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The High Affinity IgE Receptor  (FceRI) 
IgE-Dependent Allergen  Presentation' 

Dieter  Maurer,2* Christof Ebner,+  Barbel  Reininger,*  Edda 
Jean-Pierre Kinet,*  and Ceorg Stingl* 

Mediates 

Fiebiger,* Dietrich Kraft,' 

*Department of Dermatology, Division of Immunology, Allergy and Infectious Diseases, University of Vienna Medical 

School, Vienna, Austria; 'Institute of General and Experimental Pathology, Division of Immunopathology,  University of 
Vienna Medical School, Vienna, Austria; and *Molecular Allergy  and Immunology Section, National Institute of Allergy  and 

Infectious Diseases, National Institutes of Health,  Rockville, MD 20892 

The discovery that the high affinity IgE receptor (FceRI) is expressed on APCs of patients with atopic diseases raised 
the possibility that the functional importance of FccRI in the pathogenesis of atopy may extend beyond its role in 
type I allergic reactions. Here we show that, following removal of  in  vivo-bound IgE by lactic acid treatment, 
targeting of allergens to monocytes by Ag-specific IgE critically depends on FceRI expression. Even more impor- 
tantly, lactic acid-treated, monocyte-enriched PBMCs present allergen to T cells 100-  to  1000-fold more effectively 
if the allergen has been targeted to FccRI on these cells  via allergen-specific IgE. This mechanism may critically 
lower the atopic individual's threshold to  mount allergen-specific T cell responses capable of  promoting IgE 
production and delayed-type hypersensitivity reactions The  Journal of Immunology, 1995,  154: 6285-6290. 

hereas the role of IgE  is clearly  established in 
immediate type  (type I) allergic  reactions,  the 
pathophysiologic contribution of allergen-spe- 

cific IgE  to T cell-mediated,  delayed  type  (type  IV-like) 
atopic  immune responses, e.g., late  phase  allergic  reac- 
tions (LPRs)~ and atopic  eczema,  has been less well de- 
fined. Support  for a  role of IgE in the pathogenesis of these 
type  IV-like  reactions of atopy came  from the  findings that 
the  occurrence of LPRs  is IgE-dependent (1) and that the 
skin of atopic patients harbors IgE-bound APCs, Le., epi- 
dermal Langerhans  cells and dermal dendritic cells (2 ,  3 ) .  
More  recently, it has been demonstrated that Langerhans 
cells (4, 5), dermal  dendritic  cells (4, 6), and  peripheral 
blood monocytes of atopic patients (7) express  the  high 
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affinity receptor for  IgE (FceRI)  and that this  structure 
functions as an IgE binding  moiety on these  cells. As the 
development of LPR lesions is characterized by an influx 
of peripheral  blood leukocytes into the tissue and because 
monocytic cells comprise a sizable portion of the  inflam- 
matory infiltrate in this  reaction (€9, we asked  whether 
FccRI  on  monocytes  serves as an allergen-focusing  struc- 
ture  and,  furthermore, whether IgE-dependent  targeting of 
allergens to  FccRI  on monocyte-enriched PBMCs  (ME- 
PBMCs) modifies  their  allergen  presentation  capacity  and, 
thus,  the magnitude of ensuing  allergen-specific T cell 
responses. 

Materials  and Methods 
mAbs and immunoreactants 

Chimeric (human Fcimouse Fab) IgE anti-4-hydroxy-3-nitrophenacetyl 
(cIgE  anti-NP;  Serotec,  Oxford, United Kingdom),  ME.133  Fab  (anti- 
IgE;  Maine  Biotechnology  Services,  Scarborough,  ME),  anti-Leu-M3 
FITC  (CD14;  Becton  Dickinson  Co.,  Mountain  View,  CA), 15-1 (anti- 
FceRI;  Ref.  4),  MHM6  (CD23;  Dakopatts, Glostrup, Denmark),  BIP 1 
(anti&? I' I; Ref. Y), IgGl control  mAbs  MOPC-21  (Sigma  Chemical 
Co., St. Louis,  MO) and VIAP  Fab  (anti-alkaline  phosphatase; provided 
by Dr. 0. Majdic,  Institute  of  Immunology,  Vienna,  Austria)  were used. 
Fab  fragments of mAb V I M  were generated by using a kit from Pierce 
Chemical  Company,  Rockford, IL. Streptavidin-phycoerythrin (SA-PE) 
was from Becton Dickinson. 

Recombinant  allergens and protein-NP  conjugation 

Recombinant  major birch (rBer v I) and grass ( r P h l p  11) pollen allergens 
were expressed as nonfusion  proteins and purified as described (10, 11) .  

Copyright 0 1995 by The American  Association of Immunologists 0022-1  767/95/$02.00 
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6286 FcERI MEDIATES  IgE-DEPENDENT ALLERGEN PRESENTATION 

NP-haptenization of proteins was performed to allow cIgE anti-NP-de- 
pendent allergen or  BSA (Behringwerke AG, Marburg, Germany) bind- 
ing. Briefly, rBet v I, rPhl p I1 (1 mg/ml), and BSA  (25 mg/ml) were 
dialyzed against 10 mM phosphate buffer (pH 7.2) and, thereafter, re- 
acted for 3 h at room temperature with 190, 350, and 4650 pg/ml di- 
methylformamide-dissolved NP-caproic acid-sucrose (Cambridge Re- 
search Chemicals, Cambridge, United Kingdom), respectively. Samples 
were dialyzed extensively against PBS (Life Technologies, Inc., Ltd., 
Paisley, Scotland) to remove uncoupled hapten molecules. The molar 
protein:NP coupling ratios were determined photometrically. 

Cell preparations 

After  informed  consent  was  obtained, E"mononuc1ear cells 
(E"PBMCs) from atopic donors, i.e., birch and/or grass pollen allergic 
patients (as defined by clinical criteria, skin prick test, and radioaller- 
gosorbent test), were prepared by Ficoll-Hypaque (Pharmacia, Uppsala, 
Sweden) density gradient centrifugation of heparinized venous blood fol- 
lowed by depletion of SRBC binding T lymphocytes. Monocytes were 
enriched from E--PBMCs by anti-CD19 immunomagnetic depletion of 
B cells (Pan-B (CD19) Dynabeads "450; Dynal AS., Oslo, Norway). The 
resulting ME-PBMC  population consisted of 78 ? 5% (mean ? SD) CD14- 
positive, 1.5 t 0.6% CD3-positive, and no CD19-positive cells. Lactic acid 
and lactose treatment was performed as previously  described  (12,  13). 

Immunofluorescence double labeling and flow 
cytometric analysis 

To determine monocyte-bound serum IgE or cIgE, lactic acid-, lactose-, 
or medium-treated E--PBMCs of atopic individuals were incubated ei- 
ther with 5 pg/ml biotinylated Fab fragments of the anti-IgE mAb 
ME.133 or of the control mAb V I M  or with 5 pg/ml biotinylated cIgE 
or medium. To investigate the receptors critically involved in serum IgE- 
and cIgE-mediated binding of rBet v I and rBet v I-NP to monocytes, 
lactic acid-treated E--PBMCs from atopic donors were exposed to 50 
pg/ml of either an IgGl control mAb, 15-1, or MHM6 before incubation 
in undiluted sera from Bet v I-sensitized allergic individuals or 5 pg/ml 
cIgE anti-NP. After two washes in ice-cold PBS, cells were incubated 
with 20 pg/ml biotinylated rBet v I or biotinylated rBet v I-NP in either 
the presence or absence of excess amounts of unlabeled rBet v I or rBet v 
I-NP, respectively. To visualize monocyte-bound biotinylated mAbs, 
rBet v I, or rBet v I-NP, all cell samples were reacted with SA-PE (1 
pg/ml)  and anti-LeuM3 FITC  (5  pg/ml) and analyzed by flow cytometry 
(FACScan; Becton Dickinson). Phycoerythrin fluorescence of CD14- 
positive monocytes was recorded and expressed as the mean fluorescence 
channel number (MFC). Specific anti-IgE and cIgE binding (A-MFC) 
was calculated by subtracting the MFC obtained with either the control 
mAb V I M  (Fab) or  with medium from the MFC of anti-IgE or cIgE 
reactivity, respectively. Specific rBet v I or rBet v I-NP binding (A-MFC) 
was calculated by subtracting the MFC of biotinylated rBef v I or bio- 
tinylated rBet v I-NP reactivity in the presence of the appropriate non- 
biotinylated competitor from the MFC measured in its absence. Data 
were compared by using paired Student's t-test; p values of <0.05 were 
considered to be significant. 

Western blotting 

A total of 400 ng of either native or NP-conjugated rBet v I and rPhl p 
11 were subjected to electrophoresis on 15% SDS-polyacrylamide gels 
and blotted onto nitrocellulose (Trans-Blot Transfer Medium; Bio-Rad 
Laboratories, Richmond, CA). Membranes were blocked in 5% dry milk/ 
0.05% Tween 20 (Sigma Chemical Co.)/F'BS, and incubated with either 
0.2 pg/ml of the Bet v I-specific mAb BIP 1, 1 p d m l  cIgE anti-NP, or 
1:2 diluted sera from monosensitized birch or grass pollen-allergic indi- 
viduals. Membrane-bound mouse IgG or human IgE was reacted with 
1:40,000 or  1:10,000 dilutions of polyclonal goat anti-mouse IgG (Bio- 
Rad Laboratories) or rabbit anti-human IgE horseradish peroxidase con- 
jugates (Accurate Chemical and Scientific Cooperation, Westbury, NY), 
respectively. Membrane-bound second-step Abs were visualized with 
ECL developing solution (Amersham International, Little Chalfont, 
United Kingdom) and exposed to Kodak X-OMAT S films. 

T cell clones (TCCs) and cytokine secretion-based 
definition  of Th2, Tho, and Thl TCCs 

Bet v I- or Phl p 11-specific TCCs from atopic individuals were estab- 
lished and characterized by techniques previously described (14, 15). 
TCCs used during this study included: WD18 (epitope specificity Bet v 
I, amino acids (AA): 1-16), WD22 (Bet v I, AA: 1-16), WD24 (Bet v I, 
A A :  143-156), WD25 (Bet v I, AA: 143-156), WD27 (Bet v I, A A :  
1-16), HC8 (Bef v I, AA: 77-92; Ref. 15),  HC33 (Bet v I, AA: 111-126; 
Ref. 14), RR4 (Bet v I, AA:  143-156), RR6 (Bet v I, AA: 13-27), RR9 
(Bet v I, AA: 4-18), TFlM (Bet v I, AA: 94-108), TF7B (Bet v I, AA: 
13-24), GZlOA (Bet v I, AA: 127-141), GZlA (Bet v I, AA: 127-141), 
and GZlM  (Phl p 11, AA: 37-51). To determine the cytokine secretion 
pattern of individual TCCs, lo6 TCC cells were incubated in 1 ml serum- 
free medium (Ultraculture; BioWhittaker, Walkersville, MD) with lo6 
autologous, irradiated (60 Gy) PBMCs in the presence of 10 pdml Bet v 
I. Twenty-four-hour supernatants were collected and analyzed for IL-4 
and IFN-y content by using cytokine-specific ELISAs (IL-4: R&D Quan- 
tikine, Minneapolis, MN; IFN-y: Medgenix Diagnostix, Fleurus, The 
Netherlands). Clones yielding a IL-4:IFN-y (pg:pg) ratio of <0.5 or >5 
were designated Thl  or Th2  TCCs, respectively. Ratios from 0.5 to 5 
were classified as Tho responses. 

Proliferation assays 

Five X lo4 lactic acid-treated ME-PBMCs from atopic donors or 5 X lo4 
mitomycin C (Sigma Chemical Co.)-treated EBV-transformed B cells 
were dispensed in individual wells of 96-well round-bottom microtiter 
plates (Nunc, Roskilde, Denmark). Thereafter, cells were incubated with 
10 pg/ml IgG1, 15-1, or MHM6 before exposure to 0.5 pg/ml cIgE or 
medium and the indicated concentrations of NP-conjugated or native 
allergens. Thereafter, 5 X lo4 autologous TCC cells were added as re- 
sponders. All proliferation assays were performed in recombinant human 
granulocyte-macrophage-CSF (100 Uiml; Sandoz, Vienna, Austria)-sup- 
plemented, serum-free Ultraculture (BioWhittaker) medium to maintain 
optimal viability of lactic acid-treated ME-PBMCs (unpublished obser- 
vations). Cultures were incubated for  48 h before pulsing with 0.5 pCi 
[3H]thymidine (Amersham International) per well for  an additional 16 h. 
Incorporation of [3H]thymidine was measured by liquid scintillation 
spectroscopy. The results are expressed as the mean 2 SD of cpm ob- 
tained in duplicate cultures. Background counts of controls (ME-PBMCs, 
ME-PBMCs plus Ag, TCC, ME-PBMCs plus TCC,  TCC plus Ag) were 
always <lo00 cpm. 

Results and Discussion 
FceRI  serves as the pivotal monocyte receptor for 
polyclonal, allergen-specific IgE under  serum 
conditions and mediates  IgE-dependent 
allergen focusing 

Our first goals were to analyze whether serum IgE is fixed 
to monocytes of atopics in vivo, to see whether allergen- 
specific IgE actively binds to these cells under atopic se- 
rum conditions, and to determine which of the known IgE 
receptors (16-18) is (are) the most relevant serum IgE 
binding site(s). As shown in Figure 1, freshly isolated 
CD14-positive monocytes of atopics, but not of non-atop- 
ics (data not shown), carry cell surface-bound serum IgE 
in vivo. The fact that the same cells are hardly capable of 
IgE binding in vitro suggests that most receptors for mo- 
nomeric IgE are already occupied by serum IgE moieties. 
Indeed, lactic acid treatment almost completely removes in 
vivo-bound serum IgE and, concomitantly, dramatically 
increases the capacity of monocytes to bind monomeric 
IgE de novo (Fig. 1). The fact that a mAb to the high 
affinity IgE receptor (FceRI) abolishes this IgE binding 
capacity (Ref. 7; data not shown) strongly suggests that 
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Anti-lgE 
Fab 

clgE 

0 20 40 60 80 
Specific  mAb  binding (A-MFC) 

FIGURE 1. Lactic acid treatment, but not lactose  treatment, 
of peripheral blood monocytes from atopic individuals removes 
in  vivo cell surface-bound IgE and allows de novo binding of 
monomeric IgE. Mock-treated (hatched bars),  lactose-treated 
(dotted bars), lactic acid-treated (solid bars), or lactose  and lactic 
acid-treated (shaded bars) E-  -PBMCs of an atopic individual 
were reacted with biotinylated Fab fragments of‘ an anti-lgE mAb 
or with biotinylated clgE. Binding of mAbs was visualized by 
SA-PE and flow cytometry. Specific  anti-lgE  or clgE reactivity 
(A-MFC) of CD14-positive monocytes was calculated as de- 
scribed in Materials and Methods and is  shown on the abscissa. 
Representative experiment of four. 

monocyte  FcERI  has  been  involved in serum  IgE binding 
in vivo, but does not exclude a  possible  contribution of the 
IgE binding  protein or of the low affinity IgE receptor 
(CD23/FceRII),  reportedly  expressed on  monocytes of 
atopic individuals (17, 19). A critical role for the IgE bind- 
ing protein in this  process is ruled out by the  finding that 
lactose  elution of the IgE binding protein from  monocyte 
surfaces neither  removes  in  vivo-bound IgE nor augments 
the de novo IgE binding  capacity  (Fig. 1). To test  the rcl- 
ativc contributions of FccRI and CD23 to IgE binding in 
vivo, lactic  acid-treated monocytes  were incubated  in  sc- 
rum  from  birch  pollen-sensitized  individuals in the  pres- 
ence  or absence of blocking anti-FcERI or  anti-CD23 
mAbs. Specific  binding of labeled  recombinant  major 
birch  pollen  allergen Bet v I (10, 20) was assessed by flow 
cytometry.  As  demonstrated in Figure 2A, the mAb  di- 
rected  against  the IgE binding ol-subunit of FccRI (mAb 
15-1), but not the anti-CD23 mAb (MHM6)  or  IgGl con- 
trol mAbs, prevents  almost  completely  the  binding of rBet 
v I-specific  reactivity in patients’ sera.  Thus,  we conclude 
that under serum  conditions,  monocytes of atopic individ- 
uals  carry  allergen-specific IgE bound to FccRI rather than 
to FccRII  and that these FccR1-bound molecules  can serve 
as  allergen-focusing  structures. 

Both allergen-specific serum IgE recognizing  native 
allergen and monoclonal,  hapten-specific IgE 
recognizing haptenized allergen use FccRI as the 
principal monocyte receptor 

The availability of recombinant  allergens, i.e., recombi- 
nant birch (rBet v I; Ref.  10) and grass pollen allergens 

6207 

(rPhl p 11; Ref. 1 l), permitted  the  design of an allergen- 
focusing  model that uses  standardized,  monoclonal,  hap- 
ten  (NP)-specific chimeric  IgE (cIgE). This  allows  the  tar- 
geting of haptenized  (NP-conjugated)  allergen in a  fashion 
similar to that observed  with  polyclonal serum  IgE and 
native  allergen. This strategy  bypasses  the  need for  afin- 
ity-based purification of polyclonal,  allergen-specific se- 
rum  IgE,  a  complex  procedure that often destroys IgE  im- 
munoreactivity. As  shown in Figure 2B, haptenization of 
rBet v I and rPhl p 11 results in a 3000 and 1000  m.w. shift 
because of the  apposition of 10 and 4 NP/spacer  residues 
to each  recombinant  molecule,  respectively. This figure 
also  demonstrates  the  immunoreactivity of NP-conjugated 
rBet v I and r fh l  p 11 allergens  with  polyclonal  birch and 
grass pollen-specific  serum  IgE,  respectively,  as well as 
the reaction specificity of cIgE  anti-NP and  the  Bet v 1- 
specific  mAb BIP 1. Figure 2B also shows that the  anti- 
rBet v I-NP  reactivity of mAb BIP 1 is considerably 
weaker than its  anti-rBet v 1 reactivity.  Although  haptcni- 
zation of the  molecule seems to decrease  the  accessibility 
of the  cpitope  recognized by this mAb, polyclonal serum 
IgE showed equal  binding to native and NP-haptenized 
material  (Fig. 2B). As shown in Figure  2C, cIgE-depen- 
dent focusing of NP-conjugated rBet v I to monocytes of 
atopic  individuals is strictly  dependent on the expression 
of FcERI moieties  and,  therefore, mimics the FccR binding 
characteristics of allergen-specific serum  IgE and native 
allergen  (Fig.  2A). 

The presence of allergen-specific IgE amplifies  the 
allergen presentation capacity of ME-PBMCs 

After having established that lactic acid treatment of B and T 
cell-depleted ME-PBMCs has no deleterious consequences 
for their capacity to stimulate alloantigen- and allergen-spe- 
cific proliferative T cell responses (data not shown), we de- 
cided to use the above described allergen-focusing model to 
investigate whether the presence of hapten-specific IgE mod- 
ifies the capacity of ME-PBMCs from atopics to take up and 
present immunogenic peptides to allergen-specific, peptide- 
mapped autologous TCCs. Allergen-specific TCCs used in 
this study exhibited TCR-CKP~,  CD3’,  CD4+, and CDK 
Th2 (n  = 8), Tho (n = 6), or Thl  (n = 1) cell phenotypes. 
Epitopes recognized by the 14 Bet v I-specific TCCs were 
scattered over the entire Bet v I molecule (one TCC recog- 
nized AA positions 37-51 of the Phl p 11 molecule) (15; 
unpublished observations). Both rBet v 1 and NP-conjugated 
rBet v I were presented comparably well to TCCs of various 
peptide specificities, indicating that the biologically relevant 
T cell epitopes had remained immunogenic after NP con,ju- 
gation (Fig. 3). This figure also shows that the presence of 
NP-specific IgE increased substantially the presentation of 
Bet v I-epitopes, especially when suboptimal allergen con- 
centrations were used. This phenomcnon occurred only when 
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lgGl - - A 

4 0 12 
Specific rBet v I-binding  (A-MFC) 

15-1 + 

rnAb BIP 1 
3 clgE anti-NP 

MHMG + c- 1 1 I -1 
BIP 1 - 

Serum of Serum of 
0 4 8 12 16 20 24 

~~~ ~ 

Specific rBet v I-NP-binding (A-MFC) 
birch pollen allergic grass pollen allergic 

F I G U R E  2. FceRI is the pivotal  monocyte receptor for  allergen-specific IgE under atopic serum conditions as well as for 
monomeric,  hapten-specific IgE. A, lactic acid-treated E--PBMCs from an atopic donor were exposed to either an lgGl control 
mAb, 15-1, or MHMG before incubation  in  undiluted sera from Bet v I-sensitized allergic individuals ( n  = 5). The capacity of 
monocytes to  bind  biotinylated rBet v I was visualized by SA-PE and  analyzed by  flow cytometry.  rBet v I or rBet v I-NP 
reactivity of  monocyte FcyR-bound  anti-Bet v I rnAb BIP 1 (10 pg/ml) served as a  positive control. Specific rBet v I binding 
(A-MFC; abscissa) to  CD14-positive monocytes was calculated as described in Materials and Methods. The MFC in the pres- 
ence of excess  doses of rBet v I, i.e., nonspecific fluorescence, ranged from 8 to I O .  B, Native or NP-conjugated  rBet v I and 
rPhl p II were size fractioned by SDS-PAGE and  analyzed by Western blotting for reactivity with mAbs BIP 1 (upper left) and 
clgE anti-NP (upper  right) as well as for reactivity with serum IgE from  birch  (lower  left)  or grass pollen  (lower  right) -allergic 
individuals. Molecular mass calibration is shown on the left  in kDa. C, Lactic acid-treated E--PBMCs from  the same donor as 
in A were exposed to either an lgGl control mAb, 15-1, or MHM6 before incubation  with clgE anti-NP. Binding  of  biotinylated 
rBet v I-NP was visualized by SA-PE. Specific rBet v I-NP  binding (A-MFC) to CDI  4-positive  monocytes is given on the abscissa; 
nonspecific fluorescence equals a  MFC of 8. 

NP-derivatized rather than native material was used. Fig- 
ure 4, A and C demonstrate  data representative of results 
obtained in 12 independent  experiments  using ME- 
PBMCs and TCCs of various peptide specificities from 
five atopic  donors.  Note that the presence of hapten-spe- 
cific IgE reduces the amount of NP-conjugated allergen 
required to yield a 50% maximal TCC response by a factor 
of 100 to 1000. It should be emphasized that this  IgE- 
mediated enhancement of allergen presentation occurred 
equally well with both allergens as well as with all their 
peptide specificities tested, and was independent of the 
cytokine secretion pattern of the TCC (data not shown). 
These findings suggest that ME-PBMCs are capable of 
inducing massively amplified specific Th2, Tho, or Thl  
cell responses when the allergen is targeted to these cells 
via allergen-specific IgE. 

clgE + rEet v I-NP 
1 Q rEet v I-NP 

0 100 1000 10000 

rEet v I I rBet v I-NP (nglml) 

FIGURE 3. Allergen-specific IgE amplifies the capacity of 
ME-PBMCs to present allergen to HLA-DR-restricted, peptide- 
mapped TCCs. Lactic acid-treated ME-PBMCs from an atopic 
donor were exposed to either medium or 0.5 pg/ml  clgE before 
incubation with either rBet v I or rBet v I-NP. Allergen-specific 
proliferation of the autologous TCC WD24 is given on the or- 
dinate in cpm. Representative experiment of five. 
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I u IgG1 
20 

+ 15-1 
-+ MHMG 
t IgG1 + clgE 

t MHMG + clgE 
t 15-1 + ClgE 

rBet Y I-NP (nglml) 
r 

I 

u lgGl 

t IgGl+ clgE 
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15 
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5 

0 

A 

+ IgG1 
-+ IgGl+ clgE 
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u clgE+BSA + r6et v I-NP 0.5 pg/rnl 
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0 I 10 100 1000 10000 0 // 1 10 100 1000 10000 
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FIGURE 4. The high-affinity IgE receptor FcERI mediates IgE-facilitated allergen presentation by ME-PBMCs. Lactic acid- 
treated ME-PBMCs (A, C) or  mitomycin C-treated EBV-transformed B cells (6) were reacted with IgG1 (circles), 15-1 (squares), 
or   MHM6 (triangles) followed  by the addition  of  the  indicated concentrations of NP-conjugated  allergen in the absence (open 
symbols) or  in the presence of clgE (closed symbols). T  cells of TCC TF lM ( A ) ,  HC8 (B), or G Z l M  (C)  were added as 
responders. D, Lactic acid-treated ME-PBMCs were  incubated with clgE in  the presence of various concentrations of BSA (open 
symbols) or BSA-NP (closed symbols). Thereafter, r6et v I (squares), r6et v I-NP (circles), or  medium (triangles) was added to 
the  wells.  T cells of TCC  TF7B were added as responders and [3H]thymidine uptake was measured (cpm; ordinate). 

FceRI  is the critical IgE receptor on ME-PBMCs that 
mediates  IgE-dependent allergen presentation 

To identify the  IgE  binding  structure that mediates this 
IgE-dependent allergen presentation, we performed mAb- 
blocking  experiments.  These  studies revealed that the 
presence of anti-FceRI  mAb 15-1 in cultures  containing 
hapten-specific IgE  plus haptenized allergen reduces the 
allergen-specific T  cell responses to levels seen with al- 
lergen in the absence of cIgE  (Fig. 4, A and C). In contrast 
to this inhibitory effect of mAb 15-1, the anti-CD23  mAb 
MHM6  failed to influence this  enhanced  response under 
the experimental  conditions used (Fig. 4A). Furthermore, 
preliminary evidence  suggests that the IgE-dependent  Ag 
presentation capacity of FceRI-expressing, plastic-adher- 
ent ME-PBMCs from an atopic donor is superior to FceRI 
weakly  positive,  adherent  ME-PBMCs  from  a  non-atopic 
individual  (data not shown). Conversely to the  situation 
seen  with the B cell-depleted ME-PBMCs,  IgE-dependent 
allergen presentation by EBV-transformed  B  cells,  which 
are known to be CD23 dependent (21-24), was abolished 
by the anti-CD23  mAb but was unaffected by the anti- 
FceRI mAb  (Fig.  4B). As  CD23 is reportedly expressed on 
monocytes of atopic  individuals (17, 19), the divergent 
usage of Fc-IgE  receptors  for IgE-mediated Ag presenta- 

tion by B cells and ME-PBMCs may be surprising at the 
first glance. However, it should be kept in mind that mono- 
cytes  express the cytokine-inducible  CD23b isoform that 
has been shown to mediate phagocytosis rather than en- 
docytosis of receptor-bound ligands (25). Taken together, 
our results suggest that high affinity IgE receptor-mediated 
endocytosis and, perhaps,  sorting of allergen to specialized 
peptide-loading  compartments,  is  superior to pinocytotic 
allergen uptake and processing. Finally, we entertained the 
possibiiity that cross-linking of FceRI moieties by IgE and 
multivalent allergen may have contributed to the observed 
IgE-enhanced allergen presentation. Therefore, we asked 
whether IgE-dependent ligation of FceRI by  an irrelevant 
haptenized Ag (BSA) could influence allergen presenta- 
tion by FceRI-expressing ME-PBMCs. These  experiments 
suggest that cross-linking of IgE  binding moieties by cIgE 
and NP-conjugated BSA does not quantitatively alter IgE- 
independent rBet v I-presentation, whereas IgE-dependent 
rBet v I-NP-presentation is abrogated in a dose-dependent 
manner (Fig. 40) .  Furthermore, cIgE and BSA-NP-in- 
duced complexation of IgE  receptors on monocytes or on 
other  IgE  binding  cells did not result in a nonspecific pro- 
liferative TCC response (Fig. 40) .  Therefore, we propose 
that enhanced allergen uptake via IgE-FceRI complexes, 
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rather  than the mere cross-linking of FceRI, is the function- 
ally  pivotal mechanism leading to IgE-dependent enhanced 
allergen  presentation by FceRI-positive ME-PBMCs. 

In addition to their constitutive presence within envi- 
ronmentally accessible  organs, e.g., skin (4-6) and mu- 
cosal tissue (26), FceRI-expressing  APCs  are  circulating 
in peripheral blood (7) and may, upon allergen challenge, 
enter sites of ongoing  allergic inflammation, e.g., lesions 
of LPRs. With low concentrations of allergens within such 
lesions, the expression of FceRI on APCs by atopic indi- 
viduals may critically determine whether allergen uptake, 
processing, presentation, and ensuing  allergen-specific T 
cell activation can occur. FceRI-IgE-dependent allergen 
presentation may hence critically lower the atopic individ- 
ual’s threshold to mount allergen-specific T cell responses. 
Consequently, this activation of allergen-specific T helper 
cells may result in the perpetuation of allergen-specific 
IgE production and, thus, of type I reactions and, perhaps 
even, in the induction of delayed-type hypersensitivity re- 
actions (27, 28) in allergen-exposed tissues. 

Acknowledgments 

We thank Dr. Paul R. Bergstresser, Dr. Dean L. Mann, and Laura A. 
Stingl for valuable suggestions and criticisms. 

References 

1. Dolovich, J., F. E. Hargreave, R. Chalmers, K. J.  Shier, J. Gouldie, 
and J. Bienenstock. 1973. Late cutaneous responses in isolated IgE- 
dependent reactions. J. Allergy Clin. Immunol. 52:38. 

2. Bruynzeel-Koomen, C., D. F. van Wicben, J. Toonstra, L. Berrens, 
and P. L. Bruynzeel. 1986. The presence of IgE molecules on epi- 
dermal Langerhans cells in patients with atopic dermatitis. Arch. 
Dermatol. Res. 278:199. 

3. Leung, D. Y. M., E. E. Schneeberger, R. P. Siraganian, R. S. Geha, 
and A. K. Bhan. 1987. The presence of igE on monocytesimacro- 
phages infiltrating the skin lesions of atopic dermatitis. Clin. Immu- 
no/. Immunopathol. 42t328. 

4. Wang, B., A. Rieger, 0. Kilgus, K. Ochiai, D. Maurer, D. Fodinger, 
J.-P. Kinet, and G. Stingl. 1992. Epidermal Langerhans cells from 
normal human skin bind monomeric IgE via FceRI. J.  Exp. Med. 
175:  1353. 

5. Bieber, T., H. de la Salle, A. Wollenberg, J. Hakimi, R. Chizzonite, 
J. Ring, D. Hanau, and C. de la Salle. 1992. Human epidermal 
Langerhans cells express the high affinity receptor for immunoglob- 
ulin E (FceRI). J.  Exp. Med. 175:1285. 

6. Osterhoff, B., C. Rappersberger, B. Wang, F. Koszik, K. Ochiai, J.-P. 
Kinet, and G. Stingl. 1994. Immunomorphological characterization 
of FceRI-bearing cells within the human dermis. J. Invest. Dermatol. 
102t315. 

7. Maurer, D., E. Fiebiger, B. Reininger, B. Wolff-Winiski, M.-H. Jou- 
vin, 0. Kilgus, J.-P. Kinet, and G. Stingl.  1994. Expression of func- 
tional high  affinity IgE receptors (FceRI) on monocytes of atopic 
individuals. J. Exp. Med. 179:745. 

8. Solley, G. O., G .  J. Gleich, R. E. Jordon, and A. L. Schroeter. 1976. 
The late phase of the immediate wheal and flare skin reaction: its 
dependence upon IgE antibodies. J.  Clin. Invest. 58:408. 

9. Jarolim, E., M. Tejkl, M. Rohac, G. Schlerka, 0. Scheiner, D. Kraft, 
M. Breitenbach, and H. Rumpold. 1989. Monoclonal antibodies 
against birch pollen allergens: characterization by immunoblotting 
and use for single-step affinity purification of the major allergen Ber 
v I. Int. Arch. Allergy Appl. Immunol. 90:54. 

10. Breiteneder, H., K. Pettenburger, A. Bito, R. Valenta, D. Kraft, 
H. Rumpold, 0. Scheiner, and  M. Breitenbach. 1989. The gene cod- 
ing for the major birch pollen allergen Bet v I, is highly homologous 
to a pea disease resistance response gene. EMBO J. 8:1935. 

11. Dolecek, C., S. Vrtala, S. Laffer, P. Steinberger, D. Kraft, 
0. Scheiner, and R. Valenta. 1993. Molecular characterization of Phl 
p 11, a major timothy grass (Phleum  pratense) pollen allergen. FEBS 
Lett. 335t299. 

12. Pruzansky, J. J., L. C. Grammer, R. Patterson, and  M. Roberts, 1983. 
Dissociation of IgE from receptors on human basophils. I .  Enhanced 
passive sensitization for histamine release. J.  Immunol. 131:1949. 

13. Frigeri, L. G., and F.-T. Liu. 1992. Surface expression of functional 
IgE binding protein, an endogenous lectin, on mast cells and mac- 
rophages. J. Immunol. 148.861. 

14. Ebner, C., Z. Szipfalusi, F. Ferreira, A. Jilek, R. Valenta, 
P. Parronchi, E. Maggi, S. Romagnani, 0. Scheiner, and D. Kraft. 
1993. Identification of multiple T cell epitopes on Bet v I ,  the major 
birch pollen allergen, using specific T cell clones and overlapping 
peptides. J. Immunol. 150:1047. 

15. Ebner, C., S. Schenk, Z. SzCpfalusi, K. Hoffmann, F. Ferreira, 
M. Willheim, 0. Scheiner, and D. Kraft. 1993. Multiple T cell spec- 
ificities for Bet v I ,  the major birch pollen allergen, within single 
individuals: studies using specific T cell clones and overlapping pep- 
tides. Eur. J. Immunol. 23t1523. 

16. Ravetch, J. V., and J.-P. Kinet. 1991. Fc receptors. Annu. Rev. Im- 

17. Delespesse, G., U. Suter, D. Mossalayi, B. Bettler, M. Sarfati, 
H. Hofstetter, E. Kilcherr, P. Debre, and A. Dalloul. 1991. Expres- 
sion, structure, and function of the CD23 antigen. Adv. Itnmunol. 
49149. 

18. Liu, F.-T. 1990. Molecular biology of IgE binding protein, IgE bind- 
ing factors, and IgE receptors. Crit. Rev. Immunol. 10:289. 

19. Dessaint, J.-P., and A. Capron. 1990. FCC receptor 11-positive mac- 
rophages and platelets: potent effector cells in allergy and defence 
against helminth parasites. Semin. Immunopathol. 12:349. 

20. Ipsen, H., and H. Loewenstein. 1983. Isolation and immunochemical 
characterization of the major allergen of birch pollen (Betula verru- 
cosa). J .  Allergy Clin. Immunol. 72:150. 

21. Kehry, M.  R., and L. C. Yamashita. 1989. Low-affinity IgE receptor 
(CD23) function on mouse B cells: role in IgE-dependent antigen 
focusing. Proc. Natl. Acud. Sei. USA 867557. 

22. Pirron, U., T. Schlunck, J. C. Prinz, and E. P. Rieber. 1990. IgE- 
dependent antigen focusing by human B lymphocytes is mediated by 
the low-affinity receptor for IgE. Eur. J .  Immunol. 20:1547. 

23. van der Heijden, F. L., R. J. J. van Neerven, M. van Kratwijk, J.  D. 
Bos, and  M.  L. Kapsenberg. 1993. Serum-IgE-facilitated allergen 
presentation in atopic disease. J.  Immunol. 150t3643. 

24. Squire, C. M.,  E. J. Studer, A. Lees, F. D. Finkelman, and  D. H. 
Conrad. 1994. Antigen presentation is enhanced by targeting antigen 

3643. 
to the FceRII by antigen-anti-FceRII conjugates. J .  Immunol. 150: 

munol. 9r457. 

25. Yokata, A,, K. Yukawa, A. Yamamoto, K. Sugiyama, M. Suemura, 
Y. Tashiro, T. Kishimoto, and H. Kikutani. 1992.  Two forms of the 
low-affinity Fc receptor for IgE differentially mediate endocytosis 
and phagocytosis: identification of the critical cytoplasmic domains. 
Proc. Natl. Acad. Sei. USA 89t5030. 

26. Haas, N., K. Hamann, J. Grabbe, and B. M. Czarnetzki. 1993. Dem- 
onstration of the high-affinity IgE receptor (FceRI) on Langerhans 
cells of oral mucosa. Exp. Dermatol. 2:157. 

27. Kay, A. B., S. Ying, V. Varney, M. Gaga, S. R. Durham, R. Moqbel, 
A. J. Wardlaw, and Q. Hamid. 1991. Messenger RNA expression of 
the cytokine gene cluster, interleukin 3 (IL-3), IL-4, IL-5, and gran- 
ulocytehnacrophage colony-stimulating factor, in allergen-induced 
late-phase cutaneous reactions in atopic subjects. J .  Exp. Med. 173: 
775. 

28. Muller, K.  M., F. Jaunin, 1. Masouye, J.-H. Saurat, and C. Hauser. 
1993.  Th2 cells mediate IL-4-dependent local tissue inflammation. 
J.  Immunol. 150r5576. 

 by guest on July 13, 2017
http://w

w
w

.jim
m

unol.org/
D

ow
nloaded from

 

http://www.jimmunol.org/

