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Induction of Apoptosis in Human Cancer Cells with Extracts of Taraxacum
coreanum, Youngia sonchifolia and Ixeris dentate
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ABSTRACT - This research examined the effects of Compositae extract on the inhibition of proliferation and
apoptosis in human breast and human gastric cancer cells. Compositae extracts which is used in the experiment are
Taraxacum coreanum (TC), Youngia sonchifolia (YS) and Ixeris dentata (ID). The proliferation of SK-BR-3, MDA-
MB-231 and AGS cells were investigated by MTT assay. ID and YS extracts inhibited proliferation of SK-BR-3,
MDA-MB-231 and AGS cells in a dose-dependent manner, but TC have barely affected. In addition, the most effec-
tive extract was ID. To assess the apoptosis of ID extract, the nuclei of human cancer cells were stained with DAPI
solution respectively. Chromatin condensation, indicated apoptosis, was increased in a dose-dependent manner. We
investigated change of ID extract-induced apoptosis proteins on human cancer cells by western blot analysis. The
level of Bcl-2 decreased, whereas the level of Bax, cleaved-PARP increased in dose-dependent manner compared with
non-treatment. Also Bax/Bcl-2 ratio, which is used in clinical indicator of apoptosis, was increased at ID extract treat-
ment group compared with non-treatment. Moreover the Bax/Bcl-2 ratio of MDA-MB-231 cell was significantly
increased as against SK-BR-3, AGS cells. These results indicated that ID extract have anti-proliferation effect better
than YS or TC, and induced apoptosis in human breast cancer MDA-MB-231 cell better than human breast cancer SK-
BR-3 cell, human gastric cancer. Even if further research is needed, ID can be developed as a chemopreventive or

therapeutic agent of breast cancer.
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Aol dom, e =0 os] DNA &3S W
Az gt o]F ekt ARAY S AXAR T
S8 O 2= caspase?] EA3tol o] Al EZ7T AE ST
Apoptosis oA Bel-2, Bel-w, Bel-xL 52 apoptosis
A1 AFe]H | Bax, Mtd/Bok, Bak 52 apoptosisE F%
sl AR IO, mEkA] o] apoptosisE =3}
= AFE Ee HEY ARES &5 HAYEA, oA
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=, 8% 5 3009 Fol A Ee FAstEods A
o7 dHA AP olefgt F35tI AES AFAFE
71574 SARE AREEE, oM Y, &9, 8
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Materials and Methods

HE U 4 2

2 Ao AFEE 3 AlEZ SK-BR-3, MDA-MB-231
I Y4 ME AGSE = Ml 238(KCLB, Korea Cell
Line Bank, Seoul, Korea)ollA T3F3th. Al Zu] kel A}
2%l RPMI-16402 Welgene (Gyeonsan, Korea)ollA -3}
%37, fetal bovine serum3} streptomycin/penicillin Gibco
BRL (Grand Island, NY, USA)A F+3slact &
of Al&-3F Uub 2l Ak Sigma Chemical Co. (St.Louls,
MO, USA)NA F+43sdth 12 &l anti-Bax, anti-Bcl-2,
anti-PARP, anti-B-actin®} 2%} A Anti-rabbit IgGE= Cell
signaling Technology (Danvers, MA, USA)olA] <+ 3151 T,

E3
=
2 Ao ARES SRS, A, Hu FEES
AZEA, A2 59)3F T w3fskaL 45°Colx] Al 89t methyl
alcohol—°— 155L &<t sonication ¥ 2A17F A& 1Y 103
Z 347t —i,—gﬁl—"ﬂr/]- Rotary Evaporatorg A&

i8] T Aol Bag Als

=2 5&%@‘%—%%%—8—83 Oﬂ/ﬂ l"éc ok ‘?%0} Aol AR

Cell culture
M E SK-BR-3, MDA-MB-2313} ]4AE AGS
£ 5% fetal bovine serum, 1% streptomycin/penicilling %
7Fek RPMI-1640 HiA1 & AR&-3t 37°C, 5% CO,7t frAl
== incubatorol| A1 ¥ FstATE 175T flaskell M2 Bx7}
80-90% %= 3k& W, phosphate buffered salme solution
(PBS, pH 7.4)2 A 3xE°] ©F S washing §F § trypsin-
EDTAE A|ste] Althuld ek, MiA= 2-3Y 712
refresh 3} T}

MTT assay

SK-BR-3, MDA-MB-231, AGS Al¥£E 96 well plate|
2 x 10*cellsymLZ #F3 &, 24/\]7& S YA T
Z}zke]l M xZol| TC, YS, ID FE&<S 0, 50, 100, 200 pg/
mLe] FEE A2ttt 2447 & 7+ Al 27} wl ke 96
well plateol] MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide] reagent (mg/mL)S 40 uL 2 2|3t
T N7 30% B 37°C, 5% CO,7t H-AE]:= incubator
oA vlFSIATE. MTT reagentS A3 & dimethylsulfoxid
(DMSO)E 100 pL/wellZ 71810 wellell B4% formazan
S 25 =9 ¥ ELISA-reader (Bio-Rad Laboratories Inc,
Hercules, CA, USA)Z 595 nmo|A] S3=5 =743t}

DAPI staining

SK-BR-3, MDA-MB-231, AGS A|¥Z 60 mm dishe] 1
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x 10°cells/mLZ #53F & 24717 F<F Y3} 3kt
ID #5520, 25, 50 ug/mLe] =2 Az|dte] 244]7)
%<t incubated 3 T} PBSE F Y washing 3+ 3 4%
paraformaldehyde reagent= 15%7F 243t thA] &
W washing 3+ % PBSel 1082 3|43+ DAPI reagentS
2mL & 2]l 34H |7 (Zeiss fluorescence microscope,
Thornwood, NY, USA)S. = 4008 AJofol|A] #2katqict,

Western blot analysis

175T flaskell SK-BR-3, MDA-MB-231, AGS A|XZE 37°C,
5% CO,7} A1 %= incubatorol| Al B3t ID F5&
= 0,25, 50 uM FE=E AP 8kal 2447 F7t uf st
trypsin-EDTAS 37}s & M EE F-iA1A A4E2](1,200
rpm, 5 min, 4°C)3}At}. PBSE M| XE washingslal 94
25l cell pelleto] cell lysis buffer (Invitrogen,
Carlsbad, CA, USAYE F7Fgt F 4°C oM 2027+ v
A A Lysate= 13,000 rpmollA 5% F<t 41E-2) 51
FsNE FHall cell lysateZ AFESIATH 53 Tl 9]
F%+ Bradford protein assayE ©|-83l S43A . &
ZE 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)Z 7|8 & £&]3+ ¥ nitro-
cellulose membrane (Bio-Rad, Hercules, CA)ol|l ©]FA] %
t}. Membrane> 5% skim milk® 2417} 591 blocking &
< anti-Bax, anti-Bcl-2, anti-PARP, anti-B-actin®] 12} &=
£ 77t A7Yste] 4°C oA overnight St 2§ 2%
A anti-rabbit [gGE H7Fste] 2A17F WA AT 2t
protein band= ECL detection reagents (Pierce, Rockford,
IL, USA)E ol&sto] dPZAAE gelsisitt W=e] 2
%+ imaging program®l Image J Launcher (provided by
NCBDE o]-&ste] A3ttt

| =1
BE Y943 BRAH BEARNE AHgste] e

3z} #+7F B]IZE one-way ANOVA®] o] t-test H4]2
Atz vlste] pghel 0.05 PR &
SAH o R feolido] k. YT

Results and Discussion

TC, YS, ID F=EE0°] QN M|z o] Y=o UIX]= Y

=35l7t 2159 TC, YS, ID FE5E°] FUIAEQ SK-
BR-3, MDA-MB-2313} {I4AIZQ] AGS A7l mA=
QS Fol3l7] Q& MTT assayS S35+ th TC, YS,
ID %55 0, 50, 100, 200 pg/mLe] FEE 24417+ A
glate] Zhzt M xe] AEES I A, TCAA=
90-100%= ALl 7o FFS FA FUAATH(Fig. 1A),
YS¢H ID FEES dx2ad HaEis i AEgo] ¥
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Fig. 1. Effect of TC, YS and ID extracts on the cell viability of
human cancer cells. The results are showed cell viability inhibi-
tory effect of TC extract(A), YS extract(B) and ID extract(C) on
cancer cells. To study effect of TC, YS and ID extracts on SK-
BR-3, MDA-MB-231 and AGS cells growth, 2 x 10* cells were
plated in 96 well plate and after 24 h, cells were incubated in
medium with absence or presence of various concentrations of
extracts respectively. Cell viability was measured by the MTT
assay. Datas are shown as means + SD of three independent
experiments performed in triplicate. Significance was determined
by Dunnett's t-test with *P < 0.05 considered as statistically signifi-
cant compared with non-treated controls. TC: Taraxacum core-
anum, YS: Youngia sonchifolia, 1D: Ixeris dentate.

T YEHOE aste AS IRIET YS FEES
2] 3+ SK-BR-3, MDA-MB-231, AGS A %9 A&E&S
50 ug/mLol A 89%, 93%, 78%, 100 pg/mLolA 91%,
89%, 68%, 200 pg/mLolA 83%, 69%, 58%= A= AL
(Fig. 1B), ID F=E5 #2]g SK-BR-3, MDA-MB-231,
AGS M 3E2] AEEL 50 pg/mLolA 71%, 60%, 58%, 100
pg/mLol A 64%, 55%, 45%, 200 pg/mLolA 59%, 45%,
30%% A HATHFig. 10). £3] ID FEE¢] 4% 50 pg/
mLAAFE] SA ] AEG] FefFoz JAE AL
gl AT

TC, YS, ID =& FoA A=A 50 pg/mLolA
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Fig. 2. Effect of ID extract of the cell viability on SK-BR-3,
MDA-MB-231 and AGS cells. The results are showed cell viabil-
ity inhibitory effect of ID extract on cancer cells. For studies
effect of ID extracts on AGS, MDA-MB-231 and SK-BR-3 cells
growth, 2 x 10* cells were plated in 96 well plate and after 24 h
cells were incubated in medium with absence or presence of ID
extracts(6.25, 12.5, 25 and 50 pg/mL) respectively. Cell viability
was measured by the MTT assay. Datas are shown as means + SD
of three independent experiments performed in triplicate. Signifi-
cance was determined by Dunnett's t-test with *P <0.05 consid-
ered as statistically significant compared with non-treated controls.
ID: Ixeris dentate.
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ojFo R QX AE JA &S Bl ID FEFES o83t
o] o]% AL WPsiGith. ID FEEQ] Tx AEE 9
3 old AFwY ¥ e (0, 6.25, 12.5, 25, 50 ug/

mL)ol|A] MTT assayS 33t SK-BR-3, MDA-MB-231,
AGS AlaEe] AEES RIS tHFig. 2). ID FEE9] 7+
Tof] w2 AEES FU Al E SK-BR-39A4 = 83%,
82%, 78%, 77%, MDA-MB-231% 84%, 79%, 72%, 63%
A, ALAME] AGSE 81%, 79%, 67%, S0%Z &%
o)A Zradhs AFS HAL ID FEES 6.25,
12.5 pg/mLe] FEoA = *ﬂ%c’ o & z}OI—E— Holz| ¢
AR TE, 25 50 ug/mLolME FgA 22 SK-BR-3E.t}
FrHFehA) 21 MDA-MB- 2314 A AGSOM A=
A&l EV E5S 1T F AL
FE8u et FF F9o Aol oA, LeeW5e] €
ol oJslH HALAE Calu-6, HFLAHE HCT-116, T] t}
ME SNU-6019] ethanolZ F=3F TCO U=} #a]
&5 0, 200, 400, 600, 800 ng/mL FE=2 48717+ ziao}
RS W, TCO ol vlg)] ¥ FEENAM & EHL
2 AE AEE] Fadte AL gl en, Calu-6,
HCT-116, SNU-601 A3£e] Z+z} oF 522, 532, 614 ug/mL
ANA 50%2] JAE&S BT Chon® 5o Aol ofstH
¥+ ME CALU-601°] 7§3}7] w 4335Fe] methanol=
=3 F9E YS FEES AHEs |, FEE A
oy Fr EFHOR ZIarde AHE BYoH
=07 oF 196, 298, 483, 751 mgkg™
NA 50%2] GAE&S HATh Ed Kim?e] Ao 9
s ZF89 AlEQ MG-639] ID methanol 5

£ o 4

= [e]
=520,

50, 100 pg/plate= A ]3RS o, TE o|EH R A
o] AEgo| g AL st on izt vl
¥R 27 54%, 76% JAES Btk
Lee5 9] A4 el 2] £ AFolAe TC FE=9
ogh Al AEEC W3t A Qe A IRIskiL,
W, YSeh IDFEES] 7$- Chon™5-3 Kim™e] 4774
o} T Fx oEHOR M E AESC] gAY
£ AL golslgin). L3 YS FEE0) Hlg)] ID FE5E0]
A ZAEE 71 st AE A a5 BIon, o
Eiffl As T AGAEe] = oEFA AEZAL
o] ID FE=9] % Hke oz Alg T}

Lo

T
% f

09;
tlo

ID F:&59] 0]1-]]0u-||11_] o FEfOl DX = %

Apoptosis= Q17He] el lo] thdet Aw e 21
of #oAstH, AE F5, G Falot 3 &5 59 ¢
T4l 548 711tk DAPI staine apopt051s°ﬂ ofsf
TE ¥ FF02 Qg AEDS TS AAFTE shte]
A 7IH O 2 apoptosis’t FEE MEES A gAY H]
3 o 22 PEjE AFAETPO.

MTT assay 235 &3l A7 FE5= 5 2=
71 oAl JAES BIY ID FE=
Aol AEE A7} apoptosisel] 9]‘5}1
3kolsl7] 9lsl DAPI staining S
MDA-MB-231, AGS Aol ID F&E2 0, 25, 50 ug/mL
o] FEE 24N7F T A & DAPI HAE sl &
F3Av| g oz B tHFig. 3A). 2 A3 MTT assay<}t
A3 UM E SK-BR-3ETH MDA-MB-231, 91
|3 AGSOIA O B2 AlzH9
E I + AT

Apoptosis7} =¥ MEE HFHoz BEA317] )
DAPI @3gol wh-g-3k Al A3, ID F&E
(25, 50 pg/mL) Aol oJs] B A3EX Apoptotic Al
7t fodow e AL S1sith(Fig. 3B-D). ©]
A3 AFEAE B3 ID FEE APl o3 dAE
S A ZH7} apoptosisell 28 AALS BlstA.

2 of

553} apoptotic body

£ countinggt
&l

ID 2£ZE20] Bcl-2 family ©EEA] U1¥0]| O]X|= FoF

Bel-2 family @A EL rlEF=g|ote] vt ofle] &

E WEAL 2pdsle] apoptosisE ZA 3. ©] F pro-
apoptosis 1AFQ] Bax= AMEZAAA pEFT=EolZ o]F
3], cytochrome C2] #H] &4 & o AEAES =
A7 WHA, anti-apoptosis $1AFQ1 Bel-2&= P|EZE=E|0}F
2 o]F e BaxE AATOEN AIANE S A=
Z2H8-S 37, DAPI staining 213 23}, SK-BR-3, MDA-
MB-231, AGS A Zol|A =zt ¥lasisls o, ID 5
=22 283 oA apoptosis YA E] F717) #2
HJOm 2 western blotS T3l ID FEE°] apoptosisE
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A SK-BR-3 MDA-MB-231

0 (ng/ml)

25(ng/ml)

S0(ng/ml)

Fig. 3. The effect of ID extract-induced apoptosis on SK-BR-3, MDA-MB-231 and AGS cells. A: SK-BR-3, MDA-MB-231, AGS cells
were treated with absence or presence of ID extract (25 and 50 pg/mL) for 24 h and apoptotic cells were stained with DAPI. Chromatin
condensation, representing apoptotic cell death (arrow), was examined using a fluorescence microscope (x 400). B-D: The graphs show
quantification of DNA fragmentation and nuclear condensation in each cancer cells. Each bar represents the mean = SD calculated from
three independent experiments in triplicate. Significance was determined by Dunnett's 7-test with *P < 0.05 considered as statistically
significant compared with non-treated controls. ID: Ixeris dentate.

o] 5}= Bel-2 family T o] Iy e o
A gelstdth. 2 A, pro-apoptotic <A}
iz o] Wy S D FEE(25, 50 ug/mL) SEE
BR-3, MDA-MB-231, AGS A XA FEo|&3]
}é}ﬁiE}(Flg 4A). EE3), anti-apoptotic OV}C’ Bcl-
—3— SK-BR-3 M ZoAE & ake] xjo]7} 7 <]
, MDA-MB-231, AGS AMlZo|A= Fro|EH o
= 7:] o}:_o_ _—o,].o] ?5]— /‘ 01011—4_(F1g 4B)
o] A&} ApEe] AAE Bel-2 familyz+e] +39)
o) Zsln], JfE el wha wa ks selsls AR A
FIAPEe 8 IR ER o] f57| = = Bax/Bel-2 ratio

o2 N
i)
=
r <

0,

lo ¢
o
jvs)
5
r.YL
d

HU%ZNH
n}imj'g
Zi&wm

)
ke
o

=
2 Solshs o] H FLSTHL B 5 Unk, 2 g

A ID FE& 2]l g B-actinol] td FlE <A Bax/
Bcl-2 ratios= A E SK-BR-39} 9HA|E AGS9l| H]
3 LA E MDA-MB-2319014 -9 o2 Frtselaith

(Fig. 4C).
wEbA | ID FE 5 9|3t FUUAE SK-BR-3, MDA-
MB-2313} 1A

ME AGSe] 2] A 371 apoptosis]
o]t 719 Bel-2 family )2 o] w& wW3slz ol

=
3, o]y A= Alxol| wet F2]A)9k apoptosis

AGS B SK-BR-3
.50
o
< 40
=z
£ :
2 2
N
-
0
0 25 50
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)
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0
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<
< 40 *
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:;:' 20
&
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EoA Aol
o= Als€H.

BYAR, RN o EA U A

ID 2£Z£20] cleaved- PARP THHHZ] HIHo] D]k|= 4
Poly-ADP ribose polymerase (PARP):= A|Z&) Lﬂoﬂ
A, &4 DNAE FA38t Alxe] &S F43
tl o} T8k TS "tk WA A= o)
oz 23] g 491 caspased] BAJ3P7L o] FojA| AL, o]&
< apoptosis®] HETAE & = U= PARPE HA35]]
apoptosisE =3, welA cleaved-PARPS] W& o]
S7Fths A2 apoptosis®] HEZ SAolHL B £
o]q_
o]#gt PARP Tz o] wd FFe gelgh 23, SK-

BR-3, MDA-MB-231, AGS A2l ID F=&< 25, 50 ng/
mL 2] st oA PARPS] #4do] F7slthFig. 5A).
E3F zF M *E9] cleaved-PARP/PARP ratioS H| 3 23}
B-actinoll th&F A2 9] ratio’} MDA-MB-231 A %] ID
FEES 50 ug/mL A3 FollA FoHoR FTke A
= gelsith(Fig. 5B).
ANHOZE D FE=

K
Z

FHLME SK-BR-3, MDA-
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Fig. 4. The effect of ID extract on Bcl-2 family protein in SK-BR-3, MDA-MB-231 and AGS cells. A-B: Cells were treated with/without
ID extract (25 and 50 pg/ml) for 24 h and cell harvested to measure protein levels of Bax and Bcl-2 by western blotting. The blots were
also probed with anti-B-actin antibodies to confirm equal sample loading. C: The Bax/Bcl-2 ratio was calculated from the Bax and Bcl-2
over B-actin ratios. Each bar represents the mean + SD calculated from three independent experiments in triplicate. Significance was deter-
mined by Dunnett's #-test with *P < 0.05 considered as statistically significant compared with non-treated controls. ID: Ixeris dentate.
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Fig. 5. The effect of ID extract on PARP protein in SK-BR-3, MDA-MB-231 and AGS cells. A: Cells were treated with/without ID extract
(25 and 50 pg/ml) for 24 h and cell harvested to measure protein levels of PARP by western blotting. The blots were also probed with anti-3-
actin antibodies to confirm equal sample loading. B: The cleaved-PARP/PARP ratio was calculated from the cleaved-PARP and total-PARP
over B-actin ratios. Each bar represents the mean + SD calculated from three independent experiments in duplicate. Significance was deter-
mined by Dunnett's #-test with *P < 0.05 considered as statistically significant compared with non-treated controls. ID: Ixeris dentate.
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