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This presentation contains “forward-looking statements” within the meaning of the Private Securities Litigation Reform Act of 1995 that involve substantial risks
and uncertainties, including statements regarding the development status of the Company’s product candidates, the timing of availability of clinical trial data and
the Company’s ability to fund its operations with cash on hand . All statements, other than statements of historical facts, contained in this presentation, including
statements regarding the Company’s strategy, future operations, future financial position, prospects, plans and objectives of management, are forward-looking
statements. The words “anticipate,” “believe,” “continue,” “could,” “estimate,” “expect,” “intend,” “may,” “plan,” “potential,” “predict,” “project,” “should,” “target,”
“will,” “would” and similar expressions are intended to identify forward-looking statements, although not all forward-looking statements contain these identifying
words. Any forward-looking statements are based on management’s current expectations of future events and are subject to a number of risks and uncertainties
that could cause actual results to differ materially and adversely from those set forth in, or implied by, such forward-looking statements. These risks and
uncertainties include, but are not limited to, risks associated with Fulcrum’s ability to obtain and maintain necessary approvals from the FDA and other regulatory
authorities; continue to advance its product candidates in clinical trials; replicate in later clinical trials positive results found in preclinical studies and early-stage
clinical trials of losmapimod and its other product candidates; advance the development of its product candidates under the timelines it anticipates in current and
future clinical trials; obtain, maintain or protect intellectual property rights related to its product candidates; manage expenses; and raise the substantial
additional capital needed to achieve its business objectives. For a discussion of other risks and uncertainties, and other important factors, any of which could
cause the Company’s actual results to differ from those contained in the forward-looking statements, see the “Risk Factors” section, as well as discussions of
potential risks, uncertainties and other important factors, in the Company’s most recent filings with the Securities and Exchange Commission. In addition, the
forward-looking statements included in this presentation represent the Company’s views as of the date hereof and should not be relied upon as representing the
Company’s views as of any date subsequent to the date hereof. The Company anticipates that subsequent events and developments will cause the Company’s
views to change. However, while the Company may elect to update these forward-looking statements at some point in the future, the Company specifically
disclaims any obligation to do so.
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This presentation also contains estimates and other statistical data made by independent parties and by us relating to market size and other data about our
industry. This data involves a number of assumptions and limitations, and you are cautioned not to give undue weight to such data and estimates. In addition,
projections, assumptions and estimates of our future performance and the future performance of the markets in which we operate are necessarily subject to a
high degree of uncertainty and risk. Neither Fulcrum nor its affiliates, advisors or representatives makes any representation as to the accuracy or completeness
of that data or undertakes to update such data after the date of this presentation.
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Agenda

8:30am Welcome — Robert J. Gould, Ph.D., President and Chief Executive Officer, Fulcrum Therapeutics

Introduction to FSHD — Kathryn Wagner, M.D., Ph.D., Professor of Neurology and Neuroscience at Johns

8:40am Hopkins School of Medicine and Director of the Center for Genetic Muscle Disorders Kennedy Krieger Institute

9:00am Biologic rationale and genetics — Peter Jones, Ph.D., Mick Hitchcock, Ph.D. Endowed Chair in Medical
. Biochemistry and Associate Professor of Pharmacology at University of Nevada, Reno School of Medicine

9:15am The role of DUX4 - Peter Jones, Ph.D.

9-30am Overview of p38i — Fran Sverdrup, Ph.D., Associate Professor of Biochemistry and Molecular Biology at Saint
. Louis University, School of Medicine

9:50am Imaging and biopsy as an approach & clinical trial design implications — Kathryn Wagner, M.D., Ph.D.

10:10am Q&A **Please hold questions until the Q&A
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Fulcrum at a glance

Proprietary Product Engine Our Progress to Date

' Developed proprietary drug discovery platform

Established patient-driven discovery & development process

Ongoing Phase 2 studies in Facioscapulohumeral Muscular
Dystrophy (FSHD)

Initiated FTX-6058 IND-enabling studies for select

) . i
Fulcrum’s product engine is hemoglobinopathies (Sickle Cell Disease and p-thalassemia)

designed to systematically
address the root cause of many

gen eticaIIy defined diseases Demonstrated systematic target and therapeutic discovery
potential
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Integrated FSHD development strategy

Natural history &

preparatory studies Phase 2b (ReDUX4)

Open Label Extension

24 weeks dosing

Assessing disease progression and

Baseline Assessment 7-Day SalfJeW
H H H 1 & Randomization Follow-
Val I d atl n g CI I n |Ca.| e nd pOI ntS l 24-week placebo-controlled treatment period l g

Screening
Period

Losmapimod Tablet (n~33)
15mg twice per da
Enroliment complete — il bl
analysis ongoing  Jf } i | |

Placebo Tablet (n~33)
28-day twice per day

Open Label
Extension Study

|
\

Visit1 Visit2 Visit3 Visit4 Visit5 Visit6 Visit7
MRI Day 1 Week 4 Week 12 Week 16 Week24 Week 25
MBx + 2 weeks + 2 weeks + 2 weeks +2weeks + 1week
5 MRI MBx MRI
Demonstrated losmapimod target engagement, Eor
muscle penetration, and safety in FSHD patients Day 1 & Week 16: Muscle Biopsy (MBXx)
DUX4-driven gene expression in skeletal muscle needle biopsy

Visit 1, Week 12, Week 24: MRI
Phase 2 Open Label Stu dy (52 Weeks) lean skeletal muscle volume; skeletal muscle fat fraction

with interim analyses

Day 1, Weeks 4, 12, 16, 24:Clinical assessments

PK; safety; Reachable Work Space; FSHD-Timed Up & GO, Muscle function

Assessing molecular endpoint (DUX4 muscle measures, dynamometry and Patient Reported Outcomes

biopsy), MRI disease measurement, clinical
assessment of mobility, and PROs
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Introduction to FSHD

Kathryn Wagner, MD, PhD
Center for Genetic Muscle Disorders
Kennedy Krieger Institute
Johns Hopkins School of Medicine



Facioscapulohumeral muscular dystrophy

(FSHD)

* Prevalence of ~1:8,000 - ag,; oo M Kk
1:20,000 7

e Autosomal dominant
disorder of families

* Extremely disabling but
not fatal




Where it gets its name

facio= face

scapulo= muscles of scapular
fixation

humeral= muscles overlying
humerus




Clinical Presentation:

* Symptoms first noticed in muscles of face and scapular region

 Patients present with wide open eyes and have a history of sleeping
with their eyes partially open

* They have an inability to pucker and may never learn to whistle
* They frequently have a transverse or asymmetric smile




Clinical Presentation continued

* Muscles of scapular fixation (rhomboids and serratus anterior) are
weak
* Medial border of scapula “wings”
* Rostral border rises up: Poly-hill sign on arm abduction
* |Inability to slowly abduct or extend arms to 180 degrees

e Pectoralis weakness
 Horizontal clavicles
* Deep axillary creases




Clinical Presentation continued

* Biceps and Triceps are disproportionately involved compared to deltoid and forearm flexors
* Weakness of tibialis anterior results in footdrop

* Paraspinal and abdominal weakness leads to lordosis and protruberant abdomen.

e Umbilicus moves rostrally when the individual attempts to sit up: Beevor sign

* Eventually forearm flexors and extensors, knee flexors and extensors may become weak

* Weakness and wasting are frequently

asymmetric




Clinical Presentation

 Two forms: FSHD1 and FSHD?2 present similarly

* Onset and severity vary widely

* Most classic onset is teenage or early adult years

* Range from infantile onset to nonmanifesting carriers
* Correlation to size of allele




How does FSHD affect day to day life?

* Inability to communicate via facial expression

* Inability to do activities requiring upper arms including brushing hair,
putting dishes on a shelf, shampooing

* Difficulty getting out of bed
* Tripping and falling

* 30% lose ambulation

e Chronic pain and fatigue



Associated Symptoms

* 30% of FSHD who are nonambulatory have respiratory involvement

* Cardiomyopathy not associated with FSHD
* Conduction defects or arrhythmias might be more prevalent

* Retinal vasculopathy
* 50% have mild retinal abnormalities such as telangiectasias or microaneuryms

. O|.8% have vasculopathy with neovascularization, retinal detachment, neovascular
glaucoma

* Severe retinal vasculopathy associated with early-onset FSHD and large 4935
deletions

* Hearing loss
* High frequency hearing loss more common in early-onset FSHD

* Musculoskeletal pain
» 88.6% of patients reported current pain




Diagnostic Evaluation

* Clinical presentation fairly distinct from other myopathies
e CK will be normal to mildly elevated

* EMG shows nonspecific myopathic features (small, polyphasic motor
units) and occasional irritability (fibrillations and positive sharp
waves)

* Muscle biopsy rarely indicated: Nonspecific myopathic features
* Genetic testing is commercially available, sensitive and specific



Current Management

* No accepted pharmacological treatments for progressive muscle weakness:
Challenge managing the disease

* Dilated eye examination to r/o reversible retinal vascular disease
 All patients with early-onset FSHD screened for hearing loss

* Pulmonary function testing at baseline and annually for those with severe
weakness, kyphoscoliosis, wheelchair dependence

* Referral to sleep specialist when FVC<60% or excessive daytime somnolence,
frequent nocturnal arousals or morning headaches

* Pain management
« PT
* NSAIDs
* Antidepressants



Current Management continued

Surgical scapular fixation
* When can’t abduct to 90 degrees but good deltoid preservation

Bracing
* Ankle foot orthoses

Exercise
* Cycling 30 min/day, 3X/wk
Annual DEXA

* treatment of low bone density




Conclusions

* FSHD is an autosomal dominant disorder that preferentially affects
face, muscles of scapular fixation and arms

* Eventually, most skeletal muscles are affected

* FSHD is associated with rare extramuscular manifestations including
retinal vasculopathy and hearing loss

* There are no treatments for the muscle weakness associated with
FSHD



University of Nevada, Reno

School of Medicine

Department of Pharmacology

FSHD Genetics and
Epigenetics

Peter L. Jones, Ph.D. and Takako 1. Jones, Ph.D.
Co-Principal Investigators




Epigenetics

({1 ° ””
Treasure your exceptions.

William Bateson “The Methods and Scope of Genetics” 1908

In utero diet X-inactivation FSHD



FSHD is caused by genetic changes that
lead to epigenetic changes at Chr 4q35
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Human haploid genome has ~3,100,000,000 base pairs of DNA (GATCs)

FSHDL1 is caused by small deletions on Chr 4q
- lead to epigenetic changes at Chr 4q
~ FSHD?2 is usually caused my mutations on Chr 18p




FSHD genetics are complex
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Sciencexpress Report 2010

A Unifving Genetic Model for Facioscapulohumeral Muscular Dystrophy

Richard J. L. F. Lemmers.” Patrick J. van der Vliet.! Rinse Klooster,' Sabrina Sacconi,” Pilar Camafio,** Johannes G.

Dauwerse,' Lauren Snider.” Kirsten R Straasheijm,l Gert Jan van Ommen. George W. Ph'auzil.':um'g,‘i Daniel G. Miller,” Stephen J.
TB.PSCOH._E Rabi Tawil® Rune R Frants' Silvére M. van der Maarel'*

DUXH4 genetics link all forms of FSHD
Non-permissive

----------------------------

-Unstable mRNA
-DUX4 protein not made

————— -Nontoxic
“B” and NP “A”-type

subtelomeres

Permissive DUX4-fl mRNA -Stable poly A mRNA
l> .. . _.——AAAAAAA -DUX4 protein produced

-Cytotoxic

Exonl ¥ | [E2 E3(PAS)

Typical “A”-type
subtelomeres

* = translation stop PAS = DUX4 mRNA polyadenylation site NP = non-permissive



FSHD genetics are complex

Permissive

FSHD1 (@)—F

N=1-10RU

FSHD2: Mutations in repressive chromatin modifying enzymes Permissive
—7—PPOOPOIIOIIIIDIE— -

N = 11- ~24 RU (Ave - 16 RU)

Standard 4935 and 10926 chromosomes

//
@O—
N = 11- ~100 RU (Ave 26-28 RO) Non-Permissive

PP PIOPIPPIIIII i

N =11-~100 RU Non-Permissive

PP IPPIP PP

N =11-~100 RU

Atypical 4935 and 10926 chromosomes xx Non-Permissive

//
7

Healthy

N =11-~100 RU

//
7/ PP 4b

N=1-10RU

® 6 6 6 ©

/L ._ .........
” N=0
Non-Permissive
//
v, 10A ——- - ...
N=1-10 RUXX o
Vs -I\.l.?-n.—.liermlsswe
V{4
N=1-10RU

Himeda et al. (2014) Antiox Redox Signaling



Epigenetic dysregulation links
all forms of FSHD

He althy Epigenetic

environment

OSSP E Y PPPPPS I T @ OFF

N =11-~100 RU
FSHD1: D4Z4 Contraction

@—H ON
N=1-10*RU

FSHD2: D4Z4 Contraction-independent

@ y: ORI AR EEARGORAIIEO ON

N =8 -~26 RU (Ave 12-16 RU)

@ = More relaxed chromatin ?= Hypomethylated CpGs
@ = Less relaxed chromatin ?: Hypermethylated CpGs

De Greef et al. (2009) Human Mutation



FSHD is an epigenetic disease
with a genetic component

Healthy Fpigenetic
environment

N =11- ~100 RU
FSHD1: D4Z4 Contraction

@—# ON
N=1-10*RU
FSHDZ2: Mutations in epigenetic repressor genes
@ L, OQRARRGARERGIRGORAIOEX0 ON
V{4

N = 8 - ~26 RU (Ave 12-16 RU)

@ = More relaxed chromatin ?= Hypomethylated CpGs
@ = Less relaxed chromatin ’: Hypermethylated CpGs

De Greef et al. (2009) Human Mutation



What are the consequences

of dysregulated epigenetics
in FSHD?

_



Aberrant epigenetics combined with DUX4-
permissive genetics leads to expression of the
DUX4 gene resulting in FSHD

DUX4 mRNA
A\~ AAAAAAA

74 EEER ' < Yo~ Y
O+ - ;..

-Stable DUX4 poly A mRNA
from the last repeat unit

DUX4 mRNA -DUX4 protein produced
AAAAAAA -Cytotoxic

Exonl ¥ | |E2 E3(PAS)
Typical “A”-type
subtelomeres

% =translation stop PAS = DUX4 mRNA polyadenylation site




DUX4 encodes an early
developmentally active
transcription factor that is
silent in healthy somatic cells

DUX{4 is expression is
aberrantly increased in FSHD
skeletal muscle




Pathogenic mechanisms of FSHD
are dependent upon DUX4

(1) Regulation of D424 (@) Alternative pathways (5) DUX4 independent
and DUX4 . FSHD?
Micro RNAs /
DBE-T IncRMNA Maodifier genes +
DNA methylation Accessory fﬂ_ﬂtﬁr5 —> @ Downstream of DUX4
Chromatin structure Other pathogenic genes
Histone modifications Disruption of nuclear organization Innate Immune
Environmental factors Response
Epigenetic modifiers + Testis/stem cell
\_» _ genes
(2) DUX4 expression [ Retro elements j
Epigenetic regulation £ DNA repeats
) DUX4-fl mRNﬁ—)» [Dum-FL Protein [ Inhibit m}fﬂgenesis:]
( Genetic regulation ) ¢ . [ Apoplosis j
DUX4-s mRMA DNA binding ot
/db Alternative splicing factors DUX4-S [ Oxidative Stress j
WNT signalling Chromatin modifications Transcriptional ( Ub-Proteasome )
Myogenic factors pathogenic function?

Himeda et al. (2015) Antiox Redox Signaling



Quantitative model of DUX4-FL expression

DUX4-FL expression in <1% of nuclei of
myogenic cells from FSHD subjects
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Aberrantly increased expression
of the DUX4 gene is the key
pathogenic mechanism in FSHD

» FSHD is a pathogenic gain-of-function disease

> Most muscle diseases are loss of function
- need to “fix” or ”replace” something

» FSHD - need to remove an unwanted protein




FSHD is an epigenetic disease
with a genetic component

DUX4-fl Epigenetic

Healthy Expression Environment
@) AN NN R T, ey Non-
' ' permissive
N = 11- ~100 RU, Ave ~28 RU
FSHD1-affected
@7/ ......... +++ Permissive
N=1-10 RU
FSHD2
@7/ +++ Permissive

N =>10 RU, Ave ~16 RU
@ = More repressed chromatin ?=Hypomethylated CpGs

@ = More relaxed chromatin ?=Hypermethylated CpGs



FSHD1 genetics fail to account for the

large number of asymptomatic individuals
Healthy

4q ter
/L

Asymptomatic: Genetically FSHD1, clinically unaffected

/;/ { w 4qA Aqter 1.3, of population

Scionti et al. (2012) J Med Genet 49:171
Ricci et al. (2013) Brain 136:3408

FSHD1 .
J// q ter ~1:7-
~ ‘ w T S 1:7-14,000

The deletion itself is not pathogenic
The 4qA sub-telomere is permissive, not pathogenic
Existence of modifiers of disease severity




What is the epigenetic state of
asymptomatic FSHD subjects?

/4 —TPPPPPPP PP VP

FSHD1 asymptomatlc

Healthy

1-3% healthy
population
FSHD1
/L
77
FSHD2
/L
77

? = Hypermethylated CpGs ? = Hypomethylated CpGs

@ = More euchromatic

@ = More heterochromatic



Quantitative model of DUX4-FL expression

DUX4-FL expression in <1% of nuclei of
myogenic cells from FSHD subjects
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Asymptomatic FSHD1 subjects have an
intermediate level of DNA methylation
!



Asymptomatic FSHD1 subjects have an
intermediate level of DNA methylation that is

significantly higher than FSHD1-affected and
significantly lower than healthy controls

Cohort| Manifesting | Nonmanifesting || EcoRI/Binl | D424 RU*
15 15.2% 25.4% 28kb 8
28 14.6% 25.2% 29kb 8
29 6.5% 12.5% 30kb 8.5
30 10.6% 32.6% 30kb 8.5
43 14.2% 15.5% 19kb 5
46 13.7% 27 .6% 22kb 6
47 0.3% 14.9% & 16.9% 30kb 8.5
48 T3% & 4.9% 11.7% 21kb 6
49 8.0% 18.8% 22kb 6

*Calculated as D474 RU = (EcoRI/BiInl fragment kb - 2kb)/3.3

T Jones et al. 2015 Clinical Epigenetics



Epigenetic status correlates with
FSHD disease presentation

DNA
Healthy

Methylation

N =11-~100 RU

FSHD1 asymptomatic

@O—#

Mid-level

N=~5-10RU

N =8-~26 RU (Ave 12-16 RU)

@ = More relaxed chromatin

?: Hypomethylated CpGs @ = Bivalent chromatin
@ = Less relaxed chromatin ?:

Hypermethylated CpGs ? = Intermediate methylation



What are the consequences of
epigenetic dysregulation?

Do these small differences matter?



Epigenetic repression at the 4q35 D474 array
is very stable in healthy controls and
epigenetically poised for expression in FSHD1
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Epigenetic repression at the 4q35 D474 array is
more stable in asymptomatic FSHD1 subjects
compared with aftfected FSHD1 patients
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NT = not treated

ADC = Decitabine
—> inhibits DNA methylation
- more euchromatic

TSA = Trichostatin A
HDAC inhibitor
—> favors histone acetylation
- more euchromatic
—> can affect other proteins

CH = Chaetocin
- inhibits H3K9me3
- more euchromatic

T Jones et al. 2015 Clinical Epigenetics



Asymptomatic FSHD1 subjects have
an intermediate status

DUX4 DNA Epigenetic
Healthy expression methylation inducibility
R P .
N = 11- ~100 RU OFF
FSHD1 asymptomatic
/7 ++  Mid-level ++
@— S am ... o
N=~5-10RU
FSHD1
@— Low ++++
ON
FSHD2
@ // Low T++++
V{4
ON

N =8 -~26 RU (Ave 12-16 RU)

@ = More relaxed chromatin ?= Hypomethylated CpGs @ = Bivalent chromatin
@ = Less relaxed chromatin ?: Hypermethylated CpGs ? = Intermediate methylation

T Jones et al. 2015 Clinical Epigenetics



Small changes in epigenetic state
and/or DUX4 expression levels
have large clinical consequences

Asymptomatic

Healthy

Less DUX4 More DUX4

. i
Healthy FSHD




What does the epigenetic and
DUX4 expression data tell us
about FSHD therapies?




Small changes in epigenetic state
and/or DUX4 expression levels
have large clinical consequences

Asymptomatic

Asymptomatic
Healthy Healthy

Asymptomatic

Healthy Asymptomatic FSHD
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FSHD in 2019
Many viable therapeutic approaches

(1) Regulation of D4Z4 (4) Alternative pathways (5) DUX4 independent
and DUX4 - FSHD?
Micro RNAs /
DEBE-T IncRNA Maodifier genes +
DNA methylation Accessory factors _> @ Downstream of DUX4
Chromatin structure Other pathogenic genes
Histone modifications Disruption of nuclear organization Innat une
Environmental factors Re se
Epigenetic modifiers ¢ + Testi&/stem cell
genes
@ DUX4 expression ; l Retro elements
Epigenetic regulation DNA repeats

Inhibit myogenesis

\ 4 v
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(zenetic regulation
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% Apoptosis

DUX4-s mRNA DNA binding N :

/> Alternative splicing factors DUX4-5 Oxidatiygf'Stress
WNT signalling Chromatin modifications Transcriptional Ub-PAtedsome

Hormone pathways DNA methylation activation

Undetermined
pathogenic function®?
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Reduction or elimination of DUX4 expression

targets the key pathogenic mechanism
Any level of DUX4 reduction may have therapeutic benefit!

@ Regulation of D424 @ Alternative pathways @ DUX4 independent
and DUX4 : FSHD?
Micro RNAs /
DBE-T IncRMNA Modifier genes +
DNA methylation Accessory factors —)' (3) Downstream of DUX4
Chroma fucture Other pathogenic genes
Hismnerﬁcam”s Disruption of nuclear organization Innate Immune
Environ factors [ Response j
Epigenetic modifiers + Testis/stem cell
[ genes
X’ (2) DUX4 expression ﬁ [ Retro elements
Eplgenetlc regulatlon ﬁ DNA repeats
DUX%RNA—} DUX4-EX Protein —)' [ Inhibit myogenesis
( Genetic regulation ) t

e L N L N N N L N L N

\\? ( Apoptosis

DUX4-s mRNA DNA binding Oxidati

. o tive St

/+ Alternative splicing factors DUX4-S [ x\dative sress
WNT signalling Chromatin modifications Transcriptional ( Ub-Proteasome

Hormone pathways DNA methylation activation Undetermined
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Small molecules targeting DUX4 regulation or function
*Morpholinos/PMOs/shRNAs & *miRNAs

* CRISPR-inhibition * deliversganEat
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We now have a clear therapeutic target: DUX4

UUUUUUUUUUUUUUUUU

AHdOY 1S AQ.

B O ET vy,

.

& -

Produced by Bill Milling and Susan Egert

Directed by Arie Ohayon
Featuring Steven Blier and Kelli O’hara




DUX4 expression is a FSHD
therapeutic target

» Why do we have DUX4 and what does it do?
» How does it cause FSHD?

» What will reducing expression do outside of FSHD?



DUX4 encodes an important
developmental transcription factor

Cleavage-stage developmental processes
activated by DUX4 and DUX4- target genes

ZSCAN4
% e %x Telomere elongation
and karyotype correction

KDWZM» - Derspression o DUX DUX4
", AncAATce

Major satellites (GSAT, HSATII)

O O..‘ Chromocentar

®o 0 pn Conserved function in DUX
ERVs (MEAVL, HERVL) gene family in mammals




Healthy DUX4 expression

is extremely limited

\

DUX4(+)

Activate | cleavage program
Embryo | protection

Development

Z5s - LS
N T

Spermatogonium
Spermatocyte

Testis

Hendrickson et al. 2017 Nat Genetics

Snider et al. 2010 PLoS Genetics




Aberrant DUX4 expression

hogenic

is pat

SBRCTs
CIC |DUX4-TAD

AYA-ALL/B-ALL
DUX4-N [ * IGH

Oncogenes

Healthy FSHD

( \\DU}{-!I{-]' DUX4(+)
Pathology
@x\

FSHD

b

g (’ CD8+ T cell

DUX4(-):
MHC I(+) Tumor Cell Death

DUX4(+)
MHC I(-)

; Tumor Cell
Proliferation

Immune evasion

Kawamura-Saito et al. 2006 Hum Mol Genetics
Wei et al. 2018 Cancer Discov
Yasuda et al. 2016 Nat Genetics
~ Lemmers et al. 2010 Science

Chew et al. 2010 Dev Cell




What happens when DUX4 is
misexpressed?
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Generation of an FSHD-like mouse based on
low level DUX4 expression

; s Takako Jones, PhD

FLExDUX4 ‘EIE‘”: U :“ﬂ‘f
= (Svd)
Rosa26 promoter 4 Svd)ed| (23| | * |d XX
—4 -yXna °v ’e 4
¢ +Cre
DUX4
LU * N /\ AAAAAAA .
,—) atc  DUX4-fl - Dy expression
Rosa26 promoter / xx E1 * | [E2| [E3(PAS) ’
N

The Rosa26 promoter ensures robust DUX4-f]l expression
in all cells that underwent cre-mediated inversion



The FLExDUX4 mouse model allows for control

of the timing and level of human DUX4
expression in muscles of an adult mouse

-

— Takako Jones, PhD
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. e

Healthy FSHD-like pathology



f DUX4 in adult
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Small increases in DUX4-FL protein levels lead
to increased severity of FSHD-like disease

%" Severe
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As DUX4 expression increases,
treadmill running fitness declines

Female mice

A B
— Moderate Model (female 12-14wks)
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Male mice
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As DUX4 expression increases,
skeletal muscles get weaker

A Specific Twitch C Specific Force Frequency
40 - Wk & 200 5
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Increased DUX4 expression leads to
increased muscle histopathology

tibialis anterior gastrocnemius soleus quadriceps
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Increased DUX4 expression leads to
increased muscle histopathology

tibialis anterior gastrocnemius soleus quadriceps
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Dose dependent increases in DUX4
expression in skeletal muscle lead to:

> Decreased muscle function

»Decreased muscle strength

»Increased muscle histopatholgy




Do we need DUX4 expression
as adults?

*25% of the population is “non-permissive” for the
somatic DUX4 mRNA polyadenylation signal
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Half of the 4q chromosomes are

non-permissive for DUX4

N=1-10RU

Permissive
FSHD1 @ /;/ ......... DUX4-1] +
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N = 11- ~24 RU (Ave - 16 RU)
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@ DDA ——— - - DUX4-1] +/-
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S| N=1L7100RU_ o ___.
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O—— PP DUX4-Al -
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y/ -1l -
@ /i — @&@— - DUX4-11
Non-Permissive
@——IPpPfan—--- DUX4-fl -
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Reduction or elimination of DUX4 expression

targets the key pathogenic mechanism
Any level of DUX4 reduction may have therapeutic benefit!

@ Regulation of D424 @ Alternative pathways @ DUX4 independent
and DUX4 : FSHD?
Micro RNAs /
DBE-T IncRMNA Modifier genes +
DNA methylation Accessory factors —)' (3) Downstream of DUX4
Chroma fucture Other pathogenic genes
Hismnerﬁcam”s Disruption of nuclear organization Innate Immune
Environ factors [ Response j
Epigenetic modifiers + Testis/stem cell
[ genes
X’ (2) DUX4 expression ﬁ [ Retro elements
Eplgenetlc regulatlon ﬁ DNA repeats
DUX%RNA—} DUX4-EX Protein —)' [ Inhibit myogenesis
( Genetic regulation ) t

e L N L N N N L N L N

\\? ( Apoptosis

DUX4-s mRNA DNA binding Oxidati

. o tive St

/+ Alternative splicing factors DUX4-S [ x\dative sress
WNT signalling Chromatin modifications Transcriptional ( Ub-Proteasome

Hormone pathways DNA methylation activation Undetermined
Myogenic factors pathogenic function

Small molecules targeting DUX4 regulation or function
*Morpholinos/PMOs/shRNAs & *miRNAs

* CRISPR-inhibition * deliversganEat



Small changes in epigenetic state
and/or DUX4 expression levels
have large clinical consequences

Asymptomatic

Asymptomatic
Healthy Healthy

Asymptomatic

Healthy Asymptomatic FSHD
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Contact: peterjones@med.unr.edu
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p38 inhibitors for FSHD: turning off DUX4
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p38 inhibitors for FSHD: Turning off DUX4

» Therapeutic strategy: targeting DUX4 expression
e |dentification of p38 inhibitors
» p38: muscle biology
» Choice of losmapimod
» Example of losmapimod turning off DUX4 in xenograft mouse model

» Role of p38 in promoting DUX4 expression (work in progress)

11/07/2019



Therapeutic strategy
Suppress transcription of DUX4 mRNA

Factors that promote transcription are not understood

Annu. Rev. Genom. Hum. Genet. 2019. 20:8.1-8.27

\L [ —
|—> o " HHExgn Exnng = Exon E
= DME2 (/4 DMEI %’D — : -3 MD Y i
D474
|
l ——— p38inhibitors
DUX4 mRNA - s s A AAAAAAA

l

DUX4 Protein
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Follistatin

P

Myostatin

Proposed model for B, signaling in skeletal muscle

IGF-1

Akt
mTOR GSK-3p FoxO

,-agonists

A 4

v

MAFbx/Atrogin-1

MuRF1

|

Protein synthesis

Protein degradation

11/07/2019

L2

4 DUX4

, 7’ 1 \
] 7 ] \
PKA-induced Ga, ] \
7 to Ga, switching ! Y
vy ,
) \
PKA I A
! \
] \
! \
PGC-1a1| = CREB | v SIK1 ! \
" 7’ \ \ ! \
» i £ \
A\
Follistatin PGC-104 NR4A3 \ HDAC | = | Myogenin PKC
/ \ | / \
\ 1 ! i)
IGF-1 Myostatin |— MyoD MEF2 MuRF1 p70S6K | |GSK-3p
Activin type 1IB Myf5
raceptor
1 A 4

Muscle gene expression [Protein degradation|| Protein synthesis

Joassard et al. 2013. 1JBCB
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Follistatin Proposed model for B, signaling in skeletal muscle

Myostatin IGF-1

~ Rap || Enac

, 7 PKAdinduced Ga, ¢ \
l /7 to Go, switching I Y
PKA I A
! \
L ! \
\
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\
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A
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/ \ | / \
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v - 1 1 v

Protein synthesis| |Protein degradation ? ? Muscle gene expression [Protein degradation|| Protein synthesis
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FSHD drug targets

Clinically advanced p38 inhibitors suppress DUX4 expression

Pamapimod PH-797804
1.2 1.2
5 e MBD3L2 S e MBD3L2
3 107 + MYOG @ 107 + MYOG
) ()
= 0.8 A MYH2 = 0.8+ A MYH2
X x
w 0.64 w 0.64
g g
E 0.4+ E 0.4+
& 0.2+ & 0.2+
00 " " " L] L] L] L] L] OC " " L] L] L]
10% 102 10 10° 10! 102 10° 10* 10° 10° 102 10 10° 10' 102 10 10* 105
[nM] [nM]
Acumapimod VX-702
157 101 MBD3L2
o, L4
1.44 .
5 L . e MBD3L2 5 ) o *+ MYOG
%10-‘ * e ¢ a MyH2 g Joe——o2t ", A MR
o - ¢ MYOG 2 1.04 ¢
o o
i X 084 . N
s 05 2 061
5] T 0.4+
T T
x @ 0.2+
OC " " " " L] L] L] OC " " " L] L] L] L] L]
10° 102 101 10° 10! 102 10° 10* 10° 10° 102 10 10° 10' 102 10 10* 105
[nM] [(nM]

» p38a/P inhibitors suppress DUX4 at levels that do not inhibit myogenesis
11/07/2019



FSHD drug targets

Clinically advanced p38 inhibitors suppress DUX4 expression

FSHD1
1.2 B DUX4
2 olull i
3 10- | I [ IMBD3L2
G il B ZSCAN4
- M Ha Y
<ZE 0.8 . : : O LEUTX
£ % e zamyH2
Q g4- 9 Ha 19 1
= 7 10 19 17
= 19 19 19 1Y
© 51705 |7 |7 Il
L 0.2- 19 HA e 117
o 9 1d g 1
0.0-L1L aflan Nan U7 1F U7 L7
N N
SO
c® N N \/QQ oy
PH-797804

» p38a/P inhibitors suppress DUX4 at levels that do not inhibit myogenesis
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Quiescence

p38 MAP kinases

Role in muscle biology

11/07/2019

INJURY

&f

Activation Proliferation Differentiation & Fusion
MyoD/Myogenin  Myogenin/Myosins
Pax7 Self-renewal Pax7/MyoD ‘/,\l /r”l i )“ ‘
‘%)—9 —><C, > —> ‘\,‘ }1 ‘ / \ '
Satellite cell Myoblast ‘f\\\\"\;l‘\ \J/ ‘ .‘
/ \ { | |

\\\Jj‘ \ { .|
\/ |
¥ Myocyte .1 .

\V, Myotube

» p38a, p38f and p38y isoforms

p38 MAPKs substrates and regulated processes

expressed in skeletal muscle |

p38a/P

» p38a,/P activated by cell-cell contact
during normal muscle differentiation

» p38a regulates large number genes

during muscle differentiation

= Many activities involved in temporal
order of events

= 5-fold higher expression than p38f3

MAPKAPK2 (activation)
TTP inactivation
MyoD upregulation

MKP-1 upregulation pl8Hamiet (activation)
SRCAP recruitment

Cell cycle exit H2A.Z accumulation
EZH2 (activation) MSK1 (activation)
PRC2-YY1 interaction H3 phosphorylation
PRC2-EZH1 enrichment
MEF2 (activation)

E47 (activation)

JNK inactivation

Asymmetric division

Pax7 repression

BAF60c (activation)
SWI/SNF recruitment
ASH2L recruitment
RNA Pol II recruitment

MyoD/E47 heterodimerization

Myogenic gene expression

CDS53 upregulation
Myoblast fusion

p38y

MyoD (tagging)
Kmtla recruitment

MyoD repression



p38

Therapeutic potential

11/07/2019

» Knock out mice:
e p38a: (muscle-specific)

= NOT DIRECTLY PATHOGENIC: Delayed myofiber growth and maturation,
hyperproliferation of progenitors

= reduced pathology in Mdx- and Sgcd-null dystrophic mice
* p38B: no muscle phenotype

» Invivo p38inhibition (inhibitors targeting p38a./p)
* Improved self-renewal of satellite cells in aged muscles
* Reduced pathology in Sgcd-null dystrophic mice

» p38inhibition is valid therapeutic strategy
* Suppress DUX4
* Maintain muscle health
* Potentially enhance muscle progenitor pools (satellite cells/myoblasts)
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Clinically Advanced p38 Inhibitors

Mechanism
Selectivit
PH-797804 p38a, 4X > p38f3 RA, COPD, Pain Phs Il

Losmapimod Cardiovascular (ACS, Ml) Phs

38a/
(GW856553) p38a/p lll, MDD, COPD, Phs Il
Dilmapimod (SB-
p38 COPD Phs I, RA, ACS, LI Phs I
681323)
VX-702 p38a, 14X >p383  RA,PhsI
ARRY-371797 p38 LMNA-Cardiomyopathy, Phs Il Failure in the clinic for efficacy
(';aorzzz'z’;:;') 0380, 34X > 388 RA Phsll in intended indications leaves
: many potential drug candidates
Acumapimod 380/ COPD Phs I t for FSHD!
o
(BCT197) p o repurpose for !
Pexmetinib 38/Tie2 Myelodysplastic syndrome,
(ARRY-614) K Phs | RANK by:
Ralimetinib 38a/ . i i
p38a/p Advanced cancer, Phs I Efficacy in mouse m_OdeI
Talmapimod RA, Myelodyplastic syndrome,
p38a, 10X > p38f3
(SCIO 469) Phs I
BMS-582949 P38a, 5X > p38f Atherosclerosis, RA, Phs I
TAK-715 p38a, 28X > p38P
Neflamapimod .,
p38a, 22X > p38P3 Alzheimer’s
(VX-745)
Doramapimod
38a/B/y/d Phs Il
11/07/2019 (BIRB 796) p38a/Ply 80



Muscle Regeneration in vivo
borrowed from: Endo, T. Bone. 2015. 80:2-15.
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Xenograft model of FSHD
Human Epigenetic Regulation of DUX4

11/07/2019

+/- Drug

rig A & A—
M—» NOD.Cg-Ragltm1Mom IL2rgtm1Wijl/Sz)

Human FSHD cells FSHD xenograft .
. ® o
o FAN) B
® o * - -
Proliferating Differentiating Myofibers
myoblasts myocytes Myosin heavy chain
MyoD Myogenin

1) Measure inhibition of DUX4 and downstream targets
(4 day xeno)

2) Measure improved survival and muscle differentiation
(14 day xeno)
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Xenograft model of FSHD
4 week profiling of gene expression

11/07/2019

Relative RNA Levels

Relative RNA Levels

1.2+
1.04
0.8+
0.6+
0.4+
0.2+

0.0

2

1.2
1.04
0.8+
0.6+
0.4+
0.2+

T
8

T T T T T T T T T 1
10 12 14 16 18 20 22 24 26 28

Days

0.0
2

T
8

T T T T T | | T T 1
10 12 14 16 18 20 22 24 26 28

Days

n =6 animals per time point

s MYOG »
—— MYH3
—¥— MYH2 >

—e— DUX4 >
—=— MBD3L2 >
—— LEUTX

—¥— ZSCAN4

MYOG (early differentiation)
peaks on or before day 4

MYH3 (regeneration)
peaks ~day 7

MYH?2 (late differentiation)
peaks ~day 14

DUX4 peaks around day 4
DUX4 targets peak ~day 5
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Xenograft model of FSHD

Losmapimod suppress DUX4 in human FSHD cells transplanted to mice

11/07/2019

Relative RNA Levels
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» Losmapimod reduces DUX4 expression by 80-90%

Relative RNA Levels
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» These doses produce drug levels in mice that are similar to drug
levels achieved in humans
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Xenograft model of FSHD
Losmapimod 14-day dosing (6 mpk BID)

MYH2 Relative Human Cell Content
175+ o 4 #
150+ e

w
L
[ J

°
1254 L °

100+ J.__G o*

Relative RNA Levels
\l
o1
[ }
[ ]
[ )
[ ]
Relative DNA Levels
hTERT/mTfrc
e N
% .
.
| ‘.l

» Human cells differentiate to mature myofibers with treatment (MYH2)

» Increase in human cell content suggests treatment may protect human cells
from DUX4 toxicity

11/07/2019
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Mechanism
How does p38 turn on DUX4?

038 e Transcription factor activation?
* Promote open chromatin structure?

{ T -
, Exon 1 | Ex;-_r:nn Ex;:n E E Ex;}n E
DME2 (/4 DME1 (= e Y/

D474

DUX4 mRNA - e s * s A A AAAA A

Annu. Rev. Genom. Hum. Genet. 2019. 20:8.1-8.27
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Summary
p38 inhibition turns off DUX4

11/07/2019

Clinically advanced p38i suppress DUX4 (and downstream target genes)
without inhibiting muscle differentiation

* Pharmacological and genetic depletion suggest viable therapeutic approach
* Phs II/1ll p38 inhibitors are attractive drug candidates for FSHD

Losmapimod suppresses DUX4 in mouse xenograft model at dosing levels
that are relevant to human

Losmapimod stands out as candidate p38 inhibitor for FSHD

* Published human PK, muscle exposure in mice (internal), xenograft efficacy

« Safety profile in large number of patients
How p38 inhibitors suppress DUX4 currently under investigation

e Potentially 2 or more mechanism
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Losmapimod
Clinical Pharmacokinetics Clin Pharmacol Drug Dev. 2015; 4(4):262-9.

50

e Multi dose PK in Japan, PK
11 consistent with single dose
” | studies in US

30 4
| il
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Start site on DNA where gene is
copied into RNA when “turned on”
;‘-"-‘:;. Activator protein

& [ Gene sequence on DNA
UL [ I

L (e.g. DUX4)

' Upstream
&J} e
i “Open” or de-condensed
fiator \ p38 ? — > chromatin facilitates this
32 process

RNA
polymerase

/AR

|—> “f‘_j

- DUX4
AAAAA....AAA
WAAAAAWAAA
RNA copies of DUX4 gene sequence WAAAAA...AAA

(DUX4 mRNA)
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p38 MAP kinases

Inflammatory signaling
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p38 MAPK Signaling Pathways
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http://www.ufrgs.br/imunovet/molecular_immunology/p38map.html
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p38 pathway for inflammation is different than in muscle

NF-kB  JNK p38 MEK/ERK PI3K/AKT  JAK/STAT
KK | | JNK MEK1/2 | | PI3K JAK
/ \ L 4 Kinase
v /
Hsp2 S6
Y Y o
NF-xB| |c-Jun CREB Fox03a| STAT-1| |STAT-3 gf{;fg”pt'"”
' No inhibitor I p38i
TNF(I./IL 1o TNFo/IL-1¢x
- / N\
‘g 38 . MEK p38i— ¢ IMEK
: /
©
c ERK ERK
i / /N
Hsp27 | CREB CREB
Elevated
inflammatory
signaling

Sci Signal. 2018 Mar 6;11(520)

In rheumatoid arthritis synovial fibroblasts
(SF), p38 activated by inflammatory stimuli

* In muscle, p38 activated by normal
differentiation program

In SF, MK2 and MSK1/2 are key p38 targets
that promotes inflammation

 DUX4 expression not mediated by
MK2 or MSK1/2

In SF, inflammatory environment
promotes alternate MEK/ERK signaling

* Inflammatory cytokines do not
stimulate DUX4 expression

DUX4 expression not mediated by
MEK/ERK

No indication that p38i would lose efficacy for suppressing DUX4
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p38 kinase

Activated by muscle differentiation

11/07/2019

Intracellular
> Cell-cell contact activates
p38 during the normal
e Extraceluar differentiation process
. » NOT inflammatory
b IR signaling
M-Cadherin S
. £
B-Catenin 1\__,.}
rFy
Intraczlular

MyoD-dependent, muscle-specific gene expression
Cold Spring Harb Perspect Biol. 2017 Feb 1;9(2).
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Imaging and Biopsy:
Clinical Trial Design Implications

Kathryn Wagner, MD, PhD
Center for Genetic Muscle Disorders
Kennedy Krieger Institute
Johns Hopkins School of Medicine



FSHD Challenges and Opportunities

* Challenges
* Slowly progressing disorder
* Disease heterogeneity
* No established regulatory pathway

* Opportunities
e Common rare disease
* Highly motivated patient population
* Engaged, experienced investigator community
e Little competition (unlike DMD)



MRI

e Standard MRI seguence can identify healthy muscle, acute intramuscular
inflammation and infiltration of fat and fibrosis

e Patterns of muscle involvement differentiate various genetic myopathies

* Distinctive pattern of muscle involvement in FSHD but not used as
diagnostic due to superior specificity of genetic diagnosis

 Powerful clinical outcome measure
e Noninvasive

* Nonirradiating
Independent of patient effort, daily clinical variability and learning effects

Can be performed on most patients irrespective of disease severity
Sensitive to small increments of change
Repeatable measurements
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MRI

* Longitudinal studies confirm slowly progressive disorder

* Fatty infiltration does not progress over 6.9 to 13.8 months of follow
up
 Fatty infiltration seen as T1-weighted hyperintensity

* Hyperintensity on STIR (Short-T1 Inversion Recovery) sequences
correlate with edema and cellular inflammation

* STIR positivity may precede fatty replacement of T1-weight
hyperintensity



Theory of disease progression in
FSHD

Pre- Early Active
symptomatic  disease disease Late-stage
T1 .
T1 dark T1 dark T1 bright

transition

STIR dark STIR bright STIR bright STIR dark

Normal Reversible Irreversible



STIR Hyperintensity and Fat infiltration

T1 P . STIR .
g 41 . .
\ \ e

Ferguson, Muscle and Nerve, 2017



Relationship between STIR+ and fat
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Muscle fat content

More severe progression with greater T2
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Good correlation of fat fraction to function

Mean fat fraction, legs (%)

Mean fat fraction, legs (%)
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Muscle biopsy

Control






Pathological features

FSHD Control p-value
Mean 5td. Dev. Mean 5td. Dev.
Int. Nuclei (%) 0.028339 0.035156 0.015608 0.016162 0.03514
Split Fibers (%) 0.001185 0.002627 0.000385> 0.00118 0.073456
Mecrotic Fibers (%) 0.001356 0.002417 3.35E-05 0.000167 0.000334
Regenerating Fibers (%) 0.004628 0.010109 0.000167420.00055641 0.0125857
Atrophic Fibers (%) 0.023216 0.061632 0.002 0.002832 0.018824

Area of Fibrosis (%) 0.1 0.0350 0.07 0.0229 0.0415



Image guided biopsy in FSHD

Relative RNA Seq Values
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Relative DUX4 Target Expression in Normal vs STIR+ MRI

STIR+ MRI Normal MRI

Wang, Human Molecular Genetics, 2018



Open muscle biopsy
’

http://vetneuromuscular.ucsd.edu/
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Needle muscle biopsy




Needle muscle biopsy
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Open vs Fine Needle Biopsy

Requires OR
Leaves incision scar

Nerves, vessels, muscle
integrity well visualized

Well tolerated in most
Hundreds of micrograms
Hundreds of fibers

Well-oriented fibers for
histology

$SSSS

Best for when histology
needed

Can be done in clinic
Puncture scar or none
Blind

Well tolerated in all
Tens of micrograms
Few fibers

Misaligned fibers not suitable
for histology

S

Best for when only
RNA/protein analysis needed
or when serial evaluations
needed



Other clinical outcome measures

* ReSOLVE natural history study: 160 FSHD subjects across multiple US
and EU sites

* Goal to identify clinical outcomes that are more responsive to change
over shorter periods of time for drug development trials

e Reachable workspace (Hatch et al., Neuromuscular Disord 2019: ~8%
decline per year in upper quadrants)

* EIM
* FSHD-COM
* FSHD-HI



Conclusions

* Muscle progresses from healthy muscle to fatty infiltration
* Muscle inflammation may act as a trigger for this process

* Muscle inflammation can be visualized by STIR positivity
* DUX4 expression has been linked to STIR+ muscles
 DUX4 and DUX4 biomarkers can be assessed by needle muscle biopsy

* For a very slowly progressive disease MRI and biopsy are good
outcome measures



