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Abst rac t
Regulatory T cells (Treg) can be divided into two types: the natural cells (tTreg), which arise in the thymus, and the 
induced cells (iTreg), which are produced in peripheral tissues during immune response. The most recently published 
studies indicate that the supervisory functions of these cells are weakened in the pathogenesis of autoimmune and 
neoplastic diseases of the skin. This may be a result of the domination of other immune cells in the skin, such as 
Th1/Th17/Th22 and Tc1 type in psoriasis and Th2 in atopic dermatitis. The excessive activity of Treg cells can lead 
to immunosuppression and decrease in the number of Th1 cells, which promote the development and progression 
of skin cancers. In the case of cutaneous T-cell lymphomas, there are suggestions that tumor progression is as-
sociated with the acquisition of the suppressor phenotype of malignant cells. There is genetic background of Treg 
dysfunction in skin disorders. This article describes the types and functions of Treg cells.
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Properties of regulatory T cells

The main role of the human immune system is to 
recognize and fight against foreign antigens as well as 
to build up tolerance to self-antigens. One of the key ele-
ments making up the mechanisms that regulate the im-
mune response is a population of T helper cells, called 
T-regulatory (Treg) lymphocytes. Treg cells are a hetero-
geneous group of cells responsible for the controlling 
of the immune system. In the human body these cells 
perform many tasks. They participate in the formation 
of tolerance to food and saprophytic bacteria of the gas-
trointestinal tract, skin, and mucosa. They take part in 
the tolerance to self-tissues as well as in the formation 

of allotransplant tolerance and building up the tolerance 
to antigens of the fetus during pregnancy. It is executed 
through interaction of Treg cells with tolerogenic antigen-
presenting cells (APC), and inhibition of autoreactive 
lymphocytes, or even killing of other immune cells. Defi-
ciency and/or dysfunction of Treg cells leads to autoim-
mune diseases, ageing and allergies. It can cause infertil-
ity, pregnancy disorders and transplant rejection. In turn, 
excessive activity contributes to cancer and an increased 
susceptibility to infectious diseases [1–18].

There are several regulatory populations in the body, 
such as human CD8(+) CD28(–) cells, γδ T cells, regulatory 
B cells, myeloid derived suppressor cells, tolerogenic den-
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dritic cells, NK-T cells and some cytotoxic T lymphocytes 
– Table 1 [2, 4, 6, 9, 12, 16–21].

The immunodominant regulatory subset consists of 
a group of CD4(+) T regulatory cells. These are divided – 
by the place of formation, effector mechanisms and the 
profile of cytokines produced – into two main groups – 
primary regulatory T cells, produced in the thymus and 
referred to using the symbol tTreg (thymic Tregs), and 
the secondary, induced regulatory lymphocytes – iTreg 
(induced/adaptive Tregs). tTregs are secreted in the thy-
mus. After rearrangement of the receptor TCRαβ gene, 
the clonal autoreactive Tregs are not fully eliminated, as 
in case of conventional T lymphocytes. Hence, they are 
capable of recognizing of self-antigens but, in contrast to 
other T cells, this leads to self-tolerance. Other important 
phenotypic features of tTregs include a high expression 
of the CD25 receptor (IL-2R, part of IL-2 receptor) and 
a constitutive expression of transcription factor forkhead 
box (FOXP3) protein and production of large amounts of 
IL-10 and transforming growth factor β (TGF-β). 

Population of tTreg is heterogeneous. On the basis of 
their effector suppressor function in different tissues and 
expression of specific transcription factors (TF), chemo-
kine receptors and micro RNA signature – various popula-
tions of effectors FOXP3(+) Treg cells were distinguished 
(Figure 1). Naive tTregs could be differentiated into Th1-
Treg , Th2-Treg, Th17-Treg, Fat-Treg, and Tfr-Treg. Th1-Treg, 
Th2-Treg and Th17-Treg suppress Th1, Th2 and Th17 cells, 
respectively. Fat-Tregs inhibit adipocytes and control 

metabolic disorders, while Tfr-Tregs suppress T cells in 
germinal centers of lymphoid tissue – Tfh cells. These 
subpopulations of tTreg have different molecular signa-
tures. Th2-Treg express Blimp-1 and IRF-4, chemokine re-
ceptors CCR4 and CCR8 and produce miR21 and miR182; 
Th1-Treg express Tbet, IRF-4, Blimp-1, CXCR3, miR146a 
and miR10a; IL17-Treg express Blimp-1, and probably 
IRF-4, CCR6, while the signature of miRNA is unknown; 
Tfh-Treg express bcl6, Blimp-1, CXCR5, miR10a; Fat-Treg 
express IRF-4, Blimp-1, and PPAR-γ and the signature of 
miRNA is unknown [9, 18]. 

The localization of tTregs in the human body and 
their trafficking to different tissue are dependent on the 
expressed homing receptors and adhesion molecules as 
well as on tissue-specific chemokines gradient. Around 
80% of Tregs in the peripheral lymph nodes express CCR7, 
more than half of Tregs express CD62L (L-selectin), which 
interact with vascular addressins (CD34, GlyCAM-1). Tregs 
expressing CCR4, CCR5 and/or CXCR4 accumulate in the 
inflamed skin, those with CCR6 expression accumulate in 
the inflamed joints, and Tregs expressing CCR1, CCR2 and 
CCR9 Treg accumulate in adipose tissue [9]

Induced Treg (iTreg) are formed at the peripheral tis-
sues from mature T lymphocytes after stimulation with 
antigens, such as non-pathogenic antigens including 
commensal microbiota, food and fetal antigen cells, pre-
sented by APCs in the presence of suppressive cytokines 
(IL-10, TGF-β1). 

Table 1. Different populations of human immunosuppressive regulatory cells [5–10, 13]

Cell type Phenotype Mechanism of immunosuppression 

CD4+ regulatory T cells:

Thymic-derived naturally occurring 
Treg (tTreg)

CD4+CD25+FOXP3+ Cell-cell contact dependent (CTLA-4/CD80/CD86) 
and cytokine-dependent (IL-10, TGF-β)

Peripheral induced Tregs (iTreg) CD4+CD25+FOXP3+ Cell-cell contact (CTLA-4/CD80CD86) and 
cytokine-dependent (IL-10, TGF-β)

Tr1 cells CD4+CD25+FOXP3–IL-10high Cytokine mediated (IL-10)

Th3 cells CD4+CD25+FOXP3– TGF-βhigh Cytokine mediated (IL-10 and TGF-β)

iTreg-35 CD4+CD25+FOXP3–IL-35(+) Cytokine mediated (IL-35)

CD8+ regulatory T cells:

T suppressor cells CD8+CD28– Cell-cell contact dependent (CTLA-4/CD80CD86)

IL-10 producing CD8 T cells CD8+IL-10+ Cytokine mediated (IL-10)

B regulatory cells (Breg) Breg producing IL-10 
Breg producing IL-35

Cytokine mediated (IL-10, IL-35)

NKT cells CD3+CD4–CD8–CD56+, CD16+, CD94+ Cytokine mediated (IL-10 and TGF-β)

Myeloid derived suppressor cells (MDSC):

Granulocytic MDSCs CD11b+Ly6G+Ly6Clow Depletion of arginine, NO production, inhibition 
of proliferation and induction of T cell apoptosisMonocytic MDSCs CD11b+Ly6G–Ly6Chigh

γδT cells CD80/CD86
CD11a, CD18, CD54

Cell-cell contact dependent (CTLA-4/CD80/CD86) 
and cytokine dependent (IL-10)
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Induced Tregs are divided into cells with and without 
FOXP3 gene expression. The generation of peripheral 
iTreg FOXP3(+) naive conventional CD4+ T cells requires 
triggering of TCR together with the stimulation by IL-2 
and TGF-β. The expression of FOXP3 in these cells is 
much lower and transient than in nTregs [5–9]. 

FOXP3(–) iTreg are divided into two populations Tr1 
and Th3 cells. Tr1 cells predominantly secrete IL-10, and 
minor amounts of TGF-β1, IL-5 and IFN-γ; Th3 cells pre-
dominantly produce TGF-β1 [1–11]. Formation of iTreg 
cells in the tissues is influenced by immature dendritic 
cells and immunosuppressive agents such as glucocorti-
coids, and vitamin D3

 [6, 9, 22–24]. There are reports that 
also tTregs can be involved in the generation of iTregs in 
the mechanism called “infectious tolerance”. This mecha-
nism is dependent on the expression of certain integ-
rins on nTregs. The expression of integrin α4β7 induces 

mainly Tr1 cells producing IL-10, and the expression of 
α4β1 integrin induces Th3 cells producing TGF-β1 [5–11]. 

On the other hand, there are also suggestions that 
iTreg can be converted into Th1, Th2, Th17 and Tfh (Fig-
ure 2). This can be also true in the case of tTregs. Virtually 
all tTregs are characterized by a stable high expression of 
FOXP3, but there is some evidence for Treg instability, loss 
of FOXP3 expression and acquisition of the effector phe-
notype. The inflammatory cytokines IL-6, in conjunction 
with IL-1β and IL-23 are capable of induction of RORγt TF 
and downregulation of Foxp3, which leads to the forma-
tion of so-called exTregs Foxp3(–) cells producing IL-17. It 
is suggested that epigenetic mechanisms are involved in 
the lost FOXP3 gene expression in Tregs [6, 9, 11, 25–29]. 

It has been recently shown that Tregs produce IL-35 
cytokine. This new group of regulatory T cells is called 
iTreg35 [30–33]. Notably, these cells are phenotypic ally 

T-Bet (T-BOX expressed in expressed in T cells) – Th1-specific T-box transcription factor that controls the expression of the hallmark Th1 cytokine, interferon-
gamma. Blimp-1 (B lymphocyte-induced maturation protein 1; positive regulatory domain i-binding factor 1; PRDIBF1) – DNA-binding transcriptional repressor. 
It exerts its repressive functions through recruitment of histone-modifying enzymes. Bcl-6 (B-cell lymphoma 6) – transcriptional repressor necessary for 
germinal center formation. IRF-4 (interferon regulatory factor 4) is a transcription factor essential for the development of T helper-2 cells, IL-17-producing Th17 
cells, and IL-9-producing Th9 cells. PPAR-γ (peroxisome proliferator-activated receptor γ) – bind chemicals that induce proliferation of peroxisomes, organelles 
that contribute to the oxidation of fatty acids [adapted from 9, 18].

Figure 1. Differentiation of effector CD4+ T cells and regulatory T (Treg) cells, their function and transcription factors 
involved
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and functionally distinct from other subpopulations of 
Treg cells described thus far in that they do not express 
Foxp3 and they mediate immunosuppression via IL-35 
and seemingly independent of IL-10, TGF-β, the immu-
nomodulatory receptor CTLA-4, or any other currently 
known Treg cell-associated suppressive molecule. Tregs 
expressing IL-35 (iTr35) have been shown to inhibit the 
differentiation of naive CD4+ T cells into Th17 effector 
cells [30–33]. 

Another group of T cells with a suppressive function 
are CD8+T suppressor cells. These cells are derived from 
oligoclonal T cell and they lack CD28 antigen, express 
FOXP3, GITR, CTL-4, OX-40 and CD62L on the same level 
as observed in CD4+CD25+ Tregs and also CD122 antigen 
– β subunit of IL-2 receptor. The mechanisms underlying 
their suppression mainly include IL-10 and TGF-β produc-
tion and possible cytotoxic T lymphocytes – mediated 
killing of activated T cells [5, 20, 21]. 

Phenotype of Treg

Produced in the thymus tTreg express a high level of 
IL-2 receptor α chain (CD25high), substantial expression 
of molecules HLADR, TNF receptor, called GITR (glucocor-
ticoid induced tumor necrosis factor receptor), CTLA-4 
(cytotoxic T lymphocyte-associated antigen, CD152) and 
the constitutive expression of specific transcription fac-
tor – Foxp3. A low expression of CD127 (IL-7 receptor α 

chain) is often used to give a complete phenotype of 
human Treg [1–7, 9–11]. The phenotype CD4(+)CD25(+) 
highCD127(–)low Foxp3(+) constitutes a small fraction 
(5–10%) of the total pool of CD4 (+) T-helper lympho-
cytes. Other molecules that are expressed on activated 
Foxp3(+) Tregs include the latency-associated peptide 
(LAP), lymphocyte activation gene-3 (LAG-3), CD39 (plas-
ma membrane-bound ectonucleoside trisphosphate 
diphosphohydrolase), PD-1 (programmed cell death 1, 
CD279) a receptor of PDL1 (programmed cell death-1 
ligand-1) and PDL2 ligands, IL-1 receptor type I and II 
(CD121a/CD121b) and OX40 (CD134). However, none of 
these are exclusive to Treg cells [1–7, 9–11]. 

The IL-2 receptor is composed of α, β, and γ chains. 
The active receptor is a trimer composed of αβγ chains 
and its constitutive expression is essential for the sur-
vival of Treg cells. Interleukin 2 (T-cell growth factor) is 
essential for maintaining tolerance and preventing auto-
immunity by Foxp3+ cells. Because Tregs do not produce 
IL-2, their proliferation and suppressor function depends 
on exogenous IL-2 produced by T-effector cells (Figure 3). 
Linking of IL-2 to the receptor induces tyrosine kinase-
dependent STAT5 protein expression, increased transcrip-
tion of cytokine genes (IL-10, IL-35, TGF-β1) and activation 
of the kinase-dependent MAPK and P13K pathways in 
Tregs. IL-2 is however a double-sword factor as it stimu-
lates also many effector cells such as B-cells, monocytes, 

Figure 2. Plasticity and flexibility of CD4(+) T helper cell subsets and their multidirectional impact and transformation. 
iTreg could transform in different cytokines milieu condition into: Th1, Th2, Th17, Th9 and Tfh (follicular) cells. Various 
effector cells can be mutually converted into each other [adapted from 6, 9, 11, 25–29] 
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mast cells, lymphokine-activated killer cells, natural killer 
cells, and glioma cells [9]. 

The transcription factor Foxp3 is crucial for the de-
velopment and functionality of CD4(+)CD25(+) Tregs. 
Mutations, which cause loss of Foxp3 function, both in 
mice and men, result in the absence of Tregs and lead 
to a phenotype with severe autoimmune disorders [34], 
known as scurfy mice and IPEX (immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked syndrome) 
in men. The important function of FOXP3 was also con-
firmed by studies showing that ectopic expression of 
Foxp3 in T cells leads to the generation of cells with a reg-
ulatory phenotype and a suppressive function [29]. In ad-
dition, with regard to the biological function of Foxp3 in 
Tregs, it was demonstrated that Foxp3 blocks the ability 
of the Rel-family transcription factors NFAT and NFκB to 
induce their target genes [35–39], and as a consequence, 
it acts as a transcriptional repressor of IL-2 synthesis and 
other cytokine genes (IL-4 and IFN-γ), also induce CD25 
and CTLA4 expression and thereby programming a cell 
not to exert immune stimulatory functions. Foxp3 inter-
acts also with Runx1 transcription factor, crucial for nor-
mal haematopoesis including thymus T cell development 
and with histone acetyl transferase complex, involved in 

epigenetic regulation of gene expression. Recent studies 
found that Runx1 transcription factor directly binds to 
20–30% of Foxp3-dependent genes and controls about 
700 genes [6, 9, 35–39]. 

Activation of Treg

The activation of Treg cells and start-up of their func-
tions require antigen-specific stimulation of TCR (T-cell 
receptor); however, once activated, nTreg cells may keep 
a suppressor phenotype for a long time in a non-specific 
manner (Figure 3) [1–6, 9]. 

The T-lymphocytes require two signals to be activated 
– the first is the recognition by the TCR receptor of an 
antigen presented by antigen presenting cells (APC), e.g. 
dendritic cells – DC or macrophages, in the context of 
MHC protein. Optimal T cell proliferation and acquisition 
of effector functions require the second signal through 
other pairs of receptors, with CD28 receptor as one of the 
most important. Upon binding to its ligands, B7-1 (CD80) 
and B7-2 (CD86), CD28 enhances T effectors cells (Teff) 
proliferation by increasing transcription and secretion of 
IL-2 (Figure 3). Absence of the second signal leads to cell 
anergy. This state is characterized by impaired ability to 

Figure 3. Activation and regulatory function of Treg. Synapse of three cells: Treg lymphocyte, Th responder (effectors) 
lymphocyte (Teff) and antigen presenting cell (APC) leading to activation of Tregs. Treg cell coming into apposition with 
an interacting APC–Teff pair through ligation of the TCR on the Treg cell with an MHC class II molecule on the APC. Both 
the APC and the Tres cell secrete IL-2, which by binding to CD25 expressed on the Treg cell surface and may induce the 
Treg cell to proliferate, proliferating Treg by secreting IL-10 and TGF-β1 suppress the function of DC and Tres [modified 
from 5, 50]
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proliferate and produce IL-2, and can be reversed by acti-
vation of TLRs (toll like receptors) by bacterial lipopolysac-
charide [1–12, 15]. Because Treg cannot produce this cy-
tokine and at the same time they express a high level of 
IL-2 receptor, their proliferation deprive Teff cells of IL-2. 
In addition, IL-10 and TGF-β produced by Treg suppress 
proliferation of Teff and activation of DCs (Figure 3).

Epigenetic regulation of Treg function 

Epigenetic modifications modulate gene expression 
and therefore could substantially influence the differen-
tiation of T cells into various subpopulations. It occurs 
through changes in chromatin conformation, which cre-
ates the formation of the “open transcription frame”, 
making it easy to attach a RNA transcriptase, or to at-
tach the specific transcription factors to gene promoter 
regions. Epigenetic changes in chromatin occur by meth-
ylation of gene promoters, methylation of gene enhancer 
regions, by histone acetylation/deacetylation or by ac-
tion of specific mikroRNAs. Epigenetic changes play an 
important role in regulation of Treg function, plasticity 
and differentiation [11, 25–29, 39–45].

Modification of the two DNA sequences rich in CpG 
island loci ensures the availability of the gene FOXP3 in 
the case of Treg cells. The active Treg lymphocytes are 
completely demethylated in the FOXP3 gene promoter, 
notably in a specific region (TSDR-Treg associated de-
methylated region, CNS2 located in intron 1), and one of 
the major factors activating this process is TGF-β1. The 
majority of thymus-derived Treg possess a completely 
demethylated TSDR. In humans, TGF-β1-induced i-Treg 
CD4(+) CD25low that transiently express FOXP3 express 
partially methylated pattern [6]. “Epigenome” of thymus 
derived tTreg is stable, imprinted in cells and exhibit hy-
pomethylation of Treg specific genes (CTLA4, GITR). 

Foxp3 regulates transcription of Foxp3-dependent 
genes by remodeling the chromatin structure and interact-
ing with histone acetyl transferase (HAT)/histone deacety-
lase complex (HDAC). Foxp3, when attached to IL-2 gene, 
can recruit acetyltransferase (HAT/TIP60). Acetylation of 
FOXP3 region enhance synthesis of FOXP3 and increases 
its binding to the promoters of IL-2 and IFN-γ gene pro-
moters, which in turn leads to genes silencing and inhibi-
tion of IL-2 and IFN-γ production. In contrast, when FOXP3 
attach to the gene encoding CD-25 and CTLA-4, histone 
acetylation is stimulated and expression of these genes is 
up-regulated as well [6, 9, 11, 25–29, 39–45].

Mechanisms of suppression by Treg 

Figure 4 presents different suppression mechanisms 
of effector cells caused by Tregs and indicate the cell re-
ceptors, ligands and proteins involved in the mechanisms 
of direct and indirect suppression of T effector cells and 
APCs by Treg [46–50].

Tregs can induce immunosuppression by influencing 
a variety of cell types such as CD4+ and CD8+ T cells, 
natural killer cells and APC. They can exert their suppres-
sive activity through a variety of mechanisms including 
direct cell-cell contact, IL-2 deprivation, production of the 
immunosuppressive cytokines IL-10 and TGF-β, cytolysis, 
and modulation of the function of antigen-presenting 
cells [6, 9, 46–50].

Suppression by cell-cell contact 

Several in vitro studies have demonstrated that 
CD4+CD25+ Tregs suppress proliferation and IFN-γ pro-
duction by effector cells through a direct cell-cell contact 
dependent stimulation between Tregs and effector cells, 
possibly mediated by expression on their surface of GITR, 
CTLA-4 and PD-1. The receptor CTLA-4 (CD152) on Tregs is 
homologous to CD28 molecule expressed on T effectors 
and both CD152 and CD28 compete for B7 receptors on 
APCs. Since CTLA-4 has a 40-100-fold higher affinity to B7 
than CD28 molecules, Treg cells bind to DC stronger than 
T effector cells. It leads to the blockade of the activation 
signal for T cells dependent on B7. CD4 (+)CD25(+) T

resp 

cells without receiving the second costimulatory signal 
enter a state of anergy, which reduces their ability to IL-2 
production, and finally leads to apoptosis [46–52].

The next mechanism of affecting the effector T cell 
activation by Treg is based on the modulation of DC func-
tion. Ligation of CD80/CD86 (B7) on DCs to CTLA-4 on the 
suppressor cells results in expression and activation of 
indoleamine 2,3-dioxygenase (IDO), a catabolic enzyme 
involved in tryptophan degradation. Reduced tryptophan 
concentration in a culture medium has been reported to 
be associated with decreased activation of T cells and 
T cell deletion. These results indicate that CTLA-4 plays 
a functionally significant role in Treg suppressive activ-
ity. On the other hand, CTLA-4 knockout mice appear to 
have fully functional cells that express the Treg-specific 
transcription factor FOXP3 [51, 53].

GITR is one of the molecular markers of peripheral 
iTregs, highly expressed on their surface, but also in acti-
vated T cells. The activation of GITR by the GITRL present 
on dendritic cells leads to impairment of the function of 
Treg. In general, GITR activation has four distinct effects 
on Treg/effector cell interplay: (1) transient inhibition of 
Treg regulatory activity, (2) decreased sensitivity of effec-
tor T cells to Treg suppression, (3) killing of Tregs (at least 
within solid tumors), and (4) increased proliferation and 
expansion of the Treg compartment [51–54].

PD1 (programmed death 1, member of the B7, CD80) 
are cell surface receptors present on T-cells, B cells, my-
eloid cells and cutaneous mast cells (MC). There are two 
ligands for PD1: PDL1 (B7-H1 molecule), and PDL2 (B7-
DC). PDL1 is present on activated Treg, macrophages, 
myeloid DC, B-cells, epithelial cells and malignant MC 
and many others. PDL2 is present in DC, monocytes, and 
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Figure 4. Molecules and mechanisms implicated in suppression mediated by human T regulatory cells. The possible 
mechanisms of suppression by regulatory T cells (Tregs). Tregs mediate their suppressive action by direct cell-cell contact 
mediated by CTLA-4 on both effector T cells as well as antigen-presenting cells (APCs), such as dendritic cells (DCs). Tregs 
produce soluble immunosuppressive cytokines, such as IL-10 and TGF-β, and IL-35 suppresses DC maturation, making 
DCs tolerogenic. Moreover, Tregs can kill effector T cells by expression of perforin and granzyme A or induce galectin 
mediated apoptosis

LAG-3 – lymphocyte activation gene 3, involved in lymphocyte activation. binds to HLA class-II antigens, expresses in activated T and NK cells. GARP (glycoprotein 
a repetitions predominant = LRRC32 ) – LRRC32 associates with latent TGF-β dimmers on the surface of regulatory T cells and platelets and regulates TGF-β 
bioavailability. CD39/AMP – vascular ATP diphosphohydrolase, apyrase, regulate the number of Treg. Nrp-1 – neuropilin 1 = vascular endothelial growth 
factor-165 receptor; VEGF165R, inhibit proliferation of T cells with CD3 expression. LAP – latency-associated peptide involved in Treg activation , the presence 
of LAP prevents TGF-β from activating its receptor. IRF-4 – transcription factor essential for the development of T helper-2 (Th2) cells, IL17-producing Th17 cells, 
and IL-9 producing Th9 cells [modified from 48]. 

Direct suppression of T cells: 
– CTLA4/CD80/CD86
– IL-10, TGF-β1, IL-35
– IL-2 degradation or consumption
– PDL1/PD1 mediated apoptosis
– Galectin
– CD46/granzyme/perforin
– Cytolysis

Suppression of APC:
– LAG-3/MHC II
– CD39/CD73/AMP/adenosine
– Neuropilin-1
– CTLA4/B7/IDO1

Additional molecules and mechanism:
– LAP, GARP
–  Coopting Teff transcription factors:  

IRF-4 (Th2), STAT3 (Th17)

T effector

Treg

APC

malignant MC. The interaction between PD1 and PDL1 
leads to the inhibition of Th1 and Tc1 cells, decreases pro-
duction of their cytokines (IFN-γ and IL-2), suppresses T-
cell migration, proliferation, and secretion of suppressive 
(IL-10) or cytotoxic mediators, and consequently restricts 
tumor cell killing. The PDL1-PD1 axis protects the host 
from overactive T-effector cells not only in cancer, but 
also during microbial infections and is important in fetus 
tolerance. The effect of PD-1 activation may act on the 
immunological system in dual mechanisms, promoting 
apoptosis in antigen specific T effector cells while simul-
taneously reducing apoptosis in regulatory T cells [54–57].

Another mechanism of the suppressor function of 
Treg is CD39/CD73 pathway. CD39 (vascular ATP diphos-
phohydrolase, apyrase) is a surface cell enzyme which 
with hydrolyse extracellular ATP to ADP and AMP, next 
CD73 (ecto-5-nucleotidase) degrade AMP to adenosine. 
Ninety percent of Foxp3+ Tregs are CD39+ but this enzyme 

is also expressed on natural killer (NK) cells, monocytes, 
DC and B and subsets of activated T cells. Adenosine pro-
duced by Tregs downregulates NF-κB activation in Teff 
cells, thereby reducing the release of a broad spectrum of 
proinflammatory cytokines and chemokines [58].

Suppressive soluble factors produced by Tregs

The main suppressive factors produced by Tregs are 
IL-10, TGF-β1 and IL-35.

Interleukin 10 is secreted by Treg and anergic T-cells. It 
inhibits the differentiation of Th1 cells and secretion of IFN-γ 
and IL-2. It also affects the suppression of DC and macro-
phages by inhibition of the MHC II expression and reduction 
of their ability to present antigen. In addition, IL-10 inhibits 
secretion of pro-inflammatory cytokines, such as IL-1, IL-6, 
IL-12 and TNF-α by these cells. Some autoimmune diseases, 
such as colitis ulcerosa are related to IL-10 deficiency [49].
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Transforming growth factor-β1 (TGF-β1) inhibits the 
proliferation of T cells and NK cells, the formation of Tc 
and affects the formation of Tregs. TGF-β1 downregulates 
MHC II class expression on APC and, as IL-10, reduces 
their ability to present antigen. It also inhibits the ex-
pression of costimulatory molecules on DC. On the other 
hand, DCs secrete TGF-β, which induces Foxp3 in naive 
T cells, driving differentiation of naive T cells into iTregs 
[5, 46, 47, 59, 60]. 

Interleukin 35 (IL-35) belongs to the IL-12 family – 
a group of heterodimeric cytokines that are composed 
of one of five subunits (p19, p28, p35, p40, and Epstein-
Barr virus-induced gene 3 (Ebi3)) that come together in 
various combinations to form IL-12, IL-23, IL-27, and IL-
35. IL-35 has the ability to direct suppression of effec-
tor T cell responses. It is also able to expand regulatory 
responses by propagating infectious tolerance and gen-
erating a potent population of IL-35-expressing Tregs. The 
expression of IL-35 has been identified in a population of  
IL-35-induced CD4+ Tregs, what is defined as iTr35 cell [30]. 
IL-35 receptor is composed of IL-12Rβ2 and gp130, which 
are also associated with the IL-12 and IL-27 receptors, re-
spectively. The binding of IL-35 to its receptors in iTr35 
cell activate STAT1 pathway and increase the expression 
of target genes: including p35 and Ebi3, promoting in-
creased IL-35 expression and iTr35 cell formation. iTr35 
has been shown to inhibit the differentiation of naive 
CD4+ T cells into Th17 effector cells, and mice lacking 
Ebi3 have a significant increase in the production of IL-17. 
The loss of IL-35 has also been shown to be associated 
with the development and exacerbation of disease, in-
cluding many inflammatory diseases such as encephalo-
myelitis and inflammatory bowel diseases. Recombinant 
rIL-35 reduces the frequency and severity of arthritis and 
causes a decrease in the inflammatory immune respons-
es. As opposed to these inflammatory diseases, tumor 
models have shown that IL-35 contributes to tumorigen-
esis. These effects are mediated through both immune-
directed and tumor-directed effects, as IL-35 can act to 
suppress tumor-infiltrating lymphocytes that may have 
anti-tumor activity, as well as potentially supporting the 
proliferation of tumor cells by promoting angiogenesis 
[5, 9, 30–33].

In autoimmune diseases, such as systemic lupus ery-
thematosus (SLE), a high level of plasma IL-35 in active 
SLE patients was observed with a low level of IL-35 recep-
tor (gp130) on CD4+ Th cells. These results raise the pos-
sibility that the level of IL-35 expression in SLE patients is 
not sufficient to induce the production of CD4(+)CD25(+)
highCD127(–)Tregs, and subsequently suppress the release 
of inflammatory cytokines and chemokines upon inflam-
mation [32]. 

Recent studies are beginning to explore other cel-
lular sources of IL-35, in other regulatory cells such as 
regulatory B cells (Bregs) and CD8(+) Tregs. Interleukin-10 
(IL-10) and IL-35 producing regulatory B cells suppress au-

toimmune diseases, and increased numbers of Breg
 
cells 

prevent host defense to infection and promote tumor 
growth and metastasis by converting resting CD4+ T cells 
to regulatory T cells [61–63]. 

Furthermore, CD4+CD25+ Tregs can be activated to 
express granzyme A and kill activated CD4+ and CD8+ T 
cells through a perforin-dependent mechanism and in-
duce galectin mediated apoptosis [5, 8–11, 46–50].

The role of skin DC in formation and function of Treg

The DCs play an active role in tolerance under steady 
state conditions through several mechanisms which are 
dependent on IL-10, TGF-β, retinoic acid, indoleamine-
2,3,-dioxygenase along with vitamin D. Several of these 
mechanisms are employed by DCs in induction of reg-
ulatory T cells which are comprised of Tr1 regulatory 
T cells, natural and inducible FOXP3+ regulatory T cells 
and Th3 regulatory T cells. It appears that certain DC sub-
sets are highly specialized in inducing regulatory T cell 
differentiation and in some tissues the local microenvi-
ronment plays a role in driving DCs towards a tolerogenic 
response. DCs are a complexed cell population in the skin 
consisting of epidermal Langerhans cells (LC) and dermal 
DCs, which differ in their anatomic location, antigen rec-
ognition, processing machinery, and migratory capacity. 
Cutaneous DCs (LCs as well as dermal DCs) function as 
sentinels that survey invading agents and transmit the 
information into immune responses by taking up exoge-
nous antigens. Different DC subpopulations may sequen-
tially present skin-acquired antigens, possibly serving as 
a regulatory mechanism of cell-mediated immunity and 
adding further complexity to established concepts. Nev-
ertheless, cutaneous DCs are involved in several patholo-
gies (including infections, inflammatory disorders, or skin 
cancers) and play a pivotal role in regulating the balance 
between immunity and peripheral tolerance. However, 
it is widely accepted that cutaneous DC in an immature 
state may have tolerogenic properties resulting in the in-
duction or expansion of Tregs. It has been shown that im-
mature dendritic cells type-1 (DC1) can induce Treg cells 
secreting IL-10 and TGF-β1 and also Th2 cells, whereas 
mature cells DC1 can stimulate production of Th1 and Tc1 
cells. Other type of dendritic cells called DC2 promotes 
Th2 cells [13–15, 63–67]. 

One of the DC antigens which influence Treg cells for-
mation is CD39 (vascular ATP diphosphohydrolase, apy-
rase) found that individuals with a single intronic variant 
(rs11517041) of the apyrase gene, homozygous for the 
T allele had the lowest number of CD39+ activated CD4+ 
T-regulatory cells. Heterozygotes were intermediate, and 
C homozygotes had the highest level of this enzyme, 
suggesting that this is a quantitative trait locus (QTL) 
for expression of this gene. Authors concluded that this 
mutation is a candidate mechanism in which cis-acting 
variation regulates the expression of a key marker in in-
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dividual cells and therefore determines the number of 
cells expressing this molecule influencing Treg formation 
[62]. The DCs have also the ability to inhibit lymphocyte 
suppressor GITR-L. This molecule is a ligand to Treg re-
ceptor of TNF-α (GITR). The studies on mice and the ex-
periments with human cells in vitro have demonstrated 
that blocking GITR receptor and/or CTLA-4 with the corre-
sponding antibodies causes impairment of DCs suppres-
sion of Treg cells. The first clinical trials with tolerogenic 
DCs have recently been conducted and more tolDC trials 
are underway. It is worth noting there that the macro-
phages (regulatory macrophages M-regs) also have the 
regulatory functions [63–67]. 

The role of Tregs in the pathology of selected skin dis-
eases will be the clue of Part II of the article.

Acknowledgments

The article is financed by Polish Ministry of Science 
and Higher Education grant 02-0066/07/253.

Conflict of interest

The authors declare no conflict of interest.

References

1. Li X, Zhen Y. Regulatory T cell identity: formation and main-
tenance. Trends Immunol 2015; 36: 344-53.

2. Abbas AK, Benoist C, Bluestone J, et al. Regulatory T cells: 
recommendations to simplify the nomenclature. Nat Immu-
nol 2013; 14: 307-8.

3. Luckheeram RV, Zhou R, Verma AD, et al. CD4+T cells: dif-
ferentiation and  functions. Clin Dev Immunol 2012; 2012: 
925135.

4. Cools N, Ponsaerts P, Van Tendeloo VF, Berneman ZN. Regu-
latory T cells and human disease. Clin Dev Immunol 2007; 
2007: 89195.

5. Sakaguchi S, Yamaguchi T, Nomura T, et al. Regulatory T cells 
and immune tolerance. Cell 2008; 133: 775-87.

6. Jonuleit H, Schmitt E. The regulatory T cell family: distinct 
subsets and their interrelations. J Immunol 2003; 171: 6323-7.

7. Bacchetta R, Gambineri E, Roncarolo MG. Role of regulatory 
T cells and FOXP3 in human diseases. J Allergy Clin Immunol 
2007; 120: 227-35.

8. Sawant DV, Vignali DA. Once a Treg, always a Treg? Immunol 
Rev 2014; 259: 173-91.

9. Lewkowicz P, Lewkowicz N, Tchórzewski H. Limfocyty 
regulatorowe CD4+CD25+ w patofizjologii i terapii chorób 
o podłożu immunologicznym. Postepy Hig Med Dosw 2005; 
59: 371-6. 

10. Świst K, Pajtasz-Piasecka E. The influence of transcription 
factors on CD4+ T cell differentiation. Postep Hig Med Dosw 
2011; 65: 414-26.

11. Nedoszytko B. Znaczenie subpopulacji limfocytów T w pa-
togenezie łuszczycy. Post Dermatol Alergol 2008; 25: 20-33.

12. Kumar V, Delovitch TL. Different subsets of natural killer 
T cells may vary in their roles in health and disease. Immu-
nology 2014; 142: 321-36.

13. Rutella S, Lemoli RM. Regulatory T cells and tolerogenic den-
dritic cells: from basic biology to clinical applications. Immu-
nol Lett 2004; 94: 11-26.

14. Pletinckx K, Döhler A, Pavlovic V, et al. Role of dendritic cell 
maturity/costimulation for generation, homeostasis, and 
suppressive activity of regulatory T cells. Front Immunol 
2011; 2: 39.

15. Krajewska M, Weyde W, Klinger M. Limfocyty regulatorowe 
CD4+CD25+ – znaczenie w patogenezie i leczeniu chorób 
nerek. Postep Hig Med Dosw 2007; 61: 178-84.

16. Trzonkowski P, Szmit E, Myśliwska J, et al. CD4+CD25+ T 
regulatory cells inhibit cytotoxic activity of CTL and NK cells 
in humans – impact of immunosenescence. Clin Immunol 
2006; 119: 307-16.

17. Cretney E, Kallies A, Nutt SL. Differentiation and function of 
Foxp3(+) effector regulatory T cells. Trends Immunol 2013; 
34: 74-80.

18. Jonuleit H, Schmitt E, Kakirman H, et al. Infectious tolerance: 
human CD25(+) regulatory T cells convey suppressor activ-
ity to conventional CD4(+) T helper cells. J Exp Med 2006; 
196: 255-60.

19. Scotto L, Naiyer AJ, Galluzzo S, et al. Overlap between mo-
lecular markers expressed by naturally occurring CD4+25+ 
regulatory T cells and antigen specific CD4+ and CD8+  
T suppressor cells. Hum Immunol 2004; 65: 1297-306. 

20. Li S, Xie Q, Zeng Y, et al. A naturally occurring CD8+CD122+ 

T-cell subset as a memory-like Treg family. Cell Mol Immunol 
2014; 11: 326-31.

21. Barrat FJ, Cua DJ, Boonstra A, et al. In vitro generation of 
interleukin 10-producing regulatory CD4(+) T cells is induced 
by immunosuppressive drugs and inhibited by T helper type 1 
(Th1)- and Th2-inducing cytokines. J Exp Med 2002; 195: 
603-16.

22. Cantorna MT, Snyder L, Lin YD, Yang L. Vitamin D and 
1,25(OH)

2
D regulation of T cells. Nutrients 2015; 7: 3011-21.

23. Penna G, Roncari A, Amuchastegui S, et al. Expression of 
the inhibitory receptor ILT3 on dendritic cells is dispensable 
for induction of CD4+Foxp3+ regulatory T cells by 1,25-dihy-
droxyvitamin D3. Blood 2005; 106: 3490-7.

24. O’Shea JJ, Paul WE. Mechanisms underlying lineage com-
mitment and plasticity of helper CD4+ T cells. Science 2010; 
327: 1098-102.

25. Wilson CB, Rowell E, Sekimata M. Epigenetic control of T-
helper-cell differentiation. Nat Rev Immunol 2009; 9: 91-105.

26. Zhou L, Chong MM, Littman DR. Plasticity of CD4+ T cell lin-
eage differentiation. Immunity 2009; 30: 646-55.

27. Geginat J, Paroni M, Maglie S, et al. Plasticity of human CD4 
T cell subsets. Front Immunol 2014; 5: 630.

28. Hori S. Lineage stability and phenotypic plasticity of Foxp3+ 
regulatory T cells. Immunol 2014; 259: 159-72.

29. Olson BM, Sullivan JA, Burlingham WJ. Interleukin 35: a key 
mediator of suppression and the propagation of infectious 
tolerance. Front Immunol 2013; 4: 315. 

30. Sawant DV, Hamilton K, Vignali DA. Interleukin-35: expand-
ing its job profile. J Interferon Cytokine Res 2015; 35: 499-
512.

31. Cai Z, Wong CK, Kam NW, et al. Aberrant expression of regu-
latory cytokine IL-35 in patients with systemic lupus erythe-
matosus. Lupus 2015; 24: 1257-66. 

32. Collison LW, Chaturvedi V, Henderson AL, et al. IL-35-medi-
ated induction of a potent regulatory T cell population. Nat 
Immunol 2010; 11: 1093-101.

33. Wildin RS, Smyk-Pearson S, Filipovich AH. Clinical and mo-
lecular features of the immunodysregulation, polyendo-



Advances in Dermatology and Allergology 4, August / 2017294

B. Nedoszytko, M. Lange, M. Sokołowska-Wojdyło, J. Renke, P. Trzonkowski, M. Sobjanek, A. Szczerkowska-Dobosz,  
M. Niedoszytko, A. Górska, J. Romantowski, J. Skokowski, L. Kalinowski, R. Nowicki

crinopathy, enteropathy, X linked (IPEX) syndrome. J Med 
Genet 2002; 39: 537-45.

34. Rudensky AY. Regulatory T cells and Foxp3. Immunol Rev 
2011; 241: 260-8.

35. Rudensky AY, Gavin M, Zheng Y. FOXP3 and NFAT: partners in 
tolerance. Cell 2006; 126: 253-6.

36. Bettelli E, Dastrange M, Oukka M. Foxp3 interacts with nu-
clear factor of activated T cells and NF-kappaB to repress 
cytokine gene expression and effector functions of T helper 
cells. Proc Natl Acad Sci USA 2005; 102: 5138-43.

37. Wu Y, Borde M, Heissmeyer V, et al. FOXP3 controls regu-
latory T cell function through cooperation with NFAT. Cell 
2006; 126: 375-87. 

38. Huehn J, Beyer M. Epigenetic and transcriptional control of 
Foxp3+ regulatory T cells. Semin Immunol 2015; 27: 10-8.

39. Tang Q, Boden EK, Henriksen KJ, et al. Distinct roles of CTLA-
4 and TGF-beta in CD4+CD25+CD4+CD25+ regulatory T cell 
function. Eur J Immunol 2004; 34: 2996-3005.

40. Takahashi T, Tagami T, Yamazaki S, et al. Immunologic self-
tolerance maintained by CD25+CD4+ regulatory T cells con-
stitutively expressing cytotoxic T lymphocyte-associated 
antigen 4. J Experl Med 2000; 192: 303-10.

41. Bettelli E, Carrier Y, Gao W, et al. Reciprocal developmental 
pathways for the generation of pathogenic effector Th17 
and regulatory T cells. Nature 2006; 441: 235-8.

42. Kitagawa Y, Ohkura N, Sakaguchi S. Epigenetic control of 
thymic Treg-cell development. Eur J Immunol 2015; 45: 11-6. 

43. Kitagawa Y, Wing JB, Sakaguchi S. Transcriptional and epi-
genetic control of regulatory T cell development. Prog Mol 
Biol Transl Sci 2015; 136: 1-33. 

44.  Haiqi H, Yong Z, Yi L. Transcriptional regulation of Foxp3 in 
regulatory T cells. Immunobiology 2011; 216: 678-85.

45. Sakaguchi S, Wing K, Onishi Y, et al. Regulatory T cells: how 
do they suppress immune responses? Int Immunol 2009; 21: 
1105-11.

46. Corthay A. How the regulatory T cells work. Scand J Immunol 
2009; 70: 326-36.

47. Aggrawal R, Wiśniewski J, Woodfolk JA. The role of regula-
tory T cells in atopic dermatitis Curr Probl Dermatol 2011; 
41: 112-24. 

48. Keubler LM, Buettner M, Häger C, et al. A Multihit Model: 
colitis lessons from the interleukin-10-deficient mouse. In-
flamm Bowel Dis 2015; 21: 1967-75.

49. Kagen MH, McCormick TS, Cooper KD. Regulatory T cells in 
psoriasis. Ernst Schering Res Found Workshop 2006; 24: 
193-209. 

50. Takahashi T, Tagami T, Yamazaki S, et al. Immunologic self-
tolerance maintained by CD25+CD4+regulatory T cells con-
stitutively expressing cytotoxic T lymphocyte-associated 
antigen. J Exper Med 2000; 192: 303-10. 

51. Tivol EA, Borriello F, Schweitzer AN, et al. Loss of CTLA-4 
leads to massive lymphoproliferation and fatal multiorgan 
tissue destruction, revealing a critical negative regulatory 
role of CTLA. Immunity 1995; 3: 541-7. 

52. Tang Q, Boden EK, Henriksen KJ, et al. Distinct roles of  
CTLA-4 and TGF-beta in CD4+CD25+ regulatory T cell func-
tion. Eur J Immunol 2004; 34: 2996-3005. 

53. Ronchetti S, Ricci E, Petrillo MG, et al. Glucocorticoid-in-
duced tumour necrosis factor receptor-related protein: a key 
marker of functional regulatory T cells. J Immunol Res 2015; 
2015: 171520.

54. Sharpe AH, Wherry EJ, Ahmed R, et al. The function of pro-
grammed cell death 1 and its ligands in regulating autoim-
munity and infection. Nat Immunol 2007; 8: 239-45.

55. Tripathi S, Guleria I. Role of PD1/PDL1 pathway, and Th17 
and Treg cells in maternal tolerance to the fetus. Biomed J 
2015; 38: 25-31.

56. Park HJ, Park JS, Jeong YH, et al. PD-1 upregulated on regula-
tory T cells during chronic virus infection enhances the sup-
pression of CD8+ T cell immune response via the interaction 
with PD-L1 expressed on CD8+ T cells. J Immunol 2015; 15: 
194: 5801-11.

57. Wang J, Ioan-Facsinay A, van der Voort EI, et al. Transient ex-
pression of FOXP3 in human activated nonregulatory CD4+ 
T cells. Eur J Immunol 2007; 37: 129-38. 

58. Antonioli L, Pacher P, Vizi ES, et al. CD39 and CD73 in im-
munity and inflammation. Trends Mol Med 2013; 19: 355-67.

59. Strobl H, Knapp W. TGF-B1 regulation of dendritic cells. Mi-
crobes Infect 1999; 1: 1283-90.

60. Orru V, Steri M, Sole G, et al. Genetic variants regulating im-
mune cell levels in health and disease. Cell 2013; 155: 242-56.

61.  Wang RX, Yu CR, Dambuza IM, et al. Interleukin-35 induces 
regulatory B cells that suppress autoimmune disease. Nat 
Med 2014; 20: 633-41. 

62. Mauri C, Ehrenstein MR. The ‘short’ history of regulatory B 
cells. Trends Immunol 2008; 29: 34-40.

63. Shen P, Roch T, Lampropoulou V, et al. IL-35-producing B cells 
are critical regulators of immunity during autoimmune and 
infectious diseases. Nature 2014; 507: 366-70.

64. Kushwah R, Hu J. Role of dendritic cells in the induction of 
regulatory T cells. Cell Biosci 2011; 1: 20.

65. Rissoan MC, Soumelis V, Kadowaki N, et al. Reciprocal con-
trol of T helper cell and dendritic cell differentiation. Science 
1999; 283: 1183-6.

66. Roncarolo MG, Levings MK, Traversari C. Differentiation of T 
regulatory cells by immature dendritic cells. J Exp Med 2001; 
193: F5-9.

67. Ten Brinke A, Hilkens CM, Cools N, et al. Clinical use of 
tolerogenic dendritic cells – harmonization approach in Eu-
ropean Collaborative Effort. Mediators Inflamm 2015; 2015: 
471719.


	_GoBack

