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Induction of Apoptosis by Piceatannol in YD-15 Human Oral Cancer Cells

Hae-Nim Lee, Hye-Yeon Jang, Hyeong-Jin Kim, Seong-Ah Shin, Gang-Sik Choo,
Byung-Kwon Park, Byeong-Soo Kim, and Ji-Youn Jung

Department of Companion and Laboratory Animal Science, Kongju National University

ABSTRACT Piceatannol (trans-3,4,3',5'-trihydroxystilbene), a natural stilbene, is an analogue of resveratrol. In the
present study, possible mechanisms by which piceatannol exerts its pro-apoptotic action in cultured human oral cancer
YD-15 cells were investigated. To investigate whether or not piceatannol has effects on cancer cell viability, human
oral YD-15 cells were treated with piceatannol (0, 50, and 100 uM). Piceatannol treatment (100 uM) showed the
strongest inhibition of cell proliferation and reduced cell viability in a dose-dependent manner. Chromatin condensation
detected by DAPI staining significantly increased in a concentration-dependent manner, indicating apoptosis. Piceatannol
treatment activated initiator Bax (pro-apoptotic) and cPARP in a concentration-dependent manner. Further, piceatannol
induced down-regulation of Bcl-2 (anti-apoptotic). We also evaluated the activity of piceatannol against oral cavity
cancer tumors in mice. Piceatannol-treated nude mice bearing YD-15 xenograft tumors exhibited significantly reduced
tumor volume and weight due to the potent effect of piceatannol on tumor cell apoptosis, as determined by terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling assay. Immunohistochemistry staining showed elevated
expression of cleaved-caspase-3 as well as reduced expression of Ki-67 in the piceatannol-treated group. Therefore,
piceatannol can be developed as a cancer preventive medicine due to its growth inhibitory effects and induction of

apoptosis in human oral cancer cells.
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(16,17). o] A2 Aol 93} piceatannol< resveratrol
Ho}h e abshA], dRAmA R g 9w (18,19),
nuclear factor kappa BINF-xB)2] &4 A& &3 I
= 4ol Barg vk JITh20). d4tst, &4
= A A, AEAY, e, it T
A &9 a5 JERITH2,21,22). AR thekgh
et matrh wel X npol] vl piceatannol®] -
FoAe] &gt G52 AHOE HiEIL 9T}
SfrEo R A29] FEo] ¥
T+l ti$ piceatannol®
ol 7] A8 FRAAAMETQ YD-159014 HAd=
Z el piceatannol®] IAE A &3 apoptosis
YA A8 in vivo AEA 2FAAF A ael

Ylste] Aahsic.
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2 A Ale&H G AMEF(YD-15, human oral
cancer cells)&= et A X523 (KCLB, Korea Cell Line
Bank, Seoul, Korea)oll Al F¢3te] & Ao A-&-3}3iT)
Piceatannol(Fig. 1) Sigma-Aldrich Co.(St. Louis, MO,
USA)el A +938ke], dimethyl sulfoxide(DMSO)el 100
mM2] stock solution®.Z THE $ A5 wj=]of 3|4
3lo] 2]2]3F k. Anti-rabbit 1gG9F Bel-2 antibody, Bax
antibody, PARP antibody, caspase—3 antibody, Ki-67
antibody, B-actin antibody+ Cell Signaling Technology
(Danvers, MA, USA)ol A 43} o
HUSE

AYEEL 4539 nude mice(nu/nu)E Orient-Bio
Inc.(Seoul, Korea)ol Al #9438t FFdstn E4%=23)
I AYEEA W AUk 23+5°C, F% 40£10%, $713]
T 10~123]/h, YA 12A17H08:00 5, 20:00 45),
Z5% 150~200 lux® FA %= F3FlA 15793 &34
A ARFERAL B3 Aol= AHrao] skl &3 7|3 T
177 /WAE AR ske] piceatannol H4Fo ol whef o
T 4ulE] A 37T o2 Yol R cageoll A 33T
AFFEEATE =0 AMAAEH S BANH S AFESER o,
tag Al oA AL RS AT SEAES

OH

Fig. 1. Chemical structure of piceatannol.

T FEAYAE Y $AKNU_2014-13)
& ol &

M| ZEHH 2

YD-15 Al3E+= 10% fetal bovine serum(FBS)ell 1%<]
streptomycin/penicillin®] ¥3H 90%2] RPMI-1640 ®j
A& Abg3ke] 37°C, 5% CO27F A4 =& incubatorol] A #f
FskAtt. 175-cm” flaskoll A7} 80~90% A= A<
] phosphate buffered saline solution(PBS)2. & 2 A
oJW L trypsin-EDTAE ©]-&3to] Althul et st wiA] =
2~3Yntt} wEakgich

MTT assay

YD-15 A E 2] 2]l M|+ piceatannol®] F&F=
ALz 98l Al EufE 96 well plateol] YD-15 |3
2x10" cells/mL&Z #-F38}31 2417t 59 F4 3447
piceatannol< 0, 6.25, 12.5, 25, 50, 100, 200 pM< z+
A glslo] 24A17F JASGTE 2443 & WA E A ASEAL
PBSe| <91 MTT solutions Zt welld 40 ulL® A&
5 2A13F &<k COy incubatorol] A 8] st ok, MTT sol-
utions AAg H DMSOE 100 uL® A& sle] welldl &
¥ formazans EF %59 F ELISA reader(Bio-Rad,
Hercules, CA, USA)Z 595 nmollA &3 =5 5433t
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DAPI staining

Apoptosis7t FrHEAE W SolF oz UEht= 3]
HEf A WstE #Astr] el DAPL 8 9418 g8)35to] 3
o] FeA WstE A3 YD-15 A& 60 dishol
1xX10° cells/mL& #33ke] 2443 Gk kA8 7] 3L
piceatannol< 0, 50, 100 uM *]&]3}e] 24A]7F incubator
ol A wFst the- PBSE F Wl A& § 4% paraformalde-
hyde solution® 2 1587+ LG A FH T 21 § PBSE 4hA|
AlFskar PBSell 108 3143 DAPT solutions 2 mLA# #]
x| &te] el A FFdn]) g (Zeiss fluorescence micro-
scope, Thornwood, NY, USA)2. & 200u] A|ok= =3}
St

Western blotting

[e]
3 piceatannol< 0, 50, 100 uM =2 24A13F 52 #]
sklth. 21 % trypsin—EDTAE A 2jsto] AZE 5 &
2 e AR (1,200 rpm, 5 min, 4°C) it} PBS
Z AEE AFstar YAEE 3+ cell pelletel] cell lysis
buffer(Invitrogen, Carlsbad, CA, USA)E 3 7}sle] 4°C
ol A 30&7F w331t Lysate: 13,000 rpmell A 5%
e AAEY st T HE F3N cell lysateZ AH8-3F

?:51_
2]
el



Piceatannol®]

polyacrylamide gel electrophoresis(SDS-PAGE)® =.7]
H2 28 £ nitrocellulose membrane(Bio—Rad)ol ©]
A AY. Membrane 5% skim milkZ 2A]3F &<t
blocking gt % anti-Bcl-2, anti-Bax, anti-PARP, anti—3-
actin®] 12} A& 242} H7kske] 4°Coll A overnight 8131
T} 71 % anti-rabbit IgGZ #7}sle] 2417 w25k} Z+
protein band© ECL detection reagents(Pierce, Rock-
ford, IL, USA)E °]&3le] A3 ZAIE HT}

YD—-15 oral tumor xenograft

37°C, 5% CO27} A%+ incubatorel| A 5% FBSE #
748k RPMI-1640 iAo YD-15 +Z LM ELE vl U3}l
o} 175-cm” flaskol 80~90%2] AME7} wjg= S o
trypsin-EDTAE H7}ste] A|ZE B-/A1A LA41E21(1,200
rpm, 5 min, 4°C) &Stk 7L § PBSE A& & thA] g W
DA E2](1,200 rpm, 3 min, 4°C) 3} cell pellet2 o
1x107 cells/mL7} H 5% o] wx)of] EF519ic) 15U
9] &3}717+S Bl nude mice 5o 200 plL¥ YD-15 77
PAEE FYotel TFS FRAAT. I0he FF Aol =
7F R A v s & E7E & F ek 3vt
]+ piceatannols DMSOo! 3| A7 wfsE 53 20 mg/kg
S 22 A 357 BT sl
i 59 10 mg/kgs 2-E AlFbel] 353 BAFA ahgith
)& DMSO$}F PBSE 4o] vl 59 &
3 BRo] B9tk Folz|zk ot nhg-2e] Aukael Ay

R _

o
g 3 FPAel 2t F 28 49T,
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TUNEL assay

Dead End™ Colorimetric TUNEL System(Promega,
Madison, WI, USA)S ©]&3F TUNEL assayS &3l apo-
ptosis AIZE &35, AA xylenes ©]-&3 @yl
3= AZ 3 ethanols o83k 100, 95, 85, 70, 50% <A
2 AdeAFY. 1 F PBSE AlE 3 Proteinase K& 7+
&ofolto WolEy ALdA] 15837k §H3AI7] AL, equili-
bration buffer®} Biotinylated Nucl. Mix, rTdTE 4j¢] Zt
Eefol=of Agsle] 37°CAlA 1A1ZF BEGAIFH Y. 1
0.3% hydrogen peroxideE PBS¢} 4o 5837 uk-&
Streptavidin HRPE 7z} &gfol=of &3, ZF &8
=9 3,3'-diaminobenzidine tetrahydrochloride(DAB)
solutions 1043F ¥Hg-A1Z1 3 microscope(X200)2 pos—

itive cell& 3}t

o o o

Immunohistochemistry

TUNEL assayE &3l apoptotic cell& 213 3
apoptosis®} I H target proteing &<213}7] 3 im-
munohistochemistry((HC)E A A 8FATE 5 ym FAHZ 4
dy dgtd 221S WA xyleneS o] &3 @ydldiE
3t & ethanolg ©] &3l rehydrations A% ©H100, 90,
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80, 70%). 1 ¥ PBS®E A& 3}kl 0.3% H:0.5 ©] &3}
1A peroxidase E&/d A7 TE PBSE M3 8Fal skin
milkE ©]&3le] WA bioting EZA A7 F 14 A
& WA Z Y Washing § 22F &A1& 95417131 DABO
H.0:E #7}ate] wkS- A7t} 7 & microscope(X200) 2
target proteins T3} T}

EAE 24
= Ay 4

= A REAAY) RELAE ALE

+ 1= one-way ANOVAQ] o]&
ttest A& AAlE djx2 3 vlaste] <0.059 o
3 A4S T
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Piceatannol0f 2|8t YD—15 M|ZZ2| M= A L ap—
optosis &1}

YD-15 7 bA E o] A&E8o| 1| X+ piceatannol®]
S ol 7] 93] piceatannolS F%=(0, 6.25, 12.5,
25, 50, 100, 200 uM)HE & 2417 &3k & MTT assay
& &3 #ES T (Fig. 2A). 72t w5 HMEX AEELS A
¥ s=7t 7t AAsEd 50 uM A 2wt e] A
- thxtoll Bls) o 30% A= ME AES TAaF B
o, 100 M A ]2 2ol B8 oF 60% o] AlE
AEEo] AT As EE 5 AT Choi(22)2] Aol
o) AGS ¢ tA ¥ piceatannol= 0, 25, 50, 75, 100
pME 48A17F B9k A 2]gk & MTT assayE 53l cell via-
bilityE ZAe 24, 75 yM 2 100 pM9] -F=odA = g3
o Bske] °F 50% @ 75%9 A&S Bt olwldh
A= B AT A piceatannolo] YD-15 744 3o A
TE gEHOE AE FAS AN APy 22 AR
e} piceatannole] SFAIFE F2] Ao &3S Hol=
Ao 2 g H) o123 piceatannol ol 2% YD-15
Al o] AE=E A38k7F apoptosis 2ol o] &k ANA] A
a}7] 915te] DAPI staing A8 YD-15 74 %HA 3
9 piceatannolS &%(0, 50, 100 uM)EE 2417+ A& gk
% DAPI A& o] &3l FFdn|H oz AEerhFig.
2B). 71 A ¥} piceatannolS 100 uM ] %] 3+ ol A apop-
tosis HAAMEL] F7H7F HZE O MTT assay 4349
5A3}A DAPI Aol A= tlz7ol H|3&l| piceatannols
A gk oA A F7F FAENL A2 A5, GAAL
°] 2= apoptotic body®} 72 apoptosis FE|7} #E
At Kim 5(23)9] Al 9Jskd U937 HdH A2
piceatannolZ 0, 10, 20, 40, 60 utMZ 48117} <t )23k
5 DAPI 94 & 3t 43 5% &4 o m Ax] AE
£o] 48k 2™ piceatannols A 2]k ol A 2} ¢34
4 &% 9 apoptotic body7} #Z&H At o]H s AE
ZF3tsl 2 ) piceatannol A &9 ¢3F YD-15 7oA %
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Fig. 2. The effect of piceatannol on cell viability and DAPI staining. (A) YD-15 cells were treated with piceatannol (0, 6.25, 12.5,
25, 50, 100, and 200 uM) for 24 h, and cell viability determined by MTT assay. The results are shown as means+standard dev1at10n
(SD) of two independent experiments performed in triplicate. Significance was determined by Dunnett's #-test with "P<0.05 considered
as statistically significant compared with non-treated controls. (B) YD-15 cells were treated with piceatannol (0, 50, and 100 uM)
for 24 h, and apoptotic bodies stained with DAPI. The arrows indicate chromatin condensation in the YD-15 cells. Cleaved nuclei

were examined using a fluorescence microscope (X200).

o AEAEE Has

AOE AN,

apoptosis FEol| &3] o] Fox =

PiceatannolO| apoptosis A2 CHHAl disiof| O|x|=
Apoptosisi= TFFgE chl @ Sof o3 A EZ e 74
&3 ZXAQ““] o] & Bel-2 family 9 A 5L nE&
o}l uf Bl S x4 O]_‘_ A2 m)
ﬂﬂb} AZANE F 5 Aol o3 o ol 9
Tote] AZAME S -3t o IS gisti(24).
Bel-2 familyell 438k= 2 714 @A 52 apoptosis =4
of 7H¢ tdEA Y AR g#A e, 15 Bel-2&
anti—apoptotic A2 A4 apoptosise] F&S JA|5t= 7]
55 7HAY, Bax:s ¥ A<l pro-apoptotic A& apo-
ptosis®] w3} AA7 JTH25). YD-15 A3 A picea-
tannol®]| 717& &11387] $13l west-
ern blottingS &3} apoptosisE F4 3= Bel-2 family
chilz o] Wby & <183t Fig. 3614 yER whe}
A g]$t o2 pro-apoptotic &SI
Bax thulA o] wkd o] Z7}8+9) 9™, anti—apoptotic ¢1x}
Ql Bel-2 &9 @& 748k S Bt} Zhang 5(26)
o] A A3 HCT1163 HT29 th&<kA| 3 e piceatannol
< 30 uMZ 483t &<k A 2] S w| Bel-29] 749} Bax
o] F7HE g1kt o2 $ A= piceatannol®] YD-
15 T2 4AHE ] Bel-2 family @A o] #FS WA

o k08

O 2 o oo

2] 3l apoptosis F%=

Z+o] piceatannole

A FUdd A2 JEY piceatannol®l apoptosis F%
L Bcl-2 famlly t}uﬂ;djq_ oﬂq-o] OAM% :@Lo }Oiq_
PARP @il a2 &4% DNAE H73ahs @ d = PARP
o] dek2 apoptosis?] WEAAN EH F shfolth(27).
YD-15 Al ¥ piceatannold 0, 100 pM 2] 8}o] west—
ern blottingS &3 PARP & o] wd S el
A3} PARP @988 oz 1]3] 100 oﬂH PARPQ]
Aol Frlal gl th(Fig. 4). ol2g A3E FFE W pi-
ceatannol YD-15 774 3E2] Bel-2 ‘3—2 Bax ‘&‘ﬂé‘«]
Uy 538 WEkA]7] 3l PARPS] B4 &
sisg fTREAl7IE o2 Attt

fr=23}ke] apopto-

XenograftE 0|&s5}0{ 0|&lst Z0 piceatannolO] O|X|
= g

XenograftE A A3 uf-$-29] YD-15 F7AE =2
ol piceatannolo] o3t g aS v x=x BAH3AL} F
& Atolz2&= = 23] 543191 a piceatannol(10, 20 mg/
kg)& DMSO°ll 8|4 A|A F 53] 22 Albe]l 357+ H745F
o aon, Tt DMSOS PBSE 3XAA F 53]
2o A gt BEARES sgivt oL AR B 8 A HE
2w} vlaskel S ) T Aol Badte A4S 1
Atk 22U Ao = th=Tol B8l piceatannolS 20 mg/kg
A gk ol A ek 50%9] AES B Y(Fig. 5A). HF

ZFoF Afo] 2= tjZ0] 640 mm®, piceatannol 10 mg/kg
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Fig. 3. The effect of piceatannol on Bcl-2 family protein in YD-15 cells. (A) YD-15 cells were treated with piceatannol (0, 50,
and 100 pM) for 24 h and cells harvested to measure protein levels of Bax and Bcl-2 by western blotting. The blots were also
probed with anti-B-actin antibodies to confirm equal sample loading. (B) Each bar represents the mean+SD calculated from three
independent experiments. Significance was determined by Dunnett's #-test with P<0.05 considered as statistically significant compared

with non-treated controls.

B
A 0 100 (UM)
&
-
PARP - o . g
&
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o
B-Actin | wamety anull

0.8

0.6

04 -

0.2 4

0 100
Piceatannol (uM)

Fig. 4. The effect of piceatannol on PARP protein in YD-15 cells. (A) YD-15 cells were treated with piceatannol (0 and 100
uM) for 24 h and cells harvested to measure protein levels of PARP by western blotting. The blots were also probed with anti-B-actin
antibodies to confirm equal sample loading. (B) Each bar represents the mean+SD calculated from three independent experiments.
Significance was determined by Dunnett's #-test with "P<0.05 considered as statistically significant compared with non-treated controls.

Tk ol ]"11; 482 mm’% 2™, 20 mg/kgS T3
T A= 366 mmPYth HE FLY TAE glxto] 0.25
g, piceatannol 20 mg/kg Fol+to] 0.21 go & picea—

UM<

tannol Fol9] FU+AAFS o AetE F IS B I (Fig.
5B). TUNEL assayE ©]-&3}o] &3 oA apopto—
sis7t gojvfb= MAEE g% 23 piceatannols 3}
A ke ¥ Bl A] piceatannol 20 mg/kg —roﬂ 3k

ol A apoptosis?t Aot AE7F o] #& A HFig.

5C, 5D). o]&| gk Atell whe} piceatannol: YD-15 Al|3Ee]
apoptosisE frEste] FF T4 AN 7= AR A}
EEES

Piceatannol0] SYXZI0|A apoptosis

BH5 9l ZQFMEt0| O|X|= Pt
29

A g F
= IS #2357] 938 immunohis-
tochemistryE =83} t}. Caspaset A ¥XAPE S 43}
T8 2HRJAAZ et

AN B

pud

XenograftE

T,

tannol®] apoptosis #&
Hrlsle @A o

=

L
T

722X, initiator caspase®l

&AE] DNAS B8k gl g o] PARPE

(28). Ki-67& =2Aal= A Fd] A8t 3
antibody @ Z213}= M 29 G1, S, G2, M7l

apoptosis signal®] %% <l
ol&] &43l9 caspase-3+&
aAgs 4

rt



980

A 1000 1 -e- Control
900 1 10 mg/kg
- 20 mg/k
800 - e
e 700 1
£ 600 |
[}
E 500
S 400
o
£ 300 4
=)
= 200 |
100 A
0
1 4 8 11 15 18 22
Days of treatment
C Piceatannol (mg/kg)

20

0.35 4

0.3

0.25 -

0.2

0.15

Tumor weight (g)

0.1 4

0.05 -

10
Piceatannol (mg/kg)

Control 20

30 -

w)

25 A

20 -

% of apoptotic cells

0 ——

Control

20
Piceatannol (mg/kg)

Fig. 5. Piceatannol inhibits YD-15 oral cavity tumor growth and increases apoptosis. Male BALB/c nude mice received an injection
of YD-15 cells and were divided into three groups. Piceatannol was administered at a dose of 10 and 20 mg/kg five times per
week, for a total 15 injections. On day 22, mice were sacrificed and tumors excised. (A) Piceatannol significantly reduced tumor
volume beginning at day 8 of treatment. (B) The mean tumor weight in the piceatannol group was less than that of the control
group. (C) Nude mice were treated with piceatannol (0 and 20 mg/kg) for 22 days and tumors analyzed by TUNEL assay. The
slides were assessed under a microscope and photographed (<200). Paraffin-embedded tumors were sectioned to a thickness of
5 pum. (D) The percentage of labeled with TUNEL-positive apoptotic cells was calculated from 1,000 scored cells. Data presented
as meantstandard error. Significance was determined by Dunnett's #-test with "P<0.05 considered as statistically significant compared

with non-treated controls.

At FA M ] el = EAEA] FETH29). & ATl
M ARAEES slAste] A&3 FUolA apoptosisE %
A3l F9 ARSI caspase-39] A FTAAHFE] S
£ 5 HUbshE Ki-672 #<37] 918 immunohisto-
chemistryS F38)alo] &<ldt Ay} o H]&l picea-
tannolg Fo13F oo A cleaved—-caspase-39] ¥3lo] &
7hatd o, Ki-679 @ae gk AS 8919 th(Fig

6). o]&]g Ax}o| we} piceatannole YD-15 F7+¢HA|E
ol apoptosisE fFEtste] T4 TAS AAAT = AR
aZE gAdssith.

o oF

I =
Resveratrol =42 dF 2 & stilbene AlE =72l pi-
ceatannol AL &) =218 A A|8laL apoptosisE '

O.

shs Aoz gelA v & AgelA = YD-15 A 773
G EZE O R piceatannolol]l 2|3 HAlE F4 A<}
A F71421 71AATE A8 Piceatannole] &

Aol VA s G HAs) getel FHLAET

YD-159] piceatannol< 0, 6.25, 12.5, 25, 50, 100, 200
M) Hx 2 gt MTT assays 33 23} picea-
tannole = EX o Z AE S AT Picea-
tannolell o3+ A E F24 oA &37} apoptosisel o3
ZAR1A gelstr] 913l DAPI &4 33k A3} apoptotic
body$} AMEZ §&F0] vk o|EX o7 Frlele As I
33t} Western blotting® Z ¥} piceatannol Bax®}t
cleaved-PARP Tl o] Wt S 5k ofEH 0= FIHA
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23] TUNEL assays 4
4] TUNEL-positive cell
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Fig. 6. Effect of piceatannol on expressions of caspase protein and cell proliferation markers. Male BALB/c nude mice received
an injection of YD-15 cells and were divided into three groups. Piceatannol was administered at a dose of 10 and 20 mg/kg five
times per week, for a total 15 injections. On day 22, mice were sacrificed and tumors excised. To identify target protein (cleaved-cas-
pase-3, Ki-67), immunohistochemistry assay was used as described in material and methods. The slides were assessed under a
microscope and photographed (<X200). Paraffin-embedded tumors were sectioned to a thickness of 5 um.
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