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1. ABSTRACT

1.1. English Abstract

Background: The molecular evolution of the IgE response to Dermatophagoides
pteronyssinus (D pteronyssinus) and its relationship with clinical symptoms are still
matters of debate.

Objectives: The study aimed at investigating the development of the IgE response
to 12 molecules of D pteronyssinus and describing the associated risk factors and the
clinical role.

Methods: 722 patrticipants in the German Multicenter Allergy Study, a birth cohort
started in 1990, were included in the study. Current allergic rhinitis related to mite
allergy and asthma were defined according to clinical yearly interviews from the ages
of 1 to 13 years and at 20 years. Sera collected at ages 1, 2, 3, 5, 6, 7, 10, 13, and
20 years were tested for sIgE to an extract of D pteronyssinus. The sera positive for
slgE (>0.35 kU/L) were further tested for the presence of IgE to 12 molecules of D
pteronyssinus by means of microarray technology. Exposure to mites was determined
by collecting house dust samples at age 6 and 18 months and evaluating the Der p 1
weight/weight concentration.

Results: Out of 722 participants, 191 (26.5%) had IgE positivity to the extract of D
pteronyssinus at least once during the observation period. At age 20 years, the most
frequently molecules of D pteronyssinus, recognized by IgE antibodies, in declining
order of prevalence, were: Der p 2, Der p 1, and Der p 23 (defined as group
A molecules; prevalence, >40%); Der p 5, Der p 7, Der p 4, and Der p 21 (group B,
prevalence 15- 30%); and Der p 11, Der p 18, clone 16, Der p 14, and Der p 15 (group
C, prevalence <10%). In the 97.6% of the cases, IgE response to D pteronyssinus
molecules started as sensitization to group “A”, and can proceed to group “B” and
eventually to group “C”. Patterns of broader polymolecular IgE sensitization were
associated with earlier first detection of a sIgE positive response, parental hay fever,
and higher exposure. A significantly higher risk of mite-related allergic rhinitis and
asthma was observed in children with the broadest IgE sensitization stage (i.e., ABC)
when compared with not sensitized ones. Sensitization to Der p 1 or Der p 23 during
the pre-school age period was predictive of asthma after the 6 years of age.

Conclusions: The patterns of molecular IgE response against D pteronyssinus
observed in the MAS cohort are extremely heterogeneous. During childhood in most,
but not all sensitized participants, the IgE response expand progressively as
seqguential sensitization to groups A-B-C molecules in a process defined as “molecular
spreading”. Atopic heredity and exposure during infancy are associated with IgE
polysensitization to D pteronyssinus molecules, which is, in turn, correlated with
current mite-related allergic rhinitis and current and future asthma. Results might be
used to develop algorithms and strategies to prevent the evolution of IgE sensitization
to D pteronyssinus into childhood allergy.



1.2. German Abstract

Hintergrund: Die molekulare Evolution der IgE-Antwort auf Dermatophagoides
pteronyssinus (D. pt.) und ihre Beziehung zu klinischen Symptomen wird kontrovers
diskutiert.

Zielsetzung: Ziel der Studie war es, die Entwicklung der IgE-Antwort gegen 12
Allergenmolekille der Hausstaubmilbe D. pt., sowie deren klinische Bedeutung und
Risikofaktoren zu untersuchen.

Methoden: 772 Teilnehmer der deutschen Multizentrischen Allergie Studie (MAS),
eine Geburtenkohorte aus dem Jahr 1990, wurden in die Studie aufgenommen.
Allergische Rhinitis auf Hausstaubmilben und Asthma wurden gemafd jahrlicher
klinischer Fragebtgen im Alter von 1 bis 13 Jahren und 20 Jahren definiert. Seren, die
im Alter von 1, 2, 3, 5, 6, 7, 10, 13 und 20 Jahren gesammelt wurden, wurden auf sIgE
gegen Hausstaubmilbenextrakt getestet. Seren, die fur slgE (>0.35 kU / L) positiv
getestet wurden, durchliefen einen Mikroarray-Test auf spezifisches IgE gegen 12
Allergenmolekile der D. pt. Die Exposition gegenuber Milben wurde durch die
Sammlung von Hausstaubproben im Alter von 6- 18 Monaten und die Beurteilung der
darin enthaltenen Der p 1 —Konzentrationen bestimmt.

Ergebnisse: Von 722 Teilnehmern zeigten 191 (26,5%) mindestens einmal im
Beobachtungszeitraum eine IgE-Antwort auf den Extrakt der D. pteronyssinus. Im Alter
von 20 Jahren waren die am haufigsten erkannten Molekile in abnehmender
Pravalenz: Der p 2, Der p 1 und Der p 23 (definiert als Molekile der Gruppe A,
Pravalenz > 40%); Der p 5, Der p 7, Der p 4 und Der p 21 (Gruppe B, Pravalenz 15-
30%); und Der p 11, Der p 18, Clone 16, Der p 14 und Der p 15 (Gruppe C, Pravalenz
<10%). In 97.6% begann die IgE-Antwort gegen D. Pt.-Molekiile als Sensibilisierung
gegen Molekile der Gruppe "A", erweiterte sich in Teilen zur Gruppe "B", sowie in
manchen Fallen zur Gruppe "C". Das Gesamtbild einer breiteren polymolekularen IgE-
Sensibilisierung war mit einem friheren ersten Nachweis von sIgE, mit Heuschnupfen
der Eltern sowie mit einer ausgepragteren Exposition assoziiert. Ein signifikant h6heres
Risiko fur allergische Rhinitis auf Hausstaubmilben und Asthma wurde bei Kindern mit
der breitesten IgE-Sensibilisierungsstufe (d. H. ABC) im Vergleich zu nicht
sensibilisierten Probanden beobachtet. Die Sensibilisierung gegen Der p 1 oder Der p
23 wahrend der Vorschulzeit war pradiktiv fir Asthma nach dem 6. Lebensjahr.

Schlussfolgerungen: Die verschiedenen molekularen IgE-Antworten auf D
pteronyssinus, wie sie in der MAS-Kohorte beobachtet wurden, sind extrem
heterogen. Wahrend der Kindheit expandiert die IgE-Reaktion bei den meisten, jedoch
nicht allen, sensibilisierten Teilnehmern, progressiv als sequentielle Sensibilisierung
auf Molekule der Gruppen A-B-C; ein Prozess, der als "molecular spreading” definiert
wird. Die erbliche atopische Belastung und Allergenexposition im Kindesalter sind mit
einer IgE-Polysensibilisierung gegentber D.Pt.-Molekilen verbunden. Diese korreliert
wiederum mit allergischer Rhinitis auf Hausstaubmilben und aktuellem, sowie
zukunftigem Asthma. Auf der Basis dieses Wissens konnen moglicherweise
Strategien zur Vermeidung des Fortschreitens einer IgE-Sensibilisierung hin zum
klinischen Bild einer Hausstaubmilbenallergie im Kindesalter entwickelt werden.



2. AFFIDAVIT/ DECLARATION OF CONTRIBUTION
2.1. Affidavit

I, Daniela Posa, certify under penalty of perjury by my own signature that | have
submitted the thesis on the topic ,Evolution of the IgE response to Dermatophagoides
pteronyssinus allergenic molecules in childhood“ | wrote this thesis independently and
without assistance from third parties, | used no other aids than the listed sources and
resources.

All points based literally or in spirit on publications or presentations of other authors
are, as such, in proper citations (see "uniform requirements for manuscripts (URM)" the
ICMJE www.icmje.org) indicated. The section on methodology (in particular practical
work, laboratory requirements, statistical processing) and results (in particular images,
graphics and tables) corresponds to the URM (s.0) and are answered by me. My
contribution in the selected publication for this dissertation corresponds to those that
are specified in the following joint declaration with the responsible person and
supervisor.

The importance of this affidavit and the criminal consequences of a false affidavit
(section 156,161 of the Criminal Code) are known to me and | understand the rights
and responsibilities stated therein.

Date Signature



2.2. Detailed Declaration of Contribution
2.2.1 Publication

Daniela Posa had the following share in the following publication:

Posa D, Perna S, Resch Y, Lupinek C, Panetta V, Hofmaier S, Rohrbach A, Hatzler L,
Grabenhenrich L, Tsilochristou O, Chen KW, Bauer CP, Hoffman U, Forster J, Zepp F,
Schuster A, Wahn U, Keil T, Lau S, Vrtala S, Valenta R, Matricardi PM.

Evolution and predictive value of IgE responses toward a comprehensive panel of
house dust mite allergens during the first 2 decades of life.

J Allergy Clin Immunol. 2017;139:541-549.e8. doi: 10.1016/j.jaci.2016.08.014. Epub
2016 Oct 25.

2.2.2 Contribution in Detail

Overview

The scientific publication selected for the present doctoral thesis was developed
under the supervision of PD Dr. med. Paolo Maria Matricardi, leader of the Working
Group "Molecular Allergology and Immunomodulation” in the “Department of Paediatric
Pneumology and Immunology” of the Charité — Universitdtsmedizin Berlin. Dr
Matricardi closely supervised the whole project during daily meetings. The research
was conducted in the context of the German Multicenter Allergy Study (MAS), a birth
cohort study started in 1990, and it aimed at investigating the influence of genetic and
environmental factors on the allergy development. Overall, 1314 newborns of five
German cities and their families were recruited and followed-up until the age of 20
years at regular intervals for clinical data-collection, blood and skin tests, and lung
function measurements.

In the aforementioned article, | identified and described the evolution and the clinical
role of the IgE response to the Dermatophagoides pteronyssinus.

The work organized in the following phases:
- literature research:;

- laboratory activity (with the technical assistance of Alexander Rohrbach);

- database and data analyses (carried out in cooperation with the statistician
Serena Perena);

- preparation and publication of the manuscript;
- presentation of the results in meetings and publication of further articles.
Literature Research

| carried out a thorough literature research about the state of the art of the mite
allergy.

| first focused on the technical aspects of mite molecular allergology: allergenic
source and molecules, Singleplex IgE assay, composition of extracts, multiplex IgE
assay, cross-reactivity. Then, | integrated the previous examination with the biological
study of the Dermatophagoides pteronyssinus. This preliminary research phase paved
the way for the following laboratory activity.

Subsequently, | studied the clinical aspects of mite allergy including allergic
rhinoconjunctivitis, asthma and their risk factors



Afterwards, | examined the methodological and epidemiological aspects of the MAS
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Posa et al. 2017 1).

Laboratory Activity

During the laboratory activity, according to the inclusion criteria we defined, first, we
selected the sera to be tested with microarray from the MAS database. Then, | sorted
the corresponding probes in the laboratory from the MAS sera-databank.

Subsequently, | performed the IgE multiplex tests (developed by Thermo Fisher
Scientific) accordingly the following steps:

- Binding of the IgE antibodies from the patients’ samples to the biochip through
a procedure of several consecutive washing and incubation stages.

- Scanning of the biochips with the laser-scanner (the laser-scanner Lux-Scan-
10K/A produced by CapitalBio);

- Image analysis through the use of the software Phadia Microarray Image
Analysis developed by Thermo Fisher Scientific®;

- Extraction of the raw and processed data;
- Database assembling and data management.

Moreover, since we handled an innovative biochip customized for research use
only, during the laboratory activity, | worked with the scientific support of the
manufacturer.

Database and Data Analyses

According to the study design, | selected the necessary clinical, serological and
expositional data of the participants from birth up to 20 years of age. Consequently,
after the approval of the MAS-principal investigators Prof Dr. Thomas Keil and Prof Dr.
Susanne Lau, | obtained the corresponding variables from the global database of the
cohort.

Then | merged the abovementioned data with the molecular IgE ones produced
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manuscript.
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