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Based on a 3-year prospective study of 20 polleti-allergic patients, where a
detailed analysis of the IgE, IgG, and IgG4 itntnune response was
performed, we propose that a common regulatory tnechanisni exists
between the IgE atid IgG, synthesis atid betweeti IgE atid IgG4 synthesis
during itntnutiotherapy. It was found that the IgE itnmune response to a
number of antigens was quatititatively ditnitiished duritig the period of
itntnunotherapy when IgG, was presetit early (week 12), atid for other
antigens there was a rise in IgE without an early IgG, antibody response.
Additionally, it was foutid that for sotiie antigens a rise in IgE antibodies was
contrasted by a fall in the IgG4 antibody response and for other antigens
the opposite was true, itidicatitig a regulatory tnechatiism between the IgE and
the IgG4 synthesis. A statistical analysis showed that these findings were
statistically significant at the 0.01% level for the IgE/IgG, relationship and
at the 0.05% level for the IgE/IgG4 relationship. These fitiditigs could
have implications for future itntnunotherapy regitnens.
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During allergen-specific immunotherapy (hyposen-
sitization) IgG subclass antibodies with a number of
specificities are fortned, the isotypes of which will
depend on the allergen source (4). Previously, it has
been shown by an IgG-subclass radioallergosorbent
test (RAST) that for pollen-allergic patients the IgG-
subclass response is restricted to IgG, and IgG4 (5).
It has been found by use of the RAST technique that
the IgG-subclass antibody response during itnmu-
notherapy with grass pollen is restricted to IgG, and
IgG4 (4, 5) and that prolonged itntnunization with
some antigens (grass pollen and others) may lead to
an IgG4-domitiated antibody response (1, Poulsen,
unpublished). In tnost patients an IgG, antibody
response is seen at the begitming of the immuniza-
tion period followed later by an IgG4 antibody re-
sponse (5). It has been found in grass pollen-allergies
(5) that a high atnount of IgG4 allergen-specific an-
tibodies after 12 weeks of itnmutiotherapy was sig-
nificantly correlated to a bad therapeutic outcome.
Further, there was a tendency towards a positive
correlation between a high preseasonal amount of
IgG4 and a high symptotn score in the following
season (5). These studies of the IgG-subclass anti-
body response during allergen-specific itntnunother-
apy of IgE-tnediated allergic diseases has until re-

cently solely been performed using the IgG radio-
allergosorbent test (RAST) technique (5, 7). We have
developed crossed radioimmunoelectrophoretic
(CRIE) tnethods (18, 19, 23) capable of tneasuritig
the specificities of IgE and IgG-subclass antibodies
against the individual antigens in grass pollen (20),
thus tnaking it possible to study the immune re-
sponse in far more detail than before. This knowl-
edge would make it possible to further develop in-
dividual antigen preparations for itntnunotherapy
(12, 16, 17). The sera used for the presetit study have
previously been used to study the IgE response to-
wards a total extract of Phleum pratense pollen an-
tigens and towards only 2 of the major allergens (24,
25, 26).

The aitn of the present study was to find whether
there were cotntnoti patterns iti the patietits' IgE and
IgG-subclass responses to imtnunotherapy and any
indirect evidetice of cotntnoti regulating tnechanisms
in antibody synthesis. For this purpose we studied
20 pollen-allergic patients duritig 2 years of itnmu-
notherapy (20). Based on a further analysis of the
data obtained, we propose that a comtnoti regula-
tory mechanism exists between the IgE and IgG,
synthesis during immunotherapy.
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Material and methods

The study design, patients and immunotherapy pro-
cedure have been described in detail elsewhere (24).

CIE was done according to (22) and the IgE and
IgG subclass CRIE were subsequently performed
using these CIE plates as described previously
(19, 23) with buffers and washing solutions originat-
ing from (6).

Radiostaining was quantitated using a grey scale
made by applying different amounts of labelled IgE
to filter paper discs. The discs were numbered from
1 to 6 and double-up doses of labelled IgE were
applied such that disc No. 1 had the lowest amount
of radioactivity. After autoradiography of the discs
the precipitates in the CRIE were then visually com-
pared to this arbitrary grey scale.

The statistics are based on a sign test. To show
that a given antibody class (class 1) is present only
when another (class 2) is absent, an estimate of the
probability of the presence of the former antibody
class given the presence or absence of the latter an-
tibody class is calculated for each patient. The test
parameter is then assigned 1 if the probability for
presence of class 1 given absence of class 2 is larger
than the probability for presence of class 1 given
presence of class 2. Otherwise the test parameter is
assigned a value of - 1. The values are then tested
by a sign test. This can be illustrated by an actual
example concerning the IgE and IgG, relationship.
For each patient the number of antigens to which

Table 1. The quantitated response to each antigen of 22 antigens from IgE and igG-

subciass antibodies at different times during immunotherapy. An extract containing these

22 antigens from Phleum pratense was used for immunotherapy of the 15 patients

Antigen no. Week no.

IgE igE IgG, IgG, igG, IgG^

0 116 12 116 12 116

10
11
12
13
14
15
16
17
18
18
20
21
22

15
0
0
0
0
3
15
8
7
5
8
0
48
0
30
0
0
3
6
0
31
40

3
0
0
0
13
6
1
18
22
22
3
0
28
0
20
0
4
3
15
0
15
21

2
0
8
12
0
0
2
0
0
0
14
4
20
0
2
0
0
1
0
0
12
17

27
0
2
2
1
8
2
26
18
32
10
6
49
0
0
0
17
11
3
0
4
4

3
0
2
4
0
8
0
11
13
10
14
2
21
0
10
2
23
4
27
2
11
22

4
2
4
6
38
39
5
8
13
8
57
8
50
0
37
10
5
51
15
2
47
51

there is either a) a decline or no increase in IgE and
no early IgGj, b) an increase in IgE and no early
IgGl, c) a decline or no increase in IgE and early
presence of IgGj, and d) an increase in IgE and
presence of early IgGj was calculated. The estimates
of the probabilities for the presence of IgE, given that
no IgGl is present (P(IgE = 1 IgG, = 0), left side in
the unequality), and for the presence of IgE given the
presence of IgG, (P(IgE= 1 IgGj = 1), right side in
the unequahty) are calculated; then a value of 1 is
given to each patient if

a, + b, c, + d,

a value of 0 if the 2 estimates are equal, and a value
of - 1 otherwise.

Results

The overall number of reactions from the 15 patients
to the 22 antigens are shown in Table I. The IgE
antibody responses to a number of antigens, includ-
ing the major allergens before the start of immuno-
therapy, were shown to be quantitatively diminished
during the period of immunotherapy when IgG, is
present early (week 12). This and the fact that for
other antigens there is a rise in the amount of IgE
formed without an early IgG, antibody response,
point to a common regulatory mechanism for IgE
and IgG,. Further, it was shown that a rise in the
amount of IgE is connected with a fall in the amount

Table 2. Results of CRIE analysis of the IgE-IgG, relationship showing the number of

antigens to which the reactions show either a) a fall or no increase in IgE and no early

IgG,, b) an increase in IgE and no early IgG,, c) a fall or no increase in IgE and early IgG,,

or d) an increase in IgE and early IgG,

Patient

no. a b e d T

6
8
12
13
15
18
21
23
26
27
29
30
34
37
40

7
1
1
1
2
3
2
1
3
0
3
1
2
3
0

5
4
6
3
5
8
6
5
4
1
6
2
3
3
7

• T, = l i f — ^ :

1
5
2
1
4
0
2
3
6

cn

6
7
5
6
2

d,

0
0
0
0
0
1
0
0
0
0
0
0
0
0
0

- else T, = - 1 •

1
1
1
1
1

-1
1
1
1
1
1
1
1
1
1

C,+ I

Number of negative T values 1; number of positive T values 14. Result of sign test

p < 0 . 0 1 .
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Table 3, Results of CRIE analysis of the IgE-IgG^ relationship showing the number of
antigens to which the reactions show either a) a fall or no increase in IgE and a fall or
increase in lgG4, b) an increase in IgE and a fall or no increase in IgG^, c) a fall or no
increase in IgE and an increase in lgG4, or d) an increase in IgE and an increase in lgG4

Patient
no.

6
8

12 :
13 -
15
18
21
23
26
27
29
30
34
37
40

a

• 4

0
1
3
4
2
2
I
2
4

. 4
6
2
6
4

b

1
- • 2

2
0
4
0
3
3
3
0
4
2
3
2
1

T,. =

c

4
S
7

- - 11
7
3
5
5
8
8
7
6

12
S
4

b d
1 i f — ^ > — -

a, + 6, c, + (

d

4
2
4
3 . •

1
3
3
2
1
1

a0
0
1
1

-elseT = - 1
i.

T

-1

-1

1
1
1

- •

1
^ 1

1
1
1

Number of negative T values 3; number of positive T values 12. Result of sign test
p<0 .05 .

of IgG4 for certaiti antigens and for others a fall in
IgE is connected with a rise in IgG4. For antigens to
which no IgE antibodies are formed there is a rise
in the atnount of lgG4 antibodies. Table 2 shows for
each patient the nutnber of antigens to which there
is either a) a decline or no increase in IgE and no
early IgG,, b) an iticrease in IgE atid no early IgG,,
c) a decline or no increase in IgE and early presence
of IgG,, or d) an increase in IgE and presence of
early IgG,. It was shown (p<0.01) that IgE and
IgG, showed the following interrelatioti: a rise in the
IgE level and no early IgG,, and a decline or no rise
in IgE and early IgG,.

The results frotn the analysis of the IgE-IgG4
relationship is shown in Table 3. The results show
(p < 0.05) that a rise iti IgE and a decline (or no rise)
in IgG4 or a fall (or tio rise) in IgE and rise in IgG4
is connected.

Discussion

It is obvious that studies of this type will not reveal
the exact nature of cotiitiion regulating principles
underlying antibody synthesis. However, they can
support theories obtained on the basis of cellular
studies and they can give itiipetus to new studies on
the cellular level. T cells and T-cell products are
important factors in the regulation of itiitiiunoglob-
tilin selection and synthesis, and several investiga-
tors have pinpointed the different requiretnents for
an in vivo IgE and IgG sytithesis (3, 11, 21). This
suggests that IgG,, which fortiis the major part of the

IgG subclasses, in our patients seems to be regulated
to IgE. Evidence has been found in animal model
experiments that the IgG antibodies of the subclasses
capable of binding to E^,-receptors on lymphocytes
can exert an inhibiting influence on the IgE synthe-
sis (2, 9).

The findings concerning the IgE/IgG4 dichotomy
are sotnewhat more surprising as contradictory re-
sults have been obtained in vitro, where it was found
that interleukin 4 (IL-4) selectively stimulates B lym-
phocytes to synthesize IgE and IgG4 but not the 3
other IgG subclasses (8, 10). These results parallel
the in vivo findings that atopic dertiiatitis patients
have increased IgE concotiiitant with IgG4 (14). It
should be etiiphasized, however, that these results
concern a polyclonal response, whereas ours de-
scribe the individual allergens iti a complex extract.
It is possible that a given cotiibination of allergen
and individual tiiight lead to different selection of
isotypes in the imtnune response. In addition, it is
likely that IgG4 subclass antibodies, which neither
activate cotiipletiient via the classic pathway nor
bind to cells (15), tnay exert their biological function
by protectitig the individual against inappropriate
itntnutiological reactions during continuing and per-
sistitig antigen exposure (5). This seetns plausible
because the antigens to which the IgE antibody re-
sponses are down regulated are some of the major
allergens, and antigens to which patients frequently
react. Eurther, IgG4 does not seetii able to sensitize
nonnal basophils (13).

The possible itnphcation for future therapy could
be as follows: if there is a connection between the
down regulation of the IgE synthesis to certain an-
tigens atid the outcotne of immunotherapy, thera-
peutical protocols should be aimed at producing an
early IgG, respotise or tnaybe a late IgG4 response.
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