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Physalis angulata (PA) is employed in herbal medicine in Taiwan
and some countries in the world. It was used  treat diabetes, hepatitis,
asthma and malaria. In our preliminary study, we found that PA could
inhibit the progression of proliferation and induce apoptosis in human
breast cancer cells. In this study, we found that PA treatment decrease
cyclin Alevel, decrease Cdc2 activity, increase Cdc2 phosphorylation,
decrease Cdc25¢ and enhance the expression of the cell cycle inhibitor,

p21" VAPl and P27 level. Furthermore, it increased both the levels of
Chk2 and Weel kinase.

From these results, we conclude that PA arrests MDA-MB 231
cells at G2/M phase through (i) by inhibiting cyclin A level, cyclin B in
high concentration of PA, and Cdc2 (ii) by increasing p21"¥Y“P* and
P27 levels, (iii) by increasing Chk2 causing a increasing Cdc25c
phosphorylation/inactivation inducing a decrease in Cdc2 levels and an

increase in Weel levels.

Taken together, these results suggest that the effect of Physalis
angulata on the levels of phosphorylated/inactivated Cdc25C are
mediated by Chk2 activation, a least in part, via p21*¥Y9P* and P27
cyclin- dependent kinase inhibitors pathway to arrest cells at G2/M phase

in breast cancer carcinoma.
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(48%  32%) 4.6
7.6 Herceptin
Rituximab CD20
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Gap 1(Gl)
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?  (Cydlin- dependent kinase, CDK)
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(20)
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@) cbk Cydin
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(1) Cyclin (induction) CDK @3
(2) CDK  CAK (Cydin-activation kinase) (24)
3) CDK (CDK-inhibitory proteins) (25)
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Cyclins 8

Cyclins A Bj,s C D,z EF G H
N- CDKs 150
cyclinrbox ® CyclinsC D E G1 G1-S
@ CycinsA B mitotic cyclins
interphase mitosis (28) Cydlin H
CDK 7 ? cdc 2 (CDK 1)
CDK2 ®)
( )Cycliin A CyclinA G2/S 0
DNA GD cyclin
B mitotic cyclin cyclin A
( )CyclinB Gs/M B cyclin
cdc2 maturation-promoting factor (MPF)

( )CyclinD D1 D2 D3
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17
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G 9 D2 D3 (tissue specificity)
T
39 cdk4  cdk6

Go G1

( )CyclinE cdk?2 RB1 E2F
G S DNA " cydinE
E2F TGF-R G1/S

(36)

S cyclinE (38)
Cyclin-dependent kinases (CDKYs) ?
Cyclin-dependent kinases (CDKYS) ?

Cyclin 7 CDKs
cdc2(CDK1) CDK2 3 4 5 6 7 GO/G1 CDK4
5 6 CyclinD CDK2 CyclinD

Gl GI1-S CyclinA E

CDK7 Cyclin H cdc2 CDK2 RNA
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CydinA B 4D
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Cyclin-dependent kinase inhibitors(CDKI) ?
Cyclin-dependent kinases (CDKS) ?
Cydin  Cyclin-dependent kinases

Cydin-dependent kinases

inhibitors (CDK1) “? CDKls
Kip/Cip family
p21 (CIPL/WAF1/SDI1) p27 (KIP1) p57 (KIP2) KIP/CIP
INK4 Cyclin E/CDK2 Cyclin

D/cdc2 Cyclin D/ CDK6 Cyclin AICDK2  CyclinB/cdc2 “**

cyclin-cdk
INK4 pl4 p15NK*®) p16
(INK4A) 578 (INK4O) plo (NK4D) (49) Cyclin D/ICDK4
Cyclin D/CDK6 Gl Kip/Cip family
cyclin D-Cdk CKls
cyclin
p21(CIP1/WAFJJSDI1)

p53
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(46) p27(KI P1)

(47

(Cdll cycle check points)

(Cell cycle checkpoints) “®
Checkpoints

G1-S Checkpoint G2 Checkpoint  Mitotic spindle checkpoint

( ) G1-SCheckpoint

CDK inhibitors (CDKIs)

CDKIls Gl Cydin-CDK
CDKI INK4 inhibitors
Cip/Kip inhibitors®  INK4 pl6INK4A pl5INK4B
CDK4 CDK6 P53 Gl
Cip/Kip p21WALCiPL - no7Kipt
CDK p53 (tumor suppressor
protein) (20) INK4 Cip/Kip
CDK Rb Gl “9)



( ) G2Checkpoint

DNA ATM (ataxiatelangiectasa
mutated) /ATR (ATM and Rad3-related) G2
0 ATM/ATR Chk2 (checkpoint kinase 2) /Chk1 (checkpoint
kinase 1) Chk2/Chk1
CDC25C 14-3-3 srine216®  CDC25C  14-3-3
1433 CDC25C CDC25C
CDC2 G2
ATM/ATR p53 p53 14-3-3s p2l
14-3-3 CDC2 G2
G2 p21 CydinB/CDC2
G2 p21 CDC25C  PCNA
(proliferating cell nuclear antigen) G2

(53)

( ) Mitotic spindle checkpoint

(kinetochore)

BUB1 BUB3 BUBR1 MAD2
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BUBR1 MADZ2 APC APC
anaphase BUB1 BUBS3
(mitotic arrest) S
?

Gl Cyclin D-CDK4 Cyclin D-CDK6 Cydlin
E-CDK2 Cyclin A-CDK2 Gl
CyclinD-CDK4  Cyclin D-CDK6 Rb (retino-
blastoma protein) Cyclin E-CDK2

Rb Rb
E2F DNA
S (49)
G2/M Cyclin B-CDC2 (CDK1) CDC2
CyclinB M-phase promoting factor (MPF)

CAK (CDK-activating kinase)  Thr-161

(%) Weel Myl ?
CDC2 Thr-14 Tyr-15
Cyclin B-CDC2 G2
M ? CDC25C CDC2



Cyclin B/CDC2

Lamin HigoneH1
DNA Kinesn
M (56)
M CyclinB anaphase-promoting
complex (APC) CDC2
M (22)
RB1
57 GOGL
RB1 RB1
E2F RB1 cyclin- cdk RB1
(phosphorylation) RB1
E2F RB1
DNA S
RB1 (chromo-

some segregation)  chromatin ®® remodeling
RB1 heHeclp  Rbl
RB1

GlUS G2M (59)
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Apoptosis

(apoptosis) 1972 John
Kerr (60)
(physiological cell death)
(programmed cell desth) (60)
(61)
(62-63)
(early stage) (later stage)
(compaction of nuclear chromatin) (condensation of
cytoplasm)

(apoptotic bodies)

DNA
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DNA 180~200 bp DNA

18 agarose gd

(64)
(65-66)
Caspases ?
? (Cysteine
dependent aspartate specific protease) Caspases
? ©7) " Caspases

14 Caspases
(68)
( ) ThelCE subfamily of cytokine processors
Caspases Caspasel 4 -5 -11 -12 -13 -14,
Caspases
( ) ThelCH-1/Nedd-2 subfamily of gpoptotic initiators

Caspases Caspase?2 -8 -9 -10 Caspasss
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apoptotic executioners apoptosis

Caspase N prodomain Caspase-8 Caspase
-10 N  prodomain death effector domain (DED)
adaptor molecule C DD domain Death
receptor pathway  death signas Caspase9 CARD
(Caspase recruitment domain) prodomain CARD domain
Apaf-1 N CARD mitochondria pathway
death sgnas

( ) TheCed-3/CPP32 subfamily of apoptotic executioners
Caspases Caspase3 -6 -7 Caspases
protein Poly (ADP-ribose)

polymerase (PARP) DNA-PK (DNA-dependent protein kinase) ...

protein Caspases N
prodomain Poly (ADP-ribose)
polymerase (PARP) Caspase-3 PARP

DNA

PARP  Caspase-3 116 kDa
85kDa Caspase-3 ICAD/DFF45

CAD ICAD CAD
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DNA DNA 180-200 bp
Caspases ® )

Precursor proenzyme

Caspase-8 (P20/P10) ,

Ap C ()

() (catalytic site)
active dte cysteine QACXG sequence
APO-1/FAS
(70)
() pS3
p53 p53
DNA GUS p53
WAF1 WAF1 p21

GUS DNA (7)
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DNA p53

( ) Bd
Bcl Bcl-2 Bax Bcl-xL Bad
D Bd-2 BclxL
¥ Bad Be&k Bax BckXs "
(75)
Bcl-2 Bax
Bax Bcl-2
() cmyc
c-myc (proto-oncogene) myc
(7%) Max heterodimer

c-myc

( ) APO-UFAS
FAS
(77 APO-1/FAS

apoptosis

(78)
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(CY)

®

P21

(79

cydins

p27

(81)

CydinE

p2l  p2r7

p27

(feedback regulatory loops)

cyclin D1

cyclinD1
p27  20-90%

30-60%

cyclinD1

2

(immunohistochemistry, IHC) cyclinD1

(83)

p27

cyclinD1

p27

p27
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[1]. DULBECCO SMEM (1X) ( BIOCHROM AG)
[2]. Fetd Bovine serum ( GIBCO)

[3]. Penicillin-Streptomycin ( BIOCHROM AG)

[4]. L -glutamine ( GIBCO)

[5]. Dimethyl Sulfoxide ( Sigma)

[6]. Trypan blue ( Sigma)

[7]. Disodium hydrogen phosphate (Na,HPO,; Merck)
[8]. Sodium chloride (NaCl; Merck)

[9]. Potassium dihydrogen phosphate (KH,PO,; Merck)
[10]. Potassium chloride (KCl; Merck)

[11]. PI (Propidium iodide Sigma)

[12]. RNase A (Ribonuclease A; CLONTECH)

[13]. Triton X-100 ( Sigma)

[14]. Ethanol (  TEDIA)

[15]. APS (Ammonium persulfate; Amresco).



[16]. Acrylamide/Bis 40% solution (ACRYL/BIS™29:1;
Amresco)

[17]. Bovine serum abumin (BSA; Merck)
[18]. Glycine ( Amresco)

[19]. Methanol ( TEDIA)

[20]. ECL kit (Enhanced chemiluminescent kit Amersham)

[21]. GelCodeR commassie blue ( PIERCE)

[22]. Glyeral ( Scharlau)

[23]. Hydrochloric acid ( Merck)

[24]. Protein assay-Dye reagent concentrate ( Bio-Rad)
[25]. Protein maker ( Femantas)

[26]. SDS (Sodium dodecy! sulfate; Amresco)

[27]. TEMED (N,N,N’,N’-Tetramethyl-ethylenediamine;

Amresco)

[28]. Tris (Tris (hydroxymethly) -aminomethane; Amresco)

[29]. Tween 20 ( Amresco)

[30]. ( )
[31]. ( Kodak)
[32]. ( Kodak)

[33]. Super RX ( FUJFILM)
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[34]. 10X Bluelduice (Gd loading buffer; Invitrogen)

[35]. Agarose | ( Amresco)

[36]. (G-NOME DNA KIT; Bio101 Inc)

[37]. (PRO-PREP protein extraction solution;
INtRON Biotechnology)

[38]. 5X TBE buffer ( Amresco)

[39]. 10X SDS-PAGE running buffer (TG-SDS buffer;
Amresco)

[40]. TE buffer ( Amresco)

[41]. (MAD-MB-231: human breast
adenocarcinoma; )
[42].
(8. anti-Cyclin A (#05-374; Upstate)
(b). anti-Cyclin B1 (#05-373; Upstate)
(c). anti-cdk1/cdc2 (#06-923; Upstate)
(d). anti-actin (MAB1501; Chemicon)
(6). anti-p27<""* (MS-256-PO; NeoMarkers)
(). anti-p21"*™* (MS-891-PO; NeoMarkers)

(g). anti-cdc25¢ (cat"05-507; Upstete)



(h). anti-weel (cat’06-972; Upstate)
(i). anti-chk?2 (cat"05-649; Upstate)
[46].
(@. Goa anti-mouse IgG (HRP) horseradish peroxidase

conjugated antibody (AP124P; Chemicon)

(b). Goat anti-rabbit 1gG (HRP) horseradish peroxidase

conjugated antibody ( Chemicon)

[1].
[2].
[3].
[4].
[5].

[6].
Olympus)

[7]. (
[8]. (
[9]. Dispensor (

[10].

( Lian Shen)

( Nuaire)

( FALCON)

( FALCON)
(Haemocytometer; Boeco)

(phase-contrast microscope

TPP)
Beckman)

TPP)
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[11]. Pipetment ( Costar)

[12]. ( Lab-Line

[13]. (anthos 2020; Anthos Labtec,
Audrdia)

[14]. (GR-200; A&D)

[15]. ( Minipore)

[16]. (Model 110001; Boekd)

[17]. ( Amersham)

[18]. (C83L; Consort)

[19]. PVDF membrane ( Minipore)

[20]. Mini-3D Shaker ( Boeco)

[21]. SDS-PAGE ( Bio-Rad)

[22]. Transfer Cell Blot ( Bio-Rad)

[23]. (Flow cytometry; Becton Dickinson)
[24]. DNA ( Mupid-2)

[25]. 323K ( Hermle ); Avente 30™ (
Beckman)

[26]. Eyela coolace
[27]. Eyela N-11 rotary vacuum evaporator



70
Eyelarotary vacuum evaporator 50

950 -30

37 70%

37 3
70%

( 1:10



1:15) CO,

log phase
80 -90 DMSO
0. 22 micron FGLP Telflon
5~10 ml 4
5~10 x 10° cells/m

10 DMSO

DMSO

0.1ml

1-5 x 10° cells/ml

1 mi/vid

4 10 ? -20 30 ? -80 16 18

10 70 %



70 %

pH
MDA-MB-231 10 FBS-DMEM 10 fetd

bovine serum 100 units/ml penicillin - 100 ng/ml streptomycin 2 mM

L-glutamine 37 5 CO, T75
DMEM
7 ml 1xPBS (PH=7.4)
trypsn-EDTA 1 ml 2 1ml 10% FBS-DMEM
trypsin

10% FBS-DMEM 10 ml

Hemocytometer 1500 rpm

7ml 1xPBS (pH=7.4)
trypsn-EDTA 1 ml 2 1 m 10%
FBS-DMEM trypsin
10% FBS-DMEM 10

mi chambers

a4



chamber 9 1mnm’ 4
16 0.1 mm chamber

1 mm? x 0. 1 mm=1. 0 x10* ml

10* ml

1 2

e 3
I 4 5
( )
dye exclusion
trypan blue
50 m 50m trypan blue ( 0. 4% wi/v trypan
blue) 1.5mi 15m
chamber 100
4 2 trypan blue

10 m
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Necross

Propidium iodine Pl

Pl

488 nm

Pl

67

Apoptoss
membrane integrity

Pl

Cdl Quest

x100%

66



(DM SO)

2-4 x10° cellg/ ml
5 x10" cells/ ml 50 ml
35ml 35m  DMSO
150 300 450 600 mg/ml 12
12
2ml 0

150 300 450 600 my/ml

C 150 300 450 600
C 150 300 450 600
C 150 300 450 600
12 37 5 CO,
incubator 12 24 48 72
500
m 5ml 5m Pl Stock

Solution 400 nmgy/ml



mi

20 35 m/min

0-600

0-600 my/ml 12
37 5 CO, 48
0-600 my/ml 12
37 5 CO, 48
500 5ml
12 37 5 CO,
12 24 48 72
trypsn-EDTA

(1500 rpm 5 )
2miiwdls  PBS (1500 rpm 5 )

4 70%



( "SHAKE 3
-20
(1500 rpm 5
2m PBS
500m Pl gain
30 FACS

1ml pipette 15

(

mi

Modfit LT?

1X Phosphate buffer saline (PBS)

FACS

(Flow cytometry; FACYS)

(92)

(pH=7. 4)

12000

9

NaCl

8.0

KCl

0.2

Na,HPO,

1.44

KH,PO,

0.24

DDW 1000 ml

Pl stain

4

(ml)

Propidiumiodide (PI)

0. 4 mg/d

2 mg/dl 5

Triton

1%

5% 5




RNase A 0. 1 mg/ml 2mg/ml 1.25

1IX PBS - - 13.75

25 mi

*RNase A 70 20

(Western Blotting)

()

10cm
37 5 CO
trypsn-EDTA
15 ml (1500 rpm 5 )
2mliwdls  PBS (1500 rpm 5 )
200 M  Lyss buffer
30 4 10,000 rpm 10
)

()

(Bovine serum

abumin; BSA)
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(ug/ml).
0 5 10 15 20 25
0. 1 mg/ml BSA (m) 0 50 100 (150 |200 250
DDW () 800 |[750 700 (650 |600 (550
Bradford 200 n
1000 m
3 wdls
96 (ELISA reader)
590 nm
R (R
30.99 )
()
10 m 790 m 200 m
Bradford 5 3 wdls
96 590 nm
() (SDS-PAGE)




(10% Separation gel) | (5% Stacking gel)

DDW 4.75ml [9.5ml 3.04ml |6.08 ml
1.5M Tris(pH8. 8) 2.5ml 5.0ml - -

0.5 M Tris(pH6. 8) - - 1.25ml (2.5ml
10% SDS 100 m 200 m 50 m 100 m

40% Acrylamide/Bis (29:1)  [2.5ml |5.0ml  |610m  |1.22ml

10% Ammonium persulfate (APS) |50 m 100 n 50 m 100 m

TEMED 10m 20 m 6nm 12 m

30
(comb)

(wells) 30

Running buffer

/Sv 30mA 3
(Sample buffer) 20 m (
my/m) 5 30 5m
(maker) loading

v 34
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(

1x Running buffer

6X Sample buffer

(9) (ml)
Tris 30 TrisHCI pH6.8 | 62.5mM | 0.5M 5
Glycine 144 SDS 2% 10% 8
SDS 10 Glycerol 60 % 100 % 24
DDW 10L Bromophenol blue 0. 6% - 0.24¢
DDW 40 ml
) (Western Bl ott ng)
(Transfer buffer) 3M
SDS-PAGE ga PVDF ( 100 % 15
1 ) 3M
( )
3M A
PVDF
SDS-PAGE G¢
3M




100v 300 mA

1
3M ( )
5% ( 0.1 % PBS/Tween )
blocking 1
0.1%PBS/Tween 5 6 2ml

( 0.1% PBS/Tween )

0. 1% PBS/Tween 5 6 2ml

1% PBS/Tween )

1
0. 1% PBS/Tween 5 6
( )
ECL ( 500
) 1
(Cassette) Super RX
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30

30

Kodak digital sciencelD

(9)
Tris 12.1
Glycine 72
100% M ethanol 750 ml
DDW 5000 mi
4000 ml
100% 5000 ml
Ethyl acetate
37 CO, 24
trypsin-EDTA
ml (1500 rpm 5 )
2miiwdls  PBS (1500rpm 5
4 70%
( "SHAKE 3 )

52

750 ml

12
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(1500 rpm 5 )

2m PBS 1
500m Pl gain ( )
30 FACS
1 ml pipette 15 ml FACS
(Flow cytometry; FACYS)
300 10000
Cell Quest®
RNA
TRIZOL®
() 10 cnf 1 ml
TRIZOL
5x 10° 1ml TRIZOL
() 2ml  eppendorf 5
1 ml TRIZOL 0.2 ml Chloroform
Chloroform 15 15 12,000 xg 4
15 (4 1)
() RNA 1L 5 ml eppendorf 1 mi



TRIZOL 0.5ml  Isopropanal | sopropanoal
10 12000xg 4 10 (

pellets RNA)

( )RNA 1 ml TRIZOL 1ml
75% Ethanol 75% Ethanal 12000xg 4
)
( )RNA eppendorf
5 10~-30m  DEPC RNA
( )RNA RNA DEPC (ex 4m RNA
796 Ml DEPC 200 ) 260 nm 280 nm
(260 nm 280 nm ) 260 nm
40 mg/ml RNA (mg/ml)
1
DPEC-> Chloroform->DEPC DEPC
Chloroform Chlorofrom
2 Chloroform (Aqueous phase)
RNA DNA (Interphase) (Organic phase)



3

75% 99. 5% DEPC
RNA RNA pdllet
Two-Step RT-PCR
RNA 2m RNA X8m  DEPC
( 500 ) A260 ( ) A280( )
—->RNA A260
40 mg/ml (n) total RNA
2> A260x40x n=nmgy/ml  tota RNA total RNA
DEPC RNA 500 mg/mli
A260
RNA A280 1.8~2.0
Reversetranscription (Step 1)  * RNA
cDNA
200m  microtube
(m)
(stock)
DEPC-treated water - 8-?
dNTP 10 mM 1
Oligo dT primer 2. 5 ng/m 1
RNA - ?
10 m




() RNA 1~1.5ny RNA 500
mg/ml 2~3m
()
() 2
2. 5~3
65 ) 1
microtube
(stock) (m)
RT buffer 10x 2
MgCl, 25mM 4
DTT 0.1M 2
RNase Inhibitor - 1
oOm
42 2 1m  Superscript RT (50
u/m) 2 50 70 15
1m  RNaseH (2 U/m) 37
20 cDNA -80 PCR
Polymerase Chain Reaction (Step 2)
DNA (primer) cDNA
200m  microtube
(m)




(stock)
PCR buffer 10x 2.5
MgCl, 50 mM 0. 75
dNTP 10 mM 0.5
sense primer 10 MM 0.5
anti-sense primer 10 mM 0.5
Taq 5U/m 0.2
cDNA - 1
MQ water - 19.1
25m
* Ta:]
*Tag DNA polymerase
(Annedling temp. )
10m  cDNA 2m  DNA dye
1% Agarose Gel  ( loading Standard DNA Maker
bands
DNA
Agarose Gel
50 ml (Small Tank) 150 ml (Large Tank)
1% 1.5% |2% 1% 1.5% |2%
Agarose(g) |0.5 075 |1 1.5 2.25 3
Ix TAE (ml) |50 150
Agarose  IXTAE
30 50ml
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50 EtBr

( 1m/10 ml Gel) tip

300~350 ml Ix TAE

Running buffer Loading6~10 M DNA Maker Loading sample (DNA

6x Loading buffer 51 ) 100V 50
50x TAE
Tris base - 242 g
Glacid acetic acid 100% 57.1ml
EDTA (pH 8. 0) 0.5M 100 mi
MQ water 1000 mi

6x Loading buffer (for DNA & RNA)

Bromophenol blue - 0.125¢g
Xylene cyanol FF - 0.125¢g
Glycerol 100 % 15ml
DEPC water 50 ml
* 4
DNA maker 10 M  6x Loading buffer  45m  MQ
water 5m DNA maker



Ethidium Bromide (EtBr) EtBr  MiniQ water

0. 5Smg/ml

I+

(meanxSD)

paired-t test p<0. 05
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MDA-MB 231

MDA-MB 231 12 150 my/ml
300 ng/mli
450 mg/mll
( )
24 150 ng/ml
300 ng/ml
450 mg/m
( )
48, 72
150 mg/ml 300 my/mli
450 mg/ml



12h

Control

P.A 150 my/ml P.A 300 my/ml

P.A 450 my/ml P.A 600 my/ml

. MDA-MB 231 12



24h

Control

P.A 150 my/ml P.A 300 my/ml

P.A 450 my/ml P.A 600 my/ml

. MDA-MB 231 24
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48h
Control

P.A 150 my/ml P.A 300 my/ml
P.A 450 mg/ml P.A 600 ng/ml

. MDA-MB 231 48



72h

Control

P.A 150 my/ml P.A 300 my/ml
P.A 450 mg/ml P.A 600 ng/ml

. MDA-MB 231



MDA-MB 231

MDA-MB
231
150 mgy/ml
12 8 ()
300 ng/ml 12
73 48 62
( ) 450 mg/ml
12
53 600 ng/ml 12
53 72
23 ()
MDA-MB 231



100

80

)
3\/ 80
©
!
S
= 60 -
]
o
2 40+
% —e— Control
o —&— 150 ug/ml
20 4 | —=— 300 ug/ml
—A— 450 ug/ml
—&— 600 ug/ml
0 T T T 1
0 20 40 60
time(h)
MDA-MB 231 12 24 48 72
100%
(mean£SD) n=8

I+



MDA-MBZ231

MDA-MB 231 3x10°/well 12 37
5 CO,
0-600 ng/ml 12
150 ng/ml G2/M phase
arrest  Sphasearrest 300 my/mli G2/M phase arrest
(45%)
G2/M phase arrest ( )
300 my/ml GO/G1 phase
G2/M phase )
MDA-MB 231 G2IM
phase arrest
24
150 ng/ml Sphase 300 my/mli G2IM
phase 41% ( )
300 ngy/ml GO/G1 phase
G2/M phase ( )
48 72 150 ng/ml
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MDA-MB231 S phase 300 ng/m

G2/M phase (
) 300 mg/ml GOG1phase
G2/M phese
( )
Ethyl Acetate
0-450 ng/ml MDA-MB 231 24
300 ng/ml 2%
450 mg/ml 40% ( )
MDA-MB 231

G2/M phaseares



12h cell cycle

200

Control

120 1|E|:I

Counts
g0

1] 200 400 00 200

P.A 150 ug/mi
=
81
: GO/G1 68.85%
2] S 1150%

G2 18.64%

o 20 4040 G600 s00 1000

Pl gansolution

GO/G1 63.42%
s
G2/M 15.08%

FLZ-A

1000

P.A 300 pg/ml

160

Counis

a0

40

120

GO/G1 40.05%
S 14.44%
G2M 45.51%

400 600 00 1000
FLZ-A

P& 600 uaimi

FLZ-A
s P4 450 pgimi
8 pgim %
GOIGT 30.52%
2 5  16.04% 2
G2IM 48.43%
B %
’Ei é =
¥ ®
. MDA-MB 231
MDA-MB 231
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GOG1 37.25%
8 21.29%
G2 41.46%

400 600 00 1000
FL2-A

DNA

12



80

12 h
—e— G0/G1
70 —m— G2/M
—A— §

60 ~
@ 50 +
(@)
8
S 40
o
O
0 30 -

20 +

10

0 T T T T T T 1

100 200 300 400 500 600 700
P.A (mg/ml)
. MDA-MB 231 MDA-MB 231
12
mg/ml G2/M phase arrest +
(meantSD) n=8
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24h cell cycle

Control

GOGT 84.75%
5 26.80%
G2M 8.45%

F.A 150 pg'mi P.A 300 ug/mi
8- g -
] GOIGT 76.51% GOMGT 41.82%
24 5 13.32% 21 S 16.32%
1 G2M 10.16% G2IM  41.86%
-f 3
- -
T o =t
3 5
Sg4 3g]
$: ]
= ] =]
O 200 400 600 800 1000 D 200 400 60O 800 1000
FLZ-A AL2-A&
= P-A 450 pg/mi - P.A 600 pg/mi
=1 2
. GO/G1 36.13% GO/G1 33.78%
=8 5 1B.04% 2 5  22.55%
] G2M 44.93% G2M 43.66%
£ =
o o— —
5 5
ug{ 55
g 7
[=] 3 =
400 SO0 200 1000 T} 200 40 600 800 1000
FLZ-A FL2-A
. MDA-MB 231
Pl gain solution DNA
MDA-MB 231
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80

24 h

70 ~

60 -

50

40

Percentage

30

20 -

10 +

6 160 260 360 460 560 660 760
P.A (mg/ml)
. MDA-MB 231 MDA-MB 231

24 300

I+

mg/ml G2/M phase arrest

(meantSD) n=8
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Counts

Counts

48h cell cycle

Contral

120 160 200
4 R

Counts

B0

0 200 400 GO0 00

P.A 150 pg/mi
g
G0/G1 66.43%
3 S 22.14%
G2/M 11.39%

200 400 GO0 200
FLZ-4

1000

F.A 450 pg/mi

GO0/G1 39.70%
3 11.59%
G2iM 48.71%

160

120

GIG1 58.73%
S 27.24%
G2/M 13.03%

FLZ-A

Counts

1000
g P.A 300 pg/ml
2 GO/G1 53.57%
g S 2387%

G2/M 22.56%

120

40 30

0

0 200 400 600 200
FLZ-&

1000

P.A 600 pg/mi

200

GO/G1T 36.11%
5 3282%
G2iM 31.07%

160

120

| ' o ﬂl?wﬁm e i : - m““aﬂn o o
. MDA-MB 231
M gansolution DNA
MDA-MB 231

73

4 8



70 -

60 ~
50 ~
]
S 40 -
=
o}
(&)
o 30 7
o
20 ~
10 +
0 T T T T T T 1
100 200 300 400 500 600 700
P.A (mg/ml)
. MDA-MB 231 MDA-MB 231
4 8
mg/ml G2/M phase arrest +
(mean£SD) n=8
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Counts

Counts

72h cell cycle

= Ci:rntml

™3 GO/G1 68.42%

3. S 18.05%
] G2/M 13.52%

e P.A 150 pg/mi - P.A 300 pg/ml
£ S

: GOIG1 64.89% GO/G1 44.88%
2] S 24.70% g S 28.97T%

G2IM 10.41% G2IM  26.14%

Ly WS

: 5
2 Sg

40

= 400 G 200 1000 =
FLZ-A
g P.A 450 pg/mi ” P.A 600 pg/ml
o | R
GO/G1 35.78% GO/G1 35.62%
2 S  34.36% 2 S 4222%
G2/M 29.86% G2/M 22.16%
& s
7 g
[=1 =
400 GO0 00 1000
FL2-A
. MDA-MB 231
Pl gan solution DNA
MDA-MB 231
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80

72 h
—e— G0/G1
70 —m— G2/M
—A— §

60 ~
@ 50 +
(@)
8
o 40
o
O
0 30 -

20 +

10

0 T T T T T T T 1

0 100 200 300 400 500 600 700
P.A (mg/ml)
. MDA-MB 231 MDA-MB 231
72 300
mg/ml G2/M phase arrest +
(meantSD) n=8
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Ethyl Acetate 24h cell cycle

Control

GOIGT 64.89%

S 2547%
G2/M - 9.64%
Apo  0.01%

200

Colints
180 160

&0

40

0 200 400 600 800 1000

FLi-A
PA 75 pg/ml = PA 150 pg/mi
GO/G1 50.48% = GO/G1 51.71%
2 S 28.39% g S 31.28%
G2IM  21.13% G2 17.02%

8 Apo 2.40% = Apo 6.28%
§g gg

7 ®

= f=1

200 400 600
FL2-A

" P.A 300 pg/ml = P.A 450 pg/mi

L = G0/G1 50.91%

o] GO/IG1 5541% 2 S 31.54%

= 5 31.94% - G2 17.55%

w G2IM 12.64% e Apo  A0.41%
E"-‘: Apo  20.05% =
Sgl

¥

] 200 400 600 200
FL2-A
. MDA-MB 231 Ethyl
Acetate 72 Pl stain solution
DNA MDA-MB 231



MDA-MB 231

G2/M phaseares
MDA-MB 231 10cm
37 5 CO, 24
trypsin-EDTA 1 ml 2 1 ml 10% FBS-DMEM
trypan
(3500 rpm 5 )
2miiwdls  PBS (1500 rpm 5 )
200m  Lydshuffer
30 @ 10000rmpm 10
) b-actin
G2IM cyclins (cyclinB1 Cyclin A)
b-actin cyclin B1  Cyclin A
150 my/ml Cyclin A
40% ( ) 600

mgy/ml Cyclin B1 ( )
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cycdin A CydinB1

G2/M

G2/M CDKs (cdc2; chkl)
b-actin cdc2
150 ng/ml cdc2 450 rrg/m
cdc2 ( )
G2/M Cdc2 ( )
G2IM CDKIs (p21 "%t p27'7)
b-actin "
p21 "EHERE - p27 150 mgml 2 4
p21 Waf1/Cipl
( ) 150 ngy/ml 2 4
p27 Kipl
( ) 600 mg/m 2 4
p27 Pt ( )
G2/M
2 p21WafJJCip1 p27 Kipl
G2/M chi2

Cdc25¢c Weel



b-actin

Chk2
Chk2
( )
b-actin
cdc25¢
cdc25¢
b-actin
Weel
Weel
( )
G2/IM

Cdc25¢c Weel

G2M

150 ng/ml 24

G2M

150 ng/m

G2M

150yl 2 4

24

Chk2



(A)
P.A (myml)

0 150 300 450 600

DN S i ol W)

(B)

Cyclin A

100 A

@
o
1

(o2}
o
.-

**

N
o
-

Cyclin A expression (% of control)

N
o
1

**k%*
0
0 150 300 450 600
P.A (mg/ml)
. (A) MDA-MB 231
24 Cyclin A
b-actin  interna control (B) Cyclin A
+ (meantSD) n=3 *

005 ** P 0.01 *** P 0.001
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(A)
P.A (myml)

3000 450 600

0 150
PEN

(B)
% 100 ~ T -|-
g 80 ~ T *
S T
S
S 60
‘»
S
o
S 401
mx—i
£
L°>)~ 20 -
0
0 150 300 450 600
P.A (ng/ml)
. (A) MDA-MB 231
24 CydinB1
b-actin  interna control (B) CycdinB1
+ (meantSD) n=3 *

0.05
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(A)

P.A (mg/ml)
0 150 300 450 600

(B)

100
1 I . [

s

S 80 T

3

©

N

< 60 -

c

S

[9)]

g

o 40 +

3

XH

=]

O 20 -

0
0 150 300 450 600
P.A (nmg/ml)
. (A) MDA-MB 231
24 Cdk1
b-actin  interna control (B) Cdc2
+ (meantSD) n=3 * P 0.05



(A)

P.A (mg/ml)
0 150 300 = 60
P21 e e — -

(B)

1000 - -
%\ 800 - *%
I
(&)
S 600 - *%
< T
S
(7]
G 400 -
3
S i
O 200 A

0
0 150 300 450 600
P.A (nmg/ml)
- (A) MDA-MB 231
24 pp1 WafL/Cipl
b-acin  internd control (B) P21 W¥VCP!
* (meaniSD) n=3 *
005 ** P 001 * %% P O(Dl



(A)
P.A (myml)

7 ..
D i ol W)

(B)

200 *
*%

150 T

100 -

P27 expression (% of control)

a
o
|

0 150 300 450 600
P.A (ng/ml)
. (A) MDA-MB 231
24 P27 Kt
b-actin  internal control (B) P27"'**
+ (meanzSD) =3 * P
005 ** P 0.01



(A)
P.A (myml)

0 150 300 450 600

ohiez i — —
LT ——— ﬁ -

(B)

*%
500 Jkk e T **%k%*
T - T
j_g\ 400 +
c
3
©
é’/ 300
c
S
3
S 200+
3
xC\I
e
O 100 -
0
0 150 300 450 600
P.A (ng/ml)
. (A) MDA-MB 231
24 Chk2
b-actin  interna control (B) Chk2
+ (meanzSD) n=3 ** P
0.01 *** P 0.001



(A)

P.A (ng/ml)
0 150 300 450 600
Cdc25c >
(B)
100 A
T
§ 80 - K%
©
S 60 - **
S
)]
8 |
S 40
3
(&)
N
§ 20 - *k*
T
0
0 150 300 450 600
P.A (mg/ml)
. (A) MDA-MB 231
24 Cdc25c
b-actin  interna control (B) Cdc25c
+ (meanzSD) =3 * P

005 ** P 0.01 *** P 0.001
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(A)
P.A (mg/ml)

0 150 300 = 60
weel e —— —

(B)

**
T
300 - *%
5 T
T 250 1 fl
8 T
— *kk
o
¥ 200 - =S
S
$ 150 -
L
3
2 100 {
3
=
50 A
0
0 150 300 450 600
P.A (mg/ml)
. (A) MDA-MB 231
24 Weel
b-actin  interna control (B) Weel
+ (meanzSD) n=3 * P
005 ** P 0.01 *** P 0.001



RT-PCR MDA-MB 231

MRNA
MDA-MB 231
G2/M phase arrest
b-actin cycinBl1  Cyclin A
Cyclin A ( )
600 ng/mi Cyclin B1 (
)
MDA-MB 231
MRNA RT-PCR
MDA-MB 231 MRNA
150 my/ml Cycdin A mRNA
( ) Cyclin Bl

mRNA ( )



(A)
P.A (myml)

0 150 300 450 600
o [y
o [

(B)

100 A
80 T
60 -

40 1

Cyclin A expression (% of control)

20 A

0 150 300
P.A (mg/ml)

600

. (A) RT-PCR  MDA-MB 231

24 Cyclin A mRNA
b-actin  interna control (B) Cyclin A mRNA



(A)
P.A (myml)

0 150 300 450 600

(B)

120 +

100 +

80

60

40 4

Cyclin B, expression (% of control)

20 ~

0 150 300 450 600
P.A (mg/ml)

. (A) RT-PCR MDA-MB 231
24 Cyclin B1 mRNA
b-actin  interna control (B) Cyclin B1 mRNA
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MDA-MB 231

12, 24, 48,72
150 ng/ml 300 mg/mli
450 mg/ml
( - )
(87-88)
MDA-MB 231
150 ng/ml 12
() MDA-MB 231
0-600 ng/ml 12, 24, 48, 72
150 mgy/ml
G2/M phase arrest 300 ng/ml G2/M phase

arrest G2/M
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phase arrest ( ) 300 ng/ml
GO0/G1 phase G2/M phase
C - )
MDA-MB 231 G2/M phase arrest
G2/M cyclins (cyclinB1 Cyclin A)
G2/IM CDKs (cdc2)
b-actin cdc2 150 my/ml
cdc2 450 my/ml cdc2 (
)
G2/IM Cdc2 ( )
G2/M CDKls (p21 WaVert 27
Kipdy 150 my/ml 2 4
p21Waf1/Cip1 (
) 150 ng/ml 2 4
p27 P! ( )
600 mg/ml 2 4 p27 <P



G2/M ? p2l

Waf1/Cipl Kipl
'P p27°"°

G2/M
150 mgy/mli 2 4 Chk2
( )
150 ng/ml cdc25¢
( ) 150 ng/mi 2 4
Weel
( )
cdc2 cdc?2
p21wafllcip1 p27 Kipl
Cdc25c Weel
(MDA-MB-231) G2/M
(1)Cdc25c¢ Weel Cdc2
(2) p21waf1/cip1 p27 Kipl CdCZ
Cdc25c Chk2
p21wafJJcip1 Gl G 2/|\/|(93)
p2 Wertiept Cdc2 Tyr-15 ?
p21waf1/cip1 Cdc2 G2 (94)
MDA-MB-231 P53 P53 (%)



(3-4)

G2/M

6-13
G2/IM
G2/IM cyclin B1
cyclin A Cdc2 24 (
) G2/M
p21 Vet cyclin A/Cdk2
G2 (96)
p2l p27 CDKI cyclin-dependent kinase inhibitor
p21wafllcip1 p27Kip1
G2/M
p21 WAtlePL - pp7 kit cydin A cyclin B1
Cdc2 &7
CDK2 cyclin A
CDK2 cycin A G2 M
(98)
G2/M check
point (99-101)
(MDA-MB-231) DNA chk2 Cdc25¢
cdc25¢ cdc25¢
cdc2 T-14 Y-15 G2/M (102109

MDA-MB-231 24 Chk2  150mg/mi
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( ) Cdc25¢c 300 my/ml (
) Cdc25¢ cdc2 Weel
Weel Cdc2 T-14 Y-15 G2/M
(109 Weel 150mg/ml
( )
G2/M phase arrest
P21 A P> cocoreyaina Y
/ P27 \
P.A Cydin AY
Chk2K<CDC25C-H' A P.A
cpcasc Y. > 4 cpc2 Y J
Weel‘
cpcz-p A
—> ——p A Y
©9 P
Sub-G1 Apoptotic nuclel Ethyl
Acetate 300 ng/ml Sub-G1 (
) cytochromeC caspase
(100 Ethyl Acetate
G2/M Ethyl Acetate



Ethyl Acetate

proliferation cell
cycle apoptosis Physalis angulat
MDA-MB-231
G2IM
(G2/ M phase arrest) Ethyl Acetate
(immunobloting) (cycinA cyclin
Bl cyclinBl cyclin A

? CDK1 CDK1 (600mg/m)
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G2/M
(MDA-MB-231)DNA
cdc25¢

cdc2 T-14 Y-15

(apoptosis)

Ethyl Acetate

G2IM p2l p27

p21 p2/
G2/M
G2/IM
chk2 Cdc25c
cdc25¢
G2/IM
G2/IM
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