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Abstract

Allergen-specific IgG antibodies induced by specificimmunotherapy (SIT) interfere with the allergen—IgE interaction, and act as blocking
antibodies in vitro. It has been hypothesised that IgG4, as opposed to other IgG subclasses, is particularly important in this function, which
may play a role for the clinical efficacy of SIT.

In this study, fractionated serum samples from 14 SIT-treated birch pollen allergic individuals enabled determination of the inhibitory
capacity of IgG4 alone versus non-IgG4 1gG. Allergen-binding activities of IgG and the IgG-mediated inhibition of allergen binding to
autologous IgE were detected usitfgl-labelled rBet v 1.2801, a recombinant variant of the major allergeBetiila verrucosaollen.

Results show that IgG4-depletion resulted in equivalent reductions in binding and blocking activities. In contrast, a significant but less
than two-fold higher relative blocking activity was found in the purified IgG4 fraction. There was no significant difference in the binding
avidities (1Ky4) measured in the two IgG fractions.

Thus, it appears that SIT-induced specific IgG4 contributes to the 1gG blocking of allergen binding to IgE in a simple quantitative manner
and not by a particular intrinsic blocking activity.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction Akdis, 2009. IL-10 may furthermore decrease IL-4-induced
IgE switching and enhance IL-4-induced 1gG4 switching,

Specific immunotherapy (SIT) is a documented poten- butincrease IgE production from B cells that are already IgE
tially curative treatment of IgE-dependent aller@o(isquet switched; whereas TGdis an IgA isotype switching fac-
etal., 1998. The immunological mechanisms underlying the tor as well as an inhibitor of IgE isotype switchinge@nnin
beneficial effects of SIT are, however, not entirely clear. One et al., 1998; Cazac and Roes, 2000; Sugai et al., 2003
of the earliest recognized effects of SIT is the induction of  The SIT-induced increase in specific IgG reactivity has
allergen-specific IgGGooke et al., 1935; Lichtenstein etal., been found to occur primarily in the I9G4 subclaBeyey
1968. This IgG has been termed “blocking IgG” because of et al., 1976; van der Giessen et al., 1p#hd particu-
the ability to inhibit passive cutaneous anaphylaxis, inhibit larly 1gG4 has been suggested to posses the ability to
allergen—IgE interaction and thereby basophil histamine re- act as “blocking antibodies”Aalberse et al., 1983; Van
lease, and the ability to inhibit serum—IgE-facilitated anti- der Zee and Aalberse, 1987Clinical studies comparing
gen presentation to T-cell€oke et al., 1935; Lichtenstein ~ SIT-induced IgG4 and clinical parameters have shown con-
et al., 1968; Leynadier et al., 1986; Pecquet et al., 1989; flicting results. Some studies show a correlation between
Witteman et al., 1996; van Neerven et al., 1999 specific IgG4 and clinical improvemer®hashi et al., 1987;

A current hypothesis of SIT mechanisms involves the in- Nakagawa et al., 1987; Gehlhar et al., 1p@ereas others
duction of IL-10 and TGB producing CD4 CD25' regula- have found no correlationHgdlin et al., 1986; McHugh
tory T-cells inducing an anergic or tolerant state in peripheral et al., 1990.

T cells Qutel et al., 2003; Nouri-Aria et al., 2004; Blaserand  In vitro, blocking of allergen-induced histamine release
and suppression of allergen binding to IgE has also been
* Corresponding author. Tel:45-35457558; fax:+45-35457554. found with sera from untreated patientschtenstein et al.,
E-mail addressalpha.morten@get2net.dk (M. Svenson). 1968; Gleich et al., 1982; Svenson et al., 2008 addi-
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tion, high avidity-binding of the allergen has been found beads for 5h at 4C (Johansen et al., 1998/gE removal
analysing IgG of both untreated and SIT-treated patients was verified by co-incubating the IgE-depleted serum sam-
(Adkinson et al., 1979; Svenson et al., 2D03 ples with anti-IgE beads followed by washing and test for
It is not clear, however, whether there is a relationship 2%-rBet v1-binding to the beadsSgenson et al., 2003
between the relative allergen-binding and the relative block- Residual activity of less than 4% was detected.
ing activity, respectively, of allergen-specific IgG4. In other
words it remains to be established whether IgG4 has a par-2.3.2. Fractionation of IgE-depleted serum
ticular intrinsic blocking activity, as compared to other IgG IgE-depleted sera were further fractionated on a column
subclasses. with immobilised anti-human IgG4 monoclonal antibody
In this study, the binding activities of IgG4 and non-IgG4 at 4°C. Dialysed mouse ascites containing anti-human
IgG from SIT-treated patients were compared to the ability IgG4 monoclonal antibody G4.T9 (ALK-Abell6) was
to block allergen-binding to autologous IgE. For these pur- immobilised on divinyl sulfon-activated agarose beads
poses, we used sera from SIT-treated birch pollen-allergic (Mini-Leak Low, Kem-En-Tec, Copenhagen, Denmark)
patients and a recombinant variant of Bet v 1, Bet v 1.2801, using 2.5mg IgG per gram of agarose according to the
the major allergen oB. verrucosgoollen. manufacturers instructions. Columns were prepared using
1ml of anti-lgG4 antibody-agarose beads. For preparative
purposes, 200l of 20% (v/v) IgE-depleted serum in assay

2. Materials and methods buffer (PBS pH 7.4 containing 0.025% gelatin (type A from
_ porcine skin (Sigma, St. Louis, MO, USA)) and 0.1% Tri-
2.1. Patients and serum samples ton X-100 (Sigma)) was applied to the column, followed by

450l of assay buffer. After 1 h, non-bound material was

Sera were collected from birch pollen-allergic patients eluted with 2 ml of assay buffer and the column was sub-
before and after SIT witl. verrucosgpollen extract (Alu- sequently washed with 4 ml of 0.9% NacCl. Bound material
tard SQ, ALK-Abell6 A/S, Hgrsholm, Denmark) for 30 was eluted in fractions of 0.5ml using 0.1 M glycine—HCl,
weeks (five patients) and 5 years (nine patients). Patients0.15% bovine serum albumin (BSA, Sigma), pH 2.5, fol-
and treatment are described in detaiBiodtger et al. (2002) lowed by neutralisation with 0.075ml of 1M Tris, pH 8.2
and Svenson et al. (2003yespectively. The serum sam- (Sigma). Acid eluted IgG4 was recovered in a final volume
ples studied here were selected from patients with specific of 3.45 ml. The specificity of the anti-IgG4 affinity column
IgE > 10kUA/I measured by the CAP system (Pharmacia, with respect to IgG4 was confirmed in ELISA for 1gG1
Uppsala, Sweden), since this was necessary to measure inand IgG4 using 1000 times diluted sheep anti-human IgG1
hibition of allergen-binding to autologous IgE. All patients and IgG4 (The Binding Site, Birmingham, UK) as catch-
reported marked improvements in symptoms during and ing antibodies and horse radish-peroxidase coupled sheep
following SIT. Serum samples were collected outside the anti-human IgG1 and IgG4 (The Binding Site) diluted 1000
birch pollen season. and 500 times, respectively, as secondary antibody.

2.2. Radiolabelling of rBet v 1 2.3.3. Depletion of IgG
To prepare serum for determination of the non-IgE,
Recombinant Bet v 1.2801 (EMBL accession number non-lgG-binding of Bet v 1, IgE-depleted serum was frac-
780104) was expressed and purified as descriBpdrigfort tionated in the following way. Two hundred microliters of
et al., 1996. the material was run on a column containing 0.5 ml of pro-
Recombinant Bet v 1.2801 (MW: 17kD) was labelled tein G Sepharose CL-4B (Pharmacia) followed byZ00pl
with 125 using chloramine-T and subsequently subjected to of assay buffer. Non-absorbed material was eluted in 1.6 ml
molecular size chromatography on Sephadex G-75 superfineof assay buffer. Recovery was more than 95% detected as
columns (Pharmaciap{enson et al., 2003Fractions where  previously describedvenson et al., 1998
more than 95% oft?9l-rBet v 1 bound specific IgG and
IgE from birch pollen-allergic patients were used for the ex-
periments. This was obtained by periodic chromatographic 2.4. Assays for Bet v 1-binding to serum, IgE and IgG
re-separation.

The specific activity was calculated to 2x3.0° cpm/ng. 2.4.1. Assay procedure
All dilutions were made in assay buffer and the bind-
2.3. Fractionation of serum ing tests were carried out in duplicates. Before detection,
samples were pre-incubated for 18h wifPl-rBet v 1
2.3.1. Preparation of IgE-depleted serum with or without additions of unlabelled rBet v 1. All anal-

Serum depletion of IgE was achieved by co-incubating the yses were made at°€ and the results were corrected
serum with supraoptimal amounts of anti-IgE monoclonal for unspecific-binding detected in the presence of 200—
antibody (ALK-Abell6) covalently coupled to paramagnetic 500 ng/ml of rBet v 1. Radioactivity (cpm) was determined
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with errors below 2% in a gamma counter (Wizard 1470
automatic gamma counter, Wallac, OY, Finland). Mea-
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3. Results

surements of the binding strength (dissociation constant3.1. Binding of rBev 1 toserum, IgG and IgE

Kq) and binding capacity Bnax) were performed by
saturation-binding analysis, as describ&Vgnson et al.,

All patients showed more than five-fold increases in IgG

1993. Calculations were performed using GraphPad Prism pinding to rBe v 1 following SIT, whereas specific IgE

ver. 4 for curve-fitting (one-site binding, hyperbola).

2.4.2. Binding to serum
Total bound and freé?-Bet v 1 in 100-30Qul samples

increased less than two times (data not shown), indicating
that all patients responded to SIT.

To test for the serum factors responsible for rBet v
1 binding, the effect of IgE- and IgG-depletion of sera

were measured by molecular size separation on SephadeXrom SIT-treated patients was measured. Binding activity

G-75 superfine columns (Pharmacia).

2.4.3. lgG-mediated inhibition of rBet v 1-binding to IgE
IgG-mediated inhibition of125-rBet v 1 binding to

of serum was assayed by molecular size chromatography.
When serum was depleted of both IgE and IgG, less than
2% of the serum binding activity remained & 5). Fur-
thermore, when comparing the binding activities of IgG and

IgE, was detected using autologous serum IgE bound to |gE more than 50-fold higher activities of IgG were found

anti-IgE coupled paramagnetic beads (ALK-Abell6). A con-
stant amount of bound IgE (binding 30-50% of the added
125rBet v 1) was added to individual tubes and washed
two times with 1 ml of assay buffer. After careful removal
of residual assay buffer, 1Q0 of serial dilutions of frac-
tionated IgG were added followed by @0 of 129-rBet

v 1 (5000 cpm). After 18 h of incubation, the beads were
washed twice and the boulé®l-rBet v 1 detected. Unspe-
cific binding was always less than 1% of cpm added. Inter-
and intra-assay variation was below 15%.

2.4.4. Binding to fractionated 1gG

Binding of129-rBet v 1 to IgG wasdetermined by affinity
separation applying 150 of serial dilutions of fractionated
IgG with rBet v 1 added on 0.5ml protein G Sepharose
CL-4B (Pharmacia). Non-bount®-rBet v 1 was vashed
away with 3ml of assay buffer, and bouré®l-rBet v 1
was subsequently eluted with 3ml of 0.1 M glycine—HCI,
0.15% bovine serum albumin (Sigma), pH 2.5. Cpm in both

(n = 5). Thus, at least 98% of rBe& 1 binding to sera of
SIT-treated patients was associated with IgG and IgE, with
IgG as the dominant binding factor.

3.2. Fractionation of sera

Based on the results above, further analyses of allergen-
specific IgG in patient sera were made using three different
serum fractions: sera depleted of IgE, sera depleted of IgE
and IgG4, and purified IgG4. The separation of IgE-depleted
serum into lgG4-depleted IgG and purified 1gG4 was suc-
cessful. No IgG1 was found in the 1gG4 fraction and 1gG4
was depleted to below 7% in all samples (mean 2.3%, data
not shown). More than 90% lgG4 was recovered in the pu-
rified fraction.

3.3. Binding and blocking activities in IgG-fractions

To measure rBev 1 binding activities in the three frac-

fractions were determined for estimation of bound and free tions from individual sera, each fraction was tested in serial

rBet v 1. The background binding was below 2% of cpm
added. Inter- and intra-assay variation was below 15%.

2.4.5. Calculations of relative binding and relative
blocking activities

Binding curves for unseparated IgG (IgE-depleted serum),

IgG4-depleted IgG and purified 1gG4 were prepared cor-
recting for the dilution factors resulting from the separation
procedure Fig. 1). The relative binding activities of the

dilutions as illustrated ifrig. 1A. Furthermore, the blocking
activity of the three serum fractions was determined as inhi-
bition of 129-rBet v 1 binding to autologous IgEF{g. 1B).

The relative contributions of IgG4-depleted IgG and purified
IgG4, to the total IgG activity in the two assays, were calcu-
lated as the parallel displacement of binding and inhibition
curves from the two fractions relative to unseparated IgG.
When different separations of the same serum were tested
the relative binding and blocking activities were consistent

two IgG fractions were calculated as the displacement of with a variation below 15% (data not shown= 3). Table 1

binding curves compared to unseparated IgG. The arith-

metic mean of three determinations at different dilutions
in the linear area of the curves was calculated. Simi-
lar calculations were performed for the inhibition of IgE
binding.

2.5. Statistics

The Wilcoxon matched pairs test was usBevalues of
less than 0.05 were considered significant.

shows data from five patients treated with SIT for 30 weeks
and nine patients treated for 5 years. In three patients, the
relative blocking activity could not be calculated in all IgG
fractions. Blocking activity was present, but too low to pro-
duce the blocking curves required for quantification using
these methods.

As seen inTable 1 from 0.09 to 0.79 of the relative bind-
ing activity and from 0.11 to 0.87 of the relative block-
ing activity could be recovered in the fractions containing
IgG4-depleted IgG. From the data ifable 1 it can be
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Fig. 1. (A) Representative example of tBe 1 binding to unseparated IgG, IgG4-depleted 1gG (fraction I) and purified 1gG4 (fraction Il) from a
SIT-treated birch pollen allergic patient (#3). IgE-depleted serum was fractionated on an anti-lgG4 column. Serial diluted fractions of Ig&ilvedee in

with 129-rBet v 1. Bound and freé2l-rBet v 1 were separated by absorption to Protein G. Data are shown as mean values of duplicates. Dilution
factors of IgG fractions are relative to unseparated serum, based on dilution factors in the separation. B/T: cpm bound/cpm total. (B) Effect on rBet v
1 binding to autologous IgE of unseparated 1gG, 1gG4-depleted IgG and purified 1gG4 from the same patient as shown in (A). Autologous IgE was
absorbed to a-IgE paramagnetic beads and washed. Incubations were made with IgG fractions and rBet v 1. Data are shown as mean values of duplice
experiments. Dilution factors of IgG fractions are relative to unseparated serum based on dilution factors in the separation. Percent inhlbitlateds

as ((cpm bound in the absence of IgG — cpm bound in the presence of IgG)/cpm bound in the absencexof0§%).

calculated that the sums of the recovered relative activities 1.4 (Table J) and the relative blocking activity significantly

in the 1gG4-depleted IgG and the purified 1gG4 fractions exceeded the relative binding activity (Wilcoxon paired test

were similar in the two assays, ranging from 0.74 to 0.96 n = 13, P = 0.001), suggesting a difference between inves-

and from 0.75 to 1.32 for the relative binding and blocking tigating the contribution of IgG4 to the blocking and binding

activities, respectively. activities directly by analyzing the purified 19G4 fractions
and indirectly as above. The difference in the median block-

3.4. Relationship between the relative blocking activity ing/binding ratios between the IgG4-depleted IgG and the

and the relative binding activity purified 1IgG4 was less than two-fold but statistically signif-
icant (Table J).

Next, we examined whether there is a relationship be-

tween the relative allergen binding and the relative blocking 3.5. Binding analysis of IgG4-depleted IgG and purified

activity, respectively, of both IgG4-depleted IgG as well as 19G4

purified 1gG4. In the 1gG4-depleted 1gG fractions the ra-

tios between the relative blocking and binding activity var-  Since the determination of binding activities does not dis-

ied between 0.81 and 1.Z4ble 1. No statistical difference  criminate between differences in binding capacities or bind-

was found between the relative activities in the two assaysing avidities (1Kq) of the samples, we decided to calculate

(Wilcoxon paired testy = 12, P = 0.32) indicating that de-  the Ky values of IgG4-depleted IgG and purified IgG4 from

pletion of 1IgG4 results in equal reductions in blocking and saturation binding analyses. Serum samples from seven pa-

binding activities. In the case of the purified IgG4 fractions, tients were randomly selected for this analysis. Less than

the median ratio between the activities in the two assays wassix-fold differences were found between individual patient
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Table 1
Binding and blocking activities of 1gG4-depleted IgG (I) and purified 1gG4 (11)
Patient IgG fractiofy Binding Blocking Blocking/binding Kg (ng/mlp Kg I/Kg 1l
1 | 0.10 0.11 11 0.14t 0. 027 0.67
I 0.64 0.64 1.0 0.2 0.023
2 | 0.79 0.78 0.99 0.42t 0.093 1.6
I 0.17 0.2 1.2 0.26+ 0.052

3 | 0.65 0.54 0.83 0.6a: 0.062 1.0
I 0.26 0.3 1.2 0.58+ 0.076

4 | 0.46 0.46 1.0 0.3% 0.053 1.3
I 0.50 0.65 1.3 0.24t 0.035

5 | 0.21 0.17 0.81 ND
I 0.68 0.66 0.97 ND

6 | 0.15 0.19 13 0.32+ 0.048 0.80
I 0.70 0.72 1.0 0.40t 0.052

7 | 0.24 0.21 0.88 ND
I 0.53 0.73 14 ND

8 | 0.32 0.35 11 ND
I 0.46 0.74 1.6 ND

9 | 0.61 0.86 14 ND
I 0.25 0.41 1.6 ND

10 [ 0.20 ND ND 0.24+ 0.038 1.1
I 0.62 0.97 1.6 0.22+ 0.047

11 | 0.09 ND ND ND
I 0.77 11 14 ND

12 | 0.67 0.87 1.3 ND
I 0.09 ND ND ND

13 | 0.34 0.40 1.2 0.5 0.13 0.75
I 0.55 0.92 1.7 0.76t 0.12

14 | 0.49 0.53 11 ND
I 0.31 0.77 25 ND

Median | 11
I 14
Il 1.0

p* Ivs. Il 0.014 0.93

Relationship between the relative binding activities oftrBel to IgG4-depleted 1gG and purified 19G4, and the relative blocking activities of the IgG
fractions on rBev 1 binding to autologous IgEKy values measured in the 1gG fractions by saturation analysis. Patient 1-5 treated with SIT for 30
weeks. Patient 6-14 treated with SIT for 5 years. ND: not determined.

aFraction I: IgG4-depleted 1gG, fraction IlI: purified 1gG4.

bKq values+ S.E.M.

*Wilcoxon paired test.

Kqg values (0.14-0.76 ng/ml)Téble 1. The ratios between and IgG subclasses with clinical outcome of SIT have not
theKq values of IgG4-depleted IgG and purified IgG4 varied reached consensuldédlin et al., 1986; Ohashi et al., 1987;
between 0.67 and 1.6 and no statistical difference was foundNakagawa et al., 1987; Djurup and Malling, 1987; Malling
between théy values of the two IgG fractionsTéble J). and Djurup, 1988; Pastorello et al., 1992; Gehlhar et al.,
1999. On the other hand, a dominant contribution in the
blocking activity of specific IgG has been attributed to
4. Discussion IgG4 (Ohashi et al., 1987; Leynadier et al., 1991; Lambin
et al., 1993; Panzani et al., 199@ has therefore been sug-
The molecular and cellular immunological mechanisms gested that qualitative changes in IgG and IgG subclasses
underlying specific immunotherapy are not yet fully un- such as affinity maturation and epitope spreading may take
derstood. Successful SIT is most often accompanied by anplace during SIT, particularly concerning the 19G4 subclass
increase in allergen-specific antibody. However, attempts (Denepoux et al., 2000; Larsen et al., 2p00onsequently,
to correlate quantitative changes in allergen-specific IgG we investigated the binding of B& 1 to IgG and IgE to
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compare the intrinsic blocking activity of unseparated IgG, ent treatments on IgE binding of allergens. Monoclonal hu-
IgG4-depleted 1gG and purified IgG4 from SIT-treated man Bet v 1-specific IgG obtained from an allergic patient
birch pollen-allergic patients. We used rBet v 1.2801, a after successful SIT have shown that different clones may

recombinant variant of the major allergen Bf verrucosa

pollen. This variant has been shown to be a relevant sub-

stitute for natural Bev 1 in immunochemical assays, since
it contains most of the epitopes relevant for the binding of
human IgE Epangfort et al., 1996; Svenson et al., 2003

In this study, a selective increase in allergen-specific
serum IgG and a dominant binding of tBe 1 to this im-
munoglobulin class were observed for all the SIT-treated
patients, as previously reportedvenson et al., 2003
When depleted of IgG4, the individual sera showed a
10-90% reduction in binding and blocking activity of the
IgG anti-rBet v 1, and when adding the activities of the
two IgG fractions, the recoveries were from 75 to 130%.
This shows that a substantial part of the IgG anti-rBet v 1
activity following SIT may not be of the IgG4 subclass. Fur-
thermore, we did not find a significant difference between
the Ky values of IgG4-depleted IgG in serum and the puri-
fied 1gG4. TheKy values were in the same range as those
measured in other allergen systems &advalues found in
individual 1gG clones, and showed small inter-individual
variation Adkinson et al., 1979; Prahl et al., 1981; van der
Zee et al., 1986b; Visco et al., 1996; Jackola et al., 2002;
Svenson et al., 2003In ragweed-allergic patients that were
not SIT-treated, no differences in the avidity of Amb a
1-specific IgG1 and 1gG4 were foundackola et al., 2002
and comparing individual sera with specific IgG almost ex-
clusively belonging to either the IgG1 or the IgG4 subclass,
no differences in avidity were found/gn der Zee et al.,
1986H). Because no or marginal changes in Bet K4lval-
ues of polyclonal IgG from individuals have been observed
following SIT (Svenson et al., 2003our results do not sug-
gest that affinity maturation of specific IgG4, or of other IgG
subclasses, is of importance in SIT-induced IgG binding of

exert blocking, non-blocking or even enhancing effects on
IgE allergen binding \isco et al., 1996; Denepoux et al.,
2000. Interestingly, it has been found that mixing clones of
non-blocking IgG may result in blockade of Bel binding

to IgE (Visco et al., 199%

Also differences between individuals in cross-binding ho-
mologous structures of Bet v 1, such as the apple allergen
Mal d 1, is observed with both SIT and pre-SIT serum IgG
from birch pollen-allergic patients, but nevertheless no dif-
ference in the 1gG blocking activity of Ber 1 binding to
the patients IgE was observe8vienson et al., 2003These
observations suggest that differences in epitope binding of
individual clones have minor importance when looking at
the blocking activity of allergen-specific polyclonal IgG.

Our results show that 1IgG4 depletion resulted in equiv-
alent reductions in binding and blocking activities. In con-
trast, a significant but less than two-fold higher relative
blocking than binding activity was found in the purified
IgG4 fraction. Unseparated IgG was used as reference,
and in most cases 1gG4 appeared to be the dominant
contributor of both the blocking and binding activity. On
this background, one would rather have expected a result
showing equal relative blocking and binding activities of
purified IgG4. This discrepancy might indicate that the
purification may have changed the characteristics of 1gG4,
or that serum contained factors interfering with the block-
ing activity of IgG4. However, the ratio between relative
blocking and binding activities of purified IgG4 differed
less than two-fold from those of IgG4-depleted IgG, and
as mentioned above, 1gG4 depletion had no effect on the
ratio between relative blocking and binding activities of
IgG. Therefore, in the case of Bet v 1-specific IgG from
SIT-treated patients, and possibly also for other allergens,

allergen. Rather, our results support the original suggestionwe find it most likely that similar relative blocking activi-

by Adkinson et al. (1979)that variableKy is not a major

ties are found in different subclasses of specific 1gG. This

contributor to the IgG-allergen-binding capacity of most view is not contradicted by observations of IlgG4 as a dom-
sera. However, detected by assay systems other than thosmant blocking factor of serum from SIT-treated patients
used here, immunoglobulin subclass and isotype-restricted(Leynadier et al., 1991; Lambin et al., 1993n filariasis
differences in avidities have been reported, depending onfor example, histamine release was blocked by both specific
the atopic status of the individual®évey et al., 1989; 1gG1 and IgG4 from the patientsiissain et al., 1992and
Jackola et al., 2002 The highest avidities were reported blocking of IgE-facilitated antigen presentation has been

for allergen-specific 1IgG1 from non-atopic individuals;
and in atopic individuals, specific IgE appeared to display
nearly 10 times higher avidities than specific IgG and IgA
(Jackola et al., 2002 In SIT-treated bee venom atopics
the avidity of IlgG4 was higher than that of IgG1, and IgE
anti-phospholipase A2 antibodies were reduced in avidity
following SIT (Devey et al., 198p Comparing findings in
insect venom and pollen allergic individuals, the different
routes of sensitization should however be considered.
Heterogeneity in epitope recognition by IgE of individual
patients has been show8gangfort et al., 20Q03an aspect
that may complicate predictions of the influence of differ-

found not to correlate with the content of allergen-specific
IgG4 in serayYan Neerven et al., 1999

Although qualitatively, the blocking activities of specific
IgG4 and non-lgG4 seem to be of similar magnitude, dif-
ferences in the effector functions of IgG subclasses may be
of importance for the clinical effect of SIT. IgG4 has been
shown to be functionally monovalent, which results in the
formation of small non-precipitating immune complexes
with low potential for inducing immune inflammatioran
der Zee et al., 1986b; Schuurman et al., 1999; Aalberse
and Schuurman, 2002Furthermore, the binding of 1gG4
to Fcgamma receptors is generally weak compared to other
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IgG subclasses (reviewed iRavetch and Kinet, 1991;  Gehlhar, K., Schlaak, M., Becker, W., Bufe, A., 1999. Monitoring allergen
Hulett and Hogarth, 1994 Another feature of IgG4 is the immunotherapy of pollen-allergic patients: the ratio of allergen-specific
inability to fix complement, and 1gG4 indeed has been IgG4 to IgG1 correlates with clinical outcome. Clin. Exp. Allergy 29,

) T )Y > DE 497-506.
shown to inhibit complement activation by IgG1 antibodies i, G 3 Zimmermann, £M., Henderson, L.L., Yunginger, J.W., 1982.

(van der Zee et al., 198Bathis mechanism may protect Effect of immunotherapy on immunoglobulin E and immunoglobulin

against complement-induced damage. G antibodies to ragweed antigens: a six-year prospective study. J.
In conclusion, we find that SIT-induced Bet v 1-specific Allergy Clin. Immunol. 70, 261-271.

IgG4 contributes to 1gG blocking of allergen—IgE interac- Hedlin, G., Graff-Lonnevig, V., Heilborn, H., Lilja, G., Norrlind, K.,
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