Cobb £ 45° DL EOEIEEIX 7.9% (106) Tho
7z,

2 [ —

HEEOR TR HEEOE VEEEAEET
&, €k King 512X 258 (B 1) #EEs
TV, BETIES - 7 OB % bending
film CTRHl L, &Y EEEIEIRRET 54 2
Y M RERERT A EE L TR EREOEIRY
DY 23\ Lenke 5798” (B2) HERA SN X
I o TEF. LH L, Lenke DIEIZIEHICIE
MTHY, FHEEELZEMNLT2ERABELDS
FEESECHERATAOREETH L. F /-
Holm 577345 & 512, PWS BEIIEH X
BRELHITTAZLIZEETH 57, Lenke &
BTz 0 X MBE 2 EETILE
BHY, BROWEIHMEL 2D,

FEELIE, PWS ICEEEIEE Y &6 L7z 39 61
DRED S, MEWICAEE L Y V-7 d
TN =TT T, JEHE - RERES — 7 (type
1), ¥7NH—7 (ype2), D —7 (type3)
DEDIKPLISEEE ATV RO (] 3),
EEVWIOFEERVE LIk o2DlE, PWS
R BIEMEIL K E < 3 BEICAIT 5, bending
film *Z{DHEFEET S Lenke TE% &L I
B45L, TOPEERIERIC PWS OKEBHRE
T o TV ANRBESCTFEAFZEME Lz n
EENRECS D223, 1O X B THE
TEBEVIFEDNBENETHE, $1E&54
TWBIT BEE, BB - FEHES — 7 (type 1)
56%, ¥ 7 IA—7 (type2):33%, MMHeH —7
(type 3): 10%THo72. COHETEELR I &
1%, OPWS THEDMBIOEHES —7 (type 1) #*
RO 4B BILEEOLNLZE, @QF TN
=7 (type2) BREBEFFLLLT WV, &)
ZETHDH. QIionTit, BREAESETIIE
BB OMEREEISZ N EEEZ S L, PWS
W) BHRHAEORB VWS, 2010w
T, HEEOEBERET ICHEENE/NT AT
R H L L BERETORE~NHBL, 57
W=7 (type 2) WZDOWTIHEEIZ 1 @ARED
EFE X BEECLIBRELBEE L DR ST
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type 1 type 2 type 3
@GP pPws oRmESSE

type | D [BHE - BAEHED — T, wpe2: XTI H— 7,
type 3 : ML~ T

T EDVLETH A,

PWS DOEIEHE D BARZEBICOWTE, 5128
BHEINTWB LT, BEOBERMEEE
DEHKEBETHE, EXGICEEOBRIZBIT2
=T OETIE, LOEET, KELHh—-T3L
EITT2BIKEY., HECKELLTEE
B, WREGEHS, Rissersign 2 ERH VT WSS,
Lonstein, Carson'” 5 3B O BEE I B W
T, B —72520~29° F T Risser 0~1 DEET
X, £D68%TH—7HH#EITL, —FTRLHE
@ Risser 2 LLEDS DX 23% L 0 EIT L 220
7 LTwh, E502, 19° LT D H — 7T Risser
2LLEDBETIE 16D A L DETEROL
Mol LTwaA, /-, RERTEHROMEER
12DV Tid Weinstein 5245, 50~75° DHgHE # —
T TIREIC 075~17#4T L, MHED 100° L LD
=7 TG, BORETRETSY A7
BEHLLTWE, SLIZERLYRNS L)
2, PWS THEEEICIZ CRTSERCBRYER &
BEOER A>T bE L DORBEDTREELS
WIZEIZHEE SNV,

PWS (28 ) I E O FHBEIG 20T,
PWS TIEEOBREHFEICHED R V0, AIEE
BOBEORACEE S FEEAEEN L0 LI
BB LD FREINLD, BEEASED L
BT BEICL CHRTER A RO T B, HHEE




o AN, KEOER,
DR, WREAER &b+ EET
5%,

:Emﬁ&u% PWS 1T E 72 b D37 <,

””ﬁ%ﬁ@@rmimﬁakﬁbfﬁofw
A {ﬂﬁﬁﬁ?ﬁ%@ﬁ?ﬁﬂ@%,&i, Harrington (1962
R T OB VAN VA YT ay
Q%%7v7am7F%%%Lt:a#emCi

ngL m%mx7ul—,7/7 HSTT
) Y s REAL, Wb B hybrid BATEL
li7-. %72, Roy-Camille’¥, Steffee’® (1986 4)
Ly xFoonAs)2—bREL, RRE

ﬁvk@%%ﬁ&én,éem,bﬁauzwa
Kaneda® (1996 %) OBR L7727 00y FO
ER A YTy M Ik ) BRI E
BL7.. LBCY, XFAINRI Y a—RT
Ve EOBHA VAN VA YT =Y 3 Y EERAIL
Vet B EBEN S ERA FEEMET o T
5. FAIE LT, WD — 7120w TEHBE
B e e B L, WEKR - EREY - 7
H—wlatey —7) AR EEEEH BN 5.
2&7»% TTRETE L B EO P TR E
$ﬁm¢5%A%@5 727EL, BIAERERT A
RIS PWS 45 ORI ER B O S BHEDE S
i%%f ﬁ%umﬁ&%%ﬁttpwswwﬁ%
R ER B ORTEER THE T B S SHRY Y
EnTsy, +ﬁkﬁ%t&ﬁhi&%&w E:
%kJO%%TT%ft(ﬁ M SN
BRI, WREEEL BT 5 2L TR

VII & &/6 AEECHRKAR

IOVHEZHERFETSHI LA TE S growing rod
R % BIR L T 5. growing rod HEIIHERT %
1247 ) BB 2 B EM £ TO time saving FHF T,
BROBELEHIZEFICIHDY FEERL
Twl. ZOFEGESE, NeEHOFHEA 2
P AT =3 yOEFIZHEY, low profile
To#[E % claw technique AFHEEE 2 ), & ST/
BHEDS »Fharss—EESRILICE
DEBESNZ., TLT A -BOAIEBEELT
v, X WBBERT V- ERTLTRYET)
CEWRENVRELLEBEEHITAZ LIZERIIL
7. ZOFMEE, AT LS B & <
72 7 o 72 spinal instrumentation without fusion
EPW BB EG. T2, Ty I ORERA ¥
7Z v FHFEIC X % instrument failure % 4 7% <
L, REOHEZCLEZHMEIFHEERL, RED
IRAF, crankshaft HEDO T2 eEL L7-. £EH
&, IR (Cobb f) 30°LLEZBRIZ, TT%
EFEe A b0, BHEBFHOLOIZER % B
LEELZ ., FHMICEE LFNEDOREE
IETAEEEICDVWTIE, DRAIIRIEHIEHE
Z5 | &3 E T2 growing rod EEER LTV 5

5 R T —
PWS 28175 GH 0AEREZ RTHREZE {,
BMEMREIZ L 5 FREE, MEREE, HhmL
BZEDORMEFPERVICED N TE ., BETIE
B, OFERSHERINE L)Y, BEHE
FHENL LI o TE., HBHNEHIOE
HEIRS GH TEELIT) LV EET, BE
DOREFEAERE S hiud, Zhicek ) IR D
EVHIFTEL. MIABEEEK 1T ) BORTH
PHOT Ta—FIiE, B L2 FREERT A
FHETHEFATIII R BRENVD, ZOHE
PRI THRFELTHEDL2 B2 WD, Bz o
YPO—VTELZ EIZRIEEROERE L %
(5.

[ ¢ [ Ty ————

mmﬁn1ﬂ~wmﬁuzﬁm%ﬁ¢%ﬂu%
B L 7-Cobb & 45° L L@ E L 10 BT, F
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THES L 282 K&, BEEICH LERE2T-
2D 8B (B 4B, 4Bl ThHorz. Tk
FHERIT 118 ~208), BEERIREeR®
15q11-13 K& 5 6, F#EHES 4V I — (unipa-
rental disomy : UPD) 3 fICTH 1, FHEEEHEH
M6 1078 (9~153 v A) Thorz. Th
5 DFEBNHT L, Obody mass index (BMI) 12 &
HEIGHE, MMEZEROEE, GH BhEE
DEEL ZOWATOHFHM, BEREOTE,
Offx, WMILE, FHFMERR, Cobb ANHER
(fmy, #fk, BB B X UAPHE LBINE
W, #WELL. BRI, T9BMIIZFEY 216 T
HY, FEIILE (BMI<19.8) 4 ), ¥ (18.5~
25.0) 2 B, BB (25.0~30.0) 1 4, BHEEHE
(>300) 1BITHo/z. BEOERBESTH S 1
Blebes, 7801394805 GH BREET 2
THY, BMIL IHEECREERI D 2o/, &
REMFEERT ISR (8/8) KDL WHATO
GH x5y sE0 s A 39~83 v A) T
Holz. Fio, BEREIFILBRENS(, BEE
B2 L2 fTbRTwnizdoi. HRIIE#
SBIEEER 5B (RihE2 61, #AE36) B
U growing rod & 3 B C& o 7. FIEFMHHI O H I
BT 533 mL (229~900 mL), FHFMHERE
By FERFMRTHRE 4 BB 13 4 (234~319
7)) THolz. BEFMEOFE Cobb ANDHER
X, FEMRET 67.5° (44~88°), #itk 34.8° (26~
55°), REBEIERE 40.7° (27~53°) L RIFRFER
Thols, BHEICOVTIE, BEBRGE1HL
growing rod EDEFNIC THBEBIC T v 7 O
BT 1 Bl o 7208, BRI, MREE, o
ERB L EOEERAMET o7z, BINFEA
&2 BlHCATV, 1Bl 8 D F T, Th10-L2 ]
TBEEE AT 11 EEB%, BELMLOBHE
BOEITOLD Thi-Ll BHEEEER 2 EML
7z, b9 1B 1S MOBFT, Th3-L3 BFBIE
BE#R, 1ETTNAZ Y 22— pull out D7z®D
ICTRLO L4 F CEEMZEML .

& k=m0

a. EF 1 BABEBRENROIER
BEEF HERBIc7uyY—( 772 b

eoeoe 110

BB Y, BIEFH UPD O PWS & BHF & s 4
ﬁ%#%mwé%ﬁénﬁi%ﬁ%ﬁbhtm
WREBRERT 1S ) EEOEEITE 2
720 11 BERICEBR/NERAEBAZEZ L, oy %
B (6mg/#) ZEME L7z, BRARN 12 %
ﬁu&@wﬁﬁwtm%ﬁ%@t&ct.m@@
I3 IE Cobb A T4-TI2 : 42° TH o 7208, |5 B
IZ Cobb £ T3-T12:69°, TI2-L4:53° D ¥ ),
A=7 (type2) T, WIEMET T3-T12: 12° 3y,
TI2-LA 16 BRBICET L 220 FH 2 F5
7z WENC CHRAMEET 356 v Afi-7-. 5
WEFRAE X, H& 1475cm, HE 370kg, BM
17 LT, MEFENS L PORFENRE R
ERRERO N o7, FOM, CT, MRI I-
BOTHE, FHOERITELECEEFHRLED
HoNRPo . HHETICHTH 600 mL B % 47
v, T3-L3 BRABEEE 1T o7, #1% Cobb 15
&, T3-T12:35°, TI2-L4:35°, @EZIZT T3-
T12 1 29° %, Ti2-L4: 2° A ceeE L, £5812
BIFTH o7,

WHEIETLIDAZ ) 2—WBAF D 14
FCEEFEELZY, Thid PWS XEEDL
BHETId 72 , W 2 FOKBEEE T3-T12
40°, T12-L4 : 47°, WIS T T3-T12 : 21° %%,
Ti2-L4  I'RTB L EBIEETFTHD (K 4).

b. EF 2 : FIAERHTDIES]

5 KR, 1 ERRICUBR/RRRNC CRERRR
RO PWS LBWEN, 2K6 7845 GH A
TEEEZHEL 1.8mg/BEHS 8T 3K
BICAE R INLB2 SR L. 92808
JEME A — 7 (type 1) T10-L4 iE Cobb £ 29°, %%
£ 19°%% Cobb £ T10-L4 : 80° D4 — 72 #4T L
o, FonEAR T2 43° Th ol EEEE
TRAID, BHEEEHLLOILLHY, I
Mo TEETERD o2, HETICIE GH WREE
Z 343 7 BT, FWBEEESE 96.0cm,
£E 148kg, BMI 16.1 T, % B L Ml
FHRECREFTREIBO O 2072, ZOWH
BAEERE Y — 7 HFETH Y, TI1-L3 BIABE
BEM 1T o7, HimEE 220mL, FisEd
3 BEME 54 5T, #if41L Cobb A T10-L4 ; 22°F T
FmESN7z. FBEAIZTSL2: 29 THo
Wtk 4 FORVKKEBEERED Cobb A T3-TI0 .
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@D msz
a ! fURTEE, b: MERE, o HEEE, d FREE NS,  AShe

(5Ff %, i © Prader-Willi syndrome 123513 % HERE. J Spine Res 1 : 1968-1972, 2010/Nagai T, ez al. . Standard
growth curves for Japanese patients with Prader-Willi syndrome. Am J Med Genet 95 ° 130-134, 2000)
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& wss
a: FETEE, b: HEAE, o HEES, d: FR0E

35° &, BIEBERLCBEBIRFTH-72 (B5).
c. JEMH 3 : growing rod jEOEES!

N EBEF. £HREL 2, BEERXIREED
PWS LBW s, 2058 11 » APS GH
WIHEE (dmg/H) EREEEELITV, 7HEBIC
HEZRBSNLEBEEZ L. T HROWBE
BT S T6-L1 & Cobb A 37° TH o 7245, 11 5k
{213 Cobb A T2-L3:55°, BIEEIZT T2-L3:
S5 ETE L BT L0 F M FE L EREE
FICEEREL ALY, BHEEBEODE
BBV NEEBETE LD o7, FHREEISZE
138.5cm, K% 29.2kg, BMI 152 &£ R EIT, #
BFRB L UMEENREICEFHRERED O
Bhodz WENCIE GHHWFEER 5E 6 7 F
ToTwiz, ERETHLZLEZEREL, —#
BICHRELZT YA —2F8L, REXEBHETAZ
EHTE D growing rod HEEETE L7, TTEE
I ETHNRICT v 7 EA Y a—% AN, T
YA -EDLERBELIT, FERICEREIE
LbNTWAEI AR L TERI VA oAy
TovaveRWRFREEREERETo/2. B
MET 120 mL, FHAFREIE 2 BE 20 5TH D,
itk Cobb Al T2-L3 : 27°, HIEEICT T2-L3 :

esooo]2

16" BT L BIE S N7- FE R N BRI O Em
BIULEENA YT IVDFFE— b L FEEFIZIT, 8
D EEL TV, BELEEIZI@1~15
cm Dy FEEZIT-o>TWwA (K 6).

OBhHbHIC

PWS DEIEE X 5 A ORI DT,
Yamada 67 REFE L2 BIF 2 FMBEEL R L
T3, —F T Accadbled” (2008 4E) 5if, F
WORBHEIZOVWTHRELTW5E. ZOHEILL
Bk, 1997~2004 EIZFH LT b NIz 16 FlIZD
W, 9BNCREZEHENH Y, TOPRRIZE
ELNUOEERE 4 5, EEHmL 2 6, —BKD
WEREDN 1 FlIThorz. &5, BELNOE
BEREEO 4FICOVWTEHEFER 2T, 5 b 36
PEANZIEREIZ: o /- Ll TWwAE. IO
£91, BIEBEFFOBIZ+oIcaErZR
L7 T ST, Weiss® 54584832 L 5 1cw
FEFEMOREIEIT DOV T controversial 72 A b H
. L LIER, PWS BEOBIEE O Fif &6
ENZVWEENTELLOD, EE, GH HAE
B EOMBOEFREDLED L 126 T5RE
KEL, FMOY A7 28E LIERREFREN
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/6. AEEDARIKARE

@& growing rod i%

a: {RTIESE, b: WEMAIE, o HEREE, a7
(fhdt  #, {1 ; Prader-Willi syndrome {247 5 iy

1968-1972, 2010)

EHELTETWADLEETHE. ZOKEE
L OTRTOBEIH T E 2 BEL FHEHO
PRI & IR OB e B
T L EEEL VS, Bl OmFICHSICREL, B
FEERER I O TR R BIR T & BBEC
Ao TERE VA, FLEMERETSH £
gf,ﬁﬁﬂﬂE®Afﬁ,ﬁ%,ﬁ%%%%%@
WED D, WRICBEOBIIEL TS
THICHEET A2 Lk LIZLIZRERT B, FHICE
+L, REORMER PWS OEREICKEEBEE /NG
RHEE O L BT R - P BIATbILE 2
EVEET, FHERBSESDIEIOLS
BB BRI SLETH .

B w

) 1) Accadbled F, et al. : Complication of scoliosis surgery in
Prader-Willi syndrome. Spine (Phila Pa 1976) 33 : 394-401,

: 2008

; 2) Obata K, et al. ; Effect of 5 years growth hormone treatment

: in patients with Prader-Willi Syndrome. J Pediatric Endocri-

( nol Metab 16 . 155-162, 2003

3) Ree D : Scoliosis surgery in the Prader-Willi syndrome. J

O
~

16:

11}

12}

13)

ficy

2o Spine Res L

Bone juint Surg Br 71 1 685-688. 1989

¢ Butler J. er al. | Prevelence of, and nsk factors for, physical

il-health in people with prader-willi syndrome | A popula-

ten based study. Dev Med Crded » oot 44 7 248-255, 2002

oo and coalioeis Den

Med Child Newroi 23 7 192-201, 1981

PR E, il Prader-Willi svndrome 10 ds 47 D SR

J Spine Res 1 1968-1572, 2010

Holm VA. er al. | Frader-Willi Syndrome and Scoliosis. Dev
Med Child Neurol 23 7 192-201, 1981

King HA, er o/, © The sclection of fusion levels in thoracic
idiopathic scoliosis. J Bone Joint Surg Am 65 . 1302-1313,
1983

Lenke LG, er al. . Adolescent idiopathic scoliosis | A new
classitication to detesmaine extent of spinal arthorodesis. J
1199-1181, 2001

Nakamura Y, ef ol . Epidemiolcgical aspects of scoliosis in

Bone Joirt Surg Am 83 .

a cohort of Japanese patients with Prader-Willi syndrome.
Spine J 9 © 809-816, 2009

Lonstein JE er al. ! The prediction of curve progression in
untreated idiopathic scoliosis during growth. J Bone Joint
Surg Am 66 . 1061-1071, 1984

Weinstein  SL, et al. . Curve progression in idiopathic
scoliosis. J Bone Joint Surg Am 65 . 447-455, 1983

Nagai T, et al. | Growth hormone therapy and scoliosis in
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17)

19)

20)

20000714

patient with Prader-Willi syndrome. Am J Med Genet A
140 © 1623-1627, 2006

Harrington PR . Treatment of scoliosis. Correction and inter-
nal fixation by spine instrumentation. J Bone Joint Surg Am
44 7 591-610, 1962

Roy-Camille R, et al. : Internal fixation of the lumbar spine
with pedicle screw plating. Clin Orthop Relat Res 203 @ 7-
17, 1986

Stefee AD, et al. . Segmental spine plates with pedicle screw
fixation. A new internal fixation device for disorders of the
lumbar and thoracolumbar spine. Clin Orthop Relat Res
203 © 43-53, 1986

Kim YJ, et al. | Free hand pedicle screw placement in the
thoracic spine  is it safe? Spine 29 | 333-342, 2004

Dwyer AF, et al. | An anterior approach to scoliosis. A pre-
liminary report. Clin Orhop Relat Res 62 | 192-202, 1969
Zielke K, et al. . Ventral derotation-spoindlodese. Arch
Orthop Unfall-Chir 58 . 257-277, 1976

Kaneda K, er al. . New anterior instrumentation for the man-
agement of thoracolumbar and lumbar scoliosis. Application
of the Kaneda two-rod system. Spine(Phila Pa 1976)21 !
1250-1261 ; discussion 1261-1262, 1996

21)

22)

23)

24)

27)

28)

BBE—8, M Prader-Willi FEEFFICEH L2085,
2 FHIH. R 21 1 64-67, 2006

FREML, i1 Prader-Willi FERE M) BRUE05pe
REER -2 PIERE —. Y 23 1 41-44, 2008

Akbarnia BA, et ol. | Instrumentation with limited arthroge.
sis for the reatment of progressive early-onset scoliosis Spip,
14 : 181-189, 2000

Akbarnia BA, er al. ! Dual growing rod technique for g
wreatment of progressive early-onset scoliosis | a multicenge,
study. Spine 30 . 46-57, 2005

Harrington P . The treatment of scoliosis. J Bone Join Surg
44 : 591-610, 1962

Moe JH, et al. ! Harrington instrumentation without fusiop
plus external orthotic support for the treatment of difficyl;
curvature problems in young children. Clin Orthop Relar Reg
(185) : 35-45, 1984

Yamada K, et al @ Scoliosis associated with Prader-Wilj
syndrome. The Spine J 7 345-348, 2007

Weiss HR, ef al. . Scoliosis in patients with Prader-Willi syn-
drome comparisons of conservation and surgical treaiment.
Scoliosis 4 . 10, 2009
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BITOME Y 7R
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e T e

Prader-WilliFEfEEE (PWS) 13t &M %7/ LKl
DAHREETH Y, 15 FRBERREMEICERE
TERDAABETFHROREERIZIVREET
5. ZLT, RIVAAEEERBIFRELT,
SCBEH SRR D A AFEIR O KR D 70%, 15 Hifl
R BEMESY 1V I — (maternal uniparental
disomy 15 : upd(15) mat) 5% 25% % & &, %0 %
I VYZES snoRNA DRELR EIZE A, BFEESY
A > 3 — (uniparental disomy : UPD) & i3, #H[E%
BEROEIME I —EEHBEH» ST CRaER
L, upd(15)mat TIE—¥FD 15 FLEEH L b
CEEPOHETS. LT, HEAREKDD S
TR EMSZoDEL 2 HERAREKICHET S
EEEANTOUYAVI—, —DDREMAKICHSET
HBLERXTAVIAVI-LIR ThHOANT
D54 I—=RTA4 V54V I —-DERITeRE
FIZREZ LD H B, BROEBRBICBITLM
ABRZL D AERRBERICIBVWTRETAZ LD
»H5.

a( upd(15)mat Z5|ERT T AAZ XL
upd(1S)mat %5 EEI T AH XL E LT,
trisomy rescue (TR), monosomy rescue (MR), gam-
ete complementation (GC), post-zygotic mitotic error
(PE) OWE-OHEZ LN TWAY, TR TIX, WK
TREOADEE (B1-a) ICLY&ELR 2 EE0

Y0¥ (disomic oocyte) AIEH 2 HF L EHEL, £

DD BIE TAE D e h DT T 2 47 i

T HUREEENE L ¥ — RS TR UEIRS  WEET

ENERRFEZRNER &5 B

R, UPD filgd s s (B 1-b). GC iz
T b disomic oocyte 2 EHICEHEE L TE D,
disomic oocyte & nullisomic sperm 25544 5 = &
T UPD fBREM R & s (L72dioT, GC it
DOINLHENFERICELLZ L 2HRET
%, B 1c). MR T, nullisomic sperm & IE# %
BFOZRIZLY | BHEOESTFIHRE SN
N, BEBEROEEEISERE ST UPD Ml
PREEND (B 1-d). PE T, ST TIRE
RIEEZIZL00, 20BOGHESEDBIET
REERTBELE L, uisomy rescue % 4 L T
UPD Mgl s s (K 1-e).

aftzﬁ@:ﬂiﬁ% Eﬂ*ﬁ;dﬁsgﬁxai’ |

BEMEZETHINFILRES B BT 5 Ro58
WKWENELHLDTHD, HICE 1 BESBICE
TAERGHEITEDERMDOEE LR ZFTLL
PHOATY Y, FIMRORIERIZBVT,
SRMAE ARG R | BB R P T TR
TLDL, BT COMTEDH, RibRAEC
HhH., BERTHETIE, ZORESBESEHICER
CETERREBESBEHEET 2RNEFOE
BE2R(ZT 2720, £ 1 RESEBEO LR
DHEPRID P hbLELILNTVS, L1z
Mo T, BEEELE | BESERDE R %5
$5 TR 7213 GC 12X A upd(15)mat D) A 2
HFThreEZOND, ZOBAIL, OBREH
EROBBEHHIREEBE L L upd(15) mat &
ETHEIIBI LY, @upd(15)mat DHXTEYEE
DS, HAEROBHERK 35 HUTORICHL

133

IX =

G000



a b c
B HBEO RSB tnsomy rescue

1R disomic normal
ESGaEd @ oocyte sperm
oy

(Go)

oocyte

gamete complementation

disomic @ Onulhscrmc

sperm

d e

monosomy rescue post- zygonc

mitotic error (PE)

normal nullisomic
oocyte ® Osperm ® .
normal normal
l oocyte sperm

-

AN
mq. =y @

disomic nb'rmal disomic
oocyte sperm oocyte @ O

=

nullisomic
sperm

normal
cell
lineage

0]
B
i 0

trisomy %’ ‘/i
rescue

=~

mitotic
non-disjunction

@

upd (15)mat JER D A =X s

B[IHMULOBETHEREILEG NI LY, OEED 5 &
LT Pws BEILBWT, EEOHEE#HD L
5% BB L T upd(15) mat DAEM IS 2SE &S
BIMLTWwAI LY chhxHaEns, LiL,
NS OBFFETIE upd (15) mat EDOHITBIERE
DEFIITRENTVEY, FOREFEAHT =X LI
DWTOFEMBREV L ENTWRVED, 20
AHEED LELE | BRESEASHEICHE
T5 TR »5HVIL GC DEIMICLBLDhEIE

V) BB S I o T,
0{ Eﬁ:kﬁb‘%&ﬁ%tﬁ@t PWS %ﬁlﬁ
EDEL

HARICBWTY, ZHEOHEERIZER LET
THY, 2003 F£i2iF 20 L& 30 BROBEH»
LHELZROBSHEL: (B2, =), 207
O, bhbIHEAA PWS EE05FRIEFH
BT EBEL, BREESE | BRESETSEED
TR & 5\ id GC & 4L 7z upd(15)mat FHE 1) A

10000134

7 BBV TRET 21T 2729, MR, ik
G-band ECTEEBE LR, A FIVLHEES PCR
(polymerase chain reaction) 2 & ) PWS-Rl b & &
=l (PWS-imprinting center . PWS-IC) D& A F
MEDBROSh, BEOERIERT AFTEET
HolHEAAPWS BE 117% (B2 &, &
a5 8)TH 5.

a. RERADSEE

RERBRUTOFETSEL .

(OSNRPN BIEFEFDTOE— ¥ IIHEET D
A FVALTEEE % & 4D FISH (fluores-
cence in situ hybridization) fFHTIC X ) REHR M
Shize &, [R&KBE] & LT

QFISH BT TREMNED bz o 72 fERIIC
L, BE, WHEO DNA x AT 15 FRbhE
BEED 13 EBMIZBITA<A 7 0% 554 bENT
BTV, FEE UPD 2580 72 b D % Tupd (15)
mat | & L7,

@A 7u%7 74 MEFIC L D B UPD AF
BOLN Do /ZEFNIIKT L, MLPA (multiplex



IX BEDRCY IR /1, BEHEICHES Prader-Willi SEEEHEOZ{L
&%@‘ B ERGR)
1,200,000 1519
1,000,000 4
/\ ——— 2()~24
800,000
N —\\x\ —— 25~29
600,000 = "
*:}n~ﬂ«/“"“t\ \k\‘“~*-*_ﬁ~\ e 30~34
400,000 o B e
« \,W _
200,000 WM B
0 ???Tf.:,‘,:.:,:,3‘:,:,:.-;:.:'7,:l:.v. —e— 40~44
PO R EROLESLISIIOIS S &
PLLRO LD S LIS
TP FFEEF LTI TP TP 459

P BRERILERMOE L

YA OO FS54 MERERICKD upd(15)mat DHHE

FE

ANFOXLIX—

AFOF AU —
O EER
TAVELII—

#
(Robinson WP, et al.

~ UPDby TR/GC
. (Meiosis 2).

R

TAVHAIEI— FAIYELII~

1 BRI ET
ANFRFLVI-

* Maternal meiosis I non-disjunction of chromosome 15 : dependence

of the maternal age effect on level of recombination. Hum Mol Gener 7 . 1011-1019, 1998)

ligation-dependent probe amplification) % % 1T\»,
PWS-IC 2 & URUMNRENED LN b D% [IC
THNREKEE], BOLNR D o72bDE [LEER
] L.

EHIT, YA 7N TFIA MENERICLY,
upd(15)mat % TEOF 745 4 FI29E L 72 (F
1).

OB FEFIEED 3 B (D15S541, D15S542,
D15S1035) @9 6 1 B ETATFO S AV
I-PROLNHE, 1 RESERSERO

TR %7212 GC 12 & % upd(15)mat ([TR/GC [M1]
BHELA TR 1ICRT LI, 51 HK
DEIGEENELD L, BEAEDE~ATFO YA
VI-RKEIIRB7:0THE (B, BUHIZE
ABZDPHEHETHINETA VYA VI~
D, BEETHINIEATFOFA VI - h DT
W, INEEEBEICTAILIEITERY).

QBEFEED 3 BUATA VAV I—%
L, FNLUSND 1 B ETATFOS LY 3 —
VREDLNIGE, £ 2 BESBEASEED TR

13509200



@D BEAPWS 117 BSOS FREENRITER

F 7213 GC 12 £ A upd(15)mat ([TR/GC [M2] #])
EL7:, ThIEB1LERTLIIE, E2REss
TOEENELD &, BEERAST AV FA Y
I-REEICRB20TH DB (B, EAIHITHEA
BZPHFERETHNITATOSFA VI -k,
BEETOINITAVIAVI—Libizn, @
IZ7RT MR & DEMICIZHRE DO BB ICAT
054N HEETHPEPVEETHS).
OFELBROBLNITNTOEMNTT AV
A4V I=HFREHONEE, MR £7203 PE I
&% upd(15)mat ([MR/PE BE]) & L7z, Zhid
B1ICRT LI, MR TIRTRTOEBRNT A
VEALVI—-LR,PE TIHAHMBSEERICE
VT B RS R OMABZ A VR Y $T
DEMBTA VA I—-hblDTHE (i
B, EEMEEDENA 7 OFERLHBINT AV
AV I—OFFHEIE PE BB THE).
ZIT, TR & GC2RXHTHI LEATEET
HHY, WTRD 2 EROIFFICLYAEENS
ATHBLTE), BREEORBIRETHS
EEZbNA. —F, MR & PE I EGBRZIC
BEEVPAONZVERTHY, GHEEOEE
BT,

ecee3p

FRITDRER, 84 D [RERE], 1580 [TR/
GC [M1] B, 740 [TR/GC [M2] B, 3 4
O [MR/PE B, 2%0 [ZCERE] »*RTs
N7 (B3). 72, FISH BT TRENFZH LR
o lERDI L, 6ZTHEILLAY A1
T4 MR OREBEREON b o0, I
D 6 fEP % [FEREFE] LOELL. PE 2 RE
TAHE) LI LTAVTA VIR EEMR
EDEFA 72 BLERRRAE S o7
b. HEFREREA

B 4-a iz, ERERRNOBEHAERIIBITA
MEDOEHOSFERT. [TR/GC [M1] #] I
BUIABREHEREHERIIT T3S RUL
(hofE 37 &%, #FH 35~45 %) T 1, [R&E#H]
DEFER (PRME 30 &, #HEH 1942 %) Ik
BLTHEELERERTH 2 (p=1.0X1077). ¥
7z, —BRERICBYTERHEERMIEEL 22
72 2003 LRI A L7 PWS BEOEELAE
FEEEBIAERRIL, 2002 SEDIBTHAEBOZN L LE
BIZERALTBY (p=000017), PWS EZEH
IZBWTH 2003 FELAED BE HEERIIHE O 2
Tho7 (F2).

XKIZ, 2002 SELLRT & 2003 SELEICHAE LR



IX SEOQOMEY IR/ EEHEICHES Prader-Willi FEREBHRE O Z1{L

SREE ()

Rk
TR/GC [M1]
TR/GC [M2]

MR/PE
IEEER
E &S

S B A
15 20 25 30

2002FELIET (n=75)

!

35 40 45 50

2003~2009% (n=42)

T T T 1 T T 1
15 20 25 30 35 40 45 50

@ sk

8 TR/GC [M1]
B TR/GCM2]
B MR/PE

G ICER

B IRk

D snoEHER, BENESORE

a! BREFENOBEFHEROTMREROSEERLA. BROITL -0 —CRENAHHEIR
1970~2008 FEIZHE L = ROMBREROTHETH 3
b 2002 FELIETE 2003 FLIEICHE UA-BEBICS T3 PWS BEOEGEEO RS

&P BELEROTREMR

¥ p=0.00017,*2: p=0.12

BEHIIBWT, ERERROMEMOEEL KB L
7z (B 4-b). 2002 SELLRTICHAE L2 BE 75 &,
[RIBE] 60 &, [TR/GC (M1] B %3 &,
[TR/GC [M2] B] #°5 %, [MR/PE B #% 1
&, [FER&KEE] D6 2 TH o7, —F, 2003 4
LIRS LB E 42 £ T, [/REEE] A% 24
‘&, [TR/GC M1] B #° 124, [TR/GC [M2]
B 24, MR/PEEE] 524, [TVLER)
D2&THY, 2003 ELEHAEBI BT [TR/

GC [M1] B OMMBEEREZCLAL T
72 (p=1.8X1077). 2002 FELIFTHAER TS T I 2
6 D I FEREEE] DBETTH [TR/GC [M1]
Bl TholbRELTH, 2003 ERIZICBNT
[TR/GC [M1] Bl OHEKTEIMEBE XA ICHML
Twiz (p=0.025).

LEROBTHERIE, BEHAROBHROEER
2% [TR/GC [M1] B 12 X % upd(15) mat FHED
JAZRFTHEILERBETEIDTH L. 2
B, BUHEOIEIIECETFAORELDH/MT L
PHEHMEEVELSTEEIREEATHE I L
oY, REDBERIREEOBMINTEEET
% #&F % nullisomic sperm D% /L TXREDH
5\ L GC ® MR 12 & % upd(15)mat DEAE ) X
7 LR BURENSH S, Lo L PWS BEER
BT, 2002 ELIRTH AR & 2003 F LI A BE
DETEREHERLBPEHOEV IR LT
(&2), [R&KEE] = [MR/PE B | OMHMIHEE
VEELTwiabol: (R4b). 72, GC OB
#12B1J % nullisomic sperm & disomic oocyte D

137 ¢cvoo



FEEREZFEFEICENRTH Y, [TR/GC [M1] B
DHT GC A L7z upd(15) mat DEEIZE V&
HESNE, Lo, ZOBEFEENLI,
PWS WEOEICBIT A2 NBEMOBE I KE
CnekEZ6N5,

O8I

I EICHE D PWS RO EEOZEL
IZDWTIlRR7z. PWS RE DM B R ICZE{L
e RIZL I AEEHELAOETF L LT, BERE
FoEbERTHALEN D L. HEOIEHIZEE-
T, BEYWRICNTHOREHABNIR(ZHILT
MFORBTEOBEIRI DL T 25 WRENHE
PRBENTWEY, F72, LD hydrocarbon 12
T HREN PWS BEDYAZEFTHL LN
FFESDFET LY., Tho0ETFEMT PWS
ZREREROMTHEEOE(L 2 AT 2 2 & idk
Lwas, BEHEDSORTFI PWS BIEICEZ
HRBIIOVTIRSHORFTRETH 5.

8 X [
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Yo, EERBEBROBDH S

.~ 1978 4E, Edwards & Steptoe (2 & 5 R DK

BL 2 M (in vitro fertilization ; IVE) - JE % 8

(embryo transfer | ET) 12 & 2T &b 03Dk,

i?@?ﬁ BIEESE (assisted reproductive technologies :

ART) FEET LVERTET, 1992 £RIE LD

1213 Palermo 5 7%, BRI T 5 IIMALE M

- F £ A (intracytoplasmic sperm  injection |

ICSD) 12 & B IR - MK LA 20D,

M FREGEORE, IMEE - RREEMm OER,

FIRERBO R O@AIER £ L ) ART DEBIE

CEFELE L, ART HA&RBEGERGIHEML OO

L HBY, |

" b. ART DESH

.~ ART |24, IVF, ICSI, RBTFINENBE (gam-

~ ete intra-fallopian transfer | GIFT), & TINERNE
f (zygote intra-fallopian transfer . ZIFT), tubular

. embryo transfer, BCiBF/MEEBERE, HF/IER
fit, REBEELZECEENE. —F, BEESL
USEELBE B A LI (artificial insemination with
husbands’ semen . AIH, artificial insemination with
donor’s semen : AID) HEIRFRAIMER DA (con-
trolled ovarian stimulation ;| COS) 1&& Tz 2,
c. BFEICHITD ART DER

BHOBEFHIIELICERL, 2008 Fi2i

[ RMULEOBHR L HERENEREROH
20%% 505 X hot (B 1), F7-,

U

1983 SEDEARDLIZ L 5 IVF HAER, 1994 FDF

FOILL B ICSI HAEROREELEE, PO EICB

—

TECREEERL L Y 5 - HETS FRSWEEE WEET

ERERRFEEENNER B B

% ART A& IBIZREAIZEIIL, ART H&EBD
BHEEL 1997 EIEEHERDH 08%TH o720
123 L, 2008 EIZIZEHERDH 1.9%E %2 o 7-.

8 sxr v LpbRsEEREONE
T LR ARREEBESELHFLLT,
R0 AAEHOBEREE (EESSKREK), BDA
HBEFHNEE, FEMESY 1V 3 — (uniparental
disomy : UPD), T ¥ZEEDEHOHFH D, TN
5 ART & DOBEATRE SN TWAH DL, UPD &

IYERTH B,
a. ART & UPD

UPD &id, MRBREEDTNT, H5nid—
FELICABPOERTHZRETH L. RIDAAR
HIMEZ T UPD 3R ) AABEFORFARE %
BE, MY ALAERBREORERL 5.

Prader-Willi FE{EBE (PWS) 2BI1T 5 15 B4fE
{587 UPD (maternal uniparental disomy 15 : upd
(15)mat) T, =% 15 FLREEFBES LD
AZTHEIND . 15 FHBMA q11-13 FRIZE
COPDRXMEERR Y AHBEZTFIFEL, Th
LOFEBREHRIZL Y PWS RERNRET S L E
AbNTWG., F7:, EEBMER, BEETA
Ph, RAKT, FURE BRENESRLZEZE
¥ % Angelman fEMEEE (AS) O 7% T, 15%F
SEAEXERBME S 1V I — (paternal unipa-
rental disomy 15 : upd(15)pat) 2F2® S 5. upd
(15)pat TiE—HF D 15 FHEBEITEL SITXBEH»
LRSI TE Y, 15q11-13 FEIRICHFET 5
BRI D AHBZTF TH B UBE3A OAICH

1390000
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- 10,000

A —o— ARTHERK(A)

ED pPrECHTIEBRHEMERS ART HE RO

(B ERARE

£ | ART BRIREMAGE (2005~2008 £5), HEEMAFE

SMBERRE  REER

& B BERANERSEE, EEYHE  AOBEHEEZ b LIER)

JARBETICL D AS DBERERNTFI SR &
NBEEZLNTW A (UBE3A ERIZBWTD
AR AR EZITD).
KHEOEREX, Down EREEOREERDL
MENB LI, F1EESBHIBTEINTEESR
EDVAIEFTHAE. 2L T, BEFHORS
WD HHEU2Y 4 Y I —IiF i trisomy rescue X°
gamete complementation % 41~ L 7214 UPD @, &
/7 3 —B§BF 1% monosomy rescue % 4\~ L 7z M
UPD OFFE) AZHEFTH B LEZ LD (UPD
DEEBFIIOVTIE [BHEEICHED Prader-
willi EERRE O] (p.133) *ZH]. ART
BEE, BEBORBENSL LTV EZD,
ART DFHEEFNBEETIEI R, BREEL VIR
FASUPD 24 L72RI ) AARBREICHEE R
T REMEDH S (PWS Tid upd (15) mat T
DEMIIES$5). —FT, SHIIGRAKEE
DRLH2HTIVFZEOEHEZRI L
randomized controlled trial |2 & % &, BESRFRH
BEEDL R OBETERERE T ROEENTE
Dol ORI, HINSFRERSICLIVE
BEEET AW TFOREE A L7 UPD OFEDS
ERINITEEL TR TAIIDTHE. L
L, 20#%OEBRIIITOLATELT, BHPFHREH
fFH & UPD BEDEEIZ DV TORMEI 2R

e 0000140

B S TWRY,
b. ART & TEER
Rl ABGRIRIITEE, KBEHREBHEET
BB AFNVALREEZRT A F VLA EHR
(differentially methylated region : DMR) 23fF7E ¢
4. DMR DA FVLREBEEBRRERGICERE
X, 20O DMR ORAFVALREE (2 F 01k, 3k
AFUAL) ZED, B AABREGEFOHRBEEE
BIRB Y — RIS Tw D, SR RT
ICBIT BB HREEN DMR O X FV{LIREE IR,
BEMOBREEBMBT—BERESNL0L,
BOMEIE Uz A F LS — v DSHET T 5,
BB FICHRL, BRICGE 2 REEARH AT
Vit %% b DMR (& primary DMR & & iEH,
primary DMR O #E R X F (b8 — v IZERE
EBBICBWTHERSNS (A 2-2). —7H,
MEEICB O TEBBOB X F VL% S -850
X, BEOBEBTH LML ERIBTADILE
LEAFMEEZITS (B 2-b). 20k &, BIHE
BoAFMLOBRE X, BEEKEO X F NV EDRRE
EHBLEXFIUEOBRICH S Z LrmsnT
w5,
IVERLE, 20 DMR BPEELEAF ML
HHVIFEAFMEERTIRELERE SIS, &
DT EERIR Y AABEFORBICEEY RIT
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. (Reik W, er al. : Epigenetic reprogramming in mammalian
% development. Science 293 © 1089-1093,2001 & ) 5| F, —#BSE)

L, ¥4V I—LEABDEREEL, BIDAARE
C BOREEEE A, ZHICHEL, Cox HILE D,
¢ ART T ¥ ZEE % /- L 72 Beckwith-Wiedemann E
CEEE (BWS) BEVUAZ ERD D B LEHRE
En7z?. BWS ki, BEE, BEE, BAV=T
%3 EMETAEREFET, 5~10% R EEE
PEHTEERTH L. BWS O 50~60%I%, 11
FREHELOR Y AKAEROERFT L VRIET
%, BTh, Kv-DMR Q& A F 1 {biZ & 5 BWS
BAEY A7, ART 12X D 4~9 fEHEIMT 52 &
DRENZOW | F RIS, 15q11-13 FIRA D
Rl Y AABIZTFTHAH UBEA DEEIERET S
ASIZBWTH, ART (24 ) FESESE DO DMR O
B F VLK 6 BHEMTHI EFRES N
7201518 X g4z #E D DMR T A FVLEEHS
F2® & 15 maternal hypomethylation JiE & B fiE 1
A ART HAERIFITHRES N, o DEFD

BED S b ART & A FULEEOBEEATHS

IX BEDREY IR /2 Prader-Willi iERE: & £ TEHBER

nB, LaL, #FOHBD ART HAER x5 & L
727487 v THFICBWT, ART LRID AA
EEREOCHMEILTLIBDLNT, Thoo
MBI OWTEZNZFRIZBONL TV Y,

ART STV EET N L TR D AAER T FHIE
S BBFITHEAEZ BZES WY, UToORF
DEEFHH SN TS,

£—13, FEEMENBEETHS. TEEE L
FBTFOXFMEEERRI ) AAEBREL DM
BiE, NEEMODH 5 REFET ART OFEIZ 20
HHT AS DREV A7 PBI LY, ZHFE
BEO—WTHFOAFIVLEEITELEL, ART
I DEEMEEMENT LONLRBEND.

ET13, PISERAOFERTHS. IIFRC
LD RBAREINTIPFRER AR SR
TERIR I BT, O DMR O X FVLEE
BROLNIZ LY, PEIFRFIESICLY
IFRIRIZ A FIALREDR Y, RIYALRES
AEIXEIENITREEIEETE 2. BFD
AF VALY — VIR ERMEZET L
(R 2-a), HEORFERICL Y, DA FMLOFEL
BRI BT D 5.

£33, WENBRETH S, IVF/ICSI/ET #E
L DEIFRRICYENZEBENRT, MEAD
BEEERT/ LR AABEOBENF | &R
ENBIHEBASREEN TSR,

EME, PFRROFNERTH L. BIYER
"o, BAEREINPFRREICBLTATF VL
PEFBICHEBEI L Z WITEENFREILTY
582 ART ICBIVT A E0EE0BRT, E¥L
DNA X FMALDERFEE SN, R AHDOEE
PEISRIENATEEENH 5.

8| pws & art

a. BYOWmS

Sutcliffe & DT L 72 PWS 163 B, 2 Flo
ICSI fEFI B L U° 7 Bl fertility drug (FEHEAHH)
FRBEAFEINTB Y, BERREERIHT
ENZ2HTREFFEDONSLY, F50 5D
PWS BE 86 BN B, 2 B0 ART ER, 1 HID
ATH, 1 BIOHSRFREMEREFF ST TEY,
ZDI) B 3FATRENBDOL N, $72, Fv

141000



EID ART ICKWHE LK PWS ER

TR/GC M1] @ 88 1 B TARDEEE trisomy rescue F/zlE
gamete complementation [Cd<2 upd (15) mat FEFI
TR/GC [M2] : 88 2 B BRI trisomy rescue F/z(X
gamete complementation (T3 upd(15) mat FEH

¥ — 7 THEJE S 17 prospective study Ti&, ART
AR 6,052 FlfF, PWS BEIIZEDO LT, #IC
BURIEIRIC & B 2 IR 442,349 ek 3 Flod PWS
BEVRHB IR, OB, SI1d ART & PWS &
EOMEIZREHEN 22729, 2D XL,
ART & PWS BEQOHEOFEIIOVTIEIVE
PR DB O N TV R VOPERTH B,

b. H&EA PWS & ART

HAERARERIZL S ART BBRERT— 4
(http://plaza.umin.ac.jp/ “jsog-art/) 2% FF £ T 5
1997~2008 EIHE L, BHERRFEBAHREN
BRI CEBEESNh TS PWS £H & —ik&EM
12875 ART HAEREEZ KB L7z, PWS BF
74 BIFR ART I &K Y HEL/-BEIEL 76 (95%)
THho7eDIxtL (F1), —REFATIIREUCHE
ICHAE LZIBD 1.4%5° ART HERTH Y, 2o
BEIEEICER 72 (R2).

RIZ, PWS BEOREERER % 5 FRIEZFNE
WL Va5, PWS BERRE QM HSEE %
HB L7 (BATES L UEMZ2SEEICOVWTIE
(B R EEICE D Prader-Willi FEEEERE O 2L
(p.133) #BHB). ART 4 PWS BE 7 ik, R
BHRE ) AKBEIHOREBED 2 H1 (28.6%)
T, %1 BESEASTHERD tisomy rescue F 72
|3 gamete complementation % 4 L 7= upd(15)mat

@000 (42

G ART HERY O

IVE/ICST BARIEIR s |
7 67 9sgn
L) 187,198 13470859 1.4+

 p=22X10°°

& TrR/GC [M1] OBEIEEDLE
a :PWS BEeH

TR S

&ﬁfﬁﬁ%(&) TR/GC

M1 otherg
4%2 3
1% 56
b 35 &u.&:mﬁ#ﬁ b&@_ L f— PWS B
() TR/GC
: v others
i 39(36~45) R AL 2

o)

375(35~42)” 124 14

(TR/GC [M1]) EBIA 4 1 (57.1%) TRDHoHR
72 (]| 1). ARTIZX D HIZE L7z AS ° BWS fEHI
DELTRDONDLZEERIE, BINET- 1
PWS BEEMTHFAESNE o7z, ART HE&E
PWS BEE® upd(15)mat (TR/GC [M1]) D#
TR, BRERTHE L PWS B0 Zh
CHBLABCERE CTHo/: (R 3a). L
L, ART HEFHOBEZREROSHERIBR
HEEORZLERBRER L VEEHRTHY,
E R E D upd (15) mat (TR/GC [M1]) BED Y
A7EFTHBEI DL ([BEHHEEICHED
Prader-Willi SERERE O] (p.133) 2 5HE),
HEROBEEHTES ST TRIE LIER,
TR/GC [M1] OAEXTEISERE X, ART Hi4 PWS 2
EHL B BRULOBE S BARERTHRAE L
PWS BEE%E TR/GC [Ml] OB TR TH o1

(5% 3-b).

PWS BEEFICB VT ART HERDEELS
Mozl i, ART BLUZF0OMERT (REME
|, BERTFLRLE) AWML LT PWS BEDY
ATHRFE2ATUREEERBETHODNOTHL. —
7, ART Hi&E PWS BEEIIBWIRED LN
upd(15)mat (TR/GC [M1]) DOH3THIEEDEIE
21X, ART#D b0 L), ART MERFTH S



b H 7 PR ATIEN, BEE T LR RIZ
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oBDDIC

. ART ER D AHEBREDBEEICDO VTR
. ART HARIZE T, —HOR 0 AHERD
P RE Y L 0O REREET 5. LhL,
| N5 ORI T ART BULOZHET (B
D EEERSR, RERT, FEERLLE) QR
L ENTw R, LA o TAHE, ART LRID AA
LEEOMERTRETA2DINIE, ThHDKHK
LTIk LCRIRE E A IR A 2 EEET
B3,

o W
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2) Zegers-Hochschild F, et al. . International Committee for

Monitoring  Assisted Reproductive Technology (ICMART)
and the World Health Organization (WHO)revised glossary
of ART terminology, 2009. Fertil Steril 92  1520-1524, 2009
BAERBARSES | ART BREMBMK (2005~2008 £
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Maternal Uniparental Disomy 14 Syndrome Demonstrates Prader-Willi
Syndrome-Like Phenotype
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Objective To delineate the significance of maternal uniparental disomy 14 (upd(14)mat) and related disorders in
patients with a Prader-Willi syndrome (PWS)-like phenotype. ‘
Study design We examined 78 patients with PWS-like phenotype who lacked molecular defects for PWS. The
MEG3 methylation test followed by microsatellite polymorphism analysis of chromosome 14 was performed to
detect upd(i14)mat or other related abnormalities affecting the 14g32.2-imprinted region.

Results We identified 4 patients with upd(14)mat and 1 patient with an epimutation in the 14g32.2 imprinted
region. Of the 4 patients with upd(14)mat, 3 had full upd(i14)mat and 1 was mosaic.

Conclusions Upd(14)mat and epimutation of 14g32.2 represent clinically discernible phenotypes and should be
designated “upd(i4)mat syndrome.” This syndrome demonstrates a PWS-like phenotype particularly during
infancy. The MEGS3 methylation test can detect upd(14)mat syndrome defects and should therefore be performed
for all undiagnosed infants with hypotonia. (J Pediatr 2009;155:800-3).

hypotonia, small hands and feet, feeding difficulty, and precocious puberty.' Chromosome 14q32.2 contains several

imprinted genes, and loss of expression of paternally expressed genes including DLKI and RTLI is believed to be
responsible for upd(14)mat phenotype.” Thus far, 5 patients with epimutations and 4 patients with a microdeletion affecting
the 14g32.2 imprinted region have been reported to have upd(14)mat-like phenotype.>* Paternal uniparental disomy 14 (up-
d(14)pat) shows a distinct and much more severe phenotype characterized by facial abnormality, bell-shaped thorax and
abdominal wall defects." Initially, upd(14)mat was identified in patients with Robertsonian translocations involving chromo-
some 14, but increasing numbers of patients with a normal karyotype have been recognized.” Because maternal uniparental
disomy 15 is responsible for the condition in more than 20% of patients with Prader-Willi syndrome (PWS), of which the over-
all prevalence is more than 1 in 15000 births,® one could suspect that upd(14)mat is underestimated. Phenotype of upd(14)mat
is known to resemble that of PWS, which is characterized by neonatal hypotonia, small hands and feet, mental retardation, and
hyperphagia resulting in obesity beyond infancy. Mitter et al’” recently reported that upd(14)mat was detected in 4 of 33 patients
who were suspected to have PWS and raised the question that upd(14)mat could be present in patients with PWS-like pheno-
type. Thus we examined patients who presented with PWS-like phenotype, but in whom PWS had been excluded.

M aternal uniparental disomy 14 (upd(14)mat) is characterized by prenatal and postnatal growth retardation, neonatal

~ Methods

The median age of the 78 patients enrolled in the study was 18.5 months, and the range was 1.4 to 324 months. Sex ratio was 1:1.
All patients demonstrated PWS-like phenotype including hypotonia during infancy. We initially performed the SNURF-
SNRPN DNA methylation test, and normal methylation results excluded the diagnosis of PWS.®

This study was approved by the Institutional Review Board Committees at
Hokkaido University Graduate School of Medicine and National Center for

From the Department of Pediatrics, Hokkaido University

Child Health and Development. The parents of the patients gave written
informed consent.

DNA methylation status at the promoter region of imprinted MEGS3, located
in 14932.2, was examined (Figure 1). Genomic DNA was extracted from leuko-
cytes and treated with sodium bisulfite, and methylated allele— and unmethylated
allele—specific primers were used to polymerase chain reaction amplify each
allele, as described previously.” If aberrant DNA methylation was identified,

f PWS Prader-Willi syndrome
Upd(14)mat Maternal uniparental disomy 14
I Upd(14)pat Paternal uniparental disomy 14
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we carried out microsatellite polymorphism analysis for 16
loci on chromosome 14 (ABI PRISM Linkage Mapping Set
v2.5; Applied Biosystems, Foster City, California) with
DNA from the patients and their parents (Figure 1). Poly-
merase chain reaction products were analyzed on an
ABI310 automatic capillary genetic analyzer and with Gene-
Mapper software (Applied Biosystems). If aberrant DNA
methylation was identified but the patient demonstrated bi-
parental origin of the chromosome 14s, we further examined
the chromosomes for DNA methylation state, parental
origin, and microdeletion in 14¢32.2, as described previously.” >

. Besits. @

We identified abnormal hypomethylation at the MEG3 pro-
moter in 5 of 78 patients (Figure 2). Almost complete lack of
methylation was found in 4 patients (case 1 to 4), but 1
patient (case 5) demonstrated faint methylation. Polymor-
phism studies demonstrated that 3 (cases 2 to 4) of the 4
patients with complete lack of MEG3 promoter methylation
had complete upd(14)mat, but 1 patient (case 1) had
inherited both parental alleles (Table I; available at www.
jpeds.com). We further examined the DNA methylation state
and microdeletion or segmental upd at 14q32.3, and con-
cluded that this patient (case 1) had an epimutation. The
detailed data have been reported previously.” The patient
(case 5) with faint MEG3 methylation was demonstrated to
have 2 maternal alleles, as well as 1 paternal allele with lower
signal intensity. This indicated mosaicism of upd(14)mat
(80%) and a normal karyotype (20%) (Pigure 3; available
at www.jpeds.com).
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Figure 1. Schematic map of the 14g32.2 imprinted region.
Loci on chromosome 14 represent markers used for micro-
satellite polymorphism analysis. Paternally expressed genes
are shown in blue, maternally expressed genes in red, and
nonimprinted genes are shown in black. Differentially meth-
ylated regions (DMRs) are shown in green. IG-DMR, Inter-
genic DMR. Reported microdeletions are demonstrated as
horizontal bars.

Figure 2. MEG3 methylation test. P, Paternal methylated
signal; M, matemal unmethylated signal; 7-5, cases 1-5,
respectively; 6, patemal uniparental disomy 14; 7, patient with
PWS; 8, normal control. Cases 1-4 show only the maternal
unmethylated signal, and case 5 shows a faint paternal
methylated signal.

The profiles of the patients with upd(14)mat or an epimu-
tation are shown in Table II. We compared clinical features
in these patients (Table III). All patients were referred to us
during infancy because of hypotonia and motor develop-
mental delay. Small hands and feet were also present in all
patients. Prenatal growth retardation was present in all but
1 patient (case 1) who was later shown to have an epimuta-
tion. However, this patient had development of postnatal
growth retardation, which was present in all patients. Prema-
ture onset of puberty was not evaluated in this study because
the patients were too young. Apparent intellectual delay was
only present in the patient who had upd(14)mat mosaicism
(case 5). The clinical features of the patients with epimuta-
tion or with mosaic upd(14)mat were not distinct from those
of the patients with full upd(14)mat.

~____ Discussion

We detected 5 patients with upd(14)mat or epimutation at
the 14q32.2-imprinted region in 78 subjects who had ini-
tially been suspected to have PWS. Mitter et al” reported
that upd(14)mat was detected in 4 of 33 patients who
were suspected to have PWS. However, Cox et al'® re-
ported that they did not find any upd(14)mat in 35 pa-
tients suspected to have PWS. Our study suggests that
a significant number of patients with upd(14)mat are sus-
pected to have PWS during infancy. To clarify how up-
d(14)mat and PWS share clinical features, we examined
the clinical manifestations of our patients with upd(14)mat
or an epimutation. All patients showed neonatal hypotonia
and were referred to us during infancy. Feeding difficulty
in the neonatal period and small hands and feet were
also common to these patients and resembled features of
PWS. It is noteworthy that all patients were referred during
infancy, suggesting that upd(14)mat and PWS resemble
each other, particularly during this period. Therefore up-
d(14)mat and related disorders, as well as PWS, should
be important differential diagnoses for infants with hypoto-
nia and feeding difficulty. Distinct features for upd(14)mat
included less-specific facial characteristics, constant prena-
tal growth failure, and better intellectual development. Pre-
cocious puberty is not present in PWS; however, this was
not evaluated in this study because the patients were not
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