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Abstract

Morphea is one of diseases characterised by fibrosis of the skin and subcutaneous tissue. It is 
a chronic disease that does not shorten the life of the patient, yet significantly affects its quality. The 
group of factors responsible for its pathogenesis is thought to include disturbed functioning of endothe-
lial cells as well as immune disturbances leading to chronic inflammatory conditions, accompanied by 
increased production of collagen and of other extracellular matrix components.

Dendritic cells (DC) are a type of professional antigen-presenting cells and can be found in almost 
all body tissues. Individual investigations have demonstrated high numbers of plasmacytoid DC (pDC) 
in morphoeic skin lesions, within deeper dermal layers, around blood vessels, and around collagen 
fibres in subcutaneous tissue. It appears that DC has a more pronounced role in the development of 
inflammation and T cell activation in morphea, as compared to systemic sclerosis (SSc).

Regulatory T (Treg) cells represent a subpopulation of T cells with immunosuppressive properties. 
Recent studies have drawn attention to the important role played by Treg in the process of autoimmu-
nisation. Just a few studies have demonstrated a decrease in the number and activity of Treg in patients 
with SSc, and only such studies involve morphea.

This article reviews recent studies on the role of DC and regulatory T cells in the pathogenesis of 
morphea. Moreover, mechanisms of phototherapy and potential therapeutic targets in the treatment of 
morphea are discussed in this context.
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Introduction
Morphea (localised scleroderma) is one of diseases 

characterised by fibrosis of the skin and subcutaneous tis-
sues. The group of factors responsible for the pathogenesis 
of this disease is thought to include disturbed functioning 
of endothelial cells as well as immune disturbances lead-
ing to chronic inflammatory conditions, accompanied by 
increased production of collagen and of other extracellular 
matrix components. The presence of various antibodies 
indicates that the background of morphea is autoimmuno-
logical, as it is in systemic sclerosis. It is noteworthy that 
antinuclear autoantibodies are found in approximately 60% 
of cases of various morphea forms [1, 2].

Dendritic cells (DC) are a type of professional anti-
gen-presenting cells (APC) and can be found in almost all 
body tissues. Depending on the developmental line of their 
origin, one can distinguish two major groups: plasmacyt-
oid DC (pDC) and myeloid DC (conventional DC, mDC, 
or cDC). Myeloid DC forms the most numerous group of 
DC. They inhabit non-lymphoid peripheral tissues, lymph 

nodes, and blood. Immature mDC constantly sample their 
environment, ingest antigens, and once activated they 
maturate and migrate from non-lymphoid peripheral tis-
sues to lymph nodes. There they present their collected 
antigen to naïve T cells, which leads to their activation. 
Dendritic cells and T cells both cooperate in the course 
of the induction of immune reactions as well as during 
the development of a tolerance. Dendritic cells affects the 
differentiation, migration, and activity of T cells by both 
direct contact and released cytokines [3, 4].

In the process of maintaining tolerance to the body’s 
own antigens, substantial significance is ascribed to regu-
latory T cells (Treg), which differentiate under the effect of 
a specific subpopulation of DC, cytokines, and types of an-
tigens presented by DC. Disturbances in the process of Treg 
differentiation lead to allergies, autoimmune disorders, and 
neoplastic diseases and may effect graft rejection [3]. In 
light of recent knowledge, DC plays a significant role in 
autoimmunological phenomena through the activation of 
autoreactive T cells in lymph nodes and in target tissues [4].
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Dendritic cells
Scientific studies on the possible involvement of in-

dividual DC subpopulations in the development of in-
flammatory infiltrates in morphea have been very scarce. 
Their results were based on small groups and were not 
confirmed by other authors. In most cases, DC focused 
studies involved the pathogenesis of other autoimmune 
diseases, such as systemic lupus erythematosus, psoriasis, 
insulin-dependent diabetes mellitus, or multiple sclerosis 
[5]. Individual investigations demonstrated high numbers 
of pDC in morphoeic skin lesions, within deeper dermal 
layers, around blood vessels, and around collagen fibres 
in subcutaneous tissue [6]. However, the visualisation of 
these DC was based on immunohistochemistry, which only 
allows for semiquantitative evaluation of cutaneous cell 
subpopulations.

Substantial differences in the pathogenesis of systemic 
sclerosis and morphea have been suggested in literature. In 
contrast to the former, inflammatory infiltrate in morphea 
is rich in cells. The inflammatory infiltrate, consisting of 
CD3+, CD4+, and CD8+ T cells, as well as DC, is primar-
ily detected around collagen fibres in deeper layers of der-
mis and subcutaneous tissue only in the early stages of the 
disease. Immunohistochemical studies have demonstrated 
a more pronounced role of DC in the development of in-
flammation and T cell activation in morphea, as compared 
to systemic sclerosis [7]. On the other hand, CD8+ T cells 
seem to be primarily responsible for the development and 
maintenance of inflammation in systemic sclerosis [8].

The most numerous population of DC are mDC, which 
colonise almost all non-lymphoid peripheral tissues. They 
are thought to play a significant role in both the develop-
ment of immune tolerance mechanisms and in the activa-
tion of autoreactive T cells [5]. It has been suggested that 
cutaneous DC may regulate collagen production, and that 
fibrosis, which appears along with the progression of the 
disease, reflects a decrease in the number of these cells in 
the dermis [9]. A morphea investigation has demonstrat-
ed a decreased population of cutaneous CD34+ DC in in-
flammatory infiltrates [10]. However, the results of that 
study should be interpreted with caution due to the fact that 
CD34 undergoes expression also by other cells, such as en-
dothelial cells and fibroblasts, and thus it is not a specific 
DC marker. Intensive studies performed on animal models 
seem to confirm that DC phenotype is the decisive factor 
for the formation of the appropriate microenvironment that 
stimulates fibrosis of various organs and tissues [11].

Regulatory lymphocytes
Treg represents a subpopulation of T cells with im-

munosuppressive properties. Recent studies have drawn 
attention to the important role played by regulatory T cells 
(Treg) in the process of autoimmunisation. Treg manifests 

a beneficial activity by inhibiting autoreactive T cells and 
warranting tolerance to grafts. On the other hand, they may 
induce undesirable phenomena, e.g. tolerance to neoplastic 
antigens.

Strict cooperation takes place between dendritic and 
T cells during the induction and silencing of immune 
response, through their direct contact or mediation with 
cytokines. As a result, induction or inhibition of Foxp3 
(forkhead box P3) factor may take place in T cells, leading 
to acquisition or loss of regulatory functions. The course 
of cooperation depends both on the maturity of DC and the 
type of antigen presented. During apoptosis antigen pre-
sentation takes place with the involvement of MHC (major 
histocompatibility complex), but without co-stimulatory 
molecules, which results in the development of tolerance. 
The accompanying increase in transforming growth factor 
β (TGF-β) affects differentiation of Foxp3+ Treg. On the 
other hand, due to the presence of IL-6 in the microenvi-
ronment, regulatory abilities may be lost.

The most commonly studied group of T regulatory 
cells are nTreg (natural) presenting CD4+, CD25+, and 
Foxp3+ phenotype. Apart from these, other subpopulations 
can be distinguished, such as CD8+, CD25+, Foxp3+ cells, 
Tr1 cells that release interleukin (IL)-10, or Th3 cells that 
produce TGF-β [3, 4].

Originally, Treg were identified as CD4+ T cells, ad-
ditionally manifesting a pronounced expression of CD25 
(IL2-Rα) molecules both in mice and in humans. In turn, 
various other surface or intracellular molecules were iden-
tified, including glucocorticoid-induced TNF receptor 
(GITR), cytotoxic T-lymphocyte antigen 4 (CTLA4), and 
L-selectin (CD62L). However, these molecules undergo 
expression on all activated T cells. At present, one of the 
most specific markers of Treg is Foxp3 transcription fac-
tor. The significance of this molecule was confirmed in 
Foxp3-deficient mice, presenting a defect of Treg and se-
vere lymphoproliferative autoimmune syndrome. In a sim-
ilar manner, Foxp3 humans suffer from IPEX syndrome 
(immunodysregulation, polyendocrinopathy, enteropathy, 
X-linked) [12].

Dendritic cells and regulatory T cells  
in the pathogenesis of morphea

Systemic sclerosis (SSc) is a connective tissue disease 
characterised by increased production and deposition of 
collagen fibres in skin and connective tissue of the inner 
organs, vascular lesions, and autoimmunisation. Mor-
phea does not involve inner organs, but skin lesions are 
histologically similar. It is a chronic disease that does not 
shorten the life of the patient, yet significantly affects its 
quality. Depending on the form of the disease, orthopae-
dic, neurological, and ophthalmological complications 
may develop. Little is known about the pathogenesis of 
morphea. Its clinically evident element is the excessive 
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fibrosis caused by disturbed metabolism of extracellular 
matrix. Nevertheless, vascular lesions and activation of the 
immune system that trigger autoaggressive processes may 
appear first [1, 2].

In skin, perivascular infiltrates are dominated by CD4+ 
T helper (Th) cells. During the preliminary, inflammatory 
stage of scleroderma, Th1 cells dominate accompanied by 
Th17 lymphocytes. On the other hand, at the late phase of 
the disease, Th2 cells appear and their levels correlate with 
fibrosis [13].

In line with recent hypotheses, autoimmune diseases 
may involve quantitative changes in individual DC popu-
lations, resulting in a decrease in Treg number and autore-
active T cell activation. Increased numbers of pDC were 
detected in the skin of patients with systemic lupus ery-
thematosus and psoriasis [14]. Autoimmune diseases are 
accompanied by the production of IFN type I (IFN-α/β) 
by activated pDC. Myeloid DC seems to play a significant 
role in trapping autoantigens, leading to the differentiation 
of Treg lymphocytes, which results in maintenance of tol-
erance to the host’s own tissues and cells (Fig. 1A) [3, 4].

In recent years, intensive studies have been conducted 
in both animal models and in vitro on the possible factors 
engaged in the activation of specific DC populations in 
the aforementioned group of diseases. A significant role 
of cytokines such as INF type I, and specific DC markers 
such as Toll-like receptors (TLR), or the recently discov-
ered lectin receptors (BDCA2 – blood dendritic cell anti-
gen 2, and DEC205) is suggested [15-18]. These studies 
demonstrate that DC that maturates under intensive TLR 

stimulation becomes resistant to the suppressive effect 
of Treg lymphocytes, which may lead to the breaking 
of tolerance to autoantigens. It is assumed that autoim-
mune diseases involve activation of pDC due to binding 
of endogenous ligands (such as products of extracellular 
matrix decomposition) or immune complexes to TLR  
(Fig. 1B) [4]. Moreover, results of these studies indicate that  
BDCA-2 is a specific marker of pDC and plays a signif-
icant role preventing DC activation that would lead to 
the production of IFN-α/β and the development of anti-
gen-specific T cells (Fig. 1B) [15, 16].

Expression of the CD205 receptor is typical for mDC, 
the presence of which is detected in non-lymphoic pe-
ripheral tissues, e.g. in the skin. The CD205 receptor 
participates in the recognition and trapping autoantigens 
released during apoptosis or cell necrosis [18]. According 
to some authors, ingestion of apoptotic bodies by CD8+,  
CD205+ DC promotes differentiation of Treg [18, 19]. 
The CD205 receptor, due to its ability to induce tolerance 
to autoantigens, currently represents an intensely studied 
element for potential therapy in autoimmune diseases. 
Research on animal models of autoimmune diseases has 
provided proof of CD205 efficacy in the manipulation of 
antigen-specific tolerance [20]. Although CD11c+, CD8+, 
CD205+ immunophenotype DC may play a significant 
role in the maintenance of tolerance to the host’s own an-
tigens, no investigations on their possible involvement in 
the pathogenesis of morphea have been carried out [3].

Recently, there have been reports on the possible role 
of IFN-α/β in the development and/or maintenance of in-

Fig. 1. A) Development of immunotolerance through mDC under normal conditions. B) Development of autoimmunity 
through pDC releasing IFN-α/β and mDC activation
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flammation and fibrosis in morphea. The principal source 
of IFN type I involves pDC, the augmented numbers of 
which were detected in dermal infiltrates in the course 
of inflammatory skin diseases [14]. One hypothesis re-
lated to the origin of autoimmune diseases assumes that 
abolishment of peripheral tolerance mechanisms results 
from mDC activation under the effect of IFN-α/β (Fig. 
1B) [21]. In animal studies DC activation and induction 
of antigen-specific immune response were noted under the 
effect of IFN type I in response to contact with the anti-
gen [22, 23]. In turn, in vitro studies demonstrated that 
IFN-activated DC in blood of patients with systemic lupus 
erythematosus stimulated differentiation of autoreactive T 
cells [5]. Until now, the significance of IFN type I has been 
proven in the pathogeneses of such autoimmune diseases 
as psoriasis, lupus erythematosus, lichen planus, alopecia 
areata, or systemic sclerosis. Immunohistochemical studies 
have demonstrated positive correlation between the num-
ber of pDC in dermal inflammatory infiltrates and the level 
of IFN-α tissue expression in the course of lupus erythe-
matosus and morphea [6].

Just a few studies have demonstrated a decrease in the 
number and activity of Treg in patients with systemic scle-
rosis (SSc), and only such a study involved morphea. An-
tiga et al. demonstrated a significantly decreased number 
of Treg in the blood and dermis of patients with systemic 
sclerosis and morphea, as well as decreased levels of IL-10 
and TGF-β in serum. Glucocorticoids, widely used in the 
treatment of the disease, were found to re-establish their 
normal serum levels [24]. In turn, other studies revealed 
the effect of calcitriol (the active form of vitamin D

3
) on 

cutaneous mDC and Langerhans cells and their IL-10 and 
TGF-β expression, resulting in an increased number and 
activity of Treg. A different group of investigators ob-
served no differences in the number of Treg in peripher-
al blood, but detected a decrease in Treg within typical 
cutaneous lesions in SSc. They postulated a role of the 
so-called skin-specific Treg in the pathophysiology of the 
disease [25].

The treatment possibilities of morphea 
and its potential influence on dendritic 
cells and regulatory T cells

The treatment of morphea poses a serious challenge. 
First of all, due to its complex and incompletely rec-
ognised pathogenesis, but also due to its heterogeneous 
clinical expression. Treatment options usually focus on 
controlling particular pathological phases such as inflam-
matory, immune, or fibrotic processes, and these include 
corticosteroids, vitamin D analogues, or topical tacrolim-
us. Recent treatment strategies indicate that combination 
treatment, i.e. anti-inflammatory and anti-fibrotic agents, 
is more effective. Amongst the topical forms of treatment, 
one randomised placebo-controlled trial revealed high ef-

fectiveness of tacrolimus, while a prospective pilot study 
confirmed the effectiveness of calcipotriol in combination 
with betamethasone. Two prospective studies involving 
systemic treatments suggest high efficacy of a combina-
tion of methotrexate and corticosteroids [1, 2, 26]. Topical 
tacrolimus – a calcineurin inhibitor – exhibits anti-inflam-
matory and immunomodulatory effects on T cells by in-
hibiting their proliferation and cytokine production. Tac-
rolimus was also found to inhibit DC migration ex vivo in 
a skin DC migration in a mice model of allergic eczema 
[27]. Vitamin D

3
 (Vit. D) analogues such as calcipotriol 

or calcitriol, which form a standard treatment of another 
inflammatory skin disorder, psoriasis, have an anti-prolif-
erative effect on fibroblasts in morphea [26]. It was also 
shown that Vit. D may control murine and human pDCs 
function and impairs the capacity of pDC to induce T-cell 
proliferation and secretion of cytokines. Plasmacytoid DCs 
expresses various proteins of Vit. D receptor pathway [28]. 
The combination of calcipotriol with betamethasone en-
riched their anti-inflammatory, immunomodulatory, and 
anti-fibrotic properties [26]. In more severe forms of mor-
phea, systemic agents are necessary. However, the mech-
anisms responsible for the immunosuppressive properties 
on skin of systemic glucocorticosteroids are not fully rec-
ognised. Recent studies have revealed an increased number 
of Foxp3(+) CD25(+) T cells and epidermal Langerhans 
cells in patients treated with systemic glucocorticoste-
roids due to allergic eczema [29]. On the other hand, in 
vitro studies have shown a reduction in Th17 population 
followed by an increase in Th17 IL-10(+) and Treg after 
treatment with methotrexate and/or methylprednisolone in 
PBMCs of rheumatoid arthritis patients [30].

The introduction of UVB, PUVA (psoralen + UVA), 
and UVA1 phototherapies has significantly enriched the 
therapeutic panel [31, 32]. Clinically, the efficacy of high, 
moderate, and low doses of UVA1 has been confirmed, 
while better results were obtained with the use of high 
doses. According to modern literature, in disseminated 
forms of morphea the first-line treatment should include 
phototherapy (UVA1, narrow band UVB, 311 nm, or 
broad band UVA), due to a higher safety profile than that 
of methotrexate or systemic glucocorticoids [1, 2, 26]. 
While UVB (290-320 nm) affects the epidermis, the lon-
gest wavelength UVA1 (340-400 nm) radiation penetrates 
deeper, into the papillary layer of the dermis. The exact 
mechanism of UVA1 action has not been fully clarified, 
in contrast to UVB, which is absorbed by cells’ DNA and 
results in the formation of cyclopyrimidine dimers. The 
molecule that absorbs UVA1 remains unknown, but the 
action on the DNA is indirect and mediated by generat-
ed oxygen radicals, yet recent studies have also revealed 
the possibility of direct DNA mutagenesis. Ultraviolet A1 
phototherapy is a method that affects various stages of the 
sclerodermic pathomechanism. It inhibits inflammatory 
processes and affects fibrosis, which diminishes further 
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progress of the disease. It is also a potent immunomod-
ulator through the induction of cell apoptosis (including 
the unique phenomenon of early apoptosis, which is not 
generated by UVB irradiation). It affects the ability to pro-
duce pro-inflammatory cytokines and the ability to induce 
collagenase production by fibroblasts. Ultraviolet A1 may 
also act on endothelial cells, promoting growth on new 
blood vessels [33-35]. Studies have confirmed that UVR 
suppress cell-mediated immune response in human skin, 
leading to inhibition of contact hypersensitivity. Skin spe-
cific DCs – Langerhans cells (LCs) – together with Tregs 
play a role in the induction of UVR-induced immunosup-
pression as well as tolerance. It has been shown in numer-
ous studies that UV of various wavelengths (solar simu-
lated radiation, UVB, broad band UVA, and UVA1) lead 
to a decreased number of DCs resulting from migration or 
apoptosis. Not only were these changes described quanti-
tatively, but also morphological alterations of those APCs 
were reported qualitatively. Moreover, UVR is able to in-
fluence DCs function, maturation, migration, and coopera-
tion with Tregs. A study has revealed that the effectiveness 
of UVA1 phototherapy in the treatment of morphea was 
associated with an increase in the number of CD34+ DCs 
in the dermis [36-39]. No one has yet studied the potential 
effects of UVA1 phototherapy on the number of Treg in 
skin and blood of morphea patients. Any demonstration of 
such effects would be consistent with the excellent results 
of this therapy observed clinically. In a recent study on 
the application of extracorporeal photopheresis (ECP) in 
patients with scleroderma, a decrease in peripheral Th17 
count was observed, along with a decrease in skin thick-
ness and an increase in Treg level [40]. Notably, Singh et 
al. demonstrated inhibition of the Th17/IL23 pathway and 
induction of Foxp3 Treg in a psoriatic murine model, fol-
lowing the application of photochemotherapy [41].

It should be stressed that DC, along with the aforemen-
tioned markers, provide potential targets for therapeutic 
approaches that are already available. The chance for se-
lective recruitment of specific DC populations in autoim-
mune diseases by the regulation of DC activating factors, 
such as BDCA2, is of special interest. This phenomenon 
is already targeted in the therapy of systemic lupus ery-
thematosus [16]. Due to the high efficacy in activation of 
lymphocytes and the induction of immune responses, it has 
been attempted to use DC as a vaccine in the therapy of 
tumours. However, preliminary studies on animals indicate 
that vaccines consisting of DC induce autoimmune reac-
tions [42]. Accurate immunophenotypical characteristics 
of DC participating in both autoimmunisation and fibrotic 
processes would lead to the development of more effective 
therapeutic approaches and better usage of the currently 
available methods of treatment. That statement is true not 
only for morphea but also for other fibrotic diseases (sys-
temic sclerosis, graft-versus-host disease, lichen sclerosis). 
Attempts to block Treg have already been undertaken in 

neoplastic diseases, while studies on their activation in au-
toimmune disorders, allergic diseases, and in post-trans-
plantation patients are also on the way. The results of these 
attempts are, for the time being, far from expected [43].

The authors declare no conflict of interest.

References
1. Fett N, Werth VP (2011): Update on morphea. Part I. Epide-

miology, clinical presentation, and pathogenesis. J Am Acad 
Dermatol 64: 217-228.

2. Fett N, Werth VP (2011): Update on morphea. Part II. Out-
come measures and treatment. J Am Acad Dermatol 64: 231-
242.

3. Wojas J, Pajtasz-Piasecka E (2010): Dendritic cell-regulatory 
T-cell interaction. Postepy Hig Med Dosw 64: 167-174.

4. Gołąb J, Jakóbisiak M, Lasek W, Stokłosa T. Immunology. 
Wydawnictwo Naukowe PWN, Warsaw 2007; 376-395.

5. Blanco P, Palucka AK, Pascual V (2008): Dendritic cells and 
cytokines in human inflammatory and autoimmune diseases. 
Cytokine & Growth Factor Reviews 19: 41-52.

6. Ghoreishi M, Vera Kellet C, Dutz JP (2012): Type I IFN-in-
duced protein MxA and plasmocytoid dendritic cells in le-
sions of morphea. Exp Dermatol 21: 417-419.

7. Xie Y, Zhang X, Wakasugi S, et al. (2008): Immunohisto-
chemical characterization of the cellular infiltrate in localized 
scleroderma. Int J Dermatol 47: 438-442.

8. Xie Y, Zhang X, Inoue Y, et al. (2008): Expression of CD1a 
and CD86 on scleroderma Langerhans cells. Eur J Dermatol 
18: 50-54.

9. Lu TT (2012): Dendritic cells: novel players in fibrosis and 
scleroderma. Curr Rheumatol Rep 14: 30-38.

10. Gilmour TK, Wilkinson B, Breit SN, Kossard S (2000): 
Analysis of dendritic cell populations using a revised histo-
logical staging of morphea. Br J Dermatol 143: 1183-1192.

11. Wynn TA (2004): Fibrotic disease and the Th1/Th2 para-
digm. Nat Rev Immunol 4: 583-594.

12. Rao V, Saunes M, Jo/ rstad S, Moen T (2009): Cutaneous T 
cell lymphoma and graft-versus-host disease: A comparison 
of in vivo effects of extracorporeal photochemotherapy on 
Foxp3+ regulatory cells. Clin Immunol 133: 303-313.

13. Kurzinski K, Torok KS (2011): Cytokine profiles in localized 
scleroderma and relationship to clinical features. Cytokine 
55: 157-164.

14. Wollenberg A, Wagner M, Günther S (2002): Plasmocytoid 
dendritic cells: a new cutaneous dendritic cell subset with 
distinct role in inflammatory skin diseases. J Invest Dermatol 
119: 1096-1102.

15. Dzionek A, Sohma Y, Nagafune J, et al. (2001): BDCA-2, 
a novel plasmocytoid dendritic cell-specific type II C-type 
lectin, mediates antigen capture and is a potent inhibitor of 
interferon α/β induction. J Exp Med 194: 1823-1834.

16. Jähn PS, Zänker KS, Schmitz J, Dzionek A (2010): BDCA-2 
signaling inhibits TLR-9-agonist-induced plasmocytoid 
cell activation and antigen presentation. Cell Immunol 265:  
15-22.

17. Christensen SR, Shupe J, Nickerson K, et al. (2006): Toll-like 
receptor 7 and TLR9 dictate autoantibody specifity and have 
opposing inflammatory and regulatory roles in murine model 
of lupus. Immunity 25: 417-428.



Central European Journal of Immunology 2015; 40(1)

Agnieszka Osmola-Mańkowska et al.

108

18. Shrimpton RE, Butler M, Morel AS, et al. (2009): CD205 
(DEC-205): A recognition receptor for apoptotic and necrotic 
self. Mol Immunol 46: 1229-1239.

19. Tarbell KV, Yamazaki S, Steinman RM (2006): The inter-
actions of dendritic cells with antigen specific, regulatory T 
cells that suppress autoimmunity. Semin Immunol 18: 93-102.

20. Lange C, Dürr M, Doster H, et al. (2007): Dendritic cell-reg-
ulatory T-cell interactions control self-directed immunity. 
Immunol Cell Biol 85: 575-581.

21. Banchereau J, Pascual V (2006): Type I interferon in sys-
temic lupus erythematosus and other autoimmune diseases. 
Immunity 25: 383-392.

22. Le Bon A, Schiavoni G, D’Agostino G, et al. (2001): Type 
I interferons potently enhance humoral immunity and can 
promote isotype switching by stimulated dendritic cells in 
vivo. Immunity 14: 461-470.

23. Gallucci S, Lolkema M, Matzinger P (1999): Natural adju-
vants: endogenous activators of dendritic cells. Nat Med 5: 
1249-1255.

24. Antiga E, Quaglino P, Bellandi S, et al. (2010): Regulatory T 
cells in the skin lesions and blood of patients with systemic 
sclerosis and morphoea. Br J Dermatol 162: 1056-1063.

25. Klein S, Kretz CC, Ruland V, et al. (2011): Reduction of 
regulatory T cells in skin lesions but not in peripheral blood 
of patients with systemic scleroderma. Ann Rheum Dis 70: 
1475-1481.

26. Badea I, Taylor M, Rosenberg A, Foldvari M (2009): Patho-
genesis and therapeutic approaches for improved topical 
treatment in localized scleroderma and systemic sclerosis. 
Rheumatology 48: 213-221.

27. Bäumer W, Sülzle B, Weigt H, et al. (2005): Cilomilast, tac-
rolimus and rapamycin modulate dendritic cell function in the 
elicitation phase of allergic contact dermatitis. Br J Dermatol 
153: 136-144.

28. Karthaus N, van Spriel AB, Looman MW, et al. (2014): Vi-
tamin D controls murine and human plasmacytoid dendritic 
cell function. J Invest Dermatol 134: 1255-1264.

29. Stary G, Klein I, Bauer W, et al. (2011): Glucocorticosteroids 
modify Langerhans cells to produce TGF-β and expand regu-
latory T cells. J Immunol 186: 103-112.

30. Guggino G, Giardina A, Ferrante A, et al. (2015): The in 
vitro addition of methotrexate and/or methylprednisolone 
determines peripheral reduction in Th17 and expansion of 
conventional Treg and of IL-10 producing Th17 lymphocytes 
in patients with early rheumatoid arthritis. Rheumatol Int 35: 
171-175.

31. Kerscher M, Volkenandt M, Lehmann P, et al. (1994): Treat-
ment of localised scleroderma with PUVA bath photochem-
otherapy. Lancet 343: 1233.

32. Kerscher M, Dirschka T, Volkenandt M (1995): Treatment of lo-
calised scleroderma by UVA1 phototherapy. Lancet 346: 1166.

33. York NR, Jacobe HT (210): UVA1 phototherapy: a review 
of mechanism and therapeutic application. Int J Dermatol 49: 
623-630.

34. Malinowska K, Sysa-Jędrzejowska A, Woźniacka A (2011): 
UVA1 phototherapy in dermatological treatment. Post Der-
matol Alergol 1: 53-58.

35. Kerr AC, Ferguson J, Attili SK, et al. (2012): Ultraviolet A1 
phototherapy: a British Photodermatology Group workshop 
report. Clin Exp Dermatol 37: 219-226.

36. Chomiczewska-Skóra D, Adamus A, Trznadel-Grodzka E, 
Rotsztejn H (2013): Effects of ultraviolet radiation on Lang-
erhans cells. Centr Eur J Immunol 38: 393-398.

37. Novakovic L, Lee S, Orchard GE, et al. (2001): Effect of 
solar-simulated radiation dose fractionation on CD1a+ Lang-
erhans cells and CD11b+ macrophages in human skin. Br J 
Dermatol 145: 237-244.

38. Duthie MS, Kimber I, Dearman RJ, Norval M (2000): Dif-
ferential effects of UVA1 and UVB radiation on Langerhans 
cell migration in mice. J Photochem Photobiol B 57: 123-131.

39. Camacho NR, Sanchez JE, Martin RF, et al. (2001): Medi-
um-dose UVA1 phototherapy in localized scleroderma and its 
effect in CD34-positive dendritic cells. J Am Acad Dermatol 
45: 697-699.

40. Papp G, Horvath IF, Barath S, et al. (2012): Immunomodula-
tory effects of extracorporeal photochemotherapy in systemic 
sclerosis. Clin Immunol 142: 150-159.

41. Singh TP, Schön MP, Wallbrecht K, et al. (2010): 8-me-
thoxypsoralen plus ultraviolet A therapy acts via inhibition 
of the IL-23/Th17 axis and induction of Foxp3+ regulatory 
T cells involving CTLA4 signaling in a psoriasis-like skin 
disorder. J Immunol 182: 7257-7267.

42. Bondanza A, Zimmermann VS, Dell’Antonio G, et al. 
(2003): Cutting edge: dissociation between autoimmune re-
sponse and clinical disease after vaccination with dendritic 
cells. J Immunol 170: 24-27.

43. Sauter B, Albert ML, Francisco L, et al. Consequences of cell 
death: exposure to necrotic tumor cells, but not primary tissue 
cells or apoptotic cells, induces the maturation of immuno-
stimulatory dendritic cells. J Exp Med 191: 423-434.


