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Les Greffes de moelle dans les maladies autoimmunes
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SYSTEMIC AUTOIMMUNE DISEASES: (AD):6-8 %

a  single continum ≠  clinico-pathological classification  

Mc Gonagle Plus One 2006

SSc : a GVHd like disease in the autologous setting!
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• Formes sévères or rapidement évolutives de MAI :
• Sclérodermie systémique1

Survie 5 ans   30 % 40  - 50%

• Lupus Systémique2

Survie 10 ans /IR        70/50 % 90/35 %

• Sclérose en plaques3 : biothérapies  

• Crohn’s4 : immunosuppresseurs, immunomodulations

• Diabète type I non acido-cétosique5 : insuline à vie

1/ Farge D, et al. Bone Marrow Transplantation 2017;1-9. doi: 10.1038/bmt.2017.56. 2/ Illei GG, et al. Ann Rheum Dis 2011,70(12):2071-4. 

3/ Muraro PA, et al. JAMA Neurol 2017;74(4):459-69. 4/ Lindsay JO, et al. Lancet Gastroenterol Hepatol 2017;2:399-406. 5/ Snowden J, et 

al. Bone Marrow Transplant 2012;47:770-90.
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CORTICOIDES

CYCLOSPORINE  A

Serum 

Antilymphocytaire

Cyclophosphamide po, iv
Biothérapies

Greffe Moelle …………………..CSM

Cellules Souches Hématopoiétiques :

Moelle Osseuse, Périphérie, Cordon
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BM ? Treat AD in human IKEHARA PNAS 1985

T cell dysfonction  <= thymic involution  AD mice + aN HSC 

1985: first succes allo BM in SLE  mice

Imporved results with fetal BM: stroma cells ? CSM ?

V BEKKUM Best Pract Res 2004 



SLE associated mortality with:

- Untreated mice

- TBI + syngenic BM (+ spleen cells)

-CY + TBI + syngenic BM (+spleen cells)

Immunomodulation of AI in MRL/Lpr mice with syngeneic BMT 

Karussis Clin Exp Immunol 1995; 100: 111
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VAN BEKKUM :  
. Inflammatory AD  ◄ initiated + maintained by activated T cells ! Eliminate

. Cy alone < Cy + TBI

. Relapse ◄ memory T cells   ! Radiation > Cy

. Search for specific lymphocytolytic agents: Fludarabine , ATG?

. Immune reconstitution (? stem cell): recapitulation of ontogenesis  



Special report Blood and marrow stem cell transplants in auto-immune disease: a consensus report written on behalf 

of the EULAR and the EBMT A Tyndall and A Gratwohl BMT 1997

Haematopoietic stem cell transplantation (HSCT) in severe auto-immune 
diseases: updated guidelines written on behalf of the EBMT ADWP and PDWP 

J Snowden, R Saccardi, M Allez, S Ardizzone, R Arnold, R Cervera, C Denton, JM van Laar, M Labopin, G 
Mancardi, R Martin, JJ Moore, J Passweg, C Peters, M Rabusin, M Rovira, D Farge BMT 2011on line, C

Per Ljungmann BMT 2009 Level II = at least one well designed clinical trial without randomisation: cohort or case 
controlled analytical studies (preferably > one centre), multiple time series studies 

Disease Sib donor Well matched unrelated Mismatched donor Autologous

MS D/III GNR/III GNR/III Level I

SSc D/III GNR/III GNR/III Level I

SLE D/III GNR/III GNR/III CO / II

Crohn’s GNR/III GNR/III GNR/III Level II

RA GNR/III GNR/III GNR/III CO/II

Vasculitis GNR/III GNR/III GNR/III CO/II

Polymyositis-

Dermatomyositis

GNR/III GNR/III GNR/III CO/II

CIPD GNR/III GNR/III GNR/III CO / II

Cytopenia CO/II D/III GNR/III CO / II

T1D GNR/III GNR/III GNR/III D / III



Overall Survival 3 yrs (n= 900)

543210

1,0

0,8

0,6

0,4

0,2

0,0

98 + 2  % RA    (n = 89)

93 + 2  % MS   (n = 345)

87+ 4  % SLE   (n = 85)

82 + 5  % JIA    (n = 65)

80 + 7 % HIC (n=37)

80 + 3% SSc (n=137)

PFS 3 yrs (n=900)

543210

1,0

0,8

0,6

0,4

0,2

0,0

 63 + 4 % SSc (n=137)

55 + 3  % MS (n = 345)

54+ 6 % SLE   (n = 85)

52 + 7% JIA    (n = 65)

34 + 9 % HIC  (n=37)

23 + 5 % RA   (n = 89)

CENTRE EFFECT ON TRM, OS, PFS : 

According to activity center (n > 13);  

100 D TRM for SSC : 6 % 

in 2019: 500 SSc in the EBMT registry

MOSCOW 23 11 2019 copyright MATHEC 



Saccardi R, Gualandi F, Autoimmunity, 2008



Auto-HSCT for AD: diagnosis per year
1994-2019 (n = 3018) – February 2020

Auto-HSCT



ADWP - Number of HSCT: 3260
EBMT Registry – February 2020

► MULTIPLE SCLEROSIS 1603 ► HAEMATOLOGICAL 128

► CONNECTIVE TISSUE 814 ITP 36

SSc 638 AIHA 29

SLE  118 Evans’ 26

PM-DM 18 Other 37

Sjogren 4 ► VASCULITIS 62
Antiphosph. Syndrome 6 Wegener’s 14

Other/Unknown 30 Behcet’s 13

► ARTHRITIS 191 Takayasu 3

Rheumatoid arthritis 82 Polyarteritis 4

Juvenile chronic arthritis : Churg-Strauss 2

*Systemic JIA 63 Other/Unknown 26

*Other JIA 18 ► OTHER NEUROLOGICAL 124

*Polyarticular JIA 17 NMO 26

Psoriatic arthritis 3 CIDP 57

Other 8 Myasthenia gravis 10

► INFLAMMATORY BOWEL 246 Other/Unknown 31

Crohn's disease 200 ► INSULIN DEPENDENT DIABETES 20

Ulcerative colitis 4 ► OTHER 72

Other 42



FIBROSIS

Skin, Lung digestive, heart

HYPERVASCULAR  REACTIVITY

Raynaud, renal crisis, PHT

AUTOIMMUNITY 

Anti Scl, Anti centromeres, Anti RNPo III

Systemic Sclerosis: 1996 - 2020
Prevalence : 7 - 1580 / M  Incidence : 0.6 -19 / M  

x 1.2 -1.8 black female

MOSCOW 23 11 2019 copyright MATHEC 

EUSTAR data base
ORPHAN RARE DISEASE PLAN 

EURORDIS Patients association

ADWP EBMT registry
 Better awareness / pronostic factors : PHT

 Earlier diagnosis EULAR 2013

 Disease evaluation Activity criteria



Diffuse Cutaneous

Limited Cutaneous

pulmopnary hypertension
malabsorption

Intermediate

Late

LateIntermediate

joint contractures,
GI, lung, heart, kidney
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Systemic Sclerosis ?  1996-2019

Prevalence : 7 - 1580 / M        Incidence : 0.6 à 19 / million  x 1.2 -1.8 black female 

Nanini  Athr Res Ther 2008

FVC

DLCO

Clinical prediction of 5yr survival in SSC Fransen J et al Ann Rheum Dis 2012   www.eustar.org 

MOSCOW 23 11 2019 copyright MATHEC 



Primary heart disease: 30% of the deaths
SMR : 1.03 (2000) to 0.6 (2011) per 105 men and women

11 193 pts EUSTAR sample :
9.6% died after 2.3 yrs median FU 

2000- 2011 : EUSTAR cohort deaths + French death certificates  

MOSCOW 23 11 2019 copyright MATHEC 



Baraut J et al, Autoimmun rev. 2010

T lymphocytes Infiltration

Cytokines Production 

Inflammation

SSC PATHOLOGICAL PATHWAYS :

VASCULAR DAMAGE + AUTOIMMUNITY + FIBROSIS

B  lymphocytes activation 

MOSCOW 23 11 2019 copyright MATHEC 



CLINICO PATHOLOGICAL RESULTS from the phase I-II studies: 

Skin and lung fibrosis regression + Improved functionnal status

Verrecchia  F, O Verola Rheumatology 2007

Launay D J Rheumatol 2009    VFC + DLCO  + scanner    

Aschwanden et al ARD 2008 

Performance statut
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http://ard.bmj.com/cgi/content/full/67/7/1057/ARD67071057F01
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Van Laar  JVL and Farge D et al 

10% TRM in ASTIS: 15 yrs recruitement

MOSCOW 23 11 2019 copyright MATHEC 



SCOT US trial Sullivan K. et al

2 types of analysis:

per protocol :  only on data from pts who 

effectively underwent the all procedure  

Intent to treat: real life analysis of data 

from all enrolled patients (gold standard)  

MOSCOW 23 11 2019 copyright MATHEC 



A 72 mths : TRM : 6% ASCT vs 0% cyclo

Overall survival : 86% ASCT vs 51% cyclo

SCOT US trial Sullivan K. et al  NEJM 2018

MOSCOW 23 11 2019 copyright MATHEC 

SCOT: per Protocol



MOSCOW 23 11 2019 copyright MATHEC 



© MATHEC® 10/2018

= > CONDITIONING LESS TOXIC:
CYCLO 60 mg/kg x 2 + Fludarabine 30mg/m2x3 or 60 mg/kg x 2 + Fludarabine 30mg/m2 x 3

=> RATG 0.5 mg/Kg/D at D-5, 1.5 mg/Kg/D-4 to D-1for other days + steroids  1 mg/Kg/ D-5 to D-1
MOSCOW 23 11 2019 copyright MATHEC 



NISCC1  prospective non-interventional study from the ADWP EBMT 
J Henes et al  Hematology 2020

OS 90%

PFS  81.8%

RESP 88.7%. 

100 day NRM 6.25%

4 deaths 

cardiac events

MOSCOW 23 11 2019 copyright MATHEC 



1997 Special Report : Blood and marrow stem cell transplants in auto-immune disease: a consensus report 

written on behalf of the European League against Rheumatism (EULAR) and the European Group for 

Blood and Marrow Transplantation (EBMT) Tyndall A, Gratwohl A.- BMT

2002 Autologous bone marrow transplantation in the treatment of refractory systemic sclerosis: early 

results from a French multicentre phase I-II study. Farge D et al., Br J Haematol.

2004 Autologous stem cell transplantation in the treatment of systemic sclerosis: report from the 

EBMT/EULAR Registry. Farge D et al. Ann Rheum Dis.

2008 Long-term follow-up results after autologous haematopoietic stem cell transplantation for severe 

systemic sclerosis. Vonk MC et al, Ann Rheum Dis. 
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Autologous non-myeloablative haemopoietic stem-cell transplantation compared with pulse 

cyclophosphamide once per month for systemic sclerosis (ASSIST): an open-label, randomised phase 

2 trial. Burt RK et al, Lancet. 
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2011

2014 Autologous hematopoietic stem cell transplantation vs intravenous pulse cyclophosphamide in 

diffuse cutaneous systemic sclerosis: a randomized clinical trial. van Laar JM and Farge D, et al JAMA.
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2012

2015

2017

Haematopoietic SCT in severe autoimmune diseases: updated guidelines of the European Group for 

Blood and Marrow Transplantation. Snowden JA et al, BMT GRADE 1 EVIDENCE 

SCT for severe autoimmune diseases: consensus guidelines of the European Society for Blood and 

Marrow Transplantation for immune monitoring and biobanking. Alexander T, BMT

Cardiopulmonary assessment of patients with systemic sclerosis for hematopoietic stem cell 

transplantation: recommendations from the European Society for Blood and Marrow Transplantation 

Autoimmune Diseases Working Party and collaborating partners Farge D, BMT

Indications et suivi des autogreffes de cellules souches hématopoïétiques dans les maladies auto-immunes 

et auto-inflammatoires : recommandations de la Société francophone de greffe de moelle et de thérapie 

cellulaire (SFGM-TC) Grégory Pugnet, Bull Cancer

Protocole National de Diagnostic et de Soins 2017 Sclérodermie Systémique

https://www.mathec.com/soignants/recommandations-de-bonnes-pratiques/

© MATHEC® 10/2018

https://www.ncbi.nlm.nih.gov/pubmed/9156239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autogreffe+dans+les+Maladies+Auto+Immunes+R%C3%A9sistantes+(ISAMAIR)+study+group*+Autologous+bone+marrow+transplantation+in+SSc+:+early+results+from+a+multicenter+phase+I-II+study
https://www.ncbi.nlm.nih.gov/pubmed/15249325
https://www.ncbi.nlm.nih.gov/pubmed/?term=ann+rheum+dis++2008;+67:98-104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autologous+Non-Myeloablative+Haemopoietic+Stem-Cell+Transplantation+Compared+with+Pulse+Cyclophosphamide+Once+per+Month+for+Systemic+Sclerosis+(ASSIST):+An+Open-Label,+Randomised+Phase+2+Trial
https://www.ncbi.nlm.nih.gov/pubmed/?term=van+Laar+JM+and+Farge+D,+Sont+JK,+Naraghi+K,+Marjanovic+Z,+Larghero+J,+Schuerwegh+AJ,+Marijt+EW,+Vonk+MC,+Schattenberg+AV,+Matucci-Cerinic+M,+Voskuyl+AE,+van+de+Loosdrecht+AA,+Daikeler+T,+K%C3%B6tter+I,+Schmalzing+M,+Martin+T,+Lioure+B,+Weiner+SM,+Kreuter+A,+Deligny+C,+Durand+JM,+Emery+P,+Machold+KP,+Sarrot-Reynauld+F,+Warnatz+K,+Adoue+DF,+Constans+J,+Tony+HP,+Del+Papa+N,+Fassas+A,+Himsel+A,+Launay+D,+Lo+Monaco+A,+Philippe+P,+Qu%C3%A9r%C3%A9+I,+Rich+%C3%89,+Westhovens+R,+Griffiths+B,+Saccardi+R,+van+den+Hoogen+FH,+Fibbe+WE,+Soci%C3%A9+G,+Gratwohl+A,+Tyndall+A
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haematopoietic+SCT+in+severe+autoimmune+diseases:+updated+guidelines+of+the+EBMT
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander+T,+Bondanza+A,+Muraro+A,+Greco+R,+Saccardi+R,+Daikeler+T,+Kazmi+M,+Hawkey+C,+Simoes+B,++Leblanc+K,+Fibbe,+J+Moore11,+++Snarski+E,+++Martin+T,+++Hiepe+F,++Velardi1+A,++Toubert++A,+Snowden++J+and++Farge+D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiopulmonary+assessment+of+patients+with+systemic+sclerosis+for+hematopoietic+stem+cell+transplantation+farge+d
https://www.ncbi.nlm.nih.gov/pubmed/29173974
https://www.mathec.com/wp-content/uploads/2018/04/pnds__sclerodermie_web.pdf


SCLEROSE EN PLAQUES

Prevalence /100 000 : 83 Europe, 117 France*

> 2 M  au monde 

SNC chez adulte jeune : 20-40 ans; 2F /1 H

1er handicap sévère non traumatique sujet jeune

Répercussion ++ au plan individuel et social

≈1 Milliard € (CNAMTS 2013)

Terrain génétique + FDR environnement, 

Auto-inflammation +  Auto-immunité  (CD4+T)

Démyelinisation,  lésion axonale, proliferation gliale

Copyright MATHEC

.Sospedra M . Annu Rev Immunol 2005 ; Reich DS NEJM 2018 

Sniiram-PMSI . Revue d’Epidemiologie et de Santé Publique 2015

Manifestations cliniques variables
15% progressive d’emblée   

Phase initiale hétérogène: activité inflammatoire
formes agressives et autres bénignes

Phase progressive homogène: lésion dégénérative

quelle que soit l’agressivité initiale

15% progressive d’emblée   



27

Traitements de fond et critères 

d’évaluation

• Paramètres cliniques

Poussées : Taux annualisé de poussées, patients libres de poussée

Handicap: Aggravation / Amélioration de EDSS confirmée à 3 / 6 mois, 

AUC`

• Paramètres IRM : Ross L. PRENTICE  Stat Med 1989;8:431-440

Lésion T2: Volume lésionnel T2, Nouvelle lésion T2 ou augmentée de 

taille

Atrophie cérébrale : 

1995

INFβ1b

2006

Mitoxantron

e 

Natalizumab

Α4β1 integrin

Fingolimod  Daclizumab 

(antiCD 25)

Terifludomid

Alemtizuma

b 

OCR

2011 2013 201

4

2018201

7

INFβ1a

1997

Cladribine  

2001
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Modifications de la prise en charge de la 

SEP

Modification des objectifs thérapeutiques :  Rémission

NEDA : Absence d’évidence d’activité de la maladie

Prise en compte des risques associés aux traitements

• Infectieux : LEMP, cryptocoque, BK, VZV, hépatite

• Néoplasie : Leucémie, mélanome

• MAI induites : thyroïdite, hépatite, PTI, glomérulopathie

• Rebond à l’arrêt des traitements suspensifs

=>plan gestion des risques et de stratification si possible

REMISSION

POUSSEE

LESION T2

EDSS

LESION G+ 

?

ATROPHIE

COGNITION

Qualite de 
Vie



Cumulative nber of new T2 MRI lesions over 1,2,3 4 years

1 year, p=0.008

2 years, p=0.011

3 years, p=0.006

4 years, p=0.008

Primary endpoint, ITT population

Mancardi et Al,

Neurology 2015  

Profound and significant effect 

of AHSCT on lesion activity 

evaluated with MRI



No relapse No▲disability progression  No new or active lesions on MRI

.
3
0

% of pts with NEDA at 2 years with

Copyright MATHEC

No evidence of disease activity: new goals for RR-MS

Sormani MP, et al. Mult Scler 2017



Cyclophosphamide for mobilization

↓ incidence of Cytokine-related MS flare

↓ nber of Lymphocytes in the graft Disease-
modifying effect

High intense regimen do not seem to 
provide benefits over intermediate/low

Irregular distribution of conditioning regimens
and graft manipulation across the diagnosis

Is low intensity (Cyc/ATG) enough? 

Recent data with intense regimens are missing

31

Estimated lymphoablative and myeloablative

effects of AHSCT protocols for MS

Nb of AHSCT procedures for MS  and TRM

Copyright MATHEC
Muraro PA, et al. JAMA Neurol 2017;74(4):459-69.



Crohn’s Disease: 27-48 per 100 000

- 30-50% pts require surgery 

- % SMR: 1.19 (95% CI, 1.06-1.35) UC   SMR: 1.38 (95% CI, 1.23-1.55) CD

-  ┼ colorectal cancer, pulmonary disease, nonalcoholic liver disease

32

Smokers

Industrial 
countries

Family 
cases

Mechanisms
. Inflammation
. Obstruction

Symptoms

Pain
Diarrhoea

Discharge

Weight loss

Fistula

Fever

Copyright MATHEC

Malabsorption

Short bowel

BA malabsorption

No Ileocaecal valve

Colonic disease

Perianal fistulae

Other fistulae

Nutrition

Distribution

Ileal or ileo-caecal

Perianal

Colonic

Other: - Small bowel

- Gastroduodenal

SMR: standardized mortality ratios. UC: ulcerative colitis. CD: Crohn’s disease.



IBD : steroids, immunosuppressive and biologic control the symptoms only 

rather than cure  the disease => surgery in the course. 

n = 70 pts 

published

Copyright MATHEC

IBD: inflammatory bowel disease.

1/3 pts fail antiTNF; 10% pts do not tolerate or primary non responders; 1/3 pts transient responders:  



• 23 pts  HSCT ( 76 SAE + 1 death )  22 standard treatment (controls) 38 SAE  

34

Lindsay JO, et Lancet Gastroenterol  2017 Combined HSCT pts at any time during the ASTIC program 



Copyright MATHEC

Yes we can induce

reset of tolerance!

Radbruch A, et al. 

Ann Rheum Dis 2004  



Immune reconstitution after AHSCT: renewal of the immune repertoire 
Type I : replacement of mature T/B memory repertoire with naïve, non-pathogenic cells

Type II : reinstatement of Immune  Regulation increased nb and/or function of regulatory cells

immunophenotyping, TREC (Thymic output), CDR3 spectratyping / nucleotide sequencing 

Farge Arthritis Rhum 2008 (n = 7), Barault BMT2013 (n = 7), 

Michel BMT 2016 (n=7), Farge Hemato Oncol 2017 (n=12), 

Coelho Blood Advances 2018

Naïve

Memory

Senescent 

↑ T regulatory cells Foxp3

↑ naive B cells after HSCT 

↑ CD4+CD25highFoxP3 ↑regulatory T cells
↑ CD8+FoxP3 ↑ ↑ suppressive function 

I



DETERMINANTS OF IMMUNE RESPONSE AFTER HSCT 

Farge Arthr Rheum 2005 

CD19+ et CD20+ et AC anti SCL70 (r = 0.27, p<0.05)

Lymphopenie T CD4+, CD4+CD45RA+: favorable SSc

TREC /CRP: rp< 0.001, TREC / CD19+: rp< O.OO1 ( PR, SEP)

Baraut  J  Autoimmunity Review 2010

Barault 2013

CD4 + CD 25 +

PATIENTS (n  =14) : ns
Rodnan : 17 + 10  vs  43 + 7, p < 0.03

SHAQ :   0.8 + 0.7 vs 2.3 + 0.2, p < 0.05



Long-term mRSS fall > 25% more pronounced in those improving FVC% > 10% (P=0.026

Pretransplant B cell clonal expansion + faster T-cells IR after aHSCT in non-responders /relapsing

Long-term immune reconstitution and T-cell repertoire analysis after 

autologous HSCT in systemic sclerosis patients 
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Superiority of TCR diversity after AHSCT 

and low clonotype overlap 

in responder group

Analysis of T-cell clonotypes using TCR sequencing

Arrruda Lc et al Blood Adv. 

2018
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Increase of total B-cell (cjKREC)

Analysis of newly-generated Naive B-cells

Increase of naive B-Cells and total B-Cells after AHSCT
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Analysis of B-cells différenciation : from naive to memory B-cells

Number of memory B-cell (CD27+) and plasma cells 

are not modulated by AHSCT

CD27 : memory B-cell marker



4

4
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A Evolution of individual

clonal frequencies. “New” 

refers to clones not present

before treatment; “expanded” 

clones have increased from

1+ or 2+ before treatment to 

3+ or 4+; and “persistent” 

clones have not changed their

classification frequency.

B Proportional representation

of the clones that were found

to be the 100 most frequent at 

2 months after transplant in 

CD4+ (top) and CD8+ 

(bottom) T cells.

Longitudinal evaluation of T cell clones after HSCT

ANALYSE DU REPERTOIRE APRES AUTOGREFFE DE MOELLE DANS LA SEP 

J Clin Invest 2014;124(3):1168-72.



(-) T cell 

proliferation

(-) B cells

proliferation and  differenciation

(-) DC

differenciation and maturation

Depending on 

MSC dose

Soluble factors

TGF-b, PGE2

IDO, HGF

Cellular 

contacts

(-) entry 

In phase S 

stop  cell cycle  in 

phase G0/G1
Soluble factors 

dependant

↓ expression  chemokines 

(CXCR4/CXCL12

CXCR5/CXCL13)

MSC

Treg 

induction

(-) NK cells

proliferation and cytotoxicity

Soluble factors

PGE2 , TGF-b

IDO

Cellular 

contacts

↓ IFN-g

production

↓ CD11c, CD83,

CMH classe II 

expression 

Ssoluble factors

IL-6, PGE2

M-CSF
stop cell cycle 

in phase G0/G1

↓ TNF-a, IFN-g and IL-12 

synthesis



Multipotent MSC: Definition and 

characterization
Krampera et al Cytotherapy 2013; 0:1-8 

✓ Plastic adherence in standard 

culture conditions

✓CFU-F

✓Phenotype + ≥ 95% / - ≤ 2% 

cells to exclude HSC contamination

✓ Differenciation in adipocyte, 

ostéoblaste and chondrocyte

MSC sources  :

BM, adipose tissue, dental 

tissue, umbilical cord ,  



MSC : Isolation and expansion   

Cellules 
médullaires 

totales Milieu de culture
aMEM

10% SVF
FGF2

2 semaines de culture
Changement de milieu 

tous les 3 jours

Cellules 
adhérentes

Expansion

Ponction 
médullaire

• MSC = 0.01- 0.001% Bonne Marrow mononuclear cells

• High  expansion rate (25 mL BM = 2 to 5.10^8 MSC in 5 weeks)

• Limited long term proliferative potential (20-40 doubling population according age)

• Long term replication senescence

Trypsinisation à 
confluence



(A)Fluorescence-activated cell sorting (FACS) analysis of multiclonal BM, MU (muscle), PE (periosteum) and CB cells  

strains express the canonical in vitro phenotype of ‘‘MSCs’’ and CD146 (isotype controls indicated in gray).

Hierarchical clustering (B) and the principal component analysis (C) revealed that gene-expression profiles of CD146+ 

cells are clearly separated by the origin factor.

Sachetti, Stem cell reports, 2016





Critical parameters for assessment of MSC immunomodulatory potential. Standardization of 

these parameters is of utmost importance to ensure reproducibility of the experiments. 

Ménard C and Tarte K, 2013  Stem Cell Research & Therapy



Should we use cord blood or bone marrow as a source of cells for treating AD : 

SC : Bone Marrow and Umbilical Cord blood human Int J CLIN EXP Med  2010; 3: 248

MSCs = 0.001–0.01% total BM nucleated cells

- viral exposure

- proliferative/differentiation capacity with age

More primitive, less likely immunological
Allogenic use  , collection easy, non invasive

no ethical / technical issues

Lower success for isolating 63% UCB vs 100% BM

Banking 

1.  CFUF frequency : UC > BM

2.  Proliferation hUCMSC Faster (P30) > BM (P6)

3.  Lower expression CD106 and HLADR UB > BM



Ben-Ami E, et al . Autoimmunity reviews 2011;  

Main mechanism: paracrine  soluble factors secretion (transwell) ; cell to cell contact 

amplifies process IDO = enzyme whose activation depletes environment in tryptophan; NO 

release = cytotoxic T and NK cells 



MSCs FUNCTIONS from SSc patients ? (n < 100 )

Del Papa N, Arthr Rheum 2006 (14 pts): no adipogenic /osteogenic differentiation
potential, ↓ long term hematopoiesis support and early senescence.  

Cipriani P Arthr Rheum 2007: ↓ in vitro endothelial differentiation but normal adipogenic/ 
osteogenic differentiation. Premature senescence ? 

Larghero J Ann Rheum Dis 2007 Normal MSC in 12 pts + 9 C: phenotype, proliferation (CFU-F) + 
bFGF, differentiation, (-) CML, support hematopoiesis

Vanneaux et al BMJ open 2012 : ↑TGF-β RII signaling in SSc CSM  
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MSC IMMUNOMODULATION  IN SSc PATIENTS:? since the  standardisation of MSCs 

definition and expansion by the EBMT + International Society Cellular Therapies (ISCT) 

n = 1 Christopeit M  Leukemia 2007 41 yr female with advanced SSc. Allogeneic (father) 

BM MSC => marked improvement“ 7 mth Follow Up 
n= 1 Guiducci S et Al, Ann Intern Med, 2011♀ 24yrs, SSc with LAC+ vasculitis, resistant to Steroids, 

Azathioprine, Cyc, plasmaexchange. Autologous, expanded MSCs (1x106/Kg), infused at 0, +30 and + 60. 



mRNA Basal Levels in Normal and SSc MSC

p<0.002
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Enhanced expression mRNA levels of TGF-βRII 

in MSc from SSc patients 

Vanneaux et al., BMJ Open 2012





Chang Cell Tranplantation 2010



Woodword and Furst arth Resear 2016



SSc treatement by allogenic MSC n= 8 / 20
PHRC 2011 Multicenter phase I-II trial

D Farge, PHRC 2011 St Louis Hospital, Paris 7,  France 
AP-HP INSERM U 976, INSERM U 1160, MATHEC FAI2R

Primary objective: Feasibility and tolerance of allogeneic MSC treatement for severe
SSC refractory to Cyclo iv or AHSC

Primary Outcome: Immediate tolerance % pts  with at least one grade III or IV 
secondary effects according to CTCAE (Common Terminology Criteria for Adverse 
Events v3.0)

Secondary Outcome: 

1) Tolerance: 3 mths after injection (no malignancy) 

2) Clinical response SSc: evolution on a quaterly FU up to 2 yrs

3) Immune reconstitution and immunomodulation

Healthy allogeneic Bone marrow donor intrafamilial.
Dose of injected MSC:1 x 106 CSM /kg body wt of the recipient
Patient selection : severe progressive SSC resistant to CY or HSCT

Patient number : 20 patients total in 3 years



SLE treatment with UC-MSC
Littérature and  MATHEC AP-HP collaboration with Nanjin

2010: Sun et al, Arthritis & Rheumatism

n=16

Regression  disease activity, serologica 

changes, 

and stabilization of proinflammatory cytokines

2016: Wang et al, Clin Exp Med

n=9

Good long-term (6 years) safety profile

2018: Wang et al , Stem Cell Reports

n=81 (15 BM, 8 BM+UC, 58 UC)

5 years follow-up:

OS: 84%, CR 27%, PR 7%, relapse 24%

2019: Wen et al, Stem Cell in Press

N=69 (BM + UC) with SLEDAI 

score ≥ 8 at baseline

Prognostic factors for clinical 

response

Low disease activity (LDA): SLEDAI ≤ 

4 without major organ activity, and prednisone 

≤ 145 7.5 mg/day, with or without 

maintenance CYC, MMF, LEF and, 

Clinical remission (CR):  SLEDAI < 3 

without major organ activity, and ≤ 5 mg/day 

prednisone with or without maintenance CYC, 

MMF, LEF. 

12 months follow-up:
SLEDAI

LDA : 58%         CR : 23%

SLEDAI median 

(range) 

Baseline: 13 (8-34)

1 month: 9 (4-20)

3 months: 8 (0-16)

6 months: 6 (0-18)

12 months: 5 (0-18) 

59



NTIC

Multidisciplinary

Common procedures, 

Evaluation 

Indication, 

Follow-up  

EBMT Data base  

www.mathec.com

M Labopin; M  Badoglio, 

Pr E Gluckman 

EBMT -ADWP members


