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Outline 

 MSC function 

 MSC in lupus 

 MSC therapy in lupus nephritis(LN) model 

 MSC therapy in human LN 

 Mechanism of MSC treatment in lupus     

Tyndall A, et al. Nat Rev Rheumatol 2014, 10: 117-124. 



Mesenchymal stem cell function 

 Multiple sources 

        ---- BM, UC, UCB, AD, skin… 

 Self renewal 

 Multiple differentiation 

 Tissue repair  

 Hematopoietic support 

 Immuno-regulation 

Tyndall A, et al. Nat Rev Rheumatol 2014, 10: 117-124. 
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Bone marrow (BM) mesenchymal stem cells (MSCs) give rise to cells forming the skeleton. BM-resident

MSCs self-renew, giving rise to identical cells that may differentiate toward the lineages that form the
skeleton and BM stroma. MSC-derived mineralizing osteoblasts are embedded in the bone matrix to become

osteocytes, although chondroblast and adipoblast precursors can give rise to cartilage-forming hypertrophic

chondrocytes and fat-storing adipocytes, respectively. D ifferentiation into other mesodermal and

nonmesodermal cell types has been reported but remains controversial.

Importantly, the culture of mouse MSCs

is much more challenging than that of hu-

man MSPCs. Isolation of mouse MSCs by

adherence to plastic is fraught with difficulties

given their low frequency and contamination

with hematopoietic cells (36). T o overcome

these hurdles, new techniques have been de-

veloped using retroviral selection (37), culture

in nonadherent conditions (31), isolation of

BM “plugs”(38), and use of compact bone as

an enriched source of MSPC activity (39).

In addition to the classical tri-lineage poten-

tial, MSPCs may also differentiate into other

mesodermal or even nonmesodermal cell types,

such as myoblasts, hepatocytes, and neural cells

(23, 40–43). Interestingly, adult BM MSPCs

express the SSEA4 marker, a glycolipid anti-

gen commonly used to identify undifferentiated

human pluripotent stem cells that can differ-

entiate toward all tissues. H owever, SSEA4+

MSPCs were clonally tested only for bone, car-

tilage, and fat differentiation, and thus far there

is no evidence of pluripotency for these cells

(44). T he capacity of MSPCs to differentiate

into other lineages remains controversial, how-

ever, and may, at least in some cases, arise

from spontaneous cell fusion events of donor

transplanted MSPCs with recipient cells from

other tissue origins (45). Although adult MSCs

are generally considered mesodermal in ori-

gin (46), lineage tracing studies have revealed

that endochondral bones of the head and shoul-

der have a neural crest origin (47, 48). BM-

derived MSPCs express neuroectoderm lineage

markers such as CD 271 (nerve growth fac-

tor receptor) and N estin, and they can form

spheres, that resemble neurospheres. H owever,

the transcriptional program of adult MSCs ap-

pears to be distinct from that of adult neural

stem cells and of many other stem cell types
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and a rat autoimmune neur it is model25 
(despite demonstration of MSC-dependent 
inhibition of T-cell proliferation in vitro 
in  both of these studies). One important 
observation  from in vivo an imal models 
is that relatively few MSCs are engrafted 
within the target tissues, with most intra-
venously infused cells becoming trapped 
in the lungs. In mice, embolism of human 
MSCs in  the lung resulted in local tissue 
injury and subsequent release of the non-
specific anti-inflammatory molecule TNF-
inducible gene   6 protein  (TSG-6) by the 
trapped MSCs, which in turn exerted a pro-
tective effect on distant tissues (the heart) in 
a myocardial infarct model.26 Nevertheless, 
entrapment of infused cells within the lungs 
also occurs with haematopoietic cells during 
any transplantation procedure, but enough 
cells still reach their bone marrow niche to 
ensure stable engraftment. Therefore, no 
consistent immunomodulatory phenom-
enon or mechanism seems to emerge from 
the extensive literature, in my opinion due 
to disparate experimental conditions and 
heterogeneous progenitor cells studied.

MSC homing and engra ftment
Active homing of HSCs to the bone mar row 
after intravenous infusion is well established, 

is rapid and precise, and involves CXC-
chem okin e ligan d  12 (CXCL12; a lso 
known as stromal cell-der ived factor 1) 
and its receptor CXC-chemokine recep-
tor   4 (CXCR4), which explains why trans-
plantation of relatively few HSCs (2 ×  106 
cells per kg) usually guarantees long-term 
stable engraftment. A similar mechanism 
operates for MSC homing to tumours,27 
and is thus proposed to mediate the target-
ing of impaired tissues by MSCs. However, 
as mentioned previously, evidence suggests 
that most intravenously infused MSCs get 
trapped in the lungs.26,28 Furthermore, MSCs 
genetically modified to overexpress CXCR4 
did not home more efficiently to the kidneys 
in a mouse model of ci splatin-induced acute 
kidney injury;28 over expression of CXCR7, 
another receptor for CXCL12, also had no 
effect in this model.28

Data regard ing MSC engraftm ent in 
humans is extremely lim ited. Although 
autopsies of 18 patients who received allo-
geneic MSC therapy for GvHD revealed no 
tumours or ectopic tissue, in  most cases 
the transplanted MSCs were not detectable 
after 50   days post-infusion.29 Furthermore, 
no cor relation  between  degree of MSC 
engraftment and therapeutic outcomes 
was found.29 The authors thus proposed a 

“hit and run” mechanism for the positive 
outcomes of MSC therapy, and also sug-
gested that the lack of prolonged survival 
of transplanted MSCs could limit the long-
term risks associated with the approach.29 
Sim ilar  in vivo obser vat ion s exist  in 
animal models and, in my opinion, MSCs 
are probably desirable for  a shor t-lived 
immuno modulatory effect. However, for 
stable tissue regeneration, as is needed in 
the context of OA, long-term engraftment 
might be more relevant. Fur ther studies 
investigating autologous engraftment (using 
iron-particle-labelled MSCs coupled with 
MRI, for example) and allogeneic engraft-
m ent (using PCR assays of t issues) are 
essential to determine the optimal MSC 
product for the desired clinical result.

MSCs  in rheuma t ic  dis e a s e s
Table   1 summarizes the published experi-
ences regarding the use of MSCs therapeuti-
cally in inflammatory rheumatic disorders; 
the data shown illustrate the limited clinical 
trial evidence available at present, with the 
possible exception of uncontrolled tr ials 
in  systemic lupus erythematosus (SLE). 
Currently, whether autologous MSCs from 
pat ien ts with  au toim mun e rheum at ic 
disease or allogeneic MSCs from healthy 
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Figure  1  |  Inte ractions  of MSCs  and immune  ce lls  demons tra ted in vitro. Ea ch a rrow repre s ents  functiona l inte ra ction be tween the  indica te d ce ll 

type s , a s  de ta iled in publica tions  in pee r-re viewed journa ls  (reviewed e ls e whe re 19). In many ca s e s  bi-dire ctiona l cros s ta lk e xis ts , which influence s  

the  fina l outcome  of the  inte ra ction, a nd thus  the  e ffe cts  of MSC-ba s e d the rapy on dis e a s e . Bla ck a rrows  and te xt pe rta in to re s pons e s  drive n by 

MSCs , whe re a s  the  e ffe cts  of immune  ce lls  on MSCs  a re  indica ted by blue  a rrows  and boxe s . In gene ra l, the  e ffe cts  of MSCs  on ce lls  of the  

immune  s ys tem a re  anti-inflammator y. Abbre via tions : DCs , dendritic ce lls ; MSCs , mes enchyma l s tem ce lls ; NK, na tura l kille r (ce ll); PGE
2
, 

pros taglandin E
2
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Disfunction of lupus bone marrow MSC  

 Grow more slowly 

 Cytokines secretion↓ 

 Differential potential↓ 

 Cytoskeleton 

 Gene expression profiles 

Sun LY, et al. Stem Cells Dev, 2012; Che N, Sun L, et al, Clin Immunol, 2012 

Adipogenesis and osteogenesis Gene expression Cytoskeleton  



          Osteogenic impairment of BMMSC in SLE 
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 SLE BMMSC produced less CCL2 

 CCL2 mediated MSC inhibition on B cells 

 CCL2 modified MSCs had therapeutic effect on lupus 

CCL2 mediated MSC inhibition on B cells 

Che N, et al. J Immunol 2014; 193:5306-5314.   
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Lupus BM MSC fail to efficiently inhibit T cells proliferation 

Wang D, et al. Arthritis Rheumatol 2014; 66(8): 2234-2245.  



SLE Nor 

Disfunction of lupus BMMSC 

 Apoptosis  

 Senescence   

 Fail to inhibit B cell 

 Fail to modulate T cell  
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Sun LY, et al. Arthritis Rheum 2015,Stem Cells Dev, 2012;   Clin Immunol, 2012 

Nor SLE 



Inrease of serum Leptin and NAP in SLE 

Chen HF, et al Arthritis Rhuem,2015 



Leptin and NAP acted via PI3k/Akt on 

senecence of MSC 



Allo-MSC inhibit senescence of SLE MSCs 

N MSC SLE MSC 
N MSC =9; SLE MSC =10  

p53 

p21 

GAPDH 

N      MSC SLE    MSC 

C D 

A B 

** p<0.01, *** p<0.001 Cheng HF, et al. Arthritis Rheum 2015 



MSC IV 

12 

CFSE labeled MSC IV 

Gu Z, et al. Lupus.2010 

MSC homing in lupus kidney 

BALB/c MRL/lpr 

Kidney 



 Survival rate 

 Proteinuria 

 Autoantibodies 

 Treg cells  

     Autologous MSCT failed to cure lupus mice 

Gu F, Gilkeson G, et al. Clin Immunol,2012 



C3 

      B6 MSC               MR/lpr MSC                     FB                            PBS 

IgG 

       B6 MSC                MR/lpr MSC                   FB                           PBS 

*   p<0.05         

**p<0.01 

    Autologous MSCT failed to cure lupus mice 

 Immune complex deposition in glomerulus 

Gu F,  et al. Clin Immunol, 2012 

 



Allogeneic MSCT is effective in lupus models 

Sun LY, et al. Stem Cells, 2009, 27:1421-1432   

– Proteinuria ↓ 

– Autoimmune Ab ↓ 

– Serum albumin ↑ 

– Improved renal 

pathology 

– Bone formation ↑ 



Xenogeneic  human bone marrow MSCT is 

effective in LN models 

 Survival rate ↑ 

 Proteinuria  ↓ 

 Renal IC deposition ↓ 

 Renal VEGF, TGF-β ↓ 

   MSCT (1X) MSCT (3X) 

Sun LY, et al. Cell Mol Immunol, 2008 



Autologous MSCT failed to treat lupus patients 

Carrion F, et al.  Lupus 2010, 19: 317-22. 

 BILAG and SLEDAI score had no change during 14 weeks visits 

 Peripheral CD4+CD25+Foxp3+T cells ↑ 

 No adverse event 



Allogeneic MSCT for refractory SLE patients 

 Bone marrow OR umbilical cord derived MSCs  

 Clinical efficacy and safety profile 

 

 

Sun L, et al. Arthritis Rheum 2010;62:2467-2475. 

Liang J, et al. Ann Rheum Dis 2010;6:1423-1429. 
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研究内容和创新 

    87 pts 4y followup 

  Survival  94%， 

  Mortality  6%  

  CR+PR     60% 

  No side effect 

Allogenic MSCT in SLE 

Severe refractory SLE 2 y mortality  35% 

Wang D, et al. Cell Transplant, 2012 

2y 

35% 

6% 

4y 



江苏省MSC治疗SLE多中心研究  

江苏省重大成果转化项目(BA2009124) 

脐带间充质干细胞技术体系转化在自身免疫病治疗中的应用 

南京鼓楼医院，江苏省人民医院，苏北人民医院，江苏大学附属医院 
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Allo- MSCT induced disease remission in lupus 

 Multi-center clinical study 

Renal BILAG  



 

ACR  2014，OP       Clin Rheumatol,2014 



Demographics 

Age (y) 31.6 (12-55) 

Women: men (n) 74/7 

Duration (month) 83.1 (6-264) 

Renal BILAG [n (mean)] 81 (4.48± 2.60) 

Proteinuria [n, (g/24 hours)] 81 (2.74± 1.20) 

Serum creatinine [n (μmol/L)] 33 (196.27± 99.01) 

Serum albumin [n (g/dL)] 61 (2.58± 0.47) 

GFR [n (mL/min)] 27 (58.55± 19.16) 

Renal biopsy [n (%)] 13 (16.05) 

SLEDAI score [n (mean)] 81 (13.11± 4.20) 

Cutaneous involvement [n (%)] 59 (72.84) 

Musculoskeletal involvement [n (%)] 57 (70.37) 

Hematologic involvement [n (%)] 36 (44.44) 

Neuropsychiatric involvement [n (%)] 4 (4.94) 

Baseline prednisolone [n (%)] 81 (100) 

Hydroxychloroquine [n (%)] 43 (53.09) 

Cyclophosphamide [n (%)] 66 (81.48) 

Mycophenolate mofetil [n (%)] 19 (23.46) 

Patients baseline characteristics 



Clinical outcome 

 Overall survival: 95% (77/81) 

 Complete remission:  30.9% 

(25/81) 

 Correlated with baseline 

proteinuria (P = 0.003, OR = 

0.517, 95%CI 0.336-0.794) and 

baseline serum creatinine (P = 

0.047, OR = 0.471, 95%CI 0.224-

0.990). 

 Partial remission: 22.5% (18/80) at 3 mo, 27.3% (21/77) at 6 mo, 20.8% (16/77)  at 12 mo 

 Correlated with baseline proteinuria (P = 0.039, OR = 0.762, 95%CI 0.588-0.986) 

 Overall remission: 60.5% (49/81) 

 Renal flare:  22.4% (11/49), correlated with creatinine (P = 0.003, OR = 1.773, 95%CI 

1.213-2.591) 
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              MSCT induced renal remission 
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Bone marrow VS. umbilical cord MSCT 
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Single VS. double MSCT 

Wang D, et al. Clin Dev Immunol 2012; 2012:273291  
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 Allogeneic MSC 

 Bone marrow or umbilical cord 

 Once intravenous infusion 

 CYC precondition is not necessary 

 Repeated MSCT at 6 months 

What’s the mechanism? 
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IFN-γ-induced IDO is required for MSC suppression of human SLE 

Wang D, et al. Arthritis Rheumatol 2014; 66(8): 2234-2245.  
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 UC MSC maintain nTreg in lupus  

Wang D, et al. Arthritis Rheumatol 2014; .  
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 Inhibit B cell proliferation 

 Inhibit B cell activation  

 Inhibit plasma cell 

 Inhibit Ab production 

 Inhibit BAFF and BAFF-R 

 

The mechanism of MSC inhibition on lupus B cells 

Ma X, et al. Cell Transplant 2013; 22: 2279-90. 

Che N, et al. Clin Immunol 2012;274(1-2):46-53.   

Allogeneic MSC inhibit B cell activity to induce immunotolerance 



MSC enhanced macrophage phagocytosis 

Before MSCT After MSCT 

PI=1.2923 PI=1.6384 

Mφ              UCMSC-educated Mφ 

n=4, **: p<0.01 

Deng W, et al. Clin Immunol,2015 



                    MSCT in SLE 

Liang J,Sun LY. Lupus,2014 



Summary 

•  Autologous MSC were not appropriate for clinical therapy 

•  Allogeneic MSCT is safe and efficient for lupus patients 

•  60%(CR+PR) effective rate of LN treated with allogeneic MSCT 

•  Immunotolerance induced via immunoregulation 



Challenge 

 Long time safety 

 Long time efficacy 

 Efficacy of MSC dose escalation different 

 MSC maintenance  

 Real mechanism in different AD 

 Prospective RCT needed 

 Long time followup 

 MSC products 
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