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¢ Cuantas miopatias existen?

Available online at www.sciencedirect.com

ScienceDirect

Neuromuscular Disorders 28 (2018) 1031-1063

www.elsevier.com/locate/mmd

The 2019 version of the gene table of neuromuscular disorders
(nuclear genome)

Gisele Bonne™*, Francois Rivier”, Dalil Hamroun®

A Sorbonne Université, INSERM UMRS_974, Centre de Recherche en Myologie, Institur de Myologie, G.H. Pitié-Salpétriére, Paris, France
thumpédfai‘rfe & CR Maladies Newromusculaires, CHU de Montpellier, Ul046 INSERM, UMR9214 CNRS, Université de Montpellier, France
“CHRU de Montpellier, Direction de la Recherche et de U'Innovation, Hépital La Colombiére, Montpellier, France

>690 fenotipos NM == ~301 presentaciones fenotipicas de miopatia
Cientos de genes y proteinas

Viarios loci mapeados a la espera de identificacion
~ 25 genes nuevos comunicados cada afo....
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“...el cambio del algoritmo diagnostico inducido por NGS ....”

Abordaje clasico Abordajes inducidos por NGS

Miopatia Sospecha Miopatia | --reeeeeeee : Miopatia
Clinica + Sospecha Clinica : Sospecha Clinica | """ """ :
Laboratorio + Laboratorio + Laboratorio :

ﬁ
ﬁ
ﬁ

EMG-VCN, RM, EMG-VCN, RM, EMG-VCN, RM,
Biopsia Muscular Biopsia Muscular : Biopsia Muscular

ﬁ
ﬁ
ﬁ

Inmunohistoquimica+WB Inmunohistoquimica+WB e, DBS Pompe -

ﬁ
ﬁ
ﬁ

Pesquisa genética 1 gen Panel NGS* «— __,| Secuenciacion GAA

i

Diagndstico Diagndstico Diagndstico
(rendimiento~19%) (rendimiento~50%) (rendimiento~¢?%)

ﬁ
{l




Diagnostico de la debilidad de cinturas (LGMW)

* Paneles NGS como transformador del ejercicio diagnostico
* Rendimiento diagnostico igual o superior que el enfoque “biopsia primero”
* “DNA primero” es mas rapido y barato que el enfoque “biopsia primero”

* Paneles pequenos vs. ampliados
e Gen Individual = 15-19%: Panel = 46%: Exoma = ~37%

e Rendimiento Diagnostico
* Depende del algoritmo o estrategia y de los criterios de exclusién/inclusion

* Dependiente fuertemente de caracteristicas técnicas del panel — cobertura,
profundidad, variantes incluidas e interpretacion



Cuidado, no todo es tan simple como parece....

EDITORIAL

A. Reghan Foley, MD*
Sandra Donkervoort, MS,
CGC*

Carsten G. Bé6nnemann,

MD

Correspondence to
Dr. Bénnemann:
carsten.bonnemann@nih.gov

Neurol Genet
2015;1:e13; doi: 10.1212/

Next-generation sequencing
our generation’s clinicians

OPEN

The full arrival and broader availability of next-
generation sequencing (NGS) is transforming the
practice of medicine, including neurology. Compared
with the traditional one-gene-at-a-tme Sanger
sequencing, NGS, or massively parallel sequencing,
is a radically different approach to genetic sequencing.
NGS allows for a large number of genes to be cap-
tured and sequenced in parallel, creating an enormous
amount of data in a relatvely short period of time at
much lower cost “per gene.”

Traditional direct Sanger sequencing may still be a
cost- and tme-effective genetic diagnostic testing

still needs
N

on a robust and comprehensive NGS-based panel
testing for 236 neuromuscular-related genes. They
report that this targeted capture approach resulted
in an excellent yield, identifying deleterious muta-
tions in 29 of 35 families (83%) studied in their
cohort of patients with cdlinically heterogeneous
neuromuscular diseases, including congenital myopa-
thies, limb-girdle muscular dystrophies (LGMDs),
Charcot-Marie-Tooth (CMT) disease, metabolic
myopathies, myotonic syndromes, and ion channel
diseases. They considered the diagnosis to be defini-
tive in 21 families (60%) and likely in an additional 8

\

7

ALAG

arcentine 2019

6 AL 9 DE OCTUBRE DE 2019

La arquitectura
del genoma:

su expresién en
los fenotipos

y las poblaciones

Foley AR, Donkervoort S, Bénnemann CG. Neurol Genet. 2015 Aug 13;1(2):e13.



Disferlinopatias en Chile

e 2003, identificacion del primer caso (Dysf#001)
e 2005, segundo caso (Dysf#002)

e 2006, confirmados genéticamente,
Dr. Martin Krahn & Prof. Nicolas Levy, Hopital d’enfants de la Timone, Marseille, France

HUMAN MUTATION Mutation in Brief #1037, 29:E345-E375, (2008) Online

MUTATION IN BRIEF

Analysis of the DYSF Mutational Spectrum in a
Large Cohort of Patients

Martin Krahnl’z, Christophe Béroud"’, Véronique Labellel, Karine Nguyenl’z, Rafaélle Bernardl’z,
Guillaume Bassez“, Dominique Figare]la—Brangers, Carla Fernandezs, Julien Bouvenotﬁ,

Isabelle Richard", Elisabeth Ollagnon—Romans, Jorge A. Bevilacquag, Eric Salvol,

Shahram Attarian'’, Francoise Chaponn, Jean-Francois Pellissier”, Jean Pougetm,

El Hadi Hammoudan, Pascal Laforétls, Jon Andoni Urtizbereal", Bruno Eymardls,

France Leturcq,lS and Nicolas Lévyl’z*



FONDECYT N21110159 (2011-2014)

“Estudio de las disferlinopatias y enfermedades relacionadas...”

...a partir de la acumulacion de casos con similar diagnostico clinico sin
solucion molecular...

Objetivos:

1. Redefinir el fenotipo clinico

2. Implementar un algoritmo diagnodstico completo

3. Establecer el diagndstico genético de la enfermedad en Chile
4

Iniciar la caracterizacion de pacientes excluidos para disferlinopatia en el
presente estudio (Ej. LGMD 2A, 1C) = FONDECYT1151383

5. Estudiar otros fenotipos con debilidad de cinturas
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¢Son las disferlinopatias mas pevalentes en Chile?
Chile =18.05 millones de habitantes

------- @ # Familias

Grant
FONDECYT
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2010

o # Pacientes

50
°
o
34 42
31 & /
o/
© 26
<23
2015

53

44

Efecto Fundador de 4 mutaciones recurrentes

Table 1. Relative frequency of the ecument mutations found in the cohort: recumence of OYSF pathogenic mutation in Chilean patients.

Farking Exon Nucleotide change Amirg acid change Fregquency (%) Reterence”

1 53 C.5878duph p.Glu1994Amgfs"3 16 (25.8%) DYSF_00054
2 27 Cc.2B58dupT p.PhedsqValfs2 16 (25.8%) DYSF_00214
3 26 C2778del’G pAlaf2 TlLeufs™21 9 (14.5%) DYSF 00213
4 40 cA4390G=>T p.Glul443" B (12.9%) DYSF_00267
<1 [} CooBL=T PG 16" B 1B.0%) DYSF_ 00264
6 43 CcATHEC=T p.Arg1586" 2 (3.2%) DYSF_00027
7 21 c.1848delC pLleuBS0Tyris"6 2 (3.2%) DYSF_ 00317
B 13 c1276G=A p.Glyd26Arg 2 (3.2%) DYSF_00314

Tha first 2 mufalions accownled for 5T.6% of tha lofal, whareas mulalions ranked 1= reprasented 75% of Iofal, sugoesting a founder efact. "Desoripfion
accardng o Laidan Muscular Dystraphy Dalabasa records.

C.526C>T

C.1276G>A

C.1948deld

2020

I
6240

Woudt et al. Muscle Nerve 53: 49-57, 2016



TOWARD AN OBJECTIVE MEASURE OF FUNCTIONAL DISABILITY IN
DYSFERLINOPATHY

LISANNE WOUDT, MSc,' GABRIELLA A. DI CAPUA, PhD,2 MARTIN KRAHN, MD, PhD,%* CLAUDIA CASTIGLIONI, MD,®
RICARDO HUGHES, MD,' MARIO CAMPERO, MD,! ALEJANDRA TRANGULAO, MT,®

PATRICIO GONZALEZ-HORMAZABAL, PhD,2 RAUL GODOY-HERRERA, PhD,2 NICOLAS LEVY, MD, PhD,>*
JON ANDONI URTIZBEREA, MD,” LILIAN JARA, PhD,2 and JORGE A. BEVILACQUA, MD, PhD"®

Muscle Nerve 53: 49-57, 2016

BROADENING THE IMAGING PHENOTYPE OF DYSFERLINOPATHY AT
DIFFERENT DISEASE STAGES

JORGE DIAZ, MD," LISANNE WOUDT, MSc,? LIONEL SUAZO, MD," CRISTIAN GARRIDO, MT,' PABLO CAVIEDES, MD, PhD,?
ANA M. CARDENAS, PhD,* CLAUDIA CASTIGLIONI, MD,® and JORGE A. BEVILACQUA, MD, PhD*#

Muscle Nerve 54: 203-210, 2016

DISEASE DURATION AND DISABILITY IN DYSFERLINOPATHY CAN BE
DESCRIBED BY MUSCLE IMAGING USING HEATMAPS AND RANDOM
FORESTS

DAVID GOMEZ-ANDRES, MD, PhD ), JORGE DIiAZ, MD,2 FRANCINA MUNELL, MD, PhD.!
ANGEL SANCHEZ-MONTANEZ, MD,? IRENE PULIDO-VALDEOLIVAS, MD, PhD.* LIONEL SUAZO, MD,2
CRISTIAN GARRIDO, MT,2 SUSANA QUIJANO-ROY, MD, PhD.® and JORGE A. BEVILACQUA, MD, PhD (87

Muscle Nerve 59:436—444, 2019



FONDECYT N© 1151383 (2015-2019)

“Profundizacion de los estudios de las miopatias de cinturas en la poblacion chilena...”

Objetivos Prioritarios:

1. Caracterizacion de pacientes
excluidos para disferlinopatia
en FONDECYT#1110159

2. Establecer prevalencia relativa de las
miopatias de cinturas en Chile

3. Seestima que 20% de las LGMD son
disferlinopatias = 80% de las LGMD
aguardan ser indentificadas...

Only one DYSF
mutation

LGMD with
“Dysferlin like
phenotype”

/ Marmal Dysferlin
L. . Expression
Clinical and Ancillary

Asseszsment
(EMIG, MRI, CPE, Biopsy, WEB)

Y

W

Direct Sequencing
L ANCIS, CAVE,
Absence or Reduction CAPNZ
Dwysferlin Expression

L4 Mo DYSF J
DYSF || mutation Mutated
SEQUENCINg ANOS, CAV3I,

CAPN3Z

Twio DY5SF
Mutations

Founder
Effect Studies

To MLPA, UTRs
screening, etc.

v

Mo Mutation

NGS5, Haloplex
296 LGMD genes

No Mutation
Found




FONDECYT N© 1151383 (2015-2019)

“Profundizacion de los estudios de las miopatias de cinturas en la poblacion chilena...”

# affected % over 64

Gene patients samples
DYSF 11 17,2 Percent of Genes Mutated
CAPN3 7 10,9
ANOS 5 31 over 64 samples
DMD 3 4,7
' ' SGCA 1 1,6
64 pacientes estudiados o e
. . ’ . FKRP 1 1,6 Unknown*
34 (59%) pacientes con diagnostico PaYM 1 16 41%
. . ) LMNA 1 1,6
17% disferlinopatias EMD 1 16
RYR1 2 3,1
10% calpainopatias P ve
MTM1 1 1,6
TPM3 1 1,6
SCN4A 2 3,1
Unknown* 26 40,6
Total 64 100,0 (*)Auto-Immune 5 pt 7,8%




Porcentaje Relativo de las distintas miopatias sobre
105 pacientes con diagnostico positivo

# affected % over 105
Gene  patients samples

DMD B 2,7 LMMNA TMP3
CAPN3 7 6,7 FYGM 4% 1% EDMD poyp;
DYSF 50 47,6
ACTAL 1 1,0
MTMT 2 1,9
SMA 2 1,9
ANOS 2 1,9
DES 4 3,8
RYR1 4 3,8
FKRP 1 1,0
TIN 4 3,8
CoLe L] 4,8
GAA 3 2,9
SCGA 2 1,9
PYGM 2 19
vCP 1 1,0
LANA 4 3,8
TMP3 1 1,0
EDMID 1 1,0
DOK7 3 2,9
105 100,0
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LATAM NGS Pilot Study Overview

Criterio de Inclusién: pacientes con diagndstico clinico de debilidad de cinturas en 6 paises latinoamericanos

FIGURE 1: COUNTRIES AND NUMBER OF INDIVIDUALS INCLUDED

- over 2 () INsTITUTIONS
Brazil

] Argentina

B Chile

B Peru
Ecuador

B Mexico

5)

Latin i
American § |

COUNTRIES

2] 03 INDIVIDUALS ENROLLED

2016 | : : : » 2017
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Summary LATAM NGS Pilot Study Results | i 2015 | FEEE.

G
| S —

6 Countries

* 2103 Patients
* 335 positive (16%)

* 9 Pompe (2,7%)

* 326 LGMDs
* 126 LGMD2B (37,6%)
* 83 LGMD2A (24,8%)
* 34 LGMD2D (10,15%)
25 LGMD2I (7,5%)
* 20 LGMD2L (5,9%)
* 15 LGMD2G (4,5%)
10 LGMD2C (2,9%)
* 10 LGMD2E (2,9%)
* 03 LGMD2F (0,9%)

2103 INDIVIDUALS ENROLLED

INDIVIDUALS WITH VARIANTS

909 (43%)

CONFIRMED DIAGNOSIS

335 (16%)

9 (2.7 %)

140 -

120 -

100 -

80 -

60 -

40 -

20 -

0

CONFIRMED MOLECULAR
DIAGNOSIS (N)
1g6
H H 15 1010 9
ii kd el

LGMD LGMD LGMD LGMD lGMD LGMD LGMD LGMD PD LGMD
2A 21 2L 2C 2E 2F

DYSF CAPN3 SGCA FKRP ANO5 TCAP SGCG SGCB GAA SGCD
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LATAM NGS Pilot Study Conclusion

Next-gene sequencing is an effective strategy for improving the diagnosis of patients with limb girdle
muscle weakness

 |dentified mutations in 43% of 2103 tested individuals
* 16% individuals received a definitive molecular diagnosis

e 27% individuals with no molecular diagnosis had:

e Either one heterozygous mutation only
e Two or more heterozygous mutation in unrelated genes
* Ortwo heterozygous and/or one homozygous mutation found to be a variant of unknown significance

Inclusion of GAA improved the overall diagnosis
* 39 most frequent identified variant (9.8%)
* 9 patients (2,7%) confirmed with Pompe Disease across Latin America

Frequency of the genes variants in Latin America similar to other geographic regions(4-12)

(4) Martiniuk et al. Am J Med Genet 1998;79:69-72; (5)Ausems et al. Eur J Hum Genet 1999;7:713—6; (6)Hopkins et al. J Pediatr 2015;166:172—7; (7)Liao et al. Clin Chim
Acta. 2014,431:80-6; (8)Mechtler et al. Lancet 2012,379:335—41; (9)Gutiérrez-Rivas et al. Neuromus Disor 25, 2015:548-553; (10)Savaresse et al. Neurology 2016,87:71-
6, (11)Preisler et al. Molecular Genetics and Metabolism 110, 2013:287-289; (12)Lukacs et al. Neurology 2016,87:295-298



Comentarios

Registros y bases de datos indispensables para:
* Definir la epidemiologia nacional, regional (LATAM)
* Asesoria genética adecuada (pacientes, administradores, médicos, etc.)
* I[ncorporacion de pacientes a ensayos terapéuticos
* Indicar nuevas terapias
* Definir politicas sanitarias, calculo de costos, etc.

17



Bases de datos ENM en Chile

e Datos parciales en bases privadas, grupos de trabajo, etc.
e £j. 160 pacientes AME, Dra. Castiglioni, Clinica Las Condes

* Necesidad de confirmacion genética de diagnosticos clinicos, “rumores”

e Sin registros para enfermedades de alta prevalencia:
e Distrofia Miotonica 1y 2
 Distrofia Facioescapulohumeral
e Sindrome de Charcot-Marie-Tooth
e Esclerosis Lateral Amiotrofica

18
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