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Bone	tissue	regeneration	
	
My	 interests	 have	 from	 more	 than	 20	 years	 been	
centered	 on	 the	 translational	 aspects	 for	 bone	 tissue	
engineering.	 My	 experience	 has	 been	 focused	 on	 the	
stem	cell	biology	and	 the	different	actors	 that	 control	
their	osteogenic	differentiation	of	human	mesenchymal	
stem	 cells	 from	 bone	 marrow.	 Among	 them,	 I	 have	
worked	on	the	role	of	the	cellular	environment	and	the	
cellular	 communication	 between	 angiogenesis	 and	
osteogenesis	 (1-4).	This	has	been	extensively	studied	 in	
vitro	using	two	dimensional	(2D)	co-cultures	models	as	
well	in	three	dimensional	(3D)	matrices	able	to	activate	
blood	vessels	invasion	(5-8).		
More	recently,	we	investigate	the	impact	of	innervation	
on	 angiogenesis	 and	 osteogenesis	 using	 coculture	
models	between	mesenchymal	stem	cells	or	endothelial	
cells	with	 sensory	 neurons	 isolated	 from	Dorsal	 Root	
Ganglia	of	rats	(9,10)	or	from	human	IPSCs	differentiated	
to	sensory	neurons	lineage.	This	basic	knowledge	on	the	
bone	 neuro-vascular	 coupling	 was	 then	 apply	 for	
designing	and	developing	innovative	three-dimensional	
composites	matrices	 for	bone	repair	 (11-16),	 taking	 into	
account	 the	 role	 of	 innervation	 for	 bone	 tissue	
regeneration	 (17).	 Composite	 polymers	 (16),	 mainly	
composed	 of	 natural	 polysaccharides	 or	 recombinant	
polypeptides	 (17)	 were	 then	 developed,	 physico-
chemically	 characterized	 and	 then	 evaluated	 for	 their	
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2D	 co-culture	 of	 sensory	 neurons	 (SN)	 and	
mesenchymal	 stem	 cells	 (MSCs)	 in	 microfluidic	
devices.	 Neurites	 outgrowth	 towards	 the	
extracellular	matrix	 produced	 by	MSCs.	 (Da	 Silva	
PhD	‘s	work).	

2D	 co-culture	 of	 sensory	 neurons	
(SN)	 and	 endothelial	 cells	 (ECs)	 in	
direct	 contact.	 SN	 and	 neurites	
remain	 close	 and	 around	 the	 ECs	
clusters.	(Leroux	PhD’s	work).	

Microbeads	 of	 composite	 polysaccharides-based	 matrices	 implanted	 in	 a	 condyle	
femoral	bone	defect	in	rats	(In	collaboration	with	Laboratory	for	Vascular	Translational	
Science	(Université	Paris	Cité),	SILTISS	(Saint	Viance).	(Ehret	PhD	‘s	work)	

Composite	 hydrogel	 designed	 for	 promoting	 bone	 formation,	 blood	 vessels,	 and	
outgrowth	 of	 the	 nerve	 fibers	 in	 the	 reconstructed	 tissue.	 (In	 collaboration	with	 the	
Organic	Polymer	Chemistry	Laboratory	 (LCPO)	University	of	Bordeaux-	Bordeaux	 INP)	
(Mahmoudi	PhD,	De	Pina	Roque	‘s	work).	
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ability	 to	promote	bone	 formation,	vessels	 invasion	as	
well	as	innervation.	Preclinical	models	of	complex	bone	
defects	were	then	developed	in	small	and	large	animals	
(11,	 12,	 14,	 18).	 One	 of	 these	 composite	 polymers,	 i.e	
polysaccharide-based	 materials	 supplemented	 with	
hydroxyapaptite	 (15,	 16)	 is	 on	 clinical	 process	
investigation.		
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