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1) Miyata K, Miyata T, Nakabayashi K, Okamura K,
Naito M, Kawai T, Takada S, Kato K, Miyamoto S,
Hata K, Asahara H (2015) DNA methylation analysis
of human myoblasts during in vitro myogenic
differentiation: de novo methylation of promoters of
muscle-related genes and its involvement in
transcriptional down-regulation. Hum Mol Genet
24:410-23

2) Maeda T, Higashimoto K, Jozaki K, Yatsuki H,
Nakabayashi K, Makita Y, Tonoki H, Okamoto N,
Takada F, Ohashi H, Migita M, Kosaki R, Matsubara
K, Ogata T, Matsuo M, Hamasaki Y, Ohtsuka Y,
Nishioka K, Joh K, Mukai T, Hata K, Soejima H
(2014) Comprehensive and quantitative multilocus

methylation analysis reveals the susceptibility of

specific imprinted differentially methylated regions to

aberrant methylation in Beckwith-Wiedemann
syndrome with epimutations. Genet Med 16:903-12

3) Fukuda A, Tomikawa J, Miura T, Hata K, Nakabayashi
K, Eggan K, Akutsu H, Umezawa A (2014) The role of
maternal-specific H3K9me3 modification in
establishing imprinted X-chromosome inactivation
and embryogenesis in mice. Nat Commun 5:5464

4) Kagami M, Mizuno S, Matsubara K, Nakabayashi K,
Sano S, Fuke T, Fukami M, Ogata T (2014)
Epimutations of the IG-DMR and the MEG3-DMR at
the 149q32.2 imprinted region in two patients with
Silver-Russell syndrome-compatible phenotype. Eur J
Hum Genet Nov 5 [Epub ahead of print]

5) Romanelli V, Nakabayashi K, Vizoso M, Moran S,
Iglesias-Platas I, Sugahara N, Simoén C, Hata K,
Esteller M, Court F, Monk D (2014) Variable maternal
methylation overlapping the nc886/vtRNA2-1 locus is
locked between hypermethylated repeats and is
frequently altered in cancer. Epigenetics 9:783-90
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1) 4 —2Z, Court Franck, LT3, Romanelli
Valeria, FllF5e{H, FI%&fERK, Esteller Manel, 75
&), FfE—ER, Monk David  (2014) Genome-wide
parent-of-origin DNA methylation analysis reveals the
intricacies of the human imprintome and suggests a
germline methylation independent control of
imprinting in the placenta HATE I = X7 4 v
7 ARFgetE 8 EfFES (RA)
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BIOFAG ML KDNAY o 7B TIX, ShmCE A &340 7 < | FHEH) 72 ShmC D 43 4 1 LR
T&Ephol, MY 7 TiIShmCR£E < EEN D 2 &b, KOSI4EE HRDOIPSHIfEH &
b LTe il 2 AW CRBR DT 21T 5 TETH b,

A. WFEBBY

-k FIEERE (Kagami-Ogata syndrome: KOS14)
R IEEILVEKESZ, BEEREEZEL, HAERIT
NN RSND /N, B~V =T el DjERE
DR FFEORERREERTA TV T
THREETH D, (TN D KOSl4 BEDE
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STz, AMFFETIE, mEERIZL D KOS14 BF 4
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SLIRREOHRBICEL D bD LIS D,

AAFRIED BRYIL, AEOBBNIA 7Y T 4 v T BESERIERET O & | iPSHIfL %
RWT=T ) b 287 ) METTH D, MIRSIEEIT. 0T, EFIE LB T2l zH

AKEEDOREIZIZLLTO L OB E LN S, (1) Silver-Russell fEEEE A Temple JEFEREFEMKF TH 5
FIARBERA T T 4 7RO EERESS CDKNIC 25 T8 11 Yo REpE R O EEIZ
XVAELRZEEHALMNE LT, (2) Silver-Russell JEfEFEIEZIEE TH 5 IMAGe IEFERAFITB W
T CDKNIC Z R Z[FRE L7, (3) Kagami-Ogata JEERED LM BER G 2L E LT,

INLDOHERIT, ATV T 4 VRAOBRGOBIEHRTZHRLE TL20DTHY, T

A. BIEEHN

AMFZEHED BHUIX, AFZEDOBRYITZA 7Y
T4 T B ERIERF O & PSRN Z v
727 b BT ) LMENTTH D, BIFRSHEE IR,
ZOFT, EFUE L BETR2EEEY L TWA,
W4y 3 1% AREEE | Silver-Russell JEEEER &
OF OB EE B TH 5 IMAGe JEBERE D FIEMF O
fif B & . Kagami-Ogata JEERE D FEM 72 B K 5 2 R
E LT,

B. MiRAE
X : FRRAIZ Silver-Russell JEMERE & 2l &7z 5
{5 & IMAGe JEMBERE & 2Wr sz 3 6, R b TN,
EER A E L OV FB I FHIIZ Kagami-Ogata JE i
Kagami-Ogata syndrome (KOS14) & &2 6r S 7172 H A
ANBFE 34 FITH 5,

(fEm ~DEE)
BRI . AR OZFITICHTZ->TiX, BN/
LB F AT T 5 mEEfe $ 28 T L TIT
W, BRI, BEICEAA T+ — LR a2 R
BEICINELT, 23, TriOMMZEaRE N =R EFR
RFMMHEEZEB S TERBINTNDZEEATRET D,
o EMEICRITIBRCAIFREDERR
0 ERMAHFBIEERIIBITIELMIRKEOBRER
o JRIR-BBOME FHEICBTLIBEERBIVE
FERF DT
FFEVFRIENT TIX, ¥ — 7 = AT, AT
MEFENT, ~A4 7 a7 74 MEHT, 7 LA CGH
AT, MLPARRAT 72 &, BUE7R L 5 DT 2 & TAT

277,

C. MEHER

1) Silver-Russell SEIREEIZH 1T 55 14 Lk T
JoFq4 o TBREOIEEEDRRE,

i, Silver-Russell JEERE & BERZ2HT S U7 B
FOFER) A F AT 21TV 2 FlIZBWTE 14

YR A TV T 4 VT EBO T EEREREE L

7= (E1,. K1),

#£1. 2Bl0HEKE

Case | Case2
46.XY 46.XX
+ +
+(-225D) +(-365D)
+ +
41 37
46.5(21) 365 (-6.0)
BW kg (SDS) 22(-27) 12(4.6)
BOFC cm (SDS) 325(0.7) 300(-20)
Present age (yearsmonths) 96 92
PHcm (SDS) 1204(-23) 1255 (-1.0)*
PW kg (SDS) 265(-07) 23(-12)
BMI (kg/m’) (SDS) 183 (+1.0) SD) 142 (-L.1)
POFC cm (SDS) 515(-09) 503 (-15)
Relative macrocephaly at present* =
Triangular f
Ear
Trregul
Clin
Brac)
Simian crease &
Muscular hypotonia +
Speech delas + .
IG-DMR MEG3-DMR ‘

Pat
Mat PYF1—>SP1 < PyR1 PyFZ—)SP% <PyR2
cl 4 CG5-CG9

Methylation Index (%)

Methylation Index (%)

CG1CG2CG3  CG4 CG5CG6 CG7  CGB8 CGY
22% 18%40% 13% 3% 3% 4% 6% 2%
Case 1 : #01 Bl
34% 33%57% 25% 25% 25% 26% 28% 22%
Case2 | 1 |
24% 21%39% 2% 3% 4% 4% 6% 2%
UPD(14)mat | i |
58% 53%67%  51% 45% 53% 35% 60% 36%
Control | | 1l It vl
Methylation Index (%), Median (Range’
Case1 Case2 UPD(14)mat (n=6) Controls (n=50)
CG1 22 34 255(22~29) 58 (49 ~ 68)
CG2 18 33 21(19~33) 54 (40~ 62)
CG3 40 57 47 (39 ~ 55) 68 (54 ~78)
CG4 13 25 22(19-~34) 535 (43 ~64)
CG5 3 25 4(2~15) 52 (43 ~ 56)
CG6 3 25 5(3~16) 55 (52 ~65)
cG7 4 2% 55 (3~ 16) 37 (32 ~55)
CG8 ] 28 7(5-~18) 60 (44 ~74)
CG9 2 22 35(1~13) 36 (26 ~47)

K1. F14ROEA T T 0 o TEBOE A F

e (ZEER),
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(RETAPER I FE ML FE YR 3 (TR PR I (L iF 28 'lu’i)))
S FEAIF 2T A

Z AUk, Silver-Russell SEfERE & Temple fiE i ¥ 3 B A
HNCA—=R—=F v T T A EETRTH LT —4 T
H5H, F£i=. Temple SEMERFIZHB VT LD ELIE
MR ELI D LERBRTHT—HThbH

2) Silver-Russel| SE/ZE¥IZ#(+ % CDKNIC &L H
N &BEEEmRCSERDORE.

bbbk, Netchine 5 7)"{’}1}“?’1 7= Silver-Russell Jif
FEDZWr BEN 20 92 03 T DL IR FR D 220
3HIZF\VT, CDKNIC a:,.niﬁ 11 G o, (A st 7
MoOBEMBERE L, (2, M2), &62, kAt
Frick v BloBE#E2 A3 25 15 6l 14 flicsnT
BROLELIENFHBRBO bWl 2R L, Z
ALi%. CDKNIC @ HBIAS, MLWHLnfw7
CDKNI1C D¢ FERSRE TCHEZ FE[RIER. i i& o> £ A7 HE Xt
R 72\ Silver-Russell SE{ERED Y7 5’ A 7T HEHHLZ

& EIRET D,

2. Clinical features of case 1-3 and reported cases with duplications of maternally
derived chromosome 11pl5 involving CDKNIC

Case | Case 2 Case 3 Reported cases
Family A Family A Family B (n=16)
Female Male Female Ref 11-19
Silver-Russell syndrome phenotype
Mandatory criteria for SRS
BL and/or BW < -2 SDS 16/16
Scoring system criteria for SRS
Relative macrocephaly at birth* Unknown ' 11
PH £ -2 SDS at 22 years ¢ Unknown 14/14
Prominent forchead 89
Body asymmetry 115
Feeding difficulties Unknown 6/6
Other findings
Gestational age (weeks) 39 32 32 22-38
Oligohydramnios Unknown ' Unknown
BL cm (SDS) 38.0(-4.9) 340(-33) 320(39) ND*
BW kg (SDS) 1.3(-53) 087(3.6) 082(37) ND'*
BOFC ¢cm (SDS) 29.5(-2.7) 283(-06) 27(-1.2) ND.*
Present age (ycars:months) 14:00 1:03 3:.03 1-31
PH cm (SDS) 1307 (-4.7) 60.8(-6.4) 70.7(-6.7) ND.*
PW kg (SDS) 375(-1.2) 48(53) 68(40) ND.'
BMI (kg/m’) (SDS) 22.0(0.7) 13.1(-2.8) 13.6(-1.5) N.D.*
POFC ¢m (SDS) Unknown  45.0 (-0.5) 48.5(-0.1) N.D.
Relative macrocephaly at prcscnlh Unknown + + 14/15
Triangular face 1216
Ear anomalies 811
Irregular teeth Unknown . 2
Clinodactyly ‘ 1011
Brachydactyly 4/5
Simian crease + + 1”2
Muscular hypotonia Unknown 417
Developmental/speech delay + 11/15
IMAGe syndrome phenotype
TUGR + + + 16/16
Metaphyscal dysplasia Not described
Adrenal hypoplasia 4 Not described
Genital abnormality (Female) (Female)  Not described

Cases 1and 2 Chromosome 11

2 o]
B S -
+2 [ —— 1
¥ o’ e - et
3 = I 1
~7.98 Mb
Case 3 Chromosome 11

B ———— e

+2
+2
] 5
=2 o
S =443Mb
Case 3 Chromosome 17

e —

J’m m
200K6

[ 2. CDKNIC Z & ¢85 11 Jefafmmfim (il sl &

g

14

T 7 LA CGH #i& %,

3) IMAGe ﬁi@ﬁﬁ%‘l:ﬁl#é CDKN1C ZR D[R E
Wt IMAGe JEfERE (FE NI TR, i iif i S

AL SN ')J"}MM.# BH) D s,\wm LT
VoT 4 v Ztiat (BERBE () CDKNIC @

KRETCHEE R TH A = LR &, bhvbhid, &
i85 IMAGe fEMRE 3 Fl 2 b L. 2 flicisuvn
T CDKNIC O#fETlEAERAZRE L= (X3), £L
T, (1) IMAGe JEMERERBIR D V3 —F o & VIE
MoORBERZETeZ & (2) FXTAYEEFATEK2MFLE L.
Zhix CDKNlC DI 33N T D il B FE B 2 o1
ZEI—ETAZE, 3) r.ill'i*"ﬂt)r: :527’)"%’?[7\'7D4
}<‘0>Jf0>9\2;1‘1'4kﬁfﬂ WO BT &L (4) AERRRE A

ARSI AR I B K3 5 IR *‘&{:# I~ =R =TSS4 r
c_,um TlEk, AT TRHLE, &b,
%UDf&OD)‘Crﬁk—?'—M\B\ CDKNIC O EERSRE TUtE
ZEHAY IMAGe JEMERE A | rtt*/iz%ffré;‘uif_‘ ZEFRM N
— S v RMEGREAELDZ AR LT,

Genomic, = £2 E3
DNA o
Protei CDK binding PAPA PCNA-binding
rotein) — domain domain domain
1 110 213 A 316aa.
p.Asp274Asn
p.Phe276Val
p.Phe276Ser
p.Lys278Glu
p.Arg279Pro
p.lle272Ser
p.Arg279Leu
Case 1 Case 2
Patient /\ /\
Direct A A *
sequencing | AK/\A \
CTCCGGTGAG CTCCGGTGAG
A A
sisseres, | U b Tl
Subcloned \ I\ f\ !\
mutant allele | \\ /\"\‘ I\ /|
CTCCAGTGAG CTCCAGTGAG
Patient I\ \ i
Subcloned A ftj\/\ [ M ,
normal allele |\ /\/\ /\/‘ [\ ‘/\, /\/
CTCCGGTGAG CTCCGGTGAG
Father A /\ \
Direct N\ E ‘ y
sequencing | \/\/\/\/\ / /
CTCCGGTGAG CTCCGGTGAG
Mother
Direct /\N\/\/\ AMn
sequencing \
CTCCGGTGAG CTLC% TGA
3. IMAGe JEf&REFIZI1T D CDKNIC Z& &,

4) Kagami-Ogata fE{EEEIC & (T 5 FMEERRIE DR
iE

bivbii, Kagami-Ogata JEERE (KOS14) & 72 <
iz B ARNBFE 34 O FER 22 ERIRG AT 21T\
UToZ xR THDTHLMNE LTz,
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syt &

BTN—TDLE: 14 falEmRXMEL 1Y I—, =
VAR, WHIRETHREZETHY . BERROERIZT
~NTIZHIET 5 RTLL O@EFEE (2515 L&EX
LB,
REBEMNER . T TOERD Y B, BimaEHE O
JEDZEH % 1 5 FFEAIEAFL L | coat hanger angle DY
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