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Introduction
Foxp3+ regulatory T cells (Treg) are a crucial sub-population 

of T cells in the control of immunity and the maintenance of 
immunological tolerance aiding the prevention of autoimmunity. As 
such Treg have been proposed to be a candidate cell that could be 
used as cellular therapy to suppress unwanted immune responses. 
Indeed, there is an expanding literature on the potential use of Treg 
to induce or re-establish tolerance in both autoimmune diseases 
such as type I diabetes, arthritis and chronic inflammatory diseases 
as well as in preventing allograft rejection and graft versus host 
disease (GVHD). Furthermore, the finding that antigen specific Treg 
are superior to polyclonal Treg in a range of disease settings has 
raised the possibility that Treg based therapies may be refined and 
improved by genetic manipulation. 

The first description of Treg was by Sakaguchi and his colleagues 
in 1995, where they showed the depletion of a CD4+CD25+ T cell 
subset led to the development of autoimmune disease e.g. gastritis, 
thyroiditis, adrenalitis and insulitis [1]. However, CD25 is expressed 
by activated lymphocytes so it was the discovery that Treg express 
the master transcription, forkhead box protein 3 (Foxp3) that 
defined Treg as being a separate T cell lineage from conventional T 
cells [2,3]. In addition, mice that lack Foxp3 expression (scurfy mice) 
develop T cell dependent autoimmune diseases [4]. Importantly, a 
spontaneous inflammatory disease called Immune dysregulation 
polyendocrinopathy enteropathy X linked syndrome (IPEX) is the 
result of a mutation in the foxp3 gene which links Treg and foxp3 
to the development of autoimmunity in humans as well as in mice 
[4]. The mechanisms employed by Treg to suppress immunity can 
be mediated by cell contact (e.g. via CTLA-4) or may be cell contact-
independent (e.g. IL-10 and TGFβ) [5].

Treg can be isolated from a number of different sources 
including peripheral blood, umbilical cord blood and discarded 
paediatric thymuses, however, the most common source for Treg 
thus far used in clinical trials is peripheral blood. In order to take 
advantage of the suppressive capacity of such cells and due to the 
low frequency of Treg in peripheral blood, ex-vivo expansion of the 
cells using non-specific stimulation with anti-CD3\CD28 in the 
presence of a high concentration of IL-2 is generally required. This 
type of expansion protocol has proved to be able to successfully 
generate sufficient numbers of Treg to be infused in clinical trials 
[6].

Indeed, Treg ex-vivo expanded in this way have been introduced 
as an immunotherapeutic agent in autoimmune diseases such as 
type 1 diabetes [7,8]. It is worth noting that in all studies to date 
the administration of ex-vivo expanded Treg to patients has not 
resulted in any serious complications or side-effects. A recent study 
reported that the infused Tregs can be detected in the circulation 
for at least 3 months post infusion and that such cells largely retain 
their original Treg phenotype [9]. Interestingly, it has been shown 
that culturing Treg together with certain cytokine combinations 
during ex-vivo expansion may result in Treg expressing chemokine 
receptors that may facilitate Treg migration to sites of inflammation 
and/or peripheral tissues [10]. 

Ex-vivo expanded Treg have now been infused into patients 
in a number of different disease settings. For example, such Treg 
have been transferred to patients at risk of acute and chronic graft 
versus host disease (GVHD); a condition that can occur following 
allogeneic HSC transplantation due to alloreactive T lymphocytes 
present in the donor HSC product.  These studies demonstrated 
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that it is feasible and safe to inject Treg into patients receiving 
HSC transplantation and that their infusion correlated with the 
suppression of GVHD and enhanced immune recovery [11,12]. 
Ex-vivo expanded Tregs have also been administered to liver 
and kidney transplant patients [13,14]. Indeed, the ONE study 
intensively investigated the safety and feasibility of injecting ex vivo 
expanded Treg into kidney and liver transplant patients and has 
reported no side-effects associated with the infused Treg [13,15]. 
The contribution, if any, of the administered Treg to the suppression 
of rejection has yet to be confirmed as both sets of patients received 
conventional immunosuppressive agents in addition to the Treg. 

The Tregs that have been given to patients are largely the 
result of polyclonal expansion such that only a small percentage 
of the Treg are likely to recognise the target disease associated 
antigen/alloantigen. However, advances in gene-engineering 
may have opened an avenue to re-direct Treg specificity toward a 
particular antigen thereby potentially increasing the suppressive 
capacity of the Treg whilst lowering the possibility of off-target 
immunosuppression [16]. Indeed, T cell receptor (TCR) or 
chimeric antigen receptor (CAR) gene engineering of conventional 
T cells has been widely trailed to treat solid and haematological 
tumours and such clinical trials have shown encouraging and 
often remarkable results [17-19]. The successful outcomes from 
re-directing conventional T cells toward tumour antigens through 
either TCR or CAR gene engineering raises the question of whether 
similar approaches could be applied to regulatory T cells in order to 
suppress autoimmunity and allograft rejection. 

A recent study highlighted the potential of CAR-Treg showing 
that lung epithelium-reactive CAR-Tregs demonstrated an enhanced 
ability to suppress allergic airway inflammation in a mouse model 
compared to their polyclonal counterparts [20]. Moreover, directing 
Treg specificity to ta issue-specific antigen or disease related antigen 
revealed a robust suppression of Type I diabetes and rheumatoid 
arthritis [21,22]. In terms of transplantation, several recent studies 
have shown that HLA-A2-specific CAR Tregs displayed an enhanced 
ability to suppress HLA-A2+ skin allograft rejection and xenogeneic 
GVHD in humanised mouse models of transplantation [23-25]. 
Another promising approach in the field is the use of an engineered 
B cell antibody receptor (BAR) in conventional T cells or Treg to 
ameliorate B cell mediated autoimmunity and alloimmunity [26]. 
Recently, BAR transduced Treg have been shown to potently prevent 
the secretion of the neutralising antibodies that develop against the 
therapeutic factor VIII in haemophilia [27]. This raises the question 
whether using BAR Treg would be advantageous to suppress 
pathogenic antibodies in autoimmunity and transplantation. 

Taken together there is now convincing evidence that Treg can 
be isolated and expanded from patients under cGMP conditions 
to enable their re-infusion as part of a therapeutic strategy. Phase 
1 clinical trials have shown that these cells are able to survive for 
prolonged periods of time post infusion and that the generation 
of location-specific or antigen-specific Treg is likely to increase 
the potency of such cells. However, it remains to be seen whether 
Treg can be used as a cellular therapy for autoimmune disease 

and allograft rejection/GVHD in isolation or perhaps more likely 
will be used as part of an adjunctive strategy combined with more 
traditional immunosuppressive agents. The other important point 
is whether Tregs when confronted with certain inflammatory 
stimuli could lose their suppressive phenotype and convert to T 
helper subsets such as IFN  or IL-17 secreting CD4+ T cells that 
may exacerbate rather than suppress immune-mediated disease 
[28]. Addressing these potential confounding factors will be a 
necessary next step in the potential implementation of Treg as a 
cellular therapy for autoimmunity, transplant rejection and GVHD. 
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