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1. Introduction

1.1. Epigenetics

Epigenetics is a very old word that has been ugkdrdo describe the cell fate and system
dynamics (Hall 2004) or in developmental psycholoyy describe psychological
development as the result of an ongoing, bi-dioeai interchange between heredity and
the environment. Furthermore, epigenetics is thdysbf the mechanisms of temporal and
spatial control of gene activity during developmehtomplex organisms (Holliday 1990).
In biology, and specifically genetics, epigeneigsnostly the study of changes in gene
activity which can be transmitted though mitosisl/an to meiosis but are not caused by
changes in the DNA sequence. This makes epigechanges not only a temporary
changes but it can lead to a permanent changeeiadtivity status of the gene, either by
gene silencing or by gene activation, which cannberited to daughter cells. (Kadauke
and Blobel 2013). To a lesser extent, epigenetsxs describes the study of stable, long-
term alterations in the transcriptional potentiflaocell that are not necessarily heritable
(Issa and Baylin 1996).

1.2. Epigenetic mechanisms

1.2.1. DNA methylation

DNA methylation is a biochemical process by theitmid of a methyl group to the DNA
cysteine or adenine. It is considered one of thgegetic processes that leads mainly to
gene silencing and inhibition of the gene trangmip (Zhou and Lu 2008). DNA
methylation mainly occurs on the different CpGsstdwed as islands in the promoter
regions of different genes. Once these islandsnagthylated no gene transcription is
allowed (Nan et al. 1998). On the other hands, dhese CpG islands are unmethylated,
an active promoter is there and an active transoenpf different genes is enabled (Nan et
al. 1998). The major regulatory enzymes of DNA mgkettion are DNA methyltransferases
known as DNMT. There are different DNMTs that pldifferent roles in the DNA
methylation process (Cox 1986). DNMT1 is the m&dtA methyltransferase and it plays
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a very important role in the maintenance of DNA Imy&dtion status of a gene. This is very
important to retain any gene silencing in its uguabrmal state (Gaudet et al. 1998).
Moreover DNMT3a and DNMT3b are the main players i@ novo methylation of

different genes. DNMT3a and DNMT3b can mediate rylatton-independent gene
repression. DNMT3a can co-localize with heterochatm protein (HP1) and methyl-

CpG-binding protein (MeCBP) (Bachman et al. 200Ihey can also interact with

DNMT1, which might be a co-operative event durinld methylation (Hsieh 1999)

(Figure 2.2.1.1.).

De novo methylation:
Maintenance Dnmt3a, Dnmt3b

of methylation:
Dnmit1

O

L'—“*lr: 1osineg
c OH YRS
DNMT

Figure 2.2.1. 1. DNA methylation at the cytosine irthe different CpG islands showing different
enzymes responsible for either De novo methylatio(DNMT3a, DNMT3b) or maintenance of the

methylation status (DNMT1) (Bachman et al. 2001)..

In T-cells DNA methylation play a very importaniean both the development of T-cells

and later on in the differentiation of distinct &licsubtypes. Demethylation of the FOXP3

region in the T-cell can cause the developmenthefT-cell toward a regulatory T-cell

(Kehrmann et al. 2014). Furthermore, there aresdifit methylation statuses for the CD4

cells in different diseases when compared withctir@rol groups (Graves et al. 2013; Park

et al. 2013). The development of T-cells towardedént types of T-helper or effector cells
10
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undergoes a very extensive epigenetics regulafidtme zinc finger protein Th-POK
regulates the development of CDéells and inhibits the development of the C28lls
through different DNA methylation of different CC#ssociated genes (He et al. 2005).
Furthermore, displacement of the polycomb prothmough STAT-6 regulation causes a
long maintenance of the GATAS3 transcription facemmd maintenance of Th2 cells
(Onodera et al. 2010). On the other hand, Dnmt1RNA methylation are necessary to
prevent Th2 cytokine expression in CDBcells (Makar and Wilson 2004a).

1.2.2. Histone modifications

DNA is usually wrapped around two copies of theechistones H2A, H2B, H3 and H4
(Wilkinson and Gozani 2014). The main mechanismegtilating the chromatin is by post-
translational modifications of these histones (Bstem and Kouzarides 2011). These
modifications can influence gene activation (Arati al. 2008) and/or gene silencing
(Akbarian and Huang 2009) and can have some DNAirdépnctions as well (Rossetto et
al. 2012).

The major histone modifications are acetylation, thylation, phosphorylation,

ubiquitination and sumoylatiorfrigure 2.2.2.1).

| Ac acetylation

Me| methylation

H4 tail
5 H2B tail

"m'< Ub| ubiquination

H2A tail .

H4 tail
8

SU | sumoylation

H2B tail ~ 12 27

3l . p| Phosphorylation

Figure 2.2.2. 1.The figure illustrates the major posttranslatiomaidifications which play

essential role in gene expression regulation. (Reds courtesy of integratedhealthcare.eu)
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Histone acetylation of different lysine residues ¢@ad to activation of the transcription
(Barnes et al. 2005). This activation is catalybgdhistone acetyltransferases (HATS).
HATSs transfer the acetyl group from the acetyl-GmAactor to the N nitrogen of a lysine
side chain within histones. Structural, biochemigaltational, and enzymatic analyses
have provided insights into the catalytic mechanisinthese enzymes. A remarkable
outcome of these studies is that each HAT subfausfs a different catalytic strategy for
acetyl transfer. This is unusual for a superfandfyenzymes that catalyze the same
chemical reaction, but perhaps not so surprisimghfese enzymes because the transfer of
an acetyl group from a thioester to an amine isanolhemically demanding reaction, thus
allowing different HAT subfamilies to use differecthemical strategies to mediate acetyl
transfer (Marmorstein and Zhou 2014; Zhang et @ll42). On the other hand histone
methylation proved to be more complicated. For gdamhistone methylation on the
lysine residue number 4, 79 and arginine numbeiK#7 K79, R17) can lead to an active
transcription of the gen@enard et al. 2014), whereas histone methylatiootber lysine
residues like K9 and K27 renders the promoter regmactive and causes a silencing of
the genes (Snowden et al. 2002). Furthermore, Ploogation of serine residues at
histone H3 is a highly dynamic process that credtegether with acetylation and
methylation marks at neighboring lysine residuescsjg combinatorial patterns that are
read by specific detector proteins (Bannister aralzarides 2011)HKigure 2.2.2.2).
Histone modifications in the T-cells play a verypontant role in both the development of
the T-cell toward different T-cell subsets as veallthe activation or inhibition of different
effector genes in various diseases. For examplesge-gpecific targeting of H3K9
methylation can cause an efficient gene silencingnany effector Thl or Th2 genes
(Snowden et al. 2002). Furthermore, Th-POK the animCD4 transcription factor
recruits different histone deacetylases (HDACs)soay silencing of the CD8 genes
pushing toward the development of a CDdells (Rui et al. 2012). Lymphocyte
development is controlled by either repression aivations of different genes. These
activation/inhibition programs controlled by thesesbly of Ag receptor genes by V(D)J
recombination. Genes expression and the changdm® iW(D)J recombination is affected
by different epigenetic modifications primarily imstones, altering the chromatin folding
rendering it inaccessible for nuclear factors. GO&3K9 methyltransferase causes the

12
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development of B-lymphocytes to their mature pHaséI3K9 methylation (Thomas et al.
2008). All the results suggested a role for histarethylation at most and overlook the
effect of acetylation as a histone modification d@isdeffect on T-cell epigenetics. There
are some evidence that histone acetylation cawcttyiraffect different T-cell function and

this was suggested by Han S et al. showing that @DAnd P300 build a complex with
GATAB3 causing deacetylation on the IL5 promotermepsing the production of IL5 (Han
et al. 2006). A detailed description of the epidgmseof T-cells is further discussed

elsewhere.

13
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Figure 2.2.2. 2 Histone modifications showing both active and repiee marks and their
mode of action (Schones and Zhao 2008)
In this study the focus was to re-establish anddagd the main method to detect histone

modifications which is chromatin immunoprecipitati(ChliP).
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1.2.2.1. Chromatin Immunoprecipitation (ChlP)

Chromatin immunoprecipitation is an immunoprecijpaia technique intended to
investigate the interaction between DNA and protdia main aim is to explore the
association between different protein like trarnsern factors and histone, and a specific
region of the DNA. This method enables the reseascto look at both the exact enzymes
and exact time window for this interaction to drdng map of signaling cascades for future
understanding of the epigenetic mechanisms. Theralifferent limitations of the ChiIP
method, starting with the high number of intactsekeeded for this analysis. Furthermore,
epigenetic marks can vary between cell populatiwwhi&h make the investigation using
this method only valuable in pure cell populatitmsinmask any false positive or negative
results. This method is not yet validated for colstwdies which are growing and the need
of deep epigenetic analysis on the level of preRINA binding is needed. For that case, in
this study the ChIP was re-established for a lawenber of cells and validated to suit any
future cohort studies.

1.2.3. Micro-RNAs and non-coding RNAs
MicroRNA (MiRNA) are short ~22 nucleotide long, nonding, single-stranded RNAs
that binds to complementary sequences in the tang®tlA resulting in gene silencing
(Pillai 2005) . They are usually encoded in theantregion of the DNA and their
biogenesis is a complicated process. It begins wheh transcription of pri-miRNA.
Afterwards the pri-miRNA is cleaved by Drosha irethucleus producing a ~70-90
nucleotide (nt) in length called precursor-miRNAgmiRNA) (Salam). This cleavage
process is only possible with the help of DiGeosymdrome critical region gene 8
(DGCRS8) which is important for the maturation ofRNAs (Macias et al. 2012). The pre-
MiRNA is then exported to the cytoplasm by ExpoBiwhere Dicer enzyme cleaves the
pre-miRNA once again to generate a two strande® +it2products. The first stand is
recruited by Argonaut proteins to form RNA-inducgténcing complex (RISC), which is
the major driver for the other strand (miRNA) toget different mMRNAS causing silencing
of the genes (Mattick et al. 2009). MiRNAs interagth chromatin indirectly in different
way causing different epigenetic changes by algeninclear events in different cells (Li
2013).
1.3. Allergy

15
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Allergy is a type of hypersensitivity of the immuagstem. It's manifested with different

symptoms according to the organ that is hit byhyygersensitivity.

Allergies occur when the immune system reacts flar@ign substance — such as pollen,
bee venom or pet dander — that doesn't cause goreat most people. Allergies can play

a major role in conditions such as asthma. In sqgmeple, severe allergies to

environmental or dietary allergens or to medicatiway result in life-threatening reactions
called anaphylaxis. Food allergies and reactionghéovenom of stinging insects such as

wasps and bees are more often associated withdbesee reactions (Nag et al. 2014).

1.3.1. Pathophysiology of allergy

All allergic diseases are characterized by a disfrattern of inflammation that is largely
driven via immunoglobulin E (IgE)-dependent meckears. There is different types of
hypersensitivity ranging from Type | hypersenstiryiwhich is an allergic reaction
provoked by re-exposure to a specific type of amtigeferred to as an allergen (Bungum et
al. 2014). Furthermore, Type Il hypersensitivitydesfined by the antibodies produced by
the immune response bind to antigens on the patiemtn cell surfaces. The antigens
recognized in this way may either be intrinsic [f"santigen, innately part of the patient's
cells) or extrinsic (adsorbed onto the cells durgxposure to some foreign antigen,
possibly as part of infection with a pathogen) (M et al. 2013). These cells are
recognized by macrophages or dendritic cells, whichas antigen-presenting cells. This
causes a B cell response, wherein antibodies aduped against the foreign antigen. On
the other hand Type Il hypersensitivity is the @ésgensitivity coming when antigen-
antibody complexes that are not adequately clebyethnate immune cells accumulate,
giving rise to an inflammatory response and atitvacof leukocytes. It involves soluble
antigens that are not bound to cell surfaces (Bal@b3). In addition to these different
types, the major type of hypersensitivity is TypeHypersensitivity. It is usually called
delayed type hypersensitivity as the reaction takesto three days to develop. Unlike the
other types, it is not antibody mediated but ratisen type of cell-mediated response
(Smith and Miller 1979). In this type, CD4elper T cells recognize antigen in a complex
with Class Il major histocompatibility complex (MH@ (Miller 1981).
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Genome-wide association studies (GWAS) have itledtiseveral genes that are
associated with asthma and other allergic disests@sing the genetic background of this
disease (AKHABIR and SANDFORD 2011). In many ofs@eGWAS few novel genes
have been identified that provided new insightstt@f pathophysiology of the allergic
disease. In a GWAS of total serum IgE the moskisgi hits were functional variants in
the genes encoding thechain of the high affinity receptor for IgE (R 1), RADS5O0,
located adjacent to the gene for interleukin-13X8), and signal transducer and activator
of transcription 6 (STAT6), which is regulated hy4 and IL-13 (Weidinger et al. 2008).
Environmental factors appear to be more importanteétermining whether an atopic
individual develops a particular allergic diseaakhough genetic factors may exert an
influence on how severely the disease is expressatl the extent of the allergic
inflammatory response. The inflammatory process $@geral common characteristics
shared between different allergic diseases, inotypdsthma, allergic rhinitis/rhinosinusitis,
and atopic dermatitis (eczema) (Broide 2010; Haamd Tulic 2009; Sicherer and Leung
2010).

Allergic inflammation is characterized by IgE-defdent activation of mucosal mast cells
and an infiltration of eosinophils that is orchastd by increased numbers of activated
CD4" Th2 lymphocytes (Sin and Togias 2011). Howeverpatients with more severe
disease, other cells such as neutrophils, Th1,GD& (cytotoxic) lymphocytes may also
be involved (Zhang et al. 2014b). The clinical elifnces between these diseases are
largely determined by anatomical differences and thteraction between allergic
inflammation and structural cells, such as airm@apsth muscle cells in the lower airways,
resulting in bronchoconstriction, vasodilatation time upper airways leading to nasal
blockage and rhinorrhea and activation of kerattex in the skin. The fact that there are
common characteristics of allergic diseases sugdbat it may be possible to treat these
common diseases with single agents, particulaslyhay often coexisHgure 2.3.1.1).

The major cell that orchestrates allergic inflamorais the Th2 cells by production of IL-
4, IL-5, IL-9 and IL-13. Th2 cells are recruited tae site of allergic inflammation via
antigen-presenting cells (APCs). Dendritic cellSCH) are the main APCs that process

allergens and present T-cell peptides to naivells,cend DCs play a critical role in the

17
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recruitment and activation of Th2 cells through #®eretion of chemokines CCL17 and
CCL22 (Lambrecht and Hammad 2010).

Inhaled allergens

L
a9

Epithelial cells
CCLM1

Mast cell

Histamine
Cys-LTs
PGD,

TSLP—~—

Dendritic cell

CCL17
CCL22

o

| T-reg
CCR4

Th2 cell

IL-5 |
CCR3

IL-4, IL-13

Eosinophils

B lymphocyte

Figure 2.3.1. 1lInflammation in allergy. A schematic draw by Bare¢sl showing the
interaction between epithelial cells as the firs¢ lof defense against allergens and the
different types of cells. Dendritic cells presegtthe antigen to other types of cells like T-
cells to prime them toward a more Th2 cells prodgt¢he main Th2 cytokines like IL4
and 1L13 to activate B-cells to cause an IgG ctagisching toward IgE the main effector

molecule in allergic inflammation(Barnes 2011).

1.4. Cell types involved in Allergy:
Immunologically, many cell types play a role ineafjy pathogenesis. In particular, the
contribution of dendritic cells, lymphocytes, mastls, neutrophils and eosinophils will be

discussed here.
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1.4.1. Dendritic cells
Dendritic cells (DC) play a very important roletime development of allergy by capturing
antigens, transporting them from the airway surféaceregional lymph nodes and
presenting them to T cells. In the lymph nodes, @€sent processed antigen to T cells
and stimulate the differentiation of naive T cetito different T cell subtypes. Airway
dendritic cells also play a crucial role in thedbcestimulation of circulating effector T

cells upon allergen challenge (Pouliot et al.).

1.4.2. Mast cells
Mast cells are resident cells in many differerduess that play an important role in allergic
disease. Activation of mast cells through the ciwdsng of high-affinity IgE receptors
causes the release of chemical mediators storggitules, which contribute to the allergic
reaction by production of different mediators liistamine the main chemical compound
leading to the allergic reaction (Jensen et ahgrdased numbers of mast cells in airway
smooth muscle may be linked to airway hyperrespensiss due to the release of
bronchoconstrictor mediators (histamine, cystelaykotrienes and prostaglandin D2)
(Bradding and Brightling 2007; Galli et al. 2005uBsin and Metcalfe 2003).

1.4.3. Eosinophils
Eosinophils are white blood cells responsible fombating multicellular parasites in the
functioning immune system that, in a dysregulatethune response, contribute heavily to
the allergic reaction (Chu and Martin 2001; Samp2000). These cells produce growth
factors such as TGEF VEGF, and PDGF, where TGHks believed to be important in the
regulation of the immune system by CD28gulatory T cells and the development of both
CD25' regulatory T cell and if7 cells. Eosinophils also generate leukotrienes whitect
allergy by increasing the vascular permeability amecus production in bronchi, leading
to the infiltration of inflammatory cells in theraiay wall. In the same time eosinophils
express a wide variety of pro-inflammatory cytoldrseich as IL-1, IL-2, IL-5, IL-6, IL-8,
IL-13, and TNF (Rothenberg and Hogan 2006). These cytokines ibaoibérto the allergic
reaction by activating IgE class switching in B lgebnd autocrine stimulation of
eosinophils.
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1.4.4. Neutrophils:
Neutrophils are the most abundant immune cellfiénbiody; they are essential for innate
immunity and are usually the first cells to migredean inflammation site (Witko-Sarsat et
al. 2000). Like eosinophils, neutrophils are preéserthe airways of allergic patients, and
in cases of corticosteroid resistant asthma, theyht®e most abundant cell type. Increasing
evidence suggest that neutrophils may be centeglepd with an important role in the
pulmonary inflammatory processes present in airalégrgic disease (Monteseirin 2009).
Neutrophils contribute to the inflammatory procédsg secreting both lactoferrin and
cathelicidin, which work as an antimicrobial compds and act to attract other immune
cell types, such as macrophages and lymphocytethetonflammation site. Neutrophil
presence has been linked to severe allergic aimfégmmation and the development of

more chronic state of the disease (Monteseirin 2009

1.4.5. Lymphocytes

Lymphocytes are considered the major cell typehangathogenesis of allergy. Th2 cells
play an important role in orchestrating allergidlammation through the release of
cytokines that include IL-4, IL-5, IL-9, and IL-1Barnes 2008)Kigure 2.4.5.1). Th2
cells are recruited and activated at the sitedlefgic inflammation, and a major focus of
research has been to understand how topical atlergegulate Th2 cells via antigen-
presenting cells (APCs). Although Th2 cells preduate in allergic disease and Th2
cytokines play a key role in the pathophysiologytledse diseases, other types of T cells
may also play a role, particularly in more seveisease (Lloyd and Hessel 2010). Th9
cells are CD4 T cells that produce IL-9, which are dependenttramsforming growth
factor-b (TGF-b) for their development through aation of the transcription factor PU.1,
and are regulated by IL-25 (Soroosh and Doherty9p00he Th9 cells play an important
role in the pathogenesis of allergic disease. Tdreya key component in the memory of T-
cell subsets in different allergies (Brough et 2014). Moreover, IL-9 contributes to
disease by promoting mast cell expansion and ptmiucof IL-13 which in turn

contributes to airway hyperresponsiveness.
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Th1l7 cells may be associated with more severe astand may mediate a more
neutrophilic pattern of inflammation. Although Tht@lls produce IL-22, a distinct set of
CD4" IL-22 producing cells (Th22) has been describedliargic inflammatory diseases
(Souwer et al. 2010). IL-17 in allergic asthma issinstrongly expressed at the more
severe stages, IL-17 in Atopic Dermatitis (AD) issant in chronic lesions. The reason of
this contrasting presence of IL-17 in these diffeerallergic inflammations is enigmatic.
Otherwise, both chronic allergic asthma and chréicinflammation are characterized by
elevated amounts of IL-22 (Souwer et al. 2010).

Regulatory T cells (Tregs) may play an importanieron suppressing allergic
inflammation. Several types of Tregs are now retagth including CDACD25 innate
Tregs that express the transcription factor For#hsax protein 3 (FoxP3) and inducible
Tregs. They may suppress inflammation through searef IL-10 or by inducing IL-10
secretion for bystander cells, as well as direlsibition of cells, such as DCs, by cell—cell
contact. There is some evidence that Treg funasompaired in patients with allergic
diseases and that Treg function is enhanced byfepEemunotherapy (Palomares et al.
2010).

Allergen

Antigen presenting cell
Dendritic cell, macrophage

Mast cell

IgE
Th1
Be
IL-17A
IL-17F
IL-22
IL-2
IFN-y Eosinophil
Th17 PE—
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Figure 2.4.5. 1.Pathophysiology of allergic disease showing thee rof different T-
lymphocytes in the process (Barnes 2011).

1.4.5.1. T-cell epigenetics
Activation of naive CDZhelper T cells via the T-cell receptor (TCR) an#i®l1I: peptide
complex induces a rapid T-cell differentiation prss. Differentiated helper T cells are
classified according to the type of cytokines tipegduce into Thl, Th2, Th9, Thl7 or
Tregs. Both Thl and Th2 have been extensively atidince the initial description of
helper T-cell subsets (Mosmann et al. 2005). Thgesetic modifications of T-cells starts
very early in the differentiation of T-cells towaihl or Th2 subsets. In naive state
histones in the IFNG and IL4 loci are hypoacetylafEields et al. 2002). Furthermore,
DNA de-methylation at Th2 cytokine genes suppdrmts development of Th2 cells from
naive T-cells (Makar and Wilson 2004b). Moreoveistdne acetylation provides
accessibility to both IFNG and IL4 loci for both Tland Th2 development. The induction
of IFNG expression by H2.0-like homeobox proteinixjHdepends on a permissive
epigenetic state of the IFNG gene locus and/omib&ecular context of the immature Th
cells (Zheng et al. 2004). On the other hand DNAhylation has been shown to play a
very important role in the regulation of IFNG exgs®n. In naive CD4cells, IFNG locus
is heavily methylated and no expression of IFNGspms. Upon differentiation toward a
Thl cells, the IFNG locus is hypomethylated and G-ban be produced upon the right
stimulus (Melvin et al. 1995). The development todva Th2 cell on the other hand is
connected with nearly complete methylation of IFNK&&us while the IL4 locus is
hypomethylated and IL4 can be expressed (Santaegi@lo 2002; Lee et al. 2002).
In addition to that, ChIP-seq analysis of genomdenhistone modifications gave some
insights how epigenetic modifications can reguliiecell fate.
Upon differentiation from a naive Th state into tharious Th subsets, H3K4me3
deposition was observed at signature effector deciewithin distinct TH subsets (e.qg.,
IFNG in TH1, IL4 in TH2, and IL17A in TH17). Moreav, H3K27me3 deposition was
correlated with transcriptional shutdown of effectgene loci that are characteristic of
other TH subsets (Wei et al. 2009). For example, gdene locus encoding the TH17
transcription factor retinoid-related orphan reoept (RORC) was decorated with
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H3K27me3 in the naive state, and only acquired HB8&3, and losing H3K27me3 after
TH17 differentiation. In contrast, the repressiv@k27me3 signature was reinforced under
TH1 and TH2 differentiation conditions (Araki et 2008). However, this was not always
the case. The TBX21 (Thl) and GATA3 (Th2) gene lachaive TH cells were marked
with both H3K4me3 and H3K27me3, and whilst these leesolved to a permissive
epigenetic signature (H3K4me3+/H3K27me3-) under Tadd Th2 differentiation
conditions, respectively, they did not acquire @ressive epigenetic signature when
differentiated into opposing lineages, but ratharmtained a bivalent state.

Similarly, the TBX21 locus within Th17 cells wassalmaintained in a bivalent state. In
the case of Th17 cells, re-stimulation of Th17 <efl the presence of IL12 resulted in
expression of IFNG and conversion to a Thl pheretyphis was associated with
acquisition of permissive epigenetic signaturest@me acetylation) at the IFNG locus and
IL-12-dependent STAT4 and TBX21l-dependent epigenedilencing of the Thl7
associated RORC locus (Mukasa et al. 2010). Theseddferent enzymes affecting
histone modifications processes and histone me#mgterases play a major role (Allan et
al. 2012). SUV39HL1 specifically trimethylates H3k9a PTM typically associated with
transcriptional silencing of gene loci that is umrt recognized by heterochromatin protein
1 (HP1) (Lachner et al. 2001)Docking of HPlonto H3K9me3+ gene loci in turn
recruits HDAC1 and 2, and the transcriptional repoe methyl-binding domain protein
(MBD1) (Fujita et al. 2003). In this way, H3K9 agkttion, a PTM associated with
transcriptional activation is limited. Thus, SUV3Bihediated trimethylation of H3K9 is
an initial step that triggers histone deacetylatao binding of transcriptional repressor

protein complexes that stably silence targeted loci
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Figure 2.4.5.1. 1Epigenetic maintenance of Th2 lineage commitment.

In the Th2 cell subset, the master regulator of G&lls (TBX21) is silenced. The histone
methylase Suv39H1 adds the repressive H3K9me3 atahe Tbx21 locus. This initiates

recruitment and docking of heterochromatin protkialpha (HP1), histone deacetylase

(HDAC1 and 2), and methyl-binding domain proteinBBIL). HDACs then remove the

active H3K9ac mark to maintain silencing, mediabgdH3K9me3, at the TbX21 locus

(Russ et al. 2013). On the other hand, Inhibitibmepressive histone methylation by the
specific inhibitor 3-deazaneplanocin induced Theesfic PU.1 expression, even in
conditions that would normally yield only ThO cyio&s. Conversely, prevention of
histone acetylation by the histone acetyltranséeinagibitor curcumin diminished PU.1

expression after IL-9-inducing stimulation. Ourdings identify age- and differentiation-
status-related epigenetic modifications of PU.laasnique regulator of Th9 memory

acquisition and Th9 immunity (Ramming et al. 2012).

1.5. Environmental factors affecting epigenetic programnng
Environmental factors play a very important roleciranging different epigenetic marks in
the mammalian cells. Starting with heavy metals ltladmium that can for example cross

the placenta during pregnancy causing DNA methytataf different promoter regions of
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different genes regulating apoptosis and transonpt regulation (Sanders et al. 2013).
Furthermore, folate supplementation during pregpatan exert epigenetic modification
on the offspring as well (Hollingsworth et al. 2008

1.5.1. Tobacco smoke, Polycyclic aromatic hydrocarbon (PAH and

particulate matter (PM)

Airborne pollutions like tobacco smoke exert maaynful effects and an exposure to its
fumes has been connected to hypermethylation ofesgenes (Bosetti et al. 2008).
Furthermore, polycyclic aromatic hydrocarbon (PAsi)he most widespread pollutant on
earth. Evidence is accumulating showing that PAdosure can lead to many diseases,
like lung cancer (Brodie et al. 2014), asthfihang et al. 2012), obstructive lung disease
(Burstyn et al. 2003) and more. PAH exposure io@ated with impaired systemic
immunity and DNA methylation in a key locus invotvéen atopy: FOXP3, with a higher
impact on atopic children (Hew et al. 2014). Ini&idd to that, maternal exposure to PAHs
was associated with hypermethylation of IFid cord blood DNA from cohort children.
These findings support a potential role of for P&Heprogramming the fetal epigenome
and thus leading to increased disease susceptipiléng et al. 2012). Another factor that
can affect the epigenetic marks in the mammalidls eparticulate matter (PM) e.g. dust,
diesel particulate matter. All these particles canse different disease like asthma and
cardiovascular diseases (Ji and Khurana Hersheg)2bimice, the exposure to these PM
particles caused an increase in DNMTlexpressiotumy epithelial cells and in the
methylation of the P16 promoter that is linkedhe tlevelopment of cancers (Soberanes et
al. 2012).

1.5.2. Bacterial exposure
According to the hygiene hypothesis proposed bgchan et.al (Strachan 2000), different
bacterial exposure during pregnancy and earlhyhl#fe an impact on the development of the
immune system. One important environmental expodurang pregnancy and childhood
influencing immune system development is bactezi@osure at the farm environment.
Ege et.al showed that the bacterial exposure ectiyr proportional to the protection of
asthma in children (Ege et al. 2011). This was dortevo different European cohorts, the
GABRIELLE study and the PASTURE study. Children wiave been born and grown up
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in farms were less susceptible to developing astémaiaallergic disease when compared to
children born and raised in the countryside busidetof a farm (Pfefferle et al. 2013). In a
mouse model of asthma, offspring of mothers who ewgeated intranasally with
Acinetobacter |woffiiwere protected from developing asthma compareshton treated
mothers. This effect was mediated by histone aatdyl of the IFN locus (Brand et al.
2011). Furthermore, commensal bacteria likactobacillus rhamnosus GGand
Bifidobacterium caused a decrease in LPS-induced IL-17 and IL-&%lyztion by
suppressing histone acetylation in m{gtarb et al. 2013). This effect spreads beyond
commensal bacteria to pathogens lielicobacter pylorithat causes DNA methylation
(Ding et al. 2010), histone acetylation in gas#épithelial cells promoting the pathogenesis
of the disease (Fehri et al. 2009) and even regudterent miRNAs like miR-222 and
upregulation of MiRNA-584 and miRNA-1290 by CagAtlbé bacteria in human epithelial
cells(Li et al. 2012). These effects of bacteriat tbolonize the human gut suggests that
these microorganisms play a very important rolthendevelopment of the human immune
system, not only by shifting the immune reactiomsdrd a Thl rather a Th2 but also goes
deep into the molecular level causing changes mepigenome by different epigenetic

mechanisms that can lead at the end to the shapmg immune system.

1.5.3. Medication
In addition to the previously mentioned factordetént pharmacological compounds can
influence the epigenetic code. These compounds beareither of a nature origin or
chemical compounds produced in the lab.
Mainly, pharmacological compounds cause an effdcthe main metabolic enzymes
cytochrome (CYP) p450. Many CYP genes do not hawe apparent polymorphism or
mutations that can cause the different effect odlicaion on the activity and sensitivity of
these enzymes. In recent years, many studies mageged showing the epigenetic effect
of different medications and pharmacological compuisuon certain genes.
DNA methylation contributes to the regulation ©¥P1Alin prostate cancer cells. The
lack of CYP1Alexpression in the prostate cancer cell line LNCa$been associated with
methylation of the promoter region of t8&'P1Algene, which prevents the binding of the
AhR complex to the dioxin response element (DREJI® et al. 2006). Furthermore,
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many pharmacological compounds were shown to haveff@ct on T-cell epigenetics.
Allergen specific immunotherapy caused an incréasgeg numbers by the reduction of
the DNA methylation on different CpG islands on #hexp3 locus (Lal and Bromberg
2009). Additionally, demethylation agents like Seytidine (5-azaC), procainamide and
hydralazine could induce lupus-like autoimmunityvitro and in vivo likely due to DNA
demethylation in T cells (Zhou and Lu 2008; Riclsanml et al.).

1.5.4. Diet
There are many studies suggesting that the dietffiecting different epigenetic
mechanisms both systematically and on specificetargHere especially the effect of a
methyl rich diet on DNA methylation was analyzeéror instance, methyl donor rich diet
of pregnant mice can cause a drastic change ifuthelor of offspring due to changes in
DNA methylation at thagoutilocus(Shorter et al. 2014; Dolinoy 2008idure 1.5.4.1).
Furthermore, maternal diet supplemented with mettofiors enhanced the severity of

allergic airway disease that was inherited tranegaionally (Hollingsworth et al. 2008)

Figure 2.5.4. 1.Agouti mouse model, showing the effect on fur calmough methyl
donor high diet affecting the agouti gene respdadir the color of the mice. The blonde
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mice represent high methyl diet and the methyl dieés down as the color darkens
(Dolinoy 2008).

One of the most prominent methyl donors is Folid and vitamin B12 that can affect the
DNA methylation status universally (Zhang et al128). Furthermore, other nutrients like
vitamin A and vitamin D3 can inhibit DNA methylatidoy regulating of different proteins
like p21 and AP-1 involved in Dnmtl activity thrdugnteraction with different receptors
(Sundar and Rahman 2011). Nevertheless, also bistmdifications can be modified by
dietary compounds. Many vegetables like wasabisdradish, mustard, radish, Brussels
sprouts, watercress, nasturtiums, and capers osntothiocynate that can inhibit histone
deacetylases (HDACs) causing a universal histeaeetylation and silencing of different

genes (Meeran et al. 2012).

1.5.4.1. Folic Acid
Folic acid, also known as vitamin B9 is a waterubté vitamin found mostly in leafy

vegetables. In figure 2, the chemical formula dicfacid is shown.
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Figure 2.5.4.1. 1. The chemical formula of folic acid downloaded from

http://en.wikipedia.org/wiki/File:Folic_acid.svg

Folic acid is considered one of the most importat#mins during pregnancy as it has a
very important role in the development of neurdlet@and the development of the embryo
(Jagerstad 2012). Moreover, folic acid suppleméenaduring pregnancy was associated
with less congenital heart diseases in newbornsgeeal. 2015).

On the other hand, folic acid has been associaiéd the development of asthma and

allergy later in life if supplemented in a high daduring pregnancy (Dunstan et al. 2012).

28



Hani Harb Introduction

This effect is mainly elicited through different igpnetic mechanisms like DNA
methylation (Ghoshal et al. 2006) and other medmsilike decreasing different DNA
methyltransferases and histone modifying enzynkesDinmtl, Dnmt3, MBD2, HDAC1-9
and MBD4 mRNA and protein levels during early s&agé hepatocarcinogenesis (James
et al. 2003). On the level of T-cells folic acidoplementation can promote the survival of
Foxp3 cells in the colon (Kinoshita et al. 2012).

1.5.4.2. Fish Oil
Fish oil is the product of oily fish like Salmondasardines. Fish oil contains the two
major omega-3 (-3) fatty acids, eicosapentaenoic acid (EPA), amcbdahexaenoic acid
(DHA), the precursors of different eicosanoids tpéy a very important role in the
reduction of inflammation by the production of resos and defensins (Keelan et al.
2014). Fish oil supplementation in adults proteagainst heart diseases (Cleverley et al.
2013), brain diseases (Pascoe et al. 2015), insefistance (Bremer et al. 2013) and
protection against some cancers (Runau et al. 26Usthermore, fish oil supplementation
during pregnancy has great effect on the developofg the fetus. Omega-3
supplementation during pregnancy changes the whieemmatory response of the fetus
(Klemens et al. 2011). These findings were supdowéh what Miles et.al found that
supplementation of -3 fatty acids reduces the risk of asthma and @gfletevelopment
later in life (Miles and Calder 2013). This redoctiwas mediated by modulating the
immune response by reduction of IL-13 and IL-5 lsve@ DHA supplemented infants
compared to control (D'Vaz et al. 2012c).

1.6. Goal of the study

To study the role of epigenetic modifications ie thevelopment of chronic inflammatory
disease DNA methylation has been analyzed in skeelwrt studies (Bose et al. 2014;
Hagrass et al. 2014; Chang et al. 2014). Due tahiadlenging nature of the analysis of
histone modifications these modifications have ndween analyzed in the context of

cohort studies until now.
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The goal of the study was to establish a chromatmunoprecipitation method suitable
for cohort studies. As it is clear that the diffetiation of T cells into effector T cells and
the production of cytokines by effector cells plagsvital role in the development of
chronic inflammatory disease this study focuseshmtone modifications of Thl, Th2,
Th9, Thl7 and Treg gene loci in CDA& cells from peripheral blood. The study
concentrate on histone H3 and H4 acetylation ag dme analysis of these markers has
been established it should be relative easy toyaeahlso other modifications just by
using other antibodies against e.g. methylatecbhés. The method should be validated
according to validation protocols to ensure theunethncy and repeatability of the results.
The reason for the validation is the following:

Humans are unique individuals and usually displaglatively high variance

between individuals so that is important to analymenormal range of H3 and

H4 modifications at a given locus.

To determine the best working conditions for thistinod on the long run for

cohort studies, including storage conditions effetemperature effect and the

effect of repeated freezing and thawing of the damp

Until now, all published methods needs a high nundfecells up to 5 million cells. As
chronic inflammatory disease often have an origiearly childhood so that it is especially
interesting to analyze epigenetic modificationscimidren. Here it is hard to get these
amounts of pure CD4T cells so that it the number of cells neededrtmipce reliable and
redundant results for such cohort samples shouteédhgeced.

To prove that it is possible to use the methodhtmasdifferences between cohort group’s

samples from different cohorts should be analyZéése cohorts include:

- A cohort from Australia was the folate level of gnant mother was analyzed. The
goal of this study is to show if high maternal teldevels influence epigenetic
modifications including histone acetylation in CDRcells of the neonates.

- An additional Australian cohort were the effect figh oil supplementation during
pregnancy vs. placebo supplementation on histoegylaton and their correlation
with disease development later in life should balyared.
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- A comparison between healthy children vs. alleegithmatic children on the level of
histone acetylation to analyze H3 and H4 acetyfaitiothis cohort for future analysis

and planning of new cohorts focusing on the origihallergic disease.
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2. Materials and Methods
2.1.Cells

Human CD4 cells.
2.2.Chemicals and reagents
Sodium Butyrate

Glycine

Lithium Chloride (LiCl)
Sodium Chloride (NaCl)

Tris — HCI

Tween 20
Sodiumdodecylsulfate (SDS)
Igepal CA-630

Sodium carbonate (NaHCO3)
Sodium Hydroxide (NaOH)
Triton — X100

Sodium Deoxycholclate (DOC)

Potassium Chloride (KCI)

Ethylenediaminetetraacetic acid
Piperazine-N,Nbis(2-ethanesulfonic acid) (PIPES)

2.3.Kits

Full blood CD4 isolation kit

PCR purification kit (250)

2.4. Deoxyribonucleic acid

Materials and Methods

Sigma — Aldrich, Germany
Sigma — Aldrich, Germany
Jena Bioscience, Germgan

Roth, Germany
Roth, Germany

Roth, Germany

Roth, Germany
Sigma — Aldrich, Germany
Sigma — Aldrich, Getyna

Merk, Germany

Sigma — Aldrich, Germany
Sigma — Aldrich, Bany
Sigma — Aldrich, Genpa

Sigma — Aldriéermany
Sigma — AldriGermany

Miltenyi, Germany

Qiagen, Germany

Different Thl, Th2, Th17, Th9 and Treg gene promgiemers were established and

validated in both normal and quantitative PCR.

2.4.1. Oligonucleotides
Table 3.4.1. Promoter primers used for both validation and mesmant of different

enrichment values on both H3 and H4 histone adatyla
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Materials and Methods

Locus Forward Reverse
RPL32 5 -GGAAGTGCTTGCCTTTTTCC-3 5'-GGATTGCCACGGATTAACAC-3/
IL-1B 5-CGTGGGAAAATCCAGTATTTTAATG-3 5-CAAATGTATCACCATGCAAATATGC-3'
IL-4 5 TGGGTAAGGACCTTATGGACC-3 5 GGTGGCATCTTGGAAACTGTC 31
IL-5 5 AGGAGATCTTTTTAGTCACTGGCAACA-3/ 5 CGTCTCGAGGGCAAAGAAAGTGCATAG-3
IL-9 5 CGTTAGAACACCCATGAC-3 5 TTCTGGTTGTGAGAGTTAG-3
IL-10 5 GACAACACTACTAAGGCTCCTTTGGGA-3/ 5 GTGAGCAAACTGAGGCACAGAAAT-3’
IL-13 5 TGTGGGAGATGCCGTGGG-3/ 5 TCTGACTCCCAGAAGTCTGC-3/
IL-17A 5-AATTTCTGCCCTTCCCATTT-3' 5‘-CCCAGGAGTCATCGTTGTTT-31
GATA-3 5-CACATTTAAAGGGCCAGAGC-31 5-AAGGAAACTGCAACCCAAAC-3
T-bet 5 TGGCCAAGAGCGTAGAATTT-3/ 5-GCTTTGCTGTGGCTTTATGA-3"
RORc 5‘-TCTCCCCTATGCCTGTCACCTG-3¢ S -TGATTTTGCCCAAGGACTCACAC-3'
Foxp3 5-ATCGTGAGGATGGATGCATTAATA-3 5-CCACTGGGAAGGTCCCTAGC-3¢
IRF-1 5-GTACTTCCCCTTCGCCG-3 5-GCGTACTCACCTCTGCTGC-3¢
TNFa 5-AGAAGACCCCCCTCGGAACC-3 5°-ATCTGGAGGAAGCGGTAGTG-3
IFN\‘) S-AATCCCACCAGAATGGCACAGGTG-3’ 5 -GAACAATGTGCTGCACCTCCTCTGG-31
FceRlI B 5 -CTTAGGGGTTAGATTTTATGTGTTTGAACCCCAA-3' S5'-CCATCTTCTTCATGGACTCCTGGTGCTTAC-3'

2.5. Antibodies

IgG antibody

Anti- H3 acetylation Rat anti Human

Anti-H4 acetylation Rat anti Human
Anti -CD4 FITC labelled Rat anti Human
Anti-CD45R PE labelled Rat anti Human

2.6. Reagents and Buffers

Ready to ChlIP chromatin

Protease Inhibitor cocktail

RNase A

Proteinase K from Tritrichium Album

nProtein A Sepharose Beads

Abcam, Cambridge, UK
Millipore, Beany
Millipore, Beany
BD, German
BD, Germany

Diagenode, Germany
Roche, Germany
Invitrogen, Germany
Sigma — Alchn, Germany
GE Healthcare, USA
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nProtein G Sepharose Beads
Sybr Green

PBS

Cellfix

Human Serum

Fetal Calb Serum

GE Healthcare, USA
Qiagen, Germany
PAA, USA

BD, Germany
Linco, Germany
PAA, USA

CD4" dynalbeads Invitrogen, Germany
Lysis Buffer | for 50 ml
5 mM PIPES pH 8 0,5 ml 0,5M PIPES pH 8
85 mM KCl 1,4 ml 3M KCI
0,5% NP40 (Igepal-CA630) 0,25 ml Igepal (100%)
Protease Inhibitor cocktail tablets One Tablet
Lysis Buffer II for 50 ml
10 mM Tris-HCI pH 7,5 0,5 ml 1M Tris-HCl pH 7,5
150 mM NacCl 1,5 ml 5M NaCl
1% NP40 (Igepal-CA630) 0,5 ml Igepal (100%)
1% DOC (Natriumdeoxycholat) 0,59

0,1% SDS

0,25 ml 20% SDS

1 mM EDTA 0,1 ml 0,5M EDTA pH 8
Protease Inhibitor cocktail tablets One Tablet

Wash Buffer | for 50 ml

20 mM Tris-HCI pH 8 1 ml Tris-HCI pH 8

150 mM NacCl 1,5 ml 5M NaCl

2 mM EDTA 0,2 ml 0,5M EDTA pH8
0,1% SDS 0,25 ml 20% SDS

1% Triton X100

0,5 ml Triton X100
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Wash Buffer I for 50 ml

20 mM Tris-HCI pH 8 1 ml Tris-HCI pH 8
500 mM NaCl 5 ml 5M NacCl

2 mM EDTA 0,2 ml 0,5M EDTA pH8
0,1% SDS 0,25 ml 20% SDS

1% Triton X100

0,5 ml Triton X100

Wash Buffer Il

for 50 ml

10 mM Tris-HCI pH 8

0,5 ml Tris-HCI pH 8

1% NP40 (Igepal-CA630)

0,5 ml Igepal (100%)

1% DOC 0,59

1 mM EDTA 0,1 ml 0,5M EDTA pH 8
0,25 M LiCl 1,25 ml 10MLICI

IXTE for 50 ml

10 mM Tris-HCI pH 8 0,5 ml Tris-HCI pH 8

1 mMEDTA 0,1 ml 0,5M EDTA pH 8

Elution Buffer

for 25 ml

1% SDS

1,25 ml 20% SDS

0,1 M NaHCQ

2,5 ml 1M NaHCQ

2.7.Consumables

Reaction tubes (1.5 ml) Eppendorf, Germany

Reaction tubes (0.1 ml) LTF, Germany
FACS tubes BD Falcon, Germany
2.8.Machines

Tip-Sonicator (Heilscher, Germany)
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Bioruptor Power up (Diagenode, Belgium)
Flow Cytometry Canto (BD, Germany)

2.9.Isolation of CD4" cells from human full blood.
2.9.1. Ethical Approval
10 healthy subjects were recruited for ChIP analgsid method validation. The ethical

approval was obtained from the ethic committeénefRhilipps University Marburg.

2.9.2. Isolation of CD4" cells from human full blood
2 ml full blood was withdrawn in EDTA tubes and iaedt isolation of CD4 cells was
run as follows:
CD4" magnetic beads were added to the blood directyyriatio of 50 pul for each 1 ml
blood. The beads and blood were incubated for 1% imi4°C. Afterwards, 20 ml
MACS buffer was added and blood was centrifugegatg for 10 min without brakes.
The supernatant was discarded and the rest wepersdesd in 1 ml MACS buffer. The
suspension mixture was added on the LS/MS coluiviettioye, Germany) attached to
the magnet. The columns were washed 3 times witlt BIACS buffer to ensure that
no red blood cells were left in the column. Thea dolumns were removed from the
magnet and the cells were washed out using 5 ntbeldbuffer containing 0.009 %
sodiumazide. The cells were centrifuged at 600 iy 1@ min and the pellet was

resuspended in 1 ml MACS buffer for further analysi

2.9.3. CD4" cells purification test through flow cytometry
To measure the purity of the isolated cells, thedw CD4 cells were resuspended in 1
ml FACS buffer in FACS tubes. The cells were thienngd with anti-CD45R and anti-
CD4 antibodies to measure the purity of our popaatccording to the following

scheme
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- Tube . FITC . PE

- 1 - Ch4 - CD3

- 2 . . CD45R
- 3 - CDh4 - CD 45R

The FACS tubes were centrifuged at 350 g for 10. mfterwards, the supernatant was
discarded and the pellet was suspended in 50 pahwerum + 9 ul FACS buffer. 1 pl
of the antibodies were added as shown in the sch&heecells were incubated for 15
min with the antibodies at RT in a dark place. Otieeincubation was completed 1 ml
FACS buffer was added and the tubes were centdfugee again with 350 g for 10
min. the supernatant was discarded and the pelistresuspended in 300 pl in Cell fix.

The cells were measured using FACS Canto Il.

2.10. Chromatin immunoprecipitation (ChIP).

2.10.1Preparation of the CD4 cells chromatin for chromatin
Immunoprecipitation.
CD4" cells were isolated using either CD#eads (Miltenyi, Germany) or CD4
dynalbeads (Invitrogen GmbH, Darmstadt, Germanyr the crosslinking of the
histones with the DNA, cells were fixated for 8 noim RT using 1% formaldehyde. The
reaction was stopped using 55 pl 2.5 M glycine. Theomatin was treated for 3 min
with 5 M sodium butyrate to enhance the bindinghef acetyl group to the histone and
then centrifuged for 5 min at 8000 rcf (relativencdugal force) at room temperature
(RT). Moreover, the chromatin was incubated witkidybuffer | for 20 min on RT.
After spinning down the chromatin for 5 min at 80@® on RT, the chromatin was
incubated with lysis buffer 1l containing 0.1 — %Sodium dodecyl sulfate (SDS) for 5
min on RT and 3 min on ice then put directly irheitthe tip sonicator or the power-up
bioruptor (Diagenode, Belgium) for 30 cycles, wheaeh cycle was 30" on and 30" off

(high power). Afterwards, the chromatin was ceagéd for 15 min at 28000 rcf to
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remove any debris that may interfere in the pracéle supernatant was transferred to
a new reaction tube and diluted to an SDS condsmtraf 0.1%.

2.10.2Chromatin Immunoprecipitation (ChlIP)
1. For the Chromatin immunoprecipitation, Sepharbsads (GE Healthcare Bio-
sciences AB, Uppsala, Sweden) were washed oncelygighbuffer Il then centrifuged
at 1800 rcf for 2 min. After removal of the supdsmd the beads were blocked with 1
mg/ml BSA and 400 pg salmon sperm DNA overnight%@. The beads were then
centrifuged at 1800 rcf for 5 min and washed onith & ml lysis buffer 1l. 30 ul of the
beads per IP per number of samples were transfesrachew reaction tube and stored
to be used for step 6.
2. 20 pl beads per antibody per sample were add#@tetchromatin and incubated for 2
hours at 4C for removal of chromatin which is binding unsgiecto the Sepharose
beads (preclearing 1). After the incubation time #upernatant with the precleared
chromatin was transferred to a new reaction cupi).
3. In the meantime the rest of the beads weredfileh 500 pl lysis buffer 1l per
sample and 1 pg of an unspecific IgG antibody (Abc€ambridge, UK) was added
per sample. The beads with the unspecific antibwdge incubated for 1 hour afG
Afterwards the beads coupled with 1gG antibody weetrifuged for 5 min with 1800
rcf and washed 3 times each with 5 ml lysis buffeand centrifuged for 5 min with
1800 rcf.
4. 20 pl of the 1gG coupled beads were added tgtheleared chromatin from step 2
and incubated for another 2 hours &€ 4or removal of chromatin which is binding
unspecific to IgG antibodies (preclearing 2). Ae tend of the incubation time, the
precleared chromatin was centrifuged at 8000 nc&fmin at 4C.
5. The supernatant containing the chromatin wassteared to a new reaction cup. 10%
volume of the chromatin was set aside for the imqauitrol. The H3 or H4 acetylation
antibodies (4 pg) (Millipore, Darmstadt, Germanygres added to the chromatin and
incubated overnight a’@. A negative control IgG was also prepared (0.5(agcam,
USA).
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6. 30 ul bead that are been saved from step 1 adited to each IP and then incubated
for 2 hours at 2C. Once the incubation was completed the beads verifuged at
8000 rpm for 2 min and washed two times with wasffdp I, two times with wash
buffer II, 3 times with wash buffer Ill, and fingltwo times with 1X TE buffer. After
discarding the supernatant, 500 pl of the elutiaffeds were added to the Sepharose
beads, vortexed and incubated for 30 min on the Mater at RT. Afterwards, the
mixture is being centrifuged at 8000 rpm for 2 mirhe supernatant contains the
precipitated chromatin and was transferred to amaetion tube.

7. For crosslinking reversal following mixture isibg added to the IP product as well
as to in input controls saved from day two with 500elution buffer to the input

controls.

20uL 5M NaCl

10pL 0,5M EDTA pH8
20uL 1M Tris pH7.2
luL ProteinaseK (20mg/ml)
luL RNaseA (10mg/ml)

to make a 52uL Master mix for each sample.

The mixture will ensure the detachment of thedmss from the DNA and denaturation
of the rest of proteins and any RNA found. The dasywere incubated for 3 hours at
55 C then 65C overnight. On the fourth day the DNA will be figidl using QIAquick
kit according to the manufacturer’s manual protocol

All incubation steps were performed on an overhesator.

The purified DNA was used in real time PCR to meagte enrichment of different

promoter regions of different genes.

2.10.3Enrichment measurement
To measure the effect of the acetylation on diffegene promoter per cent enrichment
was measured to a control that represents 100epér c
The enrichment is calculated using the followingala:

% Enrichment = 100# Tnput - 3.3) - CTsample]

39



Hani Harb Materials and Methods

The adjusted CT value used comes from a 10% input the starting materials if the
starting input fraction is 10%, then a dilutiontfac(DF) of 10 or 3.3 cycles (i.e., log2
of 10) is subtracted from the Ct value of dilutegdut.

The final enrichment percentage was calculateduigracting the enrichment of our
negative 1gG-Mock control from the enrichment of aanted antibody.

The per cent enrichment was then normalized toRR&32 house keeping gene as:

% Enrichment to desired gene/ % Enrichment to pasdontrol.

2.11. Validation of the ChIP method.
After establishing the method, different validatioechniques and protocols were

implemented for the following reasons:

Humans are unique individuals. To consider if a snead value in any
individual is “normal” it is necessary to know whiwalues can be measured in
healthy subjects. This is the so-called refereacge

To determine the lowest values which could be meakit is necessary to
determine the lower limit of the blank. To detemmthe lowest number of cells
needed for an acceptable measurement the lowdrdinguantification must be
analyzed

It is common to freeze samples during collectiothimi cohort studies so that it
is necessary to analyze if freezing and storag&atect the analysis.

As histone modifications could be temperature $mesit is also necessary to
analyze if e.g. if exposure to higher temperatuesm temperatures) is
affecting the outcome of the ChlIP.

An internal standard is needed to ensure that sunement is valid.
2.11.1.Reference range, inter- and intra-assay coeffici¢mf variance

To analyze the normal variation of H3 and H4 histagetylation at a certain locus in

healthy individuals, a reference range for eaclidameasured was set for both H3 and
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H4 histones. To do so histone acetylation at aerd@ti was measured in 10 healthy
subjects and taking the upper and lower 95 % cenfid interval for the measurement.
These values represent the normal values thatlthhgerson should have for both H3
and H4 acetylation for different enrichment values different gene promoters.
Furthermore, both inter- and intra-assay coefficignvariance were measured to test
both the specificity and sensitivity of the ChiRpectively. The inter-assay of variance
is the variance when measuring the same sample timaay in different runs, whereas
the intra-assay coefficient of variance is variamdgen measuring the same sample

many times in the same run.

2.11.2. Lower limit of the blank (LOB).
Lower limit of the blank (LOB) is the measuremefitttoe background of our test. It's
measured by measuring 5 blank samples in one rdrtaking the mean value of the
enrichment + 3 standard deviations (ArmbrusterRiryd2008).

2.11.3. Lower limit of quantification (LOQ).
Lower limit of quantification (LOQ) is the lowestumber of cells needed for a
repeatable and redundant enrichment measurememtb(aster and Pry 2008). CD4
cells were titrated from 1X£05X10®, 1X1®, 5X10" and 1X10 cells.RPL32andIL10
were picked for the testing of the lower limit afaqtification.RPL32was picked as the
positive gene for this validation. Moreovélr,10 was used as an examplatory gene as a

representative of the asthma related genes.

2.11.4. Freeze — thawing effect.
It is well known that most of the cells that aredior any type of analysis are usually
stored and thawed throughout this collection analysis process. To ensure that the
chromatin do not undergo any changes or destru¢hoough freezing and thawing
procedures, chromatin was frozen and thawed twegisnd a comparison between
freshly isolated chromatin and frozen — thawed wctatin was done looking at the

enrichment values for both histone 3 (H3) and nisté (H4) acetylation.
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2.11.5Temperature effect.
Furthermore, it is known that DNA — Protein bindisgelatively weak binding and it is
temperature sensitive (Bi 2014; Ausio 2015). Td tke effect of normal temperatures,
chromatin isolated from human CDd4ells was left on room temperature (RT) for 24
hours and enrichment values for acetylated histéiesand H4 at different gene loci
were measured and compared to enrichment values fieshly isolated and ChiPed

chromatin. .

2.11.6Long time stability test.

It is well known, that for cohort studies sampla#l ine harvested, prepared and frozen
for longer time periods until the required humbereached for the measurement of
different parameters. To look if longer storage etilhas an effect on the histone
modifications and the enrichment values of différasthma/allergy associated genes.
For this reason, CD4cells were stored for 7 and 30 days in -80°C tberomatin
immunoprecipitation protocol was run and a comperibetween freshly isolated and
ChlIPed chromatin and the chromatin isolated froamd 30 days frozen cells was done.
Enrichment values for both histone 3 (H3) and mmstal (H4) acetylation were

measured for different asthma/allergy associategge

2.11.7 Setting an internal standard.
To set an internal standard that shows us thatvouk is standardized and any changes
in the measurements seen is due to a mistake iprtitecol or a real difference in the
samples. As our method is a house established @idhted method, the best standard
to be used was a chromatin with a well-known emnieht values for different genes for
both H3 and H4 acetylation. This standardizatiom losa achieved by one of two ways;
establishing our own pool of chromatin, measuritsgeinrichment values and uses its
aliquots for our measurement. The second way wasséoa ready to ChIP chromatin

from Diagenode. The chromatin was taken from leukecell line, which was the
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closest found to human CD4ell. Chromatin from one million cells were measiir
each second ChIP run throughout the measuremein¢ alifferent cohorts.

2.12. Selection of different study groups.

2.12.1Validation study group.
For the validation of the ChIP 10 healthy adultgevescruited. Persons with allergies
and other chronic diseases were excluded from tildy population. This study was
approved by the ethics committee in the medicalulfgcin Philipps-University
Marburg.

2.12.2 Folic acid study group.

The study population included 23 neonates selettad a larger prospective birth

cohort comprising 628 mother-infant pairs recruitiecbugh the allergy research clinic
in the Princess Margaret Hospital for Children (Biam et al. 2012). Mothers were
recruited during the last trimester (>=28 weeksprdgnancy at which time maternal
blood samples were collected, and cord blood saanpbre subsequently collected at
the time of birth. Peripheral blood mononuclearlscelere harvested from blood

samples within 12 hours of collection accordingstandard protocols (Martino et al.

2011). Serum folate measurements were availablenfaternal (n=435) and cord

(n=285) blood. Extensive clinical and dietary datallected through the semi-

guantitative food frequency questionnaire and miaiion on maternal socio-

demographic factors were also available.

The sample population was selected based on tlwsviog criteria: For the purposes of

this study we excluded any infants that developdzssquent allergic disease, in order
to reduce potential biases in gene expression thay be associated with the

development of later disease. Infants were defiagdnon-atopic’ based on clinical

assessment and skin prick allergy test (SPT) smge of inhalant and dietary allergens,
availability of matched maternal and cord blood s Infants who developed

positive SPT or clinical disease in the first 5rgeaf age were excluded. The high (HF)
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and low folate (LF) groups were defined accordiadhte first and third quartiles from
the distribution of maternal serum folate levelsconventional extremes of exposure
design. All study procedures were carried out icoagdance with full institutional

ethics.

2.12.3Fish oil study group.

Ninety-eight pregnant, atopic women booked forwagly at St John of God Hospital,
Subiaco, Western Australia, between January 19899%Saptember 2001 were recruited
into the study because their offspring were conedido be at high risk of allergic
disease. All women had a history of physician-désgpu allergic rhinitis and/or asthma
and 1 or more positive skin prick tests to commbergens (house dust mite; grass
pollens; molds; and cat, dog, and cockroach exradollister-Stier Laboratories,
Spokane, Wash). Women were ineligible for the stfitlyey smoked; if they had other
medical problems, complicated pregnancies, or seafallergy; or if their normal
dietary intake exceeded 2 meals of fish per weakZ®Aand 30 weeks’ gestation, the
women completed a validated, semi quantitative firequency questionnaire, which
was used to identify any background dietary chandesh consumption in each group.
Pregnancy outcomes were assessed using data frqrartatipants. The trial protocol
was approved by the Ethics Committees at St Johad Hospital and Princess
Margaret Hospital, and all women gave informed eomsThe groups were block-
randomized according to parity (no previous ternidbirth versus 1 or more), pre
pregnancy body mass index (BMI), age, and mateatiakgy (allergic rhinitis or
asthma). Women in the fish oil group received 4)Tish oil capsules per day (Ocean
Nutrition, Halifax, Nova Scotia, Canada) comprisagptal of 3.7 g of n-3 PUFAS with
56.0% as docosahexaenoic acid (DHA) and 27.7% @ssabentaenoic acid (EPA)
(confirmed by gas chromatography). The control groeceived 4 (1-g) capsules of
olive oil per day (containing 66.6% n-9 oleic acahd <1% n-3 PUFAs; Pan
Laboratories, Moorebank, NSW, Australia). From thegho completed the study, 70
neonates were picked, 34 in the placebo group énd e fish oil group (D'Vaz et al.
2012c).
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2.12.4Children asthma study group.
This study was carried on a sub-population fromGhé&\RA study. From that study,
peripheral blood (n= 230) was sampled from childrge 4 to 15 years in the CLARA
study, Munich, Germany. Enroliment occurred fromukay 2009 and is still ongoing.
Parents were approached for consent and completddtaled questionnaire that
assessed infant data.
Upon enrollment, all asthmatic children underwedlt ¢linical examination, pulmonary
function test, chest radiograph and blood countadidition, total and specific IgE
(RAST) was measured. A positive specific IgE wafingel as one or more positive
reactions [0.35 IU/ml] to a panel of 20 common allergens (Meéds Analytic, Moers,
Germany; for allergen details see 2.2.1.1). Rebkrgirway obstruction was defined as
significant difference of the forced expiratory woie in one second before and after
inhalation of the short-acting2-adrenergic receptor agonist salbutamoFEV1),
analogous to ATS/ERS criteria(Beydon et al. 200i8g8ard and Nielsen 2005; Crapo
et al. 2000)
Inclusion criteria for asthmatic children comprisatl least 3 attacks of obstructive
bronchitis and/or a doctor’s diagnosis of recurmpisodes of obstructive bronchitis
and/or a history of asthma medication and a typwad) function showing reversible
pulmonary obstruction. Children were defined a$rastics if they met the inclusion
criteria for asthmatics and had &EV1 of higher than 10%. Allergic asthmatics (AA)
were defined based on the criteria above and d@iy®$P0.35 1U/ml) specific allergic
sensitization assessed by RAST test. The definfbohealthy children (HC) was based
on having no allergies and any chronic diseasesldi€@h with other pulmonary,
chronic or autoimmune diseases were excluded, aiyil children with
immunodeficiency and subjects taking steroids,baotics, probiotics or suffering from
an infection within 14 days before blood withdrawtom this cohort 28 sub-sample
collective was collected to look at the epigengtiofile in a pure CDZ cells and

compare between healthy control children and atteagthmatics.
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2.13. Statistical Analysis

If not otherwise stated, qualitative variables wevenpared by Pearson’g test. Partial
pairwise relationships between two continuous paters were analyzed using
Spearman’s rank correlation coefficient. Direct pamsons of qualitative parameters
between two groups were always conducted by maltiplear regression models
including adjustment for potential confounders #peéor the purposes of the relevant
sub-studies belonging to this work, i.e. binaridelic acid or continuous vitamin D
(folic acid/vitamin D part) or fish oil supplemetitan (fish oil part). Before entering
any regression model, variables of distributioneotthan normal as estimated by
Shapiro-Wilk test, which was characterized in @a$es by a positive skewness, had it
approximated to normality by square-root transfdroma

In the fish oil study, the potential predictive walof a certain locus histone acetylation
for binary traits, such as the development of atopgubsequent allergic diseases, was
also tested but only if a significant associationinitial analysis by multiple linear
regression was observed (see respective parts elltResection). First, logistic
regression models (with adjustment for fish oil gementation) were developed
providing odds ratio [95% confidence interval] asautput. Second, receiver operating
characteristic (ROC) curves were created, in withehtrue positive rate (sensitivity) is
plotted in function of the false positive rate (1€jgecificity) for different cut-off points.
Each point on the ROC curve represents a sengltipicificity pair corresponding to a
particular decision threshold. A test with perfdidcrimination (no overlap in the two
distributions) has a ROC curve that passes throingh upper left corner (100%
sensitivity, 100% specificity). Therefore the closee ROC curve is to the upper left
corner, the higher the overall accuracy of the {gsteig and Campbell 1993). This
analysis was accompanied by plotting the corresipgndbt diagrams, in which the data
of the groups negative and positive for the bestoffupoint are displayed as dots on
two vertical axes, and a horizontal line indicates best cut-off point established based
on ROC curve analysis. Such cut-off point corresjsoto the best combination of

sensitivity and specificity in ROC curve, i.e. thest separation (minimal collective
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false negative and false positive results) betwientwo groups with respect to the
binary parameter.

A P-value of less than 0.05 was considered stedibfi significant. Analyses were
performed using STATISTICA Version 10.0 softwaréatSoft, Inc., Tulsa, OK, USA)

or MedCalc Version 13 program (MedCalc Software a&yviDstend, Belgium).
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3. Results

3.1. Establishment and validation of a chromatin immunopecipitation (ChlP)
method for cohort studies.
Chromatin immunoprecipitation (ChIP) is a methodevghan immunoprecipitation is
done pulling down a specific protein that is linkikldDNA in order to study DNA —
Protein interactions. This method requires usualhigh number of cells. Additionally,
the method is relative sensible and results miginy Wepending on factors like buffer
composition, shearing method, temperature and nlaéyzed cell subset.. The goal of
this part of the study is to build a redundant rodtlable to deliver repeatable and
acceptable data/results in large number of san(plaman cohorts) using a relatively
low number of cells. This part of the study wasriearon using CDZ4cells as they are
considered the primary vessel for the changedengid and immune diseases.

3.2.Establishment of the chromatin immunoprecipitation protocol for human
CD4" cells.

The method was established according to the prbtieszribed previously. There were
different critical points that were to be validatbdoughout the protocol. The validation
was done to ensure a reliable measurement of fferefit histone modifications in
cohort studies. The first important step is thesslioking of the DNA and the histone. It
Is very important to set both the concentrationtled fixative and the timing very
accurately, as any changes in one or both of theay lead to over crosslinking
rendering the de-crosslinking step impossible. Fddehyde is considered one of the
most stable corss-linkers with a short arm thati®ithe any protein directly adjacent to
the DNA. Nevertheless, this binding if left unstegpcan be irreversible. The optimal
length for the chromatin is between 500 — 1000 ¢wprformal ChIP. Furthermore,
sonication of chromatin to its proper size is catly important and sonication

efficiency is influenced by several parameters fikation of cells, SDS concentration
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in the buffer and the sonication device. Addititywasonication efficiency depends on
the chromatin structure and it is known that theapact chromatin of the human CD4

cells is relative sonication resistant.

3.2.1. Shearing of chromatin from human CD4 needs high SDS
concentrations in lysis buffer Il and long sonicabn times

Before sonication CD4cells were fixed with 1% paraformaldehyde for &rat room
temperature and lysed with two different lysis ludfbefore put in the sonicator. The
first lysis buffer has the ability to destroy thellcmembrane and keeps the nucleus
intact. The second lysis buffer had the abilityyteate the nucleus to reveal chromatin
for sonication. The tip sonicator was used as tlaniy used sonicator in different
protocols.
In figure 4.2.1.1, it shows how problematic the asiteg can be without the proper
conditions. Using low number of cycles (10 min) do@ SDS concentration, resulted
in no shearing at all using the tip sonicatéig(re 4.2.1.1.A After changing the
conditions using a tip sonicator the shearing efficy improved but the nevertheless, it
was not optimumHKigure 4.2.1.1.B. Changing the SDS concentration produced a huge
change in the shearing efficiency. In figure 3@,1moving up from 0.1% SDS
concentration in lane 3 toward 1% and 1.5% SDS eatnation in lanes 2 and 1
respectively, produced a fully functional shearamgl an optimum shearing efficiency
between 500 — 1000 bp for ChlIP.
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Figure 4.2.1. 1. Shearing Efficiency of human CD4cells. (A) sonication for 15
minutes using the tip sonicator without proteinedigon in lanes 1,2 and 3 with 0.1%
SDS B) sonication for different time points using tipngzator in 4°C without protein
digestion lane 1: 10 min, lane 2: 15 min, lane@nn, lane 4: 25 min, and lane 5: 30
min with 0.1% SDS ) Sonication with 30 min in tip sonicator usingfdient SDS
concentrations ranging from 0.1 — 1.5% SDS. Lan&.3% SDS, lane 2: 1% SDS and
lane 3: 0.1% SDS.

3.2.2. Chromatin from CD4" T cells can reliable be sonicated with the

Bioruptor Power up

With the tip sonicator only one sample can be sudsit at the same time. Additionally,
the samples have to be cooled during sonicatiavtad overheating of the chromatin
and protein denaturation. The tip sonicator is waykwithout an integrated cooling
device and the samples have to be cooled manudhyan ice-bath. With the Bioruptor
Power up device six samples can be processed aathe time and the samples are
cooled down and maintained at 4°C during the sdimicgrocess with in an integrated
water bath. A concentration of either 0.1% or 1%SSWas used with different cycle
number ranging from 10 to 30 cycles. The optimaasimg conditions lays with 30
cycles (30 on/ 30 off seconds) with the Bioruptomir up machine from Diagenode
with a final concentration of 1 % SDS in the lysidfer solution Figure 4.2.2.1.A.
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Figure 4.2.2.1. Shearing Efficiency of human CD4 cells. sonication for 30 cycles
(30 sec on and 30 sec off for each cycle) usingtbriptor with protein digestion. All
lanes represent a repeatable measurement to pgrevepeatability of the machine. In
lane one, Chromatin is shown without any shearitane two, the chromatin was
sonicated for 10 cycles with 1% SDS concentratioibysis buffer Il. Lane three, the
chromatin the chromatin was sonicated for 20 cyelgh 1% SDS concentration in
Lysis buffer II. In lane four, the chromatin wasamated for 30 cycles with 0.1% SDS
concentration in Lysis buffer Il. In lane five, tkbromatin was sonicated for 30 cycles

with 1% SDS concentration in Lysis buffer Il

3.3.Validation of the ChlIP protocol.

The validation of the method for cohort studies darge number of samples would
follow. For the validation of the ChIP first thefeeence ranges for different gene loci
were determined. Additionally, the specificity arsgnsitivity were measured by

determining both - the inter- and intra-assay dokeffit of variance.
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3.3.1. Measurement of the Reference Range, inter and irdrassay
coefficient of variance

The reference range for each locus measured wdsrdawth H3 and H4 histones. The
reference range was set after measuring 10 headthiyols and taking the upper and
lower 95 % confidence interval for the measureméhese values represent the normal
values that a healthy person should have for bd&hakll H4 acetylation for different
enrichment values for different gene promoterstif@armore, both inter- and intra-assay
coefficient of variance were measured to test blo¢thspecificity and sensitivity of the
ChIP respectively. The inter-assay of variancéésvariance when measuring the same
sample many times in different runs, whereas thiassay coefficient of variance is
variance when measuring the same sample many imtlee same run.
RPL32was used as our positive control gene as it susé keeping gene and should be
expressed in all cells and in all conditions, ttheschromatin should be always open.
On the other hantMS4A2gene that encodes the Rt , which is not found on CD4
cells, was used as our negative control. In thisecdie immunoprecipitation result
should be negative for each sample measured.
For each histone a reference range was set anduradafr each gene as seen in
(Table 4.3.1.1). Moreover both inter- and intra — assay coeffitief variance were
measured for both H3 and H4 histones which laidtipdeelow 10 % for most of the
genes measured which is acceptable for genets: test the positive contrélPL32the
histone H3 acetylation reference range was 0.86-éhd 0.12 — 3.70 % for acetylation
at histone H4. The inter- and intra-assay coeffica variance was 6.67% and 5.36%
for histone H3 and 1.76% and 2.80% for histone F8t.IL4 the histone H3 acetylation
reference range was 0.5 — 1.4 % and 0.92 — 4.7r%detylation at histone H4. The
inter- and intra-assay coefficient of variance W&a23% and 9.36% for histone H3 and
0.001% and 7.36% for histone H4. Hbb the histone H3 acetylation reference range
was 0.001 — 0.93 % and 0.12 — 1.32 % for acetylatibhistone H4. The inter- and
intra-assay coefficient of variance was 0.001% @u@@1% for histone H3 and 0.001%
and 0.001% for histone H4. Another Th2 gene wassorea and validatedl.13 as a

main modifier of the Th2 response. Rbi3 the histone H3 acetylation reference range
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was 0.2 — 0.84 % and 0.14 — 0.53 % for acetylagiohistone H4. The inter- and intra-
assay coefficient of variance was 0.001% and 3.3&2istone H3 and 5.36% and
5.89% for histone HAGATA3the main transcription factor for Th2 cells hackference
range of 0.001 — 1.9 % for H3 acetylation and 0.8@.3 % for acetylation at histone
H4. The inter- and intra-assay coefficient of vaca was 2.65% and 4.65% for histone
H3 and 4.78% and 5.78% for histone H4. On the otide TBX21, the main
transcription factor for Thl cells had a referemaage of 0.001 — 2.36 % for H3
acetylation and 0.001 — 1.98 % for acetylationistome H4. The inter- and intra-assay
coefficient of variance was 4.65% and 8.65% fotdme H3 and 5.47% and 7.65% for
histone H4. For the negative control geM&4A2there is no values shown as no
enrichment at all at that gene is possible as ibistranscribed of even found in CD4
cells.

The only outlier was the intra — assay coefficiehtariance for H3 histone acetylation
for IL4 which lay by 15.23% which needed to be fine-tun€be inter and intra-
coeffiecnt of variance should not exceed 10% irepfid accept the measurement of

each gene.

Table 4.3.1. 1 Validation of ChIP method for human cohorts.Hrsttable the reference

ranges for both H3 and H4 acetylation for Thl, ThA17 and Treg genes and positive
and negative controls are shown as well as bot#r-ir@nd intra-assay coefficient of
variance concluding both specificity and accuratyhe measurement. n=10 healthy

subjects.

53



Hani Harb Results
Intra-assay Inter-assay Intra-assay Inter-assay
Locus H3acet coeffiecent of coeffiecent of Haacet coeffiecent of coeffiecent of
Varlance H3 Varlance H3 Varlance H4 Varlance H4
RPL32 0.5-3.00 6.67% 5.36% 0.12-3.70 1.76% 2.80%
L4 05-14 15.23% 5.36% 0.92-47 0.001% 7.36%
ILS 0.001-0.93 0.001% 0.001% 0.12-1.32 0.001% 0.001%
IL9 0.59-2.07 0.001% 0.001% 0-21 0.001% 0.001% ‘
1L10 0,001-4.6 3.53% 9.85% 0.566—4.6 7.9% 9.81%
IL13 0.2-0.84 0.001% 3.36% 0.14-0,53 5.36% 5.89% ‘
Reference
Range IL-17A 0.12-1.54 0.001% 2.65% 0.74-0.9 5.77% 6.12%
IFNG 0.001-2.12 0.001% 4.23% 0.12-1.42 1.25% 2.36% ‘
TNF 0.001-2.1 8.18% 8.78% 0.23-0.6 3.36% 10.47%
GATA3 0.001-1.8 2.65% 4.65% 0.001-2.3 4.78% 5.78%
TBX21 0.001-2.36 4.65% 8.65% 0.001-1.98 5.47% 7.65%
RORC 0.11-1.11 7.98% 2.65% 0.1-1.41 7.54% 1.23% ‘
FOXP3 0.06— 1.06 9.2% 9.54% 0.001-0.35 9.6% 5.22%
MS4A2 0 0 ‘

3.3.2. Determination of the Lower Limit of the blank (LOB)

Lower limit of the blank is the lowest measurabédue when a sample without analyte

(blank sample) is measured and it reflects the d¢rackhd. The LOB was measured

using 5 blank samples and the enrichment for eacte gvas measured + 3 standard

deviations. The LOB for most of the samples wa®Wwed.001 % to the input control

for both H3 and H4 acetylation. Some genes showsdoager background with higher
LOB e.g.1L13 with a 0.012 LOB for H3 histone and 0.014 LOB fé4 histone and
FOXP3with a 0.06 LOB for H3 histonéléble 4.3.2.1).

Table 4.3.2. 1validation of ChlIP method for human cohorts In this table the lower

limit of the blank for both H3 and H4 acetylatioar fall asthma related genes are

shown. n=10 healthy subjects.
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Locus LOB H3 LOB H4
RPL32 0.001 0.001
IL4 0.001 0.001
IL5 0.001 0.001
ILS 0.001 0.001
IL10 0.001 0.1
IL13 0,012 0,014
IL-17A 0,001 0,001
IFNG 0.001 0.001
TNF 0.001 0.001
GATA3 0.001 0.001
TBX21 0.01 0.1
RORC 0.001 0.001
FOXP3 0.06 0.001
MS4A2 0.001 0

3.3.3. Determination of Lower Limit of Quantification (LOQ )
The lower limit of quantification was set to be meed. Lower limit of quantification
(LOQ) is the lowest number of cells needed in th@lPCprotocol to deliver an
acceptable reliable data. The normal starting nunabecells used in any published
protocol is about 5X10cells. To validate the lowest number of cells wegded to
deliver a reliable enrichment values. A dilution strting with one million cells going
to half million, one hundred thousand, 50 thousdoan till ten thousand cells were
prepared. The ChIP protocol was conducted as tescaarlier with one million, half a
million, one hundred thousand, fifty thousand aed thousand cells. Looking at

examplatory genes likRPL32andIL10, it is clear that going below 1X1@ells the

55



Hani Harb Results

ChIP loses its sensitivity and no enrichment candétcted Figure 4.3.3.1). This
result was repeated with all other loci measurethtp enrichment measurement going
below 1X10 cells.
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Figure 4.3.3. 1. validation of ChIP method for huma cohorts. Lower Limit of
Quantification (LOQ). Lower limit of quantificatiorior both RPL32 as a positive
control gene andL10 as an examplatory gene showing that below £X#lls. n=10

healthy subjects.

3.3.4. Repeated freezing and thawing has no significant fefct upon
enrichment values during ChiP.

Repeatable freezing and thawing is known to hadestructive effect on proteins and
thus might also have negative effects histone preténked to DNA. As during
epidemiological trial samples are routinely frozba Freeze-Thawing effect was tested.
In practice, the chromatin was frozen to -20°C dhdwed twice. Afterwards, a
comparison of the enrichment values for H3 and Hktohes at theRPL32 locus
(positive control), thaiIS4A2locus (negative control)ENG locus (Th1), theL4 locus
(Th2) andIL10 locus (Treg) between freshly isolated and ChiFedroatin and frozen
and thawed chromatin was conducted. Enrichmentegalere slightly reduced at all

tested loci. This reduction was not significafigure 4.3.4.1).

56



Hani Harb Results
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Figure 4.3.4. 1. validation of ChIP method for huma cohorts. Effect of freezing and
thawing. The chromatin was frozen and thawed twiog a comparison between freshly
ChlPed and frozen-thawed ChlIPed chromatin was d@yeHistone H3 acetylation at
the RPL32 MS4A2 IFNG, IL4 andIL10 gene loci. B) Histone H4 acetylation at the
RPL32 MS4AZ2 IFNG, IL4 andIL10 gene loci. n=10 healthy subjects.

3.3.5. Room temperature can lead to decreased enrichmenthles during
ChlIP.

In this validation step, the effect of room tempera was tested. The chromatin was
left for 24 hours on room temperature to see i ttlmay cause a degradation of the
chromatin stability. A comparison between freshéplated and ChlPed chromatin
versus 24 hours room temperature left chromatin d@se. There is a significant
reduction in the enrichment percentage betweenfrégh chromatin and 24 h RT
chromatin in both RPL32 and IL4 loci. This reduatiwvas not seen in IL10 and other
measured lociKigure 4.3.5.1). Nevertheless, a significant reduction in onehaf loci

is enough to prohibit working in RT for longer tirmgervals.
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(A) (B) (€) (D) (E)
» RPL32Promoter L4 Promoter ,  IFNG Promoter IL10 Promoter w MS4A2 Promoter
S S ° ° °

2.0 S 5. ! ° £ 0.35-
‘§ £ s £ 20 £ s € 3 Fresl
3 S 4 8 8 4l S 0301 W8 24h |
+ 1.5 = + 1.5 = S 0.254
2 a2 2 2 =
£ £ 34 £ £ 3 < 0.201
2 1.0 o e 1. ° 8
2 e 210 S = 015
s * € 24 c £ 24 c
g 8 % @ g £ 0.10
E 0.5 E Eos E £
g 5 11 S s S 0.05

= = = =

= c c c =
w 0.0~ w o- w 0.0 o ' 0.00
B H3 H4 S H3 H4 ® H3 H4 X H3 H4 ® H3 H4

Figure 4.3.5. 1. validation of ChIP method for huma cohorts. Temperature effect.
The chromatin was left on room temperature (RT) 2dr hours and a comparison
between fresh and 24 h left chromatin was done.Hi&one H3, H4: Histone H4. **
P<0.01. A) RPL32 promoter (positive control) for both acetylation 613 and H4
histones. B) 1L4 promoter for both acetylation on H3 and H4 his®rf€) IFNG
promoter for both acetylation on H3 and H4 histof@} IL10 promoter for both
acetylation on H3 and H4 histones) (MS4A2promoter (negative control) for both
acetylation on H3 and H4 histones. n=10 healthyesi.

3.3.6. Sample for ChIP can be stored for at least 30 dayat -80°C without
significant changes of the measured enrichment vads.

Long time storage stability test was conductedtbyirsy freshly isolated chromatin for
either 7 days or 30 days by -80°C. Afterwards, theomatin was ChlPed and a
comparison was conducted with freshly isolated @hiPed chromatin. RPL32, IL4,
IFNG, IL10 and the negative control MS4A2 gene lagire analyzed. There was no
difference in the enrichment percentage betweerthte= time points in all the genes
measured and testeligure 4.3.6.).
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Figure 4.3.6. 1. Validation of ChIP method for huma cohorts. Long Storage
stability test. Cells were ChiIPed either freshleafsolation or after 7 days storage in -
80°C or 30 days storage in -80°QA)(RPL32 promoter (positive control) for both
acetylation on H3 and H4 histoneB) (L4 promoter for both acetylation on H3 and H4
histones C) IFNG promoter for both acetylation on H3 and H4 his®if@) IL10
promoter for both acetylation on H3 and H4 histo(ff@sMS4A2promoter (negative
control) for both acetylation on H3 and H4 histaresl0 healthy subjects.

3.4.The effect of folic acid levels during pregnancy ompigenetic modifications in
cord blood CD4' cells.

Folate is an important methyl donor for the organisnd folate levels can influence
DNA methylation as well as histone methylation (Dsp et al., 2008). Beside this also
effects upon Histone acetylation have been desti(ieference, | think we have one in
the manuscript). Folate is regularly taken by pesgrnwomen to avoid neural tube
defects in the unborn child. Nevertheless, it iscdssed an excess of folate during
pregnancy also increase the incidence of allengiease in the offspring. To analyze the
effect of high maternal folate levels upon allergitsease relevant epigenetic
modifications like histone acetylation in CD# cells in newborns a subgroup from an
Australian cohort study was analyzed. Here, thécfacid status was measured in
pregnant mothers and two groups were established tise first and third quartiles of
the folic status levels. The sample population wakected based on the following
criteria: For the purposes of this study we exaudmy infants that developed

subsequent allergic disease, in order to reducengiat biases in gene expression that
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may be associated with the development of latexadis. Infants were defined as ‘non-
atopic’ based on clinical assessment and skin paltdegy test (SPT) to a range of
inhalant and dietary allergens, availability of oked maternal and cord blood samples.
Infants who developed positive SPT or clinical dsein the first 5 years of age were
excluded. The high (HF) and low folate (LF) growpere defined according to the first
and third quartiles from the distribution of matdrserum folate levels in conventional
extremes of exposure design. All study procedureewarried out in accordance with

full institutional ethics.

3.4.1. Folic acid exposure during pregnancy increases hishe acetylation
at GATA3 and IL9 locus

A set of Thl/Th2/Th17/Treg loci were analyzed oe thvel of both histone 3 and
histone 4 acetylation. GATA3, IL4, IL5, IL9, IL13nd IRF1 were analyzed as Th2
genes. IFNG, IL1B, TBX21 and TNF were analyzed h% §enes. IL10, FOXP3 were
analyzed as the main Treg genes. Furthermore, ILAfM& RORC were analyzed as
Th17 genes. For the Th2 genes, there was a signifincrease in the acetylation levels
of GATASIocus in both H3Kigure 4.4.1.1.A and H4 histoneRigure 4.4.1.2.A in the
high folate group in comparison to the low folateup. For the rest of the Th2 genes
there was no differences between low and high dotgioup for both H3 Higure
44.1.1B, C, E and F and H4 acetylation Figure 4.4.1.2.B, C, E and F
Furthermore, there was a significant increase énhilstone acetylation at histone H4 at
thelIL9 locus Figure 4.4.1.2.D)paralleled with an increase at the same locussabiine
H3 (P=0.074) in the high folate groupigure 4.4.1.1.D. On the other hand, there was
a decrease in the histone acetylation at the hastthfor thelFNG locus (P=0.086) in
the high folate group in comparison with the lowafe group Figure 4.4.1.4.A.
Moreover, there were no differences between lowhugh folate group for the Thl
genes measured at histone H3 acetylattoguie 4.4.1.3). In addition to the Thl and
Th2 loci measured, Treg and Th17 major gene weaéyaed. There was no significant
difference between low vs. high folate group atdrie H3 neither for ILLOKigure
4.415.A, FOXP3 Figure 4.4.1.5.B as the major Treg genes nor IL17Kigure
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4.4.1.5.0 and RORC Kigure 4.4.1.5.0. Concomitant with these results there was no
significant difference between low vs. high folgt®up at histone H3 neither for IL10
(Figure 4.4.1.6.A, FOXP3 Figure 4.4.1.6.B as the major Treg genes nor IL17A
(Figure 4.4.1.6.0 and RORCKigure 4.4.1.6.D. All the data is adjusted for vitamin D
levels as it was the only confounder that was Sigamtly different between the two
groups (This study was conducted in collaboratiatih VBusan L. Prescott and Manori

Amarasekera).
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Figure 4.4.1. 1. Effect of folic acid status duringpregnancy on histone H3
acetylation at Th2 gene loci in CDA T cells from the newborns.(A) GATA3the
major transcription factor for Th2 genes showingsignificant increase in histone
acetylation at histone H3 in the high folate conegato the low folate.R) IL4 gene
showing no difference between the two groud. IL5 gene showing no difference

between the two groupsD) IL9 gene showing a slight increase in the high group
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Results

compared to the low group (P=0.074) (L13 locus showing no difference between

the two groups. K) IRF1 locus showing no difference between the two groudps
P<0.05, ** P<0.01
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Figure 4.4.1. 2. Effect of folic acid status duringgregnancy on histone H4

acetylation at Th2 gene loci in CDAT cells from the newborns Different loci were

analyzed comprising Th2 genel) GATA3the major transcription factor for Th2

genes showing a significant increase in histonéykaten at histone H3 in the high

folate compared to the low folat®)(IL4 gene showing no difference between the two

groups. C) IL5 gene showing no difference between the two groipdL9 gene

showing a significant increase in histone acetytaat histone H3 in the high folate

compared to the low folateE) IL13 locus showing no difference between the two

groups. F) IRF1locus showing no difference between the two grotips<0.05, **

P<0.01
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Figure 4.4.1. 3. Effect of folic acid status duringpregnancy on histone H3
acetylation at Th1 gene loci in CDAT cells from the newborns (A) IFNG the major
Th1l cytokine gene showing no difference betweenvswhigh folate groupB) TBX21
the major transcription factor for Thl cells shogvimo difference between low vs. high
folate groups. ) TNF gene showing no difference between the two gro(ipsiL1B

gene showing no difference between the two groups.
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Figure 4.4.1. 4. Effect of folic acid status duringpregnancy on histone H4
acetylation at Th1 gene loci in CDAT cells from the newborns(A) IFNG the major
Th1l cytokine gene showing a reduction in historetydation in the high folate group in
comparison to the low folate group (P=0.08&) TBX21the major transcription factor
for Thl cells showing no difference between low gh folate groups.§) TNF gene
showing no difference between the two groupy. IL1B gene showing no difference

between the two groups.
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Figure 4.4.1. 5. Effect of folic acid status duringpregnancy on histone H3
acetylation at Treg/Th17 gene loci in CD4 T cells from the newborns.(A) IL10
locus showing no difference between the low vshHgate groups.K) FOXP3the
major transcription factor for T-regulatory cellsosving no difference between the two
groups. C) IL17A the major cytokine for Th17 cells showing no difiece in histone
acetylation between low vs. high folate group) RORCthe major transcription factor

for Th17 cells showing no difference between the groups.
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Figure 4.4.1. 6. Effect of folic acid status duringpregnancy on the effect of histone
H4 acetylation at Treg/Th17 gene loci in CDAT cells from the newborns. (A) IL10
locus showing no difference between the low vshHgate groups.K) FOXP3the
major transcription factor for T-regulatory cellsosving no difference between the two
group. C) IL17A the major cytokine for Th17 cells showing no diffiece in histone
acetylation between low vs. high folate group) RORCthe major transcription factor

for Th17 cells showing no difference between the groups.

3.4.2. Vitamin D exposure during pregnancy causes an incese in histone
acetylation at GATA3 and IL9 loci in neonatal CD4 cells
Interestingly, it seems that folate and vitamineévdls are correlated with each other
and women with a high folate level exhibit alsoighhvitamin D level (results are the
courtesy of Manori Amarasekera). It is well knowattlthe vitamin D receptor can
interact with several chromatin modifying enzymige lhistone acetyltransferases and

histone deacetylases thus vitamin D levels mightlutaie histone acetylation (Fetahu
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et al., 2014). For this reason the effects of vital levels upon histone acetylation
were analyzed. The groups were divided accordinipeir vitamin D level in mother
serum and the results were adjusted for folic atatius in mothers as well (Results are
courtesy of Manori Amarasekera).

A set of Thl/Th2/Th17/Treg loci were analyzed oe thavel of both histone 3 and
histone 4 acetylation. GATA3, IL4, IL5, IL9, IL13nd IRF1 were analyzed as Th2
genes. IFNG, IL1B, TBX21 and TNF were analyzed b% §enes. IL10, FOXP3 were
analyzed as the main Treg genes. Furthermore, ILAM& RORC were analyzed as
Th17 genes. For the Th2 genes, there was a signifincrease in the acetylation levels
of GATAS locus in both H3 Kigure 4.4.2.1.A in the high vitamin D group in
comparison to the low Vitamin D group. For the resthe Th2 genes there was no
differences between low and high folate group fathH3 Figure 4.4.2.1.B, C, E and

F) and H4 acetylationFjgure 4.4.2.2.B, C, E and F Furthermore, there was a
significant increase in the histone acetylatiorhistone H3 at théL9 locus Figure
4.4.2.1.D)paralleled with a significant increase at the sdmeeis at histone H4 in the
high Vitamin D group Figure 4.4.2.2.0D. Moreover, there were no differences between
low vs. high Vitamin D group for the Thl genes mead at histone H3 acetylation
(Figure 4.4.2.3) and Histone H4Kigure 4.4.2.4). In addition to the Thl and Th2 loci
measured, Treg and Th1l7 major gene were analyzbdreTwas no significant
difference between low vs. high folate group atdrie H3 neither for ILLOKigure
4.4.25.A, FOXP3 Figure 4.4.2.5.8 as the major Treg genes nor IL17Rigqure
4.4.2.5.0 and RORC FKigure 4.4.2.5.0. Concomitant with these results there was no
significant difference between low vs. high folgt®up at histone H3 neither for IL10
(Figure 4.4.2.6.A, FOXP3 Figure 4.4.2.6.B as the major Treg genes nor IL17A
(Figure 4.4.2.6. and RORCKigure 4.4.2.6.D.
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Figure 4.4.2. 1. Effect of Vitamin D status duringpregnancy on histone H3
acetylation at Th2 gene loci in CDA T cells from the newborns.(A) GATA3the
major transcription factor for Th2 genes showingsignificant increase in histone
acetylation at histone H3 in the high Vitamin D gpocompared to the low vitamin D
group. B) IL4 gene showing no difference between the two gro(Ps.IL5 gene
showing no difference between the two groudd) (L9 gene showing significant
increase in histone acetylation at histone H3 enhilgh Vitamin D group compared to
the low vitamin D group.K) IL13 locus showing no difference between the two groups

(F) IRF1 locus showing no difference between the two grotps<0.05.

68



Hani Harb Results

(A) (B) ©)
GATA3 Promoter IL4 Promoter IL5 Promoter

1.00- 1.00- 1.00-
o ] [e]
o o o
o - -
S 075 S 0.75- &  0.75-
£ £ £
S S S8 S
E g 0.504 = g 0.504 E g 0.504
w o w w o
| T | T e” | 1
s 0.254 s 0.254 s 0.254
© © 1]
g g g

0.00 T 0.00 T 0.00 T

Low High Low High Low High
(D) (E) (F)
IL9 Promoter IL13 Promoter IRF1 Promoter

1.00 1.00- 1.00-
[e] [e] [e]
A o o
b~ b~ b~
5 075 *x 5 0754 § 075
£ £ E
58 58 S8 T
= 7 0.504 £ 7 0.504 £ g 0.50-
w o7 w oy w oz
2 2 T B
s 0.254 s 0.254 5 0.254
it it it
& & @

0.00- 0.00 T 0.00 T

Low High Low High Low High

Figure 4.4.2. 2. Effect of Vitamin D status duringpregnancy on histone H4
acetylation at Th2 gene loci in CD4 T cells from the newborns (A) GATA3the
major transcription factor for Th2 genes showingdiféerence in histone acetylation at
histone H3 in the high Vitamin D group comparedhe low Vitamin D group.g) IL4
gene showing no difference between the two gro{@3. IL5 gene showing no
difference between the two group®)(IL9 gene showing a significant increase in
histone acetylation at histone H3 in the high VitarD® group compared to the low
Vitamin D group. E) IL13 locus showing no difference between the two grodps

IRF1locus showing no difference between the two grotjpB<0.01.
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Figure 4.4.2. 3. Effect of Vitamin D status duringpregnancy on histone H3
acetylation at Th1 gene loci in CDAT cells from the newborns (A) IFNG the major
Th1l cytokine gene showing no difference between Wswhigh vitamin D group.B)

IL1B gene showing no difference between the two gro(fPsTNF gene showing no

difference between the two groups.
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Figure 4.4.2. 4. Effect of Vitamin D status duringpregnancy on histone H4
acetylation at Thl gene loci in CDAT cells from the newborns (A) IFNG the major
Th1l cytokine gene showing no difference between ¥swhigh Vitamin D group.R)

IL1B gene showing no difference between the two gro(fPsTNF gene showing no

difference between the two groups.
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Figure 4.4.2. 5. Effect of Vitamin D status duringpregnancy on histone H3
acetylation at Treg/Th17 gene loci in CD4 T cells from the newborns (A) IL10
locus showing no difference between the low vshhfitamin D groups. B) FOXP3
the major transcription factor for T-regulatorylseshowing no difference between the
two groups. C) IL17A the major cytokine for Th1l7 cells showing no diffiece in
histone acetylation between low vs. high Vitamingboup. O) RORC the major

transcription factor for Th17 cells showing no diffnce between the two groups.
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Figure 4.4.2. 6. Effect of Vitamin D status duringpregnancy on histone H4
acetylation at Treg/Th17 gene loci in CD4 T cells from the newborns (A) IL10
locus showing no difference between the low vshhfitamin D groups. B) FOXP3
the major transcription factor for T-regulatorylseshowing no difference between the
two groups. C) IL17A the major cytokine for Th1l7 cells showing no diffiece in
histone acetylation between low vs. high Vitamingbbup. D) RORC the major

transcription factor for Th17 cells showing no diffnce between the two groups.

3.5. The effect of fish oil supplementation during pregancy on the histone
acetylation in cord blood CD4 cells.

In this cohort the effect of fish oil supplementatiduring pregnancy was studied. Fish

oil is considered one of the first supplements gnbsd for pregnant mothers during the

whole period of pregnancy. Throughout a clinicaldsgt looking at the effect of fish oil
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supplementation on asthma and allergy developmatet lin life in the children,
Prescott and colleagues showed that fish oil supghtation was able to reduce the risk
of allergy and atopy (D'Vaz et al. 2012c; D'Vazakt2012d). To illustrate the effect of
fish oil supplementation, different epigenetic gsak were carried out and histone
modifications/acetylation was carried out here iarburg. For our analysis CD4ells
were isolated from cord blood mononuclear cell (GB)1 from newborns born to
mothers either supplemented with fish oil or theebil as a placebo. CD4ells were
selected as the major vehicle for any changesishiaappened in the immune system
related to allergic disease. Different analyseseveenducted for this study.

In short, the groups were block-randomized accogrdim parity (no previous term
childbirth versus 1 or more), pre pregnancy bodgsriadex (BMI), age, and maternal
allergy (allergic rhinitis or asthma). Women in th&h oil group received 4 (1-g) fish
oil capsules per day (Ocean Nutrition, Halifax, d@cotia, Canada) comprising a total
of 3.7 g of n-3 PUFAs with 56.0% as docosahexaemeid (DHA) and 27.7% as
eicosapentaenoic acid (EPA) (confirmed by gas chtography). The control group
received 4 (1-g) capsules of olive oil per day (eoning 66.6% n-9 oleic acid and <1%
n-3 PUFAs; Pan Laboratories, Moorebank, NSW, Alis)ra From those who
completed the study, 70 neonates were picked, 3Aemlacebo group and 36 in the
fish oil group (D'Vaz et al. 2012c).

3.5.1. Fish oil supplementation causes a decrease in higacetylation on
both histones H3 and H4 at IL13 and TBX21 loci
For this analysis we looked at the histone aceonaat both histones H3 and H4. We
looked at different Th1l/Th2/Treg genes as well s protein kinase zeta genes
described in D’Vaz publication as a predictor cf thtevelopment and severity of infant
allergic disease (D'Vaz et al. 20128&ATA3 IL4, IL5, IL9, IL13 and IRF1 were
analyzed as Th2 genelNG, IL1B, TBX21 and TNF were analyzed as Thl genes.

IL10, FOXP3were analyzed as the main Treg genes.
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The analysis of different Th2 loci showed no sigaift difference between the placebo
and the fish oil supplemented group in differenhege at both histone HFigure
4.5.1.1 A-Q and histone H4Rjgure 4.5.1.1. D-F

Figure 4.5.1. 1. Effect of fish oil supplementatioron the histone acetylation in
different Th2 genes at both H3 and H4 histonegA) GATA3 locus showed no
difference in histone acetylation at histone H3ngein placebo and fish oil group8)(
IL4 locus showed no difference in histone acetylaabmistone H3 between placebo
and fish oil groups.Q) IL9 locus showed no difference in histone acetylasibhistone
H3 between placebo and fish oil groupB) GATA3locus showed no difference in
histone acetylation at histone H4 between placetibfesh oil groups. £) IL4 locus
showed no difference in histone acetylation atomstH4 between placebo and fish oil
groups. E) IL9 locus showed no difference in histone acetylasibhistone H4 between

placebo and fish oil groups.
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Furthermore, the percent enrichment for Th2 geoethere was a significant decrease
in the histone acetylation at thiel3 locus on both H3 and H4 histones in the fish oil
group compared to the placebo grodig(re 4.5.1.2.A, B. Furthermore, there was a
significant decrease iNBX21acetylation at histone H3 in fish oil group in quemison

with the placebo groug={gure 4.5.1.2.A.

Figure 4.5.1. 2. Effect of fish oil supplementatiorduring pregnancy on histone
acetylation at both histones(A) Histone acetylation at histone H3 for the follagi
genes,TBX21 IL13, IL10 andIL5, showing a significant reduction at bofBX21and
IL13 acetylation in the fish group compared to placgtmup. B) Histone acetylation at
histone H3 for the following gene$BX21, I1L13, IL10 andIL5, showing a significant
reduction alL13 acetylation in the fish group compared to placgtmup. * P<0.05, **
P<0.01.

In addition to the Th2 loci, Thl genes were as apllyzed. Histone acetylation at both
histone H3 and H4 showed no difference betweereplaand fish oil supplemented
group forlFNG (Figure 4.5.1.3.A, § andIL10 genesfigure 4.5.1.3.B, D
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Figure 4.5.1. 3. Effect of fish oil supplementatioron the histone acetylation in
different Th2 genes at both H3 and H4 histoneqA) IFNG locus showed no
difference in histone acetylation at histone H3ngein placebo and fish oil group8)(
IL10 locus showed no difference in histone acetylatibhistone H3 between placebo
and fish oil groups.§) IFNG locus showed no difference in histone acetylatbn
histone H4 between placebo and fish oil group$.Ii(10 locus showed no difference in
histone acetylation at histone H4 between placeloldfiah oil groups.

Finally, FOXP3 the major transcription factor fordgulatory cells was analyzed and
there was no significant difference between plaagimbfish oil group at both H3 and

H4 histones.

76



Hani Harb Results

Figure 4.5.1. 4. Effect of fish oil supplementatiomn the histone acetylation in
different Th2 genes at both H3 and H4 histone@) FOXP3locus showed no
difference in histone acetylation at histone H3u@en placebo and fish oil groupB) (
FOXP3locus showed no difference in histone acetylaséibhistone H4 between

placebo and fish oil groups.

Moreover, | looked at protein kinase zeRRKC2 to assess the effect and what D’'Vaz
saw in the same cohort earlier, where neonatal PRKXpression determines the
neonatal T-Cell cytokine phenotype and predictsdénelopment and severity of infant
allergic disease (D'Vaz et al. 2012b). PRKCz hasdifférent transcripts encoding
proteins. Among them many which are tissue spetike liver (Farese et al. 2014) or
nervous system (Kwapis and Helmstetter 2014). Theeaescripts have distinct
transcription starting sites. In CDédells

| looked at three different promoter regions BRKCz PRKCz has 27 different
transcripts, which are differentially expressedlifierent tissues. At the PRKCz gene
there is different transcription starting sites.idtnot clear which transcript(s) is/are
mainly expressed in CD4T cells thus three different regions covering theative
promoter regions of transcripPRKCZ001, 009 and 015, to see which are expressed in
CD4' cells Figure 4.5.1.5).
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Figure 4.5.1. 5. Transcripts of Protein Kinase Zet. Three different major
transcription starting sites have been used inrdad®ok at the right promoter region at
the PRKCzexpressed in CD4cells. PRKCz001 (PRKCz_1), PRKCz009 (PRKCz_2)
and PRKCz015 (PRKCz_3) have been analyzed.

In two out of three promoter regions there was gmiicant increase in the histone

acetylation at histone H3 in the fish oil group quared to the placebo group.

78



Hani Harb Results

Figure 4.5.1. 5. Histone acetylation at both histas H3 and H4 for different
promoter regions at the protein kinase zeta (PRKCzpene There is a significant
increase in the histone acetylation at both PRKCand _3 promoter in the fish oil

group compared to the placebo group. * P<0.05

3.5.2. PRKCz and TBX21 are correlated with disease developent later in
life
An additional goal of this analysis was to seehdre is a good predictor for allergic
disease in later life using histone acetylationlysis: at different allergy related loci in
CD4" T cells from cord blood of newborn children. Foat | looked at different allergic
parameters starting from skin prick test (SPT), edieg, eczema until reaching asthma
or even a more universal approach looking at aleygat disease at the age of 1 year
old. First | looked if there was any correlatioriveeen SPT and histone acetylation. For
this analysis | used both multiple-linear regressamd logistic regression to look how
the acetylation affects the disease and vice védms#he linear regression there is a
dependent variable (acetylation), independent kbejai.e. predictor (SPT) and,
eventually, adjusting variable (fish oil). On th#her hand logistic regression looks at
the dependent variable as a binary (here SPT)trengdredictor can be of any kind (here
In my case acetylation). In my case, the interpiatas that the level of acetylation tells
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us about the chance of having positive SPT aticeaige. If OR is > 1.0, the increase of
acetylation increases the chance for positive 3POR is < 1, increasing acetylation
decreases the chance of positive SPT. Moreovdrei5% CI crosses 1.0, the result is
not significant (it corresponds to the p-value)rtRermore the analysis looked at two
different conditions. The crude condition withoutyaadjustment to different variables
and the adjusted condition using fish oil consuomptiduring pregnancy as a
confounding variable for the analysis.

Looking the histone H3, there was a positive catreh between SPT and acetylation at
theFOXP3locus Table 4.5.2.1).

Table 4.5.2. 1. Correlation analysis between skinrigk test (SPT) and histone
acetylation at histone H3 Histone H3 acetylation at the FOXP3-locus is ey
correlated with SPT.

If we looked at the histone H4 we can see a p&sdorrelation as well between SPT
and histone acetylation at th®X21andPRKCz 2 loci.
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Table 4.5.2. 2. Correlation analysis between skinrigk test (SPT) and histone
acetylation at histone H4 Histone H4 acetylation at the TBX21- and PRKCindis

are positively correlated with SPT.

Furthermore, it was looked at the prognostic méddh the sensitivity and specificity
of the histone acetylation and the prediction & 8PT in the significantly changed
genes at both H3 and H4 histones. Generally, tbeiwer operatic characteristic curve
ROC shows the possible combinations of sensitiaityl specificity (actually 100-
specificity), i.e. certain value of the continuquerameter to become predictor (in this
case acetylation). There is always one possiblebgmation.

The higher are both specificity and sensitivityoate for a certain cut-off, the better
possible marker the analyzed continuous variabfebm Moreover, at the ROC: the
further it is from the line dividing the squareartivo triangles (the closer to the shape
of the upper-left triangle it is), the better. Tpxvalue given is for the chance that the
curve is different from the line dividing the sgedi.e. that it is really moved toward

upper left corner). The best cut-off criterion (thest predictive value, i.e. the best
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combination of specificity and sensitivity is thaeoclosest to the left upper corner of
the square in ROC diagram.

On the other hand the dot-plot shows how the exalcies of our continuous parameter
(acetylation) are distributed between those pasitind negative for the binary trait to
be predicted (SPT, asthma, etc.). The horizomal$hows the best criterion (cut-off for
the continuous parameter) estimated by ROC, ie.de closest to the left upper
corner.FOXP3acetylation at histone H3 could predict positiv&lSat children by age 6
with a specificity of 60.5% and sensitivity of 7@6 (Figure 4.5.2.1.A. PRKCz
acetylation at histone H4 could predict positiveTS& children by age 6 with a
specificity of 53.5% and sensitivity of 82.4%igure 4.5.2.1.B. Moreover, TBX21
acetylation at histone H4 could predict positiveTS& children by age 6 with a
specificity of 83.7% and sensitivity of 47.1%iqure 4.5.2.1.Q.
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Figure 4.5.2. 1. Dot plot and receiver operatic chacteristic curve (ROC curve)
looking at the sensitivity and specificity of the pognosis of skin prick test (SPT)
using acetylation status for different allergy relaed genes (A) Dot plot and ROC
showing H3 acetylation &OXP3 locus is correlated with SPT with a sensitivity of
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70.6% and specificity of 60.5%8] Dot plot and ROC showing histone H4 acetylation
at PRKCz 2 locus is correlated with SPT with a sensitivafy82.4% and specificity of
53.5% (C) Dot plot and ROC showing histone H4 acetylatianT8X21 locus is
correlated with SPT with a sensitivity of 47.1% amecificity of 83.7%.

Another disease status was investigated and theslatbon between wheezing and
histone acetylation was analyzed. At the levelagtgation at histone H3, a significant
positive correlation between histone acetylationtla IL5 locus and wheezing
paralleled with a trend of a positive correlatidniT®@X21andPRKCz_3and wheezing.
Nevertheless, this was not significafiable 4.5.2.3).

Table 4.5.2. 3. Correlation analysis between wheezj and histone acetylation at
histone H3 There is a positive trend for a correlation betwaistone H3 acetylation at
the TBX21 and PKC_2-locus with wheezing later in life. Nevertheless was not
significant. On the other hand, histone H3 acetyfatat the IL5-locus is highly

positively correlated with wheezing developmengtan life.
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At histone H4, the correlation between wheezing acgtylation status was positively
significant at théFNG locus and there was a trend toward a positiveetaiion at the
PRKCzlocus.

Table 4.5.2. 4. Correlation analysis between wheeg and histone acetylation at
histone H4.

Furthermore, the sensitivity and specificity of grediction of wheezing by histone H3
and H4 acetylation for the significantly changed lWwas analyzedL5 acetylation at
histone H3 could predict positive wheezing at alefdby age 6 with a specificity of
67.9% and sensitivity of 64.7%igure 3.5.2. 2. A. PRKCz acetylation at histone H4
could predict positive wheezing at children by &geith a specificity of 90.6% and
sensitivity of 35.3%€Kigure 3.5.2. 3B).
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Figure 3.5.2. 4. Dot plot and receiver operatic chacteristic curve (ROC curve)
looking at the sensitivity and specificity of the pognosis of wheezing using
acetylation status for different allergy related gaes (A) Dot plot and ROC showing
that H3 histone acetylation at theb locus is correlated with wheezing with a
sensitivity of 64.7% and specificity of 67.98)(Dot plot and ROC showing that
histone H4 acetylation at thENG locus is correlated with wheezing with a sendyivi
of 35.3% and specificity of 90.6%.

Afterwards, another allergic disease which is ecevas explored. This was done to

widen the spectrum of the analysis and to covediffitrent aspects and parameters of
allergic disease. The correlation between eczemtheatage of 1 year and histone
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acetylation of H3 and H4 histones was analyzedrdla@s no correlation between the
analyzed loci and eczema neither at histone Hible 4.5.2.5 nor at histone H4
(Table 4.5.2.6).

Table 4.5.2. 5. Correlation analysis between eczeraad histone acetylation at
histone H3.
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Table 4.5.2. 6. Correlation analysis between eczeraad histone acetylation at
histone H4.

Next the correlation between any kind of food @leat one year of age and histone
acetylation in the CD%cells from cord blood was analyzed. There was aroetation
between the children having food allergy at 1 yadrand histone acetylation status at
birth, neither on histone HI @ble 4.5.2.7) nor histone H4Table 4.5.2.8).
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Table 4.5.2. 7. Correlation analysis between foodlargy and histone acetylation at
histone H3.
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Table 4.5.2. 8. Correlation analysis between foodlargy and histone acetylation at
histone H4.

Furthermore, the correlation between histone H3 &l acetylation and the
development of asthma was investigated. First treetation between having asthma
later at life and histone acetylation at histone il D4 cells from cord blood was
explored. There was a tendency towards a positoreelation betweeriL13 and
FOXP3 acetylation at birth with developing asthma laiterlife, nevertheless, this
correlation remains insignificanTéble 4.5.2.9. On the other hand there was a high
correlation between asthma status in children astbie acetylation at histone H4 at
different genes. There was a correlationlG locus P= 0.069, PRKCz locus
(P=0.047)) (Table 4.5.2.10.

In addition to that the prognostic marks both tleasgivity and specificity of the
histone acetylation and the prediction of the asthimthe significantly changed genes
at both H3 and H4 histones were measured. Histoeglation on histone H4 #ENG
locus could predict asthma incidence at childrerthat age of 1 year old with a
specificity of 57.1% and sensitivity of 85.7%idure 4.5.2. 3. A. PRKCz_Z2acetylation
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at histone H4 could predict asthma incidence dtadm by age 6 with a specificity of

87.3% and sensitivity of 42.9%-igure 4.5.2. 3. B. The other promoter regions of the
PRKCz (1 and 3yshowed similar results with a specificity of 79.4%d 68.3% and a

sensitivity of 57.1% and 71.4% respectively.

Table 4.5.2. 9. Correlation analysis between asthnand histone acetylation at

histone H3 Histone H3 acetylation at thel3 andFOXP3 locus is positively

correlated with asthma development but nonethetegssignificant.
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Table 4.5.2. 10. Correlation analysis between asttamand histone acetylation at
histone H4 H4 histone acetylation at thENG locus and at th®KC-z andPRKCz 2-

promoter regions are positively correlated with deelopment of asthma at 1 year of
age.

92



Hani Harb

(A)

Results

IFNG-H4_r
ﬁ -
o
5F o
4 | o
3+
2+ «© o
L+l
L & o
o
0 i" ==
0 1
asthma at 1y (ves-1, no-0)
(B) PKCz-H4_r
3,0 o
2.5
2,0 <
1,5
o
c
1,0 o
— o
i
0.5 o o
0,0 fig 000
a 1
asthma at 1y (y2s-7, no-0)
( C ) PKCz_2-Ha_r
6 -
5 2
41
3| 2
o
2L o
Eg
L j-:8
p s} -
ok = ey oo
0 1

asthma at 1y (ves-1, no-0)

PKCz_3-H4_r

15

10

o

I

L
- -..zj%

asthma at 1y (yes-1, no-0)

=0,0061
Sens: 85,7
Spec: 57,1

=0, 7229
Sens: 42,9
Spec: 87,3

>D,4132
Sens: 57,1
Spec: 79,4

>0,3075
Sens: 71,4
3pec: 68,3

Sensitivity

Sensitivity

Sensitivity

IFNG-H4_r

20 40 50 80 100
100-Specificity

PKCz-H4_r

100

40 |

20

1
20 40 60 80 100
100-Specificity

PKCz_2-H4 1

100 F

80 |

F - | PE—- | PR Bt 1

0

20 40 &0 80 100
100-Specificity

PKCz_3-H4_r

100
BUE
sof

20

20 40 B0 80 100
100-Specificity

93



Hani Harb Results

Figure 4.5.2. 5. Dot plot and receiver operatic chacteristic curve (ROC curve)
looking at the sensitivity and specificity of the pognosis of asthma, using histone
acetylation status for different allergy related gaes (A) Dot plot and ROC showing
histone H4 acetylation at thENG and its correlation with asthma with a sensiit
85.7% and specificity of 57.1%B) Dot plot and ROC showin@RKCz 1 locus at
histone H4 correlation with asthma with a sensitiaf 42.9% and specificity of 87.3%
(C) Dot plot and ROC showinBRKCz 2 locus at histone H4 correlation with asthma
with a sensitivity of 57.1% and specificity of 7%4(D) Dot plot and ROC showing
PRKCz 3 locus at histone H4 positive correlation withhasa with a sensitivity of
71.4% and specificity of 68.3%.

Afterwards, the combination of any allergic diseaswl its correlation with histone
acetylation was analyzed.. There was no correladioall between having an allergic
disease later in lifer and histone acetylationhegitat histone H3T@ble 4.5.2.1}, nor
at histone H4Table 4.5.2.12.
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Table 4.5.2. 11. Correlation analysis between hawrany allergic disease and
histone acetylation at histone H3.
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Table 4.5.2. 12. Correlation analysis between hawrany allergic disease and
histone acetylation at histone H3.

3.6. Histone acetylation is changed at several loci indalthy children compared to
asthmatic children.

To investigate if allergic disease like asthma elates with differences in histone

acetylation at allergy-relevant gene loci histoetglation was analyzed in CDA

cells from healthy children and allergic asthmatddren. For that purpose, 28 subjects

were picked (a subpopulation from The CLARA cohori)5 healthy and 13 allergic

asthmatics.

In short,upon enrollment, all asthmatic children underwarit €linical examination,
pulmonary function test, chest radiograph and bleodnt. In addition, total and
specific IgE (RAST) was measured. A positive spedgE was defined as one or more
positive reactions [0.35 IU/ml] to a panel of 20 common allergens (Méds Analytic,
Moers, Germany; for allergen details see 2.2.1ldglusion criteria for asthmatic
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children comprised at least 3 attacks of obstrectbronchitis and/or a doctor’s
diagnosis of recurrent episodes of obstructive ¢thdis and/or a history of asthma
medication and a typical lung function showing msitde pulmonary obstruction.
Children were defined as asthmatics if they metnbkision criteria for asthmatics and
had a FEV1 of higher than 10%. Allergic asthmatics (AAgne defined based on the
criteria above and a positive (>0.35 IU/ml) specdilergic sensitization assessed by
RAST test. The definition for healthy children (H@as based on having no allergies
and any chronic diseases. Children with other puabing chronic or autoimmune
diseases were excluded, similarly children with mmodeficiency and subjects taking
steroids, antibiotics, probiotics or suffering fraan infection within 14 days before
blood withdrawal (Raedler et al. 2015). From thedart 28 sub-sample collective was
collected to look at the epigenetic profile in ag@€D4 cells and compare between
healthy control children and allergic asthmatics.

Histone acetylation at histones H3 and H4 was aedlyDifferent Th1TBX21, IFNG,
TNF and 1L10) and Th2 GATAS3, IL4, IL5, IL9and IL13) loci were measured. There
was a significant increase in the acetylation staifithelL13 at both histones H3
(Figure 4.6.1.A and H4 Figure 4.6.1.Q in the asthmatic children compared to the
healthy controls. Acetylation of histone H3 at GA3AL4, IL5 and IL9 showed no
differences between the healthy control (C) grond allergic asthmatic group (A)
(Figure 4.6.1.A. Furthermore, none of the Thl genes analyzed@HAN10, TNF, and
TBX21) showed any difference between the healthgtrob group vs. the allergic
asthmatic groupHigure 4.6.1.B. Investigating the acetylation status betweentie
analyzed group on histone H4, there was no chamgdse acetylation status at all
different Th2 loci (GATAS3, IL4, IL5 and IL9) Rigure 4.6.1.Q as well as Th1l loci
(IFNG, IL10, TNF and TBX21) Kigure 4.6.1.0 between the healthy control group

compared to the allergic asthmatic group.
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Figure 4.6. 1. A comparison between healthy contrathildren (white bars) and
allergic asthmatic children (black bars) on the bas of histone acetylation in
peripheral CD4" cells (A) Acetylation at histone H3 for Th2 genes showinghbr
acetylation in the at th#.13 locus in the allergic asthmatic children compat@edhe
healthy controlsB) Acetylation at histone H3 for Th1l genes showingdifferences in
relative enrichment between healthy controls atetgt asthmatics@) Acetylation at
histone H4 for Th2 genes showing higher acetylatiothe at thelL13 locus in the
allergic asthmatic children compared to the heattbiytrols D) Acetylation at histone
H3 for Thl genes showing no differences in relatergichment between healthy

controls and allergic asthmatics. * P<0.05.
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4. Discussion

4.1. Epigenetic Mechanisms in allergic disease

Epigenetic regulation is divided into different rhaaisms affecting different parts of
the transcription and translation machinary (Bejid Nadeau 2014; Amarasekera et al.
2014b; Lovinsky-Desir et al. 2014; Singh et al. £20IThe percent of methylation of a
gene affects the accessibility of transcriptionstdes to the gene and thus the
transcription of the gene. Furthermore, anothegepetic mechanism plays a very
important role in the repression or suppressiongehes, which is micro RNAs
(miRNA). MIiRNA is a small non-coding RNA moleculéontaining about 22
nucleotides) found in plants, animals, and somesess, which functions in post-
transcriptional regulation of gene expression (@a009). MiIRNAs regulate the
translation of different genes mainly in a negativegy. They cause the silencing of the
gene-transcription as their main mechanism (Amal Blpadhyay 2012; Tomankova et
al. 2012). The third epigenetic mechanism is histomodifications. Histone
modifications cover different modifications from stone methylation to histone
acetylation and further to histone phosphorylateomd ubiquitination. Each of these
different histone modifications causes a differeffect on the gene transcription. In
general, all histone modifications happen on tlsnky residue on the N-terminal tail of
the histone protein, either on H2A, H2B, H3 or H4ttnes (Wilkinson and Gozani
2014). For instance, histone methylation at thengysumber 4 in histone H3 can cause
gene activations, whereas the same methylatiorobuysine number 9 on the same
histone H3 can cause gene silencing (Benard ef@l4). Furthermore, histone
acetylation on different lysine residues on différhistones can cause gene activation
all the time (Barnes et al. 2005). These acetylatstbnes play a very important role in
the development of a disease or the repression d&f ithis study the focus was on
histone acetylation as a major epigenetic modiboatausing alteration in allergic

development and progression.

4.2. Effect of environmental factors on allergy pathophgiology
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Allergy is a hypersensitivity disorder of the imnaugystem. Its Symptoms include red
eyes, itchiness, and runny nose, eczema, hives) asthma attack. Allergies can play a
major role in conditions such as asthma. Allergsthina is a medical condition that

causes narrowing of the small airways in the lufiggically, asthma patients develop

wheezing and have increased mucous production eir thngs and they can have

episodes of increased shortness of breath, ofiggeted by allergic reactions. Allergic

asthma is a disease of chronic inflammation anceirggponsiveness that affects the
airways but not the alveoli or the parenchyma e&f lting itself (Pavord and Wardlaw

2010)

There has been a drastic increase in the prevatdragthma and allergic disease in the
past two decades, especially in the western cam{Braman 2006). There are many
factors that affect the prevalence of asthma.

The hygiene hypothesis attributes this increasgréwvalence to environmental factors,
namely the decrease in exposure to microbial comg®wand or infectious diseases
(Mutius 2007; Czeresnia 2005). Supporting thisdepiiological studies have shown

that various immunological and autoimmune diseasesmuch less common in the
developing world than the industrialized world grebple emigrating from developing

to industrialized countries increasingly developrmianological disorders in relation to

the length of time since the immigration (Gibsomlet2003).

There are many factors that affect the hygiene thygsis and their major mechanism of

action is through epigenetic regulation of diffdrganes and factors (Lo and Zhou).

4.3.Establishment and validation of chromatin immunoprecipitation (ChlP)
protocol
4.3.1. Establishment of the ChlP protocol
The chromatin immunoprecipitation (ChIP) protocobsvadapted from different
published data (Collas; Hezroni et al. 2011; Steenkt al. 2011) and adjusted to be

suitable for human CD4ells as the main vessel for alteration in aledjseases.
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The choice of CD4cells instead of whole PBMCs was based on the wastber of
publications and reviews that show that C4lls are the most important cell type in
the whole allergy and asthma pathogenesis andatrbésis CD4cells were chosen for
our study (Steinke and Lawrence 2014; Yamane andl Z@il3; Zhang et al. 2013).
During Chromatin-Immunoprecipitation there are salecritical steps like cross-
linking of DNA and protein (fixation) and shearing the chromatin. It is known that
shearing efficiency is depending on fixation, Sfieentration in the used buffer, the
cell/tissue type and the used sonication devicemRhe literature it was already known
that CD4 T cells are relative sonication resistant due he tompact chromatin
structure. First a tip sonicator was tested forashg and the chromatin was
successfully sheared after 30 cycles with a 1% S@feentration in the lysis buffer II.
Other sonication times or SDS concentrations weteapplicable or functional for a
sufficient CD4 shearing. The use of the bioruptor was chosenitimize handling
mistakes that was found in the tip-sonicator, toicate up to 6 samples at once and to
have a consistent sonication result, which waghmtase by the tip-sonicator.

4.3.2. Validation of the ChlIP protocol
After establishment of the protocol a validationtloé protocol was performed. A six
step validation protocol was set and conductedwonam samples. The first step in the
validation was to set a reference range for afed#int genes that were measured in the
ChIP protocol. 14 different Thl, Th2, Th1l7 and TgEmes were picked and promoter
primers were designed and validated. The referesnoge was set for both Histone H3
and H4 acetylation ChIP. The reference range wassseg the lower and upper 95% CI
of the geometrical mean of each gene after ChlIRing measuring the percent
enrichment of 10 different healthy adults for eatthe established gene assays. The
reference range represents the normal range thanttichment of each gene should lay
within. If the enrichment percentage goes beyonthf range either in a positive or
negative way, this represents pathological conustithat represent the progression of a
certain disease. The reference range representsotheal enrichment values that are
connected with CD%4cells on both histones H3 and H4.

4.3.2.1. Reference Range and Lower Limit of the Blank
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Beside the reference range, the lower limit oflifenk (LOB) was also measured. The
LOB represents the lowest measurable value aftasumgng 5 blank samples = 2 SD.
The LOB should be zero in the optimal case andas®do zero as possible in practice.
Once the LOB shifts from zero away, this means thatbackground measurement of
the whole test is as high as the LOB which may givialse positive or false negative.
In this ChIP method, the LOB for most of the meadugenes was below 0.001 and
only for some loci like IL-10 it was up as 0.01%riehment. Beyond these values, no
enrichment of acetylated histones at the analyaedi$ possible. This shows that the
method, yield a very faint background that can églected in the real measurements.
4.3.2.2. Lower Limit of Quantification
Furthermore, another parameter was measured anoh $ké process of validation,
which is the lower limit of quantification (LOQ).hHE LOQ is the lowest number of
cells or quantity of an analyte which can be anadywith a certain method which will
still produce reliable data. Usually for ChiP ameded around 2 million cells even if
ChIP with lower cell numbers has been described p€hIP (Collas). In the context of
the ChIP validation the number of cells was reduted X10 without affecting the
enrichment values significantly. Lower cell numbeead to severely reduced
enrichment values at all analyzed loci (figure 313. Nevertheless, with the validated
ChIP protocol with cell numbers of 1X16ells. This cell number can be isolated from
0.2 ml of blood making this method suitable fords&és were only small amounts of
blood are available e.g. studies with children.

4.3.2.3. Temperature effect and longtime stability

In addition to what was done, two very importargpst were under investigation, the
effect of temperature and the long time storageilgéta

Chromatin immunoprecipitation can be temperatumsitige as the histones can be
degraded or the epitope recognized by the antilwaglybe denatured if the sample is
exposed to higher temperature — like room tempexatufor longer time periods. For
this reason many of the steps are carried outreith@°C room or on ice. Nevertheless,

during collection of sample within a cohort studynight happen that samples are not
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immediately frozen. To analyze if this can integfenith the obtained results the
chromatin was left for 24 hours on room temperatareee whether incubation of the
chromatin on room temperature alone for a longeretican cause any effect or
degradation of the histone marks. It was obviouat thistone modifications are
significantly affected by room temperature as seerfigure 3.3.5.1. There was a
significant decrease in enrichment values for deife loci tested. Among theth4 and
IL10 that lost significant enrichment values on the @aé&bn histone after left on room
temperature for some time. This effect is likelyedio the degradation of the whole
chromatin structure and the modifications that bappen to the binding sites of the
antibodies. It is unlikely that the effect is doetlhe degradation of the DNA itself as the
DNA is relatively stable for very long time even inom temperature. Due to the
observed changes to the final readout of the emcit percentage chromatin
immunoprecipitation should be carried out direettier isolation of the cells or thawing
of the cells and possibly on ice and in cool place.

On the other hand, the cells lost some of theirchment values after freezing and
thawing. This was consistent to all gene loci anedly This effect does not seem to
affect the final result as the cells will be re@z\either frozen or fresh from the clinics
and donors.

As samples for cohort studies are often frozen RMRmedia containing DMSO and
stored at -80°C (or liquid nitrogen) before anadyisi taking place. To test whether long
storage conditions can have influences differengespetic modifications like histone
acetylation cells were frozen in FCS and 10% DM$@ stored for 7 and 30 days in -
80°C condition and a comparison was done with fye@olated chromatin from the
same donors. As shown in figure 3.3.6.1., there neadifference between the freshly
ChlPed and the stored chromatin for both time gointand 30 days. The changes in the
enrichment percentage were minimal as seerdL#bror IFNG but no significance was
reached. It was obvious that longer storage ottritall, which is the main player for a
successful ChlIP, does not have any effect on differepigenetic modifications

including the histone marks. This can be true émgkr time points beyond 30 days but
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a comparison between freshly isolated and storksl foe longer time periods were not
tested in this study

For the final validation step, an internal stand@rgrove the stability and redundancy
of our method was implemented. For this purposeaaly to ChIP chromatin from a
leukemia cell-line, which is the closest relativieonr main focus in this study, the
CD4" cells, was used as our internal standard. Eacth paft this chromatin can be
divided into 10 different aliquots which can be sw@w&d once and have its own range
and measurement. Moreover, this chromatin is usedyes” or 6" runs to ensure that

our method runs without any problems and compbeesti

4.4. Effect of Effect of Dietary factors status during pegnancy on histone

acetylation in cord blood CD4 cells
After establishing and validating the ChIP metha@dmples from two different
Australian cohort study were analyzed.

4.4.1. Effect of folic acid status during pregnancy on higne acetylation in
cord blood CD4' cells

The aim of this study was to analyze the role o$tatonal folate exposure on
epigenetic marks at allergy-relevant gene loci D4CT cells from the cord blood of
neonates.
Classical epigenetic studies in mice demonstrae figtal epigenetic profile is
particularly susceptible to environmental disrupti@onda et al. 2012; Hollingsworth
et al. 2008) and there is accumulating evidencéhie in humans {Hinz 2012 #173).
In general, the effect of folate acid during pragnais still under a lot of discussion
and debate. Folic acid is very important for theed@oment of the neural tube and
protection against neural tube defects that mageafrom folic acid deficiency
(Jagerstad 2012). On the other hand there is isicrgavidence that excessive folic
acid supplementation during pregnancy can promtteradiseases in offspring. For
example, excessive maternal folate supplementateumses glucose intolerance to
insulin in mice male offspring (Huang et al. 201Burthermore, high supplementation

of folic acid during pregnancy can cause some agveffects and increases in the

104



Hani Harb Discussion

severity of some diseases like bronchitis in idgMeeranki et al. 2014). These effects
does not stop within the small range but there Ib@sn increasing evidence that
excessive folic acid supplementation during preggaan cause an increase in allergic
diseases later in life in the offspring (Bekkergalet2012; Dunstan et al. 2012; Haberg et
al. 2011; Hollingsworth et al. 2008).

To analyze if gestational folate can modify epigenmarks at allergy-relevant gene

loci — which might promote the development of dergly-prone immune phenotype
later in life — CD4 T cells were isolated from neonates born to methéth either low

or high serum folate concentrations and histon@htBH4 acetylation was analyzed at
Thl, Th2, Th17 and Treg specific gene loci. To ou the effect of folate children
which developed allergy at one year of age werdéuebec from the study population.
Analysis of H3 and H4 acetylation in cord blood CD#cells revealed a significant
association of high maternal serum folate levet$ianreased acetylation of H3 and H4
histones at th&sATA3locus and H4 at th&.9 locus in the cord blood CD4sells.
Additionally, there was a consistent tendency fmreéased acetylation of histone H3 at
the IL9 locus although this did not reach full significand=urthermore, we found a
tendency for lower histone acetylation at tR&IG locus in the HF group compared to
the LF group. IFNG is mainly produced by Thl celiad this locus is known to be
hypoacetylated in Th2 cells (Fields et al. 2002)ll€ztively these findings suggest that
exposure to high gestational folate is associatiélal nvore transcriptionally permissive
chromatin at Th2 associated genes in CD<ells. The major questions that raises is,
how does folate as a methyl donor and its main tfancis DNA methylation
(Hollingsworth et al. 2008) affect histone acetylaP There are different possible
mechanisms how a methyl donor like folate can cduis®wne modifications. For one
thing, DNMT1 can cause hypermethylation at the E&fétif causing the deacetylation
at histone H3 (Li et al. 2014). Furthermore histaleacetylation is linked with DNA
methylation through methyl-CpG-binding protein M&CRusing transcriptional-
repression domain (TRD) that can function at aatis¢ in vitro and in vivo (Nan et al.
1998; Wade et al. 1999). Moreover, DNA demethylddBD2 is a candidate

transcriptional activator. MBD2 is associated whtbtone deacetylase HADC1 through
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MeCP2 as well. This association caused the inbibitiistone acetylation completely
(Ng et al. 1999; Zhang et al. 1999). It is obvitkiat DNA methylation is very tightly
related with histone deacetylation through MeCP@ BiBD complex proteins with the
major DNA methyltransferase DNMT1 and histone dedase HDAC1 and 2 (Fuks et
al. 2000; Rountree et al. 2000) and this can berg possible mechanism how folate
can modify histones on the acetylation level thtougmple DNA methylation.
Nevertheless, this should be investigated furtbesee if folate works through the same
mechanisms or are there any other underlying meésmmarcausing this effect.

Looking at the other epigenetic modification thaswneasured for this cohort (Data are
a courtesy of Dr. David Martino, Manori Amarasekesad Prof. Susan L. Prescott),

whole genome DNA methylation was measured and ticesf was at the promoter
region not the whole DNA body.
DNA methylation in the promoter region did not appéo be associated with folate
status for the limited number of loci tested. Thiess unexpected given the clear role of
folic acid as a co-factor for the one-carbon melisbo One reason for this observation
might be that the methylation assays in the curstatly were restricted to short
(~300bp) regions in gene promoters. There is nogvoaving appreciation that DNA
methylation in gene promoters tends to be more ebJosassociated with the
differentiation status of cells, whilst diseasekéd loci are increasingly reported to
occur within gene bodies (Xu et al. 2013) or laoadi around CpG islands (Irizarry et
al. 2009). NeverthelesgFP57was identified as a major loci affected by folsti&tus in
the high folate group (Amarasekera et al. 2014a).tli@ level of histone acetylation,
different Thl, Th2, Th1l7 and Treg gene loci weralyred. These findings both on the
acetylation and methylation levels add new findiagswell as new questions to the
paradigm of the fetal epigenome and the influeride@environmenin utera Whether
the effects of maternal folate supplementationtenfetal epigenome increase the risk
of developing allergic diseases in later life remsaio be elucidated.

4.4.2. Effect of Vitamin D status during pregnancy on hisbne acetylation

in cord blood CD4' cells
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During the analysis of the effects of folate it waand that women with a high folate
level had also high levels of vitamin D while womeith low folate levels tend to have
low vitamin D levels. For this reason the analyfsis the effect of folate on histone
acetylation was adjusted to vitamin D. As desdilpeeviously vitamin D interacts
with the epigenetic machinery and thus vitamin Dglmi also influence histone
acetylation in cord blood CD4ells. The analysis of histone H3 and H4 acetytatn
the high vitamin D group versus the low vitamin wgp revealed that - similar to the
high folate group - the high vitamin D group exkeli increased acetylation at histone
H3 at theGATA3andIL9 loci and for thelL9 locus at histone H4. It seems that Th2
genes are poised for transcription in CO4cells from neonates due to high vitamin D
levels (Sloka et al. 2011). The consequence ofhigker histone acetylation at Th2
gene loci could be a polarization into a Th2 dimctiwhich would make these children
more likely to develop allergic diseases. Interegyi, it has been described that that
vitamin D supplementation or high vitamin D statligring pregnancy can cause a
severer allergic and asthma conditions (Chen &(dl4). Not only lung allergic disease
was worsened but also the risk of infantile eczevaa higher after supplementation
with vitamin D during pregnancy (Miyake et al. 2014 Nevertheless, the effect of
vitamin D on asthma and allergy development is reah¢tory. Furthermore, low
vitamin D during pregnancy can cause a worseninghefneonatal allergic disease
through an induction of Th2 cells and eosinopiagjliou et al. 2014). Moreover, in
COPSAC birth control study among other studiesyais obvious that Cord blood
25(0OH)-Vitamin D deficiency is associated with ieased risk of recurrent troublesome
lung symptoms till age 7 years (Chawes et al. 2&Bjabbik et al. 2014).

Furthermore, multifunctional enhancers regulate VDOfene transcription, and
1,25(0OH)2D3 induce the accumulation of VDR and eguiate histone H4 acetylation
at conserved regions in the human VDR gene (Zdllal.e2010). Ligand-dependent
HDAC-containing complex binds with relB promoterda¥iDR in dendritic cells (DC).
Experimental evidence showed that HDAC3 is involireahegative regulation of relB
in DC stimulated with LPS resulting in dissociatioh VDR/HDAC3 from the relB

promoter. This demonstrates the importance of \iar®-mediated chromatin
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remodeling in regulation of DC function (Dong et 2005). In addition to that, VDR
inhibits NF- B function through SIRT1 and 1,25D signaling, swsiiopg the role of
1,25D-mediated deacetylation of NB-through its interaction with SIRT1 (Lavu et al.
2008). This may have implications in epigeneticutation of steroid resistance and
inflammatory response in patients with asthma an@PD where vitamin D
insufficiency/deficiency occurs. In addition, thisay play a role in epigenetic changes
associated with vitamin D insufficiency/deficienioyaddition to high methyl donor diet
and environmental effects in utero which would hesususceptibility to chronic lung
diseases later in adult life.
The mechanism by which vitamin D could modify hretaacetylation is not completely
clear. Vitamin D interacts with the vitamin D retepwhich migrates toward the
nucleus and interacts directly with the promotegioe of the different genes (Fetahu et
al. 2014). In addition to that, there is evidenlat tthe vitamin D receptor due to the
uptake of vitamin D activates different histone tgiteansferases and histone
deacetylases (Karlic and Varga 2011), that canec#us previous investigated results
(Sundar and Rahman 2011). Furthermore, vitamindysph very important role in the
pathogenesis of many diseases. Hypermethylatiokepfplacental genes involved in
vitamin D metabolism suggests uncoupling of proegssthat may interfere with
placentation and availability of vitamin D at thaternal-fetal interface (Anderson et al.
2014). Which enzymes are activated in this procasd, how does vitamin D affects
exactly the epigenome of the fetus is still to ltHer deeply investigated.

4.4.3. Effect of fish oil supplementation during pregnancyon different

histone acetylation marks

Another dietary factor which might influence of eatjic disease is fish oil. In an
Australian cohort pregnant women were either supplaged with fish oil or olive oil as
a placebo according to Dunstan et.al (Dunstan. &0f3). From these 98 mother/fetus
pairs 70 samples were picked up representing 3kptasupplemented mothers and 36
fish oil supplemented mothers. From cord blood nmuotear cell fraction, CD4cells
were isolated and then ChlPed for the main asthmdaa#lergy associated genes (IL4,
IL5, IL9, IL10, IL13, IFNG, TNF, IL17A, GATA3, TBX4, and FOXP3). Furthermore,
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another candidate gene was picked and an assald3oand H4 acetylation was
established according to an earlier observatiorthey group of Susan Prescott, that
protein kinase czeta (PRKCz) can be a very imponaedictive factor by allergen
prevention (Prescott et al. 2007). Fish oil prowege again that it can attenuate
inflammatory process through-3 fatty acids contained in it. Fatty acids in gahe
cause a general DNA hypermethylation which can leggudifferent genes including
inflammatory cytokines and genes (Burdge and Lithypc 2014). Whether histone
acetylation is affected through the same mechanifinstrated earlier is still to be
revealed.

Protein kinase c zeta is a member of the proteiade and it plays an important role in
many different functions in the human system. #typlan important role in the memory
mechanisms (Volk et al. 2013) as well as its ineafent in the regulation of cardiac
glucose and long-chain fatty acid uptake (Habets.€2012). Recently, D'Vaz N et. al
has shown that neonatal protein kinase zeta express T-cells can predict the
development and severity of infant allergic dise@¥az et al. 2012a). In this analysis
there was a significant reduction in the relatime@ment oflL13 in both histones H3
and H4 in the fish oil group compared to the placgloup. Furthermore, there was a
reduction in the acetylation diBX21at histone H3 in the fish oil supplemented group
compared to the placebo group. These findings leteréo what Dunstan et. al found in
2003 in the cytokine analysis of the same cohaer atimulation with different stimuli.
They found that in the fish oil supplemented grthgre was a reduction in the cytokine
production on the level of IL13 as well as IFNGdamparison to the placebo group
(Dunstan et al. 2012). There is more evidence sigwhat fish oil supplementation
during pregnancy is associated with decreased mRNéls of Th2-related molecules
like IL4 andIL13 in the fetus and decreased maternal inflammatgtgkmes. This
effect can be TGFmediated (Krauss-Etschmann et al. 2008).

Omega-3 (n-3) polyunsaturated fatty acids (n-3 P&)RAe major component of fish oll
has well documented anti-inflammatory propertiesd aconsequently therapeutic
potential in chronic inflammatory diseases. Thesesirong evidence indicates n-3

PUFAs as beneficial as a dietary supplement inageriseases such as rheumatoid
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arthritis (Yates et al. 2014). Klemens and collesguooked at five randomised
controlled trials (n = 949). N-3 PUFA supplemergatiduring pregnancy reduced 12-
month prevalence of positive egg SPT (two tria¥8T versus 32/100, OR 0.33, 95%
Cl1 0.16, 0.70) and childhood asthma (two trialg308 versus 17/179, OR 0.349, 95%
Cl1 0.154, 0.788) and significantly reduced cordoblanterleukin-13 levels (Klemens et
al. 2011).

Fish oil or its components of omega-3 fatty acitfect the inflammatory response by
different ways. They can affect the COX and LOXhpeys causing the induction of
anti-inflammatory mediators as prostaglandin E3 GBE (Wendell et al. 2015).
Furthermore, omega-3 fatty acids causes a chantgesiproduction of leukotriene B4
and B5 by stimulated neutrophils in patients withocectal cancer causing a resolution
of the inflammation (Sorensen et al. 2014).

On the other hand, and in this study, fish oil dep@ntation caused a change in the
epigenetic profile of the CD4cells. This change cannot be due to any of thkeear
described mechanisms. There is new evidence #taofi supplementation changes the
epigenome on the level of DNA methylation (Amarageket al. 2015). More studies
showed that fish oil and omega-3 supplementatiases a change in the methylation
patterns at different loci suggesting an epigenagchanism for fish oil (Aslibekyan et
al. 2014). Furthermore, leptin promoter is hyptgedéion at histones H3 and H4
paralleled with an increase in binding of histoeacktylases (HDACs) 1, 2 and 6 in the
diet induced obese mice. These modifications mayesa feedback role to maintain
leptin concentrations within a normal range. Thgutation of leptin transcriptional
expression by n-3 PUFAs is mediated, at least i, pg epigenetic targets, such as
MBD2 and histone modifications (Shen et al. 2014).

In addition to these findingBRKCzwere acetylated at different promoter regions at
histone H3. PRKCz was introduced by D’'Vaz as a ipted of development and
severity of infant allergic disease. Protein kingseeta (PRKCz) is a member of the
protein kinase C family that controls the functiminother proteins by phosphorylation
of the serine or threonine residues in these pretdPRKCz's function in different

physiological actions is not fully understood. lays an important role in insulin-
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stimulated glucose transport. Inhibition of the RERK enzyme inhibits insulin-
stimulated glucose transport while activation of K2 increases glucose transport
(Bandyopadhyay et al. 2002). In Allergy, the rofePRKCz is not well known. There
are hints that protein kinase c zeta along witteothembers of the PKC family play a
very important role in the inhibition of eosinoghihigration to the lungs during asthma
(Langlois et al. 2009). Moreover the inhibitionPRKCz caused drastic changes in the
functions and effectiveness of the eosinophils ¢kett al. 2005b). On the other hand
PRKCz affects neutrophils function as well by ati@mg PMA-induced O(2)(-)
generation by neutrophils (Kato et al. 2005a).

For those 70 samples, all the clinical data welable including asthma prevalence,
food allergy or even eczema and wheezing developiogrithose children. For that
matter a more complexed analysis was done usimgeartregression analysis looking
at the correlation between the disease status ilatéfie and the acetylation status of
different allergy related loci. First | looked dtet correlation between skin prick test
(SPT) and the acetylation status at both H3 andhistbnes. We were able to identify
three genes that were significantly positively etated with the development of a
positive skin prick test later in life. The firshe wasFOXP3 the major transcription
factor for T-regulatory lymphocytes. This meansré¢heras a higher acetylation at the
FOXP3locus in the SPT positive group compared to thgatiee group. There are few
publications about the effect dFOXP3 and its epigenetic modification on the
development of SPTEOXP3 expression is higher in children with a positiveTS
against egg and milk (Sicherer et al. 2010). Whetthis is a spontaneous effect by the
induction of the allergic reaction or is it epigénally predisposed is still to be cleared.
Furthermore, we were able to see a significantdriginrichment at botRRKCzand
TBX2lacetylated loci with the incidence of SPT faia life. Nevertheless, this
correlation was not able to prove any of these todie a good prognostic marker for
skin prick test, as the correlation was not sigaifit. Through this analysis, | was able
to identify both H3 acetylation at the5 locus and H4 acetylation at tHeNG locus as
good prognostic markers for wheezing in later lifds known that IL5 is on the main

cytokines playing a very important role in the mdtigy of asthma. IL5 is linked with
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the exacerbation of wheezing in asthma and oncactetal or viral infection is there
(Choi et al. 2009; Kato et al. 2011). It seems th&tlocus is acetylated and will be
transcribed excessively once a viral or bacteraplinfection is existent (Kato et al.
2011). On the other hand IFNG has been describdaetproduced as well in viral
infections (Drysdale et al. 2012). Moreover, itkisow that certain polymorphisms in
the IFNG gene like the polymorphism &#NG +874 T/A cause exacerbation of
wheezing in asthmatic children (Nuolivirta et al008). Concomitant with these
findings it seems that acetylation at tfR&G promoter in cord blood CD4ells can be
a good predictor of development of wheezing latelife. In the same context histone
H4 acetylation at th#ENG locus was highly positively correlated with thevelepment
of asthma later in life. Nevertheless, this cotretais abolished when looking at food
allergy, eczema or even in a more universal maratemy allergic disease.
4.5. A comparison analysis between healthy vs. allergi@sthmatic children on the
level of histone marks
To investigate if an allergic disease like asthmassociated with changes in histone
acetylation a sub-population from the CLARA studRaédler D 2014). In this study
230 children were recruited either suffering frotlergic asthma or healthy controls.
From those 230 a sub-group of 28 children was t&ledn this sub-group were 15
asthmatics vs. 13 healthy controls. CDeklls were isolated from children PBMCs
either healthy controls or allergic asthmatics. Ttwlls were then fixated with
formaldehyde, sonicated with a Bioruptor for 30 legc(30 sec on, 30 sec off, high
power) and ChlPed to measure histone acetylatiorbath histone H3 and H4.
Analyzed were Thl and Th2 gene loci for both H3 Blddacetylation. For Thl genes
histone acetylation at tHENG, IL10, TNF, and TBX2vere measured. No differences
of the acetylation levels at H3 and H4 histonesladcde detected. Furthermore, we
looked at the Th2 genes and for that regard weyaedlthe histone acetylation marks
for GATAS3, IL4, IL5, IL9 and IL13)enes. There was no difference between healthy
controls and allergic asthmatic children on theslenf all Th2 genes except thiel3
locus.IL13 is considered one the major Th2 cytokine genesptangs a very important

role in the development of asthma and the path@jenéasthma (Corren 2013; Rayees
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et al. 2014). Furthermorél.13 gene is epigenetically regulated though HDACs and
DNMTs (Su et al. 2008). DNA methylation may afféci3 locus which may cause
modification at airflow and airway reactivity (Pagt al. 2013). Interestingly, the
amplicon used in this study for analyzing the lesEhistone acetylation at tHé13
promoter is spanning thiek13 SNP rs1881457. This SNP was previously associated
with atopy and asthmatic symptoms (Beghé et al02Bihgner et al. 2013). For further
studies, it would be interesting to investigatethis genotype influences histone
acetylation at thélL.13 promoter. Furthermore, more genes were analyzethéosame

cohort (Courtesy of Diana Radler PhD thesis). Nitvdess, a very interesting finding

was seen looking at the Treg locB®XP3 It was found that especially histone H3
acetylation at this locus is increased in the groti@sthmatic children compared to
healthy controlsFOXP3 encodes the master transcription factor for tlffemntiation

of Treg cells and the expression level of this gmsnerucially connected to Treg cell
numbers. It has been described that differentiatibfoxp3 Tregs is associated with
strong increase of histone H3 acetylation but ity marginal effects on histone H4
acetylation at th&OXP3locus (Floess et al. 2007), indicating a crudiak between
histone H3 acetylation at tHEOXP3locus and Treg cells. If increased acetylation of
histone H3 at th&-OXP3 locus is promoting the differentiation of Treg Isglhigher
numbers of these cells would be expected in thenesic group. Higher numbers of
Foxp3 positive Treg cells were indeed detectedhénasthmatic group compared to the
healthy control group (Raedler D 2014). These tssate contradictory as there are
different evidence and publications suggestingveetonumber of T-regulatory cells in
asthmatic children compared to the healthy contfikhwayama et al. 2013;
Stelmaszczyk-Emmel et al. 2013). On the other hidnsdle are other clinical data
showing higher Treg numbers in the lungs of astlometildren when compared to
healthy controls (Sjaheim et al. 2013; Smyth 201t0)emains an open question what
role does FOXP3T-cells have in asthma development.

5. Conclusion and Summary
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In this study chromatin immunoprecipitation wasabished for using the method in
cohort studies were only small amount of cells available and the samples are
routinely frozen and stored at low temperature. iAoldally, the method was validated
for that purpose. This method was validated usiiftgrént well known validation
protocols. Three different cohorts were analyzadguighis method with three different
perspectives.

In the first cohort, the effect of folate statugidg pregnancy upon acetylation of Thl,
TH2, Treg and TH17 cell loci in cord blood CDZ cells was investigated. For that
purpose the two extremes very low vs. very higlatllevels in maternal blood were
picked and both DNA methylation and histone acégtawere investigatedGATA3
andIL9 were significantly more acetylated at both hisooh& and H4 in the high folate
group compared to the low folate group. This sutgdbat folate status during
pregnancy can modify the epigenome toward a mor2 flenotype supporting the
development of allergic disease later in life.

On the other hand, supplementation with fish oitity pregnancy showed adversary
effects to what folate showed by causing the redngh acetylation at thi-13 locus at
both H3 and H4 histones. Parallel to that there aveesduction in the histone acetylation
in H3 histone at th@BX21locus. This proves to be consistent with the pnosand
MRNA data obtained from the same individual 11 geagyo (Dunstan et al. 2003). Fish
oil proves once again that it can attenuate inflatomy process through-3 fatty acids
contained in it. Fatty acids in general cause &g@DNA hypermethylation which can
regulate different genes including inflammatory akyhes and genes (Burdge and
Lillycrop 2014). Whether histone acetylation iseaffed through the same mechanisms
illustrated earlier is still to be revealed.

In the same fashion, a comparison between allagibmatics with healthy controls
was explored. This picture looks more complexs ot a single factor that causes these
epigenetic modifications. Not all the allergy/asthmelated genes were influenced in
that scenario but there was susceptible gene, antoerg werelL13 and FOXP3
(FOXP3 data are courtesy of Diana Raedler PhD gheBoth were significantly more

acetylated at histone H3 in asthmatic children amparison with healthy controls.
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Moreover, the acetylation at histone H4 tad3 locus was as well increased in the

asthmatic children compared to their fellow healtbytrols.

The effect of environmental factors on the develeptrof allergic disease through the

development and alteration of the human epigen@meow a major mechanism of

disease development. How these effects and whaharmost important marks are, is

still an open question.

There are still some open questions to be answarddhey are of a great importance

for future planning.

1-

Folate is considered a methyl donor and affects Di&thylation. In this study
we have seen another effect of folate comprisirsjohe acetylation as a key
factor driving the Th2 machinery. How folate as atinyl donor does affect
histone acetylation remains to be clarified.

Fish oil with all the different -3 fatty acids is considered with different
publications a protector against development @frgit disease. In this study we
were able to show that fish oil supplementationassociated with histone
acetylation and this was further correlated torgitedisease development later
in life. The remaining question is how a fatty atiét is usually incorporated
into cell membrane alters the epigenome of an iddal causing the silencing
or activation of certain genes.

It has been shown by many investigators that epigemodifications work not
lonely but are interlinked with each other. Sevestaidies showed interacted
mechanisms between different epigenetic modificatidt is very important to
have more detailed studies to shed more light ahghospective to understand

more the complexity of the human genome.

At the end, in this study one small step towaratep understanding of our complexity

has been made and how does a small part of the memgenome work has been

revealed.
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5.1. Zusammenfassung

In dieser Doktorarbeit wurde die Chromatin Immummgpitation zur Anwendung in
Kohortstudien etabliert und validiert. Die fiur dihortstudien verwendeten Proben
haben in der Regel eine geringe Zellzahl, die nmmialig eingefroren und fur langeren
Zeitraum gelagert werden.

Dieses Verfahren wurde mit verschiedenen bekannaiidierungsprotokollen
validiert. AnschlieBend wurden mit Hilfe des Gmatin Immunoprecipitation drei
verschiedene Kohorten an drei verschiedenen Pdrgpelanalysiert.

In der ersten Kohorte wurde die Wirkung des miitteen Folsdure-Status wahrend der
Schwangerschaft bei der Acetylierung von TH1, TH&g und TH17 Gen Loci im
Nabelschnurblut von CD4+ T-Zellen untersucht. Damird der sehr niedrigen
Folsdure-Status mit der sehr hohen FolsaurespiegeBiut der Mutter bezlglich der
DNA-Methylierung und der Histon-Acetylierung vergtien und untersucht. GATA3
und IL9 wurden an beiden Histonen H3 und H4 in Hech Fols&uregruppe im
Vergleich zur niedrig Folat-Gruppe deutlich mehetgtiert. Dies bedeutet, dass der
Folsdure-Status das Epigenom in Richtung Th2-Plganeéhrend der Schwangerschaft
verschieben und die Entwicklung der allergischehkrdirtkungen spater im Leben
unterstitzen koénnte.

Auf der anderen Seite, hat die Supplementierung Ffgchol wahrend der
Schwangerschaft andere Wirkungen im Vergleich zesati aus Folat gezeigt. Im
Gegensatz zur Placebo Gruppe wurde in der Fischipge die Acetylierung am IL13
Locus sowohl auf H3 als auch auf H4-Histonen vegem Parallel dazu, ist die Histon-
Acetylierung auf H3-Histon am TBX21 Locus in des¢hdl Gruppe auch gesunken.
Dies erweist sich im Einklang mit den Protein un&MA Daten aus den gleichen
Probanden vor 11 Jahren (126). Diese Studie bewamthmal dass die
Entziindungsprozesse durch die im Fischol enthadtend3 Fettsduren zu dampfen.
Fettsauren konnen in der Regel zu einer allgemeiBD®&A-Hypermethylierung,
einschlie8lich verschiedene inflammatorischen Zytek und Genen, durchfiihren
(183). Ob Histonacetylierung durch die gleichen atudargestellten Mechanismen

reguliert wird, ist es noch enthullen.
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In gleicher Weise wurde ein Vergleich zwischen rgilechem Asthmatiker und
gesunden Kontrollen durchgefiihrt. Dieses Bild skahmhplexer aus. Es ist nicht nur ein
einzelner Faktor sondern verschiedene Faktoren, diese epigenetischen
Modifikationen verursachen. Nicht alle Allergie /sthma-Gene wurden in diesem
Szenario beeinflusst. Es gab Gene, die anfallig.sinter diesen waren IL13 und
FOXP3 (FOXP3 Daten sind mit freundlicher Genehmgyaus der Dissertation von
Diana Raedler). Beide wurden an Histon H3 in astlstiaen Kindern im Vergleich zu
gesunden Kontrollen deutlich mehr acetyliert. Darifinaus war die Acetylierung auf
Histon H4 an der IL13 Locus auch in den asthmagisdhindern im Vergleich zu ihren
gesunden Kontrollen erhdht.

Die durch die Umweltfaktoren veranderten mensckelithEpigenom ist ein
Hauptmechanismus der allergischen Krankheitsentumck

Folsdure wird als Methyldonor betrachtet. Sie bibesst die DNA-Methylierung. In
dieser Studie haben wir einen weiteren Effekt vots&ure entdeckt. Es kann auch die
Histonacetylierung als Schlisselfaktor fur den Attrdes Th2 Phéanotyps beeinflussen.
Wie dies Methyldonor Folat die Histonacetylierungelmflusst und verandert ist noch
zu klaren. Dartber hinaus wird in dieser Studie eggiz dass die Fischol-
Supplementierung mit der Histonacetylierung verlamidt. Dies war mit den spater im
Leben entwickelten allergischen Krankheiten koertli Es bleibt nun die Frage zu
klaren, wie eine Fettsaure, die in der Regel inM&mbranen eingebaut wurde, das

Epigenom verandert.
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