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Piceatannol (trans-3,4,3",5"-tetrahydroxystilbene), a natural stilbene, is an analogue of resveratrol.
Although recent experimental data have revealed the health benefit potency of piceatannol, the molec-
ular mechanisms underlying the anti-cancer activity have not yet been studied in detail. In the present
study, the further possible mechanisms by which piceatannol exerts its pro-apoptotic action in cul-
tured human lung cancer A549 cells were investigated. Exposure of A549 cells to piceatannol resulted
in growth inhibition and induction of apoptosis. Apoptosis induction of A549 cells by piceatannol
showed correlation with proteolytic activation of caspase-3, -8, and -9, and concomitant degradation
of activated caspase-3 target proteins such as poly (ADP-ribose) polymerase, phospholipase C-v1, 3
-catenin, and Inhibitor caspase-activated DNase. The increase in apoptosis by piceatannol treatment
was also associated with an increase of pro-apoptotic Bax expression and decrease of anti-apoptotic
Bcl-2 and Bcl-xL expression, and caused down-regulation of the inhibitor of apoptosis protein family
members and up-regulation of Fas and Fas legend. In addition, piceatannol treatment markedly in-
hibited the expression of mRNA and proteins of inducible nitric oxide (NO) synthase, and the levels
of NO production were progressively down-regulated by piceatannol treatment in a dose-dependent
fashion. The results indicate that piceatannol may have therapeutic potential against human gastric

cancer cells.
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Fig. 1. Inhibition of the cell viability by piceatannol in A549
human lung cancer cells. (A) Chemical structure of
piceatannol. (B) Cells were plated at 1x10° cells per
60-mm plate, and incubated for 24 hr. The cells were
treated with variable concentrations of piceatannol for
48 hr and the cell viability was measured by hemocy-
tometer counts of trypan blue excluding cells. Results
are expressed as percentage of the vehicle treated con-
trol+SD of three separate experiments. Significance was
determined using a Student’s t-test (¥, p<0.05 vs. un-
treated control).
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Table 1. Oligonucleotides used in RT-PCR
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Gene name Sequence
GAPDH Sense 5-CGG AGT CAA CGG ATT TGG TCG TAT-3
Antisense 5-AGC CTT CTC CAT GGT GGT GAA GAC-3
Fas Sense 5-TCT AAC TTG GGG TGG CTT TGT CTT C-%
Antisense 5-GTG TCA TAC GCT TTC TTT CCA T-3
el Sense 5-GGA TTG GGC CTG GGG ATG TTT CA-3
Antisense 5-AGC CCA GTT TCA TTG ATC ACA AGG-3
B2 Sense 5-CAG CTG CAC CTG ACG-3
¢ Antisense 5-ATG CAC CTA CCC AGC-3
Bl Sense 5-CGG GCA TTC AGT GAC CTG AC-3
- Antisense 5-TCA GGA ACC AGC GGT TGA AG-3
B Sense 5-ATG GAC GGG TCC GGG GAG-3
Antisense 5-TCA GCC CAT CTT CTT CCA-3
XIAP Sense 5-GAA GAC CCT TGG GAA CAA CA-3
Antisense 5-CGC CTT AGC TGC TCT CTT CAG T-3'
AP Sense 5-TGA GCA TGC AGA CAC ATG C-3'
¢ Antisense 5-TGA CGG ATG AAC TCC TGT CC-3'
AP Sense 5-CAG AAT TGG CAA GAG CTG G-3
- Antisense 5-CAC TTG CAA GCT GCT CAG G-3
curvivin Sense 5-GCA TGG GTG CCC CGA CGT TG-%
Vv Antisense 5-GCT CCG GCC AGA GGC CTC AA-3
NOS Sense 5-AAG-CAC-ATG-CAG-AAT-GAG-TAC-CG-3
! Antisense 5-GTG-GGA-CAG-CTT-CTG-GTC-GAT-3'
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Fig. 2. Induction of apoptosis by piceatannol treatment in A549
cells. Cells were treated with the indicated concen-
trations of piceatannol for 48 hr. (A) To quantify the de-
gree of apoptosis induced by piceatannol, the cells were
evaluated for sub-G1 DNA content, which represents
the fractions undergoing apoptotic DNA degradation,
using a flow cytometer. Results are expressed as per-
centage of the vehicle treated control+SD of two sepa-
rate experiments. (B) The cells were fixed and stained
with DAPI solution. After 10 min incubation at room
temperature, stained nuclei were then observed under
a fluorescent microscope (original magnification, X400).
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Fig. 3. Effects of piceatannol on the expression of apoptosis regulatory gene products in A549 cells. (A) After 48 hr incubation
with piceatannol, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were subjected to PCR with the
indicated primers and the reaction products were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B) The cells grown under the same conditions as (A) were lysed and
then cellular proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The mem-
branes were probed with the indicated antibodies. Proteins were visualized using an ECL detection system. Actin was used

as an internal control.
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Fig. 4. Activation of caspases and the degradation of activated caspase-3 target proteins by piceatannol treatment in A549 cells.
(A) The cells were treated with the indicated concentrations of piceatannol for 48 hr, lysed and then equal amounts of
cell lysates were separated on SDS-polyacrylamide gels and transferred to nitrocellulose membranes. The membranes were
probed with the indicated antibodies. Proteins were visualized using an ECL detection system. Actin was used as an internal
control. (B) After 48 hr incubation with the indicated concentrations of piceatannol, the cells were lysed and aliquots (50
ug protein) were assayed for in witro caspase-3, -8, and -9 activity using DEVD-pNA, IETD-pNA, and LEHD-pNA as substrates,
respectively, at 37°C for 1 hr. The released fluorescent products were measured. Data are expressed as mean*SD of three
independent experiments. Significance was determined using a Student’s t-test (*, p<0.05 vs. untreated control).
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Fig. 5. Effects of piceatannol on the expression of iNOS and production of NO in A549 cells. (A) After incubation with the indicated
concentrations of piceatannol for 48 hr, cells were sampled, and total RNAs were isolated, and then reverse-transcribed
using iNOS primers. Resulting cDNAs were then subjected to PCR and the reaction products were subjected to electrophoresis
in 1% agarose gel and visualized by EtBr staining. GAPDH was used as an internal control. (B) A549 cells grown under
the same conditions as (A) were lysed and equal amounts of cell lysate were resolved by SDS - polyacrylamide gel electro-
phoresis and transferred to nitrocellulose. Western blotting was then performed using anti-iNOS antibody, and an ECL de-
tection system. Actin was used as an internal control. (C) The amounts of NO were determined using Griess reagent and
a standard curve created using NaNO; in culture medium. Results are expressed as means+S.D. from three independent
experiments. Significance was determined using a Student’s t-test (*, p<0.05 vs. untreated control).
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