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Ryanodine receptor type 1 (RyR1)
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What are RYR1 myopathies?

A Myopathies are any conditions that result in
muscle impairment as a result of muscle
dysfunction
P qadl GAaoe

A Weakness, motor delay, difficulties walking, scoliosis, facial
weaknesspphthalmoparesisinability to climb stairs
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A Malignant hyperthermia, exercise inducetabdomyolysis
myalgias muscle cramps, fatigue

I Myopathies will be reviewed further by [Zarsten
Bonnemanrat 10:00am today



What Is a mutation?

A How do we define mutation?

I A change in a gene that alters the function of that gene
product and causes symptoms

A Mutations can be missense, nonsense, splice site
changingjntronic, deletions, duplications
I These different types of changes may have different

consequences on how the RYR1 gene Is processed and
expression, and what the resulting RyR1 protein looks like

A RYR1 Mutations can be inherited as dominant,
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A LivijaMednewill review mutations and other genetic
concepts at 9:00am today



Who has an RYR1 myopathy?

A Anyone with:

(a) myopathy
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A brief history of RYR1 mutations anc

human muscle disease

1991: Mutation found in RYR1 in porcine MH

A (Fuijiiet al., Science)

1991: Mutation found in RYR1 in Canadian individuals with MHS

A (Gillard et al., Genomics)
1993: First RYR1 gene mutation discovered in human central core
dlsease (CCD)

Zhang et al. anQuaneet al., Nature Genetics

2002 First recessive RYR1 mutation patient repontedai{-minicore
myopathy)
Jungbluthet al.,Neurologyand Ferreiroet al., Annals of Neurology

2005. Recessive RYR1 mutations in small cohort of patients with
minicoremyopathy andophthalmoplegia

A Jungbluthet al., Neurology

2010: RYR1 mutations associated wgimtronucleamyopathy

A Wilmshurstet al., Annals of Neurology

2010 present: RYR1 mutations found in CFTD,-oodlenyopathy, and
nemalinemyopathy )
2010 LINB aSyay W, WM Y X [ EAa2A YO8 € B2 dYyeR
settings éxertionalrhabdomyolysisisolatedophthalmoparesisetc)

2013: RYR1 mutations associated with dystrophic pathology

A BharuchaGoebel et al., Neurology



How do we describe and/or define
RYR1 myopathies?

Gene/Mutation
Based
(ex: RYR1, SEPN1,
MTM1, NEB)
(RYR1 related
myopathy)

athology base
Central core
disease
Core myopathy
Multi minicore
disease
Centronuclear
myopathy
CFTD

Phenotype based:
Myopathy
Myalgias
Rhabdomyolysis
Malignant
Hyperthermia




Gene/mutation based definition:
A few key points to consider

A There are many many different mutations in
RYR1

I Different mutations can have different clinical
consequences

I Some individuals may have more than one
mutation

I Individuals with the same mutation may have
different clinical presentations
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Including those outside of the coding sequence
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Recessive mutations are spread
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Does my specific mutation matter?

A Initial evidence suggests that having two or more
mutations, with one reducing the ability of the RyR1
protein to be made, is associated with a more severe

phenotype than missense changes alone

A Some mutations may be associated with specific
phenotypes
I Evidence for this with malignant hyperthermia

I Do certain mutations predispose to other symptoms, like
rhabdomyolysisor other clinical features, like
ophthalmoparesi3

I This is a subject of ongoing research



Pathologic heterogenelty

RYR1 mutations associated with a range of different muscle biopsy
findings, including:

Central core disease

Minicore myopathy

Centronucleamyopathy

Congenital fiber type disproportion

Core rod myopathy (or rod myopathy only)
Non specific myopathy

Muscular dystrophy

A There is some association between type and location of mutation and

histopathology

A The association between histopathology and clinical presentation is not

clear

A Note: mutations in other genes can cause the sds®opathologic

findings

So someone with central core disease may not have an RYR1 related myopat

Muscle biopsy patterns and their relation to RYR1 myopathy will be
reviewed by KinAmburgeyat 9:30



The changing picture of RYR1 mutatior

Pre2003 Circa 2013
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Non-core myopathies comprise a larger than
expected percentage of all recessive RYR1
related myopathies

ARNID
Cangenital Myopathy/MH 0.9% Care/Rod Diseasse




| have an RYR1 mutation, does it
matter what my biopsy looks like?

A In general, muscle biopsies are used for diagnosis and
not for prognosis or management

A The reason(s) why patients with RYR1 mutations have
different muscle biopsy findings are poorly understood

A At present, the relationship between biopsy pattern
and clinical severity and/or prognosis is not clear

A The significance of the different changes is also not
well understood?

T In other words, does it matter if | have CCDronicore
myopathy orcentronucleamyopathy?



Genetic heterogeneity and CM
histopathologic subtypes



