Blocking Antibodies Induced by Specific Allergy Vaccination
Prevent the Activation of CD4" T Cells by Inhibiting
Serum-IlgE-Facilitated Allergen Presentation
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Allergen-specific CD4" T lymphocytes are activated at extremely low allergen concentrations in vivo as a result of serum-
facilitated allergen presentation (S-FAP). It is not clear at present if specific allergy vaccination (SAV) has an effect on this
mechanism. Here we show that birch allergen-specific serum-IgE facilitates the presentation of Bet v 1, the major birch pollen
allergen, to Bet v 1-specific CD# T lymphocytes by a factor of >100. This process is CD23 mediated, could be detected in sera
from the majority of birch-allergic patients, and was clearly dose dependent. S-FAP of Bev 1 was inhibited in patients undergoing
long-term birch SAV, but not by sera from patients undergoing grass SAV, indicating that birch-specific Abs are involved. This
resulted in decreased proliferation and IL-4, IL-5, IL-10, and IFN-+y production of Bet v 1-specific T cells. The inhibition was
already noted after 3—9 mo of SAV and could not be solely explained by increased serum levels of birch-specific IgG4. When IgG-
and IgA/IgM-containing fractions of long-term SAV sera were used to inhibit S-FAP, only IgG-containing fractions were shown
to inhibit S-FAP. These results indicate that blocking IgG Abs induced by SAV inhibits the occurrence of S-FAP at very low
allergen concentrations, resulting in significantly higher allergen threshold levels to obtain T cell proliferation and cytokine
production and thus allergen-induced late-phase responsesThe Journal of Immunology,1999, 163: 2944 -2952.

gen-specific serum-IgE and tissue eosinophilia, two pa-nhibition of this mechanism would theoretically result in increas-

rameters that are responsible for the immediate and lateing the allergen concentrations required for in vivo T cell activa-
phase allergic responses, respectively. It is well established thaton and Th2 cytokine production.
both IgE production and eosinophilia are dependent on the pres- Specific immunotherapy with allergen extracts, recently termed
ence and activation of allergen-specific CD#% lymphocytes with  therapeutic allergy vaccines in the World Health Organization po-
a bias toward the production of Th2 cytokines (1, 2). These Th2sition paper on allergen immunotherapy (15), has been practiced
like cells produce IL-4, which induces B lymphocytes to switch to since its introduction by Noon in 1911 (16). Specific allergy vac-
the production of IgE, and IL-5, which plays an important role in cination (SAVY is currently the only allergy treatment that not
the differentiation and maturation of eosinophilic granulocytes. Al-only has an antisymptomatic effects but also influences the course
lergen-specific Th2 cells have been identified in the peripherabf the allergic disease itself (15). The clinical efficacy of SAV is
blood (1, 2) as well as in affected tissues of allergic patients (3-5)well documented (reviewed in Ref. 15), and clear effects are noted
underlining the role that allergen-specific T cells play in atopicwith respect to symptom/medication scores, early- and late-phase
allergies. skin responses, and increased allergen threshold levels in provocation

In addition, atopic allergic patients have been shown to have atests. Most importantly, SAV has been shown to have long-term ef-

increased expression of CD23 on B cells and macrophages (6, Ticacy (17, 18), prevent the development of new sensitizations (19),
and FeRI on monocytes and dendritic cells (8, 9). The expressionand even inhibits the progression from rhinitis to asthma (20).
of IgE Fc receptors on APC suggests that they may play a func- However, the precise immunological mechanisms underlying
tional role in the presentation of allergens to specific T cells. In-SAV are not entirely clear. Several immunological effects have
deed, both IgE receptors have been shown to facilitate the presebeen described. There is a decreased influx of activated eosinophils
tation of allergens in the presence of specific serum-IgE, resultingnd activated CD4 T cells into target tissues after topic allergen
in T cell activation at 100- to 1000-fold lower allergen concentra- provocation, as well as during the pollen season (21, 22); a sharp
tions than are required when control sera are used (10-14). This itse in allergen-specific IgG4 Abs (23, 24), and a decreased num-
a crucial step in the activation of allergen-specific Th2-like cells,ber of circulating basophils (25). However, specific serum-IgE lev-
because the factual exposure to airborne allergens is extremesis do not decrease after SAV but rather show a transient increase
(26). In addition, a shift in the production of T cell cytokines from
Th2 to a more moderate ThO type (27-30), a decreased prolifera-
*ALK-Abelld, Harsholm, Denmark; andLung and Allergy Clinic, Copenhagen, tive response of peripheral T cells (28, 31), an increased produc-
Denmark tion of IL-10 by T cells (32), as well as an increased production of
Received for publication February 12, 1999. Accepted for publication June 25, 1999|| -12 (33) and IL-10 (32) by APC has been reported. However,
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A topic allergy is characterized by elevated levels of aller-low, i.e., in the range of several micrograms per year. Therefore,
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explain the clinical observations that much higher allergen threshPreparation of EBV-transformed B cells for facilitated Ag
old levels are required to obtain a positive late-phase responsgresentation

(LPR). As inhibition of §erum-faC|I|.tated aIIergen presentatlon Serum of birch-allergic patients and control donors was incubated for 1 h
(S-FAP) would offer a valid explanation of these clinical observa- 5t 37°c with serial dilutions of Bet v 1. Then EBV-B cells (irradiated with

tions, the present study addresses the question whether SAV iB000 rad) were added at a concentration of 3rh0to the allergen-com-
terferes with S-FAP, thereby explaining why SAV is clinically Plexed serum and incubatedrfd h at37°C. After incubation, the cells

efficacious without changes in serum levels of allergen-specific IgE;’;‘;(r)en";‘;‘:gsg two times in RPMI 1640 and used as APC in T cell stimu-

In blocking experiments with polyclonal anti-lgG or anti-IgE, the sera
: were incubated with these antisera foh at37°C before adding Bet v 1.

Materials and Methods In blocking experiments with anti-CD23, EBV-B cells were incubated for
Abs and reagents 1 h at 4°C with this Ab before adding the cells to the sera. In experiments
Anti-CD23 mAb MHMS, anti-CD19 mAb HD37, FITC-labeled F(abof in Which S-FAP induqed by a patient serum was inhiboited by SA\_/ sera or
goat anti-mouse Igs, rabbit anti-human IgG, and rabbit anti-human Ig ractions thegeof, a mixture of the two sera (both at 40%) was preincubated
were obtained from Dako (Glostrup, Denmark). AntieRt mAb 15-1 was or 1 h at37°C before B cells were added.
a kind gift of Dr. J. P. Kinet (Boston, MA), anti-CD80 mAb BB1 and
anti-CD86 mAb FUN-1 were obtained from PharMingen (San Diego, CA),
anti-CD40 mAb 89 was purchased from Immunotech (Marseille, France)Cells were Ficoll-separated, washed twice in Cellwash (Becton Dickinson,
and anti-CD3 mAb OKT3 and anti-HLA-DR mAb L243 were obtained San Jose, CA), and labeled on ice for 30 min with mAb diluted in Cell-

Flow cytometric analysis

from American Type Culture Collection (Manassas, VA). wash. Subsequently, cells were washed three times and incubated with
FITC-labeled F(ah), fragments of rabbit anti-mouse Ig (Dako). Cells were
Sera and IgE and IgG4 measurements washed three times again, and fluorescence was analyzed on a FACScali-

bur flow cytometer (Becton Dickinson). For each sample, 10,000 cells were
Sera from healthy controls, birch-allergic patients, birch-allergic patientsanalyzed. No gates were set.
undergoing SAV (birch Alutard SQ, ALK-Abe€lloHgrsholm, Denmark), ) . . .
and grass_a”ergic patients undergoing SAV (grass Alutard SQ) were obPrOlIfel’atlve responses of Bet v l-SpeCIfIC T cell line and clones
tna:g‘netﬂgrgfmthoeﬂ;'merfrt‘al _se_tr_u?w bgnk_. Thgrrc]jurattuén of SAV is degngd tz;‘\SBet v 1-specific T cells were washed twice in RPMI 1640 medium to
: Py after initial updosing. the study was approved by N& e excess PHA and IL-2. Ag-specific proliferation was assessed by
local ethics committee. All sera were blinded, and clinical data were not

available. Allergen-specific IgE and IgG4 were measured using the Magi stimulation of the T cells, 2-4 10 cells/well, by Ag using irradiated
Lite SQ specific IgE system (ALK-AD&ljo(34). ?5000 rad) autologous EBV-transformed B cells as APC (¥-20° cells/

well). The cells were cultured for 24 h, followed by a 16-h pulse in the
presence of tritiated methyl thymidin€{] TdR) (NEN-DuPont, Wilming-
Fractionation of long-term SAV sera ton, DE), 0.5 uCi/well. Proliferation was expressed as mean cpm of

. SH]TdR incorporation of triplicate cultures. All experiments shown were
Two long-term SAV sera (1598 and 1490) were separated into 19G- andheformed at least two times with AF line and at least one of the CBt
IgM/IgA-containing fractions by separating the sera opRind Plus pro- v, 1-specific TCC.
tein G column (Pharmacia, Uppsala, Sweden). The column was washed
with PBS, pH 7.2, followed by 2 ml of serum. The run through was col- Production of supernatants for cytokine measurements
lected, and the IgG bound to the column was eluted using a Pierce elution
buffer (Pierce, Rockford, IL). All fractions were extensively dialized Bet v 1-specific T cells (2-4< 10%well) were activated for 24 h in the
against PBS, and volumes were adjusted to the starting volume. presence or absence oftBel in the presence of autologous, irradiated

The presence of IgM, IgG, and IgA was measured using a human IgGEBV-transformed B cells (1-X 10%cells/well) as described above. Su-

IgA, and IgM “NL” bind a rid kit according to the manufacturer’s descrip- pernatants were collected for cytokine measurements after a 24-h culture
tion (The Binding Site, Birmingham, U.K.). period.

IL-4, IL-5, IL-10, and IFN+y ELISA

. . ) The presence of IL-4, IL-5, IFNy and IL-10 in the TCC supernatants was
Bet v 1 was enriched from an aqueous birch pollen extract as described beasured using the Duoset (IL-4, IL-5, and IFNor Predicta (IL-10)
Ipsen (35, 36). In brief, size-exclusion chromatography of 150 mg (drYE||SA kits according to the manufacturer's description (Genzyme,
weight) of the pollen extract was performed on a G-75 superfine (PharCambridge, MA).
macia) 90 cmx 2 cn? (K15/100; Pharmacia) column, equilibrated with
0.125 NHHCO;, pH 8.3. The fractions containing Be 1 (assayed by It
fused rocket immunoelectrophoresis and fused rocket radio-immunoeleéResu S o . . . o
trophoresis) were pooled and lyophilized. Typically, 15-30 mg of dry Sera containing high levels of birch-specific IgE facilitate
weight material was obtained. allergen presentation to CD4T cells

Preparation of Bet v 1

To address the role of serum IgE in the presentation ofvBeto
specific T cells, two CD% Bet v 1-specific T cell clones and a

T cells were cultured in RPMI 1640 medium (Life Technologies, Paisley, polyclonal Bet v 1-specific T cell line from donor AF were studied
U.K.) supplemented with 2 mM-glutamine (Life Technologies), 100 in an in vitro culture system model using autologous EBV-trans-
IU/ml of penicillin-streptomycin (Life Technologies), and 5% heat-inacti- formed B cells (CD23, CD19", CD20", HLA-DR*, CD40"

vated, screened human ABserum (BioWhittaker, Walkersville, MD) ! T ! . ! ’

(later referred to as complete medium). All cultures were grown underCD80", CD86", CD3_ »and FeRI™) as APC. This culture system )
sterile conditions at 37°C in a humidified atmosphere of 5%, &BV-  has been used previously to show S-FAP of the house dust mite
transformed B cell lines were cultured in RPMI 1640, 2 midlutamine,  allergen Dep 2 (10). Six sera containing very high levels of birch-
100 IU penicillin-streptomycin, and 10% heat-inactivated FCS (Life TECh'specific IgE and three control sera that did not contain any de-
nologies) under the same culture conditions as for the T cells. tectible IgE (Table 1) were preincubated with serial dilutions of Bet
v 1 for 1 h at37°C, AF EBV-B cells were addedifd h at 4°C to
prevent fluid phase endocytosis, and the B cells were washed twice
Bet v 1-specific T cell line and clones were generated from the peripheraio remove any free allergen not complexed with IgE and bound to

?é‘;;’dfggiggfl_'ﬁgﬁ gfgfé‘iﬁgb‘;vgﬁzfsclié‘;%ﬂﬁ ?N“ﬁ:g;%tgfirgg Fggi“ CD23. T cells were added, and proliferation was measured after a
TCC AF19 and AF24 with aa 37-51, and AF line (which contains both 24'_h_ culture period. F!g. 1 shows that the control sera could not
CD4" and CD8 T cells) reacted with several T cell epitopes facilitate the presentation of Be 1 to the Bet v1-specific T cells.

simultaneously. All sera containing high levels of birch-specific IgE could facilitate

Culture conditions

Bet v I-reactive T cells
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Table I. Specific IgE measurements of sera of birch-allergic patients ©— 37C, nowash 745 (0 SU)

—&—37C, wash 745 (0 SU)

Birch-Specific Ig®  Grass-Specific IgE  Total IgE 50000 7| —o— 4¢.  wash 7450080)
Serum No. (SU/mI) (SU/mI) (IU/mI) —&— 37 C, nowash 894 (800 SU)
|| ——237C, su)

Control Sera 40000 87C,  wash B894(800
734 <1 “1 =30 —e— 4C,  wash 894 (800 SU)
745 <1 <1 <30 N
981 <1 <1 <30 30000

Patient Sera 20000 ~
1151 3 182 282
831 4 9 92
1446 6 39 148 10000
1547 14 48 177
1531 23 82 >3,000 0 =
1327 50 118 805
1370 80 6 151 0 0,01 0,1 1
920 143 29 >3,000 FIGURE 2. S-FAP of Be v 1 is more effective at 37°C than at 4°C.
1372 241 4 262 . o . . .
1463 310 119 ~3.000 Serial dilutions of Bev 1 were preincubated with 80% patient serum 894
1374 373 < ’279 or nonallergic control serum 745rfa h at 4°C or37°C. AF EBV-B cells
1008 795 94 571 were added and incubatedrfb h at37°C. The AF EBV-B cells (1-%
1464 >800 60 2,826 10%well) were used as APC and were cocultured with Bet v 1-specific T
102 >800 34 19,000 cell line AF (2—-4x 10%well) for 24 h, followed by a 16-h*H]TdR pulse
894 >800 290 1,283 and liquid scintillation counting. Values shown are mean cpm of triplicate
1083 >800 94 NP cultures. Error bars represent SDs.

2|gE levels present in sera were measured using the Magic Lite system as de-
scribed inMaterials and MethodsValues given for specific IgE levels are expressed
as standardized units of specific IgE per ml (SU/ml), and total IgE levels are expressed

as international units per mi (IU/ml). which may be explained by additional allergen presentation via
NT, not tested. . R
non-lgE-mediated routes. Control sera were not able to induce T
cell proliferation when the incubation with APC was performed at
the presentation of Bey 1 to the Tcells, and significant prolifer- 4hc’ btl: gouldbbtg detected aft the ng?g’s?toéllirg_en_ conct()enkt)rlatlt(r)]ns
ation could be measured at 100 and even at 10 ng/ml, indicatin%ﬁv e?t feAlncu tallon ‘.Naﬁ pder (:me ad . ‘. I'Sl'rlls proba I)t/ e
that >100-fold lower allergen concentrations are sufficient to ac- =sull T Ag uptake via fuld-phase endocylosis. These results in-

tivate Bet v 1-specific T cells in the presence of high levels Ofd;cate tha('; St;]FAI? occu;sd};_ery (lafflmentl_y at E)hySloIoglca:c tempct;zr-t
specific serum IgE. ature, an erefore additional experiments were performed a

37°C, unless stated otherwise.

S-FAP of Bev 1 iseven more efficient at 37°C L
S-FAP of Bev 1 can be inhibited by Abs to IgE and CD23, but
As allergen presentation studied at 4°C may not be relevant to thgot by control Abs to IgG or CD19

in vivo situation, similar experiments were performed with B cell
incubation at 4°C, 37°C, and 37°C without washing away exces
Bet v 1 and serum. As shown in Fig. 2, S-FAP by patient serum
occurred at 4°C and, more efficiently, at 37°C. When excess al-
lergen was not washed away after the incubation with APC at

-FAP of Bet v 1 occurred when sera containing high levels of
irch-specific IgE were used. To show that binding of IgE/allergen

37°C, an even more efficient presentation of B& was observed, 16 -
14 4
- 12
20000 X-734 (0 SU) 3
~+-745 (0 SU £ 10
) ©
15000 L -%-981 (0 SU) % 85
- 1463 (310 SU) L 6
£ - 1464 (800 SU) b 4+
% 10000 +
S - 1374 (373 SU) E_ o |
-0-102 (800 SU) [X] ® . "
e 7894 (800 80) % a1 125 s 200
-0- 1008 (795 SU) ’ .
0 M ; & |-+ 1083 (800 SU) pg/ml antibody
0 0.01 0.1 1 FIGURE 3. S-FAP of Bé v 1 is inhibited by algE, but not byalgG
ngfmi Bet v 1 Abs. Be v 1 (0.1 ug/ml) was preincubated fal h at37°C with patient

FIGURE 1. Allergen presentation of Be 1 isfacilitated by patient sera  serum 1464 (at a final serum concentration of 40%) in the absence or
containing high levels of birch-specific IgE. Serial dilutions ot B& were presence of serial dilutions of polyclonal anti-IgE or anti-lgG Abs. Control
preincubated with 80% serum from birch-allergic patients (1463, 1464,serum 734 was used as a negative con&BIEBV-B cells were added and
1374, 102, 894, 1008, 1083) or control donors (734, 745, 981). AF EBV-Bincubated fo 1 h at37°C. AF EBV-B cells (1-2x 10%well) were used as
cells were added, incubatedrfb h at37°C, and were cocultured (1-2 APC and were cocultured with Bet v 1-specific TCC AF24 (2<4L0%
10%well) with Bet v 1-specific T cell line AF (2—4< 10%well) for 24 h, well) for 24 h, followed by a 16-h*H]TdR pulse and liquid scintillation
followed by a 16-h $H]TdR pulse and liquid scintillation counting. Values counting. Values shown are mean cpm of triplicate cultures. Error bars
shown are mean cpm of triplicate cultures. Error bars represent SDs.  represent SDs.
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Table II. Inhibition of serum IgE-mediated allergen presentation by 12000 - —ggar7as
anti-CD23 .-894+745 |
10000 - goas1598
Patient Serum 1464 Control Serum 734 £ 8000 4‘ ‘ ‘“232:;23340‘
mAb o [ .
(pg/ml)  + Anti-CD19 + Anti-CD23 + Anti-CD19 + Anti-CD23 O om0 ! +2§i:222945;
RING |
0 25+03 37+02 03+00 0.3*0.1 2000 |- Only 734
0.6 4.2+ 0.4 4.1+ 0.7 0.5+ 0.1 0.7+ 0.1 "
2.5 2.9+ 0.7 3.4+ 0.6 0.6+ 0.0 0.7+ 0.1 2000
10 5.3+ 0.2 0.8+ 0.1 0.7+ 0.1 0.8+ 0.1 )i e
40 45-06 09+01 05+01 1.0+0.0 o — -
2Bet v 1 (0.1ug/ml) was preincubated fdl. h at37°C with control serum 734 or 0 0.01 0.1 1

with birch-allergic patient serum 1464-800 SU/ml birch-specific IgE in MagicLite

assay) at a serum concentration of 33%. AF EBV-B cells were incubatet Hoat

4°C with no Ab, with serial dilutions of anti-CD23 mAb MHMS6, or with anti-CD19 uglml Bet v 1

mAb HD37, followed by two wash steps. The EBV-B cells were added to the pre-

incubated serum fractionsrfa h at37°C, resulting in a final cell concentration of4 FIGURE 5. S-FAP of Bév 1 isinhibited by birch SAV sera, but not by

10°/ml and a serum concentration of 16.7%, followed by two washes to remove . o i
excess allergen. The EBV-B cells (12 10%well) were used as APC and were Jrass SAV sera. Be 1 (0.1g/ml) was preincubated fd. h at37°C with

cocultured with Bet v 1-specific TCC AF24 (2-4 10%well) for 24 h, followed by patient serum 894 at a serum concentration of 40% in the presence of
a 16-h PH]TdR pulse and liquid scintillation counting. Values shown are mean cpm nonallergic control sera (73M; 745,®), long-term birch SAV sera (1598,
(x107®) of triplicate cultures* SD. [J; 1490,0; 808840,A), or long-term grass SAV sera (885, closed loz-
enge; 8089454) all at 40%. Control serum 734 (at 40%) without patient
serum was used as a negative control (stippled line). AF EBV-B cells were

complexes to CD23 mediated to this effect, two sets of experi- -1 -4 incubatedrfd h at37°C. The EBV-B cells (1-2¢ 10%well)

ments were performed. _F'rSt’ F_)at'e_nt f"md control sera were PréNyere used as APC and were cocultured with Bet v 1-specific TCC AF19
cubated fo 1 h at37°C with serial dilutions of polyclonal IgE- or (24 x 10%well) for 24 h, followed by a 16-h*H]TdR pulse and liquid
IgG-specific rabbit antiserum before allergen was added. Fig. Zcintillation counting. Values shown are mean cpm of triplicate cultures.
clearly shows that anti-lgE Abs completely inhibited the serum-Error bars represent SDs.

facilitated presentation of Bet v 1, whereas anti-lgG Abs had no

effect. To evaluate the role of CD23 in our culture model, exper- - o

iments were performed by blocking CD23 or CD19 as a control Bbwch-specn_ﬂ(_: IgE (Table ). T_he sera th{:\t were used |n|t|_ally were
cell marker by preincubating the B cellsrft h at 4°Cwith anti- ~ S€ra containing-300 SU of birch-specific IgE, representing only
CD23 or anti-CD19 mAb. Table Il shows that preicubation of AF & Small percentage of all birch-allergic patients. As is shown in
EBV-B cells with anti-CD23 mAb, but not anti-CD19 mAb, pre- ' 19- 4, S-FAP of Bev 1 was observed in a serum-IgE-dependent
vented the occurrence of S-FAP of tBel to Bet v1-specific T  ashion. Sera containing-100 SU birch-specific IgE were very
cells. These experiments demonstrate that S-FAP bt Bds IgE efficient in mediating presentation of Bet v 1, but even sera con-

dependent and is mediated via binding to CD23. taining 50-100 SU were able to mediate the effect. All other sera

with <50 SU birch-specific IgE tested could not facilitate the pre-
S-FAP of Bev 1 isdependent on the level of birch-specific sentation of Bet v 1. This indicates that the effect is relevant to the
IgE Abs majority of clinically allergic patients.

To further study the relevance of S-FAP in birch-allergic patients,gera from patients undergoing birch SAV but not sera from

sera were collected from a panel of patients with different levels Ofpatients undergoing grass SAV specifically inhibit S-FAP of Bet

v 1 to specific T cells

35000 ~ 7340 SY) As sera from_patients undergoing SAV contained high levels pf
——745 (0 SU) allergen-specific IlgG4 Abs, we wanted to address the question
——607 (0 SU) whether sera from patients undergoing birch SAV could inhibit the
——15ESY) observed facilitated presentation of Bet v 1. To study this, Bet v 1
—sasy was preincubated fdl h at37°C with a patient serum containing
imj i?f::}) high levels of birch-specific IgE in the presence of medium, non-
—a-1531 (23 5U) allergic control sera, long-term birch SAV sera, or long-term grass
- 1327 (50 8U) SAV sera. Fig. 5 shows that all three long-term birch SAV sera
01370 (80 SU) inhibited S-FAP of Bev 1 to the Bet vi-specific T cells. Similar
~+-920 (143 SU) results were obtained when the experiments were performed at 4°C
——137224180) (data not shown). The effect was specific for birch SAV, because
8- 1463 (310 8U) neither control sera nor long-term grass SAV sera could inhibit the
:::3: E;‘;";‘)” effect. This effect was noted in all such experiments. In addition,

894 (800 SU) IgE-mediated allergen presentation of the grass allergép Blio
ug/ml Bet v 1 a Phl p 5-specific T cell clone could be inhibited with long-term
grass SAV but not birch SAV sera, further supporting the rele-
vance of this finding (data not shown).

FIGURE 4. S-FAP is detectable in sera containie¢p0 SU/ml birch-
specific IgE. Bév 1 was preincubated with sera from birch-allergic pa-

tients sera (at a final serum concentration of 80%) containing varyingThe inhibition of S-FAP of Ber 1 bybirch SAV sera inhibits T

amounts of birch-specific IgE fd. h at37°C. AF EBV-B cells were added  ¢¢|| proliferation, as well as the production of T cell cytokines
and incubated fiol h at37°C. The AF EBV-B cells were cocultured with || 4 IL-5, IL-10, and IFN+y

Bet v 1-specific AF cell line (2—& 10%well) for 24 h, followed by a 16-h o o _
[BH]TdR pulse and liquid scintillation counting. Values shown are meanTO address the effect of the inhibition of T cell activation with
cpm of triplicate cultures. Error bars represent SDs. SAV sera on cytokine production, supernatants were removed
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Table Ill. Inhibition of S-FAP measured as T cell proliferation and cytokine production by birch SAV sera
cpn? IL-5 IL-4 IFN-y IL-10
T Cell Ag/Incubation (x1073) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
AF28 No Ag 0.4 < < < <
Bet v 1 inwell (10 png/ml) 4.3 >3000 1746 < <
+ 920 + 734 (control serum) 6.6 798 228 < <
0.01 pg/ml + 920 + 1598 (>30m birch SAV) 1.3 < < < <
+ 920 + 885 (>30m grass SAV) 7.4 1876 299 < 175
AF line No Ag 1.0 < < < <
Bet v 1 inwell (10 pg/ml) 35.6 >3000 416 308 1010
+ 920 + 734 (control serum) 30.6 1907 72 < 124
0.01 pg/ml + 920 + 1598 (>30m birch SAV) 6.9 93 < < <
+ 920 + 885 (>30m grass SAV) 24.7 1368 79 < 121

2Bet v 1 (0.01ug/ml) was preincubated fdl h at37°C with patient serum 920 in the presence of nonallergic control serum 734, long-term birch SAV serum 1598, or
long-term grass SAV serum. AF EBV-B cells were added to a final concentration of 2&/ml and incubated fol h at37°C, followed by washing away excess Ab and
allergen. The EBV-B cells (1- 10%well) were used as APC and were cocultured with Bet v 1-specific T cell line AF §248%well). After 24 h, supernatant was removed
for cytokine measurements, and the cells were pulsed for 16 h WJT@iR and liquid scintillation counting.

from cultures that had been set up under S-FAP conditions with &dirch SAV sera, inhibition experiments were performed with a
control serum, long-term birch SAV serum, and a long-term grassange of birch SAV sera (shown in Table 1V). With these sera,
SAV serum. Table Il shows that not only T cell proliferation, but inhibition could only be demonstrated afte80 mo of birch SAV

also the production of the cytokines IL-4, IL-5, IL-10, and IRN-  (data not shown). However, inhibition experiments are performed
was inhibited by the presence of birch SAV serum, but not by theby mixing an IgE-containing serum with a SAV serum, which may

presence of the control sera. not completely represent the in vivo situation.

o ) ) Therefore, control sera, sera from birch-allergic patients receiv-
Inhibition of S-FAP of Bev 1 occurs rapidly after starting ing no treatment, and birch-allergic patients receiving birch SAV
birch SAV treatment were matched for birch-specific serum IgE, and their ability to

Clinical efficacy of SAV is already noticeable after short-term facilitate the presentation of B& 1 to specific T cells was mea-
SAV. To evaluate if the inhibitory effect of birch SAV sera on sured in a direct S-FAP assay (Fid\ for sera containing 100-300
presentation of Bev 1 could be demonstrated with short-term SU/ml birch-specific IgE and Fig.Bsfor sera containing 50—-100

Table IV. Measurement of birch and grass allergen-specific IgG4 and IgE

Birch IgE Grass IgE Total IgE SAV Birch 1gG4 Grass IgG4
Serum (SU/ml) (SU/ml) (IU/ml) (mo) (RLU) (RLU)
Controls
734 < < <30 No SAV 3,369 2,236
745 < < <30 No SAV 7,510 5,636
Birch allergics
1327 50 118 805 No SAV 17,732 16,771
1370 80 6 151 No SAV 13,984 28,065
1568 56 3 880 No SAV 3,871 1,654
1372 241 4 262 No SAV NT NT
1451 164 2 66 No SAV 6,983 3,577
1334 133 29 218 No SAV 11,975 395,914
920 143 29 >3,000 No SAV 18,130 10,621
Birch SAV
1430 61 < 34 3-¢ 293,792 437,325
809218 85 209 NT 39 271,105 654,830
808926 123 445 251 9-18 114,544 367,286
1459 157 125 1,035 9-8 211,815 477,977
1293 108 < 30 9-18 190,292 8,643
809622 203 < 225 18-30 254,874 25,180
809038 140 166 340 18-30 5,035 416,457
939 130 85 310 18-30 141,947 437,288
809978 62 < 79 18-30 165,063 5,133
1598 67 < 29 >30 379,707 3,933
1490 88 < 124 >30 4,643 1,874
1713 113 < 73 >30 102,049 6,254
809652 280 5 252 >30° 187,027 191,878
808840 114 < NT >30 189,814 3,387
Grass SAV
885 < 150 871 >30¢ 6,046 399,663
808954 4 137 NT >307 10,272 410,198

2NT, not tested.

b Birch, grass, and other SAV.
¢Birch and grass SAV.

d Grass, but not birch, SAV.



The Journal of Immunology 2949

A Table V. Fractionation of long-term birch SAV séeta
;gg ; Control
1gG IgA IgM
5 No SAV (ug/mi) (ug/ml) (ug/mi)
1451
1598
59325‘5 — 9-18 m Serum 14,000 5,500 400
1293 ' Run through 5,700 400

0
Eluate 9,900 0 0
888855 h—ﬁsom 1490
e39 ] Serum 13,500 6,500 400
sogls, E >30 m Run through 0 6,500 400
808840 Eluate 9,800 0 0

835  |m >30 m Grass aTwo long-term birch SAV sera (1598 and 1490) were fractionated on a protein
0 5000 10000 15000 20000 25000 Q-Sepharose column. The eluate and run through fractions were adjusted to the orig-
cpm inal volume of the serum, and contents of 1gG, IgA, and IgM were measured (see
B Materials and Methods

734 Control

745

Ll

controls and allergic patients that did not undergo SAV had very
low levels of birch- or grass-specific IgG4. In contrast, sera from
patients undergoing birch- or grass-specific SAV had high levels

1327 No SAV

1370
1568

|

1430 = 39m of specific IgG4 Abs, independent on the duration of treatment.
809218 ‘ Only one serum long-term birch SAV (serum 1490) did not have
808978 _ 18-30 m high serum levels of birch-specific IgG4. However, this serum was
‘ >30m as potent as the other SAV sera in inhibiting S-FAP (see Figs. 5
1233 r and 6). Another serum (809652) did have increased birch allergen-
585 _ >30 m Grass specific 9G4 but showed no inhibition of S-FAP (Table IV, Fig.
6A). In addition, as stated above, we have only been able to mea-
0 2000 4000 6000 8000 10000 12000 14000

sure the inhibition of S-FAP in indirect assays with long-term SAV
sera. Short-term SAV sera that contained similar or even higher
start of treatment. Bev 1 (0.01g/ml) was preincubated fdl h at37°C Ier:/els of ::)IrChlspes.lfICt.|thf] (t:?;]“d. nh(?:).lthhlbli SS-IE:E (dtatj not_
with sera from birch-allergic patients, nonallergic control sera, birch SAVS own), strongly in Ic_a Ing tha . € inhibition © note an
sera, or grass SAV sera (all at 80%). The birch-specific serum IgE Ievel§]ot solely b?_ explained by increased serum-levels of birch
in the birch-allergic sera and the birch SAV sera were matched (i.e., 100-2llergen-specific 1gG4.

300 SU/ml birch-specific IgEA) or 50—100 SU/ml birch-specific IgBJ). . . . .
AF EBV-B cells were added and incubated foh at37°C. The EBV-B The inhibition of S-FAP after SAV is mediated by blocking

cells (1-2x 10%well) were used as APC and were cocultured with Bet v lgG Abs

1-specific T cell line AF (2-4< 10%well) for 24 h, followed by a 16-h  Tg further investigate which type of Ab mediates the blocking of

[®H]TdR pulse and liquid scintillation counting. Values shown are meang_FAP after SAV. we separted two long-term SAV sera on a pro-

cpm of triplicate cultures. Error bars represent SDs. tein G column. As Table V shows, all IgG Abs were present in the
eluate of the column, and all IgA and IgM Abs were present in the

cpm

FIGURE 6. Inhibition of S-FAP by SAV sera occurs rapidly after the

SU/ml birch-specific IgE). These experiments clearly demon-
strated that sera from untreated patients facilitate\Be presen-
tation and that sera from the majority of patients undergoing birch NoAg h

SAV have a decreased ability to do so. This effect was already 734 A
noted after 3—9 mo of birch SAV. The fact that some patients did 1490
not have a decreased ability to mediate S-FAP (809038, 809652) 1490 IgA / igM

may indicate that these patients did not have optimal clinical ef- 1490 IgG
ficacy. In line with the data presented in Table Ill, IL-5 production

1588

was also decreased in culture supernatants of these experiments, 1598 IgA / 1gM C
with the exception of the same two sera that did not have a de-
creased ability to mediate S-FAP (data not shown). 1598196 . . .

0 5000 10000 15000 20000

Inhibition of S-FAP after SAV is not solely dependent on serum cpm

levels of allergen-specific IgG4 FIGURE 7. IgG but not IgA or IgM present in SAV sera inhibit S-FAP.

As serum levels of allergen-specific IgG4 have been documenteBet v 1 (0.01ug/ml) was preincubated fd h at37°C with patient serum

to increase after SAV, birch-specific IgG4 Ab levels were deter-1372 at a serum concentration of 40% in the presence of nonallergic con-
mined in the SAV sera (Table IV). Subjects were divided into trol serum 734, long-term birch SAV sera 1598 and 1490, or fractions of
several groups: nonallergic controls, birch-allergic controls thalm‘ise sera containing IgG or IgA and IgM (all at 40%). Serum 1372 (at

did not undergo SAV, birch-allergic patients that underwent 3—9:3;2 dvllcl)tgoflijrt] Q%oﬁiznﬂf:t?oisofbrgf;?ﬁ fg?qtrho;t'gogﬁ\g[&f:giWere

mo of SAV, 9-18 mo SAV, 18-30 mo of SAV, arnel30 mo SAV. i ' y

. i - . washing away excess serum and allergen. The EBV-B cells 42"/
In addition, sera from grass allergic patients that had no SenSItI\7veII) were used as APC and were cocultured with Bet v 1-specific TCC

zation to birch and had-30 mo of grass SAV were included as Ar19 (2—4x 10%well) for 24 h, followed by a 16-h3H]TdR pulse and

control sera. The levels of birch- and grass-specific IgE and 19G4iquid scintillation counting. Values shown are mean cpm of triplicate cul-
were measured in all these sera. Table IV shows that nonallergitures. Error bars represent SDs.
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run through. When the sera and the serum fractions were tested for Furthermore, when sera from untreated birch-allergic patients
their ability to inhibit S-FAP, only unfractionated sera and the and patients undergoing birch SAV that were matched for birch-
fractions containing 1gG inhibited S-FAP (Fig. 7), demonstrating specific IgE levels were compared in their ability to induce S-FAP,
that blocking 1IgG Abs but not IgA or IgM Abs inhibit S-FAP. This sera from the untreated patients could induce proliferation of al-
is supported by our observation that rabbit antt-B& antiserum, lergen-specific T cells at low allergen concentrations, whereas this
as well as murine Bet v 1-specific monoclonal 1IgG Abs, also in-ability was inhibited in most sera from patients undergoing birch
hibit S-FAP (data not shown). SAV. This further substantiates that SAV-treated patients may re-
quire higher allergen levels to activate allergen-specific T cells in
. . vivo. The inhibition was not seen in all patients undergoing birch
Discussion SAV. This may indicate that these patients did not have an optimal
The presentation of extremely low doses of allergen to €TO4  clinical response to SAV and that the effect may correlate with the
lymphocytes is greatly enhanced by IgE-dependent Ag focussinglinical response to treatment. As clinical data of the patients were
to CD23 or FeRI. Here, we demonstrate that this process is in-not available, we are currently testing sera from a placebo-con-
hibited by blocking allergen-specific IgG Abs that are induced bytrolled double blind birch SAV study to address this question.
SAV. As a result of this, increased doses of allergens are required One of the long term-birch SAV sera that inhibited S-FAP did
to induce T cell proliferation and cytokine production in vivo.  not contain birch-specific IgG4 (serum 1490), and only one of the
An increasing body of evidence indicates that S-FAP is a mechtwo sera that did not show a clear inhibition of S-FAP had no high
anism that occurs in vivo. Atopic allergic individuals have beenbirch-specific IgG4 levels (serum 809038 and 809652). Therefore,
shown to have increased expression of CD23 on B cells and mache inhibition of S-FAP after SAV could not completely be ex-
rophages (6, 7) and ERI on monocytes and dendritic cells (8, 9). plained by levels of birch-specific IgG4 induced by birch SAV,
Both receptors have been shown to be involved in S-FAP in vitrowvhich may explain why the rise in specific IgG4 Abs after SAV
(10-14). In vivo Th2 responses and specific IgG1 and IgE pro-does not correlate with clinical efficacy (15). However, our data
duction in mice are enhanced by allergen-IgE complexes (38, 39%how that serum IgG, and not other Ab classes, mediates the in-
or by allergen-anti-CD23 mAb conjugates (40), whereas CD23hibition of S-FAP (Table V and Fig. 7). This indicates that the
knockout mice lack this ability (41). induction of blocking allergen-specific IgG Abs including 1gG4,
In addition, clinical trials with a neutralizing anti-Igg mAb have rather than IgG4 Abs alone, prevent the occurrence of S-FAP.
shown that anti-IgE mAb inhibits bronchial LPR and the numberThese data are supported by the observation that rabbit anti-Bet v
of eosinophils in sputum of allergic asthma patients (42), stronglyl antiserum, as well as Bet v 1-specific monoclonal IgG Abs, can
suggesting that IgE is crucial for the development of LPR (43, 44)also inhibit S-FAP (data not shown).
and that inhibition of this mechanism results in decreased late- Late-phase allergic responses have been shown to be dependent
phase allergic reactions. Similarly, the production of IL-4 and IL-5 on the presence and activation of CD# lymphocytes (48-52),
and the recruitment of eosinophils to the lungs of mice sensitizeetosinophils (50, 51), and factors involved in eosinophil differen-
with house dust mite can be inhibited by treatment with an anti-tiation such as IL-5 (43, 53, 54). Allergen threshold levels for
CD23 or anti-IgE mAb, and the same effect is observed in CD23mmediate hypersensitivity responses and LPR are strongly in-
knockout mice (45). creased after SAV (reviewed in Refs. 15 and 55). This may be
All these findings strongly suggest that IgE, as well as IgE re-explained by our observation that sera from patients undergoing
ceptors, plays an important role in the in vivo activation of CD4 SAV have a decreased ability to activate allergen-specific CD4
T cells, the regulation of humoral responses, and most importantlgells via S-FAP.
in late-phase allergic responses. Based on these observations, we would like to propose the fol-
S-FAP of Bet v 1, the major birch pollen allergen, was shown tolowing working mechanism of SAV: Initially, SAV induces the
occur at both 4°C and 37°C and was dependent on the levels gfroduction of IL-12 and IL-10 by APC (32, 33). This results in a
birch-specific IgE present in the sera. The effect was demonstrateghift in the production of cytokine-producing CD4A cells toward
to occur with sera that contained50 SU birch-specific IgE, in-  the ThO phenotype (27-30). Both the production of more ThO-like
dicating that the effect is relevant for the majority of patients un-cytokines and IL-10 (32) induce the production of all subclasses of
dergoing SAV. The local production of allergen-specific IgE in the allergen-specific IgG, including IgG4 (32, 56-58).
nasal mucosa of grass pollen-allergic patients (46) indicates that When these Abs reach sufficiently high levels or affinities to
allergens entering the nasal and possibly also the bronchial mucosampete with the binding of IgE to allergens (which according to
may indeed be captured in the target organ by allergen-specific IgEable IV and Fig. 6 may already occur after 3 mo of SAV), IgE-
and be focussed to CD23or FceRI™ APC. mediated allergen presentation to CD# cells is inhibited at low
S-FAP induced by patient sera containir@00 SU birch-spe-  allergen concentrations, and even histamine release from mast
cific IgE could be inhibited by sera from patients undergoing long-cells and basophils may be inhibited via a similar process (59).
term birch SAV, resulting in a strongly reduced proliferation of Because LPR are mediated by the costimulation-dependent acti-
Bet v 1-specific CD4 T cells. In addition, the production of the vation and cytokine production by CD4T lymphocytes (48-52),
allergy-associated type 2 cytokines IL-4 and IL-5 was stronglythis results in a much lower LPR as the result of a much higher
inhibited, as was the production of the cytokines IL-10 and H=N- allergen threshold for T cell activation in the presence of un-
The effect of this inhibition was allergen specific as it was changed levels of allergen-specific IgE in the serum of patients
shown that sera from patients undergoing long-term grass SAMindergoing birch SAV.
could not inhibit the effect on Bet v 1-specific T cells. In addition, it has also been demonstrated that CD23 interacts
Additional inhibition experiments showed that S-FAP of Bet v with CD11b and CD11c on monocytes (60), which results in an
1 could also not be inhibited by a combination of long-term grassincreased production of proinflammatory cytokines. Binding of
SAV sera with grass extract (data not shown), thereby excludindgE to CD23 inhibits the production of these factors, which include
the possibility that 1gG-allergen complexes induce an inhibitory Th1-biasing cytokines. An inhibition of IgE binding to CD23 by
signal in B lymphocytes after engagement ofyRtlbl, as has SAV as shown in this paper may therefore result in and enhanced
been shown in other models (47). production of Thl-biasing cytokines by APC, which results in a
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feedback inhibition of Th2 responses. This is accompanied by a
shift in the use of B cells to the use of dendritic cells or macro-
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nyssinus extract. VISpecific immunotherapy prevents the onset of new sensiti-
zations in childrenJ. Allergy Clin. Immunol 99:450.

20. Jacobsen, L., S. Dreborg, H. A. Ferduosi, C. Mgller, E. Valovirta, U. Wahn,

phages as APC, which may also promote Thi, rather than Th2,
development.

Thus, the results shown here provide evidence that links man
of the previous observations on the mechanisms of SAV. Future
research should be focused on the further characterization of the
inhibitory allergen-specific 1IgG responses induced by SAV, as

well as on studies that can correlate the observed inhibition ob2.

IgE-mediated allergen presentation with clinical efficacy of SAV
treatment.
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