Pain in a Dish

Clifford ] Woolf

Boston
SC"" 5 Children’s
HARVARD STEM CELL =¥ Hospital

I'NSTITUT Ee



Pharma Return on Investment
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First wave of
biotechnology-
derived therapies
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What Target?



Heterologous expression in HEK or CHO cells
does not replicate
native receptor properties



Study human receptors in human neurons
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Directed human neuronal differentiation
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Neuronal specification in patient iPSC lines
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What about pain?




Peripheral Terminal
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Screen for-analgesic efficacy in human’nociceptors




Undifferentiated hESC

Directed differentiation

Neuron

(=] a3 & x
> > > > >
a a a a a
| [ | | —
Day 0 Neural progenitors Day 28 Day X
Make EB Dissociation with Papain Fix cells
Day 11 Plate the cells onto Perform immunostaining
Treat with 100nM RA polyornithine and fibronectin and evaluate the expression
hEB media (2.5pg/ml) coated plate profile of marker genes
10%KSR N2 media
10% FBS DMEM/F12 Nociceptor medium Antibodies
GlutaMax GlutaMax Neurobasal Brn3a
NEAA N2 Supplement B27 Peripherin
Pen/Strep Pen/Strep N2 Runx1
B-ME D-Glucose GlutaMax TrkA
Ascorbic Acid Pen/Strep Ret
25ng/ml NGF Isletl
Dorsalize 20ng/ml BDNF TRPV1
Day 14 20ng/ml GDNF

Treat with 20ng/ml BMP-4
and 1pM Cyclopamine

(2% FBS for first 2 days)



Transdifferentiation

Isolate MEFs from Transduce MEFs with Detect neuronal
NaV1.8::tomato mice. BAM and nociceptor morphology and
factors. activation of tomato

reporter.



Capsaicin
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Which Transcription factors?

Neurogenesis
E10.5-E12

Early differentiation

Neural crest
E11-E13

Nociceptor
precursor

Maturation
Postmitotic
. E15-P14
nociceptor

Immature nociceptor Non-peptidergic

Mature Nociceptor

Peptidergic
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Transcriptional profiling at whole
population and single cell levels reveals
somatosensory neuron molecular diversity

Isaac M Chiu'?¢*, Lee B Barrett'?, Erika K Williams?, David E Strochlic?,
Seungkyu Lee'?, Andy D Weyer*, Shan Lou®, Gregory Bryman'?, David P Roberson'?,
Nader Ghasemlou'?, Cara Piccoli'?, Ezgi Ahat'?, Victor Wang'?, Enrique J Cobos'?7,
Cheryl L Stucky?, Qiufu Ma®, Stephen D Liberles?®, Clifford J Woolf'2*
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Three years ....ccoveeveenenennn.




Five factors & four weeks...

Plate Add Media
Split virus to &
Plat-E MEF Growth
Cells culture Factors
Co-
culture
with

Glia



A combination of 5 factors results in efficient
production of tomato-positive neurons




What are the 5 factors?

Gene Source Famil Role in Reprogramming/
Sensory System

Ascll Lit Basic helix-loop- Neuronallineage reprogramming/
(Achaete- | helix/ achaete-scute | neuronal commitment

Scute complex

homologl)

IS12 (insulin | Exp, BioGPS Homeo-domain/ Unknown *

se:e LIM region

protein)

KIf7 Lit, Exp, BioGPS |Zinc-finger/Krueppel | TrkA maintenance

(Kruppel-like like

factor 7)

Myti1l Lit Zinc-finger Neuronallineage reprogramming
(myelin TS

factorl)

Ngnl Lit Basic helix-loop- TrkA and subsequent TrpV1
{(Neurogeninl) helix expression
Is|2 Mytl

2
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KIf7

*motor neuron identity,
development and placement

Allen Brain Atlas



Fold difference in mRNA

Expression of Nociceptor-Specific mRNAs
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Molecular characterization of induced neurons

Tomato Tonrato : Tomato Tomato Tomato ~



Electrophysiology of Induced Nociceptors

Capsaicin
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Action Potential and Firing Properties
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Functional Response to Trp Agonists
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Induced Nociceptors Fire in Response to Trp Agonists

- capsaicin + capsaicin
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Sensitization by Inflammatory Mediators
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Transmitter release
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Instantaneous Spike Frequency (spike/second)
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Induced Human neurons




Induced neurons from a patient with FD differ
from healthy control induced neurons
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Induced neurons can be used to screen for
neurotoxic effects of cancer
chemotherapeutic agents
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ARTICLES

nature
neuroscience

Modeling pain in vitro using nociceptor neurons
reprogrammed from fibroblasts

Brian ] Wainger! %8, Elizabeth D Buttermore!-*8, Julia T Oliveira'4, Cassidy Mellin', Seungkyu Lee!>,
Wardiya Afshar Saber!, Amy ] Wang!, Justin K Ichida>®, Isaac M Chiu'?, Lee Barrett!, Eric A Huebner!>,
Canan Bilgin', Naomi Tsujimoto®, Christian Brenneis!, Kush Kapur!, Lee L Rubin’, Kevin Eggan®’ &
Clifford ] Woolf!3

NATURE NEUROSCIENCE VOLUME 18 | NUMBER 1 | JANUARY 2015
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Na, 1.7 mutations

Loss of function ———> Insensitivity to pain (CIP)

Erythromelalgia (IEM)
Navl.7
. . Chronic pain Paroxysmal extreme
Gain of function —— >
syndromes pain disorder (PEPD)
Idiopathic small

fiber neuropathy (SFN)
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