@ALH:UE.L

1Zalicus Inc., Cambridge, MA, USA, 2Michael Smith Laboratories, University of British Columbia, Vancouver, BC, Canada

Low voltage-gated T-type calcium channels contribute to neuronal hyperexcitability by
impacting the threshold for action potential generation as well as firing frequency. The
expression of T-type channels has been shown to be up-regulated in several models of
neuropathic and inflammatory pain and is thought to contribute towards pain
hyperexcited states. Using a high-throughput fluorescence based assay for T-type calcium
channel inactivation and a rational structure-based design approach, we developed 72944,
a first-in-class T-type calcium channel blocker with enhanced affinity for the inactivated
state. 2944 was observed to inhibit currents from the Ca, 3.1, Ca, 3.2 and Ca, 3.3 T-type
isoforms with sub-micromolar potencies while maintaining selectivity for the inactivated
state over the closed state, and between 220- to 2000-fold selectivity versus other
voltage-gated calcium and sodium channels. Using manual patch clamp in primary rat
dorsal root ganglion neurons, Z944 demonstrated sub-micromolar affinity for native T-
type channels and at least 200-fold selectivity over endogenous N-type calcium channels.
Following oral administration in the Complete Freund’s Adjuvant (CFA) model of
inflammatory pain, Z944 caused a significant, dose-responsive reversal of mechanical
hyperalgesia after drug treatment and showed a 2-fold greater reversal than naproxen.
Likewise in formalin models of acute and inflammatory pain, pretreatment of Z944 in
rats resulted in a significant decrease in the rate of flinch responses during the
inflammatory pain phase and in mice during both the acute and inflammatory pain
phases. Collectively, these data demonstrate the utility of Z944-mediated T-type calcium
channel blockade in limiting nociceptive signaling during acute and inflammatory pain
states. Based upon the pharmacological profile and non-clinical efficacy of 2944,
investigation in human subjects is warranted.

Voltage-gated Calcium Channel States

Polarized Membrane

Depolarized Membrane

* Chronic pain signaling is characterized by
high-frequency firing of sensory neurons
terminating in the DRG

Activation

Deactivation

* During high-frequency firing, T-type
channels are more likely to enter into an
inactivated-state

* Targeting the inactivated state during high-
frequency firing may:
* Functionally target channels engaged
in chronic pain signaling
* Minimize effects on tonic signaling
and improve tolerability profile

INACTIVATED

Slower kinetics of channel recovery
and reopening increase the proportion
of channels in the inactivated-state

Methods

This natural-braking mechanism affords
the opportunity of developing channel
blockers that are functionally selective

Rational Design and Identifica
Channel Blockers

Rational Design Overview

tion of State-dependent T-type

Ca, 3.2 State-dependent HTS assay

Modification of a piperazine-based, state-dependent
Ca, 2.2 blocker

Optimized scaffold for T-type blocking ability,
structural novelty, off-target ion channel activity
(hERG, Na,/1.5), bioavailability and ease of synthesis
A series of small targeted libraries (*~2000 compounds)
were synthesized and screened in a Ca, 3.2 state-
dependent HTS assay

Hits with IC;,’s < 500 nM were optimized through
several iterations of SAR to improve potency and
limit hERG

2944 resulted from this optimization effort
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Identification of 2944 by
Ca, 3.2 State-dependent HTS
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Ca, 3.2 CLOSED log IC,, (nM)
* Compound state-dependence profiles display greater potency
for the inactivated-state across the SAR series
* As potency increases, increased state-dependence observed
-------- Denotes two standard deviations from mean at 95% confidence

Validation of Ca, 3.2 State-dependent Hits
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State-dependent compounds identified in the Ca, 3.2 FLIPR assay
correlate with Patch-clamp K, estimates
Greater affinity and potency is observed in the inactivated-state

+ 3-fold shift in potency vs estimated K

2944 is a Potent, State- and Frequency-Dependent Blocker of T-

Type Channels
2944 displays enhanced potency for the inactivated state across T-type channels
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Current traces are shown under voltage clamp conditions prod

ucing 30% inactivation (e) and when channels are held in the closed state (0).

2944 block of Ca, 3.2 is more pronounced during high-frequency firing
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Inhibition was calculated by comparing the I, during P1 and P2 in the absence (vehicle) and
presence of 100 nM Z944. Inactivation induced by AP trains was calculated by comparing

l,eak Of P1 to that of P2 while perfusing vehicle solution. Values shown are mean # SD.
Data at 1 Hz were compared with data at 20 Hz using Student’s t tests (* p<0.05; ** p<0.001).

2944 is selective for T-type Channels

2944 has reduced potency for non-T-type voltage-gated ion channels
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Current traces are shown under voltage clamp conditions producing 30% inactivation (®) and when channels are held in the closed state (0).

Channel

30%

IC50 (nM)

Closed

Inactivated

Fold-Selectivity

(30% Inactivated)

Ca,3.1(human, exogenous) 50 130 1
Ca,3.2 (human, exogenous) 160 540 3.2
Ca,3.3 (human, exogenous) 110 260 2.2

N-type (rat, exogenous) 11,000 150,000 220
L-type cardiac calcium (rat Ca, 1.2) 32,000 - 640
Cardiac Sodium (human Na,/1.5) 100,000 2000
hERG channel (human) 7,800 156

2944 is Efficacious in the CFA model of Inflammatory

Pain

72944 Increases Paw Withdrawal
Thresholds in the Rat CFA Mode
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Paw Withdrawal Threshold (g)

Two Hours Post-Dosing

*** p<0.0005; ** , p<0.005; *, p<0.05 (statistical
analysis performed by one-way ANOVA using Tukey’s multiple

comparisons test relative to ipsilateral CFA vehicle control). Shown

are the mean + SEM (n=8) paw pressure thresholds for each

experimental group using a Randall-Selitto apparatus. Crossbar
represents statistical comparison between the 72944 (30 mg/kg)

and Naproxen (30 mg/kg) experimental groups.
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2944 is two-fold more effective
than Naproxen in Reversing
Hyperalgesia in the CFA Rat Model
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*** p<0.0003; ** | p<0.003; *, p<0.03 (statistical

analysis performed by one-way ANOVA using Tukey’s multiple
comparisons test relative to vehicle control). Shown are the
mean + SEM (n=8) percent reversal of hyperalgesia for each
experimental group. Crossbar represents statistical comparison

between the 7944 (30 mg/kg) and Naproxen (30 mg/kg) experimental

groups.

2944: A first in-class T-type calcium channel blocker effective in nonclinical models of
acute and inflammatory pain

Glenn F. Short "', Margaret S. Lee! and Terrance P. Snutch?

Poster #383

American Pain Society, 32nd Annual Meeting
New Orleans, May 8-11, 2013

2944 is Efficacious in the Formalin Model of Acute and

Inflammatory Pain

2944 Decreases Flinching During the Inflammatory

60.- Phase in the Rat Formalin Model
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2944 Decreases Flinching During Inflammatory
Phase 2A in the Rat Formalin Model
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* p<0.05; **p<0.01; *** p<0.001 1-tailed t test versus vehicle

Summary

2944 Decreases Licking Response During both Acute and
Inflammatory Phases in the Mouse Formalin Model
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2944 Decreases Mean Licking Response During Both Acute
And Inflammatory Phases in the Mouse Formalin Model
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* p<0.05; **p<0.01; *** p<0.001 1-tailed t test versus vehicle

* Targeting the inactivated state of T-type calcium channels during high-
frequency firing may selectively inhibit neurons participating in chronic pain
signaling while minimizing effects on normal physiological signaling

* 2944 is a potent, selective blocker of T-type calcium channels

* 72944 demonstrates an increased potency for the inactivated state of T-type
calcium channels and increased inhibition during high-frequency firing

e 2944 is orally available with efficacy in two rodent models of inflammatory
pain displaying efficacy greater than that of naproxen

e 7944 is particularly efficacious during Phase 2A of the rat formalin model
which is believed to involve mechanisms that underlie CNS sensitization

e 7944 is currently in clinical development for pain indications most recently
completing Phase 1 single ascending dose and multiple ascending dose

clinical studies

T-type calcium channel subtypes were stably expressed in HEK cells and seeded in 384-well plates 48 hours prior to assay. The FLIPR assay used HEK cells stably expressing both hCa, ;3.2 and the inwardly rectifying potassium channel, K. 2.3, so that the membrane potential could be controlled by the extracellular potassium concentration. Channels are converted from either the resting state or the depolarized state
(~30% of inactivated) and subsequently activated by application of high extracellular potassium. Calcium dependent fluorescence measurements were performed using Fluo-4 acetoxymethyl ester (Invitrogen F14202) and Pluronic-F127 (Invitrogen P6867) and the FLIPR™™A (Molecular Devices) at an illumination wavelength of 470-495 nm and emission wavelength of 515-575 nm. Detailed methods can be found in
Belardetti et al. (2009) Assay and Drug Development Technologies, 7, p. 266. Male Sprague-Dawley rats 200 to 300 grams at time of testing were used. The Complete Freund’s Adjuvant model of inflammatory pain was performed as described (Randall 1957). Paw withdrawal thresholds to a mechanical stimulus, measured using the Randall-Selitto paw pressure apparatus, 24 hours following intraplantar injection of
the adjuvant into a hind paw, were used to calculate the percent reversal of hyperalgesia. The formalin model was performed as described (McNamara 2007; Tjolsen 1992). The number of flinches in Sprague Dawley rats and the licking response in CF-1 mice was used to measure the pain score following intraplantar injection of formalin.



