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Bisphosphonates, including alendronate, ibandronate
and zoledronic acid, are the well- known drug of
osteopteosis. Several in vitro and in vivo reports
have suggested that Bisphosphonates might also have
specific anticancer action on several types of
tumors, such as osteosarcoma, breast, prostate, and
melanoma cancer. However, the inhibitory effect
related to cell invasiveness of alendronate,
ibandronate and zoledronic acid have not been studied
yet. Therefore, in this study, the impact of
alendronate, ibandronate and zoledronic acid on cell
migration were examined in vitro in human
osteosarcoma U20S cells. The cytotoxic effect of
various concentrations of alendronate, ibandronate
and zoledronic acid (0-100 &micro ; M) on U20S cells
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by MTT assay was assessed. It was clear that 24 h
treatment of alendronate, ibandronate and zoledronic
acid, even at a concentration as high as 100 &micro
M, had no cytotoxicity to the U20S cells.
Furthermore, zoledronic acid inhibited the migration
ability in a dose- and time-dependent manner. By the
use of gelatin zymography assays, 1t was shown that
alendronate, ibandronate and zoledronic acid, have no
effect in MMP-9 and MMP-2 enzyme activity on U20S
cell. We further found that zoledronic acid inhibits
osteosarcoma cell migration via F-action expression.
We also use GGPP pathway’ s inhibitor, GGOH, to
confirm this results.

Bisphosphonates, alendronate, ibandronate, zoledronic
acid, Metastasis, osteosarcoma
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¥ & w92tk U20S 12 DMEM £ % £ 3 & > 4 » i§ £ antibiotics 2 10%
heat-inactivated FCS > ™ 7 F cnpEFEfL # 47 2 5 (alendronate - ibandronate %
zoledronic acid )** w32 & $5 ¢ 32 ¥ 244872 | PF {4 » B~ 11 conditioned medium
% cell lysate i {7 zymography # western blot 4 7 MMP-2 2 MMP-9 /= 4 % 4p B
B0 & IR T feB~‘w %% & {7 in vitro invasion/migration assay °
2. MTT (microculture tetrazolium ) 4 45
#- U208 * B imre tk o 11 3~5x10* e A 1 24344 ¢ 5 37°C B % 16 /)
FEiS 0 4o r A enBERARL B 3F 2 5 (alendronate ~ ibandronate % zoledronic acid )
fed2 24 ) PFE(S > 2 “fﬁé‘?ﬁm wmE R A R o LA r 1 o ml M mRe s &R 10 2 s A
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3. gelatin-zymography ( gelatinase 7% t£B]3% )
7 L W% 0.1% gelatin-8 % SDS-PAGE % i %% % » BT A5 ¢ » ¥4~ §
A% 7% o P~ 16 ul sample ( v 44 20 ug ) 4c » 4 ul loading buffer » #- sample
loading & A ® » 12 140 VBT T AL o X 3 P2 {8 BRIFT > 4
» 50 ml 5 washing buffer » % % § 7% 30 ~4 48 > £ % =x o F# washing buffer
2_18, 4¢» 50ml ehreaction buffer> *~ 37°C 28 8T F B 12 B/ FF - B-F B %
f6 efrgel » 14 staining buffer 4 4 30 min > 2 {8 £ i RFLEF B % > X

densitometer ( Alphalmage 2000 > Alphalmage comp) & i* 2% -

4. cell motility » +5
F1* 48 well Boyden chamber 4 473 % > lower chamber = 7 3 10% FCS
e DMEM > #-'m % g2 7 fe e Epipk @ 4F £+ (alendronate -~ ibandronate %

zoledronic acid) 24 -] P 1S > 12 0.05%¢ trypsin-EDTA 47 #73 ‘m¥2 I * trypan
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blue 2+ 5 % e > ARisr » BB hmre (10%-1.5x10% cell/well ) *t upper
chamber » Fim?e 58 5 | P11 > BT EN S WP BB w10 2480 b FC 5
Lz 15 0 Giemsa (1:20) %4 1] FF > B8 B T80 » B Fhrz |

B fmre o e 400xBE s A T F OB owell SEH8E P 3 BARDY > #c 5 B wells ) (T4 #
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5. cell invasion % 5

#- cellulose nitrate filters 7§ % coating + 100 pg/cm® Marix gel (0.5 mg/ml) >

% laminar flow B 5z 3~5 /| B > A ¥ w% i@ 2 b O F UK B g 2 5
(alendronate~ibandronate 2 zoledronic acid )24 -] B {5 » 14 0.05% 1 trypsin-EDTA

$7 404 dmie % trypan blue 35 ¥ ot o AR 1571~ B 2R i (10%1.5x10°
cell/well ) ** upper chamber » Fm?% > 5 [ FF1L {8 » BoF B0 11 P iR B 2w
10 44 hic S A 4218 0 Giemsa (1:20) 2 1] P> Bis BT iE

oo BRI K e > B 400X BB A T & B owell SE8E B 3 BARTT

B 5 B wells » 154 fmoe ez st o

6. western blotting 4 17

F1* western blotting 7 ;% jp] €_ E-cadherin % Vimentin; 7 £ ® & 12.5%
SDS-PAGE 7 /A% & » B3 A @ » &4 » A% 7% » B~ 16 pl sample ( 3
v 3% 20 ug) > 4c » 4 ul loading buffer » #- sample denature (95°C > 10 min) 2.
{82 loading PR A S P > M 140V {F T ALY o X 53 | pFz {8 #4rT
6187 Fev #F » B E ~ k4 2 transfer buffer » #-3f £ % /& 7 NC paper
AR 5 18 % ~ transfer holder » 3 4°C T » 12 100 V& 78 F 1 ] PF2 {5 »
B~ NC paper 4r » blocking buffer> &3 8 T #&# — B -] PF o 2818 40 » — il
** TBS buffer » # 4°C & & J& overnight » 2_ {$ 12 washing buffer (TBS + 0.05%
Tween 20) '}%"'};‘ai Koo F - = 10 A4 e FHFL A~ - B Fsgt TBS buffer »

F R IT* = B PF 1S 12 washing buffer % = =t & — =0 10 & & B fs 4e > 25 ml
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substrate buffer :£{7 % ¢ & i (&1 ECL /4 &k %tk 4% ) % NC paper + 3 P
Brenband 2130 WUk ¥ F O T PR gz 0 T2 densitometer ( Alphalmage 2000 -

Alphalmage comp ) & i* %% -

7. wound healing 4 17(% © J & :# %)

8.

#- U208 fme 11 80x10%well chimse $394 A% 6 A A mie R fx v 58
% 37C 4 5% CO, chim®e 2% 5% » 2% 9 16/ > Fiwmee 2 2RI 1 %
w b JIFIVE Y By &% 0 L 4or 3mL 0 Ix PBS ritimre i d |
X PBS» F 2%z *BriExier3mL7 3 ‘_—.*ﬂ.,}a iR FE & R iR
{7 im%e starvation(Agk ik i) # 1% > Hmrie pFin gt 4 £ > R we P w I GO
phaase » %3 37°C % 5% CO, thimie 2 £ 57 » 124 X 16 /| Pis » #48 ¢ &
Yo B ER R bk o F d B £ (200p) B A b AL 4 0E
flig ot Lwd i %% > 2 3mL 1 1x PBS ‘})?‘i%li‘fém’?é’ fevxx 3 1x PBS >
F® 2% 4 *37F 2 FIER zoledronic acid ~ & & ¥ &2 GGOH ~ FOH * 2
10%%s 2 w Fenme 32 £k > MR CRPETRFY LG v SRS R
T e 0P B3 37C 2 5% CO, ecnfme a7 > T30 7  pFRF LB B dp

R &;‘f—h; v )gj & 35

2 4B W k4 A 47 (Cytoimmunoflourescence)

U208 5 % 11 50x10Y wellehim e 303 A 262 Ame dr @ » 3 35%
37C 5% CO, chamse % 447 » B4 916 B Faovezrpbdindn
+ o3 “,/Tff)bﬁ PR &% 0 4 23 mL ehlx PBS,F e fmre fs e 31X
PBS > F B2k 2 {4 > & B3 & x4t » § F # F kA& zoledronic acid ~ & % 7} 4c »
GGOH ~ FOH® 7 10%":% s Fenimie 32 %% » §337C 7 5% CO, chiwme 12
AT 0 JE24 R > TR B AR o UIX PBS‘}%“}%‘EZ:'Kﬁ v ~ 4%
paraformaldehyde & @_m*2 154 45 > 11 1x PBS;% 4 paraformaldehyde » & £ 4c »

0.5% Triton-X 100 **shakert &% 104 4% > 1x PBS ji%2=x » 4 » 7 BSAh
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blocking solution %% 304 4& » 4v » — 348 Taxes red(F-actin) ~ DAPI (nuclear)
WOEIEH 2 BF 0 15 001X PBSFE3 0 3 E o B fE R i BEREN T FED

BT EROBALT R o LR mre b 2 Rn B o
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Haipe By # 5 (alendronate ~ ibandronate 2 zoledronic acid) #+3*t 4 &5 ¥ /& % &
U20S m% % i & i 2R
9 U208 F Bimte thrl 5.0x10° chmme B £ f 24 SR Ex p o B E 16 ) B
6 %5 2 k)RR R BiE % 5 (alendronate ~ ibandronate 2 zoledronic acid ) (0-100
uM) 2 24 ) pELS ﬁ@—%%ﬁ%"f » f1 % MTT assay 1 p|imie chig 5 5 > B &% 21
? ) uM AL 5 % 3+ (alendronate ~ ibandronate 2 zoledronic acid 2. ¥ P& ‘2 iF1b $ie o

d 2% F IR U20S ‘wre h fFrapi @i # 3 (alendronate ~ ibandronate % zoledronic acid )

(0-50 or 0-100 pM)iz A Bk B FedL 2 & 3 7 ¢ 2 5 v caig % 5 (Figure 1-3) ©

BErhps M % # $ (alendronate ~ ibandronate % zoledronic acid ) ¥ £ g ¥ & %2 $xU20S

£ MMP-2 2 MMP-9 iy 4

#0208 ¥ Bimre i 5.0x10° chimve B K b 24 R AT o B E 16 | B
{6 » 14 serum-starvation AT A F ok R O EAAA B 4 2 5 (alendronate
ibandronate % zoledronic acid ) &2 24 -] PFié » JoB~ serum-free ¢ medium > 12 gelatin
zymography & 4 17 MMP-9 2 MMP-2 eh& 3 > I 7 12 MTT assay k T & ‘wm? a3
T L AL  RRE T A hme T 0 43 7 AR AR RS
(alendronate ~ ibandronate % zoledronic acid) » H m?s #74 &7 MMP-9 2 MMP-2

il P R endrd] (5% (Figure 1-3) ©

zoledronic acid #r+#] 2 3 ¥ % w7 $RU20SHE # it # cha 47
Fpig - 45 1% would healing en§ 2% > BL% U20S # J% ‘o ¥z $& & zoledronic acid (0,

60, 100 pM) EUE 24 48 | FEis > R chi 4 5 2 2% A7 H 4 4 & zoledronic
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acid JE R d M| B 7 P B anfrdsask > A P AP A o T i N 4 F zoledronic

acid ¥ 11 3 »xfrd] U20S wz ## i 4 (Figure 4) o

zoledronic acid#r#] 4 #F # & % $RU20S B8 2 @ # i 4 o4
F g~ 95 1% Boyden chamber assay 17§ 2 0 L% U20S ¥ J 'w"2 $& & zoledronic
acid (0-100 uM) e 24 [ B > B ERZ EH i 4 L P2 BE B H EE 2 &80
% zoledronic acid %k & BF 3 OB e p S o F]pt ip R # ¥ zoledronic acid ¥ 11§ #%

Frd] U208 wrz iz 8 2 45 i 4 (Figure 5) o

zoledronic acid¥+ 2 # ¥ & w2 $RU20S % 3 E-cadherin % Vimentin st 4

Fpig -~ 4% western blotting e 2% - BLZ U20S * % 'wm*s tk & zoledronic acid
(0-100 uM) Ed2 24 -] FF{s > B $rd|$r4] E-cadherin 2 Vimentin it 4 5 @2 2% &7
zoledronic acid # #r4| E-cadherin % Vimentin #* & <+ (Figure 6)° F]#* » 2% if* 2¥ 3R zoledronic
acid ¢ #ri| U20S ehgg # (£ % > v £ 4r 3 3% i MMP-2, MMP-9, E-cadherin % Vimentin
T R hRen KfEAEE o T 0 A ke o P A e B W BLBEH R S 2 3y

Wag - AR

zoledronic acid¥r4] A %5 ¥ B to % }RU20SH # it 4 4 45

8 U208 4 f B kw1t 80x10% chimie B 4 F 6 A4 E T 0 2% 16 ) P
e bt te o AR S E W RN - i 2 BRS¢ 0 12 2 ek & 5 zoledronic acid (0, 25,
50,75, 100 uM) = % 10% *a2 s Fchimie s iR AL > £32 0261224 [ FE 7
PEREE S AW URAR AP R B 24 R BT }E} ENA) o Ppe BT 0 LT R
£ 9 zoledronic acid * "EF kA B 4e > Himre (T s Bdoa 4 PR T E 0§ R R E )

Ao dpkEdo § ‘—"%}@ﬁi&iﬁfﬁ (Figure 7 ) »
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GGOH ~ FOH #&4g zoledronic acid$r41] £ &g ¥ & ‘w2 $kU20S# #+ it + 4 7
"$ THBBER7 kR zoledronic acid #3tU20S A #ar 4 B8z b A { gF ¢
e r A R ERGERRA EARE2Z P FAS > GGPP & FPP H 724 F# GGOH
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Figure 1

MTT assay—Alendronate
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 9
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