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MEZFA g 4 FPBAY qgH7F GFE FAAHE L

A7y nRAEZF AMXEF+E  phosphatase and  tensin
homolog(PTEN) #d# 2 p53 @¥2d ezt #47] &
USTMG, U251MG, U373MG % LN428& thidoe® . AsdOs
o] MEEAL 3-[45-dimethylthiazol -2y1]-2,5-diphenyltetrazolium
bromide(MTT) £38¥ oz ATAETHE Fsto] dotR AT A

- - - . - ®
Lo AZHL A¥xFE BFgAL Matrigel® EFH Transwel S
EgAA 23590y, e AN annexin A HNEZEEFSHH



g9t AHFAd #BAdE AETEFD F Z|dES9Uidgas
(matrix metalloproteinase: MMP)¢] ¥H| S A Xug G549 A
ZFe gaisldEH(zymogram) 2, XU THAEE Western
blote 2 717t 738 AsOs FEFS LotRTh AES °ojFA4
ZAd st Aoew @ dMAI|elA B (protein kinase

B: PKB/Akt)2 W9 (immunoblot)o. 8 7HA&Esle O EAHEE

2 I AEEAR APAF 2 pMelstel e Fd¥ AEFA 4
BhubA] @gren 10 uM o2 FEeA 50% ool T4 Ada
A7t vebge ZZe] AEFAAM AT YA S E(median
inhibitory concentration: ICs)® U373MGelA 122 + 11 upM,
U251IMGel A 7.0 £ 0.3 uM, LN428¢ 64 = 0.5 uM, USTMG+= 6.3
+ 03 uMe ol AES ZHoA Matrigels 3T ML
= oglxiel Hgkel U3TIMGOIA 1264 + 115 cells/HPF,
U25IMGol A 1109 + 312 cells/HPF, USTMGelA 915 + 229
cells/HPF, LN428¢14] 232 + 80 cells/HPF2 +22 YEWOH,
LN428 AEZFo|A e AFFol thE AEF H3t 30%°]st &
S Jeho] §98A AUthp < 0.001). AsOsE AT 35 A
FEA g 1 uMAAE BE AEFNAN 7-37% HHAZ IF%
o] Z+aHo] UBIMG AEFe ZLE Aty FAHE #9
atgth (p < 0.05). BY AEFUYAME 5 uM R 10 M= AsiOs
9 Exvt Z7}3e] upgl o)d] whH 3l HAFel Fadel #F



=
<
i
[\\]
1o
Mo
=
o
L
1o
N
fi
re
R
NoSE
U
FOI!
b
Mz
-%
o)
o
ije]
(T
&
@]
=
o
s
=
2
rlr

AsOsS #7713 AS 7R AEF BFA gz v]ste] 3}
Hoaom  AsOeFEol  wteEste]  #AAEAT. AlE U
MTI1-MMP %8 #AZE Western bloto2 =43}
AEF B5F AsOeE H7bsted wlFe oA 23
o A7t 2 ko ghelF sty Id HErh Zasdu W9

B Abgstel Akt 2 1 EA4¥EA A4E dWdg|vetd B



List of Tables

Table 1. Genetic characteristics of glioblastoma cell lines

and median inhibitory concentration of tetraarsenic oxide

_iV_



List of Figures

Fig. 1. Schematic diagram of cell-mediated activation and

collagenolysis of matrix metalloproteinase 2 «ss== 6

Fig. 2. Conceptual diagram of protein kinase B functions in

cell Survival and inVaSion ---------------------------------------------------- 7

Fig. 3. Structure and chemical composition of tetraarsenic

Oxide ------------------------------------------------------------------------------------------ 8

Fig. 4. Relative cell survival under the influence of

tetraarsenic oxide in glioblastoma cell lines ===eweee 16

Fig. 5. Photomicrograph of Matrigel-coated Transwell

invasion aSSaY ------------------------------------------------------------------------- 19

Fig. 6. Bar graph representing decreased invasiveness of

glioblastoma cell lines under the influence of tetraarsenic

OXide e ees . 20

Fig. 7. FACS flow cytometry of US87TMG at the same

condition With invasion assay ------------------------------------------ 22



Fig. 8. Gelatin zymography reflecting decreased matrix

metalloproteinase Secretion ------------------------------------------------ 24

Fig. 9. Western blot of membranoﬁs type 1-matrix

metalloproteinase under the influence of tetraarsenic oxide

..... esenmase e O . 28

Fig. 10. Immunoblot analysis for protein kinase B and

phOSphorylated protein kinase B ..................................... 29

_Vi..



LA B 3 ol 2B H i, 1
TR B R R R R 9
=< i IR 15
IV, T EF sttt 30
V. 2 B i s 41
Y T R U (R P 49
V[0°=|.‘__=|'___5'E.§.I ....................................................................... 53

- il =



ME A

2
4]
Jo
2

R A EE(glioblastoma)2 7 EF 92 HFUoEA A
RAEEY 50%F AAEH AAAAE A&7 £7FsT FF2
4_

gdeid itk ARE AA Bk AT ABI WS 4-67

==
o)
=
%
4y

=
22 AAS A$E 1009 vwo]n® Abd HE AFAE BF

°]
@ AEr|zel 1249 Axolth AT 243F sstayel A=

AZE A2 AsjRae] Waolth £& olgdE

g N
K
e
it
o
S e
2
£Q
32
A
p—
[{o}
(@)}
<
rh.
&=
N
Y
3l
>
>
o
£
B
fo
o
oY,
2
i

A8 el Azg g2 EFAZ U 94 ezt Axs 499
z 9oz QA FA ANHe A/} gl ¢For ALEHA
otk 2} Wallner 52%° ¢ 2 A¥ PAA Ag F AL
o] BAoA 78%7 Az FEENL 2 cm ol Adstd &
Ao xE wydie dAHMeE Ag Hue FHddoes & F
githi &9, Bashir $&° ¢, W34 2 3¢ A5E & o9

BAdA 5o6tro] AZW0E HUSE Budtel Aol T2
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MP-2, MMP-9 %9 ©}3

HA A detel §4EANGTHE ol &5,
58 9 HETF ZHA MMPY Z4=¢ AEHe 4E &
AE FHog ZAHde] FLdo AAES vHAAT Uss B
8t9 3, Nakano 5&% MMP-27} ot mFel4 FolHe

1 9zte] #Ao] FiAd Al A{epidermal growth factor:

i
ki
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n)

o

EGF) @ %2 1A}l A {tissue necrosis factor: TNF)F el ¢lste] 4
gzd B¢ ZWagrh olF MMP-2& & MMP Adds 2
2] AR g3 AALE F=slE AP-1 2F dH7L gle] X&'
A(proenzyme) AHE TFzHom ZEASHH =d ¥ (membranous
domain)& 7Fd MT-MMPel o3 &4ssol AMEEHC LF =
2 A&A He 548 72ed” Fig. . o8 54 i &
AARH 7} 2o Y sERtE @¥AF|olA] Clprotein kinase
C: PKO)9 A A4 F3iel 2& 319 FFAA AAULH
o A48 ePor ANHD Y. MMP AdAAE ¢Fo &
Asts B ALAon Fgste] Holu AFL AAsok =
2 A EEAA(cytotoxic agent)RTHE AEARZF 2 ELAAA
(cytostatic agent)2M AT Foj7t 745dH AAolg&o] £2 A
o] o]Ab#lolm 2 ul ] ek-g #F(maximum tolerance dose)E.rh= FH T
o] A & #(maximum target inhibiting dose)2 | &3t& ZAeo] #Elst
o ey dA7A JEE MMP dAA §& 25 Al 34elA
Wz ol God ozt glowA AV, L&F Fol A £
go] Zr}ete] BF FOEHATE

gu g\l BPKB/AkDE A& FFolA Bgel F7hlol

rr



e Az FlvelA 24 phosphoinositide 3-kinase (PI 3-K)

NEAL AA FRI BE BAZ Qs Fo @4F0] H

io

M 1 3}Fol & BAD, caspase-9 5& AAE S ofEEZEA X
2 o #5}M, glucose synthase kinase 3& A3l MEF7lo] &
&&= cyclin D& SAFAA AT 4 2 AE FQod o
gg st glom gElA Add”. A BFAA P E3) e
L}i= 1023 €A A2] PTEN 44 Age] 1 8Fo A= Pl 3-K
o] Hzd4d FHLdy BHEH FHE glovw, Kubiatowski &
&% Akte] Bo] AAQ LY2940024} wortmanningol A7 iLZE
AEFo|A Az AHA 2 MMP Z8E F4AARAE B1ss]

¥ integring®] 2 FE R AEITZHY o #AEk= etoposide

Ax g9 W#elAgl Thomas Fowler’t THE Fowler’s solution
(221 Fepel Aarsiula)oe] Az, AY, 2sEFE Fol AHEEHS
om 1900 ol B GARE, A, A4 ? AEF F9 A
2AZ AFREYT = o2 §7) ¥ A23%E<2 malarsoprol2 &
NAAZ AW 3EHEEZ(trypanosomiasis)l ol T A B A S
AHgE 9ok 2oyl 4% dA 2 FAE Lol §ATe w2}
Hl 4o Abgo] Ha EAEA HAZ F7EEAY FAHLE At
o] 19703t xytol wlFolA WdEAR HAGE 0] AR} FHAH

Qe ey 4babEe) A(arsenic  trioxide, diarsenic  oxide:



As:Oy) Feje) 3¢Eo] 19700 FHE FFA QAo &
71&e gz AYAHS 7HAe FAASTTUER  (acute
promyelocytic leukemia: APL)ol A 7]&¢ W& Frlete 2%
el XgEyy Bm HEA 1990dEd Eol

AARY 2Eg W] Adsgen, B3 /& FgARe Hu) o

17 2% A7 84 &%s 1Y

=
B

o]

12
ol
N
ol
B
ofl
e
=2,
=
e

o]

o QBN Kanazawa §&Y AtabsElast US7T3MG,
U251IMG, GBl 59 Z4% dANARE MET] dfa] @ Fxo
M4 28 AEAAA A7EAE A (autophagy) S BLA FFY
238 Y es nusdded o ¥isEgEe o4
Z9 Agol AEE & ASE AAEke Aotk ol Aol A
% & 2F8FAH] A (tetraarsenic oxide; AsiQg)= A TFA7F 7H5d
ZHtrivalent)e] +AE Frv| At B 24 (Fig. 3), Aadgea9s
2 B9, degd 4E8 23 don 7]E As0:98 54E
o A - EE2AFA 50 mg/kg/day7tA F o
5le] ofFel Fzpgo| FAEZA Fghi AFAAF E(median lethal
dose: LDsp)e 120-180 mg/KgZ vebwtc}, ®£3 71&9 933l
Asp039] GAEFAAG lEZEAL FE7 BE W FkoA
FTEEE F2EHY A2RAE I F(bovine capillary endothelium) &
o] g3 AFolA AHF FFRNA AFE vERN MMP-29 &

H7h gl AZEAGE.

ol

fang

>
ol
ookl

i o

Iy



o4,
wE
£
Hel
[k
it
>
I
i
Jo

g} A o]l HFol A AsOs7t AEFA
L3l oldle & KL ol9e] AN AEAMNESF MIEF
2282 AHFexS #Fs £ 753 FL2711E e

o]

A BT B3R AznzARAe AL tesde dolnad g



pro-MMP 2

- —

active
ECM » VP2
collag » MT1-MMP
MT1-MMP

Figure 1. Diagram representing a mechanism of the cell-mediated
activation of pro—gelatinase A (pro-MMP 2) and collagenolysis in
extracellular matrix (ECM). Membrane bound MTI1-MMP plays
dual role as both receptor and activator of pro-MMP 2.

(Zn; zinc atom at the catalytic site, Hx: hemopexin-like domain,

C; carboxy-terminal domain, N; amino terminal domain)
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t Invasmn

PTEN
% angiogenesis
PI3-K \/‘ glog |

1 &
Akt m@Akt MMP\9 .

Va 7o @
BAD Qo<> \\
|

[1apoptosis
Figure 2. Conceptual diagram of Akt functions in cancer cell

survival and invasion. Deficiency of PTEN suppressor gene
causes uncontrolled PI 3-K activity. Akt, a core downstream
component of PI 3-K signaling pathway, is excessively activated
to its phosphorylated form.

(note; Black arrow represents positive effect and white arrow

means inhibitory action)



Figure 3. Chemical structure  of  tetraarsenic  oxide
(2,4,6,89,10-Hexaoxa-1,3,5,7-tetraarsatricyclo [3.3.1.1%"]decane,

tetraarsenic oxide; As/Og).
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1. AEAEF AXEF 8 AGE

WMEAEZE AESF USIMG, U2BIMG % U373MGE American
Type Culture Collection (Rockville, MD)ell A #13 #-& AM§3
31 LN428 Al ¥*F+= Ludwig Institute for Cancer Research (La
Jolla, CA)9] Frank Funari 9rAF2 %€ 7]F glol Alg&lsith AX
| ¢k -& Dulbecco’s modified Eagles Medium{DMEM; Gibco BRL,
Grand Island, NY)& 7|22 2 39 AN = 10% € 8|43
Ao} % (fetal bovine serum: FBS, Gibco BRL) % 1%
Penicillin-Streptomycin(Gibco BRL) &8 #H71sle] ujgriel A
5% COp ¥4} 37C 228 FAste wlgsAr}. Bovine serum
albumin ¥ gelating Sigma Chemical Co. (St. Louis, MO) ©l A,
LY294002& Calbiochem (La Jolla, CA)l A TU3st] AH&3ATh
AsOs F2 3| AF HA A (Seoul, Korea)oll A 715 ol 1 N NaOH
o o] 0.05M stock solutiond THER oo 7ol DMEM Hl
A2 Hrlste] Zod 5 AT F 4T WA Baste] A
g8ty AHEA  =HAGNA  AEF Matrigel2  Becton
Dickinson (Bedford, MA)AF2] A& FHstel -20Ce] dF R 3}
o] Al&3stTh

2. ARNEFE NEFAA AssOse] AEEAH £ &3
Asi0s8l REAMIZTE MEFo I AEXEHEL dolraz

Cell-Titer 96 Non-Radioactive Cell Proliferation Assay Kit



(Promega, Madision, WI)& ©]&3 %t &4 As.OsE 200 uM/
100 w7F SIA dtod A HA do] Y& £ 50 pe =AMA EE
FEAMA 7 G Foll AdHA AA HFTFEE 100 uMelA 0.1
UM7AA 2 Bt & Zbzbe) g nRAZE AZFE A 4
de WEo] well ¥ 5x10° AXFE7 HA skl BFEYu) o) F
48A1 7l A 72417 A= wjgeElel AE FUREsE 70-80%6 A X:=ol
=ad AL #Fede MTT €9 15 W& #H7ste 4A13F ¢ o
A Fat ATt olel Zolste] AEMEY MTT7F F5EHA & F
stop solution 100 & F7e 2 A2 #HXste]  formazan
o2 HAFAA 570 nMoAXM e FHEE FA st AETAELY ¥

2 st 22k welle] thEFo did Add AENE FER

AREAE #XE F31 ICx(inhibitory concentration of 509)<]
AsiOs 5 #+E 9t (Prizm software, GraphPad, San Diego,
CA). ZVzhe) M EF) gt 33 W2 APste] Hazk 2 XES

e FHAh

3. Transwell& °[-8% AsOsF F 3olA AE JF%Y 54
Ztzbe] AEFAN dz2T % AsOed TEE 2dstd (1, 5 10
uM) B93 59 MEZE MEeridol 3 Matrigel coated
chamberdl] F#AA AL ALE v dAc}h Pore size?l 8 mm<d
27 65 mme Boyden chamber with polycarbonate nucleopore
membrane Transwell (Corning, Corning, NY) Sl T3 3 uj) 2] o]
154 2 8 A8t Matrigel 50 g5 2% 93 vlg] REsS A2 2

959

02
ol
=
rlo
n‘.lo{l

A7 AR RAFETHE B2 gm debgls

o} ztzte] AEFE AE 30 mmel 6-well platedll Al 60-70%9 F
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vtE2 Hjggd $ x1 Trypsin-EDTA (Gibco, Grand Island, NY)
Sl 1 mig #Arrslol Mg FAAA diojuio] FEA A 10 mlE
g asta 1,200 goll A LA st AJSHe wepbd F oAl FE A
AE AGF Arsel 1x10%/mle] =HA Axdggor et
of7le] ulg] A&W FTEI7 HEE AsOsE FH7bskel 100utE
Transwell A¢  ®Hd &z, 01% BSAE SgfdEZ
(chemoattractant) & ZH7Fs T34l 1 mlE AL 24 well plate
of w7k 37CelAd 6A17F AHX 8|3t H Tt Matrigel coated
membrane filter® E3% A EE Transwelle Zulo] Diff-Quick
kit (Fisher Scientific, Pittsburgh, Pennsylvania)2.® I AHAZ =+
ZHgd Y7 Aeos Fad 9% FU FHEA T AE
Z2 Aol & Ao AxAA, THE AXY F£F HWEE
g5} 10709 ulgAloF (x 150)o0A ZA3Y HTge T8t

W] 891 .

4. Annexin FFFAAEHAEHE o) E&T }EZTEA XY A
A55 AL AT o} 22 240 USTMG A EFE i
REANAE dotRn AR TE9 AsOss #H7tstd 64
ot wpEld Tk g AEde wel i PBS €% 2 mE
23] i # x1 trypsin-EDTA (Gibco, Grand Island, NY) &< 1
mie A71ete] 587 wjdiel Fol wjg FAlAA wofo] A
of B THAWA 5 mlE& H7Fsked 1,200 gl A A AT &E
& ugtyl & hinding buffer [10 mM HEPES/NaOH (pH 7.4), 140
mM NaCl, 25 mM CaCl1E 2= %(300-400 u0) d7}sts] 1 x 10°

cells/mle] FE7F S EE Axdgdoz vrE Z agnnexin V-FITC

_11_



(PharMingen, San Diego, CA) 5 {3 propidium iodide(PI) 10 uf

g 247t Arbele AedA Ae AU 0L HEAA §B3

=

e
o¥

) A 3 7 2 (fluorescence-activated cell sorter: FACS) & & 4] 3

> H~i

R

b

7198 (flow cytometry) (Becton-Dickson)o.2 OFZEZEA| A4
(annexin V-FITC EXAAE) 2 3AA E(annexin V-FITC ¥ PI

FAAFE)E FA8AU

A ZAMARZ wjdkste] AT FUHETF 70-80%7F EHAS W ol

FAufA] 500 plel &L 21, 2, 5
10 pM2] A v dA7H8 F oA 12-18A% Ak v get
Azdurg o] FRoZ ALSIIAT o¥A EHIE AExF 4
O 10 e FF TE F AT EFA 01% AEe 2FT
10% SDS-polyacrylamide gelel A 125 VE A4 % AA #Z st
g} A7jdFo] By AL 25% Triton X-100004 15A17F o4

ol

eA 7 o #Bd #5850 mM Tris, pH 7.5, 5 mM CaCly, 1
mM ZnCly and 0.1% NaN2)oll €7} 37 CellAl 1641 ol F£3
BES Al Zth o] 2d 2L 4 &N(0.5% Coomassie brilliant
blue, 30% methanol and 10% acetic acid)ol &7 2417t A= 4
M3t ThA] 22 R oB(5% methanol, 7.5% acetic acid)oll Al B4 A]
A dzgtelo] R ® FHuE & gk AEF 54 R M)
F Zutme] wal AsOsel B FtelA 5 pMoldellA e 18AIHE
AetEA ATEA] <3 ke L35 AEHo] MMP-29] ¥

M

- 12 -



v 7h o2 Frheh7)E shel AsiOsE AEld F 12-18A13F ol

avlga AZAAL g Ae Fsha Y FEAe 2Ah

6. Western blot& o[-§3F MTI-MMP¢] @3 Az Wi
AsiOs] 98 £A
Ztzhe] MEFE 60-70% A% FUetd f 72 AaA st 4
o Azas Hojllm iR As O AMF FE(, 25 5
10 uMDE F7M F OA] 244708 Mgt AsiOsE 3 7H8EHA)
FTE& Egsle FEER 479 AFdS ol PBS
buffer® 7o W ZF RIPA lysis buffer (20 mM Tris ,pH 74,
1% triton X-100, 0.15 M NaCl, 1 mM EDTA, 1 mM EGTA, 25

flo

mM sodium pyrophosphate, 1 mM B-glycerolphosphate, 1 mM
Na;VOQs, 1 pg/ml leupeptin, and 1 mM PMSF)E 150 A% #H7}

&) 4TelA 108 ol wEAzl & Z3kE(scraping)dle] AL
&3] A (cell lysate)S HAsIATE °l& 15000g, 4 Col 15&3F AAHE
g} alo] FE ol gy BIvrg it 44 @ §
o 5 ulZ protein assay kit (BioRAD, Herecules, CA)8l ZEEZ
of Ml HFe F 562 nMAA FHEFE FHsto dd 7

BR8] 50 pgol ©WAE 10% SDS-PAGEZ H7|94F & F Y

u{m

e 2 A2 2 ~9(Amersham, Arlington Heights, IL)2Z 50 mAedl 4
12417+ &<t transferdt3dch. Blocking buffer(5% skim milk in 0.01
M TBS with 0.1% Tween 20914 1At A& weAz F
MT1-MMP (63 kDa)?] @223 ¢ IM39L-100UG (Calbiochem.,
San Diego, CA)S 4AFAR dte] 4T WA TAA 12413 o]

SAA goHAsaAEA F-vkea oAFAZ AT F

_13_



Enhanced Chemiluminescence System (Amersham Pharmacia
Biotech, Piscataway, N)oll wt2-A17]31 & 7333l 63 kDad]
bandZ #2135}

7. Immunoblot assay$ O£ & As0s9] Akt B I Q43 ¥
dge g 93 24

ZAWANA ol AR AT MNEF As0s& AT &
=2 (1, 25 5, 10 uM) A7lsle @A H2Zlg F AEE5 pM 71E
) B FRE@IAL NE)E ARgdEs #n . o dw

ol o m hulal gols FZ3lq protein assay kitE @9

A2zt transferst@or. @ de] T4 UERAZTRZ2YE

59 skin milk® A& 4587 AFA 7 F YA8A = anti- Akt

N!

(N-19; Santa Curz Biotechnology, San Diego, CA) %
anti-phospho-Akt (Ser473; New England Biolabs, Beverly, MA)E
o] &3}l Zt7} 5% skin milk solutiono] 1:10000.& 243t 4C
Wakstel A 1247k o4 AFAAC. FEHAFELEA F-E7
ol AL A2A  IAR FX ZBFAZ  F  Enhanced
Chemiluminence System Z2EZo| wz} w171 F FFd 23
AA BEEGC Akt Q4ksle] AE-g sty flste] Y 2
o] MEFd Pl 3-K Eo] oJAAY LY294002F 20 yMe T5=

Aee F 147 Fol AE £54e ol B4 JRTOE ST

....14_



4 1

1. ARAXEF AEFAA AsiOs AEFY F= 53

AsQe7) MEMEF HAZF9 FAd vAs & Lotirl #
d p53 2 PTEN #AA Fej7t & USTMG, U25IMG, U373MG
2 LN428 AEFZ (Table 1) WHoE AZPZFNG Faradh

g olF Ay A AESHe FRe olnux =y wWA% ¥

M god AEEAgel vEA geton 10 uM o]/de F el
A 50% ol4e T4 Aslaxst Jebgeh (Fig. 4. A). 4249 A
EFA Y ICsxp 7S U373MGE 122 + 1.1 uM, UBIMGE 70 =
03 M, LNA28E 64 + 05 uM, USTMGE 63 * 0.3 uM9] €02
U3TSMG M EFAA & AExEFd 8jg] Fo3A skert
(unpaired t-test, P < 0.05) p53 2 PTEN #3 & o] w& A
o= ¢St (Table 1). i} FEAuA wMixldAs A7
o] HEzo g Qlelo] MEFgro] o]folxX A gro} HEe| AMEd
& dolry] 93te 1x10' AZE
™ (Fig. 4. B) 71 Z¥+& 24
ol A9 gtz Aol AAFUTt (Table 1). thgk LN428 AEF2 A
Qo= 24A12F ol AEF Aol AY glo] FaAFA &2 @&
o] A&HUT. oj¢t BE AAE HBOE AsiOs® TEEFE 10 uM
Mo 2 AHetn AsiOsole =F AlZHE 2@ A<M e 2473

o2 B oA Aol 18A1 ol W2 A §hel it

ket

A5 ge 2RI AEEA

O

M

N
o
()
N
>,
=)
o
2
A
oX,
ol
b4t
|o
BN
[
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Viabel cells (%)

As406 (M)

(B)

1254

—m—UB7
100K —a— U251

—O— U373
—e— LN428

Viable cells (%)

50+

25+

As406 (M)

Figure 4. Graph demonstrating the effect of AsiOs on
proliferation of glioblastoma cell lines. The relative number of
viable cells was determined using MTT assay. (A): MTT assay
was performed when cells were cultured on conditioned media
with the indicated concentration of AssQg for 48 -72 hours, and
(B): on the serum-free media for 24 hours. Each bars represent
the standard deviation of three independent experiments. {(note:
the concentration of AssOs in x-axis is plotted on log scale for

viewing convenience.)
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Table 1. AssQOs induced growth inhibition in human glioblastoma

cell lines.
) ICso (M)

Cell line P53 PTEN

serum (+) serum (-)
USTMG wi mt 6.3 £ 03 6.0 = 0.1
U251MG mt mt 7.0 = 0.3 65 + 0.2
U373MG mt mt 122 + 1.1 118 £+ 0.1
LIN428 mt wt 64 = 05 0.9 £ 0.3

¥ The relative number of viable cells was determined using
MTT at 48-72 hours in conditioned media and 24 hours in
serum—-free media as described in Material and Methods 1.
Values are expressed as mean ICso values * SDs. Data are
means of three independent experiments.

Abbreviations: mt = mutant; wt = wild-type; (+) = present; (=) =

absent; * = invalidate result.

.—17_



2. AsqOgol & AX AF59 F2

AsiOp7} REAEZF AEFojA MFEeols R AEe7Ze 3
of uAE AFE Lolrmr] Yt FFFu| A FFE HAEF
Asi0c8 EEE glste Matrigele] =% % Transwelle] 22 %
Bad AELE dujder AEsin (Fig. 5).
7

Bg Ersls AZ & BF AE & 2 SaA0 wadsez

il

o] U373MGolA 1264 * 115 cells/HPF, U251MGol A 1109 + 312
cells/HPF, USTMGel A 915 + 229 cells/HPF, LN428°1A4] 232 + 80
cells/HPFe] o & ijelkon] LN428 AEFo)A e HAFFo e
A EFo Hlate] 30%018t g& LheRHe] folskAl A ATHANOVA,
P < 0.001). Ztzte] M EFo)A As,OsF TEHE H7ISt Aw

o] AF AR 9 FEo mE Ao|F [EINUTE AMEFACl A
AE 1 uM BEQ AsiOsE #E7E3 A g% UBIMG AZF(-A
7%)8 A8 37bA AEF ZEAGA tfEid dste 13-37%9
s old 7+t 99 tHunpaired t-test, p < 0.05). 5 uM FEAE
A74A A EF BRo)A R Hlsted 40%-91%7HA] FaEAL
10 pMel s 72%-94% 2 742 Z AT (p < 0.00D). 4 AEF
ANE WA AsOs2] FEo] WE oFH A7 RFEHUET
(One-way ANOVA, p < 0.001) LN428 A ZFojxE 1 yM , 5 uM
2 10 pMell A 9 a7 747 iEe 37%, 91% 2 MU%E g4

of

A=7t 7v% Aok (Fig. 6).
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Figure 5. Photomicrograph showing U373MG cells on the

Transwell membrane, which invaded through Matrigel barrier for
6 hours in serum-free condition (x 150). The number of cells

decreases under influence of AssOg in a dose-dependent manner

(A: control, B: 1 uM, C: b uM, D: 10 uM of AsiOeg).
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Figure 6. Bar graphs showing inhibited invasiveness of four
glioblastoma cell lines under influence of AsQs (A: USTMG, B:
U251MG, C: U373MG, D: LN428). Each bar represents the mean
number of cells that migrated through Matrigel coated milipore
membrane during 6 hours in serum-free media. Each value of
given As4Os concentration was compared to the control value and
significantly affected except 1 uM of U251IMG (! p < 0.05, #*! p
< 0.01). Also, the values of given cell line show dose-dependent
decrease according to AssOs concentration (One-way ANOVA, p
< 0.001) in all four cell lines. Error bars indicate standard
deviations of observed cell numbers from separated ten .high

power field (x 150).
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3. A¥%% SAAHANA AsOg0l 23 fEZEA 29 T
AEEA AP AsOs 5 uM 2 10 uM FEAME 79 A
TEAol YenE FojAzto] ATt E #a Hu|F Aokl A
AEHNAE QAHeE otEZEA 27 AQste] A& EHo o
e FUEAE Felsly] 98t PI € annexin V-FITCE #7}3}
of ZEAFEMYPoR dolr it ELZEAL AF(HA AL
%Z annexin EA AT H&)E dR2EANA 22 %, 1 uM F5EAA
26 %, 5 uM 29 % 2 10 uMolA 1.7 %2 Feolg Ao]7t sl
AEFHALA (A AE F annexin E Ploll 25 EAE AXH&)
= gz 60 % 1 uM E=A 39 % 5 uM 60 % ¥ 10
uMell A 31 %2 AsiOp 5= Fo g FaaA7 Aok (Fig. 7).
et WAgE Z240MY AsiOs 5% 2 =E3AA A AEAA

v} o) ZEZEA 20 ¢E G wjAY £ UATh
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control 1M 5uM 10 M

HIZECED

Fig 7. FACS analysis of US7MG cells in a given concentration of
As,Os at the same condition with invasion assay as described in
Material and Method 2. The numbers of both apoptotic cells
(right upper quadrant: annexin V-FITC positive) and necrotic
cells (left upper quadrant; both annexin V-FITC and propidium
iodide positive) remain constant in spite of As4Os of given

concentration.
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4. AsiOg0l 18 MMP-2 £¥]9 &
AsiO7t REHEZF AMEF

2] A dgor A5 O Eo wE ol & BEs7] oA
(a= AAA #8) FEAMA N AsiOsE TEEE Hrlstn
MES Gzt dolilr] o] 1241kl A 18A] 2 Alolel £AE
drck Az AEFNAN veve ZaEHHE izl HlEd
1 uMel A E BA8tA @ou 25 uMoAAREE o3 a7t &
2 593 5 M 2 10 pMo.2 FE7} F7Hge weh Fli-oEH
oz Ztagel #AHYTH UBIMGS 2 AXFdAE =
A 29 w7 ZglHol Jel sge] o] &4 9 (active form)

MMP-2(62 kDa)2l & #3 4 Qe o Ffde 843E T
Tof Wastd ZAHUY (Fig. 8). th& AXFAAE Q] &
gl FRHINE gt Fe] Hol FE @E AojE T
g 5 9e A2 F2EHusL FAE Aol AN AR
Fg BYE Agode 4P A &Pk TaEHEFTHE
AS Ao ¥ AEEFUE P AsOeHF F A wE FHi

AEEs So A w a2y =r]e] Wyl dsien
2

Qe AEFe] mhE MMP-2 Evlgel wlas H@sA ik
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Ug7
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U251 68 kDn
U373 68 kDa
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C125510  As,Op(cM)

Figure 8. Effect of AsiOs on MMP-2 secretion of glioblastoma
cell lines. Clear bands represents gelatinolytic activity of
pro-MMP-2 (68 kDa) and active MMP-2 (62 kDa) secreted by
each glioblastoma cell line into culture supernatant. The
supernatant was collected after incubation with given
concentration of AssOs in serum-free media for 18 hours. A
dose~dependent inhibition of gelatinolysis in response to AssOg
is observed. All images are representative data of three repeated

experiments. (C: control)
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o
L

A3kS gelslr] Yslte] AE g4 ol duld F89 MT1-MMP
2 Western blote 2 A3} 10 uM2] AsOs & IF ol
48A17ve] Aot AEFE /) VERIEZ AEFH I EEEA X
24N 7o AE L AL FetAnh BE AEXFAA MT1-MMP
o] HEAEr} vy BA ggoew 5 yMI 10 pMAAE AsiOs
o] & &fo]l MTI-MMPS F3st #art ##=e v 1 uM
2} 25 pMelME dxFo Blste F3HE FAE 78] ojHsl
t} (Fig 9. A). AIEFd B2 gz 2de Y UTBMG
ZFoA wFo] 7b FHsAm LN428 MEFAA 7HF Ho
&= AFo] AR dRstE 27AE Btk 53] LN428 A5
9] ALdE MTI-MMP2 2@ %7} vnjste] Fhd g WIE
Balr] oYk eyt 25 pM FEolA L AtoiE #HAE

LN428 MZFE T BE AT FA Alzto] Z gl upz}
g zFol HEe] FRE A #2HAY (Fig. 9. B). Wk 3
A

# 25 M BEoNE Ad4oz Aa%t AASE FFE F o

rlr

=

ke

6. AssOs%1 &8 Akt phosphorylationg] A 3j

ordl AEeA AsOcol Q¥ mEAEZE AEF Hge H
MT1-MMP2el 23e] w3tz Akte] 8 2 Aitsteh B3] A=
%« m3 PTEN ##Azx #HAE AEFA UIMG, UBIMG #
U373MGol Hl3ted PTEN 4317} ob 83 Q1 LN428 Al EFoA] A
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&0 7Aadte e Aol PI 3-Ko| 2HEHA & 4o o3
Akte] #EF ksl WEARE FAstuz A AsiOcF A7t
A @ UziolA Akte LHEAERE MEF] @ o7} f1
Rnem aE AASA &) p-Akte] FEHLEE PTEN 13
AP B ©2 Zojrt glo] LN428 AEFoME & FHEHAL
old AgoA BF @ HAFs £ MTI-MMP HdH=ete Fo
#A 7 At (Fig. 10. A and B). WEhA WEAEF A EFo) A2
Akt 14+8lE =dstE PI 3-Ko 4 5=€ PTEN #3A dHolR
W HAEer AFEAA AudAC g BdHdY. 28y 4714
FREZ MY F 24AT st
p-Akte] S BAS 23 ol vk FEA FaHIR

A4S Hgort e xAdA Akte] wHAEE

S
Hel
N
-1i1
2
>
o=
2
5?

W3lrl glo] AsOs7b Akte] 413 A &g el o] #HAHMU
t} (Fig. 9. A). ¥4 dE2Toz A4% Pl 3-K Ho| JAA<
LY2940028) ZASolE: 20 uM w52 147 AHelshe] Akt A4+3}
7t 4A3 AeEEE AsiO62] BFolE 10 uM FEAME 47
& iatstalgt Fa7l Vel oy o= 24A1E o] o A= Abd
Ag o)A gAZEINAE M3E BFY § ey (ARE AAG
X %) PTEN 34 k% AEFA LNAB AZFoIHE 55
o W& AAER7} thE AEFel Hlste] HA ehd (Fig. 10.
A) AsiO¢9l ¢3 Akt 94raA = PI 3-Kel HoldS 7HAA =
g Aoz e Uk WA AsOpol 28 Akte] A4tst A5
7} ARHA AEEA A Re] oA #Esy] sk 25 uM
9] ELRoA 1247t Az AnEER #EEAUT (Fig. 10. B).
p-Akte] A% 12A5-E dlzFe g A7 SFFHANLH Akt
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o] B FET AA7A W57t QT 36 ol FRE A
= A%E 2otk mEd AsiOsoll e Akte] Q43 As| A3

A AEZAH Asht @¥d A Al ¥ FEFE s wiA
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cC 1 255 10 AsGEM

C 12 24 36 (houss)
Figure 9. Western blots showing MT1-MMP expression in
glioblastoma cell lines under influence of AsiOs In conditioned
serum. A: Suppression of MTI-MMP expression shows
dose-dependent reduction after incubation with given AsiOs
concentration for 24 hours. B: Expression of MTI1-MMP after

addition of 25 uM of AssOs decreases with time. (C: control)
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6 LY 1 5 10 AsOg(M) 0 12 24 36 48 (hours)

Figure 10. Immunoblots showing Akt and phosphorylated Akt
(p-Akt) expression under influence of AsiOs in glioblastoma cell
lines. A: Akt phosphorylation is reduced by AsisOs of given
concentration in a dose-dependent manner after 24 hours of
incubation, while Akt remains constant. B: p-Akt decreases with
time in all four cell lines after incubated with 2.5 yM of As/Os
from 12 hours, when there is no cytotoxic influence. Akt remains
relatively constant until 24 hours in U87MG cell line.

(note: LY represents LY?294002, a specific inhibitor of PI 3-K,
totally inhibits Akt phosphorylation after one hour of incubation

at a concentration of 20 yM; C: control)
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1. AEAXFgA 2 MMP 233 JAHFA

BRAEEY PE4e dAskE AL el Amol glo] Huo)

il

o,
a0
%
~
)
N
N
o3
of¥
ko
(S
18
(i
tlo
o
)
I
Wi
10
=&,
2,
o
e
=)
ML
=
bol

AFEZoa MMP w8 % ofAio] wd EX wisgle ojn g2

F7b o] Rolz rpPNEIR olymzel A9 MMP-29 MMP-9¢
o] 2} G Qe o]% MMP-92 AP-1 promotor unitsS 7} %
Qo] fog/juni} 2 F4FAA ] gste] F=HT plasmindl 28}
BT F2 Ay M2 EFst] BT AsdRte ¥
Aol TojstE Ao R} ¥l MMP-2& ¥ 713 el #+=
Hog ZASY plasmine] ohd MTI-MMPe] &} &4sigto] 7153}
o Fye] AE BohE 2FAT ¥ FE 2dse J54S vE
We & ayrigtn dARH AP-1 unite] §17] wWtdl HAME FE-F
Z317)7} o129 ol 7R AR FdTHAe @gstel AF 9

g umA AA Wik med FFAZAAS] 24U olF Tl
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ol MMP-29] #8] AEE AEFTY FUE AsiOold =8AT F

o] A¥H gAel AEFol ulegl 2elE BHo} AHAH Al 3
&% AR AE @otl. aAENGEHE s MMP-29] E4 571
AxFe] AHAS 25 e AL ok} Matrigel barrierg ©l&

3 5= ZAAE AA] AsO] Slsted BT &Aoo AHA ]

22 MMP-2¢] 84Y] Zh4ol 25k Matrigel

i~
N,
¥
i,
e
A
o,
I
o
1
32
o

dm AZE ¢ gtk EE MMP-29 AE W 2IAAY

9]
=
=3
=3
=2
Y
o
‘0,
@
s
H:J?
L
rr
=1
kg
=
5
ofy
>
33
N
o
N
L)
M
S
ol

e ZANE £ ok #4 & £ ok dEEy A9 2FEAAR)
MT1-MMPe) @dz MMP-2¢] wdge dxsi Fe AAFY
FAZY A €S A FERE A4S BAT mEkd A el
A MMP-2¢] #4€ x4y gl dHuge F 542U =
WA ol A] MT-MMP7} @& s ojo} szt o d7tAl= Eahfis] A Zejrt

A5l Aoz delB o} Yamada So1P olate] xuld Wje] mAe}
WA E(microglia)oll F& EA3o) & JdnFAEel ofs] ZH|=
pro-MMP-27} wlAletmAlsEe] MT-MMPol &J3] &Adstso] SAJuFE
Az Hgd 38X (permissive)o] Bk 7HaE ST Aok
ol Ao ALRE TE M EFoA MMP-27} 4A AEHUL BF
AsiOgell 918te) T ®u7} Zgago] FEEUCT AsiOs7t MMP-22] A
3 Azdozol BnE ZaAde 7|-de dsixe gov A 4

Be Sokol B v} 6N Axe] AB A7kl AAE o] Fo) Pad
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o
2 o)tk A el v|EAEA pro-MMP-2= ot Es] &4 o]
s Zor Hol glov AEH W 4
Tote] 743} ofytel duglo]l Ea
th wabd o AgelA ZFHE MMP-2E tif-#ol pro-MMP-29]

ol Aozl Aol Az & Wol st AAEHTE 2A dE £
7b EA ol F4FNE R BI)E ofAMTh T 4 ATl
A gRYel AAFEE e A YR Hasol AUT wEkA
AsOgoll 218 MMP-2¢] #H] a7t £EAS] LAt Aol A5 o
390 grigts T garlde A dAe) 2Hls 24 W AE

-

T Astel o Az LE Aaetn A=A

2. AEAd gL v AEY AAE

1900 ] Z4F MMPe] Zg7]-e] #3t A7 Bhs] o] FojA|E A
7lelE o3g] 7pR] AR BAYE AtEe] FH G, Eads
) 3 Aol A (platelet -derived growth factor: PDGE)l £8te] MMP] &
Aol FdTe Bago| JYUck et 1990de] ik ol F MMP-29]
435 2 AA7} pro-MMP-2, MTI-MMP, 2 TIMP-29] 324 534
(trimolecular complex)ell ¢js) AR AT Zo] el olF AUt
Ak §AR oMY WAL FA7MEL HFEAT olERE FE A
24 HAHsecondary messenger)@t B2l @A 7| volaEo] MMPS| &
He §us Aoz FAEL HARZ PKCY 24AE8A4 7ol

(mitogen activated protein kinase; MAPK)E Z7A17|E oA E Al

]o




FolA MMP2 #4 2 AgFAe] F7hEAtE o] Alg® W H¥e=
FolE 7% SFFc™® e PKC7E c-fos/jun®t 28 AlEU AARIA

r

(transcription factor)E F74A1716 S MMP-25 AP-1 unito] g9 2|
Aoz A8 FE ULk Pak MJ §7'e DY LEAMEF AEF
A phorbol ester® PKC2| &A3E Z7A171W MT-MMP 2 MMP-9
¢ wdo] ZFrista TIMPSY dde] HAE MMP-2= A3 S7H2
2 93 pro-MMP-29] 43l FAAZIcR e o|jt
pro-MMP-2¢] @43} 71 AEHEe] g oA E7ted 2
oz wFo] MT-MMP % TIMPte] MEZHAAS] FH2Eol o
v Eseln 2ol Uhm 5% PKC 9448 A28 3% MMP-29
WEe WslelA] FodA MT-MMPS mRNA E&o] 50% ©l4 i
sk AMAE #Este] PKCol 93 MMP 84 F7hs MT-MMP2] #AH
grzo] o8 714 &Y Aew BudYch o]EH oz PKC AA
of o8 MMP &4el zt47 /158 ROZ AAEY APHor 35
5l AL AANE AEFAA L o}EZEA 29 Fol ZF o] 2
3 MMP &4 2 3A&Ae Fadl tignas oA girh uEhM o
AT s MMP-2¢l AR zE3ge] glvkn ¥ PKC 2l
PKB/AktE 43t} Akts AdnZe] #17 s F 71 w2 W
T2 dA=E $3:2 ¥WEst 10923 FARke] o)@ /G loss of
heterozygocity)ell €13+ PTEN #dzlZ2golet Ba HHA 22 T3
W 9l Qlakgladolrk SmithsP el 218kl PTEN Edielr}t o4
z Ao A=7)1707 folF ARt doe Fdol AVjERE
ol Li 0& PTEN ZHFAHEF USIMG A|EF0|A] PTEN #A2
2 WA A G cyclin dependent kinase?] ZAZEAd] 23t MZF7] A4

A& £33 Pl 3-K/Ak A2 AAE JAstd TEE4E 2 4%8E o
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olZ& u AF 7F4AE)(leading edge)dl Akt7} ZA4AHE HE TUEE
&) A (confocal microscopy) &2 2% #AsFn PI 3-K 9& FEE
Aol 2 AHA4e F4AI T AARIA] NF«Bo U8 F74AA
MMP-9¢] A4ke 2712712 B8tk Kubiatowski 52 A1Ea W
AE 96 NARFE AZFTE o4 A4 Ul A¥A PTEN FU%9
A AR ] Ado] & A$ PI 3-K signalinge] A== o2 A &4
stElo] Akte] QAEE FAAYIA o2 RlEte] FE] FHF-A
MMP-2¢] #A4o] dojube A& FHsten X PI 3-K Sol4 <A
Az AAHE RS BHYth Shingu 598 FHIFT HMEF F
PTEN A& AMZF¢} PTEN A4 AEFE Z+z4 PTENS 38kl 3
AEAQ PI 3-K9| EolA AAAY LY294003& o] &3k Akt
Abzte] ol AEAF Al HE zolE RE=dl PTEN 2&
xo] W FoF aolrt glo] BT AAEsF AgkE o] PTENC
Akto] THE ZFAE oA W A= A Edol € 5 nn
FAsGE oWl dAFolA ApEE AEFS FS USIMG,
U25IMG % U373MGE PTEN Z3 AZFolm LN4282 PTEN
A AETFAEU LN428e A9 &% FALTEAAM v Ax
Fol Hlstel  HAZ FTaE FFAHo uE
AsiOs0] FE dEHoR HfAol iUk LN42B AZF9] 7
< ol AFoA Az o1} MMP-29] £

2 Akt/p-Akte] 2 g AZFL FAF Aolst AL

B\
o
2
9
i
oo
rlo

MTI-MMP 23 AL tf& NZFJ )8 vefste d559 7
2t Akt A2AA g3 olEHe #ARUE MTI-MMPe A




2A Al #BAY Ease FAY Folgdn FA & 5 AT E
3 LN428 AEFE AsOpol 9@ A28 o =
Fo we vy 2 A HE7F Feided ol AWHLE
PTEN A< 9@ PI 3-Ke| #2do] &7 Wiold th& 24
Aol o8] AMAHY A= FA o] FAAI] HEoR

t}. PTEN 32k Agoife] Aaglel B AEFAA AsiOpel

o8k Akte] Q4tEe) Asjrh wEgE Fi AL o] =EUE

3. AsqOe®] 78713

AFake}E) 2(As,O3) 7 At FUA R E-Sshs FEAAETT
ez AFEEYS e FAgr|He dE =K retinoic acid)ol &8
e ol E(subclone)elA1¢] PML-RARa ©¥izo] sjdkzd 3 Bel-2
o sj@zdd o8 ol EXEA LY FEATP 12y HIT B9 o9
o= A ZEU E1EAQ glutathione-S—transferase®] Z-&-8 A3t

)

ek

1o,

AEY @A (reactive oxygen species: ROS)E R Al 224
caspase-32 BAFAA AEAL 2 Hgte] FAEE 7|He] FE
dAEgen ol slde &-aslAe] dFoE ROS AHaA
(scavenger)® ZH23l= N-acetyl-L-cystein(NAC)ell &jsl) Apdtgo] <
Z5 9}k olgld olEZEAA FEE HEW AEF o] g Hela
celld} 72+ 31¥Y AF AEFINME FFEIT 5o UAFH
Park IC 5% AsOpl S zhe U937 WEH A

Zo| 4 AsOs7} AssOuRTF ER e FRola ol EEEAAE {38}

°
%c
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o ol Hd ZHF ROS HE 3§ WY Ao FARGL Lew
AF G AsO7t BT Aol 9@ A4kg Qo

N2E A71A] ¥ 50 pM)olA] MMP-22] 23 oA, GUM phase
M AEF7] BA E AKAY A4S Folo] AU 2HE T
ANDE ANED ) APz JFuTh ol5L R A W APl

A E7e] ZaelA 7|EAMFEMEAYARAA (basic fibroblast growth
factor: bEGE)®] x}3o} o8 @A 4] @ ookl 4
% AEFE o189 ddol U PyAR ek waRTE
& Ay EZEA2E FEMVNE AT YA et 2Ys
2 z2x73s YelE Aoz By Hi glen’ SNB75
ANRAZEE AEFE gydoz & Ax o 2 AA W oFcl4

Ado|A]  2asiu] A7 WAV 2 F A (radiation  sensitizer) A1 9

NZo] BEE e ol REMEZE M EFAL AsiOp 2HEoll thet
Hzo] Boltt 1 FLV)HE ] ¢ Fv qidlov Ao R
2 oo A 23} 7)27AA(substrate competition) BT HIE A%

D Ao 2yEHE Gl FvelAEe] At 44 A B WAL

i #EERY At @] rkn BATh Akto] U4kst AdFE
o] Afoll% 24AIZE ool M= d@e] Zha glo] Aitste] vt




z# o] PI 3-K& <Alsts 2Fhge] dva Hol}t o] PI 3-KET
Aolo] g zEREA UE dA ALY = glon 36A7E 0]F

Akte] WEo] gAdtE FOZ Hof oj= Aks WA Akt WHe

—_

oltkz wQlth Shingu ¥ RRAMEE AEF)

k23 A4 Z-&(synergy)e] A7l AL #ASI  caspase-39

g Z7)o] o3k O}EEEAA FE 7]Ho] YT Ao FAEEET)

stz AP A AdnFe] A Al thEd(multicentric)d 735
mjgtolu} Apdste] thyos AgHcizty Al FEE A5l

QlE a4 ulti-focald B9V ThREO]H ol AL F&e] AAHY

Z9 Hadze] Ago] dpEolds A AXlElET  He AE7]
of B AT ARE BAY type IV, V oluldx} HHATA
(fibronectin), laminin $& @@Hol} 7]Avte] EA st 4| £ 7]
Aol oFz7te] AHAFae type V otmARte] Ao ol

be ¢EEse oe HMzEdd A4 z4e oug wuy
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Zo] H]-3]-§ 7]&(non-permissive substrate)® &8 7tFAdL
A olwAe ANAAE {3 HaF Aoty AE AALEY &
o} H-3& dwdgz sp el F AL Lo (myelin) 22X
ol AEdHozR frolr|7t At TolFPHA o AAHY AT
E & oA
9Jt}. Amberger S o|g|gd 2174 AP A E(neural precursor

cel)e] @olFHol el o]Fo] HolAd MMP Agalv Zolg AEd

ol
-

al

!-:.1

A E o]|F(neural cell migration)?} Fd=H= A

o olFE AdEHE Aoz dysigen TojHs LR

theo g BEAMESH EZHda s dduFo] 7HHE {HEA JEA
(genetic heterogenity)e] 7V Exlgka & 4 Qleh REAEFLS U
R g oFe] uiAd dAI FUYA FEE JHAE AN

vio 2 o) 7bA opd A & A A Z(multiple genetic pathway)E A
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A gomH shlel A 42d AZRE 548 FAAY
Arke Aol SAT. AEAEFY EANEHAA A7 2]
e ps3 Wol B Z4F AAANe] B BE 4EE DL o
Fol W@ oz musl Ao AT Ast 944 #t Aol @
Fasl Aol ANE RueAR, olFo odd Axsh oF A

B ooz TRAoR oguFe NBoE HYSHA ¥t
Aw g#zle AFde £do &S AWAIE sHrER
We) =7t 224 =Holo g} o|#d THeA MMPE AW
Z Az A dAA F9] HxHoz g EHVE A5H
o] MMP A #3 Q77 G243 o] 2eixn glE Aol
Chung %°0] olA7A) MMP HAA < #8714 3 J44Y 4
Fg EAY =8 osd MMPY ofde]&(Zn”) FEE& Aol
s st FES F9 YPHE A mHHR RaAY 5

e denel Assan okmd 71@% A4 A2 e

AsAcin Sgth w@ R gnFel ol Fgo| o P

= o Az WPl shsstelor siul %71
ol FEEHACR HTRoIV} s Aol & gl
e 2d A, wugtelAst e e F=d 24 wHvlE

HAZ £ dx Aol FYsty olFHeEE MT-MMPe dALE

i

o

=
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oltH AFolA As,OsE MT-MMP2 #d 74 9 Akte] <4kst
AHE AAL & 9gol 9FH FF MMP A2 4

o] FVsaitil RGHTh o ASAE FAPE] AselAE A 1

o wWAlAdo|u gekAlgle] FA| FolAle] mHel] g HE g
Besittn BEE. Wilde-Bode 7€ 3 Gyolste] & X ApHFALA
ZAMsublethal radiation)A] et ZE A EFo) A MMP Alde &4
o] Z7}5v] Bcl-29] AgzHo] ote] OlEZEALERE HI
7 HE AL Aga 2goz #AASA e o= AA YA
WAL X758 =y Al 44 A# &2 (clinical target volume)&
AN FE G A Bole AFRE WHE JI7A 2R ET
stu 1 B Ao)re Ajgo] Bwig AL diste Fute] 7hE
@ Aol H3 gk Ning 570 MEMZF AEFNAN 4F4tstu|
2% PAATRGAR A&t AN 5549 FE BEE A
o xEgrdo] old w9s Huvhle o]FHY d¥Felrie ¢l
U A7NAEA B F AAR ERAL DALARAC] A% FI7|HE

2]
AT £ A& Ao U HAEF dger & £ loev FH
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Azl A2 s Fo)E235HE AsiO7t AIEFAC] gl ¢
AE Lol 7Hsd 5 oA nEMEZE AFEFY AFHE 7
A7) AL Matrigel barrierE ©)&3 5% &4 4o FUA3A
t} olzjgt AgA a9 71HE AEsly] Yol RRAEE AHEF
mjoklo] AsOsZ H7FSH & MMP-29] ME AEdozeo| #H %

MTI-MMP2] Mxu) o] Fko vhagste] ZAass 2E 44 &

r

H
ES=

HolEw 2 Western blotoZ #glalgick X3 dggEyes
A

AsiOs7b Akte] HE-E AAH & AdolA Akto] ANEE 7

Aol&go] wa HELE AA AsiOFE ARMEZFTY FHAFA=R
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Abstract

The anti-invasive effect of As4Os via
inhibition of matrix metalloproteinase secretion
and protein kinase B phosphorylation in human

glioblastoma cell lines

Ho-Shin Gwak, M.D.

(directed by Professor Hee-Won Jung, M.D., Ph.D.)

Seoul National University College of Medicine, Seoul, Korea

Object: Malignant glioma 1is incurable due to its
invasiveness in spite of current multi-modality treatment.
Tetraarsenic oxide (As4O¢) is a newly developed trivalent
arsenic compound and it was reported that AssOg induces
apoptosis in certain cancer cell lines and inhibits
angiogenesis. Thus the author conducted in vitro study to
evaluate the anti-invasive effect of Ass«Os on glioblastoma
cell lines along with its influence on  matrix
metalloproteinases (MMP’s) secretion and protein kinase B
(PKB/Akt) activation. The possibility of developing AssOs

as anti-invasive agent is also considered.
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Methods: The human glioblastoma cell lines, which have
various phosphatase and tensin homolog(PTEN) suppressor
gene and pb3 status, UBTMG, U251MG, U373MG and LN423
were included. The MTT assay was performed at various
concentrations of AssQs to observe inhibitory effect on cell
proliferation. Matrigel coated Transwell was used to assess
the invasiveness of cell lines with or without As4Os. And
annexin V-FITC labelled flow cytometry was performed to
estimate the possible apoptotic effect on invasiveness at the
same time. Gelatin zymography was adopted to evaluate the
inhibitory effect of AssOs on the secretion of MMP-2,
together with Western blotting of membranous type 1-MMP
(MT1-MMP). In addition, Akt and its phosphorylated form,
p-Akt, was measured separately by immunoblot method.

Results: In MTT assay, As4Os significantly inhibits
proliferation of all four glioblastoma cell lines at the
concentration of 10 yM and above. The median inhibitory
concentration(ICs) is 122 = 1.1 gM in U373MG, 7.0 = 0.3
M in U25IMG, 6.4 + 05 uM in LN428, and 6.3 + 0.3 yuM
in US7MG. Matrigel invasion assay reveals that AssOg
significantly inhibits invasion of glioblastoma cells even at 1
uM of concentration in a range of 13-37% of control group

(p < 0.05 except 7% of U251MG). The invasiveness of each
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cell line decreases further to 40-91% and 72-94% each as
the concentration of AsiOg elevates to 5 yM and 10 pM.
Annexin labelled flow cytometric analysis shows no
significant change of apoptotic cell index at the same
condition with invasion assay. After incubation with As4Og,
gelatinolytic  activity MMP-2 was reduced in a
dose-dependent manner in all four cell lines. As/Os also
dose- and time-dependently inhibited the exXpression of
MT1-MMP. The amount of p-Akt was significantly
decreased under influence of AssOs while Akt expression
was preserved.

Conclusion: The AssOg inhibits invasion of glioblastoma
cell lines even at a low concentration, which shows no
cytotoxicity. The possible mechanisms of inhibiting invasion
are both reduction of MMP-2 secretion and inhibition of
Akt phosphorylation. From the above results, As4Og

deserves further evaluation as potential anti-invasive agent.
Key words: glioblastoma, tetraarsenic oxide (AsqOe),

invasion, matrix metalloproteinase, protein kinase B.
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