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Abstract 
 

 Breakdown of tolerance is a hallmark of autoimmune diseases. Over 
the past 10 years, there has been increased interest in the role of regulatory 
T-cells (TReg cells) in maintaining peripheral tolerance. Dysbalance in these 
cells is now believed to play a major role in the development of autoimmune 
diseases. In this review, we discuss development, classification, molecular 
characterization, and mechanisms of suppression of TReg cells. In addition, 
we describe recent data on their role in several systemic autoimmune 
diseases and discuss possible therapeutic applications. 
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Introduction 
 

One of the major challenges in immunology is the understanding of 
cellular and molecular mechanisms involved in the discrimination between 
pathogens and self. Thymic clonal deletion and induction of anergy or 
apoptosis of self-reactive T-cells upon exposure to self-antigen have been 
considered as major mechanisms maintaining self tolerance. Nevertheless, 
autoreactive T-cells may escape these mechanisms and can be detected in 
the peripheral blood of most individuals1. Autoimmunity, however, manifests 
in only 5% of the general population, suggesting the existence of other 
control mechanisms to prevent autoimmune responses.  

The theory that T-cells are able to suppress immune responses was 
first described in the early 1970s by Gershon and Kondo2;3, but the precise 
phenotype of suppressor T-cells has remained unknown for almost 20 
years. In the mid 1990s, Sakaguchi and coworkers reintroduced the 
paradigm of T-cell-mediated self-tolerance by identifying a subset of 
peripheral CD4+T-cells expressing the interleukin (IL)-2 receptor α-chain 
(CD25), which was shown critical for preventing autoimmunity4. They 
showed that adoptive transfer of CD4+T-cells depleted of CD25+T-cells from 
normal mice into syngeneic athymic nude mice induced spontaneous 
development of multi-organ autoimmune disease in the recipients whereas 
disease development was prevented by co-transfer of CD25+CD4+T-cells 
together with CD25-T-cells. This observation defined the primary phenotype 
of suppressor T-cells, also termed regulatory T-cells (TReg cells) which 
represent approximately 5-10% of peripheral CD4+T-cells in mice. 
Subsequently, in vitro studies showed that human TReg cells constitute only 
those CD4+T-cells with the highest level of CD25 expression, and represent 
only 1-2% of circulating CD4+T-cells5. A decrease in frequency and/or 
impaired function of TReg cells has been observed in several autoimmune 
diseases in humans, which suggests a role of these cells in the 
pathogenesis of autoimmunity making them, therefore, an appropriate target 
for treatment. 
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Development and classification of TReg cells 
 

Several lines of evidence, based on studies in experimental 
animals, support the hypothesis that TReg cells are generated in the thymus. 
It has been observed that 5% of CD4+CD8- thymocytes express CD25. The 
frequency and functional characteristics of these lymphocyte derived cells 
are similar to cells with the same phenotype found in the peripheral blood6. 
As CD4+CD8- thymocytes depleted of CD25+ cells from mature mice 
produce a spectrum of autoimmune pathology when transferred into 
syngeneic athymic nude recipient mice, one might conclude that the normal 
thymus produces functionally mature CD25+CD4+T-cells capable of 
controlling autoimmune pathogenic T-cells6. In addition, mice deficient for 
MHC class II on their thymic cortical epithelium fail to develop 
CD4+CD25+TReg cells, suggesting that these cells are positively selected in 
the thymus7. However, the precise signals that promote CD4+CD25+ 
thymocyte development are unknown. Studies in transgenic animals favor a 
model of thymic selection somewhat distinct from classical positive and 
negative selection processes, in which thymocytes that develop into TReg 
cells express T-cell receptors (TCR) with  an affinity range to self-peptides 
higher than that of conventional CD4+CD25- T-cells but not high enough as 
to lead to their clonal deletion8;9. Signals provided by accessory molecules 
expressed on thymic stromal cells could also contribute to the generation of 
TReg cells10;11. Once generated, the thymic TReg cells are released into the 
circulation to prevent and control auto-reactive responses. These TReg cells 
are referred to as natural or innate regulatory T-cells (nTReg cells).   

In addition to nTReg cells, accumulating evidence suggests that 
another type of TReg cells arise from conventional naïve CD4+T-cells upon 
encountering of antigen in the periphery (figure 1). It has been shown that 
prolonged subcutaneous infusion of low doses of peptides and intravenous 
or oral administration of antigens convert naïve T-cells into antigen-specific 
CD4+CD25+TReg cells that can persist, even in the absence of antigen, and 
provide specific immunologic tolerance12;13. The TReg cells that develop 
extrathymically are termed induced TReg cells (iTReg cells). Generation of 
iTReg cells from naïve T-cells require antigenic stimulation in combination 
with exposure to TGFβ in the absence of IL-614. These iTReg cells are 
divided into 2 classes: T regulatory 1 (Tr1) and Th3 regulatory cells15-17. 
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Their suppressive effect is contact-independent and mainly mediated by the 
secretion of immunosuppressive cytokines, whereas nTReg cells act via a 
contact-dependent but cytokine-independent way. Tr1 cells produce high 
levels of IL-10 with or without TGFβ, and, unlike other TReg cells, lack the 
transcription factor FoxP3 (see later) and do not express high levels of 
CD2518. Functional studies have shown that Tr1 cells have 
immunosuppressive properties, mainly mediated by IL-1019;20. In contrast to 
Tr1 cells, the suppressive function of Th3 regulatory cells is mediated via 
their production of TGFβ21. In addition to these iTReg cell subsets, very recent 
data by Waever et al. indicate a third iTReg cell subset which is FoxP3+IL-10+ 
cells who arise in the periphery from FoxP3+ and FoxP3- thymic progenitors 
by a mechanism dependent on TGFβ and independent of IL-1022.   

Although the role of iTReg cells in controlling pathological immune 
responses has been described in mouse models, data relating to their role 
in human diseases are currently lacking. Therefore, we will focus in this 
review on the role of nTReg cells in human systemic autoimmune diseases.  
 
 
Molecular characterization of TReg cells 
 

A major advance in the understanding of nTReg cell function was the 
discovery of the uniquely expressed transcription factor FoxP3, which 
controls the development and function of TReg cells. The gene FoxP3, 
encoding the so-called Scurfin protein, was first identified as a mutated 
gene in the Scurfy mouse strain which is an X-linked recessive mouse 
mutant. This mutation leads to lethality of hemizygous males 16 to 25 days 
after birth in association with proliferation and infiltration of CD4+T-cells in 
combination with overproduction of cytokines by these cells23. Similarly, the 
mutated FoxP3 gene was identified in humans as a causative gene for the 
X-linked syndrome IPEX (immuno-dysregulation, polyendocrinopathy, 
enteropathy, X-linked syndrome)24-26. Further analysis revealed that both in 
scurfy mice and IPEX-patients TReg cells expressing CD4 and CD25 are 
lacking. Furthermore, retroviral transduction of naïve CD25-CD4+T-cells with 
FoxP3 can convert them into nTReg cells, both phenotypically and 
functionally27. These findings demonstrate the importance of FoxP3 as a 
master regulator of nTReg cell development and function. However, FoxP3 
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expression in human T-cells was not directly correlated with their 
suppressive capabilities and FoxP3 was shown to be expressed also in 
activated non-TReg cells and to be absent in Tr1 cells, indicating that FoxP3 
is not a unique marker to identify human TReg cells18;28. A recent paper by 
Kubach et al. identified galectin-10 as an intracellular protein expressed in 
human TReg cells that was specifically associated with their anergic state 
and suppressive properties29. Most importantly, this protein is not expressed 
in activated T-cells. So, galectin-10, rather than FoxP3, might constitute the 
most specific intracellular marker for TReg cells. 

Concerning the surface characteristics of TReg cells, a number of 
molecules have been reported to be constitutively expressed on TReg cells 
which include, in addition to CD25, the cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4)30, lymphocyte activation gene 3 (LAG-3)31, 
glucocorticoid-induced tumor necrosis factor receptor (GITR)32, L-selectin 
(CD62L)33, integrin αEβ7 (CD103)34, CCR733, CCR435, CCR835, and 
Neuropilin-136. No surface marker was found to definitively distinguish TReg 
cells from conventional activated CD4+T-cells since the majority of the 
aforementioned surface markers are also expressed on activated T-cells. 
Finally, IL-7R (CD127) has recently been identified as a new biomarker to 
distinguish regulatory from activated effector T-cells37;38. TReg cells down-
regulate the expression of CD127 and its expression is inversely correlated 
with FoxP3 expression and suppressive function. This marker, therefore, is 
useful to isolate a highly purified population of TReg cells via cell sorting. In 
addition, a recent report demonstrates that nTReg cells constitutively express 
high amounts of folate receptor 4 (FR4)39. High expression of FR4 in 
combination with CD25 can specifically distinguish nTReg cells from effector 
or memory T-cells, and provides an additional strategy for sorting of nTReg 
cells. Taken together, despite expanding interest to define the phenotype of 
nTReg cells, the specific surface marker(s) that are instrumental in the 
contact-dependent suppressive mechanisms of nTReg cells have as yet 
remained elusive and await further studies (Table 1). 
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Table 1: Characteristics of natural and induced TReg cells. 

 

CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; FR4, folate receptor 4; GITR, 
glucocorticoid induced tumor necrosis factor receptor; IL-2Rα, Interleukin-2 receptor alfa; LAG-
3, lymphocyte activation gene-3; nTReg, natural regulatory T-cells; TGF-β, Transforming growth 
factor-beta.; Th3, T-helper-3; Tr1, T-regulatory-1. 
 
 
Mechanisms of suppression by TReg cells 
 

Numerous in vitro studies have shown that TReg cells control the 
expansion of naïve T-cells, suppress the activation and cytokine production 
of effector cells30;40, and inhibit B-cell proliferation, immunoglobulin 
production, and class switch41;42. Multiple modes of action have been 
proposed for the suppressive function of TReg cells, including cell contact–
dependent (for nTReg cells) or cytokine-dependent mechanisms (for iTReg 
cells) (Figure 1). In vivo and in vitro studies have demonstrated that 
suppression is mediated by interaction between CTLA-4 and CD80/CD86 
(B7) on TReg cells and antigen presenting cells (APC), respectively. 
Blockade of CTLA-4 abrogates in vitro the suppressive function of TReg 

cells30. Furthermore, mice deficient for CTLA-4 or B7 develop severe 
autoimmunity43;44. Ligation of B7 on APC by CTLA-4 triggers induction of the 
enzyme indoleamine 2,3-dioxygenase (IDO) in APC which leads to 
tryptophan catabolism and deficiency in free tryptophan that is essential for 
activation of naïve T-cells. As a result, apoptosis of T-cells occurs in a 
tryptophan-deprived environment45. Since in vitro studies advert that TReg 
cells can function also in the absence of APCs, this IDO-dependent 
mechanism is only one of several suppressive mechanisms. 

Phenotype / Feature nTReg Tr1 Th3 

IL-2Rα (CD25) ++ +/- + 
FoxP3 + - + 
LAG-3 + ? ? 
GITR + - ? 
CTLA-4 + + + 
IL-10 - ++ +/- 
TGF-β +/- +/- ++ 
Galectin-10 (intracellular) + + + 
FR4 ++ ? ? 
Place of origin Thymus Periphery Periphery 
Specificity Self-antigen Foreign antigen Foreign antigen 
Mechanism of suppression Cell contact-dependent 

Cytokine-independent 
Cytokine-dependent 
Contact-independent 

Cytokine-dependent 
Contact-independent 
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Figure1: Overview of TReg cell subsets and the proposed mechanisms of suppression. 
Natural TReg cells (nTReg) and conventional naïve T-cells are generated from the thymus. 
Induced TReg cells (iTReg) arise from naïve T-cells, upon encounter with antigen in the 
periphery, induce suppression in a cytokine-dependent way and include 2 distinct subtypes: T-
regulatory-1 (Tr1) and T-helper-3 (Th3) cells, which secrete IL-10 and TGF-β, respectively. 
These immunosuppressive cytokines inhibit the activation and proliferation of effector cells. On 
the other hand, nTReg cells, which are specific for antigens present in the thymus, act in a cell 
contact-dependent way in the presence and absence of APC. nTReg cells can suppress effector 
cells by either reducing the antigen-presenting capacity of APC or by triggering indoleamine 
2,3-dioxygenase (IDO) activity in APC, resulting in the generation of suppressive metabolites. 
In addition, nTReg cells can interact directly with effector cells, even in the absence of APCs, to 
inhibit their activation or induce death of effector cells by release of cytotoxic factors. 

 
 
Recent data suggest that LAG-3 is a promising functional marker of 

TReg cells. LAG3 (also called CD223) is expressed on TReg cells and binds to 
major histocompatibility complex (MHC) class II molecules31. In the 
presence of antibodies against LAG3 TReg-induced suppression is 
abrogated, and transduction of LAG3 into naïve T-cells convert them into 
cells with suppressive activity31. Moreover, TReg cells from LAG3-deficient 
mice exhibit reduced regulatory activity in vitro31. These data imply that 
LAG3 is crucial in the contact-dependent suppression process of TReg cells 
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and may explain how TReg cells act in the absence of APC, as other cells 
also express MHC II molecules.  

Another model of TReg-mediated suppression suggests a cytotoxic 
mechanism by which TReg cells induce death of effector T-cells (Teff) via 
release of granzymes in a perforin- and Fas-independent way46;47. 
Accordingly, TReg cells from granzyme-B deficient mice showed a reduced 
capacity to suppress Teff proliferation. Otherwise, activated TReg cells were 
recently reported to suppress B-cell proliferation in vitro by inducing 
apoptosis of these cells via a granzyme-B-mediated kill mechanism in a 
perforin-dependent way48. This suggests involvement of granzyme-B in a 
cell contact-dependent kill mechanism. 

Whereas cell contact-dependent mechanisms are operative in nTReg 

cells, soluble factors such as IL-10 and TGFβ were found to play a key role 
in cell contact-independent suppression by Tr1 and Th3 cells, respectively. 
In vitro findings strongly suggest a role for these cytokines in preventing 
autoimmune reactions. It has been observed that IL-10 knockout mice 
spontaneously develop colitis, and moreover, TReg cells isolated from IL-10 
knockout mice lack the intrinsic capacity to protect immunodeficient mice 
from colitis49-51. In addition, treatment with anti-IL10 receptor antibodies 
accelerated graft rejection52. Similarly, TGFβ-deficient mice manifest a 
spontaneous autoimmune syndrome, whereas neutralizing antibodies to 
TGFβ abrogate TReg mediated suppression of inflammatory bowel disease 
(IBD)53-55.  

In addition to its effects in a soluble form via Tr1 cells, TGFβ is also 
operative as a surface-bound protein on nTReg cells. It has been shown that 
FoxP3+ nTReg cells suppress T-cell autoimmunity in nonobese diabetic 
(NOD) mice in a TGFβ-dependent way56. Surface-bound TGFβ induces 
suppression through TGFβ–TGFβR interaction between the nTReg cell and 
the autoaggressive cell42. This has established TGFβ as an additional 
instrument for suppression by nTReg cells. In agreement, blockade of cell-
surface TGFβ disrupts the suppressive function of nTReg cells42.   

In addition to the aforementioned mechanisms, recent data show 
that intracellular galectin-10 is involved in the suppressive action and anergy 
of TReg cells, as knocking-down of galectin-10 in human CD25+CD4+T-cells 
abrogates their suppressive activity and reverses the hypo-responsiveness 
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of TReg cells in vitro29. Finally, it has been demonstrated that the inhibitory 
cytokine IL-35 is produced by TReg cells and contributes to their suppressive 
activity57;58.     

In summery, although many data have been collected on the 
suppressive mechanisms involved in the function of TReg cells, the precise 
routes of suppression need further studies. 
 
 
TReg cells in human systemic autoimmune diseases 
 

Alteration in TReg cell number or function is associated with several 
autoimmune diseases. Studies involving peripheral tolerance in systemic 
autoimmune diseases have focused predominantly on abnormalities in 
nTReg cell numbers and/or function, whereas studies on the role of iTReg cells 
are scarce. Here we summarize data concerning the involvement of nTReg 
cells in several human systemic autoimmune diseases (Table 2). 
 
 
Systemic lupus erythematosus 
 

Although the etiology of systemic lupus erythematosus (SLE) is 
unknown, recent data suggest a role of TReg cells in disease pathogenesis. 
An in vivo study by Hayashi et al. demonstrated that depletion of 
CD25+CD4+T-cells in BWF1 lupus mice, 3 days after birth, induces an 
increase in anti-nuclear antibodies and accelerates the development of 
glomerulonephritis59. Another in vivo experiment by Hsu et al. showed that 
lupus mice whose CD25+ cells are depleted produce higher titers of serum 
anti-dsDNA antibodies after being immunized with dendritic cells pulsed with 
apoptotic cells60. In line with this observation, Lee et al. reported an inverse 
relation between the percentage of circulating CD4+CD25+T-cells and serum 
levels of anti-dsDNA antibodies in pediatric patients with SLE61. Other 
studies evaluating levels of circulating CD4+CD25HighT-cells in SLE-patients 
are consistent in their results demonstrating a decrease in absolute 
numbers as well as in the proportion of CD4+CD25HighT-cells in active SLE-
patients as compared to healthy controls62-64. The proportion of circulating 
CD4+CD25HighT-cells in SLE-patients correlates negatively with the clinical 
severity of SLE64. Miyara et al. reported that CD4+CD25HighT-cells from SLE-
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patients are hypersensitive to in vitro Fas-induced apoptosis suggesting that 
these cells could be depleted in vivo via inappropriate induction of apoptosis 
during the course of lupus flares64. In addition, CD4+CD25HighT-cells from 
patients with active-SLE have diminished suppressive activity compared to 
those from healthy individuals65;66. Besides increased proportions of 
circulating CD4+CD25+T-cells in patients with active-SLE, evaluating FoxP3-
expression in CD4+CD25+T-cells demonstrates a significant increase in 
percentage and absolute numbers of circulating CD4+CD25+FoxP3+ T-cells 
in active-SLE-patients compared to healthy controls, and the frequency of 
these cells was positively correlated with disease activity67;68. Since reduced 
suppressive function of CD4+CD25+T-cells has been observed in SLE-
patients, the expression of FoxP3 in CD4+T-cells from SLE-patients 
primarily reflects activation of CD4+T-cells and does not indicate an increase 
in functional TReg cells68. Importantly, the suppressive activity of 
CD4+CD25HighT-cells from active SLE-patients could be restored after in 
vitro activation with anti-CD3 in the presence of IL-266. This suggests that in 
vivo other factors may be involved in altering the function of TReg cells. 
Indeed, TReg cells in active-SLE exhibited increased expression of tumor 
necrosis factor receptor II (TNFRII) in vivo, and addition of TNF and 
signaling through TNFRII completely down modulated TReg cells function in 
vitro without influencing its anergic phenotype66. Thus, overproduction of 
TNF in vivo may contribute to the defective function of TReg cells66, and, 
therefore, TNF-blocking agents may be of value in restoring TReg cells 
function in active SLE-patients. Collectively, a reversible defect in TReg cells 
suppressive function may contribute to flares of disease activity in SLE-
patients. Further investigations directed at enhancing the function of TReg 
cells in vivo are warranted.  
 
 
Rheumatoid arthritis and juvenile idiopathic arthritis 
 

 TReg cells in patients with rheumatoid arthritis (RA) and juvenile 
rheumatoid arthritis (JRA), both from synovial and peripheral blood origin, 
have been reported to exhibit all of the features of normal TReg cells, not only  
in phenotype but also in their suppression of T-cell proliferation in vitro69-71. 
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However, circulating TReg cells isolated from patients with active RA are 
unable to suppress the release of proinflammatory cytokines by activated T-
cells and monocytes71. Importantly, as in SLE, TNFα appeared to be 
involved in the decrease of TReg cells function, and treatment with TNFα-
blocking agents restored their capacity to inhibit the production of 
proinflammatory cytokines71. This may explain the dysfunction of TReg cells 
in vivo, since TNFα is abundantly present in sera and joints of patients72. 
Recently, Amelsfort and coworkers73 proposed that TReg cells in synovial 
fluid receive increased costimulatory signals, as well as TNFα and IL-7, 
after interaction with activated synovial monocytes which leads to a 
decrease in their suppressive capacity. Therefore, besides TNFα blocking, 
targeting of activated monocytes may hold therapeutic promise for this 
disease. 
 
 
Goodpasture’s disease 
 

 Goodpasture's disease is considered a prototypical model for an 
autoantibody-mediated autoimmune disease, and is characterized by rapidly 
progressive glomerulonephritis frequently combined with diffuse alveolar 
haemorrhage74. Tissue injury is mediated by anti-glomerular basement 

membrane (anti-GBM) antibodies that bind to the α3(IV) collagen chain 
which is found only in basement membranes in kidney, lung, cochlea and 
eye75. Evidence supporting a role of TReg cells in anti-glomerular basement 
membrane glomerulonephritis (anti-GMB GN) came from experiments by 
Wolf and coworkers76 in a murine model. They found that transfer of TReg 
cells into a murine model of experimental anti-GMB GN significantly 
attenuated glomerular injury and reduced T-cell and macrophage infiltration 
when compared with animals that received CD4+ effector T-cells. 
Furthermore, they demonstrated a significant reduction in Th1-type effector 
cells in renal tissue from animals that received TReg cell injection. The role of 
TReg cells in patients with anti-GBM disease has been studied by Salama 
and coworkers77. They analyzed the frequency of IFNγ-producing cells in 
vitro in response to the Goodpasture autoantigen using PBMCs isolated 
from patients with Goodpasture’s disease before and after depletion of TReg 
cells. The percentage of autoantigen-specific T-cells was significantly 
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increased in cultures following TReg cell depletion. Importantly, autoantigen-
specific TReg cells were present during disease convalescence but absent at 
the time of disease presentation. These observations suggest that TReg cells 
are involved in preventing relapses in Goodpasture’s disease. Adoptive 
transfer in vivo of in vitro generated/expanded autologous auto-antigen 
specific TReg cells might induce long term remission in this disease. 
 
 
Wegener’s granulomatosis 
 

 Wegener’s granulomatosis (WG) is an autoimmune inflammatory 
disease affecting small to medium sized vessels, and associated with 
antineutrophil cytoplasm autoantibodies (ANCAs) mainly directed against 
proteinase 3 (PR3). This disorder is characterized by granulomatous 
inflammation, particularly of the airways, and pauci-immune vasculitis and 
glomerulonephritis78. Several lines of evidence suggest involvement of T-
cells in this disease79-81. Since TReg cells suppress the proliferation of other 
T-cells, an increase in CD4+ effector memory T-cells in WG-patients might 
point to impaired TReg cell function81;82. In a recent study83, we have 
analyzed the proportion and function of circulating TReg cells in WG-patients 
in remission. We found that TReg cells exhibiting a memory phenotype 
(CD45RO+) were significantly increased in WG-patients as compared with 
controls. Increased TReg cells would be expected during remission of an 
autoimmune disease. In contrast, we found that the percentages of 
FoxP3+CD4+ effector memory T-cells in WG-patients with active disease 
were not lower than in WG-patients in remission81. However, we observed a 
defective suppressor function of TReg cells from WG-patients83. Crisscross 
experiments revealed that impaired function of TReg cells was unrelated to 
either responder cell resistance or altered survival of TReg cells83. However, 
since it has been shown that FoxP3 is upregulated in CD4+ non-TReg cells 
following activation28, it is possible that the FoxP3-expressing CD4+T-cells in 
WG-patients are rather activated T-cells than TReg cells. It has been reported 
that maximal suppressive function is present in human TReg cells 
coexpressing two FoxP3 isoforms84. It is, therefore, possible that the 
inconsistency between increased TReg cells and the defective function of 
these cells in WG-patients is due to a deficiency in one FoxP3 isoform. 
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Further studies are necessary to evaluate the expression levels of both 
FoxP3 isoforms in TReg cells in WG-patients. 
 
 
Sarcoidosis 
 

Sarcoidosis is a systemic disease of unknown etiology 
characterized by the accumulation of activated T-cells, primarily of the CD4-
positive phenotype, and macrophages in the affected organs, resulting in 
noncaseating granulomatous inflammation. The presumably autoimmune 
inflammatory process leads to tissue damage affecting, amongst others, 
lungs, lymph nodes, eyes, liver, kidneys, and skin. Although it has been 
shown that activated CD4+T cells in patients with sarcoidosis express CD25, 
the precise involvement of these cells in disease pathogenesis has not been 
elucidated85. Miyara et al.86 have evaluated the proportion and function of 
TReg cells in this disease. Surprisingly, they observed an increase in the 
percentage of TReg cells in peripheral blood and bronchoalveolar lavage 
(BAL) fluid in patients with active sarcoidosis compared to either healthy 
individuals or patients with inactive disease, whereas no difference was 
found between healthy controls and inactive sarcoidosis-patients. They 
propose that amplification of TReg cells in active sarcoidosis might occur due 
to spontaneous release of IL-2 by lung T-cells. Although TReg cells from 
active patients exhibited a phenotype as normally seen in these cells and 
potent in vitro suppressive activity on the proliferation of autologous CD25-

CD4+T-cells, they failed to inhibit secretion of TNFα and IFNγ by autologous 
and allogeneic cells. This defect in inhibiting cytokine production of effector 
cells might contribute to chronic inflammation in sarcoidosis, as TNFα plays 
a key role in granuloma formation87. Further studies are needed to elucidate 
the apparent inability of TReg to control this systemic disease. 
 
 
Kawasaki disease 
 

Kawasaki disease (KD) is an acute systemic vasculitis of childhood 
affecting small-to-medium-sized vessels88. The immune dysfunction in this 
disease comprises, amongst others, the presence of increased levels of 
anti-endothelial cell antibodies (AECA) which correlate with disease 
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activity89. One recent study addressed the possibility that alteration in 
numbers of TReg cells may be associated with disease activity in patients 
with KD90. Furuno and coworkers have evaluated the proportion and 
numbers of CD25+CD4+T-cells and analyzed the mRNA expression level of 
FoxP3, CTLA-4, and GITR in circulating CD4+T-cells from patients at the 
acute and convalescent phases of KD90. They found that CD25+CD4+T-cells 
were significantly decreased in the acute phase and returned to a level at 
the convalescent phase of KD comparable with that of healthy controls. The 
expression levels of FoxP3, CTLA-4, and GITR in purified CD4+T-cells 
showed a similar tendency, suggesting that the decrease in CD25+CD4+T-
cells during active disease represents a decrease in TReg cells. Since 
functional analysis of TReg cells has not been performed in this study, further 
studies are needed to fully understand the role of TReg cells in this disease. 
 
 
Hepatitis C associated mixed cryoglobulinemia vasculitis 
 

Mixed cryoglobulinemia (MC) is a chronic autoimmune systemic 
vasculitis characterized by the presence of type II cryoglobulins and is 
frequently associated with hepatitis C virus (HCV) infection, which is 
considered a triggering factor of the disease91. HCV-associated MC is 
characterized by polyclonal B-cell activation, monoclonal IgM rheumatoid 
factor production, and deposition of circulating cold-precipitable immune 
complexes of HCV antigen-antibody and complement in small-sized 
vessels. To address the role of TReg cells in this disease, Boyer el al.92 have 
evaluated the proportion and suppressive function of circulating 
CD25+HighCD4+T-cells. They found that, although TReg cells displayed a 
normal suppressive function, the frequency of these cells was significantly 
reduced in patients with symptomatic MC as compared to those with 
asymptomatic MC or controls, or HCV+ patients without MC.  Thus, despite 
the normal function of TReg cells, symptomatic hepatitis C associated mixed 
cryoglobulinemia is associated with a quantitative deficiency of TReg cells. 
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TReg cells as a specific immunotherapy 
 

 TReg cells may become an important target of intervention in human 
systemic autoimmune diseases. Modulation of TReg cell number or function 
in vivo could be curative and provide an alternative to conventional therapy. 
Studies in mice models have demonstrated that re-injection of in vitro 
expanded TReg cells can reverse autoimmunity and inflammation93;94. Recent 
experimental evidence has shown that the FR4 marker enables isolation of 
TReg cells following ex vivo autoantigen-specific expansion39. In addition, the 
immunosuppressive drug rapamycin could be used to expand TReg cells and 
inhibit the differentiation of proinflammatory IL17-producing cells (Th17)95;96. 
Thus, the adoptive transfer of ex vivo expanded and isolated antigen-
specific TReg cells by rapamycin and FR4, respectively, may correct the 
balance between TReg cells and effector cells and provide a specific 
treatment of human autoimmune diseases. 
 
 
Conclusion 
 

TReg cells are the cornerstone in peripheral tolerance. It is now clear 
that TReg cells are involved in the pathogenesis of several systemic 
autoimmune diseases. Although decrease in number and/or function of TReg 
cells may favor pathogenic autoimmune responses in systemic autoimmune 
diseases, the etiology of this defect still remains unresolved and needs 
further studies. The mechanisms by which TReg cells exert their suppressive 
function are still elusive. Understanding the exact mechanism of 
suppression and defining the suppression-associated surface molecules of 
TReg cells is necessary for therapeutic intervention. Since transfer of ex vivo 
expanded autologous TReg cells can reverse autoimmunity and inflammation 
in animal models, future perspectives for a specific therapy of human 
autoimmune diseases could be built on re-injection of well-defined 
autoantigen-specific TReg cells after ex vivo expansion and enhancement of 
suppressive function. 
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