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Abstract
Objective:Dravet	 syndrome	 is	a	 severe	developmental	and	epileptic	encepha-
lopathy	 (DEE)	 most	 often	 caused	 by	 de	 novo	 pathogenic	 variants	 in	 SCN1A.	
Individuals	with	Dravet	syndrome	rarely	achieve	seizure	control	and	have	sig-
nificantly	 elevated	 risk	 for	 sudden	 unexplained	 death	 in	 epilepsy	 (SUDEP).	
Heterozygous	deletion	of	Scn1a	in	mice	(Scn1a+/−)	recapitulates	several	core	phe-
notypes,	 including	 temperature-	dependent	 and	 spontaneous	 seizures,	 SUDEP,	
and	behavioral	abnormalities.	Furthermore,	Scn1a+/−	mice	exhibit	a	similar	clin-
ical	response	to	standard	anticonvulsants.	Cholesterol	24-	hydroxlase	(CH24H)	is	
a	brain-	specific	enzyme	responsible	for	cholesterol	catabolism.	Recent	research	
has	indicated	the	therapeutic	potential	of	CH24H	inhibition	for	diseases	associ-
ated	with	neural	excitation,	including	seizures.
Methods:In	this	study,	the	novel	compound	soticlestat,	a	CH24H	inhibitor,	was	
administered	 to	 Scn1a+/−	 mice	 to	 investigate	 its	 ability	 to	 improve	 Dravet-	like	
phenotypes	in	this	preclinical	model.
Results: Soticlestat	 treatment	 reduced	 seizure	 burden,	 protected	 against	
hyperthermia-	induced	seizures,	and	completely	prevented	SUDEP	 in	Scn1a+/−	
mice.	 Video–	electroencephalography	 (EEG)	 analysis	 confirmed	 the	 ability	 of	
soticlestat	to	reduce	occurrence	of	electroclinical	seizures.
Significance: This	 study	 demonstrates	 that	 soticlestat-	mediated	 inhibition	 of	
CH24H	 provides	 therapeutic	 benefit	 for	 the	 treatment	 of	 Dravet	 syndrome	 in	
mice	and	has	the	potential	for	treatment	of	DEEs.
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1 	 | 	 INTRODUCTION

Developmental	and	epileptic	encephalopathies	(DEE)	are	
clinically	the	most	severe	category	of	epilepsies	and	there-
fore	extremely	challenging	 to	 treat.1	Dravet	syndrome	 is	
a	severe	DEE,	considered	to	be	one	of	the	most	pharma-
coresistant	epilepsies.	Only	10%	of	patients	achieve	com-
plete	seizure	control,	despite	most	patients	being	treated	
with	 three	 or	 more	 standard	 antiseizure	 medications.2,3	
In	addition	to	intractable	seizures	and	developmental	de-
lays,	individuals	have	elevated	risk	of	sudden	unexplained	
death	 in	 epilepsy	 (SUDEP),	 with	 15%–	20%	 of	 patients	
dying	by	early	adulthood.2

At	least	80%	of	Dravet	syndrome	cases	arise	from	de	
novo	variants	in	SCN1A,	resulting	in	heterozygous	loss-	
of-	function	 mutations.2,3	 Several	 preclinical	 models	 of	
Dravet	 syndrome	 have	 been	 generated,	 including	 mice	
with	 heterozygous	 deletion	 of	 Scn1a	 (Scn1a+/−)	 and	
Scn1aR1407X	(Scn1aRX/+)	mice	with	a	premature	termina-
tion	codon.4–	6	Scn1a	haploinsufficiency	models	recapit-
ulate	many	core	features	of	Dravet	syndrome,	including	
spontaneous	 and	 heat-	induced	 seizures,	 SUDEP,	 and	
cognitive	 and	 behavioral	 deficits.4–	9  We	 and	 others	
previously	 demonstrated	 that	 treatment	 of	 Dravet-	like	
phenotypes	 of	 Scn1a+/−	 mice	 correlate	 with	 clinical	
pharmacological	 responses	 of	 individuals	 with	 Dravet	
syndrome.4,7–	17

Currently,	 only	 three	 drugs—	stiripentol,	 canna-
bidiol,	 and	 fenfluramine—	have	 US	 Food	 and	 Drug	
Administration	(FDA)	labels	for	the	treatment	of	seizures	
associated	with	Dravet	syndrome.18–	20	All	three	are	lim-
ited	 in	 their	 ability	 to	 completely	 prevent	 seizures	 and	
were	approved	based	on	 trials	where	 they	were	used	as	
an	 add-	on	 treatment	 to	 standard	 anticonvulsant	 thera-
pies,	 exemplifying	 the	 crucial	 need	 for	 development	 of	
novel	 therapeutic	 strategies.	 One	 compound,	 soticlestat	
(TAK-	935/OV935),	 is	 currently	 in	 clinical	 development	
for	 DEEs,	 including	 Dravet	 syndrome	 and	 Lennox-	
Gastaut	syndrome.	Soticlestat	is	the	first	potent,	selective	
and	 central	 nervous	 system	 (CNS)–	penetrant	 inhibitor	
of	the	cholesterol	24-	hydroxylase	(CH24H)	enzyme,	also	
commonly	known	as	cytochrome	P450	46A1	(CYP46A1).	
CH24H	 is	 responsible	 for	 the	 conversion	 of	 cholesterol	
to	24S-	hydroxycholesterol	(24HC)	in	the	brain.21	CH24H	
is	 expressed	 in	 both	 cortical	 and	 hippocampal	 neurons	
and	 synthesis	 of	 24HC	 is	 predominantly	 neuronal.21,22	
CH24H	null	mice	exhibited	a	40%	reduction	in	brain	cho-
lesterol	synthesis,	with	otherwise	normal	development.23	
Soticlestat	 demonstrated	 disease-	modifying	 potential	
in	 mouse	 pentylenetetrazol	 (PTZ)	 and	 kainic	 acid	 kin-
dling	models	of	epilepsy,	as	well	as	 in	 the	amyloid	pre-
cursor	protein	and	presenilin	1	transgenic	(APP/PS1-	Tg)	
Alzheimer	model	 that	has	co-	occurring	seizures.24–	28	 In	

the	 mouse	 kainic	 acid	 kindling	 model,	 soticlestat	 treat-
ment	 prevented	 the	 development	 of	 seizures	 in	 31%	 of	
mice,	 whereas	 100%	 of	 control	 mice	 exhibited	 sponta-
neous	seizures.25	Furthermore,	spontaneous	seizure	fre-
quency	was	reduced	by	50%	compared	to	controls.25 The	
APP/PS-	1-	Tg	Alzheimer	model	has	an	average	3-	month	
survival	rate	of	50%	due	to	seizure-	related	sudden	death.27	
Soticlestat	 treatment	 dramatically	 improved	 survival	 of	
APP-	1-	Tg	mice	to	93%	at	a	dose	that	lowered	brain	24HC	
by	~50%.27

In	 the	 current	 study,	 we	 evaluated	 the	 effect	 of	 sot-
iclestat	 on	 Dravet-	like	 phenotypes	 of	 the	 Scn1a	 hap-
loinsufficiency	 mouse	 model.	 We	 evaluated	 the	 effect	
of	 soticlestat	 treatment	 on	 temperature	 thresholds	 for	
hyperthermia-	induced	 seizures	 in	 both	 Scnla+/−	 and	
Scn1aRX/+	mouse	models.	In	addition,	we	assessed	spon-
taneous	 generalized	 tonic-	clonic	 seizure	 (GTCS)	 fre-
quency	 and	 severity,	 survival,	 and	 open	 field	 and	 zero	
maze	performance	in	Scn1a+/−	mice	during	subchronic	
treatment	 with	 soticlestat.	Treatment	 of	 Scn1a+/−	 mice	
with	 soticlestat	 at	 a	 dose	 that	 lowered	 brain	 24HC	 by	
~50%	 resulted	 in	 reduced	 spontaneous	 seizure	 burden	
and	completely	prevented	premature	lethality,	as	well	as	
protected	 against	 hyperthermia-	induced	 seizures.	 Our	
data	support	the	novel	approach	of	inhibiting	CH24H	ac-
tivity	for	the	treatment	of	refractory	seizures	associated	
with	DEEs.

2 	 | 	 METHODS

2.1	 |	 Mice

Scn1atm1Kea	mice	(abbreviated	as	Scn1a+/−),	with	deletion	
of	exon	1,	were	generated	by	homologous	recombination	

KeyPoints
•	 Soticlestat	 is	 a	 novel	 inhibitor	 of	 cholesterol	

24-	hydroxlase	 (CH24H),	 a	 brain-	specific	 en-
zyme	responsible	for	cholesterol	catabolism.

•	 Treatment	 with	 soticlestat	 protected	 against	
hyperthermia-	induced	seizures	in	two	preclini-
cal	Dravet	mouse	models.

•	 Soticlestat	 treatment	 reduced	 seizure	 burden	
and	 completely	 prevented	 sudden	 unexpected	
death	 in	 epilepsy	 (SUDEP)	 in	 the	 Scn1a+/−	
mouse	model	of	Dravet	syndrome.

•	 The	novel	investigational	compound	soticlestat	
substantially	improves	the	epilepsy	phenotypes	
in	a	preclinical	model	of	Dravet	syndrome.
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in	 TL1	 embryonic	 stem	 (ES)	 cells	 and	 are	 maintained	
and	 genotyped	 as	 described	 previously.4	 Experimental	
mice	 were	 generated	 by	 crossing	 Scn1a+/−	 males	 with	
C57BL/6J	 females	 (#000664,	 Jackson	 Laboratory,	 Bar	
Harbor,	ME),	resulting	in	[129 × B6]F1.	Scn1a+/−,	abbre-
viated	as	Scn1a+/−	mice	 in	this	article.	Mice	were	main-
tained	 in	 a	 specific-	pathogen-	free	 (SPF)	 barrier	 facility	
with	a	14-	h	light/10-	h	dark	cycle	and	access	to	food	and	
water	 ad libitum.	 Both	 female	 and	 male	 Scn1a+/−	 mice	
were	used	for	all	experiments.

Scn1aR1407X	 mice	 (Scn1aRX/+)	 with	 a	 premature	 stop	
code	 in	 exon	 21	 were	 generated	 by	 homologous	 recom-
bination	 in	 ES	 cells	 and	 are	 maintained	 and	 genotyped	
as	 described	 previously.5,8	 Experimental	 Scn1aRX/+	 mice	
for	hyperthermia	experiments	were	generated	on	the	in-
bred	 129+TER/SvJcl	 strain	 (CLEA	 Japan,	 Tokyo,	 Japan).	
Scn1aRX/+	 mice	 were	 maintained	 on	 a	 12-	h	 light/dark	
cycle	with	ad libitum	access	to	food	and	water.	Male	and	
female	 mice	 were	 used	 in	 the	 hyperthermia	 assay	 and	
differences	between	sexes	were	not	 identified,	 so	groups	
were	collapsed	across	sex.

Animal	care	and	experimental	procedures	for	Scn1a+/−	
mice	 were	 approved	 by	 the	 Northwestern	 University	
Animal	Care	and	Use	Committee	in	accordance	with	the	
National	Institutes	of	Health	Guide	for	the	Care	and	Use	
of	Laboratory	Animals.	Scn1aRX/+	mice	were	handled	in	
accordance	with	the	guidelines	of	the	Animal	Experiment	
Committee	of	RIKEN	Brain	Science	Institute.	Principles	
outlined	in	the	ARRIVE	guidelines	and	the	Basel	declara-
tion	were	considered	when	planning	experiments.

2.2	 |	 Soticlestatformulationanddosing

For	all	studies	with	Scn1a+/−	mice,	chow	pellets	were	cus-
tom	formulated	by	Research	Diets	(New	Brunswick,	NJ).	
Teklad	7912	was	used	as	chow	base	(metabolizable	energy:	
3.1 kcal/g	of	food)	(Envigo,	Indianapolis,	IN)	with	0.02%	
soticlestat	(Takeda	Pharmaceuticals,	Cambridge,	MA).	No	
compound	was	added	for	vehicle	control	chow.	Based	on	
an	 average	 body	 weight	 of	 15  g	 and	 assumed	 consump-
tion	of	3–	5 g	of	chow	per	day	(10–	12 kcal/g	body	weight,	
Research	Diets),	the	soticlestat	dose	was	estimated	at	40–	
53  mg/kg/day.	 For	 blinding	 purposes,	 vehicle	 and	 soti-
clestat	chows	were	assigned	a	random	three-	digit	number.	
Unblinding	occurred	when	 the	study	was	complete.	For	
hyperthermia	 studies	 utilizing	 Scn1aRX/+	 mice,	 soticles-
tat	 chow	 was	 custom	 formulated	 by	 Oriental	 Yeast	 Co.	
(Tokyo,	Japan).	CRF-	1 standard	mouse	chow	was	manu-
factured	 with	 0.02%	 soticlestat	 (Takeda	 Pharmaceutical	
Co.,	Tokyo,	 Japan).	No	compound	was	added	 to	vehicle	
control	chow.

2.3	 |	 Hyperthermia-inducedseizures

Hyperthermia-	induced	seizure	thresholds	were	indepen-
dently	determined	in	two	distinct	Dravet	mouse	models:	
Scn1aRX/+	 and	 Scn1a+/−	 mice.	 Hyperthermia	 inductions	
were	 performed	 as	 previously	 described	 and	 detailed	 in	
the	Supplementary	Methods.10,29	For	Scn1aRX/+	mice,	oral	
treatment	with	vehicle	or	soticlestat	chow	commenced	at	
4 weeks	of	age	for	7 days	(n = 30/treatment).	For	Scn1a+/−	
mice,	animals	were	weaned	at	P18	and	block-	randomized	
into	 vehicle	 (n  =  16/treatment)	 or	 soticlestat	 (n  =  20/
treatment)	 groups.	 Scn1a+/−	 mice	 had	 ad libitum	 access	
to	vehicle	or	soticlestat	chow	for	7 days.	For	both	studies,	
average	GTCS	threshold	temperatures	were	compared	be-
tween	groups	using	unpaired	t	test.

2.4	 |	 Spontaneousseizure
videomonitoring

At	P17-	18,	male	and	female	Scn1a+/−	mice	were	subjected	
to	a	single	hyperthermia	priming	seizure	and	quickly	cooled	
back	to	baseline	temperature	as	described	previously.10	If	a	
GTCS	did	not	occur	during	priming	(<1%),	the	mouse	was	
excluded	from	the	study	to	ensure	that	all	mice	had	a	simi-
lar	baseline	that	included	a	hyperthermia-	induced	seizure.	
Scn1a+/−	 mice	 were	 then	 weaned	 and	 block	 randomized	
into	vehicle	 (target:	n = 50)	or	 soticlestat	 (target:	n = 30)	
groups,	and	were	maintained	on	vehicle	or	soticlestat	chow	
for	the	remainder	of	the	study	until	~P40.	The	vehicle	group	
was	scaled	to	compensate	for	premature	lethality	during	the	
course	of	the	study	in	order	to	have	equivalent	group	sizes	
for	 open	 field	 and	 zero	 maze	 assays	 at	 P33-	37	 (described	
below).	Two	to	four	mice	were	placed	in	monitoring	cages	
with	 ad libitum	 access	 to	 vehicle	 or	 soticlestat	 chow	 and	
water.	General	health	was	monitored	throughout	to	ensure	
that	 mice	 consumed	 chow	 and	 that	 deaths	 were	 sudden	
and	unexpected	death	in	otherwise	healthy	appearing	mice.	
Survival	of	Scn1a+/−	mice	was	monitored	until	~40 days	of	
age.	Survival	was	analyzed	using	time-	to-	event	analysis	with	
p-	value	determined	using	Mantel-	Cox	LogRank,	with	sexes	
considered	separately.

Spontaneous	GTCS	frequency	was	assessed	by	continu-
ous	video	monitoring	as	previously	described10	and	detailed	
in	the	Supplementary	Methods.	Videos	were	scored	offline	
by	reviewers	blinded	to	treatment	to	determine	frequency	
and	severity	of	spontaneous	GTCS.	Final	group	sizes	were	
scaled	 to	 reflect	 the	 unequal	 proportion	 of	 vehicle-	to-	
treated	mice	enrolled	(~1.6)	while	maintaining	equivalent	
statistical	 power	 (β  =  0.8,	 α  =  0.05)	 (vehicle:	 n  =  35	 fe-
male,	n = 36 male;	soticlestat:	n = 25	female,	n = 23 male).	
Severity	 of	 GTCS	 was	 assessed	 using	 a	 modified	 Racine	
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scale	 adapted	 for	 Scn1a+/−	 mice	 (Table	 1).	 Seizure	 fre-
quency	was	first	compared	between	sexes	and	no	difference	
was	detected	 (p > 0.63,	Mann-	Whitney	U	 test);	 therefore,	
groups	 were	 collapsed	 across	 sex.	Treatment	 groups	 were	
compared	using	Mann-	Whitney	U	 tests	for	frequency	and	
chi-	square	for	severity	(GraphPad	Prism).

2.5	 |	 Openfieldandzeromaze

Behavioral	 testing	was	performed	on	surviving	Scn1a+/−	
mice	 after	 14  days	 of	 continuous	 spontaneous	 seizure	
monitoring	 and	 wild-	type	 (WT),	 age-	matched	 controls	
on	vehicle	chow.	Assay	methods	are	detailed	in	the	sup-
plementary	 methods.	 Total	 distance	 traveled	 was	 com-
pared	 separately	 for	 each	 sex	 between	 vehicle-	treated	
Scn1a+/−	 mice,	 soticlestat-	treated	 Scn1a+/−	 mice,	 and	
vehicle-	treated	 WT	 controls	 using	 one-	way	 analysis	 of	
variance	 (ANOVA)	 with	 Tukey's	 post	 hoc	 tests,	 with	
n = 21–	31 mice	per	group.	Percentage	of	time	in	the	open	
portions	 of	 the	 maze	 was	 compared	 separately	 for	 each	
sex	 between	 vehicle-	treated	 Scn1a+/−	 mice,	 soticlestat-	
treated	 Scn1a+/−	 mice,	 and	 vehicle-	treated	 WT	 controls	
using	one-	way	ANOVA	with	Tukey's	post	hoc	tests,	with	
n = 22–	35	animals	per	group.

2.6	 |	 Video-electroencephalography
(EEG)monitoring

A	 separate	 cohort	 of	 P17-	18	 Scn1a+/−	 mice	 was	 surgi-
cally	implanted	with	EEG	headmounts	as	previously	de-
scribed,30	 and	 detailed	 in	 the	 Supplementary	 Methods.	
After	 a	 48-	h	 recovery	 period,	 mice	 (P19-	20)	 were	 sub-
jected	 to	a	single	priming	hyperthermia-	induced	seizure	
as	described	above.	Following	the	hyperthermia-	induced	
seizure,	mice	were	randomly	assigned	to	vehicle	or	soti-
clestat	and	had	ad libitum	access	to	chow	and	water	for	the	
remainder	of	the	study	period.	Immediately	following	the	

hyperthermia-	induced	 seizure,	 video-	EEG	 data	 were	 re-
corded	continuously	from	freely	moving	mice	for	>168 h	
or	until	death	occurred.	Digitized	data	were	acquired	and	
reviewed	 with	 Sirenia	 software	 (Pinnacle	 Technology).	
All	 video-	EEG	 records	 were	 randomly	 assigned	 a	 five-	
digit	 number	 to	 blind	 data	 analysis.	 EEG	 records	 were	
scored	for	GTCS	by	visual	inspection	by	an	observer	who	
was	blinded	to	treatment.	GTCS	were	defined	by	greater	
than	15 s	of	sustained	high-	frequency	and	high	amplitude	
(>2×	background)	activity	and	included	both	generalized	
paroxysmal	 fast	 activity	 and	 generalized	 spike	 and	 slow	
wave	discharges.	GTCS	events	were	followed	by	general-
ized	 slowing	 or	 attenuation	 of	 EEG	 activity.	 Behavioral	
correlates	 during	 electroclinical	 seizures	 were	 assessed	
from	synchronized	video	records	and	scored	based	on	the	
modified	Racine	scale	adapted	 for	Scn1a+/−	mice	 (Table	
1).	EEG	analysis	included	mice	(vehicle:	n = 11/sex;	soti-
clestat:	 n  =  10/sex)	 with	 at	 least	 12  h	 (range	 12–	243  h/
mouse)	 of	 EEG	 data	 post-	priming.	 To	 calculate	 seizure	
frequency,	the	total	number	of	seizures	exhibited	by	each	
mouse	 were	 divided	 by	 the	 total	 hours	 monitored	 and	
then	converted	to	a	daily	seizure	frequency	(seizures/day).	
The	percentage	of	seizures	with	HLE	was	determined	for	
each	mouse	based	on	presence	or	absence	of	HLE	(Racine	
≥5)	 for	 each	 GTCS	 event.	 Seizure	 frequency	 was	 first	
compared	between	sexes	and	no	difference	was	detected	
(p > 0.21,	Mann-	Whitney	U	test);	therefore,	groups	were	
collapsed	across	sex.	Seizure	frequency	was	compared	be-
tween	treatments	using	Mann-	Whitney	U	tests	(GraphPad	
Prism).	Percentage	of	mice	with	seizures	and	seizure	se-
verity	 were	 compared	 between	 treatments	 using	 Fisher	
exact	and	chi-	square,	respectively.

2.7	 |	 Determinationofsoticlestatand
24HCconcentrationsinplasma

At	 the	end	of	 the	 study,	 Scn1a+/−	mice	were	deeply	an-
esthetized	with	 isoflurane	 (2%–	5%)	and	blood	and	brain	

Stage Description

1 Rearing	and	paddling,	Straub	tail	with	no	other	movement

2 Rearing	and	paddling,	Straub	tail,	loss	of	posture,	short	bursts	of	
movement,	often	backwards

3 Rearing	and	paddling	with	wild	running	and/or	jumping	(no	loss	of	
posture)

4 Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	
posture

5 Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	
posture,	ending	in	tonic	hindlimb	extension	(HLE)

6 Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	
posture,	ending	in	tonic	hindlimb	extension	(HLE)	and	death

T A B L E  1 	 Modified	Racine	scale	
adapted	for	Scn1a+/−	mice
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samples	 were	 collected.	 Blood	 was	 obtained	 by	 cardiac	
puncture	and	immediately	transferred	to	a	lithium	hepa-
rin	microtainer	(BD	#365965,	Franklin	Lakes,	NJ).	Plasma	
was	isolated	by	centrifugation	(2000 × g,	10 min	at	4°C),	
snap	frozen	on	dry	ice,	and	stored	at	−80°C.	Whole	brains	
were	removed	 following	exsanguination,	snap	 frozen	on	
dry	ice,	and	stored	at	−80°C.	Samples	were	assayed	by	liq-
uid	chromatography	with	tandem	mass	spectrometry	(LC-	
MS/MS)	as	described	previously.27

2.8	 |	 Statistics

Supplementary	 Table	 1  summarizes	 statistical	 tests	 de-
scribed	above	for	each	assay	and	includes	the	computed	
values.	 No	 differences	 were	 detected	 between	 sexes	 for	
seizure	 frequency,	 severity,	 or	 hyperthermia	 threshold	
endpoints;	therefore,	groups	were	collapsed	across	sex	for	
these	endpoints.	There	was	a	modest	difference	in	survival	
between	male	and	female	Scn1a+/−	mice	(p = 0.0476;	Log-	
Rank	Mantel	Cox);	therefore,	sexes	were	considered	sepa-
rately	for	this	endpoint.	Sexes	were	considered	separately	
for	open	field	and	zero	maze	as	is	conventional	for	behav-
ioral	assays.	D’Agostino	&	Pearson	tests	were	used	to	as-
sess	normality	and	nonparametric	tests	were	used	in	cases	
where	there	were	violations	of	the	Gaussian	assumption.	
Post	hoc	comparisons	are	reported	in	the	text	and	figure	
legends.

3 	 | 	 RESULTS

3.1	 |	 Soticlestatprotectsagainst
hyperthermia-inducedseizuresinDravet
mousemodels

Dravet	syndrome	often	presents	with	a	seizure	provoked	
by	 a	 febrile	 illness,	 and	 body	 temperature	 elevation	 is	 a	
common	 trigger.31	 Scn1a	 haploinsufficient	 mice	 exhibit	
enhanced	 susceptibility	 to	 seizures	 induced	 by	 elevated	
body	 temperature,	 similar	 to	 those	 observed	 in	 Dravet	
syndrome	 patients.11,15  Therefore,	 we	 wanted	 to	 deter-
mine	 the	 effect	 of	 soticlestat	 on	 hyperthermia-	induced	
seizure	thresholds	by	independently	assessing	thresholds	
in	 two	 distinct	 haploinsufficient	 Dravet	 mouse	 models,	
Scn1aR1407X	 and	 Scn1a+/−	 mice.4,5	 Separate	 cohorts	 of	
Scn1aRX/+	and	Scn1a+/−	mice	were	randomly	assigned	to	
0.02%	soticlestat	or	vehicle	control	chow	and	provided	ad 
libitum	access	for	7 days.	After	1	week	of	treatment,	each	
mouse	 was	 tested	 to	 determine	 the	 temperature	 thresh-
old	 for	 induction	 of	 a	 GTCS.	 Soticlestat	 treatment	 re-
sulted	in	an	elevated	threshold	for	hyperthermia-	induced	
GTCS	in	both	Scn1aRX/+	and	Scn1a+/−	mice	(Figure	1).	In	

F I G U R E  1  Soticlestat	treatment	lessens	the	susceptibility	
to	hyperthermia-	induced	seizures	in	Scn1a	haploinsufficiency	
mouse	models.	(A)	Experimental	design	for	hyperthermia	seizure	
threshold	assay	in	Scn1aRX/+	mice	treated	with	0.02%	soticlestat	
formulated	in	chow	or	vehicle	control	chow.	Temperature	
thresholds	for	Scn1aRX/+	mice	were	determined	in	Japan	(JP).	
Temperature	threshold	for	seizure	induction	was	elevated	in	
Scn1aRX/+	mice	treated	with	0.02%	soticlestat	(n = 30)	compared	to	
vehicle	controls	(n = 30)	(****p < 0.0001,	Student's	t-		test).	Average	
temperature	threshold	was	43.1 ± 0.1	in	0.02%	soticlestat-	treated	
mice	and	42.0 ± 0.1	in	vehicle	controls.	(B)	Experimental	design	
for	hyperthermia	seizure	threshold	assay	in	Scn1a+/−	mice	treated	
with	0.02%	soticlestat	formulated	in	chow	or	vehicle	control	chow.	
Temperature	thresholds	for	Scn1a+/−	mice	were	determined	in	the	
United	States.	Temperature	threshold	for	seizure	induction	was	
elevated	in	Scn1a+/−	mice	treated	with	0.02%	soticlestat	(n = 19)	
compared	to	vehicle	controls	(n = 16)	(*p < 0.04,	Welch's	t	test).	
Average	temperature	threshold	was	42.9 ± 0.1	in	0.02%	soticlestat-	
treated	mice	and	42.0 ± 0.4	in	vehicle	controls.	Symbols	represent	
individual	mice,	horizontal	lines	represent	the	group	means,	and	
error	bars	are	standard	error	of	the	mean	(SEM)
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the	 Scn1aRX/+	 cohort,	 average	 seizure	 temperature	 was	
43.1 ± 0.1°C	in	soticlestat-	treated	mice	vs	42.0 ± 0.1°C	for	
vehicle-	treated	control	mice	(Figure	1A)	(p < 0.0001).	In	
the	Scn1a+/−	cohort,	average	temperature	for	soticlestat-	
treated	mice	was	42.9 ± 0.1°C	compared	to	42.0 ± 0.4°C	
for	 vehicle	 controls	 (Figure	 1B)	 (p  <  0.04).	 Observing	 a	
protective	effect	of	soticlestat	on	threshold	temperature	in	
two	different	Dravet	models	at	separate	institutions	sug-
gests	this	is	a	robust	effect.

3.2	 |	 Soticlestatdecreasesseizure
burdenandimprovessurvivalin
Scn1a+/−mice

As	Dravet	syndrome	progresses,	individuals	develop	a	va-
riety	of	afebrile	seizure	types,	with	generalized	convulsive	
seizures	 being	 prominent	 and	 conferring	 a	 high	 risk	 for	
SUDEP.31 Therefore,	we	next	wanted	to	determine	the	ef-
fect	of	soticlestat	on	spontaneous	seizure	burden	and	pre-
mature	 lethality	 in	 Dravet	 mice.	 We	 previously	 showed	
that	 induction	 of	 a	 single,	 brief	 hyperthermic	 seizure	 at	
weaning	enhances	subsequent	spontaneous	seizure	inci-
dence	 and	 frequency	 in	 Scn1a+/−	 mice,	 providing	 better	
discrimination	power	for	detecting	therapeutic	benefit.10	
Using	a	similar	paradigm,	Scn1a+/−	mice	were	subjected	
to	a	hyperthermia-	induced	priming	seizure	before	being	
weaned	 onto	 0.02%	 soticlestat	 or	 vehicle	 control	 chow.	
Mice	were	then	continuously	video	monitored	for	2 weeks	
or	until	spontaneous	death	occurred.	At	the	end	of	the	2-	
week	 observation	 period,	 surviving	 mice	 were	 tested	 on	

open	 field	 and	 zero	 maze	 assays,	 and	 then	 euthanized	
(Figure	 2A).	 Bioanalysis	 performed	 on	 the	 surviving	 co-
hort	of	Scn1a+/−	mice	showed	that	subchronic	treatment	
with	0.02%	soticlestat	resulted	in	~50%	reduction	in	brain	
24HC	levels	(Table	2),	a	similar	 level	of	CH24H	enzyme	
inhibition	shown	to	provide	seizure	protection	in	kindling	
models	and	a	survival	benefit	in	the	APP/PS-	1	transgenic	
model.25–	27	 In	 our	 pilot	 experiments,	 the	 plasma	 and	
brain	exposure	level	of	soticlestat	reached	~8 ng/mL	and	
30 ng/g,	respectively.

Treatment	 of	 Scn1a+/−	 mice	 with	 soticlestat	 resulted	
in	lower	daily	spontaneous	seizure	frequency	with	a	me-
dian	of	0 seizures/day	(95%	confidence	interval	[CI],	0–	0)	
in	 the	 soticlestat-	treated	 group	 compared	 to	 a	 median	
of	 1.4  seizures/day	 (95%	 CI,	 0.7–	2.2)	 in	 vehicle	 controls	
(p < 0.0001)	(Figure	2B).	Furthermore	92%	of	soticlestat	
treated	Scn1a+/−	mice	were	seizure-	free,	compared	to	only	
24%	of	vehicle-	treated	mice	(Figure	2B).	To	further	assess	
alterations	in	seizure	burden	among	mice	exhibiting	sei-
zures,	 we	 scored	 severity	 of	 each	 seizure	 event	 using	 a	
modified	Racine	 scale	adapted	 for	 Scn1a+/−	mice	 (Table	
1).	Among	the	8%	of	soticlestat-	treated	mice	that	did	not	
achieve	seizure	freedom,	seizure	severity	was	ameliorated	
relative	 to	 vehicle	 controls	 (p  <  0.0001).	 In	 soticlestat-	
treated	 mice,	 the	 majority	 of	 seizures	 (~68%)	 scored	 as	
1–	2,	the	lowest	end	of	severity,	whereas	only	~5%	of	sei-
zures	scored	similarly	in	vehicle-	treated	controls	(Figure	
2C).	It	is	important	to	note	that	none	of	GTCS	events	in	
soticlestat-	treated	mice	advanced	to	the	most	severe	stages	
that	include	tonic	hindlimb	extension	(HLE)	(stages	5–	6)	
(Figure	2C,	D),	which	is	indicative	of	brainstem	invasion	

F I G U R E  2  Soticlestat	treatment	reduces	seizure	burden	and	improves	survival	in	Scn1a+/−	Dravet	mice.	(A)	Experimental	design	
for	spontaneous	seizure	and	survival	monitoring	in	Scn1a+/−	mice	treated	with	0.02%	soticlestat	formulated	in	chow	or	vehicle	control	
chow.	Scn1a+/−	mice	were	primed	at	P17-	18	and	immediately	weaned	onto	0.02%	soticlestat	or	vehicle	control	chow.	Video	monitoring	
commenced	on	midnight	the	day	of	priming	and	continued	for	14	consecutive	days.	Post	video	monitoring,	open	field,	and	zero	maze	
analysis	occurred	between	P33	and	P37.	Survival	monitoring	continued	until	~P40.	(B)	The	proportion	of	Scn1a+/−	mice	exhibiting	
spontaneous	generalized	tonic-	clonic	seizure	(GTCS)	and	average	GTCS	frequency	differed	between	treatment	groups.	0.02%	soticlestat:	
92%	seizure	free;	0.07 ± 0.06	GTCS/day.	Vehicle	control:	24%	seizure	free;	2.4 ± 0.34	GTCS/day.	Symbols	represent	individual	mice,	
horizontal	lines	represent	the	median,	and	error	bars	represent	95%	confidence	intervals.	0.02%	soticlestat	n = 48;	Vehicle	control	n = 71.	
****p < 0.0001,	Mann-	Whitney.	(C)	Racine	scores	of	spontaneous	seizures	differed	between	treatment	groups.	Soticlestat	treatment	(0.02%)	
reduced	seizure	severity,	with	68%	of	seizures	scoring	1	or	2.	Vehicle	control	treatment	resulted	in	5%	of	seizures	scoring	a	1	or	2.	Purple,	
Severity-		1:	Rearing	and	paddling,	Straub	tail	with	no	other	movement.	Orange,	Severity-		2:	Rearing	and	paddling,	Straub	tail,	loss	of	
posture,	short	bursts	of	movement,	often	backwards.	Gray,	Severity-		3:	Rearing	and	paddling	with	wild	running	and/or	jumping	(no	loss	
of	posture).	Teal,	Severity-		4:	Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	posture.	Pink,	Severity-		5:	Rearing	and	
paddling	with	wild	running	and/or	jumping	with	loss	of	posture,	ending	in	tonic	hindlimb	extension	(HLE).	Black,	Severity-		6:	Rearing	and	
paddling	with	wild	running	and/or	jumping	with	loss	of	posture,	ending	in	tonic	HLE	and	death.	0.02%	soticlestat	n = 48 seizures;	Vehicle	
control	n = 1074 seizures.	p < 0.0001,	chi-	square.	(D)	The	average	percentage	of	GTCS	events	that	progressed	to	HLE	differed	between	
treatment	groups.	For	vehicle	control	mice,	more	seizures	progressing	to	HLE	was	(median:	26.8%),	while	none	of	the	seizures	progressed	
to	HLE	in	0.02%	soticlestat-	treated	mice.	Symbols	represent	percentage	of	GTCS	events	progressing	to	HLE	for	each	individual	mouse	(mice	
with	no	GTCS	are	not	included).	The	horizontal	line	represents	the	median	and	error	bars	represent	95%	confidence	interval	with	n = 4	
for	0.02%	soticlestat	and	n = 54	for	vehicle	control.	**p < 0.003,	Mann-	Whitney.	(E)	Kaplan	Meier	plot	comparing	40-	day	survival	between	
sex	and	treatment	groups.	Survival	was	reduced	in	vehicle	control	male	(70%)	and	female	(50%)	mice	compared	to	0.02%	soticlestat	(100%,	
both	sexes).	0.02%	soticlestat	n = 30/sex;	Vehicle	control	n = 50/sex.	**p < 0.0011;	****p < 0.0001,	LogRank	Mantel-	Cox
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and	correlated	with	increased	SUDEP	risk.10	In	contrast,	
for	vehicle-	treated	mice,	the	median	percentage	of	events	
that	advanced	to	the	most	severe	stages	(5–	6)	was	26.8%	
(95%	CI,	11.1–	40.0)	(Figure	2D).	Treatment	with	soticles-
tat	completely	prevented	premature	lethality	in	both	male	
and	 female	 Scn1a+/−	 mice,	 whereas	 only	 50%	 of	 female	
and	 70%	 of	 male	 vehicle-	treated	 controls	 survived	 to	 at	
least	5 weeks	(p < 0.0011,	p < 0.0001,	respectively)	(Figure	

2E).	 Seizure	 diary	 plots	 (Supplementary	 Figure	 1)	 show	
detailed	 record	of	 seizure	events,	 severity,	and	deaths	at	
the	level	of	individual	mice.

At	the	conclusion	of	video	monitoring,	we	assessed	
the	effect	of	soticlestat	treatment	on	open	field	and	zero	
maze	performance	 in	Scn1a+/−	mice	because	previous	
studies	 showed	 elevated	 levels	 of	 activity	 and	 anxiety	
in	 similar	 paradigms.7,8,13	 Consistent	 with	 prior	 stud-
ies,	 Scn1a+/−	 vehicle	 mice	 showed	 elevated	 activity	
in	 the	 open	 field	 relative	 to	WT	 controls	 (Figure	 3A).	
However,	 soticlestat	 treatment	 had	 no	 effect	 relative	
to	 Scn1a+/−	 vehicle	 mice	 on	 distance	 traveled	 (Figure	
3A).	We	did	not	observe	any	effect	of	 soticlestat	 treat-
ment	 on	 zero	 maze	 performance,	 and	 we	 did	 not	 ob-
serve	 a	 difference	 between	 Scn1a+/−	 vehicle	 and	 WT	
mice	 (Figure	 3B).	 The	 lack	 of	 difference	 between	

T A B L E  2 	 Brain	and	plasma	exposure	levels	following	
administration	of	0.02%	soticlestat

0.02%soticlestat(n = 48) Mean SD

Brain	(ng/g) 68.7 8.6

Plasma	(ng/mL) 10.9 10

Brain	24HC	(%	of	vehicle) 49.6 7.8
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Scn1a+/−	 vehicle	 and	 WT	 mice	 may	 be	 due	 to	 back-
ground	strain	differences	 in	baseline	performance.32,33	
Prior	reports	of	elevated	anxiety-	like	behavior	in	Scn1a	
Dravet	models	used	mice	congenic	on	C57BL/6J,	which	
has	 elevated	 baseline	 anxiety-	like	 behavior	 relative	 to	
129  strains.34,35	 Consistent	 with	 our	 results,	 Bahceci	

and	 colleagues	 reported	 no	 alteration	 in	 elevated	 plus	
maze	 performance	 in	 Scn1a+/−	 mice	 on	 the	 same	
[C57BL/6J × 129S6/SvEvTac]F1	background.13	It	is	im-
portant	to	note	that	we	did	not	observe	any	evidence	of	
sedation	in	these	assays	for	the	soticlestat-	treated	group	
in	agreement	with	the	previous	study.27

F I G U R E  3  Soticlestat	treatment	has	no	effect	on	open	field	or	zero	maze	performance	of	Scn1a+/−	mice.	(A)	Distance	traveled	in	a	
novel	open	field	environment	was	not	normalized	by	0.02%	soticlestat	treatment.	Male	(open	circles)	Scn1a+/−	vehicle	control	and	0.02%	
soticlestat	cohorts	traveled	2503 ± 114 cm	and	2661 ± 103 cm,	respectively,	compared	to	WT	vehicle	control	(1644 ± 78 cm).	Female	(open	
triangles)	Scn1a+/−	vehicle	control	and	0.02%	soticlestat	cohorts	traveled	2457 ± 168 cm	and	2422 ± 81 cm,	respectively,	compared	to	WT	
vehicle	control	(1898 ± 79 cm).	Symbols	represent	individual	mice,	horizontal	lines	represent	the	group	mean,	and	error	bars	represent	
standard	error	of	the	mean	(SEM).	0.02%	soticlestat	n = 25–	30;	Vehicle	control	n = 21–	31;	WT	vehicle	control	n = 27–	28.	****p < 0.0001,	
**p < 0.002, Tukey's.	(B)	Percent	time	spend	in	the	open	arm	of	a	zero	maze	was	unaffected	by	genotype	or	0.02%	soticlestat	treatment.	
Symbols	represent	individual	mice,	horizontal	lines	represent	the	group	mean,	and	error	bars	represent	SEM.	0.02%	soticlestat	n = 25–	27;	
Vehicle	control	n = 22–	35;	WT	vehicle	control	n = 25–	29

F I G U R E  4  Soticlestat	treatment	reduces	electroclinical	seizure	burden	in	Scn1a+/−	Dravet	mice.	(A)	Experimental	design	for	video-	
electroencephalography	(EEG)	monitoring	in	Scn1a+/−	mice	treated	with	0.02%	soticlestat	formulated	in	chow	or	vehicle	control	chow.	
P17-	18	Scn1a+/−	mice	were	surgically	implanted	with	EEG	headmounts.	At	P19-	20, mice	were	primed	and	immediately	weaned	onto	
0.02%	soticlestat	or	vehicle	control	chow	and	video-	EEG	recordings	commenced	and	continued	for	7	consecutive	days.	(B)	Representative	
two-	channel	cortical	traces	from	Scn1a+/−	mice	during	ictal	events.	Black	EEG	traces	represent	a	vehicle	control-	treated	mouse	during	a	
generalized	tonic-	clonic	seizure	(GTCS)	with	a	severity	score	of	5.	Red	traces	represent	a	0.02%	soticlestat-	treated	mouse	during	a	GTCS	
with	a	severity	score	of	4.	All	electroclinical	seizures	corresponded	to	observable	GTCS	on	video.	Y	axis	displays	µV	scale.	Each	trace	
represents	2 min.	(C)	The	proportion	of	Scn1a+/−	mice	exhibiting	electroclinical	GTCS	events	and	GTCS	frequency	differed	between	
treatment	groups.	0.02%	soticlestat:	60%	seizure	free;	0.7 ± 0.4	GTCS/day.	Vehicle	control:	33%	seizure	free;	2.5 ± 0.5	GTCS/day.	Symbols	
represent	individual	mice,	horizontal	lines	represent	the	median	and	error	bars	represent	95%	confidence	interval.	0.02%	soticlestat	n = 20;	
Vehicle	control	n = 22.	**p < 0.0017,	Mann-	Whitney.	(D)	Racine	scores	of	electroclinical	GTCS	events	differed	between	treatment	groups.	
Soticlestat	treatment	(0.02%)	reduced	seizure	severity,	with	66%	of	seizures	scoring	1	or	2.	Vehicle	control	treatment	resulted	in	20%	of	
seizures	scoring	a	1	or	2.	Purple,	Severity-		1:	Rearing	and	paddling,	Straub	tail	with	no	other	movement.	Orange,	Severity-		2:	Rearing	and	
paddling,	Straub	tail,	loss	of	posture,	short	bursts	of	movement,	often	backwards.	Gray,	Severity-		3:	Rearing	and	paddling	with	wild	running	
and/or	jumping	(no	loss	of	posture).	Teal,	Severity-		4:	Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	posture.	Pink,	
Severity-		5:	Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	posture,	ending	in	tonic	hindlimb	extension	(HLE).	Black,	
Severity-		6:	Rearing	and	paddling	with	wild	running	and/or	jumping	with	loss	of	posture,	ending	in	tonic	HLE	and	death.	0.02%	soticlestat	
n = 55 seizures;	Vehicle	control	n = 239 seizures.	p < 0.0001,	chi-	square.	(E)	The	percentage	of	GTCS	events	that	progressed	to	HLE	differed	
between	treatment	groups.	0.02%	soticlestat	median:	14%.	Vehicle	control	median:	46%	of	seizures.	Symbols	represent	percentage	of	GTCS	
events	progressing	to	HLE	for	each	individual	mouse	(mice	with	no	GTCS	are	not	included).	The	horizontal	line	represents	the	median	and	
error	bars	represent	95%	confidence	interval	with	n = 8	for	0.02%	soticlestat	and	n = 17	for	vehicle	control.	**p < 0.0025,	Mann-	Whitney
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3.3	 |	 Soticlestatdecreaseselectroclinical
seizuresinScn1a+/−mice

Following	our	observation	that	soticlestat	provided	strong	
protection	 against	 overt	 behavioral	 seizures	 in	 Scn1a+/−	
mice,	 we	 sought	 to	 evaluate	 the	 effect	 on	 electroclinical	
seizures.	 Video-	EEG	 is	 the	 gold	 standard	 for	 validating	

efficacy	 of	 anti-	seizure	 compounds	 to	 reduce	 or	 abolish	
spontaneous	electroclinical	 seizures.	Therefore,	we	used	
video-	EEG	to	confirm	that	soticlestat	reduced	electroclini-
cal	GTCS	in	addition	to	preventing	the	behavioral	compo-
nent.	A	separate	cohort	of	Scn1a+/−	mice	were	surgically	
implanted	 with	 EEG	 headmounts	 at	 P17-	18.	 Following	
a	48-	hour	 recovery	period,	 the	mice	were	 subjected	 to	a	
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single	 hyperthermia-	induced	 priming	 seizure,	 and	 then	
randomly	assigned	to	0.02%	soticlestat	or	vehicle	control	
chow.	Seizures	were	monitored	by	continuous	video-	EEG	
recording	for	7 days	or	until	death	occurred	(Figure	4A).

EEG	records	of	representative	GTCS	events	are	shown	
for	 both	 treatment	 groups	 in	 Figure	 4B.	 All	 electroclini-
cal	seizures	had	an	observable	behavioral	component	on	
video,	consistent	with	our	previous	reports.10,30,36	Seizure	
frequency	 and	 severity	 was	 again	 improved	 with	 soti-
clestat	treatment	compared	to	vehicle	controls,	although	
there	 was	 no	 change	 in	 seizure	 duration	 (soticlestat:	
40.8 ± 2.5 s;	vehicle:	40.0 ± 0.9 s).	Approximately	60%	of	
soticlestat-	treated	Scn1a+/−	mice	were	seizure-	free,	com-
pared	 to	 33%	 of	 vehicle	 controls	 (p  <  0.03)	 (Figure	 4C).	
Spontaneous	 seizure	 frequency	 of	 Scn1a+/−	 mice	 was	
lower	in	soticlestat-	treated	mice,	with	a	median	of	0 sei-
zures/day	 (95%	 CI,	 0–	0.9)	 compared	 to	 2.2  seizures/day	
(95%	CI,	0.3–	3.3)	in	vehicle	controls	(p = 0.0017)	(Figure	
4C).	 Seizures	 in	 Scn1a+/−	 mice	 treated	 with	 soticlestat	
were	less	severe	relative	to	vehicle	controls	(p < 0.0001).	
The	majority	of	seizures	(~66%)	in	soticlestat-	treated	mice	
were	scored	as	1–	2,	the	lowest	end	of	severity,	whereas	only	
~20%	of	vehicle	control	seizures	scored	similarly	(Figure	
4D).	 Furthermore,	 when	 soticlestat-	treated	 Scn1a+/−	
mice	experienced	a	GTCS,	it	was	less	likely	to	progress	to	
HLE	relative	to	vehicle	controls	(p < 0.0025)	(Figure	4E).	
Finally,	95%	of	Scn1a+/−	mice	treated	with	soticlestat	sur-
vived	for	the	duration	of	the	experiment,	compared	to	55%	
of	 vehicle	 control-	treated	 mice	 (p  <  0.0037).	 The	 single	
death	 in	 the	soticlestat	 treatment	group	occurred	within	
12  h	 of	 commencing	 treatment	 (~60  h	 post-	surgery).	
Individual-	level	event	details	are	shown	 in	seizure	diary	
plots	(Supplementary	Figure	2).

4 	 | 	 DISCUSSION

Dravet	syndrome	is	a	severe	infantile-	onset	epilepsy	that	
responds	poorly	to	available	treatments.	Uncontrolled	sei-
zures	negatively	affect	brain	development	and	are	a	lead-
ing	risk	factor	for	SUDEP.37–	39 Thus	novel	treatments	that	
provide	better	seizure	control	are	needed	to	improve	out-
comes	for	individuals	with	Dravet	syndrome.

In	this	study,	we	demonstrated	that	treatment	with	so-
ticlestat,	a	novel	potent	and	highly	selective	brain-	specific	
inhibitor	 of	 the	 CH24H	 enzyme,	 significantly	 improved	
Dravet-	like	 phenotypes	 of	 Scn1a	 Dravet	 mouse	 models.	
Acute	soticlestat	treatment	provided	consistent	protection	
against	 hyperthermia-	induced	 seizures	 in	 two	 indepen-
dent	 Dravet	 models	 on	 different	 genetic	 backgrounds	 at	
two	different	 institutions,	 indicating	a	 robust	and	repro-
ducible	 effect.	 Subchronic	 treatment	 of	 Scn1a+/−	 mice	
with	soticlestat	resulted	in	a	97%	reduction	in	frequency	

of	spontaneous	seizures	and	lessened	severity,	indicating	
an	overall	 lower	seizure	burden.	Favorable	response	was	
also	demonstrated	in	Scn1a+/−	mice	that	underwent	EEG	
surgery	and	monitoring,	although	the	effect	was	slightly	
less	 robust,	 with	 a	 72%	 reduction	 in	 seizure	 frequency.	
The	 difference	 in	 seizure	 reduction	 is	 likely	 due	 to	 dif-
ferences	in	study	design,	most	prominently,	mice	under-
went	a	craniotomy	48 h	prior	to	commencing	treatment,	
which	coincided	with	the	start	of	recording.	It	is	possible	
that	consumption	of	chow	was	lower	than	in	video-	only	
mice	that	did	not	undergo	surgery	(Figure	2),	particularly	
during	 the	 first	 days	 of	 recording	 that	 overlapped	 post-	
surgical	 recovery.	 Consistent	 with	 this,	 among	 the	 eight	
soticlestat-	treated	 mice	 that	 exhibited	 seizures,	 four	 had	
seizures	 within	 the	 first	 48  h	 of	 monitoring	 that	 subse-
quently	resolved	except	for	a	single	late	seizure	of	modest	
severity	in	one	mouse	(stage	2).	Despite	small	differences	
in	 study	 design,	 soticlestat	 lessened	 seizure	 severity	 and	
reduced	 frequency	 by	 >70%	 in	 these	 two	 independent	
subchronic	 experiments.	 Together,	 these	 studies	 are	 in-
dicative	of	a	 robust	and	 reproducible	anti-	seizure	effect,	
suggesting	that	soticlestat	may	provide	therapeutic	benefit	
in	Dravet	syndrome.

Soticlestat	 completely	 prevented	 premature	 lethality	
in	 Scn1a+/−	 mice	 during	 14-	day	 video	 monitoring,	 and	
Scn1a+/−	mice	that	underwent	surgery	and	EEG	monitor-
ing	exhibited	a	95%	survival	rate.	We	previously	demon-
strated	 that	 survival	 extension	 can	 be	 an	 independent	
efficacy	endpoint	that	is	separable	from	spontaneous	sei-
zure	frequency,	with	lamotrigine	providing	an	example	of	
separability.	Treatment	of	Scn1a+/−	mice	with	lamotrigine	
abolished	 the	 sudden	 death	 phenotype;	 however,	 there	
was	 a	 3.5-	fold	 elevation	 in	 seizure	 frequency,	 consistent	
with	 seizure	 worsening	 observed	 clinically	 in	 individu-
als	with	Dravet	 syndrome	 treated	with	 lamotrigine.3,10,40	
Sudden	 death	 of	 Scn1a+/−	 mice	 is	 tightly	 associated	
with	 the	 occurrence	 of	 severe	 seizures	 with	 tonic	 HLE,	
whereas	the	absolute	number	of	seizures	is	not	necessar-
ily	a	key	determinant	of	mortality.10,41	Examination	of	the	
vehicle-	treated	group	 in	our	video	monitoring	 illustrates	
this	 relationship.	 During	 the	 14-	day	 monitoring	 period,	
vehicle-	treated	 Scn1a+/−	 mice	 that	 died	 had	 a	 range	 of	
1–	44  seizures,	 whereas	 some	 surviving	 vehicle-	treated	
Scn1a+/−	mice	had	up	to	50–	100 seizures	(Supplementary	
Figure	1).	Thus	prevention/reduction	in	lethality	with	so-
ticlestat	treatment	is	likely	due	to	preventing	progression	
of	 seizures	 to	 the	most	 severe	stage	of	 tonic	HLE	 in	 the	
video-	monitoring	 study	 and	 low	 occurrence	 in	 the	 EEG	
study.	In	contrast,	Scn1a+/−	mice	treated	with	clobazam,	
a	 first-	line	 therapy	 for	 Dravet	 syndrome,	 had	 reduced	
spontaneous	seizure	frequency,	but	did	not	show	any	im-
provement	 in	 survival	and	had	no	difference	 in	 the	per-
centage	of	 seizures	 that	progressed	 to	HLE	compared	 to	
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vehicle-	treated	 mice.10	 Seizures	 with	 tonic	 HLE	 involve	
brainstem,	a	critical	component	of	the	autonomic	nervous	
system	 that	 modulates	 cardiovascular	 and	 respiratory	
function.41,42	Our	results	demonstrate	that	in	addition	to	
providing	anti-	seizure	properties,	soticlestat	may	prevent	
spread	of	seizures	from	forebrain	to	brainstem.	This	sug-
gests	that	soticlestat	may	reduce	SUDEP	risk	in	addition	
to	providing	anti-	seizure	benefit.

Of	 interest,	with	14-	day	video	monitoring	we	did	ob-
serve	seizures	in	8%	of	soticlestat-	treated	Scn1a+/−	mice,	
but	 onset	 was	 delayed	 by	 ~1  week	 compared	 to	 vehicle	
controls.	 This	 delay,	 together	 with	 the	 observed	 seizure	
freedom	in	92%	of	mice,	suggests	 the	possibility	 that	 in-
hibition	 of	 CH24H	 may	 interfere	 with	 epileptogenesis	
in	 the	 Scn1a+/−	 mouse	 model	 and	 improve	 phenotypic	
outcome	 through	 a	 disease-	modifying	 effect.	 Soticlestat	
also	demonstrated	disease-	modifying	potential	 in	mouse	
models	 of	 PTZ	 kindling	 and	 kainic	 acid–	induced	 tem-
poral	 lobe	 epilepsy.25,26	 24HC	 affects	 various	 biological	
functions,	 including	 brain	 cholesterol	 homeostasis,	 in-
flammation,	 oxidative	 stress,	 and	 N-	methyl-	d-	aspartate	
(NMDA)	signaling.43–	46	The	mechanism	that	accounts	for	
the	anti-	seizure	benefit	of	soticlestat	remains	elusive,	but	
it	is	presumably	mediated	by	lowering	24HC.	Considering	
that	24HC	is	a	cholesterol	metabolite,	it	could	be	involved	
in	a	wide	range	of	brain	functions	as	seen	in	neuroactive	
steroids.47	It	is	interesting	to	note	that	24HC	was	reported	
as	a	modulator	of	estrogen	receptors.48 The	discovery	of	
therapeutic	 potential	 of	 soticlestat	 for	 Dravet	 syndrome	
may	raise	an	 important	argument	 that	epileptic	seizures	
can	be	controlled	by	a	mechanism	that	is	not	necessarily	
known	for	a	genetic	link	to	epilepsy,	thereby	opening	up	
a	 new	 avenue	 for	 safer	 and	 more	 effective	 seizure	 med-
ications.	 Future	 studies	 will	 investigate	 the	 biological	
functions	 affected	 by	 soticlestat	 to	 better	 understand	
the	 mechanism(s)	 underlying	 the	 beneficial	 effect	 in	
Scn1a+/−	mice.

Overall,	our	data	provide	evidence	of	the	ability	of	sot-
iclestat	to	drastically	improve	on	core	epilepsy	phenotypes	
in	the	Scn1a+/−	mouse	model	through	the	novel	approach	
of	inhibiting	CH24H	activity.	Based	on	prior	demonstra-
tion	of	safety	and	target	engagement,27,49	clinical	transla-
tion	of	soticlestat	is	ongoing.	It	should	be	noted	that	the	
soticlestat	dosing	regimen	used	in	this	study	yielded	clin-
ically	 relevant	 levels	 of	 pharmacodynamic	 effects.50  The	
current	study	supports	further	investigation	of	therapeu-
tic	potential	in	Dravet	syndrome.
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