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Tab. 1 Genetic analysis in epileptic cases

Gene Family DQ/1Q Epilepsy ASD Syndrome
number
ARX repeat MRX8W/86 51 epilepsy
ZNF41 mutation MRP74/7 22 epilepsy
ATR-X mutation MR6HF/129 <20 epilepsy ATRX
ATR-X mutation MR358B/184 <20 epilepsy ATRX
MECP2 mutation MRZ60/134 20 epilepsy ASD Rett
MECP2 mutation MR49F/206 <20 West Angelman-
syndrome like
NSD1 deletion MRJR8/55 61 epilepsy Sotos
UBE3A deletion MR420/188 26 epilepsy Angelman
1p-telomere deletion MRE9Q/109 50 epilepsy 1p36.3 del
5;18t, deletion MR7F1/48 50 epilepsy
Locus Family DQ/IQ Epilepsy ASD Gene syndrome
number
NSD1 del MRIR8/55 61 epilepsy Sotos
UBE3A  del MR4Z0/188 26 epilepsy Angelman
1p-telomere MRE9Q/109 50 epilepsy 1p36.3dele
del tion
5;18 t,del  MR7F1/48 50 epilepsy 46,XX,del(18)t(5;18)(p13;
p11.3)
Xp22.2 dup  MR22T/30 <20 West REPS2, NHS
syndrome
Xg21.1 dup MR494/140 50 epilepsy
Xq28 dup  MRYB6/81 20 West L1CAM, MECP2
syndrome
Xg28 dup MRIP3/194 <20 epilepsy L1CAM, MECP2
Xgq28 dup MR347/216 <10 epilepsy  ASD L1CAM, MECP2

DM L7281 T U O BE A E T 5l g
Hrd ), ERELOHEEILIPLENEE
ZbNb, MECP2 duplication syndrome 1
MECP2% & X 28 IR OMU/NEHIT L ) HE
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HY, FHBIEROEIHCOWT S it
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Fig. 2 MECPZ duplication syndrome
A: Interictal EEG showing frequent asynchronous spikes over the frontal area. B: An axial T2-
weighted MRI image showing brain atrophy, dilated ventricles, and sectioned corpus callosum.
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Fig. 3 Findings of array-CGH. Circles on the right end show duplication of Xq28.
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Case 2

Case 2-mother

RP11-119A22 (Xq28): Duplication
RP11-13M9 (Xq13.2): Control

Fig. 4 Fluorescence in situ hybridization (FISH) on chromosomes using probes for Xq28 (green) and

Xql3.2 (red) show duplication of Xp28 of the patient and mother.
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Fig. 5 NIRS findings: Cerebral blood flow increased in the right frontal area just at the myoclonic phase.
These figures have a frontal lobe side view. (a) before seizure, (b) at the onset of the myoclonic
phase, and (c) after the onset of the myoclonic phase. (red area: increased oxyhemoglobin, blue

area: baseline)

a

[m{mol/*mm]

0.50

b

[mimol/1*mm]
.50

Fig. 6 The epileptogenic focus changed by cerebral blood volume
(a) Oxy-Hb increased during induced startle epilepsy, while deoxy-Hb did not change.
(b) The contralateral side seemed mostly unchanged (red line: oxy-Hb, blue line: deoxy-Hb, arrow

head: startle seizure onset)
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Tab.3 Language dominance in children with epilepsy using NIRS
Concordance between NIRS laterality and the side opposite to the handness was 80% (8/10) in
epileptic children, and concordance between the Wada test and NIRS laterality was 100% (4/4)

Subject Epileptic Handness Full-scale Wada NIRS(LI)

(sex, age) syndrome 1Q test

F, 7 Left frontal lobe epilepsy Left 79 Right Right (-0.34)
F, 10 Left frontal lobe epilepsy Right 50 Right Right (-0.31)
F, 10 Left temporal lobe epilepsy Left 74 Right  (-0.49)
M, 12 Left frontal lobe epilepsy Left 31 Right  (-0.73)
F, 5 Left temporal lobe epilepsy Left 66 Left (0.59)
M, 11 Left parietal lobe epilepsy Right 46 Left Left (0.43)
M, 12 Left temporal lobe epilepsy Left 72 Right  (-0.73)
M, 13 Left temporal lobe epilepsy Right 65 Left (0.67)
M, 7 Right temporal lobe epilepsy  Right 82 Left (0.33)
M, 12 Right temporal lobe epilepsy  Right 57 Left  Left (0.51)




38 T A AR FEHR L [

(#&3R]

TADAFEVERNIRSTIE, EHEHF OFHER
WA 53D~ v ¥ 72 E$ 5 2 & TRM
e A RE BB ML ZE AL D FE R IR B IS W BE T
»HY, FERFOMBHELLZHRR L LPT
& 720 MR EIC X 2 /NEHIZERE DM HTE T
AT A DIVEHEERR TR D 5 2 7 RIS %
HEWET v ¥ 2 VRO ITMEGB) O U
ML, MR OFAET R TEE O KM
MM TEBWREMEAVRIR S N T 72, ANEEE
BETADLABEICBITHNIRSIC X 5 FifE
fEERE R, WadaT A BRI & F20 5 Fill
SNBENICFIEZSAMTH - 720

(o]

1) Shinozaki Y., Osawa M., Sakuma H. Komaki H,
Nakagawa E., Sugai K, et al. Expansion of the
first polyalanine tract of the ARX gene in a boy
presenting with generalized dystonia in the
absence of infantile spasms. Brain Dev.
2009 ; 31(6) : 469-472.

Sakakibara T., Nakagawa E. Saito Y., Sakuma H.,

Komaki,H. Sugai K., et al. Hemiconvulsion-

2)

hemiplegia syndrome in a patient with severe

myoclonic epilepsy in infancy. Epilepsia.

2009 ; 50(9) : 2158-2162.
3) Shi X, Yasumoto S, Nakagawa E. Fukasawa T,
Uchiya S., Hirose S. Missense mutation of the
sodium channel gene SCN2A causes Dravet
syndrome. Brain Dev. 2009 ; 31(10) : 758-762.
4) Honda S., Hayashi S., Imoto I, Toyama J.,
Okazawa H. Nakagawa E. et al. Copy-number
variations on the X chromosome in Japanese
patients with mental retardation detected by
array-based comparative genomic hybridization
analysis. ] Hum Genet. 2010 ; 55(9) : 590-599.
BB L, WX, $WAEE FEEE
AN, B S, KBV R R
TROOLNIXEHEN a T 1 I 7 - KoIER
(ATR-X) JEfREO2RER].  H AR T AE O £ B E
2k 201237 (3): 435-441.
KB R, Rk, MRS A

5)

6)

WFFEAEsR 452628 20154 9 H

8)

9)

10)

11)

12)

13)

14)

HBIW, M4 RIEAT, ©. BB BB HE
=0 L 7ok B2 i A RE 1. i & S E
2011 ; 43, 300-303.

B B, AHEM=, PR, RIS
WeEsr, HEEBE, 5. EERER & EE
TADA%LE L 72MECP2EBE #0255 )i
Bl TADAWGE 2010 ; 28 : 24-31.

Aizaki K., Sugai,K. Saito Y., Nakagawa E.,
Sasaki M., Aoki Y, et al. Cardio-facio-cutaneous
syndrome with infantile spasms and delayed
myelination. Brain Dev. 2011 ; 33(2) : 166-169.
Saito Y., Kubota M., Kurosawa K., Ichihashi I,
Kaneko Y., Hattori A, et al. Polymicrogyria and
infantile spasms in a patient with 1p36 deletion
syndrome. Brain Dev. 2011 ; 33(5) : 437-441.
Honda S., Satomura S., Hayashi S., Imoto I,
Nakagawa E., Goto Y., et al. Japanese Mental
Retardation Consortium. Concomitant
microduplications of MECP2 and ATRX in male
patients with severe mental retardation. ] Hum
Genet. 2012 ; 57(1) = 73-77.

Honda S., Hayashi S., Nakane T., Imoto I.,
Kurosawa K., Mizuno S.et al. The incidence of
hypoplasia of the corpus callosum in patients
with dup (X) (q28) involving MECP2 is
associated with the location of distal
breakpoints. Am ] Med Genet A. 2012 ; 158A
(6) : 1292-1303.

Takeshita E., Nakagawa E. Nakatani K., Sasaki
M, Goto Y. Novel AGTRZ2 missense mutation
in a Japanese boy with severe mental
retardation, pervasive developmental disorder,
and epilepsy. Brain Dev. 2012 ; 34(9) : 776-779.
Nakayama T. Nabatame S, Saito Y. Nakagawa
E., Shimojima K., Yamamoto T., et al. 8p
deletion and 9p duplication in two children with
electrical status epilepticus in sleep syndrome.
Seizure. 2012 ; 21(4) : 295-299.

Nakamura K. Kato M, Osaka H. Yamashita S,
Nakagawa E., HaginoyakK., et al. Clinical
spectrum of SCN2A mutations expanding to
Ohtahara syndrome. Neurology. 2013 ; 81(11) :
992-998.



15)

16)

17)

18)

19)

20)

21)

TADARITICIRBLN R IFZ84EH 55265 20154E 9 A

Kodera H., Kato M., Nord AS. Walsh T., Lee M,
Yamanaka G., et al. Targeted capture and
sequencing for detection of mutations causing
early onset epileptic encephalopathy. Epilepsia.
2013 : 54(7) : 1262-1269.

AIEE, IR, $WhEE, WikE
WEMEAN, i 2, 5. Bl TA»rARME
DN MRT T T 4 — 2BV B i E L M R 2
b, TADAWZE 2012 ;29 : 482-489.
PR, WK, BIRRT, AR, /b
Begse, HAWE, 5. NEOHMEBEETA»A
DHNFHEFRIC & BATBIRE, % - 19 DR
OLE FELOTEF v 7Y A MIEDHK
. TADARIZE 2011 ; 28, 401-408.
Yonekawa T. Nakagawa E., Takeshita E., Inoue
Y. Inagaki M., Kaga M., et al. Effect of corpus
callosotomy on attention deficit and behavioral
problems in pediatric patients with intractable
epilepsy. Epilepsy Behav. 2011 ; 22(4) : 697-704.
Mizuno T., Nakagawa E. Sakuma H., Saito Y.,
Komaki H., Sugai K., et al. Multiple band
frequency analysis in a child of medial temporal
lobe ganglioglioma. Childs Nerv Syst. 2011 ; 27
(3) :479-483.

Saito T. Hanai S., Takashima S., Nakagawa E.,
Okazaki S., Inoue T., Et al. Neocortical Layer
Formation of Human Developing Brains and
Lissencephalies: Consideration of Layer-Specific
Marker Expression. Cereb Cortex. 2011 ; 21
(3) : 588-96.

Sakakibara T. Sukigara S, Saito T., Otsuki T,
Takahashi A., Kaneko Y., et al. Delayed

22)

23)

24)

25)

26)

39

maturation and differentiation of neurons in
focal cortical dysplasia with the transmantle
sign: analysis of layer-specific marker
expression. ] Neuropathol Exp Neurol. 2012 ; 71
(8) : 741-749.

Arai A, Saito T, Hanai S, Sukigara S., Nabatame
S., Otsuki T., et al. Abnormal maturation and
differentiation of neocortical neurons in
epileptogenic cortical malformation: unique
distribution of layer-specific marker cells of focal
cortical dysplasia and hemimegalencephaly.
Brain Res. 2012 ; 1470 : 89-97.

Irahara K., Nakagawa E. Honda R. Sugai K,
Sasaki M., Kaido T, et al. High gamma activity
of 60-70 Hz in the area surrounding a cortical
tuber in an infant with tuberous sclerosis. Ital J
Pediatr. 2012 ; 38 : 15.

Ohashi T., Kobayashi I, Ooe H., Nakagawa E.
Visual cognitive function in infants with
intractable epilepsy before and after surgery.
Childs Nerv Syst. 2013 ; 29(2) : 255-61.
Sukigara S, Dai H, Nabatame S, Otsuki T, Hanai
S, Honda R, et al. Expression of astrocyte-
related receptors in cortical dysplasia with
intractable epilepsy. ] Neuropathol Exp Neurol.
2014 ; 73(8) : 798-806.

Sukigara S, Nakagawa E, Ishikawa M, Sugai K,
Sasaki M, Kaido T, et al. Remain aggressive
behavior in children with temporal lobe
epilepsy after surgery Journal of Behavioral
and Brain Science, 2015, 5, 81-87.



10 TADARITICIRBLN R IFZ84EH 55265 20154E 9 A

Summary

Integrative research on pathomechanisms, diagnostic methodology, therapeutics and
development evaluation for child epilepsy

Eiji Nakagawa, MD, PhD

The purpose of our research is to clarify the pathomechanisms, diagnostic methodology,
therapeutics and development evaluation for child epilepsy. (OWe established the research
resource facility and collected samples for known genetic defects or chromosomal abnormalities,
and copy number aberrations in CGH array analysis. As of the end of March in 2015, 540 cases
have been registered. Approximately 44% of our cohort had intellectual disability accompanied
by epilepsy. By analysis of 19 X-linked genes and chromosomes including using array CGH,
approximately 21% of cases had a genetic diagnosis. @We confirmed the feasibility of near-
infrared spectroscopy (NIRS) with analysis of cerebral blood flow (CBF) changes just before
and during seizures in children with intractable epilepsy. It is possible to measure the change
of CBF pre and during seizures by NIRS. We evaluated using NIRS to investigate language
lateralization, especially in pre-surgical localization of the dominant hemisphere in child epileptic
patients. The results of the NIRS study were completely consistent with those of the Wada test.
NIRS is well suited to study language function in children, especially who cannot keep still.
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