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The allergen specific B-cell response during immunotherapy
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The paper examines the allergen specific B-cell response in peripheral blood from
patients undergoing immunotherapy with house dust mite extract. The 12 patients were
part of a double blind placebo controlled study, and they were treated with either
Dermatophagoides pteronyssinus (n=4), Dermatophagoides farinae extract (n=3)
(Alutard SQ, ALK, Denmark) or placebo (n=>5). Blood was taken every fortnight on
day seven after hyposensitization and tested for IgM, IgG, IgA and IgE antibody
secreting cells (AbSC) to D. pteronyssinus and D. farinae allergens and for the total
number of immunoglobulin secreting cells (IgSC). The data showed a maximum of
approximately 120 Der f I+1II specific AbSC/10° mononuclear cells (MNC). A
comparison of specific AbSC to the major allergens of the two house dust mites
demonstrated that there was no measurable species specificity in the B-cell response that
could be correlated to immunotherapy with either of the two extracts. The specific IgM,
IgG, and IgA response to Der f 1411 was examined in the placebo (39 measurements)
and the actively treated (56 measurements) groups, and the results demonstrated a
significant rise in specific IgM and IgA AbSC following immunotherapy. The number of
specific IgG AbSC did not change. There was a mean of less than one specific IgE AbSC/
10® MNC, and no detectable change following the treatment. It is speculated that
immunotherapy to inhalant allergens causes the induction of specific IgA AbSC. It
would then be these partly differentiated plasma cells that are detected on their way to
the bronchial or gut mucosa to exert their protective function mediated by allergen
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Introduction

The clinical efficacy of specific immunotherapy as treat-
ment for IgE mediated inhalant allergy is documented in
several studies [1-6]. To explain the immunological
mechanisms underlying this clinical improvement inten-
sive research has concentrated upon the specific antibody
response in serum with respect to class and subclass
distribution (for review see {7]). However, it has not been
possible to confirm any definite correlation [8).
Experiments have demonstrated that results obtained
from measuring specific serum antibodies are different
from the results obtained from specific antibody secreting
cells (AbSC) with respect to amount and isotype distribu-
tion [9]. We have investigated the allergen specific B-cell
response during immunotherapy. In experiments per-
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circulating specific AbSC are found between day 5 and 9
following vaccination [10,11]. Using an analogous
approach we hope to obtain knowledge about the allergen
specific B-cell activation taking place as a response to the
individual injection. Based on the principles of the so-
called ELI-spot assay [12], we have developed assays to
quantify B-cells secreting antibodies to Dermatopha-
goides pteronyssinus and Dermatophagoides farinae aller-
gens. Using these assays it is possible to enumerate the
individual cells secreting IgM, IgG, IgA, and IgE anti-
bodies to the major allergens of the two aforementioned
house dust mites, Der p I and II and Der f1and II. In this
paper we present the results on the allergen specific B-cells
in peripheral blood during immunotherapy. We have
measured the number of circulating specific AbSC of the
four isotypes from 12 patients during updosing with
either house dust mite extract or placebo.
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Table 1. The general treatment protocol, which nine of the
patients followed. Due to local reactions three of the patients
received a slower dosing regimen

Injection Volume Dose
no. SQ units/ml (ml) (SQ units)
1 100 0-1 10
2 100 0-5 50
3 1000 0-1 100
4 1000 0-4 400
N 1000 07 700
6 10000 0-1 1000
7 10000 0-3 3000
8 10000 0-5 5000
9 10000 0-8 8000
10 100 000 01 10000
11 100 000 0-2 20000
12 100 000 0-4 40000
13 100000 0-6 60000
14 100000 0-8 80000
15 100000 10 100000
Maintenance dose 100000 10~ 100 000

[ 4
Materials and methods
Patients

The 12 adult patients (2 males and 10 females) were part
of a double-blind placebo controlled study (including a
total of 30 patients) to describe the clinical effect of
specific immunotherapy to house dust mite allergy. The
patients were all asthmatics and selected on the basis of
positive skin prick test (Soluprick, ALK, Denmark) and
positive Magic Lite SQ specific IgE (ALK, Denmark) to
D. pteronyssinus or D. farinae.

Treatment

The patients were receiving immunotherapy with either
D. pteronyssinus, D. farinae extract (Alutard SQ, ALK,
Denmark) or placebo, i.e. of histamine. The treatment
consisted of weekly injections with increasing doses of
extract for approximately 3 months followed by injec-
tions of the maintenance dosage every 6 weeks (Table 1).

Blood and isolation of mononuclear cells (MNC)

Blood was drawn on day seven after injection, where
circulating specific B-cells were supposed to be found
[10,11]. The first blood sample was taken before the start
of immunotherapy, and the following samples were
drawn approximately every fortnight during updosing.
The number of samples taken from the individual patients

varied from six to eleven. MNC were isolated from
heparinized blood by Ficoll-Isopaque (NycoMed, Oslo,
Norway) gradient centrifugation (400 g, 20°C, 30 min).
The white blood cell layer was collected and washed four
times in 10 ml RPMI-1640 medium (Gibco, Herlev,
Denmark) (400 g, 20°C, 10 min). Finally the cells were
resuspended in RPMI-1640 containing 10% foetal calf
serum (FCS) (SeroMed, Roskilde, Denmark).

Isolation of allergens

D. pteronyssinus and D. farinae extracts were produced
from full grown whole mite cultures (WMC) obtained
from ALK, Denmark. The cultures were extracted in
ammonium hydrogen carbonate buffer pH 7-6 (1:10 w/v,
5°C, 24 hr), followed by centrifugation (40000 g, 4°C, 1
hr), dialysis (3 x 24 hr) and freeze-drying [13].

Excrement fractions were isolated from WMC. Der p I
and II were obtained by acetone extraction and pre-
cipitation of the excrement fraction, followed by
hydrophobic interaction chromatography as described
previously [14,15].

Der {1 and II were purified from WMC extract using
hydrophobic interaction chromatography as applied for
the purification of Der p I and II. Fractions containing
Der f11 were identified using an ELISA assay and a Der f
IT specific murine monoclonal antibody.

Counting of allergen specific AbSC

The number of allergen specific AbSC was measured by a
modified ELI-spot assay as described in details previously
[9]. In brief, MNC are incubated in allergen coated
microtitre wells for 25 hr in a humidified incubator (5%
CO,, 37°C). Following incubation and wash a peroxidase
conjugated antibody to either human IgG, IgM, IgA or
IgE were added and incubated for 60 min, 20°C. After
another wash the bound antibodies were visualized by the
addition of an agarose-substrate solution. After approxi-
mately 20 min blue spots appeared in the bottom of the
well, each representing a specific AbSC. The spots were
counted in a low magnification microscope.

In each blood sample the number of circulating IgM,
IgG, IgA, and IgE AbSC to the two major allergens of D.
pteronyssinus (Der p 1 and II) and D. farinae (Der f1 and
IT) was measured. Furthermore the number of AbSC to
the WMC extract from the two house dust mites was
enumerated. Each measurement was performed in dupli-
cates.

Counting of immunoglobulin secreting cells (1gSC)

IgM-, IgG-, IgA-, and IgE-SC were measured using the
principles of a capture ELISA as described previously [9].
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Table 2. The relationship between the number of Der f I1+11
specific AbSC and the Der p I1+11 specific AbSC (Df 1+11/Dp
I+1I) for each of the 12 patients. In the right column the type of
treatment administered to the individual patient is shown; ‘pl’
indicates treatment with placebo, ‘pr’ and ‘f” indicates immuno-
therapy with D. pteronyssinus and D. farinae extracts, respect-
ively

Patient DfI+11/Dp T4+11 Treatment
a 1-:3+09 pl
b 30+32 pl
c 12411 pl
d 1-6+0-4 pl
e 20+16 pl
f 1-1+0-8 pt
g 16+12 pt
h 17404 pt
i 17416 pt
i 1-0+0-4 f
k 09405 f
1 2:5+13 f

Each measurement was performed in four replicates. For
the detection of IgE secreting cells (IgE-SC) a high affinity
murine monoclonal antibody was applied.

Statistics

The data were computerized using the SPSS/Pc package.
The Mann-Whitney U-test was used for statistical evalu-
ation of isotype differences.

Results
Number of allergen specific AbSC

The maximal measured number of Der f 1411 specific
AbSC (all four isotypes) was approximately 120/105
MNC. However, the allergen specific B-cell numbers were
generally between 0 and 100/10° MNC, with only a few
measurements above 100 AbSC/105 MNC with IgM and
IgA as the dominating isotypes.

We have measured both the number of D. preronyssinus
and the number of D. farinae specific AbSC to see if there
was any detectable difference in the species specific B-cell
response that could be ascribed to immunotherapy with
either of the two extracts. The number of Der f I+11
specific AbSC has been compared with the number of Der
p I+1I specific AbSC of all the four isotypes for each of
the patients (Table 2). The numbers indicate the mean for
all the blood samples taken from each patient.

The results illustrate that all patients had the same or
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Fig. 1. The figure shows the number of (a) IgM, (b) IgG, and (c)
IgA AbSC specific for Der f 1+11. The lines represent the
number of measurements (blood samples) where the percentage
(AbSC/1gSC) of Der f1+11 specific AbSC of the three isotypes is
higher or equal to the number indicated on the x-axis. Measure-
ments performed on blood samples taken before start of
immunotherapy have been omitted. The solid line illustrates the
results from the measurements on blood samples from patients
who received immunotherapy with either D. pteronyssinus or D.
farinae extract (n=56), and the dotted line indicates the
measurements on blood samples obtained from the placebo
treated patients (n=39).

more Der f1+11 specific AbSC than Der p I+1I specific
AbSC. This included the five patients that received
placebo treatment. Patient °f, j’ and ‘k’ exhibited approxi-
mately equal numbers of AbSC to the house dust mite
species. The table also includes the treatment that the
patients received, and as it is evident, there is no
correlation between the number of specific AbSC to either
Der f1+11 or Der p 1+ 11 and the treatment with either of
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the two extracts. Furthermore, all the placebo treated
patients exhibited the highest B-cell response towards the
D. farinae extract, which underlines the conclusion that
the species specific B-cell response is not correlated to
immunotherapy with either of the two extracts.

Analogous calculations have been performed to com-
pare the number of Der f1+I1 specific AbSC and the Der f
WMC extract specific AbSC, respectively. These results
showed that for all patients, including the placebo treated
patients, there was a stronger response towards the
purified allergens than towards the WMC extract (data
not shown). As a consequence of the aforementioned
results the following presentation will concentrate on
data obtained on Der f I+1I specific AbSC.

The number of specific AbSC and IgSC vary consider-
ably between individuals. In order to compare results
obtained on allergen specific AbSC from the different
patients the relationship (%) between the number of Der f
I+ 1I specific AbSC of each of the four isotypes and the
corresponding number of IgSC from the same blood
sample have been calculated. As no difference in the
specific B-cell response to D. pteronyssinus and D. farinae
extracts could be detected, the data from both these
groups as a whole were compared with the data from the
placebo treated group. The total number of measure-
ments performed on blood samples from the placebo and
the actively treated groups were 39 and 56, respectively.

Figure 1(a—c) shows the results obtained on Der f1+11
specific IgM, IgG, and IgA AbSC. Figure 1(a) illustrates
that there were more measurements exhibiting high
percentages of IgM AbSC with specificity for Der f1+11
in the group that received active immunotherapy than in
the placebo treated group. The difference between the two
groups was significant (P=0-03). In the actively treated
group there were blood samples containing up to 7% IgM
ADbSC, whereas the placebo treated group exhibited a
maximum of 5-5% Der f 1+ 11 specific AbSC. In general,
the group that received immunotherapy with house dust
mite extract has above 20% more measurements contain-
ing a given percentage of specific IgM AbSC than the
placebo treated group.

The number of Der f I+II specific IgG AbSC is
examined in Fig. 1(b). The results demonstrate that there
was no detectable difference in the specific IgG B-cell
response between the actively and placebo treated groups.
The highest number observed was 3% for the actively
treated group and 2-5% for the placebo treated group. In
approximately 15% and 24% of the blood samples from
the two groups, respectively, there was no Der f 1+11
specific IgG AbSC.

Figure 1(c) illustrates the number of Der fT+ 11 specific
IgA AbSC. As for the IgM AbSC there was a significant
(P=0-03) increase in the number of IgA AbSC to the

major allergens in the group receiving the active treat-
ment compared to the placebo treated group. In the
actively treated group approximately 20% of the blood
samples contained no IgA AbSC to Der f I+1I and
between 2 and 3% of the samples contained up to 7% IgA
AbSC. In the placebo treated group the maximal amount
was less than 2% IgA AbSC. _

With regard to the IgE response, the highest number
detected was four Der f1+1I IgE AbSC/10¢ MNC, but
the mean number was less than 1/10 MNC. No difference
in the specific IgE response could be detected between the
actively and the placebo treated groups.

Discussion

In this paper the allergen specific B-cell response to house
dust mite allergens in peripheral blood from patients
undergoing immunotherapy has been presented. The
numbers of IgM, IgG, IgA, and IgE AbSC with specificity
for the two major allergens and a WMC extract from D.
pteronyssinus and D. farinae have been described.

Blood samples were taken from each of the 12 patients
approximately every fortnight during updosing. As indi-
cated in Table 2, five of the patients had received placebo
treatment, four patients immunotherapy with D. ptero-
nyssinus extract and three patients with D. farinae extract.
For each patient the results on AbSC to the purified
allergens of the two house dust mite species were
compared to describe any variance that could be caused
by the difference in treatment. There was no correlation
because all patients exhibited equal or higher numbers of
Der f1+11 AbSC than Der p I+1I specific AbSC. This
result corresponds with other experiments that demon-
strate close physico-chemical and immuno-chemical simi-
larities between allergens within the individual allergen
groups [15]. It was therefore expected that immuno-
therapy with the one extract would activate B-cells, which
for most of them would produce antibodies that cross-
react to the other extract. However, this does not account
for the generally stronger B-cell response to D. farinae
allergens observed in both the actively and the placebo
treated groups. An explanation could be a difference in
the concentration of allergen bound to the solid phase.
Quantitation of Der /T and Der p I using a commercially
available kit [16] has demonstrated that there was 190 ng
of Der f1bound to the microtitre well (solid phase), while
there was only 140 ng of Der p I. This difference in bound
allergen may mean that cells secreting antibodies of lower
affinities might only be detected in the Der f 1 specific
assay.

Analogous experiments demonstrated a higher number
of specific AbSC to purified Der f I+1I than to Der f
WMC extract. The latter contains approximately 25
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different components among which are the two major
allergens. Although having the same molar concentra-
tions and identical binding capacities only lower concen-
trations of these will bind to the solid phase compared to
the purified allergens, because of the competition with the
other components. Generally, lower concentrations of
the individual antigens contained in the WMC extract are
expected to bind, with the effect that fewer AbSC are
detected.

In Fig. 1(a—c) the number of Der f T+11 specific IgM,
IgG and IgA AbSC were examined. The results demon-
strated that there was a significant rise in specific IgM and
IgA AbSC following immunotherapy with house dust
mite extract compared to the placebo group.

The increase in specific IgA AbSC seems particularly
interesting taking into consideration that house dust mite
allergens are airborne inhalant allergens. As such they are
introduced to the immune system through the mucosal
surfaces in the airways or gut. From this point of view
secretory IgA is likely to be involved. Mestecky and
McGhee [17,18] have reviewed the role of IgA in the
immune response of the gut and the respiratory tract, and
they suggest that the B-cells that are detected in peripheral
blood on day 5-9 upon vaccination [10,11] are partly
differentiated plasma cells on their way to their effector
tissue. A tempting hypothesis could be that immuno-
therapy causes the induction of allergen specific IgA
ADbSC, and that it is these cells that are on their way to the
respiratory or gut mucosa and can be detected on day 7
following injection. Here they will exert their function
mediated by protective secretory IgA. However, this
theory has to be verified. First and foremost the clinical
evaluation of the presented study has to be completed to
actually elucidate whether a clinical improvement follow-
ing the treatment can be correlated to the increase in
specific IgA observed within the individual patient. This
will be the topic of a subsequent paper. Furthermore,
similar studies including more patients would be relevant
to confirm the observed results. It is known that plasma
IgA consists primarily of monomeric IgA and of the IgA1
subclass, while secretory IgA is dimeric and predominant-
ly of the IgA2 subclass [19]. It would therefore be of
interest to look at the antibodies from the individual cells
to characterize the nature of the antibodies. In this way it
will be possible to obtain an indication of the determina-
tion of the cells. An indication of the validity of the theory
would also be demonstration of an increase in allergen
specific secretory IgA in the respiratory tissues following
immunotherapy.

The described rise in specific IgM AbSC following
immunotherapy is possibly the result of a primary B-cell
response.

The experiments showed no detectable difference in the

level of specific IgG AbSC between the two groups.
Intensive research has concentrated on the allergen
specific plasma IgG subclass distribution as a response to
immunotherapy, but as mentioned earlier, it has not been
possible to demonstrate any correlation. However, a rise
in specific plasma IgG and IgE is described following the
treatment [20], but a similar increase cannot be detected
when looking upon neither allergen specific IgG AbSC
nor IgE ADBSC. This might be due to the overall
concentration of specific antibodies of the two isotypes,
which are probably too low to be detected in terms of a
possible change in the number of specific AbSC. To
describe a potential increase in specific IgE AbSC would
require a volume of peripheral blood that is not realistic
for the study.

As house dust mite allergens are inhalant airborne
allergens and therefore supposed to involve the secretory
immune response, it would be interesting to examine the
allergen specific AbSC following immunotherapy with
venom extracts. Is the treatment of stinging allergy and a
positive clinical outcome succeeded by an increase in
specific IgG AbSC to the venom allergens?

This study demonstrated a rise in allergen specific IgM
and IgA AbSC following immunotherapy with house
dust mite extract compared to a placebo group. There was
no detectable change in the number of IgG and IgE AbSC
with specificity for Der f 1+11. It is speculated that by
measuring on circulating specific AbSC instead of plasma
antibodies we might have obtained knowledge about an
effect of immunotherapy that could otherwise only have
been obtained by looking on specific antibodies from the
different mucosal tissues.
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