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Fcvy Receptors Inhibit Mouse and Human Basophil Activation

Lydie Cassard,""‘t’1 Friederike Jiinsson,""*’1 Ségolene Arnaud,""Jf and Marc Daéron*’

Besides high-affinity IgE receptors (FceRI), human basophils express activating (FcyRIIA) and inhibitory (FcyRIIB) low-affinity
IgG receptors. IgG receptors (FcyR) were also found on mouse basophils, but not identified. We investigated in this study FcyR
and the biological consequences of their engagement in basophils of the two species. We found the following: 1) that mouse
basophils also express activating (FcyRIIIA) and inhibitory (FcyRIIB) low-affinity FcyR; 2) that activating FcyR can activate
both human and mouse basophils, albeit with different efficacies; 3) that negative signals triggered by inhibitory FcyR are
dominant over positive signals triggered by activating FcyR, thus preventing both human and mouse basophils from being
activated by IgG immune complexes; 4) that the coengagement of FceRI with inhibitory and activating FcyR results in
a FcyRIIB-dependent inhibition of IgE-induced responses of both human and mouse basophils; 5) that FcyRIIB has a similar
dominant inhibitory effect in basophils from virtually all normal donors; and 6) that IL-3 upregulates the expression of both
activating and inhibitory FcyR on human basophils from normal donors, but further enhances FcyRIIB-dependent inhibition.
FcyR therefore function as a regulatory module, made of two subunits with antagonistic properties, that prevents IgG-induced

and controls IgE-induced basophil activation in both mice and humans. The Journal of Immunology, 2012, 189: 2995-3006.

uman basophils have long been thought to play a major
H role in allergy. They express high-affinity IgE receptors

(FceRlI) that are associated with the two ITAM-containing
subunits, FcRy and FcRB. They are activated upon FceRI aggre-
gation, when specific Ag binds to receptor-bound IgE Abs (1).
Activated basophils release vasoactive granular mediators and
secrete cytokines, especially of the Th2 type, that promote al-
lergic inflammation. Supporting their contribution in allergy, baso-
phils were found at sites of allergic inflammation, where they
displayed an activated phenotype in asthma (2) or atopic der-
matitis (3) patients.

Contrasting with the in vivo roles of human basophils, which can
be primarily documented with correlations, the in vivo roles of
mouse basophils can be investigated experimentally in wild-type
(wt) mice, the basophils of which were depleted by appropriate
Abs, or in genetically-modified mice that lack basophils. Thus, IgE-
induced chronic inflammation was abrogated in the absence of
basophils (4, 5). Mouse basophils express FceRI that are assumed
to trigger similar signals as human basophil FceRI. When acti-
vated, they secrete large amounts of IL-4, IL-6, and IL-13 that
contribute to Th2 polarization (6-9) at the initiation of adaptive
immune responses, and to the effector phase of inflammation.

*Unité d’Allergologie Moléculaire et Cellulaire, Département d’Immunologie, Insti-
tut Pasteur, 75015 Paris, France; and "Unité 760, INSERM, 75015 Paris, France

'L.C. and F.J. contributed equally to this work.
Received for publication April 2, 2012. Accepted for publication July 23, 2012.

This work was supported by Institut Pasteur, INSERM, Fondation pour la Recherche
Médicale (grant: Défis de la Recherche en Allergologie, programme transversal
2007), and Balsan Moquette (Arthon, France). L.C. and FJ. were supported by
fellowships from Fondation pour la Recherche Médicale.

Address correspondence and reprint requests to Dr. Marc Daéron, Unité d’Allergo-
logie Moléculaire et Cellulaire, Batiment Metchnikoff, Institut Pasteur, 25 Rue du
Docteur Roux, 75015 Paris, France. E-mail address: daeron@pasteur.fr

The online version of this article contains supplemental material.

Abbreviations used in this article: BM, bone marrow; DAM, donkey anti-mouse 1gG;
gpi, glucose-phosphate isomerase; hFc, human Fc; hIL-3, human IL-3; MAR, mouse
anti-rat IgG; mBM, mouse BM; mBMB, mBM basophil; mBMCB, BM-derived
cultured basophil; mFe, mouse Fc; mIgE, mouse IgE; mIL-3, mouse IL-3; RAHE,
rabbit anti-human IgE; rIgE, rat IgE; TNP, trinitrophenyl; wt, wild-type.

Copyright © 2012 by The American Association of Immunologists, Inc. 0022-1767/12/$16.00

www.jimmunol.org/cgi/doi/10.4049/jimmunol. 1200968

We recently found that active systemic anaphylaxis primarily
depends on IgG Abs, on IgG receptors (FcyR), and on neutrophils,
rather than on IgE Abs, on FceRI, and on mast cells (10), as IgE-
induced passive systemic anaphylaxis does (11, 12). Also, IgG1-
induced passive systemic anaphylaxis, which depends on FcyRIIIA
(13), was observed in mast cell-deficient mice (14), but it was
abrogated by basophil depletion (15). It was, however, not ab-
rogated in basophil-deficient mice (5). Whether IgG and FcyR
contribute to anaphylaxis in humans or to allergic inflammation
is not known. Like mouse (16) and human (17) mast cells, mouse
and human basophils express not only IgE receptors, but also IgG
receptors.

IgG were long ago reported to bind to human basophils (18) on
which two low-affinity IgG receptors were subsequently identi-
fied: FcyRIIA and FeyRIIB (19, 20). FcyRIIA are single-chain
ITAM-containing activating receptors, whereas FcyRIIB are single-
chain ITIM-containing inhibitory receptors (21). Human baso-
phils also express minute amounts of the GPI-anchored low-affinity
IgG receptor FcyRIIIB (22), whose biological properties are
unclear. They express neither FcyRIIIA nor high-affinity IgG
receptors (FcyRI) and, unlike in human mast cells (23), FcyRI
were not inducible by IFN-vy in human basophils (24). Mouse
basophils were stained by 2.4G2 (25), a mAb that recognizes the
two murine low-affinity IgG receptors: FcyRIIB, which have the
same ITIM as in humans (26), and FcyRIIIA, which associate
with the same ITAM-containing subunits as FceRI (27). Whether
mouse basophils express one, the other, or both FcyR is not
known.

Anti-allergen IgG Abs were described in nonallergic donors
(28), but no convincing evidence that IgG can activate human
basophils has been published. The possibility that FcyR can
negatively regulate human basophil activation was suggested by
experiments showing that bifunctional molecules, which coligated
FceRI with FcyRII, inhibited IgE-induced basophil activation (29,
30). On the contrary, IgG1 immune complexes induced CD49*
cells, among which are mouse basophils, to secrete platelet-
activating factor in vitro, and they triggered basophil-dependent
passive systemic anaphylaxis in vivo (15). Whether FcyRIIB can
negatively regulate mouse basophil activation was not investi-
gated.
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We examined which FcyR are expressed on normal human
and murine basophils, and investigated their biological properties
when engaged by IgG Abs. We found that human and mouse
basophils coexpress activating and inhibitory low-affinity FcyR,
and that inhibitory FcyR exert a dominant effect over activating
FcyR, thus preventing basophils from being activated by IgG
immune complexes. We next examined the effect of FcyR on
FceRI-dependent basophil activation. One can indeed envision
IgG receptors to have three effects on IgE-induced responses,
when activating and inhibitory IgG receptors are coengaged with
FceRI by immune complexes in basophils, as follows: 1) negative
signals may be dominantly generated by FcyR and antagonize
positive signals generated by FceRI; 2) positive signals may be
dominantly generated by FcyR and synergize with positive signals
generated by FceRI; and 3) positive and negative signals generated
by FcyR may neutralize each other and have no effect on FceRI
signals. We found that inhibitory FcyR also exert a dominant ef-
fect over activating FcyR when all receptors are coengaged by
immune complexes and dampened IgE-induced responses.

Materials and Methods
Mice

KRN® mice (31) were provided by D. Mathis, C. Benoist (Harvard
Medical School, Boston, MA), and Institut de Génétique et de Biologie
Moléculaire et Cellulaire (Strasbourg, France). The wt C57BL/6J mice
were purchased from Charles River, and FcyRIIIA™~ and FeyRIIB™/~
C57BL/6J mice were from The Jackson Laboratory. Mice were 6-8 wk
old. All mouse protocols were approved by Animal Care and Use Com-
mittees (Paris, Ile de France, France).

Mouse bone marrow-derived basophils

Mouse bone marrow (mBM) cells were seeded at 5 X 10° cells/ml and
cultured for 8 d in Opti-MEM supplemented with 10% FCS, 100 IU/ml
penicillin, 100 pg/ml streptomycin, 50 mM 2-ME (Complete Opti-MEM),
and 1 ng/ml mouse IL-3 (mIL-3). After 24 h of culture, adherent cells were
discarded. Cells were split once during this period. On day 7, 3 pg/ml
IR162 was added to cultures. The next day, basophil-rich cultures were
further enriched by depleting Kit* cells using the CD117-Microbead kit
and an AutoMACS (Miltenyi Biotec), according to the manufacturer’s
instructions. The purity of basophils thus obtained in these bone marrow-
derived cultured basophils (mBMCB) was generally 90%.

Human basophils

Whole blood from normal donors collected in EDTA was obtained from the
Etablissement Francais du Sang (Paris, France) in accordance with a con-
vention between Institut Pasteur and Etablissement Francais du Sang. This
study was approved by the Comité de Protection des Personnes and the
Ministere de 1’Education Nationale de la Recherche et de Technologie
(Déclaration Collective 2008-68). All donors provided written informed
consent for the collection of samples and subsequent analysis. PBMC were
isolated by Ficoll-Hypaque density gradient centrifugation. PBMC from
a total of 52 normal blood donors were examined.

Abs and reagents

PE-conjugated anti-CD203c was from Beckman Coulter; allophycocyanin-
conjugated anti-human FceRlo (anti-hFceRlo) and mouse CD115-PE
from eBioscience; allophycocyanin-conjugated anti-hCD64 (anti-FcyRI),
anti-mouse FcyRIITA (anti-mFcyRIIIA) (275003), and anti-mFcyRI
(290322) from R&D Systems; FITC-conjugated anti-FcyRIIA IV.3 from
Stem Cells Technologies; FITC-conjugated anti-human IgE, human IgG,
mouse monoclonal anti-OVA IgG (OVA-14), OVA grade V, DNP-has, and
glucose-phosphate isomerase (gpi) from Sigma-Aldrich; anti-mouse B220-
PE, CD3e-allophycocyanin, CD11b-FITC, CD117-allophycocyanin, DX5-
PE, FcyRIIB/IIIA (2.4G2)-PE, Grl-allophycocyanin, IgE-FITC, NKI1.1-
PE-Cy7, SiglecF-PE, IL-4 PE, PE-conjugated anti-human CDI14, CD19,
CD3, CD56, CDw125, and corresponding isotype controls from BD Bio-
sciences; mouse CD45-VioBlue, allophycocyanin-conjugated anti-CD16,
and its isotype controls from Miltenyi Biotec; Alexa647-conjugated anti-
CD200R1 (MCA2281) from Serotec; anti-mFcyRIIB-FITC (Lyl17.1/2)
from Caltag; FITC-F(ab’)2 mouse anti-rat IgG (FITC-MAR), FITC-
F(ab’)2 donkey anti-mouse IgG (FITC-DAM), IgG and F(ab’)2 fragments
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of mouse anti-rat IgG (MAR), F(ab')2 fragments of DAM and of donkey
anti-human IgG from Jackson ImmunoResearch Laboratories; rabbit
anti-human IgE (RAHE) from DakoCytomation; rat IgE (rIgE; IR162)
from IMEX (Brussels, Belgium); mouse IgE (mIgE) anti-DNP mAb 2682-
1 (32) used as culture supernatants or as purified Abs and mIL-3 from
BioLegend; and human recombinant cytokines from ImmunoTools. Anti-
FcyRIV mAb (9E9) was provided by J. Ravetch (Rockefeller Univer-
sity, New York, NY). Anti-hFcyRIIB (2B6N297Q) (33), Alexa488-
2B6N297Q, and isotype control (Alexa488-CH4420) were provided by
MacroGenics. IgG from anti—gpi-rich K/BXN serum (34), anti-mFcyRIIB
(K9.361) (35), and anti-FcyRIIA (IV.3) (36) were purified by affinity
chromatography on protein G-Sepharose. F(ab’)2 fragments from K9.361,
IV.3, and RAHE were prepared by pepsin digestion. gpi (Sigma-Aldrich)
was trinitrophenylated with trinitrobenzene sulfonic acid (Sigma-Aldrich).
Trinitrophenyl (TNP);; gpi thus obtained was recognized by mIgE anti-
DNP mAb 2682-1, as assessed by ELISA (data not shown).

Immunofluorescence

Extracellular. Human or mouse cells were washed in cold PBS containing
0.5% BSA and 0.09% NaN; (PBS-BSA), incubated with labeled Abs for 20
min at 4°C, and washed. Fluorescence was analyzed by flow cytometry
using a FACSCalibur (BD Biosciences) or a MACSQuant Analyzer (Mil-
tenyi Biotec). Postacquisition analysis was done using the software FlowJo
(Tree Star).

Intracellular. Kit nondepleted mBMCB were sensitized or not with 2 pg/ml
on day 6 of culture. Cells were stimulated the next day in the presence
of 10 pg/ml brefeldin A (Sigma-Aldrich) for 5 h. Cells were washed and
stained with anti-DX5 and anti-kit prior to fixation and permeabilization
with Perm/Fix and Perm/Wash (BD Biosciences). Cells were then labeled
with anti-IL-4 PE, washed, and analyzed on a MACSQuant (Miltenyi
Biotec).

Human basophil activation

PBMC were cultured at 1 X 10° cells/ml in RPMI 1640 supplemented
with 10% FCS, 2 mM L-glutamine, 1% sodium pyruvate, 1% nonessential
amino acids, 1% HEPES buffer, and 1% penicillin-streptomycin (complete
RPMI 1640) with 3 pg/ml rIgE or without overnight at 37°C. In some
experiments, 5 ng/ml human IL-3 (hIL-3) was added.

Activation via IgE receptors. PBMC from 24 among the 52 donors were
sensitized with rIgE and challenged both with RAHE and with MAR for 30
min at 37°C; PBMC from 12 donors tested were sensitized with rIgE and
challenged with MAR only; cells from 16 donors were challenged with
RAHE only. Forty-seven donors were included in the study. Five donors
were excluded because their basophils did not respond to challenge to
F(ab'), fragments of anti-IgE Abs. In some experiments, 10 pg/ml anti-
FcyRIIB 2B6N297Q or 25 pg/ml IV.3 F(ab’), anti-FcyRIIA was added 30
min before stimulation with MAR.

Activation via IgG receptors. PBMC were incubated with 5 ng/ml hIL-3 or
without, and with IV.3 F(ab’),, washed, and stimulated with DAM F(ab'),
for 30 min at 37°C. In some cases, PBMC were incubated for 30 min at
37°C with heat-aggregated human IgG and with 5 ng/ml hIL-3 or without.
In other experiments, PBMC were incubated for 30 min at 37°C with
preformed immune complexes made of human IgG and donkey anti-
human IgG F(ab’),, with 5 ng/ml hIL-3 or without.

Activation with specific Ag. PBMC were incubated with supernatant of mAb
2682-1 (200 ng/ml mIgE) overnight, washed, and incubated for 30 min at
37°C with medium, TNP-gpi alone, or preformed immune complexes made
of mouse polyclonal IgG anti-gpi and TNP-gpi. To assess human basophil
activation by flow cytometry, cells were stained with PE-conjugated anti-
CD203c¢ and allophycocyanin-conjugated anti-FceRlIo.

Mouse basophil activation

Mouse basophils were stimulated in complete Opti-MEM. In the case of
bone marrow (BM)-derived basophils, cells were stimulated at 5 X 10°
cells/ml with 1 ng/ml mIL-3. BM cells were stimulated at 5 X 10° cells/ml
without IL-3. Cell activation was monitored by assessing CD200R1 up-
regulation on basophils by flow cytometry after 1 h and by measuring IL-4
in culture supernatants after 24 h. For FcyRIIB-blocking experiments, 10
wg/ml mFcyRIIB-specific K9.361/Ly17.2 (35) F(ab’), were added 10 min
before stimulation.

Activation via IgE receptors. Mice were injected i.v. with 50 pg rIgE IR162
or mIgE 2882-1 24 h before BM was harvested. BM-derived basophils
were sensitized overnight with 3 pg/ml rIgE IR162 before purification.
Cells were washed twice and incubated with the indicated concentrations
of F(ab’), MAR, with equimolar concentrations of IgG MAR, TNP-gpi or
TNP-gpi—anti-gpi IgG immune complexes.
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Activation via 1gG receptors. BM-derived basophils or BM cells were
incubated with 10 pwg/ml mAb anti-FcyRIIIA or with preformed immune
complexes made with 100 pg/ml mAb OVA-14 and 100 pg/ml OVA or
with 100 pg/ml polyclonal IgG anti-gpi and 30 wg/ml gpi. To assess
mouse basophil activation by flow cytometry, erythrocytes from total blood
or BM samples were lysed, and cells were incubated with a mixture of
anti-IgE/DX5/CD200R1 for 30 min at 0°C.

Histamine and cytokine measurements

Histamine was measured by ELISA, according to the manufacturer’s
instructions (Neogen). Mouse and human IL-4 were measured by ELISA,
according to the manufacturer’s instructions (R&D Systems).

Statistical analysis

Data were analyzed using the Student ¢ test. The p values =0.05 were
considered significant.

Results

Human and murine basophils coexpress activating and
inhibitory IgG receptors

In accordance with previous works, human basophils, identified in
PBMC from normal donors as CD203c¢*/FceRI* cells (37) (Fig.
1A), expressed FcyRIl, but not FcyRI (Fig. 1B). They contained
FcyRIIA (data not shown)- and FcyRIIB-specific transcripts (Fig.
1C), and they were stained by F(ab’), fragments of the FcyRIIA-
specific mAb IV.3 (36) and by the hFcyRIIB-specific mAb
2B6N297Q (33) (Fig. 1B).

Murine basophils were identified as CD49b*/mIgE" cells in
peripheral blood (mouse blood basophils [mBB]) (Fig. 1D) and in
BM (mBM basophils [mBMB]) (Fig. 1E). mBMCB were gener-
ated by culturing mouse BM cells with mIL-3. Following en-
richment by negative selection, CD49b*/Kit ™~ basophils accounted
for 83% cells (Fig. 1F). Murine basophils from all three sources
expressed FceRI and the same pattern of FcyR with comparable
expression levels (Fig. 1G). They were stained by the FcyRIIB-
specific mAb Ly17.1/2 (35) and by the mFcyRIITA-specific mAb

FIGURE 1. Human and mouse basophils coex-
press activating and inhibitory FcyR. (A) Human
blood basophils were identified as CD203c*/FceRIa™
cells in PBMC. (B) Histograms show the binding
of anti-FcyRI, anti-FcyRIHA (FITC-IV.3), and
anti-FcyRIIB (Alexa488-2B6N297Q) (solid lines)
or their isotype controls (shaded histograms) on
CD203c", FceRIa*-gated cells. (C) cDNA from
purified human basophils, Chinese hamster ovary
wt, and Chinese hamster ovary transfectants was
prepared using deoxythymine oligonucleotides or D
hexamer primers. FcyRIIB and tubulin transcripts
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275003, but not by the FcyRI-specific mAb 290322 or the
FcyRIV-specific mAb 9E9. mBMCB from wt mice were stained
by both Ly17.1/2 and 275003, mBMCB from FcyRIIB-deficient
mice by 275003 only, and mBMCB from FcyRIITA-deficient mice
by Ly17.1/2 only (Supplemental Fig. 1A).

Human and mouse basophils therefore express low-affinity,
but not high-affinity IgG receptors. Basophils from both species
coexpress activating and inhibitory IgG receptors. Activating
receptors are the FcRy-associated FcyRIIIA in mice, but the
single-chain FcyRIIA in humans. Inhibitory receptors are FcyRIIB
in humans and mice. Whether FcyRIIIB found in minute
amounts on human basophils are activating or inhibitory is
unknown.

Basophils express as much or more inhibitory IgG receptors
than other leukocytes

Like basophils, human monocytes coexpressed FcyRIIA and
FcyRIIB. Neutrophils and eosinophils expressed FcyRIIA, but not
FcyRIIB, whereas B cells expressed FcyRIIB but not FcyRIIA.
T cells and NK cells expressed neither FcyRIIA nor FcyRIIB (Fig.
2A). Noticeably, human basophils expressed much less FcyRIIA
than monocytes, neutrophils, and eosinophils, but they expressed
much more FcyRIIB than monocytes and even B cells. The same
expression pattern was found in basophils from all normal donors
tested (n = 13) (Fig. 2B).

Like basophils, mouse monocytes, eosinophils, and possibly
neutrophils coexpressed FcyRIIIA and FcyRIIB. As expected, NK
cells expressed FcyRIIIA but not FcyRIIB, whereas B cells
expressed FcyRIIB but not FcyRIIIA. T cells expressed neither
FcyRIIIA nor FcyRIIB (Fig. 2C). Murine basophils expressed at
least as much FcyRIIIA as monocytes, neutrophils, and eosino-
phils, and similar amounts of FcyRIIB as monocytes, but more
FcyRIIB than neutrophils, eosinophils, and B cells.

Murine basophils therefore express at least as much FcyRIIB,
and human basophils much more than other blood cells.
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FIGURE 2. Human and mouse basophils express high levels of inhibitory FcyR. (A) Histograms show the binding of anti-FcyRIIA (FITC-1V.3) and anti-
FcyRIIB (Alexa488-2B6N297Q) (solid lines) or their isotype controls (shaded histograms) on CD203c* (basophils)-, CD14" (monocytes)-, CD19" (B
cells)-, CD3* (T cells)-, CD56" (NK cells)-, CD16"e? (neutrophils)-, or CDW125" (eosinophils)-gated human blood cells. (B) Human blood cells (circles)
or PBMC (triangles) were incubated with anti-FcyR Abs. Graphs show A mean fluorescence intensity (MFI) of FcyRIIA or FcyRIIB on blood cells (n = 4)
or PBMCs (n = 9) from normal donors. AMFI was calculated by subtracting isotype control MFI from anti-FcyRIIA or anti-FcyRIIB MFI. Each color
represents an individual donor. (C) Mouse blood cells were incubated with anti-FcyR Abs. Histograms show the binding of anti-FcyRIIIA (275003) and
anti-FcyRIIB (Ly17.1/2) (solid lines) or their isotype controls (shaded histograms) on CD45'°%/DX5*/IgE*-(basophils), CD11b*/CD115*-(monocytes),
B220"-(B cells), CD3*~(T cells), DX5*/NK1.1*-(NK cells), CD11b*/Gr1™€"-(neutrophils), or Gr1™/SiglecF* (eosinophils)-gated cells. (A)~(C) are rep-

resentative of at least two independent experiments.

Human and murine basophils do not respond to IgG immune
complexes

All blood basophils from normal donors carried human IgE (hIgE)
(Supplemental Fig. 2A). As a consequence, F(ab’), fragments of
rabbit anti-hIgE Abs [F(ab’), RAHE], which can aggregate FceRI-
bound hIgE, dose dependently activated human basophils, as
assessed by CD203c upregulation (38) (Supplemental Fig. 2B).
Human basophils were also activated, although to a much lower
degree, when sensitized with anti-FcyRIIA F(ab'), fragments and
challenged with F(ab’), fragments of DAM Abs. Activation was
enhanced by priming cells with hIL-3 (Fig. 3A). Human basophils
were, however, not detectably activated by human IgG, whether
heat aggregated (Fig. 3B) or in complexes, even when cells were
primed with IL-3 (Fig. 3C). The same human IgG aggregates
activated human neutrophils (Supplemental Fig. 3A). As in our
previous works (22), we failed to activate human basophils by
aggregating FcyRIIIB with F(ab'), fragments of FcyRIII-specific
mAb 3G8, whether aggregated with F(ab'), goat anti-mouse or not
(Supplemental Fig. 3B), even if cells were primed with IL-3 (data
not shown). NK cells were activated, however, in the same blood
samples (Supplemental Fig. 3B). Human basophils were therefore
activated upon FcyRIIA aggregation, but not upon FcyRIIIB ag-
gregation or upon aggregation of total FcyR, suggesting that weak
activation signals generated by FcyRIIA may be inhibited by in-
hibitory receptors when all basophil FcyR are coengaged by IgG
immune complexes.

mBMB could be activated by incubating BM cells from wt or
FcyRIIB /7, but not from FeyRIIIA ™/~ mice, with anti-FeyRIIIA
mADb, as assessed by CD200R1 upregulation (Fig. 4A). CD200R1
upregulation indeed correlates with mouse basophil activation
(39). Anti-FcyRIIIA Abs also induced BM cells from wt, but not
from FcyRIIIAf/ ~ mice to secrete IL-4 (Fig. 4B). Under these
conditions, IL-4 could originate from FcyRIIIA-expressing BM
cells other than basophils. Purified wt, but not FcyRIIIA_/_

mBMCB, however, secreted higher amounts of IL-4 when chal-
lenged with anti-FcyRIITA mAb (Fig. 4C). Noticeably, anti-
FcyRIIIA—induced IL-4 secretion was markedly enhanced in
FeyRIIB~/~ mBM (Fig. 4B) and even more (up to 100-fold) in
FcyRIIBfF mBMCB (Fig. 4C), and IL-4 was detected intracel-
lularly in basophils, but not in other BM-derived cells (Fig. 4G
and Supplemental Fig. 1C). This suggests that FcyRIIB could
dampen FcyRIIIA-dependent basophil activation. Indeed, when
binding to FcyRIIIA via their Fab portions, intact IgG Abs could
also engage FcyRIIB via their Fc portion. Supporting this inter-
pretation, IgG immune complexes induced no CD200R1 upregu-
lation in wt mBMB, unless cells were preincubated with anti-
mFcyRIIB F(ab’), fragments. Immune complexes also induced
CD200R1 upregulation in mBMB from FeyRIIB /™, but not from
FCVRIIIA_/ ~ mice (Fig. 4D). Similar results were observed with
polyclonal (gpi—anti-gpi) and with monoclonal (OVA [ova]-anti-
ova) complexes. Likewise, no IL-4 secretion was induced by
immune complexes in wt mBM (Fig. 4E) or mBMCB (Fig. 4F)
unless cells were preincubated with anti-mFcyRIIB F(ab'), frag-
ments. Even higher amounts of IL-4 were secreted in response to
the same complexes by FcyRIIB~'~ mBM (Fig. 4E) or mBMCB
(Fig. 4F), but FcyRIIIA ™'~ basophils secreted no IL-4 (Fig. 4E,
4F). Likewise, IgG immune complexes induced detectable
amounts of intracellular IL-4 in FcyRIIB™/~, but not in wt or in
FcyRIIIA ™'~ mBMCB (Fig. 4G). FcyRIIB-dependent inhibition
is therefore dominant over FcyRIIIA-dependent activation in
mouse basophils.

FcyR modulate IgE-induced responses in human and murine
basophils

We next investigated whether FcyR might regulate IgE-induced
human and murine basophil activation. To investigate this possi-
bility, we used F(ab'), fragments and intact IgG against IgE.
Unlike F(ab’), fragments, IgG anti-Ig can indeed bind not only to
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FIGURE 3. Human basophils can be activated by anti-FcyRIIA F(ab'),, but not by IgG complexes. (A) Human PBMC were primed by an overnight in-
cubation with hIL-3 or without. They were incubated in duplicate with the indicated concentrations of F(ab'), anti-FcyRIIA IV.3, washed, and challenged or not
with DAM F(ab'),. Graphs show basophil activation induced by FcyRIIA aggregation measured by the upregulation of CD203c mean fluorescence intensity
(MFI) on FceRI" cells as a function of IV.3 F(ab'), concentrations. Results are mean + SD of CD203c AMFI. AMFI was calculated by subtracting the CD203c¢
MEHI of unstimulated cells from the CD203c MFI of stimulated cells. Results are representative of PBMC from three normal donors. (B) Human PBMC were
primed by an overnight incubation with hIL-3 or without, and stimulated in duplicate with the indicated concentrations of heat-aggregated human IgG (HA-
hlIgG). Graphs show CD203c upregulation, as measured in (A). The inset shows CD203c upregulation induced by F(ab’), RAHE in cells from the same donor,
primed with hIL-3 or without. (C) Human PBMCs were primed by an overnight incubation with hIL-3 or without, and stimulated in duplicate with indicated
concentrations of human IgG donkey anti-human IgG F(ab'), complexes. Graphs show CD203c upregulation as measured in (A). Insets show CD203c up-
regulation induced by F(ab’), RAHE in cells from the same donor. Results are representative of PBMC from three independent normal donors.

FceRI-bound IgE via their Fab portions, but also to FcyR via their
Fc portion. F(ab’), could therefore aggregate FceRI, whereas IgG
could coaggregate FceRI with FcyR on basophils.

In human basophils, significantly lower activation was induced
by IgG RAHE than by equimolar concentrations of F(ab’), RAHE
(Fig. 5A). A fraction of basophil FceRI only is occupied by hIgE
and, as expected (40), rIgE dose dependently bound to basophils
upon incubation with PBMC (Supplemental Fig. 2C). Human
basophils sensitized with rIgE were dose dependently activated
not only by F(ab’), RAHE (data not shown), but also by F(ab’),
fragments of MAR (Supplemental Fig. 2D). As with RAHE, a
significantly lower activation of basophils sensitized with rIgE
was induced by IgG MAR than by F(ab'), MAR (Fig. 5B).

We next investigated whether FcyRIIB could account for the
differential ability of IgG Abs and of F(ab'), fragments to activate
human basophils. IgG MAR-induced, but not MAR F(ab'),-in-
duced CD203c upregulation was indeed enhanced when rIgE-
sensitized human basophils were incubated with the anti-hFcyRIIB
2B6N297Q, before stimulation (Fig. 5C). This mAb bears a
N297Q mutation that removes a glycosylation site that abrogates
the ability of its Fc portion to bind to FcyR (33). IgG MAR-
induced CD203c upregulation was enhanced neither by incubat-
ing cells with anti-FcyRIIA F(ab'), fragments (Fig. 5C) nor by
incubating cells with anti-FcyRIII F(ab’), fragments (Supple-
mental Fig. 3C). FcyRIIB, but not FcyRIIA or FcyRIIIB, there-
fore accounts for FceRI-dependent human basophil activation
when IgE and IgG receptors are coengaged on human basophils
by IgG MAR.

The aggregation of FceRI by F(ab’), anti-IgE induced not only
a CD203c upregulation, but also the release of histamine (Sup-
plemental Fig. 2E, 2F) by human basophils and, if cells were
primed with IL-3, the secretion of IL-4 (Supplemental Fig. 2G).
IgG anti-IgE, whether RAHE or MAR, induced significantly
lower histamine release (Fig. 5D) or IL-4 secretion (Fig. SE) than

equimolar concentrations of F(ab’), fragments of the same
specificity.

To mimic more closely physiological conditions, we set up
another experimental system based on the use of a soluble Ag and
specific IgE and IgG Abs directed against distinct moieties of
this Ag. When passively sensitized with mIgE anti-DNP, human
basophils were dose dependently activated by a trinitrophenylated
protein (TNP-gpi), as assessed by CD203c upregulation. Indeed,
hFceRI can bind mIgE as well as rIgE (40), and anti-DNP Abs (41,
42), including mAb 2682-1 (43), are well known to cross-react
with TNP. Ag-induced IgE-dependent basophil activation was
decreased when TNP-gpi was in complex with polyclonal mouse
IgG anti-gpi. Inhibition increased with the concentration of IgG
Abs used to form immune complexes (Fig. 5F).

Similar results were obtained with BM cells from mice injected
with rIgE i.v. 24 h earlier and challenged with F(ab’), MAR or IgG
MAR. F(ab’); MAR induced CD200R1 upregulation of a compa-
rable magnitude in wt mBMB, whether cells were preincubated
or not with F(ab"), fragments of the anti-mFcyRIIB mAb K9.361
in FcyRIIB~/~ mBMB, and in FeyRIIIA~~ mBMB. IgG MAR
induced CD200R1 upregulation in anti-mFcyRIIB F(ab'), fragment-
treated wt and FC‘\/RHBi/ ~ basophils, but not in untreated wt or
FcyRIIIA ™/~ basophils (Fig. 6A).

Likewise, both mBM cells sensitized in vivo with rIgE (Fig. 6B)
and mBMCB sensitized in vitro with rIgE (Fig. 6C) dose depen-
dently secreted IL-4 upon challenge with F(ab’), MAR, whether
wt, FeyRIIB~/~, or FeyRIIIA ™/~ IL-4 originated from basophils
both in mBM as shown by basophil depletion (Supplemental Fig.
1D) and in mBMCB as shown by intracellular staining (Supple-
mental Fig. 1B). IgG MAR induced IL-4 secretion by FcyRIIB '~
cells, but not, or very little, by wt or FeyRIIIA ™~ cells. IgG MAR,
however, induced IL-4 secretion by wt mBM and, to a lower extent,
by mBMCB if cells were preincubated with anti-mFcyRIIB F(ab’),
fragments. FcyRIIB-dependent inhibition is therefore dominant over
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FIGURE 4. Mouse basophils can be activated by anti-FcyRIIIA mAb, but not by IgG immune complexes. (A—C) mBM cells or mBMCB from wt,
FeyRIITA™'~, and FcyRIIB ™/~ mice were incubated with 10 pg/ml anti-FcyRIIIA (275003). Histograms show CD200R1 staining on gated BM basophils
(CD49*/IgE") after a 1-h incubation with (solid lines) or without (shaded histograms) anti-FcyRIITA (A). IL-4 concentration in the supernatants of mBM (B)
and mBMCB (C) was measured by ELISA after a 24-h incubation with anti-FcyRIIIA or without. (D-F) Wt mBM and mBMCB, preincubated with anti-
mFcyRIIB K9.361 F(ab'), or without, FeyRIIIA™/~ mBM and mBMCB, or FcyRIIB~/~ mBM and mBMCB were incubated with immune complexes
formed with monoclonal IgG1 anti-OVA + OVA or polyclonal anti-gpi Abs + gpi. Histograms show CD200R1 staining on gated BM basophils (CD49*/IgE")
after a 1-h incubation with indicated immune complexes (solid lines) or without (shaded histograms). IL-4 concentration was measured in the supernatants of
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detected by intracellular FACS and represented as mean fluorescence intensity (MFI). (C), (F), and (G) are represented as mean = SEM. (A)—~(G) are rep-

resentative of at least two independent experiments.

FcyRIIIA, and dampens FceRI-dependent activation when the three
receptors are coengaged on murine basophils.

Finally, like CD203c upregulation in human basophils, CD200R 1
upregulation induced by TNP-gpi in mBMB from mice injected
with mIgE anti-DNP 24 h earlier was decreased when TNP-gpi was
in complex with polyclonal mouse IgG anti-gpi. Inhibition in-
creased with the concentration of IgG Abs used to form immune
complexes (Fig. 6D). Inhibition was not due to steric hindrance as
FITC-labeled TNP-gpi bound similarly to FceRI-bound mIgE anti-
DNP, whether in complex with IgG anti-gpi or not, on basophils
lacking FcyR (Supplemental Fig. 4A). IgG anti-gpi did not prevent
Ag-induced FceRI engagement either, as these receptors were
similarly downregulated upon challenge with TNP-gpi, whether in
complex with IgG anti-gpi Abs or not (Fig. 6E).

Altogether, these results indicate that, when basophil FcyR are
coengaged with FceRI, negative signals generated by FcyRIIB are
dominant over positive signals generated by FcyRIIA in human
basophils or by FcyRIIIA in mouse basophils, and dampen FceRI-
dependent cell activation. Similar effects were observed when
FcyR were coengaged with FceRI by anti-IgE Abs or by IgG
immune complexes in basophils from both species.

FcyRIIB inhibit IgE-induced human basophil activation in
most normal donors

To determine whether the above results are a rule or an exception in
humans, FcyRIIB-dependent negative regulation was investigated
in basophils from a panel of normal blood bank donors. Cells were
sensitized or not with rIgE. Nonsensitized cells were challenged
with either F(ab"), RAHE or IgG RAHE, whereas sensitized cells
were challenged with either F(ab"), MAR or IgG MAR. At an
equimolar concentration (1.5 X 1077 M), intact IgG induced a
lower CD203c upregulation than F(ab'), fragments in basophils
from all individual donors tested, whether induced via hIgE or
rIgE. The percentage of inhibition was 43.2 = 5.3% and 65.2 *
4.7% with RAHE and MAR, respectively (Fig. 7A). Similar
results were obtained when comparing CD203c upregulation in-
duced by a wide range of F(ab’), and IgG concentrations in the
same donors, whether RAHE or MAR (Fig. 7B). Forty-seven
donors were included in these experiments. Among the 19
donors whose basophils were challenged with both RAHE and
MAR, 16 showed inhibition in both systems. All the 13 donors
whose basophils were challenged only with MAR showed inhi-
bition. Among the 15 donors whose basophils were challenged
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FIGURE 5. FcyRIIB negatively regulate IgE-induced human basophil activation. (A and B) Human PBMC were incubated overnight at 37°C with 3 g/
ml rIgE or without, washed, and stimulated in duplicate with equimolar concentrations of F(ab"), RAHE or IgG RAHE (A) or of F(ab’), MAR or [gG MAR
(B). Basophil activation was measured as in Fig. 3A. (C) Human PBMC were incubated overnight at 37°C with 3 pg/ml rIgE, washed, and incubated with or
without 10 pg/ml 2B6N297Q anti-FcyRIIB or 25 pg/ml IV.3 F(ab'), anti-FcyRIIA for 30 min at 37°C before being stimulated in duplicate with equimolar
concentrations of F(ab"), MAR or IgG MAR. Basophil activation was measured as in Fig. 3A. Results are mean = SD of CD203¢c A mean fluorescence
intensity (MFI). (D) Human PBMC were incubated without (leff) or with (right) 3 pwg/ml rIgE overnight at 37°C, washed, and stimulated in duplicate with 3 X
1077 M F(ab'), or IgG RAHE (left) or MAR (right). Results are mean = SD of histamine concentration measured in supernatants by ELISA. (E) Human
PBMC were incubated with hIL-3 overnight at 37°C and washed, and 5 X 10° cells were incubated in duplicate with medium alone or indicated concen-
trations of MAR in the presence of hIL-3 for 24 h at 37°C. Results are mean = SD of IL-4 concentration measured in supernatants by ELISA. (F) Human
PBMC were incubated with supernatant of mIgE 2682-1 overnight at 37°C, washed, and stimulated in duplicates with immune complexes formed with
indicated concentrations of polyclonal anti-gpi Abs + indicated concentrations of TNP-gpi. Basophil activation was measured as in Fig. 3A. (A)—(F) are
representative of at least two independent experiments. *p << 0.05, **p < 0.01, ***p < 0.001.

with RAHE, 13 showed inhibition. FcyRIIB-dependent negative enhanced by IL-3. IL-3 therefore increases not only IgE-
regulation is therefore dominant over FcyR-dependent positive dependent activation, but also IgG-dependent inhibition of baso-
regulation in human basophils from the vast majority (89.4%) of phil activation.

normal donors.

) o Discussion
IL-3 modulates the expression and function of IgG receptors on IeG receptors were described long ago on human basophils (18)
human basophils and identified as FcyRIIA, FeyRIIB (19, 20), and FeyRIIIB (22).
As cytokines were reported to modulate FcyRII expression on FcyR were also observed on mouse basophils (25), but not iden-

human monocytes (44), we examined FcyRII expression in human tified. What FcyR are doing on basophils is either not or poorly
basophils exposed to cytokines overnight. Whereas IL-4, 1L-13, known in both species. We show in this study that, besides acti-
IL-10, or IFN-y had no detectable effect (Fig. 8A), IL-3 dose vating high-affinity IgE receptors, human and murine basophils
dependently upregulated FcyRIIA and FcyRIIB expression (Fig. express both activating and inhibitory low-affinity IgG receptors
8A, 8B). FcyRIIB upregulation was, however, of a higher mag- that, when coengaged, inhibit both IgG- and IgE-induced activa-

nitude than FcyRIIA upregulation. We therefore examined the tion signals.
effect of IL-3 on FcyRIIB-dependent inhibition of IgE-induced Human and mouse basophils express activating IgG receptors.
basophil activation. These are FcyRIIA on human basophils and FcyRIIIA on mouse

As expected, CD203c upregulation induced by F(ab’), RAHE basophils. Responses of human and mouse basophils, triggered by
was dose dependently enhanced following an overnight incuba- FcyRIIA and by FcyRIIIA, respectively, differed quantitatively.

tion of basophils with increasing concentrations of IL-3 (Fig. 8C). FcyRIIIA triggered robust secretory responses of a comparable
The same effect was observed, and even more pronounced, when magnitude as responses triggered by FceRI, in mouse basophils,
basophils were sensitized with rIgE and challenged with F(ab'), whereas FcyRIIA triggered weak responses, of a much lower

MAR (Fig. 8D). In marked contrast, CD203c upregulation in- magnitude than responses triggered by FceRI, in human basophils,
duced by IgG RAHE (Fig. 8C) or IgG MAR (Fig. 8D) was not even after IL-3 priming. These functional differences may be
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FIGURE 6. FcyRIIB negatively regulate IgE-induced mouse basophil activation. Wt mBM and mBMCB, preincubated with anti-mFcyRIIB K9.361
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mice was measured by ELISA after a 24-h incubation with indicated concentrations of F(ab’), MAR (red) or IgG MAR (blue) in triplicate. (D and E)
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Mean fluorescence intensity (MFI) was calculated by subtracting the CD200R1 MFI of nonstimulated cells from that of stimulated cells. All graphs shown

are representative of at least two independent experiments.

explained by differences in the expression levels of FcyR. Human
basophils indeed express minute amounts of FcyRIIA, compared
with other FcyRIIA-positive human blood cells, whereas mouse
basophils express at least as much FcyRIIIA as other FcyRIIIA-
positive murine blood cells. Functional differences might also be
explained by structural differences. FcyRIIA are single-chain
receptors that contain one ITAM only, whereas mFcyRIIIA as-
sociate with the FcR common subunits FcRy and, in mast cells
and basophils, with FcRB (27) that contain two and one ITAM,
respectively. FcyRIIA, however, are constitutively expressed as
homodimers (45). In addition, the FcyRIIA and mFcyRIIIA ITAM
are different. When expressed in murine B cells and aggregated
by the same extracellular ligands, chimeric molecules containing
the intracytoplasmic domains of FcyRIIA or of FcRy, respec-
tively, did not trigger identical responses (46). As previously
observed (22), we failed to activate human basophils by engaging
FcyRIIIB.

Human and mouse basophils express inhibitory IgG receptors;
these are FcyRIIB in both species. hFcyRIIB and mFcyRIIB are
very similar. They are single-chain low-affinity receptors that
contain the same ITIM, which endows them with the same in-
hibitory properties (26). These depend on the recruitment of the
same phosphatase (47) that accounts for inhibition. Human and

mouse FcyRIIB, however, differ in their relative expression on
hematopoietic cells. Human basophils express much more FcyRIIB
than other blood leukocytes, including B cells. This finding was
surprising as B lymphocytes are usually considered as the proto-
type of FcyRIIB-expressing cells in humans. Murine basophils
express higher or similar amounts of FcyRIIB as monocytes, but
higher amounts than neutrophils, eosinophils, and B cells. In both
humans and mice, basophils are therefore among the blood cells
that express the highest amounts of FcyRIIB. Such a high FeyRIIB
expression on human basophils is in sharp contrast with the un-
detected FcyRIIB expression on human skin mast cells (17). As
a consequence, FcyRIIB/FcyRIIA ratio is markedly different on
these two classical effector cells of allergy in humans. One can
therefore expect allergic reactions to be differentially controlled by
IgG immune complexes, depending on the relative contributions of
mast cells and basophils to these reactions.

Although both express activating receptors for IgG, neither
human nor mouse basophils could be detectably activated by IgG
immune complexes. The nonresponse of human basophils to IgG
in vitro has been reported in several works (18, 48). Unlike
basophils, human monocytes were readily activated by IgG
aggregates (49). Nonresponse to IgG is therefore not a general
phenotype of human cells that coexpress FcyRIIB and FcyRIIA.
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FIGURE 7. FcyRIIB-dependent negative regulation is dominant over FcyRIIA-dependent human basophil activation in most normal donors. (A) Human
PBMC were incubated overnight at 37°C with 3 wg/ml rIgE or without, washed, and stimulated with 1.5 X 10”7 M F(ab’), RAHE or IgG RAHE (n = 13
donors) or 1.5 X 1077 M F(ab"), MAR or IgG MAR (n = 9 donors). Basophil activation was measured as in Fig. 3A. Results are the percentage of
inhibition of CD203c upregulation calculated as follows: (1 — [(CD203c mean fluorescence intensity of cells with IgG RAHE — CD203c MFI of
unstimulated cells)/(CD203¢c mean fluorescence intensity of cells with F(ab’), RAHE — CD203c mean fluorescence intensity of unstimulated cells)]) X
100. Closed symbols represent cells from individual donors that were tested with the two systems within the same experiment. (B) Human PBMC were
incubated overnight at 37°C with 3 pg/ml rIgE or without, washed, and stimulated with increasing concentrations of F(ab’), RAHE or IgG RAHE (n = 20
donors) or F(ab’), MAR or IgG MAR (n = 29 donors). Basophil activation was measured as in Fig. 3A. Results are the fold increase of CD203¢ MFI
calculated by dividing CD203c MFI of cells challenged with F(ab'), or IgG by CD203c MFI of cells challenged with medium alone. *p < 0.05, **p <

0.01, ***p < 0.001.

Whether the nonresponse of human basophils to IgG is due to
FcyRIIB-dependent inhibition is uncertain. That the affinity of
FcyRIIA is 50-fold higher than that of hFcyRIIB for human IgG1
(D. Mancardi, F. Jonsson, P. Bruhns, and M. Daéron, unpublished
data) (50) does not support this possibility. Perhaps more im-
portantly, we failed to observe a detectable response of human
basophils treated with a blocking mAb anti-hFcyRIIB in response
to IgG (data not shown). The magnitude of positive signals gen-
erated by FcyRIIA may therefore be insufficient not only to
trigger basophil activation, but also to launch inhibition by

FcyRIIB. Inhibition indeed requires that the FcyRIIB ITIM is
phosphorylated by a kinase activated by ITAM-containing recep-
tors (51) when the magnitude of activation signals is high enough.

The nonresponse of mouse basophils to IgG immune complexes
was not due to a lack of activation by FcyRIIIA, but to an inhibition
by FcyRIIB. Basophils from FcyRIIB-deficient mice and baso-
phils from wt mice treated with anti-mFcyRIIB mAb were indeed
activated by IgG immune complexes. The potent inhibitory effect
of FcyRIIB is exemplified by the 100-fold higher responses to
anti-FcyRIIIA mAb of FeyRIIB™/~ basophils, compared with wt
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FIGURE 8. IL-3 increases FcyRII expression and IgG-induced inhibition of IgE-dependent basophil activation. (A) Human PBMC were incubated

overnight at 37°C with 100 ng/ml IFN-vy, IL-4, or IL-13 or 10 ng/ml IL-10 or IL-3 or without, washed, and incubated with anti-CD203c PE and anti-
FcyRIIA (FITC-1V.3) or anti-FcyRIIB (Alexa488-2B6N297Q). Graphs show the fold change of FcyRII mean fluorescence intensity (MFI) induced by
cytokines calculated by dividing FcyRII MFI of cells incubated with cytokine by FcyRII MFI of cells incubated with medium alone. Results are mean =
SD of MFI fold change from three donors. (B) Human PBMC were incubated overnight at 37°C with the indicated concentrations of IL-3 or without,
washed, and stained for FcyRIIA or FcyRIIB. Graphs show FcyRITA and FcyRIIB MFI on CD203c* gated cells. (C and D) Human PBMC were incubated
overnight at 37°C with the indicated concentrations of hIL-3 and with 3 pg/ml rIgE (D) or without (C), washed, and stimulated in duplicate with increased
concentrations of F(ab"), RAHE or IgG RAHE (C) or of F(ab’), MAR or IgG MAR (D). Basophil activation was measured as in Fig. 3A. Results are
mean * SD of CD203c AMFI. Results are representative of PBMC from three independent normal donors.
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basophils. These IgG Abs could indeed engage not only FcyRIIIA
by their Fab portions, but also FcyRIIB by their Fc portion.
Possibly explaining such a strong, dominant-negative effect, the
affinity of mFcyRIIB is 10-fold higher than that of mFcyRIIIA for
1gG1 (50, 52). Mouse basophils therefore resemble bone marrow-
derived mast cells that are similarly nonresponsive to IgG immune
complexes, although they coexpress FcyRIIB and FcyRIIIA.
They, however, differ from peritoneal mast cells, which express
the same IgG receptors, but respond vigorously to IgG immune
complexes (53). Nonresponse to IgG is therefore not a general
phenotype of murine cells that coexpress FcyRIIB and FcyRIIIA.
Our results differ from those of Karasuyama and colleagues (15),
who reported that [gG1 immune complexes induced CD49* spleen
cells to secrete platelet-activating factor in vitro. CD49b is,
however, expressed not only by basophils, but also by NK cells
that express FcyRIIIA, but not FcyRIIB. Finally, mouse basophils
may be a better functional model of human basophils than an-
ticipated, as cells from both species are similarly responsive to IgE
Abs and, although for different reasons, similarly nonresponsive
to IgG Abs.

When coengaged with FceRI, FcyR dampen IgE-induced ba-
sophil activation. This was suggested in mouse basophils that were
activated less efficiently by intact IgG Abs anti-IgE than by
F(ab’), fragments. A similar experimental system, using intact IgG
or F(ab"), fragments of anti-Ig Abs, has been extensively used to
study FcyRIIB-dependent negative regulation of B cell activation
(54). It was demonstrated using mFcyRIIB-specific blocking
mAbs on basophils from wt mice and confirmed using basophils
from FcyRIIB-deficient mice. Partial effect of blocking Abs can be
easily explained by competition. The remaining mild inhibition
seen in FcyRIIB-deficient basophils is more difficult to explain. As
expected, Akt and Erk1/2 phosphorylation were reduced in wt
basophils challenged with IgG MAR, compared with basophils
challenged with F(ab’), MAR, but not in FcyRIIB-deficient
basophils (Supplemental Fig. 4B). Likewise, human basophils
were activated less efficiently by intact IgG Abs anti-IgE than by
F(ab"), fragments. Importantly, the efficacy of intact Abs to acti-
vate basophils was enhanced by a hFcyRIIB-specific mAb, the Fc
portion of which had been genetically engineered to prevent it
from binding to FcyR. It was not enhanced by F(ab’), fragments
of FcyRIIA- or FcyRIII-specific mAbs. When coengaged with
FceRI, FcyRIIA, and FcyRIIIB, FcyRIIB therefore generate po-
tent negative signals that control human basophil activation, and
FcyRIIB-dependent negative regulation induced by IgG MAR
requires neither FcyRIIA nor FcyRIIIB. When assessing basophil
responses with intact anti-IgE Abs, as it is commonly done in
clinical practice, one therefore assesses the resultant of FceRI-
dependent activation and FcyRIIB-dependent inhibition, rather
than FceRI-dependent activation as it is usually thought. Sup-
porting our results obtained by comparing the effects of intact IgG
versus F(ab’), fragments of anti-IgE Abs, IgG anti-gpi Abs
inhibited IgE anti-DNP-induced human and mouse basophil
activation triggered upon challenge with TNP-gpi. Contrary to
inhibition induced by IgG anti-IgE Abs, inhibition induced by
IgG immune complexes might have been due to steric hindrance,
as it was reported in experimental anaphylaxis (55). Steric hin-
drance could be excluded, however, as complexation with IgG Abs
prevented Ag neither from binding to FceRI-bound IgE nor from
engaging and downregulating FceRI.

That FcyRIIB can negatively regulate human basophil activa-
tion was previously suggested. Rabbit IgG anti-pollen (Lol pl)
was shown to inhibit Lol pl-induced histamine release by baso-
phils without having the same epitopic specificity as IgE Abs (56).
We reported that the coaggregation of receptor-bound mouse anti-

IgG RECEPTORS CONTROL BASOPHIL ACTIVATION

FcyRII mAb and FceRI-bound mIgE by anti-mouse F(ab'),
fragments could inhibit human basophil activation (26). We later
described an anti-FcyRII/anti-IgE bispecific molecule that could
inhibit histamine release by human basophils passively sensitized
with IgE and challenged with specific Ag (29). IgG Abs are
thought to contribute to specific immunotherapy, during which
high titers of IgG anti-allergen Abs, especially 1gG4 (57), are
induced. IgG Abs may inhibit basophil activation not only by
competing with IgE for allergen, but also by engaging FcyRIIB
when under the form of immune complexes. Immune complexes
made of allergen and autologous Abs improved allergy to grass
pollen (58). Supporting this in vivo observation, IgG anti-allergen
Abs were reported to inhibit allergen-induced basophil activation
(20, 59). With this system, Cady et al. (20) found that FcyRIIA
was required for inhibition. We could not confirm a contribution
of FcyRIIA in our experimental setting. Also, bispecific fusion
proteins capable of binding both to FcyRIIB and to FceRI could
inhibit allergen-induced histamine release by basophils from
normal (60) and allergic donors (30, 61). Whether inhibition ob-
served in these studies was due to FcyRIIB engagement is,
however, unclear.

Using the F(ab'), versus IgG assay described in this study, we
found that, altogether, FcyRIIA and FcyRIIB could dampen IgE-
induced basophil activation in 89.4% normal donors (42 of 47).
Whether the five donors whose basophil activation was not lower
in response to IgG Abs than to F(ab'), fragments of the same
specificity were healthy donors as assumed is not known. One
expects a significant percentage of individuals to be allergic
among blood donors. Our results may explain in part why healthy
donors, who are in contact with allergens and whose serum con-
tains anti-allergen IgG Abs (28, 62), are not allergic. Noticeably,
IL-3 enhanced FcyRIIB, and, to a lower extent, FcyRIIA ex-
pression. Although it enhanced IgE-induced responses, IL-3 fur-
ther enhanced IgG-induced inhibition. FcyRIIB-dependent in-
hibition of basophil activation may therefore remain dominant
in the context of an allergen-driven Th2 response in normal in-
dividuals. Whether the same applies to basophils from allergic
donors is not known.

Finally, the expression of activating IgG receptors that cannot
activate human basophils is puzzling. One can notice the contrast
between the modest expression of FcyRIIA that poorly activates
human basophils and the high expression of FcyRIIB that potently
inhibits cell activation. Negative regulation seems oversized for
controlling weak IgG-induced positive signals. Under these con-
ditions, human basophils are highly unlikely to be activated by
IgG immune complexes, even though (or possibly, as) they are
bathed by several mg/ml IgG in blood. Noticeably, however, the
expression of an activating IgG receptor that, because its signals
are strongly inhibited by FcyRIIB, fails to activate mouse baso-
phils was conserved during evolution through the substitution for
another activating IgG receptor that does not activate human
basophils either, because it has a low level of expression. One
therefore wonders about the biological significance of FcyRIIA on
human basophils. Pairs of molecules with antagonistic properties,
such as ITAM-containing and ITIM-containing receptors, are of-
ten found in mammalian cells (63). The delicate balance of pos-
itive and negative signals generated by these receptors is a mean to
finely tune biological responses. One can envision the FcyRIIA-
FcyRIIB pair on human basophils as a regulatory module formed
upon coengagement by IgG immune complexes, which generates
a mixture of antagonistic signals, the proportions of which depend
on the relative expression of each receptor.

In conclusion, we show in this work that, in both mice and
humans, normal basophils express a pair of IgG receptors with
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antagonistic properties. As they are coengaged by IgG Abs, these
receptors function in concert as a regulatory module that prevents
basophils from being activated by IgG Abs and that controls IgE-
induced basophil activation. Whether this regulatory system is
impaired in allergic patients is an attractive possibility that needs
to be investigated.
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