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17-AAG

17-DMAG

ALK

Apaf-1

BAD

BAX

BCL-2

BIM

Cdk

17-Allylamino-17-demethoxy geldanamycin

17-Dimethylamino ethylamino-17-demethoxygeldanamycin

Anaplastic lymphoma kinase

Apoptotic protease activating factor 1

BCL-2-associated agonist of cell death

BCL-2-associated X protein

B-cell lymphoma 2

BCL-2-interacting mediator of cell death

Cyclin-dependent kinase

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

EGFR Epithelial growth factor receptor

ELISA

EML4

ERK

Enzyme-linked immunosorbent assay

Echinoderm microtubule-associated protein-like 4

Extracellular signal-regulated kinase

FAK Focal adhesion kinase

FBS Fetal bovine serum

FITC

FoxO

GAP

GEF

Fluorescein isothiocyanate

Forkhead box O transcription factors

GTPase-activating protein

Guanine nucleotide exchange factor

GI50 Median growth inhibition
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GIST

GSK3�/3��

GRB2

Gastrointestinal stromal tumors

Glycogen synthase kinase 3�/3��

Growth factor receptor-bound-2

HDAC Histone deacetylase

HIF1� Hypoxia-inducible factor 1�

HSF Heat shock transcription factor

HSP Heat shock protein

IC50

IPI-504

K-Ras

Median inhibition concentration

17-Allylamino-17-demethoxygeldanamycin hydroquinone hydrochloride

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

PI

SOS

Phosphoinositide-dependent kinase 1

Propidium iodide

Son of sevenless

SRB Sulforodamine B

TKI Tyrosine kinase inhibitor

VEGFR Vascular endothelial growth factor receptor
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.

Heat shock protein 90 (HSP90) molecular chaperone

(client proteins) 

(non-small cell lung caner, NSCLC) HSP90

HSP90

MPT0G256 HSP90 (adenocarcinoma) 

SRB assay MTT 

assay MPT0G256 MPT0G256

A549

HSP90� activity assay kit MPT0G256 HSP90�

HSP90� MPT0G256 EGFR Akt

MEK Cdk1 PI3K/Akt/mTOR

pathway MAPK kinase pathway MPT0G256 A549 G2/M

Heat shock protein 70 (HSP70) 

MPT0G256 gemcitabine HSP70

Ver155008 A549 NCI-H1975 MPT0G256

HSP90

tissue microarrays HSP90

MPT0G256 gemcitabine A549 xenograft

MPT0G256 gemcitabine A549

HSP90

HSP90 MPT0G256

gemcitabine NSCLC
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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 HSP90� activity. Moreover, MPT0G256 

induced degradation of HSP90 client proteins including EGFR, Akt, MEK and Cdk1,

and thus blocked several cancer survival pathways, such as PI3K/Akt/mTOR signaling,

MAPK kinase signaling. In addition, MPT0G256 induced G2/M cell cycle arrest and 

apoptosis in A549 cells, and a compensatory upregulation of heat shock protein 70
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(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 HSP90 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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65 % (Collins

et al., 2007)

(epithelial growth factor receptor, EGFR) (tyro-

sine kinase inhibitor, TKIs)

(bypass) 

EGFR TKIs

10

Heat shock protein 90 (HSP90) molecular chaperone

(clients)

HSP90

HSP90

HSP90

HSP90 FDA

HSP90

HSP90 MPT0G256 (

) A549

gemcitabine HSP70 Ver155008

NCI-H1975 A549

HSP90 MPT0G256
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(lung cancer)

( )

32

( 1)

2014

( 1)(Basto et al., 2007; Siegel et al., 2014) (Stage III IV) 

(average five-year survival) 15 (Collins et al., 2007)

(small cell lung 

cancer, SCLC) (non-small cell lung cancer, NSCLC)

(American Cancer Society) 

85%

(squamous cell carcinoma) ( 25%)

(adenocarcinoma) ( 40%) (large cell carcinoma) (

10%)

(W D. Travis, 1999)

( )

(Centers for Disease Control and Prevention, CDC)

90 %

15 30

(Radon)

(Lubin et al., 1995)
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( )

10 %

(Collins et al., 2007)

75 % 60 %

50%

35 % (Collins et al., 2007)

40 % (intrathoracic spread) 

(2~18%) 

(Collins et al., 2007)

1/3 (extrathoracic spread) 

(alkaline phosphatase) 

10 %

10 % (paraneoplastic syndromes)

(Collins et al.,

2007)

( )

(chest X-ray) (sputum cytology) (flexible bron-

choscopy) (transthoracic needle aspiration)
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71 % (central tumor)

(peripheral tumor) 50 %

88 % 70 %

2 (fluoroscopic) 

(computed tomography) (transbronchial needle

aspiration) (transthoracic needle aspiration) 

(90 %)

25~30 %

(thoracotomy) 

(thoracentesis) 

(Collins et al., 2007)

( )

TNM (tumor-nodes-metastasis) 

(T) (N) (M) (Collins et al., 2007)

(American Cancer Society) 2015 0

(pho-

todynamic therapy, PDT) (brachytherapy) 

I II (lobectomy)

(sleeve resection) (wedge resection) (segmentectomy)

4

(adjuvant chemotherapy)

(stereotactic body radiation therapy, SBRT) (radio-

frequency ablation, RFA) II

(chemotherapy) ( )

III

IIIA
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IIIB

(combination therapy) IV

(targeted therapy)

(endoscopic stent placement)

(Collins et 

al., 2007)

( )

1. (conventional chemotherapy)

(neoadjuvant therapy) (adjuvant 

therapy)

platinum doublet therapy

cisplatin carboplatin paclitaxel docetaxel gemcitabine

vinorelbine irinotecan etoposide vinblastine pemetrexed II III

VI IIIB IV

platinum doublet therapy (Zarogoulidis et al.,

2013)

(Shukuya et al., 2009)

(neutropenia) (myelosuppression)

(DNA topoiso-

merase) DNA RNA
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platinum doublet therapy

cisplatin carboplatin irinotecan belotecan

etoposide amrubicin 50 % 85 %

9 12

(neutropenia) (myelosuppression)

topetcan amrubicin picoplatin belotecan bendamustine

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

2. (targeted therapy)

(epigenetic muta-

tions) (tumor-supressor-gene inactivation)

(oncogene driver mutations)

(Chan et al., 2014)

platinum-based doublets (Rossi et al.,

2008)

( 2)(Alamgeer et al., 2013)

1 EGFR (epithelial growth factor receptor, EGFR)

(EGFR) EGFR

EGFR (ligand) EGFR

(Rossi et al., 2008)

40~80 % EGFR

EGFR (EGFR tyrosine kinase inhibitors, EGFR TKIs) 

gefitinib erlotinib TKIs platinum doublet therapy

(progression-free survival, PFS) 

(Mok et al., 2009)
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EGFR TKIs 7 12 (acquired 

resistence) EGFR exon 20 T790M (codon 

790 threonine methionine)(~50 %) EGFR

TKIs

ErbB-family TKIs afatinib (Miller et al., 2012) EGFR

cetuximab (Janjigian et al., 2011) 15~20 % MET (a 

hepatocyte growth factor receptor) (Sequist et al., 2011)

MET/ALK inhibitor (crizotinib) pan-HER inhibitor (dacomitinib)

(ClinicalTrials.gov identifier: NCT01121575) EGFR

wild-type EGFR erlotinib platinum-based doublets

(Chan et al., 2014)

2 ALK rearrangements

ALK Echinoderm microtubule-associated protein-like 4 (EML4) 

EML4-ALK fusion gene 3~7 %

EML4-ALK fused oncogene (Chan et al., 2014)

crizotinib (ALK/MET/ROS tyrosine kinase inhibitor) 2011 FDA

(Kwak et al., 2010) platinum doublet

crizotinib (PFS)

EGFR TKIs ALK rearrangrments

ALK amplification EGFR/HER1 HER2 HER3 upregulation cKIT 

amplification ALK L1196M crizotinib

ALK inhibitor ceritinib alectinib crizotinib (Chan

et al., 2014)

3 K-Ras

K-Ras (kirsten rat sarcoma 2 viral oncogene homolog) GTPases

EGFR MET 30 %
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(adenocarcinoma) 4% (squamous cell carcinoma)

K-Ras K-Ras EGFR ALK

(mutually exclusive)(Gainor et al., 2013) K-Ras

EGFR TKIs (Chan et al., 2014)

K-Ras selirasib (RAS inhibitor) 

(Riely et al., 2011) RAS/RAF/MEK/ERK 

pathway PI3K/AKT/mTOR pathway (Suda et al., 2010)

K-Ras heat shock protein 90 (HSP90) 

HSP90 (Suda et al., 2010) Selumetinib (MEK1/MEK2 inhibitor)

K-Ras MEK docetaxel

(PFS)(Janne et al., 2013) AKT in-

hibitor (Meng et al., 2010)

Heat shock protein 90 (HSP90)

( ) (heat shock response)

(transcriptional response)

(molecular chaperone) (proteostasis) 

(Takeuchi et al., 2015)

(metabolic stress)

( )

(radicals) (carcinogens)

(heat shock transcriptional factors, HSFs) (mo-

lecular chaperone) (heat shock proteins, HSPs)

(client proteins) (aggrega-

tion) (Takeuchi et al., 2015)

( ) (heat shock proteins, HSPs)
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(highly conserved) 

(heat shock protein) (heat stress protein)

(proteostasis)

(Khalil et al., 2011)

HSP100 HSP90 HSP70

HSP60 HSP40 small HSPs ( 15~30 kDa)( 3)

ATP (ATP-depedent) (ATP-independent)(Didelot

et al., 2007) HSP (constitutive) (regulated 

inductively) subtype HSP90  family HSP90�

1 % HSP90�

(Kuhn et al., 2006) HSP70 family HSP70

HSC70 HSP75 GRP78 (Khalil et al., 2011)

( ) 90 (heat shock protein 90, HSP90)

HSP90 small superfamily of functionally unrelated proteins ( DNA 

gyrase histidine kinase DNA mismatch repair protein MutL )

protein kinase ATP-binding pocket (Pearl et al., 2006)

domains an amino terminal (N) domain ATP-binding domain

ATPase co-chaperone domain middle (M) domain

(client protein) co-chaperone

carboxy-terminal (C) domain dimerization domain co-chaperone

( 3)(Whitesell et al., 2005) HSP90 C domain dimer

(Wayne et al., 2007)

HSP90 molecular chaperone

(protein-protein interaction) 

HSP90 HSP90

(addiction) (Trepel et al., 2010) HSP90 ATP

HSP90
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ATP chaperone (

4)(Ali et al., 2006) HSP90

DNA

HSP90 (Trepel et al., 2010)

( ) HSP90

HSP90 ( HSP90�)

(proteotoxic)

HSP90 (oncoprotein)

(kinase) (transcription factors) HSP90

(amplification) (overexpression)

HSP90 HSP90�

�(Neckers et al., 2012)

H90 multichaperone complex

( 5)(Neckers et al., 2012)

(Workman et al., 2007a)

( ) HSP90 (HSP90 client proteins)

HSP90 (over-expressed) 

(client proteins)

HSP90 c-KIT

EGFR IGFR HER2 BCR-ABL BRAF Raf MEK STAT3 STAT5 IL6R

I�B kinase VEGFR HIF1� NOS

AKT survivin MMP-2 Src FAK

Apaf-1 Rb Cdk1 Cdk4 Cdk6 (

6)((Hong et al., 2013a) HSP90
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( ) HSP90

2000 Hanahan Weinberg

phenotype

(Hanahan et al., 2000)

HSP90 HSP90

(Sidera et al., 2014)

(bypass) 

(Burdach, 2014)

(Vanneman et al., 2012)

HSP90 ( 7)(Trepel et al., 2010)

1 -terminal ATP binding site 

A. (Nature product)

geldanamycin (GA) radicicol (RD) ATP

HSP90 N nucleotide-binding pocket ATP

HSP90 HSP90 geldanamycin

radicicol ( )

HSP90 (Roe et al., 1999)

A1. Geldanamycin

Geldanamycin (GA) 1970 Streptomyces hygroscopicus

benzoquinone HSP90 ATP-binding site client 

protein ubiquitin-mediated proteosomal degradation GA

GA

17-AAG GA in vivo II/III
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(Sidera et al., 2014) GA

17-DMAG I (Ronnen et al., 2006) IPI-504

17-AAG GA-derived-HSP90

II/III (Sidera et al., 2014)

benzoquinone/hydroquinone

(Janin, 2010)

A2. Radicicol

Radicicol (RD) Monocillium nordinni Monosporium bonorden

(macrocyclic lactone) in vitro GA

HSP90 N ATP-binding site

in vivo (Soga et al., 2003) RD oxime

KF55823 KF25706 in vitro

in vivo ( )

(Agatsuma et al., 2002)

Radester radicicol (radicinol ) geldanamycin (benzoquinone )

MCF7 HER-2 c-Raf

(Shen et al., 2005) (Sidera et al.,

2014)

B. (peptide)

HSP90

( quinone )(Samuni

et al., 2010)

B1. (purine scaffold) 

GA RD HSP90 C

PU3
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HSP90 CNF2024/BIIB021 ( I/II )(Zhang et al., 2010)

(pyrimidine) EC144

(Shi et al., 2012) MPC-3100 2011 I

prodrug MPC-0767 2012 IND (Sidera et al., 2014) Debio 0932 2011

( solid tumor lymphoma) 2012

I/II (advanced NSCLC)(Stenderup et al., 2014) PU-H71 advanced ma-

lignancies 2011 I (Sidera et al., 2014)

B2. Resorcyclic pyrazole/isoxazole

Pyrazole radicicol resorcinol CCT018159

(Cheung et al., 2005)

VER-49009 NYP-AUY922/VER52296 (Gaspar et al., 2010)

NYP-AUY922 HSP90 2007

I/II ( relapsed and refractory multiple myeloma HER2+ ER+

metastatic breast cancer) 2012 II ( ALK+ and 

EGFR-mutated NSCLC) (Sidera et al., 2014) NYP-HSP990 2012

I (Lamottke et al., 2012) STA-9090 triazole

II ( metastatic breast cancer) KW-2478

bortezonib 2010 I/IIa ( relapsed multiple myeloma) AT13387

II ( GIST)(Sidera et al., 2014)

B3. Benzamide

SNX-5422 SNX2122 pro-drug 2007 I (

) 2012 I ( advanced 

cancer) imidazole pyrazole carboxamide

leukaemia solid tumor (Sidera et al., 2014)

2 -terminal ATP binding site 

Novobiocin aminocoumarin gyrase
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HSP90 N ATP-binding site

geldanamycin radicicol HSP90 C second 

ATP-binding site chaperone complex ( co-chaperone p23 HSP70

) HSP90 (Marcu et al., 2000) 2005

novobiocin A4 in vitro novobiocin 70 HSP90

(Yu et al., 2005) C DHN1 DHN2

(Burlison et al., 2008) HSP90 C in vivo (Sidera et 

al., 2014)

( ) HSP90

HSP90 / ( benzoquinone

NADPH  cytochrome P450 reductase NADH cytochrome b5 

reductase AUY922 (77 %) )(Piper et 

al., 2011) HSP90

( trastuzumab asenic trioxide )(Jhaveri et al.,

2012) ( 4)(Hong et al., 2013b)

HSP90

HSP70 HSP27 HSP90

HSP70 (Evans et al., 2010) HSP27 antisense

(Hadchity et al., 2009) HSP90

1. HSP90 anti-HER2 HER2-positive

Trastuzumab anti-HER2

HER2-amplified

HER2 HSP90 trastuzumab

(17-AAG, HSP90 inhibitor) Tanespimycin 59 %

(Modi et al., 2011) II (Hong et al., 2013a)
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2. HSP90 HSP70 (multiple myelo-

ma)

HSP90 geldanamycin radicicol 17-AAG

HSP70 (Khalil et al., 2011)

HSP70 (Pocaly et al., 2007)

tanespimycin (17-AAG, HSP90 inhibitor) Ver155008 (HSP70 inhibitor)

(Massey et al., 2010) (Zhang et al., 2013) 

HSP90 HSP70

3. HSP90 proteasome (multiple myeloma)

HSP90 receptor tyrosine 

kinases telomerase Akt HIF-1α MMP2 HSP90 botezomib

26S proteasome proteasome

tanespimycin

botezomib tanespimycin botezomib botezomib

I/II (Richardson et al., 2011)

4. HSP90 DNA (metastatic pancreatic 

cancer)

DNA

gemcitabine gemcitabine DNA

Chk1 DNA Chk1

HSP90 tanespimycin (17-AAG, HSP90 inhibitor)

gemcitabine stage IV tanespimycin

HSP90 gemcitabine

(Pedersen et al., 2015) Gemcitabine 13 (Ueno et al., 2007)
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( ) HSP90

HSP90

HSP90

(Piper et al., 2011) HSP90 C

N

1. (inherent resistance)

1 HSP90 (post-translational modification)

geldanamycin 17-AAG HSP90

S. hygroscopicus HSP90 ATP-binding pocket

model yeast Saccharomyces 

cerevisiae HSP90 E88G N92L geldanamycin

10 in vivo HSP90 IC50 2.5

(Millson et al., 2011) (Piper et al.,

2011)

2 NAD(P)H/quinone oxidoreductase 1 (NQO1) 

benzoquinone HSP90 N NAD(P)H/quinone 

oxidoreductase 1 (NQO1) NQO1 benzoquinone

HSP90 N ( 17-AAG) dihydroquinone

HSP90 (Guo et al., 2006)

NQO1 glioblastoma in vitro

NQO1 mRNA NQO1 ES936

quinone HSP90 N

non-quinone ( purine- pyrazole-based) N (Piper et al.,

2011)

2. (acquired resistance)

1 Drug efflux pump

benzoquinone HSP90 N P-glycoprotein (P-gp) 
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multidrug resistance (MDR) phenotype MRP-1 efflux pump

drug efflux pump

purine- pyrazole-based HSP90

P-gp (Taldone et al., 2008) P-gp adrenocortical 

carcinoma 17-AAG (benzoquinone ) BIIB021 (purine )

(Zhang et al., 2010)

2 (heat shock response)

Heat shock transcription factor 1 (HSF-1) HSP27 HSP40/70 HSP90

transtription factor

HSP90 N ( geldanamycin) protein synthesis

puromycin amino acid analogue (azetidine canavanine) proteosome

(MG132 lactacystin) HSF-1 (Akerfelt et al., 2010)

HSP90 HSF1-dependent HSP27 HSP70

HSP90 (Erlichman, 2009)

silence HSP70 HSP27 geldanamycin

(Powers et al., 2008) HSP90 HSP70

(Evans et al., 2010) HSP27 antisense (Hadchity et al.,

2009)

( ) PI3K-Akt-mTOR

( ERBB2 EGFR) 

PI3K PI3K p85 p110 (heterodimer)

PTKRs (recruit) adaptor protein ( ERBB3

GRB2-associated binding protein 1) p85-p100

PIP2 PIP3 p100 subunit p85

PIP3 ( Akt PDK1)
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Akt serine 473 threonine 

308 Akt GSK3� GSK3�

FoxO MDM2 BIM BAD TSC2

mTOR ( 8)(Hollander et al., 2011)

( ) MAPK

RAS

RAS

GDP-bound RAS GEF GDP GTP

RAS effector protein GTP-bound RAS GAP

RAS GTPase 105 GTP GDP-binding

( 9a) RAS-Raf1-MEK-ERK pathway RAS

adaptor protein

GRB2 SOS RAS

Raf1 MEK ERK (Ahearn et al., 2012)

( )

PI3K-Akt pathway MAPK pathway

EGFR ERBB2 ERBB3 FGFR1

FGFR3 RAS

RAS-Raf1-MEK-ERK pathway

RTK p85 subunit

p85-p100 (PI3K) PIP2 PIP3 AKT

TSC1/TSC2

AKT MEK TSC2 TSC1/TSC2

RHEB mTOR ( 10)(Knowles et al.,

2015) mTOR p70S6 kinase 4EBP1 4EBP1 eIF4E

( 8)(Knowles et al., 2015)

PI3K-Akt pathway MAPK pathway mTORC1
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pro-apoptotic protein BH3 family (Engelman, 2009)

( ) (Programmed cell death)

(apoptosis) (programmed cell death)

(shrink) (pyknosis)

(apoptotic bodies) 

(Elmore, 2007)

( )

caspase caspase (initiator 

caspase caspase-8 caspase-9) caspase (effector caspase caspase-3 caspase-6

caspase-7) effector caspase

caspase (intrinsic pathway) 

(extrinsic pathway) (death receptor) 

procaspase-8 death-inducing signaling complex 

(DISC) procaspase-8 caspase-8

UV DNA Mcl-1

pro-apoptotic Bcl-2 family Bid Bad Bim Bax Bak

cytochrome c Apaf-1 procaspase-9

(apoptosome) caspase-9 caspase

caspase caspase caspase

PARP ( 11)(Elmore, 

2007)
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( )

HSP27 HSP70 HSP90

caspase-dependent caspase-independent

HSP27 caspase-3 p53 cytochrome c HSP70

proapoptotic protein BAX JNK caspase-3

HSP90 AKT proapoptotic protein BAD Bax

AKT NF-�B pathway HSP70 HSP90

Apaf-1 caspase-9 apoptosome

( 12)(Ischia et al., 2013) 

(production) (division)

Gap 1 (G1)-phase Synthesis (S)-phase Gap 2

(G2)-phase Mitotic (M)-phase G0-phase

G1-phase DNA G1

checkpoint S-phase DNA

G2-phase

G2 checkpoint

M-phase (nuclear division) 

(cytokinesis) spindle 

assembly checkpoint

(Pines, 2011)

( )

cyclin cyclin-dependent kinase (Cdk) 

Cdk1/cyclin B G2 M

M anaphase Cdk1/cyclin B
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Cdk1/cyclin B

Myt1 Cdk1 Tyr14 Tyr15 Wee1 kinase Cdk1

Tyr15 Cdc25C Cdk1 Tyr14 Tyr15

CAK Thr161 PLK1 Cdc25C

Cdk1/cyclin B ( 14)(Castedo et al., 2002)

( ) HSP90

HSP90 HSP90

Cdk1

Cdk2 Cdk4 Cdk6 Cyclin B1 Cyclin C Cyclin E Myt-1 Wee-1 PLK1 Aurora 

B Survivin HSP90 HSP90 HSP90

G1/S G2/M HSP90 Rb pathway

Cyclin D/cdk4/cdk6 G1 arrest Cyclin B/cdk1

WEE1 Myt-1 PLK1 Aurora B G2/M arrest HSP90

HSP90 HSP90

BT272 50 nM

17-AAG (HSP90 ) G2/M arrest G1/S arrest

500 nM 17-AAG G2/M arrest

50 nM BT474 HSP90 HER-2

HSP90 BCR-Abl (Burrows et al., 2004)

gefitinib HER2 famiky kinase G1 arrest

(Campiglio et al., 2004) VX680 Aurora kinase G2/M arrest

(Harrington et al., 2004) HSP90 (

HER-2 EGFR) HSP90

(Burrows et al., 2004)
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1. 102

5.0

5.3

8.6

10.3

12.2

13.2

21.4

26.3

48.4

48.9

3.4

3.8

4.8

6.0

6.8

7.0

16.8

18.8

22.0

26.9

144.9 238.7

70.0 50.0 30.0 10.0 10.0 30.0 50.0 70.0

103 9 4

2. Staging classifications for lung cancer.

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

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

in humans.

-

D.S. Hong et al. (2013) Cancer Treatment Reviews 39:375–387
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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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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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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 et al. (2005). Nat Rev Cancer 5(10): 761-772.
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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 (AHA1) 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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5. HSP90 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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6. HSP90 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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7. HSP90 inhibitors in clinical trials

Trepel et al. (2010). Nat Rev Cancer. 2010;10(8):537-549.
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8. Canonical PI3K–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. mTOR 

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; MAP3K5, apoptosis signal regulator kinase 1. 

M. Christine Hollander et al. (2015). Nature Reviews Cancer 15, 7–24 
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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. c | 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; GAP1IP4BP, GAP1 InsP4-binding protein; MEK, MAPK/ERK kinase; 

NF1, neurofibromin 1; PLC , phospholipase C ; 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 et al. (2012). Nature Reviews Molecular Cell Biology 13, 39-51
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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 MDM2 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 mTOR 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 3β 

(GSK3β), relieving its suppression of β-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 et al. (2015). Nature Reviews Cancer 15, 25–41 
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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 c (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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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 IκB 

complex, which is responsible for holding NFκB stable in the cytoplasm. Upon release 

from the IκB complex, NFκB 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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13. Cellular metabolism and mechanism of gemcitabine 

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

Gemcitabine is then phosphorylated into gemcitabine monophosphate (dFdCMP) by 

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

bine diphosphate (dFdCDP) and gemcitabine triphosphate (dFdCTP) 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 (dFdUMP).

H Ueno et al. (2007). Br J Cancer. ; 97(2): 145–151. 
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14. Regulation of Cdk1 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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MPT0G256 quinolinylamides

BIIB021 VER155008 Tocris Bioscience

(Bristol, UK) gemcitabine hydrochloride Sigma-Aldrich Co. LLC. (Spruce St. St. 

Louis, MO, USA) quinolinylamides VER155008

gemcitabine dimethyl sulfoxide (DMSO) -20

A549 NCI-H1975 PC9

HCT116 Hep3B (BCRC) 

RPMI-1640 fetal bovine serum (FBS)

trypsin-EDTA Gibco® Life Technologies (Grand Island, NY, USA)

penicillin-streptomycin-amphotericin B Solution Biological Indus-

tries Ltd. (Kibbutz Beit Haemek, Isarel) NaHCO3

Sulforodamine B (SRB) 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide (MTT) Sigma Chemical CO (St. Louis, MO, USA) HSP90� activity 

assay kit BPS Bioscience (San Diego, CA, USA)

HSP90 p-EGFR EGFR p-Src Src p-FAK FAK p-Rb PTEN p-Akt (Ser473)

Akt p-mTOR mTOR p-4EBP1 4EBP1 eIF4E p70S6K p-MEK1/2 MEK1/2

p-ERK1/2 ERK1/2 p-cdc2 (Tyr15) p-cdc2 (T161) Cdc2 p-MPM2 Aurora A

Aurora B PLK1 ac-�-tubulin caspase-9 caspase-3 Cell Signaling Technologies 
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(Beverly, MA,USA) Cyclin B1 PARP Santa Cruz Biotechnology (Santa Cruz,CA, 

USA) HSP70 Rb caspase-6 caspase-7 BD Bioscience (San Diego, CA, USA)

p53 Epitomics (Burlingame, CA, USA) actine Merck Millipore (Merck 

KGaA, Darmstadt, Germany) horseradish peroxidase 

(HRP)-conjugated anti-mouse anti-rabbit IgGs Santa Cruz Biotechnology (Santa 

Cruz, CA, USA) LipofectamineTM Invitrogen (Mannhein, Germany)

BALB/c 

(Laboratory Animal Center, Col-

lege of Medicine, National Taiwan University)
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A549 NCI-H1975 10 %FBS RPMI-1640

37 5 % CO2 flask

PBS 0.05 % trypsin 2~3

10 % FBS trypsin 15 ml

1,200 rpm pallet

1:8~10 flask

50 �l

50 �l 0.4 % tryptan blue

5000 /well A549 NCI-1975 96-well

well 100 �l (

2 �l 2 ml 10 % FBS RPMI ) 10%

TCA Tz ( ) 48 10 % TCA

10 SRB

10~15 1 % SRB

100 �l 10 mM Trizma base SRB

ELISA reader 515 nm (Tx-Tz)/(C-Tz)*100%

(Tx) (C) GI50

50 %

5000 /well A549 NCI-H1975 96-well

well 100 �l

( 1 �l 1 ml 10 %FBS RPMI )
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48 100 �l 0.5 mg/ml MTT 10 % FBS

37 5 % CO2 MTT

tetrazolium formazan MTT

100 �l DMSO ELISA reader 550 nm

(Tx/C)*100% IC50

50 %

HSP90�

HSP90� assay kit HSP90�

FITC-labeled geldanamycin HSP90� enzyme

IC50 HSP90� FITC-labeled geldanamycin

HSP90� enzyme substrate (IC50 )

1 2

( 475~495 nm 518~538 nm) 

50 % FITC-labeled geldanamycin HSP90��enzyme substrate

IC50

(Flow cytometric analysis)

PBS 0.05 % trypsin 1,800 rpm

1 ml 75 % (v/v) ethanol ( -20 )

-20 overnight 1,800 rpm

100 �l DNA ( 0.2 M NaHPO4 0.1 M citric acid buffer 

(pH 7.8) ) 30 1,800 rpm 

500 �l propidium iodide (PI) staining buffer ( 80 �l/ml PI 100 �l/ml RNase A

0.1 % Ttiton X-100 in PBS) 30 PI DNA

CellQuest software sub-G1 (DNA

G0/G1 phase )
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SDS-PAGE

( )

eppendorf lysis buffer mix 950 �l lysis 

buffer ( 20 mM Tirs-HCl buffer + 150 mM NaCl + 1 mM EDTA + 1 % Triton 

X-100 + 2.5 mM sodium pyrophosphate) + 10 �l 10 mM leupeptin + 10 �l 5 mM NaF + 

10 �l 1 mM NA3VO4 + 10 �l 1 Mm PMSF) lysis buffer mix (

60~200 �l) lysis 30 eppendorf 4 1,3000 rpm

30

( )

BCATM protein assay kit (A B = 50 1) 

562 nm BSA

lysis buffer 2.5 �g/�l 1/4

5 sample buffer (0.156 M Tris 1 % SDS 25 % glycerol 12.5 % 

�-mercaptoethanol 0.2 % bromophenol blue) 105 10

2.0 �g/�l -20

( ) SDS-PAGE

(running gel) 8~13 %

% loading isopropanolol

15 (comb)

15

runnung buffer (1X)(3 g Tris-Base 1 g SDS 14.4 g glycine 1L ddH2O) sample

protein marker 90 (V) stacking gel

running gel 140
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( )

PVDF (polyvinylidene difluoride) 

PVDF

transfer buffer transfer buffer

400 mA 4 150

PVDF 5 % (5 g + 100 ml 

PBS) TBST (TBS + 0.1 % 

(v/v) Tween 20) PVDF 4

overnight TBST

TBST ECL 

(enhanced chemiluminscence) 

LipofetamineTM 2000 45 A549 6 cm 

dish plsamid DNA (2 �g) 

LipofetamineTM 2000 (4 �l) opti-MEM (150 �l) 15

20 6 cm dish 1 ml 

opti-MEM plasmid/LipofetamineTM 2000 300 �l 6~8

re-serum ( 10 % FBS RPMI-1640)

0.05 % trypsin

12~24

(70 % 90 % 95 % 99 % 100 %

) xylene

60 paraffin paraffin 4 �M

positive charge slide

xylene (100 % 
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95 % 75 % 50 % ) PBS

3 % (v/v) H2O2

100 10 mM Tris/1 mM EDTA buffer (pH9.0) 40

PBST 3 % BSA HSP90 1 PBST

HRP polymer conjugate reagent A 10

DAB chromogen reagent B1 B2 B3 5

Mayer’s Hematoxylin solution

1 x 107 A549 4 Balb/c

100 mm3 5 % (D5W) vehicle 

control MPT0G256 50 mg/kg gemcitabine 100 mg/kg

MPT0G256 50 mg/kg gemcitabine 100 mg/kg

1,200 mm3 -80

(tumor growth inhibition, %TGI)

[(T-C)/C]*100% 1,200 mm3

100%

(Immunohistochemistry, IHC)

A549 4 % (v/v) ( PBS) 

xylene

(100 % 95 % 

75 % 50 % ) PBS

3 % (v/v) H2O2

100 10 mM Tris/1 mM EDTA buffer (pH9.0) 40 PBST

3 % BSA EGFR cleaved-caspase 3 1

PBST HRP polymer conjugate reagent A

10 DAB chromogen reagent B1 B2 B3 5
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Mayer’s Hematoxylin solution

200

± (mean ± SEM)

Sigma plot paired t-test t-test ( )

P < 0.05 Compusyn®

(combination index, CI) CI < 1 (syn-

ergism) CI = 1 (addition) CI > 1 (antagonism)
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HSP90 HSP90�

SRB assay quinolinylamides

( A549 HCT-116

Hep3B) Table 1 MPT0G256 A549

(GI50 = 0.18 ± 0.02 �M) positive control

BIIB021 (GI50 = 0.33 ± 0.02 �M) MPT0G256

quinolinylamides HSP90 AUY922

HSP90� assay kit BIIB021 (in vitro)

HSP90� MPT0G256 HSP90�

��IC50 = 149.06 ± 0.63 nM) BIIB021 (�IC50 = 132.75 ± 14.75 nM) 

MPT0G256 EGFR NCI-H1975 (T790M L858R

)(IC50 = 0.65 ± 0.02��M) PC-9 (exon 19 deletion)(IC50 = 0.92 ± 0.02��M)

MPT0G256 BIIB021

wild type EGFR A549 (IC50 = 0.43 ± 0.025��M)

(Table 2) MPT0G256

HSP90� HSP90� A549

(Khalil et al., 2011) HSP90

(Shimamura et al., 2012) MPT0G256 A549

BIIB021 HSP90

MPT0G256

SRB assay MPT0G256 (0.03~1 �M) 48

A549 A549

GI50 0.18 0.02 �M BIIB021 (GI50 = 0.33 ± 0.02 �M)

(Figure 1A) MTT (0.03~3 �M) 48

A549 MPT0G256
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A549 IC50 0.45 0.01 �M BIIB021 (IC50 = 2.19 0.18 �M)

(Figure 1B) BIIB021 benzoquinone

HSP90 II ( GIST)

benzoquinone (Dickson et al., 2013)

MPT0G256 benzoquinone

BIIB021 A549

MPT0G256 A549 G2/M

MPT0G256

(0.03~3 �M) MPT0G256 A549

24 G2/M (Figure 2A)

48 sub-G1 ( ) (Figure 

2B) (0.1~3 �M) BIIB021 24 (Figure 2C) 48

(Figure 2D) HSP90

( Cdk1) G2/M (Senju et al., 2006)

MPT0G256 A549 G2/M

G2/M HSP90 ( Cdk1)

HSP90 G2/M arrest (Senju et al.,

2006) MPT0G256 24 A549 G2/M arrest

G2/M (Figure 2A 2B) A549

MPT0G256 (0.03~3 �M) BIIB021 (1 �M) 24

MPT0G256 (0.03~3 

�M)(Figure 3A) M cyclin B1 p-MPM2 Aurora 

A Aurora B PLK1 Cdk1 (cdc2) M

p-cdc2 (Tyr15) M p-cdc2 (T161) 

cdc2 HSP90 HSP90 cdc2

(time-course) (Figure 3B) 
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12 24 G2/M arrest G2/M

BIIB021

MPT0G256 A549

MPT0G256 A549 48

(Figure 2B) HSP90 Akt Apaf-1

caspase 9 apoptosome (Workman et al., 2007b)

MPT0G256 A549 MPT0G256

(0.03~3 �M) BIIB021 (1 �M) 48

MPT0G256 (0.03~3 �M)(Figure 4A) 

caspase-9 cleavage caspase-6

caspase-7 caspase-3 pro-form caspase PARP

PARP cleavage (time-course)(Figure 4B) 

24 caspase PARP cleavage 48

BIIB021

MPT0G256 A549

MPT0G256 HSP90

A549 MPT0G256 (0.03~3 �M) BIIB021 (1 �M) 24

(Figure 5A) MPT0G256 AUY922 (HSP90 N ATP-binding 

pocket ) HSP90

HSP90 HSP90 co-chaperone HSP70

(Trepel et al., 2010) MPT0G256 HSP90

MPT0G256 (0.03~3 �M)(Figure 5A) 

(6/12/24/48 )(Figure 5B) HSP90 (Sidera et 

al., 2014) EGFR Src FAK Rb BIIB021
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MPT0G256 A549 PI3K-Akt-mTOR

PI3K-Akt-mTOR pathway

(Polivka Jr et al.,

2014) Akt HSP90 MPT0G256

PI3K-Akt-mTOR pathway A549 MPT0G256 (0.03~3 �M)

BIIB021 (1 �M) 24 (Figure 6A) MPT0G256

PTEN Akt mTOR p-Akt p-mTOR mTOR

4EBP1 eIF4E P70S6K

(4EBP1 eIF4E eIF4E

4EBP1 eIF4E eIF4E

(Hinnebusch, 2012) ) Figure 6B MPT0G256

(6/12/24/48 ) Figure 6A BIIB021

MPT0G256 A549 MAPK

MAPK/ERK kinase K-Ras

(Hatzivassiliou et al., 2013) A549 EGFR

K-Ras (G12S) (Qian et al., 2014) K-Ras

MAPK/ERK kinase EGFR

(Hatzivassiliou et al., 2013) K-Ras MEK1/2

HSP90 A549 MPT0G256 (0.03~3 �M) BIIB021 

(1 �M) 24 MPT0G256

(0.03~3 �M)(Figure 7A) (6/12/24/48 )(Figure 

7B) MEK1/2 ERK1/2 K-Ras

EGFR HSP90 MPT0G256 HSP90

BIIB021
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MPT0G256 gemcitabine Ver155008 A549

DNA

gemcitabine

(Chi et al., 2012) HSP90 HSP HSP70

(Khalil et al., 2011)

A549 gemcitabine MPT0G256 (HSP90 inhibitor)

Ver155008 (HSP70 inhibitor) 48

A549 MPT0G256 gemcitabinec (Figure 8A)

MPT0G256 Ver15008 (Figure 8B) (synergism) 

Combination index plot CI (Combination Index) 

1 A549

MPT0G256 gemcitabine Ver155008 A549

PI MPT0G256 gemcitabine/Ver155008

A549 24 (Figure 9A/9B, left panel)

MPT0G256 (0.05~0.2 �M)

gemcitabine Ver155008

G0/G1 arrest sub-G1 ( )

MPT0G256 gemcitabine (Figure 9A, left panel) 

gemcitabine sub-G1

MPT0G256 Ver155008 (Figure 9B, left panel) 24

subG1 48

(Figure 9A/9B, right panel) sub-G1

MPT0G256 gemcitabine Ver155008

MPT0G256 gemcitabine A549

MPT0G256 gemcitabine A549
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A549 MPT0G256 (0.05-0.1 �M)

gemcitabine (0.0625~1 �M) 48 (Figure 10A)

MPT0G256 HSP90 EGFR Akt

gemcitabine

HSP90 HSP90 co-chaperone HSP70

MPT0G256 G2 M

p-MPM2 MPT0G256 p53

0.1 �M MPT0G256 0.25 �M

gemcitabine caspase-3 PARP MPT0G256

caspase-3 pro-form PARP cleavage-form

MPT0G256 gemcitabine Akt

A549 Akt

PARP (Figure 10B) Akt PARP

Akt A549

MPT0G256 Ver155008 A549

MPT0G256 Ver155008 A549

A549 MPT0G256 (0.1~0.2 �M) Ver155008

(10~40 �M) 48 (Figure 11A) MPT0G256

HSP90 EGFR MPT0G256

Ver155008 40 �M

Akt

MPT0G256 Ver155008 40 �M

HSP90 Ver155008

HSP90 co-chaperone HSP70 MPT0G256

G2 M p-MPM2 MPT0G256

G1 p27 Ver155008

p53 MPT0G256
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Ver155008 p53 p53

MPT0G256 caspase-3 PARP MPT0G256 HSP70 inhibitor

Ver155008 caspase-3 pro-form PARP

cleavage-form

MPT0G256 Ver155008 Akt

A549 Akt

PARP (Figure 11B) Akt

PARP Akt A549

MPT0G256 gemcitabine Ver155008 NCI-H1975

MPT0G256 A549 (mutant K-Ras, wild-type EGFR) 

(Table 2)

gemcitabine Ver155008 A549

NCI-H1975 (wide-type K-Ras, mutant 

EGFR) MPT0G256 gemcitabine Ver155008

NCI-H1975

gemcitabine MPT0G256 Ver155008 48

NCI-H1975 MPT0G256/gemcitabinec (Figure 

12A) MPT0G256/Ver15008 (Figure 12B) (synergism) 

Combination index plot CI (Combination Index) 

1 NCI-H1975

MPT0G256 gemcitabine Ver155008 NCI-H1975

MPT0G256 gemcitabine Ver155008 NCI-H1975

NCI-H1975 MPT0G256

(0.05~0.2 �M) gemcitabine (0.25~5 �M) Ver155008 (10~40 �M)

48 MPT0G256 gemcitabine (Figure 13A) MPT0G256

HSP90 EGFR Akt
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MPT0G256 gemcitabine

HSP90

MPT0G256 co-chaperone HSP70 G2 M

p-MPM2 MPT0G256 p53

MPT0G256 gemcitabine p53

0.1 �M MPT0G256 0.25 1 �M gemcitabine

caspase-3 PARP MPT0G256 gemcitabine caspase-3

pro-form PARP cleavage-form

MPT0G256 Ver155008

(Figure 13B) MPT0G256 Ver155008 EGFR

Akt 0.1 �M MPT0G256 40 �M Ver155008

HSP90 Ver155008

HSP70 HSP90 inhibitor MPT0G256

G2 M p-MPM2 MPT0G256

p53 MPT0G256 Ver155008 0.05 0.1 �M

MPT0G256 20 �M Ver155008 Ver155008

40 �M p53 caspase-3 PARP MPT0G256

Ver155008 caspase-3 pro-form PARP

cleavage-form

40 �M Ver155008

HSP90

HSP90 tissue microarrays

HSP90 immunohistochemistry (IHC) Figure 14

(infiltrating duct carcinoma) (signet ring cell carcinoma)

HSP90 (adenocarcinoma)

HSP90 HSP90

HSP90 inhibitor MPT0G256



62

MPT0G256 gemcitabine A549 Xenograft

A549 4

100 mm3 D5W (vehicle control) MPT0G256 50 mg/kg

gemcitabine 100 mg/kg MPT0G256 50 mg/kg

gemcitabine 100 mg/kg 1200 mm3 In vivo

MPT0G256 (50 mg/kg) gemcitabine (100 mg/kg) control

(*P<0.05)

(***P<0.001)(Figure 15A) control

(Figure 15B) EGFR

HSP90 HSP70 caspase-3 (Figure 15C) MPT0G256

EGFR gemcitabine HSP90

MPT0G256 gemcitabine MPT0G256

HSP70 caspase-3

MPT0G256 gemcitabine cleavage-form
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(genetic disease)

2000 Hanahan Weinberg

(Sidera et al., 2014)

(Pearl et al., 2008)

HSP90 molecular chaperone (clients)

200 HSP90

HSP90

(Trepel et al., 2010)

HSP90 HSP90

(Sidera et al.,

2014)

HSP90 FDA

HSP90

tanespimycin (17-AAG) multiple myeloma

III 17-DMAG myeloid leukemia

17-AAG I/II (Hong et al., 2013a)

NYP-AUY922 HSP90 2007

I/II ( relapsed and refractory multiple myeloma HER2+ ER+

metastatic breast cancer) 2012 II ( ALK+ and 

EGFR-mutated NSCLC)(Sidera et al., 2014) BIIB021 gastrointestinal 

stromal tumors (GIST) II (Dickson et al., 2013) exemestane 

(Aromasin) HER2+ II (Dickson et al., 2013)

HSP90 MPT0G256
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in vitro MPT0G256 BIIB021

A549 BIIB021 HSP90�

PI3K/Akt/mTOR pathway MAPK kinase pathway

caspase-9 caspase-3 caspase-6 caspase-7 PARP

A549 MPT0G256 gemcitabine HSP70 

inhibitor Ver155008 HSP90

Akt MPT0G256

gemcitabine/Ver155008 PARP Akt

A549 EGFR

NCI-H1975 HSP90 in vivo

tissue microarrays

HSP90 A549 xenograft model

MPT0G256 gemcitabine

HSP90

MPT0G256 EGFR

EGFR K-Ras

(mutually exclusive) (Schmid et al., 2009) EGFR

10~15 % EGFR 50 %

EGFR EGFR TKIs EGFR

(Chougule et al., 2013) MPT0G256

MPT0G256 EGFR K-Ras

A549 (wild- type EGFR, mutant K-Ras) 

NCI-H1975 (mutant EGFR, wild-type K-Ras) PC-9 (mutant EGFR, wild-type 

K-Ras) EGFR TKIs A549

wild-type EGFR EGFR

HER2 (Diaz et al., 2010) A549 K-Ras K-Ras

EGFR Ras/Raf/MEK/ERK pathway

K-Ras EGFR TKIs (Mao et al.,
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2010) HSP90 EGFR Akt MEK1/2

HSP90 K-Ras

HSP90 (Sos et al., 2009)

HSP90 HSP90 (Burrows et al., 2004) 

MPT0G256 PI3K/Akt/mTOR pathway MAPK kinase pathway

K-Ras 20~30 %

EGFR K-Ras

(Engelman et al., 2008)

PI3K/Akt/mTOR pathway MAPK kinase pathway

TSC1/TSC2 AKT MEK

TSC2 TSC1/TSC2 RHEB

mTOR (mTORC1) (Knowles et al.,

2015) pathway

Akt MEK (Engelman, 2009) PI3K MEK

(Engelman et al., 2008) K-Ras

EGFR Akt MEK1/2 HSP90 HSP90

(Acquaviva et al., 2012) MPT0G256

PI3K/Akt/mTOR pathway Akt PTEN

HSP90 inhibitor 17-AAG glioblastoma

PTEN-independent Akt

(Sauvageot et al., 2009)

MPT0G256

MPT0G256 BIIB021 A549 G2/M 

arrest

MPT0G256 cyclin B1

BIIB021 cyclin B1
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Cyclin B1 HSP90� Cdk1

G2 M Cyclin B1 HSP90�

Cyclin B1 HSP90�

(Huang et al., 2014)

Cyclin B1

(Huang et al., 2014) follicular lymphoma

Cyclin B1 (Bjorck et al., 2005)

Cyclin B1 (Peters et al., 2004)

HSP90 cyclin B1 HSP90 

inhibitor geldanamycin (GA) HSP90 cyclin B1 mRNA level

cyclin B1 (Basto et al., 2007)

HSP90a cyclin B1 (keratin 

pearls) HSP90�� cyclin B1 (Huang et 

al., 2014) (oxidative stress)

HSP90 cyclin B1 HSP90

17-DMAG p-�H2 proteasome

cyclin B1 14-3-3	�protein 14-3-3	�protein

cyclin B1/Cdk1 complex G2/M (Huang et al., 2014)

MPT0G256 HSP90 cyclin B1 G2/M arrest

BIIB021 cyclin B1 G2/M arrest

BC-3 BIIB021 (Gopalakrishnan et al., 2013)

HSP90 HSP90 HSP90

(Burrows et al., 2004)

Cdk1 Cdk2 Cdk4 Cdk6 Cyclin B1 Cyclin C Cyclin E

Myt-1 Wee-1 PLK1 Aurora B Survivin HSP90 HSP90

HSP90

G0/G1 G2/M (Burrows et al., 2004)
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HSP90 Gemcitabine

Gemcitabine DNA DNA

( 13) 5-FU

HSP90 tanespimycin (17-AAG)

gemcitabine stage IV (Pedersen et 

al., 2015) DNA gemcitabine 5-FU DNA

DNA Chk1

DNA Chk1 HSP90

tanespimycin

II (Pedersen et al., 2015)

HSP90 inhibitor MPT0G256 gemcitabine

A549 NCI-H1975 A549 xenograft 

model gemcitabine

EGFR Akt HSP90

MPT0G256 DNA

EGFR-dependent PI3K/Akt pathway (Chen et al., 2007) HSP90�

EGFR Akt

HSP90 (Sidera et al., 2014)

gemcitabine DNA G1 S

G0/G1 G2/M

MPT0G256

Sub-G1 ( ) in vitro in vivo

HSP90

HSP90 (GIST)

(melanoma) Multiple myeloma

(NSCLC) (papillary and clear cell) solid tumors

human tissue arrays 30
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HSP90 HSP90

(adenocarcinoma 40 %) (squamous 

cell carcinoma 25 %) HSP90

(large cell carcinoma) 

HSP90 Her2 positive

HER2/ErbB2 HSP90 transcription factor HSF-1 HSP90

HER2 (Schulz et al., 2014)

infiltrating duct carcinoma 23.9 % HER2 amplification

(Castellano et al., 2008) tissue microarrays HSP90

HER2 negative infiltrating duct 

carcinoma HSP90

HSP90 co-chaperones

A549 MPT0G256 HSP70

HSP70 HSP27 HSP90 co-chaperone (Munje et al., 2014)

HSP90

ATP ATP-independent chaperone

HSP27 ATP level

ATP-dependent chaperone HSP70

HSP27 HSP70 (cytoprotective) (Garrido et 

al., 2003) MPT0G256 HSP70

MPT0G256 Ver155008 MPT0G256 HSP70

Ver155008 HSP70

HSP70 Ver155008 HSP70

MPT0G256 HSP90 HSP70

HSP90 Ver155008

HSP70
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32

85 % <15%

EGFR TKIs

10

EGFR T790M MET TKIs K-Ras

EGFR TKIs

MEK AKT

Heat shock protein 90 (HSP90) 

HSP90 HSP90

HSP90

HSP90

MPT0G256 A549

HSP90�

HSP90 inhibitor MPT0G256 HSP90 EGFR Akt

MEK Cdk1 PI3K/Akt/mTOR 

pathway MAPK kinase pathway mTOR

MPT0G256 HSP90

A549 G2/M MPT0G256

A549
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HSP90

HSP90

5-FU EGFR TKIs

A549 MPT0G256

gemcitabine HSP90

HSP70 MPT0G256

HSP70 inhibitor Ver155008 MPT0G256 gemcitabine Ver155008

HSP 90

MPT0G256 A549 G2/M

G0/G1/ S gemcitabine Ver155008

MPT0G256 gemcitabine Ver155008

EGFR NCI-H1975

MPT0G256 NCI-H1975

HSP 90

tissue microarray

(A549 ) HSP90

A549 xenograft model MPT0G256 gemcitabine

(**P<0.01)

(***P<0.01)

HSP90

HSP90 17-AAG

benzoquinone

NVP-AUY922 II

BIIB021 HSP90

exemestane (Aromasin) HER2+

II HSP90 HSP90

HSP90

HSP90
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MPT0G256 in vitro

BIIB021 A549 in

vivo MPT0G256

gemcitabine HSP90

MAPK kinase 

pathway HSP90

MEK
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Table 1. The growth inhibitory effects and the inhibition of HSP90�� activities by 

synthetic HSP90 inhibitors and BIIB021. 

The growth-inhibitory effects in different cell lines
Inhibition of 

HSP90� activityScreend by SRB assays, GI50 (�M S.E.)

Compounds A549 HCT116 Hep3B IC50 (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

BIIB021 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 (GI50)

was measured by SRB assay. By using the HSP90� activity assay kit, the median 

inhibition of HSP90� activity (IC50) 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 (IC50) BIIB021 (IC50) 

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 IC50 (μM). 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, ***P

< 0.001 compared with control by Student’s paired t-test. 

***

*** ***

***

***

***

***

***

***

***

***

*** **
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MPT0G256 

MPT0G256 

BIIB021 

BIIB021 
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Figure 2. MPT0G256 and BIIB021 induced cell cycle arrest in the G2/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. 
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Figure 3. Effect of MPT0G256 on the expression of G2/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 �M 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 �M 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 �MBIIB021 for 48 hr. After treatment, cells were har-

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

A549 cells were incubated in the absence or presence of 1 �M 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.
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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 �M BIIB021 for 24 hr. Cells were 

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

A549 cells were treated with vehicle 0.1% DMSO, C or 1 �M MPT0G256 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 

MPT0G256 or 1 �M BIIB021 for 24 hr. Then, cells were harvested for detection of  

PTEN, Akt, mTOR, 4EBP1, eIF4E and p70S6K by Western blot analysis. (B) 

Time-dependent effect of MPT0G256 on PI3K-Akt-Mtor signaling pathway proteins in 

A549 cells. Cells were treated with 1 �M MPT0G256 for indicated times. Then, cells 

were harvested for detection of PTEN, Akt, mTOR, 4EBP1, eIF4E 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 �M 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 �M 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 

A549 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) 

G256

(��M)

Gem

(�M)
Effect CI

0.0625 0.23 0.80

0.125 0.23 0.80

0.05 0.25 0.26 0.78

0.5 0.33 0.66

1 0.45 0.54

0.0625 0.43 0.60

0.125 0.41 0.67

0.1 0.25 0.45 0.62

0.5 0.50 0.55

1 0.54 0.55

G256

(��M)

Ver

(�M)
Effect CI

5 0.56 0.60

0.1
10 0.57 0.81

20 0.65 0.74

40 0.71 0.89

5 0.59 0.71

0.2
10 0.61 0.80

20 0.67 0.74

40 0.74 0.75

IC50 of MPT0G256 = 0.43 ± 0.03 ��M
IC50 of Gemcitabine = 1.76 ± 0.23 �M

IC50 of MPT0G256 = 0.43 ± 0.03 ��M
IC50 of Ver155008 = 30.23 ± 2.37 �M
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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 1.5×105 cell 

mL−1 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 1.5×105 cell 

mL−1 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 

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 Gemcita-

bine/Ver155008 in NCI-H1975 cells after 48 hr of incubation. Also shown is a combina-

G256

(��M)

Gem

(�M)
Effect CI

0.25 0.25 0.69

0.5 0.28 0.81

0.05 1 0.32 0.91

2.5 0.43 0.85

5 0.54 0.74

0.25 0.36 0.65

0.5 0.41 0.61

0.1 1 0.43 0.67

2.5 0.52 0.66

5 0.61 0.59

G256

(��M)

Ver

(�M)
Effect CI

5 0.40 0.76

0.05
10 0.43 0.96

20 0.52 0.86

40 0.69 0.35

5 0.47 0.67

0.1
10 0.46 0.98

20 0.56 0.75

40 0.72 0.35

IC50 of MPT0G256 = 0.65 ± 0.02 ��M
IC50 of Gemcitabine = 2.14 ± 0.22 �M

IC50 of MPT0G256 = 0.65 ± 0.02 ��M
IC50 of Ver155008 = 32.68 ± 0.23 �M
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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 1.5×105 cell mL−1 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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A549 xenografts 



94

Figure 15. MPT0G256 and gemcitabine synergize in A549 xenograft.  Mice bear-

ing the established A549 tumors (~100 mm3) were treated with vehicle control (D5W), 

MPT0G256 (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. 

Appendix 2. Mechanisms of synergism between MPT0G256 and gemcitabine and 

Ver155008. 
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