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e Genetic discovery & clinical utilization — the process
e Feline hypertrophic cardiomyopathy
e Dilated cardiomyopathy

e Rare / other conditions
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Cardomyooyte

Cardiomyopathy Discoveries
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Reported Variants / Available Tests

Disease  Gene Name  Protein/DNA Change.

‘Mutation Type

Species  Breed

Mot Proposed Pathogenesis

ocw W) ANF207 (Do)

0CH (5) PRKARZ spic var

Dog  English Springer
Spanicl

peM K4 16:6pS"intron 10 Splice ste deleton  Dog  Doberman
deltion slycolytic energy production
v GBSO Missense Dog  Doberman
springing
RBM20 2-bpexon 11 deletion Missense Dog ered card
wanseript splicing
N ROH Missense Dog. pringer Spani
] 61095, Missense Dog  Rhodesian Ridgeback
milochondrial destabilization
Mva  DsTeT Frameshift Dog rdial
Tolling Retriever organization, ventricular arthyihmogenesis
ARVC  STRN 8bp3 UTRdeletion  3'UTRdeletion ~ Dog  Boxer Myocardial is, ventricular
arthythmogenesis
ARVE2S Missense Dog  Boxer Autosomal dominant -
oS KeNer T Missense ‘Autosomal dominant  Prolonged QT interval, ventricula arthythmogenesis
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Hypertrophic
Cardiomyopathy

HCM — Common & Without Effective Therapy

*~1in 7 cats with age-related
penetrance

«Impact of great disparity in disease
expression

«Impact of genetic heterogeneity

«Lack of ideal translational model
organisms

+ Adverse outcome frequency dictates
large study sizes




HCM Clinical Staging
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Clinical Stages of HCM oHCM

Stage A Stage B1 Stage B2
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Understanding the
genetic etiology leads
to novel drug targets
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ific pathology and treatment of hypertrophic cardiomyopathy )
‘models and human engineered heart tissue =

12




Novel Drug Discovery

R ATP
W ADP

W Troponin

» Super relaxed state (SRX) vs. disordered relaxed state (DRX)
* MYBPC3 KO mice - disrupts SRX
» Hypercontractility > Compensatory hypertrophy

IMcNamara et al Biophys Rev 2015;7:5-14, McNamara et al J Mol Cell Cardiol 2016;94:65-71
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NC STATE .
Novel Drug Discovery
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*Modulates myosin ATPase
*Reduces hypercontractility
*Treats LVOTO

Novel Drug Discovery
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Novel Drug Discovery

EDG-7500 (EDG-002), A FIRST-IN-CLASS

f—— TARGETED SARCOMERE REGULATOR THAT
. PRESERVES INTRINSIC MYOSIN-MOTOR

ASmall Molecule Inhibitor of Sarcomere FUNCTION, NORMALIZES SYSTOLIC FUNCTION
Contractility Acutely Relieves Left Ventricular AND ELIMINATES LVOT OBSTRUCTION IN CATS
Outflow Tract Obstruction in Feline WITH HYPERTROPHIC CARDIOMYOPATHY

J Hypertrophic Cardiomyopathy e 5 e V- oo - oot .t it

SR G Rl . Bvane ik
Soshun & s, ' o . Ko™ i -
4 v B . e Sumtha o Tt Y
SHORT COMMUNICATION EEERRPRE .\ v

Pharmacokinetics of a single dose of Aficamten (CK-274)
on cardiac contractility in a A31P MYBPC3 hypertrophic
cardiomyopathy cat model

Ashley N. Sharpe! | Maureen S.Oldach® | JoannaL.Kaplan® | Victor Rivas’ |
Samantha L. Kovacs' @ | DarrenT. Hwee’© | Bradley P.Morgan® | Fady |. Malik®® |
Samantha P. Harris® | Joshua A. Stern"
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CAMZYOS®

imevacamten) i

CAMZYOS IMPROVED SYMPTOMS® AND THE ABILITY
TO BE ACTIVE

P
= ScienceAdvances . to

Mavacamten, a precision medicine for hypertrophic 1 3

cardiomyopathy: From a motor protein to patients in
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Feline HCM Etiology: Basic Science & Discovery ‘
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i
A31P \ 9
G3376R
A cardiac myosin binding protein C mutation Q“
in the Maine Coon cat with familial hypertrophic
cardiomyopathy et st et ) 60 Orphanetjournal of
Rare Diseases

Kathryn M. Meurs"*, xwm- s-ncvm’ Rymu nmn’ MelIE an\e; JemevA Towbin®,
Potor 3. Roior’.

Mark D. Kittleson* RESEARCH Open Access

A deleterious mutation in the ALMS1 gene

in a naturally occurring model of hypertrophic
B 4 cardiomyopathy in the Sphynx cat

Re20w

Kathyn M Meurs", B G Willams', Dyl DeProsper,Steven G Fredenberg’, David . Makrkey’,
Ay Eze. Buce . Keene, Doy B e D anSonio o

A substitution mutation in the myosih ‘A’ding protein C gene in ragdoll
hypertrophic cardiomyopathy

Kathryn M. Meurs **, Michelle M. Norgard®, Martina M. Ederer*,
Kristina P. Hendrix *, Mark D. Kittleson
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HCM Etiology: Basic Science & Discovery

E1883K h A4

ST A74T :ﬁ
A the csoarco N

vartant cuses bypenrophc cardiomyopathy In 2 Damesi JOURNAL OF
Shorthair AC%M VETERINARY INTERNAL MEDICINE

Tom Sliper i an Pk Lt Sk s S ichrd Dol .. e

N A Association of A31P and A74T Polymorphisms in the Myosin
Binding Protein C3 Gene and Hypertrophic Cardiomyopathy in
Maine Coon and Other Breed Cats

€.95-108G>A

7y 2010 | o org 0111, 18381676 20100544 | s 1

A Novel Homozygous Intronic Variant
in TNNT2 Associates With Feline
Cardiomyopathy

Metamara, MagioSchuckna’, ihard C. Bcker and
SakmtSacaraopan”
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Replication & Critical Appraisal

ANIMAL GENETICS

SHORT COMMUNICATION

The TNNT2:.95-108G>A variant is common in Maine Coons| & rorters v
shows no with

Tom Schipper Asa Ohisson, Maria Longer Jssica ) Hayward, Lara Moutham, Paolo Ferar,
Pascale Smets.Inrid Ljungval Jens Haggscrom, Joshus A. Ster,Leste A, Lyons . See all authars Classification of feline

hypertrophic
cardiomyopathy-associated gene
variants according to the
American College of Medical
Genetics and Genomics
guldeunes

First publshed: 30 May 2022 | htpssidolorg/10.1111/age 13223 | Ctaions: 1
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A Novel Intronic Variant
. N . . in TNNT2 Associates With Feline
A substitution mutation in the myosin binding protein C gene in ragdoll Cardiomyopathy VUS

ypertrophic cardiomyopathy [ T————————]
R820W PATHOGENIC | o=

Kathryn M. Meurs **, Michelle M. Norgard®, Martina M. Ederer*,
Kristina P. Hendrix *, Mark D. Kitteson ®

A cardiac myosin binding protein C mutation JOURNAL OF
in the Maine Coon cat with familial hypertrophic ACYIM  VETERINARY INTERNAL MEDICINE
cardiomyopathy A31P PATHOGENIC & opencn AT74T -VUS
Kathyn . ey, Ximna Sanches®, yan . Davic Mol E. Bowes, Jfry A Toutir, | i and A74T the My
etr . Reiser, Juth . Kitlesont, Warci J. Munro?, Keith ryburgh' Kristin A MacDord e
and Mk D. Kiteson* y: Breed Cats
T e s oo AR RS e

A deleterious mutation in the ALMS1 gene e i
in a naturally occurring model of hypertrophic M ®
cardiomyopathy in the Sphynx cat R
e e e e ey w1 variant causes hypertrophic cardiomyopathy in a Domestic
Shorhair at RARE - LIKELY PATHOGENIC
T Slippr i Vo Lot ok el St ek Dl Bt .. o
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What about all the other cats?

College of Veterinary Medicine

e Large-scale across-breed WGAS / targeted 99LIVES
sequencing studies underway
e Search for common variants of interest
. . - hypertrophic cardiomyopathy:
e Search for rare variants in families a novel multiomics approach
. o . . MORRIS
o |dentify modifying variants tied to outcomes ANIMAL |- 1s0 coses 25 convors

D22FE-027, Unraveling the genetics of feline

. FOUNDATION
e What should the control group look like? e
JAVMA ¥AVMA
&S researchsaure LT - Delayed-release rapamycin halts progression of left
Identification of novel genetic variants associated inical feline
with feline cardiomyopathy using targeted next-
generation sequencing

Novel variants of interest were identified in sarcomeric and non-sarcomeric genes
Variants were shared between a HCM and RCM cohort suggesting pleiotropic effects are possible
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\Why Do So Many Reported Associations Become VUS?

24
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Establishing a Robust Genetic Sequencing and Gene Expression Data Library in Cardiovascularly Healthy Cats

typing & Sample Collecti & le Collecti

.
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FOUNDATION =18 cats enolled RNASE
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WGS Workflow
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NC STATE Momes i gos

Variants
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e ai Reported Variants / Available Tests
(/2 G109S. Missense. Dog. Rhodesian Ridgeback
Mg
LQTS  KCNQI T3TK Missense. Dog. English Springer ‘Autosomal dominant  Prolonged QT interval, ventricular arrhythmogenesis

30

10



. Asplice site mutation in a gene encoding for PDK4, a
mitochondrial protein, is
of dilated cardiomyopathy in the Doberman pinscher

iated with the development

. A missense variant in the titin gene in Doberman pinscher
dogs with familial dilated cardiomyopathy and sudden
cardiac deatl

6/11/25

Identification of novel genetic risk factors
of dilated cardiomyopathy: from canine

e Genome Nedicine

RESEARCH W"‘“:“ ‘The ROH phospholamban mutation is associated

with highly penetrant dilated cardiomyopathy and
sudden death in a spontancous canine model

to human
Ditated i of 15 Cases.
Humen 00 Lanch A Lank " RBM20 Genatic Discovery Presented s Absiract at ACVIM - Unpublished
ot ntomton
T e
Ty e o e . o o WEL
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Disease Segregation
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How To Use Genetic Tests With Less Than Perfect

Breakdown of the Dobermann Population by Genotype:
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‘ORIGINAL RESEARCH ARTICLE

PDK4 Deficiency Induces Intrinsic Apoptosis in Response
to Starvation in Fibroblasts from Doberman Pinschers
with Dilated Cardiomyopathy

*AAV targeted gene therapy restored normal response to starvation
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Could Understanding the Genetic Etiology Aid in DCM Therapies?

nature communications 8
[V and

target the same myosin pocket despite
opposite effects in heart contraction

Targeting sarcomere may be considered for TTN variant DCM?

11



Opportunities — RBM20 DCM

® Precise genome editing

ting of pathogenic mutations in RBM20
ted cardiomyopathy
Takahiko Nishiyama' 22, Yu Zhang!23, Wio Cul' 2%, Huf LI 22 Efrain Sanchez-Ort! 2,

o R MeAnaly 3, WoiTan 25, oong Ko, Koian Chr Lin Xu, Rhod Bassl ® Retured myocardial transcription to normal
oy 54 e .l 2

= Corrected phenotype

A D wr R636Q/+ _ R636Q/R636Q _ Corrected
4 5 SRNA 45 1920 PAM -
GAGCGGCCACAGTCTCGAAGTCCAATGAGC

ree I I ) IS S I =

Q ABEmax base editing

GAGCGGCCACGGTCTCGAAGTCCAATGAGC

(] e[ RERI RIS R]S] [ s |
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Population Structure/Stratification — Partially Explaining
Varied Discovery Across Groups

a b Italian Greyhound

o = European countries

Variation in breeding practices and
ographic isolation drive subpopulation

differentiati ibuting to the loss of

dog breed lineages

European countries
Usa

c d  Shetland Sheepdog K =3

SipLos

Treimpactofafine sl pogulaton n
TredR o e e anon et . European countries

= ’ : _
USA

Other / Rare
Myocardial Conditions
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iscientific reports

Retriever

Ok Barnasch O, uriteT.Ourtle,
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OPEN Naturally occurring canine
laminopathy leading to a dilated
and fibrosing cardiomyopathy
in the Nova Scotia Duck Tolling

B,
€ Madden,
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NC STATE
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Frameshift Deletion in LMNA Discovered — Autosomal Recessive

2 Cases; 35 Controls for GWAS
1 Case; 1 Obligate Carrier for WGS
Possible because of population structure of breed
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Questions?

——

NC STATE UNIVERSITY Joshua A. Stern, DVM, PhD, DACVIM (Cardiology)
™ jastern@ncsu.edu

40
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