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AIT Allergen Specific Immunotherapy
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4. Introduction
Allergic rhinoconjunctivitis is a common health problem. A European survey showed a prevalence
of 24.4 % in a population aged between 16 and 60 years with the highest prevalence in the younger
subjects V. Worldwide 500 million people are estimated to suffer from allergic rhinoconjunctivitis
@_While the prevalence of allergic respiratory diseases seems to have reached a plateau in Western
industrialized countries, prevalence in fast developing countries is increasing.

Despite of substantial regional differences, Timothy grass pollen is the most prevalent pollen
sensitization, in a skin prick test (SPT) study, prevalence of timothy grass pollen sensitization
ranged between 4.5 to 29.2 % with a median of 16.9 % in young adults in 15 industrialized
countries .

Allergic rhinoconjunctivitis has huge socio-economic impact due to its high prevalence. While
direct costs of rhinoconjunctivitis treatment are obvious, indirect costs due to reduced productivity
and lost working days and treatment costs of comorbidities such as asthma, sinusitis and impaired
sleep are often ignored @,

In addition to allergen avoidance, treatment options include symptom reliever medications, such as
local and systemic anti-histamines and corticosteroids. However, allergen specific immunotherapy
(AIT) is the only treatment modifying the natural course of allergic diseases and has been shown to
have a sustained effect lasting beyond treatment cessation. AIT for airborne allergens is at present
available in two different routes of administration: Sublingual immunotherapy (SLIT) as daily
intake of droplets or tablets and subcutaneous immunotherapy (SCIT). SCIT is initialized by an
updosing phase with increasing doses followed by regular injections of maintenance doses for
several years.

Although AIT usually is an effective treatment, biomarkers for predicting outcome and monitoring
effects of AIT are not yet well established.

4.1 Allergic rhinoconjunctivitis
4.1.1 Definition

Allergic rhinitis (AR) is the most common form of non-infectious rhinitis. It is caused by an IgE-
mediated immunologic response to allergen in sensitized subjects following allergen exposure. It is
characterized by sneezing, nasal obstruction, nasal discharge and nasal itching and it often includes
ocular symptoms such as watery and itchy, red eyes, then called allergic rhinoconjunctivitis (ARC).
The condition is usually reversible either spontaneously or because of treatment.

10
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Allergic rhinitis is classified according to the persistence and severity of symptoms ©):

1. Intermittent means that the symptoms are present
<4 days a week
Or for <4 consecutive weeks
2. Persistent means that the symptoms are present
More than 4 days a week
And for more than 4 consecutive weeks
2. Mild means that none of the following items are present:
Sleep disturbance
Impairment of daily activities, leisure and/or sport
Impairment of school or work
Symptoms present but not troublesome
3. Moderate/severe means that one or more of the following items are present:
Sleep disturbance
Impairment of daily activities, leisure and/or sport
Impairment of school or work
Troublesome symptoms
From ARIA 2008 @

4.1.2 Epidemiology
In a large European survey, the prevalence of self-reported allergic rhinoconjunctivitis was 24.4 %
in an adult population . In a Danish epidemiological study, prevalence of self-reported allergic
rhinoconjunctivitis during grass pollen season increased from 22.3 to 31.5 % between 1989 and
1997 ©). Another study conducted in Western European countries found a prevalence of 19 % of
self-reported AR ). Of these self-reported AR subjects, 57 % had confirmed their diagnosis at a
specialist center, almost 50 % of the confirmed cases had no previous diagnosis of AR. 71 % of
these subjects could be classified as having intermittent AR, while 29 % had persistent AR.
Interestingly, there was a higher prevalence of clinical verified AR in this study (22%). The most
prevalent sensitization was to grass pollen (48.3 % in the intermittent and 63% in the persistent
subjects). A similar prevalence of AR (24.8 %) was found in the European Community Respiratory
Health Survey ®. While prevalence seems to have reached a plateau in Western industrialized
countries, prevalence of AR increases in developing countries. Worldwide, 500 million people are
estimated to suffer from AR @,

4.1.3 Diagnosis of allergic rhinoconjunctivitis
The diagnostic approach to AR starts with a thorough patient history, revealing symptoms
suggestive of AR. ARIA has proposed the following questionnaire:

11
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Table 1: The Allergic Rhinitis Questionnaire ©

Question Yes No

1. Do you have any of the following symptoms?

- Symptoms on only one side of your nose

- Thick, green or yellow discharge from your nose

- Postnasal drip with thick mucus and/or running nose
- Facial pain

- Recurrent nosebleeds

- Loss of smell

2. Do you have any of the following symptoms for at least one hour on most days (or on most
days during the season)?

- Watery, runny nose
- Sneezing

- Nasal obstruction

- Nasal itching

- Conjunctivitis (red, itchy eyes)

If these questions suggest a diagnosis of AR, patients should be assessed for relevant sensitizations
in order to establish the diagnosis of AR.

12
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Figure 1: Diagnostic approach to Allergic Rhinitis ©
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Once diagnosis of AR is established, relevant treatment should be initiated.

4.1.4 Treatment options
The goals of successful AR treatment include

- Unimpaired sleep

- Ability to perform daily activities such as work, school, sports without limitations
- Absence of troublesome symptoms

- Minimum of treatment side-effects

Patients should be assessed for comorbidities like asthma and rhinosinusitis.

Treatment consists of local and systemic anti-histamines and corticosteroids, leukotriene
antagonists and AIT in a step-wise approach according to symptom severity and persistence.

13
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Figure 2: Treatment of AR ©
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4.1.5 Allergen specific Immunotherapy for AR and ARC
Allergen specific immunotherapy may be useful for all patients with allergic rhinoconjunctivitis due
to a relevant allergic sensitization %13, It should be considered in patients with moderate/severe
AR with insufficient treatment effect of other medications or in patients suffering from both AR and
mild asthma. As allergen specific immunotherapy is the only treatment modifying the natural course
of allergic diseases, it results in allergen tolerance and a sustained effect beyond treatment
cessation.

At present two treatment options are available for AIT:

- Subcutaneous immunotherapy (SCIT)
- Sublingual immunotherapy (SLIT)

Both options have comparable clinical effects !> 1%, In SCIT, severe to very severe anaphylactic
reactions have been described, the latest reported rate of near-fatal side effects is 1 in 1 million
injections, occurring typically during the first 30 minutes after injection. In SLIT, rare cases of
anaphylactic reactions have been described with lower rates than in SCIT 4. SLIT is given by
daily administration of drops or tablets for 3 years. Because of the rare systemic side effects, usually
only the first dose is given at the clinic. The long-term daily intake may raise compliance issues ¢*
that might influence on the treatment effect. On the other hand, SCIT requires repeated doctor visits
because of the more severe side effects, scheduled at short intervals during an updosing phase and
then at longer intervals during 3-5 years of maintenance treatment, that can make it difficult to
perform this treatment in children or in people in the working age. New treatment strategies or new
routes of administration may solve these problems in future.

4.2 Measurement of treatment efficacy in allergic rhinoconjunctivitis
As both allergen exposure and symptom severity vary substantially and biomarkers for successful
therapy are not yet properly described, standardized outcome measurements are difficult to define.
As allergic rhinoconjunctivitis symptoms depend on the symptom reliever medicine and affect
quality of life of the patient, scores combining symptom scores and medication use and quality of
life questionnaires are recommended.

4.2.1 Symptom scores
Most patients are affected by symptoms from the nose and from the eyes. Many different symptom
and medication scores have been proposed and used in different AIT trials @), This makes it
difficult to compare clinical outcomes from these studies. To harmonize clinical outcome measures
of clinical AIT trials, an EAACI task force has recommended the use of a symptom score consisting
of 4 nasal and two ocular symptoms @7,

Scores are indicated on a 4-step scale from 0-3 (0: no symptoms, 1: mild symptoms, 2: moderate
symptoms, 3 severe symptoms) for the following symptoms:

- Nasal symptoms (itching, blocking, sneezing, running nose)
- Ocular symptoms (itching/redness, watery eyes)

15
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resulting in a maximum score of 18. The mean rhinoconjunctivitis symptom score is found by
dividing the total score by 6, then adding all symptom scores and finding the mean value over a
defined time period, i.e. a pollen season. Exposure measurements as pollen counts during seasons
should be taken into account when comparing symptom scores obtained in different settings.

4.2.2 Medication score
As the use of rescue medication has a strong effect on symptom scores, it is important to register the
use of reliever medicine.

The medication score used in this study applies a point system according to the amount and the type
of medication used. A simplified score uses a step-wise approach and applies a point system
according to the treatment-step. It is important to specify which type of rescue medicine had been
used when reporting medication scores, as different rescue medications might not have the same
clinical efficacy. Different weights have been applied to the medication classes in different studies
that make comparison of study outcomes difficult. A standardized method to weight medications is
needed.

4.2.3 Combined symptom and medication score
At present, there is no validated combined symptom and medication score available. Symptom
severity and medication use depend on each other, so a combined measure of symptom scores and
medication scores may reflect treatment effects more accurately than each score alone.

The following combined symptom and medication score has been proposed for future use in clinical
studies in order to enhance comparability of studies.

16
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Table 2: An example of a symptom, medication and combined symptom and medication score )

a. Symptom score Score (0-3)
Nasal symptoms Itchy nose
Sneezing
Runny nose
Blocked nose
Conjunctival symptoms Itchy/red eyes
Watery eyes
Total daily symptom score (dSS) 0-3
b. Medication Score
No medication 0
Local or systemic antihistamines 1
Local corticosteroid 2
Systemic corticosteroid 3
Total daily medication score (dMS) 0-3
¢c. Combined symptom and medication score
CSMS=dSS + dMS 0-6

Symptom scores:

0: no symptoms

1: mild symptoms (clearly present, minimal awareness, easily tolerable)

2: moderate symptoms (definite awareness, bothersome, but tolerable)

3: severe symptoms (hard to tolerate, affects activities and/or sleep)

Another possibility of assessing treatment efficacy is the registration of good and severely impaired
days during allergen exposure. This might reflect the patients” point of view better than mean
symptom and medication scores. While there is consensus on the definition of severe days as days
with at least one symptom score of 3 points, well days are not well defined.

Rhinitis control questionnaires might be an alternative tool to monitor treatment efficacy, as they

are based on how well symptoms are controlled.

17
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4.2.4 Quality of Life questionnaires
Allergic rhinoconjunctivitis affects quality of life of patients. Assessing quality of life is therefore
an important outcome measure for treatment efficacy. As general health related quality of life
questionnaires typically only are affected in a limited way by rhinoconjunctivitis, the use of
condition specific questionnaires is recommended. The most widely used of these rhinitis related
questionnaires is the RQLQ @8, It has been extensively validated and has been translated into many
languages. Drawbacks are that it takes time to complete the questionnaire and that patients have to
rate one week retrospectively. A minimal clinically important difference of 0.5 has been proposed
but might be too low and is subject to re-validation.

4.2.5 Visual analog scales
Visual analog scales are easy to use, reproducible and are validated in adult AR patients. They can
be used to assess overall symptoms or single symptoms and even global disease perception during a
period as during pollen seasons. They can easily be reported by an app on mobile devices, which
may enhance the percentage of reported symptoms and thereby correlate closer to the patient’s daily
symptoms. Like other symptom registrations, they are rather subjective and may be difficult to
compare between individuals.

4.2.6 Allergen challenge tests
In allergen challenge testing, target organs as nasal mucosa, conjunctiva or skin are challenged with
a fixed dose of allergen, reporting the severity of reaction or by incrementing allergen doses until a
pre-defined allergic reaction is provoked. Allergen challenge tests have the advantage that they can
be standardized and give a quantitative outcome measure. Both objective measures as wheal size in
a SPT, airflow limitation measured by rhino-manometry or nasal inspiratory peak flow (NIPT),
number of sneezes, amount of nasal secretion and subjective symptoms as itching and irritation in
the conjunctiva and nose are used to assess the allergic reaction. Nevertheless, allergen provocation
tests cannot reflect real life exposures and outcome may differ from patients” experience. The use of
allergen challenge with a defined dose of airborne allergen in climate chambers may be a
compromise but it is not available at most centers. Park studies, where patients are challenged by
natural pollen exposure on grass give the most realistic pollen exposure, but are difficult to compare
between different locations and sessions as grass pollen counts, wind, humidity and temperature
cannot be standardized in this outdoor settings.

4.3 Grass pollen

43.1 Grasses
More than 9000 species of grasses from the Poaceae family are widely spread throughout the world.
Grasses are wind-pollinating plants emitting large amounts of pollen during pollinating periods. The
wild and cultivated grasses growing in the temperate regions of the Northern Hemisphere usually
have a pollen season from late spring to mid-summer and belong to the Pooideae subfamily.
Members of this subfamily are Timothy grass (Phleum pratense), Rye grass (Lolium perenne),
Orchard grass (Dactylis glomerata), Kentucky blue grass (Poa pratensis), Fescue grass (Festuca
pratensis), Sweet vernal grass (Anthoxatum odoratum), Wheat (Triticum aestivum) and Rye (Secale
cereal). Sensitization to pollen from these grasses is the most prevalent allergic sensitization found

18
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in Europe ®. Allergens from the Pooideae subfamily are highly cross-reactive 29 and Timothy
grass pollen allergen extract or molecules can be used in diagnosis (SPT, allergen specific IgE),
allergen challenge (cutaneous, conjunctival, nasal and bronchial) and treatment (AIT) of grass
pollen allergy.

4.3.2 Molecular allergens of Phleum pratense
At present nine allergen molecules are listed on the 1UIS Nomenclature of Allergens website @V,
Phlp 2,p5, p 6 and p 13 are specific for members of the Pooideae subfamily, Phl p 1 cross-reacts
to group 1 allergens from Bermuda grass as well. Phl p 3 is not yet listed in the IUIS and has
similarities to Phl p 2.

Sensitization to the major allergen Phl p 1 is usually the most prevalent molecular sensitization: >
90 % of grass pollen allergic patients ¢ 23, while Phl p 5 seems to be the most potent allergen, that
leads to most severe allergic reactions.

Phl p 4 exhibits cross-reactivity to CCDs, which can lead to false positive in-vitro diagnostic tests in
patients with IgE against CCDs. Phl p 11 has similarities to the trypsin-inhibitor of soybean and
cross-reactivity to Ole e 1-like allergens.

The minor allergens Phl p 7 (Calcium-binding protein, Polcalcin) and Phl p 12 (Actin-binding
protein, Profilin) belong to pan-allergens found in many different plants. While Phl p 7 is cross-
reacting to allergens specifically found in pollen from different grasses, weeds and trees 4,
profilins are found in most plants and plant derived products, such as foods ¢ 25),

19
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Table 3: Timothy grass pollen allergens @7

Allergen Code Biochemical Function MW Food Isoforms Structure @8
name allergen
Phip1 549-551 CCD-bearing Beta-expansin 27 no 2 g
protein (@
Phlp 2 555 Grass group Unknown 10-12 no 1
2
Phip 3 556 Grass group unknown no 2 e
3 W
Phip 4 557 CCD-bearing Berberine-bridge 55 no 6
protein enzyme
Phip5 558 Grass group Ribonuclease 32 no 16

5 %,

Phip 6 569 Grass group unknown 11 no 2 %
6

Phip 7 570 Polcalcin Calcium-binding 6 no 1 "
protein t?‘;\
Phlip 11 552 Olee 1- Trypsin inhibitor 20 no 1
related
protein
Phlp 12 553 Profilin Actin-binding 14 no 3 %
protein ( ;
Phlp 13 554 Grass group Polygalacturonase 55 no 1
13
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4.4 The allergic reaction

4.4.1 Sensitization
Allergen is taken up by intraluminal or submucosal dendritic cells in the airways and processed to
peptides. In the context of MHC class 11, these peptides are presented to naive T-cells that
differentiate to T2 cells under the presence of early IL-4 and other cytokines. Tn2 cells produce
IL-4 and IL-13 that induce immunoglobulin-switch of B-cells, leading to IgE production against the

allergen. Theses IgE antibodies bind to the high affinity IgE-receptor, FceRI receptor on effector
cells, mast cells and basophils, and on plasmacytoid dendritic cells.

Figure 4: The sensitization process %
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On re-exposure, allergen cross-links specific IgE bound to the FceRI receptors on the surface of
effector cells. This induces the degranulation of effector cells with the release of histamine and

proteolytic enzymes and in leads to production of leukotrienes and prostaglandins promoting the
allergic symptoms.
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Figure 5: Cross-linking of IgE on the FceRI-receptor ?%
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4.5 Biomarkers for successful AIT
Although immunotherapy has been successfully used for more than 100 years and the clinical
efficacy of AIT is well documented in a large number of trials, easily accessible biomarkers to
monitor and possibly predict the effect of AIT are still not well defined. AIT leads to very complex
changes in the immunological response to allergen. The time course of these changes varies
substantially between the different administration forms of AIT. In general, changes occur earlier in
injection AIT using a rush or cluster protocol for updosing, while SLIT leads to more slowly
developing immunological changes.

In rush venom immunotherapy, a very early decrease in effector cell, e.g. mast cell and basophil,
degranulation has been shown, occurring within hours after treatment start. This effect seems to
reflect an early allergen desensitization.

After approximately one week, allergen specific Treg- and Breg-cells are induced. These regulatory
cells suppress Th2-cells and promote the production of allergen-specific IgG-subclass and IgA
antibodies, which in turn have a blocking activity on antigen presentation to dendritic cells and on
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the allergen binding to surface-bound IgE on effector cells. The increase in blocking antibodies
begins within weeks after start of AIT ¢%3D),

After months to years, allergic inflammation in the target tissues decreases with decreasing numbers
of mast cells and eosinophils and decreasing effector cell responses to allergen.

As all these changes interact in a complex way with each other, it may be difficult to find a single
biomarker for successful immunotherapy.

As mast cells are resident in tissue and therefore only can be assessed in biopsy material or as mast
cells cultured from stem cells, basophils can be used as a surrogate marker for treatment effects on
effector cell level. Changes in basophil sensitivity measured in a basophil activation test or through
measurement of histamine release on allergen exposure can be used to assess both the very early
effects and late effects of AIT. Facilitated allergen binding (FAB) can be used to assess T-cell
activation by allergen during the early period of AIT. Measurements of allergen-specific 19gG (IgG4)
antibodies and their blocking effect on IgE-binding in the more functional IgE-blocking factor assay
can monitor changes occurring during the first months-years of AIT.

Cytokine and chemokine levels may be useful, but have limitations due to their local and temporal
variability, which makes assessment in a clinical context difficult.

Markers for a sustained effect of AIT are still to be found, as most of the above parameters return to
baseline level after treatment cessation despite of sustained clinical effect.
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5. The aims of the thesis

The aim of this explorative study was to study immunological changes occurring during SCIT in
grass pollen allergic patients in detail.

We focused on

- Changes in basophil sensitivity in an assay separating the effects owing to
humoral factors from those attributable to cellular changes during updosing (Paper
1) and during the whole course of SCIT (Paper 3)

- Changes in the number of FceRI-receptors on effector cells (Paper 3)

- Changes of allergic inflammation in the target tissue (Paper 3)

- Changes in allergen specific immunoglobulins at a molecular level (Paper 2)

- Changes in Facilitated Allergen Binding, IgE-blocking Factor (Paper 1 and 3)

- Changes of inflammatory cells in the nasal mucosa (paper 3)

- Correlations of these biomarkers to clinical outcome measures and their potential
to predict and monitor outcome of AIT (All papers)
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6. Materials and Methods

6.1 Study Design
We designed an open randomized study to explore the effects of subcutaneous immunotherapy on
different biomarkers. The Regional Committee on Biomedical Research Ethics approved the study
(M2009-0121). It complies with the Consort 2010 guidelines for reporting randomized trials and
was registered as NCT01085526 at ClinicalTrials.gov.

Figure 5: The BasoScit study overview

2008 2070 ;3011 2012 (2013 2014
Pollen szason

Pollen s =il J .| il

SCIT N T T TN N N U -6 UNO NN TN N OO NN N - OO N TR NN NN N N 1N

ECS0 N TRT 1 1 1 1 1 I I 1 1 1 1 1 | [ 1
Challenge 1 | | | |
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SM-score: daily symptom and medication scores during pollen seasons; SCIT: subcutaneous injection of allergen
extract; EC50: Measurement of basophil sensitivity; Challenge: nasal and skin allergen challenge test; biopsy: nasal
mucosa biopsy

6.2 Study population
In November 2009, we screened 86 students from Aarhus University with a history of seasonal
rhinoconjunctivitis during grass pollen season.

Inclusion criteria were:

- ahistory of seasonal rhinoconjunctivitis during grass pollen season

- apositive skin prick test (SPT) with grass pollen extract (Soluprick SQ Phleum
pratense, ALK-Abelld, Horsholm, Denmark) resulting in a wheal diameter > 3 mm

- an initial basophil activation test (BAT) resulting in > 40% activated basophils
using a fixed sub-maximal dose of grass pollen extract

- age between 18 and 40 years

Exclusion criteria were:

- severe or uncontrolled asthma

- pregnancy

- perennial rhinoconjunctivitis

- plans to move from study site during the study period

- severe co-morbidities (i.e. heart disease, auto-immune diseases, malignancies,
severe or uncontrolled psychiatric diseases)

- treatment with beta-blockers

24 participants met these criteria and were enrolled in the study in January 2010. All participants
indicated the maximum symptom score during the preceding grass pollen season of 2009 and were
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then randomized 3:1 to a treatment group, receiving standard SCIT for three years with one year of
follow-up (n=18) and an open control group, only receiving symptom relieving medicine as needed
which was followed for 3 years (n=6). One participant left the treatment group during the first year,
because he moved to Copenhagen, one more subject went out of the study after 2 years of
treatment, having good clinical effect of SCIT for ARC, but developed more severe birch pollen
allergy and more severe reactions to food allergens. The participants in the control group were
offered AIT after 3 years in the study.

6.3 Baseline visit
At the baseline visit, all participants were thoroughly examined and a medical history was obtained.
All participants completed a standardized allergy questionnaire used in clinical practice. A titrated
skin prick test and a titrated nasal allergen challenge were performed and a baseline basophil
activation test was made. We took plasma and serum samples that were frozen at -80°C in 1 ml
aliquots.

6.4 Subcutaneous immunotherapy (SCIT)
Subcutaneous immunotherapy was given using timothy grass pollen extract (Alutard SQ Phleum
pratense, ALK-Abello, Harsholm, Denmark). Treatment was started in February 2010 with a
modified cluster on day 1 (10- 100- 1000 SQU), then with updosing intervals of 1 week until
reaching maintenance dose (100.000 SQU) in May 2010, before the start of the grass pollen season.
Maintenance treatment was given at intervals of 6-7 weeks for 3 years 1% 32), Before injection,
current health status and side effects after the previous injection were recorded. Peak expiratory
flow (PEF) was measured before and 30 min after every injection. Injections were given
subcutaneously into the distal lateral part of the upper arm, alternating side. Participants were
observed for type-1 allergic reactions for 30 min after injection.

6.5 Grass pollen counts
Daily grass pollen counts for the Central Region of Denmark were obtained from the Danish
Institute of Meteorology (DMI @2, Pollen counts were measured 10 m over ground level.

6.6 Symptom and Medication-Score

6.6.1 Symptom registration
Participants indicated daily symptom scores 7 during grass pollen seasons (May- August) on a
paper scheme based on the following rhinoconjunctivitis symptoms:

- Sneezing

- Runny nose

- ltchy nose

- Blocked nose
- ltchy eyes

- Watery eyes
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Participants scored these symptoms according to severity:

0: no symptoms

1: mild symptoms

- 2: moderate symptoms
3: severe symptoms

Resulting in a maximum symptom score of 18 points.

6.6.2 Medication score
Participants received the following reliever medicine and indicated daily medication scores on a
paper scheme according to the following point system G4:

- Desloratadine 5 mg tablet, max. 1 daily, 6 points

- Olopatadine eye drops 1mg/ml, 1 drop/eye, max. twice daily, 1.5 point/drop,
maximal 6 points

- Mometasone furoate nasal spray 50 pg/puff, max. 2 puff/nostril twice daily, 1
point per puff, max. 8 points

- Prednisolone 5 mg tablet, max. 10 tablets/day, 1.6 point/tablet, max. 16 points

resulting in a maximum medication score of 36 points.

6.6.3 Combined symptom and medication-score
The combined symptom and medication score was obtained by adding the daily symptom score and
the daily medication score.

6.7 Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ(S))
Participants completed the standardized Rhinoconjunctivitis Quality of Life Questionnaire,
RQLQ(s) ®® at weekly intervals during grass pollen seasons. They answered 28 questions in 7
categories on a scale from 0-6 /0: not affected, 6: severely affected), resulting in a maximum score
of 168 points.

6.8 Titrated skin prick test
At baseline and annually after that, we performed a titrated skin prick test in order to assess the
allergen threshold concentration for a positive prick test . Participants were prick tested with 6
logo dilutions (0, 10, 100, 1000, 10000, 100000 SQU/mI) of grass pollen extract (Aquagen® SQ
Phleum pratense, ALK-Abelld, Harsholm, Denmark). The concentration resulting in a wheal
diameter > 3 mm was recorded as allergen threshold concentration.

6.9 Titrated nasal allergen challenge
At the same time-points, a titrated nasal allergen challenge was performed @9, using the same
allergen concentrations. Nasal inspiratory peak flow (NIPF) was measured before starting the
challenge and the best out of three measurements was recorded as baseline NIPF. We then applied
50 pl of the diluted allergen extract starting with saline 0.9 %, then increasing allergen
concentrations as described above, in each nostril. Number of sneezes and weight of secretion were
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recorded for 10 min, and then a new NIPF measurement was performed. The nasal allergen
challenge test was considered positive, if at least 2 of the following criteria were present:

- =5 sneezes
- >0.5 gnasal secretion
- >40% reduction of NIPF compared to baseline

The allergen concentration leading to a positive reaction was recorded as allergen threshold
concentration.

6.10 Grass pollen specific immunoglobulins
Grass pollen specific IgE was measured on the Advia Centaur platform ©” (Siemens Healthcare,
Erlangen, Germany) in serum samples from the baseline visit and for every 3 months during the 3
years of SCIT, then for every 6 months in the follow-up year after treatment cessation. Detection
limit for IgE is 0.35 kU/I.

At baseline, after updosing, at the end of the 3-year treatment period and one year after treatment
cessation, Phl p 5 specific IgE and 1gG4 concentrations were measured by the ImmunoCAP method
(Thermo Fisher, Uppsala, Sweden). The ImmunoCAP gives quantitative measurements of
immunoglobulins. IgE can be measured between 0.1 — 100 kU/I. In the clinic, an IgE-concentration
below 0.35 kU/I is considered negative. 1gG4 is measured in mg/l, with a lower detection limit of
0.07 mg/l.

6.11 Allergen component specific immunoglobulins
At baseline and after updosing, allergen specific IgE and 1gG4 to 102 available allergen
components, including the 8 available timothy grass specific components Phlp 1,p2,p4,p 5, p 6,
p7,p1l1andp 12, were measured on the ISAC chip (Thermo Fisher, Uppsala, Sweden). The ISAC-
chip gives semi-quantitative results reported in ISAC Standardized Units (ISU). Detection limit for
IgE is 0.3 ISU, the upper limit is 100 kU/I. Measurement of 1gG4 ranges from 0.1 to 12 ISU.

6.12 IgE-Blocking Factor
We measured the presence of IgE-blocking factor on the Advia Centaur platform (ALK, Hgrsholm,
Denmark) using a 2-step competition assay ©®. This assay was based on two specific IgE
determinations from the same serum sample. In step 1, we measured the total amount of grass
pollen specific IgE binding to allergen after all competing factors including antibodies to unspecific
isotypes had been removed. In step 2, we measured the amount of grass pollen specific IgE binding
to allergen in the presence of competing components. The IgE-blocking factor was calculated
according to the following formula:

allergen binding in step 2

IgE-blocking factor= 1-

allergen binding in step 1’

This results in a blocking factor ranging from 0 (without the presence of any IgE-blocking
components, i.e. step 1 and step 2 are equal) to 1 (i.e. the binding in step 2 is less than in step 1).
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6.13 Facilitated Allergen Binding (FAB)
A stock indicator serum pool, containing high concentrations of grass pollen specific IgE (>100
kU/ml) as measured by the Advia Centaur method (ALK, Harsholm, Denmark) was pre-incubated
with 0.3 pg/ml Phleum pratense allergen extract at 37°C for 1 hour with or without participant sera,
using equal volumes of allergen extract, indicator serum and buffer/participant serum. Epstein-Barr
Virus (EBV)-transformed B-cells were added at 10° cells per sample using the same volume unit as
before, incubated for 1 hour at 4°C, and washed. Surface binding of allergen-IgE complexes was
analyzed in duplicate by flow cytometry using a polyclonal anti-1gE antibody. IgE positive gating
was set with 2% positive cells in samples with indicator serum without allergen. FAB data were
normalized relative to the values obtained from the pretreatment serum sample for graphic
representation and statistical analysis ¢,

6.14 Basophil Activation Test (BAT)

6.14.1 Preparation of cell suspension
Figure 6: Reconstitution of cells for BAT

8 ml heparinized blood
plasma is removed
cells are washed twice

750 pl cell suspension is reconstituted with

750 pl plasma from present visit 750 pl plasma from baseline visit 750 pl AIM-V medium

8 ml of heparinized blood was centrifuged (1000g, 8 min, 4°C), plasma was removed and stored at
room temperature. Cells were washed twice with 15 ml PBS/0.5% HSA. Aliquots of cell suspension
(0.75 ml) were then reconstituted for 30 minutes at room temperature with 0.75 ml of AIM-V®
medium (Life technologies), baseline plasma (from the initial visit) or present plasma (from the
present visit).

6.14.2 Basophil Activation
100 pul of these cell suspensions were mixed with 9 logio dilutions of grass pollen extract
(Aquagen® Phleum pratense, ALK-Abelld, Hgrsholm, Denmark; 0.00256 — 25600 SQU/mI) in
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PBS/0.5% HSA and fluorochromes-conjugated antibodies to CD 63 and CD 193 and incubated at
37°C for 30 min. The samples were hemolyzed with Saponin (0.6 mg/ml) for exactly 2 min and
fixed by adding 0.5 ml of fixing solution (PBS with 10% formaldehyde and 6% methanol). After
fixation, the samples were centrifuged (800g, 8 min, 4°C) and the supernatant was removed. The
pellet was washed with 2 ml of PBS, centrifuged again (800g, 8 min, 4°C).180 000 events were
acquired on a BD FACS Canto 11™ flow cytometer (Becton Dickinson Biosciences, San Jose, CA).

6.14.3 Full Blood BAT
At baseline and for every 6 months during the study period, we performed a BAT on full blood. 100
pl of heparinized blood were incubated with 8 logio dilutions of grass pollen extract conjugated to
DyLight®, anti-CD 63 and CD193 for 30 min at 37°C. The samples were then hemolyzed by
adding 2 ml of FACS Lyse solution for 15 min at room temperature in the dark. After centrifugation
(400g, 8 min), the expression of CD63 and DyLight grass was analyzed on CD193*/SS'°" basophils
by flow cytometry to measure activation and grass binding, respectively.

6.14.4 Gating Strategy
Basophils were identified as CD193* cells with low Side Scatter (S5'°%) using FlowJo 7.5 for
Windows (Tree Star, Inc. Ashland, USA).

Figure 7: Gating of basophils and activated basophils
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Activated basophils were determined by setting a threshold of 2% without allergen (fraction of
activated basophils), and the total MFI for CD63 was determined.

6.14.5 Grass Binding
To assess grass binding on the surface of basophils, MFI and ECso for DyLight conjugated grass
allergen was measured by gating on CD 193* SS'°" basophils by flow cytometry and measuring
DyL.ight in the detector VV450.
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6.15 Basophil Sensitivity

Basophil sensitivity (ECso) was defined as the logarithm of the allergen concentration leading to
half-maximum basophil activation. The dose response curves of allergen concentration against
percentage of CD 63" basophils were plotted.

Figure 8 a: Example for dose response curves obtained from BAT
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EC50 was calculated for each condition by fitting a sigmoid curve to the fraction of activated
basophils plotted against log of allergen concentration using default parameters in GraphPad Prism
6 for Windows (www.graphpad.com).
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Figure 8 b: Fitting a sigmoid curve to the dose response curve
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6.16 FceRI receptors on basophils
Qifikit® (Dako, Denmark) tubes were prepared according to the producer’s instructions: 100 pl of
heparinized blood were incubated with anti-IgE (BD Cat 555894) for 15 min at room temperature
then washed with 2 ml of PBS. Cell suspensions were then centrifuged twice for 5 min at 300g. 2 pl
of anti-mouse Immunoglobulin FITC conjugate (Qifikit, Dako, Denmark) was added and the
samples were incubated in dark for 15 min at room temperature, then washed with 2 ml PBS,
centrifuged at 300g for 5 min and the supernatant was discharged. The samples then were labeled
with 2.5 ul CD193 (Alexa 647, BioLegend, San Diego, US) and incubated for 15 min at room
temperature, then hemolyzed with 2 ml Saponin for exactly 2 min and fixed. The suspension was
centrifuged at 400g for 8 min at 4°C, washed, and then analyzed by flow cytometry. The number of
IgE-receptors was calculated by plotting the Median Fluorescence Intensity (MFI) for IgE on
CD193*/SS"" basophils on a line obtained from the Qifikit beads with known density of murine
immunoglobulins ranging from 500 000 to 18 000.

6.17 Analysis of flow cytometry data
Data obtained by flow cytometry was analyzed using FlowJo 7.5 for Windows (Tree Star Inc.,
Ashland, USA). Gates were created manually and checked in all conditions.

6.18 Nasal mucosa biopsies
At baseline and after three years of SCIT, forceps biopsies of the nasal mucosa from the inferior
turbinate were taken by an ENT-specialist in local anesthesia. Samples were taken one week after
nasal allergen challenges had been performed. Biopsies were fixed in 4% formaldehyde and
embedded in paraffin blocks. Multiple leukocyte population were identified in nasal paraffin
sections by immunohistochemistry and cell marker-specific antibodies. Deparaffinized 4 um
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sections were immunostained with EnVision™ Peroxidase/DAB Detection System kit
(Rabbit/Mouse K5007, Dako, Glostrup, Denmark) according to the manufacturer’s specifications
and staining of all the tissues sections was performed identically and simultaneously using
immunohistochemical robots (Dako Autostainer, Dako Cytomation).

The present single staining IHC protocol was performed as follows: 0.3% hydrogen peroxide was
used for 10 min to block endogenous peroxidase activity. The sections were incubated for 1h with
cell marker-specific primary antibody (see Table 3), followed by 30 min incubation with secondary
antibodies (Polymer/HRP-linked), and detected with the chromogen 3,3’-diaminobenzidine (DAB).
Finally, sections were counterstained with Mayer’s hematoxylin, dehydrated through ethanol series,
cleared in xylene and mounted with Pertex (HistoLab, Gothenburg, Sweden).

An automated slide scanner robot (ScanScope, Aperio Technologies, Vista, CA, USA) was used to
generate high-resolution digital bright-field images of entire immunestained sections. Quantification
of the immunoreactivity and morphometric analyses were performed using state-of—the art
computerized image analysis (Aperio ImageScope v.10.0 software, Aperio Technologies, CA, USA
and/or Visiopharm, Visiomorph, Denmark). The immunoreactivity was quantified either as number
of positive cells (by manual counting on blinded sections), or as percentage of cell marker-positive
pixels / area unit (using fixed threshold values and an automated positive pixel count algorithm).

All antibodies used have been extensively validated for staining of paraffin-embedded human tissue
sections in research and routine clinical diagnosis (Table 3). For additional controls to monoclonal
or rabbit polyclonal detection antibodies, staining was absent in sections using isotype-matched
control antibodies (Dako, Glostrup, Denmark) that were used instead of the primary antibody (used
at the same concentration).

6.19 Statistical Analysis
All data are reported as mean with 95% confidence interval (Cl) or median with interquartile range
(IQR). Data was tested for normal distribution by gqg-plotting and histograms. If normally
distributed, we used a t-test to analyze differences between individuals and between-groups and
paired t-test to investigate intra-individual differences. Not normally distributed data were analyzed
by non-parametric tests: Mann-Whitney-Wilcoxon test for between-group and between-individuals
comparisons and Wilcoxon signed rank test for intra-individual analysis. Correlations were found
by Spearman’s rank test for not normally distributed data and by regression analysis for normally
distributed data. Repeated measurements of FAB were analyzed by ANOVA with participant 1D
and group as between-individual error-terms. For all other repeated measurements analyses, we
used a random-coefficient model “9 with time, 1D and group as random coefficients. Models were
checked by plotting residuals and predicted values. Post-estimates from these models are reported.
Area under the curve (AUC) was used as a summary statistic for repeated measurements such as
pollen counts, symptom and medication scores, RQLQ-scores, IgE-blocking factor and changes of
basophil sensitivity during the study period. Correlations of clinical outcomes and biomarkers were
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analyzed in multiple regression models, using clinical outcome as dependent variable and the
different biomarkers as explanatory variables. Models were controlled by plotting residuals and
slopes and correlation coefficients are reported. A p-value < 0.05 was considered significant. All
statistical analysis was performed using Stata 11 for Windows (www.stata.com).
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7. Results
7.1 Baseline Characteristics

Table 4: Baseline characteristics of the study population

Johannes Martin Schmid

Treatment group

Control group

(n=18, MED;IQR) (n=6, MED; IQR)
Age at study start (years) 23.2 (21.6; 24.6) 20.7 (20.5; 26.7)
Duration of hay fever (years) 12 (6; 18) 7 (5; 10)
Female 7 (38.9 %) 3 (50 %)
Age at rhinoconjunctivitis onset 8 (8; 15) 12,5 (11; 14)
(years)
Retrospective symptom score 11 (9;12) 8 (6;17)
Wheal diameter (mm) 12 (10;15) 12 (10;14)
Asthma at inclusion 16.7 % 0%
Asthma in childhood 22.2 % 16.7 %
Atopy in family 55.6 % 83.3%
Additional sensitizations 1(1;2) 1(0;2)

ECs at baseline (reconstituted with
baseline plasma)

-0.52 (-1.37; 0.34)

-0.33 (-2.13; 1.46)

Grass pollen specific IgE,
RAST-class

3(3;4)

3(3;4)

Treatment and control group were comparable according to their age distribution, gender, wheal
diameter of the grass pollen extract SPT, additional sensitizations in standard SPT, baseline EC50
and baseline IgE RAST class. Participants in the treatment group had had hay fever for a longer
time, reported a higher maximum symptom score from the grass pollen season in 2009 and more
subjects suffered from asthma than in the control group.
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7.2 Non-Grass Baseline Sensitizations

Table 5: Other sensitizations

Johannes Martin Schmid

Clinical Positive SPT PPV | NPV | ISAC PPV | NPV
allergy (>=3mm) positive
Birch pollen 5 (20.8%) 10 (41.7%) 40 | 929 | 15(62.5%) | 33.3 | 100
Birch related cross 5 (20.8%) Not tested 16 (66.7%) | 18.8 | 75
reactivities
House dust mites 13 (54.2%) 8 (33.3%) 62.5 | 50 12 (50%) 66.7 | 58.3
Animal Dander 11 (45.8%) 9 (37.5%) 66.7 | 66.7 | 8 (33.3%) 75 |68.8
Moulds 0 5 (20.8%) 0 100 | 12 (50%) 0 100
Food allergy 2 (8.3%) Not tested 5 (20.8%) 40 100
Weeds 0 4 (16.7%) 0 100 | 5(20.8%) 0 100

When comparing clinical relevant allergies, as indicated by the participants in a standardized allergy
questionnaire used at the local outpatient clinic to the results of SPT and ISAC measurements, a

negative ISAC had a high negative predictive value for clinical allergy, while the positive predictive
value of both tests was low.

7.3 Grass pollen counts
Grass pollen counts in the pollen season from 2009- 2013 were comparable and ranged between
2458 in 2009 to 1958 in 2011. Grass pollen counts in Denmark have been increasing during the past
three decades (+37.3 grains/m®/year, 20.3- 54.3, p<0.0001). Pollen counts during the study period
were slightly lower than expected from this development.

Figure 9: Grass pollen counts
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The distribution of pollen counts differed substantially. The seasons of 2010 and 2012 were shorter,
but with higher peak pollen counts than in the following years.

7.4 Clinical outcomes
Treated patients experienced in general good clinical effect of SCIT. When comparing AUC of the
combined symptom and medications scores obtained by daily scoring during grass pollen seasons,
we found a difference between groups in all grass pollen seasons during the study period. While
symptom and medication scores were low in both groups in the season following updosing of SCIT,
(SCIT: 94.5; control: 189.5), differences were more pronounced in the following two grass pollen
seasons: in the pollen season during year 2 (median SCIT group: 177.5, (IQR 20- 261, median
control 896.5, IQR 291- 1322) and year 3 of treatment (median: 159.5; IQR: 20- 249 and 650.5;
IQR: 288- 1013, respectively). Symptom medication scores remained on a low level during the
pollen season after treatment cessation (median: 102.25; IQR: 12- 154.5) (Figure 9). There was no
apparent relationship of clinical outcomes to pollen counts. Over the whole study period, we found
a significant difference between the two groups (p=0.007, n=18/6). None of the participants used
oral corticosteroid during the study period.

We found similar results on quality of life, measured by the RQLQ(s). While we only observed a
minor difference in AUC of RQLQ during the season following updosing (SCIT: 83; control: 98.5),
differences were significant in year 2 (SCIT: 113; 29.5- 128.5), control: 420 (287.75- 527.5) and
year 3 (SCIT: 63.75; control: 200). The SCIT group remained on a low level (41.5) in the season
following treatment cessation. Overall, we found a significant difference (p=0.0001; n=18/6).

The mean of symptom and medication scores correlated to the mean of RQLQ(S) scores obtained
from the three grass pollen seasons (Spearman’s 6=0.59, p=0.0035).

Figure 10: AUC of combined symptom and medication scores and RQLQ(S)
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Participants in the SCIT group developed higher allergen threshold concentrations in SPT and nasal
allergen challenge test during treatment.

While we found similar baseline prick test threshold in the SCIT group (median 10° SQU/ml; IQR
10% — 10° SQU/mI, n=18) and in the control group (median 10> SQU/ml; IQR: 10% — 10* SQU/m,
n=6, p=0.16), groups developed differently (p<0.0001), leading to a median increase of allergen
threshold concentration by 21.4-fold (95 % CI: 9.5- 47.9) after 1 year, 66.2-fold (95 % CI: 28.2-
158.5) after 2 years and 65.8-fold (26.9-153.9) after 3 years. 1 year after treatment cessation,
allergen threshold concentration remained increased by a median 94.4-fold (32.3- 275, 4). In
contrast, allergen threshold level remained stable in the control group.

Development of allergen tolerance was similarly when looking at nasal allergen challenge threshold
concentrations, which was not different at baseline (SCIT group median: 10* SQU/mlI, 10*- 10%;
control group 10* SQU/ml, 103- 10%, p=0.89) but changed significantly differently in the two groups
(p=0.003). The threshold in the SCIT group increased by a median of 12.9-fold (95 % CI: 5.2- 31.6)
after 1 year and by 9.4-fold (3.4- 24.0) after 2 years. After three years of treatment, the threshold
had increased by a median of 14.0-fold (5.2- 37.2) and remained unchanged one year after
completing SCIT (13.2-fold, 4.4-38.9). Allergen threshold did not change in the control group. We
found a weak correlation between the mean nasal allergen threshold concentration and the mean
symptom and medication scores of the three pollen seasons (Spearman’s 6=0.31, p=0.16). Skin
prick test outcomes did not correlate to subjective outcomes.

Figure 11: Changes in allergen threshold concentration in SPT and nasal allergen challenge
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7.5 Grass pollen specific IgE

Individual baseline grass pollen specific IgE levels were spreading over a broad range (IQR: 3.9-
56.5). Grass pollen specific IgE increased from a median 23.8 kU/I (IQR: 12.6- 56.9) to 60.8 kU/I
(IQR: 27.0-117.5, n=18, p=0.0002) in the treated patients during updosing of SCIT. After updosing,
grass pollen specific IgE levels slowly returned to baseline level. In the control group, there was a
general trend towards a slightly higher IgE-level during the study period.
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Figure 12: Grass pollen specific IgE
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7.6 Phl p 5 specific immunoglobulins

As expected, we found an initial increase of Phl p 5 specific IgE in the SCIT group, almost doubling
from a median 39.1 pg/l to 75.6 pg//l during updosing (p=0.0005, n=17). At treatment cessation,
median Phl p 5 specific IgE had decreased to approximately half the baseline level, 16.8 pg//I,
(p=0.039; n=16), remaining stable during the follow up year (7.0 kU/I). (Figure 13 a)

At the same time, we saw a rapid induction of Phl p 5 specific IgG4 from undetectable at baseline to
4.5 mg/l after updosing (p=0.0003, n=18), further increasing to 10.5 mg/l during the whole
treatment period (p=0.0004, n=16). Median Phl p 5 specific IgG4 decreased during the follow up
year to 3.5 mg/l (p=0.0015, n=13). (Figure 13 b)

The IgE/1gG4 ratio for Phl p 5 decreased from 0.45 at baseline to 0.017 after updosing (p=0.0018,
n=16) and further to 0.001 after 3 years of treatment (p=0.0007, n=16), then increasing again during
the follow-up year to 0.005 (p=0.0022, n=13). (Figure 13 ¢)

Phl p 5 specific IgE, 1gG4 and IgE/igG4 ratio did not change in the control group.
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Figure 13: Phl p 5 specific IgE, 1gG4 and IgE/IgG4-ratio
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7.7 Baseline Grass Specific Component Sensitizations

Table 6: Grass pollen component specific sensitizations

Subject Major groupl/5 Other
Component Phip1l Phlp5 Phlp 2 Phlp4 Phlp6 Phlp7 Phlp1l | Phlp12
ID | sensitizations
01 5 11.86 23.49 18.32 145 21.79
02 3 2.64 5.14 3.69
03 4 4.24 12.15 4.77 1.14
04 6 4.66 28.26 3.65 1.84 3.92 8.97
05 4 14.45 20.03 1.96 15.37
06 2 1.41
07 6 17.08 71.22 3.52 16.3 6.42 3.11
08 6 28.34 51.28 38.77 6.34 7.56 10.03
09 5 1.44 4.99 7.35 4.08 10.19
10 6 7.88 16.06 3.37 4.74 2.39 4.5
11 7 22.12 35.01 6.66 5.11 2.74 1.83 16.94
12 6 17.52 57.81 481 2.33 3.74 4.54
13 2 1.27 2.1
14 5 2.82 15.49 11.08 3 11.75
15 1 1.6
16 5 7.71 31.38 1.83 5.59 16.59
17 1 1.74
18 6 10.81 28.48 19.11 1.64 9.22 13.98
19 1 5.61
20 6 2.8 8.1 1.8 1.9 1.4 6.2
21 1 1.2
22 5 25.0 21.0 7.0 7.4 0.7
23 4 40.0 35.0 10.0 16.0
24 3 45 0.8 4.6
Specific IgE 4.58 15.78 2.09 1.39 3.37 0 1.85 0
(ISU; MED, IQR) (1.52- (1.92- (0- (0-3.47) | (0-6.91) | (0.0) (0-9.5) (0-0)
15.77) 29.93) 5.90)
Number of 22 19 13 13 15 5 12 1 (4.2%)
sensitized (91.6%) (79.2%) (54.2%) | (54.2%) | (62.5%) | (20.8%) | (50%)
subjects (%)
Specific 1gG4 0 0.07 0 0.07 0 0 0 0
(ISU; MED; IQR) (0-0.05) | (0-0.15) (0-0.08) | (0-0.15) | (0-0) (0-0) 0-0) (0-0)
Number of subjects | 6 (25%) 13 7 17 2(8.3%) |3 3 2
with detectable (54.2%) (29.2%) | (70.8%) (12.5%) | (12.5%) | (8.3%)
19G4 (%)

The most prevalent component sensitizations at baseline were Phl p 1 and p 5. Component specific
IgE to Phl p 5 was higher than IgE to the other components. Four participants were mono-sensitized
to one component, two to Phl p 1 and two to Phl p 5, respectively. Approximately half of the
participants were sensitized to Phl p 2, p 4, p 6 and p 11 and IgE-levels were comparable.
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We found a very low level of 1gG4 to Phl p 4 and p5 in the ISAC measurements in the majority of
participants before treatment.

7.8 Grass pollen component specific immunoglobulins

In the SCIT group, we found that pretreatment IgE predicted the induction of 1gG4 during updosing
of SCIT. In 91.2% of all the measurements where pretreatment grass component specific IgE was
detectable, the sensitized subjects mounted an 1gG4 response towards these components during the
updosing of SCIT. In contrast, a weak 1gG4 induction was measured in only 21.9% of the cases
where pretreatment grass component specific IgE was under detection limit. The induction of 1gG4
depended on the pretreatment IgE concentration: median 1gG4 induction in the cases without
detectable pretreatment IgE was 0.0 ISU (IQR 0.0- 0.0), while it was 0.87 ISU (0.2- 3.06) in the
measurements with moderate-high pretreatment IgE and 4.12 ISU (1.52- 8.38) when pretreatment
IgE was very high. (Figure 14 a)

Figure 14: Grass component specific IgE and 1gG4 at baseline and after updosing
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Interestingly, the induced 1gG4 seems to suppress the measurement of IgE on the ISAC chip. When
grouping samples according to IgG4 concentration after updosing (no detectable 1gG4 (<0.03 I1SU,
n=56), lowest (0.04- 0.50 ISU, n=29), middle (0.56- 3.19 ISU, n=30) and highest (3.22- 9.98 ISU,
n=29) tertile), IgE measurement was significantly reduced in the middle tertile (median AIgE -1.27
ISU, IQR -4.68 - 2.93, p=0.037) and this was even more pronounced in the highest tertile (AIgE -
12.00 ISU, IQR -25.02 - -4.31, p<0.0001. (Figure 14 b)

Grass pollen component specific IgE and 1gG4 did not change in the control group.
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7.9 Non-grass specific immunoglobulins
We found only few minor changes in the measurements of non-grass specific IgE and 1gG4, most of
them were related directly or by cross-reactivity to birch pollen allergens. These minor changes
might be explained by the birch pollen season between the two measurements.

7.10 IgE blocking factor
IgE blocking factor increased rapidly in the SCIT group after starting treatment. This increase was
induced during updosing of SCIT and reached a plateau of 0.50 (0.45- 0.54; n=18, p<0.0001) when
participants reached maintenance dose, remaining stable throughout the 3 years of treatment. After
treatment cessation, IgE-blocking factor slowly decreased again, but was still above baseline level
one year after treatment discontinuation. IgE-blocking factor did not change in the control subjects
(Figure 15 a). The changes found after updosing correlated to the long-term changes in IgE-
blocking factor (AUC, Spearman’s 6=0.68; p=0.0008).

Figure 15: Changes in IgE-blocking factor and Facilitated Allergen Binding
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7.11 Facilitated allergen binding
In the SCIT group, facilitated allergen binding was reduced to 60.9% (52.6- 69.2%, n=18,
p<0.0001) during the updosing and decreased further to approximately 50% during the first year of
treatment. FAB did not change significantly in the control group (Figure 15 b).

7.12 Basophil sensitivity
We used four different assays to determine basophil sensitivity: in full blood and in washed cells
reconstituted with present plasma, baseline plasma and medium. Summation of EC50 explained by
cellular and EC50 explained by humoral factors resulted in a total EC50 very close to the EC50 we
found in the BAT with present plasma. (Figure 16 a)

Basophil sensitivity measured in the full blood BAT correlated linearly to the basophil sensitivity in
the washed cells reconstituted with plasma from the present visit (slope 0.34 (0.12- 0.55; n=130,
p=0.0024). (Figure 16 b)
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Figure 16: The sum of humoral and cellular changes and correlation between full blood and
reconstituted BAT
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In the SCIT subjects, overall basophil sensitivity decreased rapidly after starting treatment (Figure
17 a). The median allergen concentration leading to half-maximum basophil activation had
increased 5.0-fold (1.5- 16.2-fold, n=18, p=0.008) at the first measurement of basophil sensitivity
after only 3 weeks of SCIT. Basophil sensitivity decreased further during updosing, resulting in a
93.7-fold (28.5- 307.8-fold, n=18, p<0.0001) increase of allergen concentration that caused half-
maximum basophil activation when reaching maintenance dose and reaching a maximum decrease
by 447.2-fold (136.1- 1469.2-fold, n=18, p<0.0001) after 9 months of treatment. Median basophil
sensitivity then slowly increased again, but was still 127.6-fold (n=18, p<0.0001) when treatment
was discontinued after 3 years and 13.3-fold lower (n=14; p<0.0001) one year after treatment
cessation.

Interestingly, we found a slight increase in basophil sensitivity during the three pollen seasons in the
treated subjects (median AEC50=-0.30; IQR -0.57- 0.05, n=44, p=0.0026).

The changes in basophil sensitivity could mainly be explained by humoral factors (Figure 17 b). We
found a median decrease in basophil sensitivity by 20.9-fold (3.9- 111.6-fold, n=18, p<0.0001)
when reaching maintenance dose and 106.8-fold (20.0- 364.8-fold, n=18, p<0.0001) after 1 year of
treatment. After 18 months, humoral basophil sensitivity slowly increased towards baseline level
again.

The changes in basophil sensitivity attributable to cellular changes contributed only to a lesser
extent to the overall changes. (Figure 17 c)

Basophil sensitivity measured in a full blood BAT decreased by approximately 100-fold after half a
year of treatment and stayed at this level except for the measurements after 1 and 1.5 years. (Figure
17 d)
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Figure 17: Changes in basophil sensitivity

a
Overall Changes
47 p=0.03 200
— SCIT
©  --- control
-
27 150 __ o
4 ® 2
o s 4 \-[ g
Lo \ - rd sV
’ - - = o
3 0T« lJ_ l\\TI’-]- T ;L T 1002 =
< ]l 21 Ji J 4 § S
w o
year )
- “ 5 c
-2 50 S
Ll
o4 - A 0
b c d
Cellular Changes Full blood BAT changes

Humoral Changes
41 p=0.03 % p<0.001
*%:p<0.01

4 p<0.0001

A EC50
A EC50
o

A EC50

year

l \\1'/4 1 1 3 4

Early changes in overall EC50 correlated to the AUC of the overall EC50 changes during the whole
study period (slope 129.2 95 % CI: 78.8- 179.5, p<0.0001, r=0.75 after 3 weeks and 116.7, 83.5-
150.0, p<0.0001 after 6 weeks).

Figure 18: Early changes in EC50 correlate to long-term changes
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7.13 Number of FceRI receptors on basophils
The number of the high affinity IgE receptor (FceRI receptor) on basophils decreased markedly in
the SCIT group during treatment. At baseline, we found a median 99541 (IQR: 75505- 131220)
FceRI receptors/basophil. After 3 years of treatment this number was reduced to 30974 (11376-
84333, n=12, p=0.016) FceRI receptors/basophil. The number of FceRI receptors was unchanged in
the control group.

Figure 19: The number of FceRI-receptors on basophils
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7.14 Nasal mucosa biopsies
Figure 20 Immunohistochemical staining of the nasal mucosa samples
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Bright field micrograph exemplifying immunostained immune cell populations in the nasal mucosal biopsies. Panel A
shows total leukocytes (stained brown with the pan leukocyte marker CD45) in the epithelial and sub-epithelial tissue.
Glands were excluded from the sub-epithelial analysis, as illustrated by the color segmentation algorithm used to
automatically quantify immuno-stained pixels (red in B). C illustrates nasal eosinophils after treatment. Plasma cells were
quantified as sub-epithelial CD138-positive cells (arrowheads in D; note that also the epithelium display CD130
immunoreactivity). Brown cells in D are BB1+ basophils. CD68* macrophages and mast cells are presented in E and F
respectively. Panel G illustrates an unusual and marked neutrophil infiltration in a biopsy collected before treatment. Gl
= glands, ep = nasal epithelium, Scale bars: C 60 um, D-F 70 um, G 40 um.

The number of mast cells in the nasal mucosa did not change during SCIT (median number of mast
cells/mm? at baseline 85.2 (IQR 65.3- 124.5) and after 3 years 88.3 (46.3- 131.2, p=0.72). In the
control group, numbers were slightly higher (median at baseline 115.5 (76.9- 163.8) and after 3
years 120.6 (107.9- 123.8, p=0.69) (Figure 21 a).

We found stable numbers of basophils in the nasal mucosa (SCIT group at baseline: 1.65
basophils/mm?, IQR 0.74- 4.98) and after 3 years: 0.95, IQR 0-1.97, p=0.32. We found similar
numbers of basophils in the nasal mucosa from subjects from the control group (Figure 21 b).
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Figure 21: The numbers of mast cells and basophils in the nasal mucosa
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The immunoreactivity for the leucocyte marker CD45 did not change in epithelium (baseline: 87.9;
58.9- 129.2, after 3 years: 86.4; 47.1 — 126.1, p=0.50) or in tissue (baseline: 115.1, 63.7- 187.3,
after 3 years: 118.4; 57.0- 229.4, p=0.46) in the SCIT group (Figure 10 a, 11 A). Immunoreactivity
for the macrophage marker CD68 decreased in tissue samples from 6.9 (4.4- 11.7) to 3.9 (0.7- 6.3,
p=0.02), but not in epithelium (Figure 10 b, 11 E). Immunoreactivity for MPO as a marker for
neutrophils decreased in epithelium from 2.33 (0.12- 9.27) to 1.14 (0.05- 3.14, p=0.01) and in tissue
(baseline: 0.98; 0.20- 6.77; after 3 years: 0.53; 0.02- 1.95) during SCIT (Figure 10 ¢, 11 G).

We found a decrease in immunoreactivity for the eosinophil marker EG2 in the epithelium from
0.09 (0.00- 0.24) to 0.00 (0.00- 0.03, p=0.06), while the eosinophils did not change in the tissue
(Figure 10 d, 11 C). The number of plasma cells did not change during SCIT (median at baseline:
1.4 cellss/mm?; 5.9- 25.3; after 3 years: 10.0 cells/mm?; 7.8- 21.2). (Figure 10 e, 11 D)

We found no significant changes in the immunohistochemical profile in the control group.
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Figure 22: Immunoreactivity for cellular markers in nasal mucosa
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7.15 Biomarkers and Clinical outcomes
Very early changes in basophil sensitivity correlated to improvement of the maximum symptom
score in the season following updosing (Spearman’s 6=0.49, p=0.02 after 3 weeks and 0.53, p=0.01
after 6 weeks. Moreover, EC50 changes after 3 weeks of SCIT correlated negatively (Spearman’s
0=-0.66, p=0.0009) to the mean of AUC of symptom and medication scores during the 3 pollen
seasons during the study. AUC of the overall EC50 changes correlated similarly (Spearman’s 6=-
0.56, p=0.0064).

AUC of the EC50 changes attributable to humoral changes correlated to the mean of allergen
threshold concentrations in the SPT (Spearman’s 6=0.50, p=0.01) and nasal allergen challenges
(Spearman’s 6=0.47, p=0.02). AUC of blocking factor changes during the whole study period
correlated to the same challenge outcomes (nasal allergen challenge: Spearman’s 6=0.63, p=0.0012)
and SPT, Spearman’s 6=0.45, p=0.03).

Early changes in IgE-blocking factor after updosing correlated to the mean of allergen thresholds in
nasal allergen challenge (Spearman’s 6=0.61, p=0.0034) and SPT (Spearman’s 6=0.66, p=0.001).

The maximum symptom score of the grass pollen season following updosing correlated to the post-
updosing sum of all grass specific IgE (slope: 0.14, 95 % CI: 0.07-0.21; p=0.001), 1gG4 (-0.19; -
0.34- -0.03; p=0.019) and basophil sensitivity (3.02; 0.38- 5.65; p=0.028) but not to FAB (0.01, -
0.06- 0.07; p=0.85) after updosing in a multiple regression model /cumulative r: 0.76).

In a similar analysis, mean AUC of RQLQ(s) scores during the 3 grass pollen seasons as dependent
variable and AUC of overall and humoral changes in basophil sensitivity and number of FceRI-
receptors on basophils as explanatory variables, we found a negative correlation between mean
AUC of RQLQ and the AUC of ECsg changes explained by humoral factors (slope: -0.78 (-1.40- -
0.15, p=0.02; r=0.59). Using mean AUC of symptom and medication scores during the three grass
pollen seasons as dependent variable, we found a correlation to the changes in the number of FceRI-
receptors on basophils (Slope: 0.003 (0.001-0.005), p=0.0015, r=0.70)

Mean nasal allergen challenge threshold correlated inversely to the percentage change of
neutrophils in epithelium (Spearman’s 6 =-0.49, p=0.055) and in tissue (¢ =-0.44, p=0.09) and to
the percentage changes in mast cells (o =-0.54, p=0.03) and to the immunoreactivity to EG2 after
SCIT (o =-0.51, p=0.035).
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8 Discussion

This thesis is based on an explorative study investigating immunological changes occurring during
SCIT in grass pollen allergic patients. Our main aim was to follow the changes in effector cell
sensitivity measured on basophils and the changes in allergen specific IgE and IgG4 concentrations
in detail during the three years of treatment with SCIT and one year after treatment discontinuation.
We wanted to investigate, whether these assays would be useful biomarkers to predict and monitor
clinical outcomes of SCIT. Furthermore, these detailed measurements may contribute to the
understanding of pathomechanisms of allergic inflammation and the effect of immunotherapy.

AIT has been used for more than 100 years and its efficacy in reducing allergic symptoms has been
shown in numerous trials %442 Allergen specific immunotherapy induces complex
immunological changes, leading to allergen tolerance in a significant proportion of treated patients
(11,43.44) 'who might not be treated adequately by symptomatic allergy treatment ). Moreover, AIT
modifies the natural course of allergic diseases, so treatment effects are sustained beyond treatment
cessation 14647 However, clinical trials have used a variety of different clinical outcome
measures 617 Many of these outcomes have not been properly validated and the minimal
clinically important difference is not always well defined. This makes it difficult to compare the
clinical effects reported from different AIT studies. Moreover, self-reported clinical outcomes are
highly subjective “® and symptom perception may be affected by psychological factors “9). Both
authorities ®9 and scientific organizations like the World Allergy Organization 2 and the
European Academy of Allergy and Clinical Immunology " have proposed the use of a uniform
standardized combined symptom and medication score as primary outcome measure in future AIT
studies on allergic rhinoconjunctivitis. In this study, we have used the symptom score based on four
nasal and two ocular symptoms proposed by these guidelines and reported it as the cumulative score
during a whole season, as both symptom severity and duration may vary between subjects. The
medication score used in the present study is a more sophisticated point system depending on
medication use. The simple medication score proposed by WAO and EAACI assigns 2 out of 3
possible points for the use of topical steroid. As the use of nasal corticosteroid is recommended as
step 1 treatment in moderate-severe intermittent/persistent AR and local steroids are supposed to be
used in a preventive way, the use of the simple score may lead to higher combined symptom and
medication scores with the risk of overestimating disease severity.

Symptom severity depends on allergen exposure, which might vary substantially in pollen allergy.
The total pollen counts of the pretreatment season of 2009 and the four seasons while conducing
this study reached a similar level. However, distribution was different between the season, reaching
very high peak levels in 2010 and 2012, while pollen counts were more equally distributed in the
seasons of 2011 and 2013. As background exposure has been shown to correlate to symptom scores
62 and reliever medication use %), this enhances the comparability of the subjective clinical
outcome measures between the different seasons in our study. However, in contrast to a previous
study ®4, we found the biggest difference in both symptom and medication scores and RQLQ(s)
scores during the pollen season of 2011, that had the lowest total pollen count, while both SCIT and
control group only reported few symptoms during the season of 2010, where the total pollen count
was higher.
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Exposure depends on place and time and personal exposure may correlate poorly to background
data. In a study conducted in Aarhus, Denmark, using personal pollen count devices, the authors
found both local and temporal differences in personal pollen exposure that did not correlate with the
reported background concentrations ®%. Individual behavior and timing of outdoor activities may
play an essential role in personal pollen exposure and thus experienced symptoms due to this
exposure. The use of personal pollen counts, although technically challenging, might enhance
accuracy of correlations between exposure and symptoms.

A marked placebo effect is seen in most AIT trials ®®, most pronounced in SCIT-trials. We found
substantial differences in clinical outcomes between SCIT and control group — the median symptom
and medication score in the SCIT group was 75 % less than that of the controls, while median
RQLQ scores were at a 70 % lower in the SCIT group. This is far beyond the 30 % clinical
improvement requested as a significant treatment effect by medical authorities. This may be
explained by the open design of our study, which may lead to an additive placebo effect in the SCIT
group. However, it may also reflect real-life outcomes better from the patients” point of view, as the
SCIT group received standard treatment as used in clinical practice.

From the patients” point of view, assessing quality of life may reflect the impact of ARC better than
registration of symptom and medication scores alone. While generic questionnaires are helpful in
comparing patients with different diseases, disease-specific questionnaires tend to be more sensitive
to changes in disease outcomes and are useful to compare patients from different intervention
groups. As the RQLQ(s) is a validated ARC-specific questionnaire 8 and has been translated into
Danish, we used this questionnaire to assess the impact of ARC on quality of life.

As the entire above-mentioned outcome measures are based on the patients” subjective symptom
experience, we used allergen threshold challenge tests 7 in order to provide additional and more
objective information on the clinical changes induced by SCIT. Allergen challenge tests have been
shown to be valuable in diagnosis of ARC, especially when patient are polysensitized or local
allergy is suspected ©®. Using quantitative outcome measures, they have been shown to be a
valuable scientific tool to evaluate intervention effects in AR and ARC ©° 89 Allergen challenge
outcomes can be used as a secondary clinical outcome measure ¢” and have recently been used to
show clinical efficacy of intralymphatic immunotherapy (ILIT) 69,

We used an incremental nasal allergen challenge model that exclusively depends on easy-to-use
objective measurements to determine the allergen threshold concentration leading to a pre-defined
allergic reaction ®®. The logio dilutions of allergen extract used in the nasal allergen challenge test
were used according to practical considerations. The same allergen concentrations were used in the
titrated skin prick test. Accuracy might be enhanced by using minor steps between allergen
dilutions. A study in food allergic subjects found a good correlation of titrated skin prick tests to
allergen challenge outcomes, using 2-fold allergen dilutions ©2. We found a good clinical response
to SCIT in our study using these tests leading to a sustained effect that was unchanged one year
after treatment cessation. Nevertheless, nasal allergen challenge outcomes correlated only poorly to
symptom and medication outcomes. The use of allergen challenge test in environmental chambers
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might reflect real-life exposure more closely 2 and might be helpful in future studies as they are
highly reproducible ¢4,

As the immunological changes arise at different time-points of AIT and may affect treatment
outcome, we investigated early, medium-term and sustained changes in a range of humoral and
cellular biomarkers and their possible influence on clinical outcomes.

Effector cell desensitization has been shown to be a very early effect of AIT. This has been
demonstrated on basophils in patients suffering from hymenoptera venom allergy treated with ultra-
rush and rush regimes of venom immunotherapy (VIT). One study found a down-regulation of the
CD63 response to venom and anti-IgE after only 5 days of ultra-rush and after 1-2 weeks during
rush updosing ©®. This desensitization was found to be non-allergen specific, as polysensitized
subjects down-regulated CD63-response to other allergens as well ©®. We could show a similar in-
vitro effect, desensitizing basophils from polysensitized patients with increasing allergen
concentrations in a study conducted at our laboratory. Basophils lost reactivity to the culprit but also
to other allergens as well very rapidly ®7). Desensitization is used clinically in drug hypersensitivity
reactions where incremental doses of the medication are administered in order to achieve temporary
drug tolerance. It is unclear, how long this desensitization effect lasts ©® and currently re-
desensitization is recommended if the drug has to be given at intervals > 2 days.

In traditional SCIT, doses are usually given at 1-week intervals during updosing. This time-course
is substantially longer than the ultra-rush and rush updosing regimes in the VIT studies and than in
the protocols used for drug desensitization, but still shorter than intervals recommended for
immunization using vaccines. The sustained release of allergen from alum complex after SCIT may
lead to similar effector cell desensitization during updosing.

Basophils have been successfully used as effector cell markers in allergy diagnosis and treatment
monitoring. In contrast to tissue resident mast cells, they are easily accessible in peripheral blood.
BAT has been used in the diagnosis of drug hypersensitivity %7V, food allergy 7 where CD63
up regulation correlated to symptom severity and EC50 to allergen threshold doses in oral allergen
challenges 57 venom allergy " 7® and in allergy to inhalant allergens %Y. In AR due to grass
pollen allergy, basophils exhibit a higher activation at sub-maximal allergen doses 2 and higher
sensitivity to allergen 63,

Basophil activation tests have been used to monitor immunological changes induced by
immunotherapy. In venom immunotherapy (VIT), several studies showed a correlation between
high basophil activation and positive sting challenge tests after VIT €48, Moreover, high basophil
sensitivity in a basophil activation tests could predict side effects during VIT @5, Basophil
sensitivity decreased in subjects treated for food allergy ©7-#) and pollen allergy ©°°Y. A study in
grass pollen allergic subjects treated with SCIT showed an inhibitory effect of treated patients” sera
on histamine release after 6 weeks of treatment ©2,

We identified basophils as SS'*/CD193* cells, which has been shown to be a reliable and
reproducible gating strategy 3% and up regulation of CD63 ®® as activation marker. CD63 7 is a
transmembrane tetraspanin in intracellular granule membrane in inactivated basophils. In IgE-
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activated basophils, these granules fuse with the surface membrane, leading to mediator release.
After degranulation, CD63 becomes detectable on the surface of basophils by flow cytometry.
CD63 is usually detectable within 10 minutes after IgE-mediated activation. The use of only two
markers on basophils gives the possibility to use fluorochromes with different fluorescence spectral
profiles. This has the great advantage that flow cytometry data can be analyzed without
compensating for interference. In contrast to histamine release assays, flow cytometric
measurement of CD63 up regulation on basophils allows to assess anaphylactic degranulation of
single cells responding to activation ®®, which might enhance sensitivity and specificity of the test.

The earliest time-point where we monitored changes in basophil sensitivity, grass pollen specific
IgE, IgE-blocking factor and FAB was after 3 weeks of updosing, when treated subjects had
received a cumulative dose of 7110 SQU of grass pollen extract. While basophil sensitivity had
decreased significantly, SCIT effect on FAB inhibition and IgE-blocking factor developed more
slowly. As FAB inhibition reflects both allergen binding to B-cells and allergen presentation to T-
cells ©®® that precede the induction of antibodies with a blocking activity, these early changes in
effector cell sensitivity may be related to a similar desensitization as seen in the VIT studies. The
early changes in basophil sensitivity correlated both to symptom severity in the ensuing pollen
season and to the long-term changes in basophil sensitivity and to the mean symptom and
medication score during the three pollen seasons observed. This makes early determination of
changes in basophil sensitivity to allergen an interesting and easy accessible biomarker for AIT
efficacy.

This is the first time basophil sensitivity was assessed this early. In previous studies, basophil
sensitivity has been investigated at baseline and before and after seasons 1% at longer time
intervals % and before and years after treatment cessation ©% 192, The optimal sampling time for a
companion diagnostic test may be between 1 and 6 weeks.

We used a set-up, making it possible to distinguish between humoral and cellular factors affecting
basophil sensitivity. Changes in basophil sensitivity attributable to humoral factors were calculated
as the difference between the EC50 in basophils reconstituted with plasma from the present visit
and the EC50 in basophils reconstituted with plasma from the baseline visit, while EC50 changes
attributable to cellular changes were measured on basophils reconstituted with medium. As this is a
rather indirect method of investigating cellular changes, analyzing changes in signal transduction
mechanisms on isolated basophils might give more detailed information on cellular changes
occurring during SCIT. The sum of cellular and humoral changes equaled overall changes quite
accurately. This indicates that EC50 measurements from basophils in baseline plasma and in
medium are similar.

We used 8 logarithmic allergen dilutions in order to measure EC50 precisely. Adding additional
dilutions (0.3 log steps at relevant concentrations) might enhance accuracy of this assay and may
detect smaller and potentially even earlier differences in basophil sensitivity.

We found, that the major part of the changes in basophil sensitivity could be explained by humoral
factors. A study in grass pollen allergic patients undergoing SCIT has demonstrated that
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pretreatment relation between specific IgE and basophil sensitivity was suspended after starting
treatment %), In a study in birch pollen allergic patients treated with immunotherapy, serum from
the treated patients induced decreased sensitivity in donor basophils. This effect was shown to
depend on the presence of 1gG-antibodies in these sera, as 1gG-depletion was able to reverse this
inhibition (103104,

Measuring allergen specific IgE and 1gG4 reveals changes within weeks to months of AIT. We used
standard methods to measure grass pollen specific IgE and 1gG4. Determination of allergen specific
IgE is recommended to confirm allergic sensitization in patients with symptoms suspicious of AR ©
%0) After starting AIT, allergen specific IgE levels increase initially, and then slowly decrease again
to lower levels compared to baseline IgE 1%, We find the same kinetics in grass pollen specific IgE
in this study, although concentration did not decrease under baseline level after SCIT. Allergen
specific 19G4 increases markedly during SCIT “%) as we find in our study. While other studies
found a rapid decline to baseline level after treatment cessation %), we found that Phl p 5 specific
IgG4 levels are still higher than at baseline one year after treatment cessation.

We used the ISAC chip to determine grass component specific IgE and 1gG4. Component resolved
diagnosis has be demonstrated to be a valuable tool to distinguish between primary sensitizations
and cross-reactivities in polysensitized pollen allergic patients, if pollen seasons overlap and make
clinical diagnosis difficult 1°7) as it reveals individual sensitization patterns on a molecular level
(198) 1t may to some extent demonstrate risk-associated sensitizations 1%, In contrast to the
ImmunoCAP and Advia measurements of IgE, we found a marked decrease in grass pollen specific
IgE in ISAC measurements of the SCIT group. As this might be explained by a competition of 1gG4
and IgE for binding to the limited amount of allergen on the chip, this reduction might represent a
functional measurement of IgE and 1gG4 interaction. Interestingly, we found, that pretreatment IgE-
sensitization appeared to determine the induction of IgG4. In concordance with a 12-week study of
AIT in ragweed allergic patients with and without anti-IgE treatment, where anti-1gE treatment
caused weaker and slower induction of IgG4 19, IgE seems to play a crucial role for the 1gG4
induction by AIT. This might be promoted by facilitated allergen presentation to B-cells and
dendritic cells, where IgE facilitates capturing and processing of allergen at very low allergen
concentrations ‘112 Depletion of IgE has been demonstrated to inhibit subsequent T-cell
proliferation 1319 FAP may induce the proliferation of plasma cells producing blocking IgG
antibodies. As FAP has been shown to correlate to facilitated allergen binding (FAB) to B-cells &
99,114,119 and FAB has been validated as biomarker in AIT studies, showing a strong correlation
between AIT and FAB inhibition 'V, we used the FAB assay as a more functional test for the
changes occurring during the first year of SCIT. We found an increasing inhibition of FAB reaching
a stable level after 6 months of treatment.

The effect of AIT induced allergen specific IgG antibodies seems to depend on a competing effect
on allergen binding to IgE %) rather than a direct allergen clearing capacity. Functional tests may
therefore reflect AIT effects related more closely to clinical efficacy than immunoglobulin
measurements alone. In the IgE blocking factor assay, the inhibiting capacity of serum components
on allergen binding to IgE is measured ©®. This might to some extent reflect in-vivo mechanisms
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occurring after successful AIT. The IgE-blocking factor correlated to symptom and medication
outcomes after AIT %) and was sustained after treatment cessation 9, However, we found a
decline in the IgE-blocking factor paralleling the decrease in Phl p 5 specific IgG4 in the follow up
year after treatment cessation.

Assessment of immunoglobulin changes and IgE-blocking factor and FAB inhibition is thus useful
to monitor mid-term effects of SCIT.

Basophil sensitivity decreases maximally during the first year of SCIT but remains under baseline
level one year after treatment cessation. Clinical effects are present during the whole treatment
period and are sustained one or more years after treatment cessation, so that effector cell sensitivity
alone cannot explain the sustained effects of SCIT. A long-term reduction of the allergic
inflammation may contribute to this sustained effect. We found a decrease in the number of the high
affinity IgE-receptor (FceRI) on basophils after three years of SCIT. This might reflect long-term
changes in effector cell biology induced by AIT. We found that both long-term changes in basophil
sensitivity and the changes in the number of IgE-receptors on basophils correlated to long-term
clinical symptoms, making them suitable tools for monitoring mid- to long-term effects of AIT.

Decreasing allergic inflammation in the target tissues may contribute to the long-term reduction in
allergic symptoms after SCIT. Increasing numbers of IL-10 expressing cells have been shown in
nasal mucosa biopsies during pollen season in subjects treated for seasonal allergic rhinitis with
SCIT 18 while the season dependent increase in the numbers of mast cells, basophils and
eosinophils was reduced ¢ 118)_In our study, biopsies were taken out-of season, one week after
nasal allergen challenge. We did not find differences in mast cells or basophils, but a reduction of
eosinophils and neutrophils, indicating reduced inflammation after the allergen provocations.
Another study could demonstrate an increasing number of Treg cells in the nasal mucosa during
SCIT 9, These cells may play an important role in the induction of allergen tolerance in the target
tissue. A previous study has demonstrated local allergen specific 1gA2 ¥ in the nasal mucosa. The
number of local plasma cells in the nasal mucosa did not change, but they may develop different
specificity and thus reflect this local production of allergen specific antibodies.

As the SCIT treated subjects had a lower allergen threshold concentration in the nasal allergen
challenge tests, changes in effector cell reactivity and sensitivity rather than their numbers may be
the most important mechanism leading to allergen tolerance.
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9 Conclusion

AIT is a safe and effective treatment of allergic diseases, modifying the immunological response to
allergen. In the study, this thesis is based on, we investigated these changes in detail during the
updosing and maintenance phase of SCIT and during one year after treatment cessation.

Early changes include an 1gG4 response that reflects patients” sensitization pattern before starting
treatment. These 1gG4 seem to compete for binding to the limited amount of allergen on the ISAC
chip leading to a suppression of the IgE signal on the ISAC chip. This may reflect a functional
measurement of early AlT-induced changes as these measurements correlate to symptom severity
after updosing. Functional measurements of the blocking effect of AIT-induced antibodies as the
IgE-blocking factor assay and Facilitated allergen binding are increasingly inhibited during the
updosing of SCIT, reaching a stable level during the treatment period.

Effector cell sensitivity decreases rapidly after starting SCIT. These very early changes are
correlated to outcomes in the first pollen season after updosing and long-term clinical outcome
measured by symptom and medication scores during grass pollen seasons. Decreases in basophil
sensitivity can mainly be explained by humoral factors. The long-term changes of these humoral
EC50 changes correlate to the objective clinical outcome in allergen challenge tests.

Changes in the number of the high-affinity IgE-receptors on basophils may be used as a biomarker
for long-term changes in allergic inflammation.

The number of inflammatory cells decreases after nasal allergen challenge in SCIT treated patients.

In conclusion, we found that the measurement of early changes in effector cell sensitivity to
allergen measured on peripheral blood basophils is a useful biomarker of both early and long-term
treatment efficacy of SCIT.
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10 Perspectives

In our studies, we find that early changes in basophil sensitivity reflect long-term clinical effects of
SCIT. The role as a biomarker or companion diagnostic test should be confirmed in larger studies,
using the recommended symptom and medication scores as clinical outcome measures. It would be
interesting to confirm the role of assessing basophil sensitivity in other forms of AIT as SLIT, ILIT
and treatment with recombinant vaccines. Upstream mechanisms in basophil signal transduction
would be interesting to perform, as they may represent new treatment options.

Assessment of long-term clinical efficacy and the investigation of biomarkers related to long-lasting
clinical effect of AIT may provide new insights in the long-term modulation of allergic responses
and allergic inflammation in target tissues.

Symptom and medication scores may be easier to report on electronic devices (mobile health) and
reporting may be controlled during the study period. The validation of allergen exposure under
defined conditions in a climate chamber may be a useful surrogate marker for clinical efficacy.

Mechanisms of the induction of potentially protective antibodies may be further elucidated by
plasma cell analyses. Detection of grass pollen specific plasma cells in the peripheral blood may
give information on kinetics of the AlT-related immunological changes.

We would like to follow the development of allergen component specific immunoglobulins during
the whole study period and beyond. The potential blocking effect of the induced 1gG4 antibodies on
IgE-signaling on the ISAC-chip should be confirmed by repetition of the IgE measurements after
IgG depletion of sera.

Further characterization of the immunohistochemical profiles of cells in the nasal mucosa might
give more information on the effects of AIT on cellular levels. It would be important to study the
numbers of FceRI receptors on mast cells and to study whether this number correlates to the number
of IgE-receptors on basophils. It would be very interesting to investigate the antibody specificity of
the plasma cells in the nasal mucosa.
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11 Summary

Background:

Allergen specific immunotherapy is the only disease modifying treatment of allergic diseases. It
results in an inhibition of the specific type 1 allergic reaction. Changes in basophil sensitivity and
allergen specific immunoglobulin concentrations reflect this treatment effect.

Aims:

1. To explore changes in effector cell responses induced by subcutaneous immunotherapy

2. To investigate changes in allergen specific immunoglobulin concentrations at allergen
component level

3. To correlate effector cell responses and changes in immunoglobulin concentrations to
clinical outcomes

Materials and Methods:

24 young adults suffering from allergic rhinoconjunctivitis due to grass pollen allergy were
randomized to receive standard subcutaneous immunotherapy (n=18) or to an open control group
(n=6). Basophil sensitivity was measured repeatedly by flow cytometry as the percentage of CD63
on the surface of CD193" blood basophils activated by 8 log dilutions of grass pollen extract
(0.0000256-256 SQU/mI). Density of IgE-receptors on basophils was measured at baseline and after
3 years of treatment. Allergen component specific IgE and IgG4 concentrations were measured on
the ISAC chip at baseline and after 12 weeks of updosing of SCIT. Nasal mucosa biopsies were
taken at baseline and after 3 years of SCIT.

Results

We found a rapid decrease in basophil sensitivity reaching a minimum after 9 months of treatment
leading to a median 447-fold increase in allergen concentration leading to half-maximum basophil
activation (95% CI: 135- 1479-fold, p<0.0001, n=18). These changes could mainly be explained by
humoral factors. Early changes in basophil sensitivity correlated to relief in symptoms after 3 and 6
weeks of treatment (6=0.53, p=0.01, n=18). Early changes in basophil sensitivity correlated to long-
term clinical outcome (6=-0.68, p=0.002). Basophil sensitivity was still 13-fold (p<0.0001) reduced
one year after treatment discontinuation. The AUC of all humoral changes of basophil sensitivity
correlated to the mean allergen threshold in nasal allergen challenge tests (6=0.50, p=0.01) and in
titrated skin prick tests (6=0.47, p=0.02).

The number of FceRI receptors decreased from a median 105196 to 30903/basophil in the treatment
group (p=0.016), while it remained constant in the control group (pre: 102424; post: 103753). The
number of FceRI receptors correlated negatively to nasal allergen threshold (r=0.70, p=0.0015).

The number of eosinophils and neutrophils decreased after treatment, while the number of mast
cells and basophils remained unchanged.
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When analyzing changes in allergen specific immunoglobulins, subcutaneous immunotherapy
resulted in a strong induction of 1gG4 to the grass allergen components subjects were sensitized to
before treatment was initiated.

Conclusion:

Measurement of basophil sensitivity is a useful tool to monitor early and long-term effects of
subcutaneous immunotherapy and may be used to predict clinical outcome. Decreasing basophil
sensitivity correlated to allergen threshold in allergen challenge tests and symptom and medication
scores. The number of high affinity IgE receptors on effector cells decreases during treatment. The
induction of blocking IgG4 antibodies correlates strongly to the sensitization pattern and is a useful
biomarker for early effects of successful immunotherapy.
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12 Summary in Danish (Dansk resumé)
Baggrund:

Allergen specifik immunterapi er den eneste behandling af allergiske sygdomme, der modificerer
sygdommen. Immunterapi farer til en hemning af den specifikke type-1 allergiske reaktion. £ndringer af
basofil sensitivitet og af allergen specifikke antistoffer er udtryk for disse andringer.

Mal:

1. atundersgge a&ndringer i effektor celle respons forarsaget af subkutan immunterapi
2. atundersgge @ndringer af allergen specifikke antistoffer pa molekylzar niveau
3. at korrelere effektor celle respons og antistof endringer med klinisk effekt

Materiale og Metoder:

24 unge voksne med allergisk rinokonjunktivitis pa grund af greespollenallergi blev randomiseret til
enten at fa standard subkutan immunterapi (n=18) eller til en aben kontrolgruppe (n=6). Basofil
sensitivitet blev malt med regelmaessige intervaller ved hjelp af flow cytometri som procent af
CD63 pa overfladen af CD193+ basofile fra perifert blod, som blev aktiveret med 8 log
fortyndinger af graespollen ekstrakt (0.000256- 25600 SQU/mI. Antallet af IgE-receptorer pa
overfladen af basofile blev malt ved start og efter 3 ars behandling. Allergen-komponent specifikke
IgE og 1gG4 antistof koncentrationer blev malt pa ISAC chippen far og efter opdoseringen af SCIT.
Naseslimhindebiopsier blev taget ved start og efter 3 ars SCIT.

Resultater:

Basofil sensitivitet faldt hurtigt, mest udtalt efter 9 maneders behandling, som farte til en median
447 gange hgjere allergen koncentration, der var ngdvendigt til at fremprovokere halv-maksimal
basofil aktivering (95% CI: 135- 1479 gange, p<0.0001, n=18). Disse &ndringer kunne til en stor
del forklares ved humorale faktorer. Tidlige a&ndringer i basofil sensitivitet korrelerede med feerre
symptomer efter 3 og 6 ugers behandling med SCIT (6=0.53, p=0.01, n=18). Tidlige endringer i
basofil sensitivitet korrelerede ogsa med langtids kliniske effekter (c=-0.68, p=0.002, n=18).
Basofil sensitivitet var stadigvaek 13-gange nedsat 1 ar efter at SCIT var stoppet (p<0.0001). AUC
af humoral betingede &ndringer i basofil sensitivitet korrelerede med den gennemsnitlige teerskel
koncentration af greespollen ekstrakt ved nasal provokation (Spearman’s 6=0.50, p=0.01) og ved
titreret prik test (Spearman’s 6=0.47, p=0.02).

Antallet af FceRI receptorer pa basofile faldt fra median 105196 til 30903/basofil i SCIT gruppen
(p=0.016), men var uzndret i kontrol gruppen: 102424 far og 103753/basofil efter 3 ar. Antallet af
FceRI receptorer korrelerede negativt med den gennemsnitlige teerskel koncentration ved nasal
allergen provokations test (r=0.70, p=0.0015).

Antallet af eosinofile og neutrofile aftog under behandlingen, mens antallet af mastceller og basofile
ikke &ndrede sig.

Subkutan immunterapi inducerede et steerkt 1gG4 respons mod de graesallergen komponenter,
deltagerne var sensibiliseret overfor inden behandlingen blev startet.
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Konklusion:

Basofil sensitivitet var en god parameter for at monitorere savel tidlige som langtidseffekter af
subkutan immunterapi og kan veere nyttigt til at forudsige klinisk behandlingsrespons. Aftagende
basofil sensitivitet korrelerede med reaktionsteersklen ved allergen provokationstests og med
symptom og medicin-scores i graespollen sesonerne. Antallet af den hgj-affine IgE-receptor aftog
pa overfladen af effektor cellerne under behandlingen. Induktion af blokerende IgG4 antistoffer
korrelerer med preeterapeutiske sensibiliseringer og er en nyttig biomarker for tidlige endringer
under effektiv immunterapi.

62



PhD Thesis Johannes Martin Schmid

13 References

References
1. Dahl R, Andersen PS, Chivato T, Valovirta E, de Monchy J. National prevalence of respiratory

allergic disorders. Respir Med. 2004 May;98(5):398-403.

2. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al. Allergic rhinitis and
its impact on asthma (ARIA) 2008 update (in collaboration with the world health organization,

GA(2)LEN and AllerGen). Allergy. 2008 Apr;63 Suppl 86:8-160.

3. Bousquet PJ, Chinn S, Janson C, Kogevinas M, Burney P, Jarvis D, et al. Geographical
variation in the prevalence of positive skin tests to environmental aeroallergens in the european

community respiratory health survey I. Allergy. 2007 Mar;62(3):301-9.

4. Zuberbier T, Lotvall J, Simoens S, Subramanian SV, Church MK. Economic burden of
inadequate management of allergic diseases in the european union: A GA(2) LEN review. Allergy.

2014 Oct;69(10):1275-9.

5. Bousquet J, Van Cauwenberge P, Khaltaev N, Aria Workshop Group, World Health
Organization. Allergic rhinitis and its impact on asthma. J Allergy Clin Immunol. 2001 Nov;108(5

Suppl):S147-334.

6. Linneberg A, Nielsen NH, Madsen F, Frolund L, Dirksen A, Jorgensen T. Increasing prevalence

of allergic rhinitis symptoms in an adult danish population. Allergy. 1999 Nov;54(11):1194-8.

7. Bauchau V, Durham SR. Prevalence and rate of diagnosis of allergic rhinitis in europe. Eur

Respir J. 2004 Nov;24(5):758-64.

63



PhD Thesis Johannes Martin Schmid

8. Bousquet PJ, Leynaert B, Neukirch F, Sunyer J, Janson CM, Anto J, et al. Geographical
distribution of atopic rhinitis in the european community respiratory health survey I. Allergy. 2008

Oct;63(10):1301-9.

9. Bousquet J, Reid J, van Weel C, Baena Cagnani C, Canonica GW, Demoly P, et al. Allergic

rhinitis management pocket reference 2008. Allergy. 2008 Aug;63(8):990-6.

10. Malling HJ. Allergen-specific immunotherapy in allergic rhinitis. Curr Opin Allergy Clin Immunol.

2001 Feb;1(1):43-6.

11. Zuberbier T, Bachert C, Bousquet PJ, Passalacqua G, Walter Canonica G, Merk H, et al.
GA(2) LEN/EAACI pocket guide for allergen-specific immunotherapy for allergic rhinitis and

asthma. Allergy. 2010 Dec;65(12):1525-30.

12. Di Bona D, Plaia A, Leto-Barone MS, La Piana S, Di Lorenzo G. Efficacy of subcutaneous and
sublingual immunotherapy with grass allergens for seasonal allergic rhinitis: A meta-analysis-

based comparison. J Allergy Clin Immunol. 2012 Nov;130(5):1097,1107.e2.

13. Dretzke J, Meadows A, Novielli N, Huissoon A, Fry-Smith A, Meads C. Subcutaneous and
sublingual immunotherapy for seasonal allergic rhinitis: A systematic review and indirect

comparison. J Allergy Clin Immunol. 2013 May;131(5):1361-6.

14. Makatsori M, Calderon MA. Anaphylaxis: Still a ghost behind allergen immunotherapy. Curr

Opin Allergy Clin Immunol. 2014 Aug;14(4):316-22.

15. Egert-Schmidt AM, Kolbe JM, Mussler S, Thum-Oltmer S. Patients’ compliance with different
administration routes for allergen immunotherapy in germany. Patient Prefer Adherence. 2014 Oct

24,8:1475-81.

64



PhD Thesis Johannes Martin Schmid

16. Calderon MA, Bernstein DI, Blaiss M, Andersen JS, Nolte H. A comparative analysis of
symptom and medication scoring methods used in clinical trials of sublingual immunotherapy for

seasonal allergic rhinitis. Clin Exp Allergy. 2014 Oct;44(10):1228-39.

17. Pfaar O, Demoly P, Gerth van Wijk R, Bonini S, Bousquet J, Canonica GW, et al.
Recommendations for the standardization of clinical outcomes used in allergen immunotherapy

trials for allergic rhinoconjunctivitis: An EAACI position paper. Allergy. 2014 Jul;69(7):854-67.

18. Juniper EF, Thompson AK, Ferrie PJ, Roberts JN. Validation of the standardized version of the

rhinoconjunctivitis quality of life questionnaire. J Allergy Clin Immunol. 1999 Aug;104(2 Pt 1):364-9.

19. Valenta R, Steinberger P, Duchene M, Kraft D. Immunological and structural similarities among
allergens: Prerequisite for a specific and component-based therapy of allergy. Immunol Cell Biol.

1996 Apr;74(2):187-94.

20. Gangl K, Niederberger V, Valenta R. Multiple grass mixes as opposed to single grasses for

allergen immunotherapy in allergic rhinitis. Clin Exp Allergy. 2013 Nov;43(11):1202-16.

21. IUIS: Nomenclature of allergens [homepage on the Internet]. . 2015.

22. Darsow U, Brockow K, Pfab F, Jakob T, Petersson CJ, Borres MP, et al. Allergens.
heterogeneity of molecular sensitization profiles in grass pollen allergy--implications for

immunotherapy? Clin Exp Allergy. 2014;44(5):778-86.

23. Mari A. Skin test with a timothy grass (phleum pratense) pollen extract vs. IgE to a timothy
extract vs. IgE to rPhl p 1, rPhl p 2, nPhl p 4, rPhl p 5, rPhl p 6, rPhl p 7, rPhl p 11, and rPhl p 12:

Epidemiological and diagnostic data. Clin Exp Allergy. 2003 Jan;33(1):43-51.

24. Wopfner N, Dissertori O, Ferreira F, Lackner P. Calcium-binding proteins and their role in

allergic diseases. Immunol Allergy Clin North Am. 2007 Feb;27(1):29-44.

65



PhD Thesis Johannes Martin Schmid

25. Asero R, Villalta D. Are anti-phl p 12 IgE levels predictive of oral allergy syndrome in profilin

hypersensitive patients? Eur Ann Allergy Clin Immunol. 2011 Dec;43(6):184-7.

26. Casquete-Roman E, Rosado-Gil T, Postigo I, Guisantes JA, Fernandez M, Torres HE, et al.
Profilin cross-reactive panallergen causes latex sensitization in the pediatric population allergic to

pollen. Ann Allergy Asthma Immunol. 2012 Sep;109(3):215-9.

27. Allergome [homepage on the Internet]. . 2015.

28. The protein model portal [homepage on the Internet]. . 2015.

29. Galli SJ, Tsai M, Piliponsky AM. The development of allergic inflammation. Nature. 2008 Jul

24;454(7203):445-54.

30. Shamji MH, Durham SR. Mechanisms of immunotherapy to aeroallergens. Clin Exp Allergy.

2011 Sep;41(9):1235-46.

31. Akdis M, Akdis CA. Mechanisms of allergen-specific immunotherapy: Multiple suppressor

factors at work in immune tolerance to allergens. J Allergy Clin Immunol. 2014 Mar;133(3):621-31.

32. Alvarez-Cuesta E, Bousquet J, Canonica GW, Durham SR, Malling HJ, Valovirta E, et al.

Standards for practical allergen-specific immunotherapy. Allergy. 2006;61 Suppl 82:1-20.

33. Danish meteorological institute: Pollen archive [homepage on the Internet]. . 2015 02.03.2015.

34. Dahl R, Kapp A, Colombo G, de Monchy JG, Rak S, Emminger W, et al. Efficacy and safety of
sublingual immunotherapy with grass allergen tablets for seasonal allergic rhinoconjunctivitis. J

Allergy Clin Immunol. 2006 Aug;118(2):434-40.

66



PhD Thesis Johannes Martin Schmid

35. Huss-Marp J, Darsow U, Brockow K, Pfab F, Weichenmeier I, Schober W, et al. Can
immunoglobulin E-measurement replace challenge tests in allergic rhinoconjunctivits to grass

pollen? Clin Exp Allergy. 2011 Aug;41(8):1116-24.

36. Subiza J, Feliu A, Subiza JL, Uhlig J, Fernandez-Caldas E. Cluster immunotherapy with a
glutaraldehyde-modified mixture of grasses results in an improvement in specific nasal provocation

tests in less than 2.5 months of treatment. Clin Exp Allergy. 2008 Jun;38(6):987-94.

37. Petersen AB, Gudmann P, Milvang-Gronager P, Morkeberg R, Bogestrand S, Linneberg A, et
al. Performance evaluation of a specific IgE assay developed for the ADVIA centaur immunoassay

system. Clin Biochem. 2004 Oct;37(10):882-92.

38. Wurtzen PA, Lund G, Lund K, Arvidsson M, Rak S, Ipsen H. A double-blind placebo-controlled
birch allergy vaccination study II: Correlation between inhibition of IgE binding, histamine release

and facilitated allergen presentation. Clin Exp Allergy. 2008 Aug;38(8):1290-301.

39. Holm J, Willumsen N, Wurtzen PA, Christensen LH, Lund K. Facilitated antigen presentation
and its inhibition by blocking IgG antibodies depends on IgE repertoire complexity. J Allergy Clin

Immunol. 2011 Apr;127(4):1029-37.

40. Longford NT. Random coefficient models. Clarendon Press; 1993.

41. Durham SR, Walker SM, Varga EM, Jacobson MR, O'Brien F, Noble W, et al. Long-term

clinical efficacy of grass-pollen immunotherapy. N Engl J Med. 1999 Aug 12;341(7):468-75.

42. Durham SR, Emminger W, Kapp A, Colombo G, de Monchy JG, Rak S, et al. Long-term clinical
efficacy in grass pollen-induced rhinoconjunctivitis after treatment with SQ-standardized grass

allergy immunotherapy tablet. J Allergy Clin Immunol. 2010 Jan;125(1):131,8.e1-7.

67



PhD Thesis Johannes Martin Schmid

43. Passalacqua G, Durham SR, Global Allergy and Asthma European Network. Allergic rhinitis
and its impact on asthma update: Allergen immunotherapy. J Allergy Clin Immunol. 2007

Apr;119(4):881-91.

44. Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh A, Durham S. Allergen injection
immunotherapy for seasonal allergic rhinitis. Cochrane Database Syst Rev. 2007 Jan

24:(1)(1):CD001936.

45. White P, Smith H, Baker N, Davis W, Frew A. Symptom control in patients with hay fever in UK
general practice: How well are we doing and is there a need for allergen immunotherapy? Clin Exp

Allergy. 1998 Mar;28(3):266-70.

46. Frolund L, Durham SR, Calderon M, Emminger W, Andersen JS, Rask P, et al. Sustained
effect of SQ-standardized grass allergy immunotherapy tablet on rhinoconjunctivitis quality of life.

Allergy. 2010 Jun 1;65(6):753-7.

47. Durham SR, GT-08 investigators. Sustained effects of grass pollen AIT. Allergy. 2011 Jul;66

Suppl 95:50-2.

48. Graif Y, Goldberg A, Tamir R, Vigiser D, Melamed S. Skin test results and self-reported
symptom severity in allergic rhinitis: The role of psychological factors. Clin Exp Allergy. 2006

Dec;36(12):1532-7.

49. Patterson AM, Yildiz VO, Klatt MD, Malarkey WB. Perceived stress predicts allergy flares. Ann

Allergy Asthma Immunol. 2014 Apr;112(4):317-21.

50. European medical agency [homepage on the Internet]. . 2015.

51. Canonica GW, Baena-Cagnani CE, Bousquet J, Bousquet PJ, Lockey RF, Malling HJ, et al.

Recommendations for standardization of clinical trials with allergen specific immunotherapy for

68



PhD Thesis Johannes Martin Schmid

respiratory allergy. A statement of a world allergy organization (WAO) taskforce. Allergy. 2007

Mar;62(3):317-24.

52. de Weger LA, Hiemstra PS, Op den Buysch E, van Vliet AJ. Spatiotemporal monitoring of
allergic rhinitis symptoms in the netherlands using citizen science. Allergy. 2014 Aug;69(8):1085-

91.

53. Caillaud DM, Martin S, Segala C, Vidal P, Lecadet J, Pellier S, et al. Airborne pollen levels and
drug consumption for seasonal allergic rhinoconjunctivitis: A 10-year study in france. Allergy. 2015

Jan;70(1):99-106.

54. Durham SR, Nelson HS, Nolte H, Bernstein DI, Creticos PS, Li Z, et al. Magnitude of efficacy
measurements in grass allergy immunotherapy trials is highly dependent on pollen exposure.

Allergy. 2014 May;69(5):617-23.

55. Peel RG, Hertel O, Smith M, Kennedy R. Personal exposure to grass pollen: Relating inhaled

dose to background concentration. Ann Allergy Asthma Immunol. 2013 Dec;111(6):548-54.

56. Narkus A, Lehnigk U, Haefner D, Klinger R, Pfaar O, Worm M. The placebo effect in allergen-

specific immunotherapy trials. Clin Transl Allergy. 2013 Dec 21;3(1):42,7022-3-42.

57. Akerlund A, Andersson M, Leflein J, Lildholdt T, Mygind N. Clinical trial design, nasal allergen
challenge models, and considerations of relevance to pediatrics, nasal polyposis, and different

classes of medication. J Allergy Clin Immunol. 2005 Mar;115(3 Suppl 1):S460-82.

58. Rondon C, Campo P, Togias A, Fokkens WJ, Durham SR, Powe DG, et al. Local allergic
rhinitis: Concept, pathophysiology, and management. J Allergy Clin Immunol. 2012

Jun;129(6):1460-7.

69



PhD Thesis Johannes Martin Schmid

59. Agache I, Bilo M, Braunstahl GJ, Delgado L, Demoly P, Eigenmann P, et al. In vivo diagnosis

of allergic diseases-allergen provocation tests. Allergy. 2015 Jan 30.

60. Scadding G, Hellings P, Alobid I, Bachert C, Fokkens W, van Wijk RG, et al. Diagnostic tools in

rhinology EAACI position paper. Clin Transl Allergy. 2011 Jun 10;1(1):2,7022-1-2.

61. Hylander T, Latif L, Petersson-Westin U, Cardell LO. Intralymphatic allergen-specific
immunotherapy: An effective and safe alternative treatment route for pollen-induced allergic

rhinitis. J Allergy Clin Immunol. 2013 Feb;131(2):412-20.

62. Tripodi S, Businco AD, Alessandri C, Panetta V, Restani P, Matricardi PM. Predicting the
outcome of oral food challenges with hen's egg through skin test end-point titration. Clin Exp

Allergy. 2009 Aug;39(8):1225-33.

63. Zieglmayer PU. Are results of environmental exposure units transferable to real-life exposure?

Curr Opin Allergy Clin Immunol. 2013 Jun;13(3):244-8.

64. Hohlfeld JM, Holland-Letz T, Larbig M, Lavae-Mokhtari M, Wierenga E, Kapsenberg M, et al.
Diagnostic value of outcome measures following allergen exposure in an environmental challenge

chamber compared with natural conditions. Clin Exp Allergy. 2010 Jul;40(7):998-1006.

65. Celesnik N, Vesel T, Rijavec M, Silar M, Erzen R, Kosnik M, et al. Short-term venom
immunotherapy induces desensitization of FcepsilonRI-mediated basophil response. Allergy. 2012

Dec;67(12):1594-600.

66. Celesnik Smodis N, Silar M, Erzen R, Rijavec M, Kosnik M, Korosec P. Down-regulation of
FcepsilonRI-mediated CD63 basophil response during short-term VIT determined venom-

nonspecific desensitization. PLoS One. 2014 Apr 14;9(4):e94762.

70



PhD Thesis Johannes Martin Schmid

67. Witting Christensen SK, Kortekaas Krohn I, Thuraiaiyah J, Skjold T, Schmid JM, Hoffmann HJ.
Sequential allergen desensitization of basophils is non-specific and may involve p38 MAPK.

Allergy. 2014 Oct;69(10):1343-9.

68. Vultaggio A, Castells MC. Hypersensitivity reactions to biologic agents. Immunol Allergy Clin

North Am. 2014 Aug;34(3):615,32, ix.

69. De Week AL, Sanz ML, Gamboa PM, Aberer W, Sturm G, Bilo MB, et al. Diagnosis of
immediate-type beta-lactam allergy in vitro by flow-cytometric basophil activation test and
sulfidoleukotriene production: A multicenter study. J Investig Allergol Clin Immunol. 2009;19(2):91-

109.

70. Eberlein B, Leon Suarez |, Darsow U, Rueff F, Behrendt H, Ring J. A new basophil activation

test using CD63 and CCR3 in allergy to antibiotics. Clin Exp Allergy. 2010 Mar;40(3):411-8.

71. Korosec P, Mavsar N, Bajrovic N, Silar M, Mrhar A, Kosnik M. Basophil responsiveness and

clinical picture of acetylsalicylic acid intolerance. Int Arch Allergy Immunol. 2011;155(3):257-62.

72. Ford LS, Bloom KA, Nowak-Wegrzyn AH, Shreffler WG, Masilamani M, Sampson HA. Basophil
reactivity, wheal size, and immunoglobulin levels distinguish degrees of cow's milk tolerance. J

Allergy Clin Immunol. 2013 Jan;131(1):180,6.e1-3.

73. Ocmant A, Mulier S, Hanssens L, Goldman M, Casimir G, Mascart F, et al. Basophil activation

tests for the diagnosis of food allergy in children. Clin Exp Allergy. 2009 Aug;39(8):1234-45.

74. Patil SU, Shreffler WG. BATting above average: Basophil activation testing for peanut allergy. J

Allergy Clin Immunol. 2014 Sep;134(3):653-4.

71



PhD Thesis Johannes Martin Schmid

75. Santos AF, Douiri A, Becares N, Wu SY, Stephens A, Radulovic S, et al. Basophil activation
test discriminates between allergy and tolerance in peanut-sensitized children. J Allergy Clin

Immunol. 2014 Sep;134(3):645-52.

76. Santos AF, Du Toit G, Douiri A, Radulovic S, Stephens A, Turcanu V, et al. Distinct parameters
of the basophil activation test reflect the severity and threshold of allergic reactions to peanut. J

Allergy Clin Immunol. 2015 Jan;135(1):179-86.

77. Eberlein B, Krischan L, Darsow U, Ollert M, Ring J. Double positivity to bee and wasp venom:
Improved diagnostic procedure by recombinant allergen-based IgE testing and basophil activation
test including data about cross-reactive carbohydrate determinants. J Allergy Clin Immunol. 2012

Jul;130(1):155-61.

78. Korosec P, Erzen R, Silar M, Bajrovic N, Kopac P, Kosnik M. Basophil responsiveness in
patients with insect sting allergies and negative venom-specific immunoglobulin E and skin prick

test results. Clin Exp Allergy. 2009 Nov;39(11):1730-7.

79. Paris-Kohler A, Demoly P, Persi L, Lebel B, Bousquet J, Arnoux B. In vitro diagnosis of cypress
pollen allergy by using cytofluorimetric analysis of basophils (basotest). J Allergy Clin Immunol.

2000 Feb;105(2 Pt 1):339-45.

80. Saporta M, Kamei S, Persi L, Bousquet J, Arnoux B. Basophil activation during pollen season

in patients monosensitized to grass pollens. Allergy. 2001 May;56(5):442-5.

81. Sanz ML, Sanchez G, Gamboa PM, Vila L, Uasuf C, Chazot M, et al. Allergen-induced
basophil activation: CD63 cell expression detected by flow cytometry in patients allergic to

dermatophagoides pteronyssinus and lolium perenne. Clin Exp Allergy. 2001 Jul;31(7):1007-13.

72



PhD Thesis Johannes Martin Schmid

82. Zidarn M, Kosnik M, Silar M, Grahek A, Korosec P. Rhinitis symptoms caused by grass pollen
are associated with elevated basophile allergen sensitivity and a larger grass-specific

immunoglobulin E fraction. Clin Exp Allergy. 2012 Jan;42(1):49-57.

83. Nopp A, Cardell LO, Johansson SG. CD-sens can be a reliable and easy-to-use complement in

the diagnosis of allergic rhinitis. Int Arch Allergy Immunol. 2013;161(1):87-90.

84. Kucera P, Cvackova M, Hulikova K, Juzova O, Pachl J. Basophil activation can predict clinical
sensitivity in patients after venom immunotherapy. J Investig Allergol Clin Immunol.

2010;20(2):110-6.

85. Zitnik SE, Vesel T, Avcin T, Silar M, Kosnik M, Korosec P. Monitoring honeybee venom
immunotherapy in children with the basophil activation test. Pediatr Allergy Immunol. 2012

Mar;23(2):166-72.

86. Kosnik M, Silar M, Bajrovic N, Music E, Korosec P. High sensitivity of basophils predicts side-

effects in venom immunotherapy. Allergy. 2005 Nov;60(11):1401-6.

87. Kim EH, Bird JA, Kulis M, Laubach S, Pons L, Shreffler W, et al. Sublingual immunotherapy for
peanut allergy: Clinical and immunologic evidence of desensitization. J Allergy Clin Immunol. 2011

Mar;127(3):640,6.e1l.

88. Vila L, Moreno A, Gamboa PM, Martinez-Aranguren R, Sanz ML. Decrease in antigen-specific
CD63 basophil expression is associated with the development of tolerance to egg by SOTI in

children. Pediatr Allergy Immunol. 2013 Aug;24(5):463-8.

89. Nopp A, Cardell LO, Johansson SG, Oman H. CD-sens: A biological measure of immunological

changes stimulated by ASIT. Allergy. 2009 May;64(5):811-4.

73



PhD Thesis Johannes Martin Schmid

90. Zidarn M, Kosnik M, Silar M, Bajrovic N, Korosec P. Sustained effect of grass pollen
subcutaneous immunotherapy on suppression of allergen-specific basophil response; a real life,

non-randomized controlled study. Allergy. 2015 Jan 28.

91. Aasbjerg K, Backer V, Lund G, Holm J, Nielsen NC, Holse M, et al. Immunological comparison
of allergen immunotherapy tablet treatment and subcutaneous immunotherapy against grass

allergy. Clin Exp Allergy. 2014 Mar;44(3):417-28.

92. Francis JN, James LK, Paraskevopoulos G, Wong C, Calderon MA, Durham SR, et al. Grass
pollen immunotherapy: IL-10 induction and suppression of late responses precedes IgG4 inhibitory

antibody activity. J Allergy Clin Immunol. 2008 May;121(5):1120,1125.e2.

93. Eberlein B, Hann R, Eyerich S, Pennino D, Ring J, Schmidt-Weber CB, et al. Optimizing of the
basophil activation test: Comparison of different basophil identification markers. Cytometry B Clin

Cytom. 2014 Nov 17.

94. Hausmann OV, Gentinetta T, Fux M, Ducrest S, Pichler WJ, Dahinden CA. Robust expression

of CCR3 as a single basophil selection marker in flow cytometry. Allergy. 2011 Jan;66(1):85-91.

95. Mikkelsen S, Bibby BM, Dolberg MK, Dahl R, Hoffmann HJ. Basophil sensitivity through CD63
or CD203c is a functional measure for specific immunotherapy. Clin Mol Allergy. 2010 Feb

16;8(1):2.

96. Knol EF, Mul FP, Jansen H, Calafat J, Roos D. Monitoring human basophil activation via CD63

monoclonal antibody 435. J Allergy Clin Immunol. 1991 Sep;88(3 Pt 1):328-38.

97. Ebo DG, Sainte-Laudy J, Bridts CH, Mertens CH, Hagendorens MM, Schuerwegh AJ, et al.
Flow-assisted allergy diagnosis: Current applications and future perspectives. Allergy. 2006

Sep;61(9):1028-39.

74



PhD Thesis Johannes Martin Schmid

98. De Week AL, Sanz ML, Gamboa PM, Aberer W, Bienvenu J, Blanca M, et al. Diagnostic tests
based on human basophils: More potentials and perspectives than pitfalls. II. technical issues. J

Investig Allergol Clin Immunol. 2008;18(3):143-55.

99. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE binding to B cells by IgG

antibodies after grass pollen immunotherapy. J Allergy Clin Immunol. 2003 Nov;112(5):915-22.

100. Osterballe O, Lowenstein H, Norn S, Prahl P, Skov P, Skov PS, et al. Inmunotherapy with
grass pollen major allergens. immunological results from a prospective 3-year double blind study.

Allergy. 1982 Oct;37(7):491-501.

101. Lalek N, Kosnik M, Silar M, Korosec P. Immunoglobulin G-dependent changes in basophil
allergen threshold sensitivity during birch pollen immunotherapy. Clin Exp Allergy. 2010

Aug;40(8):1186-93.

102. Ebo DG, Hagendorens MM, Schuerwegh AJ, Beirens LM, Bridts CH, De Clerck LS, et al.
Flow-assisted quantification of in vitro activated basophils in the diagnosis of wasp venom allergy

and follow-up of wasp venom immunotherapy. Cytometry B Clin Cytom. 2007 May;72(3):196-203.

103. Malling HJ, Skov PS, Permin H, Norn S, Weeke B. Basophil histamine release and humoral
changes during immunotherapy. dissociation between basophil-bound specific IgE, serum value,

and cell sensitivity. Allergy. 1982 Apr;37(3):187-90.

104. Santos AF, James LK, Bahnson HT, Shamiji MH, Couto-Francisco NC, Islam S, et al. IgG
inhibits peanut-induced basophil and mast cell activation in peanut-tolerant children sensitized to

peanut major allergens. J Allergy Clin Immunol. 2015 Feb 7.

105. James LK, Shamji MH, Walker SM, Wilson DR, Wachholz PA, Francis JN, et al. Long-term
tolerance after allergen immunotherapy is accompanied by selective persistence of blocking

antibodies. J Allergy Clin Immunol. 2011 Feb;127(2):509,516.e1-5.

75



PhD Thesis Johannes Martin Schmid

106. Shamiji MH, Ljorring C, Francis JN, Calderon MA, Larche M, Kimber I, et al. Functional rather
than immunoreactive levels of IgG4 correlate closely with clinical response to grass pollen

immunotherapy. Allergy. 2012 Feb;67(2):217-26.

107. Moreno C, Justicia JL, Quiralte J, Moreno-Ancillo A, Iglesias-Cadarso A, Torrecillas M, et al.
Olive, grass or both? molecular diagnosis for the allergen immunotherapy selection in

polysensitized pollinic patients. Allergy. 2014 Oct;69(10):1357-63.

108. Valenta R, Ferreira F, Focke-Tejkl M, Linhart B, Niederberger V, Swoboda I, et al. From

allergen genes to allergy vaccines. Annu Rev Immunol. 2010;28:211-41.

109. Canonica GW, Ansotegui 1J, Pawankar R, Schmid-Grendelmeier P, van Hage M, Baena-
Cagnani CE, et al. AWAO - ARIA - GA(2)LEN consensus document on molecular-based allergy

diagnostics. World Allergy Organ J. 2013 Oct 3;6(1):17,4551-6-17.

110. Klunker S, Saggar LR, Seyfert-Margolis V, Asare AL, Casale TB, Durham SR, et al.
Combination treatment with omalizumab and rush immunotherapy for ragweed-induced allergic
rhinitis: Inhibition of IgE-facilitated allergen binding. J Allergy Clin Immunol. 2007 Sep;120(3):688-

95.

111. Shamiji MH, Wilcock LK, Wachholz PA, Dearman RJ, Kimber |, Wurtzen PA, et al. The IgE-
facilitated allergen binding (FAB) assay: Validation of a novel flow-cytometric based method for the

detection of inhibitory antibody responses. J Immunol Methods. 2006 Dec 20;317(1-2):71-9.

112. van der Heijden FL, van Neerven RJ, Kapsenberg ML. Relationship between facilitated
allergen presentation and the presence of allergen-specific IgE in serum of atopic patients. Clin

Exp Immunol. 1995 Feb;99(2):289-93.

76



PhD Thesis Johannes Martin Schmid

113. Wilcock LK, Francis JN, Durham SR. IgE-facilitated antigen presentation: Role in allergy and
the influence of allergen immunotherapy. Immunol Allergy Clin North Am. 2006 May;26(2):333,47,

Viii-ix.

114. Turcanu V, Stephens AC, Chan SM, Rance F, Lack G. IgE-mediated facilitated antigen
presentation underlies higher immune responses in peanut allergy. Allergy. 2010 Oct;65(10):1274-

81.

115. van Neerven RJ, Arvidsson M, Ipsen H, Sparholt SH, Rak S, Wurtzen PA. A double-blind,
placebo-controlled birch allergy vaccination study: Inhibition of CD23-mediated serum-

immunoglobulin E-facilitated allergen presentation. Clin Exp Allergy. 2004 Mar;34(3):420-8.

116. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock LK, et al. Grass
pollen immunotherapy induces mucosal and peripheral IL-10 responses and blocking IgG activity.

J Immunol. 2004 Mar 1;172(5):3252-9.

117. Nouri-Aria KT, Pilette C, Jacobson MR, Watanabe H, Durham SR. IL-9 and c-kit+ mast cells
in allergic rhinitis during seasonal allergen exposure: Effect of immunotherapy. J Allergy Clin

Immunol. 2005 Jul;116(1):73-9.

118. Wilson DR, Irani AM, Walker SM, Jacobson MR, Mackay IS, Schwartz LB, et al. Grass pollen
immunotherapy inhibits seasonal increases in basophils and eosinophils in the nasal epithelium.

Clin Exp Allergy. 2001 Nov;31(11):1705-13.

119. Radulovic S, Jacobson MR, Durham SR, Nouri-Aria KT. Grass pollen immunotherapy induces
Foxp3-expressing CD4+ CD25+ cells in the nasal mucosa. J Allergy Clin Immunol. 2008

Jun;121(6):1467,72, 1472.el.

77



PhD Thesis Johannes Martin Schmid

120. Pilette C, Nouri-Aria KT, Jacobson MR, Wilcock LK, Detry B, Walker SM, et al. Grass pollen

immunotherapy induces an allergen-specific IgA2 antibody response associated with mucosal

TGF-beta expression. J Immunol. 2007 Apr 1;178(7):4658-66.

78



PhD Thesis

14 Appendix
14.1 Paper 1

Early improvement in basophil sensitivity
predicts symptom relief with grass pollen
immunotherapy

To the Editor:

Allergic riinoconjunctivitis and allergic asthma have a signif-
icunt effect on quality of life and cause a considerable socioeco-
nomic burden. Allergen immunotherapy (AIT) is an effective and
safe trestment recommended for patients inadequately treated
with symptom-rehieving medication. ATT induces specific non-
IgE antibodies that compete with cell-bound IgE for allergen
epitopes.’” Transient anergy induced in mast cells and basophil
gramulocytes during drug desensitization” and during rush subcu-
taneous immunathempy (SCIT) in viva® might offer protection
until this adaptive immune response is mounted.” The effector
cell-associated mesponse has mrely been addressed because it
has been difficult to separate from the adaptive component.
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Busophil sensitivity," but not basophil reactivity, " has success-
fully been used to describe the development of the protective ef-
fect of SCIT as an in vive allergic reaction. We hypot hesized that
SCIT modifies both the adaptive and cell-associated hasophil
response to allergen in vitro, To test this by pothesis, we designed
an assay that sepamted the adaptive humoral and cell-assod aed
components of an all ergic res ponse. We describe changes i haso-
phil sensitivity with these assays during the fimt year of SCIT for
gruss pollen allergy.

Deetailed methods can be found in the Methods section in this
article’s Online Repository at www.jacionline.org. Briefly, 24
adult subjects with a climcal history of gmss pollen—induced
rhinoconjunctivitis wen: randomized 3:1 to SCIT or an open
control group (sez Fig E1, A, and Tuble E1 in this article’s On-
line Repository at www jacionline.org).  Basophil sensitivity
(log g of the allergen concentration at which half-madmal act-
vation oceurs [ECsg]) of the present day 's cellular fraction sepa-
rated from present plasma and reconstituted i present plasma,
haseline plasma, or medium was measured with an allergen
dilution grdient of basophil activation tests at baseline (see
Fig E2 in this aticle’s Online Repository at ww, jacionline,
org) every 3 weeks during a 16-week updosing and every 3
months during maintenance treatment (see Fig E1, B). Specific
IgE, facilitated antigen binding (FAB), and IgE-blocking factor
were measured at the same time points. Nasal allergen chal-
lenges and skin prick tests wen: done before teatment and after
I vear. Allergic symptoms and standardized medication use
were recorded in diaries during the grass pollen season and
were compared with 1 mtmspective score recorded  before
randomization. Only local and systemic antihistamines and
nasal steroids wene used for symptom relief.

AIT effectively reduced symptom medication scores and
increased the threshold for response in skin tests and nasal
allergen challenges, 3 clinical mensures of allergy (Fig 1, A). This
was confirmed by a rapid and significant increase in grss-s pecific
IgE levels (Fig 1, F). In a detailed assessment of functional
protective immumity, the BC sy of basophils from treated patients
reconstituted with present  plasma increased rapidy to 5-
(P =005), 12-, 94, and 155-fold (all # < .0001) baseline sensi-
tivity after 3, 6,12, and 52 weeks of treatment (Fig 1, C, and Table
[). Improvement in seasonal symptoms comelated with change in
hasophil sensitivity after 3 (Spearman p = 0,49, P = 015;Fig 1,
E) and 6 (Spearman p = (.53, P = (1) weeks when the contol
group and tertiles of the treatment group were compared. The
early changes i basophil sensitivity at 3 md 6 weeks occur
when markedly less amigen (allergen) was injected than is
required to boost the immunologic memory response to
vaccines, The humoml component (ECey present plasma —
ECs; baseline plasma) induced by SCIT (Fig 1, £) increased 4-
fold (£ = .031) after 9 weeks, 21-fold after 12 weeks, and 107-
fiold after 52 weeks (both P < 0001 ). The cell-associated compo-
nent (ECso with medium: Fig 1, E) increased significantly at 39
weeks (P = 002). Basophil reactivity (maximal percentage acti-
vation at high allergen concentrtion ) did not change during SCIT
in the cument or previous studies,™” In contrast, basophil sensi-
tivity changed sigmficantly from baseline when measured before
and after the grass pollen allergen season' or once AIT was
completed.”

FAB and IgE-blocking factor values increased significantly
after & weeks of treatment and remained increased during
maintenance treatment {Fig 1, @ and H), reproducing the results
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TABLE I. Effect of SCIT on clinical and planned (basophil senaitivity ECsa), a3 well a3 post hoc [FAB and IgE-blocking factor and specdific

IgE levels)
Botwosn
Trestment groug (n = 18] Contral group {n = &) groups®
12wk 52 wik 12wk 52 wik 52 wik
P value Pvalue Pvalue Pvalue  Pvalue
Mo i Sy mpaoan oo =32{-1.Tw -3% D00l =12{-33mw 1%)
Baal allerges duredid 00 okl { 0 oo DO ekl e i) B0 Skl (0 e 1 0-fiodilly
B pec i e e sbodd. 00 okl {00 oo DO foekidly o 32-fodd {0 oo 10-foddy e
BAT ECy, peeent plim 157 (145 w145} <01 119 {17 w16 <0001 073 (-047 w 155 073 (- 100w 146) o0
BAT Hls, presens — bassline 132 (073 w 190} <01 208 {18 w160 <0001 036 (—0U27 w05 — 07 { ~0L5% 1o L85} o7
BAT EC,, wasbed el oS {—0LES 1o 1.47) as2 (—0.13 w 1.37) —035 {—1.32 w 063 —034 {—1.32 o 064) ey
G pollen—specafic 1gE 490 (717 1 T44) ] 155 (9.3 40.9) 60 (—26 8 146} AT(—123 4.9}
Ay
FAB ishibasoa (%) 39,1 (302 w474} ] 469 (336 W 550) =000l 28{—-15m 71} 57 (148 99) o1 yirs
RE -Blocking fuower O35 (DA% o DLET) - N O3% (05 o OGS 0001 Q0 ( —003 e OLOTY Q0T ( —0U07 e 0LOT) ool

Pammeiers were ewbuied by wsing Z-way ANCVA at 12 and 52 weelks wihin each growp (mean [95% CTJ

BAT, Basophil activation tes
*The past boe between. groep sfect ws evalnaed wigh ANOVA over 52 weeks

of a similar recent study® Once the mainienance dose was
reached, the comelation of symptom scores with ECsg values
was followed by a correlation of symptom scores with FAB
(P <.05). FAB and IgE-blocking factor values were significantly
associated with treatment intensity in a recent, much larger study
of 221 pm:i.mts.: We found no significant change of any pammeter
in the control group. SCIT modified the overall, humoral, and
cell-associated  aspects of basophil sensitivity: basophils of
treated patients were significantly less sensitive than those of
the control group in repeated-mensures ANOVA over the study
period (Table 1), An eardy cell-associated component fol lowed
by a dominating adaptive humoml component could explain
the overall decrease in sensitivity, Change in sensitivity of baso-
phils reconstituted with either baseline plasma or medium
conferred an approxamate 10-fold decrease in sensitivity duning
the early updosing phase. These cellular changes were not signif-
icant, perhaps because the technigques used were not sensitive
enough or because the number of patients studied was too small.
The intracellular changes mi ght be similar to those ohserved dur-
ing chnical desensitization for hfesaving drugs-’ and, more
recently, ohserved in studies of basophil sensitivity during rush
AT The product of changes in adaptive lumoral and cellular
sensitivity approximated the overall change in sensitivity in
this study.

The adaptive humaoral component persisted during the allergen
season and continued to ncrease with treatment, suggesting that
protection results from interaction between changes in basophil-
msociated mnd adaptive bumoral factors. In a chnical study
characterizing birch pollen AIT, humoral changes wen: pre-
domimantly 1gG mediated.” The isolated humoml contribution
to decrease in hasophil sensitivity became significant after 6
weeks of treatment. It confirms that humaoral factors contribute
to the change in semsitivity associated with protective imm-
nity to allergy symptoms.' ™ Humoral changes further corre-
lated with highly significant improvement n both skin test
and nasal challenge responses (not shown). Serum of patients
undergoing SCIT and treated for more than 6 weeks competed
significantly for allergen in a basophil histamine nelease test
in a study in which IL-10 production and suppression of
late-phase msponses (that might be orchestrated by the baso-
phil) were shown.”
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. Barks AW, Calderon MA, Casale T, Cox

Changes in hasophil sensitivity as a proxy for the sensitivity of
blood basophils and tissue mast cells were among the earliest
immunologic comsequences of SCIT and contamed a cell-
associated and adapbive humoral component. The  humoral
component might mediate the long-temm effect becanse it is
seen in overall basophil sensitivity, humoral change of sensitivity,
FAB, and IgE-blocking factor.

Thus basophil sensitivity after 3 weeks of treatment is an easily
measured early indication of chnical response in the ensuing
season. Future research ought to focus on cellular effects in the
first 6 weeks, A better understanding of the cell-assodmed
mechanism of basophil sensitivity might open novel therapentic
options,
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METHODS
Reagents

Solupric k 50, Alutard S0, and Aquagen 50 grass pollen extracts (Phiewn
prufense) were obtaned from ALK-Abelld (Hasholm, Denmark). FBS
{Duilbeces A ) was ohbtained from Dok, Thermo Scientific; AIM-V Medium
wit obtamned from Life Technologies (Carkbad, Calil); formaklshyde 16%
was ohtmined from VWER Inematonal, Rsdnor, Pa); methanol was obsined
from Fisher Scientilic (Uppsala, Sweden); HS A and saponin were oblained
from Sigma-Aldich (51 Lous, Moy, and fluorsiosin isothiocyanate anti-
huwman CD63 and Alexa Fluor 647 anti-humsn CD193 were abtained from
Bialegend (San Diega, Calif). A polyclal anti-Igh antbody (STAR14TF)
wiss from Serotec (Dusseklorf, Germany). The local hospital pharmacy sup-
phisd sympom-relieving meadicstion.

Study population

In November 2000, ptients with higory of sextonal allergic thingom-
Junctivilis durng the grass polkn seson wene reomuiled among dAudents al
Aarh University (Fig E1, A Allergic sensiliestion was confimmed by usng a
sldn prick test with tmathy prss edmsel (Solupnick 50 F pratense, ALK-
Abelld), resulting ina whesl dismeter of grester than 3 mm. Patiens sdmined
1o the study (n = 24, Table E1) had 3 basophil sctivation 1ed result showing
grester than 40% maxmmal CD63 upregulation. Aller inclusion, partcipants
inclicated the maximum retrpect ve symplom scone Tor the last pollen ses-
50n. Participants with perennial dinocanjunctivites sy mploms, sevens adhma,
o dlher & gni fhcant me dical conditions were excluded. The Regional Commit-
tee m Biowne diesl Resesrch Eihies spproved the smdy (M2009-0021). Iteom-
phies with the CONSORT 2000 guidelmes (Fig E1, A) for reporting
ramdlonrized trials” and is registered as NCTO10B5526 st Clinieal Trials pov.
All participants provided written inf armed cmsent before entering the smdy.

Study aim

We wamnted 1o evaluste whether SC1T reduces hasophil sensitivity messuned
s the ECypobimined from s dose-respanse curve of the percentage of CD63"
basopluls pltted aguna kg gras allerpen omosniraton In aldbon, we
meazred the contrbation of humdoral and cell-asocied fatos o he
changes in basophil senativity during SCIT.

Study design

We designed an explorstive study o investipste changes in the resed
group. The participants wene randomzed 3: 110 mmmunotherspy with timathy
gras pollen extract (Aluard $0) P prafense, ALK-Abelld; n = 18) of Lo an
open comtre] group (n = &) with a similar ECy, skin prick test whesl dizmeter
for grass allergen, and retnspective symplom scone (Table E1). All patients
received sympomerelieving medicine & neaded (5-myg deslorssdine shler,
S g per puil mometasone furoste nasal seay 50 and 1 megdml ol opstadine
eye drops) and could obtsin prednisolme whlas (meaximom dose, 50 mgid)
after aconsultation al the resting clinic. SCIT was adminidersd a8 a cluder
on iy 1 (10-100-1000 SO and then with an updosinginterval of 1 week™
from Febmury o May 2010 before the start of the gras pollen seson. After
reaching the maintenance dose of WL SOU, trestment was given every &
o T weels. The major sde effect was local swelling (=3 cm) &l the injection
site. Omly 1 patient did mo register this side effect. One patient had urticana
after an allergen injection that resol ved after trestment with sy &emic antihis-
tammrine. Al the hatelne vist, paticipant plasma was frozenn 1-mlaliguos st

HAC. Bagophil sengtivity of teaked and contmol goup subjecs was
meaared &1 haseline and after 3, 6, 9 12,26, 39, and 52 weels (Fig E1, B).
Cirmss pallen-specilic IgE concentrstions, FAB, and lgE-blocking facior
values'™ were messured in serum =t these Hme points.

Symptom score

All panticipants mdicated the maximum sympliam score durmg e grass
padlen sesson of 2009 retrospectively when entering the gudy. In the grass
pollen sesson of 2000, the pamicipants compleied daily symplom seone
megisraton schemes hnoughoul the whole pollen sason. This &y plom soone
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war based on & rhnocmjunclivilis symplnms. seszmg, munny nose, ichy
moie, blocked nose, ilchy eyes, and walary eyes. These were soomsd acconding
o the severity of sympions by using the following scores nod (poms), mild
{1 poimt), maderate (2 poinis ), and severe (3 paink ) symploms, esulting ina
scale ranging from 01 18." The maxmum synyplom soome during the gras
pollen seaon of A0 was compared with the maximum score [rom 20049,

Basophil activation test

Our experimentsl prodecs] rgomoasly separsted the humoral and cell-
amocialed companments. Heparintzed Wood was centrifluged (1000g for §
minuies sl 4°C), plasma was removed, and cells were washed twice with 15
ml of PES/OSE HSA (Fig E2). Aliquots of cell suspension (0L75 mL)
were then recomttuled for 30 minues &l foom lemperature with 0.75 ml.
of AIM-V medium (Life Technologies), baseline plasma {from the mital
wvigl), or present plisma (from the present visit). Cell suspensions (100 2l.)
were mixed with log,, dlmions of gras pollen extract ((LN256-25 600
S0USmL) in PESALSE HS A and antibodies 10 CD63 and CD193 and incu-
hated a1 37°C for 30 minues. The smples wene hemolyzed with sponin
(06 mgfml) for 2 minukes and fixed (PBS with 10M% formaklehyde and 6%
methanol). Afler fixation, samples were centrifuged (B0g for 8 minumes 2
C), and supemstants wene removed. The pellet was washed, and 180000
events were acquired on a BD FACSCanio I flow cylometer (Becton
Dickingon Bioaciencess, San Jose, Calif).

Basophil sensitivity and ECsg

Although other approaches have used few allergen dilutions Lo eimste
hasophil snmsitvty, ™ we determined semitvity with 9 kgwo dilutions of
allergen extract i increste the socwacy of our mesturements and extended
the range of meamrements 1o the kywer sensitivities expected afler SCIT. Ba-
sophils werne identified & C D193 cells with low side scatier by wing Flowlo
7.5 software (Tree Star, Adhland, Ore ). Activated hatophils werns deermined
by sstting & threshold of 2% withouta lergen | fracton of sctivae d basophils).
Basophil sensitivity (ECse) wast cakeulsted for e ach condition by fitting 3 sg-
maid curve ko the fractim of activated basophilk ploted agsng the log
allergen cmeentration by wing delaull porameters in GraphPad Prian 5104
for Windows { www.graphyd com; GraphPad Software, La Xlla, Calif).

FABE inhibition assay

A dock indicaior semum pod containing high concentrations of gras
pollen—specific IgE (2100 KVml), &8 mesmred with the Advia Centsur
method { ALK -Abelki), was premeubated with (3 ppin L P progense allergen
extract 3 3T Clor 1 hourwith or withoot pantic ipants” sera by nang equal vol-
umes of allergen extract, indicatr serum, and buffern/porticipant serum ™
EBV-trandonmed B cells were added &t 107 cells per sample by wing the
e wrluine il & hefore, incubated for 1 hour 3t 4°C, and washed. Surface
tinding of allergen-IgE complexes was analyzed in duplicate by using low
eytoanetry with a polyclonal anti-lgE amibody. lgE-postive gating was set
with 2% postive celk in samples with indicator serum without allergen
FAB data were nommalized relstive ko the values obtxined from the pretrest -
meni serum sample for graphic represeniation and datisticsl s lysds.

IgE-blocking factor

The presence of IgE-Hocking facior was meamned on an Advia Centaur
(ALK-Abelk) by wsing a 2-5ep compelition aissy based an 2 specific IgE
determinations from the ssme serum sample.™ "™ In siep 1 the eal amount
ol specilic IgE binding ko allergen wi messune d afler removing all ¢ ompeting
comn ponents, including antibodies ofunspeci fhed isotypes. Insiep 2 the amount
ol specific IgE bound 1o allergen wias meaured in the presence of competing:
commponents. The [gE-blocking factor is caloulated as follows:

1 = {Binding in step YHinding i <ep 1).

The resbing IgE-Wocking factor value rngss from (0 (withow the
presence of any IgE-Hocking components; ie, dep 1 and dep 2 are equal)
i 1 (e, the binding in dep 2 15 les tham in ep 1)
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Immunoglobulin measurements

Cirmsa pollen—specific IgE antibodies were meamred on an nmmoaCAP
(Therma Scientific) a1 baseling, every 3 weeks durng updosing, and every 3
mmihs during mamiemance therapy.

Statistical analysis

Baseline and clinieal outeome dats were analyzed by using nonps rametric
et (the Wikcoxon dgned-rank test for differences within groups and the
Mann-Whitney-Wiloonon test for comparion betwesn groups) and reponied
@t mediam with inkerquantile ranges. Changes in ECy,, gras pollen—specific
immmumeglobulin leve ks, FAB, and lgE-Bocking fsetor values were analyzed
by using & Doway ANOVA le. The stabdical models were checked for
mormlity by wsing Q6 plots and by plotting reddusls Data ane presenied
% mean values with 95% Cls and cmsidensd asitically significant ot a
Pvalue of ks than 05, All gatitical analysis was performed with STATA
11.1 seltware (wwew. latacom; SistsConm, College Station, Tex).
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Excluded (n=62)
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crera (7= 30)

* low reactivity (<a0%)
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(n=4)

Enrolment
Assessed for eligibility (n= B6)

Randomized 3:1 (EC50, weal size
& symptom score) to SCIT (n=18)
or an open control group (n= 6)
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Allocated to intervention (n= 18 + 6)
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FIG E1. Description of proced ures. A, CONSORT flow diagram for patients.
B, Study planfollowed by each patient. Smail dots on the updosing scheme

i nati and i i P test points at
which i y and i ware
A gray horizontal bar reprasents the grass pollan ssason. Trizngles indicate
time points of nasal allergen provocation, titrated skin prick tests, and
Questonnaires.
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8 ml heparinized blood
plasma is removed
cells are washed twice

750 pi cell suspension is reconstituted with
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750 ul plasma from present visit 750 ul plasma from baseline visit 750 pl AIM-V medium

Samples are incubated with log10 dilutions of allergen extract,
labeled with €D 193 and CD63, hemolyzed, washed twice, then
Analyzed by flow-cytometry

Example of dose-response curves
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FIG E2 Separation and reconstitution of blood cells with defined plasma fractions. Hoparinized blood was
cantrifuged and washed, and the cellular fraction was reconstituted for 30 minutes at room tempersture

with plasma from the presant day, plasma from the basefine visit or

ware used in basophil acivation tests © detarmine basophil sensitivity.
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TABLE E1. Subject charscterization

The iting p
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Treatment group (n = 18]

Age at sidy dan (y) B2 {216w MA)

Female sx T3R¥E)
Age sl rlinsconjuncvitis ansel {y) {8 o 15)
Retrospective symplim soone 11 {9 ®12)
Wheal dizmeter (mm) 12 {10 15)
Asthrra &l inclusiom 16.7%
Asthms in ¢ hiklhood 222%
Alpy in family 556%

Additional sensitizations 1{1 e 2)
ECg, st haseline {recomstiimed with baselme plesms) 50~ L300 w(31)
Cirais pollen-specitic [gE (kKLL) 3.7 (ladw 53.1)

SEFTEMEER 2014

Control group (n = 6 P value
207205 w 26T 28
3 (50°%) 83
T25{11 o 14 A5
B{6wlT) A4
12 (10 & 14y T2
e 29
16.7% m
BI% 22
1 (0o 2) Al
B33({-2.13 10 1L46) 58
193 {123 o 509 18

Dhaa am expeessed a5 pexentages or medians (imiesyuatile ranges). Addiional sens #izagon s refer o allengens @ addidion o e seosfizbon (o grass, which was & moasion

ehresion. There was no significant difference herwern growps.
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Pretreatment IgE sensitization patterns determine the
molecular profile of the lgG, response during updosing
of subcutaneous immunotherapy with timothy grass

pollen extract

_ﬁ}luhannas Martin Schmid, MD," Peter Adler Wiirtzen, PhD,"”Ronald Dahj, MD,** and Hans Jiirgen Hoffmann, PhD*

Aarfius and Harsholm Denmark

Background: Allergen immunotherapy is an effedive treatment
of allergic rhinoconjunctivitis, Clinical dficacy is associated
with improvement of hasophil sensitivity and an increase in
allergen-spedfic immunoglobulin concentration.

hjectve: We sought to determine whether changes in allergen
componemt—specific serom Igk and 1g(ay levels during the
updosing phase of subcutaneous immunotherapy (SCIT) are
binmarkers of the immunologic changes that can lead to
treatment efficacy.

Methods: Twenty-four subjeds with grass pollen—induced
allergic rhinoconjunctivits were randomized 3:1 to receive
SCIT (Alutard 540)) or to an open control group. IgE and g
concentrations were determined for the major allergens Phl p 1
or Phl p 5 by using Immunol AP and for 8 grass pollen
malecules by using Immuno Solid-phase Allergy Chip (ISAC)
before treatment and after updosing.

Results: Levels of specific IgE against the dominant major
allergens Phl p 1 and Phl p 5 increased from a mean of 230 to
488 kUL (P =.0L n = 18) during the npdosing phase in
Immunol” A P messurements but decreased from a median of 4.6
ISAC specific mits (I5L) to 214 ISU (P <0001, n = 102) when
measured by using I5AC against § grass allergen components.
The updosing phase induced a specific Lp g level incresse from
a median of 0 ISU before treatment to L83 15U after 12 weeks
(F < M1, m = 102) but only for allergen molecules to which
pretreatment-specific 1gk antibodies were detected (Spearman
o = 072, P < 001, n = 102).

Conclusion: Pretreatment allergen component—specific 1gk
appears to determine the inducton of Igtsy in the npdosing
phase. Induced 1gisy seems to suppress Igk levels on ISAC,
resulting in a marked decrease in ISAC-messured specific 1gE
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levels after updosing of SCIT. Thus this decrease in ISAC Igk
levels can be used to monitor the blocking effect of allergen-
specific immunotherapy—induced non-1gE antibodies. (] Allergy
Clin Immunal 2] 5; ;5 nu,

Key words: Grass pollen allergy, suboutaneons immumaorherapy,
component-resolved diggnosis, allergen component—speafic gk,
allergen compoment—specific IgGy, molecnlar allergy, allergen
imnunotherapy biomarker

Hay fever caused by grass pollen allengy' is 2 major health
problem in mdustnalized countries. The socioeconomic effect
is mainly evident from the loss of productivity at work ™ and
poorer performance in schaal *

Allergen-specific immunothempy (AIT) is the only treatment
modifying the natural history of allengic diseases. ™ Tt results in
complex cellular and humaoral changes.” The induction of an
allergen-specific IgGy response is an early effect of AIT 1!

Traditionally, allergen extmets consisting of a complex and
partially characterized mixture of allergen malecules' are used
for both diagnosis and treatment. The recent development of
molecular  allergy  leads to component-resolved  diagnosis
(CRD), which characterizes individual sensitizations at a
molecular level ' To some extent, CRD can demonstrate
risk-associated sensitizations and distinguish between primary
sensi tizations and cross-reactivity. ™

We explored the performance of biomarkers to monitor
treatment efficacy in a trial of subcutaneous immunothempy
(SCIT) compared with an open comtml group. The primary
outcome of this study was a significant decrease in basophil
sensitivity with a dominant humoral component.”

In the cument analysis we examined changes i allergen
component—specific IgE and IglGy levels measured by using
ImmunoC AP and Tmmuno Solid-phase Allergy Chip (IS AC)
before and after updosing to explain this observed decrease in
basophil sensitivity and to identify biomarkers for the immuno-
loge changes that might predict treatment effects of AIT.

METHODS
Study population

We recrumited 2 subjec s with sessonal rhinoconjunctivitis causad by grass
pallen allergy in December 2008, which was recently deseribed indet=il ™ All
participanis were examined sl the baseline visl A disesse hsloy was
otz ned, and the pantici panis completed s standardized allergy questiomaine,
listing all climcal relevant allergies Semitization was confirmed by a skin
prick test with tmothy grass extrsst | Soluprick 50) Phleum pragense,
ALK- Abelld, Harsholm, Dennar k) resulting in 2 wheal diasmeter of greaer

FLA 520 DTD @ YMAT1514_proof —15-00030 @ 5 Juse 2005 @ 8:34 pm
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Abbreviegions wed
AIT: Allergen-specific immunadherapy
CRIY: Compament-resolved diagnoss
FAB: Facilitsted Antigen Binding
FAF: Facilitsted antigen presentation
IQR: Interquantile rangs
ISAC: Immuno Sobd-phase Allergy Chip
ISL: ISAC apecific unils
SCIT: Subcutaneons i mmunoter s

than 3 mm. Participanis indicated their maxmum sympiom scone during the
grass pollen sesson and preceding resiment retrospectively when entering the
smdy and reponted daily sympiom and meadication scores during the grass
el len seaon afer updosing of SCTT. We wed a symptom soome combining 4
nasal and 2 pcular gymploms on & scale from O © 3. Participants were ran-
domized 3:1 acconding 1o & ¢ omputer-generated Batto recelve dandand SCIT
(n= 18 or  an open comrel groupin = &) only receving relieve rmedic ation
it neaded. All participant provided informed consent when enterng the
smdy. The regimal ethics commitiee approved the audy (M2009-0121),
which meets the CONSORT 2000 guide ines for reponting randont zed wrals
and 13 regidered at C lnieal Trale gov { NCTOL0BS526) .

SCIT

SCIT was initiated with & modified ¢lusier on day 1 (10, 100, and 1000
SQUY follvwed by injections of increasing dowes of imothy graw exwact
(Aluard SO Phlewm pratense, ALK-Abelki) at weelly intervals until a main-
e dose {100,000 SCHL woas mesac hed befone the 2010 grass pollen seson.

Immunoglobulin measurements

Before AIT mitation and after 12 weeks of updosng treatment, alkrgen
apecific IgE and [gla levels wene mestwred by wing 2 different standard
methods: quantitative levels of Phl p S-apecific IgE o, if less than the
detection limit, Phl p 1-sgpecific IgE and comesponding TpG, antibodies
were mezained by wing ImmmoC AP (Thermo Fiher Scientfie, Uppsala,
Sweden ). Specific IgE and IgG, antibody levels to Phip 1, Phlp 2, Phip 4,
Phl p 5, Pl p &, Phl p 7 (polcalcin), Phi p 11, and Phl p 12 {profiling wene
mezared on the semiquanistive 112-allergen [SAC (Themo Fisher
Sedentific ). Serum samples werne frozen at —B0°C and processed &t the same
lime.

Data on hasophil sensitivity measmred by meam of flow cylomery and
Facilitsted Allergen Binding (FAB), an aissy mesturing the inhibiton of
allergen binding i B cells used in this analysis, were reponied recenty. ™

Statistical analysis

[rata are reported 33 meams with 95% Cls or medians with interquartile
ranges (QR:). Mormal distrbution was verified by QO-plots and Waograma
Normally distribaied data were analyzed by uang & 1 et for benwesn- group
analyss and & pained ¢ ed for inrandividoal in-group analysis, Otherwise,
we ed 3 Mam-Whiney-Wilcoxm ted o perform between-group anal yds
and the Wilcoxon dgned-rank test o analyze inrandividual inegoup
differences. We uaed & multple regrettion model with maximum symplon
soornes before reatment and afier te ensuing season a8 dependent variables
and the sum of ISAC gas-specific [gh and IpGy levels, basophi] sendtivity,
and FAB & explanatory variables both before treatment and afier updosng.
The mudel was cheched by plotting redduals, Comelation coefficients wene
ohtained by udng the Spearman rank test For stamstical analysis of the
suppresave effect of induced IgG, on ISAC IgE meamrements, we divided
all [ gl meamrements after updoging mtod grougs. The firsthad no detectable
TgGia (<003 ISAC-specific wmik [ISU], n = 56), and the remainng 88§
meaarements were dvided inte 3 erdles: 004 o 050 ISU (o = 29 0.56
13 19 ISU {n = 30); and 322 10998 ISU (n = 29, respectively. We plotted

Johannes Martin Schmid
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these groups againg the changes in IgE concentration between the 2
mesiurements, The pretrestment [gE meammemens were divided into 4
groups according i [SAC ¢ et (not detectable, <030 ISU; Jow, 030-0.9%
15U moderate o high, 100-14.99 ISU; and very high, =15.00 ISU) and
ploted againt changes in IgG, concentrations. This 15 an exploraiory dudy
inwhicha P value of (06 or less wit considerad st ot cal |y signd fheant withou
cormection for multple eas. All data were analyzed with Stata 11.1 softwane
for Windows {www. dala com).

RESULTS
Baseline characteristics

Median dumtion of grass poll en—induced hay feverat inclusion
was 9.5 years (IQR, 5.5-175 years). All study participants were
sensitized to at least 1 of the major allergens Phlp 1 and Phlp 5 at
baseline (Tuble D). Ten (41.7%) patients reported hay fever
symptoms exclusively cansed by gmss pollen exposure. Two of
these subjects were monosensitized to grass pollen in the
pretreatment ISAC measurements. At baseline, participants had
detectable IgE against Phl p 2 (54.2%), Phl p 4 (54.2%), Phlp&
(62.5%), Phl p 11 (5060), Phl p 7 (21%), and Phl p 12 @%). We
measured low conce ntrations of specific IgGy before AIT, which
was most prominent for Phl p 4 (median, 0.071SU; TQR, 0004015
ISU) and Phl p 5 (median, 0.0 1SU: IQR, 0.0-0.15 1SU)in 17 and
13 patients, respectively.

Comparison of IgE and 1gG, levels during SCIT
updosing with ImmunoCAP and ISAC

As found in previous studies,'™'* the mean concentration of
allergen-specific IgE agamst the major allergen Phl p 5 (or
Phl p 1 if no Phl p 5 was detected ) increased from 23.0 o 48 8
kUL (P = 01, n = 18) when measured by using ImmunoC AP
(Fig 1, A). In contmst, ISAC measurement of specific TgE to the
dominating grass pollen allergen Phl p 1 or Phl p 5 decreased
significantly from a mean of 21.4 w0 2.5 I5U (P = 0002,
n = 18; Fig 1, #). There was a strong linear correlation between
Phl p 1 and Phl p 5 IgE pretreatment measurements by using
ImmunoCAP and ISAC (P < 0000, n = 18) but not after
completed updosing (P = 20, n = 18).

The mean concentration of corresponding 1pGy increased when
measured with either TmmunoCAP (0.1-5.2 mg/L, P = 001,
n = 18; Fig 1, O or ISAC (03-50 ISU IgG,, P = 0001,
n = 18; Fig 1, D). There was a strong linear correlation between
TGy levels toward Phlp 1 and Phl p 5 measurements both before
treatment and after updosing (both P < 0001, n = 18). IgE and
TG, immunoglobulin levels of the control group did not change.

Single-allergen ISAC measurements during SCIT

We expanded on this observation by assessing IgE and IgGy
measurements agninst all § available grass pollen molecules
found on ISAC (Fig 2). Allergen measurements without detect-
able IgE or IgGs at both time points in a given patient (n = 42)
wene censared. The measured concentration of TgE for all gmss
companents decreased markedly from a median of 4.60 15U
(IQR, 1.66-13.98 ISU) to 214 ISU (IQR, 0.0-4.59 ISIT:
P 0001; n = 102) during updosing. At the same time, grass-
specific TgGy concentrations increased from a median of 0.0
15U (IQR, 0.0-0.11 ISU) to 083 ISU (IQR, 0.14-3.35 ISU:
P 0001:n = 102).

FLAS20 DTD @ YMAT1514_proof —15-00130 m 5 JTun: 2015 @ 8:34 pm
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TABLE |. Baseline grass pollen—specific sensitizations
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Subject Major group 15 [IBU] DOther grass sensitizations [ISU]
No. of component

Patient ID sensitizations Phlp1 Phl p & Philp 2 Phl 4 Phlp & Phlp? Phipil Phlipi2
1 5 1.9 ns 183 145 218
2 i 16 51 a7
3 4 42 122 48 11
4 [ 4.7 3.3 k) L% i Q.0
5 4 14.5 2.0 20 154
L] 2 14
T 6 171 T2 35 163 6.4 ER|
3 [ 283 51.3 3 [} 1o 100
9 5 14 50 74 4.1 10.2
10 [ 19 18.1 i4 4.7 24 4.5
11 7 21 5.0 6.7 51 27 169
12 [ 1.5 518 48 13 a7 4.5
13 2 1.3 21
14 5 28 15.5 1.1 il 118
15 1 L&
18 5 17 34 18 56 166
17 1 .7
18 [ 108 3.5 1%.1 Lo 92 144
1% 1 56
20 [ 1% 81 L% 19 14 a2
e | 1 1.2
22 5 250 2.0 10 14 07
23 4 400 5.0 100 160
24 k] 4.5 08 4.6
Specifie IgE (ISU), median (IQR) 456 (15-158) 158(19-209) 21059 140315 34069 000 190095 000
No. of sensitized subjects (%) 22 (91.6) 19 {79.2) 13 (543 13 (542) 15 {625) 5 {2038) 12 (50 1442)
Specifie Tpl, (ISU), median {IR) 0 (0-005) 007 {00.15) O (-0008) 007 {-015) 0 {0-0) 0 (0-00 0 {0-0) 0 (0-0)
No. of subjeets with detectable IgG, (%) & (25) 13 {54.2) T(292) 17 {70.8) 2{8.3 3{125) 3125 2(83)

Preeniment levels of component spedfic IgE: SCTT, 1-18 T5LU; contral, 1924 TSL.

There wen exceptions to this observation: in 4 treated patients
we observed an increase in one grass component—specific 1gE
level (patient 5, Phlp 2; patient 10, Phlp 4; patient 6, Phlp 11; and
patient 7, Phl p 12) from undetectable to moderately increased,
witha median increase of 2 15U, In one treated patient {patient 17)

Ewc found an increase in 2 slgE measurements (Phl p 1 and Phl p
2). These 5 patients did not induce IgGy to the above allergen
molecules but mounted a clear IgGy response to Phl p 5 with a
carresponding decrease in ISAC-measured Phl p 5 specific 1gE

levels.

Increase in allergen-specific lgG 4 levels correlates
with decrease in allergen-specific IgE levels after
updosing

A major effect of SCIT is induction of IgGy, which competes
with cell-bound IgE and blocks TgE-induced allergic mecha-
VLI51% YW ohserved a possible blocking activity of the
IgGy-containing sera on the detection of allergen-specific IgE at
muolecular resolution on ISAC: the concentration of 1gG, for indi-
vidual allergen molecules after updosing correlated with the
decrease in IgE concentmtion in ISU from the pretreatment visit
to after updosing (Spearman o = —0.56, P < 0001, n = 142).
When grouping samples according to IgG, concentrution after
updosing (no detectable IgGy, <0003 ISU [n = 56]; lowest tertile,
0.04-0.50 15U [n = 29]: middle tertile, 0.56-3.19 15U [n = 30]:
and highest tertile, 3.22-998 ISU [n = 29]), IgE measurement
was significantly reduced in the middle tertile (median AlgE,
=127 IS8U0; IQR, —4.68 to 2.9%; P = 037}, and this was more

iSMms.

&
pronounced in the highest tertile (AIgE, —12.00 15U; IQR,
—2502 to —431; P < .0001; Fg 3).

The low concentrtion of pretreatment -s peci fic IgGy measured
did not interfere with detection of IgE on ISAC. The ratio between
Phlp 5—specific IgE levels measured by using IS AC and CAP was
not dhi fferent between the group with and without detectable Phlp
S—specific IpGy level s (mean mtio in the presence of Phlp 5 IgG.,
124 [0194-1.53, n = 13} mean mtio without Phl p 5 TgG,, 143
[0.54-2.33, n= 6]: P = 27).

[F3

Pretreatment lgE concentration predicts lgG,
concentration after the updosing phase

As a corollary to this chservation, we examined whether the
pretreatment IgE concentmtion predicts the increase in IgGy con-
centration duning the updosing phase (Fig 4). We found a strong
induction of IgG, response for 91.2% of molecules o which pre-
treatment component-specific IgE levels had been measured
(Spearman o = (L83, P < 0001). Specific IgE o grass allergens
was less than the detection level in 64 (44.4%) measurements.
Inthess samples we only ohserved minorchanges in the IgGy con-
centration after the updosing phase (median change, 0.13: IQR,
0064.24; n = 14). The 57 measurements with a modente to
high increased pretreatment level of IgE (1 < x < 15 15U,
39.6%) associated with a median increase of 0.87 ISU (IQR,
0.2-3.06 ISU: P < 001) IgGy after updosing. In all cases with a
very high concentration of pretreatment IgE (=15 15U, n = 23,
16,05, we found an induction of IgGy with a median increase
of 4. 121SU (IQR, 1.52-8.358; P <.001).

F4
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FIG 1. Maasuraments of levels of |gE and kyG 4 to the major grass pollen components |Phl p 1.0r Phlp 5] by
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using ImmunoCAP and ISAC. Pretreatmentlevel s of spacificlgE are comparabls, as measured by using both
methods. After updosing of SOT, ImmuncCAF measurements increased A& and C), whersas ISAC
measurements decreased B and D). g5y measurements wene comparable, showing a marked incraass
after updosing (Fig 1. Cand Dl Measurements of less than the detecion limit are plotted as 0.1 kKLVL and
0.1 15U (IgE] and .01 mg/L and Q.01 15U {igG,l in all figures, respectively. Treatment, n = 18; contrel,

n = 6. n.s., Not significant

Tg Gy was not induced in 7 (8.8%) of the instances in which low
to modemte IgE concentrations (0.3 < x < 15 15U wene measur-
ahle at haseline. Patients 14 and 15 with pretreatment IgE w Phlp
1 and patients 7 and 11 withIgE to Phl p7 did not induce measur-
ahle relevant IgGy. Patent 10, with a significant concentration of
pretreatment-specific IgE against Phl p 1, Phl p 2, and Phl p7, did
not induce IgGy to these allergens after updosing. This subject
mounted only a weak TGy response to Phl p 5 as well. Despite
these findings, the 5 patients experienced symptom nelief
comparable with that in the other treated patients.

Correlates in cellular tests and clinical outcome

Because  changes  in allergen-specific  immunoglobulin
concentrations only are one of the complex changes occuming
during AIT that lead to allergen tolerance, we tested whether
these mmunoglobulin changes cormelated with other more
functional immunologic changes as FAB and hasophil sensitivity
and improvement in clinical outcome,

Consistent with the theory that antigen presentation through

lg'E.x' facilitates immune response at much lower antigen

concentmtions (FAP),” we found anegative comelation between
pretreatment grass pollen—specific IgE and the relative inhibi tion
of FAB after updosing (Spearman ¢ = —043,n =23 P =.04."
This can be expluined mainly by allergen-specific induction of
IgGy we found a strong correlation between FAB inhibition
and indvced IgGy levels after updosing (Spearman o = (.59,
n =24, P =.0027).

Basophil sensitiv i13,'1 * correlated inversely with the ratio
between the sum of all grass pollen—specific ISAC IgEfotal 1gE
levels both at baseline { Spearman o = —(.56, P = 005) and after
updosing (Spearman o = —0.74, P < (001 ) and to the mtio of the
sum of all ISAC gmss pollen—specific 1gENgG,y levels after
updosing (Spearman o = —0.69, P = (K08).

Among clinical outcomes, the maximum symptom score of the
grass pollen season after updosing correlated to the postupdosing
sum of grass-specific IgE levels (slope, 0.14: 95% C1, 0007-0.21:
P = .001), TgGy levels (slope, —0.19; 95% CI, —0.34 to —0.03;
P = 019), and basophil sensitivity (slope, 302: 95% CL
0.38-565: P = 028) but not to FAB mesults (slope, 0.01; 95%
CL,—0.06 to0.07; P = £5) after updosing in a multiple regression
madel with a cumulative comelation coefficient of (L78.
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FIG 2. ISAC pretrestment and postupdosing measurements of all grass component-—spacific IgE and lgGy
levels . IgE levels of 4l grass components were cleady reduced during the updosing phase o TSOT, whersas
immunotherapy induces a strong g6, respons & Measuréments with no detectable IgE or kg G, &t any Eme
point were censored (n = 42), resulting in 102 measuremeants displaysd.

IgG4 suppresses IgE measnrements
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FIG 3. Induced lgGy suppresses ISAC IgE measurements. All grass pollen
component-spacific lgG , measuremen ts wene divided inio 4 groups. Group
1 had no detectable 1gG, afer updosing In = 561 The remaining 88
measuremens were distriboted imo 3 tediles n = 29, n = 3, and
n = 30} and plottad against the changes in componem-spacific 1gE levels
oocurfing during updosing. A higher postupdosing IgGa level cleardy
suppressad |gE afier updosing.

Reproducibility of ISAC measurements

Measurements of grass component-specific IgE did not differ
between the 2 time points in the control group (median change,
0.01SU; DR, 000.015U; n = 48). The concentmtion of IgE to
nongrass components on ISAC did not change during updosing
with grmss allergen (median at baseline, 0.0 15U [IQR, 0.0-2.07
ISUL. median after updosing, 0.0 ISU [IQR, (.0-2.57 ISU);
n = 423, P = 23 Fig 5). When comparing the repeated ISAC
measuremnents of non—gmss-specific IgE (n = 95 per patient),
we found spomdic measurements (n = 49, 2.15%) with a median
increase of 208 ISU, leading to a change by at least 1 I5U class,
mostly from undetectable to a moderate level. Only one

Pretreatment 1gE induces 1gG4

P 00
P, 000 o0, 0001
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FIG 4. Pretreatment IgE predicts lgGa induction. Indudtion of IgG
depended on the concentration of pratrestmeant component-spacific lgE.
Without a dewctable level of component-specific IgE at basaline, no IgG,
was produced during updosing of SCIT in = 84, & moderate to high
pretraatment IgE concentration resulied in 8 moderate increase in IgGy
{n = 37, and a very high level of pretrestment componem-specific lgE
led 1o a strong inducion of lgGa (n = 23).

increasing measurement (2.0%) could be explained by cross-
reactivity to the profilin Phl p 12, Most increasing measurements
(n = 41, 84%) wens related to binch pollen cross-reactivity and
could be explained probably by natural allergen exposure during
the birch pollen season between the 2 measurements. Fifty
(2.19% ) measurements decreased by a median of 1.43 151, result-
ing in a lower ISAC class, mostly from moderate to undetectable.
Twelve (24%) of these decreasing measurements were also
related to birch pollen cross-reactivity. TgGy levels specific for
nongmss components increased from a median of 032 15U
(TQR, 0L0-1.13 1SIT) to 04 TS (TQR, 0.0-1.40 ISU; n = 423,
o< 0001, Fig 5). This minimal increase was statistcally
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FIG 5. Comparison of all non-grass-specific | BAC IgE and Iy G measurements. Non—grass <p ecific IgE con-
centrations remai ned unch anged duri ng the updosing phase of SQIT. lgG , maasuraments i noreas od <l ghtly
{n = 423}. These incraases were mostly related 1o birch pollen cross-reacting spilopes. n.s., Notsignificant

significant and could be explained by IgGy measurements related
to birch pollen and allergens cross-reactive to birch pollen.
Removing measurements related to birch pollen resulted in a me-
dian non—grass-speci fic IgGs level of 044 ISU (IJR, 0.06-1.65
I510) before and 043 ISU (KQR, 0.08-2.02 5U; P = 12X
n = 262) after updosing.

DISCUSSION

In this study we investigated early changes in allergen
component—specific IgE and lgGy concentrations during the
updosing phase of SCIT in patients with grass pollen allengy.
We found that pre-existing IgE predicts increases in IgGy levels
to ndividual allergen molecules after updosing and that this
126G, measurement was a good marker for immunoglobulin that
competes with TgE for binding to the limited amount of allengen
present on [SAC,

Baseline measurements

The studied population had a slightly higher prevalence of IgE
sensitization to Phl p 1 and Phl p 5 (Table T) than eardier
popul ation-based studies. ™ This can be explained by the selection
of the study subjects because only subjects with a symptom
burden sufficiently high to be eligible for AIT and with a haseline
basophil resctivity to grass pollen extract of greater than 405
were included. However, the prevalence of component-specific
sensitizations was comparahle with those reported at hitpo/
ww. il lergen.org, Compared with a study in 101 patients with
gmss pollen allergy from Gm'ma.n}':-' and a Spanish study
including 139 patients with gmss allergy,™ we found a higher
level of Phl p 5—specific IgE and a lower level of Phl p 4—specific
IgE. which might be explained by megional differences in
exposune patterns. We did not find a relation between disease
duration and sensiti zation pattern (data not shown) described in
arecent pediatric Hludy.:"

ISAC measurement of IgE to treatment allergens is
suppressed by AIT

As in a previous study,” we found comparable pretreatment
IgE concentrations with both ImmunoCAP and ISAC. SCIT
upregulated allergen-specific IgE levels™* when measured
with the TmrmunoC AP method where allergen is in excess. In

contrast, signals n the ISAC measurement of allergen-specific
IgE wene significantly reduced by SCIT. A consequence of this
reduction was a loss of detection (<03 ISU) of half of the
prefreatment component-specific IgE measurements  recorded
with ISAC. This reduction in IgE-related signals assessed by
using ISAC might be a useful companion diagnostic to monitor
the efficacy of SCIT. The only other study explonng the effect
of AIT on CRD by using ISAC dealt with sublingual
immunotherapy of patients with allergy to house dust mites,
There was no effect of a l-year course of sublingual
iTrn'numﬂ'lcraPI'_m IgE concentmtion but a moderate increase

inIgGy levels.™

lgGs induced by SCIT suppresses ISAC IgE
measurements

We investignted the origin of the suppression of sIgE me asurne-
ments on ISAC by measuring sIgGy levels with ISAC because
induction of IgGy is a useful marker for the immunologic effect
af AIT"™"57 We found a significant mverse correlation when
reaching maintenance between slgGy levels induced by AIT and
the apparent reduction of the sIgE signal, suggesting that an in-
crease of greater than (.56 15U of sIgGy (second and third tentiles)
leads to a measurable decrease by competing with sIgE for
epitopes of the limited amount of allergen spotted on the chip,
This is probably an underestimate of the suppressive effect of
IgGy because the concentration of IgE to the major allengens
Phlp 1 and Phl p 5 in simultaneous ImmunoCAP measurements
incrensed significantly. Similar mesults were obtained™” when
component-specific IgG antbody spiked into seum  dose-
dependently reduced the apparemt sIgE concentration on the
new MeDALL chip. At a concentmtion of 25 15U of IgE a
thousand-fold excess of IgG blocked IgE binding completely.
The effect of TgG competition increased with IgE concentration
for antibodies with identical allergen-binding affinity. In the
present study IgE measurement for Phl p 1 and Phl p 5 in
ImmunoCAP doubled, and pretreatment measurements with
ISAC were reduced o approximately 105 after updosing. That
wonld correspond to an 18-fold reduction of 15 AC measurement
by Iz G simi lar to what was found with a 100-fold excess of IgG by
using the MeDALL c;hip.:‘J The IgG, concentration increased at
least 41-fold from less than the detection limit of 0,02 ISU 0 a
median of (L83 15U, which is in the expected order of magnitude
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considering that other immunoglobulin species also compete with
IgE. The significance of specific IgG, induction is further
enhanced by good correlation of the IgEMgGy ratio with basophil
sensitivity described in a previous study of the effect of AIT on
basophil sensitivity.™ We have previously reported that basophil
sensitivity at 3 weeks predicts clinical symptoms during the
ensuing season,'” and this might indicate that early ISAC
measurements can be wsed as companion diagnostics,

Evidence for a link between pretreatment specific
IgE and IgG, after updosing

Subsequently, we investignted whether specific IgG, was
produced independently of pretreatment-specific IgE because
the generated specific IgGy appeared to suppress the existing s pe-
cific [gE molecules. In nearly all instances, we measured specific
TGy levels after updosing only when we had measured the same
specificity for IgE at haseline. We only found 5 among 144
measurements for which we had no pretrestment-specific IgE
but did measure the comesponding specific IgGy levels when
reaching muntenance. The major finding of this study is that
pretreatment-s peci fic [gE might be o prerequisite for induction
of a specific IgG, response during SCIT. This is supported by
findings in a 12-week study of patients with mgweed allergy
treated with a course of rush immunothempy with and without
anti-IgE treatment, in which the IgG, response was weaker and
developed more slowly when immunothempy was combined
with anti-IgE treatment that removed ]HE.“

Mechanism linking pretreatment IgE and lgG, after
updosing

IgE can play an important role in the immume-modul ating
process oecurnng during SCIT updosing. This function of IgE
might be facilitated antigen presentation (FAF); CD23 on B cells
or FeeRI on dendritic cells captures allergen and facilitate its
efficient presentation at markedly reduced concentmtions, The
current data are a strong in vive observation consistent with FAP
inarelevant clinical context and are the first observation that IgGy
concentmtions  after updosing  correlate with  pretreatment
IgE concentrations, directly linking the well-established ATT-
induced modulator TgGs to FAP.™ The first demonstration of
FAP in human subjects was that T cells prolifemted at 100 to
1000 times lower allengen concentrations when facilitated by
allergen-specific IHE“ in vitro, The TgE-mediated T-cell activa-
tion (FAF) has luter been shown to correlate closely with binding
of allergen-IgE complexes to the surfaces of B cells (FAB) for
birch, ™ and this mechanism has been demonstrated for other
allergens, such as H]’H_‘G!G-‘ﬁ and pcam.li.m

Binding of individual allergen molecules by specific IgE might
also be important for presenting that allergen molecule to
allergen-specific B cells, resulting in specific IgG, production
to the same molecule. The binding measured by using FAB and
the T-cell activation measured by using FAP might both
contribute to the induction of IgGy and other non-IgE antibodies
specific to the relevant allergens, and subsequently, these non-IgE
antihodies inhibit both mechanisms,

The correlation of inhibiton of FAB with the inverse of
pretreatment IgE and with induced IgGy and the observation
that TGy is induced only whene pretreatment IgE exists suggest
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that FAP supports an early induction of protective lgGy dunng
the updosing phase of AIT,

The situation at the ISAC surface is a complex dynamic
competition for physiologically relevant amounts of allergen
between IgG, and llql'_:‘.bJ which might reflect the in vive situation
in which free specific immunoglobulin creates complexes
allergen in competition with TgE presented on effector cells.
This might explain the correlation between clinical symptoms
and concentration of component-specific IgE and TgGy and
effector cell sensitivity we found in a multiple regression model.

ISAC is a reproducible assay

The ISAC assay has been shown to have good mproducibility
and repeatability.”” A few ISAC measurements (2% ) changed
status dunng the 2 measurements 16 weeks apart, mnforcing
the word of caution that sIgE results always should be interpreted
within a clinical context. Most ncreases could be explained by
the intervening birch pollen season.

Five patients had possible neosensitizations to grass pollen
components. The clinical outcome of these 5 patients was
comparable with that of the other treated patients. It is unclear
whether these measurements represent a real neosensit zation or
whether the component -s peci fic IgE levels merely increased from
less than the detection limit. Earlier studies suggesting that
nux;cmiﬁ.ﬁlﬂu‘l oceurs during SCIT™ have not been confirmed

by others.

Limitations of our study

Only 24 subjects were studied: a bigger study might be needed
to confirm our findings. Allergen challenge outcomes had been
performed in 10-fold diluion steps. Clinical response would
perhaps correlate be tter with biomarke s if the mterval s had been
shorter or analyzed with a more refined model. " This study
addresses the updosing phase of SCIT, different mechanisms
can operate during the mainenance phase and after AIT has
ceased. Larger studies addmessing changes in component-
specific IgE levels before and after TgG depletion might confirm
the blocking effect of IgGy on IgE detection on ISAC.

General considerations: Further implications

Tt will be important to determine whether pretreatment IgE is
directly involved in induction of 1gG, with the help of [gE-FAP.
Sevenl novel vaccination progmms are based on hypoallergic
maolecules™ " for vaccination that are designed not to hind
IgE and might not be presented through IgE In future studies,
it wiould be interesting to investigate whether the strong inductive
effect of pretreatment IgE on the production of TgG, dunng
immunotherapy can be explained by preexisting Bcell clones
having a molecule-specific antibody repertoire or whether
IgE-mediated facilitated allergen  presentation  induces this
respanse by ensuring allergen uptake on the component-s peci fic
level to B cells, resulting in the production of IgG, specific to
all relevant allergens.

Monmaodified allergen extmcts can contain variable amounts of
or even lack important allergen components,'” and there might be
a risk of an meomplete treatment effect in patients allergic to
components lacking or only poordy represented in the natuml
allergenextract. Treatment with recombinant allergen component
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vaccines covering all the patients” sensitizations have been sug-
gested to be an effective™ and safe®” method of AIT and offer
the potential of individualizing ATT after the pretreatment CRD
profile of the individual patient. However, we find that the use
of a well-standardized natural extract in SCIT fully matches
patients’ sensitizati ons,

Conclusion

We found that pretreatment allergen component—specific IgE
predicted the induction of TgGy to al lergen components, resulting
in a strong correlation between the pretreatment IgE level and
TgGy concentrations after updosing, IgE-induced TgG, antibodies
seem to compete for allergen binding on ISAC, leading to sup-
pression of the TgE-related signal on this chip. They comelate to
FAB, basophil sensitivity, and symptom severity, Measurement
of IgE levels on ISAC before and after updosing of SCIT can
be used as an eady biomarker of AIT responses,

We thank the @aff st the Laboratory for Allergy and Resgratory Medicine
al Aathuz Univerdty Hospital and the audy paticipants and Cheistian
Ljpering for critical comments on the manuseapl.

Clinical implications: IgE and IgG. sensitizations measured at
molecular resolution before and after updosing of SCIT might

be wseful fo momitor the early freatment effect Treatment
with allergen extract indoces lgGy matching the pretreaiment

component-spedfic gk,
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Abstract:

Background: Allergic rhinoconjunctivitis is a common health problem. Allergen Immunotherapy
(AIT) is an effective and safe treatment, modifying the natural course of the allergic disease and
leading to the induction of long-term tolerance.

Objective: To follow the changes in effector cell sensitivity in detail during subcutaneous
immunotherapy and correlate these changes to clinical outcomes and cellular changes in the target
tissue.

Methods: Twenty-four young adults suffering from allergic rhinoconjunctivitis due to grass pollen
allergy were randomized to receive standard SCIT (n=18) or to an open control group (n=6).
Basophil sensitivity and IgE-blocking factor was measured for every 3 months during the three
years of treatment and for every 6 months in the year following treatment cessation. Patients
reported daily symptom and medication scores and weekly rhinitis related quality of life scores
during the pollen seasons. Nasal and cutaneous allergen challenge tests were performed at baseline
and annually. The number of FceRI receptors on basophils was measured at baseline and after 3
years. Nasal mucosa biopsies were taken at baseline and after the treatment period and the
expression of markers for leucocytes, neutrophils, eosinophils, plasma cells, macrophages,
basophils and mast cells were determined by immunohistochemistry.

Results: Basophil sensitivity decreased rapidly during the first year of SCIT, leading to a 447-fold
increase in the allergen concentration leading to half-maximum basophil activation and remained
under baseline level during the 3 year-treatment period and 1 year after treatment cessation (n=18,
p=0.03). Changes in basophil sensitivity predicted long-term symptom and medication scores (6=-
0.56, p=0.009) and nasal allergen challenge outcomes (6=0, 47, p=0.02). IgE blocking factor was
inhibited and AUC correlated to clinical outcomes (Nasal allergen challenge threshold: 6=0.63,
p=0.0012) and SPT: 6=0.45, p=0.03). The number of FceRI receptors on basophils was reduced by
70 % (p=0.016). The number of eosinophils (p=0.06), macrophages (p=0.02) and neutrophils
(p=0.01) was reduced, the number of plasma cells increased in the nasal mucosa during treatment
(p=0.02). The number of basophils and mast cells did not change.

Conclusion:

SCIT leads to a marked decrease in effector cell sensitivity. Following basophil sensitivity may be a
useful biomarker for monitoring effects of SCIT. IgE blocking factor reflects functional humoral
changes. The number of inflammatory cells in the target tissue decreases. The number of FceRI
receptors on basophils is reduced during SCIT. These changes reflect the clinical effects of SCIT.
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Capsule Summary:
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Abbreviations:

AIT Allergen Specific Immunotherapy

BAT: Basophil Activation Test

ECso: Logarithm of allergen concentration at half-maximum activation
ENT Ear-Nose-Throat

FAB: Facilitated Allergen Binding

IHC Immunohistochemistry

MFI Median Fluorescence intensity

PBS: Phosphate Buffered Saline

RQOLQ: Rhinoconjunctivitis Quality of Life Questionnaire
SCIT: Subcutaneous Immunotherapy

SM-score Symptom and Medication Score

SPT Skin Prick Test

SS Side Scatter
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Text:

Introduction;

Allergic rhinoconjunctivitis is a common health problem in industrialized countries @. Allergen
specific immunotherapy (AIT) is an effective, disease modifying treatment of allergic diseases and
is recommended for patients experiencing insufficient effect of symptom reliever therapy. It results
in a long-term reduction of type-1 allergic symptoms @, lasting beyond the treatment period of both
subcutaneous @ and sublingual ® immunotherapy. AIT induces a range of complex cellular and

humoral changes leading to allergen tolerance.

Early effects include desensitization of mast cells and basophils, followed by the generation of
regulatory T-cells and B-cells. This leads to the induction of allergen-specific IgG antibodies
resulting in a decreasing response of effector cells to allergen exposure ®. Finally, the number of
effector cells such as mast cells, eosinophils and basophils is reduced in mucosal tissue during

immunotherapy.

However, the mechanisms leading to long-term allergen tolerance are not yet well understood and

biomarkers for effective immunotherapy are not well defined.

We therefore conducted a prospective, randomized controlled study investigating the effects of 3

years of subcutaneous immunotherapy (SCIT) on basophil sensitivity and grass binding capacity to
basophils during the treatment period and one year of follow-up after treatment discontinuation and
the changes of the number of FceRI-receptors on basophils induced by SCIT in a cohort of subjects

suffering from grass pollen allergic rhinoconjunctivitis.

Aims of this study

To follow the changes in effector cell sensitivity in detail during subcutaneous immunotherapy and
correlate these changes to clinical outcomes and cellular changes in the target tissue.

Materials and Methods

Reagents

Soluprick® SQ, Alutard® SQ, and Aquagen® SQ of timothy grass pollen extract (Phleum
pratense), were obtained from ALK-Abello, Hgrsholm, DK. PBS (Dulbecco A, BR0014) from
Oxoid, Thermo Scientific, Uppsala, Sweden; AIM-V® Medium, from Life Technologies, Thermo
Fisher Scientific, Uppsala, Sweden (12055083); Formaldehyde 16% from BDH Prolabo; Methanol
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from Thermo Fisher Scientific; HSA and Saponin from Sigma-Aldrich, Brondby, Denmark; FITC
anti-human CD63 (353006) and Alexa 647® anti-human CD193 (310710) from BioLegend, San
Diego, US. DyLight® 405 labelling kit (53020) from Pierce Protein Biology Products, Thermo
Scientific, Uppsala, Sweden; Qifikit® (K0078) from Dako Denmark, Glostrup, Denmark; purified
anti-1gE (55894) and FACS Lysing solution (349202) from BD Biosciences, San Jose, US. The
local hospital pharmacy supplied symptomatic medication: Desloratadine 5 mg tablets,
Prednisolone 5 mg tablets, Mometasone nasal spray, 50 pg/puff and Olopatadine eye drops, 1

mg/ml. For antibodies used for immunohistochemical staining of biopsies, see table 3.
Study population:

As previously described in detail ©, 24 young adults with a history of seasonal allergic rhino-
conjunctivitis due to grass pollen allergy were recruited amongst students at Aarhus University. We
confirmed the allergic sensitization by a skin prick test (SPT) with timothy grass pollen extract
(Soluprick® SQ Phleum pratense, ALK-Abello, Harsholm, Denmark) resulting in a wheal > 3 mm.
All included participants had a baseline basophil activation test (BAT) with > 40% CD63 up
regulation on stimulation with grass pollen extract (Aquagen® Phleum pratense, ALK-Abelld,
Harsholm, Denmark). Participants were randomized 3:1 to a treatment group, receiving standard
subcutaneous immunotherapy (SCIT) for 3 years and an open control group, only receiving reliever
medication as needed. The control group was offered AIT after 3 years. The treatment group was

followed for one more year after cessation of SCIT.

The Regional Committee on Biomedical Research Ethics approved the study (M2009-0121). It
complies with the Consort 2010 guidelines for reporting randomized trials and is registered as
NCTO01085526 at ClinicalTrials.gov. All participants gave their written informed consent before
entering the study.

Subcutaneous immunotherapy

SCIT was given using timothy grass extract (Alutard SQ, Phleum pratense, ALK-Abelld,

Horsholm, Denmark) as a modified cluster on day 1, followed by a stepwise updosing phase at
weekly intervals until reaching maintenance dose (100.000 SQU). Maintenance treatment was given
at 6-7 weeks intervals for 3 years. (Figure 1)

Grass pollen counts
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Daily grass pollen counts for the Danish Central Region were obtained from the Danish Institute of

Meteorology on www.dmi.dk . Pollen counts were measured 10 m over ground.
Symptom-Medication Score

All participants recorded daily symptom and medication scores “ on a paper diary throughout
pollen season. Symptoms were rated according to severity (no symptoms: 0 points, mild symptoms:
1 point, moderate symptoms: 2 points, severe symptoms 3 points) in 6 rhino-conjunctivitis related
symptoms: sneezing, running nose, itching nose, blocked nose, running eyes and itching eyes,
resulting in a maximum symptom score of 18 points (Table 1). When entering the study, all
participants indicated the maximum symptom score during the pollen season of 20009,
retrospectively. Medication score was registered daily during the pollen season according to the use
of reliever medication as needed (desloratadine 5 mg tablet, max. 1 daily, 6 points; olopatadine eye
drops 1 mg/ml, 1 drop/eye, max. twice daily, 1.5 point/drop, maximal 6 points; mometasone furoate
nasal spray 50 pg/puff, max. 2 puff/nostril twice daily, 1 point per puff, max. 8 points, prednisolone
5 mg tablet, max. 10 tablets/day, 1.6 point/tablet, max. 16 points, resulting in a maximum

medication score of 36 points. (Table 2)

The combined symptom-medications-score was obtained by adding daily symptom- and

medications-scores, resulting in a maximum score of 54 points/day.
Quality of Life questionnaire

During pollen seasons, all participants completed the standardized Rhinoconjunctivitis Quality of
Life Questionnaire (RQLQ(s) ” once a week, rating 28 questions in 7 categories on a scale from 0-

6, resulting in a maximum score of 168/week.
Nasal allergen challenge

A nasal allergen challenge was performed at baseline and repeated annually during the study.
Baseline nasal inspiratory peak flow (NIPF) was obtained, using the best of three measurements.
Then 50 pl of logyo dilutions of grass pollen extract (Aquagen) containing 0, 10, 100, 1000, 10000
and 100000 SQU/mI were applied to each nostril by a puff spray device. Number of sneezes and the
amount of nasal secretion were recorded. 10 min after each dose, NIPF was performed. The allergen
challenge was considered positive if 2 out of the following were present: a. a reduction in NIPF >
40% of baseline; b. 5 or more sneezes; c. > 0.5 g nasal secretion ®. The allergen concentration

triggering a positive nasal challenge was recorded as allergen threshold concentration.
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Titrated skin prick test

At baseline and then every year, a titrated skin prick test was performed. Participants were tested
with logio dilutions of allergen extract Aquagen), 0- 100.000 SQU/mI. The concentration causing a

wheal > 3 mm was considered as allergen threshold concentration.
Grass pollen (Phleum pratense) specific IgE

Grass pollen specific IgE levels were measured on the Advia Centaur platform ©)(Siemens
Healthcare, Erlangen, Germany) in serum samples from baseline, then for every three months
during the 3 year treatment period and for every 6 months during the follow-up year. Serum

samples were frozen at -80°C in aliquots of 1 ml and analyzed at the same time.
IgE-blocking factor

IgE-blocking factor was measured from the same serum samples as grass pollen specific IgE.
Analysis was performed on the Advia Centaur platform ¢ at ALK (Hgrsholm, Denmark). This

analysis is based on a two-step assay.

In step 1, binding of IgE to grass pollen allergen was measured after removing all competing
components from the serum. In step 2, binding of IgE to grass pollen allergen was measured in the
presence of competing factors. The IgE-blocking factor was calculated according to the following

formula;

allergen binding in step 2

IgE-blocking factor= 1-

allergen binding in step1’

This results in a blocking factor ranging from 0 (without the presence of any IgE-blocking

components, i.e. step 1 and step 2 are equal) to 1 (i.e. the binding in step 2 is less than in step 1).

Basophil Activation Test (BAT)

At baseline, for every 3 weeks during updosing and for every 3 months during maintenance therapy
and 6 and 12 months after treatment cessation, a basophil activation test was performed, using the
protocol previously described®. In short, cells were separated from plasma, washed twice, and then

reconstituted with: a. plasma from the baseline visit, b. plasma from the present visit, c. medium
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(AIM-V®. 100 pl of the cell suspensions were incubated with 8 logio dilutions of grass pollen
extract (0.00256 — 25600 SQU/mI) in PBS/0.5% HSA, anti-CD63 and anti-CD193 at 37°C for 30
min. The samples were hemolyzed with Saponin (0.6 mg/ml) for 2 min and fixed (PBS with 10%
formaldehyde and 6% methanol). After e centrifugation (800g, 8 min, 4° C) and removing of
supernatant, cell pellets were washed and 180000 events were acquired on a BD FACS Canto 1I™
flow cytometer (Becton Dickinson Biosciences, San Jose, CA) and expression of CD63 was
analyzed on CD193*/SS'®" basophils.

Full blood BAT

At baseline and for every 6 months during the study period, we performed a BAT on full blood. 100
pl of heparinized blood were incubated with 8 logio dilutions of grass pollen extract conjugated
with DyLight, anti-CD 63 and anti-CD193 for 30 min at 37°C. The samples were then hemolyzed
by adding 2 ml of FACS Lyse solution (15 min at room temperature in the dark). After
centrifugation (400g, 8 min), the expression of CD63 and DyLight was analyzed on CD193*/SS'*%
basophils by flow cytometry.

FceRI receptor density on basophils

Qifikit® (Dako, Denmark) tubes were prepared according to the producer’s instructions: 100 ul of
heparinized blood were incubated with anti-IgE for 15 min at room temperature then washed with 2
ml PBS. Cell suspensions were then centrifuged twice for 5 min at 300g. 2 ul of FITC conjugate
(Qifikit, Dako, Denmark) was added and the samples were incubated in dark for 15 min at room
temperature, then washed with 2 ml PBS, centrifuged at 300g for 5 min and the supernatant was
discharged. The samples then were labelled with 2.5 ul CD193 (Alexa 647, BioLegend, San Diego,
US) and incubated for 15 min at room temperature, then hemolyzed with 2 ml Saponin for exactly 2
min, then fixed. The suspension was centrifuged at 400g for 8 min at 4°C, washed, and then
analyzed by flow cytometry. The number of IgE-receptors was calculated by plotting the Median
Fluorescence Intensity (MFI) for CD193%/SS'°" basophils on a line obtained from the Qifikit beads.

Analysis of flow cytometry data

All data obtained by flow cytometry were analyzed using FlowJo 7.5 (Tree Star, Inc. Ashland,
USA). ECso was calculated fitting a sigmoid curve to the plotted curve of the percentage of CD63*

basophils against the allergen concentration on a logarithmic scale using the non-linear fitting (log

agonist vs. response, 3 parameters) in GraphPad Prism 6 for Windows (www.graphpad.com).
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Nasal mucosa biopsies

At baseline and at treatment cessation after 3 years, one week after nasal allergen challenge had been
performed, a forceps mucosa biopsy was taken from the anterior pole of the inferior turbinate. Biopsies were
taken under anterior rhinoscopy and after local anesthesia by an ENT-specialist at the Department of
Otorhinolaryngology at Aarhus University Hospital, Denmark. Biopsies were fixed by adding Formaldehyde
4 % solution to the samples, shipped and embedded in paraffin blocks for further processing.

Histologic assessment of leukocyte infiltration in nasal tissues

Multiple leukocyte population were identified in nasal paraffin sections by immunohistochemistry and cell
marker-specific antibodies. Deparaffinized 4 um sections were immunostained with EnVision™
Peroxidase/DAB Detection System kit (Rabbit/Mouse K5007, Dako, Glostrup, Denmark) according to the
manufacturer’s specifications and staining of all the tissues sections was performed identically and

simultaneously using immunohistochemical robots (Dako Autostainer, Dako Cytomation).

The present single staining IHC protocol was performed as follows: 0.3% hydrogen peroxide was used for 10
min to block endogenous peroxidase activity. The sections were incubated for 1h with cell marker-specific
primary antibody (see Table 3), followed by 30 min incubation with secondary antibodies (Polymer/HRP-
linked), and detected with the chromogen 3,3’-diaminobenzidine (DAB). Finally, sections were
counterstained with Mayer’s hematoxylin, dehydrated through ethanol series, cleared in xylene and mounted

with Pertex (HistoLab, Gothenburg, Sweden).

An automated slide scanner robot (ScanScope, Aperio Technologies, Vista, CA, USA) was used to generate
high-resolution digital bright-field images of entire immunestained sections. Quantification of the
immunoreactivity and morphometric analyses were performed using state-of-the art computerized image
analysis (Aperio ImageScope v.10.0 software, Aperio Technologies, CA, USA and/or Visiopharm,
Visiomorph, Denmark). The immunoreactivity was quantified either as number of positive cells (by manual
counting on blinded sections), or as percentage of cell marker-positive pixels / area unit (using fixed

threshold values and an automated positive pixel count algorithm).
Antibody specificity controls

All antibodies used have been extensively validated for staining of paraffin-embedded human tissue sections
in research and routine clinical diagnosis (Table 3). For additional controls to monoclonal or rabbit
polyclonal detection antibodies, staining was absent in sections using isotype-matched control antibodies

(Dako, Glostrup, Denmark) that were used instead of the primary antibody (used at the same concentration).
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Statistical analysis

All statistical analysis was performed using STATA 11.2 for Windows (www.stata.com). A p-value

< 0.05 was considered statistically significant. All data are reported as mean with 95% confidence
intervals (CI) or medians with interquartile range (IQR). All immunohistochemical data are
reported as median and IQR, change in percent of baseline values was used as a summary statistic.
AUC was used to summarize clinical outcome data and these data were then analyzed using a
random-coefficient model with the summary variable as dependent variable. All measurements of
IgE-blocking factor and basophil sensitivity capacity were analyzed in a random-coefficient model
for repeated measurements %, using group, individual and time as random coefficients. The model
was checked by plotting residuals. All data were checked for normality. For data not following a
normal distribution, non-parametric analyses were performed. Wilcoxon sign-rank test was used for
paired data, while a Mann-Whitney-Wilcoxon test was used for non-paired analyses. Spearman’s
rank test was used for correlation analysis. Multiple regression was used to correlate summary
statistics of clinical outcomes to summary statistics of basophil sensitivity, IgE-blocking factor and

FceRI receptor numbers.

Results

Grass pollen counts

The total grass pollen counts were 2439 grains in the pretreatment season, 2213 in year 1, 1958 in
year 2, 2393 in year 3 and 2220 in the season following treatment cessation (Figure 2). We found an
increasing number of total grass pollen/year between 1977-2013 (+37.3 pollen grains/year, 95% CI:
20.3- 54.3, p<0.0001). The pollen counts during the study period from 2009-2013 were slightly

lower than expected from this development.
Clinical outcomes
a. Symptom-medication score

Participants first recorded symptom-medication scores during the pollen season 2010, i.e. after
reaching maintenance dose. Using a random-coefficient model to compare areas under the curve
(AUC) of the measurements throughout a season, we found parallel curves for SCIT group and
control group on different levels (p=0.007), the biggest difference occurring in the pollen season
during year 2 (median SCIT group: 177.5, (IQR 20- 261), median control 896.5, IQR 291- 1322)
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and year 3 of treatment (Median: 159.5; IQR: 20- 249 and 650.5; IQR: 288- 1013, respectively).
Symptom medication scores remained on a low level during the pollen season after treatment
cessation (Median: 102.25; IQR: 12- 154.5) (Figure 3a). None of the participants used oral

corticosteroid during the study period.

b. RQLQ

The participants receiving SCIT recorded better quality of life during pollen seasons according to
the RQLQ questionnaire with comparable slopes (p=0.126) but significant different levels in a
random-coefficient model (p=0.0001). Here, too, we found the biggest difference during the pollen
season in year 2, with a median AUC of RQLQ scores of 113 (29.5- 126.5) in the SCIT group and
420 (287.75- 572.75 in the control group. Quality of life remained on the same good level in the
season after treatment cessation (Median AUC: 41.5 (6.5- 117) (Figure 3b).

c. Skin prick test allergen threshold

The SCIT group had comparable levels of baseline prick test threshold (median 10° SQU/ml; IQR
10% — 10° SQU/ml, n=18) as the control group (median 10>° SQU/ml; IQR: 10% — 10* SQU/mI, n=6,
p=0.16), but developed differently (p<0.0001), leading to a median increase of allergen threshold
concentration by 21.4-fold (95 % CI: 9.5- 47.9) after 1 year, 66.2-fold (95 % CI: 28.2- 158.5) after
2 years and 65.8-fold (26.9-153.9) after 3 years. 1 year after treatment cessation, allergen threshold
concentration had increased by a median 94.4-fold (32.3- 275.4). In contrast, allergen threshold

level remained stable in the control group (Figure 4a).

d. Nasal allergen challenge
Similarly, baseline allergen challenge threshold was not different at baseline (SCIT group median:
10* SQU/m, 10%- 10% control group 10* SQU/ml, 103- 10%, p=0.89) but changed significantly
different in the 2 groups (p=0.003). The threshold in the SCIT group increased by a median of 12.9-
fold (95 % CI: 5.2- 31.6) after 1 year and by 9.4-fold (3.4- 24.0) after 2 years. After three years of
treatment, the threshold had increased by a median of 14.0-fodl (5.2- 37.2) and remained unchanged
one year after completing SCIT (13.2-fold, 4.4-38.9). Allergen threshold did not change in the
control group (Figure 4b).

Grass pollen specific IgE
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Baseline grass pollen specific IgE varied between subjects (IQR 3.9- 56.5 kU/I), but there was no
significant difference between SCIT (Median: 23.8 kU/I; IQR 12.6- 56.9) and the control group
(Median 4.8 kU/I; IQR 3.8- 35.2, n=18/6, p=0.32). IgE increased after starting treatment in the
SCIT group, reaching a maximum level after the updosing phase at 3 months (Median 60.8 kU/I,
26.0-117.5, n=18, p=0.0002 then returning to baseline level. (Figure 5a)

IgE-blocking factor

Mean IgE-blocking factor was similar in the SCIT (-0.01; -0.07- 0.05) and control group (-0.07; -
0.43- 0.27) but developed differently (p<0.0001, n=18/6). IgE-blocking factor increased in the SCIT
group and had reached a stable level after updosing (A IgE-blocking factor 0.50; 0.45- 0.54, n=18,
p<0.0001). This level was maintained throughout the whole treatment period, but IgE-blocking
factor decreased again in the follow up year after treatment cessation (at 42 months: A 0.32; 0.20-
0.44, p<0.0001 and after 48 months: A 0.18; 0.06- 0.30, p=0.0003). (Figure 5b)

Basophil sensitivity

Basophil sensitivity was assessed in washed cells, reconstituted with plasma from the present visit,
which reflects overall changes. We compared these measurements to a full blood assay. Moreover,
we used the difference in basophil sensitivity in washed cells reconstituted with plasma from the
present visit and from the baseline visit to calculate changes contributable to humoral factors and

celuular changes were assessed in an assay on washed cells reconstituted with medium.
a. Overall changes: Basophils reconstituted with plasma form the present visit

Basophil sensitivity was in general lower in the SCIT group, compared to the controls (p=0.03,
n=24). After starting updosing, we found a fast decrease in basophil sensitivity. This development
continued throughout the first year of treatment and culminated in a maximum mean increase of
2.65 (2.13- 3.17, n=18, p<0.0001) after 9 months of treatment. After this time-point ECso decreased
slowly, resulting in a mean change of 2.11 (1.51- 2.70, n=12, p<0.0001) compared to baseline after
three years of SCIT and 1.13 (0.51- 1.71, n=12, p<0.0001) one year after treatment was
discontinued. ECso changed only slightly in the control group, reaching a significant level only at

one time-point (Figure 6a).

b. Humoral changes: Difference between EC50 of basophils reconstituted with plasma from

the present and the baseline visit
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The changes in basophil sensitivity owing to humoral factors differed between groups (p<0.0001,
n=24). We found an increase in ECso reaching a significant level of 1.32 (0.59- 2.05, p<0.0001,
n=18) after 12 weeks and further rising to 2.03 (1.30- 2.76, p<0.0001, n=18) after 1 year of
treatment, then slowly decreasing to just above baseline level during the remaining observation

period. Changes in the control group remained close to baseline level (Figure 6b).
c. Cellular changes: Basophils reconstituted with medium

Changes in basophil sensitivity contributable to cellular changes developed differently between
groups (p=0.03, n=24), but reached only a moderate level with a maximum increase (1.20; 0.48-
1.91, p=0.001, n=18) in ECs after 9 months of treatment, then slowly decreasing again. Changes in

the control group were distributed around baseline level (Figure 6c).
d. Full blood BAT: Standard BAT method, usually reported

Except at 12 and 18 months, measurements of ECso were around 2 log units higher than baseline,
with a maximal change of 2.49 (1.39- 3.59, p<0.0001, n=18) after 3 years of SCIT. We found no

significant changes in the control group (Figure 7a).

e. Comparison of EC50 in full blood BAT and on basophils reconstituted with plasma from

present visit

We found a positive linear correlation between the measurements of basophil sensitivity obtained
with basophils in full blood and basophils reconstituted with plasma from the present visit
(p=0.002, n=130) (Figure 7b).

f.  Influence of season on basophil sensitivity

When comparing all pre-season measurements of ECsp to the post-season ECso, we found a slight
decrease (median: -0.30; IQR: -0.57- 0.05, p=0.003; n=44) in the treatment group, while median

EC50 did not changes significantly during seasons in the control group.
Number of FceRI receptors on blood basophils

The median number of FceRI receptors on basophils was similar between the groups at baseline
(SCIT: 99.541; 75.505- 131.220; control: 100.231; 69.984- 143.549; p=0.98, n=24). We found a
decrease in the SCIT group to a median number of 30.974 (11.376- 84.333, p=0.016, n=12), while
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the median number remained the same in the control group (103.753; 42.855- 251.189, p=0.95,
n=5) (Figure 8).

Nasal mucosa biopsies

The numbers of mast cells did not change in the nasal mucosa during SCIT (median number of mast
cells/mm? at baseline 85.2 (IQR 65.3- 124.5) and after 3 years 88.3 (46.3- 131.2, p=0.72). In the
control group, numbers were slightly higher (median at baseline 115.5 (76.9- 163.8) and after 3
years 120.6 (107.9- 123.8, p=0.69) (Figure 9a, 11F). The number of basophils remained stable
(SCIT group at baseline: 1.65 basophils/mm?, IQR 0.74- 4.98) and after 3 years: 0.95, IQR 0-1.97,
p=0.32. We found similar numbers of basophils in the nasal mucosa from subjects from the control
group (Figure 9b, 11D).

We found a decrease in immunoreactivity for the eosinophil marker EG2 in the epithelium from
0.09 (0.00- 0.24) to 0.00 (0.00- 0.03, p=0.06, Figure 10a), while the eosinophils did not change in
the tissue (Figure 11C). (baseline: 13.1; 3.3- 18.3; after 3 years: 21.6; 12.4- 36.1, p=0.02). (Figure
11D).

Immunoreactivity for MPO as a marker for neutrophils decreased in epithelium from 2.33 (0.12-
9.27) to 1.14 (0.05- 3.14, p=0.01, Figure 10b) and in tissue (baseline: 0.98; 0.20- 6.77; after 3 years:
0.53; 0.02- 1.95) during SCIT (Figure 11G).

The immunoreactivity for the leucocyte marker CD45 did not change in epithelium (baseline: 87.9;
58.9- 129.2, after 3 years: 86.4; 47.1 — 126.1, p=0.50) or in tissue (baseline: 115.1, 63.7- 187.3,
after 3 years: 118.4; 57.0- 229.4, p=0.46) in the SCIT group (Figure 11A). Immunoreactivity for the
macrophage marker CD68 decreased in tissue samples from 6.9 (4.4- 11.7) to 3.9 (0.7- 6.3, p=0.02),
but not in epithelium (Figure 11E).

The number of plasma cells did not change significantly in the nasal mucosa during SCIT (median
baseline: 14.4 cells/mm?; 5.9- 25.3; after 3 years: 10.0; 7.8- 21.2, p=0.53)(Figure 11D).

We found no significant changes in the immunohistochemical profile in the control group. (Table
4)
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Clinical outcomes and biomarkers

We found a correlation between the AUC of ECso changes explained by humoral factors and the
mean skin prick allergen threshold of the 3 allergen challenge tests in year 1, 2 and 3 (Spearman’s
0=0.50, p=0.013) and the mean allergen threshold of the nasal allergen challenges at the same time
points (Spearman’s 6=0.47, p=0.02) (Figure 9). AUC of overall changes in basophil sensitivity
correlated negatively to the mean AUC of symptom medication scores during the 3 pollen seasons
(0=-0.56, p=0.0064). Early changes in overall basophil sensitivity after 3 weeks of updosing,
reported previously ®, correlated to the long-term changes in basophil sensitivity (slope 129.2,
p<0.0001, r=0.75) and to AUC of symptom and medication scores (6=-0.66, p=0.009).

AUC of IgE-blocking factor correlated to AUC of humoral changes in basophil sensitivity (6=0.64,
p=0.0011, n=23) and to the mean allergen threshold concentration of nasal allergen challenges
(6=0.63, p=0.0012) and skin prick tests (6=0.45; p=0.03). In a multiple regression model using
mean AUC of RQLQ(s) scores during the 3 grass pollen seasons as dependent variable and AUC of
overall and humoral changes in basophil sensitivity and number of FceRI-receptors on basophils as
explanatory variables, we found a negative correlation between mean AUC of RQLQ and the AUC
of ECso changes explained by humoral factors (slope -0.78, p=0.02, r=0.59). In a similar analysis,
using mean AUC of symptom-medication scores during the three grass pollen seasons as dependent
variable, we found a correlation to the changes in the number of FceRI-receptors on basophils
(slope 0.003, p=0.0015, r=0.70). Adding summary statistics of IgE-blocking factor in these analyses

did not add more information.

Immunohistochemical analysis of cell populations in the nasal mucosa correlated in general weakly
to clinical outcomes. Mean nasal allergen challenge threshold correlated inversely to the percentage
change of neutrophils in epithelium (Spearman’s ¢ =-0.49, p=0.055) and in tissue (c =-0.44,
p=0.09) and to the percentage changes in mast cells (¢ =-0.54, p=0.03) and to the immunoreactivity
to EG2 after SCIT (¢ =-0.51, p=0.035).
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Discussion

In this study, we investigated the effects of SCIT for grass pollen allergic rhinoconjunctivitis on a

range of humoral and cellular factors and their possible correlation to clinical outcomes.

Allergen immunotherapy had a beneficial effect during pollen seasons on symptom and medication
scores and RQLQ-scores, compared to the control group. Differences in these subjective outcomes
were greater in our study compared to previous double-blinded clinical trials % *3), This may be
explained by the open design of our study as AIT trials usually have a big placebo effect 4,
However, the intention of this study was not to show clinical efficacy of AIT, but to investigate,
whether immunological changes were linked and correlated to clinical outcomes. Clinical
outcomes of our study may reflect real-life changes more properly, as the SCIT group was treated
with standard AIT. Patients treated with AIT tolerated higher doses of allergen in the objective
clinical outcomes titrated skin prick tests and nasal allergen challenge tests. These clinical effects
were sustained one year after treatment discontinuation. Symptom and medication scores and
RQLQ-scores remained at the same low level in the grass pollen season following treatment
cessation as in previous seasons. The annual total pollen count was comparable in the seasons of the
study period. The threshold of allergen challenges one year after treatment discontinuation was

comparable to allergen challenge tests performed under treatment.

Basophil sensitivity has been shown to be a valuable biomarker for diagnosis of allergic
rhinoconjunctivitis where allergic patients exhibit a higher basophil sensitivity “* and a higher
basophil reactivity at submaximal allergen concentrations ). In venom immunotherapy (VIT),
high basophil sensitivity has been shown to be able to predict adverse effects related to

immunotherapy 7. In oral immunotherapy for food allergy, basophil sensitivity decreases 8 19

In AIT for pollen allergy, it is a useful tool to monitor early effects of AIT €202 |n a recent study,
Zidam et al. found a persistent decrease in basophil sensitivity measured as AUC of plots of
allergen concentration against percentage of CD63" basophils occurring during the updosing of
SCIT that remained quite stable for 1-2 years after treatment discontinuation ??. However, basophil
sensitivity only was assessed in the beginning of SCIT and after ended treatment. We followed the
changes in basophil sensitivity for every 3 weeks during updosing, then for every 3 months during
treatment and for every 6 months in the year following treatment cessation in an assay that
distinguished humoral and cellular factors that might influence basophil sensitivity. We found a

substantial decrease in basophil sensitivity reaching its minimum during the first year of SCIT, then
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a slow drift towards baseline sensitivity. Basophil sensitivity was still approximately 10-fold lower
one year after treatment discontinuation. We found that humoral factors contributed much more
than cellular effects to basophil sensitivity, which is in agreement with previous findings of a

sustained “blocking activity” despite of allergen specific IgG4 levels returning towards baseline ).

We found comparable basophil sensitivity in the assay using washed basophils reconstituted with

plasma from the present visit and in a full blood assay.

While basophil sensitivity partly can predict nasal allergen challenge outcomes in cat 4, oral food
challenge to peanut ®® and, in combination with allergen specific IgE, provocation reaction to
wheat ?®, there are only few data on the correlation between changes in basophil sensitivity and
clinical outcomes during and after immunotherapy. Several studies found a predictive value of high
basophil sensitivity after venom immunotherapy for positive sting challenge ¢”28), We reported
previously, that early changes in basophil sensitivity could predict severity of symptoms in grass
pollen season following updosing of SCIT ©. In this study, we find a correlation of the long-term
humoral changes in basophil sensitivity to skin and nasal allergen challenge outcomes. This makes
basophil activation testing a useful tool for monitoring both early, long-term and sustained effects
of SCIT. Moreover, we found, that very early changes in overall basophil sensitivity could predict
long-term changes in basophil sensitivity and the changes correlated to the symptom and
medication scores patients reported during pollen seasons throughout the study period. This
suggests that the assessment of changes in basophil sensitivity is a suitable biomarker for clinical
effects of subcutaneous immunotherapy. This should be confirmed in larger studies.

The effect of 1gG antibodies induced by AIT seems to depend on a competing mechanism on
allergen binding to IgE rather than a direct allergen clearing effect. The IgE blocking factor assay
measures the inhibitory capacity of serum components on this allergen binding by IgE, making it a
functional measure that might reflect in-vivo mechanisms more closely than immunoglobulin
measurements alone. IgE blocking factor has previously been demonstrated to correlate to clinical
effects of SCIT @9, Inhibition of facilitated allergen binding has previously been shown tobe
sustained after treatment cessation in AIT @), IgE-blocking factor shows a trend towards baseline
level during the year following treatment discontinuation, but is still present and may thus follow
similar kinetics as the inhibition of the facilitated allergen binding. We find an association of the

inhibition of the IgE-blocking factor to allergen challenge threshold concentrations, but see a rapid
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decrease of the inhibitory capacity in patient sera after treatment cessation. This parallels the
changes we found in basophil sensitivity attributable to humoral changes.

As the beneficial effects on symptoms and allergen challenge tests are sustained after treatment
cessation while effector cell sensitivity and functional assays of IgE blocking activity in serum
slowly seem to return to baseline level, other mechanisms might be responsible for the long-term
outcome of AIT. Changes in the allergic inflammation in target tissues may lead to these long-term
effects of AIT. An increase of 1L-10 expressing cells during pollen seasons has been demonstrated
in nasal mucosa of patients treated for seasonal allergic rhinitis with SCIT 9. Moreover, the pollen
season dependent increase of the number of mast cells in the nasal mucosa was inhibited in patients
treated with SCIT @ | In other studies, SCIT treated patients with seasonal allergic rhinitis had less
seasonal recruitment of basophils and eosinophils ¢? and the reduced number of eosinophils in
season correlated to symptom scores G2, A recent study showed an increase in the number of Treg
cells that may play an important role in the induction of allergen tolerance in the nasal mucosa, both
at peak-season and out of season 4. We found decreasing numbers of eosinophils, neutrophils and
macrophages, possibly reflecting the reduced inflammatory activity one week after nasal allergen
challenge in the nasal mucosa. The numbers of mast cells and basophils were not changed. The
number of plasma in the nasal mucosa did not change in treated patients. Previous studies have
demonstrated local production of allergen specific IgA, ©®, so the local plasma cells in the target

tissue might change their antibody profile and produce these local antibodies.

AIT inhibits the seasonal recruitment of mast cells, basophils and eosinophils. As nasal mucosa
biopsies were taken out of season, this may explain that we do not find differences in these cells.
However, treated subjects had a higher nasal allergen challenge threshold concentration shortly
before biopsies were taken. This indicates that not only the number of effector cells but also
decreasing effector cell reactivity and sensitivity may be important in the induction of allergen

tolerance by AIT.

We found a substantial decrease in the number of FceRI-receptors on basophils in the treated
subjects, which correlated to the severity of symptoms and reliever medication use during pollen
seasons. The number of IgE-receptors has been shown to depend on the IgE concentration ©®). The
combination of decreasing density of the FceRI-receptor and lower concentration of IgE may play

an important role in the development of long-term tolerance to allergen during SCIT.
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Conclusion

SCIT induces marked changes in effector cell sensitivity, which can be assessed by basophil
activation tests. Early changes in basophil sensitivity reflect long-term development of basophil
sensitivity and correlate to symptom and medication scores during pollen seasons. The assessment
of basophil sensitivity is thus a suitable biomarker for the effects of SCIT.

Functional assessment of humoral factors induced by SCIT like the IgE blocking factor and the
difference in basophil sensitivity attributable to serum factors are correlated to allergen challenge
outcomes.

The number of neutrophils, eosinophils and macrophages decreases in nasal mucosa, while out of
season numbers of mast cells and basophils remain unchanged.

115



PhD Thesis Johannes Martin Schmid

Acknowledgements:

We would like to thank Thomas Brix at the Department for Otorhinolaryngology for his help with
the nasal mucosa biopsies.

116



PhD Thesis Johannes Martin Schmid

References
1. Dahl R, Andersen PS, Chivato T, Valovirta E, de Monchy J. National prevalence of respiratory

allergic disorders. Respir Med. 2004 May;98(5):398-403.

2. Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh A, Durham S. Allergen injection
immunotherapy for seasonal allergic rhinitis. Cochrane Database Syst Rev. 2007 Jan

24:(1)(1):CD001936.

3. Durham SR, Walker SM, Varga EM, Jacobson MR, O'Brien F, Noble W, et al. Long-term

clinical efficacy of grass-pollen immunotherapy. N Engl J Med. 1999 Aug 12;341(7):468-75.

4. Durham SR, Emminger W, Kapp A, Colombo G, de Monchy JG, Rak S, et al. Long-term clinical
efficacy in grass pollen-induced rhinoconjunctivitis after treatment with SQ-standardized grass

allergy immunotherapy tablet. J Allergy Clin Immunol. 2010 Jan;125(1):131,8.e1-7.

5. Akdis M, Akdis CA. Mechanisms of allergen-specific immunotherapy: Multiple suppressor

factors at work in immune tolerance to allergens. J Allergy Clin Immunol. 2014 Mar;133(3):621-31.

6. Schmid JM, Wurtzen PA, Dahl R, Hoffmann HJ. Early improvement in basophil sensitivity

predicts symptom relief with grass pollen immunotherapy. J Allergy Clin Immunol. 2014 Jun 13.

7. Juniper EF, Thompson AK, Ferrie PJ, Roberts JN. Validation of the standardized version of the
rhinoconjunctivitis quality of life questionnaire. J Allergy Clin Immunol. 1999 Aug;104(2 Pt

1):364-9.

8. Subiza J, Feliu A, Subiza JL, Uhlig J, Fernandez-Caldas E. Cluster immunotherapy with a
glutaraldehyde-modified mixture of grasses results in an improvement in specific nasal provocation

tests in less than 2.5 months of treatment. Clin Exp Allergy. 2008 Jun;38(6):987-94.

117



PhD Thesis Johannes Martin Schmid

9. Petersen AB, Gudmann P, Milvang-Gronager P, Morkeberg R, Bogestrand S, Linneberg A, et al.
Performance evaluation of a specific IgE assay developed for the ADVIA centaur immunoassay

system. Clin Biochem. 2004 Oct;37(10):882-92.

10. Wurtzen PA, Lund G, Lund K, Arvidsson M, Rak S, Ipsen H. A double-blind placebo-
controlled birch allergy vaccination study Il: Correlation between inhibition of IgE binding,

histamine release and facilitated allergen presentation. Clin Exp Allergy. 2008 Aug;38(8):1290-301.

11. Longford NT. Random coefficient models. Clarendon Press; 1993.

12. Dolz I, Martinez-Cocera C, Bartolome JM, Cimarra M. A double-blind, placebo-controlled
study of immunotherapy with grass-pollen extract alutard SQ during a 3-year period with initial

rush immunotherapy. Allergy. 1996 Jul;51(7):489-500.

13. Frew AJ, Powell RJ, Corrigan CJ, Durham SR, UK Immunotherapy Study Group. Efficacy and
safety of specific immunotherapy with SQ allergen extract in treatment-resistant seasonal allergic

rhinoconjunctivitis. J Allergy Clin Immunol. 2006 Feb;117(2):319-25.

14. Narkus A, Lehnigk U, Haefner D, Klinger R, Pfaar O, Worm M. The placebo effect in allergen-

specific immunotherapy trials. Clin Transl Allergy. 2013 Dec 21;3(1):42,7022-3-42.

15. Nopp A, Cardell LO, Johansson SG. CD-sens can be a reliable and easy-to-use complement in

the diagnosis of allergic rhinitis. Int Arch Allergy Immunol. 2013;161(1):87-90.

16. Zidarn M, Kosnik M, Silar M, Grahek A, Korosec P. Rhinitis symptoms caused by grass pollen
are associated with elevated basophile allergen sensitivity and a larger grass-specific

immunoglobulin E fraction. Clin Exp Allergy. 2012 Jan;42(1):49-57.

118



PhD Thesis Johannes Martin Schmid

17. Kosnik M, Silar M, Bajrovic N, Music E, Korosec P. High sensitivity of basophils predicts side-

effects in venom immunotherapy. Allergy. 2005 Nov;60(11):1401-6.

18. Kim EH, Bird JA, Kulis M, Laubach S, Pons L, Shreffler W, et al. Sublingual immunotherapy
for peanut allergy: Clinical and immunologic evidence of desensitization. J Allergy Clin Immunol.

2011 Mar;127(3):640,6.e1.

19. Vila L, Moreno A, Gamboa PM, Martinez-Aranguren R, Sanz ML. Decrease in antigen-specific
CD63 basophil expression is associated with the development of tolerance to egg by SOTI in

children. Pediatr Allergy Immunol. 2013 Aug;24(5):463-8.

20. Lalek N, Kosnik M, Silar M, Korosec P. Immunoglobulin G-dependent changes in basophil
allergen threshold sensitivity during birch pollen immunotherapy. Clin Exp Allergy. 2010

Aug;40(8):1186-93.

21. Nopp A, Cardell LO, Johansson SG, Oman H. CD-sens: A biological measure of

immunological changes stimulated by ASIT. Allergy. 2009 May;64(5):811-4.

22. Zidarn M, Kosnik M, Silar M, Bajrovic N, Korosec P. Sustained effect of grass pollen
subcutaneous immunotherapy on suppression of allergen-specific basophil response; a real life,

non-randomized controlled study. Allergy. 2015 Jan 28.

23. James LK, Shamji MH, Walker SM, Wilson DR, Wachholz PA, Francis JN, et al. Long-term
tolerance after allergen immunotherapy is accompanied by selective persistence of blocking

antibodies. J Allergy Clin Immunol. 2011 Feb;127(2):509,516.e1-5.

119



PhD Thesis Johannes Martin Schmid

24. Paterniti M, Kelly DC, Eckman JA, Sterba PM, Hamilton RG, Bochner BS, et al. Cat allergen-
induced blood basophil reactivity in vitro predicts acute human nasal allergen challenge responses

in vivo. Clin Exp Allergy. 2011 Jul;41(7):963-9.

25. Glaumann S, Nopp A, Johansson SG, Borres MP, Nilsson C. Oral peanut challenge identifies an
allergy but the peanut allergen threshold sensitivity is not reproducible. PLoS One.

2013;8(1):53465.

26. Nilsson N, Nilsson C, Hedlin G, Johansson SG, Borres MP, Nopp A. Combining analyses of
basophil allergen threshold sensitivity, CD-sens, and IgE antibodies to hydrolyzed wheat, omega-5
gliadin and timothy grass enhances the prediction of wheat challenge outcome. Int Arch Allergy

Immunol. 2013;162(1):50-7.

27. Zitnik SE, Vesel T, Avcin T, Silar M, Kosnik M, Korosec P. Monitoring honeybee venom
immunotherapy in children with the basophil activation test. Pediatr Allergy Immunol. 2012

Mar;23(2):166-72.

28. Kucera P, Cvackova M, Hulikova K, Juzova O, Pachl J. Basophil activation can predict clinical
sensitivity in patients after venom immunotherapy. J Investig Allergol Clin Immunol.

2010;20(2):110-6.

29. Shamji MH, Ljorring C, Francis JN, Calderon MA, Larche M, Kimber I, et al. Functional rather
than immunoreactive levels of 1gG4 correlate closely with clinical response to grass pollen

immunotherapy. Allergy. 2012 Feb;67(2):217-26.

120



PhD Thesis Johannes Martin Schmid

30. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock LK, et al. Grass
pollen immunotherapy induces mucosal and peripheral IL-10 responses and blocking IgG activity. J

Immunol. 2004 Mar 1;172(5):3252-9.

31. Nouri-Aria KT, Pilette C, Jacobson MR, Watanabe H, Durham SR. IL-9 and c-kit+ mast cells in
allergic rhinitis during seasonal allergen exposure: Effect of immunotherapy. J Allergy Clin

Immunol. 2005 Jul;116(1):73-9.

32. Wilson DR, Irani AM, Walker SM, Jacobson MR, Mackay IS, Schwartz LB, et al. Grass pollen
immunotherapy inhibits seasonal increases in basophils and eosinophils in the nasal epithelium.

Clin Exp Allergy. 2001 Nov;31(11):1705-13.

33. Wilson DR, Nouri-Aria KT, Walker SM, Pajno GB, O'Brien F, Jacobson MR, et al. Grass
pollen immunotherapy: Symptomatic improvement correlates with reductions in eosinophils and IL-
5 mRNA expression in the nasal mucosa during the pollen season. J Allergy Clin Immunol. 2001

Jun;107(6):971-6.

34. Radulovic S, Jacobson MR, Durham SR, Nouri-Aria KT. Grass pollen immunotherapy induces
Foxp3-expressing CD4+ CD25+ cells in the nasal mucosa. J Allergy Clin Immunol. 2008

Jun;121(6):1467,72, 1472.e1.

35. Pilette C, Nouri-Aria KT, Jacobson MR, Wilcock LK, Detry B, Walker SM, et al. Grass pollen
immunotherapy induces an allergen-specific IgA2 antibody response associated with mucosal TGF-

beta expression. J Immunol. 2007 Apr 1;178(7):4658-66.

121



PhD Thesis Johannes Martin Schmid

36. Jensen BM, Assing K, Hummelshoj L, Glue C, Skov PS, Poulsen LK. Are basophil histamine
release and high affinity IgE receptor expression involved in asymptomatic skin sensitization?

Allergy. 2006 Mar;61(3):303-10.

122



PhD Thesis Johannes Martin Schmid

Tables:

Table 1: Daily rhinoconjunctivitis symptoms score

Blocked nose Itchy nose Sneezing Running nose Red itchy eyes Watery eyes

0: no symptoms 0: no symptoms 0: no symptoms 0: no symptoms 0: no symptoms 0: no symptoms

1: mild symptoms 1: mild symptoms 1: mild symptoms 1: mild symptoms 1: mild symptoms 1: mild symptoms
2: moderate 2: moderate 2: moderate 2: moderate 2: moderate 2: moderate
symptoms symptoms symptoms symptoms symptoms symptoms

3: severe symptoms 3: severe symptoms 3: severe symptoms 3: severe symptoms 3: severe symptoms 3: severe symptoms

Table 2: Daily medication score

Medication Desloratadine tablet | Olopatadine eye drops | Mometasone nasal spray | Prednisolone tablet
5mg 1 mg/ml 50 pg/puff 5mg

Max. daily dose | 1 tablet 1 drop/eye twice 2 puffs/nostril twice 10 tablets

Score 6/tablet 1.5/drop 1/puff 1.6/tablet

Max. daily score | 6 6 8 16
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Table 3: Antibody Specification List

Johannes Martin Schmid

Primary Stained Dilutions  Clone Secondary Pre
Marker Cell Type &Manufacturer antibody treatment
antibody
CD138 Plasma 1:150 Mouse, IgG1K K5007,AntiM/R pH6
Cells DAKO DAKO
CD45 Total 1:100 Mouse, 1gG1 K5007,AntiM/R pH6
Leukocytes NCL DAKO
MPO PMNs 1:6000 Rabbit, poly K5007,AntiM/R pH6
DAKO DAKO
EG2 Eosinophils 1:750 Mouse, poly K5007,AntiM/R pH6
Pharmacia DAKO
CD68 Monocytes/ 1:1000 Mouse, IgG3K K5007,AntiM/R pH6
Macrophages DAKO DAKO
BB1 Basophils 1:50 Mouse, poly, FlexHRP,AntiM/R pH6
A.F. Walls, DAKO
Southampton
TRYPTASE Mast cells 1:8000 Mouse, IgG1 FlexHRP,AntiM/R pH6
Millipore DAKO

Table 4: Overview of the immunohistochemical characteristics before and after SCIT

Marker SCIT Control
Baseline 3 year p-value Baseline 3 years p-value

Tissue

CD45 115.1 (63.7- 108.4 (57.0- 0.46 246.7 (106.5- | 255.6 (172.7- | 0.35
187.3) 229.4) 274.4) 263.7)

MPO 0.98 (0.20- 0.53 (0.02- 0.10 2.61 (2.07- 2.86 (2.23- 0.50
6.77) 1.95) 2.84) 6.20)

EG2 0.08 (0.03- 0.01 (0.00- 0.45 0.1 (0.09- 0.15 (0.04- 0.41
0.83) 0.26) 0.14) 0.55)

CD68 6.9 (4.4-11.7) | 39(0.7-6.3) | 0.02 8.5 (5.0-10.0) | 10.0 (5.3- 0.06

10.8)

Epithelium

CD45 87.9 (58.9- 86.4 (47.1- 0.50 105.2 (89.4- 78.9 (64.1- 0.50
129.2) 126.1) 113.6) 91.1)

MPO 2.33(0.12- 1.14 (0.05- 0.01 2.19 (1.86- 3.62 (2.52- 0.89
9.27) 3.14) 5.47) 6.87)

EG2 0.09 (0.00- 0.00 (0.00- 0.06 0.01 (0.01- 0.03 (0.01- 0.69
0.24) 0.03) 0.11) 0.04)

CD68 8.2 (4.8-155) | 5.2 (4.0-7.8) | 0.15 55(5.3-8.0) |5.1(5.0-9.3) | 0.59
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Basophils 1.65 (0.74- 0.95 (0.00- 0.32 1.35 (0.72- 0.67 (0.43- 0.34
(cellssrmm?) | 4.98) 1.97) 3.11) 2.77)

Mast cells 85.2 (65.3- 88.3 (46.3- 0.72 115.5 (76.9- 120.6 (107.9- | 0.69
(cellsimm?) | 124.5) 131.2) 163.8) 123.8)

Plasma cells 14.4 (5.9- 10.0 (7.8- 0.53 15.7 (15.1- 17.5 (11.9- 0.89
(cells/mm?) 25.3) 21.2) 20.1) 20.3)
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Figure Legends:
Figure 1:
The BasoScit study overview:

SCIT: Subcutaneous immunotherapy; EC50: Measurement of basophil sensitivity, Challenge: Nasal

and cutaneous allergen challenge test

Figure 2
Grass pollen counts

An overview over the grass pollen counts during seasons from 1977-2013, showing an increasing
number of total grass pollen during seasons in this period. The pollen counts from the study period

are marked with x
Figure 3:
Clinical outcomes during pollen seasons (mean, 95% CI)

Patients treated with SCIT scored significant lower in symptom-medications use (a) and RQLQ(s)
(b) during all pollen seasons in the study period than the control group. Treated patients maintained
low symptom-medication and RQLQ(s)-scores after treatment discontinuation in year 4. Maximum
possible symptom and medication scores during one season is 4536, the maximum RQLQ(s) score
is 2016.

Figure 4:
Changes in allergen challenge threshold concentrations (mean, 95% CI)

Patients treated with SCIT were a 100-fold more tolerant in skin prick tests (a), and 10-fold more
tolerant in the nasal allergen challenge (b) than the control group. Treated patients maintained

tolerance after treatment cessation in year 4.
Figure 5:

Grass pollen specific IgE and changes in IgE-blocking factor
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a. The concentration of grass pollen specific IgE (Median; IQR) increases after treatment start,
then slowly returns to baseline level (*: p<0.5; **: p<0.01; ***: p<0.001)

b. IgE-blocking factor rises to >0.5 during updosing and remains unchanged during the whole
treatment period. After treatment cessation, IgE-blocking factor decreases dramatically. It

would reach baseline within 18 months of treatment cessation if extrapolated.

Figure 6:
Changes in basophil sensitivity (log SQU/mI; mean, 95% CI)

a. Overall basophil sensitivity decreased rapidly during SCIT, reached a minimum during the
first treatment year and increased then slowly again; if extrapolated, it would reach baseline
3 years after treatment cessation.

b. Humoral factors explained most of the overall changes in basophil sensitivity, but were
more sensitive to treatment cessation.

c. Cellular changes contributed less to the overall changes in basophil sensitivity and were less

sensitive to treatment cessation..
Figure 7:

a. Basophil sensitivity measured in a full blood assay decreased markedly in the SCIT group.
(*: p<0.5; **: p<0.01; ***: p<0.001)
b. Basophil sensitivity measured in full blood and in reconstituted cells correlated linearly.

Figure 8:
Changes in the number of FceRI-receptors on basophils before and after treatment

The number of FceRI-receptors on basophils was clearly reduced in the SCIT group, while it
remained unchanged in the controls. (MESF= molecule equivalent of specific fluorescence=

number of IgE-receptors/cell)
Figure 9:

Cell counts for mast cells and basophils in the nasal mucosa at baseline (0) and after 3 years of
SCIT (3).

Figure 10:
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Immunoreactivity of immunohistochemical markers in nasal mucosa epithelium. The following

markers were used to identify cell types:

a. EG2 (eosinophils)
b. MPO (neutrophils).

Figure 11:

Bright field micrograph exemplifying immunostained immune cell populations in the nasal mucosal

biopsies.
A: total CD45+ leukocytes stained brown in epithelial and sub-epithelial tissue.

B: Glands were excluded from the sub-epithelial analysis, as illustrated by the red color

segmentation algorithm used to automatically quantify immuno-stained pixels
C: illustrates nasal eosinophils after treatment.

D: Plasma cells were quantified as sub-epithelial CD138-positive cells (arrowheads in D; note that
also the epithelium stains strongly with CD138). Brown cells in D are BB1+ basophils.

E: CD68* macrophages and mast cells are presented in E and F respectively.

G: illustrates an unusual and marked neutrophil infiltration in a biopsy collected before treatment.

Gl = glands, ep = nasal epithelium, Scale bars: C 60 um, D-F 70 um, G 40 um.

Figure 12:
Correlation of basophil sensitivity and clinical outcomes
We found a correlation of the AUC of humoral changes in basophil sensitivity and

the mean allergen challenge threshold concentrations,

Table 1:
Daily rhinoconjunctivitis symptom score

Severity of 6 rhinoconjunctivitis related symptoms on a scale from 0 to 3

128



PhD Thesis Johannes Martin Schmid

Table 2:

Daily medication score

Score according to the reliever medicine intake
Table 3:

The antibody specification list for the antibodies used for immunohistochemical staining of the

nasal mucosa biopsies
Table 4:

Overview of the immunohistochemical changes in the nasal mucosa. Numbers are reported as
median and IQR. P-values for in-group differences. Numbers for mast cells, basophils and plasma

cells are cells/fmm?, numbers for all other cell types are measures of immunoreactivity intensity.
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Figure 3
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Figure 6
Overall Changes
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Figure 7
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Figure 9
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Figure 11
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