&zt ne ik As 2 b vibivs .
INTEEREZDOMETORL v M eF212F L0
t e 2 R & 3 2 Y I BT B koo st 20
il fh%m@%wﬂ%'i CTLD AT
mebfwﬁkwmm oES L%WW*PﬁAer
o HVEREO LRSS 2 O (DM R R A 1L L
LZROBE L, IS A NS A Z L IWAUITH D
RN COHTNON 11, §iHhTT 430 —
PT L TEMET L TH L. LRVEH LV
RN B aEl A PTG, KR > TR LD
BARTOINGETE L BEEORK K 7ok ) L
R o518 2 e, ik mr§%>vi%m¢&%/
H5H FREONORBOW, BN X &9 7200 %
BDHAT T HUE é»_ﬁbé M2l il
FTOFHAER MO ETH L. ERTEAWIILTE
WIS 2 B oIl 2 il 222 b, B
HRUELSEE B L. g1 BN AGTITRI L L0
RFWFEM >N 72T

FEREBROHEEHODERIG
TREHE A2 D -7 Wi, BUoNE LiifiEse {72
bTrWMﬂM@MMnﬁmW@ 29 L7z OBk
Pz Tml Ui U e S 2. & Lol oo sl
4 FORIMIBUTROENR &) 2, TOHBONOZFR
LR LTI h D,

Bl & LT iAo F $Hl(52 5 2 &3
é@%%%,ﬁmumw&uW”M&ﬁﬁy%ﬁ—P>
DI RS 2 A D D ¥y Pl etk
YR TL, Pﬁﬁ\ﬁipihtfw,mMWNM#
METHDL, U TMEN 728 X120 #0id 5
P ODFIHSEETH D

RRPEF WA MPE L 7Bl 7 & DL,
Drotar SIZ& DG siCn s ([X2)°

[l

Wimhor £ &

| EHERSEOSEM

SHE M E 2SI TR L B o 3¢

H] ( ”U

¥

P32y

I. vyav7?y

)

A
I 8BS 5 owyua my

)
\\V/\

V. Ei_ﬁ/

REESHA
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IARTe. FORHI, BEL R L0E Cassidy HI2X D

‘Management of Genetic Svndromes Tdh b 1%
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BITFMEE OBEENRBFENECTAE GESL, BREBTOEREDR
Fo TV, EGFREHTTRERREOEBEDENLE. ¥4 507 LA TIEERD
FEME TORECREARTERVRBAREDNEEEIND LS Lo k. BIGEFHIR
BT}, EEZHICHEOIBNTREICEZ EEBIC, RROPORRESPIREAE
DLUIHEREICHEDIBEEDHD. ZOY, KREICH>TE, BUFEIRHAVE
UV IDRETHD. BILEFUANILTORERERD SARAREICVCDTRERD S
b, BICFNRBEOBNSERRSEOEFORELRETHD.

BABE* (Breensvl)

* RIS TREMEER Y ¥ —BRE2HRN

(Key words : BEFRE, Y77OATRE, REMHEE, Y7070+, MLPA )
. AR DNA F v 7% ENH L. ThHOHEO
FUSIC

BRI, Smime, #FEm,
BIEAAL R E R EDPEENS. S ORET
FBE TR SR, BIETSEARE ¥R
BEAWML TS, BMETHKE AL
HY, ECEONETIIREETH o 72T D R)H
WiciThbhbd )k 72. LeL, —HNE
WAL By, BEFHIREOTEICH
7o o TR OBRIE R BB A 7 v 1Y ¥ 7Kl
REPRKDOLNE. AT, DNEOBETEER
WO 20N, BIEFENRBICHE T 8HE
FIHB X OBOL OB IR F MR O ML 2 i
T A, WMDY A EEFENRA
WAL DA B2 M2 A, £
ERR LI TlEANE W,

1 BEERREOEN

BEFIREICEZZ L O H 2 (E1).
FRENORM, BIzTHER RSB
e VICHOXEY ABWERNI NG, B
Mb PLED K & R E RS 03§
THY, 1bp DELZWNBIZE, ¥Y—7 ¥

KREBOWRFEIZ, AREIF 7Ty Mk
NELHwLRAN, ®EETLVA CGHR
MLPA &4 EDFH LVWIREAPNHH I T 5.
T/, WNELRZERBEFEEERINTE 5
Wity & IR DNA 22 FH L T+ %
BEhd5b.

BRI RN Y3k Hh b 2 0%
WA, B X - C, FERRHE I, AR
B, ECRREADE, THMRRZZ EPRH SRS,
WAEF T, B KM, B
F O RHERN - DNA 2 &2 vwbHhn 5.
EHIRT BT Z BN o—MoOM 2RI L T
W, BEOLVIIZFECRET. #Bi5 7%
Mi-cix, 7/ & DNA X AHTE mRNA »»
S ERE T cDNA 2/ TR T A5G D
b, T HOECERT, mRNA 2%
SN 5D7%51E, RT-PCR 2 & 2 W 2355030
ThsH9. BILTRATTENZE HIIZZHIZ
ERiTHHOTHRL, WIERBRZH CHENZ
o T 2T I RETH 5.

M X T 594-1101 KBRS 8 ALHT 840
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NRE NI BT B BIR BB gk

100Mb 10Mb 1Mb

o T —
SKY —

100Kb 10Kb  1Kb

100b 10b 1b

FISH |

7LACGH [

(BACTF L)

(A 30NA NP7 LA |

MLPA

HH>7ov ks
PCR

SSCP DHPLC
—=JLVA
DNAF v 7

[ I
[ |
L 1

B1 ZEK - BEFORROAE I EREFEOMS
T L2ETIE, 3,000 Mb (22 KOBELBMAE X/Y DAEED £55.
LD 2T, 450 /N2 RLANLORBAGRETIE 1 /N2 KORHTEH

TMb &%

I &EHADEUDI EHE

BIEFIRETIIA v 74— N -0k
FRBRETHL. BT EHEHRAEORWN - HkB
X ONERE, WAL oW TRt 2 17
9. BRSPS L %5 BBEUNOKE
WCHRERIERT LD S &, Bl
AUy PPAMCTF Ay b HB T E, BE
BT ANZT RV REN YD L L DT
HHZE, BREZHNMOETEILL vEng #
PEDH 52 L, REONZILHEH RERE %
Zk, RERERZA. BEFRHRE TohEE
FHMAOHRZ DD, HREBOTHR AR
FEIZ DR L 72D 2 L ENH 5.
P AR EDHBEO IV —DAREBEICIEL
T ITHATHRZEIVW ] EvwoTHEETII 2
ZEWEHH-oTEL O, KL W EIX
BARICa VL T B,

MR BICHT A2 IRL, TNEE R
KTOIBIENY V) 72 EHRT S, #HlE
Ayt yoE, BRBEEME (HAAH
BIEFE, OARBEZEHY V) VP %REDOEN
&) v LERKEEZEORBREE REM H50

R HEED Y Y5 =279, 2547V b
OLBEORE, 7+ 9 —RKHH»LETHS.
HIR PR L LI T 5 RFERBETIE, %
BEFE A2 B 07 U 72 8GR M o ki %
FHEMOBEAY VLT —DERVEENS.

Huntington # W OFRIER Wi 2 &, F
) A7 2 U A WEENAE WS, BRI
k) Yy EEBRELRWNRAET L, 2
SAT7 Y ORBIZX - Tid, BIET2ZH 2L
BV, HEVIITRETEVWEELH L. T,
EREE 723 P RHEEDRE . STV R VA
DIRIZIE S 2 BIat R BIZ oW T, /MBI
BIRFREZIT) OFEARNIET S, KA
WHFCTEL LI HoTHh S, THOH LI
ERTRETH 5.

HET BT cEONMARRIZEE Y Y >~
) U THEBROFRERICL - TEFH S,
ARAUAMZZ TIE R 5 v, KERIE AW
BECRIEDY D A, REH RN S
AAHZEBUETHAL., 12720, RAOMNED
Bonzga, b LLBREIE LR TY,
HIMERZ D ETHEDMAPERLHEEE
ZFHZERBIETE, FOLENIHIB SR
7oA ST EB IErN S, oW TG
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FHAELR LIRS,

BIEZMRAE Db b T RS - /4
K4 UvREDLNTWASY, RICELRDDOE
ARTAY, PR, EERKFRE TSRO Y
T5 [WTARy b (BREREZNEGRE) ]
EM KR FE D GENOTOPIA, EAMEH
A= L R—=VRETRHBURETH 5.

O e b7 o BIETHEFZECHET 51
Mg Crapbfley - HASEE - BHEXS
W) EWR134E3 H 29 H, K 16 4 12 H
28 HAemM%KIE, FK174FE 6 H 29 B —#iE

@ MATERORECHE T 5L PR 15 4
5 H 30 HLfes 57

@ BEFHBRECHTEIHIL N4V F
W 154E 8 H  EBIE MM

@ v MEETHRAEZEICHET 5 WS
HA®ARAEN S PR 16 49 H 16 HUET
it

G RIS A M P 19 4 8
A 16 B4 i ar

® BIZTFIHBRBERRICET 5580 PR
16 4£ 12 H 28 O &Ry

@ BRI 2 MRS P 204 7
A 31 HAERE

® FEH - NEMEREEA BT 5 EANH
DOBY HRIIRADT=DDOH A 54~ JEAS
B4 ERK 16 4E 12 J 24 HamE, P 184 4
A 21 B IE

I EEFRREOERPRMERRE

gett KRR (G 0 ¥eiERe FISH 2 &) 3
B S EEBERBRICIRI TS, #BI5TF2
LIBRIGR EN D L OB ZTE Y, MARH
B—EDORHEEHOL LIZEKL TWAH. 2006
NI AT R Y A 17 4 — (Duchenne %,
Becker %, fRILZAY) A3FHtkl 2,000 K TINHL S
Mz, 2008 4EICIE, REBBEERREOKERE, K
M7 Iud F—3Y R, @zt QT EREMR

B, A4V —ARHO—E (L% 1R
M%), Gaucher J%, Fabry J%, Pompe %% : B¢
MR EOWM), FRMER T, PREMEA
BB REREDI b 572, 512, 2008 EDE
FHMcE cl, oL BBEe AT A EYEM
WEEAT V) VT RITo7HE, BELA
2o, A1, 500 SomMENED LT
22720, [BEFHIRECHETLIIL VI4 V]
WZHEV, BIEAT ) VS ERAERICERT
LG OFENLETH B,

BURTIE%  OBIE T B BHIER R A
L, WRENTWEIRETHEBOBRALY
KLHAORTEY, REPELRVOPBIR
ThabH. P2 EFEHIA LT 74—V
AR T7 4 YDORED MLPA I X 58T
1, =2V VHEORKEE TORBEIRRATH
D, HERIIKRBTE LY., ZO/MOERITE
WThv—27 Iy AN &G REENRE
X, KR EOMERE, MAXHP—-EDSE
BT TERLTWA. RN RBHOSE,
TRTE LI ORT T AEAVIL R E
W, BT HEOB, <~ v — 2T 5.
BEMEICCBIVADLESTZHALH 5.
WX E LTHET AMiED % < 72 o 72 HT ORE
BT I E 5 CIRBEBE 2 5. BFTEH
LIFEBEOB LR LICRAEELHA. 29
L7=BLR 23038 U Cu R WKIFE ARy 22 i B
BB R B T2 RKIET 256050,
METHLH. SHRIE—EOoZRBEAEI LTI
12, BEEMREIITEFEIVZAZLAZ L
Y, KloEHISZHETHS.

BRK Tl A TR &2 47 ) TR O % v b
=7 AT A, BTEREEOTH» S/
FHTdh 5. GENDIA (http://www.gendia.
net) 1, KE, I—0vX, A=A F+FYTD
50 LEOWEBBEOER Ay V-7 TH 5.
2,000 FEE L Lo FHRIZFHRELRMEL T
w5, GENDIA &, MEKBICORME & B
ERBRE DM 2479 . ARIFEITCORAS T KR B
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ANREIBICB T LR EEFOHER

DK% BRHOXELRLEOHMZTFREZ
GENDIA 2473562 &1l 5.
HBD[WTALY b OF=LR—II2,
HAHOBLEERREOF V54 ¥ F—FR—=2
MWdhb., WMUEBIZOWTIE, HEdkEfiGE)
BADF—T7 7%y b V¥ (Orphan
Net Japan : ONJ http://www. onj. jp/) 7%
2007 4EIEH 212 LY. ONJIE, —h R
B X OEFERECH LT, WMRBCHT 5
BIETFBROYER, +v 7 —27 OB, $E4t,
e, HERXBCWT 2HELITY, BBTF2
el L CRROBBMEIOLSFSTHI L
#AMET 5. BinTHHREESM ORELS
JOREN L HERCBZTZRICET 2HAE
BEFELHECTH D, SHOBEINFESH
A.

IV BEFHREOSH

1. REERE

BIZFNRETH - LB RIS X FIH S
NTWbHDE, Guihnr il X siaAR
HThDH, PHWIEREOEE, THROMRAEN Y
BRLGENRH 5. GG Tld, 400~850 AN
NYRPHBONDLD, B Mb O LNV ORI
PR CTH 5. Hbh < RRBEEITEHE S Y
EbHweshs,

FISH #iid Btk HIOHBAUF E S 1B
LBECHCLNS, WENR BRI
N5, Bt RBRI RS X AREER (BEH#
THEERE) X G U CTRED L < TH FISH
BCREDVPFEEENS. Prader-Willi FEFEH,
Angelman FEMRE, Williams SEREE, 22q11.2
ROHEBERE, Smith-Magenis SEfERE & E03D
L. REPTFTHRL, 22q11.2 EHEBREHKO X
9 7%, BORIEBUC X AREEHAEH SR Tn5,
HEHOWE, BB 2BEPLETHS.
IMb RO RETHHRIMTEETDH 5.

SKY i3t oA b TRtk %

BT A ETH S, BRI OEEEERA O
ez ECAERTHS.

BUT OREER BB E T, ROAREED S
BETER-AC1IHoaPEEE#DOLN
5. BZE, Go¥den:& FISH B:% W — H 24
M35k, —hHoRBuIBdbhew, 72,
PR C Down SERERE % BE - 72854, FISH i
ThI)YI—=DERELPTo TR WEIARDH 5
P, THTRIELABE DAL, W GHn
ek b T HLELD 5.

2. YIJFOXTEER

H77Fu A TREEMNEHINTVWS, Go
e CIIRE ARGV, ¥ TFur TS
o — 7% fwvwiz FISH {£% MLPA :7% £ Ch
BEnL, 7 7a X 7T HEHBICEEE 8T
HE AL, RERCEBEZ OO ENFI
IV ERERXBECHMEERFLEL L. K
HAW D% I KR EIEBERD 2.5~8% 139
TFUATREEEZLRTVDY, 750
A7EREERFLCORITE, RHWC TERF
A OEEE] Lidwv R v, 1p36 RIS
BE, 1q44 R SH9E BB, 2q37.3 K 20 it B,
22q13 REHEBRE, 9034 KAHEGREZ: &3 i
TR AEBERTH 5.

3. 7L+ CGH ZRUL\-2H

BAC (bacterial artificial chromosome) &,
KIGWIZ L - TS 7 100~300Kb &
DNA OWi i<, BAC % PCR THIEX ¥ T A
G4 K7 R LR EIZHBENARY bELTH
DT D% BACT LA & LA Samn
4 7)) ¥4 ¥—ar (comparative genomic
hybridization : CGH) ®BFBEIZL Y, BEDF
J 5 DNA E3BOA 7 5 DNA 2k L 72
¢, BloaildtiFEikL, 74 LT, T
V¥4 - g ri&3Ese, BEEWNED
DNA OBODIZ X - THNDI R 4 5 550 H3 4
U5, ZoEZHELL CRkoR S - B
REMiT S, YT FOATICRO T, Yeta ke
BIEROMMIK KRR EHE D MIUTTETH 5. oty
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Ratio
(Cy3/Cy5)

0 50 100 150

200 250 300 350

BAC NO

X2 7L18EmEH
GAISETIREE AR, YI7TOX7HREEOTNIHELETHD I EDPHRRLE
fﬁlJ. 17936 DEEART. —  9p24 DREERYT. HO—EBIEERKRLL.
(M) E—I L TILERERK, (LORNKERR

RIfZEEIC AR ZThH, 7 V4 CGH TR
THEH L. 2L, T4 CGH Tildjfa
hofizic, A, MR EHERTIINETE
v, Yeta AR O DNA B OB 4
LT, 3HBERBBMIHTE 2,

Wk Tl CGHIZTTIRIBEENRTEY,
CHARGE BB ORI BT FE & LI H
A7z, W ER R KRS E IR AT S DO RR
RIS CIX, BRI 35 Peta MRS FE O FATL M
ﬁﬁiﬁA%@¢#7?Ux7ﬁ&%ﬁh~T
5 560 fli¥ o BAC # B8 L 72 [Genome Dis-
order Array] 2B L72"Y. M2k ohitk
HIRNTRERBITH S, 4,500 ARy b7 LA
T, &%/ A (#3,000Mb) % 0.7Mb Z°&
DARY P THN—=LTWABY, &5 4Y
I DNA 7 L4 R SNP (—#i#£M) 7L 43D
SN, K10Kb LRIVOMRMEED EH IR
TWw5h, <4707 b4 EME, BURTIIHEAE
{RBRIIR DS T W AS, 7 A RO 2 AT
Wb o EHBAEREL, BRIGHOZRED
s 5.

<4207 b4 OKROMNTHEIZRDLD

“LLLARA AR o
SITTR

17‘J>1234567891O

X3 MLPA @&Hl (EXR)
TOVUYHI0HBZBE, RETEHE—IOBEH
FMIKRY, 3AE—DEETIF.6EIES (20
RIdBRETH ), EEROBIFER TIERLY).

2, CNV (a¥—$£ M) Thsb. MH, Mk
OHOBEETIHBEKD D O 2 ¥ —DHHAE
T 555, Kb 2SIz Mb 12 RS
HN1A¥—D”RTHhozY), 3a—-—DOHEHE
RTWEANH LI EDVbhoTEL ZOHM
WICRIZTFREETR T T, IEROEED
HbH. 3y, MPLORKIEETH 5.
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/NI BT BV S IR B R O #E S

ACCGT T TGGGC TGCCGAATCAIGCAACCGCGGGGGC IGCC
200 210 ?

s 0 190

- ArgLeuGly' CysArgm He Thr‘AIa Thr Ala Gly Ala Ala

180

ACCGT T1GGGC 1GCCGAA TAACAG CAAC CGLGGGGGC 1 GC C

200 210

5214 = 71/7\%#?%
TEROES (B4R TR7I/JEBALAZY (Thr) [ACA] QRSN L
DEETHE 2HBERKLTIAl EB5TWA. ZDkd, TL—LY T MpED
TW%.

4. AF)UEHHFEE PCRZE

Prader-Willi #E%:, Angelman JEHE T
FISH 2 X 2T MIREDOH &% »wAs, JERK
B A F VLG RN PCR T 2 LRI D A A
WEBRBZHRHTEXLBNRD L. RO A
F VALK R PCR k2 E i35 2 L 3E M
TH DN, BERRNEEA LW EARETH
h, EEIRDSENTWS, Beckwith-Wiede-
mann FEERER® Russell-Silver JEBERE O —ERIZ
HAFIVALDOREAHEG T 5.

5. MLPA £ (multiple ligation-depend-

ent probe amplification)
MAEEAINLH LB HETHE. 7
Q—TDONLTYF¥LE¥—ark PCRIZK
B RERGS 7 A AbE, HINE T 580K
RREHEEZNBEWIHRINTE S, YA P74
vBIETOT Y AL ORE (R
2,000 3) RYTTFaXT7TREOMNTEHN &
L= O ERLLTWS”, HiEE T 5H81E
FOLr Y yEAOREPLEBOMMIIR N %
BIET 5. WD EO DNA TL L, BFN
LR HIETH 5. 3 X MLPA I & %1
Ho1pITH 5.

\ll

6. V—OIVAREBIGTFEEGNR

BB AT AR T O 2R & Pesg L,

AL E A & B EIEFEH T s, B4k
VI I VAT O[TH L. TR E -
ZFWROLZ L EEEBEZTYHEE S, #izT
1@?ﬁffr{£i€;1/&ﬁc HWb R 7. Bao
ZROWEL, PCREY DOH|REFFRLIEZ )T
TLHAELH 5. g MIEHAE Tl FGFR3 #
ZFOIEIZ 1 AOERZWRETIE L VS,
SHOLI ) bl TERNOAET LR
LHY, I TRALEL LS. PCROT S
AR —HRIE T HT3,000 HaiEL, bo&d
BHOYP»BEDTH 5.

BRI K F D/ 51k, COPPER 7L —
M, DHPLC # W@z T BB Y A7 0 %
RESE L, #9 20 MO REFEHEERIIONT
HIn T (http://www.dhplejp/) ZEML
TwaY,

EORBTHHEAFERIT 100% DB AT
v, EEMEER B CIEEEN e B M AR
TAHEMENE L, HIZFERNNEIh WY
&b, mw&%&z#ug,ifgam@w
HTHAH, —RIIGEEBETBHR T, a—74
YHERBREESLIIV R, fyhuriry
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Vv OBERER A S RIS 54, EhbAt
OF (TaE—F -4 EOIEMNRTUL, 1 >~
o s NER) OEREIBETE RV, ZOMIER
T2ELHROKE RREND LY, PCRT
W IEH 2 LS T ORI S, RENT
MWt dH 5. HEHREOKEIOK
)23 FISH i:%° MLPA O LETH 5.

WIDORIRIFADNH T, 7L—LH YT b
BT A My 7a Ky L TuiidEiN
LEZTIW., TIJBOMEPHENEDDS
I ALY ALENR 3OMBORERITHFAD
£ 7L — L ERTEWHENETE VS
Wb, MBEIERZL T, ZHO—HHE
DN I S N WE BT H TSI A3 <
e BHH, RRMICIEEETORBEZRXT, #
T2 LAV EWITRVWEALH 5.
SNP 57— & R—ZOKif, 7 3 /oL
X B EIVE ORGSR EEEOZILO T, EHis T
EROEHOT I 7 BHIHZE L TRAESNT
WAHRMED D, BEON CEBOMRHEIZHT S
WHW S EECH L. 2L, #Xomdy
DOBDITHHEET 5.

IV yHEBOT I JEEREEDLEV
DNA ZRTH, WNEEKRZ IOV H 5.
IOV VDATIA SR, v red
vha oS RORNPERETH LD, 7
Y v N ?D exonic splicing enhancer FIE D% 5%
XY, ATI4 YRR U
IhTwnsb,

V BIEEMREZH < DT OMO5ER

O #IETZHICHV SN S PCR RSE
V= U — A BEOMRPARONS.
BV LR 2 B IR SR CE B &9
WZhho0dh b,

R 22T CTdh % 2%, SNP Ol b REC
TXBLE92oTWwWAh, BT TTDSNP 714
Yy ZRHFENIAT) FELMHLL TS, &

T 3R EDOHIZRIALY — 7 2 V=T
OPRFENRT VDL, HERIIE KRR & B
RELES ) AERORL, RIEHL—2
¥ —%AviuE, 10 THEEOGHETHA
D) AEMERIGF T AR L L vwbh
Twa, WHEHIE DD T W HETED B
5.

2) WH RO BRID R HITHEA T
5. WHLRRAMAEE, EYoRRo FillR
FIVEIN O D e Wi )T i8R & EWZATHITH
5. DNA F v 7HHHEN 5 50% ., i
ANOFENZ A Do 72 [F—9— A4 FEH] 2
INBOHFIRTHHEETLHTHAS 9.

B A vy —Fy bOFR—LR=VRET,
PR BB & B IS ORI T2 W B 2 T
LEBDVHAT S, EEHEHR Alzheimer
WWOBIET-BW 7 &R 5T, BORIBGHTE R R
%L THEE LTHWTWA, DTC (di-
rect-to-consumer) AL & XX, HiAAEDOR; I,
FHENEZEORISTICMErH L2 HDOBE 0T
LR, A ve) v roOBBERENT EAA
WOFHEZPEPRT, FEEEWEST L LED
Hab.

@ REHTHEFHFTIIITDR TV LM,
% IEFEDOEYHRE LTOHFTH5LH. Hin
k) v R EOBKBRFRE L ERL
TWAHEFIIEE B, HHNEOUEIK
HHENTWD, @BROLEYYTHELRPLE R
T 2HNAENRZLL, BT RZGTRCE
BRURB I TOLPRBELOHOIP LR
W, SR X OSBRI T A AR OIS KBS
LEEHETH S,

® BIZTICHTaERE, 1% =%y
THEHICHTE& 5. NCBI (National Center
for Biotechnology Information) ® 7k — A X—
UhHE L ORFEHRE AT T& 5. NCBLi
NIH o E v REEMEHICGEE IR TS,
ZZH 5, PubMed X OMIM (Online Mende-
lian Inheritance in Man) Cb 727 A T& 5.
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UCSC Genome Browser D 7k — L R — U 3

BAC D&M EERWICHIITH 5.
OMIM ZIZEEHI D A ¥ F NV EARIZHE D BiE

PB, I ra v VY THEHEERSHEESHh, &

ZFHTHLEBEEINTWS, GeneReviews

B NR—=VI2, EELHEEEEOKA X
VAT | WA SRR

BHbhI(C

BRSO N, KE OB %2 BH L 72
BRAICGHHEN ORI LETH Y, #His
h o) v IOERMBRDONL. Kk, ¥
J Lt o, BETOWMEICIEIB AL TR
PERPL SN, ZOREZMRIIEE - KIE
:ﬁﬁt EREROMBERRY - WMEICHFST
5720\, EIEBHOBEM M SN LT
Yl k#%ﬁéné B R C O AR B
WMofd BEHIY I —FEKEEDANE
BOFE, 2R POAD - ARG O
EhERIRTNESL L ORENH BDS, KD
X OBRES:, 7B, HEER HERZED—

BB ERE R OM R

e THAEL T ZLBULETH S,
Iﬁz
1) KM WA EE TR NIEH

2008 ; 49 : 309-316

2) RIBFOL © MIZTFBW - BT 244 Mo A
v A BEESE. HARR 2005 0 63 @ 389-393

3) BN FCOBRICHET A REEERD
BIETHRE—DLPENCBT 28 ETHRES Y b
77 O RFOH WA 2008 ;225 : 840-844
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We report en a girl with early onset Huntington disease (HD).

2 years of age included oral motor

Her initial symptoms at
dysfunction and gait disturbance. Magnetic resonance imaging
of the head rvevealed severe atrophy of both the vermis and the
cerehellar cortex in addition to the common findings of basal
ganglia including the caudate nuclei, putamen, and globus
pallidus. Moleculnr analysis showed 160 CAG repeats in the HD
gene, This mutation was inherited frem her mother who was also
affected, with a HD CAG expansion of 60 repeats, Cerebellar
symptoms should be considered as a manifestation of carly onset
Hio. 209 Wdey-Liss, Ine,

Key words: juvenile Huntinglon discase; CAG repeat; maternal

expansion; cerebellar atrophy

INTRODUCTION

Huntington disease (HD) is a neurodegenerative disorder usually
diagnosed in adulthood on the basis of symptoms of involuntary
movement and a change in character. The disorder is caused by the
expansion of the 5 CAG repeat of the HD gene, and paternal
anticipation is common, Early onset Huntington disease (EOHD),
with an onset before 20 years of age, is estimated to account for only
approximately 7% of all patients with HD, and patients for whom
the age of onset is before 10 years constitute less than 1% of all
patients with HD [Nance and Myers, 2001]. The clinical features of
EOHD remarkably differ from those of adult-onset HD and are
characterized by rigidity, oral motor dysfunction, ataxic gait,
behavioral disturbance, and seizures [Rasmussen et al., 2000;
Gonzalez-Alegre and Afifi, 2006; Yoon et al., 2006]. The CAG
expansion in EOHD is greater than that in adult HD, and the
prognosis of EOHD is generally unfavorable. Here, we describe a
patient with EOHD and severe cerebellar cortical atrophy.

© 2009 Wiley-Liss, Inc.
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CLINICAL REPORT

The patient (female) was born at term following an uneventful
pregnancy. Her birth weight was 2,690 g (—0.8 SD) and length was
46 cm (—1 SD). During the first year of life, her growth and
development was normal. She lifted her head and chest by herself
at 3 months of age; walked with hands held and stood up indepen-
dently at 12 months; and ran well, walked up and down, jumped
independently, and put three words together at 2 years. Since then
she has been gradually exhibiting symptoms of motor regression,
difficulty in speech, and frequent temper tantrums. When we
examined her at the age of 3 years and 8 months, she spoke only

Additional supporting information may be found in the online version of
this article.
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FIG. 1. Amagnetic resonance image of the patient's brain at
the age of 4 years. The sagittal (B) and the coronal (D)
sections reveal cerebellar atrophy. E: The transverse
section of a T2-weighted image shows atrophy of the
globus pallidus. A,C: No significant cortical change was
noted in cerebral gray or white matter.

single words and walked unstably with a wide gait. Three months
later, she started having repeated and prolonged generalized tonic
seizures and frequent falls. An electroencephalogram revealed
bilateral sporadic spikes in the occipital areas. Magnetic resonance
imaging (MRI) of the head revealed severe cerebellar atrophy in the
vermis and cortex in addition to atrophy in the nuclei caudati,
putamen, and globus pallidus (Fig. 1). Family history revealed
that her mother, grandparent, and great grandparent were affected
with HD.

MOLECULAR GENETIC ANALYSIS

In brief, genomic DNA was extracted from peripheral blood
samples that were collected from the patient and her mother by
using standard methods. Polymerase chain reaction (PCR) was
performed according to a protocol described elsewhere by using the
FAM-labeled forward primer ATG AAG GCCTTC GAGTCC CTC
AAG TCC TTC and non-labeled reverse primer AAA CTC ACG
GTC GGT GCA GCG GCT CCT CAG to span both ends of the
repeat in the HD gene [Huntington’s Disease Collaborative Re-
search Group, 1993]. The PCR reaction of 25 l consists of forward
and reverse primers (1.0 pmol each), 0.4 mM dNTPs, 1xCG buffer
(Takara Bio Ltd., Ohtsu, Shiga, Japan), TaKaRa LA Taq polymerase
(1.0 U) (TaKaRa), 200 ng of genomic DNA. Reactions were
performed in ABI9700 thermal cycler for 1 cycle at 95°C for
5 minutes, 35 cycle at 95°C for 1 min, 60°C for 2 min, 68°C for
1.5 min. One microliter of a 1:5 dilution of reaction products was
added to 12 pl of formamide (Hi-Di formamide, Applied Bio-
systems, Inc., Foster City, CA) and 0.5 pl of GS1000-ROX internal
molecular weight standard (Applied Biosystems, Inc.), denatured at
95°C for 2 min, and immediately placed on ice for a minimum of
3 min. Amplicon length was analyzed by ABI PRISM 310 Genetic
analyzer and Genescan software (Applied Biosystems, Inc.). The
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CAG expansion of the patient and her mother were confirmed to be
160 and 60 repeats respectively.

DISCUSSION

To our knowledge, the girl described here is one of the youngest
patients with EOHD. We wish to empbhasize the following two
issues: maternal transmission of the mutant allele and cerebellar
pathology. HD is inherited in an autosomal dominant pattern;
both paternal and maternal transmission is possible. Paternal
anticipation is the rule in HD [Ranen et al., 1995]. We reviewed
seven reports of EOHD patients with over 100 repeats in the HD
gene (Table I) [Nance et al., 1999; Gambardella et al., 2001;
Milunsky et al., 2003; Seneca et al., 2004; Nahhas et al., 2005;
Papapetropoulos et al., 2005]. In four patients, the mother trans-
mitted the expanded allele and the maternal ages at the time of
pregnancy were relatively young, ranging from 20 to 27 years
[Nance et al., 1999; Nahhas et al., 2005; Papapetropoulos et al.,
2005]. The age of the mothers when they had first experienced an
HD symptom ranged from 16 to the early 20s. The incidence of
maternal transmission in EOHD seems to be higher than that in
the case of adult onset HD. Moreover, anticipation in maternal
transmissions is seen in almost half of patients with EOHD having
over 100 CAG repeats.

In two studies on adult onset HD, over 80 patients were screened
for brain atrophy, and no significant cerebellar changes were
detected [Jech et al., 2007; Ruocco et al., 2008]. However, among
the seven reports of EOHD, cerebellar atrophy was confirmed in
three patients (Table I) [Milunsky et al., 2003; Seneca et al., 2004]. In
particular, progressive cerebellar atrophy was demonstrated by
serial MRI in Patient 4, at the age of 2 years, periventricular
leukomalacia was noted on brain MRI; and at 6 years, severe
cortical atrophy with dilated ventricle and cerebellar atrophy were
confirmed [Seneca et al., 2004]. We assume that the cerebellar
change of the present patient is atrophy rather than hypoplasia.

Furthermore, Ribai et al. [2007] summarized the cases of
29 patients with HD. The incidence of maternal transmission was
25%, and cerebellar atrophy was identified in one patient. We
observed that the incidences of maternal transmission and those of
cerebellar atrophy are different between Ribai’s report and our
accumulated data (Table I).

In conclusion, anticipation in maternal transmissions is seen in
half of very young onset cases with repeat number over 100. But it is
important to note that this high maternal transmission rate might
be overestimated because the patients with maternal transmission
are more likely to be reportable. In addition, cerebellar atrophy is
not a common, but a notable finding in EOHD, which might be
progressive in some patients.
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|dentification of loss-of-function mutations of
SLC35D1 in patients with Schneckenbecken
dysplasia, but not with other severe
spondylodysplastic dysplasias group diseases

T Furuichi,' H Kayserili,> S Hiracka,® G Nishimura,® H Ohashi,® Y Alanay,® J C Lerena,’
A D Aslanger,? H Koseki,®* D H Cohn,® A Superti-Furga,® S Unger,>'° S lkegawa'

ABSTRACT

Background: Schneckenbecken dysplasia (SBD) is an
autosomal recessive lethal skeletal dysplasia that is
classified into the severe spondylodysplastic dysplasias
(SSDD) group in the international nosology for skeletal
dysplasias. The radiological hallmark of SBD is the snail-
like configuration of the hypoplastic iliac bone. SLC3501
(solute carrier-35D1) is a nucleotide-sugar transporter
involved in proteoglycan synthesis. Recently, based on
human and mouse genetic studies, we showed that loss-
of-function mutations of the SLC35D1 gene (SLC35D1)
cause SBD.

Object: To explore further the range of SLC3501
mutations in SBD and elucidate whether SLC35D1
mutations cause other skeletal dysplasias that belong to
the SSDD group.

Methods and results: We searched for SLC3501
mutations in five families with SBD and 15 patients with
other SSDD group diseases, including achodrogenesis
type 1A, spondylometaphyseal dysplasia Sedaghatian
type and fibrochondrogenesis. We identified four novel
mutations, ¢.319C>T (p.R107X), IVS4+3A>G, a 4959-bp
deletion causing the removal of exon 7 (p.R178fsX15),
and ¢.193A>C {p. T65P}, in three SBD families. Exon
trapping assay showed IVS4+3A>G caused skipping of
exon 4 and a frameshift (p.L109fsX18). Yeast comple-
mentation assay showed the T65P mutant protein lost the
transporter activity of nucleotide sugars. Therefore, all
these mutations result in loss of function. No SLC35017
mutations were identified in all patients with other SSDD
group diseases.

Conclusion: Qur findings suggest that SLC35D7 loss-of-
function mutations result consistently in SBD and are
exclusive to SBD.

Schneckenbecken dysplasia (SBD; OMIM 269250)
is an autosomal recessive perinatally lethal skeletal
dysplasia."* The German term ““Schneckenbecken”
refers to the distinctive, snail-like appearance of the
ilia due to medial bone projection from the inner
iliac margin. Other skeletal hallmarks of SBD
include thoracic hypoplasia, severe flattening of
the vertebral bodies with absent ossification of the
posterior parts of the vertebral bodies, and short
thick long bones. Histological findings in SBD
include large, round, and centrally located chon-
drocyte nuclei, scarce extracellular matrix, and an
absence of columnar alignment of proliferating
chondrocytes in the growth plate.
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SBD belongs to the “severe spondylodysplastic
dysplasias (SSDD)” group in the international
nosology for skeletal dysplasias,® which includes
achodrogenesis type 1A (ACG1A; OMIM 200600),
spondylometaphyseal dysplasia (SMD)
Sedaghatian type (OMIM 250220), and fibrochon-
drogenesis (FCG; OMIM 228520) (supplemental
table 1). ACGIA shows more poorly ossified
vertebral bodies, more hypoplastic ilia with pro-
truded medial margins and arched lower margins,
and misshapen, stellate tubular bones® SMD
Sedaghatian type exhibits better ossified vertebral
bodies, less hypoplastic ilia, and milder tubular
bone shortening. The medial projection of the ilia
is very subtle, while the metaphyseal cupping and
irregularity are conspicuous.® FCG is a disorder
most similar to SBD, particularly in its absent
ossification of the posterior parts of the vertebral
bodies; however, the iliac medial projection is less
conspicuous and the tubular bone shortening is
more pronounced with bulbous metaphyses.” The
aetiology of these disorders remains unknown
except for a part of SMD Sedaghatian type.®

Recently, we reported mutations of the solute
carrier-35 D1 (SLC35D1) gene (SLC35D1; OMIM
610804) in SBD—that is, three premature stop
codon mutations that result in complete loss of
SLC35D1 function in two typical SBD patients.’
This was the first report of identification of
causative mutations for SBD and the first known
gene for a disease in the SSDD group. SLC35D1 is
the nucleotide sugar transporter (NST) expressed
in the endoplasmic reticulum (ER) and involved in
proteoglycan (PG) synthesis.”'> SLC35D1 trans-
ports UDP-GalNAc and UDP-GIcUA, the sub-
strates used to synthesise CS, from the cytoplasm
into the ER lumen.>"? We also reported that the
Slc35d41 deficient mouse develops a lethal form of
severe short limbed dwarfism very similar to SBD.?
The mice had defective chondroitin sulfate (CS)
biosynthesis on the core protein of cartilage PGs.
The CS chain in the mice was estimated to be half
the length of the normal CS chain and it seemed to
be reduced in number.

We showed that loss-of-function mutations of
SLC35D1 result in SBD phenotype; however,
phenotypic consequences of other types of
SLC35D1 mutations remain elusive. It is intriguing
to consider whether other types of SLC35D1
mutations cause other skeletal dysplasias, particu-
larly other disorders belonging to the SSDD group,
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