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Recent reports in mice demonstrate that basophils function as antigen presenting cells (APC). They express
MHC class Il and co-stimulatory molecules CD80 and CD86, capture and present soluble antigens or
IgE-antigen complexes and polarize Th2 responses. Therefore, we explored whether human circulating
basophils possess the features of professional APC. We found that unlike dendritic cells (DC) and
monocytes, steady-state circulating human basophils did not express HLA-DR and co-stimulatory
molecules CD80 and CD86. Basophils remained negative for these molecules following stimulation with
soluble Asp f 1, one of the allergensA§pergillus fumigatusBet v 1, the major birch allergen; TLR2-ligand

or even upon IgE cross-linking. Unlike DC, Asp f 1-pulsed basophils did not promote Th2 responses as
analyzed by the secretion of IL-4 in the basophil-CDR cell co-culture. Together, these results demonstrate
the inability of circulating human basophils to function as professional APC.

asophils are the rare granulocytes and represet® of circulating leukocytes. They arefié CD203¢

CD123 and play an important role in the protection against helminth parasites and in the pathogenesis of

allergic diseases and in autoimmune conditions such as lupus nephritis and rheumatoid *arthritis
Basophils are activated by recognition of protein allergens, proteases and helminth parasite antigens via patterr
recognition receptors and &Rl-mediated signaling. The latter is initiated by cross-linking @RFeither
through binding of allergen to surface-bound IgE or by IgE-immune complexes. All these events lead to the
secretion of IL-4, IL-13, B cell-activating factor belonging to the TNF family (BAFF) and thymic stromal
lymphopoietin (TSLP) that help in the programming of Th2 responses and stimulation of antibody production
by B cell&®-%%n addition, basophils also release other inflammatory mediators such as histamine and leukotrines
that mediate vasodilation and infiltration of immune cells.

Recent reports have shown that basophils could also act as professional antigen presenting cells (APC) in
various murine modets*--1*Professional APC are those that can uptake the antigens, process and present the
antigenic peptides in the context of MHC molecules and co-stimulatory molecules toTC&#lls leading to
activation, proliferation and polarization of Cb4 cell responsés Until now, dendritic cells (DC), macro-
phages/monocytes and memory B cells were considered as professional APC. However, recent studies in mic
have demonstrated that basophils express MHC class Il and co-stimulatory molecules CD80 and CD86, capture
and present soluble antigens or IgE-antigen complexes and polarize Th2 reS$pétidearefore, in the present
report, we explored whether circulating human basophils from healthy individuals possess the features of
professional APC and mediate Th2 responses to soluble antigens.

Results
Circulating human basophils do not express HLA-DR and co-stimulatory molecules CD80 and CD&@
first analyzed the expression of antigen presenting molecule HLA-DR and co-stimulatory molecules of B7 family
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in the steady-state basophils. Previous reports have demonstréetition kit Il (Miltenyi Biotech) that contained anti-HLA-DR anti-
that circulating basophils from s mice express detectable level¥odies in the antibody cocktail. Analysis of basophils in the blood
of these molecul&s However, we could not detect the expression efven before purification revealed a lack of HLA-DR expression
either HLA-DR or co-stimulatory molecules CD80 and CD86 on thgig. 2a). In addition, the expression level of HLA-DR wat%
circulating basophils (Fig. 1). The expression of these molecules @vathe basophils isolated by EasySep Human Basophil enrichment
less than 1%. On the contrary, 100% of steady-state circulatidigStem cell technologies) that did not deplete HLA-DR-expressing
monocytes and monocyte-derived DC expressed HLA-DR mof@sophils (Fig. 2b).

cules. Although monocytes did not express CD80, nearly 80%

DC . . .
expressed this molecule. Further, CD86 was expressed botiP8Rdritic cells but not basophils show enhanced expressions of
monocytes (about 90%) and on DC (about 30%) (Fig. 1). HLA-DR, CD80 and CD86 upon interaction with allergendVhen

The lack of HLA-DR expression on purified basophils was not d C are stimulated with antigens, these cells undergo activation and

to depletion of these cells during purification process by basop ff Process is charapterlzed by the enhanced expression of antigen-
presenting and co-stimulatory molecules. Therefore we investigated

whether interaction of circulating human basophils with allergens
Basophils leads to induction of HLA-DR, CD80 and CD86 on the cells. We
100- found that stimulation of DC with Asp f 1, one of the major allergens
of Aspergillus fumigatugead to increased expression of HLA-DR
75- and co-stimulatory molecules (Fig. 3a). On the contrary, basophils
remained negative for these molecules (Fig. 3b). As basophils express
50- toll-like receptor 2 (TLR2J, we further examined the expression of
HLR-DR, CD80 and CD86 on basophils stimulated with TLR2-
ligand. However, we did not observe the expression of above mole-
25- cules on TLR2-stimulated basophils (Fig. 3c and 3d).
10- We confirmed that basophils were viable and fully functional after
stimulation with Asp f 1. The level of apoptosis in IL-3-treated baso-
ol e oy phils was in the range of 2.3 to 6.2% (Fig. 4). Compared to this,
apoptosis in Asp f 1-treated basophils was in the range of 1.8 to
4.8% (Fig. 4). Thus, the level of apoptosis in control and Asp f 1-
e treated basophils did not differ significantly. Further, Asp f 1-treated
Dendritic cells basophils were functionally viable as determined by the activation
status of cells. The levels of expression of activation-associated mar-
100+ kers CD63, CD203c and CD13 were similar both in control and in
Asp f 1-stimulated basophils upon anti-IgE-stimulation (Fig. 5).
80- Further, we investigated whether the lack of expression of antigen
presenting and co-stimulatory molecules on basophils was restricted
60- toonly to Asp f 1 or to other allergens. We analyzed the expression of
HLA-DR and co-stimulatory molecules on the basophils stimulated
40- with other well-defined allergens such as Bet v 1, the major birch
— pollen allergen and Phl p 5, a major timothy grass pollen allergen.
204 The level of apoptosis in Bet v 1-treated basophils was in a similar
range as that of IL-3-treated control basophils (Fig. 4). Also, we did
0 not observe the expression of HLA-DR, CD80 and CD86 on baso-
phils upon stimulation with these allergens (Fig. 6 and data not
shown). Similar results were also observed with other antigens of
A. fumigatus superoxide dismutase (Sodlp) and mycelial catalase
1 (Catlp) (data not shown).
Monocytes In the context of secondary immune responses, IgE-bound aller-
100- gens could trigger basophil activation. Therefore, to mimic this situ-
ation and to demonstrate unequivocally that the lack of HLA DR,
80- CD80 and CD86 expression on basophils were not restricted to
stimulation of cells with a given antigen, we stimulated basophils
60- by IgE crosslinking. However, we could not observe the expression
of these molecules on basophils under this stimulation condition

% positive cells

% positive cells

(Fig. 6). Together these results indicated that although basophils
40 from mice do express antigen presenting and co-stimulatory mole-
cules, circulating human basophils do not express these molecules
20- under any stimulatory conditions.

% positive cells

0 —— Asp f 1-primed dendritic cells but not basophils promote Th2
HLA-DR CD80 CD86 responses One of the key functions. of APC is to promote
polarized T cell responses. Asp f 1-primed DC or basophils were

Figure 1] Expression of HLA-DR and co-stimulatory molecules CD80 co-cultured with autologous CD4T cells at $40 ratio and the
and CD86 on circulating human basophils, monocytes and monocyte- Th1l and Th2 responses were measured by analyzing the quantities
derived DC.The expression of markers was determined by flow cytometof IFN-c and IL-4 in the culture supernatants. We show that, DC that
by using fluorochrome-conjugated monoclonal antibodies. The results angere primed with Asp f 1, increased the production of IL-4 from
presented as percentage positive cells. Data (Bie8EM) are from three  CD4* T cells thus indicated the promotion of Th2 responses by Asp f
independent donors. 1-primed DC (Fig. 7a). However, Asp f 1-pulsed basophils did not
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Figure 2| Expression of HLA-DR on basophils in the circulation and in the cells isolated by two different Kig§.Red blood cells in the buffy
bags were lysed and stained for HLA-DR and CD123 (b) Basophils were isolated either by EasySep Human Basophil enrichment kit that does not deple
HLA-DR expressing basophils or by basophil isolation kit II. The expression of HLA-DR and CD123 was analyzed by flow cytometry.

mount Th2 responses. The level of IL-4 secretion was on par witht confirm whether human circulating basophils could present sol-
CD4" T cells co-cultured with unstimulated basophils or Asp f luble antigens in the context of primary immune responses to polarize
stimulated CD4 T cells (Fig. 7a). The IFNproduction from CD4 T cell responses. In addition, whether direct stimulation of circulat-
T cells remained unchanged both by DC and basophils (Fig. 7iag human basophils with an allergen could lead to expression of
Together, these results confirmed the inability of circulatigntigen presenting and co-stimulatory molecules was also not

human basophils to function as professional APC. addressed. Professional APC could internalize not only immune
complexes but also soluble antigens via receptor-mediated endocy-
Discussion tosis, pinocytosis and phagocytésighe signaling via antigens

The main function of professional APC is to present the antigen (guch as pathogen-associated molecular patterns) Ieads to activation
CD4* T cells and to polarize T cell responses at low APC ::}CD4 0f APC with enhanced expression of antigen-presenting molecules
cell ratio$®. APC-mediated CD4T cell polarization implicates four @nd co-stimulatory molecules. Basophils did not express these mole-
different signals: signal zero at the interface of APC and the antigees despite priming with Asp f 1, Bet v 1 and other allergens. As a
signal 1 at the interface of antigen-loaded HLA-DR on APC with gonsequence, unlike DC, basophils did not polarize Th2 responses
cell receptor-CD3 complexes on T cells, signal 2 that implicates (B8 measured by IL-4). Even at higher ratios of basophils * GD4
interaction of co-stimulatory molecules CD80/CD86 on APC witgells (510) there were no apparent polarization of Th2 responses.
CD28 of T cells and signal 3 in the form of CD# cell-polarizing On the other hand, DC were activated by Asp f 1 and induced Th2
cytokines secreted by APC. Although, human basophils secrete figlarization. These results thus confirmed the previous reports that
amounts of Th2-polarizing cytokine IL-4, our results demonstrafeC could mediate allergic immune responses upon interaction with
that unlike other professional APC, circulating human basophils laghkergen?.
signal 1 and signal 2 that are implicated in T cell polarization. A. fumigatusis one of the major fungal species implicated in the
Previous studies by using basophils from allergic patients hgathogenesis of several respiratory diseases including asthma and
demonstrated that human basophils do not internalize and presatiergic broncho-pulmonary aspergillosis (ABPAAsp f 1 is a
IgE-bound antigert$*8 These reports however studied the functiod8 kd ribonuclease protein of ribotoxin family and is one of the major
of basophils in the context of secondary immune responses and aliérgens of Aspergillus. Presence of IgE-reacting to Asp f 1 is a

}3:1188 | DOI: 10.1038/srep01188 3



Figure 3| Monocyte-derived DC but not basophils show enhanced expressions of HLA-DR, CD80 and CD86 upon stimulation with Asp f 1 and
peptidoglycan.(a and c) Monocyte-derived DC were cultured in X-Vivo medium containing 5% human AB serum and cytokines GM-CSF and IL-4
(panel: unstimulated dendritic cells) or cytokines plus Asp f 1 (panel: Asp f 1-stimulated dendritic cells) or cytokines plus peptidoglycarLpanel:
stimulated dendritic cells) for 24 hours. The phenotype of DC was analyzed by flow cytometry. (b and d) Basophils were cultured in X-Vivo medium
containing 5% human AB serum and IL-3 alone (panel: unstimulated basophils) or IL-3 plus Asp f 1 (panel: Asp f 1-stimulated basophils) or IL-3 plus
peptidoglycan (panel: TLR2-stimulated basophils) for 24 hours. The phenotype of basophils was analyzed by flow cytometry. Percentage of cells
expressing indicated markers and mean fluorescence intensity values (in parenthesis) are indicated. Results are representative of at least three
experiments.

common feature of ABPA and allergic astlifita Previous studies were proposed to initiate inflammatory responses via PARS
have also demonstrated that Asp f 1 is highly immunogenic and coilderefore, based on these data, it is likely that Asp f 1 could activate
activate APC such as DC to induce maturation of cells as well as @& via PAR signaliny However, PARs were found to be absent on
inflammatory cytokine and chemokine respofs&sHowever, in the human basophif§ and hence potential innate trigger for protease
air-borne dormant conidia, Asp f 1 is covered by hydrophobin layalergens on basophils is still a mystery. However, in the context of
that masks Asp f 1 being recognized by innate?élls secondary immune responses, IgE-bound allergens could trigger
However, our present results demonstrate that Asp f 1 could notlisophil activation. But, we did not observe the expression of antigen
presented by circulating human basophils to initiate immune regresenting and co-stimulatory molecules on basophils even upon IgE
ponses. As Asp f 1-pulsed DC promoted Th2 responses, these resuitsslinking. Similarly, TLR2 stimulation did not induce expression
indicate that IgE antibody responses to Asp f 1 in ABPA and allergitHLA-DR, CD86 and CD80 on basophils.
asthma patients could be mediated mainly via DC. Also data fromWe used percoll density gradient of three different densities
experimental models (DC vaccination model) have shown that Asf1f070, 1.079,1.088) for obtaining basophil rich peripheral blood
1 induces Th2 responsés mononuclear cells (PBM&)and bead-based negative isolation
Protease allergens could trigger innate responses including D€thod to isolate circulating human basophils from PBMC.
via protease-activated receptors (PARSYand fungal proteases Basophils in the circulation were in the range of 0.4 to 1% and in
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Figure 4| The viability of basophils.Basophils were cultured in complete
medium containing IL-3 alone or with Asp f 1 or Bet v 1 for 24 hours.
Viability of basophils was analyzed by surface expression of apoptotic
maker, Annexin V and necrotic marker, propidium iodide (PIl). Data
(mean6 SEM) are from three independent experiments.

the percoll purified PBMC, they were in the range of 0.5t0 1.2%. The
recovery of basophils by using negative selection on a MACS system
was in the range of 0.3...1.5%. However, the yield was lower with
EasySep Human Basophil enrichment kit (0.05...0.2%). The purity
of isolated basophil population was generall95% as analyzed by
combination of various markers such as CD203c and CD123. There
were no contaminating CD1<4ells in the isolated populations. Also,

the lack of polarization of CDB4T cells in the co-culture of CD4T

cells with Asp f 1-primed basophils, indirectly ruled out the presence
of any contaminating APC in the basophil population.

Most of the results in murine models come from basophils isolated
from either lymph nodes or spleen following antigen stimulatiot?
Although basophils are circulating cells and normally not tissue
resident, it is not known whether migration of human basophils
to lymphoid tissues could alter the phenotype and expression of
antigen presenting and co-stimulatory molecules. Therefore, further
studies on lymphoid tissue basophils are required to support our
observations.

Methods

Isolation of circulating human basophils, monocytes and generation of
monocyte-derived DCBuffy bags from the healthy donors were obtained from
Hopital Hotel Dieu, Etablissement Frangais du Sang, Paris, France. Ethical committee
permission was obtained for the use of buffy bags of healthy donors. Basophil-rich
fraction of PBMC was obtained by percoll density gradient centrifugat®asophils

from these basophil-rich PBMC were isolated either by basophil isolation kit Il
(Miltenyi Biotech, Paris, France) or EasySep human basophils enrichment kit (Stem
cell technologies, Grenoble, France). Monocytes were isolated from PBMC by using
CD14 magnetic micro-beads (Miltenyi Biotec). The monocytes were cultured in GM-
CSF (1000 1U/1%cells) and IL-4 (500 1U/T0cells) (both from Miltenyi Biotec) for

five to six days to generate BC

Stimulation of cells Immature DC were stimulated either with recombinant Asp f IFigure 5| Asp f 1-treated basophils are functionally viablBasophils
(11g/0.53 10 cells) or with peptidoglycan (89/0.53 10 cells) inthe X-Vivo  were cultured with or without Asp f 1 in the presence of IL-3 for 24 hours.
medium containing 5% AB serum, IL-4 and GM-CSF. The recombinant Asp f 1 16 cells were stimulated with anti-IgE antibodies (10 ng/ml) during last

protein (18-kDa RNase, Afu 5g02330) frénfumigatusvas produced as previously . . .
described. The purity of protein was analyzed by SDS-PAGE followed by revealfi§® hour of the culture. Basophil response was determined by analyzing

the protein band by silver staining and MALDI-TOF mass spectrometry. After the expression of activation-associated markers CD203c, CD13 and CD63
24 hours stimulation, DC were washed two times with large amounts of RPMI 1849 flow cytometry. Data (meaé SEM) are from three independent
to remove residual IL-4 and GM-CSF. The cells were then processed either for @B&ﬁeriments
cytometry or co-culture with CD4T cells. ’

Basophils were cultured in X-Vivo medium containing 5% human AB serum. IL-3 . ) . .
(100 ng/16 cells) was also added to the medium in order to maintain viability of th¥hether Asp f 1-treated basophils were functionally viable, basophils were cultured
cells. The cells were stimulated for 24 hours with peptidoglycam/(553 with or without Asp f 1 in the presence of IL-3 for 24 hours. These cells were
16 cells), recombinant Asp f 1, Sod1p, Catlp, Betv 1, Phl p 5 (aligd0153 stimulated with anti-IgE antibodies (10 ng/ml) during last one hour of the culture.
16 cells). Recombinant Sod1p (Afu 5909240) and Catlp (Afu 3g02270) from _Basophll response was determined by analyzing the expression of activation-assoc-
A. fumigatuswere produced as previously descriBedd recombinant Bet v 1 and 1ated markers CD63, CD203c and CD13 by flow cytometry.
Phlp 5 were kind gift from ALK-Abello (Copenhagen, Denmark). The cells were then
used either for flow cytomtery or co-culture with CD% cells. Co-culture of basophils or DC with CDA4 T cells Autologous CD4 T cells were

The viability of allergen-pulsed cells was analyzed by surface expression of apegatively isolated from PBMC by using CDRcell isolation kit Il from Miltenyi
totic maker, Annexin V and necrotic marker, propidium iodide (PI). To determineBiotech. The CD4T cells (0.3 1 cells/well in U-bottomed 96 wells plate) were
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Figure 6| The lack of expression of antigen presenting and co-stimulatory molecules on basophils is a universal phenoBasophils were cultured

in X-Vivo medium containing 5% human AB serum and IL-3 alone (panel: unstimulated basophils) or IL-3 plus Bet v 1 or IL-3 plus anti-IgE antibodies
for 24 hours. The phenotype of basophils was analyzed by flow cytometry. Percentage of cells expressing indicated markers are indicated. Results a
representative of three experiments.

co-cultured with Asp f 1-pulsed or unpulsed basophils or DC &i48tio for 4 days

in X-Vivo medium containing 5% human AB serum. The cell-free culture
supernatants were used for measuring the T cell cytokines. Asp f 1-pulsed or unpulsed
CD4* T cells (without DC or basophils) were used as controls.

Flow cytometry The cell surface staining was performed by using fluorochrome-
conjugated monoclonal antibodies to CD80, CD86, HLA-DR, CD14, CD63, CD13,
Annexin V (all from BD Biosciences, Le Pont de Claix, France), CD203c (Beckman
Coulter, Villepinte, France) and CD123 (Miltenyi Biotech). Pl was purchased from
Sigma-Aldrich (Lyon, France). The cells were then processed for flow cytometry (LSR
1I, BD Biosciences) and data were analyzed by BD FACS DIVA program.

Cytokine analysislFN-c and IL-4 were measured in cell-free culture supernatants by
using BOM cytometric bead array human Th1/Th2 cytokine kit. The detection limits
of IFN-c and IL-4 were 7 pg/ml and 2.6 pg/ml respectively.
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