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Abstract

Betel quid (BQ) chewing is a very common habit in Asia, Africa, and a portion of
Europe. It enjoys complete social acceptance in many societies especially in Thailand,
Malaysia, Indonesia, India, China and Taiwan. It has been estimated that there are about
6 million BQ-chewers living in different regions of the world. BQ chewing is
demonstrated to be one of the major risk factors leading to leukoplakia, oral submucous
fibrosis, and oral cancer. In a monograph published by the International Agency for
Research on Cancer (IARC) for the evaluation of cancer risks (IARC, 2004), areca nut
was ranked as a group I carcinogen to humans:There-are many reports indicating the
components of areca nuts have genoltoxi_city and.cytotoxicity leading to DNA strands
breaks, DNA-proteins crosslink, unschediiféﬁ(_i_DNA synthesis and cell cycle aberration.
When DNA damage occurs, the ATM/ATRECth/Cth' pathway is activated, cell cycle
arrested, and induces the activatiofn. of :other DN{-A-fepair proteins. So far, because of the
components of AN are very complex, the méchanisms of AN-induced cytotoxicity to
cause cell aberrations and oral diseases are not clearly understood. The purpose of this
study is trying to investigate the roles of two check point kineses: Chk1/Chk2 in the
ANE-induced geno- and cytotoxicity. In the ANE-dose dependent experiments, the
morphology of SAS cells became much roundly, lost the connection to the plate and
many vacuoles appeared in the cells due to the increased ANE-concentration. The
viability of SAS cells decreased obviously because of the raised of the ANE and
arecoline, especially in the concentration of 800 pg/ml and 0.8 mM respectively. By
using flow-cytometry assay, we found that the SAS cells arrested in G»/M phase
because of the effects of the components of areca nuts. We further analysed whether the

ANE and the arecoline can regulate the cell cycle- and apoptosis-related molecules by



RT-PCR and western blot. ANE and arecoline activated the Chk2 pathway and induced
the downstream p-Cdc2, p-Cdc25C expression through the Chk2 phosphorylation. The
ANE and arecoline also regulated the cell cycle-related cyclin B1, cyclin D1 and the
apoptosis-related p-p53, Bax and bcl-2. By using caffeine, an ATM/ATR inhibitor and
Chk2 inhibitor, we clarified the correlation between the molecules of the ATM-Chk2
signaling transduction pathway. Unexpectedly, Chk2 inhibition not only blocked the
ANE-induced G,/M phase arrest of SAS cells but also resulted in the G, phase arrest. In
conclusion, we provide the possible molecular mechanism of Chk2 pathway, which is
induced by ANE and arecoline to cause aberration in SAS cells. Chk2 activation indeed
plays a very important role in the cell mutagenesis induced by areca nuts components.
Maybe Chk2 can be the new target in the prevéﬁtiop and clinical treatment of the areca

nuts-induced oral mucosa diseasges in the-future:
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e N ML EA L F F e B ek ieFE A 2 ¥ % (Changetal., 2001) -
AEPFREE ARMERBIMT ZBR T v dpas we > 5 I Wwied £
BoFg mie p MMP2 36 &1 F A I g 0 BB FIR RS FBp a0 4 £ BE
HEEA S ie 1 B A AR ELRER Pl g RAKEL IR B ¥ b wrvEgsmee (Luetal,
2008) - FEEPFRN G Y A FER o KIS §ps (polyphenol) iE_E
S o 0 ek R ST chd & RS vk s P~ DMSO ¥ % L
Bty PREEFFTHRES 2055 0 v IRA N B BT RS RR D
# 4 (Jengetal., 2001; IARC, 2004 )
BT 5P ? and R 5 TPk > £ 2 22 P o #E (arecoline) P o4k

WE A A e & 712 2. - (IARC, 2004; Jeng et al., 2001; Shirname et al.,
1983) o B 25 P % & £ ¥ 7 13A _DNA 'z«’?’J 23 .JI i 425 9 DNA & = (Sundqvist
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AR S e kY o A - BRE IS A T L~ A TP (inter phase)
22 > 218 (mitotic phase) > @ & BB H X ¥ uiE- Hms 5 DNA & 5w (G,
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PrLL 028 TRI R AP EFHFFTORFEAF > LR Z 2B BFF
FRFH MR AT R Feb R FRAFEeGHT 47 5 GIF>SH -G
#) —M #F (Hartwell and Weinert, 1989 ) -
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PTAR iRl P A B e and pEEp ?K”ﬁ FF k-9 jp# (Cyclin-Dependent
Kinases, CDKs ){r & p 4p #4 & e Cyclin proteins 5% & = 5 & F Bfkjpefs /& Mg &
o %%ﬂ e kP ) & B A g cyclin proteins kiR 1Y 0 A FEL B e ) e
+ (Sherr, 1994; Sherr, 1995) 4% sm# % 5{4 & F5 flg o B 4oie » fne i 8 pF
cyclin D 7 LARf S & » & B mbe b gr:CDK4 % CDK6 ) = & it encyclin
D/CDK4/6 4f & # » @ & Peernflé 4 sb \%%Q'Rb BT o % 17 RbA s %
IR 4 i cyclin E endig €$-°C.y_§:l_in ]}EL\ i E:-}é) P?m £ p\ £ CDK2 3} = cyclin E/CDK2
A & B - A E2F eh A& o BE2F R 7 lﬁ\sg cyclin A e/ v > A% 1t ehcyclin
A it 33¥ CDKI1 (Cdc2) ~ CDK2 4 ®]3) = & L e £ 4 > cyclin A/Cdc2 2 {8 ‘m e
FH A i Gy~ MEP > @ cyclin A/CDK2 R # 12 i¢ fmPe d Gy &~ S 3

( Shackelford et al., 2000; Cakir et al., 2005; Shackelford et al., 1999 ) -

Cyclin B

Cyclin B #_fwm%% p 3 & 3 47 w2 ¥ ¥ ch cyclin proteins eh— f > H & =d S )

s GFHF 7 > B {5 & M # 42 s anaphase PF 4 % (Shackelford et al.,



2000) > cyclin B 773 e 4 fm?e ¥ P& » M # #7¢ % (Luch, 2002 ) o ferf 58 4 ‘w
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TR e fTY 0 Pl ikl d G BF e M §ARBR T T (7
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HEFHT 2 G/M P (Touny etal., 2006) -
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@0 B E_ 7] 5 A Cde25C 2 /F?}ﬁ‘&%“mf’?' Eﬁ Cdc25C K24 E_cyclin B/Cdc2 e o
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ZF ~ R rEenime o 4 % %% (Elledge, 1996) ° Fpt » fmre s Hp 4|4 A &
W R IR E 4 0 &  F]2. —  (Shackelford et al., 1999 ) o "$ JoEn e AT
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mutated (ATM ) - Chk21 % Ataxi‘a—Telangie.'c;'tasia and Rad-3-related (ATR ) - Chkl
% < ¥R 4 (Bartek et al., 2003;:Shiloh, et gl 2003) 22X ATM/Chk2¥2 ATR/Chk1 =
TERLZ B A T B e - ﬂkﬁﬂ"é ¢5 iEcheck point3t & @ RELIT & p 3
poedTh faRne ATM/Chk2 ﬁ l?\fi %DNA%H" Wl emF o @
ATR/Chk1 | &_¢ #bulky DNA 2 ¢4 *z 1xdp SEF P eDNAAE @< (DNA
replication fork ) 4 :£#77% i (Zhou et al., 2000) - § ‘m?z 3 # DNA damagep¥ - ATM
fv e 1Y e fp534& I (Kastanetal., 1992) » I i&— # fE 45 1 CDK engr ] &2 &
p21CPVWAR 4 8 wre 3k 8 2 b 5.G ¥ (Dengetal., 1995) - @ % F|DNA damagei&
v enChkl ~ Chk2» A ZF v BRpL 1 T #5enCde25A - #pkpk 1 (hCde25A € A~ 3
Hoo Flm 4 3 A Frimre ) cyclin E/CDK2¢hit 4 > i ‘P2 3 dp iz 0k A SHP (Mailand et
al., 2000; Eastman, 2004 ) > F FFATM 7 7 11 & {7 fm%% h Cde2 4 & Tyr' ermips i
o e F AR G 0 # L ke RDNATG hatdf ShlR T 2 7 DNA

if 2 e A %) (Elledge, 1996)



BCL2 Family £ ‘% i¥ #p

- #kgi o BCL2 72k cha | 7 02« R F 47 5 anti- 2 pro-apoptosis# #¢ (Manion
and Hockenbery, 2003; Manion et al., 2004; Susnow, 2009 ) o frf 5L & 47 m?%e ¢
BCL272%E &3 -~ B+ R » B9 2 B3 FARGRG i dy litmie 3% 0 - = BRI
vz e 5 B @ BCL2 7R 13 = f ﬂ},mi LS e BE R R IFRTHEGBCL-2
homology domainsH # 2. - o &#BCL2}2%*® % - BAFRE 7 B k= &
s | EBAX A1 4pd 0 G 58 & Baxim e o qy 49 B 5l Animee =

CH A 24

24 (Antonsson etal.,2000) > 48 & &> Bel-2R|4R 35 B2 w2 557 M > £ H A7F

AN

PR dl gm0 § e LD mW*ﬁ#?miﬁ% wre ) Bel-2 4 mE
€7 ~ERERS IR GEF A ( Cardilloet al’; 1997; Tuetal., 1996)- ¥ ¢t » & % p
Walter and Eliza Hall Institute#” 3 | ]‘5\ rm ; é}i 5 fj 41> Bel-27 7 felmre iF Hp

.-l-'

Go/Gi %7 F B > = S22 7 lw e Gl H’hi% (Zlnkel et al., 2006) -

G LA de L - ARG ORISR > AR o R T A
AT FARGHI - bF FIRFRF Y © dp NS BN TR F kT
VEROFRT M I A I MR A ERE oy Y PR RS S
c33i Fmre N DNA B T &2 A T2 £ 3 blde ! MR dieanim e bk M F i i
FERPRBET ORI ERLT U DNA LA X R ek BT A G o
¥ AT sub-G dme bt K G L I Ao AR 0 A RF N icehim B P ¢ FIHE A
FE BTk g A e 3 Gy BiF P % (Luetal, 2006) 0 & d 0 Frat o

EHAFIE 0 B HT A B A R AR 24T R -



Flpt AR A R P Y AR AR RS A deie B B e R (T - e
= e k= ?01% Chkl~Chk2 B 2 2. 3 A8 - @ 8w F o i
WUREATTY A ¢ W EFRHS AL BT (SR PRES AR

L Tr




CER N F L

1 Bms &0 55

PR AP o2 RS o kR S S A e 2
2 IR T R ACE  BEF IR S LD BT R R (R R R
PooosE) WAREE R BS0 N HIIEE P RAET FEL S ke o)
ERRRE D AR (8 S R I SRR SR CR Ul e R BT
R T @RS SRR A 5320 C Y o B 1 2 A
Tk 0 10ml = Skl SRR * 0.2 it et % i (MILLIPORE Co.
Cork, Ireland ) &g > B & = kR & IOOT;-Ei'gfml R FRARS B PR 0 4 KRG

‘%’\'20(:'1%—7»%;?1%?{%? & .v-. i1 ;I

2. ' RB MR &
SAS :

Animal:
Human.
Scientific name:
Homo sapiens.

Tissue:
10



Tongue.
Passage method:
0.02% EDTA-PBS.
0.02% EDTA and 0.1% trypsin
Life span:
Infinite.
Morphology:
Epithelial-like.
Medium:
RPMI-1640 + supplemented with 10% FBS and Fungizone (1p/ml) .
45% Dulbecco's modified Fagle's mediﬁm With 45% Ham's F12 medium and

10% fetal calf serum

Aty

Characteristics: =
Squamous cell carcinoma of to_nigue: Established from primary lesion. HLA-A
24/

References:

Nippon Koukuka Gakkai Zassh, 38, 20-28, 1989.

3. Mm% 4 L3R

]

#-5x10° 9 SAS %% 32 % *+ 6-well culture dish ¥ > ©iF+ 4 24 /] pF > F i
DR A RN LHATOE L F DMEM 8 &% 0 £ e A8 &R
BBk RS owell P s AR rF F R 1Smldps P oo 2 (8]
drop ¢t * PBS( Phosphate buffer saline ) i* i fw % {3 » 7% #-5& well 0 PBS = » 15 ml

11



w9 >4 Iml o Ix trypsin/EDTA I 5 & well ¥ » % 37 C5ig 4 ¥ ¥
Lk e powell P IEH T Ok BAEE trypsin/EDTA (T % T kehdmie o @ * V3R
FMcE sog (pipetman) $Z 4 #-fmPe 47t 22 15 ml 3o g p > 12 1000 rpm 3o
EQUAY K BN e "fTT b 4o » 1mlPBS w3 fmee > i 487 B~ 10 pl fm e

2 10 pl trypan blue 323 8 & {5 » ARMCALT M a3 #cd (counting chamber ) 3+
Bitlmie gop o F) LR S b i 53 ¥ trypan blue # &L 0 e ok > Tt E 4 AR

BT RAET & R G A 0 BB E T 5 0 F R s e e (cell

number/ml) (P> ¥R E2 W FEE A F (100%) k&7 o

4. MTT (3-(4,5)-dimethylthiahiéio (z-y1)-3,5-di-

phenytetrazoliumromide ) A\ﬁ
|
TR

#-5%x10° e SAS e 33 % ﬁ" 6_—\iV'ell cultur'e‘ dish ¥ > 5iF* 24| FF > Flwe
2 RREHT I A KRS o ufs%frﬁvgl 2 DMEM 5 &% » £ k& A~ W 5
0.1 ~0.2~0.4 4 0.8 mM =¥ ¥8% (arecoline, ACO ) fJd® 24 | P& » 2_ {8 { & 770
ko E F A bt r 20 ul SAMTT 44 (5 mg/ml)» #3537 C T 5% 3
e 2 f8 R & ,,zuéf £ 4 > 2ml 5 DMSO M3 RS e K et A & b
formazan crystal » #-H ;R £353 15 > d & B well &% B~ 100 pul ;= & %1 > 96-well #3
Zmx ¥ > 12 DMSO § T blank > % ODsgo TR E H ek iE o F ok E % ek Ep 4

SHmE e (100%) 2 F A 5 k7 o

12



5. i3 s %k (Flow Cytometry) 4 45

4 5x10° 1 SAS fw¥ 12 %+ 6-well culture dish ¥ » (=i < 4 24 /| pF > & o2
PRI Er RV 0 [ HATOE L F2 DMEM B &0 0 £ RS A 8 4
FE SR G TS Howell P e £ R FF R~ ISmlgre F P o 2 180
ldrop *t * PBS( Phosphate buffer saline )i# i fm## {& > 7= #-& well e PBS & > 15ml
s g @ oo der Iml b * Ix trypsin/EDTA I # B well ¢ > 3 37 C {2 ¢ #k
kg g e powell FiTH Tk > HB-E trypsin EDTA (8% T ok endm e 0 A 5N e
Box g Ac oD 1S ml gt 0 o 12 1000 tpm g T A TS 0 ] d 4
ik i MR Y B RS hin B ISRy 4~ 1 ml 70%2 R {8 A f R

FER20C AR T 2 A s R W 5 2 15 ml A F 121000

3
B

BT A4 2 fb fRfs > e N PBS Mw‘aé A i R0 1000 rpm 3
A K f ik is i MR ‘]|30¥6’;:t1 stalmng buffer ( z 2 mg/ml RNase A %
40 pg/ml propidium iodide, PI) st ¥ # kn #54% ﬁﬁ:_i RN S N A
4852 15 13N W Pe ik (FACS Calibﬁr, Becton Dickinson, CA, USA )} 2. CELLQuest
(Becton Dickinson ) & {7 fm?P2 iE 8 o 47 » A 5P A RF BEF IO MI B8 4
sub-Gy/G #1 ik efm P8 L ] > e pF I 12 FL2 channel (G & © 564nm~606nm) ¢ B m
Pz N Pleng ko5& — B sample 354 47— § B ‘o Ho & {8 £ ™2 ModFit LT version2.0

('Verity Software House, Inc.,7 SA)#t#83+ & SAS iwm?e p & ‘w2 iF 8 cna & 5750

13



6. & * 8% ;x (Western Blotting )

6.1 jm¥ A2 Fv BB

#-3%x10° e SAS fmPe 32 %3t 10 2 A culturedish ® > S+ 924 [ pF > Faw
o RRENAT R B AN 0 {HATHE & T2 DMEM 8 & % 0 F S
A LB R RS R Bmie N D AT A T e

B ARz 12 PBS Rk e = {0 4e » 200 pl lysis buffer #-in % $7#L s lysis buffer
s & 5 125 mM Tris » HCL (pH 7:6) 150‘mM NaCl ~ 5 mM MgCl; ~ 1% NP-40 ~
IM DTT ( Dithiothreitol ) ~ 5% glycerol™~ 50 M -PMSE ( phenylmethylsulphonyl
fluoride ) ~ 1 mg/mL aprotinin ~ 1 mg/ﬁiL._l;glpb;:;tin o HWHITE T ki wmre iR B g B

Yo F P o BNk LI AR pr b A A BRTRE - (s B F

Y,

A Y 4 47C o 130000pm e alS AlE VBE (S2 b FRie e R

kR TE

6.2 3¢ A E

#-Bio-Rad protein assay dye £ = =tk & & 1+ 4 a0t GIff} & > 1 2 pg/ml en
BSA (bovine serum albumin ) % ;% fe @ = 0.125 ~ 0.25 ~ 0.5 ~ lpg/ml = 8 39 %
Bk B 0 B~ 2ul hcell lysate sample & Iml - 18 {$ £ Bio-Rad protein assay dye 2
3 8 £ 15 A ODsospm © iR] 2 v & @ ( Multiskan Spectrum, CA, USA ) » ¥ o d1 & &

¥ & (R*>0.98) # #-cell lysate sample evk % & 14 N F6i2 4 » o7 (7 i o 7

14



¥ o ZE kA cell lysate sample sh3-9 FE & o

6.3 Mgty T

fe il 10%¢z polyacryamide & A%} 5 » Hle 4o T L9757 o M3 A Kk > T K A
Resolving gel » + & % Stacking gel °

10.% Resolving Gel LA | 245 | 345 |45 | SH |64 | TH | 84
ddH,O (mL) 305 | 6.1 | 9.15 | 122 | 1525 ] 183 |21.35| 244
3BM TrispH 8.9 (mL) | 0.85 1.7 fp2559..34 | 425 | 5.1 | 595 | 6.8

40% Acrylamide (mL)| 1.25 |42.5 |“3.754 5 4 625 | 7.5 | 875 | 10

10% SDS ( 1) 50| 1004] 150 [7200 [ 250 | 300 | 350 | 400
10% APS ( 1) 50 |"100 (1150/7)200\ 250 | 300 | 350 | 400
TEMED ( 1) 10 1 W5 || 95=]1204[°20 [ 20 | 30 | 30

| | "l |

,é’-f(ﬂ-'f)é]ﬂﬂw,fr’l"%t)‘ﬂiféﬂ"‘“él PR H ‘a‘;gﬂﬂr_]lﬁ”if}‘ #"a'&*m")él

Whe ~ TGP > A 4E o 0T well e P B R R EET (94043 1))
Stacking Gel 1A 245 34 44 5H 6 |7H |84
ddH,O (mL ) 1.574 | 3.148 | 4.722 | 6.296 | 7.87 | 9.444 |11.018{12.592

1.5M Tris pH 6.8 (mL )| 0.25 | 0.5 | 0.75 1 1.25 | 1.5 | 1.75 2
40% Acrylamide (mL)| 0.25 | 0.5 | 0.75 1 1.25 | 1.5 | 1.75 2

#-SDS-PAGE % /A% 7 %% >+ % /A H#, (Bio-Rad Laboratories, Inc., CA, USA) » B~
40 ul e § 30 R £ 4§ £ loading dye 1812 95 C #-Rig s # T 2451k oo HH I
WA (5 R A By BT R T B ¥ well ¥ o 2 80 ke 7 stacking gel
TASM FHRAFY BTREETRALT 120 REFESEFEFT AL R TEB G

gfﬁﬁﬂs?é'/”? LR R A Sl S ’?ﬁﬁn

15



6.4 v F#i# (Transfer)

AR B 3 39 F & F o0 transfer membrane i Polyvinylidene Fluoride
Transfer Membrane (PVDF) » #-2 a8 A G $ BT » T 10 f &3 1 & @ g A
—3%} % -PVDF membrane— g & 2. "8 /i #-%% & ¥ membrane % & {5 B » # 7 #

(Bio-Rad Laboratories, Inc., CA, USA ) ™ 320 £ % 33 120 4~ 4538 {7 3= F & &
F o FR A E S > PVDF membrane ¥ *t 5 5% fq4vds2. TBST ¢ » &% 8T

blocking & > - /] pF o

| M

Bk AR Y @ T - BRI S t‘ 3 J& overnight » — ikl (7% & &
{6 » 11 TBST % tbej% (Tris-base ~ NaCl ~ Tween-20 ~ ddH:0) Fitw == » & 7 A
& 0 2 {5 & p %R - & Fikd HRP conjugated antibody ** % 8 T £ % — /] pEF
610 TBST $ b jf 72 1 % > =& - A 482 16 4 » ECL g J&7#%|( Enhanced
Chemiliminescence Reagent, Millipore, Billerica, MA, USA ) » & {8 £ 12 X & % i &

16



- B

o i) ##  Source
)

Anti GAPDH antibody 1:3000 Santa Cruz Biotechnology Inc., CA, USA
Anti Chk1 antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti Chk?2 antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti p-Chk1 antibody 1:1000 Santa Cruz Biotechnology Inc., CA, USA
Anti p-Chk?2 antibody 1:1000 Santa Cruz Biotechnology Inc., CA, USA
Anti Cdc25C antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti p-Cdc25C antibody  1:1000- Santa Cfﬁz Biotechnology Inc., CA, USA
Anti Cdc2 antibody 1:2000 Santa Croz Biotechnology Inc., CA, USA
Anti p-Cdc2 antibody 1:2000 Santé;t?fuz Biotechnelogy Inc., CA, USA
Anti Cyclin B1 antibody 1:569_ ISante;‘:E?ru;'leioteo.hnology Inc., CA, USA
Anti Cyclin DI antibody  1:500- " Santa.Cruz I;;iotechnology Inc., CA, USA
Anti P21 antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti p-H3 antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti P53 antibody 1:1000 Santa Cruz Biotechnology Inc., CA, USA
Anti p-P53 antibody 1:1000 Santa Cruz Biotechnology Inc., CA, USA
Anti Bcl-2 antibody 1:500  Santa Cruz Biotechnology Inc., CA, USA
Anti Bax antibody 1:1000 Santa Cruz Biotechnology Inc., CA, USA
Anti p-ERK antibody 1:2000 Santa Cruz Biotechnology Inc., CA, USA

17




= BB

Fokg ¥ - 51 | Source

Goat anti-Mouse IgG | 1:20000 | Jackson ImmunoResearch Laboratories, Inc,

Baltimore, USA

Goat anti-Rabbit IgG | 1:20000 | Jackson ImmunoResearch Laboratories, Inc,

Baltimore, USA

Rabbit anti-Goat IgG | 1:20000 | Jackson ImmunoResearch Laboratories, Inc,

Baltimore, USA

7. B &prid 4 F & (polymerase {Chain reaction)

-

-

#-3x10° SAS ‘e 12 % % f_z"’ﬁ b 20 DMEM e1110 = & culture dish » » 58
X240 P Famte x DR RA L RIREH [ TR AR BEFRFH N
RAB L ELREIL G TS Eme hRNA ML R E R AF A F R

(RT-PCR) #tim®e p & K Fl2 A BT AT o

7.1 RNA A 32

% 2 #-culture dish # #7132 % & 3 ",4rf {6 1 PBS jj-ie#ic=t {4 » i * Macherey-Nagel
RNA isolation kit i& 7 SAS m? e RNA % P~ o i¢ * 350 ul kit 3% & 7 Buffer RA1
22 3.5 ul B-mercaptoethanol ;2 & = ¢ lysis buffer fiz & 21 7 #-‘w % 4T ™ » #&- cell lysate

18



% » NucleoSpin Filter Unit # i & + — 4 & & > 12 14000 rpm #s — A 45 > JcB~d
2 A 4R 0 de r 350 pl R T0%FREE 3 R & 0 & F £ B2 B~ Nucleospin RNA
column & 3.« ¢ ehie £ > 2 10000 rpm 3s 30 ft6 » TR T AP CAS o JFL
4 » 350 ul MDB buffer ( Membrane Desalting Buffer ) 12 14000 rpm & — 4 48 T
¥63 T K A 4 o #-10ul DNase I £2 90ul DNase I Reaction Buffer ;2 & {2 B~H ¢ 95ul
ber 4 4 STRNA columns 3t 3BT 15 A 45oE 1 A2 4w § hRNA
column ¥ “4r » 200ul buffer RA2 &< 10000rpm = - Fj #23 T & 47 (& £ 4 > 600ul
buffer RA3-72 & 323 {2 12 10000rpm o = = F5>$23 T K 47 (5 £ 4v » 250ul buffer
RA3 12 14000rpm s 1 4 48 > #63 T K % {8 % RNA column ¥ » - &7ei
nuclease-free 1.5 ml &< 4§ » £ 15 4c » 60 ul RNase-free water ™ 14000 rpm #f-< —
A4 - RNA G (0 & 3 i3 220 CHVE&;‘%“I%’* o

!
|1

|

72RNA % § & N

#ewh ik S B0 5 RNA 10ul #2 1000u] DEPC-water % 1.5ml #c® v 8

N353 R Aets 11 A Sk Sk & 2 (Hitachi U-2001 )ip] £ RNA sample % 260nm £2 280nm
dso k8 0 % 260nm/280nm skt B 4 3t 1.8 5 B % & RNA sample thi B & 43 i (7
% o RNA k& (pg/ml) #5382 5% 5 ODasonm*40xRNA #-7 i 5 (1010/10) -

7 % % ODagonm=1 F¥ » RNA sample ¢9jk & % 40ug/ml o

19



7.3 RNA & 4% (Reverse Transcription)

St S Nz F 15 0 #-F 5 negative control (NC) Zp 1% 7 fo g 12 A
kB 21 B b ¥ i e & % 5 % RNA sample > 12 SuperScript™ 1M First-Strand
Synthesis System ( Invitrogen, CA, USA )it {7 RNA F #ék-& B F % 2P % F RNA
sample £ 27 if £ DEPC-water ;& &£ 353 » e » 8ul ¢ Kkit 3 # ¢ Random Hexamer
2 8ul e 10mM dNTP - ¢ 2884 5 64ul o & = RNA sample 4 ¥ /2 PCR machine

( Perkin Elmer 4800, City of Industry, CA, USA ) i£{7 65 C T A 45/xJ2 » 2_ {8 & »
4°C A Akl ot b 4 R BRRE duE ik 2 ul 10x RT Buffer ~ 4 ul 25 mM
MgCl,~2 pul 0.1 M dithiothreitol(DTT )~ 1 pul RNascOUT™ - 1 ul SuperScript ™ 1 RT

fic @l = cDNA Synthesis Mixe & RNA sample-f, PCR machine B~} {5 >3+ & ‘2 sample

® 4v » 80 ul cDNA Synthesis Mixe ﬁ-%%” PCRamachine i P& 25 C10 A 48—50 a
C 50 A 4885 C5 A 48 i B 647 Kdiilion 2 15 2% sample B3+ 4 C» B ¥ A
B4r » 2l RNase H i+ £ 12 37 COOBEBR = 8 (5 F » & “1F infez 35 &

F 47 F1cDNA 7 i35 30-20 C ¢ i 2 (57 5% o

74 R &pvia 4 5 & (Polymerase Chain Reaction, PCR)

B i 2 VR B e cDNA sample 5 pl » ¥ 5 ul 10xPCR buffer ~ 4 pl 2. 2.5 mM
dNTP ~ 1.5 pl 2. 50 mM MgCl, ~ forward primer £ reverse primer % 2 ul ~ 0.5 ul 2.
Taq (5U/ul) ( Genet Bio, Chungnam, Korea ) ¥ i§ & -7 DEPC-water ;R & 323 > i 4%,

B4 5 S0 ul 5 > ¥ » PCR machine ™ 94 C 5 4 4i& {7 denature > 2 {5 & P& 94 C 1

20



4855 Cl #4572 C 1 A s 238 (7 20~35 BTk - i1 72°CT #» 4
= & JF TR 3 #-sample ¥ 3 47 C o 3yt e pF 3 e 9 1.8% ¢ agarose gel » # 100 ml 7
0.5x TBE buffer 7 7 1.8gagarose i3 %R & 323 {5 1 #-H 4 # 1 agarose % 2

% fE{8 > 4o Sul #00.625 mg/ml ethidum bromide (EtBr) ( Amresco, Ohio, USA )

3

REtsE o /R FAPRAE = > DNA AR P ®iF - 3% 15ulPCR & 4 &
3ul DNAloadingdye iR £323 {s W T R- |7 RFEFT IS Y SEFF L
2 Alphaimager system ( Alpha Innotech Corporation, USA ) ## B~% i o

AR BT F hprimer 40T £ AT

Primer | Sequence Size
s
B-actin | Sense:5’-AAGAGAGGCATECTCACCCT-3’ 218bp

Antisense:5’—TACATGGCTG§EGTGTGAA—3’

- T |l -
Cyclin Sense:5’ -AAGAGCT_VTTAHAACTTTQGTCTGGG-3 ’ 317bp
B1 Antisense:5 ’-CTTTGTAAGTCCTT-GATTTACCATG-3 ’

P21 Sense:5’-GAGCGATGGAACTTCGACTTTGTCACC-3’ 450bp

Antisense:5’-CTGAGACTAAGGCAGAAGATGTAGAGCG-3’

Cdc25C | Sense:5’-CCTGGTGAGAATTCGAAGACC-3’ 456bp

Antisense:5’-GCAGATGAAGTACACATTGCATC-3’

Cdc2 Sense:5’-GGGGATTCAGAAATTGATCA-3’ 288bp

Antisense:5’-TGTCAGAAAGCTACATCTTC-3’

21



R L X T AR SN

I
N

MERFISAIUL 2 F
o FHEF N TLIHE + B L (mean+ S.E.) 412 > # ¢ * SPSS (SPSS 10.0;
SPSS Inc., Chicago, IL, USA ) #ic#8i& {7 s3> 4 457 » 12 one-way ANOVA % Post-hoc
analysis with Bonferroni correction i& {7~ 47 ek A P2 £ B £ F 45 S35 F 2

L& Mp<005 FEHAFTEFHFLR 2 H|87d; o
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3
I
iy
i}
AR
4
*n

R & $13% SAS = R dwm e 2 B 55

AL ECT RS B 2 R $0 SAS E R e re 20 B8 o - SAS cells A

(s

40
kil
W

Bk e PORR ST Z R IRET R 2 e | LS R

= a2 9$w3@?ﬂ&%¥

#3554 93 SAS % A n e T B

.'I

SAS & B lwe ke i 0Bk RATHERS 3 B’~,1rn (Areca Nuts Extraction, ANE ) Z&

BT H R I B o Al d RS F PP T o SAS R

wie B IR K PN R AR 5 1§ A (Figure la)» @ Ak A ANE 100 ug/ml ~
ANE 200 pg/ml A2 SAS & imie = Lw [ Pris > e b £ AL T | % % e

(Figure 1b ~ Figure 1c) > i £ & 4§ 83 5 B~ 4 )k & i 3] ANE 400 pg/ml p >

\V‘b
4'_*}
>

ARG LSRR R ARREH T e 3 R
& ¥ % (Figure 1d) > 24 #5+ 5 P4k & i 7] ANE 800 pg/ml p¥ » F it 7 % %
EL 4P meRF PARABEZE > LIV URRIGFL S D
mipRir b g o B lle i SRR TR (Figure le) &7 i £
FP At B ORR RS FESERBE Y > SAS FRme A 4 1 Bimre 4 e

% 5 B o filopodia ~ lamellipodia (Chang et al., 2005 ) o — ® § #83F X P4k & i
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F| ANE 1200 pg/ml f » 3% 5 fmoe § 7= £ RE s %ip? o 05 284 woe i ey

%% (Figure 1) »
# %% (Arecoline, ACO) #R SAS E Hpiw e A L % B

Wil d BIRS F BT > SAS R EIRE K RN A RN
% 187, (Figure2a) > kA& 0.1 mM ACO AJ2 SAS ‘mie = L o /| pFi{s » fmie ¢t &
A &~ 4~ e (Figure2b) e £ i kR £ ACO 0.2 mM pF > ‘m¥e ¢
LB RF o dmie p RIS e (Figure2c) @ ki kA + 2 5 0.4 mM pF o
FARG PRI SP A ¥ 355 mke 5 (Figure2d) 4 i i b B s

23 0.8mM B G % B miEss RE s R T s e e 1)

LA RRE FAek 4 ke (Fightede)s |
[ M |

- |
y | |
] ¥
I

B IR A 2w F

BB RS 2 i SAS e oh 4 3]l e R A RS S AR
A Mot A s F]P AP SAS SR w1 Ak B RS BB E A )

fEr = Lw [ T R A e £ A
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BT LBt tmie 3

d Figure 3a ® ¥ 12 4vig > SAS fw? S H 3 5 B4~ )k & 100 ~ 200 ~ 400 ~ 800
ug/ml ¥ g2 - Low | pELS > B 5 d trypanblue 2 F 2R E B e o AR ¥ IR A e
dnie g AR A v W E97.4% ~ 95.7% ~ 96.8% ~ 77.1% - ﬁ* # kB ANE 400
ng/ml TP %Y > SAS TR NG IEFAHBET G HELR > L L
BB kR ANE 800 pg/ml BB ™ rJ2 - L w0 BF > SAS e ez P R

B e wm i FR T UEP o SAS e R RIS F P auis G e

F M a4y > SAS fmre 2 A & AL o E\?'fﬁ{ﬁ‘;pé‘é 4 b anRT o

-"\. f

M= 0)

| i~
| il

fimdgmeiy WA ||
W | 1

j¥_Figure 3b ¥ ## 40> SH & kA 0.1 0204 0.8 mM 7 SAS & H bm e ¥

AIE S b G F 1T MTT 444 5 m% 55 4095 - 4§00 Bl e et % 5

B A A B E101.34%~102.3896~80.389% 14 3 66.71%¢ 822Xk B . ACO 0.2 mM
N e S SAS R G EFEHBREFRIEFLE > L AR
ERFACO04-~0.8mMMBEE T G- L v | P> SAS 2 /mie anz s F P

-

BT el SR T IR 5 SAS e R B iR 9 R SR T R

‘Bk-
:-—H\

SR

WG hf A R R 5 E S5 SAS % A RN R &

B g
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Hi = A SAS Z f e 2. e 3 FP chf B

LIRS A SAS lmie 2 mr F et LAt A e 0 £33
D FH P > NP S B R DR ERT F B2 RS 4 SAS o

B d® - Lo RIS o N e R A T H e iR P i (T oo
B PR3 5B $ 4 SAS i 2 e 3F §F e 8

B PRS F B eniE R T (R Al S sub-Go/Gy M B R BR R EY A
] % NC:5.85% ANE 100 ug/ml” 5.75% “ANE 200 (g/ml : 6.36% ~ ANE 400 pg/ml :
6.74% ~ ANE 800 pg/ml : 10.49%2%£2 ANE 1200 ug/ml 15.23% (Figure 4a) > £ % if
UmmmMm@ﬂyﬂﬁmwamﬁﬁﬁﬁﬁT’ﬂﬁﬂ%ﬂ—ﬁﬁm7&$%&ﬁ
13 E B4 (ANE 800 pg/ml ~ANE 1200 He/mb) TRAE™ > Hm S s mmF B P
#] SAS e g i 4 . |

M fhm e p PP 3t A 0 d Figure 4b » ¥ 4 { P A 18 5 T SAS ‘w7 & ANE 800
ng/ml e S E T 0 AR G RS ¥ B AT gt R e (104%) kG P
F1G/M H F 2 (22.92%) el IR SR RS fr2 B R HTE I g A
ANE 800 pg/ml 7 > SAS lm#z chivh £ ) i 2255 e 4 35§ PR TR RS 5B
PRI AR oo A SEF R ING F PR R R F OSAS ek T fiw e ) Gy/M

HFBF A2y g R SAS e e k) G P E S PAnG o E T
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PLimre FEp e it > 1§ fwm e iv Ep VIR Go/M P iR e B aE 0 4 ﬁ*{‘:ru

ERBERDERBRY 0 HIRF ZB POy T g 2 SAS e 4 e kR o
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B # SAS S0t 2w 3 5 el 4

AR ERE it T 5 (N A e - hsub-Go/Gr Mt b ek BE BT A u G
NC : 6.37% ~ ACO 0.1 mM : 7.44% ~ ACO 0.2 mM : 9.31% ~ ACO 0.4 mM : 13.53%
22 ACO 0.8 mM : 28.03% (Figure 5a) > 225 3 127 MTT #1738 {7 ehim ¥ 1375 4 174 4
BT AFS% P XEP T A3 kANEE (ACO04mM -~ ACO0.8mM)
BT A AR B I Frd] SAS fmie g s e 4 o

I e kA > d Figure Sb 4 ¥ 04 AP BT 5 | SAS twie i F i m A ik
BAXKAXE > e k8 4 F eniFA) GO/GLEPAX kAR > £ 20 S H¥7 G2/M ) Bl4x
k4% % 0 & ACO 0.2 mMey g i it ™ o e LG M P RIL R e
(43.43%) kG M A0 Go/Gy #F 7 3% (2737%) %02, . > & e ACO 0.4 mM
SRE T AR EEAT SR e (771%)1,;;,#“@@\;%&ﬁmGz/Mﬁﬂ +2(30.63%)>
A & ACO 0.8 mM s ™ ,mﬁ lﬁﬁ%’» (5237%) koo s M SH A
FEPAE L kLR (8063%)’ Lg%im*%» foz w0 F BATE T A
ACO 0.4 Mm B 4> SAS fm#e chvh £ 25 fi 82 53800 4 30 ¢ PR FIH RS 0 B
FIApetflg o d tlwie FH R o & L wre IR S B o Gy/M H) i hp B
i » ﬁ*‘ué'ﬁlitr‘s ERIEE Y o B ERE cpr T 11iE 2 SAS e B 4w e ik )

£

R & J I SAS e 2 e TR A A S

1)

2L AT SAS i e AR S ATiE A Sim e ) BIF A (LA S
ﬁ&ﬁ&j 7“'\?’ L’J"Jb':? Chkl ‘Chk2 l’:":} lﬁ%ﬁﬁgﬂ!"}w Fﬁ‘g ’ J—\. ]FB 4 |17 }}\;/&&m%ﬁﬁ"_

27



Pty ind A w4 SAS fmre BT - Lw o[ pELS S )% F S BEE X A 45 SAS fw

B B AP A EARM s BA S AR

BIRSF 35 3 SAS ERmie 2 me TP Rirs 3

AR 2 GAPDH (T L R e T UFREFHIT Z B ER B E
SAS im% ) % 4 5 fichp-Chk2 (Thr68) ¢ 3 # 3+ 2 chffaj4 4 » @ Chkl B
% (Figure 6) - tfpt2 #h > — L fiR3 TPk R4 F > SAS & fyim?e b c51p53
v A ME2 B4 0 TN ARBERE L (Ser-20) P50 H T A 3 P21 AR

F PR F AR I T T S B lﬁ\x % €yclin D1 12 3.0 4p $+ 1 Cyclin
Bl £ Lp] & fﬁﬂ"‘a—g"#"/}&fifﬁﬁmkvbﬂﬁkﬁ m pmieFH ALY g8
Cyclin Bl % & #9Cdc2 9 #HF &EL qﬂ“&f 8ot A Tyr 15 #rd] =8 4k
lj ’wﬁm*% foff P13 F B4 47 SAS
mﬁmC@%Cﬂ&&“(mﬁ&%)m%%i&&&ﬁuﬁwﬁ°f4%¥ﬁﬁ

B it e p-Cde2 4 P E_3 lf; \
FEBERGHER > SAS e p (N L Fuine A= hBel2 F-v 2N LB e ik
HMPp-H3 3-v L R0 AR > 2R F 4 fen EHFIMF 25 5 o
AP F P43 SAS e 2 e ik BF %4t i (Figure 7) o

Ay JIr FEPEAHF RAERGE S e EPALF HOSBLER
L HIRF F R 8008 0 A RNA K & eh4 I o 2 Beta-actin (BAC) 7 5 ¥/
oV UBREFHET Z B EAREF 0 Cyclin Bl ek Fl & A% k4% 4 > Cdc2
FEIRERLF PR P2 chA P E G AR KA PR ok R S R
FER T F P AR G R T 6 AT Rt Ro G 7 e
F_# p53 fv Cde25C (7 RNA £ 3R F -l & P kg it (Figure 8) > i~ ¥ ¥ 11 f2 8

Lo RS FB g 0 p53 . Cde25C £ Men s A0 Fv fERAH B 2 e
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7 H A FIRNA #4500 Bt b A G s

Z

%% ¥ SAS E plwie 2 e TP A A F PP

PPt E T AR GAPDH (T HR e > SEFRINEER 3 F 0 SAS
= fpimie h S A Sl ehp-Chk2 (Thr68) 4 #1233 4 » @ Chkl
pl % (Figure9) - 2 b WREEFHIRE R AR B 0 SAS F R iwE p o p53 3
B AT R AR M b 0 P21 SRR E B b s A T R 4 e
Cyclin Bl en4 3 > @ Cyclin D1 2 L5 {“iff.%f?.ﬁ"% R R DB o i
Ao FEEL YK ik e p-Cde2 (Tyrls) F‘J# ﬂ?;%g&\%‘t 75 ACO 0.8 mM P 2t 25 5
55 o & BAAF Cde25C s sRANE S iﬁﬁw a 5_— BUCLEEF A R R RS A %
% > & ACO 0.4 mM f%gzljfms_ ALCOO8mM BERITE 5 @ dadns A= Bol-2
2 F AR AR FRE ACO 0.4mM B?siillrsié 7 5 ACO0.8SmM B 4nT % » ¥
— WAL G 4 Rk wre b= hBax bov PILEEFRINAEARF A G ART
% chIR % (Figure 10) ©

% RNA £ & ¢4 = & - 14 Beta-actin (BAC) 5 2 IE 2 it R e
"R SeRE AR PRk R A & B 0 SAS ke ) eh Cyclin B1 #2 p53 A Flehd ARG & i
A e, Cde25C £ P EAEFRITE ERLES 20k & ACO 0.4 mM
F3EF 0 RACO08mMM PFH £ & T "% (Figure 11) > dthen S foz & AP A

0 FAG PATTE D PR R - R
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ATM/ATR & f #83F 3 B3 4 SAS Z %

lT‘
_r
~D—
1\»
b
kX
™

SN2 b 4

2Ol HEHL IR TR R PnL BB LY TN G A
Tt SAS fm P2 33 % % P FE A o » eer TP = L 0 4 o e B - fER x| e
ATM/ATR #r#|#] > & H #- Chkl ~ Chk2 * #:H ATM/ATR #4148 > 3% 1 # #15

KBt RIL SAS F Rpliete - Lw o pEE S RETRE
ot FI RS S S Ach SAS Bk e A A B R R L BF

ERES I S s SR = SAS %)%me FRI R AT RIN

% 1845 (Figure 12a)» m ANE/800 ug{ml J&&imﬁﬁ—? S e Nl ) = K
fre enth F VIR o ATt mﬁﬂ e‘?,«g -’% it m ,_‘,}af;i cafteine 0.5 mM -~ caffeine | mM
JeJ2 SAS ‘mPe = L v o PELS > dmre 0 %«'j&_ﬁ,«jﬁ # ~ % % (Figure 12¢ ~ Figure
12¢) > @ 7§ caffeine Jk B 4% & F| 2 mM B¥ > ‘m¥e § ff e 12w p NI T Je IR
% 3% 4 (Figure 12g) > £ 27 ANE 800 ug/ml 779 5% % (Figure 12b) " & » %R
B A A B <P AEo e § - & SAS twm¥e fp BFAJE T caffeine ¥ #f 5+ F B4 ANE {4 >
T ig B ferri Bk B B 1460 ANE 800 pg/mltcaffeine 0.5 mM § e @ o 38F ro g
T SAS ¥z enth £ A5 5 B &Emﬁ‘ﬁﬁmiﬁ,?l"ﬁ ¥ 5= e I3 (Figure
12d) » & #eee Tk B 3 A % % PF > & ANE 800 mg/ml+caffeine 1 mM =3 5
P dmre b &R A B e R RaR e PR (Figure 12f) 0 @ g Bk R e
r22%] 5 ANE 800 pug/ml+caffeine 2 mM § % e ¥ » < 5 B SAS & plwie & 55+

= o W3 S B R 49 e 58 M5 (Figure 12h) o
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Chk2 & #83 X B3 4 SAS & B lw % #rig & 2. F2L B¢ 1R
2 & d

%1 e o AR {1 Chk2 e - fRe A
(2-(4-(4-chlorophenoxy)phenyl)-1H-benzimidazole-5-carboxamide ) ( Arienti et al.,
2005) kA7 L PIHERF EBp B B B AT A2 TSN %o AP A SAS
PR & e P A 4 » ChR2 Frd | Hl el = - 245 > (FH B-lwe p 57 Chk2 Fr] 2

BREUFEIMIFIEPP I L | o 2 BEBEFRER

Fr#] Chk2 3§ #83 5 P4 sldzin SAS et AR E 2B P

==

Wil G RS 5B de cnfpio® ’SA§ ;ga wfe IR W PRI R R

A5 (Figure 13a) > & &ﬁf%*é—"f _‘““B*#ﬂ/iafixiiJANE 800 pg/ml & » SAS 'm?z
AR E NP R > e RO RN A g rie > T e g
himie RIF i R Y o i dp &R RS FT E (Figure 13b) > @ 8 e »
$i 1%k B e Chk2 43 (50nM) PF » Mf U Bl e b o dmie enth 4025 R
ARV B G TP LA R e e — ik (Figure 13¢) 0 % H & 3% Chk2 #r 48]k
B#® 5 100nM {5 > 7 1 IR SAS dnve o A AR F] 0 RF A AR Y e
mie s PR % (Figure 13e)> @ % Z_ % SAS = Jf w2 2L i (7 Chk2 Fr4| #] 22 {8
Fher FIR3 585 A f8 Chk2 #r 41 &)k R - e ot 4 T]/{‘{-_E«F € IREE R

# #13 5 B~4 ANE 800 pg/ml &2 i en% it (Figure 13d ~ Figure 13f) o
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Frd] Chk2 H# #83 B4 e 4 2 B

kPt Bk E 0 B A H-SAS wnre IF L Chk2 Fra | # el - 44 0 &
FL A FIRF FBG 0T - Lo o] PE{S 0 02 trypan blue 2 &3 B fw e g E Bl
B R S F o d Figure 14 ¥ 7 > 53 & a2 (8 0 SAS ‘w2 m e
FEREE G XD E P RILOH B w2 55 A~ W G ANE 800 pg/ml ¢
56.9% ~ Chk2 inhibitor 50 nM : 82.64% ~ ANE 800 pg/ml+Chk?2 inhibitor 50 nM :
66.42% ~ Chk2 inhibitor 100 nM : 71.7% ~ ANE 800 pg/ml+Chk2 inhibitor 100 nM :
58.32% > gt - EP O RARS KBt A DRy B F A 1L B BERR
1<k & 90 Chk2 #r4 & (50 nM) ¥4 2z e rﬂﬁ Ry 2 A > e - 2 Chk2
Frd Ak & #& % 21 100 nM B Rl+ e a;\ JLH-SAS = B fmre o ch Chk2 41 2

_.ﬁ; v ffird] Chk2 15 3 38— H 40 » H %

33‘?

5 $ UK SAS w5 o oA Gtk

-rﬂ

+ % B~ ANE 800 pg/ml =77 l[a;?,%; ac‘ g\;gu,,,gétpugﬂo L AR ET o
Chk2 & & gk4 + e R i9Fx i SAS ﬁm”?méfﬁﬂz*:ﬁ"#"la‘*7 CE At

PERRER ES o

RS

Frd] Chk2 $H8F 3543142 tnSAS e 2 me FH L 2 P

g S S Bde 2 ChK2 Frdl Bl chi®® T » & 4 fn% 8= G1sub-Go/Gy vt b &
L g ke 2% 5 NC:6.52% ~ ANE 800 pg/ml : 12.19% ~ Chk?2 inhibitor 50 nM :
7.16% ~ ANE 800 pg/ml+Chk2 inhibitor 50 nM : 9.91% ~ Chk2 inhibitor 100 nM :

10.18% ~ ANE 800 pg/ml+Chk?2 inhibitor 100 nM : 10.44% ( Figure 15a) gt % %+
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222 % e ChK2 Fr4 | HEFH I Z P wmed PRI %Y TE PSS T Fo "
#HM 9 Chk2 enis 2 F > awaac 9 B 8 SAS fmPe ez FHan 4 o

fimie sk Hp A 453 G0 d Figure 15b ¥ 4 > %% Chk2 Fr4|#k & 3k 8
SAS ‘mPe vt A2l G i E P T ¥ R e FPRHOG I BF DR AT L
H G #p b4 s 5 NC:32.46% ~ ANE 800 mg/ml : 30.66% ~ Chk2 inhibitor 50nM :
34.54% ~ ANE 800 pg/ml+Chk2 inhibitor 50 nM : 35.11% ~ Chk2 inhibitor 100 nM :
41.69% ~ ANE 800 pg/ml+Chk2 inhibitor 100 nM : 45.54% - F] )t P > SAS mPz p

] 2]

1Chk2 i &8 F > “f PRmrenGiEi 4 24 2 PR wme Py

Fri] Chk2 B8 # 2+ g A A SASWn e 2 m e (P A S

| 11N L )

S 1R Lz\i&mGAPDH xtﬂyﬁ@ _EL’, !’?mfﬁﬁ++%h AP
sefafe v Chk2 » @ {8 Chk2 /& 18 m &g & Chlk2 Fra| &k R % % 0 Chk2 Fips it
Fraj+s A8 kA% ™ > @ Chk2 Fr4 & 3 Chk2 /& andrqiT* > 0 % 2 5 35 5
0 F A e e (Figure 16) o # #8F » a0 43 '% i< Cyclin Bl 0 3> 2 )
* Chk2 #r) & #-dmre b Chk2 $rd|2 18 > 12T % 2 X7 Cyclin Bl e > @ # %
F ¥ BF» 22 Chk2 #r4|A ¥ Cyclin Bl ehe T A3 8% il § 4o b o A8 kR
1 Chk2 34| AR5 T (100 0M) » # p-Cdc2 (Tyrl5) £ Cdc2 3-v & ¥ %3 »
A IEs o fv% 2L ANE dose dependent § %% ¥ #7{8 3| cn % - &R > %+

EBFr it %8 SAS Wiz ® Cde25C 3-v & I o 4p & 1> Chk2 e 3 B i "%

By

Cdc25C #-v ih# E - Cyclin DI B] E_§ % P 8+ FBFr B 505 3 4o 5 L
505 ) e Chk2 » B Cyclin D1 £ s § £ SR o fins Fod b 24 &0 i

P53 PR 1L 2 pS3 T A F] p2] chA IR Chk2 #r4|® kR % % - #
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PR B 514 e pS3 A 1t 2 p21 A TLER £ FlFA] o 1 RS FTP4A 6 W p-H3 4
MR E Y B2 BT Fh S R e MY BFe* &0 @ Chk2

FrylE i * o 2 W53 Mame p p-H3 eh4 3 (Figure 17) »
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it

N
N
el

iR+ Z 5P AR IRE 3w 4 £ el if

Ttk & g & v VR 2 v R T BT B e R o D R DB TR
FORTRE SR 2 v o 1T R AR AR S e P AR P 4 s
gk 1A g e o AT ek R SRS BB 2 A A Bl ~ SAS
mre Y EJE - L o] pE o BT FBodeid A SAS fmre AR 1 o mie N 708 HE 4o

AN 1 L KB nte AARE 5 ek A 0 ARG ¥ P4k B ANE 400
o

pug/ml 2_ 7 e f B B P > SAS e rn;},é L %P b,

ER#F 3 ANE 800 pg/ml p¥ - &w ﬁ@ A4 PR A B

ot

T 9%t o g RS PP
"! | ]
ﬁﬂ%ﬁSMVWemrmﬁﬁﬁ i%ﬁﬁ% SKR #F + & ACO 0.1 mM 7]
ACO 0.2 mM = [Fl ¢ > SAS | m”am,;,r :_’§<F‘n‘1 Wi T SR R R i
Hn e BAFRE bk § P A % BEAHY ¢ #15 Beh o MR i InE 2 5
itlwmie FiEG 4 - Room - ERImFZ kAR F I ACO04mM B > SAS &
Tplm i g E A 4 LT 80% 2+ 0 23 & ACO0.8mM P v ime 738 5

25 % 66.71% o
L F Y TF I SAS Wi Ht RS F B B g 4 7k ond Pt

B P OSRRS B i & A RRE fe RS TR AL

W
g\x'i

A3 SAS fmfe cni®H € ot 3 IR ek 7T A AL R ART B4 s 2 F
TAF R "fTT TR E L bR e 73 A #Re(Arecaidine )~ » & # fi% (Guvacine ) ~
2 & #p4 7 fig (Guvacoline )~ B # (tannin )~ #; %% (fats )~ % @iz i* & 4 (polyphenolic

compounds) ~ fE S~ FEAEZ B R H B H T EF FIL R H vAFRA L G A
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34

B BIREHT SAS e ihtmie 2 4L BRI PAET R Y T2 R @ AR R
fpms s & PR PER AR LR ] Y A TRl bl & Bl e ¥
AR AT TR ORIRE LR e R EE T g @ RS S R
d AREHRE P FEEL KRS TR IR 2 T AR RS Il g
WA o AT RLERIRS L R PR OF] R LT FREIS S A
A SN TR Ra A

% A 7% i Check Point Kinase 2 (Chk2)

FARE D HIRE NS 5| 4= AafE 4. ;L :3m’?é ® &1 DNA damage pathway =75
L FAfL 1 fmP2 N & ATM » Chkl » Chk2 i, TH G,/M B 25 (Tsai
etal,2008) @ * % %+ &I +‘='s4|i?ﬁ'r#v~ 2 ﬁr {3 $1° SAS s p 0 Chk2
WL TR o JAHE P W L b HE S ii".%:};, 1t o) %‘F_:_,zm'?a R DNA 3 4 BT g S 4
;ﬁwwwwnﬂMﬁxﬁﬁ%ﬂ§%@%@ﬁkﬂ4§g@~ﬁ%gfﬁwcwz
+ Thr-68 i~ % gips i (Ahnetal., 2004; Oliver et al., 2007 ) » @ Chkl f]i & o F
P ATR #7751 0 3 & § fmve L % oh sk~ 2xddan ~ S ot A 73 Mg A aig gl
B Z_DNA % 5 %% % 2 pg 24 (Cimprich et al., 2008; Mordes et al., 2008 ) -
Wk aF SARA Y BRI F B F A S92 BT %2 (Wary and Sharan,
1988)~ ~ #p v "2t & P (Sundqvistetal., 1989) 11 2 X 5 v "L B2 w2
(Jengetal., 1994 )2 DNA %74 @ # %2 » it 5913 = % ¥ %¢wr¢ (Panigrahi and
Rao, 1982) % X K% 'w? (Wary and Sharan, 1988 ) (7 DNA %74 - 5% & i&3F %
AP SR Ed MFHRATEINSH T IR 0 RS A fgig = SAS
= B w2 DNA W5 878 » £ 38— % gads 1 4w ) e ATM-ChK2 2 4 @ vfak /5 2
¥ B BRI 0 JE R PR & fTid 2 20 SAS E R iwre 22 DNA %742 ATM % i ahe &
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RV ELLSLIFENTEGY o

ATM ¢ Chk2 # SAS ‘m?e 13 7& it # e 58

A L EEF RIS TR IRE Y S P SASmre f ehChk2 £ IR 0 F]
5 - B BFChk2 2 B PFATM & 93 X B 8 fmve 3 B AR Y AT
wend d > AP A oA FEY
2-(4-(4-chlorophenoxy)phenyl)-1H-benzimidazole-5-carboxamide % — & & — 4
Chk2#r+#1# (Arienti et al., 2005 ) > @ herz Jﬂ (:1,3,7-Trimethylxanthine ) P4 - f&
B 24| téiphosphoinositide-3-kinasé-related kinases (PIBKKs ) Fr|# » 4383 it 43
7 e e p HATME ATRIE }4 CRussell et al-, 1995; Sarkaria et al., 1999;

Hall-Jackson et al., 1999; Blasina gtal. 19%9) °. WA R Y T L IR 0 e T

A £ 43 SASE B imre o 4 ﬁg'av%éfgm»ﬁ sézu. WA 3 kB 2 mMPF > SAS3
Hpinte 3 RS P R OR Y IR RET R h B L B e TR (0.5 mM) T oo
- L EE R RS F oo SASIm e g 0 b e gt G PR 2 g

/:J. .

’

it % Chk2Frdl B chs BRSP4 3 foid * v T4 0 e & > P AR

3

Chk2#r 414 11 2 Hi 55 5 3 gr cnF B w® » SASE Jplw®e cn?h 2 2) i - 0 8
R Chk2 4|l chim®s 3 ¥ L P A% (> ASASIm™ a1 B3 % d 7 X
o RATA T E B D A= R BT o 4 FIEE R % o B RIEChk2dr 4 & 2
RS FBde ity o B 5= AR R e p = v BIERE 3T ) Chk2dr A 1T
F % v o Aot 5 AB IR % ¥ A 2F ATM{rChk2 % Check Pointse % 2k 3¢ flm?z ¢
gy iEend 3 B e £ DIDNA damageP¥ > mie b € Fods - i B el
R AR B L 0 B P ) S A AR R A ek 4§ s

A g et 4] AL S # A B (Check Point) (Hartwell and Weinert, 1989) >
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& ATM"%T 7 %27 Check Point#s 4] e/5 14 b 305 23 7 3F % DNA repairhs 4

(Cortez et al., 1999; Lim et al., 2000; Gatei et al., 2000; Wu et al., 2000) > & ¥ &
— A qmie P s ATME homodimerﬁ’kf‘%%ﬁﬁ Ao e g - ¥ e X FIDNA damagep# »
ATM ¢ % 2 it cnec % > 2 Fserine-19816ix B & AR 1t » 3 B 40 14 T 0%
e12F % 422 DNA repairsis & 0 % NBS1( Nijmegen breakage syndrome 1 )~BRCA1

(breast cancer 1 ) ¥ SMC1 ( structural maintenance of chromosomes 1) % % 4 &

( Bakkenist and Kastan, 2003 ) - @ P # §@fk +F #1i@ * chChk1dr4 & UCN-01~ 425
F A A e oo B BRI A R S Ao PR e e Y B0 1T AR AT
Bt (Kawabe, 2004 ) > F]pt 5 @& * Chk2#4r 4|3 &% H_vbeet Fl#-‘m P2 ] eChk2 12
2 ATM & &= 3 318 > #-€ LR SAS E g wre | ik & L2 DNA AT 541 > @ 7
SAS!m?e £ i & 483 F IR Frid A hate 4 8 &DNAK FIF § el
FFgmamie S 4 Flmag & d mltOtIC catastrophe& 4= % & = (Castedo et
al.,2004) > s FT ARG R L_p._: Eﬁ@m;ﬁp# BB BT Ep B e
B e i E S PR RO R E"’E’E “’/* ) *r‘ﬁl Jm E1‘;JJ e ks MR (8

%5$ﬁﬁwé?*£}¢’2ﬁﬂﬁ5¥‘.ﬂf”%"*ﬁﬁixﬁ HEY

Chk2 #+ SAS m% 2_mrz ¥ P A 54 + 7

WILG F S LA 0§ ove 6 RDNA damagesHiiR T 0wt ) ihig B BE
# 41 (Check Point) ¢ = F|34 47 » Chk2#e A5 i > 338 - I grfik it T #5Cdc25C 3~
v+ eSerine-2167= % (Matsuoka et al., 1998; Blasina et al., 1999; Chaturvedi et al.,
1999) » i Cdc25C4 & B » 4 ¥ Cyclin/CDK complex & (£ 37 0 1 = w2
FHHRFiRF > FL e X HE MDA BTG A A o Ap53EY - BA&en

DNA-damage kinase#% /& ¢ F 54 + (Harris and Levine, 2005; Jin and Levine,
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2001 ) ¢ in¥e 41 JLDNA damage i/ ™ » p53-dependentsrit 4 @ 3E52 /T € 4o 53 2
T Hp2lindd g @ e F P € 5 G ¥ eIk & (Vogelstein et al., 2000) > @ p21
kB by bbEATE S HDNAG 2 ¢ 0 4 Bl S dn%e M 85 (Bunzetal,
1998) > & & mre p cADNAJE 5 35 F 9%~ > BlpS53-dependentsimit & @ VgL [T -5
- @B e F R e > B BMA S { <2 (Fridman and
Lowe, 2003; Vousden and Lu, 2002) - #Tsai% & 'fg R Y P EE A %ﬁ d
Fr| 4 854 4 e ¥ pS3ciE b @ ' ADNA repairchic 4 (Tsaietal., 2008) ° @ &
AP P R ET BT s T ] AR R P E R
EH PR L FEF A 5905 1 SASim 2 ehChk2 4 T » # %3 5B~ 4 it B 2Cdc25CH
ZIE > T R EPS3F AR B oIt E I DA A > TS BaEp2land
oo ipREE A g R & —‘F‘i‘ 7 2 DNA damage 22 Check Point } edfg & v2 & 5
o i FeniE 13 5 B4 A 7 SAS, ‘m’“? p Go/MEp ehim 2 X Hp & 75 T % 11 2

'

PR A T fine 4 g o R 4&rwﬁ%ﬂx@m C R F B

R i E R P F L m”?iﬂﬂ%ﬁ r}%cy¢hn131frcyc1mD1Egrﬂ v 3 F A

mm&aé}ﬁ@aﬁ%mﬁﬁgﬁﬂﬁﬁﬁ$%#ﬁﬁﬁ%ﬁ+’4 B3
4 ehE_ > ChK2/Z M #4 #4571 Cyclin BI ~ Cyclin D112 2 Cdc2 & SASm ¥ j e
LS o Aot B %k "fk’Leeiﬁi‘ 2 GK 12 2 KBiw#e ® 2 I %% it #& B Cyclin Bl
fep-Cde2en% 3T b (Leeetal.,2006) - @ &fkent T 25M %> &35 1 £+
F o 45 SAS T iy w7 2 ke e R A ER AT A ]2 - o

ROk BB E 72 YR SR SHEBAAEIRRE > A v IinE R

P}

R v LALPpend P F R A itk o d A & d 0 Chk2 hd R
AR sl As e R Y OREFFFRUELDES > T8 R T
PPARmE N e ROV A A B YR AP o A RTRA
Bt b oo i L R Chk2 fv i v OpR s Y ATk ee 0 @ Chk2 4 3F

TG RS AT YA iR Y - BATEORN S 4 K S A P - A
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/{‘f\*ﬁl%\\’ ‘L‘ET'—I ll |4§‘J
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Figure la Figure 1b

Figure 1c Figure 1d

Figure le

Figure 1 : Effect of AN extraction on morphological changes in SAS cells. (a) untreated
SAS cells; (b) SAS cells treated with ANE 100 pg/ml for 24 hours; (c) SAS cells treated
with ANE 200 pg/ml for 24 hours; (d) SAS cells treated with ANE 400 pg/ml for 24
hours; (e) SAS cells treated with ANE 800 pg/ml for 24 hours; (f) SAS cells treated

with ANE 1200 pg/ml for 24 hours
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Figure 2a Figure 2b

Figure 2¢c Figure 2d

Figure 2e

Figure 2 : Effect of Arecoline on morphological changes in SAS cells. (a) untreated SAS
cells; (b) SAS cells treated with ACO 0.1 mM for 24 hours; (c) SAS cells treated with
ACO 0.2 mM for 24 hours; (d) SAS cells treated with ACO 0.4 mM for 24 hours; (e)

SAS cells treated with ACO 0.8 mM for 24 hours

53



* 1 p<0.05, compared with control
SAS-ANE dose course 24hr trypan blue test

120

100 - — - N -
g *
s 80+ T
5
Q\Q
L BD u
£
E
< a0
K
(8]

20
]
NG 100 200 400 800
Concentration of ANE (pg/ml)
Figure 3a
* :p<0.05, compare with control
SAS cell-500000 cells-ACO dose-MTT test-24h
140
E 120
=
c
S i/ us -
©
3‘? 80 4 == *
_}-: B0
=
I 404
=
3 P
QO
1]
MC 0.1 02 0.4 08
Concentration of ACO (mM)
Figure 3b

Figure 3 : Dose dependent effects of ANE on cells proliferation in SAS cells. 5x10° Cells
were exposed to (a) ANE ( 100-800 pg/ml) for 24 hours. Cell viability was measured by
the trypan blue assay. (b) ACO (0.1-0.8 mM ) for 24 hours. Cell viability was measured
by the MTT assay. The results were expressed as the mean percentage of control ( mean

+ S.E.) . * P<0.05: Compared with negative control
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Figure 4a
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Figure 4 : Dose-dependent effects of ANE on SAS cells. (a) sub-Gy/G; population in
SAS cells and (b) cell cycle distribution in SAS cells. 5x10° Cells were exposed to ANE
(100-800 pg/ml) for 24 hours. The results were expressed as the mean percentage of

total cells (mean + S.E.) .* P<0.05: Compared with negative control
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Figure 5a
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Figure 5 : Dose-dependent effects of ACO on SAS cells. (a) sub-Go/G; population in
SAS cells and (b ) cell cycle distribution in SAS cells. 5x 10° Cells were exposed to ACO
(0.1-0.8 mM ) for 24 hours. The results were expressed as the mean percentage of total

cells (mean + S.E.) .* P<0.05: Compared with negative control
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NC 100 200 400 300

A CAPDH (36KD)

B Cyclin B1 (66KD)
e A A A e 0-Cdc2 (34KD)

G A e - Cdc2 (34KD)

s -y _:‘- '-.-.‘i,. L =

—-— - Cdc25C (55KD)

& | Fon WA Ve

I

B e W CyclinD1 (36KD)

La\ll 2 W/&#F
. p-P53 (53KD)

R — P53 (53KD)
. ae s SRR P21 (21KD)

S e Bcl-2 (26KD)

- w= L = ==  Bax(21KD)

Figure 7 : Effect of ANE to expression of cell cycle regulatory proteins in SAS cells.

Cells were exposed to ANE (100-800 pg/ml) for 24 hours.
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Figure 8 : Effect of ANE to mRN-A.exLLression dt{qellzé'ycle regulatory proteins in SAS

cells. Cells were exposed to ANE ( 1&)0-'8.00‘ ug/ml) for 24 hours.
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Figure 10
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Figure 10 : Effect of ACO to expression of cell cycle regulatory proteins in SAS cells.

Cells were exposed to ACO (0.1-0.8 mM) fg)_,f‘2':4 hours.
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Figure 11 : Effect of ACO to mRNA expression of cell cycle regulatory proteins in SAS

cells. Cells were exposed to ACO (0.1-0.8 mM ) for 24 hours.
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Figure 12a Figure 12b

Figure 12¢ Figure 12d

Figure 12e

Figure 12¢g Figure 12h

62



Figure 12 © Effect of caffeine on ANE-induced morphological changes in SAS cells. (a)
untreated SAS cells; (b) SAS cells treated with ANE 800 pg/ml for 24 hours; (c) SAS
cells treated with caffeine 0.5 mM for 24 hours; (d) SAS cells treated with ANE 800 uM
+ caffeine 0.5 mM for 24 hours; (¢) SAS cells treated with caffeine 1 mM for 24 hours;
(f) SAS cells treated with ANE 800 pg/ml + caffeine 1 mM for 24 hours; (g) SAS cells
treated with caffeine 2 mM for 24 hours; (h) SAS cells treated with ANE 800 pg/ml +

caffeine 2 mM for 24 hours.
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Figure 13 Figure 13b

Figure 13c Figure 13d

Figure 13e

Figure 13 : Effect of Chk2 inhibitor on ANE-induced morphological changes in SAS
cells. (a) untreated SAS cells; (b) SAS cells treated with ANE 800 pg/ml for 24 hours;
(c) SAS cells treated with Chk2 inhibitor 50 nM for 24 hours; (d) SAS cells treated with
ANE 800 pg/ml + Chk2 inhibitor 50 nM for 24 hours; (e) SAS cells treated with Chk2
inhibitor 100 nM for 24 hours; (f) SAS cells treated with ANE 800 pg/ml + Chk2

inhibitor 100 nM for 24 hours.
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Figure 14

SAS-BN Chk2 inhibitor dose course 24hr
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Figure 14 : Dose-dependent effects of ANE - Chk2 inhibiter on cells proliferation in

"

SAS cells. 5x10° Cells were exposed to (a)“ANE( 800 pg/ml )and Chk2 inhibitor( 50 nM

-100 nM ) for 24 hours. Cell viability was measured by the trypan blue assay.
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Figure 15a

SAS-ANE Chk2 inhibitor dose course 24hr
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Figure 15b
SAS-ANE Chk2 inhibitor dose course 24hr
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Figure 15 : Dose-dependent effects of ANE - Chk2 inhibitor on SAS cells.(a ) sub-Gy/G;
in SAS cells and (b) cell cycle distribution in SAS cells. 5x10° Cells were exposed to
ANE (800 pug/ml) and Chk?2 inhibitor (50-100 nM ) for 24 hours. The results were
expressed as the mean percentage of total cells (mean + S.E.) .* P<0.05: Compared

with negative control
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Figure 16
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Figure 16 : Effect of ANE-Chk?2 inhibitor to expression of p-Chk2 and Chk2. Cells were

exposed to ANE (800 ug/ml ) ani;;ﬁ W%%%O-IOO nM) for 24 hours.
r '_‘:.f ., . F .

%"f)F, =

67



Figure 17
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Figure 17 - Effect of Chk2 inhibitor on ANE-induced changes of cell cycle-related

proteins. Cells were exposed to ANE ( 800 pg/ml) and Chk2 inhibitor ( 50-100 nM ) for

24 hours.



Figure 18
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Figure 18 : Schematic diagram illuéfféting possi‘blg molecular mechanism of areca nuts
components-induced Chk?2 activation. ANE and ACO maybe cause the DNA damage
and activate the Chk2 through the ATM pathway (dotted lines). The activated Chk2
regulates the activation of Cdc25C, Cyclin/CDK complex, p53 and p21, resulting in cell
cycle arrest. Chk?2 also regulates the Cyclin/CDK complex directly. While the damage

extend, ANE/ACO also induces the cell apoptosis through the p53, Bax and Bcl-2.
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“t4%7 The check point signaling
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“t4%- The mechanism of apoptosis
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