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The purpose of this paper is to discuss the methodological difficulties in quantitation of
human IgG subclass antibodies to allergens, to describe the subclass nature of the IgG
antibody response in patients undergoing tillergen-specific immunotherapy, and to
discuss the possible immunological functions and clinical significance of allergen-specific
IgG antibodies of different subclasses. Based on results obtained by use of assays with
documented specificity it is concluded that the IgG antibody response during allergen-
specific immunotherapy is IgGl and IgG4 restricted, although low levels of IgG2 and
IgG3 antibodies to some allergens may occur. In most patients the early IgG antibody
response is IgGl dominated and the late lgG4 dominated. A too early or too pronounced
IgG4 dominated antibody response seems to indicate a poor clinical outcome of
immunotherapy with inhalant allergens, whereas a pronounced early IgGl antibody
production has been found to be associated with a decrease in synthesis of IgE antibodies
to an insect venom. It is therefore proposed that an early IgGl dominated response is
necessary to induce suppression of the ongoing IgE antibody production, which in its
turn may be a prerequisite for long-lasting clinical effect. The possibility of induction of
an early IgGl dominated response in every patient by use of alternative immunotherapy
procedures is discussed.
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Introduction

Patients with IgE antibody-mediated allergy to
inhalant allergens (e.g. pollens, molds, dust) or
to insect venoms are often treated with allergen-
specific immunotherapy (formerly called desen-
sitization or hyposensitization). At present,
routine immunotherapy is carried out by
repeated subcutaneous injections of aqueous,
alum-adsorbed/aqueous-extracted or alum-
adsorbed/pyridine-extracted allergen prepara-
tions (20). The two latter extracts will be called
alum-extracts and pyridine-extracts, respec-
tively. Several studies have documented the
clinical efficacy of immunotherapy with aque-
ous extracts of inhalant allergens (55, 61, 62)

and insect venoms (24, 32, 38). Thus, immuno-
therapy with aqueous extracts of inhalant
allergens results in clinical improvement in
about two-thirds of patients with allergic rhi-
nitis, whereas placebo treatment only improves
one-third (62). Although the beneficial effect of
immunotherapy on allergic asthma for many
years was considered largely undocumented
(62), more recent studies seem to have estab-
lished that immunotherapy is effective for this
condition, too (57, 59). Immunotherapy with
high-dose aqueous insect venom preparations
seems to protect almost every treated patient
(24, 32), whereas only about one half of the
untreated patients experienced some spon-
taneous improvement (24, 73). The available
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evidence suggests that immunotherapy with
alum-extracts of both inhalant allergens (56, 57)
and insect venoms (48) and with pyridine-
extracts of inhalant allergens (62) demonstrates
the same clinical efficacy as treatment with
aqueous extracts. It should be noted that most
studies of the clinical efficacy of immunother-
apy have focused solely on the short-term effect
of the treatment, i.e. on the symptomatic
improvement during ongoing immunotherapy.
What happens when immunotherapy is discon-
tinued, is largely unknown (57, 62).

The present form of immunotherapy is cost-
ly, time-consuming and inconvenient to the
patient, and carries a significant risk of adverse
reactions. Furthermore, although immunother-
apy with inhalant allergens offers some
improvement to most of the patients, almost no
patients become completely asymptomatic, and
many patients do not improve at all (59, 61,
62). These drawbacks of the current form of
immunotherapy have led to a search for more
convenient, less costly, more efficient and safer
forms of immunotherapy, and the clinical
efficacy of modified extracts (e.g. polyethylene
glycol-conjugated extracts, polymerized ex-
tracts), other routes of allergen administration
(e.g. oral), and modified dose-regimens of
subcutaneous injection therapy (e.g. clustered
injections) is at present under investigation. In
this context it has been recognized (59, 61) that
unless the immunological basis for the symp-
tomatic improvement can be more clearly
defined, attempts to improve immunotherapy
will probably have limited success.

Today, the mechanisms responsible for the
clinical efficacy of immunotherapy are only
incompletely understood (61, 62). During
immunotherapy several immunological changes
may be observed (summarized in (68)):

i) a rise in the concentration of allergen-
specific IgG antibodies (asIgG) in serum

ii) a fall in the concentration of allergen-
specific IgE (asIgE) in serum after prolonged
treatment

iii) a suppression of the IgE antibody response
to seasonal allergen exposure in patients
with seasonal inhalant allergy

iv) a rise in the concentration of allergen-
specific IgA (asIgA) and asIgG in nasal
secretions

v) a fall in sensitivity of the basophil leucocytes
to the offending allergen

vi) a fall in lymphocyte proliferation and lym-
phokine production on exposure to the
allergen

vii) an increase in the activity of allergen-
specific T suppressor cells.

Several studies have shown that a marked rise
in serum level of asIgG is the most consistent
immunological change during immunotherapy
with both inhalant allergens and insect venom
(12, 24, 32, 42, 43, 44, 57, 85). Furthermore,
prolonged immunization with high doses of
seasonal inhalant allergens rather consistently
leads to a suppression of the secondary IgE
antibody response to seasonal inhalant allergen
exposure or even to a more permanent decrease
in serum IgE antibody level (12, 33, 34, 41, 42,
52, 57). Also, a decrease in serum asIgE seems
to be the rule after long-term immunotherapy
with insect venoms (11, 25, 85).

Although asIgG and asIgA do occur in nasal
secretions from allergic patients, immunother-
apy does not result in impressive changes in the
concentrations of these antibodies (10, 13, 64,
65).

Turning to the changes in cellular immunity
during immunotherapy, a decrease in basophil
cell sensitivity to the offending allergen is seen
in an appreciable number of the immunized
patients (41, 42). The changes in lymphocyte
proliferation and lymphokine production and in
suppressor/helper T cell activity have been
examined in a few studies only (as recently
reviewed by Rocklin (68)) and will not be
discussed in any details here.

In several of the just cited studies a possible
statistically significant association between the
immunologic parameters and clinical improve-
ment was sought for. In a few studies (24, 43)
serum level of asIgG or the ratio of asIgG to
asIgE (32) was found to correlate significantly
with symptomatic improvement, but most stud-
ies have failed to demonstrate this relationship.
At present, there is no evidence that any other
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immunological parameter correlates better with
clinical improvement than serum level of asIgG
does.

Despite the lack of significant correlation
between serum level of asIgE (or decrease
herein) and symptomatic improvement, several
authors have suggested that the often observed
fall in asIgE might contribute to the beneficial
effect of immunotherapy (25, 32, 35, 41, 50,
85), and that this change even might be the
most important mechanism underlying the
symptomatic improvement in some patients
(38). It has also been suggested that a persistent
fall in asIgE may be the most desirable response
to immunotherapy with insect venoms (11).

In contrast, there is at present no evidence
that local antibodies (asIgG and asIgA in
secretions) contribute appreciably to clinical
improvement (10, 13, 64, 65). Neither has any
significant correlation between decrease in
basophil sensitivity and clinical improvement
been found (42), although decreased cell sen-
sitivity may contribute to symptom ameliora-
tion in some patients.

It has been shown that asIgG formed during
immunotherapy can inhibit the IgE antibody-
mediated histamine release from basophils in
vivo and in vitro (41), and also, that a rise in
asIgG precedes clinical improvement, fall in cell
sensitivity and fall in serum asIgE (50). Based
on these observations and the occasionally
observed significant correlation between serum
level of asIgG and symptom amelioration,
production of asIgG is considered the most
important immunological change during im-
munotherapy, and it is generally accepted that
production of asIgG in some way underlies the
clinical improvement experienced by the immu-
nized patients. The presumed beneficial effect
of asIgG antibodies has traditionally been
explained by their capacity to neutralize the
offending allergens before these react with cell-
bound asIgE and trigger the allergic reaction.
In accordance with this view, asIgG antibodies
are often named as "blocking antibodies" (34,
44, 62).

The possibility that asIgG antibodies may
exert their beneficial effect by induction of a
suppression of the specific IgE antibody produc-

tion has also been considered by several authors
(4, 33, 34, 35, 41, 44, 55, 62, 68). However,
such a regulatory role for asIgG has not been
generally accepted (12, 44, 68).

The understanding of the protective role of
asIgG antibodies has been further complicated
by the recognition that asIgG antibodies may
sensitize some patients. Sensitizing asIgG anti-
bodies are named short-term sensitizing IgG
antibodies (STS IgG). Although the existence
and clinical significance of such STS IgG has
been questioned (86), there is now ample
evidence that sensitizing antibodies of the IgG
class do occur in some allergic patients (2, 19,
58, 79). However, it should be noted that most,
if not all, studies of STS IgG have been limited
to asIgG antibodies formed as response to
natural exposure to allergens. Thus, it has not
been documented that immunotherapy may
result in appearance of sensitizing IgG anti-
bodies, although this possibility must clearly be
taken into consideration.

It thus appears that asIgG antibodies may
take part in at least three different processes: i)
allergen-neutralizing, ii) inhibition of IgE anti-
body production, and iii) sensitizing of the
effector cells for the allergic type I reaction.
Animal experiments have shown that IgG
antibodies of different subclasses may possess
different immunological functions (7, 89). It is
therefore reasonable to assume that human IgG
antibodies of different subclasses may differ in
immunological functions, too. This possibility
has stimulated several investigators, including
ourselves, to attempt to characterize the IgG
subclass antibody response in patients undergo-
ing allergen-specific immunotherapy (1, 14, 15,
16, 17, 18, 23, 77, 87, 88, 91).

In this review I shall briefly summarize the
more important biological properties of the four
human IgG subclass proteins, discuss some of
the technical difficulties in quantitation of
serum asIgG subclass antibody levels, and
outline the available data concerning the sub-
class nature of the IgG antibody response to
various inhalant allergens and insect venoms.
Thereafter, some of our own results concerning
the relationship between the IgG subclass anti-
body response during immunotherapy and the
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clinica] effect of this treatment, and between the
antibody response in the IgG subclasses and the
IgE class, will be discussed. Finally, I will
present some speculations about the possible
roles for asIgG antibodies of different subclasses
and also discuss the usefulness of asIgG and
asIgG subclass quantiation in the evaluation of
new kinds of immunotherapy and in the
monitoring of the treatment of the individual
patient.

The four IgG subclasses

Based on antigenic differences in the heavy
chain, human IgG molecules can be divided
into four subclasses (IgGl, IgG2, IgG3, and
IgG4) (54). The IgG subclasses are isotypes,
i.e. all members of the human species have IgG
proteins of all four subclasses in their blood. (In
contrast, a given IgG allotype occurs in the
blood of only some individuals). The antigenic
differences between the four subclasses may be
due to differences in primary amino acid
sequence or carbohydrate composition (45).
The available evidence seems to favorize the
former possibility (45). Also, genetical analysis
has shown that each of the four different human
y-chains is encoded by a single, separate gene
(21, 74). Thus, these genetic experiments
strongly suggest that "undiscovered" IgG sub-
classes do not exist.

The distribution of the concentrations of the
IgG subclass proteins in normal human serum
is approximately: 66% IgGl, 23% IgG2, 7%
IgG3, and 4 % IgG4 (54). If the distribution of
IgG antibody activity on subclasses is signifi-
cantly different from this ratio, the IgG anti-
body response is said to be subclass selective or
subclass restricted (54).

Differences in biological activities of the four
subclasses have been excellently reviewed by
others (54, 78) and only a few points need to be
mentioned here. Complement activation
through binding of Clq is most efficiently
exerted by IgG3 proteins, and the affinity for
Clq decreases in the order IgG3 > IgGl >
IgG2 > IgG4. In most experimental systems,
IgG4 does not bind Clq at all. IgGl and IgG3
bind more efficiently than IgG2 and IgG4 to

Fc-receptors on lymphocytes, monocytes, and
neutrophils (54, 78). In some assay conditions
IgG2 and IgG4 apparently do not bind to these
cell types at all. In contrast, the four subclasses
have identical affinity for the Fc-receptors on
the eosinophils (37). Recent experiments have
provided strong evidence that IgG4 proteins
can bind to basophils (19), whereas no defini-
tive evidence for binding of the other three
subclasses to this cell type has been presented
(2, 19).

Quantitation of allergen-specific

IgG subclass antibodies

Whereas most studies of asIgG antibodies have
made use of liquid-phase assays, the published
methods for measurement of allergen-specific
antibodies of all four IgG subclasses have been
based almost entirely on solid-phase techniques
(14, 17, 18, 23, 88, 91), and most of the
following discussion will therefore be confined
to solid-phase assays. In this type of assays, the
allergen extract is made insoluble by chemical
coupling or physical adsorption to a solid
surface (e.g. red blood cells, Sepharose parti-
cles, paper discs, plast tubes).

Ideally, an assay for measurement of asIgG
subclass antibodies should possess at least the
following characteristics: i) allergen-specificity,
ii) subclass-specificity, iii) equipotency, iv) high
sensitivity, v) good precision, and vi) lack of
competition between antibodies of different
subclasses.

Allergen-specificity is best documented by
preincubation of positive sera with solutions of
increasing concentrations of the relevant
allergen (i.e. the allergen immobilised on the
solid surface) and of several other irrelevant
allergens. Among the latter, closely related
allergens should be included (i.e. honey bee
venom when testing the specificity of an assay
for yellow jacket venom). In some cases soluble
complexes formed during the preincubation
may interfere in the solid-phase assay and make
interpretation of the results and documentation
of the allergen-specificity difficult. This problem
can usually be overcome by polyethylene glycol
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precipitation of the complexes before testing of
the supernatant lor any remaining allergen-
specific IgG antibodies (Djurup, unpublished
results). To further elucidate the specificity of
the assay, data concerning the asIgG subclass
antibody level in sera from untreated patients
and from normal subjects should be presented.

The subclass specificity of a solid-phase assay
may be a.ssessed by soluble inhibition with
purified myeloma proteins of the four sub-
classes, using insolubilized myeloma proteins
as antigen for the subclass-specific antibodies.
However, it is more straightforward and gives
more valuable information to test this kind of
specificity in the same type of assay (i.e. a solid-
phase assay) as that used for the IgG subclass
antibody quantitation (17). Also, this approach
has been considered more correct (8). Thus,
antibodies which have been found specific in,
e.g. liquid-phase assays need not be specific in
solid-phase assays (8, 17), in which high anti-
gen density may uncover cross-reactivity not
apparent at lower antigen density (e.g. in
liquid-phase assays) (70).

The development of reliable methods for
quantitation of asIgG subclass antibodies has
largely been restricted by the scarcity of good
animal antibodies with absolute specificity for
the four human IgG subclasses (2). Appearance
of commercially available subclass-specific,
monoclonal antibodies (mAbs) has meant a
great advance in this respect. We have tested
the reagents from one commercial supplier
rather extensively and found them truly sub-
class-specific in two different solid-phase-assays
(15, 17) and a liquid-phase assay (to be
published). However, it should be noted that
mAbs to human IgG subclass proteins may
behave very differently in different assays (27,
76), for which reason their specificity {and
presumed reactivity with the complementary
subclass protein) should be confirmed in any
new or modified assay.

Equipotency implies that equivalent con-
centrations (e.g. in mol/1) of allergen-specific
antibodies in the different subclasses result in
the same direct signal (e.g. bound radioactivity
(cpm)) or the same transformed signal (e.g.
U/1) (8, 14, 17). In animal model systems it has

been possible to obtain perfect equipotency over
the whole dose-response range (8). We have
shown that it is possible to equalize the maxi-
mal signals by use of different dilutions of mAbs
in an assay for human IgG subclass antibodies
(17). Also, preliminary results indicate that
equalizing of the maximal signals ensures equi-
potency in the whole working range of the
assays for IgGl and IgG4 antibodies (15).
However, as we have not yet found significant
amounts of IgG2 or IgG3 antibodies to
allergens (see below), we do not know whether
it is possible to obtain equipotency in all four
subclass assays with these mAbs which have
widely different affinities. Development of
mAbs with identical affinity for each of the four
subclass proteins should be possible and use of
such antibodies should ensure equipotency over
the whole dosis-response range.

To obtain equipotency, Wahlgren et al. (90)
have used another approach: They adsorbed
increasing concentrations of a mixture of two
myeloma proteins (one K and one X-protein) of
each of the four subclasses to separate microti-
ter wells and used the thus physically adsorbed
myeloma proteins to produce a standard curve
for each subclass assay. To give valid results,
this approach requires that the affinity between
an allergen-bound IgG subclass antibody and a
subclass-specific mAb on one hand, and
between the physically bound IgG myeloma
proteins and the mAb on the other, is identical.
Also, the reaction kinetics of the two different
kinds of interaction must be identical (92).
These assumptions are probably not satisfied:
Thus, when we compared the affinity between
covalently bound IgG subclass proteins and the
mAbs, and between physically adsorbed IgG
subclass proteins and mAbs, we found that
physical adsorption led to a marked decrease in
the relative affinity of the mAb with specificity
for IgG4 (unpublished results). Also, the rela-
tive affinities of the other mAbs were changed,
although less dramatically. In agreement with
this observation. Bird et al. (5) have recently
found that a monoclonal antibody with specif-
icity for the human IgG allotype Glm(f) lost its
specificity when tested against IgG adsorbed
directly on a polystyrene surface (but not when
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tested against IgG bound through an anti-lgG
antibody). Probably, such change in affinity or
loss of specificity is due to conformational
changes induced by adsorption of the IgG to the
surface (5). In this context it should be borne in
mind that a monoclonal antibody usually is
specific for one single epitope, and that affinity
and/or specificity may be severely altered by
even a small change in conformation.

High sensitivity is necessary to ensure detec-
tion of low levels of asIgG subclass antibodies,
i.e. to distinguish between absolute and relative
subclass-restriction. Also, high sensitivity per-
mits use of high dilutions of patient's sera,
which is necessary to ensure allergen excess (a
prerequisite for achievement of parallel serum
dilution curves) and to avoid competition
between antibodies of different subclasses (17,
90). Sensitivity is related to non-specific bind-
ing, and achievement of high sensitivity
requires minimizing of non-specific binding.
We have found (15) that use of a non-porous,
smooth sorbent (e.g. a polystyrene surface) and
a buffer with heterologous IgG proteins and
moderate to high ionic strength results in very
low non-specific binding. Inclusion of Tween in
the incubation buffer may further lower the
non-specific binding to some allergens and
possibly increase precision (unpublished re-
sults). The use of a blocker (e.g. gelatine,
bovine serum albumin) is not recommended, as
this may increase non-specific binding, decrease
specific binding, and cause unwanted cross-
reactions (unpublished results).

None of the assays for asIgG subclass anti-
bodies which thus far have been developed,
permits quantitation of the asIgG subclass level
in absolute units (e.g. pmol/1). The well-known
methods for such standardization of solid-phase
assays are: i) Use of a reference serum calibr-
ated by a liquid-phase assay (40, 46), ii)
purification of allergen-specific antibodies on an
allergen-sorbent column (63), iii) batchwise
elution of solid-phase bound asIgG (the RAST
elution technique (28, 72), and iv) use of
insolubilized non-Ab IgG as reference (90, 92).
However, each of these methods has its limita-
tions. Thus, liquid-phase and solid-phase assays
may measure different populations of antibodies

(46, 66). Elution from allergosorbents in col-
umn experiments is almost always incomplete
(63), and the eluted fraction cannot be consid-
ered representative of the whole antibody popu-
lation. Use of non-Ab immunoglobulin bound
to the solid-phase by an anti-immunoglobulin
may in certain conditions serve as a valid
reference system for quantitation of IgG anti-
bodies in absolute units (92), but the validity of
this approach for absolute quantitation of asIgG
subclass antibodies has not been explor'ed. By
use of the RAST elution technique (28, 72) or
some modification hereof (47), it should be
possible to standardize solid-phase assays for
measurement of asIgG subclass antibodies.
However, in preliminary experiments we found
no significant elution of IgG4 antibodies at the
alkaline pH applied in (28). Very likely, modi-
fication of the elution conditions may overcome
this technical problem.

Before standardization of the assays has been
obtained, the sensitivity of the various assays
cannot be quantitatively compared. However,
as a provisional measure for the sensitivity, the
titer of the most potent human serum found
should be indicated. Also, the ratio of specific to
non-specific binding may give an impression of
the sensitivity of the assay.

The precision of the assay should be evalu-
ated according to established criteria. As
immunotherapy is often carried out for several
years, it is usually impossible to use the same
allergosorbent batch for monitoring of the
antibody response during the whole course.
Therefore, the interassay coefficient of varia-
tion should be evaluated by use of at least two
different batches of allergen preparation and/or
allergo-sorbents.

The observation that IgGl binding did not
reach a plateau in presence of very high IgG4
antibody level (and vice versa) (15, 17) suggests
that competition between asIgG antibodies of
different subclasses for the available antigenic
determinants does not occur in highly sensitive
solid-phase assays, in which the patient's sera
are tested in high dilution (1:100 or more (15)).

Several methods for measurement of asIgG
subclass antibodies have been published. In
Table 1, I have summarized the performance
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characteristics of these assays as regards some of
the above discussed criteria. We have applied
our own assay (named TIRA (three-layer
immunoradiometric assay)) to detailed studies
of the IgG subclass antibody response in
patients undergoing immunotherapy with grass
pollen extract (16) or yellow jacket venom (15).
By use of this technique and a crossed-radio-
immunoelectrophoresis technique (CRIE) (77),
we have also performed preliminary studies of
the IgG subclass antibody response in patients
immunized with mite extract, birch pollen, and
the mold Cladosporium herbarum. Based on the
results gained by these studies and the available
evidence from other authors, the subclass
nature of the IgG antibody response during
allergen-specific immunotherapy will now be
discussed. However, only results from studies
in which the subclass specificity of the animal
anti-human IgG antibodies was documented, or
at least commented upon, will be included.
Also, only results from studies dealing with the
response in all four subclasses will be discussed.

The subclass nature of the IgG antibody

response during immunotherapy

We have studied the IgG subclass antibody
response to an inhalant allergen, timothy grass
pollen (16), and to a parenteral allergen, yellow
jacket venom (15), in some details.

In 19 patients immunized according to a
conventional dose-increase schedule with an
alum-extract of timothy grass pollen for 2 years
and 3 months, we found an IgGl and IgG4
restricted response (16). Thus, no IgG2 or IgG3
antibodies were found in any of the serum
samples. As some carbohydrate antigens and
glycoproteins, according to some authors (26),
may bind poorly to plast surfaces, we consid-
ered it of interest to confirm the observed
subclass restriction by use of a technique not
relying on physical adsorption to plast. Using a
recently developed CRIE technique for charac-
terization of the IgG subclass antibody response
to the individual allergens in complex allergen
mixtures (77), we have confirmed that the IgG
antibodies to timothy grass pollen formed in
these patients belonged solely to subclass one

Table 1

Characteristics of published assays for measurement of asIgG subclass antibodies'

Authors

Devey ct

Djurup ct

al. (14)

al. (15,

Etievant ct al. (18)

Giessen et al. (23)

Urbanek ct al. (87

Zanussi et al. (91)

17)

, 88)

Assay type^

RCLAAR

TIRA

ELISA

DASS

ELISA

ELISA

Allergen

grass pollen

grass pollen

yellow jacket venom

house dust

grass pollen

bee venom

grass pollen

Specificity

Allergen Subclass

i- +

n.d. n.d.

IgGl & +

IgG4: +

lgG2: (-)

( + ) n.d.

n.d. n.d.

Equipotency

-1-

•f

n.e.

n.e.

n.c.

Precision'

n.m.

18-̂ 27
15-44

n.m.

n.m.

n. m.

n.m.

' Only assays for measurement oi antibodies of all ioui" subclasses have been included.

'^ Abbreviations: DASS: defined antigen substrafc spheres; ELISA: enzyme-linked immunosorbeni assay; RCLAAR: red cell
linked antigen-antiglobulin reaction; TIRA: three-layer immunoradiometric assay.

•̂  Precision is stated as interassay coefficient of variation (per cent),
n.d.: not documented; n.e.: not evaluated; n.m.: not mentioned.

+ : The assay has the property.
( + ): The assay probably has the property, but documentation was inadequate.
( - ): The assay probably does not have the property.
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and four (Sondergaard, Djurup, 0sterballe &
Weeke, to be published).

Before initiation of treattnent, one patient
had low levels of both IgGl and IgG4 anti-
bodies, whereas another two patients had low
levels of IgGl antibodies only (16). During
immunotherapy all except one patient had an
increase in both IgGl and IgG4 antibodies. In
the early course the antibody response was
IgGl dominated. Thus, the median of the IgGl
antibody concentration peaked after only 12
weeks, when the ratio between IgG4 and IgGl
antibody medians was 0.44. A second, slightly
lower peak of IgGl antibody level was reached
after 2 years and 3 months, i.e. at the end of
the immunotherapy. At this time the IgG4/
IgGl antibody ratio was 2.32. The IgG4
antibody level continued to rise as long as
allergen-specific immunotherapy was carried
out, and accordingly the IgG4 antibody level
reached its peak at the end of the treatment.
One year after termination of immunotherapy,
six patients still had significant levels of both
IgGl and IgG4 antibodies, whereas seven
patients had IgGl antibodies only, and three
patients IgG4 only. The antibody levels at this
time were significantly lower than at the end of
treatment (16).

Our results concerning the subclass restric-
tion of the IgG antibody response to grass
pollen are in partial agreement with those of
Devey et al. (14), who found very low, probably
insignificant, levels of IgG2 and IgG3 anti-
bodies. Van der Giessen et al. (23) also found
an IgG4 dominated response in patients immu-
nized for 2 years with grass pollen. In this
study, low levels of both IgGl and IgG2
antibodies were seen in some sera. The data
presented indicated that the IgG2 antibodies
detected were allergen-nonspecific. Thus, the
binding of the IgG2 antibodies in the only
serum with high IgG2 antibody level could not
be inhibited by soluble grass pollen allergen,
and the same IgG2 binding was found, when
the serum was reacted with Sepharose without
allergen (23). In this context it is of interest that
Hamilton & Adkinson (29), in another solid-
phase assay using Sepharose-based allergosor-
bents, have found that about 10% of normal

sera display non-specific binding. Apparently,
this binding is due to IgG anti-Sepharose
antibodies (30). As human IgG antibodies to
pure carbohydrate antigens are mainly, if not
only, of the IgG2 subclass (22), the IgG2
antibodies found in the study of van der
Giessen et al. (23) might have been directed
against the Sepharose-sorbent. In summary, the
available evidence indicates that the IgG anti-
body response in patients undergoing immuno-
therapy with grass pollen is IgGl and IgG4
restricted, and in the late course dominated by
IgG4 antibodies.

In 31 patients undergoing three different
kinds of immunotherapy with aqueous- and
alum-extracts of yellow jacket venom we also
found an IgGl and IgG4 restricted response
(15). Before initiation of therapy, 12 patients
had significant levels of both IgGl and IgG4
antibodies, 11 of IgGl antibodies alone, and
two of IgG4 antibodies alone. In some patients
pretreatment levels of IgGl and/or IgG4 anti-
bodies were high. This indicates that natural
exposure to yellow jacket venom in the form of
a single sting may induce a marked antibody
production. It is especially interesting that
several patients had high IgG4 antibody levels
before the artificial immunization was begun.
Thus, as will be discussed later, a marked IgG4
antibody production is usually the result of
prolonged and persistent antigen stimulation.
The presence of high IgG4 antibody level
before initiation of immunotherapy might be
due to a peculiarity of the yellow jacket venom
allergen, to the natural way of exposure (i.e.
subcutaneous injection), or to a genetic pre-
disposition to form IgG4 antibodies in the
patients concerned. Our data seem to favour
the latter possibility. Thus, all four patients
with a high initial IgG4 antibody level
(arbitrarily defined as more than 10 times the
detection limit of the assay) experienced a
further marked increase during artificial immu-
nization. The "final" level (the patients are still
undergoing immunotherapy) was thus from 1.4
to 20 times higher than the initial level, and -
with one exception - the highest final levels in
the treatment group in question. The low rise
was observed in patients given a treatment



IgG SUBGLASS ANTIBODY RESPONSE 477

favouring IgGl antibody production (see
below). One of the patients with high initial
IgG4 antibody level had an atopic predisposi-
tion, whereas the other three patients were non-
atopic.

In the 10 patients receiving a conventional
dose-increase regimen with alum-extract, both
IgGl and IgG4 antibody levels have been rising
steadily in the 2 years we have thus far followed
these patients. After 6 months of treatment the
IgG response became IgG4 dominated, and
after 2 years the IgG4/IgGl antibody ratio was
2.4.

In the nine patients receiving clusters of
aqueous venom fortnightly during the dose-
increase phase, the IgGl antibody response was
very pronounced during the first 2 months, and
after 6 months was still dominating (IgG4/IgGl
antibody ratio 0.7) (15). In another group,
receiving clusters of aqueous venom weekly
during the dose-increase phase, the IgGl and
IgG4 antibody response closely paralleled each
other during the first 6 months (15). (The
patients in the two latter groups have at present
been followed for 6 months only.)

Although the patients receiving clustered
injections fortnightly during the initial phase
did not match perfectly with the patients in the
two other groups (15, 48), our results indicate
that it may be possible to modify the balance
between IgGl and IgG4 antibody production
by variations in the form of the allergen
presentation (aqueous or alum-bound) or -
more likely - by variation in the dose regimen.
Especially interesting is that of the four patients
with high initial IgG4, the two given clustered
injections fortnightly had the least pronounced
increase in IgG4 antibody level. This observa-
tion, although based on only four patients,
invites exploration of the possibility that clus-
tered injections given every second week (or
with longer intervals) may override the appar-
ent predisposition of some individuals to prefer-
ential IgG4 antibody production.

As mentioned, we have up to now only
performed detailed studies of the IgG subclass
antibody response to grass pollen and yellow
jacket venom. However, our preliminary stud-
ies of the antibody response to birch pollen.

mite extract, and the mold Cladosporium have
indicated that the IgG antibody response to
these allergens is dominated by IgGl and IgG4
antibodies too, although low to moderate levels
of IgG2 and IgG3 antibodies to Cladosporium
have been found in a few sera. However, as the
performance characteristics of the assays for
IgG subclass antibodies to mite extract and
Cladosporium have not yet been rigorously tested
and only a small number of sera examined,
these preliminary results must be cautiously
interpreted.

Aalberse et al. (1) have found an IgGl and
IgG4 restricted response to the purified major
allergen (phospholipase Aj) of honey bee ven-
om. Furthermore, these workers also found a
shift from an IgGl dominated response to an
IgG4 dominated response in bee keepers who
were repeatedly stung.

Clinical significance of allergen-

specific IgG subclass quantitation

Clinical efficacy of immunotherapy with inha-
lant allergens is difficult to evaluate (3, 62), but
may be assessed by comparison of symptom
scores in a placebo group and in a treatment
group, or by comparison of symptom scores
before, during, and after treatment, using the
patients as their own controls. Clinical efficacy
of immunotherapy with insect venoms has in
recent years been evaluated by a deliberate
sting challenge.

To evaluate the predictive value of allergen-
specific IgG subclass antibody levels in patients
undergoing immunotherapy with an inhalant
allergen, we have calculated the coefficients of
correlation between preseasonal levels of IgG
subclass antibodies to grass pollen and the
symptom scores in the subsequent pollen season
(16). At the 5 % level, no significant correlation
between these parameters was observed.
However, at the 10% level, the preseasonal
levels of IgG4 antibodies after 1 and 2 years of
immunotherapy showed a positive correlation
to the symptom scores in the subsequent
seasons. As another study of the same patients
had indicated that the very early immunological
changes might have predictive value for the
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final clinical result (57), we also assessed the
interrelationships between the levels of IgG
subclass antibodies reached after 12 weeks and
the symptom scores in the first season after
termination of therapy (16). A high IgG4
antibody level or a high IgG4/IgGl antibody
ratio at this time was found to be a highly
sensitive and specific marker for a poor clinical
result.

Preliminary studies of the IgG subclass
response to Cladosporium herbarum, using the
semi-quantitative GRIE technique, have indi-
cated that patients with the most pronounced
IgG4 antibody response have the poorest clini-
cal result after 1 year of treatment (Malling et
al., to be published).

In summary, these findings indicate that both
an early achievement of a high IgG4 antibody
level (or a high IgG4/IgGl antibody ratio) and
a high and persisting IgG4 antibody production
against an inhalant allergen may augur a poor
clinical result. The possible immunological
mechanisms underlying these associations will
be discussed in the next paragraph.

Various regimens of high-dose insect venom
immunotherapy offer 95-100% protection
against anaphylaxis as long as the treatment is
continued (24, 48). As pointed out previously
(15), this fact renders any laboratory evaluation
of the clinical efficacy of ongoing high-dose
venom immunotherapy almost superfiuous, but
monitoring of the IgG antibody response may
be valuable in patients undergoing low-dose
regimens (15, 24).

Recendy, it has been proposed that a per-
sistent fall in IgE antibody level might well be
the most desirable result of venom immunother-
apy (11), and that it may be justifiable to
discontinue immunotherapy, at least tem-
porarily, when IgE antibodies to the venom
eannot be detected in vitro. Also, the just cited
study and studies by Kemeny et al. (38) and
Graft et al. (25) indicate that some patients
undergoing venom immunotherapy actually
may be cured of their disease, as the IgE
antibodies may disappear by prolonged immu-
nization. It would therefore be of interest to
identify the factors which determine the sup-
pression of the IgE antibody level. In this

context we have found that a high IgGl
antibody level early in the course of immuno-
therapy was associated with a rapid decline in
IgE antibody level (15). At present we do not
know whether this association was induced by
the immunotherapy regimen (clustered injec-
tions of aqueous extract fortnightly) or was due
to a genetic predisposition in this group of
patients. However, this observation calls for
further studies of the relationships between the
IgG subclass antibody levels and the IgE
antibody level in patients undergoing clustered
and single injection immunotherapy, given with
different time intervals.

Possible functions of allergen-specific

IgGl and IgG4 formed during immunotherapy

Aalberse et al. were the first to suggest that
chronic antigen stimulation generally results in
an lgG4 dominated antibody response (1, 36).
Several lines of evidence seem to confirm this
hypothesis. Thus, we (15, 16) and others (23)
have found that prolonged immunotherapy with
both inhalant and parenteral (e.g. insect ven-
oms) allergens result in an IgG4 dominated
response in most of the patients. Also, IgG4
antibodies are disproportionately increased in
patients with chronic parasite infestations (36),
and antibodies to factor VIII in hemophilic
patients are almost only of the IgG4 isotype
(67). Furthermore, recent studies have indi-
cated that autoantibodies to thyroglobulin also
mainly belong to the IgG4 subclass (84), but
apparently this does not apply to all kinds of
autoantibodies (60). Thus, in general, pro-
longed and persistent (16) antigen stimulation
of the immune system seems to cause an IgG4
dominated antibody response. As the IgG4
antibodies do not have appreciable affinity for
complement or for Fc-receptors on lympho-
cytes, neutrophils or macrophages, they are
unable to initiate processes that actively lead to
disposal of the offending antigen and to an
infiammatory reaction. As long-lasting inflam-
matory reactions may be deleterious to the host
organism, it is tempting to speculate that one
biological function of IgG4 antibodies may be
to protect the organism against immunological
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damage at continued antigen exposure (16, 36,
51). In accordance with this view, dominance of
the late phases of a humoral immune response
by IgG4 antibodies may be considered a normal
phenomenon, occurring in both atopic and non-
atopic persons. The beneficial role of IgG4
antibodies formed during allergen-specific
immunotherapy may be to neutralize the
allergens before they reach the cell-bound IgE
antibodies, i.e. IgG4 antibodies may serve as
blocking antibodies in the traditional sense. The
available evidence suggests that IgG4 antibodies
formed during immunotherapy with insect ven-
oms actually perform such function. Thus, it has
been demonstrated that all patients achieving a
certain level of IgG antibodies are protected
against sting-induced anaphylaxis during ongo-
ing immunotherapy (24). This indicates that
the antigen neutralizing capacity per se is
responsible for the clinical protection obtained
during ongoing venom immunotherapy. As most
of the antigen neutralizing capacity apparently
is due to IgG4 antibodies, it is reasonable to
assume that these antibodies perform a benefi-
cial, blocking role during ongoing insect venom
immunotherapy.

In contrast, as reviewed at the beginning of
this paper, most studies have failed to demon-
strate a statistically signicant association
between the IgG antibody level (or the antigen
neutralizing capacity) obtained by immunother-
apy and the degree of symptom amelioration in
patients suffering from inhalant allergy. In this
kind of allergy the allergic reactions mostly take
place on the mucosa of the eyes, nose, and
lungs. The effector cells in the mucous mem-
branes are probably largely inaccessible to
serum IgG antibodies. Thus, at least in nasal
secretions, the rise in asIgG is not appreciable
and does not parallel the rise in asIgG in serum
(10, 64), indicating that asIgG in nasal secre-
tions may be locally produced. Also, the anti-
gen neutralizing is too slow and of too low
capacity to be effective in preventing allergens
from releasing histamine in vivo (10). It is
therefore unlikely that the antigen neutralizing
capacity per se of serum IgG antibodies of either
subclass plays any significant role in symptom
amelioration during immunotherapy with inha-

lant allergens. As further support for this
assertion, we failed to observe any significant
negative correlation between preseasonal levels
of either subclass and the seasonal symptom
score (16). It may therefore be concluded that
the allergen neutralizing capacity of IgG4 anti-
bodies largely is without beneficial effect in
patients undergoing immunotherapy with inha-
lant allergens.

In contrast, the results summarized in this
review suggest that IgG4 antibodies formed
during immunotherapy with grass pollen or
Cladosporium may be deleterious in patients
demonstrating; (i) high initial IgG4 antibody
production, (ii) an initial IgG4 dominated
response, or (iii) a very pronounced IgG4
antibody production during the whole course
(see above). At least two different explanations
for these findings are apparent. Thus, accepting
that production of IgGl antibodies may medi-
ate a beneficial immunoregulation, a too early
or too marked IgG4 antibody production may
indirectly act deleteriously, e.g. by preventing
formation of regulatory (tolerogenic) IgGl anti-
body-allergen complexes (as discussed below).
Another possibility is that IgG4 antibodies
formed during immunotherapy may sensitize
mast cells and basophils in some patients. Thus,
it is now almost generally accepted (2, 19, 79)
that IgG4 immunoglobulins may bind to
basophils in some individuals and cause his-
tamine release when cross-linked by anti-IgG4
antibodies. However, it stiil remains to be
unequivocally shown that formation of IgG4
antibody-allergen complexes on the surface of
mast cells and/or basophils can it-iduce his-
tamine release (58).

Turning to the role of IgGl antibodies formed
during allergen-specific immunotherapy, I first
want to review very briefly the evidence from
animal experiments that IgG antibodies with
affinity for Fc-receptors on lymphocytes and
macrophages (to be called cytophilic IgG anti-
bodies) may take part in suppression of the IgE
antibody response. Thereafter, the evidence
that immunoregulation of this kind actually
occurs in allergic patients undergoing immuno-
therapy will be discussed.

Studies performed by Borel's group have
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shown that only cytophilic subclasses of IgG
efficiently mediate tolerance when tolerance
induction is attempted by use of low doses of
tolerogen (7). Also, these and other studies have
shown that the Fc fragement is essential for
some kinds of tolerance induction (7, 75).
There has been some controversy as to whether
T cells participate in such isologous IgG-
induced tolerance. However, recent experi-
ments within the field of contact allergy have
provided evidence that haptens bound to iso-
logous IgG may induce formation of T sup-
pressor cells (49). It has also been shown that
injection of antigens (allergens) coupled to
isologous IgG may induce suppression of an
ongoing (secondary) IgE antibody production,
and that T suppressor cells take part in this
process (39). While these experiments combined
provide strong evidence that injection of hap-
tens or antigens coupled covalently to isologous
IgG of cytophilic subclasses may specifically
suppress the IgE antibody production to the
hapten or antigen in question, they do not
elucidate the possible immunoregulatory role of
IgG antibodies formed in vivo. As support for
such regulatory role for IgG antibodies it has
been shown that passive administration of IgG
antibodies can suppress the IgE antibody pro-
duction (80, 81). Furthermore, Takatsu &
Ishizaka (82) noted a significant rise in the IgG
antibody titer, occurring simultaneously with or
before the IgE antibody suppression. Based in
particular on the results of this study, in which
the immunization procedure in many aspects
was similar to the clustered regimen applied in
one of our patient groups (15, 48), but also on
the other evidence summarized above, I would
like to propose a model for an IgG antibody
mediated suppression of IgE antibody suppres-
sion in allergic animals and patients:

Immunotherapy first results in a marked
production of asIgG antibodies. If these are of a
cytophilic subclass (in the human species sub-
class 1 or 3), they may form IgG antibody-
allergen complexes, which may bind to and
stimulate T suppressor cells. (T suppressor cells
are presumed to carry Fc receptors for IgG (9)).
The target of the activated T suppressor cells is
T helper cells (82), which become inactivated.

The lack of T helper activity suppresses the
ongoing IgE antibody production, probably by
prevention of expansion of the B,. memory cell
population (82). The reason why B̂  cells are
primarily affected by this regulatory process
may be that these cells are more susceptible
than B cells of other isotypes to both activating
and suppressing infiuences (35, 82), but other
explanations are possible (35, 82).

Several studies have documented that long-
term immunotherapy with inhalant allergens
results in blunting of the expected IgE antibody
response on seasonal exposure and often an all-
year suppression of the IgE antibody produc-
tion as well (12, 35, 57). Also, in many patients
undergoing venom immunotherapy, the IgE
antibody level decreases steadily, and even-
tually the IgE antibody against the venom
concerned may disappear completely (11, 25,
85). There is, thus, no doubt that immunother-
apy generally has a suppressive effect on the
ongoing IgE antibody production in allergic
patients. However, the role of this decrease in
the serum IgE antibody level in the symptom
amelioration, and the mechanism(s) underlying
the suppression of the IgE antibody production
are subject to debate. Thus, as argument
against a role for the decreased IgE antibody
level in the clinical improvement, it has been
stated that the level of serum IgE antibodies
usually does not correlate with the degree of
symptom amelioration (68). The role of the IgG
antibody production in IgE antibody suppres-
sion has been questioned on the grounds that an
inverse relationship between the rise in IgG
antibody concentration and a deerease in IgE
antibody level are not generally observed (12).
Gonsidering that the presumed decrease in T
helper activity occurring during immunother-
apy may decrease not only the concentration of
IgE antibody, but also the affinity of the
antibodies (83), it cannot be excluded that the
changes in the IgE antibody production induced
by immunotherapy may add significantly to the
clinical improvement. In fact, the combined
evidence from several recent studies of long-
term immunotherapy with insect venoms sug-
gests that some patients, especially perhaps the
younger ones, actually become cured of their
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disease as a result of suppression of the IgE
antibody production (11, 25, 85). Also, the
level of IgE antibody seems to be an important
marker for the clinical sensitivity in the major-
ity of patients allergic to honey bee venom (32).
While the significance of the decrease in IgE
antibody level for the clinical improvement
during inhalant immunotherapy admittedly at
present is questionable, it should be noted that
some studies have found a good correlation
between basophil responsiveness and IgE anti-
body level (34, 41).

Turning to the role of IgG antibodies in
mediating the suppression of the IgE antibody
synthesis, some studies have found an inverse
relationship between the rise in IgG antibody
level and the decrease in IgE antibody level (34,
42). Also, the decrease in IgG antibody produc-
tion apparently always precedes the decrease in
IgE antibody synthesis (12, 16, 34, 50). While
this temporal relation may be taken as an
indication of an IgE suppressive function of the
IgG antibodies formed during immunotherapy,
an inverse relationship between the levels of
these two antibody classes is for two reasons not
generally to be expected. First, as reviewed
above, only IgGl (and not IgG4) antibodies
have the capacity for the cellular interactions
necessary for initiation of the immunoregula-
tion. Second, if the regulatory subclass acts
through formation of (cell-bound) antibody-
allergen complexes (as presumed in our model),
the ratio between allergens and antibodies in
the complexes becomes very important in deter-
mining the immunoregulatory potential of the
antibodies (31, 75). Thus, not even the con-
centration of the regulatory subclass alone can
be expected to show an inverse relationship to
the IgE antibody level.

As evidence for a suppressive effect of IgG
antibody-allergen complexes, Bernstein et al.
found that combined passive (with IgG anti-
ragweed) and active (with ragweed pollen)
irnmunization resulted in a marked suppression
of the seasonal rise in IgE antibodies as
compared with the response in patients receiv-
ing active immtinization alone (4).

In support of the regulatory role of IgGl
antibodies, we have recently found that clus-

tered injections of yellow jacket venom given
fortnightly resulted in a pronounced rise in
IgGl antibody concentration followed by a
marked decrease in IgE antibody level (15).
Thus, in this group the IgE antibody level had
declined significantly (at the 10 % level) after
only 6 months of treatment. In two other grops,
in which the initial IgGl and IgG4 antibody
responses were closely parallel, the antibody
level had risen significantly, or was unchanged,
after 6 months. In the group showing the
increase in IgE antibody concentration the IgG
antibody response tended to be IgG4 dominated
in the latter half of the observation period.
While these observations taken together thus
point to a causal relationship between the
increase in IgGl antibody production and the
deerease in IgE antibody synthesis, they do not
indicate whether it is possible to induce such
immunoregulation in every patient. The three
patient groups were similar as regards sex
distribution, atopic predisposition and nutnber
of patients with high initial IgG4 antibody level,
but differed in age and interrelationships
between pretreatment levels in the three anti-
body classes (15). Due to these differences, a
particular susceptibility to suppressive influ-
ences on the IgE antibody synthesis in the
group experiencing the rapid decline in IgE
antibody concentration cannot be ruled out,
and further studies are needed to elucidate
whether clustered injections of aqueous
allergens given every other week (or at even
longer intervals) in general induee this favoura-
ble antibody response. As persistent antigen
stimulation apparently is necessary to obtain an
IgG4 dominated response, I consider it Hkely
that long intervals between the injections would
favour an IgGl dominated response.

Also, high dose immunization often promotes
tolerance induction, and clustered injections
might therefore be better than single injections
for the purpose of suppressing the IgE antibody
response.

The aforementioned observations do not elu-
cidate the cellular mechanisms underlying sup-
pression of IgE antibody synthesis during
immunotherapy. However, as immunotherapy
has been shown to result in formation of
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allergen-specific T suppressor cells (69), the
mechanisms underlying this phenomenon may
closely resemble those suggested above for the
animal model systems.

In summary, allergen-specific IgGl anti-
bodies formed during immunotherapy are con-
sidered to take part in suppression of the IgE
antibody production. By virtue of their antigen
neutralizing capacity they niay also function as
blocking antibodies during immunotherapy of
patients allergic to parenteral allergens (see
above). The deleterious effect of a too early or
too pronounced IgG4 response may be
explained by the capacity of these antibodies to
prevent interaction between IgGl antibodies
and allergens, and, thus, to prevent formation
of tolerogenic complexes.

Conclusions and perspectives

By use of monoclonal antibodies against human
IgG subclass proteins it is now possible to
quantitate allergen-specific IgG antibodies of
each of the four subclasses without significant
interference from antibodies of other subclasses
or classes. We still do not know whether it is
possible to obtain perfect equipotency over the
whole dose-response range by use of the mono-
clonal reagents available today. As equipotency
is easily obtained with antibodies of identical or
nearly identical affinity, the producers should
attempt to develop such antibodies for solid-
phase assays. Furthermore, the assays for sub-
class antibody quantitation also need to be
standardized in order to permit comparison of
results from different studies. The solid-phase
elution technique, or some modification hereof,
appears most promising for this purpose.

The IgG antibody response during allergen-
specific immunotherapy appears to be IgGl and
IgG4 restricted, but we have found low to
moderate levels of IgG2 and IgG3 antibodies to
some allergens. Conceivably, immunization
with allergens containing pure carbohydrate
antigens, or glycoprotein antigens with high
carbohydrate content, may result in a marked
IgG2 antibody response, but this has not yet
been observed.

Our studies have indicated that too early

IgG4 response or a too pronounced IgG4
response in either the early or the late phase of
the immunotherapy may predict a poor clinical
result. As an early marker for the clinical
outcome of the treatment would be extremely
useful, future studies should attempt to estab-
lish the predictive value of the early IgG4
antibody response more firi-nly. In this context
it must be kept in mind that the mechanisms
underlying clinical improvement may be dif-
ferent for different types of allergens (inhalant
allergens, parenteral allergens), and that one
function of the antibodies (e.g. antigen neu-
tralizing) may be responsible for the protection
achieved during ongoing immunotherapy,
whereas another function (e.g. immunoregula-
tion) may ensure long-lasting clinical improve-
ment. The possibility that different subgroups
of patients (e.g. atopies versus non-atopies, high
responders versus low responders) gain symp-
tom amelioration by different mechanisms
should also be taken into consideration in future
studies. Thus, we have used a relatively simple
statistical analysis to reach the aforementioned
conclusions about the relationships between the
IgG subclass antibody response and the clinical
outcome, and between the subclass response
and the IgE antibody producdon. It appears
likely that a more advanced statistical analysis
of the results from a greater number of patients
may uncover important new relationships and
help to identify subgroups of patients who may
need special kinds of immunotherapy. An
obvious subject for this kind of investigation is
the relationship between the IgGl antibody
response and the IgE antibody production in
patients of different age, with different atopic
predisposition, and with different predisposition
to mount an early IgG4 dominated antibody
response.

Although such studies should primarily
attempt to establish the value of IgG subclass
antibody quantitation as marker for the clinical
outcome, they may also help to elucidate the
mechanisms underlying symptom amelioration
more clearly. However, it must be recognized
that studies of this kind are unable to give any
definitive evidence concerning the mechanisms
underlying clinical improvement of allergic
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patients undergoing immunotherapy.
Today, when it is possible to measure human

IgE antibody production in cell cultures (71)
and to isolate IgG antibodies of each subclass
by simple and mild methods (6), it should be
possible to test some of the aforementioned
hypotheses about the suppressive effect of IgGl
antibodies (or IgGl antibody-allergen com-
plexes) on the IgE synthesis and the importance
of the balance of the IgGl and IgG4 antibody
production in the early phase of immunother-
apy. The target cells for regulatory antibodies
or complexes should also be identifiable by in
vitro experiments (53).

In conclusion, I would like to emphasize that
the study of the IgG subclass antibody response
during allergen-specific immunotherapy is in its
infancy, and that the actual results are few and
their interpretations open to question. I hope
that this review will stimulate further research
in the field.
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