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Anatomical distribution analysis reveals lack of Langerin+ dermal
dendritic cells in footpads and tail of C57BL/6 mice
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Abstract: Epidermal Langerhans cells (LCs) and dermal dendritic
cells (dDCs) capture cutaneous antigens and present them to
T-cells in lymph nodes (LNs). The function of LCs and Langerin+
dDCs was extensively studied in the mouse, but their anatomical
repartition is unknown. Here, we found LCs in back skin,
footpads and tail skin of C57BL/6, BALB/c, 129/Sv and CBA/J
mice. Langerin+ dDCs were readily observed in back skin of all
strains, but only in footpads and tail of BALB/c and CBA/J mice.
Similarly, while LCs were equally present in all LNs and strains,
Langerin+ dDCs were found in popliteal LNs (draining footpads)

only in BALB/c and CBA/J mice. The sciatic LNs, which we
identified as the major tail-draining lymphoid organ, were devoid
of Langerin+ dDCs in all strains. Thus, functionally different DCs
reside in different skin areas, with variations among mouse
strains, implying a potential impact on the cutaneous immune
reaction.

Background

EDTA was added to stop enzymatic digestion, and cells were
filtered through a 40 lm cell strainer (BD Biosciences).

Although they represent only a small proportion of total skin
DCs, epidermal Langerhans cells (LCs) and Langerin+ dermal dendritic cells (dDCs) have been the subject of many functional studies in the mouse, discrepancies still exist as to their functional
specialisation (1–6). LCs often appear tolerogenic, while Langerin+
dDCs have a critical role in cross-presentation of skin-derived
antigens and type 1 T helper responses (3,5,7–9).

Questions addressed
The anatomical repartition (10,11) and strain-associated variations
of Langerin+ DC subsets have not been thoroughly investigated,
although such differences could have an important impact on the
interpretation of results and better understanding of skin-specific
immune responses. We analysed Langerin+ DC subsets in back
skin, footpads and tail and in corresponding skin-draining LNs of
C57BL/6, BALB/c, 129/Sv and CBA/J mouse strains.

Experimental design
Animals
C57BL/6, CBA/J, 129/Sv and BALB/c mice (Charles River Laboratories France) were housed in specific pathogen-free conditions,
and all experiments were carried out in conformity to the animal
bioethics legislation.

Preparation of skin and LN cell suspensions
Back skin, footpad and tail skin as well as inguinal, popliteal,
sciatic and mesenteric LNs were collected. Small pieces of
tissues were incubated at 37°C in DMEM medium supplemented with 2% foetal calf serum (FCS; PAN-Biotech, Aidenbach, Germany), 1 mg/ml collagenase D, 1 mg/ml dispase II,
50 lg/ml DNAse I (all enzymes from Roche Diagnostics,
Meylan, France) for 1 h (LNs) or 2 h (skin) on a shaker. 5 mM
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Flow cytometry
All reactions were performed at 4°C for 20 min in PBS complemented with 2% FCS and 2.5 mM EDTA. Fc-receptors were blocked
with 5 lg/ml CD16/CD32 antibody (2.4G2, BD, San Diego, CA,
USA). Dead cells were excluded by labelling with Fixable Viability
Dye (eBioscience, Frankfurt, Germany) in PBS for 30 min. Surface
stainings were performed with 1 lg/ml of the following reagents:
streptavidin-APC, anti-CD103-PE or –PerCP-Cy5.5 (M290),
anti-CD11c-PerCP-Cy5.5 (N418) or –PE-Cy7 (HL3), anti-CD3-PE
(145-2C11), anti-CD45-APC (30-F11; all from BD) and antiCCR7-biotinylated (4B12, eBioscience) or their isotype controls.
Cells were fixed, permeabilised (Cytofix/Cytoperm, BD) and labelled
with 1 lg/ml anti-Langerin-FITC (929F3.01, Dendritics, Lyon,
France). Flow cytometry was performed on a Gallios (BeckmanCoulter, Fullerton, CA, USA) and analysed with FlowJo (Treestar,
Ashland, OR, USA).

Results
CD45+ CD11c+ skin DCs include CD103 EpCAMhigh Langerin+
LCs and CD103+ EpCAMlow Langerin+ dDCs (1,2,7,9,12,13). We
found LCs in all skin areas and mice studied (Fig. 1a), but their proportion relative to CD11c+ DCs varied with their location (Fig. 1b).
LCs were abundant in back skin and footpads, but rare in tail. The
low proportion of LCs in tail was confirmed by immunofluorescence on epidermal sheets (Figure S2a,b; 10). Compared to LCs, the
percentage of Langerin+ dDCs was lower (Fig. 1a), with a manifest
variability across skin locations and mouse strains (Fig. 1c). Indeed,
while this DC subset was consistently found in back skin of all
strains tested, it was only detectable in footpads of BALB/c and to a
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Figure 1. Skin dendritic cell (DC) subset composition varies according to the
localisation and mouse strains. (a) Single-cell suspensions were prepared from back,
footpad and tail skin of C57BL/6, BALB/c, 129/Sv and CBA/J mice and analysed by
flow cytometry. CD11c+ CD3 DCs were selected among viable CD45+ cells.
Additional gating of Langerin /+ CD3 allowed to further eliminate T-cells with
low levels of CD3. The corresponding isotype controls are shown in Figure S1a.
Red gates highlight a percentage of Langerin+ CD103+ cells above 1%. Panels (b)
and (c) present the compiled percentage data of both skin DC subsets in different
skin areas and across the mouse strains, respectively (mean of two experiments,
n ≥ 4 mice in each condition; significant values: *<0.05; ***<0.0001). Dashed red
line indicates the 1% threshold below which staining was considered as
background. Percentages of Langerin- CD103+ dDCs are available in Figure S4a.

lesser extent of CBA/J mice. Langerin+ dDCs were missing from tail
skin in all strains. Immunofluorescence staining confirmed the
scarcity of Langerin+ dDCs in footpads of C57BL/6 but their presence in BALB/c mice (Figure S2c).
Variations in thickness and hairiness might impede uniform
enzymatic digestion of the different skin areas. Because they are
migratory, skin DCs can be isolated from skin-draining lymph
nodes (LNs). However, the LNs that drain the tail remain unclearly
defined (14). We identified the sciatic LN as a major draining site
for a coloured dye injected into the tail (Figure S3a). Mice with
skin-draining LN hypertrophy (15,16) also had enlarged sciatic LNs
(Figure S3b). Tg(Grm1)EPv mice that spontaneously develop melanomas on the tail (17) present with melanin-loaded sciatic LNs
(Figure S3c). Finally, tail skin inflammation triggered by the TLR7
agonist imiquimod (18) or the irritant chemical dibutylphthalate
(19) induced emigration of LCs into sciatic LNs (Figure S3d,e).
We therefore studied inguinal (draining back skin), popliteal
(footpads) and sciatic (tail) LNs, using mesenteric (intestine) LNs
as a control. Skin-derived DCs were distinguished from LN-resident DCs by the expression of the chemokine receptor CCR7 that
guides them upon emigration (Fig. 2a; 20). LCs were found in all
skin-draining LNs (Fig. 2b), but the percentage of Langerin+
dDCs varied greatly and was in line with our analysis at skin level
(Fig. 2c). They were clearly present in inguinal LNs of all strains,
in popliteal LNs of BALB/c and CBA/J mice only, and were totally
absent from sciatic LNs in all strains.
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Figure 2. Skin-draining LN DC composition depends on localisation and mouse
strain. (a) Inguinal, popliteal, sciatic and mesenteric LNs from C57BL/6, BALB/c,
129/Sv and CBA/J mice were prepared to obtain a single-cell suspension to identify
viable CD11c+CCR7+ DCs by flow cytometry. The corresponding isotype controls
are shown in Figure S1b. Red gates highlight a percentage of Langerin+ dermal
dendritic cells (dDCs) above 1%. Panels (b) and (c) represent the compiled
percentage data of Langerhans cells and Langerin+ dDCs, respectively, in different
LNs and mouse strains (mean of two experiments, n ≥ 5 mice in each condition).
Asterisks (*) indicate a significant difference between a given strain and C57BL/6
mice. Triangles (D) indicate a significant difference between a given LN and
inguinal LNs (* or D: P < 0.05; ** or DD: P < 0.005; *** or DDD: P < 0.0001).
Percentages of Langerin- CD103+ dDCs are available in Figure S4b.

Conclusions
While LCs are present in all skin types of all mouse strains, the distribution of Langerin+ dDCs appears site- and strain-specific. There
was an absence of Langerin+ dDCs from footpads and popliteal
LNs of C57BL/6 mice and 129/Sv and from tail and tail-draining
LNs of all strains. The major tail-draining LNs were identified as
the sciatic LNs based on a number of criteria including mobilisation by skin inflammation. Even upon skin DC mobilisation, no
Langerin+ dDCs were observed in sciatic LNs. Inefficient hapten
sensitisation on tail skin has been associated with the low density of
LCs in this area (10), but the lack of Langerin+ dDCs might contribute to this hyporesponsiveness (3). A recent report suggested a
complete absence of dDCs from footpads (11), but we found Langerin dDCs in all sites investigated (Figure S4).
Such differences among skin DC subsets are reminiscent of
mouse-strain-specific expression of the endocytic receptor Langerin
by LN-resident CD8+ DCs and gut DCs (21,22), and by the variations of plasmacytoid DC numbers linked to genetic polymorphisms
(23,24). Footpads and the tail have a particularly protective stratum
corneum, which might explain why immunosurveillance does not
necessarily require the highly immunocompetent Langerin+ dDCs.
Alternatively, a lack of Langerin+ dDCs could limit immune
responses in these areas that are constantly subject to physical stress.

ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd, Experimental Dermatology

Letter to the Editor

Our findings strongly encourage side-by-side analyses of human
DC subsets from different skin locations, that is areas exposed to
UV or mechanical stress (25,26), and across ethnic groups. This
may shed light on the frequencies of site-specific dermatitis or
tumor formation in diverse genetic backgrounds. Finally, our
results suggest new means to target specific DC subsets to manipulate the outcome of immunisation (27,28).

Acknowledgements
C.G.M. and V.F. designed the research study. B.V. and D.G.M. performed
experiments. P.S. and S.C. contributed the tg(Grm1)EPv mouse strain. B.V.
and V.F. analysed data. B.V., C.G.M. and V.F. wrote the paper.

References

1 Poulin L F, Henri S, de Bovis B et al. J Exp Med
2007: 204: 3119–3131.
2 Ginhoux F, Collin M P, Bogunovic M et al. J Exp
Med 2007: 204: 3133–3146.
3 Kaplan D H, Kissenpfennig A, Clausen B E. Eur J
Immunol 2008: 38: 2369–2376.
4 Noordegraaf M, Flacher V, Stoitzner P et al.
J Invest Dermatol 2010: 130: 2752–2759.
5 Henri S, Poulin L F, Tamoutounour S et al. J Exp
Med 2010: 207: 189–206.
6 Igyarto B Z, Haley K, Ortner D et al. Immunity
2011: 35: 260–272.
7 Bedoui S, Whitney P G, Waithman J et al. Nat
Immunol 2009: 10: 488–495.
8 King I L, Kroenke M A, Segal B M. J Exp Med
2010: 207: 953–961.
9 Merad M, Sathe P, Helft J et al. Annu Rev
Immunol 2013: 31: 563–604.
10 Toews G B, Bergstresser P R, Streilein J W.
J Immunol 1980: 124: 445–453.
11 Sen D, Forrest L, Kepler T B et al. Proc Natl
Acad Sci U S A 2010: 107: 8334–8339.
12 Bursch L S, Wang L, Igyarto B et al. J Exp Med
2007: 204: 3147–3156.

The authors wish to thank Jean-Daniel Fauny (CNRS UPR3572) for his
help with confocal microscopy analyses.
B.V. is funded by the French Ministry of Research and Higher Education and by the Fondation pour la Recherche Medicale (FDT20130928345).
V.F. and C.G.M. are supported by the CNRS. V.F. is recipient of a European Union Marie-Curie Career Integration Grant ‘Dermacro’. P.S. and
D.G.M. are financed by the Austrian Science Fund (Grants FWF-P214870
and FWF-W1101 to P.S.).

Conflict of interest
The authors have declared no conflicting interests.

13 Nagao K, Ginhoux F, Leitner W W et al. Proc
Natl Acad Sci U S A 2009: 106: 3312–3317.
14 Harrell M I, Iritani B M, Ruddell A. J Immunol
Methods 2008: 332: 170–174.
15 Duheron V, Hess E, Duval M et al. Proc Natl
Acad Sci U S A 2011: 108: 5342–5347.
16 Hess E, Duheron V, Decossas M et al. J Immunol
2012: 188: 1245–1254.
17 Pollock P M, Cohen-Solal K, Sood R et al. Nat
Genet 2003: 34: 108–112.
18 Suzuki H, Wang B H, Shivji G M et al. J Invest
Dermatol 2000: 114: 135–141.
19 Kissenpfennig A, Henri S, Dubois B et al. Immunity 2005: 22: 643–654.
20 Ohl L, Mohaupt M, Czeloth N et al. Immunity
2004: 21: 279–288.
21 Flacher V, Douillard P, Ait-Yahia S et al. Immunology 2008: 123: 339–347.
22 Chang S Y, Kweon M N. Immunol Rev 2010:
234: 233–246.
23 Asselin-Paturel C, Brizard G, Pin J J et al.
J Immunol 2003: 171: 6466–6477.
24 Pelletier A N, Guimont-Desrochers F, Ashton M
P et al. J Immunol 2012: 188: 5561–5570.

ª 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd, Experimental Dermatology

25 Martires K J, Domingo D S, Hsia A et al. Exp
Dermatol 2011: 20: 280–282.
26 Ruutu M P, Chen X, Joshi O et al. Exp Dermatol
2011: 20: 534–536.
27 Romani N, Thurnher M, Idoyaga J et al. Immunol Cell Biol 2010: 88: 424–430.
28 Ettinger M, Gratz I K, Gruber C et al. Exp Dermatol 2012: 21: 395–398.

Supporting Information
Additional Supporting Information may be found in
the online version of this article:
Figure S1. Isotype control stainings for flow cytometry analyses.
Figure S2. Identification of Langerhans cells (LCs)
and Langerin+ dermal DCs in situ.
Figure S3. The sciatic LNs drain tail skin.
Figure S4. Quantification of Langerin CD103+ and
Langerin CD103 dermal DCs in the skin and in
skin-draining LNs.
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