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In Canada
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~250,000
Canadian
children have
a rare genetic
disease




~7000 Rare Diseases
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Unmet Medical Need: Diagnosis is Care

1250,000
* % Canadian
* children

25% wait 5 to 30 years

40% wrong diagnosis

50% no diagnosis



Unmet Medical Need: Therapies
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~ 400 therapies available for rare diseases



Addressing the ‘grand challenge’

1. Discover genomic causes of rare

diseases

2. Determining how these genes cause
disease

3. Use this information to configure

thera

Canada’s

nies

path forward




1. Orchestrated RD pipeline

Rare Disease Gene Discovery

4200
Genes
Known

Gene
Unknown

Patient
Samples
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What diseases do we study?

“AND THE VOTE TO HAVE A ONANIMOUS CONSENSUS PASSED
FIVE TO TWO."
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fOrRARE
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Strategies for gene discovery (f

1. Unrelated multiple
affected with same disorder

\ ’ I
\ ’
\ | bt
R | ’
Y
% | ’
’
B | /
|

/ 2. Mapped Disorders \
rQ B e

>0 QL |
e m
. el

\_ /

/3. Affected Siblings : Compound\
heterozygous

O
Hoo

o

Consan(juineous b 2
k families ADfamllleS/

/4. Single affected: de novo trio or\
recessive with gene filters

N o Y,




365 disorders out of pipeline e
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Solving the unsolved

45% unsolved

203 138

Disorder Solved Disorders Unsolved



National Data Coordination (c

PhenomeCentral
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Deep phenotypes
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Dr. Mike Brudno
U of Toronto
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First therapeutic opportunity (ﬁ

95 known disease genes revealed by NGS

Therapy adjusted
* Primary adrenal insufficiency
* Infantile myofibromatosis
* Intractable epilepsy

Therapy initiated
* Hunter syndrome

* Riboflavin transporter
defect

* Cerebral Folate Transport
deficiency



Glucocorticoid deficiency

e Diagnosed with Primary adrenal
insufficiency

* Presented with hyopglycemia, comma, N
electrolytes, low serum morning cortisol,
high serum ACTH level, red hair, mild obesity

e Combined cortisol and aldosterone
replacement therapy (15 years)

WES trio: compound het
mutations in POMC

therapy adjusted

 Withdrawal Florinef

Mark Samuels, J Clin Endocrinol Metab 98: 736, 2013



Riboflavin transporter defect (f

* Childhood onset sensory

neuropathy, hearing loss, o

optic atrophy gTD OTE E %
 WES identified homozgyous émgﬁé@m ETS mggé

mutation in SLC52A2 : c P

consistent with Brown-

therapy initiated
Vialetto-VanLaere type 2

* Riboflavin supplementation

Bernard Brais, Montreal



2. Orchestrated RD pipeline

Disease phenotyping and mechanism

Mutation Cell Yeast z;;:a Mouse

Gene Models | | Models Models Models

Protein

Pathway

Disease ‘Omics Profiling

expertise : —
High-content imaging




RD Models and Mechanisms Network




RD Models and Mechanisms Network
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RD Models and Mechanisms Network
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RD Models and Mechanisms Network
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RD Models and Mechanisms Network
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Canada’s ‘Omic Platforms

Molecular Basis for the Disease
Determines Lead Platform for Analysis

T

4 Replication\ 4 Signaling/ N Intermediary\ /Lipid storage/\

[Transcription Ubiquitination metabolism metabolism
RNAseq Proteomics Metabolomics Lipidomics

Metabolomics
eration terpi




Diverse opportunities

Optic
Farber atrophy SCAl
Glut 1 type 1 Dravet
Fronto-  Loeys-Dietz Spondylo
temporal syndromg . epiphysea
dementia Benig dysplasia
tarda

MAPT CMT1B ChrOI’?iC
HSP Type Familial Pémphigus” ~ .

Hemiplegi ARSACStransporter
atrophy C':/“g;aénqal?LTfA deficiency
short yp euko
stature  Dysferlinopathies

Hsp54 D-bifunctional
protein deficienc

Cer%bellar

SCA28




3. Orchestrated RD pipeline

Therapeutic Discovery and Validation

Screening
FDA-approved
pharmacopeia

Druggable
target
identification

Pharma’s Yeast
shelved Phase RNA
Il assets
Discovery

v

Drug lead

Protein-Drug validation in

Interactions model
systems

Validation

v



Dr. Alex MacKenzie

Repurposing clinically approved agents| |
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Dr. Alex MacKen2|e

Repurposing clinically approved agents|

Rare Disease

- x — — No transcript

FDA Approved
Drug Treatment

Known Biological Effect
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Dr. Alex MacKen2|e

Repurposing clinically approved agents|

Rare Disease B
| Unanticipated Action
- ® — — Nowanscript for Rare Disease
= Repurposed Drug

FDA Approved
Drug Treatment ﬁ

Known Biological Effect Off-Target Biological Effect

‘ G : x ::: No transcript
¢ ¢




FDA “hit” — Loeys-Dietz syndrome (g‘ Sy

Expression of SMADS3 relative to control
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Original screen data Identification of inducing drug(s) in pool
SMAD3 haploinsufficiency #592 = 0
associated with Loeys-Dietz HO™ ;SA‘itcrjtt;rr‘]Z'T”M)
syndrome (familial thoracic DR

aneurysms)



Isotretinoin induction of SMAD3 (f FAI%QAERE
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Target to trial

Dr. Chris McMaster

4 N

Congenital sideroblastic
Anemia; SLC25A38; 2009

Transfusion-dependent

k $58,500/pt/yr /

SLC25A38 is a
mitochondrial
glycine importer

: .
2 M

Exogenous glycine plus

olate ameliorate a zebrafish
model

/
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IWK Health Centre

CSA patients at

Phase 2
clinical trial as
an innovative

therapy for

IWK
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Trans-Canadian pipeline

Rare Pediatric

Disease Gene
Discovery
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Personalized C)CHUS inte-Justine
M ed I CI n e \ umversi eeeeeeeeeeeeeee
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Disease
Phenotyping and
Mechanism

§\"?{%RDMM

CIHR IRSC

Therapeutic

Discovery and
Validation

The Centre
C r for Drug Research
and Development
IGNITE

SPARKING HOPE FOR
ORPHAN DISEASES

« CARE
fOrRARE

Building on previous $30M investment in operating funds



Trans-Canadian RD pipeline

Rare Pediatric Disease Therapeutic
Disease Gene Phenotyping and Discovery and
Discovery Mechanism Validation

>4000
rare
disease
samples

90 >200 rare
mechanism diseases
projects to enter
pipeline




Benefits to Canadian Families

Changing healthcare Identification and
through cost effective advancement of
diagnosis tests for rare therapeutic opportunities
diseases
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{FORGE

CANADA CONSORTIUM

CIHR IRSC

Canadian Institutes
Health Research
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The Future is in Our Genes.
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