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Abstract

Langerhans cells (LCs) are a distinct subset of DCs that resides in the epidermis and other 

epithelia. They are potent antigen-presenting cells and strong inducers of T-cell responses. Like 

other DC types, LCs express C-type lectins that serve as antigen/pathogen uptake receptors, with 

Langerin/CD207 being the characteristic LC C-type lectin. In this issue of the European Journal 

of Immunology, Geijtenbeek and colleagues [Eur. J. Immunol. 2011. 41: 2619–2631] assign a role 

to Langerin on human LCs for binding and capturing measles virus. Interestingly, however, this 

function does not correlate with productive infection or with cross-presentation of measles virus. 

These authors show that measles virus does not infect the LCs via Langerin, and that LCs cannot 

cross-present the virus to CD8+ T cells; however, presentation of this virus to CD4+ T cells occurs 

and is dependent on virus capture by Langerin. Thus, cross-presentation of measles virus may be 

left to skin DCs other than LCs. This highlights the complexity of anti-viral T-cell responses that 

originate in the skin and also emphasizes the need for intensified investigations into human skin 

DCs in order to be able to ultimately harness their potential for immunotherapy.
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The function of Langerhans cells

The precise function of Langerhans cells (LCs) in vivo is still not entirely clear [1]. Without 

doubt, LCs make first contact with many microbes entering the body through the surface of 

the skin and mucosae. From this, it was inferred that LCs would invariably induce immunity 

against these pathogens. This assumption was supported by ample in vitro evidence for an 

immunogenic, T-cell stimulatory function of LCs [2]; however, about 8 years ago, this 

concept began to be repeatedly challenged with regard to certain viral and parasitic 

infections (and in other models). For example, LCs in skin-draining lymph nodes cannot 

present antigen derived from cutaneous herpes simplex virus-1 [2]; and vaginal submucosal 

DCs, but not LCs, induce protective Th1 responses to herpes simplex virus-2 [3]. Likewise, 

during infection with leishmania, parasites are presented by DCs other than LCs in the 
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draining lymph nodes [4]. Complementing these studies, other groups demonstrated that 

LCs are involved in immune responses in a downregulatory, rather than a protective, manner 

against pathogens invading the skin. For example, Kautz-Neu et al. [5] recently reported that 

LCs are negative regulators of immune responses against Leishmania by inducing regulatory 

T cells which downmodulate excessive T-cell responses. The notion that LCs may 

predominantly play an immune-dampening, perhaps tolerogenic role, thus appears to be 

gaining ground.

The function of Birbeck granules and the Langerin receptor

Langerin/CD207 was first identified by Saeland and Valladeau [6] as a main component of 

Birbeck granules (Fig. 1). For many years, this organelle remained functionally “enigmatic” 

but it was a helpful ultrastructural hallmark for LCs by its conspicuous tennis racket or rod 

shape. Thorough cell biological studies by Daniel Hanau’s group suggest that Birbeck 

granules may not be primarily involved in endocytosis but rather are part of the endosomal 

recycling network [7, 8]. Although the Langerin receptor was initially regarded as a highly 

specific marker for LCs, it soon became clear that other cell types also express it, namely 

dermal/interstitial CD103+ DCs and lymph node resident CD8+ DCs [1, 9]. Nonetheless, 

Langerin remains a highly useful and reliable marker for LCs.

Langerin binds mannose- and fucose-containing carbohydrates as are present in the 

glycoproteins of HIV and HSV envelopes. Additionally, it binds mannose and β-glucans 

from fungal cell walls, e.g. Candida, Saccharomyces, or Malassezia furfur. For all these 

pathogens, Langerin is probably important for their incorporation into cells and it influences 

the ensuing immune response. “Probably” because virtually no studies exist to date that 

directly investigate the interactions of defined pathogens with Langerin in binding, uptake, 

and intracellular routing in LCs, nor the magnitude and quality of the resulting immune 

responses – except the group of Theo Geijtenbeek, whose article in this issue of the 

European Journal of Immunology [10] we discuss here.

These authors have been working on the concept of LCs as a first line of defense against 

virus penetrating the skin and mucosa for several years (reviewed in [11]). They pinpointed 

Langerin as a major, broadly specific pathogen receptor on LCs that can capture HIV-1 [12], 

herpes simplex virus (HSV)-2 [13], or fungi [14]. For HIV, Langerin acts as a neutralizing 

molecule in that it captures low numbers of HIV and causes degradation of the viral particles 

within the Birbeck granules. This leads to a block in virus transmission to T cells. Thus, it 

functions as a fast innate defense mechanism [12] and the group of Geijtenbeek was the first 

to highlight such a hitherto unexpected innate effector function of LCs.

In this issue of the European Journal of Immunology, Geijtenbeek’s group extend their 

studies to another virus, namely measles virus, and show that this virus also binds to 

Langerin [10]. Tracing endocytosed anti-Langerin antibody by immunoelectron microscopy, 

they reveal that Langerin moves from the plasma membrane to Birbeck granules and, at least 

in part, into lysosomes and MHC-class II-containing vesicles, i.e. those organelles where 

antigen processing for the MHC II pathway occurs. This suggests that the pathway for 

Langerin-captured measles virus may be the same as for the anti-Langerin antibody. The 
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authors’ observation that measles virus is presented to CD4+ T cells may be taken as 

confirmation and ultrastructural tracing studies of the virus particles themselves will 

certainly follow soon.

Physiological context of Langerin-mediated capture of measles virus

LCs in lung epithelial tissue, where the measles virus typically enters the body [15], are 

immature and express only Langerin but not CD150, the other measles virus receptor. 

Geijtenbeek and colleagues [10] show that these immature LCs – at least their skin 

equivalents – do not become productively infected but rather present measles antigen by 

MHC class II to CD4+ T cells. In contrast, mature LCs (migratory LCs from skin explants in 

this case) are infected and are able to stimulate CD8+ T-cell responses via the classical MHC 

class I pathway. Importantly, neither immature nor mature LCs were able to cross-present 

UV-inactivated virus nor apoptotic measles virus-infected cells. This leads to a hypothetical 

scenario whereby immature LCs lining the lung tissue in the upper respiratory tract can 

incorporate invading measles virus and induce CD4+ T-cell responses to fight the infection, 

whereas mature LCs in the mediastinal lymph nodes are able to catch virus there and 

stimulate an additional CD8+ T-cell response.

DCs in the subepithelial lung tissue might also be involved in immune responses against 

measles virus but they were not tested for T-cell stimulation in the current paper by 

Geijtenbeek and colleagues [10]. Since it is logistically extremely difficult to retrieve 

sufficient numbers of these cells from human lung tissue, the authors used monocyte-derived 

DCs instead. These DCs, following culture with measles virus, were able to stimulate CD4+ 

T cells to a similar extent as virus-cultured LCs but induced stronger CD8+ T cell responses. 

Furthermore, the monocyte-derived DCs potently cross-presented UV-inactivated and cell-

associated measles virus on MHC class I molecules indicating that interstitial DCs, for 

which monocyte-derived DCs sometimes serve as a model, could – in addition to LCs – be 

involved in anti-measles virus responses and be in charge of the induction of CD8+ T-cell 

responses. This is an interesting open question to be addressed in subsequent studies. These 

data also support the notion that different subsets of DCs may not only differ in the types of 

pathogens that they handle, but may perhaps also divide the labour when fighting one type 

of pathogen such as the measles virus discussed here.

“Real” LCs versus “model” LCs

One point of the paper by Geijtenbeek and colleagues [10] merits further emphasis. It goes 

without saying that “real” LCs, as obtained from the skin by various techniques, are not 

necessarily identical in all features with “model” LCs, such as the frequently used CD34-

derived LCs [16, 17]. Yet, quite often these two categories of cells are used in one and the 

same study but are not semantically separated in a clear way. The study by Geijtenbeek and 

colleagues [10] is very clear in this regard as only “real” LCs were used. These cells were 

isolated from human skin by standard trypsinization techniques (immature LCs) or by 

migration from epidermal explant (sheet) cultures (mature LCs). It is plausible indeed, as 

discussed by the authors, that this may account for an important discrepancy in the cross-

presentation data. Although “real” human LCs in the Geijtenbeek and colleagues study [10] 
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cannot cross-present, the Banchereau-Palucka group have reported cross-presentation by in 

vitro-generated “LCs” [18, 19]; however, only when the antigen was conjugated to an 

antibody against an antigen uptake receptor on LCs (human DCIR) could CD8+ T-cell 

responses be measured by pentamer staining and interferon-γ release, i.e. was cross-

presentation by “real” LCs truly determined [20]. Incidentally, we have recently pointed out 

another area where profound differences in LC preparations occur, namely LC responses to 

thymic stromal lymphopoietin (TSLP). The Th2-skewing capacity of thymic stromal 

lymphopoietin can only be observed with “real” LCs from skin [21] but not with CD34-

derived LCs [22].

These considerations regarding LC preparation become particularly relevant when LCs are 

used as targets for immunotherapy [23], be it when in vitro-generated LC-like cells are 

loaded with tumor antigens and administered to cancer patients as recently shown [24, 25] or 

when LCs are directly manipulated in vivo by means of C-type lectin-specific antibodies as 

envisaged for the future [26, 27].

Mouse versus human

In a similar way, caution is warranted when comparing data from mouse and human models. 

Obviously, it is logistically much easier to work with mouse LCs, and therefore more is 

known about the functions of these cells. In the mouse, it has been unequivocally shown that 

“real” LCs can cross-present protein antigens in vitro. These experiments were performed in 

a way that a “contaminating” contribution of Langerin+ dermal DCs could definitively be 

ruled out [28]. At first glance, this contrasts with the data from human LCs reported by 

Geijtenbeek and colleagues [10]. However, different antigens were used: ovalbumin protein 

in the mouse and virus particles in human. Clearly, much more work is needed and 

premature generalizations should be avoided.

Outlook

Further questions are stimulated by this report. The authors have shown previously that 

HIV-1 is captured by Langerin on LCs and subsequently degraded in the Birbeck granules 

[12]. Are measles virus particles also destroyed in the Birbeck granules? The authors have 

not directly addressed this. Can this novel innate function of LCs (reviewed in [29]) possibly 

be generalized to other viruses beyond HIV and measles? Conversely, one wonders whether 

HIV-1 is also not cross-presented to CD8+ T cells by human LCs? Since HIV-1 and measles 

virus seem to use the same Langerin uptake receptor in LCs, it is reasonable to assume that 

similar intracellular pathways of processing are used. Is the degradation of HIV-1 in Birbeck 

granules complete such that there is nothing left for routing into the cross-processing/cross-

presentation pathway? The authors speculate that this may be a reason for the lack of cross-

presentation of measles virus by LCs. Thus, for HIV-1 we now know its intracellular fate 

but not whether it is cross-presented [12], with measles virus the situation is reversed: we do 

not know its intracellular fate but it seems clear that it is not cross-presented [10]. All in all, 

this new study by Geijtenbeek and colleagues is another important and stimulating step 

toward understanding the in vivo role of LCs as defenders against pathogens invading the 

body through epithelia, or – paradigmatically – as “catchers in the rye” [30].
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Figure 1. 
Transmission electron microscopy of a human LC, as identified by the rod-shaped Birbeck 

granules (yellow arrows), that was exposed to HIV-1 in vitro. The cell contains one clearly 

discernible HIV-1 particle (open red arrow). This is the “stage” where the article by 

Geijtenbeek and colleagues “plays.” Diameter of the HIV-1 particle and the scale bar is 

about 100 nm.
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