
Factors	favouring	further	
treatment	

§  Severity	of	acute	condi0on	
§  Risk	of	permanent	disability	
§  Reversible	disease	
§  Relapse	risk	
	

Factors	favouring	observa3on	
or	no	further	treatment	

§  Short	and	long	term	side	effects	of	
treatment	

Treatment	 Close	surveillance	with	no	
treatment	

NMDAR	an3body	encephali3s	
	



Factors	favouring	further	
treatment	

§  Severity	of	acute	condi0on	
§  Risk	of	permanent	disability	
§  Unclear	relapse	rate	

Factors	favouring	observa3on	
or	no	further	treatment	

§  Good	improvement		
§ Monophasic	illness	
§  Short	and	long	term	side	effects	of	
treatment	

Treatment	 Close	surveillance	with	no	
treatment	

An3body	nega3ve	encephali3s	
	



Factors	favouring	further	
treatment	

§  Severity	of	acute	condi0on	
§  Risk	of	permanent	disability	
§  Relapsing	disease	

Factors	favouring	observa3on	
or	no	further	treatment	

§  Good	improvement		
§ Monophasic	illness	
§  Short	and	long	term	side	effects	of	
treatment	

Treatment	 Close	surveillance	with	no	
treatment	

An3body	nega3ve	encephali3s	
	



Esseveld	et	al.,	2012		
Am	J	Psychiatry	170	21-2	

Finke	et	al.,	2013		
Ann	Neurol.	74(2):284-96	

Long	term	sequelae	following		
autoimmune	encephali3s	



Cognition 

Treatment Social independence 

Vocational achievement 

Symptoms 

Reproduction  
& Parenting 

•  Acquisition of core education principles 
•  Memory, executive function, and 
sequencing deficits 
•  Cognitive fatigue 

•  Efficacy and safety treatments 
•  Long-term effects 
•  Does early treatment lead to better outcome? 

•  Impact of very early onset disease 
•  Impact of chronic disease during childhood 
•  Fatigue, headache and painful spasms 

• Completing school 
•  Success in higher academic endeavors 
•  Impact of disability on vocational selection 
•  Forced realism 

•  Impact of chronic disease on self and 
community perception of desirability 
•  Independence 

•  Ability to parent 
•  Impact of medication on fertility 

•  Sexual health  



Pa3ents	required	for	RCT	in	NMDAR	to	
demonstrate	improvement	in	outcome	

•  Es0mate	new	paediatric	cases	in	the	UK/year	20	
•  From	Dale	et	al	2014	mRS	in	early	vs	late	
treatment	57%	vs	80%	

•  Treated	early	vs	late	1:1.	Improve	outcome	from	
60%	to	80%	(power	80%,	0.05	significance)	
requires	82	children	in	each	arm	(Total	164)	

	
	è	Mul0center	European	trial		



How	do	we	treat	autoimmune	
encephali3s?	

•  Diagnose	and	treat	early	
•  How	long	do	we	treat	for	

– Why	are	we	trea0ng?	
Not	ge]ng	be^er	
Preven0ng	relapse	
Improving	long	term	outcome	

•  Understanding	biology	



Effects	of	inflamma3on	in	the	brain	

•  Is	inflamma3on	beneficial?	
•  Immunobiology	versus	neurobiology	
	



“Friend	and	foe”	

•  Ini0al	response	required	to	remove	insult	
Streit	2002	Glia	40:	133-139		

•  Overac0va0on	harmful	
Block	et	al	2007	Nat	Rev	Neurosci	8:	57-69	

•  Chronicity	harmful	
Aktas	et	al	2007	Arch	Neurol		64:	185-189	

•  Senescence	of	glia	
Streit	2004	J	Neurosci	Res	77:	1-8	



	Inflamma3on	has	a	protec3ve	role	

Schwartz	&	Kipnis	2002	Trends	Immunol	23(11):	530-534	



Cytokines	can	have	dual	roles	

O’Shea	et	al	2002	Nat	Rev	Immunol	2:	37-45	



Boche	et	al.,	2013	Neuropathol	Appl	Neurobiol	39(1):3-188	

Cells	can	have	dual	roles	



Microglial	phenotypes….	

COX2	
iNOS	
IL-6	
TNF-a	

IGF-1	
Gal3	
CD206	
Arg1	

SOCS3	
IL-1Ra	
IL-4R	
SphK1	

M1-Cytotoxic:	

M2b	
Immunomodulatory:		

M2a-	Repair		
and		
Regenera3on:	

Courtesy	of	Dr	Bobbi	Fleiss		
Centre	for	Brain	Development,	Kings	College	Hospital	



Effects	of	inflamma3on	in	the	brain	

•  Is	inflamma0on	beneficial?	
•  Immunobiology	versus	neurobiology	
	



Mehler	&	Kessler	1997	TINS	20(18):	357-365	





Boche	et	al.,	2013	Neuropathol	Appl	Neurobiol.	39(1):3-188	



Modified	form	Jiwon	and	Calabressi	2013	Lancet	Neurology;	12	(11):	1115	-	1126	

B	cell	targe3ng	

Azathioprine	
Mycophenolate	
Methotrexate	
Teriflunomide	

An3-metabolites	

Cellular	targets	in	trea3ng	
inflamma3on	

Natalizumab	

Rituximab	

Minocycline	

Fingolimod	

NSAIDS	



Inflamma3on	at	a	signalling	level	and	
candidate	therapeu3c	targets		

Tabas	&	Glass	2013	Science;339:166-172	



													 The	pipeline	of	MS	therapy	

Interferons	

Phase	I	

Phase	II	

Phase	III	

Marketed	

An0-prolifera0on	
agents	

Avonex	

Atacicept	

Campath	
Rituximab	

Novantrone	

Rebif		

Betaferon/	
Extavia	

Teriflunomide	

Tysabri	

Zenapax	

Pixantrone	

Targeted		
mAbs/Fc-Ab	

Cladribine		

Fingolimod	

Azathioprine	

=	oral	administra0on	
=	injectable	

Riluzole	

Symptoma0c	Tx	

Vaccine,	tolerisa0on	

Tovaxin	

ATL-1102	

MM-093	

BG12	

AJM-300	

Nerispirdine		

Interferon		
Tau	

Interferon		
omega	

Peg	IFNβ	(BIIB017)	

Fc-	IFβ

ATX-MS-1467	

Firategrast	

Ofatumumab	

Sa0vex		

Lymphocyte	
trafficking		

TBC4746	

MLN-0002	

Targeted	Immune	
regula0on	

PI2301	

R1295	

Copaxone	

Laquinimod	

Fampridine	SR		

683699	(T-0047)	

Ocrelizumab	
LY-2127399	

Courtesy G Giovannoni 
PhI-III are investigational compounds and are not licenced. 



The	role	of	immunotherapy	maybe	
beyond	immune	suppression		

Zito	and	Scheuss	2009				



	Modified	from	Meltzer	et	al.,	2015	Front	Neurol		6:171	

Allopregnanolone	
Broomall	et	al.,	2014	Ann	Neurol	76(6)	911-915	

?Pregnanolone	Sulphate	
Zheng	et	al.,	2009	Prog	Neurobiol	89(2)	134-52		



Cooray	et	al.	(2015)	
NeuroImage:	Epub	

Dynamic causal modelling 	
DCM can model complex real EEG data	

τ1

τ2

τ3

τ4

g5

g6

g8 Superficial 
pyramidal

Spiny 
stellate

Inhibitory 
interneuron

Deep 
Pyramidal

τ1

τ2

τ3

τ4

g5

g6

g8

Richard Rosch	

Wellcome Trust Centre for Neuroimaging &	
Centre for Developmental Cognitive Neuroscience 	
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The	effects	of	an3bodies	on	immune	
system	

•  Ac0va0on	of	microglial	N-Methyl-D	aspartate	
receptors	triggers	inflamma0on	and	neuronal	
cell	death	
– Kaindl	et	al.,	2012	Ann	Neurol	72:536–549	

•  N-methyl-D-aspartate	receptor	(and	other)	
an0bodies	interacts	with	microglia?	



N-methyl-D-aspartate	receptor	an3bodies	
interacts	with	microglia	in-vitro	

MTT activity in BV2
treated for 4 hours in the presence of
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Gadian,	Lim,	Fleiss	and	Gressen	(Unpublished	observa0ons)	



N-methyl-D-aspartate	receptor	an3bodies		
upregulates	the	regenera3ve	M2a	phenotype?	

COX2	
iNOS	
		 	

CD206	
Arg1	

SOCS3	

M1-Cytotoxic:	

M2b	
Immunomodulatory:		

M2a-	Repair		
and		
Regenera3on:	

Gadian,	Lim,	Fleiss	and	Gressen	(Unpublished	observa0ons)	



NMDAR	an3bodies	associated	with	minimal	T	cells		
VGKC-complex	an3bodies	associated	with	CD8	T	cell	

	infiltrates	and	perforin	release	

Bien	et	al.,	2012	Brain135(Pt	5):1622-38.			



VGKC-complex	an3bodies	associated	with	neuronal	
	loss	and	APP	deposits.	

NMDAR	an3bodies	associated	with	no	neuronal	loss	or	deposits	

Bien	et	al.,	2012	Brain	135(Pt	5):1622-38.			



	
An0body-mediated	CNS	diseases	are	important	to	recognise	

	
Several	CNS	receptors	and	ion	channels	have	been	iden0fied	as	targets	

	
Presenta0ons	include	amnesia,		

epilepsy,	startle,	psychosis,	sleep,	autonomic		
and	movement	disorders	

	
The	pa0ents	can	get	considerably	be^er	when	treated	aggressively	with	steroids,	

plasma	exchange	etc.	
	

Long	way	from	op0mally	managing	these	children	
	

Conclusion	
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VGKC/LGI1 Ab IgG elicits epileptiform activity in the CA3 area 
of hippocampus in brain slices 

 Extracellular potentials recorded in the stratum lucidum of 
 CA3 pyramidal cell layer with extracellular stimulation of mossy fibres 

Lalic et al., 2011 Epilepsia 52(1):121-31 

VGKC/Lgi1 IgG 
increases burst activity 
in CA3 
 
Reduces no of failures 
to stimulation 
 
Effects similar to 
dendrotoxin 



Febrile	infec3on-related	epilepsy	
syndrome	(FIRES)	

Baalen	et	al.,	2010	Epilepsia	51(7);	1323-1328	

•  Idiopathic	catastrophic	
Baxter	et	al.,	2003	Seizure	12;	379-87	

•  Devasta0ng	epilep0c	encephalopathy	in	school	age	children	(DESC)	
Mikaeloff	et	al.,	2006	Epilepsy	Res	69;	67-69	

•  Acute	encephali0s	with	refractory,	repe00ve	par0al	seizures	(AERRPS)	
Sakuma	et	al.,	2010	Acta	Neurol	Scand	121(4);	251-6		

•  New	Onset	Refractory	Status	Epilep0cus	
Costello	et	al.,	2009	J	Neurol	Sci.	15;277(1-2);	26-31	
	

Previously	well	
Febrile	prodrome	followed	by	encephalopathy	and	fulminant	seizures	
Refractory	seizures	(not	invariable)	

	
Acute	encephalopathy	with	inflamma3on-mediated	status	epilep3cus	

	
Nabbout	et	al.,	2011	Lancet	Neurol.	10(1);	99-108	
Nabbout	2012	Epilepsia	2012	53	Suppl	4;	58-62	



Rasmussen	Encephali3s	

•  Localised	form	of	inflamma0on	and	focal	
refractory	seizures	

•  Glial	ac0va0on	and	cytotoxic	T	cells	infiltra0on	
•  Immunomodula0on	and	epilepsy	surgery	

– Tacrolimus	improves	motor	and	cogni0on	but	no	
effect	in	seizures	

Bien	et	al.,	2005	Brain	128(3):	454-71	

Varadkhar	et	al.,	2014	Lancet	Neurol.	13(2):195-205	


