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MARIE	SKLODOWSKA-CURIE	ACTIONS	

Co-funding	of	regional,	national	and	international	programmes	(COFUND)		

DOC2AMU	THESIS	PROJECT	2018	CALL	FOR	APPLICATIONS	

Physical	Ultrasounds	in	Gene	Therapy	of	Rett	Syndrome	

1. 	DESCRIPTION	OF	THE	PHD	THESIS	PROJECT	

(Up	to	4	pages)	

The	project	aims	at	providing	a	global	 therapeutic	approach	 for	genetic	neurodegenerative	diseases,	 such	as	
the	Rett	Syndrome.	One	efficient	means	 is	to	use	Associated	AdenoViruses	(AAV9)	vectors	to	 infect	cells	and	
correct	defective	gene.	However,	because	of	their	size	(20	to	35	nm),	AAV9	extravasation	in	extracellular	matrix	
is	strongly	impeded	by	the	blood-brain	barrier	(BBB)	sealing,	which	normally	serves	to	protect	the	brain.	Recent	
studies	led	by	UMR910	and	LMA	laboratories	in	collaboration	with	
Neurospin	 have	 shown	 that	 focused	 ultrasounds	 (FUS)	 combined	
with	microbubbles	 can	 temporarily	 disrupt	 the	BBB	while	 causing	
no	structural	or	 functional	damage.	However,	 the	global	 infection	
process	 is	 not	 yet	 completely	 understood	 neither	 fully	 controlled	
(heterogeneous	 distribution	 of	 GFP-marked	 fluorescence	 in	 the	
brain).	Therefore,	within	this	multidisciplinary	framework,	the	first	
PhD	 objective	 is	 to	 develop	 an	 ultrasound	 model	 (numerical	
simulation)	 in	 order	 to	 optimize	 the	 wave	 interaction	 with	 the	
mouse’s	 head	 along	 self-adjusted	 scans	 of	 the	 head.	 Considering	
the	AAV	pharmacokinetics	 and	 dynamics,	 the	 second	objective	 is	
to	 assess	 and	 improve	 the	 safety	 and	 efficacy	 of	 this	 enhanced	
genetic	therapy	on	RTT	mouse	model,	eventually	by	designing	and	
constructing	dedicated	AAV	or	other	vectors.	

1.1 OBJECTIVES	OF	THE	PROJECT	BASED	ON	THE	CURRENT	STATE	OF	THE	ART		

Rett	syndrome	(RTT)	is	a	severe	neurological	disorder	with	a	prevalence	of	about	1/15.000,	which	account	for	
up	 to	 10%	 of	 severe	 intellectual	 disability	 of	 genetic	 origin	 in	 women	 (Armstrong	 1997).	 RTT	 is	 a	 rare	
neurological	 disease	 caused	 by	 mutations	 in	 the	 X-linked	 MECP2	 gene.	 There	 is	 no	 curative	 or	 palliative	
treatment	 for	 these	 patients.	 For	 several	 years,	 the	 researchers	 developed	 pharmacological	 approaches	 to	
reduce	 the	 symptoms.	 One	 of	 the	 most	 promising	 therapeutic	 strategy	 is	 gene	 therapy	 in	 order	 to	 treat	
definitively	 the	 disease.	 Using	 a	 Cre-lox	 inducible	 recombination	 system,	 Guy	 et	 al.	 (2007)	 were	 able	 to	
demonstrate	 that	 re-expression	 of	 Mecp2	 in	 severely	 affected	 RTT	 animals	 could	 reverse	 their	 symptoms	
resulting	 in	 the	normalization	of	 their	 cellular	 and	molecular	deficits	 as	well	 as	 their	 in	 vivo	 phenotype.	 This	
successful	 reversal	 of	 neurologic	 deficits	 achieved	 using	 a	 mouse	 model	 of	 RTT	 suggests	 that	 successful	
treatments	 enabling	 the	 re-expression	 of	 MECP2	 in	 RTT	 patients,	 such	 as	 gene	 therapy,	 could	 dramatically	
improve	their	neurological	symptoms.	In	a	previous	study,	UMR	910	group	have	demonstrated	the	efficacy	of	
gene	therapy	in	a	RTT	mouse	model	after	intravenous	injection	of	AAV9	vectors	containing	a	codon	optimized	
version	of	Mecp2	(Matagne	et	al,	2017).	However,	the	number	of	infected	cells	in	the	brain	was	quite	low,		

Figure	1.	Evans	Blue	diffusion	in	the	cortex,	after	
opening	of	the	Blood	Brain	Barrier	of	a	mouse:	the	
homogeneity	of	the	delivery	should	be	improved.	

	(LMA-CEA-INSERM	UMR	910)	



2	

	

	
	

1.2	METHODOLOGY		

To	 circumvent	 this	 issue	 in	 this	 project,	we	 propose	 to	 increase	 the	 amount	 of	 AAV9	 reaching	 the	 brain	 by	
transiently	 opening	 the	 BBB	 by	 a	 very	 promising	 approach	 using	 focused	 ultrasound.	 Indeed,	 low	 intensity	
focused	ultrasound	 (FUS)	 combined	with	 circulating	microbubble	has	been	 shown	 to	 locally	 and	 temporarily	
disrupt	the	BBB	(Hynynen	et	al,	2005	Kinoshita	et	al,	2006).	FUS	energy	is	capable	of	transcranial	penetration	
(Hynynen	et	al,	2006),	thus	providing	an	entirely	noninvasive	method	for	local	and	transient	disruption	of	the	
BBB.	This	technique	has	already	been	used	with	success	to	 improve	the	delivery	of	AAV	as	proofs	of	concept	

(Hsu	 et	 al	 2013,	 Thevenot	 et	 al	 2012).	 The	mechanism	 of	 BBB	 opening	 is	 the	mechanical	 stress	 of	 vascular	
endothelial	cells	due	to	acoustic	cavitation	of	encapsulated	gas	microbubbles	initially	developed	as	ultrasound	
contrast	 agents.	 Microbubbles	 are	 capable	 of	 penetrating	 into	 the	 microcirculation	 following	 intravenous	
injection.	Previous	ultrasound	work	has	been	focused	on	the	development	of	instruments	and	methods	to	use	
this	 technique	 efficiently	 and	 safely	 in	 rodents	 (Marty	 et	 al	 2012,	 Magnin	 et	 al	 2015).	 More	 recently,	 we	
acquired	preliminary	data	in	healthy	mice	showing	that	ultrasound	induced	BBB	disruption	can	greatly	improve	
the	percentage	of	infected	cells	in	the	brain	(see	figure	3).	At	the	same	time,	several	clinical	devices	have	been	
developed	 for	 translating	 this	 technology	 to	 patients,	 firstly	 in	 neuro-oncology	 where	 two	 clinical	 trials	 are	
ongoing.	Although	our	project	focuses	on	treating	mice,	it	is	important	to	notice	that	the	same	technique	could	
already	be	available	 for	RTT	patients	 if	proven	successful	at	 the	preclinical	 stage.	Furthermore,	gene	therapy	
(GT)	 is	 a	 good	 application	 for	 it	 given	 its	 relative	 complexity	 and	 expensiveness	 since	 GT	 requires	 only	 one	
single	treatment	session	per	patient.	Therefore,	we	believe	this	approach	should	be	developed	for	RTT	where	it	
seems	to	be	the	best	therapeutic	strategy.  

 

Figure	3.	Immunostaining	showing	in	
the	 striatum	of	mice	 the	 number	 of	
infected	 cells	 with	 or	 without	 FUS.	
The	 figure	 with	 FUS	 illustrates	 that	
some	 areas	 of	 the	 brain	 are	
particularly	 infected.	 However,	 the	
heterogeneous	 character	 of	 their	
distribution	 is	 still	 a	 source	 of	
concerns.		

Figure	 2.	 AAV9-MCO	 vectors	 enable	 the	 re-
expression	of	MeCP2	in	the	brain	of	the	KO	mice.	
Post-mortem	 brain	 MeCP2	 expression	 was	
assessed	 by	 immunohistochemistry.	 The	
treatment	also	improves	survival	and	body	weight	
of	 the	 treated	 RTT	 mice	 compared	 to	 the	
untreated	mice	(A	and	B).	

WT	 																	AAV9-MCO	K0	 																						KO	
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Objective	 1.	 Definition	 of	 the	most	 efficient	 parameters	 to	 open	 the	 BBB	 and	 demonstration	 of	 the	 safety.		
The	 PhD	 student	 will	 work	 on	 optimizing	 the	 FUS	 technology.	 First,	 the	 FUS	 set	 up	 in	 development	 will	 be	
extensively	used	 to	 identify	 the	optimum	parameters	allowing	setting	up	 this	 technology	 in	pathological	RTT	
mice	characterized,	from	an	acoustical	point	of	view,	by	a	heterogeneous	skull	calcification.	In	practice,	to	take	
full	advantage	of	the	limited	duration	of	the	microbubble	passage	within	the	brain	(half-life:	40	s),	a	dynamic	
scan	with	continuous	FUS	transmission	should	be	performed.	In	addition,	cavitation	being	a	stochastic	process	
is	not	easily	driven	in	a	strong	stable	regime.	This	implies	that	the	acoustical	intensity	must	be	regulated	during	
the	scan.	This	 regulation	will	be	 implemented	 in	a	 two	stages	approach:	a)	using	a	model	predictive	method	
based	 on	 wave	 propagation	 simulations,	 sensitive	 areas	 will	 be	 delineated	 for	 appropriate	 considerations	
where	either	resonances	 induced	by	multiple	reflections	within	the	skull	or	shadowing	effects	resulting	from	
external	wave	reflections	due	to	pronounced	skull	curvatures	are	quantified.	b)	a	feedback	control	responsive	
to	the	cavitation-index	value	that	guarantees	a	safe	stable-cavitation	regime	will	be	 integrated.	This	two-step	
regulation	is	important	since	it	makes	it	possible	to	readily	adapt	to	the	large	variability	of	mouse	heads	(size,	
stiffness	 and	 absorption	 heterogeneities),	 to	 the	 kind	 of	 encapsulated	 microbubbles	 used	 (size,	 gas,	 shell	
composition),	 to	 the	 anesthesia	 protocols	 whose	 various	 vasoactivities	 alter	 the	 interaction	 between	 the	
bubbles	 and	 the	 vessels.	 Therefore,	 in	 order	 to	 reduce	 hemorrhages	 hazards,	 a	 self-positioning	 and	 sizing	
procedure	will	be	developed	based	on	an	acoustical	pulse-echo	head-surface	probing.	 		
In	addition,	 the	optimization	of	the	gene	transfection	should	also	take	 into	account	the	functional	aspects	of	
the	 BBB	 governed	 by	 expression	 of	 efflux	 transporters.	 For	 instance,	 it	 has	 been	 recently	 shown	 that	 FUS-
induced	 BBB	 disruption	 can	 temporarily	 down-regulate	 P-glycoprotein	 expression	 and	 that	 the	 level	 of	
suppression	 was	 correlated	 with	 the	 harmonics	 content	 (non-linearities)	 of	 the	 FUS	 waves	 (Aryal	 2017).	
However,	 on	 the	 other	 side,	 the	 highest	 the	 harmonics	 level	 is,	 the	 more	 severe	 are	 the	 hemorrhages.	
Numerical	modeling	of	these	antagonist	phenomena	will	be	implemented	to	reach	the	best	trade-off.	

Objective	2:	Evaluation of FUS enabled gene therapy in RTT mouse model.	 	
The	methods	from	objective	1	will	be	evaluated	in	RTT	mice	and	compared	to	the	results	previously	obtained	
without	FUS	(Matagne	et	al,	2017).	We	will	evaluate	the	viral	 infection	and	the	bio-distribution	of	 the	AAV9-
Mecp2	viruses	in	the	brain	of	RTT	mice,	as	well	as	the	 in	vivo	phenotype	in	a	pilot	group.	If	the	new	protocol	
significantly	improves	gene	delivery	in	the	brain	and/or	RTT	symptoms	in	vivo,	we	will	move	forward	and	carry	
out	 a	 complete	 phenotypic	 evaluation	 (open	 field,	 rotarod,	 grip	 strength,	 Y-maze,	 breathing	 recording,	
circadian	 activity)	 as	 previously	 described	 (Viemari,	 Roux	 et	 al,	 2005;	 Panayotis	 et	 al,	 2011).	 Lifespan	 and	
bodyweight	 will	 also	 be	 used	 as	 key	 end	 points.	 Should	 the	 optimized	 FUS	 protocol	 not	 be	 as	 efficient	 as	
expected,	we	will	 go	back	 to	 the	objective	1	and	work	until	 a	 satisfactorily	efficacy	 is	 reached.	This	 iterative	
process	 could	 also	 involve	 the	 design	 of	 a	 new	 AAV	 construction	 to	 minimize	 vector	 size	 and	 extend	 its	
pharmacokinetic.	 Furthermore,	many	 biological	 parameters	will	 be	 assessed	 such	 as	 possible	 appearance	 of	
neuroinflammation	 or	 side	 effects	 due	 to	 the	 infection	 of	 peripheral	 tissues	 (liver,	 heart…).	 At	 the	 end,	 an	
optimized	 process	 of	 Mecp2	 delivery	 validated	 in	 the	 RTT	 mouse	 model	 is	 expected	 as	 well	 as	 a	 proof	 of	
concept	data	on	the	efficacy	of	this	approach	to	RTT	mice.	 	
	Expected	results:	Evaluation	of	FUS	in	vitro	coupled	with	AAV9	infection	(Histology,	counting	of	infected	cells),	
evaluation	FUS	 in	vivo	coupled	with	AAV9	 infection	(Locomotion,	autonomic	evaluation,	cognitive	evaluation,	
survival,	bodyweight).	Therapeutic	strategy	for	patient	with	a	nonsense	mutation	(60%	of	RTT	patients).		

1.3	WORK	PLAN		
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1.4 SUPERVISORS	AND	RESEARCH	GROUPS	DESCRIPTION		

The	“Waves	and	Imaging	(CNRS	LMA)”	team	specializes	in	mechanical	wave	propagation	in	complex	fluid	and	
solid	media.	 Its	 research	 aims	 at	 imaging,	 characterizing	 and	monitoring	 natural,	 biological	 or	manufactured	
media	in	a	non-destructive	way	based	on	acoustic	waves.	The	range	of	research	activities	is	wide,	going	from	
phenomenological	modeling	 to	experimental	 study,	 through	 the	development	of	numerical	 simulation	 codes	
and	 high-performance	 computing.	 In	 particular,	 Serge	Mensah’s	 research	 activities	 concern	 numerical	 wave	
propagation	 in	 heterogeneous	 elastic	 (for	 instance:	 multipass	 welds)	 or	 dissipative	 and	 complex	 (bubbly)	
media.	 He	 is	 involved	 in	 hard	 (bones)	 and	 soft	 (breast)	 tissues	 US	 tomographies	 and	 in	 photoacoustics	
tomography.	His	efforts	have	also	focused	on	NL	modeling	of	microbubble/wave	interaction	in	order	to	design	
enhanced	characterization	procedures	 (for	 instance	 for	 real-time	decompression	 sickness	prevention)	and	 to	
develop	next	generation	of	theranostic	(combination	of	focused	ultrasound	and	photo-thermal)	systems.	

Serge	Mensah	 will	 be	 the	 supervisor	 of	 the	 PhD	 student	 and	 be	 responsible	 of	 the	multi-physics	 modeling	
(wave	propagation,	cavitation	control,	heat	transfert	and	safety),	and	he	will	work	in	close	collaboration	with	
Jean-Christophe	Roux,	UMRS_910	GMGF,	who	will	assure	the	co-supervision	especially	as	far	as	concerned	all	
the	preclinical	objectives,	biological	requirements	and	ethical	procedures.	

Molecular	 diagnostics	 and	 search	 for	 new	 genes	 are	 one	 of	 the	main	 objectives	 of	 the	UMRS_910	Genetics	
Medical	 Center	 across	 multiple	 high-throughput	 sequencing	 projects.	 A	 major	 effort	 is	 made	 for	 the	
development	of	relevant	models,	which	are	still	 lacking	 in	the	field	of	epilepsy,	autism	spectrum	disorders	or	
neuroendocrine	diseases.	This	includes	animal	models	(mice,	zebrafish	and	chickens)	but	also	cellular	models,	
especially	specific	iPS-derived	human	cell	types	or	iPS	derived	from	patients'	cells.	 	
J.C.	Roux	is	senior	researcher	at	INSERM	(46	peer	reviewed	papers,	h-index	19),	his	lab	is	located	at	the	Faculté	
de	Médecine	 de	 la	 Timone	 (Marseille,	 France).	 Dr.	 Roux	 has	 a	 long	 history	 in	 RTT	 research	 and	 his	 mouse	
behavioral	 expertise	 is	 precious	 for	 the	 rigorous	evaluation	 in	 any	RTT-directed	preclinical	 trial.	 To	date,	 the	
works	of	Dr	Roux	has	led	to	the	implementation	of	two	clinical	trials	(phase	2a)	with	Rett	patients.	The	first	trial	
concerns	 the	 stimulation	 of	 the	 monoaminergic	 neurotransmission	 (Mancinni	 et	 al,	 2017)	 and	 the	 second	
concerns	the	trophic	support	mediated	by	the	BDNF.	Dr.	Roux	has	patented	the	use	of	2	compounds	to	treat	
disorders	 resulting	 from	 RTT	 (WO2007019880A1?cl=en;	 EP2632444A1?cl=en)	 and	 he	 got	 an	 orphan	 drug	
designation	(EU/3/09/643)	granted	by	the	EMA.	Jean-Christophe	is	member	of	the	scientific	advisory	board	of	
the	French	Rett	Syndrome	Association	(AFSR)	since	2007.	

This	research	action	has	received	a	grant	from	the	Region	PACA	Council	(Rebirth	project,	“Volet	Exploratoire”)	in	
order	to	purchase	the	FUS	system	in	year	2018,	and	to	carry	out	preclinical	essays	that	address	Rett	syndrome	.	
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2.	3I	DIMENSIONS	AND	OTHER	ASPECTS	OF	THE	PROJECT	

2.1 INTERDISCIPLINARY	DIMENSION		
	
In	this	project,	Serge	Mensah	will	be	involved	multi-
physics	 modelling	 in	 order	 to	 predict	 transcranial	
ultrasounds	 (elastic	 wave	 propagation),	 bioheat	
transfert	 response	 and	 bubble/vessels	 ultrasound	
interaction	 for	 FUS-mediated	 gene	 delivery	
optimization	 and	 safeness	 insurance.	 From	 a	 more	
practical	 point	 of	 view,	 the	 PhD	 work	 will	 also	
include	 software	 development	 in	 order	 to	 built	
biologist	 friendly	 interface	 for	 the	 FUS	 system	 in	
order	 to	 remotely	 control	 the	 therapeutic	 protocol.	
This	 software	 will	 also	 serve	 as	 a	 platform	 used	 to	
predict	 (and	 to	 modulate)	 relevant	 ultrasounds–
mediated	 physiological	 effects	 such	 as,	 for	 instance	
the	regulation	of	efflux	transporters	which	acts	as	a	functional	barrier.		
	

Dr.	Roux	has	a	long	history	in	RTT	research	and	his	mouse	behavioral	expertise	will	be	required	for	the	rigorous	
evaluation	of	these	RTT-directed	preclinical	trials.	His	unavoidable	expertise	covers	the	transverse	fields	of	pre-
clinical	study,	animal	models,	animal	behavior	and	pharmacology.	

2.2	INTERSECTORAL	DIMENSION:		

French	 Association	 of	 the	 Rett	 syndrome	 (ASFR		
https://afsr.fr/)	

	“The	 MECP2	 mutation	 results	 in	 a	 shortage	 or	 absence	 of	
normal	 MeCP2	 protein	 needed	 to	 regulate	 or	 direct	 other	
genes.	 These	 other	 genes	 affect	 or	 control	 the	 normal	
development	 of	 selected	 regions	 of	 the	 brain	 responsible	 for	
sensory,	 emotional,	 motor	 and	 autonomic	 function	 during	
the	 critical	 period	 of	 infancy	when	 important	milestones	 are	
expected	 to	be	achieved.	Development	appears	 to	be	normal	
in	early	 infancy	until	 the	MeCP2-related	regulation	or	control	
is	needed”.	(Rettsyndrom.org)	

For	more	 than	 ten	 years,	 the	 ASFR	 supports	 the	 team	 of	 Dr	
J.C.	 Roux.	 Currently,	 the	 chairman	 of	 the	 ASFR	 scientific	
advisory	board,	Pr	Matthieu	Milh,	is	a	senior	research	member	of	this	team.	Dr	Jean-Christophe	Roux			has	also	
been	involved	in	that	scientific	board	since	2007.		

The	ASFR	association	grants	to	financial	support	to	research	projects	selected	by	the	scientific	advisory	board.	

On	 a	 voluntary	 basis,	 the	 PhD	 student	 will	 participate	 to	 the	 annual	 meeting	 of	 the	 association	 and	 will	
contribute,	 on	 its	 own,	 to	 its	 development	 at	 the	 rate	 of	 1	 to	 3	 days	 per	 year.	 He	 will	 beneficiate	 of	 the	
professional	 network	 of	 the	 association	 and	 of	 the	 AFRS	 expertise	 in	 its	 family	 support,	 dissemination	 of	
information	and	best	practices.	

Figure	4	Focused	ultrasound	propagation	through	the	mouse	skull,	
(Numerical	modeling,	LMA)	
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2.2 INTERNATIONAL	DIMENSION:		

Rett	syndrome	is	a	world	concern	(ophern	desease),	the	candidate	will	present	her/his	results	at	 international	
conferences	 and	 articles	 will	 be	 submitted	 in	 international	 Journals	 both	 in	 domains	 of	 bioengineering	 (for	
instance	on	therapeutic	ultrasounds)	and	in	the	field	of	neurobiology.	

3.	RECENT	PUBLICATIONS	

LMA	:		

1.	Da	Silva,	A.,	Handshin,	C,	Metwally	K,	Mensah,	S.,	Hakouari	H,	Taking	advantage	of	acoustic	inhomogeneities	in	photoacoustic	
measurements,	 J.	of	Biomedical	Optics	22(4):041012	·		2017	
2.	K.	Metwally,	E.	Lubeigt,	JF	Chaix,	S.	Rakotonarivo,	G.	Gobillot,	F.	Baqué,	S.	Mensah,	"Weld	inspection	by	focussed	adjoint	method",	
Ultrasonics,	Aout	2017	
3.	Achaoui,	A,	Fouan	D.,	Metwally,	K.	Hammadi	Z.	Morin	R.,	Mensah	S.	Tunable	microbubble	generator	using	electrolysis	and	ultrasound,	
AIP	Advances	015011(1):015011	·	January	2017		
4.	Hong	Son	Pham,	Mensah	S.,	Alpy	N.,	Saez	M.	A	numerical	study	on	cavitation	and	bubble	dynamics	in	liquid	CO2	near	the	critical	point,	
International	Journal	of	Heat	and	Mass	Transfer	102:174-185	·	June	2016	
5.	Metwally	K.,	Mensah	S.,	Baffou	G., « Fluence Threshold for Photothermal Bubble Generation Using Plasmonic Nanoparticles », Journal	of	
Physical	Chemistry,	11/2015;	119(51):28586−28596.	DOI:	10.1021/acs.jpcc.5b09903	
6. Czarnecki K., Fouan D., Achaoui Y., Mensah S., Fast	bubble	dynamics	and	sizing,	Journal	of	sound	and	vibration,	356	(2015)	48-60	
7.	Rouyer	J.,	Mensah	S.,	Franceschini	E.,	Lasaygues	P.	Lefebvre	J.P.,	Conformal	Ultrasound	Imaging	System	for	Anatomical	Breast	Inspection	
IEEE	transactions	on	ultrasonics,	ferroelectrics,	and	frequency	control.	07/2012;	59(7):1457-69.	DOI:	10.1109/TUFFC.2012.2346	

UMRS	910	

1: Matagne V, Ehinger Y, Saidi L, Borges-Correia A, Barkats M, Bartoli M, Villard L, Roux JC. A codon-optimized Mecp2 
transgene corrects breathing deficits and improves survival in a mouse model of Rett syndrome. Neurobio Dis. 2017;99:1-11.  
2: El-Khoury R, Panayotis N, Matagne V, Ghata A, Villard L, Roux JC. GABA and glutamate pathways are spatially and 
developmentally affected in the brain of Mecp2-deficient mice. PLoS One. 2014 9(3):e92169. 
doi:10.1371/journal.pone.0092169.  
3: Kaddoum L, Panayotis N, Mazarguil H, Giglia-Mari G, Roux JC, Joly E. Isoform-specific anti-MeCP2 antibodies confirm 
that expression of the e1 isoform strongly predominates in the brain. F1000Res. 2013 Oct 4;2:204. doi: 
10.12688/f1000research.2-204.v1.   
4: Sanchez-Mut JV, Aso E, Panayotis N, Lott I, Dierssen M, Rabano A, Urdinguio RG, Fernandez AF, Astudillo A, Martin-
Subero JI, Balint B, Fraga MF, Gomez A, Gurnot C, Roux JC, Avila J, Hensch TK, Ferrer I, Esteller M. DNA methylation 
map of mouse and human brain identifies target genes in Alzheimer's disease. Brain. 2013 Oct;136(Pt 10):3018-27  
5: Cacciagli P, Sutera-Sardo J, Borges-Correia A, Roux JC, Dorboz I, Desvignes JP, Badens C, Delepine M, Lathrop M, Cau 
P, Lévy N, Girard N, Sarda P, Boespflug O, Villard L. Mutations in BCAP31 cause a severe X-linked phenotype with 
deafness, dystonia, and central hypomyelination and disorganize the Golgi apparatus. A J Hum Genet. 2013 5;93(3): 579.86  
6: Roux JC, Zala D, Panayotis N, Borges-Correia A, Saudou F, Villard L. Modification of Mecp2 dosage alters axonal 
transport through the Huntingtin/Hap1 pathway. Neurobiol Dis. 2012 Feb;45(2):786-95.  
7: Panayotis N, Ghata A, Villard L, Roux JC. Biogenic amines and their metabolites are differentially affected in the Mecp2-
deficient mouse brain. BMC Neurosci. 2011 ;12:47.  
8: Panayotis N, Pratte M, Borges-Correia A, Ghata A, Villard L, Roux JC. Morphological and functional alterations in the 
substantia nigra pars compacta of the Mecp2-null mouse. Neurobiol Dis. 2011  41(2):385-97. 
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4.	EXPECTED	PROFILE	OF	THE	CANDIDATE	

(Insert	expected	profile:	interests,	academic	background,	skills.		Approximately	half	a	page.)	

Physicist by training, the candidate combines a solid theoretical background and a great experimental rigor.	

- Ability	to	develop	accurate	multiphysics	models.		
- Strong	Interest	in	medical	sciences,	gene	therapy	and	in	biomedical	(in	vitro	and	in	vivo)	experiments	.	
- 	Solid	knowledge	base	in	Elastic	wave	propagation,	thermodynamics,	signal	processing	and	automatic	

control.	
- Experience	in	moke-up	design	and	real-time	test	benches	manufacturing.	
- Skills	in	computing	sciences	and	programming	(Matlab,	COMSOL,	Arduino,	C++,	Python)	

The	candidate	is clever and responsible, he	has a very good relationship and is open-minded.	

5.	SUPERVISORS’	PROFILES	

	
• 	Serge	Mensah’s	thesis	supervision	history	 	

Robert	Ferriere	;	Propagation	d’onde	et	imagerie	ultrasonore	quantitative,	(Wave	Propagation	and	quantitative	ultrasonic	imaging),	
November	2003,	(PhD	duration	3	years,)	Research	Engineer	Metalscan	company.(4	articles)	 	
Emilie	 Franceschini	;	 Tomographie	 ultrasonore	 dédiée	 à	 la	 detection	 du	 cancer	 du	 sein,	 Ultrasonic	 tomography	 dedicated	 to	 early	
breast	cancer	detection,	Novembre	2006,	(PhD	duration	3	years);	Researcher	at	CNRS	LMA.	(28	articles)		
Marie-Christine	Pauzin,	Modélisation	du	comportement	dynamique	d’un	agent	de	contraste	ultrasonore,	(Modeling	of	the	Dynamic	
response	of	a	contrast	agent)	November	2009	(PhD	duration	3	years)		Professeur	agrégée	en	Classes	Préparatoires	CPGE	PC	(3	articles)	
Julien	 Rouyer,	 Tomographie	 ultrasonore	 dédiée	 à	 l'imagerie	 anatomique	 du	 sein	 (Ultrasonic	 tomography	 for	 anatomical	 breast	
imaging),	 February	 2012	 (PhD	 duration	 3	 years	 +	 3	 months),	 Now	 Post	 Doctorant	 Researcher	 at	 CNRS	 LMA	 (formely	 at	 Imaging	
Laboratory,	PUCP-LIM,	Lima,	Peru)	(16	articles)	 	
Damien	 Fouan,	 Détection	 et	 caractérisation	 d’embolies	 gazeuses,	 Application	 à	 la	 prévention	 des	 accidents	 de	 décompression,	
(Detection	 and	 characterization	 of	 embolies.	 Application	 to	Decompression	 Sickness	 prevention),	 November	 2013,	 (PhD	 duration	 3	
years).	Now,	Post	Doctorant	Researcher	at	INSERM	Tours	A.	Bouakaz).	(9	articles)		
Emma	 Lubeigt,	 Imagerie	 topologique	 de	 domaines	 élastiques	 bornés.	 Application	 au	 contrôle	 non-destructif	 des	 soudures,	
(Topological	imaging	of	elastic	media,	Application	to	the	non-destructive	evaluation	of	welds),	February	2017	(PhD	duration	3	years	+	
3	months).	Now,	Post	Doctorant	Researcher	at	Marine	Physical	Laboratory,	San	Diego	California,	USA	(2	articles)	 	
One	thesis	currently	supervised.	 Lilian	 D’Hondt,	 Caractérisation	 acoustique	 d’un	 nuage	 de	 microbulles,	 (Acoustic	
characterization	of	microbubble	clouds),	(PhD	starting	date,	October	2015)	
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Roux Jean-Christophe Nicolas Jacques 
15/02/1970  Draguignan (83) 
Work experience : 

2014- : Directeur de recherche INSERM (DR2) 
2005-2014 : Chargé de recherche INSERM (CR1) 
2009:  Habilitation à Diriger des Recherches : Altération de la maturation et de la régulation des 
systèmes catécholaminergiques, implication fonctionnelle et perspectives thérapeutiques. 
2007:  Experimentation animale niveau 1 
2000-2005 : Posdoctorant Karolinska Institute, Stokholm, Suede.   
1997-00 :  Thèse de physiologie sous la direction du Dr. J. Pequignot (CNRS) LYON I : Effet d’un 
stress, hypoxique prénatal et chirurgical (chémodénervation) sur le fonctionnement des structures 
catécholaminergiques impliquées dans le contrôle ventilatoire. Bourse régionale : Souffrance fœtale et 
périnatale (coordonnateurs : Y Dalmaz ; H. Kennedy)  
1994-95 :  DEA Physiology, LYON I. Effet de l’acclimatation au froid chez le canard sur la 
composition musculaire en cytochromes mitochondriaux.  
1992-94 Licence et maîtrise de biochimie option génétique Luminy (Aix-Marseille II) 

 

Jean-Christophe	Roux’s	thesis	supervision	history	 	
Emmanuelle	 Dura	 :	 	 Etude	 des	 déficits	 catécholaminergiques	 dans	 le	 tronc	 cérébral	 et	 le	 système	 sympathoadrénergique	 chez	 une	
souris	modèle	du	syndrome	de	Rett.	Novembre	2009,	(PhD	duration	3	years,	(3	articles).	Assistant	de	recherché	clinique	
Nicolas	 Panayotis	 :	 Etudes	 des	 déficits	 dopaminergiques	 et	 moteurs	 chez	 une	 souris	 modèle	 du	 syndrome	 de	 Rett	 :	 implication	
pathologique	et	perspectives	thérapeutiques	Novembre	2011	(PhD	duration	3	years,	(6	articles).Posdoc	Weizmann	Institute	Israel		
Rita	el	Khoury	:	Deux	syndromes,	un	même	gène	:	Conséquences	d’un	mauvais	dosage	de	MeCP2	sur	la	transmission	synaptique	et	le	
comportement	chez	la	souris.	Decembre	2013,	(PhD	duration	3	years,	(2	articles).	Job	in	a	private	company	(Agilent)	

								One	thesis	currently	supervised.	Yann	Ehinger	:	Physiopathologie	du	syndrome	de	Rett:	deficit	du	transport	axonal.	(1	article).	

	


