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Effect of Eupatorium japonicum Extract on the Metastasis,
Invasion and Adhesion of MDA-MB-231 Human Breast Cancer Cells
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Soon Sung Lim, and Jung Han Yoon Park*
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Abstract The metastatic effect of Eupatorium japonicum extract (EJE) on MDA-MB-231 human breast cancer cells was
investigated. MDA-MB-231 cells were treated with various concentrations of EJE (0, 5, 10 and 20 pg/mL). EJE inhibited
cell migration, invasion and adhesion of MDA-MB-231 cells in dose-dependent manners. Gelatin zymography exhibited
that EJE significantly down regulated secretion of matrix metalloproteinase (MMP)-9 and MMP-2. EJE decreased the
protein levels of tissue inhibitor of metalloproteinase (TIMP)-1 but increased TIMP-2 levels. Additionally, EJE reduced the
protein and mRNA levels of urokinase-type plasminogen activator (uPA), vascular endothelial growth factor (VEGF) and
intercellular adhesion molecule (ICAM). In several solvent fractions of EJE, the hexane fraction markedly decreased MDA-
MB-231 cell migration. Thus, these finding suggest that EJE may be a potential antimetastatic agent, which can
considerably inhibit the metastatic and invasive capacity of breast cancer cells.
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21 indole-3-carbinol(I3C)2} phenylethyl isothiocyanate, EF}FE2]
2% carotenoid?! Iycopene 5] 21F/A3E] s AFAEE
Pt k. FEUES T3l &she oels|delER §
- - AR FA BEsiH ofEGFE At E)ellA A4
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T o] A XHO R Zo]
7] fEiM e AlEe] 7149 &3, AP ¥ (angiogenesis),
TS T3 THNEY ol B AMEL ZFd F3ste] A
o= 4™ FHS AFoF @), AlE2] 71 (extracellular
matrix, ECM)Q] 73482
proteinase(MMPs), plasminogen activator(PA), cathepsin 5-°] <]
A JTH5-7). MMPE= zinc®} calcium dependent proteinaseZ
A 2 maix FHEAES TAFOEHN ko] Hold FF
Al A Feh®). A= Xl o2 T/ MMP &
type IV collagenasel! MMP-2(72 kDa)2} MMP-9(92 kDa)> 7]4]
9 ECME] =8 72 AJEQ] type IV collagens #3518 ¥ o}
ek AAEH FAE #Aste] T4 olF F HAES =
TH9,10). B, TF2AH P ST ol
‘dol ThE xF o} M Rl Hlgte] FUtEE AoR dEA
S TH(11). Tissue inhibitor of metalloproteinase(TIMP):= MMP<]
FAE AAlshs GMAR QA EME TIMPsSH MMPs] B4
o=z olate] 7|A o] Baj7t Z71ETh12,13). A7 <
2 TIMPsE TIMP-1, -2, -39} 47} 91™ TIMP-1& MMP-93}
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TIMP-2&= MMP-2¢} 58418 45k 2oz d=A vk,
14). Urokinase-type plasminogen activator(uPAY= PA9| St FTFZ
B8 zymogen?! plasminogens plasmin® 2 E4J3kA]7|3 g
3}l plasmine extra cellular matrix®} basement matrixsS -3l &
o2 AT o)F B HES FTMIITH(IS,16). YA E F
o Fofsl= o] WilA F integrin A|AESE AE, M|3Ee} 7]
A 7+ AT wels gmAzA Az 7Aoo EH“EY} B
Z Z8-31(17), intracellular adhesion molecule(ICAM)S FA| 3
= Al o3 /dstE I ME] o] AAE ] AlE]
olF, H2 % AYPAE L Kt Hx A4S ST
(18). M E7} A= 4 *ézw st ke B GYES T
ofol StRE ANEAFHLS TY B -4 4°1 [0tk 2
% vascular endothelial growth factor(VEGF)= 7423 d#alA
FrEdakE A 2del(19) ¢l A& Al VEGF *@"é—%
7= A Eg Fasth

£ AdMe AF7A AEl@gdel gt A7t o] Foix| ]
2o TIUE FEEo] e Hold n l% VIS ZAMSH
7] 98f <lzkel fket Hlio I\/[DAMB231 A E 1%, %‘%

e %

Al AR AZbe] Al ZQ] MDA-MB-231 A&
American Type Culture Collection(ATCC)oIA 43ttt Al
HjFoll A8+ Dulbecco’s modified eagle’s medium: Nutrient

mixture ham’s F12(DMEM/F12), Fetal bovine serum(FBS),

trypsin-EDTA, penicillin-streptomycin< Cambrex Bio Technology

(Walkersville, MD, USA)A], migration assay®ll AM&-3F 8.0 um

pore size] transwellZ} A ZujFol] ARE3 g ZTkg &7

+ Corning Costar(Corning, New York, NY, USA)IA 4315
t}. Invasion assay®ll A}t Matrigel invasion chamber= BD

Biosciences(San Jose, CA, USA)°|A], molecular weight standard,

horse radish peroxidase(HRP)-conjugated anti-rabbit, anti-mouse

IgG= Amersham(Arlington Heights, IL, UK)ollA F+Q3}H o,

MMP-9, TIMP-1, -2, ICAM, Integrin-a2, VEGF, p-actin anti-

body:= Santa Cruze Biotechnology Inc.(Santa Cruz, CA, USA)I|

A 43k tE RNase H, Oligo(dT) Primer, 100 bp DNA Lad-

der, Superscript II RNase H-Reverse transcriptasex Invitro-

gen(Carlsbad, CA, USA)°lA, Amicon® Ultra-159} Immobilon™

Western Chemiluminescent HRP Substrate™ Miillipore(Billerica,

MA, USA)lA, Z22]ar ©held A=k 913 BCA protein assay

kit= Pierce(Rockford, IL, USA)°IA 43Itk Real time PCR

o Q3 primer= Bioneer(Daejeon, Korea)llX 4% A12Fs13

E_T'_l__l.E x=='='o| EIEI
== (Eupatorium ]aponlcum)4 2ol 70% o2 713ke]
TEUE £ 3] AARZ T, 70°ColA] BRATIEA FE

st FE2S S AxdE ‘5*‘/} FEd —3— AEE7]
(Heidolph, Schwabach, Germany)S ©|&3le] 7Its33t H,

—20°CeA sAZ =S

SEUYE FEEY 2YE2 FEE 30 300mL94 =5
o} U3 o] WEAFZGo|=E Hrista 235t wY
2ol =3Nke Rz WHdZFZ o= EYEMO)S

o 2

Az, YA SA@ES)el sdT Fel dike Frksla £

gsted Al ZEEeRA At BREHX)E AlES

oh e o odolAEolE %Q%(EAM ek EQ%
=

MIZHHF

MDA-MB-231 A|Z& DMEM/F12 Hi=]o] 10% FBS, 100 U/
mL penicillin, 100 pg/mL  streptomycin, 2 umoles/L. L-glutamate,
2 pg/mL insuling FH7FeE wigAS AREsle 37°C F&% CO,
incubator(5% CO0,/95% air)ollA] Wl FSIATE M7} vi Al <]
70-80% = =PA phosphate-buffered saline(PBS, pH 7.4)2.Z Al
Fo] &8 Aol ¥ 025% trypsin-2.65mM EDTAZ *]2]s}
o ALE AT S 239 vl 2R, s}
A= MES = MIT assaydHOZ =431 TH20).

Total cell lysate

MDA-MB-231 MZE 1x10° cells/dishe] E=Z 100 mm dish
o] B3t} 2447F wilF &, 1% charcoal-stripped FBSE- &
-8 DMEM/F12 ¥R & serum deprivationste] 3ol $ht-d o
H AEES] adE A4S Th Serum deprivation ¥ 5Lt
EFEES 0,5 10 2 20ugmLe] =2 H7kste] 2487 &
QF AlZE wigsilnh A2 Sl FHIE el Wi AlEe
Z}7F8- PBS(1 mmol/L iodoacetic acid®} 1 mmol/L phenylmethyl-
sulfonylfluoride(PMSF) ¥3HZ )73 scraper® MEE 35}
YA E2] (2,000 rpm, 2 min, 4°C) 3FATE. Pelletel] lysis buffer(20
mmol/L Hepes, pH 7.5, 1% Triton X-100, 150 mmol/L NaCl, 1
mmol/L. EDTA, 1 mmol/L EGTA, 100 mmol/LL NaF, 10 mmol/L
iodoacetic acid, 0.2 mmol/L PMSF, 20mg/L aprotinin, 10 mg/L
antipain, 10 mg/L lupeptin, 80 mg/L. benzamidine HCHE 3 7}3}k
o] 4°CAlA 407 st lysisAll &, A EE et e
< FHste] AFe AR w7 -70°Col AT

Medium concentration

foF 22 WHo g AEE AS te T
UE F2E2 0,5 10 2 20ugmLe] 52 st MEs
wFsFITh. 24A17F 90 conditioned mediumE FoF4 Amicon
Ultra-152 ©]-8-3}] centrifugal ultrafiltration(3,500 rpm, 40 min, 4
°C) WHo R 1008] FS5AZCE @ F5= BCA protein assay
kits o]%o}oq ‘—_1]6] ]’M

g3 wiAel T=

Transwell migration, invasion and adhesion assay

A L] oS ZAVSIZ] 2181 transwell cell culture chamber
£ AFEEIITE WA transwell membrane®] ©FZES 0.1% type
A gelatin® 2 B3 T transwell cell culture chamber®] o}l
ol 0.1% BSAZS 3718t 1% charcoal-stripped FBS-DMEM/F12
iR &, Sl = A2} SE3vE FE2ES Hriste] 37°C
A 4N 7F B9t wikstAt). Polycarbonate filterS S3f )53+ Al
¥+ hematoxylin-eosin staining "o Z JAFIH L o]FH Al
xo] e @A (x100) o83kl H gt

Invasion assay= matrigel®] P|2] F¥ ¥ Matrigel invasion
chamber(BD Biosciences)S A8-5t¢1 transwell migration assay<}
7o o g Fsiqrt



1::—1,] zz

Adhesion assayS $J3ll Type-l collagen coated CytoMatrix Cell
Adhesion stripdl] AXE E53l3 5FUE FEES 0,5, 10 2
20 ug/mlr] TEE Friste] 458 BRt BlYgSIAT) Stipe Ca¥/
Mg & T3 PBSE 23] A+ th crystal violet 8-2(0.2%
crystal violet in 10% ethanol)>.Z 5%-7F FASIATE F2E M
£ 570 molld FFEE o A3k

Western blot analysis

Cell lysate(50 ug protein)9} conditioned medium(100¥] &3,
50 ug protein)S 4-20% = 10-20% gradient sodium dodecyl
sulfate polyacrylamide gel electrophoresis(SDS-PAGE)Z. 2] 3}
polyvinylidene difluoride(PVDF) membrane®ll ©]-&A]|Z T Mem-
brane< 5% non-fat milk-TBST(20 mmol/L Tris-HCl, pH 7.6,
150 mmol/L. NaCl, 0.1% Tween 20)°14 1217+ &<t blocking@t
Ths TBSTZ 10#7F 33] 3791tk Membranel MMPs, TIMPs,
uPA = VEGF antibodyS H7FSFAL 4°ColA 16A17F &<F wit
alo] antibodyS E<¢l %, TBSTE 1027 33 A7k 2 &
membraneS  horse radish peroxidase(HRP)-linked — anti-rabbit,
mouse, &2 goat [gGE H7Iste] 1417 wHHEE 3 TBSTZ 10
74 338] AT} Antibodyell A3 ©RES] signake immo-
bilon western chemiluminescent HRP substrateS ©]-83}] 7}A] 3}

o] ERARIE

IR EAFS molecular weight standard®} H] WS

Gelatin zymography

MMPs &S ZAFSH| 918l 5%% conditioned mediumS

0.2% Aztglo] x3tE SDS-PAGECIA 719538 F renaturing
buffer(2.5% Triton X-100)Z 30%4 2 AL F, 50 mmol/L
Tris-HCI(pH 7.5), 0.15mmol/L NaCl, 10 mmol/L CaCl, 0.02%
Brij355 X3}sl= developing buffer® 37°CollA] 48A17F &<t 1t
SAIAY. ¥Hgo] 1 AL 0.25% coomassie brilliant blue solu-
tion® = 2417 B GAE o &, gAse] Aejrle] E) A=

= dEsl

Real-time PCR

HEZE o8 F&9 53 HE FE2EE 23 total RNAS
Qiagen RNase mini kit(Qiagen, Hilden, Germany)S A}&-3le] &
2]3IAHk. RNAQ pg)= Superscript 11 reverse transcriptase(Invitro-
gen, Carlsbad, CA, USAYE ARE&3te] 42°ColA 1A]7F 45% B4,

Table 1. Primer sequences used form of PCR amplification

mRNA Primer sequences (5'-3")
MMP-9 Sense: GCTCTTCCCTGGAGACCTG
Anti-sense: TTTCGACTCTCCACGCATC
ICAM Sense: GCCGGCCAGCTTATACACAA
Anti-sense: CAATCCCTCTCGTCCAGICG
Inteerin-a2 Sense: GCACAGCAATGTGGGAATC
& Anti-sense: GGCTGAGTTGCAGGTGAGA
B-actin Sense: GAGCCGTGTTTCCTTCCAT
Anti-sense: GTCCCAGITGGTGACGATG
PA Sense: GCCATCTACAGGAGGCACCG
u Anti-sense: GGGTAATCAATGAAGCAGTG
VEGF Sense: ATGCCAAGTGGTCCCAGGCT
Anti-sense: CAGGGTCTCGATTGGATGGC
GAPDH Sense: CATCAGCAATGCCTCCTGCA

Anti-sense: CTGTGGTCATGAGTCCTTCC

o] 917ke] F A £ MDA-MB-231 4| 2] o5, 38 % F-2of) m X &= J & 215

)3 70°CAA] 1558 B9 HESAA cDNAE 4 5 real-time
PCRS 33315 th. AME-SF primer= Table 19] A3 T

SHXE|

2 A7 EE B4 A= meantSEMOE LRSI 5
¥ Ay= SAS(Statistical Analysis System) Window 8.1 Z=Z
2% (SAS Institute, Cary, NC, USA)S o] &3lo] B4 #3190
™, 7 ddte] HaAZe] o4 p<0.05 =014 Duncan’s
multiple range testell £J3l #4135} Th.
dot f nE
SSUE FES0| MDA-MB-231 M=Ze| olg ¥ &=0i O]
Xe= HE

PHol= GAlEL] AEE 71§(extrace11u1ar matrix; ECM) %
3, o] 2 & Y o|F, GANEL A7 19 2} AL B
g o]FJFTH21). TEFUE FEEC] MDA-MB-231 A2
]oﬂ VX E FFE A flste] WA transwell systemS At

gato] Alze] olF B Ffol mAE TS AT MDA-

MBz31 MNEol| 5ZFUE FEEL 0, 5, 10 E 20 pg/mL=E A2
taL 4XZF BRt ol 5d Ao 5 RIS A3 s3E F

ol
H

Z52 MDA-MB-231 AlX9] o]5& s oz aAS
A CHFig. 1A). E3H, Mxe] 718 FES 2 U#Z] matrigel
2 F¥®F invasion chambers AFE3le] 15A]7F 59 MaZe] 3
& AHE A9 Az HE 9N FRYEH T 7Aags
A ek Fig. 1B). 23}, 22 A7 B SHUE FE2ES A
S ol Ao FHol= oudt FFE VXA F= AL
2 YelstthFig. 10). o1& 3 ﬁFJrE— 8 T2UE FE2EL A
EEAo] YoWA FHLAES] MDA-MB-231¢] ol ¥ H&
< YAlst] gxlo] JAA= 7H'ﬂe‘f§ F e T2 AV E £

282 AT,

S=U4E FE20| MDA-MB-231 MZS| MMPs, TIMPs 1
2|1 uPAS| =H[0] O|X[= A&

ECM9] #alle dxlole] Fogor AEdA A4 #H]
H& TS proteolytic enzymeoll ]3] ©]Fo]Z1tH(22). ECM2]
el #dste FoF AR MEY J1EY FEEES

Ballgte 2490 MMPs¢} plasminogene plasmin® 2 &/ 814
7 Az 71de) BE FEshe wAt ATHY). SIUHE F

ZE°] MDA-MB-231 A ¥9] o]F % &L Alsienw &
d FAR] FEe nAe FIFS AT MMPse] wHIS
ZAFs7] $15ke] gelatin zymographyS 4~38$t A2} pro MMP-9
3} pro MMP-2:= 20 mg/mLe] TZUE FEES A2g 7
ul foH o s 743l thFig. 2A). MMP-92] mRNA $F< ﬂ
o15}7] 98l real-time PCRS 533t A3 103} 20 pg/ml 5
UE FE2EE MMP-99| transcript 52 F28202 ZAAIA
thFig. 2C). e FEE°] MMPs] #HIE A5 en=
MMPs®] 48 Aslshes duld= g7 TIMPse] HdS
Western blotS 3)3te] <1313t} Fig. 2B W= TIMP-1-2
20 mg/mLe] SFUE FEES AT BFlrt Phshs 3L
2 yehorn, a9ks B E TIMP2E 102 20 mgmLe] 5
UE FE2ES AT A9l folHoz Srtehe 22 e
STh TIMP-19] 7$+= MMP-99] A= A glor(14),
2 Qo= MEZA EFF, AEAPE oA 5o TE o 74|
71%& 7HAAL 1ej(23) olEe AFE W]l ZoE AohE
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Fig. 1. EJE decreases migration and invasion of MDA-MB-231
cells. MDA-MB-231 cells were serum-deprived in DMEM/F12
containing 1% charcoal-stripped FBS for 24 h. The lower side of 6.5
mm transwell filter was coated with type IV collagen. Cells were
plated into upper compartment at 2.5x10* cells/well and treated with
0-20 pg/mL of EJE. The lower compartment was filled with
DMEM/F12 containing 1% charcoal-stripped FBS and 0.1% BSA.
Cells were incubated for 4 h. The migrated cells were quantified by
counting the H&E-stained cells (A). Cells were plated in 6.5 mm
matrigel-coated transwell at 2.5%10* cells/well and treated with 0-20
pg/mL EJE. Lower compartment was filled with DMEM/F12
containing 1% charcoal-stripped FBS and 0.1% BSA. Cells were
incubated for 15 h (B). MDA-MB-231 cells were plated at 8x10*
cells/well in 12-well plates with DMEM/F12 supplemented with
10% FBS and 2 mg/mL insulin. 24 h after plating, the monolayers
were serum-deprivated for 24h in DMEM/F12 containing 1%
charcoal-stripped FBS. After serum deprivation, cells were
incubated for 4 hours in DMEM/F12 with 1% charcoal-stripped FBS
medium containing various concentrations (0-20 pg/mL) of EJE.
Cell numbers were estimated by the MTT assay (C). Each bar
represents the mean+SEM (n=3). Means without a common letter
differ, p<0.05.

ECM®| 3o #Hshs B oE T35 AR wPAE &
M EZAA EH]EH uPA receptore} A3 plasminogens plas-
min® 2 AJsIr 7| E443tE plasmine 4 - 7HHA L2 ECM
< E3fste H]J-—J ol % HES =oETH24). uPA THlE Q]
I RskE g91k7] 918te] Western blots 33t A3 5

(A) 1* 096" 0.88 0.64"
+0.08 +0.07 £0.05

* 089® 0.77° 0.61°
+0.04 +£0.03 +0.08

M, 92 Pro MMP-9
(kDa)
7 Pro MMP-2
HT1080 0 5 10 20 EJE(ug/mL)
(B) b 0o 092 058
+£015  +006 +0.09
22 DA e TIMP-1
M, , LS 213 258
(kDa) P to3s tos ton
2l —— > > e TIMP-2
0 5 10 20 EJE(pg/mL)
©
s 127 a
= a
= 1t I
@
< 08 f
E 0.6 b
E b
o 04 F
-
E 0.2 - l{
= 0 ) , .
0 5 10 20

EJE (pg/mL)

Fig. 2. EJE decreases MMP and TIMP-1 secretion and increases
TIMP-2 secretion in MDA-MB-231 cells. Cells were plated at a
density of 1x10° cells/dish in 100 mm dishes. After serum starvation,
cells were incubated with 0-20 pg/mL. EJE for 24h. 24h
conditioned media were collected and concentrated for gelatin
zymography (A) and Western blotting (B). The volumes of media
loaded onto the gel were adjusted for equivalent proteins.
Photographs of commassie blue stained gel (A) and chemilu-
minescent detection of the immunoblots (B), which were
representative of three independent experiments, are shown. The
relative abundance of each band was quantified and the control
levels were set at 1.The adjusted means+SEM (n=3) of each band is
shown above each blot. Serum-deprivated MDA-MB-231 cells were
incubated with 0-20 ng/mL EJE for 12 h. Total RNA was isolated,
reverse transcripted, and real time-PCR was conducted. The
expression of mRNA was normalized with that of B-actin. Each bar
represents the mean+SEM (n=3). Means without a common letter
differ, p<0.05 (C).

UE F55S wPA ©AY] BHS FREH O FaNZle
o 53], B2 35 kDa2] active uPA7} BA Al 43I tk(Fig.
3A). ©183F A= mRNA o= 81g 4= QISItkFig. 3B).

SBUE £220| MDA-MB-231 MZe| VEGF wHo| OJi]
= &

AAHAYG S Grlo] Ao TAT WrE o}t 27] AY
H Ax(premalignant lesions) A1 F-E] QA2 o] Aol H42Ql 3}
Aoz <QAxI Qom, vascular endothelial growth fac-
tor(VEGF)= A E#APAF S F53= 23 angiogenic factorZ
g AThR5). wEb SEUE FE=°] VEGFS ol v
A= FES A7) $5F] Western blot 2 real-time PCRS
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Fig. 3. EJE reduces the secretion of uPA in DU145 cells. Cells
were plated and treated as described in Fig. 2. 24 h conditioned
media were collected and concentrated for Western blotting. The
volumes of media loaded onto the gel were adjusted for equivalent
proteins. Photographs of chemiluminescent detection of the
immunoblots, which were representative of three independent
experiments, are shown. The relative abundance of each band was
quantified and the control levels were set at 1 (A). Real-time PCR
was performed as described in Fig. 2 (B). Each bar represents the
mean+SEM (n=3). Means without a common letter differ, p<0.05.

(A) w108 097" 053
£016 011 +022
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VEGF mRNA/GAPDH

Fig. 4. EJE decreases the secretion of VEGF in MDA-MB-231
cells. MDA-MB-231 cells were plated and treated as described in
Fig. 2. 24 h conditioned media were collected and concentrated for
Western blotting, which were representative of three independent
experiments, are shown. The relative abundance of each band was
quantified and the control levels were set at 1 (A). Real-time PCR
was performed as described in Fig. 2 (B). Each bar represents the
mean+SEM (n=3). Means without a common letter differ, p<0.05.
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Fig. 5. EJE decreases cell adhesion and decreases integrin-o:2
and ICAM expressions in MDA-MB-231 cells. Cells were plated
in human collagen type IV-coated CytoMatrix™ Cell Adhesion
Strips (Chemicon). Cells were incubated in DMEM/F12 containing
1% charcoal-stripped FBS with 0-20 pg/mL EJE for 45 min. Strips
were rinsed twice with PBS (containing Ca*"/Mg*") and stained for 5
min with 0.2% crystal violet in 10% ethanol. Strips were washed 3
times with PBS and solubilized with solubilization buffer (1:1, 50%
ethanol:0.1 mol/L NaH,PO,, pH 4.5) until the cell-bound stain is
completely solubilized. Cell-bound stains were quantified by
determining the absorbance at 570 nm on microplate reader (A).
MDA-MB-231 cells were serum-deprived and treated as in Figure 1.
Total cell lysates were subjected to immunobloting with antibodies
raised against integrin-a2 or ICAM. Photographs of chemilu-
minescent detection of the blot, which were representative of three
independent experiments, are shown. The relative abundance of each
band was quantified and the control levels were set at 1 (B). Real-
time PCR was performed as described in Fig. 2 (C). Each bar
represents the mean+SEM (n=3). Means without a common letter
differ, p<0.05.
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Fig. 6. Hexane fraction of EJE decreases migration of MDA-MB-231 cells. Cells were serum-deprived as described in Fig. 1. Cells were
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with DMEM/F12 containing 1% charcoal-stripped FBS and 0.1% BSA. Cells were incubated for 4 h. The migrated cells were quantified by
counting the H&E-stained cells. Each bar represents the mean+SEM (n=3). Means without a common letter differ, p<0.05.
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