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ABSTRACT

Toosendan Fructus Induces Apoptotic Cell Death in MCF-7 Cell, Via the
Inhibition of Bcl-2 Expression

Woo-Kyeong Yoon, Dong—Chul Kim
Dept. of Gynecology, College of Oriental Medicine, Daegu Haany University

Purpose: The research is to investigate the effect of TFE on apoptosis of
human-derived breast cancer cells, to find out the relationship with apoptosis.

Methods: Human-derived breast adenocarcinoma cell line, MCF-7 cells were
treated by TFE with various concentration. The inducement effect of TFE on
cell apoptosis was observed with MTT assay and the relationship between the
treatment and apoptosis was investigated with FACS analysis, TUNEL assay
and DNA laddering assay and the change in the protein levels of PARP and
caspase—3 activities were also observed. The release of cytochrome-c was observed
to find out the pathway of apoptosis induced by TFE.

Results: The cell apoptosis was significantly induced in MCF-7 cells treated
with TFE in concentration—dependent and time-dependent manner. It was
verified by FACS anaylsis, TUNEL assay, DNA laddering assay that cell-death
was caused not by necrosis but by apoptosis. The activity of PARP and caspase
were increased concentration—dependently. The release of cytocrome-c was
decreased in proportion to the concentration of the fruit extract. It therefore
demonstrated that mitochondria were involved in apoptosis induced by TFE. The
appearance of Bcl-2 protein was decreased concentration—-dependently.

Conclusion: The treatment by TFE induced apoptosis of human breast
adenocarcinoma cell line, MCF-7. It seems likely that cell-death was caused by
apoptosis and mitochondria were involved in it. The mechanism of protein change
causing apoptosis seems related to the inhibition of Bcl-2 protein, the promotion
of inversion from cytochrome-c into cytosol, the activation of caspase and the
promotion of PARP cleavage.

Key Words: Toosendan Fructus, apoptosis, caspase-3, Bcl-2, cytochrome-c,
human breast adenocarcinoma
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breast adenocarcinoma cell line¢l MCF-7
cell9] apoptosis®l] P& GaFS dolr
14 B ATE AWl folF AHE

AR 7ol Hish=

n}o]c}.
II. Mk 3 Gk

1. A &

DMEM (Dulbecoo’s Modified Eagle’'s
Medium)#} fetal calf serum-> BioWhittaker
(Walkersville, MD, USA)¢} Life Technologies
(Gaithersburg, MD, USA)ZXH T
st AREs AT

3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl-tetrazolium bromide(MTT)<}
718} ©2 reagent= Sigma Chemical
(St. Louis, MO, USA)9IA] 43t A}
&3ttt

2. AEA FEEY A=

AR} FZF5(Toosendan Fructus Extract,
TFE)S thd<dAL (Daegu, Korea)ol
A FAde A@A(Toosendan Fructus)
200gS 1 Lo wgh&e 72A17F F&3H
Fo ARFFste FAUXSATE %
dxel HF FEe T34%eldeH
Sigma-aldrich (St. Louis, MO, USA)=Z
HH 7948 DMSODimethyl Sulfoxide)
o] =< 0.2 um filter (Millipore Corporation,
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Bedford, MA, USA)Z o} 73te] AL§-3}
At

3. Al Ew

QIZF f-@ breast adenocarcinoma cell
MCF-7 cell& SxAEZF3
(Korea Cell Line Bank, Seoul, Korea)
o7 HE FAsA o™, 10% fetal calf
serum, 50 units/m¢ penicillin® 50 mg/ml
streptomycin®] ¥3¥ DMEM Hj X] o]
Al 371CY %9 5% CO7F fFAH
E 87404 meFstant 1x10° cells A
o] MCF-7 cells% 10 cm” plastic dishel
24X 7 v oFste] (80% ©]/d2] confluence
g A, 24A3F HiARE S H,
MCF-7 cellsell A ¥ A7+&< TFES

TR AATAH

line?!

4. MTT AZAEE &4

96 well plate?] welld 5x10'7H]
MCF-7 cellsS w35t confluency”}
80%°]7dol A 3%, 24X%t Wi A& 17
& v, TFEE s%%¥(0.03-030 mg/
ml), AZFE(24, 48 h)Z *X|8}o, TFE
o] M= Aot At Al Zuj ek
= AE 05 mg/mle] MTT=Z
] =x8F & AA]ZF incubationstith. 1
5 WAE AASL PAE formazan
crystalsel] 200 pl®] DMSOE 7}3le] &
sttt &3 =+ Titertek Multiskan
Automatic ELISA microplate reader
(Model MCC/340, Huntsville, AL, USA)
£ A1g3he] 540 nmel A 23314 Al
FAEEL oug HA T 7}etA &
control cells#¢] HE&Z YeERAT
[Z, viability (% control) = 100 x

(absorbance of treated sample)/(absorbance

=z 0 O =
AEES =3

3 AEs

of control)]

5. Flow cytometric analysis

F24 ggA ekl propidium iodide
(PDt  ==A FFAHE] FITC
annexin V (Molecular Probes, Eugene,
OR, USA)E A}&3}e] apoptotic cellS
BEAstg ot 1x10°709] cellss 10 em’
plastic plate®l] 231 70-80%<] confluence

FABEA T WA cellsoll 244]17F v A
o5 24A17F &9 TFEE
ARG, 2
trypsin® 2 A X8t I gl F
25 70%
ethanolZ resuspensiondts] —-20T ol A4
overnightdte] ZAHAZH Y. A cellS
1x10°70/mé2] =2 PBSY| suspension
A2l %, FITC annexin V& PIE A
st da-9lolA 2083 ¥HEAIA flow
cytometer (Particle Analysis System,
Partec GmbH, Miinster, Germany)= &
Hag.

=
s s,
TEEE cellsZ

cells¥} trypsin® x| cells&=

6. TUNEL assay

MCF-7 cell2 4 well chamber slide]]
welld 1x10°709] Fx=7} SA wfFsla
TFEE w=¥=2 24437 Ao
Cell& PBSZ 23] washingdl &0 4%
143 Tunel
(Terminal deoxynucleotidyl transferase
-medited dUTP -biotin nick end labeling)
assay°ll AM23}9t}h. Tunel assaye In
Situ cell death detection kit-POD (Roche,
Mannheim, Germany)& AF&3}a kitoll
¥ 3HE protocolol]l wEH EASEAUT =,
paraformaldehyde® 1 H ¥ cellS 0.3%
H:0:5 AFE-3}S] blocking Al 71 0.1%

paraformaldehyde=
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triton X-100/0.1% sodium citrateZ
permeabilisation A E]Z THE o] TdT-
enzyme®] A H £H S F IabelingstH
t}. PBSE 23] washing 3t
—peroxidase(POD)Z 37TColA 30&7+
=2]sta DABZE ¥4l light microscope
=2 #Een.

2o converter

7. DNA laddering assay

Cell& 343t PBSE 23 washing
g % 5x10°70¢] cell& PBS 200 ul&
suspension*] A th. DNA laddering assay
+ DNA purification kits (Nucleogen,
Seoul, Korea)E Al&3}la] agarose gel
electrophoresis® A A|&}e] #2413}
Z, 5x10°70/200 ul PBSZ ZH1® celldl
proteinase K(100 pg/ml)¢} RNase A(20
ng/m)E  Hrbekal kitdlA  ATHE
lysis bufferg AH&3te] 56 ColA 103t
B8 Al AT 400 ule] &4 ethanolS 7}
3le] vortexing?dt &, kitdlA A FEH=
protocol®l| @z} filtering®} washing 74
S WFE3Sle] genomic DNAS 35313
t}. DNA A719%52 1.8% agarose gel
= AR&3ted 50 VoA 1Az &<t A0
AlFH 21 ethilium bromide(0.5 ng/mé)=
QA 3te] bandZS <913}t

8. Poly-ADP Ribose Polymerase(PARP)
cleavage

AEYFZL Kim 57 P o
2} Al s} }Oﬂ‘:]- =, cell2 ice-cold PBS
Z 23] A3 F PBSE 718t =A%
< microtubesel] B #EAUTE 1 FT
cellsE 2,000xgoll A 583+ YA R s},
10 mM¢] HEPES (pH 7.9), 10 mM¢<]
KCl, 0.1 mM$] EDTA, 0.5%2] Nonidet

P-40, 1 mM<e DTTe 05 mM9
phenylmethylsulfonyl fluorideE 3%+-f-3F
A M o] hufferE 713t A EE rupture
A1 ZTh Cells lysatesE €29 1083t
W3 o 7200xgZ 5E3ZF 4TolA
A48 39tk Crude nucleis &3+
pellets®]l 20 mM<e] HEPES (pH 7.9),
400 mM¢®] NaCl, 1 mM¢ EDTA, 10
mMe DTT¢ 1 mM¢ PMSFE &+
3t F= buffers 50 ulE 715t dEA]
71 &, A5 3023 WA AT 1 F
15,000xgoll A 103+ Y421$t ¥, nuclear
fractions S 3t 45dS LA Nuclear
fractions 50 pg< 7.5% SDS-polyacrylamide
gelsS A&l £l A]7] AL, nitrocellulose
membranes®l| ©]Z 3T ©] membranes
< 5%9] BSAE 33 PBS tweeno =
4Co A overnightdled blocking 3} t}.
I % anti-PARP antibody (1:2000)%
Ao A v gstATE A2 immunoblot
analysisol| Al 7]<3F oz ¢}

r°"

9. Caspase-3 activity

Caspase-3 activation< procaspase—3
ZHE proteolytic processing®l] 2|3}
cleaved® pl7, pl2ZdHS vHEo Wt
w2} A  cleaved caspase-3 sandwich
ELISA kit(Cell signaling, MA, USA)Z
AF8-3}ed caspase-39] activityES =4 s}
At} Kitell A% += cell lysis buffers
o]-83t] cell& &kl 15000xgell A
1087 AARE3E A cell lysates (%
M)E Fustgct Cell lysates® HE
cleaved caspase-3v= AFol HFH
protocole]l ZtA| ELISA S 2 B3}
}.
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10. Cell lysates® ZH]

Cells2 10 mM<] Tris (pH 7.4), 100 mM
9] NaCl, 30 mM¢] sodium pyrophosphate,
1 mMe] EGTA, 05%9¢] Triton X-100,
10%69] glycerol, 1 mM2] phenylmethylsulfonyl
fluoride2} 100 M 9] sodium orthovanadate

Sk buffer2 = A Cell lysates
o 5&wutt} vortexingdtH Al 30&%t

Sofl X3 F 15000xgol A 15 &3t
gt AA7IE AASHIL e d
3} total cell lysates®E AFE3}%

O o Mo w@ rfr
’ e
A

11. Immunoblot analysis
SDS-PAGEZX 7|93  immunoblot
analyses® Kim 59 W@el| wra} A
Y3tA T G AL 129% gelol] A7|9SE
o7 B3, o|AL nitrocellulose
paper® ©] A3} th Nitrocellulose paper®ll
Bad, Bcl-2, Bel-xi, Bax, Actin (Zymed
Laboratory, San Francisco, CA, USA),
caspase-9, caspase-3 (Pharmingen, San
Diego, CA, USA)S 9] antibodyE 7}3}
o HgstAT. WA duEe
ECL chemiluminescence detection kit

(Amersham Biosciences, Buckinghamshire,
UK)E AHg&ste] st

12. Cytosolic fraction®l A cytochrome-c
analysis

MCF-7 cell& PBSZ 23] washing 3t
3 lysis buffer (250 mM sucrose, 20 mM
Hepes, 10 mM KCI, 1.5 mM MgCls, 1
mM EDTA, 1 mM EGTA, 1 mM
dithiothreitol, protease inhibitors)®l
resuspensionA At 42 Yol 2027+

incubation 3+ &, Dounce homogenizer

(Wheaton, Millville, N))Z A}&3}a] A
¥ E homogenization (15 strokes)A] %
t}. HomogenatesE 1,000xgol| A 10823}t
AR & TS FHake 15000%g
oAl 207 o dAEEsHRL F5H
cytosolic fraction (“35<4)S cytochrome-c
B Ao ALE3}A . Cytosolic fractions
20 ngS 125% SDS-polyacrylamide gels
2 A3t AINA|F) AL, nitrocellulose
membranes®l| ©]Z 3T ©] membranes
< 5%9] BSAE $H+3 PBS tweeno =
4Co A overnightsled blocking s} t}.
1 % anti-cytochrome-c antibody (1:2000)
2 Aol A sttt AL immunoblot
analysisol| A 7]&3F BIH o2 ¢}

13. Statistical analysis

AF A= mean + SD.E YERIA
o student t-test SAFZLWHOZ
o8-S AR AY FodE2 p<0.05
2 39t BA ZE2aWE spss 11.0S
A& AT

m. & xR

1. ¥ A8A7} MCF-7 cell®] NEAES
o mXe 9

02 sxoxe HAAFEFE(TFE)
o] MCF-7 celle] A&E&ol v|X= P
BA317] 918ke], MCF-7 celloll 244]
A 128 3 & TFEZ 0.03-3.0 mg/mf
EEZ 2448717 A XSGk 1 A
HZ2F2 0 hollA 1.0000£0.0524, 24 h
o A 1.4720+0.0376, 48 holl 4] 1.9725+0.0873
o2 Azt Aol mE AE] FAE
yelf itk 28y TFE 0.03 mg/mlS

H o & e
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2813 A$E 24 hollAl 0.6039+0.0575,
48 hell A 0.0835£0.0063 0.2 9 3HA] 7+
239 oHP<0.01). TFE 0.10 mg/mg =
g A$ole 24 holA 0.2674+0.0154,
48 hell A 0.0729£0.0016 0.2 9 3HA] 7+

25
B CONTROL
.fc\ B TFE 0.03 mg/ml
2.0 F |@TFE 0.10 mg/mi
é g O TFE 0.30 mg/ml
% £ 15 -
o
22
8 g 1.0
g
E 05 |
N
0.0

Oh

232 (P<0.01), TFE 0.30 mg/ml-S =
g3 Aol 24 holA 0.2086+0.0247,
48 holl A 0.0710+0.00292 9 &tA 24
34 THP<0.01).

E

*R ok

E S

24 h 48 h

INCUBATION TIME

Fig. 1. The effects of TFE on the changes of cell viability.

MCF-7 cells were exposed to TFE (0.03-0.30 mg/m{) for 24-48 h. Cell viability was assessed by
MTT assay. Data represent the mean + S.D. with eight separate experiments. significance was
compared with untreated control at the same treated time, **P < 0.01, (TFE; Toosendan

Fructus Extract)

2. ™A7F MCF-7 cell¥] cell membrane
W3l v FF

TFEZ} 0.03-0.30 mg/me] &ZoA
24, 48 hollA =3t AZAE MEAE
Abell oJgt ZARIAE dotr 7] 93)A,
Hoa &ijodoke] pPle} ZE M &
A Moke]l FITC annexin VE AR&3}¢]
apoptotic  cell& #4399t FACS
analysisZ2¥ TFE®] v%7} S71&4=
Axeuez FEE®H PSS A
FITC annexin V& Z7}2 A EXEAL
o] B&o] Zzte] FxolA FosiA =

7Fal A eH(P<0.01)(Fig. 2).

3. AAA7F MCF-7 cell® DNA £3
o WA= %

TFEZ}F MCF-7 cell& 0.03-0.30 mg/m{
o] F&AA =S AZAEALE AE
o] gesta 572 cendensed nucleis
BZ3E 7] 918t TUNEL assay S A A|
st

=7 A= TUNEL stainol] A<l
MCF-7AI 27} o] YelA] eFskon
TFEE A& 7%= TUNEL stain
of &42 Alx7t Fxo we} 7tk
t}(Fig. 3). DNA laddering A &A%
TFEY] T= o&zHo 2 DNAY
fragmentation®] Z7}3l= AL E e
Yok (Fig. 4).
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A) CONTROL TFE 0.03 mg/me
10003 1000
ia1:0.00% Q2:0.00% Q1:0.00% Q2:0.02%
1004 100
_ k| —
'S w
T s
EF 104 © 10 -
| i
w '™ |
| Q8798 8T% Qd:1.03% 1 Jo3:9629% Q4:3.69%
. - L e R R 5 il T T T
01 1 10 100 1000 01 1 10 100 1000
A1 -GreenFL FL1 -GreenFL
; TFE 0.10 mg/me TFE 0.30 mg/me
Q1:0.00% Q2:0.12% jat:0.00% Q2:0.47%
o/mi 235 /ml
100 100
- | - |
w [
® s
& 10 £ 10
9 9
[T ('S
Q3:95.34% Q4:4.54% Q3:93.33% 04:6.20%
14 1 146665 /m| 3100/ ml
01 - . : : 01+ e : —
0.1 1 10 100 1000 0.1 1 10 100 1000
A1 -GreenFL FL1 -GreenFL
B)

Fig. 2. Flow cytometric profile of green versus red fluorescence of MCF-7 cells stained

with FITC Annexin V and PL

MCF-7 cells were treated with TFE for 24 h. The population was separated into three groups:
live cells showing only a low level of fluorescence, apoptotic cells showing green fluorescence and
necrotic cells showing both red and green fluorescence (A), and the fold increase of apoptotic
death cell was calculated (B). Data represent the mean * SD of six separate experiments.
*=*Significant at P<0.01 compared with vehicle treated. (TFE; Toosendan Fructus Extract)

3. 3@ A7} MCF-7 cell®] DNA E&o|
X = g

TFE7} MCF-7 cell 0.03-0.30 mg/m{
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sttt

2o A= TUNEL stainoll %¥A1<Q]
MCF-7TA 27} @] yYehA ggko
TFEE X3 7%= TUNEL stain
of ¥4 AN=E7 T wEt S7HEHA

CONTROL

TFE 0.10 mg/me

tH(Fig. 3). DNA laddering A 3olA =
TFE®] && &S DNAY
fragmentation®] Z=7}8t= ALSE e
Y oH(Fig. 4).

TFE 0.03 mg/me

TFE 0.30 mg/me

Fig. 3. TUNEL assay of TFE-treated MCF-7 cells
MCF-7 cells treated with 0.03-0.30 mg/m¢ of TFE for 24 h. The TUNEL assay confirms that
the TFE treatment induces apoptotic cell death. The dark violet spots are condensed nuclei.

(TFE; Toosendan Fructus Extract)

TFE (mgfml}
M CON 003 01 03

Fig. 4. DNA Laddering of MCF-7 cells
exposed to TFE

TFE induces internucleousmal DNA fragmentaion.
MCF-7 cells treated with TFE for 24 h. M
is the maker of size. CON is untreated control.
(TFE; Toosendan Fructus Extract)

4. H¥A7F MCF-T7 cell®] PARP &

2 Caspased] "X 93

Flow cytometric analysis®} DNA
laddering©. 2 &<1H TFES A EAE
= Ay Bt AIEW apoptosis
#d gl AFY sl o] PARP
o] WstE AEFA HFFESATE
A eE LI FHESFE
cleaved PARP7} froJstAl S713Hs H
o] F 31 (Fig. 5A), procaspase’} 74
st AE Ho F=AthFig. 5B). Cleaved
caspase-3 kitE AF&3}e] caspase-39
24¥s 54T 2HNME TFE s%
oEzH o g Aol 7% A HFig. 50).

(< o)

rie
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A)  parp

Procaspase-3

Procaspase-9

——— —

LIIL}

Procaspase-3

2 3 4
Procaspase-9
§12
o=
550_9
22 06
—
= =
Sg 03
E 9
3 4 1 2 3 4

Actin
B) Cleaved PARP
S 10 = 12
@ = @ =
£s 8 ©35 09
O © E
Se 6 52 06
=2 4 =L
ce 2 o5 03
o
E q 4
1 2 3 4 O'q
C)

Fig. 5. The effects of TFE on the levels of proteins associated with apoptosis.
MCF-7 cells were exposed to TFE (0.03-0.30 mg/m{), for 24 h. PARP was immunoblotted using
the PARP antibodies in the nuclear fractions and procaspase-3 and -9 were immunoblotted in
total cell lysate. Actin was used as a loading control (A). The density of proteins was
calculated using densitometer (B). Cleaved caspase-3 was detected by sandwich ELISA kit of
cleaved caspase-3 (C). The 1 is control, 2 is 0.03 mg/m¢ of TFE, 3 is 0.10 mg/m¢ of TFE, and 4
is 0.30 mg/ml of TFE. (TFE; Toosendan Fructus Extract)

5. A&EA7F MCF-7 cell®] pro/anti
-apoptotic proteind] WX+ 3.

TFE7} FE3ts A EAEAL] #o
3l= proteing olR 7] 935}, pro-
apoptotic protein®]l Bad, Bax, anti-
apoptotic protein?! Bcl-2, Bel-x 2 e]
W8 Stotal lysate® A8 Th

A% A3 TFE+ pro-apoptotic protein
¢l Bad$} Bax®] ¥dole FFS WA
A 9¥gkom  anti-apoptotic protein$l
Bel-29] 2dE& sk oEH o= HFas)
= A%S YT Bel-x o @HdS Uz
ol BlE) A gou Fo3 FFY 4

e BEtA gtthFig. 6).
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Fig. 6. The effects of TFE on the levels of pro/anti-apoptotic proteins.

MCF-7 cells were exposed to TFE (0.03-0.30 mg/ml), for 24 h. Bcl-2, Bcl-x, Bax and Bad
proteins were immunoblotted using the respective antibodies in the total lysate. Bad is a
loading control (a). The density of proteins was calculated using densitometer (b). The 1 is
control, 2 is 0.03 mg/m¢ of TFE, 3 is 0.10 mg/m¢ of TFE, and 4 is 0.30 mg/m¢ of TFE. (TFE;

Toosendan Fructus Extract)

6. A7} MCF-7 cell® cytochrome-c
of W|X= .

TFE7} Bel-29] ¢S 55 Y& o0=2
HAaNZ AR #AHESI] vEZEoLE
A A%} cytosolic fraction®A] cytochrome-c
o] HHS A3

izl e AlZZW) cytochrome—c
o] o] FHAou, TFEE 0.30mg/mlS
2 e A= AlZZH Y cytochrome-c
7F 28] o]} F7Fst A v (Fig. 7).

Cytochrome—c e e g m——

0.03  0.10
TFE (mg/me)
Fig. 7. The effects of TFE on the levels
of cytochrome-c protein associated with

CON 0.30

apoptosis.

MCF-7 cells were exposed to TFE (0.03-0.30
mg/ml) for 24 h. Cytochrome-c was
immunoblotted using the cytochrome-c
antibody in the cytosolic fraction. The
density of cytochrome—-c was calculated using
densitometer. (TFE; Toosendan Fructus
Extract)

I\

7%

A% Fof shtolH,
ke o)) #xlrh @Ay soh
g E Z4E o] WA
7Vete] gto g Qg AlgEo] A
AAIRE Q] 244%2 At AL
195 2AA8A A Syt
Ao FHde A4S F AT, A%
ggoz HES AAsn A9
53], 7 20021 A2 2y E sk
2t Sl A &o] 7} =of, 19953 7}
Hl w3t 166%9] S7HAE YeEla 2l
O BEAH AR 9w, 19944

e =
o o o

oy B &%
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Blal 20041d9) A5 3T 1078 T
o R A ARAEsE 387 elA
6202 FASA Fkske FA,
ole Aoz A AFA F7t 68
oA 5507 Zo]E Ao HlusEE,
ApgAe Bk A7 FATE F v
Wi A

ol frAbe gelshy Ao e
AR, LR, IBEE, A, TS

o] At} FAo 2= FLUBMEM. I, I
B, ORARSEIL, B B, BN, ALDJEE,
Lo, HAR#Se] JYegrs 3t
w4 e R R, s
B, BEGH OS] L
o]Ael e Gimdnf?, HHTAHY
o] FRI5o] AxE How B &
ATh AFg2e 27| HFREHZ A
WE FRITIN, SIFRE st W
ol g3ty ', FiMmEHT We Khi%
mate AHWe olgstgdrt’.
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