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Anti-cancer Effects by Saussurea lappa Clarke in Highly-metastatic
MDA-MB-231 Breast Cancer Cells

Chi Hong Kim', Youn Kyung Choi*, Woo Young Kim, Yong Cheol Shin, Seong Gyu Kox

Department of Basic Science of Oriental medicine, Kyung Hee University

Saussurea lappa Clarke is a well-known transitional medicine in Asia including Korea, China and Japan. It has
been reported that Clarke has diverse effects such as anti-viral, anti-inflammatory, anti-cancer in human gastric cells
and human prostate cancer cells. However, the anti-cancer effects and the mechanism of actions of Saussurea lappa
Clarke are still unknown in breast cancer. In this study, we observed that Saussurea /appa Clarke inhibits the cell
growth in a dose- and time-dependent manner in highly-metastatic MDA-MB-231 breast cancer cells. In order to
examine whether Saussurea lappa Clarke suppresses cell growth inducing apoptosis cell death or cell cycle arrest, we
analyzed DNA contents and cell cycle distribution using a flow cytometer and western blotting in MDA-MB-231 cells.
We suggest that Saussurea lappa Clarke dose not induced apoptosis and induced G2/M phase cell cycle arrest.
Moreover, Saussurea lappa Clarke also decreased the expression level of metastasis-angiogenesis releated protein
such as VEGF. However, dose not changed the expression level of metastasis related protease MMP-1 in
highly-metastatic MDA-MB-231 breast cancer cells. Therefore, Saussurea lappa Clarke might be good and useful
chemotherapy agent highly-metastatic breast cancer patients.
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3. MDA-MB-231 M| X Hj %

HolAd Fud MXEF MDA-MB-2312 RPMI-16408] 2] ol
10% (v/v) 8 (heat-inactivated fetal bovine serum), 1% 4§ =l
(antibiotic-antimycotic)S ¥ o] 5% CO.¢t 37°CE FA 3=
humidified incubatorol]l ] 7]&t}.

FEF o A <>l é et Al E3F MDA-MB-2319] A%
FE 96-well platecl, #1 A 100
wl SFol 4x10%ells®] 271X FE7F 52 Z+2He] welld] £
F3A Tk 24A1 7 =2 5% CO,¢F 37 C humidified incubator®l]
A ek s A7l & z4z} 0, 25, 50, 75, 100 pg/mlo] H == 80%
AEEE 2T FEIFS APt Hlns 98 dEFS =
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wellol] EF3}A T} 53] 4847 FoF ¢
2] 100 peskoll, 72417k B¢t & A2 & AEFE ujA 200 ul
Qtell 27X =7t HES gtk 5% CO»% 37°C humidified
incubatorol] A St 3} A7l & 247} 0, 25, 50, 75, 100 pg/mlo] &
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Z}7+e] wellol MTT solution (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide)S 7}t th (MTT solution
20 /WA 100 o). 2A7HEF AT FEHE FAT HE 5%
CO,9 37T humidified incubatoro] A ¥ A|Z1T}h 2A)7F &
well Bhetel F4€ 24¢ 2 & F o] 23S DMSOR *¢]

W31, 570 nm 37 A] ELISA reader (Molecular Devices, Palo
Alto, CA)E AH&3le AxF4 AEZE SH S

d A=t AxF7] W3ks S437]
st HolA Y MDA-MB-231 M ¥FZ 100 mm dishol
5x10°cells®] %27 EE %#é}o% 5% COyt & 37T
humidified incubatoroll A 24A]7F FoF wj ok A AT o] &
3} DMSOZ 77} 100 pg/ml ia}z‘s}oq 12, 24, 36, 48417+ B3t
Hl sttt Zhzbe] Alzteltk A EE 337] 98 EYALS A
23t dish vl £oI3E MEFE Hojua o]F FHo| B
o} 1,500 rpmo.2 5% F YAEE AlA FE vigo] AEF
2 roth HEE A% 817 18] Cold-PBSE AHg-3tel tf
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HolAd He MDA-MB-231 M EFE 100 mm dishell
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humidified incubatoroll Al 24A1ZF F3F wiek Al Z T o T
&3 DMSOS 717} 100 pg/mb A 2)8ked 12, 24, 36A13F %‘f& HH
Fetatt. zrzke] Autt M2 E S5 8k7] 18] 100 mm dish
3N Wk ofy g} scraperg AHE-Shd dish HEEe] 13l
AEZFZ Holya o8 EF FHo| Ko} 1,500 rpmOZ 5
T A4EY AA FHB g AZFE Reth AXE 7
SHA 817] 8l Cold-PBSE AHg-stol thAl d4dEe S 4
AE BF A A3, RIPA buffer (150 mM NaCl, 1% NP-40,
0.5% DOC, 0.1% SDS, 50 mM Tris (pH 8.0), 1 mM EDTA, 1
mM PMSF, 1 mM NaF, 1 mM NasVO,;, 1 pg/mé aprotinin,
leupeptin, pepstatin)S AH-&-3Fo] 30% <t 4ClA WHS-A 71T
2o 13,000 rpm o2 158 T+ AR AlA lysisE T At
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9. Western Blotting

Held oA = Wetstern BlottingS 433}7] Bio-Rad
protein assay kitZ AM&-3le @ AS A3ty SDS-PAGE
Al & DS loadingdl™ separating $F ¥, nitrocellulose

membrane®. 2 &It} I ¥, @A) membranelZ Z 7

k=2 #3387l A8 ponceau FAE AT o=
membraneS 0.1% Tween-200] 323 ¥ PBS (PBS-T)dl skim
milke} BSAS 27} 1% 4 ¥o] 143t 5 -2 A blockingAl

Z1th. PBS-TZ 5% 3% washing 3 ¥, membranes T3t 1
A} A - Cde2, cyclin Bl, a-actin, MMP-1, VEGFE A}-8-3}4
4TAA 12717t A= ¥E3AIZIY) PBS-TZ 30% &<+ washing
(0% X 33)sla, 2z FAE HRP—con]ugated secondary
antibodies$} 1217 A& Ao A ¥hg-A7Ith 2 & PBS-TZ 1
AlZF washing (15% X 43])& 3}3l EZ-western detection kit&
A3t Xeray filmo 2 @ d WMo RE &2lsg]rt.
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AP A7 BAAHEE SPSS T2 WS ALgsIgoH,
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control DMSO (0.05%)

SLC (50ug/me)

SL.C (25ug9/me)

SLC(75ug9/me)

SILC (100ug/me)

Fig. 1. Effect of the ethanol extract of Saussurea /appa Clarke (SLC)
on the cell morphology in highly-metastatic MDA-MB-231 breast
cancer cells. MDA-MB-231 cells were seeded at a density of 5x10°cells/100 mm
dish and treated with SLC for 48 h. The changes of morphology observed by
microscopy on 4X magnification.
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W, 35 JEHOZ 18I AZF YEHOZE AEF O FA0
AAES BEY F AATh M H3 FEQ 100 pg/ml 2
AE 487X E oF 40%, 72X 7 E < 60% Y] Z2] A
£ AT F A vtde] FEFS =2l DMSO 22 A=
FE el A BAgle] AEFY S JgS uH A
getde AL FA T 4 Udd

0oDMSO oDMsSo

1 asC 1 [T

cell viability (% of control)
cell viability (% of control)

concentration (4g/ng) concentration (g/ng)

48h 72h

Fig. 2. Effect of the ethanol extract of Saussurea lappa Clarke (SLC)
on the cell growth in highly-metastatic MDA-MB-231 breast cancer
cells. SLC suppressed cell growth in time and dose dependent manner.
MDA-MB-231 cells were seeded at a density of 4x10%els/well and treated with SLC
for 48 h and 72 h. Cell viability was measured by MTT assay. Data are shown as
the mean of separate experiments performed on three different culture [error bars
mean * standard deviation (SD). *p <0.001 vs. control.
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(Fig. 3). éﬂr, 100 ﬂg/meel 558 8 A o, 4843k
ol 40%2] Z2o] AdAHE B33 subGl fractiond o}F-A
= A2]sA 2 2150 pg/mt)¥ DMSOS A2 15l vl
g A ke Fsket ol ARE E w), gEIF 9T
Hol4 MDA-MB-231 M EF Fddxle AMEAEHRE B4

= = S o) 2= 0o
ol iz, o 7]Hdl oA Y H e A & F AU
20
—&— control
§ —<—DMSO (0.05%)
z 15 —=— SLC (100ug/me)
2
]
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=
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o 12 24 36 48
Time (h)
(] 12 24 36 48
control 24 24 4.3 3.5 3.1
DMSO 21 4.8 3.0 3.7
SLC 22 3.7 5.3 5.3

Fig. 3. Effect of the ethanol extract of Saussurea lappa Clarke (SLC)
on the apoptosis in highly-metastatic MDA-MB-231 breast cancer
cells. SLC dose not induced apoptosis in MDA-MB-231 breast cancer cells. cells
were seeded at a density of 5x10°cells/100 mm and treated with 100 ug/m¢ SLC
for the indicated time. Percentage of sub-G1 phase cells were determined DNA
content histogram of a FACStal flow cytometer.
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g T MEFY
FS 3HQlste] Bkt Flg da. o] FAE B4 Ay

T ;}% 12, 24, 36A1ZF A YPS W, o} FAE A3t
£ (0 #g/ml)3} DMSOE AP e 28 B} Ajze
2 579} G27] Fibo] FUkske AL AT 4 AT} AW
48A]7te] HAYE We 7M OMFAE AHYFA RS 1FH

A ore

DMSOE A &gt 153 HI3Al X34t (data not shown).
G27] A& 2L ASv 6’\]7]'°“ OFFAE HY3A F& 1F

(0 ug/ml)= DMSOE A& g TFoll vajA 22 thek 100, 80%
7} Z7}5) A th(Fig. 4b). T2 % 23S Ag3S o, G271
o} #E g Tl B o] W3S Western Blotting . 2 813191
th(Fig. 40). OFFAE A eHA & I1E (0 h)F, DMSOS A g
gt aFol vlsiA G2 AZ2F7]9F #AHE Cyclin B13} Cychn 9
EF 143} 249 Cd2d] HARF T FEEFS AY 3 F 24
H fastes 2& £ & AUtk EF CDK JAA
Cyclin-dependent kinase inhibitor, CKI)2 €& % p212 124]
Zrell @ASHA F7HE S A5S FAdh Ax, TEIo] p21sS
S7HA713L o] A o] Cde2oll 88t o] AP EE AAA7] L,
Bebolz} Cyclin BIE FAAZC 2R AEF7]7F G27l9A
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g @ ) w2
) s fa - w61
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° ° 2
3 2 H
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0 o 0
0o 12 2% 3% 0 1 W % 0
Time (h) Time (h) Time (h)
b c
—4— control
S e+ SLC(100 /)

250, —*—DMSO(005%)

- 4 4 4+ + + + DMSO(0.05%)

= SLC (100ugmi) A 1224 % 12 24 3% Treatment(h)

200 /
S e
150 '\ P

50
cyclinBl
0
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Fig. 4. Effect of the ethanol extract of Saussurea lappa Clarke (SLC)
on the cell cycle in highly-metastatic MDA-MB-231 breast cancer
cells. SLC induced G2/M phase cell cycle arrest in MDA-MB-231 breast cancer
cells. (a) Cells were seeded at a density of 5x10°ells/100 mm and treated with 100
ug/mt SLC for the indicated time. G1, S and G2 cell cycle distribution were
determined using a FACStal flow cytometer. (b) The graph of SLC treated cells
against untreated cells in G2 cell cycle. (c) Analysis of G2/M cell cycle-related
molecule, such as p21, cdc2 and cyclin B1 by western blotting. a-actin used as
a loading control.
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MMP-1 (Matrix matalloprotease-1)2}
Fe A8y ddE VEGF
(Vascular endothelial growth factor)e] HHAPLE A=A

£ #Qls) B HTHFig. 5). MMP-13} VEGF Tl S A Zujof A
FAEol AE doz Buge wudoe)s] ge 54 2y

% FHQ centricons AREsle] ERlE @wAS FEsia
Western Blottings 33l HAAEE Hugrt. 2745 B4,

FES AT 36417 HAL w, loading control Z

WEE MMP-1 2 F$& %"3%14‘: } o}

>~
>
opo
o

pa}
b1

ponceau$} |

AYsA ¥ IF (0 pg/ml), DMSOS &g 253 A9 x
o7l gl AL B & o v VEGF 2-& 73%{— IEAE
Ag)stA &e IF (0 ug/ml), DMSOZ g3 2§ Hle) &
At A ZAA AT
36 h

= = 5= 100 xg/mfZ SLC

- + + 0.05% DMISO

| craae S e MMP-1

——— VEGF

- Ponceau

Fig. 5. Effect of the ethanol extract of Saussurea lappa Clarke (SLC)
on metastasis-related proteins in highly-metastatic MDA-MB-231
breast cancer cells. SLC decreased angiogenesis-related protein, such as
Vascular endothelial  growth factor (VEGF). but dose not affected
Matrix-metalloproteinase-1 (MMP-1) protein expression levels. Cells were seeded at
a density of 5x10°cells/100 mm and treated with 100 xg/m¢ SLC for 36 h. MMP-1
and VEGF secreted proteins were detected in culture media by western blotting
and ponceau used as a loading control.
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(Fig. 2).
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YAt l
AV A Bg ol 1
HoZ AExnHe 5
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pathway) 2 Y tha &# % L WA, FEE o o]y
MDA-MB-231 4 A EF AEZAIE S 81317 Y& 35
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checkpointE
AA A= 13}1 &

11, o] checkpointell ]3] S7]°ﬂ"1 M7]|29] o]do] =4
3k o] A7) cyclin B-CDK1 (cdc2) E3HA10] ols) 24

cyclin-o] &7 Ql¥stas A4 CKIo] & F57< p21e] 9
3] CDK1 (cdc2)9] &Ado] A= I cyclin B9Fo] B3] AL
AAAZIG GA AP, Fig. 49 FAZ B4 ARE B
9, obFAE
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agol e FEFS AsHE 36A12HA o] S717F FU1E A
o]A0 2 Hol DNAZ} 8L <dAFGE AL Hhdoz &
A & 4 At =3 DNA damage$t ## H checkpointE 7}
e G718 &9 23, 35S ATA 12, 24, 36213t
A BT obRAE A2EHA & IF (0 ug/ml) DMSOE A
2 gl WA S/, 53] 3613 A 0] G27]e] HF-=2
= AE7E 80%el el F7HTh ole AEF7] G277k A H
o] AEZEGe] dAHL Yvte AL Yehin A= FE o]
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AEF7Ish B 192 28Y0H o]y MDA-MB-231
ATFe) TS JADhE AR ARED oS Anst B
B e A8 Aokl TGl g @2 LTI B

Xl
e D H o] HHAYEE Western Blotting 28-S 53t 43
AT A7 FEIFS Ashd v 1Fd vl
p212 12717l A A F71E 3L, Cde2¢} Cyclin Bl 244 ¢
FE AT ey 292 FEFS 53 G2 AEFVE
Aggrozn Az FAol AdAHEH o= CDK HAA
(Cyclin-dependent kinase inhibitor, CKI)?l p21¢] &dES F7}
A7), o] dalde] A1 Cde2ell A& 02N Cde2e) W
, ok ol g} gEgfo] Y How Cyclin B1
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