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EAABAEC] AT, Ao AHALHm ok 53 Ax W oY
receptor tyrosine kinase (RTK)Y T3t Alsdg A28 4O =2 3

kA Eo] Wol] /EEar l+=d I FolA % phosphatidylonositol 3’ kinase

e

(PI3K)-Akt-mammalian target of rapamycin (mTOR) pathway & Ut%
T TgolA nAGA R FHE @43t Hol Y] wiiEe FTF
Aol slolA Fd wAel Ha gtk M PISK = p85 A4t o}
pl10 Frjadelo] olyo|FA R FAE Ao tFe <A RTK 9
319 Az AG FExtolt} 2. PI3K AlZ 9o Al phosphatidylinositol-4,5-bis—
phosphate (PIP2)E <I4H8lAA PIP2 & PIP3 = %3 A7t Y =

A3} PIP3 + pleckstrin homology domain (PH domain)® &% <l

(PDKDS d8gdutoz o]FAl7]a PDK1 o <& Akt ¢ ZAazlo
EA5k= threonine 308 Z7]¢] 1A4kshrh dojd & ¢ W] serine 473
2719 Qlibslm gagst wop MY &3 | Akt = AIES] A4, apoptosis,
cell cycle progression 5o #olal= thakal 319 ARE xd3g 1008
PI3K ¢ ##x4 ZAWol¥ olueg} PI3K ¢ Akt FHAF SZ3 2t
vheket Fokold Ba Ha gk % PTEN E34d3k= PISK-Akt-mTOR
G ARl AEKHA EAHsE FAsteEd FosA FEstd
A7H o2 mTOR Alede A=7F @43 "t "' mTOR &= mTORC1 %}

mTORC2 9] F 7149 H&A 2 A5 =4 mTORC1 2 rapamycin
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I. A 2 34

L. AEF AX W

B

= AFelAE 7 e E5F AEFTE ARESIT vw MESF 28
(ATCC, American Type Culture Collection, Rockville, MD, USA)®l| A
T3 MG-63, HOS, KHOS/NP, SK-ES-1 ¢} 3=Aa¥xF23 (KCLB,

Korean Cell Line Bank, Seoul, Korea)ol A %3k U-2 OS, Saos-2, G-292

N

2 A

rob

oo Alx T4 B2 AAE AR 7 Hldde R MG-63, HOS,
KHOS/NP + Eagle's minimal essential medium (EMEM, LONZA, Basel,
Switzerland), SK-ES-1 & McCoy’'s b5A mediam (LONZA, Basel
Switzerland) & U-2 O0S, Saos-2 +© RPMI 1640 (LONZA, Basel,
Switzerland)S G-292 &= Dulbecco's Modified Eagle's Medium (DMEM,
LONZA, Basel, Switzerland) #j Aol 56TCeo|4 30 £3F v|&Ast A7l 10%
S-Hlo} 4 (FBS, Fetal Bovine Serum, Omega Scientific, Tarzana, CA,
USA)¥} penicillin 100 unit/ml Z} streptomycin 100pg/ml (Gibco, Grand
island, NY, USA)& A7fsto] wh= #jFRo® 5% COy 37CT2] Hljd7]olA

wFakar, vjkel> 5= 33 A s

2. BAXEA
Ao AgE TAXEA|= Akt & mTOR & zH7F g4 o2 5= AAAS

AFESETE. Akt 9 GAAIQl Akti2-1/2  (Calbiochem, Darmstadt,



Germany)?} mTOR A|A|¢l rapamycin < (Sigma-aldrich, Saint Louis,

MO, USA) oA z+z} +dste] AF&3+% ).

2y AR gAe g% HAAFS MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide, Sigma-aldrich, Saint Louis, MO, USA)
assay = B3t SAHsIY. MEFE 96-well microplate (BD Falcon,
Franklin Lakes, NJ, USA)9] Z+ well 3 100 ul ¢ sl okl 5X 107 74, 3
X 10* 7/l =& 3 X 10' /M9 AEE 2F stk 5% CO, 37T
g7l 24 AR Et wigE F ZF well o] 100 ul/well ©] TR
kAl E AEetith vl whAl 72 AR v $, 50 ul (400 ug/ml)e]
MTT €98 Q9x 4 A7F o wjdA7] 700 ¢ & 4Co)A 10 E7h
At sto] ol FfAS AASAT. 7 well F 150 ul DMSO (dimethyl
sulfoxide, Sigma-aldrich, Saint Louis, MO, USA)E #H7}ste]d MTT-
formazan crystal & &3] AlA 10 &3 F712 95 A7 $of multi-well
ELISA automatic Spectrometer recorder (Behring ELISA Processor I,
Marburg, Germany)E ©]-&3to] 570 nm & oA SF=E SH3S
A= vl el 278k AlEe AEES ARtslal Calcusyn
software (Biosoft, Cambridge, UK)E ©]&3}] 1C5, 32 T3St

Ax S8R = AAY Bd FE=E - I = X 100




4. Western Blot

AE7F 70-80% A% ASES W, PBS 2 2 W AF3te] o Fo] njYgds
7jEto] AA 3Tl Cell lysis buffer [50mM Tris (pH8.0), 10% glycerol,
2mM EDTA, 5mM NaF, 1% NP-40, 150mM NaCl, protease inhibitor]&
HA74e ¥ scraper ® o] FEstaL 2 Alo]F The, 30 % B o oA

kS A1 71t} 13,200rpm &2 4T A 30 £7F JAEgdto] Ab=olut Hglslh

40,

, AA7FA] 80T A Bkt

Bradford (Bio—Rad Laboratories, Hercules, CA, USA)HH& o]&35}o]
Age TFe AL loading dye 9 Aol 95Telx 10 & &<t
denaturation A]7]3 SDS-PAGE gel °l loading 3+ & 7|9 3F3it}.
PVDF (Polyvinylidene difluoride) membrane (GE Healthcare, Uppsala,
Sweden) semi-dry transfer ¥ ¥ 5% skim-milk & &-F3% 0.1% TBS-
tween 20 buffer & ©]83}9 membrane & 24 1 Al7F F<F W3 Al A
blocking &Stk 5% BSA & ¥ 0.1% TBS-tween-20 buffer ° 1 #
FAE slA ko] 4TolA 12 Azt o) ®BEg A7 %, 0.1% TBS-tween-20
buffer & MZAH3stt 2 2 A= 5% skim-milk & 73 0.1% TBS-
tween 20 buffer o &43le] 2o 1 At FF WHg A7 F, TBS-
tween 20-buffer = A|Z3% . Membrane ©] ECL Western blotting
reagent (Amersham Pharmacia Biotech, Buckinghamshire, UK)S A}-&3}o
Lo A HF-2A1Z] & X-ray film (Fugi, Tokyo, Japan)ol #F&3dtich &

Ao AFE3F AxEA 2= PI3 Kinase p85, p—-PI3K p85 (Tyr458)/p55



(Tyr199), Akt, p—Akt (Ser 473), mTOR, p-mTOR (Ser2448), p70 S6 Kinase,
p-p70 S6 Kinase (Thr389), p—4E-BP1 (Thr37/46), 4E-BP1, p-SAPK/JNK
(Thr183/Tyr185), SAPK/JNK (Cell Signaling Technology, Danvers, MA,
USA), PTEN, p-EGFR (Tyr 1173), EGFR, p—ERK (Tyr204), ERK1 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA)S A}-&3}% ). loading control &
GAPDH (Abcam, Cambridge, UK) Z3+= a-tubulin (Sigma-aldrich, Saint
Louis, MO, USA)& A&t} o] x&A|i= Peroxidase AffiniPure Rabbit
Anti—-Mouse IgG %+ Peroxidase AffiniPure Rabbit Anti—-Mouse IgG

(Jackson ImmunoResearch Laboratories, West Grove, PA, USAZE

Argsteict.

AR Chou-Talalay ¢ #24S o]&3t o, o] e IC;DOm

ZFasd] 24 (the m value)2.®2 AT Isobologram (CI = 1)9]

Cl = (D)1/(Dx )1 + (D )2/(Dx)2

10



22 Dx)1 ¥ DOx)2 = ¢4 D1 (drugl)®} D2 (drug?2)E& ©5o=
Agede W] pAESgola, F4 (D)1 3 (D)2 & kAl DI 3} D2 =
BE FAE oS W % AE 545 YERT

Dx = Dm [fa/(1 - fa)]1m

Dm & median-effect dose (IC50)S ¥3}H o] A2 median-effect plot 9
X-intercept 9] antilog Z5E olge] F2o 8 33T},

X =log (D) versus Y =log [ a/(1 - a)]

o

m < median-effect plot ¢ 7]&7]o|™ Multiple drug effect 4]

o

Calcusyn (Biosoft, Cambridge, UK)& A}£3t9] m, Dm, Dx, and ClI %=
AAEE, (Dx)1 3 (Dx)2 ¥ Chou-Talalay ¢ median-effect &2 & & 5-E

Fehgith, olef s AowRE AdE Cl go=HE CKI, Cl=1, C>1 2H2he

}_.

A% (synergism), -+# (summation), 23 (antagonism) & ¥}g}ar

g

1o

a3t

6. Cell proliferation assay
24-well plate (BD Falcon, Franklin Lakes, NJ, USA) 9] Z} well & 1 X

10 MY AEZS B3k 24 Al7te] Ao 7 oA

-1

Ll

sl we

o

Aelshal x2S kRt A skt AlZ= trypan blue 2 A A3k
dobdle AER 6 A T 24 AR Ao R Ak AlEs= 5% CO2,

37°Co W7ol A Hj sttt

11



7. Cell cycle analysis
RARgA Ao wE M2 F7]9 ®WHIE 2l fluorescence

activated cell sorter (FACS) analysis & 333t} AXE 6-well plate

rob

% 7 omE snde Adetd 24 A7 Fol 4

)
Oft

- }3 T}, Propidium

i

iodied (PI) (BD Pharmingen, San Diego, CA, USA) & AXE F A3t flow
cytometry & ©]&3to] AXE EAs T AlE F7] B4 = Cell Quest
software (BD Bioscience, San Jose, CA, USA) and Modfit LT(Verity

Software House, Topsham, ME, USA)E A}-&-3} %t}

8. 43 £A3 FAH A=

2E AFe A W o] F3idte] H £ TFEHAXE ERTE Student’s
t-test & ARg3sle] Zt 2F 3He] BAIEHH wuE st A TA gt

29E grisgow 7zt aF 7He xpol7b p-value 0.05 ©]&d wj, o]E

12



t}8-& B A9 study scheme ©]t} (Figure 1).

Protein levels and Sensitivity of
activation status on 0S5 cell lines Combination effect of
Akt-mTOR pathway to targeted agents targeted agents
in OS cell lines for Akt and mTOR
[ Selection of a representative cell line ]
[ Effects of targeted agents on Akt-mTOR pathway ]
[ Comparison of concurrent versus sequential treatment in combination ]

Verification of a novel combination strategy

targeting Akt-mTOR pathway in OS

Figure 1. Study Scheme
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m. 23

1. 5% AxF9 dild 1dd 84
PI3K-Akt-mTOR Al&de d= ¥ ¥z 9l anti-apoptosis 4% #d
o] Ay S Gt 7Y =5F AEFA western blot

S F3stgtt (Figure 2). PISK-Akt-mTOR 2l&ddg 7 29

X

T 95 A8
= st wHEe wga g4 S AEFEY oSt dER

(Figure 2A). & &5% AXFo|A PI3K, Akt, mTOR, p85 S6 kinase, p70
S6 Kinase$ 4E-BP1% o}Ugl o] Aladd Aol odxdas 3= PTEN
5 ddEAN O @S AlEFuin e el YEsT MG-639
HOS+= PI3Ke] &4 JIxwk Akt, mTOR, p85 S6 Kinase, p70S6 Kinase2}
AE-BP1o] E5F 243} wof v}, 53] HOS= Akte} 4E-BP19] &< tf
2 Axgscl s ez okt KHOS/NPeF G-292+= PI3KS}F Akt
o] Aol A9 QAN p85 S6 Kinase, p70 S6 Kinase9} 4E-BPe] &4 2

LA YErsth. SK-ES-1% PI3K-Akt-mTOR AlaAg A=z Fo oz

wE7E A3 wo] Ak U-2 0S¢ Saos—-2% PISK ¢ &Ado] th& A =X
FEo vE Agdoz =9 4E-BP19 AL Auid o=z ekl EGFR

o] BHLe SK-ES-12 Al9stn =% wgsta glglen, 1 4 AEF

Wt AR, 1 GAL dsron E3 SK-ES-1+ ERKS} INKe &

14



p-PI3K p85/pbb (Tyrdh8/199)
PISK p85

PTEN

p-Akt (Serd73)

Akt

p—mTOR (Ser2448)

mTOR

p—p85/p70 S6 Kinase (Thr412/389)
p8b/p70 S6 Kinase

p—4E-BP1 (Thr37/46)
4E-BP1

GAPDH

MG-—-S 3
Hog
SK;ESHI

|

it

A A AAMAMA A A A A A M

U‘*g OS
SaOS e 2
G-29

85 kDa
60 kDa

85 kDa

55 kDa
60 kDa

60 kDa

289 kDa

289k Da

85 kDa
70 kDa

85 kDa
70 kDa

15-20 kDa

16-20 kDa

36 kDa

Figure 2. Protein expression profiles of osteosarcoma cell lines. Seven

osteosarcoma cell lines were used for western blot analysis.

Expression and activation of effector molecules

in PISK-Akt-mTOR

signaling pathway (B) Expression and activation of EGFR, ERK and JNK

related to anti—apoptotic pathway
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p-EGFR(Tyr1173)

EGFR

p-Erk (Tyr204)

Erk 1/2

p-JNK (Thr183/Tyr204)
JNK

GAPDH

Figure 2. Continued
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2. FEF MAXF9 Akti2-1/2 ¢} rapamycind] i3 U7

5 M EoA PISK-Akt-mTOR AsdY HARE FHo7 st AA
e a3E FAstarat Akt9t mTORC e Z47ke] EHASAE o] &
sto] T EE Rl (Figure 3). ZF QAIAE 7719 =5 A X5
Aglste] 72413 wigE T MTT assays F33te] A AE&S FA33

of AEE Akt GA|AQl Akti2-1/25 wE=EHE (0.125 - 8 pM) A& 3te] Al

e

AEES Hus S u gt AlEXF= 1 pM o]she] FXoA = AlE
AEEC] 60 - 94% =2 = YERR e diFE AEZF7F 2 pM o]de] &
ol  AELo] dAAs A FHAEFIT  (Figure 3A). mTOR  JAAQl

rapamycing FE=HE (0.001 — 10 uM) A &3k A3} o 8= A

I
all

7F Hl52dk o] AEES Hlorw 0.001 pMe] W FRoME 19 -25 %
o] AEE FAE HolXW 10 uM9] & FRoME vhe FhoAe AE
&3 H]52E A YElgt (Figure 3B). 53] SK-ES-12 A|9)3 Y] A%
Foll = 10 pM B AE 50% o449 AEES Btk MTT assay=

o] XA 71 HEEE 714 3L calcysyn softwareS ©]83F] 1C,, & 3}
%t (Figure 3C). U-20SE AlQld v AEFE59] ICHe= 1.01 — 2.49

uM o2 HISSHA] e

17



% Vlability
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110

100
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80
70 —— MG-53
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110
100 B¢
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ICH0 of Akti2-1/2 (M)

S
/c:) ‘g \ 0 % ,ﬂ)
N4 @9 @ A

Figure 3. Sensitivity of osteosarcoma cell lines to the inhibitor targeting Akt
or mTOR. The relative viability of osteosarcoma cell lines in response to
different concentrations of AKi2-1/2 of rapamycin was determined after
72 hours (n = 3). (A) MTT assay of osteosarcoma cell lines treated with
Akt inhibitor Akti2-1/2. (B) MTT assay of osteosarcoma cell lines treated
with mTOR inhibitor rapamycin. (C) ICs5o of Akti2-1/2 in osteosarcoma cell

lines.
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3. Akti2-1/2¢} rapamycin®] & 8o W& &3}
Akte] FAAZAQ Akti2-1/29F mTORS] EA X5 4|2l rapamycins ®H 3t

]_

A

-

=y
-

2
ol
£l

aHow 5T AEF Aadie W Asadrt d=AE &
A S dAHT FE2 (Akti2-1/2 @ Rapamycin = [Cso @ 1 uM) A 3Eol] &A9l
) 3te] 72A17F vkt & MTT assay=S 339t (Figure 4). A¥5F 1F
o] Combination Index (CD) #& W8S wf BE M EFolA CIgte] 1
ojetz W me iyt veen (Figure 4A), el u
2 EDsol M9 FE=E vuaals wl Akti2-1/2% 20.68 — 44.87 nMOZ U}
Bl o rapamycine 8.28 — 20.95 nMO.Z et (Figure 4B). ©o] &4
Akti2=1/28 @502 AZde we] 1C59 sit e yels EDs
7t AASHA Hadke As gedskalth. webA Aktét mTORS] a3}
d/do] il F ofAlE dRoRE AYPS W st dow Hgane nE

F5ETE B et HOSE oo 43S A% ATFE Agshark

20



—
o
|

—+—MG-63
ol oS
=3~ KHOS/NP
== SK-ES-1
—®—1U-208
Saos—2
= G-292

Combination index (CI)
—

=
&)
L

ED50 ED75 ED90

Figure 4. Combination effect of Akti2-1/2 and rapamycin in osteosarcoma
cell lines. Osteosarcoma cells were simultaneously treated with the
combination of Akti2-1/2 and rapamycin (IC5, : 1 uM) for 72 hours (n = 3).
MTT assay was performed. (A) Combination index (CI) values of Akti2-
1/2 and rapamycin in osteosarcoma cell lines. (B) Dose of Akti2-1/2 and

rapamycin at EDsq
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50 -
B AktiZ2-1/2
ORapamycin
10 -
30 -

Dose at EDH0 (nM)

MG-63 HOS  KHOS/NP SK-ES-1 U-20S Saos-2 G-292

Figure 4. Continued.
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4, Akti2-1/29} rapamycin® Ao W& FFGH o] W3}

bl

Akti2—1/2%} rapamycing =5F A2l AP slS Wl Akte} mTORS| &
3 gAje] WalE gstaat 7F FAlE HOS Mo 447 B¢t s=Ea
9= Adt § 9w AS F%35lo] western blotS 88T (Figure 5).
Akti2-1/2%5 sx9E (0.05 -5 uM)E A Z3tF S w 5 pMe] FEoA FH
WAl Akte] o] A e™ FAlol mTOR o ¥y} FHE FFas)
St (Figure 5A). %3 rapamycing s2¥H=2 AHZ39S o (0.01 - 10
uM) mTORS] wd¥} gL v ofEdoz Ao 10 uMe] 59
A Akt Aol F71atdtt (Figure 5A). wekA Rapamycinol] 2]3F Akt &
dol FTPE Aztel wrE WS deEA detrax AEE Fdekgith
(Figure 5B). 10 uM$] rapamycine A|ZFE =2 A2 sle] Akte] &4 W&
gelatlrt. Akto]l &4 15%5H F48H F7tstslon AlgE ofEX 0w
waeoinh =3 Akt o &4 FUFeF W R Akte] @S HAsiHrr F
7Fed ek mTORS] 2ale ®Wstrt IAAT mTORS] &4 ofF F7fsirt

7b FFasste] 244130l = eyt 22 Aol 2de ®lv Akt 24

o

1 A9 fl= AEFolx= 22 Aol doju=A Lopraia KHOS/NP A

ol rapamycins A g sle] gQlstth (Figure 5C). 22 A3+ HOS AE

B

oF Zokom 1 uMe| TRl 2 Al7te] Akte] A4S FEsATh

N
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p-Akt (Serd73)
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p~mTOR (Ser2448)
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a—tubulin

Figure 5. Effects of Akti2-1/2 and rapamycin in the target proteins. (A)
Dose—-dependent effects of Akti2-1/2 or rapamycin. HOS cells were
treated with Akti2-1/2 or rapamycin for 4 hours at the indicated
concentrations. (B) Time-dependent effects of rapamycin. HOS cells were
treated with 10 pM of rapamycin for the indicated time points. (C)
Rapamycin-induced Akt activation in KHOS/NP cells. 10 pM rapamycin

was treated to KHOS/NP cells for the indicated time points.
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Figure 5. Continued.
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5. Akti2-1/2¢} rapamycin® * 9| W& PISK-Akt-TOR AZHG H=Z9]

39 eee) wsl

o

Akti2-1/2¢} rapamycin

o NEde Fzol se) el Wz @49 WaE delstugt 2 ok

of

5 HOS AxEo] 4A17F &9 vz o= Ak & odwds 53519
western blot2 =339t} (Figure 6). Akti2-1/2¢} rapamycin =5 PI3K-
Akt-mTOR Aedd A= 24 Gzl p85 S6 Kinase, p70 S6 Kinase2}t

AE-BP1¢] &AS 7AA#HTE (Figure 6A). £3] rapamycing p85 S6

]
tio
12

Kinase®} p70 S6 KinaseZ 0.1 pM9] @& 5o = a3 oz A
Ao 4E-BP1e] 2k ZAAZTE 10 uMe] rapamycine &> A7t
o] p85 S6 Kinase®} p70 S6 Kinase?] &4 S A FH O 24A7M7HA & 3]
¥ e A& gkl (Figure 6B). dHAINF 4E-BP19] Hd 7 &4

ek vAl B a sl
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Figure 6. Effects of Akti2—1/2 and rapamycin in the down-stream effectors
of PISK- Akt-mTOR signaling pathway (A) Dose-dependent effects of
Akti2-1/2 or rapamycin. HOS cells were treated with Akti2-1/2 or
rapamycin for 4 hours at the indicated concentrations. (B) Time-
dependent effects of rapamycin. HOS cells were treated with 10 pM

rapamycin for the indicated time points.
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Figure 6. Continued.
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6. Akti2-1/2%} rapamycin®] ¥ LR A W wE a3 ¥n
Rapamycin®] Akte] &S S7MAI7I= A& 181817 wio o]& ol&

]_

2

4

ok

aWe) EaHE FUAY] Aste] WELH A F Aol A

off

s

IS 24 o] 1 &3S MTT assay®} cell proliferation assays %=

off
20

o WY (Figure 7). MEAWS F A& sAlo Agsts W

it

(concurrent treatment)¥ rapamycine 30% Ax & & Akti2-1/22 A &l sf

sl

W (sequential treatment)S W] ALSFATE HA ZF A E Ty 2 H

¢

et

gyoz F 72A7F FF wiYste] MTT assay= AMXE AEES Bk
ot (Figure7A). HOS Aol e ofAle] sk HFemiow 7Aild
EDy; 559 EDg &% AHsiiith. + s=2 AHgd Afda 7oA
sequential treatment 3}S w AX AEEo] 7 Eo] FHAsgl o o=
concurrent treatment®} H|u3R S W SAHFSZ {Fsutt (p < 0.05)
(Figure 7A). £3] ED5p9] 5% A concurrent treatment WH] sequential

treatment®] AX AEE 7FHAE p-valueZt 0.001 olst= EAAo=wE 714

o

fold gas Yed

i)

tawol e Wld w2 ays AE A=

}a1z}l  cell proliferation assayS S&3F3itt
o

0

AolE dehE A el

¢

(Figure 7B). ¥ Q¥

rlo

ED5ol %22 Agsiden, 7 #Haay A3
D5 xR Z; Aol 'E A dtel BlE] ME Aol A|EH AT o]

gk Apol= FAA R

Ho
1o
Oft
on
38
—
o}
VAN
©
(@)
1
—
Hr
ro
%)
(@)
e}
[
(@)
=)
.
&,
—
~
@
o
=
=)
(@]
=)
—t
Oft
Qo

9e W the RE 4PTol v AT el HF dAHE A HAHY

.

29



100 ~
90 -

70 -
60 -
50 -

B Akti2-1/2

URapamycin
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ED25 ED50

Figure 7. Comparison of concurrent versus sequential treatments in
combination of Akti2-1/2 and rapamycin. (A) MTT assay of HOS cells
treated with Akti2-1/2 alone, rapamycin alone or combination at the
indicated concentrations for 72 hours. Akti2-1/2 was exposed to cells with
4.07 nM (EDss;) or 24.34 nM (EDsp) in single treatment or combination
treatment. Rapamycin was exposed to cells with 1.76 nM (EDy5;) or 10.97
nM (EDsp) in single treatment or combination treatment. In the sequential
treatment, Cells were pre-treated with rapamycin for 30 min. (B) Cell
proliferation assay of HOS cells. Cells were treated with single or
combination of Akti2-1/2 and rapamycin with dose of EDs,. Cells were
counted with trypan blue every 24 hours for 5 days after the treatment.

#*p<0.001, **p<0.05, Student’s t-test.
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Figure 7. Continued.

Days of drug treatment
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7. Akti2-1/29} rapamycin®] H¥ 8o W& ¥ gz W3}
Akti2-1/2%} rapamycine HIFLLHOZ AHISFS uw 4G

Z gstaat HOS AXe] F As Wgago= At T A7t we

I

A S W3S western bloto® 215t tl (Figure 8). MW EDsy
9 FL® F dAE A9 AYsEAY (concurrent treatment) rapamycin
S 30% HAAYT F Akti2-1/25 A8t (sequential treatment).
Akti2-1/2¢} rapamycin® concurrent treatmenti= rapamycin %= 2] ¢
7 A 2 3089 #&S A7t A Akte] S SN L A4S 1A
A A &stehrh AlE oA o ® fhaskalnt (Figure 8A). o8 dk Akt &4

o Z7hsh A Akt @ulHe) WAL

zld
Ty
off

&3] st om Akt BHAo] 7hA
Sholl wet thA] F7Fekaith. mTORS] Hadol= W37t gIAAIT mTORS] €
Ao A ogEHow 7HAFATE Akti2-1/29F rapamycin®  sequential
treatment™ Akte] A4S 3089 #FH2 AlrolA] SIFAIHAAITE 1A]7Fe] A
Wt FRE O @42 Az gEHen gasgon Akt HEL AL FAH
g7} 244170l Ay F718k9i ) (Figure 8B). mTORE] W& okx) o] =] ¢] o

T As) iR N e A7 oEH o7 AT

’
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Figure 8. Combination effects of Akti2-1/2 and rapamycin in the target
proteins. HOS cells were treated Akti2-1/2 and rapamycin in combination
with dose of EDsy for the indicated time points. (A) Concurrent treatment

to HOS cells. (B) Sequential treatment to HOS cells. Rapamycin was pre—

Concurrent combination

0 061 2 4 24

— e ome — o —

o

Sequential combination

0 0b0b 1 2 4 24

treated for 30 min before the Akti2-1/2 treatment.
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8. Akti2-1/29} rapamycin® ¥W¥ L] o}E PISK-Akt-mTOR Az AG A
29| 3¢ 9Ao w3}
Akti2-1/29} rapamycing ®Wad oW o=z g st9S w PISK-Akt-mTOR

NEAY A2 59 wMAE] WaE HUsus HOS Al F opAE

(concurrent treatment) rapamycing 30% A= g]sk & Akti2-1/2Z gl s}t
Attt  (sequential treatment). Akti2-1/29} rapamycin® concurrent
treatment®} sequential treatment =5 30% o] S A teA] p85 S6
Kinase®} p70 S6 Kinase9 @4 A JAgoy ddw 2 A3

Ed, 4E-BP1Y w@w BHE AR gEzHom gasdt ey

Aol a9l vl vAs Wl 1 Aolde FAd 4 gl
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Figure 9. Combination effects of Akti2-1/2 and rapamycin in the down-—
stream effectors of PISK-Akt—-mTOR signaling pathway. HOS cells were
treated Akti2—1/2 and rapamycin in combination with dose of EDs, for the
indicated time points. (A) Concurrent treatment to HOS cells. (B)
Sequential treatment to HOS cells. Rapamycin was pre-treated for 30 min

before the Akti2—-1/2 treatment.
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9. Akti2-1/2¢} rapamycin®] @] W& cell cycle W3}

Akti2-1/2 ¢} rapamycin® o] wZ cell cycle progression® W3}=
2ol H 312} cell cycle analysisE G838t (Figure 10). HOS AM|3Zeo] 7z} oF
AS d=oz AYdAY F 71A HIALWO=E (concurrent treatment,
sequential treatment) 24 A7t 2 2]8Fe] FACSE %319 cell cycle W3LE &
skl W ael= Akti2-1/20] W@k 1G5 s (2.3 pM)e 0.01 uM
rapamycin® 23}t Akti2-1/25 Wxo 2 AEsd S o iR ET
Gl phase7t sEeEA R F7HFAAL ICy FERT W2 SR = S
phase”} 7+4:8}3l M phase”l 5 7FekSlth (Figure 10A). Rapamycing &5
o2 Y3 S w 10 pMe] ¥ 5Xol|A Gl phase’} S57}8Fal S phase

7V 7323tk (Figure 10B). 8FARF @& FXo A rapamycind] <93 cell

off

o

fllo

cycle Wist= AA YelUA] LUt F FAE wWEste] AFE

b

oot
off

o

(Akit2-1/2 : Rapamycin = 2.3 uM : 0.1 uM) 2z °kAl9] &&= A g Bt} Gl
phase’} T7Feti=dl o= thxw 3 vagls o, of 8-10%2 S7t& o
™ G2-M phase”’} I A 743G (Figure 100). whebA Aki2-1/29 A&
9] rapamycin¥e] W QW o7 cell cycled WH3}E FEdd & UL 3
A5ttt Concurrent treatmentol A= S phase’}t Zw  S7FsFAAIR
sequential treatmente|4]+= S phase’} T & oJEX o7 743G F £ 4
A zAe] Wkl Ayl z} okA9 's Ay HT} cell cycle?] G1 arrest
7F gt ow FREEJAN, HWEaWHe Ag Wy wE ol AA Ko

A ekttt (Figure 100).
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Figure 10. Effects of Akti2-1/2 and rapamycin on cell cycle HOS cells were
treated Akti2—-1/2 alone or combination of Akti2-1/2 and rapamycin with
the indicated concentrations for 24 hours. In sequential treatment,
rapamycin was pre-treated for 30 min before the Akti2-1/2 treatment.

Cell quest software and Modfit L'T were used for the cell cycle analysis.
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Figure 10. Continued.
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AT (Figure 4B). whebA W aye Aske 2FoRLE T A
2 g5 FSAA B a794Q Y 2795 Ueidle WREds g9l
&kl .

Akti2—1/2% w9 #-e Agbell AGW AR Akte] &% ol mTOR
o] AL FAol TAaAH o (Figure 5) PISK-Akt-mTOR Alzdeg 4=

o] 3¢ =4 @Al p85 S6 Kinase, p70 S6 Kinase® 4E-BP19] A&

=
L

il

==
o =

Lo

2
o
fu

%4389t} (Figure 6). Rapamycing ZAwrwa el mTOR

HarF o Akte] @44 & S7HAH Y (Figure 5A). Rapamycing w9 -2

>
>

17

o= AktE 243 Ao ol A7k oEH e skl (Figure
5B). Akte] #Ae] F7tshel wheh Akto] Wde] FHAstlon thAl AlFkelE
Aoz FT7hskgith Akt Aol ddlH o W A EF¢l KHOS/NPOIA &=
rapamycine A 3RS w Akte] Aol F7sEH T (Figure 5C). mTORE
mTOR complex 13 2 (mMTORC1, mTORC2)® o]Fo|%] 9+ kinase® Z+z}
o] B4 7)%o] thEu??? rapamycin® FKBP12 (FK506 binding protein)
¢F mTORC1el Agtste] mTORS &S Alstil mTORS ZAf st 3+
raptor®] o 2-&& oFstAl ste] ME AE Ao IS Fopt 0 e
bAoA rapamycin®] ¢&] mTORC1S AS w Akt7} A3 A0
ooy g V)Mol disiME oA FEEA wE mpyh g SR e
rapamycin®] B mTORC27} rapamycin®] &3] 243tE o] thA]
AktE ZA43 A F goe 29 BuEo] Y pg5 S6 Kinaset

p70 S6 Kinase®] A& F& FL 9| ragpamcyinl. 2% 3402 7F4351%
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A 3R (Figure 6A).

PI3K-Akt-mTOR 2lsxdd ZA=7F &3t Hol s 5T AEddA
rapamycin®] 93] X% Akt 4317} Akti2-1/2¢9F9] W W o7 PI3K-
Akt-mTOR Al&dgd A2E gaxor zdse 5% avirt SgE A
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tlo
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ABSTRACT

The anti—tumor effect of targeted agents in osteosarcoma

Bo Ram Kwon

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Sun Young Rha)

Osteosarcoma (OS) is the most common malignant bone cancer found in
adolescents and young adults. OS is characterized by local invasion and
distant metastasis. Treatment methods for OS have seen significantly
advanced. With the use of multi—agent chemotherapy, there have been
improvements in the overall survival. However, chemotherapy has been
limited to OS patients and drug resistance still remains a problem resulting
in poor outcome. Currently, targeted agents are being evaluated as a novel
method for various cancers, but the efficacy of the agents in OS is not well

known.
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Here we report the activation of PISK-Akt-mTOR signaling pathway in
OS and efficacy of inhibitors of targeting Akt—-mTOR signaling pathway. By
using western blot protein profiles in PISK-Akt-mTOR signaling pathway
were established in seven OS cell lines (MG-63, HOS, KHOS/NP, SK-ES-
1, U-2 OS, Saos-2, and G-292). High levels of the Akt were observed in
all the cell lines, but the activation status of Akt varied. All the cell lines
similarly expressed moderate levels of mTOR and all cell lines except G-
292 observed activaton of mTOR. Down-stream effecter molecules of
PISK-Akt-mTOR signaling pathway were observed moderate protein
levels and activation status. To assess the feasibility and anti—tumor
efficacy of targeted agents for Akt and mTOR in OS cells, Akti2-1/2 (Akt
inhibitor) and rapamycin (mTOR inhibitor) were evaluated in OS cell lines
using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay. Although the activation status of Akt in OS cell lines
differed, Most of cell lines had moderate ICsy values for Akti2-1/2 (from
1.01 to 2.49uM) except U-2 OS (4.72uM). Rapamycin inhibited cell growth
showing similar patterns in sensitivity. However, Rapamycin induced
activaition of Akt. There were no significant correlation between target
proteins and inhibitors. The sensitivity of inhibitors seemed to be related

to multiple proteins in survival signaling pathway.
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In combination of two targeted agents, there were observed significant

inhibition of cell survival in low doses. To compare the efficacy of
concurrent combination and sequential combination, MTT assay, cell
proliferation assay and cell cycle assay were assessed. The anti—tumor
efficacy was significantly increased in sequential combination which
treated Akti2-1/2 when Akt was activated by rapamycin.

In this study, we presented OS had various protein levels in PISK-Akt-
mTOR signaling pathway and feasibility in application of targeted agents
for Akt and mTOR. These targeted agents could be applicable in
osteosarcoma by blocking the survival signaling pathway with single or
combination treatment. We suggest more an effective regimen of

combination targeting PISK-Akt-mTOR signaling pathway in osteosarcoma.

Key Words: Osteosarcoma, Akt, mTOR, Akti2-1/2, rapamycin
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