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Have a question to ask our panel?

Open the ZOOM Q&A and type in your
question during the webinar
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Dr. Mark A. Reed

« 2018-present — Staff Scientist Il and Director, Centre for Medicinal
Chemistry and Drug Discovery (CMCDD), Krembil
Research Institute, UHN, Toronto

« 2023-present — Assistant Professor Department of Chemistry,
University of Toronto

« 2019-present — Assistant Professor Department of Pharmacology and
Toxicology and Department of Chemistry, University of
Toronto

« 2008-present — Co-founder and CSO, Treventis Corporation

» 2003-2008 - Senior Scientist, Medicinal Chemistry, ICOS Corporation,
Seattle, WA and Schering Plough Research Institute,
A'.,’TREVENTIS‘“' Cambridge, MA
o o « 2000-2003 - Postdoctoral Fellow, Queen’s University, Canada. (Organic
UHN chemistry - Aromatic Lithiation)
. « 1996-2000 - Ph.D., University of Sussex, UK. (Organic Chemistry - Total
KRrﬂeemssb il Synthesis)
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Dr. C. Frank Lee

« 2020-present — Scientific Associate Il, Centre for Medicinal Chemistry and
Drug Discovery (CMCDD), Krembil Research Institute,

University Health Network (UHN), Canada

« 2018-2020 - Postdoctoral Fellow, Centre for Medicinal Chemistry and
Drug Discovery (CMCDD), Krembil Research Institute,
University Health Network (UHN), Canada

« 2013-2018 - Ph.D., University of Toronto, Canada (Organic Chemistry —
Organoboron methodology & Macrocyclic peptides)

« 2009-2013 - B.Sc.H., Queen’s University, Canada (Organic chemistry-
Aromatic Lithiation, Total Synthesis)




S Targeting Protein Misfolding Disorders:

. 1 REVENTIS™ Discovery of small oligomerization inhibitors
# CORPORATION _

for the treatment of neurodegeneration

Kr bol Centre for Medicinal Chemistry and Drug
empni Discovery (CMCDD): Early-stage translation
Relentless. research within Canada largest research

Toronto General h o S p I ta |
Toronto Western

Princess Margaret

Toronto Rehab




Proteinopathies: Intrinsically Disordered Proteins (IDPs)
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Common Conformational Morphology — CCM

IDPs

No X-ray structures; solution NMR only
SBDD not possible

HTS difficult due protein/ assay nature

Technology: In silico model of protein
misfolding, the Common Conformational
Morphology (CCM)

An in silico model based on epitope
commonality between multiple

misfolding amyloidogenic proteins (e.g, A
Syn, AB, tau).

Used to build “surrogate crystal structures”
of incipient oligomers.




Target: Common Conformational Morphology — CCM
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Alzheimer’s Disease

Intracellular neurofibrillary Extracellular plaques
tangles
Tau — 441 amino acids, AB - 40/42 amino acids,

Intrinsically disordered protein Intrinsically disordered protein .



Discovery of a Dual AB/tau Oligomer Inhibitor

In Vitro Pharmacology

Biotin-tau 4R2N ELISA
Biotin-AB42 ELISA
SDS PAGE (cell free)

Counter Screens

Tublin assembly
DLS

IDP selectivity

TRESI-HDX/Native-MS

monomer Low molecular
weight oligomer

LeVine, H. Anal. Biochem, 356, 265-72, (2006)

ADMET: Property Based
Lead Optimization

- BBB score, LogD/ Target Engagement (PK-PD)
Kinetic Sol. .
_MDR1-MDCK. Caco? tau: rTg4510 murine; quant.
(Permeability; 'ng ER) otau in cortex; FRET- based
-M/R/H Hepatocytes/ blosepsor/HTRF .
microsomal clearance) A%APP/P_S1 m.urlm.e,.

Rat PK (cassette/ 0AB42 ISF microdialysis;
discrete) Kp,uu (Total ELISA

and free drug brain
exposure)

BBB Score

=3 CNS Drugs
=8 Non CNS Drugs

BBB Score = (g) i Pi(x)
et

$ : Tau seeds

FRET signal

©1] (12] @3] G4 @3] (6]

Gupta, M. et al., JMedChem, 62, 9824-36, (2019). Cirrito, J.R. et al., J. Neurosci 23, 8844, (2003)
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AR Oligomer Target Engagement

30mpk 100mpk 300mpk

(ISF=0.064uM)  (ISF=0.204uM) (ISF=0.600uM) . TRV101 in TgAPP.PST (n=8): 1000

Kda MWCO Microdialysis/ELISA
(ISF)

« APP/PS1 mice, 12 months old
ti / \ « P.0./Q.D. in the same animals
' -’

100 N e 2 ‘ } — * 30mg/kg on day 1
‘ ! « 100mg/kg on day 2

120

110

= 1 e

(I
v
,—Q 90 i - 300mg/kg day 3
& 80 i i * Interstitial fluid sampled via micro-
& i E dialysis probe every 2-3 hours
70 i i . « AB Oligomers analyzed by ELISA
i i i « Study conducted by John Cirrito
60 ! ! : University of Washington St Louis
-20 0 20 40 60 80

Time from treatment (hours) 12



tau Oligomer Target Engagement

TRV 201 in rTg4510 (n=12):
Cortex lysate — FRET otau 30 7
biosensor -
3 18% :
s 297 C,ub=7.3nM :
k=] :
EJ' 20 — i C,ub=29nM ;
& | 44%
i C,ub=61nM
1.5 — i ]
I I I I
Vehicle 30 mg/kg 100 mg/kg 300 mg/kg

Bonferroni t-test: * p=0.001

*p <0.001 13



./ TREVENTIS"

Current Status [ yrRevenTs

CCM Discovery Engine: Enables identification of druggable sites
on IDPs for virtual screening against multiple targets

Target Engagement: Dose dependent reduction in vivo of OAB and
Otau

PCC identification (AB/tau): ~1500 NCEs in lead series, high CNS
exposure (10-20X fold over PoC compounds); heterocycles
developed for de-risking and supporting robust IP portfolio.

PCC selected - IND enabling studies underway

Translational : Multiple chronic model studies underway and
biomarker discovery

14
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Toronto General
';:ironlo Mw.um
incess Ma
Toronto R:):Rm
Michener Institute

McEwen Stem Cell
Institute

s cell-based regenerative
W therapies

Krembil Research
Institute

arthritis | vision |
neuroscience

KITE Research

The Institute for
Institute Education Research
rehabilitation health care education
science

Toronto General Hospital Research Institute

cardiovascular | respiratory and critical care |

I metabolism | infection and immunity |
communities of health

Princess Margaret
, Cancer Centre

RESEARCH AT

UHN




Centre for Medicinal
Chemistry
& Drug Discovery
(CMCDD)

Established at Krembil in 2018 to identify
druggable targets from novel disease
biology

10 medicinal chemists

30 collaborations at UHN and academic
institutes across Canada

Oncology, Neurology, Ophthalmology,
Arthritis and Metabolic diseases

Foster UHN institute collaborations based
on therapeutic targets
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Portfolio

Neurology/
Ophthalmology

Oncology

Arthritis

Disease Indication/PI|

Rett Syndrome and dementia -

Neuroinflammation

Depression and dementia -
Neuroinflammation

Glaucoma and dementia —
Neuroinflammation

Stroke, Spinal cord injury:
Axonal Regeneration

BBB Integrity

Depression

AML
Radiation Fibrosis

Ovarian Cancer

BRCA1/2-mutant breast and ovarian cancer

Pancreatic cancer
AML

Prostate Caner

Cartilage Degeneration

Fibrosis/ myofibroblast activation

Spondyloarthritis

Metabolic NASH

Target Class
lon Channel
enzyme
unknown
Kinase
Kinase

Receptor

Kinase
Unknown

Kinase
E3 ligases
Receptor
Stress granule

transporter

Transcription factor

enzyme

Chemokine

enzyme

Pre-clinical Validation

Genetic

Pharmacological

Genetic/ Pharmacological

Genetic/ Pharmacological
Genetic/ Pharmacological

Genetic/ pharmacological

Genetic/ Pharmacological
Genetic/ Pharmacological

Genetic/ Pharmacological
Genetic
Genetic

Genetic

Genetic

Genetic

Genetic/ Pharmacological

Genetic/ Pharmacological

Genetic/ Pharmacological

Stage
Hit to lead

Lead Optimization

Receptor Identification

Hit Finding
Hit Finding
In Silico HTS

Hit to lead
Target ID

Hit to lead
Hit ID
Assay development
Structure Based Design
Hit to lead
Hit finding

Hit ID

Hit to lead

Hit ID

I
L

KREMBIL

FOUNDATION
< Th cmrirsc

LAB150
The Princess Margaret
Cancer Foundation 22 UHN

Toronto General & Western

Hospital Foundation 22UHN

Princess Margaret Cancer Centre

 Krembil ==

Relentless.

\} Toronto General
3 Hospital Research Ca| I l
=

Institute
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Neuroinflammation: New Therapeutic Targets

Migratory microglia

Protein aggregates
Proinflammatory signals
Resting

microglia Astrocyte

cox1 o ©
(PTGS1)

Damaged neuron

Dead cells
Sustained inflammation

Fully activated
microglia

TSPO
CoX2
(PTGS2)
P2X7
CSFIR

®
Phagocytosis
of cell debris

Inflammatory signals (eg, TNF, IL-6, and NO)

Neurotrophic and protective
factors

Signals from damaged neuron
(eg, ATP and CX3CL1)

Glutamate

Kreis| WC, Kim MJ, Coughlin JM, Henter ID, Owen DR, Innis RB. PET
imaging of neuroinflammation in neurological disorders. Lancet
Neurol. 2020;19(11):940-950. doi:10.1016/S1474-4422(20)30346-X

)
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Lower Proinflammatory Phenotype:
TRPM2 lon Channel (Dr. James Eubanks)

Dr. James Eubanks

« Senior Scientist,
Krembil Research
Institute, UHN

« Research Division
Head, Krembil Research
Institute, UHN

Enhance Neuroprotection:
Target Unknown (Dr. Jeremy Sivak)

Dr. Jeremy Sivak

« Senior Scientist & Glaucoma
Research Chair, Krembil
Research Institute, UHN and
Associate Professor UofT
School of Medicine

» 5+ years at Novartis leading
multi-diciplenary ophthmalic
drug discovery team

19



TRPM2 lon Channel in Neuroinflammation

« Member of Melastatin sub-group of TRP channel —F - —HHIOH-E 0
» Redox sensing, non-selective cation channel that — Ly L
allows Ca?* influx and efflux

* Functions as a surveillance receptor in the brain,

where it monitors local environments for signs of
“stress”

» Highly expressed in microglia
« Under stress, TRPM2 activates and allows influx

of Ca?* — pro-inflammatory cytokines. s Ok T
« TRPM2 inhibition rescue ABO-induced microglia oM

activation and hippocampal LTP . 0; ]QI

20
Raghunatha P, Vosoughi A, Kauppinen TM, Jackson MF. Microglial NMDA receptors drive pro-inflammatory responses via PARP-1/TRMP?2 signaling. Glia. 2020;68(7):1421-1434. doi:10.1002/glia.23790



CNS-Penetrant TRPM2 Inhibitor Development

PoM/ PoC
In Vivo Efficacy

ABO-icv
ABO-microglia 3d - WT
Cryo-EM activation mouse study
SAR
ADMET-PK ABO- 3xTg model
Hippocampal 8 weeks
slice (LTP)

Hit Profiling Hit-to-Lead Ex Vivo Efficacy

HIT expansion
Cluster analysis
lon Channel

selectivity

Select series

21



Glaucoma: A Neurodegenerative Disease

<>

* Top cause of permanent blindness and LAB150
growing (>80 million worldwide)

» Associated with many risk factors:

Projected Glaucoma Cases (U.S.)

o Intraocular pressure (I0P) the only sren
current modifiable risk factor g .
o 0P not associated with all cases il et
« Neurodegenerative disease of retinal g
ganglion cells (RGCs) v -
o No direct treatment RNFL Deviation Map
o Improved imaging has made clinical trials \
pra ctical B suwors ommio nervE
o Accessible to local delivery -
» Goal: target qlaucoma through e GLA‘U:;M A
neuroprotection .
Disc Center (-0.18,-0.36) mm
Livne-Bar, |.; Wei, J.; Liu, H.-H.; Algawlag, S.; Won, G.-J.; Tuccitto, A.; Gronert, K.; Flanagan, J. G.; Sivak, J. M. J. Clin. Investig. 2017, 127, 4403-4414; and references therein. 22

Nucci, C.; Martucci, A.; Giannini, C.; Morrone, L. A; Bagetta, G.; Mancino, R. Eye 2018, 32, 938-945; and references therein.



LXB, Protects RGCs from Glaucoma Injury

08 —e— LXB, Dose-Response Curve [0 by
: —©- LXA, Dose-Response Curve 2 0
o o8 é_
€
£ ® 404
OH OH g o7 = 10
KA Q *%k
8 06 (O]
X OH 5 T 504
| % 0.5 8 _________________________
NN 2 2
OH * 5 307 o 1xs,
[0
LXB, (ECsg = 31 nM) o2 a —e— Vehicle
02 . . . . X -40-1— T T T
1 10 100 1000 0 4 8 12 16
Concentration (nM) Weeks after suture

Sivak group discovered novel neuroprotective role of lipoxins
Lipoxins (LXA, and LXB,): special pro-resolving lipid mediators (SPMs)

LXB, target deconvolution

» Potent effectors of inflammation resolution strategies:
o Not well studied in retina or CNS Photo Affinity Labelling
o LXA4 better understood and has an established receptor (GPCR) (PALMS) (Evotec)
o LXB4 less studied, and its receptor is unknown Tritiation in Cell Microarray
o LXB4 (ECso = 31nM) is ~20x more potent than LXA, (ECs, = 631 nM) (Retrogenix)

LXB, treatment is efficacious in a 15-week chronic glaucoma model

2
Livne-Bar, |.; Wei, J.; Liu, H.-H.; Algawlag, S.; Won, G.-J.; Tuccitto, A.; Gronert, K.; Flanagan, J. G.; Sivak, J. M. J. Clin. Investig. 2017, 127, 4403-4414; and references therein. 3



Synthesis of LXB, & Aromatic Analogs

LXB,4 Natural Product Synthesis: LXB, Analogs Synthesis:
0]

o
10 steps OH OH 10 steps OH OLi
M
OH

| OH rL
octenal 25% overall yield Ay >25 novel analogs \/\/'\/\/\
5 1,4-pentadien-3-ol synthesized 7Y
OH ’ OH
LXB, LXB, analogs

M) Check for update

| ererreee——
Research Article i Europe
Chemistry-A European Journal doi.org/10.1002/chem.202200360 Easiaifind

www.chemeurj.org

@ A Stereocontrolled Total Synthesis of Lipoxin B4 and its
Biological Activity as a Pro-Resolving Lipid Mediator of
Neuroinflammation
C. Frank Lee ™ Carla E. Brown,™ Alexander J. Nielsen,” Changmo Kim,™<" Izhar Livne-Bar,

Philip J. Parsons," Christophe Boldron,™ Francois Autelitano,” Donald F. Weaver," 9"
Jeremy M. Sivak,® “" and Mark A. Reed*@!

b, c]

Lee, C. F.; Brown, C. E; Nielsen, A. J.; Kim, C.; Livne-Bar, |.; Parsons, P. J.; Boldron, C.; Autelitano, F.; Weaver, D. F.; Sivak, J. M.; Reed, M. A. Chem. Eur. J. 2022, 28, €202200360. 24

Brown, C. E;; Lee, C. F.; Nielson, A. J,; Sivak, J. M.; Reed, M. A. Unpublished results; patent pending.



LXB, Target Deconvolution

Cell microarray probe: 8ef RETROGENIX"

Expression vectors encoding Cells grown on slides. Live 3H-cMD15
No targets
>5000 membrane or secreted cells overexpress each ) detected
proteins arrayed protein in distinct locations Cells treated with
radiolabelled probes and
washed

Photoaffinity labelling MS/MS (PALMS) probe:

MG
0 A . A ‘ N Pulldown . ﬁ\g“ - Digestion
Ve Pale i S WwIOS|
PS g

\ ¢ ,
. ‘ ‘ - Target ID: Two targets

of interest identified

‘. evotec

Live cells incubated with Photolabile diazirine Biotin/reporter installation

synthesized probe crosslinks to target; lysed via click chemistry .
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LAB150 z
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Hospital Foundation 22UHN

CIHR IRSC

Canadian Institutes of Instituts de recherche
Health Research  en santé du Canada

Princess Margaret Cancer Centre
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Inventory
Keep track of samples,

biologicals and compounds

Activity & Registration
Store and organize your
research data

Deep Learning
Computer aided
design
Learn More:
https://www.collaborativedrug.com

Personalized Demo & Free Trial:
info@collaborativedrug.com

Visualization
Plot datasets and mine them

ELN
Document all your
research.
Build Data Rooms
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