Advancing Analgesic Drug
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The Translational Challenge in Drug Discovery
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75% of drugs terminated due to
_ safety or efficacy issues not
predicted by animal models

Nature Reviews Drug Discovery, 12, 569, 2013
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The Pain Patient Population is Heterogeneous

Patients with peripheral neuropathic pain
of several etiologies were tested to
assess their sensory profiles

all patients, n = 902

polyneuropathy, n = 512

radiculopathy, n =75

peripheral nerve injury, n = 227

post herpetic neuralgia, n = 88

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
msensory loss (h = 381)

mthermal hyperalgesia ( n = 302)
@ mechanical hyperalgesia (n = 219)

German Neuropathic Pain Research Network (DFNS), EUROPAIN, and NEUROPAIN consortia; Baron et al., PAIN (2017)

°
AnaBios 3
Early Human Insights



Unclear How Pain Models Map on the
Diversity of Human Pain Conditions

MIA/

@ Puncture wound © > © Nerveinjury all patients, n = 902

o © chemical iritants

s ).

@ !ncision wound
© Collagen injection polyneuropathy, n = 512

& © Transgenic animals
@»0 Chemically-induced
@ Pharmacological

arthritis
Medial
wscus
agents

Mechanically-induced

arthritis
Inlraplantar injections @ Systemic Injection
@ Distension

radiculopathy, n =75

® Migraine

peripheral nerve injury, n = 227

post herpetic neuralgia, n = 88

Common Peroneal _ '
x Tibial gyrq)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

msensory loss (n =381) mthermal hyperalgesia (n=302) @ mechanical hyperalgesia (n = 219)

Baron et al., PAIN (2017)

Rodent models do not help matching a specific drug with the appropriate indication
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Enabling the Ex-Vivo Study in Human Primary Cells and
Tissues to Improve Translational Research
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Challenges to the Use of Human Tissue
IN Pharmaceutical Research

¢ VI a bl l I ty Proprietary solutions to prevent cold ischemia- and reperfusion-injury
* Access Network of partnering hospitals in the U.S.A.

* Re pr oducibili ty Standardized recovery methods; quality control; medical history
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Enabling Drug Discovery in Human Tissues
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: W .' Measurement of drug effects

Organs are collected and perfused
with proprietary solutions

» Advanced procurement methods ensure sample viability
» Rigorous QC guarantees tissue quality
» U.S.A.-based network: high ethical standards and large donor population
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Predictive of clinical outcomes
O

Lower development risks related
to interspecies differences
O

Study of drug action in healthy or
pathological states
o

Reliable assessment of potency
to guide first in human dosing
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Human Sensory Neurons for Pain Drug Discovery

Isolated
human
neurons

Pain / itch
pathway

/

Source
of pain or itch
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hDRG Neurons in Culture Exhibit a Stable Phenotype
and Respond to Algogenic and Pruritogenic Agents

* Amenable to electrophysiology, calcium imaging,
electrical field stimulation, gene delivery

AP width = 0.90 ms
AHP tau = 3.13 ms

Possible to study a variety of targets:

* \Voltage-gated Na*, Ca%*, K*, Cl- channels
TRP channels

GluR channels, mGIluR receptors

GABA receptors

Opioid receptors

AP width = 3.55 ms
AHP tau = 11.32 ms

AP width =7.00 ms
AHP tau = 28.63 ms

Davidson et al., PAIN (2014)
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hDRG Functional Profiling in High Throughput Assays

time
] » Parallel interrogation of large
neuronal populations

> Allows identification of different
neuronal classes
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Phenotypic Profiling of hDRG Neurons Based on
Responses to EFS and Agonists
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» Phenotypes change in pathological states
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Assessment of Drug Activity in Pathological States

Inflammation Peripheral neuropathy
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Identification of Na, Blockers That Inhibit Action Potentials
in Neurons Sensitized With Inflammatory Agents
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Inhibition of Human Peripheral Neurons’ Activity by
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Inhibition of Human Peripheral Neurons’ Activity by
Raxatrigine and PF-05089771

120 1 Inflammation 120 Inflammation

100 -

3 0.3 uM Raxa <
®» 80 - » 8
g % 1 uM Raxa g * 30 nM PF-771
2 60 | 2 €0 |
= | = A * 100 nM PF-771
g 40 | , % 3 uM Raxa 'g 0
(U]
© | PREDICTED & | PREDICTED
ANALGESIA ANALGESIA
0 T T T T T ! 0 T T T T T !
0 2 4 6 8 10 0 2 4 6 8 10
Frequency (Hz) Frequency (Hz)

°
AnaBios
Early Human Insights



Raxatrigine Fails to Inhibit the Activity of Human DRG Neurons

from Low Back Pain Donors
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Reference Drug With Na, 1.8 activity: A-803467

Inflammation
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AnaBios’ Human-Focused Strategy is Extensively Validated

Na,1.7 is the dominant subtype underlying TTX-s currents in small .
BIOPHYSICAL AND PHARMACOLOGICAL diameter mouse & human DRGs.
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Human Tissues in Drug Discovery

LEAD IDENTIFICATION CLINICAL p
Establish compound potency CANDIDATE SELECTION Q
and selectivity in primary adult Make informed decisions about candidate
human cells and tissues. selection and clinical study design REGULATORY V
leveraging preclinical human data. APPROVAL

% TARGET 4ilg. LEAD CLINICAL

IDENTIFICATION " OPTIMIZATION TRIALS
Identify novel therapeutic targets Maximize efficacy and safety of lead De-risk clinical stage
directly in human tissues. compounds using authentic human targets. toxicity signals in

ex vivo human models.
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Human adult
cardiomyocytes
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Human adult ventricular
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Assessment of drug effects in ex-vivo human models
O
Study of drug action in the context of pathological states

Quantitative assessment of potency
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