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Chapter	3	
	

Microglia	 are	 less	 pro‐inflammatory	 than	 myeloid	
infiltrates	in	the	hippocampus	of	mice	exposed	to	status	
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Highlights:	

 After	status	epilepticus,	myeloid	infiltrates	express	high	levels	of	MHCII,	IL‐1β	and	

matrix	metalloproteinases.		

 Microglia	on	the	contrary	are	rather	immune	suppressed.	
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Abstract	
	

Activated	 microglia,	 astrogliosis,	 expression	 of	 pro‐inflammatory	 cytokines,	 blood	

brain	 barrier	 (BBB)	 leakage	 and	 peripheral	 immune	 cell	 infiltration	 are	 features	 of	

mesial	 temporal	 lobe	 epilepsy.	 Numerous	 studies	 correlated	 the	 expression	 of	 pro‐

inflammatory	cytokines	with	the	activated	morphology	of	microglia,	attributing	them	a	

pro‐epileptogenic	 role.	 However,	 microglia	 and	 myeloid	 cells	 such	 as	 macrophages	

have	always	been	difficult	 to	distinguish	due	 to	an	overlap	 in	expressed	cell	 surface	

molecules.	Thus,	the	detrimental	role	in	epilepsy	that	is	attributed	to	microglia	might	

be	 shared	 with	 myeloid	 infiltrates.	 Here,	 we	 used	 a	 FACS‐based	 approach	 to	

discriminate	between	microglia	and	myeloid	infiltrates	isolated	from	the	hippocampus	

24h	and	96h	after	status	epilepticus	(SE)	in	pilocarpine‐treated	CD1	mice.	We	observed	

that	microglia	do	not	express	MhcII	whereas	myeloid	infiltrates	express	high	levels	of	

MhcII	and	Cd40	96h	after	SE.	This	antigen‐presenting	cell	phenotype	correlated	with	

the	presence	of	CD4pos	T	cells.	Moreover,	microglia	only	expressed	Tnfa	24h	after	SE	

while	myeloid	infiltrates	expressed	high	levels	of	Il1b	and	Tnfa.	Immunofluorescence	

showed	 that	 astrocytes	 but	 not	 microglia	 expressed	 IL‐1β.	 Myeloid	 infiltrates	 also	

expressed	matrix	metalloproteinase	 (Mmp)9	 and	12	while	microglia	 only	 expressed	

Mmp12,	suggesting	the	involvement	of	both	cell	types	in	the	BBB	leakage	that	follows	

SE.	 Finally,	 both	 cell	 types	 expressed	 the	 phagocytosis	 receptor	 AXL,	 pointing	 to	

phagocytosis	 of	 apoptotic	 cells	 as	 one	 of	 the	main	 functions	 of	microglia.	 Our	 data	

suggests	 that,	during	early	epileptogenesis,	microglia	 from	the	hippocampus	 remain	

rather	immune	suppressed	whereas	myeloid	infiltrates	display	a	strong	inflammatory	

profile.	 	
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Introduction	
	

Mesial	 temporal	 lobe	 epilepsy	 (TLE)	 is	 the	most	 common	 form	 of	 epilepsy	 in	 adult	

humans,	 where	 the	 epileptic	 focus	 is	 most	 frequently	 found	 in	 the	 hippocampal	

formation	(Pitkanen	and	Sutula,	2002).	This	type	of	epilepsy	is	generally	triggered	by	

an	 insult,	 which	 includes	 trauma,	 infection,	 stroke,	 febrile	 convulsions	 and	 status	

epilepticus	 (SE)	 (Bruton,	 1988).	 This	 is	 followed	 by	 a	 period	 called	 epileptogenesis	

where	several	cellular	and	neuronal	circuit	alterations	occur,	accompanied	by	neuronal	

loss,	 connectivity	 abnormalities	 and	 gliosis	 (Mathern	 et	 al.,	 2008).	 Different	

experimental	TLE	models	are	able	to	mimic	the	various	pathological	features	found	in	

patients.	Among	them,	the	pilocarpine	model	is	characterized	by	pronounced	neuronal	

cell	loss	in	the	CA1	hippocampal	region	and	in	the	hilus	of	dentate	gyrus,	typical	features	

of	human	TLE	(Curia	et	al.,	2008).		

A	 relationship	between	 inflammation	and	epilepsy	has	been	documented	both	 in	

TLE	animal	models	as	well	as	in	humans	(Vezzani	et	al.,	2011).	Activated	microglia	have	

been	 observed	 shortly	 after	 SE,	 as	 well	 as	 several	 days	 afterwards,	 and	 have	 been	

correlated	 with	 the	 expression	 of	 several	 pro‐inflammatory	 cytokines	 such	 as	

Interleukin	 (IL)‐1β,	 IL‐6	 and	 Tumor	Necrosis	 Factor	 (TNF)‐α	 (Vezzani	 and	 Granata,	

2005).	 IL‐1β	and	TNF‐α	have	been	shown	to	increase	neuronal	excitability	and	thus,	

might	be	involved	in	the	development	of	epileptic	activity	(Riazi	et	al.,	2008;	Zheng	et	

al.,	2010).	These	data	along	with	the	fact	that	minocycline	reduces	microglia	activation	

as	well	as	seizure	susceptibility	in	young	animals	(Abraham	et	al.,	2012),	provide	strong	

evidences	that	microglia	play	a	prominent	role	in	the	development	and	maintenance	of	

the	disease.		

Information	 regarding	 inflammation	 associated	with	 epilepsy	 has	 been	 gathered	

with	 techniques	 such	 as	 ELISA,	 RT‐PCR,	 southern	 blot	 or	 gene	 expression	 arrays	

performed	on	whole	hippocampal	tissue	(Vezzani	et	al.,	1999;	De	Simoni	et	al.,	2000;	

Plata‐Salaman	et	al.,	2000;	Gorter	et	al.,	2006;	Choi	and	Koh,	2008).	Immunostaining	of	

inflammatory	markers	was	performed	 in	 combination	with	markers	 such	as	 ionized	

calcium‐binding	adapter	molecule	1	(IBA1),	CD11b	and	Heme	Oxygenase	1	(HO‐1),	that	

were	 used	 to	 identify	 microglia	 cells	 (Vezzani	 et	 al.,	 1999;	 De	 Simoni	 et	 al.,	 2000;	

Eriksson	et	al.,	2000;	Turrin	and	Rivest,	2004;	Ravizza	et	al.,	2008).	Consequently,	a	

pronounced	 pro‐inflammatory	 and	 adverse	 role	 for	 microglia	 in	 epilepsy	 has	 been	

proposed.	 It	 is	however	 impossible	 to	discriminate	microglia	and	myeloid	 infiltrates	
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such	as	macrophages	in	situ	with	these	markers.	Finally,	minocycline	used	in	the	study	

of	 Abraham	 et	 al.,	 2012	 is	 also	 able	 to	 inhibit	 macrophages	 activity.	 Since	 it	 was	

demonstrated	that	infiltration	of	peripheral	immune	cells	after	SE	such	as	leukocytes,	

granulocytes	 and	monocytes/macrophages,	might	 contribute	 to	 the	 development	 of	

chronic	 epilepsy	 and	 recurrent	 seizures	 (Fabene	 et	 al.,	 2008;	 Ravizza	 et	 al.,	 2008;	

Zattoni	 et	 al.,	 2011),	we	 hypothesize	 that	 the	 detrimental	 function	 that	 is	 currently	

attributed	to	microglia	might	be	incorrect	and	should	be	ascribed	to	myeloid	infiltrates.	

This	 hypothesis	 is	 corroborated	 by	 some	 evidences	 that	 show	 increased	 neuronal	

damage	 or	 seizure	 worsening	 when	 microglia	 activity	 is	 inhibited.	 Depletion	 of	

hippocampal	microglia	resulted	in	no	changes	in	acute	seizure	sensitivity	compared	to	

normal	animals,	suggesting	that	microglia	are	not	responsible	for	disease	development.	

In	 the	 same	 study,	 pre‐conditioning	 with	 lipopolysaccharide	 (LPS)	 prior	 to	 acute	

seizure	induction	provoked	greater	seizure	activity	and	increased	mortality	in	absence	

of	microglia,	indicating	that	activated	microglia	may	have	a	protective	function	during	

SE	(Mirrione	et	al.,	2010).	Finally,	induction	of	SE	in	IL‐6	knockout	animals	leads	to	a	

decrease	in	microglia	activation,	which	is	also	accompanied	by	an	increase	in	oxidative	

stress,	neuronal	cell	death	and	enhanced	severity	of	seizures,	suggesting	that	inhibition	

of	microglia	activation	might	worsen	epilepsy	development	(Penkowa	et	al.,	2001).		

Recently,	a	FACS‐based	approach	using	Ly‐6C	 in	addition	to	standard	CD11b	and	

CD45	cell	surface	markers	has	allowed	the	discrimination	between	myeloid	infiltrates	

and	microglia	 possible	 (Biswas	 et	 al.,	 2015;	 Butovsky	 et	 al.,	 2014;	 Vainchtein	 et	 al.,	

2014).	In	this	study,	we	used	this	approach	to	address	the	inflammatory	phenotype	of	

microglia	and	myeloid	infiltrates	at	early	time	intervals	after	pilocarpine‐induced	SE.	

	

Methods	and	materials	
	

Animals	and	treatments	

Male	CD1	mice	(Charles	River)	were	housed	in	standard	makrolon	cages	with	ad	libitum	

access	 to	 water	 and	 food.	 Mice	 (8	 weeks	 old)	 received	 an	 injection	 of	

methylscopolamine	 (1	 mg/kg,	 i.p.)	 to	 prevent	 the	 peripheral	 effects	 of	 cholinergic	

stimulation.	20	min	later,	mice	received	an	injection	of	pilocarpine	(315	mg/kg,	i.p.)	to	

induce	SE.	Mice	were	visually	monitored	for	seizures	until	SE	developed.	Diazepam	(7.5	

mg/kg)	was	used	to	stop	the	convulsive	motor	component	of	seizures	after	a	SE	of	10	

min.	Control	animals	received	only	methylscopolamine	and	saline	injections.	Mice	were	
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sacrificed	24	h	or	96	h	after	SE.	All	experiments	were	performed	according	to	European	

guidelines	(2010/63/EU)	and	approved	by	the	Italian	Ministry	of	Health	(270/2013‐

B).	

	

Electrode	implantation	for	electrocorticogram	(ECoG)	recordings	

For	 EcoG	 recording,	 4	mice,	 out	 of	which	 3	 survived	 the	 SE,	were	 used.	 After	 deep	

anesthesia	(ketamine‐xylazine,	150‐10	µg/g),	the	skin	was	shaved,	disinfected,	(10%	

povidone‐iodine,	Betadine®	skin	solution	Meda	Pharma),	and	opened	to	expose	scalp.	

Guiding	 holes	 were	 drilled,	 and	 epidural	 electrodes	 (stainless	 steel	 Ø	 =	 1mm;	

PlasticsOne)	were	implanted	in	frontal	(bregma	0mm,	3mm	lateral	from	midline)	and	

occipital	cortices	(bregma	‐3.5mm,	3mm	lateral	from	midline)	of	both	hemispheres.	A	

reference	 electrode	 was	 implanted	 below	 lambda	 in	 the	 midline.	 Electrodes	 were	

connected	by	steel	wire	 to	 terminal	gold	pins	 (Bilaney	Consultant	GmbH)	 that	were	

inserted	in	a	plastic	pedestal	(PlasticsOne)	cemented	on	the	mouse	head.	To	reduce	pain	

and	risk	of	infection,	after	surgery	we	applied	a	gel	containing	2.5	g	lidocaine	chloride,	

0.5	 g	 neomycin	 sulfate,	 and	 0.025	 g	 fluocinolone	 acetonide	 (Neuflan®	 gel;	 Molteni	

Farmaceutici).	Mice	were	kept	under	heat	lamp	and	monitored	until	complete	recovery	

from	 anaesthesia;	 they	 were	 then	 housed	 in	 single	 cages	 without	 grids	 or	

environmental	enrichments	to	reduce	risk	of	headset	lost.	

	

Video‐ECoG	recordings	and	analysis	

Mice	were	placed	 in	cages	without	cover	to	allow	cable	connection	between	headset	

and	preamplifiers.	Electrical	brain	activity	was	filtered	(0.3	Hz	high‐pass,	500	Hz	low‐

pass),	 acquired	 at	 1	 kHz	 per	 channel,	 and	 stored	 on	 a	 computer.	 Traces	 from	 the	

reference	 electrodes	 were	 subtracted	 from	 the	 recording	 electrodes	 traces,	 using	 a	

PowerLab8/30	 amplifier	 connected	 to	 4	 BioAmp	 preamplifiers	 (ADInstruments).	

Videos	were	captured	by	a	camera	connected	to	the	computer	and	synchronized	to	the	

ECoG	 traces	 by	 LabChart	 7	 Pro	 internal	 trigger.	 Three‐four	 days	 after	 electrode	

implantation,	mice	were	connected	to	the	recording	system,	and	received	the	sequence	

of	 treatments	 described	 above.	 To	 facilitate	 handling	 and	 pharmacological	

manipulation,	 recordings	 were	 stopped,	 mice	 were	 temporarily	 disconnected	 while	

being	 injected,	 and	 reconnected	 soon	 after.	 Mice	 were	 recorded	 for	 20	 min	 after	

methylscopolamine	 administration,	 10	 min	 after	 SE	 onset,	 and	 at	 least	 2	 h	 after	

diazepam	administration.	ECoG	traces	were	offline	digitally	filtered	(band‐pass:	high	50	
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Hz,	low	1	Hz)	and	manually	analyzed	using	LabChart	7	PRO	software	(AD	Instruments)	

by	expert	raters.	Seizures	were	characterized	by	epileptiform	ECoG	patterns	with	trains	

of	150‐250	ms	long	spikes	with	amplitudes	at	least	twice	the	previous	2	s	baseline	and	

were	 never	 seen	 in	 sham	 animals	 (receiving	 saline	 instead	 of	 pilocarpine).	 SE	 was	

defined	 as	 the	 stage	 where	 epileptiform	 electrographic	 activity	 was	 virtually	

continuous	for	at	least	5	min	(Lowenstein	et	al.,	1999).	

	

Acute	isolation	of	microglia		

Mice	were	perfused	with	0.9%	saline	under	isoflurane	anesthesia	and	the	brains	were	

isolated	and	collected	in	ice‐cold	HBSS	(Euroclone)	supplemented	with	15	mM	HEPES	

(Euroclone)	 and	 0.6%	 glucose	 (Sigma‐Aldrich).	 Subsequently,	 hippocampi	 were	

dissected,	minced	and	mechanically	dissociated	using	a	tissue	homogenizer	followed	by	

a	filtering	step	using	a	70	µm	cell	strainer	(BD	Falcon)	to	achieve	a	single	cell	suspension	

(de	Haas	et	al,	2008).	To	obtain	a	sufficient	yield	during	cell	sorting,	hippocampi	of	2	

animals	were	pooled	together.	All	steps	were	performed	at	4	oC.	Cells	were	pelleted	by	

centrifugation	 at	 220	 rcf	 for	 10	 min	 (acc:	 9,	 brake:	 9,	 4	 oC).	 The	 supernatant	 was	

removed	 and	 the	 pellet	 resuspended	 in	 a	 solution	 of	 22%	 Percoll	 (GE	 Healthcare),	

40mM	 NaCl	 and	 77%	 myelin	 gradient	 buffer	 (5.6mM	 NaH2PO4*H2O,	 20mM	

Na2HPO4*2H20,	140mM	NaCl,	5.4mM	KCl,	11mM	Glucose,	pH	7.4).	On	top	of	this	mix	a	

layer	of	PBS	was	added	and	this	gradient	was	centrifuged	at	950	rcf	for	20	min	(acc:	4,	

brake:	 0,	 4	 oC).	 Thereafter,	 the	 myelin	 layer	 and	 the	 remaining	 supernatant	 were	

carefully	removed	and	the	pellet	resuspended	in	HBSS	without	Phenol	Red	(Euroclone)	

supplemented	with	15	mM	HEPES	and	0.6%	glucose	(isolation	medium	without	Phenol	

Red).	

	

Cell	sorting	

Fc	receptors	were	blocked	with	anti‐mouse	CD16/CD32	(eBioscience)	for	10min	on	ice.	

Cells	were	then	incubated	for	30	min	on	ice	with	CD11b	PE	(eBioscience),	CD45	FITC	

(eBioscience),	Ly‐6C	APC	(Biolegend)	and	CD4	APC/Cy7	(Biolegend)	and	subsequently	

washed	with	isolation	medium	without	Phenol	Red	and	sorted	using	a	BD	FACSAria	III	

cell	sorter	(Becton	Dickinson).	7‐AAD	(eBioscience)	was	used	to	gate	for	viable	cells.	

Microglia	were	defined	as	CD11bpos	CD45int	Ly‐6Cneg	and	myeloid	infiltrates	as	CD11bpos	

CD45high	Ly‐6Cpos.	T‐helper	cells	were	defined	as	CD11bneg	CD45pos	CD4pos.	

	



Microglia	and	myeloid	infiltrates	in	epilepsy		

67 
 

3	

Quantitative	Real‐time	PCR	

Total	RNA	was	extracted	from	acutely	isolated	microglia	and	myeloid	infiltrates	using	

the	 RNeasy	 Micro	 kit	 (Qiagen)	 according	 to	 the	 manufacturer’s	 protocol.	 Reverse	

transcription	was	performed	with	a	reaction	mixture	containing	RevertAidTM	M‐MuLV	

Reverse	 Transcriptase,	 RibolockTMRNase	 Inhibitor,	 M‐MLV	 buffer	 (all	 from	 Thermo	

Scientific).	The	quantitative	PCR	reaction	was	performed	in	384	well	plates	(Applied	

Biosystems)	with	iQTM	SYBR	Green	Supermix	(Bio‐Rad)	and	primers	(supplementary	

table	1)	designed	with	NCBI	Primer	Blast	(Biolegio).	

	

Immunohistochemistry	

Mice	were	perfused	with	saline	followed	by	4%	paraformaldehyde	(PFA)	in	PBS,	the	

brains	were	extracted	and	post‐fixed	with	fresh	4%	PFA.	Tissues	were	transferred	to	

30%	sucrose	solution	for	2	days	and	subsequently	50	µm	coronal	sections	were	cut	with	

a	cryostat	(Jung	CM3000,	Leica	Biosystems).	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	 in	PBST	containing	3%	BSA	with	 the	 following	

antibody	combinations:	rabbit	anti‐IBA1	(Wako	#019‐19741,	1:1000)	and	goat	anti‐IL‐

1β	 (R&D	Systems	#AF‐401‐NA,	 1:40),	 rabbit	 anti‐IBA1	 and	goat	 anti‐MMP12	 (Santa	

Cruz	Biotechnology	#sc‐31809;	1:100),	rabbit	anti‐IBA1	and	goat	anti‐AXL	(Santa	Cruz	

Biotechnology	#sc‐1096;	1:250),	mouse	anti‐GFAP	(Sigma	Aldrich	#G3893,	1:500)	and	

goat	anti‐IL‐1β.	The	next	day,	sections	were	incubated	3	h	with	secondary	antibodies	

(donkey	anti‐rabbit	Alexa	594,	donkey	anti‐goat	Alexa	488,	donkey	anti‐mouse	Alexa	

594;	 Invitrogen,	 all	 1:500).	 Double	 staining	 for	 IBA1	 and	MHCII	 was	 performed	 by	

blocking	 sections	 1	 h	 with	 5%	 normal	 goat	 serum	 (NGS)	 in	 PBST.	 Sections	 were	

incubated	 O/N	 at	 4	 oC	 with	 rabbit	 anti‐IBA1	 and	 rat	 anti‐Major	 Histocompatibility	

Complex	class	II	(MHCII)	(eBioscience	#14‐5321,	1:400).	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	(Leica	Microsystems).	

	

Fluoro‐Jade	B	

Brain	sections	were	mounted	on	gelatin‐coated	slides	and	dried	at	room	temperature.	

Slides	were	immersed	for	5	min	into	a	solution	containing	1%	sodium	hydroxide	in	80%	

ethanol,	washed	for	2	min	in	70%	ethanol	followed	by	2	min	in	distilled	water,	before	
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being	 oxidized	 in	 0.06%	 potassium	 permanganate	 for	 15	 min.	 Sections	 were	 then	

stained	for	15	min	 in	a	0.004%	solution	of	Fluoro‐Jade	B	(Millipore)	diluted	 in	0.1%	

acetic	acid.	Slides	were	rinsed	 in	deionized	water	 for	3	min,	dried	on	a	pre‐warmed	

hotplate	 at	 50	 °C,	 then	 cleared	 in	 xylene	 and	 cover‐slipped	 with	 Eukitt	 (EMS	 Inc).	

Images	were	acquired	using	a	Leica	SP2	AOBS	confocal	microscope.		

	

Statistical	analysis	

Data	 are	 represented	 as	 means	 with	 standard	 errors	 (SE).	 Statistical	 comparison	

between	groups	was	performed	using	a	one‐way	ANOVA	followed	by	Bonferroni	post	

hoc	 test	 and	 p	 values	 smaller	 than	 0.05	 were	 considered	 significant.	 All	 statistical	

analyses	were	performed	with	SigmaPlot	11	(Systat	Software).	

	

Results	
	
	

Status	epilepticus	induction	

Status	 epilepticus	was	 induced	by	pilocarpine	 injection	 (n=108);	mice	were	visually	

monitored	for	seizures	until	they	developed	SE.	Mice	developed	1‐5	seizures	(grade	4‐

5,	based	on	the	modified	Racine’s	scale)	prior	of	entering	into	SE,	which	lasted	8‐12h.	

Out	of	these	108	mice,	64	survived	after	SE	(59.4%),	19	were	non‐responders	(17.5%)	

and	 25	 died	 prior	 of	 entering	 SE	 or	 during/after	 SE	 (23.1%).	 ECoG	 recording	 was	

performed	on	4	animals	to	ascertain	that	the	visually	monitored	SE	corresponded	to	the	

epileptiform	electrographic	activity	(supplementary	fig.	1).	From	the	64	animals	that	

survived	SE,	48	were	used	for	cell	isolation	and	16	for	immunohistochemistry.	30	mice	

were	used	as	controls	(24	for	isolation	and	6	for	immunohistochemistry).	

	

Status	epilepticus	was	followed	by	infiltration	of	myeloid	cells	

Cell	sorting	was	performed	on	hippocampi	collected	24	h	or	96	h	after	SE	as	well	as	

from	control	animals,	where	we	used	CD45,	CD11b	and	Ly6C	to	discriminate	between	

microglia	and	myeloid	infiltrates.	Microglia	were	identified	as	CD11bpos	CD45int	Ly6Cneg	

whereas	myeloid	infiltrates	were	identified	as	CD11bpos	CD45high	Ly6Cpos	(fig.	1A).	No	

statistical	difference	was	observed	between	isolated	microglia	from	animals	sacrificed	

24	h	and	96	h	after	SE	and	controls,	indicating	that	microglia	cell	numbers	remained	

relatively	stable	after	SE	(fig.	1B).	Similarly,	the	number	of	myeloid	infiltrates	was	not	

changed	24	h	after	SE	compared	to	controls	(129	vs	158;	fig.	1B).		
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Figure	1.	Increased	myeloid	infiltrate	numbers	after	status	epilepticus.	Control	hippocampi	contained	a	

clear	microglia	population	and	few	myeloid	infiltrates.	After	SE,	microglia	population	remained	relatively	stable	

whereas	a	 significant	 increase	 in	myeloid	 infiltrates	was	observed	96	h	after	 SE.	A)	Microglia	and	myeloid	

infiltrates	were	distinguished	and	sorted	as	CD11bpos	CD45int	Ly‐6Cneg	and	CD11bpos	CD45pos	Ly‐6Cpos,	respectively.	

FACS	plots	of	a	representative	mouse	are	depicted	of	a	total	of	24	mice	per	condition.	B)	The	number	of	sorted	

microglia	and	myeloid	 infiltrates	are	depicted.	C:	control	mice,	24:	24	h	after	SE	and	96:	96	h	after	SE.	 ***	

p≤0.001.	
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However,	we	observed	a	significant	increase	of	myeloid	infiltrates	96	h	after	SE	(1,800;	

fig.	1B).		

	

Myeloid	infiltrates	were	highly	immune	activated	compared	to	microglia	

To	confirm	whether	microglia	and/or	myeloid	infiltrates	are	actively	participating	in	

the	inflammatory	response	occurring	after	SE,	gene	expression	levels	of	inflammatory	

and	 immune	 regulatory	markers	were	 quantified	 in	 isolated	microglia	 and	myeloid	

infiltrates.	Quantitative	RT‐PCR	showed	that	MHCII	component	H2Aa	was	not	increased	

in	microglia,	whereas	a	 significant	upregulation	was	observed	 in	myeloid	 infiltrates,	

especially	96	h	 after	 SE	 (fig.	 2A).	 In	microglia,	 the	 expression	of	 the	 co‐	 stimulatory	

molecule	Cd40	was	significantly	upregulated	at	96	h	after	SE	(fig.	2A).	However,	 the	

upregulation	of	Cd40	mRNA	was	much	more	pronounced	 in	myeloid	 infiltrates	 (30‐	

versus	500‐fold	induction;	fig.	2A).	These	data	were	confirmed	by	immunofluorescence	

where	MHCII	expression	was	restricted	to	cells	expressing	very	low	levels	of	IBA1	in	

the	hippocampus	of	animals	sacrificed	96	h	after	SE	(fig.	2B).	On	the	contrary,	strongly‐

labelled	IBA1‐positive	cells,	which	display	the	morphology	of	activated	microglia,	were	

devoid	of	MHCII	staining	(fig.	2B).	These	data	suggest	that	myeloid	infiltrates,	but	not	

microglia,	might	 be	 responsible	 for	 the	 regulation	 and	 stimulation	 of	 infiltrating	 T‐

lymphocytes.	 Interestingly,	 we	 observed	 the	 presence	 of	 CD4pos	 T‐cells	 in	 the	

hippocampi	of	animals	sacrificed	96	h	after	SE	(fig.	2C).	

Next,	we	 examined	 the	 expression	 levels	 of	 pro‐inflammatory	 cytokines	 Il1b	 and	

Tnfa.	Microglia	showed	no	significant	increase	in	the	expression	of	Il1b,	both	24	h	and	

96	h	after	SE	(fig.	3A).	In	contrast,	myeloid	infiltrates	displayed	a	significant	increase	in	

the	 mRNA	 expression	 of	 Il1b	 at	 96	 h	 after	 SE	 (Fig.	 3A).	 Concerning	 Tnfa	 mRNA	

expression,	microglia	 showed	 a	 significant	 increase	 both	 at	 24	 h	 and	 96	 h	 after	 SE,	

although	the	mRNA	levels	where	almost	back	to	control	levels	at	96	h	(fig.	3A).	A	similar,	

albeit	much	lower,	expression	pattern	was	also	observed	in	myeloid	infiltrates	(fig.	3A).	

We	 confirmed	 the	 IL‐1β	 data	 by	 immunofluorescence,	 where	 we	 did	 not	 observe	

colocalization	between	IBA1‐stained	microglia	and	IL‐1β	24	h	after	SE	(fig.	3B).	At	96	h	

after	SE,	microglia	were	also	devoid	of	IL‐1β	staining	(fig.	3B).	However,	we	observed	

the	presence	of	IBA1‐negative	cells	that	were	strongly	labelled	with	the	IL‐1β	antibody	

(fig.	3B),	which	expressed	the	astrocyte	marker	GFAP	(fig.	3C).	These	data	suggest	that	

myeloid	infiltrates	and	astrocytes	but	not	microglia	are	the	primary	cells	expressing	the	

pro‐inflammatory	cytokine	IL‐1β	after	SE.	
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Figure	2.	Microglia	did	not	present	the	phenotype	of	antigen‐presenting	cells.	Microglia	hardly	expressed	

markers	of	MHCII	and	CD40.	On	the	contrary,	myeloid	infiltrates	have	high	expression	levels	for	both	markers	96	

h	after	SE,	a	time	interval	that	coincides	with	infiltration	of	T‐helper	cells.	A)	mRNA	expression	levels	in	microglia	

and	myeloid	infiltrates	for	H2Aa	(MHCII	component)	and	co‐stimulatory	molecule	Cd40	were	determined	using	

quantitative	RT‐PCR.	Data	were	normalized	to	hydroxymethylbilane	synthase	(Hmbs).	B)	Photomicrograph	of	

the	hippocampal	CA3	stratum	radiatum	at	96	h	after	SE	illustrating	that	MHCII‐positive	cells	(arrows)	did	not	

express	IBA1.	Scale	bar	=	25	µm.	C)	The	number	of	sorted	CD4pos	T	cells	is	depicted.	C:	control	mice,	24:	24	h	after	

SE	and	96:	96	h	after	SE	(5–10	mice	per	condition).		**	p≤0.01,	***	p≤0.001;	ns:	not	significant.	
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Figure	 3.	Pro‐inflammatory	 phenotype	 of	microglia	 and	myeloid	 infiltrates	 after	 status	 epilepticus.	

Myeloid	infiltrates	expressed	high	levels	of	Il1b	and	Tnfa.	On	the	contrary,	microglia	only	expressed	Tnfa	but	not	

Il1b.	The	main	cells	expressing	IL‐1β	during	early	epileptogenesis	are	astrocytes.	A)	mRNA	expression	levels	in	

microglia	and	myeloid	 infiltrates	 for	 Il1b	and	Tnfa	were	determined	using	quantitative	RT‐PCR.	Data	were	

normalized	to	hydroxymethylbilane	synthase	(Hmbs).	C:	control	mice,	24:	24	h	after	SE	and	96:	96	h	after	SE	(5–

10	 mice	 per	 condition).	 *	 p≤0.05,	 **	 p≤0.01,	 ***	 p≤0.001;	 ns:	 not	 significant.	 B)	 Photomicrograph	 of	 the	

hippocampal	CA3	stratum	radiatum	at	24	h	and	96	h	after	SE	illustrating	that	IBA1‐positive	cells	hardly	express	

IL‐1β.	C)	Photomicrograph	of	the	hippocampal	CA3	stratum	radiatum	at	96	h	after	SE	illustrating	that	GFAP‐

positive	cells	express	IL‐1β.	Scale	bars	=	50	µm.	

	

Myeloid	infiltrates	expressed	high	levels	of	matrix	metalloproteinases	(MMP)‐9	and	

12	in	the	early	phase	of	epileptogenesis	

Recent	studies	have	demonstrated	a	possible	role	for	MMPs,	especially	MMP‐9	in	the	

development	of	seizures	(Suenega	et	al.,	2008;	Mizoguchi	et	al.,	2011;	Mizoguchi	and	

Yamaga,	 2013).	Moreover,	 increased	 laminin	 immunoreactivity	was	observed	 in	 the	

early	phase	of	epileptogenesis	(Gualtieri	et	al.,	2012;	Lucchi	et	al.,	2015),	suggesting	that	

laminin	degradation	might	be	a	key	step	in	the	blood	brain	barrier	(BBB)	leakage	that	

occurs	after	SE.	Since	laminin	is	a	substrate	of	both	MMP‐9	and	MMP‐12	(Chandler	et	

al.,	 1996;	 Gu	 et	 al.,	 2005),	 we	 analysed	 the	 transcript	 of	 these	MMPs	 from	 isolated	

microglia	and	myeloid	infiltrates.	While	microglia	did	not	express	significant	levels	of	

Mmp9	mRNA	after	SE	(fig.	4A),	myeloid	infiltrates	isolated	24	h	after	SE	expressed	high	

levels	of	Mmp9,	which	persisted	at	96	h	after	SE	(fig.	4A).	Concerning	Mmp12,	myeloid	

infiltrates	 displayed	 a	 high	 expression	 profile	 at	 24	 h	 after	 SE,	which	went	 back	 to	

control	 levels	 at	 96	 h	 after	 SE	 (fig.	 4A).	 Interestingly,	microglia	 also	 expressed	 high	

levels	of	Mmp12	mRNA	at	24	h	after	SE,	levels	that	also	returned	to	almost	control	levels	

but	that	were	still	significantly	higher	at	96	h	after	SE	(fig.	4A).	We	next	confirmed	MMP‐

12	 expression	 in	 microglia	 at	 protein	 levels.	 Indeed,	 IBA1‐positive	 microglia	 were	

immunopositive	for	MMP‐12	both	at	24	h	and	96	h	after	SE	(fig.	4B).	These	data	suggest	

that	 myeloid	 infiltrates	 as	 well	 as	 microglia	 might	 be	 directly	 involved	 in	 the	 BBB	

leakage	occurring	after	SE	through	tissue	remodeling	such	as	laminin	degradation.	

	

Myeloid	infiltrates	and	microglia	expressed	phagocytosis	receptor	AXL		

The	phagocytosis	receptor	AXL	is	involved	in	the	clearance	of	apoptotic	cells.	We	found	

that	both	microglia	and	myeloid	infiltrates	expressed	high	levels	of	Axl	mRNA	only	at	

96	h	after	SE	(fig.	5A).	This	was	further	confirmed	at	tissue	levels	where	we	observed	a	

robust	 colocalization	 of	 AXL	 with	 IBA1‐positive	 cells	 (fig.	 5B).	 This	 observation	
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correlates	with	the	presence	of	neuronal	cell	death	at	24	h	and	96	h	after	SE	(fig.	5C).	

These	data	suggest	that	one	of	the	major	roles	of	microglia	and	myeloid	infiltrates	is	to	

remove	dead	cells	and	debris.	

Figure	4.	Myeloid	infiltrates	expressed	matrix	metalloproteinase‐9	and	12.	During	early	epileptogenesis,	

myeloid	 infiltrates	 expressed	 both	Mmp9	 and	Mmp12	whereas	microglia	 only	 expressed	Mmp12.	A)	mRNA	

expression	levels	in	microglia	and	myeloid	infiltrates	for	Mmp9	and	Mmp12	were	determined	using	quantitative	

RT‐PCR.	Data	were	normalized	to	hydroxymethylbilane	synthase	(Hmbs).	C:	control	mice,	24:	24	h	after	SE	and	

96:	 96	 h	 after	 SE	 (5–10	 mice	 per	 condition).	 *	 p≤0.05,	 **	 p≤0.01,	 ***	 p≤0.001;	 ns:	 not	 significant.	 B)	

Photomicrograph	of	the	hippocampal	CA3	stratum	radiatum	at	24	h	and	96	h	after	SE	illustrating	that	IBA1‐

positive	cells	expressed	MMP‐12.	Scale	bars	=	50	µm.	
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Microglia	displayed	a	similar	phenotype	in	the	piriform	cortex	

To	verify	whether	the	microglia	phenotype	observed	during	early	epileptogenesis	was	

restricted	 to	 the	 hippocampus,	 we	 performed	 immunofluorescent	 stainings	 in	 the	

piriform	 cortex,	 another	 region	 highly	 affected	 by	 SE.	We	 observed	 that,	 like	 in	 the	

hippocampus,	microglia	(IBA1‐positve	cells)	do	not	express	MHCII	and	IL‐1β	(fig.	6A,	

B).	Likewise,	astrocytes	(GFAP‐positive	cells)	colocalized	strongly	with	IL‐1β	(fig.	6C).	

These	data	suggest	that	the	phenotype	of	microglia	observed	in	the	hippocampus	might	

be	 similar	 in	 other	 brain	 regions	 affected	 by	 SE	 as	 represented	 by	 the	 presence	 of	

neuronal	cell	death	(fig.	6D).		

	

Discussion	
	

Microglia	 activation	 is	 observed	 shortly	 after	 SE	 and	 has	 been	 correlated	 with	 the	

expression	of	pro‐inflammatory	cytokines,	which	are	thought	to	be	responsible	in	part	

for	the	neuronal	cell	death	occurring	after	SE.	Thus,	microglia	are	considered	to	play	a	

pro‐epileptogenic	role.	However,	the	data	on	microglia	phenotype	was	collected	with	

techniques	that	did	not	permit	 the	discrimination	between	microglia	and	 infiltrating	

myeloid	 cells	 such	 as	 macrophages.	 Here,	 we	 have	 determined	 the	 phenotype	 of	

hippocampal	 microglia	 and	 infiltrating	 myeloid	 cells	 in	 the	 early	 phase	 of	

epileptogenesis	 by	 using	 a	 Ly‐6C‐based	 FACS	 protocol,	which	 has	 been	 successfully	

used	 to	 discriminate	 microglia	 from	 myeloid	 infiltrates	 in	 models	 of	 experimental	

autoimmune	 encephalomyelitis	 (Butovsky	 et	 al.,	 2014;	 Vainchtein	 et	 al.,	 2014)	 and	

cerebral	toxoplasmosis	(Biswas	et	al.,	2015).		

We	observed	that	regardless	of	the	time	point	after	SE,	microglia	were	only	weakly	

immune	activated.	Indeed,	the	RNA	expression	of	MHCII	component	H2Aa	as	well	as	

Il1b	was	very	low.	This	was	further	reflected	by	the	absence	of	MHCII	and	IL‐1β	protein	

expression	in	microglia	both	at	24	h	and	96	h	after	SE.	This	is	in	line	with	data	showing	

that	microglia	express	IL‐1β	in	the	first	4	h	after	SE	but	not	at	later	time‐points	where	

astrocytes	 drive	 inflammation	 during	 early	 epileptogenesis	 (Ravizza	 et	 al.,	 2008).	

Astrocytes	have	been	shown	to	produce	IL‐1β	after	seizures	(De	Simoni	et	al.,	2000;	

Librizzi	 et	 al.,	 2010;	 Liu	 et	 al.,	 2011).	 IL‐1β	 is	 thought	 to	 contribute	 to	 neuronal	

hyperexcitability	 and	 excitotoxicity	 through	 potentiation	 of	 glutamatergic	

neurotransmission	(Viviani	et	al.,	2003;	Lai	et	al.,	2006;	Ye	and	Sontheimer,	1996;	Hu	et	

al.,	2000).	Accordingly,	we	show	that	at	96h	after	SE,	astrocytes	are	the	main	cells		
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Figure	 5.	 Both	 microglia	 and	 myeloid	 infiltrates	 expressed	 phagocytosis	 receptor	 AXL.	 mRNA	 and	

immunostaining	data	suggest	that	phagocytosis	of	apoptotic	cells	is	one	of	the	main	function	of	microglia	and	

myeloid	infiltrates.	A)	mRNA	expression	levels	in	microglia	and	myeloid	infiltrates	for	Axl	were	determined	using	

quantitative	RT‐PCR.	Data	are	normalized	to	hydroxymethylbilane	synthase	(Hmbs).	C:	control	mice,	24:	24h	

after	SE	and	96:	96h	after	SE	(5–10	mice	per	condition).	*	p≤0.05,	**	p≤0.01,	***	p≤0.001.	B)	Photomicrograph	of	

the	hippocampal	CA3	stratum	radiatum	at	96h	after	SE	illustrating	that	IBA1‐positive	cells	expressed	AXL.	C)	

Photomicrograph	of	the	hippocampal	CA3	pyramidal	layer	showing	Fluoro‐Jade	B‐positive	neurons.	Scale	bars	

=	50	µm.	
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expressing	IL‐1β.	Our	data	suggest	that	astrocytes	but	not	microglia	are	the	main	cells	

of	 the	 central	 nervous	 system	 (CNS)	 responsible	 for	 the	 pro‐inflammatory	 milieu	

occurring	during	the	early	phase	of	epileptogenesis,	corroborating	previous	published	

data	 (Ravizza	 and	 Vezzani,	 2006;	 Ravizza	 et	 al.,	 2008).	 Moreover,	 a	 recent	 study	

demonstrated	that	expression	of	CD40	by	microglia	is	able	to	decrease	IL‐1β	secretion	

and	 consequently	 negatively	 regulates	 neurotoxic	 inflammasome	 activation	 during	

sterile	inflammation	(Gaikwad	et	al.,	2016).	Thus,	the	observed	expression	of	CD40	by	

microglia	during	early	epileptogenesis	could	promote	a	similar	mechanism.	

In	myeloid	 infiltrates,	we	 observed	 high	 levels	 of	H2Aa,	 co‐stimulatory	molecule	

Cd40	 and	 pro‐inflammatory	 cytokines.	 This	 phenotype	 is	 the	main	 characteristic	 of	

antigen‐presenting	 cells	 capable	 of	 activating	 T‐helper	 (CD4pos)	 cells,	 which	 were	

observed	 at	 96	 h	 after	 SE.	 Lymphocytes	 infiltrate	 the	 CNS	 after	 SE	 along	 with	

monocytes,	macrophages	and	neutrophils	(Fabene	et	al.,	2008;	Hildebrandt	et	al.,	2008;	

Ravizza	et	al.,	2008)	and	are	thought	to	contribute	to	BBB	modification	and	 leakage,	

leading	 to	 a	 precipitation	 of	 epileptogenesis	 (Fabene	 et	 al.,	 2008;	 Xu	 et	 al.,	 2013).	

Indeed,	 inhibition	 of	 leukocytes‐vascular	 interactions	 resulted	 in	 a	 reduced	 BBB	

leakage	as	well	as	a	markedly	reduced	seizure	generation	(Fabene	et	al.,	2008).	Our	

findings	indicate	that	in	contrast	to	myeloid	infiltrates,	microglia	hardly	contribute	to	

the	possible	activation	of	infiltrating	lymphocytes.	

Interestingly,	we	observed	that	microglia	expressed	high	levels	of	Tnfa,	especially	

24	h	after	SE.	Like	IL‐1β,	TNF‐α	can	also	increase	neuronal	excitability	thus	confering	a	

pro‐convulsant	role	for	this	cytokine	(Bezzi	et	al.,	2001;	Riazi	et	al.,	2008).	However,	

recent	 findings	 suggest	 a	 possible	 protective	 function	 for	 TNF‐α.	 Indeed,	

neuroprotection	from	TNF‐α	release	was	described	in	the	ischemic	brain	(Lambertsen	

et	al.,	2009)	and	is	suggested	to	be	implicated	in	neuroprotection	against	kainic	acid	(Lu	

et	 al.,	 2008).	 TNF‐α	 was	 shown	 to	 protect	 neurons	 against	 α‐amino‐3‐hydroxy‐5‐

methyl‐4‐isoxazolepropionic	acid	 (AMPA)‐mediated	excitotoxicity	 (Bernardino	et	al.,	

2005)	 and	 more	 recently	 against	 N‐methyl‐D‐aspartate	 (NMDA)‐mediated	

excitotoxicity	 (Masuch	 et	 al.,	 2016).	 Interestingly,	 TNF‐α	 may	 have	 inhibitory	 or	

permissive	effects	on	seizures	depending	both	on	its	expression	level	in	the	brain	and	

on	the	cytokine	receptor	subtypes	predominantly	activated	(Balosso	et	al.,	2005).	Thus,	

the	consequence	of	Tnfa	expression	by	microglia	early	after	SE,	whether	beneficial	or	

detrimental,	still	needs	to	be	determined.	
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Loss	in	the	BBB	integrity	is	another	major	characteristic	of	epileptogenesis	which	

occurs	early	after	SE	(Gorter	et	al.,	2015).	Interestingly,	increased	immunoreactivity	for	

laminin,	 a	 key	 component	of	 the	BBB	 (Weiss	 et	 al.,	 2009)	has	 been	observed	 in	 the	

pilocarpine	rat	model,	in	the	first	72	h	after	SE	(Gualtieri	et	al.,	2012;	Lucchi	et	al.,	2015).	

This	increased	immunoreactivity	was	colocalized	with	vascular	and	astrocytic	injuries	

Figure	6.	Microglia	displayed	a	similar	phenotype	in	the	

piriform	cortex.	Photomicrographs	of	the	piriform	cortex	at	

96	h	after	SE	 illustrating	 that:	A)	 IBA1‐positive	 cells	were	

devoid	of	MHCII,	B)	IBA1‐positive	cells	did	not	express	IL‐1β,	

C)	GFAP‐positive	 astrocytes	 expressed	 IL‐1β,	D)	 there	was	

undergoing	neuronal	cell	death	as	shown	by	Fluoro‐Jade	B	

(FJB)	staining.	Scale	bar	=	50	µm.	
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(Biagini	 et	 al.,	 2008)	 and	was	 interpreted	 as	 a	 consequence	 of	 extracellular	matrix	

remodeling	by	MMPs	(Lucchi	et	al.,	2015).	We	showed	that	myeloid	infiltrates	express	

high	levels	of	Mmp9	and	12,	whereas	microglia	express	only	Mmp12.	MMP‐9	has	been	

already	 described	 to	 play	 a	 major	 role	 in	 the	 BBB	 leakage	 as	 well	 as	 in	 synaptic	

remodelling	 during	 epileptogenesis	 (Mizoguchi	 et	 al.,	 2011;	Mizoguchi	 and	 Yamada,	

2013).	Our	data	suggests	that	both	cell	types	might	be	implicated	in	the	BBB	leakage	

observed	early	after	SE,	facilitating	leukocytes	infiltration	in	the	brain	parenchyma	and	

introduces	MMP‐12	as	a	new	molecular	target	for	therapy.	

Recently,	microglia	have	been	described	to	express	M1	(pro‐inflammatory)	and	M2	

(anti‐inflammatory)	 markers	 3	 days	 after	 SE	 (Benson	 et	 al.,	 2015),	 which	 is	 in	

contradiction	with	our	data.	Our	phenotype	analysis	of	microglia	and	myeloid	infiltrates	

was	directed	to	hippocampal	regions	only.	We	further	provide	immunohistochemical	

data	showing	a	similar	phenotype	in	the	piriform	cortex,	another	region	affected	by	SE.	

However,	we	did	 not	 investigate	 other	 regions	 such	 as	 entorhinal	 cortex,	 perirhinal	

cortex,	amygdala	or	thalamus,	which	are	also	affected	by	SE	and	where	microglia	might	

display	a	pro‐inflammatory	phenotype	 such	as	described	by	Benson	and	colleagues,	

2015.	Moreover,	 only	a	 small	 set	of	 genes	were	analyzed	 in	 this	 study	and	 thus,	we	

cannot	 exclude	 the	 possibility	 that	microglia	 could	 express	 other	 pro‐inflammatory	

markers	 during	 early	 epileptogenesis.	 Finally,	 there	 is	 the	 possibility	 that	 a	 small	

number	of	the	sorted	myeloid	infiltrates	where	not	truly	located	in	the	hippocampus	

proper	 but	 in	 the	 vessels/lining	 of	 the	 epithelial	 lumen.	 These	 cells	might	 display	 a	

diverse	 inflammatory	 phenotype	 compared	 to	 their	 counterparts	 that	 have	 already	

migrated	in	the	tissue	and	thus	influence	the	gene	expression	profile.	However,	it	is	also	

conceivable	that	these	cells,	which	are	in	the	process	of	migrating	inside	the	tissue,	will	

affect,	through	cytokine	secretion,	the	local	environment	to	a	similar	extent	as	the	cells	

that	are	already	located	inside	the	hippocampus.		

Our	 investigation	 describes	 the	 inflammatory	 phenotype	 of	 microglia	 in	 the	

hippocampus	during	early	epileptogenesis	and	differentiates	microglia	from	myeloid	

infiltrates.	We	show	that	microglia	remain	rather	immune	suppressed	whereas	myeloid	

infiltrates	display	a	strong	inflammatory	profile.	 In	the	context	of	epilepsy,	microglia	

have	been	widely	attributed	a	detrimental	activity.	Our	data,	however,	provide	evidence	

that	 in	 the	 hippocampus,	 myeloid	 infiltrates	 and	 probably	 astrocytes	 are	 the	 main	

players	 in	 the	 devastating	 activity	 observed	 during	 early	 epileptogenesis,	 where	
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microglia	 mainly	 display	 markers	 of	 phagocytic	 activity	 and	 tissue	 remodelling,	

pointing	to	a	more	resolving	or	tissue	repair	phenotype.	
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Supplemental	material	
	

Table	S1.	Quantitative	PCR	RNA	primer	sequences	
Gene	name	 Accession	numbers	

	

Forward	primer	5’‐3’	 Reverse	primer	5’‐3’	

Axl	 NM_009465.4	

NM_001190974.1	

NM_001190975.1	

TGAAGCCACCTTGAACAGTC	 GCCAAATTCTCCTTCTCCCA	

Cd40	 NM_011611.2		

NM_170704.2	

NM_170702.2		

GACCACTGATACCGTCTGTC	 TCTTATCCTCACAGCTTGTCC	

H2Aa	 NM_010378.2	 CTGTCTTATCTCACCTTCATCC	 GGAATCTCAGGTTCCCAGTG	

Hmbs	 NM_013551.2	

NM_001110251.1	

CCGAGCCAAGCACCAGGATA	 CTCCTTCCAGGTGCCTCAGA	

Il1b	 NM_008361.3	 GGCAGGCAGTATCACTCATT	 AAGGTGCTCATGTCCTCAT	

Mmp9	 NM_013599.3	 GCCGACTTTTGTGGTCTTCC	 TACAAGTATGCCTCTGCCAGC	

Mmp12	 NM_008605.3	 GCTGTCTTTGACCCACTTCGCCA	 GCTCCTGCCTCACATCATACCTC

CA	

Tnfa	 NM_013693.3	 TCTTCTGTCTACTGAACTTCGG	 AAGATGATCTGAGTGTGAGGG	
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Supplementary	figure	1.	Electrocorticographic	activity	during	status	epilepticus	induced	by	pilocarpine	

in	 CD1	 adult	 male	mice.	 Upper	 traces	 show	 virtually	 continuous	 epileptiform	 activity	 typical	 of	 status	

epilepticus.	Activity	in	the	box	is	represented	at	higher	magnification	below.	Electrical	activity	was	recorded	by	

epidural	electrodes	(stainless	steel	Ø	=	1mm)	implanted	in	frontal	(bregma	0.0	mm,	3.0	mm	lateral	from	midline)	

and	occipital	cortices	(bregma	‐3.5	mm,	3.0	mm	lateral	from	midline)	of	both	hemispheres	(inset),	filtered	(0.3	

Hz	high‐pass,	500	Hz	low‐pass),	acquired	at	1	kHz	per	channel,	and	offline	digitally	filtered	(band‐pass:	high	50	

Hz,	low	1	Hz)	beforehand‐scroll	analysis.	LF:	left	frontal;	LO:	left	occipital;	RF:	right	frontal;	RO:	right	occipital;	

Ref:	reference	electrode.	




