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Highlights:	
	

 Microglia	increase	in	numbers	and	become	hyper‐ramified.	

 During	crEAE	microglia	are	hypersensitive	and	form	nodules	at	the	remission	and	

chronic	phase.	

 Immune	infiltrates	are	present	in	low	numbers	during	remission	and	chronic	

phase.	
Submitted	
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Abstract	
	

Microglia,	 the	 primary	 immune	 cells	 of	 the	 Central	 Nervous	 System	 (CNS),	 are	

increasingly	 implicated	 in	 the	 progression	 of	 various	 neurodegenerative	 disorders.	

Their	 role	 in	 multiple	 sclerosis	 is	 complex	 and	 still	 unresolved.	 We	 have	 used	 the	

chronic	 relapsing	 experimental	 autoimmune	 encephalomyelitis	 (crEAE)	 Biozzi	 ABH	

mouse	model	 to	 study	 the	 role	 of	microglia	 in	 an	 experimental	model	 of	 secondary	

progressive	multiple	sclerosis	(SPMS).	EAE	is	an	autoimmune‐induced	demyelination	

and	 neuro‐inflammatory	 disorder	 of	 the	 CNS,	 and	 in	 crEAE	 the	 relapsing‐remitting	

phase	is	followed	by	a	secondary	progressive‐chronic	stage	similar	to	SPMS.	Changes	in	

microglia	morphology	and	protein	expression	were	studied	in	spinal	cord	tissue,	while	

alterations	in	gene	expression	were	determined	in	ex	vivo	isolated	FACS	purified	spinal	

cord	 microglia.	 Pronounced	 infiltration	 of	 peripheral	 immune	 cells	 was	 observed	

during	 the	 initial	 acute	 EAE	 phase,	 but	 was	minimal	 at	 later	 remission	 stages.	 The	

number	of	microglia	increased	at	the	acute	EAE	phase,	they	had	larger	cell	bodies,	less	

processes	 and	 displayed	 a	 mild	 pro‐inflammatory	 activity	 at	 the	 RNA	 level.	

Interestingly,	 very	 few	microglia	 expressed	 IL‐1β	 protein,	 but	many	microglia	were	

located	 near	 IL‐1β‐positive	 clusters.	 At	 remission	 and	 during	 the	 chronic	 phase,	

microglia	 completely	 down‐regulated	 the	 expression	 of	 pro‐inflammatory	 genes,	

acquired	a	hyper‐ramified	morphology	and	up‐regulated	the	RNA	expression	of	MHC	II	

antigens,	co‐stimulatory	molecules	and	apoptotic	cell	uptake	receptor	Axl.	This	suggests	

a	 role	 of	 microglia	 in	 the	 phagocytosis	 of	 apoptotic	 cells	 and	 the	 presentation	 of	

processed	antigens.	In	addition,	when	Biozzi	ABH	mice	with	EAE	were	challenged	with	

LPS,	microglia	displayed	an	exaggerated	increase	in	RNA	expression	levels	indicative	of	

a	hypersensitive	or	primed	state.	Whereas	microglia	are	marginally	involved	in	neuro‐

inflammation	observed	during	the	initial	acute	EAE	phase,	they	are	hyper‐ramified	and	

hypersensitive	during	crEAE	suggesting	a	prominent	role	of	innate	immunity	in	crEAE.	
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Introduction		
	

Microglia,	the	resident	macrophage‐like	cells	and	principal	immune	cells	of	the	CNS,	are	

increasingly	implicated	in	a	variety	of	neurodegenerative	and	auto‐immune	disorders,	

including	Alzheimer’s	disease,	Amyotrophic	Lateral	Sclerosis,	Parkinson’s	disease	and	

Multiple	Sclerosis	(MS)	(Kreutzberg,	1996;	Nimmerjahn	et	al.,	2005;	Prinz	and	Priller,	

2014;	 Chiu	 et	 al.,	 2013).	 The	 role	 of	microglia	 in	MS,	 a	 complex	 demyelinating	 and	

neuro‐inflammatory	 disorder,	 is	 ambiguous.	 Although	 microglia	 are	 the	 primary	

immune	cells	of	 the	CNS,	 their	 role	 in	demyelination	during	 the	 relapsing/remitting	

phase	and	the	neurodegeneration	occurring	in	the	chronic	phase	of	MS	has	not	been	

clarified	 yet.	 MS	 starts	 with	 periods	 of	 acute	 mild	 paralysis	 followed	 by	 complete	

recovery.	Over	time,	recurrent	relapses	lead	to	incomplete	recovery	and	this	relapsing‐

remitting	disease	state	(RRMS)	is	followed	by	a	secondary	progressive	phase	(SPMS)	

with	 accumulating	 physical	 disability	 and	 neurological	 damage	 in	 most	 patients	

(Compston	 and	 Coles,	 2002).	 Several	 studies	 have	 indicated	 the	 involvement	 of	

microglia	in	pre‐active	lesions	in	MS	and	activated	microglia	have	been	observed	during	

the	various	stages	of	MS	lesions	(Lassmann	et	al.,	2007;	van	der	Valk	and	Amor,	2009;	

Weiner,	2004).	

Currently,	 the	 role	 of	 microglia	 during	 the	 chronic	 phase	 of	 MS/SPMS	 is	 still	

unknown.	 Over	 the	 past	 decades,	 anti‐inflammatory	 therapies	 have	 been	 developed	

reducing	disease	 severity	of	RRMS,	but	no	 effective	 treatment	 for	 SPMS	 is	 currently	

available	 (for	 review	 see	 Lassmann	 et	 al.,	 2012).	 One	 of	 the	 reasons	 of	 the	 limited	

efficacy	of	anti‐inflammatory	therapy	in	SPMS	might	be	the	rather	limited	involvement	

of	the	peripheral	immune	system	at	this	stage	of	the	disorder.	

To	study	MS,	the	experimental	autoimmune	encephalomyelitis	(EAE)	model	is	often	

used	with	a	focus	on	the	early	acute	phase	of	disease	(Alvord	et	al.,	1984).	Unlike	the	

monophasic	 EAE	 models	 such	 as	 those	 described	 in	 the	 C57BL/6	 mice,	 chronic‐

relapsing	EAE	(crEAE),	mostly	induced	in	Dark	Agouti	rats,	SJL	and	Biozzi	ABH	mice,	is	

of	a	multiphasic	progression	like	SPMS	(Baker	et	al.,	1990;	Brown	and	McFarlin,	1981;	

Cross	et	al.,	1987;	Kozlowski	et	al.,	1987;	Lassmann	and	Wisniewski	1978;	Lassmann	

and	Wisniewski,	1979;	Lorentzen	et	al.,	1995).	Biozzi	ABH	mice	have	been	shown	to	

develop	a	reproducible	relapsing‐remitting	disease	course	(Baker	et	al.,	1990;	Biozzi	et	

al.,	1972).	The	Biozzi	ABH	mouse	model	 is	 termed	crEAE	because,	after	 the	relapse‐

remitting	phase,	mice	progressively	develop	disability	and	reach	a	chronic	phase	that	
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closely	mimics	SPMS	(Baker	et	al.,	 1990;	Pryce	et	al.,	2005).	 It	has	been	 shown	 that	

crEAE	mirrors	a	range	of	clinical	and	pathological	characteristics	of	SPMS	including	the	

regional	 variability	 in	myelination,	 axonal	 and	 neuronal	 loss	 (Hampton	 et	 al.,	 2008;	

Jackson	et	al.,	2009).		

The	study	of	microglia	has	always	been	troubled	by	their	similarity	to	macrophages.	

Addition	of	Ly‐6C	to	the	standard	CD11b	and	CD45	cell	surface	markers	allowed	for	a	

more	precise	discrimination	of	microglia	and	infiltrated	monocytes,	and	showed	that	

microglia	 do	 not	 acquire	 a	 pro‐inflammatory	 phenotype	 at	 the	 acute	 stage	 of	 EAE	

(Vainchtein	et	al.,	2014;	Yamasaki	et	al.,	2014;	Butovsky	et	al.,	2014;	Wlodarczyk	et	al.,	

2014).	However,	the	role	and	phenotype	of	microglia	during	the	latter	stages	of	EAE	is	

unknown.	 In	 SPMS,	 only	 small	 numbers	 of	 macrophages	 and	 T‐lymphocytes	 reside	

within	the	CNS,	suggesting	that	microglia	rather	than	peripheral	immune	cells	might	be	

involved	in	the	direct	progression	of	MS.	In	addition,	during	aging	or	neurodegenerative	

conditions,	 microglia	 display	 an	 exaggerated	 response	 to	 immune	 stimuli	 like	

lipopolysaccharide	(LPS),	a	phenotype	described	as	primed	microglia	(Holtman	et	al.,	

2015;	 Raj	 et	 al.,	 2014).	 The	 exact	 role	 of	 primed	microglia	 in	 the	 context	 of	 neuro‐

inflammation	and	‐degeneration	in	the	CNS	is	still	unknown.	

In	 this	 study,	 we	 used	 crEAE	 in	 Biozzi	 ABH	 mice	 to	 investigate	 in‐depth	 the	

phenotype	and	function	of	microglia	during	the	different	stages	of	crEAE	and	compared	

them	to	their	CNS	infiltrated	innate	immune	counterparts.		

	

Methods	and	Materials	
	

Induction	of	crEAE	and	progression	

Male	and	female	Biozzi	ABH	mice	were	bred	at	the	Queen	Mary	University	of	London	

and	were	housed	with	ad	libitum	access	to	food	and	water	as	described	previously	(Al‐

Izki	 et	 al.,	 2012).	 To	 induce	 EAE,	 Biozzi	 ABH	 mice	 were	 inoculated	 as	 described	

previously	(Baker	et	al.,	1990;	Al‐Izki	et	al.,	2012).	In	brief,	a	sonicated	emulsion	of	a	

lyophilized	 Biozzi	 ABH	 mouse	 spinal	 cord	 homogenate	 with	 complete	 Freund’s	

adjuvant	was	 injected	subcutaneously	 into	 the	hind	 flanks	on	day	0	and	day	7.	Mice	

were	daily	weighed	and	monitored	for	a	clinical	EAE	score	using	a	6‐point	scoring	scale:	

0	=	no	obvious	changes	(normal),	1	=	limp	tail,	2	=	limp	tail	and	impaired	righting	reflex,	

3	=	limp	tail	and	partial	paralysis	of	hind	legs,	4	=	limp	tail	and	complete	paralysis	of	

hind	legs,	5	=	moribund,	6	=	death.	Mice	were	sacrificed	at	the	acute	score	4	(n=	19;	days	



Microglia	in	a	mouse	model	for	SPMS		

105 
 

5	

17‐20),	remission	score	0.5	(n=	18;	days	27‐30)	and	chronic	stage	(n=	15;	days	80‐90)	

and	age‐matched,	untreated	animals	as	controls	(n=	22).	In	all	experiments	performed,	

the	number	of	animals	per	experimental	condition	is	indicated	in	the	respective	figure	

legend.	All	 experiments	were	performed	according	 to	 institutional	 and	 international	

guidelines	and	approved	by	the	London	Animal	Welfare	Advisory	Committee	(United	

Kingdom	 Animals	 Act	 1986).	 Aspects	 of	 experimental	 design	 and	 use	 of	 animals	

relevant	 to	 the	 ARRIVE	 guidelines	 (Amor	 and	 Baker,	 2012;	 Baker	 and	 Amor,	 2012;	

Kilkenny	et	al.,	2010)	have	been	reported	previously	(Al‐Izki	et	al.,	2012).	

	

Acute	isolation	of	microglia		

Mice	were	euthanized	using	CO2	and	perfused	with	PBS.	Subsequently,	the	spinal	cord	

was	 isolated	 and	 collected	 in	 ice‐cold	 isolation	 medium	 (HBSS	 (PAA	 Laboratories,	

Pasching,	Austria)	supplemented	with	15	mM	HEPES	(PAA)	and	0.6%	glucose	(Sigma‐

Aldrich)).	A	single	cell	suspension	was	obtained	as	described	previously	(Vainchtein	et	

al.,	2014;	de	Haas	et	al.,	2008).	In	short,	the	spinal	cords	were	mechanically	dissociated	

using	a	tissue	homogenizer	and	the	suspension	was	filtered	using	a	70	µm	cell	strainer	

(BD	FALCON).	Thereafter,	cells	were	pelleted	(220	g,	4	oC,	acc:	9,	brake:	9,	10	min.),	and	

after	supernatant	removal	the	pellet	was	resuspended	in	a	solution	of	22%	Percoll	(GE	

Healthcare),	40	mM	NaCl	and	77%	myelin	gradient	buffer	(5.6	mM	NaH2PO4*H20,	20	

mM	Na2HPO4*2H20,	140	mM	NaCl,	5.4	mM	KCl,	11	mM	Glucose,	pH	7.4).	A	layer	of	PBS	

was	placed	on	top,	and	this	gradient	was	centrifuged	(950	g,	4	oC,	acc:	4,	brake:	0,	20	

min)	followed	by	removal	of	the	myelin	layer	and	the	remaining	supernatant.	The	pellet	

was	resuspended	in	Phenol	Red	deficient	isolation	medium	(HBSS	without	Phenol	Red	

(PAA)	supplemented	with	15	mM	HEPES	(PAA)	and	0.6%	glucose	(Sigma‐Aldrich)).	All	

steps	in	the	isolation	procedure	were	performed	on	ice.	

	

Fluorescence	activated	cell	sorting	(FACS)	

The	 cell	 suspension	 was	 Fc	 receptor	 blocked	 with	 anti‐mouse	 CD16/CD32	

(eBioscience)	for	10	min	on	ice.	Subsequently,	the	cells	were	incubated	with	CD11b	PE	

(eBioscience),	 CD45	 FITC	 (eBioscience),	 Ly‐6C	 APC	 (Biolegend)	 and	 CD3	 PE/Cy7	

(Biolegend)	 for	 30	min.	 The	 cell	 suspension	was	washed	with	 Phenol	 Red	 deficient	

isolation	medium,	centrifuged	(230	g,	4	oC,	acc:	9,	brake:	9,	3	min)	and	after	passing	

through	a	35	μm	nylon	mesh	(BD	Biosciences)	collected	in	round	bottom	tubes.	FACS	

was	performed	on	a	BD	Biosciences	FACSAria	II	cell	sorter.	After	gating	for	viable	cells	
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based	on	4',6‐diamidino‐2‐phenylindole	(DAPI;	0.5	µM;	Sigma‐Aldrich),	microglia	were	

defined	 as	 CD11bpos	 CD45int	 Ly‐6Cneg	 and	 myeloid	 Ly‐6Cpos	 infiltrates	 as	 CD11bpos	

CD45high	Ly‐6Cpos.	The	cells	were	collected	in	colourless	isolation	medium	and	used	for	

further	application.	FACS	plot	analysis	was	performed	with	Tree	Star	FlowJo	software	

v10.	

	

Quantitative	Real‐time	PCR		

After	FACS	the	collected	purified	cell	suspensions	were	centrifuged	(500	g,	4	oC,	acc:	9,	

brake:	9,	10	min)	and	the	pellet	was	 lysed	with	RLT+	buffer	(Qiagen).	The	RNA	was	

extracted	using	 the	RNeasy	Plus	Micro	kit	 (Qiagen)	according	 to	 the	manufacturer’s	

protocol.	 Subsequently,	 reverse	 transcription	 was	 performed	 using	 a	 mixture	 of	

random	hexamers,	dNTPS,	M‐MLV	buffer,	RibolockTMRNase	Inhibitor	and	RevertAidTM	

M‐MuLV	 Reverse	 Transcriptase	 (Fermentas).	 Quantitative	 real‐time	 PCR	 was	

performed	 in	384	well	plates	 (Applied	Biosystems)	with	 iQTM	SYBR	Green	Supermix	

(Bio‐Rad)	 on	 an	 ABI7900HT	 machine	 (Applied	 Biosystems).	 All	 the	 primers	

(supplementary	 table	 1)	 were	 designed	 with	 NCBI	 Primer‐Blast	 and	 ordered	 from	

Biolegio	(The	Netherlands).	Data	were	quantified	using	the	2‐ΔΔCt	method	where	Hmbs	

(hydroxymethylbilane	 synthase)	 was	 used	 as	 a	 housekeeping	 gene	 (Livak	 and	

Schmittgen,	2001).		

	

Immunohistochemistry	

Mice	were	perfused	with	saline	followed	by	ice‐cold	4%	paraformaldehyde	(PFA)	and	

the	spinal	cord	was	extracted	and	post‐fixed	overnight	 in	the	same	solution.	Tissues	

were	transferred	to	30%	sucrose	solution	for	2	days	and	subsequently	embedded	in	

Tissue	Tek	optimal	cutting	temperature	(OCT;	Sakura)	and	50	µm	sagittal	sections	were	

cut	 with	 a	 cryostat	 (Jung	 CM3000,	 Leica	 Biosystems).	 Immunohistochemistry	 was	

performed	on	free‐floating	sections.	In	brief,	tissue	sections	were	washed	in	PBS	and	

blocked	1	h	with	3%	bovine	albumin	serum	(BSA)	in	PBS	containing	0.1%	TritonX‐100	

(PBST).	Sections	were	incubated	O/N	at	4	oC	with	rabbit	anti‐IBA1	(Wako,	1:1000)	and	

either	goat	anti‐IL‐1β	(R&D	Systems,	1:40)	or	goat	anti‐AXL	(Santa	Cruz	Biotechnology;	

1:250)	 in	PBST	containing	3%	BSA.	 	The	next	day,	sections	were	 incubated	3	h	with	

secondary	 antibodies	 (donkey	 anti‐rabbit	 Alexa	 594,	 donkey	 anti‐goat	 Alexa	 488;	

Invitrogen,	all	1:500).	Double	staining	for	IBA1	and	Ly‐6C	was	performed	by	blocking	

sections	1h	with	5%	normal	goat	serum	(NGS)	in	PBS	containing	0.01%	TritonX‐100.	
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Sections	 were	 incubated	 for	 48	 h	 at	 4	 oC	 with	 rabbit	 anti‐IBA1	 and	 rat	 anti‐Ly‐6C	

(Serotec,	 1:250)	 in	 PBS	 containing	 1%	 NGS	 and	 0.01%	 TritonX‐100.	 The	 next	 day,	

sections	were	incubated	3	h	with	secondary	antibodies	(goat	anti‐rabbit	Alexa	594,	goat	

anti‐rat	Alexa	488;	Invitrogen,	all	1:500).	Sections	were	mounted	with	Mowiol.	Image	

acquisition	was	performed	using	a	Leica	SP2	AOBS	confocal	microscope.	

	

Morphology	quantifications	

The	morphometric	parameters	were	quantified	from	confocal	Z‐stack	images	of	50	µm	

thickness	 with	 1	 µm	 intervals	 along	 the	 z‐axis	 taken	 from	 IBA1	 and	 Ly‐6C	 stained	

sections	at	63x	magnification.	To	determine	the	process	diameter,	length,	volume,	total	

number,	soma	volume,	terminal	endpoints,	number	of	primary	branches	and	total	cell	

volume,	 microglia	 were	 3D	 reconstructed	 and	 retraced	 using	 the	 Filament	 Tracer	

function	 of	 Imaris	 7.0	 software	 (Bitplane).	 A	 ramification	 index	 was	 calculated	 by	

dividing	the	total	number	of	terminal	endpoints	by	total	number	of	primary	branches	

per	cell.	For	 further	ramification	quantifications,	maximal	 intensity	projections	were	

created	with	ImageJ	and	converted	to	binary	images.	ImageJ	was	used	to	perform	the	

Sholl	 analysis	 (Sholl	 analysis	 plugin)	with	 intersections	 of	 a	 1‐pixel	 radius	 step	 size	

(original	plugin	developed	by	Ferreira	et	al.,	2014).		

	

Statistical	analysis	and	graphs	

Graphs	were	created	with	Prism	5	(Graphpad)	and	arranged	 in	Adobe	Illustrator	CC	

(Adobe).	 Statistical	 analysis	 was	 performed	with	 SPSS	 22	 (IBM)	 using	 the	 Kruskal‐

Wallis	 test	 to	 identify	 differences	 between	 groups	with	 a	 deeper	 group	 comparison	

using	 the	 Mann‐Whitney	 U	 test.	 In	 addition,	 interaction	 effects	 were	 calculated	 by	

multivariate	analysis.	Differences	were	classified	as	significant	when	the	p‐value	was	

below	0.05.		

	

Results	
	

Increased	microglia	numbers	 throughout	 crEAE,	while	minimal	 infiltration	 of	

peripheral	immune	cells	at	remission	and	chronic	phase	was	observed	

crEAE	 in	 Biozzi	 ABH	mice	 is	 characterized	 by	 an	 acute	 phase,	where	mice	 typically	

develop	hindlimb	paralysis	and	reach	an	EAE	score	of	4,	followed	by	almost	complete	

remission	exhibiting	minor	tail	paresis	with	a	score	0.5	(fig.	1A).	Subsequently,	paralytic		
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Figure.	1.	Elevated	microglia	numbers	during	crEAE	and	an	extensive	infiltration	of	peripheral	immune	

cells	at	the	acute	phase.	A)	Mice	were	terminated	as	naïve	controls	(n=	22)	or	at	three	crEAE	time	points;	acute	

phase	(n=	19),	remission	(n=	18)	or	the	chronic	stage	(n=	15).	B)	The	spinal	cords	were	removed,	microglia	were	

isolated	and	 subsequently	FACS	 sorted.	This	 resulted	 in	 three	defined	populations:	1)	microglia	as	CD11bpos	

CD45pos	Ly‐6Cneg	(first	Gate	1	then	gate	on	Ly‐6Cneg	cells),	2)	macrophages/granulocytes	as	CD11bpos	CD45high	Ly‐

6Cpos	(first	Gate	2	then	gate	on	Ly‐6Cpos	cells),	3)	T‐lymphocytes	as	CD45high	CD3pos	(first	Gate	3	then	gate	on	CD3pos	

cells;	these	cells	were	sorted	but	not	further	analyzed)	(one	representative	is	shown).	C)	Quantification	of	the	

number	of	FACS	sorted	cells.	Co	=	controls	(n=	15),	Ac	=	acute	phase	(n=	16),	Re	=	remission	(n=	15),	Ch	=	chronic	

phase	(n=	12).		Significant	differences	between	PBS	and	LPS	treated	samples	were	determined	using	the	non‐

parametric	Kruskal‐Wallis	test;	further	statistical	comparison	between	groups	was	done	with	a	Mann‐Whitney	

U	test.	*:	p	≤		0.05,	**:	p	≤		0.01,		***:	p	≤		0.001.	Error	bars	are	SEM.	

	

relapses	 occur	with	 variable	 degrees	 of	 remission	 and	 the	 accumulation	 of	 residual	

deficit	and	then	very	slowly	deteriorate	(Pryce	et	al.,	2005;	Al‐Izki	et	al.,	2012),	typically	

showing	 hind	 limb	 paresis	 with	 a	 score	 3‐3.5,	 termed	 here	 as	 the	 chronic	 phase.	

Previous	 studies	 have	 indicated	 that	 the	 acute	 phase	 of	 crEAE	 is	 accompanied	 by	

extensive	infiltration	of	peripheral	immune	cells	(Baker	et	al.,	1990)	that	disappear	at	

remission.	In	contrast,	the	kinetics	of	microglia	proliferation	and	activation	are	largely	

unknown.	

Using	 an	 optimized	 FACS‐based	 approach	we	 have	 sorted	 different	 immune	 cell	

types	from	spinal	cords	during	acute	EAE,	post	acute‐remission	and	the	post‐relapsing	

chronic	 phase	 and	 quantified	 their	 respective	 numbers.	 We	 identified	 microglia	 as	

CD11bpos,	CD45pos	and	Ly‐6Cneg	based	on	a	previously	established	protocol	(Vainchtein	

et	 al.,	 2014).	The	peripheral	 infiltrates	were	 classified	 as	CD11bpos	 CD45high	 Ly‐6Cpos	

macrophages	 and	 granulocytes,	 named	 myeloid	 infiltrates,	 or	 CD45high	 CD3pos	 T‐

lymphocytes	 (fig.	 1B).	 In	 agreement	 with	 previous	 studies	 extensive	 infiltration	 of	

innate	 immune	 cells	 and	 T‐lymphocytes	was	 observed	 at	 the	 acute	 phase	 and	 their	

numbers	strongly	decreased	at	remission	(fig.	1B,	C)	(Jackson	et	al.,	2009;	Allen	et	al.,	

1993).	 Interestingly,	 at	 the	 chronic	 phase	 only	 a	 slight	 increase	 in	 the	 number	 of	

peripheral	myeloid	infiltrates	and	much	less	T‐lymphocytes	infiltration	was	observed.	

These	data	strongly	suggest	that	peripheral	immune	cells	are	actively	involved	at	the	

acute	phase	and	that	at	later	phases,	even	though	the	mice	display	chronic	residual	hind	

leg	paresis,	contribution	of	infiltrated	immune	cells	is	limited.		

In	contrast,	microglia	numbers	 increased	at	 the	acute	phase	and	remain	elevated	

throughout	remission	and	chronic	EAE	(fig.	1B,	C).		
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In	crEAE,	microglia	acquired	an	activated	and	hyper‐ramified	morphology	in	the	

spinal	cord	

Since	the	number	of	microglia	strongly	increased	during	crEAE,	we	next	analyzed	their	

morphology	 in	 apparently	 normal	 white	 matter.	 In	 concordance	 with	 our	 previous	

study	 (Vainchtein	 et	 al.,	 2014),	 we	 confirmed	 that,	 IBA1‐positive	 microglia	 do	 not	

express	 Ly‐6C	 (supplementary	 fig.	 1).	 This	 indicates	 that	 in	 crEAE	 IBA1	 expression	

specifically	 marks	 microglia.	 Surprisingly,	 in	 addition	 to	 a	 marked	 increase	 in	 cell	

numbers,	 a	dramatic	 change	 in	microglia	morphology	was	observed	 (fig.	2A).	At	 the	

acute	phase,	microglia	have	shorter,	thicker	processes,	a	larger	cell	body	and	the	overall	

cell	volume	is	greater	than	of	control	microglia	(fig.	2B,	supplementary	fig.	2).	At	the		

Figure	2.	Microglia	adopted	an	activated	morphology	at	the	acute	phase,	followed	by	hyper‐ramification	

at	 the	remission	phase	 throughout	 the	 spinal	 cord.	A)	 Immunohistochemistry	 for	 IBA1	with	 subsequent	

quantifications	of	sagittal	50	µm	sections	from	spinal	cords	acquired	with	1	µm	intervals.	Examples	of	control	

microglia	and	microglia	 from	 the	 three	EAE	 stages	at	non‐lesion	white	matter	areas	depicting	a	 change	 in	

morphology.	One	representative	full	50	µm	Z	projection	is	shown	of	3	spinal	cords	per	condition.	B)	Using	Imaris	

3D	 reconstruction	 and	 quantification,	 an	 average	 is	 shown	 for	 the	 soma	 volume,	 total	 cell	 volume	 and	

ramification	 index	 for	every	 stage.	All	conditions	have	been	normalized	 to	control	microglia	 (set	 to	1).	Co	=	

controls	(n=	7),	Ac	=	acute	phase	(n=	9),	Re	=	remission	(n=	10),	Ch	=	chronic	phase	(n=	16).	In	addition,	with	

Sholl	analysis	a	ramification	line	graph	has	been	generated	displaying	the	number	of	intersections	depending	on	

the	distance	 from	 the	 soma.	Controls	 (n=	10),	acute	 (n=	12),	 remission	 (n=	12)	and	 chronic	phase	 (n=	24).	

Significant	 differences	 were	 found	 based	 on	 the	 non‐parametric	 Kruskal‐Wallis	 test;	 further	 statistical	

comparison	between	groups	was	done	with	a	Mann‐Whitney	U	test.	*:	p	≤		0.05,	**/##:	p	≤		0.01,		***:	p	≤		0.001.	

*	represents	a	significant	difference	with	the	controls,	#	indicates	difference	with	EAE	acute	phase.	Scale	bar	is	

50	μm	and	error	bars	are	SEM.	
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first	 remission	phase,	 like	 at	 the	 chronic	 stage,	most	of	 the	microglia	morphological	

changes	 are	 still	 present,	 but	 the	 cell	 bodies	 are	 smaller,	while	 the	 total	 number	 of	

processes	and	terminal	endpoints	of	the	cell	have	increased.	This	results	in	an	enhanced	

ramification,	especially	at	the	remission	phase	(fig.	2B,	supplementary	fig.	2).	In	brief,	

the	data	 show	 that	microglia	 retract	 their	processes	at	 the	acute	phase	and	become	

hyper‐ramified	and	occupy	a	larger	area	at	the	remission	and	chronic	EAE	stages.	

	

Dense	microglia	nodules	appeared	at	the	remission	and	chronic	phase	of	crEAE	

Subsequently,	we	focused	on	the	IL‐1β	expressing	cells	in	the	spinal	cord.	Co‐staining	

of	IBA1	with	IL‐1β	indicated	that	microglia	dense	areas	are	almost	exclusively	found	

surrounding	IL‐1β	positive	cells	(fig.	3A).	Only	few	microglia	expressed	IL‐1β,	while	the	

majority	of	IL‐1β	immunoreactivity	is	most	likely	expressed	by	infiltrated	peripheral	

immune	 cells.	 We	 quantified	 these	 IL‐1β	 positive	 clusters	 that	 are	 surrounded	 by	

microglia	and	found	that	they	are	most	prevalent	at	the	acute	phase.	Subsequently,	the	

majority	 of	 IL‐1β	 expressing	 cells	 disappeared	 upon	 the	 remission	 phase	 (fig.	 3B).	

Interestingly,	while	these	microglia	dense	areas	are	most	prevalent	at	the	acute	phase,	

at	 later	 stages	 small,	 very	 dense	 microglia	 nodules	 were	 observed,	 however,	 not	

associated	with	infiltrates	or	blood	vessels	(fig.	4A;	supplementary	fig.	3).	These	dense	

microglia	 nodules	 are	 not	 present	 at	 the	 acute	 phase	 and	 are	 mostly	 found	 at	 the	

remission	and	chronic	stage	(fig.	4B).	On	rare	occasion	(1‐2	per	spinal	cord),	microglia	

nodules	expressing	IL‐1β	were	observed	(fig.	4A).	

	

Robust	up‐regulation	of	MHCII	antigens	and	AXL	in	microglia	during	crEAE	

In	 order	 to	 determine	 the	 RNA	 expression	 of	 spinal	 cord	 microglia	 and	 CD11bpos	

CD45high	Ly‐6Cpos	infiltrates,	RNA	transcript	expression	of	pro‐inflammatory	mediators	

was	analyzed	with	quantitative	PCR.	The	pro‐inflammatory	genes	Il1b,	Tnfa,	Inos	and	

Lgals3,	 a	 receptor	 linked	 to	myelin	 uptake,	 were	 initially	 up‐regulated	 at	 the	 acute	

phase	in	microglia,	albeit	at	much	lower	levels	in	comparison	to	the	myeloid	infiltrates	

(fig.	5A).	Subsequently,	at	later	EAE	stages	the	expression	returned	to	control	levels.	In	

contrast,	MHC	class	II	antigen	components	H2Aa	and	Cd74	were	strongly	up‐regulated	

during	EAE	and	 remained	elevated	 in	microglia,	while	 the	 co‐stimulatory	molecules	

Cd80	 and	 Cd86	 showed	 a	marked	 increase	 at	 remission	 (fig.	 5B).	 The	 phagocytosis	

receptor	Axl,	involved	in	the	uptake	of	apoptotic	cells,	was	robustly	and	persistently	up‐

regulated	in	microglia	during	all	EAE	phases,	and	at	much	higher	levels	than	in	myeloid		
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Figure	3.	Microglia	were	found	surrounding	IL‐1β	clusters.	A)	Immunohistochemistry	was	performed	for	

IBA1	and	 IL‐1β	on	 sagittal	50	µm	 sections	 from	 spinal	cords.	 IBA1	positive	microglia	are	 shown	near	 IL‐1β	

clusters	for	EAE	acute,	remission	and	chronic	stage.	One	representative	picture	is	shown	of	3	spinal	cords	per	

condition.	B)	Quantification	of	 the	number	of	 IBA1/IL‐1β	clusters	per	 spinal	cord	section.	3	spinal	cords	per	

condition	were	quantified	with	2‐3	sections	per	condition.	Co	=	controls,	Ac	=	acute	phase,	Re	=	remission,	Ch	=	

chronic	 phase.	 Significant	 differences	were	 found	 based	 on	 the	 non‐parametric	Kruskal‐Wallis	 test;	 further	

statistical	comparison	between	groups	was	done	with	a	Mann‐Whitney	U	test.	*:	p	≤	0.05,	**/##:	p	≤	0.01,	***:	p	

≤	0.001.	*	represents	a	significant	difference	with	the	controls,	#	a	difference	with	EAE	acute	phase.	Scale	bar	is	

50	μm	and	error	bars	are	SEM.	

	

infiltrates	(fig.	5B).	Immunohistochemistry	showed	that	AXL	is	expressed	during	crEAE	

on	 microglia,	 while	 at	 the	 acute	 phase	 probably	 also	 on	 other	 immune	 infiltrates	

(supplementary	fig.	4).	These	data	indicate	that	microglia	are	not	pro‐inflammatory,	but	

are	 activated	 and	may	 be	 involved	 in	 antigen	 presentation	 and	 probably	 uptake	 of	

apoptotic	cells	at	the	later	stages	of	crEAE.			

	

RNA	expression	indicated	that	microglia	are	hypersensitive	during	crEAE	

In	order	to	evaluate	the	response	of	microglia	to	pro‐inflammatory	stimuli	during	the	

course	 of	 EAE,	we	 compared	 the	 response	 to	 LPS	 at	 the	 different	 EAE	 stages.	Mice	

received	an	i.p.	LPS	injection	3	hours	prior	to	termination.	LPS	induced	a	significant	up‐

regulation	at	the	RNA	level	of	the	genes	Il1b,	Tnfa,	Inos,	Lgals3,	H2Aa,	Cd74,	Cd80,	Cd86	

and	 Axl	 depicted	 in	 figure	 5	 at	 all	 stages,	 four	 examples	 are	 shown	 in	 figure	 6.	 In	

addition,	an	interaction	between	EAE	or	control	conditions	and	an	LPS	injection	was	

quantified.	There	was	a	significant	interaction	between	EAE	or	control	condition	and	

LPS	 injection	 indicating	 that	 microglia	 react	 exaggeratedly	 to	 LPS	 during	 EAE	 in	

comparison	to	controls	(supplementary	table	2).		

	

Discussion	
	

The	acute	phase	of	EAE	is	primarily	driven	by	the	infiltration	of	peripheral	immune	cells	

that	contribute	 to	demyelination	and	 the	 formation	of	 lesions	 (Huitinga	et	al.,	1990;	

Butter	et	al.,	1991;	Mildner	et	al.,	2009;	Ajami	et	al.,	2011)	and	is	inhibited	by	peripheral	

immunomodulation	(Pryce	et	al.,	2005).		The	role	of	microglia	and	immune	infiltrates	

during	 the	 later	 EAE	 stages	 has	 been	 less	 well	 studied,	 but	 might	 contribute	 to	

understanding	the	underlying	mechanisms	of	SPMS.	In	this	study,	the	crEAE	Biozzi	ABH		
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Figure	4.	At	the	remission	and	chronic	phase	dense	microglia	nodules	appeared.	A)	Immunohistochemistry	

was	performed	on	sagittal	50	µm	sections	from	spinal	cords	for	IBA1	and	IL‐1β.	IBA1	positive	dense	microglia	

nodules	are	shown	for	the	remission	and	chronic	stage.	One	representative	full	50	µm	Z	projection	without	IL‐1β	

and	one	with	IL‐1β	co‐staining	of	3	spinal	cords	per	condition	is	shown.	B)	Quantification	of	the	number	of	IBA1	

nodules	per	spinal	cord	section.	3	spinal	cords	per	condition	were	quantified	with	2‐3	sections	per	condition.	Co	

=	controls,	Ac	=	acute	phase,	Re	=	remission,	Ch	=	chronic	phase.	Significant	differences	were	found	based	on	the	

non‐parametric	Kruskal‐Wallis	 test;	 further	 statistical	 comparison	between	groups	was	done	with	a	Mann‐

Whitney	U	test.	*:	p	≤	0.05,	**/##:	p	≤	0.01,	***:	p	≤	0.001.	*	represents	a	significant	difference	with	the	controls,	

#	a	difference	with	EAE	acute	phase.	Scale	bar	is	50	μm	and	error	bars	are	SEM.	

	

mouse	model	was	used	to	study	microglia	and	immune	infiltrates	during	different	EAE	

stages.	Our	data	indicate	that	microglia	numbers	increase	during	crEAE;	they	become	

hyper‐responsive	to	LPS	and	acquire	a	hyper‐ramified	morphology,	during	a	time	when	

progressive	disease	no	longer	responds	to	peripheral	immunosuppression	(Pryce	et	al.,	

2005;	Al‐Izki	et	al.,	2011).		

	 The	 crEAE	 Biozzi	 ABH	 mouse	 model	 closely	 mimics	 SPMS	 progression,	 and	 in	

contrast	 to	other	EAE	models,	no	pertussis	 toxin	has	 to	be	used	 (Baker	et	 al.,	 1990;	

Hampton	et	al.,	2008;	Jackson	et	al.,	2009).	This	is	important,	because	adverse	effects	of	

pertussis	 toxin	 on	 microglia	 migration	 have	 been	 described	 (Yin	 et	 al.,	 2010).	

Accordingly,	 data	 from	 this	model	might	 provide	 valuable	 insight	 in	 the	 underlying	

mechanisms	of	SPMS.	At	the	acute	phase,	microglia	numbers	increase	probably	due	to	

proliferation	 as	 shown	 before	 (Vainchtein	 et	 al.,	 2014;	 McCombe	 et	 al.,	 1994;	

Ponomarev	et	al.,	2005).	From	the	periphery,	various	types	of	immune	cells	infiltrate:	

CD11bpos,	CD45pos	myeloid	cells	and	lymphocytes	mostly	consisting	of	T‐lymphocytes.	

Interestingly,	 at	 remission	 their	 numbers	 severely	 diminish	 and	 remain	 low	 during	

later	stages,	with	only	a	slight	increase	at	the	chronic	phase.	Other	reports	have	also	

indicated	a	predominance	of	macrophages	and	T‐lymphocytes	at	the	acute	EAE	phase,	

with	a	decline	at	the	subsequent	stages;	interestingly	B‐lymphocyte	numbers	are	higher	

at	the	relapses	than	during	the	initial	acute	phase	(Jackson	et	al.,	2009;	Allen	et	al.,	1993;	

Berghmans	et	al.,	2011).	

	 At	the	acute	phase,	microglia	slightly	up‐regulate	pro‐inflammatory	genes	like	Il1b,	

Tnfa	and	Inos.	In	addition,	they	upregulate	Lgals3	at	the	RNA	level,	that	also	functions	

as	a	receptor	for	myelin	uptake,	although	they	still	express	much	lower	levels	than	the	

myeloid	infiltrates.	At	the	protein	level,	microglia	do	not	express	IL‐1β,	but	are	often	

localized	 around	 IL‐1β	 clusters.	 Some	 of	 these	 IL‐1β	 clusters	 clearly	 localized	 near	

blood	 vessels	 while	 around	most	 clusters	 no	 obvious	 blood	 vessels	 were	 detected.	
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Probably,	the	increase	in	the	number	of	microglia	is	accompanied	by	a	slight	activation	

of	the	cells.	This	is	supported	by	the	observation	that	microglia	throughout	the	spinal	

cord	 acquire	 a	 more	 activated	 morphology.	 It	 has	 previously	 been	 shown	 that	

monocyte‐derived	macrophages	are	the	inflammatory	and	myelin	phagocytizing	cells,	

whereas	microglia	only	contain	limited	amounts	of	myelin	at	the	acute	phase,	indicating	

limited	involvement	in	pro‐inflammatory	and	demyelinating	activity	(Vainchtein	et	al.,	

2014;	Yamasaki	et	al.,	2014).		

Furthermore,	at	remission	and	the	chronic	stage,	microglia	down‐regulate	their	pro‐

inflammatory	RNA	expression,	while	the	expression	of	Axl,	a	receptor	involved	in	the	

uptake	of	apoptotic	cells	remains	elevated.	Putative	sequestration	of	cells	by	microglia	

is	supported	by	an	enhanced	expression	of	MHC	class	II	antigen	components	and	co‐

stimulatory	molecules	at	the	RNA	level	and	a	switch	in	morphology	from	an	amoeboid	

to	hyper‐ramified.	Of	note,	we	observed	this	morphology	throughout	the	spinal	cord,	as	

has	been	described	before	(Bauer	et	al.,	1994).	Hyper‐ramified	microglia	are	not	pro‐	

Figure	5.	qPCR	analysis	indicated	that	microglia	are	activated	and	involved	in	the	uptake	of	apoptotic	

cells.	RNA	was	isolated	from	FACS	sorted	microglia	and	from	CD11bpos	CD45high	Ly‐6Cpos	myeloid	infiltrates	and	

a	qPCR	assay	was	performed	to	identify	the	phenotype	of	these	cells	during	crEAE.	The	relative	RNA	expression,	

normalized	to	Hmbs	expression	levels	is	shown;	the	controls	are	set	to	1.	Expression	differences	are	shown	for	A)	

pro‐inflammatory	 genes	 Il1b,	Tnfa,	 Inos	 and	 Lgals3,	B)	MHCII	 components	H2Aa	 and	 Cd74,	 co‐stimulatory	

molecules	 Cd80	 and	 Cd86	 and	 apoptotic	 cell	 uptake	 receptor	 Axl.	 Co	 =	 controls	 (microglia	 n=	 6,	myeloid	

infiltrates	n=	4),	Ac	=	acute	phase	(microglia	n=	7,	myeloid	 infiltrates	n=	4),	Re	=	remission	(microglia	n=	7,	

myeloid	infiltrates	n=	5),	Ch	=	chronic	phase	(microglia	n=	6,	myeloid	infiltrates	n=	6).	Significant	differences	

were	found	based	on	the	non‐parametric	Kruskal‐Wallis	test;	further	statistical	comparison	between	groups	was	

done	with	a	Mann‐Whitney	U	test.	*:	p	≤	0.05,	**:	p	≤	0.01,	***:	p	≤	0.001.	*	represents	a	significant	difference	with	

the	controls,	#	a	difference	with	EAE	acute	phase.	Error	bars	are	SEM.	
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inflammatory,	 can	 be	 induced	 by	 chronic	 stress,	 and	 have	 been	 implicated	 in	 the	

aetiology	of	depression	(Walker	et	al.,	2013;	Hinwood	et	al.,	2013;	Hellwig	et	al.,	2015).		

During	 remission,	 microglia	 are	 probably	 extensively	 involved	 in	 the	 uptake	 of	

apoptotic	cells	and	cell	debris,	 they	are	hyper‐ramified	 to	cover	more	area	and	may	

present	antigens	through	MHC	class	II	antigens.	AXL	knockout	(KO)	mice	have	a	more	

severe	EAE	acute	phase,	more	lesions	and	axonal	damage	than	wildtype	(WT)	mice.		

	

Figure	6.	Exaggerated	microglia	response	to	LPS	during	crEAE,	especially	at	remission.	Three	hours	after	

injection	of	PBS	or	1	mg/kg	LPS	mice	were	sacrificed	and	the	microglia	were	isolated	and	FACS	sorted	from	the	

spinal	cord.	The	relative	RNA	expression	of	microglia	is	shown	when	normalized	to	Hmbs	expression	levels	and	

the	microglia	from	control	mice	that	received	a	PBS	injection	are	set	to	1.	Four	genes	are	shown	representing	

the	 different	 groups;	MHCII	 components	 (Cd74),	 co‐stimulatory	molecules	 (Cd86),	 pro‐inflammatory	 genes	

(Il1b)	and	phagocytosis	receptors	(Axl).	Controls	are	n=	6	for	PBS	and	n=	6	for	LPS,	acute	are	n=	7	for	PBS	and	

n=	8	for	LPS,	remission	are	n=	7	for	PBS	and	n=	8	for	LPS,	chronic	are	n=	6	for	PBS	and	n=	5	for	LPS.	Significant	

differences	were	found	based	on	the	non‐parametric	Kruskal‐Wallis	test;	further	statistical	comparison	between	

groups	was	done	with	a	Mann‐Whitney	U	test.	*:	p	≤	0.05,	**:	p	≤	0.01,	***:	p	≤	0.001.	*	represents	a	significant	

difference	between	the	LPS	and	PBS	condition	of	the	same	EAE	phase.	Error	bars	are	SEM.	
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In	addition,	 fewer	activated	microglia	are	 found	surrounding	 lesions	(Weinger	et	al.,	

2011).	 This	 phagocytic	 clearance	 by	 microglia	 is	 crucial	 after	 CNS	 injury,	 not	 just	

because	of	debris	removal,	but	also	due	to	their	capacity	to	promote	repair	(Neumann	

et	al.,	2009).		

A	previous	report	has	indicated	that	microglia	activation	persists,	even	when	most	

infiltrates	are	absent,	and	can	be	correlated	to	abnormal	neurofilaments	and	stripping	

of	 synaptic	 proteins	 (Rasmussen	 et	 al.,	 2007).	 We	 show	 that	 microglia	 become	

hypersensitive	to	LPS	during	crEAE,	especially	at	the	remission	phase.	Recently,	it	has	

been	shown	that	up‐regulation	of	markers,	including	Lgals3	and	Axl	is	associated	with	

an	immune‐primed	state	in	microglia	(Holtman	et	al.,	2015).	Therefore,	in	combination	

with	 the	 hyper‐responsiveness	 to	 LPS,	 our	 data	 suggest	 that	 microglia	 are	 primed	

during	crEAE.	Microglia	priming	may	contribute	to	changing	the	CNS	environment	from	

a	homeostatic	to	a	less	tissue	supportive	or	even	malfunctioning	state,	as	is	reported	in	

aging	(Perry	and	Teeling,	2013).		

Although	it	is	unknown	whether	primed	microglia	are	a	consequence	or	the	cause	

for	axonal	loss,	a	study	focusing	on	microglia	showed	that	treatment	with	Dipyridamole,	

an	anti‐inflammatory	drug	that	enters	the	CNS,	did	not	influence	the	onset	and	peak	of	

the	EAE	disorder,	but	only	diminished	EAE	severity	at	the	chronic	phase	in	C57BL/6	

(Sloka	et	al.,	2013).	Microglia	at	 the	 latter	stages	of	crEAE	might	be	 involved	 in	EAE	

progression	as	control	of	peripheral	autoimmunity	at	the	later	stages	of	crEAE	does	not	

prevent	 progressive	 decline	 (Pryce	 et	 al.,	 2005;	 Al‐Izki	 et	 al.,	 2011).	 Whilst	 this	

treatment	 can	 lead	 to	 a	 relative	 absence	 of	 infiltrating	 T	 cells,	 it	 does	 not	 have	 any	

impact	on	IBA1pos	cells	within	the	CNS,	indicating	that	chronically	activated	or	primed	

microglia	are	not	affected	(Pryce	et	al.,	2005;	Hampton	et	al.,	2013)	

	 At	 the	 latter	 stages	 of	 crEAE,	 IBA1+	nodules	 can	 be	 found,	where	 a	 rare	 fraction	

expresses	IL‐1β.	These	are	indubitably	microglia	since	a	previous	study	has	shown	that	

macrophages	do	not	differentiate	into	microglia	during	EAE	(Ajami	et	al.,	2011).	Such	

clusters	can	be	found	in	SPMS	and	have	been	identified	as	proliferating	microglia	that	

express	IL‐1R	(Lassmann	et	al.,	2012;	Bruttger	et	al.,	2015).	Maybe,	these	are	specific	

locations	 where	 hypersensitive	 primed	 microglia	 encounter	 certain	 triggers	 in	 the	

environment,	react	exaggeratedly	and	proliferate.		

In	this	study	we	show	that	microglia	numbers	increase	during	crEAE	and	remain	

elevated.	 In	 addition,	 they	 acquire	 an	 amoeboid	 morphology	 at	 the	 acute	 phase,	

followed	by	a	hyper‐ramified	morphology	at	the	latter	stages	that	is	accompanied	by	
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hyper‐responsiveness	to	LPS	and	up‐regulation	of	Axl	and	MHC	class	II	antigens.	This	

primed	state	might	be	crucial	for	the	progression	of	relapsing	to	chronic	EAE.	In	SPMS,	

peripherally	administered	immunomodulating	drugs	are	rarely	effective,	indicating	a	

minimal	 involvement	 of	 the	 peripheral	 immune	 system	 in	 the	 progression	 of	 the	

disorder	(Rovaris	et	al.,	2006).	Therefore,	it	is	conceivable	that	modulation	of	microglia	

may	lead	to	better	treatment	outcomes	during	SPMS.	
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Supplemental	material	
	

Table	S1.	qPCR	primer	information	
Gene	name	 Accession	number	 Forward	primer	5’‐3’	 Reverse	primer	5’‐3’	

Cd74	 NM_001042605.1	

NM_010545.3	

CTTCCGAAATCTGCCAAACC	 ATGGACATTGGACGCATCAG	

H2Aa	 NM_010378.2	 CTGTCTTATCTCACCTTCATCC	 GGAATCTCAGGTTCCCAGTG	

Cd80	 NM_009855.2	 GTCCATCAAAGCTGACTTCTC	 GGAAGCAAAGCAGGTAATCC	

Cd86	 NM_019388.3	 CAGATCAAGGACATGGGCTC	 ACTGAAGTTGGCGATCACTG	

Il1b	 NM_008361.3	 GGCAGGCAGTATCACTCATT	 AAGGTGCTCATGTCCTCAT	

Tnfa	 NM_013693.3	 TCTTCTGTCTACTGAACTTCGG	 AAGATGATCTGAGTGTGAGGG	

Inos	 NM_010927.3	 AAGGCCACATCGGATTTCAC	 GATGGACCCCAAGCAATACTT	

Lgals3	 NM_001145953.1	

NM_010705.3	

CAGGATTGTTCTAGATTTCAGGAG	 TGTTGTTCTCATTGAAGCGG	

Axl	 NM_009465.4	

NM_001190974.1	

NM_001190975.1	

TGAAGCCACCTTGAACAGTC	 GCCAAATTCTCCTTCTCCCA	

Hmbs	 NM_013551.2	

NM_001110251.1	

CCGAGCCAAGCACCAGGATA	 CTCCTTCCAGGTGCCTCAGA	

	

	

Table	S2.	Interaction	effect	of	LPS	(EAE	phase/control	*	LPS)	
Gene	name	 F‐value	 P‐value	

H2Aa	 6.809	 0.0001	

Cd74	 7.039	 0.0001	

Cd80	 10.221	 0.0001	

Cd86	 9.925	 0.0001	

Il1b	 7.181	 0.0001	

Tnfa	 3.701	 0.004	

Inos	 2.985	 0.015	

Lgals3	 4.260	 0.002	

Axl	 10.291	 0.0001	
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Supplementary	 figure	1.	Peripheral	 immune	 infiltrates	were	not	 IBA1	positive.	 Immunohistochemistry	

was	performed	on	sagittal	50	µm	sections	from	spinal	cords	for	IBA1	and	Ly‐6C.	At	all	four	conditions,	IBA1	and	

Ly‐6C	did	not	co‐localize.	One	representative	picture	is	shown	of	3	spinal	cords	per	condition.	Scale	bar	is	50	μm.	
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Supplementary	figure	2.	In	detail	quantification	of	microglia	morphology.	Additional	quantifications	of	

spinal	cord	microglia	from	sagittal	50	µm	sections.	Using	Imaris	3D	reconstruction	the	total	number	of	processes,	

process	volume,	length,	diameter,	terminal	endpoints	and	number	of	primary	branches	were	quantified	for	every	

stage.	All	conditions	have	been	normalized	to	control	microglia	(set	to	1).	Co	=	controls	(n=	7),	Ac	=	acute	phase	

(n=	9),	Re	=	remission	(n=	10),	Ch	=	chronic	phase	(n=	16).	Significant	differences	were	found	based	on	the	non‐

parametric	Kruskal‐Wallis	test;	further	statistical	comparison	between	groups	was	done	with	a	Mann‐Whitney	

U	test.	*:	p	≤	0.05,	**/##:	p	≤	 	0.01,	***:	p	≤	0.001.	*	represents	a	significant	difference	with	the	controls,	#	a	

difference	with	EAE	acute	phase.	Scale	bar	is	50	μm	and	error	bars	are	SEM.	
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Supplementary	 figure	 3.	Microglia	 nodules	were	 not	 surrounded	 by	 peripheral	 immune	 infiltrates.	

Immunohistochemistry	for	IBA1	and	Ly‐6C	was	performed	on	sagittal	50	µm	sections	from	spinal	cords.	At	the	

remission	and	 chronic	phase	microglia	nodules	are	not	 surrounded	by	Ly‐6C	positive	 cells	and	 they	do	not	

localize	near	blood	vessels	(endothelial	cells	also	express	Ly‐6C).	One	full	50	µm	Z	projection	is	shown	of	3	spinal	

cords	per	condition.	Scale	bar	is	50	μm.		
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Supplementary	figure	4.	IBA1pos	microglia	expressed	AXL	in	crEAE.	AXL	and	IBA1	immunohistochemistry	

on	50	µm	sagittal	sections	from	spinal	cords.	One	full	50	µm	Z	projection	is	shown	of	3	spinal	cords	per	condition.	

Scale	bar	is	50	μm.




