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SUMMARY 
(課程博士関係)

学位論文の内容要旨
Background: 

P紅冨myoぬnia∞nge凶旬(pMC)is血 autosoma1dOmI1lllllt disorder characterized by 

∞，ld-or exercise mduced myotonia. PMC isωused by a mutation m SCN4A which encodes 

Paramyotonia congenita: From clinical d.iagnosis 

to in smぬproteinmodeling analysis 
也ea-subu凶tof the skeletal muscle sodium channel. More也組 50different SCN4A 

デノレ解析まで

mu匂tionshave been reportedm企'omseveral populations. Most of也白nare missense 

mutations. The dis伺sesω凶 edby the SCN4A mutations have diverse clinica1 phenotypes， 

not only PMC姐 dSCM， but a1so other sodium ehannel. PMC組 dSCM can a1so beω，used 

bymu匂tionsm也egenes encoding channel proteins other白血sodiumchannel. It has been 

reported也atthe human CLCNl gene m chromosome 7q35也atencodes the skeletal musc1e 
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chloride channel (CLC-l) was responsible for PMC 

h也isrepo民 wep悶 enta Jap.阻 .esegirl with PMC who exhlbi旬deyelid myotonia 

mduced by cold exposure姐 drepetitive blIDking. Such symptoms were reproduωd by orbital 

iω:pack組 dblIDking te由.We ana1yzed her SCN4A and CLCNl genes and identified a 

disぬse-causmgmu匂tion也 SCN4A:We a1so performed 3・Dstructure modeling to examine 

the mutation e晶cton the electrostatic surfaωch紅'ge組 dthe∞凶brmationa1structure ofthe 

Dian Kesumapramudya Nurputra 
SCN4A protem. 

Methods: 

Thepa組問twas an 11・y伺同ldJa戸田segirl who was diagnosedぉ ha'吋ngPMCon

the basis of c1inica1 findings， laboratory and elec位'Omyographyexamination. To confirm the 

di姥nosis，血 orbitalice-pack民st血 dblinking t倒 swere performed. Next， to iderr崎，the 

mu句tion， genetic ana1ysis of SCN4A was performed. Parerr泊gete副nghad a1so been 

pe由 rmedto detω:t the presence of mutation m the family. Fma1ly， to eva1田tethe mu句.tion

e能 cton也eprotem structure，初silicoprotem modeling ana1ysis was pe由 rmed.
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SUMMARY 

Backgroun.4: 

Paramyotonia congenita (PMC) is an autosomal dominant disorder characterized by 

cold-or exercise induced myotonia. PMC is caused by a mutation in SCN4A which encodes 

the a-subunit of the skeletal muscle sodium. channel. More than 50 different SCN4A 

mutations have been reportedm from several populations. Most of them are missense 

mutations. The diseases caused by the SCN4A mutations have diverse clinical phenotypes, 

not only PMC and SCM, but also other sodium channel. PMC and SCM can also be caused 

by mutations in the genes encoding channel proteins other than sodium channel. It has been 

reported that the human CLCNI gene in chromosome 7q35 that encodes the skeletal muscle 

chloride channel (CLC-I) was responsible for PMC 

In this report, we present a Japanese girl with PMC who exhibited eyelid myotonia 

induced by cold exposure and repetitive blinking. Such symptoms were reproduced by orbital 

icepack and blinking tests. We analyzed her SCN4A and CLCNI genes and identified a 

disease-causing mutation in SCN4A: We also performed 3-D structure modeling to examine 

the mutation effect on the electrostatic surface charge and the conformational structure of the 

SCN4A protein. 

Methods: 

The patient was an ll-year-old Japanese girl who was diagnosed as having PMC on 

the basis of clinical findings, laboratory and electromyography examination. To confirm the 

diagnosis, an orbital ice-pack test and blinking tests were performed. Next, to identify the 

mutation, genetic analysis of SCN4A was performed. Parentage testing had also been 

performed to detect the presence of mutation in the family. Finally, to evaluate the mutation 

effect on the protein structure, in silico protein modeling analysis was performed. 



Resuh皆andDお'cussion:

Cold-and exercise-induced myotonia was reproduced in也epatient wi血non-泊vωive

bed side tests: ice-pack and blin魁ng白描.Molecular genetic analysis identi貧困 amissense 

mu匂姐011， c.4343G>A in SCN4A exon 24 in our patient， which led to也esubstitution of a 

単位ly-conserved紅仰ineresid田 bya histidine at arnino acid position 1448 ofthe SCN4A 

pro旬in(p.Argl448His). Thls finding confumed the clinical dia伊osisofPMC in our patient. 

Al正houghPMC is known to be阻 autosomaldominant disorder， our patient was a叩oradic

case with no positive fa品ilyhistory. The pぽentagetestvalidated也atthe patient was也e

biological伽ughtlぽ ofparents who ωrried no mu凶.onin也eSCN4A gene. These findings 

strongly suggωted that the disease in the pa由:ntw，お伺凶edby也.em凶ation也atmight have 

o∞urredin也egerm-lineω:lls in one of the p蹴臨.

According to也eprotein modelling analysis， the p.Argl448日smutation is located in 

the vol時制拙時仕組membraneS4 segment ofDIV (DIV/S4) ofSCN4A.τ'hemu凶 on

neu回 lized也.epositive electro瑚，ticcharge at 1448 in the DIV/S4 segment and disrupted the 

begin凶ngofthe helical structure in the DIV/S3-S4linker ofthe SCN4A protei乱 According

to皿 elec住ophysiologicalstudy of SCN4A by pre吋ousstudies， the loss of hi酔ly∞Inserved

positive charge並 DIV/S4 segment is associated with the slower白stinactivation of the 

mu凶 tsodium channel p.Argl448His伽 a白紙 ofthe wild-type ch叩nel.The slower fast 

inactiva姐onof sodium channel may be the ca蹴 ofPMCsymptorns. 

Conclusions: 

Diagnostic physical interventions in the patient confumed the phenotype presentation 

consistent with PMC，組d也.ein silico protein modeling analysis of p.Arg1448日spredicted 

古田国百1changes which can a:ffect function of也.epro飽泊.AlI也巴 da包 confumedthe 

diagnosis of PMC泊 thepatient and added to exi鋭ngliterature emphasizing也eimp副知I

role ofargi凶neresidue at 1448. 

Results and Discussion: 

Cold-and exercise-induced myotonia was reproduced in the patient with non-invasive 

bed side tests: ice-pack and blinking tests. Molecular genetic analysis identified a missense 

mutation, c.4343G>A in SCN4A exon 24 in our patient, which led to the substitution of a 

highly-conserved arginine residue by a histidine at amino acid position 1448 of the SCN4A 

protein (p.Arg1448His). This finding confirmed the clinical diagnosis ofPMC in our patient. 

Although PMC is known to be an autosomal dominant disorder, our patient was a sporadic 

case with no positive faniily history. The parentage test validated that the patient was the 

biological daughter of parents who carried no mutation in the SCN4A gene. These findings 

strongly suggested that the disease in the patient was caused by the mutation that might have 

occurred in the germ-line cells in one of the parents. 

According to the protein modelling analysis, the p.Argl448His mutation is located in 

the voltage-sensing transmembrane S4 segment of DIV (DIV/S4) of SCN4A. The mutation 

neutralized the positive electrostatic charge at 1448 in the DIV/S4 segment and disrupted the 

beginning of the helical structure in the DIV/S3-S4linker of the SCN4A protein. According 

to an electrophysiological study of SCN4A by previous studies, the loss of highly conserved . 

positive charge in DIV IS4 segment is associated with the slower fast inactivation of the 

mutant sodium channel p.Arg1448His than that of the wild-type chl!JlIlel. The slower fast 

inactivation of sodium channel may be the cause ofPMC symptoms. 

Conclusions: 

Diagnostic physical interventions in the patient confirmed the phenotype presentation 

consistent with PMC, and the in silico protein modeling analysis of p.Arg1448His predicted 

structural changes which can affect function of the protein. All the data confirmed the 

diagnosis of PMC in the patient and added to existing literature emphasizing the important 

role of arginine residue at 1448. 
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Background-Paramyotonia congenita (PMC) is an autosomal dominant disorder 

characterized by cold'or exercise induced myotonia. PMC is caused by a mutation in 

SCN4A which encodes the a'subunit ofthe skeletal muscle sodium channeL More than 

50 different SCN4A mutations have been reportedm仕omseveral populations. Most of 

them are missense-mutations. The diseases caused by the SCN4A mutations have 

diverse clinical phenotypes， not only PMC and SCM， but also other sodium channeL 

PMC and SCM can also be caused by mutations in the genes encoding channel proteins 

other than sodium channeL It has been reported that the human CLCN1 gene. in 

chromosome 7q35 that encodes the skeletal muscle chloride channel (CLC.I) was 

responsible for PMC. In this report， the authors including the candidate present a 

Japanese girl with PMC who exhibited eyelid myotonia induced by cold exposure and 

repetitive blinking. Such symptoms were reproduced by orbital icepack and blinking 

tests. The authors analyzed her SCN4A and CLCN1 genes and identified a 

disease'causing mutation in SCN4A. They also performed 3.D structure modeling to 

examine the mutation effect on the electrostatic surface charge and the conformational 

structure ofthe SCN4Aprotein. 

Methods: The index patient was an l1'yearold Japanese girl who was diagnosed as 

having PMC on the basis of clinical findings， laboratory and electromyography 

examination.τb con五rmthe diagnosis， an orbital ice'pack test and blinking tests were 

performed. Next， to identify the mutation， genetic analysis of SCN4A was performed. 

Parentage testing had also been performed to detect the presence of mutation in the 

family. Finally， toevaluate the mutation effect on the protein structure， in silico protein 

modeling analysis was performed. 

Results and Discussion: Cold'and exercise'induced myotonia was reproduced in the 

patient with non'invasive bed side tests: ice'pack and blinking tests. Molecular genetic 

analysis identi五eda: missense mutation， c.4343G>A in SCN4A exon 24 in our patient， 
which led to the substitution of a highly'conserved arginine residue by a histidine at 

amino acid position 1448 ofthe SCN4Aprotein (p.Arg1448His). This finding confirmed 

the clinical diagnosis of PMC in our patient. Although PMC is known to be an 

autosomal dominant disorder， our patient was a sporadic case with no positive family 

history. The parentage test validated that the patient was the biological daughter of 

the parents who carriedno mutation in the SCN4A gene. These findings strongly 

suggested that the disease in the patient was caused by the mutation that might have 

occurred in the germ 'line cells in one of the parents. 
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Background- Paramyotonia congenita (PMC) is an autosomal dominant disorder 

characterized by cold-or exercise induced myotonia. PMC is caused by a mutation in 

SCN4A which encodes the a-subunit of the skeletal muscle sodium channel. More than 

50 different SCN4A mutations have been reportedm from several populations. Most of 

them are missense- mutations. The diseases caused by the SCN4A mutations have 

diverse clinical phenotypes, not only PMC and SCM, but also other sodium channel. 
PMC and SCM can also be caused by mutations in the genes encoding channel proteins 

other than sodium channel. It has been reported that the human CLCNI gene. in 

chromosome 7q35 that encodes the skeletal muscle chloride channel (CLC'l) was 

responsible for PMC. In this report, the authors including the candidate present a 

Japanese girl with PMC who exhibited eyelid myotonia induced by cold exposure and 

repetitive blinking. Such symptoms were reproduced by orbital icepack and blinking 

tests. The authors analyzed her SCN4A and CLCNI genes and identified a 

disease-causing mutation in SCN4A. They also performed 3-D structure modeling to 

examine the mutation effect on the electrostatic surface charge and the conformational 

structure of the SCN4Aprotein. 

Methods: The index patient was an ll-year-old Japanese girl who was diagnosed as 

having PMC on the basis of clinical findings, laboratory and electromyography 

examination. To confirm the diagnosis, an orbital ice-pack test and blinking tests were 

performed. Next, to identify the mutation, genetic analysis of SCN4A was performed. 

Parentage testing had also been performed to detect the presence of mutation in the 

family. Finally, to evaluate the mutation effect on the protein structure, in silico protein 

modeling analysis was performed. 

Results and Discussion: Cold' and exercise-induced myotonia was reproduced in the 

patient with non'invasive bed side tests: ice-pack and blinking tests. Molecular genetic 
analysis identified a: missense mutation, c.4343G>A in SCN4A exon 24 in our patient, 

which led to the substitution of a highly' conserved arginine residue by a histidine at 

amino acid position 1448 of the SCN4Aprotein (p.Arg1448His). This finding confirmed 

the clinical diagnosis of PMC in our patient. Although PMC is known to be an 

autosomal dominant disorder, our patient was a sporadic case with no positive family 

history. The parentage test validated that the patient was the biological daughter of 
the parents who carried no mutation in the SCN4A gene. These findings strongly 

suggested that the disease in the patient was caused by the mutation that might have 

occurred in the germ 'line cells in one of the parents. 



According to the protein modelling analysis， the p.Arg1448His mutation is 10cated 

in the vo1tage-sensing transmembrane 84 segment of DIV (DIV/84) of 8CN4A. The 

mutation neutralized the positive e1ectrostatic charge at 1448 in the DIV/84 

segment and disrupted the beginning of the helical structure in the DIV/83-84 

1inker of the 8CN 4A protein. According to an e1ectrophysio10gica1 study of 8CN 4A by 

previous studies， the 10ss of highly conserved positive charge in DIV/84 segment is 

associated with the slower fast inactivation of the mutant sodium channe1 

p.Arg1448His than that of the wild-type channel. The slower fast inactivation of 

sodium channe1 may be the cause of PMC symptoms. 

白 '1lcli田 i.ons:Diagnostic physica1 interventions in the patient confirmed the 

phenotype presentation consistent with PMC， and the in silico protein modeling 

analysis of p.Arg1448His predicted structural changes which can affect function of 

the protein. All the data confirmed the diagnosis ofPMC in the patient and added to 

existing literature emphasizing the important ro1e of arginine residue at 1448.‘ 

The candidate， having comp1eted studies on mo1ecular basis of paramyotonia 

congenita， with a specia1ty in mutation anlysis at the gene and protein 1eve1s， and 

having advanced the know1edgein genotype-phenotype corre1ations of the disease， 

is hereby recognized as having qualified for the degree ofPh.D.(Medicine). 

According to the protein modelling analysis, the p.Arg1448His mutation is located 

in the voltage-sensing transmembrane S4 segment of DIV (DIV/S4) of SCN4A. The 

mutation neutralized the positive electrostatic charge at 1448 in the DIV/S4 

segment an~ disrupted the beginning of the helical structure in the DIV/S3-S4 

linker of the SCN 4A protein. According to an electrophysiological study of SCN 4A by 

previous studies, the loss of highly conserved positive charge in DIV/S4 segment is 

associated with the slower fast inactivation of the mutant sodium channel 

p.Arg1448His than that of the wild-type channel. The slower fast inactivation of 

sodium channel may be the cause of PMC symptoms. 

Conclusions: Diagnostic physical interventions in the patient confirmed the 

phenotype presentation consistent with PMC, and the in silico protein modeling 

analysis of p.Arg1448His predicted structural changes which can affect function of 

the protein. All the data confirmed the diagnosis ofPMC in the patient and added to 

existing literature emphasizing the important role of arginine residue at 1448 .. 

The candidate, having completed studies on molecular basis of paramyotonia 

congenita, with a specialty in mutation anlysis at the gene and protein levels, and 

having advanced the knowledge in genotype-phenotype correlations of the disease, 

is hereby recognized as having qualified for the degree of Ph.D. (Medicine). 


