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Fig. 1 The pedigree.
The filled symbols indicate individuals with periodic paralysis, whereas the open symbols show individuals without
periodic paralysis. The half-toned (gray) symbols are individuals without sufficient information whether they had
paralytic episodes or not. The fourteen individuals with asterisks (*) were examined by one of the authors (KS). The
proband (VI-7) is indicated by the letter “P”. The first documented individual in this family dates back to a symptomatic
male individual (I-1) who died in 1844 by the record. M/M = wild type homozygote for 1592™ nucleotide of SCN4A.

M/V = heterozygote for M1592V.

IRER - BEGHICREIZA L O o7

ABERERRAS - ATV 9.4 x 10, CK 3482 U/, 7
VN2 —+ 622U/, LDH 426 U/, AST 143 U/I, ALT 87 U/,
yGTP 78 U/l. HUIRBRBEREILIES, I H Y 7 Ml 3.1 mEq/
EREREARAE. Iybid 1 FFREE 13 mm, CRP 0.32 mg/dl. il
A THIAT L 72 4H R ClE, DI EIEEBA L I 4
b= R AL 7z, BRI ARG - R o
EFREMEN RO, REEHZR L2256, 34T
——REE LD ) MRS LE F 2 . GRS TR
RGO /NEY MR CMAP  (compound muscle action
potential) % FCER L, D 5 55 /NIRRT O i K %
R L7205, CMAP % 1 5#IZiiik L2 e 25, EBH
fif 1 2 5 60 31212 2017 T CMAP O B AR T (B B o
62% F TIKT) = Ak 72728 (Fig. 2), prolonged exercise
test Bl & KT L 72

FERAE (Fig. 3) @ < D22 3 BII%ME, HERK ED I+
M =—Jit®, prolonged exercise test BPEDFEGA 5, F bV
AT v AOVEVERELS & B FIITEIBORE L S L7 &<
WCHEEEZETICRBEBIR L2 2 A, 10 HEITHELICTK
AR IR L, 2 BBk L o7 BBk, 201249
FA R & 565 L, MBRBEl 2 CA T a4 B8OV AFRE
RS NIER, ST UCEEORIEEE U (EF

Bii7T A P TEME 3, BES2). CoLZoliEn ) v L
& CK X, ZN-ZNSAERTH T 3.7mEq/ - 1081U/, SAEE %
T42mEql - 136 IU/l TH o7z, ZOBSFMEL, MEiHEEIC
CT2HEMTEME L7 201343 7% VI I FaBlaL
7L Ah, 14 AtRINE CK AL 9,778 TU/L £ T EA L7z (U
VA 30mEgl). CHOLE, HHKTEAEDR P27
W MEAE PR CK IE & L CHiE O AR CTHBE Lz E 25,
CKIZ—H 17354 Ul £ CTEAL7zDE, 14 HTIEFILLZ.

BTN - BB OREE 2 C, M RAEMIKEES b
Vo AFrr)ath T L=y b (SCN4A) O =T fF4T %
B ok A c4126A>G (pN1376D), c.4774A>G
(p.M1592V) 25D 13EILEHZ AL D72, c.4126A>G X
EILF LT, cATT4A> G IIBEHEE R CTh o 72 (Fig. 4, c.4774
A>G DAHIRT).

FATE P X U segregation study : HHD— A (KS) 75,
FARNOFIERE 8 4 - HEAEIRE 6 #4 LKL, BIERD
FRGURERT - FEEREN] - SR - UUERTF - EE I A P =10
WAL, FMRENBREYBIRo7 (Table 1). A
FEIR 8 4413, AN 15~87 1%, B3 % - L5 4.
HREIRE BB BREDBVIIEE A L TWizhs, 84
7827 HY g K REEB OB EE B LTz, ELo
TBAZEEZ HE L01E 2~20 0 (hJfE 75%). 567EI1E
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repetitive abduction of ADM for 5 min
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Fig. 2 Prolonged exercise test.
The compound muscle action potentials (CMAPs) of the right abductor digiti minimi (ADM) muscle were
plotted every one minute before, during and after a repetitive maximal voluntary muscle contraction of
ADM for 5 minutes.
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Fig. 3 One-year observation of the clinical course and the serum concentration
of the potassium and creatine kinase of the proband.
During the one-year observational period, the patient saw two long paralytic episodes, each of which continued
for two weeks (August and September in 2012). The serum concentration of potassium was 3.0 mEq/ in the first
episode and 3.7 mEq/ in the second one. The maximum value of creatine kinase was 3,482 U// during the first
episode, while that in the second was 136 U/l. In addition, creatine kinase elevated to 17,354 U/l in March, 2013,
without paralytic episode.
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Fig. 4 Chromatograms of the PCR products and the location of the mutation.
Upper panel: The nucleotide sequences of SCN4A of the control and the proband (VI-7). The patient was heterozygotic
for c.4774A>G. This single base alteration resulted in the change of 1592™ amino acid from methionine to valine
(M1592V). Lower panel: The M1592V mutation is located in a functioning transmembrane domain (S6) of the repeat IV,
whereas the N1376D polymorphism lies within a putatively non-functioning extracellular part in the repeat IV.

ZAZE W, 3HIEHFIE o, BIEFERNT L LTI
FHN 8 HERIIA LN, 5 A TIIFAEE 7 2 X B
ICEFZ DL, BEORETHITUET LI ENDH D &
FEL7. 8T (V-16) Z [&AARM] # AL EE
BHEEVZFEVEDSTRFE S M7, MEFRE T, FmaE b
BHETIEAE D07, I+ =7 % 4412, lid
lag % 3&ICA LD, XHEICLLFAERZZLT, 4ED
A1) > 732k 6 DNA ZHRILL, SCN4A 0> 1% 5% (M1592V)
L 148 (N1376D), 2 DWW THERYIIEL B %o 72,
BRFEHDOAF A= 2OV TIE, HIERE 8 LT TH
M1592V O\ T OIR AR 2 H LIEIEIRE 6 %43 XT3
ARUREHAGRTH Y, BIEMELE OB n % MR L
72 (Fig.1). —H 1316 EHOT A8 FUERIZOVWTI, A
FERE 2 44 (V-16, VI-7) - #EEIRF 2 4 (VII-6, VI-10) 7%
N1376D O~T a8 T, HRERE 6 % CEHARAR EHA
kchl), BiIisleL %R (N1376D) & ORI IZEI M 2 A
Dotz (B, KW, MR GEEZARSORN %
ZTCBI b)),

z =

AIEBN, 2 A5 2 WS 2 BB 5ElEE < 0 2
2L, BIEBRREICRIEI A F=—%2 A D72 101TH 5.

SR T I 4 M =— %, prolonged exercise test T 38%
DCMAPIE T 2 A LD Eh s (Fig. 2), BRAFEN
WZF M) AF YR VEFEELEBHLZY. FRUAD
segregation study (2°C, M1592V 242 & i )15 E & oIz 45
HEAMERR L, ANERDPEFEEO B RAR Ll L7z,

IRy F U T TEIL BT L B &, M1592V 225 0
F MU AF Y AT, BAR L IR L OB OE W
NEALBREDSEE SN TB Y, BamEEs 5 o 85 %I R
TELT M) T AF v ANDPL RN, KRE LTk
DEBEWFET T LI EARENRTVE Y, &51Ca Y
Va—%—323ILb—3 3 ilBnT, M1592V IIZE ¢,
F AL 2SR RS L CB Y, AR BT
ORI BB AT T EHEH S LTV B Y Nayy,
D152 FET I JBTHHAFF =V, Fr rIVEADE
4= - E6EM RN AL > (S6) OMIBAME, T742b
BT v AOVERT OMIBNE % Z5T 5§ L BEREFRALIC AL E 2
(Fig. 4). M1592V ZZEAIF ¥ AV TlE, F ¥ A NVRET7 O
STARKERE DAL B 2 LT K o THIMAEDBEEAMET L
RBFEVEIZ 72 ) R WITREEASE S 5.

RERDOPAFIEEEM & LT, (1) BrleA 2 81 &
A AR R (HyperPP) & L CldRW2 &,
(2) FEfERiECHE 7 ) 7 AREE AL DLW L, (3) &
VY AERERE T D ERIENFERENLEETP VDL L
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Table 1 Clinical characteristics and SCN4A genotyping of the index family.
individual annotation V-16 VI-1 VI-3 VI-7 VI-8 VI-9 VII-7 VIII-11
age and sex 87, F 68, M 69, F 74, M 72, M 69, F 42, M 15, F
nature of paralysis
onset of periodic paralysis 7 y.o. 20 y.o. n.a. 2 y.o. 8 y.o. 7 y.0. 2 yo. 8yo
duration of short episode 60 min. 60 min. 2 min. 2 min. 2 min. 2 min. 3 min. 2 min.
duration of long episode 10 days 7 days 0.5 days 14 days 14 days 10 days 10 days 7 days
frequency per year of longer paralysis 4 2 12 3 12 12 10 n.a.
susceptible season spring winter winter winter winter spring spring winter
provocative factors coldness + + + + + + + +
exercise - - + + + - - +
meals sea weeds - - - - - - -
ameliorating factors meals - - - + + + + +
clinical features
eye lid myotonia - - - - +
lid lag - - + - - -
SCN4A genotypeing N1376D ND NN NN ND NN NN NN NN
M1592V MV MV MV MV MV MV MV MV

n.a. = data not available. y.0. = years old.

REVRHITHNDL. —HAYIZ, HyperPP O3 7 EEF:
FEERRTIE 15 2020 5 1 BER Y, RS 8)4 B WA T84

POREMARE L SRTEY Y, 2BHICE X AREE—R
THERWIIICEDLNS. NI376D IZARLHE & | CTERE
ENTVEY, BFETAHAONIZOTARRIZBVWTEED
BHMLICHE S 2B BHKNT- & LTHYS LT
Ex, RRABNEBI kol L LAEPSERLRTIIFRE

EDIGEEDTFEATE T (Table 1), FOUFEMEIZ RN & %
% 72. HyperPP O HHEE O\ 2 KEF TH 5 T704M % 5

& M1592V 2 o BT A Wl L 72T 92 Cud, B RO
PR IX 2 Z A 8 = 28 BER, 89 = SR EFAITH 1O,
M1592V ZE 58 TUE P ZEERE M Ao F F ) 7 A5 v A )b
TEREWHT 2L L) EL, FRRRMTORIMERM O
MWREVTHREENRELEZ 51D, F72, Kelly 5 0#i5 L7
M1592V 225212 & % HyperPP/PMC K5 CTOFEMERE R 1X 1~4
JAM 7, Chinnery 5 DL 72 M1592V ZRIZ X H1EH )
2 PEEEAMEDU R (normokalemic periodic paralysis; NormoPP)
KRBT B FMEREI 2~3 MY L SNTHBY, M1592V
25802 X % HyperPP/NormoPP Tld, JEIEIERF AR WE
RBLVEEZ END. ZO—T, [i] L MI592VERTH >
Th, Kelly 5D#i L 72 HyperPP/PMC ZANT, FRHIEAE
DE o7 ALNR2 AD PMC R BEEL, K
FBT R S O L7z PMC ER Y 2 &, FRESSIEA %
HAREDBVEFI O EIR SNE. DF D, M1592V ZHIZ L 5
F MY T AF X RIVEREEICE, OB ERE 72 2w
PMC EBIA 5, FEVEREGEA SR & C vy 1149 HyperPP JiE
B, SAEDFEORM SO ZFAERED ) v AEE R AL DRV
RARD L) AEF E T, BRHER S SIERRE IS H0 0A 0

NEELTCWDLEEZLND., ZOL) RS AL LH
HIZOWTIEHIEE TR TH 5205, KR—FHRHIZBW
THEIEL L FREFE TIRILCAHATEL 722 b, F ) YA
F v ROV ET AR DNOBIENER (o F ¥ OV EfET
DI &) RN T (ERAYOEN) 7 & OS5 hME
Wb,

KEZTIE, BAREEOH ) 7 AERIEH THD—H
T, KNTOH ) 7 A OGAEBHBIFENEL S LT b
CERRBETHEECORLED TV E1IZ, EALRA
BT L LMD EHEICEE SN D 87 it (V-16) @
HFIHETHDH. ZAS (laminaria digitata) (X, #V 7 A EH=
IEFITHVEN (BERE100g472082g ¥V THY,
V-16 12 BT & A5 BAI TR SN2 8EL, BEEOM
%%ﬁUWAﬁ@ﬁﬁ&Lﬁ%%%&watﬂ%ﬁﬁ%
b, 5200, BIERICESE CRED 12X D RERED LT
TeriCTH D, WIS NI ARAIE A > 2 20) YRl
F MU A =T O b AR, RGTH MY T A=)
A =7 0= VAR AR R G AL S, RAIZF b)Y
N=AV T LR THRANLTHY 7L ZHHEAIZEL) A F
5 —ikIZ, ERo7) w3y 73R (GD BEwiE s
A VAN VHWDTTHEL, 1) 7 A ORI B SR
SN EHEMESNDG. FKROGLIE 82, Mo GlIL53 T
HHW GIOENEKRDFHA ) 7 L OMIFLNE B A
FwEENsSNG ZHEY SRR I TNz LT

B GLEMIZX 2 H ) Y 2 OMIBE N~ OFEE) T A EE )
L LNB, Lo T, RERODLHL L —HOBET

& U A OMIBA /KBS OB FEDFHTED B\
BEUGEEICB G- LTz 6N, [HY T AEESE] L»
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Abstract

Normokalemic periodic paralysis lasting for two weeks:
a severe form of sodium channelopathy with M1592V mutation

Kensuke Shiga, M.D.Y, Ikuko Mizuta, M.D.?, Yu-ichi Noto , M.D.?,
Masanori Nakagawa, M.D.”, Ryogen Sasaki, M.D."” and Masanaga Yamawaki, M.D."

YDepartment of Medical Education, Kyoto Prefectural University of Medicine

“Department of Neurology, Kyoto Prefectural University of Medicine

¥North medical Center, Kyoto Prefectural University of Medicine

“Department of Neurology, Mie University

A 73-year-old man with recurrent periodic paralytic episodes lasting for two weeks each admitted to our hospital

because of the leg weakness and the elevated value of serum creatine kinase. On admission, weakness in the proximal
legs and mild eye lid myotonia were noted. Needle electromyography revealed abundant myotonic discharges. The
prolonged exercise test showed a continuous reduction of compound muscle action potentials in the abductor digiti
minimi muscle. Direct sequencing of SCN4A in the proband showed a G-to-A alteration at position 4774 that results in a
change of 1592™ methionine to valine (M1592V). Cosegregation regarding the M1592V mutation and paralytic phenotype
in this family was confirmed. Two cardinal features in this family were longer paralytic episodes compared to classical
hyperkalemic/normokalemic periodic paralysis and the normal potassium value during the paralytic episodes. This study
together with antecedent reports indicates that M1592V mutation shares a much greater clinical diversity ranging from

congenital paramyotonia to periodic paralysis with a longer duration.

(Clin Neurol 2014;54:434-439)
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