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depends on the nature of the sensitizing allergen.

Immediate-type allergic disease is usually associ-
ated with an antibody response to the common
allergens, mainly due to immunoglobulins of the
[gE and IgG 1sotypes. Allergen-specific IgE anti-
bodies are related to the clinical hypersensitivity
reactions, whereas the IgG class antibodies have
been considered to “block™ the allergic response
(1-6). 1gG antibodies habitually appear during
immunotherapy and are therefore often held
responsible for the beneficial effect of the treat-
ment (7).

In most investigations, IgG subclass antibodies
are determined by direct immunoassay during
which serum samples are made to react with an
immobilized allergen. This system cannot distin-
guish IgG antibodies of high or low affinity.
Nevertheless, the affinity of allergen binding is an
important factor because it may influence the
biologic effects of the antibodies (8, 9), as well as
their presumed “blocking” potential (10). The rele-
vance of antibody affinity has been demonstrated
in patients immunized with tetanus toxoid, where
the immune response mainly involved IgG1 and
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IgG4 antibodies, although only the IgG1 isotype
was of high affinity (11). Similar results were
obtained in patients immunized with hepatitis B
virus (12).

Only a few studies have investigated the affinity
of IgG subclass antibodies specific to the common
inhalant allergens. As regards allergies to dietary
proteins, high-affinity IgG4 responses to both
casein and ovalbumin have been described in
mothers, whereas IgG1 antibodies to ovalbumin
were of low affinity (13). It was suggested by these
investigators that antigen exposure is an important
factor in driving the affinity maturation process.
However, high-affinity IgG4 and IgG2 antibodies
to casein have also been described (14, 15). High-
affinity 1gG1 subclass antibodies to Dermatopha-
goides pteronyssinus were observed in allergic
children and adults, whereas IgGG1 antibodies to
Lolium perenne were of low affinity in children,
but not in adults (16). The present work examines
the affinity distribution of IgG subclasses to differ-
ent kinds of aeroallergens by an inhibition format
of enzyme immunoassay.



Material and methods

Blood sera

Serum samples were collected from patients with
symptoms indicative of type I allergy on the basis
of the clinical history in association with positive
immediate skin reactions to allergenic extracts.
Sera were used solely from patients never treated
by immunotherapy. Some of these sera were exam-
ined as individual samples; i.e., S1 from patients
allergic to the pollen of the Gramineae; S2, S3, and
S4 allergic to the pollen of Olea europaea; SS, S6,
S7, S8, and S9 allergic to the pollen of Parietaria
judaica; and S10, S11, S12, and S13 allergic to mite
allergens of Dermatophagoides spp. Other sera
were organized into four groups and pooled; i.e.,
the sera of patients allergic to the Gramineae
(pools P1 and P2), to O. europaea (P4 and P5), and
to Dermatophagoides spp. (P6, P7, and P8) and a
pool of sera from adult patients with widespread
atopic dermatitis (P-AD) having IgE and IgG
antibodies to the allergens of both Gramineae
pollen and house-dust mites. All sera were stored
in aliquots at —20°C until use.

Allergens

Extracts were prepared from dried and defatted
pollen grains (BioPol, Spokane, WA, USA). The
allergenic pollen preparations for investigation
comprised the unfractionated nondialyzable por-
tions (nominal cutoff 10 kDa) of aqueous extracts
manufactured by Laboratorios C.B.E. LETI SA
(Madrid, Spain) and retained in the lyophilized
form as in-house reference standards. The investi-
gated species were Cynodon dactylon, Dactylis
glomerata, Holcus lanatus, Lolium perenne, Phleum
pratense, Poa pratensis, O. europaea, and P. judaica.
The freeze-dried allergen preparations were dis-
solved in phosphate-buffered saline (PBS), pH 7.4,
just before use. A second group of allergens con-
sisted of whole-culture extract of D. pteronyssinus
(Laboratorios C.B.F. LETI SA, Madrid, Spain) and
an enriched protease fraction mainly comprising Der
p I'and Der p 111, concentrated by molecular sieving
through columns of Sephacryl S300. Finally, two
house-dust extracts were investigated, i.e., an in-
house standard product and a previously described
highly purified house-dust preparation R1 (17).

Inhibition of IgG subclass antibody binding

IgG-antibody binding was evaluated by enzyme
Immunoassay using allergens coated to the wells

of flat-bottom microtiter plates (Nunc-Immuno

PolySorp, LabClinics, Barcelona, Spain) as a modifi-

IgG subclass binding

cation of the ELAST system marketed by C.B.E.
LETI SA (Madrid, Spain). Allergen coating was
done by dissolving allergenic preparations at 10 pg/
ml in sodium bicarbonate buffer (100 mM, pH 9.4)
and incubating 150-ul aliquots per well overnight
at 37°C. After a series of washings with PBS
containing 0.4% Triton-X-405, the plates were
stored at 4°C until use.

Before the inhibition assay, the optimal serum
dilution giving a suitable optical density range of
0.5-1.5 was established by titration (usual range
1:20-1 : 100). Sequential allergen concentrations
were then preincubated for 3 h at room tempera-
ture with the optimally diluted serum sample in a
blocking solution (A) composed of Triton-X-405
(0.5%), thimerosal (1 mM), and PBS (0.01 M). This
period of incubation was found to be sufficient to
reach equilibrium. The absolute amount of IgG
subclass antibodies was not taken into account
because different dilutions of serum samples did
not affect the inhibition assay (data not shown).
In the following step, 100 ul of allergen-serum
mixtures was pipetted into the wells of the allergen-
coated plates to capture residual free IgG-antibody
for 30 min at ambient temperature. After a series
of washing cycles with Triton-X-405 solution, 100 ul
of horseradish peroxidase (HRP)-labeled mono-
clonal antitotal IgG, 1gG1, 1gG2, 1gG3, or IgG4
(Janssen Biochimica, Beerse, Belgium) in the block-
ing solution A was introduced to react with bound
IgG and IgG subclasses for 30 min at room tem-
perature. The plates were finally washed again with
Triton-X-405, and bound peroxidase was evaluated at
room temperature by adding 100 pul of 0.16 M sodium
acetate buffer, pH 6.0, containing 2 ul tetramethyl-
benzidine in DMSO and 0.2ul 1M hydrogen per-
oxide. After 30 min, the reaction was stopped with
100 ul 2 M sulfuric acid, and the color was meas-
ured at 450 nm in an ELISA plate reader (Titertek
Multiskan) and corrected for appropriate blanks.

Expression of the results

Binding affinities were evaluated by establishing
the point of 50% inhibition and the slope of the
regression lines computed from double-log plots of
percent inhibition against allergen concentration.
In this mode of data presentation, the equation for
the linear regression line approaches the log trans-
formation of the law of mass action for allergen-IgG
subclass binding:

log (fractional inhibition) = k; log (allergen
concentration) +k,

in which k, represents the affinity-related slope of
the linear portion of the dose-response curve (18, 19).
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Results

Inhibition experiments with pollen extracts

In the inhibition experiments, we used six extracts
from different pollen species of the family of the
Gramineae. As respective representatives of aller-
genic trees and weeds, we employed extracts of
the pollen of O. europaea and P. judaica. Serial
dilutions of these allergenic preparations were
incubated with their corresponding serum pools to
examine the interaction with specific IgG subclass
antibodies. From the regression lines of the inhibi-
tion curves thus established, the point of 50%
inhibition was computed for total IgG (as control)
and each of the subclasses, together with the slope
of the linear portion of the dose-response curve.

The results for 50% inhibition with the pollen
extracts are listed in Table 1. The data show the
high capacity of the Gramineae pollen extracts to
inhibit the binding of IgG4 to the immobilized
allergens, together with a low capacity for inhibit-
ing IgG1 and IgG3 subclass binding. Specific 1gG2
levels generally were quite low; indeed, undetect-
able in several serum samples. In those cases where
IgGG2 attained detectable levels, the antibodies
appeared to be of high binding capacity.

In contrast, the allergenic pollen proteins of O.
europaea and P. judaica presented a high binding
capacity for both IgG1 and IgG4 antibodies, though
exhibiting low affinity for the 1gG3 subclass. 1gG2
antibodies against these allergens were not
detected in any case (Table 1).

As shown in Table 2, the slopes of the double-
log inhibition lines, representing binding affinity,
follow a numeric pattern similar to the values for
50% inhibition values given in Table 1. For the
Gramineae, O. europaea, and P. judaica, the affinity
for 1gG4 binding was considerably higher than
observed with the antibodies of the IgGl, IgG2,
and IgG3 isotypes. However, in the case of the
Parietaria allergens, the binding potential for IgG1
subclass antibodies was of the same order of magni-
tude as observed with IgG4 (Table 2).

Inhibition experiments with mite and house-dust
extracts

For these experiments, two batches of D. pteronys-
sinus (1 and 2) were employed and two different
preparations from house dust (see Material and
methods). Inhibition curves were established by
preincubation with the corresponding serum pools.

The potencies found for 50% inhibition are
shown in Table 3, which demonstrates absence of
a clear-cut pattern for the mite extracts, although,
with some sera, appreciable inhibition was
observed for IgG3 subclass antibodies. In contrast,
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Table 1. Quantity of allergenic extract (ng) of pollen of various species of Gramineae,
and of 0. europaea and P. judaica, required for 50% inhibition of specific pan-lgG
and IgG-subclass antibodies

Extracts Sera IgG IgG1 lgG2 IgG3 lgG4
P. pratense P1 n no inh. n.d. no inh. ns
L. perenne P1 8.2 70.5 125 no inh. 9.1
L. perenne P3 14.6 1083.0 n.d. 311.0 459
L. perenne S 603.0 9051.0 n.d. 2881.0 9.7
C. dactylon P2 12.1 no inh. 5.6 no inh. 29
P. pratensis P2 6.1 256.0 223 222.0 32
D. glomerata P2 9.9 83.3 18.3 143.0 2.3
H. lanatus P1 45 208 5.3 401.0 28
H. lanatus P2 1.8 no inh. 1.9 no inh. 0.4
H. lanatus P-AD 15 98.8 n.d. no inh. 0.9
0. europaea P4 46.2 859.0 n.d. 289.0 571.0
0. europaea P5 28.8 49.3 n.d. 1267.0 78.4
0. europaea S2 1670.0 4140 n.d. 1926.0 1803.0
0. europaea S3 522.0 433.0 n.d. 1541.0 571.0
0. europaea S4 3410 1357.0 nd. nd. 2628.0
P. judaica S5 28 41 n.d. 164 28
P. judaica S6 38.4 61.9 n.d. 65 6.0
P. judaica S7 9.8 95 n.d. 394 14.8
P. judaica S8 2.7 5.1 nd. nd. 5.4
P. judaica S9 - 11.9 n.d. 84.5 0.8

P =serum pools; S=individual serum samples; n.d. = not detectable; no inh.=no
inhibition within the chosen range of allergen concentrations; figures in bold = low
values for 50% inhibition representing high binding potencies.

Table 2. Values of k, for slopes derived from pan-lgG- and specific IgG-subclass
antibody inhibition curves with pollen extracts of various species of Gramineae,
and for O. europaea and P. judaica

Extracts Sera lgG lgG1 lgG2 1gG3 lgG4
P. pratense P1 04 no inh. n.d. no inh. 0.42
L. perenne P1 0.37 0.27 0.51 no inh. 0.56
L. perenne P3 0.48 0.20 n.d. 0.17 0.30
L. perenne S1 0.38 0.27 nd. 0.18 0.81
C. dactylon P2 0.23 no inh. 0.28 no inh. 0.48
P. pratensis P2 0.33 0.12 0.40 0.17 0.78
D. glomerata P2 0.50 0.39 0.57 0. 0.70
H. lanatus P1 0.43 0.41 0.47 0.23 1.26
H. lanatus P2 0.27 no inh. 0.47 no inh. 0.35
H. lanatus P-AD 0.60 0.2 n.d. no inh. 0.68
0. europaea P4 039 0.17 n.d. on 0.22
O. europaea P 0.60 0.24 nd. 0.20 0.58
0. europaea S2 1.38 0.20 nd. 0.45 1.01
0. europaea S3 0.45 0.60 nd. 0.75 1.20
0. europaea N 0.55 050 nd. n.d. 0.57
P. judaica S5 0.59 0.86 n.d. 0.55 0.68
P. judaica S6 0.39 0.70 n.d. 0.62 0.82
P. judaica S7 0.82 0.83 n.d. 0.26 0.49
P. judaica S8 063 0.73 n.d. n.d. 1.20
P. judaica S9 = 0.36 n.d. 0.25 0.27

Abbreviations as for Table 1.
Figures in bold = high values of k; for slopes corresponding to high affinities.



Table 3. Quantity of D. pteronyssinus extract (in ng) and house-dust extract (in ug)
for 50% inhibition of specific pan-IgG and IgG-subclass antibodies

Extracts Serum IgG lgG1 IgG2 1gG3 lgG4
D. pteronyssinus (1) P86 274 108.0 853 19.0 n.d.
D. pteronyssinus (1) P-AD 329 1490 1440 425 n.d.
D. pteronyssinus (1) S10 234 11820 n.d. 6.0 n.d.
D. pteronyssinus {2} S11 4470 1885.0 n.d. 2350  179.0
D. pteronyssinus (2)* P7 1140.0 26.0 1140 368.0 n.d.

D. pteronyssinus (2} $12 3240 25220 12400 16910 11030
D. pteronyssinus (2} S13 157.0 8669.0 n.d. 42.0 79.0

House dust (1) P8 - 1550 nd. 233.0 0.2
House dust (1) S10 42 noinh. nd. 339 8.0
House dust (1 SN 07 1120 n.d. 161.0 15.1
House dust (2) P6 0.6 877 nd nd 0.2
House dust (20 P7 04 no inh. nd.  nd 0.2
House dust (2) S10 0.2 noinh. nd.  noinh. 0.2
House dust (2) S - noinh. nd.  noinh. 1.0

Abbreviations as for Table 1.
*Protease fraction (Der p |+ Der p lll).
Figures in bold = low values {i.e., high potency) for 50% inhibition.

house-dust extracts displayed a strong capacity for
inhibition of 1gG4 antibody binding, as against a
weak potential for reacting with IgG1 and IgG3.

As regards the antibody affinities represented by
the slopes listed in Table 4, again no fixed pattern
was evident for the mite allergens, not even with
respect to the 1gG3 subclass. On the other hand,
slope values for the house-dust extracts with 1gG4
were larger than with IgG1 and IgG3, in agreement
with the data for 50% inhibition in Table 3.

Inhibition experiments with pollen and
mite allergens using a pool of sera from
multisensitized patients

For investigation of the effect of the allergen nature
on IgG subclass binding, a pool of sera was pre-
pared from atopic dermatitis patients sensitized,
among others, to both grass-pollen and mite aller-
gens (serum pool P-AD, Tables 1-4). As inhibitors
in the immuno-assay, two allergen preparations were
used, H. lanatus and D. pteronyssinus. The dose-
response graphs observed for the IgG subclass
antibodies against H. lanatus are shown in Fig. 1,
which illustrates the great similarity in inhibition
characteristics for the IgG4 and total (pan-) IgG
antibodies, both in terms of 50% binding and with
respect to affinity, i.e., the slope of the regression
lines. Both parameters were quite distinct for the
pollen-specific IgG1 and IgG3 antibodies. Binding
of IgG2 antibodies was not detectable with this
serum pool (Table 1).

The IgG subclass distribution of Fig. 1 is entirely

different from that observed with the D. pteronyssinus

IgG subclass binding

Table 4. Values for k, for slopes derived from pan-lgG- and specific lgG-subclass
antibody inhibition curves with D. pteronyssinus extract and house-dust extract

Extracts Serum  IgG lgG1 lgG2 lgG3 lgG4
D. pteronyssinus (1) P6 019 028 045 040 n.d.
D. pteronyssinus (1) P-AD 065 051 050 0.38 n.d.
D. pteronyssinus (1) S10 029 051 nd. 083 nd.
D. pteronyssinus 2) SN 0.37 0.68 nd. 028 0.76
D. pteronyssinus 25 B 034 031 050 035 n.d.
D. pteronyssinus (2) $12 037 034 063 073 0.73
D. pteronyssinus (20 $13 044 on nd. 047 0.33
House dust (1) P8 - 016 nd. 014 0.81
House dust {1y S10 0.39  no inh. nd. 041 0.42
House dust (1 S 065 039 nd. 046 0.74
House dust (2) PB 022 018 nd. nd 0.27
House dust (2) p7 0.29 no inh. nd.  nd 0.22
House dust (2) S10 0.27  no inh. nd.  noinh. 0.36
House dust (2) S — no inh. nd no inh. 0.45

Abbreviations as for Table 1.
*Protease fraction (Der p | +1ll).
Figures for beld = high-affinity values.
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Fig. 1. Double logarithmic plot of dose-dependent binding of
dialyzed allergenic extract of dried and defatted pollen of
Holcus lanatus to specific pan-1gG and IgG-subclass antibodies
in pool of sera from adult patients with atopic dermatitis
(P-AD). Equation for linear regression with pan-IgG was
y =0.60x +3.39.

allergens, despite the use of the same serum source.
In Fig. 2, the slopes for all regression lines are
virtually identical, but the potency for 50% IgG
binding was greater for total IgG and the IgG3
subclass than that established for the IgG1 and 1gG2
antibodies. In this serum pool, P-AD, antimite 1gG4
antibodies were undetectable (Tables 1-4).

Discussion

This work investigated the affinity and distribution
of allergen-specific IgG subclass antibodies to
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Fig. 2. Double logarithmic plot of dose-dependent binding of
dialyzed allergenic extract of whole cultures of Dermatopha-
goides pteronyssinus to specific pan-IgG and IgG-subclass
antibodies in pool of sera from adult patients with atopic
dermatitis (P-AD). Equation for linear regression with pan-
IgG was y=0.55x + 2.52.

different kinds of allergens. Antibody affinity was
assessed by establishing two parameters: 1) the
point of 50% inhibition; 2) the slopes of the
regression lines from double-log plots of the inhi-
bition curves in immunoassay. The first parameter
is usually considered to relate to allergenic potency,
i.e., to the binding affinity and chemical concentra-
tion of the allergen, which, among other factors,
depends on the nature and density of the epitopes
binding to the IgG antibodies. The second para-
meter is related to the equilibrium constant for the
antigen—antibody interaction and therefore to anti-
body affinity or avidity. It is conceivable that an
accurate estimate of the in vitro affinity (50% and
k,) for an isotype may be influenced by antibodies
of other isotypes. However, all isotypes present in
the blood serum can compete with each other for
antigen binding. Despite all this, differences in
affinity are indeed being observed with different
allergenic extracts.

From our data we conclude that 1gG4 is the most
pronounced subclass for pollen allergens, but not
for D. pteronyssinus. In the case of the allergens of
O. europaea and P. judaica, the 1gG1 subclass seems
to be important as well. These results are in partial
agreement with reports on IgG1 and IgG4 subclass
antibodies induced by natural exposure to the pollen
of the grasses and of P. judaica, as well as to dust
mites (4, 20, 21). However, a study performed in
neonates found that the IgG antibodies for D.
pteronyssinus were predominantly of the IgG1 iso-
type (22), which exhibited high binding affinity (16).

The results lend some support to the hypothesis
that antiallergen IgG4 may act as a “blocking”
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antibody. High-affinity IgG4 antibodies may facili-
tate the clearing of allergens by forming IgG4-
allergen complexes which are incapable of activating
complement and may therefore restrain the inflam-
matory response. Because of the possible relevance
of affinity for the presumed blocking activity of
IgG (IgG4) antibodies, it may be of interest to
monitor IgG antibody affinity during immuno-
therapy with aeroallergens. van Ree & Aalberse
(10) have recently reported that the blocking effect
of IgG antibodies depends on their avidity of
binding to a synthetic C-terminal peptide of the
“major” allergen Lol p 1. The application of an
affinity parameter for the follow-up of immuno-
therapy has also been advocated for bee-venom
immunotherapy by Devey et al. (23), who found
high-IgG4- and low-IgGl-affinity antibodies to
phospholipase A..

The distinct IgG subclass distribution observed
with various types of allergens from sources such
as grass pollen, tree pollen, whole-mite culture, and
house dust underscores the importance of the
chemical nature of the sensitizing allergens in
determining the antibody response. Allergen depen-
dency of the IgG subclass pattern was observed not
only in individual several serum samples (Tables 1-
4), but also in a single pool of sera from patients
with atopic dermatitis (Figs. 1 and 2). The immuno-
logic basis for these distinctive subclass profiles
may be that each type of allergen is processed by
antigen-presenting cells in such a way that the
T-helper cells develop a special allergen-driven
pattern of cytokines controlling IgG subclass
expression as well as antibody affinity (24). The
present work suggests that inhibition assays may
be valuable to assess the specificity of the IgG
subclass antibodies induced by allergens. Besides, this
property may help us understand the role of IgG
subclass affinity after allergen exposure either by way
of the respiratory tract or during immunotherapy.

The data shown in Tables 1-4 clearly demon-
strate that the pan-IgG affinities correlate quite
well with the main allergen-binding IgG-subclasses,
independently of the nature of the allergen. For
practical diagnostic purposes and for longitudinal
studies in immunotherapy, it may therefore suffice
to establish total IgG allergen-binding curves. In
this context, it has already been disclosed that the
allergen dosages for 50% IgG binding are closely
correlated with those for 50% binding of specific
IgE antibodies (18).
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