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Abst rac t
Regulatory FOXP3+ T cells (Tregs) constitute 5% to 10% of T cells in the normal human skin. They play an impor-
tant role in the induction and maintenance of immunological tolerance. The suppressive effects of these cells are 
exerted by various mechanisms including the direct cytotoxic effect, anti-inflammatory cytokines, metabolic disrup-
tion, and modulation of the dendritic cells function. The deficiency of Treg cells number or function are one of the 
basic elements of the pathogenesis of many skin diseases, such as psoriasis, atopic dermatitis, bacterial and viral 
infections. They also play a role in the pathogenesis of T cell lymphomas of the skin (cutaneous T cell lymphomas 
– CTCL), skin tumors and mastocytosis. Here, in the second part of the cycle, we describe dysfunctions of Tregs in 
selected skin diseases.
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Introduction

Regulatory T cells (Treg) represent a distinct lineage 
of T lymphocytes committed to suppressive functions, 
and play an important role in the induction and main-
tenance of immunological tolerance. It is estimated that 
5–10% of the T cells resident in normal human skin are 
FOXP3+ Tregs. Certain T cell populations with regula-
tory potential, such as transforming growth factor β 
(TGF-β) – producing Th3 cells, IL-10-producing Tr1 cells, 
and CD4+CD25highFOXP3+CD127negative Tregs have been de-
scribed, however, their proper functions are not fully un-
derstood. The suppressive effects of these cells are me-
diated by various mechanisms including direct cytotoxic 
effect, anti-inflammatory cytokines, metabolic disruption, 
and modulation of DC function [1–4]. 

Treg cell dysfunction in autoimmune skin diseases 
may be classified according to three major mechanisms: 
inadequate number of Tregs,  defective function of Tregs 
and, resistance of T effector cells to Treg-mediated sup-
pression. An inadequate number of Tregs was described 
in patients with FOXP3 mutations, which is manifested 
as IPEX syndrome (immune dysregulation, polyendocri-
nopathy, enteropathy, X-linked). Defective function of 
Tregs may occur through the inadequate expression of 
cell surface molecules that are known to be involved in 
contact-dependent suppression such as: cytotoxic T lym-
phocyte antigen 4 (CTLA4), CD39 (ectonucleotidase), lym-
phocyte activation gene 3 (LAG3), granzyme A and CD95 
(FAS) or as a result of a failure to produce the soluble 
suppressive factors like: TGF-β, IL-10 and IL-35. In addi-
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tion, the composition of the local milieu, including the 
types of antigen-presenting cells and cytokines (TNF-α, 
IL-4, IL-6, IL-12, IL-7, IL-15 and IL-21), can influence Treg 
cells’ function. Cell-intrinsic resistance to suppression 
has been shown in CD4(+) memory T cells and T helper 
17 (Th17) cells. Several cytokines, like IL-2, IL-4, IL-7 and 
IL-15, support the proliferation of effector T cells, despite 
the presence of Treg cells [1–5]. 

Treg dysfunction in the pathogenesis 
of psoriasis

Psoriasis is one of the most common skin diseases, 
affecting 2–3% of the European population. Its pathogen-
esis is not fully understood. A characteristic symptom of 
the disease is chronic skin inflammation with infiltra-
tion of the dermis and subcutaneous tissue with CD4(+)  
T cells, neutrophils and macrophages, activation of mast 
cells, infiltration of cytotoxic lymphocytes CD8(+) into 
the epidermis (Munro microabscess) and the abnormal 
growth of blood vessels (neoangiogenesis). It is estimat-
ed that 10–30% of patients develop arthritis, which can 
cause permanent disability [6–10].

Both CD4(+) Th1, Th17, Th22 and, Th9 subsets and 
CD8(+) Tc1 and Tc17 subsets with homing potential into 
the skin play a crucial role in the pathogenesis of psoriasis 
[6]. The network of secreted cytokines and chemokines 
lead to the skin inflammation. The skin lesions are char-
acterized by increased expression of pro-inflammatory 
cytokines such as TNF-α, IFN-γ, IL-6, IL-8, IL-9, IL-12, IL-17, 
IL-18, IL-20, IL-22 and decreased concentration of anti-
inflammatory cytokines – IL-10 and IL-4. It seems that the 
principal mechanism of psoriatic lesion development is 
regulated by TNF-α, IL-17 and IFN-γ. It was proved that 
subcutaneous administration of IFN-γ induces the forma-
tion of psoriatic lesions and exogenous IFN-α may trigger 
psoriasis development. The IFN-γ may potentiate inflam-
mation-promoting activities in psoriasis by regulating the 
expression of cytokines that contribute to the trafficking 
of CXCR3+ T cells, including CD8(+) T cells, into the psori-
atic lesions. The IL-17 and IFN-γ synergistically stimulate 
keratinocytes for the synthesis of IL-6, IL-7, IL-8, IL-12,  
IL-15, IL-18 and TNF-α [6–15].

Many publications indicated that psoriasis patients 
have an increased number of Tregs (defined as FOXP3(+)) 
cells in peripheral blood and inflamed skin of the patient 
and this increase is positively correlated with the dis-
ease activity index [16–20]. In contrast, some authors 
observed a lower percentage of Tregs in peripheral blood, 
which correlates with disease severity [21]. Nevertheless, 
a decrease in FOXP3(+) cell number was observed also 
in the skin samples obtained from psoriasis patients. It 
was found in the acute, but not in the chronic course of 
disease [22].

Recent experiments indicate that the number of Tregs 
is increased in the skin lesions of psoriasis, but these 

cells have decreased suppressive activity. The functional 
defects were deduced from the observation that psori-
atic CD4+CD25high Treg cells were unable to expand upon 
polyclonal CD3/CD28 T cell receptor (TCR) stimulation 
[23]. Another study found that the efficiency of Tregs de-
rived from psoriatic hematopoietic cells is much weaker 
in controlling the activation of CD4+CD25– cells than it 
is in case CD4+CD25+ T cells’ population of normal in-
dividuals [24]. Another publication demonstrated that 
psoriatic CCR5(+) Tregs cells are numerically, functionally 
and chemotactically deficient compared to controls and 
may pose a triple impairment on the ability of psoriatic 
Tregs to restrain inflammation [25].

The possible mechanism by which Tregs exhibit de-
creased suppressive function is partially due to the pro-
inflammatory cytokine milieu in the psoriasis lesions, 
especially of high levels of IL-6 secreted from endothe-
lial, DCs and Th17 cells. IL-6 inhibits Tregs activity and 
differentiation and enables infiltrating T effector cells for 
escape from the suppression [26]. 

Interesting studies are indicating Treg plasticity and 
the ability of those cells to transform into pro-inflamma-
tory IL-17 secreting T cells. Bovenschen et al. [27] dem-
onstrated that Tregs from patients with severe psoriasis 
were more prone to differentiate into IL-17-producing 
cells compared to healthy controls upon stimulation. The 
authors concluded that a specific population of CD4(+)IL-
17A(+)Foxp3(+) cells in the skin lesions contributed to the 
disease development. The epigenetic phenomena may be 
involved in this process: the activity of specific miRNAs 
and specific histone acetylation changes by activating 
the deacetylase enzyme, what could lead to alteration 
of the chromatin conformation and opening the RNA 
polymerases reading frames [28–31]. 

Zhao et al. have found that miR-210 is involved in in-
hibiting FOXP3 expression and modulating the levels of 
IL-10, TGF-β, IFN-γ and IL-17 in CD4+ T cells, suggesting 
that overexpression of miR-210 may contribute to Treg 
cell dysfunctionality rather than to decreased Treg cell 
numbers in PV patients [28].

The mechanism of Tregs dysfunction in psoriasis and 
genetic basis of these changes is still unclear. Some au-
thors indicate that mutations related to defective tran-
scription of FOXP3 play an important role in psoriasis 
pathogenesis [30]. Transition from the symptomless 
state to skin lesions in psoriasis is related to disturbance 
of the balance between Tregs and T-helper cells and 
with changes of the gene expression profile in the skin 
[31–33]. 

Kim et al. explored models of disease progression by 
correlating the gene expression profile in three different 
phases: initial phase, vertical growth (epidermal hyper-
plasia) measured by epidermal thickness of lesional skin 
and radial expansion (the extension of the overall psoria-
sis area and severity). The authors found that in the ini-
tial phase, the increased expression of pro-inflammatory 
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cytokines: IL-17A, IL-8 and IL-1β is present. In the vertical 
growth phase of psoriatic plaque, additionally to cyto-
kines hyperexpressed in the initial phase, an increased 
expression of IL-20 and IL-19 is observed. While in the ra-
dial growth of a lesion, the increased expression of IL-20, 
IL-19, IL-17A, IL-8, IL-1β is associated with a high TNF-α 
expression and with a lower expression of Tregs’ func-
tion genes: FOXP3, CTLA-4, CD69, FAS, IL-9. The study 
also revealed that non-lesional skin around the psoriatic 
plaques is not normal. A low expression of FOXP3, FAS 
and CD69 is observed also in nonlesional psoriatic pa-
tients skin [32, 33]. The work of Keijsers et al. indicates 
that a relatively high FOXP3+/CD4 ratio in symptomless 
skin of patients with psoriasis suggests the presence of 
an active immune controlling mechanism, distant from 
the psoriatic plaque [31].

The number of Tregs in the skin depends on sun ex-
posure, photo(chemo) therapy, skin vitamin D production 
and supplementation or biologic therapy [34–42]. A low 
level of vitamin D observed in psoriatic patients may de-
crease the number of circulatory Tregs, and encourage 
the inflammatory process in the skin. On the other hand, 
vitamin D treatment induces the synthesis of the cyto-
kines profile which favor Tregs’ activity and can prime 
tolerogenic dendritic cells able to favor differentiation of 
such cells from naive T cells [34–40]. Also treatment of 
patients with infliximab or etanercept increased the Tregs 
cell number with a more diverse T cell receptor repertoire 
[41, 42].

Tregs dysfunction in the pathogenesis of atopic 
dermatitis

Atopic dermatitis (AD), also known as atopic eczema, 
is a chronic relapsing inflammatory disease of the skin. It 
affects up to 25% of school-aged children and up to 10% 
of adults and is the most common skin disease. Patho-
genesis of AD is not completely understood. Inflammato-
ry infiltrates are facilitated by a defective filaggrin barrier. 
They are composed of CD4(+) T lymphocytes expressing 
the antigen of skin colonization (cutaneous lymphocyte 
antigen – CLA), eosinophils, histiocytes, dendritic cells 
(DC): Langerhans cells (LC) and IDEC (inflammatory DC 
– iDC) and mast cells (MC) [43–48]. 

There are two phases of AD: acute and chronic. The 
acute phase is characterized by the increased number 
of DC in the epidermis, as well as an increased expres-
sion of the FcεRI receptor with high affinity for IgE on the 
surface of TNF-α secreting IDEC. This phase is also char-
acterized by an increased production of IgE by B cells and 
the influx of Th2 phenotype lymphocytes into the skin. 
The cytokine milieu of IL-4 and IL-5 and decrease of an-
timicrobial peptide synthesis facilitates Staphylococcus 
aureus infections observed in the majority of patients. In 
contrast, chronic phase is characterized by the activation 

of Th1 cells that produce IFN-γ, TNF-α, IL-8, and IL-12, as 
well as Th17 and Th22 cells [43–48]. 

The possible role of FOXP3(+) Tregs in the pathogen-
esis of AD may be confirmed by the observation of the 
molecular cause of the IPEX syndrome. Patients with IPEX 
have severe, multiorgan, autoimmune disease: eczema, 
type I diabetes, increased IgE levels, eosinophilia, food 
allergy etc. and exaggerated Th2-type responses [49–51]. 

Nowadays published studies indicate that the im-
mune dysfunction observed in AD is caused by the im-
paired number and/or function of Treg cells. However, 
because of the heterogeneity of these cells and the dif-
ferent cell markers studied, the results of different stud-
ies are difficult to compare. Also the plasticity of Treg 
could play a role in AD pathogenesis. These cells, under 
the influence of specific cytokines, by epigenetic repro-
gramming (promoter methylation, histone acetylation, 
microRNA) are able to differentiate into Th1, Th17 or Th2 
cells [3–5, 52–60].

Some authors did not observe an increased number 
of circulating CD4+CD25highFOXP3+ cells in AD but have 
found their accumulation in the skin lesions [61, 62]. It 
might be even more complex as some groups questioned 
the role of FoxP3+ Tregs and pointed at Tr-1 cells secret-
ing IL-10 and TGF-β, which high levels were observed in 
AD skin [63]. 

A study by Stelmaszczyk-Emmel et al. in children 
with atopic allergy indicated that Tregs defined as 
CD4+CD25(high)CD127–CD71+ were significantly less fre-
quent in comparison to healthy controls. The frequency 
of Tregs in patients with symptoms of atopic dermatitis 
and/or food allergy was lower than in patients without 
these symptoms [64]. 

In contrast, several other publications indicated that 
Treg defined as CD25+FOXP3+ cells were increased com-
pared to healthy controls in AD patient’s blood and skin. 
In addition, an elevation of Treg cell numbers correlated 
significantly with AD severity [65–71]. 

For example Samochocki et al. have found an in-
creased number of Tregs in the blood of AD patients. 
These cells had upregulated L-selectin (CD62L) and 
CD134 (OX-40) antigens and the decreased expression 
of apoptotic CD95 receptor suggesting that they were 
long-lived apoptosis-resistant cells. The concentrations 
of IL-10 and TGF-β in the CD4(+) lymphocyte culture su-
pernatants and the sera were decreased in AD patients 
as compared to controls and negatively correlated with 
the severity of AD [68]. 

Lesiak et al. have found that in the peripheral blood, 
the percentage of CD4+CD25highFOXP3+ Tregs was signifi-
cantly higher when compared with the controls. The au-
thors have also found a high percentage of T cells secret-
ing IL-17 and a low percentage of Treg and mononuclear 
cells expressing TLR2 and TLR4 in the patient’s blood. Au-
thors concluded that the increase in the number of cells 
secreting IL-17 could be associated with acute lesions. 
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A decrease in the number of cells expressing TLRs may 
confirm a role of innate immune defects in susceptibility 
to bacterial and viral infections complicating the course 
of AD [69].

Because of transient FOXP3 upregulation in effector 
cells after stimulation without acquisition of the suppres-
sor cell function, the detection of Tregs based on FOXP3 
expression may lead to false positive results. The gold 
standard of precise analysis of human Tregs is the mea-
surement of the DNA methylation status TSDR (Treg spe-
cific demethylated region) in the FOXP3 locus. 

Using this method Roesner et al. have not found the 
differences concerning the Tregs number between AD pa-
tients and controls. However, Treg density correlated with 
the severity of the disease defined by SCORAD. A high 
number of Treg cells could be observed only in severely 
affected patients [71].

A study by Hinz et al. indicated that both genetic 
(paternal or maternal atopy) and environmental factors 
(tobacco smoking in pregnancy, increased levels of IL-13, 
IL-17, IFN-γ) presumably influenced the development of 
fetal Tregs. Low cord blood Treg numbers may predict 
early atopic dermatitis in children [72]. An impairment of 
T-regulatory cells was also found in atopic mothers [73].

There are also other markers describing highly sup-
pressive effector/memory Tregs – ectonucleotidases 
(CD39 and CD73) which cleave extracellular adenosine 
triphosphate (ATP) into adenosine. Adenosine binds to 
several receptors that are expressed on various cells, in-
cluding T cells and APCs. CD39+ Tregs suppressed IL-1β, 
IL-2 and IL-17 expression and proliferation of activated 
T cells. These cells also downregulated the expression of 
several costimulatory molecules on DCs, such as CD40, 
CD80, CD86, and CD83 [3–5, 71, 72, 74]. Conflicting data 
on the role of CD39 Treg cells in AD patients were pub-
lished [71, 72]. Zhang et al. have found that CD39 and 
CD73 expression levels on FOXP3(+) Tregs were higher in 
patients with severe AD than in the controls, but showed 
an attenuated suppressive function of the proliferation 
of autologous T-effectors cells [70]. 

Roesner et al. have found a reduction in CD39+ Treg 
in comparison to the controls. Authors concluded that it 
could be an effect of IL-7 activity in inflammatory condi-
tions [71]. 

A notable feature of Tregs is that they express a va-
riety of skin-homing addressins including CCR4, CCR5, 
CCR6 and cutaneous lymphocyte-associated antigen 
(CLA) [1–5, 53, 54, 76–78]. An increased expression of 
CCR4, CCR5 and CCR6 on Treg in AD skin have been re-
ported [53, 70, 76–79]. A high expression of CCR4, the re-
ceptor for TARC/CCL17 in AD skin correlated with the se-
verity of disease and higher IgE titers [76]. Some authors 
indicated that Treg CCR6(+) cells in AD patients have an 
immunosuppressive function similar to those in healthy 
controls, however CCR6(–) Treg cells in AD promote a Th2 
immune response [53, 58, 77, 78]. The role of TSLP, TARC/

CCL17 and other cytokines in proinflammatory “milieu” 
on AD skin is presented in Figure 1.

There is emerging evidence to suggest that Tregs can 
convert themselves to Th2 cells and that this pathway is 
bi-directional. This phenomenon may be a double-edged 
sword with important implications not only for subvert-
ing Tregs in disease, but also for potential treatments 
designed to amplify the function of these cells in order 
to suppress the allergic inflammatory cascade in AD [1, 
3–5, 52, 53, 56–60]. 

The conversion of Treg into Treg secreting Th17 cells 
increase the inflammatory process in AD skin. Ma et al. 
have found imbalance between Th17 and Treg cells [75]. 
AD severity score positively correlated with the increase 
in Th17 cells percentage and Th17/Treg ratio, while nega-
tively correlated with Treg cells percentage [3–5, 61].

The bacterial toxins can also influence the function 
of Tregs in AD [78–81]. It has been demonstrated that 
S. aureus enterotoxin B, acting as a superantigen, inhibits 
the suppressive function of nTreg [80, 81]. In contrast, an-
tigens from commensal bacterium Lactobacillus rhamno-
sus may activate Tregs and suppress Th1, Th17 and TSLP 
responses in allergic patients [79]. It has also been sug-
gested that the suppressor function of nTreg is limited 
mainly to block the function of Th1 cells, which favors the 
dominance of Th2 responses observed in the acute phase 
of AD [78, 80, 81]. 

Reports of some authors indicate that suppression 
activity of Treg ability to inhibit the proliferation of effec-
tor T by Treg lymphocytes are diminished after stimula-
tion with an allergen. In particular, the impairment of the 
Tregs function during the pollen season was observed in 
patients with pollen allergy, including the birch pollen al-
lergy [82–87]. It has been shown also that high doses of 
allergens administered in vivo cause an increase in the 
number of T regulatory cells secreting IL-10 [85].

Recently published data indicated that attenuated 
inhibitory ability of Tregs on hyper-activated autologous 
CD8+CLA+T cells, mediated by TGF-β1, could also play an 
important role in the pathogenesis of AD [88].

Allergen specific immunotherapy

Allergen specific immunotherapy (SIT) is the only 
causal treatment of allergic rhinitis and asthma, but still 
controversial in AD management. Two methods of SIT 
are currently in use: sublingual (SLIT) and subcutaneous 
(SCIT). The process of allergens’ tolerance development 
is induced by T cells, B cells, mast cells and basophiles 
responses. Although quite commonly used – the mecha-
nisms of SIT still remain unclear. Several theories for SIT 
mechanisms have been suggested so far – one of them 
considers the induction of Treg population [89]. The switch 
of the antibody class from IgE to IgG1 and IgG4 is often 
observed among patients after several months of SIT, 
which unfortunately does not correlate with clinical im-
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provement. It can suggest that it is not the main mecha-
nism of tolerance. The studies performed with patients 
treated with house dust mites immunotherapy (both SCIT 
and SLIT) revealed an increase in the level of Treg cells, 
Th1 populations and FOXP3 gene expression, especially in 
a group that responded well to the treatment. Additional 
findings were decreased levels of Th2, Th9 and Th17 T cell 
populations [90, 91]. Similar results were obtained in pa-
tients undergoing grass pollen SLIT [92].

Further studies with sensitized mice revealed that 
the level of Treg cells correlates with the efficacy of SIT 
[93]. The response of Treg cells may vary according to the 
SIT type. Nevertheless, it seems to be confirmed that the 
number of Treg cells in SCIT is significantly higher than 
in SLIT [94]. 

A novel tool in immunotherapy is T cell epitope based 
immunotherapy – the administration of synthetic pep-
tides representing immunodominant T cell epitopes that 
may alter T cell responses to allergen through an increase 
in the Tregs number. It may be considered as significant 
enhancement of immunotherapy with no burden of sys-
temic side effects [95]. There are reports on successful 

treatment with T cell epitope peptides in animals un-
dergoing SIT with cedar pollen, egg and milk allergens 
[96–98]. Further studies are needed to ensure safety and 
efficacy of this future treatment.

The gene expression profile related to 
immunological mechanisms that might be 
involved with Treg cells in immunotherapy

The data concerning the gene expression profile in 
patients treated with immunotherapy are scarce. There 
were described significant differences in gene expression 
related to known mechanisms of T-lymphocyte differen-
tiation and activation of mast cells in the whole genome 
analysis in patients treated with insect venom immuno-
therapy (VIT) [99]. The gene expression pattern charac-
teristic of effective VIT was present in all patients with 
successful VIT but absent in all subjects with VIT failure. 
Moreover, the same gene expression profile was pres-
ent in the majority (88%) of patients in the maintenance 
phase. The analysis of differentially expressed genes 
confirms the involvement of immunologic pathways. 

Figure 1. Scheme presenting the “proinflammatory milieu” in the AD skin lesion that may be formed by T cells, dendritic 
cells and keratinocytes. Dendritic cells play a key role in driving Th2 responses to the allergen and as professional antigen 
presenting cells (APCs) are also likely to be critical in the development of Tregs (modified from [53])
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The genes differentially expressed between patients 
with success and failure of VIT included genes involved 
in known mechanisms of immunotherapy such as FcεRI, 
JAK-STAT, MAPK, and Wnt, calcium signaling pathways, 
cell signaling or transcription [100]. However genes for 
IL-10, IL-4 and osteopontin were not differentially ex-
pressed. This does not exclude significant differences in 
RNA expression in subpopulation of cells, like Treg, but 
they could not be demonstrated in this prediction model. 
In patients with success of VIT, the TWIST2 gene coding 
transcription factor, which promotes the production of 
IL-10 and decreases the synthesis of IL-4, and also proin-
flammatory cytokines, such TNF-α and IL-1β [101], were 
upregulated. This phenomenon may be responsible for 
the differences in cytokine levels and cell subtypes typi-
cal for immunotherapy [99]. The downregulation of PRLR 
(prolactin receptor gene) may indicate a shift toward 
Th1. There was a decrease in prolactin during sublingual 
immunotherapy [102] which induces IL-4 dependent IgE 
and IgG1 response and therefore, the development of Th2 
lymphocytes [101, 103]. Another overexpressed gene in 
patients with success of VIT is claudin (CLDN1). This gene 
product is a structural component of tight junctions and 
plays a role in adhesion and migration of dendritic cells 
[101, 104]. It is known that TGF-β increases the expression 
of CLDN1. A higher expression of CLDN1 in dendritic cell 
may be related to the role of these cells in Treg differen-
tiation [100, 103]. 

The role of Treg in the pathogenesis of skin 
T cell lymphomas 

Cutaneous T cell lymphomas (CTCL) is a heteroge-
neous group of lymphoproliferative malignant disorders 
in which pathological cell derives from CD4(+) CD45RO(+) 
T memory cells. Despite extensive knowledge about the 
function and differentiation of cells, leading to the gen-
eration of numerous cell lines, the pathogenesis of CTCL 
is not fully understood. The profile of Th1 cytokines’, in-
cluding IFN-γ, IL-12 and IL-2, dominant at the beginning 
of the disease, decreases with the progression, at the ex-
pense of Th2 cytokines: IL-4, IL-5, IL-13 and also IL-10 in 
the skin and in the peripheral blood. On the other hand, 
the role of CD8(+) T cells in the skin is reduced. At the 
initial stages of MF, this reduction is responsible for anti-
tumor activity [60, 61].

Figure 2 presents changes in the number of normal 
and malignant T cell and Treg cells in disease progression. 
In patch stage lesions, there is a small population of ma-
lignant T cells that primarily are located in the epidermis 
and non-malignant T cells that preferentially are located 
in the upper dermis. Importantly, the benign lymphocytic 
infiltrates contain a relatively large proportion of Tregs 
that potentially suppress infiltrating immune cells as well 
as the malignant T cells. In the plaque stage, both the 
number of malignant and non-malignant T cells increases 

but the proportion of Tregs in the benign lymphocytic in-
filtrates remains fairly constant. However, in the tumor 
lesions, there is a decrease in the number of infiltrating 
non-malignant T cells. There is a steep decrease in the 
proportion of Tregs within the benign lymphocytic infil-
trates and a large increase in the number of malignant T,  
which are now primarily found in the dermal compart-
ment. In plaque and patch stage lesions, a population of 
the malignant T cells might express low levels of FOXP3 
but this expression seems to be almost absent in tumor 
stage lesions [105–116]. 

Wang and Ke, on the basis of the role in pathogenesis 
of systemic lymphomas, divided the Tregs into 4 groups: 
suppressor Tregs, which suppress anti-tumor CD8+ cy-
totoxicity, malignant FOXP3+Tregs, direct-tumor killing 
Tregs which increase anti-tumor cytotoxicity (all involved 
in pathogenesis of CTCL) and incompetent Tregs (found 
e.g. in angioimmunoblastic T cell lymphoma) [112]. 

Those subgroups have been found to get different 
roles in the prognosis and Tregs-based immunotherapies. 

In patients with CTCL, where Tregs act as suppressor 
or malignant Tregs, the anti-tumor cytotoxicity can be 
suppressed and the decreased numbers of those Tregs 
are associated with good prognosis. In other lymphomas, 
when Tregs serve as tumor killers (also in some CTCL) 
and/or incompetent Tregs, the anti-tumor cytotoxicity 
can be enhanced and an increased number of such Tregs 
can be associated with good prognosis [112]. The problem 
is that in the same type of CTCL e.g. Sezary syndrome, 
the malignant cells can reveal the different suppressor 
phenotype what can cause a different prognosis and 
might require different treatments [113]. 

Following these ideas, one theory on the pathogen-
esis of CTCL assumes that tumor cells escape from im-
mune surveillance and at the same time keep suppres-
sor properties [105, 106, 113]. It has been shown that 
the number of Tregs, in the tumors infiltrates is higher 
in the early stages of CTCL (e.g. in mycosis fungoides, 
MF), and decreases in advanced forms (SS) [106–113]. 
In contrast, other studies indicate that the resistance to 
drugs observed in late stages of CTCL is associated with 
the activation of mutations signaling pathway JAK/STAT, 
impaired secretion of immunosuppressive cytokines 
IL-10, TGF-β1, and overexpression of immunoregulatory 
proteins – CTLA-4, PD-L1 and Foxp3, which promotes the 
immunosuppression of the immune system [111–113]. The 
percentage of malignant T cells, identified as FOXP3+, is 
variable in these patients. In some patients, practically all 
of the malignant T cells express FOXP3, whereas in other 
patients, FOXP3 is only expressed in a sub-population of 
malignant T cells indicating heterogeneity in the malig-
nant population. Taken together, these studies suggest 
that SS patients in general have a low density of benign 
Tregs but that the malignant T cells in some SS patients 
express FOXP3 and that these patients accordingly have 
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relatively high numbers of FOXP3+ cells in their skin and 
blood (Figure 2). 

Another interesting problem is the differential diagno-
sis between CTCL and severe AD, because of similarity of 
skin manifestations, especially in erythroderma. Hanafusa 
et al. have revealed that the frequency of Tregs was sig-
nificantly higher in AD skin lesions compared to those in 
CTCL, which could be helpful in the differential diagnosis 
of these two diseases in the future [117–119]. Understand-
ing the relationship of Tregs to CTCL might be crucial in 
the improvement of the treatment efficacy. For example, 
it is known that retinoids promote the generation of 
CD4+ Foxp3+ Tregs, raising the question of an induction 
of Tregs by bexarotene. Knol et al. have established that 
the frequency of CD4+CD25(high) Treg cells was not sig-
nificantly different before starting bexarotene and after  
6 months of treatment in CTCL patients (MF and SS). Also 
the functional assays demonstrated that Foxp3 express-
ing CD4+CD25+high T cells were capable of suppressing 
autologous CD4(+)CD25(–)T cell proliferation [114]. 

The authors wrote that their results did not ex-
clude a role for bexarotene in the control of regula-
tory T cells in CTCL but further studies are necessary 
[114]. Authors have also found that CD4+CD25+high Treg 
cells in SS but not in MF were significantly increased, 
compared to healthy donors before treatment. How-
ever, the authors also emphasized that the interpreta-
tion of that result should be very careful [114] because 
the prevalence of CD4+CD25+high Tregs seems to be 
age-dependent [120] and there are various views on 
the problem. There are studies revealing differences 
in CD4(+)CD25(+)Treg percentage between CTCL pa-
tients and healthy controls with a lower percentage of 

CD4+CD25+high Tregs in blood of healthy controls than 
in SS, as well as studies revealing no differences at all 
[107, 108]. Those incompatibilities can be caused by 
differences in methodology used in those studies. The 
knowledge concerning Tregs in CTCL can be also helpful 
in the treatment choice in some cases. For example, it 
is known that extracorporeal photopheresis alone or 
in combination therapy might be effective in leukemic 
CTCL patients whose malignant T cells have a CD4(+)
CD25(–) Foxp3(+) phenotype [121].

The role of Treg cells in the tumors of the skin

Treg cells by inhibiting the effector function of many 
cells may cause immune suppression of the immune 
system, which can encourage the growth of tumor cells 
[3, 5]. In many tumors, a correlation between the tumor 
stage and an increased percentage of Treg cells has been 
noted. Tregs inhibit the effector cells, which are respon-
sible for tumor lysis. Increased percentages of Treg cells 
have been observed in patients with melanoma, lung, 
breast and ovarian cancers [122–127]. However, the role 
of these cells in the development of cancer is not fully 
understood. Basal cell carcinoma (BCC) is an immuno-
genic neoplasm. The tumor tissue is infiltrated by regula-
tory CD4+, CD25+, Foxp3+ T cells and immature dendritic 
cells. The immune response seems to play a major role 
in spontaneous and pharmacologically induced (imiqui-
mod) BCC regression [123].

It has been shown in immunosuppressed patients 
with organ transplants that the progression of SCC is as-
sociated with a reduction in the number of FOXP3 + cell 
infiltration around the tumor. It is also known that an 

Figure 2. Schematic illustration of changes in the numbers of malignant and non-malignant T cells in MF skin lesions 
during disease progression
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aggressive tumor growth is associated with an increase 
in the number of Tc22 and Treg cells [124, 125]. In turn, 
impairment of Tregs function observed in the elderly is 
associated with a higher incidence of BCC and SCC [126]. 
Studies of Kaporis et al. [123] showed that the increase in 
the CD4 + CD25 + FOX3P+ infiltration of the surrounding 
of BCC, promotes tumor growth by the development of 
Th2 response in the tumor environment and by reducing 
the activity of Th1 cells [123].

Tregs in mastocytosis

Mastocytosis is a heterogeneous group of rare my-
eloproliferative disorders characterized by the pathologi-
cal accumulation of MC in different tissues. Lesions are 
observed in the skin (cutaneous mastocytosis – CM) or 
in internal organs, particularly bone marrow, liver, spleen 
and lymph nodes (systemic mastocytosis – SM). The 
pathophysiology of the disease is not yet completely un-
derstood. It is believed that mechanisms responsible for 
the proliferation and maturation of MC play the main role 
in the process. Somatic activating mutation of c-KIT on-
cogene, encoding the receptor for stem cell factor (SCF) 
is observed in mastocytosis. This mutation, especially 
D816V, is considered the main factor-inducing systemic 
mastocytosis. In the case of cutaneous mastocytosis, 
its etiopatomechanism is not completely understood. 
It is believed that an important potential role is played 
by local MC of the skin and epidermal growth factors, 
cytokines, and chemotactic factors which stimulate/in-
hibit the proliferation of MCs and their migration into 
tissues. Based on histopathology of the skin biopsies 
obtained from patients with mastocytosis, it has been 
concluded that the predominant mast cell infiltration is 
accompanied by lymphocyte subpopulations predomi-
nantly CD4(+)CD25(+), suggesting involvement of these 
cells in the pathogenesis of cutaneous mastocytosis. 
Nevertheless, the role of Treg cells in the pathogenesis 
of mastocytosis has not been studied yet and remains 
unclear [128–130]. 

Evidence of possible MC-Treg interaction, through a 
variety of molecular mechanisms, comes from different 
experiments with animals and of the human disease 
model. MCs secrete IL-2 which may promote the forma-
tion and proliferation of Tregs. MC surface ligand ICOSL 
activate ICOS (inducible costimulator), expressed on ac-
tivated T cells and switch these cells to IL-10 secreting 
Tregs. IL-10 secreting Tregs can suppress migration and 
expansion of MCs and inhibit focal mastocytosis and pol-
yposis in a model of colon polyposis.

On the other side, MCs may directly or indirectly sus-
tain the availability of inflammatory signals that locally 
inhibit Treg suppression. The cytokine IL-6, released by 
innate and adaptive cells on activation, is known to break 
Treg anergy and suppression and to transform Tregs into 
Th17 cells. IL-17 increases the production of SCF by kera-

tinocytes, which in turn is a critical mediator of mast cell 
activation, expansion and maturation. In many diseases, 
the plasticity of Treg–mast cell interactions which regu-
late immune response and play the role in tumor forma-
tions, was indicated. Conventional, anti-inflammatory 
FOXP3+ nTregs, through direct contact OX40/OX40L-
mediated crosstalk, suppress histamine degranulation 
by mast cells, thus controlling systemic anaphylaxis, one 
of the major threats in mastocytosis. Crosstalk between 
Tregs cell membrane bound TGF-β1 and TGF-β1R inhibit 
degranulation of MC and increase secretion of IL-6, which 
diminishes suppressive activity of Treg and their conver-
sion to proinflammatory Th17 cells. Tregs infiltrating skin 
allografts produce granzyme B to directly suppress T cell 
response and secrete IL-9 to recruit tolerogenic mast cells 
and establish tolerance to alloantigens. IL-10 secreting 
Tregs can suppress migration and expansion of MCs and 
inhibit focal mastocytosis and polyposis in a model of 
colon polyposis [131–136].

In contrast, proinflammatory Tregs, which fail to se-
crete IL-10, produce IL-17 and promote MC recruitment 
and expansion. Mast cells produce huge amounts of 
TNF-α which in an autocrine manner may also enhance 
Tregs conversion into IL-17–producing cells (Figure 3). 

Interesting data, which indicate a potential role of 
Tregs in systemic mastocytosis, have been published 
by Rabenhorst et al. Authors demonstrated that adult 
patients with mastocytosis show increased serum levels 
of PD-L1 (programmed death-1 ligand). Levels of PD-L1 
correlate with the severity of the disease and serum 
tryptase levels. Furthermore, PD-L1 levels are enhanced 
in supernatants of cell lines that carry the KIT mutation 
D816V. These findings suggest the possible usefulness 
of PD-L1 levels as a diagnostic marker indicating the dis-
ease progression in adult patients with mastocytosis 
[137]. Programmed death-1 (PD-1) is a PD-L1 receptor 
and is a key immune checkpoint receptor expressed on 
activated T cells, B cells, dendritic cells and cutaneous 
MCs. After ligation with PD-1, PD-L1 and PD-L2 deliver 
a signal that inhibits TCR-mediated activation of IL-2 
production and T cell proliferation. In humans, PD-L1 is 
expressed on dendritic cells, monocytes, and activated 
Treg cells, whereas expression of PD-L2 is restricted to 
dendritic cells and monocytes. Upregulation of PD-L1 
may allow cancers to evade the host immune system 
[138–140]. 

Kataoka et al. have found the expression of PD1 in 
the skin of mastocytosis patients and conclude that this 
MC receptor PD-1 could be a marker for human cutane-
ous mastocytosis and regulate the growth of human 
PD-1-positive mastocytosis cells. Currently tested PD-1 
antibody could be considered treatment of mastocytosis 
patients [141]. 

In conclusion, as it is revealed in the review, the role 
of Tregs in inflammatory and neoplastic skin diseases 
is important but not completely understood. Further 
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research should be performed, especially that in some 
diseases knowledge on the Tregs status may be nowa-
days, the basis of new successful treatments which 
modulate the Tregs number and function. For example, 
mogamulizumab (KW-671) is a new defucosylated anti-
CCR4 monoclonal antibody which reduces the numbers 
of CCR4+ malignant T cells and CCR4+ Treg cells in cutane-
ous T cell lymphoma [142]. New strategies based on ex 
vivo proliferation and transplantation of autologous Tregs 
in autoimmune and allergic diseases have been recently 
developed [143]. 

The difficulties in understanding the role of Tregs 
in dermatoses can be even higher because of possible 
polymorphisms of genes involved in regulation of Tregs, 
which will be discussed in the third part of the article. 

Acknowledgments

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

Conflict of interest

The authors declare no conflict of interest.

References

1. Clark RA. Skin-resident T cells: the ups and downs of on 
site immunity. J Invest Dermatol 2010; 130: 362-70.

2. Mattozzi C, Salvi M, D’Epiro S, et al. Importance of regula-
tory T cells in the pathogenesis of psoriasis: review of the 
literature. Dermatology 2013; 227: 134-45.

3. Goodman WA, Cooper KD, McCormick TS. Regulation gen-
eration: the suppressive functions of human regulatory  
T cells. Crit Rev Immunol 2012; 32: 65-79. 

4. Buckner JH. Mechanisms of impaired regulation by 
CDD4(+) CD25(+)FOXP3(+) regulatory T cells in human 
autoimmune diseases. Nat Rev Immunol 2010; 10: 849-59.

5. Mercadante ER, Lorenz UM. Breaking free of control: how 
conventional T cells overcome regulatory T cell suppres-
sion. Front Immunol 2016; 7: 193.

6. Harden JL, Krueger JG, Bowcock AM. The immunogenetics 
of psoriasis: a comprehensive review. J Autoimmun 2015; 
64: 66-73. 

7. Kim J, Krueger JG. The immunopathogenesis of psoriasis. 
Dermatol Clin 2015; 33: 13-23. 

8. Lowes MA, Suárez-Fariñas M, Krueger JG. Immunology of 
psoriasis. Annu Rev Immunol 2014; 32: 227-55. 

9. Guttman-Yassky E, Nograles KE, Krueger JG. Contrasting 
pathogenesis of atopic dermatitis and psoriasis--part II: 
immune cell subsets and therapeutic concepts. J Allergy 
Clin Immunol 2011; 127: 1420-32. 

Figure 3. The role of mast cells in Treg activation and suppression

Anti-inflammatory Treg
Foxp3+OX40 (anaphylaxis)
Foxp3+GrzB+ (skin allograft)
Foxp3+IL-10+IL-17+ 
(polyps exogenous)

OX40/OX40L

IL-9

MC recruitment

TNF-α

IL-10

↑ SCF 
↑ IL-17

MC differentiation 
and expansion

Histamine 
degranulation

IL-6 
IL-1β1

Pro-inflammatory Treg 
Foxp3+IL-10–IL-17+ 
(polyps, endogens)

Supression of anaphylaxis

Tolerance to allograft

Suppression of polyposis

Promotion of mastocytosis 
and polyposis

I
N
F
L
A
M
M
A
T
o
R
y 

S
I
G
N
A
L



Advances in Dermatology and Allergology 5, October / 2017414

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

10. Guttman-Yassky E, Nograles KE, Krueger JG. Contrasting 
pathogenesis of atopic dermatitis and psoriasis-part I: 
clinical and pathologic concepts. J Allergy Clin Immunol 
2011; 127: 1110-8. 

11. Diani M, Altomare G, Reali E. T helper cell subsets in clini-
cal manifestations of psoriasis. J Immunol Res 2016; 2016: 
7692024.

12. Cai Y, Fleming C, Yan J. New insights of T cells in the patho-
genesis of psoriasis. Cell Mol Immunol 2012; 9: 302-9. 

13. Nedoszytko B, Roszkiewicz J. Znaczenie subpopulacji 
komórek dendrytycznych w patogenezie łuszczycy. Post 
Dermatol Alergol 2007; 24: 263-70.

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

15. Afshar M, Martinez AD, Gallo RL, et al. Induction and ex-
acerbation of psoriasis with interferon-alpha therapy for 
hepatitis C: a review and analysis of 36 cases. J Eur Acad 
Dermatol Venereol 2013; 27: 771-8.

16. Yan KX, Fang X, Han L, et al. Foxp3+ regulatory T cells and 
related cytokines differentially expressed in plaque vs. gut-
tate psoriasis vulgaris. Br J Dermatol 2010; 163: 48-56.

17. Zhang L, Yang XQ, Cheng J, et al. Increased Th17 cells are 
accompanied by FoxP3(+) Treg cell accumulation and cor-
related with psoriasis disease severity. Clin Immunol 2010; 
135: 108-17.

18. Zhang L, Li Y, Yang X, et al. Characterization of Th17 and 
FoxP3(+) Treg cells in paediatric psoriasis patients. Scand  
J Immunol 2016; 83: 174-80.

19. Fujimura T, Okuyama R, Ito Y, et al. Profiles of Foxp3+ regu-
latory T cells in eczematous dermatitis, psoriasis vulgaris 
and mycosis fungoides. Br J Dermatol 2008; 158: 1256-63.

20. Chen L, Shen Z, Wang G, et al. Dynamic frequency of 
CD4+CD25+Foxp3+Treg cells in psoriasis vulgaris. J Der-
matol Sci 2008; 51: 200-3.

21. Pawlaczyk M, Karczewski J, Wiktorowicz K. T regulatory 
CD4+CD25high lymphocytes in peripheral blood of patients 
suffering from psoriasis. Postep Dermatol Alergol 2010; 27: 
25-8.

22. Yun WJ, Lee DW, Chang SE, et al. Role of CD4CD25FOXP3 
regulatory T cells in psoriasis. Ann Dermatol 2010; 22:  
397-403. 

23. Sugiyama H, Gyulai R, Toichi E, et al. Dysfunctional blood 
and target tissue CD4+CD25high regulatory T cells in pso-
riasis: mechanism underlying unrestrained pathogenic 
effector T cell proliferation. J Immunol 2005; 174: 164-73. 

24. Zhang K, Li X, Yin G, et al. Functional characterization of 
CD4+CD25+ regulatory T cells differentiated in vitro from 
bone marrow-derived haematopoietic cells of psoriasis pa-
tients with a family history of the disorder. Br J Dermatol 
2008; 158: 298-305. 

25. Soler DC, Sugiyama H, Young AB, et al. Psoriasis patients 
exhibit impairment of the high potency CCR5(+) T regula-
tory cell subset. Clin Immunol 2013; 149: 111-8. 

26. Goodman WA, Levine AD, Massari JV, et al. IL-6 signaling 
in psoriasis prevents immune suppression by regulatory  
T cells. J Immunol 2009; 183: 3170-6.

27. Bovenschen HJ, van Vlijmen-Willems IM, van de Kerkhof 
PC, et al. Foxp3+ regulatory T cells of psoriasis patients 
easily differentiate into IL-17A-producing cells and are 
found in lesional skin. J Invest Dermatol 2011; 131: 1853-60.

28. Zhao M, Wang LT, Liang GP, et al. Up-regulation of micro- 
RNA-210 induces immune dysfunction via targeting FOXP3 
in CD4(+) T cells of psoriasis vulgaris. Clin Immunol 2014; 
150: 22-30. 

29. Tovar-Castillo LE, Cancino-Díaz JC, García-Vázquez F, et al. 
Under expression of VHL and over-expression of HDACC-1, 
HIF-1alpha, LL37 and IAP in affected skin biopsies of pa-
tients with psoriasis. Int J Dermatol 2007; 46: 239-46.

30. Shen Z, Chen L, Hao F, et al. Intron-1 rs3761548 is related 
to the defective transcription of Foxp3 in psoriasis through 
abrogating E47/c-Myb binding. J Cell Mol Med 2010; 14: 
226-41. Retraction in: J Cell Mol Med 2010; 14: 226. 

31. Keijsers RR, van der Velden HM, van Erp PE, et al. Balance 
of Treg vs. T-helper cells in the transition from symptom 
less to lesional psoriatic skin. Br J Dermatol 2013; 168: 
1294-302.

32. Kim J, Bissonnette R, Lee J, et al. The spectrum of mild to 
severe psoriasis vulgaris is defined by a common activa-
tion of IL-17 pathway genes, but with key differences in 
immune regulatory genes. J Invest Dermatol 2016; 136: 
2173-82.

33. Kim J, Oh CH, Jeon J, et al. Molecular phenotyping small 
(Asian) versus large (Western) plaque psoriasis shows 
common activation of IL-17 pathway genes but different 
regulatory gene sets. J Invest Dermatol 2016; 136: 161-72. 

34. Chambers ES, Hawrylowicz CM. The impact of vitamin D on 
regulatory T cells. Curr Allergy Asthma Rep 2011; 11: 29-36.

35. Mattozzi C, Paolino G, Salvi M, et al. Peripheral blood regu-
latory T cell measurements correlate with serum vitamin 
D level in patients with psoriasis. Eur Rev Med Pharmacol 
Sci 2016; 20: 1675-9.

36. Orgaz-Molina J, Buendia-Eisman A, et al. Deficiency of 
serum concentration of 25-hydroxyvitamin D in psoriatic 
patients: a case-control study. J Am Acad Dermatol 2012; 
67: 931-8.

37. RicerriI F, Pesticelli L, Tripo L, et al. Deficiency of serum con-
centration of 25hydroxyvitamin D correlates with severity 
of disease in chronic plaque psoriasis. J Am Acad Dermatol 
2013; 68: 511-2.

38. Finamor DC, Sinigaglia-Coimbra R, Neves LCM, et al. A pilot 
study assessing the effect of prolonged administration of 
high daily doses of vitamin D on the clinical course of vit-
iligo and psoriasis. Dermatoendocrinology 2013; 5: 222-34.

39. Furuhashi T, Saito C, Torii K, et al. Photo(chemo)therapy 
reduces circulating Th17 cells and restores circulating regu-
latory T cells in psoriasis. PLoS One 2013; 8: e54895. 

40. Søyland E, Heier I, Rodríguez-Gallego C, et al. Sun exposure 
induces rapid immunological changes in skin and periph-
eral blood in patients with psoriasis. Br J Dermatol 2011; 
164: 344-55.

41. Quaglino P, Bergallo M, Ponti R, et al. Th1, Th2, Th17 and 
regulatory T cell pattern in psoriatic patients: modulation 
of cytokines and gene targets induced by etanercept treat-
ment and correlation with clinical response. Dermatology 
2011; 223: 57-67. 

42. Diluvio L, Romiti ML, Angelini F, et al. Infliximab therapy 
induces increased polyclonality of CD4+CD25+ regulatory 
T cells in psoriasis. Br J Dermatol 2010; 162: 895-7.

43. Bieber T. Atopic dermatitis. N Engl J Med 2008; 358:  
1483-94.

44. Brown SJ. Molecular mechanisms in atopic eczema: insight 
gained from genetic studies. J Pathol 2016; 241: 140-5. 

45. Irvine AD, Eichenfield LF, Friedlander SF, et al. Critical issues 
in the pathogenesis of atopic dermatitis. Semin Cutan Med 
Surg 2016; 35 (5 Suppl.): S89-91. 

46. Werfel T, Allam JP, Biedermann T, et al. Cellular and mo-
lecular immunologic mechanisms in patients with atopic 
dermatitis. J Allergy Clin Immunol 2016; 138: 336-49. 



Advances in Dermatology and Allergology 5, October / 2017 

The role of regulatory T cells and genes involved in their differentiation in pathogenesis of selected inflammatory and 
neoplastic skin diseases. Part II: The Treg role in skin diseases pathogenesis

415

47. Kim JE, Kim JS, Cho DH, et al. Molecular mechanisms of 
cutaneous inflammatory disorder: atopic dermatitis. Int  
J Mol Sci 2016; 17:pii: E1234. doi: 10.3390/ijms17081234.

48. Weidinger S, Novak N. Atopic dermatitis. Lancet 2016; 387: 
1109-22.

49. Wildin RS, Smyk-Pearson S, Filipovich AH. Clinical and mo-
lecular features of the immunodysregulation, polyendo-
crinopathy, enteropathy, X linked (IPEX) syndrome. J Med 
Genet 2002; 39: 537-45.

50. Bennett CL, Christie J, Ramsdell F, et al The immune dys-
regulation, polyendocrinopathy, enteropathy, X-linked syn-
drome (IPEX) is caused by mutations of FOXP3. Nat Genet 
2001; 27: 20-1.

51. Bacchetta R, Barzaghi F, Roncarolo MG. From IPEX syn-
drome to FOXP3 mutation: a lesson on immune dys-
regulation. Ann N Y Acad Sci 2016 in press, doi: 10.1111/
nyas.13011.

52. Sawant DV, Vignali DA. Once a Treg, always a Treg? Immu-
nol Rev 2014; 259: 173-91.

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

54. Werfel T, Wittmann M. Regulatory role of T lymphocytes in 
atopic dermatitis. Chem Immunol Allergy 2008; 94: 101-11. 

55. Auriemma M, Vianale G, Amerio P, et al. Cytokines and 
T cells in atopic dermatitis. Eur Cytokine Netw 2013; 24: 
37-44. 

56. Kleinewietfeld M, Hafler DA. The plasticity of human Treg 
and Th17 cells and its role in autoimmunity. Semin Immu-
nol 2013; 25: 305-12. 

57. Joetham A, Matsubara S, Okamoto M, et al. Plasticity of 
regulatory T cells: subversion of suppressive function and 
conversion to enhancement of lung allergic responses. 
J Immunol 2008; 180: 7117-24. 

58. Reefer AJ, Satinover SM, Solga MD, et al. Analysis of CD-
25hiCD4+ “regulatory” T-cell subtypes in atopic dermatitis 
reveals a novel Th2-like population. J Allergy Clin Immunol 
2008; 121: 415-22.

59. Duhen T, Duhen R, Lanzavecchia A, et al. Functionally dis-
tinct subset of human FOXP3+Treg cells that phenotypi-
cally mirror effector Th cells. Blood 2012; 119: 4430-40. 

60. Kim BS, Kim IK, Park YJ, et al. Conversion of Th2 memory 
cells into Foxp3+ regulatory T cells suppressing Th2-me-
diated allergic asthma. Proc Natl Acad Sci USA 2010; 107: 
8742-7.

61. Ma L, Xue HB, Guan XH, et al. The Imbalance of Th17 cells 
and CD4(+) CD25(high) Foxp3(+) Treg cells in patients with 
atopic dermatitis. J Eur Acad Dermatol Venereol 2014; 28: 
1079-86. 

62. Schnopp C, Rad R, Weidinger A, et al. Fox-P3-positive regu-
latory T cells are present in the skin of generalized atopic 
eczema patients and are not particulary affected by me-
dium-dose UVA1 therapy. Photodermatol Photoimmunol 
Photomed 2007; 23: 81-5.

63. Verhagen J, Akdis M, Traidl-Hoffmann C, et al. Absence of  
T-regulatory cell expression and function in atopic dermati-
tis skin. J Allergy Clin Immunol 2006; 117: 176-83. 

64. Stelmaszczyk-Emmel A, Zawadzka-Krajewska A, Szypow-
ska A, et al. Frequency and activation of CD4+CD25 FoxP3+ 
regulatory T cells in peripheral blood from children with 
atopic allergy. Int Arch Allergy Immunol 2013; 162: 16-24.

65. Ito Y, Adachi Y, Makino T, et al. Expansion of FOXP3-pos-
itive CD4+CD25+ T cells associated with disease activity 

in atopic dermatitis. Ann Allergy Asthma Immunol 2009; 
103: 160-5.

66. Gáspár K, Baráth S, Nagy G, et al. Regulatory T-cell subsets 
with acquired functional impairment: important indicators 
of disease severity in atopic dermatitis. Acta Derm Vene-
reol 2015; 95: 151-5.

67. Hijnen D, Haeck I, van Kraats AA, et al. Cyclosporin A re-
duces CD4(+)CD25(+) regulatory T-cell numbers in patients 
with atopic dermatitis. J Allergy Clin Immunol 2009; 124: 
856-8.

68. Samochocki Z, Alifier M, Bodera P, et al. T-regulatory cells 
in severe atopic dermatitis: alterations related to cytokines 
and other lymphocyte subpopulations. Arch Dermatol Res 
2012; 304: 795-801.

69. Lesiak A, Smolewski P, Sobolewska-Sztychny D, et al. The 
role of T-regulatory cells and Toll-like receptors 2 and 4 in 
atopic dermatitis. Scand J Immunol 2012; 76: 405-10. 

70. Zhang YY, Wang AX, Xu L, et al Characteristics of peripheral 
blood CD4+CD25+ regulatory T cells and related cytokines 
in severe atopic dermatitis. Eur J Dermatol 2016; 26: 240-6. 

71. Roesner LM, Floess S, Witte T, et al. Foxp3(+) regulatory 
T cells are expanded in severe atopic dermatitis patients. 
Allergy 2015; 70: 1656-60.

72. Hinz D, Bauer M, Röder S, et al. LINA study group. Cord 
blood Tregs with stable FOXP3 expressionare influenced by 
prenatal environment and associated with atopic dermati-
tis at the age of one year. Allergy 2012; 67: 380-9. 

73. Schaub B, Liu J, Höppler S, et al. Impairment of T-regulatory 
cells in cord blood of atopic mothers. J Allergy Clin Immunol 
2008; 121: 1491-9.

74. Rueda CM, Jackson CM, Chougnet CA. Regulatory T-cell-
mediated suppression of conventional T-cells and dendritic 
cells by different cAMP intracellular pathways. Front Im-
munol 2016; 7: 216.

75. Ma L, Xue HB, Guan XH, et al. The imbalance of Th17 cells 
and CD4(+)CD25(high)Foxp3(+)Treg cells in patients with 
atopic dermatitis. J Eur Acad Dermatol Venereol 2014; 28: 
1079-86. 

76. Vestergaard C, Bang K, Gesser B, et al. A Th2 chemokine, 
TARC, produced by keratinocytes may recruit CLA+CCR4+ 
lymphocytes into lesional atopic dermatitis skin. J Invest 
Dermatol 2000; 115: 640-6.

77. Kakinuma T, Nakamura K, Wakugawa M, et al. Thymus and 
activation-regulated chemokine in atopic dermatitis: se-
rum thymus and activation-regulated chemokine level is 
closely related with disease activity. J Allergy Clin Immu-
nol 2001; 107: 535-41.

78. Reefer AJ, Satinover SM, Wilson BB, Woodfolk JA. The 
relevance of microbial allergens to the IgE antibody rep-
ertoire in atopic and nonatopic eczema. J Allergy Clin Im-
munol 2007; 120: 156-63.

79. Kim HJ, Kim YJ, Lee SH, et al. Effects of Lactobacillus rham-
nosus on allergic march model by suppressing Th2, Th17, 
and TSLP responses via CD4(+)CD25(+)Foxp3(+) Tregs. Clin 
Immunol 2014; 153: 178-86. 

80. Ou LS, Goleva E, Hall C, Leung DY. T regulatory cells in atop-
ic dermatitis and subversion of their activity by superanti-
gens. J Allergy Clin Immunol 2004; 113: 756-63.

81. Lin YT, Wang CT, Chao PS, et al. Skin-homing CD4+ Foxp3+ 
T cells exert Th2-like function after staphylococcal supe-
rantigen stimulation in atopic dermatitis patients. Clin Exp 
Allergy 2011; 41: 516-25.

82. Mittag D, Scholzen A, Varese N, et al. The effector T cell 
response to ryegrass pollen is counter regulated by simul-



Advances in Dermatology and Allergology 5, October / 2017416

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

taneous induction of regulatory T cells. J Immunol 2010; 
184: 4708-16.

83. Grindebacke H, Wing K, Andersson AC, et al. Defective sup-
pression of Th2 cytokines by CD4CD25 regulatory T cells in 
birch allergics during birch pollen season. Clin Exp Allergy 
2004; 34: 1364-72.

84. Möbs C, Slotosch C, Löffler H, et al. Birch pollen immuno-
therapy leads to differential induction of regulatory T cells 
and delayed helper T cell immune deviation. J Immunol 
2010; 184: 2194-203.

85. Thunberg S, Akdis M, Akdis CA, et al. Immune regulation 
by CD4+CD25+ T cells and interleukin-10 in birch pollen-
allergic patients and non-allergic controls. Clin Exp Allergy 
2007; 37: 1127-36.

86. Grindebacke H, Larsson P, Wing K, et al. Specific immuno-
therapy to birch allergen does not enhance suppression of 
Th2 cells by CD4(+)CD25(+)regulatory T cells during pollen 
season. J Clin Immunol 2009; 29: 752-60.

87. Bohle B, Kinaciyan T, Gerstmayr M, et al. Sublingual im-
munotherapy induces IL-10-producing T regulatory cells, 
allergen-specific T-cell tolerance, and immune deviation.  
J Allergy Clin Immunol 2007; 120: 707-13. 

88. Zhang BX, Lyu JC, Liu HB, et al. Attenuation of peripheral 
regulatory T-cell suppression of skin-homing CD8+T cells in 
atopic dermatitis. Yonsei Med J 2015; 56: 196-203.

89. Akdis CA, Akdis M. Mechanisms of allergen-specific im-
munotherapy and immune tolerance to allergens. World 
Allergy Organ J 2015; 8: 17.

90. Gómez E, Fernández TD, Doña I, et al. Initial immunological 
changes as predictors for house dust mite immunotherapy 
response. Clin Exp Allergy 2015; 45: 1542-53.

91. Tian M, Wang Y, Lu Y, et al. Effects of sublingual immu-
notherapy for Dermatophagoides farinae on Th17 cells 
and CD4(+) CD25(+) regulatory T cells in peripheral blood 
of children with allergic asthma. Int Forum Allergy Rhinol 
2014; 4: 371-5. 

92. Suárez-Fueyo A, Ramos T, Galán A, et al. Grass tablet sub-
lingual immunotherapy downregulates the Th2 cytokine 
response followed by regulatory T-cell generation. J Allergy 
Clin Immunol 2014; 133: 130-8.e1–2.

93. Maazi H, Shirinbak S, Willart M, et al. Contribution of regu-
latory T cells to alleviation of experimental allergic asthma 
after specific immunotherapy. Clin Exp Allergy 2012; 42: 
1519-28.

94. Miao Q, Wang J, Xu W, et al. A comparision of the effects of 
subcutaneous and sublingual immunotherapy on immuno-
logical responses in children with asthma. Zhongguo Dang 
Dai Er Ke Za Zhi 2015; 17: 1210-6.

95. Prickett SR, Rolland JM, O’Hehir RE. Immunoregulatory  
T cell epitope peptides: the new frontier in allergy therapy. 
Clin Exp Allergy 2015; 45: 1015-26.

96. Thang CL, Zhao X. Effects of orally administered immuno-
dominant T-cell epitope peptides on cow’s milk protein al-
lergy in a mouse model. Food Res Int 2015; 71: 126-31.

97. Takagi H. A rice-based edible vaccine expressing multiple 
T cell epitopes induces oral tolerance for inhibition of Th2-
mediated IgE responses. Proc Natl Acad Sci USA 2005; 102: 
17525-30.

98. Takaiwa F. A rice-based edible vaccine expressing multiple 
T-cell epitopes to induce oral tolerance and inhibit allergy. 
Immunol Allergy Clin North Am 2007; 27: 129-39.

99. Jutel M, Akdis M, Blaser K, et al. Mechanisms of allergen 
specific immunotherapy – T-cell tolerance and more. Al-
lergy 2006; 61: 796-807.

100. Niedoszytko M, Bruinenberg M, de Monchy J, et al. Gene 
expression analysis in predicting the effectiveness of insect 
venom immunotherapy. J Allergy Clin Immunol 2010; 125: 
1092-7.

101. Sharabi AB, Aldrich M, Sosic D, et al. Twist-2 controls my-
eloid lineage development and function. PLoS Biol 2008; 
6: e316.

102. Zimmerli SC, Hauser C. Langerhans cells and lymph node 
dendritic cells express the tight junction component clau-
din-1. J Invest Dermatol 2007; 127: 2381-90.

103. Ippoliti F, De Santis W, Volterrani A, et al. Immunomodula-
tion during sublingual therapy in allergic children. Pediatr 
Allergy Immunol 2003; 14: 216-21.

104. Jawed SI, Myskowski PL, Horwitz S, et al. Primary cutane-
ous T-cell lymphoma (mycosis fungoides and Sézary syn-
drome): part I. Diagnosis: clinical and histopathologic fea-
tures and new molecular and biologic markers. J Am Acad 
Dermatol 2014; 70: 205.e1-16;

105. Heid JB, Schmidt A, Oberle N, et al. FOXP3+CD25- tumor 
cells with regulatory function in Sézary syndrome. J Invest 
Dermatol 2009; 129: 2875-85. 

106. Krejsgaard T, Odum N, Geisler C, et al. Regulatory T cells 
and immunodeficiency in mycosis fungoides and Sezary 
syndrome. Leukemia 2012; 26: 424-32.

107. Tiemessen MM, Mitchell TJ, Hendry L, et al. Lack of sup-
pressive CD4+CD25+FOXP3+ T cells in advanced stages 
of primary cutaneous T-cell lymphoma. J Invest Dermatol 
2006; 126: 2217-23.

108. Klemke CD, Fritzsching B, Franz B, et al. Paucity of FOXP3+ 
cells in skin and peripheral blood distinguishes Sézary syn-
drome from other cutaneous T-cell lymphomas. Leukemia 
2006; 20: 1123-9.

109. Sokołowska-Wojdyło M, Jankowska-Konsur A, Grzanka A, 
Maciejewska-Radomska A. Patogeneza ziarniniaka grzy-
biastego i zespołu Sézary’ego. Przegl Dermatol 2012; 99: 
235-40.

110. Hus I, Roliñski J. Limfocyty T regulatorowe i Th17 w cho- 
robach limfoproliferacyjnych. Acta Haematol Pol 2009; 
40: 531-43.

111. Clark RA. Regulation gone wrong: a subset of Sézary pa-
tients have malignant regulatory T cells. J Invest Dermatol 
2009; 129: 2747-50.

112. Wang J, Ke XY. The four types of Tregs in malignant lympho-
mas. J Hematol Oncol 2011; 4: 0. 

113. Heid JB, Schmidt A, Oberle N, et al. FOXP3+CD25- tumor 
cells with regulatory function in Sézary syndrome. J Invest 
Dermatol 2009; 129: 2875-85.

114.  Knol AC, Quéreux G, Brocard A, et al. Absence of modu-
lation of CD4+CD25 regulatory T cells in CTCL patients 
treated with bexarotene. Exp Dermatol 2010; 19: e95-102.

115. Wada DA, Wilcox RA, Weenig RH, et al. Paucity of intraepi-
dermal FoxP3-positive T cells in cutaneous T-cell lymphoma 
in contrast with spongiotic and lichenoid dermatitis. J Cu-
tan Pathol 2010; 37: 535-41.

116. Krejsgaard T, Gjerdrum LM, Ralfkiaer E, et al. Malignant 
Tregs express low molecular splice forms of FOXP3 in 
Sézary syndrome. Leukemia 2008; 22: 2230-9.

117. Berger CL, Tigelaar R, Cohen J, et al. Cutaneous T-cell lym-
phoma: malignant proliferation of T-regulatory cells. Blood 
2005; 105: 1640-7. 

118. Hanafusa T, Matsui S, Murota H, et al. Increased frequency 
of skin-infiltrating FoxP3+ regulatory T cells as a diagnostic 
indicator of severe atopic dermatitis from cutaneous T cell 
lymphoma. Clin Exp Immunol 2013; 172: 507-12.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=26032922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do%C3%B1a%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26032922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matsui%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23600840
http://www.ncbi.nlm.nih.gov/pubmed/?term=Murota%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23600840
http://www.ncbi.nlm.nih.gov/pubmed/23600840


Advances in Dermatology and Allergology 5, October / 2017 

The role of regulatory T cells and genes involved in their differentiation in pathogenesis of selected inflammatory and 
neoplastic skin diseases. Part II: The Treg role in skin diseases pathogenesis

417

119. Fujimura T, Okuyama R, Ito Y, et al. Profiles of Foxp3+ regu-
latory T cells in eczematous dermatitis, psoriasis vulgaris 
and mycosis fungoides. Br J Dermatol 2008; 158: 1256-63. 

120. Dejaco C, Duftner C, Schirmer M. Are regulatory T-cells 
linked with aging? Exp Gerontol 2006; 41: 339-45.

121. Shiue LH, Couturier J, Lewis DE, et al. The effect of extracor-
poreal photopheresis alone or in combination therapy on 
circulating CD4(+)Foxp3(+)CD25(-) T cells in patients with 
leukemic cutaneous T-cell lymphoma. Photodermatol Pho-
toimmunol Photomed 2015; 31: 184-94.

122. Shindo M, Yoshida Y. Regulatory T cells and skin tumors. 
Recent Pat Inflamm Allergy Drug Discov 2010; 4: 249-54. 

123. Kaporis HG, Guttman-Yassky E, Lowes MA, et al. Human 
basal cell carcinoma is associated with Foxp3+ T cell in Th2 
dominant microenvironment. J Invest Dermatol 2007; 127: 
2391-8.

124. Mühleisen B, Petrov I, Gächter T, et al. Progression of cu-
taneous squamous cell carcinoma in immunosuppressed 
patients is associated with reduced CD123+ and FOXP3+ 
cells in the perineoplastic inflammatory infiltrate. Histopa-
thology 2009; 55: 67-76.

125. Zhang S, Fujita H, Mitsui H, et al. Increased Tc22 and Treg/
CD8 ratio contribute to aggressive growth of transplant 
associated squamous cell carcinoma. PLoS One 2013; 8: 
e62154. 

126. Perrotta RE, Giordano M, Malaguarnera M. Non-melanoma 
skin cancers in elderly patients. Crit Rev Oncol Hematol 
2011; 80: 474-80.

127. Fujii H, Arakawa A, Kitoh A, et al. Perturbations of both 
nonregulatory and regulatory FOXP3+ T cells in patients 
with malignant melanoma. Br J Dermatol 2011; 164:  
1052-60. 

128. Valent P, Escribano L, Broesby-Olsen S, et al. European 
Competence Network on Mastocytosis. Proposed diagnos-
tic algorithm for patients with suspected mastocytosis:  
a proposal of the European Competence Network on Mas-
tocytosis. Allergy 2014; 69: 1267-74. 

129. Lange M, Nedoszytko B, Górska A, et al. Mastocytosis in 
children and adults: clinical disease heterogeneity. Arch 
Med Sci 2012; 8: 533-41.

130. Hartmann K, Escribano L, Grattan C, et al. Cutaneous mani-
festations in patients with mastocytosis: Consensus report 
of the European Competence Network on Mastocytosis; 
the American Academy of Allergy, Asthma & Immunology; 
and the European Academy of Allergology and Clinical Im-
munology. J Allergy Clin Immunol 2016; 137: 35-45. 

131. Gounaris E, Erdman SE, Restaino C, et al. Mast cells are 
an essential hematopoietic component for polyp develop-
ment. Proc Natl Acad Sci USA 2007; 104: 19977-82.

132. Gounaris E, Blatner NR, Dennis K, et al. T-regulatory cells 
shift from a protective anti-inflammatory to a cancer-pro-
moting proinflammatory phenotype in polyposis. Cancer 
Res 2009; 69: 5490-7. 

133. Koenen HJ, Smeets RL, Vink PM, et al. Human CD25high 
Foxp3pos regulatory T cells differentiate into IL-17-produc-
ing cells. Blood 2008; 112: 2340-52.

134. Yang XO, Nurieva R, Martinez GJ, et al. Molecular antago-
nism and plasticity of regulatory and inflammatory T cell 
programs. Immunity 2008; 29: 44-56.

135. Colombo MP, Piconese S. Polyps wrap mast cells and Treg 
within tumorigenic tentacles. Cancer Res 2009; 69: 5619-22. 

136. Gri G, Piconese S, Frossi B, et al. CD4+CD25+ regulatory 
T cells suppress mast cell degranulation and allergic re-
sponses through OX40-40L interaction. Immunity 2008; 
29: 771-81. 

137. Rabenhorst A, Leja S, Schwaab J, et al. Expression of pro-
grammed cell death ligand-1 in mastocytosis correlates 
with disease severity. J Allergy Clin Immunol 2016; 137: 
314-8.

138. Rabenhorst A, Schlaak M, Heukamp LC, et al. Mast cells 
play a protumorigenic role in primary cutaneous lympho-
ma. Blood 2012; 120: 2042-54.

139. Sheppard KA, Fitz LJ, Lee JM, et al. PD-1 inhibits T-cell recep-
tor induced phosphorylation of the ZAP70 /CD3zeta sig-
nalosome and downstream signaling to PKCtheta. FEBS 
Lett 2004; 574: 37-41.

140. Taube JM, Klein A, Brahmer JR, et al. Association of PD-1, 
PD-1 ligands, and other features of the tumor immune mi-
croenvironment with response to anti-PD-1 therapy. Clin 
Cancer Res 2014; 20: 5064-74.

141. Kataoka TR, Fujimoto M, Moriyoshi K, et al. PD-1 regulates 
the growth of human mastocytosis cells. Allergol Int 2013; 
62: 99-104.

142. Ni X, Langridge T, Duvic M. Depletion of regulatory T cells 
by targeting CC chemokine receptor type 4 with mogamu-
lizumab. Oncoimmunology 2015; 4: e1011524. 

143. Trzonkowski P, Bacchetta R, Battaglia M, et al. Hurdles in 
therapy with regulatory T cells. Sci Transl Med 2015; 7: 
304ps18.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiue%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=25772268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Couturier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25772268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewis%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=25772268
http://www.ncbi.nlm.nih.gov/pubmed/25772268
http://www.ncbi.nlm.nih.gov/pubmed/25772268

	_GoBack

