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Analyses of Central Nervous System Lesions of Fukuyama-type Congenital Muscular Dystrophy
and the Role of the Responsible Gene “fukutin”

Tomoko YAMAMOTO", Atsuko HIROI'?, Noriyuki SHIBATA",
Makiko OSAWA® and Makio KOBAYASHI"*
'Department of Surgical Pathology, Tokyo Women's Medical University
*Department of Pathology, Tokyo Women's Medical University School of Medicine
*Department of Pediatrics, Tokyo Women’s Medical University

Fukuyama type congenital muscular dystrophy (FCMD) is an autosomal recessive disease, exhibiting mus-
cular dystrophy, and central nervous system (CNS) and ocular malformations. Fukutin, a gene product responsi-
ble for FCMD, is related to the glycosylation of a-dystroglycan (o-DG), which is one of the components of
dystrophin-glycoprotein complex linking extracellular and intracellular proteins. The sugar chains of «-
dystroglycan are receptors for extracellular matrix proteins. The CNS lesion of FCMD is characterized by cob-
blestone lissencephaly, associated with decreased glycosylation of o-DG in the glia limitans where the basement
membrane is formed. Astrocytes whose endfeet form the glia limitans seem to be greatly involved in the genesis
of the CNS lesion. Moreover, fukutin appears to promote -migration of immature neurons, and might relate to a
synaptic function. Roles of fukutin in other components of the CNS and somatic organs are unknown at present,
although fukutin is almost ubiquitously expressed. Localization of fukutin is suspected in the nucleus, in addition
to the Golgi apparatus and endoplasmic reticulum. More unknown functions of fukutin besides the glycosylation
of 0-DG can be suggested. Novel treatments including gene therapy will be developed for FCMD in the future.
For effective therapies with minimal side effects, a precise evaluation of the pathomechanism of FCMD and the

function of fukutin is essential.

Key Words: fukutin, o-dystroglycan, glycosylation, astrocyte, neuron

b 52 B A & {= T fukutin [GenBank, Accession

BILFISGE KBRS A a7 4 — (FCMD) &, 1960 ABO038490] D &= T EW L, o-dystroglycan (o-DG)
FEI,BUSIZE DI LD THRE SN HHIA DD, DOFERIBEICES 3577 o-DG IXEELRMEHEZE
KF”I:WEW@—‘?:%’EE@%&E’%A%W")ﬁ%?x fa 74— T AT, BRI/ MR B TR A At
Bt AL EERERT. AR TOHmE IS DEH % link 944418, dystrophin-glycoprotein
7&11‘75‘ HARIZBWTid, Duchenne BifFT 2 b complex (DGC), DRGNPV EDTH L. HHHH
T4 =R THERSEWHY A P07 4 —Td DA DEEBEBRELOZERER>T VA
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Fig. 1 A schema of the dystrophin-glycoprotein
complex in the skeletal muscle

(Fig. 1)°™". Fukutin ORI T 2%, DG O
T 2 & 72 L, FhUC L A ERBEONEET DS, &4
DR D ERE & 72> T b, 0-DG OREHE
HIETZRIHIA T T 4 —% o-dystroglycano-
pathy &L ¥ 9 A L5 05H H, FCMD, Walker-
Warburg JE 1 # (WWS), #5 IR fix %, B & &5
VAT T 4 —ENE TN B Fukutin D,
O-linked mannose B1,2-N-acetylglucosaminyltransferase
(POMGnT1)™ ™", protein-O-mannosyltransferase 1
(POMT1)"® ™, POMT2"™, fukutin-related protein
Gme%meyW*m?%ﬁ>mwmmm
canopathy D EEBEZFE LTHOLNTWA. o
dystroglycanopathy DJHREEIS, FRHEFEBIFENR 21X 0
O, SFEPFENRTE &I, BLAICHL IS
N T & 7277, fukutin DR REIEE S~ &0, &
RRBHZEDFZIREN TS, ARTIHE,
I@MD@ FPIRAERHEICEA LT, RO

HERWREDORE, WELHRS &L 1, fukutin
0ﬁi§ﬁbk@§ LTEET 5.

FCMD D ERRRIEZFRIFE

1. FCMD O)—HZRY4FE

FCMD D ERRRHEZIIFT I L Cid, S0
WIN7H L ORELHRIHVDH ), FhoE2BES
n7zwd, HELZBBEIUTOLEB) TH 5.
FCMD &, »&% floppy infant & L THER S, 2~8
HARET, EBREI RS IET 5. BHER 4)1*
W, RERCTRE b B S Y. B EiiECAE
LS. BEHITIE, WEDEW, XFETTOLE
RN TEHREOBHEREZERT L. BEFS
BIEB DAL, BEFATIE, FHI7°, BEICEZ

LW, WS HDOXFEDIREL 2B Hb AN,
EAERI T, T8 L CIREN % & 5 2 LT,
BEERGHORS, SEZFTILIEIANTETH
. ERPITIHE, JE\ZV\’%EﬁL%ﬁJ HAL ﬂé‘m
RAZE & LT, i, RERIKERHEIL
BN ™. @E 0% 5V FETIS, ﬂ?%éZ:i#
IZEDFIZE S,

BHREL, EVHELT, FEEEs I
SEEL D, “’1‘?‘2?’% IXNIAEEZL, BEOIEL
LR MM E RN L EMT 57, RERES
western blotting T, o-DG DFEEEISER DK T A3
LNAHY. T I a2 SHEO RN A 7R
L™ ETBEMEENICIE, BREROTEZERE A S
nap»e.

DR EOREEIZESICE D R L2, FI210
W 2 ZHEBNIB VT, HA4 DOFRRED EE Ot

Fig. 2 Brain lesions of FCMD

(A), (B), (D), (F), () are lesions of post-natal cases and (C),
(E), (G), (H), (J) are of fetal cases. The cerebral surface
of a post-natal patient exhibits cobblestone appearance
(A), but basic structures of the cerebral hemisphere
are preserved (B). The basic structures are also
preserved in a fetal case (18 weeks of gestation)
(C). Vague verrucous appearance IS seen in a post-
natal case, although there is no disruption of the glia
limitans, light microscopically (D). Subpial gliosis is
marked in GFAP-immunostaining D: inset). In a fetal
FCMD case, the glia limitans show small and large
disruptions, through which neuronal tissues over-
migrate into the leptomeninges (E). The cerebellum
mostly preserves its basic architecture, except a
focal polymicrogyric lesion in a dorsal area of the
hemisphere, and the pons show a focal disorganization
(*) (F). Minute foci of neuronal over-migration
are observed in the fetal cerebellum (18 weeks of
gestation) (G). Small disruptions of the glia limitans can
be seen in the pons as well (H). Immunohistochemistry
using anti-o-DG antibody (IIH6C4) shows hypoglyc
osylation at the glia limitans in both post-natal and
fetal FCMS cases (I), (J). A linear, positive structure is
seen in the control I: inset). Inset of (J) shows the glia
limitans in H & E staining.

(B), (F): Kluver-Barrera staining, (C), (D), (G): H & E, (D),
inset: immunostaining of GFAP, (E), (H): PAM staining,
(D, (I): immunostaining of o-DG (IIH6C4), (I), inset:
positive control.

cc: corpus callosum, bg: basal ganglia, p: pons,
arrowheads (black): glia limitans, arrowhead (gray):
glia limitans presumably corresponding to that
in the fetal period, arrows: disruptions of the glia
limitans.
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LA SN A7 %72 BH&HERF oDG
DIEFHEEOET b ALNEY.

RO RREL, MRICHEET S, IR
LEENALN, MEHHECHEEERIHE S
5% NEFEAFEEGEETH D, [RIZB VTR
FER D astrocyte (AL T 1% &% A5 4, Miller
MO RZEBIH SN TN LY,

2. PIRMEHFRE ORIEZIFH

1960 £ D5 LIRE", FCMD A3k diik o B %
P9 TSN TR, SRS PR
EOFHMEBMEIITHNIZDIL, 1976 12 7% - T
5THAY. 6 MOTBEFNIZB T, K, DD,
% /B |l (11 B35 BN EE, cobblestone lissencephaly
Ebwbhd) ITREENLWREDOH A, LH
ENTWD. 0%, NE~BADOELIBINER S
N, EHITHEDF LW AT h Y, Kin%
AN ZEZ BT, MR O TR R D& P 3k
EDOWAESENH SN S (Fig 2). WEMIg OB 13 ik
BT, EEO6BHEERHEsR . 7Y THE
FRIEOBREIE A DN \WAS, FRIET O gliosis A3
<, astrocyte [ $HHE L EERENIERE 2 /R T (Fig. 2).
HIER, BURFEOELOMEL, RN TV2E25
HEANC, EfdmEMEsgigsnsLrd
Y. iz, EBREREORM, KINEE OB
ETFPBESNEY. FERFITE, MR MRE
AL, MR OMEEA/ MAERED RO b
5. N OEREZIITIZERN T B, LK
BYRZELRCX, o T8, V¥ v oilig, PERE
BABANIFE L, BUNERIOTEE L RE O &%
2D RO X9 % FEBEG O gliosis (A S
VL RERICB VT, EErE S ) TR,
RESCHBERORESENALNDLT. BEFICEW
T, FREO 7 ) THEARDOE 2 RTILbd 5.

%8 Z DHFRATERADTER 25 DR Wi
NHTH Y, BrFREOMIC, FENTORYGES
BROZROMEEME D Z 2 b Twiz¥, 1987 12,
Watn 23 BREGI DR DS S N, AR
FEMT DF 72— A & e o7z, & 512, 1990 E4 KT
E»LIBBOBETFZRBIREL 2 0, WAL
PB4 OGS MT O T &7 JREFOK
BZBWTiE, 7)) TEREOHIE L, Bfeiis
D ORI O BEHEE D A S B (Fig. 2). FELEEE
EIRTI-NT WA, NTH 7)) TEFUED BE s
AN b0 (Fig 2), KBRS, FREIOZ/NE
WHEHLZFREZET Y. MERIIBWTY, Freig,

7)) TEREOHAERA SN (Fig. 2), #ARKe4
V= TBORESELROLNLY. ERFARY, K
BOREIIEINC L YR, A—EFIBNTYH,
A E D RREOEPBEE SN LY ™. KRR o
FEBIE &, BESEVWERDSH 0, ik 14 BH 0K
BT, SEEENZ 7)) TERIEORKEL, I —8
WCALNEDIRTHA.

DX, AR EE, K ANMEOE B
BEFEZFLELTBY, 7Y TERBEORE %R
9.7 TERB, BE & OB RERIC, astrocyte @
RZERIZE DR SN, KEHIFEEEICEBBbDNT
WA RENT, 7)) THEFIEOBEKE SR S NB D
i, BIEHOARTH 5, BTHEMEACIE, IR,
FRAEHIC, ARIKOEERELET 2709, F
7z, SREMBREEIIB W TIL, o-DG OFESHISAT DK
THAEHEINLE™. ChbDZ &5, FCMD i
MR ETR O FRREIE, 7 7TEREICHL Z &
WREEIND. BZ L EREOWEGGHERS, 7)) 78
FIEOWREDRR & 22 0, BkeEld & OO
WEFEFEHHE ), BAEICEL/NRENCRE SRS
MR E R TR T 5 &% 2 b b (Fig. 3)""".
LU 7edss, KM E - o R ET P R0 I <o I et
DEFEEP S, WML E & OlEEDRE S Ik
SNTwWa ERbs (Fig 3)7".

FCMD O FRiR R 25 D FRAT 00 72 5121, AR
BROFERERBTHIENLETH L. DS
DFEAEE, WRIEENI BT 5 R R O &
B, BESEE T R0 RINEIRICBT 2K
HIBGBRIZBWTIE, TN E R O RS2 i
(&, —#%IC radial glia & XN A ML DMK 222 12
o T, AMAlCdy - T, BEFMICEET L. B
5 5~6 3 Z AH 5, preplate & FRIEIL A D REED
DOMEENIC, RAZMEMRIERSIUI LD,

S BEEZ X, 72 5, marginal zone, cortical plate,
subplate DEEN R TE A L H12% 5. HWREH
DT IRFK I £ Tt < %, KEBHL 15~16 8 F
TIZET L, B4 OMIIBE#A» BT ), &AEMIZ6
BREEE BT 5. MHICBWTIE, 4 BEIMEH
5 RFIT AN RIS HEE L, /NIRRT O
SUEERCHAZE 2 TER T 5. SRR B, JaiE 8
BEPLHBL, E%1IFEIEFERT S, DIEE
&, FVERE OMIEAS, WRNZEA o T, BEICHE
ETDIEICLVEEEINE. TIVF il

B AR EIZEEE L, Ml 20 A EIZIEOEE I8
BENDLEHIInsb. AR, HER BEOME
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X, RS AEIZIZT TITER SN TW A,

% DBEETFHVMWIEHEOEEIIE D> THY,
BEINTEEFORIIS LT, L ORERE
HrET s, [HNEE, RETHIRENMEKEE,
M B HEEKAESEFPAENT, b,
RALGMBEMEEIOBEERFEIZLD, BRI
BT AU LT, Z/MKE (IT BIvE E & %
W cobblestone lissencephaly) &, Fi27 0 7%
RIERHEOREICL L. (TomHEOEZ AT
RS 52281080, KIMOFERKES, /NED
Z/NREIATE R SN B0 Z/NRE A2 TR T 5
BIEF & LTIE, fukutin®, POMGnT1™, dystrogly-
can™%, o-dystroglycanopathy # & 72§ IR F D
fit, perlecan™, integrin ae6”, integrin B1°, integrin-
linked kinase”™, focal adhesion kinase #&15T% & b Z51F
Lib.

Fukutin DH#AE

1. Fukutin B TFOBE

Fukutin B1{nF 13 1994 412G 1K 9¢31-33 IZZ{E
T 5T EHRSINT, 1998 FUTIE, BIZ TR0 E
E 17", mRNA i, 10 ® exon 2 LR S 1, et
LB W T, intron & 1E & &, £ 100kb (2
2o T LT A, EIRFEWE, 461 B0 7 I/
Loy, #EHsTFEIL536kDa TH5. Exonll
D IIEFMRBEHIIBITH3kbDOL b b T ¥ AR
V' OFEAD, FCMD ICBW IR HEEOBH VAR
THY, BIEEERE HONLYY, HRICBIT A1
EAEDFCMD FEFIDBEIZF DT T 5 4 7137k
ETHY, ZERKOGEBECTNIHEIBELR R
THEN, —HOESNE, FAVELRLIERZIRT,
NTRRNTAY A TR HARDEFTIE, &
FEGII ENTURLNT Oy 4 TERTHEIE N E S
NTB", AIREERUNOERZ ZROBRET
CEO~ w2, RIBEIZRICE S 729, fukutin
i, BAERIICEREZREHZRIZLTWDLEERS
nam,

wit, HARLDAMIBWTY, fukutin Bz OR
BIZEDHIA a7 4 —BIBMESND LI
eolehS, WWSORWRHY A a7 4 —I2F
L, RAVERRBH 2R T EDPHALNE Lo TE
FZOOTE  POMGnTIP9™P W™ pPOMT1>Y"> ™)
POMT27"2™% - FRKRPY50E& - fukutin IMZ o-
dystroglycanopathy % & 723 &ZFICBWTH, [
FROBGEVIME I N TV 5.
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2. HhiREREEEIC B T B fukutin DIRE

AR ERRZE ORI OE TR L L9
(2, FCMD O iR A o FIRENE, 70 7R
OB HbHEEZ ONL., FHMZERICE, as-
trocyte, oligodendroglia, microglia ® =f&$HD 7" )
THUEAAR SN D, 7)) TERIEXTERT 5 as-
trocyte 7%, D WHEITH AR LT E EEZ LN
% (Fig.3)”". FCMD N®% & fukutin RIFEF X 5
<A DRIREY OB EUEE, Sk
FTHETLLDEEZ SNSL. Astrocyte (21F, fuku-
tin, o-dystroglycan & IZFEH L THB YO
astrocytoma MM BT, RNAIL 12X Y fukutin
/w8y ryHE, EREIO FCMD KD i
FM O gliosis IZASBNS L9 7%, MlgEEOER%
RT XIS (Fig 1), Thsofilglcbsn
i, laminin-coated dish ~DOEEEIWITL TH Y,
o-dystroglycan @ S i O T 23R 2 %
(data not shown). Astrocyte (28} 5 fukutin D5
AT A, o-dystroglycan OFESHISEIE T 25 XL
L, RIEMICBWT, 7)) 7TERBEONEY X7-
FTEWHIRHALLFTHEEZONS.

Astrocyte ODBIFETZRA~DR 5% % 2 T{7<{ =
T, FEEENE X AL 2% BET 5 LD
H5D. BRI astrocyte ZRATH D, BF 5L
RHEOBH 0= BET 72005 A LTk
WEEZLNDL. —J7, BELIKRMIIBWTE,
astrocyte HE LML THB Y, 7=k 2 fukutin D
FEDME P LT T, 58\ gliosis & WA IET, KH
DRIEEFD Z ENMEEEBbN L. —F, /MIKT
E, KRIMD X9 7% gliosis ZA SR, i, K
it & 7N T D S E AR CHE I O EWIZ L B & E
Z5NA. K& /NI B VT, WML EE
DFABRLR S, £72, RBIZBWTE, BAEHD
< MEAIZ I radial glia %, ZD %X 18 D astro-
cyte 7)) THERFRBEEZET 25, AIZBWT
i, BRVEEI~AE 1 EREE, SMERAIR R E
AR L, YR AR TE 2272 1d, Bergmann glia O 2
Ry 7)) TEREEZR T 5. SRR IR &
fukutin & &3/ L T 5 %%, Bergmann glia {2 %,
fukutin DFEINIA SN2V TS DWW, /I
b & K > % /Nt [l D TERERIARE D — [/ & 72 o T
BEEZLNS.

FCMD P iR FR TR I 1L, astrocyte ASE 22
ERE R L TVE EERONBD, KA
MIRZIC D fukutin OFHATAR LN L 72D HFEH
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Hypofunction of fukutin

AStrocyte Neuron
"Hypofunction of a-DG Via w087
2 Abnormal * Via -[G?
‘:  basement membrane ;
Abnormal neuronal
migration H
i Abnormal glia limitans (probably migration arrest)
RECY B H
3)@#323%1 B O S PR 3o o Dysfunction

........ H 4 of neurons

,-Neuroﬁbrﬁlary tangle
>~ Corpora amylacea

Myelin pallor of
" white matter

Cortical dysplasia Heterotopic
glioneuronal tissue p

isplacement,’.¥

of neurons =~ &

Heterotopic neurons Abnormal Oligodendroglia

in the white matter  brainstem nuclei
A A

H H

Dysplasia of Dysplasia of
cerebrum and J brainstem and
cerebellum spinal cord

Fig. 3 Hypothesis for the pathogenesis of central
nervous system lesions of FCMD

A)

knockdown

C)

Cy Nuc
Fukutin 70 P

NC

JaHBOHEEORE b Mb > Tnd L Bbh s, #
FOREFRIE, BENEFREMEMR 2, e
MR ORET 2 &, MR A & OEE O Hf %+
TRIET LT RAIA B LA (Fig. 3). a-dystroglycano-
pathy O TR EE L WWS Tid, 7Y 7HEAE
DR L A O EINH OFT &A%, L) BEFEIC
BESNDEY, WWS ORERKEEF O —2 POMTI
DEETFEYIZ, MEMAZR astrocyte FIZHEIA L
TWA™, 72 a-dystroglycanopathy € 7V Ej#)
DV EDTHAD Large™ mice TH, FBIZBIT 5 %
MO R PR DEESRE SN TVEY. Ihb
D LD, fukutin i, R MEMRLIZBWT
i EEARETLIHEELTVWALIICEbLNAS.
AR IC S FIML T A, BREL, BIE
HIZHRBERAD L TWEEELN LYY, DG b
MRGAABICRIE L TEB D, RAMEEMALIZ BT

)

control

WoR

g 2 gy

Fig. 4 Experimental findings in cultured cells

In astrocytoma cell line, cells change their shape to fusiform appearance with elongation
of cytoplasmic processes after knockdown of fukutin by RNAIi (A), compared to control
(B). Western blotting using anti-fukutin antibody shows a band about 60 kDa in both the
cytoplasmic and nuclear extract of HeLa cells (C). The reaction is stronger in the nuclear
extract. In Immuno-electron microscopy using anti-fukutin antibody, colloid particles are
seen in the nucleus in addition to the Cytoplasm (arrows) (D).

Cy: cytoplasmic extract, Nuc: nuclear extract, NC: negative control, N: nucleus.
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X, TS OMBOEIERC LD BEY DS, £ 72
PR CIBEFICBIT 5% Y T T ARG TO
HEIDIRE STV EY. FCMD JEBI DMK 2B
Wi, fukutin, BESHIEM o DG DERTA#HE SN
THEHN?, MR IC BT, fukutin 2% DG &4
LT, #EERYF 7T AREBIZEE LT AT REHED
ZZoNBH, BEEMLRIERETEIN T2,
FCMD O FRHIEREICIB T, 7 7 EFRER e
PSMORRENH T ) Bz vwold, Mg s
IF % fukutin DFEREDIL T 2 B3 A #HE D @\ T
WATREER, b &b &Mz IZ BT % fukutin
DFEIDILER, glia ML AR TR W ITREME S A
ZzoNhb, Tz, MEEOMEEIC L - T, fuku-
tin OB OBENGFET L RMEDEZ NS,

KRR, S A Ol astrocyte, oligoden-
droglia, microglia & » 7 1) 7Hllg, M4, BEESED
LIER SN TwA. BIEDE T A, astrocyte R
R LLAL O iR A BB 4312 3 1) B fukutin D%
ENCBIL T, BEALERMTH A, FCMD KikH
B2 dysmyelination A& 515 =%, fulkutin RIEF
AT ZADOKRMMECTOBIEREESTFET S
E® o-DG 7% oligodendroglia i2FIR LY, FD51k
Wb TWwB EY, a7 Vil aDG 2 &
DGC EEH&EEVIFEH L, RAEMRET ORI
B> - T 5 &Y 7» 514, oligodendroglia (28 \»
T3 fukutin 25EEE L T AW REENE Z SN 5.

3. FEMFRMEICH T B fukutin DIREY

FCMD IZBWTid, A, ik, RAYRE D TR
THHA, fukutin 3, MRS O REIES
12, 13 & AL ubiquitous 125 L T 2% 5L
L OBED RBEINTVAELY, s OlEeMk
TO/RENIRFEPTH 5. BHILOREEZMIkE H
Wz R T, fukutin # RNAL IS X #3562 &
T, MIBEIEANER & o2, 20k, BZ 5
C—@EEEZObN5B25, EEMIZE L, MEMIC
L, MRMIEICEEE RIZL WA EEZLND.
FHIRE T, 2% 563 LY, fukutin & o-DG A3
FLTBLTY, o DGUAMNOERLDOBELEZD
nar" oDGIE, FvHHMT L VADLET Y —T
D&, fukutin FARIC o-DG OFESEIEERICEE ST 5
LARGE 2%, (¥ o #3EIc BT, #IlBATO Y 4 VA
BEEICHE L T AT EEIHRESI LTV AE™.
Fukutin (2% ZIUCHE L7 BEREDSTEAE T 5 AT REIE L
LETE v, T/, lymphoblast 1281} % fukutin
DOFBPERINTEB Y, REMEIT L TTS

31

HPOZREFHS TOAMEESELEZ DD,

4. Fukutin OH&EE & HBAETE

Fukutin & o-DG ORESEIEERICE S L, —kKigE
DFEMH S, BEE L TOMREEL L OWREEDE
ZHNTW2, ZhEFIIEEE L L TOMRE
FHRESINTE5Y, ©LAPOMGNTI &AL,
POMGnT1 @ o-DG #ESAIE S i s 2w B 3 5, co-
factor E LTOBE 2L TwhHrEEZLNTW
%' POMTI OEEFRIEMEIZS, POMT2 2% 7% 2
EDTRENT VWA,

DGCiE, Y7 FIMEELIEELTEDY, B
HICBWTIE, BDGEMN LI AT — F2ALN
%. BDGEEEEA T, MiEso N Km#liZ o
DG AL, MM CKmEl T, ¥ 7FVinE
& 5 9 % growth factor receptor bound protein 2
(Grb2), src HEET " S LOiE
B, osrcmw Ny S P IVIREREEILT A 2 &
Y DGETIZVOMEEHRETHZLIZLY,
PIBK/AKT AN LT R =Y ANBI 5
EPRE XN TS, Fukutin &, o-DG DHESHE
iz LC, SNOORBICHEZ RIZLTWAHT
BHELZEZIONS.

—75, fukutin B &%, o-DG OFEEHIEH AL OBE
REx AL TWAAREDLZEZLO6NE. Bzl
Iy ATz hENT: fukutin iE, TV VKREIZR
T AV TN VEBIMEEAEKOELETHD,
fukutin ® o-DG DHEFHAE AT DX E 2 KT 5 H D
EEZOND. L2LERMNE, fukutin @, invivo
TOMELZMBANBAIEEICEEHEA T,
VL FRRED A R R EM o ARG B I B W T
&, HREOMICENFEEINDL I EVHL. IO
Bogaid, FFRN D EZEZ 6N T2,
Fer 0, REFEFEMILR astrocytoma MEHRIZ BT 5
$yEEFE, western blotting & T, TV TV EE R/
faARiZn 2, BAORBEDTREEARIE & L7z (Fig.
4)"™ RNAi 2 X 0 fukutin 2 #0% L 7-flg Cid, =
SERIE AT BT ARGV R 2553 S E A bR
. IOz kiE, fukutin 25, o-DG OHESEE AR LIS
OWBEX BT A REREZ T A, HHWI &I,
FKRP &/hafk, IV VHEE, BEAMEICRET S
ZEPME I N T B, RNAIIZ & % fukutin
D)y yFT RIS L, JEMIL L astrocytoma
M TIRELZLISERT /20, MlBICL )RR
BREZIZE > TWAIRELDL H 2. &, o
dystroglycanopathy T, %2 fukutin % FKRP £ £
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BB WT, DG OHESEIBH O T & R4 E
FEE LD, LT LA —H LI EdMEIN T
512,

DELODEADVEHEEZAETHILIFMONTS
D, fukutin 3Z ) Vo EATH L UREELDH 5.
—7%, fukutin & alternative splicing Z7/~r3 2 & b
HEINTELY, Iho0—REMEEN R~ OFT
R, full-length @ fukutin BHD b O Tl <, iso-
form IZ X ATREEDHAH. L, RIZEITHo
728 LT, —DO0 fukutin BIZFH HEE, RS
NIV OWIETH 1), fukutin DERATORE %
% 2 TIT L ETIE, o-DG OHESEE A LIV O B BE D
TRz R B FEIL, FEREVWEEZ OGNS, F72,
BB Z 2L ETOEELEEDbNS.

YA MT T4 —I2BWTYH, BB RPE
BT LHEOEFZFIZLY), BEFIEENOHIZEI S
MAZATHbITE D" Duchenne A% it 1
HYA T 74 —I2BWTIE, BRFRGHAD Phase I/
Ma DEFEIZA > T3, Duchenne B ¥ A 1
7 4 —=1ZBWTIE, dystrophin % 9 ALSEIE
HLHFEEINODOH D", o-dystroglycanopathy &
HEREICE L Tld, LARGE #E15T ? & A Large™®
mice X, FCMD, #iiRMm, WWS BE OB =M
BV ToaDGCDOTI=VEAREMEBESEEn
IMELDH A, FCMD ICBW TR E 2 5 D3,
JaJBIA & PRI AT ET A2 L TH A,
EilE, EBRETLTUTC 20, WAEERD L ORE
bife s Bbnsns, wREMEHEICEL T, Kk
B OWRENLEE L L. TRETOREBHO
MES T, BOBFEERINIEN ) 7RO
FOIREZHHEEF %Y, bl 14 BRETIEHF DK
ERBERALNLVWI LD S, TOEHE TITHE
BB TEIE LR D Ly, F72, SBhiR
MR TOBEAMMOEAFICL Y RETETHN
i, BRIEHORERRIC critical % B 0 & DI
THRRED S L\, —75, fukutin I3ZFEZ B
GRRBICEBELCTBY, MRSV RZ22MEE2 L
TWAHIEEE D H 5720, FH-ERRITEAHRT
HUREM D BEIITE R\, 5%, BT EES)
FEHLEZN T BT, SR REEEE L 12025
72D, WEDR Y AL H R fukutin DHEEE D FEAE
BB A 5T 252 LD, RUTROLIICEDbLR
5.

¥ &

SFEMENFEOREICL), YA bo

TA—DFHIZBNTYH, JEREIZELRZEEOR
AFHDBENDL LI o7 B OBERKREETICE
iR#% & &, dystrophinopathy, sarcoglycanopathy,
dysferlinopathy, o-dystroglycanopathy 7 & & b i
S 5. Fukutin 2B L T3 fukutinopathy &\ 9
LFROSRIEE N, fEA OWEMTHONTWBED, F
PEEPERMIAREGTIEZ V. 5%, Bz FHRESD
HEICA-TL B EBbN %%, fukutin ik, FHA,
g, ROAZ LT, FNFEBERICEIALTED,
FIRET, BEWEH O L 2 WikEZ % 2 Tw{ LT,
FEREIY 7 TR BE DFFAT, fukutin OFEBE DRI E DR /-
THRENIKEVWEEbNS,
X

1) Fukuyama Y, Kawazura M, Haruna H: A pecu-
liar form of congenital progressive muscular dys-
trophy. Paediatr Univ Tokyo 4: 5-8, 1960

2) Fukuyama Y, Osawa M, Suzuki H: Congenital
progressive muscular dystrophy of the Fukuyama
type. Clinical, genetic and pathological considera-
tions. Brain Dev 3: 1-29, 1981

3) Osawa M, Sumida S, Suzuki N et al: In Congenital
Muscular Dystrophies (Fukuyama Y, Osawa M,
Saito K eds), pp31-68, Elsevier, Amsterdam (1997)

4) BIuER FELRB A ba 7 4 —HfROER L
&Y. Brain Nerve 60 : 43-51, 2008

5) Schessl J, Zou Y, Bonnemann CG: Congenital mus-
cular dystrophies and the extracellular matrix.
Semin Pediatr Neurol 13: 80-89, 2006

6) Martin PT: The dystroglycanopathies: The new
disorders of O-linked glycosylation. Semin Pediatr
Neurol 12: 152-158, 2005

7) Michele DE, Campbell KP : Dystrophin-
glycoprotein complex: post-transcriptional process-
ing and dystroglycan function. ] Biol Chem 278:
15457-15460, 2003

8) Hayashi YK, Ogawa M, Tagawa K et al: Selec-
tive deficiency of o-dystroglycan in Fukuyama-
type congenital muscular dystrophy. Neurology 57:
115-121, 2001

9) Yamamoto T, Kato Y, Kawaguchi M et al: Ex-
pression and localization of fukutin, POMGnT1 and
POMT1 in the central nervous system: considera-
tion for functions of fukutin. Med Electron Microsc
37:200-207, 2004

10) Yamamoto T, Shibata N, Saito Y et al: Functions
of fukutin, a gene responsible for Fukuyama type
congenital muscular dystrophy, in neuromuscular
and other somatic organs. Cent Nerv Syst Agents
Med Chem 10: 169-179, 2010

11) Takahashi S, Sasaki T, Manya H etal: A new
B1,2-N-acetylglucosaminyltransferase that may
play a role in the biosynthesis of mammalian O-
mannosyl glycans. Glycobiology 11: 37-45, 2001

12) Yoshida A, Kobayashi K, Manya H et al: Muscu-
lar dystrophy and neuronal migration disorder
caused by mutations in a glycosyltransferase,

—E32—



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

POMGNTL. Dev Cell 1: 717-724, 2001

Kano H, Kobayashi K, Herrmann R et al: Defi-
ciency of o-dystroglycan in muscle-eye-brain dis-
ease. Biochem Biophys Res Commun 291: 1283—
1286, 2002

Manya H, Sakai K, Kobayashi K et al: Loss-of-
function of an N-acetylglucosaminyltransferase,
POMGnT1, in muscle-eye-brain disease. Biochem
Biophys Res Commun 306: 93-97, 2003
Beltran-Valero de Bernabé D, Currier S, Stein-
brecher A etal: Mutations in the O-mannosyl-
transferase gene POMT1 give rise to the severe
neuronal migration disorder Walker-Warburg syn-
drome. Am ] Hum Genet 71: 1033-1043, 2002
Sabatelli P, Columbaro M, Mura I et al: Extracel-
lular matrix and nuclear abnormalities in skeletal
muscle of a patient with Walker-Warburg syn-
drome caused by POMT1 mutation. Biochim Bio-
phys Acta 1638: 57-62, 2003

Akasaka-Manya K, Manya H, Endo T: Mutations
of the POMT1 gene found in patients with Walker-
Warburg syndrome lead to a defect of protein O-
mannosylation. Biochem Biophys Res Commun 325:
75-79, 2004

Kim D-S, Hayashi YK, Matsumoto H etal:
POMT1 mutation results in defective glycosylation
and loss of laminin-binding activity in a-DG. Neurol-
ogy 62:1009-1011, 2004

Manya H, Chiba A, Yoshida A et al: Demonstra-
tion of mammalian protein O-mannosyltransferase
activity: Coexpression of POMT1 and POMT?2 re-
quired for enzymatic activity. Proc Natl Acad Sci
USA 101: 500-505, 2004

van Reeuwijk J, Janssen M, van den Elzen C et al:
POMT?2 mutations cause o-dystroglycan hypogly-
cosylation and Walker-Warburg syndrome. J Med
Genet 42: 907-912, 2005

Brockinton M, Blake DJ, Prandini P et al: Muta-
tions in the fukutin-related protein gene (FKRP)
cause a form of congenital muscular dystrophy
with secondary laminin o2 deficiency and abnormal
glycosylation of o-dystroglycan. Am ] Hum Genet
69: 1198-1209, 2001

Brockinton M, Yuva Y, Prandini P et al: Muta-
tions in the fukutin-related protein gene (FKRP)
identify limb girdle muscular dystrophy 21 as a
milder allelic variant of congenital muscular dystro-
phy MDC1C. Hum Mol Genet 10: 2851-2859, 2001
Peyrard M, Seroussi E, Sandberg-Nordqvist A-C
et al: The human LARGE gene from 22ql12.3-q13.1
is a new, distinct member of the glycosyltrans-
ferase gene family. Proc Natl Acad Sci USA 96:
598-603, 1999

Longman C, Brockington M, Torelli S et al: Mu-
tations in the human LARGE gene cause MDCI1D, a
novel form of congenital muscular dystrophy with
severe mental retardation and abnormal glycosyla-
tion of o-dystroglycan. Hum Mol Genet 12: 2853—
2861, 2003

Nakanishi T, Sakauchi M, Kaneda Y et al: Car-
diac involvement in Fukuyama-type congenital

—E33—

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

33

muscular dystrophy. Pediatrics 117: 1187-1192,
2006

Yoshioka M, Kuroki S, Kondo T: Ocular manifes-
tations in Fukuyama type congenital muscular dys-
trophy. Brain Dev 12: 423-426, 1990

BAES  ERXUEB AT — [BROD
DR, ppd6-61, HABEEH ML, 3 (1993)
Matsubara S, Mizuno Y, Kitaguchi T etal:
Fukuyama-type congenital muscular dystrophy :
close relation between changes in the basal lamina
and plasma membrane. Neuromusc Disord 9: 383—
398, 1999

Matsumura K, Nonaka I, Campbell KP: Abnor-
mal expression of dystrophin-associated proteins in
Fukuyama-type congenital muscular dystrophy.
Lancet 341: 521-522, 1993

Ishii H, Hayashi YK, Nonaka I et al: Electron mi-
croscopic examination of basal lamina in Fukuyama
congenital muscular dystrophy. Neuromusc Disord
7:191-197, 1997

Miura K, Shirasawa H: Congenital muscular dys-
trophy of the Fukuyama type (FCMD) with severe
myocardial fibrosis. A case report with postmor-
tem angiography. Acta Pathol Jpn 37: 1823-1835,
1987

Moriuchi T, Kagawa N, Mukoyama M etal:
Autopsy analyses of the muscular dystrophies.
Tokushima ] Exp Med 40: 83-93, 1993

Hino N, Kobayashi M, Shibata N et al: Clinicopa-
thological study on eyes from cases of Fukuyama
type congenital muscular dystrophy. Brain Dev 23:
97-107, 2001

Kamoshita S, Konishi Y, Segawa M et al: Con-
genital muscular dystrophy as a disease of the cen-
tral nervous system. Arch Neurol 33: 513-516, 1976
Takada K, Nakamura H, Tanaka J: Cortical dys-
plasia in congenital muscular dystrophy with cen-
tral nervous system involvement (Fukuyama type).
J Neuropathol Exp Neurol 43: 395-407, 1984
Kimura S, Sasaki Y, Kobayashi T etal
Fukuyama-type congenigal muscular dystrophy
and the Walker-Warburg syndrome. Brain Dev 15:
182-191, 1993

Saito Y, Kobayashi M, Itoh M et al: Aberrant neu-
ronal migration in the brainstem of Fukuyama-type
congenital muscular dystrophy. ] Neuropathol Exp
Neurol 62: 497-508, 2003

Takada K, Nakamura H, Suzumori K et al: Corti-
cal dysplasia in a 23-week fetus with Fukuyama
congenial muscular dystrophy (FCMD). Acta Neu-
ropathol 74: 300-306, 1987

Takada K, Nakamufra H: Cerebellar micropoly-
gyria in Fukuyama congenital muscular dystrophy:
Observations in fetal and pediatric cases. Brain
Dev 12: 774-778, 1990

Yamamoto T, Toyoda C, Kobayashi M et al: Pial-
glial barrier abnormalities in fetuses with Fuku-
yama congenital muscular dystrophy. Brain Dev
19: 35-42, 1997

E42KE : Astrocyte DI, FIZRBERBED O M7z,
[Glia #1#a ), pp89-110, 7 X7 1, HET (1999)



34

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

L HEL - MoFA L astrocyte. HMMAEAFR, mi-
gration % L T synapse DEEREFEHL 2> & A /2. [Glia
e, pp241-264, 757, B (1999)
Yamamoto T, Shibata N, Kanazawa M etal:
Early ultrastructural changes in the central nerv-
ous system in Fukuyama congenital muscular dys-
trophy. Ultrastruct Pathol 21: 355-360, 1997

Saito Y, Murayama S, Kawai M et al: Breached
glia limitans-basal lamina complex in Fukuyama-
type congenital muscular dystrophy. Acta Neuro-
pathol 98: 330-336, 1999

Yamamoto T, Kato Y, Kawaguchi-Niida M et al:
Characteristics of neurons and glia in the brain of
Fukuyama type congenital muscular dystrophy.
Acta Myol 26: 9-13, 2008

Sidman RL, Rakic P: Neuronal migration, with
special reference to developing human brain: A re-
view. Brain Res 62: 1-35, 1973

Larroche J-C: Development of the central nervous
system. In Developmental Pathology of the Neo-
nate, pp319-353, Excerpta Medica, Amsterdam
(1977

Friede F: Gross and microscopic development of
the central nervous system. In Developmental Neu-
ropathology, 2nd revised and expanded edition,
pp2-20, Springer-Verlag, Berlin (1989)

Mrzljak L, Uylings HBM, Kostovic I et al: Prena-
tal development of neurons in the human prefron-
tal cortex: I. A qualitative Golgi study. J] Com Neu-
rol 271: 355386, 1988

Marin-Padilla M: Ontogenesis of the pyramidal
cell of the mammalian neocortex and developmen-
tal cytoarchitectonics: a unifying theory. ] Comp
Neurol 321: 223-240, 1992

Rakic P: The radial edifice of cortical architecture:
from neuronal issencepha to genetic engineering.
Brain Res Rev 55: 204-219, 2007

Nakajima K: Control of tangential/non-radial mi-
gration of neurons in the developing cerebral cor-
tex. Neurochem Int 51: 121-131, 2007
Bloch-Gallego E, Causeret F, Ezan F et al: Devel-
opment of precerebellar nuclei: instructive factors
and Intracellular mediators in neuronal migration,
survival and axon pathfinding. Brain Res Rev 49:
253266, 2005

Gleeson JG, Walsh CA: Neuronal migration disor-
ders: from genetic diseases to developmental
mechanisms. Trends Neurosci 23: 352—-359, 2000
Kerjan G, Gleeson JG: Genetic mechanisms under-
lying abnormal neuronal migration in classical lis-
sencephaly. Trends Genet 23: 623-630, 2007
Sievers J, von Knebel Doeberitz C, Pehlemann F-
W et al: Meningeal cells influence cerebellar devel-
opment over a critical period. Anat Embryol 175:
91-100, 1986

von Knebel Doeberitz C, Sievers J, Sadler M et al:
Destruction of meningeal cells over the newborn
hamster cerebellum with 6-hydroxydopamine pre-
vents foliation and lamination in the rostral cerebel-
lum. Neuroscience 17: 409-426, 1986

Suzuki M, Choi BH: Repair and reconstruction of

—E34—

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

the cortical plate following closed cryogenic injury
to the neonatal rat cerebrum. Acta Neuropathol 82:
93-101, 1991

Takeda S, Kondo M, Sasaki J et al: Fukutin is re-
quired for maintenance of muscle integrity, cortical
histogenesis and normal eye development. Hum
Mol Genet 12: 1449-1459, 2003

Hu H, Yang Y, Eade A et al: Breaches of the pial
basement membrane and disappearance of the glia
limitans during development underlie the cortical
lamination defect in the mouse model of muscle-
eye-brain disease. ] Comp Neurol 502: 168-183, 2007
Moore SA, Saito F, Chen ] et al: Deletion of brain
dystroglycan recapitulates aspects of congenital
muscular dystrophy. Nature 418: 422-425, 2002
Costell M, Gustafsson E, Asz6di A et al: Perlecan
maintains the integrity of cartilage and some base-
ment membranes. ] Cell Biol 147: 1109-1122, 1999
Georges-Labouesse E, Mark M, Messaddeq N et
al: Essential role of o6 integrins in cortical and reti-
nal lamination. Curr Biol 8: 983-986, 1998
Graus-Porta D, Blaess S, Senften M et al: B1-class
integrins regulate the development of laminae and
folia in the cerebral and cerebellar cortex. Neuron
31: 367-379, 2001

Niewmierzycka A, Mills J, St-Arnaud R et al:
Integrin-linked kinase deletion from mouse cortex
results in cortical lamination defects resembling
cobbestone lissencephaly. ] Neurosci 25: 7022-7031,
2005

Beggs HE, Schahin-Reed D, Zang K et al: FAK de-
ficiency in cells contributing to the basal lamina re-
sults in cortical abnormalities resembling congeni-
tal muscular dystrophies. Neuron 40: 501-514, 2003
Toda T, Ikegawa S, Okui K et al: Refined map-
ping of a gene responsible for Fukuyama-type con-
genital muscular dystrophy: Evidence for strong
linkage disequilibrium. Am J Hum Genet 55: 946—
950, 1994

Kobayashi K, Nakahori Y, Miyake M et al: An
ancient retrotransposal insertion causes
Fukuyama-type congenital muscular dystrophy.
Nature 394: 388-392, 1998

FHES BLUAH VA o7 4 —EHRERTE
W7o F v HE{LE 715560, 1999

Saito K, Osawa M, Wang Z-P et al: Haplotype-
phenotype correlation in Fukuyama congenital
muscular dystrophy. Am ] Med Genet 92: 184-190,
2000

Kurahashi H, Taniguchi M, Meno C et al: Base-
ment membrane fragility underlies embryonic le-
thality in fukutin-null mice. Neurobiol Dis 19: 208—
217, 2005

Beltran-Valero de Bernabé D, van Bokhoven H,
van Beusekom E etal: A homozygous nonsense
mutation in the fukutin gene causes a Walker-
Warburg syndrome phenotype. ] Med Genet 40:
845-848, 2003

Godfrey C, Escolar D, Brockington M et al:
Fukutin gene mutations in steroid-responsive limb
girdle muscular dystrophy. Ann Neurol 60: 603-



74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

&7)

88)

610, 2006

Murakami T, Hayashi YK, Noguchi S et al: Fuku-
tin gene mutations cause dilated cardiomyopathy
with minimal muscle weakness. Ann Neurol 60:
597-602, 2006

Godfrey C, Clement E, Mein R etal: Refining
genotypa-phenotype correlations in muscular dys-
trophies with defective glycosylation of dystrogly-
can. Brain 130: 2725-2735, 2007

Cotarelo RP, Valero MC, Prados B etal: Two
new patients bearing mutations in the fukutin gene
confirm the relevance of this gene in Walker-
Warburg syndrome. Clin Genet 73: 139-145, 2008
Taniguchi K, Kobayashi K, Saito K et al: World-
wide distribution and broder clinical spectrum of
muscle-eye-brain disease. Hum Mol Genet 12: 527-
534, 2003

Balci B, Uyanik G, Dincer P et al: An autosomal
recessive limb girdle muscular dystrophy (LGMDZ2)
with mild mental retardation is allelic to Walker-
Warburg syndrome (WWS) caused by a mutation
of the POMT1 gene. Neuromusc Disord 15: 271-275,
2005

Mercuri E, D’Amico A, Tessa A et al: POMT2 mu-
tation in a patient with ‘MEB-like’" phenotype.
Neuromusc Disord 16: 446—448, 2006

Biancheri R, Falace A, Tessa A etal: POMT?2
gene mutation in limb-girdle muscular dystrophy
with inflammatory changes. Biochem Biophys Res
Commun 363: 1033-1037, 2007

Mercuri E, Topaloglu H, Brockington M et al:
Spectrum of brain changes in patients with con-
genital muscular dystrophy and FKRP gene muta-
tions. Arch Neurol 63: 251-257, 2006

Chiyonobu T, Sasaki J, Nagai Y et al: Effects of
fukutin deficiency in the developing brain.
Neuromusc Disord 15: 416-426, 2005

Zaccaria ML, Di Tommaso F, Brancaccio A et
al: Dystroglycan distribution in adult mouse brain:
a light and electron microscopy study. Neurosci-
ence 104: 311-324, 2001

Yamamoto T, Kato Y, Karita M et al: Fukutin ex-
pression in glial cells and neurons: implication in
the brain lesions of Fukuyama congenital muscular
dystrophy. Acta Neuropathol 104: 217-224, 2002
Saito Y, Mizuguchi M, Oka A et al: Fukutin pro-
tein is expressed in neurons of the normal develop-
ing human brain but is reduced in Fukuyama-type
congenital muscular dystrophy brain. Ann Neurol
47: 756-764, 2000

Miller G, Ladda RL, Towfighi J: Cerebro-ocular
dysplasia-Muscular dystrophy (Walker Warburg)
syndrome. Findings in 20-week-old fetus. Acta Neu-
ropathol 82: 234-238, 1991

Yamamoto T, Kato Y, Karita M et al: Expression
of genes related to muscular dystrophy with lissen-
cephaly. Pediatr Neurol 31: 183-190, 2004

Prados B, Peiia A, Cotarelo RP et al: Expression
of the murine pomt1 gene in both the developing
brain and adult muscle tissues and its relationship
with clinical aspects of Walker-Warburg syndrome.

—E35—

89)

90)

91)

92)

93)

94)

95)

96)

97)

%)

99)

100)

101)

102)

103)

35

Am ] Pathol 170: 1659-1668, 2007

Qu Q, Crandall JE, Luo T et al: Defects in tangen-
tial neuronal migration of pontine nuclei neurons in
the Large™" mouse are associated with stalled mi-
gration in the ventrolateral hindbrain. Eur J Neuro-
sci 23: 2877-2886, 2006

Sasaki J, Ishikawa K, Kobayashi K et al: Neuro-
nal expression of the fukutin gene. Hum Mol Genet
9: 3083-3090, 2000

Schroder JE, Tegeler MR, GroBhans U et al: Dys-
troglycan regulates structure, proliferation and dif-
ferentiation of neuroepithelial cells in the develop-
ing vertebrate CNS. Dev Biol 307: 62-78, 2007
Haenggi T, Frisschy J-M: Role of dystrophin and
utrophin for assembly and function of the dystro-
phin glycoprotein complex in non-muscle tissue.
Cell Mol Life Sci 63: 1614-1631, 2006

Saito Y, Yamamoto T, Mizuguchi M etal: Al-
tered glycosylation of o-dystroglycan in neurons of
Fukuyama congenital muscular dystrophy brains.
Brain Res 1075: 223228, 2006

Kato T, Funahashi M, Matsui A et al: MRI of dis-
seminated developmental dysmyelination in fuku-
yvama type of CMD. Pediatr Neurol 23: 385388,
2000

Saito F, Masaki T, Saito Y et al: Defective periph-
eral nerve myelination and neuromuscular junction
formation in fukutin-deficient chimeric mice. ] Neu-
rochem 101: 1712-1722, 2007

Colognato H, Gavin J, Wang Z et al: Identification
of dystroglycan as a second laminin receptor in oli-
godendrocytes, with a role in myelination. Develop-
ment 134: 1723-1736, 2007

Galvin J, Eyemann C, Colognato H: Dystroglycan
modulates the ability of insulin-like growth factor-1
to promote oligodendrocyte differentiation. ] Neu-
rosci Res 88: 3295-3307, 2010

Cai H, Erdman RA, Zweier L et al: The sarcogly-
can complex in Schwann cells and its role in myelin
stability. Exp Neurol 205; 257-269, 2007

Masaki T, Matsumura K: Biological rol of dystro-
glycan in Schwann cellfunction and its implication
in peripheral nervous system diseases. ] Biomed
Biotech 2010, doi: 10.1155/2010/740403

Saito Y, Yamamoto T, Ohtsuka-Tsurumi E et al:
Fukutin expression in mouse non-muscle somatic
organs: its relationship to the hypoglycosylation of
a-dystroglycan in Fukuyama-type congenital mus-
cular dystrophy. Brain Dev 26: 469-479, 2004
Yamamoto T, Kato Y, Shibata N et al: A role of
fukutin, a gene responsible for Fukuyama type con-
genital muscular dystrophy, in cancer cells: a possi-
ble role to suppress cell proliferation. Int ] Exp Pa-
thol 89: 332-341, 2008

Tayeh A, Tatard C, Kako-Ouraga S et al: Rodent
host cell/Lassa virus interactions: evolution and ex-
pression of alpha-dystroglycan, LARGE-1 and
LARGE-2 genes, with special emphasis on the Mas-
tomys genus. Infect Genet Evol, doi: 10.1016/j.meegi
d.2010.07.018

Aravind L, Koonin EV: The fukutin protein



36

104)

105)

106)

107)

108)

109)

110)

family-predicted enzymes modifying cell surface
molecules. Curr Biol 9: R836—-R837, 1999

Xiong H, Kobayashi K, Tachikawa M et al: Mo-
lecular interaction between fukutin and POMGnT1
in the glycosylation pathway of o-dystroglycan.
Biochem Biophys Res Commun 350: 935-941, 2006
Oak SA, Zhou YW, Jarrett HW: Skeletal muscle
signaling pathway through the dystrophin gly-
coprotein complex and Racl. J Biol Chem 278:
39287-39295, 2003

Russo K, Di Stasio E, Macchia G et al: Characteri-
zation of the B-dystroglycan-growth factor receptor
2 (Grb2) interaction. Biochem Biophys Res Com-
mun 274: 93-98, 2000

Sotgia F, Lee H, Bedford MT etal: Tyrosine
phosphorylation of B-dystroglycan at its WW do-
main binding motif, PPxY, recruits SH2 domain
containing proteins. Biochemistry 40: 14585-14592,
2001

Zhou YW, Jiang D, Thomason DB et al: Laminin-
induced activation of Racl and JNKp46 is initiated
by src family kinases and mimics the effects of
skeletal muscle contraction. Biochemistry 46 :
14907-14916, 2007

Langenbach KJ, Rando TA: Inhibition of dystro-
glycan binding to laminin disrupts the PI3K/Akt
pathway and survival signaling in muscle cells.
Muscle Nerve 26: 644—653, 2002

Matsumoto H, Noguchi S, Sugie K et al: Subcellu-
lar localization of fukutin and fukutin-related pro-

111)

112)

113)

114)

115)

116)

117)

tein in muscle cells. ] Biochem 135: 709-712, 2004
Beedle AM, Nienaber PM, Campbell KP: Fukutin-
related protein associates with the sarcolemmal
dystrophin-glycoprotein complex. ] Biol Chem 282:
16713-16717, 2007

Jiménez-Mallebrera C, Torelli S, Feng L et al: A
comparative study of a-dystroglycan glycosylation
in dystroglycanopathies suggest that the hypogly-
cosylation of o-dystroglycan dose not consistently
correlate with clinical severity. Brain Pathol 19:
596-611, 2008

Kobayashi K, Sasaki J, Kondo-Iida E et al: Struc-
tural organization, complete genomic sequences
and mutational analyses of the Fukuyama-type
congenital muscular dystrophy gene, fukutin. FEBS
Lett 489: 192-196, 2001

Cossu G, Sampaolesi M: New therapies for
Duchenne muscular dystrophy: challenges, pros-
pects and clinical trials. Trends Mol Med 13: 520-
526, 2007

Muntoni F, Wells D: Genetic treatments in muscu-
lar dystrophies. Curr Opin Neurol 20: 590-594, 2007
Odom GL, Gregorevic P, Chamberlain JS: Viral-
mediated gene-therapy for the muscular dystro-
phies: successes, limitations and recent advances.
Biochim Biophys Acta 1772: 243-262, 2007

Barresi R, Michele DE, Kanagawa M etal:
LARGE can functionally bypass o-dystroglycan de-
fects in distinct congenital muscular dystrophies.
Nat Med 10: 696-703, 2004

—E36—



	81e1000001_ページ_25
	81e1000001_ページ_26
	81e1000001_ページ_27
	81e1000001_ページ_28
	81e1000001_ページ_29
	81e1000001_ページ_30
	81e1000001_ページ_31
	81e1000001_ページ_32
	81e1000001_ページ_33
	81e1000001_ページ_34
	81e1000001_ページ_35
	81e1000001_ページ_36



