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Key Words : voltage-gated potassium channel (VGKC), Isaacs’ syndrome, paraneo-

plastic syndrome, immune-mediated potassium channelopathy

LB

HEMKTFERYT ¥ &V (voltage-gated po-
tassium channel : VGKC) ¥i{fid, Isaacs i f&
BORB<—h—Thor L Ldll, TORHERT
WU YT AHCHATH S, EE, EEME
WETT B IEA VAR AN BB RS (non-herpet-
ic limbic encephalitis : NHLE) ®—#iZ, 2@
PVGKCH AT 2 —HPSEETH 2 LA
S22k o7z, HIVGRCHEBEIEALRA
P DA 2 B B V2 HLVGRC P AR 8 L % %
% (VGKC-LE) &idh, BIETIE—D2D
clinical entity & £ 2 5TV 5,

1. HIVGKCHitk & Isaacs iEMREF

Isaacs IEMERE L, MHREE L AWK T ORA,
BB OMREE, RBPHFOIFTFITRYE,
KR ORBYALE* BT HHRETHS. BR
IR, IFAFITREL=a 234}
Z7REBILHEESTORE, CAHEEREW,
EHERBARET Oy 7 THEST, WEHES
Bo7ay 7 THERTLIE»D, ZORBIFIIEK
WKL EZLRTVAY.

1990 4E X, IsaacsEEBEHEEIGGDO T T AN
OFBEREICLY, MEHESGHTTEFLOY

VORBENIRL TS Z ELY, FHEREBET
OHRVGKCH O FERE S, 2D,
VGKC DZEIRK 7 1 v h — T b a-dendrotoxin
(aDTX) # Fiv:7:radioimmunoassay (RIA) ¥
T, PLEOFEENER STz,

PLVGKCHERIC & % KA #ifE D VGKC Dk
EED A H = X AZ20WTid, patch-clamp %
Hui-stcl ot hor/, ZOEML, TR
DEFETHDY, O HVGKCHEIE, HHEER
HETC MRMROKTEREIARTSE (Fral
OB TIER ). @ FLVGKCHEFIZ, VGKCD
REBMOBEREPLPH—DF v ANVEROKE ST
LbEMRERIZS SV, 270y Fr IHikE
LCHA4DF v FAVEHOERELIER)OTIRL
{, VGKCO#HEKEH L, #£f&L L TVGKCH
BEeIIHT 5. @ ZOVGKCORKOBMIE,
ZlOVGKCH kL ZlHoF v A VEH LD
cross-linking I2 X DAL 5.

II. VGKCH$BEIRRMR
RRATTOER

Liguori 512, IsaacsiEEH OKHMEOEIR
iz, EWEEWHREE ERCEREREE,
YIE, BIURRYHE - ERELERER S OLE

* Anti-VGKC Antibodies Associated Limbic Encephalitis.

> ERBREAERERSLSTRANEAR - BEMRY  Osamu Waranase : Department of Neurology and Geriatric, Kagoshima

University Graduate School of Medical and Dental Sciences
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Table 1 Clinical symptoms of immune-mediated K+ channelopathies

Diseases

Peripheral nervous system

Autonomic nervous
system

Central nervous system

Acquired neuromyotonia
(Isaacs’ syndrome)

Morvan's syndrome

VGKC-LE

muscle cramp
fasciculaton
stiffness

myotonia
pseudomyotonia
muscle hypertrophy
muscle cramp
fasciculation
myotonia
pseudomyotonia

rare

excessive sweating

excessive sweating
hypersalivation
arrythmia
constipation
urinary disorders
serum Nat low
hypothermia

none

hallucination
insomnia
dysthymia
behavior change

amnesia
disorientation

convulsion/epilepsy

Rl b § 5P AEIERE 29 % Morvan i
BEHTe X BHEH COMVGKCI ARG 2 HE L
fob. MEESSIIC X Y FLVGKCHRO HA L BRR
ERO—BHLEEIBO SN, Thbb, Hi
VGKCHLAED, PHRMHEROBEMREIILHES
THIENFWNDTHERS NI IsaacsfEE R,
Morvan fE##H B X I'VGKC-LE D EEEIERICD
WTid, Table 1i12F & %7-.

Z OIEFI % B24%IZ, neuromyotonia 2 EFHKIHD
FERE b vy, BB OLERDOEROAE
B4 5EANRAEDEARB K (NHLE) FITo
HVGKCH ARG % oM E 2 #H kv 72, Buckley
LY, EEMENE MG D47TRBUEFIT,
BEMRBIEOEERICHVGKCH&O LA &
—8H L CNHLEZSEE L, 6BOMETIRT,
ROYWED, HVGKCHIEDWA L L HITERD
bh, ££5MHERTVwhA, ERELERE
2L, EPMRITHMMBERANCRERSS
PRH LN B 66 MEIMNPIT, W2EOREBT, H
VGKCHUED HARICHBL, BRERIEELL
& #H L /2. Pozo-Rosich 5° i3, NHLE 154
H4f) (26%) CTHIVGKCHLEBHETH Y,
VGKCHLE ? # #13, idiopathic (HCHREM)
2, EEHEESORFIIBEE L v G L

NS RPEE 2T, Vincent 5" i, 10@0H

24 F#EHE Vol.26 No.1 (2009)

VGKCHLAM: NHLE ORI, © H4
HhoBmmoBHIcE, © 2 THERTX
DEMIGETTAIE Y — FRERE BX T
ANAERD, @ BE (80%) T MY T Aam
EEXANTLEHELS LA L, MorvaniEf
BERALD, KHEMEROBHNAELRTHITVR
AREFBZEILTHIIALPED LN Do
72, £/, FREKRBWMRHET, AFo F, M
TR, BIUREIOTY VRKERE (VI
KRBT A EHME L.

—F, ZITFEHEHIC, MayoZ ) =v 7 @ Len-
non 5% i&, 76O VGKC HiRREMY: NHLE 761
F3FITEST P Y AMIEZFED, T Lneuro
myotonia (X & TEYE, 665 THKEROLUEL
EBITHGEREA L HE L, WMEoZESL L
T, O HE~BROBECHRT S, @ SHE
W P Y AR AT S, @ BEHMRIE
ik W E R MoMNERERNESRLETS
ZEFBITLNAS.

III. HbHAEIC BT 3HVGKCHItk
BELE R A

NHLE D BRZBHC, Fr17~204E 0 YRS
M A5 SN0 BRI 213 EMIC DV T,
HVGKCH A% LR ORIAETHRE L7 184

- 861 -



PIC400pM 2 B2 A E R L. BHE L
2t TId, 400pM L kA% definite positive &
ZixoNTWwAHI LIy, BERRLLZVLOD,
AFIZBVTIE, BLZNHLED 1EEEH VG-
KC-LE LI 5. ‘
RIEERIT MR»OBOHET, T
554 Th o7z Bz aMics <, BE
o ARE TOHBOFEIIHS » A LEARD
BREREL TV 267, BldIiiEEEx
BL, TAPAREEIBEREIEHTHED
Sht. BEO12ESRAKST MY Y AMER
18 1361, —EROAE B CEEBL B ML S
PR OBRE FANRD LRI

B MRIE, 184 1260, WHEIRRME~ i
B, UK THICFLAIRE L U T2MAER TRE
ERBEH N 2P CTEEROKETICIPD S
FTHHFMRIEEXBDOON o/ 26 TI10
» Bk, RSERICER  BRFROLN K
FhU Y AMERL R LERT, B - BIER
BRICREII L, BT LAMBEREEIIIPDS
T, ROFEYREHFEHFITHLATEIE LD,
FVEZ NIy YV REBRTH7H, B
K HIIZSIADH & B s Wiz, HVGKCHKI,
Mgz, ig, A7Fa4 FEEREIIRBLT,
JEROEEEL & IR T 207
bAEOVCKC-LENBEERIEKRL T L H D
L UToRErZoons. O 30%AH»580
BATREL @ HaMildgtoksze
5. @ wHERIEEEET @ BRI
FELLLBEBRENLBMLAREEZET .
® MRIiE, FLAIR% T2 E &<, W/
OREEANERLETI2EESFROLNS.
® SIADHAMEE: 2 5N 5K ) 7 AME
REBET D ® FHICATFOAL RSV AFEERT
L=y VREEICRIS L FRRETH 5.
Bi7E, VGKC-LEZ, HOREMELERELOH
T, LEROBMEROMY L-EETHS LR
HENTN5,

.2

VGKC-LEZ, HAMOEE% /=& 5 BIET,
EEEER TADPARESTRICLOSE, &
CHITLLENH S, VGKC-LEX, BEHEMHET
HHUENENS BT, BETIESRES IOV

TORBEFLETH DL, DHETIIIVGKCH
it EE O LR ORES T, BUHEEE &0
5. WARRRE, BORRAE R ebE, A
SERRAE, P, BMEE R EOEHAIO®RENSH
5. PIVGKCHI A MEH TIE, WEH» 58,
BFRIIVWZACTICE Z2ERBEOF LR T
LUERBY, EHLILEOREEIIETFT
{—, BHOBAIPSAHENHEFA IR TY
5

BHEMRITId, VGKC-LED#RIfFICiE, #
FERANUEICT2EE TSRO LN LD, i,
BEHEOEZZIT-oTh, REZHOLRWEMND
FET L. BEEATRIE, MlalL 2R HIM T
ETOMHEEAO LENFROOLNL I LWH 5.
I MRI BT AAIER THoTH, VGKC-
LEZBATaBRBI-ERORVY. IFFIT,
ETE%, BAMICHETLOERER, Kb
Yoy AME, BB L EDH B E EITIE VG
KC-LE%%9.

HVGKCH A HIE L, @%, VGKCOER
BMUA Y FTHEF Yy Fabxd v (aDTX) %
BHTETINVL, BHIgG-VGKC-*1«DTX
D EEEH L F [gGHR TR - EMHLL,
OWEHHBEE Y U T B (RIBILREE). «DTX
ORMBHEHS S, VGKCH 9 5, Kvl.l, Kvl2
BLUKvIGIIH T LIgGR PR TSH
5.

2. HiE

VGKC-LE {h# O HAE B L BEER I v,
M7 (PE), a7 u 7Y Y KE#RE (VIg),
AFud FBLXURENHFVBEHE ER T
AW FOM, THEFAT) Y, TUFRY L,
VY F IR TOERBLHEIATVE Y. Th
LRI L Y, MIVGKCH RO A & EE) L
THREERPEETLZE LD, FALSEENIC
HRARICHES L TR EZEISNTwAS, F72,
BHEROWE, HEMCRER COBREHE
TR, EETROWELRDOLNS.

R CHIVGRC DR L ER OWHH
HOLNLBERIEET LN, TAPAER,
B+ by AMIEORBIE, TEIRR BN LG
PREEZ DL AL H Y, FAREHPEY
B L RRABEREE R SR HEND Y AT

PLVGKCHAME#RNi% 26
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HDS-R 18 20 15 711 13 14~21 18

Epileps A

200X | I l ! [200X+1] I l l
8 9 10 11 12 1 2 3 4

Fig.1 Clinical courses of a 62 y.o. female patient (IgG anti-VGKC Abs 1,450pM). Chest contrast CT revealed an in-
vasive thymoma. Cranial MRI showed bilateral hippocampal signal changes. Three standard courses of intravenous
immunoglobulin (IVIg ; 2g/kg divided into five daily doses) were given and was started on high dose oral predoniso-
lone (PSL) without oncotherapy (surgery, radiation and chemotherapy against invasive thymoma). And then she un-
derwent 3 days of plasma exchange (PE). Because there was no evident improvement after 4 months, adequate dose
cyclosporine A (CyA) was started. Clinical data were kindly provided from Dr. Yoko Takiyama, Kitasato University
hosipital and modified by the author.

2P CT-DITFBMICRET A LEND 5. g
ENDLHELT, BHENE, 2704 B AR, WEZEZ B9 2T, BWAPELTWS, Fido
PE, IVIgowiihd, F3MAEbLETHIT HAETORVGRCH MM 18 Flic o v T,
5. HOREE L EEEEHO TR T, W

B ORRIE, B - BRALEAETSZ L DEREREEZBRET LA BB, BEOFENHL H
25, prednisolone MHEHE & 24 DL o HAR S K o7eDX18FHR OB TH o /. EE DR
b HTT 57 MVGKCHAEFD L D¢ i3, WRETE (O LR EERIRES B, iy
LB ETROEBY THEH, TAPA, ik voNJE, MR GHEREIRE) Z1fichotz. P
B, %iT#8%, TRAZ 2O 2R d 5 BRI, & T5548 HOGREMNS6.875.

HORBEmIcdh, BEEEICLSHEIhTHY,

THb.
3. P& (EChEML,? FESMH?)
VGKC-LE &, IV R AMDGAR IO T,

26 WA Vol. 26 No.1 (2009)

BEEH40MTENRD O N o7z Bl
BWTFhoBEb4:5Tho7. BELOAKE
TOHMLBECRIEN267 2 B, ZHEER2.40
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PNS !
hyperexcitability

CNS, especially
Limbic system

Anti-VGKC Abs positive

Fig.2 This figure summarizes the relationship of immune-mediated potassium channelopathies in the central, au-

tonomic and peripheral nervous systems, where anti-VGKC antibodies are clearly correlated with nerve hyperexcit-

ability. The concept of immune-mediated potassium channelopathies in the neurological field is now expanding. CNS

: central nervous system, ANS : autonomic nervous system, and PNS : peripheral nervous system. CFS : cramp-fas-

ciculation syndrome.

ARATOUINLERTOBAETRL T/ ¥R
FER, FRERICOVWTH BRI CTHL 2L EE
Hbhhrol KF VUYL (SIADH) @
R, BEWATR, BEIBMRIICOWT L WERHIC
oL ERRDLNL ) o7z PLVGKCHUE
fli>FIGfEIL, BORIER 1245.1pM, BIEERE
908.7pM TH » 7. F3 - BB 2FHFEEL
A, Wb EEERREL &L T BE
RIEH T, RIEHRICHESPICSE B L2,
BT T, SRIBREOATIHERDEECH
ROBASFRDOONT, BERMAMISEHCBIS
R H o7z MOPOMRET, BEICHTAE
BAFT LN VAL, REREERENIIT-T
LAERIZBET 2 (Fig. 1).

2D X I ICVGKC-LE X, #EEEH %<, H
CHRELOB AR, REITFES IV, N/
FRREEERESEOEEE, BRI

BIGHEPTFHREBRET S,
IV. ®EEERKHF v 2ONF—DIEH )

BT ALHBRERBRAZT2ET 3
cramp-fasciculation FEfE# T H, PLVGKCHIIE
PVRBIRDON, TETIL, IsaacsEEHELE
B MERIZ e %X_ HRTWaA™, HVGKC
VAT 2R B, 2 Ocramp-fascicula-
tion FEMEHED &, Isaacs E{@%ﬁ. Morvan FEM%RE,
€L TVGKC-LE T, L#itANRS hT L%ER
T (Fig. 2). F7:, HHEEHUEECAPAY X
REM [EIRFTEI R F ' O —H#BIZ b HFLVGKC H R D
BEARIE I N T 5,

i, MayoZ J = v 795, EBREWIEREHN
Hol. 1I5TTOKREDOHTHEZA ) -V T
L7z& 25, #HIERIRES BT Creutzfeldt-Jakob
# (CID) TdH o 72154 TVGKCH K M T

PIVGKCHURBIENERM % 27
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Hol". WFNROERD, METHERIRAER
iﬁau—;x,ﬁwﬂﬁﬁﬁ.ﬂﬁ%wb ﬁ
HBMRIFLBGRAMG CRBEEORETZEL
CIDDOZWEEZH LT 2L AEDIER
ARIEREICRIE L7z,

V. £&8

VGKC-LE I, FHEEICHZEL, Mﬁ AT
THRERE  RRLHK - THRELTADPAR
e dERE T 5. FERCEST MY Y AM
#it (SIADH) 2 &#HT2L 0 IRBBEAT .
FRRERMICIZACRELED 5 Vi EEEEOME
EON, HEENOSE, EROBESEH -
BRIFEDOLND, HOREELEZONHVG
KC-LET, fEHRBICIEREOHEIR SDHT
EEDRBEVUETH L.

Bk, BHEZEMOBKRBERORR LR
VGKCHFHEOBE T W AW LA FEE
RUDEEOEEFICESH LTS $2F58
DPEIH ) THEREO LRV SH AN ARE
B LET

X 23
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Anti-VGKC Antibodies Associated Limbic Encephalitis

Osamu WATANABE

Department of Neurology and Geriatric, Kagoshima University
Graduate School of Medical and Dental Sciences

Anti-VGKC antibody causing peripheral
nerve hyperexcitability is already an established
clinical entity. Recently, many patients with non-
herpetic limbic encephalitis with anti-VGKC an-
tibody (VGKC associated limbic encephalitis :
VGKC-LE) have been reported.

Although the spectrum of clinical features of
VGKC-LE continues to be defined, a number of
core features have emerged. Patients usually
present in middle age with subacute memory
impairment, and a range of psychiatric features
including disorientation, behavior change, and
seizure attributable to limbic dysfunction. Hypo-
natremia due to the syndrome of inappropriate
antidiuretic hormone secretion (SIADH) appears
to be common. In Japan, about one-half of pa-
tients are not associated with occult cancer.

Following treatment with varying combina-

tions of plasma exchange, intravenous immuno-
globulin (IVIg), and high dose oral steroid, most
patients show a decline in anti~VGKC antibody
levels with parallel improvement in neuropsy-
chology and seizure control. The steroids can be
slowly tailed off over months for preventing re-
currence. Patients appear to do best if promptly
treated, and there is evidence to suggest that
maximum improvement is seen in those patients
in whom maximum reduction in anti-VGKC an-
tibody level is obtained and brain atrophy is
therefore prevented.

Furthermore, anti-VGKC antibody is also pos-
itive in some intractable epilepsies and syn-
drome resembling Creutzfeldt-Jakob disease.
These findings suggest that the spectrum of an-
ti-VGKC antibody syndrome is now expanding.

PVGKCIAAMEDERN R 29
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Immune-mediated neurological disorders with anti-VGKC antibodies.

Kimiyoshi Arimura, Osamu Watanabe

Abstract

Anti-VGKC antibodies were first recognized to be correlated with the hyperexcitability of the peripheral
nerve (Isaacs’ syndrome). In Isaacs’ syndrome, antibodies reduce the channel density of peripheral nerve
VGKC and induce peripheral nerve hyperexcitability. Anti-VGKC antibodies were also found to be positive
in patients with Morvan’s syndrome, which is characterized by peripheral nerve hyperexcitability and
limbic symptoms. Furthermore, recent studies show that anti-VGKC antibodies are also correlated with
limbic encephalitis, but without peripheral nerve hyperexcitability. Hence, the concept of immune-mediated
neurological disorders with anti-VGKC antibodies is expanding. However, except in Morvan’s syndrome,
symptoms pertaining to involvement of both the peripheral and central nervous system in the same patient
with positive anti-VGKC antibodies are rare. The differences in the pathomechanism of Isaacs’ syndrome and

limbic encephalitis are still unclear.

Key words; anti-VGKC antibodies; neuromyotonia; Isaacs syndrome; Morvan syndrome, limbic encephalitis;

pathomechanism

Rrodic

19914F Sinha 5 ¥ O IT & D HREFHESILS O %
KM v 2 E LT, lsaacsHEREEFIZ B 5 BAIKRTE
MW U v A F v % v (voltage gated potassium channel:
VGKCO) k3 2 BEHGESBECLOTEES I, %
0% LIS K FIVGKCHI A X KM HiE 0 8 T B E 4
(peripheral nerve hyperexcitability: PNH) & o B8 THiET
S, PNHZ M & ¥ 5 lsaacs IEBEBEZ PO & LTcER
M= a2—u 3% b =7 (acquired neuromyotonia: ANMT)
DR, MBEHEORF BT TE 22, 20014
Linguori 5 213, RIEMZEINTH % neuromyotonia D i
Dz, KK - IR L & o IARRER &SRR - BITRS
T OHBENMBERET 2L, €K MorvanfE R (MoS)

ELTHE ST E BHE ORI, FUVGKCHF btk
THIIEGIHIFEHET S L EHBEOTHE L. HVCKCH
EOPRRER~OBEMER S R, FORTHB
D, PNH % & ORMEEHER £ b3, FIRMER D
BERT BRI O—E I VGKCHIA 253 5
EDL LR DY, —RITH VGKCHFBBE R D R
R b7 LHHEM o 2. BETDH VGKCHFMEERR O
Baidiidsio Tk D, MEEETA»ALO—EHHVGKC
HEPEE T2 EBELIIIR-TETWSY, (K1)
Z D& D ITHIVCGKCHA R, RO E ICBE
T2 EBPELIIRoTVWSED, VGKCEDd Dize
BOMBERIFEEL TV I b 20b b T, —EBOER
PHROT, A¥EBOLD ZVRPIBEOLOERETET

B R B RFERELE R R AT S

Sciences

Department of Neurology, Kagoshima University Graduate School of Medical and Dental
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50, F1:VGKC OEERF KM, PR TR—Z D
DUEFRALEHBD LTV, FHETREERORH.
BN WER BT EbIT, Tho OBRMAIEL
THEDRAEIBRTHTIV,

VGKC By 5 8 D BRR
1) Isaacs JE R B¢

Isaacs JEBER IZANMT OO LERTH D, o
MRERERIZL O D VHHKEEOREHREOBREE
(PNH) #H# & T 5, BEKMICR, EBHAFLEMLT
BT 5 S, fasciculaton, I A ¥ I 7, K. B
WE, BBIA =7 (IHTEIA =7 2BDTWV)
TERREHLET 522, HEX Tiddoublet, triplet,
multiplet 2 & @ myokymic discharge, fasciculation
potential, neuromyotonic discharge & ® %, MR
BRECIMBERFRICE SHEIRERESR L I,
INLDBRAMMEARPNHICLZHDTHSE, 20D
PNH O EE R BRAEBEEZNRT » b HREERET TR
RO BEMNIE# 2 oh, FOMMmIEMZEE 2
ZLOMBERETHRIZLEEZLRTVDED, K
EWIZaTF Y Fo by v Y Y FELLRERRE
i & 2 HVGKCHUFRIE R TR OEF CHEE
MTH b, FizlsaacsiERHTRMOBCREREDOR
BEAHIAW%DIEF TR LN, ZOFTHRHOL VO IREE
BHEDETH D, - T VGKCH &L D
Aok L TRIACKRRYEFEOBER SR D FH VY,
— ., FEREEEEEREO—EH MR- THI.
14 DEF CHIRECHBOSHIEO LG, TOT
&, THLOEEOMELITO & LT, RERICER
OREVEI TR EL &b, 4ERER 7+ —T v 7
PRHETHBY, Isaacs EEBEBELUSMICH VGKCHIE 2
TP 5 ANMT Iz i3 TS fasciculation D A %3 & . X
) BE R @ cramp-fasciculation FERREE® 0 % KIZiB A
SMorvanfE BEH R L 03 H 29, saacsfEBE 2 & ¥
ANMT ¥, ERREICRAEMRE O BR R BRI X 2 ER
L. # % X L myokymic discharge & 7 i fasciculation
potential Z RO NITBHIHEK 2, FiITBAT L D IT. #7
VGKCHFEORERTH D a T ¥ Fu by 2RV
RIBUEEIL., 2 OBHRIMNEHERBERSLTLLE
T, RIETRBELAMGEIRW I 4~ O VGKC %18
B EBMRERA VI RERES Sy F 7 I
THETOKBEROWEHSREOER TEN TV S, HiE

M. ERMEDO R LHETH RBRBHEEISREO TR E
ZoTWwd, 20X TRAD L, RELRETH
VGKCHE 23 I5H: T H ITANMT R HERN TH 2 25,
BHETHs THEERBELV, BRELTIE, B3LA
EOANMT IZREHREOBER ZIMH 5 2 FAL L <
Iz carbamazepine, phenytoin, lamotrigine, sodium
valproate, gabapentin 7t & DHLT A2 AT X 5 I IER
ETay bu—VERETH D, LA LBILWEEESE
POMBH OMKBNS T 2 & O WEER R ERE
3 2 RISHSBEWHEIR, MR, s a7 ) v,
AFud R EORERELHA S, EEEHHITIE,
WHEOMMERE, REREICEREO Z 0%, 7
BNEE O BB, BRRET O LEND L, MERKOD
20% IBIRIES S L T3 &3 h, ZofhoBEM
FEE Ccid. fi/NRERE. BRI, Hodgkin V) v 8L &
DIEGIE 03D 5o

2) Morvan f#£#%# (Morvan’s syndrome,
Morvan’s ‘fibrillary chorea’)

MorvanJEfERE (MoS) 12 (1) PNH ##58 & 4 2 KiH#
BRER. (2) 2 & B AEMRER (REIR. EREOFER.
REE, BiTH%, WK - REE%). Q) IHROE
B R RERT 5 PARRRE IR (28R - BeRIAVRCER D IRE.
K5, EEEEEE, BEEORK, B CEMEET
B AR L T o B mRER T, MR, X5 o
4 P e TREROBERLS R 5N 5, 20014 Linguori & ¥
& MoS @ 1 CH VGKCHURE At TH . MmEETH
& o C—RMIcR EROBBLZZOBE L1z, F
JECHR S A% PNH 13 Isaacs SEREE & 7] USRRE - BIF L
Ezoh3, dH—D20DMoSDREMIVERTH 2 FKIT
fEE, HERE &0 BRMBERERER K saacsIERETD
HESRTWD, aacsIEBHICBIT 2R ITHES I3
O RMMBHETH S ) LEZ LN HEOREEIR
TWw, —HMoSiZEB Wik, Linguori 5k, 5 DE
B T4 % 8l @ norepinephrine D B EE AR L. +
WHBHEETHE LHBLTWVWSY, HIEKHEERDR
B TH 5 EIRESE X, polysomnography IZ & % BEHR ¢
A—-VOREILUBROBELTRBLTNE, Th
LOARREIZB HEROFHISLMoSTIIRE LD b
thalamolimbic system OH#EE % 38 < EZE L T 5 AHE
PEZLNTWS,
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s

iR IR R

R RIER

CFS: Cramp-Fasciculation Syndrome. ANMT: Acquired Neuromyotonia
MoS: Morvan’s Syndrome, LE: Limbic Encephalitis
MTLE: Mediotemeporal Lobe Epilepsy

B 1. i VGKC Hifdfe BaE

3) VGKC Wtk %M ¥ (VGKC-LE)
MoSTHIVGKCHA DB TH 5 2 E BEL I L -
TEE, PUVCKCHIE & Rl R. & < ITalikk
SR E OBEMSEH IR T Wiz, 20044, Vincent 5 9
3 I0B D VGKC-LE #3RE U 72, 2 OERERIVRHEIZ, (1)
HAE > O EHOBEILE . Q) fiTHRERM LD
EGRIHEIT T - Y — FEMERE, §¥. TA»A%E
Ho, B)ERBOR) IZEF NV Y AEREFT L
EThBEHELT, L L, MoSEREZ D K
ROBEAT %R THEBECHKITRL I LT ICIAIL
PROLNUP 0T, . FRIEHEBHEEFCT, A7
uAd R, MR, BL0RE 0 7Y vREFRRILR
6T 5 LEE LT, —. 13IFABEEIC, Thieben 5 903,
7D VGKC-LEREZH H3FCEF F Vv LIMERZ D,
F 7 NMT iz &4 ch. 66l ClREROBEL LD
ICE SR S RE LT, MEFoHBEHRL LT, (DIt
RO BIEIBRET B, (2) BHEES P Y YA
MEx ST 2. (3)FEIBMRIER I £ 23 o
MEEERAZ DL LT L2 EDPET NS, R TIIE
ANV R ZNEDRR RN S D BRI TR 17-19 1 R
ICHLTEANEN & 7o TE I 14450 T400pM ZHE Z 55
IS ASERY b Tz, FEIEERITE54.2 7% (34-827%)
T, BEREELEILS . BE»OARE COHMOF
Y3593 » B L HAKORBE R LTz, &flsfas i
HEEELZE L, CTALAREZ IR RE 32T
BOLNT, FIPTHES MY v LM RFEHITHY
(10/144), 2flCHEHEE - BIFSIICEE IR, &

2, VGKC Pt (> 400 pM) 4380 VGKC-LE

86,7 Ganar

HEH (F:M) 5:04 5:04
Sk Coiig. 97.(1-6) - Za(o3m

DA T g
9/9 /9
89 0/
TAD AR 6/9 3/9
o3 3 - G e
{& Na Jf 8/9 5/7
Wi e 18
B BRI 3/9 38
MRIEE B a7
i B 3/5 4/6
SO T E 0% Asthima, sGluReZIgM, Thymoma 2, invisive

JiF & ﬁi&% <o hvperbydrosis, allorey tivriona 5 malighant

tymphoma, lungea

FVGKCHLE 1245 (600-2258)
(pM)

909 (401-1450)

TULRMEEEEEICD 2 0h b TR OFREY) & i
FhhTWa I EED, FAF=YRY TV y ¥ vid
EETH o728, BENICSIADH B S hiz, 72
SHESMRIE, 10/14 4 cHfilRka~ES,. HERTERIC
FLAIR 38 & U T2 HERAER CHEFFRO b1l

BEFRRERE THANISMERE, XFu s F, RE
ru 7y v EORIEEEIIRIG L, TREREER W
L EDIT, MRIFTROWELGED b s H, ETH
12 1E—EB o AR AR IR O 7R FE° MRI COMIBAIE D 2
HEHHEIT S 2,

AN BT H IR (L < IT/MMBlaRE). RER &
DEMIHE STV EH, FHOBMBNTREDIZLA
EDNIETH D, F oMY v ERI/NIE O &
DRI, SR EL VA CRENE & EEE IS
JCHET 5 L. MVGKCHEMIEIH T EHET
H Y. —HEEEECIRERREE L & PERRER P
DEETH D, TRAEERICERECH T, (H2)

i, Tan b X 1STH A OMBEBREFOLE T A
THVCKCHE RS U4 ORMEREDO R 7 ) —=
¥ 7 RTV, 240 VGKCHAEBEH O BRI HL
DB 5129, FOMEKBEE LT, BOREZEMA TS
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240 Arimura et al.

I Tix % {, Creutzfeldt-Jakob ¥ < viral encephalitis %
EDXDVEEOHEERERET 200, BHEERD
ZHOLDOH Y, BEEROEN) 2 FRIETL
5, SLITHEES L TADPA, BIMEETADA LT
VGKCHifk & OBFE AR S T B, Soeder & 9 i3k
AFREONRMEEETAPADERR E LT, BHRMNE
DL FOHFTHRVCGKCHEAEDOHEE2IEH L T3,
E LT OMRURE 0 235413, B EbLND,

SRR K F v Ao F— (2B T S RE R

ANMT, VGKC-LE$ & CFMoS iz 438 L T H VGKC
MEsEETH 0. Mo & & bl BKE
KRB L UCEBRARENFTROUBENFOLN2E DL,
HVGKCHAHREBIBE L TWL I LEELH»TH
3, VGKC iz PR Tl : 277y 7 flg o4
BICEET 2, RIFHRER TR, o EEBHRREORK
KIBHKELTWS, a¥Ta=y FIHIIEEERRIZD
DHEDBEBIIT 72 A T510 KlxDa¥dTazy
b @ I BYRNA % Xenopus oocytes 1IZE A L, VGKC %
—EIGBREIRIE S 2 L EHE IR T Y, il
VGKCHFE DO~ BN ZMERTCHZ, a7 ¥ Fo b ¥
v v BEEE$ 5 VGKC i, Kvl.x (Shaker-type) DT
Kvll, Kvl2, Kv16TH ), ThoDF v FNaH T
=y F PHAEOENE L oT W3, LI LEDOfMOKL
XN T HAEBFEEL LW E D hid, BHEOKREN
BECIRNERETH L, TITHEL L0, ¥
ANMT Tl b iRHBER X3 L A £ T ¢, —H VGKC-
LE CHEBEHRERBZ LWH L W IETH S, nE
THOLDERLD 25, WERERIILTVRW,

DHBEELTOVGKCHY T X4 FDi#&?

Kleopa 6213 a DTX % Fi W - B MR CHETH -
72 174 (ANMT 10, MoS 2, VGKC-LE 5) & ¥ % %
BABEREL, FREAOKZBE KIS ¥ 72 Hela
Mg B CRERE TR L, ZOHKR. Kl
HEDHEBLTCVIEE CHRVWVREELR AT DI
VGKC-LEREMBEOATH D, 3 5ITKvl.l &R FH
e HelLafifg L5 RIGE R L Tzo —HANMT &
FHMFIFZKIL2 B FICHBL T 2K cRats
Ao, Kvl.2 % BFI T S w7z Helafifg 12 38 W EH M
R L 720 MoSiZKvl.13 % WikKvl.6 & Kvl.2 D H
AR R LT, 2O L0, o 3HEIRHRT

BZVGKCH 7a=y bDEWD, BLERYET S
LEZTWD,

2)FrAINOREBRFICLZEO?

Isaacs IEMEREIC 517 2 FIVGKCHi{k Iz & 2 VGKC D
BBEEE D A & = X b2 oW TIE, patch-clamp i % B
WIZHMET CUTOAH O I o7z, (1) FLVGKCHT
ik, #EEFET O HREMEOK BRI T2
W, (M3 L) 3xbt, BEMBHETHRS LDHIEN
FEHEOF v ANVBHOBBETHE LV, 20Z Li3Hko
subclass #31gG4 (Vincent #iZ £ OFE) 25 b EMFIT &
N, (2) FiVGKCHUEIX, VGKC DB OB
B—DF vy ANVERORESITOEMERES T, 2
D Tuyx v IR LELTELYDF v A VIR T
Oy 2Z35bDTRLEWY, Q)K"EROMEIZHIHD
EEOERTRET 57, ¥ifk LMo LEEEORRK

_%_

10pA/DF
100 msec.
4mv 4Omy.
— e
Control Isaacs’ synd.
10 ng/m! NGF
Steady state Peak current
PAIDF i pAJPF
25
40
20
30
15
20
10 *
¢ o— g o T
[+] o

1 day 3days 6days 1 day 3days 6days

O:avko—)LmERMm
O BFMmERmM
(Sonoda et al. 3Cik12X&L)

1. Isaacs BEFMIFIZ & & HRME (PC12) O K- BRI
(k36 HE. T @ BRIEWL)
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Healthy control
cal. bar : 50msec, S00pA

VGKC-LE

Positive control
(ANMT)

(RE (RERT—H)

B4 BERUCaYbu—vIgGeiciEE L 7 NB-1 DK Bl

FHETH, pOoF Y AINEEORDICLDEIERIS
nzw, (M3TF)ZDOVGKCOBRBOWA K, Zffio
VGKCHE & D F + 2 VEH & @ cross-linking i2 &
DAL B, —F, B UHETHVGKCHAREME D
LEAZFMEXAVTREFLIE IS, 6fFRTTK
EROMEBR LA Loz, (H4 vz NB-1HIE
IRKvll EKvl2oWEFELEHELTE ). ANMT &£ VGKC-
LETIRF v ANOEERFHEL 2 AUREIRBRS 1
%, VGKC-LE OHItgHl 0 E 12D L\ D3, Park 5190
SEFITIE, BT E U UERINEE I focal perivascular
T-cell lymphocytic cuffings & P EE ~ O T-cell® &
EHEROLNTWS, Ihb D RIZVGKC-LE TR
Isaacs SEMEREDBH A L BT D, MREMRER T LT RE
PRI oTWBEHREELZRLTWS,

3) blood-brain barrier (BBB) D5 ?

VGKC-LETCREBEEMLEL B4 ), fiBoMNE
HEZH I o TWZ W, Jarius 517131741 © VGKC-LE
BEOMBKAMAZHRE LR, A% BEOME
S, AT%ICEAOHEMNERO T WD, L LRI
synthesis 12 151 3B® b 71, —35% i BBB D #E
RLEFBEDTVE, ZOZ EMDL, VGKC-LE T, #T
VGKCHiA 24 CREA S Ml INEEFT 2388 U <K
MEEREPRITEEZONG, BECMERMIT LD
MM D BB HE < . TEIOEE. FIRE L&t
IFEEZOATVWS, HiTiRS, HIRE EMSTR
5D HEMREREHRTHREIL L EEZLNT
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W3, VGKC-LE THEFRE R RTEFINDH 2 Z £ A3
HESNATVWEL®, Bkd 2 Z LIz, Sekiguchi 6935
X OfTakahashi & 20 QEM G FH—REFTH D LH 6, H
#IVGKC-LE DEEFRAER %R L, REEBE CWE L 724,
BUHVGKCHEDO LR L & biz, 5K idIsaacs FERAF
DHEERZELTWS, ZOBF L LTHLIIBBB
DHBEDEALD 5 W IZPE LRI T 5 subtype DEAfLE
BEL TS, EFEVGKC-LE & MoS iR EM &L LT
ML bDLEEZLNTEZH, BTz U Clsaacs R
BT PRI (& < IcP IR B EMIRRER) D
ZODEPRESHROMNIBLETDH 5,

HLVGKC HifABABE BB O 513 [saacs SEBEF IR &
D. MoS. VGKC-LE, # L T VGKC-Epilepsy & B
AN o0oH 2, PrIIAEOERBTHVGKCH
EHRB<— 7 — & L COREORREN L 2 2BICIER
IERTH DL Z LIRS T8, X2 ORREEREIC
OVWTRBTLHIWHOLITL o TRVAE, S 5ITEEK
IZHIVGKCHIFBEERH L EZ LN 32 TORE
CHESHEH I NI TRLV, V—F VHREDORIE
kR TIE, EEHICHwS aF v Fu by v oFRY
26, Kvll, Kvl.2E X UKvl6iz X $ 5 1gGHiVGKC
Hid O A MHEGETH D, {thd VGKC subtype I2i 3
DHBOHFEEDTFETE LV, SBRIRTDaV 72
—y PR UL TORVEGKCHA 2T 7 v 4 R
DREMLIDBETH 5,



