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Miotonia: Disminucion de la relajacion muscular
con efectos Indeseables

Enfermedades que causan miotonia:

Miotonia congenita (gen CLCN1)
Distrofias miotonicas 1y 2 (genes DMPK 'y ZNF9)
Paramiotonia congénita (gen SCN4A)

Paralisis periodica hiperpotasemica (gen SCN4A)
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] : Depolarizacion de la membrana
Estimulo nervioso , .
SCN4A Plasmatica muscular

Liberacion del Ca2+

Contraccion del reticulo sarcoplasmico

muscular

Secuestro del Ca2+ en
el reticulo sarcoplasmico

Repolarizacion de la membrana
plasmatica

CLC-1

Relajacion muscular
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Miotonia congénita. Sintomas

*Miotonia
«Afecta mas a los musculos proximales de miembros inferiores

*Debut en los primeros anos de vida

Cansancio

Dificultad para iniciar movimientos. Alivio después de unos minutos
(fendbmeno warm-up)

«Descargas miotonicas en el electromiograma
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30 Lossin and George

T=15.8s

Christoph Lossin and Alfred L. George, Jr. Advances in Genetics, Vol. 63, 2008
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Figure. Myotonic potentials in the right deltoid muscle.
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Genética molecular de la miotonia congénita

‘Debida a mutaciones en el gen CLCNI1

‘Herencia autosomica dominante (Thompsen)
-Herencia autosomica recesiva (Becker)

‘Esta alterada la funcion del canal de iones cloruros
Clc-1 del misculo (canal dependiente de voltaje)

‘El potencial de membrana de la célula muscular esta

alterado causando miotonia

‘Prevalencia: 1 en 20.000-40.000 individuos
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Herencia mendeliana autosomica recesiva
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Herencia mendeliana autosomica dominante
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Miotonia congénita (gen CLCN1)

Gravedad 0-3 3-5
de los _ _ _ _
sintomas Miotonia leve- Miotonia
moderada moderada-grave
Herencia Herencia
dominante recesiva

Tabla elaborada a partir de los datos de Fialho et al. Brain. 2007 Dec;130:3265-74
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CBS1
CBS2

Esquema del monomero del canal de iones cloruro CIC-1
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Homodimeros del canal Clc-1
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Actividad del canal CIC-1 en la
herencia autosoOmica recesiva

0% <€——— Actividad

Pacientes
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Actividad del canal CIC-1 en la
herencia autosomica recesiva

LORLINL

Actividad —> 50%

Portadores
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Actividad del canal CIC-1 en |la
herencia autosomica dominante

N N N N
25% 0% 0% 0%
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Table 1. CLCNT mutations (modified after Pusch®2).

Nucleotide Amino acid Inheritance References Nucleotide Amino acid Inheritance References
c.—2A=T 5d R a5 1095-1096del fa387X R 75
202C =T Q68X R 119 1238T = G F443C R 55,120
2200 =T Q74X R 71 1244C =T A415V R 7
313C =T R105C R 75 1262insC fa429x R 75
3B2A =G M128V D 30, 46 1272C = G [424M ? 20
394A =T 5132C D? 115 1278-1281del fad33X R 50
A407A = G D136G R 40, 50 1283T = C F428S D? 115
YA40A = G “Y150C R 71,114 1333C =T Q445X R S0
481T = G Fi61V R 81 1442C =T S471F D? 53
44T = G V165G R 75,120 1437-1450del fab03x R 74
501C = G F167L R 45,120 1438C = A P480T D a1
577G = A E193K D 30, 46 1439C =T P430L D 82,99
577G =T E193X R 115 1443C = A C481X R 89
502C = G L1988V D 94 1444G = A G482R D7 75,53
598G = A G200R D 71,114 1453A = G MABEY R 75,114
601insG fs 258X R 38 ci1471 +1G = A sd R 75
652G = A A218T D? 32 1488G =T R4963 R 68, 82
689G = A G230E D/R 44, 45, 75, 99 1495G = A G499R R 121
c.696 + 2T = A fs231X; sd R 20 1592C =T AS31V D/R 80, 102
706G = C V236L R 58 1649C =T T550M D7 115
TB2A =G 2610 R 71,114 1655A = G QE52R D 63, 82, 87
803C =T T268M D? 20 1667T = A IS56N D 58, 81, 92
831insG fs289X R 77 1687G = A V563! R 89

NR sa R 81 1723C =T P57558 R? 53
B47C =T L283F D7 115 1931A = G D644G R? 53
854G = A G285E R 58 NR Skip exon 17 R 28
857T=0C V28BA D? 58 1972C =T QB58X R 32
8620 =T F2875 R? 102 1976C =T ABSAV R S0
870C = G 1290M D 56, 63, 82, 92 2005C =T RE69C R? 32
871G = A E291K R 75,82 2124C = G F708L D? 89
898C =T R300X R 45,75 2149delG E717X R 81
920T = C F3075 D? 8, 58, 30 2264delC fa793x R 89
929C =T T310M D 115 2284 +5C =T sd R 102
937G = A A313T D 8,81, 58 2419C =T QBOTX R 27
950G = A R317Q D 38, 75, 82 C.2452 + 2T = A sd R 89
979G = A V3271; sd R 68 2512insCTCA fa872X D 32
986T = C 1329T R 75,120 2518-2519del faB840K R 30
1013G = A R3380Q D? 45,119,120 25760 = A G85aD R 33
1063G = C G355R R 33 2680C =T R894X D/R 45,75
1078G = A A331T R 102, 114 Y2795C =T *PO32L D 77,94

D, dominant; NR, sequence change not reported; R, recessive; sa, splice acceptor mutation; sd, splice donor mutation.

“Pathogenicity debated. Colding-Jorgensen.E Muscle Nerve 32: 19-34, 2005
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Tahle I
Mutations found in the CLCNT gene in Spamish families with myotonia congenita.
Family I} (n tesied) Cenotype Protein change Exan/intran Reference
A (E) Mutation 1: c 9T C - Tyr 30 Xl el This study
Mutation 2 c 18034 =T =d il N
B3 Mutation I: c89RG>T P GlyERVal e This study
Mutation 2 o 126X P Prod =4 2900 el2 ]
il Mwation I: c S0IC>=G pPhelbileu 4 [6]
Mutation 2 c 313CT P AglSCys el 2
Mlutation 3: o 180H-3A T =d il M
D (4) Mlutation 11 c ZREIA T P GInTEEPro =19 This study
Mtation 2 o 180434 =T =d il M
E(l) Mutation I: c S0IC=G pPheléiLeu 4 [&]
Mutation 2 c 18034 =T =d il M
Fi3) Mutation 1: c 9T C - Tyr 30 XEls el This study
Mutation 2 c I247G A p Gy l6G ell This study
G(2) Mutation I: c1938G>A P Metbdille el? 7]
Mlwation I c 18034 =T =d il M
H (4) Mlutation I: c889G>T pAGyENVal ] This study
Mlutation 2 c E8RGST pGlyENIVal
13) Mlutation 1: c 180434 >T =d il )]
I Wutation 12 c MER0C>T P ATgESS top Lra] [&]
Mutation 2 c 18034 =T =d il M
K (4) Mutation 1: c 36R0C>T PATgEMS top el [6]
Mutation 2 c 15930 T ARSI G els 4]
LI 4534 G P MetdE5Val eld 2
s 453IA G P edEsVal
M (5) ;L ERGT PATREMS e eld %]
s o IERGT PATgEMSer
Ml e IMIC>T pArgd2Cys =12 This study
- o MRC>T p-ArgESdStop .2} [6)
O3 o ANT G p.Tarl3TAsp 2] This study
s e IMTGEA p Gy l6G ell This study
P(T) B0H-3A =T =d il M
s o I8 3A ST
QM . l45IA G P MetdE5Val eld 2
s o l453A G P MetdEsVal
R (3) o XS0 T =d ilg [15)
S0 1 e S0ICEG pPhel&iLen o4 8]
: o IR0H-3AST =d il )]
T({H 170 A pAsnSETLys el This study
iy o 4ERG=T PATRMS e eld [k
s o l453A G P MetdE5Val eld 2
Vid) 1o S0IC=G pPheléiLeu 4 [6]
: oSG A pAL2IEVal es This study
Wwl) e IMIC=T PATR2ICys el2 This study
- B0 3A ST =d il M
X e l45IA G P MleidE5Val eld 2
s 20177ddT p-PraT2ifs7945 top ] This study
¥ (@ : e IR0H-3AST =d il )]
s e M7 10T G = ill 7]
FALL . l45IA G P MetdE5Val eld 2
s o M 1GA = iz 7]
AA (D) . l45IA G PMetdESVal sd eld 2
s o I8 3A ST =d il M
AB (1) T L IBH3A ST =d il M
s o I8 3A ST
ALC (1) : e 255MGA pValEs I Met X This study
s e 2SENG = A pValESIMeat 4] This study
AD (1) : e IR0H-3AST =d il )]
AE (1) e 4TI41G>A =d il3 2]
s o I8 3A ST =d il M
AF (3) T cfiE+HIGT =d is This study
s o I8 3A ST =d il N
: o BIRGA PGy TAsp T This study

sd, Splicesiie donor mutation; sa, sphice-site acceptor mutation.
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Nuevas mutaciones identificadas en pacientes
estudiados en la Unidad de Genética Molecular
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Mutaciones dominantes de elevada penetrancia

I Ejemplos

R338Q
M128V

1 2
E193K
I Etc.
1 2
m 0

Segun datos revisados por Colding-Jorgensen.E Muscle Nerve 32: 19-34, 2005
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Mutaciones dominantes de penetrancia reducida

I Ejemplos

A313T

2 PA8OT
556N
d) . L198V
Etc.
1 2
O

Segun datos revisados por Colding-Jorgensen.E Muscle Nerve 32: 19-34, 2005
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I < > G270D
1 2 40 afos
| | 696+1G>T | JwT m G270D | l180+3A>T
2
1] 10 anos
696+1G>T 180+3A>T
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1 2 ‘ 3

A e

1 2 ‘ 3
H 180+3A>T H‘raﬂzH
Il WT | |wT |
WT
1 2 3 ‘ ‘
[l
WT ‘ Y302H WT H1B{}+JA:T WT HYSMH
Fa mlly A Clinica de la paciente de la familia A

*Mujer de 35 anos

*Retraso en empezar a andar (18-20 meses de edad)
*Miotonia

*Complexion fornida. Baja talla

*Descargas miotonicas en el electromiograma

*CPK elevada
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Evolucidn mutacidén CLCN1l Tyr302His (exén 8)

GVLFSIEVTSTYFAVRNYWRGFFAATFSAFVFRVLA
GVLFSIEVTSTYFAVRNYWRGFFAATFSAFVFRVLA
GVLFSIEVTSTYFAVRNYWRGFFAATFSAFVFRVLA
GVLFSIEVTSTFFAVRNYWRGFFSATFSAFIFRVLA
GVLFSIEVTSTFFAVRNYWRGFFAATFSAFIFRVLA
GVLFSIEVTCSHFGVRSYWRQFLGGAFSAFIFRVLS
GVLFSIEVTCSHFGVRSYWRGFLGGAFSAFIFRVLS
GVLFSVEVMSSHFATRNYWRGFFAATCGAFVFRLLA
GVLFSIEVTTTYFAVRNYWRGFFAAVCGATVFRLLA
GVLFSIEVTTTYFAVRNYWRGFFAAVCGATVFRLLA

GVLFSIEVTSVYFAVRNYWRGFFAATCSATLFRILA

~
‘ !M Hospital Universitario La Paz
SakudMadrid
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Homo sapiens

Mus musculus

Rattus norvegicus

Cavia porcellus
Oryctolagus cuniculus
Torpedo marmorata
Torpedo californica
Xenopus laevis
Drosophila melanogaster
Anopheles gambiae

Caenorhabditis elegans
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Familia RL
Enfermedad de Becker
Miotonia congénita AR

N G233V
1262insC N

Clinica del paciente de la familia RL

*Alos 3 afios de edad cansancio y dificultad para la marcha

Hipertrofia muscular de los cuadriceps y gemelos

*Dolor por calambres musculares
1262insC| G233V

*Descargas miotdnicas en el electromiograma
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Evolucidén mutacidédn CLCN1 Gly233Val

VALTAGLGSGIPVGKEGPFVHIASICAAV
VALTAGLGSGIPVGKEGPFVHIASICAAV
VALTAGLGSGIPVGKEGPFVHIASICAAV
VALTAGLGSGIPVGKEGPFVHIASICAAV
LTAGLGSGIPVGKEGPFVHIASICA
VALTAGLGSGIPVGKEGPFVHIASICA
VGLTVALSAGFPLGKEGPFVHIASICA
LTAGLGSGIPVGKEGPFVHIAST
STLTAGLGSGIPVGKEGPFVHIAST
LTAGLGSGIPVGKEGPFVHIAST
GSGIPVGKEGPFVHI

. VGKEGPFVHIA
S —INGEMM =

Homo sapiens

Mus musculus

Rattus norvegicus
Canis familiaris

Cavia porcellus
Torpedo marmorata
Torpedo californica
Drosophila melanogaster
Anopheles gambiae
Caenorhabditis elegans
Leishmania
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110 120 130 140 50 150 170

rClC-7 SO TR CEFLNGVEIPHVVELETLVIEVEGVILSVVGGLA IHEGSVIAAGISQGR- -XXX--YFRR
hClC-5 SEIRTILEGFIIRGYLGEWTLVIETITLVLAVESGLS SLVHVACCCOGNILEMES - -XXX- -YREN
hClC-1 SEMETILRGVVLEEYLTMEAFVARVVALTAGLGSGIP SFVHIASICAAVLSEFM- -XXX--YEQP
c1c-0 SELETIIRGAVLHEYLTLRTEFVARTVGLTVALSAQFP SFVHIASICATLLNQLL- -XXX--REEP
EcClC SETEGALE- -DORPVEWWRVLEVEFFGGLGTLGGEMY SIVOIGGNIGEMVLDIF------- RLEG
StClC SETEGALE- -ELRFPVEWWRVLEVEFIGGMGTLGAGMY SIVRIGGNLGEMVLDVE------- EMEE

—G = T +—

Dutzler R et al. 2002. NATURE |VOL 415 | 17 JANUARY , p. 287-94
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1 2

| WTH130+3A:~T ' () WTH130+3A:T

| 1 2 | s

180+3A>T

‘1BD+EA=’T 180+34A>T ‘130+3A=’T

WT || 180+3A>T

1 1 2

WT‘ ‘130+3A:-T WT ‘ ‘ 180+3A>T

Family Q
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NHLBI Exome Sequencing Project

(http://evs.gs.washington.edu/EVS/)

SNP Pos =10

L143013285

7:143013293  unknown
1143013200 unknown
7143013320 ra150304BES

L1220122331 ro11 237007
7:143013342 ra143025648

L123012301 12148160029
7:143013404 ra138022145

L143013438  unknown
T:143013488  unknown
143013028 unkncwn
143013530 unknown
7-14301 790 ra145150180

L14301 8304 unknown
T-14301E305  unknown

L1S201E268  unknown
7:143016908 ra148407 148

P BRI il
7:143016985 rsB848526

. unknown
T:14301 7720 ra11 2050687

L12J017722 2112030128

SNP Pos

7:143013488 unknown T/A

A

AJ M Hospital Universitario La Paz
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Alleles  EA Allele & AfAlele & Al Allsle &
TadBAC=f530 T=3HWC=3600 T=527C=10223
A=1/G=T019 A=1GIT3T A-2G-10756
TN G 1020 T=1/G=3737 Ta1iG=10757
A=-2G=TD18 A=-0G=-3T38 A-2G-10756
AmlG=T02)  A=i1/G=3EET A=71/G=106E7
A=11C=T019 A=DC=3738 A=1C=10757
C=27A=-6003 C=1/A=3737 C=2BA=10730
Ta1G=018 T=0C=3733 T 1 C=10757
Gl AT D2 G 2/A=37 38 G 2A= 10756
T A= BO0E Tl A=3T32 Te=d/A=10730
A= G=T00Z A=dG=IT30 A=4G=10732
P G 002 A=1C=3733 A=1C=10735
G=1T=r18 G=0T=3738 G 1 T=10757
C=aT=r7 C=0T-3738 C=3T=107E5
C=10fA=7010 C=lA=3738 C=10A=10743
T=1/C=T010 T-WC=3738 T=-1/C=107ET
Gl AT 020 G=1/A=3737 G=1/A=107T5"
T2 T CG=dT4] T2 125 C=1613 T=d42/C=B356
A=BEE T=B35E A=1131T=2607 A=1733T=BOES
G VG 720 G2l 5= 7 36 G 2510756
Gl T=020 C=BT T=3E51 C=BTT=10871
Te VG020 T=B4/C=3E5d T=B4'C=10874
rs ID Alleles EAAllele #

Awn. Sample Resd

Dot Genas
27 CLCM1
.| CLCM1
a7 CLCMA1
T& CLCM1
78 CLCM1
91 CLCM1
131 CLCM1
123 CLCM1
7 CLCM1
57 CLCM1
- CLCM1
x| CLCM1
= CLCMA1
100 CLCMA1
103 CLCM1
178 CLCM1
204 CLCM1
209 CLCM1
112 CLCM1
a7 CLCM1
43 CLCM1
85 CLCM1
AAAllele #
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NM_DD00a3.2
NK_0D0083.2
NM_DD00a3.2

NM_DD0083.2

NM_DD00a3.2
NM_DD0033.2
NM_DD00383.2

NM_DD00a3.2

NM_DD0083.2
NM_DD0083.2
NM_DD0083.2
NM_DD0083.2
NM_DD0083.2
NM_DD00E3.2
NM_DD0083.2

NK_0D0083.2
NM_DD0033.2
NM_DD00a3.2

NM_DD0083.2
NM_DD0083.2
NM_DD0083.2
NM_DD0083.2
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De 32 familias espafiolas con miotonia congénita:

16 eran portadoras de la mutacion c.180+3A>T

6 eran portadoras de la mutacion M485V
4 eran portadoras de la mutacion F167L
3 eran portadoras de la mutacion R894X

2 eran portadoras de la mutacion R4965S
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Miotonia congénita. Resumen

« Miotonia

« Debut en los primeros afos de vida

« Fenomeno warm-up

« Debida a mutaciones en el gen CLCN1

« Dos formas de herencia: Herencia autosomica dominante (Thompsen)
y herencia autosémica recesiva (Becker)

« El espectro de mutaciones en Espana es diferente del norteeuropeo y
norteamericano
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