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Comprehensive genetic analyses on Angelman syndrome and related disorders:

toward the understanding of pathogenesis of epilepsy

G

BE 7Yz VEGRE (AS) IJUBESAMIE T OEEMKIC L WV BET 2 RETDH
D, BEETAPAEEROVEDTH DL, Fhizbld, TADPAFERMOMHEZEE L
T, ASBIUOEBEEEZNEE L THRNWEE TN 2B L7z, ZOMRER, AS6HIDH
53561 (38%) ZRIZFMICBWTH I EATE 2, WHRIE, 15Ttk By 4 v
I — (UPD) 3%, Wl 0 AA%ZEE3BI, UBESAZRIINITH - 720 84 TIXUPDRRI Y A A
ERNPOYENTE LD o7z, BIZFEMIZASE BT TE 2h o 7245612 LT, 6 o#EE
FEELY— TV ANRFVIEN 21T o722 25, IHIICMECP20ZER 2 F5E L, Rettdifk
BELEZWI L7z b H1BNCCDKLADER % R L7zAs, ML &bl Lz, WigndEET

FERTIC & 0 BRIRINIC ASH3 R D N 72 8 ORIATNTEEZ W AT i TdH o 720
ThDABREMERESE WREHR 20165 27 : 111-114

Key Words : AngelmandiEfElt, UBE3A, 7/ A4 7Y 54 » %, MECP2, Retthifif

[iZL®IC])

7 vV VREERE (AS) (EE YR
ECTAMA, KBRS, H5ICHERS
N2 ENTRE S N BT B 2 /R SRR C
»H BV ASDKIB%BIZ T AN A ZEIET %,
ASIZEPT B TADP AT ERTEE £ E L,
BRICIET WA TAPAERSI A 7 0=—
RMEFREZRT I EFMOENT VD, TDXDH
12, ASIZEMBTADNADBEEENE T IVIRE
DOEDEEZLNTWD, ASOJENEET
UBESAIZLEFF Vy&EHAY F—ETHY, W
BRI BWCTENEADOSFICHES LTw
%o UBESADIEM&EH & LTYF 7 AR
M 2 HBROBEANHEINTEY, TAD

ADGTHEOHMICEMLTWVEY, 55
2, UBE3AZMVE$ 515q11-ql313% ) &4 ~
TV T4 Y THEBTH Y, UBESAIZ MR
Wl R4 > 7Y 74 7 %%, BEET
LV ADEETH 5o 15q11-ql3D HEAixT-H
M #Fig. 1IZRd. 2D XHIZ, BIETIHBIC
IV AT A7 APBERL TS, 2Dz
2, BIRFIIBENIIEMETH Y, RRI T
WUFETH Do, ASOIT#InF 58 % Fig. 2
2R o 15q11-q130D £ R 2L H3K970% & i b
%\, KIZ, 15T GRS BES A v 3 —
(UPD) #35%, Rl AAZEK5%, UBE3SAZ
HE10%TH VD, F10%IEFEHHEE S iz
Vo T2, ASE B BVERZRT A, #HiB
FCR > RBPEBEHMESNTEY,

ST R LR AR BEE AR TR AR - ANREE 00

(T467-8601 44w i Tl X B R AT ) 1178 1)
Shinji Saitoh

Department of Pediatrics and Neonatology, Nagoya City University Graduate School of Medical Sciences
(Kawasumi 1, Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan)



TADARITICIRBLN R WFZ84EH A8274:  20164E 9 A

112

1B 1N 1214 21 2 M X
L} T | 1

(S0 WA

snoRNA

Chr. 15

- w2 mma o
2 d § ERoy w28 B EE o
50:32252;233222 &
£382 3 w9222 855338 o T

—
= < <
Ic
BP1 BP2 BP3

Fig.1 15qll-ql3?i#E = T-HX

Cha XM BE T, HER BRI
T, MEmBERREETERT, V7F
7 DRI RIDOYIW i % 7R3, BP1, BP2
ALY, BP3IE S A Y WY S & R T,
ICIERI Y A& WL (imprinting center) %
7~ L, SNURF-SNRPN# ¥ ® 7 1 E—
 —SIRICH T B,

Class | Classll  Classlll Class IV Class V

xx UPD BIYi2&  UBE3A A
ER En
P M PP P M IF) P oM P M
70 % 5% 5% 10 % 10 %

Fig. 2 ASOERZMYHE
UPDIZ K # ¥ 4 ¥ I — (uniparental
disomy) %R, TNENOITFITHE,
M : BEHHSRIGTE Gk, P SCH RIS
k., M(P)1ZB:HIK15q11-q13D k) b A H
REDKHRE L STVWBEI EERLT
W5,

ASOZWIMPEETE LR VWEZ I LTI,
NOOWEEOMMPLEE NS, Al HITFAE
IZBWTASOGFEBIZFWZ R ORI Z 8@ L
T, BAMI 24T\, ASB X UOHEBKRBICE
5 TAPLAFIERBEOMHZ B L L Tii%k
21T o 72

[x3% & F7i&E]

Sl OFERTIZ B\ TSI 7E I 34 ] 12 B
THEIRFRIRNT 2 FEH L 728681 2 b B & L 7z
JEMT RALERIR Y ASASBE D L,  FISHENT I
T15q11-q13DRED g S NIZIEREBITH
bo KFSIMEEKS 7 ADNAZ W U T &

FR1E
FISH Rk

| e Bt (14) KR (3)
DNAAFJALT AN (86) — BAMEIT (6) —> UPD

| ERE3)
Ba1E (72) RIVAZIER

(ICR%E(1), TEER (2)
FRtE (19)

UBESAZEFRMAT (64) UBE3AZER

| Rtk (45)

> F88

Fig. 3 HRRANBIRFAZR O & HEHR
BZFHBITORNEZRT, () WiEX
Y5 BERERT. DNAXF LT A
b BEPE7261 0 9 B 8BIIZUBES ASRNT 45 A
FHEELNT VAR WD, 64451 DT 5
Lo Tnhb,

11 - 720 f#AMT )7 1213, SNURF-SNRPNii fz T
70 E—F HBDODNAX F VLT A b % 461
WCEL72e AFNMEICEERALNIGE
X, MWBOMAE H WS RIEN 217, 15%
et RO B R WG L7ze 15T Jakid i
H3kTH 57A%, DNAX F VLR %380 535
BRI AKRLREBE L7z D A KL
2% L Cld, SNURF-SNRPN:&AZE ¥ L i o Kl
0 A Ay (imprinting center : IC) @ %l
KD H M MLPATE T L7z A F L
b7 A PEEHEFICH LCid, UBESAEET®
EI—F 4 YTHEBEY VA —FEIITY -
Y AT o 12, RO L RR ZFig. 3
12T, BREMEFNICH L CTIE, ASE FREM
PETwa 2 EpHEIN TS, 6lDEs
+ (SLC9A6, TCF4, MBD5, CDKLS5,
MECP2, FOXGl) ®a—5 4 ¥ 7% x5
ET B Y — 2 v A8 RV & AmpliSeq
(Lifetechnologies) (2 & WfE L, Ion PGM%
F TN L72%

(#&R]

AS 8661 9 H, SNURF-SNRPN X F V1t 7
Z M1461 (16%) TREETH - 72 (Fig. 3).
Z05 %, 6BITHBMNTATE, 3B
BT AV I —, 3HDRIDAARLRTH 72
(Fig. 3)o Wl D AARERDIFD S H, 161k
) A AL IZde novodD SR 2% % [/ 5 L 720
2BNER D ARFLDORESAFAEET, TEE



TADARITICIRBLN R WFZ84EH A8274:  20164E 9 A

FLHE LIz AF LT A M EtEeAslzx L
CUBE3ABL T OERGEN 2 ¥ ' — 1 TAT
vy, 1961 (ASE R D22%) (AR EZFE L7
(Fig. 3)o 8BIICxf L TIZUBE3AZ BHAT % Bl
HFEML T 5o BERIFEMETDH - 724561123
LT, 6o#EETFEELY -7V AR
RN % 4T -7 25, IBICMECP20F ¥ & &~
2R (c502C>T, p.Arglé8™) # 6 %E L 72,
COPITIIMBOMIIEITE LD o7 I
B IZCDKLSD I & & » A2 # (c.1762C>T,
p.Pro588Ser) # [ L 7zo < OCLDKL5%
WERDOA DN WBICHDFHEL, Wik
ECHIWT L 72,

(E%]

R B \Z ASHSBE D 72 BN R§ 2 KR 10 72
BRSBTS AT 22 HEL, JELEND2S
Wtk % 2 1T 720 SEB O I BT,
AS S6BIDIRNT % 1T 5 720 ASDT0%% 15D 5K
BN R S % FISHEE S PREBREIS Td 5 72012,
— R ICB W TERITHETDH 5, - T,
FISHRE MBI 2 AT O X G & L7z, ASIZ15,000
WAEIIABREORAEFRTH L DT, ENTI,
0L BREDOHHEEDORIESAZ TN b, KK
BIZZEDT0%TdH5DT, Fhizb DI D% 5
& BIEREFNI30%TH Y, ER206F DD
FHFIE LEE SN D, A2 bOiFk T, 4
H10BEEROZW 2 EL TBY, ENIIBIT2
FERIBN X % AR F-BWr TlE— 8 DE KD
TETWDLEER DS

AF WAL T A b EEME1316%, UBE3AZ B4
A22%TH VY, BIZFWIHEEZIIHE Sz
DIFF38%TH o720 A F MLT A bt %
UPDE R D AAZERIZEN T 5 720121%, W
BOREPLETH Lo 141D A F VLT A b
Wt D 7 20 C, TPMEHTIZ6FIIC L2 TETWY
o Kl D GAARZEBBISFEN KT L TRI Y Ak

113

LD R RN %2 47\, BN R 2 % [
E L7 ZOFITIZMMIKIIdde novoTH -
7208, BRI LMESNTWS, 20720
12, B ) Y TOBEPLIEAF VAL
FENT A2 F 59, WHOMKE @22
Ihs,

72 BIFASITP /- KRB 2R § Z oo @
EFEROA ) —= v 7L LT6HEIET &2
WL AV EERL, KRS =57 v —T
DIENT R %ML L 720 BEBEVEB O T,
IBICMECP2% 5, & 9 1#1ICCDKLS% 5 % [f]
E L7z MECP2OZERIZF vV AERTDH
0, WKEHB L7z, LA L, CDKLSZE R
RAEIICIZ L M LW L 72e MECP2IZ L v b
JEBEHO RN BEZTTH Y, FLUBMICZASE 3
BLAERZRT, TDX 5 ICASEBEWHIZI
FEASHIREITNTVBEZ LIEHLNTH 5,
LA L, GEET DI TORmLERIZ2%IEE S
BRIV, Z D720, ASO AL IFNT IS
PEBN KRS T B BIZFFT & L CldenF Y —
LIENT 2 EOEREDS L D EBEWEEZ SN D,

(&3]

1) Saitoh S. Clinical, molecular, and neurophysiological
features in Angelman syndrome. J Pediatr
Epilepsy 2015 ; 4 : 17-22.

2) Egawa K, Kitagawa K, Inoue K, Takayama M,
Takayama C, Saitoh S et al. Decreased tonic
inhibition in cerebellar granule cells causes motor
dysfunction in a mouse model of Angelman
syndrome. Sci Transl Med 2012 ; 4 : 163ral57.

3) Togawa T, Sugiura T, Ito K, Endo T, Aoyama K,
Ohashi K, et al. Molecular genetic dissection
and neonatal/infantile intrahepatic cholestasis
using targeted next-generation sequencing. J

Pediatr (in press)



114 TADARITICIRBLN R WFZ84EH A8274:  20164E 9 A

Summary

Comprehensive genetic analyses on Angelman syndrome and related disorders:
toward the understanding of pathogenesis of epilepsy

Shinji Saitoh

Angelman syndrome (AS) is a neurodevelopmental disorder caused by loss-of-function of the
imprinted UBE3A gene located in 15q11-q13. Epilepsy is one of the main manifestations of AS,
and thus AS represents one of the genetic epilepsy disorders. We have performed
comprehensive genetic analyses for 86 patients suspected to have AS. In this study, we
identified three patients with paternal uniparental disomy of chromosome 15, three patients
with imprinting defects and 19 patients with UBE3A mutations. In total, 35 patients (38%) was
molecular genetically diagnosed with AS. We further examined remaining 45 patients negative
for AS molecular tests using a next generation sequencing panel containing 6 genes. We
identified one patient with a MECP2 nonsense mutation, revealing a diagnosis of Rett syndrome.
We also identified one patient with a CDKL5 missense mutation, but it turned out to be a
benign variant because the same mutation was present in the phenotypically normal father. It
is concluded that comprehensive molecular genetic analysis for AS-suspected patients would
have the approximately 40% diagnostic yield.
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