Der p 1-pulsed myeloid and plasmacytoid dendritic cells
from house dust mite-sensitized allergic patients
dysregulate the T cell response
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Abstract: Although reports suggest that dendritic
cells (DC) are involved in the allergic reaction
characterized by a T helper cell type 2 (Th2) pro-
file, the role of myeloid (M-DC) and plasmacytoid
DC (P-DC), controlling the balance Th1/Th2, re-
mains unknown. Here, we showed that in Dermato-
phagoides pteronyssinus (Dpt)-sensitized allergic
patients and in healthy donors, M-DC displayed a
higher capacity to capture Der p 1, a major aller-
gen of Dpt, than did P-DC. However, Der p
1-pulsed M-DC from healthy subjects overex-
pressed CD80 and secreted interleukin (IL)-10,
whereas M-DC from allergic patients did not. In
contrast, with Der p l-pulsed P-DC from both
groups, no increase in human leukocyte antigen-
DR, CD80, and CD86 and no IL-10 secretion were
detected. When cocultured with allogeneic naive
CD4™ T cells from healthy donors, Der p 1-pulsed
M-DC from allergic patients favored a Thl profile
[interferon (IFN)-y"#"/IL-4'""] and Der p 1-pulsed
P-DC, a Th2 profile (IFN-y'**/IL-4""), In healthy
donors, no T cell polarization (IFN-y'**/IL-4'")
was induced by Der p 1-pulsed M-DC or P-DC, but
in response to Der p l-pulsed M-DC, T cells se-
creted IL-10. The neutralization of IL-10 pro-
duced by Der p l-pulsed M-DC from healthy do-
nors led to an inhibition of IL-10 production by T
cells and a polarization toward a type 1. Thus,
IL-10 produced by M-DC might be an essential
mediator controlling the balance between toler-
ance and allergic status. In addition, P-DC could
contribute to the steady state in healthy donors or
to the development of a Th2 response in allergic

donors. J. Leukoc. Biol. 73: 91-99; 2003.

Key Words: allergy - steady state - Th1/Th2 response

INTRODUCTION

Dendritic cells (DC) represent a large network of immunosur-
veillance all over the organism. They reside in peripheral

tissues (i.e., respiratory tract, gut, and skin) and in secondary
lymphoid organs (i.e., lymph nodes, tonsils, and spleen). In
peripheral tissues, DC actively capture and process antigens
and then migrate to draining lymph nodes, where they stimu-
late T cells [1-3]. DC are involved in T cell polarization toward
a T helper cell type 1 (Thl) response, a phagocyte-dependent
immune response leading to the clearance of virus and micro-
organisms, or a Th2 response, involved in the clearance of
parasites or related to the allergic reaction. In peripheral blood
(PB), two DC populations [myeloid DC (M-DC) and plasmacy-
toid DC (P-DC)], differing in their developmental pathways,
were recently described [4, 5]: M-DC express the receptor for
granulocyte macrophage-colony stimulating factor and other
myeloid cell markers such as CD11e, CD13, and CD33, and
P-DC, also present in bone marrow and in secondary lymphoid
tissues, express the receptor for interleukin 3 (IL-3; CD123),
lack myeloid cell markers, and give rise to plasmacytoid cells
[6-8]. In vitro, PB-DC populations were first described to
exhibit different functions: M-DC promote a Thl immunity,
whereas P-DC promote a Th2 immunity [4]. However, recent
data suggest that the dichotomic T cell response is not exclu-
sively governed by the DC type [9]. Monocyte-derived DC
(MDDC), related to M-DC, promote a Thl or a Th2 response
according to the nature and/or the dose of the antigen [10-12],
the DC T cell ratio [13], and their maturation state (active or
exhausted) [14]. In addition, P-DC as the principal type 1
interferon (IFN)-producing cells, in response to viruses such as
Herpes simplex virus (HSV) or influenza virus [15-17], could
be considered as playing a key role in the antimicrobial im-
munity characterized by a type 1 T cell response. Moreover, in
vivo, the DC microenvironment could influence the T cell
response [18].

In the allergic context, we recently demonstrated that the
allergic status of the donor defines the T cell response induced
by relevant allergen-pulsed MDDC: MDDC, issued from
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healthy subjects pulsed with Der p 1, one of the major aller-
gens of Dermatophagoides pteronyssinus (Dpt), favor a Thl
response, whereas Der p 1-pulsed MDDC issued from Dpt-
sensitized allergic patients favor a Th2 response [19]. This last
Th2 response was reported to be maintained in the presence of
IL-12, a Thl-inducing cytokine [20, 21]. In vivo, some obser-
vations suggest that DC play a crucial role in the establishment
of the allergic inflammatory reaction: Their number increases
in the lung of asthmatic patients [22, 23]; bronchial epithelial
DC issued from asthmatic patients activate CD4™" T cells with
a preferential secretion of Th2 cytokines such as IL-4 and IL-5
[22]; a selective DC depletion in ovalbumin (OVA)-sensitized
mice leads to a decrease in the immunoglobulin (Ig)E produc-
tion, an abolition of the Th2 response and a lack of eosinophil
recruitment, three elements characterizing the pulmonary al-
lergic response [24]; and in rats, freshly isolated respiratory
tract DC pulsed with OVA and reinjected in animals stimulate
Th2 cells [25].

Until now, few data have considered the role of P-DC in the
human allergic inflammatory response: In circulation, P-DC
cell number positively correlates with serum IgE levels and
blood eosinophil counts [26]; during experimental allergic rhi-
nitis, an accumulation of P-DC in the vicinity of high endo-
thelium venules was observed in human nasal mucosa [27],
suggesting their involvement in the triggering of upper airway
allergy.

To define a potential dysfunction of M-DC and/or P-DC
leading to the allergic reaction, we investigated their respective
response to the allergen Der p 1, one major allergen of Dpt. To
this end, effects of Der p 1 on M-DC and P-DC in terms of in
vitro maturation capacity and consequences on the T cell
polarization were analyzed, and behaviors of DC recovered
from allergic and healthy donors were compared.

MATERIALS AND METHODS

Reagents

Fluorescein isothiocyanate (FITC)-conjugated monoclonal antibodies (mAb)
used were anti-CD45R0, lineage cocktail (Lin)-1 containing anti-CD3, -CD14,
-CDh16, -CD19, -CD20, and -CD56 (Becton Dickinson, Le Pont de Claix,
France) and anti-CD80 and -CD86 (PharMingen, Le Pont de Claix, France).
PE-conjugated mAb included anti-CD123 (Becton Dickinson) and -CD3
(PharMingen). The Cychrome™-conjugated anti-human leukocyte antigen
(HLA)-DR and anti-CD4 mAb and the allophycocyanin (APC)-conjugated
anti-CD11c mAb were from PharMingen. Isotype-control mAb included FITC-,
PE-, Cychrome™-, or allophycocyanin-labeled mouse IgG1 or IgG2a (PharM-
ingen). Purified blocking anti-IL-10 mAb was from R&D Systems (Minneap-
olis, MN), and the purified mouse IgG.,, isotype control was from PharMingen.
Lipopolysaccharide (LPS) and FITC-Dextran were obtained from Sigma Chem-
ical Co. (Saint Quentin Fallavier, France). Der p 1, kindly provided by G. A.
Stewart (University of Western Australia, Nedlands, Perth), was purified from
lyophilized house dust mite culture supernatant by affinity chromatography
using anti-Der p 1 mAb as described previously [28, 29], and the absence of
endotoxin contamination was controlled for all batches.

Donors

Two groups of donors were selected: allergic patients and healthy donors.
Twenty-one allergic patients without any treatment were suffering from peren-
nial rhinitis and/or allergic asthma and exhibited positive skin prick tests
toward Dpt extracts and specific IgE for Dpt (radioallergosorbent test class
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=2). Total IgE level was above 100 kU/L (between 105 and 1347 kU/L), and
levels of specific IgE for Dpt were between 1.4 and 98 kU/L. Twenty-seven
healthy donors displayed a total IgE level <91 kU/L (between 5 and 70.8
kU/L) without any detection of specific IgE for Dpt in their serum (<0.35
kU/L).

Rhodamine (Rhod) labeling of Der p 1

Der p 1 (M,=25,000) was labeled with Rhod using Fluoreporter” tetramath-
ylrhodamine protein labeling kit (Molecular Probes, Eugene, OR) following the
manufacturer’s instructions. Briefly, the Rhod solution was added to the Der p
1 solution (1 mg/ml) and incubated for 1 h at room temperature in the dark
under stirring. The solution was further extensively dialyzed against phos-
phate-buffered saline (PBS). The Rhod-labeled Der p 1 (Rhod-Der p 1)

solution was stored at 4°C and protected from light until use.

Cell preparations

PB mononuclear cells (PBMC) were obtained from whole blood by density
gradient over Ficoll-Hypaque (Pharmacia, Saint Quentin en Yvelines, France).
PBMC (5-10X107) were recovered from 60 ml whole blood. PB-DC were
purified with the blood DC isolation kit (Miltenyi Biotech, Bergisch Gladbach,
Germany). PB-DC were pre-enriched from PBMC by depletion of B cells, T
cells, monocytes, natural killer (NK) cells with haptenized CD19, CD3,
CD11b, and CD16 antibodies, and an anti-hapten mAb coupled to magnetic
cell sorter microbeads. The magnetically labeled cells were removed in a
magnetic field. PB-DC were purified from the remaining nonbound cell fraction
by a positive immunoselection procedure with anti-CD4 mAb-coated magnetic
microbeads. For some experiments, M-DC and P-DC were purified using the
blood DC isolation kit and the BDCA-4 cell isolation kit (Miltenyi Biotech).
After the B cell-, T cell-, monocyte-, and NK cell-depletion step, as described
above, P-DC were purified by a positive immunoselection procedure with
anti-BDCA-4 mAb-coated magnetic microbeads, which recognized P-DC spe-
cifically [30]. Then, M-DC were purified from the remaining nonbound cell
fraction by a positive immunoselection procedure with anti-CD4 mAb-coated
magnetic microbeads. P-DC (2.5-7X10%; Lin-1"CD123"HLA-DR"CD11¢)
and M-DC (0.75-3X10°; Lin-1"CD123"HLA-DR*CD11c ™) were obtained as
determined by immunostaining with a FITC-labeled Lin-1, PE-labeled CD123,
Cychrome™-labeled HLA-DR, and APC-labeled CD11c with a purity of 90%.
Naive CD4" T cells were purified by anti-CD11b/CD16/CD19/CD36/CD56/
CD8/CD45RO0 depletion using the pan T cell isolation kit and CD45R0O and
CD8 beads from Miltenyi Biotech (purity >90%).

Antigen uptake assay

Purified PB-DC were resuspended in the uptake buffer [45% RPMI, 50% PBS,
5% fetal calf serum (FCS)] at a density of 1-3 X 10° cells/ml. PB-DC were
prewarmed at 37°C or kept on ice for 20 min. Before use, Rhod-Der p 1 and
FITC-Dextran were spun down in a microfuge to eliminate aggregates. On the
basis of previous observations on MDDC [31], PB-DC were incubated for 1 h
with 50 pg/ml Rhod-Der p 1, dialyzed Rhod, or 50 pg/ml FITC-Dextran at 4°C
or 37°C. Then, PB-DC were collected and washed three times with ice-cold
PBS. Rhod-Der p 1- and Rhod-pulsed cells were triple-stained with anti-Lin-1
FITC, anti-HLA-DR Cychrome™, and anti-CD11¢ APC, and FITC-Dextran-
pulsed cells were triple-stained with anti-Lin PtdEtn, anti-HLA-DR Cy-
chrome™, and anti-CD11c APC. Antigen uptake by M-DC and P-DC was
immediately determined by flow cytometry by gating cells on Lin-1"HLA-
DR"CD11c¢" (M-DC) and Lin-1"HLA-DR"CD11¢™ (P-DC) and measuring the

mean Rhod-Der p 1 or the FITC-Dextran fluorescence intensity.

PB-DC culture

Purified PB-DC, M-DC, or P-DC were cultured in RPMI-1640 medium con-
taining 10% FCS, 2.5 mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml
streptomycin. Cells were seeded at a density of 0.5 X 10°/ml in 24-well culture
plates (Costar, Brumath, France). Cell suspensions were cultured for 1 day in
three different conditions: without any additive stimulus as negative control,
after addition of 1 pg/ml Der p 1, or 1 pg/ml LPS as positive control for DC

http://www.jleukbio.org



maturation. In some experiments, blocking anti-IL-10 mAb (10 wg/ml) or
isotype-matched control Ab (10 wg/ml) was added to the culture. Then, cells
were immediately analyzed or cocultured with allogeneic naive CD4™" T cells
from healthy subjects for 5 days (T cell:DC ratio was 20:1).

Cell-surface marker analysis

For four-color immunolabeling, cells were washed twice in ice-cold PBS and
incubated in 100 wl PBS containing appropriate fluorochrome-labeled mAb for
30 min on ice. At least 20,000 cells were analyzed on a FACScan™ (Becton
Dickinson). The analysis of cell-surface markers (CD80, CD86, HLA-DR) on
PB-DC was performed by gating cells on HLA-DR*CD11¢*CD123"" (M-DC)
and HLA-DRTCD11¢*CD123" (P-DC) as described previously [32].

Evaluation of cytokine secretion

IL-10 and IL-12 (p70) production by M-DC and P-DC were measured in
supernatants by enzyme-linked immunosorbent assay (ELISA; Diaclone, Be-
sancon, France). IL-4, [FN-vy, and IL-10 production by T cells cocultured with
M-DC or P-DC was measured in supernatants by ELISA (Diaclone).

Statistical analysis

Nonparametric statistical analysis of cell-surface molecule expression and
cytokine production by M-DC and P-DC was performed using the Mann-
Whitney test. Values of P = 0.05 were considered statistically significant.

RESULTS

Der p 1 is preferentially taken up by M-DC in
allergic and healthy donors

In a first series of experiments, the Der p 1 uptake by M-DC
and P-DC subsets in allergic and healthy donors was investi-
gated. As expected, no capture of Der p 1 occurred at 4°C.
Figure 1, A and B, shows that at 37°C, M-DC and P-DC took

up Der p 1 without statistical differences between allergic and
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Fig. 1. Der p 1 is taken up more by M-DC than P-DC. After purification,
PB-DC from allergic patients or from healthy subjects were incubated for 1 h
with 50 pg/ml Rhod-Der p 1 (A and B) or FITC-Dextran (C and D) at 4°C (open
bars) or 37°C (solid bars). The Der p 1 uptake is given as the fluorescence
intensity geometric mean of Rhod-Der p 1 minus dialyzed Rhod of individual
subpopulations M-DC (A) or P-DC (B). The FITC-Dextran uptake is given as
the fluorescence intensity geometric mean of FITC-Dextran of individual
subpopulations M-DC (C) or P-DC (D). Mean * SEM values obtained in four
independent patients are shown.
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healthy donors. However, in both groups, M-DC displayed a
twofold higher Der p 1 uptake capacity than P-DC. Tt is
interesting that FITC-Dextran, an antigen mainly taken up by
MDDC via the mannose receptor [31], did not bind to M-DC
and P-DC from allergic as well as healthy donors (Fig. 1, C and
D). This last observation correlated with the absence of the
mannose receptor expression on the surface of the two DC
subsets (data not shown).

HLA-DR expression on M-DC and P-DC in
response to Der p 1

To investigate whether M-DC and P-DC mature in response to
Der p 1, we performed a comparative HLA-DR expression
analysis on M-DC and P-DC recovered from allergic patients
and from healthy donors. Freshly isolated M-DC and P-DC
displayed a weak HLA-DR expression in both groups (Fig. 2).
After 1 day of culture in medium, M-DC from allergic patients
strongly increased HLA-DR expression (Fig. 2A). In response
to Der p 1, HLA-DR expression increased, as observed with
LPS used as positive control for DC maturation. In healthy
donors, similar observations were done: In the absence of
stimulus, M-DC overexpressed HLA-DR, and in response to
Der p 1 or LPS, HLA-DR was also increased (Fig. 2B). How-
ever, M-DC from healthy donors displayed a lower level of
HLA-DR expression than M-DC from allergic patients. It is
worthy of note that in the allergic group, a heterogeneity was
observed for values obtained in all culture conditions in con-
trast to the healthy group that displayed some homogeneity. On
P-DC from allergic patients, HLA-DR expression remained at
a low level in three culture conditions (Fig. 2C). On P-DC from
healthy donors, HLA-DR expression was slightly increased in
response to Der p 1 and LPS (Fig. 2D). Thus, on the basis of
HLA-DR expression, it appears that Der p 1 induced a higher
maturation of M-DC from allergic patients than M-DC from
healthy donors, and Der p 1 did not induce maturation of P-DC
from allergic and healthy donors.

Costimulatory molecule expression on M-DC and
P-DC is differently modulated by Der p 1 in
allergic and healthy donors

As costimulatory molecules, such as CD80 and CD86, are
involved in the initiation of the immune response and the T cell
polarization, their presence on the surface of each PB-DC
subset, M-DC and P-DC, was analyzed in response to Der p 1.
After Der p 1 incubation, M-DC from allergic patients slightly
overexpressed CD86 but not CD80 (Fig. 3A; 268.65+30.83
and 35.76+6.51, respectively) compared with medium
(230.67£100.26 and 21.55*14.71, respectively). However, in
response to LPS, only CD80 was significantly increased on
M-DC (86.37%13.99). In healthy subjects, in response to Der
p 1, only CD80 was significantly overexpressed on M-DC
(57.58%+11.96) compared with medium (18.55%9.02), whereas
in the presence of LPS, CD80 and CD86 expressions were
up-regulated (Fig. 3C; 78.33%16.85 and 354.21£64.17, re-
spectively) compared with medium (18.55%£9.02 and
190.03+63.06, respectively). Concerning P-DC from allergic
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Fig. 3. Costimulatory molecule expression pattern of cultured PB-DC subsets
issued from allergic patients (A and B) or healthy subjects (C and D). After
purification, PB-DC were incubated in unsupplemented medium, supple-
mented with Der p 1 (1 pg/ml) or with LPS (1 pg/ml) for 1 day, and then
analyzed by four-color flow cytometry. Closed histograms represent the anti-
CD80 and the anti-CD86 immunoreactivity of M-DC (A and C) or P-DC (B and
D). The reactivities of isotype-matched control mAb with the same PB-DC
subpopulations are shown by open histograms. One representative independent
patient of three (allergic) and five (healthy) is shown.
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Fig. 4A). However, in the presence of LPS, the production of
IL-10 was highly increased in both donor groups, and an IL-10
level was more elevated in healthy (1942*+1216.15) rather
than allergic groups (775.55%£166.80). Concerning P-DC, the
incubation with Der p 1 induced a low production of IL-10 in
allergic (25.14%25.51) and healthy donors (3.27+4.01; Fig.
4B). P-DC from healthy subjects incubated with LPS produced
IL-10 higher (107.90%£80.11) than P-DC from allergic donors
(23.45%16.08).
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Der p 1-pulsed PB-DC subsets from Dpt-
sensitized allergic patients polarize the primary
allogeneic T cell response but not Der p 1-
pulsed PB-DC subsets from healthy donors

We then examined the polarization of the primary allogeneic T
cells induced by each PB-DC subset measuring IFN-y and
IL-4 production in supernatants of coculture with DC from
allergic or healthy donors and allogeneic naive CD4™ T cells
from healthy donors. Naive T cells cultured with Der p
1-pulsed M-DC from allergic patients secreted pronounced
IFN-y amounts and low levels of IL-4, corresponding to a
Thl-response profile, similar to T cells stimulated with LPS-
pulsed M-DC (Fig. 5, A and B). In contrast, in healthy
subjects, Der p 1-pulsed M-DC did not significantly modify
IFN-v and IL-4 production observed with unpulsed M-DC (Fig.
5, C and D). LPS-pulsed M-DC induced a weak increase in

Healthy

IFN-y production and no increase in IL-4 secretion. It is
interesting that a different profile response was obtained with
P-DC. Der p 1-pulsed P-DC from allergic patients led to a low
production of IFN-y and an increase in IL-4 production, cor-
responding to a Th2-response profile (Fig. 5, A and B). If P-DC
were previously pulsed with LPS, then the IL-4 and IFN-y
production was increased. Control experiments indicated that
IL-4 was produced during coculture only when T cells were
incubated with P-DC (data not shown). In addition, P-DC
stimulated with Der p 1 or LPS did not secrete 1L-4, suggesting
that the IL-4 production observed in P-DC:T cell coculture was
produced by T cells. In healthy subjects, in response to Der p
1, P-DC led to a low secretion of IL-4 and IFN-y production
(Fig. 5, C and D). Thus, in response to Der p 1, M-DC from
allergic patients polarized the T cell response toward a type 1
profile, and P-DC primed the polarization of the T cell response
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Fig. 5. Cytokine secretion profile of naive T cells stimulated with M-DC or P-DC depends on the allergic status of the donor. M-DC, P-DC, and mixed PB-DC
from allergic patients (A, B, E, and F; n=5) or from healthy donors (C, D, E, and F; n=5) were incubated in unsupplemented medium (light shaded bars),
supplemented with Der p 1 (1 pg/ml; dotted bars), or with LPS (1 wg/ml; solid bars) for 1 day. Then, they were cocultured with naive CD4" T cells for 5 days.
Supernatants were harvested and (A, C, and E) IFN-y or (B, D, and F) IL-4 was measured by ELISA. Results shown are given as mean = SEM values. *, P < 0.05.
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IL-4 were measured by ELISA. Results shown are given as an index of increase
corresponding to the mean * SEM values of ratio of cytokine amount in tested
coculture supernatant over cytokine amount in Der p 1-pulsed M-DC:T cell
coculture supernatant. *, P < 0.05.

toward a type 2 profile. In contrast in healthy subjects, none of
M-DC and P-DC was able to polarize T cell response in
response to Der p 1.

To be closer to the physiological situation, the polarization of
T cells induced by PB-DC populations mixed was examined. In
allergic patients as well as in healthy subjects, Der p 1-pulsed,
mixed PB-DC did not induce any increase in IFN-vy and IL-4
production by T cells (Fig. 5, D and F). This result suggests
that in allergic patients, one DC subset might repress the
function of the other DC subset.

The absence of T cell polarization in response to
Der p 1-pulsed M-DC from healthy subjects is
IL-10-dependent

As IL-10 secreted by DC was reported playing a eritical role in
the establishment of tolerance, the eventual role of IL-10
produced by Der p 1-pulsed M-DC from healthy subjects in the
absence of T cell polarization was determined by neutralizing
IL-10 production. The IL-10 neutralization did not affect the
expression of DC maturation markers such as HLA-DR, CD40,
CD80, and CD86 (data not shown). In contrast, the addition of
the blocking anti-I11.-10 mAb to Der p 1-pulsed M-DC led to an
increase in the IFN-y but not in the 1L-4 production by naive
T cells, characterizing a Thl profile (Fig. 6). It is worthy of
note that in this neutralization condition, the IFN-y amount
reached the same levels as those observed with Der p 1-pulsed
M-DC from allergic patients (data not shown). In contrast, the
isotype-matched control Ab did not modify the cytokine secre-
tion profile of T cells stimulated by Der p 1-pulsed M-DC. In
allergic patients, the anti-IL-10 mAb did not modify the Th1
response induced by M-DC (data not shown). These results
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suggest that IL-10 secreted by Der p 1-pulsed M-DC from
healthy subjects should be responsible for the lack of Thl
response by naive T cells.

IL-10 produced by Der p 1-pulsed M-DC from
healthy subjects induced IL-10-producing T cells

As IL-10 produced by T cells is considered to play a crucial
role in tolerance process, we then investigated if Der p
1-pulsed M-DC from healthy donors induced IL-10 secretion
by T cells. Naive T cells cultured for 5 days with Der p
1-pulsed M-DC secreted pronounced amounts of IL-10 (Fig.
7). It is interesting that when the IL-10 secreted by Der p
1-pulsed M-DC was neutralized, T cells did not secrete 11-10
(Fig. 7). Flow cytometry analysis confirmed that IL-10 detected
in coculture supernatants was secreted by T cells (data not
shown). These results suggest that IL-10 secreted by Der p
1-pulsed M-DC from healthy donors should be responsible for
the generation of IL-10-producing T cells.

DISCUSSION

M-DC and P-DC are two DC subsets reported to play a distinct
role in orchestrating the initiation of the immune response and
the determination of the Th polarization. In vitro, the degree of
the Th polarization may differ according to the maturation
state, the dose and nature of the antigen, and the ratio of DC:T
cells. In the context of allergic diseases, characterized by a Th2
profile, the function of each PB-DC subset has not yet been
defined. In the present study, we showed that in allergic
patients, in response to Der p 1, M-DC induced a T cell
polarization toward a type 1, and P-DC primed a T cell polar-
ization toward a type 2. In contrast, in healthy donors, none of
PB-DC subsets stimulates naive T cells. These findings argue
for the existence of potential dysfunctions of each PB-DC
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Fig. 7. The IL-10 produced by Der p 1-pulsed M-DC from healthy subjects
generates 1L-10-producing T cells. M-DC from healthy donors (n=5) were
incubated in unsupplemented medium (light shaded bars), with Der p 1 in the
absence (densely dotted bars) or in the presence of mouse IgG,,, isotype control
(spaced, dotted bars), or blocking anti-IL-10 mAb (hatched bars) for 1 day.
Then, they were cocultured with naive CD4™" T cells for 5 days. Supernatants
were harvested, and 11.-10 was measured by ELISA. Results shown are given

as mean * SEM values. *, P < 0.05.
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subset in response to Der p 1 in allergic patients who develop
an allergen-specific inflammatory response.

At first, we showed that M-DC were able to capture Der p 1.
In allergic patients, the capacity to capture the allergen was not
disturbed when compared with healthy donors. In addition, no
differences in the phenotype (CD80, CD86, HLA-DR) of
freshly isolated M-DC were observed between the two groups.
Among maturation markers analyzed, HLA-DR and CD86 were
similarly up-regulated in both groups. However, a major dif-
ference in the CD80 expression was detected in response to
Der p 1 between allergic and healthy donors: Only M-DC from
healthy donors significantly increased in their CD80 expres-
sion. It is interesting that similar observations were done with
Der p 1-pulsed DC derived from monocytes: Those from
healthy donors display CD80 up-regulation, whereas those
from allergic patients maintain a low CD80 expression level
[19]. In allergic patients, the lack of CD80 up-regulation is in
keeping with other data obtained in vivo, which showed that
following an allergen challenge in asthmatic patients, CD80
was not up-regulated on alveolar macrophages and on B cells
(33, 34].

Surprisingly, the up-regulation of CD80 expression on Der p
1-pulsed M-DC from healthy subjects did not lead to a T cell
polarization. However, unlike allergic patients, Der p 1-pulsed
M-DC from healthy donors secreted I1-10, which inhibits the
capacity of M-DC to polarize naive T cells and promotes M-DC
to generate IL-10-secreting T cells. In mice, T regulatory cells
(Tr1), which are involved in the tolerance process, are char-
acterized by a high production of IL-10 [35]. In humans, also,
in vitro studies show that MDDC-secreting 1L.-10 generates T
cells that display similar characteristics to Trl cells [36-38].
So, 1L-10 should be a crucial cytokine in healthy donors to
convert M-DC into tolerogenic DC. In the allergic context,
pretreatment with 1L-10 of MDDC from allergic patients incu-
bated with the appropriate allergen inhibits the production of
Th1 and Th2 cytokines by T cells [39]; in mouse, pulmonary
DC from mice exposed to OVA transiently produced 1L-10,
which is critical for the induction of tolerance [40]; and IL-
10~"~ mice have more eosinophilic airway inflammation [41].
So, IL-10 plays a critical role in the establishment of tolerance
against an allergen, and the IL-10 production by Der p
1-pulsed M-DC could be an important source of IL-10 involved
in the establishment of the tolerance against Der p 1 in healthy
donors. It is worthy of note that the tolerance process is
accompanied with a M-DC maturation, as it was described in a
mouse model of asthma with pulmonary DC [40]. Thus, the
tolerance against an allergen in healthy donors would be in-
duced by mature DC in contrast to other tolerance mechanisms
involving immature DC expressing low amounts of costimula-
tory molecules [38].

In contrast, in allergic patients, it appears that the lack of
IL-10 secretion by Der p 1-pulsed M-DC correlated with the
capacity to activate allogeneic T cells and prime naive T cells
to a more prominent Thl polarization. It was already shown
that the neutralization of IL-10 secreted by MDDC allows the
induction of a Th1 response [36]. So, in allergic patients, the
absence of IL-10 secretion by Der p 1-pulsed M-DC should
favor the development of a Th1 response. Recently, Salvi et al.
[42] claimed that “the Th2 hypothesis for asthma” is too

Charbonnier et al.

simplistic, as evidence argues for the presence of a Thl re-
sponse. The presence of IFN-y, a Th1 cytokine, in bronchoal-
veolar lavage and in blood correlates with asthma severity
[42—45]. In addition, in a mouse model of asthma, Randolph et
al. [45] demonstrated that antigen-specific Thl cells, which
predominate early in the response, are not protective but rather
potentiate the allergic inflammatory response. Thus, our results
suggest that M-DC from allergic patients could dysregulate the
tolerance against an allergen and initiate the Thl response
involved in an allergic inflammatory response. Surprisingly,
M-DC from allergic patients did not secrete 1L-12, a major
cytokine inducing a Thl response. DC need at least two
signals, such as CD40 ligand (CD40-L) and IFN-vy, to produce
IL-12 [46]. Here, M-DC received only one signal, LPS or Der
p 1, which should not be enough for inducing IL-12 production.

It is interesting that in another experimental model, we have
previously reported that Der p 1-pulsed MDDC amplify the
Th2 response in a syngeneic total T cell population [19]. In this
last study, we elucidated the recall response mechanism,
whereas here, we analyze the initiation of the allergic-immune
response with freshly isolated blood M-DC and naive T cells.
The comparison of our experimental human models allows us to
suggest that also in humans, a Th1 response could occur during
the initiation of the allergic response with the involvment of
M-DC, and then, a Th2 response takes place, characterizing
the recall response. In addition, we have recently observed that
the mannose receptor was involved in the Der p 1 uptake by
MDDC [31]. The inabitity of M-DC to uptake FITC-Dextran
and their lack of mannose receptor expression suggest that
M-DC should capture Der p 1 in a different way than MDDC.
Recent data suggest that the internalization pathway influences
the T cell polarization process induced by DC [47]. Thus,
MDDC and M-DC induce different T cell responses, probably
as a result of their different Der p 1 capture pathways.

With P-DC, a low Der p 1 capture was observed in healthy
and allergic donors. Also, after 24 h incubation with Der p 1,
no maturation marker expression, such as HLA-DR, CD80, or
CD86, was detected in allergic as well as healthy donors.
However, unlike healthy donors, Der p 1-pulsed P-DC from
allergic patients in contact with naive T cells led to the priming
of a Th2 polarization. It is well known that in vitro, in response
to CD40-L, P-DC mature and polarize naive T cells toward a
type 2 profile [4]. Thus, Der p 1-pulsed P-DC from allergic
patients may induce a Th2 response in contact with naive T
cells via the interaction CD40-CD40-L. Recent studies de-
scribed that in allergic patients, the P-DC number positively
correlates with serum IgE levels and blood eosinophil counts
[24], and in vivo allergen challenge induces P-DC recruitment
in the nasal mucosa [27], where they are in contact with the
allergen. Our results suggest that if they migrate into the lymph
node, P-DC would be responsible for the induction of an
allergen-specific Th2 response.

In addition, it is worthy of note that in response to LPS,
P-DC from allergic patients induced a Th2 response. Until
now, such a response to LPS was not reported as a result of the
absence of Toll-like receptor 4 (TLR-4) expression on the
surface of P-DC [48]. This unusual response to LPS allows us
to hypothesize that in allergic patients, the LPS receptor pro-
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file, such as TLR expression, might be different in comparison
to healthy donors.

P-DC also act as type 1 IFN-producing cells to alert the
immune system to dangers, in response to viruses such as
influenza virus or HSV [12, 15]. The IFN-a, known to favor a
Th1 response [15], was detected at very low levels in culture
supernatants (data not shown) in response to Der p 1 in allergic
as well as in healthy donors. Indeed, Der p 1-pulsed P-DC from
allergic patients did favor a Th2 cytokine profile. So, in healthy
donors, Der p 1 did not activate any known function of P-DC,
initiation of a Th2 response, and production of type 1 IFN,
suggesting that P-DC should contribute to maintain the steady
state in response to allergens, whereas in allergic patients, they
should contribute to establish the allergic reaction by inducing
an allergen-specific Th2 response.

When M-DC and P-DC from allergic patients were mixed
and then pulsed with Der p 1, their capacity to polarize T cell
responses toward a type 1 and a type 2, respectively, was lost.
IL-4 produced by T cells stimulated by Der p 1-pulsed P-DC
might inhibit IFN-y production as already shown [49]. How-
ever, this lack of in vitro T cell polarization does not reflect the
physiological situation where a sequential T cell polarization
has been emphasized [45]. Indeed, in vivo, M-DC and P-DC
are present in blood and could be recruited in tissues and/or in
lymph nodes by different routes [50]. Thus, in response to an
allergen, M-DC and P-DC could separately polarize T cells
toward type 1 and type 2, respectively, in space and/or in time.

In conclusion, we have demonstrated that compared with
healthy donors, in allergic patients, M-DC and P-DC display
dysfunctions in response to Der p 1 with a capacity to induce
a T cell polarization toward a type 1 and a type 2, respectively.
Thus, M-DC and P-DC should play a critical role in the
establishment of the balance between tolerance and allergic
status against an allergen. In healthy donors, in response to Der
p 1, P-DC and M-DC do not stimulate naive T cells and might
contribute to the steady state, whereas in allergic patients, they
dysregulate the T cell response in Dpt-sensitized allergic pa-
tients, leading to allergic status.
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