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2. AL TR VTRE 6 O F £ 13 P1 ElE IR
UIBEER L 1ZIERETH - 7.

3. bevacizumab B A% Tl&, FFo@EESEN
HMGERBET, miFe 7vo vBIHEEOHE
FTH -7z,

4 5y FEFUIBRE LA 7 SR R C
3, bevacizumab O 1T FFE A & HiH &9,
O LA S 2B L.

EmEMICAH L C FOLFOX  FOLFIRI #7h.po &
T A HHRACTRIE RN S1% OFUIRE 415
T, FTHFEBROAE I —7 v FELT
Bevacizumab 0f | FOLFOXILI f#EE:%# ifT L 7=
5 FIORT OIS AR IE 100% T, Bevacizumab $f
i mFOLFOX6 T SD Ta » /il & FF 9~
conversion T&E/-. FHEDLIAINBLS
IO PP EFRTHD RIFZREEZE T 5.

FOLFOXILI #EICE LT, # 2 HE% TR
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4 Bevacizumab O{L2EEHRITEE~OEE (WERE)
Bev— : bevacizumab /87 L, Bev- : bevacizumab JFH 2 9.
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©
or B
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(o~ 3 )~
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Conversion YES NG
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Bl 6 XEEiTERCHT B A ENE
ANBEER+SHEEEE, Cx: chemotherapy, EGFRI : epidermal growth factor receptor
inhibitor, *K-ras wild type

£ 3

MDN

12 FOLFIRI b 5w # AT BIC Ce D
PEHE I TWBEY. 2O # FOLFOXILI &
Bevacizumab O FIZEE L T4 8 2 HalB A fr
i, FOLFOXILI 5 TALNZr-7c L 57
B EER OB EIED I LA
(Response rate: 77%, Disease control rate: 100
%) BESTEHEIRLD. £/, UBTREGS
iR 196 Flicxt L ¢ FOLFOXILI &% 17 -
JoEEE 37 H) (19%) I ROVIERSWEL D,
NG 3TAOTRIZFVERAZEELEEICH
HThol b ORELHAHY. HETORERTIE
SHIEBWERLADN AL, ENRSSH L
i BIEEE LS SELHTHD, SEOIEN
BOEFR L BERHOLEERLETH S,
Bevacizumab O 3f B A LFEEC L A FEE
42 AW ECE L T, Ribero 648, &L A
FEELFRMTHEHELTDEY. #LIE, XK
BEIER 105 ok LTS5-FU &4 +F51U 7
FF N & BACFREERT Y, 62 #ld Bevacizu-
mab A & 43 FIOIEPFHAZ i L7z, SR
JREEOREE L, £ETEOFEE 27.4%, PR
#153.5% T 0, Grade 2~3 DEE HEHNER

- THOFHGI 8.1%, JFOFRGI27.9% & H 120
P CIRBRTH - 7. Bevacizumab OOF 485
MR OB AT 2 8 AT IR B R BRI T
HAHN, MEBEFEANED S BRI £ S N/ fEEE
# ®° matrix metalloproteinase ( MMP ) -2 %
MMP-9 Ol AR EINTWAY ., 2510k
I, WigHEFRER T - FYRAOBER T, JE
BEOEL Bevacizumab §FHIC L 08 L /-8
WHEFEEIHEB L2 oRELD
B0 b OEi Th, Bevacizumab {JFH
fICHh e 7L SRR DME R A ak D, B
EEESBREN TV AWEESIEZ 6N L
LS E, SHRLERNTRELGOERLHEF
RO 7= DBHDPULETH 5.

U b & DEFFRIC B 5 KBRS+ 5
Wemg & LC, =9, FAMERA T WER T, E
BEALEERCLSTHEETTHS MDN 4
0L FTHVESMEFR TRl NITFER 2 RIRT
5. ZNDIOFE TR e e Rk 2 T F
i~ conversion % Bfi 5. —7F, FFI/MERE
HHITH, FICEEVIROFEEOS HEMH Tl
¥, HERCERDACTRERTY, FiRAD
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HPZREEZ TS,

W EE

VIBTRIEE T RIBFIFEREN 2 W2 ¥ 4,83
e RR % (Bevacizumab §ffl FOLFOXILI i
B L BEAYZIF ORI & 0 IBRR S A B g
CETRIFZ PERXMEZINS. /-,
Bevacizumab & 45 Z L TH 91 F 5+
VEERE LA X A E A B 5
AEMRB 5.
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predicting recurrence after hepatic resection for
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secutive cases. Ann Surg 230: 309-318, 1999
Rees M, Tekkis PP, Welsh FK, et al: Evaluation of
long-term survival after hepatic resection for
metastatic colorectal cancer: a multifactorial model
of 929 patients. Ann Surg 247: 125-1 35, 2008
O’Neil BH, Goldberg RM: Innovations in chemo-
therapy for metastatic calorectal cancer: an update
of recent clinical trials. Oncologist 13: 1074~1083,
2008

Falcone A, Masi G, Allegrini G, et al: Biweekly
chemotherapy with oxaliplatin, irinotecan, in-
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Oncol 20: 4006-4014, 2002
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ment of metastatic colorectal cancer with irinote-
can, oxaliplatin  and S—Huorouracil /leucovorin
(FOLFOXIRID): results of a phase I study with a
simplified biweekly schedule. Aun Oncol 15: 1766-
1772, 2004

6) Falcone A, Ricei 8, Brunett I, et al: Phase 1l trial
of infusional fluorcuracil, leucovorin, oxaliplatin,
and irinotecan (FOLFOXIRID) compared with in-
fusional fluorouracil, leucovorin, and irinotecan
(FOLFIRI) as lirst-line treatment for metastatic
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Ovest. J Clin Oncol 25: 1870-16786, 2007
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mab with FOLFOXIRI (irinotecan, oxaliplatin,
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covorin, exaliplatin, and irinotecan (FOLFOXIRD
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hepatic injury in patients treated with oxaliplatin-
based chemotherapy for colorectal lver metasta-
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(SERE23%E 6 H20R 210 (EI5234E 6 A29H 2 81

AIRAGIRE 2 BRI RIS O 120
{if Hl Low dose FP 4 Sk (IFP k) oFHIELS
O AR B X ORISR L7z EREERET L LT
MH134~ =7 Z [P Bk % v T Peg-IFNo, 0 B 5 -
B - EBEEAR R BT L, BRREEE & LTk
B EoMRNESEZET 5 (Vp=2) EBIVIFEE
BI3060 % IFP fEdTRE140), JEMATRELBIZ 7L F O A
Ry T4 TIEFE, BRI SRR Lo, JERER
MErcld, MHLISAMI I PegIFNe #2512 & D HE5E - 3
BEEAHIR & 1 Gnvino), FETIBIGEF V2B CHiGE
BUIRI L 720 EAUEEEC L AIFEBEFTLICB LT
Peg-IFNo (X Enf e A (58 6 16 vs W HREELD
) B & UEBEIZBIT A microvessel density A% A
72 linvivo) o BRI EE DR T, BHiB X OIS
HEAFERIZ BT, IFP TR IR TR S el L, A
WFBRTTH o 7o, BREEMARIIBNTY IFP fEfr
BEDEREIT R S L L, ARICBIHTH -7, Vp2 3
(FIR—RoF T HES ) EFITHRICET#ED L, H

gE28% — 0L, EREATEEIZIZ L A B e THFS %, ER
ﬁi%kwotfﬁfﬁﬁl?a‘éﬁ%%&?é 7275, IFP fEfTHEIZ

759 Bl 4 BRI ISR Td ) BATGHE I CTRETT
BETHorze LD, Vpz 2 JHEHitRO IFP #ikid

FHREUETIAEHALRERETHDLEEALN,

MY % O Systemic IFN+ Low dose FP O & Bk

x, & AN - PR A N < S

£

FUsic

SFAlfas (R 10 L Cikian A L LCFIRE

2 4T50 - 60%, 5AET80%
LE, FRABRRED 1> ThHL, JRIRERELLE
9 b DIEHEROEREATR Y, F 7, MR R G
L0 PR E e R AT A (Vp= 2) AR PTIRE
LY LU IR 2 SEAT LT b AT R S A

ENGLIFFBILTFRARTH S,
BITOMW#ESHEAA NI A4 »vea i A
1 TR BIRIET OV ) A L5 IS EAT IS

AT BB ERE IS T A g 2w Ditbiud
LAHE &0 ARG PR SE R M IR B o R 5 Rk = H Y
& L7z Systemic IFNo.+ Low dose FP {IFP) #4497 -
TRk 7 B BRI & o, IFP B
APIRA PR G BB R B ORI E L LTHHTC
HHLGHIMAEWMET B,

AT LT b0 mie

P
TE7Z, /\LU

M WREFE

1) AEBERIHE

<in vitro >
MHI34~ 7 ZAJFHEAIE L33 5 [FNo O [B5 e g il
AEEh S 2V T MTT Assay (Chemicon International

Inc.) 2T, F7REHEROKE L Cell Invasion
Agsay (Cultrex® 96 Well BME Cell Invasion Assay) %
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B SIS ER SO 58 % RT-PCR %
. [FNeg 1 Peg-IFNo (Pegylated IFNuZb,

T L7z

BT =7,
F v Tt |
Schering-Plaugh K. K. Osaka, Japan)
<in vive >

6 MO HEE~ ™y A (C3H HeN Crj) 12 M

FRL, HHERER

X 1051‘@‘:J,/\ ./LL P ?gi /in ETI I 'Y
T EZNET 5. PegIFNo 13 MHI34E 240 B 5T

B TRS L, ETEEETFTIVIIBIT S PegdFNa D
A E A JA}J/F»{:Oé G

AL
MHI34 M 7E2415F
ek

2510 MHISAHIBEL 103 & IR TS
EHEF L EER L /2, PegIFNa 1

B TS L, Peg-IFNo &M
L7

(2) BEERAYaE

19929F 11 H 752 E3H FCoOEBIZIOE T BT
LZFED S B, RGHE LD Ao s P IR P E S e
/ﬁ“@‘“% (Vp= 2 ) EITHHEIERS0M & & & LT, TFP

T EEAE, JEMEATEELOBIIC T, L PO ALY
74 TIT B BRI T & UERREE R
Frotze ERMR—ROESPSERIIPTTEGREE
15 Vp3 -4 DFEFIC SR L7

NAT L

IFP I E 1 ISR 7O b a— LTl TE 577507
Bl ST, 5B 4L LTwa,

MTT assay
b
;—"L“‘ﬂ*
80 i

2 * p<0.05
o

o 60

«Q

4

)

2 40

Q

0

2

< 20

1x105
Peg-IFNa: 1U/ml

R L ES B

TR I, B AT 8

Cont. 1x10% 1x104

2. MH13412%9 5 PeglFNo D -
MH1345 113 PegIFNo (2

$0

iFMo: B00BE(ETEI(T)
4 4 : 4
Day 1 3 5 7
5FU:500mg  Day 15 RN
cisplatin : Smg Day 1-8 (242
18 | 28 | 3@ | 4B |
E1. IFP#EN 7T b a0
H‘\u WE5007T AL A 3 EIE TS, FPiZE FT 2T

RIS 5 (4 HREEES)

<in vitro >
MTT Assay % Hv 7283
PeglFNa 12 £ 1 B EEE
Assay & HW BB HROFMTIL,
HREIE PeglFNe 12 & 0 BB RFEEIZHNH]
HRITE D51 .
<in vivo >
ETFEEeTVIIBNT
LI USRS RIS
SIH) . 7 MHISAMIEIRE - X 2 e
PeglFNo #2512 & 0 JFi i

T, MHIEIRE D

i

, PeglFNo % &

AR ]

EEA e

LI & 47z, Cell Invasion
MHI34H D
*hi (g2,

I}?_}Q;i{.l rj%}%
Srofz (3, LITED
;’%?]V'C“(i’

(:«4 {J?EU =R A

(PegIFNo % 5-58 6 18 vs. W HHEELOM, 4, SCRKITX

DG

Cell invasion assay

*
! *
4 %
prm———
g3 * p<0.03
o
@
2
@ 2 I
2
£
2
21

x108
Peg-IFNa: IU/m!

0 -
Cont. 1x10° 1x104
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BIGEICB VT MH
IFP O EFAEFSIL 1 E100%, 3 HE65%, 5 H54%

" Control 41 . FEFEATRED 1 £38%, 3425%, SHEI9% LKL
34 BLABICRE TS o 70, BRASBEFETY IFPIEITH
N PIEATEE L L LA RIS RIFCH - 72hY, [FPEEILE
WTHRBAIIERE Y S 2TEAPE -7 (5,
1 -

Cont. 1x10% 1x108 £19%) .
Pag-IFNa: 1W/ml

EFIBT B
T =1
o 7 IFP # Jehiir
BEFEBTETIV FEBRE (n=14) (n=16)
‘ ‘ i (5 56.0 57.5
p<0.05 .
; HiE Aotk 12,2 1274
1
HBV HCV NBNC 653 6/5/5
20 I
[CGRI5 (%) 12.3 13.5
15 T-bil img dl 0.9 0.7
Control Alb (g/dh) 3.95 3.74
101 AFP {(ng/mb 2781 711
PIVKA-IL (mAU mb) 4050 5110
54 ;
Child-Pugh (A'B) 140 15/1
EHE (em) 8.6 8.2
Cont.  Peg-FNa FALEE (/) 0113 11075
Peg-IFNa
S B4y T’ ‘w;::f’?v
4. BEIFER S 7 ) 128173 PeglfNa 3 EEORHIBUTAERS

PerrII‘x\a ED L ) FFERBEEEE
6 vs. XTHREFIOND S

RAEEEE RERER=E

(%) - o HaT R
1004 — IFPHEFTE(n=14)  100- P n=14)
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804! SG"!
H 3
501 | 80
{ i
401 % p<0.01 01
[ o [
294 I &-9 B & p<0.01
9 . - . 0 . R
6 2 4 6 8 16 12 o 2 4 8 8 10 12
el WREN

5. Vp= 29MIcBT 5 8 - BERBERE
[FP B0 BRHAEFRIZIEIEITH L IR LABIC B Th o o BIEEFE T IFP MfTH/SEEIT L AR LARIIAETH o 72,
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— 265 —



B7.

FPIEfTHRcCiZlI L A S
THRIFS%, RBMEBER LV B AR EET
Bzl LT, IFP AT CIEFEE 9 Wl 4 i
B COEETHY, BREBIBIMGHETORE T >
MO—AHERETH -7 ([ 6). IS Vp3-4EHIT

] WEREE 5 (%%
| FPE | 22 o (2%
B 3
BIFS5R 3 (141:30)
ERED 3 (IEEBHIR
HlgTTEE: 579
g5 mEREE 3
JErETTE == I
BITESE 9
BRFe% 9
BERES 3
HlEErgE: 1713

. IFP B, JERATERCBY é@f’“‘“?"/@l{j
FITHETEHMAR 2 HEFIILA T TH 5720, TFP
JETTRCRRIFIRATREIC L 9midha > o -]
R REMTE ol

HAPREHRT 5 L,
* 1 4£100%,

FAEAEAF R IFP JEATHE (n=8)

34F86%, FFRATH (n=8) T1H0%,

IEFSE A7 TFP FiATHET 1 4E50%, 3 50%, FEH
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R DR BAY A HIEE LR <

]
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ITiEEE A/B DS 5 X 3cm, 3E

Mgt LClE, WD LEARTEE, FEEECT
Scm, 3ELADFMHEEIE L TIEFRE, 22
Bl b b ICiERENTRE, L LD s, 3?%"&%
HEHVEFFMEREE) bOICE L THREN P OMR

\

W BEEEEEESRTBL T, FREEOPTENLS
EEETIEOEEDAY, WHIEFEOPTORETS
B4 000EFEMDIFESBAT A FI4 TR (4>
g —7 PR SEEIIERY 7] &9 clinical
question 12 LT, [4 »¥—7 0 Y FRALFEER
HEHEEZLZLR, 7oL FEELTLLVY, +57%
BEERgARIA 2] (FL—FC1) LR#BEhT
LaL, SEOMIREBIEE M) ETFEIIHT 5 IFNa

L EESOHAEEE, PIRERICERRTET HIE
AL, VAT IF BBFEEL OLERE (RCT)
CEDHEREFTERENTWAEY, 72, IFNa i ¥
RTSF L ABEETREYRIB.IBTHY, £FH
HOEEbLALNEVIRELH B,

IEN/SFU BRI EERITIR LT 2mRE LT,

PAEERLE LTHPNTELLRY, BREMIZET
IEN D& D B4 FIRENFTTbNn, s DI

ZHEIOBLT EF L b oW, 72, £FLF
vk L IFN O Tk, BIEP10~25% & IFN EiR
EEYDEENERICH o 28, TERTTRERT

BoBw, LaLi2s, INOEFRSICEREN
7-3EAE, 13 & A LA doxorubicin TH - 72, #DIE,

Wik,

FFENEEE & IPN L R T, SRR II30~50% &
FEEICAFGERPRE SR, FFENEICER SN
738K 15758 £ 7% cisplatin & A W IX5FU REHITH - 72
Ota HWDEETIX, Vp4d HAWVIEEHEIFREEDZD
YEAEe 2 EFITH LT, IFN #E5FU IFshiEEEIC
L p 1EEFERITA%, CRED (15%) KRB L 14
EAEERII83% L HE SN TV A, Obl bYDRETY,
LD | FEFERIE3A%, CRED (16%) O 1F4E
HFHEIISB L ME SN T VD, SHICHERENI LI,
BEICHFAMER R B 72 L TV AERICET A IFN BFHSFU
FEEBENENIZIFILALCHESRTELT, PD
EHICBWT LEULEOFERMIELNEMZIELA
AL, Thabb, IRN/SFU BER, FEEOER
DEE DA 5T, M EMREOER - B 2IH L
WREME D B B FD LI BRSPS, Ditbhid
* B HE Y RE OB R E
TEREIR

&

Tv 5
AIRASFIRR B EE R T 1 2
LT, IFN §FH o Low-dose FP (5FU/CDDP)
S@%%’%&%’»%ﬁ") NP Nl By A
I, IFP TR BV TREB L URE
FEMITHLEBRL TERELAFTH -7,
12, Vp3-4EBNSHITE, 8 PIIIFIIERE: IFP SRR
S BN IZFIED A 2T 72H, IFP MfTHO 1 4
THoDIIHLT, FERTE C’i’\@j

VEMAIZTEE L Twiz. LaLads, BERER

>

45k, IFPETEEEETEL ) BFTIES A,
ZIIHBREHIERET AL LT, IFPTHIZE

E%Qﬁ?’%é@i’:?; HREBADECHFEELT
. g, IFPEOBRDZ
i, ?%E%W’\@%%E ST (BETHEPT

i) RIFEBTHo 0L, FEHATEIRE THIEAR

IFN OVEEGEICE L TiE, <7 AFFEMELT A
- EEBCHEBENH, BENFEB LUVBEFEZET

VT O FFERIRIZD R 23 L7, BRRAGICIZEMT
DWMERHREIRD VW20, 5FUH S IZCDDP &
DHERT, HLBOMREHNRETLOLTHELDLE
% b M5, Takaoka 5%, IFN 255FU 12 & 5 [EEH
B7RP—YA%WEIEE A3k FET LI LraE
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L7, T/, Eguchi 591, MBESABEEATH S
p2TD5EMMEF ML CIFN OMESEE SN I L %
WL Twb, SFUDHMEYE (FAMP) DMIEA
BE AR, 5 id thymidylate syntase FHEE®
FRZEDHED H B0, T2, IFN/SFU & 5\ i
IFN/FP EEDHBRENEHEN L IE, HOLADNDOHE
BATRY L9 B OER - SRR b HEE &
n, HOSSRAFERNHFEEINS,

=] 1=

PR H NPT » T 5 IFP iR, WIRAY MR E %
BIEFENBORHTERBEELFHL, TReUET
HATFEMED S H A R RERBEEZA 5N 5,

X W
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ARTICLE INFO ABSTRACT

The anti-tumor activity of a newly developed Hsp80 inhibitor, NVP-AUYS22 {AUY922), against non-small
cell lung cancer (NSCLC) was examined, Twenty-one NSCLC cell lines were used, the somatic alterations of
which were characterized. Cell proliferation was analyzed using a modified MTS assay. Expression of the
client proieins was assessed using Western blotting. The cell cycle was analyzed using flow cytometry,
The ICsy value of AUYS22 for the NSCLC cell lines ranged from 5.2 £o 860 aM {median, 20.4 nM). Based
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Keywords: on previous data, cells with an ICsg of less rhan 50 nM were classified as sensitive cells and 19 of the
:ﬁ;;g 21 NSCLC cell lines were judged to be sensitive. The ICsp of five malignant pleural mesothelioma (MPM)
Auvgzz cell lines revealed that the MPM cells had a significantly higher 1Csg value (median, 89.2 nM; range,
EGFR 22.2-24,100 nM) than the NSCLC cells (p=0.015). There was significant depletion of bath the total and
SGFR-TKI phosphorylated client proteins - EGFR, MET, HER2 and AKT - at low drug concentrations (50-100 nd)

in drug-sensitive cell lines. Cell-cycle analysis was performed for two sensitive cell lines, H1975 and
H838. Following AUYS22 treatment, an increase in the sub-Go-G, cell population, as well as appearance
of cleaved PARP expression, indicated the induction of apoptosis. In conclusion, AUY922 was effective
against most NSCLC cell lines, independent of the type of known molecular alteration, and appears to be
a promising new drug for the treatment of NSCLC

Mesothelioma

D 2011 Elsevier Ireland Lid. All rights reserved.

1. Introduciion

Lung cancer is associated with various types of molecular alter-
ation, including epidermal growth factor receptor {EGFR ) mutation,
K-ras mutation, HER2 amplification and, as recently found, EMK4-
ALK gene fusion {1-3]. Improvements in our understanding of the
molecular alterations involved in lung cancer have brought sig-
nificant advancements in molecular-targeted therapy [4]. Among
these alterations, EGFR mutations, which are frequent alterations
in lung adenocarcinoma, are a predictive factor for the efficacy of
EGFR-tyrosine kinase inhibitors (EGFR-TKIs), such as gefitinib and
erlotinib {1,2]. These EGFR-TKis have a marked anti-tumor effect
on NSCLCs with common EGFR mutations. However, acquired resis-
tance from, for example, a secondary EGFRT790M mutation or MET
amplification is a major problem that is responsible for treatment
failure [5~7].

* Corresponding author, Tel: +81 86 235 7265, fax: +81 86 235 7258,
E-muil address: toyooka®md.ckayama-wacp (S. Toyooka).

0169-5002/$ - see front matter © 2011 Elsevier Ireland Led. All rights reserved.
dei:10.1016/].lungcan.2011.08.011

The heat-shock protein S0 (Hsp90) complex is a chaperone
protein that facilitates the refolding of unfolded or misfolded pro-
teins, It plays a pivotal role in cancer cell survival, as it stabilizes
a large set of proteins, so-called client proteins, many of which
are essential for apoptosis, cell-cycle regulation, proliferation, and
other characteristic properfies of cancer cells [8,8]. In NSCLC,
HspS80 stabilizes oncogenic proteins such as EGFR, MET, HER2
and AKT [5,10]. We and some other studies have shown that gel-
danamycin (GM) and its analogues, the benzoquinone ansamycin
class (17 allylamino-17demethoxygeldanamycin [17-AAG] and
17 dimethylaminoethylamino-17-demethoxygeldanamycin {17~
DMAGY), are effective against EGFR-mutated cell lines, even those
that contain the EGFR T790M mutation that causes resistance to
EGFR-TKI [11-14]. However, the results of clinical trials for 17-
AAG and 17-DMAG were somewhat disappointing[15-19] and new
potent Hsp80 inhibifors have therefore been pharmacologically
designed and synthesized to offer improved efficacy and accept-
able toxicity. NVP-AUY922 (AUY922)is one of these newly designed
small-molecule Hsp90 inhibitors based on the 4,5-diarylisoxazole
scaffold; it has a much higher affinity for Hsp80 than previous GM
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analogues [20] AUYS22 is bound to the ATP binding site of Hsp90x
at the N-terminal domain, and its X-ray crystal structure confirms
a crucial network of hydrogen bonding interactions. If exhibits the
tightest binding of any small-molecule Hsp90 ligand because the
entropy of binding to Hsp80 is almost negligible. indeed, praclinical
data from various types of human cancer have shown an anti-
proliferative effect of AUY922, with low nanomelar potency both
in vive and in vitro, with no major adverse effecis being observed
in mice [20-24]. In these studies, AUYS22 suppressed the client
proteins (EGFR, MET, HER2 and AKT) that participate in the pro-
gression of various cancer cells, and AUY922 is considered to be a
promising agent for NSCLC However, to our knowladge, the efficacy
of AUY992 has been reported in only one NSCLC cell line (A548) to
date [25], although Phase H clinical trials for patients with advanced
NSCLC have recently started.

in this study, we examined the anti-tumor effect of AUY922
against NSCLC cell lines containing several known genetic alter-
ations, including EGFR mutations.

2. WMiaterials and methods
2.1. Drugs and cell lines

AUYS22 was obtainad from Novartis (Nuremberg, Germany)
and dissolved in dimerhyl sulfide (DMSO) at stocked concentra-
tions of 10mM and stored at -20 €. Working dilutions were
always freshly prepared. Most of NSCLC and MPM cell lines used
in this study were established at two institutions. The prefix
NCI-H- {abbreviated as H-) indicates cell lines established at the
Mational Cancer Institute-Navy Medical Oncology Branch, National
Naval Medical Center, Bathesda, MD, and the prefix HCC- indicates
lines established at the Hamon Center for Therapeutic Oncology
Research, the University of Texas Southwestern Medical Center at
Dallas, Dallas, TX. These cell lines were kindly provided by Dr. AdiF.
Gazdar (University of Texas Southwestern Medical Center at Dallas,
Dallas, TX, USA). A548 was purchased from American Type Culture
Collection {Manassas, VA). NCI-H3255 was provided from Dr. Bruce
Johnson {Lowe Center for Thoracic Oncology, Dana-Farber Cancer
institute, Boston, MA), PC-9 was provided from Immuno-Biological
Laboratories (Takasaki, Gunma, Japan), Gefitinib-resistant PC-8 call
line (RPC-8) was provided from the Department of Hematology,
Oncology, and Respiratory Medicine, Okayama University Graduate
School of Medicine, Dentistry, and Pharmaceutical Sciences, Japan
[28]. All the cancer cell lines were maintained in RPMI 1840 (Invit-
rogen, Carlsbad, CA) supplemented with 10% fetal bovine serum.

11 cell lines were incubated at 37 Cin a humidified atmosphere
with 5% COp.

2.2. Determination of cell proliferation

Cell proliferation was determined by a modified MTS assay with
CeliTiter 96% AQueous One Solution Reagent (Promega, Madison,
Wi Cells were seeded on 96-well flat-bottomed tissue culture
plates (Becton Dickinson, San jose, CA) at a concentration of
3 x 107 cellsjwell with complete culture medium and allowed to
adhere to the plate for 24h. Then the cells were incubated in
the presence of the drug of each concentration ranging from 0
{control) to 10 M of for another 72h at 37°C in a humidified
atmosphere of 5% CO; in air. After the treatment, 20 L of CellTiter
96% AQuecus One Solution Reagent was dropped into each well
of plates. After the incubation of another 80 min, the optical den-
sities {ODs} of these samples were directly measured using an
immuno Mini NJ-2300{Nalge Nunc Internaticnal, Rochester, NY). A
reference wavelength at 480 nm was used to subtract background
contributed by excess cell debris, fingerprints and other nonspecific

T. Ueno et al. / Lung Cancer xxx (201 1] xxx~xxx

absorbance, The 0D of control samples was regarded a5 100 and

others were compared o the control. Fach drug concentration was

distributed in 4-replicate wells and each experiment was repeated
thrice. The anti-profiferative activity of AUY922 was shown as [Csg,

which is the concentration of the drug required to inhibit cell pro-
liferation by 50%.

2.3, Western blot analysis and immuneprecipitation

Protein expression analysis was assessed by Western blot-
ting. The lysate was extracted and 20ug of rotal protein was
then separated by SDS-PAGE and transferred to polyvinylidene
fluoride (PYDF) membrane. The membranes were incubated
with anti-EGFR, anti-phospho-EGFR (Ty1068), anti-Met {25H2),
anti-phospho-Met {307, Tyr1234/1235), anti-HER2, anti-phospho-
HERZ (Tyr877), anti-Akt, anti-phosphor-Akt (Serd73), anti-p44/42
mitogen-activated protein kinases (MAPK), anti-phosphor-MAPK
{Thr202/Tyr204}, anti-Cyclin D1, angi-cde2 and anti-cleaved poly
{ADP-ribose) polymerase (PARP) (Asp214) (19F4) antibodies (Cell
Signaling Technology, Beverly, MA), anti-Hsp90 (Novocastra, New-
castle, U}, anti-Hsp70 (Stressgen Bioreagents, Ann Arbor, M),
anti-CDK4 (C-22) (Santa Cruz Biotechnology, Santa Cruz, CA), anti-
Actin (used as loading control, Millipore, Billerica, MA) and then
with goat anti-rabbit and goat anti-mouse 1gG-HRP coupled to
horseradish peroxidase conjugated secondary antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA). After the incubation with
antipodies, the membranes were developed by ECL Plus Western
Blotting Detection Reagents (Amersham Biosciences UK Limited,
Buckinghamshire, UK.

2.4, Flow cytometric analysis

Cells were harvested and resuspended in PBS containing 0.2%
Triton X-100 and 1 mg/mL RNase for 5min at room temperature
and then stained with propidium iodide at 50 pg/mL to determine

subdiploid DNA content using a FACScan. Doublets, cell debris, and
fixation artifacts were gated out, and cell cycle analysis was done
using CellQuest version 3.3 software.

3. Resulis
3.1, Anti-proliferative effect of AUYS22 in NSCLC cell lines

The concentrations of AUY922 at 1Csp in each cell line are shown
in Table 1 and Fig. 1. The molecular characteristics of NSCLC cell
lines are also described (Table 1). The [Csg values in the NSCLC cell
lines ranged from 5.2 to 860 nM, whereas those in the MPM cell
fines ranged from 22.2 to 24,100 nM (p=0.015), indicating a sig-
nificant difference in AUY927Z sensitivity bety »veen MSCLC and MPM

cell lines. For NSCLC, AUY922 exhibited a strong anti-proliferative
effect in cell lines with EGFR mutations that were either sensitive
to EGFR-TKI or that had acquired resistance (o EGFR-TKI, sim-
ilar to the effects of GM analogues. Furthermore, AUYS922 also
exhibited anti-proliferative effects on cell lines with wild-type
EGFR, a K-ras mutation, EMI4-ALK fusion gene, or other genetic
alterations.

We also determined the 1Csp value of the SKBR3 breast cancer
cell line to validate the IC5p value determined with our MTS assay
by comparing it with published data [22]. Our and previously pub-
lished ICsp values were 9.7 £3.5nM and 3.3 £ 0.9 nM, respectively,
suggesting that the 1055 value measured using our system was not
remarkably different from the published data [22]. Thus, in accor-
dance with the published criteria, an ICsg value of less than 30nM
was regarded as being a sensitive cell line {22]. On the basis of this
criteria, 19 of the 21 NSCLC cell lines and two of the five MPM cell
lines were classified as being sensitive (p=0.034),
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Table 1
1Csp inhibition vahues for NVP-AUY922 in NSCLC and MPM cell lines.

Lung Cancer X {2071 00-300

Cancer fype Cell fines Histolpgical subrypes ALYS22 Genetic alterations
Sensitivity® 1Csp (M)
NSCLC PC-9 AD Sensitive 8.6 =05 EGFR mutation Exoni8 del
HCC2935 AD Sensitive 92 =01 £xonis del
HCC827 AD Sensitive 169 =04 Exoni9 del
HCC2278 AD Sensitive 283 = 35 ExoniS dal
HCC4AD1! AD Sensitive 17.9 = 0.1 L358R
H3255 AD Sensitive 285 2 58 L858R
RPC-S AD Sensitive 204 =14 Exon18 del = T790M
Hi975 AD Sensitive 32 =403 L858R £T790M
w1850 AD Sensitive 235+£28 Exon19 del = PTEN del.
H1299 LC Sensitive 324 =01 M-ras mutation
A549 AD Sensitive 153 =08 K-ros mutation
H2008 AD Sensitive 214 =203 K-ras mutation
H358 AD Sensitive 281 =41 K-ras mutation
H2170 5Q Sensitive 8103 HER2 arnplification
H1648 AD Sensitive 9.6 =01 HERZ amplification
Hi813 AD Sensitiva 233 =10 HERZ amplification
Calu3 AD Resistant 248 = 835 HER2 amplificarion
H1993 AD Sensitive 7 =02 MET amplification
H1395 AD Resistant B60 = 7.1 B-raf mutation
H2228 AD Sensitive 2042865 EML4-ALK fusion gene variant EBa/biA20
Ha3s AD Sensitive 17.1 = 06 None
MPM H211 Biphasic Sensitive 222+ 38
H280 Epithelial Sensitive 273 =38
H28 Sarcomatoid Resistant 892 =82
HP1 Biphasic Resistant 070 £ 10
H2052 Epithelial Resistant 24,100 = 4500
BC SKBR2 Sensitive 8.7 %33

N5CLC, non-small cell lung cancer; MPM, malignant pleural mesothelioma; BC, breast cancer: AD, adenocarcinoma; LC, farge cell carcinoma; SQ, squamous cell carcinoma.
* Sensitivity: sensitive cell lines, I0sy value < 30 nd; resistant cell lines, 1Ty value > 50 0M; del, deletion; NVP-AUYS22 exhibited strong effects to most NSCLC cell lines

with EGFR and K-ras routation or HER2 and MET amplification.
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Fig. 1. ICs values of non-small cell lung cancer and malignant pleural mesothelioma
cell lings.

Two cell lines, H1395 and Calu3, were considered fo be resis-
tant. H1395 contains a B-rgf mutation as a known molecular
alteration, while Calu3 has a strong amplification of HER2 and
increased copy numbers of EGFR and PIK3CA. However, the H2170
ceil line, which also exhibited strong HER2 amplification and an
increased copy number of EGFR, was classified as a sensitive cell
line (ICsg =9.1 4 0.3), suggesting that amplification of HER2 or EGFR
is not the factor that causes resistance to AUY922,

3.2, Effects of AUY922 on molecular signature in NSCLC cell lines

Subsequent experiments focused on NSCLC The effect of
AUY922 on protein expression was examined according to con-
centration and exposure time in three sensitive cell lines (H1975,
A543, and HE38) and two resistant cell lines (H1395 and Calu3).
Cells were harvested 24 h after drug treatment in a concenira-
tion gradient experiment (Fig. 2 and Supplementary Fig. 1) In
sensitive cell lines, the depletion of both the total and the phos-
phorylated client proteins, such as EGFR, MET, HERZ, AKT, and
Cyclin D1 (COND1), was observed after treatment with 50nM of
ALJYS22, Suppression of phospho-MAPK ({p-MAPK] but not total-
MAPK (t-MAPK) may be caused by down-regulation of its upstream
muolecules, which are the client proteins of Hsp90. Although inhi-
bition of HspB0 activity with drugs is generally correlated with
Hsp70 protein levels after treatment [22,27], Hsp70 expression
increased in both sensitive and resistant cell lines. In terms of
the resistant cell fines, although expression of the client pro-
teins was not depleted after treatment with a high concentration
of AUYS22 in Calu3 (IC50 =248 nM), H1395 - another resistant
cell line {IC55=850nM) ~ showed depletion of client proteins
after treatment with AUY922 at a low concentration {Fig. 2 and
Supplementary Fig. 1).

For exposure fime analysis, each cell line except H1385
was treated with the AUY922 conceniration, which was five
times as high as each [Csp. H1395, the iCsp of which was
850nM, was exposed to 100nM of AUY922. Although varia-
tion of protein depletion and recovery was observed according
tp proteins or cell lines, decreased expression of the major-
ity of proteins was observed from 12 to 72h (Fig. 3 and
Supplementary Fig. 2). Of note, there was nc major differ-
ence in the pattern of the protein expression profile time
course between sensitive cell lines and H1395-resistant cell
lines.
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Fig. 2. The profiles of protein expression under the trearment of different AUY922 concentrarions for 24 b,

3.3. Effects of AUY322 on celi cycle and apoptosis

We analyzed the cell cycle in two sensitive cell lines (H1875
and H838) to examine the impact of AUYS22 on cell-cycle dis-
tribution, especially induction of apoprosis. Whereas the pattern

of cell-cycle distribution after treatment of AUY922 was different
between twocell lines, sub-Gp~Gy DNA content increased in a rime-
dependent manner for both cell lines. Cleaved PARP also increased
with AUY922 treatment, indicating that AUY922 induced apoptosis
in these two cell lines (Fig. 4.

Hi978 A548 Ha3s Hi368
AuYsethr} ¢ 2 w a7 0 12 24 48 72 0 12 24 4 72 0 1z o 48 72
EGFR - == S - s
MET & = - - - - - & -
HER2 @& - ® & e
AKT e e - e e DO = BB e =
CONDI @ = - e @ 8
MAPK 8 ==s88 s=:=-"- BB88°
Hepa0 OO SPPO® T e
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Fig. 3. The profiles of protein expression according to exposure time with AUYS22. Each NSCLC celi tine (H1575, A548, and HB838) was traated with AUY922 of which
concentration was fve times as high as each 1Cse. H1355 was exposed 1o 100 nM of AUY92Z,
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Fig. 4. The impact of AUYS22 on cell eycle distribution and induction of apoptosis. Using two sensitive cell lines, cell cycle distribution was analyzed using flow cyrometry
and cleaved PARP sxpression was examined using Western blofting. After treatment of AUYS22, sub-Go-G; DNA content Increased in a time-dependent manner and cleaved

PARP also increased with AUY922 treatment.

4. Discussion

In this study, we found that AUY92Z had a strong anfi-
proliferative effect on most NSCLC cell lines. Previous studies have
indicated that GM analogue HspS0 inhibitors have an anti-tumor
effect on EGFR mutant NSCLC cell lines, including acquired TKI-
resistant NSCLC This suggests that Hsp80 inhibitors are promising
agents for resistance to EGFR-TKI in the treatment of NSCLC [12]
However, a recent clinical trial for IPI-504, an analogue of 17-
AAG, failed to show its significant effectiveness for EGFR mutant
NSCLC patients [17]. On the other hand, IP1-504 showed response
to 2 of 3 NSCLC patients with EMI4-ALK fusion gene. One of
the reasons is that enrolled patients with EGFR mutation had
been ireated at least two prior EGFR-TKI agents, suggesting that
the biclogical features of these EGFR mutant tumors might be
different from those of untreated tumors with single oncogene
addicred status. In addition, cancer cell lines with EML4-ALK might
be more sensitive for 17-AAG than those with EGFR mutation
[17]. Uniike GM analogues including 17-AAG, AUYSS2 exhib-
ited similar anti-tumor effect not only in EGFR mutant tumors,
but also in wild-type EGFR tumers with various molecular alter-
ations including K-ras mutation, EML4-ALK fusion gene, or MET
or HERZ amplification. One reason is that AUV922 has a much
higher affinity for the N-terminal nucleotide-binding site of human
Hsp90 than other Hsp30 inhibitors and can strongly suppress
the expression of many client proteins at low concentrations
[20].

Cell-cycle distribution was examined in two cell lines to assess
the induction of apoptosis, but the pattern of distributions was not
identical. Many client proteins of Hsp90 are thought to be involved
in the pathogenesis of cancers. The degree and manner of involve-
ment of each client protein should vary according to the cancer
type, resulting in variation of the ceilular response, such as cell-
cycle distribution and degree of apoptosis. This would account for
the difference in pattern of cell distribution and degree of apoptosis
even in the sensitive cell lines.

In our series, the two cell lines Calu3 and H1385 were regarded
as being resistant to AUYS22. The client proteins in Calu3 were not

depleted with AUYS22 treatment as much. The fact that expres-
sion of Hsp70 was induced in Calu3 confirmed the inhibition of
HspB0 with AUYS22, which suggested that drug fransporters or
metabolic activity might not be responsible for the resistance
of Caju3. The cause of preserved expression of client proteins
is unclear. In contrast, H1395 showed decreased expression of
the client proteins at a low concentration of AUY922, which was
simiiar to the response in sensitive cell lines. As early recovery
of client proteins under AUY922 treatment was related to drug
resistance in glioblastoma [28], we examined whether there was
a difference in the recovery time of depleted proteins between
sensitive and resistant cell lines. However, there was no differ-
ence between them in NSCLC and the mechanism of resistance
was unclear, One possible explanation for the observed resis-
tance is that although Hsp90 has many client proteins that are
generally essential for tumor proliferation and survival in the
majority of cancers, when cancer cells do not depend on these
client proteins for survival, the inhibition of Hsp80 may not be
effective. Of clinical relevance, this point may suggest that the
selection of patients suited to AUY922 treatment based on molec-
ular properties is difficult. Further investigation to identify the
factors that can predict sensitivity or resistance to AUY922 is nec-
essary, )

Our results suggest that AUY922 is not effective in MPM com-
pared to NSCLC Although the precise mechanism of resistance
is not clear, the molecular characteristics of MPM are different
from those of NSCLC {29,30]. Regarding the clinical use of AUY922,
Phase /il trials of intravenously administered AUY922 are currently
ongoing (http:/fclinicaltrials.gov/} for patients with various types
of cancer. From February 2011 to present, two interesting clinical
trials have begun for advanced NSCLC. The NCT01124864 trialis for
patients who have received at least two lines of prior chemother-
apy, and the patients are stratified according to K-rus and EGFR
mutation status. The NCT012580889 trial is for patients with lung
adenocarcinoma with “acquired resistance” to EGFR-TKL It is note-
waorthy that our data strongly support the use of AUYS22 for the
treatment of NSCLC patients with various somatic alterations or
with acquired resistance to EGFR-TKI.
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In conclusion, our study suggests that AUYS22 is a potent can-
didate for the treatment of the majority of NSCLCs, independent of
the major known genetic alterations.

Confiict of interest statement

Mone.

Appendix A, Bupplementary data

Supplementary data associated with this article can be found, in
the online version, at dol: 10.1016/.lungcan.2011.09.011.
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Tamsirolimus (CC-779), 2 recently synthesized analogus of rapa-
myein, spacifically inhibits mTOR and has been approved for dini-
cal use in renal cell carcinoma, Recent reporis have indicated the
growth inhibitory effect of temsivolimus in some cancers including
non-small-cell lung carcinoms (N3CLCL In this study, we aimed o
suplore the potential therapeutic use of temsirolimus as a ireat-
ment for NSCLL Using cultured NECLC cells {4548, H1298, and
#358), wa determined the affert of temsirolimus on cell prolifera-

tion and itz sntitumor affects on subaustaneous tumoers, as well as .

its contribution to the survival of mice having pleural disseming-
tion of cancer calls, mimicking advanced NSCLL Temsirolimus sup-
grassed oroliferstion of NSCLL calls in a dose-dependent manner,
with an I0s, of <1 nfd. Westarn blot analysis revealed that tamsi-
rolimus treatment specifically inhibited the phospghorylation of
mTOR and iz downstraam effectors in 1 h, sccompanied by an
increased call population in the G/, phase, but according 1o flow
cytometry, the cell population did not increase in the sub-Gp
phase. Whan NSULC subcutanecus tumor-bearing mice wers rea-
ted with temsieolimus, tumor volume was significantly reduced
{tumor volume on day 35 vehicle ws temsirolimus = 1288 ws
888 ¢m®; P < 0.08). Furthermaers, prolongsd survival was ohsarved
in pleursl disseminated wimorbesring mice with temsirelimus
treatment {madian survivak vehicle vs tsmsiolimus = 535 ws
72.5 days; P < 0.08). Thase results suggest that temsirolimus
zould be ussful for NSCLC treatment, due 1o its antiproliferative
affect, and could be 2 potantial treatment for advanced NSQLL,
giving prolonged survival. {(Canver 5o, deb 10.1171/0.1248-7006,
2071.01887.%, 2071

L ung cancer is one of the most aggressive malignancies with
poot prognosis, It is estimated that more than 160 000 and
65 000 lung cancer patients in the USA and Japan, respectively,
die each year.'” A wide variety of new chemotherapy medi-
cines have besn deveicpeé and introduced in chmcal practice,
but the mortality rate has not been improved.” Recwnﬁy, the
strategy of drug development has focnsed on targeting particular
molecules that are supposed to be critical for cancer progression.
Several molscules in the growth factor recepior pathway are
specifically targeted because those molecules are well recog-
nized as being aberrantly regulated in cancers, For example, epi-
dermal growth factor receptor (EGFR) and iis downstream
molecules are often upreguiated due 1o ‘gene amplification or
mutation;®¥ therefore, targeting EGFR is a major therapsutic
strategy for non-small-cell lung carcinoma (NSCLC).® Gefiti-
nib is a well-known small molecule mhsbziar that selectively
suppresses EGFR tyrosine kinase acuvﬁy  and has been
applied in the treatment of NSCLC.” Several studies have
shown that gefitinib treatment has a drastic antitumor effect in 2
subset of NSCLC which had acquired certain types of EGFR

doi: 10.1111/].1349-7006.2011.01967 %
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mutation. ™ Since the appearance of gefitinib, several selective
EGFR inhibitors have been developed. However, these drugs
only revealed a minimal effectivensss due to the aberrant
regulation of molecules located downstream from the receptor
tyrosine kinase pzﬁma}s including Ras-Raf-MAPK and phos-
phatidylinositol 3'-kinase (PI3K)-Akt. 01D Among them, mam-
malian target of rapamycin (mTOR) is one of the major
effectors regulated by the PISK-Ak szgﬁaima pathway and pia;;s
a central r@ie in this stimulated growth.’ U213 Moreover, there is
an upregulation Of m’i’@R activity in many types of cancers
including nscLed Thﬁr«sfmre, several compounds that
sﬂaciwely frﬁnbxt mTOR activity have been developed for clini-
cal use."*'7 Temsirolimus (CCL-779), an analogue of rapamy-
cin, was recently synthesized to specifically inhibit mTOR and
has provided prolonged survival of patients with renal cell carci-
noma. 1t was also reported that temsirolimus showed a certain
am:wmer effact on other types of cancers including breast can-
cer, ™ glioblastoma,'” neurcendocrine carcinomas,”” and
mantle cell lymphoma.®" Moreover, temsirolimus has antitu-
mor_effects in other diseases such as lymphangiolelomyomato-
5is.%% Based on these observations, we questipped whether
temsirolimus treatment counld be a potential therapeutic option
for MSCLC. In this study, we evaluated the antiproliferative and
antitumor effects of temsirolimus in NSCLC in vitro and in vive,
with an assessment of its survival advantage in an animal model
of advanced NSCLC.

Materials and Methods

Call lines and cultures, Three cancer cell lines that were estab-
lished from human NSCLC (A3549, H1299, and H338) wers
used in this siudy. AS49 was culnwed in DMEM (Sigma-
Aldrich, St. Louis, MO, USA) and HI299 and H338 were
cultured in RPMI-1640 medivm (Sigma-Aldrich) at 37°C in
humidified air with 5% CO; Thess media were supplemented
with 10% FCS (Hyclone, Logan, UT, USA), 100 U/mL penicil-
iin and 100 mg/miL streptomycin (Sigma-Aldrich).

Reagenis. Temsirolimus, commercialized as Tricel by Wyeth
K.K. (Madison, NI, USA), was purchasad from 0Z International
(Tokyo, Japan). The temsirolimus was diluted to the final con-
centration with culture media before an in vitro experiment.
When temsirolimus was used /n vive, it was dissolved and
diluted 10 2 final concentration of 10 mg/kg with 0.9% sodium
chioride.

Trypan blus sxclusion assay, Cancer cells (5.0 x 10° per well)
were plated directly in 24-well dishes with culture medium.

*To whom corraspondence should be addrassed.
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After the celis entered inio an exponential growth phase, they
were treated with different concentrations of temsirctimus (0,
0.1, 1, 10, 100, or 1000 nM) for 48 h, stained with Trypan blus,
and the number of viable cells was counted using 2 hemacyto-
meter,

Apoptosis assay. Cells in apoptosis were determined by
TUWEL assay using a MEBSTAIN Apoptosis kit I (MBL
International, Woburn, MA, USA) according to the manufac-
wrer’s protocol. Brisfly, cells (1.0 % 107 per well) were seeded
on Lab-Tek 2-well permanox chamber slides (Becton Dickinson,
Franklin Lakes, NI, USA) and were ireated with 10 ab/L
of temsirolimus or with an eguivalent volume of diluted
DMSO {(final conceniration, 0.003%) as a control for 48 b
The TUNEL-positive cells were counted with a Huorescence
MICTOsCope.

Cell cycle analysis by flow cytometry. For cell cycle analysis,
cancer cells wers plated in six well tissue culture plates and trea-
ted with different concentrations of emsivolimus (0, 1, 10, or
100 nM/L). After a 24-h reatment, the cells were harvested and
stained with 20 mg/mL propidium iodide. The DNA content
was analyzed with a fuorescence-activated cell sorfer (FAC-
8can; Becton Dickinson} using CellQuest software (BD Bio-
sciences, San Joss, CA, USA).

Western blot analysis. Whole cell lysates and nuclear protein
were gxtracted using M-PER buffer (Thermo Fisher Scientific,
Rockford, 1L, USA) and NE-PER buffer (Thermo Fisher Scien-
tificy supplemented with protease inhibitors and phosphatase
inhibitors. The protein concentration of the collected superna-
tants was determined and equal amounts of protein were electro-
phoresed under a reducing condition in gradient polyacrylamids
gels (ATTO, Tokyo, Japan) and were then fransferred onto
PVIIF filter membranes (Millipore, Billerica, MA, UBA). The
membranes were incubated with primary antibodies at 4°C over-
night, followed by incubation with secondary antibodies at room
temperature for 1 h. An Amersham ECL Plus Western Blotting
Detection System (GE Healtheare, Plscataway, NJ, USA) was
used for signal detection. The antibodies used for Western blot-
ting were phospho-mTOR (Ser2448), mTOR, phospho-p70 56
kinase (The389), p70 86 kinase, phospho-86 ribosomal protein
(8er235/236), and hydroxy-HIF-la (Pro564) (D4385). All of
them were obtained from Cell Signaling Technology (Beverly,
A, USA). B-Actin was obisined from Sigma-Aldrich. Horse-
radish peroxidase-conjugated rabbit anti-mouse 1gG  was
obtained from Dako Cytomation (Glostrup, Denmark). Goat
anti-rabbit 1gG was obtained from American Qualex Antibodies
{La Mirada, CA, USA)

Animal expariments. The protocol for the animal experiments
was approved by the Ethics Review Commitiee for Animal
Experiments of Okayama University (Okayama, Japan). Mice
used in this study were purchased from Clea (Tokyo, Japan).
A345 sc. zenografts were produced on the backs of f-week-old
male BALB/c nu/nu mnice by injecting 3 % 10° calls mixed with
Matrigel (BD Biosciences) at a [:1 ratio. After 7 days, the
tumor-bearing animals were randomized inio two groups that
consisted of seven mice each: (i) temsirclimus (10 mg/kg given
iv. once/week for 3 weeks); and (ii) saline alone as 2 vehicle
{given iLv. once/week for § weeks). Tumor volume was mes-
sured weekly (length X width % height). To create the AS49
pleural dissemination model, 4 % 10° cancer cells were intratho-
racically injected into the pleural cavity of 6-week-old male
BALB/c nw'nu mice. After 7 days, the animals were random-
ized into two groups that consisted of eight mice each; (i) temsi-
rolimus (10 mg/kg given i.p. once/week for 5 weeks): and (i)
saline alone as a vehicle. The drug was given oncs a week and
lasted umtil the mice expired. Each animal experiment was
repeated three Himes and the representative data is shown. The
dose and schedule of temsirolimus treatment (10 mg/kg/week)
in these animal experiments was decided based upon previous

reports  where  the used a range of &
20 mg/kg/week. T

Immunchistochemistry, Surgically resected pleural membrane
tssues from mice with disseminated pleural wmors from A549
cells were used for immunohigiochemical study following pro-
cedures described previously.®® Deparaffinized tissue sections
were immersed in methanol containing 3% hydrogen peroxide
to block endogenous peroxide activity, An autcclave pretreal-
ment in citrate buffer was done for antigen retrieval, After incu-
bation with a blocking buffer the sections were weated with an
anti-phospho-mTOR rabbit mAb (Cell Sigraling Techzology)
for 6 h at room temperature {ollowed by lmmuncbrdging with
Avidin DH-biotinylated HRP complex (Michirei, Tokyo, Japan).
Signal detection was done for 2-3 min using 3,3'-diaminobenzi-
dine tetrahydrochioride dissolved to 30 mM/L  Tris-HC
{pH 7.3) couiaining 0.001% hydrogen peroxids. The sections
were counterstained with Mayer-hematoxylin, Monoclonal anti-
human mouse Ki-67 antibody (MIB-1; Dako Cytomation) was
used to calculate the Ki-67 labeling index by counting the num-
ber of positively stained cells per 1000 cancer cell nuclet for
each section.

Statistical analysis. Student’s r~test was used to compare data
between two groups. Data represent the mean = 3D, Overall
survival was calculated wsing the Kaplan—Meler method and
compared by the log—rank test. P < 0.03 was considered statisti-
cally significant.
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inhibition of mTOR by temsirolimus suppresses cell growth of

MECLE cefls. First, we examined how effective temsirolimus was
ai inhibiting the proliferation of cultured NSCLC cells using 2
Trypan blue exclusion assay. As shown in Figure 1, temsiroli-
mus suppressed the cell proliferation of A549, H1299, and H3358
cells in a doss-dependent manner. The ICsq valuss wers mea-
sured to examine the suppression of cell proliferation by temsi-
rolimus in NECLC cell lines. The ICs; for AS49 cells was
0.76 oM and those for HI1299 and H338 were 0.75 oM and
0.64 aM, respectively (Fig. 1). These dawn indicated that temsi-
rolimus effectively inhibited the viability of NSCLC cells at a
tow concentration of <1 aM.

i

g 8 B

Celt viebility (% of conivol)
-

Temsirolimus {rd)

Flg. . Temsirolimus suppresses csil proliferation of non-smali-cell
lung carcinoma cells in a dose-dapendent manner. Cultured calls were
treated with the indicated concentrations of temsirolimus for 48 h
and the number of viable celis was counted by the Trypan blue
exclusion method. The 105 values of A548, H1398, and H358 cells
were (.76, 0.75, and 0.84 nM, respectively.

dol: 10.1111/.1349-7006.2011.01967.x
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Temsirolimus inhibited mTOR pathway in a3 dose- and lime-
depandent manner. Next, in order o evaluate the effect of
temsirolimus on regulating activation in the mTOR pathway. we
examined the phosphorylation of mTOR and iis écwncifeam af-
fectors by Western blot analysis. As expected, the eatment
with temsirolimus suppressed the activations of mTOR, p70
ribosomal 86 kinase, and 56 in a dose~dependent fashion in
AS549 (Fig. 2A). This inhibitory effect occurred after 1 h, and
lasted at least 4 h szg 2B). Similar resulis were obtained in
another NSCLC cell line, HL:.S%? {Fig. 2C.DD). Furthermors, we
assessed the exprsssmrs statas of call cycle markers including
p21%71 527%P! "and cyelinD1, whose expression is thaﬁ modi-
fied by the maazwaima of g;’ié} $6 kinase and $6.%7 Interest-
ingly, p21°?' was apparently induced by iemsirolimus
treatment, but we did not observe any change in szclmi)i or

p27"P! (Fig, 51). Because the upregulation of p21°%' is known
to contribute to cell cycle arrest, these data suggest that the inhi-
bition of the mTOR pathway vsing femsirolimus is a promising
straiegy o diminish the proliferation of NSCLC cells,

Temsirolimus treatment leads o G, call oycle arrest but not
cell death, Our next question was whether lemsirolimus treal-
ment is lethal to MSCLC cells. In order o answer this quasiion,
we carried out Sow cytomelry to analyze the cell cyele distribu-
tion in A549 and H1299 cell lines under temsirolimus treatment.
Inierestingly, tsmsirolimus treatment increased the cell popula-
tion in the Go/G,; phase, but not in the sub-Gy phase, which
accounted for dead cells (Fig. 3). Furthermors, when we exam-
ined the amount of apoptosis by TUMNEL assay, we did not
ohserve a significant number of apopiotic cells (dain not shown).
Taken iogether, these resulis suggested that temsirolimus sup-
pressed NSCLC cell proliferation by its cytostatic effect, not by
cytoroxicity.

Temsirolimus reduces s.c. tumor growth of NSCLC cells, Mext,
we investigated the effect of temsirclimus on in vivo wmor
growth. A549 sc. xenografts were made. When 10 mg/kg
temsirolimus was given weekly Lv. to the mice bearing the s.c.

wmor, a significant &.eiay of s.c. mmor growih was observed on
day 33 (tumor volume: Vth}»;& vy iamszmﬁmus = 1239 vs
&9% o’ P < 0.0%) (Fig. 4). None of the mice died of drug-
induced toxicity and no other significant adverse evenis were
observed. Moreover, during the observation period (up to
35 days after cell inoculation), there was no significant change
in body weight in sither group {(data not shown).

Temsirolimus treatment prolonged survival of mite with
disseminated pleural tumors of NSCLC calls. As shown above, we
found that temsirolimus had a cytostatic effect on NSCLC cells
and showsd a delay of s.c. tumor growth. Based on thessresulis,
we predicied that a major advantage of temsirolimus reatment
would be an improvement in the sarvwﬁi of pquenta bearing
NSCLC tumors, similar to renal cell carcinoma.™ To investi-
gate the sffect of temsirolimus on survival, we made a pleural
dissemination animal model by imjecting A349 cells into the
intrapleural cavity, io mimic an advanced clinical stage of
NSCLC. A weekly Lp. injection of 10 mg/kg temsirolimus sig-
nificantly prolonged the survival period of these pleural dissemi-
nated fumor-bearing mice (median swrvivalr vehicle ws
temsirolimus = 33.3 vs 72.5 days; P < 0.03) (Fig. 3A.B).

’viacm?ceg}iu chservation by opening the thoracic cavity of
the mice showed that temsirclimus treatment obviously reduced
the number and the volume of pleural disseminated mmors on
day 21 after the inoculation of AS549 cells in the thoracic cavity
{(Fig. 5C,D), although fumors were recognized in a bilateral tho-
racic cavity regardless of temsirolimus treatment. This result led
us to speculate that temsirolimus reduced the growth of pleural
disserninated tumors, leading to the prolonged survival of the
fumor-bearing mice, Furthermore, immunohistochemical analy-
sis revealed that phosphorylation of mTOR was strongly sup-
pressed in the tumor #ssues of the femsirolimus-ireated mice
(Fig. 3E.F).

The immunohistochemical analysis for Ki-67 using dissemi-
nated pleural tumor tissues revealed a significant decrease in the
number of proliferating cells (determined by calculating the
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Flg. 2. Temsirolimus suppresses the activation of
mTOR and its downsiream effectors. Whole celi
fysates of A54Y (A,B) and H1289 (C,0) non-small-call
fung carcinoma cells that were treated with the
indicated toncentrations of temsirolimus were used
for Western biot to determing the inhibRory effecs
on mTOR and its downstream effectors in doss-
dependent {A{) and tme-course (B,D) studies.
o-mTOR, phossho-mTOR; pp70 $8K, phospho-p70
56 kinase; p-86, phospho-56 ribosomal protein,
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