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SUMMARY:

Background: Hymenoptera venom immunotherapy (VIT) is immunologically effective in patients with systemic allergic reactions
after hymenoptera stings.

Objective: To evaluate the effect of VIT on specific IgE and IlgG4 immunoblotting bands in VIT-treated patients.

Material and Methods: Specific IgE and igG4 immunoblotting bands for hymenoptera venom were performed with ALA-
BLOT in sera of 17 patients (8 allergic to honeybee venom, 8 to wasp and 1 to polistes venom) before and during successful
VIT (1 and 3 years). Before immunotherapy, all patients had experienced moderate/severe systemic reactions to a hymenop-
tera sting, with positive skin tests and venom-specific IgE. During immunotherapy all patients suffered field stings, without
any systemic reaction.

Results: Before VIT we detected several immunoglobulin-binding bands in different regions, with different individual pat-
terns. After VIT, we observed in some patients (5/8 for honeybee venom, 6/8 for wasp and 1/1 for polistes) complete disap-
pearance of some IgE-binding bands, mainly the 15 kDa region (honeybee) and 23 and 44 kDa regions {wasp and polistes). All
patients showed decreased intensity of IgE-binding bands, most pronounced in regions 16, 44 and 52 kDa (honeybee); 44 and
35 kDa bands (wasp) and 23 kDa (polistes). Some patients showed de novo appearance of IgG4-binding bands (4/8 for honey-
bee and 8/8 for wasp venom), mainly in 52 kDa (honeybee) and in 23 and 44 kDa regions {wasp). All patients showed increa-
sed intensity of |gG4 bands that were already present before VIT, more pronounced in 52 and 44 kDa (honeybee) and in 44 and
35 kDa regions (wasp).

Conclusions: During successful VIT there are changes in intensity and number of IgE and IgG4 binding bands, which could
reflect the immunological improvement induced by VIT. These changes are more pronounced/frequent in wasp VIT, a fact that
could explain the best results usually seen in these patients.
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INTRODUCTION

Since the introduction of pure insect venom specific
immunotherapy (VIT) in 1974, its efficacy has been
shown by a number of studies. Nevertheless, the
immunologic mechanisms underlying this treatment
are still unclear (1)

The indications for VIT are a clinical history of systemic
reactions with respiratory or cardiovascular symptoms
in adults or children plus positive skin tests or serum
specific IgE; or mild to moderate reactions with urticaria
and angioedema in highly exposed adults with repea-
ted reactions plus positive diagnostic tests (1, 2).

The monitoring of the immune response during VIT
can be done by skin tests or serial assays of venom
specific IgE and 1gG/lgG4 antibodies (3-5), which
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could eventually provide data to help the allergolo-
gist’s decision to stop or continue VIT, since it can be
considered that, in presence of the above mentioned
immunological changes, VIT interruption can be
considered after a period of 3 to 5 years (6).

The fact that nonallergic beekeepers exhibit specific
IgG4 antibodies in their sera (7) and that specific IgG,
especially IgG4 increases during immunotherapy led
to the supposition that these antibodies could
protect against immediate allergic reactions.
Nevertheless, it seems that there are no single levels
of IgG or IgG4 that could have predictive value
regarding the occurrence of systemic reactions follo-
wing a sting challenge (8).

The purpose of this study was to analyse immuno-
blotting changes in patients under VIT, comparing
wasp, polistes and honeybee VIT in regard to the evo-
lution of the number and intensity of positive IgE and
IgG4-binding bands.
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MATERIAL AND METHODS

Patients

All patients had a history of severe clinical reactions
after hymenoptera sting and positive skin tests and
increased serum specific IgE to hymenoptera venoms.

We studied 8 patients allergic to honeybee venom (7
males and 1 female, mean age: 429 years), 8 patients
allergic to wasp venom (4 males and 4 females, mean
age: 38+13 years) and 1 female patient allergic to
Polistes venom (60 years old) before and during VIT (3
years). During VIT all patients were re-stung in the
field, at least once, without any systemic reaction.

Serum of highly sensitized honeybee and wasp
venom allergic patients served as positive controls,
and serum of 15 nonatopic patients without history of
insect sting, as negative controls.

Western blot analysis

Immunoblotting was performed with the AlaSTAT
AlaBLOT specific IgE and 1gG4 test system (DPC, Bad
Nauheim, Germany) to insect venom allergens accor-
ding to the manufacturer’s instructions.

Briefly, venom extracts were electrophoresed by SDS-
PAGE, electrotransferred to nitrocellulose membrane
strips and then incubated with 50 _L of diluted patient
sera for 120 min at room temperature. Anti-IgE or
anti-lgG4 monoclonal antibodies labelled with the
reporter enzyme alkaline phosphatase were immobi-
lized at sites where patient IgE or |gG4 was bound to
venom extracts on the membrane strip. By adding a
chromogenic substrate for the reporter enzyme,
venom bands recognized by a patient’s specific Igk or
IgG4 were visualized. The colour development was
stopped after 15 min. The bands obtained were quan-
tified by densitometry after scanning using the
Biosoft Software (Biosoft, Oxford, UK). Signals in
controls or patients were regarded as being positive if
their intensity (i.e. relative area under the curve) was
in excess of the intensity plus 2 standard deviations of
the blots using negative control sera.

To identify individual bands, molecular masses were
assessed by measuring the distance between the
edge of the dye front and the centre of the band of
interest. To calculate the molecular mass in kilodal-
tons (kDa), which allows identification of the respecti-
ve allergen, a lot-specific formula provided by the
manufacturer was used.

RESULTS

B Honeybee venom allergic patients- IgE and IgG4-
binding bands: Several IgE binding bands were detec-
ted in the regions of 10, 13, 15, 16, 44 and 52 KDa
(Table 1). The 10 kDa region may represent the tetra-
mer of melittin (9) and the regions of 15 kDa may
represent the molecular size of phospholipase A2 in
different glycosilated forms (9). 16 kDa and 44 kDa
bands represent the major allergens Api m1 (phos-
pholipase A2) and Api m2 (hyaluronidase), respecti-
vely (10). IgE binding to 13 and 52 kDa bands was
already identified by other authors (7, 9)

The most frequent IgE-binding bands were situated in
the 16 kDa and 44 kDa regions,. All patients showed
positivity in the 16 kDa region and, in the 44 kDa,
seven of the 8 patients (87,5%) also showed positive
results. In the 13 and 15 kDa regions there were six
patients (75%) with positive binding bands and in the
10 and 52 kDa regions only two patients (25%) sho-
wed positive IgE-binding bands before VIT.

During VIT we could see complete disappearance of
some IgE-binding bands: two patients in the 13 kDa
region; 5 patients in the 15 kDa regions, 1 patient in
the 44 kDa and 52 kDa regions. In the 10 and 16 kDa
regions we didn’t see a complete disappearance of
any bands; however, there were significant reductions
in the IgE binding intensity (mean decrease of 44 and
73%, respectively). In the other bands we have obser-
ved mean decreases of IgE-binding intensity of 57%
(13 kDa), 67% (15 kDa), 71% (44 kDa) and 39% (52
kDa), after three years of VIT (table 1).

Regarding |gG4-binding bands we found very similar
results to IgE-binding bands: same regions (10, 13,15,
16, 44 and 52 kDa) and approximately the same fre-
quence of positive bands (table 2).

All patients showed positivity in the 16 kDa region
and, in the 44 kDa and 15 kDa regions, seven of the
8 patients (87,5%) also showed positive bands. In the
13 kDa region there were six patients (756%) with posi-
tive binding bands, in the 52 kDa region only two
patients (25%) and in the 10 kDa region only one patient
showed positive IgG4-binding bands before VIT.

During VIT we observed de novo appearance of
IgG4-binding bands in the 13 kDa region (1 patient),
44 kDa region (1 patient) and 52 kDa region
(3 patients). This positivity, which was not present
before VIT, appeared first at 12 months and was
further increased at 36 months.

In the three regions where most patients had positive
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IgG4-binding bands before VIT (15, 16 and 44 kDa)
there was an increase in 1gG4 binding intensity in
these regions after three years of VIT (mean increase
of 49% in 15 kDa region; 35% in 16 kDa and 66% and
for 44 kDa: %). In the 10 kDa region, only one patient
showed evidence of IgG4 binding, even after three
years of VIT. In the 13 kDa region there was a mean
increase of 50% and in the 52 kDa region there was a
mean increase of 160% in IgG4-binding intensity after
three years of VIT

B Wasp/Polistes venom allergic patients- IgE and
1gG4-binding bands: Several IgE-binding bands were
detected in the regions of 22, 23, 35, 44 and 52 kDa
(Table 3). 23 kDa bands may correspond to antigen 5
of wasp or polistes venom (Ves v5 and Pol a5), 35 kDa
may correspond to phospholipase A1 of wasp or
polistes (Ves v1 and Pol a1). 44 kDa bands may cor-
respond to Ves v2 (hyaluronidase) (10, 11) Fig. 1.

Before VIT, we identified in all wasp venom allergic
patients (Table 3) IgE binding to 35 kDa region. Seven

patients (87.5%) showed IgE binding bands to 23 and
44 kDa regions. In the 22 kDa and in the 52 kDa
regions, only two patients had positive bands.

In the course of wasp VIT we could see complete
disappearance of some IgE-binding bands: 4 patients
in the 23 kDa, 1 patient in the 35 kDa and 4 patients in
the 44 kDa region. In the 22 and 52 kDa regions we
didn't see a complete disappearance of any bands;
however, there were significant reductions in the IgE
binding intensity (mean decrease of 44 and 59%, res-
pectively). In the other bands we have observed mean
decreases of IgE-binding intensity of 71% (23 kDa),
55% (35 kDa), 75% (44 kDa), after three years of VIT
(table 3).

Regarding specific IgG4 to wasp venom (Table 4), it
was only in the 35 kDa region that we detected IgG4
binding in all patients before VIT, with a mean increa-
se of 117% during VIT. Three patients in the 23 and
two patients in the 44 kDa regions, showed de novo
appearance of positive bands in these regions, identi-

10KDa 13KDa 15KDa 16KDa 44KDa  52KDa

0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y
1000000964,25178‘6'0 0 0 0 0
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30 0015 00 14 4 021 7 1 8 6 0 0 0
40 00000 00 03251811 9 0 0 0
5 24 12 12 2511"3;15 16 0 0 10172 22107 98 30 0 0 O
6 8 8 6 20 6 5 10 0 0590‘70 10498}38\2020’0’ 0
70 00 3 43 18 0127 95 2 7 0 0 0
80 003 2 2 0001239 6 0‘ok0E544}0mg3

Table 1: Honeybee venom IgE binding regions (binding intensity at different time
points 0, 1 year and 3 years of VIT).

10KDa 13KDa 15KDa  16KDa 44KDa  52KDa

0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y
10 0 0 31 36 36 33 54 54 70101101 0 156 15 0 0 0
2 0 0 0 0 10 12 41 59 80 99 133141 10 13 40 0 8 11
30 0 0 12 15 17 101150162 137179184 20 29 39 0 0 O
40 0 0 9 31 32 153165179 162171184 34 45 48 6 13 17
5 43 49 57 42 58 62 115132148 150 154160 111131123 0 18 27
6 0 0 0 9 1318 15 28 37 24 36 50 16 35 48 0 9 15
7 0 0 0 30 38 50 33 45 70 60 72 90 12 24 35 0 0 O
80 00000 000 9 145 7 9 32 9 1537

Table 2: Honeybee venorﬁwlgG4 binding regions (bihding ir‘mté'r{sity at different time
points 0, 1 year and 3 years of VIT).
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fiable at one year after the start of VIT. However, in
both regions, one patient did not show any 1gG4 bin-
ding even after 3 years of VIT. The mean increase in
band intensity was 79% for 23 kDa and 128% for 44
kDa region. In the 22 and 52 kDa regions, no patient
showed lgG4 binding before VIT; however, during VIT,
three and seven patients, respectively, showed IgG4
binding bands in these two regions.

In the patient allergic to Polistes venom, we could only
detect IgE binding to the 23 and 35 kDa regions, (Fig.
2) and IgG4 binding to 23 KDa region, with an increa-
se in IgG4 binding and a decrease in IgE binding inten-
sity during VIT, including the disappearance of the 23
kDa band at three years of VIT (tables 3 and 4).

As it can be seen in Tables | to IV, there are individual
patterns in these variations and there are no apparent
correlations between variations of intensity in immu-
noglobulin binding bands or between intensity of
IgG4 or IgE binding bands, before or during VIT.

22KDa 23KDa  35KDa  44KDa  52KDa
TTT0AY 3y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y
1 00 0140020128 700 00 0
2 00 0 5 4 2201912 00 0 00 0
3 00 0 00083 2 500 000
4 00 0201472317 5 127 3 00 0
5 2412 12 2416 0 4231 22 136 3 0 0 0
6 8 8 6 271102519 12170 0 2010 7
7 0 0 0 159 879282 90 0 14116
8 00 05518126 2 0 187 4 00 0
Pol 0 0 0 9 3 03532 00 0 0 0 0

Tabié 3:VV(/'asp‘andeolistes venom IgE binding regions (binding intensity
at different time points 0, 1 year and 3 years of VIT).
*Pol — Polistes venom allergic patient.

DISCUSSION

It has been shown by numerous studies that VIT pro-
vides effective protection for 90-95% of patients with
a history of sting anaphylaxis who are subsequently
restung after therapy (12). Besides clinical data obtai-
ned from accidental field stings or from in-hospital
sting challenges, the immunologic parameters used
to evaluate the response to VIT are serum measure-
ments of specific IgE and IgG or 1gG4, the latter
constituting the predominant antibody response
during VIT (13). Despite the fact that most patients do
have a significant increase in specific IgG4 titer after
reaching maintenance doses, several investigators
have been unable to show a relationship between
increased IgG4 and clinical protection (9,14). The
same considerations apply to specific IgE: usually
specific IgE values and skin tests gradually decrease
during VIT, being below initial values after one year of
VIT. However, these tests do not have a significant
predictive value, the exception being if both skin tests
and specific IgE become negative, which indicates cli-
nical protection (1). Other authors have put forward
the hypothesis that it is the ratio of IgE/IgG4 to single

' 22KDa 23KDa  35KDa  44KDa  52KDa
T7T0 Y3y o 1vaY 0 1Y 3Y 0 1Y 3Y 0 1Y 3Y
1 0 0 0 109131140 41 46 78 103119129 0 0 15
20 17 30 28 31 47 31 42 55 1519 37 0 0 21
3 0 6 15 27 15 28 16 29 74 19 62 150 0 0 27
4 O 0 0 0 0 0 3690145 9 11 24 0 17 50
5 0 9 2526538471842 71 0 0 35 0 0 0
6 00 0 01017 7 13 24 122839 0 0 19
7 00 0 01617 31223 0 0 0 0 6 23
s 0 0 0 01381328 30 35 0 69 97 0 54 86
Pol 0 0 0 2317017550 32 64 0 0 0 0 0 0

Tabyleh: Wasp ahd Pblistes venom IgG4 bindihg regions (bindying intensity
at different time points 0, 1 year and 3 years of VIT).
*Pol - Polistes venom allergic patient.
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Figure 1: sIgE immunoblotting for wasp venom.
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Figure 2: sigE immunoblotting for Polistes venom.
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allergens that better reflects protection (9). In their
study analysing reactors and non reactors to sting
challenge after VIT, the authors propose that protec-
tion is indicated by the presence of significant
amounts of specific lgG4 to all single allergenic com-
ponents to which the patient has specific IgE, whereas
absent or insufficient 1IgG4 to only one allergen to
which IgE is present is associated with allergic symp-
toms (9). If this hypothesis is true, immunoblotting
techniques are absolutely neceséary in order to detect
single band variations in specific IgE and IgG4 titers.
However, the assessment of VIT efficacy by sting chal-
lenges is not without criticism, since some non-reac-
tors to a sting challenge can present systemic reac-
tions to subsequent stings (15). This fact together
with the ethical problems raised by this type of chal-
lenges stresses the need for a more practical method
of assessing VIT efficacy, mainly if it can show, at
least, close correlations with the outcomes of a sting
challenge.

In our study all patients suffered field stings during
the course of VIT and there were no systemic reac-
tions in any patient. Despite being an uncontrolled
challenge, we believe these negative field stings can
be regarded as evidence in favour of VIT efficacy in
patients who previously had systemic reactions. In
fact, our data showed the existence of variations in
the intensity of specific IgE and IgG4 bands following
VIT, which could reflect the immunological protection
of VIT in patients with hymenoptera allergy.

In honeybee venom allergic patients only two
patients (4 and 8) did not present disappearance of
any IgE-binding band. In the remaining 6 patients we
could observe disappearance of a total of 9 IgE-bin-
ding bands. Regarding 19G4-binding bands we could
see appearance of 5 new bands in 4 patients at the
end of three years of VIT. If we analyse the ratio
IgE/IgG4 of single allergenic bands we can see only
two examples of persistence of IgE-binding bands
without appearance of any |gG4-binding bands (10
kDa in patient 6 and 13 kDa in patient 8). However, the
intensity of any of these two IgE-binding bands was
extremely weak and therefore, probably not respon-
sible for any clinical symptoms after challenge.

In wasp/polistes venom allergic patients there were
also only two patients (2 and 4) who did not present
disappearance of any IgE-binding bands and, in total,
we could register the disappearance of 10 IgE-binding
bands in 7 patients. However, the main difference to
honeybee venom allergic patients was seen in IgG4-
binding bands: all wasp-allergic patients showed de
novo appearance of at least one IgG4-binding band not
present before VIT, in a total of 15 new IgG4-binding

bands. Furthermore the mean increase in intensity in
the total IgG4-binding bands was approximately 400%
in wasp versus 55% in honeybee venom. Regarding
IgE-binding bands the mean decrease in intensity was
68% in wasp versus 71% in honeybee venom.

These changes also reflect in the ratios of single aller-
gen IgE/IgG4-binding intensity, which have shown a
consistent tendency towards decreased values over
the three years of VIT, more pronounced in wasp VIT
where we observed reductions of IgE/lgG4 ratios of
more than ten times in almost all bands.

Indeed, it is quite interesting to see that the immuno-
logic changes that we describe are much more pro-
nounced in the wasp than in honeybee VIT patients, a
fact that could help to explain the better clinical
results observed in wasp VIT by several authors (16).

Since our study has only included patients that we
regarded as having been successfully treated with VIT
it is really impossible to state which magnitude of
change in IgE and/or IgG4-binding intensity will be
the most helpful to discriminate between successful
and non-successful VIT or to help in the decision of
stopping VIT. However, we believe that the data from
this study emphasizes the importance of looking at
individual patterns and at changes in the intensity of
IgE/IgG4 binding to single allergen bands. We also
believe that best VIT results can be expected when
there is a simultaneous decrease in intensity of a cer-
tain IgE-binding band (preferably to zero) together
with an increase in the intensity of the respective
IgG4-binding band.

CONCLUSIONS

During successful VIT there are evident decreases in
the intensity and number of specific IgE-binding
bands and a complementary increase in the number
and intensity of IgG4-binding bands. These changes
are more pronounced or more frequent in wasp than
in honeybee VIT, a fact that could explain the better
results usually seen in wasp-venom allergic patients.
The significant decrease in the ratio of specific
IgE/IgG4 to single allergens can reflect the immunolo-
gical improvement induced by VIT in a more accurate
way than simple serum specific IgE or IgG4 measure-
ments to venom extracts. More studies are needed in
order to determine if these immunoblot findings can
be correlated with relevant clinical data, namely with
the outcomes of sting challenges in successfully and
non-successfully treated patients, in order to determi-
ne if this could really be a better and safer tool for the
assessment of the efficacy of VIT.
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