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MPTO0G256, a novel synthetic HSP90 inhibitor, induces
cell apoptosis and displays synergistic anti-cancer activity

with gemcitabine in human lung adenocarcinoma

in vitro and in vivo.
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TRV E > BHERORE > Aikig X EhEmeTEB L 4%
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eI A ERERT THE ) MEF AR EB I PRHEY
BAEEE  BAERLOMA  wRME2ERG  BERALILTHE HAI L
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17-AAG 17-Allylamino-17-demethoxy geldanamycin

17-DMAG  17-Dimethylamino ethylamino-17-demethoxygeldanamycin

ALK Anaplastic lymphoma kinase

Apaf-1 Apoptotic protease activating factor 1
BAD BCL-2-associated agonist of cell death
BAX BCL-2-associated X protein

BCL-2 B-cell lymphoma 2

BIM BCL-2-interacting mediator of cell death
Cdk Cyclin-dependent kinase

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

EGFR Epithelial growth factor receptor

ELISA Enzyme-linked immunosorbent assay
EMLA4 Echinoderm microtubule-associated protein-like 4
ERK Extracellular signal-regulated kinase
FAK Focal adhesion kinase

FBS Fetal bovine serum

FITC Fluorescein isothiocyanate

FoxO Forkhead box O transcription factors
GAP GTPase-activating protein

GEF Guanine nucleotide exchange factor
Glso Median growth inhibition
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GIST Gastrointestinal stromal tumors

GSK3a/3B  Glycogen synthase kinase 3o/3f3

GRB2 Growth factor receptor-bound-2

HDAC Histone deacetylase

HIFla Hypoxia-inducible factor 1o

HSF Heat shock transcription factor

HSP Heat shock protein

ICso Median inhibition concentration

IPI-504 17-Allylamino-17-demethoxygeldanamycin hydroquinone hydrochloride
K-Ras Kirsten rat sarcoma 2 viral oncogene homolog

MMP-2 Metalloproteinase-2

MTT 3- (4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide

NSCLC Non-small cell lung cancer

PARP Poly (ADP-ribose) polymerase

PDK1 Phosphoinositide-dependent kinase 1

PI Propidium iodide

SOS Son of sevenless

SRB Sulforodamine B

TKI Tyrosine kinase inhibitor

VEGFR Vascular endothelial growth factor receptor
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HRAREDHRRASE  HUEBERAFZE - GNRETMAHRE
L FAREEARCHBBEL  FERESFHACRED RZLEYE
o BATHR B RA SRARENGFETE 23 pn BEAE —KBiTe
EME RGN E L MR EYIE LB H LR -

Heat shock protein 90 (HSP90) ;& —1& molecular chaperone > 3% & ¥ 8/ £ % H &
B (client proteins) E#EayIF B3 58 & G H MER 1 > £ KL B 5 693EAF - FF ]t
BeffigE (non-small cell lung caner, NSCLC) ¥ #F % #9275 4% & & HSP90 #9 % 8
&G LE > SHHR R HSPIO ey H Bk R AR FEBANER S @ -

MPTO0G256 =& — 18 2 4 5k &9 HSPOO #p#| &l » 7 AiAg % (adenocarcinoma) f&
AN LA AR R A A R e B R e9/E R o B st B SRB assay #2 MTT
assay | % MPTOG256 # 48 shdm | % 48 ASARIE fm BOAR 69 A2 ) » 53 MPT0G256
AR b BB ASA9 ta B A R 3R I B4 ] de B A B AR Bt 1R AR FE
& HSP90o. activity assay kit 4.2 3, MPT0G256 4t 4 2 49 %] HSPOOoL&y 7& 14 s oh >
#& da#p 4] HSPOOo7E t+ » MPTO0G256 Ae A 2L K3 B < B & & » 4w EGFR ~ Akt -
MEK & Cdkl #9&3 » %] % ik ta B A7 75 48 B 09308 2848 » 4o PI3K/Akt/mTOR
pathway ~ MAPK kinase pathway e MPT0G256 . € 3§ 3% A549 4= it 38 #9427 Go/M
HA 91 4w B A T 0 ) BS4ERE 2 4 Heat shock protein 70 (HSP70) X A& A 6938 % -

B E R R MPTOG256 #21% 44t % gemcitabine 2% HSP70 #p | #|
Ver155008 7 A549 g2 NCI-H1975 4= fa 58 sh 64948 A - 28 30 MPTO0G256 4 A vy & 4F fE
h Bl M dodp ] 4 B & & 0 B3 5% HSPOO % H % & [ f tm i B S 0 B B4
HFOR B R e B BE -

#%& d tissue microarrays > 45 37, HSPOO 2 it B/ 4 8k A S B F a8k 3 B R By g
0 kA F 4R 3 MPTOG256 4 A gemcitabine 7> A549 xenograft 894k A - %438,
F 454 A MPT0G256 2 gemcitabine #R 46 A 2 dp 4] AS49 BB 4 & > B A %K 23 H
RAEApHIVER o BAEH LIS ARAS N iR JE 4 8k HSPOO R W R G &3 -

0 B A gemcitabine J4 5 R eg % NSCLC 5% = — B AH B H iR F 1 o
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Abstract

Lung cancer is the leading cause of cancer death worldwide. Although targeted
therapies have led to remarkable improvements in response and survival, some patients
will develop acquired drug resistance resulting in disease relapse. Therefore, new drugs
with novel mechanisms of anti-cancer therapies are urgently needed to be discovered.

Heat shock protein 90 (HSP90) is involved in protein folding and functions as a
chaperone for numerous client proteins, many of which are important in non-small cell
lung cancer (NSCLC) pathogenesis. MPT0G256 is a novel, fully synthesized HSP90
inhibitor with potent in vitro and in vivo anticancer activity against lung adenocarcino-
ma.

We first assessed in vitro effects of MPT0G256 on cell proliferation and cell via-
bility in different human cancer cell lines. MPT0G256 had shown the best
antiproliferative activity and cytotoxicity against human lung adenocarcinoma A549
cells, and it
also showed prominent inhibitory effect on HSP90a activity. Moreover, MPT0G256
induced degradation of HSP90 client proteins including EGFR, Akt, MEK and Cdkl,
and thus blocked several cancer survival pathways, such as PI3K/Akt/mTOR signaling,
MAPK kinase signaling. In addition, MPT0G256 induced G»/M cell cycle arrest and

apoptosis in A549 cells, and a compensatory upregulation of heat shock protein 70



(HSP70).

We next combined MPT0G256 with gemcitabine and HSP70 inhibitor Ver155008

in A549 and NCI-H1975 cells, and evaluated the drug combinational effect in vitro.

Combination of MPT0G256 with both drugs resulted in synergistic growth inhibition,

further enhancement of HSP9O0 client proteins degradation and cell apoptosis over either

of the monotherapies in both cell lines. Cell cycle analysis after the combined treatment

was also performed.

As we found HSP90 was highly expressed in lung cancer by tissue microarrays, we

evaluated the drug combinational effect in vivo. The combined treatment of MPT0G256

and gemcitabine resulted in more effective tumor growth delay and degradation of

HSP90 client proteins than either of monotherapies in A549 xenograft models.

Together, our results showed that MPT0G256, a novel HSP90 inhibitor, has great

potential as a new drug candidate for targeted therapy or a new strategy in combination

with gemcitabine for non-small cell lung cancer treatment.
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Wl RBAESHRREE FRERERARZI G  BARLSELSREZL -
B Rt TR AR R BABARE 0 Her 2 FHIS T T B > RS ad il R ek A
ROCABBR L LR UAFMUIRBEIE 77F 65 %%k &4 FFNAEHE (Collins
etal,2007) > B AT &t #HIE | m B Al 09 Bt o6 B 0 TR TR a0 Ib 26 > A F 5
ST IR R B R R KRG AR R R Ry wHHARERRARRE T
% A% (epithelial growth factor receptor, EGFR) {3t ] &4 B4 B B% 3k B3 4] % (tyro-
sine kinase inhibitor, TKIs) » # K% & A REHRELR S TAGFE > Ry
STt B B — 2R AR E RS AP H] 0 Bm e R ) B 4eiE (bypass) RARAMEMEE
AL A B AR UL 3812 ) Bh ba BT 75 S B AL > dofE Al EGFR TKIs 7% & -F351& A
100MB A% G EEBRIEN  EHRREHRAERASLRIY S B FREF
] % AR BB RS AR R IR A A R B AR Y 0 R FRGERAEY

Heat shock protein 90 (HSP90) & —1& molecular chaperone * &y HghH 2 %
& @ (clients) | EFEYIF B3R QR ER /1 i KA B 7 0931 > dFtalip
PEAOEGHER - GNFSBBEEEE A RETFRE M5 R T % A HSPIO
4y 4 & G 0 A4 HSPOO #t ) 053 230 4] % 458 & A 7 40 A T8 M 693N B 1R
2845 > Bk » HSPOO 4p 4 B4R & & B A A8 B ok SR e 2 dp i ] B — 2%
1% B RS A H 5 ba BR 6 A7 5 0 B 7 o 3 2R B AT 5 kA HSPOO 4 4| 4% £ B FDA
¥ A2 A 3 % 6 HSPOO Hp 4 Bl &1 $F o iR 1k B8 58 92 ] AE R & AT BR R 3KBR ©

R X AT — 6 Ak 69 HSPOO 39 41 & MPTOG256 (e & 3L B 2 KR £ %] % -F
HAZRARL) > R H AR AFRIE /] b B0 BT R 4 B RR AS49 tm B eV FA Mk R o i —F
A4 P 1R %At 2 4 gemcitabine $2 HSP70 #p 4] %] Ver155008 » LA £A A5 8k 2V 4% #b
LB g~ aMFRA RN > BHEMMBREDIROZR - HERIIA Y
PR B AR A B fm B i NCI-H1975 4o i o) 2 2k s a3 o k48 7 AS49 B2 %
HEMBE S B F B A ROER - MEEBABEAR > ERERMET
A% HSPOO Jp 4] B 7> A %8 TE -] 4a i it T 69 $U78 M 22 92 4F A > 32 #A3F MPT0G256 %t 49
BB PR A TR G B B 1R R B o
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— ~ B#% (lung cancer)

(—) RATREEY R

SR ARAI R RERFHT BT BHER B2 F68 T AR
Rxg AP MEREAZCHEARABENFIOL  ATEAREZE (& 1) M
RIFXE 2014 FREBRSL WRASHRBERLARNE L > RTEA AR
JEZ B (M E 1)(Basto ef al., 2007; Siegel et al., 2014) - fifi & 8%, 27 (Stage [I1~1V) F
¥ B4 75 & (average five-year survival) # % 159 (Collins et al., 2007) -

Wl ARIE AL AR B Ao S R4S > 7T o AR KR3R 0 Bp/l & B it (small cell lung
cancer, SCLC) #Fu3jE ]~ 4m B fifi& (non-small cell lung cancer, NSCLC)» H P X 2A1%
ETAS%# > RBEEBRBEEWE (American Cancer Society) #3H35 8 > JE/ Nl
Wit 4 & S8R e A Bk 85% Ak o —F A A REZEME S 0 I/ R
Ty A= RIS E & @B (squamous cell carcinoma) (45 48 8 % 5% & 25%)
%% (adenocarcinoma) (4& 48 B 7% 5 & 40%) ~ K %= fe it (large cell carcinoma) (4%
KR R & 10%) > R B R ELTAZ AR > SERR 138 F A7 LA T /) dm R A
e &5 oy R F % (W D. Travis, 1999) °

(=) EBRET

AR5 £ R JE % % 4 B (Centers for Disease Control and Prevention, CDC) #5
o BRAZEEMBREZGAERRETF > QA 90 %ey Mk EH RAGEL > A
MBI RBRAEM S  ABHE A 15 2] 30 B TRFEI B RIET ©

A A (Radon) REBMEEERETH =4 > ©A— 8 RFLGKH NS
R EAMNEHRHMRSE  RERTFRANMELST  HEANKREL R
e FEM  REhHRRABEANENTRENLARAMBE » FALART TR
i % &9 R Bl 2 — (Lubin et al., 1995) -

R ABRFHAR_FH RENGH A~ —albw ~ 5Ly

S EREABRIE R AR FAREMS
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HeRAIR AT R A ) 10 Y%uym B R AEARE 0 RS BaREELAREMNR
EEPERGFERTD  RERBFET LRSI RL A BSYER -
M IR 45 B R RMEIE R AT RS ~ R - RE E AR 0 AR R IR B i AR Y
— bz 4k (Collins et al., 2007) o

BRI R A AR 0 TAE G A KK~ PR B~ BN - ey E -
75 %t 7R &R R B B AR A 8E R X AETAE T EA KR 0 MA 60 %k
& B A i R B A B o R E T R B #E 0 50% 9% g A R BRI A
B 0 35 % RALE B/ B & A Zaey i (Collins et al., 2007) °

% 40 %ty B BTES €4 B ) #E4L (intrathoracic spread) 89 TH € 4
Bk s bR EEE - RWAPEARR BT HREHE - LEBRKEESER
ol (2~18%) ¢4 )R B £ B o 7o 304 MR B AT 3 AR 0 %5 R KEIRAL bL R 3T AR AR
RAMBEAK > Al HRFREEGRER > Mg G AR E BRI R A
& H F MR R (Collins ef al., 2007) -

#“hk 13 R R B E 0% €4 W s HE 8k (extrathoracic spread) #4157 » M At
B R B ATR B EAR  HEE B B SRARART
BRI R M E R R F R BB TR EA KRR - B
fnik Pl MBS B8 (alkaline phosphatase) &y 15 M 5 2 A kB & 55 8 15 A
CHABROMELEEA S 10 %R E¢A MEHOEL > GRS BB B
Wak ~ PGP REHRIE B AR - ABEEFER -

#5710 %8y im B & A B 1E 4 #E B (paraneoplastic syndromes) & & 7 i 3
SRR EMERMEMIRBALRT 2 FREBEREI 0 o 54508 - HLA
B REARESR ok~ BRARKIEMERF ~ HR3E ~ WA T M & mE  (Collins et al.,
2007) -

() ZHEf
R AR A AR - BR3 R R e A RS a5 T X RS X e
% (chest X-ray) ~ J& & # & (sputum cytology) ~ 4% %X &% 454 (flexible bron-

choscopy) ~ 4& g B % %] 4= fg 4+ & 47 (transthoracic needle aspiration) °
6



JERAR R T R TR 71 Y%ty bR P RESE (central tumor) » {2 78] & B B 1% B 5
(peripheral tumor) 2 B N7 50 % o #E R A2 M F & — S MRl o B X R
EEAR BT LA B 88 You' oy Al PR IR o A2 $ N A B 1 AE B AR BN A T0 Y% BBk
SRR A% A 2 o RE R 48K 0 R R & BB SRl (fluoroscopic) - v E A
7 7 4% (computed tomography) 2R 4& ¥ R E 48 4t4k & L Ef (transbronchial needle
aspiration) R$% S EURE © & & B F R 4m B 4T % 4T (transthoracic needle aspiration)
BB X RE AR 0 BN EE S B 3R R A B 0 BURE (90 %) © B e R IER
AMRE > HTARFEEGFXATERIAREFZRE > FBA 25~30%
6% B A & R0 B E o

& oL Ik B T HA 69 % B 0 AT SRMEA M F4fr (thoracotomy) 2R sk
30 MR b B AR R R B M IE N B R & 0 TR T AR X R
EEAR B R I T R ba iR SR AT 0 TR T A R B BE F R (thoracentesis) k& i 3R
FREW R #E R #FES (Collins et al., 2007) »

() a¥fieR

JE /]~ %m B BT 8 69 £ 3 5% 24 TNM (tumor-nodes-metastasis) 427 4 % > 1k 1B B2 2
RN (T) AREEHEL (N) B as (M) Réa# (Collins er al.,, 2007) »
AR5 £ B % & #h @ (American Cancer Society) 2015 45355145 8 - #9750 2%
B BETHG FHOTXEGR R ER/FE T A AT RE (pho-
todynamic therapy, PDT) ~ & 4% 7% ~ L4745 (brachytherapy) 45 & # X £ 4% -
HAE D IR R & 0 ERUAFAHT > ko E 2R 4i7 (lobectomy) ~ 4d 7 477 P4 fi
(sleeve resection) ~ A Wi #t (wedge resection) ~ R EL VPR #HT (segmentectomy)
VIR R A By £ > B3 S R SR AR KN R 4 2oty BRI R oA 8 By
PEALE 6% (adjuvant chemotherapy) @ & k& F 47 7% & A LASE A2 3L A8 ALK 476
(stereotactic body radiation therapy, SBRT) ~ 1% 4% 4474 ~ 41920 B KK (radio-
frequency ablation, RFA) %5724 > &% [l $Aahm BT M4 % B e A IL$ 6%k
(chemotherapy) #>F 47 AT 45 /)N REJE R AFS FHT#8 (F BB SR E) ME—F 8
IR e o 5 L1 3000 o & 00 06 B 48 QR M6 ~ Rt iesk ~ T

A HA7% & 4o BT A/ ALK » 76 & AAMAFSRALZ M - TR BERTEEEA
7



MG AARPR & AT F 4T A4 8 DAL Sk gt 6 S 1B Bk @ ¥ kB d T
M REARRTE B B F B TR SRR ~ G R R B S T 8 & PRE TR
(combination therapy) & X o % IV #a9% 8 > B F B A BmBEHLHEL » #
LOERE  ER BAR AR EEH G TORE G R XA T RACP 8% -
1% 3276 & (targeted therapy) ~ B 4767 > T #AKXE N BIEk ~ FTHIEBRXNE L
%2 B #7 (endoscopic stent placement) #JE Ak 4% AF o

] e B T AR A OT A S G R B S5 1B o A B TREA L IR B 0 B TREAR &R
YEAR FRAE A B BR Y » & B BF AR ST 806 B 09 38 B JE » PRI R B R & 38 SR K
FETCHE S HRAHKELE XA R B TR/ 0 LR BEUEL 5% A E (Collins e
al., 2007) -

(X)) BIibRk

1. #4425 (conventional chemotherapy)

BHACZEH AR ENEHFIREH R OREY > R EHTE
25 HEHEAMBEBRSBEERDEBAL AR A AT =4 ¢ Farar
¥ Bh 4% BB 44k (neoadjuvant therapy) ~ #7414 ¥ B % 2 4R JE 48 B (adjuvant
therapy) A B AF & f& 0k F 4T R 59 m B4 X RIGHE -

Ik /]~ fm B B I 9 4% Ho AL £ 2 oA platinum doublet therapy % X > 484 %8 % 4 4o
cisplatin 2, carboplatin fv_E 7 —#& 1tk 2 44w paclitaxel ~ docetaxel ~ gemcitabine
vinorelbine ~ irinotecan ~ etoposide ~ vinblastine ~ pemetrexed 44 4% A 77 % 11~ 111
VI 8 3F /) o B % & > 45302 TIB ~ IV #4895 & > B E0ME A 8 — F R 1Lk
Z > platinum doublet therapy #E A 3k 4% 7% B ¥ &4 ey R & (Zarogoulidis et al.,

2013) » i@ F A UARAELBREMEHER > WAFZ=HEME R ABEREZR > L&
32 4o & 4F A R (Shukuya ef al., 2009) - i A e B E ZRAFRANBRE R Y
i EEBRRES> RGBT TRESISE mAARE - E PR a KT

(neutropenia) ~ F #&4p#] (myelosuppression) ~ 2 REE B £ & /EH - LAEEEA B0
ek - RERIR C RBEF LEMER -
m BT 6L B K % % F A R EEAL B 153 R 8 (DNA topoiso-
merase) &7 4] HAE S eFE R - EMApH] DNA #2 RNA 0948 8 > BRE i 6l
8



o H o 3SR B B % 1B £ % platinum doublet therapy & X Bp 448448 # 4 4o
cisplatin 2%, carboplatin /o b % — & 35 1% E A5 E5d0 %] %] 4o irinotecan ~ belotecan
etoposide ~ amrubicin £ B4 B > 4 F 50 %% 85 %ty tm o it % i BH N E S AEL
PG HA RIE - PAAFERE A 9 2] 12488 - dMER e $d X B RAF AN RR
SR ERRR R TRLIDE  mAEARE - FvHaak
{&F (neutropenia) ~ B #&4p#] (myelosuppression) ~ @A B E 2R 5 £ —4H
# B 4 topetcan ~ amrubicin ~ picoplatin - belotecan ~ bendamustine ~

cyclophosphamide/doxorubicin/vincristine (CAV) % (Chan et al., 2013) -

2. B¥=4% (targeted therapy)
HFRABERG T AEFAFTEPEE S ZB R % (epigenetic muta-
tions) ~ #pJ% & B R &b (tumor-supressor-gene inactivation) & 2k % & B H 2k 64 K 4
(oncogene driver mutations) A& #— 3 T # > B4 EH ARG RERRE L — 7 7]
BRI B o R B E ZERANR e T R A RIERE - AR BiE
RN HNIEE @i egi8 ERK (Chaneral., 2014) o 4 K % 8064y ba Joo B 2
TREMBRRAR > RRERARAMAGAICREEE BB ELY

platinum-based doublets ;5% > % 2RI £ R AR F 498 R E(Rossi et al.,
2008) » AT AT ¥ I N m B R F R RER R RAR LB MIEN B > IB /) tm IRl
M BARE RS AT RE R AR 2 B AR B A7~ (I B 2)(Alamgeer et al., 2013) -

(M EGFR (epithelial growth factor receptor, EGFR)

whEik@AKEFZE (EGFR) @ F/bey R RA = ¢ fJE % ik @ EGFR
R I EH o ~ BB i 32 hu EGFR 8¢ (ligand) &9 # % - EGFR R4 L8 H R A
% BE LBV B AR EIL (Rossi et al., 2008) o

I/ dm BB 497 40~80 %k sk & A EGFR B E AR HH  #7 E 5% & Al
#F EGFR B& Bz 8% 3 B3 #] %] (EGFR tyrosine kinase inhibitors, EGFR TKIs) 4w
gefitinib-~erlotinib % =] 3% 1 TKIs 4F & — 476 7% A %> 48 827" platinum doublet therapy
R ibmmet mEAREYE Z/LEFE (progression-free survival, PFS) B 4 7%
=8 #42 (Mok et al., 2009) -



% mE A EGFRTKIs 7 3] 1218 B 4% & £ 4 Ry M (acquired
resistence) » T H 2k 2 P g 4 32 5 % B, 89 % EGFR exon 20 8 T790M % 44 (codon
790 {3 & &) threonine % 4 % methionine)(~50 %) » sbf& % 4 € 41K EGFR ¥7 % —
RT3 M TKIs 6840 7 > i tom ST AE g4 A —ARAR T %1
ErbB-family TKIs 4v afatinib (Miller et al., 2012) » % & &4 1% A EGFR 2 k4182
cetuximab /£ %474 (Janjigian et al., 2011)> @ £ 15~20 %4 7% & 5 85 B4 MET (a
hepatocyte growth factor receptor)i® & & B, 157 (Sequist er al., 2011) > B & &4 &4
1# A MET/ALK inhibitor (crizotinib) & pan-HER inhibitor (dacomitinib) &% &% /R 3.5
B #47 (ClinicalTrials.gov identifier: NCTO1121575) o ¥ 7 EGFR }k f& Rk 4o 3%, &
wild-type EGFR - erlotinib € & platinum-based doublets 44 & % — ~ = 4L %%
(Chan et al., 2014) -

® ALK rearrangements

ALK # R & #v Echinoderm microtubule-associated protein-like 4 (EML4) 5 rg,
EML4-ALK fusion gene » 3 B 23 48 4k BALBLJE b BR3E A - 48 3~7 %y IE e
B % % & B EML4-ALK fused oncogene (Chan ef al., 2014) » #7585 AT & A
crizotinib (ALK/MET/ROS tyrosine kinase inhibitor) & {E# 2011 5 FDA i@ 1% 84 % 4
s (Kwak et al., 2010) » B &3 #7148 A i platinum doublet 76 % 8975 & »
crizotinib A8 BN H A — ALk B F B ko & BIFF8 (PES) BaltEA ) » i
BrES - Bl FEEER -

#% EGFR TKIs —#% » B4 ALK rearrangrments &4 JF /| 4a it Bt % 5% & 75 o] AE 48
B % fE# % > 4o ALK amplification - EGFR/HER1 ~ HER2 ~ HER3 upregulation ~ cKIT
amplification ~ 2 & ALK B L1196M E 4 > ¥} crizotinib & A Jr &M » & =
4X, ALK inhibitor 4v ceritinib ~ alectinib #}#* crizotinib & %k J5 & & 4T E: /K 35 (Chan
etal.,2014) -

® K-Ras

K-Ras (kirsten rat sarcoma 2 viral oncogene homolog) /& # GTPases % * & &

1B R B b 5B BREL 5B 4o EGFR ~ MET & & K28 » 44 30 %84 Mg
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(adenocarcinoma) J& B LA & 4%t &5k £ & 4a B % (squamous cell carcinoma)
BA K-Ras 8y R4 > F 84 RMEFHME - K-Ras R¥ 3 F 4 EGFR & ALK
R E A (mutually exclusive)(Gainor et al., 2013) » B B4 K-Ras R 4 8475 &
¥ TS R 4T R 41 3, EGFR TKIs B4 1%  (Chanef al, 2014) ¢

3 2R K-Ras 2 R F- A% 25 3 89 3% B F > 1 A selirasib (RAS inhibitor) i &%
£ R e i ey £ & (Riely eral, 2011) » 3 4 & K % %1 RAS/RAF/MEK/ERK

pathway T # % F & & PI3K/AKT/mTOR pathway % & (Suda et al., 2010) - 5 72 28

s~ K-Ras % 4 4m fg heat shock protein 90 (HSP90) & A & B KRB H - &b F 4

¥ HSP9O % & 48 B # 49 (Suda et al., 2010) - Selumetinib (MEK 1/MEK2 inhibitor)

414} K-Ras T %89 MEK #dp %] - &-6f & A docetaxel 7 B& JR:X A 5 — 1 & R g >

% EBA Bk & BALFES (PFS)(Janne e al., 2013) » B &% 464 A AKT in-

hibitor 7B /R 3 5% % =8 (Meng et al., 2010) »

= ~ Heat shock protein 90 (HSP90) & i #p4#)] #|

(—) #4RFH R (heat shock response)

AR T, RE & — B #2454 R FE (transcriptional response) » 4% 4m i 7Y 5 F 1F 3
& & (molecular chaperone) ik FH > Hehmfa4ii &k G 8 & (proteostasis) >
RB e SMEIRIE R 1 (Takeuchi et al., 2015) -

Tk EN S RERE RAARSMR S (metabolic stress) > 4ok &~ S~ F A,
BENENRBACEME ~RET ~ FWEN - BRAFR R EHEHEZ) - HW
MR A~ B ek (radicals) K EBME (carcinogens)sf » & ik FF AL Btk 7,88 4% K
F (heat shock transcriptional factors, HSFs) » ##4% i — 4 7|8y 5 F1¥# & & (mo-
lecular chaperone) » .35 #4k %,%& & (heat shock proteins, HSPs) » % % B K& sz #h 2%,
RS T ZEE G (client proteins) » FEAE 6935 &1y b T A B A (aggrega-
tion) » M #dFmpp ey £ AN & G H B (Takeuchi e al., 2015) -

(=) #AKk % %& & (heat shock proteins, HSPs)

ML BINRBAG > SEAAF S @B ERBEAFGUYE > MEX PR
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BaEuy 0 M2 — A 7| B A A R & 4% G M (highly conserved) & & XA kT
& & (heat shock protein) s #/& 71 %& & (heat stress protein) o & 15 s & =5 3,
I HBIERT €8 S EARGBEH M L2 LB LRT L
BRI RARAER ) T g & AR RE > 45tk & % 152 (proteostasis) °
i ¥ Bt pe A 7 SGE R INMEIR % (Khalil ef al., 2011) »

HILB AN E G RB S FET 5 A7 K% L HSP100 ~ HSP9O ~ HSP70
HSP60 ~ HSP40 ~ & small HSPs (% F & 15~30kDa)(ld & 3) * &5 F S8tk %
& % & ATP R 5&%) (ATP-depedent)’ &% -F = 49 B & A (ATP-independent)(Didelot
etal.,2007)> 44 HSP % 1,45 A ¥ 48 % A (constitutive) L& /135 £ A (regulated
inductively) ##& subtype 74 > 4w HSP90 family ¥ > HSP9OB » £ —f& kX B A
B ta e F Ak Bt B G H 6 1 % 0 IR el b & G E ey IEsET & 0 HSP90o
A 2 4% 3] 9P R 71 85 3 B % 3,(Kuhn et al., 2006) ; HSP70 family & » HSP70 J§ #
B A% EA >\ HSCT0 ~ HSP75 #u GRP78 A & # 45 £ # A (Khalil ef al., 2011) -

(2) #4kHE%& G 90 (heat shock protein 90, HSP90)

HSP90 & small superfamily of functionally unrelated proteins (&35 DNA
gyrase ~ histidine kinase & DNA mismatch repair protein MutL ¥)&)— 8 » B A fv—
#% protein kinase 7~ [5) &) ATP-binding pocket (Pearl et al., 2006) » 4458938 £ &4
=18 domains : an amino terminal (N) domain * & & ATP-binding domain > B &
ATPase &5 5t » 4 ¥ % %4 % co-chaperone 4 44 domain ; middle (M) domain
& B0 H & & (client protein) 44894 » 4% 24 co-chaperone &9 & A4 5
carboxy-terminal (C) domain /& dimerization domain > 42, 5& ¥ 4 co-chaperone & % 4
&y 4 A4 (M B 3)(Whitesell e al., 2005) > HSP90 4& &g C domain &) 4 47 s, dimer >
WwEAAEFM (Wayne et al., 2007) -

HSP90 & % —1& molecular chaperone > X £ A A AT AL EEGWE
BEAr B3 %R G Y M 89k B /1 (protein-protein interaction) RASE X E&H G e =
BEEAE - F 5 BOR R G R HSPOO 892 B & G » & B BLJE 4e 4% 32 A ¥ HSPIO

B & E &M (addiction) (Trepel et al., 2010) -  HSP9O0 Bp ;& 5 2 N % #2 ATP

W &L AR B o E M8 HSPOO fasd £ —de » R E &G E > 3%
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ATP KR > BREGHEAE H N3 o sk o hodb/E 38 M A%R4F chaperone 897 (K E
4)(Ali et al.,2006) - # 28 HSP90 X & R 7 ta i B A X 2 CELEFHF S IBNR
J& o ko KR eyssk - LR EE BSADNAFRESERWRY  Bhomp k@b
%533, HSP90 (Trepel et al., 2010) °

() HSPOO W BIEZ A &

% 2% HSPOO 42 B &Y 4m i Y2 4w B 2R @ A R BLEY1E T (do HSPOOP) » {2 dy >
Rt le RN RR R~ &G E &M (proteotoxic) ~ # L ~ FERARTF R ER T
8938 3% » F & HSPOO AR fbrig e b0y B /) » H3F % 09EE & & (oncoprotein)
#c8g (kinase) & #24% B F (transcription factors) % % HSPOO &3 t= A 4 R4 ~ &
# ~ & K &3, (amplification) & i & %& 3, (overexpression) » # /% 4m fg A8 87 IE F 4
Bimpp o BFEHAEREE A HSPOO B 5 R B EH > 408 535 E A4 HSP90o#y 7E 1L
(Neckers et al., 2012) °

HO0 2% & F 8938 & & 3 R 2 7% 1L 89 multichaperone complex > =] LA % Bl 4@
PO Tk % B~ AR X R A R AR R ENAE - B EBA
BRI BEL - N E RAABURIE T I# ~ hgmio AT ~ 8 &TILAE
RG> HERERMPUEE (B S)(Neckers et al., 2012) » TR R4 > SEIEE 4
Bhay BEsR g omE ) A2 A B (Workman ef al., 2007a) -

0

(&) HSP90 & & & & (HSPI0 client proteins)

HSP90 # f£7% ta B 7 4 1@ FE % 3, (over-expressed) #9157 @ 3 &AL T % 5
JE MGy % B & & (client proteins) » 7EAL % #E B 26 1RUE -

S A2 A48 B 09 HSPOO R H & & » dodm o fe 7% 92 4 R g /248 Bl 4 KIT
EGFR ~ IGFR ~ HER2 ~ BCR-ABL ~ BRAF ~ Raf ~ MEK ~ STAT3 ~ STATS ~ IL6R -~
IxB kinase % ; o8 374 124248 B 89 VEGFR ~ HIFla ~ NOS % » HuB % 4& 48 B
&9 AKT -~ survivin % » & 4= Ji2 $2 5 34 42 48 i 89 MMP-2 ~ Src ~ FAK % > g A<k
1% 48 Bl 69 Apaf-1 & - A4 4 fip B BA 48 B 3248 69 Rb ~ Cdkl ~ Cdk4 ~ Cdk6 % (Ft
6)((Hong et al., 2013a) - HSP9O f t ¥ B i3 b33 s BUR ML % 0 B & ok t) 7 & 1%

Uu}



REZB&EMH AFSNBREFIHNAERNAL -

(%) HSP9O0 p 4 ] 6 3 &
f& 2000 # > Hanahan Fv Weinberg 32 i} T — BB X @ A A E afa ey 42 >
I 4o O] DAFE B9 BATF N 1% # 4% 3 phenotype © S m i B - G E A

BRAEEEN ~ @@ FZRags - 8 xR B4R a ~ #0306 £ KA R R
(Hanahan et al., 2000) o

BRI FROHF SR EMEH %15 LdURE & 7RIS > BRAL
B B 7T AR B B SRR R (BB AN BREAGFRETH SV REES
Fl 84 HSPO 849 % 8 & & > B sbdp ] HSPOO 4% 37 & B 6] 540 4] 38 sk iR 2 0 7T
ft (Sideraeral.,2014) o ML F R4 AR S M) X B R ST B — 3R QAR5
Wl AT AR AR dy R R A (bypass) Xk #1842 > T E LB R TF
7& (Burdach, 2014) » Ff LA3F % A% $o. 3 4 2 AR AE R P H REJB A 8k & K R AP R
45 X # (Vanneman ef al., 2012) » B b2 & B Brdp 4] % #2008 & G HLI54% o) %
4 > ho g B HSPOO 34 %] (M4 8 7)(Trepel et al., 2010) » ¥ £ Rk K AT ER, ©
® N-terminal ATP binding site #p#)]#]
A. R #1t44% (Nature product) R HE 474 4

% #R b4 4o geldanamycin (GA) #o radicicol (RD) » B4 ATP #8464 % B 4
A 0 T4 48] HSP90 N 3% &) &) nucleotide-binding pocket » 3% 5 Al 4p 4] ATP &4 & 4
oK AR H B B M HSPOO % 82 & & & ok 2 HSPOO 4 4 5 Bt 2R 3 geldanamycin #fo
radicicol /2 ER /R LB & b2 Tt (5AR) PIRRBXAREA 2 EMMeT
HSPOO0 #p | &l &4 45 R ¥ &t (Roeetal., 1999) -

Al. Geldanamycin & £ 47 4% 4

Geldanamycin (GA) f& 1970 =& 4 Streptomyces hygroscopicus #% %3, > BF&
benzoquinone &4 4% 7T A 2 F A 4 4] HSP9O0 &9 ATP-binding site & 2 A client
protein %2 #| ubiquitin-mediated proteosomal degradation > 12 GA £ &M T F > K
VIEMERY B EANEN > BERANER o XBAE L GA 9FTAY
17-AAG > 4887 GA J& invivo ¥ F 48R E R BREM » 4T 2| BR AR5 [V/11T
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B w40 B B R F M EOL A B (Sidera et al, 2014) 5 M Fl & GA 474
#6) 17-DMAG 5% #4038 ARt Bn 1 #7451 48 & (Ronnen et al., 2006) » IPI-504 &
17-AAG #93& R & > % B A7 1528 GA-derived-HSP9O #p 4 %] ¥ o — 38 f5 18 4T Be IR 3R
Bre B ap o AT B BE AR IVITT # (Sidera er al., 2014) - 1% 3 51 0 3 3030 FA4T
& e T E 0 T Ae 8L B benzoquinone/hydroquinone 444 B @ 7 @ EE3% 4k
ey B3 & (Janin, 2010) -

A2. Radicicol & R 474 4

Radicicol (RD) s &= 4# E B Monocillium nordinni & Monosporium bonorden
B SR8y EZR N B5 4R (macrocyclic lactone) #a3u4 & 0 4 invitro v GA — 4k &
£ # % A 4 45] HSPOO N 3% ATP-binding site &9/ F > 12 g 7> AL L A5 R AR S R 45
o BB AE R 3R A L A 3| in vivo (Soga et al., 2003) ;5 [ 14 %5 & i RD &) oxime
FALT A Mpdho KF55823 ~ KF25706 » in vitro B R 45 6940 %1% ta i34 £ 281 > 250
T BRI invivo B LR BRDXEE (RABRNFEME) TL2ZRE R
RSB A RAER 0 A28 WME B4y 3R A AR R KB (Agatsuma ef al., 2002) ;

N

Radester ;& % 4~ radicicol (radicinol #f %) #2 geldanamycin (benzoquinone 3 4~) &4
164 42 3U7% 4a j MCET & 7 85 &9 3 1) 4m i £ R 8 R > T A 2L F 1A HER-2 & c-Raf
#) % 3 (Shen et al., 2005)° sL3AHT 4 4 B AT L4 F %4 38 4TEE R 3B (Sidera er al.,
2014) -

B. &/ Fir sl A SAAR (peptide) FFT4 Y

B R KIS R EATE M S EERE R R4 REFZRZBRAD RS
A F HSPOO 3 Bl e 35 B > A E B SRR FEmF R » ik EEpuy i
MELAE R IR D TR A M w AT H M (FTAE B A quinone 4 H54X 3t i Az )(Samuni
et al., 2010) -

B1. =Z¢% % (purine scaffold) $74 %
#2725 kA A GA 1 RD # 44 HSPOO 857 sk oy C 2 P44 > &
ZobgBdpHl ] PU3 > 4 b — ik & 891545 > FTES 5 — 18 ABRR RS 090 A
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HSP90 47 4] % CNF2024/BIIB021 (% Ak X5 UI1 #7)(Zhang et al., 2010) + 3% 7 3} 4s
Bl — %5 ey%we (pyrimidine) #4744 > H ¥ U EC144 £ 2 A ¥ ZRRIFH %
MR BEE LM (Shieral,2012) ; MPC-3100 42 2011 s NEE RSB [ 87 0 &
prodrug MPC-0767 # 2012 4 ¥ 35 IND (Sidera ef al., 2014) ; Debio 0932 7 2011 %
NER R RER — 21 (GBJBJE solid tumor & lymphoma) » 37 2012 5 i A ES IR 3R
I/I1 #7 (advanced NSCLC)(Stenderup et al., 2014) ; PU-H71 B] & 4} #} advanced ma-
lignancies 7 2011 F i NE& KR35 | #7 (Sidera et al., 2014) -

B2. Resorcyclic pyrazole/isoxazole #5 %7 4 4

Pyrazole #8 2 438 & > 4% 9 T X R4t 44 radicicol &) resorcinol > 4 CCT018159
A LA AR TR AL R K ey B4 (Cheung er al., 2005) » 4% by — i & a4 15 £ 15
H B4 P 38 49 VER-49009 & NYP-AUY922/VERS52296 (Gaspar et al., 2010) »
NYP-AUY922 & B AT#% 38 & 5 5854 89 /s % F HSPOO Hp k| & » # 2007 5 AN E& R
A5 VI 7 (38 JEJE relapsed and refractory multiple myeloma fv HER2+ A& ER+
metastatic breast cancer) > 3t # 2012 S ABE R 11 #7 (38 &2 ALK+ and
EGFR-mutated NSCLC) (Sidera ef al., 2014) »  H 47 & 4 NYP-HSP990 A & £ 2012
F P EEARRER | #7 (Lamottke ef al., 2012) ; STA-9090 4 triazole #8474 4 > B
BT ) Be A 3K B 11 27 (38 JEJ& metastatic breast cancer) ; KW-2478 Rl & A A4 1 A
bortezonib # 2010 & A\ E& Kk I/1la (38 &£ relapsed multiple myeloma) ; AT13387

Al 4T 3] B8 AR5 11 #7 (3@ JEs= GIST)(Sidera et al., 2014) »

B3. Benzamide 35474 4

SNX-5422 % SNX2122 & pro-drug > # 2007 F & b 7B RRER T #7 (T Bk
AR ARG E) » B 2012 F FH AR RRS | 4 (8 & advanced
cancer) » H 4. E 4845 & 4 imidazole 8 & pyrazole carboxamide 38474 ¥ & A A AE
R 7 leukaemia & solid tumor (Sidera et al., 2014) -

@ C-terminal ATP binding site #p#)|#)
Novobiocin Z — B aminocoumarin 4 #e93u 4 & > B A 34| gyrase 89/ A >
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% ik 2 3 ¥ 7 HSP90 = N 3% ATP-binding site B4 35840 /1 » @ik
geldanamycin ¥ radicicol 89 4 & 2 1% 493530, H ¥ & 2 4 6% HSP90 &) C 3% second
ATP-binding site > % sy chaperone complex #) R 4% & (4 co-chaperone p23 ~ HSP70

HEafEd)  miks HSPIO % & & & &y %A (Marcu et al., 2000) ; 2005 F45
J& % novobiocin 74 4 A4 £ in vitro B-7 # novobiocin 3& £ 70 4Z3p ] HSPO &
FME Yuetal,2005) 5 .4 & 46-2] C 3ty R AILE& 44744 DHNI #2 DHN2 % 4%
B, (Burlison et al., 2008) - HSP90 C sg4p#l & B AT £ 2 A in vivo 8934 (Sidera et
al., 2014) -

(+£) HSPIO #p ] #l 82 3 47 & F 69 76 B R %

B AT HSPOO ¥p | Bl 6448 & » 7 IE M /&2 B (do benzoquinone #74&
¥ E 7% B #it NADPH cytochrome P450 reductase #» NADH cytochrome b5
reductase X3t & 4 B B & ¥ RATEM AUY922 i &R ey R 2 ae (77 %) )(Piper et
al,2011) 5B %> 8 — 1 AR R4 > B HSPIO #pl Bl AR T A LR % 184
fb 24 K 8045 A & A 69 Fu B M (do trastuzumab -~ asenic trioxide % )(Jhaveri ef al.,
2012) & HF R E MR i A (Fd& 4)(Hong et al., 2013b) > 5 B AT 8976 A8 5
A — 7@ 0 JEemAa ) HSPOO % Bl4pd] » IR A 7T AL & £ BN RIE » 3F SR
AR L% &4 HSP70 ~ HSP27 ¢4 EH > ¥ BR R B & 816648 A HSPOO Hp ) ] 2
HSP70 #p#]#| (Evans et al., 2010) 3t HSP27 antisense #p 4] &| &4 7 ) VE 4 &
(Hadchity e al., 2009)° £4 T 7] 5% # #& HSPOO 7] %] A6 34 2 434 s 4 B IR 3R

1. HSP90 ##| &|6f A anti-HER2 ¥ x4 # HER2-positive #1451k 3L/
Trastuzumab % — anti-HER2 &) k3088 » MW ER R E A6 A 5§ — 4 bk &
> #7> HER2-amplified &9 $U8 % &4 20 2R A — & o5 @A JUB R gk
857 - HER2 & 5 #7> HSPI0 s 40 09 B & & X — » #f A trastuzumab
(17-AAG, HSP90 inhibitor) #1 Tanespimycin #*E& /R 3XE 7 A 243 v 59 %% & 69 ER
KRR (Modietal,2011) - B AT#4T 2| E& 35 11 #7 (Hong et al., 2013a) -
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2. HSP90 #p#| A6 A HSP70 3 H] BI7A KB R 5 L% #% (multiple myelo-
ma)

Bt 72 B8 <48 A HSP9O Hp 4] %] 4o geldanamycin -~ radicicol BP£7 £ 4 17-AAG &
3HE A BN F R G ARG M LS 0 45 5] HSP70 (Khalil ef al., 2011) » Bi8 & % 3R,
HSP70 £ B35 oL & i A Ml (Pocaly ef al., 2007) - B AT &4 E& R AT 335 88
# A tanespimycin (17-AAG, HSP90 inhibitor) #2 Ver155008 (HSP70 inhibitor) #f»>
AR5 7% (Massey et al., 2010)$2 % 254 B K& (Zhang et al., 2013) R A 260 > 128
AT475 kA BF A HSPOO 4p 5] %] $2 HSP70 40 1 ] 56 8 7 X, i A B% R 38R ©

3. HSP90 34| #4f A proteasome 4] # 7 % 51 F 8% (multiple myeloma)

% B B 35 % B A HSPOO 18 B & R.eq 15 B3 % 2% & & 4o receptor tyrosine
kinases ~ telomerase ~ Akt ~ HIF-1o. & MMP2 % & HSP90 &y % % % & ; botezomib
& 268 proteasome #p4| %] > 7T A 24 #p %] proteasome [EAE R IE ¥ & G H oy R
Réa PN R G AT AT AR > W E AR e il o BRRPT R BASR4F A tanespimycin $2
botezomib B tanespimycin € 3% 7& botezomib &) 3 #% 4 f 4 A > B &K botezomib &)

PLEE M - B ATEE ARRER 4T VI 29 (Richardson ef al., 2011) -

4. HSP90 #p#| % 0f Al DNA 38 F B @4 HAEMRE (metastatic pancreatic
cancer)

TR X BA S Bt R LR MU R EIEE - A5 09 DNA R E Ry Hn
BB B A P E ey R 0 4o gemcitabine » {24 Fi gemcitabine i& 2t DNA 18 £ & 4%

B @35 % Chkl 89 &R > Hahtafaf &8 F2 - DNA 9 R #1548 > @ Chkl [
BF& HSPOO ey E & & » B LA ff A tanespimycin (17-AAG, HSP90 inhibitor) $2
gemcitabine 7 stage IV B BEJE % & 3 28 i 7% tanespimycin | & K £ ¥ 4F ™ § %8
K8 B VE PR B4k 0 R BB E HSPOO Hp % 5] =T LA RS 35 % 4o i #7 gemcitabine
&) R %M (Pedersen et al., 2015) - Gemcitabine 4% #24o [t & 13 (Ueno et al., 2007) o
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(A\) HSPIO Hp I &I 7T e & & X LM

8k HSPOO 4p ] Bl AR B B 4 Sty 45 3% % 1B 25 > A2 30 R PR 80 $t
SLEAMK R B AR R IE Y o & 4a IR 7T AEAE 9 AR M AR R MM SR > # HSPOO 74
& A LM (Piperefal,2011) - gg# B AT 3L R A HSPIO &y C 3404 5| A & 4T ER
ARERER 0 LB MR X BT ST Noswdp R BIMERR R
1. PAMILEM (inherent resistance)
® HSPY0 # 4 K% R@F4 1545 (post-translational modification)

R #R164-# geldanamycin Bp H 47 & 4 17-AAG s F4% £ R A % HSPOO #p 1 &

e B BRI S. hygroscopicus ¥ > 3 4a &) HSP90 & — 2] ATP-binding pocket

by i B IR A B AISR A ERIFTY 0 — 4 A A% % i model yeast Saccharomyces
cerevisiae %+ 3,3 HSP90 F] 85 B 4 E88G £ NO2L #4 £ % » & # 5 geldanamycin %
BFFE 10 4% > B A invivo ¥ BA R4 69 HSPOO Al & F 24 ICso LA £ 2.5 43
(Millson et al., 2011) » i@ pbFEin B MR A B R % R A R & R (Piper et al.,
2011) «

® NAD(P)H/quinone oxidoreductase 1 (NQO1) {&E %k 3,

A % benzoquinone &) HSP90 N 3% #p 4| & » 18 & 3L NAD(P)H/quinone
oxidoreductase 1 (NQO1) & 4mfis & & L%+ - NQO1 ;£ — 18 € 121t benzoquinone
&9 HSP90 N & #p#] & (4w 17-AAG) i & sk dihydroquinone &4 44469 B2 % » {213 1k
fapHI B 4 HSPOO ey &6 R A R M A ik ey %20 (Guoeral., 2006) - sbiadi i
P8R © LK E R 3, NQO1 & % &4 glioblastoma in vitro #%3F » B8 ¥ @£ 2
NQO1 mRNA #3865 F I B A A NQOI Hp#| il ES936 4% A& A 2 5L AR sbfiL 22 4 -
B b4 B b A 8 42 $4 quinone #4569 HSPOO N b i B A 1242 > B R HR
4& non-quinone ## (do purine- 2, pyrazole-based) &y N Fip#| & (Piper et al.,
2011)

2. % RMIHEM (acquired resistance) :
(® Drug efflux pump &% E %k 35,
B % benzoquinone &5 HSP90 N 354 &1 & > & 42 18 B % 3, P-glycoprotein (P-gp)
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& B A multidrug resistance (MDR) phenotype > 42 MRP-1 efflux pump % /& & 3,89 A
B e e PSR B @Ak dT B e ik R L BB M09 E S 0 B A drug efflux pump i@

B R BT 4 4m B 7% purine- 2, pyrazole-based HSPOO #p ] %] 475 1% % Bk 4 - B %
I b B i R P-gp 89 %2 H (Taldone et al., 2008) 4o i & % 37, P-gp &) adrenocortical
carcinoma ¥7 17-AAG (benzoquinone #8) # $v % 1 » #7 BIIB021 (purine $8) | A
BUR Mt (Zhang et al., 2010) »

@ 3)Ae#tk R (heat shock response)

Heat shock transcription factor 1 (HSF-1) ;& HSP27 ~ HSP40/70 ~ HSP90 &4
transtription factor > & FFEIE e N AR L E AW AR BT B Ea Y 4 M
# % HSP90O N 3% #p 4] % (4o geldanamycin) Bp H 440 protein synthesis Fp %1 7|
puromycin ~ amino acid analogue (azetidine ~ canavanine) ~ proteosome ¥ #| |
(MG132 -~ lactacystin) % ©#%3% % B A 3% & HSF-1 #9451+ (Akerfelt et al., 2010) »

1% 45 7 B 4% HSPO Hp | %] &) ) 85 & & HSF1-dependent HSP27 #» HSP70 3% & L
FHER > #§ HSPO 4l 4E A > 35 F H tb o4 24k 5L R B 2R B & (Erlichman, 2009) -
fn silence 2 HSP70 s, HSP27 &, C.4% 35 F =T LAY o 4m Bl H 7 geldanamycin & %
Bt (Powers et al., 2008) o #E& R b &, #8441 Al HSPOO p# &| 2 HSP70 Hp ] &)
(Evans et al., 2010) = HSP27 antisense 4| % &4 7 & 4/F 4 & (Hadchity et al.,

2009) -

Z -t GFERLNA 2 RAR

(—) PI3K-Akt-mTOR 3 8.1% 3§ #4548

 ta fio & 0 BE IR B B X B (o ERBB2 ~ EGFR) #x 2|4 KB -FE1L
G EIL T a5 PI3K « PI3BK R & &t p85 ~ pl10 48 ik 6y R 5 %4 % 3¢ (heterodimer) >
% L% PTKRs #% 7% 168F - €43 % (recruit) F #% 49 adaptor protein (4 ERBB3 ~
GRB2-associated binding protein 1) > #& @ 43 3& p85-p100 # F a2 2| tmp i & & ° H%
H %8 PIP2 #ifs b ik % —1%4& PIP3 » i H {# pl100 subunit 1 p85 5k ; a oLt &
&AM PIP3 @48 5 TR 2% &G (dv Akt~ PDK1) #ltafink & > 4 is sk
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WEARE K G ERAL  FALT #5693 B 1R UE 3848 o 4o Akt & serine 473 & threonine
308 #h ek E 1Ltk 7B 1L 0 miEAuey Akt € 3 d BRI T #5%& & > 4w GSK3a » GSK3p ~
FoxO~MDM2-BIM BAD % » 34 4n oo 38 #7 91 5 B %m0 i 4 73 0 32 35 dydfp ] TSC2
{43 F #5469 mTOR 7F4t - ¥ Bhta &k G % 694 s (M4 E 8)(Hollander et al., 2011) -

(=) MAPK R & 1% & 518
RAS lafot X8 & R AR AR - #A - £ 7 ~ o1t A wieAH

BwmpoRRE > MAF SRR T LERE RASIHAREZEEZL > Fohhepi
2 ey o kiE{Lsy GDP-bound RAS & # & GEF #4751k » #4 & GDP {£4% GTP
T3 RAS » i# M43 3 T #5864 effector protein > % GTP-bound RAS #1 GAP # 4
#% RAS K & 4 GTPase & £ # 105 4% 4% 43 GTP 4% /K #2 > = | % 7% b &9 GDP-binding

% #& (M4 B 9a) - RAS-Rafl-MEK-ERK pathway & %% ¥ & % .69 RAS 3448 B 2%
1% o & Easeh A K B T ES IR ER S BR  3575 4L 0 48 35 F #% 4% adaptor protein 4w
GRB2 ~ SOS - i#Mm43 3 RAS 2|4 jo & 3, » BB AL 7E/b 2 - {2 B T/EIL T 56y
% & > 4w Rafl ~ MEK ~ ERK % > ¥ ghmBp ey & #i384%  (Ahearn ef al., 2012) o

(2) tafpFE R A NERBRBAE RS
3 % Bk T % A PI3K-Akt pathway %2 MAPK pathway 3 & 4 & B F & & %

FALW B AR FEAREKESZ % > 4o EGFR ~ ERBB2 ~ ERBB3 ~ FGFRI -
FGFR3 % » & i H &4 - BEXRXRE T X > FILT#H4) RAS -
RAS-Rafl-MEK-ERK pathway & i Bi L 4 92 G % G > Flempp P S R
JE o o Bhimpn e A 914 K 5 MiE4bey RTK ) 854 € 3% & #1 p8S subunit 454 > 12
¥ p85-pl00 £ 4 4 % 4% (PI3K) » i M ek (b T #5464 PIP2 s PIP3 - 42:& AKT #4%%
BRALSLEAL > 5148 5 A tm Bl Ak A7 69308 R 18 - M iE MARIR A2 09 L& & TSC1/TSC2
A4 > AKT #2 MEK T 3£ dy 2 B§ {1t TSC2 » 143 #p 4] A TSC1/TSC2 AR iE
it > P34 i RHEB #9731t > s & 5 8 T % mTOR F4t (B 10)(Knowles ez al.,
2015) - mTOR #47& 4t € &8 1L p70S6 kinase & 4EBP1 » 4 #p 4] %! 4EBP1 $2 eIF4E

ik WAL e N R G A R (B 8)(Knowles er al., 2015) » &4 X Bk # =

%8 ) 85 4p 4| PI3K-Akt pathway o MAPK pathway ++ 48 A 24 %] mTORCI1 3 & #1
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& #+ pro-apoptotic protein BH3 family 494 i (Engelman, 2009) -

W~ tafg A
(—) i+ EH @B (Programmed cell death)

taf A (apoptosis) XAk 2Z 3t & M et (programmed cell death)s & % 4a
Job A B RALERY > FEF@BREEA R BRI NARRII ARG AT
HIRET > R G e A TR T EReR S @iamN Wy E W3l AR
KRR > DAIES BBk o OB B IR L ARG e mle - Bk AT e B bia
BeL B 25 69 1A AR T Sk 48 (shrink) ~ B 45 (pyknosis) ; & fin ¥ &9 & & R85 & A
/\B¢ (apoptotic bodies) it B &M » A HRETHE » RL AT ISR RT
B v B 5% 89 A% (Elmore, 2007) o

(=) e AT Z BB

AT AT R F R G ' A caspase 7] 4 A EL#) caspase (initiator
caspase : caspase-8 ~caspase-9) A AT caspase (effector caspase : caspase-3 ~ caspase-6~
caspase-7) > effector caspase €& —F W E|HF % A E M el AT o FILEE
caspase #9#51% K2 T 5 A W% © WA MERAE (intrinsic pathway) Fo gh 4 P ERAE
(extrinsic pathway) » h A M IK/E L démfn Loy B (death receptor) Fuiz g &
S-1% &AL 0 @ Fu procaspase-8 gk, & 1L 89 death-inducing signaling complex
(DISC) » it M 4% procaspase-8 ;&1L ag, caspase-8 ; PY A4 Pk XA 3R A2 R T 4m fg 4L B dpy
B A e~ UV -DNA B FRI3TF - jl At B S R 47 IFAZHLA & & Mcl-1 >
{# pro-apoptotic Bcl-2 family & & 4v Bid ~ Bad ~ Bim /&4t > # 4 Bax ~ Bak /&1t
ik e gE + F7L > K cytochrome ¢ $|4a i 'E » 3t Fo Apaf-1 ~ procaspase-9 # sk,
J A2 (apoptosome) @ Hx & H 24 caspase-9 Kk 7EAL o & BLE) caspase K iEIL1E o
G % R EAL BE 89 AT caspase KR AR iE AL B 6 AT caspase » M AT caspase EALE
G B EIb— sk REEE > 4o PARP > R o3 T g B eshse (B 11)(Elmore,
2007)
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(2) ALk G Réa e BT X M4

JE @B AR S BAk % & 4w HSP27 ~ HSP70 ~ HSPOO p413F % 48 i 44
X8 %8 0 #Mm¥pHl caspase-dependent ¥ caspase-independent # 4m it 8 T iR /% ©
HSP27 T 3 & #p 4| caspase-3 ~ p53 ~ cytochrome ¢ & 7& 4t 3 3| 4a i A = » HSP70
=] #% e #p 4] proapoptotic protein BAX ~ INK ~ caspase-3 #4751t R 4p 1] 4= i A © 5
HSP90 T % & 751t AKT » 4% T # 8y proapoptotic protein BAD ~ Bax ## E§ 1t % &
EM KA 3l AKT 7E 4L T % 49 NF-kB pathway % 8/ 4 f 4775 > f HSP70 #= HSP90
<] LA 3E &y #p 4] Apaf-1 Fv caspase-9 7 sk apoptosome » R #pH] F % B R 12 89 7E 4L -
(M B 12)(Ischia et al., 2013)

I~ BB R

i BRI A enSd — 2 AL ARG TR £ —EEHeng
B4 fa3g 78 (production) 24 % (division) > & 4 H18 B A 48 B :E1E40 G o9 T K ém
B8 o 4m B3 HA T 4 A va B 85 HR ¢ Gap 1 (Gy)-phase ~ Synthesis (S)-phase ~ Gap 2
(G2)-phase ~ Mitotic (M)-phase > st #b » sk # A % i 38 7 89 #% 1k %0 B 4% 2 % Go-phase °
Gi-phase e @ Fi4 4 & » &4 DNA AR ERWYEE » $@inidia G
checkpoint > 7 € #4TTF — M a4 & 3448 2 T4 ; S-phase 4= s 6 DNA & 8474
HoBERLomA N ARE, M Grphase i C A A SR L 688 T/
Yo mAE Gy R E BB K 0 & miRi@i® G checkpoint » o @ B4 AT H 4440
# ; M-phase %= ji 4T %8 f 4% - 2 (nuclear division) $24mfg ' o H
(cytokinesis) » ¥ & 8% ~ 4m f H $Lh6 55 T34 0 BL®| BB T 4 g o 4= i /838 38 spindle
assembly checkpoint » &R 4k &, 52 ErE M 2 /2 45 4E 88 > Rt B E & G EAE Y A
o kg iTH 4 2 (Pines, 2011) -

(—) =B Ea

% i, 3B 2R 89 IE F iEAE 0 £ 8 A& % 18 cyclin #2 cyclin-dependent kinase (Cdk) 4
BT R B G A R A - JEILRE 8y Cdkl/cyclin B A $htapa it Go A M #7;
& % i, Y\ 4| i M EA &9 anaphase © Cdkl/cyclin B &4 & ik k E7EM » 15 4m
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Bty 38 BR 45 oA 48 48 3 4T o Cdkl/cyclin B 4 64 £ &% 2] R B B o4 6 B AL 1 5w B
P 32 - Mytl & 3% 9 4% Cdk1 89 Tyrl4 #2 Tyrl5 43 B #3E5 1> Weel kinase @ 4% Cdkl
4y Tyrl5 4 B4t > #pHl HE M 5 R > Cde25C ¢ 4% Cdkl & Tyrl4 g1 Tyrl5
fir & X wh 1t > CAK € 4% Thrl61 #f &1t > 4 £ &4k - PLK1 € % B) Cdc25C FH1kb >
¥ 8h Cdkl/cyclin B # A4 #4754t o (B 14)(Castedo ef al., 2002) -

(=) HSP90 $ & jis 38 33 8 32

2 %t BB BRI AR B 69 & & ) B % HSPOO a4 284% > A b4t HSPOO % 3]
Wral ey F 0 F R ey BIA R AR E o de B 3B B SR AR B & & 40 Cdkl -
Cdk2 ~ Cdk4 ~ Cdké6 ~ Cyclin B1 ~ Cyclin C ~ Cyclin E ~ Myt-1 ~ Wee-1 ~ PLK1 ~ Aurora
B - Survivin % %% ¢ % | HSP9O B 4 5k HSP90 % & %& & 4% 383 > {£4F HSPOO #p
F B F 2R @A Gi/S 3 Go/M 427 64 15 A5 o 4w HSPOO =T 3% & 3 4% Rb pathway s,
Cyclin D/cdk4/cdk6 &) 7% 1 5 s tm s A Gy arrest 57 5 3 & 3% & 384%F Cyclin B/cdkl ~
WEE1 ~ Myt-1 ~ PLK1 ~ Aurora B # 2 m i1 5 Go/M arrest $57t » & 7 4& HSP9O
o i WA H & G # HSPOO ey R PR — 4k o 42 A HSPOO #p ) ] 4 2 fm i
BEFHFEN > £ EEE@BERER — %M BAR &K @R E &R E
TR TLTAEE AR — by IR BEAF I IF T » 4o BT272 SUE e » 4 50 nM &)
17-AAG (HSP9O #p %)) ER T » & &% sk 4aps Go/M arrest > 514 G,/S arrest » #
Ftm A 42354 F 500 nM 89 17-AAG Rl & % 3 éa fis B 3 Go/M arrest » [ 1% 4a
oA > B4 50 nM &9 iR B 0% > BT474 3UJ% 4a B vy HSP9O % % %& & HER-2 & & &
% 2] HSPOO #p#| %5 & » M BCR-Abl & G A~ & (Burrows et al., 2004) - A7 &9 54
FHE 0 B A 6 0 HA I AR e BB AT R 0 RA B TR AT 0 4o
gefitinib p 4] HER2 famiky kinase & 2k 4m ig G, arrest » 12 R 2 LA H 2 fm o B ©
(Campiglio et al., 2004) ; VX680 #p+#| Aurora kinase » i% s %5 g G2/M arrest &) 5] /&
JEF o fE % A 4m B B v (Harrington ef al., 2004)- B &y % HSP9O % B M2 G &G (4o
HER-2 ~ EGFR) 2% % & e AR BN B % 88 A 2 &R H T - HSPOO Hph| | 12
XEEROEENENEREASFERRMAEDEFHMRR R85 TBR

tm IR do BB AR I B R T 0 AR A B F AR T AE AR s W AR A AR IRAR IE T e
e, i BA3E4F (Burrows ef al., 2004) °
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P& 2. Staging classifications for lung cancer.

Stage

Description

Non-small cell carcinoma (TNM staging system)

Local
1A (TINOMO)
IB (TZNOMO)

1IA (TINTMO)
Locally advanced
1IB (TZN1MO and T3NOMO)

1A (TIN2MO, T2N2MO,
T3N1MO, and T3N2MO)

B (T1-4N3MO)
Advanced
B (TAN1-3MO)

IV (T1-4N1-3M1)
Small cell carcinoma
Limited
Extensive

T1: 3 cm or less in diameter; surrounded by lung or pleura; does not invade main bronchus

T2: more than 3 cm in diameter; may invade pleura; may extend into main bronchus but
remains 2 cm or more distal to carina; may cause segmental atelectasis or pneumonitis

N1: involvement of ipsilateral peribronchial or hilar nodes and intrapulmonary nodes

T3: invasion of chest wall, diaphragm, pleura, or pericardium; main bronchus less than 2 cm
distal to carina; atelectasis of entire lung

N2: involvement of ipsilateral mediastinal or subcarinal nodes
N3: involvement of contralateral nodes or any supraclavicular nodes
T4: invasion of mediastinum, heart, great vessels, trachea, esophagus, vertebral body, or carina;

separate tumor nodules; malignant pleural effusion
Distant metastasis

Disease confined to the ipsilateral hemithorax
Disease with metastasis beyond the ipsilateral hemithorax

TNM = tumor-nodes-metastasis.

Collins LG et al. (2007) American Family Physician 75.
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Pt % 3. Human HSPs according to their molecular weight, location and function.

Family Members Molecular weight (kDa)/ Intracellular location Biological function
sequence length (aa.)
Small HSPs HSP10 10/102 Mitochondria =Co-factor for HSPGO
HSP27 227205 Cytosol =Microfilament stabilization
Nucleus -Antiapoptotic
=Accelerate nuclear protein aggregation
HSP40/DNA] HSP40 38/340 Cytosol =Co-chaperone for HSP70
family DNAJA1 44397 Nucleus -Co-chaperone of Hsp70
Cytosol -Contributes to the resistance of tumor to radiotherapy
-Promotes reactions in protein metabolism
that occur on the ER membrane surface
DNAJA3 Isoform 1: 52/480 Cytosol =Tumor suppressor; negative regulator
lsoform 2: 49/453 Mitochondria of breast cancer metastasis
DNA/B4 37/337 Cytosol =Tumor suppressor in NSCLC: suppresses
Cell membrane invasion by upregulating E cadherin
DNA|BG Isoform 1: 36/326 Nucleus ~Transcriptional repression via NFAT;
Isoform 2: 26/241 Cytosol reduces tumorigenicity and metastasis
Isoform 3: 35/325
DMNAJBD 25/223 Endoplasmic reticulum -Assists in stabilizing GRP78/BiP binding to unfolded
substrate proteins in a | domain-dependent manner
-Prevents the accumulation of unfolded proteins
in the ER, consequently protecting cells from ER stress
DNAJC9 297260 Nucleus =Not investigated
DNAJC12 Isoform 1: 23/198 Not reported -Have an estrogen response elements in its promoter region
Isoform 2: 12/107 -An estrogen target gene and that its expression might be
used as a marker of the ER transactivation activity
DNAJC15 16/150 Cytosol =Transmembrane cochaperone
-Expressed in drug sensitive breast cancer cells
CYP40 40370 Cytosol -Accelerates the folding of proteins; catalyzes the cis-trans
isomerization of proline imidic peptide bonds in
oligopeptides
~Modulates apoptosis and mitosis in peroxisome
proliferator dependent hepatocellular neoplasms
HSPG0 HSPGO 61/573 Mitochondria -Refolds proteins and prevents aggregation
of denatured proteins
=Proapoptotic
=Signaling molecule in the innate immune system
o 60/556 Cytosol cytoskeleton -Molecular chaperone; assists the folding of
CCT2 57/535 Nucleus proteins upon ATP hydrolysis
T3 60/545 Cytosol
CCT4 57/539 Cytosol cytoskeleton
CCT5 59/541 Cytosol cytoskeleton
CCTBA 58/531 Cytosol
CCTEB 57/530 Cytosol =Molecular chaperone
~Testis specific expression
ocr7 59/543 Cytosol =Chaperone
HSP70 HSP70 70/641 Cytosol =Assists folding of some newly translated proteins
-Guides translocating proteins across organellar
membranes through action at both the cis and trans sides
-Disassembling oligomeric protein structures
-Facilitates proteolytic degradation of unstable proteins
-In some cases, controls the biological activity of folded
regulatory proteins, including transcription factors
HSP70-2 70/641 Cell surface ~Constitutively expressed at high levels in brain and testis
=Molecular chaperone
HSP72 70/639 Cytosol =Stress inducible
=Stimulates dephosphorylation (inactivation) of stress kinase
INK in heat-shocked cells and protects them from apoptosis
HSP73 (HSC70) 70/646 Cytosol -Constitutively expressed in most tissues
-Promotes stabilization of newly synthesized cyclin D1
-Promotes “productive” assembly of the D/CDK4
quaternary holoenzyme complex
Grp75/Mortalin 73/679 Mitochondria ~Constitutively expressed
~Cooperates with Hsp60 to fold preproteins following
transit across mitochondrial membrane
Grp78 72/654 Endoplasmic reticulum =Antiapoptotic
=Regulation of protein folding in endoplasmic reticulum
-Anti-inflammatory
-Immunomodulator
HSPOO HSPO0A 86,732 Cytosol -Inducible in stress conditions
=-ATPase activity
~Protein translocation
=Growth promotion
=Cell cycle regulation
=Stress-induced cytoprotection
HSPO0B 84/724 Cytosol -Constitutively expressed
-ATPase activity
=Early embryonic development
=Germ cell maturation
=Cytoskeletal stabilization
=Cellular transformation
=Signal transduction
~Long-term cell adaptation
Grp 94 92/803 Cytosol -Antiapoptotic
Endoplasmic reticulum -Chaperone
TRAP1 75/704 Mitochondria -Has ATPase activity

=Phosphorylation by PINK1 prevents
oxidative-st i ed i
=Cell cycle regulation

Khalil ef al. (2011) Biochimica et Biophysica Acta 1816:89-104
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Ft%& 4. Summary of antitumor activity of selected HSP90 inhibitors by tumor type

in humans.

Tumor type Drug Phase of Response (tumor and markers) Change in Hsp90 biomarkers  Citations

studies pharmacodynamics (PD)

Breast cancer Tanespimycin + trastuzumab i PR in 1/29 in HER2+ breast cancer pts Modi

(24%); SD > 4 weeks in 5/29 HER2+ pts et al.”®
(24%)

Tanespimycin + trastuzumab i PR in 6/27 and SD in 10/27 evaluable Modi et al.®
HER2+ breast cancer patients who had
previously progressed on treatment with
trastuzumab, providing a clinical benefit
rate (CR + PR + SD) of 59%

Alvespimycin + trastuzumab I 1 confirmed PR in a HER2+ breast cancer Dose-dependent increase in Jhaveri
pt. 5/25 breast cancer pts with HSP70 seen in PBMCs etal®
5D > 6 months

AUY922 1] PR in 1/10 pts, partial metabolic Soluble HER2 levels Schroder
responses by FDG-PET seen in 2 HER2+ decreased in 2 HER2+ et al**
pts who remained on study for »5 cycles  patients who remained on

study for >5 cycles

1PI-504 + trastuzumab i PR in 1/20 pt. and SD in 14/20 pts None reported Modi

et al.”?

Gastrointestinal  IPI-504 I PET PR in 8/54 pts (22%) ‘Wagner
Stromal et al.2?
Tumors i} Trial terminated early due to 3 of 4 on- Demetri
(GIST) (randomized  treatment deaths on the IPI-504 arm et al*?

to placebo vs
IPI-504)
STA-9090 i 12/23 evaluable pts had SD (4 Analysis of tumor biopsies Demetri
SD > 16 weeks, 8 SD > 8 weeks) from 4 pts did not show etal’™
sustained inhibition of
activated KIT or its
downstream pathways
Melanoma Tanespimycin i 15 pts enrolled, 9 pts with available 13 paired tumor biopsies Solit et al.*®
tissue, were BRAF V600E mutant; no were conducted showing 1
responses HSP70, and |cyclin D1, but no
|Raf-1 or ERK levels
Alvespimycin I PR in 1/7 pts with melanoma Tumor samples confirmed Pacey
HSPS0 inhibition 24 h after et al.??
17-DMAG in 2/4 and 2/8 pts
given 106 and 80 mg/m?,
respectively
STA-9090 I (weekly, 1 PR in melanoma Cleary
biweekly) et al 3

Multiple Tanespimycin + bortezomib Iy Response: Richardson

Myeloma bortezomib-naive (41%) et al?”
bortezomib-pre-treated (20%)
bortezomib-refractory (14%)

Non-small cell 1PI-504 i PR in 2{11 pts: wild-type (wt) - EGFR Sequist
carcinoma (18%), O pts with PR with mutant EGFR et al®
(NSCLC) SD > 12 weeks in 7/11 pts: wt-EGFR (64%)

SD > 12 weeks in 1/8 pts: mutant-EGFR
(13%)
i 2/3 pts with rALK + NSCLC with PR Sequist
et al.®®
1] 5 of 76 (7%) pts enrolled showed a PR, and Sequist
18 of 76 (24%) pts had SD for ar least et al*®
3 months. Of the 68 pts for whom EGFR
mutational status was known, 4 of 40
(10%) had wt-EGFR, and 1 of 28 (4%) had
activating EGFR mutations. Also, of 3 pts
known to have ALK rearrangements, 2
had PRs and 1 had durable 5D for
7.2 months

Ganetespib (STA-9090) I 1 pt with PR and 7 pts with prolonged SD ‘Wong

et al.™

Ovarian Tanespimycin + gemcitabine + cisplatin | 2 PRs in ovarian 1 HSP70 at 6&25h, and |ILK  Haluska

at 6 h in PBMCs et al®®
17-DMAG (KOS-1022) + trastuzumab 1 1 near complete resolution of ascites and Dose-dependent increase in Jhaveri
pleural effusion in ovarian cancer pt HSP70 seen in PBMCs et al.*?

Prostate Alvespimycin I PR in 2/25 pts (8%) (prostate, melanoma) Tumor samples confirmed Pacey

HSP90 inhibition 24 h after et al.**
17-DMAG in pts given 106
and 80 mg/m?*, respectively

Tanespimycin i No objective or confirmed PSA response Heath

etal®

IPI-504 1| No objective or confirmed PSA response, Oh et al.®
but one pt with PSA decline and on for 9
cycles

Renal Cell Tanespimycin 1] No objective responses (6 pts dose Ronnen
(papillary reduced) et al®*
and clear
cell)

Solid tumors Ganetespib (STA-9090) | 1 PR and 2 SD in 49 pts None reported Cho et al®®

D.S. Hong ef al. (2013) Cancer Treatment Reviews 39:375-387
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Estimated New Cases*

Males Females
Prostate 233,000 27% Breast 232,670 29%
Lung & bronchus 116,000 14% Lung & bronchus 108,210 13%
Calorectumn 71,830 8% Colorectum 65,000 8%
Urinary bladder 56,390 % Uterine corpus 52,630 6%
Melanoma of the skin 43,890 5% Thyroid 47,790 6%
Kidney & renal pelvis 39,140 5% Non-Hodgkin lymphoma 32,530 4%
Non-Hodgkin lymphoma 38,270 4% Melanoma of the skin 32,210 4%
Oral cavity & pharynx 30,220 4% Kidney & renal pelvis 24,780 3%
Leukemia 30,100 4% Pancreas 22,890 3%
Liver & intrahepatic bile duct 24,600 3% Leukemia 22,280 3%
All Sites 855,220 100% All Sites 810,320 100%

Estimated Deaths

Males Females
Lung & bronchus 86,930 28% Lung & bronchus 72,330 26%
Prostate 29,480 10% Breast 40,000 15%
Colorectum 26,270 8% Calorectum 24,040 9%
Pancreas 20,170 7% Pancreas 19,420 T%
Liver & intrahepatic bile duct 15,870 5% Ovary 14,270 5%
Leukemia 14,040 5% Leukemia 10,050 4%
Esophagus 12,450 4% Uterine corpus 8,590 3%
Urinary bladder 1,170 4% Non-Hodgkin lymphoma 8,520 3%
Non-Hodgkin lymphoma 10,470 3% Liver & intrahepatic bile duct 7,130 3%
Kidney & renal pelvis 8,900 3% Brain & other nervous system 6,230 2%
All Sites 310,010 100% All Sites 275,710 100%

ft B 1. Ten Leading Cancer Types for the Estimated New Cancer Cases and Deaths

by Sex, United States, 2014.

Siegel et al. (2014) CA Cancer J Clin 2014; 64:9-29.
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Ft B 2. Overview of molecular pathways and potential targets in non-small cell

lung cancer (NSCLC). Genetic targets with approved therapeutic agents are shown in
red. Targets with agents under development are shown in green while targets with no
currently available inhibitors are shown in yellow. Black arrows represent the down-
stream activation with red line representing the inhibitory action. Dashed arrows repre-
sent the proposed auto-activatory mechanism of mutant K-Ras involved to EGFR TKI
resistance.

Alamgeer et al. (2013) Curr Opin Pharmacol 2013;13:394-401.
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Amino-acid

number 1 210 272 629 732
- == .~ —_— —
Domains @terminal domain ¥ CR ) Middie domain —{ C-torm, i
——— S 43 -~ \\ nal dom@
e — /' ;::: o+ N
a5 B : 1o comain )
@ninal domabQFD Middie domain _@m =
/ ==
Small molecule Nucleotides, yphosphate of ATP  Nucleotides,
binding sites geldanamycin, novobiocin,
17AAG, radicicol cisplatin
Biochemical ATPase, Flexible Client protein binding, Dimerizaticn,
functions co-chaperone linker co-chaperone binding, co-chaperone binding,
binding ATPase actiivation client protein binding?

kit B 3. Structure of the HSP90 dimer. The numbering 1-732 indicates the approxi-

mate positions in the amino acid sequence of the human protein that define its function-

al domains. 'CR' refers to a charged region which serves as a flexible linker between the

N-terminal and middle domains. The locations where various small molecules bind

HSP9 and modulate its function are indicated. The biochemical functions of each do-

main are also shown. 17AAG, 17-allylaminogeldanamycin; GA, geldanamycin.

Whitesell L ef al. (2005). Nat Rev Cancer 5(10): 761-772.
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ft B 4. The HSP90 chaperone cycle. Although molecular chaperone heat shock pro-
tein 90 (HSP90) samples multiple conformations in the absence of ATP or other factors,
current models propose that ATP binding and hydrolysis, as well as a precisely se-
quenced interaction with an array of co-chaperones, subtly shift the conformational
equilibrium, presumably by lowering the energy barrier between certain conformations,
thus providing directionality to the HSP90 cycle23, 26, 27. ATP binding to the
undimerized (open) amino terminal (N) domain of HSP90 promotes repositioning of a
'lid"' segment (red) that leads to transient dimerization of the N domains. Subsequent
structural rearrangements result in the 'closed and twisted' conformation of HSP90 that
is committed to ATP hydrolysis. Binding of the co-chaperone activator of HSP90
ATPase 1 (AHAT1) enhances the rate of ATP hydrolysis-dependent HSP90 cycling by
increasing the rate of the conformational alterations that result in the acquisition of
ATPase competence. The dashed arrow reflects the difficulty of HSP90 in achieving the
ATPase-competent conformation in the absence of AHA1. The co-chaperones STIP1
(also known as p60HOP) and cell division cycle 37 homologue (CDC37), and N do-
main-binding HSP90 inhibitors, exert an opposite effect to that of AHA1 by preventing
the initial structural changes necessary for N domain dimerization. Prostaglandin E
synthase 3 (PTGES3; also known as p23) slows the ATPase cycle by stabilizing the
closed conformation that is committed to ATP hydrolysis.

Trepel J et al. (2010) Nat Rev Cancer 10(8): 537-549.
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Ft & S. HSP9O0 serves as a buffer against the many environmental stresses that

cancer cells must endure and overcome. To accomplish this, the molecular chaperone
regulates numerous signaling proteins and pathways (shown on the right).

Neckers L et al. (2012). Clin Cancer Res January 1, 2012 18; 64
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Cytokine Death
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Gene Expression

Kt B 6. HSP9O client protein pathways involved in survival and anti-apoptosis of
tumor cells. JAK — Janus family of tyrosine kinases; STAT — Signal transducers and
activators of transcription; MAPK/ERK — Mitogen activated protein kinase, Extracellu-
lar signal-regulated kinase; PDK — Phosphoinositide-dependent kinase.

Hong DS et al. (2013) Cancer Treatment Reviews 39(4): 375-387.
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Structure Inhibitor

Tanespimycin

(17-AAG)

Retaspimycin

hydrochloride
(IP1-504)
BIIB021
CNF2024
AUY922
STA-9090
IP1-493

H,N fo} SNX-5422

H mesylate
" fo)
/”\/NHz’cngso;
‘o
N
N
\
FisC
o

Small molecule* BIIB028
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Nanobparticle albumin-bound 17-AAG ABI-010
Kt B 7. HSP90 inhibitors in clinical trials
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Route
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Intravenous

Oral

Intravenous

Intravenous

Oral

Oral

Intravenous
Intravenous

Oral or intravenous
Oral

Oral

Oral

Intravenous

Trepel et al. (2010). Nat Rev Cancer. 2010;10(8):537-549.
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ft B 8. Canonical PI3BK-AKT-mTOR pathway.

PTEN opposes PI3K function, leading to inactivation of AKT, a crucial downstream
target. When PTEN activity is decreased or absent, products of PI3K activate AKT
through the activation of its upstream kinase phosphoinositide-dependent kinase 1
(PDK1; encoded by PDPK1). Other upstream regulators of the pathway include recep-
tor tyrosine kinases (RTKs) such as ERBB2 and epidermal growth factor receptor
(EGFR) that are important in breast and lung cancer, respectively important downstream
targets of AKT (such as p27, p21, FOXO and PAWR (also known as PAR4)) are in-
volved in multiple functions that are crucial for tumour cell growth and survival. mMTOR
activity is also increased when PTEN activity is lost, and mTOR itself has important
targets, including AKT, as well as proteins required for protein translation such as ribo-
somal protein S6 kinase (S6K; encoded by RPS6KB1 and TPS6KB2) and eukaryotic
initiation factor 4E binding protein (4EBP1; encoded by EIF4EBP1). mTOR exists in
two different protein complexes, TORC1 and TORC2. Inhibitors of TORC1 by drugs
such as rapamycin can activate AKT by deactivating a negative-feedback loop mediated
by S6K and insulin receptor substrate 1 (IRS1). Proteins that can be targeted by drugs
are indicated in red. BAD, BCL-2-associated agonist of cell death; GSK3, glycogen
synthase kinase 3; MAP3KS5, apoptosis signal regulator kinase 1.

M. Christine Hollander et al. (2015). Nature Reviews Cancer 15, 7-24
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ft B 9. RAS signalling pathway.

a | The GDP-GTP cycle of RAS is shown. Inactive, GDP-bound RAS is activated by a
guanine nucleotide exchange factor (GEF), which induces the release of GDP and
thereby permits GTP to bind. GTP loading induces a marked conformational change in
RAS that allows it to bind effectors via their RAS-binding domains (RBDs). The 'on'
state of RAS is limited by its slow intrinsic GTPase activity, which is accelerated up to
105-fold by the binding of a GTPase-activating protein (GAP), allowing RAS to return
to its inactive, GDP-bound state. b | The RAS—-RAF1—extracellular signal-regulated ki-
nase (ERK) pathway. This pathway is engaged by protein Tyr kinase receptors (PTKRs),
which are activated by growth factor binding. The adaptor protein growth factor recep-
tor-bound 2 (GRB2) binds to activated (that is, phosphorylated) RTKs. GRB2 also binds
the GEF Son of sevenless (SOS) and brings it to the membrane, where it can activate
RAS. RAS initiates downstream signalling by bringing RAF1 to the membrane and ac-
tivating its kinase activity. This is the best-characterized RAS-regulated pathway and it

is frequently dysregulated in cancer. ¢ | Multiplex regulation of, and signalling from,
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RAS. The various families of GEFs, GAPs and effectors that have been reported to reg-
ulate RAS or transmit signals from RAS-GTP are shown. CAPRI, calcium-promoted
RAS inactivator; GAP11P4BP, GAP1 InsP4-binding protein; MEK, MAPK/ERK kinase;
NF1, neurofibromin 1; PLCe , phospholipase Ce ; PI3K, phosphoinositide 3-kinase;
RALGDS, RAL guanine nucleotide dissociation stimulator; RASAL,
RASGAP-activating-like; RASGRF, RAS-specific guanyl-nucleotide-releasing factor;
RASGRP, RAS-specific guanine-nucleotide-releasing protein; RASSF, RAS association
domain-containing family; RIN1, RAS and RAB interactor 1; SYNGAP, synaptic
RASGAP; TIAM1, T lymphoma invasion and metastasis-inducing 1.

Ian M. Ahearn ef al. (2012). Nature Reviews Molecular Cell Biology 13, 39-51
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ft B 10. The PI3K and MAPK pathways in cancers.

Growth factor-mediated signalling or mutational activation of both PI3K and MAPK
pathways is common in multiple cancers. Receptor tyrosine kinases (RTKs), epidermal
growth factor receptor (EGFR), ERBB2, ERBB3, fibroblast growth factor receptor 1
(FGFR1) and FGFR3 may be activated by ligand, overexpression and/or mutation in
cancers. Through adaptor proteins, these RTKs activate RAS. Signalling via the
RAS-RAF-MEK-ERK cascade leads to phosphorylation of many substrates that can
have multiple cellular effects depending on the intensity and duration of signalling. In
many situations proliferation is induced. Activated RTKs bind to p85 (the regulatory
subunit of PI3K) and recruit the enzyme to the membrane, where it phosphorylates
phosphatidyinositol-4,5-bisphosphate (PIP2) to generate PIP3. Activated RAS can also
directly activate PI3K. PIP3 recruits 3-phosphoinositide-dependent protein kinase 1
(PDK1; also known as PDPK1) and AKT, resulting in activation of AKT by phosphory-
lation, which leads to both positive and negative regulation of a wide range of target

proteins (not all shown). Cyclin D1 (CCND1) and MDM?2 are upregulated directly or
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indirectly, resulting in a positive stimulus via the RB or p53 pathways, respectively.
AKT also phosphorylates and inactivates tuberous sclerosis 2 (TSC2), leading to activa-
tion of mMTOR complex 1 (mTORC1), which controls protein synthesis. TSC1 forms an
active complex with TSC2, and loss of function of either protein leads to dysregulated
mTOR signalling. AKT phosphorylates and inactivates glycogen synthase kinase 33
(GSK3p), relieving its suppression of B-catenin, which is freed to enter the nucleus and
activate gene expression. MYC expression is induced as a consequence of both ERK
and AKT signalling. Key genes that are activated in bladder cancer are shown in dark
red and those that are inactivated in green. BAD, BCL-2-associated agonist of cell death;
FOXO, forkhead box O; RHEB, Ras homologue enriched in brain.

Margaret A. Knowles ef al. (2015). Nature Reviews Cancer 15, 25-41
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Bt B 11. The extrinsic and intrinsic pathways of apoptosis.

Apoptosis can result from the activation of two biochemical cascades, which are known
as the extrinsic (part a) and the intrinsic (or mitochondrial, part b) pathways. The extra-
cellular apoptotic pathway is initiated at the plasma membrane by specific
transmembrane receptors, whereas mitochondrial apoptosis is triggered by intracellular
stimuli such as Ca2+ overload and overgeneration of reactive oxygen species (ROS). In
both pathways, initiator caspases (caspase 8 and 9, respectively) are activated within
specific supramolecular platforms and so can catalyse the proteolytic maturation of ex-
ecutioner caspases, such as caspase 3, which mediate (at least part of) the catabolic pro-
cesses that characterize end-stage apoptosis. Mitochondrial membrane permeabilization
(MMP) marks a point of no return in the mitochondrial pathway (see also Figs 2, 3), by
activating both caspase-dependent and caspase-independent mechanisms that eventually

execute cell death. For example, following MMP the mitochondrial intermembrane
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space (IMS) protein cytochrome ¢ (CYT C) is released into the cytosol and interacts
with the adaptor protein apoptotic peptidase activating factor 1 (APAF1) as well as with
procaspase 9 to form the apoptosome. This results in the sequential activation of caspase
9 and executioner caspases, such as caspase 3, a process that is known as the caspase
cascade. One of the major links between extrinsic and mitochondrial apoptosis is pro-
vided by the BCL-2 homology domain 3 (BH3)-only protein BID, which can promote
MMP following caspase-8-mediated cleavage. dATP, deoxyadenosine triphosphate;
DISC, death-inducing signalling complex; tBID, truncated BID.

Lorenzo Galluzzi et al. (2007). Nature Reviews Neuroscience 10, 481-494
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3 & 12. Regulation of cell death pathways by HSPs, which are upregulated by

cellular stressors such as hyperthermia or local hypoxia and acidosis.

HSP27, HSP70, and HSP90 inhibit multiple steps in both caspase-dependent and
caspase-independent apoptotic pathways, providing protection from apoptosis-inducing
treatments such as radiotherapy or cytotoxic agents. Stimulation of the tumour necrosis
factor receptor (TNFR) leads to protein-kinase-dependent phophorylation of the IkB
complex, which is responsible for holding NF«kB stable in the cytoplasm. Upon release
from the IxB complex, NF«kB translocates to the nucleus and activates transcription of
its target genes. HSP90 chaperones multiple proteins in the TNFR-stimulated pathway.
Mutant p53 is stabilized and protected from degradation by HSP27, enabling it to exert
procancerous effects (possibly via the dominant-negative inhibition of wild-type p53).

Joseph Ischia et al. (2013). Nature Reviews Urology 10, 386-395
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ft B 13. Cellular metabolism and mechanism of gemcitabine

Once administered, gemcitabine is transported into cells by nucleoside transporters.

Gemcitabine is then phosphorylated into gemcitabine monophosphate (IFACMP) by

deoxycytidine kinase (DCK), and dFACMP is subsequently phosphorylated to gemcita-

bine diphosphate (IFdCDP) and gemcitabine triphosphate (dFACTP) by nucleoside

monophosphate (UMP/CMP) and diphosphate kinase. Gemcitabine exerts its cytotoxic

effect mainly through inhibition of DNA synthesis by being incorporated into the DNA

strand as the active dFdCTP. It is known that gemcitabine has a unique mechanism of

action known as ‘self-potentiation’. For example, dFdCDP potently inhibits

ribonucleotide reductase, resulting in a decrease of competing deoxyribonucleotide

pools necessary for DNA synthesis. Again, dFdCTP suppresses inactivation of dFdCMP

by inhibiting deoxycytidine monophosphate deaminase (DCTD). On the other hand,

more than 90% of administered gemcitabine is converted, and thus inactivated, by
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cytidine deaminase (CDA) into 2'-deoxy-2’,2'-difluorouridine (dFdU). Phosphorylated

metabolites of gemcitabine are reduced by cellular 5'-nucleotidase (5'-NT), and

dFdCMP is also converted, and inactivated, by DCTD into

2'-deoxy-2',2'-difluorouridine monophosphate (dAFAUMP).

H Ueno et al. (2007). Br J Cancer. ; 97(2): 145-151.
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ft B 14. Regulation of Cdk1l during normal mitosis.

To allow cells to progress from the G2 to the M phase, Cdk1 has to be active, meaning
that it has to bear an activating phosphorylation on Thr161 by CAK, that the inhibitory
phosphorylation (on Thr14 and Tyr15) has been removed by active Cdc25C phosphatase,
and that Cdk1 associates with cyclin B and translocates to the nucleus. In the nucleus,
the active Cdk1/Cyclin B complex then phosphorylates mitotic substrate proteins. Dur-
ing the anaphase the APC becomes activated and targets Cdk1 for degradation. Note
that two cell cycle checkpoints indirectly affect the activity of Cdk1. The DNA structure
checkpoint activates checkpoint kinases (such as Chk1 and Chk2), which phosphorylate
Cdc25C on Ser216, thereby causing it inactivation (and failure to activate Cdk1). Acti-
vation of the spindle checkpoint delays maturation of the APC (and thus prevents cyclin
B degradation)

M Castedo. (2002). Cell Death and Differentiation 9, 1287 + 1293
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HCT116 ~ AJARTE 4m Btk Hep3B #% B M B 72 AR &b T X 3R AT (BCRC) 2
A W B IRARFE R R PO o 3t &t i AT A 2 RPMI-1640 - fetal bovine serum (FBS) »
trypsin-EDTA 8% & Gibco® Life Technologies (Grand Island, NY, USA) 5 Ao 4= fig 3%
A& Z 4 £ penicillin-streptomycin-amphotericin B Solution # & Biological Indus-
tries Ltd. (Kibbutz Beit Haemek, Isarel) ; Fi 7 %m fitL 332 & % B i {8 37 % 2 NaHCO; 3%
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Sulforodamine B (SRB) ~ 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) 8% A Sigma Chemical CO (St. Louis, MO, USA) - HSP90a. activity
assay kit B & BPS Bioscience (San Diego, CA, USA)~ 7 #& % R Bk Fr{f Al 2 — ¥t
#% HSP90 ~ p-EGFR ~ EGFR ~p-Src ~ Src ~ p-FAK ~ FAK ~ p-Rb ~ PTEN -~ p-Akt (Ser473)
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p-ERK1/2 ~ ERK1/2 ~ p-cdc2 (Tyrl5) ~ p-cdc2 (T161) ~ Cdc2 ~ p-MPM2 ~ Aurora A ~
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(Beverly, MA,USA); Cyclin B1-PARP #% & Santa Cruz Biotechnology (Santa Cruz,CA,
USA); HSP70~Rb ~ caspase-6 ~ caspase-7 # B BD Bioscience (San Diego, CA, USA) ;
p53 #% B Epitomics (Burlingame, CA, USA) ; actine # B Merck Millipore (Merck
KGaA, Darmstadt, Germany)  #& F 2 257k A Al 2 — 4 L 8¢ horseradish peroxidase
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W~ TREY
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R CREBaEeKEEZ 100mm’ > SR LTRSS %E HER (DSW) % vehicle
control ~ & X o fk MPT0G256 50 mg/kg ~ Wil — R B BE7E 4 gemcitabine 100 mg/kg
B AR a ik MPT0G256 50 mg/kg #u B e 4 gemcitabine 100 mg/kg » & i 73 4% #%
# 3] 1,200 mm’ & R3KE > 450 R4 3BT BB AR AR F B 3 BN A RN -80
CH%47 ° FEJE 4 Kk X #sEE (tumor growth inhibition, %TGI) 23t E H X 4
[(T-C)/CI*100% » Bp jo % 45 o 42 41 41 Fi %8 84 A 3 3% 1,200 mm’ 69 B84 £ > B oA3% 1
ARAE AR 100% - & H R BZ RSN R 0 IR AR B AR TT -

+ ~ 2% A&/t $ % & (Immunohistochemistry, IHC)
HARBIRE AS49 ERBEERE > A EZN 4% /v) FE (5 PBS) XL
B X BAT ORI R » BAT R B &2 AT > AF 11 | R4 xylene
TUABER > B FE AR ARFEN R BRI G BERE FETAAAK (100% — 95%
— T5% — 50% &9iEH) > KREM R ARG RS —RAKFe PBS 0 HE 0 R K
3% (VIV)H O, 8 FEEE R T > AEFILBB NI NAMBAILE  E—F Ak
2% 100°C 89 10 mM Tris/l mM EDTA buffer (pH9.0) + 40 4-4% » it 24 PBST ik
1R o sk 3 % BSA & — %38 EGFR 2, cleaved-caspase 3 £ 8% F RJE 1 /)5
8% LA PBST &%k t1 B » #k1% 72 A — 7% HRP polymer conjugate reagent A 7 % %% L >

FBAER 10 5548 > a4k A #2 DAB chromogen reagent B1 ~ B2 #v B3 4 H 5 5-4% >
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41 R iZEKFE S #x4% BA Mayer’s Hematoxylin solution 347 3 & ¢ &, » 4§41 B iZ K
Fok it 3L 0 AR E LM KR 200 2R R ER ZREE

+— g3t aHt

AERMZERRUBILE VY ZREHRZ A £ BE®RE (mean = SEM) »
i A A Sigma plot # 5 ¥+ 84 paired t-test LA R t-test GR AR B B o E K) > ME AT L
Fét Ly 28 > K P<0.05 Al AA 43t Loy E R - Compusyn® k58 A A A3t A
B P A A& 9 VE B (combination index, CI) » 2 CI<1 - B &# E4/ERA (syn-
ergism) ; CI=1 %o AE M (addition) ; CI> 1 8] A 43/FH (antagonism) °
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FwE FR&XR

— ~ Hi 4 R HSPIO il & ¥H7 R F) b fatk Z A& R ¥ %1/ A 7> HSP90oE P2
W H1E A

& %A A SRB assay &% — % %] quinolinylamides 47 4 4 #7 % #k A 875 % 4=
fadk (35 AFRIE/| da B i dm B AR AS49 ~ AR KA ta e bk HCT-116 ~ AZERT
% ta Btk Hep3B) 694 KA #I/EF - & Table | & £ 88+ » MPT0G256 4542 A549
itk 2R EEA EHFER (Glsp=0.18+0.02 uM) » H 48 & positive control
&) BIIB021 (Glso=0.33 £ 0.02 pM) & Z 37, 5 £ 47 89 & K H#p 5] 24 Rk - % MPT0G256
i — % %) quinolinylamides 47 & 4 & 1 HSPOO p] %] AUY922 2% & &) 1 471545 A
R P CA #4948 - HSP90« assay kit 78] & 3z sk £7 4 4 & BIIB021 782 4 (in vitro) #p
#] HSP9Oau#!y 75 4 - 4 3L MPT0G256 ft i3 sbib-6-47 7 B A & 784 %1 84 4F HSP90oL&y
45 /1 (ICso = 149.06 + 0.63 nM) 2 BIIB021 ((ICso = 132.75 + 14.75 nM) 48% - A&t
22 855, MPT0G256 42 B4 EGFR % 4 ¢4 NCI-H1975 (T790M #o L858R 25 %
)IC50=0.65+0.02 uM) #2 PC-9 (exon 19 deletion)(IC50=0.92 + 0.02 uM) 3JE-]
% B W % 4 B kR > MPTO0G256 48 &7 BIIB021 048 230 4 R 42 69 5 4% da BLAE /)
B3 % 3t % A wild type EGFR JE /)~ % B it 5 4m B, AS49 (ICso = 0.43 +0.025 uM) %
#94F (Table2) o 424 A L H % » #8 MPTOG256 f£ b A 3474 40+ » B A Rk
] B 88 4 Bl 2 R S 4 h) HSPOOoe fiE /7 > B HSP9OaL B A% 38 B /2 AS49 tmfin ¥ A 82
& &3 (Khalil er al., 2011) ; B > JE/|s 4o i il B $7 HSPOO Fp 41 ) &4 Rk & M43
(Shimamura et al., 2012) » A% B & MPT0G256 # AS549 % otk 4T 4 & 408
M2 4R 31 - BIIB021 & — 24 sk HSPOO #p 4% » R BB A R EF EH B aibsty -

= ~ MPTO0G256 ¥#p#] A2 IE /| bm BEBF & £ R L A7 75

% %4 A SRB assay > 3% MPT0G256 4 R B & (0.03~1 uM) T 48 /| e%
Il AS49 ta e KA R 0 R AT DUR BB M6 O RIpH] AS49 tafpay 4
£ > Glso % 0.18 + 0.02 uM > 48847 BIIB021 (Glso=0.33 £ 0.02 uM) % B 4F a9 4
K¥pHlER (Figure 1A) » 33 & MTT Bl Z R B E R ERE (0.03~3 uM) T 48

INBEFF R AS49 mB ey R 0 TR AR 3] MPTOG256 AELUE EARBM G F R F4%
54



AS549 g » 1Cso 2 0.45 + 0.01 uM » 8 #%# BIIB021 (IC50 =2.19 + 0.18 uM) 4,
= B % m e R (Figure 1B)- BIIB021 % — T 1 fjk B R B4 benzoquinone
4449 HSPOO #p I ] - B AT R My B R A /78] 11 89 (@& GIST) - A HE &
B benzoquinone 44 0 BaJR b 3 R & & ix BA AT #4 (Dickson et al., 2013) ;
MPT0G256 4, F) B5 B4 7T 0 i ~ R B4 benzoquinone #8175 5 & m %4 » B
# BIIBO21 #* AS549 tm s A ey Hp il tm B £ R 8L 5 M dm B B9 AE ) {E AR A R
R o

= ~ MPTO0G256 4 A549 % fa B R 45 57 Go/M Mtk AT @B B+

# T # MPTO0G256 & % €% i 4o fp B L Pl m B B > A B K 4o
Bt A R BB (0.03~3 uM) &) MPTOG256 $13> AS49 ety B4 - &R
REST 0 24 /)N B 04 B 4 R T2 T R AR M 6948 4a B B B A3 IR Go/M B (Figure 2A)
48 /)NBE Y B 4 R 78 B BA BA LB 22 3] sub-Gl ERehm it (BT etafp) 3 % (Figure
2B) e A ARFEE (0.1~3 uM) &4 iE¥f 58 48 BIIB021 # % 24 /]\8% (Figure 2C) # 48
N8 (Figure 2D) 45T 4% 2] 484 4 15 7 - HSPOO 4] | =T 4 th 342 % 46 4m o, 8 3 41
Mleh 2 &G (4o Cdkl) 1% M 4a j 45 7> Go/M #8 (Senju et al., 2006) -

@ ~ MPT0G256 T AS49 tafe B & G R R L& Go/M &:8&

B % o ta i B E] Go/M 3AiE 48 B & G & HSPOO &9 % H & & (Jw Cdkl) »
HSPOO & 4p 4] 5 % & ik A % 4= 18 38 #7 Go/M arrest > #p4%] 40 f1 649 4 & (Senju et al.,
2006) B 3 &y 77 X 48 J0 45 55 3, MPTOG256 @ % 24 /)N85 % ik, A549 % i Go/M arrest
SN BEHEN G/M ARG ERRGBE (Figure 2A ~ 2B) o ££ A549
% By LA R ) 3B E MPTO0G256 (0.03~3 uM) A BIIB021 (1 uM) & 32 24 8544 0 3k &
7 BEEBR R & G E KRR 0 T3 MPTOG256 #& LAR BRI (0.03~3
uM)(Figure 3A) > 3% /mA 3 4 fits 3 N 4o B 38 HA M 27 44 cyclin B1 ~ p-MPM2 ~ Aurora
A ~ Aurora B ~ PLK1 #9431, > B Cdkl (cdc2) #a% & F M » sl A M BAsh BL fir
p-cdc2 (Tyrl5) T » #RATEA M Aoy a B p-cde2 (T161) &4 F a5
THEBY R B & cde2 A& & HSPIO % & & » HSPIO % 2|44 H 2k cdc2 4% & %
o B E G RARE TF - MARAZ T & (time-course) (Figure 3B) A%
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£ 12~ 24 )NEREE LR S A AR RS Go/M arrest 15 » Go/M F4E A48 B & & R 3 4408
T EEFBRER— 2 - BIIBO21 W ATHRA RS/ LEHBAILLSY °

&~ MPT0G256 3% ¥ A549 théa s B RE

B R A dm B AR & RS 3 MPTOG256 7 AS49 tm B fr 48 /NBr g ik s 4a i A1
# £+ (Figure 2B) » B X EK45 & HSPOO & 3% & 7& L5 e Akt ¥ 4| T #% Apaf-1
# caspase 9 ¥ sk apoptosome R Hp | 4a fg 649 A< (Workman et al., 2007b) » 7% #
¥ %3 MPT0G256 #htap B ey 3 % - f& A549 4a g LA R B 7B 2 MPT0G256
(0.03~3 uM) & BIIB021 (1 uM) RIE 48 /0544 » o Bk R A&
&8RRG TH 3R MPTOG256 At UL & B (0.03~3 uM)(Figure 4A) 7 =,
EAC P Ak fm B R G K AR B caspase-9 89 cleavage © B 3% pg T %% caspase-6 >
caspase-7 > caspase-3 #J7& 4t pro-form F [ - M caspase &9 7E bk it T #5 % H PARP
#inE o miE4F PARP 89 cleavage 3% /m - £ B542 B 5 (time-course)(Figure 4B) B
A& 24 NE5 A4S A caspase 75L& PARP cleavage L » mAE 48 /NBFH & A
Ry AR L o BIBO21 A FEA R EFEHBaltsy -

~ MPT0G256 i 5% A549 BB M % % & & B

% T # MPT0G256 #7 HSPOO %Rt < Bk @ikl - Al A By 28k £
AS549 4@ B DA ) B B MPT0G256 (0.03~3 uM) & BIIB021 (1 uM) & 32 24 /|\B54%
(Figure 5A) » %38, MPT0G256 ¥ H 2% 3t & A # AUY922 (HSP90 N 3% ATP-binding
pocket #p 5] ) —4 0 F R @3] HSPIO &9 & & 8 £ 3K, > Ml gk » A&
3,3 A HSPOO 345 ] 64 4% M > 3p4] HSPOO &Y 5] % 3% & co-chaperone HSP70 &4 4%.4%
M E St (Trepel et al., 2010) © 3 2 ¥ 3+ MPT0G256 ## HSP90 %% & & Gty
YER > 338 MPTOG256 #& LR AR 88 M (0.03~3 uM)(Figure SA) #2185 ik 38 14
(6/12/24/48 /)~8%)(Figure 5SB) 7 &, » 4% 24069 HSP9O % E % % & & (Sidera et
al.,2014) » 4o EGFR -~ Src ~ FAK ~ Rb 48% &G € #1735/t f& 04 &34 - BIIBO21 A A E
B R g EH B aibs -
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+ ~ MPT0G256 #p4%] A549 & PI3K-Akt-mTOR 42 5% 1t
X k45 i PIBK-Akt-mTOR pathway f£3F % % el ¥ #70 F K 5L egiE R - 4
HEHREMEZTAENE R ERe@BF&ERALA T (Polivka Jr et dl,
2014) » B Akt A — B4 HSPI0 % 4 & & ° A %183 MPTOG256 4w
PI3K-Akt-mTOR pathway &4 % % - 5 A549 4a fs LA R 5] 2 B MPT0G256 (0.03~3 M)
& BIIB021 (1 uM) & ¥2 24 /JN8%54% (Figure 6A) > %53, MPTOG256 & LAGE FE AR 48 M
# &% & PTEN ~ Akt~ mTOR #4487 & % 3, & p-Akt~p-mTOR & F % > 443 mTOR
T e Hl & G 4EBP1 8% & & 3L LI 2% & H 283 4) eIF4E ~ P7T0SOK 42 %
BT K M BRI E S Y65 R (AEBP1 3 & 2 eIFAE 4 4 > #p4] eIF4E % )
B EFEN > g AEBPI Bk @1k 6 2 81 eIFAE 4-#f 1% s, eIFAE #497% 16
(Hinnebusch, 2012) ) - f f£ Figure 6B 7% 31, MPTOG256 #E LA BF R 4R #8 M4
(6/12/24/48 /No%) &9 7 X 4% %) #1 Figure 6A — &y &3 - BIIBO21 » KRB A 1 %
YEIE 4 BB At A4 o

A~ MPT0G256 #p4] A549 & MAPK 42 71t
MAPK/ERK kinase & K-Ras ) F #5313 &K & > R AL B @4 ~ 51t

914 By B4t A & (Hatzivassiliou ef al., 2013) - A549 & — kB4 & & % 31 EGFR >
B EA K-Ras g5 R4 (GI2S) eyt (Qianeral.,2014)> K-Ras 6 R4 & L2 T %
49 MAPK/ERK kinase #5/% it # EGFR 942 4] > 8 4t ey 5487810 > ¥ B ta iR 3Y
4 ~ »ic¥iA & (Hatzivassiliou ef al., 2013) - g3 # K-Ras F #5869 MEK1/2 A & &
HSP90 84 % § & & » f£ A549 B AR B ;& B MPT0G256 (0.03~3 uM) % BIIB021
(1uM) R 24 o5 > b B h BEEBREE G Y R % L T#H 5 MPT0G256

ELUE AR (0.03~3 uM)(Figure 7A) Lo R4k (6/12/24/48 )~ 0% )(Figure
7B) #47 X dp#] MEK1/2 & ERK1/2 4a%& G $175 b ag &k 3 o sy K-Ras L8
EGFR [ % HSP90 &4 % % & & » A7 42 6 F MPTOG256 ¢ 4] HSPOO £L44 4148 % AR
HuEa &R BEF/ILTHE - BIBO21 A AEHRA RS/ EHBEILLY -
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7L~ MPT0G256 # gemcitabine 2 Ver155008 4~6t4# F 7 AS49 B % 4a g 5 %1% F)
HAE A

B ATES AR LA 706 JF /N fm B i R 69 4% > o 34 DNA & e Ut &4
gemcitabine » ¥ iE ' %@ B S5 ta B P B FE MM 2 0 MBI A AR F A BER
(Chi et al.,2012) ; f HSP9O p ] | 49 7] & » 48 B H4bFE %3 449 HSP > 4o HSP70 »
eHRMERLIRE > EohmpadiA < (Khaliletal,2011) o £ &7k - KA IE
/I~ e 0, B B 4m B, AS49 & Mx AR, A B gemcitabine ~ MPT0G256 (HSP90 inhibitor) A&
Ver155008 (HSP70 inhibitor) ¥ #4m it A& K ¥p #1693 % o d 48 /)N 65 04 fm B 47 75 )
3K o IR AS49 e i A 45 F MPT0G256 #v gemcitabinec (Figure 8A) s,
MPTO0G256 #v Ver15008 (Figure 8B)+ % 7T A 2 37, 4 #) B P& (synergism) &9 %= fe 3 3%
YR > B% Combination index plot & 4¢3t E #8-~ & CI (Combination Index) & % /]~
W1 BT EM B E A AS49 ta B E R B A St Ly B A o

+ ~ MPT0G256 # gemcitabine 2, Ver155008 444 A 7 AS49 ¢ i@ #7 + &4k A

EH A Pl &8 8464 A MPT0G256 #o gemcitabine/Ver1 55008 ¥} # 4a
BEBE o f£ AS49 mpn T 24 /N5 B4k 32 (Figure 9A/9B, left panel) » 7T 2L
253, B 545 A MPT0G256 &R (0.05~0.2 uM) B $ 7 4m 38 HA 3 R & 45 BA B4
692 % > M gemcitabine A& Ver155008 ¥ 7% 4 M 8% =] LR BEARIR M R AL 69 fm Bl A5
Go/G arrest 89157 » H sub-Gl Hehtmpe (AT ehtafl) 38 % > mef & RIE
MPTO0G256 4 | gemcitabine (Figure 9A, left panel) 7 4= i 18 27 % & K 3k
gemcitabine ¥ 5 {& A AL > BB KR B HF A BF 0 sub-G1 #A 4 A 64 A LE S5 R)
M B IER 0 ™ MPT0G256 4 B Ver155008 (Figure 9B, left panel) # 24 /|\bf
Y R FE A B BA 6 subGl £ 4m o 6l 1) Bl & R Ak - WA 0F B 4G BN 48 NBF B
R I24% (Figure 9A/9B, right panel) % 4 8 8844 sub-G1 A tm o et Bl 1 B 4% » BE™
MPTO0G256 4415 B gemcitabine 2% Ver155008 45z B354 A 235, 8 P 12 84765 3%
% °

+— ~ MPT0G256 £ gemcitabine & ff1% A 7 AS49 H G kR B E
& T #RAH04E A MPT0G256 $2 gemcitabine ¥} 7 AS49 it ¥ 2R E B 8%
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9 FI T B EE 0 A AS49 4B SR R E MPT0G256 (0.05-0.1 pM) &
gemcitabine (0.0625~1 uM) 1% & &4 ik 22 48 /|\854% (Figure 10A) 5 3537,
MPTO0G256 #E A % #p#] HSP9O % H & & > 4u ¥ Bh4mfm A& K &9 EGFR ~ L8 &4 Akt
EGH &3, > BB gemcitabine 4 0 sbipHI B L A A iR ER - BIEE R
KAF A R E %R &% % HSPI0 vy & & % 3R, > ™ HSP90 #4 co-chaperone HSP70 A %
fe A m A MPTOG256 #) 483 % SR BRARAE 1L L IHed 150 Hohtmfed G A M
#7169 p-MPM2 £ MPTOG256 %7 A/ e L7t e ATRE &G > 4w pS53 £ E45
R R R EREMNE EFER 0 AR 0.1 uM MPT0G256 A 0.25 uM
gemcitabine B A sz BA #8 89 /w38 4F A 5 caspase-3 A& PARP £ B4%5{# A MPT0G256 =]
%535, caspase-3 #9 7% 4L pro-form T [ 8L F %% '@ PARP #% 7% > cleavage-form 3% /o
HAGHEMENETE Ria A TRERAABIEEROKIR - NEHA
MPTO0G256 #2 gemcitabine 854537, Akt A8 &8N -H BLE B A A P HEAN T EHBE -

PARP Eftuy %% (Figure 10B) - 4 3L Akt 897512k F 483 o i 48 2 4935 1§ PARP
EALOET 0 BAr AKt BE B ASA9 ey B E R LA THA G -

+ = ~ MPT0G256 $& Ver155008 4-6f4% F #7 AS49 ta o B R R B E

% T AABHE A MPT0G256 $2 Ver155008 $3> AS49 4m s+ 305 & & 69 % 4
P B BB 0 A AS49 4a B AR B SR B MPT0G256 (0.1~0.2 uM) & Ver155008
(10~40 uM) 575 A6 B 22 48 /8544 (Figure 11A) 5 37, MPT0G256 4 7 2440 %1
HSP90 % H & & > v ¥ B4 s £ & 69 EGFR £ B35 1% Bl MPT0G256 % 4t 9 B 41
H &3 BHEMEM Verl55008 A & & ik BAKB I HIHA > MAe 40 uM BFp 4] 15
TR A B > F A g R A A Bl ey &R 0 maLE T ey Akt £ 254 A AR A
MPTO0G256 # & k4Bt T 4 > B45 45 A Verl 55008 R & 4 40 uM B85 F 4 T 84
157 B A R E4E A 8% R ST LA B4 0 F A A 88 4o 58 4E A 5 HSPI0 ££ Ver155008
WA A F MR > @ HSPO # co-chaperone HSP70 A % 4 A s A MPT0G256 &
@ AFABERENE LT Fertaled G B M #74) p-MPM2 £ MPT0G256 4
B A g b FE o Hpdlbe 42 G 4 Gy B p27 R4 Verl55008 B B4 A 48 3] A BB
KRB LA BN @i A TiRER G > 4o p53 £ EHE R MPTOG256 A LIy 4k
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7 > 42 Ver155008 3t 7R & 3% % pS3 &9 L9+ e M Hf A 483 pS3 RIA KR EIH %
F MPTO0G256 #8 7% ; caspase-3 & PARP f& £%51%# A MPT0G256 2 HSP70 inhibitor
Ver155008 = % 3, caspase-3 #97% 1t pro-form F [ ¥ F #% % '8 PARP #&47E] »
cleavage-form 3% v » B A A ML AN LTE Lei A TREZRGARIE RO L
] o HAHEA MPTOG256 $1 Verl55008 852837 Akt A& E BI54E A P OAFEMY T
M A B IR 4l AS49 miR B AR Akt B RN AR e
% & PARP ¢y % % (Figure 11B) > %31, Akt 498 E I AT eI # B &M
PARP #47E1b » B~ Akt B E AL AS49 oty B ERATHA & -

+ = ~ MPT0G256 $ gemcitabine 2% Ver155008 464 A # NCI-H1975 B4 4ajig
R R A R

B AT i F B AT o2 MPT0G256 £2 A549 (mutant K-Ras, wild-type EGFR) 4=
Ho o AR BN EAC IR dm B fm > A B e e ey AE ) (Table 2) » B &R
Fi gemcitabine 2% Ver155008 f£ AS549 4= it B 7 4 By 5 A ) Bl MEAF A o #R AP 4% 4R
SRR B GBI/ tm B B 4a B, > 4o NCI-H1975 (wide-type K-Ras, mutant
EGFR) » MPT0G256 4 F gemcitabine 2% Ver155008 & & 4L48 235, & 1 F) M % % 4=
M e fE R o AL 0 AP E LA I dm B R 4m i NCI-H1975 & 44 6-6F
gemcitabine ~ MPT0G256 & Ver155008 ¥ 7 4m Bt & R Hp #6930 % © & 48 /i ey tm
BeAF & B 0 RN NCI-H1975 4a e F &4 45 F MPT0G256/gemcitabinec (Figure
12A) &% MPT0G256/Ver15008 (Figure 12B) » % <] 2 3, it # F] £ (synergism) & 4=
B # 2% E A » A% Combination index plot & %3t B #8 = 89 CI (Combination Index)
B 1 BT R4 NCI-HI197S it A B A 43t ey & & -

+m@ -~ MPT0G256 $ gemcitabine 2 Ver155008 ¥ 7 NCI-H1975 & & 2Ry % &
2 T 5 MPT0G256 44t 1% F gemcitabine 3% Ver155008 ## NCI-H1975 % i
BEEANDE S AR B REE 0 £ NCI-H1975 o AR B i & MPT0G256
(0.05~0.2 uM) ~ gemcitabine (0.25~5 uM) A Ver155008 (10~40 uM) 335 s A6 &
32 48 /NBF o 3 MPTOG256 4 A gemcitabine %1 %] (Figure 13A) » MPT0G256 #t
#ApH] HSPOO % B & G £ » 4o ¥ Bhtw i & &k 69 EGFR & ¥ 8) 4 i 8 © 44 Akt
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e B %1% A MPTOG256 %k A5 LA R AR M A K HE & 3R> B 4f A gemeitabine 1%
A 2R RAFaYIpHIER - MRS S R B E HSPOO 69 & 3R, - HAEA
MPTO0G256 #8.%|] > co-chaperone HSP70 A /X /&t LA : ¥ Bhtmpnd Gy #i:EA M #1
4 p-MPM2 f£ MPT0G256 4% 4 L5 ; tafg AR/ % G » 4o pS3 £ B I5E A
MPTO0G256 A L F a9 » 4 F gemcitabine 14 % & hv3h & pS3 LA &ER > B A
0.1 uM MPTO0G256 4 F 0.25 3 1 uM gemcitabine B5 % 5% BA B 64 hosa M 35 A5 A
caspase-3 & PARP & B %1 B MPT0G256 2% gemcitabine ¥ %5 3, caspase-3 & 7% 1t
pro-form F [§ 2 T 5% E PARP #41 2] > cleavage-form 3% 4o » &4 % 4 48 5] 45T &
Rim A RAE K G A ML TR R o MR MPTOG256 4 A Verl 55008 4 3
(Figure 13B) » 255 A MPT0G256 #1 Ver155008 %k #s 4% EGFR %3 F % » #f A %
bk BB % Akt B R 4 0.1 uM MPT0G256 3 40 uM Ver155008 #+ 4 %A 88 F [% >
B P R 4 3B AVE Pl A PR Ba ey A sgAE A HSPOO B Z 42 Ver155008 4873 A T M1
# > HSP70 8] & 4= 4# A HSP9O0 inhibitor MPT0G256 %3] 4 X5 EF : ¥ 8hmpe
B Gy #1 A M #7849 p-MPM2 42 MPTOG256 #4854 L ta o ARG R G » 4o
p53 #8454 Al MPT0G256 & Ver155008 %54 EH4# > ££ 0.05 3 0.1 uM
MPTO0G256 4 F 20 uM Ver155008 #2.3] A 8A #835 S5 » 12% Verl155008 42 3] %
40 UM > p53 HE B A T EEH  caspase-3 & PARP & #7545 F§ MPT0G256 3
Ver155008 =T %5 3R, caspase-3 4 7& 1k pro-form F ¥ F #5% % PARP #%+7%] »
cleavage-form 3% o > A RH LT HE Rap A TRE KT OAHIL RO KA H7]
A A4 A 40 uM Ver155008 #4483 -

+Z ~ HSP90 £ i e skt Bt E W @ A BB W RABH

A T A% HSPIO f& iE % 48 % 915 JE 40 4% P 89 & 35 » A A tissue microarrays
W ik 0 S AR E R B 00 R R AR BR LR B 0 IE R P A B M LN R — 1)
R > B A HSPIO $L82 #% immunohistochemistry (IHC) % & - & Figure 14 433, &
L% (infiltrating duct carcinoma)~ fF 7% (signet ring cell carcinoma) 48 %k 48 87 iE %
4% > HSP90 AR EH R A b5 5 WM 48, (adenocarcinoma) 48 &7 L7
a4k > HSPOO RIA & B A RMEH - BRI L > S MR & & & 3L HSPIO 4 & &9
HSP90 inhibitor MPT0G256 #£ & t% A L5 &R & A -
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+ 75 ~ MPT0G256 # gemcitabine &) &-4f4% A 7T A 3 &9 /£ A549 Xenograft P 3p4]
EELRRELE@BAT

Hr ANFRIE |t B AT R 4 B ASA9 TR STAY 4 BRMEMR R FIEB A A K
% 100 mm’ > B4 F D5W (vehicle control) ~ & X 2 ik MPT0G256 50 mg/kg ~
B — REEREE 4 gemcitabine 100 mg/kg » & 4 A o Ak MPT0G256 50 mg/kg Fv 8
24t gemcitabine 100 mg/kg » % AE/5 B A% £ 2] 1200 mm’ & R3XE © In vivo BB
3], E 55 & A MPT0G256 (50 mg/kg) = gemcitabine (100 mg/kg) » % #E# control %
BB HI R Ak e Ak (FP<0.05) BAHHE A AR 2 B3R ) a9 I REE £
RAERA (***P<0.001)(Figure 15A) - fy/)s B 8% & 7 @& > Av % 48 5] #2 control 47 it &
%3t L £ F (Figure 15B) o 3% % pe /3 88 B 7% > 4 & 78 7 2 2575 - #7 EGFR »
HSP90 ~ HSP70 ~ caspase-3 &% & & %& 3, (Figure 15C) » 231 B %1  MPT0G256
AE A 2 Hr 4] EGFR 89 & 3> B 461 A gemcitabine 1% sbdqp H4F A & #% 3% 3% s HSP9O
it R 4 % 5] MPT0G256 #2 gemcitabine 8% % ; B 42 4 f£ 8 MPT0G256 4 3] T 4
3,/ HSP70 XA M EFHe9 15 5 tm e B = & & K285 caspase-3 £& B 55 1 A
MPTO0G256 s, gemcitabine 7% % A /4L IFH » cleavage-form L - B &A1& F 48
L& BELE £ AR -
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$E¥ @

RE > XARARAE A B 69k R (genetic disease) » @M RMAH ) RE » &
RoMEdE A M o T 2000 5 - Hanahan fo Weinberg 32 2% » 15 4 45 fE o 40 8k i
ROET > pEART @ ¢ FBE ek e e AT R e n A
B B B R - H Rl i 2 ek - FBhk i g #EL
ARG~ ARE m B B A R 308 R B (Sidera er al, 2014) - # 2R3 % 6%
TEALR AR SR B WA ST LN K @ e B BB H] 0 3R A BT LR B
s Ry w6 A2 B F (Pearl er al., 2008) »

HSP90 & — 18 molecular chaperone > &y ¥ By "% H%& & (clients) ; Erkny
HrEagazakER ) EEEEFOENSE > P EaHNERL - B
AT & A 200 #E 04 by HSPOO 2 H & AR - MG X ¥ 3F 5 MU i bm 30 B4R
BN RBR A AWM > Bl @ihd HSPOO R LBl 2 H &G » GiF L R4
P18 R ARE B R @it E (Trepel et al, 2010) - Lifix K F @ &y R m 2R F
A 3% HSPI0 &y 2 H & & » B st » 3 %] HSPIO 4432 & =& B A 48 8 1E 4t
AT S B M h] B — 3842 0 BAE A AR e Ba e 4775 09 7% h (Sidera et al.,
2014) -

B E B AT Ak & R A AEFT — 48 HSPOO #p | B4k % Bl FDA # & - (2 &4 &8
HSPOO #p 4] &] & N B AR 3By 0 J& 72 A 7 o R Mk BE 83 1 [2) AE B 69 BE R 3Bk > do -
tanespimycin (17-AAG) 4t#t multiple myeloma ;5% > W AF H LS KEM £ -
&k 7 Es R L 27 5 fm 2474 4 17-DMAG 4+ # myeloid leukemia # i 7 Es R —
# o f2in A 17-AAG Hf A H bk s 2 45086 R VIL 7 (Hong et al., 2013a) ;
NYP-AUY922 & B A4k 3% % %% 38 20 49 /1 o T HSPOO bl ) - 7 2007 4 i A B& R
X5 U1 27 (38 JEJE relapsed and refractory multiple myeloma v HER2+ & ER+
metastatic breast cancer) > 37 2012 = ANEzJR 11 #7 (i@ B2 ALK+ and
EGFR-mutated NSCLC)(Sidera et al., 2014) ; BIIB021 8| & 4+ ¥ gastrointestinal
stromal tumors (GIST) # &%k 11 #7 (Dickson et al., 2013) » 7 #} 52 exemestane
(Aromasin) 4 A 4+¥ HER2+3L7% 5% & 7 Es IR 3% 11 #8 (Dickson et al., 2013) -

A X E BARH4 e HSPO 5] ) MPTOG256 7 A48 I /I~ 4 fie il o 4
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B2 FLE BRI T o & in vitro B B33, MPT0G256 B4 Lb b %1 58 48 BIIB021 # 3%
B3 ] 4 B 3G A 54T AS49 ta et R 0 BLE A 1 BIIB021 48 & 497 %] HSP90a#y
&M 3% o #p ] PIBK/Akt/mTOR pathway ~ MAPK kinase pathway ~ %5 %5 %m i 18
B R B0y KX, 0 f 4k AR caspase-9 ~ caspase-3 -~ caspase-6 ~ caspase-7 » PARP &y 7E
AL 20 fm B ) o 3 — 25 7 AS49 4m i A BF 4 | MPTO0G256 1 gemcitabine 2 HSP70
inhibitor Ver155008 » 5% 31, vy 48 & 0f 7 A AR 8 1) 2] £ 09 400 5] 4 i 2 & > BL3% 3% HSP9O
ZEEGHER > LEHTREE e Akt 5830 5 & % MPT0G256 E 45 1% A
Bt A gemcitabine/Ver155008 3% % PARP 75/t pk a8 < 69 15 » 885~ Akt &
AS49 PR ERATHA G - MRAESHER T X4£F F EGFR & B A fE &)
NCI-H1975 . fE 1 2] PR 6 40 5] 4 i 2 K0 3E 3% 5% HSPOO = W & & 89 18 f#  f& in vivo
BB ik o % R B 64 1B F 48 4K PR JE 41 4K 49 tissue microarrays #5345 JE /) 4a B B
B % P HSPOO 28 B 8L i F A 4 8k A 5 B R a5 W - M A549 xenograft model
L4853, MPTOG256 4 A gemcitabine £t 1) ] P 4p ] B2 48 8% & & - 303 9% A 75 40 4%
HSP90 % B & Gt MAERA © AT 4 AR TRE RBITIEMTH -

— ~ MPT0G256 #7 & F] EGFR % B & 3k /|~ 4m Jis Fv % 4 B 2400 1) & e 45 A

EGFR #fv K-Ras f£ JE/Nafa i a o ¥ H A RSB ARBEREREAF LR
(mutually exclusive) 5 » i R @ B #5474 (Schmid ez al., 2009) - EGFR &) % R
AR ik A 10~15%E% EGFR £ 4 » m R H B ALH 50 %R &
7~ B A EGFR &y K% » /%4 EGFR TKIs 7 & EGFR R 4 64 3k /]~ 4 B At J 75 &
R gE (Chougule ef al., 2013) o {40 # i 3 MPTOG256 7 ) AF8% JE 4= fiL bk
B > $% 4P B B 4, A7 32 MPT0G256 7 7 [B] EGFR & K-Ras # B A 64 I /]~ 4m i % 4m s
b E R B AE S 0 IR AS49 ey (wild- type EGFR, mutant K-Ras)  #
NCI-H1975 (mutant EGFR, wild-type K-Ras) #1 PC-9 (mutant EGFR, wild-type
K-Ras) # &1t 4 min A Kke9sE /) > 91 EGFR TKIs R » T 4e 69 R B2 7 AS549
A8 E s KAk wild-type EGFR 25 B A 649 9 /)~ da B B & A & B & 389 EGFR &
HER2 (Diaz et al., 2010) » % — 7% & A549 tmf B4 K-Ras &9 R4 - 1£4F K-Ras #&
L8k b % EGFR #4934 - B 351 897516 T #5 %) Ras/Raf/MEK/ERK pathway * i3 4,
& K-Ras R 4 hhJ% 75 B ¥ 7% EGFR TKIs £ L RHu &k ay g B 2 — (Mao et al.,
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2010)°-HSP9O #p 4| EIFk T &[5 #2 % '8 & & EGFR 4} ] 854 & 15 % Akt & MEK1/2
%% B & & ™ HSPOO ¥p &l Fl 4 &A% 38 7 # 7> K-Ras R4 &9 9k /) bm B R fm L
Bk & RArEIE R 0 Bk A R 7858 HSPOO 49 4] 49 % 2 (Sos ef al., 2009) i &

8K » 5-4& HSPOO % 4 & & #17> HSPOO &4 4] B % MR — 4% (Burrows et al., 2004)
TARTRAREZ— -

=~ MPT0G256 ## PI3K/Akt/mTOR pathway & MAPK kinase pathway & 35$%
K-Ras R 4 &4 I/ bm B AT 8 7% & 40 & 480 A 384 20~30 % 3 R R IETH R
# EGFR a9% > 12 K-Ras (9 RS @R EHNH LR EM AR EMN -
AL HAR & — A AR 6% LA AR ey A (Engelman et al., 2008)
PI3K/Akt/mTOR pathway #2 MAPK kinase pathway & % By & 4= i $u B 82 4 17
8 MR IRAE - M MARIRE T 3589 X & & TSCI/TSC2 45 445 » AKT #2 MEK
T 3 A B 4L TSC2 » 4545 H#p 4] & TSCI1/TSC2 # -4 R &4t » M 4242 it RHEB #4
7EAL > & E BT 3% mTOR (mTORC1) &y 74t & ¥ By ta B 1372 (Knowles et al.,
2015) 5 #p#) K F — 4% pathway B ¥ @ A 7 — AR ELm FRIUEMN > ATy
B 884 A Akt $2 MEK #p#] %) (Engelman, 2009) s PI3K $2 MEK 4] #]
(Engelman et al., 2008) %7 K-Ras R 4 &4 Ik /|~ 4m J0 il 5 % & A2 A 20y 5 Mo 8wk
3812 4% F 49 EGFR ~ Akt ~ MEK1/2 & HSPOO ¢4 % § & & > 143 HSP90 43 1A [7] %
Fph] AR A2 897518 (Acquaviva et al., 2012) o 3 2R F B 45 243, MPT0G256 &1
PI3K/Akt/mTOR pathway % #p#] Akt E1tay) PTEN > 45 %1% £ R BARBIL T By th
0 AT &Y A R B8~ » HSPIO inhibitor 17-AAG f& glioblastoma ¥ 4& 3% &
PTEN-independent &y 77 X, » b A HI T & & Akt SLEAC KB E &
By &R - RIpHIE miaeg £ & (Sauvageot ef al., 2009) - 7T Fi R ARFEILIR £ o

= ~ MPTO0G256 #}¥* 4= fits 38 #A e 38 9

ety R X 4a B4R 5 30 MPTO0G256 522 BIIBO21 #R 48 H 2 AS549 4 g i@ 89 Goy/M
arrest > Mm% ta BB o FRAVE— S AR B BEHA B EN m B G
8% 3530 MPTOG256 SRR B AR FE M 2 0 PR B8 M 7 X 4E cyclin Bl B> M
Jr E ¥} 83 40 BIIB021 47 #7 %% %] cyclin Bl F #8945 o
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Cyclin Bl & HSPOOa#) % & & & » Wéa g BHE ¥ & HHe Cdkl B RE &4 %
Bhémpnd G2 B A M # - BE 4K Cyclin Bl & HSP9Oaky % &% & @ Hm EHhE &
REEA EAR M6 &R 0 4Bk Cyclin Bl fv HSPOOoR £ 4% 32 2 & R JE 1 42 9L 2
ibty3542 (Huang et al., 2014) -

W REERAEI > JUB ~ R ~ AT 835 A B AR Cyclin BI & #304t
G R LB B TA% £ (Huang ef al., 2014) » {24 follicular lymphoma % & X %5 3,
7 &A@ &R Cyclin Bl » Bl 1L 1% 69 TAf& 4k (Bjorck et al., 2005) > 4. &
A 232 8 Cyclin Bl 8 &2 B9 E 89 Fa16 2 B @ ¥ ey 14 (Peters ef al., 2004)-

42 HSPOO ¥p 4] & £1 cyclin B1 &93F 4 » 448 R 2 % & 712 A HSPIO
inhibitor geldanamycin (GA) 2% HSP90 K4 8F » & & cyclin Bl mRNA level t#
®m4mfn N cyclin Bl Z#& 8915 H (Basto et al., 2007) ; B f& &1k e o R 8 R LB A
g a8k ) R E L B > HSP90a #1 cyclin Bl 89 R L EARE > NE e E £ & (keratin
pearls) » HSP90o ¥ cyclinBl 2 @480 > mA EiaskHF A 2 24804 (Huang et
al.,2014)  J& e B 38 F R N ER A B3R 0 B AR AALR A1 (oxidative stress) °
B 4m B 54 8 5E HSPOO 2Rk 4 4% cyclin B1 &4 & 3> 4 4m i 38 87 iE % 347> % 4& A HSPIO
Hpd) Bl 4o 17-DMAG » & E 2 4m fg P9 p-yH2 » H#p#] proteasome &9 7& M » 2 fm 1
cyclin Bl E#% » 78 € % 2k 14-3-35 protein &4t » M 14-3-38 protein & # & ta g g +
&) cyclin B1/Cdk1 complex > & %k 4a fn #5 € 89 Go/M #4137 (Huang et al., 2014) » &
=T A 3k 42 % MPTO0G256 3¢ 4] HSPOO %pi% sk cyclin Bl 82 Go/M arrest 8415 o

1% & BIIB021 4 cyclin Bl T [&4& 2K At 3% ix, Go/M arrest 31, % {2k B fa iR
BC-3 F 4% A BIIB021 .5 % 2| F # #9318 % (Gopalakrishnan et al., 2013) - &g 74 4&
HSP90 4= i 38 # 2 W % & $2% HSPOO &4l B 2 ML AR — 4% > 4£ A HSPOO Hp i) ]
Hba o BEAF R HEN > £BRB @B EREA —BM > BAR —E @i R F %
WIREAFR T TR E AR — ko) tm B B EAF R H S (Burrows ef al., 2004) - % i
3B B A48 B & & 4o Cdkl ~ Cdk2 ~ Cdk4 ~ Cdk6 ~ Cyclin B1 ~ Cyclin C ~ Cyclin E ~
Myt-1 ~ Wee-1 ~ PLK1 ~ Aurora B ~ Survivin % %f &% £] HSP90 & 4 & HSP90 % &
% G R EATE - HSPOO 3| Fl AL #4 h HN R R BH I 2 B & & & £ R R 3% Z 694
HIVER o R e i B ER S F N Go/Gr 2 Go/M #7 (Burrows et al., 2004) -
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@ ~ HSP90 $2 Gemcitabine ) ] PLdp 4] 4= i & K AE

Gemcitabine 4 — DNA & & %49 > 3£ & 3 $] % 4o fn 6 DNA & gk > 3 g 4a i 18

WFw S AT (ME 13) > ZIE N afahfR ey F — &R % > F b 5-FU 4%

A R RE TR A At 6y % — 4 A # o HSP9O #p 4 %] tanespimycin (17-AAG) 4A-4f
& A gemcitabine &4 74 # F X & T4 stage IV BEBEE 7 B LES FR 3% 5 (Pedersen et
al., 2015) - DNA 38 £ 4% » 4 gemcitabine ~ 5-FU % » % & 4 2039 %% %= f 89 DNA
G eE R EE DNABE LM F 455 Chkl a9k B T et &
DNA 948 ®BIEAE » T BURE R A HL#% 5 Chkl R 8F% HSPOO 9% B &

M A ERE G N R BEPERAA R KIIEIE 0 B tanespimycin B & K FE
PE4F T 2B K 60 B4 A R M 4Ok N ER R 1T #7 (Pedersen et al., 2015) -

AB BB A BHE A HSPIO0 inhibitor MPT0G256 #2 gemcitabine » #8333t 6 A
R AE B8 b AS549 4a B #1 NCI-H1975 % Fies i€ 1) 2] 1k 64 9 1) 4 B 4 & > 42 A549 xenograft
model &L AE 2 5L & B 4518 A v B A endr bl iEJE 4 KA S 0 ™ gemcitabine K &
¥ 7> EGFR #v Akt 3546 HSPOO % B &R G R BB E R K > & HHE A 47 se B B8 42 A
MPT0G256 25, Ea h ey [Em HEZ G ER - Bty DNARE > €53
EGFR-dependent PI3K/Akt pathway #47&4t (Chen et al., 2007) > B €3 % HSP90a
gy brik FFH 0 ¥ Bh4eis EGFR ~ Akt % 8 & & ErE a7 B 8138 F > (25 e P g ik
A TP & B & &I #h HSPOO 4 4] B £ A& (Sidera et al.,2014) 5 5 — 7
@ gemcitabine iE %8 DNA 18 £ % 4 & L 2% ta I B EA1Z 70 Gy 2 S 8 > — f%J% 4m
K% LR G/G > Bk Twin AT AHER R ain G/M 155
MPTO0G256 1% * B T % 75 p %1% 4= B B #0938 4F » ) B 36 o TR X B AR SR AP 881,
22| Sub-Gl (AT eytmpn) N &6t REA it L B4 invitro & invivo &
BB A TCRER QLR W R EIRSER

& ~ HSP9O W F e R 5.

B AT HSPOO #p 4| %] 347 BR AR 3K Bk 00 38 B2 A SL7% ~ § 58 E g (GIST) »
& JE 2 ME & %% (melanoma) ~ % 1§ 8558 (Multiple myeloma ) ~ JE /] 4= i ifi
#& (NSCLC) ~ 97 £5% ~ AT 7| I27% ~ H % (papillary and clear cell) #2 solid tumors °
i 4& human tissue arrays > #4978 & T 30 #£JE & 7 B 69 EF 4 8k SLE % A gk &
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HSPOO % 3.2 » 3 IFATA 69E /2 M BRAR A & B & I HSPOO &y 15 » 4o Jk ) 4m L i
J > AR (adenocarcinoma - #) 4k 4/ i & 40 %) SELIK B A 4 (squamous
cell carcinoma > #4548 i % % & 25 %) B A R IE % i a8k & & & 3R HSPOO w915
W mAfe K& (large cell carcinoma) B2 4 #7585 34 095+ M AEILR IR
2 HSPOO 41 | ) B2 BR 3K B 4 L 41 ¥ Her2 positive &9 $U% % B 84T > SLAT 8957
% 4,88 7 HER2/ErbB2 & 7%t HSP90 #4 transcription factor HSF-1 2 7&4t HSP9O -
#% % 4 i % @ HER2 &4 %3, (Schulz et al.,2014) > m{x M T5h FEZGAB A &
infiltrating duct carcinoma > % FE 83L& % & XA 23.9 %E A HER2 amplification 1§
# (Castellano et al., 2008) » i tissue microarrays ¥ %831, H 3t /2 5 HSP90 & & & 3],
17 7T f5 2 % A 4F % & % HER2 negative &4 7% & » 3t R f64% % 23 infiltrating duct

carcinoma 3% 3LJ% %% & &9 HSP90 & 3 -

75 ~ HSP90 & A co-chaperones

J£ AS49 % it B A5 4% Al MPT0G256 8542 » 45 3, HSP70 A X8 M EF 945 -
HSP70 F= HSP27 % € %= HSP90 &) co-chaperone (Munje et al., 2014) » & %a jg % 2| 5k
ERT) > BB~ A% - BALR S ~ E AR &M E > KL HSPIO 4] Fl 0 4]
PHXE RS BESGBREAMRRABEEY > SReENEaE T4
e N e ATP € 81K > i3 B 48 i & 7% /& ATP-independent chaperone > 4o
HSP27 > mrik R4Beh & @B A ARG RE | W& @iy ATP level W48 K-F4%
A @ 3% H ATP-dependent chaperone » o HSP70 3 4E & & s HT & ~ 3B 3% R G A7 -
&, @ 3t HSP27 & HSP70 #4333 % B A 4afinf 3 (cytoprotective) #9334t (Garrido et
al., 2003) » B & P8R 245 A MPT0G256 8% » HSP70 X5 M L7693 % — 8 5
424 B MPT0G256 $1 Ver155008 & & 8 + » %31, MPT0G256 i R € % % HSP70
W% G E &R A Verl55008 A & 4 HSP70 & 8 2T % » SpHER RBE
HSP70 4157 >t L 3 o SURK $ P9 36 BT > BF F 2% 4 B 3 2R Ver155008 J& 3% s HSP70
T/ o {2 i % MPT0G256 #+% HSPOO &y¥p4] » H 3k # % &4 HSP70 X 45 M 51k
S B B IE AR # SN R J7 0 B HSPOO a3 5] 54649 X A5 M5 AL 7T AE 82 Ver155008
B HSPT0 FrEahse s » £ EA X F ey o
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NE LHERY

BEREE O 32 LM T ARARZYE > B RBESHKREH o MBI
FERARZE > EZRALRBARTROERSE SEABM o R THIERAKE
s R TREETFLEROTEERERTLENEERE - AMBRRETY
KR 85 %RIE N mBa i BAEFHFEE<I% > BFHAE - RSN
Ban#SHRAT L RER AR TAEBRE AV ERERRHRE Atk
AN EEER -

B AT &4 I ] 4o R i R 0% B 69 AR $2 06 B 84 0 4w EGFR TKIs » #2805 &4 R
HORELRZ TAGE fEREFHER IOEAZRETELABRNEN Wi A
EGFR T790M 2 R % & MET & & &3 > #44F TKIs X £4FA ; m A A K-Ras ®
S 6 IR 7 B 38 FAM R 47 B8 4467 &k EGFR TKIs 4 # 84 - &M 8m A
A A 18 A BT 5 MEK #9305 & 6 i AKT #p 4] Bl 64 B8 R T B /L 4T » B8 ARIR AL
MAREE o Bt FREEHH SHEBOENERBERE AR AR KLY
MR I I B ey & 4 > R FRFRAEY -

Heat shock protein 90 (HSP90) B4ty Bk aBBmafE A aFphAE
FOEENT BB EAEMERSN > BREFENS > MBEFTHLHBEMS
EFAREEEHSPOO 92 B&kG - BAH S BEAK T L5 HSPO0 £ & & &
R o AE4F 41 ¥ HSPOO B84 5] B - 4] % AR M & & S JE i A2 48 Bl i
ey Eie > REFRGFERME 2 — -

AN TT L& AR AL — F1 76 A 9 HSPOO p 4l B 7% % vk AR R fa Btk 6 & &
PRI FE R e AE R 0 3531 MPTOG256 2 A8 JE /I~ e A Bt % 4m Biu bk AS49 4a i,
BRI S ot kA FR@ERE S > B AEA R4FHr 4] HSPOOos) fE ) - #kid
7 @ » HSP90 inhibitor MPT0G256 3 &3 4% % #& HSP90 % 4§ & & » 4» EGFR ~ Akt
MEK ~ Cdkl % » ¥p#] % 4 tm 38 4 91 4 K3 BAFEILAE > 4o PIBK/Akt/mTOR
pathway ~ MAPK kinase pathway % - i# fdp$] T #5869 mTOR R A5 1 3 8 1% v 3548
EALBY R % 5 ™ MPT0G256 7 Fle5 4 HSPOO % & atymin B EaFR » &
B AS49 wmin A Go/M BA13iF e 15 > e BR 1B HA B 0K OE S 4F | 4§ 5 MPT0G256
1 AR, AS49 % B IR B ARR M SR B P AR BB M 8 e R B T o
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B HSPOO eyl @ M AR S 9 H & B > BRAR LR S €4 A & L reikig
B O KA B MR L ) = $2 314 A 69 9T #iE > B HSP9O Jp 4| %) €A% 38 7 AE SLAR 3T
% 1% 44 % > Jo 5-FU ~ EGFR TKls &40 8 14 - B b &A1 4 % 42 3 /) da B i 4
e, AS49 B SNE B 0 E KA MPTOG256 ¥ 5 — 47 3k ] 4m B B s ALk ) 2
gemcitabine ; H 3 2 A7 &) X5k 885~ » HSPOO % 2| Hp 4] 0% » & H 3 b oy 2tk 5%
& > 4o HSP70 AR AR M E AR B JE > A7 A AP 8 3R 38 50 B B 642 A1 MPT0G256
g2 HSP70 inhibitor Ver155008 - MPTOG256 4 i gemcitabine 2% Ver155008 %R #t £ £%
2R HIPEI IR e i A RER 0 B H7 HSPOO 2 8 & & ML A R —HA
B3 ss4E A 5 AL BB ER e 3R 5 » MPT0G256 & 3 & AS549 i Go/M HA45 4% -
Bt &% &R @i Go/Gi/ & S #4549 gemcitabine #1 Ver155008 14 » .4 £ AR &Y
ta o B = A E o B E S A4E T MPTOG256 4 F gemcitabine 2%, Ver155008 &4 A4
BT AT AREE A £ F EGFR KR & 318 Ik /| 4m i B 5 4a A, NCI-H1975 4a
B b o &K B & REA 0 MPTOG256 f i Wy 4 % 4 42 NCI-H1975 4 i 8 5h & Bt
REEZIE W R bl min £ Re9ER - B3 HSPO0 % 8 & & b A R — i
B3 EAF A o

B2 hEE R BN IR ¥ 4 8k % JE 4a 2K &Y tissue microarray ¢ #5348 B IEF
Bk o BHBRE (AS49 F) & MHAR R te fR) 4B &% 6y HSPOO A & B R R IFH - AT A
F AT E R H A549 xenograft model 3£ 3+ £ %54 i MPT0G256 .4 A gemcitabine #9
ViR > B ERERBE T BHERAMELEAR XIPH B A% A Kk (F*P<0.01) >
Bt AR 200 BAE G REE A& RIPHIMER (F*¥*P<0.01) » B A5 #) A 2 a3 4] i3
sk HSPOO 2 & G wy &k -

B ATE2 /R HSPOO #p | &l & 7 £ A 14 0 4o 17-AAG > B BEHENEA
benzoquinone 4% » B RHE €A AN M BLEREFRERE DR L ERE
FRRER S = #1 0 NVP-AUY922 7 Es R R Ex 5 11 #1 > 3 3RA M5k B A BRF L
BIIB021 & % — 48T L4 0 Ak 4§ HSPOO Jp ] ] - 12 0 AR =T A& i Ak By B 38 ) fo BOARVE >
B THE 8 F F &5 0 B ATHE A exemestane (Aromasin) 4%t HER2+$L7% 7% &
FEE R RER 11 B 5 Se AT 69 #F 5 B8~ HSPOO 4] &) & 4 4 %M 81 H 4] HSPOO & 45
N1 ZEAAR 0 BN HSPOO pH Bl P AT A 2| Sedh bk - R T 45—
Wyt BETAE ML B M4 d HSPOO HRR T S X A H A X B WWHAM -

70



MPTOG256 &)\ o F 2ty &EAR $ 15 8B B A A9 K 86 ey E 57 invitro
A% # BIIB021 % {:ay¥pH] AS49 tafin & KL F R fofe 1 > DARA K AR A in
vivo B B & 7k PR A8 F A2 A ey T AR BIAE A (28 b F B4 R € E MPT0G256
fi A gemcitabine f£ #8 b ¥ 58 P9 AR B 1) ) M3 4] % e B A K 0 BL3% 3% HSPOO 2
A ERRGER 18 BT E0HE B 7 XS IRAK st oy B 2 9177 se 81 1F A a9 &
17 R4 AR B o RARFBATT oA — B4R 6 A %4 7 MAPK kinase
pathway X @ B A AW BE > AL HEL TR > E@iiBE &3 HSPIO 2§ &
B MEK > R HE R GARZERGAEDERATREEGFLGEL S RLE—F
BrARE M B R B 6B R BSOS T L 2R £ 4469 R 3
IpHIVER -
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Table 1. The growth inhibitory effects and the inhibition of HSP90a activities by

synthetic HSP90 inhibitors and BIIB021.

The growth-inhibitory effects in different cell lines

Inhibition of
Screend by SRB assays, Glso (UM + S.E.) HSP90a activity
Compounds A549 HCT116 Hep3B ICs (NM £ S.E.)
MPT0G251 >10 >10 >10 >10000
MPT0G252 >10 >10 >10 >10000
MPT0G253 >10 >10 >10 >10000
MPT0G254 >10 >10 >10 >10000
MPT0G255 1.64 £0.21 2.45+0.55 5.19+0.44 172.21 £ 3.74
MPT0G256 0.18 £ 0.02 0.19 £ 0.01 0.33 £0.03 149.06 + 0.63
MPT0G257 >10 >10 >10 >10000
MPT0G258 >10 >3 >10 >10000
MPT0G305 >10 >10 >10 >10000
MPT0G306 2.46 +0.31 1.21+£0.13 3.17 £0.47 196.06 + 15.88
MPT0G307 >10 >10 >10 >10000
MPT0G283 >10 >10 >10 >10000
BlIB021 0.33+0.02 0.15+0.02 0.52 £ 0.047 132.75+14.75

Human cancer cell lines A549, HCT116 and Hep3B were treated with a series of

HSP90 inhibitors for 48 hr, and the median growth-inhibition concentration (Gls)

was measured by SRB assay. By using the HSP90a. activity assay kit, the median

inhibition of HSP90a activity (ICsy) was measured by the ability of compounds to

disrupt the interaction between FITC-geldanamycin and HSP90. The data are pre-

sented the means + S.E. of three independent experiments.
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Table 2. Molecular characteristics and cytotoxicity of MPT0G256 and BIIB021.

Cell line Characters G256 (1Cs0) BIIB021 (ICsp)
A549 K-Ras mut, EGFR wt 0.43 £0.025 2.19+0.18
NCI-H1975 | K-Ras wt, EGFR mut (T790M/L858R) 0.65 +£0.02 2.41+0.17
PC9 K-Ras wt, EGFR mut (exon 19 del) 0.92 +0.02 2.34 +0.08

Abbreviations: Del, deletion; Mut, mutant; WT, wild-type.

Cytotoxicity of MPT0G256 or BIIB021, and the mutation status of the EGFR and

K-Ras genes in human NSCLC cell lines are shown. The cytotoxicities of MPT0G256

or BIIB021 were determined by MTT assays after 48 h of drug treatment, and are ex-

pressed as the ICsy (uM). Each value represents the mean + standard deviation (S.D.)

from at least three independent experiments.
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Figure 1. Effect of MPT0G256 on cell growth and cell viability in A549 human
lung adenocarcinoma cells. (A) Concentration-dependent effect of MPT0G256 and
BIIB021 on cell growth in A549 cells. A549 cells were incubated without or with indi-
cated concentrations of MPT0G256 or BIIB021 for 48 hr. Cell growth was evaluated by
SRB assay. (B) Concentration-dependent effect of MPT0G256 and BIIB021 on cell vi-
ability. A549 cells were treated without or with indicated concentrations of MPT0G256
or BIIB021 for 48 hr. Cell viability was evaluated by MTT assay. Data represented the
means + SEM from at least three independent experiments. *P < 0.05, **P <0.01, ***pP

< 0.001 compared with control by Student’s paired #-test.
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Figure 2. MPT0G256 and BIIB021 induced cell cycle arrest in the G,/M phase

and cell apoptosis. A549 cells were incubated with MPT0G256 for 24 hr (A) and

48hr (B) or BIIB021 for 24 hr (C) and 48 hr (D) at the indicated concentrations. The

cells were stained with PI and then analyzed by flow cytometry to determine cell cycle

distribution patterns. Quantitative data were based on histograms. Similar results were

obtained in at least three other independent experiments.

76



A MPT0G256 BIIB021 B -:C +:MPT0G256

C 0030103 1 3 1 (uM) 6 12 24 48 (hr)
CyclinBl [w= we ow e ap @@ ~ | - - 4+ - + — 4
p-cdo2 (Tyr15) | W waw W | CYclinBl [am wm v e e =]
p-cdo2(T161) [W e we w0 = = o | pode2(Tyrts) [WR == e |
Cdc2 [ews & w= | p-cdc2(T161) [  wo s o = .
" Cdc2 [# e - |
-MPM2
P L B e 4 Ak B
pMPM2 [0 T TR S T -
Aurora A |----..-|
Aurora A I‘- - - - |
Aurora B | o a» I
Aurora B | e e o - @D ol
PLK1 I T —————— -I
PLK1 | - o @ - -]

Actin I---—---I

N e ——

Figure 3. Effect of MPT0G256 on the expression of G>/M related proteins in A549
cells. (A) A549 cells were treated with vehicle (0.1% DMSO, C) or different concentra-
tions of MPT0G256 or 1 uM BIIB021 for 24 hr. Then, cells were harvested for detec-
tion of cyclin B1, cdc2, p-MPM2, aurora A, aurora B and PLK1 by Western blot analysis.
(B) A549 cells were incubated in the absence or presence of 1 uM MPT0G256 for indi-
cated times. Then, cells were harvested and lysed for detection of cyclin B1, cdc2,
p-MPM2, aurora A, aurora B and PLK1 by Western blot analysis. Actin was used as the

internal control. Data are representative of three independent experiments.
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Figure 4. Effect of MPT0G256 on the biomarkers associated with cell apoptosis in

A549 cells. (A) A549 cells were treated with vehicle (0.1% DMSO, C) or different con-

centrations of MPT0G256 or 1 uMBIIB021 for 48 hr. After treatment, cells were har-

vested and lysed for detection of apoptosis-related proteins by Western blot analysis. (B)

AS549 cells were incubated in the absence or presence of 1 uM MPT0G256 for indicated

times. Then, cells were harvested and lysed for detection of apoptosis-related proteins by

Western blot analysis. Actin was used as the internal control. Data are representative of

three independent experiments.

78



A MPT0G256 BlIB021 B -:C +:MPT0G256

C 0030103 1 3 1 (uM) 6 12 24 48 (hr)
HSP 90 (e e ap a» a>o> o - . - 4 -+ - 4
HSP70 | — = a» a» a» a» HSP 0 [ ™ w s s o s o e |

HSP 70 | = e e gy e sy == i |

P-EGFR |wme s s v o oo |

p-EGFR [ ¥ S s + & 0 wn o

EGFR (I ER B & v v w

EGFR | S5 &5 == ==

p-Src [ - p-Src | [ |
Src | GED G G D = e * S
=4 1= M [T

FAK ----~ - |

oo [ S

Rb | i o o s

FAK | " e w - v .« ==

PRo (I D W - -

R ’ e = ACtin | S ———————
Actin | D GE» o - -

Figure 5. Effect of MPT0G256 on multiple HSP90 client proteins in A549 human

lung adenocarcinoma cells. (A) A549 cells were incubated with vehicle (0.1% DMSO,

C) or different concentrations of MPT0G256 or 1 uM BIIB021 for 24 hr. Cells were

harvested for detection of various HSP90 client proteins by Western blot analysis. (B)

AS549 cells were treated with vehicle 0.1% DMSO, C or 1 uM MPTO0G256 for indicated

times. Total cell lysates were harvested for detection of various HSP90 client proteins by

Western blot analysis. Actin was used as the internal control.
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Figure 6. Effect of MPT0G256 on PI3K-Akt-mTOR signaling pathway in A549 cells.
(A) A549 cells were treated with vehicle (0.1% DMSO, C) or different concentrations of
MPTO0G256 or 1 uM BIIB021 for 24 hr. Then, cells were harvested for detection of
PTEN, Akt, mTOR, 4EBPI, elF4E and p70S6K by Western blot analysis. (B)
Time-dependent effect of MPT0G256 on PI3K-Akt-Mtor signaling pathway proteins in
AS549 cells. Cells were treated with 1 uM MPT0G256 for indicated times. Then, cells
were harvested for detection of PTEN, Akt, mTOR, 4EBP1, elF4E and p70S6K by
Western blot analysis. Actin was used as the internal control. Data are representative of

three independent experiments.
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Figure 7. Effect of MPT0G256 on activation of MAPK signaling pathway in

K-Ras mutant A549 cell lines. (A) Concentration-dependent effect of MPT0G256 and

BIIB021 on the expression of MAPK proteins in A549 cells. Cells were treated with

vehicle (0.1% DMSO, C) or different concentrations of MPT0G256 or 1 uM BIIB021

for 24 hr. Then, cells were harvested for detection of EGFR, ERK and MEK by

Western blot. (B) Time-dependent effect of MPT0G256 on the expression of MAPK

proteins in A549 cells. Cells were treated with 1 uM MPT0G256 for indicated times.

Then, cells were harvested for detection of EGFR, ERK and MEK by Western blot.

Actin was used as the internal control. Similar results were obtained in at least three

independent experiments.
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Figure 8. Cytotoxic synergism of MPT0G256 and gemcitabine/Ver155008 in A549

cells. A549 cells were co-treated with increasing concentrations of MPT0G256 (G256)

and the indicated concentration of (A) Gemcitabine (Gem) or (B) Ver155008 (Ver) for

48 hr. Left panel, growth inhibition was determined by MTT assays. Right panel, the

combination index (CI) for combination of MPT0G256 and Gemcitabine/Ver155008 in

AS549 cells after 48 hr of incubation. Also shown is a combination index plot. The hori-

zontal line is the line of additivity. Points, mean; bars, S.E.M.(n=3)
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Figure 9. The drug effect of MPT0G256 in combination with gemcitabine or

Ver155008 on cell cycle. A549 cells were incubated with MPT0G256 and the indicated

concentrations of (A) gemcitabine or (B) Ver155008 for 24 hr and 48 hr. The cells were

stained with PI and then analyzed by flow cytometry to determine cell cycle distribution

patterns. Quantitative data were based on histograms. Similar results were obtained in at

least three other independent experiments.
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Figure 10. The effect of MPT0G256 and gemcitabine versus drug combination
on A549 cells. A549 cells were seeded at an initial concentration of 1.5x10° cell
mL " for 24 hr and then treated with MPT0G256 either alone or in combination
with gemcitabine at the indicated concentrations. (A) Cells were treated with drugs
for 48 hr, and then followed by Western blot analysis to assess changes in protein
levels with the indicated antibodies. (B) Akt overexpression inhibited PARP acti-
vation. A549 cells were transient transfected with control vector (pcDNA3.1) or wt

Akt plasmid for 24 hr and then exposed to MPT0G256 either alone or in combina-
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tion with gemcitabine for 48 hr. Whole-cell extracts were subjected to Western blot

analysis.
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Figure 11. The effect of MPT0G256 and Ver155008 versus drug combination
on A549 cells. A549 cells were seeded at an initial concentration of 1.5x10° cell
mL " for 24 hr and then treated with MPT0G256 either alone or in combination
with Ver155008 at the indicated concentrations. (A) Cells were treated with drugs
for 48 hr, and then followed by Western blot analysis to assess changes in protein
levels with the indicated antibodies. (B) Akt overexpression inhibited PARP acti-

vation. A549 cells were transient transfected with control vector (pcDNA3.1) or wt
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Akt plasmid for 24 hr and then exposed to MPT0G256 either alone or in combina-

tion with Ver155008 for 48 hr. Whole-cell extracts were harvested and subjected to

Western blot analysis.
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Figure 12. Cytotoxic synergism of MPT0G256 and gemcitabine/Ver155008 in

NCI-H1975 cells. NCI-H1975 cells were incubated with increasing concentrations of

MPTO0G256 (G256) and the indicated concentration of (A) Gemcitabine (Gem) or (B)

Ver155008 (Ver) for 48 hr. Left panel, growth inhibition was determined by MTT assays.

Right panel, the combination index (CI) for combination of MPT0G256 and Gemcita-

bine/Ver155008 in NCI-H1975 cells after 48 hr of incubation. Also shown is a combina-
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tion index plot. The horizontal line is the line of additivity.
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Figure 13. The effect of MPT0G256, gemcitabine and Ver155008  versus

drug combination on NCI-H1975 cells. NCI-H1975 cells were seeded at an ini-

tial concentration of 1.5x10° cell mL ' for 24 hr and then treated with MPT0G256

either alone or in combination with gemcitabine (A) or Ver155008 (B) in the indi-

cated concentrations. Cells were treated with drugs for 48 hr, and then followed by

Western blot analysis to assess changes in protein levels with the indicated anti-

bodies. Whole-cell extracts were subjected to Western blot analysis.
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Figure 14. Representative immunostaining of HSP90 in human normal tissue and
cancer tissue microarrays. Heat shock protein 90 expression was detected by
immunohistochemical analysis of a tissue microarray containing normal breast, normal
lung, normal liver, breast cancer (infiltrating duct carcinoma), lung cancer (adenocarci-
noma) and liver cancer (signet ring cell carcinoma). Note the strong expression of

HSP90 protein found in lung cancer samples.
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Figure 15. MPT0G256 and gemcitabine synergize in A549 xenograft. Mice bear-
ing the established A549 tumors (~100 mm®) were treated with vehicle control (D5W),
MPTO0G256 (50 mg/kg by daily oral administration), gemcitabine (100 mg/kg by
intraperitoneal injection twice a week), or MPT0G256 + gemcitabine for 10 days. Then,
mice were euthanized and tumors were harvested. At least six mice per group were used
in the xenograft experiment. (A) The co-treated group of MPT0G256 and gemcitabine
showed significant synergistic effects in vivo. ***P<0.01 (B) Drugs treatments did not
cause significant body weight loss of tested animals. (C) Tumors from representative
mice of each group were harvested and subjected to Western blot analysis using the in-
dicated antibodies. Actin was used as the internal control. (D) Paraffin sections of vehi-
cle-treated, MPT0G256-treated, gemcitabine-treated or combination-treated A549
xenografts were stained with hematoxylin and eosin (H&E) or stained with EGFR or
cleaved caspase 3 antibodies. Then sections were measured at x 200 magnifications.

Brown color means EGFR- or cleaved caspase 3-positive area.
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Appendix 1. Schematic overview of MPT0G256 affected signaling pathways.
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Appendix 2. Mechanisms of synergism between MPT0G256 and gemcitabine and

Ver155008.
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