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Background  

• Heat shock protein (HSP) 90 was 

identified by chance in early 1960s 

• One of a group of HSPs that were 

induced at elevated temperatures in the 

salivary gland of the fruit fly Drosophilia 

Melanogaster 

– Provided protection from hyperthermia and 

other cellular stresses 

 



HSP90 expression 

• Under normal conditions HSP90 

represents 1-2% of cytosolic proteins 

• Increased up to 3 fold under stress 

conditions  

– Hypoxia 

– Low Ph 

– inflammation  



HSP90 function 

• HSP90 is a molecular chaperone 

• Plays a role in 2 principal areas 

– Client protein holding 

• Stabilises immature proteins preventing premature self-
associations and degradation 

– Protein folding 

• Requires chaperonin proteins (e.g. HSP60 & 70) to form a 
complex in which the „client protein‟ attains its correct 
tertiary functional structure in an ATP dependent process 

• Regulates the stability, localisation, activation 
and degradation of client protein 



Structural information on full-length proteins has been garnered for three nucleotide states of 

Hsp90 (nucleotide free, ATP bound and ADP bound). Hence, a potential functional ATP cycle can be 

assembled. The model was created using the crystallographic structures of the nucleotide-free 

bacterial Hsp90 HtpG and the yeast Hsp90–ATP complex. The ADP states were determined by either 

a crystallography reconstruction (extended state) or an EM reconstruction (compact state).  

Klaus Richter et al, Nature Structural & Molecular Biology 14, 90 - 94 (2007) 



http://www.picard.ch/downloads/Hsp90interactors.pdf 



http://www.picard.ch/downloads/Hsp90interactors.pdf 



http://www.picard.ch/downloads/Hsp90interactors.pdf 



Hsp90 involved in :  

(1) signal transduction 

cascades (such as receptors, 

kinases, oncogenes/proto-

oncogenes and mitogenic 

pathways),  

(2) DNA replication and repair 

(3) Transcription 

(4) telomere maintenance 

(5) entry into and quality control 

within the secretory pathway,  

(6) vesicular trafficking through 

the secretory pathway,  

(7) import into chloroplasts  

(8) folding in mitochondria.  

 

Klaus Richter et al. Nature Structural & Molecular Biology 14, 90 - 94 (2007) 



HSP90 - Biology 



HSP90 and Malignancy 

• HSP90 is a chaperone protein to “client 

proteins” which are involved in all 6 

hallmarks of cancer:   

– Growth factor independence 

– Inhibition of apoptosis 

– Resistance to anti-growth signals 

– Tissue invasion and metastasis 

– Sustained angiogenesis 

– Unlimited replicative potential 

 



Normal vs Cancer Cells 
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HSP90 tends to be overexpressed in cancer cells 



Pick, E. et al. Cancer Res 2007;67:2932-2937 

Kaplan-Meier survival 
curves for HSP90 AQUA 
scores divided by the 
median score for:  

(A) the entire cohort of 
patients  

(B) node-negative patients 

(C) node-positive patients  



In many cancers disease proliferation dependent on aberrant 

expression or mutation of one or more oncoproteins e.g. HER2 in 

breast cancer. Mature function dependent on HSP 90 



HSP90 chaperone stabilizes the oncoprotein within a complex, folding it 

into a mature form enabling growth signalling and tumour cell 

proliferation. Therefore HSP90 plays a central role in cancer cell survival 



Currently targeted therapies such as tyrosine kinase inhibitors (TKIs) 

and monoclonal antibodies (MAbs) inhibit oncoproteins in distinctly 

different ways without affecting the critical function of HSP90 



http://www.emory.edu/chemical-biology/project_cycle1_fluorescence.html 
 



HTS90 - Biology 

Causes closed HSP90 

conformation 

Open conformation 

•ATP regulates HSP90 conformation and client release 

•Many other proteins involved in its activity 



HTS90 - Biology 

Hsp

90 

Native form 

•  Present in normal cells 

•   Low ATPase 

•Low ATP/ADP affinity 

•   Low 17AAG affinity 

•   Low impact on proliferation  

•   Overexpressed  

    mutated oncoproteins   

•   Micro-environmental stress 
 

Hsp70 

Hop 

p23 

Hsp

90      

Hsp

90 

Super-chaperone complex 

•  Present in malignant cells  

•   High ATPase 

• High ATP/ADP affinity 

•   High 17AAG affinity 

•   High impact on proliferation 

Client protein 
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Oncoproteins can now be targeted from an entirely new angle through the 

inhibition of HSP90 



When the chaperone function of HSP90 is inhibited, oncoproteins become 

unstable, unfolded, and unable to signal 



Unfolded oncoproteins are then degraded rapidly by the proteosome and 

tumour cell growth is arrested 



Key Client Proteins of HSP90 and  

Associated Diseases 

Cancer indication 
Key HSP90  

client proteins 

Additional  

client proteins 

Breast  
HER-2, estrogen and  

progesterone receptor 

EGFR, Akt, VEGFR,  

IGF1R, Raf-1 

Stomach HER-2, C-Met, Akt 

EGFR, VEGFR, TS, 

PDGFR,  

HIF-1a 

NSCLC EGFR, C-Met VEGFR, K-Ras, AKT 

Pancreas 
K-ras, IGF-1R, VEGFR, 

ERK 

Akt, EGFR, HIF-1a, IL-

6R 

Myeloma IGF1R, IL-6R, IKK Raf, Akt 

Glioblastoma EGFR, VEGFR, PDGFR 
HER2, PI3K, C-Met, 

NF1, Akt, K-ras etc 

NSCLC, non-small cell lung cancer  



Karapanagiotou et al, Expert Opinion Investig Drugs 2009, 18, 161 



PK of HSP90 inhibitors in tumor-bearing animals  
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• Fast clearance from 

plasma and normal 

tissues  

• Strong Retention in 

tumor tissue 

AUY922 levels in BT-474 

breast cancer xenografts) 



Proof of Principle Study 

• Phase II study of Tanespimycin (Tan) (17-

AAG in chremophor) and trastuzumab 

– 29 breast cancer patients with trastuzumab 

resistant HER2+ breast cancer 

– Weekly trastuzumab + Tan 450mg/m2  

• 5 PRs and 5 SDs observed in initial report   

Modi et al, ASCO 2008 



Rationale for HSP90 Inhibitors in NSCLC 

• Mutated EGFR is a sensitive client protein of Hsp90 

• T790M mutations and Met amplification, both 
mechanisms of EGFR TKI resistance, are susceptible to 
Hsp90 inhibition  

     (Park et al, Abstract 2450 AACR 2008) 

• EGFR wild type NSCLC cells sensitive to IPI-504 in vitro 

• Proteins important in NSCLC progression are Hsp90 
client proteins 

– HER2; p-AKT; c-RAF; EML4-ALK, IGF-1R 
27 
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IPI-504 regresses tumor growth 

IPI-504 (retaspimycin hydrochloride) the hydroquinone hydrochloride salt of 

17-AAG, also delays tumor growth in a xenograft model of NSCLC containing 

mutant EGFR (del 746-50) 



Methods: Study Design 
• Eligibility: 

– Histologically confirmed NSCLC, stage IIIb (with effusion) or IV 

– Failed prior EGFR TKI therapy 

– No limit to the number of prior therapies 

– RECIST-measurable disease 

– Tissue available for EGFR mutation analysis (EGFR status not required for study entry) 

– No untreated brain metastasis 

– Baseline adequate renal, hepatic and marrow function, including: 

• T. Bili ≤ 1.5 x ULN 

• AST/ALT≤ 2.5 x ULN (or 3 x ULN if liver metastases) 

• Creatinine ≤ 1.5 x ULN 

• ANC ≥ 1500 

 

Enroll 10 patients 

If >1 CR, PR, or SD for 

at least 3 months 
Expand to a total of 

29 patients 

Enroll 10 patients 

If >1 CR, PR, or SD for 

at least 3 months 
Expand to a total of 

29 patients 

Mutant EGFR Cohort 

Wild-Type EGFR Cohort 

Sequist et al, Abstract #3547, ASCO 2009 



EGFR TKI Treatment History 

30 

EGFR 

Mutant 

EGFR 

Wild-Type 

EGFR 

Status 

Pending/ 

Unknown Total 

N 19 28 10 57 

Prior treatment  TKI 100% 100% 100% 100% 

Best response to 

TKI 

CR 5.3% 0% 0% 1.8% 

PR 57.9% 7.1% 20% 26.3% 

Median months on TKI-

containing regimen 
20.9 3.3 1.9 9.5 

# of prior TKIs 

1 73.7% 89.3% 90% 84.2% 

2 15.8% 10.7% 10% 12.3% 

>2 10.6% 0% 0% 3.6% 



Investigator-Assessed Radiographic 

Responses by RECIST 

EGFR 

Mutant  

EGFR 

 Wild-Type 

EGFR 

Status  

Pending/ 

Unknown Overall  

N 19 28 10 57 

ORR1 0 4 (14.2%) 0 4 (7%) 

Confirmed ORR2 0 2 (7.1%)3 0 2 (3.5%) 

Stable disease 

lasting ≥ 3 months 6 (31.6%)4 6 (21.4%)5 1 (10%)6 13 (22.8%)7 

Clinical benefit8 6 (31.6%) 10 (35.7%) 1 (10%) 17 (29.8%) 

ORR=overall response rate. 

31 
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Grade 3/4 adverse events n (%) 

Fatigue 6 (7.9) 

Nausea 6 (7.9) 

Diarrhoea 8 (10.5) 

Vomiting 6 (7.9) 

Cough 2 (2.6) 

Anorexia 4 (5.3) 

Arthralgia 2 (2.6) 

Myalgia 1 (1.3) 

Abdominal pain 1 (1.3) 

Constipation 2 (2.6) 

Dyspnoea 6 (7.9) 

Dehydration 3 (3.9) 

Musculoskeletal chest pain 3 (3.9) 

Safety 

ωThree deaths have 
been reported on 
study. All were 
assessed as possibly 
related to IPI-504 
 

LV Sequist, abstract #7517 Biomarkers 



Laboratory test Grade 3 Grade 4 

PTT 6 (10.5%)1 0 

Hyperglycemia 6 (10.5%)2 0 

Aspartate aminotransferase 2 (3.5%) 2 (3.5%) 

Alanine aminotransferase 2 (3.5%) 1 (1.8%) 

Alkaline phosphatase 2 (3.5%) 0 

INR 2 (3.6%)3 0 

Lipase 2 (3.6%) 0 

Hypophosphatemia 2 (3.6%) 0 

Hypokalemia 2 (3.6%) 0 

Laboratory abnormalities: increases to a Grade 3 or 4 

occurring in ≥ 2 patients regardless of relationship (n=57) 

34 

1All 6 resolved with the next laboratory draw and were felt to be artifactual or due to a heparinized port 
2Non-fasting hyperglycemias. 3 are from patients with known diabetes 
3Both in patients on warfarin 



Association between anaplastic lymphoma kinase 

rearrangements (rALK) and the clinical activity of IPI-

504 (retaspimycin hydrochloride), a novel Hsp90 

inhibitor, in patients with non-small cell lung cancer 

(NSCLC) 

Nonrandomized phase II trial, #7517 

LV Sequist et al. 

Study aim 
To investigate oncogenic ALK gene rearrangements in patients with 
NSCLC, particularly  non-smoking patients with epidermal growth factor 
receptor (EGFR) wild-type tumors.  
 
Hsp90 is a protein chaperone that maintains proper folding, function 
and stability of key oncoproteins. 

Biomarkers 



Total EGFR status (n=68) KRAS status (n=38) ALK status (n=15) 

WT Mutant WT Mutant WT Re-

arranged 

Patients 76 40 (53) 28 (37) 26 (34) 12 (16) 12 (16) 3 (4) 

OR 5 (7) 4 (10) 1 (4) 3 (12) 0 (0) 1 (8) 2 (67) 

SD > 3 

months 

18 (24) 10 (25) 6 (21) 4 (15) 5 (42) 3 (25) 3 (100) 

Median 

PFS 

(months) 

2.9 2.9 2.8 2.9 3.9 2.4 Unable to 

deter-

mine 

• Response 

LV Sequist, abstract #7517 Biomarkers 



• Tumour response 

Each bar is an individual patient 
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LV Sequist, abstract #7517 Biomarkers 



Summary 

• This is the first trial of an Hsp90 inhibitor in 

molecularly-defined cohorts of patients with  

advanced NSCLC 

• IPI-504 is generally well tolerated with 

indications of activity  

• particularly in patients with tumours habouring 

anaplastic lymphoma kinase rearrangements 

(rALK)  

LV Sequist, abstract #7517 Biomarkers 



Biomarkers 



AUY922: Effect on Oncogenic Proteins  

After Treatment 

• The levels of the HSP90 client proteins 

EGFR1 and P-AKT were determined  

6 hours after last treatment  

• Reduced amounts of both PD markers 

observed at all dose levels, consistent 

with the antitumor effect 

Jensen MR, et al. AACR 2009. Abstract # 5649. 

HSP90α 

p23 
IP: p23 

AUY922 

ÁAUY922 induces 

disassociation of the 

p23-HSP90 complex 

at lower 

concentrations than 

17-AAG 



HSP90 Inhibition Impacts on HSP70 

• Disruption of HSP90 

chaperone hetero-complex 

results in loss of repression 

of heat shock factor-1 

(HSF1) and subsequent 

induction of HSP70 

 

• Historically, HSP70 has 

proven to be a reliable 

marker of HSP90 inhibition 
 

• HSP70 can thus be used as a 

PD marker of AUY922 

activity 

Ide et al, ASCO 2009, Abstract 3533 



Figure A - Highest HSP70 induction calculated by 

fold change from baseline.  

Figure B - Highest HSP70 induction calculated by 

absolute change from baseline 



Representative soluble HER-2 data from one 

colorectal patient in the 40 mg/m2 dose cohort 



Biomarker Summary 

• HSP70 is reproducibly induced in 

PBMCs in patients  

• The soluble form of HER-2 may serve as 

a potential „universal‟ HSP90 client 

assay, detecting the effect of HSP90 

inhibition on HER-2 modulation in both 

normal and tumor tissue  



DMAG sensitizes lung cancer cell lines to radiation 

Koll T. T. et.al. Mol Cancer Ther;2008;7:1985-1992 



Radiosensitization by DMAG does not require functional p53 



DMAG induces down-regulation of cell survival proteins regardless of 
the schedule of administration 



Radiation-
induced DNA 

damage repair 
is impaired in 

cells pretreated 
with DMAG 



 

Workman & Powers. Nature Chemical Biology 3, 455 - 457 (2007) 

Rodina et al. Nature Chemical Biology 3, 498-507 

 



Schematic representation of HSP90 binding to client proteins, how these proteins affect six 
hallmarks of cancer, and drug target sites within HSP90 

Shames D. S., Minna J. D. PNAS;2008;105:1389-1390 

©2008 by National Academy of Sciences 



HDAC inhibitors such as vorinostat and panobinostat induce 

hyperacetylation of HSP90 inhibiting function resulting in downregulation 

of oncoproteins 



Karapanagiotou et al. Expert Opin Investig Drugs. 2009; 18: 161-74. 

 

Heat shock protein vaccines as new agents in 

cancer treatment. 

 



Conclusions 

• HSP90, through maintaining oncoprotein 
function, is a target for therapy 

• HSP90 inhibitors selectively accumulate in 
tumour tissue due to high ATPase/high 
ATP/ADP affinity 

• Combination therapies with cytotoxic and 
targeted therapies including HDACi have real 
potential for the treatment of NSCLC and 
SCLC  



Extra Slides 



Heat shock protein inhibitors and vaccines as new agents in cancer treatment. 

Karapanagiotou EM, Syrigos K, Saif MW. 

Expert Opin Investig Drugs. 2009 Feb;18(2):161-74 



Targeting specific oncogenic Hsp90 

client proteins 

56 

Hsp90 

client Disease 

Targeted 

agent 

Mechanisms 

of resistance 

GIST KIT 
Gleevec 

Sutent 
2ary mutations in kinase 
(e.g.T670I) 

NSCLC mtEGFR 
Tarceva 

Iressa 
2ary mutations in kinase 
(e.g., T790M), others 

CML Bcr-Abl 
Gleevec, 

Sprycel 
2ary mutations in kinase 
(e.g., T315I) 

HER2 pos. 

Breast 
HER2 

Herceptin 

Tykerb 
Multiple  
(e.g., PTEN-, IGF1-R, p95,) 

Resistance 

mechanism 

susceptible 

to Hsp90 

inhibition 

Wagner AJ, et al ASCO 2008 



Dose response effect of IPI-493 in a mouse 

xenograft model of NSCLC cell line H1975 [EGFR 

(L858R/T790M)] 

57 

Subcutaneous xenografts tumors of the NSCLC cell line H1975 [EGFR (L858R/T790M)] were 

established in athymic mice.  Dosing schedule was QOD at 10ml/kg.  Animals received 

either vehicle or IPI-493 at tested dose levels.  Tumor dimensions were measured twice 

weekly 
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Interim results from a  Phase 2 trial of IPI-504 

(retaspimycin hydrochloride), a novel Hsp90 

inhibitor, in patients with relapsed and/or refractory 

Stage IIIb or Stage IV Non-Small Cell Lung Cancer 

(NSCLC) stratified by EGFR mutation status 

(Abstract #3547) 

L. Sequist1, R. Natale2 , S. Gettinger3, N. Senzer4 , R. Martins5, R. Lilenbaum6, J.Gray7 , P. Jänne8,  

T. Samuel9, H.Harper10, J. Walker11, J.Sweeney11, R. Ross11, D. Grayzel11, T. Lynch1; 
1Massachusetts General Hospital, Boston, MA; 2Cedars Sinai Medical Center, Los Angeles, CA 

3Yale Comprehensive Cancer Center, New Haven, CT; 4Mary Crowley Cancer Research Center, 

Dallas, TX; 5Seattle Cancer Care Alliance, Seattle, WA; 6Mount Sinai Comprehensive Cancer 

Center, Miami Beach, FL; 7H.Lee Moffitt Cancer Center & Research Institute, Tampa, FL; 8Dana-

Farber Cancer Institute, Boston, MA; 9Medical College of Georgia, Augusta, GA; 10Hackensack 

University Medical Center, Hackensack, NJ 11Infinity Pharmaceuticals, Inc, Cambridge, MA. 



IPI-504 delays tumor growth in a xenograft model of 

NSCLC containing mutant EGFR (del 746-50) 

• NCI-1650 xenograft 

• IPI-504 PO QoD 
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Sequist L  et al EORTC 2007 Abstract B79 



Chemotherapy Treatment History 

EGFR 

Mutant 

EGFR 

Wild-Type 

EGFR Status 

Pending/ 

Unknown Total 

N 19 28 10 57 

Prior treatment Chemotherapy 78.9% 96.4% 100% 91.2% 

Best response to 

chemotherapy 

treatment 

CR 5.3% 3.6% 0% 3.5% 

PR 31.6% 35.7% 60% 38.6% 

Median months on chemotherapy regimen 2.6 13.9 7.4 6.8 

# of prior 

chemotherapy 

regimens 

0 21% 3.6% 0% 8.8% 

1 31.6% 21.4% 0% 21.1% 

2 31.6% 25% 30% 28.1% 

>2 15.8% 50% 70% 42.2% 

Median # of  chemotherapy regimens 1 2.5 4 2 



Adverse Events Experienced by >15% of Patients on Study, by 

Grade, Regardless of Relationship to IPI-504 (n=57) 

61 

Event Grade 1-2 Grade 3 Grade 4 Total 

Any 30 (52.6%) 16 (28.1%) 8 (14%) 54 (94.7%) 

Nausea 30 (52.6%) 2 (3.5%) 0 32 (56.1%) 

Fatigue 28 (49.1%) 2 (3.5%) 0 30 (52.6%) 

Diarrhea 21 (36.8%) 7 (12.3%) 0 28 (49.1%) 

Vomiting 20 (35.1%) 3 (5.3%) 0 23 (40.4%) 

Cough 16 (28.1%) 1 (1.8%) 0 17 (29.8%) 

Myalgia 14 (24.6%) 1 (1.8%) 0 15 (26.3%) 

Abdominal pain 15 (26.3%) 0 0 15 (26.3%) 

Headache 14 (24.6%) 0 0 14 (24.6%) 

Urine color abnormal 14 (24.6%) 0 0 14 (24.6%) 

Constipation 13 (22.8%) 1 (1.8%) 0 14 (24.6%) 

Anorexia 12 (21.1%) 1 (1.8%) 0 13 (22.8%) 

Arthralgia 12 (21.1%) 1 (1.8%) 0 13 (22.8%) 

Dyspnea 10 (17.5%) 1 (1.8%) 1 (1.8%) 12 (21.1%) 

Back pain 12 (21.1%) 0 0 12 (21.1%) 

Infusion site pain 11 (19.3%) 0 0 11 (19.3%) 

Two deaths have been reported on study, both secondary to sepsis and assessed 

by the investigator as unrelated to IPI-504 



Newly synthesized, conformationally labile client proteins associate with multi-protein complexes that contain various 

chaperones, co-chaperones and accessory molecules (different coloured shapes). Dynamic association of a client with 

chaperone complexes can prevent its aggregation (a) and assist in its intracellular trafficking, especially its translocation 

across membranous structures (b). Association with the chaperone machinery maintains the protein in a meta-stable state - 

allows it to be activated by specific stimuli such as ligand binding, phosphorylation or assembly into multisubunit signalling 

complexes (c). In the absence of appropriate stimuli, chaperone complexes can target the client for degradation through the 

ubiquitin–proteasome pathway, thereby regulating its steady-state cellular level (d).  



Demographics and Baseline Characteristics 

EGFR Mutant 

EGFR  

Wild-Type 

EGFR Status 

Pending/Unknown Total 

N 19 28 10 57 

Sex  
Male 73.7% 60.7% 60% 64.9% 

Female 26.3% 39.3% 40% 35.1% 

Median age (years) 66 60 60 64 

Race (%) 

White 68.4% 85.7% 90% 80.7% 

Black 10.5% 3.6% 10% 7% 

Asian 21.1% 10.7% 0% 12.3% 

Smoking 

history (%)* 

Non-smoker 68.4% 50% 60% 57.9% 

Previous smoker 31.6% 50% 40% 42.1% 

Current 0% 0% 0% 0% 

Median months since diagnosis 23.6 24.5 25.7 24.5 

Histology (%) 

Adeno 84.2% 82.1% 70% 80.7% 

BAC 10.5% 7.1% 0% 7% 

Squamous 0% 10.7% 10% 7% 

Other 5.3% 0% 20% 5.3% 

Stage (%) 
IIIB 10.6% 0% 0% 3.6% 

IV 89.5% 100% 100% 96.5% 

*Non-smoker < 100 cigarettes in lifetime; BAC=bronchioloalveolar carcinoma. 



 Infinity‟s Hsp90 portfolio 

64 

IPI-504 (retaspimycin HCl) 

• Water-soluble IV delivery 

• IPI-504 free base interconverts with 17-

AAG in vivo 

• Potent and selective Hsp90 inhibitor 

• Generally well tolerated with biologic and 

clinical activity in Phase 1 & 2 trials 

• Development in NSCLC, Her2+ MBC 

• >260 pts treated to date 

IPI-493 

• Oral delivery 

• Major metabolite of IPI-504 

• Potent and selective Hsp90 inhibitor 

• Phase 1 safety exploration ongoing 

• Biological activity observed (in preclinical 
studies as observed by HSP70 induction) 

• Good exposure, increasing with dose 

• 17 pts treated to date 
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Inhibition of 
BER by DMAG 
enhances the 

effect of 
radiation 


