DEVELOPMENT OF ALLOSTERIC INHIBITORS OF P97
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CANCER CELLS HAVE A HIGH BURDEN OF UPS STRESS
ARISING FROM A MUTATION-RIDDLED GENOME

Mutant protein

Overexpressed

Normal protein

A. Normal cell B. Cancer cell
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P97 IS A MASTER REGULATOR OF PROTEIN HOMEOSTASIS
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Adapted by Cleave Biosciences from Meyer et al., Nature Cell Biology (2012)



OPPORTUNITY TO DEVELOP FIRST-IN CLASS DRUG

e Clinical validation of proteasome inhibitors for hematological tumors —
e |sthere an opportunity for UPS inhibitors in solid tumors?
e In vivo efficacy for an ATP-competitive p97 inhibitor (Cleave Biosciences)

 More effective in solid tumors than proteasome inhibitors (Cancer Cell,
2015, 28, 653)
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e CB-5083 Phase | trials halted due to an off-target effect in the retina
e Opportunity to develop first-in-class drug
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CONFORMATIONAL COUPLING OF ATPASE AND PPl DOMAINS

B D2ATPase 806




HIGH THROUGHPUT SCREENING YIELDS ATPASE INHIBITORS

246,445 compounds screened
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DEVELOPMENT OF POTENT INHIBITOR FROM HTS
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PHENYL INDOLES ARE UNCOMPETITIVE INHIBITORS OF P97
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MUTAGENESIS: COMPOUND INTERACTS WITH D2 DOMAIN
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‘245 CONFORMATION INCOMPATIBLE WITH ATP BINDING

Binding of ‘245 prevents conformational changes in p97; thus
inhibiting the enzyme

MNCI Experimental
X Therapeutics Program



UNEXPECTED CELLULAR ACTIVITY = TRANSITION TO 2NP SERIES!

Series 1: uncompetitive Series 2: “noncompetitive
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MULTIPLE ANALOGS WITH POTENCY GREATER THAN CB-5083
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KEY ASSAYS IN PLACE: BIOCHEMISTRY =2 IN VIVO EFFICACY

I Primary Assays I

Biochemical assay:

Additional Assays I

Cellular PD assay:
P97 biomarkers

In vivo Assays

In vivo PD assay:
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PROJECT PROGRESS & PLANS

e 2016-2017 Progress:
- Compounds with superior potency compared to CB-5083
- Resistant cell lines confirm target engagement
- In vivo Proof-of-Concept study underway

* 12 month Goal: Identification of a Predevelopment Candidate
- Optimize for properties, potency and therapeutic index
- ldentify most sensitive cell lines from 1000 cell-line panel
o In vivo models, target and patient selection
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TALE OF TWO SERIES: WHY THE DIFFERENT CELLULAR ACTIVITY?
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CELL-LINE SENSITIVITIES VARY BETWEEN MOA CLASSES

)7 noncompet

MNCI Experimental
X Therapeutics Program



TRAPPING CONFORMATIONS DURING UNFOLDASE ACTIVITY
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CBC P97 PROGRAM HAS SPAWNED BASIC RESEARCH PROJECTS

 What functions of p97 are critical for different diseases?
- Design function-specific modulators
- Modulate PPI networks

e How do the conformations of p97 alter its functions?
- High-definition conformational analysis

- Design new conformational locks

e Goal: context-specific modulators of p97 function
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TASPASEL IS A NOVEL CANCER TARGET

Threonine protease; drives cancer cell proliferation, EMT,
invasion & metastasis

Taspasel

proenzyme

active H3K4 HMT MMP
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‘ No known competition in drug discovery arena ‘
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TASPASEL IS ALSO A CHALLENGING TARGET!

e Unique threonine protease

e |nitial HTS failed to deliver tractable chemical matter

e Turn to alternative technologies based on

a) binding to non-catalytic cysteine in substrate binding

site

b) very large libraries using split-and-pool synthesis
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TARGETING CYS293 YIELDS FIRST NANOMOLAR INHIBITORS

Screen approach: MS detection of cysteine-disulfide fragments
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HIGHLY DIVERSE, POOLED LIBRARIES —> NONCOVALENT HITS

Scaffold Ranking Library Status: 2 chemical series
~85 samples e IC,,~2-5uM
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TASPASE1 PROGRAM IS RAPIDLY PROGRESSING

1 year ago
3 First crystal structures
3 First < 100 nM inhibitor

Now
3 9 ligand-bound co-crystal structures

d 14 compounds with on-mechanism cellular activity
3 in vitro ADME data supports viability of lead series
0 2 series of non-covalent molecules with <5 uM enzyme potency

Near future
O Leads with potent cellular activity and demonstrated selectivity

O Mechanistic biology and PD to validate compounds, target, and
biomarkers
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THE CBC IS A UNIQUE PROGRAM

e Collaboration with top biology Pls and innovative drug-
discovery technology

e Tackling some of the most difficult target classes
- molecular machines
- proteases
- protein-protein interactions

 Focus on important and high-risk problems
- Enables new technology development
- Leads to fundamental science discoveries

* Innovative experimental medicines are sure to follow
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SMALL MOLECULE INHIBITORS OF TASPASE1
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P97 PROJECT TEAM
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FIRST LOOK AT FULL-LENGTH TASPASE1

e All previous structures use truncations which lower activity
e Current best resolution: 3.5 A
e Next step: send into space on NASA mission!
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