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Coffin-Siris JEEFE(LLT CSS )L, BE~HEEOREHER - PEEM F
DIRERR « TANA - HRBEHRLEFRESHEORERR EOTHIKEL KHK &
LR - BHEBREREO—2Th b, BRERTTOHEESCERER D
BIIEA TV, ARIFFIL, CSS ZRBRITHEDOFEMNERIC L > THEEL 2
ol FEBBRFOTI Y CEE (B Y —L) OREFTEITVZEDBGEHE
HEzAONITHI L2 BRE Lz, EFE LT CSS23 FEFI D 5 & S1EIG] 5 45 %
RRIZET T YV — LB EIToT2, 2D 55 2 I TEIGF CSS1 @ de novo B4
ZEE LT, B L2 TO CSSERIT CSSI BEFEDEELHER L, CSS1 &%
120 Bl THERR 4L (87%). CSS1 EHE M CSS DEEALZFER TH D Z & A S 2

SRR SEE
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A. WFEER

Coffin-Siris JEEFE(LLT CSS & FRIHIE, #*
E~FEEOEMER - PEEM EORKR
R« T i - HRBEFEFRESEOK
B2 EDFRIMEL FFHR L ZRETF - &
HEFIEREREO—DOTh D, MRERTE
DEEELCEBBEER OFERITEA TR,
BFIEAERE - AT, CSS DEEMKRHIE
R E « Y Copy Number Variation (CNV)
DEEE~A 70T L—THEELEZN, &
FIXRE SN0 o7z, BEET A AL,
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Ligoleb NEBEFOTI Y UEE (&
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FRAFTE - A, wRiERY—7 R
BHT 2P0 BETERZENIC
FETHMAQ ZEM L LT 7 u—
ZEFE LT, & BICHIROKENA Y —47
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2179, 2 &b 2 FILLET de novo
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BRI OB E LN LR EHEIT LTV
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L EGIER (A - 13A)

FRE234E11 828 B AR T, CSS2341 & 6275
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I £T7 Y — LB (IaA)

CSSSENZRT L CTa=T Y Y — MENT & HE1T
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L KRS — o v AT — Z BT (FaAR)
MAQ & NextGENE % f8fF L T#IFE L <
BETEREZFAETHAVAT LAEBE
Lo K70 b aviRAW-ERERS
7 BEEERNZ LIz PCR v—/7 v A&
FEEITH & B X% 70-80% T true positive
ThoT,
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ICEE R ERR B EZ T L, BETER
NER T DEERBANEL N E 2o T,
MR ERE  SREREY - EHE
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Coffin-Siris Syndrome | 3# D 72 ZRIEREEFEHEREFEEHOOE O TH D, HEHER L B VEOTURER
PWNZBEIZ72 5, Fifth Digit Syndrome & b Xids, TOMIZHERRERFTREZ BT 5, ANERROENR
EBiI e FREITTRBHOENZ, KR TRMERS R & — IR/ NEERO L 22 ER
BETHY | < DIERETTEFEHIER L Q5 BISTRIT CEENSHEE L7z Coffin-Siris Syndrome 6 JE%

FEo,

HERTTEE
RIS LE AR S R - & — B no R
HNBF, RETFISE, =BthF. AEst

ABFFEEH

Coffin-Siris Syndrome (CSS) 13Fi/D 72 SR RKET
FERERIEFRED O L D Th D, SRR, BV
DOJVEFRA A 545, Fifth Digit Syndrome & & X%
5, Coffin and Siris (1970)iXFErRER & 25 VEEREOM
ERETE R 2 S 3 KIEplZaE L, [Fiafio
WENMESH Y . BT ERAESIEEREE X
HZEEEAA &> 77, Haspeslagh et al. (1984)i., 23 #i
DOEEFEDT L, R4 @ 1 TENEHFE L,
McPherson et al. (1997) B 1d . #J fif B &5 &
(1;7)(q21.3;q34) &8 L7z, McGhee et al. (2000) 5%
PIETRIERIE 1(7;22)(q32;q1 1. 2)FI & #iE Uiz, 2B O
FEhb, 793234 12 CSS DEIETENAVRE ST,

Swillen etal. (1995) B 12 FIDFERIRE £ & T,
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BRITES . BEEHE S 5, BEREILELET S, B

FREDEAE L, SRRV RERE 2D, R
OREEITFENLEENS,

CSS DERD B RHFHEI IFERERETETR L O
R TH D, FRIEVEMMERRD - EnE <, i
BB EEBMI T 5, Fifth digit syndrome D4
DHER L 725 TN B, BN BEFERRD Z 0380,

BB TH D, BIAVE, JAWO, EVVE,
BUVES, SRR, s, BEAVE, X
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SEEAIIBRCd D, Dysmorphology AIZE2HETD D343
DL DN,
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SeRM R ERGHE, MIRIRR T, IFRARO,
VBRSO SAIEER . CSS & FEFRAUIZ2HT LT,
FEMREERGEILEIE LTz, BUEE CTCANARIETR
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TEEZRERM E R b~ R T L F T T =—
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FEH 2
13 BB IR, FEECRRISETER L, FlE, ERAE
B, BEMCRERL, LRIV EEIER L
HYLEE, AEHEINRE, FRYMEZRO, 7Y
—HER g, R, IEBEEE bR, HELE
= IEESEE TH oM, 3 BRI A0 HIERHEEN
SE L, FEMIIZEEN ThHho7, RVEE,
SCHEF B, T - FERAEER BRIEES ) 7
EOHEFTRMNT- B, CSS L@l Lis,
é’é@le:(}band IZ, 46 XY C, v 77 LA THE
IERD BV T,

10

BAEREE 13% T HE150cm (-14SD), {AE 4
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Rz, HFIBIEEOBE CFIRE 21772, FLIRH
IEILEE, AEIARNEE ChoTo, £
REBTF 2 —TREE 5 T2, LB EEDBEEORES.

VSR, BEVWOE, 8 AH CREREE AR
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Paternal mosaicism of an STXBPI mutation

in OS

Saitsu H, Hoshino H, Kato M, Nishiyama K, Okada I, Yoneda Y,
Tsurusaki Y, Doi H, Miyake N, Kubota M, Hayasaka K, Matsumoto N.
Paternal mosaicism of an STXBPI mutation in OS.

Clin Genet 2011: 80: 484—-488. © John Wiley & Sons A/S, 2010

Ohtahara syndrome (OS) is one of the most severe and earliest forms of
epilepsy. We have recently identified that the de novo mutations of
STXBPI are important causes for OS. Here we report a paternal somatic
mosaicism of an STXBPI mutation. The affected daughter had onset of
spasms at 1 month of age, and interictal electroencephalogram showed
suppression-burst pattern, leading to the diagnosis of OS. She had a
heterozygous ¢.902+-5G>A mutation of STXBPI, which affects donor
splicing of exon 10, resulting in 138-bp insertion of intron 10 sequences in
the transcript. The mutant transcript had a premature stop codon, and was
degraded by nonsense-mediated mRNA decay in lymphoblastoid cells
derived from the patient. High-resolution melting analysis of clinically
unaffected parental DNAs suggested that the father was somatic mosaic
for the mutation, which was also suggested by sequencing. Cloning of
PCR products amplified with the paternal DNA samples extracted from
blood, saliva, buccal cells, and nails suggested that 5.3%, 8.7%, 11.9%,
and 16.9% of alleles harbored the mutation, respectively. This is a first
report of somatic mosaicism of an STXBP] mutation, which has
implications in genetic counseling of OS.
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Ohtahara syndrome (OS), also known as early
infantile epileptic encephalopathy with suppres-
sion-burst, is one of the most severe and ear-
liest forms of epilepsy (1). It is characterized
by early onset of seizures, typically frequent
epileptic spasms, seizure intractability, charac-
teristic suppression-burst patterns on electroen-
cephalogram (EEG), and poor outcome with severe
psychomotor retardation (2, 3). Brain malforma-
tions such as cerebral dysgenesis or hemimega-
lencephaly are often associated with OS, but
cryptogenic or idiopathic OS is found in a subset
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of OS patients, in whom genetic aberrations
might be involved (4). Mutations in ARX gene
have been found in several male patients with
OS (5-8). We have recently found de novo muta-
tions in STXBPI (encoding syntaxin binding pro-
tein 1, also known as MUNCI18-1) in individuals
with cryptogenic OS (9). A microdeletion involv-
ing STXBP] and various kinds of point muta-
tions including missense, frameshift, nonsense, and
splicing mutations have been found in about one-
third of Japanese cases with cryptogenic OS (10).
We have showed that both missense mutations and



a splicing mutation result in haploinsufficiency of
STXBPI1: degradation of STXBP1 proteins with
missense mutations and nonsense-mediated mRNA
decay (NMD) associated with an aberrantly spliced
mRNAs (10).

Here we describe a family with an affected
daughter with an STXBPI mutation and healthy
parents. Parental analysis indicates that the father
is somatic mosaic for the mutation. Detailed
molecular analysis is presented.

Materials and methods
Patient and her parents

The 1-year-old girl is a product of unrelated
healthy parents. There is no history of epilepsy
in her parents. She was born at term without
asphyxia after an uneventful pregnancy. Her phys-
ical and neurological findings were normal until
vomitting, which was supposed to be a pre-
symptomatic event of seizures, was observed at
25 days of age, and her seizures started at 37 days
of age, consisting of brief tonic spasms, occasion-
ally in cluster, followed by vomiting and subtle
seizures, such as head extension, upward eye gaz-
ing, and vocalization, with increased muscle tone
of her extremities for a few seconds. According to
suppression-burst pattern on EEG (Fig. 1a,b), she
was diagnosed as OS. Brain magnetic resonance
imaging (MRI) showed normal brain structure
(Fig. 1c~f). Seizures were refractory to antiepilep-
tic drugs, such as high-dose phenobarbital, pheny-
toin, zonisamide, pyridoxal phosphate, valproic
acid, ketogenic diet, and potassium bromide. Injec-
tion of adrenocorticotropic hormone (ACTH) was
partially effective. She was hypertonic and could
not control her head or smile. At 6 months of age,
a mild rigospastic quadriplegia was noted. Devel-
opmental milestones were profoundly delayed.

DNA samples

Peripheral blood leukocytes from the patient and
her parents as well as other tissues from the father
were used for this study. Genomic DNA from
whole blood, saliva, buccal cells, and nails were
isolated using a Wizard Genomic DNA Purifi-
cation Kit (Promega, Tokyo, Japan), an Oragene
DNA kit (DNA Genotek, Ottawa, Canada), an
ISOHAIR kit (Nippon Gene, Toyama, Japan), and
a Gentra Puregene Buccal Cell Kit (Gentra, Min-
neapolis, MN), respectively. Experimental proto-
cols were approved by Institutional Review Boards
for Ethical Issues at Yokohama City University
School of Medicine and Yamagata University Fac-
ulty of Medicine. Informed consent was obtained

18

Paternal mosaicism of STXBPI mutation in OS

from the patient’s parents in agreement with the
requirements of Japanese regulations.

Mutation analysis and TA cloning

Mutation screening of STXBPI by high-resolution
melting (HRM) analysis using RotorGene-6200
HRM (Corbett Life Science, Brisbane, Aus-
tralia) was performed as previously described (10).
Parentage was confirmed by microsatellite analy-
sis (9). For measurement of the ratio of wild-type
and mutant alleles, PCR products using paternal
DNA as a template were subcloned into pCR4-
TOPO vector (Invitrogen, Carlsbad, CA). Cloned
fragments were amplified with PCR mixture con-
taining 1 x ExTaq buffer, 0.2 mM each dNTP,
0.5 UM each primer, and 0.375 U Ex TaqHS
polymerase (Takara Bio, Ohtsu, Japan). M13 for-
ward (5'-TAAAACGACGGCCAGTGAAT-3") and
M13 reverse (5-CAGGAAACAGCTATGACCAT
GA-3') primers were used for amplification,
and an ex10-F (5'-AGCTGAAGAGGGTTCGAT
GA-3') primer was used for sequencing.

RNA analysis

RNA analysis using lymphoblastoid cells (LCL)
was performed essentially as previously de-
scribed (10). Briefly, after incubation with dime-
thyl sulfoxide (as vehicle control) or 30 uM cyclo-
heximide (Sigma, Tokyo, Japan) for 4 h, total
RNA was extracted using RNeasy Plus Mini Kit
(Qiagen, Tokyo, Japan). Two micrograms total
RNA was subjected to reverse transcription, and
1 pl cDNA was used for PCR. Primer sequences
are ex9-F (5-CCCTGTGCTCCATGAATTGAC
TTT-3') and ex12-R (5-CTGAGGCATCTTCTTC
AGCATCTGG-3'). Inhibition of NMD was esti-
mated according to the density ratios of lower
normal and upper aberrant bands with/without 30-
UM cycloheximide treatments in the culture of
the patient’s LCL. Two separately extracted RNA
samples were used for duplicated experiments,
respectively., Data were averaged and the stan-
dard deviation was calculated. Statistical analyses
were performed using the unpaired Student’s z-
test (two-tailed). DNA of each PCR band purified
by QIAEXII Gel extraction kit (Qiagen, Tokyo,
Japan) was sequenced.

Results

Through the screening for STXBPI mutations
in individuals with cryptogenic OS, we found
a patient harboring heterozygous c.902+5G>A -
mutation. To examine whether the mutation
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