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a b s t r a c t

Peyer’s patch have been extensively studied as a major inductive site for mucosal immunity within the
small intestine. The intestinal mucosa contains numerous dendritic cells, which induce either protec-
tive immunity to infectious agents or tolerance to innocuous antigens, including food and commensal
bacteria. Although during the past few years, several subsets of human mucosal dendritic cells have
been described, a precise characterization of the different mouse mucosal dendritic cells subpopulations
eywords:
endritic cells
odent
ntibodies
ucosa

remains to be achieved with regard to their phenotype and localization in Peyer’s patch. In this report, we
have investigated by immunofluorescence on cryosection and by flow cytometry, the phenotype and the
localization of dendritic cells into Peyer’s patch of C57Bl/6 mouse intestine using dendritic cells markers.
Positive and double staining for CD11c and BDCA-2, pDC/IPC, DC-LAMP, DC-SIGN, TLR8 and Langerin
have been observed revealing new mouse intestinal DC subsets. This study provides new insight in the
understanding of mucosal immune responses induced by natural processes as infections but also new

ation
perspectives for the evalu

. Introduction

The mucosal surfaces of the gastrointestinal tract are continu-
usly exposed to a large number of environmental antigens. Thus,
he gut-associated lymphoid tissues (GALT) play a central role in
he induction of oral tolerance and immunity to infectious agents.
he GALT is composed by an inductor site (Peyer Patches (PP)
nd Isolated Lymphoid Follicles) and an effector site (Lamina Pro-
ria). In PP, dendritic cells (DCs) are separated from the intestinal

umen by the follicle-associated epithelium (FAE). It allows trans-
er of pathogens in lymphoid tissue through microfold (M) cells
1]. Antigen is then captured by DCs, causing their maturation
nd their migration to the intrafollicular areas [2]. DCs can also
ample antigen directly from the intestinal lumen by forming tight-

unction-like structures with intestinal epithelial cells [3]. So, PP
Cs are found both in the subepithelial dome that lies just under-
eath the FAE, and in the interfollicular T cell regions. DCs are
ntigen-presenting cells that have a central role in the making

Abbreviations: PP, Peyer’s patch; DCs, dendritic cells; GALT, gut-associated
ymphoid tissues; M cells, microfold cells; pDC, plasmacytoid DC; IF, immunoflu-
rescence; PFA, paraformaldehyde.
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of immune responses in the intestine. DCs have the capacity to
stimulate naive T cells and may directly induce immunoglobulin
switching to IgA in B cell [4], or to produce high levels of IL-10 and
thus may be also involved in promoting tolerance [5]. Intestinal
DCs can either induce protective immunity to infectious agents or
promote tolerance to inoffensive antigens.

Intestinal mucosa represents an attractive target for oral deliv-
ery of immunogens and for mucosal vaccination. Several oral
strategies, using biodegradable polymeric particles [6,7], liposome
[8], bacterial ghost [9], plant lectins [10,11], adjuvanted vaccines
[12] or transgenic plants [13,14], have been adopted to protect the
antigens in the gastrointestinal tract and to increase uptake by DCs,
causing their maturation and their migration to the intrafollicular
areas. PLA (poly(lactic acid)) or PLGA (poly(lactic-co-glycolic acid))
nanoparticles are suitable protein carriers offering antigen protec-
tion, increased penetration across mucosal surface and controlled
release of encapsulated antigen [15]. Furthermore, these systems
revealed promising results as illustrated by their capacity to cross
in vivo epithelial barriers or to be taken up by mucosal DCs [16].
Transcutaneous immunization could also be used to induce activa-
tion of specific IgA-secreting cells expressing CCR9 and CCR10 in the
small intestine with a retinoic acid-dependent manner. This cross-

talk between the skin and gut immune systems might be mediated
by langerin+ dendritic cells in the mesenteric lymph nodes [17].
Use of strong adjuvants for oral immunization in mice has been
also tested to increase mucosal immune responses in the gastroin-
testinal tract (enterotoxins such as cholera toxin (CT) or heat-labile

dx.doi.org/10.1016/j.vaccine.2011.03.012
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scherichia coli enterotoxin (LT)). CT is known to be endocytosed
nd transported by M cells and delivered into the subepithelial
ome region, thereby stimulating immature DCs [18].

Several DC subpopulations have been described in mice and are
ften classified on the basis of their surface receptors expression.
enerally, mouse DCs express CD11c, CD11b, the interdigitating DC
arker CD205, and the co-stimulator molecules CD80, CD86 and

D40. Expression of T-cell markers such as CD4 and CD8, which
re useful for segregating subtypes, has been also described. There
s a large diversity of DCs in the intestinal lamina propria (found
eep in the LP or associated to the epithelium) and more generally

n the GALT regarding their phenotypes, functions and localiza-
ion. Peyer Patches DC subsets can be distinguished by the specific
xpression of the CX3CR1, CCR6, and CCR7 chemokine receptors.
CR7+ DCs are found mainly in T cell areas [19]. CX3CR1+ DCs are

n close contact with the FAE and their role consist to taking up
ntigens after M cell transcytosis [20]. This DCs subset is mainly
mmature cells expressing low levels of MHC-I/MHC-II and costim-
latory molecules with an highly macropinocytic and phagocytic
ctivities. CCR6+ DCs, located in the subepithelial dome, have the
apacity to migrate to the FAE in response to infections and to
ontribute to antigen-specific T helper cell activation [20]. Peyer
atches CD11b+ DCs are characterized by their Th2 polarizing abil-
ty while CD8+ DCs possess rather a Th1 polarizing ability [21].
lasmacytoid DCs (pDCs) characterized by their ability to produce
ype I IFNs, have also been described in Peyer Patches [22]. pDCs are
ble to induce differentiation of regulatory T cells (Treg) and upon
pG-induced maturation retain their regulatory capacity [23]. PDCs

dentification in Peyer Patches can be made by the analysis of BDCA-
, IL-3R� chain (CD123) and the lack of CD11c expression. Mouse
DCs are about 1.3% of the total PP cells [24], and display a cell-
urface molecule recognized by the monoclonal antibody pDC/IPC
120G8 clone) which is a useful tool to deplete this DC subtype
n vivo [25]. Other DC subsets can also be identified and classified
n the mouse lamina propria by the expression of CD11c (high and
ow), CD11b, CD103, CX3CR1, and CD70.

In this report, we have investigated by immunofluorescence (IF)
n tissue cryosection and by flow cytometry analysis of cells from
eyer Patches, the phenotype and the localization of DCs into mouse
ut Associated Lymphoid Tissue (GALT). Our results revealed differ-
nt phenotypes in which DCs are strategically positioned directly
djacent to mucosal epithelial cells, thus facilitating the acquisition
f antigens from luminal sites. Characterization of DC phenotypes
nto the GALT is of great interest not only for a better understand-
ng of mucosal immune responses induced by natural processes
uch as infections, but also for the evaluation of oral vaccines. In
pite of that numerous reports describe human DC phenotypes and
unctions into the GALT, our report is the first which describe new

ouse DC subsets into the GALT on the basis of their cell surface
xpression and localization.

. Materials and methods

.1. Materials

PE anti-mouse CD11c, PE anti-mouse CD45R/B220, PE rat IgG1
isotype control), and PE hamster IgG (isotype control) were
urchased from Becton Dickinson (San Jose, California, USA).
uman product list: A488-TLR8 (clone 307D3), A488-TLR3 (clone
19F7), A488-TLR7 (clone 66H3), A488-Langerin (clones 929F3,

08E10), A488-DC-SIGN (clones 109H12, 103G2, 102E11), A488-
DCA-2 (clones 101C9, 104C12), A488-DORA (clone 104A10)
nd A488-IL3R� (clone 107D2) were purchased from Dendritics
Lyon, France). Mouse product list: A488-Langerin (clones 205C1),
488-pDC/IPc (clones 102H4.16, 120G8, 102F11, 122A1), A488-
29 (2011) 3655–3661

DCLamp (clone 1006F7) and A488-CD205 (clone HB290Dec205)
were purchased from Dendritics (Lyon, France). C57BL/6 mice
were purchased from Charles River Laboratories (Lyon, France) and
handled following national guidelines in accordance with Euro-
pean guidelines for animal care (Journal Officiel des Communautés
Européennes, L358, 18 Decembre 1986).

2.2. Preparation of intestine cryosection

Six weeks-old C57Bl/6 mice were starved overnight. A piece
of intestine containing a PP was isolated, extensively washed and
fixed for 2 h in 3% paraformaldehyde (PFA). Pieces of intestine were
cryogenized with OCT embedding matrix (CML, Nemours, France),
and cryosectioned using a Leica cryostat model CM3050 S (Leica
Microsystems, Wetzlar, Germany). Sections of 7 �m were captured
on superfrost microscope slides (VWR International, Fontenay-
sous-Bois, France) before staining.

2.3. Immunolabelling on intestine cryosections

Slides were washed in PBS to eliminate residual OCT, incu-
bated for some of them in 95% acetone for 15 min, and blocked
with PBS containing 5% FCS for 30 min at room temperature.
PE-B220, PE-CD11c, A488-TLR8, A488-TLR3, A488-TLR7, A488-
Langerin, A488-DC-SIGN, A488-BDCA-2, A488-pDC/IPc, A488-
DCLamp, A488-DORA, A488-IL3R� diluted at 0.5 �g/ml were
incubated for 1 h at room temperature. The slides were then washed
in PBS, and for some of them incubated for 1 h at room tempera-
ture with PE-B220 and PE-CD11c. After two washes, slides were
air-dried, mounted with Fluoprep (BioMerieux) and observed by
Immunofluorescence microscopy (Eclipse Ti, Nikon, France).

2.4. Isolation of Peyer’s Patches cells

Animals were sacrificed, and then the intestine has been
removed, opened and flushed with PBS. The PP were isolated from
the non-follicular tissue. Cells were separated from tissue by crush-
ing on a cell strainer then washed in PBS.

2.5. Flow cytometry analysis

Isolated Peyer’s Patches cells were labeled with the following
specific antibodies PE-CD11c, A488-TLR8 (307D3), A488-Langerin
(808E10), A488-DC-SIGN (109H12), A488-BDCA-2 (104C12), A488-
pDC/IPc (120G8 and 102F11), A488-DCLamp (1006F7) at 5 �g/ml
and were incubated for 30 min at room temperature in FACS buffer
(FCS 5%, sodium azide 0,1%, DMEM w/o phenol red(Gibco)). After
washing, cells were analyzed on a FACS Calibur cytometer (BD Bio-
sciences) using CellQuest software (BD Biosciences).

3. Results

In this report, we have performed an analysis of DC phenotype
and localization in PP. For this study, we have used a large num-
ber of human DC specific antibodies. The cells were fixed by the
PFA to see a membrane labeling or by acetone to permeabilize cells
and to see a potential intracellular staining. For positive staining,
co-localization were then realized with CD11c antibodies, found at
high levels on most human dendritic cells, but also on monocytes,
macrophages, neutrophils, and some B cells, and B220 antibodies,
which is expressed on B cells, on activated T cells, on a subset of

dendritic cells and other antigen presenting cells. The results are
shown in Fig. 1 and summarized in Table 1. We observe specific
staining for the following antibodies: 1006F7 DC-LAMP (Fig. 1B),
120G8 and 102F11 pDC/IPC (Fig. 1C and D), 307D3 TLR8 (Fig. 1E),
104C12 BDCA-2 (Fig. 1F), 109H12 DC-SIGN (Fig. 1G), and 808E10
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Fig. 1. Immunostainings of intestine cryosections. Stainings were made for 2 h with the following antibodies: 1006F7 DC-LAMP (Fig. 1B), pDC/IPC 102F11 and 120G8 (Fig. 1C
and D), TLR8 307D3 (Fig. 1E), BDCA-2 104C12 (Fig. 1F), DC-SIGN 109H12 (Fig. 1G), and Langerin 808E10 (Fig. 1H). Fig. 1A shows a staining of B220 and CD11c alone, a negative
control (PBS) and isotype controls (hamster and rat). Intestine cryosection were fixed with Acetone or PFA and were colocalized with CD11c and B220 marker. LI: Intestinal
Lumen; LT: Lymphoid Tissue.
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Table 1
Staining obtained with different DC antibodies on mouse PP cryosections. Two fix-
ation methods have been compared (PFA and Aceton). Double staining with CD11c
and B220 cells is also mentioned.

Ab used (clone) PFA fixation Aceton fixation CD11c B220

BDCA2 (101C9) − − − −
BDCA2 (104C12) + + + −
pDC/IPC (102H4.16) − − − −
pDC/IPC (120G8) + + + +
pDC/IPC (102F11) − + − −
pDC/IPC (122A1) − − − −
DCLamp (1006F7) + + − −
DORA (104A10) − − − −
DCSign (109H12) + − − −
DCSign (103G2) − − − −
DCSign (102E11) − − − −
IL3R� (107D2) − − − −
TLR3 (619F7) − − − −
TLR8 (307D3) + + + −
TLR7 (66H3) − − − −
Langerin (929F3) − − − −
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thus Langerin could become a natural barrier to HIV-1 infection
Langerin (205C1) − − − −
Langerin (808E10) − + + −
Langerin (DEC205) − − − −

angerin (Fig. 1H). All other clones (101C9 and 102H4.16 BDCA-2,
22A1 pDC/IPC, 104A10 DORA, 103G2 and 102E11 DC-Sign, 107D2

L3R�, 619F7 TLR3, 66H3 TLR7, 929F3, 205C1 and DEC205 Langerin)
ere tested under different conditions of time and/or concentra-

ion without any specific staining.
Fig. 1B shows a very specific staining of DC-LAMP molecules,

ocated mainly in the dome, with both acetone (intracellular com-
artments), and PFA fixation (cell surface). We did not observe
ouble-staining with CD11c and B220 antibodies.

Fig. 1C shows a specific labeling with 120G8 pDC/IPC mAb both
n acetone and PFA fixation. In contrast, 102F11 pDC/IPC clone in
ig. 1D stains only with acetone fixation. In addition, a double stain-
ng with CD11c and with B220 is observed with 120G8 pDC/IPC
lone but not with 102F11 pDC/IPC clone. 120G8+ and 102F11+

DC/IPC cells are located in the dome and spread in the lymphoid
issues.

As described in Fig. 1E with acetone fixation, TLR8+ cells
re located predominantly in intracellular vacuoles, but are also
etected at the membrane level as shown in the PFA fixation panel.
e observe double labeling between CD11c and TLR8 distributed

n the lymphoid tissue.
Fig. 1F clearly shows a specific staining in both acetone and PFA

xation condition. In addition, we can observe a co-expression with
D11c staining. BDCA-2+ cells are located in the dome and spread

n the lymphoid tissues.
Fig. 1G shows a very specific staining of DC-SIGN (DC-specific

ntracellular adhesion molecule 3 grabbing nonintegrin) expression
n inter-follicular areas. Moreover, marking appears by PFA fixation
evealing that DC-SIGN is expressed at the membrane of DCs. We
id not observe double-staining with DC-SIGN and CD11c or B220.

As shown in Fig. 1H, acetone fixation allows the detection of Lan-
erin molecules in Birbeck granules intracellular compartments,
ocated mainly in the dome. In addition, we can observe a co-
xpression with CD11c staining.

Observations made by microscopy were confirmed by flow
ytometry analysis (Fig. 2). PP cells suspensions were stained for
he positives markers observed by immunofluorescence in Fig. 1
A488-307D3, A488-808E10, A488-109H12, A488-104C12, A488-
20G8, A488-102F11, and A488-1006F7). A positive staining was

bserved for all markers except for 1006F7 DC-Lamp clone. Double-
taining with the CD11c DC marker were also observed for TLR8,
DC/IPC and more weakly for DC-SIGN confirming the results
btained by immunofluorescence. In contrast, no double-staining
29 (2011) 3655–3661

were observed between CD11c and 104C12 BDCA2 and 808E10
Langerin antibodies by flow cytometry.

4. Discussion

Interestingly, we have shown that DCLamp+ cells are located
mainly in the dome, suggesting that they could participate to the
sampling of the antigen. DC-LAMP belongs to the LAMP family that
has been identified as the most discriminative marker of human
but not murine DC [26]. In human DC, DC-LAMP is functionally
coupled with the intracellular MHC II compartment, by playing a
role in the transfer of MHC class II molecules to the cell surface
[27]. The definite function of DC-LAMP has not yet been estab-
lished.

Human and mouse type 1 interferon-(�, �, �)-producing cells
are a rare subtype of circulating DCs found in the blood as well
as in peripheral lymphoid organs. Consistently with the work
of Asselin-Paturel et al. showing pDC-specific staining with the
pDC/IPC 120G8 mAb in the T cell area of spleen, lymph nodes, and
PP [25], we have observed an important proportion of 120G8+

DCs in the dome and spread in the lymphoid tissues. PP local-
ization of DCs may facilitate the cellular cooperation during an
antiviral immune response through the secretion of type 1 IFNs
[28].

DCs play a major role in the immune response during viral infec-
tion because they have the ability to recognize single-stranded RNA
through TLR7 and TLR8 intracellular innate receptor. They pro-
duce signals which are known to dramatically impact the cytokine
milieu, thus leading to distinct patterns of naive CD4+ T cell differ-
entiation. As shown in Figs. 1E and 2E, we observe a lymphoid tissue
distribution of double positive CD11c+/TLR8+ DCs which could
have a potent role in the induction of specific immune responses
[29].

In human, BDCA-2 is a type II C-type lectin expressed by pDCs
specialized in the targeting of antigens into the antigen processing
and peptide-loading compartment. BDCA-2 is also involve in the
IFN-synthesis inhibition. BDCA-2 lectin may have a central func-
tion in the immune activation by promoting Th2 responses [30]. In
this report, we describe for the first time the presence of immature
BDCA-2+ pDCs in the dome of mouse PP [31].

As shown in Fig. 1G, and also as previously described in human,
DC-SIGN+ DCs are present in the dome and inter-follicular regions
of mouse PP [32]. DC-SIGN is a C-type lectin expressed on the DC
surface which is involved in the cross-talk with lymphocytes. DCs
also express the high affinity receptor for ICAM-3, which is also
expressed on naive T cells. Interactions between ICAM-3 and DC-
SIGN stabilize the initial step of contact between DC and naive T
cell [33]. Human DC-SIGN has been shown to bind all HIV-1, HIV-2,
and SIV viruses and plays an important role in virus adhesion to
DCs [34].

Langerin (CD207), a type II Ca2+-dependent C-type lectin recep-
tor, is known to capture and to route antigen into the organelles,
providing access to a non-classical antigen-processing pathway
[35]. Langerin is mainly found in Birbeck granules as well as on
the cell surface [36]. Langerin expression is predominant in skin
DCs, but Langerin-expressing DCs also exist in mouse mucosal tis-
sue [37]. As shown in Fig. 1H, CD11c+/Langerin+ DCs are present in
mouse Peyer Patches. Langerin+ DCs are located mainly in the dome,
confirming the function of this subtype in the uptake of antigen. de
Witte et al. have shown that Langerin mediates HIV-1 degradation,
[38].
Positive staining observed by immunofluorescence were also

confirmed by flow cytometry with the exception of DC-Lamp
(1006F7 clone). Percentages of each DC populations measured by
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Fig. 2. Flow cytometry analysis of Peyer’s Patches cells. PP cells were isolated from the non-follicular tissue, and labeled for 30 min with the following antibodies: 1006F7
DC-LAMP (Fig. 2B), pDC/IPC 102F11 and 120G8 (Fig. 2C and D), TLR8 307D3 (Fig. 2E), BDCA-2 104C12 (Fig. 2F), DC-SIGN 109H12 (Fig. 2G), and Langerin 808E10 (Fig. 2H).
Double staining were obtained after incubation with PE-CD11c antibody. Fig. 2A shows a FSC/SSC acquisition dot plot with 300,000 events.
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ow cytometry analysis are consistent and correlated with the
uantity of positive cells observed on cryosections.

No specific staining has been obtained with the following mAb
101C9, 102H4.16, 122A1, 104A10, 103G2, 102E11, 107D2, 619F7,
6H3, 929F3, 205C1, and DEC205), raising several non-exclusive
ypothesis as the absence of cross-reactivity between human and
ouse, the fact that antibodies are inappropriate to IF studies, the

ow of negative expression of the target molecule in the analyzed
issue. TLR3 has been found to be specifically expressed in human
39] and canine [40] DCs. DORA (Down Regulated by Activation)
xpression was also observed in human DC [41]. Human plasmacy-
oid pre-DC strongly express TLR7 [29] and a large subset of DC in
he T cell-dependent areas of human lymphoid organs were identi-
ed by high levels of IL-3R� expression [42]. However, we did not
bserve any specific staining of these specific markers on murine
P cryosections.

In this study, new phenotype and localization of mouse DC into
P have been described (BDCA-2+, pDC/IPC+, DC-LAMP+, DC-SIGN+,
LR8+, and Langerin+ DCs). These DC populations could have a
pecific role in the functions of the GALT as the maintenance of
ocal tolerance or in the induction of pro-inflammatory response
gainst mucosal pathogens. Specific interactions between particu-
ar intestinal DCs and Ag-experienced T cells could initiate either
n immunogenic or a tolerogenic pathway. This study can pro-
ide important informations about antigen uptake by local DCs
fter mucosal delivery. Specific-targeting of particular intestinal
Cs could improve drastically the efficacy of mucosal vaccination
pproaches.
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