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Pathomechanisms of Autosomal dominant sleep-related hypermotor epilepsy
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Fig. 2 ADSHE f£ 5B #5385 O connexin 43 531
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DI A D trafficking ZFHE 45, HH, %



TADAGBHEUIZEIRMIG T DFZEEsRk 553548 202449 H

58

S286L-nAChR (Loss of function)
?EE%WGABAE%%O)(E‘F(HR’HH%‘J)

T2 I VBRIEETE

($RBR-FZE B%)
(FRR-1RAR T 1% B%)
v
BEET)TANIF v RFNLDEHEL
Erk¥ 7 F IVTTE —
v
Pannexinl & connexind3® 2 E FEFHIRIE M E
L4 NI F v REME 5
3 } =
E [ FRIRAfirst :ipple-burst ] I = é
B
2 WS K LR — | #
MEEACa2HET ]

Fig. 5 S284L%: 5% ADSHE  Jg A
SCHRS ' & — R L HARRRAL L 72

K7 GABA BLFIHIIRIL T T, AP 2 BB
LHWBLE LTIERHLY) 22 R L,
astrocyte ® hemichannel ¥ fE % AH Fe 19 12 B R
9%, Z®hemichannel BRI IRAS, Ayt
K+ EEo3n & Mifgst Ca? i DK~ % 7534
T5HLNIET S &, ripple-burst 5, TA
2 AJBE fast-ripple burst # FEL L, &S
ADSHERVERFATH 5D L MES N5,

Db oAREE, ABAC FRARERERE B AN T X
7z ripple-burst® ' OAZHEAS, S284L a4-nAChR
OFEREM T BB N TR PRI T 5L,
ADSHEZ81/E @ epileptogenesis i B 11 % 755
LCTW/=Z kiZ7% %, —, epileptogenesis 235¢
J§% L 72K T, ictogenesis 12 3 HEMH @ ripple-
burst fzi& A %% & L C fast-ripple burst DI
ICHGLTHY ST, ADSHERIEA, #KIH & v
9 &0 B IEIRFICHEBLS 2 5% b G RIZEHH
T& 5%,

FEH

a 4-nAChRIG AR I EIUSTEIL L TV 5 50
FTHAHILIZHDE, MRHMEEDOKIELRZ
TWELT&72H, ADSHEDJHEIZ THEIC

astrocyte AR e TADPAJEAMERTH -
720 S HITAFIYIZRABERRM AT R TH
% ripple-burst A¥astrocyte DIEHALIZ AW KT
HolzZ kb, epileptogenesis/ictogenesis D
fEMT 2 WS L2 BN T H o7z LA L, &
PRI 722 315 DS epileptogenesis FGBFE I BT 5
FEERTH-/22 L1, YWl L, &Y
TALEWIC X % BB TAD ADTIET B O
TOREHDLDOTHY, FHELRFET
R L72YE, MNSEE, IR OIS
EELEIGE 7253 HEEZRET S0
ThH b

B

1) Provini F, Plazzi G, Tinuper P, Vandi S,
Lugaresi E, Montagna P. Nocturnal frontal lobe
epilepsy. A clinical and polygraphic overview of
100 consecutive cases. Brain 1999 ; 122(Pt 6) :
1017-1031.

2) Tinuper P, Bisulli F, Cross JH, Hesdorffer D,
Kahane P, Nobili L, et al. Definition and
diagnostic criteria of sleep-related hypermotor
epilepsy. Neurology 2016 ; 86 : 1834-1842.



3)

4)

5)

6)

8)

9)

10

11

=

~

TAPAGBERDIZEIREG ] WF7EFEHR B354 202449 H

Scheffer IE, Bhatia KP, Lopes-Cendes I, Fish
DR, Marsden CD, Andermann F, et al.
Autosomal dominant frontal epilepsy
misdiagnosed as sleep disorder. Lancet 1994 ;
343 1 515-517.

Steinlein OK, Mulley JC, Propping P, Wallace
RH, Phillips HA, Sutherland GR, et al. A
missense mutation in the neuronal nicotinic
acetylcholine receptor alpha 4 subunit is
associated with autosomal dominant nocturnal
frontal lobe epilepsy. Nat Genet 1995 ; 11 : 201-
203.

Hirose S, Okada M, Kaneko S, Mitsudome A.
Are some idiopathic epilepsies disorders of ion
channels? : A working hypothesis. Epilepsy
research 2000 : 41 : 191-204.

Kaneko S, Okada M, Iwasa H, Yamakawa K,
Hirose S. Genetics of epilepsy : current status
and perspectives. Neurosci Res 2002 ; 44 : 11-
30.

Kaneko S, Iwasa H, Okada M. Genetic
identifiers of epilepsy. Epilepsia 2002 ; 43 Suppl
9:16-20.

Okada M. Can rodent models elucidate the
pathomechanisms of genetic epilepsy? British
Journal of pharmacology 2022 ; 179 : 1620-1639.
Klaassen A, Glykys J, Maguire J, Labarca C,
Mody I, Boulter J. Seizures and enhanced
cortical GABAergic inhibition in two mouse
models of human autosomal dominant nocturnal
frontal lobe epilepsy. Proceedings of the
National Academy of Sciences of the United
States of America 2006 : 103 : 19152-19157.
Manfredi I, Zani AD, Rampoldi L, Pegorini S,
Bernascone I, Moretti M, et al. Expression of
mutant betaZ2 nicotinic receptors during
development is crucial for epileptogenesis.
Human molecular genetics 2009 ; 18 : 1075-
1088.

Fukuyama K, Fukuzawa M, Shiroyama T,
Okada M. Pathogenesis and pathophysiology of
autosomal dominant sleep-related hypermotor

epilepsy with S284L-mutant alpha4 subunit of

12

=

13

N

14)

15

=

16

=

17)

18)

59

nicotinic ACh receptor. British journal of
pharmacology 2020 ; 177 : 2143-2162.

Shiba Y, Mori F, Yamada ], Migita K, Nikaido Y,
Wakabayashi K, et al. Spontaneous epileptic
seizures in transgenic rats harboring a human
ADNFLE missense mutation in the beta2-
subunit of the nicotinic acetylcholine receptor.
Neurosci Res 2015 5 100 : 46-54.

Zhu G, Okada M, Yoshida S, Ueno S, Mori F,
Takahara T, et al. Rats harboring S284L
Chrna4 mutation show attenuation of synaptic
and extrasynaptic GABAergic transmission and
exhibit the nocturnal frontal lobe epilepsy
phenotype. The Journal of neuroscience - the
official journal of the Society for Neuroscience
2008 ; 28 : 12465-12476.

Fukuyama K, Fukuzawa M, Okada M.
Upregulated and hyperactivated thalamic
connexin 43 plays important roles in
pathomechanisms of cognitive impairment and
seizure of autosomal dominant sleep-related
hypermotor epilepsy with S284L-mutant a4
subunit of nicotinic ACh receptor. Pharmaceuticals
2020 ; 13 : 99.

Fukuyama K, Fukuzawa M, Okubo R, Okada M.
Upregulated Connexin 43 Induced by Loss-of-
Functional S284L-Mutant alpha4 Subunit of
Nicotinic ACh Receptor Contributes to
Pathomechanisms of Autosomal Dominant
Sleep-Related Hypermotor Epilepsy.
Pharmaceuticals 2020 : 13 : 58.

Fukuyama K, Fukuzawa M, Shiroyama T,
Okada M. Pathomechanism of nocturnal
paroxysmal dystonia in autosomal dominant
sleep-related hypermotor epilepsy with S284L-
mutant a4 subunit of nicotinic ACh receptor.
Biomed Pharmacother 2020 : 126 : 110070.
Fukuyama K, Okada M. High frequency
oscillations play important roles in development
of epileptogenesis/ictogenesis via activation of
astroglial signallings. Biomed Pharmacother
2022 ; 149 : 112846.

Fukuyama K, Motomura E, Okada M. Age-



60

19

20

21

22

23

24

25

26

)

=

~

)

=

fus

)

=

TAPAGBERDIZEIREG ] WF7EFEHR B354 202449 H

Dependent Activation of Pannexinl Function
Contributes to the Development of
Epileptogenesis in Autosomal Dominant Sleep-
related Hypermotor Epilepsy Model Rats. /nt J
Mol Sei 2024 ; 25 : 1619.

Fukuyama K, Motomura E, Okada M. Age-
Dependent Activation of Purinergic
Transmission Contributes to the Development
of Epileptogenesis in ADSHE Model Rats.
Biomolecules 2024 : 14 : 204.

Scheffer 1E, Bhatia KP, Lopes-Cendes I, Fish
DR, Marsden CD, Andermann E, et al.
Autosomal dominant nocturnal frontal lobe
epilepsy. A distinctive clinical disorder. Brain
1995 ; 118(Pt 1) : 61-73.

Okada M, Zhu G, Yoshida S, Kaneko S.
Validation criteria for genetic animal models of
epilepsy. Epilepsy & Seizure 2010 ; 3 : 109-120.
Okubo R, Hasegawa T, Fukuyama K,
Shiroyama T, Okada M. Current Limitations
and Candidate Potential of 5-HT7 Receptor
Antagonism in Psychiatric Pharmacotherapy.
Front Psychiatry 2021 ; 12 : 623684.

Yamada J, Zhu G, Okada M, Hirose S, Yoshida S,
Shiba Y, et al. A novel prophylactic effect of
furosemide treatment on autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLE).
Epilepsy research 2013 ; 107 : 127-137.

Picard F, Bruel D, Servent D, Saba W,
Fruchart-Gaillard C, Schollhorn-Peyronneau
MA, et al. Alteration of the in vivo nicotinic
receptor density in ADNFLE patients : a PET
study. Brain 2006 ; 129 : 2047-2060.

Fukuyama K, Kato R, Murata M, Shiroyama T,
Okada M. Clozapine Normalizes a
Glutamatergic Transmission Abnormality
Induced by an Impaired NMDA Receptor in
the Thalamocortical Pathway via the Activation
of a Group III Metabotropic Glutamate
Receptor. Biomolecules 2019 ; 9 : 234.

Okada M, Fukuyama K, Nakano T, Ueda Y.
Pharmacological Discrimination of Effects of

MK801 on Thalamocortical, Mesothalamic, and

27

28

29

30

31

32

33

34

~

=z

=

)

~

=

=

fg

Mesocortical Transmissions. Biomolecules
2019 ; 9.

Okada M, Fukuyama K, Shiroyama T, Ueda Y.
Lurasidone inhibits NMDA antagonist-induced
functional abnormality of thalamocortical
glutamatergic transmission via 5-HT7 receptor
blockade. British journal of pharmacology
2019 ; 176 : 4002-4018.

Fukuyama K, Okubo R, Murata M, Shiroyama T,
Okada M. Activation of Astroglial Connexin is
Involved in Concentration-Dependent Double-
Edged Sword Clinical Action of Clozapine. Cells
2020 ; 9.

Fukuyama K, Tanahashi S, Hoshikawa M,
Shinagawa R, Okada M. Zonisamide regulates
basal ganglia transmission via astroglial
kynurenine pathway. Neuropharmacology
2014 ; 76 Pt A : 137-145.

Fukuyama K, Okada M. Effects of levetiracetam
on astroglial release of kynurenine-pathway
metabolites. British journal of pharmacology
2018 ; 175 : 4253-4265.

Okada M, Fukuyama K, Shiroyama T, Ueda Y.
Carbamazepine Attenuates Astroglial
L-Glutamate Release Induced by Pro-
Inflammatory Cytokines via Chronically
Activation of Adenosine A2A Receptor. /nt J
Mol Sci 2019 ; 20 = 3727.

Fukuyama K, Ueda Y, Okada M. Effects of
Carbamazepine, Lacosamide and Zonisamide on
Gliotransmitter Release Associated with
Activated Astroglial Hemichannels.
Pharmaceuticals 2020 : 13 : 117.

Okada M, Fukuyama K, Shiroyama T, Ueda Y.
Brivaracetam prevents astroglial l-glutamate
release associated with hemichannel through
modulation of synaptic vesicle protein. Biomed
Pharmacother 2021 ; 138 : 111462.

Okada M, Fukuyama K, Motomura E. Dose-
Dependent Biphasic Action of Quetiapine on
AMPK Signalling via 5-HT7 Receptor :
Exploring Pathophysiology of Clinical and
Adverse Effects of Quetiapine. /nt J Mol Sci



35

36

37

38

39

40

41

42

43

)

)

)

)

=

=

~—

~=

=

TAPAGBERDIZEIREG ] WF7EFEHR B354 202449 H

2022 ; 23.

Fukuyama K, Motomura E, Okada M.
Brexpiprazole Reduces 5-HT7 Receptor
Function on Astroglial Transmission Systems.
Int J Mol Sci 2022 ; 23 : 4473.

Fukuyama K, Motomura E, Shiroyama T,
Okada M. Impact of 5-HT7 receptor inverse
agonism of lurasidone on monoaminergic
tripartite synaptic transmission and
pathophysiology of lower risk of weight gain.
Biomed Pharmacother 2022 : 148 : 112750.
Fukuyama K, Okada M. Effects of an Atypical
Antipsychotic, Zotepine, on Astroglial
L-Glutamate Release through Hemichannels :
Exploring the Mechanism of Mood-Stabilising
Antipsychotic Actions and Antipsychotic-
Induced Convulsion. Pharmaceuticals 2021 : 14.
Fukuyama K, Okada M. Effects of Atypical
Antipsychotics, Clozapine, Quetiapine and
Brexpiprazole on Astroglial Transmission
Associated with Connexin43. /nt J Mol Sci
2021 ; 22.

Tanahashi S, Yamamura S, Nakagawa M,
Motomura E, Okada M. Clozapine, but not
haloperidol, enhances glial D-serine and
L-glutamate release in rat frontal cortex and
primary cultured astrocytes. British journal of
pharmacology 2012 ; 165 : 1543-1555.
Fukuyama K, Okada M. Age-dependent and
sleep/seizure-induced pathomechanisms of
autosomal dominant sleep-related hypermotor
epilepsy /nt J Mol Scr 2020 ; 21 : 8142.

Pan HC, Chou YC, Sun SH. P2X7 R-mediated
Ca (2+) -independent d-serine release via
pannexin-1 of the P2X7 R-pannexin-1 complex
in astrocytes. Glia 2015 ; 63 : 877-893.

Pelegrin P, Surprenant A. Pannexin-1 mediates
large pore formation and interleukin-1beta
release by the ATP-gated P2X7 receptor.
EMBO J 2006 ; 25 : 5071-5082.

Bruzzone R, Hormuzdi SG, Barbe MT, Herb A,
Monyer H. Pannexins, a family of gap junction

proteins expressed in brain. Proceedings of the

44

45

46

fy

=

=

61

National Academy of Sciences of the United
States of America 2003 ; 100 : 13644-13649.
Contreras JE, Saez JC, Bukauskas FF, Bennett
MYV. Gating and regulation of connexin 43
(Cx43) hemichannels. Proceedings of the
National Academy of Sciences of the United
States of America 2003 ; 100 : 11388-11393.
Girardeau G, Lopes-Dos-Santos V. Brain neural
patterns and the memory function of sleep.
Science 2021 ; 374 : 560-564.

Contreras MP, Fechner ], Born ], Inostroza M.
Accelerating Maturation of Spatial Memory
Systems by Experience : Evidence from Sleep
Oscillation Signatures of Memory Processing.
The Journal of neuroscience - the official
Journal of the Society for Neuroscience 2023 ;
43 : 3509-3519.



62 TADAGBHEUIZEIRMIG T DFZEEsRk 553548 202449 H

Abstract

Pathomechanisms of Autosomal dominant sleep-related hypermotor epilepsy
Kouji Fukuyama, Motohiro Okada

Autosomal dominant sleep-related hypermotor epilepsy (ADSHE) , originally reported in
1994, was the first distinct genetic epilepsy shown to be caused by CHRNA4 mutation. Over
past two decades, we have explored to identify epileptogenesis and ictogenesis of ADSHE using
genetic rodent models. Currently, epileptologists understood that functional abnormalities
underlying epileptogenesis/ictogenesis in humans and rodents are composed of more
complicated than previously believed, and the function of mutant molecules alone cannot
contribute to the development but play important roles in the development of epileptogenesis/
ictogenesis through formation of complicated functional abnormalities in various organs,
including tripartite synaptic transmissions before epilepsy onset. Based on our recent findings
using genetic rat ADSHE models, harbouring Chrna4 mutant, corresponding to human S284L-
mutant CHRNA4, we propose a hypothesis associated with tripartite synaptic transmission
abnormalities in ADSHE pathomechanisms induced by mutant ACh receptors.
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