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Opioid Overdose Epidemic

3 Waves of the Rise in Opioid Overdose Deaths
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THE OPIOID EPIDEMIC BY THE NUMBERS
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Drug Development Especially Poor in Nervous System Q
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Peripheral “Nerve-on-a-Chip” Platform Q




Afferent Nociceptive Signaling — Physiological Pain
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Model of Afferent Nociception — Physiologic “Pain” ',‘,\
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Morphology Revealed by Virally-Encoded GFP Q
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IHC Mapping of Relevant Tissue Markers
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Functional Connectivity Shown by Optogenetics & Ca?* ',‘,\

CaMPARI (Calcium Modulated Photoactivatable Ratiometric Integrator)
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Functional Connectivity Shown by Optogenetics & Ca?* ",\

CaMPARI-2 ChR2-Expressing DRG CaMPARI-2

- @ &—@

Before Stim After Stim Before Stim After Stim

ChR2 activation of DRG
increases Ca2* influx in SC

Vehicle
Pretreatment
(0.1% DMSO)

Ca?* influx reduced when
transmitter release impaired

Capsaicin
Pretreatment
(10uM, 15min)

Wild-Type DRG DRG Expressing CHR2
2 ¢ Vehicle 207 o * \é:hmle_’_
F 3 . . icin
ﬁé 1.5- ¢ Capsaicin 154 psa
£3
7 R :
E'Q 104 2 1.0
20 ’
g2 0.5- 0.5-
Dy
g o
- 0.0 0.0

T T T T
Baseline Photoconverted Baseline Photoconverted



Field Potential (uV)
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Extracellular Field Recording Resolves Physiology Q
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Electrophysiological Responses to Analgesics ",\

Lidocaine Clonidine Morphine
100 100 100
80 ] 80 Baseline 1uM Clonidine 80 Baseline 100uM Morphine
> >
60 =) 2 60
40 = -.g 40
[ -
20 2 L 20
o o
0 o Q. 0
© ©
.20 ® © .0
20 2 2 20
40 40
T T T T | | | T T 1 | T | T 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time (msec) Time(msec) Time (msec)
100 100 100
80 Baseline = 1mM Lidocaine 80 Baseline  10uM Clonidine - Baseline 500uM Morphine
S =
60 2 2 60
40 - -g -g 40
o} o}
20 s s 20 -
a a
0 o =
© ©
.20 4 i 2 .20 4
.40 — .40 —
T T T T 1 | T T T | | | T T |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time (msec) Time(msec) Time (msec)
. . . . II . ”
Model Responds to Each Analgesic in Unique Way — Provides a Drug “Signature i {



4

Human PSC-Derived Afferent Synapse “On-a-Chip’
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Microphysiolgical Model of Synaptic Pain Signaling Q

Unidirectional Synaptic Morphology Synaptic Physiology
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