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La médecine régénérative : un traitement possible 
pour les pathologies liées à l'avance en âge ?

http://www.inserm.fr/
http://www.inserm.fr/


Agression

tissulaire

Réparation, cicatrisation et régénération



CICATRISATION: 

PERTE DE 

FONCTION

Réparation, cicatrisation et régénération

Agression

tissulaire



REGENERATION: 

RETABLISSEMENT 

DE FORME ET DE FONCTION

CICATRISATION: 

PERTE DE 

FONCTION

Réparation, cicatrisation et régénération

Avantage sélectif !!!

Agression

tissulaire



REGENERATION: 

RETABLISSEMENT 

DE FORME ET DE FONCTION

CICATRISATION: 

PERTE DE 

FONCTION

Médecine régénératrice

MEDECINE

REGENERATRICE

≠ Cellule
souche

Agression

tissulaire



Médecine régénératrice

Rationnel 1 : un turn-over permanent
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Cellule
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Mort
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Cellule
différenciée

fonctionnelle

Capacité à se multiplier à l’infini 
en gardant la fonction souche

Prolifère mais évolue 
vers le phénotype différencié à chaque étape

Un acteur obligatoire: le métabolisme
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Rationnel 2: Fonction = Parenchyme + Mésenchyme
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support

Chondrocyte

Adipocytes

Osteoblastes

- Propriétés immunomodulatrices

- Propriétés angiogéniques

- Propriétés anti-apoptotiques

- Propriétés trophiques

Ucelli et al 2008

Fibroblastes 

Les Cellules Souches Mésenchymateuses (MSC)
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Rationnel 2: Fonction = Parenchyme + Mésenchyme
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Vieillissement
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Fibrose

+

Inflammation 

Chronique

+

Dys-regulations
métaboliques

Rationnel 3 : Le vieillissement comme une cicatrisation évolutive 
à l’échelle de l’organisme
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Montsarrat et al, Stem Cell Transl Med, 2016

PathologiesEvolution temporelle

Médecine régénératrice: essais cliniques
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Montsarrat et al, Stem Cell Transl Med, 2016
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Immunité
Inflammation

Métabolisme Stroma

Propriétés immunomodulatrices
Propriétés trophiques
Gestion de l’énergie  

Fibrose (précurseur fibroblaste)
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Stem Cells, 2013

AMM: ASC & Inflammation/Immunity: Crohn disease

Médecine régénératrice: essais cliniques
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Filière Médecine régénératrice « Langlade »

Recherche Essais cliniques

- Plate-forme nationale
Contrôle qualité in vitro 
(sécurité, efficacité)

- Plate-forme sécurité, 
biodistribution PBL
(ENVT)

- Recherche amont
(Univ, Inserm,
CNRS, Ecole Ing, ) 

- Etablissement 
pharmaceutique 
de production

- CHU

L’expérience toulousaine

Médecine régénératrice: essais cliniques



CD31
hCD31

Souris Nude Nude mice

ASChumaines

ASChumaines

ASChumaines

ASCPBS

Isch

N.Isch
Isch

PBS

N.Isch

ASC

Planat-Benard et al, Circulation, 2004

Non adherent cells

Selection by adhesion & expansion

=> ASC ‘adipose derived stroma/stem cells »

Enzymatic Digestion

& centrifugation

Adipose

tissue 

L’expérience toulousaine

Médecine régénératrice: essais cliniques



Promotor: CHU Rangueil

Coordination : Clinic Investigating Center –Biotherapy

PI: Pr Bura-Rivièred

Cell process and quality controls: EFS/STROMAlab

Sampling 
(30g)

Liposuccion

Cell expansion (P1)

(GMP conditions)

2 weeks

Injection

i.m.
(108 ASCs)

Last visit

6 months

Follow up

L’expérience toulousaine
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Feasible

No adverse 
events

Bura et al



L’expérience toulousaine

Médecine régénératrice: essais cliniques

Bura et al

Slight increase of TcPO2

Modulation of inflammation
Improvement in wound healing



3 doses: 2, 10, 50 x 106 ASC

3*5 patients

ADIPOA: Treatment of OA using autologuous ASC

PIs:  Pr C Jorgensen (Montpellier, France)

Pr U. Nöth (Wursburg, Germany)

Cell process and quality controls: EFS/STROMAlab

L’expérience Occitane
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3*5 patients

ADIPOA: Treatment of OA using autologuous ASC

PIs:  Pr C Jorgensen (Montpellier, France)

Pr U. Nöth (Wursburg, Germany)

Cell process and quality controls: EFS/STROMAlab

L’expérience Occitane

Médecine régénératrice: essais cliniques

WOMAC index: level of disability by assessing pain, joint 

stiffness, physical as well as social and emotional function. 



Médecine régénératrice: essais cliniques

MSC et fragilité



Médecine régénératrice: essais cliniques

Distance de marche Capacités respiratoires Index inflammatoires

MSC et fragilité



Vehicle + exercise

MSCs + exercise

MSCs only

2016
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Synaptogenèse Exercice
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Fibrose Régénération
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La restriction calorique

Efficace chez personnes âgées ? 
Comment l’appliquer chez l’homme ?



Munoz-Espin & Serrano, Nature Rev. Mol Cell Biol, 2014, 15:482-96Nature Reviews | Molecular Cell Biology

Senescence SASP Recruitment Clearance Regeneration

Persistent damage, pathology and ageing

Tissue dysfunction

1 Senescence accumulation
2 Chronic in ammation
3 Fibrosis

Damage and
developmental cues

Functional cell

Senescent cell

Cytokines, chemokines and
matrix remodelling factors (SASP)

Macrophage

CD4+ T lymphocyte

Fibroblast

1 2 3

increases with ageing in the retinal pigmented epithelium 

of rhesus monkeys159, and this could contribute to macu-

lar degeneration160. COPD is another severe lung disease 

linked to ageing and cigarette smoking and is character-

ized by disruption of the alveolar epithelium and often 

associated with fibrosis161. Interestingly, exposure of mice 

to cigarette smoke induces SAβGAL activity in alveo-

lar cells162, and the alveolar epithelium of patients with 

COPD contains high levels of p16 and nuclear NF-κB163. 

Finally, chemically-induced damage to the pancreas in 

rats results in fibrosis with areas of abundant senescent 

pancreatic stellate cells164.

Therefore, the list of diseases associated with senes-

cence keeps growing and we anticipate that senescence 

will be relevant for even more pathologies.

A unified model

Based on the above-discussed evidence, we propose that 

senescence is a key component of tissue remodelling both 

in normal development and physiology, and in multiple 

pathologies. We also propose that, in general, cellular 

senescence coordinates tissue remodelling through three 

sequential processes: first, a stable proliferative arrest; sec-

ond, a secretory phenotype (SASP) that recruits immune 

cells, notably including T helper lymphocytes and macro-

phages; and, third, the mobilization of nearby progenitor 

cells that repopulate the tissue (FIG. 3). This model can be 

applied, with some adjustments, to developmental senes-

cence, which in some cases achieves the elimination of 

transitory embryonic structures (such as the mesone-

phric tubules and the interdigital webs) and in others the 

elimination of one cell population in favour of another 

(as in the endolymphatic sac of the inner ear)48,49. In the 

case of pre-malignant tumours, oncogenically stressed 

cells become senescent and may also trigger clearance 

and tumour elimination. Benign melanocytic lesions 

(or nevi) are a notable exception. These lesions contain 

oncogenic BRAF (v-raf murine sarcoma viral oncogene 

homologue B) mutations and are senescent165; however, 

for reasons that remain to be elucidated, they are not 

cleared and indeed are stable for years. The senescence–

clearance–regeneration model probably functions in 

cases of occasional adult somatic damage, which leads to 

a complete restoration of the damaged tissue. In support 

of this, mice that are genetically deficient in senescence 

pathways are more sensitive to various tissue injuries, 

and they present with exacerbated fibrosis and more 

severe tissue damage (see above). However, after per-

sistent damage or in aged tissues, clearance and regen-

eration may be compromised owing to poor macrophage 

recruitment or a deficient regenerative response (FIG. 3). 

In these circumstances, senescent cells accumulate and 

create a stable senescent lesion that may aggravate the 

pathology. Therefore, the balance between the beneficial 

and detrimental effects of senescence probably depends 

on whether senescent cells are only transitory or whether 

they accumulate over time. 

Senescence as a therapeut ic target

Current available evidence indicates that both pro-

senescent and antisenescent approaches can be desirable 

depending on the therapeutic context. During the course 

of ongoing tissue damage, the promotion of senescence 

can be beneficial by limiting the fibrotic response. In the 

case of cancer, pro-senescent therapies are emerging and 

have been the topic of a recent review166. CDK4 inhibitors 

Figure 3 | Unified model of senescence. Senescence initiates a tissue remodelling process by recruiting immune cells 

through the senescence-associated secretory phenotype (SASP). Macrophages clear the senescent cells, and progenitor 

cells repopulate and regenerate the damaged tissue. This sequence of senescence–clearance–regeneration may be 

impaired upon persistent damage, pathological states or ageing. In these cases, senescent cells are not efficiently cleared 

and the tissue is not fully regenerated. Resolution of the damage in these cases involves a fibrotic scar with senescent 

cells, inflammatory cells and fibrotic tissue.
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Immunité
Inflammation

Métabolisme Stroma

- Vieillissement: accumulation d’un défaut de régénération

- Vieillissement + régénération = « rejuvenation »

- Approches intégrées indispensables et possibles

- Réalité clinique pour les premières approches

- Futur = Propositions thérapeutiques mixtes

Conclusions
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le rationnel: Le vieillissement comme une cicatrisation évolutive à l’échelle de l’organisme
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increases with ageing in the retinal pigmented epithelium 

of rhesus monkeys159, and this could contribute to macu-

lar degeneration160. COPD is another severe lung disease 

linked to ageing and cigarette smoking and is character-

ized by disruption of the alveolar epithelium and often 

associated with fibrosis161. Interestingly, exposure of mice 

to cigarette smoke induces SAβGAL activity in alveo-

lar cells162, and the alveolar epithelium of patients with 

COPD contains high levels of p16 and nuclear NF-κB163. 

Finally, chemically-induced damage to the pancreas in 

rats results in fibrosis with areas of abundant senescent 

pancreatic stellate cells164.

Therefore, the list of diseases associated with senes-

cence keeps growing and we anticipate that senescence 

will be relevant for even more pathologies.

A unified model

Based on the above-discussed evidence, we propose that 

senescence is a key component of tissue remodelling both 

in normal development and physiology, and in multiple 

pathologies. We also propose that, in general, cellular 

senescence coordinates tissue remodelling through three 

sequential processes: first, a stable proliferative arrest; sec-

ond, a secretory phenotype (SASP) that recruits immune 

cells, notably including T helper lymphocytes and macro-

phages; and, third, the mobilization of nearby progenitor 

cells that repopulate the tissue (FIG. 3). This model can be 

applied, with some adjustments, to developmental senes-

cence, which in some cases achieves the elimination of 

transitory embryonic structures (such as the mesone-

phric tubules and the interdigital webs) and in others the 

elimination of one cell population in favour of another 

(as in the endolymphatic sac of the inner ear)48,49. In the 

case of pre-malignant tumours, oncogenically stressed 

cells become senescent and may also trigger clearance 

and tumour elimination. Benign melanocytic lesions 

(or nevi) are a notable exception. These lesions contain 

oncogenic BRAF (v-raf murine sarcoma viral oncogene 

homologue B) mutations and are senescent165; however, 

for reasons that remain to be elucidated, they are not 

cleared and indeed are stable for years. The senescence–

clearance–regeneration model probably functions in 

cases of occasional adult somatic damage, which leads to 

a complete restoration of the damaged tissue. In support 

of this, mice that are genetically deficient in senescence 

pathways are more sensitive to various tissue injuries, 

and they present with exacerbated fibrosis and more 

severe tissue damage (see above). However, after per-

sistent damage or in aged tissues, clearance and regen-

eration may be compromised owing to poor macrophage 

recruitment or a deficient regenerative response (FIG. 3). 

In these circumstances, senescent cells accumulate and 

create a stable senescent lesion that may aggravate the 

pathology. Therefore, the balance between the beneficial 

and detrimental effects of senescence probably depends 

on whether senescent cells are only transitory or whether 

they accumulate over time. 

Senescence as a therapeut ic target

Current available evidence indicates that both pro-

senescent and antisenescent approaches can be desirable 

depending on the therapeutic context. During the course 

of ongoing tissue damage, the promotion of senescence 

can be beneficial by limiting the fibrotic response. In the 

case of cancer, pro-senescent therapies are emerging and 

have been the topic of a recent review166. CDK4 inhibitors 

Figure 3 | Unified model of senescence. Senescence initiates a tissue remodelling process by recruiting immune cells 

through the senescence-associated secretory phenotype (SASP). Macrophages clear the senescent cells, and progenitor 

cells repopulate and regenerate the damaged tissue. This sequence of senescence–clearance–regeneration may be 

impaired upon persistent damage, pathological states or ageing. In these cases, senescent cells are not efficiently cleared 

and the tissue is not fully regenerated. Resolution of the damage in these cases involves a fibrotic scar with senescent 

cells, inflammatory cells and fibrotic tissue.
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Figure 4.5. Fibrosis precedes both regeneration and 

scarring in vertebrates. In adult vertebrates where skin 

regeneration has been described, the wound bed becomes 

filled with extracellular matrix resembling granulation tissue 

found in mammalian wounds that sc...

Ashley W. Seifert,  Malcolm Maden

Chapter Four – New Insights into Vertebrate Skin Regeneration

International Review of Cell and Molecular Biology, Volume 310, 2014, 129–169

http://dx.doi.org/10.1016/B978-0-12-800180-6.00004-9
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ASC & «aging » ?

Regenerative medicine  age related diseases

Aging & stem cells  exhaustion of regenerative cells pool

and/or decrease of proliferation potential

and/or decrease of multipotency/plasticity

and/or decrease of their paracrine activity

Aging  unbalanced cell turn-over & tissue homeostasis


