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Langerhans cells (LCs) are a distinct
population of dendritic cells that form a
contiguous network in the epidermis of
the skin. Although LCs possess many of
the properties of highly proficient den-
dritic cells, recent studies have indicated
that they are not necessary to initiate
cutaneous immunity. In this study, we
used a tractable model of cutaneous
GVHD, induced by topical application of a

Toll-like receptor agonist, to explore the
role of LCs in the development of tissue
injury. By adapting this model to permit
inducible and selective depletion of host
LCs, we found that GVHD was signifi-
cantly reduced when LCs were absent.
However, LCs were not required either for
CD8 T-cell activation within the draining
lymph node or subsequent homing of
effector cells to the epidermis. Instead,

we found that LCs were necessary for
inducing transcription of IFN-� and other
key effector molecules by donor CD8
cells in the epidermis, indicating that they
license CD8 cells to induce epithelial in-
jury. These data demonstrate a novel regu-
latory role for epidermal LCs during the
effector phase of an inflammatory im-
mune response in the skin. (Blood. 2011;
117(26):7063-7069)

Introduction

The skin is the largest organ in area and contains multiple
immune-competent cells. Langerhans cells (LCs) are a population
of myeloid cells characterized by their expression of the C-type
lectin, Langerin, and their location as a dense, interlacing network
within the epidermal layer of the skin.1 Although LCs were the first
dendritic cell (DC) population to be characterized,2 their precise
role in regulating cutaneous immunity has proven elusive. LCs
possess many of the key attributes of highly proficient DCs,
including their ability to migrate to draining lymph nodes (LNs) on
activation. However, only a few studies have shown a specific
requirement for this population in initiating cutaneous immunity.3,4

Moreover, recent experimental innovations permitting isolated
depletion of Langerin� DCs have demonstrated the existence of a
novel Langerin� dermal DC population that is distinct from
migratory LCs,5-7 and these DCs are probably responsible for some
of the functions attributed to LCs in earlier studies.5,8 Indeed, when
viewed purely from the perspective of immune response initiation,
the role of LCs appears to be relatively minor. Genetic studies,
including selective depletion of epidermal LCs, have suggested
alternative roles as negative regulators of cutaneous immunity9 or
in innate immunity relating to barrier functions.10 However, a clear
function for LCs compared with other skin DCs has not, to our
knowledge, been defined.

In the steady state, the LC population is maintained without
recruitment of bone marrow (BM) precursors from proliferation
of radio-resistant Langerin� LCs within the epidermis.1,11 This
fact has been exploited in elegant BM chimera experiments to
demonstrate that LCs are capable of initiating GVHD-like
lesions under circumstances where MHC allo- or model self-

antigen presentation is restricted to the LC compartment.12,13

However, it remains unclear as to whether this population is
necessary to induce injury under circumstances where other DC
populations capable of presenting the relevant antigens are also
present.14

We have previously demonstrated that induced innate immune
activation via topical application of a TLR-7 or TLR-8 agonist
(imiquimod) at the time of T-cell transfer to MHC-mismatched
allogeneic chimeras induces recruitment of effector T cells to the
skin and induction of severe, localized epithelial GVHD.15 By
adapting this model to allow inducible and selective host LC
depletion, we have examined their role in regulating the develop-
ment of cutaneous injury.

Methods

Animals

Balb/c.PL-ThyaCy (Thy1.1) and CD11c.DTR/GFP (B6.FVB-Tg(Itgax-DTR/
EGFP)57Lan/J) were purchased from The Jackson Laboratory.
Langerin.DTREGFP (B6.129S2-Cd207tm3Mal/Orl) mice were kindly pro-
vided by Bernard Malissen and Adrien Kissenpfennig (Université de la
Mediterrannée, France). BALB/c mice were purchased from Charles River
Laboratories, and C57BL/6 (B6) mice were bred in house. Procedures were
conducted in accordance with the United Kingdom Home Office Animals
(Scientific Procedure) Act of 1986 and were approved by the Ethics and
Welfare Committee of the Royal Free and University College London
Medical School.
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BM transplantation and delayed leukocyte transfer

Procedures for the generation of allogeneic chimeras and transfer of donor
splenocytes were performed as described previously.16 Recipient mice were
lethally irradiated (11 Gy x-ray irradiation, 0.55 Gy/min split into 2 fractions
separated by 48 hours), and T cell–depleted BM cells were injected
intravenously 4 hours later. To generate mixed allogeneic chimeras, a total
of 2 � 107 T cell–depleted BM cells from B6 (or CD11c-DTR) and
BALB/c mice were injected at a 1:1 ratio into B6 or Langerin.DTR mice.
Eight weeks after reconstitution, established allogeneic chimeras received
3 � 107 BALB/c Thy1.1 (donor) splenoctyes intravenously.

GVHD model

One-fourth of a 12.5-mg sachet of imiquimod (� 3 mg imiquimod; Aldara,
Meda Pharmaceuticals) was topically applied to a shaved area of 2.25 cm2

on the back of established chimeras on days 0, 5, and 10 relative to transfer
of donor splenocytes. To deplete CD11chigh DCs or LCs, 100 ng or 500 ng
of diphtheria toxin (DT; Sigma-Aldrich), respectively, was administered by
intraperitoneal injection as described previously.17,18 GVHD scoring of
histologic sections was performed as described previously.16

Antibodies and flow cytometry

The following antibodies were used for cell surface staining: anti-CD4–
fluorescein isothiocyanate, phycoerythrin (PE), or allophycocyanin (L3T4),
anti-CD8�–PE or allophycocyanin (Ly-2), anti-CD11b–allophycocyanin
(M1/70), anti-CD90.1–FITC or biotin (HIS51), anti-B220–PE-Cy5 (RA3-
6B2), anti-CD62L–PE (MEL-14), and anti-CD86–PE (GL1), all purchased
from eBioscience. Anti-CD11c–PE (N418) was purchased from Miltenyi
Biotec. Anti-I-Ab–PE or biotin antibodies (AF6-120.1) were purchased
from BD Biosciences. Detection of biotinylated antibodies was performed
using fluorescein isothiocyanate, peridinin chlorophyll protein, or allophy-
cocyanin conjugated to streptavidin (BD Biosciences). Flow cytometry was
performed on a FACSCalibur (BD Biosciences).

Isolation of epidermal cells

Excised skin was incubated in 0.25% (weight/volume) trypsin solution
(Sigma-Aldrich) for 2 hours at 37°C. Epithelial sheets were peeled carefully
from the dermis and agitated in PBS/10% FBS to generate single-cell
suspensions. Thy1.1�CD8� epidermal cells were sorted on a FACSAria II
(BD Biosciences).

Quantitative real-time PCR

Methods for quantitative real-time PCR have been described previ-
ously.19,20 For tumor necrosis factor-related apoptosis-inducing ligand
mRNA, the forward primer was 5�-ATGGTGATTTGCATAGTGCTCC-3�
and reverse primer was 5�-GCAAGCAGGGTCTGTTCAAGA-3�.

Cytotoxicity assays

Cytotoxicity assays were performed in vivo as described previously.20

B cells were isolated from B6 (host-type) and BALB/c (donor-type)
splenocytes by immunomagnetic separation. The B cells were then
differentially labeled with either low-dose (0.5�M) or high-dose (5�M)
carboxyfluorescein succinimidyl ester, mixed at a ratio of 1:1, and injected
intravenously at a total of 1 � 107 cells per recipient. Sixteen hours later,
cells recovered from the spleen were analyzed by flow cytometry for the
presence of carboxyfluorescein succinimidyl ester-labeled cells. Specific
cyotoxicity was calculated from the ratio of target (host) and control (donor)
cells as previously described.20

Statistics

Analysis was performed using the Student t test (2-tailed), except for
evaluation of GVHD scores where the Mann Whitney test (2-tailed) was
used. A P value � .05 was considered significant.

Histology

Cutaneous GVHD was scored blind on skin sections stained with H&E.
Images were acquired with a Zeiss Axioskop 2 upright microscope
(objective lens 20�/0.50) fitted with an AxioCam camera (Zeiss), using
Axiovision 4 software (Zeiss).

Results

LCs are required for the development of cutaneous GVHD

In selection of an appropriate model to examine the role of LCs in
mediating cutaneous injury, we exploited a model of graft-versus-
host reactivity where both LCs and other, non-LC, DC populations
would be capable of presenting alloantigen. We have shown
previously that delayed transfer of donor T cells to MHC-
mismatched mixed chimeras (MCs, where donor and recipient
hematopoietic cells coexist) readily elicits antihost cytotoxic
T lymphocyte (CTL) reactivity.15,20 Infused donor T cells are
primed directly by host-strain BM-derived antigen-presenting
cells21; and, in line with their known efficiency in priming adaptive
immunity to foreign antigens, host conventional CD11chigh DCs are
capable of initiating the response.22 To determine whether host
conventional DC populations were also required for priming, we
adapted this model to permit inducible and specific depletion of
host-derived CD11chigh cells at the time of donor splenocyte
transfer (Figure 1A). In these experiments, B6 mice were reconsti-
tuted with a mixture of T cell-depleted BALB/c and CD11c.DTR/
green fluorescent protein (GFP) BM. CD11c.DTR/GFP mice are on
a host-type B6 background and express a high affinity diphtheria
toxin receptor (DTR) sequence downstream of the CD11c pro-
moter.18 After 8 weeks, intraperitoneal injections of DT were given
every 72 hours from day �2 to day 10 around the time of delayed
transfer of 3 � 107 BALB/c Thy1.1� splenocytes. As shown in
Figure 1B and C, efficient depletion of host conventional DCs led
to reduced accumulation of donor Thy1.1� CD8 cells in the spleen.
To examine how host CD11c� cell depletion influenced CTL
reactivity against hematopoietic targets, we injected a 1:1 mixture
of host and donor B cells, differentially labeled with CFSE, at
timed intervals after T-cell transfer to MCs that received DT or
PBS. After 16 hours, recipient spleens were recovered and the
relative survival of host and donor B cells determined. As shown in
Figure 1D, host CD11c� cells were required to prime significant
antihost CTL reactivity against host hematopoietic cells in vivo.
Consistent with this, no mice converted to full donor chimerism in
the DT-treated chimeras, whereas all control chimeras fully con-
verted (data not shown). We can also infer from these data that
radio-resistant host LCs were not sufficient to prime allogeneic
T cells because they would not have been depleted using this
experimental approach.

Although CTL activity against host hematopoietic elements is
readily elicited in this model, GVHD does not occur in the absence
of inflammation.15 In contrast, inflammation induced by imiquimod
treatment of the skin of MC at the time of splenocyte transfer leads
to local T-cell infiltration and induction of localized GVHD.15

Imiquimod treatment induces LC activation as a result of interac-
tions in trans with other accessory cells, such as mast cells that
express TLR-7/TLR-8.23 Figure 2 demonstrates that LC activation
also occurred when imiquimod was applied at the low doses (3 mg)
used in our experimental protocol. To characterize the donor T-cell
response in more detail, we transferred BALB/c Thy1.1� spleno-
cytes to either control or imiquimod-treated MCs and then tracked
T-cell numbers and phenotype in the draining LN and skin on day
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14. As shown in Figure 3A, imiquimod treatment had no effect on
the absolute numbers of Thy1.1� T cells in the draining LN but
sharply increased the frequency of donor CD4 and CD8 cells with a
CD62Llow effector phenotype. This was associated with enhanced
recruitment, primarily of Thy1.1� CD8 cells, to the epidermis
(Figure 3B-C) and in accordance with our previously published
findings,15 recruitment of effector CTLs induced cutaneous injury
as evidenced by epidermal thickening, dyskeratosis, and an inflam-
matory cell infiltrate (Figure 3D-E).

To determine the role of LCs in the development of cutaneous
injury, we transferred 3 � 107 BALB/c Thy1.1� splenocytes to
established [B6 plus BALB/c]3 Langerin.DTR/GFP MCs that
were treated on the back skin with 3 mg imiquimod on days 0, 5,
and 10 or left untreated, and received DT or PBS on day �2 and

day 4 (Figure 4A). Langerin.DTR/GFP mice are on a host-type
B6 background and express the DTR sequence downstream of the
Langerin promoter.24 DT treatment of MCs was highly effective at
depleting radio-resistant GFP� LCs within the epidermis for the
duration of the experiment (Figure 4B). Of note, after irradiation
and reconstitution of MCs, radiosensitive DC populations from the
Langerin.DTR host (including dermal Langerin� DCs) would be
replaced with cell populations derived from wild-type B6 and
BALB/c BM cells and were therefore not depleted using this
approach. As shown in Figure 4C and D, DT-induced host LC
depletion in imiquimod-treated chimeras led to a significant, partial
reduction in the degree of cutaneous GVHD (as evaluated by single
blind scoring of histologic sections). Similar results were observed
in an independent experiment involving ear pinna skin, suggesting

Figure 1. Host CD11chighcells are required for induction of graft-versus-host reactivity after delayed T-cell transfer to allogeneic chimeras. (A) Lethally irradiated B6
mice were reconstituted with a mix of CD11c.DTR/GFP and BALB/c BM, 8 weeks before infusion of 3 � 107 BALB/c Thy1.1� splenocytes. DT or PBS was given
intraperitoneally to recipient mice on day �2 and days 1, 4, 7, and 10 after splenocyte transfer. (B) Contour plots showing GFP reporter expression (specific for host CD11chigh

DCs) in dermal suspensions of CD11c.DTR/GFP mice treated with DT or control 24 hours previously (mean percentages � SD of GFP-expressing cells among live cells were
0.72 � 0.35 in PBS-treated mice vs 0.08 � 0.05 in DT-treated mice (n 	 4-6 mice per group); data pooled from 4 independent experiments. P 
 .01. In the spleen of MCs at
day 7, mean percentages � SD of host CD11chighGFP� among live splenocytes were 0.09 � 0.04 versus 0.01 � 0.01 (n 	 3 or 4 mice per group); data pooled from 2
independent experiments. P 
 .05. (C) Absolute numbers (mean � SD) of Thy1.1� CD8 cells in recipient spleen of [CD11c.DTR/GFP �BALB/c]3 B6 MCs treated with (gray
bars) or without (black bars) DT. (D) Specific cytotoxicity in vivo (mean � SD) directed against B6 strain B cells in the same experiment shown in panel C. (C-D) Data are pooled
from 2 or 3 independent experiments (day 7, n 	 2 or 3 mice per group; day 14, n 	 6 or 7 mice per group; day 21, n 	 3 mice per group; day 28, n 	 3 mice per group).
*P 
 .05. **P 
 .01. ***P 
 .001.

Figure 2. Effect of topical imiquimod on LC frequency and pheno-
type in the skin epithelium. (A) Contour plots showing GFP reporter
expression (specific for host LCs) in skin epithelia of Langerin.DTR/GFP
mice treated 24 hours previously with topical imiquimod (Imq) or control.
(B) Left: Contour plots showing dual staining for CD86 and MHC class II in
gated LCs from mice treated 24 hours previously with topical imiquimod
or control. Right: Summary data showing the percentage of CD11b� LCs
that were CD86high MHCIIhigh, in control or imiquimod-treated mice
(n 	 4 or 5 mice per group); data pooled from 3 independent experi-
ments. *P 
 .05. The mean is indicated by the horizontal bar.
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that this LC function was similar across the murine epidermis
(supplemental Figure 1, available on the Blood Web site; see the
Supplemental Materials link at the top of the online article). Thus,
host LCs were required for development of TLR-induced cutane-
ous GVHD under conditions where other DC populations could
prime the response.

LCs are not required for activation or skin homing of donor
CD8 cells

Next, we performed a series of experiments to determine the
mechanism underlying LC involvement in the development of
cutaneous injury. Because LCs traffic to the draining LN only in
low numbers in the steady state,24,25 we reasoned that they would be
dispensable for priming the systemic graft-versus-host response in
the absence of inflammation. Indeed, when donor splenocytes were
transferred to MCs without topical application of imiquimod, LC
depletion had no effect on the accumulation of donor T cells in the
spleen and skin-draining LNs (Figure 5A). Furthermore, the CTL
response against host hematopoietic cells in vivo was equivalent in
the presence or absence of LCs (Figure 5B). In contrast to the
steady state, repetitive local application of imiquimod led to a
reduction in the frequency of LCs in the epidermis (Figure 4B) and

is reported to enhance migration of activated LCs to the draining
LN.23 Unexpectedly, however, we found that LC depletion had no
effect on the absolute numbers (or frequency) of CD62Llow donor
T cells in the skin-draining LN (Figure 6A; and not shown).
Furthermore, the degree of epithelial infiltration by donor CTLs
was similar in LC-depleted and nondepleted MCs (Figure 6B-C).
Taken together, these data indicated that LCs were required for the
induction of cutaneous injury but were dispensable for the priming
and recruitment phase of the response, where other antigen-
presenting cell populations were sufficient to fulfill the role.

LCs license effector CTLs recruited to the epidermis

In other models involving adoptive transfer of CD8 cells specific
for self-antigens, recruitment of activated CD8 cells to antigen-
expressing tissues occurs without injury, unless inflammation is
provoked.26,27 In the current model, CD8 cells accessing inflamed
skin were unable to induce GVHD in the absence of LCs, even
though they had already acquired some cytotoxic functions. We
reasoned that LCs, activated via TLR signaling, might be involved
in regulating the acquisition of effector functions by CD8 cells
infiltrating the epidermis. In initial experiments to test this concept,
we attempted to visualize cytokine expression by donor T cells

Figure 3. Topical imiquimod induces recruitment of donor CD8 cells
and GVHD in the skin of allogeneic chimeras. MCs were treated with
3 mg topical imiquimod (Imq) or nil in an area of approximately 2.25 cm2

above the base of the tail at day 0, day 5, and day 10 after donor
splenocyte transfer. (A) Left: Absolute numbers of Thy1.1� CD4 or CD8
cells in the skin draining LN at day 14 (n 	 13-21 mice per group); data
pooled from 8 independent experiments. The mean is indicated by the
horizontal bar. Right: Percentage of gated Thy1.1� CD4 or CD8 cells on
day 14 that were CD62Llow (n 	 7-11 mice per group); data pooled from
3 independent experiments. *P 
 .05. The mean is indicated by the
horizontal bar. (B) Representative contour plots (top row) showing
accumulation of Thy1.1� cells in the epidermis at day 14. Plot in the
bottom row represents CD4 and CD8 expression in gated Thy1.1� cells of
imiquimod-treated MCs. (C) Summary data showing accumulation of total
Thy1.1� cells (left) or Thy1.1� CD8 cells (right) in the epidermis of control
or imiquimod-treated MCs (n 	 12-19 mice per group); data pooled from
8 independent experiments. *P 
 .05. The mean is indicated by the
horizontal bar. (D) Representative histologic sections showing skin
histology on day 14 in imiquimod-treated and control mice (original
magnification �200). (E) Summary data of histologic GVHD score as
evaluated single blind (n 	 9-13 per group); data pooled from 4 inde-
pendent experiments. ***P 
 .001. The median is indicated by the
horizontal bar.
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within intact epithelial sheets. However, we found that the inflam-
matory process significantly disrupted the epithelial layer, and this
was not technically feasible. Therefore, we flow-sorted Thy1.1�

CD8� fractions at the peak of the response from epithelia of
imiquimod-treated chimeras where LCs were either present or
absent. The number of recovered Thy1.1� CD8� cells from each
epithelium was very low (median, 1.4 � 103; range, 0.5-4.6 � 103)
and not suitable for evaluation of protein expression or direct CTL
function. We therefore extracted mRNA from pooled cellular
fractions (3 or 4 mice per group per experiment) and performed
quantitative polymerase chain reaction for effector molecules
associated with CTL function. As shown in Figure 6D, donor CD8
cells from LC-depleted chimeras displayed reductions in the
expression of transcripts for several key effector molecules in-
volved in graft-versus-host injury, including IFN-�, TNF-�, and
TNF-related apoptosis-inducing ligand. A similar trend was also
observed for granzyme B mRNA expression. This same pattern
was observed in 3 independent experiments. Taken together with
our findings in Figure 4, these data demonstrate a critical require-
ment for LCs in licensing epidermis-infiltrating CD8 CTLs to
become fully competent effectors and induce injury.

Discussion

In this study, we have demonstrated a nonredundant role for LCs
during the effector phase of a CTL response that led to cutaneous
GVHD in the context of TLR-induced inflammation. In the absence
of host LCs, alloreactive CD8 cells were primed within the
draining LN and readily accessed inflamed skin yet failed to induce
GVHD, even though they had already acquired some cytotoxic
functions. Instead, LCs acted to confer full functional competence to
activated CD8 cells and drive the development of tissue injury. Thus, the
checkpoint regulating the induction of cutaneous injury by donor
CTLs required the presence of both inflammation and host LCs.

Our observations are consistent with other recent studies where
the functions of T cells were enhanced on further interaction with
DC populations during an effector or memory response in tissues,
such as the dorsal ganglia, lung, or skin.28-31 In all of the studies
published to date, the “second hit” was provided by CD11c� DCs;
and to our knowledge, our data are the first demonstration that LCs
can also fulfill this role. For example, after subcutaneous vaccina-
tion with peptide and incomplete Freund adjuvant, T-cell receptor-
transgenic CD4 cells required cognate interaction with

Figure 4. Host LCs are required for the development
of TLR-induced cutaneous GVHD. (A) Lethally irradi-
ated Langerin.DTR/GFP mice were reconstituted with a
mix of B6 and BALB/c BM, 8 weeks before infusion of
3 � 107 BALB/c Thy1.1� splenocytes. DT or PBS was
given intraperitoneally to recipient mice on day �2 and
day 4 after splenocyte transfer. MCs were treated
topically with imiquimod (Imq) or nil on day 0, day 5, and
day 10. (B) Left: Representative contour plots showing
depletion of CD11b� GFP� recipient LCs from the
epidermis of imiquimod-treated MCs at day 14. Right:
Summary data showing the percentage of CD11b�

GFP� cells in the epidermis of MCs at day 14, with or
without DT and with or without imiquimod (n 	 7-9 mice
per group); data pooled from 4 independent experi-
ments. **P 
 .01. ***P 
 .001. The mean is indicated by
the horizontal bar. (C) Summary data of histologic
GVHD score as evaluated single blind (n 	 5 mice per
group); data pooled from 2 independent experiments.
*P 
 .05. **P 
 .01. The median is indicated by the
horizontal bar. (D) Photomicrographs of representative
histologic sections (original magnification �200) of skin
histology on day 14 in imiquimod-treated [B6 � BALB/
c]3 Langerin.DTR MCs given DT or control.

Figure 5. Host LCs are not required for priming
graft-versus-host reactivity in the steady state. DT or
PBS was given intraperitoneally to [B6 � BALB/
c]3 Langerin.DTR MCs on day �2 and day 4 after
splenocyte transfer. (A) Absolute numbers of Thy1.1�

CD4 and CD8 cells in recipient spleen and LN on day
14 in MCs treated with or without DT (n 	 7 mice per
group); data pooled from 4 independent experiments.
The mean is indicated by the horizontal bar. (B) Specific
cytotoxicity in vivo directed against B6 strain B cells on
day 14 (n 	 5 or 6 mice per group); data pooled from
3 independent experiments. The mean is indicated by
the horizontal bar.
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CD11c�CD11bhigh dermal DCs at the injected site to undergo
differentiation into effector cells.29 Furthermore, in the MRL.Faslpr

model of lupus, autoreactive CD4 cells entered affected tissues but
then failed to expand or develop effector functions in the constitu-
tive absence of CD11chigh DCs.30 Of note, and in contrast to our
findings, LCs were demonstrated to be unnecessary in driving
either CD4 effector differentiation in the incomplete Freund
adjuvant /peptide model29 or dermatitis in the MRL.Faslpr mice.30

Factors, including the nature of the initial stimuli, the cellular
effectors involved, or the relative abundance or location of the
different DCs, could potentially account for these differences.
However, taken together, these findings suggest that either LCs or
conventional DCs can augment the functions of skin-infiltrating
T cells and that this requirement depends on the precise experimen-
tal context.

To date, few other studies have addressed the role of LCs during
the effector phase of the response. Our findings in the TLR-induced
GVHD model differ from those we have reported previously in
experiments involving contact hypersensitivity, where we showed
that Langerin� DCs were not required during the elicitation phase
of the response.3 Although both the contact hypersensitivity and
GVHD models we used are “classic” delayed-type hypersensitivity
responses, they are distinct in several key respects that may be
relevant to the differences observed in LC function. For example,
antigen presentation by LCs in contact hypersensitivity is limited
by the efficiency of haptenized self-peptide loading to MHC, and
other skin DC populations may be more proficient at this task.32 In
contrast, the graft-versus-host response is directed at MHC alloan-
tigens expressed by all host LCs. A second issue is our use of a
powerful TLR agonist to provoke GVHD. Imiquimod, through
interactions with other accessory cells, induces profound changes
in LC function,23 whereas haptens are probably less effective
immunostimulants in the absence of TLR signaling.33,34 Both these
factors have the potential to influence the nature of the interaction
between LCs and CTLs during the effector phase of the response.
Their location in the epidermis, where they extend dendritic
processes to the external stratum corneum,35 potentially exposes
LC populations more than other skin DCs to commensal or
pathogenic organisms that activate distinct pathogen-associated

molecular pattern recognition pathways. It will therefore be of
interest for future studies to determine how innate recognition of
viruses or bacteria influences the functions of LCs in mediating
tissue injury.

In the model we describe here, LCs are abundant at the site of
injury (Figure 4B), but we do not know whether the final step in
CTL differentiation requires direct interaction with LCs in the skin
and/or is mediated by soluble factors. Our findings suggest that
examination of postpriming or in situ functions of LCs may be just
as important as exploring their role at the initiation of a response.
Indeed, atopic dermatitis is associated with marked LC prolifera-
tion in the epidermis,11 and persistence and expansion of LCs at the
site of cutaneous inflammation might also be important in other
T cell-mediated skin inflammatory states. Further investigations of
the mechanisms by which LCs control the functions of incoming
inflammatory cells inside the epidermis may thus prove to be a
fruitful area of research, relevant to a number of human diseases.
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Figure 6. Host LCs are required for licensing CTLs
recruited to the skin epidermis. [B6 � BALB/c]3
Langerin.DTR/GFP MCs were treated topically with
imiquimod (Imq) and with or without DT by intraperito-
neal injection on day �2 and day 4 after donor spleno-
cyte transfer. (A) Absolute numbers of Thy1.1� CD62Llow

CD4 or CD8 cells in the skin draining LN (n 	 8 or 9 mice
per group); data pooled from 4 independent experi-
ments. The mean is indicated by the horizontal bar.
(B) Summary data showing accumulation of total Thy1.1�

cells (left) or Thy1.1� CD8 cells (right) in the epidermis of
imiquimod-treated MCs, with DT or PBS (n 	 8 or
9 mice per group); data pooled from 4 independent
experiments. The mean is indicated by the horizontal
bar. (C) Representative contour plots showing fre-
quency of GFP-expressing cells (representing host LCs)
and of Thy1.1� cells in epidermal suspensions derived
from imiquimod-treated MCs after splenocyte transfer,
and after DT or PBS. (D) Thy1.1� CD8 cells were
flow-sorted on day 14 from pooled skin epithelia of
imiquimod-treated MCs given DT or PBS. Graphs repre-
sent mean plus or minus SD mRNA quantification for
each transcript in the DT and control groups compared
with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL; n 	 3 or 4 mice per group per
experiment); data pooled from 3 independent experi-
ments. *P 
 .05.
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