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Effect of Arresting MCF-7 Human Breast Carcinoma Cell
at G2/M Phase of Trichosanthes Kirilowii

Seung Min Jeong, Mi Kyung Jeong, Seong Gyu Ko', You Kyung Choi, Jong Hyeong Park, Chan Yong Jun*

Department of Orinetal Internal Medicine, College of Oriental Medicine, Kyungwon University,
1; Preventive Medicine, College of Oriental Medicine, Kyung-Hee University

The purpose of this study is to investigate the anti-proliferative mechanism by Trichosanthes kirilowii (TCK) in
MCF-7 human breast carcinoma cell. In this study, we used human breast cancer cell line, Michigan cancer foundation-7
cells (MCF-7 cells). They were co-incubated with 30~200 «g/ml TCK for 48 hours, and cell viability was measured by
Water-soluble tetrazolium salt-1 (WST-1) assay. After MCF-7 cells were exposed to 60 xg/ml of TCK for 0, 3, 6, 12, 24,
48 hours, We performed flow analysis cytometry sorting(FACS) and western blot analysis. We investigated the effect of
dose-dependent cell growth inhibition by TCK, which could be proved by WST-1 assay. Also, flow cytometry analysis
showed that TCK increased percentage of subG1 phase and G2/M phase cell cycle. In addition, TCK induced apoptosis
through the expression of caspase-9, -3 and poly(ADP-ribose) polymerase(PARP) activation. Moreover, we showed that
ATM-dependent G2/M phase arrest by DNA damage and phosphorylation of chk2, cdc25C, cdc2(Tyr15). Taken together,
these results suggest that by G2/M phase arrest through DNA damage and inducing of apoptosis through intrinsic
pathway, TCK may have potential tumor suppressor in breast cancer.
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Q1 sU3 B (Korea)oll Al TFH3IALH, 100 g AF F 1 29
80% olEro] 30% St sonicationdtTh 3 mm A
(Whatman, Maidstone, England)& ©|&3}l9 723 73 &, o
g AgE FEE2 794535 7](Byela, Japan)E ©] 8319 F
St &, 4 71%3}(Freezedryer, Matsushita, Japan) 92 &
°

32k Sl 200 mg/mlE =59 F stockS® ARSI

U=

2) HEF
A7F Y AEFE MCF7L SdxAzFe8e 58 74
51990, DMEM Hj A o] 10% (v/v) EAF 1% FAAS 2o

5% CO7t &
of AMEE AEe 70%
3) AleF R A
WST-1 assay kit= RochedlA T93t92H, Propidium
lIodide 994 A]F2 Sigma-Aldrich (Michigan, USA)ol A 43}
ok Ade]  AFE3  antibody?! ATM, phospho-ATM,
phospho-chk2, phospho-cdc25C, phospho-cdc2 (Thy15), cyclin B
© cell signaling technology (MA, USA)olA TH3IHoH,

cleaved-caspase-9,

37°C humidified incubatorol] A ®j<k3ict z+ A
Jzo] d=2 FH|39

cleaved-caspase-8, procaspase-3, cleaved-
caspase-3, actin, poly-(ADP-ribose) polymerase(®]3} PARP)=
santa cruz biotechnology (CA, USA)ellA T3tk AX #l ¢
o A& DMEM ®A 3 fetal bovine serum (FBS)¥
antibiotic- antimycotic Gibco BRL (Grand Island, NY)ol| A
Ykt

2.

1) WST-1 assayE o] &3 AX AES 34

MCF-7 AZE 8% A 96 well plated] 1x10°/wellZ 6
well#] 87§ 9] ff o2 Zolge F A E7} 8% F<F plate HiE o]
EES wgeTh o 100 4o AsES 449 520 pg/
ml, 30 pg/ml, 40 pg/ml, 50 pg/ml, 60 pg/ml, 70 pg/ml, 100 g/
me, 200 pg/ml)oll BA FolFE F wiFrIolA 48417 FF v FeH
o} 48417 & WST-1 solutions 10 ul? Z-2+e] welld] YW al 24]
et Mdsd F Eo Hokx v formazan (water-soluble
formazan)& ELISA reader 7]7](Molecular devices, VersaMax
microplate reader, USA)Z 440 mn HEoA 3& ZA3A
2) FACSE o] &3 MEAME 2 A E77) ‘“—1

flow analysis cytometry sorting (FACS)E 53l A XAIE S
1] 8] 4x10°9) AEE 60 m culture platecl] ¥ Y3}, c}%
60 pg/mee] HIHES A F 0, 3, 6, 12, 24, 4843 F
3 w9 95% ethanol(0.5% Tween-20 H7hol| MEE 173 7\]?&1‘/}.
48A1HERE A Zo] o KHold wztA] R AELS -20ToA
HASAT AES O B § qede] 2ZAAE AEE A
7} PBSZ F W washing®t ¥ RJeiolA 10 mg/me
propidium iodide(°]3} P)Z ¢ 43}e] FACStar flow cytometer
(Becton Dickinson, San Jose, CA)Q]- ModFit LT V 2.0 softwares&
o] &3kl A5kt
3) Western blot analysis

MCF-7 A% 100 m culture plated] 7x10°/plate® 10%

)

FBS DMEM¢l| 124]3F 5t obg 8} ofgiet. b3t & Alze
Z00 gA M-S A F ARt BA AES Zih

€ plated] 2olUe AZ®ER oy}t 2oUYA &
AEZAA FHO of e & A4E(2000 RPM, 5 min)cell
downd ¥ I 4=dS W, 7HE PBSE 2 washingd}o]
¥ £ protein lysis
Side]  AFe
assay kit) Aoz hglemn,
SDS-PAGE geldl &9 ©¥AS loadingstd &g =,
nitrocellulose membrane°ll %At @@ do] &7 membrane
< 1% BAS+1% skim milk7} 4191 PBST(1xPBS in 0.1%
Tween-20)2 -2l 4 1217+ &<t blocking?+ ¥, 12| 7HA] 13
FAE 4CoA over night(O/N)CZ HHEA|Zl 3, PBSTE
washing® HRP-conjugated 22} &A1& A&l 1A &< ¥t
SAIAY. A PBSTE A&t washing@ A& AZ thdo

Electrochemiluminescence

=2

O wo
= =

rlo

buffers
bradford(bio-rad  protein

detection  system  (Amersham-

Pharmacia Biotech, Buckinghamshire, England)& ©]-&3}4 X

ray filme2 AH}E &390

A

4927 BE £
SE(EZSHE s
o p-valueZ} 0.057] 5+

Ao 7 259 SAHTE Mean(B ) +
9921, Student t-test methodZ ¥4]3}
AE Fo4E dAA

2 ¥

1. MCF-7 A% Rl nlX= &3

A AEo ARG T A3 5 AE 2o ofjwl
FFE WA AHEAT 1 Ay AR TR TS
g AEo "WEE HolAn, apoptosis®] HFFH< 2l
apoptotic bodyE X E™] A= AL #ET 5 AU

(Fig. 1).

20

TCK Opg/mi TCK 50pg/mi

TCK 100ug/mil

TCK 200ug/ml

Fig. 1. Effect of TCK on cell morphology in MCF-7 cell. Cell density
of MCF-7 cell decreased dose-dependently after TCK. Also, TCK increased
apoptotic bodies(arrows) on MCF-7 cell surfaces. Cells were treated with 50~ 200
wg/ml TCK for 48 hours. Cell morphology was observed with microscope.
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H3hEo] MCF-7 8 MEF G2/M AEF7] Ao WA= 4T

2. MCF-7 Al AE&] nX&= &%
WST-1 assay 23, MCF-7 A ¢l 30~200 pg/mle] H&&
< AYT F 48AL Fol T AEAHOE AMEYESO] WOl

A #AT 5 AN (Fig. 2).
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Fig. 2. Effect of TCK on cell proliferation in MCF-7 cell. It shows growth
inhibition of MCF-7 cell by TCK. Cells were treated with 30~200 xg/ml TCK for
48 hours, and cell viability was measured by WST-1 assay. The shown data is
representative of three independent experiments.(Error bars were shown in mean
+ standard error means(SEM)). xp<0.05, »p<0.01, *+p<0.001.

3. MCF-7 Al®A g nx& &3}

FACS 23}, 28560 pg/ml)S 2|3k A 484124 2F 20%
7bg subGl #te] EolAE A& FRlstdon, o224 st
o3 MEAIEO]l =S &<l ATh(Fig. 3).
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M Sl
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Fig. 3. TCK increases subG1 phase in MCF-7 cell. SubG1(M1)
increased after TCK. MCF-7 cells were exposed to 60 «g/ml of TCK for indicated
periods of time. DNA content distribution was analyzed using a FACStar flow
cytometer and percentage of subGi phase cells was determined based on
a DNA content histogram(A) and graph(B).

4. MCF-7 AEF7)d] nxE &g
FACSE ©]4-3te] MCF-7 Al Xl H3H&(60 pg/ml)S Az

g &, cell cycled] ¥sts #&3 A, G2/M phase arrest’} ¥
Au= A& &1t Ath G2/M phase arrest= 82 A 2] 124]
206l Sk 60%, 24A17HAlo] oF 50%71 % Z713H%THFig. 4).

b

% ofeel cycle
8

oh 3h &h 12h 24n

treatment (h)

0 _e s%orE2G1-S

—o— % 0T G2 phase
—¥— % 0fG1 phase

% of phase

Time(hry

Fig. 4. TCK induces G2/M phase arrest in MCF-7 cell. TCK(60 wg/m?)
treatment significantly increased G2/M phase arrest time-dependently in MCF-7
cell. The percentage of cells in each phase of the cell cycle was obtained by
MODFIT software. A and B are graphs of different type.

5. Caspase ¥d 2 A vx= &3

Western blot analysis 2%, MCF-7 cello] H3HE(60 pg/ml)
2] § caspase-82 W37} gl oY, caspase-9& 12417+ FH
B &Ao] mm|atA FUtete A 1A, caspase-39] &
AL 24A7L, 48A17F Foll A YEhe A e Atk AF
A1 MEAFE S markerq] PARPY 4= #2138} th(Fig. 5).

o 32 6 12 24 48

- + + + + +

Time (h)
TCKG0ugs/ml)

cleaved-cas-2

cleaved-cas-8

_ G e

cleaved-cas-3

‘ r‘ E n 5 n - ‘ PARP/pE5

| actin

Fig. 5. Effect of TCK on caspase expression and activation. After 3~
46 hours of incubation with TCK(60 wg/ml), the cells were lysed, and cellular
proteins were western blotted. Caspase-9 activity was up-regulated in TCK
treatment time 12 hours to 48 hours. Cleaved procaspase-3, subsequently PARP
in MCF-7 cell. Significant cleavage of PARP was observed at 12 hours after TCK
treatment.

6. G2/M phase ZHTWdof| v X &
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Western blot analysis 23}, ATM 14+3} levelo] &% A
2] ¥ 24~48A 74 A] F7FEHl e, ATMO of sl A ojA=
3 DAl e chk29] 148 level Al 482137 &3]
Z7Vele AL 213 9th Chk2dl ke ol R]E cdc25C
Al 24X 20 Bl w8 A F74EH AL, cde2(Tyrl5)e] ¢14ksl 27]7)
AIE A2 T 484 7HA Frteti oy, A cychn B9 level S
x4 3 h(Fig. 6).

] (=1 12 24 A48

— + + -+ +

Time (h)
TCKEOug Ml

ATRA
] F
; == P-ATRA
p-chkz
- — p-cdc2Sc

| | cm— ‘ p-cdcZ(Tyris)

= =
‘—-—---- Cyeclin B

actin

Fig. 6. G2/M phase arrest is dependent on ATM pathways. After 6~48
hours of incubation with TCK(60 «g/ml), the cells were lysed and cellular proteins
were western blotted. TCK induced ATM, chk2, cdc25C phosphorylation in MCF-7
cell for indicated periods. In addition, cdc2 phosphorylation and cyclin B level were
regulated by interaction with cdc25C.

1A

Apoptosis®t A ZF7] A= F438] Be AT A FU4A
Nkl & RIEZ targeto] ¥ It} Apoptosise Z2 9] &
ey B HAA dojuhs AR AETF o]AY F gl
Aol Ztsd W AAE BE3) A8 Aoz AAG
Hgolgtn G Y. Apoptosis HIAUZ A rE

caspase2}= proteolytic system©. 2" extrinsic pathwayZ 5 &

rr

caspase-9% U2
downstream effector caspase$] caspase-3, -6, -7 &4} 71
th. 71 F caspase-39] &3 apoptosis HA A A A &
< st AlE W B 99AE poly-(ADP-ribose) polymerase
(PARP), gelsolin, retinoblastoma (Rb)¢} b-catenin &< 3l A
209,

Ataxia telangiectasia mutated kinase(ATM)-< serine/threon
ine kinaseo|™ A|ZF7]9} DNAS E75 ZAs=d oA

A48 F 7hee] DNAAE ) =48 7hA 207, o] ATMO]

3] 2d AR = proteing F AMEF7|9 #HH proteins £
+ p53, Chk2, Chkl, CtIP, 4E-BP1, BRCA1l, RPA3, H2AX,
SMC1, FANCD2 ¥ Rad173} 2-& AE°] gt

Chk27} ¥&3}3 )+ amino-terminal domain®. Z+ 77§ ¢
serine = threonineZt7](Serl9, Thr26, Ser28, Ser33, Ser35,
Ser50 and Thr68)7F A=Hl, o] A2 ATM/ATR kinase®ll <3 4
A Qatsl B,

caspase-8%} intrinsic pathway9} F#HEH

Cdc25+= 14kshE 4 of HhE-3he gudg
dephosphorylating® A1} cdc2E activationA]| ] .24 &) A L

o AMZELE 2dsled 23 988 P H3 oj AL
NEF 1 I 1A -TAKLS 93] Ser2617+717F 14k3h =,
o] A2 DNA 239 93 G2/M phase arrest9} & =g,
Cdc2= ©] A9 kinase Aol 9al AAA L] ANAHETEL
S ZH3e dPdE HNEFVE =vd F23 proteindd
243, cd29] F 7HA 27190 Tyrld<}
Tyr159] Q148 cell cycleS 2E3=H T8 Ao Yephd
O, o] & 2719 Q4= Weeld Mytl# 2-& proteing 9
ATt 2= QD).

79 WelZ Bol} 7he

cyclin® binding<

o AFste e¥E HANL 2
A B Az Ao] AR O R oA fFAARES BT
Sl g SR trichosanthin®|TF, A& JHAVEEE,
ek, WIESHRS) &3 Qlol 1B, ik, #, i, T 55
R

AgHEg o] &3 FLATZE HepA-H cell?}t Hela cell€]
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o= ﬁ:rLlo)Q} ME-180 cellol|A] caspase-3S SASIAIA A
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ZgHeo] MCF-7

WEZ=HotE 3
pathway 9} death receptorE OH caspase-89] A& doJ|=
extrinsic pathway7} $1TH”. ©]2] 8t apoptosis pathway7} 2433}
S, HE 402 caspase®] H3tS] TA|o|w, MEALE Aol A
aﬂJAl;H 0] &S 3= Aoz gHA caspase- 30] §L/ﬂ§]. L=

Apoptosis pathway= 9 5§ intrinsic

[e5
\

AlZE U)ol A} PARPY retinoblastoma (Rb)$} 7‘3 gildEs 5
AT, o)o] WA caspase-3Z} PARPS] &td ¥ &4 A&
FRlstA = Hehol o3| o] F dudo] &go] Frtete A
< BEY F A 2 gl 93 apoptosis®] &)
intrinsic pathwayE &3 AR EE extrinsic pathwayE &3+
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