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Research and Development, Stallergènes SA, Antony, France and 2Plateforme de cytométrie de flux, Institut Pasteur, Paris, France

Clinical &
Experimental
Allergy

Correspondence:
Philippe Moingeon, Research and
Development, Stallergènes SA, 6 rue
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Summary
Background Sublingual immunotherapy (SLIT) is safe and reduces both symptoms and
medication requirements in patients with type I respiratory allergies. Nonetheless, immune
mechanisms underlying SLIT need to be further documented.
Objective A detailed characterization of the lingual immune system was undertaken in mice, to
investigate the presence of tolerogenic and pro-inflammatory mechanisms.
Methods Immune cells were characterized in lingual tissues from BALB/c mice using
immunohistology and flow cytometry. Resident CD41 T cells were sorted and toll-like
receptor (TLR) expression profiles as well as functional characterization were assessed by
RT-PCR, T cell suppressive assays and cytokine gene expression, respectively.
Results Eosinophils and mast cells were only detected in submucosal tissues. No NK, NK-T,
g/d, CD81 T cells, nor B-lymphocytes were detected. Potential antigen presenting cells include
various subsets of dendritic cells (CD2071 Langerhans cells, CD11b1CD11c1 myeloid cells and
120G81 plasmacytoid DCs) together with F4/801 macrophages. Noteworthy, both CD103
and CD1031 CD41 T cells expressing TLR2 and TLR4 receptors are present along the lamina
propria, in vicinity of myeloid CD11b1CD11c dendritic cells. Such resident lingual CD41 T
lymphocytes comprise both suppressive T cells as well as cells with memory/effector
functions (i.e. expressing IFNg, IL4, IL10 and IL17 genes following stimulation), irrespective of
the presence of the mucosal addressing marker CD103.
Conclusion The sublingual route is pertinent to induce antigen-specific tolerance, due to
(i) limited numbers of pro-inflammatory cells, rather located in submucosal tissues,
(ii) co-localization of APCs and resident CD41 T cells with regulatory functions. Since
the oral immune system can also elicit pro-inflammatory effector responses, the cytokine
milieu in which allergens are presented by sublingual APCs needs to be controlled during
immunotherapy (e.g. with adjuvants) in order to favour tolerance over inflammation.
Keywords antigen presenting cells, CD103, mucosal CD41 T cell, mucosal immunity,
sublingual immunotherapy
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Introduction
Allergen-specific sublingual immunotherapy (SLIT) is
established as a safe and efficient treatment for type I
respiratory allergies, both in adults and children [1–7].
Although, SLIT-induced allergen-specific T cell responses
are thought to play a critical role in tolerance induction,
immune mechanisms involved at the site of administration are still elusive [8]. Improving our understanding of
the latter is critical in order to better target the allergen to
appropriate immune cells, thus favouring tolerance in-

duction as opposed to pro-inflammatory responses. Interestingly, all subsets of oral antigen presenting cells (APCs)
described so far in mice or in humans were shown to
support antigen-specific tolerance, following induction of
IFNg and/or IL10 producing CD41 T cells with a suppressive function [9–11]. In contrast, little is known regarding
the presence of resident regulatory or effector lymphoid
cells in oral tissues.
In this study, we conducted a comprehensive analysis of
the lingual immune system in BALB/c mice. Few proinflammatory cells [i.e. eosinophils, mast cells (MC)] cells
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and no lymphoid cells, besides resident CD41 T lymphocytes, are detected within lingual tissues. The latter colocalize along the lamina propria with CD11b1 myeloid
APCs, and comprise both regulatory and effector/memory
T cells.
Materials and methods
Mice, reagents and antibodies
Six- to eight-week-old BALB/c female mice were obtained
from Charles River (L’Arbresle, France). DO11.10 female
mice transgenic for the ovalbumin (OVA)323–339 peptidespecific T cell receptor (TCR) [12] were bred in the Centre
d’Exploration et de Recherche Fonctionnel (CERFE, Evry,
France). International levels of ethical standards were
applied for animal handling.
Phosphate-buffered saline (PBS) and RPMI 1640 were
purchased from Invitrogen (Carlsbad, CA, USA). The
following monoclonal antibodies (mAbs) were used, either
as purified antibodies for immunohistology or labelled
with fluorescein isothiocyanate (FITC), phycoerythrin (PE)
or allophycocyanin (APC) for flow cytometry analysis:
anti-MHC Class II (I-A/I-E) IgG2b, anti-CD86 IgG2a, antiCD69 IgG, anti-CD25 IgG1, anti-CD62L IgG2a, anti-CD44
IgG2b, anti-CD45RB IgG2a, anti-CCR7 IgG2a, anti-CD103
IgG2a, anti-CD8a IgG2a, anti-CD117 IgG2b, anti-F4/80
IgG2a, anti-pan NK IgM, anti-CD40 IgG2a, anti-CD80 IgG,
anti-GR-1 IgG2b, anti CD19 IgA, anti-CD207 IgG2a, antiCD3 IgG2b, anti-CD28 IgG (all from eBiosciences, San
Diego, CA, USA), anti-CD4 IgG2b, anti-CD3 IgG1, antifollicular dendritic cells IgG2c (clone FDC-M1), anti-gd T
cells IgG2a, anti-CD11b IgG2b, anti-CD11c IgG1 (all from
BD Biosciences, San Jose, CA, USA), anti-CD205 IgG
(NLDC-145 clone; Cedarlane Laboratories Ltd, Burlington,
ON, Canada). Corresponding isotype-matched mAbs were
used as controls in all experiments.
Animal sensitization
Mice sensitization was performed by two intraperitoneal
(i.p.) injections at 14-day intervals of 10 mg OVA adsorbed
on 2 mg Al(OH)3, administered in a volume of 100 mL. This
was followed by a 20 min aerosol challenge with 1% w/v
OVA on 4 consecutive days using an aerosol delivery
system (Buxco Europe Ltd, Winchester, UK). Such, OVAsensitized mice exhibit airway hyperresponsiveness (AHR)
in response to metacholine in a dose-dependent manner
(from 12.5 to 100 mg/mL) as well as OVA-specific IgEs.
Immunohistology and fluorescence-activated cell sorter
analysis of lingual immune cells
For immunohistology, spleen, thymus and lingual tissues
were recovered from naı̈ve or OVA-sensitized mice and

frozen at 80 1C. In our analyses, the buccal floor is also
included and considered as part of the ventral side of the
tongue. Tissue sections (4–6 mm wide) were serially cut,
air-dried for at least 30 min, fixed in acetone for 1–2 min,
and incubated for 10 min in 3% hydrogen peroxide
(Sigma, St Louis, MO, USA) to block endogenous peroxidase activity. After washing in Tris-buffered saline (TBS:
0.05 M Tris, 0.15 M NaCl, pH 7.4), primary antibodies
(diluted 1/100 in TBS) were added onto samples and
incubated for 1 h at room temperature. Tissue sections
were washed in TBS and incubated with biotinylated
rabbit anti-goat IgG secondary antibodies (Sigma, 1/400)
for 30 min before adding streptavidin–biotin horseradish
peroxidase (SA-HRP, Sigma). After 30 min, samples were
washed and specific staining was visualized using diaminobenzidine (DAB, Sigma) as a substrate. Tissue sections
processed in the absence of primary antibodies were
included as negative controls.
To analyse the phenotype and function of immune cells,
lingual tissues removed from BALB/c mice were treated
for 45 min at 37 1C with 400 U/mL collagenase type IV,
50 mg/mL DNAse I (Roche diagnostic, Mannheim, Germany) and 2 U/mL dispase (Invitrogen) in RPMI 1640.
After blocking residual enzymatic activity with 5 mM
EDTA in PBS, lingual tissues were dissociated in PBS.
Cells were recovered and stained with various antibodies
for 15 min at 4 1C as described above. Results were
expressed as a mean percentage of positive cellsSD
(n = 3), after subtracting background staining obtained
with corresponding isotype-matched mAbs.
RNA isolation and real-time polymerase chain reaction
analysis
Total RNA (RNeasy Mini kit, Qiagen) was isolated from 104
CD41 T cells purified by cell sorting from lingual tissues
or spleen; cDNAs were synthesized using random hexamers (Taqman Reverse Transcription Reagents, Applied
Biosystems, Foster city, CA, USA) according to the
manufacturer’s protocol. Real-time PCR analysis of
IFNg Mn00801778_m1), IL4 (Mn00445259_m1), IL10
(Mn00439616_m1), IL17 (Mn00439619_m1), TLR 1–7
(Mn00441868_s1; Mn00442346_m1; Mn00446577_g1;
Mn00445274_m1; Mn00546288_s1; Mn00446590_m1,
respectively) and TLR9 (Mn00446193_m1) gene expression was conducted with Predesigned TaqMan Gene
Expression Assays and reagents (Applied Biosystems)
according to the manufacturer’s specifications, using a
7300 Real-time PCR system (Applied Biosystems). Forty
cycles of amplification were performed as follows: 95 1C,
30 s; 55 1C, 30 s; 72 1C, 30 s. Levels of mRNA for each gene
were normalized to the amount of b-actin mRNA
Mn00801778_m1), which is an appropriate reference gene
to allow the quantification of cytokine gene expression in
lingual T cells [see supporting information, table showing
c
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the expression of various housekeeping genes i.e. glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Mn99999915_g1), b-microglobulin Mn00437762_m1)] and
hypoxanthine-guanine phosphoribosyltransferase (HPRT;
Mn01324427_m1). For TLR gene expression, PCR products were visualized after electrophoresis on 1.5% agarose gels, using a transilluminator.
Functional characterization of lingual CD41 T cells
Both splenic and lingual T cells were stained at 4 1C for
15 min, with anti-CD3-APC, anti-CD4-PE and antiCD103-FITC mAbs. CD31CD41CD103 and CD31CD41
CD1031 pure T cell populations were isolated with a
MoFlo (Dako, Glostrup, Denmark) cell sorter. Cells within
each subset were more than 99% pure, as confirmed by
flow cytometry analysis.
For T cell activation, both CD31CD41CD103 and
CD31CD41CD1031 T cells sorted from spleen and lingual
tissues (2104/well) were stimulated using a combination
of anti-CD3 and anti-CD28 (1 mg/mL, each) antibodies in
RPMI 1640, supplemented with 10% foetal calf serum and
antibiotics (all from invitrogen) in 96-well round-bottom
plates. After 24 h, T cells were recovered for gene expression analysis.
For suppressive assays, naı̈ve CD41 T cells were purified
from spleens of DO11.10 mice and CFSE-labelled as
previously described [13]. 2104 of such CFSE-labelled
OVA-specific CD41 T cells were co-cultured with each
of the sorted CD31CD41CD103 and CD31CD41CD1031
T cell populations in presence of murine BM–DCs and
OVA323–339 peptide (10 mg/mL) for 4 days using 1/2–1/8
(suppressive/responder) cell ratios. As a control, 2104
CFSE-labelled OVA-specific CD41 T cells were cultured
with or without the OVA323–339 peptide (10 mg/mL) for 4
days. OVA-specific T cells were stained with the PE-KJ1.26
anti clonotypic mAb and proliferating cells were evaluated by fluorescence-activated cell sorter (FACS), based on
a decrease in CFSE-associated fluorescence.
Results
Mapping and distribution of immune markers in lingual
tissues from BALB/c mice
The phenotype and tissue distribution of immune cells
was assessed by immunohistology in lingual tissues from
naı̈ve and OVA-sensitized BALB/c mice, using a panel of
specific antibodies, as described in ‘Materials and methods’. Frequencies of immune cells expressing a given
marker were further evaluated in parallel from tissues
digested by collagenase and dispase, after antibody staining and flow cytometry analysis. Staining in the absence
of primary antibodies was always negative in those
experiments (data not shown). Qualitative and quantitac
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tive results obtained in three independent experiments
conducted in both naı̈ve and sensitized animals are
summarized in Table 1. Collectively, those results revealed
the presence of APCs, pro-inflammatory cells and resident
CD31CD41 T lymphocytes, as will be discussed below.
Identification of antigen presenting cells in lingual tissues
from BALB/c mice
In agreement with our previous study [11], we detected
surface markers associated with at least four subsets of
APCs, including CD2071 Langerhans cells, 120G81 plasmacytoid DCs, as well as CD11b1CD11c1 and CD11b1
CD11c myeloid APCs. While the three first subsets
represent each o0.1% total cells, CD11b1CD11c cells
(Fig. 1 and Table 1) are the most abundant APCs (representing 1.440.42% and 0.780.10% of total cells in
naı̈ve and OVA-sensitized mice, respectively, meanSD,
n = 3). Furthermore, we also detected F4/801 macrophages located in submucosal tissues (Fig. 1 and Table 1).
In contrast, follicular dendritic cells were missing, consistent with the absence of structured lymphoid tissues in
the mouth of mice (Table 1). Although not shown, no
further recruitment of such APCs was observed in tissue
sections of naı̈ve mice sublingually treated with the OVA
protein for 4, 24 or 48 h.
Other surface markers classically associated with APCs,
such as MHC-II (1.170.64% and 0.620.12% in naı̈ve
and OVA-sensitized mice, respectively, meanSD, n = 3)
and CD86 (0.430.20% and 0.120.04% in naı̈ve and
OVA-sensitized mice, respectively, meanSD, n = 3) molecules were mostly detected on cells located in both
ventral and dorsal tissue sections of the lingua, as well as
along the lamina propria together with CD11b1 APCs (Fig.
1 and Table 1). Other co-stimulatory molecules such as
CD40 and CD80 were not detected by immunohistology in
any of the tissue sections analysed (Table 1). Noteworthy,
we did not detect any differences between dorsal and
ventral sides of lingual tissues in term of distribution of
those potential APCs (Table 1). Collectively, those results
suggest that (i) lingual tissues contain multiple potential
APCs, including LCs, myeloid and plasmacytoid DCs,
together with macrophages, (ii) such cells do not express
high levels of co-stimulatory molecules [11].
Characterization of pro-inflammatory and lymphoid cells
in lingual tissues from BALB/c mice
Tissue sections stained with haematoxylin, eosin and
safran revealed the presence of pro-inflammatory cells,
i.e. eosinophils and mast cells (MCs), deep within submucosal tissues in naı̈ve mice (Fig. 2a). The presence
of MCs (0.650.35% and 0.480.29% in naı̈ve and
OVA-sensitized mice, respectively, meanSD, n = 3)
and granulocytes (0.270.12% and 1.110.29% in naı̈ve
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Table 1. Mapping and distribution of cells expressing various markers in lingual tissues from naı̈ve or OVA-sensitized mice
Percentage of total cells

Distribution

Markers

Naı̈ve mice (%)

OVA-sensitized mice (%)

CMH-II
CD40
CD80
CD86
CD11b
CD11c
120G8
CD205
CD207
F4/80
FDC
GR-1
CD117
CD3
CD4
CD8
gd TCR
CD19
CD103
CD49b

1.170.64
ND
ND
0.430.20
1.440.42
0.100.01
0.110.08
o0.1
o0.1
0.150.07
ND
0.270.12
0.650.35
0.230.15
0.200.08
ND
ND
ND
o0.1
ND

0.620.12
ND
ND
0.120.04
0.780.10
0.120.03
o0.1
ND
ND
0.200.10
ND
1.110.29
0.480.29
0.110.04
0.110.04
ND
ND
ND
0.110.04
ND

Mucosa/lamina propria
(dorsal side)

Muscle

Mucosa/lamina propria
(ventral side)

1

1

1

1
1
1
1
1
1

1

1
1
1
1
1
1

1
1
1
1
1

1
1

1

1

Both dorsal/ventral and muscle tissue sections of the tongue of BALB/c mice were analyzed by immunohistology, using a panel of specific antibodies, as
described in methods. Frequencies of immune cells expressing a given marker were evaluated by flow cytometry and expressed as mean percentages of
total cellsSD, out of three independent experiments conducted in both naı̈ve and sensitized animals. ND = not detected. For distribution, results are
expressed as presence (1) or absence ( ) of cells expressing a given marker depending upon tongue area. Refer to cells located in muscular tissue but
also close to the mucosal/submucosal interface.

and OVA-sensitized mice, respectively, meanSD, n = 3)
in muscular tissues was confirmed using anti-CD117 and
anti-GR-1 antibodies, respectively (Fig. 2b and Table 1).
Beyond the noticeable influx of GR-11 granulocytes in
OVA-sensitized mice, such pro-inflammatory cells were
also found closer to the mucosal/submucosal interface
when compared with naı̈ve animals (Table 1).
We failed to detect B lymphocytes (CD191) in lingual
tissues. Also, no natural killer (CD49b1), g/d nor CD81
cells were detected by immunohistology (Table 1). In
contrast, we detected CD41 T cells (0.200.08% and
0.110.04% in naı̈ve and OVA-sensitized mice, respectively, meanSD, n = 3) in lingual tissues (Fig. 3a, right
panels and Table 1), using spleen cells as positive controls
(Fig. 3a; left panels). Interestingly, lingual CD41 T cells are
predominantly located along the lamina propria, i.e. in
close vicinity with APCs (Fig. 3a). Such cells were confirmed by cytofluorometry to express CD25, CD44 (high),
CD45RB (low), CD62L (low), CD69, as well as for 25% of
them, the aEb7 integrin CD103 acting as a mucosal
addressing receptor (Figs 3a and b). In addition, Foxp31
cells were not detected by FACS nor by immunochemistry
(data not shown), suggesting that natural regulatory T cells
are not present in significant amounts in lingual tissues.

Resident lingual CD41 T cells exhibit both regulatory and
effector properties
We further characterized resident CD41 T cells (both
CD103 and CD1031) from lingual tissues in comparison
with their splenic counterparts. Among TLR genes, TLR2
and TLR4 were significantly expressed in all subsets, most
particularly in CD41CD1031 T cells (Fig. 4). The presence
of those receptors at the cell surface was confirmed by
cytofluorometry (data not shown). CD41 T cells were
sorted from corresponding tissues and tested in parallel
for their potential regulatory activity, using a third party
T cell suppressive assay. As shown in Fig. 5, both
CD41CD103 and CD41CD1031 T cell subsets exhibit a
suppressive activity (Fig. 5). No quantitative differences
are observed in this regard between T cells obtained from
the spleen or lingual tissues. Although not shown, triggering TLR2 or TLR4 (using Pam3CSK4 or LPS, respectively)
did not further enhance T cell suppression in this in vitro
assay. Patterns of cytokine expression were also analysed
in both CD1031 and CD103 lingual CD41 T cells after
polyclonal activation in five independent experiments
(Fig. 6). As their splenic counterparts, the two subsets of
resident lingual CD41 T cells express IFNg, IL4 and IL17
c
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Spleen

Lingual tissue

(a)

5

Lingual tissue

MHC-II
Eosinophils

CD86
Mast cells
Lingual tissue

(b)

CD117

CD11b

Thymus

F4 /80

Fig. 1. APC subsets in lingual tissues. For immunohistology analysis,
spleen and lingual tissues from naı̈ve BALB/c mice were frozen, processed as described in ‘Materials and methods’ and stained with the
following specific antibodies: anti-MHC-II, anti-CD86, CD11b and antiF4/80. Tissue sections from spleen were used as positive controls. Arrows
indicate the localization of positive cells (magnification 100). Data are
representative of three independent experiments.

genes following activation (Fig. 6) suggesting that they
both contain cells mediating effector functions associated
with Th1, Th2 and Th17 polarization. The functional
relevance of quantitative differences in patterns of cytokines (e.g. IL4, IL10) elicited in CD1031 and CD103
lingual CD41 T cells remains unclear.
Discussion
Successful allergen-specific immunotherapy down-regulates established Th2 responses [14, 15] together with the
induction of Th1 [16–26], as well as IL10 producing
c
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Fig. 2. Pro-inflammatory cells in lingual tissues. (a) Representative
lingual tissue sections embedded in paraffin and stained with HES are
shown. (b) For immunohistology analysis, thymus and lingual tissues
from naı̈ve BALB/c mice were frozen, processed as described in methods
and stained with a specific anti-CD117 antibody. Tissue sections from
thymus were used as positive controls. Arrows indicate the localization
of positive cells (magnification 100). Data are representative of three
independent experiments.

regulatory T cells [27–30]. Nonetheless, immune mechanisms underlying SLIT remain to be fully elucidated, most
particularly at the site of allergen(s) administration. Specifically, one issue to improve current vaccination protocols is to better target the allergen to appropriate APCs in
order to enhance tolerance induction, while limiting
exposure to pro-inflammatory cells, including MCs and
effector T cells. All APCs described thus far in the oral
mucosa of mice and human, including LCs, myeloid and
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Spleen

Lingual tissue
β-Actin

CD4

TLR1/6

CD103

TLR2

TLR3
100
75
TLR4

50

TLR5

CD103

TLR7

Fig. 3. Phenotype of lingual CD41 T cells. (a) For immunohistology
analysis, spleen and lingual tissues from naı̈ve BALB/c mice were frozen,
processed as described in ‘Materials and methods’ and stained with antiCD4 (upper panels) or anti-CD103 (lower panels) (magnification 100).
(b) For fluorescence-activated cell sorter (FACS) analysis, lingual tissues
from naı̈ve mice were processed as described in methods. Cells were
stained with anti-CD4-PE and anti-CCR7-FITC, anti-anti-CD25-FITC,
anti-CD44-FITC, anti-CD45RB-FITC, anti-CD62L-FITC, CD69-FITC, or
anti-CD103-FITC mAbs. After washing, cells were analysed by FACS.
Using isotype matched antibodies, background was subtracted. Results
are shown as the mean percentage of positive cells for specific markersSD, n = 3 (FITC, fluorescein isothiocyanate).

CD103–
gu

Lin

plasmacytoid DCs, exhibit tolerogenic properties [9–11].
Specifically, such APCs drive naı̈ve T cells to produce IFNg
and/or IL-10. Also, cross-linking of high affinity receptors
for IgE (FceRI) on human LCs induces the expression of
regulatory cytokines such as TGFb or IL-10 [9, 31].
Whereas the oral immune system appears to be prone to
elicit antigen-specific tolerance due to the peculiar biology of resident APCs, the presence of pro-inflammatory
immune cells remains to be characterized.
Herein, we undertook a detailed characterization of
dorsal/ventral lingual immune cells in naı̈ve BALB/c mice.

al
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tis
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lee
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n

CD103+

CD103+

TLR9

CD103 –

CCR7

CD45RB low

CD44 high

CD62L low

0

CD25

25

CD69

% positive cells

(b)

Fig. 4. TLR expression by lingual CD41 T cells. After sorting of
CD31CD41CD103 or CD31CD41CD1031 T cells from BALB/c mice
(spleen and lingual tissues) and RNA extraction, PCR was performed with
probes specific for either TLR1/6, 2, 3, 4, 5, 7, 9 or b-actin as described in
methods. Amplified cDNAs were resolved by agarose gel electrophoresis,
and images were collected using a transilluminator. b-Actin was used as
an internal standard to assess the quality and quantity of mRNA
preparation.
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CD4+CD103−
25%

33%

58%

18%

37%

64%

Spleen

Lingual tissue

CD4+CD103+
14%

28%

53%

9%

28%

63%

Spleen

Lingual tissue

Ratio1/2

Ratio1/8

Ratio1/4
Negative CTR

Positive CTR

7%

75%

CFSE
1

Fig. 5. Suppressive capacity of lingual CD4 T cells. Sorted splenic and lingual CD31CD41CD103 or CD31CD41CD1031 T cells from DO11.10 mice
were cultured with naı̈ve CFSE-labeled ovalbumin (OVA)-specific CD41 T cells in the presence of murine BM–DCs and the OVA323–339 peptide (10 mg/mL)
for 4 days. Ratios (suppressive/responder cells) between 1/2 and 1/8 have been tested. As controls, 2104 CFSE-labelled OVA-specific CD41 T cells were
cultured with or without the OVA323–339 peptide (10 mg/mL) for 4 days. After staining with the PE-KJ1.26 anti clonotypic mAb, proliferating cells were
evaluated by FACS based on a decrease in CFSE-associated fluorescence. CTR, control.

We detected pro-inflammatory cells, i.e. MCs and eosinophils, which are located in submucosal tissues, in agreement with previous studies conducted in humans [32, 33].
One inference is that in the absence of mucosal effraction,
allergen contact with such cells should be limited after
SLIT. In line with our previous study we confirmed the
presence of several subsets of APCs, located at the
mucosal/submucosal junction, likely involved in antigen
capture during SLIT [11]. These APCs include myeloid
CD11b1CD11c , CD11b1CD11c1, with a semi-mature
phenotype (CD40 CD80 CD861), consistent with their
tolerogenic function [34, 35]. In addition, we further
detected in submucosal tissues plasmacytoid dendritic
cells but also F4/801 macrophages, whose potential APC
function is currently under investigation.
Although we did not see any significant differences in
immune cell distribution in mice depending upon the site,
Allam et al. [33] reported such differences in humans in
c
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terms of distribution of LCs and MCs within the oral
cavity, with the vestibular region identified as the most
favourable site for allergen application during SLIT, given
its high LC and low MC density.
No B, NK, NK-T, gd or CD81 cells were detected in
lingual tissues from naı̈ve BALB/c mice, establishing that
they are not prime effectors in tolerance induction via the
sublingual route. Interestingly, resident mucosal CD41 T
cells were found along the lamina propria, i.e. in the
vicinity of the main subset of CD11b1 oral APCs, suggesting that such T cells may initiate adaptive immune
responses to antigens. Such T cells exhibit an effector/
memory phenotype (CD44 high, CD45RB low, CD62L low
and CD691). Also, they express the aEb7 integrin CD103,
a mucosal homing receptor proposed by others as a
marker for regulatory CD41 T cells [36, 37]. Interestingly,
TLR2 and TLR4 genes are significantly expressed in both
CD1031 and CD103 T cells suggesting that appropriate
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CD4+CD103 –

CD4+CD103+
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Relative gene expression

30

Spleen
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50
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0
IFN γ

IL10

IL17

IL4

IFN γ

50
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0

IL10

IL17

IL4

Lingual tissue
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IFN γ

IL10

IL17

IL4

IFN γ

IL10

IL17

IL4

Fig. 6. Cytokine expression profile of activated lingual CD41 T cells. Sorted splenic and lingual CD31CD41CD103 or CD31CD41CD1031 T cells were
activated with a combination of anti-CD3 and CD28 antibodies (1 mg/mL each) for 24 h. Cytokine gene expression profiles were analysed in T cell subsets
by RT-PCR using probes specific for IFNg, IL4, IL10, IL17 and b-actin as described in methods. The expression level of inactivated T cells was arbitrarily
set to 1 and data are represented as fold increaseSD (n = 5) in activated relative to inactivated T cells.

targeting of those receptors (e.g. with an adjuvant) might
modulate the properties of such T cells. We confirmed that
lingual resident CD41 T cells exhibit a regulatory T cell
activity, although no differences were found in this regard
between CD103 and CD1031 cells. Interestingly, this
organization is reminiscent of another critical site for
tolerance induction, namely the intestinal mucosa, with
CD11b1 APCs similarly co-localized with CD41 T cells
along the lamina propria [38].
Whereas the default pathway for oral immune responses to antigen seems to be tolerance induction
[11, 39, 40], we confirm that the oral immune system also
comprises local effector mechanisms. Following polyclonal activation of both CD1031 and CD103 T cells,
cytokine genes associated with Th1, Th2 and Th17 patterns of polarization are induced. In agreement with our
observation, recent data emphasize that the oral immune
system retains the capacity to promote effector responses
[41]. In particular, sublingual administration of inactivated influenza viruses induces specific cytotoxic T lymphocytes as well as mucosal antibody responses [41, 42].
Appropriate targeting of oral immune cells using a mucosal adjuvant, i.e. mCTA-LTB, further enhances those
responses, resulting in a complete protection against
respiratory viral challenge [41, 42]. Furthermore, resident
IL17-producing T cells were recently confirmed to be
critical in protecting against oropharyngeal candidiasis
[43].
Given such a dual capacity of the lingual immune
system, appropriate signalling to APCs, e.g. with adjuvants [13, 44, 45] is needed to promote tolerance over

inflammation in the course of allergen-specific immunotherapy.
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employed by Stallergènes SA (L. M., V. L., A. Z., S. T., L. V.
O., P. M.).
References
1 Wilson DR, Lima MT, Durham SR. Sublingual immunotherapy
for allergic rhinitis: systematic review and meta-analysis. Allergy 2005; 60:4–12.
2 Passalacqua G, Guerra L, Pasquali M, Lombardi C, Canonica GW.
Efficacy and safety of sublingual immunotherapy. Ann Allergy
Asthma Immunol 2004; 93:3–12; quiz 12–3, 103.
3 Pajno GB, Peroni DG, Vita D et al. Safety of sublingual immunotherapy in children with asthma. Paediatr Drugs 2003; 5:
777–81.
4 Penagos M, Compalati E, Tarantini F et al. Efficacy of sublingual
immunotherapy in the treatment of allergic rhinitis in pediatric
patients 3 to 18 years of age: a meta-analysis of randomized,
placebo-controlled, double-blind trials. Ann Allergy Asthma
Immunol 2006; 97:141–8.
5 Mascarell L, Van Overtvelt L, Moingeon P. Novel ways for
immune intervention in immunotherapy: mucosal allergy vaccines. Immunol Allergy Clin North Am 2006; 26:283–306,
vii–viii.
c

2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–10

Mapping of lingual immune cells

6 Dahl R, Kapp A, Colombo G et al. Efficacy and safety of
sublingual immunotherapy with grass allergen tablets for seasonal allergic rhinoconjunctivitis. J Allergy Clin Immunol 2006;
118:434–40.
7 Didier A, Malling HJ, Worm M et al. Optimal dose, efficacy, and
safety of once-daily sublingual immunotherapy with a 5-grass
pollen tablet for seasonal allergic rhinitis. J Allergy Clin Immunol
2007; 120:1338–45.
8 Moingeon P, Batard T, Fadel R et al. Immune mechanisms of
allergen-specific sublingual immunotherapy. Allergy 2006; 61:
151–65.
9 Allam JP, Novak N, Fuchs C et al. Characterization of dendritic
cells from human oral mucosa: a new Langerhans’ cell type with
high constitutive FcepsilonRI expression. J Allergy Clin Immunol
2003; 112:141–8.
10 Allam JP, Peng WM, Appel T et al. Toll-like receptor 4 ligation
enforces tolerogenic properties of oral mucosal Langerhans cells.
J Allergy Clin Immunol 2008; 121:368–74.
11 Mascarell L, Lombardi V, Louise A et al. Oral dendritic cells
mediate antigen-specific tolerance by stimulating TH1 and
regulatory CD41 T cells. J Allergy Clin Immunol 2008; 122:
603–9.
12 Murphy KM, Heimberger AB, Loh DY. Induction by antigen of
intrathymic apoptosis of CD41 CD81 TCRlo thymocytes in vivo.
Science 1990; 250:1720–3.
13 Mascarell L, Van Overtvelt L, Lombardi V et al. A synthetic
triacylated pseudo-dipeptide molecule promotes Th1/TReg
immune responses and enhances tolerance induction via the
sublingual route. Vaccine 2007; 26:108–18.
14 Durham SR, Till SJ. Immunologic changes associated with allergen immunotherapy. J Allergy Clin Immunol 1998; 102:157–64.
15 El Biaze M, Boniface S, Koscher V et al. T cell activation, from
atopy to asthma: more a paradox than a paradigm. Allergy 2003;
58:844–53.
16 Ippoliti F, De Santis W, Volterrani A et al. Immunomodulation
during sublingual therapy in allergic children. Pediatr Allergy
Immunol 2003; 14:216–21.
17 Mavroleon G. Restoration of cytokine imbalance by immunotherapy. Clin Exp Allergy 1998; 28:917–20.
18 Hamid QA, Schotman E, Jacobson MR, Walker SM, Durham SR.
Increases in IL-12 messenger RNA1 cells accompany inhibition
of allergen-induced late skin responses after successful grass
pollen immunotherapy. J Allergy Clin Immunol 1997; 99:
254–60.
19 Benjaponpitak S, Oro A, Maguire P et al. The kinetics of change
in cytokine production by CD4 T cells during conventional
allergen immunotherapy. J Allergy Clin Immunol 1999;
103:468–75.
20 Ebner C, Siemann U, Bohle B et al. Immunological changes
during specific immunotherapy of grass pollen allergy reduced
lymphoproliferative responses to allergen and shift from TH2 to
TH1 in T-cell clones specific for Phl p 1, a major grass pollen
allergen. Clin Exp Allergy 1997; 27:1007–15.
21 Secrist H, Chelen CJ, Wen Y, Marshall JD, Umetsu DT. Allergen
immunotherapy decreases interleukin 4 production in CD41 T
cells from allergic individuals. J Exp Med 1993; 178:2123–30.
22 Laaksonen K, Junikka M, Lahesmaa R, Terho EO, Savolainen J. In
vitro allergen-induced mRNA expression of signaling lymphocytic activation molecule by PBMC of patients with allergic

c

2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–10

23

24

25

26
27

28

29

30

31

32
33

34

35

36

37

38

39

9

rhinitis is increased during specific pollen immunotherapy.
J Allergy Clin Immunol 2003; 112:1171–7.
Meissner N, Kochs S, Coutelle J et al. Modified T-cell activation
pattern during specific immunotherapy (SIT) in cat-allergic
patients. Clin Exp Allergy 1999; 29:618–25.
Majori M, Caminati A, Corradi M et al. T-cell cytokine pattern at
three time points during specific immunotherapy for mitesensitive asthma. Clin Exp Allergy 2000; 30:341–7.
Gabrielsson S, Soderlund A, Paulie S et al. Specific immunotherapy prevents increased levels of allergen-specific IL-4- and
IL-13-producing cells during pollen season. Allergy 2001; 56:
293–300.
Norman PS. Immunotherapy 1999–2004. J Allergy Clin Immunol
2004; 113:1013–23.
Jutel M, Akdis M, Budak F et al. IL-10 and TGF-beta cooperate in
the regulatory T cell response to mucosal allergens in normal
immunity and specific immunotherapy. Eur J Immunol 2003;
33:1205–14.
Gardner LM, Thien FC, Douglass JA, Rolland JM, O’Hehir RE.
Induction of T ‘regulatory’ cells by standardized house dust mite
immunotherapy an increase in CD41 CD251 interleukin-101
T cells expressing peripheral tissue trafficking markers. Clin Exp
Allergy 2004; 34:1209–19.
Taylor A, Verhagen J, Akdis CA, Akdis M. T regulatory cells in
allergy and health: a question of allergen specificity and balance.
Int Arch Allergy Immunol 2004; 135:73–82.
Ciprandi G, Fenoglio D, Cirillo I et al. Induction of interleukin 10
by sublingual immunotherapy for house dust mites: a preliminary report. Ann Allergy Asthma Immunol 2005; 95:38–44.
Novak N, Bieber T, Katoh N. Engagement of Fc epsilon RI on
human monocytes induces the production of IL-10 and prevents
their differentiation in dendritic cells. J Immunol 2001; 167:
797–804.
Marcucci F, Sensi L, Incorvaia C et al. Oral reactions to sublingual
immunotherapy: a bioptic study. Allergy 2007; 62:1475–7.
Allam JP, Stojanovski G, Friedrichs N et al. Distribution of
Langerhans cells and mast cells within the human oral mucosa:
new application sites of allergens in sublingual immunotherapy?
Allergy 2008; 63:720–7.
Steinman RM, Hawiger D, Liu K et al. Dendritic cell function in
vivo during the steady state: a role in peripheral tolerance. Ann
NY Acad Sci 2003; 987:15–25.
Hawiger D, Inaba K, Dorsett Y et al. Dendritic cells induce
peripheral T cell unresponsiveness under steady state conditions
in vivo. J Exp Med 2001; 194:769–79.
Suffia I, Reckling SK, Salay G, Belkaid Y. A role for CD103 in the
retention of CD41 CD251 Treg and control of Leishmania major
infection. J Immunol 2005; 174:5444–55.
Allakhverdi Z, Fitzpatrick D, Boisvert A et al. Expression of
CD103 identifies human regulatory T-cell subsets. J Allergy Clin
Immunol 2006; 118:1342–9.
Denning TL, Wang YC, Patel SR, Williams IR, Pulendran B.
Lamina propria macrophages and dendritic cells differentially
induce regulatory and interleukin 17-producing T cell responses.
Nat Immunol 2007; 8:1086–94.
Iwasaki A, Kelsall BL. Freshly isolated Peyer’s patch, but not
spleen, dendritic cells produce interleukin 10 and induce the
differentiation of T helper type 2 cells. J Exp Med 1999; 190:
229–39.

10 L. Mascarell et al
40 Sun JB, Flach CF, Czerkinsky C, Holmgren J. B lymphocytes
promote expansion of regulatory T cells in oral tolerance:
powerful induction by antigen coupled to cholera toxin B
subunit. J Immunol 2008; 181:8278–87.
41 Cuburu N, Kweon MN, Song JH et al. Sublingual immunization
induces broad-based systemic and mucosal immune responses in
mice. Vaccine 2007; 25:8598–610.
42 Song JH, Nguyen HH, Cuburu N et al. Sublingual vaccination
with influenza virus protects mice against lethal viral infection.
Proc Natl Acad Sci USA 2008; 105:1644–9.
43 Conti HR, Shen F, Nayyar N et al. Th17 cells and IL-17 receptor
signaling are essential for mucosal host defense against oral
candidiasis. J Exp Med 2009; 206:299–311.
44 Lombardi V, Van Overtvelt L, Horiot S et al. Toll-like receptor
2 agonist Pam3CSK4 enhances the induction of antigen-specific
tolerance via the sublingual route. Clin Exp Allergy 2008;
38:1819–29.
45 Van Overtvelt L, Lombardi V, Razafindratsita A et al. IL-10inducing adjuvants enhance sublingual immunotherapy efficacy
in a murine asthma model. Int Arch Allergy Immunol 2008;
145:152–62.

Supporting Information
Additional Supporting Information may be found in the
online version of this article:
Table S1. Relative quantity of mRNAs corresponding to
each housekeeping genes normalized to distinct potential
endogenous controls (Mean of RQSD in activated versus
non activated CD41 CD103 and CD41 CD1031 T cells
from lingual tissues).
Please note: Wiley-Blackwell is not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.

c

2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1–10

