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Treg therapy in transplantation: a general overview
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Solid organ transplantation remains the treatment of choice for end-stage
organ failure. Whilst the short-term outcomes post-transplant have
improved in the last decades, chronic rejection and immunosuppressant
side effects remain an ongoing concern. Hematopoietic stem cell transplan-
tation is a well-established procedure for the treatment of patients with
haematological disorders. However, donor T cells are continually primed
and activated to react against the host causing graft-versus-host disease
(GvHD) that leads to tissue damages and death. Regulatory T cells (Tregs)
play an essential role in maintaining tolerance to self-antigens, preventing
excessive immune responses and abrogating autoimmunity. Due to their
suppressive properties, Tregs have been extensively studied for their use as
a cellular therapy aiming to treat GvHD and limit immune responses
responsible for graft rejection. Several clinical trials have been conducted
or are currently ongoing to investigate safety and feasibility of Treg-based
therapy. This review summarizes the general understanding of Treg biology
and presents the methods used to isolate and expand Tregs. Furthermore,
we describe data from the first clinical trials using Tregs, explaining the
limitations and future application of these cells.
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stable graft function without immunosuppression in an
immunocompetent host. Whilst achieving a state of OT

Solid organ transplantation is the treatment of choice
for many end-stage organ failure [1], resulting in
marked improvements in both morbidity and mortality.
As a result of improved surgical technique, closer co-
ordination between transplant centres and better
immunosuppression, short-term results are excellent.
Despite patient survival rates greater than 90% 1 year
after surgery, long-term acceptance still remains a chal-
lenge due to chronic rejection and the toxicity of the
immunosuppressive drugs causing infections, organ fail-
ure and cancer [2—4]. ‘Operational tolerance’ (OT) [5]
remains the ultimate goal whereby patients achieve
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is rare, in the case of liver transplantation approxi-
mately 20% of recipients have been successfully weaned
off immunosuppression [6] and this percentage
increased with time from the transplant [7]. In reality,
studies evaluating OT have been conducted on a
selected group of patients whilst the large majority are
maintained on immunosuppression lifelong. Due to
ongoing concerns regarding immunosuppressant toxic-
ity and chronic rejection, there is greater impetus to
identify alternative immunosuppressant strategies.
Hematopoietic stem cell transplantation (HSCT) is
an established procedure concerning the infusion of
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autologous, syngeneic or allogeneic stem cells for several
high-risk hematologic malignancies. The success of allo-
geneic HSCT depends on a multitude of parameters [8]
type and stage of the underlying disease, age of the
patients, human leucocyte antigen (HLA) disparity
between donor/host and intensity of the pretransplanta-
tion conditioning regimen [9,10]. The main side effect
of HSCT is graft-versus-host disease (GvHD) where
donor T cells recognize the host minor and major histo-
compatibility antigens and proliferate, damaging target
tissues [11] However, donor T cells are key for graft-
versus-leukaemia (GvL) effect as well, and their deple-
tion although abrogates GvHD abolishes the GvL effect.
Patients undergoing GvHD receive an immunosuppres-
sive regimen [12] responsible of many side effects but
necessary to limit T-cell activation. GVHD can occur in
acute and chronic forms according to time from trans-
plantation and the type of response [13]. Although the
post-transplant outcomes depend on the initial disease
status, only 50-80% of patients with acute GvHD [14]
and 40-50% of patients with chronic GvHD respond to
steroidal therapy [15]. As a result, there is a need for
alternative and more effective strategies to modulate the
ongoing immune response.

One identified approach involves the use of regula-
tory T cells (Tregs) as a cellular therapy for the treat-
ment of GvHD [16] and for limiting immune responses
to allograft after solid organ transplantation [17].

In 1995, Sakaguchi et al. [18] identified for the first
time a small population of CD4" cells that expressed
high levels of IL-2 a-chain receptor (CD25), whose
depletion resulted in autoimmune diseases whilst their
transfer to neonatally day 3 thymectomized mice pre-
vented the disease. These cells called Tregs have a piv-
otal role in maintaining peripheral immunological
tolerance, by preventing autoimmunity and chronic
inflammation. In 2003, the transcriptional regulator
forkhead box P3 (FoxP3) was discovered as a master
control gene for mouse Tregs [19,20]. In recent years,
preclinical studies have demonstrated how adoptive
transfer of Tregs inhibited GvHD [21-23] and pre-
vented/delayed allograft rejection [24,25]. In solid organ
transplantation, we and others have demonstrated that
graft-specific Tregs displayed greater potency against
graft rejection than polyclonal Tregs [26-28]. Together,
these data supported the use of Tregs in the clinic and
in 2009, the first trial using Tregs was published, open-
ing a new field of investigation [29]. Herein, we provide
an overview of human Treg heterogeneity/function and
focus on the strategies used to isolate, expand and
infuse Tregs under good manufacturing practice (GMP)
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conditions. Finally, we describe data from published
papers and ongoing clinical trials using Tregs as cellular
therapy, highlighting the limitations and future applica-
bility of these cells within the transplant field.

Heterogeneity of Tregs

The multiple subpopulations of Tregs are distinguished
by the expression of different cell surface markers,
mechanisms of activation and how they function (re-
viewed by us in [30]). One of these subpopulations is
the CD4 CD8" Tregs which can suppress target cells
using a range of different mechanisms including the
release of immunosuppressive cytokines and the induc-
tion of target cell death. However, despite the increasing
progress to understand these cell types and their poten-
tial in solid organ transplantation [31], they are not
currently available for clinical use. Thus, we will focus
mostly on the best characterized Tregs which are the
thymus-derived CD4" Tregs (tTregs) which constitu-
tively express CD25 and FoxP3 and represents 5-10%
of all peripheral CD4" T cells [32]. Whilst in the mouse
the expression of neuropilin-1 has helped in distin-
guishing between tTregs and peripheral-derived Tregs
(pTregs) [33,34] in human, this is not possible [35].
Currently, the only way to distinguish tTregs is the eval-
uation of the Treg-specific demethylated region (TSDR),
an evolutionarily conserved noncoding element within
the FoxP3 gene locus, which is fully demethylated in
tTregs [36]. However, the evaluation of TSDR methyla-
tion status can only be a tool in diagnosis or clinical
trial monitoring but not used for Tregs isolation. The
best marker to distinguish and isolate Tregs in combi-
nation with CD4 and CD25 is the a-chain of IL-7R
(CD127) [37]; its expression inversely correlates with
FoxP3 and suppressive Treg function [37]. In 2009,
Miyara et al. demonstrated that human Tregs in periph-
eral blood are heterogeneous and consists of three main
subpopulations based on their expression levels of
CD45RA and FoxP3/CD25 [38]. Tregs can be divided
into (i) naive/resting and very stable cells expressing
CD45RA*FoxP3'°%; (i) effector Tregs expressing
CD45RAFoxP3"8"; and (iii) cytokine-producing Tregs,
expressing CD45RA~FoxP3'°". Naive Tregs are consid-
ered the ‘real Tregs’; they are very suppressive and fully
demethylated in the FoxP3 locus.

Among  pTregs, arising from  conventional
CD4"CD25~ T cells (Tconv) in the periphery under
specific conditions, are the Th3 and the Trl. The
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presence of TGF-f and IL-4 promotes the induction of
Th3 turn predominately
immunosuppressive TGF-B [39], whereas the presence
of IL-10 and IFN-vy induces Trl cells which predomi-
nantly IL-10 into the
[40,41]. Another type of pTregs are the induced
CD4"CD25"FoxP3" pTregs which are generated from
peripheral CD4"FoxP3™ T cells upon activation and in
the presence of TGF-B and IL-2 [42]; these Tregs dis-
play similar cell surface markers as tTregs and function
by contact-dependent mechanisms and the release of
immunosuppressive cytokines. TSDR methylation status
is a key to distinguishing between the thymus-derived
CD4'CD25'FoxP3" and  the  peripheral-derived
CD4"CD25"FoxP3" Tregs.

cells which in secretes

secretes microenvironment

Treg suppression mechanisms

Tregs employ a plethora of contact and non-contact-
dependent mechanisms to exert their suppressive func-
tion on different cells like CD4" and CD8" T cells,
macrophages, dendritic cells (DCs), natural killer (NK)
and B cells. Thornton and Shevach demonstrated that
Tregs require TCR stimulation to suppress in an antigen
nonspecific manner [43]. From a functional perspective,
the various potential suppressive mechanisms could be
divided into four ‘modes of action’> (A) metabolic
interference, (B) inhibitory cytokine release, (C) cytoly-
sis and (D) targeting antigen presenting cells (APCs)
(extensively reviewed in [44]).

Briefly, (A) T cells depend on IL-2 for survival and
proliferation, Tregs constitutively express high levels of
CD25 which depletes IL-2 from the microenvironment
and limiting its availability for T-cell functions [18].
Additionally, CD39 and CD73 are ecto-enzymes found
on the surfaces of Tregs. Firstly, CD39 converts pro-
inflammatory extracellular adenosine triphosphate into
adenosine monophosphate (AMP); secondly, CD73 con-
verts AMP into anti-inflammatory adenosine [45]. (B)
Tregs can release immunosuppressive cytokines such as
IL-10, IL-35 and TGF-B to prevent T-cell proliferation
and maturation of APC [46-48]. (C) Tregs secrete gran-
zymes and perforins which cause apoptosis of target
cells [44]. (D) Tregs are the only T-cell subpopulation
that constitutively expresses CTLA-4; it binds CD80/
CD86, the co-stimulatory molecules expressed by APCs,
to block their binding to CD28, thus limiting T-cell
activation. Furthermore, CTLA-4 can also downregulate
DCs’ activity via trans-endocytosis or extraction of
CD80 and CD86 resulting in diminished co-stimulation
[49]. Very recently, a novel mechanism of Treg
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suppression was discovered by us and others. It refers
to the release of nano-sized vesicles called exosomes that
are immunomodulatory. We demonstrated that Treg-
derived exosomes inhibited T-cell proliferation in vitro
via CD73 molecules found on the surfaces of these exo-
somes [50]. Additionally, Okoye et al. [51] have shown
that Treg-derived exosomes prevented autoimmune dis-
eases in vivo which was attributed to the presence of
inhibitory microRNA within these exosomes. Another
study demonstrated that the adoptive transfer of Treg-
derived exosomes into a rat model of kidney transplan-
tation prolonged the survival of the allograft [52].
Taken together, these studies demonstrated that Tregs
can suppress the immune response via different mecha-
nisms.

Source of Tregs and their isolation

Most preclinical studies source their Tregs cellular pro-
duct from either peripheral blood (PB) or umbilical
cord blood (UCB). A pioneering study in 2006 by Hoft-
mann ef al. [53] described for the first time a GMP
procedure for the isolation of CD4"CD25" T cells from
standard leukapheresis product. Isolation was carried
out by CliniMACS (CliniMACS TM Instruments, Mil-
tenyi Biotec Bergisch Gladbach, Germany) a clinical-
scale magnetic enrichment of cells in a closed and sterile
system. This was performed in a two-stage method;
firstly, depletion of CD19" cells followed by an enrich-
ment of cells expressing CD25 molecules. This has now
become a well-established procedure for GMP isolation.
Di lanni et al. [54] applied this isolation procedure to
72 leukapheresis products. They isolated a mean of
263 x 10° Tregs, and of these cells, 79.8 £ 22.2% were
FoxP3". Recently, our group published the first reports
of the manufacture of clinical-grade Tregs from
prospective liver and renal transplant recipients [55,56].
As an example, from 150 ml of PB derived from
patients with liver cirrhosis, we were able to isolate
7.14 x 10° £ 0.938 cells with high purity.

Umbilical cord blood has been used as an alternative
source for the generation of Tregs for clinical use. Brun-
stein et al. [57] isolated a mean of 6.6 x 10° cells from
one UCB with a mean purity of 66%.

Although the CliniMACS has been extensively used
to isolate Tregs under GMP conditions [58,59], the pur-
ity of the cells obtained is not optimal as they are con-
taminated with CD25'°% Tconv. This limitation has
hampered the generation of antigen-specific Tregs
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production for which high purity of Tregs is needed.
An alternative method for Tregs isolation is the flow
cytometry-based purification. This offers the advantage
of a highly pure cell product isolated using a combina-
tion of multiple surface markers (e.g. CD25 and
CD127). Unfortunately, it presents considerable regula-
tory challenges in the EU (Directive 2003/94/EC and its
Annex 2) and to date, only one group in Europe and
two in the USA have obtained regulatory approval to
use flow-sorted Tregs and published their clinical strat-
egy (University of Minnesota, USA [57]; University of
California, USA [60] and University of Gdansk, Poland
[29]).

Treg expansion

Considering the low number of Tregs present in both PB
and UCB, the infusion of a large number of freshly iso-
lated Tregs is difficult to achieve [61]. In the setting of
HSCT, Tregs are isolated from the donor and a larger
number of cells can be obtained. However to increase the
number of cells for infusion, both in GvHD and solid
organ transplantation, Tregs have been expanded ex vivo
using anti-CD3/CD28-coated beads in the presence of
high dose of IL-2 (polyclonal expansion). One caveat of
Treg isolation using immunomagnetic technique is that
the resultant cells are contaminated with effector T cells.
To avoid the infusion of activated effector T cells, we and
others have developed Treg expansion protocols using
drugs like rapamycin or all-trans retinoic acid (ATRA)
[62,63]. The positive effect of rapamycin on Tregs viabil-
ity and expansion has been observed firstly in vivo. Kid-
ney-transplanted patients receiving a rapamycin-based
immunosuppression regimen presented an increased pro-
portion of Tregs as compared to patients on calcineurin
inhibitors [64]. In vitro, rapamycin significantly reduces
the undesired expansion of effector T cells allowing pro-
liferation of Tregs that are independent from mTOR
pathway for their cell cycle progression [65]. In addition,
rapamycin confers to the expanded Tregs higher stability
and suppressive capacity [66] as showed by us in vitro
and in GvHD mouse models [63].

The alternative drug ATRA affects T-cell fate by con-
tributing to Treg differentiation in combination with
TGF-B [67,68]. Although its role in Treg induction is
well established, the effects on tTregs are still controver-
sial and for this reason, no GMP expansion protocol
has been developed yet.

After cell-sorting isolation, antigen-specific Tregs can
be generated and expanded ex vivo under GMP condi-
tions. We in collaboration with Tang’s group have
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recently published a preclinical protocol for the genera-
tion and expansion of antigen-specific Tregs [69]. Tregs
were cultured with previously activated (by CDA40
ligand) allogeneic B cells in the presence of IL-2. These
cells were more potent in suppressing alloimmune
responses in vitro and in vivo, using a humanized mouse
skin transplant model, when compared to polyclonally
expanded Tregs.

At the end of October 2016, only few results from clini-
cal trials have been published showing safety and feasi-
bility of Treg infusion. However, there are several
ongoing phase I/II clinical trials with Tregs in solid
organ transplantation and HSCT (Table 1).

The first paper reporting the infusion of in vitro-
expanded Tregs was published in 2009 [29]. The
authors described a procedure and first-in-man clinical
effects of adoptive transfer of ex vivo-expanded
CD4"CD25'CD127" cells for the treatment of two
patients affected by acute and chronic GvHD, respec-
tively. Due to the restricted patient number and the
procedure to isolate and expand Tregs, no conclusion
about safety was drawn.

In 2011, Brunstein et al. [57] published results from
the first phase I clinical trial using expanded Tregs from
third-party UCB. The study aimed to evaluate the safety
and feasibility of UCB Tregs in 23 patients with acute
GvHD. Patients received a dose escalation of Tregs from
0.1 to 30 x 10> UCB Tregs/kg. No toxicities were
observed after infusion, and Tregs were detected for
14 days. Although this was only a phase I clinical trial,
the authors affirmed that, compared with identically
treated 108 historical controls, there was a reduced inci-
dence of grade II-IV aGvHD with no deleterious effect
on risks of infection, relapse or early mortality.

In 2014, Martelli’'s group [70] published another
study in which freshly isolated donor-derived Tregs
were injected before HSCT to avoid the extensive
ex vivo T-cell depletion of the graft. Between September
2008 and December 2012, they infused 43 patients with
high-risk acute leukaemia. This study demonstrated for
the first time that adoptive immunotherapy with Tregs
protected from GvHD mediated by the infusion of high
number of donor Tconv in patients undergoing full-
HLA haploidentical transplantation. The surprising
finding was the absence of GvHD in patients who
received up to 10° Tcons/kg after an infusion of
2 x 10° Tregs. Furthermore, the immunological recon-
stitution was stronger and faster than the historical

Transplant International 2017; 30: 745-753
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Table 1. Ongoing clinical trials with Tregs in transplantation

Regulatory T-cell therapy in transplantation

Study ID Phase Product Indication Status
HSCT
NCT01903473 Il Fresh tTregs Steroid-refractory cGvHD Recruiting
NCT01911039 | Fresh tTregs Steroid-dependent/Refractory Recruiting
cGvHD
NCT00602693 | Umbilical Cord Blood Tregs GVHD Prevention Ongoing but
not recruiting
NCT02749084 | Fresh tTregs Severe Refractory cGvHD Recruiting
NCT02526329 | Fresh tTregs aGvHD Ongoing but not
recruiting
NCT01937468 | Fresh tTregs Steroid-Refractory cGvHD Recruiting
NCTO1660607 /11 Fresh tTregs GVvHD Prevention Recruiting
NCT02385019 /11 Fresh tTregs Steroid-Refractory cGvHD Recruiting
NCT01634217 | Induced Tregs Nonmyeloablative HLA Identical Recruiting
Sibling Donor
NCT01795573 | Donor-alloantigen-reactive aGvHD Prevention Recruiting
Tregs
sot
NCT02145325 Polyclonally Expanded tTregs Living Donor Kidney transplant Ongoing but not
recruiting
NCT02129881 /1l Polyclonally Expanded tTregs Living donor kidney transplant Recruiting
NCT02371434 /1l Polyclonally Expanded tTregs Living donor kidney transplant Recruiting
NCT02244801 /11 Donor-alloantigen-reactive Living donor kidney transplant Recruiting
tTregs
NCT02091232 /1l Belatacept-conditioned tTregs Living donor kidney transplant Recruiting
NCT02166177 | Polyclonally Expanded tTregs Liver transplant Recruiting
NCT02188719 I Donor-alloantigen-Reactive Liver transplant Recruiting
Tregs
NCT02088931 | Polyclonally Expanded tTregs Living donor kidney transplant Recruiting
NCT02474199 | Donor-alloantigen-Reactive CNI reduction in liver transplant Not yet recruiting
Tregs
NCT02711826 | Donor-alloantigen-Reactive Subclinical Inflammation in Recruiting
Tregs Kidney Transplantation
NCT01624077 | Induced Tregs Liver transplant Ongoing but not

recruiting

HSCT, haematopoietic stem cell transplantation; SOT, solid organ transplantation; aGvHD, acute Graft-versus-Host Disease;
cGVHD, chronic Graft-versus-Host Disease; CNI, calcineurin inhibitor.

controls and after a median follow up of 45 months,
the leukaemia relapse in patients receiving Tregs was
markedly reduced. In our opinion, this could be consid-
ered a proof that Tregs do not target GvL; however, this
data need to be confirmed by other studies.

More recently, a clinical trial evaluating the adoptive
transfer of allogeneic Tregs into patients with chronic
GvHD has been published [71]. All the five patients
selected for this trial were unresponsive to the standard
therapy. To our knowledge, this is the first trial adopt-
ing a combined therapy using Tregs and low dose of
IL-2. All the patients tolerated the Treg products com-
bined with an increase of circulating Tregs and disease
improvement or stability. Of note, the three patients
receiving IL-2 showed an increased T-cell activation;

Transplant International 2017; 30: 745-753
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however, the clinical improvement suggests that the
beneficial effects of low-dose IL-2 on Treg functions
was able to control the possible expansion of effector
subsets.

In another published clinical trial (‘ALT-TEN’), Trl
were used [72]. These cells have been infused into 12
patients with high-risk/advanced stage hematologic
malignancies after chemotherapy conditioning and T-
cell-depleted haploidentical HSCT. Trl were infused
when no spontaneous immune reconstitution was
detectable. As highlighted by the authors, this study had
multiple limitations namely that eight patients died so
data were obtained from four patients only. A further
problem was the percentages of Trl in the infused cell
product. In fact, the infusion of 3 x 10° CD3" cells/kg
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provoked GvHD grade III-IV in one patient, suggesting
that the ratio between effector cells and Trl cells was
too high. In our opinion, further trials are necessary to
establish the safety of this cell product and this will be
performed as part of “THE ONE STUDY’ consortium
who will test Trl cells as treatment after kidney trans-
plant [73].

The only data regarding the use of Tregs in solid
organ transplantation have been recently published
from Okumura’s group [74]. Between November 2010
and July 2012, they treated patients with end-stage liver
failure who underwent transplantation from a living
donor with a novel Treg-based cell therapy. Of note, all
the patients were splenectomized. Recipient lympho-
cytes were enriched in regulatory cells after co-culture
with irradiated donor cells in the presence of anti-
CD80/CD86 antibodies for 2 weeks. The infused cell
product contained a number of CD4'CD25"FoxP3"
cells ranging from 0.43 x 10°/kg to 6.37 x 10°/kg. The
immunosuppression weaning started after 6 months
post-transplantation followed by a complete weaning at
18 months. Noteworthy, results came from 10 consecu-
tive patients although a total of 40 patients were ini-
tially planned. Unfortunately, this trial was suspended
because of acute cellular rejection during weaning in
two patients with primary biliary cirrhosis and one
with primary sclerosing cholangitis. Seven patients were
successfully weaned off immunosuppression whilst the
three recipients with rejection were stabilized using low
dose of tacrolimus and mycophenolate mofetil. In con-
clusion, this Treg-enriched product seems to be safe
and the results are promising. However, the effect of
splenectomy in combination with Treg cell therapy has
to be clarified and concerns remain about the presence
of antigen-specific effector cells in the resultant cell
product.

Between the ongoing clinical trials (Table 1), ‘THE
ONE STUDY’ is an EU Consortium aiming to test dif-
ferent regulatory cell products in kidney transplantation
[73]. Our group together with the group in Oxford led
by Andrew Bushell and Paul Harden has just completed
the infusion of expanded autologous Tregs in 12
patients. Four doses of Tregs (1, 3, 6, 10 x 10°/kg) have
been infused 5 days post-transplant in the presence of
immunosuppressive drugs. Our group started at the
same time of ‘THE ONE STUDY’ another clinical trial
called ThRIL (Table 1), investigating the safety of Tregs
immunotherapy after liver transplantation. The clinical
protocol involves ATG at time of transplantation, fol-
lowed by tacrolimus with a switch to sirolimus at
2 months post-transplantation. Three Treg doses (same
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preparation of ‘THE ONE STUDY’) are being tested: 1,
4.5 and 6 x 10° cells/kg at 3 months post-transplanta-
tion. Three patients have already been treated with the
lowest dose of Tregs. Lastly, a clinical trial from the
University of Liegi (Table 1) is aiming to assess the
safety of the combination of donor Treg infusion and
rapamycin administration (a nonstandard immunosup-
pressor for this disease) in patients with steroid-refrac-
tory chronic GvHD. They will be firstly treated with
rapamycin, and after 3-4 weeks, one infusion of Tregs
will be administrated.

As recently affirmed by KJ. Wood, the infusion of Tregs
in transplantation is at the ‘end of the beginning’ [17].
This is because in the last two decades, Tregs have
transformed from being an ideal candidate for OT
induction and GvHD treatment/prevention to a popula-
tion that can be isolated, expanded and infused in vivo.
All published data so far indicate that Tregs are well tol-
erated even when high doses have been infused. How-
ever, this has also opened further lines of inquiry
concerning: sources, isolation strategy, doses, timing of
infusion, optimal immunosuppressive regimen and cell
fate postinfusion.

The groups of MK. Levings and LJ. West have suc-
cessfully isolated Tregs from discarded paediatric thy-
muses [75]. These Tregs have several advantages over
their peripheral blood counterparts. The Treg yield in a
single thymus exceeds the estimated Treg number in the
entire circulating blood volume of an average-sized
adult; moreover, Tregs could be clearly distinguished
from Tconv and after expansion, they were more sup-
pressive and stable than blood Tregs. However, this cur-
rent source of Tregs is only from paediatric heart
transplant patients.

Another step ahead for cell therapy using Tregs is the
development of GMP-cell sorters. Using this strategy,
the following subsets of Tregs can be obtained:
CD4"CD25"CD127 CD45RA" for the isolation of naive
cells [38]; CD4"CD257CD127 CD39"¢" [76] for Tregs
presenting stronger stability and function under inflam-
matory conditions; CD4"CD25"CD127CD226 TIGIT*
[77] for the exclusion of unstable Tregs after in vitro
expansion. However, a combination between Clini-
MACS and cell sorting is needed to obtain higher yields
of cells.

Another issue is timing of Treg infusion that has to
be programmed considering the immunosuppressive
regimen adopted (extensively reviewed for solid organ
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transplantation by us in [78]), the type of patients and
donors (death or living donor). The ongoing clinical
trials are using new strategies combining Tregs infusion
with the use of rapamycin as an immunosuppressive
drug or, more recently, low dose of IL-2. These com-
bined strategies could further prolong Treg survival and
increase Treg stability in vivo, improving the outcome
of cell therapy. Another advantage by prolonging Treg
survival is to facilitate the induction of ‘infectious toler-
ance’ [79,80], namely the capacity of Tregs to transmit
tolerance from one population to another.

In view of improving the outcome of Treg therapy in
the future, it is important to understand the fate of the
injected Tregs. Treg tracking in a noninvasive and safe
way and suitable for GMP products remain undevel-
oped. A promising GMP-labelling protocol has been
developed and tested in type 1 diabetic patients receiv-
ing polyclonally expanded Tregs [60]. During the
expansion procedure, D-[6,6' -2H2]glucose has been
added in culture and incorporated in the DNA of repli-
cating Tregs. After labelling, cells maintained their phe-
notype and function and could be detected in
circulation 1 year postinfusion. This protocol allows the

1. Watson CJ, Dark JH. Organ 8.

Singh AK, McGuirk JP. Allogeneic stem

Regulatory T-cell therapy in transplantation

study of circulating Tregs in vivo and their stability;
however, to study Treg localization in tissue and their
homing capacity, new techniques are under develop-
ment.

Although much work is still to be performed, there is
now concrete evidence to support Treg-based cell ther-
apy in the clinical arena. Results coming from the ongo-
ing clinical trials will give us additional information
about the impact of these cells in the clinic. For this
reason, we will only be able to conclude on their effi-
cacy in a few years when longer term data will become
available.
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