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Abstract

The purpose of this study was to examine the anti-metastatic effect of Juniperus chinensis extract by inhibition of
galectin-3 expression. For this study, we carried out the experiment of galectin-3 expression assay and in vivo metastasis
mouse model bearing colon 26-M3.1 lung carcinoma, and also MMP-1, MMP-2 and MMP-9 inhibitory assays relating
metastasis mechanism. J. chinensis extract significantly showed the inhibitory effect of basal expression and MNNG-induced
expression of galectin-3 in colon 26-M3.1 lung carcinoma at the all tested doses (5, 50 and 500 xg/ml). In case of the inhibition
of MMP-1, MMP-2 and MMP-9, the weak activity was showed at the doses of 50 and 500 pg/m{ and was not detected
at the dose of 5 pg/ml. However, J. chinensis extract significantly showed the anti-metastatic activity on mouse mode bearing
colon 26-M3.1 lung carcinoma. Therefore, this study strongly suggests that J. chinensis is a potent inhibitor of galectin-3
expression, and holds great promise for use in inhibiting metastasis induced by elevated expression of galectin-3.
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N E AE 9 AE7)Y 4E2He, % A Holo] Tofalt
Aoz deA Utk EF AlEZY} NE E= AlZL} 7]E
24, Aol o] Ao Fa3 4T st Q& B ofYeh AE
El& 274 Feo|th(Gabius 1997). Thget H 5 220 9] AH(apoptosis)ol| = TRttt A Qrh(Plzak 5
we) Bejg g-geEAol=-Aguude) ofulal A 2001; Yang 5 1996)
go] A=AL Hngt o 2 AolE|glon, f-ZAEALO] Z| L dTtof| 9J3}H, breast carcinoma, chordoma, thyroid
£A% A9, U ER Y A%, AR 5 ERRE  carcinoma @ 7]eh THLOA galectin3) S3E0] Aol
T2 2Z oA 27 Eo|xd ¥ vhilA 2 drAE T Qi 9lo], o] & L Ak markerE ARE0| 7]—-—-?5]— Aoz
(Hughes 1999). @A|7HA] galectin 9EF7F 9r& A on, BHuEo] QtiColi 5 2002; Juliao 5 2002; Song S 2002).
RO WP o 14-36 kDu o] i cloln] W Galecin3& BE $59] SHAIE B4 9 oo} petstel 1
2 EAgt} Galectin F22] Al2ZL]7]Z(ECM; extracellular AHA1 €] EP‘E‘H 2 9 mRNA =20 o} st FAS 7}
matrix) 3 2] Holet WS WAS 7 el daminin) AR Q= AORE olu] e A lthHonjo 5 2000;
of i3] =2 FHL 1AL glojA(Woo 5 1990; Woo Nakamura 5 1999 Plzék 5 2001). w2tA] galectin-3 & 2]
5 1991), AlZ9o] A&, B3}, vl @t Y (embryogenesis), A Z- AA|= LAES] H-S(invasiveness) H A o](metastasis)S 2
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At 4= AchBresalier 5 1998; Honjo 5 2001; Yoshii 5 2001).
olglo] Al We} Y o Hejmre Holakey
SUo1H FRT ATL SH HLES ol A MMP22} MMP9
7} 71Aeke] Bofo] WA AL s Ao FA
It Azzam 5 1993; Tester 5 2000). w24 MMP-22} MMP-9
9] A FA|, HAEZY J-&S viANste NEZL71E Y 1t
N5 97] 9 dFolata & 4= Qlrk 2 Aol 9
st of g TR/ & Y DA A MMP-10] T o
Ren, 53] e e A H AY FollA Aol
Fa% 9L sH(Kim 5 2010), MMP-19] & o] 4
9 dA Y] B WMFFE galectin-39] AR HEcH
(Kim 5 2011). =, galectin-32] W2 9bAf|3Z 3 H O] PAR-1
(protease activated receptor-1)T} MMP-10] W& & o] FA|E
o] A& % Hojo] #ost= AemE A= YEh
MMP-19] 72L& galectin-30] FAIZY FF E Hold
Fa3 AL dt= Aoer HuEHH. wEhA galectin-3
o A= o HMolol FAY Ao AgEY, L HAE
B O 2 galectin-32 A5t AHE O 2L epigallocatechin
gallate, citrus pectin 3= @ curcumin®| 2 315 ¢} tHDumié¢
S 2002; OBrien & Kay 2011).

FUF-(Juniperus chinensis)~ Z8¥ U E 3K Cupressaceae)
ol AFESRA 20 m FEZA Aeiel, B2, Ju
= Y ofAJo} Ao BEEO| Ui, FHoA=
o]-gste] 3, 7] E FutElAs BEFY HEF,
mhzl Soll AREH AL th(Bae 2000). ol A= b

AAE EY, T, AEF AHEEo] gth(Yook
1981). 2ol &2zl 7o A dan2 = F4itst
F % gt anrt dEA lck(Bae F 2005; Kim 5
2008; Lim 5 2002). o] 2|3 A&HE& Uetll= 42
+ cedrol, quercetin, isoquercetin, naringenin, taxifolin, aromadendrin,
deoxypodophyllotxin, catechin, epicatechin, myricitrin 2 hinokiflavone
ol €A Uk A8 F2 GAHLE cedrol> IAFZ
B(Kagawa 5 2003), (Al 5 1996; Jin 5 2012; Loizzo
= 2008) 2 FHgH(Manter 5 2007) BHS 7R3 9o,
deoxypodophyllotxin2 A o] & &P Aol T E = matrix
metalloproteinases(MMMP-9€} MMP-2)o]] thgt A& S 2=
Aoz A Itk(Suh 5 2009). 71 HH2] quercetin, isoquercetin,
naringenin, taxifolin, aromadendrin, catechin, epicatechin, myricitrin
9 hinokiflavone 5-9] JEELS FAIS A S zh= oz
B3 Eo] itk Moon 5 2000; Lim 5 2002; Bae 5 2005;
Woo % 2005).
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1. LR FE2 A
FHE= 20109 =0 AT EEH 2T G A
ol G A3t 2715 TSR A3t 271 10 ke A
dsto] JAle2 AlZ $ 30 £ 9 ethanol(99%)& 7Fste] 70T
o] 2rojA SRR ABINA 1247t 2L 33] whESte] =
£ 2 ZF93=(R-205, Buchi, Switzerland)3t & ZZAAZR
(ALPHA 1-2, Christ, Germany) s}o] 3o 2EE(F5,
590 0% SEaRT) o] FHEL 4To] HASFHOT, AL
Al DMSO°|| = A|lg22 AR5t

2. Galectin-3 A5l

Galectin-3 A3 €/d B 7= Dumi¢ 5(2002)2] #H-& o]-&
SRtk A& X7 24X|7F Aol colon 26-M3.1 lung carcinoma
2 tissue culture dishes(60x15 mm)o]| & £35}o] v SstH 1L, o&F
A= AsAIQ] MNNG(N-methyl-N'-nitro-N-nitrosoguanidine)
5 pMI}F YR FE2EE 5, 50 E 500 pg/ml ZH2E A 25t
24A7E FRE =S AR 2447 22 & A|ZE FFSH
lysis(1% Triton X-100 in 5 mM Tris/HCl, pH=8.0, 15 mM NaCl,
2% Na-azide, 2 mM phenylmethylsulfonyl fluoride) A]Z T} SDS-
PAGE(12% polyacrylamide gel) A7l &, western-blot-S A A]5}
o] galectin-32] A3l A& A3} T) Galectin-3 HES ¢
3} anti-galectin-3 antibody(culture supernatant from hibridoma
M3/38)+= 3% BSA 35-% TBS buffero] 1:502 3]A3}o] AR
)99 31, alkaline phosphatase-labeled secondary antibody == TBS
buffere] 1:2,0002.2 3]A3%t goat anti-rat [gGS ©]-&3} Tt
chalg o] &ko] fole (.02 g/ £ 5-bromo-4-chloro- 3-indolyl
phosphate & 0.04 g/ { nitro-blue tetrazolium®] $H5-% 0.05 M
Tris/HCl(pH=9.5) 2.2 3}it}. Thlal o] okS UMAX Astra 610P
Scanner(optical resolution, 300x300 dpi)2 =73}t

buffer®} A& 2 w7} A Y= wellof] 20 2] MMPsE A7}
3ted 37T A 6087 vH-2-3lgth ¥ & thiopeptolide 7]
A 20 1S H7FsR] 37CAN 087 WhSE T, 405 mn
(Microplate reader 3550, Bio-Rad, CA, USA)o)| A &35} )
AU ZFEZE N-isobutyl-N-(4-methoxyphenylsulfonyl)glycyl
hydroxamic acidNNGH)E AFESIE L, 5= 13 Mo 2
sheich

4. g ™ol o™l =3
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oF o] AA A= colon 26-M3.1 lung carcinomas ©]-&
3t BALB/c TR F4F o] HellE o]-8-3F3IrKSung 5 2006).
Z A& T 24X)7F Ao colon 26-M3.1 lung carcinoma Al 3
(1x10° cel/mouse) & AMZA 5} H T, SR 2SES 1, 10
4 100 ngkge A= 2¢ HASE 134 F 33] T3]
o FAdET o= FH T MMP #8421 NNGH 2 mg/kg,
SAYRTL S E MMP-2 stimulator?] relaxin 1 mgkgS 710
229 7402 194 £ 33) Eofalnh B9 R 25
o] MMP A3 7|Ax BAE B7FsE7] 9181 relaxind}
NNGHS| #8%0] 8 relaxind} FLHF 2228 HEEoe)
ot} Wk AREC] 149 T thes] HE HEsto]
Bouin's G-olo] 745te] FolE AR YLrE Z4stod
A& Rolsha] oo tiRET} vlmate] o Fo) oA Euke
=xatgck

of

5 SH 24

Als] Akl EAE AL SPSS 2 1W(version 20.0.0)2
o|-gste] P P HEZHXE Fotch 1F 7H 9
FAAE A5 {15t p<0.059] FoeEom YYURA
H-4](one-way ANOVA)S AHA|ZE &, Duncan®] o5 ¢] 3
7 ¥H(Duncan’s multiple range test)& ©]-&3lo] AlEAHAZ=S 3}
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1. Galectin-3 Xsli Sz}

HE 5204 TR ok 3229 glectin3 Ao}z
£ western-blot 0.2 thlZl o] iy A =E 3015} th Galectin-3
9] &g upregulationA|Z 4= = FAAHZREZ 2= alkylatin
agent®] MNNG 5 1ME o]83}¢ltt. Fig. 194 Hi= upe}
Zro] MNNGO] =25 colon 26-M3.1 lung carcinoma+ =2
24 A7t 30| Z5HA galectin-37} oF 28] F& EA YHO| F
= AL sk FUF g FEE9 AHEL 5=
OEH O 2 galectin-39] YHAFO| HAaTE E 4 Aden,
HiRIEE A2 E 2t Al EE galectin-3 THlE LA 7
2AF T &, 22 AlZ Y] FUF FEE 5 wg/ml A
2 western-blot Arof] YERE 9 A= o] At A (relative
area)H| 7} 0.90] o m, FT FEE 50 £g/mbe} 500 pg/mlA]
gZolA= 22 06 E 0.59] Al HA M| (relative area) S LHEL
Yol 5= ojzhoz Fun 228 Ao g glectind
oA EIF Uehith BE FUT 2B Helsh W
MNNGE SA10] Aalet Zol e tag A% of] galectn3
whal wrEerol A Uretonk, ke 2280 ofat of
Al E37) B olEdo s BRET, B APE, Prn

i
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Fig. 1. Inhibitory activity of galectin-3 by Juniperus
chinensis extract using colon 26-M3.1 lung carcinoma cells.
Lane 1; Control, 2; MNNG (5 #M), 3; MNNG (5 1 My+Juniperus
chinensis extract 5 pg/md, 4; MNNG (5 M)+Juniperus chinensis
extract 50 pg/ml, 5, MNNG (5 1 M)+Juniperus chinensis
extract 500 wg/ml, 6; Juniperus chinensis extract 5 ug/mé, 7;
Juniperus chinensis extract 50 pg/ml, 8; Juniperus chinensis
extract 500 ug/ml. (A) Western-blot analysis of galectin-3,
(B) Densitometric analysis of the amount of galectin-3. Values
with different letters above each bar are significantly different
(p<0.05) among different treatments.

FEE YAIZAA Tdo] FA Hol e galectin-39] A
she SR 0] AIE 2204 SelERon, B3 Bte ¢
W5l MNNGe}F 22 E30) )3t galectin-32] 1}H&(over
expression) 2 AA|sH= Ao 2 Blo] E gt

2. MMP-1, -2 ¥ -9 §4 M A&l &1t

P ofehe 2252 MMP fAo] tigh 23 2¢] oA
= 2H3IHck MMP 845 S04 & Mol 71
o] B-& a4F MMP-1, MMP-2 9 MMP-99] tfsto] 2|3
Al A3 aE 5743 23K Table 1), MMP-1¢] thgt #|sf
4L A 5% 5 pgml, 50 pg/ml D 500 pg/mbol| A 22t
0%, 12% X 30%2] Asjazs et ity MMP-2of tisf
A Y AF FEoNA 22 0%, 28% E 46%2] A mat
£ UEHH I, MMP-9o]| A= Y A sZollA 22 0%,
24% 4 39%9] A ans Yehich 3 T/ MMP a4
o] thgh ICs) gh-2 B5F 500 pg/ml o]l RO 2 ALRE ST



716 0|75 - o]7]8

Table 1. Inhibitory rate (%) of MMP-1, MMP-2 and
MMP-9 by Juniperus chinensis extract

A=A Fetal

Table 2. Anti-metastatic activity of Juniperus chinensis
extract using colon 26-M3.1 lung carcinoma

Concentration (x:g/m) 1Cso
MMPs
5 50 500 (ng/ml)
MMP-1 0 12 30 > 500
MMP-2 0 28 46 > 500
MMP-9 0 24 39 > 500

Inhibitory rates of NNGH (1.3 #M) as positive control inhibitor
were 81% in MMP-1, 90% in MMP-2 and 87% in MMP-9,
respectively. Results expressed are means of quadruplicate samples.

3. ¢f M0l 9Nl &H

FHF ollTE FEE9 galectin3 5 MMPsof| tigt in viro
oA mfof 93t ¢oF AHo] JAaTNE &AdH] 5}] colon
26-M3.1 lung carcinoma2 ©]-83} in vivo mouse & oA o
29 ¢ Ho] AR aNE S5 FUFE F2EJ G A
o] dA] FHZ AT = AUFAE 5L UehliA &
L 29 1/52 319 tHData not shown). & Ho| AA &=
A PR FEEY Foles A2 s, s 1 ng
kg, 10 mgkg 2 100 mgkg O 2 3tHTh FUFE 25520 AF
Fof 23, 229 H2 Ho|H A2 - 57574 0]
o}, FUFE =25 1 mgke, 10 mgkg 2 100 mgkg Tt
2 27} 4243, 275 9 184719 HehE At v &
Aoz Ao H=o Hol|7h AA Y. FuHE FEE
1 mgkg, 10 mgkg 2 100 mgkg Fojof] b ¢ Ho| AA &2
ZYZ} 36%, 52% H 68%Z LEFGTE AT 220 MMPs A
3| A2l NNGH 2 mgkg Fo72 A& 61%, SAHEZTY
relaxin 1 mgkg Folt2 AA& —20%E HERHIT It
5 FEE0] MMP A3jet AFH§lo] galectin-3 A3fjof <]t
BIRIAE A o2 F5E7] 5+ relaxin 1 mgkgat FF
U 255 10 ngkeS M-E&FAT 2, 49%9] A&
Uetfo] R F2EE 10 ngked GEFA(AHE 52%)
A&t fAkeE 2/9S VrER $ick 2HH, NNGH 2 mg/kgt relaxin
1 mg/kge] HEFoA T NE 12%2] A&LS Yehfjo] relaxin
GERFAHANE 61%)ET E2 A& Uet i) o]
+= NNGHS] MMPs #|8l| & 7}7} relaxin®] MMP-2 &g 3o 1)
s W Ao 2 AR ESIT: 2y 3 2552 relaxin
o] MMP-2 &/d3}o] A glo] ¢F Hol dAaxE vehd A
© 2 Ho} galectin-39] A= ¢ Ho| A&7} Uehd A
o2 AREHIY 2 dFY 2, FUF oEE FEES
MNNGo]| oA AsE galectin-32] TAS A5t
MNNG 5 pMit R 225 5 pg/ml, 50 pg/mé 2 500 pg/
nE A A2gt oA 242 15, 1.4 9 1.19] Al HE
HE Uetfjo], JFuUF FE55 A7 o Ui 5= 9&

Concentration No. of lung %

Treatment C
(mg/ke) metastasis inhibition

Tumor control 57+5°
NNGH 2 22+4° 61
1 4243 36
J. chinensis extract 10 27+5° 52
100 18+4° 68
Relaxin 1 68+6" —20
RelaxintNNGH 142 504" 12
Relaxint+/. chinensis extract 1+10 20+7* 49

Values with different letters above each data are significantly
different (p<0.05) among different treatments.

Mo galectin3 o4 A} Lektch £t o]n] FlEAe
Z galectin-37} T&@ o] Q1= colon 26-M3.1 lung carcinoma
oA T FE2E oF AHYY B A= S ngml, 50
rg/me E 500 pgm ZFZHof| A 0.9, 0.6 2 0.52] At HAHE
Uehol, SR oghe #5380 AHAOR glectin3S
Aot 430l Sol Yt Ao BerEc & AAL B
sto] IR o FEEY NMEE 75202 galectin-39]
As) B37h eptony, dukdel o Mol WeE MVP-2
% MMP-9¢] A5 ol BaIA ol =<l As) At Lheh
U] 2gkh B3 MMP-1o] SfshE RREl Ext 94
UERYR] 9F9ko ), colon 26-M3.1 lung carcinomas ©]|-&3t
in vivo mouse RH A= ¢ o] AAE YUtk
A & AYoAe A-AH S = galectin-3¢] &J3F MMP-19] #]
3 ZTHE SR Pkt Kim 52011)2 Aol &4
31 galectin39] 3ol I3k} MMP-19] o] elA|5]o]
AHZS] Hol7h ofAlE A2 B 4 Flerk, 21 AT
7 Bastchn weEct,

o OF
S =

PR olghE 28] tig o do| A4 adE S48t
7] 5k Az =ZolA oF Aol s BAE U=
galectin-39] )3t oA 1= colon 26-M3.1 lung carcinoma
ol 23T BT FFE S unl, 0 pynt D 500
nl A2 Al, F= JEH = galectin-30] i3t AT AT
bl §H, oF Ho] Bl gl ® ThE BhjuE MVP
a40] et 911 AR ATE 2T AT, PR 32
E 5 pgml, 50 pg/ml L 500 pgml ] Al AHZ o2 MMP-1,
MMP-2 % MMP-9 &40 el 2] 219l As) ke



Vol. 25, No. 4(2012) LR 22 20| Galetin-3 3 717

UERton), et @402 BrERl= Z5Hic Colon 26-M3.1
lung carcinoma ©]-8&3t in vivo mouse R A TR F&
2 Bk oEH ez Ho| oA avE YEhfgla, MMP-2
43t 242 relaxint HEF A, relaxin®] 7|50 F&F
S WA o= Aoz Yehytth webA in vivo mouse EE o]
A Uehd ¢ Ho] oA BT galectin-3 A2 A5 &b
2 AIgFHDh
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