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Antiproliferative effect of Houttuynia cordata Thunb was Associated
with the Inhibiton of Cyclooxygenase-2 Expression in Human Breast
Carcinoma Cells

Il Hong Jung, In Joo Jo, Cheol Park', Yung Hyun Choi', Dong Il Park*

Department of Internal Medicine, Dongeui University College of Oriental Medicine,
1: Department of Biochemistry, Dongeui University College of Oriental Medicine

Houttuynia cordata Thunb, well known as 'E-Sung-Cho’ in Korea, is a traditional medicinal plant generally used
in Oriental medicine therapy. In the present study, we investigated the effect of water extract of H. cordata (WEHC)
on the growth of human breast carcinoma MCF-7 cells. Exposure of MCF-7 cells to WEHC resulted in growth inhibition
and apoptosis in a dose-dependent manner as measured by MTT assay and fluorescent microscope. The
anti-proliferative effect of WEHC was associated with a dose-dependent up-regulation of cyclin-dependent kinase
inhibitor p21 in a p53-independent fashion. We found WEHC decreased the levels of cyclooxygenase (COX)-2 and
inducible nitric oxide synthease (INOS) expression without significant changes in the expression of COX-1, which was
correlated with a decrease in prostaglandin E> (PGE») synthesis. Taken together, these findings provide important new
insights into the possible molecular mechanisms of the anti-cancer activity of H. cordata.
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AT7} DY L YT,
04 Z= (Houttuynia cordata Thunb.)i= 4888 % 3} (Saururaceae)
o] &ole thad 2E0F REEIY Y2 SA0A ot 7}
Al AHY) X7} oide BH2E de] AREE AL At 2
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QA RHIIA Foll 4] Cyclooxygenase-2 &4 & Prostaglandin E2 44o)) mjX]= ojdE ZE29 ¢

B4 E71)1711,  insulin-like growth factor (IFG)-y2}
lipopolysaccharide (LPS)2} 22 HAZZH ol Yal thalH 7}
A}=o] HRE FR ARIETRIS BRl-E SV EA] ¥
o 9122 SRAIFICE: B9 Ravt Yot ol ZHEL
HAx e SR gREA s TSt EF9 alkaloids
S} polyphenoliFoll &j8t ZH2 8 ZHEX T Jri>™.
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£ (water extract of H. cordata, WEHC)2 3x} S/ 0l a5t
of @it i BEE AX wiXlol AH sk E 34t Hel
SIGATH MCF-7 QU] SQ} AlEL SHAEB5ke T2 (KRIBB,
Taejeon, Korea)ofl 4] B Hhol AFESIGI 2, A 29] viekS
MatidbHol] #3510 90%9] RPMI-1640 Al (Gibco BRL, Grand
Island, NY, USA), 10% fetal bovine serum (FBS, Gibco BRL)oJ|
1%9] penicillin 2 streptomycin (Gibco BRL)O| Z3HE Xl
A& A3l 37°C, 5% CO, £ BlolAl wksIRet”. WA=

mj 4841710} WEHAFEUL, AT SAlo] upE WUE Ha

S W45kl $15kd 0.05% trypsin-ethylenediamine tetraacetic

acid (EDTA, Gibco BRL)E Hzlald MZEES BA7] T &
a0 NZE 2F5l Ml dBIaTt. '

2. MTT assayoll QI8 M= AR £A
AE LS 6 well plated] Q17 SO MEE 1 X 10°7
/mIE BT 24417 SO QHE S T oldE FEE

=

tio

o

HiR) ol B)44E1e] 2t well & 1 ~ 4 mg/ml9] ZEE AP &
48417 St miYBIACE 48K B wiAE AlASHL
tetrazolium bromide salt (MTT, Amresco, Solon, Ohio, USA)E
05 mg/ml 557} HA SZHAIE 43l 2 mli¥ BFglal
3A17F 9} CO; incubatoro A HHQEAIZ] THS MTT R[S 7%
SHA A AHEIZ dimethylsulfoxide (DMSO, Amresco)E 1 mil#
2F51a] wello] HHE formazing 25 =¢! & 9% well plate
of 200 pl¥  &AAl ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)RZ 540 nmol|4] EBETE EHsIYLh &8
2 HF A HE sl¥en], o g ikl BE QXE
Sigma Plot 4.0 ZFE 73 (SPSS Ins)O2 1819

3. YR} oA S o188 M2 &I Helg

M Z Bi2ER 100 mm petri disheo] HZE 6 x 10° 7} /ml
HEE EF51 24417 S0t QHESIKIZ B2 ol & FEE
1~ 4 mg/ml9} ST 34 2|l 48417 SO st 7,
AR} ¢in] 4 (inverted microscope, Carl Zeiss, Germany)& 0
5] 2008He] HHEE 2 Sk WE FEjQ HItE Hast o
ARRlE BB

"o

oo =

1o

4. DAPT stainingol] QI3 A Z89] ey &z
A¥E ZEE Aelo] 9 MCF-7 S 9] apoptosis

o B 2olg 2Ish o] Hely wslE #Edl] sk £

25 2 thE 37% formaldehyde £33} PBSE 1: 99]
412 fixing solutiong TOEX] Aol 500 gl H7iske &
12 7 oA 108 S0 1HBINICE 1,000 rpmeE 5
Hy BEITh F 4EAES MASHL PBS 200 ul £ gojAl
5] 412 £, slide glass $10Y] 80 ul HE Hoi¥ed 900 rpmoll
E7} cytosping}ITt. PBSE 2 ~ 33] washingdhi PBS7} o}
n}E7] Aol 0.2%2] Triton X-100 (Amresco)S H7sld AF20]
A 10827 1RSPCE 1 & THA] PBSE  washingdl L
4’ ,6-diamidino-2-phenylindole (DAPI, Sigma, St. Louis, MO,
USA) 898g AE7F LHE slide glass o] AHZES ol
T W AL h2ollA] FAAZATE 158 3% G417 7,
PBS DAPI 291 S5 ARG 542 Aus) AHE

S absolute alcoholE 0|83l &+ E HA slide glass
2ol mounting solutiong Azt & EHF ¢lu|H(Carl Zeiss,
Germany)E O] &3 40081 MIEE ZF skol uE QA 7
Wol MZol 30) el WS PG D12 Axio Vision T2
g ol85l9 ARl EEE sINct
5. Western blot analysiso] 2]t THRZ] dls] A

Qi B AdE FEE0] AZlE Wil ARt NESE

PBSE Aol W1 0.05% trypsin EDTAZ Hzlgl] BHA17)
2 AUEEE ol MEE ZUTE oA HoRd Mo &
29 lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5
mM EDTA, 1% NP-40, 1 mM phenymethylsulfonyl fluoride
(PMSF), 5 mM dithiothreitol (DTT)]Z & 7}510d 4TCollA] 3027}

o
i

o oo
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% =Y 4 Laemmli sample buffer (Bio- Rad)% 23
TSt olEA WE 529 thlAg  sodium  dodecyl
sulphate (SDS)-polyacrylamide gel€ 01&3dlo] A7|YECE £
Zlaldrt.  E2i® oAg  gRet  acaylamide  gelE

041 sample&

nitrocellulose membrane (Schleicher and Schuell, Keene, NH,
USA)SZ electroblottingol] 2181 ZoJA17} &, 5% skim milkE
528} PBS-T (0.1% Tween 20 in PBS)oll BH0] 41204 14]7F
AT incubationglo] H]E0]H¢] LHERA Sof thgh blockingE 4
AlSHL PBSTE 158 (527 3H)ET AHsIdct ol
membranedi 1%} antibodyS AEI5I &2oflA] 1417 o]} B
= 4TollA over night A}71 T4S PBS-TE A& (1581 1H, 582
7+ 53H)3HL X219 1A} antibodyoll B 2} antibody (PBS-TZ
1150028 544510 AME)E AMESIH &0l 1A F gt
SAl7dc). TH| PBSTE A (1027} 4#)8}1 Enhanced
Chemiluminoesence (ECL) 2% (Amersham Life Science Corp.,
Arlington Heights, IL, USA)g & 8AIZ! TIE QoA X-ray
fimol  ZERlA  Sgowzo  ge B
ImmunoblottingE 9|3} 2AF TAZ At

donkey anti-rabbit %! peroxidase-labeled sheep anti-mouse

%l peroxidase-labeled

immunoglobulin® Amersham Life Scienceoll Al 213}SiC}.

6. RT-PCRol 96+ mRNA W&o 24
4719 SYSH AollA FolEl UM EE PBSE AATHL

2O Z TRIzol reagent (Invitrogen Co., Carlsbad, CA, USA)E
4ColA 1417} S0t AEIBH total RNAE EEI3INCt 2elE
RNAEZE HES &, 21219} primer (Table 1), DEPC water 2]
il ONE-STEP RT-PCR PreMix Kit (Intron, Korea)& & il
Mastercycler gradient (Eppendorf, Hamburg, Germany)& 018
5l SZ519C) ZF PCR AH2EE ¢ Aolg Elolaly] 9151
1x TAE buffer 1% agarose gel& THED well & Z47}12] primer

off 6“‘;‘6}3 PCR 4F2ol DNA gel loading solutiong 41c{Ad
loading ¢+ % 100 VollA] A71€&E dIict A71g 522 DNA
2217} Byt gelS ethidium bromide (EtBr, Sigma)E 0]&3d1c] &
Gt & ultra violet (UV) glollA] 2
enhancerE 0188l A 288 319tk olufl housekeeping 5
X} glyceraldehyde-3-phosphate dehydrogenase (GAPDH) =%
AIZ internal control2 AMZBISIT

1015} Picture works” photo

7. Prostaglandin E,9] &8

PGE29] Yol v|xlE Adx REEY e FFVI
31 enzyme immunoassay (EIA) kit= Amersham Corp.of|4]
sl AIBSISICE WA EHIE O AEE %-well plateo]
well & 160 409 B K]0l 104 cell/well L2 BFsH] 24417}
S0H WO &, o}k AEZES STEE WXl 54351 A
2ISICE olm) vixek wix]el erE 2T 180 wE SHAIZCH

.
oo
>
)
i

iAo 2.5%2] dodecyltrimethylammonium bromide
bufferE 20 x B7}5ld & wiAIQ ko] 200 b =A
lysis7} & LOUIEE pipettingS 3] HAISIITE &2
of) ¢F 1087} incubation $F & Trypan blueE 01838k UAIE
9 45 Aok oF 50 wo] lysateE F|okd kitol] &
protocoloﬂ wEh EIAS AA18F & 450 nmQ] ThEMA] Polx] Zt
g 71E2 8 PGE2Y && FFsIict

)
o
s
p

}

Ol

[

> 12 o

Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
053 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
p21 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3'
COX-1 Sence 5'-TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3
Antisence 5'-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
COX-D - Sence 5'-TTC-AAAfTGA-GAT-TGTGGG-AAA~AT~3'
Antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3
INOS Sence 5'-AGA-GAG-ATC-CGG-TTC-ACA-3
Antisence 5-CAC-AGA-GCT-GAG-GGT-ACA-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisence 5"-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'

4 3

L QIES] B4] 5 Fehol DAl olHE 2889 o

QA St MEFOl MCF7 AlE2] ZAlol] DAl ol &
ZZE(WEHQ)Q] QgHe Yotry] 28] 018 4841 5%
HE AZ|S & MTT assayE 0| 831 ZAIBIATE Fig. 1ol
LiEhd Blgl Zol dEdE F&89 Al 5Tt 7l wet
SuRlel B40] 26K AHES o 4 UKTH 551 3 mg/ml
ol M E FEEE AEISINE B 50% ol F4AA a5
7} QLI 4 mg/mle] BEoA= OF 70% HELY B4 o &
7 VERGTH OI“-J Zilfgoli ol & FEZ0] Aeld Al
oA HYE UMIE AME FEEY Aolsk YJEHOE

el A= %@10] ZAotA dAEREE & - AU

3.0

OD 540 nm

WEHC (mg/ml)
Fig. 1. Growth inhibiton and morphological changes of human
breast carcinoma MCF-7 cells after treatment with water extract of
H. cordata (WEHC). Cells were plated at 1x10° cells per 60-mm plate, and
incubated for 24 h. Cells were treated with variable concentrations of WEHC for
48 h. The growth inhibition was measured by the metabolic-dye-based MTT assay.
Results are expressed as the means + SE. of three independent experiments.
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QLA Rt Eo)A] Cyclooxygenase-2 2443

2 oJHE 2 % xmoﬂ 46; QMY HepHs

g OE‘OLHJ] Al on ZZES CID SEE AH2lsl)
18AIZFEQH WROKSE % 9abA) En|AS

Fig. 28004 & 4 QR0 o} % &5

Mzel Aok Feld et BEEUCE 5ol A8 x FEEY
St S7HeeE il =

=
H8l= Z¢ dendrite-likedt T2 E HIFALH, RAREE 44
SHL WX 2 HREle gl Erigte & 4 Urt ole
QLA R o] o E FEEY NElsk 9EHQ
Hole W) AE M & FEES AElol W2 S0 S

REEE 2

WEHC [mgiml}

Fig. 2. Morphological changes and induction of apoptotic bodies of
human breast carcinoma MCF-7 cells after treatment with WEHC.
(A) Cells were plated at 1x10° cells per 60-mm plate, and incubated for 24 h. The
cells were incubated with variable concentrations of WEHC. After 48 h incubation
cells were sampled and examined under light microscopy. Magnification, X200. (B)
Cells were treated with WEHC for 48 h, and fixed and then stained with DAPL. After
10 min incubation at room temperature, the cells were washed with PBS and
nuclear morphology was photographed with a fluorescent microscope using blue
filter. Magnification, X400.
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A LEz] ELAF FHAL E 7Y SR8 p53 B dAA Al

ol Prostaglandin E2 4ol njx]= ol % FE£E9 g&

ZF7] AW R 53¢ 9dg¥E Sk cyclin-dependent
kinase (Cdk) inhibitor p21(WAF1/CIP1)Q] 8i&lof p]z]E oA
Z FE559 T2 ZTAGIICE Fig. 2A W BY ZIolA &
RAZ=0] ps3 -r-rﬂﬂ«] Bew AL H WY sEoA] E HEt
YEEA] FRANE, p21 FHEANY UH2 oA
of mizh ™At & u-]o_q FEOA BF ETRINEe ¢
t}. Cdk inhibitor®] p212 p539] wksl Srld] 25l &
Il S p53 HIYEH O T €i30] 5@% e

9] &A1 oIH], apoptosis & Q
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WEHC {(mgiml)

0 1 2 3 a
————.
————— .

B) ' ,4— p53

m::&‘* p21

: ‘4— actin

Fig. 3. Induction of Cdk inhibitor p21 expression by WEHC in human
breast carcinoma MCF-7 cells. (A) After 48 h incubation with WEHC, tota
RNAs were isolated and reverse-transcribed. The resufting cDNAs were subjected
to PCR with p53 and p21 primers and the reaction products were subjected to
electrophoresis in a 1% agarose gel and visualized by EtBr staining. GAPDH was
used as an internal control. (B) The celis were lysed and then celiular proteins
were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with anti-p53 and anti-p21 antibodies.
Proteins were visualized using an ECL detection system. Actin was used as an
internal control.

WEHC (mgiml)

a 1 2 3 4
A)
’ — . o1
|— — — — — R
|— — — — —
[ ZEC R e «+— GCAPDH
B
) «— COX-1
(" “ ' - ‘4— COoX-2

[ | “— actin

Fig. 4. Induction of COX-2 and iNOS expression by WEHC in
human breast carcinoma MCF-7 cells. (A) After 48 h incubation with
WEHC, total RNAS were isolated and reverse-transcribed. The resulting cDNAs were
subjected 1o PCR with COX-1, COX-2 and iINOS primers and the reaction products
were subjected 1o electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B) The cells were lysed and
then cellular proteins were separated by SDS-polyacrylamide gels and transferved
onto nitrocellulose membranes. The membranes were probed with anti-COX-1 and
anti-COX-2 antibodies. Proteins were visualized using an ECL detection system.
Actin was used as an internal control.
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5. COXs9] Wl B PGE29] Gdof| vlAl= g2 FE59 &
ole] ol £ FEE Aol T M2 A} &
58 daoht sl Al ol EQ3 dde ke
cyclooxigenases (COXs)Q Hel W IE 4FEd dgEHE

prostaglandin (PG) 4§14 % inducible nitric oxide synthease

(iINOS)9} el ho] A2 & ZAIBINITY. Fig. 3AQ] Aijollx] B
T ARO] dAkEEolAl COX-19] walol= A9 37t gile
L, iNOS Bl COX-29] E2 oz £&2 APl sk 9EH2
E ALHEAEE ¢ & ARUCE HASEo M Fig. 3Bofl4] B

- T Al

= HI9E o] COX-19] 22 Haly} IRiAIEE COX-29) 2
2 ogx FEE9 Al sk SVl met e RYHCE &

ATUCE. TS COX-20) 23] Aol £AEL]E prostaglandin

E: (PGE)Q) Z2E Fig. 49) ZToIA) LIERG H}S} 20] o}id &
ZZE2 APSE JENOF Zocke AOE LERITH Wk

Aelol 9Jst $M 29 41 Aol INOS I
COX-29] #Edd wig] x|} o] 2 Q18 PGE29) 44 Aol =HE

i

250 +
200 -

150 1

d | HHH

PGE; {pgimi)

1] 1

WEHC (mgiml)
Fig. 5. Inhibition of PGE: production in human breast carcinoma
MCF- cells after exposure to WEHC. Cells were treated with the indicated
concentrations of WEHG for 48 h and collected. The PGE2 accumulation in the
medium was determined by an EIA kit as described in materials and methods. Data
represent the mean values of two independent experiments.

Z

ATl E QA P YMEF MCF-78 O g oy
o]

AABIRA 2,

g 7tsd & ISl FRSL) ofol #sH
Q% Zojrh Ioful HAEEQ] apoptosis7h Fk
endonucleaseQ] EHofl QI8 DNAQ] Bt &litofl 4=
I 8% W apoptotic body®] HHUES OME FEE
t MCF-7 QA 329] S41 A7} apoptosis {2454 &
Aot M E FEE 9 YME
EHOR o[Fo] I df AL,
H

18 48 27 59 A1 9
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o L 32
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sl MEHC! HlwE oA, Ieiuh BaZolA Hr
UM zolA AT M B A 2480 UAUrts Cha et

a9 ANE TP ZL oA FEES YNNI HBE 5
Al oAl g3t Aes IPEECE U 4 UAUTE ES] apoptosis
9 §x SH2 ddz FEEY ZUET SUAE THsEe Al
AlSke ATEA oldl ¥ 71H siHo] grEoZiT

g MzF7] ZEdMY 28 £2EXAE Z&cke Cdk

inhibitors= Cdk complex@} ZgHsld 1 4 & AAlgh= ASE
e Q=u®), E3] CIP/KIP Fol| 43k p21(WAF1/CIP1)2
EY AAFARRI p53ol ol g3l MEF7] GI71$
o} opEl G2/MY19) AES AASHIT SHENLI et al, 1994;
Taylor and Stark, 2001). p219] &4 5loll= p530] HAFH= RO]
YUFEo] At M EZFol| WEhA] pb3 H|QERQ] BEE &dld
p2ilo] E43ECALE dEAy dom®P, ogy YRRy
DNA damaging agentol] 98t M EZE4] Aol p213 #H0]
280l ZYHARHTY'. w2l 2 Aol oz 25

2 AMelo] gk A 7Rkt MEZS E4] o3F % apoptosis F

B E A £ A& S p53 & Cdk inhibitor p219] #e
O HE ZARSIAATL. Fig. 39] ZuolA| e}l Zol £ A FHAL

e Eheile]
FEES 2 gFe vAA Zsigs
Cdk inhibitor®! p219] A= o
AEE FEE Avlsk AEFLE A}
Frt. ol p219 ¥AE7E7} p53 HIYERC]
UAg 7tsdo] USE nlshd, oligh p219] W

=5 Aol 9 Fet NE9 &

E=h=1

3

=
Z.
>
W

0% i

oAl AEY Fe
AP, PGe] gy

o
T

GBHL et TIEiv} COX-2& tlekst
QIRIECl 23k AFFoll Bt R
13}3L apoptosisE x| Al
ISAA02A 245 Egy 9
i3} ARl AT ALS BN, dokE £Al9) ol BF
AoflA] COX-28} INOSY} &2 FECRE Wl Y8
= SHANY @3 Z0iA1L P2 apoptosisoll THSH A
148 INE HOR Hol £3 9EUST el AZO) U
ol COX-2% INOSS} WHESH BAE ZWRICIT B 4 Urk?. Esh
COX-29] kol Q6] UEA A9 EHY 1ol&0l &
gH=che G COX-29] Aol 9
¢} angiogenesis®} FoFai4
HA 2ol gt & ol E
ok ohigl WEA A, AET
promoter @o] HESH
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OIA FHUA oA Cyclooxygenase-2 &

EVd O-]Mx %EO] x%al% MCE-7 e A 29) &4 dA W
apoptosis FEto]] 01319} FHAREO] BABL=AIE ZARK Hk
T} Fig. 49 AijolA] & o= QI50] COX-19] Walo)] ol & £&
B2 olFd g8& FA Bl L), COX-29] a2 53] T
Z oA e %47‘“‘O§ aagke & 4 UV
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