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Abstract
In recent years, the potential of hematopoietic stem cells, regulatory T-cells, and
mesenchymal stem cells have brought about a variety of clinical tolerance trials. Every
approach has yielded promising results; however, the riddle of transplant tolerance has not
been solved as of yet. The results of the ongoing trials in this field will provide additional
information regarding the risks and benefits of these therapy approaches.
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1. Introduction
An allograft is recognized by the recipient’s immune system as something foreign and
potentially harmful. Depending on the immunogenicity (organ, HLA-mismatches, etc.) of the
transplant and the immune status of the recipient, the innate and adaptive immune system are
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turned on to re-establish physical integrity. The severity of rejection extends from a slow
“smoldering” process over years to a hyperacute reaction which destroys the organ within hours.
Pharmacological immunosuppression attenuates this process. Unfortunately, the continuous
immunosuppression comes at a price. Increased rates of infections and malignancy along with the
problems of pharmacotoxicity result in considerable morbidity and mortality rates over time [1].
Transplant tolerance has occupied generations of researchers. Chimerism [2, 3], anergy [4],
regulation [5], ignorance [6], exhaustion [7], clonal deletion [8], etc. have been described as
potential mechanisms. A variety of cells (Tregs, Bregs, DCregs, Mregs, MSCs, etc.) were found
responsible for transplant tolerance induction. A vast knowledge about the underlying processes
has been compiled; however, tolerance in human transplantation is still not easily achieved, due
to the complexity of the individuals’ immune system.
Many of these important experimental findings have been tested in clinical trials, which are
summarized in this article.
2. Hematopoietic Stem Cells (HSC)
One theory is that macrochimerism is required for a sustained transplant tolerance. Persistent
macrochimerism is challenging to achieve and it is believed that hematopoietic stem cell
transplantation (HSCTx) is mandatory for it. The concept of chimerism and tolerance goes back to
the work by Owen et al. and Billingham et. al. more than half a century ago [2, 3].
The first renal transplantations in combination with HSCTx from the same donor reach back
into the 80s. Three US centers had the pioneering role. Massachusetts General Hospital (MGH)
began its first clinical trial in 1998 [9, 10]. Stanford University followed in 2000 [11] and
Northwestern University in 2009 [12]. Thus, these regimens are also known as the “Massachusetts
General Hospital (MGH)-”, “Stanford-“, and “Northwestern-“ approaches.
2.1 Massachusetts General Hospital
Three modifications of the original conditioning regimen were used on n=10 patients receiving
HLA-haploidentical living related renal transplants [9]. The original regimen included pretransplant
cyclophosphamide, thymic irradiation, anti-CD2 mAB, and CsA-immunosuppression. Unprocessed
donor bone marrow was infused intravenously after the transplantation. After the first 3 patients,
the regimen was modified with the addition of rituximab and prednisone. Since the next two
patients still developed DSAs, the regimen was again modified with more doses of rituximab and a
prolonged course of prednisone. All patients developed transient multilineage mixed chimerism.
Only 2-3 weeks after the combined kidney and bone marrow transplantation (CKBMT), the
chimerism became undetectable again. Immunosuppression was withdrawn by month 14 after the
transplantation. According to the latest report, 4 of the 10 patients remained off
immunosuppression greater than 13 years. Another 3 patients were started again on
immunosuppression after 5, 7, and 8 years and immunosuppression could not be stopped in the
remaining three patients.
Unexpectedly, almost all of these patients (9/10) developed acute kidney injury. The
pathogenesis remains unclear. The authors observed hematopoietic cell recovery and rapid loss of
chimerism along with the AKI episodes. Consecutively, the regimen was changed again. Instead of
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the cyclophosphamide, a low-dose TBI was introduced. Two patients have been treated with this
regimen, and one was taken off of immunosuppression.
2.2 Stanford
This conditioning protocol consists of total lymphocyte irradiation (TLI), rabbit anti-thymocyte
globulin (rbATG), followed by an infusion of CD34+-enriched donor peripheral blood stem cells
[13]. The patients were started on a combination of Calcineurininhibitors (CNI)/mycophenolate
mofetil (MMF) and steroids until weaning was attempted several months later. Here, TLI implies
irradiation of the lymph nodes, spleen, and thymus with several small doses of irradiation. This has
been shown to create a regulatory milieu with an increased ratio towards Tregs, myeloid-derived
suppressor cells, and tolerogenic dendritic cells.
The total irradiation dose is much smaller compared to those doses used to treat cancer (2025%). Thus, tolerability is much better and there is no risk for graft versus host disease.
Two trials of the protocol exist, one for HLA-matched and the other for HLA-mismatched
patients. The HLA-matched trial included 29 patients of which 23 achieved multi-lineage, mixed
macrochimerism. Twenty-two of the 23 enjoyed rejection-free transplant kidney survival, up to
nine years off drugs. Macrochimerism could no longer be detected after the first year in 14
patients.
The HLA-mismatched trial began in 2000 and was stopped in 2003. In this period 6 patients
were treated by this regimen but only 2 developed mixed chimerism and were deemed
appropriate candidates for immunosuppression withdrawal. These two stayed off
immunosuppression for 3.5 and 5.5 months when they developed acute rejection. The current
version started in 2010 [11, 13]. Compared to the HLA-matched trial, patients received a more
powerful immunosuppression over a longer period post transplantation. Furthermore, TLI dosage
is higher and more CD3+ cells are added back. Since 2010, only haplotype matched pairs were
included. Macrochimerism can also be seen under this regimen. However, it is dependent on
continued immunosuppression. Consecutively, of the n=21 patients treated with this regimen,
only a few could be withdrawn off immunosuppressive drugs, and this only for a limited time.
2.3 Northwestern
For HLA-mismatched renal transplant patients, the tolerance induction regimen includes total
body irradiation (TBI; 200 cGy). The patients are preconditioned with fludarabine
cyclophosphamide. Also, a “facilitating cell (FC)” (CD8+/TCR-) is infused and patients receive
cylcophosphamide which deletes antihost T cells thus protecting against GVHD. The human FC
population is composed of two equally divided phenotypic subpopulations: CD56bright and
CD56dim FC [14]. Immunosuppression was stopped if patients showed chimerism, had stable
renal function with a normal protocol biopsy, and absence of donor specific antibodies 6 months
after the transplantation. Patients were weaned over 1 year. In 2009 a phase 2 trial was started to
induce tolerance in mismatched and unrelated recipients of living donor renal allografts. The
latest publication reported on 42 subjects which had been enrolled since then [15]. Of these, n=37
had been transplanted and n=31 had already reached one year follow-up. N=23 achieved durable
donor chimerism. The majority of them (20/23) showed full (> 95%) whole blood and T cell
chimerism and the remaining three demonstrated stable mixed donor chimerism.
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Immunosuppression was stopped in n=22 of the 23 durably chimeric patients for a duration
ranging from 8-81 months so far.
The regimen for HLA-matched kidney transplant recipients consists of alemtuzumab, donor
HSCs (DHSCs), TAC, and MMF. Four DHSC infusions are administered; on day 5, and month 3, 6
and 9 after the transplantation. TAC is converted to SRL at month 3 with an attempted drug
withdrawal at 24 months post transplantation with a weaning process over 1 year in case protocol
biopsies remained free from rejection. The latest update reported on 20 patients included in this
trial so far. Of these, n=6 remain off immunosuppression up to 6 yrs. None of the patients
maintained durable chimerism after 1 year [16].
3. Regulatory T-Cells (Tregs)
CD4+CD25+ T cells have been shown to have a regulatory property in self-tolerance and
autoimmune diseases [5]. The identification of the FOXP3 gene helped to characterize them and
to investigate their function [17]. FOXP3 knockout mice demonstrate a regulatory T cell (Treg)
deficit leading to autoimmune syndromes, and a FOXP3 mutation leads to an autoimmune
disorder in humans [18], while the addition of a FOXP3 transgene in immunodeficient mice can
restore the regulatory T cell compartment. Tregs are divided into two groups: naturally occurring
Tregs (nTregs) generated in the thymus and inducible Tregs (iTregs) produced upon antigen
stimulation in the periphery [19]. The mechanism of Treg function depends on the immune
environment, their activation state, and target cell type. Tregs suppress the immune responses by:
1.) modulation of dendritic cell function or maturation,
2.) release of inhibitory cytokines,
3.) cytolysis, and
4.) metabolic disruption.
In transplantation their suppressive capacity can depend on donor-specificity [20-22]. In animal
models, donor alloantigen-specific Tregs are 5-10 times more effective than polyclonal Tregs with
the efficacy corresponding to the frequency of donor-specific Tregs in the polyclonal pool [23].
They are capable of suppressing effector T cells of various specificities and Tregs can induce a
process that is called “infectious tolerance”. Tregs specific for alloantigen A can suppress effector
T cells against alloantigen B, if the graft expresses alloantigen A and B. Over time, alloantigenspecific A and B Tregs expand and persist much longer than the originally infused Tregs [24]. These
preclinial data suggest that adoptive transfer of Treg cells in transplantation might be an attractive
approach to induce operational tolerance. Treg numbers can be either increased by infusion of
iTregs or by promoting endogenous nTreg expansion. It was only logical that Tregs were used to
achieve transplant tolerance.
Until today only a few Treg studies have entered clinical trials due to costs, availability and
applicability of cells, and the need for GMP facilities. It is unclear which subsets and dosage of
Tregs are necessary for therapy and which time point is optimal for infusion in terms of function
and stability. The isolation of suppressive Treg cell populations is complicated. FOXP3 is an
intracellular marker and thus cannot be used for isolation. CD25 is not only expressed on Tregs but
also on activated effector T cells. Therefore, contamination with non-Tregs, such as effector cells,
is possible, when using Treg isolation for clinical cell therapy. Other markers are needed, such as
CD127, the α-chain of the IL-17 receptor, which has been described to deliver a highly suppressive
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Treg population when used together with CD4 and CD25 [25-29]. Other problems are durable
stability and that Tregs can lose their suppressive function and even differentiate into effector T
cells.
Adoptive transfer of ex vivo generated anti-donor iTregs allowed long-term graft survival after
renal transplantation in non-human primates [30]. nTregs were already used with varying success
in graft-versus-host disease (GvHD) [31, 32] and prevention of type 1 diabetes [33].
Several trials are ongoing, but so far only three centers have successfully completed and
published clinical data using expanded recipient Tregs in the context of solid organ transplantation
(SOT) [34-36] (Table 1).
The Pilot Trial of Polyclonal Treg Adoptive Therapy for Control of Subclinical Transplant
Inflammation [34] assessed the safety and feasibility of injecting CD4+CD25+127- peripheral blood
Tregs (320 x 106 cells) that were FACS-sorted and expanded polyclonally ex vivo into kidney
transplant recipients with subclinical inflammation on a 6-month protocol biopsy. This regimen
revealed mixed results. In n=2 patients, graft inflammation and rejection scores were improved
with no incidence of acute rejection. Another patient had signs of subclinical acute cellular
rejection 6 months after Treg infusion. Based on these preliminary data the group has recently
initiated the TASK trial (NCT02088931) to compare the efficacy of infused polyclonal Tregs versus
donor alloantigen-reactive Tregs in kidney transplant recipients with subclinical inflammation. The
trial protocol is to infuse 400 million ± 100 million Tregs into each patient. The cohort will consist
of 45 recipients of living-donor kidneys who exhibit graft inflammation based on protocol biopsy
at 6 months after transplant. This trial aims to answer some important questions related to:
1.) safety and tolerability of polyclonal and donor alloantigen–reactive Treg infusions,
2.) where these cells finally accumulate, and
3.) if they will eventually control the inflammatory process [24].
A Phase I Clinical Trial with Ex Vivo Expanded Recipient Regulatory T cells in Living Donor Kidney
Transplants (TRACT) investigated the safety of the transfer of autologous, polyclonally expanded
Tregs in 9 living donor kidney transplant recipients. nTregs were isolated by CD25 + enrichment,
CD8+ and CD19+ depletion and expansion with anti-CD3/CD28-coated beads, IL-2, and sirolimus
over 3 weeks. Cells were used for infusion when the percentage of CD4+CD25+ cells was greater
than 70%, CD8+ and CD19+ cells less than 10%, and suppression of Teff proliferation in vitro
greater than 50%. Prior to the Treg infusion, lymphodepletion in the recipients was induced by
alemtuzumab. Patients received TAC and MMF-based immunosuppression followed by conversion
to SRL 30 days post-transplantation, in an effort to increase Treg survival.
This regimen successfully increased circulating CD4+CD25hiCD127-FOXP3+ Tregs in the
peripheral blood. In addition, patients did not develop rejection or serious adverse effects.
An abstract has been published on another attempt of an adoptive transfer of self-anergic cells
in 12 kidney transplant recipients from HLA-mismatched living donors. In this study, recipient and
donor PBMCs obtained by lymphocytapheresis were co-cultured in the presence of antiCD80/CD86 mAb and infused 12 days after transplantation as immunosuppression was gradually
tapered. The patients received a splenectomy or rituximab and cyclophosphamide. The results
were mixed. Incidence of biopsy-proven acute rejections (BPAR) was high. Therefore,
immunosuppressive therapy was not completely withdrawn. Nonetheless, all 12 recipients had
continuing transplant function. Follow-up data on n=40 renal transplant recipients who were
treated with rituximab and rATG instead of cyclophosphamide have yet to be reported [37].
Page 5/17

OBM Transplantation 2019; 3(2), doi:10.21926/obm.transplant.1902070

Table 1 Trials on Tregs in the context of solid organ transplantation (http://clinicaltrials.gov).
NCT Number

NCT01624077

NCT02188719

NCT02474199

NCT02088931

Status

Titel

Conditions

Interventions

Phase

Enrolled

Time

Locations

Unknown †

Safety Study of
Using Regulatory T
Cells Induce Liver
Transplantation
Tolerance

Chronic
Rejection
Liver Tx

Regulatory T cells

I

1

12/14 –
12/15

Nanjing Medical
University
Nanjing, China

Recruiting

Donor-AlloantigenReactive Regulatory
T Cell (darTregs) in
Liver
Transplantation

Liver Tx

Recruiting

Donor-AlloantigenReactive Regulatory
T Cell (darTregs) for
Calcineurin Inhibitor
(CNI) Reduction
(ARTEMIS)

Liver Tx

Unknown †

Treg Adoptive
Therapy for
Subclinical
Inflammation in
Kidney
Transplantation

Late
Complication
Kidney Tx

darTreg Infusion

darTreg Infusion

Treg infusion

I

24

12/14 –
01/22

I/II

18

09/15 –
06/19

I

3

03/14 –
12/16

University of
California,
San Francisco, US
Northwestern
University
Chicago, US
Mayo Clinic,
Rochester, US
University of
California,
San Francisco, US
Northwestern
University
Chicago, US
Mayo Clinic,
Rochester, US
University of
California,
San Francisco, US
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(TASK)

NCT02091232

NCT03444064

NCT02244801

NCT02129881

NCT02711826

Active, not
recruiting

Recruiting

Completed

Infusion of TRegulatory Cells in
Kidney Transplant
Kidney Tx
Recipients (The ONE
Study)
PolyTreg
Immunotherapy in
Islet Tx
Islet Transplantation
Donor-AlloantigenReactive Regulatory
T Cell (darTreg)
Kidney Tx
Therapy in Renal
Transplantation (The
ONE Study )

Unknown †

The ONE Study UK
Treg Trial

Recruiting

Treg Therapy in
Subclinical
Inflammation in
Kidney Tx

Regulatory Cell
Infusion

PolyTregs

darTreg infusion

End-stage
Renal Failure

Autologous
regulatory T Cell

Kidney Tx

Polyclonal
Regulatory T Cells

I

I

I

8

05/14 –
05/18

Massachusetts
General Hospital,
Boston, US

18

02/18 –
03/21

University of
Alberta,
Edmonton, Canada

04/15 –
08/18

University of
California, San
Francisco
, US

6

I/II

12

04/14 –
03/17

I/II

45

05/16 –
10/21

Guy's Hospital,
London, UK
The Oxford
Transplant Centre,
Oxford, UK
University of
Alabama,
Birmingham, US
University of
California, San
Francisco, US
University of
Michigan,
Ann Arbor, US
and 3 more
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NCT02145325

Active, not
recruiting

NCT02371434

Unknown †

NCT03654040

Not yet
recruiting

NCT03577431

Not yet
recruiting

NCT02085629

Recruiting

Trial of Adoptive
Immunotherapy
With TRACT to
Prevent Rejection in
Living Donor Kidney
Transplant
Recipients
The ONE Study
nTreg Trial
(ONEnTreg13)
Liver
Transplantation
With Tregs at UCSF
Liver
Transplantation
With Tregs at MGH
The One M Reg Trial

Kidney Tx

Expanded Tregs

I

10

04/14 –
12/21

Kidnex Tx

autologous
CD4+CD25+FoxP3
+ nTregs

I/II

9

01/15 –
12/17

I/II

9

10/18 –
12/25

I/II

9

10/18 –
12/25

Liver Tx

Liver Tx

ESRD

arTreg

arTreg-CSB

Donor M reg

I/II

07/14 –
12/18

Northwestern
University Chicago,
US

Charité University
Medicine,
Berlin, Germany
University of
California, San
Francisco, US
Massachusetts
General Hospital,
Boston, US
University Hospital
Regensburg,
Regensburg,
Germany
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The EU-funded ONE Study is a consortium of six clinical trials which aim to investigate the
safety and therapeutic efficacy of a variety of immunoregulatory cell therapies in living donor
renal transplantation in comparison to a reference group. The study includes centers in the UK,
Germany, France, Italy, and the US. The manufactured cells consist of polyclonal (UK group of
King’s College London and Oxford University (NCT02129881) and Charité–Universitätsmedizin
Berlin (NCT02371434)) and alloantigen-specific nTregs (UCSF, San Francisco (NCT02244801) and
MGH Boston (NCT02091232)), Tr1 cells, tolerogenic dendritic cells, and regulatory macrophages.
At all of the participating sites, Tregs are infused within the first 10 days after transplant. Both
groups, the one receiving the cellular therapy and the reference group will receive low dose
tacrolimus, MMF, and steroids, with the reference group receiving anti-CD25 antibody induction
instead of cellular infusion. The consortium has treated more than 35 patients in total and all sites
have completed enrollment.
Having proven the safety and feasibility of Treg-based immunotherapy in the ONE Study (trial
identifier: ONETreg1; ClinicalTrials.gov number: NCT02129881; EudraCT number: 2013-002099-42,
co-sponsored by King’s College London and Guy’s and St Thomas’ NHS Foundation Trust, REC
number 13/SC/0568), the TWO Study aims to demonstrate the efficacy of this treatment, with the
goal of allowing reduction of immunosuppression to a single drug by 6-months posttransplantation.
4. Mesenchymal Stem Cells (MSC)
Mesenchymal Stem Cells (MSC) are a heterogeneous population of non-hematopoietic
multipotent cells. In 2004 the potent immunosuppressive effects of in vitro culture-expanded MSC
isolated from human bone marrow (BM) were shown for the first time in a clinical setting [38].
Therefore, most of the ensuing research was done on cells retrieved from the bone marrow. Over
the following years MSCs could be found in almost all adult organs and tissues [39]. Identification
of these cells is not easy because unique markers are lacking. More than 10 years ago, the
“International Society for Cellular Therapy” defined 3 minimal criteria for MSCs: 1.) plastic
adherence under standard culture conditions, 2.) expression of CD105, CD73, and CD90 molecules,
and no expression of CD45, CD34, CD19 and CD79, and 3.) in vitro, the cells must have the capacity
to differentiate into chondrocytes, osteoblasts, and adipocytes [40]. These criteria remain
accepted to today.
MSCs express low levels of MHC class I molecules, but no MHC class II molecules or
costimulatory molecules including CD80, CD86, and CD40, resulting in a lack of immunogenicity.
After infusion, MSCs preferentially home at the site of vascular damage or inflammation. This
property may help diminish ischemia-reperfusion-injury, rescue marginal donor organs, and
reduce alloimmune responses [41].
MSCs possess immunomodulatory properties by affecting the effector functions of cells of the
innate and adaptive immune systems, by direct cell contact and release of soluble molecules. In
multiple experimental settings, MSCs were shown to induce tolerance by different mechanisms.
Modulation of the phenotype of antigen presenting cells with reduced cytokine production and
suppression of T cell proliferation, shifting the alloimmune response towards regulation, have
been described [42-44].
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So far, over 500 clinical trials (http://clinicaltrials.gov/) have been registered since 2004. MSCs
are being used for the treatment of many inflammatory disorders, including inflammatory bowel
disease, rheumatoid arthritis, diabetes mellitus, and graft versus host disease (GvHD) [45].
However, only 6 MSC clinical trials in kidney transplantation have been published, which mainly
focused on safety and feasibility. Currently, there are ongoing clinical trials with the aim to
promote tolerance and to improve graft survival with minimization of immunosuppression (Table
2).
The challenges in clinical trials with adoptive transfer of MSCs include the source, dose, route,
timing, decision of concomitant immunosuppression, and cost. MSCs for clinical applications
should be manufactured in GMP facilities to ensure quality and reproducibility. However,
protocols are not uniform yet. MSCs have been taken from different sources (mainly bone marrow,
adipose tissue, or an umbilical cord) with different culture conditions. The published studies in
renal transplantation have used BM-derived cells. The correct dose has yet to be found. Cells have
been administered intravenously for most clinical studies. This has been shown to be safe but
MSCs can also be injected directly into the kidney or underneath the kidney capsula with the
advantage of direct homing and no entrapment in the lungs. Finally, concomitant pharmacological
immunosuppression should be carefully chosen. Mycophenolate mofetil (MMF) and Rapamycin
were shown to work synergistically along with MSCs in various transplant settings [46, 47].
In a recent renal transplant study, treatment with autologous BM derived MSCs (1–2 × 106/kg
at kidney reperfusion and two weeks after transplantation) resulted in a reduced incidence of
acute rejection (7.7% vs. 21.5%), opportunistic infections, and better estimated glomerular
filtration rate at 1 year as compared to controls (n = 51) receiving anti-IL-2 receptor antibody and
standard dose CNIs [48]. Another trial showed that the combination of autologous bone marrowderived MSCs and a maintenance immunosuppressant reduces acute rejection and interstitial
fibrosis/tubular atrophy up to 24 weeks after MSC infusion [49]. In a follow-up trial in 70 renal
transplant recipients, the authors currently investigate if MSCs in combination with everolimus
can facilitate tacrolimus withdrawal and reduce fibrosis (NCT02057965). A beneficial effect of the
injection of autologous MSCs along with a maintenance immunosuppressant on the graft function
one year post transplantation could also be demonstrated by Perico et al [50].
Timing of the infusion of MSC seems important, because MSC therapy early after
transplantation negatively affected kidney graft function, which was not the case when MSCs
were given before transplantation [51]. An interesting approach was chosen by Vanikar et al. who
combined adipose-derived mesenchymal stem cells (AD-MSCs) with hematopoietic stem cells (HSC)
and could show that the combination of the two indeed performed more effectively than HSC
transplantation alone [52]. A cell therapy with HSC led to persistent mixed chimerism in about 1.8%
of patients compared to 4% using combined AD-MSC + HSC in live donor kidney recipients with a
higher incidence of rejections in the HSC only group. In a 5.7 year follow-up, graft and patient
survival was 70% with 50% of patients on zero conventional immunosuppression and 20% on
“rescue immunosuppression” (MPA plus steroid).
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Table 2 Trials on MSC in the context of solid organ transplantation (http://clinicaltrials.gov).
NCT Number

Status

Title

Conditions

Interventions

Phase

Population

Time

Locations

NCT02409940

Active, not
recruiting

Kidney Tx
Rejection

MSC

I

17

09/13
–
05/17

Translational and
Regenerative
Medicine,
Chandigarh, India

NCT02561767

Unknown
status

To Elucidate the Effect of
Mesenchymal Stem Cells
on the T Cell Repertoire of
the Kidney Transplant
Patients
Effect of BM-MSCs in DCD
Kidney Transplantation

Kidney Tx
ATN

BM-MSCs

I/II

120

NCT00752479

Terminated

Kidney Tx

MSC

I/II

4

Sun Yat-sen
University,
Guangdong, China
Nephrology Unit,
Bergamo, Italy

NCT02563340

Unknown
status

Kidney Tx

BM-MSCs

I/II

60

Enrolling by
invitation

Kidney Tx
Rejection

MSC

I

20

11/15
–
11/17
01/16
–
12/18

Sun Yat-sen
University,
Guangzhou, China

NCT02490020

Mesenchymal Stem Cells
Under Basiliximab/Low
Dose RATG to Induce Renal
Transplant Tolerance
Effect of BM-MSCs on
Chronic AMR After Kidney
Transplantation
A Perspective Multicenter
Controlled Study On
Application Of
Mesenchymal Stem
Cell(MSC) To Prevent
Rejection After Renal
Transplantation By
Donation After Cardiac
Death

10/15
–
10/17
05/06
–
12/13
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NCT02563366

Unknown
status

NCT00659620

Unknown
status

NCT00658073

Completed

NCT03478215

Recruiting

NCT02492308

Unknown
status

NCT02492490

Unknown
status

NCT00734396

Completed

NCT01429038

Unknown
status

Effect of BM-MSCs on Early
Graft Function Recovery
After DCD Kidney
Transplant.
Mesenchymal Stem Cell
Transplantation in the
Treatment of Chronic
Allograft Nephropathy
Induction Therapy With
Autologous Mesenchymal
Stem Cells for Kidney
Allografts
Mesenchymal Stromal Cells
in Living Donor Kidney
Transplantation
Induction With SVF Derived
MSC in Living-related
Kidney Transplantation
Effect of SVF Derived MSC
in DCD Renal
Transplantation
Mesenchymal Stem Cells
and Subclinical Rejection
Mesenchymal Stem Cells
After Renal or Liver
Transplantation

Kidney Tx
BM-MSCs
Acute
Tubular
Necrosis
Kidney Tx
MSC
Chronic
Allograft
Nephropath
y
Kidney Tx
MSCs infusion
Rejection

I/II

120

11/15
–
12/17

Sun Yat-sen
University,
Guangzhou, China

I/II

20

05/08
–
05/10

Fuzhou General
Hospital, Fuzhou,
China

NA

165

03/08
–
10/10

General Hospital,
Fuzhou, China

Kidney Tx

MSCs Infusion

II

24

Livingrelative
Kidney Tx
Kidney Tx

SVF-MSC
induction

I/II

120

Houston Methodist
Hospital System,
Houston, US
Fuzhou, Fujian, China

SVF derived
MSC

I/II

120

I/II

15

I/II

40

02/16
–
07/21
12/14
–
12/17
12/14
–
11/16
02/09
–
07/16
02/12
–
02/17

Organ
MSC infusion
transplantat
ion
Liver Tx
MSC
Kidney Tx

Fuzhou General
Hospital - Xiamen
Univ, Fuzhou, China
Leiden University
Medical Center,
Leiden, Netherlands
University Hospital
Liege, Liege, Belgium
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Conflicting preclinical results exist regarding the application of allogeneic vs. autologous MSCs
in the transplant setting. While some preclinical studies showed an accelerated graft rejection
after allogeneic MSC administration [53, 54], others showed that allogeneic MSCs promote graft
survival [46, 47]. In vivo experiments showed that allogenic MSCs can induce memory T-cell [55]
and the development of alloantibody formation [56]. Contrary to these data, Peng et al. [57]
reported that renal transplant patients had stable transplant function following allogeneic MSC
despite significant reduction of the tacrolimus dose. However, long-term data are missing and
HLA-specific antibodies were not evaluated.
5. Summary
In recent years, the potential of hematopoietic stem cells, regulatory T-cells and mesenchymal
stem cells resulted in a variety of clinical tolerance trials. Every approach has yielded promising
results. The ongoing trials in this field will provide additional information regarding the risks and
benefits of these therapy approaches.
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