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Besides its crucial role in type | hypersensitivity reactions, IgE is involved in anti-parasite immunity. This role has been clearly
demonstrated in both human and rat schistosomiasis, but remains controversial in the mouse. Since the cellular distribution of the
high affinity IgE receptor, FceRl, differs in humans and mice, it might explain the differences in effector function of IgE between
the two species. In humans, eosinophils and macrophages induce IgE-dependent cytotoxicity tow&chistosoma mansorarvae,
which involves FaRI in the case of eosinophils. In the present study, we have investigated the expression and function oERt

in rat eosinophils and macrophages. We demonstrate, by flow cytometry, fluorescence microscopy, and Western blot analysis, that
in rats, as in humans, a functionalay, trimeric Fc eRI is expressed on eosinophils and macrophages. We also show that these two
cell types can induce IgE-mediated, FeRI-dependent cellular cytotoxicity toward schistosomula. These results thus provide a
molecular basis for the differences observed between rat and mouse regarding IgE-mediated anti-parasite immunityThe Journal

of Immunology, 2000, 165: 1266-1271.

t is well documented that IgE and &Rl are key players in  reactions toward schistosome larvae in the presence of eosinophils,

allergic reactions. Receptor-bearing mast cells and basophilsionocytes/macrophages, or platelets (11). Furthermore, immuni-

are able to release, upon engagement with IgE and multivazation of rats according to protocols leading to IgE production (16,
lent Ag, inflammatory mediators (histamine, leukotrienes) as welll7), passive transfer of IgE rich-serum frd®n mansoninfected
as proinflammatory and immunoregulatory cytokines (1). Besidesats or of antiS. mansoniat IgE mAb to naive recipient rats (18)
its expression on mast cells and basophils asxgn, tetramer, led to a significant level of protection to a challenge infection.
FceRI is also expressed on human Langerhans cells (2, 3), mond&uch a protective effect was also observed when platelets (19),
cytes (4), eosinophils (5), and platelets (6). This extended cellulaeosinophils, or macrophages (20), obtained from infected animals
distribution allows IgE and FeRI to be involved in allergen pre- and bearing cytophilic IgE, were transferred to naive rats. In mice,
sentation (7) as well as in in vitro cytotoxicity reactions (Ab-de- various studies about the protective role of IgE in schistosomiasis
pendent cellular cytotoxicity; ADCEYoward parasite targets such have led to divergent conclusions (21-25). IgE and eosinophils
as larvae from the trematode paraSihistosoma manso(s, 6). have also been associated with resistance against other helminthic
However, it has been recently demonstrated that murine eosingarasites, such a&richinella (26) andNecator(27).
phils and macrophages did not expressHI(8, 9), whereas this While expression of functional IgE receptors has been demon-
receptor could be detected on the same cell types in transgengtrated on rat macrophages and eosinophils (28—-31), their molec-
mice expressing the human éRla under the control of its own ular nature has not been characterized. Due to the similarities of
promoter elements (9, 10). IgE effector functions in humans and rats in vivo and in vitro and

In rats and humans, resistance against schistosome infections the contradictory results from the various studies on murine
involves, among others, IgE-dependent mechanisms (11). Indeedhodels, we hypothesized that the discrepancies between mice and
several immunoepidemiological studies have evidenced a negativats regarding the involvement of IgE in anti-schistosome immu-
correlation between IgE levels and rates of reinfection by the threaity might be due to differences in the cellular distribution of
species ofSchistosomahat are pathogen for humans: nam&ly  FceRI.
mansoni(12, 13),S. haematobiun(l14), andS. japonicum(15). In the present work we have investigated the cellular distribu-
Besides such indirect evidences, a more direct demonstration dfon and function of FeRl in rat eosinophils and macrophages.
the role of IgE in protective immunity was brought both in vitro Our results provide the first explanation for the long-lasting con-
and in vivo. In humans and rats, IgE was shown to induce ADCCtroversy about the rat vs the mouse as an animal model for para-
sitic infections.
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S. mansontycle wg/ml biotinylated rat IgE, washed with PBS, then lysed in 1% digitonin

. . . L . . (Gallager and Schlessinger Carle Place, NY) as previously described (9,
A Puerto Rican strain 68. mansonivas maintained iBiomphalaria gla-  37) as a preclearing step, lysates were first incubated with agarose beads
bratasnail as the invertebrate intermediate host and in the golden hamstefy,” 1 1. Surface-expressed receptors were then immunoprecipitated with
Mesocricetus auratysis the vertebrate definitive host. Skin schistosomula foravidin-agarose beads. Pooled material (8.20° eosinophils, 8.6 1P
cytotoxicity (ADCC) experiments were collected in MEM after application of acrophages) obtained from three sorting experiments (12 rats) as well as
cercariae to isolated pieces of Swiss mouse abdominal skin for 3 h. 5 X 10° RBL and 3.6x 10° purified peritoneal mast cells were loaded on
a 14% reducing SDS-PAGE (for detection of FB:Bnd FcRy). After trans-
fer on polyvinylidene difluoride membrane, samples were probed with anti-
Lou rats (8—16 wk old) were kept and bred in the facility of the Institut FCR8 (1/2500 dilution) and anti-FcR(1/5000 dilution) Abs. HRP-conjugated
Pasteur de Lille. Unless specified otherwise, animals were i.p. injected wittsecondary Abs were revealed by chemiluminescence using SuperSignal
5 ml of thioglycolate (5%). Six-month-old animals were used for peritoneal (Pierce, Rockford, IL) according to the manufacturer's protocol.

Animals and treatments

mast cell purification. FceRla was detected in lysates from>% 10° eosinophils, 6.5< 10°
macrophages, % 10° RBL, and from 3.6x 10° purified peritoneal mast
Cells cells (used as a control) after sequential immunoprecipitation with normal

. . . rabbit serum bound to protein A-Sepharose (preclearing) and with anti-
Rat basophil Ieukem|a_(RBL;2H3) cells were kept in complete RPMI me-op. serum bound to prpotein A-Sepﬁarose. Ir(r?munopregi)pitated material
dium supp_lemented with 10% FCS. . ... was loaded on an 8% nonreducing gel, transferred on polyvinylidene di-
Rat peritoneal cells were obtained, 4 days after thioglycolate injectiong, ride then probed with anti-ERla (BC4; 1/2500 dilution)
by lavage of the peritoneal cavity with PBS and were directly analyzed by ’ ’ '
flow cytometry or used for eosinophil and macrophage purification.
Eosinophils (60—80% purity estimated after May-@uald staining) ~ Ab-dependent cellular cytotoxicity
obtained by removal of adherent cells (mainly macrophages) after over- . . . .
night culture in complete RPMI medium with 10 ng/ml recombinant hu- Effector cells (4 10° eosinophils or macrophages) were incubated in
man IL-5 were used for ADCC experiments. For receptor up-regulationflat-bottom 96-well plates oS h with a 1/20 dilution from serum from
experiments, cells were maintained for 4 days in complete RPMI mediunf3-day-infected rats (containing /g/ml IgE) or with serum from unin-
supplemented with 10 ng/ml human IL-5 in the presence or the absence dgcted animals (as a control) in 190 of complete RPMI medium. Schis-

5 ug/ml rat IgE, then analyzed by flow cytometry. tosomula (100 larvae) were then added to the effector cells in a final vol-
Macrophages were obtained as adherent cells after 30-min plating andme of 200ul. Some cell samples were preincubated with J&gml
were used in ADCC experiments. Purity was typically 90-95%. anti-FeRIla or with normal mouse 1gG before the addition of rat serum.

Mast cells from 6-mo-old naive rats were purified on a 22% metriz- Additional controls were performed by incubating the cells with anéFtic
amide gradient (36). Purity estimated on cytospin preparations after Mayl? the absence of serum or with infected rat serum depleted in IgE by

Grinwald staining was 97%. overnight incubation at 4°C with 30g/ml anti-rat IgE adsorbed to protein
A-Sepharose beads. Cytotoxicity was estimated 48 h later and was ex-
Flow cytometry pressed as the percentage of dead schistosomula evaluated microscopically.

- ) . ) n Experiments were performed in duplicate.
Unless specified otherwise, all incubations for staining were performed on

2-5 % 10° cells in 100l with 10 wg/ml Ab at 4°C for 30 min in PBS

containing 0.1% BSA and 0.05% sodium azide. Eosinophils and macroRagylts
phages were identified on the basis of their forward and side scatt#tl Fc . . .
expression was analyzed by binding of either unlabeled rat IgE revealefFXPression of FeRl by rat eosinophils and macrophages

with biotinylated mouse anti-rat IgE and PE-conjugated streptavidin (St-The expression of R by peritoneal eosinophils or macrophages

PE; 5ug/ml) or with biotinylated rat IgE and St-PE after incubation with . . :
150 pg/ml nonspecific rat IgG (to block potential binding toR) and from normal rats was investigated by flow cytometry using rat

anti-CD23 antiserum (1/100 dilution; to prevent IgE binding to this recep-Myeloma IgE. The experiments were performed after saturation of
tor). Binding specificity was verified by competition with 15@/ml un- ~ FCyRs, IgG receptors, and ERII/CD23, the low affinity IgE re-
labeled anti-rat FeRla. ceptor, with an excess of unlabeled IgG and anti-CD23 Ab, re-

Detection of FciB and FcRy was performed by intracellular staining of spectively. Under these conditions no IgE binding could be de-
peritoneal cells. Cells were fixed for 10 min at room temperature with 2% ted It dat tsh ting the o
freshly prepared paraformaldehyde, washed twice with PBS, then permé;gEC ed on any cell type (data not shown), suggesting as

abilized for 10 min at room temperature with 0.5% saponin in PBS con-Not expressed or was undetectable on these resting cells.
taining 1% BSA. The subsequent incubation and washing steps were per- We next analyzed peritoneal cells 4 days after the injection of

formed in the same S%Imiﬁn' A&g@?(llloo diIgti(on)/wzs fedveal‘?d thioglycolate. As in the mouse, eosinophils and macrophages were
using a PE-conjugated donkey F nti-mouse 1gG (4.g/ml) and anti- h - o . .
FcRy (1/400 dilution) using an FITC-conjugated goat Flakanti-rabbit egsﬂy and accurately Identlfle_d on _the basis 0of their forward a.nd
IgG (7.5 ug/ml). A final wash in PBS was performed before analysis. ~ Side scatter parameters. EO?'HODh”S (15—?043 of the totgl perito-
neal cells) were small and displayed the highest granularity (38),
Immunofluorescence whereas macrophages (70—80%) were the largest cells in the peri-
Purified populations of RRlI-positive eosinophils and macrophages were toneum (39) (Fig. &). Mast cells were virtually absent from the
obtained by sorting peritoneal cells according to their forward and sideperitoneum from these animals (1% or less of the peritoneal pop-

scatter and their positivity for &I, using an ELITE cell sorter (Coulter, ,1ation). A small eosinophil subpopulatior 5%) exhibited stron
Hialeah, GL), after surface staining performed as described above. Th ): P Pop 6%) 9

purity of sorted cells was assessed on cytospin preparations after stainirfgE bin.ding, WhiCh was Completely inhibitgd by preinlcubation of
with May-Grinwald (RAL, Martillac, France). Purity was 100% for eo- Cells with anti-FeRla mAb (Fig. 1b). Two different anti-FeRla
sinophils and 98% for macrophages. Sorted cells were fixed with 2% paramAb gave similar results. These findings indicate that rat eosino-
formaldehyde, then washed with PBS before mounting. Preparations werghils are able to express &Rl. Likewise, a higher proportion (20—
observed with &<63 Plan-Apochromat objective on an Axiophot 2 mi- 3444 of macrophages could bind IgE, and this binding was very
croscope (Zeiss, New York, NY) equipped with a digital camera. ol I . . . .

significantly inhibited by preincubation with anti-&Rlae Abs
Western blot (Fig. 1c). However, the mean fluorescence intensity, reflecting the

Subunit composition of the receptor on eosinophils and macrophages wd§C€Ptor number, was about 4-fold lower than that for eosinophils.
analyzed by Western blot on purified populations obtained by sorting of FceRI-positive eosinophils and macrophages were then sorted
unlabeled peritoneal cells from thioglycolate-injected rats. Sorted eosinoaccording to both scatter and fluorescence parameters and were

fh“s and mé"c“’phl"’(‘jges_as IWe” SSR‘E’[‘”O'”F’“”fiEd pemo”e"ﬂ ’S?St ;g"séxamined by microscopy. Purified populations (98—100% purity)
rom naive 6-mo-old animals an cells were resuspended in L N
containing 0.1% BSA and 0.5% sodium azide at a concentration bf 10'Vere very homogeneous in size and aspect. After Mayn@ald

cells/ml and incubated with 150g/ml nonspecific rat IgG and a 1/100 Staining, eosinophils appeared small, with a highly granular and
dilution of anti-CD23 rabbit antiserum. Cells were incubated with 10 eosinophilic cytoplasm and a doughnut- or eight-shaped nucleus
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a. Peritoneal Cells Eosinophils

3

3, 40 se 6o
c. Macrophages
! rlgE + inh. anti-rFceRla

FIGURE 2. Immunofluorescence microscopy analysiseRepositive
cells. Sorted eosinophils and macrophages, purified peritoneal mast cells,
and RBL cells were stained as described in Fig. 1 and were visualized by
fluorescence microscopy.

FceRIl molecular structure

To determine whether ERI was expressed as a trimerig, or a
tetramericafy, structure on eosinophils and macrophages, the
presence of FcRand FcRy was examined by flow cytometry after
cell permeabilization with saponin, using specific anti-Bcahd
anti-FcRy Ab (Fig. 3). FcR3 was detected in neither eosinophils
nor macrophages (Fig. & andc), in contrast to peritoneal mast
cells and RBL cells (Fig. 33 andg). This further confirms that the
gated eosinophil and macrophage populations did not contain mast
cells, which do express anpy, receptor. By contrast, FeR
which also associates with Rl and FeyRIll, was virtually de-
tected in 100% eosinophils and macrophages (Fig.8)dd). As
expected, peritoneal mast cells and RBL cells were positive for
both FcR3 and FcRy (Fig. 3,e—h.
" Cq w w To confirm that the receptor expressed by eosinophils and mac-
FIGURE 1. Surface expression of ERI on eosinophils and macro- rophages was lacking FgRwe analyzed the structure of surface-
phagesa—c, Flow cytometric analysis of peritoneal cells 4 days after thio- €xpressed receptors by Western blot on purified populations. Pu-
glycolate injectiona, Scatter representatioh.andc, FceRI expression on  rified eosinophils and macrophages as well as peritoneal mast cells
gated eosinophilsbj and macrophageg)( Binding of rat IgE is detected and RBL cells were incubated with biotinylated rat IgE, as de-
with biotinylated anti-rat IgE and St-PE in the presence or the absence ofcribed for flow cytometry. After lysis with digitonin, a very mild
preincubation with anti-rat FeiRle. d and e, May-Grinwald staining of  detergent known to preserve noncovalent associations between the
cytospin preparations of sorted éRi-positive eosinophilsd) and macro-  receptor subunits (9), immunoprecipitation was performed using
phages €). f a_mdg, Flow cytometric analysis of purified peritoneal mast avidin-agarose beads. After SDS-PAGE, the membrane was
cells from naive ratsff and RBL cells ¢). probed with anti-FcB and anti-FcR Abs. As observed by flow
cytometry after permeabilization, FBRwas detected on neither
(Fig. 1d). Macrophages were much larger, with prominent cyto- eosinophils nor macrophages, while a strong band corresponding
plasmic vacuoles (Fig.€). No contaminating granulated mast to FCRB was detected in the lysate from RBL and mast cells (Fig.
cells could be detected on either preparation. 4, middle par). On the other hand, two bands, probably corre-
Purified peritoneal mast cells from 6-mo-old naive animals (Fig.sponding to unphosphorylated and phosphorylated forms ofyFcR
1f) and RBL cells (Fig. @), used as a control, displayed much (40), were detected on both eosinophils and macrophages (Fig. 4,
higher FeRI expression when stained using the same experimentower parf). Due to the higher receptor expression in peritoneal
tal procedure. mast cells and RBL and to the increased detergent stability of the
FceRI-positive eosinophils and macrophages were analyzed byetrameric receptor compared with the trimeric structure (9), the
immunofluorescence microscopy (Fig. 2). As observed on peritosignal corresponding to FgRn the RBL and mast cells was much
neal mast cells and RBL cells, a typical speckled pattern of fluostronger (Fig. 4lower par{. A faint signal at a m.w. correspond-
rescence was detected on both sorted eosinophils and macrimg to FcRy was also present on the control samples. We then
phages. As expected, expression levels in these two populatioronfirmed the association of ERla with FCRy in these cells by
were lower than that in the cell line. detection of the former after immunoprecipitation with the anti-
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response. As previously reported for human eosinophils and mac-
rophages (5, 46), we used ADCC tow&dmansoniarvae as the
more relevant functional parameter. Peritoneal eosinophils or mac-
toneal cells, purified peritoneal mast cells, and RBL cells were fixed ancfo_phage_s’ purified from thloglycolate-lnjecteq rats, were incubated
permeabilized, then incubated with anti-FER1AD (a, c, e and g) or with schistosomula and serum fro& mansoninfected rats con-

anti-FcRy antiserum i, d, f, andh) and corresponding fluorochrome-con-  taining antischistosomdgE Abs or with serum from noninfected

FIGURE 3. Subunit structure of FeRl on rat eosinophils and macro-
phages. Flow cytometric analysis of permeabilized celishf. Rat peri-

jugated secondary Abs. Eosinophitsgndb) and macrophages @ndd)
were gated. Purified peritoneal mast ceis(df) and RBL cells ¢ andh)

animals as a negative control. In some samples the role of IgE
depletion, anti-FeRla mAb, or control mouse IgG was studied.

are shown. Specific staining (thick line) and control isotype or serum (thinwhen IgE-containing serum was used, the percentage of cytotox-

line) are indicated.

icity reached 40-75% for eosinophils (Figa)eand 30—-92% for

macrophages (Fig.b). Preincubation of effector cells with anti-
FceRla Ab led to an inhibition of cytotoxicity ranging, in the
different experiments, from 29.5 to 100% (average, 74.1%) for
eosinophils (Fig. &) and from 42.3 to 57.3% (average, 50.3%) for
macrophages (Fig.b). Likewise, IgE depletion by incubation of
the serum with anti-rat IgE-coated beads led to a 50% inhibition of

FceRI expression on eosinophils is up-regulated by IgE in vitro Macrophage cytotoxicity (Fig.b. No inhibition was observed

As in humans, FeRI expression on eosinophils and macrophages,
even after stimulation by thioglycolate injection, appeared rela-
tively low compared with that on mast cells. Since it has been
shown that surface expression of the receptor on rat and mouse a |L-5 b
mast cells was up-regulated by IgE in vitro and in vivo (42—45), . )
we investigated whether IgE was able to increaséFexpression 2]
on rat eosinophils in vitro. Therefore, peritoneal cells were cul-
tured for 4 days in the presence of IL-5 to prevent eosinophil
apoptosis, with or without IgE. Eosinophils were then analyzed by =]
flow cytometry. Cells kept in culture for 4 days without IgE almost L

completely lost FeRI expression, as observed for mouse mast BT (R ity hts T Chnaens R A o
cells (45) (Fig. &), whereas in the presence of IgE, about 50% of FceRI FCSRI

the eosinophil population was expressingRE albeit at a lower
level than freshly isolated cells (Figbp Thus, ligand up-regula-
tion of FceRI, or at least prevention of receptor loss, may also
occur for rat eosinophils.

FcRy Ab. Indeed, the signal corresponding toeRta was de-
tected as a diffuse band, characteristic form of glycosylated pro-
teins (Fig. 4 upper part) (41). Thus, rat eosinophils and
macrophages can express a trimerig, FceRI.

IL-5 + IgE

30

20

o ]
N

10

FIGURE 5. IgE-induced up-regulation of ERI expression on eosino-
phils in vitro. Peritoneal cells from thioglycolate-elicited animals were cul-
tured for 4 days with IL-5 in the absenca) ©r the presencebj of rat IgE.
Receptor expression on gated eosinophils was detected, after receptor sat-
We then investigated whether the engagement of the receptor exration with rat IgE, using biotinylated anti-rat IgE and St-PE (thick line).
pressed by eosinophils and macrophages could lead to a functionBiotinylated anti-rat IgE was omitted in the controls (thin line).

FceRIl-mediated ADCC by rat eosinophils and macrophages
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ganism to optimally respond to IgE-mediated stimulation as it oc-

a. Eosinophils o _ > i ) "
80 curs in immediate hypersensitivity reactions or during parasitic
infections.
> 60 | IgE-dependent cytotoxicity toward schistosomula has been re-
’—é ported in previous studies for rat macrophages (29), eosinophils
‘g 40 | (30), and platelets (19). Experiments using an mAb directed to-
= ward human eosinophils and cross-reactive with B cell CD23 sug-
R* 20 | gested that the low affinity IgE receptor,dRil/CD23, was mainly
involved in this process (31). However, the role oERE€was not
investigated, since ERII/CD23 was for a long time considered to
0 be the only IgE receptor identified on these cell types in both rats
Exp.l.  Exp.ll. Exp.ll. and humans. The recent demonstration thaiRF@xpressed on
b. 50 Macrophages human eosinophils or platelets was involved in ADCC (5, 6) led us
to re-examine its function in the rat.
40 - In the present study we demonstrate that a subpopulation of rat
2 eosinophils and macrophages expressed a functiond®IFm-
® 30 volved in IgE-mediated cytotoxicity againSt mansonlarvae.
% Interestingly, using specific Abs, flow cytometric analyses on
Eo 20- permeabilized cells and Western blot experiments failed to reveal
o 10 the presence of the FcBchain in these cell types, while the FcR
y-chain was detected. These results contrast with the previous
0! finding that rat FcRB-chain was required for receptor expression

on transfected COS-7 cells (47). Differences between the simian

Exp. l. Exp.Il. Exp.Ill. Exp. IV. : ' ’ )
immortalized cell line and freshly isolated rat cells or the presence

N anti-
] 1gE anti-FceR + IgE of a B-like chain in these later might explain this discrepancy. The
E= IgE depletion control trimeric ay, structure of FeRI expressed by rat eosinophils and

macrophages is identical not only with that found on the corre-
sponding human cell types but also with that found on their coun-

macrophageshj from thioglycolate-injected rats were incubated in dupli- terparts in _transgenlc mice EXpr?ss'ng the humaaREz:_under the
cate with serum containing sg/ml IgE (J), with normal rat serumi), control of its own promoter region (9, 10). Sequencing and com-
with anti-FeRIa Ab, then with IgE-rich serum§) or with IgE-depleted ~ Parison of rat, mouse, and humareRéx promoter regions should
serum B). Schistosomula were addi& h later. Mortality was estimated in  allow determination of the respective roles played in the three
three @) or four (b) independent experiments (I-1V) after 48 h and was species by FcBR and by the FeRla promoter regions in the de-
expressed as a percentage of dead schistosonm@®) termination of FeRI cellular distribution.

Taken together, these results clearly indicate a different cellular

distribution of the high affinity IgE receptor between humans and

after preincubation with an equivalent amount of normal mouserats, on one hand, and mice, on the other hand. Further studies are
IgG (not shown). No cytotoxicity was observed when antéfe: needed to investigate the genomic organization of the promoter
was added to the cells in the absence of IgE-rich serum (notegions in each species and their consequences on gene expression.
shown). This demonstrates thateRt accounts for an important Our findings provide thus a molecular basis to the similarities
proportion of the IgE-dependent cellular cytotoxicity from eosin- found between rat and human duriBg mansoninfection. They

FIGURE 6. Role of F&RI in IgE-mediated ADCC by eosinophils and
macrophages towar&. mansoniarvae. Peritoneal eosinophils)(and

ophils and macrophages. also underline that the restricted cellular distribution o&fcin
mice, in particular its absence on eosinophils and macrophages,
Discussion hampers the use of such an animal model for an accurate study of

In this paper, we have shown by flow cytometry, immunofluores-IgE- and FeRI-mediated human pathologies such as allergic re-
cence microscopy, and Western blot analyses that a fraction dadctions. Cellular distribution of Rl in animal models commonly
thioglycolate-elicited rat macrophages and eosinophils could exused for in vivo studies of allergic reactions, such as guinea pig,
press FeRI. This expression could not be mistaken for mast cellrabbit, and dog, would therefore be worth investigating.
expression, since this population accounts for a very low propor-

tion of the peritoneal cells of these treated animals, and since

FceRI expression on mast cells is much higher than that on eosinAcknowledgments

ophils and macrophages. Cell sorting further prevented potentidlVe thank Drs. R. P. Siraganian (National Institutes of Health, Bethesda,
contamination by mast cells. ERIl expression was detected on MD)and T.J. Flemming and J.-P. Kinet (Harvard Medical School, Boston,
neither eosinophils nor macrophages from unstimulated animald/A) for providing us with anti-rat FeRla Abs. We thank Drs.
suggesting that receptor expression in cells other than mast cells % Le Borgne, Y. Rouilleand B. Hoflack for their help with fluorescence
very low or absent in resting conditions. This could explain why MIcroscopy-

the receptor was not detected in earlier works, including our stud-

ies (31).

As described for mouse mast cells (42, 45) and_ basophils (43) agelzgvrjcrgc.]e\? and J. P. Kinet. 1991. Fc receptarsiu. Rev. Immunol. 9:457.
well as for rat mast cells (44), receptor expression was Up-regu-; gieber, T., H. de la Salle, A. Wollenberg, J. Hakimi, R. Chizzonite, J. Ring,
lated on eosinophils by incubation with its ligand. A very strong  D. Hanau, and C. de la Salle. 1992. Human epidermal Langerhans cells express
adherence of macrophages to culture wells during the 4-day incu- the high affinity_receptor fgr immunoglopglin E (8RI). J. Exp. Med. 175:128_5.
bation prevented us from assessing the phenomenon in this cel?' Wang, B., A. Rieger, O. Kilgus, K. Ochiai, D. Maurer, D. Fodinger, J. P. Kinet,

and G. Stingl. 1992. Epidermal Langerhans cells from normal human skin bind
type. This regulatory mechanism would provide a way for the or-  monomeric IgE via FeRl. J. Exp. Med. 175:1353.



The Journal of Immunology

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

. Joseph, M., A. S. Gounni, J. P. Kusnierz, H. Vorng, M. Sarfati, J. P. Kinet, g

. de Andres, B., E. Rakasz, M. Hagen, M. L. McCormik, A. L. Mueller, D. Elliot,

Maurer, D., E. Fiebiger, B. Reininger, B. Wolff-Winiski, M. H. Jouvin, O. Kilgus,
J. P. Kinet, and G. Stingl. 1994. Expression of functional high affinity immuno-
globulin E receptors (FRl) on monocytes of atopic individuals. Exp. Med.
179:745.

26

. Gounni, A. S., B. Lamkhioued, K. Ochiai, Y. Tanaka, E. Delaporte, A. Capron, 27.

J. P. Kinet, and M. Capron. 1994. High-affinity IgE receptor on eosinophils is
involved in defence against parasitdsature 367:183.

1271

. Dessein, A. J., W. L. Parker, S. L. James, and J. R. David. 1981. IgE antibody and
resistance to infection. |. Selective suppression of the IgE antibody response in
rats diminishes the resistance and the eosinophil resporigctonella spiralis
infection.J. Exp. Med. 153:423.

Pritchard, D. I., R. J. Quinnell, and E. A. Walsh. 1995. Immunity in humans to
Necator americanudgE, parasite weight and fecunditiarasite Immunol. 17:

71.

28. Capron, A., J. P. Dessaint, M. Capron, and H. Bazin. 1975. Specific IgE anti-

A. B. Tonnel, A. Capron, and M. Capron. 1997. Expression and functions of the
high-affinity IgE receptor on human platelets and megakaryocyte precuEsots.
J. Immunol. 27:2212.

. Maurer, D., C. Ebner, B. Reininger, E. Fiebiger, D. Kraft, J. P. Kinet, and 29.

G. Stingl. 1995. The high affinity IgE receptor @Rl) mediates IgE-dependent
allergen presentatiod. Immunol. 154:6285.

A. Metwali, M. Sandor, B. E. Britigan, J. V. Weinstock, et al. 1997. Lack ofeFc-

receptors on murine eosinophils: implications for the functional significance of3L.

elevated IgE and eosinophils in parasitic infectioBgod 89:3826.

. Dombrowicz, D., S. Lin, V. Flamand, A. T. Brini, B. H. Koller, and J. P. Kinet.

1998. Allergy-associated F¢Ris a molecular amplifier of IgE- and 1gG-medi-
ated in vivo responsesmmunity 8:517.
Dombrowicz, D., A. T. Brini, V. Flamand, E. Hicks, J. N. Snouwaert, J. P. Kinet,

and B. H. Koller. 1996. Anaphylaxis mediated through a humanized high affinity 33.

IgE receptorJ. Immunol. 157:1645.

Capron, M., and A. Capron. 1994. Immunoglobulin E and effector cells in schis-
tosomiasisScience 264:1876.

Rihet, P., C. E. Demeure, A. Bourgois, A. Prata, and A. J. Dessein. 1991. Evi-
dence for an association between human resistan8ehistosoma mansoand

high anti-larval IgE levelsEur. J. Immunol. 21:2679.

Dunne, D. W., A. E. Butterworth, A. J. Fulford, H. C. Kariuki, J. G. Langley,
J. H. Ouma, A. Capron, R. J. Pierce, and R. F. Sturrock. 1992. Immunity after
treatment of human schistosomiasis: association between IgE antibodies to adu:;k3
worm antigens and resistance to reinfectiar. J. Immunol. 22:1483.

Hagan, P., U. J. Blumenthal, D. Dunn, A. J. Simpson, and H. A. Wilkins. 1991.
Human IgE, 1gG4 and resistance to reinfection wiithistosoma haematobium.
Nature 349:243.

Zhang, Z., H. Wu, S. Chen, L. Hu, Z. Xie, Y. Qiu, C. Su, J. P. Cao, Y. Wu,
S. Zhang, and G. Wu. 1997. Association between IgE antibody against soluble
egg antigen and resistance to reinfection witthistosoma japonicum. Trans.
R. Soc. Trop. Med. Hyg. 91:606.

Damonneville, M., C. Auriault, C. Verwaerde, A. Delanoye, R. Pierce, and
A. Capron. 1986. Protection against experimefteistosoma mansoschisto-

somiasis achieved by immunization with schistosomula released products anti39.

gens (SRP-A): role of IgE antibodie€lin. Exp. Immunol. 65:244.
Grezel, D., M. Capron, J. M. Grzych, J. Fontaine, J. P. Lecocq, and A. Capron.
1993. Protective immunity induced in rat schistosomiasis by a single dose of the

Sm28GST recombinant antigen: effector mechanisms involving IgE and IgA an-40.

tibodies.Eur. J. Immunol. 23:454.
Verwaerde, C., M. Joseph, M. Capron, R. J. Pierce, M. Damonneville, F. Velge,

C. Auriault, and A. Capron. 1987. Functional properties of a rat monoclonal IgE 41

antibody specific foiSchistosoma mansoni. J. Immunol. 138:4441.

Joseph, M., C. Auriault, A. Capron, H. Vorng, and P. Viens. 1983. A new func-
tion for platelets: IgE-dependent killing of schistosomdature 303:810.

Capron, M., J. A. Nogueira-Queiroz, J. P. Papin, and A. Capron. 1984. Interac-
tions between eosinophils and antibodies: in vivo protective role against rat s.chis,z13
tosomiasisCell. Immunol. 83:60.

Kojima, S., M. Niimura, and T. Kanazawa. 1987. Production and properties of a
mouse monoclonal IgE antibody ®chistosoma japonicum. J. Immunol. 139:
2044.

Amiri, P., M. Haak-Frendscho, K. Robbins, J. H. McKerrow, T. Stewart, and
P. Jardieu. 1994. Anti-immunoglobulin E treatment decreases worm burden and
egg production irBchistosoma mansaitifected normal and interferopknock-

out mice.J. Exp. Med. 180:43.

Jankovic, D., M. C. Kullberg, D. Dombrowicz, S. Barbieri, P. Caspar,
T. A. Wynn, W. E. Paul, A. W. Cheever, J. P. Kinet, and A. Sher. 199¢RFc
deficient mice infected witfSchistosoma mansomount normal Th2-type re-
sponses while displaying enhanced liver patholayymmunol. 159:1868.

King, C. L., J. Xianli, I. Malhotra, S. Liu, A. A. Mahmoud, and H. C. Oettgen.
1997. Mice with a targeted deletion of the IgE gene have increased worm burdens
and reduced granulomatous inflammation following primary infection @his-
tosoma mansoni. J. Immunol. 158:294.

El Ridi, R., T. Ozaki, and H. Kamiya. 1998chistosoma mansoitifection in
IgE-producing and IgE-deficient micé. Parasitol. 84:171.

30.

34.

37.

38.

44,

45,

46.

47.

bodies in immune adherence of normal macrophageSctustosoma mansoni
schistosomulesNature 253:474.

Capron, A., J. P. Dessaint, M. Joseph, R. Rousseaux, M. Capron, and H. Bazin.
1977. Interaction between IgE complexes and macrophages in the rat: a new
mechanism of macrophage activatidur. J. Immunol. 7:315.

Capron, M., H. Bazin, M. Joseph, and A. Capron. 1981. Evidence for IgE-de-
pendent cytotoxicity by rat eosinophild. Immunol. 126:1764.

Capron, M., T. Jouault, L. Prin, M. Joseph, J. C. Ameisen, A. E. Butterworth,
J. P. Papin, J. P. Kusnierz, and A. Capron. 1986. Functional study of a mono-
clonal antibody to IgE Fc receptor (R2) of eosinophils, platelets, and macro-
phagesJ. Exp. Med. 164:72.

2. Basciano, L. K., E. H. Berenstein, L. Kmak, and R. P. Siraganian. 1986. Mono-

clonal antibodies that inhibit IgE bindind. Biol. Chem. 261:11823.

Rivera, J., J. P. Kinet, J. Kim, C. Pucillo, and H. Metzger. 1988. Studies with a
monoclonal antibody to th@ subunit of the receptor with high affinity for im-
munoglobulin E.Mol. Immunol. 25:647.

Letourneur, O., I. C. Kennedy, A. T. Brini, J. R. Ortaldo, J. J. O'Shea, and
J. P. Kinet. 1991. Characterization of the family of dimers associated with Fc
receptors (FeRI and FeyRIIN). J. Immunol. 147:2652.

35. Flores-Romo, L., J. Shields, Y. Humbert, P. Graber, J. P. Aubry, J. F. Gauchat,

G. Ayala, B. Allet, M. Chavez, H. Bazin, et al. 1993. Inhibition of an in vivo
antigen-specific IgE response by antibodies to CC&3ence 261:1038.
. James, S. L., R. W. Leid, Jr., and A. Sher. 1979. Purification of rodent eosinophils
on discontinuous metrizamide gradienisImmunol. Methods 27:373.
Dombrowicz, D., V. Flamand, |. Miyajima, J. V. Ravetch, S. J. Galli, and
J. P. Kinet. 1997. Absence of &Rl « chain results in upregulation of FRIII-
dependent mast cell degranulation and anaphylaxis: evidence of competition be-
tween FeRI and FeyRIIl for limiting amounts of FcHB and y chains.J. Clin.
Invest. 99:915.
Noffz, G., Z. Qin, M. Kopf, and T. Blankenstein. 1998. Neutrophils but not
eosinophils are involved in growth suppression of IL-4-secreting tundorisn-
munol. 160:345.
Chan, J., P. J. Leenen, |. Bertoncello, S. I. Nishikawa, and J. A. Hamilton. 1998.
Macrophage lineage cells in inflammation: characterization by colony-stimulat-
ing factor-1 (CSF-1) receptor (c-Fms), ER-MP58, and ER-MP20 (Ly-6C) ex-
pressionBlood 92:1423.
Adamczewski, M., R. P. Numerof, G. A. Koretzky, and J. P. Kinet. 1995. Reg-
ulation by CD45 of the tyrosine phosphorylation of high affinity IgE receptor
andy-chains.J. Immunol. 154:3047.
Letourneur, O., S. Sechi, J. Willette-Brown, M. W. Robertson, and J. P. Kinet.
1995. Glycosylation of human truncatedeRt « chain is necessary for efficient
folding in the endoplasmic reticulund. Biol. Chem. 270:8249.

42. Hsu, C., and D. MacGlashan, Jr. 1996. IgE antibody up-regulates high affinity IgE

binding on murine bone marrow-derived mast cdilsmunol. Lett. 52:129.
. Lantz, C. S., M. Yamaguchi, H. C. Oettgen, I. M. Katona, I. Miyajima,
J. P. Kinet, and S. J. Galli. 1997. IgE regulates mouse basopilIFexpression
in vivo. J. Immunol. 158:2517.

Shaikh, N., J. Rivera, B. R. Hewlett, R. H. Stead, F. G. Zhu, and J. S. Marshall.
1997. Mast cell FeRI expression in the rat intestinal mucosa and tongue is
enhanced durin§lippostrongylus brasiliensimfection and can be up-regulated
by in vivo administration of IgEJ. Immunol. 158:3805.

Yamaguchi, M., C. S. Lantz, H. C. Oettgen, I. M. Katona, T. Fleming,
I. Miyajima, J. P. Kinet, and S. J. Galli. 1997. IgE enhances mouse mast cell
FceRI expression in vitro and in vivo: evidence for a novel amplification mech-
anism in IgE-dependent reactiords.Exp. Med. 185:663.

Joseph, M., A. Capron, A. E. Butterworth, R. F. Sturrock, and V. Houba. 1978.
Cytotoxicity of human and baboon mononuclear phagocytes against schistoso-
mula in vitro: induction by immune complexes containing IgE &utistosoma
mansoniantigens Clin. Exp. Immunol. 33:48.

Miller, L., U. Blank, H. Metzger, and J. P. Kinet. 1989. Expression of high-
affinity binding of human immunoglobulin E by transfected cel&cience
244:334.



