posted must contain
a legend as follows: This is the pre-peer reviewed version of the following
article:  FULL CITE, which has been published in final form at [Link to final
article].    

b. The right to transmit, print and share copies with colleagues.

2. Accepted Version. Re-use of the accepted and peer-reviewed (but not
final) version of the Contribution shall be by separate agreement with Wiley-
Blackwell. Wiley-Blackwell has agreements with certain funding agencies 
governing reuse of this version. The details of those relationships, and other
offerings allowing open web use, are set forth at the following website:
http://www.wiley.com/go/funderstatement. NIH grantees should check the
box at the bottom of this document.  

3. Final Published Version. Wiley-Blackwell hereby licenses back to the 
Contributor the following rights with respect to the final published version of
the Contribution:

a. Copies for colleagues. The personal right of the Contributor only to send
or transmit individual copies of the final published version in any format to
colleagues upon their specific request provided no fee is charged, and 
further-provided that there is no systematic distribution of the Contribu-
tion, e.g. posting on a listserve, website or automated delivery.

b. Re-use in other publications. The right to re-use the final Contribution or
parts thereof for any publication authored or edited by the Contributor
(excluding journal articles) where such re-used material constitutes less
than half of the total material in such publication. In such case, any modifi-
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Otherwise, no changes may be made.
(iii) The reuse may not be made for direct commercial purposes, or for

financial consideration to the Contributor.
(iv) Nothing herein shall permit dual publication in violation of journal
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D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the 
Contributor’s employment (as a “work-made-for-hire” in the course of
employment), the Contribution is owned by the company/employer which
must sign this Agreement (in addition to the Contributor’s signature) in the
space provided below. In such case, the company/employer hereby assigns to
Wiley-Blackwell, during the full term of copyright, all copyright in and to the
Contribution for the full term of copyright throughout the world as specified in
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2. In addition to the rights specified as retained in paragraph B above and the
rights granted back to the Contributor pursuant to paragraph C above, Wiley-
Blackwell hereby grants back, without charge, to such company/employer, its
subsidiaries and divisions, the right to make copies of and distribute the final
published Contribution internally in print format or electronically on the Com-
pany’s internal network. Copies so used may not be resold or distributed externally.
However the company/employer may include information and text from the
Contribution as part of an information package included with software or
other products offered for sale or license or included in patent applications.
Posting of the final published Contribution by the institution on a public access
website may only be done with Wiley-Blackwell’s written permission, and payment
of any applicable fee(s). Also, upon payment of Wiley-Blackwell’s reprint fee,
the institution may distribute print copies of the published Contribution externally.  

E.  GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or
grant, the U.S. Government may reproduce, without charge, all or portions of
the Contribution and may authorize others to do so, for official U.S. Govern-

ment purposes only, if the U.S. Government contract or grant so requires. (U.S.
Government, U.K. Government, and other government employees: see notes
at end)

F.  COPYRIGHT NOTICE

The Contributor and the company/employer agree that any and all copies of
the final published version of the Contribution or any part thereof distributed
or posted by them in print or electronic format as permitted herein will include
the notice of copyright as stipulated in the Journal and a full citation to the
Journal as published by Wiley-Blackwell.

G. CONTRIBUTOR’S REPRESENTATIONS

The Contributor represents that the Contribution is the Contributor’s original
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the terms of this Agreement and to obtain their signature to this Agreement or
their written permission to sign on their behalf. The Contribution is submitted
only to this Journal and has not been published before. (If excerpts from copy-
righted works owned by third parties are included, the Contributor will obtain
written permission from the copyright owners for all uses as set forth in Wiley-
Blackwell’s permissions form or in the Journal’s Instructions for Contributors,
and show credit to the sources in the Contribution.) The Contributor also 
warrants that the Contribution contains no libelous or unlawful statements,
does not infringe upon the rights (including without limitation the copyright,
patent or trademark rights) or the privacy of others, or contain material or
instructions that might cause harm or injury.
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