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Abstract

Broad clinical interest rapidly followed the recent discovery of different subpopulations of T cells 

that have immune regulatory properties and a number of studies have been conducted aiming to 

dissect the translational potential of these promising cells. In this review we will focus on 

forkhead box P3 (FoxP3) positive regulatory T cells, T regulatory type 1 cells and invariant 

natural killer T cells (iNKT). We will analyze their ability to correct immune dysregulation in 

animal models of immune mediated diseases and we will examine the first clinical approaches 

where these cells have been directly or indirectly employed. We will discuss successes, challenges 

and limitations that rose in the road to the clinical use of regulatory T cells.
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Introduction

The discovery of regulatory T cells (Treg) and their immunoregulatory and tolerogenic 

properties led to a broad range of biological studies with the hope of developing new 

treatments for several immune mediated diseases. Different subsets of Treg have been 

described. In this review we will focus on forkhead box P3 (FoxP3) positive T regulatory 

cells (FoxP3+ Treg), T regulatory type 1 cells (Tr1) and invariant natural killer T cells 
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(iNKT). These Treg populations have been widely studied for their suppressive activity in 

different immune responses and animal models of disease. We will discuss the most recent 

clinical therapeutic approaches with the use of these cells in immune mediated diseases.

Biology of FoxP3+ Treg, Tr1 and iNKT cells

FoxP3+ Treg are a subset of CD4+ T cells that possess potent suppressive activity by 

impacting the proliferation and function of several cell populations such as T, B, NK and 

antigen-presenting cells(1). FoxP3+ Treg are characterized by the expression of the nuclear 

transcription factor FoxP3 that is crucial for the maintenance of immune tolerance in animal 

models and human diseases(2–5). Another important marker of FoxP3+ Treg is CD25, the 

alpha subunit of the interleukin-2 (IL-2) receptor. These cells express CD25 at high level 

making them extremely sensitive to IL-2, yet interestingly Treg do not produce this cytokine 

(6). Furthermore, CD25 expression allows for selection and purification of FoxP3+ Treg in 

preclinical and clinical studies(7). Human and mouse FoxP3+ Treg have different 

phenotypic characteristics and function trough several mechanisms that may vary according 

to the settings in which these cells have been studied or are utilized. Several studies have 

shown that cytokine production is required for suppressive function. The main cytokines in 

this context are interleukin-10 (IL-10), transforming growth factor beta (TGF-β) and 

interleukin-35 (IL-35)(8–11). Other mechanisms of FoxP3+ Treg function require cell-to-

cell contact and involve expression of different molecules such as CTLA-4, LAG-3, CD39, 

perforin and granzymes(12–17).

Tr1 cells are a population of T lymphocytes characterized by the secretion of high levels of 

IL-10, minimal amounts of interleukin-4 (IL-4) and 17 (IL-17) and low expression of 

FoxP3(18–24). IL-10 production peaks at 12–24 hours after activation(19). Tr1 cells can be 

detected in vivo in patients that are tolerant to donor stem cell grafts(18, 20, 25) and recently 

a distinct phenotype has been described for these cells, as they constitutively express LAG-3 

and CD49b (26). Tr1 cells have the ability to modulate different immune responses 

producing and secreting IL-10 and TGF–β, and require T cell receptor (TCR) stimulation to 

exert their suppressive function even if their growth and proliferation is TCR 

independent(27).

In humans and mice iNKT cells are characterized through the expression of the semi-

invariant TCRs Vα24-Jα18 and Vα14-Jα18, respectively. TCR activation through 

glycolipids that are presented by the major histocompatibility complex (MHC)-I like 

molecule CD1d results in an instant effector function characterized by the rapid release of 

cytokines such as IFN-γ, IL-4 and IL-13(28, 29). A growing body of preclinical animal 

models and recent clinical trials suggest that iNKT cells play a central role in promoting 

sustained immunologic tolerance through a well-balanced interaction with myeloid-derived 

suppressor cells (MDSCs) and Treg even if the underlined mechanisms have been not fully 

elucidated.

Treg adoptive transfer in hematopoietic stem cell transplantation

Hematopoietic stem cell transplantation (HSCT) is an effective therapy for a range of 

hematological malignancies, genetic disorders, bone marrow failure states and for the 
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induction of solid organ transplantation tolerance. A major risk following HSCT is graft 

versus host disease (GvHD) that is a potentially lethal immune-mediated disease. GvHD is 

the major cause of transplant related mortality (TRM) therefore, much effort has been 

extended to prevent and improve treatment of this complication. As GvHD is triggered by 

immune reactions against host antigens, FoxP3+ Treg immediately became a potential 

therapeutic tool because of their ability to regulate and modulate immune responses and 

control T cell proliferation (30). Preclinical studies have demonstrated that FoxP3+ Treg 

adoptive transfer can prevent GvHD while maintaining graft versus tumor (GvT) effects 

opening the doors to clinical translation (7, 31–34). The first study that reported FoxP3+ 

Treg adoptive transfer for the treatment of GVHD was a report of two cases by Trzonkowski 

et al. where two transplanted patients with hematologic malignancies were treated with in 

vitro expanded CD4+CD25+CD127− Treg. One patient with chronic GvHD (cGvHD) 

received a single dose of 1×105/kg Treg that induced clinical improvement and allowed for 

reduction in steroid dose. The second patient with severe acute GvHD (aGvHD) received 3 

doses for a total of 3×106/kg FoxP3+ Treg obtaining only a transient improvement and that 

patient ultimately died of progressive disease (35). Limitations in the Treg preparation of 

this small study were the paucity of the cells and final Treg purity after expansion. A larger 

study from Di Ianni et al. demonstrated that the adoptive transfer of freshly isolated 

CD4+CD25+ Treg can effectively prevent GvHD in the haploidentical transplantation 

setting. In this study the authors reported a low incidence of acute and cGvHD (2/26 treated 

patients) despite the infusion of 1×106/kg donor conventional T cells (Tcon) without 

immunosuppression. Even though GvHD was reduced by Treg treatment, TRM was still 

relatively high (13/26 patients) due to the toxicity of the preparative regimen and infections 

(36). Recently the same group reported an update of their clinical trial were they showed 

that FoxP3+ Treg plus Tcon adoptive immunotherapy resulted in a low rate of GvHD 

incidence and also very few relapses indicating retention of GvT effects in the clinic. In this 

study the reported relapse rate was reduced in comparison to a historical control group and 

only 2 of 41 patients with high risk acute leukemias who were treated with FoxP3+ Treg and 

Tcon relapsed with a median follow up of 46 months (37). Encouraging results were also 

reported by Brunstein et al. in Minnesota, USA, where they used umbilical cord blood ex 

vivo expanded third party FoxP3+Treg for GvHD prevention in the setting of double cord 

transplantation. They demonstrated that FoxP3+Treg expansion is feasible and safe and 

FoxP3+Treg infusion appeared to reduce GvHD in 23 patients compared to a control group 

of patients that received similar conditioning and immunosuppressive therapy(38). In the 

cGvHD setting the group from Dresden, Germany, recently reported the results from a small 

trial in which they infused CD4+CD25+ in vitro expanded Treg to 5 patients with treatment-

refractory cGvHD. The Treg infusion was well tolerated and induced clear improvement in 

cGvHD symptoms in 2 patients while the other 3 had stable disease(39). All these studies 

taken together strongly support the clinical use of FoxP3+ Treg for GvHD prevention and 

possibly for GvHD treatment demonstrating safety and feasibility and providing insights on 

efficacy. The different cell selection and purification methods and the diverse treatment 

protocols used leave a number of questions unanswered regarding the best approach to use 

in the different clinical settings.
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Tr1 cells have been recently described as a possible alternative to FoxP3+ Treg, but the main 

limitation to their clinical use in the past years has been the lack of a clear phenotype that 

could be use for purifying the cell population. Tr1 cells are induced by in vitro treatment 

with IL-10 of the whole T cell pool in the presence of alloantigens that enriches for 

alloantigen-specific Tr1 cells and promotes T cell anergy(20, 40, 41). Bacchetta et al. 

reported results from the first clinical study conducted in Milan, Italy, where IL-10 

“anergized” donor lymphocytes in the presence of host antigen presenting cells were infused 

into patients to promote immune reconstitution after haploidentical transplantation. These 

cells appeared to promote immune reconstitution in the absence of relapse, in 4 of 12 treated 

patients, however, grade II/III aGvHD was observed(42). The phenotypic characterization of 

Tr1 cells that have been recently defined as LAG3+ and CD49b+ will be extremely helpful 

for purification of these suppressive cells promoting their clinical application(26).

Interleukin-2 treatment for promoting Treg in vivo function

The paucity of Treg in the peripheral blood and the complexity of isolating this rare cell 

population have limited their clinical application (30, 43). One strategy to overcome this 

challenge is to develop approaches to activate and expand Treg in vivo. As discussed above, 

FoxP3+ Treg require IL-2 for their development, survival and activation(6, 44, 45). 

Treatment with low dose IL-2 was safe and did not increase GvHD rates in haploidentical 

HSCT, while it promoted an increase in Treg number(46, 47). Koreth et al. demonstrated 

that low dose IL-2 is safe and can improve symptoms of cGvHD in a phase I clinical trial. 

Low dose IL-2 induced a partial response of cGvHD in 12 of 23 patients that were evaluable 

for response assessment and induced a marked increase in the Treg/Tcon ratios and in the 

absolute numbers of FoxP3+ Treg(48). The same group also demonstrated that low dose 

IL-2 therapy selectively impacts FoxP3+ Treg and restores CD4+ T cell homeostasis that is 

unbalanced in cGvHD favoring immune tolerance(49).

Low dose IL-2 has also been demonstrated to be effective in increasing FoxP3+ Treg 

number in different clinical settings. Saadoun et al. recently published the results from a 

phase I/II clinical trial with the use of low dose IL-2 in refractory HCV-induced vasculitis 

that is a disease sustained by autoimmune mechanisms. IL-2 was able to expand FoxP3+ 

Treg resulting in an improvement of clinical signs and symptoms in 8 of 10 treated 

patients(50). Furthermore low dose IL-2 therapy has been used in patients with type 1 

diabetes (T1D). Treg play an important role in the pathophysiology of T1D and preclinical 

studies showed that IL-2 treatment can prevent and reverse hyperglycemia through FoxP3+ 

Treg activation and expansion resulting in prevention of spontaneous and recurring diabetes 

when used in combination with rapamycin(51–55). In a phase I multicenter clinical trial 

patients with T1D were treated with a course of rapamycin/IL-2. Unfortunately, despite the 

safety of the treatment and a promising increase in Treg number with no modifications in 

other T cell subsets, treatment resulted in marked but transient β-cell dysfunction in all of 

the 9 treated patients(56). This negative result has been attributed to the potential effects of 

IL-2 on other immune cells, such as NK cells(57). Another more recent phase I/II clinical 

study reported 24 patients affected by T1D treated with placebo or IL-2 at different doses 

(0.33 MIU/day, 1MIU/day or 3MIU/day) for a course of five days. IL-2 treatment was 

generally safe and induced a selective increase in Treg number without having a negative 

Pierini et al. Page 4

Curr Stem Cell Rep. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



impact on glucose metabolism. The short follow up and treatment course do not permit 

evaluation of the efficacy of the approach(58).

In all these reports IL-2 treatment increased FoxP3+ Treg number and Treg/Tcon ratio in the 

peripheral blood of treated patients even if used at different doses with different courses. 

This selective effect on T cells appears to be the key mechanism of potential efficacy, 

however, the approach of low dose IL-2 based therapy still needs to be proven by larger 

clinical trials.

Treg in vivo targeting for modulation of immune responses in the treatment 

of autoimmune diseases

Several animal models of autoimmune diseases demonstrated that autoimmune responses 

could be controlled by restoring the balance of effector T cells and Treg. In humans, the 

mutation of the FoxP3 gene results in a syndrome called IPEX (Immune dysregulation 

including type I diabetes, thyroiditis, severe allergy, inflammatory bowel disease, 

polyendocrinopathy, enteropathy, X linked) implying that FoxP3+ Treg have an important 

role in the pathogenesis of autoimmune disease(3). Depletion of Treg in mice also induces 

organ specific or systemic autoimmune diseases(59–61).

Examples of Treg based therapy to treat autoimmune diseases include clinical trials in T1D. 

T1D results from immune-mediated destruction of pancreatic beta-cells leading to severe 

hyperglycemia and dependence on exogenous insulin administration. In the NOD mouse 

model, beta cell destruction is caused by autoreactive T cells which recognize islet cell 

antigens and lead to beta-cell destruction(62). As above mentioned, the pilot study of 

combination therapy with IL-2 and rapamycin in T1D patients showed that treatment 

transiently worsened beta cell function although the number of Treg was temporarily 

increased(56, 57). Marek-Trzonkowska et al. reported a preliminary study with Treg 

adoptive transfer in patients with T1D showing more promising results. They treated 10 

T1D affected children with injection of a high number (10–20×106/kg) of autologous in 

vitro expanded CD4+CD25+CD127− Treg obtaining a significant decrease in the 

requirement for exogenous insulin and an increase in C-peptide levels in comparison to 

control children with similar disease characteristics during the short follow up period(63).

A different therapeutic approach in T1D patients involves the use of CD3-specific 

monoclonal antibodies (teplizumab and otelixizumab) that showed preservation of beta cell 

function in a pilot clinical trial(64). These drugs are thought to modulate the balance 

between pathogenic effector T cell and Treg. In the mouse model, CD3-specific monoclonal 

antibodies can preferentially remove the pathogenic T cell and relatively preserve the Treg 

population(62). Samples from the antibody treated subjects suggested that the antibodies 

induced CD8+ cells with regulatory function(65). Although further studies are required to 

optimize the dose and timing of treatment, some benefits from the CD3 antibodies have been 

already reported (66–68). Another example of the immune therapy modulating Treg 

function is Fingolimod, the first drug to modulate the sphingolipid signaling pathway for the 

treatment of patients with relapsing-remitting multiple sclerosis(69). Sphingosine-1-

phosphate (S1P) signaling is associated with several physiological processes including T cell 
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function. S1P signaling has been reported to play a role in Treg development(70). Treg 

derived from S1P deficient mice showed a greater capacity to suppress the proliferation of 

effector T cells. Conversely, over-expression of S1P led to a reduced number and activity of 

Treg(71). These data suggested that S1P signaling is highly associated with Treg number/

function, although Fingolimod also regulates the migration and function of non Treg 

populations and may directly affect neuronal cells(72).

A correlation was also made between FoxP3+ Treg and the pathophysiology of rheumatoid 

arthritis (RA) in patients that received anti-tumor necrosis factor (TNF) therapy. TNF was 

reported to inhibit the suppressive function of FoxP3+ Treg and Treg isolated from RA 

patients showed poor suppressive activity of effector T cells. Treatment with the anti-TNF 

antibody (Infliximab) increased FoxP3 expression and restored their suppressive 

function(73). These data suggested that the effect of anti-TNF therapy in RA patients is not 

only for the reduced level of TNF but also for the modulation of the number and function of 

Treg.

Clinical experience with Tr1 cells in autoimmune disease is limited to a pilot clinical trial in 

Crohn’s disease (CD), where in vitro generated ovalbumin (OVA) specific Tr1 cells were 

injected at different doses in 20 CD patients that received an OVA-enriched diet to allow for 

homing to the gut of the OVA-specific Tr1 cells. This treatment induced a transient 40% 

response rate that is promising considering the limitations in cell number and selection(74).

These studies demonstrate that the complexity of immune interactions limit the translation 

of promising preclinical studies in autoimmune diseases, therefore a better understanding of 

the precise role of Treg in the different settings is required to make Treg based therapies a 

feasible and effective treatment option.

iNKT and TLI/ATG conditioning promote tolerance induction

iNKT cells are defined by the expression of the semi-invariant TCR Vα24-Jα18 in humans 

and Vα14-Jα18 in mice. Although iNKT cells constitute a small subset of lymphocytes they 

are potent immunoregulators promoting immunologic tolerance through the rapid release of 

cytokines. iNKT cells up-regulate the expression of anti-apoptotic genes after radiation 

exposure resulting in relative radioresistance(75–77). This biologic feature has been applied 

in the concept of reduced intensity conditioning with fractionated irradiation focusing on 

lymphoid tissues (total lymphoid irradiation) and the administration of anti-thymocyte 

globulin (TLI/ATG).

Early preclinical studies in mongrel dogs showed that TLI/ATG conditioning promoted 

tolerance of heart allografts(78). Subsequent murine studies revealed that this regimen was 

also associated with a reduced risk of GvHD(76). Pillai et al. demonstrated that host iNKT 

cells promote an IL-4 dependent expansion of donor CD4+CD25+FoxP3+ Treg and that both 

host iNKT and donor Treg are required for the protection from GvHD in the setting of 

TLI/ATG conditioning(79). Furthermore, Hongo et al. showed in a murine model of 

combined HSCT and heart transplantation after TLI/ATG conditioning that graft acceptance 

required host iNKT cells, CD11b+Gr-1+ MDSCs and IL-10 producing Treg(80, 81). 

Recently, van der Merwe et al. observed an increase of CD11b+Gr-1lowCD11c+ myeloid 
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progenitors through TLI/ATG conditioning that require IL-4 signaling and the presence of 

host iNKT cells(82). Our group showed recently in a myeloablative model of allogeneic 

HSCT that low numbers of adoptively transferred donor or third party CD4+ iNKT cells 

protect from GvHD lethality through an expansion of donor Treg which was associated with 

an expanding population of donor CD11b+Gr-1int MDSCs and abrogated by treating 

recipient animals with an anti-GR-1 MAb(83, 84).

Recent retrospective clinical data strongly support the beneficial immunologic effects of 

donor iNKT cells in the setting of allogeneic HSCT in humans. Chaidos et al. showed in a 

multivariate analysis that a higher graft iNKT cell dose was associated with a significantly 

lower risk of acute GvHD(85). Similarly, Rubio et al. found that low peripheral blood 

iNKT/T cell ratios post-transplant were an independent factor associated with the occurrence 

of acute GvHD(86). Furthermore, iNKT cell stimulation through liposomal α-GalCer 

resulted in Treg expansion and protection from GvHD in animal models(87, 88). Currently, 

a multicenter phase I/II clinical trial (NCT01379209) investigating liposomal α-GalCer 

(RGI-2001) in patients undergoing myeloablative allogeneic HSCT is under way in order to 

evaluate the safety and efficacy of this concept.

TLI/ATG conditioning has been translated to the clinic for both GvHD prevention and 

induction of solid organ transplant tolerance. In the first trial at Stanford, 37 patients with 

hematological malignancies were treated with 10 doses of TLI and ATG(89). Importantly, 

most patients presented with advanced or refractory disease and were not eligible for 

conventional myeloablative conditioning due to age and comorbidities. Although 38% of 

patients received a matched unrelated graft only 3% developed acute GvHD ≥ grade II with 

evidence for retained graft-versus-tumor activity. In this study 12 of 16 patients with 

lymphoid malignant diseases in partial remission at time of transplantation subsequently 

converted to a complete remission. Interestingly, these results were associated with a Th2-

biased cytokine profile and a reduced proliferative response of donor CD4+ T cells towards 

alloantigens. Kohrt et al. reported a follow-up of this study including a total of 111 patients 

all ineligible for conventional full-dose conditioning due to age or comorbidities(90). 

Although 50 patients received a graft from an HLA-matched unrelated donor and 61 patients 

received a graft from a related donor, the probability of acute GvHD ≥ grade II by day 100 

was as low as 10% and 2%, respectively. Importantly, a relative increase of host iNKT cells 

in the peripheral blood during condition with TLI/ATG was observed. Whereas advanced 

disease at time of transplantation was associated with a higher risk of progressive disease or 

relapse, achievement of complete chimerism predicted a more favorable outcome which 

leads to the intriguing question of whether donor lymphocyte infusions may promote graft-

versus-tumor effects without inducing GvHD in the setting of TLI/ATG conditioning. This 

is of great importance as a relevant percentage of patients failed to convert to complete 

donor chimerism. Notably, 20 of 34 patients who achieved complete remission had clearing 

of tumor that was outside the field of TLI indicating sustained graft-mediated anti-tumor 

activity. A multicenter study performed by the Gruppo Italiano Trapianti di Midollo 

investigated TLI/ATG conditioning in a similar population of 45 patients with lymphoid and 

myeloid malignancies confirming the tolerogenic properties and tolerability of this 

preparative regimen(91). More recently, comparable results were published by Benjamin et 

al. who studied TLI/ATG conditioning in 61 patients for the treatment of myelodysplastic 
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and myeloproliferative disorders(92). Cumulative incidence of acute GvHD grades II-IV 

was as low as 14% with a 1-year non-relapse mortality (NRM) of only 7% although patient 

age ranged from 50 to 73 years. A randomized clinical trial has been performed in Belgium 

comparing TLI/ATG to fludarabine and TBI which demonstrated comparable overall 

survival outcomes confirming the low risk of acute GvHD and transplant related mortality 

although relapse was higher in patients conditioned with TLI/ATG(93). TLI/ATG 

conditioning is characterized by a low non-relapse mortality with a decreased incidence of 

GvHD compared to established reduced-intensity regimens making this approach suitable 

for older, heavily pretreated patients with comorbid medical conditions(94).

Beyond GvHD prevention, TLI/ATG has been shown to induce tolerance of the host 

towards solid organ transplants in both animal models and humans(78, 81, 95). At Stanford, 

kidney transplant patients were treated with TLI/ATG conditioning following injection of 

CD34+ hematopoietic cells and CD3+ T cells from the same donor with the goal of long-

term withdrawal of systemic immunosuppressive drugs(96). Scandling et al. reported 

recently 38 patients that were treated with combined living donor kidney and HSCT after 

TLI/ATG conditioning. Persistent chimerism for at least 6 months was associated with 

successful complete withdrawal of immunosuppressive drugs in 16 of 22 matched patients 

without rejection episodes or kidney disease recurrence with up to 5 years follow up. 

Importantly no kidney graft loss or GvHD occurred with up to 14 years of observation 

which is improved compared to a cohort of kidney transplant recipients treated over the 

same time period without TLI/ATG conditioning and allogeneic HSCT(97).

Preclinical studies investigating TLI/ATG conditioning and the biology of iNKT cells paved 

the avenue for successful clinical translation to prevent GvHD and promote solid organ 

transplant tolerance without livelong immunosuppression.

Challenges and Future Directions

Several years have passed since the discovery of Treg and the first descriptions of their 

suppressive functions. Since then Treg have been considered a possible therapeutic tool for 

immune-mediated diseases and a number of clinical studies have been conducted to 

demonstrate their translational potential confirming many of the initial observations made in 

animal models. Preclinical studies widely demonstrated that Treg are able to ameliorate 

different autoimmune and alloimmune diseases in several models, but the road to clinical 

translation has presented many obstacles.

Human Treg are a rare population and their paucity in the peripheral blood limits their 

clinical application. To overcome this issue, several studies suggested various methods for 

expansion of Treg that may occur directly in vivo or in vitro. In vivo administration of IL-2 

is one of the widely used methods for Treg expansion. As discussed above, low dose IL-2 

treatment could preferentially expand Treg without expanding activated effector T cells(48) 

and Treg may also be expanded in vivo by iNKT(83, 84). Recently the agonistic antibody of 

TNFRSF25 (also called Death receptor 3, DR3) has been reported as a potential reagent to 

selectively expand Treg in vivo(98). TL1a (natural ligand of TNFRSF25) conjugated with 

IgG heavy chain has also been explored for in vivo activation and expansion of Treg(99). 
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We have recently found that a single injection of an agonistic anti-DR3 Mab to the donor 

can result in expansion of Treg and splenocytes from these animals result in dramatically 

reduced risk of GVHD compared to isotype treated animals(100). The precise mechanism of 

Treg expansion through TL1a-TNFRSF25 signaling is still not fully understood. Another 

strategy for Treg based therapy is the expansion of Treg ex vivo prior to their administration 

to patients. Ex vivo expansion of Treg with IL-2 and CD3/CD28 activation(101), TGF–

β(102), rapamycin(103), retinoic acid(104), and a histone deacetylase inhibitor(105) have all 

been reported. However, concerns about the activation/proliferation of non Treg subsets 

including effector T cells persist. A clinical trial of ex vivo expanded human natural Treg 

using the combination of CD3/CD28 activation and antigen presenting cells under GMP 

condition was also reported(106). Although GMP sorting and culture are not easy for many 

institutions, expanded Treg may represent a potential treatment option for auto and 

alloimmune diseases refractory to conventional therapies. A brief summary of different 

methods for modulation and/or expansion of FoxP3+ Treg is shown in Figure 1.

Thus far the adoptive transfer of purified populations of Treg have been mainly employed in 

allogeneic HSCT with the goal of GvHD suppression, however, the approaches have been 

different in terms of cell number, preparation, source, purity and timing of treatment. Studies 

showed that Treg adoptive transfer is more effective if it precedes conventional T cell 

infusion(107, 108). We recently showed that third party FoxP3+ Treg may be a potential 

alternative to donor derived FoxP3+ Treg for GvHD suppression. Third party Treg are 

rejected in vivo in GvHD mouse model, but exert their function in the early post transplant 

phase(109). Other studies reported that antigen specific Treg can be in vitro primed and 

exert a specific suppressive activity that do not impact normal immune functions(110–112), 

therefore a better knowledge of the antigens that trigger auto- and allloimmune disease is 

required for the clinical application of these approaches.

Recent studies demonstrated that Tr1 cells can be induced not only in vitro, as above 

reported, but also in vivo(113). IL-10 is crucial for inducing Tr1 cells and the rapamycin/

IL-10 combination has been used to effectively induce tolerance to allogeneic islets in 

preclinical models of diabetes and to protect from autoimmunity promoting its use in the 

clinic(114, 115). Furthermore new discoveries on Tr1 cell phenotype will lead to a better 

cell selection and will facilitate clinical employment. Finally, recent reports on the use of 

purified iNKT cells and their ability to expand Treg in vivo even when injected in small 

numbers are supportive of iNKT based cellular therapy.

Regulatory T cells have tremendous promise yet challenges persist on the road to clinical 

translation. Nonetheless, recent studies that expand our understanding of regulatory T cell 

biology and mechanisms of action are clarifying how these cells should be used and in 

which settings are the most suitable for effective clinical application.
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Figure 1. FoxP3+ Treg based treatments of immune-mediated diseases
The different therapeutic approaches that involve directly or indirectly the use of FoxP3+ 

Treg are shown. FoxP3+ Treg can be adoptively transferred in the patient when freshly 

isolated or after ex vivo expansion. Recent discoveries are now showing that other cell 

populations such iNKT cells or newly developed drugs can expand FoxP3+ Treg or 

modulate their function. Other approaches aim to selectively remove effector T cells sparing 

FoxP3+ Treg and favoring their in vivo function.
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