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ABSTRACT 

Graft-versus host disease is the major risk after stem cell transplantation. Stem cells of the donor, after 

transplantation attacks the immune system of the recipient’s body and causes graft-versus host disease. Regulatory T 

cells represent a novel cell based approach for potentially reducing the risk of graft versus host disease (GVHD). 

Regulatory T cells (Tregs) are a subpopulation of CD4
+
 T cells by the suppressive action on immune responses. 

These cells are also responsible for limiting tissue damage during ongoing and resolving immune responses. Before 

haemopoeitic stem cell transplantation, infusion of donor T regulatory cells with conventional T cells prevent graft 

versus host disease and promotes immune system recovery. After infusion of activated donor regulatory T cells the 

release of interleukin-10 and repress the activation of conventional T cells and thereby blocks rejection. Regulatory 

T cells and conventional T cells control adaptive immunity against pathogens and cancer by activating other effector 

immune cells. 

Keywords: Regulatory T cells; Graft versus host disease; Haemopoeitic stem cell transplantation; Antigen 

presenting cells; Mixed lymphocyte reaction. 

 

INTRODUCTION 

Regulatory T cells maintain tolerance against 

antigens of its own and suppress autoimmune 

diseases. Mouse models suggest that modulation of 

Tregs can treat autoimmune disease and cancer and 

facilitate organ transplantation. Regulatory T cells of 

natural or induced type suppress T cells, especially 

naturally arising CD25
+ 

and CD4
+ 

Tregs, in which 

expression of the transcription factor forkhead box p3 

(Foxp3) occurs in the thymusgical immune responses. 

Regulatory T cells suppress the activation of the 

immune system and prevent autoimmune diseases. 

The role of regulatory T cells play within the immune 

system is evidenced by the severe autoimmune 

diseases that results from a genetic deficiency in 

regulatory T cells. T regulatory cells were classified 

into two types, they are natural (derived in the 

thymus) or induced (derived in the periphery).  

Thymus-derived regulatory T cells are homogeneous 

in population until they migrate into periphery from 

thymus gland, where a subpopulation of these cells 

can develop similar to conventional cells, memory 

cells and effector T cells. This change of regulatory T 

cells enables their migration to lymphoid and non-

lymphoid tissues to maintain immune homeostasis. In 
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the periphery, T regulatory cells develop from 

conventional T cells. 

Depending on the experimental model system 

studied, all induced Tregs not express Foxp3
+
or 

CD25
+
.  Reports also demonstrate that, unlike 

thymically-derived Tregs, induced Tregs do not 

express high levels of Foxp3
+
 and CD25

+
. Contrary to 

conventional T cells, T regulatory cells express both 

glycoprotein A repetitions predominant (GARP), a 

membrane protein and tissue growth factor-beta 

transiently on their surface upon T cell receptor 

activation. Additional T regulatory cells subsets can 

be defined based on the expression of chemokine 

receptors and adhesion molecules.  

 

Suppressive mechanisms of regulatory T cell 

Secretion of IL-10  

 The secretion of Interleukin (IL)-10 serves 

directly or indirectly to inhibit effector T cell 

responses. Treg cells also secret IL-35 and TGF-

β to induce conventional CD4
+ 

T cells to 

differentiate into Treg cells, thereby skewing the 

ratio of Tregs to T helper cells during an immune 

response. 

CTLA-4 and cell surface molecules 

 Equally as important as IL-10 secretion, cell 

surface molecules such as cytotoxic T 

lymphocyte antigen 4 (CTLA-4) also participate 

in Treg cell-mediated suppression.   

 Cytotoxic T-lymphocyte-associated protein 4 

(CTLA-4) inhibits dendritic cell (DC) mediated 

T cell stimulation by binding to CD80 and 

CD86, which leads to down regulation of these 

co-stimulatory molecules on the DC and 

induction of indoleamine 2,3-dioxygenase (IDO), 

an enzyme that depletes tryptophan from the 

microenvironment.  

 

Master regulators 

 Tregs use master regulators typically associated 

with specific T helper subsets also regulate the 

immune response customarily performed by 

those subsets.  

Thus, understanding the mechanisms by which Tregs 

exert their suppressive function has broad 

implications for drug development strategies aimed at 

treating cancer, diabetes and other autoimmune 

diseases. 

 

Cell type phenotype Suggested immunosuppressive 

mechanism 

CD4
+
 

Natural 

regulatory T 

cells(nTreg) 

CD25
+
Foxp3

+
45RO

+
CTLA-

4
+
GITR

+
CD134

+
CD62L

+
CD103

+
lymphocyte activation 

gene-3
+
CD12710CD26

+
 

Cell-to-Cell contact-depend in vitro 

(CTLA-4) Cell-to-Cell contact, 

cytokine-mediated(IL-10>>TGF-β,IL-

5,IFN Production) 

Cytokine-mediated(IL-10 and TGF-β 

Production) 

Inducible 

regulatory T 

cells (iTreg) 

Th3 

Tr1 

CD25
+
Foxp3

+
45RO

+
CTLA-4

+
 

CD25
+
Foxp3

+
45RO

+
CTLA-4- 

Cytokine-mediated(TGF-β 

Production>>IL-10) 

Cell-to-Cell contact, Cytokine-mediated 

( IL-10>>TGF-β,IL-5,IFN production) 

 

TGF-β/IL-10 

Double positive  

Treg 

CD25-Foxp3 cells Cytokine-mediated(IL-10 and TGF-β 

Production) 

CD8
+
 

T suppressor 

cells 

Naturally 

occuring 

Fox p3
+
45RO

+
CD25

+
CTLA-4

+
GITR

+
 Cell-to-Cell contact-depend(CTLA-4) 

Cytokine-mediated( TGF-β Production) 

Cytokine-mediated( IL-10 

production) 

Non-antigen 

specific 

inducible 

 

CD28
+
Foxp3

+
CD56

+
 

CD25
+
Foxp3

+
CD28

+
GIRT

+
CTLA-4 

Cell-to-Cell contact 

Cell-to-Cell contact, Cytokine-

mediated(IL-2,IL-10,IL-7,IFN-,TGF-β 

production) 
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PHENOTYPE OR MARKER MOLECULES 

OF TREGS 

Tregs were originally defined on the basis of 

constitutive expression of surface CD4 antigen and 

surface CD25 antigen (IL-2 receptor-chain) at high 

density.
[1]

 Early studies lacked the incorporation of 

FoxP3
+
, which has been recognized as a master 

regulation and lineage-specification factor for Tregs.
[1]

 

More recently, studies have shown that reciprocal 

expression of the IL-7 receptor (CD127) on FoxP3
+ 

Tregs is a more specific way to quantify Tregs. nTregs 

constitute approximately 5%–10% of the peripheral 

CD4
+ 

T cell population in normal naive mice and 

healthy humans and are characterized by the 

constitutive expression of CD25 (IL-2 receptor chain) 

and low expression levels of CD45RB. The 

CD4
+
CD25

+
 phenotype of Tregs has been insufficient 

to define them as CD25, is not T cell restricted and 

cannot be used to distinguish Tregs from effector T 

cells (Teffs). While in murine models, CD4
+
CD25

+
 

population is highly enriched in Tregs, but in humans 

CD25
+ 

cells contain both T regulatory cells and effector 

T cells populations. 

To obtain enriched Tregs with little T effector cell 

contamination, it is necessary to gate on the 

CD4
+
CD25

+ 
high population that has regulatory 

activity.
[2]

 This population accounts for only 1%–3% of 

human CD4
+
CD25

+
Tcells. The CD4

+
CD25

+
CD127 

low population contains approximately 80% of the 

FoxP3
+ 

cells and is significantly larger than the 

CD4
+
CD25

+
 high population. Overall, the available 

data indicates that FoxP3
+
 identifies a broader Treg 

population than that defined by CD4
+
CD25

+
 or 

CD4
+
CD25

+
CD127 low expression alone.  

A definition of Tregs by combining CD127
+
 and 

FoxP3
+
 has the advantage of including not only Tregs 

expressing high levels of CD25
+
 but also Tregs with 

low CD25
+
 expression and excluding at the same time 

activated conventional T cells.
[3]

 While a strong 

correlation between FoxP3
+
 and CD25

+
 expression in 

the resting CD4
+
 T cell population has been reported, 

low levels of FoxP3
+
 are detectable in CD25

+
CD4

+
 T 

cells. Thus, it seems that FoxP3
+
 expression too, in 

humans, might not be confined to Tregs. Other cell-

surface markers associated with the phenotype and 

function of Tregs are CTLA-4, CD62 ligand (CD62L), 

TGF, IL-10, lymphocyte activation gene-3 (LAG-3), 

integrin E7 (CD103),  neuropilin-1 (Nrp1). 

CONTROL OF T CELL RESPONSES BY 

REGULATORY T CELLS 
 

There are two categories of CD4
+
CD25

+
 Tregs, which 

differ in their origin, antigen specificity and effector 

mechanism. One subset of Tregs develops during the 

normal process of T cell maturation in the thymus, 

resulting in the generation of a naturally occurring 

population of CD4
+
CD25

+
 Tregs (nTregs) that survive 

in the periphery and poised to prevent potential 

autoimmune responses. The second subset of induced 

CD4
+
CD25

+
 Tregs (iTregs) whose precursor is also 

thymically derived, develops as a consequence of ex 

vivo peripheral activation of classical naive 

CD4
+
CD25

+
 T cell populations under particular 

conditions of suboptimal antigen exposure and/or co-

stimulation. This figure depicts a model of peripheral T 

cell immunoregulation where the subset of nTregs can 

work in synchrony with iTregs to control the activation 

and function of adaptive immune responses. These 

iTregs can be generated exvivo from mature 

CD4
+
CD25

+
 T cell populations under different 

stimulatory conditions including antigen in the 

presence of immunosuppressive cytokines, such as IL-

10 and TGF, vitamin D3 and dexamethasone, CD40-

CD40L blockade or immature dendritic cell 

populations. iTregs function in vitro and in vivo 

generally in a cytokine-dependent manner. In vitro, 

CD4
+
CD25

+
 nTregs are anergic to T cell receptor 

(TCR) stimulation, but require activation via the TCR 

to exert their regulatory functions. Once activated, they 

suppress both CD4
+
 and CD8

+
 T cell responses in an 

antigen non-specific manner. 

 

GRAFT -VERSUS- HOST DISEASE 

Graft-versus-host disease (GVHD), a major 

complication following allogeneic hematopoietic stem 

cell transplantation, is mediated by donor-derived T 

cells. On activation with alloantigens expressed on host 

antigen-presenting cells, naive CD4
+
 T cells 

differentiate into T-helper cell subsets of effector T 

cells expressing distinct sets of transcriptional factors 

and cytokines. Classically, acute GVHD was suggested 

to be predominantly related to Th1 responses. 

However, a different and complex process involving 

possible roles of newly identified Th17 cells as well as 

Tregs in GVHD. Accumulating data from experimental 

and clinical studies suggest that the fine balance 

between Th1, Th2, Th17 and Tregs after 
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transplantation may be an important determinant of the 

severity, manifestation and tissue distribution of 

GVHD.
[5]

 Understanding the dynamic process of 

reciprocal differentiation of regulatory and T-helper 

cell subsets as well as their interactions will be 

important in establishing novel strategies for 

preventing and treating GVHD. 

 

HEMATOPOIETIC STEM CELL 

TRANSPLANTATION  

Allogeneic hematopoietic stem cell transplantation 

(HCT) is a curative therapy for many hematologic, 

some epithelial malignancies, and a variety of non-

malignant diseases. Hematopoietic stem cell 

transplantation represents the most effective treatment 

for patients with high risk and relapsed hematologic 

malignancies. However, donor T cells included in the 

graft react with recipient alloantigens present on APCs 

(antigen presenting cells) and produce a syndrome 

consisting of diarrhoea, weight loss, skin changes, and 

liver abnormalities called GVHD. Despite the 

enormous potential of hematopoietic stem cell 

transplantation, the risks associated with GVHD limit 

its extensive application.
[6] 

Billingham, an early pioneer in the field of bone 

marrow transplantation (BMT), described three 

requirements for the development of GVHD. First, the 

donor graft must contain immunologically competent 

cells (mature T cells). It was seen in both experimental 

and clinical allogeneic BMT that the severity of GVHD 

correlates with the number of donor T cells transfused. 

Second, the recipient must be immune-compromised 

and incapable of rejecting the transplanted cells. And, 

finally the recipient must express tissue antigens that 

are not present in the transplant donor. 

 

DIRECT AND INDIRECT PRESENTATION 

After allogeneic HCT transplants, both host- and 

donor-derived APCs are present in secondary lymphoid 

organs.
[7]

 The donor T cells that are included in the 

graft recognize host alloantigens that are presented by 

either host APCs (direct presentation) or donor APCs 

(indirect presentation). 

In the case of direct presentation, the donor T cells 

recognize either peptide bound to allogeneic (MHC) 

molecules or allogeneic MHC molecules without 

peptide, whereas in indirect presentation, T cells 

respond to the peptide generated by degradation of the 

allogeneic MHC molecules which are presented on 

self-MHC.
[8]

 It was previously reported that host APCs, 

rather than donor APCs, are important for GVHD 

induction in MHC mismatch.
[9]

  

Studies indicate that presentation of distinct target 

antigens by the host and donor type APCs might play a 

differential role in mediating damage to target 

organs.
[10]

 Additionally, recent findings indicate that 

alloreactive Tregs specific for both directly and 

indirectly presented alloantigens are required for the 

induction of tolerance in organ transplantation.
[11] 

 

REGULATORY T CELLS: CELLULAR 

THERAPEUTIC FOR GVHD 

Studies conducted with mixed lymphocyte reaction 

(MLR) experiments with both mouse and human cells 

demonstrate the ability of regulatory T cells to suppress 

the proliferative responses of alloreactive CD4
+ 

T 

cells.
[12]

 It was reported that Tregs are effective in 

suppressing autoimmune diseases as well as solid organ 

transplantation.
[13]

  

These findings lead researchers to investigate the role 

of Tregs in GVHD.
[14]

 It was initially reported that 

depletion of CD4
+
CD25

+ 
T cells from the donor graft 

accelerated GVHD and increased lethality.
[15]

 

Additionally; Tregs have been reported to be effective 

in preventing the development of GVHD across major 

and minor MHC barriers in various HCT models.
[16]

 

These studies demonstrate an important role of Tregs in 

the development of GVHD.
[17] 

However, even though physiological levels of 

endogenous CD4
+
CD25

+
 T cells may contribute to the 

development and course of GVHD, their small number 

is likely insufficient to control the overwhelming 

alloreactive T cell responses involved in major MHC 

(major histocompatability) mismatched BMT 

settings.
[17]

  

Furthermore, the use of Tregs in allogeneic HCT is 

very promising since it was reported that the Tregs can 

suppress GVHD while preserving the GVL activity. 

However, three major issues still hinder the 

implementation of Tregs as immunotherapy in the 

clinic. These include the low circulating numbers of 

Tregs in the peripheral blood, the loss of suppressor 

activity following ex vivo expansion and the lack of 

Treg-specific markers to purify ex vivo expanded 

Tregs.
[17] 
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 However, the in vivo dynamics of Tregs trafficking 

and survival predict effective strategies to control 

GVHD after allogeneic transplantation.
[18]

 Despite 

these considerations, several clinical trials are ongoing 

that adoptively transfer Tregs as immunotherapy to 

prevent the development of GVHD. One group has 

transplanted freshly isolated donor Tregs while a 

second group has expanded Tregs from cord blood with 

anti-CD3 and anti-CD28 coated micro beads and 

utilized them in double umbilical cord blood 

transplantation.
[19] 

 

 
 

Figure 1 .Regulatory T cells can control immune responsiveness in vivo. 

CD4
+
CD25

+
 T cells have been shown to regulate 

immune responses in vivo. This might be the result of 

the suppressive effects of regulatory T cells on effector 

T cells directly or on antigen-presenting cells (APCs). 

This can be beneficial to the host by preventing 

autoimmunity and enabling tolerance to organ, tissue 

and cell transplants to develop. However, it can also be 

detrimental as T regulatory cells can prevent effective 

immune responses to tumors and infectious agents.  

 

Tregs and GVHD 

Preclinical murine transplantation models have 

convincingly established that Tregs have the capacity 

to prevent alloreactive T-cell responses and 

experimental GVHD.
[19]

 Although the early data on 

human Tregs and allo-HCT were mixed, the majority 

of recent studies support a role for Tregs in the 

protection from GVHD.
[20]

 For example, stem cell 

grafts with a higher content of Tregs have been 

correlated with less GVHD. Likewise, more rapid 

Tregs reconstitution is associated with less GVHD, 

whereas patients with delayed Treg recovery have a 

higher likelihood of GVHD.
[21] 

Regulatory T cells are considered as candidates for 

immunotherapy after BMT (bone marrow 

transplantation) as they may reduce GVHD while 

maintaining Graft versus leukemia effects. Regulatory 

T cells (Tregs) play a vital role in the homeostasis of 

the immune system and in the modulation of the 

immune response. Tregs have emerged as key players 

in the development and maintenance of peripheral 

immune tolerance. 
[22]

 

Naturally occurring thymus-derived CD4
+
CD25

+
 Tregs 

are a subset of T cells which have immunosuppressive 

properties and are 5%–10% of the total peripheral 

CD4
+
 T cells. In normal conditions, Tregs regulate 

ongoing immune responses and prevent autoimmunity. 

Imbalanced function or number of these cells, either 

enhanced or decreased, might lead to tumor 

development and autoimmunity, respectively. These 

cells thus play a major role in autoimmune diseases, 

transplantation tolerance, infectious diseases, allergic 

disease and tumour immunity.
[23]

  

These natural properties make Tregs attractive tools for 

novel immunotherapeutic approaches. The in vivo 

manipulation or depletion of Tregs may help devise 

effective immunotherapy for patients with cancer, 

autoimmunity, graft versus-host disease, infectious 

diseases and allergic diseases. It is crucial to 

understand the biology of Tregs before attempting 

therapies, including (i) the injection of expanded Tregs 

to cure autoimmune disease or prevent graft-versus-

host disease or (ii) the depletion or inhibition of Tregs 

in cancer therapy. Recent findings in murine models 

and studies in humans have opened new avenues to 

study the biology of Tregs and their therapeutic 

potential. This overview provides a framework for 

integrating these concepts of basic and translational 

research.
[23] 

 

REGULATORY T CELL- MEDIATED 

SUPPRESSION
 

Tregs are able to suppress the proliferation, activation 

and cytokine production of conventional T cells. 
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Multiple mechanisms of suppression by Treg have been 

identified which can be divided into four categories: (1) 

cell-cell contact, (2) secretion of suppressive factors, 

(3) competition for IL-2, and (4) modulation of APC by 

Treg.  

 

Cell-cell contact 

Tregs can suppress effector T cells (Teff) directly via a 

cell-cell contact-dependent mechanism, as suppressive 

activity in vitro is abrogated when responder T cells 

and Tregs are physically separated by a Transwell 

membrane insert.
[24]

 It has been suggested that contact-

dependent suppression is mediated by TGF, as murine 

and human Tregs express membrane-bound TGF 

suppression is abolished in the presence of anti-TGF-

beta.
[25]

 However, Tregs isolated from neonatal TGF-

beta knockout mice exhibit normal suppressive activity 

in vitro. Contact-dependent suppression may also be 

mediated by the modulation of the level of cyclic 

adenosine monophosphate (cAMP) in T cells.
[26]

 Tregs 

can deliver cAMP directly to the T cells via gap-

junctions and thereby inhibit their proliferation and 

differentiation and cause selective inhibition of 

cytokine gene expression. Activated Tregs can also kill 

activated T cells by perforin, granzyme, or Fas-

dependent mechanisms.
[27] 

 

Secretion of suppressive factors 

Neutralizing in vitro antibodies to IL-10 or TGF not 

block Tregs activity and Tregs from mice lacking IL-10 

and TGF-b show similar suppressive activity. In 

contrast, in certain in vivo models, TGF-beta and IL-10 

are active players in the effector function of Treg.
[28]

 

IL-35 may contribute to the suppressive function of 

murine Tregs in vitro and in vivo as Treg from IL-35 

mice have significantly reduced regulatory activity in 

vitro and fail to control homeostatic proliferation and to 

cure inflammatory bowel disease in vivo.
[29]

 

Furthermore, ectopic expression of IL-35 confers 

regulatory activity on naive T cells, whereas 

recombinant IL-35 suppresses T cell proliferation. 

Finally, Tregs can also convert extracellular 5’-AMP 

(adenosine mono phosphate) to adenosine via the 

ectonuclidases CD73
+
 and CD39

+
 expressed on their 

cell surface.
[30]

 Binding of adenosine to the adenosine 

A2A receptor on T cells increases intracellular cAMP 

levels. Tregs from CD39
+
mice show impaired 

suppressive properties in vitro and fail to block 

allograft rejection in vivo.
[31] 

 

Competition for IL-2
 

Local competition for IL-2, because Tregs 

constitutively express the IL-2 receptor CD25
+
, it was 

suggested that Tregs suppress T cell responses by 

competing for IL-2 produced by effector T cells. By 

consuming the available IL-2, Tregs would prevent 

Teff (T effector cells) proliferation and 

differentiation.
[32] 

In agreement with this, blocking of IL-2 uptake in 

Tregs by selective inhibition of their IL-2 receptor 

completely abrogates their suppressive function.
[33]

 

Furthermore, the effects of Tregs on T cells can be 

mimicked by anti-IL-2. However, Tregs suppression 

cannot be entirely explained by the competitive 

consumption of IL-2 as Tregs can efficiently suppress 

proliferation of IL-2-receptor deficient T cells in 

vitro.
[34] 

 

Modulation of APC by Treg 

Apart from direct interactions with T cells, Tregs can 

inhibit immune responses through modulation of major 

subpopulations of APC, i.e., B cells, monocytes or 

macrophages and most importantly; dendritic 

cells(DC).
[35]

 DC constitute a heterogeneous population 

of professional APC that have the potential to induce 

immunity or tolerance depending on the state of 

activation, activation signals and cytokine milieu.
[36]

 

DC exposed to Treg down regulate their antigen 

presenting function by reducing the expression of MHC 

class II and the co-stimulatory molecules CD80
+
 and 

CD86
+
. The interaction between CTLA-4 on Treg and 

CD80/86 on DC can induce the expression of the 

suppressive mediator indoleamine 2, 3-dioxygenase 

(IDO) by DC.
[37]

 Indoleamine 2, 3-dioxygenase 

catalyzes the breakdown of tryptophan into kynurenine 

and other catabolites, which have potent 

immunosuppressive effects in the local 

microenvironment of DC. Furthermore, DC can up 

regulate immunosuppressive molecules like B7-H3 and 

B7-H4 after interaction with Tregs, which results in 

reduced T cell stimulatory capacity. Interaction 

between Tregs and DC can also result in the secretion 

of the immunosuppressive cytokine IL-10 by the latter, 

which exerts suppressive effects on T lymphocyte 

proliferation.
[38]

 Altogether, these data demonstrate that 
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Tregs inhibit DC activation and induce inhibitory DC, 

which are ineffective in activating Teff cells.  

However, DC are not absolutely required for Tregs 

suppressor function, at least in vitro, since Tregs keep 

their suppressive capacity in DC-free systems.
[39]

 

Although several mechanisms of suppression have 

been described, it is still unclear which mechanisms 

contribute to Tregs-mediated suppression in vivo.
[40]

 

Most likely, Tregs do not rely on just one mechanism, 

but use different mechanisms simultaneously 

depending on environmental factors and the site of 

action. 

 

TREG-MEDIATED SUPPRESSION: A SITE 

OF ACTION 

To modulate immune responses in vivo, appropriate 

trafficking and retention of Tregs to specific sites is 

required. Tregs have been identified in lymphoid 

tissues, including thymus, spleen and lymph nodes, in 

peripheral blood as well as within various peripheral 

sites, including inflamed organs, tumors and infectious 

sites.
[41]

 In order to enter all these sites, Tregs must 

express a variety of chemokine receptors and tissue-

specific homing receptors that guide their migration to 

specific tissues. Some Treg subsets appear to be 

specialized in inhibiting the initiation of the immune 

response within lymphoid tissues, like Treg expressing 

the lymph node homing receptor CD62L and 

chemokine receptor CCR7.
[42]

  

Other Treg subsets may limit peripheral expansion, 

cytokine secretion or cytolytic function of Teff cells at 

the effector site, like in inflamed tissues.
[43]

 These Treg 

might include subsets expressing tissue-specific 

adhesion molecules and chemokine receptors like the 

inflammatory chemokine receptor CCR2 or CCR5, or 

the aE-integrin CD103.
[44]

 Recently demonstrated that 

Treg sequentially migrate from inflamed tissues to the 

draining lymph node and that this migration pattern is 

necessary for the optimal suppressive function of Treg 

and islet graft survival .Whether Treg also follow this 

migration pattern during the course of other immune 

responses remains to be determined.
[45] 

 

CONCLUSION  

Based on this review, infusion of donor T regulatory 

cells with conventional T cells reduces the graft-versus-

host disease and enhances the immune recovery in 

high-risk leukemia patients. 

 

REFERENCES 

[1] Sakaguchi S, Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T. Regulatory T cells:How do they suppress 

immune responses?.  Int Immunol. 2009; 21: 1105–1111. 

[2] Sakaguchi S, Wing K, Miyara M. Regulatory T cells—a brief history and perspective. Eur J Immunol. 

2007; 37: 116–123. 

[3] Ustun C, Miller JS, Munn DH, Weisdorf DJ, Blazar BR. Regulatory T cells in acute myelogenous 

leukemia: Is it time for immunomodulation?. Blood. 2011; 118: 5084–5095. 

[4] Piccirillo CA, Shevach EM. Naturally-occurring CD4+CD25+ immunoregulatory T cells: Central players 

in the arena of peripheral tolerance. Semin Immunol. 2004; 16: 81–88. 

[5] Teshima T, Maeda Y, Ozaki K. Regulatory T cells and IL-17-producing cells in graft-versus-host disease. 

Immunother. 2011; 3: 833-852. 

[6] Sorror ML, Storer BE, Maloney DG, Sandmaier BM, Martin PJ, Storb R. Outcomes after allogeneic 

hematopoietic cell transplantation with nonmyeloablative or myeloablative conditioning regimens for 

treatment of lymphoma and chronic lymphocytic leukemia. Blood. 2008; 111: 446-452. 

[7] Korngold, Sprent J. Negative selection of T cells causing lethal graftversus-host disease across minor 

histocompatibilitybarriers.Role of the H-2 complex. J Exp Med.1980; 151: 1114-1124.  

[8] Beilhack, et al. In vivo analyses of early events in acute graft-versus-host disease reveal sequential 

infiltration of T-cell subsets. Blood. 2005; 106: 1113-1122.  

[9] Chakraverty R, Sykes. The role of antigen-presenting cells in triggering graft-versus-host disease and graft-

versus-leukemia. Blood. 2007; 110: 9-17.  

[10] Lechler, WF. Ng, Steinman RM. Dendritic cells in transplantation--friend or foe?. Immunity. 2001; 14: 

357-368.  

[11] Shlomchik, WD. Antigen presentation in graft-vs-host disease. Exp Hematol. 2003; 31: 1187-1197.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Teshima%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21751953
http://www.ncbi.nlm.nih.gov/pubmed?term=Maeda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21751953
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21751953


 

konakalla manikanta et al., / Journal of Pharmacreations Vol-2(1) 2015 [1-9] 

8 
 

[12] Sayegh, MH, Carpenter CB. Role of indirect allorecognition in allograft rejection. Int Rev Immunol. 1996; 

13: 221-229.  

[13] Anderson,  et al. Distinct roles for donor- and host-derived antigenpresenting cells and costimulatory 

molecules in murine chronic graft-versus-host disease: requirements depend on target organ. Blood. 2005; 

105: 2227-34. 

[14] Taylor, LeesCJ, Blazar BR. The infusion of ex vivo activated and expanded CD4(+)CD25(+) immune 

regulatory cells inhibits graft-versus-host disease lethality. Blood. 2002; 99: 3493-3499. 

[15] Jones SC, Murphy GF, Korngold R. Post-hematopoietic cell transplantation control of graft-versus-host 

disease by donor CD425 T cells to allow an effective graft-versus-leukemia response. Biol Blood Marrow 

Transplant. 2003; 9: 243-56. 

[16] Cohen, JL, et al. CD4(+)CD25(+) immunoregulatory T Cells: new therapeutics for graft-versus-host 

disease. J Exp Med. 2002; 196: 401-406. 

[17] Hoffmann, et al. Donor-type CD4(+)CD25(+) regulatory T cells suppress lethal acute graft-versus-host 

disease after allogeneic bone marrow transplantation. J Exp Med. 2002; 196: 389-399. 

[18] Choi J, et al. In vivo administration of hypomethylating agents mitigate graftversus-host disease without 

sacrificing graft-versus-leukemia. Blood. 2010; 116: 129-139. 

[19] Riley, June CH, Blazar BR. Human T Regulatory Cell Therapy: Take a Billion or So and Call Me in the 

Morning. Immunity. 2009; 30: 656-665. 

[20] Rezvani K, Mielke S, Ahmadzadeh M, et al. High donor FOXP3-positive regulatory T-cell (Treg) content 

is associated with a low risk of GVHD following HLA-matched allogeneic SCT. Blood. 2006; 108: 1291–

1297. 

[21] Ukena SN, Grosse J, Mischak-Weissinger E, et al. Acute but not chronic graft-versus-host disease is 

associated with a reduction of circulating CD4(+)CD25 (high)CD127 (low/-) regulatory T cells. Ann 

Hematol. 2011; 90: 213–218. 

[22] Li Q, Zhai Z, Xu X, et al. Decrease of CD4(+)CD25(+) regulatory T cells and TGF-beta at early immune 

reconstitution is associated to the onset and severity of graft-versus-host disease following allogeneic 

haematogenesis stem cell transplantation. Leuk Res. 2010; 34: 1158–1168. 

[23] Koreth J, Matsuoka K, Kim HT, et al. Interleukin-2 and regulatory T cells in graft-versus-host disease. N 

Engl J Med. 2011; 365: 2055–2066. 

[24] Maury S, Lemoine FM, Hicheri Y, et al. CD4+CD25+ regulatory T cell depletion improves the graft-

versus-tumor effect of donor lymphocytes after allogeneic hematopoietic stem cell transplantation.  Sci 

Transl Med. 2010; 2: 41-52. 

[25] Thornton AM, Shevach EM. CD4+CD25+ immunoregulatory T cells suppress polyclonal T cell activation 

in vitro by inhibiting interleukin 2 production. J Exp Med. 1998; 188: 287-296. 

[26] Nakamura K, Kitani A, Strober W. Cell contact-dependent immunosuppression by CD4(+)CD25(+) 

regulatory T cells is mediated by cell surface-bound transforming growth factor beta. J Exp Med. 2001; 

194: 629-644. 

[27] Piccirillo CA, Letterio JJ, Thornton AM, et al. CD4(+)CD25(+) regulatory T cells can mediate suppressor 

function in the absence of transforming growth factor beta1 production and responsiveness. J Exp Med. 

2002; 196: 237-246. 

[28] Bopp T, Becker C, Klein M, et al. Cyclic adenosine monophosphate is a key component of regulatory T 

cell-mediated suppression. J Exp Med. 2007; 204: 1303-1310. 

[29] Sojka DK,  Huang YH, Fowell DJ. Mechanisms of regulatory T-cell suppression - a diverse arsenal for a 

moving target. Immunol. 2008; 124: 13-22. 

[30] Grossman WJ, Verbsky JW, Barchet W, Colonna M, Atkinson JP, Ley TJ. Human T regulatory cells can 

use the perforin pathway to cause autologous target cell death. Immunity. 2004; 21: 589-601. 

[31] Gondek DC, Lu LF, Quezada SA, Sakaguchi S, Noelle RJ. Cutting edge: contact-mediated suppression by 

CD4+CD25+ regulatory cells involves a granzyme B-dependent, perforin-independent mechanism. J 

Immunol. 2005; 174: 1783-1786. 



 

konakalla manikanta et al., / Journal of Pharmacreations Vol-2(1) 2015 [1-9] 

9 
 

[32] Strauss L, Bergmann C, Whiteside TL. Human circulating CD4+ CD25high Foxp3+ regulatory T cells kill 

autologous CD8+ but not CD4+ responder cells by Fas-mediated apoptosis.  J Immunol. 2009; 182: 1469-

1480. 

[33] Tang Q, Bluestone JA. The Foxp3+ regulatory T cell: a jack of all trades, master of regulation. Nat 

Immunol. 2008; 9: 239-244. 

[34] Asseman C, Mauze S, Leach MW, Coffman RL, Powrie F. An essential role for interleukin 10 in the 

function of regulatory T cells that inhibit intestinal inflammation. J Exp Med. 1999; 190: 995-1004. 

[35] Powrie F, Carlino J, Leach MW, Mauze S, Coffman RL. A critical role for transforming growth factorbeta 

but not interleukin 4 in the suppression of T helper type 1-mediated colitis by CD45RB(low) CD4+ T cells. 

J Exp Med. 1996; 183: 2669-2674. 

[36] Roncarolo MG, Bacchetta R, Bordignon C, Narula S, Levings MK. Type 1 T regulatory cells. Immunol 

Rev. 2001; 182: 68-79. 

[37] Weiner HL. Induction and mechanism of action of transforming growth factor-beta-secreting Th3 

regulatory cells. Immunol Rev. 2001; 182: 207-214. 

[38] Collison LW, Workman CJ, Kuo TT, et al. The inhibitory cytokine IL-35 contributes to regulatory T-cell 

function. Nature. 2007; 450: 566-569. 

[39] Kobie JJ, Shah PR, Yang L, Rebhahn JA, Fowell DJ, Mosmann TR. T regulatory and primed uncommitted 

CD4 T cells express CD73, which suppresses effector CD4 T cells by converting 5’-adenosine 

monophosphate to adenosine. J Immunol. 2006; 177: 6780-6786.\ 

[40] Deaglio S, Dwyer KM, Gao W, et al. Adenosine generation catalyzed by CD39 and CD73 expressed on 

regulatory T cells mediates immune suppression. J Exp Med. 2007; 204: 1257-1265. 

[41] Hershfield MS. New insights into adenosine-receptor-mediated immunosuppression and the role of 

adenosine in causing the immunodeficiency associated with adenosine deaminase deficiency. Eur J 

Immunol. 2005; 35: 25-30. 

[42] De la Rosa M, Rutz S, Dorninger H, Scheffold A. Interleukin-2 is essential for CD4+CD25+ regulatory T 

cell function. Eur J Immunol. 2004; 34: 2480-2488. 

[43] Fontenot JD, Rasmussen JP, Gavin MA, Rudensky AY. A function for interleukin 2 in Foxp3-expressing 

regulatory T cells. Nat Immunol. 2005; 6: 1142-1151. 

[44] Lim HW, Hillsamer P, Banham AH, Kim CH. Cutting edge: direct suppression of B cells by CD4+ CD25+ 

regulatory T cells. J Immunol. 2005; 175: 4180-4183. 

[45] Taams LS, van Amelsfort JM, Tiemessen MM, et al. Modulation of monocyte/macrophage function by 

human CD4+CD25+ regulatory T cells. Hum Immunol. 2005; 66: 222-230. 

[46] Mahnke K, Johnson TS, Ring S, Enk AH. Tolerogenic dendritic cells and regulatory T cells: a two-way 

relationship. J Dermatol Sci. 2007; 46: 159-167. 

 


