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Purpose. We developed a new approach to visualize skin Langerhans cells by in vivo fluorescence imaging in nonhuman primates.
Procedures.Macaqueswere intradermally injectedwith amonoclonal, fluorescently labeled antibody againstHLA-DRmolecule and
were imaged for up to 5 days by fibered confocal microscopy (FCFM). Results. The network of skin Langerhans cells was visualized
by in vivo fibered confocal fluorescencemicroscopy.Quantification of Langerhans cells revealed no changes to cell densitywith time.
Ex vivo experiments confirmed that injected fluorescent HLA-DR antibody specifically targeted Langerhans cells in the epidermis.
Conclusions. This study demonstrates the feasibility of single-cell, in vivo imaging as a noninvasive technique to track Langerhans
cells in nontransgenic animals.

1. Introduction

Langerhans cells (LCs) are the subset of myeloid dendritic
cells that populate the epidermal layer of the skin. As
professional antigen presenting cells, LCs play an important
role in first line of defense by continuously scanning the tissue
for foreign antigens. After activation, LCs leave the epidermis
and shuttle cutaneous antigens to the draining lymph node
where adaptive immune responses are initiated [1]. The
quantity and the quality of external signals determine the
functional role of LCs during immune responses and direct
these cells towards immunogenic or tolerogenic patterns
[2]. Thus, LCs are involved in contact hypersensitivity [3],
vaccination mechanisms [4, 5], graft-versus-host diseases
[6, 7], tumor immunotherapy responses [8], autoimmune
diseases [9], and the suppression of cutaneous infections [10].
Therefore, LCs play a pivotal role in immune regulation, and
their involvement in each immune mechanism should be
thoroughly investigated.

Classical ex vivo approaches have been used to charac-
terize phenotypic markers and the functional properties of
LCs [11]. However, there is an increasing necessity to explore
the behavior of LCs in their natural environment in real
time. With the development of transgenic mouse models
expressing fluorescent proteins under the control of promot-
ers of genes expressed specifically in the dendritic cells, such
as CD11c [12] and Langerin [13], it has become possible to
visualize the dynamic behavior of LCs in vivo. In vivo fluo-
rescence imaging studies involving two-photon microscopy,
mostly performed in mice, have revealed changes to the
motility of LCs, antigen uptake, and interactions with other
immune cells that occur in inflammatory conditions [5, 14,
15]. However, these noninvasive approaches for visualizing
cells cannot be directly transferred to large animals, which
may be more relevant for modeling responses to human
vaccines and treatments.

Fibered confocal fluorescence microscopy (FCFM) is a
suitable imaging tool for cell tracking studies because it
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records fluorescent signal at single-cell resolution and it is not
limited to small animals. FCFMhas beenwidely used inmice,
for drug and nanoparticle distribution studies [16–18], tumor
angiogenesis imaging [19], DNA fragmentation visualization
[20], and the diagnosis of cancer and infections [21–23].
FCFM has also been used to examine the microstructural
organization of various tissues in humans, including the skin
[24, 25], cervix [26], and gastrointestinal tract [27, 28].

Here, we used FCFMas a noninvasivemethod to visualize
skin antigen presenting cells in nonhuman primates (NHP).
We demonstrate a new approach to visualize and to quantify
the density of the LC network in vivo over the course of
several days.Thismethod can be applied to study LCbehavior
in inflammatory conditions in NHPs, which may be highly
relevant to assess the efficacy of vaccines and therapeutic
approaches targeting human skin.

2. Materials and Methods

2.1. Animals. All in vivo imaging studies were performed on
adult cynomolgus macaques (Macaca fascicularis), imported
from Mauritius breeding farm and weighing 3–6 kg, were
housed in CEA facilities (accreditation: C 92-032-02), and
were handled in accordance with European directive on
protection of animals used for scientific purposes guidelines
for NHP care (EU Directive N 63/2010). This study was
approved by the regional committee for animal care and
use (Comité d’Ethique en Expérimentation Animale number
44, AP number 11_008). Animals were handled under seda-
tion with an intramuscular injection of 10mg/kg ketamine
hydrochloride (Merial, France).

2.2. Preparation of Fluorescent-Labeled Antibodies. Purified
monoclonal antibodies against HLA-DR molecules (clone
L243) and its isotype control (IgG2a) were purchased from
Ozyme (St Quentin en Yvelines, France) and covalently con-
jugated to fluorochromes with FluoProbe 490 or 647 labeling
kits (Interchim, Montluçon, France), via the -NHS ester.
The Nanodrop microvolume spectrometer system (Thermo
Scientific, Waltham, USA) was used to measure protein
and fluorochrome concentrations of the purified conjugated
antibodies. The Zenon� kit (Molecular Probes, Invitrogen)
was used to label puremonoclonal CD1a antibody (clone 010)
from Dako (Les Ulis, France) with Alexa Fluor 488, which
was used immediately after conjugation.

2.3. In Vivo Fibered Confocal Fluorescence Microscopy. Skin
hair was removed with cold wax and skin surface was care-
fully cleaned to eliminate all remaining debris. Fluorescent
antibodies (HLA-DR and/or CD1a) were prepared in 80𝜇L of
sterile phosphate buffered saline (PBS) solution and admin-
istered by single intradermal (i.d.) injection into macaques
under anesthesia. Images were recorded from 30 minutes
after injection. A dose of 5 𝜇g fluorochrome-labeled antibody
was sufficient to obtain a stable signal for at least 48 h of imag-
ing. For the longitudinal study of LC tracking, fluorescently
labeled HLA-DR was injected twice: one injection 4 h before
the beginning of in vivo imaging and the second injection
49 h after the first one. In vivo longitudinal imaging was

performed daily for 5 days by fibered confocal fluorescence
microscopy (FCFM) (Cellvizio� Dual Band, Mauna Kea
Technologies, France) (Figure 1(a)). Prior to imaging, the
Cellvizio� system was calibrated to adjust the fluorescence
to background ratio and homogenize the detection capacity
of individual fibers. Two different microprobes were used for
imaging studies: the probe S-1500 and the probe UltraMiniO
(Figure 1(b)). Microprobes were applied directly to the skin
surface and moved continuously to record the fluorescent
signal distribution all over the area of interest. Cutaneous
fluorescently labeled cells were visualized in an area with a
diameter of 1 cm around the site of injection (Figure 1(c)).

2.4. Quantification of Langerhans Cells. Twenty representa-
tive images per animal were then randomly chosen from the
whole region of interest for each time point to assess the
distribution of Langerhans cells in the skin. An automatic
threshold algorithm was applied to filter the background
signal with Image J software (National Institute of Mental
Health, Bethesda, USA). The number of fluorescent objects,
with a size above 4.5𝜇m, was quantified after binary transfor-
mation of each selected frame.

2.5. Immunohistofluorescence of Skin Sections. Skin biopsies
were performed 2 hours after the intradermal administration
of fluorescently labeled antibodies, embedded in OCT and
frozen in liquid nitrogen. Tenmicrometer sections were fixed
in 4% of PFA for 15min and cell nucleus was stained with
DAPI. Images were acquired with the Leica SP5 confocal
microscope system.

2.6. Flow Cytometry. Skin biopsies (8mm in diameter) were
performed 2 hours after antibody injection. The tissue was
mechanically dissociated (gentleMACS�, Miltenyi Biotec,
Paris) and a cell suspension was obtained after 30min of
enzymatic treatment with 2mg/mL of Collagenase D (Roche
Diagnostics, France). Cells were filtered through a 70 𝜇m
nylon mesh and washed with PBS. Dead cell staining was
performed with LIVE/DEAD Fixable Blue Dead Cell Stain
Kit (Life Technologies Invitrogen, St Aubin, France) accord-
ing to the manufacturer’s instructions. Cells were stained
with HLA-DR-V500 antibody (clone G46-6, BD Biosciences,
France) for 30min at 4∘C. Data were acquired on Fortessa
(BD Biosciences, Le Pont de Claix, France) and analyzed with
FlowJo software 9.4.11 (Tree Star, Ashland, OR, USA).

2.7. Statistical Analysis. Data are reported as means ± stan-
dard error of the mean (SEM). Pairwise comparisons were
carried out in Prism 5.0 (Graph-Pad Software Inc., La Jolla,
CA, USA) software with nonparametric Mann–Whitney
unpaired tests.

3. Results

3.1. In Vivo Imaging of Skin Antigen Presenting Cells. We
observed a homogenous network of fluorescently tagged cells
after the intradermal injection of a monoclonal antibody
targeting HLA-DR or CD1a molecules, the latter being a
specific marker of Langerhans cells [29] (Figure 1(d)). After
the injection of nonspecific antibodies, we observed a few
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Figure 1: FCFM imaging of the skin. FCFM system (a). Characteristics of the probes (b). Continuous scanning was performed manually on
imaged area that covers a diameter of 1 cm (c). Representative in vivo images of the skin performed 30min after injection of anti-HLA-DR-
F647 or anti-CD1a-AF488 antibodies (d); corresponding isotype controls (e). Untreated skin (f) (𝑛 = 3). Scale bars: 50 𝜇m.

areas of weak fluorescence with both lasers (Figure 1(e)).This
was probably due to autofluorescent areas on the skin surface
because the images obtained on untreated skin were similar
(Figure 1(f)). We observed a regular, organized network of
fluorescently labeled epidermal cells over the whole imaged
area with the S-1500 probe. Higher resolution images were
obtained with the probe UltraMiniO, but the fluorescent
network of Langerhans cells was visible only in distinct
regions of the skin. This probe allows imaging at a depth of
60 𝜇m, which corresponds to the epidermal junction, where
Langerhans cells are situated mostly in the hair follicle. Thus,
the S-1500 probe was retained to evaluate the density of
Langerhans cells by in vivo imaging.

3.2. Use of HLA-DR Antibody for the Visualization of
Langerhans Cells In Vivo. We have previously shown ex
vivo that CD1a+ cells are the only HLA-DR+ population
in the epidermis of macaque [30]. Here CD1a antibody
was coadministrated intradermally with HLA-DR antibody
to confirm the specificity of LC labeling in vivo. In vivo
FCFM (Figure 2(a)) showed that HLA-DR-labeled epidermal
cells were also labeled with CD1a antibody. Flow cytometry
analyses of the CD45+ leukocyte population isolated from
both the dermis and epidermis further confirmed the cell
binding specificity of in vivo injected HLA-DR antibody,
whereas nonspecific antibody did not appear to bind to skin
cells when injected in vivo (Figure 2(b)).Microscopic analysis

of frozen skin samples demonstrated epidermal and dermal
distribution ofHLA-DRantibody on transversal skin sections
(Figure 2(c)). In the epidermis, all HLA-DR labeled cells were
equally labeled with CD1a antibody (Figure 2(d)).

3.3. Longitudinal In Vivo Imaging of Langerhans Cells in
Macaque Skin. We imaged the Langerhans cell network in
the epidermis at the antibody injection site every day for 5
days (Figure 3(a)). The fluorescent signal remained stable for
48 h (Figure 3(b)); thus two injections of fluorescent antibody
were sufficient to cover the imaging duration. The number
of Langerhans cells in the epidermis remained constant over
time of imaging (Figure 3(c)).

4. Discussion

In vivo fluorescence imaging tools have been developed and
adapted to various immunological contexts in small animal
models. The behavior of LCs in vivo has been largely studied
by intravital microscopy. Most studies have used genetically
modified mice in which distinct cell populations express
fluorescent proteins [12, 31, 32]. Moreover, topical application
of fluorescent solutions, known as skin painting, results in
the unspecific uptake of fluorescent dye by phagocytic skin
cells, thus allowing studies on LC migration to the draining
lymph node [33, 34]. In vivo imaging of cutaneous dendritic
cells has also been performed after the intradermal injection
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Figure 2: HLA-DR antibody for LC in vivo tracking. In vivo (a) representative images of Langerhans cells 2 h after in vivo injection of
monoclonal antibodies HLA-DR-F647 and CD1a-AF488 (𝑛 = 3). Scale bars: 50 𝜇m. (b) Flow cytometry analysis of fluorescently labeled
immune cells isolated from skin biopsy 2 h after i.d. injection of monoclonal fluorescently labeled HLA-DR antibody (clone L243) or its
isotype control. Skin cell suspensions were stained ex vivo with CD45 and HLA-DR (clone G46-6) antibodies. Transversal (c) section of skin
biopsies and longitudinal (d) section of epidermis frozen 2 h after injection of fluorescent antibodies. Dotted lines split epidermal (left) and
dermal (right) layers.

of vital dye (CFSE) [35] or after the subcutaneous injection
of Quantum Dots [36]. Moreover, we [37] and others have
tracked bone marrow-derived dendritic cells, that present
dendritic cell phenotype and functions; however it is not
expected that these cells behave as Langerhans cells even if
they are injected into the skin. Here, we described a new
approach for the noninvasive imaging of Langerhans cells in
macaques. We show that a small quantity of locally injected

fluorescent antibody provides a specific and stable signal for
longitudinal FCFM studies. The use of various microprobes
on the tissue surface allows the noninvasive visualization
of cellular events at various depths with this microscopy
approach. However, only the S-1500 probe revealed the
organization of the LC network in the whole imaged region.
The thickness of the macaque epidermis varies between
15 𝜇m and 33 𝜇m, depending on the anatomical site [38].
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Figure 3: In vivo imaging and quantification of LCs. (a) Images of HLA-DR-labeled Langerhans cells in macaque epidermis were obtained
by in vivo fibered confocal microscopy over 5 days. Scale bars: 50𝜇m. (b) Immunohistofluorescence on longitudinal sections of epidermis
from skin biopsies obtained 4 h, 24 h, or 48 h after injection of HLA-DR and CD1a antibodies. (c) Quantification of the cell number from
20 different frames/animal that were randomly chosen from videos covering an imaging zone of 1 cm in diameter (𝑛 = 2). Mean ± SEM,
Friedman’s test. ns: nonsignificant. Representative images are shown for one from 2 analyzed animals.

Given the technical parameters of the UltraMiniO probe
(60 𝜇mworking distance), the signal detected with this probe
should be situated in the upper layer of the dermis. This was
concordant with our observations of the zonal distribution
of LCs probably situated in hair follicles. Variations in the
thickness of the epidermis between species should also be
taken into account when using FCFM. For example, in the
mouse, the epidermis is between 7 and 15 𝜇m thick [38] and
the S-1500 probe is very appropriate to visualize LCs, whereas,
in human skin, the UltraMiniO probe is better adapted to
image the epidermal layer, which usually exceeds 50 𝜇m in
thickness [39].

Fibered confocal microscopy allows the longitudinal
tracking of immune cells and their quantification may indi-
cate pertinent time points for analysis involving invasive
procedures and thus help to limit the number of biopsies per
animal. Other strategies involving fluorescence imaging such
as two-photon microscopy offer the possibility of studying
cell mobility and behavior at greater depths than FCFM.
However, these systems are mainly dedicated to small animal
models, whereas FCFM is very adaptable for use in large
animals.

HLA-DR is highly expressed on the surface of antigen
presenting cells, which makes it a good target for imag-
ing experiments. We have previously shown that, in the
epidermal layer of macaque skin, the only cell population
that expresses HLA-DR marker is the population of LCs
[30]. However, HLA-DR expression is not limited to LC;
therefore, the use of a more specific LC markers such as
CD1a [37] enables LCs to be differentiated from other antigen
presenting cells. Here, we demonstrated that the HLA-DR
antibody binds to CD1a positive cells in the epidermis in
the steady state in vivo and that its isotype control is not
taken up by nonspecific Fc-mediated uptake. Moreover, flow
cytometry analysis confirmed that intradermally injected
HLA-DR antibody specifically binds HLA-DR-expressing
skin cells.

However, the incubation of epidermal cells with theHLA-
DR antibody in vitro leads to the internalization of the anti-
body through common receptor-mediated endocytosis [40],
which may potentially induce cell activation. The activation
of LCs often results in their migration from the epidermal
layer to the draining lymph node [4]. In this study, LC
density observed by in vivo imaging remained unchanged
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over time, suggesting that in vivo antibody injection, in this
experimental setup, did not interfere with LC migration.
This is consistent with previous reports showing that the
intradermal injection of monoclonal antibodies targeting
LCs, in the absence of costimulation signals such as the Toll-
Like Receptor Ligand agonist, does not induce LC activation
[41, 42].

Here, we used less than 2𝜇g of antibody per kg of
bodyweight/injection and its intradermal administrationwas
not associated with signs of local inflammation. However,
many repeated injections should be avoided because this can
stimulate memory immune responses leading to the degra-
dation of the imaging tracer and a decrease in fluorescent
signal. Fab antibody fragments may be used for the targeting
and labeling of immune cells in vivo to limit the risk of
immune activation. Although immune cell imaging has been
successfully performed with Fab fragments in mice [43, 44],
their fluorochrome binding is often less bright than that of
classical antibodies because of their smaller size [45].

5. Conclusion

In this report, we describe the use of fibered confocal fluores-
cence microscopy as a new method to visualize Langerhans
cells in the macaque epidermis in vivo. We show that
intradermally injected fluorescent antibodies against HLA-
DR molecules specifically bind to LCs in the epidermis and
provide a bright and stable fluorescent signal for longitudinal
studies. We also quantified cell density in the area of interest.
Thus, this approach may be used to study noninvasively the
changes in LC density in various immunological environ-
ments in large animal models.

Abbreviations

LC: Langerhans cells
i.d.: Intradermal
FCFM: Fibered confocal fluorescence microscopy
NHP: Nonhuman primates
i.m.: Intramuscular.
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