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Abstract

Type 1 Diabetes (T1D) and Systemic Lupus Ery-
thematosus (SLE) are two autoimmune diseases 
for which there is no definitive cure. Mesenchy-
mal stem cells (MSC) transplantation is being 
tested as a therapeutic option in clinical trials 
for these two diseases. MSCs possess three im-
portant characteristics which could be exploited 
in cell-based approaches for autoimmune con-
ditions: 1) they are potent immunomodulators, 
exerting suppressive functions on immune ef-
fector cells and orchestrating the action of other 
regulatory cells; 2) they can stimulate tissue re-
pair and regeneration mechanisms; 3) they have 
shown a good safety profile in clinical trials, 
including a limited risk of tumour formation. 
Multiple clinical trials of MSC transplantation 
in patients with these diseases are ongoing. Here 
we review the results reported so far and high-
light key emerging findings. These trials confirm 
the safety profile of this type of transplantation. 
In a cohort of T1D patients, the transplantation 
of autologous bone marrow-derived MSCs was 
associated with preservation of beta cell func-
tion over a 1-year follow-up. In a cohort of T1D 
patients who received autologous bone marrow-
derived mononuclear cells along with umbilical 
cord-derived MSCs transplantation, beta cell 
function increased during the 1-year follow-up. 

In both studies, control patients experienced a 
decline in beta cell function. Non-randomized 
studies tested the transplantation of bone mar-
row- and umbilical cord-derived MSCs in pa-
tients affected by treatment-refractory SLE: the 
disease activity index improved, and immuno-
logic parameters suggested partial remission 
from autoimmunity. The outcomes of these trials 
indicate that MSC transplantation is a safe pro-
cedure, and they suggest that MSCs may have 
efficacy in controlling the effects of the autoim-
mune processes. These findings should encour-
age larger and long-term randomized controlled 
studies of MSC transplantation in autoimmune 
disease to confirm safety and better assess ef-
ficacy.

Introduction
Both Type 1 Diabetes (T1D) and Systemic Lupus 
Erythematosus (SLE) are chronic diseases charac-
terized by immune dysregulation. In T1D, patients 
suffer from a progressive destruction of their beta 
cell mass, eventually leading to loss of insulin 
secretion1. SLE has a range of clinical manifesta-
tions, from cutaneous rash and arthritis to a severe 
multi-organ dysfunction2. To date, there is no 
definitive cure for these autoimmune diseases. In 
T1D patients, exogenous insulin therapy is required 
life-long and while it is a life-saving intervention 
most patients fail to achieve satisfactory metabolic 
control. Moreover, patients remain exposed to the 
risk of developing both short and long-term com-
plications, some of which can be fatal3. A subset 
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based therapies: 1) they are potent immunomodu-
lators, exerting suppressive functions on immune 
effector cells and orchestrating the action of other 
regulatory cells; 2) they can stimulate tissue repair 
and regeneration mechanisms; 3) they have shown 
a good safety profile in clinical trials, including 
a limited risk of tumour formation11. In addition, 
they show reduced immunogenicity, possibly due 
to a low expression of MHC-I and to the lack of 
expression of costimulatory molecules.

MSCs as immunomodulators
MSCs can exert potent immunomodulatory func-
tions. Several mechanisms of action have been 
described. MSCs interact with a large variety of 
immune cells, including DC, NK cells, B cells and 
T cells12. Specifically, MSCs are thought to inhibit 
DC differentiation and maturation, suppress the 
proliferation of CD4+ and CD8+ T cells and impair 
the cytotoxic activity of CTL3. Immunomodula-
tory mechanisms also include the induction and 
expansion of T-regulatory (T-reg) cells, as well as 
their ability to balance Th subsets13. Concerning 
the research in T1D, studies conducted in the NOD 
mouse model showed that MSCs induce IL-10 
secreting FoxP3+ T-reg cells14. The generation of 
functional T-reg cells has also been observed in 
SLE patients treated with MSCs6,15. Moreover, it 
has been proposed that MSCs could expand anti-
gen-specific T-reg cells in vivo and could stimulate 
long-lasting tolerance9. 

The MSCs interference on the T helper polar-
ization is of great interest, but the effects are not 
completely understood. MSCs seem to shift the 
cytokine profile from pro-inflammatory to anti-in-
flammatory in the murine pancreatic microenvi-
ronment (i.e. polarizing the response from Th1 to 
Th2 in T1D animal models)3; on the other hand, 
SLE patients showed clinical improvement when 
Th response shifted from Th2 to Th16. 

Moreover, MSCs immunomodulation is depen-
dent on the environment and should not be con-
sidered solely immunosuppressive: as an example, 
MSCs display a pro-inflammatory activity when 
homed into a low-inflamed microenvironment9,13.

MSCs to promote tissue repair 
MSCs have a prominent secretive activity, and 
great efforts have been made to understand the 
biological influence of this activity. Interestingly, 
MSCs display the ability to home into inflamed 

of T1D patients cannot be managed effectively 
with exogenous insulin, and present dangerous 
swings in glycaemia (‘brittle’ T1D). Clinical trials 
in patients with recent onset T1D have explored a 
series of immunotherapeutic strategies to halt beta 
cell destruction and hopefully preserve the residual 
beta cell mass, but so far there has been limited 
success and when effects have been observed these 
are limited in time4. This suggests that chronic 
but safe therapies may be needed to control islet 
autoimmunity, unless self-tolerance to islet cell 
antigens can be restored.

Immunosuppressive therapy is the gold stan-
dard for SLE, but it can cause severe drug toxicity 
and may pave the way to aggressive infections, 
malignancies and cardiovascular diseases5. More-
over, some patients affected by Lupus nephritis 
are refractory to conventional immunosuppressive 
treatments, namely cyclophosphamide, glucocorti-
coids and mycophenolate mofetil6.

Therefore, scientists have been looking for alter-
native therapies: among others, mesenchymal stem 
cells (MSCs) have catalyzed a great interest in the 
last decades; MSCs transplantation has been tested 
extensively in animal models of autoimmune dis-
eases3,7,8. Specifically, the immunomodulatory and 
tissue repair properties of MSCs are a strong ratio-
nale for a therapeutic application of MSCs in these 
diseases. In this review, we will discuss the most 
relevant results emerged in recent clinical trials of 
MSCs transplantation in T1D and SLE.

Mesenchymal stem cells
Mesenchymal stem cells are multipotent and 

ubiquitous precursors, as they have been found in 
a large variety of tissues including bone marrow, 
adipose tissue, umbilical cord and umbilical cord 
blood9. Phenotypic criteria to define MSCs have 
been proposed by the International Society for Cel-
lular Therapy in 200610 and include i) adherence 
to plastic surfaces; ii) expression of CD73, CD90, 
CD105 surface markers; iii) negativity for MHC-
II, CD19, CD11b, CD79α, CD34, CD45, CD14; iv) 
capacity to differentiate into chondrocytes, osteo-
cytes and adipocytes. There is evidence that MSCs 
may be induced to differentiate also into other 
lineages, including neurons, hepatocytes, cardio-
cytes and beta cells, although further studies are 
required to confirm such results3.

MSCs possess three important properties that 
have made them the workhorses for stem cell-
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Clinical trials of msc transplantation in t1d 
and sle patients
Several clinical trials are testing MSCs transplan-
tation in T1D3,19 and in SLE patients. Table 1 and 2 
present summaries of the MSC-based clinical trials 
for T1D and SLE registered in the ClinicalTri-
als.gov database (accessible at https://clinicaltrials.
gov). Only few trials have been completed so far; 
here we will discuss the findings reported.

MSCs for Type 1 Diabetes
As mentioned before, T1D is a chronic autoimmune 
disease in which progressive loss of the beta cell mass 
leads to severe complications such as hyperglycaemia 
and ketoacidosis. Several genes confer an increased 
risk T1D and enigmatic environmental factors are 
believed to trigger disease development. A cellu-
lar-mediated immune response towards one or more 
beta cell autoantigens is thought to initiate the process 
leading to diabetes symptoms. Islet autoantibodies 
appear in the blood and can be detected as markers 
of β-cell autoimmunity years before clinical presenta-
tion1. Eventually, T1D manifests as a clinically overt 
disease when beta cell function and insulin secretion 
has become severely impaired. The relationship be-
tween beta cell function and beta cell mass at the time 
of diagnosis is poorly understood, but the old concept 
that 90% of the beta cell mass is lost at diagnosis is 
being challenged by emerging findings24 showing 
that residual beta cell mass is much greater in many 
patients. The major hurdles for an effective treatment 
of T1D are: to halt the immune destruction of β-cells, 
preserve β-cell function and mass, and regenerate 
or replace beta cells1. Due to their properties, MSCs 
could help achieve these goals. Clinical trials have 
been performed to test the effect of MSCs transplan-
tation at different stages of T1D (Table 1). 

An open label pilot trial25 enrolled recently diag-
nosed T1D patients from Sweden, age 18-40 years, 
within 3 weeks from diagnosis. Twenty patients 
were randomized to autologous bone marrow-de-
rived MSC (BM-MSC) transplantation or to the 
control group which only received insulin therapy 
(Figure 1). The primary endpoint was safety, and 
the treatment was reported to be safe. The MSC 
therapy was associated with preservation of stim-
ulated C-peptide secretion in most of the treated 
patients at one year. The C-peptide area under the 
curve (AUCC-pep) and peak C-peptide were mea-
sured after a mixed meal tolerance test (MMTT) at 
10 weeks and at 1 year after transplantation. 

tissues, which results from the interaction of dif-
ferent subsets of receptors with their ligands (e.g. 
CXCR4 with its ligands CCL12 and SDF-1, and 
VLA-4 with VCAM-1)9. Although thorough stud-
ies need to be performed in order to fully under-
stand in vivo intercellular interactions, a number 
of molecules have been found to be secreted by 
MSCs at their homing site: IL-6, IL-8, TGF-be-
ta, nitric oxide, indoleamine 2,3-dioxygenase, 
TIMP-2, VEGF, HGF, GM-CSF, bFGF, IGFBP3, 
IGFBP4, IGFBP79,16. Such molecules promote tis-
sue repair and act as chemo-attractants recruiting 
macrophages and endothelial cells at the site of 
injury or inflammation. In addition, it has been 
proposed that MSCs signaling through cell con-
tact and microvesicles could participate in im-
munoregulation17. Scientists have wondered for a 
long time whether MSCs transdifferentiate into 
tissue-specific cells or help repair the target tis-
sues. Nevertheless, the possibility that they could 
have a minor role in orchestrating local biological 
functions should not be underestimated. Studies 
in rodent models of T1D seem to validate the 
hypothesis that MSCs boost endogenous tissue 
regeneration, as mice transplanted with human 
MSCs displayed higher serum insulin than the 
control group, with no human insulin detected7.

Safety and tumorigenicity of MSCs
A recurrent hurdle to stem-cell based therapies is 
the risk to give rise to neoplastic transformation. 
Some animal studies have shown that in vitro ma-
nipulated MSCs are able to become tumorigenic 
once reinjected into the subject18. However, MSCs 
appear to be safer than other subsets of stem cells19 
and most recent clinical trials have shown no pro-
gression to tumorigenesis6,15,20-22. A meta-analysis 
published in March 201623 reported a neoplasm 
prevalence of 0.3 % (n=7) among 2,372 MSC-treat-
ed patients who were followed on average for 2.2 
years, with a mean age of 57 years. The annual 
cancer rate was 0.14% in this study group, a lower 
score than the annual incidence of cancer in the 
U.S according to the National Cancer Institute 
(0.78% in the 50-64-year-old population in 2011). 
Therefore, MSCs transplantation does not seem to 
confer an increased risk of tumor development in 
a timeframe of 2.2 years post transplantation. Such 
results suggest that MSC-based therapies are safe, 
at least in the time window of the follow-up of cur-
rent clinical trials.
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function and of metabolic parameters. At the one-
year endpoint, the stimulated AUCC-pep during an 
oral glucose tolerance test was increased by 105.7% 
in cell transplant recipients compared to baseline; 
in contrast, the control patients experienced a 
7.7% decline. Moreover, the HbA1c decreased by 
12.6% in the treated group whereas it increased by 
1.2% in the control group. Fasting blood glucose 
levels decreased significantly in transplant recip-
ients (24.4% decrease at 1 year after treatment), 
whereas it remained substantially unchanged in 
the control group. A change in the cytokine pro-
file was observed in transplanted patients, includ-
ing increased levels of IL-10, decreased levels of 
IFN-gamma and lower ATP production by CD4+ 
T cells. This pattern suggests that cell therapy ex-
erted immunomodulatory effects. It is noteworthy 
that such improvements were achieved in patients 
with established T1D with fasting C-peptide <0.1 
pmol/ml at entry. Considering that such patients 
would likely have a severely reduced beta cell mass 
after many years since diagnosis, the improvement 
reported would suggest some effect of the therapy 
on beta cell mass, perhaps through differentiation 
of the transplanted cells into new beta cells and 
through expansion of the residual beta cells. Given 
the design of the trial, these remain open questions 
and the individual actions of BM-MNCs and UC-
MSCs could not be determined. 

Remarkably, the investigators observed that 
the average C-peptide release did not decrease in 
MSC recipients, whereas they observed a decline 
in C-peptide levels in control patients (mean de-
crease of 13% in the AUCC-pep) during the 1-year 
follow-up. Both the control and the treated groups 
required insulin therapy and there were no statis-
tically significant differences in insulin require-
ments and HbA1c levels between the two groups. 
There were no differences in the frequency of 
GAD65 and IA2 antibodies throughout the study.

Another trial was conducted in China26. The 
study enrolled 42 patients, aged 18-40 years, who 
had diabetes for an average of 8.12 years (range 
2-16 years), who would be expected to have much 
more severe beta cell loss compared to newly di-
agnosed patients. Patients were randomized to re-
ceive cell transplantation or standard diabetes care. 
The treated patients received co-transplantation of 
allogeneic umbilical cord-derived MSCs and autol-
ogous bone marrow mononuclear cells (Figure 2). 
The rationale for this study was that such cell trans-
plantation could stimulate the recovery of the beta 
cell mass, or even contribute to the beta cell mass 
with de-novo differentiation. Endpoints of this 
Phase I/II trial were safety and efficacy assessed 
by stimulated C-peptide, insulin requirements and 
HbA1c levels. The therapy was reported safe and 
resulted in a moderate improvement of the beta cell 

Figure 1. Carlsson et al (Diabetes 2015)25 study chart.
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spond to conventional drug treatment (Table 2). 
In recent years Lingyun Sun and colleagues have 
administered MSCs of different origin in a series 
of single arm open label clinical trials6,15,21,22 with-
out a control group, which limits the interpretation 
of the results. They first attempted to transplant 
allogeneic bone marrow-derived MSCs in 4 pa-
tients (age 16-23) and reported no malignancies, 
infections, pulmonary or cardiovascular insuffi-
ciency, or metabolic disturbances15. As a secondary 
outcome, patients showed a net amelioration of the 
SLE disease activity index (SLEDAI), an improve-
ment in kidney function during the 12-18 months 
of follow-up and an increase in the complement 
protein C3 level at 1-month post transplantation. 
The observation that BM-MSCs derived from SLE 
patients were impaired, possibly participating to 
the development of the disease, encouraged the 
group to explore allogeneic transplantation15. 

Subsequently, Sun and colleagues assessed the 
therapeutic effect of allogeneic umbilical cord-de-
rived MSCs (UC-MSCs from Wharton’s jelly) in 
severe and treatment-refractory SLE6 (Figure 3). Six-
teen patients were enrolled and underwent UC-MSC 
transplantation; 11 patients received a precondition-
ing treatment with cyclophosphamide, whereas the 
remaining patients did not receive preconditioning 
due to poor medical conditions or myelosuppres-
sion. After allogeneic UC-MSCs transplantation, all 
patients received prednisone and this drug was ta-
pered off during the month following transplantation. 

The positive outcome of these trials encourages 
larger studies of MSC transplantation involving 
both newly diagnosed and long-standing T1D pa-
tients. 

MSCs for Systemic Lupus Erythematosus
Systemic Lupus Erythematosus (SLE) is a multi-
factorial disease with a strong autoimmune com-
ponent: genetic susceptibility and various environ-
mental factors participate in the development of a 
disease which has several clinical manifestations. 
Genome-wide association studies showed that 
many genetic loci predispose to SLE. Specifically, 
defects in apoptotic clearance are believed to be of 
paramount importance: a lack of functionality of 
phagocytes leads to persistent exposure of apop-
totic antigens and, eventually, to the capture of 
nuclear antigen fragments by antigen presenting 
cells, presentation to T and B cells and activation 
of autoimmune responses. Among environmental 
factors, UV light is deemed to be a major trigger 
of SLE. Other factors include cigarette smoking, 
infections, vitamin D deficiency, exogenous oes-
trogen and various biological agents2.

Immunosuppression is the current gold stan-
dard treatment for SLE. Nevertheless, severe side 
effects and drug-resistance associated with ag-
gressive forms of this disease contribute to high 
morbidity and mortality in SLE patients.

MSC therapy has been tested for the treatment 
of SLE, with a focus on patients who do not re-

Figure 2. Cai et al (Diabetes Care 2016)26 study chart.
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Figure 3. A, Sun et al (Arthritis Rheum 2010)6 study chart. B, Sun et al (Arthritis Rheum 2010)6 study chart, part 2.

A

B
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plants, one patient received three transplants and 
one received four (Figure 4A). Apparently, no spe-
cific criteria were followed in the administration of 
either only UC-MSCs or UC-MSCs in combination 
with BM-MSCs.

After transplantation, 28% of recipients 
achieved clinical remission at 1 year (23/83), 31% 
at 2 years (12/39), 42% at 3 years (5/12), and 50% 
at 4 years (3/6). The overall rate of relapse was 
23% (20/87). The rate of survival was 94% (82/87) 
as 6% (5 patients) died after complications of 
SLE. These complications were considered to be 
unrelated to the MSCs transplantation, and were 
reported as: gastroenteritis and heart failure (3 
months post-transplantation), n=1; disseminated 
lung infection and uncontrolled Lupus Nephritis 
(6 months post-transplantation), n=1; lupus relapse 
with pulmonary hypertension and heart failure 
(8 months post-transplantation), n=1; pulmonary 
embolism (9 months post-transplantation), n=1; 
uncontrolled progressive disease and acute heart 
failure (1 week post-transplantation), n=1. With 
a mean follow-up of 27-months, this clinical trial 
suggests that MSC transplantation is overall safe 
in SLE patients. There are reasons to believe that 
MSC transplantation also has efficacy in con-
trolling symptoms of SLE (Figure 3B, 4B). Never-
theless, a recent study by the same group suggests 
that repeated infusions of MSCs are necessary to 
avoid recurrence of SLE20. 

Proposed scheme for clinical trials
Randomized and double-blind controlled studies 
are expected in the near future, but may present 
ethical issues in the setting of autologous trans-
plantation. The procedure of cellular isolation is 
invasive and may affect the clinical course of the 
disease in some patients. In a double-blind study 
aimed at testing the efficacy of autologous BM-
MSC transplantation, bone marrow cells could be 
aspirated in all patients, but would be transplanted 
only in the MSC transplant group. In such case, we 
propose to design a clinical trial as shown in Figure 
5. In the proposed scheme, participants are initially 
randomized either to the MSC treatment group, 
or to the Control group. All participants undergo 
cellular aspiration and MSC isolation. The samples 
from the Control group are cryopreserved, while 
the ones from the Treatment group are cultured for 
transplantation. Subsequently, the treatment group 
receives cell transplantation, whilst the control 

Thirteen patients also received cyclophosphamide 
and/or hydroxychloroquine post-transplant. All 
patients were followed-up at 1 and 3 months, 10 
patients were followed-up for more than 6 months 
and 2 were followed for more than 2 years. The 
average SLEDAI score was 18.4 before UC-MSC 
transplantation. At 1 month after transplantation 
the SLEDAI scores decreased to an average of 
10.8, and kept decreasing during the following 
months, averaging 7.9 at 3 months. For the patients 
who were followed up more than 6 months the 
SLEDAI kept decreasing. The two patients who 
were followed >2 years maintained SLEDAI scores 
below 4, suggesting a long-term positive effect. 
Proteinuria improved and became negative at 1 
year, serum albumin levels reached levels close 
to normal at 6 months, complement protein C3 
increased, anti-dsDNA antibody and anti-nucle-
us antibodies (ANA) decreased significantly. The 
balance between Th1 and Th2 response seemed 
to be restored, as IL-4 levels dropped. Neurolog-
ical complications did not recur and hypertension 
was maintained within satisfactory values in these 
patients. Of significant importance is the increase 
of the percentage of CD4+ FoxP3+ T-reg cells, 
which strengthens the hypothesis that administer-
ing MSCs is a useful immunomodulatory approach 
for the treatment of autoimmune diseases. Aug-
mented concentrations of TFG-beta were observed 
at 3 and 6 months, while no relevant changes were 
observed in the concentration of IL-10. Notably, 
no differences were detected during the follow-up 
between the cyclophosphamide pre-conditioned 
and the unconditioned cohorts, suggesting that the 
treatment effect derived mainly from MSC trans-
plantation. This study did not report serious side 
effects connected to MSC transplantation. 

In their following study Sun et al22 administered 
allogeneic UC-MSCs and/or allogeneic BM-MSCs 
in a larger cohort of patients, achieving a more than 
satisfying scale of remission (Figure 4). Eighty-sev-
en patients with a disease resistant to conventional 
immunosuppressive drugs (i.e. cyclophosphamide, 
mycophenolate mofetil, azathioprine, lefluno-
mide) were recruited; 51 patients (59%) received 
a preconditioning treatment of cyclophosphamide, 
whereas 36 patients (41%) did not. After the first 
infusion, 18 (21%) patients showed no response 
to therapy or had a relapse. This group of patients 
underwent subsequent infusions of MSCs, with no 
CYC pre-treatment. 16 patients received two trans-
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Conclusions
The safety of MSCs transplantation was corrob-
orated in clinical trials in T1D25,26 and SLE pa-
tients6,21,22. In both conditions, various regimens 
involving MSCs showed some therapeutic efficacy. 
However, it must be noted that unlike the T1D 
trials, the studies in SLE patients did not include 
control groups6,15,20,22. None of these studies ad-
ministered placebo6,15,20-22,25,26. Therefore, results 

group receives placebo. If the treatment is deemed 
safe and shows efficacy after a long-term follow-up 
(1-2 years), the option of transplantation can be 
extended to participants in the control group, who 
would receive cryopreserved MSC. By following 
this scheme, the efficacy of autologous BM-MSC 
transplantation would be assessed more clearly, 
and the potency of cryopreserved and non-cryopre-
served cells could be compared.

Figure 4. A, Wang et al (Cell Transplant 2013)22 study chart. B, Wang et al (Cell Transplant 2013)22 study chart, part 2.

A

B
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plantation for diabetes. CELLR4 2015; 3: e1408.

  4.	Skyler JS. Prevention and reversal of type 1 diabe-
tes--past challenges and future opportunities. Diabetes 
Care 2015; 38: 997-1007.

  5.	Bernatsky S, Boivin JF, Joseph L, Manzi S, Ginzler E, 
Gladman DD, Urowitz M, Fortin PR, Petri M, Barr S, 
Gordon C, Bae SC, Isenberg D, Zoma A, Aranow C, 
Dooley MA, Nived O, Sturfelt G, Steinsson K, Alarcón 
G, Senécal JL, Zummer M, Hanly J, Ensworth S, Pope 
J, Edworthy S, Rahman A, Sibley J, El-Gabalawy H, 
McCarthy T, St Pierre Y, Clarke A, Ramsey-Goldman 
R. Mortality in systemic lupus erythematosus. Arthritis 
Rheum 2006; 54: 2550-2557.

  6.	Sun L, Wang D, Liang J, Zhang H, Feng X, Wang H, Hua 
B, Liu B, Ye S, Hu X, Xu W, Zeng X, Hou Y, Gilkeson GS, 
Silver RM, Lu L, Shi S. Umbilical cord mesenchymal stem 
cell transplantation in severe and refractory systemic lupus 
erythematosus. Arthritis Rheum 2010; 62: 2467-2475.

  7.	Lee RH, Seo MJ, Reger RL, Spees JL, Pulin AA, Olson 
SD, Prockop DJ. Multipotent stromal cells from human 
marrow home to and promote repair of pancreatic islets 
and renal glomeruli in diabetic NOD/scid mice. Proc Natl 
Acad Sci U S A 2006; 103: 17438-17443.

  8.	Zhou K, Zhang H, Jin O, Feng X, Yao G, Hou Y, Sun L. 
Transplantation of human bone marrow mesenchymal 
stem cell ameliorates the autoimmune pathogenesis in 
MRL/lpr mice. Cell Mol Immunol 2008; 5: 417-424.

  9.	Squillaro T, Peluso G, Galderisi U. Clinical Transplan-
tation of human bone marrow mesenchymal stem cell 
ameliorates the autoimmune pathogenesis in MRL/lpr 
mice. Cell Mol Immunol 2008e. Cell Transplant 2016; 25: 
829-848.

should be ideally reproduced in randomized, place-
bo-controlled trials. Some of the approaches made 
use of cells from different sources, transplanted 
in the same recipients: allogeneic UC-MSCs and 
autologous BM-MNCs in T1D patients26, alloge-
neic UC-MSCs and allogeneic BM-MSCs in SLE 
patients22. In those studies, the cell populations 
and biological mechanisms responsible for the 
observed effects were not clearly identified. Thus, 
critical questions about the therapeutic mecha-
nisms remain, some of which may not be fully ad-
dressed in patients because of limitations in access 
to tissue. Overall, given the encouraging results, it 
is expected that controlled trials in the future will 
provide a more rigorous assessment of the efficacy 
of MSC transplantation in autoimmune diseases, 
which will guide further the development of clini-
cal applications for MSC transplantation.

Conflict of Interests:
The Authors declare that they have no conflict of interests.

References

  1.	Skyler JS, Ricordi C. Stopping type 1 diabetes: attempts 
to prevent or cure type 1 diabetes in man. Diabetes 2011; 
60: 1-8.

  2.	Lisnevskaia L, Murphy G, Isenberg D. Systemic lupus 
erythematosus. Lancet 2014; 384: 1878-1888.

Figure 5. Proposed scheme for clinical trials.



Clinical trials of mesenchymal stem cell transplantation in patients with type 1 diabetes and SLE 13

19.	Lanzoni G, Oikawa T, Wang Y, Cui CB, Carpino G, 
Cardinale V, Gerber D, Gabriel M, Dominguez-Bendala 
J, Furth ME, Gaudio E, Alvaro D, Inverardi L, Reid LM. 
Concise review: clinical programs of stem cell therapies 
for liver and pancreas. Stem Cells 2013; 31: 2047-2060.

20.	Wang D, Li J, Zhang Y, Zhang M, Chen J, Li X, Hu X, 
Jiang S, Shi S, Sun L. Umbilical cord mesenchymal stem 
cell transplantation in active and refractory systemic lu-
pus erythematosus: a multicenter clinical study. Arthritis 
Res Ther 2014; 16: R79.

21.	Wang D, Niu L, Feng X, Yuan X, Zhao S, Zhang H, Li-
ang J, Zhao C, Wang H, Hua B, Sun L. Long-term safety 
of umbilical cord mesenchymal stem cells transplanta-
tion for systemic lupus erythematosus: a 6-year follow-up 
study. Clin Exp Med 2016 Jun 7. [Epub ahead of print].

22.	Wang D, Zhang H, Liang J, Li X, Feng X, Wang H, Hua 
B, Liu B, Lu L, Gilkeson GS, Silver RM, Chen W, Shi 
S, Sun L. Allogeneic mesenchymal stem cell transplan-
tation in severe and refractory systemic lupus erythema-
tosus: 4 years of experience. Cell Transplant 2013; 22: 
2267-2277.

23.	Centeno CJ, Al-Sayegh H, Freeman MD, Smith J, Mur-
rell WD, Bubnov R. A multi-center analysis of adverse 
events among two thousand, three hundred and seventy 
two adult patients undergoing adult autologous stem cell 
therapy for orthopaedic conditions. Int Orthop 2016; 40: 
1755-1765.

24.	Pugliese A. Insulitis in the pathogenesis of type 1 diabe-
tes. Pediatr Diabetes 2016; 17 Suppl 22: 31-36.

25.	Carlsson PO, Schwarcz E, Korsgren O, Le Blanc K. 
Preserved beta-cell function in type 1 diabetes by mes-
enchymal stromal cells. Diabetes 2015; 64: 587-592.

26.	Cai J, Wu Z, Xu X, Liao L, Chen J, Huang L, Wu W, Luo 
F, Wu C, Pugliese A, Pileggi A, Ricordi C, Tan J. Um-
bilical cord mesenchymal stromal cell with autologous 
bone marrow cell transplantation in established type 1 
diabetes: a pilot randomized controlled open-label clini-
cal study to assess safety and impact on insulin secretion. 
Diabetes Care 2016; 39: 149-157.

10.	Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach 
I, Marini F, Krause D, Deans R, Keating A, Prockop Dj, 
Horwitz E. Minimal criteria for defining multipotent 
mesenchymal stromal cells. The International Society for 
Cellular Therapy position statement. Cytotherapy 2006; 
8: 315-317.

11.	Dominguez-Bendala J, Lanzoni G, Inverardi L, Ricordi 
C. Concise review: mesenchymal stem cells for diabetes. 
Stem Cells Transl Med 2012; 1: 59-63.

12.	Han Z, Jing Y, Zhang S, Liu Y, Shi Y, Wei L. The role of 
immunosuppression of mesenchymal stem cells in tissue 
repair and tumor growth. Cell Biosci 2012; 2: 8.

13.	Bernardo ME, Fibbe WE. Mesenchymal stromal cells: 
sensors and switchers of inflammation. Cell Stem Cell 
2013; 13: 392-402.

14.	Madec AM, Mallone R, Afonso G, Abou Mrad E, Mesni-
er A, Eljaafari A, Thivolet C. Mesenchymal stem cells 
protect NOD mice from diabetes by inducing regulatory 
T cells. Diabetologia 2009; 52: 1391-1399.

15.	Sun L, Akiyama K, Zhang H, Yamaza T, Hou Y, Zhao 
S, Xu T, Le A, Shi S. Mesenchymal stem cell transplan-
tation reverses multiorgan dysfunction in systemic lupus 
erythematosus mice and humans. Stem Cells 2009; 27: 
1421-1432.

16.	Carrion FA, Figueroa FE. Mesenchymal stem cells for 
the treatment of systemic lupus erythematosus: is the 
cure for connective tissue diseases within connective 
tissue? Stem Cell Res Ther 2011; 2: 23.

17.	 Phinney DG, Di Giuseppe M, Njah J, Sala E, Shiva S, St 
Croix CM, Stolz DB, Watkins SC, Di YP, Leikauf GD, 
Kolls J, Riches DW, Deiuliis G, Kaminski N, Boregowda 
SV, McKenna DH, Ortiz LA. Mesenchymal stem cells 
use extracellular vesicles to outsource mitophagy and 
shuttle microRNAs. Nat Commun 2015; 6: 8472.

18.	Tang DQ, Wang Q, Burkhardt BR, Litherland SA, Atkin-
son MA, Yang LJ. In vitro generation of functional in-
sulin-producing cells from human bone marrow-derived 
stem cells, but long-term culture running risk of malig-
nant transformation. Am J Stem Cells 2012; 1: 114-127.


