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Taking advantage of an old concept, “illegitimate
transcription”, for a proposed novel method of genetic
diagnosis of McArdle disease
Ines Garcia-Consuegra, PhD', Alberto Blazquez, BS'?, Juan Carlos Rubio, PhD'?,
Joaquin Arenas, PhD', Alfonsina Ballester-Lopez, MS%, Adrian Gonzalez-Quintana, BS'?,

Antoni L. Andreu, MD, PhD®, Tomas Pinés, PhD?5, Jaume Coll-Canti, MD, PhD*?
Alejandro Lucia, MD, PhD**, Gisela Nogales-Gadea, PhD* and Miguel A. Martin, PhD'
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transcripts, i
mhmﬁ-ﬂydcﬂl&nchunﬂ:nﬂﬂmdnmnﬂ:’cﬂl
(PBMCs).

Methods: We studied a subset of the main types of PYGM muta-
tions (deletions, missense, nonsense, or splicing mutations) in
cDNA from easily accessible cells (PBMCs) in 12 McArdle patients.
Results: Analysis of cDNA from PBMCs allowed detection of all
mutations. Importantly, the effects of mutations with unknown

INTRODUCTION
Glycogenosis type V (glycogen storage disease type V, McArdle
disease, or myophosphorylase deficiency; OMIM database
number 232600) is an autosomal recessive disorder of muscle
glycogen metabolism. Patients harbor pathogenic mutations
in both alleles of the phosphorylase, glycogen, muscle (PYGM)
gene (MIM 608455), which encodes the musdle-specific iso-
form of glycogen phosphorylase (or “myophosphorylase”).!
The clinical presentation in adults is dominated by exercise
intolerance,” i.e., acute crises of early fatigue and myalgia, which
are frequently accompanied by rhabdomyolysis, as reflected by
marked increases in serum levels of creatine kinase or myoglo-
binuria.’ Very young patients also show elevated serum creatine
kinase and the abovementioned “crises,” notably during physi-
cal education classes or when playing on the school playground,
whereas preschool children may be late in learning to walk and

pathogenicity (silent and splicing ions) were ch ized in
PBMCs. the NMD mechanism does not seem to operate in
nonspecific cells, PBMCs were more suitable than muscle biopsies for
detecting the pathogenicity of some PYGM mutations, notably the
silent mutation ¢.645G>A (p.K215=), whose effect in the splicing of
intron 6 was unnoticed in previous musde transcriptomic studies.
memhmdFWQﬁrdmn
mutations that are thought to cause McArdle disease, particularly
h’lﬂlymgllurth-lpdmm

Genet Med advance online publication 25 February 2016
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PYGM

“bottom shuffle” more often than they crawl! These children
may also seek to be carried more frequently.*

The current best diagnostic tool for McArdle disease is genetic
testing to determine that patients are homozygous or com-
pound heterozygous for pathogenic PYGM mutations.” This
is an important consideration because recent research using
next-generation sequencing of the PYGM gene indicates that
many patients remain undiagnosed and that current estimates
of disease prevalence, e.g., ~1/167,000 in Spain,® are probably
too low* Thus, efforts are needed to facilitate efficient diagnosis
of the disease. Furthermore, timely and accurate recognition
of this disorder might result in patients’ adopting lifestyle hab-
its that have a documented therapeutic effect as early as pos-
sible,* such as following a diet rich in complex carbohydrates
and performing regular physical activity of moderate intensity
while avoiding potentially harmful exercises (e.g., isometric
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to this work.
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ARN de células de la sangre: una fuente Util para
diagnosticar y conocer los mecanismos patologicos
genéticos de la enfermedad de McArdle

Ines Garcia-Consuegra™*3, Alberto Blazquez'*?,
Juan Carlos Rubio™*, Joaquin Arenas™*, Alfonsina
Ballester-Lopez*, Daniélle Coenens, Adrian Gon-
zdlez-Quintana™®, Antoni L. Andreu®, Tomas Pi-
nés*’, Jaume Coll-Canti*® ,Alejandro Lucia®®, Gise-
la Nogales-Gadea*” ,Miguel A. Martin®*3*

graves, los pacientes pueden presentar debilidad cro-
nica, que en algunas ocasiones les lleva a requerir
soporte para su movilidad (Lucia A. et al., 2012).

Es una enfermedad genética de herencia autosomica
recesiva, causada por mutaciones en el gen PYGM
(Noaales-Gadea G. et al.. 2016). Hasta el momento
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Exercise and Preexercise Nutrition as
Treatment for McArdle Disease
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ABSTRACT
NOGALES-GADEA, G, A SANTALLA, A. BALLESTER-LOPEZ, J. ARENAS, M. A. MARTIN R GODFREY, T. PINOS,
G. PINTOS-MORELL, J. COLLCANTL and A. LUCIA. me and F Normon = for McArdle Dis-

ease. Mad Sa Sporm Exwere., Vol. 48, No. 4, pp. 673-679, 2016 McArdle disense is due ©0 an mborn defect in the musde isoform
of glycogen phosphorylase (or * myopho sphorylase * ), the enzyme Sat catl yzes the first step of gl yoogenal ysis. This condition s sall

not fally and d, and alhough advances ch would help patienss mmneasarably, these would also enhance our under-

ding of ] etsholism. It has been 10 yr since the first publishad mport demonstrating the benefits of regular aevobic
exerase for these patens. 7 rermamn and the valoe of exexme presoiption for patiens with McArdle disese
15 sull overlooked. Hem, ew the role of e 10 McAxdle disense with the aim to bater mform healh-care poo esanonaks and

thus beser serve the mterests of pasentss. Recommend mions for regular evercise Dgather with preexexise nutrition i children and
adult pasients we also provided along with examples of evemise practice and s berefis. Key Wends: GLYOOGENOSIS TYPE V,
EXERCISE THERAPY, TRATNING, INETARY RECOMMENDATIONS, ACTIVE LIFESTYLE

ndogenous muscle glycogen is a primary source or “glycogen storage disease”™ (orsimply “ glycogenosis™’)

of encrgy during exercise, and a close relationship type V (GSD5; MIM No. 232600), show exercise intoler-

exists between this substrate reservoir and a person’s ance as their main clinical symptom. Muscle biopsies in
capacity for intense endurance exercise (3,13). The enzyme patients with McAndle di are ch ized by gly-
responsible for musclke glycogen catmbolism during exercise cogen storage deposits that these individuals are unable to
is muscle glycogen phosphorylase (M-GP), which releases metabolize (26). The smdy of McArdle disease has im-
glucose-1-phosphate from glycogen. Glucose-1-phosphate proved our knowledge of muscle metabolism specifically
then becomes available for glyoolysis and subsequent axidative and exercise physiology in general.
phosphorylation or bic utilization. In 1951, Dr. Brian One of the major metabolic sequelae of McArdle disease
McAndle (21) described a clinical condition in which the is an inability of working les © produce lactate during
metabolism of muscle glycogen was impaired or blocked. physical activity. In healthy individuals, blood lactake con-
Patiens with this condition, known as “McArdle disease™ centration rises with increasing exercise intensity, Lactate
act & an impontant fuel source direcdy through its oxi-
dization in muscle (11) or indirecdy via the liver as a sub-
:&-ﬁcnqnd-::&&t(o,wm,ﬁ-i-d strate for gluconcogenesis (7). Because lactic acid is a strong

h Lab n N Newrosaences Depars. E i f : A
mens, Cire. de Can R, Cusni e les Bavoles o/n, 00916 Badelonn, Spain; 2510 1acticacid produced by oy di

Eamal: grogalgaI@gmail com. inw lactte and H' in aqueous solution, that is within

for publication Sep 2018, muscle or blood (42). When the rate of demand for ATP
Accepted for publxasncn Ocober 2015 outstrips its supply, predominantly by B-oxidation, Krebs
0195-9131/16420 406730 cycle, and the electron ransport chain, anaerobic glyoo lysis-
MEDICINE & SCTENCE IN SPORTS & EXERCISE, denived lactate starts to accumulate in the blood. Such accu-
Copynghe © 2014 by the Amencan College of Spors Madcme mulated lactate was traditionally emoneously considered 1

DOE 10.1249MS S.0 0000000000008 12 contribute directly to the onset of muscle fatigue. However, as
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Infants —

20 g (250 mL)
~5 min pre-

Diet

Simple carbohydrates J‘
(sport drinks)
before strenuous exercise* ﬂ

High proportion (65%) of
complex carbohydrates,
especially at
breakfast and lunch
(vegetables, fruits, cereals,
bread, pasta, rice).

Adults

30-40 g (~440 mL)
~5 min pre-

—

FIGURE 3—Main preexercise nutrition recommendations for patients with McArdle disease. *Not strictly needed, especially before light-moderate
intensity activities or in fitter patients. Preexercise ingestion of simple carbohydrates in the form of sports drinks “protects™ muscles and considerably
attenuates intolerance to strenuous exercise tasks during the first few minutes. This means it helps many patients overcome their fear of overexertion.
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ESTATINAS




If you want to go fast, go alone

[f you want to go far, GO TOGETHER

AFRICAN PROVERB







PAPEL DE LAS ESTATINAS EN LA
ENFERMEDAD DE MCARDLE

m Consumer Health Information
www fdg. gov/consumer

atorvastatina,

ContrOUj N g : simvastatina,
\ rosuvastatina,

Cholesterol pravastatina,

with Stat] ns fluvastatina,

. .
Wl‘nnlt:mﬂalmep!ngyou' ’ pltavastlna,
heart healthy, what foods you °
o e e lovastatina
depend on the drugs you take. Several
eff
B QL\
in good heart health. Chief among
them are the statins. .

McARDLE DISEASE WITH RHABDOMYOLYSIS
INDUCED BY ROSUVASTATIN

Case report

Paulo José Lorenzoni, Carlos Eduardo Silvado, Rosana Herminia Scola,
Mario Luvizotto, Lineu César Werneck



PROBLEMAS MUSCULARES TRAS LA TOMA DE
ESTATINAS Y EL. HECHO DE SER PORTADOS DE
MUTACIONES MIOFOSFORILASA PODRIA ESTAR

ASOCIADO?
Poblaciéon con problemas Poblacién sin problemas musculares
musculares por la toma de estatinas por la toma de estatinas

‘o 2

2 - p"“,
> o =T -
= N & .
.

%

Haz la omida.
Haz lomida.

Haz la.

Familiares, portadores de una
mutacion de enfermos de

McArdle



ESTUDIO PARA LOS FAMILIARES DE LOS
PACIENTES

Cuestionario de toma de
estatinas

Sabremos si es portador de la mutacion que tiene su
familiar

Sabremos si el hecho de ser portador esta relacionado ‘
con sintomas musculares tras la toma de estatinas
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BUSCAMOS LAS MUTACIONES DEL
PACIENTE EN LOS FAMILIARES

R50X/R50X

1 2 3 4

O O
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I




PUDIMOS ESTUDIAR 98 FAMILIARES

PORTADORES | NO PORTADORES

FAMILIARES MUTACION DE MUTACION
(n=53) (n = 45)
Edad 2.85 0-90
Media Edad 43 35.5

Sexo 60.4% ¢ 39.6% & 63.8% 2 @ 36.2% &



PUDIMOS ESTUDIAR 98 FAMILIARES

FAMILIARES Portadores No
portadores
Niveles de Colesterol Altos 35.7% 33.3%
En tratamiento para el 46.67% 81.8%

colesterol




16 TRATADOS CON ESTATINAS

7 Portadores 7 No Portadores

i

Solo 1 desarrolla problemas musculares

dor de mutacion de McArdle
res tras la toma de

Hipotesis: e/ hecho de ser
esta relacionado con si
estatinas




17 CON PROBLEMAS MUSCULARES




TTPOS DE PROBLEMAS MUSCULARES

Marque con una XOn que corresponda:

- ¢Enqué situaciones se producen los problemas musculares?

>

[J sélo en reposo

O Enotras situaciones

e Ma4s relacionados
Btk mbbdcopoibammiiokbacml con la enfermedad
= [ de McArdle

() Problema muscular en una region concreta
4En qué regién?
P e
O Dolor muscular [J Fatiga/Cansancio
O ContracturaRampa O] Otros especficar...........
Especificar en qué situaciones:

- iCon que frecuencia padece este problema? [IDiaro  [JSemanal OImensual

ORaramente

- ¢Cuantotiempo hace que Jo SUe? ... i

- ¢Cree que hubo algin desencadenante que hizo que apareciera?




NUEVA HIPOTESIS

Hipotesis: En un subgrupo de portadores la mutacion de
McArdle genera problemas musculares
53 portadores de mutacioén/45 no portadores de mutaciéon
10 portadores con problemas musculares
7 de ellos sabemos problemas musculares relacionados con actividad
71563 = 13% del total de portadores
Tranquilidad a los portadores!!!!

INFORM
E



VAMOS A INTENTAR CONTESTAR
ESTA HIPOTESIS CON VUESTRA
AYUDA

o Vamos a ver si el efecto esta causado por la
mutacion

=4

O - %
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wﬁli f:'.‘i @ ".a «@
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Miofosforilas
a

Miofosforilasa

Estudios para ver si ver second wind en portadores con
problemas musculares

- Vamos a tener muestras de sangre, para analizar otros
posibles mecanismos moleculares que expliquen estos
problemas







Title: Genotypic and phenotypic features of all Spanish patients with
McArdle disease: A 2016 update
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333 PACIENTES FORMAIS PARTE DE
ESTE REGISTRO

Porque son importantes los
registros?

Sabemos como es el curso de la enfermedad
Sabemos como de diferentes son los pacientes
En que podemos mejorar (diagnostico)

Sabemos como evolucionan los pacientes sin o con
Intervencion (ejercicio)

Tenemos mucha informacién que permite a los
pacientes de este registro ser candidatos a un ensayo
clinico (s1 lo hubiese en el futuro)



333 PACIENTES FORMAIS PARTE DE
ESTE REGISTRO

Main change with regards

Result to previous data (n=239 patients)
(men+women)

[1]
Gender 55% male >
Age, years 333 48+ 19 1
(mean + SD, range) (12, 99)*
BMI, kg/m? 132 24.7+4.8 “
(mean+SD, range) (16, 43)
Familial consaguinity 188 17% 1
(%)
Symptomatic father 201 3% JEN
(%) *
Symptomatic mother 201 6 % VEN
(%) *
Symptoms’ onset (%) 235
1st decade 66% 1
2nd decade 20% )
3rd decade 5% >
>4th decade 9% >
Genetic diagnosis (%) 275
1st decade 5% PN
2nd decade 23% “
3rd decade 23% PN
>4th decade 49% >
Exercise intolerance 272 99.6% —
(%)
Second wind, self- 164 91.5% 1
reported (%)
Second wind, 119 99.2% >
laboratory-

determined (%)



333 PACIENTES FORMAIS PARTE DE
ESTE REGISTRO

Recurrent episodes of 240 51% “
myoglobinuria (%)

Disease severity (%) 240

Wk 8% PEN
Class 0 41% VEN
Class 1 30% 1
Class 2 21% !
Class 3

Disease progression 151

(%) 34% "
Improvement 28% —
Worsening 35% 1
Constant

Acute renal failure 173 6% >
(%)

Chronic renal failure 171 1% >
(%)

Comorbidities (%)

Diabetes*** 140 9% >
CAD 136 9% PN
Hypertension 135 11% >
Cancer 134 1% >
Obesity 127 10% VEN
COPD 131 1% PN
Serum CK (%) 179

>200 U/L, >1,000 U/L 98%, 68% o,
Biopsy diagnosis (%) 205 100% -
Physical activity data 120 50% ™

(% active)



SABEMOS TODAS LAS MUTACIONES QUE
ENCONTRAMOS EN PACIENTES ESPANOLES




CONCLUSIONES DEL TRABAJO (QUE NOS
HABEIS ENSENADO)

La prevalencia enfermedad 1:140.000 (Teniamos 1:167:000
anteriormente, teniamos muchos pacientes sin
diagnosticar)

Casi todos los pacientes presentan intolerancia al ejercicio,
segundo aliento y CKs elevadas (caracteristicas para
diagnosticar los pacientes)

Pacientes muy heterogéneos: 8% asintomatico, 21% presentando
limitaciones en la vida diaria y debilidad muscular crénica (hay
algunos que estan bien, pero otros necesitan ayuda)

72% de los pacientes no se diagnostican hasta la década de los 30
(hace falta mas visibilidad de la Enfermedad de McArdle)

86% de los pacientes tienen sintomas antes de los 20 anos (la
Enfermedad de McArdle es una enfermedad de diagnéstico
pediatrico)



CONCLUSIONES DEL TRABAJO (QUE NOS
HABEIS ENSENADO)

50% siguen un estilo de vida activo (Buenas noticias,
porque quiere decir que hay conocimiento entre los
pacientes de su medicina a dia de hoy, y le haceis caso
a Alfredo ©)

34% han seguido un estilo de vida activo, durante mas de 4 anos y
han mejorado sus sintomas (Indica que la terapia del
ejercicio funciona y que muchos pacientes se benefician de

ella ©)



CONGRESO INTERNACIONAL DE
GLUCOGENOSIS 2017- GRONINGEN




CONGRESO INTERNACIONAL DE
GLUCOGENOSIS 2017- GRONINGEN




CONGRESO INTERNACIONAL DE
GLUCOGENOSIS 2017- GRONINGEN

Hay que hacer mas difusion de la terapia del
ejerciclo — seguimos necesitando vuestra ayuda

Cuidado con las recomendaciones no probadas
cientificamente
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147 mutaciones descritas de
McArdle en el mundo

Haz la omida.

Haz lomida.
Haz la.




Haz la C

‘ Haz la omida.
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HEMOS PODIDO ESTUDIAR LA
MIOFOSFORILASA EN BIOPSIAS DE
40 PACIENTES DE MCARDLE




Miguel Angel Joaquin

Alfredo Alejandro
Juan Carlos Inés



CONCLUSIONES IMPORTANTES:
1. CONOCER MEJOR LA ENFERMEDAD

1. PARA EL DISENO DE NUEVAS TERAPIAS






NECESITAMOS MAS
SUPERHEROES!!!




PERCENTATGE PIB DEDICADO A LA
INVESTIGACION EN EL MUNDO

https://data.oecd.org/rd/gross-domestic-spending-on-r-d.htm
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