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Amyotrophic Lateral Sclerosis (ALS)

Program Overview

* ALS is a severe neurodegenerative disease
affecting motor neurons with mean survival of
2-5 years.

* Only 5-10% of ALS cases are inherited, familial
ALS (fALS), whereas the rest are sporadic (SALS).

* MeiraGTx is developing a first-in—class gene
therapy to potentially address both forms of ALS :

Therapeutic Target: AAV-hUPF1

> Targets underlying cellular defects
associated with different forms of ALS

»» Validated in multiple in-vivo and in-vitro
models of ALS, in the context of AAV
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TPD43 Proteinopathy is a Cellular Hallmark of ALS

Only 5-10% of ALS is genetically driven TDP43 cellular mislocalization and
aggregation is present in 97% of ALS cases
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Amin et al. 2020 - TDP43 mis-localization and aggregation is

a cellular hallmark of ALS (except for SODI-

« Only 10% of ALS cases are inherited, driven ALS)
familial ALS (fALS); remaining 90% of
cases are sporadic (sALS) - TDP43 cytoplasmic granules are also
observed in ~50% of frontotemporal
« More than 20 genes were found to be dementia (FTD) patients

associated with fALS




hUPF1 Identified as a Potential Therapeutic Target for ALS

In a Yeast Genome-Wide Screen

ECM32, yeast homologue of UPF1, protects
against FUS (and TDP43) cytotoxicity

» Overexpression of TDP43 or FUS
recapitulates cellular hallmarks of ALS
(i.e., mislocalization, aggregation and
cytotoxicity)

« Only 5 out of 5,500 genes rescued - all
Glucose Galactose were RNA binding proteins

(FUS expression on)

« ECM32, a homologue of UPFI], was most

Human UPF1 and UPF2 rescue FUS potent
(and TDP43) cytotoxicity in yeast - human UPFI (or UPF2) also rescued the
toxic phenotype of FUS and TDP43 in yeast
Ctrl
ECM32
hUPF1
hUPF2
Glucose Galactose
(FUS expression on) JuS. etal. (2011) A Yeast Model of FUS/TLS-

Dependent Cytotoxicity. PLOS Biology 9(4)
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https://journals.plos.org/plosbiology/article/citation?id=10.1371/journal.pbio.1001052
https://journals.plos.org/plosbiology/article/citation?id=10.1371/journal.pbio.1001052

UPF1 is a Key Player in RNA Metabolism and Homeostasis

Pathways Dysreqgulated in ALS

UPFI1 plays a central role in RNA metabolism &
quality control; mechanisms dysregulated in ALS:

AAV-UPF1 potentially targets cellular
defects underlying ALS, providing a
way to address both familial and
sporadic forms of the disease
(>95% of patients)

- UPF1is a core component of the Nonsense-
Mediated Decay (NMD) pathway >

 UPF1 has multiple roles beyond NMD, including
targeting misfolded proteins to the ‘aggresome’ for
clearance

« Dysregulation of RNA metabolism is known to
contribute to ALS pathogenesis:

o Mutations such as C9orf72, TDP43 and FUS, have
been found to disrupt RNA processing

o Aberrant RNA S|i)ecies & impaired clearance
may disrupt cellular homeostasis and
contribute to potholo]qical protein ogfqregc:tes,
such as TDP43 - a cellular hallmark of ALS.
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UPF1 Decreases Risk of Neuronal Death by TDP-43 and FUS

In primary rodent neurons, hUPF1 expression rescues FUS & TDP43 cytotoxicity in
dose-dependent manner
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Protective Role of UPF1 is’ébééific to TDP43 proteinopathy

hUPF1 expression rescues specific to FTD and ALS associated with TDP43
proteinopathy (>95% of ALS cases)

SOD1 ALS mMHTT (Huntington's) WT primary neurons
- ~= Healthy Control = Healthy Control % | EGFP + Control
- A _ - ; - Heda ontro T el B + Contro
_d:; oo |~ SOP! (G85R) [ris S| ™HTT(97Q) I"s B &= core + hurm
o 1 T o] | ° ns
(@] (o] L X <t
B o x < 8 o]
‘o o N s -
g " == SODI (G85R)+hUPFI " = MHTT (97Q)+hUPFI € o
g g' g g' =] o'l i T T T
©%0 50 100 150 200 G0 50 100 150 200 © 0 50 100 150 200
Time (h) Time (h) Time (h)

- UPFl unable to rescue - UPFl unable to rescue * No effectin WT primary
SODI1 ALS mutant cytotoxicity induced neurons of UPF1 over-
cytotoxicity, a form of by mutant Huntington expression
fALS which lacks (mMHTT)
cytoplasmic
inclusions of TDP43 Barmada, S. J. et al. (2015). Amelioration of toxicity in neuronal models of

amyotrophic lateral sclerosis by hUPF1. Proc Natl Acad Sci, 112(26), 7821-7826.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485101/
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UPF1 Validation in Multiple in-vivo Models of ALS

Collaborations with leading ALS researchers to validate UPFI in multiple in-vivo models
of ALS provide strong evidence for the therapeutic potential of UPF1

TDP43

neonate Collaboration with Dr. Ron
rat Klein, Louisiana State

model University

In-vivo TDP43 Collaboration with Dr. Ron

Collaboration with Dr. validation o S
Leonard Petrucelli adult rat Klein, Louisiana State
University

Mayo Clinic £ model

Collaboration with
Dr. Neil Schneider
Columbia University




In-vivo model 1: TDP43 neonate rat model

AAV-UPF1 in neonate rescues escape reflex
impairments induced by TDP43

TDP-43/UPF1

Jackson et al. Gene Ther. 2015
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In-vivo model 3: conditional FUS mouse model

AAV-UPF1 in FUS I
mouse model S% n
protects against 5%
motor neuronloss & i3,
improves hindlimb Y
grip strength E5os
Unpublished using model in ‘3’
Korobeynikov et al.Nat.Med. 2022 0.7
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In-vivo model 2: TDP43 adult rat model

AAV-UPF1 in adult rat rescues escape
reflex impairments induced by TDP43

3
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Unpublished using model in
Jackson et al. Mol. Ther. 2015

Week Post-Injection

In-vivo model 4: mouse C9orf72 model

AAV-UPF1 in
(G4C2)66 mouse
model protects
against neuron
loss & improves
locomotor activity

Unpublished using model in
Chew et al. Science 2015
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4924570/
https://pubmed.ncbi.nlm.nih.gov/26445725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692360/
https://www.nature.com/articles/s41591-021-01615-z
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UPF1 Construct Optimizati'oﬁ‘fbr the Clinic

Optimized to decrease size, increase production yield, and increase potency
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Optimized hUPF1 Constructs Validated in iNeuron Models of ALS

All optimized AAV-UPF1 constructs rescued, in parallel testing, of optimized hUPFI
constructs in human iNeuron TDP-43 Disease Model
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Optimized hUPF1 Decreas
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|n INeuron Models of ALS

Probability of Death

hUPF1 expression promotes survival of human iPSC-derived neurons
(iNeurons) with isogenic mutations of TDP43 or C90rf72
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Optimized hUPF1 Promotes Neuronal Survival In-Vivo in FUS mouse

Optimized AAV-UPFI1 constructs rescued loss of motor neurons
in-vivo in FUS mouse model
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RetroAAV2 ” RetroAAV2/rh10 || AAV9 || AAV2/rh10

Novel Capsid: AAV2-retro & variants
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Striatum

« AAV2-retro variants transduced both upper and
lower motor neurons by ICM injection in mice

| Motor cortex ||
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Novel AAV Capsid Transduces Spinal Motor Neurons in NHP

AAV2-retro/rh10 mosaic Produced broad CNS transduction of neurons in both
brain and spinal cord of NHPs via intra-cisterna magna (ICM) administration

I Novel Capsid: AAVmosaic

Transduction in NHP Spinal Motor Neurons Transduction in NHP Neurons in Brain
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« Transduction in spinal motor neurons at levels - Confirmed transduction in cortical
sufficient to drive in-vivo rescue in mice neurons via ICM route of administration




Py A 9 A1 A ,\ IO AT ANIA I\ A RN O\

' ALS Patient-Derived Neurons

'

Clinical AAV-hUPFE1 Validated in

ALS Patient-derived iPSC Model: Myotubes & Neurons

Myotubes: ALS3 C9 patient Neurons: ALS3 C9 patient

DAPI  Titin DAPI MF20 Myogenin DAPI  ChAT
Synaptophysin
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Efficacy of AAV-hUPE1 in C9 AL'S Patient-Derived Neurons

Clinical AAV-hUPF1 candidates demonstrate reproducible
target engagement in C9 ALS patient-derived neurons
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expression retention expression retention
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AAV-hUPF1 Rescued in Multiple ALS Patient-Derived Lines

AAV-hUPFI1 efficacy in ALS patient—derived lines of different genetic context: C9 & TDP43
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AAV-UPF1is a novel gene therapy for ALS with the potential to treat
both familial and sporadic ALD (>95% of patients) and FTD:

»> UPFlis a novel therapeutic target for ALS discovered in an unbiased
genetic screen in yeast and validated in multiple in-vitro and in-vivo
models of ALS

‘ ME | R A GTX > AAV-UPFltargets an un.derlying cellular defect of ALS— RNA metabol.ism
and homeostasis. UPF1 is known to play a central role in RNA regulation,
including in Nonsense-Mediated Decay (NMD).

AAV UPF]

> In-vivo studies in multiple models of ALS have demonstrated the ability of
AAV-UPFI to reduce neuronal death and ameliorate ALS symptoms
related to limb strength and mobility

Program HIGHLIGHTS _

> A proprietary capsid, AAV2-retro, demonstrates favorable transduction of
upper and lower motor neurons

Status:

» Vector optimization — reduced size for enhanced packaging efficiency,
and improved potency over original academic construct

> Initiation of IND-enabling studies planned for 2024
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