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v Young patients

v Familial disease

Disease of sarcomeric proteins

MYBPC3

Unknown
~ 25-30%

Sarcomeric protein
gene mutation
40-60%

Other genetic and
non-genetic causes

* Inborn errors of metabolism

Glycogen storage diseases:
+ Pompe
+ Danon

* AMP-Kinase (PRKAG2)
« Carnitine disorders
* Lysosomal storage diseases

+ Anderson-Fabry

* Neuromuscular diseases

* Friedreich’s ataxia
* FHLI

+ Mitochondrial diseases

* MELAS
« MERFF

+ Malformation Syndromes

« Noonan

« LEOPARD
* Costello

s GHE

+ Amyloidosis

« Familial ATTR
« Wild type TTR (senile)
« AL amyloidosis

* Newborn of diabetic mother

*« Drug-induced

* Tacrolimus

* Hydroxychloroguine
» Steroids

Elliott P et al. 2014 ESC HCM Guidelines
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Inherited Metabolic/NM diseases

MYL3
TPMI

TNNI3

TNNT2

MYH7

MYBPC3

Unknown
~ 25-30%

Sarcomeric protein
gene mutation
40-60%

Other genetic and
non-genetic causes

¢ Inborn errors of metabolism
Glycogen storage diseases:
. Pon-pe
+ Danon
* AMP-Kinase (PRKAG2)
+ Carnitine disorders
* Lysosomal storage diseases
+ Anderson-Fabry

* Neuromuscular diseases
* Friedreich’s ataxia
« FHLI

* Newborn of diabetic mother

* Drug-induced
* Tacrolimus
* Hydroxychloroguine
» Steroids

Elliott P et al. 2014 ESC HCM Guidelines
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v Older patients
v No familial history

v HTA
v’ Less CV events

MYL3
TPMI

TNNI3

TNNT2

MYH7

MYBPC3

Unknown
~ 25-30%

Sarcomeric protein
gene mutation
40-60%

Other genetic and
non-genetic causes

* Inborn errors of metabolism
Glycogen storage diseases:
. PDITHJB
+ Danon
* AMP-Kinase (PRKAG2)
+ Carnitine disorders
* Lysosomal storage diseases
+ Anderson-Fabry

* Neuromuscular diseases
* Friedreich’s ataxia
« FHLI

* Malformation Syndromes
+ Noonan
« LEOPARD
* Costello
«CFC

* Amyloidosis
» Familial ATTR
* Wild type TTR (senile)
+ AL amyloidosis

* Newborn of diabetic mother

* Drug-induced
* Tacrolimus

* Hydroxychloroguine
» Steroids

Elliott P et al. 2014 ESC HCM Guidelines
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Autosomal dominant with
incomplete penetrance and
variable severity/expressivity

Autosomal dominant with
complete penetrance

Sporadic presentation Low familial
(negative family history) aggregation

+

=y

Severity I Severity

Severity I

[ |
Disease ;. = Disease
D — 1§
treshold P P e — dreshold P
m = -
Disease Disease Disease E
susceptibility susceptibility susceptibility =
|
|
® Rure pathogenic variant Rare Mendelian variant Intermediate effect variant Common variants (GWAS)
Population MAF <0.01% Population MAF <1-2% Population MAF >1-5%

. Intermediate effect variant
. Small effect common variant * m 'i 'i‘ i 'i

. Non-genetic factors

L WESC—

Arbelo E et al. 2023 ESC Cardiomyopathies Guidelines
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Sarcomeric variant to phenotype......

Mechanistic tier Pathogenic Variants
| T | |
T o NMD Chr ;
mRNA level Stable expression g S Non-stop decay mRNA stability i
efficiency structure?
No-Go decay
L |
{ { y f
Protein level Stable expression Translation Reduced protein level Altered global
oison peptide efficiency aplo-insufficiency gene expression
i id ffici Haplo-insuffici i
!
| I
Sarcomere assembly Misfolded protein
Protein aggregation
Efficient Inefficient UPR &UPS e
R
Y | T T | 1
S level ATPase Acto-myosin ’ o Mechanical Interactome
arcomere feve activity cross bridge Ca*” sensitivity dysfucntion ;
Super-relaxed myosin —— Actin-bound myosin
Cellular Stress Stress-sensing and responsive signaling pathways ] |
|
+ [ I I I
. : Trophic & Post-translational Mitochondrial
Nyocards o ey mitotic factors modifications dysfunction =
+ | I | |
1 1 1
Histological phenotype Myocyte hypertrophy Myocyte disarray Interestitial fibrosis —~
| I I
T T T T 1
Clinical phenotype ardiac hypertrophy LVOTO HFpEF Arrhythmias SCD <

Marian AJ. Circulation Research. 2021;128:1533-1553
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Mechanistic tier

Pathogenic Variants
[

Sarcomeric variant to phenotype

Transcription e Chromatin
mRNA level Stable expression e Non-stop decay mRNA stability
efficiency structure?
No-Go decay
+ | | | ¢
Protein level Stable expression W Translation Reduced protein level Altered global
(poison peptide) efficiency (Haplo-insufficiency) gene expression
[ |
Sarcomere assembly Misfolded protein

Protein aggregation

. Y

[
Eff}cient Ineff}cient UPR &UPS >
— I ' ! !
S level ATPase Acto-myosin n ... Mechanical Interactome -]
arcomere leve activity cross bridge €& SEMSIVILY  quehiontion

Marian AJ. Circulation Research. 2021;128:1533-1553
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SCIENCE ADVANCES | RESEARCH ARTICLE

BIOCHEMISTRY

The hypertrophic cardiomyopathy mutations R403Q
and R663H increase the number of myosin heads
available to interact with actin

Saswata S. Sarkar'2*, Darshan V. Trivedi'->*, Makenna M. Morck'2*, Arjun S. Adhikari',
Shaik N. Pasha3, Kathleen M. Ruppel’-?**, James A. Spudich'?*

Hypertrophic cardiomyopathy g-cardiac myosin
mutation (P710R) leads to hypercontractility by
disrupting super relaxed state

Alison Schroer Vander Roest>><%1®, Chao Liu?®'®, Makenna M. Morck®°(, Kristina Bezold Kooiker®,
Gwanghyun Jung®“®, Dan Song®¢®, Aminah Dawood®®, Arnav Jhingran?® Gaspard Pardon®<¢®, _
Sara Ranjbarvaziri*“, Giovanni Fajardo®4@, Mingming Zhao®9, Kenneth S. Campbell%"®, Beth L. Pruitt><%®,

James A. Spudich®®2®, Kathleen M. Ruppel®®, and Daniel Bernstein®“2

Trivedi DV et al. Biophys Rev 10, 747 27-48, (2018)
Sakar SS et al. Sci Adv 6 (2020)
Vander Roest AS et al. Proc Natl Acad SciUS A 118 (2021)
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Thin myofilament
proteins (~5%)
A

Thick myofilament
proteins (~40%)
1

MYH7 MYBPC3

" ACTCI TNNI3 TNNT2 TNNCI

Z disk proteins
A
' ACTN2, CRSP3, MYZO2 '
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M line proteins
1 1

[ | | |
MYL2, MYL3 OBSCN, TRIM63 Calcium related genes |—T'TN—|

THP? Marian AJ. Circulation Research. 2021;128:1533-1553
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Cardiac myosin Myosin head
[ . _ (ATP and actin
EJ Myosin heavy chains binding sites)

B Essential light chain (ELC)
[] Regulatory light chain (RLC)

Myosin tail
(Coiled-coil domain)

Thick [
filament

Light meromyosin Heavy meromysosin
(LMM) (HMM)

engine

Subfragment-1 (S1)

Subfragment-2 (S2)

Modified from Barrick SK, Greenberg MJ. J Biol Chem. 2021 Nov;297(5):101297
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The FORCE
generated by the
muscle is
proportional
to the NUMBER of
actin-myosin cross
bridges that form

Video from YouTube; steps of muscle contraction; digital storytelling class
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Barrick SK, Greenberg MJ. J Biol Chem. 2021 Nov;297(5):101297
C. Suay-Corredera and J. Alegre-Cebollada. FEBS Letters n/a, doi:https://doi.org/10.1002/1873-3468.14301 (2022).
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Super-relaxed
DRX 51294

”Active”

Maximum ATP Minimum ATP
hydrolysis rate hydrolysis rate

Barrick SK, Greenberg MJ. J Biol Chem. 2021 Nov;297(5):101297
C. Suay-Corredera and J. Alegre-Cebollada. FEBS Letters n/a, doi:https://doi.org/10.1002/1873-3468.14301 (2022).
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Barrick SK, Greenberg MJ. J Biol Chem. 2021 Nov;297(5):101297
C. Suay-Corredera and J. Alegre-Cebollada. FEBS Letters (2022).


Presenter Notes
Presentation Notes




D oo 3 "DIFFERENT” MYOSIN CONFIGURATIONS

SERVIZO
N ] GALEGO
de SAUDE

Complexo Hospitalario
Universitario A Coruiia
A Coruna

Exercise, temperature, MYH7, MYBPC3 GENETIC VARIANTS, etc.

: Super-relaxed
»Active” P

50%

Barrick SK, Greenberg MJ. J Biol Chem. 2021 Nov;297(5):101297
C. Suay-Corredera and J. Alegre-Cebollada. FEBS Letters (2022).
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NORMAL HEART

Sarcomeric pathogenic genetic variants

etc,...

A Normal heart

HCM

Modificado de Marian AJ. Circulation Research. 2021;128:1533-1553
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HCM

NORMAL HEART

HCM
Hypercontractility

Modificado de Marian AJ. Circulation Research. 2021;128:1533-1553
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MAVACAMTEN

First-in-class allosteric inhibitor of cardiac 8 myosin ATPase

A

Actin thin filament
Actin-myosin cross-bridge
Myosin thick filament

| Wavacamion 2

HCM Sarcomere
with Mavacamten
(attenuated hypercontractility)

HCM
Sarcomere
(hypercontractility)

Normal
Sarcomere

Actin-Myosin AFFINITY

Q0

« HYPERCONTRACTILITY
« SAM
« LVOTO

Stern JA et al. PLoS One.2016
Green EM et al. Science 2016
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PHASE 3 CLINICAL TRIALS

MAVACAMTEN in OBSTRUCTIVE HCM

ESC 2023 GUIDELINES

QY EXPLORER-HCM

251 patients

ValornNYHC

112 patients

e

81 patients

\

Resting/provocable LVOTO 250 mmHg

l ‘Beta-blockers or verapamrilh‘
O Symptoms may be considered
(Class llb)

eta-blockers
k (Class 1)

lStiII symptomatic or intolerant/contraindication to beta-blockers

Verapamil OR Diltiazem

(Class ) (Class ) /!

l Still symptomatic

Disopyramide OR Mavacamten
(Class 1) (Class lla)

l Still symptomatic

‘Septal reduction therapies ,
(Class 1) )

@ESC—

Olivotto | et al. EXPLORER-HCM. Lancet 2020;396(10253):759—-69
Desai MY et al. VALOR-HCM. J Am Coll Cardiol 2022;80(2):95-108
Tian C et al. EXPLORER-CN. JAMA Cardiol 2023;8(10):957

Arbelo E et al. 2023 ESC Cardiomyopathies Guidelines
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e Aents Next-in-class myosin inhibitor

PHASE 3 CLINICAL TRIALS (oHCM)

E.f 282 patients

“ON-GOING”

Maron MS et al. SEQUOIA-HCM. N Engl J Med 2024.
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FUTURE
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PHASE 3 CLINICAL TRIALS

(Aficamten)

ACACIAS

HCM

ON-GOING

PHASE 3 CLINICAL TRIALS

(Mavacamten)

#®4ODYSSEY:

ON-GOING
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Pediatric HCM  Monogenic, digenic and biallelic variant Cell Reports Medicine [ CelPress
patient and Crispr- iPSCs (MYH7, MYBPC3, TNNI3)

edited iPSCs vs isogenic controls

Myosin inhibitor reverses hypertrophic

cardiomyopathy in genotypically diverse pediatric

Cardiomyocytes

& Biowires iIPSC-cardiomyocytes to mirror variant correction
A Caroline Kinnear,' Abdelrahman Said,” Guoliang Meng,? Yimu Zhao,** Erika Y. Wang,® Naimeh Rafatian,® Neha Parmar,’
SSays Wei Wei,? Filio Billia,*¢ Craig A. Simmons,?”-# Milica Radisic,®42.10 James Ellis,>11.** and Seema Mital'-6.12.13.14,15.%

PHASE 3
CLINICAL TRIALS

it HW& JL PHASE 3
pog CLINICAL TRIALS

Sarcomere ATPase Myosin-actin Contractility, Calcium

organization  activity binding relaxation transients (Aflcamten (Mavaca mten)
Drug Complete rescue with myosin-targeted
response drugs compared to non-targeted drugs
- - CEDAR%
Clinical Highlights need for pediatric trials HCM .
significance of myosin-targeted drugs | “ON-GOING”
: “ON-GOING” .

Kinnear et al., 2024, Cell Reports Medicine 5, 101520
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First-in-class allosteric inhibitor of cardiac 8 myosin ATPase

A

Actin thin filament
Actin-myosin cross-bridge
Myosin thick filament

Normal : HCM Sarcomere
Sarcomere ; Sarcomere with Mavacamten
(hypercontractility) (attenuated hypercontractility)

+ O§ O§

. LVH ?

. |
* Disarray
 FIBROSIS

X1 IX

Stern JA et al. PLoS One.2016
Green EM et al. Science 2016
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ACC. 2%
2 JACC April 2, 2024

Volume 83, Issue 13, Suppl A

@ Heart Failure and Cardiomyopathies

CHRONIC TREATMENT WITH THE NOVEL SARCOMERE MODULATOR EDG-7500 IMPROVES LEFT
VENTRICULAR DISTENSIBILITY AND CARDIAC OUTPUT RECRUITMENT UNDER STRESS IN A MINI-
PIG GENETIC MODEL OF NON-OBSTRUCTED HYPERTROPHIC CARDIOMYOPATHY

APRIL & - B, 2024 ATLANTA

Nioerated Poster Conirbutons A Study of EDG-7500 in Adult Patients With Obstructive Hypertrophic Cardiomyopathy (CIRRUS-
Sunday, April 7, 2024, 3:15 p.m.-3:25 p.m. HCM)

Session Title: From the Bench to the Bedside: Advances in Hfll ClinicalTrials.gov ID @ NCT06347159

Abstract Category: 06. Heart Failure and Cardiomyopathies:
Presentation Number: 1087-05 Sponsor i ) Edgewise Therapeutics, Inc.

Information provided by @ Edgewise Therapeutics, Inc. (Responsible Party)
Authors: Marc Evanchik, Craig Emter, Carlos L. del Rio, Emill
Peter, Alan Russell, Marc J. Semigran, Edgewise Therapeuti@ Last Update Posted © 2024-05-08

Background: Exercise intolerance due to decreased cardiac OUPUL TeCTUIITIENT arioer Ste gmereasea e venear v ' PHASE 2: ON-GOING

pressures with diastolic dysfunction are hallmarks of hypertrophic cardiomyopathy (HCM). EDG 7500 is a novel first-in-class oral, selective,
cardiac sarcomere modulator currently under evaluation in a Ph1 study. This in vivo study evaluated the chronic effects of EDG-7500 in a
genetic pig model of non-obstructed HCM (nHCM) to test the hypothesis that EDG-7500 can alter disease progression and improve cardiac
output recruitment under stress, a key determinant of exercise capacity.

https://clinicaltrials.gov/study/NCT06347159
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Desjardin JT et al. EHJ Acute Cardiovascular Care (2021) 10, 676—686
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Metabolic shift towards
ORIGINAL RESEARCH GlUCOSE Oxidation
£
| |
Safety and Efficacy of Metabolic L) S -
Modulation With Ninerafaxstat Mlerer: 8.
in Patients With Nonobstructive =
Hypertrophic Cardiomyopathy 7 t 1’ CTETELE
: Acety Cok ¢—s-cxidaton @ Fatty Acid Oxidation
PHASE 3: FORTITUDE-HCM o@ Gwo

ON'GOING MITOCHONDRIA

A Study to Evaluate the Efficacy and Safety of Sotagliflozin in Symptomatic Obstructive and Non-
obstructive Hypertrophic Cardiomyopathy (SONATA-HCM)

ClinicalTrials.gov ID @ NCT06481891

Sponsor © Lexicon Pharmaceuticals

Information provided by @ Lexicon Pharmaceuticals (Responsible Party)

PHASE 3: SONATA-HCM

https://clinicaltrials.gov/study/NCT06481891

ON_GOING Maron MS et al. J Am Coll Cardiol 2024 May 28;83(21):2037-2048.
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OTHER TARGETS: GENE THERAPY

A Coruna
| Genome Gene
editing replacement
\/ 'MMEL\M\ D_nwmi

N\ casn
R

Nmm.mm
e

B )
Mormal proteln

C. Allelic-specific silencing

Gene therapy vector

D. Modulation of signalling pathway

Gene therapy vector

\ T ! i .
|5 g | onscrpton |
\ \m\ \;' =t ">‘“"’""
: \ Mm.n-.,lq'w\'./'J:‘:"n‘mM | : X -
Degradation CETTTTOD I Mulmw
| Normal protein —
sk Sgnaling pathuey -
. ! normal hunction

4

3
ﬂ LEGEND
(3] Gi editi
._E [l Genome editing
...6 2 2 . Gene replacement
S Allelic-specific
_8 silencing
g Modulation of
c1 I I I I I signalling pathway

0

2010 2011 2012 2013 2014 2016 2017 2018 2019 2023
Year

RECRUITING ©

PHASE 1: ON-GOING

Study of Safety and Tolerability of TN-201 in Adults With Symptomatic MYBPC3 Mutation-associated

HCM (MyPEAK-1)

ClinicalTrials.gov ID @ NCT05836259

Sponsor i ) Tenaya Therapeutics

\ﬂ\

EQUITY

Introduction of
gene therapy for
HCM may
exacerbate existing
socioeconomic
equalities in regards
to access to HCM
therapy

8
%

SAFETY

AAV-associated
major inflammatory
responses

Off-target unintended
effects of CRISPR-
Cas9 gene therapy

(potential for
dangerous mutations
in other genes)

Paratz ED et al. Canadian Journal of Cardiology 40 (2024) 777e788

https://clinicaltrials.gov/study/NCT05836259

KEY CONSIDERATIONS IN TRANSLATION OF GENETIC THERAPIES IN HYPERTROPHIC CARDIOMYOPATHY

v

EFFICACY

~50% of patients
may have innate
neutralizing AAV
antibodies that
render gene
therapy ineffective

Single-dose therapy
requirement in AAV
therapy may limit
efficacy

Majority of HCM
increasingly
recognised to be
non-Mendelian in
inheritance; lack
of applicability of
existing gene
therapy strategies




Servizo de

<) c.isois The future of HCM is bright and promising...

SERVIZO | Complexo Hospitalario
N\ 7] GALEGO | Universitario A Corufia
de SAUDE | A Coruiia

Jorge Peteiro 2007
Coruia (fragment)
Private collection
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