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A novel sesquiterpenoid dimer parviflorene F induces apoptosis
by up-regulating the expression of TRAIL-R2
and a caspase-dependent mechanism
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Abstract—Parviflorene F (1), a novel sesquiterpenoid dimer isolated from Curcuma parviflora Wall, is a cytotoxic compound. In this
study, we examined the mechanism of its cytotoxic effect in HeLa cells. Treatment with lenhanced the mRNA and protein expres-
sion of TRAIL-R2 (tumor necrosis factor a-related apoptosis inducing ligand receptor 2). Apoptosis was induced by 1 as revealed
by the distribution of DNA and Annexin V/PI staining using flow cytometry. In addition, 1-induced apoptosis was inhibited by
human recombinant TRAIL-R2/Fc chimera protein, TRAIL-neutralizing fusion protein. Also, we found that 1 induced the activa-
tion of caspase-8, caspase-9, and caspase-3, indicating that the cytotoxic effect of 1 is correlated with apoptosis by a caspase-depen-
dent mechanism through TRAIL-R2. In addition, 1 enhanced TRAIL-induced cell death against HeLa and TRAIL-resistant DLD1
cells. Taken together, up-regulation of TRAIL-R2 by 1 may contribute to sensitization of TRAIL-induced cell death.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer is a class of diseases characterized by the uncon-
trolled division of cells. In the USA and other developed
countries, cancer is presently responsible for about 25%
of all deaths.! Chemoprevention is regarded as one of
the most promising and realistic approaches to the pre-
vention of cancer. In fact, epidemiological studies have
provided convincing evidence that natural compounds
and dietary agents can modify the processes of carcino-
genesis, including initiation, promotion, and progression
of several types of human cancer. Among anticancer
drugs derived from plants, vinblastine and vincristine
have already been used clinically.> Therefore, natural
products from plants are rich sources of agents used
for the treatment of cancer. During our search for natu-
ral bioactive products in tropical plants,>* we recently
isolated novel sesquiterpenoid dimers, parviflorenes
A-J fromCurcuma parviflora Wall. (Zingiberaceae),> 8
and elucidated their structures. Most of these com-
pounds exhibited cytotoxicity against human cancer cell
lines. In particular, parviflorenes A and F (1), obtained
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in abundance from this plant, were cytotoxic to all of the
cell lines tested at considerably low concentrations,
whereas both compounds displayed low differential cel-
lular sensitivity. Also, COMPARE analyses showed no
significant correlation with the profile of any standard
anticancer drug, suggesting that both compounds have
a unique mechanism of action.” In this study, we inves-
tigated the mechanism of the cytotoxic effect of parviflo-
rene F (1) in HeLa and TRAIL-resistant DLD1 cells.
Our study demonstrates that 1 enhanced the mRNA
and protein expression of TRAIL-R2, and activation
of caspase-8, -9, and -3. Furthermore, 1-induced apop-
tosis was inhibited by human recombinant TRAIL-R2/
Fc chimera protein, TRAIL-neutralizing fusion protein.
The cytotoxic effect of 1 was correlated with apoptosis
by a caspase-dependent mechanism through TRAIL-
R2. Also, 1 enhanced TRAIL-induced cell death against
HeLa and TRAIL-resistant DLD1 cells.

2. Results

Previously,%” we found that parviflorene F (1) exhibited
cytotoxicity against VCR-resistance KB (nasopharyn-
geal epidermal carcinoma), LnCaP (prostate cancer),
and TNF-related apoptosis-inducing ligand (TRAIL)-
resistant KOB (human adult T cell leukemia). In addi-
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tion, the Glsy value of 1 against 39 human cancer cell
lines was 2.6 uM (1.1 pg/mL), although the effect was
not selective. The COMPARE analysis of 1 also showed
no strong correlation (correlation index, r < 0.5) with
standard anticancer drugs, suggesting that 1 has a un-
ique mode of action. In this study, the decrease of viabil-
ity was observed in a dose-dependent manner by
treatment of parviflorene F (1) against HeLa cells and
the ICsy value was determined to be 4.3 pg/mL
(Fig. 1B). Moreover, a time-dependent reduction in cell
survival was observed in HeLa cells (Fig. 1C).

In order to elucidate which genes are differentially ex-
pressed in relation to the cytotoxic effect of 1, a DNA
microarray assay and real time RT-PCR were carried
out as follows. HeLa cells (4 x 10° cells/well) were trea-
ted with 1 at 5 pug/mL and incubated for 24 h, and
mRNA, obtained from the total RNA extracted from
the cultured cells, was subjected to a DNA microarray
analysis using IntelliGene® Human Cancer CHIP
ver.4.0 (TaKaRa), which examines 886 genes related to
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Figure 1. Effect of parviflorene F (1) on cell survival in HeLa cells. (A)
Structure of 1 (B) Viability of HeLa cells treated with 1 for 24 h. (C)
Viability of HeLa cells treated with 1 (4 and 8 pg/mL) for various
interval. The error bars represent standard deviation of triplicate
samples.

Table 1. The genes differentially expressed on treatment with parvi-
florene F (1)

Gene code Protein Ratio®
ID 27017° Unknown 2.52
ID 27288° Unknown 1.94
ID 27032° Unknown 1.73
NM_003607 MRCKo® 1.71
AF016266 TRAIL-R2¢ 1.44
NM_001554 Cyr61° 0.61
NM_012484 RHAMM! 0.68

#Ratio of cells treated with 1 over control (cells not treated with 1).

®TaKaRa clones.

¢ Myotonic dystrophy kinase-related Cdc42-binding kinase.

4TNF (tumor necrosis factor) o-related apoptosis inducing ligand
receptor 2.

¢ Cystein rich 61 (angiogenic factor).

fReceptor for hyaluronan mediated motility.

cancer diseases. The results obtained from the micro-
array analysis indicated that treatment with 1 changed
the mRINA expression of seven genes (Table 1). Among
them, the expression levels of five genes were increased
over 1.4 times, whereas those of two genes were de-
creased (<0.7 times), compared to cells with no treat-
ment. Since molecular biological information on four
of the seven genes was available, the microarray assay
results for the four genes (gene code: NM_003607,
AF016266, NM_001554, and NM_012484) were further
examined using real time quantitative PCR techniques.
Three template cDNA were prepared from total RNA
extracted from HeLa cells incubated after treatment
with 1 at 0, 5, and 8 pg/mL. The results presented in Fig-
ure 2A show that the levels of AF016266 and
NM_003607 mRNA on treatment with 1 increased in
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Figure 2. Expression of TRAIL-R2 in HeLa cells treated with
parviflorene F (1). (A) Real time RT-PCR data for 4 differential
genes. The bar represents means + SD. The significance was deter-
mined by Student’s z-test (*p < 0.05 vs untreated controls) (n = 3). (B)
Western blot analysis of TRAIL-R2 protein levels in HeLa cells
treated with parviflorene F (1) for 3, 6, 12 (4 pg/mL), and 24 h (4 and
8 ng/mL) (n = 3).
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dose-dependent manner compared to the control (from
cells not treated with 1). Notably, it was revealed that
1 enhanced the gene expression of AF016266 by 4.9-fold
at the concentration of 8 pg/mL. The gene AF016266
codes the protein TRAIL-R2.° one of the death recep-
tors involved in the signaling mechanisms inducing
apoptosis. Next, we performed the Western blot analysis
to determine the TRAIL-R2 protein level. As shown in
Figure 2B, treatment of HeLa cells with 1 at a concen-
tration of 8 pg/mL for 24 h significantly increased the le-
vel of TRAIL-R2, compared with the control. This
result for the protein expression at 8 pg/mL was consis-
tent with that for the mRNA expression. At 4 pg/mL,
the TRAIL-R2 level was also raised in cells treated with
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1 for 24 h, compared with the control. Thus, it was sug-
gested that the cytotoxic effect of 1 is related to the
induction of apoptosis.

Therefore, we next investigated whether 1 induced the
apoptosis of HeLa cells. First, the occurrence of apopto-
sis was analyzed by flow cytometry. As shown in Figure
3A, control cells showed a normal DNA distribution in
terms of fluorescent peaks. Exposure to 1 generated a
prominent new peak, representing the sub-G1 peak,
after 12h (31.5% vs 3.5% for the control) and 24 h
(26.1% vs 5.1%) of incubation. The HeLa cells were also
stained with fluorescein isothiocyanate (FITC)-conju-
gated Annexin V, a calcium-dependent phospholipid-
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Figure 3. Induction of apoptosis by Parviflorene F (1) mediated through TRAIL-R2. (A) Effect of parviflorene F (1) on the cell cycle distribution (%)
of HeLa cells. (B) Effects of parviflorene F (1) on the plasma membrane in HeLa cells. Exponentially growing cells were treated for the indicated
period with parviflorene F at 4 pg/mL. Numbers in the respective quadrants indicate the percentage of cells present in this area. (C) TRAIL-R2/Fc
chimera protein blocked the induction of apoptosis by parviflorene F (1). The bar represents means = SD. The significance was determined by

Student’s ¢-test (*p < 0.05 vs parviflorene F alone) (n = 3).
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binding protein with high affinity for phosphatidylserine
expressed on the cell surface, and propidium iodide (PI)
in order to characterize the early apoptosis induced by 1.
As shown in Figure 3B, the proportion of early apopto-
tic cells (lower right) was significantly increased (52.7%
vs 9.2% for the control) after 12 h of incubation with
1 at 4 pg/mL. After 24 h of incubation, the proportion
of early apoptotic cells (41.2% vs 9.2% for the control)
and that of late apoptotic cells (upper right) (22.9% vs
1.7%) was significantly increased, compared with the
control. We also detected a small number of necrotic
cells (upper left). Taken together, these results indicated
that the cytotoxic effect of 1 correlated with the induc-
tion of apoptosis.

To elucidate whether the apoptosis induced by 1 was
caused by an increase of TRAIL-R2 expression, we used
a recombinant human TRAIL-R2/Fc chimera protein,
which has a dominant-negative effect by competing with
endogenous TRAIL-R2. As shown in Figure 3C, 2.5 pg/
mL of TRAIL-R2/Fc chimera protein reduced Annexin
V positive cells, early and late apoptotic cells at an expo-
sure time of 12 h, indicating that apoptosis induced by 1
was mediated through TRAIL-R2.

To determine whether the apoptosis induced by 1 was
mediated via a caspase cascade, we next investigated
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the activation of caspase-3, a representative signaling
molecule in the apoptotic pathway. The enzymatic anal-
ysis of caspase-3 activity stimulated by 1 was conducted
using fluorometric detection. As shown in Figure 4A,
treatment with 1 at a concentration of 4 pg/mL caused
a pronounced activation of caspase-3 in a time-depen-
dent manner. Also, a Western blot analysis of treated
cells was performed to assess the activation of caspase-
8. The extrinsic apoptotic pathway is characterized by
the activation and cleavage of procaspase-8. As ex-
pected, cleaved caspase-8 and a decrease in procas-
pase-8 were detected after 6 h of incubation of the
cells with 1 at 4 pg/mL, but the cleaved form was not
found after 12 h (Fig. 4B).

To clarify whether the extrinsic pathway, the intrinsic
pathway, or both pathways were activated in response
to treatment with 1, we conducted Annexin V-PI dual-
staining analysis with a specific caspase-8 inhibitor
(z-IETD-fmk) and a specific caspase-9 inhibitor
(z-LEHD-fmk). As shown in Figure 4C, 25uM of
z-IETD-fmk efficiently prevented the 1-induced apopto-
sis of HeLa cells at an exposure time of 12 h in terms of
annexin V-positive staining (lower right, 2.2% vs 52.7%
for parviflorene F only). In addition, incubation for 12 h
with z-LEHD-fmk (20 pM) also reduced the percentage
of apoptotic cells (lower right, 4.0% vs 52.7% for 1 only).
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Figure 4. Treatment of parviflorene F (1) enhances each caspase activity. (A) Effects of parviflorene F (1) on caspase-3 activity. The activity in each
control was defined as 1. The significance was determined by Student’s ¢-test (**p < 0.01 vs untreated controls) (n = 3). (B) Western blot analysis of
pro-caspase-8 (55 kDa) and the cleaved form (42 kDa) in HeLa cells treated with 4 pg/mL of parviflorene F (1) for 3, 6, 12 h (n = 3). (C) The effect of
caspase-8 and -9 inhibitors on parviflorene F (1)-induced apoptosis (n = 3).



1760 T. Ohtsuki et al. | Bioorg. Med. Chem. 16 (2008) 1756-1763

viability (%)

5 10 15 20
concentration (ug/mL)

B parvifloreneF (1)

Control 4 pg/mL 8 ug/mL

TRAIL-R2 L ——

B-actin .—q

Figure 5. Effect of parviflorene F (1) on cell survival and expression of
TRAIL-R2 in DLDI/TRAIL-R cells. (A) Viability of DLD1/TRAIL-
R cells treated with 1 for 24 h (n = 3). (B) Western blot analysis of
TRAIL-R2 protein levels in DLDI/TRAIL-R cells treated with
parviflorene F (1) at 4 and 8 pg/mL (n = 3).

Therefore, these results indicated that 1-induced apopto-
sis through both intrinsic and extrinsic apoptotic
pathways.

Next we investigated the cytotoxic and TRAIL-R2
inducing effects of parviflorene F (1) against DLD1/
TRAIL-R cells (TRAIL-resistant DLD1 cells).!? As
shown in Figure 5, parviflorene F (1) exhibited cytotox-
icity against DLDI/TRAIL-R cells with ICs, value of
9.2 pg/mL. Also, treatments with 4 and 8 pg/mL of par-
viflorene F (1) up-regulated TRAIL-R2 protein in
DLDI/TRAIL-R cells, suggesting that cytotoxic effect
of parviflorene F (1) against DLDI/TRAIL-R cells
was correlated with the up-regulation of TRAIL-R2.

Since correlation between parviflorene F (1) treatment
and expression of TRAIL-R2 was suggested, we investi-
gate the synergistic effect of parviflorene F (1) and
TRAIL against HeLa and DLD1/TRAIL-R cells. As
shown in Figure 6, treatment of parviflorene F (1) at
4 ng/mL showed viability rate of 44 *9.6% against
HeLa cells and this decreased to 16 +2.0% with the
addition of TRAIL. Similarly, combined treatment with
1 (8 pg/mL) and TRAIL significantly induced reduction
of viable cells (20 £ 6.4% at combined treatment against
54 + 8.9% at addition of 1 alone) in DLD1/TRAIL-R
cells, indicating that parviflorene F (1) sensitized
TRAIL-inducing cell death against TRAIL-sensitive
and resistant cells via up-regulation of TRAIL-R2.

3. Discussion

The present study was performed to assess the mecha-
nism responsible for the cytotoxicity of parviflorene F
(1), a novel sesquiterpenoid dimer, in HeLa and
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Figure 6. Enhancement of cell death by combined treatment with
parviflorene F (1) and TRAIL against HeLa and DLD1/TRAIL-R
cells. (A) Viability of HeLa cells treated with 1(4 pg/mL) and/or
TRAIL (10 ng/mL) for 24 h. (B) Viability of DLD1/TRAIL-R cells
treated with 1 (8 pg/mL) and/or TRAIL (100 ng/mL) for 24 h. The bar
represents means + SD. The significance was determined by Student’s
t-test (*p < 0.05 vs parviflorene F alone) (n = 3).

TRAIL-resistant DLD1 cells. First, we found that 1 sig-
nificantly increased mRNA and protein expression of
TRAIL-R2 by conducting DNA microarray and real
time RT-PCR analyses (Table 1, Fig. 2). TRAIL-R2 is
a member of the TNF receptor family and is one of
the receptors for TRAIL. To determine whether the
cytotoxic effect of 1 was due to apoptosis through a
TRAIL-R signaling pathway, we used flow cytometry.
The results showed that the appearance of sub-G1 cells
was also time-dependent at 4 pg/mL (Fig. 3A). As with
the percentages found in the Sub-Gl1 peak, the propor-
tion of annexin V-positive cells in the parviflorene
F-treated cells increased in a time-dependent manner
(Fig. 3B). Also, human recombinant TRAIL-R2/Fc chi-
mera protein blocked 1-induced apoptosis. These results
indicated that the cytotoxic effect of 1 was related to the
induction of apoptosis via TRAIL-R2. Apoptosis can be
induced by a caspase-independent or dependent path-
way, although the latter mechanism is the most com-
mon.!! Caspase-3 is an effector caspase, which
typically functions down-stream of caspase-8 and -9,
and directly activates enzymes that are responsible for
DNA fragmentation. Our results indicated that treat-
ment with 1 induced an increase of caspase-3 activity
in a time-dependent manner (Fig. 4A), suggesting that
1-induced apoptosis was dependent on caspase-3. Also,
the Western blot and flow cytometric analyses showed
that the initiation of apoptotic signaling following treat-
ment with 1 led to the activation of caspase-8 (Fig. 4B
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and C). It was reported that caspase-8 could also initiate
the intrinsic apoptotic pathway through the activation
of Bid.!?!3 Both pathways lead to the activation of cas-
pase-3 and eventual apoptotic cell death.!? In order to
confirm the role of caspase-9 in 1-induced apoptosis,
we treated HeLa cells with a combination of 1 and a spe-
cific caspase-9 inhibitor (z-LEHD-fmk). Our results
showed that parviflorene F-induced apoptosis was sig-
nificantly prevented by the caspase-9 inhibitor, suggest-
ing that it occurred via both intrinsic and extrinsic
pathways (Fig. 4C).

The death receptor/death ligand induced apoptosis in
cancer cells.!* In particular, TRAIL/TRAIL-receptor
signaling has been implicated in the apoptosis of many
tumor cell lines, but has no apoptotic effect on most nor-
mal cells.”>!>"17 So, its signaling pathway has been con-
sidered a promising target for the treatment of cancer.
In fact, two approaches have been used to target
TRAIL-induced apoptosis; the use of agonistic antibod-
ies (HGS-ETR1, HGS-ETR2, and HGS-ETR2J) against
TRAIL-R1 or TRAIL-R2,'8:19 and the use of a recombi-
nant TRAIL. Both of these agents are focused on the
ligand of this pathway. On the other hand, in approaches
targeting the TRAIL-receptor, it was reported that sev-
eral chemotherapeutic drugs and natural products, such
as flavonoids,?~2? a-tocopheryl succinate,?® and curcu-
min?¥, induced expression of TRAIL-R1 and/or
TRAIL-R2. The activation of TRAIL receptors results
in a signal transduction cascade followed by apoptosis,
and is implicated in the sensitization of TRAIL-resistant
tumor cells to TRAIL-induced apoptosis.?>?® A recent
study also indicated that the activation of TRAIL-R2
played a more important role than that of TRAIL-R1
in mediating TRAIL-induced cell death.?” In fact, parvi-
florene F (1) showed cytotoxic effect in HelLa and
TRAIL-resistant DLD1 cells (Figs. 1B and 5A) and syn-
ergistically enhanced TRAIL-induced cell death against
both cell lines in this study (Fig. 6). Therefore, 1 might
be useful in the treatment of TR AIL-resistant tumor cells
alone or in combination with TRAIL.

4. Experimental
4.1. Cell cultures

HeLa cells were the same as previously described.>*
TRAIL-resistant DLD1 (DLD1/TRAIL-R) cells were a
generous gift from Dr. Bingliang Fang, The University
of Texas, MD, Anderson Cancer Center, Houston, TX,
USA. HeLa cells were cultured in Iscove’s Modified Dul-
becco’s Medium (Sigma) with 5% FBS and 4 mM L-gluta-
mine. DLD1/TRAIL-R cells were cultured in RPMI-1640
(Wako) with 10% FBS. Cultures were maintained in a
humidified incubator at 37 °C in 5% CQO»,/95% air.

4.2. Cytotoxicity

The procedure of assay was the same as previously de-
scribed.>* Briefly, HeLa (6x10® cells) or DLDI/
TRAIL-R cells (4 x 10° cells) were treated with different
concentrations of parviflorene F (1) and/or recombinant

human TRAIL/Apo2L (Peprotech) for 24 h at 37 °C.
After the medium was removed, cytotoxicity was deter-
mined by the FMCA method?® using a fluorescence
platereader.

4.3. Preparation of mRNA for DNA microarray analyses

HeLa cells (4 x 10° cells/well) were incubated for 24 h in
the presence (treated) and absence (control) of parviflo-
rene F (5 pg/mL), and total RNA was extracted using a
RNeasy kit (Qiagen) according to the manufacturer’s
instructions. The quality and concentration of RNA
was determined with a spectrophotometer (Shimadzu
UV mini-1240). The extraction of mRNA from the total
RNA was carried out using a TaKaRa Oligotex™-dT30
(super) mRNA purification kit, and the concentration
was determined with a spectrophotometer (Shimadzu
UV mini-1240). The extracted mRNA was concentrated
using Ethachinmate (Nippon Gene), and the concen-
trated mRNA (0.49 ng/mL for treated sample; 0.24 pg/
mL for control) was subjected to the DNA microarray
analysis [IntelliGene® Human Cancer CHIP ver. 4.0
(TaKaRa)].

4.4. Real time RT-PCR analysis

The RNA samples, obtained from cultured HeLa cells
treated with three concentrations (0, 5, and 8 pg/mL)
of 1, were reverse transcribed using oligo(dT),o primers
and the ThermoScript™ RT-PCR system (Invitrogen).
Template cDNA thus obtained was incubated with
2.5 uM of gene-specific primers (Fasmac) and a gPCR™
Mastermix for SYBR® Green I (Nippon Gene) in a
GeneAmp® 5700 Sequence Detection System (PE Bio-
systems). The thermal cycling program had an initial
incubation (50 °C for 2 min) and an initial denaturation
(95 °C for 10 min) and then 40 cycles of denaturation
(95°C for 15s), annealing, and extension (60 °C for
1 min). The primer sets used were as follows:
NM_002046 (glyceraldehydes-3-phosphate dehydroge-
nase (GAPDH)), 5-ATGGGGAAGGTGAAGGT
CG-3’ and 5-TAAAAGCAGCCCTGGTGACC-3’;
NM_003607 (MRCKua), 5'-GGAAGCCCAAATCACA
GAAA-3" and 5-AGGCCTGAAGATACCCTCGT-3’;
AF016266 (TRAIL-R2), 5-GAGCTAAGTCCCTGC
ACCAC-3" and 5-AATCACCGACCTTGACCATC-
3’; NM_001554 (Cyr61), 5'-CCTTGTGGACAGCCA
GTGTA-3' and 5-TGGTCTTGCTGCATTTCTTG-
3’; NM_012484 (RHAMM), 5'-TGCAGCTCAGGAA
CAGCTAA-3 and 5-GCTGACAGCGGAGTTTT
GAT-3". A fluorescence signal was collected at the
end of each cycle. After the reactions were terminated,
the signal at each temperature from 60 to 95°C was
also collected for the dissociation curve analysis. All
reactions were performed in triplicate to confirm repro-
ducibility, and the amount of target mRNA in each
sample was normalized with that of mean GAPDH,
an endogenous control.

4.5. Western blot analysis

HeLa cells treated and untreated with parviflorene F
were washed with ice-cold PBS, and then lysed in lysis
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buffer containing 20 mM Tris—-HCI (pH 7.4), 150 mM
NaCl, 1% Triton X-100, 1% Sodium deoxycholate,
0.1% SDS, 0. mM NaF, and 1% protease inhibitor
cocktail (Nakarai tesque Inc.). The lysate was centri-
fuged for 10 min at 4 °C, and supernatants were stored
at —80 °C until used. Equal amounts of protein were
separated by 12.5% SDS-PAGE, and were transferred
electrophoretically onto a Immun-blot PVDF mem-
brane (Bio-Rad). After blocking, the membrane was
incubated at room temperature with rabbit polyclonal
anti-DRS (Sigma), rabbit polyclonal anti-caspase-8
(Stressgen), or mouse monoclonal anti-B-actin (Sigma)
as primary antibody. B-Actin was used as an internal
control. After being washed with TBST, the membrane
was incubated at room temperature with horseradish
peroxidase-conjugated anti-mouse IgG or anti-rabbit
IgG antibodies as secondary antibody. After further
washing with TBST, immunoreactive bands were de-
tected using the Immobilon western chemiluminescent
HRP substrate (Millipore). The secondary antibodies
were obtained from Amersham biosciences.

4.6. Cell cycle analysis

The cell cycle analysis was performed as described previ-
ously.>* Briefly, HeLa cells (5 x 10°) were treated with
different concentrations of parviflorene F at 37 °C for
24 h, fixed with 70% ethanol at 4 °C for 60 min, and
resuspended in 100 pg/mL of RNAse and 100 pg/mL
of propidium iodide to stain DNA. The percentages of
cells having the sub-G; DNA content was analyzed with
a Cytomics FC500 flow cytometer (Beckman Coulter).
A minimum of 20,000 events were collected for each
sample. All experiments were performed in triplicate.

4.7. Annexin V/PI staining

Apoptosis was evaluated by staining cells with annexin
V-fluorescein isothiocyanate (FITC) and PI labeling.
After treatment with parviflorene F, 1x 10° cells were
collected and washed twice with cold PBS. Then the cells
were resuspended in 500 pl of binding buffer (50 mM
Hepes/NaOH [pH 7.4], 75 mM NaCl, 25mM KClI,
5mM MgCl,, and 9 mM CaCly), 5 pul of annexin V-
FITC (PharMingen, San Diego, CA) and 5ul of
20 pg/ml PI were added, the cells were incubated in the
dark at 37 °C for 15 min, and a flow cytometric analysis
was performed with a Cytomics FC500 flow cytometer
(Beckman Coulter) within 1 h. Viable cells were defined
as negative for annexin V-FITC and PI staining; apop-
totic cells were defined as positive for annexin V-FITC
staining but negative for PI staining, whereas late apop-
totic cells displayed both high annexin V and PI stain-
ing. Cells positive for both annexin V and PI staining
were considered necrotic. For assaying correlation with
TRAIL-R2 expression and 1-induced apoptosis, HeLa
cells were incubated for 12 h with a combination of par-
viflorene F and 2.5 pg/mL of human recombinant
TRAIL-R2/Fc chimera protein (Alexis). For the inhibi-
tion of caspase-8 and -9 activities, HeLa cells were incu-
bated for 12 h with a combination of parviflorene F and
25uM of z-IETD-fmk (MBL), a specific caspase-8
inhibitor, or 20 uM of z-LEHD-fmk (MBL), a specific

caspase-9 inhibitor. A minimum of 20,000 events were
collected for each sample. All experiments were per-
formed in triplicate.

4.8. Caspase-3 activity

The activity of caspase-3 in the lysate was determined
using an EnzCheck caspase-3 assay kit (Invitrogen)
according to the manufacturer’s directions. Briefly, the
cells were cultured in the presence or absence of 1
(4 ng/mL), collected, and lysed. The reaction mixture
(total volume, 100 ul) comprising 50 pl of cell lysate
and 50 pl of a caspase-3 substrate working solution con-
taining z-DEVD-R110 substrate was incubated for
30 min at 37 °C and the fluorescence was measured at
485 nm excitation and 538 nm emission using a fluores-
cence platerecader. Equal amounts of protein were used
in this assay after the whole protein concentration was
calibrated using a BCA protein assay kit (Pierce). All
experiments were performed in triplicate.
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