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EEMRRERTHAONE LI, RLERFEREHE > TOWTHRRA - RRETRBEOEBVW I AEDHON D
ZEDHB. BEMESIFZITICEVWTR, REXEOELORBR, BEBREX+vUT7HL<A5N3. @EASH

=YX M7 EEFDOREEEIC 1,

R/v3 >R, BERTF, #MIEEER, T RIERPST M) Y LAHICERTS D

DEEFHD. &b, BESRIEEZE (deep brain stimulation; DBS) OXIRAMEEFRICLW I ELBZZED
HEINTWD., TR, BETFRICEDCAEBEDERIM DN L5822 EBhbh3.
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NTWa, DRNIKRE R %2 E£0 TOMEBRT - K 3 —
NI O—= IRBT b TNA, R TIERE S —
JI Y= b bWVWTDOIY Y — AR NAF A T 5~
TA Y7 ADWERIZ L W IAERS LV IFIZEGTH - TH R
W E T OIFENTREIC R ) Dod b, 74 Y NS
DYT3/XDP-TAF1 % FiFid, EzPED A b =7 Tldmif% - fifl
FTRSZL L, EEFNZZMCE T2 L85, F72
HIEMHEY A =7 TlREROLI L) ERERESESY v ) 7
PHEAET LI DB L L, ML EbNEIEHNHS
WODPEMTH D, BIZT BB CO—MER), F
Tebth, EEFRICES ZWHRETEEZIET S L5 &
EZHNTWAE. SHITHEIETHRERITAS VA =7 O
AR Z MRS 25012 2 W REMED D 5. ARG TIEHAE
HPLTWE YA M= THEET L ZORREE HO I T 5.

RERESINTVWBE VX M T7EBEFERESE

Table 1 (/R $3 Y, HFE, 23 O#EfxTrE (DYT1-13, 15-21,
23-25)HEE N, UADY A N T HIEFRIPFEN TV B

RS9I 1%, 1994 412 DYT5-GCHI 25t £ 41, 1997 4E 12
1Z DYT1-TORIA A%ss &7z, 20k, WM IC X % iz
FEE DD eV 72, 2000 4ELLEIZ % 5 &, DYT11-SGCE,
DYT3/XDP-TAF1, DYT8-MR-1, DYT12-ATP1A3, DYT16-PRKRA,
DYT18-GLUT1/SLC2A1, DYT6-THAPL 235 /= V. # L
T, Wilt, KA — =27 o H—% o280 L D
DYT10-PRRT2, DYT23-CIZ1, DYT24-ANO3, DYT25-GNAL 7*
SR ENT-

R hZT BT DR

\e

CNEFTHOLNICH>TVEIANZTOREEZEZ A
&, VAN TRBIETIE RS VERIZ LD LT MR EED
BABEFEICHES LTS E FRINE DS, FE
BUZHER SN2V A = TEETFOFIE T b o 724
HEEFObLOLH L. BELH (BEMETREO/BEL D T
DB AL - EEEE UL OFER T A M= T U5 &
ZEZONDD, TOEPPHL NI R > TWDEDIE %\,
BUE, ESNVA P=THEETHRETDTICELD .

DYT1-TOR1A
"), 72t V— 2% AN (Ashkenazi Jews) K%
THE SN REETH A AREEIEE & 5 — kg
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Table 1 Dystonia genes/loci according to the DYT nomenclature, presumed functions and clinical features.
£ A
3 OMIM 5/ fr 1 3 fEa i R 22318 E ;‘t;LJ
T S A S o STLEE ) A -
DYT1 128100 TORIA/9q34 A EE 77 I — EEE ;ngﬁ%’ loRrise, MBTREL K EY)
DYT2 224500  ANH] Fkiltn DYT1 &L CHAESSE L &G MBI 5
T4V EXDORFABRGEIZS e, FIEF# 12 Hh
DYT3/XDP 314250  TAF1/Xql3.1 LinCA SRS FEES P ~527%, FHOBETRHRIINS—FrVZA6% (74 EVR
232, ABArS HANG )
. | F—=A NN TO—FKR, SR XHEHEEE, H
= o \"t
DYT4 128101  TUBB4/19p13.3-p13.2 g;ﬁ%ﬁm 4 (BNETND ey YA DT, ST ANST LD kD AL
e BB, WHTE, FEBE LR -
e o
;T;;;;fg’ffi@ﬁ;g B2 A CHBIEETS LR SIS A =7, AR 10 LT,
- . oy DN, EBROEMIZEY FTHYA =7 CRE, FWHAERO HNES) %
= 3 ’ ’ ¥
DYT5 128230 GCHI/14q13 #TH) BLOTHOMEE oy pxer 200 Ebad (FHICERER BRCEE), K HY
Ea A < = R Al »h B L FADEH 2
> DA R O B - e
TYIEEAEALEG 16 A%, LB - HEH L ) DA b=
DYT6 602629  THAP1/8p21-q22 E T B THHHLEHIZED S LS, DYTS & & »Hh
LR THOY A N=7 TRIET 52 L34 % W
R, KA Y AR, FHFIELEN 43 7%, ST 2 b
I
DYT7 602124  18p B EE B N
SEVETEIE B R IR Y A F % V7 (paroxysmal
nonkinesigenic dyskinesia; PNKD), j/Nafl - 3
DYT8 118800  MR-1/2g35 fi g BEEE SERICIE, ROV A =T, EEGEE), N %L
ALRA, TT =¥, Bor KMk, 7V
T—NRH T oA LY - ELT S
FA Y REHR, WY A =7, Hgkd, #,
R, RAEEIERS - 77 F =¥, KW, VAFAYT
N} . B E . .
DYT9 601042 A" /1p21-p13.3 B EE SR 2 £ b7 = & b, Sl 20 5
i B <
SEAEVETE By R ME Y A % & ¥ 7 (paroxysmal
kinesigenic dyskinesia; PKD), HZA&RAFATHR S
DYT10 128200  PRRT2/16p11.2-q12.1  HE{EEY E O R 4L P WD, HHH S Mo OB EIERH, 22koTH »HY
LaWiERyC X )5S b, 1 H 100 BIALE ©
SE BT 22 bH b
. g ) e NS, IO AR &) SRR
ey Ak g < VS s ol N '
DYT11 159900  SGCE/7q21.3 ;EFEHM HireoBse %25? A G- B AREICINBL, & QIR AL, »HY
ST I 70— X AR CYET B2 L b D
FRBIEDNN—=F VvV ALk b BRIV A= Bl
DYT12 128235  ATP1A3/19q13.31 FrITLRST VR, denovo Z55% 7, ERIEIR, I - RILOEIRASTH L Y b, %[ﬂf";ﬁi 51)
FERIE DS 12 HIZER 28 H D -
450 TRA, FAETPE Ak 15 5%, I - S5
DYT13 607671 AW /1p36.32-p36.13 B HHVIEEEIZY A M= 7 HH, 18 LRI o
FTANE TN
e HFYRFR, IA U= A- VAT, BRC
< B " :
DYT15 607488  AH/18p1l 330 HHOEEHOME (erky movement)
7T VNER, 12 BREIRTIRE T BOE T RE,
DYT16 612067 PRKRA/2¢31.2 A b L ARSEIET eS¢ EYHIED A, DEEIY A =7 - LA L
MTH 5
e LNy 2SR, 10 ARICHSE - RPTEHEiE Y A b=
Ni/ - it . N
DYT17 612406 A3 /20p11.2-q13.12 PR (R ORI L2 B
EENHEEAF AT W 7T = - N
FNa—A Ty AK— R UALA, Borh S VREREE <, RS RE,
7%
DYT18 612126 GLUTL(SLC2A1/1p342 , A A A - B - R - L AL L
Loy Zldhh
FEPEPE B R PRV 2 A F & 2 7 2 (paroxysmal
it kinesigenic dyskinesia; PKD2), F8iEF-i 7 ~ 13 7%,
~H -
DYT19 611031 AWI/16a15-022.1 iR 1HIZ 1~ 20 FUR{EAS ) SRR Tl % 5,
23 M E TICHRERT B
H YRR, FEVEMIEEBREYE Y A X A DT 2
DYT20 611147  ASHH /2¢31 B R (paroxysmal nonkinesigenic dyskinesia; PNKD2),
DYT8-MR-1 & B2
A x =7 v NFH, 13~50 i I8hE, #)56 L8 -
DYT21 614588 A" /2q14.3-q21.3 BEE R HEHOIAM=T, TOBEEED L XSRS
WZVANZTDIRND
DYT23 614860  CIZ1/9q34 DNA & - Ml 0% ks WNFEE, SHEHY A R=T %L
WEFE L AT, SHE Y = 4 -
DYT24 615034  ANO3/11pl4.2 Ca (RAFIECI F % AL (s ;ﬁf%";"{) i‘ 2*”" BRIAP=T, &FEK ZL
S, 2 R VAT
DYT25 615072  GNAL/18pl11.21 WY 7T MR, FS e WASSE, SEHY A N7, SR BT )

¥y T FnE
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A M =7 (primary torsion dystonia) T& 5% 2. ZDf%, Fa
¥ AFRTHHEE SN2 Y. Oppenheim ¥ A b =7 & 1T
W, 2L AL OFIT 20 ALIETICIUEL & ) SIE L, &8s
IEDSBING — 2 03% {, BHEERP O VA D= T DG F B AEG]
BAhhwEENS, BV aF—Lra—=rrIiliy
TorsinA (TORI1A) #&fzT-12 3 bp @ GAG KLZEFENFER S
N7, REERIZENDIFY 3025 L<IE303D7 V5 3
VERFRIEDIR T S (delE302/303) A, Moy 7 I BEFELA
I . GAG RRERE, TyardFy— a4
TAFZARTIZB0%D— MG Y A b =7 ZATHE SN
TBY, MOANEDOT AP TRACBWTHERLSINTY
%. GAG REZEFELDHMZ, Ala288Gln, Phe205Ile & \» - 72 3
At v ABERPIMFEHTROD > T3 Y9 TorsinA 1345F
Txn r ORERE R O AAA+ A —%— 7 7 3 — (fill
WO LIEDREREIZ IS5 2 ATP 40 flEEE) 128 LB E s
WA LOBMERLETHY, WMTIEZ2 -0 OARIIHB LT
VD7 RSN TR ICNE L T B S, ERDD
MISHL & L ) B b ) 2RO L) 12% 5 & oty
H5Y. F72 TorsinA IZERD S 5 LNy T —
7 MBI R 52, S5 FTANMIOY A o
Vo, B8 U, Fu s KR LEERIEIC O B B X
FFEEZONTWS VY, BIREWT L2, BERTT
& % DYT6-THAP1 75 TORIA &= T O 70 E— % —|ZHEH
L, BEHHEBI > TWD I EDNHELNIIL -7z W9,
DYT1 B 2B 2 EEBR RN 2, EETUE~Y Y A%
fii o 72 EERT, R — % v N DM - SR - KR
BHEALTMERY VT =27 OREH VA M= 7 RIEICBR
DD EIPRENTNE WY,

DYT3/XDP-TAF1

DYT3/XDP & X Qe ff#gi o A b =7 - N—F V=R
ATT74NEYONFABIZAGEDN VD EEZ ST
b, BERTTFID ® 3 Y K—H% ¥ hd—>DTdh 5 TAF1
(TATA-binding protein-associated factor 1) O A >~ F 1~ 2B
F5L a7 ARV VHANEREEZEZ O TV,
SVA (short interspersed nuclear element, variable number of
tandem repeats, and Alu composite) L N} 5 ¥ AR D
AL &0 AR LSRRI FEBL L T % TAFL BB
TA14 391 25 L, F72, RBRBICBWT /NI v D25
FIROFBIMET T 5. R8I VD2 ZHEREIILDET S
T4 DEAR T DG HBERE PR EM LS TIC Y A+ =
T R=F Y ZALDFREICHEG L TWAH Z LRI E N
TV Y MR R 53 L T A N-TAFL & 13,
T MREBRTEA M) 4V — L OBEMICER L TWw5 2
LA L T3 ™. DYT3/XDP D58l & L CIEF
LT30HFIETH Y, 50 T TITEHEH100% & SN b.
FBFEY A P =7 oS BLL, 5 LN EIED 5\ it
BEPWET AT E LD, BRIZE0%DEET/S—F V=
ALHWB L EEREIRE 2%, DYT O H T4 DYT3/XDP %%
A== 0k, W ERARCHRIN CTRAKDZNED B L D

53 1421

BB ETHD ™, MM, & PR B OB
VEETANOY A MNEAESAREDOEND. T2 A M) F U —
LADOHIE MIBENIRA SNz~ MY v 7 AR D LN, &
DINT Y APEND T EHHREIRIZBR L TW B DT
WEEZLNT WA BETZRE LT, VI VBT
ICEBSVAL MO b T VAR VRIS B I b T
V7275, long-range PCR 12 X 2 fiffi e {2k bh
bR L2 Y.

DYT5-GCH1

1976 £ WU S IC £ ) THNZE % & b 7% ) BIEMEEST
WY N=7 | L LTHE SNER T, AEO Ldopa |2
L0 BN AERAS T S 2 & & 0 12 Nygaard 512K > T
[L-Dopa Utk 2 A b =7 :dopa-responsive dystonia (DRD) J
ELTOMEENLY, HhahEEREEERZ & 5
PEIZ L - TREBFENEDL Y, L CTERIEEL LT .
1994 412 GTP cyclohydrolase 1 (GCH1) ANEAE T & L
THEESNZ2?. GCHLIE R8I YAl BBERF 0 vk
FEALEE SR D3R Cd 5 tetrahydrobiopterin O ALH B My D FF SR
THb., TNFTL00LEOERPHESN, F vy A%
B O IAVVAER ATIA VU TRE BT AER, K
KK EPHE I N TS, BEN 2 RER E LT, /NEHIGE
Y6 k) EICHEICY A M= 7 AN, BEIRIC & D a3
#FL, L-F= NZBIMICET 5. COMOFERE LTI,
W Rl v A b =7, BEHESTUE NX—F V=R
(BRI, REOZL S, BBERHEE) 2E0H b 7.
SHES (WESH, ITFH) b VA M=ZTEL2 I bH2 Y

DYT4-TUBB4

2012 R AR ERBREEA L L2 AT ) T O
KFEAIZBWT tubulin beta-4 (TUBB4) #E{n T IZZEE)H 5
CERHE SN PV R e EEEEER R L Y
AR=TEIERY, BEEPEHOIEVEHTH L. HR
BiEs LT, 20 EL ) BBk FREE (23R SFEA
[ 2= whispering dysphonia) A5, 5 4 (ZHAL L EHSEE D A
=7 RWETEEE S WP, S5 EgUEY AT ERDL T
ENBHL. TEEC )P T L) RHMEES) S BT 52
ENH L. R TIE, JEE IR, E O ED A
LOHNAZ ENBH D, Hobby horse ataxic gait & Fit S b
REBIZELD > T0D L) BREFAMEEITRRED NS,
F—AFTYTORERIIBVWTIE I A& > ZAZE R Arg2Gly
MNAhEDOLN, BIORIRED® 2B FREEL &b 73D
GREEY A N = TAEBITIE Ala271Thr £\ ) I Ak v AZER
MEAROH 5T 5, TUBBA IZHRMHREICE CHBLIL T 5.
Arg2Gly N7 HEEREZ D) »oNER, BOREIE, KA
TIEZE % b > TUBB4 O¥RE EEW X HF £ T D TUBB4 £ 1)
FHEIMET L TWAHZ &S S/,

DYT6-THAP1
WhEEERBEEEAZ L2V 2 =7 %% (Amish-
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Missense mutations

BRPR##Z% 537675 (2013:6)

" I?_|17G M143V
A39T N136S

N12K

N12L homozygous

9 Pgégp K89R C170R

Y8C H23P H57N C83R F132s R169Q D192N
5 F 521T C54Y F81L|  Y127C 1149T  A166T Q18\17,K
Nuclear localization signal

| THAP-domain | T _ [ ]
1 81 90 110 140 146 162 190 213

Proline-rich region | |

P45fs73X

Y50X
F58fs72X

Truncation mutations

Coiled-coil domain

T79fs119xx Q124X

S$130fs133X
Q154fs180X
L158fs180X

Fig. 1 Constitution of DYT6-THAP1 protein and mutations reported.
DYT6-THAP1 is 213 amino acids in length and a highly conserved protein among the mammalian species. Mutations

described in dystonia 6 so far are indicated. Mutations have not been clustered in some specific domain, but discovered

elsewhere in the gene.

Mennonite, {ZZEFIIB X7 60%) THIHBITHNB Z b,
8 MDY b U X TLEIEE T~y T ENn P
2009 4, JERE(AT & L TG KT TdH % THAPI (thanatos-
associated protein domain-containing apoptosis-associated protein 1)
ARESNRESNAE?, VU VERD TORIA L1322 &
%Y, U EDATOBEERERP T -0y, HE 7
FUNEDHEENTHS (Fig D¥. DYT6 VA b=7
T 5 M5 62 W F CTIRIL WIIEFEROME D H D, 11
SRR 16 M TH D, MEIERE LT, EF (BXZ50%),
%’fmf“ H8 (BLZ25%) & &, DYTL &idZ &b FhL
LRIETH I LA (4%) LENns. 2otk P
1§IJ IBWTELEDH D VIINHITEICY A =T BIRD S, 2/3
DLEoREBTHRFERESHIT L LM TH L. —H,
Y 2 b = 7128 W T THAPL EZTICER DA LD S
NEDIFZ1IBNMNTH L L VLIE SN TWD, bitbIAH
RNV A =T BHE 243 %% W 512 HB 2 7% - 72 DYT6-THAPL
AT ==y I TR IKICEREPAED LN (12%). &
D) H 1 NEREEDz S ) EHMET A =T E2EL T,
D 2 NEERE - EUATHOMAYE (i) < BERDY
REOHPATIIFEREIZALDON Loz (BARS,
H1). THAPL |Z DNA # & &AL E N KIZ, 24V XA &
BWNREY 73 V% CRICFFOIEGRF TH 5. Mk
B % THAPL OHEREICE L TIIAHZ & 2 A0 %\, ki,
THAP1 %° TORIA #Hfz T O 70 € —% — 24 L, TORIA

OFEBZWH T HIER»H 5 2 & 25Hd S 47z, THAPL 12
BEMNH D EREEHAE SN, FEHIHIANEDS 2 LR Eh
722 L EERERIE, DYTL & DYT6 OJiFREDS ST
LARNVTENRS>TnDL I EERIELTED, mEHRRRLE A
VAN TORBIESHEG L TWDL E L THEH éﬂ“(w
%. %72, DYT3/XDP OERHBIZF Tdh 5 TAF1 DEEICH
% 0-GlcNAc transferase i&fz 112 THAPL 255 & L CTWwb 2 &
LHHL T2 B, DYT6 2B\ CiltfaT-1 & Rk
B E ORI TR W, bbby HE L7z
DYT6 HAIZBWTH, MAEMEMES v 1) 77225 DBS % ftifT
L7z&gty A b =7 F ClRh WERREH B Bl s e
(Fig. 2)™.

DYT8-MR-1

VR IEERBEEJAME Y A ¥ 4+ V7 (paroxysmal nonkinesigenic
dyskinesia; PNKD) # 23 25ET, HHOAEEEEEA
L, B2 HGEMEN 2933-36 12~ v ¥ ¥ 7 L DYTS
LingE N, & 512 myofribillogenesis regulator 1 (MR-1)
BIETFI2I Ak AZ 5 (Ala7Val, Ala9Val, Ala33Pro) 7%%8
Ran, FEEEETEE25nTw2 Y MR-1#{ET &
N=D2DT AV 74— LOWEFENIESNL. TDHED
— ORI RNICEI L Twa,. 73 RS
hydroxyacylglutathione hydrolase I2LCH Y, = OEEF IR
Z b L ADfFEEAEH (detoxify methylglyoxal) % #5202 &AM
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1 71 : 2
W MALL LY
11 1 2 é 4 5 6
1A
12 3 45 67
] @) Laryngeal dystonia ﬁ
I] D Segmental dystonia P

. ‘ Generalized dystonia
11 (D Asymptomatic carrier

Fig. 2 Pedigree chart of a Japanese DYT6-family and type of dystonia.
Solid symbols affected individuals, circles females, squares males,
slashes deceased, arrow proband. *An asterisk indicates members
carrying the mutation p.S130fs133X*”.

S5NTWV5S. MR-1IZERNH UL, MHEEHAIATLEE 2
D, ThVI—=Neh 7oA Y 2B EBLA N AHDS
DB L XN A0 RENDH Y, O, HIED
FRENLOTREZVDEDEZLHH Y. —F, ERIC
£ 3 I Y B THENOTF AN 5 W e b
ERTWD Y,

DYT10-PRRT2
FHEAREEERER 2 B9 2 BEEEERE R D X % A
27 (paroxysmal kinesigenic dyskinesia; PKD) HARAZKAZD
MG AEATIZ XD 5 16 gk 16p11.2-q12.1 127 v T E
DYT10 & fivsa Sz ™. gk e LT, Hlbh o B ofi
VISR T, BHEEIZ T HIZ100 M F TR ) 2 5. FEX
VAMZT S LIEEERERITH ), RROFIL vk
B L DB S NS SIESEILNEE 2 5 FHETH 543,
B AHZIEIR Sk + 5 2 & b H B, 2011 4F |2 PRRT2
(proline-rich transmembrane protein 2) &{Z T35 K& (5T
ELTHE SN Y 20k, MEMITTLORLAH
RARRIZBOCHMBEETICERGAET L2 LR SN
T3 . DYT10-PRRTZ % Tk, /NEHIOEH (infantile
convulsions) %4 L% Z & 2%% 1), PRRT2 S RMEREMEN
IBHEEAE (benign familial infantile seizures) 5l [KE(%T-C
LHHTENHBLTWE P biub a7 HAA
DYT10-PRRT2 JEBITId, FEBEDEIZENFEONE L)
ERE B L7z, BEAE S L CONERNICEEOBEADN 1 EdH 5
DHRTHolz. TOHDOEESHY MAT, BEI/NEIZE
AR LB N5 2 EASHB L7z /NN RS o BEE
2d % 2 LiE, DYT10-PRRT2 ODFEOFA2 N2 9 %
(Ff B 5, $eArirh) . PRRT2 3 FIC KRS I L TB D,
F7, PHRMEESEEMICS CREHT L 2 EAHHL TV 5.

53 : 423

R ZE B LR = B o S5 L Tw b
SNAP25 & D% 737 EEFHHAER  (protein-protein interaction)
DHE SN THE W,

DYT11-SGCE

DYTI11 \&# et fh @it npz & 206k 34 70—
XA VAT RAOHEGEENTI LD 5 7 TR RN
721 ICEETHR~ Yy Er 7 ah 2LTA7Fyary
Y2 271) 1 (sarcoglycan, epsilon; SGCE) #fn T 12255
DHED S NEHRBET L HB LY, g cattRy
550 LLEDERPERODPoTWDE Y. 4 ORIy
FXAIZEFLTED, BEOEBEENIREINA TS
(Fig. 3A, B). 7/ AR AABGOEEIZL D, 4L DIE
BV, KB SERAE ST ZREIRIET 5 2 EAHI SN
THEY, BEROBAOERE Z->TW5E Y, $ar)
B BT, AT a AT VT 7, N=F H
%, TNY, E=v o RHEEND ), BRSH I
MHY A 074 —%2B2 T2 ENHONTD P K
12515 % SGCE DHEREIZ OV TIEbh o TV ARV 3%
VL BEMIC B W TR AR A EA S oEaF R BB
2L, MIENO&EASE (protein trafficking) (232 % B &
3L, FurAt V=212 L )5 (degradation) SMNTLF
I ZEATREN, ZOiFEIE DYTI-TORIA {51 & G4
ICEDBRENL S LML TVE Y, I Fsu—2 X -
TVAMZTOMEIRE LT, NEI LD AT ZIEFITHEN I
70— X A (myoclonicjerks) & VA b=7 DA EHETH
5. 3Fsu—R AL, LL0EH, S, R BRI
HELL, THICHEBETLZZ L34 %w. 34502 ORERIT,
VANZTEFES D VIFEEE LTI, BIETH D
ENL\. IF 7= XAET VT - VBRI L) TS
ZERBD. WO O, R, N= v rEEE GBS &
DIEMFERL AL DENDLZ EDH DY

DYT12-ATP1A3

WREEAFRLE LT, BUSED Y A b = 7 ICHH 2 & £
B S =% vy = A2 (EhfERENE, RS L 6F
95, 29 LIziERIE, S8, HE Tr=rr, fkifin
S X BAMEN - KA N L AP & &L b VA S
TIZHEM 2 SO FNEMBT 2 2% <, EHIch IR
FN=TWHEL DI EDL . SEEEIT 4505 58 i & IR
JEVAS, %< 131080 L <1320 A CoAET 5 . BRAE
BOWELH Y, REECTCOFRAEIIZEIILLEVWI L
bbb ZL0Ehv, FlROEBEEREEREZ LY, T
EREDLIZ L7200 ERIIML 72 5. Na®, K'-ATPase alpha
3 subunit I F (ATP1A3) AVHKELT TH A I L HSAE
EN/z. ATPIA3 IEF M) 7 AR Y TOfiliEy 72 = b
(catalytic subunit) % I— FLTHBY, MIZBEDOHNILTNa® &
K" 259 572012 ATP KR 2 23 %, ZR)pHN
X, Na' D 7% { 70 B 2 & SEEFSMINE % ff - 72 9285 TREA
ENTWE, TVTATOERBELH S P,
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Missense mutation

W115C

W100G 11297

53 %6 % (2013 : 6)

|:| Hydrophobic signal sequence

. Dystroglycan-type cadherin-like domains

. Trasmembrane region

H60R G112R L196R C271W
T36R HTP MjZJT, uil‘jxpusip 62210 W270R
Extracellular domain Cytoplasmic domain
1 100 200 300 400 462
Nonsense mutation ¢ 1
E70X
W134X R237X  W270X R372X
R97X
Q286X
W100X Q161X
R102X

Frame shift mutation

mr 7

G55VfsX31 TG93stX39 A162GfsX4 R207GfsX9

T279AfsX17 TT L384RfsX10

1 Q245AfsX10 V323CfsX11
W745fsX12 63Visx4
K188NfsX5 S249MfsX2 S$325WfsX9
N189MfsX8 Q265HfsX24  P2965fsX2
Splice site mutation
Exon 10
Exdn 1 Exon 2 Exon 3 Exon 4 Exon5 Exon 6 Exon7 Exon8 Exon9 Exon 11
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Fig. 3 Mutations reported in DYT11-SGCE.
(A) Constitution of DYT11-SGCE protein, gene structure and mutations reported. DYT11-SGCE is 462 amino acids in length and a
highly conserved protein among the mammalian species. Mutations described in dystonia 11 so far are indicated. Most mutations
are localized to the extracellular domain of the protein. (B) Mutations have been identified at not only coding region but also exon/

intron boundaries.
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Fig. 4 Dystonia in a DYT6-THAP1 patient at pre and post GPi-DBS.
(A), (B) DYT6-THAP1 patient before GPi-DBS. A marked lateral shift of the neck is present in sitting position.
Dyskinesia of the upper extremities and face become apparent with action. Speech is severely impaired and difficult to
understand. While walking there is dystonia of the face, arms and trunk. His left arm is endorotated. (C), (D) The same
patient after GPi-DBS. After reprogramming of DBS device and oral administration of zolpidem, partial improvement is

observed in motor function and speech. Dystonia of the neck is still present but less severe compared to that observed

before GPi-DBS.
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Fig. 5 Dystonia in a DYT3/XDP-TAF1 patient at pre and post GPi-DBS.
(A) DYT3/XDP-TAF1 patient before GPi-DBS. He was born in island of Panay in the Philippines. He suffers from
laterocollis, antecollis and rotation of the chin to the left. Action dystonia of both arms is noted. Speech is also impaired

by oromandibular dystonia and spasmodic dysphonia. Gait is disturbed by dystonia of the trunk, neck and legs. (B) The

same patient after GPi-DBS. He can stand and walk without any assistance. The mobile dystonia in the hands is

improved. (C) Good improvement in the oral and pharyngeal regions. His speech and food intake are also improved.
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Dystonia genes and elucidation of their roles in dystonia pathogenesis
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Identification of causative genes for hereditary dystonia and elucidation of their functions are crucial for better

understanding of dystonia pathogenesis. As seen in other hereditary neurologic disorders, intra- and inter-familial clinical

variations have been demonstrated in hereditary dystonia. Asymptomatic carriers can be found due to alterations in

penetrance, generally reduced in succeeding generations. Current known dystonia genes include those related to

dopamine metabolism, transcription factor, cytoskeleton, transport of glucose and sodium ion, etc. It has been reported

that effects of deep brain stimulation can vary significantly depending on genotype. Accumulation of genotype-outcome

correlations would contribute to treatment decisions for dystonia patients.

(Clin Neurol 2013;53:419-429)
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