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Chapter

Absence of Th2 cell suppression during
venom immunotherapy in wasp-venom
allergic, indolent systemic mastocytosis
patients.
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Abstract
Background: Wasp venom anaphylaxis occurs in a large fraction of patients with
mastocytosis. Venom immunotherapy (VIT) induces clinical tolerance and long-term
protection against allergic reactions to insect stings in patients with wasp venom allergy
(WVA). In indolent systemic mastocytosis (ISM) patients with WVA however, long-term
protection after termination of VIT is absent.
Objective: We aimed to study the immunological changes associated with VIT in ISM
patients.
Methods: Specific IgE (sIgE) for Wasp Venom (WV), Ves v 1, and Ves v 5, as well as WVsIgG4 were determined in serum of WVA patients without and with ISM before and after
VIT. WV-specific Th cell responses were analyzed by characterizing CFSE labeled PBMC
cultured in the presence of dialyzed and heat-inactivated WV-extract. Ex vivo expression
of IL-4, IFNg, IL-10, FOXP3, IL-9, and IL-17 in WV-activated Th cells were analyzed by flow
cytometry.
Results: WV-specific IL-4 producing Th cells were detected in both WVA patient groups.
ISM patients show significantly lower serum levels of WV- and Ves v 5-sIgE. During VIT
both patient groups showed induction of Ves v 5-sIgE, and WV-sIgG4. In WVA patients
without ISM numbers of WV-specific IL-4 and IL-9 positive Th cells are suppressed by VIT.
Remarkably, this Th2 cell suppression is not observed in WVA patients with ISM.
Conclusion & Clinical Relevance: In our study we report for the first time an underlying
WV-specific Th2 response in WVA patients suffering from ISM. Interestingly, and
in contrast to WVA patients without ISM, VIT treatment is not able to suppress this
allergen-specific Th2 response in WVA-ISM patients. These differential effects of VIT on
Th2 cells between WVA patients with and without ISM may explain the lack of long-term
protection seen in WVA patients with ISM, and offer avenues for improvement of VIT
treatment in this patient group.
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Indolent systemic mastocytosis (ISM) is the most prevalent form of systemic
mastocytosis (SM) and is characterized by a clonal proliferation of mast cells (MC) [1].
Clinical manifestations result from MC infiltration and/or the release of MC mediators
[2]. In patients with mastocytosis the prevalence of insect venom allergy is high, varying
from 6 to 27%, but is particularly high (47.4%) in patients with ISM [3, 4]. This prevalence
is far higher as compared to the normal population where it is estimated to be 0.3–
3% [5]. In addition, in ISM insect venom allergy goes almost always along with severe
anaphylactic reactions (grade IV[6]) compared to venom-allergic patients who do not
suffer from ISM where the estimated prevalence of severe anaphylaxis is 0.3% to 42.8%
of such systemic reactions [4, 7].
The severe and often life-threatening anaphylactic reactions in ISM patients require
effective treatment [8]. For insect venom allergic patients without mastocytosis, venom
immunotherapy (VIT) can restore normal immunity against venom allergens and
provide patients with a lifetime of clinical tolerance to venom [9, 10].
Based on a meta-analysis of venom anaphylaxis in ISM patients, we previously
concluded that VIT is reducing the risk of a reoccurring systemic reaction to insect stings
in this patient group [3], but to a lower extent than in patients without mastocytosis.
In addition, the long-term protection after termination VIT treatment might be less or
even absent in insect venom allergic patients with mastocytosis [3, 11]. The reason for
the reduced clinical efficacy in insect venom allergic ISM patients is currently unknown.
In insect venom allergic non-ISM patients long-term clinical protection has been
postulated to be the result of suppression of the induction of CD4+ helper T (Th) cell
tolerance [12], no data exists in mastocytosis patients. The allergic immune response
is characterized by higher frequencies of allergen-specific Th2 cells [13] and reduced
numbers of allergen-specific regulatory T (Treg) cells [14] compared to healthy subjects.
In venom allergy, the role of wasp venom (WV)-specific Th2 cells is under debate [15].
Determination of T cell responses to wasp venom is hampered by the cytotoxicity of the
venom [16], precluding direct analyses of WV-specific T cell phenotypes. To circumvent
venom toxicity, T cell stimulations so far have been performed using very low doses of
WV [16, 17] or recombinant wasp or bee venom allergens such as Phospholipase A2 (Ves
v 1) or Antigen 5 (Ves v 5) [18, 19]. These studies have revealed that exposure to high
doses of bee venom due to natural causes in beekeepers, or VIT treatment induces a
shift in WV-specific T cell responses by reducing allergen-specific Th2 cell numbers and
inducing Th1 and Treg cells and expression of the immunosuppressive cytokine IL-10
[16, 18-20]. These data indicate that in wasp venom allergic (WVA) patients without ISM
suppression of WV-specific Th2 cells is readily achieved by VIT. The lack of clinical efficacy
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of VIT treatments and the absence of long-term protection against insect anaphylaxis
in WVA patients with ISM led us to hypothesize that VIT treatment in this patient group
fails to induce suppression of WV-specific Th2 cells.
To test our hypothesis we aimed to compare the immunological responses
induced by VIT treatment in wasp-venom allergic (WVA) patients with ISM to those of
WVA patients without ISM. To this end, we first optimized the culture of WV-specific
Th cells ex vivo, and compared these between WVA and non-allergic individuals. We
demonstrate the possibility to circumvent the cytotoxicity of wasp venom by using
a dialyzed and heat inactivated extract. Remarkably, WV-specific Th2 responses are
readily observed in WVA patients without, as well as in those with ISM. Interestingly,
and in contrast to WVA patients without ISM, the numbers of IL-4 and IL-9 producing
WV-specific Th cells were not suppressed by VIT treatment in WVA patients with ISM,
while in both groups WV-sIgG4 and Ves v 5-sIgE were increased. These divergent effects
of VIT on the suppression of Th2 responses between WVA patients with and without ISM
might explain the differences in clinical efficacy and long-term protective effects of the
treatment seen between both patient groups.

Methods
Patients
To optimize the ex vivo cultures of PBMC in the presence of WV extract for the study the
WV-induced T cell responses 8 WVA patients and 6 non-allergic (NA) healthy volunteers
who recalled being stung by a wasp without a systemic allergic reaction and who were
negative for WV-specific IgE served as control.
For the comparative study of the Th cell responses during VIT treatment in WVA
patients with and without ISM, 10 WVA patients without ISM and 11 WVA patients with
ISM were recruited. All patients had not been treated with VIT before the start of the
study. ISM was diagnosed based on the WHO criteria [21] and WVA was diagnosed based
on a history of severe anaphylaxis, venom-specific IgE, and/or intradermal skin testing
according to the EAACI guidelines. VIT was carried out using a semi-rush protocol
of weekly escalating doses of wasp venom extract (Pharmalgen-Wasp, ALK-Abelló,
Hørsholm, Denmark) injected subcutaneously in the upper arm, until the maintenance
dose of 100,000 AU was reached (week 6) as represented schematically in Figure 2.
Blood for serum and PBMC was drawn before start of VIT, and after 6 weeks of VIT for
both the WVA patients with ISM and without ISM (Fig 2). Informed consent was obtained
from all patients and the ethical committee board of the University of Groningen, The
Netherlands, approved the study. Patient characteristics are shown in Table 1.
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WVA

NA

WVA non-ISM

WVA ISM

Number

A.

8

6

B.

10

11

Age

42.7 (31-54)

34.8 (28-51)

48 (26-64)

57 (39-73)

Sex (M/F)

4/4

3/3

8/2

4/7

WV sIgE (Ku/L)

9.9 (1.1–100)

< 0.02

18.45 (1.5-52)

0.22 (0.005-4.0)

total IgE (Ku/L)

221 (35.7-852)

79.2 (38.6-232)

16.90 (4.5 - 159)

Anaphylaxis
(grade*)
I

1

0

0

0

II

2

0

0

0

III

2

0

1

1

IV

3

0

9

10

Skin Testing
Intradermal skin testing was performed in all WVA ISM patients and in WVA non-ISM
patients with inconclusive serologic sIgE measurements. Increasing concentrations of
0.03 ml Pharmalgen wasp (ALK-Abelló) ranging from 0.001 – 1 µg/mL were injected
intradermally with a read out after 15 minutes. The skin test was considered positive
if the wheal of the venom compared to wheal of the injected histamine (HEIC) was at
least 0.5.

Serum specific antibodies
Serum specific IgE antibodies (sIgE) to bee venom (BV), wasp venom (WV) and species
specific WV components (native (n)Ves v 1 and nVes v 5) were determined in the ADVIA
Centaur (ADVIA) [22] (Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA).
A value of >0.35 kU/L was considered as positive. Serum venom-specific IgG4 were
determined using ImmunoCAP (Phadia, Upsalla, Sweden).

PBMC
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized whole
blood by ficoll gradient (Lymphoprep, Axis-Shield, Norway) and frozen as previously
described [23].
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Table 1: Patient characteristics A Describes the characteristics of WVA and non-allergic patients for
the study of ex vivo PBMC cultures with WV. Table 1B describes the characteristics of WVA patients
with and without ISM, treated with VIT.
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Wasp Venom extracts
WV extract (ALK-Abelló Source Material Laboratories, Inc. PA; USA) was dissolved in sterile
PBS. Dialyzed WV extract (dWV) was obtained using a 1mL 3.5-5 kD dialysis membrane.
1ml of WV-extract was dialyzed toward 1L of sterile PBS during 24h (refreshed 2 times),
and sterile filtered (0.22 µm filter). Heat inactivated WV extract (hiWV) was obtained
by heating the dWV extract to 80°C during 30min, whereupon the extract was placed
on ice, and stored at -20°C. When the extract was both dialyzed and heat inactivated
(dhiWV), dialysis was performed before the extract was heat inactivated.

Gel electrophoresis
WV-extracts were separated by gel electrophoresis using 10-20% Tris-glycine gels
(Invitrogen, Merelbeke, Belgium), and stained using Sypro ruby staining according to
manufacturers instructions (Invitrogen).

PBMC cultures with WV extract
For cell viability and proliferation, PBMC (2 x 105) were cultured in Ultra Culture Medium
(BioWhittaker) supplemented with 2mM glutamine and 2 x 10 -5M β-mercaptoethanol in
the presence of titrated concentrations (5-60µg/ml) of WV, dWV, hiWV, dhiWV extract
and rVes v 5 (ALK-Abelló, endotoxin levels < 0.05 EU/mL in culture). PBMC cultured in
medium alone served as a control. Cell viability was determined using trypan blue.
Proliferation was measured using tritiated thymidin (0.5µCi per well), added at day 6
for the last 16h of culture. Allergen-induced proliferating T cells were detected by flow
cytometry as described before [13].

Flow cytometry
Cultured cells were stained for surface markers at 4°C for 30 minutes in dark with
the following antibodies: CD3-eFluor605 (eBioscience, San Diego, USA), and CD4PerCP (BD-Pharmingen, Erembodegem, Belgium). Subsequently, cells were fixed, and
permeabilized using 2% formaldehyde (Merck KGaA, Darmstadt, Germany) and 0.1%
saponin (Sigma-Aldrich) solutions. For intracellular staining, IL-4-PE (BD Pharmingen),
IFNg-PE-Cy7 (eBioscience), FOXP3-AlexaFluor647, IL-10-PeCy7, IL17-AlexaFluor647, IL-9PE (all Biolegend, San Diego, USA) antibodies were used. Isotype controls and labelled
non-restimulated cells served as controls. Measurements were performed using BD
LSR-II flow Cytometer (BD Pharmingen), and analysed using Flowjo software (Tree Star,
Inc, Ashland, Ore).

78

Differences between Th-cell responses from two groups with a non-parametric
distribution were detected using Mann-Whitney Tests and results are expressed as
median and range. By normal distribution, student T tests were used and results
expressed as mean ± SEM. P < 0.05 was considered to be statistically significant
(GraphPad Prism; Inc, La Jolla, USA).

Results
Efficient analysis of WV-specific Th cell phenotypes ex vivo after dialysis
and heat inactivation of venom extract
To test our hypothesis that VIT treatment fails to induce suppression of WV-specific
Th2 cells in WVA patients with ISM, we first aimed to be able to characterize the WVspecific Th cell responses during VIT treatment. As it is well known that WV-extracts
contain cytotoxic components hampering the ex vivo culture of WV-responsive Th
cells [16], we cultured PBMC in the presence of a dilution series of WV-extract. As
shown in figure 1A, PBMC cultures from WVA individuals containing more than 10 µg/
mL of WV showed decreased cell viability compared to cultures with medium alone.
Neither heat inactivation (hiWV) nor dialysis (dWV) of the WV extract was sufficient to
maintain the viability of PBMC throughout the culture period (at a concentration of
60µg/mL). In contrast, a combination of heat inactivation and dialysis of the WV extract
(dhiWV) resulted in the retention of cell viability up to at least 80% survival for 5 days
of culture (Fig. 1A). Protein gel electrophoresis showed no gross differences in the
presence of dominant protein bands in the extracts after heat inactivation and dialysis
(Supplemental Fig S1). These results demonstrate that dialysis and heat inactivation of
the WV extract results in strongly decreased cytotoxicity of the extract, whilst retaining
the major protein constituents.
Subsequently we determined the optimal concentration of dhiWV extract for the
induction of ex vivo proliferation. Measurement of the proliferation of PBMC from
WV-allergic individuals after 6 days of ex vivo culture in the presence of a range of
concentrations of dhiWV extract indicated that 30 µg/ml was the optimal concentration
to induce WV-specific Th-cell proliferation (Fig 1B). PBMC proliferation in the presence of
30 and 60 µg/ml of rVes v 5 was significantly lower compared to similar concentrations of
dhiWV (p<0.01, Fig 1B). This indicates that use of the full dhiWV extract induces stronger
T cell responses compared to the rVes v 5 allergen, likely reflecting the involvement of a
larger number of T cell clones and therefore more accurately reflecting the involvement
of the full Th cell repertoire specific for the WV-extract.
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Figure 1: T cell responses to a whole WV-extract. (A) Cell-viability of PBMC measured at different
time points (hours) after start of culture under different conditions: Medium alone (■), Wasp
Venom extract (WV-extract, 60µg/mL, □), Heat inactivated Wasp Venom extract (hiWV-extract,
60µg/ml, ), Dialyzed WV-extract (dWV-extract, 60µg/ml, ○) Dialyzed and Heat Inactivated Wasp
Venom Extract (dhiWV-extract ▲). (B) Proliferation of PBMC cultured 6 days in the presence of
medium (0µg/ml), different concentrations of dhiWV-extract (5, 10, 30, 60µg/ml), and rVes v 5 (30,
60 µg/ml). (C-D) In vitro tracking of dhiWV-induced proliferating Th cells in non-allergic (NA, n=6)
and wasp venom allergic (WVA, n=8) individuals using CFSE dilution after 8 days of culturing
in the presence of 30µg/ml dhiWV-extract. (C) Percentages of CFSElow Th cells in NA and WVA
individuals are depicted. (D) Percentages of cytokine (IL-4, IFN-γ, and IL-17) expressing CFSElow
Th cells, after 16h of restimulation using plate-bound aCD3, and soluble aCD28. p < 0.05, **: p <
0.01.

Number of WV-specific Th2 cells is increased in WVA individuals.
In order to detect the number and cytokine production profile of WV-specific Th cells
in WVA patients (n=8) and non-allergic healthy controls (n=6), CFSE labeled PBMC were
cultured in the presence of 30 µg/ml dhiWV extract for 8 days, followed by analysis of
the CFSElow CD4+ T cells, which are the allergen-responsive Th cells [13]. We detected
significantly more CFSElow, proliferating Th cells in dhiWV extract stimulated PBMC from
WVA patients compared to those from non-allergic, healthy controls (p<0.01) (Fig 1C;
Table 2 and Suppl. Fig S2). Next, we analyzed cytokine expression profiles of these WVspecific Th cells. We found that a significantly increased number of the CFSElow Th cells
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A

B

Figure 2: (A) VIT semi-rush treatment schedule of the WVA patients without (WVA non-ISM,
n=10) and with (WVA ISM, n=11) indolent systemic mastocytosis (ISM); ↓ mark the subcutaneous
injections. Visits (V)1-2 mark the blood sampling for PBMC and serum at the indicated time points
before VIT injection. (B) Serum levels of Wasp-venom (WV), Ves v 1 –, and Ves v 5 – specific IgE
(ku/L), and WV-sIgG4 (mg/L) at V1 and V2. All dots represent single measurements, within patient
measurements are connected. *: p<0.05, **: p<0.01, ***: p<0.001, NS: p>0.05.
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was IL-4 positive in WVA patients compared to non-allergic controls (Fig 1D and table
2; p < 0.05), indicating a Th2 biased response of the allergen-specific Th cells in WVA
patients. Moreover, a trend towards decreased percentages of allergen-specific Th cells
producing IFNg (p = 0.12) or IL-17 (p=0.09) was observed in WVA patients compared to
controls (Fig 1D and Table 2). No difference was found in the percentage of dividing
Th cells expressing FOXP3, IL-10, and IL-9 between WVA patients and controls (Table
2). Taken together, these data indicate that (i) the use of dhiWV allow efficient ex vivo
phenotypic characterization of WV-specific Th cells, and (ii) WVA individuals have a Th2
biased WV-specific Th cell pool.
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Table 2. Percentage of CFSElow CD4+ T cells, and percentage of cytokine producing cells from the CFSElow
CD4+ T cells in Wasp venom allergic (WVA) patients and healthy controls (NA) as detailed in Table 1A.
NA (n=6)

WVA (n=8)

Stat

1.12 ± 0.2%

6.05 ± 2.2%

**

IL-4

3.3 ± 0.4%

6.2 ± 0.9%

*

IL-9

0.22 ± 0.05%

0.38 ± 0.1%,

NS

IFNγ

19.35± 5.5%,

10.54 ± 2.3%

NS

IL-10

0.22 ± 0.08%),

0.21 ± 0.03%,

NS

IL-17

14.35 ± 4.7%,

6.1± 1.7%

NS

2.6 ± 0.6%

1.8 ± 0.3%

NS

CFSE

low

FOXP3

*: p < 0.05, **: p < 0.01

VIT induced immunoglobulin changes in both ISM and non-ISM WVA
patient groups
Since we aimed to test our hypothesis that VIT treatment in WVA ISM patients is less
efficient in inducing Th cell tolerance, we next performed phenotypic analysis of WVspecific Th cells in WVA ISM and WVA non-ISM patients during the up-dosing phase of
VIT treatment (see Fig 2A for treatment schedule and Table 1B for patient characteristics).
First, to evaluate antibody responses to VIT treatment, we determined WV-sIgE, Ves v 1
and Ves v 5 as well as WV-sIgG4 in WVA patients with and without ISM. Before treatment
the WV-, and Ves v 1-sIgE levels were significantly lower in WVA ISM patients compared
to WVA non-ISM patients (resp. p=0.007 and p=0.02, Table 3). We also observed a trend
towards lower Ves v 5-sIgE in WVA ISM patients (p=0.06). Before treatment, WV-sIgG4
levels did not differ between WVA ISM and non-ISM patients (Table 3).
Compared to the baseline measurement, levels of Ves v 5-sIgE as well as WV-sIgG4
significantly increased after 6 weeks of treatment in WVA non-ISM patients (Fig. 2B,
Table 3). In WVA patients with ISM, levels of WV-, Ves v 1-, Ves v 5-sIgE, and WV-sIgG4
were significantly increased 6 weeks after VIT treatment as compared to baseline levels
(Fig 2 B, Table 3).
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Table 3. Venom specific Ig measurements before and during VIT treatment
Immunoglobulins

V1

V2

WVA non-ISM

36.06 ±11.27

51.31 ± 13.22

WVA ISM

1.5 ± 0.5##

9.5 ± 4.3***

WVA non-ISM

41.39 ± 15.05

53.09 ± 15.13

WVA ISM

1.229 ± 0.6##

11.88 ± 6.5**

WVA non-ISM

11.47 ± 5.2

26.44 ± 9.2*

WVA ISM

1.5 ± 0.63

5.62 ± 2.9**

WVA non-ISM

2.5 ± 2.08

3.9 ± 1.8*

WVA ISM

1.45 ± 0.8

6.8 ± 2.05***

WV-sIgE (kU/L)

Ves v 1-sIgE (kU/L)

Ves v 5-sIgE (kU/L)

WV-sIgG4 (mg/L)

*: p < 0.05, **: p < 0.01, ***: p < 0.001. *: visit compared to baseline. #: WVA ISM patients compared
to WVA non-ISM patients

VIT reduces the number of Th2 cells in WVA non-ISM patients
Next, we analyzed the Th cell responses in WVA patients with and without ISM during the
first 6 weeks of VIT treatment. No difference was observed in the number of proliferating
WV-responsive Th cells between WVA patients with ISM and those without ISM at
baseline (Fig 3A, Table 4). After 6 weeks of VIT, a trend (P=0.08) towards an increased
number of proliferating Th cells was seen in WVA non-ISM patients (Fig 3A, Table 4). In
WVA ISM patients, the percentage of proliferating Th cells increased significantly after
6 weeks of treatment (p=0.03) (Fig 3A, Table 4). These data indicate that VIT treatment
leads to a similar expansion of WV-responsive Th cells in both WVA patient groups.
To test the effect of VIT treatment on Th cell phenotype, we evaluated the cytokine
expression profile of WV-specific Th cells during VIT treatment in WVA patients with
ISM and those without ISM. The number of IL-4 and IL-9 expressing WV-specific Th cells
in WVA patients without ISM decreased significantly after 6 weeks of treatment (resp.
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Overall, higher sIgE levels were observed at baseline in WVA patients without ISM
compared to WVA patients with ISM. Notwithstanding, after 6 weeks of VIT, a significant
increase in sIgE and sIgG4 levels were seen in both patient groups (Fig 2B, Table 3).
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Figure 3. In vitro tracking of dhiWV-induced proliferating Th cells in WVA patients without (WVA
non-ISM) and with (WVA ISM) indolent systemic mastocytosis. (A) Percentages of CFSElow Th
cells from WVA non-ISM (n=10) and WVA ISM (n=11) patients from V1 and V2, after 8-day cultures
in the presence of 30µg/ml dhiWV-extract. (B) Percentages of cytokine expressing CFSElow Th
cells from WVA non-ISM and WVA ISM patients. Eight-day cultured PBMC were restimulated
during the last 16h of culture using plate-bound aCD3, and soluble aCD28. The percentage of
CFSElow Th cells expressing IL-4, IL-9, IFNγ, IL-10, IL-17 and FOXP3 are depicted. All dots represent
single measurements, within patient measurements are connected. *: p < 0.05, **: p < 0.01.
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Table 4. Percentage of CFSElow CD4+ T cells, and percentage of cytokine producing cells from
the CFSElow CD4+ T cells in WVA patients with (ISM) and without (non ISM) indolent systemic
mastocytosis (as detailed in Table 1B)
WVA non-ISM

WVA ISM

V1

V2

V1

V2

CFSELow

10.34 ± 1.778

14.53 ±2.75

7 ± 1.83

9.24 ± 2.1#

IL-4

4.17 ± 0.55

3.313 ± 0.41*

7.42 ± 1.5

7.08 ± 1.35

IL-9

0.32 ± 0.07

0.19 ± 0.06**

0.47 ± 0.12

0.40 ± 0.09

IFNγ

11.72 ± 3.88

11.67 ± 3.08

11.69 ± 1.66

9.2 ± 1.56

IL-10

0.31 ± 0.09

0.16 ± 0.04

0.47 ± 0.12

0.4 ± 0.09

IL-17

4.8 ± 1.07

4.15 ± 0.92

4 ± 0.82

2.94 ± 0.62

FOXP3

3.15 ± 0.41

2.4 ± 0.32*

3.45 ± 0.51

2.95 ± 0.47

*: p < 0.05, **: p < 0.01, ***: p < 0.001.

Chapter 5 | Absence of Th2 cell suppression during venom immunotherapy in wasp-venom allergic, indolent systemic mastocytosis patients.

p=0.04, and p=0.005). Surprisingly, this decrease in numbers of IL-4 and IL-9 positive WVspecific Th cells was not observed in WVA ISM patients (Fig 3B, Table 4). No significant
changes were induced by VIT in the fractions of IFNg, IL-10 or IL-17 producing cells in
both groups of WVA patients (Fig 3B, Table 4).
In WVA non-ISM patients, the fraction of FOXP3 expressing allergen-activated CD4+
T cells was decreased after 6 weeks of treatment (p=0.04), which was not observed in
WVA ISM patients (Fig 3B, Table 4). In the non-dividing T cell population, no changes
were detected in FOXP3 expression after starting VIT in both treatment groups (data
not shown). Overall, in WVA non-ISM patients VIT reduced the number of IL-4 producing
Th2 cells, the number of FOXP3 expressing and IL-9 producing Th cells while, intriguingly,
WV-specific Th2 cells were not affected in WVA ISM patients.
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Discussion
In the present study we aimed to test our hypothesis that VIT treatments fails to suppress
Th2 cell activity in WVA patients with ISM. To this end we first optimized the ex vivo culture
and phenotypic characterization of WV-specific Th cells by comparing WVA patients with
healthy non-allergic controls. Here, we find that WVA patients have markedly increased ex
vivo Th cell responses to WV extract, with presence of IL-4 producing WV-specific Th2 cells.
Next, we performed VIT treatment in WVA patients with and without ISM, and analyzed
serum Ig responses and WV-specific Th cell responses at baseline and after 6 weeks of
treatment. Both WVA patient groups showed an induction of WV-sIgG4, and Ves v 5 sIgE.
In the WVA patients with ISM, also Ves v 1-sIgE increased, which is in agreement with other
reports during the updosing phase of VIT treatment [24].
Our data for the first time show that a WV-specific Th2 response is also present in WVA
patients with ISM; analysis of WV-specific Th cell phenotype at baseline revealed a similar
fraction and Th2 bias of WV-specific Th cells between WVA patients with and without ISM.
Moreover, our analyses after 6 weeks of VIT treatment revealed a significantly reduced
number of IL-4 and IL-9 producing Th cells in WVA non-ISM patients, indicating a direct
suppression of Th2 as well as Th9 cells by VIT. Surprisingly, and in marked contrast, we
observed no suppression of WV-specific IL-4 and IL-9 producing Th cell numbers in WVA
patients with ISM during the first 6 weeks of VIT treatment. Although our data do not
provide information about long-term alterations in WV-specific Th cells by VIT in WVA
allergic patients, our results do indicate that the suppression of WV-specific Th2 and Th9
cell numbers observed in WVA patients without ISM after 6 weeks of VIT is not seen in
WVA patients with ISM.
To date, no reports have directly tested the effects of VIT on Th cell responses in
WVA patients with ISM, in part due to the technical difficulties associated with these
ex vivo cultures. WV extracts are known to contain cytotoxic components including
low-molecular-weight amines and irritants [16], which severely hamper the ex
vivo characterization of WV-specific T cells. We show that a dhiWV extract allows
characterization of both proliferation and cytokine responses of WV-specific Th cells.
We cannot exclude that in comparison to the full extract, the relative abundance of
some of the smaller proteins is lower in the dhiWV extract, but the fact that the Th cell
response to the dhiWV extract exceeds that of a similar amount of rVes v 5 indicates
that a significant number of T cell epitopes are well retained in dhiWV extract, while
cytotoxicity is by and large lost. Therefore we postulate that the use of dhiWV extract
to study WV-specific T cell responses ex vivo is superior to either using strongly reduced
levels of WV extract [16] or recombinant allergens [15], enabling detailed studies on
WV-specific T-cell responses.

86

Chapter 5 | Absence of Th2 cell suppression during venom immunotherapy in wasp-venom allergic, indolent systemic mastocytosis patients.

Interestingly, our PBMC cultures with dhiWV extract indicate increased numbers
of WV-specific Th cells in WV-allergic patients compared to non-allergic individuals,
while no differences were observed between WVA patients with and without ISM in
WV-specific Th cell numbers. VIT treatment increased WV-specific Th cell proliferation
after 6 weeks in both ISM and non-ISM WVA patient groups. In agreement with our
data, increased numbers of Ves v 5 specific Th cells have been reported in WVA patients
compared to healthy controls [15, 19], as well as after VIT [19, 25]. Overall these data
indicate that VIT is increasing the proliferation of WV-specific Th cells during the
updosing phase of VIT.
Phenotypic characterization of these WV-specific Th-cells revealed the presence
of increased numbers of IL-4 producing Th cells in WVA patients compared to nonallergic controls. In agreement herewith, Aslam et al recently reported that rVes v
5-stimulated PBMC cultures showed increased numbers of IL-4 producing cells in WVallergic individuals [19]. We show for the first time that also in WVA patients with ISM,
the numbers of WV-specific Th2 cells are increased, a notion that has been subject to
debate due to the low or undetectable sIgE levels in this specific patient group [26].
In agreement with our own data, low or even undetectable levels of WV-sIgE
molecules have been reported in WVA patients with ISM [26-28]. We also show that
Ves v 1-sIgE levels are significantly lower in WVA patients with ISM, while a trend can
be observed for lower levels of Ves v 5-sIgE in this patient group compared to WVA
patients without ISM. The low or even absent levels of sIgE have been explained by
the adsorption of sIgE by the large number of mast cells within ISM patients [29, 30]. As
observed previously [31, 32], WV-sIgG4 was induced by VIT treatment in the WVA patient
group without ISM. In our study, we show that similar levels of sIgG4 are induced by VIT
in WVA patients with ISM (Table 3). Therefore, we show that also in WVA patients with
ISM an overall sIgG4 response is induced by VIT in addition to an increase in sIgE. The
levels of WV- and Ves v 1 sIgE, did not seem to increase in the WVA non-ISM patients.
Since serum Ig responses induced by VIT treatment were in line with the expected
results, we next examined the effect of VIT on WV-specific Th cells in both WVA patient
groups. In WVA patients without ISM, a significant reduction in IL-4 and IL-9 producing Th
cells was detected after 6 weeks of VIT treatment. These results are in line with previous
studies showing reduced IL-4 mRNA expression in T cells [33] and IL-4 protein levels in
WV-stimulated PBMC after VIT [16]. Remarkably, in WVA patients with ISM. the numbers
of IL-4 and IL-9 positive WV-specific Th cells were not affected by VIT. This is the first
report of a fundamentally different response to VIT treatment of WVA patients with ISM
compared to those without ISM. This absence of allergen-specific Th2 cell suppression
during the updosing phase of VIT treatment in WVA patients with ISM might in fact
contribute to the low efficacy of VIT and the absence of long-term protection in this
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specific patient group, as characterized by fatal reactions that have been reported in
VIT-treated mastocytosis patients after termination of VIT treatment [11].
Our observation regarding the presence of IL-9 producing Th cells in WVA patients
and their suppression in WVA patients without ISM by VIT treatment is of interest.
Decreased numbers of IL-9 producing cells might be a result of decreased numbers of
Th2 cells, which are known to be able to produce IL-9 [34], but the recently described
Th9 cells might also play a role [35]. In grass-pollen allergic individuals, a reduction in the
number of IL-9 producing cells was shown in nasal biopsies after SIT [36]. Interestingly,
IL-9 is known to enhance the growth of mast cells and to induce the upregulation of
alpha chain of the IgE receptor (FceRIa) [37, 38]. Their presence in WVA patients with ISM,
but especially the failure of VIT treatment to suppress their numbers might therefore
be of great clinical importance. Future studies will need to determine the long-term
effects of VIT treatment on the IL-9 production by WV-specific Th cells in WVA patients
with ISM.
In addition to Th cell phenotypes, we also analyzed the number of FOXP3+ CD4+ T
cells in both patient groups during VIT. No differences were found in the number of
non-dividing FOXP3+ Th cells in both patient groups during VIT. Nevertheless, WVA
patients without ISM displayed a decrease of FOXP3 expressing Th cells in the CFSElow
Th cells. Decreased numbers of FOXP3 expressing Th cells after VIT have also been
described by Kerstan et al. [17], who showed that this decrease in PBMC was associated
with enhanced activation and a lymph node homing phenotype of FOXP3 expressing
Th cells. Since FOXP3 is transiently expressed after activation in T cells [39], this decrease
could also reflect a reduction of conventional Th cell activation.
IL-10 has been shown to be important in VIT-mediated suppression of allergen
induced Th cell proliferation [18]. In our study, however, no increase in numbers of IL-10
producing Th cells was observed in either WV-responsive (Table 4), as in non-responsive
Th cells (data not shown). IL-10 mostly is induced during the build-up phase of VIT [40].
Therefore, our approach to detect IL-10 by intracellular flow cytometry might not have
been well-suited to detect these IL-10 producing Th cells. In agreement herewith, a
recent study in which children were treated with VIT, also failed to show increases in
IL-10 producing regulatory T cells by flowcytometric analyses [41].
The remarkable failure of VIT to suppress IL-4 positive WV-specific Th cells only in
those WVA patients that also have ISM raises questions on the relevance of mast cells
for the mechanism and efficiency of allergen-specific immunotherapy. Several studies
identify the mast cell as an effector cell subject to Treg-mediated suppression [42, 43].
Mast cells have been observed to be a critical intermediate of Treg-induced tolerance
in a mouse model for allograft rejection [44]. Moreover, in vitro studies indicate that
activation of naïve Th cells by mast cells leads to the preferential induction of Treg cells
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[45], indicating that increased numbers of mast cells might in fact contribute to Treg
induced tolerance. At the same time, mast cells have been observed to counter Treg
activity and allow Th17 cell activity in mouse models of experimental autoimmune
encephalomyelitis [46]. Hence, how increased mast cell numbers in vivo interfere
with tolerance induction will need to be the subject for further studies. One possible
explanation might be that mast cells from ISM patients are functionally incompetent to
enhance or execute Treg-driven suppression.
Our study has some shortcomings. We have a somewhat limited number of patients
(n=10 WVA non-ISM; n=11 WVA ISM), indicating the need for replication of our results
in an independent study. In addition, we have focused exclusively on the updosing
phase of VIT treatment in WVA patients, in our protocol the first 6 weeks of treatment.
Although most immunological changes in allergen-specific immunotherapy treatment
occur relatively short after induction of the treatment during the updosing phase [40],
it is well established that long-term treatment is needed for the acquisition of lasting
tolerance to the allergen. It might therefore be possible that suppression of the WVspecific Th2 and Th9 cells which is lacking after 6 weeks of VIT, will be induced in WVA
patients with ISM at a later time point during VIT. This would, however, still reflect a
strongly delayed suppression of Th2 activity in the WVA patients with ISM. Further
research should therefore include the long-term effects of VIT on the numbers and
Th2 phenotype of WV-specific Th cells in WVA patients, comparing the subgroup of
ISM patients to those without ISM. The reason for a delayed or absent WV-specific Th2
cell suppression in WVA patients with ISM is unknown and can only be speculated on.
Our data indicate that in the presence of increased mast cells numbers in ISM patients,
tolerance induction is hampered. Another shortcoming of our study is that we could not
correlate the immunological changes with clinical efficacy, as this would require sting
challenges in the WVA patient group with ISM, which are not routinely performed in our
hospital. So far, only 3 mastocytosis patients were restung in a field setting, resulting in
a systemic response in one patient, while two other patients were restung without a
reaction. Also two of the WVA non-ISM patients were restung without a reaction.
In summary, we are the first to phenotypically characterize the response of the full T cell
repertoire towards the optimal concentration of a complete WV extract by depletion of
cytotoxic components while preserving all major allergens. These T cell responses reveal
the existence of a Th2 biased response in both WVA ISM and WVA non-ISM patients
compared to a balanced Th1/Th2 response in non-allergic individuals. VIT efficiently
suppressed Th2 responses in non-ISM WVA patients after 6 weeks of treatment. In
contrast, VIT was not able to modify the WV-specific Th2 response in WVA ISM patients.
This failure of Th cell modulation within the mastocytosis patients might explain why
systemic responses reoccur in mastocytosis patients after stopping VIT. Additional
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studies are needed to assess the long-term effects of VIT treatment in WVA patients
with ISM, yet our data do lend some support to the need for life-long VIT treatment of
WVA patients suffering from ISM. All-in-all, our finding that the Th2 suppression in VITtreated WVA patients with ISM is absent is very intriguing and might be highly relevant
to improve future treatment options for insect venom allergic patients with and without
mastocytosis.
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S1
Gel electrophoresis of WV, dWV, and dhiWV extract, using sypro ruby protein
staining. Major venom allergens, Hyaluronidase (HYA), Phospholipase A1 (Ves v 1) and
Antigen 5 (Ves v 5) are marked on the gel. **: p < 0.01
S2
An example of the Th cell prolifaration detected by CD4+CFSElow T cells
from one WVA (upper plots), and one NA (lower plots) individual. Left plots show the
background CFSE-dilution, after 8-day culture in medium alone. Right plots the CFSEdilution in response to 30µg/ml dhiWV-extract after 8 days of PBMC culturing.
S3
In vitro tracking of dhiWV-induced proliferating Th cells in non-allergic (NA,
n=6) and wasp venom allergic (WVA, n=8) individuals using CFSE dilution after 8 days
of culturing in the presence of 30µg/ml dhiWV-extract. Percentages of cytokine (IL-10,
FOXP3, and IL-9) expressing CFSElow Th cells, after 16h of restimulation using platebound aCD3, and soluble aCD28. All dots represent single measurements, within patient
measurements are connected.*: p < 0.05, **: p < 0.01.
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