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Abstract  
Regulatory T cells have a central role in maintaining immune homeostasis by modulating immune 

responses and promoting tolerance to self-antigens. Treg cells are involved in autoimmune disease 

prevention, suppression of allergic diseases, confinement of infection-induced immunopathology, 

induction of fetal-maternal and oral tolerance. On the other hand, Treg suppressor function limits the 

host effector responses in cancer and chronic infections, promoting tumor progression and pathogen 

persistence. Although a significant number of studies in animal models revealed promising therapeutic 

potential of Treg cells, translation to clinical application is still at the beginning. Manipulation of Treg 

cells has proved to be beneficial in different autoimmune diseases, pre-malignant and malignant 

disorders (e.g., myeloproliferative neoplasms, other types of hematological disorders and solid 

cancers), graft-versus-host disease and graft rejection after hematopoietic stem cell or solid organ 

transplantation. Targeted Treg cell therapies (either by depletion or immune-checkpoint blockade) 

might be promising strategies for immunotherapy in cancer, by improving anti-tumor immune response, 

and also in chronic infections, contributing to control of infections by effector T cells.  
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1. Introduction 
Regulatory T cells (Treg cells, Tregs) represent a more recently discovered T cell population 

that play a central role in maintaining immune homeostasis by modulating immune responses 

and promoting tolerance to self-antigens. Treg cells are involved in autoimmune disease 

prevention, suppression of allergic diseases, prevention of infection-induced 

immunopathology, induction of fetal-maternal and oral tolerance [1]. On the other hand, Treg 

suppressor function limits the host effector responses in cancer and chronic infections, 

promoting tumor progression and pathogen persistence [2-5]. Although a major progress has 

been made in understanding Treg biology, the phenotypic and functional complexity of these 

cells requires additional in vitro and in vivo studies to establish their role in both normal and 

pathological conditions, in order to use them as therapeutic tools. 

A significant number of studies in animal models revealed promising therapeutic potential of 

Treg cells, but translation to clinical application is still at the beginning [6]. In recent years, 

animal models have been commonly used for Treg therapy in a range of disorders such as: 
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inflammatory and autoimmune diseases, metabolic disorders, cancer, or in transplantation 

tolerance studies. Since Treg studies on human subjects have limitations (regarding the 

reduced number of Treg cells, lack of specific markers or the impossibility to study certain 

tissues), extensive research on Treg cells has been performed in murine models; moreover, 

the humanized mouse model (representing mouse transplanted with human cells/tissues) 

offers a better opportunity to examine human Treg biology and mechanisms of involvement 

in various pathologies, therefore to use therapeutic potential of those cells [6]. 

Treg cell manipulation has proved to be beneficial in different autoimmune diseases, pre-

malignant and malignant disorders (e.g., myeloproliferative neoplasms, other types of 

hematological disorders and solid tumors), graft-versus-host disease (GvHD) and graft 

rejection after hematopoietic stem cell transplantation  (HSCT) and solid organ (kidney [7], 

liver [8]) transplantation. A very recent study revealed, in a murine model, that Tregs 

promoted oligodendrocyte differentiation and accelerated myelination and re-myelination 

even in the absence of inflammation, and therefore suggested a regenerative function of Tregs 

in the central nervous system [9]. Targeted Treg cell therapies (either by depletion or 

immune-checkpoint blockade) might be promising strategies for immunotherapy in cancer, 

by improving anti-tumor immune response, and also in chronic infections [10,11], 

contributing to control of infections by effector T cells. 

 

2. Treg cell manipulation strategies 
There are two main and opposite approaches of Treg cell manipulation for therapeutic 

purposes: expansion and depletion. Moreover, not only the global frequency of Treg cell can 

be influenced, but also their function could be enhanced or diminished, or a particular Treg 

subset could be modulated in order to obtain clinical benefit. 

In clinical conditions such as autoimmune and allergic diseases, graft rejection after solid 

organ transplantation or hematopoietic stem cell transplantation, it is necessary to restore 

immune tolerance. In this regard, Treg cell generation and expansion protocols in vitro and in 

vivo have been established, not only for polyclonal Tregs, but also for antigen-specific Tregs. 

Several strategies for polyclonal Treg cells expansion in vivo have been tested; they require 

administration of IL-2 and IL-2–anti-IL-2 complexes, intravenous immunoglobulin, 

neutralizing inflammatory cytokines or rapamycin [12]. 

Adoptive Treg cellular therapy consists in isolation of Tregs or naïve T cells from patient 

blood, ex vivo expansion/ induction and expansion, and re-injection into person. In order to 

generate antigen-specific Treg cells in vitro, Treg cells are stimulated with antigen-pulsed 

dendritic cells (DC) or anti-CD3/anti-CD28-coated beads and high-dose IL-2. Other 

strategies imply either infection of naïve T cells with a retrovirus containing either both 

Foxp3 and TCR genes, or polyclonal Treg infection with a retrovirus with TCR transgene; 

antigen-specific Treg cells could also be obtained in vitro by treating naïve CD4+ T cells 

with TGF-β. Several protocols of generating antigen-specific Treg cells from naïve T cells in 

vivo have been developed, each one requiring TGF-β: stimulation with antigen plus DC, 

antigen pulsed ethylene carbodiimide (ECDI)-fixed cells, and apoptosis–antigen therapy - a 

novel ingenious approach that combine immune cell apoptosis and autoantigen-specific Treg 

generations by self-peptide administration [13]. 

In cancer and chronic infections, strategies for Treg depletion or suppressive function 

alteration might be beneficial in restoring immune effector function. Anti-CD25 monoclonal 

antibody (daclizumab) was one of the most extensively studied agents used for Treg 

depletion in vivo and in clinical trials. Other Treg depleting agents such denileukin diftitox (a 

fusion protein that combine IL-2 and diphtheria toxin) or cyclophosphamide proved to be 



efficient in certain types of cancer. A phase II clinical trial on stage IV melanoma patients 

[14] concluded that administration of diphtheria toxin–IL-2 fusion protein induced a transient 

depletion of CD25+ Tregs, followed by repopulation with cytotoxic CD8+ T cells specific for 

melanoma antigens and regression of metastases [15]. Immune checkpoints inhibitors such as 

anti-CTLA-4 monoclonal antibody lower the number and function of Treg, contributing to 

antitumoral immune response [16,17]. 

 

3. Clinical applications of Tregs 
3.1. Autoimmune diseases 

Several studies provided evidence regarding the involvement of Tregs in various autoimmune 

disorder pathogenesis. A significant impairment in the number and function of Treg cells has 

been reported in multiple sclerosis (MS) [18], autoimmune liver diseases (primary biliary 

cirrhosis, primary sclerosing cholangitis and autoimmune hepatitis [19], ankylosing 

spondylitis [20], type 1 diabetes mellitus [21], and in disorders associated with autoimmune 

manifestations as for example some of the myeloproliferative neoplasms (MPN) [22]; 

moreover, Tregs display the capacity to convert into effector T cells in inflammatory 

condition/status or to secrete pro-inflammatory cytokine IL-17 in the presence of IL-1β and 

IL-6 [22-25].  

Manipulation of Treg cells with the purpose of restoring immune tolerance seemed to be 

beneficial in autoimmune disease treatment; an important limitation however, was the 

reduced frequency of these cells in the peripheral blood. This triggered the attempt of many 

research teams to establish proper methods of raising Treg levels in the periphery. Recent 

approaches regarding this challenge highlighted some procedures suitable to generate in vivo 

and in vitro augmented levels of Treg cells [12]. 

In order to treat autoimmune diseases, different procedures of Treg cell expansion have been 

imagined and tested. Although these procedures can represent useful strategies for 

autoimmune disease therapy, the risk of inducing the suppression of entire immune system 

should not be neglected.  

Webster et al. [26] imagined an in vivo procedure to induce the expansion of Treg cells: by 

injecting experimental autoimmune encephalomyelitis (EAE) mice (the experimental model 

of MS) with IL2-anti-IL2mAb complexes during three consecutive days. An important 

increase in Treg cell number in different organs such as liver, gut, spleen, lymph nodes and 

thymus, was observed. The increase in Treg level lasted for 1-2 weeks and the expanded cells 

showed a very good activation. Furthermore, administration of IL-2-anti-IL2-complexes as 

pretreatment, proved to be protective against EAE in mice, suggesting that this procedure can 

help not only the treatment of autoimmune diseases but also the organ transplantation, 

because it enhances the immune tolerance [26]. 

Low doses of IL-2 injected for 5 days in NOD mice with induced type 1 diabetes, reversed 

the disease, mainly by increasing Treg cells function in pancreas [27]. 

A study aiming to establish the role of Treg : Teff ratio in diabetes development and, also, the 

importance of IL-2 dose for stimulating mainly Treg cells, found out that the amount of Tregs 

is inversely related to the amplitude of islet infiltration; the most diminished percentage of 

Treg cells was identified in prediabetic mice with mild-moderate (grade 1-2) insulitis. This 

relative reduction of Treg cells amount in Langerhans islets preceded the inflammatory 

process augmentation, and mirrored an imbalance of Treg : Teff ratio, affecting the immune 

homeostasis [28]. 

The therapeutic effect on Treg cell number and function was linked to the IL-2 dose. On one 

hand, high doses of IL-2 led to an augmentation of both the effector T cells frequency and 



Tregs, promoting autoimmune tissue destruction, on the other hand, low doses of IL-2 

stimulated mainly Treg cells, having a very weak action on T effector CD4+, CD8+ and NK 

cells. Pretreatment of mice with low doses of IL-2 during week 5 - 20 or 10 - 20 impeded 

disease development [28]. 

Intravenous immunoglobulin G (IVIg) administration is another therapeutical approach that 

increases Treg cell number in vivo through DC activation [29]. 

Injection of intravenous immunoglobulin in mice prevented the development of EAE, 

augmented Treg cell population and intensified their suppressive function. The same 

treatment proved to be inefficient in Treg-depleted mice, thus pointing out a direct effect of 

IVIg on preexisting Tregs, instead of de novo induction of Tregs from conventional Tcells 

[30]. This finding suggested a potential clinical application of IVIg in MS and other 

autoimmune diseases. A recent study evaluated Treg cells before and after IVIg treatment in 

patients with autoimmune rheumatic diseases (such as dermatomyositis, polymyositis). Treg 

cells were significantly expanded in patients blood 48 to 96 hours after IVIg administration 

[31]. During acute phase of Kawasaki disease the number of Tregs was very low; IVIg 

therapy raised both Foxp3 mRNA and protein level of expression [31,32]. 

A multitude of studies revealed, both in vitro and in vivo, the efficiency of 

immunosuppressive drug rapamycin in induction of nTreg accompanied by T effector 

suppression in autoimmune disorders. In the animal model of RR-EAE (relapsing-remitting 

EAE), oral or intraperitoneal administration of rapamycin at the peak of disease or at the end 

of the first clinical attack, alleviated the disease symptoms and attenuated demyelination and 

axonal loss [33]. 

In EAE, engineered Tregs suppressed ongoing encephalomyelitis reducing disease symptoms 

[34]. In a very recent study it was shown that induction of myelin oligodendrocyte 

glycoprotein (MOG) - specific Foxp3+ Tregs through gene therapy restored immune 

tolerance in mice [35].  

In a recent investigation, Haque et al., showed that, in murine model, adoptive transfer of 

functional Treg cells derived from induced pluripotent stem (iPS) cells significantly reduced 

host immune responses and decreased RA development [36]. 

Another study evaluated in collagen-induced arthritis mice the therapeutic potential of 

antigen specific thymus-derived nTregs and TGF-β-induced Tregs (iTregs). The results 

highlighted that in mice with established autoimmunity TGF-β-induced iTregs are more 

stable and functional than nTregs [24]. 

 

3.2. Tregs manipulation for re-establishment of immune-surveillance: from pre-

malignant to malignant disorders - myeloproliferative neoplasms (MPN) 

Most myeloproliferative neoplasms (MPN) have as distinctive features the disturbed JAK -

STAT signaling pathways and elevated levels of inflammatory cytokines. These disorders are 

able to mimic benign hematopoietic disorders that mask a clone of a modified hematopoietic 

stem cells capable to transform into an acute leukemia [37].  

Inflammatory signals, released in response to different stressors, such as infection, or chronic 

rheumatologic conditions, can induce HSCs to release cytokines that promote myeloid 

differentiation. After triggering stress myelopoiesis, intracellular signaling programs need to 

be deactivated and return to steady state. Excessive exposure to inflammatory cytokines, may 

exhaust HSC due to continued cycling. This promotes bone marrow failure, and can induce 

preleukemic to leukemic transformation [38].  



Immune signature is only partly described in MPN and in spite of more than a decade of 

using JAK inhibitors for these diseases, their effect on different immune subsets of cells is 

not completely clear.  

It has been described the myelofibrosis (MF), including primary myelofibrosis (PMF), or 

post-essential thrombocythemia, and post-polycythemia vera, is associated with autoimmune 

manifestations. 

Tregs are significantly lower in MPN patients compared to healthy controls and decrease 

even more after treatment with JAK inhibitors [39]. JAK inhibitors induced a functional 

silencing of T effectors cells as a result of blocking the secretion of proinflammatory 

cytokines, both in vivo and in vitro [22]. It was speculated that treatment might induce a 

polarization from a Treg phenotype to a TH17 phenotype, and re-establishment of immune-

surveillance against the malignant clone. Further investigation is necessary to confirm the 

hypothesis that expanded TH17 cells originate from Tregs or previously “silenced” CD4 T 

cells. 

Ruxolitinib, a JAK inhibitor, inhibits Treg cells sIL2Rα production in MF patients which 

might explain the ruxolitinib effect on relieving constitutional symptoms. Plasma sIL2Rα 

levels were correlated to the autoimmune serology in MPN patients. These findings 

suggested that sIL2Rα is significantly involved in autoimmune manifestations seen in 

patients with MF [22]. 

Pegylated-interferon alpha (PegINFα) treatment of patients with polycythemia vera (PV) and 

essential thrombocythemia (ET) has resulted in long-term clinical response, decreased 

JAK2V617F allelic burden and restoration of polyclonal hematopoiesis. Beneficial effects of 

PegINFα might be attributed to increased frequency of peripheral blood CD4+ Foxp3+ 

regulatory T cells (Treg), alongside to direct suppression of JAK2-mutated clone, induction 

of dormant stem cells to proliferation, and augmentation of an immune effect against PV and 

ET clones. PegINFα increased the number of highly suppressive Treg, characterized by co-

expression of CD39 and HLA-DR. The same team observed also that PegINFα increased the 

frequency of PD-1+ CD4+ helper cells and PD-1+ CD4+ Foxp3+ Treg cells. Augmentation 

of Ki-67+ Treg, HLA-DR+ CD39+ Treg, Helios+ Treg and HLA-DR+ CD38+ CD8+ T cells 

associated also with an increase in JAK2V617F allelic burden [40].  

 

3.3 Cancer immunotherapies  

Over the last years, a growing number of studies have pointed out the involvement of Treg 

cells in immune evasion and cancer progression [10,41]. Tregs, along with cancer-associated 

fibroblasts and myeloid-derived suppressor cells, participate in the immunosuppressive 

activity of tumor microenvironment. Particularly, Treg suppress the immune responses 

against self-antigens and the anti-tumor responses of the host immunity system. As such, the 

selective depletion of intra-tumor Tregs, by identification and targeting the molecules 

characteristic for these cells, represents a way to modify the balance from the immune 

suppression to immune activation against tumor cells in the human body [42].  

Currently, several strategies to deplete tumor-infiltrating Tregs or to affect their functions 

have been developed or are currently in development. Among them, low-dose chemotherapy, 

CD25-targeted antibodies, immune checkpoint inhibition (ICI), chemokine receptor blockade, 

and blockade of suppressive mechanisms and soluble mediators (IL-10/TGF-β) are the main 

approaches. Still, these strategies could have impact also on effector T cells leading to 

therapy side effects [41].  

CD-25 (IL-2 receptor α-chain) is constitutively expressed on Treg cells and is considered as a 

suitable target for Treg depletion. However, this molecule is also expressed on effector T 



cells. As such, an anti-CD25 therapy can damper the Treg depletion effect by reducing also 

activated effector T cells [10,43]. Moreover, depletion of Treg cells by targeting CD25 could 

cause autoimmune diseases [43].  

Recently, Plitas et al. [44] identified chemokine receptor 8 (CCR8) as a marker of tumor-

infiltrating Tregs in breast cancer and suggested its targeting for the depletion of Treg cells as 

a promising immunotherapeutic approach in the treatment of this type of cancer. This 

molecule was identified as a potential target also in colorectal cancer [45], as well as in lung 

cancer, angiosarcoma, and melanoma [42]. The expression of CCR8 on Tregs was correlated 

with poor prognosis in cancer [44-46]. On the other side, CCR8 is also expressed in liver and 

cardiac tissues and targeting this molecule could induce severe adverse effects [42].  

Also, De Simone et al. reported, along with CCR8, interleukin-1 receptor 2 (IL1R2), 

programmed death (PD)-1 Ligand1, and PD-1 Ligand2 as specific signature molecules 

expressed on the cell surfaces of tumor-infiltrating Treg in colorectal and non-small-cell lung 

cancers [46].  

Other molecule highlighted as a potential target is CCR4 specifically expressed on Treg cells 

from melanoma, as well as GITR (glucocorticoid-induced TNF-receptor family related 

protein) and OX40, a co-stimulatory molecule of the TNF receptor family, both being 

constitutively expressed on Treg cells, but transitory expressed on other T cells [10]. 

Although a major progress has been achieved, a better comprehension of the biology of Tregs 

in tumor microenvironment is needed as an important step in the development of new 

immune-targeting therapies in order to improve their outcome ensuring higher efficacy and 

minimal side effects. 

 

3.4 Treg therapy in solid organ transplantation 
For those patients having end-stage organ failure, the solid organ transplantation could be the 

last choice of treatment in order to improve morbidity and mortality and hope for an 

increased quality of life. Such treatment became available during the last 50 years for various 

types of organs [47].  

Although solid organ transplantation have been remarkable improved by advancements in 

surgery and drugs, allotransplantation is still vulnerable to graft rejection. Moreover, an 

accelerated increase in morbidity and mortality associated with the toxicity of 

immunosuppressive drugs it is reported. In this regard, the main alternative therapeutic 

approach is the induction of immunological tolerance based on the manipulation of immune 

cells so that the immunological environment sustains the graft survival, without interfering 

with crucial immune surveillance mechanisms and, concurrently, abolishing 

immunosuppressant-related toxicity [48,49].  

The concept of Treg therapy in organ transplantation seems to be an important approach. 

Tregs can be generated in vivo by pre-treating mice with a donor alloantigen along with a 

non-depleting anti-CD4 monoclonal antibody. This treatment results in the development of 

Tregs able to prevent allograft rejection in vivo. These Tregs can also prevent allograft 

rejection in naïve mice by cellular adoptive transfer. Tregs can be also obtained in vitro by 

culturing CD4+ T cells with donor alloantigen and anti-CD4 antibody [50]. 

In vitro and in vivo studies demonstrated that CD4+CD25+Foxp3+ Tregs which have a 

critical role in the maintenance of self-tolerance and prevention of autoimmune disease seems 

to contribute to the establishment and maintenance of operational tolerance to renal allografts 

[51]. A study conducted in preclinical animal models showed that the infusion of ex vivo 

expanded recipient Tregs can sustain indefinite acceptance of heart allografts in murine 



models [52]. Moreover, the infusion of Treg cells in combination with immature dendritic 

cells induces alloantigen tolerance and prolongs liver allograft survival [53].  

Studies investigating the liver, kidney or lung transplantation have showed that patients with 

increased number of circulating and intrahepatic Tregs present significant tolerance to the 

transplanted organ and a stable graft function compared to non-tolerant or healthy individuals 

[54]. 

Isolation, multiplication and administration of human Tregs in human transplant recipients 

are investigated in several Phase I/II trials especially regarding the safety and efficacy of this 

therapeutic approach since all studies sustain that Tregs are able to promote transplantation 

tolerance. The approach of the trials involve purification of naturally occurring regulatory T 

cells from living-donor organ transplant recipients, the growth of the cells in the laboratory 

and re-infusion of these cells into the patient, several days after organ transplantation 

[48,49,55]. 

Some aspects should be considered during Tregs cells therapy in organ transplantation: 

specific immunological characteristics of transplanted organ, optimal dose of Tregs, the 

optimal time for Treg administration relative to time of transplant, frequency of 

administration, purity of Treg cells, possibility to evaluate Treg efficiency in transplant 

environment. 

 

3.5. Tregs in prevention of GvHD after allogeneic hematopoietic stem cell 

transplantation  
Allogeneic hematopoietic stem cell transplantation (aHSCT) is a powerful therapeutic 

strategy with high curative potential for many hematological cancers and genetic disorders. 

However, its success is often dampened by the development of GvHD, a severe complication 

with an acute or chronic clinical course, associated with significant morbidity and mortality 

[56]. In terms of pathogenesis, GvHD is caused by the activation of donor T cells that react 

against the host HLA antigens leading to inflammation and tissue damage [57]. Intensive 

immunosuppressive regimens are currently used to prevent GvHD but they lack 

immunological specificity and have only partial efficacy [58]. 

Numerous studies were conducted to establish the role of different Treg populations in GvHD 

suppression. The efficiency of nTreg cells to prevent GvHD was demonstrated in several 

animal models [59,60], but the applicability of this method is limited by the high Treg doses 

required for treatment [61]. The used of in vitro-differentiated iTregs proved to be ineffective 

in reduced GvHD [62]. 

Another approach to prevent GvHD after allogeneic bone marrow transplantation is 

represented by the utilization of engineered Tregs obtained from CD4+CD25- T cells that 

ectopically express Foxp3 after lentiviral transduction [63]. 

As proven by studies on murine models and phase I/II clinical trials, cell-based therapies that 

employ Treg are able to prevent GvHD occurrence by suppressing the alloimmune responses 

through a direct action on conventional T cells contained in the graft [64,65]. The preliminary 

results are promising as Treg administration does not hinder the graft-versus tumor effect as 

well as the capacity of post-transplant immune reconstitution [64]. 

It has been demonstrated that approximately an equal number of freshly isolated donor Tregs 

must be timely added to donor CD3+ T cells in order to ensure a successful GvHD 

prophylaxis [58]. Due to the fact that thymus-derived Treg are present at a very low number 

in the peripheral blood of the donor, their isolation and purification are technically difficult 

and additional expansion protocols are needed [66].  



Different strategies for in vitro expansion of donor Treg have been attempted. As an example, 

an increase in the Treg number and purity was achieved by cultivating for 7-12 days the 

Tregs isolated from unstimulated leukapheresis products [67]. Another strategy was to obtain 

recipient-specific Treg through culturing the purified cells obtained from donor mice in the 

presence of irradiated recipient-type splenocytes and recombinant murine IL-2. This 

approach led to a better control of GvHD in mice compared to polyclonal Treg administration 

[58]. In a recent study it was shown that the pretransplantation exposure of donor T-cells to 

activated protein C (aPC) induced an increase of Treg frequency via aPC-protease-activator 

receptors 2 and 3 (PAR2/PAR3) signaling, protecting HSCT recipients from GvHD [68]. 

To overcome the difficulty related to the low frequency of Tregs obtained from a single 

donor, third-party derived Tregs were used as an alternative for GvHD therapy. The ex vivo 

studies showed that the third-party Tregs displayed an immunosuppressive effect similar to 

donor Tregs, having the advantage that they can be prepared and tested for activity in 

advance. Although third-party Tregs had a shorter survival rate after adoptive transfer in 

comparison to donor Tregs they were able to control conventional T cell proliferation in the 

first two days after aHSCT [69]. 

In addition to in vitro expansion of Treg, in vivo protocols to stimulate Treg proliferation 

have been used too. In this respect, administration of CD4+ invariant natural killer T cells 

(iNKT) in low-doses promoted donor Treg in vivo expansion [70]. A similar effect was 

obtained in a bone marrow transplantation murine model after treating donor mice with an 

agonistic antibody for death receptor 3 (DR3, TNFRSF25), a molecule that is part of tumor 

necrosis factor (TNF) receptor superfamily [71]. 

Many efforts were focused on enhancing Treg immunosuppresive activity rather than 

increasing their number. Several procedures were attempted, such as: activation of tTregs by 

employing the CD4-binding human immunodeficiency virus-1 protein gp120 [72]; targeting 

by inhibitory antibodies DNAX accessory molecule 1 (DNAM-1) activating receptor, a 

molecule expressed predominantly by NK and CD8+ T cells, in order to increase Treg 

efficacy and control GvHD [73]; Treg genetic modification by inducing expression of 

chimeric antigen receptor (CAR) that targets the HLA class I molecule A2 to suppress 

alloimune reactions [74]. 

 

3.6. Treg therapy in other clinical conditions 
Several recent studies showed the advantages of using antigen-specific Tregs vs polyclonal 

Treg cells in therapy. Unlike polyclonal regulatory T cells, suppressive activity of antigen-

specific T regs is directed toward disease-associated antigens and they perform their function 

at the site of inflammation. Currently two strategies are employed in order to obtain antigen-

specific T regulatory cells: engineered transduced TCRs and CAR. 

Expanded human polyclonal Foxp3+ Treg cells transduced with a recombinant TCR from a 

hemophilia A patient’s T-cell clone, effectively induce immunosuppression of T and B cell 

responses against F VIII, used as replacement therapy in Hemophilia A [75].  

In contrast with TCR-transduced Tregs, F VIII-specific CAR Tregs are not subjected to MHC 

restriction, thus having the potential to be used to every patient with anti-FVIII antibody, 

irrespective of MHC type [76]. 

Another condition in which Treg cells might be useful is atherosclerosis (ASC) [77]. In 

mouse models as well as in humans suffering from ASC lesions, frequencies of Treg cells are 

reduced compared to healthy controls, and their function proved to be altered [78,79]. T 

regulatory cells have important atheroprotective properties by suppression of activation of 

cells involved in atherogenic processes like T cells, DC, macrophages, endothelial cells; 



therefore they represent a potential therapeutic tool in prevention of cardiovascular disease. 

Several approaches have been attempted to induce Treg cells and tune the balance between 

proatherogenic inflammatory factors and protective antiatherogenic Tregs: in vivo induction 

of Treg cells by IL-2/anti IL-2 monoclonal antibody intraperitoneal injections proved 

favorable effects by interfering with initial atherosclerosis development stages and 

suppression of inflammation; on pre-existing lesions Tregs improved stability of 

atherosclerotic plaques [80]. 

Suppression of atherosclerotic lesions in animal models has been obtained also by intranasal, 

oral, or subcutaneous administration of oxidized LDL, HSP60, and ApoB100 peptide –

relevant atherosclerosis antigens having the potential to induce antigen specific Tregs [81,82]. 

 

4 Perspectives, limitations, conclusions 
The moment of intervention relative to disease stages, optimal dose of Treg or therapeutical 

agent administered, selection of the suitable Treg subset, and expansion method, are of great 

importance when setting a clinical Treg strategy; furthermore, Treg plasticity may be 

responsible for losing Foxp3 expression and suppressive function when in vitro protocols are 

used for Treg expansion [23]. Successful therapies require a deeper knowledge of Treg 

immunobiology; combination therapies for Treg modulation in autoimmune diseases, 

transplantation, and cancer, might generate superior results [83,84]. While targeting Tregs 

showed clinical benefits in anti–tumor immunity, the potential side effects of Treg should 

also be taken into consideration: depletion strategies or decreasing Treg function might 

induce autoimmune reactions. Although many studies concerning therapeutic potential of 

Tregs were performed in animal models, there were also attempts to use Treg-based cellular 

therapies in humans leading to several early stage clinical trials. 

As a prominent example, the ONE study (launched in 2011), a multicentric phase I/II clinical 

trial, explore cellular therapy in renal transplantation [85]. Patients from 6 different countries 

were evaluated between 2014 and 2017 in order to investigate the feasibility of Good 

Manufacturing Practice (GMP) of regulatory immune cells for clinical use and safety of cell 

infusion. The ONE Study aims to produce immune cells compatible with the patient’s body 

that will naturally suppress the immune response against the transplanted organ. The cells, 

which are introduced at the beginning of the transplantation procedure, would result in a 

significant reduction in the use of immunosuppressive drugs, thus diminishing not only 

potential side effects and the risk of malignancy, but also the cost of health care and ensure an 

overall improvement in patient quality of life [85]. Lessons resulted from this large clinical 

trial will be valuable for medical research teams and for national regulatory agencies to 

design future clinical trials in order to ensure the highest efficiency of Treg therapy. 
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