All models are wrong
but some are useful

What are appropriate expectations?

What Is the right measure of utility?

George E.P. Box



Non-human Models of Neurodegenerative Disease

Causes for Concern

 Failure to reduce risk of drug development

» Species-specific differences in disease
relevant genes, anatomy, physiology,
aging, pharmacokinetics, etc... (Liao and
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 Will there ever be a “better’ model?

Unrealistic Expectations?

Don’t normally develop AD, PD, etc...

Focus on recapitulation of human pathology may be misplaced,
even counter productive

Concept of complex adapted systems and “phenologs” (McGary
et al. (2010) PNAS; Woods et al. (2013) BMC Bioinformatics)

What is the power of a model to predict a clinical observation?



Can IPSC-based Disease Models Make Translation More
Reliable and Help Deliver on the Promise of Precision Medicine?
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« Human brain cells from patients with
clinically defined disease

* |PSCs can be differentiated toward a
variety of brain cell types
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Potential applications in drug
discovery, patient stratification, etc...
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Challenges: Heterogeneity by Accident or Design

Cell type Differentiation Efficiency S iie=Islir ilo]s protocols
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Automated Single Cell Analysis J(’/

« 100-1000 fold
more sensitive
detecting
phenotypes &
drug effects

7 day movie .-
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Nature, 2004; PNAS, 2005; Nat. Chem Biol. 2014 b ¢




High Throughput High Content Deep Phenotyplng

of IPSC Models

“Physical Exam” of the Cell

EXAMPLE CONSTRUCTS

1. Blue/Cyan: GW1-Cyan
fluorescent protein

2. Green: Dendra2-LC3
(before optical pulse labeling)
3. Red: Dendra2-LC3

(after optical pulse labeling)

~ Array of 270 biosensors
Multiplexed

« “All optical”’ electrophysiology to
stimulate and record

« Synapse structure / function

« Ca?* signaling

* Neurite extension and retraction
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Mitochondrial structure, trafficking
Bioenergetics, metabolism
Proteostasis flux, autophagy
DNA damage and repair

Protein aggregation, metabolism



Fully Automated Dynamic Single Cell Transcriptomics

4. Electrical

1. Image-guided 2. Electrical 3. Electrical guided quided
approach detection of cell  penetration & aspiration ejection

* Relate to patient transcriptomics
* Understand molecular basis for
phenotypic differences according to
« Cell type
« Adaptive response
« Perturbagen

»
-
‘e ,

« Target ID from genetic screens
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Human Disease Model Phenotypes — No Stressors

ALS / Frontotemporal dementia

Human motor neurons

Huntington’ s Disease
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See Things Better:
lagnose a Well”

Applications of Deep Learning to
Automated Neurite Analysis &
“D
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Roles of IPSCs in HD — Mechanisms of Pathogenesis
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« Whole transcriptome analysis suggests a major deficit in several developmental
pathways

« NeuroD and its downstream targets significantly downregulated in HD i-neurons

« Survival and physiology deficits mitigated by a NeuroD activator, 1SX-9
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Assessing the Predictive Value of iPSC models — Connection to the Clinic

Family C.1 it

= Whole Genome Analysis of HD Families:

Negative

[_] AtRisk

D Not Determined
Sample
unav.

_‘ A Rare Genetic Variant of a
o W Proteastasis Gene is Associated

with Delayed Symptom Onset

Julia Kaye, unpublished
Alicia Holloway, Stacia Wyman

® Fibroblasts at Coriell + iPS cell lines
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Assessing the Predictive Value of iPSC models — Connection to the Clinic

Answer ALS: Largest most

comprehensive clinical and
biological assessment of ALS

alsF-NDINGaCURE

Part 1. A comprehensive and
longitudinal deep clinical data se

from at least 1,000 ALS patients

~2 year followup (Guid assignment); 5 v

t

isits

Extensive deep clinical data: EMG,

clinical, MRI, pulmonary

Biofluids and tissue: Blood, CSF
(~10%), Autopsy (~10%), DNA,
PBMC

Personal monitoring device: 24/7
clinical data

Part 2. Generate iPS cells from
every patient (after visit 1)

IPS Motor neurons and astroglie

¥

Part 3. Perfr?}i % e ve
biological a ik
brain cells:

Whole genome, Transcriptome,

proteome, epigenome, metabolom,
lipome), robotic serial neuronal

analytics.
Part 4. Data Analyticst[@gk]
- clinical/‘omics based su
. Pathways
Biomarkers

Future clinical trials based on data
sets/biologicc; New biomarkers

New ALS Druggable Pathways




Private sector environment for proceeding in
absence of animal models to predict efficacy
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Autophagic Induction Protects Patient Human
Neurons from Degeneration
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