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Summary

Langerhans cells are a dendritic cell type characteristic of the epidermis. Since mast cells secrete
molecules potentially influent on dendritic cell differentiation, we have addressed the degree
of proximity between these two cell types in biopsies of skin diseases characterized by massive
influx of dendritic cell precursors. By fluorescence microscopy, avidin labeled mast cells were
found in contact with CD1a+ dendritic cells. By electron microscopy, contacts between mast
cells and blunty dendritic cells were found in areas corresponding to those where CDla+ cells
were localized by immunohistochemistry. We propose that mast cells can induce the differentia-
tion of precursors into Langerhans cells through both the release of short range acting soluble
factors and contact-mediating plasma membrane molecules.
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Introduction

Langerhans cells (LC) play a crucial role in the defense against viral pathogens
and cancer and the induction of contact hypersensitivity (Pieri et al., 2001; Merad et
al., 2008). Dermal dendritic cells (DC), including perivascular dendritic macrophages,
also take up antigens, mature and present these antigens to T cells and B cells. Block-
ade of dermal DC migration from skin to lymph node may prevent effective cytotoxic
T cell activation (Gerlini et al., 2005; Zaba et al., 2009).

Mast cell (MC) secretory products play a role in regulating microcirculation and in
the recruitment, differentiation and function of cells involved in inflammatory proc-
esses (Hofmann and Abraham, 2009) and wound healing (Bacci et al., 2009).

Mast cells and immature DC co-localize at antigen entry sites, i.e. skin and mucosa.
Both human and mouse activated MC express high levels of chemokines that attract
immature DC (Sallusto et al., 1998, Nakajima et al. 2002). Reciprocally, DC produce CCL5
and CCLS (Sallusto et al., 1999) that can interact with CCR3 on MC (Ochi et al., 2000).

Mast cells can affect DC differentiation and function by different mechanisms.
Histamine induces human monocyte-derived dendritic cells (MoDC) to transient-
ly express CD86 (Caron et al., 2001b), to produce more IL-10 and less IL-12 and to
differentiate into Th2-promoting DC (Caron et al., 2001a). Prostaglandin G2 reduces
IL-12 production by MoDC and hence promotes Th2 responses (Gosset et al., 2003;
Gosset et al., 2005). Thymic stromal lymphopoietin, which is also produced by MC
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(Reche et al., 2001), promotes the maturation of CD1lc+ circulating leukocytes to
DC and induce them to secrete chemokines such as thymus and activation-regulat-
ed chemokine (TARC) and macrophage derived chemokine (MDC) (Soumelis et al.,
2002). MC derived exosomes have been shown to induce DC maturation (Skokos et
al., 2003). Contact in co-cultures is needed to allow activated MC to efficiently stimu-
late DC to produce IL-10 and Th2 cytokines (Kitawaki et al., 2006).

In this study, the possible occurrence of MC-DC contacts related to DC differentia-
tion has been addressed in skin biopsies derived from immunomediated inflamma-
tory skin diseases, where DC precursor are recruited and differentiate into LC and
dermal DC (Breathnack et al., 1986; Mori et al., 1994; Rho et al., 2004).

Material and methods

Skin biopsies from 5 patients (3 men and 2 women, aged between 18 and 75 years,
mean 46,6) affected by acute graft-versus-host-disease (aGVDH; 2 cases), atopic der-
matitis (2 cases), and lupus erythematosus (1 case), were obtained for diagnostic pur-
pose and used in part for this study, in the respect of Helsinki declaration and the
Italian law, and in part for diagnostic purposes.

The specimens were snap frozen and cryosections were fixed in cold acetone. MC
were stained by tetramethylrhodamine isothyocianate-labeled avidin (Immunotech,
Marseille, France) (Tharp et al. 1985). This method is based on the same principle of
basophilia (Ehrlich, 1878) but is much more sensitive and allows for MC staining in
autoptical (Bacci et al., 2006) as well as bioptical specimens (Krishnaswamy and Chi,
2006). LC were stained with a monoclonal antibody against CD1a (Ortho, Milan, Ita-
ly), revealed with fluorescein isothiocyanate conjugated goat anti mouse serum (Sig-
ma, Milan, Italy), The specificity of the immunostaining was tested by omitting the
first antibody or substituting it with an irrelevant one.

Part of the biopsies were fixed in Karnovsky’s solution in 0,1 mol/L osmicated
and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate fol-
lowed by bismuth tartrate or lead acetate and observed in Siemens Elmiskop II elec-
tron microscopes, at 80kV.

Results

At fluorescence microscopy, MC were found in contact with CD1a positive LC
(see inset of Fig. 1).

By electron microscopy, contacts were seen in the dermis between MC and cells
with blunty dendritic shape, containing smooth endoplasmic reticulum, primary but
not secondary lysosomes and no Birbeck granules (Fig. 1). Contacts were sometimes
on tip of MC microvilli, more often on wide, flat MC surfaces; specialized junctions
were not detected between MC and DC.

Discussion

This study showed intercellular contacts between immature DC and MC in
human skin, in conditions characterized by intense influx of DC precursor and their



Mast cells contact dendritic cells in the skin 27

final differentiation in the skin. The cells of dendritic lineage could be interpreted as
elements of the Langerhans cell lineage by the abundance of smooth endoplasmic
reticulum, the presence of primary but not secondary lysosomes and the localization
in sites where immunofluorescence demonstrated the presence of CD1a positive cells;
they were interpreted as immature elements because of the blunty dendritic shape
and the absence of Birbeck granules.

Acute GVHD and lupus erythematosus, as well as atopic dermatitis, are charac-
terized by intense recruitment and differentiation of LC precursors (Pimpinelli et al.,
1993; Mori et al., 1994), which may explain why contacts between MC and immature
LC are more easy to find in these conditions than in normal skin or other diseases. In
this respect this study expands the results of Kitawaki et al (2006), who showed close
proximity between DC and MC in atopic dermatitis but could not ascertain by their
technique whether the two cell types were in contact with each other; these authors
did not address the expression of CD1a by the DC close to MC.

Langerhans cells are considered to differentiate in the epidermis (for review:
Romagnoli et al., 1991; Pieri et al., 2001), but can start this process already in the der-
mis. Since MC are a source of many cytokines and other signal molecules (Bacci et
al., 2009), the close relationship between MC and DC allows to prospect that MC can
deliver stimulating signals for the differentiation of precursors into LC through the
release of short range acting soluble factors and through direct contact mediated by
plasma membrane molecules. Therefore MC may influence adaptive T cell-mediated
immune responses by modulating the differentiation of DC, and in particular of LC,
in inflamed skin and perhaps in other tissues.
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Figures

Figure 1 - An immature dendritic cell in contact with a mast cell in the dermis of a patient with aGVHD.
One contact is through a wide, flat surface (arrow), another involves the tip of mast cell microvilli (arrow-
head). Electron microscopy x 8000. Inset: Intercellular contacts between a dendritic cell (green labeled: dou-
ble arrowhead) and a mast cell (red labeled: double arrow) in the dermis of a patient with atopic dermatitis.
Fluorescence microscopy x 400.



