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aminoacyl-tRNA synthetase

key words microarray DNA chip, next generation genome sequencer, PMPZ22 duplication, MFN2,
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Charcot-Marie-Tooth#®§ (CMT) @ FEE&EE
T30 EFEINTE D, BEANE LUEE
FREMCERETH B, CMTORDBSERTH
% peripheral myelin protein 22 (PMP22) D&
xS EEEEMRE IC & 5 fluorescence in situ
hybridization (FISH) ¥ CHH T TdH 3 43,
ZOMDBEFREERTAI V- /T3
BEARHF N EBRABBETH L. FHRTR, #
FEEOY—7 1 2L DHPLC (denaturing
high performance liquid chromatography) &
i & BEEFZEMMTONTELSD, NS
ZTCMTOREFRERE 2R P oBECE
MicEseA7n7?VLADNAF Yy 7R X
h, 27TOBREFEREARICAZ V-V /AL
ol ZOEREE IZOFEREETHEENHK
RANBIVIoT, —F, KREICBWTLEH
R CMT OREBEF2HTbh, BENOBE X
ZOREEEFHEENERIN:, Thodb,
BENEBEFREFOREEAIR, PMP2Z2ZOE
BHlTh 5 CMTIAZ BRITIEH220%TH Y, K
FBETFHRBHOEMNZ I EXHER S
.. Fh, SBLFELOWREAEBETORESYS
BrEzoh, ERCEEHEOFREERET

DBEEIRTY S, 20104EIIERHRY — 2 =
=R, BADY ) LhSEERS ¥ BT
%Z LT, SH3TC2BEFERI &% CMT4C L
BRLA GO TOFERRINLY, &%, K
Ry — 27 vy —% P OBEBIGERETSWIC X
h, ERBGEFORRMSMEL, SENLEET
ZWCDFIAEN T T B E N3,

B ®

1991 £E 1z Lupski & $:PMP22 D E#HHCMTIA
DEETH B LHED LUK, T30k
OCMTEREETFIREINTVS (K1), K
TR, W OPDOCMTEREBEF2H 2, #f
¥ Sanger¥k DY — 7 XV AT R W THE
BicfT>Tw 3, —7, FEHTCEPMP22 YA D
BIEFEMEEEN TR TR WS, EE,
CMTEREBEFZ/BHNCA 7V —=v T3
RABTHONTCw3, 4 7u7VA{DNAF Y
TRAVKEFETIE, DNAFY T ECEREN
7227TOCMTREBEEZF2RE2H CoW Al
T, BEHENTWwS,

—7%, XL 7AY A TCOREFHRIFICT, K
RBEGTFOLERER X REFBETFHEESHE
ENTBY, FWTEBRT B, Tk, EEHRV
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#£1 Charcot-Marie-ToothFEORARIET CTER19 & hHKE)

CMT 1 (BieE HE)
CMT1A PMP22 (peripheral myelin protein 22)
CMT1B MPZ (myelin protein zero)
CMTI1C LITAF (lipopolysaccharide-induced TNF factor)
CMTI1D EGR2 (early growth response 2)
CHN SOX10 (sex determining region Y-box 10)
CMTIE MPZ (myelin protein zero)
CMT1E NEFL (neurofilament, light polypeptide)
CMT 4 (BiBE% #%5)
CMT4A GDAP] (ganglioside-induced differentiation associated protein 1 )
CMT4B1 MTMRZ2 (myotubularin related protein 2)
CMT4B2 SBF2 (SET binding factor 2)
CMT4C SH3TC2 (SH3 domain and tetratricopeptide repeais 2)
CMT4D NDRGI (N-myc downstream regulated 1)
CMT4E EGRZ (early growth response 2)
CMT4F PRX (periaxin)
CMT4G HK1 (hexokinase 1)
CMT4H FGD4 (FYVE, RhoGEF and PH domain containing 4)
CMT4) FIG4 (FIG4 homolog, SACI lipid phosphatase domain containing)
CMT X (X3HEgHtE)
. +CMTX1 GJBI (gap junction binding protein beta 1)
* CMTX5 PRPS! (phosphoribosyl pyrophosphate synthetase 1)
T CMT 2 (HhRE )
CMT2A1 KIFI1B (kinesin family member 1B)
CMT2A2  MFNZ (mitofusin 2)
CMT2B RAB?7 (rab-protein 7)
CMT2C TRPV4 (transient receptor potential cation channel, subfamily V, member 4}
CMT2D GARS (glycyl-tRNA synthetase)
CMTZE NEFL (neurofilament, light polypeptide)
CMTZ2F HSPBI (heat shock 27kDa protein 1 )
CMT2G  unknown
CMT2H unknown
CMT2l/1 MPZ (myelin protein zero)
CMT2K GDAP! (ganglioside-induced differentiation associated protein 1)
CMT2L HSBP8 (heat shock 22kDa protein 8)
CMT2ZM DNMZ (dynamin 2)
CMT2N AARS (alanyl-tRNA synthetase)
CMT 2 (HRE #%)
AR-CMT2A LMNA (lamin A/C)
AR-CMT2B MED25 (mediator complex subunit 25)
GAN GANI (gigaxonin 1)
ACCPN KCC3 (K-CI cotransporter family 3)
SCANI1 TDP1 (tyrosyl-DNA phosphodiesterase 1)
AOQAl APTX (aprataxin)
AQA2 SETX (senataxin)
minifascicular neuropathy DHH (desert hedgehog)

CMT 2 (FHE)
CMT DIB  DNMZ (dynamin 2)
CMT DIC  YARS (tyrosyl-tRNA synthetase)

CHN: congenital hypomyelinating neuropathy, GAN: giant axonal neuropathy, ACCPN: agenesis of f the
corpus callosum with peripheral neuropathy, SCAN: spinocerebellar ataxia with axonal neuropathy, AOA:
ataxia with oculomotor apraxia '

_12_
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DNAEH -$55 - BB &R
TDPI1, APTX, SETX
LMNA, PRPST, MED25

~

tRNAS R BE
AARS, GARS
YARS, KARS

AT FRAL

SLCI2A6, TRPV4
kLR 7
MFNZ, GDAPI, HK1

Za—O4T AL

MTMRZ, DNM2,

ST BERE O - R

LITAF, FIG4, FGD4, SH3TC2

BamREE
NEFL, HSPBI, HSPB8
GAN1, KIFIB

RABJ, SBF2,

1 Charcot-Marie-Tooth FHDOEERR{EF2E (CUBR19 & b iZE)

TEREIN-FHIREFEREEFCET 2R
L, w4 7uP VA4 DNAF Y Tk 2 HEENE
BFLhEORE & BIEERI D W THERT 5.

A. FEBR{EFOSHEYE

CMTORREREEFR T TIIOZEIA TS
(%1). 295 OBEEFIIFENC, Oz~
BREA, Oy /EEEAREET, @3 x
U vEEEROHRS - RS - 0, @fas -
#F, @=a—n74 57X}  EEEXEE,
®3tav Py 7EE, @DNABE - BE - &%
BE&R, @4 vFrEN, @7/ 7NV
IRNASHREZEDO BB L 292 koETE 3, @
~@ix I 2 VHRICET B RIETF T, kil
BCMTOERE, O~QaRMEnims - #
o EEICERE Y 2 EET T, EREREECMT
DEREERS. RIKRTEIIK, hoHFEREE
BRI Lo TR L BREHThORE D &
DS 370, BEELDCMTY 794 7ThFER
nTw3, '

B. CMT O&aF&E#

CMTREREHEENFTR, REENFR,
AESEHN, NERE, ETEE, GERZS»5RHA
BETE2HIBEHECEZY, HTLHEEL
FEBFICBEZZEOBVRI EHE Y,

Saporta 6 i, BEFZH 2T o CMTESR
787 BIDE AN % 4T\ >, CMT1 2345% (354 81),
CMT2%312.2% (96 1), CMTX £210.2% (8041),
CMT4%30.9% (78#) LELTWwW3Y CMTI
WBRET, DI bHRG2% (290/3544) ¢
PMP22E#ic &k 5CMTIAT % - 7. CMTIA
lZ2v T, Szigeti SIXKRIBHER THRETFZW X
N7 CMTIZ B T, BBERCMT D #170% b3
CMTIATH 2 & LY, OnishisR7 Y7/
A=A 7 BT H B CMT Ofy70% A3
CMTIATH 3 EHELTW3Y, tho s
25 IE BRI CMT IC 81F 3 CMTIA D El &k fit
R T70~80% TH 3 LIEEI NG, ¥,
Boerkoel 5 ik, BWENLETTFRHSHB I N
PRI OREI2WTHEE L, CMTE# 15361
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B CMTIZ, 3-o0®WMESTE LRVLT, wiFho
BEFDS%BRME & PR, o 7%, Saporta 5 D
£ ERREHIEFIZS VA, Abe s DHET
WHAEANTHME L 72 NEETH 5,

—F, INOHWMXIEBETIHLE LT, REE
GFBEETERVEANPEKRL LTHWELD
W o3, Boerkoel 5 i2#929% (44/15341)
DCMTEENFEERREL 57 & LTw 3%,
CMTIAD 7961 2 B ¢ £ TIcH160% (44/744)

BEEFHETH S, AbedbDHED ¢b, ER
AHAOBBEE CMT 135949% (111/22781) T3
555, CMTIAZEKRS &#64% (111/1744)) 23
FERERAHATH ., 6 IKEBBRCMTDOHN79%
(100/1276)) OFRRABFEETE T LR L,
Saporta & DR ED ¢k, FKEREE O B AR
CMT1:592% (8/354%) L{Ed - 7ens, ki
CMT i34966% (63/96%1) MRERHTH o7,
2L DRED TH, CMTIAR RV 7 BigER
CMT D #181% (38/47%1) REEAFHTH b,
FE L ARD 3 iZENM EcS o, #i%
BICMT b #186% (61/714) BERAHETH -
7. T XkS5 K, BRBEE, MEHECMTEbICZ
DEL B ELEFRBEFHHETETHRVD
PERTH 5,

C. MRFEEEERT

BUFIC 2007 ELlEC & I iz, FIHEOER
BIEFEHIT 3.

FIG4 homolog, SACI lipid phosphatase
domain containing (FIG4), FYVE, RhoGEF
and PH domain containing 4 (FGD4) 133 =
Y VEREEO OEX - G - LBICBET5ERT
$%. FIGARFR7 7 FYNA 7 ¥ b — AR
wEEL, CMT4)® O FEREBEF TH 3.
FGD4lk v o v Vil L RE ic B L,
CMT4H!® 0 EFEREETFTH 3.

Hexokinase 1 (HK1) 23 Fav Fy 7E#E
BEFT, Trav Py 7oBE®/Lva—2f4
HicEE L, CMTAG / HMSN-Russe!?) o FH
EETFTH 3. '

Phosphoribosyl pyrophosphate synthetase 1
(PRPSI) i, X$tafb kit 3 DNAKE - BE
B X UNBARBERET T, 7Y v - HERH
B L, CMTX5'? o FEBETF TH 5.
Mediator complex subunit 25 (MED25) % DNA
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BH - BEL I UEKBAREERZETF T, RNA
RV A7 —BUENTI2HEEICEET 2, AR-
CMT2B® OFREEFTH 5.

Transient receptor potential cation channel,
subfamily V, member 4 (TRPV4) 34 & v+ ¥
FNVEEBEBET T, CETREREMEAFA VT ¥
Frega—rFL, BEEARCEESE T 3, 2010
££iz CMT2CH oREBEET & LTRAES 1k,

Alanyl-tRNA synthetase (AARS) & Lysyl-
tRNA synthetase (KARS) &7 &/ 7 ¥ N
tRNAGHEE2 a— F9 38EF T, AARSI
CMT2N!® o, % 7:KARSi: CMT-RIB!® o &
REGEFE LT2010E/AES Nk, 7377
YVIRNAGRERRBED 7 S /BRERNA%
BEEE, 73 7YMMGERE 5D B ELEE
#¢dH 5. AARS, KARSORIEURIZ, Glycyl-
tRNA synthetase (GARS) i3 CMT2D'? o EH
BEF & LT, Tyrosyl-tRNA synthetase (YARS)
i3 CMT-DIC'® DEFMBEF L LT cic@EE
nTwlk, TheAdE7 I/ BICHIET S
7S/ 7UNVRNAAKERIFELTEY, &
8, FiehCMTERBRTFELTRAEENRSTH
BEDEY, 73/ 7Y IVIRNAARERRTIC
X3 BENLERGRHETREY, BEERIRBLXR
BomiEzEEL, MEECMT2RIET 2
B I KRR,

D. ERNEETHE

AFECIx, FISHERZ & 5 PMP22BIs T2l
RIDEEE H-oTRBY, NERTHRECEZ LD
Walgecdh 3. —F, CMTIALAN @ CMT i,
BRI RETFEN 2 EBL TW3 D
PERTH B, BREBREFRR - REGERE
FiR - RKIER 2 Lo BEER, o REEET2H
sz i, —HOFTEHFETSH S, AL
EREBEF OB VIIEEREZ2ETSZ

_.15_._

1) Charcot-Marie-Tooth JEOMBAEETFZH 271

LbdHD, Tide novoBER PR, L
7edoC, BEER»CEREBETFERET IO
BRETH 3. hECORBRET2HICE
T 3¢5 ik, FISHEOMIC, Sanger gy —
7 x. v A, denaturing high performance liquid
chromatography (DHPLC) ¥:, multiplex liga-
tion-dependent probe analysis (MLPA) 7z &
ZHAEDETRI ) - TR fToTn3—
5, BLOEMHNLT, b DHFET3IE
BIFREGEFETCERAZ Y- T T2 L
FHE b2 A P HKEETH S, Fic—HBHE .
Sanger®E CHERLEALHEEZEL, HEA
T, ETCORRERTE2AZ ) —=v /T30t
BHENICARETH 5,

DHPLC®:Z, 7 u~ b 7574 — L BRE
ZBEa VI - VAR -7 ERHRE
DNASYRES 7 22 AE0Y, BETRAEEZH
ETHHETHS. XVWEIKBTES LI
REtEh, BRE, "M ANL—Tv b, HERIHE
GV TaRbrEw) FEH 3. DHPLCH
&, ¥Y—=I 2V AOBELRREERERICESE S
NBEVIRT, BARAS Y —=V JHEO—D
THA9.

— 8, EEDTA IR UL ERA R Y o —
7 XV ARMOFERIZED, BEIOEIALT
HRNOBRFESIZRET S Z LAREL 2o
. w4707 L4 BRBEFZ2PCRE
THIEL, ZhEMAERERL, 552U 0K
FIMFYAL Y INTDNAF ) T —2BEL *
Fv 7 LRIGEE, ERDAX v TCEFTEHRS,
B2 RET 2 HETH S, EH 5120064
ATCMTERERET & L THBEINT W 2TE
BFLIBEBETFEAICEETZ2ERL
CMT-DNAF v 72 Ef L %19, 58624 ®PCR
Fe% 324yE] L multiplex PCRICH»I1T 3 Z & C,
RE & F NP2 DEBETE, 105EE0RS
PRETHOICHBELRMEBREC2HME R -
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. COFER2HAWT, KEHERCMT T2 FISH
ETPMP22 a € —BBEER - iR %2, £
HhERR - PEBECMT TR E&FlZ R E L, 2007
FE XD EBBRETFRZMZT>Tw 5,
24707V ADNAF Y Fit, 204EAL,
BAZR, RRER, V¥— S, EHERC
BL TR LEE, HBNAS2REROFEHE
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O, WHTHTH S, HLBHV T 3 Afly-
metrixttfle4 70 7L 4 DNAS v 7iz—EF
FA U/ BET 3 LABRIIAREERETE L
MRS S, FiEREEFEERL WG
A, vA4 707 VADNAF Y TOTFFAL V2D
bOWPSEETIMENHSD, £, FESOM
ECHLZHESR20%BEL T4 L w7,
SEFL ORAORNVBETHS ). HRAT
Wy FIRBETFE2ENERL, DNAFy 72E
FLTWHFEROAMIRBEHLEZONS
2, FERRICRBRY ) by —7 2 ADEA
VBRBHETHA9, RERS -7V A%E, &
Frb 5 1000fEERDESZ—EICRET 35
BT, 15V T Y AR IETESES
ZOLOMELEIBL TS, FvyovSaxry
BOLRP, F—EMERTEZ R EOMER
MBhHh, BLOEMICHL TERZTIKIEL )
DS UKHZET 5. BEKRD, 15vHkho
2R+ BB EESEIRL TR, ¥k
By b= v AEBREBTFEHOEHICE

D AHEMEAE ., BANRETREZHO I

L, BROMAR XUCREBEEADRITFTuL{kd
Ich, BEGEETINE I SRBIE TV
PHEHH B,
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ORIGINAL ARTICLE

Morvan Syndrome: Clinical and
Serological Observations in 29 Cases

Sarosh R. Irani, DPhil, MRCP,’ Philippa Pettingill, BSc,’ Kleopas A. Kleopa, MD,?
Natasa Schiza, MSc,? Patrick Waters, PhD," Claudio Mazia, MD,3 Luigi Zuliani, MD,’
Osamu Watanabe, MD,* Bethan Lang, PhD," Camilla Buckley, DPhil, MRCP,’
and Angela Vincent, FRS, FRCPath'

Objective: A study was undertaken to describe the clinical spectrum, voltage-gated potassium channel (VGKC)
complex antibody specificities, and central nervous system localization of antibody binding in 29 patients diagnosed
with Morvan syndrome (MoS).
Methods: Clinical data were collected usmg questionnaires. Radioimmunoassay, cell-based assays, and mouse brain
immunohistochemistry were used to characterize the serum antibodies.
Results: Neuromyotonia (100%), neuropsychiatric features (insomnia 89.7%, confusion 65.5%, amnesia 55.6%,
hallucinations 51.9%), dysautonomia (hyperhidrosis 86.2%, cardiovascular 48.3%), and neuropathic pain (62.1%) were
the most common manifestations. A total of 93.1% of Mo$S patients were male. VGKC-complex antibodies were
present in 23 of 29 (79%) MoS patients at referral; 24 of 27 available sera had CASPR2, LGI1, or both CASPR2 and
LGI1 antibodies (3 also with contactin-2 antibodies). CASPR2 antibodies were generally higher titer than LGI1
antibodies. Tumors (41.4%), mainly thymomas, were associated with CASPR2 antibodies and a poor prognosis,
whereas LGI1 antibodies were associated with serum hyponatremia. In brain tissue regions including the
hypothalamus, raphe, and locus coeruleus, commercial antibodies to LGI1 bound to neuronal cell bodies including
the antidiuretic hormone-secreting and orexin-secreting hypothalamic neurons, whereas CASPR2 commercial
antibodies bound more often to the neuropil. MoS antibodies bound sumtlarly, but there was evidence of additional
antibodies in some sera that were not adsorbed by LGI1- or CASPR2-expressing cells and bound to mouse Caspr2~/~
tissue.
Interpretation: MoS is clinically distinct from other VGKC-complex antibody-associated conditions, and usually is
associated with high-titer CASPR2 antibodies, often accompanied by lower-titer LGI1 antibodies. CASPR2 and LGI1
antibodies bind to multiple brain regions, which helps to explain the multifocal clinical features of this disease, but
other antibodies are likely to play a role in some patients and need to be characterized in future studies.

ANN NEUROL 2012;00:000-000

n 1890 Augustin Morvan described la chorée fibrillaire

associated with autonomic dysfunction and severe
insomnia,’ and a few cases of Morvan syndrome (MoS)
were reported over the following 100 years, mainly in
the French literature.” MoS is now recognized as a rare
constellation of peripheral nerve hyperexcitability (neuro-
myotonia [NMT]), dysautonomia, and encephalopathy
with marked insomnia. In the past 15 years, a number of
single cases and 2 small series have been reported, mainly
associated with antibodies to voltage-gated potassium

channels (VGKCs). Some of the patients had a thy-
moma, but many did not have a tumor, and there was
often a good clinical response to immunotherapies.>™

It has become clear that VGKC antibodies (now
termed VGKC-complex antibodies) are mainly directed
against proteins that are complexed with VGKCs in the
detergent extracts of mammalian brain tissue used origi-
nally for their identification.””® The first identified anti-
body target within the VGKC complex was CASPR2
(contactin-associated protein 2) in patients with MoS.?
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Received Sep 8, 2011, and in revised form Feb 8, 2012. Accepted for publication Feb 24, 2012.

Address correspondence to Dr Vincent, Nuffield Department of Clinical Neurosciences, West Wing, Level 6, John Radcliffe Hospital, Oxford, OX3 9DU,
United Kingdom. E-mail: angela.vincent@ndcn.ox.ac.uk

From the "Neurosciences Group, Nuffield Department of Clinical Neurosciences, John Radcliffe Hospital, Oxford, United Kingdom; Neurology Clinics and
Neuroscience Laboratory, Cyprus Institute of Neurology and Genetics, Nicosia, Cyprus; 3Institute of Medical Research, University of Buenos Aires, Buenos
Aires, Argentina; and *Department of Neurology and Geriatrics, Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima, Japan.

Additional supporting information can be found in the online version of this article.

© 2012 American Neurological Association 1

_18_



