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LT RS 'ﬂt“ Fard e FIP-gts 39 s 74| MMP-2 s > @ 7 e

# B F"# M) o Bt pE s A e FIP|E = FIP-gts 3¢ 7 % F Nm23 #7%%
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Inhibition of Lung Metastasis by Fungal
Immunomodulatory Protein, FIP-gts,

from Ganoderma Tsugae

Jiunn-Liang Ko

Chung Shan Medical University

ABSTRACT

A large number of polysaccharide and triterpenoids of Ganoderma lucidum
has been reported to inhibit the growth of tumors. Fungal immunomodulatory
proteins, FIP-gts, were found in Ganoderma tsugae. In this study, we expressed
and purified the fungal immunomodulatory protein (FIP-gts) in E. coli. However,
the effect of FIP-g#s on cancer cells has not been characterized clearly. Metastasis
is one of the most difficult problems in cancer therapy. In wound healing assay, the
level of motility have been decreased by the increasing concentration of FIP-gts in
the previous study. In order to confirm the effect of FIP-gts, the Modified Boyden
chamber assay was applied. Treatment of A549 cells with up to 0.07uM of FIP-gts
decreased cell migration by 11% for 8 h. 0.075uM of FIP-gts decreased cell
invasion significantly. In addition, Nm23 protein and mRNA was increased by
reFIP-gts addition on A549 cells. We also observed the inhibitor of cell migration
by overexpression of Nm23 protein in A549 cells. The secreted MMP-2 activity
was notably inhibited measured by gelatin-zymography. Inhibitioty effect the
FIP-gts on the MMP-2 activity of A549 cells in gelatin-zymography assay. In
RT-PCR, the level of MMP-2 and MMP-9 were decreased but the MMP inhibitor
of TIMP-2 had no effect and TIMP-1 increased after treated with FIP-gts. To
further ascertain the antimetastatic activity of FIP-gts, we assessed the
counteraction of FIP-g¢s with monoclonal FIP-gts antibody. Monoclonal FIP-gts
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antibody could reverse cell migration by 55%. In gelatin-zymography assay,
MMP-2 activity was also slightly increased. We also observed different proteins
that changed between untreated or treated with FIP-g#s in A549 cells using 2-DE
gel analysis. We are going to identify these proteins in the future. Our results
highlight the potential of FIP-g#s in the treatment of clinical cancer metastasis.

Keywords: Ganoderma tsugae, Fungal immunomodulatory proteins, human lung

carcinoma, metastasis
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FGF -~ EGF ~ IGF -~ HGF PDGF % (Glatromanolakl 2001) Bt R
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proteins, FIPs) (Ko, etal.,, 1995) £ H G5 A @iy e & 5 i
e iRk are a- f ’“i’rﬁ&if‘%ﬁlk% v F R IR °@4P’{
FIRT E F fLiBaT (Chen,etal, 1992 ) ~ 33757 v (Lin, 1993 ) ~ 4=
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HPBMCs ) > & it 43 i%i& HPBMCs £ -] &l #%-5g tm #2 e 4 (van der Hem,
van der Vliet et al., 1995) > | & B 3 A §gk = Shiw e 3 7 it 4 pF > 1Y
*H-thymidine #|# DNA 2. & £ > ¥ 7 PHA ¥ 53 #Re > 25 3R
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feddt o R H ALK F RS DFEL e Y D g B i B DR R
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@2 A I 4 B pS3 R B R ek o
F* AS549 fmre R 5 6% ' e (human lung carcinoma ) » f¥_
58 g % 4c % § {4 (Caucasian male) *# 3% ¢ B~ {8 » H § pLogd]| cnfm e >
¥ A549 2_ p53 2 % 4 A (Lieber et al., 1976) ° @ 50%11 }+ 3 Jg e
pS53 5 REA] > AT R R - RED] pS3 (H179Y) i FlEg 7w
FIASA fmreth > B L e R { 3 REM 2 M w4 { % (Fig.3) iF
g B H MMP-2 G R b et fRsg o T I A AT e
fv? o AT R S IR v FIP-gts ¥30 9% Jp fw 92 chd i 4 o
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s dmfe i v gk £ & 15 (wound healing assay) 7 j& FIP-gts
acl P SUE S ITANE § ST SNV T
~ 32 = gelatin zymography £2 casein zymography assay 4
# FIP-gts ¥+ % % dm% MMP-2 2 MMP-9 775 14 -
4 7 Boyden chamber assay % cell matrix adhesion assay
& 7 FIP-gts $r#] A549 (H179Y) R ¥ theriz » 5t 4 o
CTERDY AR FEP L Ry (FIP-gts) ¥
BT o drdl e Sl 4 o
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BHEI=ZFAHHF
(-) BB EFAY AREE K9 £ 2 FIP-gis &8 1
1247 % 3 FIPs cha s s (1 X 548 B¢ € o FIP-gts eh4
gl (4 &R RS ) PO R AN S B
Tensgpgrdit A B r B igafe NEmp Fd 2 zéﬂ’%b
1‘#;@ = % 7 FIP-gts coding region 7 pGEX 4T-1 # JL{“ # >
A% < S Y AR I * glutathione-Sepharose 4 Fast Flow
MAcE F s £ FlP-gis fR & Fv o BT kit- @
Thrombin #- Glutathione S transferase ¥2 & % §-v FFeugid*» 3 >
F1#* p % 25 kDa molecular weight cut e + & 3o § > #-26 kDa
e GST & 13 kDa & & FIP-gts 4 3 F > Plac 7 DB g o
FIP-gts ¥) 9mg -

BA S FY ARBE R DA BT It h - 2 A
FFAREEH3ml LB 1L < & z\mﬁ—f]/,zmmﬁ e
Ampicillin (50pg/ml)z. LB broth £ 2 == » B~ 40g LB Broth
32 KR P PSS 4o~ IM MgSO4 20ml 0 Efs 4T = KoK
2L & 57 4 B~ 48355 > = #3 500ml > 2 121°C 2 151b
) 20 A 4B > B4 AP 4o » Amp (50mg/ml) 0 A% 4EAGFEL Y 4o
500ul #R &5 > LA r FPHEIFAEG ] B A F LA »
1.5ml > >t 37C 247 BT %2 33 48 E 3| ODgyp % %
A0S A TR FC Ky od WA AR 5 GST A7)
Fo gl PERE FL A Se 0 250ul e IMIPTG & 12 e 3 { e % 008
Bi30CH#FRTBAL3 P £ &FRM4C > 9500rpm 4t
w20 A 4818 0 B~ 60ml resuspension buffer (F fe) [10mM
Tris-HCI, pH 7.5 > 100mM NaCl » 1mM MgCl, > 1mM DTT > 60mg
Lysozyme }#-pi% ok = £ i 5 37C-Rip e 7% 15 » 4>
WTEAB0C o P 3 37C-kigwiEis » £ %425 iﬁ‘»i?%fr#ﬁ ik
iy Rme o AR 10F 0 F IR 10~ 4FE L0 F R 6o
2_1é % » DNase (10mg/ml)% RNase A (10mg/ml) % 40ul- >+ 37°C

o W SR
*‘\-mk[\)
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Rip g e ivH 15 A48 0 12 4°C > 12000rpm B 20 A 450 o] s e
d b F R # # i F 4r Glutathion Sepharose 4 Fast Flow
(Amersham Pharmacia) o #* P Z 89 © £ 5 500ul efe 5 B7% %
% SDS-F [ T A A% 112 BlE AR 39 % 7 ODyg BIER

®* o
R R

2 50ml - PBS % #% [150mM NaCl > 16mM Na,HPO, ~
4mM NaH,PO, - pH 73] ‘}%‘ 7% Glutathion sepharose 4 Fast Flow
column (% 2ml) > £ 2 50ml 7z ImM DTT =1 PBS * % T {f=
Bl &FE E]m? biFi o £ o2 50ml e PBS e ok )
BEL - HER AL NF0 F e 0 BlE ODyg ¥k @ 3
0.05 {4 » ¥ & 4c » elution buffer i+ ;% % 50ml [ 5mM reduced
form Glutathione » 50mM Tris-HC1 » pH 8.0] = g & 39 &% ™
koA Rk Bk E F 9 2mlo #plE A 280nm gk £ aex
kit 7@ - v gkt > HERT D SDS-BAF TR
AR

2. € 2 FIP-gts e iv

#-0D @+ 0.5 Pk plchack & Imgf & v 1
0.2 Unit Thrombin (Roche)f% % *+ 22°C-kiF T i % 48 /] pF » U
7 % GST ¥ FIP-gts Bz 4% » 304 ¢ B0 & % 55
SDS-PAGE #xr T s v 22 % » & A2 2 > R IF 4 L
Thrombin > 1 * F& %ﬁt«"r 2 #EA5 CM-52 (0.01 M sodium acetate,
PH 5.2)» GST § & & & CM-52 bt o #ft ik 3 6 6
Bt hF-d g e reFIP-ges # R ¥ 1% SDS-FF TF R
BT AIT o

(C)FLT SR B F IR A R PRSP R RSERL
EBGPRLIHHANRE

() LA D g R BBk R R R E
~In vitro # 3% 1 ﬁi’.}_*}a ﬁ&%m%;‘;%ﬁﬂpﬁ 2L )5k
Fimve ¢ $3 FIP-gts~ 5 A0 & HL4E AR 15 2 tm % 38§
MR T2 R R R R RE

(= )1 * colony formation 4 45 FIP-gts ~ % pE48 & hbg 4 fmve e

10
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W mie (1X10°) A% 6 A% s g x4t kbR (0,
0.5, 1, 2, 4ug/ml) cnFIP-gts + 5 pEAE & hEAFAIL 24 | 5 » £ $o
e i T R > uE AR 400 Bmre AT 6 oA 3TCHE R %
12 % » % 12 IXPBS ik lmie = = » f 4e » 0°C 95% ethanol 2ml
& mre P 5 ¥ FE 20min 0 §]4L ethanol {& £ e > & 4 2ml

10% Geimsa stain (* = =t K4 i R B Geimsa stain ) >

B¢ FE L 30minc wofT R AT L goRdERE R 2 AT AR iﬂ*
1 J—ﬁé:r st m”é’iﬂif‘:&o
(:)&;@ FIP-gts~ % pEdf & HEAF A2 18 B fwie 13 % 5 5 2 $tiw
vt B

C‘\

WipmE AT 60K SRR X7 RIER (0,05,1,2,4
ug/ml) =0 FIP-gts ~ 5 pERE & RESR A2 &2 B % — ~ 2 ~ =2 2 &
wie s ol amre S R 5 Memre s A BT 1Sml g F R
* IxPBS jjixim? = & » 2 {54 0.5ml <7 TE buffer » ¥ ** 3§
Imin #-dm?e =7 K > FF* ik Awe 32 £ 7% ¢ {r TE buffer
F o £ &l o] 15ml s g 42 0 3o 800rpm v Smin 0 %
F R ‘}j)a"ﬁ? FH- 0 * 0.5ml 7 1xPBS #-‘m?z 747 0 B~ 20ul e
e B 5% 0 £ ¢t 4e Sul Trypan blue solution » #* ‘w?e 3+ #ic B #icfw ¥
s o

EPRE LS R T (wound healing assay) £ 3 & %
LBER 1 p53 A T2 — g e & FIP-gtss 5 pERE &%k
@F{@w T H fmre @ e )l

W AS49 fnrz 2 R %) p5S3(H179Y irim®z a1 & 45 2x10°
Parfefiipd 243t 2P o &) m"ev\ijiﬁ‘ l,%f%i,}%@lﬂl
mitomycin C (25ug/ml) 30 4 48 1 #r4| w2 42 £ 7 0.5% FBS 2
%k 24hr nFrgliamre 2 £ o R K * g & (blue tip) & -
it P L5 HEpdgr g 5 80um » ¥ Bpimie A 24 3L £ AP o
Fhamrg £ D) BT 2% pF > B % IXPBS ikwmie > 25 2 kR
FIP-gts ~ %ﬁ%‘%ﬁﬁ thEE > & 24 B BF > 0 95%T iR F w4 4
10% Giemsa % ¢ I B Ap > MBLE ‘w8 §5 (73 o

(= ) Gelatin Zymography
#-AS549 tmie 11 1x10° BAEfE T 24344 ¢ o 1g < (16hr i2)

11
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foor A g F 200ud/4t (2% T_u_ ¢ ™z 2 MMP g+ 3 ) i
TR ERT H‘wa]‘ be kR (0,0.5,1,2, 4ug/ml) 1 FIP-gts
5 EEAR A RLATES £ 24hro X B om0 B0 IXPBS ik
fmr > % CE buffer [fie = F western 9 CE buffer] {ciw? & 12
Bio-Rad Protein Assay T & 3¢ » Rt 2% KiT 22 £ %7 30
TR B o BT REAE Z 0.1% Gelatin 2. 8% SDS-PAGE # &

By B
8 %
d.d. H,O 3.0 ml
1.5M Tris pH 8.8 2.0 ml
(38.67:1.33) Acrymide: Bis 2.2 ml
10 % SDS 0.08 ml
APS (10 mg/ml) 0.4 ml
2 % Gelatin (sigma#G9391) 0.4 ml
TEMED 10ul
Total Volume 8ml

(71 : 2% Gelatin ¥_2 2g/100ml d.d.H,O » % 55°Ci% f%)

M RRfed 2 BREE - Ro M2 BN T3 RAEEES R
TAT o dez B2 33 %727 S5x4# [0.1% SDS ~ 104mM
Tris-HCI pH 6.8 ~ 50% Glycerol ~ 0.125% bromophenol blue]) 35 3
R EE MBI §a 7T A o AT AR K {8 12 Washing Buffer [40mM
Tris-HCI pH 8.5 ~ 0.2M NaCl ~ 10mM CacCl, ~ 2.5% Triton X-100]
A F R Tk 30min 2 = 0 #X {8 4 » Reaction Buffer [40mM
Tris-HCI pH 8.5~ 0.2M NaCl ~ 10mM CaCl, ~ 0.01% NaN;]) % 37 °C
VEiR 4P K 12hr» &8 F = 2 % % 2 Coomassie blue [0.2%
Coomassie blue R-250 -~ 50% methanol ~ 10% acetic acid) % ¢
30min > £ 11424 % [10% acetic acid fv 20% methanol] 34 >
FiRL A8 B 3T wEr%% [50% ddH,0 ~ 50%
methanol §= 0.33% glycerol] » 30min > £ * I3 M Ao/& 5. 4 5 ¥
R B o

(7 )41* Boyden chamber & L% FIP-gts~ % 48 2% hhif ad® (8 4
W R e 2 i B SR 12 A BB R e

12 Neuro Probe Inc. 1} # 57 Boyden Chamber 48 well i& {7 » #&
bottom chamber 4r » 22ul 7z 7 10%FBS =3z % & (32 A 7 ik

12
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'h > 12 4] chamber £ medium % %3&f§ )> E + polycarbonate
member > 8um pore (Neuro Probe Inc.) (Z L 78 » ) 2zt #5%
%% + + k& chambere & Top chamber 3+ & + # well load 1.5x10*
cells/50ul (EwmPefasgm € ) (AL AV NG F2A24 ) (3L 7
3 Matrix Gel (BD Pharmagen) i * ** invasion 4 45 > % %¢ »
I0ul > ¥ ® B3> Hold ¥ » = ¥ 4 ] sute »fmbe o ) T
B%’/;]‘ e RER (0,0.5,1,2, 4ug/ml) e FIP-gts ~ 5 ph 4 s\ bhag
#4931 % 37°C » 5% CO, incubater 6hr » B~ 11 ¥ [ &1 polycarbonate
member ( & #azz¥L ) o Ice-cold 95% Methanol 7 %_10min ( £x %
IR IPT o Aok 0 p BRI EBA ) TR FIZH Smin (i %
d 7RG 2§ ) 10% Gemsia stain 30min (k% ¢ ?Ra 5 T >
Fhcke o BRIBRK ) 182 ddH,0 ')3,5“}5%— T A AR AR T
(200X) SEHSFEARLTF > 3FE N 3 BALTF X 2- 8 ‘mfe Hc P o
()d > 8.5 7% (westrnblot) 4 47 @ %+ FIP-gts ~ % pEgg et ¢
R Ll chim e foimbe = A - BicE A 5 M mﬁ»n
R MR e GdR A ek B e FIP-gts ~ § pERE A RLAE > e
Bri A ke > TplHFv £ 27 SDS-PAGE ~ 47 - F %
(transfer) I > % 5%2 4m e TTBS iE 7 Blocking » 1Y §-v
- 4 MMp-2 2 MMP-9 en— i3 s & » & T % - =t o
%*"—i fo— ZFMREE o &fe® ECL =4 3 K5 » % p ki
e N Few g o

13
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5 8%

- ~frs % EDREH N 0 R (AS49 2 H1299

I

) &2 1 ¥ % me (BEAS-2B 2 MRC-5) i & 2 sw#e § |+

FIP-gts ¢ %1% M im®e A 4 3 {133 4 noe 4 £ am‘mcpﬁh , F A
F P eni 1% MTS assay 1 @] FIP-gts ¥t m%e & 4 & Hofe i 5
oo 2812 001503~ 0.6uM 1 FIP-gts /od2 % Jp 2 ¥ fm % 48 |
P B {8 60 4 484 » MTS/PMS reagent ] i £ 490nm P& wx 5k 8 o
LB e 3 E K 0 1k BJE FIP-gts e 2 35 5 5 100% 0 @ %
TESL |24~ 10pg/ml FIP-grs 0% 35525 & A 5] % 97.3%91.5% ~
69.6% ~ 39.0% (- A,B) »*% 7 AL Inghml 52 FIP-gts 2 ' st 3
fs '—"fﬂ‘/‘%}i“’ﬁ PR E>FEFanLE (7 student T test 3+ 5 7
p<0.05> ¥ &5 S3- P hEg &) o

SRR ZAER SH N 9 Hiae 7 (Migration )

2

- HRREm £ A B AL BT K] §EFES T
(metastasis) » d %t FIP-gts §jfc AS49 ‘m?e 15 ¢ @& wmre | fi & 2
Fiv o B T oA Fp gzi%‘fm)?é’%ﬁf%f—‘w]“}’ﬂ\ﬁ%ﬁ‘lﬂ 5 EJ2 7 e
Jk B e FIP-gts (0, 2 ,4, 10pg/ml)fé > 41 * wound healing assay 7% ¢
PFRBRZwE ] B8R S5 FREFPFTR 4 48 02 § &
VRIER B RJR chim e ¢ SR @ 2 G ey P AREhB Bk 0 B 3] 72 0]
P SEF R R GH 4 B RJE SR & FIP-gts 0, 1, 2ug/ml 78§ 5 3
A A R ASTRIARGE L > A D7 AIZ B kR 4, 10pg/ml B
AR EHD s ¥ G - Bhlwie S @ AR % o B 96 A PEREX
{PE LG JLFIP-gts # D cnfpd PR > 5 13 2+ cndlsak 3
oom B e FIP-grs chim® F§ AMERT e fd > af e

e 4 LG AR G I FIP-gts chim?e chic g (Bl= ) o
IS SR ET LTS SRR TR X

d 2z a2 FIRE B FIP-gts 39 1] AS49 % Jglmie 15 € & e
A A 4 %Y 2 1% wound healing assay ~ 4~ B II|E &
FIP-gts 3o ¥ 11 5 sxenprd] AS49 W Jfp o ie 7% & g 4 o 9700 AR 5%
P FEE AL Rk R E 2 FIP-gts v (0,0.075,0.15, 0.30,
0.60, 0.75uM ) 74 » i i&— # 4| * Boyden chamber L% € ‘= FIP-gfs
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0 AT U mie SRl o — AL AS49 W R imrE R 8 ) PRI T
o A BRI BE IR G o BEFIRE 4o » £ 2 FIP-gts v k
B FliE 0.15uM B > ﬁfaéﬁr’#d 7 50% (p<0.05) 12} 1 AS49 5 g m e F5
B4 (Bl= A) o 5% 0 AP @ * 8 F & &% Matrix Gel
i E R I G AT > — B AS49 W R mrE TR O ) PR T (5 40
e BRI OF S > BB RF R Fed e f B cniF A 4psE 00 0 e
& % FIP-gts v kA T "% 3 0.018uM P& > Wﬁwfm 7 50% (p<0.005)
v b AS49 W kmie chE R I G e 4 0 £ 2 FIP-gts 30 ¥t
ez a4 Ramre e 4o A adr ek (Bl B) o

A549 z_ p53 5 7 4 4] (Lieberetal., 1976) o @ 50%14 F 3% g e
pS3 A REA| AP EE A - R pS3 (H179Y) 4k 7l 7 7]
A549 etk > e R { BAECEIES LS (% (Be ) 73
Wl A R a4 o B R B I ] AS49 e f e enifi
apEE s (Ble ) o FFAPITR AR LR PR E AS49/ fmrz & #
AR BEFREHES IEHE T (4ug) foEEES B
(4pg) B 5 a (BT ) o

T~ ELERRLF 2 H AS49 R e 2. MMP-2 chg 5

dm e e 4 M e lm e #1 4 i ih MMP (Matrix metalloproteinases)
7R B B s A AT I gelatin-zymograpghy A 17 dm e H A %
IMMP-2 e 130 5 2 F AJZE e FIP-gls 35 (50 § 7 ¢ B Lhwe
A MMP-2 &1 0 i@ E IR e crfd (THT g o S R B Ao
ST3R] 0 MMP-2 e i3 4 G (%P B ersg ¥ € e FIP-gts v kB 3
B (B> ) »f % kARTFIE 10ug/ml f%fyﬁ;wﬁg % ¥ MMP-2
B o Fpt daip £ 2 FIP-gts 3=v ¥ Frd]w e # &5 {42 MMP-2

o s B etE g R B g o

I CRBEPURIH ASY R R n e 71
( Metastasis ) 1p # 7 mRNA % 3§35

d 3wz fde » & 8 FIP-gts 39 3] 0.15uM k& {8 fmbe chfs &
wd I REFORE LR ES M DR LR F] S A
MMP-2 fv MMP-9 » §= TIMP (Tissue inhibitor of metalloproteinases =
MMP chgrd| ) o Tt o u & 2 FIP-gts 3% (0, 0.30, 0.60,
1.20uM ) 4 » 48 -] &8 > 1% RT-PCR 77 ;N800 enfl 538 (7 4
ol g B R F I A AS49 R ety TIMP-1 (Bl= ) & BE »
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g te > £ FIP-gts 3-v kA& Pl 1.20uM § & e 4o cfa5 > ®
MMP-9 28 (B- )J, IR e v A BT I —‘F,'z 7 TIMP-2 & i
2552 P A (W= ) > e MMP-2 e (Bl= ) + 48 % RALFrflm & o
BAR Y > VPR g R T FIP-gts $iwve i r,\"“] iy benggie s ¥
E-cadherin feim®s 't % ~ Frdlpm s B 7 B > Flpt s * RT-PCR
% +5 E-cadherin % mRNA & 8 hdk BLfR o & % P A4 ~ FIP-gis
7 kR (0,2,4,10ug/ml) 224 )P ¢ A B kR R LMER
T E-cadherin ‘FK,}Z*; Feagis (BAN) » 97 FIP-gtS T * § %R
E-cadherin i = m% 3| 5 5 % @ Prd g F B

* BB AS49 R e b aJR € e FIP-gts 18 0 % 2. p53 -
p21 f Nm23 3-v % 3R

(- )AL 7 PR &3 kB & 2 FIP-gis 39 % A549 % g ‘m7e
ﬁ”lp53 Fov R

i s 2 g RALEd pS3 RE LA ATA S o
10 LAt i e FIP-grs F-v g2 T dmre p53 eh® it A o
5 B I AS49 W R e e p53 v E 2 FIP-gts v 0.60uM
Pl 24 P PFis G o SR 40 @ A8 RIS S {7 uﬂ%—é
1§ € 2 FIP-gts %9 JE A& & 0.60uM 5 > pS3 36 2 € ~ £
WA, (B4 ) o

(Z)RS2L7 PR3 Ik B & 2 FIP-gts 3-v ¥ A549 7 % ‘w52
cp2l Fov R

d 3 p53 A E AP pS3 T EA T p2l hE

A5 @ p21 5 Gl 2 & - B checkpoint » % % &+ p2l &9 fv

p53 Bov nAILEA R 0 S £ FIP-gts -9 0.60uM 115
8/ FFts » ZIE L W41 FE (B1)

(Z)AEH RS2 ik R € 2 FIP-gts ¥ AS549 % J ‘w52 5
Nm23 3o g 5

Gid 2 e e IR Nm23 sdggded] boo & fwoe i

TR R o AL dFE A E e FIP-grs v {2 T i
J?ep\ Nm23 $-v ch% it 350 2 % k87 Nm23 3v chi L o8
i & 2 FIP-gts v 0.60uM {13 48 | p¥ {4 {r p53~p21 F-v — -
2RERH (B4 )
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Ei 15 & 2% AS49 ¥ % fm 2 2. Nm23 mRNA # R4

\\\

2% e ST Nm23 3ov fte » £ % FIP-gts 39 2 {55 P A5
e H”'Til" »F B A A mRNA £ IRFA5% fdoie o BN PEw

% £ 2 FIP-gts 3-v k& 4r 3| 1.20uM ¢ > Nm23mRNA ~ P &3 3
4\: 13 5 o £ & FIP-gts 3¢ ¥ 3 Nm23 A F LB Fv - i2m i
Plirdlmre B E 2 (B+) o

AN BRRIER 4R Nm23 39 th AS49 % g sm% 2. MMP-2
ehd BIFF

d kg H%EF £ e FIP-gts Fv ¥ M drd|imie &0 h

MMP-2 3-v E e mRNA m%‘\ e ¥ 'FI‘ Fl4e » £ 2 FIP-gts #

v 218 > w2 i Nm23 mRNA fo Nm23 3o & #LE 0 o 970 8 g

Nm23 39 &2 MMP-2 3¢ 2 RfcE 2 F 5 M o o 1

gelatin-zymograpghy 4 17 A549/Nm23 w#2 #7 4 5 et MMP-2 e85 4 &

zu 4% TIE R AL NM23 v @ 3 B8 4% 5 MMP-2 s 12

2 Bor ok (Bl-+ - ) 0 ]t f\—”ﬁﬁi%‘\» B Nm23 F-v chim?z }h 7
#VP’FHMMP—Z F-v ek IR 1E‘-rn5ﬂ', A4 MMP-2 &+ o

1~ 21 & T ASANM23 Rt 2 w0 e A 17 R
( Metastasis ) 2_ §: %8

d P E T oo A E IR NmM23 Fv himfe e > B 4p
B ¢ MMP-2 mRNA ~ MMP-2 -9 o MMP-2 /& {305 €7 > 9600 4%
TRAP R U AR 6 AR TP o B EAPFRE
B4 AT 288 0 A R Nm23 F-v chlm e fhieig 4
pcDNA shim¥e th k1t ezt » 5§ 30% =+ chim e § 5 6 el )48
4 o PRI AS49 MR imie £ I Nm23 v 2 16 0 Nm23 39
¢ BB drd] MMP-2 ch2 3 Frd] AS49 % i bm ¥e # & cnlf 2558 4 (B

£ - °
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£ 1

b im e il A AR > NN F e S A Wk g o He &
7w Bwie L2 B b 4 Rt mie B me B qp 3 (v 4
SRLI 0 fmde b LR DA fF o %i&%‘&nm’?é’ € 7 iE e ok LA B
RREGHT A TR f MY T AT MR F ( Bremnes et al.,
2002; Cavallaro and Christofori, 2001; Ellenrieder et al., 1999 ) o # {4 #& ‘w
AR D B R REFORLAEIL A EREF AN D
L33 > %ﬁ‘:’\'}%}if}% Aehzr= i & R F] o Hi"%’{'k i r§ BEF a4 h
LR AR R R B S MRS R R R S A A
& # ¥4 (Bremnes et al., 2002 ) » #7172 T ¢ MR i d £ s Kf ST b AR
e te 0 ik tiﬁﬁ.'/pr ’ L%‘:J\‘ﬁﬁ A :}%}fé,ﬁ%jﬁtl i o

LR b4} 3 S el e A hE 5 e SUSAL6 it (e 18
AT e EB A B SRR n F 42 (F2E 145mgm’) -
& *h R ,H_fa‘« B33 & A ERH = (Berlin, 2002; Ellis et al., 2002;
Shaheen et al., 1999) 5 = 384 ' & F 0Pk LA B > &4 7 o
g ¢ Fl L ¥prE @ < & > tamoxifen ( § & € 20mg/day ) f- Aromasin ( 7
£ ¥ 25mg/day)i§r5 FA % F 5 AT aromatase Fr A -7 F MR E b

s F]pt i D Prd] 5o dm e chig 45 (Brodie and Mouridsen, 2003; Ingle,
2004; Mourldsen, 2004) ; %A 1997 # Yasunari & 4 » 4p I e Tk
‘m? » (Vascular smooth muscle cell ) Dopamine ( Z & € 10umol/L) ¥
% d Dopamine D1-Like Receptors :£ 3| #uim#z 3 4 fodudg # (Yasunari et
al., 1997) ;2004 & 2 " £ W& 2 & %ﬂ%ﬁ e Ed R % - fidr
#]a ¥ #7242 (Angiogenesis ) 3L % $» —Bevacizumab ( F & € Smg/
kg)» iTh - MoK ESEDEE % H (Alekshun and Garrett, 2005;
Barriuso Feijoo et al., 2004; Labianca et al., 2004; Moses et al., 2004;
Sparano et al., 2004) - »* #F ¥ - & PHrdle ¥ p A2 £ F H R
MengpA2AEFngrloe b (IEATL g~ c g ¢
A2 & %2 Bevacizumab g & FF o o g AT I X Pl 0 F iR Rk
RI|HER 2 Bmmed Rl B2 g H R Kok RE v R
fe & B Fulp @y K3 R ook o fpAk F ¥ % Curcumin (- #&
# % turmeric > 10g/day ) #r#4] MMP-9 a4 » ki Dl drd] o e cfd 4%
(Aggarwal et al., 2003) - Falardea ¥ * #% ! Neovastat ¥ fr|x ¥ 3 2 o
MMP-2 s 3 %k i P dr 4] % o e & # 0% 4 (Falardeau et al.,
2001) ) e p W R FIRAE&RF - RhABRHRF DD ATR? oA
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Melanie * 4 & 8141 % 5-Aza-CdR (75nM)2 > 5 &% s 4 0 Nm23
promoter e% F it > @ & ¥ Nm23 £ & H 4r > @ F D] Frd| 5L w0 cn
# 4 (Hartsough et al., 2001) -

— ARk AR T2 Y B PRk hA R L S RS H = hhag
d 24 & 22 (Ganoderma tsugae) FSEME e &1L i B33 &7 5 v —
FIP-gts 23 A% A ¥ Fo pE a4 v £ 3 &5 (Hsuy,
1996) - 5 T B f2 € & FIP-gts v e B H P8 g R E
gt L wmte el 3 B REAS A 4 -AS40 W mie RIF LT o A
Bife g we BOLE w2 FIP-gts v 7 FERF T » d HAETERR
Hawmre )iy > FIRHE wre A iid dejhh g s ﬂ,é@wrﬁ]ﬂﬁf?# v 2 e
¥ hmie 2 BV e 4 T 53 0 @ dme Ao B R RN - A2 0 2
XA S A g A E e (2 R WAL ) F kB~ E
o FIP-gts =0 kR ™A JARR Y h72 b o R RARE H wre Bffﬁzk {120
R foinie 3558 4 ,T%Ai? o F]pt )*J"ﬁ#éi‘.‘iﬁ‘]f’!f.ﬁf_ FIP-gts 3-v ¥ it € 5
d BB mie A fL e 2 a BB wmie i deoar 4 Npha 4 o A F
% 3 & § 2 Boyden chamber k:iE{FimeEH s 7 BEXE TR
FIP-gts #=¢ ac 3 »cdri| 5 5 8 KBS a4 o7 AS49 ¥ bmfe g 45 o

Rho GTPases #2573 (% % # i & 457 fmPe 28 92 % ~ 'w?s % o Bb
e 4 s AR A e oA oo H Y 4R ,{;’ﬁ“gl =
$7 actin filaments ¥? focal adhesion complex #p i F~v % i8¢ fmre ©d 1)
RFF L #HE > @ vz igfaat ¥ (spreading) i 4 4 i&;‘i— T dmbe en
# >  (Yoon etal., 2001) o m¥? crfs f5 14 & 42 mPe F 28 e ~ e £
BRI 0 s AT e A AR 0 AT a0 R 1T
EFPIHRET 0 AT %P 0 AP * Boyden chamber assay B % fm 72
A i S RER O e R E & FIP-gis 39 0.15uM {27
P AEdrd) e e s > P F FIP-gts ek B % i 0.30 ~ 0.75uM PF > # IR
AS49 Pz b € 5 B E I % (p<0.005)c RERE 1 hh 7y B
ke Rk > kR %P 0.018uM B.i:i&;? v Fr g dm v S R 4

(p<0.005)> #7120 & = FIP-gts F-v ¥ 3T lwrecniz R a0 4 1+ 3 v o en
Frip ek o

% Gmre £ P K EpE 5 4o UV ~ cisplatin % ¥ 02 E i 3 @ p53 i
Fov FAE T > @ pS3 T UE T el Fl--p2l 0 p2l E e ik Gl
e13 & checkpoint (Demidenko and Blagosklonny, 2004)° @ 2_ w0 » & ‘G
I E e FIP-gfs 3ov 1 8% 2w 555 o' Meni & R 7 Ed ik
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= GlLE BF - Fla Frglimre s 4 27 S ey ¥ g LREARF E clm e
7= % o 1% Western blotting €7 ;2 > 3 I AS49 ¥ ke K aJR &
% FIP-gts v (0.6uM) 48 -] p¥is » M p53 Fv F A FFN K> 7
BT A T p2l s F FIAE N ARk P A 0 p2] St A @
e FH e Gl By BAFDIR G oA pIF S Q/“Jv (Chen et al., 2005b;
Fischbach and Settleman 2003; Zheng et al., 2005; Zollo etal., 2005) ¢ >
*TSE it Nm23 F-v % 8 2235 % Jg o %2 o metastasis 7 & + 0B B2 0%

- AS49 W gt e e ~ £ 3 FIP-gts -9 (0.6uM ) 48 /| FFis > 41
* Western blotting 7~ ;‘é T Nm23 F=v &34 370 % % 3 B Nm23 F
B4 3 S ® A RAFA, 0 Nm23 mRNA & & 3| £ & FIP-gts 3¢
(I.ZpM) Tligc2 15 %ETF#E'FF’W'T%’-% o

d % R E 4w FIP-gts 3% ¢ W4E ' 9o Nm23 mRNA v Nm23 3-
0 & TR A 4e 0 B Nm23 F-v & A549 ¥ imre BT A IE e dm e
EAH e R TS ] L e N e B A A LS Nm23 Fv o
I A AS49 R te o F iR R IR Nm23 30 Gua ¥ U Ird ke chig
BEAFEA 4 FI MMP-2 30 2B T S fos e d s MMP-2 % >
BFrF] A EAS o P35 0 Nm23 v ¢hd fe MMP-2 ehi %
Wil % (Ohba et al., 2005) © #712 » i B % I Nm23 =% 1 A549
fwfe ¥ ] MMP-2 e fhm i Bl e ie A ok o IR s
TP Nm23 F-9 hfRA Lt P F L OROR IR hdg R (Liu et al,
2005) > # A Nm23 £ REAEF - 1 jeAds o i Lh v gk o
B ir 3 A L Nm23 chim?e > 22 MMP s2 43 & % « B B ag &
(Khan et al., 2001) » #7120 4&F ¥ it &% I wre ® Nm23 30 3 #2841
R oSS I iR R s S AP SRR e T R
By Nm23 30 2 R RE P rd|imie €4 g 4 o Flpt A PR
Nm23 3+ & FIP-gts 3o #rdlim® i f it 4 PR EE & ehd ¢ > A %
AT - A 45 Nm23 promoter s dsF]F o 35 01 %87 FIP-gts 30
% Nm23 A Flea iy 51+ o

A IR e ¢ e R B FORfRRER kA fRee v
AT BN s e BAT S B R LG B d B3
m‘?}?ct‘ I §?$ B v ok fRAEE FO5 ¢ 5 MMP-2 & MMP-9 ¢
A BEPERAEF B EAP (Johnsen et al, 1998) > F]pt MMP-2
% MMP-9 h# g wie g #5 foiz » &5 B A4 12 (Curran and
Murray, 2000; Liabakk et al., 1996) - d ** serum * z 7 ~ & 59 MMP-2 §r
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MMP-9 » 5 7 £t ",f serum =7+ 3 > 3t F_F % ¥ £ B~ serum starvation =
* N E e FIP-gts 39 A2 AS49 W b & % > ko 47 MMP #14 »
¥ 12 Bio-Rad & v kAR % wedk T £ E > Mk F gelatin
zymography assay (N grld o d FHP HF T 0 F e L F kR OE
2 FIP-gts 3= # P B ¥r4] MMP-2 & 1204 > ¥ ¥ 3 dose-dependent
S G o MMP-9 fptimizik? > B B is o HiEH7 b i
B o @m % RT-PCR » 47 % & » & % FIP-gts 3-v g HBi4e A549 % g+ A e
% TIMP-1 mRNA hg » * ¥ & @ FIP-grs 3¢ 7 134 4 % TIMP-1
mRNA 7% 3 5 0 XS MMP-9O mRNA eh3-v £ » e d 3> & e &2
MMP-2 mRNA W 2. F » 5 T 2F 3 » or1l AR A 373 o ZT%;E pES "F% |
HARofe #HTIMP-2 i mRNA 2 ¥ & 5 % chZ B M5 &0 & MMP-2
MRNA = § ¥ 125 F|5E ¥ 4 » cE 0 FIP-grs 3o € 34 » ZIRIXPH
T gL A o mRNA K b o f e FIP-grs v § 47 MMP-2
mRNA f= MMP-9 mRNA 32 3 > /& it TIMP-1 mRNA > :&@ d4]4 i
D MMP 30 % iE B 3r] 0 B dn P2 cod 4% 5 o
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GEE L ST

FIP-gts )

e

L L At
1

z

fez thEg o d 2 F 2 (Ganoderma tsugae) & ¢ FINE
LL,{H A
% 1k ]%‘]"l FILT AT

7 )

| reFIP-gts o f2_ v i %
o EERE
TER L

e Y "5 ﬁﬁ%“’
30 fi &L LA & 39 (Fungal immunomodulatory protem
¢ 2 i «fl]
L lg’ I

_* 3
2
healing assay) > © FIRLSEF 4v » £ & FIP-gts 30 BB 3§ 3

Fra|imre cngg £ i
v s BB

Lodew AT B v 1 AR RS
% %&£~ 47 (wound
o k& PR itk adag
wie fd > Ay { - 4% Boyden Chamber 2 4
€ 2 FIP-gts 3% ¥ M ¥rd| i # # (migration) % &% i 4
(invasion)» 4 %] &2 0.075uM FF 2 7 i drd] 11% 2 + enim e 45
FrplmBa 4 2 5 0 A URIZ 0.07SUM BT SEr ] 95% 2 1 iim e
ER o A APS FIRIE 2 FIP-gts 39 7 3# ¥ Nm23 i 3o
3 3 mRNA /Bt e 4 > iem Eikp
IR Nm23 ¥=v 71 A549 ‘mz ¥
% o

P iR
Flamfe cnfh dog 4 (AP BT MRS
% gelatin-zymography ® B2 7] MMP-2 5 12 % 24k drd] A
* gelatm zymography = 3% i§ ;] MMP (Matrix metalloproteinases)i% H ’

Z & FIP-gts 3¢ ¢ #r4] MMP-2 ch4 i € o ¥ 4% RT-PCR 7= VL%
MMP age &) TIMP-1 4= TIMP-2 > % 38 TIMP-1 % 3| £ ‘e FIP-gts #-v
B4rH 47 TIMP-2 Bzt %1 &

Tt s T B e d -
Bt P o R kA g I
ﬁ 7B SSE 2

MMP-2 % P\?'Bé’:/'vl Fi]z\m
-

X
D ehE |

Bard FIP—gtS v fe Prd] MMP-2 s s 8 15 e

|
& FIP-gts 1 cis Fov @ fin - B4 & aﬁr TS Fov
] (FIP—gts) %
m e R B 1 s A 2
TR /z: ’ );f}r'

-
LR A BLE AS49 mre ? X | E
& @ oo Tt
MIEE ~ inf foic L e R
9i°ﬁﬂ_r_ﬂb}3°" - REGREWRES A
T - vpv%:é:ﬁv# RERA RS sy CAL -

AELP R AREEL Y FELL G
ﬁ@il‘f_ﬁ ?EE% ’ |§ j\g‘l‘%] I,()llg‘? 'ﬁ‘ = ;fj}"' 4'\3. T

' 3 3F 5 CCMP94-RD-018
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A549, H1355, BEAS-2B and MRC-5 cells were treated with various
concentrations of reFIP-gts (0, 0.15, 0.3 and 0.6uM for 48 h followed by
MTS assay to estimate the cell viability. The data are presented as mean +
SD of triplicate experiments. The data shown are mean + SD of triplicate
experiments (* p<0.05, student T test ).

FIP-gts (.ug/ml)

Time(h) Control 1

72

-
A A

Bl PHRZAEDSGH N 30 Hwef 7 (Migration) 2. 8258
Wounds were done on confluent A549 cell cultures by the pipette tip

(arrowheads show the size of the initial wound). After incubation for 72 hr,
96 hr the cells were fixed and stained by Geimsa stain.
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AS549 Cells Migration AS549 Cells Invasion
E i)
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@ @ ¢
0 0.0750.15 0.30 0.60 0.75 0 0.009 0.018 0.038 0.075 0.15
FIP-gts Concentration (LM) FIP-gts Concentration (LUM)
z ® _ 10 *p<0.05
E 100 " ‘E 100 **p<0.005
e % R
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E 60 'g 0
5 # g w
& =
3" B ek ey S »
0 [
0 0.075 0.15 03 0.6 0.75 0 0.009 0.018 0.038 0.075 0.15
FIP-gts Concentration (M) FIP-gts Concentration (UM)

Bl PURZLEASH N by HorgHa 4 25
(A) A549 cells were treated with FIP-gzs (0, 0.075, 0.15, 0.30, 0.60, 0.75
uM) for 8 h, and migration(A) and invasion(B) were measured by
Modified Boyden chamber. Cell migration were quantified with
(**p<0.01, ***p<0.001, student T test ). Lanel: A549 cell migration,
Lane2-6: Representative migration of the A549 cells were treated with
FIP-gts (0, 0.075, 0.15, 0.30, 0.60, 0.75uM).

microscope. Each bar represents mean + SD of triplicate experiments

AS49/H179Y AS549/pcDNA

(A)

e € ¢ & @
FIP-gts concentration (M) = 4,018 0,038 0.0750.150.30 C 0.018 0,038 0.075 0.15 0.30

(B)

4

B AS49/H179Y

AS549/pcDNA

Cell migration (% of control)

0.5

FIP-gts Concentration (UM)

e PU&TAAD S0 0 H ASAHITY Moo fA5 i 4 2 325
(A) A549/pcDNA and A549/H179Y cells were treated with FIP-gts (0,
0.018, 0.038, 0.075, 0.15, 0.30uM) for 9 h, and migration were measured

by modified Boyden chamber. (B) Cell migration were quantified with
microscope. Each bar represents mean + SD of triplicate experiments.
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Cell migration (% of control)
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A549 cells were treated with FIP-g#s for 9 h, and migration were measured
by Modified Boyden chamber. Lane 1:A549 cell migration, Lane2: A549
cells were treated with B 3§14k & & 7 (4pg), Lane3: A549 cells were
treated with g8 5 & 2 (4ug), Laned: A549 cells were treated with g %8
% 5 PERE & 2 (4ug), Lane5: A549 cells were treated with 48 % = bt & 5~
(4pg), Lane6: A549 cells were treated with B #§4& % 5 & %8 (4ug)

FIP-gts (£ g/ml)

0 1 2 4 10
120

100 | *

80 | *

60 |
40 |
20
0

Density ( % of control )

0 1 2 4 10

FIP-gts concentration { pgfml }

B BB & 2 AS49 W mte 2. MMP-2 f 5
A549 cells were treated with FIP-gzs 0, 1, 2, 4, 10pg/ml for 24 hrs. The
conditioned media were collected and MMP-2 activities were determined
by gelatin zymography. MMP-2 activity were quantified by densitomertic
analysis. The densitomertic data shown are mean = SD of triplicate
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experiments (* p<0.05, student T test ).

FIP-gts (1« M)
——E
M ¢ 030 0.60 1.20

VMPY e

e el L ]
e

A549 Cells

BLEN G ¥ AS49 P R e 2. e #% (71 ( Metastasis ) 4p B 5
mRNA # B3

Total cellular RNA from A549 cells, untreated or treated with FIP-gts (0,
0.30, 0.60, 1.20uM) for 48 h, respectively, were analyzed using RT-PCR
for B-actin and TIMP-1 ~ MMP-9 ~ TIMP-2 - MMP-2. Lane M: 100bp DNA

marker.

B-actin

0 2 4 10

FIP-gts(ug/ml)

BB & T AS49 W g e 2. v vt E A B o mRNA £ ILFA
Total cellular RNA from A549 cells, untreated or treated with 2, 4 10pg/ml
for 24 hr, respectively, were analyzed using RT-PCR for B-actin and
E-cadherin.
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Ab Detection 48 h
e
2t [
vnzs [
Bactin

C 0.15 0.30 0.60
FIP-gts concentration (uM)

B4 B AS49 % o imie fmJl & % FIP-gfs {8 » ‘w¥ 2 p53 ~ p21 v Nm23

v £ IR
AS549 cell were treated with FIP-gts (0, 0.15, 0.30, 0.60uM) for 48h, and
total proteins were extracted and determined by Western blot analysis.

FIP-gts (¢ M)

M 0 030 060 1.20

Nm23 )
B-actn i T

Bl B & 28 AS49 5 g e 2. Nm23 mRNA 4 575
Total cellular RNA from A549 cells, untreated or treated with FIP-gts (0,
0.30, 0.60, 1.20uM) for 48h, respectively, were analyzed using RT-PCR for
B-actin and Nm23. Lane M: 100 bp DNA marker.
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A549, A549/pcDNA and A549/Nm23 cells were cultured in serum free
medium for 48 h. The conditioned media were collected and MMP-2
activities were determined by gelatin zymography. Lanel: A549
conditioned media, Lane2: AS549/pcDNA conditioned media, Lane3:

A549/Nm23 conditioned media, Lane M: Human serum 10 X dilute with
1 X PBS.

AS49/peDNA Cells  AS49/Nm23-H1 Cells
» & 4 €

4900
]

: @
3 S 9

3 5 7 9

Time (h)
[ A549/pcDNA cells
M AS49/Nm23-H1 cells

120
100
80
60
40
20

Cell migraion (* ofcontrol

Time (h)
¥o1s % 7% AS49/Nm23 % f b ¥z 2_ ‘w2 #% (7 1+ (Metastasis)2. §2 58
At indicated time, A549/pcDNA cell and A549/Nm23-H1 cells migration
were measured by Modified Boyden chamber assay.

Cell migration were quantified with microscope. Each bar represents
mean + SD of triplicate experiments.
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