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Effects of Rhus verniciflua Stokes Extract on Cell Viability, Cell Cycle
Progression and Apoptosis of AGS Cell

Jin Yeong An, Seong Gyu Ko', Heung Ko*

Department of Internal Medicine, College of Oriental Medicine, Semyung University,
1. Department of Preventive Medicine, College of Oriental Medicine, Kyunghee University

The Rhus vericiflua Stokes (%7:%-RVS) has been used in traditional East Asia medicine for the therapy of
gastritis, stomach cancer, although the mechanism for the biological activity is unclear. In the present study aims to
investigate RVS extract contributes to growth inhibitory effect and it's the molecular mechanism on the human gastric
cancer cells. AGS (gastric cancer cells) and RIE1 (normal cells) were treated to different concentrations and periods
of RVS extract (10 ~ 100 ug/mil). Growth inhibitory effect was analyzed by measuring FACS study and MTS assay.
Cell cycle inhibition was confirmed by measuring CDK2 kinase activity by immunoprecipitation and kinase assay. And
apoptosis was confirmed by surveying caspase cascades activation using a pan caspase inhibitor. Exposure to RVS
extract (50 ug/mll) resulted in a synergistic inhibitory effect on cell growth in AGS cells. Growth inhibition was related
with the inhibition of proliferation and induction of apoptosis. The extract induces G1-cell cycle arrest through the
regulation of cyclins, the induction of p27Kip1, and the decrease CDK2 kinase activity. And upregulated p27Kip1 level
is caused by protein stability increment by the reduction of S-phase kinase-associated protein 2 (Skp2), a key molecule
related with p27Kip1 ubiquitination and degradation, and de novo protein synthesis. Besides, #:i% extract induces
apoptosis through the expression of Bax, poly(ADP-ribose) polymerase (PARP) and activation of caspase-3. RVS
extract induces G1-cell cycle arrest via accumulation of p27Kip1 and apoptosis in human gastric cancer cells but not
in normal cells, therefore we suggest that the extract can be used as a novel class of anti-cancer drugs.
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T} 99 M EZFE= Gastric Cancer Cell( AGS)E 0)E81H L R
MEZE F|9 AAMZF RIENRat intestinal epithelial I)I—% olg
SIATE UM Z] M ELE GG apoptosisE FEATIE &
}2 MTS assay@} FACS StudyEdlo] S0151930) Bko] M=
F7) A E A} apoptosis T O 1B E GG 9iokc
MzF71el BEE FHA B oapoptosis® e FHANE
SDS-PAGE &} Western BlottingS E3la] 30lsle] Sol8t A1}
£ ¢7]ol Bushks Hojoh

ol

N0

AE %
1 % g REE &

&% (Rhus verniciflua Stokes)& SUIGIE  (Youncheon,
Korea)E &3l0] TUSINCE EES & 200 g IE 713 Al
g ot 712 4ejel AZEE  ultra-sonicator (Branson,
USA)E ol&okd <F 3087 3%, 80% ethanol (Technical
reagent, 18L, Duksan pharmaceutical Co. Ltd. Korea) (v/v)Z
FEDIUTE o] LYHAE SUAYHC FEES 60T SFATI
I ERAAZE sIPch £82 1487g (741 %)0IUCE SHEAR
2 =2mo

E£52 RPMI 1640 mediumof 100 mg/mlE =01

127} vortexings}1l, 37C shaking incubatorofl 4] over night

el

A

A2 F

ol

s
AlZick T ok 12,000 rpm oA 527 AX B8 5 insoluble
ingredients& A S}, supernatant= 0.22 uM filter2 )5}
o A& A2l =52 RPMI 1640 mediumof 3|43A1ZiTh

2. AIZF Tl Al Al

QIZF Nt M2F AGSS} #|9 M ZF RIEIE v|= Al
Z238] (American Type Culture Collection)S E5}d 35194
91, AGS= RPMI 1640 v X ol RIEl= DMEM (Gibeo)HR x| o]
10% (v/v) €& (heat-inactivated fetal bovine serum (Gibco
BRL)) 3 1% &HYA] (penicillin-streptomycin, (Gibco BRL))E &
o] 5% CO; 7} &.37C humidified }ncubatorol] 71Tk 2 A8
o AIgE ME= 80% Hr9 W E F8l5kArh

i*s

3. MlE YEE &Y :
AMzE WEE FF 4Hele 1 HAdiAM AGS M=(104

cell/100 pl)E 96-well tissue culture plate off FFFF LI 244]
Zh B HE Tt dsks AINE BEe A2t v 3-(4
,5-Dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfop
henyl)-2H-tetrazolium, inner sal; MTS7} & & 20 ul/100
ul A7ISIRTE 37T oA 24170 ¢ kg8 Al the Hde
formazang ELISA reader (Molecular devices Palo Alto, CA)E
01 85K 490nm T}AA] STt

EBTE 53
4. Flow cytometric cell cycleX} DNA content analysis

AGS MZE (5 X 10° cells ) 60 mm dishesol] 7+ T}S 244]
7F St HF ST Tl 59 S ARIS ths 0, 48
A1} Zof detached €} adherent cells & 25 20} 3 ml of 95%
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ethanol (0.5% BSA H7HE TEAZLE 72417074K) 4Zo] Ho}
A U7 BES 20T o 251t Cells pelletE ice-cold
PBSE 5 ™ wash ¢F £}2 10 mg/ml RNase A (Sigma)E #E]
B} 37T incubatorofA] 15 27} 912A|ZAT] Ui =IO 10
mg/ml propidium iodide (PYZ HAF TS 452 AT B
ot ME F7]=  FACStar cytometer  (Becton
Dickinson, San Jose, CA)} ModFit LT V2.0 softwareE 0] &6}

o 25N

flow

5. SDS-PAGESQ} Western blot analysis

AGS MZE (1.5X10° cells ) 100 mm dishesol] 7+ THS: 244]
b BOF MBI Tlkdt 59 wRE AElS the 24,
48, 72 A7} Z0) detached @} adherent cells € % HE &
icecold PBS 2 T ¥ AHSINCE 2 AEE TOK cell
pelletZ lysis bufferg o]&3}e] thHBZTES 22|10} ¢h @

H&s2 Bio-Rad protein assay kitg& AFE0I 2, SDS-PAGEA]

OO
SE9 g  loadingdld 2|8t & nitrocellulose
membrane©E FZrt 1 & phosphate - buffered

saline(PBS)-0.1% tween 20 containing 1% skim milkZE blocking
A7} & membraneg TSt 1A} 84A - PARP, procaspase-3,
cleaved-caspase-3, procaspase-9, pRb/pl05, pl07, cyclin A,
cyclin Bl, cyclin D1, cyclin E, Bcl-Xs/l, Bax, Bcl-2, p27, pl6,
Skp2, p53, p21 (santa-cruz)E 4T overnightCZ BISA)ZATC]
0.1% Tween 200] =3k PBSE MASIL 1X}
HRP-conjugated secondary antibodies®} 1:1,0002.2 1417+ H%
S A1) Chemiluminescence detection system (Amersham -
Pharmacia Biotech, Buckinghamshire, England)g Al&dlH
X-ray filmQF ZIE ERIGINT]

Agoll AlEE oA A (inhibitors) cycloheximide (CHX,
10ug/ml, Sigma), z-VAD-fmk (50 pM, Calbiochem)= 1417}
of A ANelgt v Wi FEEE Acickd SDS-PAGES}
Western blot analysisZ 3514 Ck

AR E

6. RNA extractionZ} Northern blot analysis

Total RNAE kitZ 0]&dlo ETISIE AGS A28 (15
X 10° cells )Z 100 mm dishesoll 278} TS 24417+ E9F OFH
SRAIZTE TIRRSE sR9 Wi FEES Aelg ths 24, 48, 72
AlZF &0l detached @} adherent cells 2 25 2 &, jce-cold
PBSE F ¥ AHSIAUCE 2+ ATMEE FOM cell pellets &l
AlZdct. RNA Z2E2 spectrophotometerE O] 83614 260 nm
(A260)2 919t BEY RNAE 1.2%
formaldehyde geloll loadingdtil 2214171 &, nylon membrane
(S & S)2E RNAE transferslrt. L & radiolabeled p27Kipl
¢DNA fragment probes@} hybridization A]Z3

agarose-6%

7. Immunoprecipitation3} Kinase assays
CDK2 &} cyclin E-associated H1 histone kinase activity =
ths3 o] FEoIAH. 200ugd] thiE ) 2ug CDK2 A<



o) QI ZY gy, MEAlE 2 MEFIEE [FAA Y mRle FE

immunoprecipitation E351] immune complexE EMAIZ T}
+ G beads®} HF2A]7ict. CDK2 &} cyclin E -
associated H1 histone kinaset immune complex beadsoll 3048
9] kinase reaction [3 uf (3 ug) of histone H1, 0.6 @ (5 uCi) of
¥-[32P]ATP, 0.6 uf of 20 uM ATP and 25.5 uf of kinase buffer]
bufferE ol 30CoA] 2027} 8124173} 5X sample bufferg
wol v £4A1711, 12% SDS-PAGEZ 22]81%ct 2 A
ZAR ThE, Xray filmQZ BEAA AE Heloid

= protein A W
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1. YUAEZF AGSS] MEZ2l0] nA]E=
MTS assay2 <ot 21} &8 &
MEBAE Z4A1710M, IC 50 55+ 50
RI a7

ESA
tHETQ! RIE1 A 2ol e A 2EA

ol

g/mlo} ACHFig.
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Fig. 1. Effects by treatment of Rhus verniciflua Stokes (RVS) on
gastric cancer AGS cells. Cell growth inhibition of AGS cells by the RVS
extract. AGS and RIE1 cells were treated with 10 ~ 100 ug/ml the RVS extract for
72 hours. And cell viability was measured by the MTS assay. Data were shown as
the mean of three independent experiments (error bars were shown in mean %
standard deviation (SD)).

Concentrations(ug/ml)

2. AGS9] apoptosisol] B|X]= FEk

BiE 222 50 ug/ml SEE U ME AGSd 0, 48413}
£0t A2|3+ %, DNA contentsS 243} Z3} 0 AIZHL19 %)ol
H18led 2412 %9 apoptotic sub-G1 fractiono} LIERITY. thAT
O F A4H3} RIE1oA = 3.2 %2 apoptotic sub-G1 fractiono] 1}
EbxiTh(Fig. 2).
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Fig. 2. Rhus verniciflua Stokes (RVS) extract induces apoptosns in
gastric cancer AGS cells. RVS extract induced sub-Gi population. Cell cycle
distribution was analyzed using a FACStar flow cytometer (Becton Dickinson),
percentages-of sub-Giphase cells which were determined based on DNA content
histogram
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3. Caspase 32 E6}0] apoptosisol] H|Xl= Qek

Bk Z&Eol Ad procaspase-39] cleavage?} caspase-3
Z7181990m, caspase-39] 7]EQl  PARP7}
degradation T=w] 724)170041 71A FEACE B2 9
Bcl-XLE A7} QEEX O Z AA5] B461% 1L, Bax AL APt
YEHOE FEHAXNA E7HIACHFig. 3).

Caspase inhibitor®] z-VAD-fmk £ 14|17} A AHZISH & &
% ZZE2 AM2I5KEE wl PARP degradation, caspase-3
activationo] QA= ACHFig. 4).

activation0]

Treatment(h) o 24 48 72
RVS(50ug/ml ) - + + +

pro—caspase—9

pro—caspase—3 3

cleaved caspase—3

PARP s e )
Bax

Bcel-2
Bel-XL ]
a—tubulin i l

[ — — !

— — ]

Fig. 3. Determination of apoptotic population via apoptotic markers
detection. AGS cells were treated with 50 we/ml RVS extract for indicated periods
and the resulting cell lysates were analyzed by SDS-PAGE and Western blotting
with anti-pro-caspase-9, -pro-caspase-3, -cleaved caspase-3, -PARP, -Bax, Bcl2
-Bel-XL, -a-tubulin

48h
RVS(50ug/mb - 4 +
Z-VAD-fmk(50uM) - *
procaspase—3

cleaved caspase—3 i — i
Bax l T ——— E
PARP [ - l
o—tubulin ; _;

Fig. 4. Involvement of caspase-3 in RVS extract-induced apoptosis.
AGS cells were pretreated with z-VAD-fmk (50 uM) for 1 hour and then exposed
to 50 ug/ml RVS extract for 48 hours. The cellular proteins were analyzed by
SDS-PAGE and Western blotting with anti-pro-caspase-3, -cleaved caspase-3, -Bax
-PARP, -a-tubulin
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4. Gl cell cycle of n|x|= Gk
DNA contentsE 815l ME F718E 248t A1, &E
AEEE MNelohA] B2 Alxol Higled Ml HlzZdie AR
HOZ Gl phaseZ} £7181991L S M G2/M phase= ZZ35HA
481 CHFig. 5). 0]218F Gl cell cycle arrest 3142 =& &
Ho g VERITH
O ug/ml 5Cug/ml

Fig. 5. Rhus verniciflua Stokes (RVS) extract induces Gi-arrest in
gastric cancer AGS cells. The population percentage of G1 and S phase
from cell cycle phases were determined using DNA contents in (Fig. 1.) with viable
non-sub-G1 DNA contents

5. Cyclin of jX]:= &
%% FE2EE AelollE W S phase®t G2/M phaseol 2
HHE cyclin A, Bl ThlZ WS A7 JEAOE BT FXH

[e=h<13
oo

O% ZH43i9rt vFH Gl phase®t #A Q= cycdin D1 3
cyclin E gl A 45 Arl(Fig. 6).

Treatment(h) 0 24 48 72
RSV(50ug/m1i) - + + +

cyclin E l }
cyclin D1 l '_]
cyclin A [ e ]
cyclin 81 l___, —— — l

a—tubuin l l
Fig. 6. Effect of G1 phase-associated regulatory proteins in gastric
AGS cells treated with Rhus verniciflua Stokes (RVS) extract. Effects
of cell cycle regulatory proteins in gastric cancer AGS cells treated with Rhus
vernicifiua Stokes extract. Treatment of RYS extract changes cell cycle related
proteins expression. AGS cells were treated with 50 we/ml RVS exiract for indicated
periods and the resulting cell lysates were analyzed by SDS-PAGE and Western

blotting with anti- cyclin D1, -cyclin E, cyclin A, cyclin BY, -a-tubutin
6. 533t p21 I p27 Kipli} pléinkdact Hlx]= %:‘sok
G1 cell cycle arrest 814}& 2Qlgly] follA]l CDKI (CDK
inhibitors) chilZlof vy Qrile 201sh A, p53 Tzl d
3l WHalyt BX9 248kl 1 718Q) p21Cip/ WAF thel a2
i FEES AT & 8AEE o] 46k ZaER
on 72417l A9 WHEIA kT p27Kipl TiEe

p21 TE I I 48AITMREY B7I5HA 724Nl oF
40 BT 2Hso] £715191 2™ pl6iNKda ThiE 2T S71a)
AriFig. 7)
Treatment(h) 0 24 48 72
RSV(50ug/ml) - + + +
P27kip1 [ c——
p16INK4a l [
p53 } |

Fig. 7. Treatment of Rhus verniciflua Stokes (RVS) extract changes
G1 cell cycle related proteins expression. AGS cells were treated with 50
wg/ml RVS extract for indicated periods and the resulting cell lysates were
analyzed by SDS-PAGE and Western blotting with anti- p27Kip1, -p16INK4a -ps3,
-p21Cip/ WAF.

sl mixlE g
i FEE2 AR YEHS

CDK2 kinase activityE

7. p27Kipl protein ¥
Histone H1 o} association
173t CDK2  gHA|9F
p27Kipl THuid

1=

He
immuno- precipitated® complexe ek
9] o 724|700A E716IITY (Fig. 8).
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CDK2Z activity

RN ~n——

IP : COK2
CDK2(IP) ! ]
cyclin E { 7'
p27 -

IP: COKZ WB: CDKZ2 cyclin E P27kip1

CDK2 [ i
WB : CDK2

Fig. 8. Effect of p27Kip1 induction by Rhus vernicifiua Stokes (RVS)
extract on kinase activity of CDK2 associated with cyclin E in gastric
AGS cells. Treatment of RVS extract significantly decreased the histone
Hi-associated kinase activity of COK2 in a time-dependent manner. The complexes
immunoprecipitated with anti-CDK2 antibedy and then CDK2 kinase assay on
histone H1 was done by incubating the immune complex beads with kinase
reaction buffer. Samples were analyzed by SDS-PAGE, and the gels were dried and
then subjected to autoradiography. The complexes immunoprecipitated with
anti-CDK2 antibody exhibited higher amounts of immunodetectable p27Kip1 protein
from RVS extract-treated cells in a time dependent manner (WB : CDK2-cyclin E).

8. pRb&} pl07 thEZ 9] Olitslol| D)X= ek
Rb family THEZ O] phosphorylatio d2ZE soist 23
CDK2 kinaseQ} &4jo] AAE = At o 16} A pRbS} pl07

HZ 9] hyperphosphorylated formo] Zh4x

U

H 1
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go] AYMZY] &4, AZAE B MEF7TA {FAX

Treatment(h) 0 24 18 72
RSV(50ug/ml) - + +

-
pRb [—— |
p107 -

Fig. 9. Rhus verniciflua Stokes (RVS) extract decreased
hyperphospholylated levels of pRb. AGS cells were treated 50 we/mi RVS
extract. The cellular proteins were analyzed by SDS-PAGE and Westemn blotling
with anti-pRb, -p107.

Treatment(h) 0 24 418 12
RSV(50ug/ml) - + + +

Skp?2 p45 4

a—tubulin
Fig. 10. Treatment of Rhus vericifiua Stokes (RVS) extract reduced
Skp2 protein. AGS cells were treated with 50 wg/ml RVS extract for indicated
periods and the resulting cell lysates were analyzed by SDS-PAGE and Western
blotting with anti-Skp2, -a-tubulin.

10. Cycloheximide T R&| & p27Kipl Thia walol pj =
g

p27Kipl THAZ W) GES nXE Q& 27 A6,
chlal gt oJFIAIQ) cycloheximide(CHX)E A A2ITH 8%
wiE ZEEUS 2o 42004 CHXE & Azieh AlZeilA
p27Kipl THZ) WHo] AHMEHATHFig. 11).

Treatment(h) 0 24 48 24 A8
RSY(50ug/ml) - + + + o+
CHX(10ug/ml) - - - + o+

p27Kip1 [ = : ]

Fig. 11. p27Kipiprotein induction by Rhus verniciflua Stokes (RVS)
extract is also regulated at protein synthesis process. AGS cells were
pretreated with 10 we/ml cycloheximide (GHX) for thour and then exposed to 50
wg/mi RVS extract for 48 hours.

11. p27Kip19) mRNA w&ol] njx]& Hk

p27Kipl A Q] wha o] A} &M ZEEE A
AE 2015 98K northern blotting AEE I
mRNA &2 SH3CE FEES Aeloiie |5}
9 mRNA ¢o] o] RACH(Fig. 12).

Treatment(h) 0 24 48
RSV(50ug/mli) - + +

p27Kip1 mRNA

Fig. 12. Rhus verniciflua Stokes (RVS) extract maintains constantly
p27Kip1 mRNA expression. AGS cells were treated with 50 w/ml RVS
extract for indicated periods and the total mRNA were analyzed by Electrophoresis
and Northern blotting with radiolabeled probes for p27Kipt cDNA fragment for
RNA expression. The relative band intensities of p27Kin1 mRNA were quantified by
determining radioactivity using Fuji FLA2000 and image analysis software {Image
Gauge, Version 2.12 & TINA, Version 2.0)
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#743(Rhus verniciflua Stokes- RVS)2 QA AR, UA &
Rpztol] £¢ko) WAS W, T L RO BRFE So a3t
72 AOT UEA ey A wmigd vl 4ESH &8
o] BleiA hydroxyl radicalol THEl E418 ABE 7KW,
human cancer cell linesofl A} anti-proliferative activitylo), human
lymphoma cell lineof| A& apoptosis® F8lE noz"u g
k. 2L @E0] AR ENA] cell growthet M ZEANE S
ST BINcE s YA, FAHCE Aust WAUSE &
Bl YojLi=Rlol thalAlE ol&ZkAl B BE7E Sit

AGS 919 MEFol tldlel wgo) g 88& 7R
XA g WR= A0 MIS assayE SEHEE 74K ¢
AGS AlZFol HE)5KEE W, B YEFHCE cell proliferation
o] ZA5K3Tt (Fig. 1). IC 50 =& &k 50 ug/mlSF LIERITY

ARt Az 2R, 2 dgella] H4 Al 23] RIEL
A= 100 ug/mlES HEIGIHE W 2 % FL9 viabilityS
VIERN™ cell growth inhibitiono] A2 YoLEA] ey

wn 2E20 9% AU AEF AGSY ME &8 A7
HZEAN WEIAE 2015 Yskd Flow cytometric cell
sorter2 DNA contentsE 2AIIQIC) 88 SEEE S0ug/ml
=T 0, 484]7F SQF A28 5 DNA contentsE 243 231,
0 AJZHL19 %)oll BIGHA 2412 %2 apoptotic sub-G1 fraction0]
LIER} OF 208 0]A4FO 2 DNAo) damageE 92 A& EQI5H3
CHFig. 2). RIE10JAE 32 % T2 apoptotic sub-Gl fractionO]
UEldTh olzist A= & F&22 AGS 1 Mz Fol|tk
NEEHE Fusiths 24 PASt

Programmed cell death (apoptosis)= ZZ|9] ZagolLt
wh IPEoA) A Eol §1X) e RiSolut Yol rialdE w )
AS B3l Y8 FSAECE YA BFolekl dedA firt
BB QA HAUEY #4 QA caspasesti: proteolytic
system O]W, caspase-8 9} caspase-99} ZHE upstream initiator
caspases= U}Z downstream effector caspases: caspase-3, -6 2}
T2S BT 1L 5 caspase-39] EEE MEAME Kol
A AUFel g 6l AE W B2 Tl ZE-poly(ADP-ribose)
polymerase (PARP), gelsolin, Rb 9} (-catenin 16,17) S& £A]
71tk Caspase®} LHE0] Al ZEATE WAl Bel-2 family protein
da £Q% Age she AeE dedd Urt B2 family
proteine= Bcl-2 &} Bel-XL 22 anti-apoptotic members@} Bax2}
Bak Z22 pro-apoptotic members7t ALt Ol CHRZIES HAlQ]
NEZLHES AXSI=H checkpoints@} 22 dgs S,

ws Z22E0] 93t cell proliferation Z+A: sub-G1
fraction Z7}7} apoptotic cell deaths FUsH=A] BRI 9
} A8S XAEIC Caspase-39} 22 caspases Al EANE
RS W, AEZ WolA HZ AMEE 8ok 718 F]
B wlgta] procaspase$} proteolytic processing
Z| cleaved caspase’} 84 31T|2A=A] western blotting
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= ERIBINCE Bl FEES S0ug/mIE XMB)5lL
AIZENEE (24, 48, 72 AIZHE sampleS 3 =5l SDS-PAGE
Z Western blottingE 483t 21, procaspase-32] cleavage®}
caspase-3 activation0] QojL{ caspase-32] 7]Z¢! poly ( ADP
- ribose ) polymerase (PARP)7} degradation®|QlCt. PARP
cleavager 24AI7HRIEE] YOLEXIRE 724174 A 71E FEEdALA
LIERTH(Fig. 3). B3 M2 APE HFolA] FEZT] #Hslg Bo)
= Bcl2 family proteing] level ¥H3lE EQ1519TC}. Bel-2 &F
Bcl-X19} 22 anti-apoptotic members'¥= |7} QER O T AJA]
5l 248131 pro-apoptotic members¢] Bax HFS 2 A[7} Q&
HOF FCHXA E7BI I 7241730 H1E LJERKRITE o)
Hol Aille R £E2E2 AUHMEF AGSollM MEELE L
ERA ol2ig ME=42 MEAolA FUEcly B 4 ok

Sk AGS cellsol] caspase inhibitor@l z-VAD-fmk & 14137}
A Meiet 3+ %% FE2E A2IoKE W PARP degradation,
caspase-3 activationo] g X5l QXM T UCHFig. 4), O|E1EF Z k=
B RZEE 8 /REHE AZEAER
Z2EMCE Hgditie Ae ¢ 4 Urt vl g FE5E2
AGS @+ Ml ZZFollA] Bax, Bal-2 ¢} Bel-X1 2 Hale} mEE
EojolE mZHE 8l= caspase-9, -3 cascade activation2 E}]
HZAMEE REdle ARE dztdr]

AZ J& drle FE Ax2ArE f59 Ax
ol dojudrt Cell cycle progression2 cyclins®] cyclin
dependent kinases (CDKs)ol| A&} cell cycleo] G1 phasedd]
A} S phaseZ CHA] G2Z A& mitosis’} Yoluhes AL E Holsh
o). 2RAsH RBE cyclin-dependent kinases (CDKs) +4]
Z & cancer] Y010] 7% $iCk ol2S AE T| sl Al
Z UollA] £ cell cyclin dependent inhibitor(CDKIs)-p21CIP/ WAF
3} p27Kipl 3} 2 Cip/Kip thiiZlo] Exgld ME 5718 £
TSP, i E 2 anti-mitotic signalo]Lt DNA damage S0]
Azol FHEEde o ¥2kelyeliedt
catalytic activityE AAGHI cell cycle arrestE Qo7 =
3l p27Kipl THRA S cyclin E-CDK 2 complexsol] 28kt G1
cell cycle arrestS ST 3N, P27Kipl Tzl alsio] Tk o
T ol A¥HA fgeu, 1F
ubiquitin-mediated proteolysis systeme p27Kipl TREEQ] b
& 9 Bajo] B FRO £F J1A0R ¥EA Aoy 22
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FZHEEACH.
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caspase activationO|

ERERE

cyclin-CDK  complexesol}

posttranslational

o]

_cyclin EQ] A|&H01 WA 2
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o] Lot olEfst AHE ¢ ]
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