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FUBHIC

TRUEM YA ba 74— (CMD) &, & THDZVI34E
¥h HUPNSH KT, BB ROKTICL VIIEL, ZDOHEAT
LHCEE oA RmRICE DR ) o L B EIEMOMG T A
FE T4 —ORBTH B, IhFE TICE L DEFHIRIMD 5
MICENTEZD, ZofiizmBERER Y A o
7 4 —Y(Fukuyama-type CMD : FCMD) * #j-HIR-/ix %5
(muscle-eye-brain disease : MEB), Walker-Warburg JE %
B (WWS) O X ) ICINAECIRERRE 26503 25KED 5
CENTVS. 51T, BEOHTFREFOMRIILIN LD
CMD IZBWCTZDRKNB R T VH LM IZSN Thbo
B FIIIEERRES, AR EOMKEHE R 055
{ENhab. hTHEEBBEZEDOZERIT o-dystroglycan (0-DG)
OWESHEBHIRELZ VO EBITHEFE LTRERERZHEDT
W,

EXMH A bOT 1+ —DOHE

CMD ZZ O KEIC & o TEHMOREREI VD
CHLLZE%D. Lizho THERIZBRIRICIMZ T, BE D
MAEHZEOZEE L TR ENZSNE Z LN %
Motz LirLZDRORIZEIHRE DL J R )5 RE 5T
DFERIZED, ST LMoL E N7z BLETIE Table 1
R E IS, T AMETHELR AT HEETFED
EXHEDPREND L)oo TETVS., ThbDBAIR
WS FHROALEEEEZRT. LEALIORIIEI ST

RTOHOCMD ZHEL TWAEDIFTIER L, Zhbniiid
BB S TEBRH L BEBETERDPARCZINEREDOD 5
W FAET 5.

ETC, TablelIZBWT T V—TmRLZER T4bbH
FCMD, MEB, WWS {2l 2 T, # i ® CMD with secon-
dary merosin deficiency 2¥ (MDC1C), CMD with mental re-
tardation and pachygyria® (MDCID) Tl o-DG ¥ $5 15 fii
OERFEFPHLNMIIENZ., SGHTEINLOEBE o
dystroglycanopathy & & &N, CMD O %2 TH K& %24
TIN=TEEELTVE. IS OEBRIZIE a-DG OFEH
HEITERT 2 L5 FRERE g SN TS, DT
AHETld CMD @ 7% 2T o-dystroglycanopathy (2 £ & %
WY, TORRE, BIZTER, BRI 2 A0 MR % fF
T 5.

o-Dystroglycanopathy M4 FimkE

Dystroglycan (& (3« A Kb LIS AT 5 @15 T
(DAGT) 123 —F&NLT7 I /8B EENEHETH Y,
HARRGEHOMEI B3I FET I/ BEBAEFET I JBEOET
DG & BDG 28Ik 5. MifaEAETH S o-DG I, M
N BRI D& E TdH 5 laminin, perlecan, agrin 2 & &
WAETHE LB, ZOCERMICTHEEEMNEANETH S
BDG LEAT S (Fig.1). —J, BDG MK KA {4 > T
dystrophin & &L, ¥ 512 dystrophin i actin 24 L THll
HEHREMET S, 20 X952 DG ITHINB/ IR & Mk
L 2 YHNIEEET S, S5l Y v E
{5 2 B IEHUZE D key station & L TOHREDHFT 5. wbid
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Table 1 RF|WLREREH YA+ 7 4 —

s % TR SRR T
Merosin deficient CMD MDCIA 6q2 Laminin o2
CMD with secondary merosin deficiency 1 MDCI1B 1q42 N.D.
CMD with secondary merosin deficiency 2 MDCI1C 19q13.3 FKRP
CMD with mental retardation and pachygyria MDCI1D 22q12.3-13.1 Large
Fukuyama type CMD FCMD 9q31 Fukutin
Muscle-eye-brain disease MEB 1p32-34 POMGnT1
Walker-Warburg syndrome WWS 9q34, 14q24.3 POMTI1, POMT2
Ullrich disease UCMD 21q22.3, 2q37 Collagen VI, o subunit
Rigid spine syndrome RSMD1 1p35-36 Selenoprotein N
Integrin o7 deficiency — 12q Integrin o7

CMD, congenital muscular dystrophy ; N.D., not determined ; FKRP, fukutin related protein; POMGnTI,
protein O-mannose B1,2-N-acetylglucosaminyltransferase ; POMT], protein O-mannosyltransferase 1 ;
POMT2, protein O-mannosyltransferase 2. 7" L — & o-dystroglycanopathy % 3.
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Dystroglycan binds to laminin extracellularly and interacts with dystrophin intracellularly, then sta-

bilizes the plasma membrane by acting as an axis. Through this axis, the basal lamina is tightly
linked to the cytoskeleton. The sugar chain structure of dystroglycan, Siao2-3Galfl-4GlcNAcB1-
2Man-, plays a crucial role in its binding to laminin.

AL RS & LTREL TS50 THS. ol
OB B O MIEIE O A e & $HE 4 T ML OB RER f
/LI ENRWHSITENTW S, Dystroglycan % dystro-
phin ¥ & & T sarcoglycan, sarcospan, syntrophin, dys-
trobrevin 2 EEFEAL, YA Mu T 4 VEEERAEGHREK
LTw3 (Fig.1).

& T, o-dystroglycan & laminin % & U & 3 5 Mg s 3%
KIEDY 7y FEABEOMFE, T4bb W oBRiciE
DG OFESE AP EE 2 2 572 LT 5. o-DG 1& N Kifi
FAAL Y, AF VY RAL Y, CEIE R AL VOBV LF ¥
FAAL V3L w0 O-RHARMEHEMHELTB DY, 20k
B FEPRER 2/ L C laminin 21 LD ETZIVH Y FD
G KA Y EHET S, 1997 Fi2bivb i3 2 O laminin &

D AN 2 h b B HE # 2% Sian2-3Galpl-4GlcNAcBl-2Man-
Ser/Thr TH 5 Z & # W5 L72Y. 2@ O-mannosyl gly-
can A OELE O E L CIIEFIC2=—2 %
W35 TH 5 (Fig.1). 2001 4, FCMD OEHMHIBVTI D
0-DG DFEHMEEICRENELTVWLIEPHLNE R
7219 i T 2002 4E, FCMD & MEB 5 Tid a-DG OHESE %
fORFEIZE YD ZO5FEIMET L laminin 213 LH &35
YA Y FEDRHERENERLTVDE LW S 2IZENT:
W Zok, WWS % MDCIC, MDCID 7% &< b Ak
® o-DG O FES A 5% < laminin A FEO WIS HI K VT
WS, T X BHEHE LA R ERE 2 D % <l
OWFERINSORBOFKTHLLEZONDL LI I
72DTHA.



SERMM Y A b a7 1 — & a-dystroglycanopathy

Subarachnoid space

Basal lamina

Glia limitans

Neuron

Radial glia

Normal

48 : 545

Overmigration
of Neuron

a-Dystroglycanopathy

Fig. 2 Molecular pathomechanism leading to brain anomaly in a-dystroglycanopathy

The glycosylation of o-dystroglycan is defective in o-dystroglycanopathy, which causes disruption of
the dystroglycan-laminin binding. The disrupted binding leads to misassembly of laminin and disor-
ganization of basal lamina. This facilitates the overmigration of neuronal cells through the frag-

mented basal lamina to the subarachnoid space and results in disarray of cerebral cortical layering

and malformation of gyri.

o-Dystroglycanopathy 35 A a7 4 —IZMA T, HHK
MRSR ML 2 EOSEMN R B B 5 VISR E ER R
TADPAGZEDERNARELETLZ L4, Zhbh
WAFRRROEFEICZH o-DG OFFHEEIRE(HLG LTS
bOLEZ LN, WIIBWTDGIEELLTTA baHA
MIEDEAESI, MEEOZ) 7HERBIHRFEBL T
5. ZLTZOY CHMINIAFAET % FLIEHE T @ laminin & #
# LT3 (Fig. 2). Large A FDZER %4 L MDCID 0E
T AL LTHMLNS Large™ = 7 ADMIZIE a-DG ®
PESHILH & laminin #ARROFWARIND L & H 1T, KM
B2 i oo RN, A AR O W SR, MK 7)) 7
B SUBC EE O @A O RN EPH S 0L o2V Z
noide b o o-dystroglycanopathy (2 35 UF 2 S B (%) 7 i 45
ETH 5 2 BERIEICEP T 2R TH 5. S HITRHIZB W
THRMIIDC ZXRETHIYF4YaF V) v T RY
T ADRICH FRORESBIEINLY. Zhb0Z enb
laminin # &2 A 3 5 1IEH %2 a-DG 2RI L 722 B T
i, 770 7ERBICE L 72 25K~ @ laminin @ assembly
MBI ELBIbIT, TORKET) THRAFE—ILEKEE S
ROBREAE L 5. Z LTI OBEEES 5 SMiiiiaon 7 €
JETENDBHGEN B Z ), KO EREOENL, 561213
MBI O R, KIEEROBE L EPAEL S S0 LA
nTtws (Fig.2).

o-Dystroglycanopathy DEaKR & BT FER

FCMD 13 1960 4RI 512 & o THE S W wYemiait
BEOERERMG YA a7 4 —ThoY. WAEMIFORE
T, BRAD 9O N2 1T ADRABT L E 2 5T 5. HEY
WCIZAETHC7EYyE—A YT 7 Y P THDBHI ETRAOH
N, EEHREBFORLEEY AL, % 13 2~ EAIEBRE O
E—210EL, o THROWADABIZI VTS ENDLZ L
WHE L % %205, ZO%EEHOMEST & IIEBTE T
U2 LTS5, BEEMHORERKE2 2T 22 LHhE L H
T - HEEAG B RRT 5. BRUMH YA v 74 =122 TIE
IZEBICTHRMEEERZ, PR TTA»AREZAPEL
MRI 2 & 9 £ A H R R 1A 722 & OMETE R T Mg s
A RBMHEOREEETEIMREINL. 512, fHERk
B, ENEE, BARRZE, MR & o KR IRER R 2 B
5.

1998 4, FH 512 & » T FCMD QRN EET, fukutin 7%
[[%E S 72", Fukutin DBIETREXZDOLEI0 2
VO3 EMREEADOK Kb DL b B NS VAR VD
HFAZRTHY, ZOMEMRNAPARECLEL DD LI
WEhsd CHhECTCORBMBTFHBTO/REIRIIBV T
FCMD B#HDH) 3/4 B2 DRIGHE LR EZRET, D8 1/4
BEHEREOBENTUTHTAZ LD broTn5h. mE
BRIIIALVAERRF VbV AER L R 5L DS, B
WS L IIATOOBFZ IR EDBEZE LY b FREMICEEG
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Fig. 3 Sugar chain structure of o-dystroglycan and func-
tional roles of the gene products responsible for a-dystro-
glycanopathy
POMTI1 and POMT2 form a complex and catalyze the
transfer of Man to the serine/threonine residues on o-
dystroglycan. POMGnT1 catalyzes the transfer of
GlcNAc to the Man residue. Fukutin forms a complex
with POMGnT1 and possibly regulates the catalytic activ-
ity of POMGnT1. The function of FKRP or Large remains
to be elucidated.

%W Fukutin 13 461 O 7 I /B2 5 5 EEMEN
BThl, TNV IKRIZBIE L T 5. Fukutin 137 I/ BEAC
FIOFED Y — 2 SR L HEN S W03 OREFRIGE
DOFHNEH S M2 ENT WV, —J)5 T fukutin (X8R4 5
POMGnT1 & #&HEFK L, POMGnTL itk % i+ 5 2
& T o-DG OHESEIBHIC Db o TV A IR RIS h T
W59 (Fig. 3).

MEB X FCMD & FARICHRER Y A ba 7 4 — L xa
¥, IRERRE 2 ELAHEEBT, FELTTI4 YTV Fb%L
DIFEFIAHE S /2P LTRSS FE RN TR
T, 8 b =X ADIKT % ETRIOMN5S. /BN & 0 BN % 7
OREDOERE N ZHET BH Z ENL VD, #ITTEEEN
bW 2 5. BEiOHE L ERICE b2 IZITEB TR
FEHEW Z )% L, BEHR MRI T3 2 A 1l R S A Il 72 & o0 i 47
B, KINEAE O T B8 EE53In 2 <, /MR BRI,
IO RFAL, MR EDSR D BN B I AL, [1RER
WHIZFCMD LW D EIETH L2 WL L, HEDORH, #
PIRE R I, BLANREZEME, MEIRInE, NIRERRE 22 E DS R %
AREREE 2 25 5.

MEB O J5 [K#fnF-1 2001 4, =g, FH 52X Y protein
O-mannosepl,2-N-acetylglucosaminyltransferase (POMGnT1)
THLZENFHSPIZENZY. 745 Y FORRTIZE
D% PEITA Y A YDATIAARF—H 4 MIB
5 1EEER (c1539+1G—A) THAHZ LMWL T
A0 SSICHARAIBWTOEIKRMICIZIFCMD &£z 65N
% B POMGnT1 O ZERB RSP, FEREE &R
WCHEAET D 2 D s N7z, POMGnT1 1 660 7 3/ Bg
BN SR BEEBEAECINIRBEICRETS. 2L C
I FH & H & o-DG ® O-mannosyl glycan ® 7 7 T

FRER#HEY  48% 8% (2008 : 8)

GleNAc 2~ v ) —AHA T DB HHZETH S 2 LAVR
SN2 (Fig. 3). TS W EBBEOERICL 2 a-DG
OWEPFEBHRE LTIV ESROBE L WV o
dystroglycanopathy @4 TR EDREEDSHH 5 M2 S /2o
Ths.

WWS & a-dystroglycanopathy @ H1C 3 #ix FAE O i &l T
H %Y. WARNIIIEEIA A7, BEE CRIREACHHY 5 2
LICEN RO NBE T E LS. HAERICIIHREOK T A
W L5 LL, Z0%MkmH D 20fIcHET T 5. lETRED
7D R L RERBEEDLEEL T DI AL\, B OR
VPR L % 50347 G IELNIRLET 5 2 L%
OB T IR I3 W T MRI I X 0 KBESE R MG A A & 6
S5N5. MFREIZIEZ D ME LMK E % & 5 A5 S S Il A
Fo ALNBVERREZET LI L L. TR
W OIRIEE, WMBRIB R E %2 AL O D KEED 72O LR
BINCY v Y MEAPRLEE LI H L. BEOREDLE
FECHMNEE, fRNBE, ARG, WA, NRERIEIC X D
Hhizkbhs.

2002 45, WWS® J& [K # fn T 2% protein O-
mannosyltransferase 1 (POMT1) TH 5 Z EHBHLNIZEN
7219, POMTIL X 747 7 X 7 B2 S Y I EE IR 2 7 O FF
DL INBBAEOFVEHE TH D /MM RITBEL T
W5, ZOBETICEED HERMEE S 7z POMTI i+
T Y —MREDOHREH S 0-DG @ O-mannosyl glycan 24 &1
DRMDAT v 7, DFN L) Y/ ALFZ VIRV ) —AD
BRSO & il AR L P RS hTw/z, L LEBREY
Z L2 POMTI BTl Z o RNt A L D O R
T, FMRORERIEME R0 LW S LT 72 POMT2 OFFEAE
TIZBOWTOABHRIGEER L2 D, ZOBEZEKSIC
13 POMTI1 & POMT2 "8G R A2 BT 5 2 L SR K T
HbHEEZ LN (Fig.3). LTI OMEREZFEMNT 00
X912, 2005 4FE WWS BB T POMT2 DZERDFE &
722 LA L POMT1 % POMT2 DZERDB RO Do 72Dk
4 WWSHEBID 1/3 55125 &9, £ < 0 WWS TIZE K #EI
FHAFHDOTETH 5.

MDCIC % 2000 4:12, BEREH A PR 74 —DH 5
laminin 02 P RIBx A L D 5 H DD MDCLA O & {z T HE
OMFEE IR ST, BT EELHOMEGI IRz L
DHEVEREE LTS N2, A% B DI R SRR
TEVROPN, ZOBROBEBHREFIZVL LS L EBEY
5. %13 10 BACISEBRE O ¥ — 2 1S 5205, Ak
D EX 72 ) Bk OB REIC R A BETH D, S5
12 20 AR 220 TR O 5 T AR T ASHE A N T #7112 &
LEMAELEL TS, PHEM R H O K HEEE TH S
N HIERLLTEA PR T 2 2 L b d 5. IERO R IEA SN
e,

2001 4, MDCI1C o J§ A j& 1= T 1% fukutin-related protein
(FKRP) T#» 5 Z &M & 22 & 172", FKRP i3 fukutin
EEWREOY—FHT 5495 7 I RO E BRI EH
BTV VRRIZIRAE L T A, Fukutin B, HEREO
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mild Clinical phenotype severe
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Mutation
Fukutin ~ (_ LGMD2L FCMD  WWS )
pomcnt1  (_ LGMD2M MEB WWS )
pomr1  (_ LGMDZK CMD-MR FCMD/MEB| WWS
pomr2  (_ LGMD2N FCMD/MEB|WWS
FKRP (LGMD2I CMD CMDMR FCMD/MEB WWS )
Large ("cMD-MR WWS )

Fig. 4 Gene mutation and spectrum of clinical phenotype
in o-dystroglycanopathy
Spectrum of phenotype caused by mutations in each gene
is much wider than originally assumed. The original phe-
notype is shown in gray. CMD-MR, CMD with mental
retardation.

TREEEAE 2 5N TV B PBRIEEZ F I TVw A
W BBRZEC &2 FKRP OZRIE, BREAVNE 2 5 R A
FCLECEROIVBOEWEG YA ba 7 4 — 218
(LGMD2I) T Ro# 1, MDCIC & LGMD2I iZ allelic 7%
BTHHIEMWSNEL-7Y. LCMD2A OERHD% L1
IRV RAER, c826C>ATHY), ThEKET, HbWid
MO HEREDBEE~NTETHET S, 722 OERDTHH
DERZHTH IV BHBRNHIIBRETH S I LS.
LGMD2I i3 E A ENIZ B W TIE D 2 WEBTH 5 BEckic B
DRR ST (A EE S A=A

MDCID i Large IZFDOLERIC L D AE L HIFFIC TN
WHETHY, ThFTITLBIMERE STV SY. 2003 4, %
KUY A b a7 4 —BEIZB O TFREEF O EZERD TR
ANz EHBSAATH =X ZADKT &EBFEFERE TR
Ohi, QROEIIIPATFE & 7 o 72 F OBRIER O HEAT
XD 17 BOREICIIIRP S H LS5 2 EIEIATREE 2o
TWie., WEREMEEERZA L, MRL CTld TB#H RIS
VF % EVE O B 2 A5 AN 2R o TR IE] & s 0 e ST
ftzAR LD,

BT 2 BETFER LBRRRE L OMT

FCMD % MEB, WWSIZTt KRR 2R EMETDH S
A3, R F O & BIRF T O R O R, IR FER
EHERE OISR b DE o TETWSE. T4bb,
HIE IR 7 BRI & B A T A RIE 20 MBF 2 3Lk L 72 b
DIZTEY, EiF—20BETREVPINETIIEZLNT
WX D BIEBEPIIARY M ADEWERGEERT LI L
WS E %) DD 5. Fukutin BIZTOERII T T
LR NI VAR VOFAL VI BIAEERIZL ) BERA
BADRETHSLFCMD 20X B THDEEZLNTE
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7B U A LEEMIRARS V), A AT IR EIIBWY
T fukutin BIZT OERNPEE STV, BUREWZ
LTINS OERICAMBALERIZ LS 5 &R ED S
WEATUOEERTH Y, BIKRMICIEFCMD X b & EiE
D WWS, H25WIEHICEETHPIRRKOERTE L L b bk
WIGMD 2895 2 LA%wv. £ LTHE, T4DbE fukutin
DZERIZ X 5 LGMD 13 LGMD2L & IR Z & 2SR X T
WY EHIZLMA NI VARV VOFEAEI ALY AE
RAe~TOTHRHD 20O IRBOHAE CHRAE LB O/
BTRELOTRETHLHARACRZFME ST
B3,

POMGnT1 O J5 5 Tlx WWS £k HAEF A & LGMD #
DBIEB F THRE ENTWBDO0 HEIFHAEH 10 KA
TLGMD & E BT 5 b DDA RMIETE B 2 K
&, LGMD2M O#MBRE I N TV 5%, POMT] OERT
BHERD WWS &0 DBJEDREFI ML END L)1k
TETWVABDI? = 6o Zid MEB % FCMD H {0 iE
BN ZC, CMD &AEMIEE IR % 2T 5 2 MR IRER
R LD b WRERD L. X 512 LGMD (B ks
RE BN E ST 2EA D RE S, ChbsoBHIE
POMTI1 ® %§ % ® F. % % (p.Ala200Pro) # A L THE D
LGMD2K & I:iZh 5%, 72 POMT2 DZEHRTH MEB 75
LGMD ¥ TOMKRIGE 2T 5 2 LA HiE S 9% HEI
LGMD2N & D4R S T3,

BEN 2 & FKRP O 8 {512 T3 MDCIC 7 & LGMD2I
¥ TR VIR 2R 2 & AT S T Wzpw®, idE
ZDARY NTAEHLRBIEHND 2 RETWw5EH. MDCIC R
LGMD2I TIIM&EFIT L dhbhve ShTwid, CMD
RIS T R & NN 7 & ONE I E A IET 5 IBE D
HEINZDO K HIIZER ], KEERPRKEEE L v
WWS % MEB #D KGR E 23 20D HE S T 5.
—75, Large D{nF 25 Tid MDCID Ol WWS 25584
FTHIEPMOENTWSET®, Fig 4 |2 a-dystroglycanopathy
B BEEDHERGOILA) 2 F L.

BbhWIC

Pk, BRUMYAIT T 4 —OFTH a-DG ORI
29 5EHBME, o-dystroglycanopathy (ZBI$ 5% E, EiE
FHE, BRBCOVWTREDHMAICEDEMHELBI o
7o AL OBPETHRBRRAEY, BETFZHOERITE D R
o-dystroglycanopathy DERIFEL & #1555 O BRI 1R
1B TIE R 2D, ZO5HE EOBM S IIREBERICHEAL
TETWS., SHRIZERG L BT RFOWME 2 EZE L7720
e RS EEBEL COLLERD A ). FEEHICE
WCl o-DG DERERBET 5 Z & =2 D5 TR &Y
BABA, ZOEIZBWTHIE Large 12377 % o-DG BhE151
ERDRH A5 ERbHIDERH IR TS, 41 Large D[H
TEH % H B W7z o-dystroglycanopathy O &5 0 B 5812
b hs.
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Abstract

Congenital muscular dystrophy and o-dystroglycanopathy

Fumiaki Saito, M.D., Kiichiro Matsumura, M.D., Hiroki Hagiwara, M.D. and Teruo Shimizu, M.D.
Department of Neurology, Teikyo University School of Medicine

Congenital muscular dystrophy (CMD) refers to a heterogeneous group of muscular dystrophies with onset
during the neonatal period. Among them, some types of CMD are characterized by the association of brain malfor-
mations and ocular abnormalities. Biochemical analyses revealed altered glycosylation and decreased laminin-
binding activity of o-dystroglycan in these disorders, therefore they are correctively called a-dystroglycanopathy.
Recently, mutations in the genes encoding demonstrated or putative glycosyltransferases have been identified in
o-dystroglycanopathy. Fukuyama-type CMD and MDC1C are caused by mutations in the fukutin and fukutin-
related  protein ( FKRP ) genes, respectively. Mutations in the protein O-mannose (-1, 2-N-
acetylglucosaminyltransferase (POMGnT-1) and protein O-mannosyltransferase 1 and 2 (POMT1 and POMT?2)
genes cause muscle-eye-brain disease and Walker-Warburg syndrome, respectively. In addition, mutations in
Large gene results in MDC1D. Furthermore, recent genotype-phenotype correlation analyses have revealed that
the spectrum of phenotypes caused by mutations in these genes is much wider than originally assumed. In this re-
view, we focus on the molecular pathomechanism and diverging clinical phenotypes of a-dystroglycanopathy.

(Clin Neurol, 48: 543—549, 2008)
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