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Abstract
Although the role of Langerhans cells (LC) in skin immune responses is still a matter of debate, it
is known that LC require the chemokine receptor CCR7 for migrating to skin-draining LN. A
report in the current issue of the European Journal of Immunology unfolds some of the intricacies
of LC migration, showing that LC need CXCR4, but not CCR7, for their migration from the
epidermis to the dermis. Thus, LC migration to skin-draining LN occurs in two distinct phases: a
first step from the epidermis to the dermis regulated by CXCR4 and a second CCR7-dependent
step from the dermis to LN. Here we discuss the potential implications of this new two-step LC
migration paradigm.
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Role of Langerhans cells (LC) in skin-associated immune responses
LC are a special type of DC found in the stratified epithelium of the epidermis, cornea, oral
cavity, esophagus, vagina and uterine cervix. Even though LC were described more than 100
years ago, the immunological function of LC remains enigmatic [1–4]. The study of LC was
initially hindered by a lack of good LC markers that are able to specifically target these cells
in vivo. Therefore, insights about LC function were originally provided by in vitro
experiments in which it was shown that ex vivo-differentiated LC primed T cells much more
efficiently than dermal DC (dDC) or monocyte-derived DC [5–8]. These results [5–8] led to
the classical view that LC play a prominent role in skin immunity by capturing and
processing antigens in the epidermis in order to activate T cells in the skin-draining LN;
however, the advent of new LC markers made it possible to engineer mice in which LC
could be depleted in vivo and recent results using these new mouse models have challenged
our traditional view of the role of LC in skin immunity [1, 3].

Two proteins are currently used as LC markers, the C-type lectin langerin (which
contributes the formation of LC’s characteristic Birbeck granules) and epithelial cell
adhesion molecule (EpCAM) [1]. EpCAM is expressed in LC, but not in other DC subsets
[9], whereas langerin is also expressed in a subset of dDC and in some CD8α+ DC in LN [1,
3, 10]. Based on the expression of these markers, at least three DC subsets can be found in
the skin: LC (EpCAM+langerin+) and two subsets of dDC (EpCAM−langerin+ or

© 2008 WILEY-VCH Verlag GmbH & KGaA, Weinheim
Full correspondence: Dr. Jorge R. Mora, Massachusetts General Hospital, Harvard Medical School, 55 Fruit St, GRJ-815, Boston, MA
02114, USA Fax: +1-617-849-5771 j_rodrigo_mora@hms.harvard.edu.
Conflict of interest: The authors declare no financial or commercial conflict of interest.

NIH Public Access
Author Manuscript
Eur J Immunol. Author manuscript; available in PMC 2011 October 31.

Published in final edited form as:
Eur J Immunol. 2008 November ; 38(11): 2975–2980. doi:10.1002/eji.200838919.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



EpCAM−langerin−). Given the initial belief that langerin was specific for LC, different
groups independently created mice in which it was possible to deplete langerin+ LC either
constitutively [11] or in a transient and inducible manner [12, 13]. Surprisingly, these
studies gave some unexpected and even contradictory findings, with reports suggesting an
important role of LC in skin immunity [12, 14–16], whereas other studies found that LC
were dispensable for inducing skin-associated immune responses [13, 15]. These disparate
observations may be explained, at least in part, by the variable degree of deletion of other
DC subsets that also express langerin (including some dDC) and also by the timing of LC
depletion and the protocols used for antigen dose/administration [3, 4]. More recent studies
[10, 15] in which LC were selectively depleted, while other langerin+ DC subsets (including
dDC) were preserved, did not show an essential role for LC in inducing contact
hypersensitivity responses to either haptens or peptide antigens [10, 15] or in a model of
skin allograft rejection [17]. Nonetheless, although LC may not be strictly required for skin
immune responses in some settings, they might still be sufficient to trigger effective
protective or pathogenic skin immune responses. Consistent with this possibility, allogeneic
LC are sufficient to trigger skin graft-versus-host disease in the absence of host-derived dDC
[18].

Studies involving infection with skin-tropic viruses have also generated some intriguing
results. During infection with HSV, dDC or CD8α+ DC in LN, but not LC, were involved in
presenting viral antigens and inducing HSV-specific T-cell responses, suggesting that LC
are not required for mounting anti-viral immune responses [19, 20]. A caveat for the
interpretation of these studies [19, 20] is that HSV are cytolytic viruses that can either kill
and/or affect LC maturation [4]. In fact, impairment of LC function may represent a
mechanism by which these viruses evade protective immune responses. Other viruses, such
as HIV, can infect LC without inducing cell death, but instead use LC as “Trojan horses” for
spreading the infection to other DC and T cells [4].

DC maturation changes the expression of chemokine receptors
Immature DC (iDC) express CCR1, CCR2, CCR5, CCR6 and CXCR1, endowing iDC with
the capacity to migrate to inflamed areas where they capture and process antigens [21]. On
the other hand, CXCR4 and CCR7 are expressed at very low levels on these cells [22, 23].
Upon exposure to inflammatory stimuli, iDC undergo maturation and markedly upregulate
the expression of CXCR4 and CCR7 [22]. Although CXCR4 and CCR7 have been
considered as “late genes” due to their expression on DC 24 h after exposure to maturation
stimuli [24], Ouwehand et al. [25] show in this issue of the European Journal of
Immunology that, in LC, the expression of CXCR4 and CCR7 can be temporally dissociated,
with CXCR4 being expressed within 24 h after hapten exposure, whereas CCR7 is highly
induced only after 48 h [25]. These data suggested that LC may require CXCR4 during the
early stages of their migratory journey from the epidermis to the LN [25].

LC maturation and migration from the epidermis
LC exhibit some distinctive and unique properties compared with other DC, for example,
LC absolutely require TGF-β for their differentiation [1, 26]. LC also exhibit a very slow
turnover under steady-state conditions compared with other DC subsets (including dDC),
which undergo renewal at a much faster rate [1, 27]. During skin inflammation, LC turnover
is rapidly and markedly increased [18, 27]. The increased LC turnover allows the
recruitment of new bone-marrow-derived LC precursors to the epidermis, a process that
requires the expression of CCR2 and CCR6 on LC precursors [18, 27].

In order to leave the epidermis, LC need to cross the basement membrane at the dermo-
epidermal junction [21, 28]. IL-1β and TNF-α play a central role in the process of LC
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migration across the basement membrane [21]. Upon initiation of the maturation process,
LC produce IL-1β, which induces TNF-α secretion from adjacent keratinocytes [21, 28].
TNF-α contributes to decreasing the attachment between LC and keratinocytes by
downregulating E-cadherin and by inhibiting the expression of CCR6, which renders LC
insensitive to CCL20 produced by keratinocytes [21, 28]. TNF-α also induces the expression
of α6β1 integrin on LC [29], which is important for their interaction with extra-cellular
matrix proteins such as laminin that is present in the basement membrane of the epidermis
[28, 30]. The integrin LFA-1 (leukocyte function-associated antigen-1) is also implicated in
skin DC migration to LN and the LFA-1 ligand ICAM-1 is expressed by lymphatic
endothelial cells [28].

Role of CCR7 and CXCR4 in skin DC migration to LN
It has been demonstrated that CCR7 is crucial for DC migration from peripheral tissues to
the draining LN at all major surfaces exposed to the external environment, including the
lungs, the intestinal mucosa and the skin [31–33]. In fact, CCR7-deficient mice or plt/plt
mutant mice (which lack the CCR7 ligands CCL19 and CCL21-Ser) have a severe defect in
LC migration to the skin-draining LN [31, 34–36]; however, this defect is not complete and
these mice show some residual DC migration to this lymphoid compartment [31, 34, 36],
suggesting the existence of a CCR7-independent mechanism of DC migration to LN.

More recently, Kabashima et al. [37] showed that CXCR4, which is induced on DC upon
maturation, also plays a role in the migration of skin DC to LN. Consistent with this finding,
the CXCR4 ligand CXCL12 is expressed by lymphatic endothelial cells in the murine skin
[37]. Importantly, contact hypersensitivity was impaired when blocking CXCR4 with a
selective pharmacological antagonist [37], demonstrating that this receptor is required for an
effective cutaneous immune response in this setting. However, until the current report [25],
the precise role of CXCR4–CXCL12 in skin DC migration was unknown. Ouwehand et al.
[25] demonstrate that dermal fibroblasts exposed to TNF-α produced CXCL12 and that
human stromal cells in the dermis markedly increased their expression of CXCL12 under
inflammatory conditions. An analogous increase in CXCL12 mRNA was previously
observed in murine skin upon hapten exposure [37]. Moreover, using human skin explants,
Ouwehand et al. [25] demonstrate that CXCR4 and CXCL12 are crucial for LC migration
from the epidermis to the dermis (Fig. 1). Migration of LC to the dermis is abrogated by
CXCR4 or CXCL12 blocking antibodies, whereas antagonizing the CCR7 ligands CCL19
and CCL21 does not affect this process, indicating that CCR7 is not required for LC
migration to the dermis [25]. Ouwehand et al.’s data [25] are consistent with previous work
[31] showing that LC mobilization from the epidermis to the dermis was not altered in
CCR7-deficient mice, whereas DC entry into the dermal lymphatics was abrogated in the
absence of this receptor. All together, these data support a model in which LC migrate to LN
in two phases: following initial exposure to inflammatory stimuli, LC upregulate CXCR4
and migrate to the dermis in a CXCR4–CXCL12-dependent and CCR7-independent manner.
Once LC are in the dermis, they increase their expression of CCR7 and enter into the dermal
lymphatics in order to migrate to LN (Fig. 1). This additional step involving CXCR4
upregulation and migration to the dermis in addition to the delayed expression of CCR7 may
contribute to explaining as to why the migration of dDC into the skin-draining LN occurs
within 24–48 h, whereas the peak in LC accumulation is only observed at day 4 [2].

Potential implications of a two-step LC migration mechanism
Why do LC need to upregulate a chemokine receptor other than CCR7 to exit from the
epidermis? CCR7 is induced only at later stages of LC maturation and its ligands CCL19
and CCL21 are expressed in lymphatic endothelial cells that are not immediately underneath
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the epidermal layer, making them not readily available for LC that are still in the epidermis
[25]. Therefore, earlier CXCR4 expression confers upon LC the capacity to migrate faster to
the dermis where the CXCR4 ligand CXCL12 is increased during inflammation [25]. Once
in the dermis, LC complete their maturation and upregulate CCR7, allowing their final
migration to LN [25].

The temporal dissociation of CXCR4 and CCR7 expression would also permit LC to
transiently dwell in the dermis before continuing their transit to the LN, potentially allowing
these cells to interact with and deliver antigens to resident dDC [25]. The latter could be
envisioned as a mechanism for amplifying an immune response by recruiting more DC to
present antigens in the LN. On the other hand, infectious agents, such as HIV, may subvert
this mechanism and use it to spread the infection to other DC and T cells [4]. A temporary
stay in the dermis may also serve as a checkpoint, allowing LC to integrate other
environmental cues that may influence their function and also determine whether they will
continue their transit to LN. Among those potential “licensing” signals are some eicosanoids
produced during inflammation, such as PGE2 and cysteinyl leukotrienes, which have been
shown to enhance CCR7 expression and functionality [38, 39] and increase MMP
expression [40] in DC.

Although the results presented by Ouwehand et al. [25] confirm the notion that CCR7 is not
necessary for LC emigration from the epidermis [31], they do not exclude that, in the
absence of CXCR4, this receptor may be able to compensate and trigger LC exit from the
epidermis in a CCR7-dependent manner. In this regard, it would be interesting to assess
whether, upon exposure to contact sensitizers, CCL19 or CCL21 can induce LC exit from
epidermal sheets after blocking CXCR4–CXCL12. Another approach would be to
specifically delete CXCR4 in langerin+ DC (e.g. through the use of langerin-driven Cre
expression) and assess whether LC are impaired to exit the epidermis in the absence of
CXCR4 when compared with wild-type or CCR7-deficient LC.

It is worth mentioning that CXCR4–CXCL12 interaction might also have other effects on
LC, such as enhancing their survival and maturation [41]. In addition, CXCR4–CXCL12
interaction has been shown to upregulate MMP in some tumors [42, 43]. Since LC need
MMP in order to cross the basement membrane and exit the epidermis [44], it is tempting to
speculate that MMP upregulation might be another mechanism by which CXCR4–CXCL12
contributes to LC migration to the dermis; however, whether CXCR4–CXCL12 interaction
upregulates MMP in LC remains to be determined.

Is there an analogous multi-step mechanism for DC migration in other major tissues exposed
to the external environment? Even though the bronchial and the intestinal lamina propria do
not seem to harbor a low-turnover population of DC (analogous to LC in the epidermis),
CCR7 is also required for DC migration from these tissues into their corresponding draining
lymphoid tissues [32, 33]. Moreover, in the lungs, another chemokine–chemokine receptor
pair, CCR5–CCL5, seems to be necessary in order to induce DC maturation and allow
subsequent CCR7-dependent migration to bronchial-associated lymphoid tissues [45],
suggesting that, at least in the lung, DC migration might also be controlled by a multi-step
chemokine-driven mechanism.

Finally, are there any settings in which the upregulation of CXCR4 and CCR7 is uncoupled
in LC? The existence of two distinct and mechanistically independent LC migration steps
opens the possibility that under some conditions they can be dissociated and LC are arrested
in their first stage of migration. In fact, although inflammatory stimuli such as haptens
efficiently induce LC maturation and their sequential expression of CXCR4 and CCR7, it
has been reported that solar UV radiation induces CXCR4 but not CCR7 on LC [46]. A
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similar uncoupling can be induced pharmacologically by treating DC with some retinoids
[47]. Under these conditions, one may predict that LC would accumulate in the dermis
without reaching the LN. This abortive migration may underlie, at least in part, the
immunosuppressive effect observed upon skin exposure to UV radiation [48].

As discussed above, the precise role of LC in skin immunity is still a matter of debate.
Nonetheless, this newly proposed two-step model suggests that LC migration to LN requires
precise regulation. This regulation implies that, in the non-inflamed steady state, CCR7-
dependent DC migration to LN mostly consists of dDC, whereas LC would remain confined
to the epidermal compartment and would join the dDC pool only during skin inflammation
after upregulating CXCR4.
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Figure 1.
Two-step Langerhans cell migration to LN. Dermal DC (dDC, EpCAM− and either
Langerin+ or Langerin−) constitutively migrate to the LN in a process dependent on CCR7
and its ligands CCL19 and CCL21-leu (leucine isoform of CCL21), which are expressed by
lymphatic endothelial cells. On the other hand, during steady-state non-inflammatory
conditions, immature Langerhans cells (iLC, Langerin+EpCAM+) do not express CXCR4 or
CCR7 and remain mostly restricted to the epidermal compartment (left panel). Upon
exposure to inflammatory agents (e.g. haptens), iLC undergo maturation and upregulate
CXCR4, whose ligand CXCL12 is also increased in the dermis during inflammation (right
panel). CXCR4 expression allows maturing LC (mLC, Langerin+EpCAM+) to cross the
dermo-epidermal junction and reach the dermis (first step). In the dermis, mLC acquire high
levels of CCR7, endowing these cells with the capacity to migrate to skin-draining LN
(second step). It is also possible that mLC functionally interact with dDC during their time
in the dermis.
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