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Abstract

The prevalence of allergic conditions such as birch allergy is increasing worldwide. In addition, most
birch allergic patients develop a secondary food allergy for allergic proteins which share homology
with the birch allergen Bet v 1. Allergen specific IgE antibodies bind to the receptors FceRlI on mast
cells and basophils and FceRIl (CD23) on basophils. 1gG4 produced by Allergen-Specific
Immunotherapy (AIT) can inhibit IgE binding to CD23. In this study an Enzyme-Linked
Immunosorbent Facilitated Antigen Binding (ELIFAB) assay was set up for Bet v 1 to measure the
effect of IgG4 antibodies on the binding of allergen-IgE complexes to CD23. When using recombinant
IgG4 and IgE monoclonal Antibodies (mAbs) specific for Bet v 1, a significant decrease in complexes
binding to CD23 was observed. To my knowledge, this is the first study which found that a mix of
three Bet v 1 specific IgG4 mAbs significantly inhibit Bet v 1-IgE complex binding via the low affinity
receptor CD23. Furthermore this assay indicates that a mix of IgG4 mAbs is needed to target
different epitopes for the inhibition of complexes binding to CD23. Therefore this mix of Betv 1
specific IgG4 mAbs can be a possible method to treat birch allergy. However before using the ELIFAB
in clinical studies, further optimization with sera is needed. Furthermore, IgG4 is able to inhibit IgE-
mediated basophil degranulation via FceRIl and the inhibitory receptor FcyRllb (CD32B). The Indirect
Basophil Activation Test (iBAT) and the Blocking Antibody Basophil Activation Test (BA-BAT) were
used to investigate the effect of AIT on the basophil sensitivity and reactivity to Bet v 1. The BA-BAT
found a significant increase in half maximal effective concentrations (EC50) for patients who
received birch immunotherapy. This indicates that the BA-BAT is a promising tool to investigate the
effect of AIT for Bet v 1. In addition, Bet v 1 specific IgG and IgE levels can be quantified by an
Enzyme-Linked Immunosorbent Assay (ELISA). However, since IgG levels specific for Bet v 1 vary
widely in individuals, optimization of the assay is recommended. The results of this study showed
that the ELIFAB and BA-BAT which investigate the effect of 1gG4 on respectively the receptors CD23
and FceRl are promising methods for future research to monitor the effect of immunotherapy for
birch and soy allergy.
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1. Introduction

1.1 Allergic reactions

The prevalence of allergic conditions such as asthma, allergic rhinitis, skin allergies is increasing
worldwide (Gutowska-Slesik et al., 2023). Birch pollen is the main type of pollen present in Northern
and Central Europe and is a leading cause of allergic rhinitis and perhaps, asthma symptoms
(Caillaud et al., 2014; Canova et al., 2013; M. Smith et al., 2014). Due to climate change, the levels of
birch pollen and the time of exposure have increased in the last few years (Frei & Gassner, 2008). In
addition, many plant food allergens carry homologs of the major birch allergen Bet v 1, therefore
birch allergic patients often have IgE against plant derived foods (Wensing et al., 2002).

Between 1997 and 2011, the prevalence of food allergy in children has increased by 50 percent
(Ramsey et al., 2019). The largest evidence for the increase in food allergies is found for IgE-
mediated food allergies (Tang & Mullins, 2017). The symptoms of food allergies differ in severity and
can result in symptoms in almost every organ system (the skin, respiratory tract, gastrointestinal,
cardiovascular, and the neurological system (H-K Ho et al., 2014; Sampson et al., 2006). The most
severe symptom can cause life threatening reactions such as anaphylactic shock (FDA, 2015).

IgE is produced by B lymphocytes and plasma cells. An increase of IgE levels in bloods indicates the
sensitization and predisposition to an allergic reaction. Dendritic Cells (DC) can take up allergens and
present it to T cells via Major Histocompatibility Complex (MHC) class Il molecules. T cells are then
activated which result in proliferation into T Helper 2 (Tu2) cells. Tu2 cells are crucial since they
produce the cytokines Interleukin-4 (IL-4), Interleukin-5 (IL-5) and Interleukin-13 (IL-13), which are
needed for class switching of the B cell to become IgE producing plasma cells (Curotto de Lafaille et
al., 2010; Poulsen & Hummelshoj, 2007). When an IgE-mediated allergic reaction occurs, allergen
specific IgE antibodies bind to the IgE-specific receptors FceRI on mast cells and basophils and CD23
on basophils. Allergen exposure results in cross linking of receptor bound allergen-specific IgE
antibodies. This aggregation causes an intracellular signal cascade which will result in the release of
histamine and other inflammatory mediators such as cytokines. This will result in an immediate
allergic reaction (Li et al., 2022; Saab & Jones, 2022; Wachholz et al., 2005).

1.2 Cross reactivity Gly m4 —Bet v 1

Cross reactivity occurs when an individual is primarily sensitized and allergic to an allergen but also
allergic to another allergen which is structurally similar. In this case, the immune system cannot
discriminate between structurally similar allergens, which results in the occurrence of an allergic
reaction (Curciarello et al., 2008). Allergens can contain sufficiently similar IgE epitopes and can react
with the same IgE molecules. IgE epitopes can be conformational or linear. A linear epitope is
composed of continuous epitopes. However, conformational epitopes are composed of
discontinuously allocated amino acids, which come closer when the protein is correctly folded.
Therefore conformational epitopes are determined by the three-dimensional (3D) structure of the
protein (Pomés, 2010; Power et al., 2013; Schein et al., 2010; Varshney et al., 2007). Cross reactivity
occurs when their sequence comparisons of allergens reveal a high sequence identity which also
indicates that the allergens have a similar 3D fold structure (Negi & Braun, 2017).

One example of cross reactivity is between birch and soy. In 1992, the Bet v 1 homologous protein
Gly m 4 from soybean was detected on the messenger RNA level (Crowell et al., 1992). This protein



is formed under stress conditions such as starvation caused by the protein Starvation Associated
Message 22 (SAM22). Later research concluded that SAM22 is responsible for the allergic reaction to
soybean in birch pollen allergic patients (Kleine-Tebbe et al., 2002). In addition, the structure of Gly
m 4 is partly similar to the Pathogenesis-Related (PR) 10 proteins of yellow lupine. The local
structure of Gly m 4 that indicates the differences between Gly m 4 and Bet v 1 is also found in the
proteins from yellow lupine. Therefore, Gly m 4 can also give insight into the cross reactivity of PR10
proteins (Berkner et al., 2009).

1.3 Birch and soy allergy

Birch pollen can cause allergic rhinitis and asthma. The birch homologous group consists of birch and
the other trees of the families Betulaceae and Fagaceae. 90% of all birch allergic patients response
towards the major birch allergen Bet v 1 (Roth-Walter et al., 2014). Bet v 1 is a 17kDA protein and
belongs to the group of PR10 proteins (Schenk et al., 2009). Bet v 1 is responsible for cross reactivity
to Bet v 1 related PR10 molecules in pollen of early flowering trees and in some plant derived foods
(Elisyutina et al., 2019). Approximately 70% of the people with birch allergy develop Oral Allergy
Syndrome (OAS), which is defined as a secondary food allergy caused by several vegetables, raw
fruits and nuts which include allergic proteins which share 50-80% homology with bet v 1
(Geroldinger-Simic et al., 2011; Laffer et al., 1996; Price et al., 2015).

Soybean is most commonly used as a vegetarian protein source. The consumption of soybean has
several nutritional and health benefits. It can for example reduce the risk of breast and prostate
cancer and coronary heart disease (Messina, 2016). However, soy can also cause allergic reactions.
Currently soy causes 0.2-0.4% of all the allergic reactions (Wiederstein et al., 2023). The risk of a
soybean allergy is increasing since the use of soybean has increased largely in food products. There
are at least 16 allergic protein fractions which can result in IgE-binding (Wilson et al., 2008). There
are two food allergy classes for soy, class 1 and class 2 food allergies. Class 1 causes food allergy via
primary sensitization and class 2 causes allergies via cross-reaction via pollen or other leguminous
allergens. Gly m 5, Gly m 6, Gly m 7, Gly m Bd 30K and Kunitz trypsin inhibitor belong to the class 1
food allergies while Gly m 3 and Gly m 4 belong to the class 2 allergens (Kattan et al., 2011; Matsuo
et al., 2020).

1.4 Low affinity receptor CD23

IgE interaction with allergens results in the release of inflammatory mediators via allergen-mediated
cross linking. IgE immune complexes can bind to two receptors, FceRI, which is a high-affinity
receptor and CD23, which binds with a lower affinity (Engeroff & Vogel, 2021). CD23 has been left
out in allergy research in the past (Conrad et al., 2007), which is probably because CD23 is involved
in different immunological processes (Acharya et al., 2010). CD23 is a member of the calcium-
dependent (C-type) lectin family (Engeroff & Vogel, 2021) and CD23 plays an important role in IgE
synthesis. However, the exact process causing this effect is still in debate. Down regulation of IgE
synthesis can occur in human B cells by direct targeting of CD23 (Payet-Jamroz et al., 2001). This
indicates there is a mechanism of positive or negative feedback depending on the concentration of
IgE (Fellmann et al., 2015). CD23 cleavage can also cause stimulation of IgE synthesis by working on
other cells as soluble CD23. However, the mechanisms for this process are not clear. It is possible
that soluble CD23 stimulated IgE synthesis by cross linking membrane IgE and CD21 (McCloskey et
al., 2007).



1.5 IgE-Facilitated Antigen Presentation (FAP)

The process of antigen presentation regulated by CD23 can be defined as IgE-Facilitated Antigen
Presentation (FAP) (van der Heijden et al., 1993). Primary human B cells cannot directly regulate T
cell proliferation, but they can move the IgE immune complexes to human dendritic cells to start T
cell proliferation (Engeroff et al., 2018) (figure 1). This T cell proliferation results in the release of
proinflammatory T2 cytokines already starting at low allergen concentrations. Therefore allergen
IgE complexes binding to CD23 can play a role in T cell mediated allergic inflammation in vivo (Van
der Heijden et al., 1995). Furthermore, CD23 mediated FAP can also result in IgG responses to
unconnected allergens via the mechanism of epitope spreading (Gould & Sutton, 2008). In addition,
DC can bind to various unrelated antigens via the Fcy Receptors (FcyR) which results in antibody
response to connected allergens. This mechanism can illustrate the progress of allergen poly
sensitivity to different allergens (Engeroff & Vogel, 2021).

IgE = "-{{
N « T Helper type 2 (T42)
Allergen \ inflammatory responses
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Figure 1. IgE-facilitated Antigen Presentation (FAP). Immune complex binds to CD23 on basophils. B
cells move IgE immune complexes to human DC to start T cell proliferation. T cell proliferation
results in the release of proinflammatory Tu2 cytokines.

1.6 High affinity receptor FceRl

FceRl can be defined as the high affinity IgE receptor and is mostly expressed on mast cells, antigen
presenting cells and basophils. IgE can bind to FceRIl which results in the crosslinking of IgE—FceRI
complexes. The formation of these complexes results in the release of mediators such as histamine
and leukotrienes in minutes. Furthermore, within hours, also cytokines and chemokines are released
which results in prolonged inflammation (Kim et al., 2020) (figure 2). When IgE—FceRI complexes are
formed, signalling cascades are activated which results in the discharge of mediators, which are
stored in granules (Nagata & Suzuki, 2022). When an antigen is present, Lyn kinase phosphorylates
the Immunoreceptor Tyrosine-Based Activation Motifs (ITAMs) of FceRIB and FceRly. This results in a
signalling cascade (Sibilano et al., 2014). Furthermore, in the absence of an antigen, IgE can bind to
FceRl and causes phosphorylation of signalling molecules which can also cause mast cells responses
in the absence of granulation (Asai et al., 2001).
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Figure 2. Mast cell degranulation by allergen exposure. IgE can bind to FceRI which results in the
crosslinking of IgE—FceRI complexes. The formation of these complexes results in the release of
mediators such as histamine and leukotrienes in minutes. Furthermore, within hours, also cytokines
and chemokines are released witch results in prolonged inflammation

1.7 1gG antibodies

IgG consists out of four different subclasses (1gG1, 1gG2, I1gG3, 1gG4). These subclasses are similar in
structure but differ in binding to attachment molecules and receptors, which influences the
functionality of the different subclasses. IgG4 has different characteristics which result in efficient
inhibition of IgE-Allergen binding (Shamiji, Valenta, et al., 2021). IgG4 consists out of approximately
5% of the total IgG in serum, which is the smallest amount of all the 1gG subclasses (Qin et al., 2022).
In addition, 1gG4 levels vary significantly in healthy individuals (Nirula et al., 2011). The structure of
IgG consists out of two light chains (25kD) and two heavy chains (-50kd) which are paired together
(Angal et al., 1993; Schuurman et al., 2001). The light chain of IgG4 consists out of one constant
domain (CL) and one variable domain (VL). However, the heavy chain is composed of three I1gG4
specific constant domains (CH, along with CH1, CH3, CH3) and one variable domain (VH). The
Fragment Antigen-Binding (FAB) region consists out of the variable domains of the heavy chain and
the light chain, which are attached to the CL and CH1 domains. This FAB region is highly specific for
one epitope.



The production of IgG4 has a similar pathway compared to the production of IgE. Also I1gG4 is
produced when T2 cells are activated by a class switch on B cells, which is activated by allergen
exposure. The T2 cytokines which result in the production of IgE (IL-5, IL-6, IL-9 and IL-13) have a
similar outcome on the production of IgG4. It is hypothesized that allergen exposure can result in the
switch from IgE to 1gG4. In addition, previous research found that especially IL-10 plays an important
role in the shift in production from IgE to IgG4 (Qin et al., 2022). IL-10 does not only resultin the T
cell tolerance but also modifies antibody production, which results in more IgG production
compared to IgE production (Nouri-Aria et al., 2004; Rossi et al., 2007). Nevertheless, it is still
unclear what is the most important factor for the production of IgE or IgG.

1.8 Allergen specific IgA

Not only IgG results in inhibition of IgE binding to Bet v 1. The same as for IgG4, IgA can compete
with IgE for binding to allergens. Sublingual Immunotherapy (SLIT) can result in an increase in
allergen specific IgA1,IgA2 and decreases the interaction of IgE with the allergen (Shamiji, Larson, et
al., 2021). IgA antibodies are not only found in blood but also in local target secretions such as in
nasal fluid (Shamiji et al., 2019). A study found increased levels of Bet v 1 specific IgA in nasal fluids in
children with birch allergy during the pollen season (Gafvelin et al., 2005). In addition, an in vitro
study found IL-10 production as a result of cross linking of IgA on monocytes by antigen or anti-IgA.
This could be another mechanism of how IgA antibodies cause tolerance by AIT (Pilette et al., 2007).

1.9 Allergen-Specific Immunotherapy (AIT)

At this moment, AIT is the only disease-modifying therapy available (Jutel et al., 2015). This therapy
includes exposure with increasing doses of allergens which cause tolerance via Regulatory T cells
(Tregs) and the initiation of protective 1gG4 antibodies (Boyce et al., 2011; Jutel & Akdis, 2011).
There are different administration routes for AIT. Subcutaneous Immunotherapy (SCIT) consists of
multiple allergen injections (Ozan Yegit et al., 2022). In addition, Oral Immunotherapy (OIT) consists
of oral allergen exposure and swallowing them immediately. Nevertheless, during SLIT the allergen
needs to be kept under the tongue for a specific period of time (Pajno et al., 2018).

In September 2023 a birch immunotherapy study with ITULAZAX® started in Rijnstate hospital in
Arnhem. ITULAZAX® is a SLIT which is used for the treatment of AR and/or conjunctivitis caused by
pollen from the birch homologous group. This clinical study will investigate whether in vitro
biomarkers can predict clinical effects. I1gG produced by AIT can inhibit IgE binding to CD23 which
results in inhibition of antigen presentation by B-cells (figure 3). Furthermore, studies have found
that serum from patients who receive birch pollen immunotherapy inhibits FAP by B cells (Shamji &
Francis, 2019; Van Neerven et al., 1999; Van Neerven et al., 2004).
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Figure 3. IgE-allergen-complexes are formed on basophils. IgG4 produced by AIT can compete for IgE
and therefore inhibit IgE binding by CD23

1.10 Enzyme-Linked Immunosorbent Facilitated Antigen Binding (ELIFAB) assay

IgE receptors, which are present on antigen presenting cells are able to present allergens when
specific IgE is present. This will result in T cell activation (Van Der Heijden et al., 1995). Allergen-IgE
complexes are formed at mucosal surfaces and therefore a lower concentration of allergen is
needed to activate T cell responses (Shamji et al., 2006). The FAB assay is a cell-based assay which
measures the inhibition of I1gG on allergen-IgE-CD23 complexes (Wachholz et al., 2003). In this assay,
the allergen-IgE complexes are incubated with an Epstein-Barr Virus (EBV) transformed cell line.
Flow cytometry is used to measure the complexes bound to CD23 on the surface of the cells. This
assay requires prolonged culturing and maintenance of viable B cells expressing FceRII/CD23, which
makes the protocol of this assay complex. Therefore, also a cell free Enzyme-Linked Immunosorbent
Facilitated Antigen Binding (ELIFAB) assay is developed. The IgE-FAB and the ELIFAB have the same
specificity and sensitivity, while the ELIFAB does not require CD23-expressing B cell lines (Shamiji et
al., 2013). The ELIFAB replaces EBV-transformed B cells with soluble CD23 monomers. The assay
makes use of the standard ELISA protocol using a 96 well plate (Shamji et al., 2013). Plates can be
read with the use of a standard laboratory microplate absorbance reader; therefore no flow
cytometer is needed (Shamiji & Francis, 2019).

1.11 Basophil Activation Test

There are different tests for the diagnosis of allergies. The Basophil Activation Test (BAT) is an ex vivo
functional assay that is using flow cytometry to quantify basophil degranulation when stimulations
with an allergen occurs (Santos et al., 2021). When basophils are exposed to allergens they can
degranulate when cross linking occurs of specific IgE on the FceRI receptor. In 1991, the upregulation
of the receptor CD63 during basophil activation was discovered (Knol et al., 1991). CD63 is a
membrane protein and can be found at the same place as the secretory lysosomal granule that



contains histamine. The movement of CD63 to the cell membrane when degranulation occurs can be
measured via flow cytometry (Knol et al., 1991). The BAT defines the amount of stimulated basophils
to allergen cross linking IgE and can be used to monitor patients on AIT (Hoffmann et al., 2015). In
addition, this assay is becoming more popular since it can also indicate the clinical phenotype of sIgE
sensitized patients, which is not possible with only allergen specific IgE levels. In addition, it can
replace the Oral Food Challenge (OFC), which is time consuming and patient unfriendly. However,
since this is a relatively new diagnostic test, time is needed to set up standardized protocols and
clinical validation studies (Santos et al., 2021). However most research on the BAT is performed on
peanut, cow’s milk and eggs but research on other allergens such as Bet v 1 and Gly m 4 is lacking
(Noriega et al., 2021).

1.12 Indirect Basophil Activation Test (iBAT)

Most common the direct BAT is used, which measures the patient’s own basophils. Therefore the
direct BAT should be performed 24 hours after blood sample collection. Furthermore, in
approximately 6-17% of the patients, basophils are not responding to IgE receptor mediated
signalling. These patients are called non-responders (Hoffmann et al., 2015). However the Indirect
Basophil Activation Test (iBAT) makes use of donor basophils which are sensitized with the patient’s
IgE. Therefore the timing for performing an iBAT is more flexible and the effect of non-responders is
decreased. Nevertheless, the protocol for the iBAT is more time consuming compared to the direct
BAT. Furthermore the Blocking Antibody Basophil Activation Test (BA-BAT) can detect the effect of
inhibiting factors (such as IgG/IgA) on basophil activation (Ruinemans-Koerts, Uum-Otters, et al.,
2022).

In conclusion, IgE cross reactivity can occur between the allergen homologs Bet v 1 and Gly m 4. AIT
is a promising therapy which can help allergic patients since it results in the production of protective
IgG4 antibodies. However for Bet v 1, the exact role of CD23 and FceRl on the effect of IgG4
antibodies is not defined yet. Therefore, this study will investigate if IgG4 antibodies produced by AIT
inhibit FAP via FceRl and CD23 for the allergen Bet v 1. Therefore, different experimental studies
were performed using the Enzyme-Linked Immunosorbent Assay (ELISA), ELIFAB and iBAT.
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2.Research questions and hypotheses

2.1 Hypothesis

The process of antigen presentation regulated by CD23 can be defined as FAP. Immune complexes
bind to CD23 which results in the release of proinflammatory Tn2 cytokines. Previous research found
that AIT can cause tolerance via Tregs and the initiation of protective IgG4 antibodies. Production of
IgG4 initiated by AIT can inhibit IgE binding to CD23 which results in inhibition of FAP by B-cells. Since
the ELIFAB is a cell free assay, it could be an accessible method to investigate the formation of Bet v
1-1gE-CD23 complexes and the effect of 1gG4 antibodies. Furthermore, 1gG4 antibodies can inhibit the
process of IgE binding via FceRI. Since allergy symptoms are a result of the release of histamine and
other inflammatory mediators such as cytokines by basophils, the effect of AIT can be monitored by
using the BA-BAT.

2.2.1 Research question:

How do IgG4 antibodies stimulated by Allergen-Specific Immunotherapy (AIT) with birch pollen
inhibit IgE-facilitated presentation (FAP) via the receptors FceRl and FceRII (CD23)?

To answer the research question the following sub-questions were formulated:

2.2.2 Sub questions:

Is it possible to measure the effect of IgG4 antibodies on binding of Bet v 1-IgE complexes to CD23
via the ELIFAB assay?

Can the ELIFAB assay give information about the specific epitope coverage of IgG4 mAbs specific for
Betv 1?

What is a suitable indicator serum for the ELIFAB assay and the BA-BAT?

Can the BA-BAT be used to investigate the effect of AIT on the basophil sensitivity and reactivity to
Betv1?

Is it possible to quantify Bet v 1-specific 1IgG4 and IgE antibodies via an ELISA?

11



3. Material and methods

3.1 Materials

3.1.1 Enzyme-Linked Immunosorbent Facilitated Antigen Binding (ELIFAB) assay

- Stock samples mAbs IgE, 1gG4: kind gift of Mabylon AG, Schlieren
- Recombinant Bet v 1 (Inbo, 42290)

- Recombinant Human CD23/Fc (R&Dsystems, 123-FE)

- ELISA 96 wells plate, medium binding

- TMB Substrate Solution

- ELIFAB washing Buffer: PBS with 0.05% Tween

- Blocking buffer: 1% BSA/PBS solution or Roche Blocking buffer (11112589001)
- HRP-Conjugated Streptavidin (ThermoFisher, N100)

- Biotin Mouse Anti-Human IgE (BD Pharmingen, 555858) (1:1000)
- ELISA Stop solution: 2M H,S0,4

- Nunc plates for formation of complexes

3.1.2 ELISA to measure IgE and IgG specific for Bet v 1

- Stock samples mAbs IgE, 1gG4: kind gift of Mabylon AG, Schlieren
- Recombinant Bet v 1 (Inbo, 42290)

- Goat anti-human IgA-HRP (Southern Biotech 2050-05) 1:2000

- Goat anti-human IgG-HRP (Southern Biotech 2040-05) 1:4000
- Mouse-anti human IgE-HRP (southern Biotech 9160-05) 1:2000
- High binding 96-wells ELISA plates

- Nunc plates for making dilutions

- Bicarbonate/carbonate coating buffer

- ELISA stop solution: 2M H,SO,

- TMB substrate solution

- Wash buffer: PBS with 0.05% Tween

- Blocking buffer: Roche blocking buffer (1111258001)

3.1.3 Indirect Basophile Activation Test (iBAT) Rijnstate

The materials used for the iBAT can be found in appendix section 7.3.
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3.2 Methods
3.2.1 Enzyme-Linked Immunosorbent Facilitated Antigen Binding (ELIFAB) assay

3.2.1.1 Coating, washing and blocking

The method of the ELIFAB is visualised in figure 4. First a 96 wells plate was coated with CD23.
Afterwards Bet v 1-IgE complexes were added on the plate. IgG4 can compete for binding to CD23.
The Bet v 1-IgE complexes binding to CD23 were visualised by biotinylated anti-human IgE and
streptavidin-HRP.

For optimization of the ELIFAB assay two coating concentrations of CD23 receptor (2.5 pg/mland 1
ug/ml) were made in sterile 1 x PBS. An ELISA 96 wells plate medium binding was coated with 50 pl
of diluted CD23 and incubated overnight at room temperature. On the next day, the plate was
washed twice with 200 pl/well of washing buffer and tap dried. The plate was blocked with 200 pl of
blocking buffer (1% BSA/PBS) and incubated at 37°C for 1 hour. During the incubation period with
blocking buffer, allergen complexes were prepared with a recombinant Bet v 1 stock sample, three
recombinant IgE human-mAbs and three recombinant IgG4 human-mAbs. A mix of the three IgE and
IgG4 human-mAbs (ratio 1:1:1) was prepared to allow immune complex formation by different
epitopes.

CD23 added on a 96 wells Bet v 1 and IgE bind to CD23
plate coated wells

}=
Ry
D

lgG4 compete with IgE for Biotinylated anti-human IgE binds
binding to Bet v 1 to allergen-IgE complexes followed
by streptavidin-HRP

= YA
¥ 3= e
vy T T

 * g \ /

Figure 4. Procedure of the ELIFAB assay. CD23 is coated on a 96 wells plate. Bet v 1-IgE complexes
are visualised by biotinylated anti-human IgE and streptavidin-HRP. IgG4 can compete with IgE for
binding to Bet v 1 (Shamji & Francis, 2019)
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3.2.1.2 Immune complexes Bet v 1— IgE

To investigate the optimal concentration for Bet v 1 and recombinant IgE mAbs, both reagents were
diluted in blocking buffer (1% BSA/PBS). Concentrations of Bet v 1 and IgE mAbs were prepared 2x
higher than the required final working concentration. To investigate the optimal Bet v 1
concentration for immune complex formation, a serial dilution of recombinant Bet v 1 was prepared
(10,1, 0,1, 0.01, 0.001,0 pug/ml). In addition, IgE samples were diluted to concentrations of 1 and 0.1
pg/ml. Three different recombinant IgE mAbs were diluted in blocking buffer (1% BSA/PBS) and
mixed in a ratio 1:1:1. Finally, to form the immune complexes, Bet v 1 samples were mixed with the
IgE mAbs in a ratio 1:1. Blocking buffer was used as control when no Bet v 1 was added. The immune
complexes were then incubated for 30 min at room temperature.

3.2.1.3 Immune complexes Bet v 1 — IgE — 1gG4

To investigate the inhibition of binding Bet v 1-IgE complexes to CD23 by IgG4, three recombinant
IgG4 human-mAbs were used. Bet v 1-IgE complexes were formed with an optimal Betv 1
concentration of 0.01 pg/ml and an IgE concentration of 0.1 pg/ml. Concentrations of Bet v 1 and IgE
mAbs were prepared 3x greater than the required final concentration. Three different 1IgG4 mAbs
were mixed in a ratio 1:1:1. IgG4 concentrations of 10 ug/ml, 3.33 pg/ml and 0 pug/ml were prepared
in blocking buffer (1% BSA/PBS). To form the complexes, IgE, Bet v 1 and 1gG4 were mixed in a ratio
1:1:1. Eventually the complexes were incubated for 30 min at room temperature.

To investigate the effect of different IgG4 epitopes on allergen-complex binding to CD23, a mix of
the three different IgG4 mAbs, two different IgG4 mAbs, and the three IgG4mAbs separate were
added to the Bet v 1 - IgE immune complexes. For Bet v 1 a concentration of 0.01 pg/ml, for IgE a
concentration of 0.1 ug/ml and for 1IgG4 a concentration of 10 ug/ml was prepared in blocking buffer
(1%BSA/PBS). For the control sample only blocking buffer was added instead of 1gG4.

3.2.1.4 Making immune complexes from sera

For formation of the Bet v 1-IgE complexes in sera, Bet v 1 was diluted in Roche blocking buffer to a
concentration 2x greater than the required final concentration. A serial dilution of recombinant Bet v
1 was prepared (10, 1, 0,1, 0.01, 0.001,0 pg/ml) in Roche blocking buffer. Afterwards, 25 pL of
indicator serum was added into the bottom of a separate 96-well round-bottomed plate, followed by
25 pL of Bet v 1 dilution. 25 ulL of Roche blocking buffer was used in the negative control wells. The
plate was covered and incubated for 30 min at 37 °C.

3.2.1.5 Transferring immune complexes to the ELISA plate

After formation of the Bet v 1-IgE complexes, the blocked plate was washed three times with
washing buffer. Afterwards, 50 pul of the allergen immune complexes were transferred on the 96
wells plate in duplo. As a control, only blocking buffer (1 % BSA/PBS or Roche blocking buffer) was
added. The plate was covered with a lit and put on a shaker at 650 rpm for 1 hour at room
temperature. After incubation, the plate was washed four times with washing buffer and the
biotinylated IgE-specific antibody was diluted 1:1000 in blocking buffer (1% BSA/PBS or Roche
blocking buffer). 50 ul of the diluted antibody was added into each well. Later on, the plate was
covered and put on the shaker at 650 rpm for 1 hour at room temperature. After incubation, the
plate was washed five times with 200 pl washing buffer. Streptavidin peroxidase was diluted in a
ratio 1:5000 in blocking buffer (1 % BSA/PBS or Roche blocking buffer). 50 pl of the diluted
streptavidin peroxidase was added to the plate and incubated on a shaker at 650 rpm for 30 min at
room temperature. Afterwards, the plate was washed six times with washing buffer and 50 pl of
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3,3',5,5'-Tetramethylbenzidine (TMB) substrate solution was added to each well. The plate was kept
in the dark and the reaction was stopped with 50 pl of 2 N H,SO.. Finally, the plate was read on a
microplate absorbance reader at 450 nm. The results were expressed as Bet v 1-IgE binding to sCD23
(OD450).

3.2.2 Sandwich ELISA to measure IgE and IgG specific for Bet v 1

3.2.2.1 Optimization ELISA

The method of the ELISA to measure Bet v 1 specific IgE and 1gG is visualised in figure 5. First Bet v 1
was diluted in coating buffer to a concentration of 1 ug/ml. 100 pl of diluted Bet v 1 in coating buffer
was added to the high binding 96 well ELISA plate and incubated overnight at 4°C. The next day the
plate was washed three times with 200 pl/well washing buffer and tap dried. To block the plate, 250
ul/well Roche blocking buffer was added to each well and the plate was incubated for 1 hour at
room temperature. After incubation, the plate was again washed three times with washing buffer. In
the meantime, recombinant IgE and IgG4 mAbs were diluted in Roche blocking buffer. Serial
dilutions of IgE and 1gG4 were made (first experiment: 1, 0.1, 0.01, 0.001 and 0 pg/ml) (second
experiment: 0.25, 0.125, 0.0625 and 0 pug/ml) in Roche blocking buffer. After incubation, the plate
was again washed three times in washing buffer and the diluted samples were added to the plate
(100 pl/well). As a control, a sample with only Roche blocking buffer was added. The plate was then
incubated for two hours at room temperature. Then the plate was again washed three times with
washing buffer. The antibody goat anti-human IgE (1:2000) and the antibody goat anti-human IgR-
grp (1:4000) were diluted in Roche blocking buffer. Hereafter, the plate was again incubated for one
hour at room temperature. Finally, the reaction was stopped by adding 100 ul/well stopping buffer
(2 N H3S04) to each well. The plate was read at 450 nm on an ELISA plate reader.
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Figure 5. ELISA to measure IgE and IgG specific for Bet v 1. 96 wells plate is coated with Bet v 1.
Afterwards, IgE or IgG binds to Bet v 1 and binding is detected via antibody goat anti-human IgE and
the antibody goat anti-human IgR-Grp. An enzymatic colour reaction occurs after adding TMB.

3.2.2.2 Measure IgE and IgG specific for Bet v 1 in sera

First Bet v 1 was diluted in coating buffer to concentration of 1 pg/ml. 100 pl of diluted Betv 1 in
coating buffer was added to the a high binding 96 well ELISA plate and incubated overnight at 4°C.
The next day the plate was washed three times with 200 pl/well washing buffer and tap dried. To
block the plate, 250 pl/well Roche blocking buffer was added to each well and the plate was
incubated for one hour at room temperature. After incubation, the plate was again washed three
times with washing buffer. In the meantime, a standard curves of IgE mAbs (0.25,
0.125,0.0625,0.3125,0.0145625 pg/ml) and IgG4 mAbs (0.1, 0.01, 0.001, 0 ug/ml) were prepared in
Roche blocking buffer. A mix of the three IgE mAbs and the three 1gG mAbs (ratio 1:1:1) was used.
For measuring IgE, sera was diluted 1:10 and for measuring IgG sera was diluted 1:200. After
incubation, the plate was again washed three times in washing buffer and the diluted samples were
added to the plate (100 pl/well). As a control, a sample with only Roche blocking buffer was used.
The plate was then incubated for two hours at room temperature. Afterwards the plate was again
washed three times with washing buffer. The antibody goat anti-human IgE and the antibody goat
anti-human IgR-grp were diluted in Roche blocking buffer. For IgE a ratio of 1:2000 was used and for
IgG a ratio of 1:4000. Hereafter, the plate was again incubated for one hour at room temperature.
Finally, the reaction was stopped by adding 100 pl/well stopping buffer (2N H,SO,) to each well. The
plate was read at 450 nm on an ELISA plate reader.
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3.2.3 Indirect Basophile Activation Test (iBAT) Rijnstate

3.2.3.1 Buffycoat isolation

The method of the iBAT is visualised in figure 6. First buffy coats were isolated. For buffy coat
isolation, 8 donor Ethylene Diamine Tetraacetic Acid (EDTA) tubes HbAlc 4 ml (O-positive) were
collected. These samples were centrifuged for 10 min at 2200xg. Afterwards, the upper phase
(plasma) was removed by a plastic pasteur pipette. 2 ml of saline was added to two falcon tubes. The
collected buffy coats were transferred to the falcon tubes and gently mixed by swinging. Afterwards,
the tubes were centrifuged again for 10 min at 2200xg. Plasma was removed and two new falcon
tubes with 2 ml saline were taken. The buffy coat was transferred to these tubes. Afterwards, the
concentration of leukocytes was measured. The buffy coat was then diluted to a final leukocyte
count of 15 x 10°%/L. Afterwards, again the concentration of leukocytes was measured. In case the
concentration of leukocytes was lower than 15 x 10°/L, the previous steps were repeated.

3.2.3.2 Stripping of IgE

The isolated buffy coat were first centrifuged at 11°C for 5 minutes at 1000xg. The supernatant was
removed and 2 ml of stripping buffer was added. The samples were then gently mixed by swinging.
Afterwards, again the tube was centrifuged at 11 °C for 5 min at 1000xg. The supernatant was
removed and the pellet was resuspended in 2 ml BSB. Afterwards, again the tube was gently mixed
by swinging movements (10-15x) and centrifuged at 11°C for 5 min at 1000xg. The supernatant was
removed and the pellet was resuspended with BSB to a final volume of 1500 pl. Finally the tube was
again gently swung. Eventually, in a 5 mL falcon tube, the stripped donor cells were mixed with sera
from the patient. 130 pl of sera and 500 pl of donor cells were added to the falcon tube. The
samples were incubated overnight at 37°C and shaken at 50xg. The next day 770 ul of BSB was
added to the sample.

3.2.3.3 Preparation of samples

The next day, dilutions of recombinant Bet v 1 (3, 10, 100, 300, 1000, 3000 and 10000 pg/ml) were
prepared in BSB. As a negative control, two tubes with 150 ul BSB were prepared. In all the other
tubes 100 ul of BSB was added. For the positive control, two tubes with 50 pul stimulation control (a-
FceR) were prepared. In the other tubes, 50 pl of the diluted Bet v 1 was added. Afterwards, 50 pl of
cell suspension was added to all the tubes. Eventually, in each tube, 20 pl of staining reagent was
added and the tubes were mixed afterwards. Tubes were then incubated for 15 min in a water bath
of 37°C. Lysing buffer was prepared by diluting 5 mL of lysing buffer in 45 mL of demi water and 1.5
mL of lysing buffer was added to the samples. The samples were swinged three times and incubated
for 5 minutes at room temperature until a clear suspension was visible. This dilution was centrifuged
5 min at 640 xg. Afterwards, the liquid in the upper part of the tube was removed. Afterwards, 500
ul of washing buffer was added and the tubes were stored in the fridge until measuring. Before
measuring in the flow cytometer the samples were mixed for 5 seconds using the vortex. Finally the
samples were measured via the FacsCanto Il.
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Figure 6. Method of the iBAT. First buffy coats were isolated from 8 donor EDTA tubes. Then the
isolated buffy coats are stripped for IgE. The stripped donor cells were mixed with sera from the
patient. The next day, dilutions of Bet v 1 were added to the basophils and samples were measured
via FACS.

3.2.3.4 Blocking Indirect Basophil Activation Test (BA-BAT) Rijnstate

To investigate the effect of IgG4 on basophil activation, also BA-BATs were performed. For the BA-
BAT, the same method as for the iBAT was used. However, instead of adding 100 pl of BSB to all
samples, 100 pl BSB% + 10% serum was added (figure 7). This serum was derived from a patient who
received immunotherapy for birch. After adding the immunotherapy samples, the samples were
incubated 60 minutes in a water bath of 37°C. After incubation the experiment continued the same
as for the iBAT described in section 3.3.2. The increase in half maximal effective concentration
(EC50) compared to the iBAT was calculated via Nonlin Fit in Graphpad Prism to quantify the
inhibition caused by 1gG4.
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Figure 7. Method of the BA-BAT. First buffy coats were isolated from 8 donor EDTA tubes. Then the
isolated buffy coats are stripped for IgE. The stripped donor cells were mixed with sera from the
patient. The next day, dilutions of Bet v 1 and a sample from a patient who received immunotherapy
were added to the basophils and samples were measured via FACS.

3.2.4 Statistical analysis

Graphpad Prism 10.2.0 was used for statistical analysis and visualisation of the data. First data was
checked for normality with a Shiro-Wilk Test. Different statistical tests were performed such as two-
way ANOVA, one sample t-test, Wilcoxon test, Paired t test and Pearson correlation to test for
significance. Furthermore, the EC50 was calculated by using Non lin Fit.
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4 Results

4.1 ELIFAB assay

4.1.1 Binding of Bet v 1 - IgE immune complexes to CD23

Binding of Bet v 1 — IgE immune complexes to CD23 was studied using the ELIFAB assay. However,
this assay needed to be optimized first. Figure 8 shows the binding of the immune complex of Bet v 1
and IgE to CD23 expressed as OD values. Two different CD23 concentrations (1 pg/ml and 2.5 pg/ml)
were tested for the optimization of the ELISA. In addition, for optimization of the binding of Bet v 1-
IgE complexes to CD23 a mix of three IgE mAbs were used in two different concentrations (1 and 0.1
ug/ml). Furthermore, five different rBet v 1 concentrations were investigated (10, 1, 0.1, 0.01 and
0.001 pg/ml). Both IgE concentrations resulted in bell-shaped dose-dependent curves. For the IgE
concentration of 0.1 pg/ml a peak in immune complex binding was found around the Bet v 1
concentration of 0.01 pg/ml (graph A and B) while a peak at 0.1 ug/ml was seen for the Igk
concentration of 1 ug/ml (graph C and D). The IgE concentration of 1 ug/ml together with a CD23
concentration of 2.5 pg/ml showed higher standard deviations compared to the other
concentrations tested (graph D). The higher ODs were observed for the CD23 concentration of 2.5
pug/ml. Based on this outcomes: a CD23 concentration of 2.5 pug/ml, a IgE concentration of 0.1 pg/ml
and a Bet v 1 concentration of 0.01 pug/ml were chosen for the formation of Bet v 1-IgE complexes.
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Figure 8. Binding of Bet v 1-IgE complexes to CD23 coated on the ELISA plate expressed as OD
measured at 450 nm. Mean and standard deviations are shown for the different Bet v 1
concentrations. Graph A and B show the result of IgE concentration 0.1 pg/ml and a CD23
concentration of respectively 1 ug/ml and 2.5 pg/ml (n=4). Graph C and D show the result of IgE
concentration 1 pg/ml and a CD23 concentration of respectively 1 pg/ml and 2.5 pg/ml (n=3)



4.1.2 Inhibition by 1gG4 on Bet v 1-Igk complexes binding to CD23

Binding of Bet v 1 — IgE complexes to CD23 was inhibited by IgG4. Figure 9 shows the effect of IgG4
on immune complexes binding to CD23 expressed as percentage. The binding was established as
100% when the immune complex bound to CD23 without the addition of IgG4. Immune complexes
were formed based on the results of figure 7. A mix of three different IgG4 mAbs were added to the
Bet v 1-IgE complexes. Three different concentrations of the 1gG4 mix (1.11, 3.33 and 10 pug/ml) were
added. Figure 8 shows an inhibition of immune complexes binding to CD23 for the three different
concentrations of IgG4. A higher IgG4 concentration resulted in a lower percentage of immune
complexes binding to CD23. An one sample T test was performed to test for significance. A
significant difference compared to the control sample (no 1gG4) was seen for the 1gG4 concentration
of 1.11 pg/ml (p=0.0277), 3.33 pug/ml (p=0.0021) and 10 pg/ml (p=0.0027).
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Figure 9. Effect of 1gG4 on the immune complex binding to CD23 expressed as percentage. The
binding was established as 100% when the immune complex bound to CD23 without the addition of
IgG4. The mean and standard deviations from three separate experiments are shown (n=3). Three
different IgG4 concentrations (1.11, 3.33 and 10 pg/ml) were investigated.
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Furthermore, Figure 10 shows the effect of the three different IgG4 mAbs to investigate if different
IgG4 epitopes are needed for the inhibition of allergen-IgE complexes binding to CD23. Immune
complexes were formed based on the results of figure 1. A CD23 concentration of 2.5 ug/ml, an IgE
concentration of 0.1 pg/ml and a Bet v 1 concentration of 0.01 pug/ml was used. The highest
inhibition is seen when a mix of three IgG4 antibodies is used. Lower inhibition is seen when two and
respectively one antibody is used. Significance differences were found when adding IgG4 antibodies
compared to adding no IgG4. An one sample T test was performed which resulted in a significance
difference for the mix of 1gG4 (p=0.004), 1gG 1+2 (p=0.0011), I1gG 2+3 (p=0.0216) and IgG 1+3
(p=0.0200). However, no significance difference was seen for the IgG4 antibodies alone (IgG1;
p=0.1376, 1gG2; p=0.0960, I1gG3; p= 0.1643). This indicates that a mix of IgG4 mAbs is needed to
target different epitopes for the inhibition of allergen-IgE complexes binding to CD23.
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Figure 10. Effect of IgG4 on the %immune complex binding to CD23. 1gG4 1,2 and 3 indicate the
separate IgG4 mAbs. The mean and standard deviations from three separate experiments are shown
(n=3). The effect of a mix of three IgG4 mAbs, two 1gG4 mAbs and all the mAb separately are shown.
100% of binding was set on immune complex binding to CD23 without adding 1gG4.
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4.1.3 Test indicator sera for ELIFAB assay

After optimization of the ELIFAB assay with recombinant mAbs, the ELIFAB assay was optimized for
different indicator sera. This sera contained high Bet v 1 specific IgE levels and could be used as a
reference point for the decrease of complexes binding to CD23. Before using the ELIFAB assay with
patient sera, a suitable indicator serum should be identified. This indicator serum should contain
high allergen-specific IgE levels. Furthermore, it should be checked if the serum has binding with
different concentrations of the allergen. It is optimal to reach a binding between 70-80%. Figure 11
shows binding of Bet v 1 -IgE immune complexes to CD23 for four different sera derived from birch
allergic patients. The birch specific IgE concentrations of the sera TP51,TP14, TP32 and TP47 were
respectively 5.22, 22.2, 40.1 and 85.5 kU/L. A slight increase in binding was seen at a Betv 1
concentration of 0.01 ug/ml. However, this effect was small since already high binding was observed
at a Bet v 1 concentration of 0 ug/ml. Therefore another experiment was performed were the sera
was diluted 2x and another blocking buffer (Roche blocking buffer) was used (figure 12). Diluting the
sera 2x times lowered the background and gave a clearer immune complex binding compared to the
non diluted sample. However, still a high background level was observed. Therefore, another
experiment was performed were the sera was diluted either 2x or 5x times and half of the samples
was centrifuged (15000g for 20 min) (figure 13). Centrifugation showed a slightly higher increase
compared to the non-centrifuged sample. The lowest background value was seen for the 5x diluted
non-centrifuged sample. However, a lower increase in immune complex binding was seen for this
sample. The highest increase in allergen immune complex binding to CD23 was seen for 2x diluted
and centrifuged samples.
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Figure 11. Immune complex Bet v 1-IgE binding to CD23 for different Bet v 1 concentrations (pg/ml).
Four different samples from birch allergic patients were tested (n=4).
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Figure 12. Immune complex Bet v 1 -IgE binding to CD23 for different Bet v 1 concentrations (ug/ml).
Two different samples from birch allergic patients were tested (n=2).
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Figure 13. Immune complex Bet v 1-IgE binding to CD23 for different Bet v 1 concentrations (pg/ml).
A sample from a birch allergic patient was tested for different dilutions (2x and 5x). Both samples
were tested with and without centrifugation. Sera TP32 was used for all the different conditions
(n=4).
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4.2 Basophil Activation Test

4.2.1 Indirect Basophil Activation Test (iBAT)

First, for optimization of the iBAT, basophils were incubated with different concentrations of Bet v 1
(3,10 100, 300, 1000, 3000, 10000 pg/mL) and a serum from a birch allergic patient (TP15). The
birch specific IgE concentrations for the TP sera were measured in Rijnstate. The TP15 sample has an
birch specific IgE concentration of 22.5 kU/L. The iBAT for TP15 was repeated three times with a
different set of basophils. Figure 14 shows the mean and standard deviations of the % activated
basophils (%CD63) for different Bet v 1 concentrations (3, 10 100, 300, 1000, 3000, 10000 pg/mL).
The maximum basophil reactivity reaches approximately 80%. The iBAT showed a dose response
curve for the different Bet v 1 concentrations. An increase in activated basophils (%CD63) was seen
for higher Bet v 1 concentrations.

In addition, figure 15 shows the % activated basophils (%CD63) for different Bet v 1 concentrations
(3,10 100, 300, 1000, 3000, 10000 pg/mL) for two different sera from patients who received birch
immunotherapy (BP002 + BP003). The experiment for sera BPO03 was performed twice but the
experiment for sera BP002 was performed once. Experiments were performed with different sets of
basophils. The maximum basophil reactivity reaches approximately 70%. The iBAT showed a dose
response curve for the different Bet v 1 concentrations. An increase in activated basophils (%CD63) is
seen for higher Bet v 1 concentrations.
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Figure 14. Results of the indirect BAT. The % activated basophils (%CD63) for different bet v 1
concentrations (3, 10 100, 300, 1000, 3000, 10000 pg/mL) are shown. Mean and standard deviations
of the three separate experiments are indicated (n=3). Three different sera from birch allergic
patients were used (TP15).
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Figure 15. Results of the iBAT. The % activated basophils (%CD63) for different Bet v 1
concentrations (3, 10 100, 300, 1000, 3000, 10000 pg/mL) are shown. Mean and standard deviations
of the three separate experiments are indicated (n=3). Two different sera from a patients who
received immunotherapy were used (BP002 + BP003). BPOO3 was used two times (n=2) and BP002
ones (n=1).

4.2.2 Blocking Antibody Basophil Activation test (BA-BAT)

Since the iBAT showed a clear dose response curve for Bet v 1, the next step was to investigate the
effect of AIT on basophil activation. For the BA-BAT, the sample TP15 was used as indicator sera. The
immunotherapy samples BPO03 and BP002 were used for inhibition. In addition also the samples
BP003 and BP002 were used as indicator sera since no t=0 samples (before immunotherapy) from
these patients were available. Therefore it was possible to investigate the effect of using a standard
indicator sera versus an indicator sera derived from the same patient. Figure 16 shows the results of
the BA-BAT compared to the iBAT. For the iBAT, basophils were incubated with either TP15 (graph A
or B) or an immunotherapy sample (graph C and D) and different concentrations of Bet v 1 (3, 10
100, 300, 1000, 3000, 10000 pg/mL). Inhibition was performed with immunotherapy sera BP0OO2 or
BP003. All BATs showed a dose response curve for the different Bet v 1 concentrations. However, a
shift to the right is seen for the BA-BAT compared to the iBAT for the different Bet v 1
concentrations. The maximal basophil activation is a measure for the basophil reactivity. A decrease
in maximal basophil activation was seen for the inhibition by BP002 but not for the inhibition by sera
BP003. All experiments were performed once expect for experiment D, which was performed twice.
The same mix of basophils was used for either experiment A, B,C or D. However, different basophils
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were used for the duplicate of experiment D. The observed shift to the right for the BA-BAT indicates
the inhibition of basophil activation (%CD63) as a result of the birch immunotherapy.
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Figure 16. Results of the iBAT (blue line) and the BA-BAT (purple line). The % activated basophils
(%CD63) for different Bet v 1 concentrations (3, 10 100, 300, 1000, 3000, 10000 pg/mL) are shown.
For the iBAT, basophils were incubated with either TP15 (graph A or B) or an immunotherapy sample
(graph C and D) and inhibition was performed with immunotherapy sera BPO02 or BP0O03.

In addition, the EC50 was calculated for each sample based on the dose response curves of both
BATs (figure 17). The EC50 is the concentration inducing the half-maximal basophil activation and is
an indicator for the basophil sensitivity. The EC50 was calculated to investigate the effect of the BA-
BAT on the EC50 for Bet v 1 (figure 16). All BA-BATs resulted in an increase in EC50 for Bet v 1. The
highest increase was found when for both the iBAT and the BA-BAT the BPO03 sample was used.
Using the TP15 sample for the iBAT resulted in a lower increase. This effect was also seen for the
BP002 sample. A paired T test was performed for the different experiments. For TP14+BP002 a
Wilcoxon test was performed since the data was not normally distributed. Significant differences
were found for BP003+BP003 (p=0.021), TP15+BP003 (p=0.0142), BP002+BP002 (p=0.0054) and
TP14+BP002 (p=0.0156).
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Figure 17. Increase in EC50 (for Bet v 1) for the BA-BAT compared to the iBAT. For the iBAT basophils
were incubated with either TP15 or an immunotherapy sample (BP002 + BP003) and inhibition was
performed with immunotherapy sera BP002 or BPO03. TP15 is a sample from a birch allergic patient
and BP002 and BP0O03 are samples from patients who received birch immunotherapy. All
experiments were performed ones (n=1). Except for BP003+BP003 which was performed twice
(n=2).

4.3 ELISA to measure Bet v 1 specific IgE and 1gG

To test if ELISA is a suitable method to measure IgE and IgG specific for Bet v 1, first the ELISA was
tested with mAbs 1gG4 and IgE antibodies (figure 18). A straight line was observed until around 0.2.
Higher concentrations resulted in a plateau. In addition, figure 19 shows the results from a similar
experiment. However, lower concentrations for IgE and IgG were tested, which resulted in a
straighter curve. To measure IgG and IgE in sera, standard curves were made with mAbs IgE and IgG4
antibodies based on the results of figure 18 and 19. Figures 20 and 21 show the results of IgE and IgG
measurement in sera. Five samples from patients who received immunotherapy (BP001-BP005) and
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five samples from a birch allergic patient (TP14,TP15,TP32,TP47,TP51) were tested. Birch specific IgE
levels for the sera TP14,TP15,TP32,TP47,TP51 were also measured in Rijnstate. The concentrations
measured were respectively 22.2, 22.5, 40.1, 85.5 and 5.22 kU/L. For the IgE measurement using
ELISA only two TP sera were tested since a limited amount of sera was available. No significant
Pearson correlation was found for the Bet v 1 specific IgG and IgE values (p=0.5422). Furthermore
the ratio 1gG/IgE was calculated and is shown in figure 22. For Bet v 1 specific IgG a wide spread of
values was found, which was mostly the result of one outlier (TP32). Higher concentrations for IgG
were found compared to IgE.
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Figure 18. Measurement of IgE and IgG binding to Bet v 1 by ELISA. Dilutions of IgE and 1gG4 mAbs
IgkE and IgG4 were used for measurements (1, 0.1, 00.1, 0.001, 0 ug/ml)
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Figure 19. Measurement of IgE and IgG binding to Bet v 1 by ELISA. Dilutions of recombinant
antibodies IgE and IgG4 were used for measurements (0.25, 0.125, 0.0625, 0 pg/ml)
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Figure 20. 1gG measurement in sera (n=10) in patients who received birch immunotherapy (n=5)
and in sera from birch allergic patient without immunotherapy (n=5).
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Figure 21. IgE measurement in sera (n=7) in patients who received birch immunotherapy (n=5) and
in sera from birch allergic patient without immunotherapy (n=2).
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Figure 22. Ratio IgG/IgE for the five immunotherapy samples (n=5) and for the birch allergic patients

(n=2).
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5 Discussion

In this study the ELIFAB assay was set up for the allergen Bet v 1. When using recombinant IgG4 and
IgE mAbs specific for Bet v 1, a significant decrease in allergen-Ige complexes binding to CD23 was
observed. To my knowledge, this is the first study which found that a mix of three Bet v 1 specific
IgG4 mAbs significantly inhibit allergen-IgE complex binding via the low affinity receptor CD23.
Furthermore, it was found that a mix of IgG4 mAbs is needed to target different epitopes for the
inhibition of allergen-IgE complexes binding to CD23. Therefore this mix of Bet v 1 specific IgG4
mAbs can be a possible method to treat birch allergy. However, before using the ELIFAB in clinical
studies, further optimization with sera is needed. Moreover, 1gG4 is able to inhibit IgE-mediated
basophil degranulation via FceRI and via the inhibitory receptor CD32B. The iBAT and the BA-BAT
were used to investigate the effect of AIT on the basophil sensitivity and reactivity to Bet v 1. The
BA-BAT found a significant increase in EC50 values for patients who received birch immunotherapy.
This indicates that the BA-BAT is a promising tool to investigate the effect of AIT for Bet v 1. In
addition, Bet v 1 specific IgG and IgE levels can be quantified by an ELISA. However, since I1gG levels
specific for Bet v 1 vary widely in individuals, optimization of the assay is recommended.

For optimization of the ELIFAB, the assay was first tested with recombinant Bet v 1 and recombinant
IgE and IgG mAbs. Bell shaped curves were seen for all different IgE and CD23 concentrations
investigated. Previous research confirmed that immune complexes are formed when an optimal
antigen: antibody ratio is present (Pierson et al., 2007; Taborda et al., 2003). When there is lack or
overabundance of antibodies, this can destroy the optimal structure of immune complexes to
require the stimulation of effector actions (L. L. Lu et al., 2017). It has been speculated that for the
formation of immune complexes optimal antibody-FcR crosslinking is needed. Poor antibody-FcR
crosslinking can be a result of low antibody levels or when antibody levels are too high. Too high
antibody levels can result in the formation of small immune complexes which are not able to bind to
the receptor (Taborda et al., 2003). Therefore the binding of immune complexes to receptors shows
a typical bell shaped curve (L. L. Lu et al., 2017). The results of this study found a higher optimal
binding of immune complexes to CD23 at a higher Bet v 1 concentration (0.1 pg/ml instead of 0.01
ug/ml) when a higher IgE concentration (1 pg/ml instead of 0.1 pg/ml) was used. This is probably
because an IgE concentration of 1 pg/ml results in the formation of smaller immune complexes.
Therefore optimal concentrations for the formation of immune complexes was set at a Betv 1
concentration of 0.01 pg/ml and a IgE concentration of 0.1 pg/ml.

Similar experiments which used flow cytometry instead of ELISA found similar bell shaped curves
when forming immune complexes with Bet v 1 and IgE (Meulenbroek, 2013; Pree et al., 2010; Shamiji
et al., 2006). In addition, the MSc thesis project of Alex Overman found peaks at similar Bet v 1
concentrations when analysing Bet v 1-IgE complexes with the use of flow cytometry. However,
most studies explained this bell shaped response for binding of allergen-IgE complexes to the FceRI
receptor (Fehrenbach et al., 2009; Gimborn et al., 2005; Huber, 2013). However, a few studies found
this typical bell shaped curve for the receptor CD23. The study of Pree et al. (2010) found a similar
bell shaped curve for CD23 for the allergen Phl p when using flow cytometry. Furthermore, the study
of Shamiji et al. (2006) also found a bell shaped curve for Bet v 1-IgE complexes binding to CD23.
However, these results were obtained using the cell based FAB assay and not yet confirmed using
the ELIFAB assay. However, the ELIFAB assay was also tested for different allergens such as the
Japanese cedar pollen allergen, Ves v 5, Bet v 1, peanut extract and cat allergen (Fukano et al., 2019;
Mobs et al., 2015; Shamiji et al., 2013). In these studies also similar bell shaped curves were found.
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This indicates that also for the receptor CD23 an optimal antigen: antibody ratio is essential for the
formation of allergen-immune complexes.

As a second step of the project the binding of Bet v 1-IgE complexes to CD23 was blocked by
recombinant IgG4 mAbs. The blocking experiments showed that an increased dose of IgG4 causes a
decrease in Bet v 1-IgE complex binding to CD23. IgG4 has several specifications which can cause
this effect. First of all, IgG4 are dynamic molecules (Kolfschoten et al., 2007; Labrijn et al., 2011).
IgG4 consists out of two different isomers which differ in their disulphide bonds of hinge cysteines.
Studies found that IgG molecules can switch randomly with other IgG4 molecules which cause
formation of monovalent-bispecific antibodies, this process is called Fab Arm Exchange (FAE)
(Aalberse & Schuurman, 2002; Van Der Velden et al., 2001). Because of FAE, IgG4 is unable to
adequately cross link the allergen and form allergen-immune complexes. Furthermore, 1gG4 is not
able to attach to an antigen with both fab arms, which causes a lower affinity. 1gG4 has also a lower
affinity to activate the FcyR. However, 1gG4 has a high affinity for the CD32B receptor (Shamiji,
Valenta, et al., 2021). This is the result of a number of amino acid substitutions in the hinge/CH2
regions of 1IgG4 (Y. Lu et al,, 2007; R. I. F. Smith et al., 1995).

Furthermore, 1gG4 can also inhibit IgE-mediated basophil degranulation (Lambin et al., 1993). This
effect is caused by two mechanisms. IgG4 can compete with IgE and can bind at the same time with
the inhibitory receptor CD32B. However, the mechanism of how the interaction with CD32B results
in the inhibition via FceRl is unclear (James & Till, 2016). It is found that aggregated IgG4 results in
the binding of 1gG4 F(ab’)2 complexes to CD32B on cell surfaces (Bruhns et al., 2009). However, it
should be taken into account that 1gG4 forms small complexes in contrast to IgG1 (van der Zee et al.,
1986), which is probably caused by the process of FAE (Kolfschoten et al., 2007). The interaction with
CD32B can hinder downstream signalling through FceRI. This results in prevention of the release of
histamine and other mediators (Bruhns et al., 2005; Daeron et al., 1995). Furthermore, it is found
that 1gG4 produced by AIT can inhibit IgE-FAP by B cells in vitro (James et al., 2011; Nouri-Aria et al.,
2004; van Neerven et al., 1999). It seems that the functional inhibitory effect of IgG4 causes the
success of AIT and not the absolute concentrations in serum since often the levels of IgG4 do not
correlate with clinical responses (James & Till, 2016). This is in line with my results. The sample with
the higher Bet v 1 specific IgG level (BP002) did not result in a higher increase in EC50 for the BA-
BAT.

Treatment with allergen IgG mAbs can result in the reduction of allergic symptoms (Pauli et al.,
2008) and therefore Bet v 1 IgG mAbs can be a possible treatment option for allergies. However,
previous studies found that individual clones of IgG mAbs unsuccessfully block binding of IgE to Bet v
1. Therefore, a mix of 1gG clones is needed which target different epitopes to prevent IgE-mediated
basophil degranulation (Gadermaier et al., 2018; Osman Mirza et al., 2000; Spangfort et al., 2003).
For example, a study found that individual mAbs did not often result in blocking of Bet v 1 binding to
IgE. However, a mix of IgG mAbs resulted in >80% blocking in 9 out of 10 cases (Zhang et al., 2018).
However, although four mAbs were able to bind at the same time to Bet v 1, a follow up study
demonstrated that three mAbs were adequate to inhibit allergic cell activation. This demonstrates
that specific epitope coverage is already enough to inhibit an allergic response (Atanasio et al.,
2022). However, these studies were performed targeting the high affinity receptor FceRI. Only one
study which used Fel d 1-neutralizing IgG antibodies found inhibition of allergen-IgE complex via
CD23 (Shamiji, Singh, et al., 2021). My results demonstrate the same effect for Bet v 1. A mix of three
mAbs resulted in >80% blocking while this was not the case for the mix of two mAbs or the mAbs
separately. To my knowledge, this is the first study which found that Bet v 1-specific IgG4 mAbs
inhibit allergen-Ige complex binding via the low affinity receptor CD23.
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After successful optimisation of the ELIFAB assay with recombinant IgE and IgG mAbs, the second
step was to introduce, optimize and test an indicator sera. The ELIFAB assay makes use of an
indicator serum which should contain high allergen specific IgE levels. This indicator sera can be used
as a reference point for the decrease of complexes binding to CD23. Therefore the serum of time
point zero (before start of AIT) could be used but also a pooled serum instead of a serum from a
single patient (Shamij, 2019). Furthermore, this same indicator sera should also be used for
performing the BA-BAT. Previous research which investigated the effect of birch AIT with the use of
the BA-BAT used a time point zero serum as indicator sera (Wrtzen et al., 2021). In this study, it was
investigated which indicator sera is most suitable to monitor the effect of birch AIT.

For the ELIFAB assay, four different sera with different birch specific IgE levels were tested for
formation of immune complexes. For all four different sera a slight increase in immune complex
binding to CD23 was observed for Bet v 1 concentrations starting at 0.01 pg/ml. However, a high
background value (OD around 0.3) was observed even in controls where no Bet v 1 was included.
Therefore, different dilutions of sera were tested. However, this did not result in a clear decrease in
background value. This high background value could be explained by aggregated IgE which can also
bound to CD23 (Engeroff et al., 2020). Therefore one sample was centrifuged to remove possible IgE
aggregates. Nevertheless this did also not reduce the background signal. In addition another possible
method would be to purify IgE from sera (Badloe et al., 2022). Additionally it is recommended to test
more indicator sera (from another batch) for the formation of immune complexes. Furthermore,
higher CD23 concentrations could be tested for optimal binding of immune complexes to CD23. The
protocol of Shamiji et al. (2019) recommends testing a range of CD23 concentrations until 30 pg/ml.
Moreover, the study of Fukano et al. (2019) used an optimal concentration of 20 pug/ml for the
ELIFAB assay while in this study a maximal concentration of 2.5 pug/ml was used. On top of that,
another study tested different CD23 concentrations for the allergen Phl p and an increase in
allergen-immune binding to CD23 started from 3.2 pg/ml (Shamji et al., 2013).

Besides the ELIFAB assay, also the iBAT was examined in this study. For the iBAT, the results of this
study found a dose response curve for Bet v 1. This indicates that an increase in activated basophils
(%CD63) is seen for higher Bet v 1 concentrations. Therefore the iBAT can be a possible method for
the diagnosis of birch allergy. There are two ways to express basophil activity, basophil reactivity and
basophil sensitivity. Basophil reactivity can be defined as the maximum of basophils (%CD63) that
respond to a stimulus and basophil sensitivity can be defined as the allergen concentration when
half of the reactive basophils give a response. In this study, basophil sensitivity was calculated by
establishing the concentration of Bet v 1 at which 50% of basophils respond (EC50) (Hoffmann et al.,
2015b; Santos et al., 2021). Often a bell shaped curve is seen which reaches a plateau at high
concentrations. This is the result of IgE-FceRl complexes which causes receptor aggregation. This
aggregation depends on the reactiveness of the allergen and on the affinity of IgE for the allergen.
There are several factors that have an impact on the shape of the dose response curve. For example
the affinity of the allergen to IgE, epitope diversity of IgE, density of epitope specific IgE and intrinsic
properties of the basophils (Chirumbolo et al., 2008). Furthermore several factors can influence the
outcome of the BAT such as patient medication, material for the BAT, antibodies for staining and the
analysis via flow cytometry (Santos et al., 2021). The direct BAT needs to make use of fresh basophils
which makes this test less flexible. Furthermore this also causes a higher risk of nonresponding
basophils. Since only frozen samples were available, the indirect BAT was used in this study.
Nevertheless, research indicates that the iBAT shows a similar reliability compared to the direct BAT
for the diagnostics of peanut allergy (Ruinemans-Koerts, Brouwer, et al., 2022). This indicates that
this method could also be suitable for the diagnosis of birch allergy.
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In this study an increase in EC50 for Bet v 1 was found for the BA-BAT compared to the iBAT. For the
BA-BAT, Bet v 1 was pre-incubated with patient serum before adding to the basophils. This was done
to detect the effect of inhibiting factors (such as IgG/IgA) on basophil activation. The increase in
EC50 indicated that IgG antibodies produced after birch AIT result in a deceased binding of IgE to
FceRl and that the BA-BAT can be a suitable tool to investigate the effect of AIT on the basophil
sensitivity to Bet v 1. However no clear effect on basophil reactivity was found. The increase in EC50
found for the BA-BAT can be explained by IgG4. 1gG4 is able to inhibit IgE signalling via FceR1. This
effect is caused by structural features of IgG4 causing low affinity to FcyR and high affinity to CD32B
as explained in detail in the paragraphs above. The study of Wirtzen et al. (2021) used a similar
method. In this study, also the iBAT and BA-BAT were used to investigate the effect of birch AIT on
basophil activation. Blood samples from 12 patients who received birch AIT and 7 placebo patients
were analysed for basophil activation. Allergens were incubated with either pre or post-IT serum and
the EC50 was calculated. Significance increases in EC50 were found after AIT treatment (Wrtzen et
al., 2021).

Moreover, this method was also used for the allergens Ara h2 and Ara h6. In this study a decrease in
basophil sensitivity (higher EC50) was found. Furthermore, in this study also heated serum was
preincubated with Ara h2/h6. The dose response curve of this BAT was similar to the normal BAT.
This confirms that the inhibition by serum is not a result of non-specific factors but caused by
immunoglobulins which lose their antigen-binding when exposed to high temperatures. Therefore
the BA-BAT is a useful method to determine the effect of allergen immunotherapy-induced IgG/IgA
on IgE-mediated basophil and T-cell activation (Ruinemans-Koerts, Uum-Otters, et al., 2022). Since
my results for Bet v 1 found increased levels of EC50 for the BA-BAT compared to the iBAT, it could
be established that the BA-BAT is a possible tool to investigate the effect of birch immunotherapy on
basophil sensitivity.

For the BA-BAT the sample TP15 was used as indicator sera. The immunotherapy samples BPOO3 and
BP002 were used for inhibition. In addition also the samples BPOO3 and BP002 were used as
indicators since no t=0 samples from these patients were available. Therefore it was possible to
investigate the effect of using a standard indicator sera versus an indicator sera derived from the
same patient. A higher increase in EC50 was found when taking BPO02 or BP003 as indicator sera. A
lower increase in EC50 was found when incubating the basophils with the standard indicator serum
(TP15). For a future clinical study, it is therefore recommended to incubate the basophils with its
patients own sample (t=0) instead of an standard indicator sera since this study showed this can
clearly influence the results.

To investigate the effect of birch immunotherapy it is of interest to quantify the levels of Bet v-1
specific IgG. In this study, ELISA was used to quantify IgG Bet v 1 antibodies produced after AIT.
However, most studies are using OD values when measuring Bet v 1 specific IgG (Akinfenwa et al.,
2021; Brazhnikov et al., 2023; Gepp et al., 2016). In this study, a standard curve from recombinant
IgG4 was made to quantify 1gG4 levels. However, it should be taken in account that the standard
curve was made to detect IgG4 while total IgG was measured in the sera. Furthermore, the standard
curve already reached a plateau after a concentration of 0.2 pg/ml. Therefore the measured 1gG
concentrations are probably not that precise. Furthermore, no reference sample without IgG was
measured. Only the blocking buffer served as a control. In addition, the standard curve was made in
blocking buffer and therefore it does not completely reflect IgG levels in sera. Literature suggests
that Bet v 1 specific IgG levels vary widely. Studies found Bet v 1 specific IgG levels are ranging from
approximately O to 25 pg/ml (Strobl et al., 2023; Subbarayal et al., 2013). In both studies, high
standard deviations were observed, especially for IgG4. This is comparable with the outlier which
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was found for the TP32 sera. However in another other study lower Bet v 1 1gG4 levels were
observed until around 2 pug/ml (Guhsl et al., 2015).

Also IgE levels specific for Bet v 1 were measured in immunotherapy samples using ELISA. No
significant correlation was found for Bet v 1 specific IgE and IgG values. Other studies also did not
find a significant correlation between Bet v 1 specific IgE and 1gG values (using OD values). A low
correlation was found between Bet v 1 specific IgE and 1gG4 but not between IgE and I1gG1
(Brazhnikov et al., 2023). This could be explained by the fact that the class switch from IgE to IgG4
results from the same pathway (Eriksen et al., 2023). Therefore, the IgG:IgE ratio could be a more
essential parameter to measure the effect of immunotherapy. It established that an increased
IgG/IgE ratio can be the result of administration of recombinant allergen (Fujita et al., 2012).
Therefore in this study, also the ratio IgE/IgG was calculated.

However the question how IgE and IgG can recognise different epitopes on Bet v 1 remains
unexplained. At this moment, little is known about the epitope diversity of immunoglobulin
subclasses produced during AIT (Gepp et al., 2016). Limited information about the specificity of IgE
and IgG for Bet v 1 epitopes is available. For Bet v 1, IgE antibodies almost only recognize the folded
Bet v 1 allergen but do not react to the unfolded recombinant Bet v 1 fragments or to Betv 1
fragments which lack the secondary structure (Vrtala et al., 1997). However, this difference in
binding is less investigated for the IgG antibody. For other allergens, it was found that Der p 1 (house
dust mite) specific IgE and IgG antibodies can possibly bind the same recombinant allergen
fragments (Chen et al., 2008). Nevertheless, another study found that IgE mainly binds to the
conformational epitopes on house dust mite allergens (Huang et al., 2019). A recent study found
that IgG, 1gG1 and also IgG4 antibodies mostly bind to unfolded Bet v 1 fragments and peptides
whereas IgE binds to conformational epitopes (Brazhnikov et al., 2023).

This study has several strengths and limitations. First of all, multiple repeats of the ELIFAB
experiments were performed which shows high reproducibility of the results. In addition, different
assays were tested to show the effect of IgG antibodies on immune complex binding to CD23 and
FceRIl. Furthermore, since different IgG4 mAbs were available, the effect of different epitopes could
be investigated. However, a limited number of sera was used in this study and no t=0 samples were
available for the immunotherapy sera. Furthermore, only the allergen Bet v 1 was included and not
the allergen Gly m 4. Therefore cross reactivity was not investigated in detail. Furthermore, Bet v 1
specific IgA measurements were not included since very high background values were found. In
addition, only three different sera were tested for the iBAT since the iBAT is a very time consuming
method. This should be taken into account when performing a future study with a high number of
participants. Moreover, the ELIFAB was mostly tested with recombinant mAbs and not with human
sera. When testing the ELIFAB with human sera, high background values were found. First this high
background should be lowered to show clear binding of immune complexes to CD23.

The results of this study could be used for the birch immunotherapy study with ITULAZAX® in
Rijnstate hospital. Based on the results of this study, there are several recommendations for this
trial. First of all, it is recommended to test more indicator sera for the ELIFAB for the formation of
immune complexes binding to CD23. This indicator sera could be used as reference before adding an
immunotherapy sample. Before using the ELIFAB assay in the trial, immunotherapy samples should
be tested instead of using recombinant IgG4 antibodies. Furthermore, better validation of the iBAT
with different donors is recommended. The EC50 before and after AIT could be established to show
the effect of birch immunotherapy. It is recommended to use a t=0 sample as reference and not the
same standard sample for all the patients. Furthermore, for the BA-BAT also the area under the
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curve can be calculated to investigate the basophil reactivity (Hoffmann et al., 2015). Also the ratio
IgE/IgG could be determined before and after birch immunotherapy treatment. To validate the IgG
and IgE measurements, values could also be measured with the use of ImmunoCAP. Furthermore
Bet v 1 specific IgA antibodies could be measured since IgA can also compete with Bet v 1 specific
IgE. Finally, both the ELIFAB, the ELISA and the BA-BAT should be tested for the allergen Gly m 4.

To conclude, this study found that the ELIFAB assay is a promising method to investigate the effect
of IgG4 antibodies on allergen-IgE complexes binding to CD23. To my knowledge, this is the first
study which found that Bet v 1-specific IgG4 mAbs significantly inhibit allergen-IgE complex binding
via the low affinity receptor CD23. Furthermore this assay clearly shows the need of different IgG4
epitopes for inhibition of immune complex binding to CD23. Therefore a mix of the three Bet v 1
specific IgG4 antibodies can be a possible treatment option for birch allergy. This inhibition by 1gG4
can be explained by the mechanism of FAE. Furthermore, IgG4 is not able to attach to an antigen
with both fab arms and has a low affinity to activate the FcyR. Moreover, 1gG4 can inhibit IgE-
mediated basophil degranulation since 1gG4 can compete with IgE and can bind at the same time
with the inhibitory receptor CD32B. However, more validation is needed to show the effect of an
indicator or immunotherapy sera in the ELIFAB assay instead of using recombinant IgG4 and IgE
mAbs. These validations are needed before using the ELIFAB assay in future clinical studies.
Moreover, ELISA can be used to quantify IgG4 antibodies in sera. However, since IgG4 levels specific
for Bet v 1 vary widely in individuals, optimization of the assay is recommended. In addition, the Bet
v 1 IgG:IgE ratio could be a more essential parameter to measure the effect of AIT since often the
levels of IgG4 do not correlate with clinical responses. On top of that, the BA-BAT can be used to
investigate the effect of AIT on basophil sensitivity and reactivity. It is therefore recommended to
use a t=0 sample (before start of AIT) as indicator serum. In conclusion, the results of this study show
that the ELIFAB and BA-BAT which investigate the effect of IgG4 on respectively the receptors CD23
and FceRl are promising methods for future research to monitor the effect of immunotherapy for
birch and soy allergy.

38



6 References

Aalberse, R. C., & Schuurman, J. (2002). 1gG4 breaking the rules. Immunology, 105(1), 9-19.
https://doi.org/10.1046/).0019-2805.2001.01341.X

Acharya, M., Borland, G., Edkins, A. L., MacLellan, L. M., Matheson, J., Ozanne, B. W., & Cushley, W.
(2010). CD23/FceRIl: molecular multi-tasking. Clinical and Experimental Immunology, 162(1),
12-23. https://doi.org/10.1111/).1365-2249.2010.04210.X

Akinfenwa, O., Huang, H. J., Linhart, B., Focke-Tejkl, M., Vrtala, S., Poroshina, A., Nikonova, A.,
Khaitov, M., Campion, N. J., Eckl-Dorna, J., Niederberger-Leppin, V., Kratzer, B., Tauber, P. A,,
Pickl, W. F., Kundi, M., Campana, R., & Valenta, R. (2021). Preventive Administration of Non-
Allergenic Bet v 1 Peptides Reduces Allergic Sensitization to Major Birch Pollen Allergen, Bet v
1. Frontiers in Immunology, 12. https://doi.org/10.3389/fimmu.2021.744544

Angal, S., King, D. J., Bodmer, M. W., Turner, A., Lawson, A. D. G., Roberts, G., Pedley, B., & Adair, J.
R. (1993). A single amino acid substitution abolishes the heterogeneity of chimeric
mouse/human (1gG4) antibody. Molecular Immunology, 30(1), 105-108.
https://doi.org/10.1016/0161-5890(93)90432-B

Asai, K., Kitaura, J., Kawakami, Y., Yamagata, N., Tsai, M., Carbone, D. P, Liu, F.-T., Galli, S. J., &
Kawakami, T. (2001). Regulation of Mast Cell Survival by IgE promote proliferation and/or
suppress apoptosis and apoptosis driven by insufficient levels of growth factors and other
insults (reviewed in Galli et al., 1994; Mekori and that stem cell factor (SCF) is a critical mast cell
developmental and survival factor 3 Department of Pathology Department of Immunology in
both mice and humans (reviewed in Galli et al. Immunity, 14, 791-800.

Atanasio, A., Franklin, M. C., Kamat, V., Romero Hernandez, A., Badithe, A., Ben, L.-H., Jones, J.,
Bautista, J., Yancopoulos, G. D., Olson, W., Murphy, A. J., Sleeman, M. A., & Orengo, J. M.
(2022). Targeting immunodominant Bet v 1 epitopes with monoclonal antibodies prevents the
birch allergic response. The Journal of Allergy and Clinical Immunology, 149(1), 200-211.
https://doi.org/10.1016/j.jaci.2021.05.038

Badloe, F. M. S., De Vriese, S., De Bruyn Carlier, T., Vandersichel, E., Scheffel, J., Maurer, M., Ring, J.,
Gutermuth, J., & Kortekaas Krohn, 1. (2022). A Novel Method for Total IgE Purification from
Human Serum. Journal of Immunology (Baltimore, Md. : 1950), 208(10), 2436—2442.
https://doi.org/10.4049/JIMMUNOL.2100497

Berkner, H., Neudecker, P., Mittag, D., Ballmer-Weber, B. K., Schweimer, K., Vieths, S., & Résch, P.
(2009). Cross-reactivity of pollen and food allergens: soybean Gly m 4 is a member of the Bet v
1 superfamily and closely resembles yellow lupine proteins. Bioscience Reports, 29(3), 183—192.
https://doi.org/10.1042/BSR20080117

Boyce, J. A,, Finkelman, F., Shearer, W. T., Vercelli, D., Akdis, C. A., Ubeccel Akdis, M., & Davos, P.
(2011). Mechanisms of allergen-specific immunotherapy. Journal of Allergy and Clinical
Immunology, 127(1), 18-27. https://doi.org/10.1016/J.JACI.2010.11.030

Brazhnikov, G., Smolnikov, E., Litovkina, A., Jiang, T., Shatilov, A., Tulaeva, I., Tulaev, M., Karaulov, A.,
Poroshina, A., Zhernov, Y., Focke-Tejkl, M., Weber, M., Akinfenwa, O., Elisyutina, O., Andreev,
S., Shilovskiy, I., Shershakova, N., Smirnov, V., Fedenko, E., ... Campana, R. (2023). Natural

39



human Bet v 1-specific IgG antibodies recognize non-conformational epitopes whereas IgE
reacts with conformational epitopes. Allergy: European Journal of Allergy and Clinical
Immunology, 78(12), 3136—-3153. https://doi.org/10.1111/ALL.15865

Bruhns, P., Fré Mont, S., & Daé Ron, M. (2005). Regulation of allergy by Fc receptors. Current Opinion
in Immunology, 17(6), 662—669. https://doi.org/10.1016/].c0i.2005.09.012

Bruhns, P., lannascoli, B., England, P., Mancardi, D. A., Fernandez, N., Jorieux, S., & Daé Ron, M.
(2009). Specificity and affinity of human Fc receptors and their polymorphic variants for human
1gG subclasses. https://doi.org/10.1182/blood

Caillaud, D. M., Martin, S., Egala, C. S., Vidal, P., Lecadet, J., Pellier, S., Rouzaire, P., Tridon, A., &
Evrard, & B. (2014). Airborne pollen levels and drug consumption for seasonal allergic
rhinoconjunctivitis: a 10-year study in France. https://doi.org/10.1111/all.12522

Canova, C,, Heinrich, J., Anto, J. M., Leynaert, B., Smith, M., Kuenzli, N., Zock, J. P., Janson, C., Cerveri,
I., De Marco, R., Toren, K., Gislason, T., Nowak, D., Pin, I., Wjst, M., Manfreda, J., Svanes, C.,
Crane, J., Abramson, M., ... Jarvis, D. (2013). The influence of sensitisation to pollens and
moulds on seasonal variations in asthma attacks. European Respiratory Journal, 42(4), 935-945.
https://doi.org/10.1183/09031936.00097412

Chen, K.-W., Fuchs, G., Sonneck, K., Gieras, A., Swoboda, I., Douladiris, N., Linhart, B., Jankovic, M.,
Pavkov, T., Keller, W., Papadopoulos, N. G., Valent, P., Valenta, R., & Vrtala, S. (2008).
Reduction of the in vivo allergenicity of Der p 2, the major house-dust mite allergen, by genetic
engineering. Molecular Immunology, 45, 2486—2498.
https://doi.org/10.1016/j.molimm.2008.01.006

Chirumbolo, S., Vella, A., Ortolani, R., De Gironcoli, M., Solero, P., Tridente, G., & Bellavite, P. (2008).
Clinical and Molecular Allergy Differential response of human basophil activation markers: a
multi-parameter flow cytometry approach. https://doi.org/10.1186/1476-7961-6-12

Conrad, D. H., Ford, J. W., Sturgill, J. L., & Gibb, D. R. (2007). CD23: An overlooked regulator of
allergic disease. Current Allergy and Asthma Reports, 7(5), 331-337.
https://doi.org/10.1007/511882-007-0050-Y

Crowell, D. N., John, M. E., Russell, D., & Amasino, R. M. (1992). Characterization of a stress-induced,
developmentally regulated gene family from soybean. Plant Molecular Biology, 18(3), 459—-466.
https://doi.org/10.1007/BF00040662

Curciarello, R., Lareu, J. F., Fossati, C. A., Docena, G. H., & Petruccelli, S. (2008). Immunochemical
characterization of Glycine max L. Merr. var Raiden, as a possible hypoallergenic substitute for
cow’s milk-allergic patients. Clinical & Experimental Allergy, 38(9), 1559—1565.
https://doi.org/10.1111/).1365-2222.2008.03062.X

Curotto de Lafaille, M. A., Lafaille, J. J., & Graga, L. (2010). Mechanisms of tolerance and allergic
sensitization in the airways and the lungs. Current Opinion in Immunology, 22(5), 616.
https://doi.org/10.1016/J.C0OI1.2010.08.014

Daeron, M., Malbec, O., Latour, S., Arock, M., & Fridman, W. H. (1995). Regulation of High-affinity IgE
Receptor-mediated Mast Cell Activation by Murine Low-affinity IgG Receptors. The Journal of
Clinical Investigation, 95(2), 577-585.

40



Elisyutina, O., Fedenko, E., Campana, R, Litovkina, A., llina, N., Kudlay, D., Egorenkov, E., Smirnov, V.,
Valenta, R., Lupinek, C., & Khaitov, M. (2019). Bet v 1-specific IgE levels and PR-10 reactivity
discriminate silent sensitization from phenotypes of birch allergy. In Allergy: European Journal
of Allergy and Clinical Immunology (Vol. 74, Issue 12). https://doi.org/10.1111/all.13931

Engeroff, P., Caviezel, F., Mueller, D., Thoms, F., Bachmann, M. F., & Vogel, M. (2020). CD23 provides
a noninflammatory pathway for IgE-allergen complexes. Journal of Allergy and Clinical
Immunology, 145(1), 301-311.e4. https://doi.org/10.1016/J.JACI.2019.07.045

Engeroff, P., Fellmann, M., Yerly, D., Bachmann, M. F., & Vogel, M. (2018). A novel recycling
mechanism of native IgE-antigen complexes in human B cells facilitates transfer of antigen to
dendritic cells for antigen presentation. The Journal of Allergy and Clinical Immunology, 142(2),
557-568.e6. https://doi.org/10.1016/J.JACI.2017.09.024

Engeroff, P., & Vogel, M. (2021). The role of CD23 in the regulation of allergic responses. Allergy,
76(7), 1981-1989. https://doi.org/10.1111/ALL.14724

Eriksen, C., Moll, J. M., Myers, P. N., Rosa, A., Pinto, A., Banhos Danneskiold-Samsge, N., Dehli, R. I.,
Rosholm, L. B., Danner Dalgaard, M., Penders, J., Jonkers, D. M., Pan-Hammarstrom, Q.,
Hammarstrém, L., Kristiansen, K., & Brix, S. (2023). IgG and IgM cooperate in coating of
intestinal bacteria in IgA deficiency. Nature Communications, 14(1), 8124.
https://doi.org/10.1038/s41467-023-44007-2

FDA. (2015). Guidance for Industry: Food Allergen Labeling Exemption Petitions and Notifications.
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-
industry-food-allergen-labeling-exemption-petitions-and-notifications

Fehrenbach, K., Lessmann, E., Zorn, C. N., Kuhny, M., Grochowy, G., Krystal, G., Leitges, M., & Huber,
M. (2009). Steel factor enhances supraoptimal antigen-induced IL-6 production from mast cells
via activation of protein kinase C-beta. Journal of Immunology (Baltimore, Md. : 1950), 182(12),
7897-7905. https://doi.org/10.4049/JIMMUNOL.0801773

Fellmann, M., Buschor, P., Rothlisberger, S., Zellweger, F., & Vogel, M. (2015). High affinity targeting
of CD23 inhibits IgE synthesis in human B cells. Immunity, Inflammation and Disease, 3(4), 339—
349. https://doi.org/10.1002/11D3.72

Frei, T., & Gassner, E. (2008). Climate change and its impact on birch pollen quantities and the start
of the pollen season an example from Switzerland for the period 1969-2006. International
Journal of Biometeorology, 52(7), 667—674. https://doi.org/10.1007/500484-008-0159-2

Fujita, H., Soyka, M. B., Akdis, M., & Akdis, C. A. (2012). Mechanisms of allergen-specific
immunotherapy. Clinical and Translational Allergy 2012 2:1, 2(1), 1-8.
https://doi.org/10.1186/2045-7022-2-2

Fukano, C., Ohashi-Doi, K., Lund, K., Nakao, A., Masuyama, K., & Matsuoka, T. (2019). Establishment
of enzyme-linked immunosorbent facilitated antigen binding as a biomarker assay for Japanese
cedar pollen allergy immunotherapy. https://doi.org/10.1016/j.jphs.2019.07.001

Gadermaier, E., Marth, | K, Lupinek, | C, Campana, | R, Hofer, | G, Blatt, | K, Smiljkovic, | D, Roder, |
U, Focke-Tejkl, | M, Vrtala, | S, Keller, | W, Valent, | P, Valenta, | R, & Flicker, | S. (2018).
Isolation of a high-affinity Bet v 1-specific IgG-derived ScFv from a subject vaccinated with
hypoallergenic Bet v 1 fragments. https://doi.org/10.1111/all.13394

41



Gafvelin, G., Thunberg, S., Kronqvist, M., Grénlund, H., Grénneberg, R., Troye-Blomberg, M., Akdis,
M., Fiebig, H., Purohit, A., Horak, F., Reisinger, J., Niederberger, V., Akdis, C. A., Cromwell, O.,
Pauli, G., Valenta, R., & Van Hage, M. (2005). Cytokine and Antibody Responses in Birch-Pollen-
Allergic Patients Treated with Genetically Modifi ed Derivatives of the Major Birch Pollen
Allergen Bet v 1. Int Arch Allergy Immunol, 138, 59-66. https://doi.org/10.1159/000087358

Gepp, B., Lengger, N., Mobs, C., Pfiitzner, W., Radauer, C., Bohle, B., & Breiteneder, H. (2016a).
Monitoring the epitope recognition profiles of Igk, IgG 1, and I1gG 4 dur-ing birch pollen
immunotherapy. The Journal of Allergy and Clinical Immunology, 137(5), 1600-1603.

Geroldinger-Simic, M., Zelniker, T., Aberer, W., Ebner, C., Egger, C., Greiderer, A., Prem, N., Lidholm,
J., Ballmer-Weber, B. K., Vieths, S., & Bohle, B. (2011). Birch pollen-related food allergy: Clinical
aspects and the role of allergen-specific IgE and 1gG4 antibodies. Journal of Allergy and Clinical
Immunology, 127(3), 616-622.e1. https://doi.org/10.1016/j.jaci.2010.10.027

Gimborn, K., Lessmann, E., Kuppig, S., Krystal, G., & Huber, M. (2005). SHIP down-regulates
FcepsilonR1-induced degranulation at supraoptimal IgE or antigen levels. Journal of
Immunology (Baltimore, Md. : 1950), 174(1), 507-516.

Gould, H. J., & Sutton, B. J. (2008). IgE in allergy and asthma today. Nature Reviews. Immunology,
8(3), 205-217. https://doi.org/10.1038/NRI2273

Guhsl, E. E., Hofstetter, G., Lengger, N., Hemmer, W., Ebner, C., Froschl, R., Bublin, M., Lupinek, C.,
Breiteneder, H., & Radauer, C. (2015). IgE, IgG4 and IgA specific to Bet v 1-related food
allergens do not predict oral allergy syndrome. Allergy, 70(1), 59.
https://doi.org/10.1111/ALL.12534

Gutowska-Slesik, J., Samoliniski, B., & Krzych-Fatta, E. (2023). The increase in allergic conditions based
on a review of literature. Advances in Dermatology and Allergology/Postepy Dermatologii i
Alergologii, 40(1), 1. https://doi.org/10.5114/ADA.2022.119009

H-K Ho, M., H-S Wong, W., & Chang, C. (2014). Clinical Spectrum of Food Allergies: a Comprehensive
Review. Clinical Reviews in Allergy & Immunology, 46(3), 225-240.
https://doi.org/10.1007/s12016-012-8339-6

Hoffmann, H. J., Santos, A. F., Mayorga, C., Nopp, A., Eberlein, B., Ferrer, M., Rouzaire, P., Ebo, D. G.,
Sabato, V., Sanz, M. L., Pecaric-Petkovic, T., Patil, S. U., Hausmann, O. V., Shreffler, W. G.,
Korosec, P., & Knol, E. F. (2015). The clinical utility of basophil activation testing in diagnosis
and monitoring of allergic disease. Allergy, 70(11), 1393—-1405.
https://doi.org/10.1111/ALL.12698

Huang, H. J., Curin, M., Banerjee, S., Chen, K. W., Garmatiuk, T., Resch-Marat, Y., Carvalho-Queiroz,
C., Blatt, K., Gafvelin, G., Gronlund, H., Valent, P., Campana, R., Focke-Tejkl, M., Valenta, R., &
Vrtala, S. (2019). A hypoallergenic peptide mix containing T cell epitopes of the clinically
relevant house dust mite allergens. Allergy: European Journal of Allergy and Clinical
Immunology, 74(12), 2461-2478. https://doi.org/10.1111/ALL.13956

Huber, M. (2013). Activation/Inhibition of mast cells by supra-optimal antigen concentrations.
https://doi.org/10.1186/1478-811X-11-7

James, L. K., Shamiji, M. H., Walker, S. M., Wilson, D. R., Wachholz, P. A,, Francis, J. N., Jacobson, M.
R., Kimber, I, Till, S. J., & Durham, S. R. (2011). Long-term tolerance after allergen

42



immunotherapy is accompanied by selective persistence of blocking antibodies. The Journal of
Allergy and Clinical Immunology, 127(2). https://doi.org/10.1016/J.JAC1.2010.12.1080

James, L. K., & Till, S. J. (2016). Potential Mechanisms for IgG4 Inhibition of Immediate
Hypersensitivity Reactions. Current Allergy and Asthma Reports, 16(3), 1-7.
https://doi.org/10.1007/511882-016-0600-2

Jutel, M., Agache, I., Bonini, S., Burks, A. W., Calderon, M., Canonica, W., Cox, L., Demoly, P., Frew, A.
J., O’Hehir, R., Kleine-Tebbe, J., Muraro, A., Lack, G., Larenas, D., Levin, M., Nelson, H.,
Pawankar, R., Pfaar, O., Van Ree, R,, ... Akdis, C. A. (2015). International consensus on allergy
immunotherapy. The Journal of Allergy and Clinical Imnmunology, 136(3), 556-568.
https://doi.org/10.1016/J.JACI.2015.04.047

Jutel, M., & Akdis, C. A. (2011). Immunological mechanisms of allergen-specific immunotherapy.
Allergy, 66(6), 725—732. https://doi.org/10.1111/).1398-9995.2011.02589.X

Kattan, J. D., Cocco, R. R., & Jarvinen, K. M. (2011). Milk and Soy Allergy. Pediatric Clinics of North
America, 58(2), 407-426. https://doi.org/10.1016/J.PCL.2011.02.005

Kim, H. S., Kawakami, Y., Kasakura, K., Kawakami, T., & Kitaura, J. (2020). Recent advances in mast
cell activation and regulation [version 1; peer review: 2 approved].
https://doi.org/10.12688/f1000research.22037.1

Kleine-Tebbe, J., Wangorsch, A., Vogel, L., Crowell, D. N., Haustein, U. F., & Vieths, S. (2002). Severe
oral allergy syndrome and anaphylactic reactions caused by a Bet v 1-related PR-10 protein in
soybean, SAM22. Journal of Allergy and Clinical Immunology, 110(5), 797—-804.
https://doi.org/10.1067/mai.2002.128946

Knol, E. F., Mul, F. P. )., Jansen, H., Calafat, J., & Roos, D. (1991). Monitoring human basophil
activation via CD63 monoclonal antibody 435. The Journal of Allergy and Clinical Immunology,
88(3 Pt 1), 328-338. https://doi.org/10.1016/0091-6749(91)90094-5

Kolfschoten, M. V. D. N., Schuurman, J., Losen, M., Bleeker, W. K., Martinez-Martinez, P., Vermeulen,
E., Den Bleker, T. H., Wiegman, L., Vink, T., Aarden, L. A., De Baets, M. H., Van De Winkel, J. G.
J., Aalberse, R. C., & Parren, P. W. H. I. (2007). Anti-inflammatory activity of human IgG4
antibodies by dynamic Fab arm exchange. Science, 317(5844), 1554-1557.
https://doi.org/10.1126/SCIENCE.1144603/SUPPL_FILE/VANDERNK-SOM.PDF

Labrijn, A. F., Rispens, T., Meesters, J., Rose, R. J., Den Bleker, T. H., Loverix, S., Van Den Bremer, E. T.
J., Neijssen, J., Vink, T., Lasters, |., Aalberse, R. C., Heck, A. J. R., Van De Winkel, J. G. J,,
Schuurman, J., & Parren, P. W. H. I. (2011). Species-Specific Determinants in the 1gG CH3
Domain Enable Fab-Arm Exchange by Affecting the Noncovalent CH3-CH3 Interaction Strength.
The Journal of Immunology, 187, 3238-3246. https://doi.org/10.4049/jimmunol.1003336

Laffer, S., Vangelista, L., Steinberger, P., Kraft, D., Pastore, A., & Valenta, R. (1996). Molecular
characterization of Bip 1, a monoclonal antibody that modulates IgE binding to birch pollen
allergen, Bet v 1. The Journal of Immunology, 157(11).
https://doi.org/10.4049/jimmunol.157.11.4953

Lambin, P., Bouzoumou, A., Murrieta, M., Debbia, M., Leynadier, F., & Levy, D. (1993). Purification of
human 1gG4 subclass with allergen-specific blocking activity. Journal OflImmunological Methods,
165, 99.

43



Li, Y., Leung, P. S. C., Gershwin, M. E., & Song, J. (2022). New Mechanistic Advances in FceRI-Mast
Cell-Mediated Allergic Signaling. Clinical Reviews in Allergy & Immunology 2022 63:3, 63(3),
431-446. https://doi.org/10.1007/512016-022-08955-9

Lu, L. L., Suscovich, T. )., Fortune, S. M., & Alter, G. (2017). Beyond binding: antibody effector
functions in infectious diseases. https://doi.org/10.1038/nri.2017.106

Lu, Y., Harding, S. E., Michaelsen, T. E., Longman, E., Davis, K. G., Ortega, A., Grossmann, J. G.,
Sandlie, I., & Garcia De La Torre, J. (2007). Solution conformation of wild-type and mutant IgG3
and IgG4 immunoglobulins using crystallohydrodynamics: possible implications for
complement activation. Biophysical Journal, 93(11), 3733-3744.
https://doi.org/10.1529/BIOPHYS).107.108993

Matsuo, A., Matsushita, K., Fukuzumi, A., Tokumasu, N., Yano, E., Zaima, N., & Moriyama, T. (2020).
Comparison of Various Soybean Allergen Levels in Genetically and Non-Genetically Modified
Soybeans. Foods 2020, Vol. 9, Page 522, 9(4), 522. https://doi.org/10.3390/FOODS9040522

McCloskey, N., Hunt, J., Beavil, R. L., Jutton, M. R., Grundy, G. J., Girardi, E., Fabiane, S. M., Fear, D. J.,
Conrad, D. H., Sutton, B. J., & Gould, H. J. (2007). Soluble CD23 Monomers Inhibit and
Oligomers Stimulate IGE Synthesis in Human B Cells. Journal of Biological Chemistry, 282(33),
24083-24091. https://doi.org/10.1074/1BC.M703195200

Messina, M. (2016). Soy and Health Update: Evaluation of the Clinical and Epidemiologic Literature.
Nutrients, 8(12). https://doi.org/10.3390/NU8120754

Meulenbroek, L. A. P. M. (2013). Related Content Involvement of Activation of Mast Cells via IgE
Signaling and Epithelial Cell-Derived Cytokines in the Pathogenesis of Pollen Food Allergy
Syndrome in a Murine Model Human IgG monoclonal antibodies that modulate the binding of
speciic IgE to birch pollen Bet v 1. J Immunol, 191(7), 3526—3533.
https://doi.org/10.4049/jimmunol.1202398

Mobs, C., Miiller, J., Rudzio, A., Pickert, J., Blank, S., Jakob, T., Spillner, E., & Pflitzner, W. (2015).
Decline of Ves v 5-specific blocking capacity in wasp venom-allergic patients after stopping
allergen immunotherapy. Allergy, 70(6), 715-719. https://doi.org/10.1111/all.12606

Nagata, Y., & Suzuki, R. (2022). FceRI: A Master Regulator of Mast Cell Functions. Cells, 11(4).
https://doi.org/10.3390/CELLS11040622

Negi, S. S., & Braun, W. (2017). Cross-React: a new structural bioinformatics method for predicting
allergen cross-reactivity. Bioinformatics (Oxford, England), 33(7), 1014-1020.
https://doi.org/10.1093/BIOINFORMATICS/BTW767

Nirula, A., Glaser, S. M., Kalled, S. L., & Taylora, F. R. (2011). What is IgG4? A review of the biology of
a unique immunoglobulin subtype. Current Opinion in Rheumatology, 23(1), 119-124.
https://doi.org/10.1097/BOR.0B013E3283412FD4

Noriega, D. B., Teodorowicz, M., Savelkoul, H., & Ruinemans-Koerts, J. (2021). The basophil
activation test for clinical management of food allergies: Recent advances and future
directions. In Journal of Asthma and Allergy (Vol. 14). https://doi.org/10.2147/JAA.S237759

Nouri-Aria, K. T., Wachholz, P. A,, Francis, J. N., Jacobson, M. R., Walker, S. M., Wilcock, L. K., Staple,
S. Q., Aalberse, R. C,, Till, S. J., & Durham, S. R. (2004). Grass pollen immunotherapy induces

44



mucosal and peripheral IL-10 responses and blocking IgG activity. Journal of Immunology
(Baltimore, Md. : 1950), 172(5), 3252—-3259. https://doi.org/10.4049/JIMMUNOL.172.5.3252

Osman Mirza, Anette Henriksen, Henrik Ipsen, Jgrgen N. Larsen, Margit Wissenbach, Michael D.
Spangfort, & Michael Gajhede. (2000). Dominant Epitopes and Allergic Cross-Reactivity:
Complex Formation Between a Fab Fragment of a Monoclonal Murine IgG Antibody and the
Major Allergen from Birch Pollen Bet v 1. J Immunol, 165(1), 331-338.

Ozan Yegit, O., Demir, S., Unal, D., Olgag, M., Terzioglu, K., Eyice Karabacak, D., Tiizer, C., Ayhan, V.,
Colakoglu, B., Bliytikozturk, S., & Gelincik, A. (2022). ORIGINALARTICLE Allergen-Specific
Immunotherapy and Biologics Adherence to subcutaneous immunotherapy with aeroallergens
in real-life practice during the COVID-19 pandemic. Allergy, 77, 197-206.
https://doi.org/10.1111/all.14876

Pajno, G. B., Fernandez-Rivas, M., Arasi, S., Roberts, G., Akdis, C. A., Alvaro-Lozano, M., Beyer, K.,
Bindslev-Jensen, C., Burks, W., Ebisawa, M., Eigenmann, P., Knol, E., Nadeau, K. C., Poulsen, L.
K., van Ree, R., Santos, A. F., du Toit, G., Dhami, S., Nurmatov, U., ... Muraro, A. (2018). EAACI
Guidelines on allergen immunotherapy: IgE-mediated food allergy. Allergy: European Journal of
Allergy and Clinical Immunology, 73(4). https://doi.org/10.1111/all.13319

Pauli, G., Larsen, T. H., Rak, S., Horak, F., Pastorello, E., Valenta, R., Purohit, A., Arvidsson, M., Kavina,
A., Schroeder, J. W., Mothes, N., Spitzauer, S., Montagut, A., Galvain, S., Melac, M., André, C,,
Poulsen, L. K., & Malling, H.-J. (2008). Efficacy of recombinant birch pollen vaccine for the
treatment of birch-allergic rhinoconjunctivitis. Journal of Allergy and Clinical Immunology, 122,
951-960. https://doi.org/10.1016/j.jaci.2008.09.017

Payet-Jamroz, M., Helm, S. L. T., Wu, J., Kilmon, M., Fakher, M., Basalp, A., Tew, J. G., Szakal, A. K.,
Noben-Trauth, N., & Conrad, D. H. (2001). Suppression of IgE responses in CD23-transgenic
animals is due to expression of CD23 on nonlymphoid cells. Journal of Immunology (Baltimore,
Md. : 1950), 166(8), 4863-4869. https://doi.org/10.4049/JIMMUNOL.166.8.4863

Pierson, T. C., Xu, Q., Nelson, S., Oliphant, T., Nybakken, G. E., Fremont, D. H., & Diamond, M. S.
(2007). The Stoichiometry of Antibody-Mediated Neutralization and Enhancement of West Nile
Virus Infection. Cell Host & Microbe, 1(2), 135-145.
https://doi.org/10.1016/j.chom.2007.03.002

Pilette, C., Nouri-Aria, K. T., Jacobson, M. R., Wilcock, L. K., Detry, B., Walker, S. M., Francis, J. N., &
Durham, S. R. (2007). Grass Pollen Immunotherapy Induces an Allergen-Specific IgA2 Antibody
Response Associated with Mucosal TGF-B Expression. The Journal of Immunology, 178(7),
4658-4666. https://doi.org/10.4049/JIMMUNOL.178.7.4658

Pomés, A. (2010). Relevant B cell epitopes in allergic disease. In International Archives of Allergy and
Immunology (Vol. 152, Issue 1). https://doi.org/10.1159/000260078

Poulsen, L. K., & Hummelshoj, L. (2007). Triggers of IgE class switching and allergy development.
Annals of Medicine, 39(6), 440-456. https://doi.org/10.1080/07853890701449354

Power, T. D., lvanciuc, O., Schein, C. H., & Braun, W. (2013). Assessment of 3D models for allergen
research. Proteins: Structure, Function and Bioinformatics, 81(4).
https://doi.org/10.1002/prot.24239

Pree, I., Shamji, M. H., Kimber, I., Valenta, R., Durham, S. R., & Niederberger, V. (2010). Inhibition of
CD23-dependent facilitated allergen binding to B cells following vaccination with genetically

45



modified hypoallergenic Bet v 1 molecules. Clinical and Experimental Allergy, 40(9), 1346—-1352.
https://doi.org/10.1111/).1365-2222.2010.03548.X

Price, A., Ramachandran, S., Smith, G. P., Stevenson, M. L., Pomeranz, M. K., & Cohen, D. E. (2015).
Oral allergy syndrome (Pollen-food allergy syndrome). In Dermatitis (Vol. 26, Issue 2).
https://doi.org/10.1097/DER.0000000000000087

Qin, L., Tang, L. F.,, Cheng, L., & Wang, H. Y. (2022). The clinical significance of allergen-specific IgG4
in allergic diseases. Frontiers in Imnmunology, 13, 1032909.
https://doi.org/10.3389/FIMMU.2022.1032909/BIBTEX

Ramsey, N. B., Guffey, D., Anagnostou, K., Coleman, N. E., & Davis, C. M. (2019). Epidemiology of
Anaphylaxis in Critically lll Children in the United States and Canada. Journal of Allergy and
Clinical Immunology: In Practice, 7(7), 2241-2249. https://doi.org/10.1016/j.jaip.2019.04.025

Rossi, R. E., Monasterolo, G., Coco, G., Silvestro, L., & Operti, D. (2007). Evaluation of serum 1gG4
antibodies specific to grass pollen allergen components in the follow up of allergic patients
undergoing subcutaneous and sublingual immunotherapy. Vaccine, 25, 957-964.
https://doi.org/10.1016/j.vaccine.2006.08.040

Roth-Walter, F., Gomez-Casado, C., Pacios, L. F., Mothes-Luksch, N., Roth, G. A., Singer, J., Diaz-
Perales, A., & Jensen-Jarolim, E. (2014). Bet v 1 from Birch Pollen Is a Lipocalin-like Protein
Acting as Allergen Only When Devoid of Iron by Promoting Th2 Lymphocytes *.
https://doi.org/10.1074/jbc.M114.567875

Ruinemans-Koerts, J., Brouwer, M. L., Schmidt-Hieltjes, Y., Stevens, P., Merkus, P. J. F. M., Doggen, C.
M. J., Savelkoul, H. F. J., & van Setten, P. A. (2022). The Indirect Basophil Activation Test Is a
Safe, Reliable, and Accessible Tool to Diagnose a Peanut Allergy in Children. The Journal of
Allergy and Clinical Immunology. In Practice, 10(5), 1305-1311.e3.
https://doi.org/10.1016/J.JAIP.2021.12.040

Ruinemans-Koerts, J., Uum-Otters, M. van, Baar, D. van, Neerven, J. van, & Wesseling, J. (2022).
Improvement of the Specificity of the Indirect BAT for the Diagnosis of Peanut Allergy; the
BA(Blocking Antibodies)-BAT. Journal of Cellular Immunology,; Volume 4(Issue 4):145-148,
Volume 4(lIssue 4), 145-148. https://doi.org/10.33696/IMMUNOLOGY.4.143

Saab, I. N., & Jones, W. (2022). Trends in Food Allergy Research, Regulations and Patient Care.
Nutrition Today, 57(2), 64. https://doi.org/10.1097/NT.0000000000000530

Sampson, H. A., Mufi oz-Furlong, A., Campbell, R. L., Franklin Adkinson, N., Allan Bock, S., Branum, A.,
A Brown, S. G., Camargo, C. A, Cydulka, R., Galli, S. J., Gidudu, J., Gruchalla, R. S., Harlor, A. D.,
Hepner, D. L., Lewis, L. M., Lieberman, P. L., Metcalfe, D. D., Muraro, A., Rudman, A,, ... York, N.
(2006). Second symposium on the definition and management of anaphylaxis: Summary report-
Second National Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis
Network symposium. J Allergy Clin Immunol, 117, 391.
https://doi.org/10.1016/j.jaci.2005.12.1303

Santos, A. F., Alpan, O., & Hoffmann, H. J. (2021). Basophil activation test: Mechanisms and
considerations for use in clinical trials and clinical practice. Allergy: European Journal of Allergy
and Clinical Immunology, 76(8), 2420-2432. https://doi.org/10.1111/ALL.14747

46



Schein, C. H., lvanciuc, O., Midoro-Horiuti, T., Goldblum, R. M., & Braun, W. (2010). An allergen
portrait gallery: Representative structures and an overview of IgkE binding surfaces.
Bioinformatics and Biology Insights, 4. https://doi.org/10.4137/bbi.s5737

Schenk, M. F., Cordewener, J. H., America, A. H., Van’T Westende, W. P., Smulders, M. J., & Gilissen,
L. J. (2009). Characterization of PR-10 genes from eight betula species and detection of Bet v 1
isoforms in birch pollen. BMC Plant Biology, 9(1), 1-15. https://doi.org/10.1186/1471-2229-9-
24/TABLES/4

Schuurman, J., Perdok, G. J., Gorter, A. D., & Aalberse, R. C. (2001). The inter-heavy chain disulfide
bonds of IgG4 are in equilibrium with intra-chain disulfide bonds. Molecular Immunology, 38,
1-8. www.elsevier.com/locate/molimm

Shamiji, M. H., & Francis, J. N. (2019). Measurement of Allergen-Specific Inhibitory Antibody Activity.
Methods in Molecular Biology (Clifton, N.J.), 2020, 33—43. https://doi.org/10.1007/978-1-4939-
9591-2_3

Shamiji, M. H., Francis, J. N., Wiirtzen, P. A., Lund, K., Durham, S. R., & Till, S. J. (2013). Cell-free
detection of allergen-IgE cross-linking with immobilized phase CD23: inhibition by blocking
antibody responses after immunotherapy. The Journal of Allergy and Clinical Immunology,
132(4). https://doi.org/10.1016/J.JACI1.2013.05.025

Shamiji, M. H., Kappen, J., Abubakar-Waziri, H., Zhang, J., Steveling, E., Watchman, S., Kouser, L.,
Eifan, A., Switzer, A., Varricchi, G., Marone, G., Alia, N., Couto-Francisco, C., Calderon, M., &
Durham, S. R. (2019). Nasal allergen-neutralizing I1gG 4 antibodies block IgE-mediated
responses: Novel biomarker of subcutaneous grass pollen immunotherapy. The Journal of
Allergy and Clinical Immunology, 143(3), 1067-1076.
https://doi.org/10.1016/].jaci.2018.09.039

Shamiji, M. H., Larson, D., Eifan, A., Scadding, G. W., Qin, T., Lawson, K., Sever, M. L., Macfarlane, E.,
Layhadi, J. A., W, P. A., Parkin, R. V, Sanda, S., Harris, K. M., Nepom, G. T., Togias, A., Durham, S.
R., Kingdom, U., & Francisco, S. (2021). Differential induction of allergen-specific IgA responses
following timothy grass subcutaneous and sublingual immunotherapy Subcutaneous
Immunotherapy Sublingual Immunotherapy Timothy grass pollen-specific IgG 4 Differential
Induction of Allergen-specific IgA Responses following Timothy Grass Subcutaneous and
Sublingual Immunotherapy. The Journal of Allergy and Clinical Inmunology, 148(4), 1061-1071.
https://doi.org/10.1016/j.jaci.2021.03.030

Shamiji, M. H., Singh, I, Layhadi, J. A., Ito, C., Karamani, A., Kouser, L., Sharif, H., Tang, J., Handijiev,
S., Parkin, R. V., Durham, S. R., Kostic, A., Orengo, J. M., De Veaux M., Kamal, M., Stahl, N.,
Yancopoulos, G. D., Wang, C. Q., & Radin, A. R. (2021). Passive Prophylactic Administration with
a Single Dose of Anti-Fel d 1 Monoclonal Antibodies REGN1908-1909 in Cat Allergen-induced
Allergic Rhinitis: A Randomized, Double-Blind, Placebo-controlled Clinical Trial. American
Journal of Respiratory and Critical Care Medicine, 204(1), 23-33.

Shamiji, M. H., Valenta, R., Jardetzky, T., Verhasselt, V., Durham, S. R., Wiirtzen, P. A., & van Neerven,
R.J.J. (2021). The role of allergen-specific IgE, IgG and IgA in allergic disease. Allergy, 76(12),
3627-3641. https://doi.org/10.1111/ALL.14908

Shamiji, M. H., Wilcock, L. K., Wachholz, P. A., Dearman, R. J., Kimber, I., Wurtzen, P. A., Larché, M.,
Durham, S. R., & Francis, J. N. (2006). The IgE-facilitated allergen binding (FAB) assay: validation

47



of a novel flow-cytometric based method for the detection of inhibitory antibody responses.
Journal of Immunological Methods, 317(1-2), 71. https://doi.org/10.1016/J.JIM.2006.09.004

Sibilano, R., Frossi, B., & Pucillo, C. E. (2014). Mast cell activation: A complex interplay of positive and
negative signaling pathways. European Journal of Immunology, 44(9), 2558—-2566.
https://doi.org/10.1002/EJ1.201444546

Smith, M., Berger, U., Sikoparija, B., Hallsdottir, M., Sauliene, I., Bergmann, K., Pashley, C. H., de
Weger, L., Majkowska-Wojciechowska, B., Rybn i cek, O., Thibaudon, M., Gehrig, R., Bonini, M.,
Yankova, R., Damialis, A., Vokou, D., Guti errez Bustillo, A. M., Hoffmann-Sommergruber, K.,
van Ree, R,, ... Ree Geographic and, van R. (2014). Geographic and temporal variations in pollen
exposure across Europe. https://doi.org/10.1111/all.12419

Smith, R. I. F., Coloma, M. J., Morrison3, S. 1, & Coloma, M. 1. (1995). Addition of a p-Tailpiece to IgC
Results in Polymeric Antibodies with Enhanced Effector Functions Including Complement-
Mediated Cytolysis by IgG#. http://journals.aai.org/jimmunol/article-
pdf/154/5/2226/1068010/2226.pdf

Spangfort, M. D., Mirza, O., Ipsen, H., Van Neerven, R. J., Gajhede, M., & & Larsen, J. N. (2003).
Dominating IgE-binding epitope of Bet v 1, the major allergen of birch pollen, characterized by
X-ray crystallography and site-directed mutagenesis. Journal of Immunology, 171(6), 3084—
3090.

Strobl, M. R., Demir, H., anchez Acosta, G. S., Drescher, A., Kitzm, C., Pf, W., & Bohle, B. (2023). The
role of IgG 1 and 1gG 4 as dominant IgE-blocking antibodies shifts during allergen
immunotherapy. https://doi.org/10.1016/j.jaci.2023.01.005

Subbarayal, B., Schiller, D., Mébs, C., De Jong, N. W., Ebner, C., Reider, N., Bartel, D., Lidholm, J.,
Pfatzner, W., Gerth Van Wijk, R., Vieths, S., & Bohle, B. (2013). Kinetics, cross-reactivity, and
specificity of Bet v 1-specific 1gG4 antibodies induced by immunotherapy with birch pollen.
Allergy, 68(11), 1377-1386. https://doi.org/10.1111/ALL.12236

Taborda, C. P., Rivera, J., Zaragoza, O., & Casadevall, A. (2003). More Is Not Necessarily Better:
Prozone-Like Effects in Passive Immunization with 1gG. The Journal of Immunology, 170(7),
3621-3630. https://doi.org/10.4049/JIMMUNOL.170.7.3621

Tang, M. L. K., & Mullins, R. J. (2017). Food allergy: is prevalence increasing? Internal Medicine
Journal, 47(3), 256-261. https://doi.org/10.1111/IMJ.13362

van der Heijden, F. L., Joost van Neerven, R. J., van Katwijk, M., Bos, J. D., & Kapsenberg, M. L.
(1993). Serum-IgE-facilitated allergen presentation in atopic disease. The Journal of
Immunology, 150(8). https://doi.org/10.4049/jimmunol.150.8.3643

Van Der Heijden, F. L., Van Neerven, R. J. J., & Kapsenberg, M. L. (1995). Relationship between
facilitated allergen presentation and the presence of allergen-specific IgE in serum of atopic
patients. Clinical and Experimental Imnmunology, 99(2), 289-293.
https://doi.org/10.1111/J.1365-2249.1995.TB05547.X

Van Der Heijden, F. L., & Van, R. J. J. (1995). Relationship between facilitated allergen presentation
and the presence of allergen-specific IgE in serum of atopic patients. Clin Exp Immunol, 99,
289-293. https://academic.oup.com/cei/article/99/2/289/6484305

48



Van Der Velden, V. H. J., Te Marvelde, J. G., Hoogeveen, P. G., Bernstein, I. D., Houtsmuller, A. B.,
Berger, M. S., & Van Dongen, J. J. M. (2001). Targeting of the CD33-calicheamicin
immunoconjugate Mylotarg (CMA-676) in acute myeloid leukemia: in vivo and in vitro
saturation and internalization by leukemic and normal myeloid cells.
http://ashpublications.org/blood/article-pdf/97/10/3197/1674008/h8100103197.pdf

van der Zee, J. S., van Swieten, P., & Aalberse, R. C. (1986). Serologic aspects of IgG4 antibodies. II.
IgG4 antibodies form small, nonprecipitating immune complexes due to functional
monovalency. The Journal of Immunology, 137(11).
https://doi.org/10.4049/jimmunol.137.11.3566

Van Neerven, R. J. J., Arvidssont, M., Ipsen, H., Sparholt, S. H., Rak, S., & Wiirtzen, P. A. (2004). A
double-blind, placebo-controlled birch allergy vaccination study: inhibition of CD23-mediated
serum-immunoglobulin E-facilitated allergen presentation. Clinical and Experimental Allergy :
Journal of the British Society for Allergy and Clinical Imnmunology, 34(3), 420-428.
https://doi.org/10.1111/).1365-2222.2004.01899.X

van Neerven, R. J. J.,, Wikborg, T., Lund, G., Jacobsen, B., Brinch-Nielsen, A., Arnved, J., & Ipsen, H.
(1999). Blocking Antibodies Induced by Specific Allergy Vaccination Prevent the Activation of
CD4+ T Cells by Inhibiting Serum-IgE-Facilitated Allergen Presentation. The Journal of
Immunology, 163(5), 2944—2952. https://doi.org/10.4049/JIMMUNOL.163.5.2944

Varshney, S., Goldblum, R. M., Kearney, C., Watanabe, M., & Midoro-Horiuti, T. (2007). Major
mountain cedar allergen, Jun a 1, contains conformational as well as linear IgE epitopes.
Molecular Immunology, 44(10). https://doi.org/10.1016/j.molimm.2005.12.001

Vrtala, S., Hirtenlehner, K., Vangelista, L., Pastore, A., Eichler, H.-G., Sperr, W. R., Valent, P., Ebner, C.,
Kraft, D., & Valenta, R. (1997). Recombinant Nonanaphylactic Bet v 1 Fragments for
Immunotherapy Conversion of the Major Birch Pollen Allergen, Bet v 1, into Two
Nonanaphylactic T Cell Epitope-containing Fragments Candidates for a Novel Form of Specific
Immunotherapy Key words: major birch pollen allergen ¢ Bet v 1 ® recombi-nant allergen
fragments e histamine release ¢ skin testing. J. Clin. Invest, 99(7), 1673-1681.

Wachholz, P. A., Dearman, R. J., & Kimber, |. (2005). Detection of allergen-specific IgE antibody
responses. In Journal of Immunotoxicology (Vol. 1, Issues 3—4).
https://doi.org/10.1080/15476910490919140

Wachholz, P. A,, Soni, N. K., Till, S. J., & Durham, S. R. (2003). Inhibition of allergen-IgE binding to B
cells by 1gG antibodies after grass pollen immunotherapy. Journal of Allergy and Clinical
Immunology, 112(5), 915-922. https://doi.org/10.1016/50091-6749(03)02022-0

Wensing, M., Akkerdaas, J. H., Van Leeuwen, W. A., Stapel, S. O., Bruijnzeel-Koomen, C. A. F. M.,
Aalberse, R. C., Bast, B. J. E. G., Knulst, A. C., & Van Ree, R. (2002). IgE to Bet v 1 and profilin:
Cross-reactivity patterns and clinical relevance. Journal of Allergy and Clinical Immunology,
110(3). https://doi.org/10.1067/mai.2002.126380

Wiederstein, M., Baumgartner, S., & Lauter, K. (2023). Soybean (Glycine max) allergens—A Review on
an Outstanding Plant Food with Allergenic Potential. ACS Food Science and Technology, 3(3),
363-378. https://doi.org/10.1021/ACSFOODSCITECH.2C00380

Wilson, S., Martinez-Villaluenga, C., & De Mejia, E. G. (2008). Purification, Thermal Stability, and
Antigenicity of the Inmunodominant Soybean Allergen P34 in Soy Cultivars, Ingredients, and

49



Products. Journal of Food Science, 73(6), T106—T114. https://doi.org/10.1111/).1750-
3841.2008.00834.X

Wirtzen, P. A,, Grgnager, P. M., Lund, G., Gupta, S., Andersen, P. S., Biedermann, T., & Ipsen, H.
(2021). Simplified AIT for allergy to several tree pollens—Arguments from the immune
outcome analyses following treatment with SQ tree SLIT-tablet. Clinical and Experimental
Allergy, 51(2), 284. https://doi.org/10.1111/CEA.13788

Zhang, Q., Yang, J., Bautista, J., Badithe, A., Olson, W., & Liu, Y. (2018). Epitope Mapping by HDX-MS
Elucidates the Surface Coverage of Antigens Associated with High Blocking Efficiency of
Antibodies to Birch Pollen Allergen. Analytical Chemistry, 90(19), 11315-11323.
https://doi.org/10.1021/ACS.ANALCHEM.8B01864

50



7. Appendix

7.1. ELIFAB protocol

Materials

Stock samples mAbs IgE, 1gG4: kind gift of Mabylon AG, Schlieren
Recombinant Bet v 1 (Inbo, 42290)

Recombinant Human CD23/Fc (R&Dsystems, 123-FE)

ELISA 96 wells plate, medium binding

TMB Substrate Solution

ELIFAB washing buffer: PBS with 0.05% Tween

Blocking buffer: 1% BSA/PBS solution or Roche Blocking buffer (11112589001)
HRP-Conjugated Streptavidin (ThermoFisher, N100)

Biotin Mouse Anti-Human IgE (BD Pharmingen, 555858) (1:1000)
ELISA Stop solution: 2M H,S0,

Nunc plates for formation of complexes

Coat Plate with sCD23

1.

e wnN

A stock solution of sCD23 is made by reconstituting 50 ug of lyophilized sCD23 protein (R&D)
in 100 L sterile PBS

Make CD23 aliquots. Add 10 uL in each Eppendorf tube

Prepare dilutions of stock sCD23 in PBS. First add buffer (PBS) then the stock.

Pipette 50 pL of diluted sCD23 to each well of a 96-well microtiter plate

Cover plate and leave overnight at room temperature

Block Plate with 1% BSA

1.

Wash the plate prepared in Subheading “Coat Plate with sCD23” twice with 200 uL/well of
ELIFAB buffer

Add 200 pL of blocking buffer to each well. Cover plate and incubate for 1 h at 37 °C. Be sure
that the time lag between the BSA blocking and allergen complex incubations is minimal

Prepare allergen complexes

1.

See separate protocol (section 7.1.2)

Adding Allergen Complex into sCD23-Coated Plate

1.
2.

Wash the BSA-blocked plate three times with 200 pL ELIFAB washing buffer
Transfer all preincubated allergen complex onto the sCD23- coated plates. Add 50 pL to each
well. Cover the plate and leave on shaker at 650 rpm for 1 h at room temperature.
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Conjugate (Antibody Detection)

1. Wash the plate four times with 200 pL ELIFAB washing buffer

2. Dilute the biotinylated IgE-specific detection antibody 1:1000 (BD bioscience) in blocking
buffer (1% BSA/PBS and pipette). Add 50 uL into each well.

3. Incubate covered plate on shaker at 650 rpm for 1 hour at room temperature.

Streptavidin Peroxidase

1. Wash the plate five times with 200 pL ELIFAB washing buffer

2. Dilute streptavidin peroxidase 1:5000 in blocking buffer (1% BSA/PBS)

3. Pipette 50 pL into each well and incubate on a shaker at 650 rpm for 30 min at room
temperature

Chromogenic Substrate (TMB)

1. Wash the plate six times with ELIFAB washing buffer

Add 50 pL of TMB substrate solution into each well.

3. Leave to incubate for up to 10 min in the dark, monitor the process. Stop reaction when
colouring goes to fast.

4. Stop reaction with 50 pL per well of 2M H2S04.

Read plate on a microplate absorbance reader at 450 nm.

6. Results are expressed as allergen-IgE binding to sCD23 (OD450).

N

b
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7.1.2 Formation of immune complexes

Materials

Stock samples mAbs IgE, 1gG4: kind gift of Mabylon AG, Schlieren
Recombinant Bet v 1 (Inbo, 42290)

Eppendorf Tubes

Blocking buffer: 1% BSA/PBS solution

Prepare allergen complexes Bet v 1- IgE

1.

To test the optimal Rec Bet v 1 concentration, make a serial dilution of stock Rec Betv 1
concentrations (eg. 10, 1, 0,1, 0.01, 0.001,0 pg/ml) in blocking buffer (1% BSA/PBS). Dilute to
a working dilution 2x greater than the final concentration

Dilute mAbs IgE samples in blocking buffer to a working dilution 2x greater than the final
concentration

After making the dilutions, mix three different human-mAbs IgE samples in the same ratio in
Eppendorf tubes (ratio 1:1:1).

Make complexes by mixing the Bet v 1 dilutions with the IgE in a ratio 1:1 in Eppendorf tubes
Incubate complexes for 30 min at room temperature

Prepare complexes Bet v 1-IgE-IgG4

7.1.3

Based on the protocol to make allergen complexes with IgE, select the optimal Bet v 1
concentration for making the allergen complexes. Dilute Rec Bet v 1 in blocking buffer ((1%
BSA/PBS). Dilute to working dilution 3x greater than the final concentration.

Dilute IgE and 1gG4 samples in blocking buffer (1% BSA/PBS) to working dilution 3x greater
than the final concentration.

Mix three different human IgG4 samples in the same ratio in Eppendorf tubes (1:1:1). Do the
same for the IgE samples.

Make complexes by mixing the Bet v 1 samples, the IgE and the IgG4 samples in a ratio 1:1:1
in Eppendorf tubes.

Incubate complexes for 30 min at room temperature

Prepare allergen complex with indicator serum

To remove aggregates indicator serum can be centrifugated at 15000g for 20 min

Add 25 pL of indicator serum into the bottom of a separate 96-well round-bottomed plate
(Nunc), followed by 25 pL of Bet v 1 dilution. 25 pL of blocking buffer(Roche) can be used in
negative control wells.

Prepare allergen of interest (standard curve) in blocking buffer to a concentration 2x greater
than the required final concentration.

Cover plate and incubate allergen/serum for 1 h at 37 °C
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7.2 ELISA protocol: Measure IgA, IgE and 1gG in sera

Materials:

- Stock samples mAbs IgE, 1gG4: kind gift of Mabylon AG, Schlieren
- Recombinant Bet v 1 (Inbo, 42290)

- Goat anti-human IgA-HRP (Southern Biotech 2050-05) 1:2000

- Goat anti-human IgG-HRP (Southern Biotech 2040-05) 1:4000
- Mouse-anti human IgE-HRP (southern Biotech 9160-05) 1:2000
- High binding 96-wells ELISA plates

- Nunc plates for making dilutions

- Bicarbonate/carbonate coating buffer

- ELISA stop solution: 2M H,S0,

- TMB substrate solution

- Wash buffer: PBS with 0.05% Tween

- Blocking buffer: Roche blocking buffer (1111258001)

Methods:

e Coat plate with Bet v 1 in coating buffer (100ul/well)
e Cover plate with lid and incubate overnight in the fridge (4C)

e Next day: wash plates 3x with £200 pl wash buffer and tap dry (same for every washing step)

e Add 250 ul/well Roche blocking buffer and incubate for 1h at room temperature (RT)

e After 1 h of incubation with blocking buffer the plates can be washed 3x with wash buffer

e Prepare in the meantime samples by diluting sera in blocking buffer

e Diluted samples 100 ul /well can be added to the plate (include blanco’s with buffer only)

e Incubated for 2h at room temperature

e Plates are washed 3x with wash buffer

e Detection antibody Goat anti-human IgA-HRP is diluted 1:2000; Goat anti-human IgG-hrp is
diluted 1:4000 and goat anti-human IgE 1:2000 in Roche blocking buffer. Add 100 pl/well

e Plates are washed 3x with wash buffer

e 100 pl/well TMB is added per well and developed for +10’

e 100 pl/well 2M H;S04 is added per well to stop the reaction

e Read stopped plate at 450 nm with 620 nm as reference on ELISA plate reader
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7.3 Protocols Rijnstate

Bijlage
Werkwijze + Registratie Indirecte BAT (aftekenlijst)

Behorend bij document(en):  Analysevoorschrift Indirecte BAT (documentnummer)

Datum:.....&.....-.....-20.....

Monsternr:
Opgeslagen in Flow:

Buffycoat isolatie opgewerkt door:

Verzamel 6 EDTA buizen, waarvan alle aangevraagde bepaling gedaan zijn, met bloedgroep
O positief (dubbele controle op bloedgroep en volledig afgewerkte aanvraag)
Anonimiseer de buizen door het monsteretiket te verwijderen.
Plak dit monsteretiket op een vel papier en bewaar dit twee dagen in het mapje monsters
gebruikt voor BAT (PP202 tafel HbA1c)

Centrifugeer de donor-bloedbuizen 10 minuten bij 2200g (programma 1).

Vul twee 5 ml falcon tubes met 2 ml fysiologisch zout en label deze buizen als “FZ"
(NaCl 0,9% max 1 week houdbaar).

Pipetteer het supernatant (plasma) met een plastic pasteurspipet af.(tot plm. 3 mm boven het
celniveau) in een 50 ml afvalbuisje.

Pipetteer daarna de buffycoats over in de twee “FZ” falcon buisjes. Het is niet erg als er wat
erytrocyten of plasma bij zit.

Dop de buisjes af en meng zorgvuldig (kantelen).
Centrifugeer de twee falcon buisjes (10 min bij 2200xg - programma 1).

Zet de centrifuge (leeg) weer aan op programma 6 om hem af te koelen tot 11 °C voor het
strippen.

Vul een nieuw 5 ml falcon tube met 2 ml fysiologisch zout en label deze buis als WBC1.
Pipetteer het supernatant opnieuw af (tot 3 mm boven het celniveau) in een afvalbuisje.
Pipetteer beide buffycoats over naar buisje “WBC 1”.

Dop de buis af en meng zorgvuldig (kantelen).

Meet de leuko concentratie en noteer dit bij *“WBC 1” (open cap, aspiration sensor off).

Bereken, m.b.v. het Excel programma de verdunning die nodig is om op een WBC concentratie
tussen 12,5 en 15,0 x 109/1 te komen.

Noteer deze volumina onderaan deze lijst (. . . .. ul buffycoat + . . ... ul FZ)
Maak deze verdunning in een 2 ml falcon buisje en label deze buisje “WBC2".
Dop de buis af en meng zorgvuldig (zwenken)
Meet de suspensie opnieuw om de concentratie te controleren en noteer dit bij "WBC 2”
Herhaal zo nodig stap 16 t/m 19. (dit wordt dan “WBC 2b")

Strippen van IgE

Voor start: ontdooi 5 ml BSB. (voor stap 19 t/m 34) noteer datum van maken: d.d. . .......
serum patiént.

Zet de 37°C hybridisatie stoof/shaker aan.

Centrifugeer [WBC 2] bij 11°C voor 5 minuten bij 1000xg (progr. 6 strippen iBAT).
Pipetteer het supernatant af (tot 5 mm boven het celniveau).
Voeg 2 ml koude stripping buffer toe, meng zorgvuldig (10 a 15 keer)
Noteer datum van maken onderaan deze lijst.
Centrifugeer dit bij 11°C voor 5 minuten bij 1000xg (progr. 6 strippen iBAT).
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Pipetteer het supernatant af (tot 5 mm boven het celniveau).

Resuspendeer het pellet in 2 ml BSB.

Dop de buis af en meng zorgvuldig (10 a 15 keer).

Centrifugeer dit bij 11°C voor 5 minuten bij 1000xg (progr. 6 strippen iBAT).
Schakel de centrifuge uit of over op ander, niet koelend, programma.
Pipetteer het supernatant af (tot 5 mm boven het celniveau).

Resuspendeer het pellet tot een totaalvolume van = 1500 pl met BSB. Doe dit door het volume te
vergelijken met een buisje waar exact 1500 pl in zit.

Dop de buis af en meng zorgvuldig (10 & 15 keer kantelen).

Basofielsensibilisatie

Meng de gestripte donorcellen met serum van de patiént in een Falcon tube van 5 ml volgens
onderstaand schema. Geef Falcon tube de naam “[BAT registratie nr] + WBC3"

Overnacht
Serum/plasma | 130 pL
donorcellen 500 uL

Incubeer overnacht in de hybridisatie stoof/shaker bij 37 °C en zwenk op stand 50.
(De plastic houder moet vastzitten met een plakbandje zodat deze niet verschuift).

Volgende dag

Meet de leukocyten om de concentratie te controleren.
Voeg, bij een leucoconcentratie van 10-15 x10%/I, 770 ml BSB toe aan de buis.

Indien afwijkende leucoconcentratie en meer dan 22 buizen bereken dan m.b.v. het Excel
bestand en de leucocyten conc. de toe te voegen hoeveelheid BSB. Overleg met senior

Noteer de hoeveelheid toegevoegde BSB onderaan deze lijst.
| BSB | 770 pL

Activatie en meting

Voor start: ontdooi 2,5 ml BSB
allergeen (van elk 2 vials; zie werkschema)
FceRI en fMLP
Zet het waterbad bij de morfologie aan.
Haal lysingbuffer, indien nog restant vorige keer aanwezig, uit koelkast om op
kamertemperatuur te komen of maak nieuw voor punt 43.

Oplossen allergenen

Nummer de allergeen vials volgens het werkschema.
Centrifugeer de allergenen kort (3 sec) in de galaxy minstar centrifuge.

Los de allergenen op volgens de in het werkschema aangegeven hoeveelheid BSB. Neem steeds
nieuwe pipettip.

Laat de vials 10 minuten staan.
Zet ondertussen de Falconbuizen klaar voor stap 41 en 42

VORTEX en centrifugeer de ALLERGENEN EN controles

Vortex de opgeloste allergeen vials en de FceRI en fMLP controles (5 sec)
Centrifugeer kort (3 sec) in de galaxy minstar centrifuge.

56



Maken verdunningsreeks allergenen

Maak de verdunningsreeksen van de overige allergeen conc. volgens het werkschema. Etiketteer
hiervoor Falconbuizen.

Voeg eerst in alle buisjes de BSB toe en daarna het allergeen.
Gebruik telkens nieuwe tips.
Vortex de oplossing voor iedere doorverdunning.

Analyse

Nummer Falconbuizen met stift. Pipetteer onderin de buizen volgens het werkschema:
- BSB in alle buisjes
o 150 pl in de blanco’s (sluit de blanco buisjes af met een dopje)
o 100 pl in de overige buisjes.
- Voeg aan de positieve controles 50 gl stimulation control toe (FceRI en fMLP)
- Voeg aan de overige buizen 50 pl allergeen van de juiste conc. toe.

- Voeg aan alle buizen 50 pl celsuspensie toe. Zwenk de buis met donorbloed
tussendoor.

- Pipetteer in elke buis (in de vloeistof) 20 pl staining reagens. Neem steeds een
nieuwe pipetpunt.

- Meng de buizen vanuit de losse pols en voorzie ze van een dopje.

Incubeer 15 minuten in een waterbad van 37° AANZETTEN FLOWCYTOMETER (zie ook
Bedieningsvoorschrift FACSCanto II (037348))

- Zet de flowcytometer aan (hfdst 7.1.1 opstartprocedure)

- Fluidics startup aanzetten op flowcytometer (hfdst 7.1.1 opstartprocedure)
- Maak buisjes voor spoelen klaar. (FACSClean™, FACSRinse™ en aqua dest)
- Spoelprocedure flowcytometer (hfdst 7.4.4 spoelprocedure)

- Indien nog niet uitgevoerd de dagelijkse CS&T check uitvoeren (hfdst 7.1.6 dagelijkse
performance check met CS&T beads)

Bereiden lysing buffer

- Bereid, indien geen restant van vorige keer aanwezig, lysing buffer door 5 ml 10 x lysing
geconcentreerde buffer uit de Bihlmann kit te verdunnen tot 50 ml met steriel aqua dest.

Lyseren en wassen

Voeg 1,5 ml lysing buffer, van kamertemperatuur, toe. (25 ml dispenseer pipet)
Zwenk dit minimaal 5x.

Incubeer 5 minuten bij kamertemperatuur totdat de oplossing helder is geworden.
Centrifugeer 5 minuten bij 640xg, geremd (programma 5 BAT). Controleer!

Zet de buisjes voorzichtig terug in het rekje.

Giet de bovenstaande vloeistof in één vloeiende beweging zo veel mogelijk af.
Dep de buizen af op een absorberend doekje.

Spoel de wasbak schoon.

Voeg 500 uL wasbuffer toe en plaats de dopjes op de buisjes.

Vortex de buizen 5 seconden.

Plaats, indien niet direct gemeten kan worden, de buizen in de koelkast tot de meting.

Meten op flowcytometer
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Meet alle buizen op de FACSCanto flowcytometer.
(zie ook Bedieningsvoorschrift FACSCanto II (037348) hfdst 7.3 analyse)

Meng alle buizen kort op de vortex voordat ze in de carrousel geplaatst worden.

Sla alle meetresultaten op (hfdst 7.4.2 opslaan van meetresultaten)
naamformat: panel jjjjmmdd bijvoorbeeld:

BAT koemelk 2021-11-17 21046577003 of iBAT koemelk 2021-11-17 C28
Buffycoat isolatie uitgevoerd door:
Leucocyten concentratie WBC 1 x109/I
Verdunning WBC 1 ul WBC1 ul Fys. zout
Leucocyten concentratie WBC 2 x10%/1
Gemaakt d.d.
BSB Dag 1 isolatie:
Dag 2 BAT
Stripping buffer
Lysing buffer
Datum/tijd in Datum/tijd uit
Incubatie in stoof
Leucocyten concentratie WBC 3 x10%/I
Toegevoegde ul BSB ul

Bedieningsvoorschrift
FacsCanto II (Research)

DOEL en TOEPASSINGSGEBIED

FacsCanto Il is een flowcytometer. Door middel van de (indirecte) Basofiele Activatie Test (BAT)
wordt de activatie van basofielen gemeten na stimulatie met allergenen.

ALGEMENE GEGEVENS VAN HET APPARAAT

Zie Bedieningsvoorschrift FacsCanto Il 2 Algemene gegevens van het apparaat.
DEFINITIES en termen

Zie Bedieningsvoorschrift FacsCanto Il 3 Definities en termen.
Specificaties

Zie Bedieningsvoorschrift FacsCanto Il 4.1 Meetprincipe; Zie Bedieningsvoorschrift FacsCanto 11 4.2
Achtergrond; Zie Bedieningsvoorschrift FacsCanto Il 4.3 Gebruikersinstellingen.

VEILIGHEID en milieuaspecten



Zie Bedieningsvoorschrift FacsCanto Il 5.1 Bescherming apparatuur en omgeving; Zie
Bedieningsvoorschrift FacsCanto Il 5.2 Bescherming van medewerkers; Zie Bedieningsvoorschrift
FacsCanto Il 5.3 Afvalverwerking.

HULPSTOFFEN en hulpmiddelen

Zie Bedieningsvoorschrift FacsCanto II 6.1 Hulpstoffen; Zie Bedieningsvoorschrift
FacsCanto II 6.2 Bereiding hulpstoffen; Zie Bedieningsvoorschrift FacsCanto II 6.3
Hulpmiddelen.

WERKWIJZE
Apparatuur

Opstartprocedure

- Zet de flowcytometer aan met behulp van de groene knop aan de linkerkant van het apparaat, de
opstart duurt 9 minuten.

- Zet de PC aan.

- User id is Administrator, password is BDIS#1 (CST operator, welcome#1).

- Kies voor het <FACSdiva> programma (voor zelf te definiéren experimenten).

- Kies <Administrator> een paswoord is niet nodig.

- Er wordt nu een verbinding gemaakt tussen de flowcytometer en de computer, zie rechtsonder.

- Het bolletje verandert van geel naar groen. Linksonder wordt aangegeven hoelang het opwarmen van
de lasers nog duurt. Tijdens het opwarmen van de lasers kan alvast opgestart worden.

- Indien pop-up kies <use CST settings>.

- Ga in de menubalk naar <Cytometer>.

- Klik op <Fluidics Start Up> en <OK>.

- Na ongeveer 5 minuten is de flowcytometer klaar met de spoelprocedure.

- Als ook het bolletje rechtsonder groen is, is de flowcytometer klaar voor gebruik.

- Klik eventueel boven in de taakbalk op <View> om de volgende tabbladen te openen:
<Browser>, <cytometer>, <inspector>, <worksheet> en <aquisition dashbord>.

Vervangen van reagentia

Het niveau van de diverse reagentia wordt op de flowcytometer in het midden van het scherm
weergegeven door middel van groene indicatie niveaus.

De flowcytometer geeft een alarm bij een tekort van een van de volgende reagentia; BD Sheath Fluid,
FACSclean, FACSshutdown.

- Als de FACS bezig is met een meting, druk op <Stop Acquiring>.

- Verwijder de snelkoppeling door op de metalen tab te drukken.

- Trek de sensor uit het vat.

- Verwijder de dop van het reagensvat en plaats deze op het nieuw aan te sluiten vat.

- Sluit de snelkoppeling weer aan

- Verwijder de luchtbellen, kies <Cytometer>, <Cleaning Modes>, <Prime After Tank Refil>.
- Na voltooien van het primen klik op <Ok>.

- Vervolg de meting.

Legen van het afval vat

Wanneer het afvalvat vol is geeft de flowcytometer een alarm, handel als volgt:
- Als de FACS bezig is met een meting, druk op <Stop Acquiring>.

- Verwijder de snelkoppeling door op de metalen tab te drukken.
- Trek de sensor er recht uit. (Wanneer de cytometer aan het meten is staat het afvalvat onder druk.
Verbreek altijd de verbinding met de fluidics cart (trek grijze kabeltje uit de aansluiting aan de fluidics
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cart) voordat het vat wordt geleegd. Wacht in ieder geval 30 seconden voor het verwijderen van de dop
van het vat (je ziet de vloeistof stoppen met stromen door het doorzichtige slangetje).

- Verwijder de dop van het afvalvat.

- Leeg het vat, de inhoud mag geloosd worden op het riool.
- Sluit de dop en sluit de snelkoppeling weer aan.

- Hervat de meting.

Kalibratie

Zie voor kalibratie 9.1 Maken van een baseline en meten van compensaties
Kalibratie frequentie: Het maken van een baseline gebeurt bij een nieuw lotnummer CS&T IVD beads of
na technisch onderhoud waarbij filters, PMT'’s zijn veranderd.

Inklaren nieuwe lothummers monoclonale antistoffen

Zie Bedieningsvoorschrift FacsCanto 1l 7.1.5 Inklaren nieuwe lothnummers monoclonale antistoffen.

Spoelprocedure flowcEL (FACS Clean, aQUA DEST, FACS RINSE, AQUA

DEST)

Nadat de Flowcytometer is ingeschakeld en de fluidics start-up is gedaan en voordat de Flowcytometer
wordt uitgeschakeld dient deze te worden gespoeld.

- Vul 3 Falcon buisjes met resp. 1 ml FACSClean, aqua dest, Detergent Solution.

- Ga naar <Cytometer>, <Cleaning Modes>, <Clean Flow Cell>.

- Installeer een buisje met FACSClean™ onder de SIT (Sample injection tube). De zwarte houder om

naald dient weggeklapt te worden.

- Klik op <OK>.

- Klik op <OK> na de melding Cleaning is complete.

- Herhaal deze spoelprocedure met aqua dest, Detergent Solution™ en nogmaals met aqua dest.

- Voer een bubble filter purge en een degas flow cell uit, ga naar <Cytometer>, <Cleaning Modes>,
<Bubble Filter Purge and Degas Flow Cell>.

REAGENTIA EN HULPSTOFFEN

Reagentia

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Flow2Cast kit
Flow2Cast kit voor BAT
BUHLMANN Laboratories AG, Switzerland

FK-CCR

100 testen/kit

Tot vervaldatum.

2-8°C.

Arnhem PP-202-KK1 (voorraad in koelcel)
Zie 7.4.
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Deze kit bevat

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel

Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding
Artikel
Omschrijving
Firma
Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel

Stimulation buffer (BSB)
Basofiele stimulatie buffer
BUHLMANN Laboratories AG, Switzerland

B-CCR-STB

Flesje (lyophilized)
Tot vervaldatum.
Ongeopend 2-8°C.
Arnhem PP-202-KK1
Zie 7.4.

Stimulation control anti-FceRI mAb (B-CCR-
STCON)

Stimulatie controle anti-FceRI mAb

BUHLMANN Laboratories AG, Switzerland

B-CCR-STCON

1 lyophilized vial.
Tot vervaldatum.
Ongeopend 2-8°C.
Arnhem PP-202-KK1
Zie 7.4.

Stimulation control fMLP (B_CCR_FMLP)
Stimulatie controle fMLP
BUHLMANN Laboratories AG, Switzerland

B-CCR-FMLP

1 lyophilized vial
Tot vervaldatum.
Ongeopend 2-8°C.
Arnhem PP-202-KK1
Zie 7.4.

Staining reagent
Kleur reagens (anti-CD63-FITC en anti-CCR3-PE mAb)
BUHLMANN Laboratories AG, Switzerland

B-CCR-SR

Flesje a 2,2 ml

Tot vervaldatum.
2-8°C.

Arnhem PP-202-KK1.
Klaar voor gebruik

Lysing reagent 10 x concentrated

Lyses reagents 10 x geconc.

BUHLMANN Laboratories AG Irriterend
B-CCR-LYR

Fles a 25 ml.

Tot vervaldatum.

2-8°C.

Arnhem PP-202-KK1,

Zie 7.4.

Wash buffer
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Omschrijving
Firma
Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Wasbuffer

BUHLMANN Laboratories AG, Switzerland
B-CCR-WB

Fles a 100ml.

Tot vervaldatum.

2-8°C.

Arnhem PP-202 KK1.

Klaar voor gebruik

Overige reagentia (niet aanwezig in de kit)

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel
Omschrijving
Firma
Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel
Omschrijving

Firma
Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Controles

Artikel

Omschrijving
Firma

Stripping buffer
Stripping buffer
Zelf gemaakt (Reagentia van Merck)

(Art. 1.06346.0500, Art. 1.04936.0500)

50mL Greiner tube

1 jaar (om besmetting te voorkomen, gebruik 1 maand)
2-8°C.

Arnhem PP-202 KK1.

Zie 7.4.

Gedestileerd water
Gedestileerd water

Braun, Germany (via apotheek)
N.v.t.

Fles a 100ml.

Tot vervaldatum.

18-28°C

Arnhem, PP-202

Klaar voor gebruik.

Natriumchloride 0.9%
Natriumchloride 0.9%

Braun, Germany (via apotheek)
N.v.t.

Fles a 100ml.

Tot vervaldatum.

18-28°C

Arnhem, PP-202

Klaar voor gebruik.

Stimulation control anti-FceRI mAb (B-CCR-
STCON)

Stimulatie controle anti-FceRI mAb
BUHLMANN Laboratories AG, Switzerland
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Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

Artikel
Omschrijving
Firma

Artikelnummer
Verpakking
Houdbaarheid
Bewaarcondities
Voorraad
Bereiding

B-CCR-STCON

1 lyophilized vial.
Tot vervaldatum.
Ongeopend 2-8°C.
Arnhem PP-202-KK1
Zie 7.4.

Stimulation control fMLP (B_CCR_FMLP)
Stimulatie controle fMLP
BUHLMANN Laboratories AG, Switzerland

B-CCR-FMLP

1 lyophilized vial

Tot vervaldatum.
Ongeopend 2-8°C.
Arnhem PP-202-KK-1
Zie 7.4.

Bereiding reagentia — controles - standaarden

Artikel

Bereiding

Houdbaarheid
Bewaarcondities
Bewaarplaats

Artikel
Bereiding

Houdbaarheid
Bewaarcondities
Bewaarplaats

Artikel

Bereiding

Stripping buffer

Weeg 20.0 g Sodium dihydrogen phosphate monohydrate
(NaH2P0O4eH20, 137.99 g/mol, Merck Art. 1.06346.0500)
en 0.37 g potassium chloride (KCI, 74.55 g/mol, Merck Art.
1.04936.0500) af op aparte vloeipapiertjes en voeg dit toe
aan een erlenmeyer met ongeveer 700mL aquadest en
mix. Corrigeer de pH naar 3.55 met sodium hydroxide
(NaOH, 5M, apotheek) or hydrogen chloride (HCI, 5M,
apotheek). Vul dan de erlenmeyer met aquadest aan tot 1
liter. Verdeel de stripping buffer over 12 50 mL Greiner
buizen. Etiketteer de buizen voor iedere maand één.

1 jaar
2-8°C
Arnhem PP202-KK1

Stimulation buffer (BSB)
Los de inhoud van het flesje op in 50 ml steriel water
(water afmeten met 50 ml steriele Greiner buis)

Uitvullen in 10 steriele greiner bio-one buizen (5x5ml,
4x6mL voor pinda; 4x5mL, 4x6.5mL voor hazelnoot)),
flesje met restant invriezen tot kit op is.

(gebruik steriele filtertips van 1000 ul of gieten)

6 maanden.
-20°C
Arnhem PP202-DV2

Stimulation control anti-FceRI mAb (B-CCR-
STCON)

Los de inhoud van de vial op in 1.5 ml stimulation buffer
(BSB)
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Houdbaarheid
Bewaarcondities
Bewaarplaats

Artikel
Bereiding

Houdbaarheid
Bewaarcondities

Bewaarplaats

Artikel
Bereiding

Houdbaarheid
Bewaarcondities
Bewaarplaats

Uitvullen in 11 steriele epjes a 120 ul, flesje met restant
invriezen tot de kit op is.

- verbruik is 2x50 ul per run, circa 10 runs/kit
- vermijd extra invries/ontdooi stappen
(gebruik steriele filtertips van resp. 1000 en 200 ul)

6 maanden
-20°C
Arnhem PP202-DV2

Stimulation control fMLP (B-CCR-FMLP)

Los de inhoud van de vial op in 1.5 ml stimulation buffer
(BSB)
Uitvullen in 10 steriele epjes a 120 ul, flesje met restant

invriezen tot de kit op is.

- verbruik is 1x50 ul per run, circa 10 runs/kit
- vermijd extra invries/ontdooi stappen
(gebruik steriele filtertips van resp. 1000 en 200 ul)

6 maanden
-20°C

Arnhem PP202-DV2

Lysing reagent 10 x concentrated
Verdun 5 ml lysing reagent 10 x concentrated tot 45 ml met

gesteriliseerd water in een 50 ml steriele Greiner buis.

tot vervaldatum.
2-8°C.
Arnhem PP202-KK1
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Werkschema Indirect BAT Boompollen

Bloedafname Datum: Etiket bloedafname:
Tijd:
Analyse BAT Datum:
Buis Buis Allergeen/controle Verdunning BSB (ul) | Allergeen/ | EDTA Staining
nr code controle Bloed reagent (ul)
(ul)
(ul)
1 PBa Neg Contr. 1 150 50 20
2 PBb Neg Contr. 2 150 50 20
3 a-FceRl 1a 100 50 50 20
4 a-FceRl 1b 100 50 50 20
5 n Bet vl 60 ul 10 + 140 ul BSB 100 50 50 50
(3 pg/ml)
6 A-10 n Bet vl 20 ul 100 + 180 BSB 100 50 50 20
(10 pg/ml)
7 A-100 n Bet vl 20 ul 1.000 + 180 ul BSB 100 50 50 20
(100 pg/ml)
8 A-300 n Bet vl 20 ul 3.000 + 180 ul BSB 100 50 50 20
(300 pg/ml)
9 A-1.000 | nBetvl 20 ul {10100 + 180 ul BSB 100 50 50 20
(1.000 pg/ml)
10 A-3.000 | nBetvl 60 ul [104000 + 140 ul BSB 100 50 50 20
(3.000 pg/ml)
11 A- n Bet vl Werkoplossing 10.000 100 50 50 20
10.000

Werkoplossing: 10,000 pg/ml zie lotnr. registratie
Epjes met minimaal 130 ul (=> 150) vullen!)
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Remarks:

e Final concentration = start concentration x 0.227 bijv. 100 ng/ml x (50/220) = 22.7 ng/m|

Preparation times:

o Allergens:
e Add blood:

Add to each tube:

e 100 pl BSB (150 ul BSB in neg. contr.)

e 50 ul of the different controls/allergens (see table above)
e 50 ul blood

e 20 pl staining reagent

e Total=220ul
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Werkschema BAT Boompollen

Bloedafname Datum: Etiket bloedafname:
Tijd:
Analyse BAT Datum
Run naam:
Buis Buis Allergeen/controle Flowrate Events Measure Q2
nr code
H=High time (% stimulated basophils)
1 PBa Neg Contr. 1 H 550
2 PBb Neg Contr. 2 H 550
3 a-FceRl 1a H 550
4 a-FceRl 1b H 550
5 n Betvl H 550
(3 pg/ml)
6 A-10 n Bet vl H 550
(10 pg/ml)
7 A-100 n Bet vl H 550
(100 pg/ml)
8 A-300 n Bet vl H 550
(300 pg/ml)
9 A-1,000 | nBetvl H 550
(1,000 pg/ml)
10 A-3,000 | nBetvl H 550
(3,000 pg/ml)
11 A- n Bet vl H 550
10,000 (10,000 pg/ml)
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Werkschema Inhibition BAT Boompollen

Etiket bloedafname:

Bloedafname Datum:
Tijd:
Analyse BAT Datum:
Buis nr Buis code Allergeen/con | Verdunning Allergeen
trole /controle
(ul)
1 PBa Neg Contr. 1
2 PBb Neg Contr. 2
3 a-FceRl 1la
4 a-FceRl 1b
5 n Bet vl 60 ul 10 +
(3 pg/ml) 140 ul BSB
6 A-10 n Bet vl 20 ul 100 +
(10 pg/ml) 180 BSB
7 A-100 n Bet vl 20 ul 1.000 +
(100 pg/ml) 180 ul BSB
8 A-300 n Bet vl 20 ul 3.000 +
(300 pg/ml) 180 ul BSB
9 A-1.000 n Bet vl 20 ul 101000
(1.000 pg/ml) | +180 ul BSB
10 A-3.000 n Bet vl 60 ul 104000
(3.000 pg/ml) | + 140 ul BSB
11 A-10.000 n Bet vl Werkoplossi
(10.000 ng 10.000

EDTA Bloed

(ul)

Staining
reagent (ul)

50 20
50 20
50 20
50 20
50 50
50 20
50 20
50 20
50 20
50 20
50 20
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Run naam:

Buis Buis Allergeen/controle Flowrate Events Measure Q2
nr code
H=High time (% stimulated basophils)

1 PBa Neg Contr. 1 H 550

2 PBb Neg Contr. 2 H 550

3 a-FceRl 1a H 550

4 a-FceRl 1b H 550

5 n Bet vl H 550
(3 pg/ml)

6 A-10 n Betvl H 550
(10 pg/ml)

7 A-100 n Betvl H 550
(100 pg/ml)

8 A-300 n Bet vl H 550
(300 pg/ml)

9 A-1,000 | nBetvl H 550
(1,000 pg/ml)

10 A-3,000 | nBetvl H 550
(3,000 pg/ml)

11 A- n Betvl H 550

10,000 (10,000 pg/ml)
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