Discovery of PIPE-505, a small molecule therapeutic for the treatment of sensorineural 304.01
hearing loss (SNHL) associated with cochlear synaptopathy
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approach for remyelination in multiple sclerosis

Novel small molecule approaches aimed at stimulating remyelination
would greatly complement immunotherapies and provide significant
neural protection in demyelinating conditions such as multiple sclerosis
(MS). Recently, we described the muscarinic M1 receptor (M1R) as an
important regulator of oligodendrocyte precursor cell (OPC)
differentiation and a promising target for drug discovery. We developed
PIPE-359, a novel, potent and selective M1R antagonist and highlight its
potential for remyelination.

PIPE-359 binds to M1 with high affinity and demonstrates

selectivity over other muscarinic receptors

Potency (nM)
Membrane binding, Ki 0.144
Calcium flux, I1C, 1.69
Fold-selectivity
M2/M1 M3/M1 M4/M1 M5/M1
Membrane binding, Ki 130 14 45 17
Calcium flux, IC., 102 43 26 315

PIPE-359 promotes OPC differentiation in vitro and

Increases remyelination ex vivo

PIPE-359 dose-dependently differentiates rat OPCs to oligodendrocytes in vitro
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Orally administered PIPE-359 occupies M1 receptors and inhibits

M1 function In mouse forebrain

PIPE-359 Exposure in rat 30 mg/kg PIPE-359 provides full M1 coverage for 8h in mouse brain
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PIPE-359 enhances remyelination in a murine cuprizone model
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PIPE-359 dose-dependently enhances remyelination in a
non-immune-mediated cuprizone model
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* p<0.05, ** p<0.01, **** p<0.00 vs. vehicle, ANOVA with Dunnett's multiple comparisons test
** p<0.05 Normal chow vs. 5 weeks CPZ diet, Student's t-test
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PIPE-359, a novel, potent and selective M1 muscarinic receptor antagonist as a therapeutic

proves behavioral score, VEP N1 latency and

g-ratios in a murine MOG-EAE model
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30 mg/kg PIPE-359 remyelinates axons in the spinal cord
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PIPE-359 increases the percentage of remyelinated axons and decreases
the percentage of unmyelinated axons
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mean + SEM, 2 1500x TEM images of the distal lumbar spinal cord region were quantified per animal, n=5-6 animals per group

ANOVA ** p < 0.01, *** p < 0.0001 vs. vehicle, ANOVA with Dunnett's multiple comparisons test

PIPE-359 also promotes remyelination in optic nerves from this study (see Edu et al. poster)

Conclusion

* These data
antagonist to benefit conditions such as MS in which demyelination

plays a role.
* A clinical development candidate has been identified and IND-enabling

studies have

highlight the therapeutic potential of a selective M1R

been initiated.
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PIPE-359 reduces N1 latency shifts and N1P2 amplitude degradation

Profiling M1 antagonists through VEP
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Fig 1A. Methods study timeline of PIPE-359 in the EAE model with . . .« . .
40- **x 0=0,0003392 -®- vehicle flash VEP recordings performed in parallel. 1B. EAE mice are dark * antagOnISt IS a pr0m|5|ng apprOaCh tO treat mUItlpIe SC|€I’OSIS.
o) ?=0 3728 adapted in a room with red lights for 1hr prior to recording. Mice are .. . . . .
B & PIPE-359 anesthetized with ~ketamine/xylazine (75/10me/kg) and eyes are » A clinical development candidate has been identified and IND-enabling
O 30- dilated with 1% Tropicamide for 2 minutes. Genteal eyedrops were
o) applied for lubrication and mice are placed on the Diagnosys Celeris 1 Talbd|
g Model D430 (Lowell, MA) 37°F heated platform. Electrodes are StUd €S have bee nin Itlated
S 20- carefully placed and flash VEP execution is performed 10 minutes
- post anesthesia wherein each exam consists of at least 3 runs, with
<C ** n= 0.009181 pulse intensity 3 cd.s/m2, frequency 1 Hz, on time 4 ms, pulse color:
E 10- r’=0.3211 white-6500K, 100 sweeps per result. Flash VEPs are recorded from REfe rences
i each eye independently and simultaneously. N1 latency is
= determined by the average N1 from 3 VEP traces. 1C. Clinical signs of
0 E'AE'a're first de'fe_CtEd at day _11' and PV th? end of the study ElPE-3§9 T 1. Green AJ, Gelfand JM, Cree BA, Bevan C, Boscardin WJ, Mei F, Inman J, Arnow S, Devereux M, Abounasr A, Nobuta H, Zhu A, Friessen M, Gerona R, von
40 6IO 8IO 1(')0 1éO significantly alleviates EAE clinical disability. 1D. In same animals in r % % % o Buidingen HC, Henry RG, Hauser SL, Chan JR. Clemastine fumarate as a remyelinating therapy for multiple sclerosis (ReBUILD): a randomised, controlled,
parallel, flash VEP detects a difference in N1 latency with PIPE-359 as S 0 0 W S double-blind, crossover trial. Lancet. 2017 Dec 2;390(10111):2481-2489.
N1 Latency (ms) early as 7days post MOG induction, over time the effect becomes ~ O O 0o 8
more significant out to 21days. 1E. Each individual eye scatter plot = > > > 3 o o O i hi h del £ visual ed ol | fd lination i del of : "
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show that N1-P2 amplitude and N1 latency measures are 3 — | S - . 3 . . E'mn'ms N 2. YouY, Klistorner A, T' |le Graham SL. Latency delay of visual evoked potential is a real measurement of demyelination in a rat model of optic neuritis
significantly correlated measures at 21 days post MOG induction and % 30mg/kg Invest Ophthalmol Vis Sci. 2011;52(9):6911-6918.

PIPE-359 (Y = -0.03580*X + 2.971) has a significantly more positive Fig 4A-D. Sample VEP waveform examples of each treatment group showing 3 VEP traces and the average trace. Top panel is the right eye,
( ) g y P
slope than vehicle (Y =-0.01338*X + 1.656). bottom panel is the left eye. 4E. Standard VEP waveform components. Amplitude ratio description and calculation. 4F. M1 antagonists do not **n=0.0026, ## p=0.0032, *p=0.0356 vs 3. YouY, Klistorner A, Thie J, Gupta VK, Graham SL. Axonal loss in a rat model of optic neuritis is closely correlated with visual evoked potential amplitudes

show a degradation of N1P2 amplitude values and thus preserve of the symmetry of PIN1 and N1P2 amplitude waveforms vehicle via ANOVA with Dunnett using electroencephalogram-based scaling. Invest Ophthalmol Vis Sci. 2012;53:3662.
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