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A AT ARSY AEE GAYS § ISLS R Agstn AEAEFE FAYAET
FACSEA 9 DNA BHENS 5l AxapdAlele ‘474] ZAFIH . Western blot analysis %2
29 4740 WAEE S4e9n
AT ISLS T AgARet Axe 5 EHoT FAYA FHt Il olHd FAA avke
FACS%#4] % DNA EJQE‘@.% ste] FAfell gt Ao] oftje} AlZAEAl oJg Aol o, oleg 71H
o tate] AEF7) B FAA BAEES ZHG A 27" p21 TN ISLY A el Hlelsle] BEEs} B
7FF e, cyclin E= %: of nlglste W] 7HAE BRISIYL). Caspase pathwayE FAFSF A3} pro-caspase 39 7
29} PARP ©e] £ L2 FE fTHOE WS FIHE Btk

AE (ISLll oA AT AT AEY FAAATE dojur ojeigk @GS AEAPEAL] 3 Folw 1 7]He
p27' 3} p21 PV W Z7he Q13 MEAEADE dojuls A PARP B 2 pro-caspase 39] o] 7Hadhe
AOF Hol T caspase pathwayS AA AEAEAE fshe a3} Qe Aog Aztddh

rrl

ZA9 : Isoliquiritizenin (Chalcone flavonoid), AF-g- 735, A EAPEAL

A E o] Aglo] WA Aog FHFL a’ A4 &
o] ok 80% A&7} 0}/\10} 0}547} g | FAA
} WS Q) AFg g Eke] A A9 100%01A] <

A 73R vt A A e, et
ol ojo] Y] AR =2 HAHITE Kol AT FEuko] 2 (human papillomavirus; HPV) 7F93} <1
02420039 3= FU FoIAY AdelBaA ) o o] 9}2‘34, HPV 7ol &J3 HPV E6, E7 Lt -4
aFH A oJAdehe] oF 10.1%0) gskar 2001 9% gt 2} ©hiAo] 247} ps3, pRb FHAARIAL S £
AREQ178LE] BRI SEALY A7E B A7 2,800 SIAIA A AFAEZE 2P H ¥ (malignant transforma-
o] Aglo] uhAlElT QT A AAF o ZE oJ Ao A tion), &'d3Kimmortalization) S sl AT & Al
s o T FHAZ 2ol Bty A7t 5007 o o1 }u] o) & F(dysplasia)Z} AT YH(carcinoma in situ)
TS TS F Slvks Aol sWiel B2 97 29E

L do
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FZ2o| A FEEo Balo] EolAHA, ghioA]
AREEE SRR fr8/ el tiaElA B #AS Holal
Atk ey ol2fgk A9 Aoy T4, 28 71A
o tiaire Bol ¢A F3tar gink. o] F R e
A AREEE AlE o] A A 7Rl gk X
2ol FL A%S BAve o2 9571 slojsith o]
et A4 A2 UR|F ZA3) HIV-1 protease T
4 A, e &4 a3, 28 9 ddRE, FHo|
AA B, deba 2ol st WS, AEZF7] oA &
3 5ol Rt o] A7 A Fo] ¢dke o
Al Fogtth= 71E] AFelA, A8 59 T8 74
AR 9] U] isoliquiritizenin (ISL)©] Aba7dF-<toll
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1. AZEE M=zof o2k

HPV-18 %4391 HeLa M5 10% fetal bovine serum
o] & Dulbecco’s modified eagle’s medium/Nutrient mixture
F-12 ham HjFeel| A F-H-A1Z1 3 37°C, 5% CO, Wi~
ol A wjFalar, 24-48A17F & kY-S wEkeATt

2. MEMEo MY

A 7dFg AEFQ HeLa MEE 60 mm tissue
culture disholl 2x10° cell/dish® F5-3}%T}. 24A17F H)
UAIZ] & lipofectamine= ©]-&3ke] ISLE FEEE A
2g T transfection AZTE ©RA WIYA N MZE
24-48A17F PBS A0 2 A T Ixtrypsin-EDTAZ A
HHA1Z0 H, 1,000 ipm 387F YAE G 4SS
= AASL PBS A 02 FAstd ARFAIZ] F, Al
FEFA 20 119} T trypan blue §-4-& T3S |
F7F A3 T3tk Hemacytometer /3ol A 33] ¥HEs
o]

Holgle AT B AL
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3. FACS (fluorescence-activated cell sorter)oil 2|5t A|
37 24

AZAESY A ZE 60 mm tissue culture dishe] 3x10°
cells/dish=. 4| EEF31ATk w70l 24A)7F v k3 &
277} SLS =2 Attt AZE 24-48A171
HjQFA]7]3L PBSZE A B, Ixtrypsin-EDTAZ AjH-+
A7l ), 1.5 ml tube®]l #7131 1,000 rpm 2= 3373+ A4
Ba)siac A ASIIL PBSENOZ A FAA]
21 5 1,000 pm O 2 387F YA EE S FFA S A
Astal 27k ¢F 1 mE B AR F, 4°Co)
1212t o} AEE IAAIZT 1,000 pm o2 387 &
A8t FFdE AAG T PBS §do2 A
3, Trisodium citrate (Sigma, USA) 0.1%, IGEPAL-Ca-630
(Sigma, USA) 0.1%7} 3% &A] RNase A 5 mg/ml,
propidium iodide (Sigma, USA) &8 Z7}te] ¢HAo
A 1AL EQE 4°Cl A QA T A A 7](FACS)
£ o]8-3}o] DNA &3l w2 histogram= 435}tk

= [e)
FEAs

4. DNA fragmentation assay

A A5 A EF ISLE $5E A2 g $ Nucle-
osome ELISA kit (Roche Molecular Biochemicals, USA)E
083} cytoplasmic histone-associated DNA fragments
(mono and oligonucleosomes)] AY/J TS ELISA reader&
53l FAke] AR g s

5. Western blot analysis

ISLS FE=RE A3 F cyclin B, A E A ZAEAL
ol BAsKE p27" (p27), p33, p21P (p21), cdk2,
cdkd4, pro-caspase 3 % PARP A} Tl o] W& zjo] &
glstar, NEF7] 3|2el| Ak FHAte TdES
B AJastdn). #2418 Mol A Lysis Buffer [10
mM/L Tris-Cl (pH 7.4), 5 mM EDTA (pH 8.0), 130 mM/L
NaCl, 1% TritonX-100], 0.2 mM/L phenyl-methyl-sulfonyl

fluoride, proteinase inhibitor cocktail S B H-5-of 30

N SN EEE RPN
assay kit (Bio-Rad Laboratories Inc., USA)E o83} &
WA =23 3 B33 A D 650, Beckman Coulter
Inc., USA)9] 595 nmA FB=E 435 ddS 4
3ttt dojd Tld 28-S 7|9 E 3L nitrocel-

lulose paper (Immobilin Milipore, UK)Z 17]¢]&electro-

#3kal Biorad protein
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120 - 5<0.05 transfer) 2 AlQY3IATE A7]0]FH 23 blocking £
R - (5% skim dry milk in TBS-T buffer)ell 2] cold chamber
. ) Well Al 124)3F &5 3tk Blocking 8945 A A3}
% I GAFSHA|Q] p27, pS3, p21, pl6, cyclin E, cylin A, cdk2,
@ 607 cdkd4, pro-caspase 3, PARP (Santa Cruz, USA)E 1 : 1,000
g 404 * © 2 343} blocking £H(A-2)ol] 3AI7F 2 HRAI7]
00 - % IXTBS-T &4(20 mM/L Tris, 137 mM/L NaCl, 0.5%
Tween 20%)2-2 nitrocellulose =1 ¥l 10271 33] Al
0 0 "0 20 | s0 25t 18)ar o] 2} g2 goat polyclonal IgG (Santa
Concentration (uM/L) Cruz, USA)E 1 : 1,000 2 38]43} blocking &l ni-
Fig. 1. Effect of ISL on cell growth of human cervical car- trocellulose Zh& L 2413 T4t WHGAIA FAIS 2%
cinoma cell line. Growth inhibition in HeLa cells treated AA IXTBS-T %O F nitrocellulose 2o 108713
0 s oo LS o Ssox 204 g 04 A1
expressed as % of control culture conditions. *p <0.05. Ak MF 3 gl dolgl= TBS-TE Al AL ECL
200 Control 200 10 pM/L

Counts

0 200 400 600 800 1000 0 200 400 600 800 1000

FL2—A FL2—A
200 1 20 uM/L 200 50 uM/L
160
@ 1201
5
8 80
40
T T 1 O T T 1
0 200 400 600 800 1000 0 200 400 600 800 1000
FL2—A FL2—A
(% gated)
Control 10 «M/L 20 ©M/L 50 ¢« M/L
Sub G1 15.33 13.19 17.34 34.63
G1 62.53 60.63 55.43 23.01
S 14.32 14.94 16.02 17.68
G2/M 7.72 11.20 11.27 24.51

Fig. 2. Effect of ISL treatment on the cell cycle profile. After treatment with indicated concentrations of ISL treatment
for 0 or 24 hs, HelLa cells were collected, fixed, stained with Pl and analyzed by flow cytometry. The values represent
the number of cells in a phase of the cell cycle as a percentage of total cells.
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western blotting detection reagent (Amersham Biosciences,
USA)Z HEsHT

6. Az

A9 Adle dxrd 43T A o4
Student-t WS o] &-3le] AT oM, HA4 39
%2 3l meantSDE JERN T, p<0.05Lw) §-<]
o] ltha sk

Kok
=
}é]
A

4 %

1. I1SLe| XI2ZF 2t M=of chst SAIAX|
ISLol| &8t Al ARG AL T4 a3E &
17 9jste] v Aa A H9t MEFS] HeLA A0
SLS sE=EE AEet 27 147 T NEFA 9A|
e 27t 7S SR8 o, 50 ML oA
T 70%9] F2o] AN AR ogv] Qe

FAS HYTKFig. 1).

t

Fol

(¢]

2
i
S

2 ISLo| MZEZ7| & =20 o|xl= 51
A7 A Eol ISLS 10, 20, 50 uM/LY] F&
Aot 24417 & AEF7E T4 2 2T
sub G1°] 15.33% 2 YEREO U ISL FoJ72 50 #M/L
FEOIA 34.63%2] sub G17]9] 7P} EelEo] A A}

0.12 7

p<0.05 *
0.10 1 . an
0.08 - * %
Ba
0.06 -
0.04 -
0.02
O T T T 1
0 10 20 50

Concentration (uM)

Fig. 3. DNA fragmentation assay of ISL on cell growth
of human cervical carcinoma cell line. Cells were
seeded at a density of 5000 cells/well in 96-well culture
plate. Cells were then treated with a indicated con-
centrations of isoliqiritigenin for 48 hrs. Apoptosis was
estimated by an ELISA method. *p <0.05.
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BAke] A SAE AL F=) S71l wet sub
G119 S7hd<s BE3ISAKFig. 2).

3 ISLe| MEXEAL R F3f

A2 7439k A3 ISLE- 10, 20, 50 pM/LE] FEE X
2)3}3L 244)7F T DNA fragmentations ¥-413+ 23}, tf
Ztol| Hlgte] ISLY] §=7t 571845 DNAY] B4
ol FAALZ u|YA S7HEHS FAFAFig. 3).

4. 1SLe| p27, p53, p21 & cyclin A, E FXXfof| st
21
A7 Ao ISL&
S AEZFT)e BABHE A
p278 Pl dAE S5t VTR
S} cyelin A, E 2 DI &7 S714S wdo] 7
230 H, ps3 Ak WL WSk} glSichFig. 4).

o

5. 1SL2| pro—caspase 3, PARP, odk?2 2! odkd FXXlo|
cHst 21t
g 735t Ao ISL FEEE A skl 2443F
3 A EZAEALS] A2 E doli 7] $1351] pro-caspase 3
9} PARP %1419 =43 43} 1sLY A 5
SO wlgste] Wi Fef9] pro-caspase 3 T AL ¥
A a7t HEE QO PARPE FE7F /1S

do| 71431 PARP cleavage= =7} S71EE 1

=] O
He
4

= e

Cyclin E

Cyclin A

B—tubulin
(46 KD)

Fig. 4. Effect of ISL treatment on the cell cycle related
gene expression. S-tubulin was shown as an internal
control.
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CDK2

CDK4

Pro—caspase3

PARP

B—tubulin
(46 KD)

Fig. 5. Effect of ISL treatment on caspase activation and
PARP cleavage. B-tubulin was shown as an internal
control.

o] Z7tE1 o), cdk29} cdk4 T o] Wsh= Q1T
(Fig. 5).
i F

Zhfo|g)aE AZ AR ZZ A dhAEH
oke] F g9loz 4¢A k. 1YEZ AF
-7 vlo]&2x(human papillomavirus; HPV)
F ps3, pRb FHle] Re|2 Q17 HEF7)o]
Halz ?j o] HhER= A9T) PRES XRS5k
A%o] B9 p33 A A FAuelo] o3
EZF7) W3tz Ak

4] g00l 58] 1555 vholel s o} 2 HPV 1
189) A% 1919 vlole) 22 A olSo] BT Axe]
A Z7) @k E6 g A F4A F1A4 ps3

0]0

1o o
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Sl ds) Agelel ps3g A1 ET T pRo
DA AN BF DAL BEAOTH A
EF18 WD AFBRGE Yo B

o] Ago] A& ISL-2 flavonoid 2 chalcone 150
E3| Zxu AE
(Mgt HHH—“/] dF)ol o] gFEo] At ol
oA ISLY] Ada T e} A ZAPEALE FEshe A
o2 Adgix Uk aeut ARl nAE 4
| ok Aol sl g uprk §lo] o]l AA= ISL
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2 e
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AEH], 2 FME 3 2 Eeff a4
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o FAA) 947 AAX T Yok Caspase S-S T4
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APEALE FPA7) = %‘3 ah AA7HA] L7 cas-
pase o caspase 37} TFFSh A|XEAPHAL A=o]] 25}
TEHOE 243t E 9}2‘:‘1, A EZAEAL] BRE
9181317} caspase 39| 2/d3te] BA O thste] Lol
A3}, ISL A F=7F S7F4S pro-caspase 3 T2
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2] A THAE caspase 39 AT AHF o F
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FelEY Mi7dH 1=
MRS} HEAE FRE Fojo] ATAIAVE #

EEe APS Tl sl
o213t MEARA} dofih= 7S wE}7] S

AEF713E FAAR] p27, ps3, p21, cyclin A, cyclin E,
CDK2 % CDK4ol tha}e] Western blot 412 A A5}
G1 checkpointol] #A|3}= p273} p219] Wdo] S7HES
golsldnt o) sh p273 p219] S71= cyclin E-CDK2
Balq o} Agsto 2 CDKE BA5E As)st] Gl
7] AAE frdste] ARH o g NIAEAE doT)=
o7 AYZtEm o]= ISLY A $&rt FHE
Hx7t F7Fhe AS= Hol wxof H#ate] AxF
e dAshs AR AE & ATelMs ps3e
WshE Qlom, p273) p219] BAY] FThhe HojFo,
ps3¢] AolE WA ki, YA O T Aste AoE
A7 o ARz Wol p27, p219) F7hH ISLY]
2] 2 Q13le] DNACY 4713t 48 F3lls Aoz
A A AR 27} BB F 2] 23k Aol A Al
AL frEE o2 AZEH o) p217 p279)
A& fr=st A7 CDKS A8t GI7] AAE f &
sto] A AT ARG NEE AZAEAE oA =
2o] AR ApdEE B34S VERA HH o] ISL
o] Agl sk Hlgste F7lEe AS A
Cyclin EE p273% p219] 81580 JE AR B&
oEHo R ALY TAE B FOu cyclin A9}
CDK2, 49] W3} Holx] gtk

o[} E ISLE As AR Al SA A a7}
AoH o]E MEAHAL o|2A] staL, AMEF7)/de
A subG1 phase 57} 2 G2M phase2] 18-S 53l Lo

U o 7)ol p273 p219) AlEF7) B8 A2 B
AEo] A5 & 5 ATk o]l 1SLo] FF- A5 AT

9] Aol glor] ZAA2 oA A= oFEel K54
o] girka 47wk

n}L

AEY

1. Central Cancer Registry Center in Korea. Ministry of Health
and Welfare. Annual Report of the Central Cancer Registry
in Korea (Jan. 1997-Dec. 1997), 1999.

2. Korean Soc Obstet Gynecol. Annual Report of Gynecologic
Cancer Registry program in Korea for 1998 (Jan. 1. 1998-Dec.
31. 1998), Korean J Obstet Gynecol 2001; 44: 426-59.

52

10.

11.

12.

13.

14.

15.

16.

0
rz
Ho
o

. Parkin DM, Piasini P, Fearly J. Estimates of the worldwide

incidence of 25 major cancers in 1990. Int J Cancer 1990;
80: 827-41.

. Zur Hausen H. Papillomaviruses in anogenital cancer as a

model to understanding the role of viruses in human cancers.
Cancer Res 1989; 49: 4677-81.

. Munger K, Scheffner M, Huibregtse ]M, Howley PM. Inter-

actions of HPV E6 and E7 with tumor suppressor gene pro-
ducts. Cancer Surv 1992; 12: 197-217.

. Lee IS, Kim HS, Jung JJ, Lee MC, Park CS. Expression of

vascular endothelial growth factor in adenocarcinoms of the
uterine cervix and its relation to angiogenesis and p53 and
c-erbB-2 protein expression. Gynecol Oncol 2002; 85: 469-75.

. Giaccia AJ, Kastan MB. The complexity of p53 modulation:

Emerging pattems from divergent signals. Genes Dev 1998;
12: 2973-83.

. Weber T, Dalen H, Andera L, Negre-Salvayre A, Auge N,

Sticha M. p53 and E2F-1 cooperate to mediate apoptosis. Proc
Natl Acad Sci USA 1994; 91: 3602-6.

. Wang W, Wang J, Zhao D, Liu H, Zhou W, Chen K. Com-

parison of Spatholobus suberectus Dum, Euonymus alatus
(Thunb) Sieb and Eupolyphaga sinensis Walker on regulation
of plasma lipid. Zhongguo Zhonguo Yao Za Zhi 1991; 16:
299-301.

Lam T, Lam ML, Au TK, Ip DT, Ng TB, Fong WP, et al.
A comparison of human immunodeficiency virus type-1 pro-
tease inhibition activities by the aqueous and methanol extracts
of Chinese medicinal herbs. Life Sci 2000; 67: 2889-96.
Tawata M, Aida K, Noguchi T, Ozaki Y, Kume S, Sasaki
H. Anti-platelet action of ISOLIQIRITIGENIN, an aldose
reductase inhibitor in licorice. Eur J Pharmacol 1992; 212:
87-92.

Yamamoto S, Aizu E, Jiang H, Nakadate T, Kiyoto I, Wang
JC, et al. The potent anti-tumor-promoting agent ISOLIQUI-
RITIGENIN. Carcinogenesis 1991; 12: 317-23.

Baba M, Asano R, Takigami I, Takahashi T, Ohmura M,
Okada Y. Studies on cancer chemoprevention by traditional
folk medicines XXV. Inhibitory effect of ISOLIQIRITIGE-
NIN on azoxymethane-induced murine colon aberrant crypt
focus formation and carcinogenesis. Biol Pharm Bull 2002;
25: 247-50.

Kobayashi S, Miyamoto T, Kimura I, Kimura M. Inhibitory
effect of isoliquiritin, a compound in licorice root, on angio-
genesis in vivo and tube formation in vitro. Biol Pharm Bull
1995; 18: 1382-6.

Lee SB, Bae JS, Kim JJ, Tong SY, Yim E, Lee KH, et al.
Differential protein expression of etoposide-treated CaSki
cervical carcinoma cells. Korean J Gynecologic Oncology
2005; 4: 333-46.

Kamesaki H. Mechanism involved in chemotherapy induced
apoptosis and their implications in cancer chemotherapy. Int
J Hematol 1998; 68: 29-43.



A2d et MEZFolA Isoliquiritizenin®] MEZEXIEAI R &3}

Induction of apoptosis in human cervical cancer cells by isoliquritizenin

Sun Wook Jung, Yun Ok Kim, Suk Hyun Kim,
Sang Hun Kwon, Chi Heum Cho, Soon Do Cha
Department of Obstetrics and Gynecology, School of Medicine, Keimyung University, Daegu, Korea

Objective : Isoliquritizenin (ISL) is a chalcone flavonoid, present in licorice, shallot and bean sprouts, has cancer preventing
properties and often used in chinese medicine. In this study, ISL to determine its effect on cell proliferation and cell cycle progression
in human cervical cancer cells were evaluated.

Methods : Cell viability assay was carried out to determine the viability of human cervical cancer cells. We tested the several
experimental methods for verification and functional identification, including MTT assay, FACS analysis, DNA fragmentation assay,
and Western blot analysis for ISL treated human cervical cancer cells (HeLa).

Results : ISL, induced growth inhibition in a dose dependent manner, treatment with 50uM/L ISL blocked 50% cell growth.
FACS results showed that there was no change in the S phase, but on the other hand ISL increased the percentage of cells
in G1 phase. DNA fragmentation assay by ELISA was done to find the rate of apoptosis. Apoptosis took place but in a reduced
manner. From Western blot analysis, it revealed ISL induced the expression of p21°*"™4" and p27°°' but not mediated by p53.
Caspase pathway was revealed and cleavage of PARP took place.

Conclusion : ISL, a chalcone flavonoid, inhibited cell proliferation and induced cell cycle arrest at sub G1 by enhancing the
production of p21°*"™& and p7%'. These results indicate that ISL will be a promising agent for use in chemopreventive or
therapeutic against human cervical cancer cells.

Key Words : Chalcone flavonoid, Cervical cancer, Apoptosis

53



