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1. Abstract

Gene activity may be modified though epigenetichese changeare dynamic and provide a
mechaism toregulategene expressiowithout engravingchangs into the genomeEvidenceshow
takegene activity may adaptd environmental factors suclas nutrition, behaviour, lifestyle, clineatnd

toxins that have anmpact on different cells and ultimatelghangetheir DNA. Although DNA
methylation changes are reversipieveral studies have showratsome of the changesmainfor a

long time, and some hawyen been shown to be transmitteghsgeneatiorelly. The occurrence of
epigenéic modificationshas been established, but the timescale regarding how fast these modifications

take place are still unknown.

In this study,we aimed tadeterminean epigenetic timeline that wouldescribe howfast epigenetic
modifications occyrand tow fast the epigenetic modifications are reverggtianol (EtOH) was chosen
as inducer as it is already well documented that expaxfalcohol, particularly EtOH, ban effect on
the DNA methylationandmay affectother layers of epigenetic modificatiorhe cellswere subjected
to two differentEtOH concentrations20mM and 100mMthat corresponds @08 grams alcohol/100
mL ( O . 8andd.p grams alcohol/100 mL 4 . 6respectivelyCell linesfrom hepaocytes (HepG2)
andthe immune system (Hi0) were closensincemethylation changes in DNA due to alcolamé
already well documentddr both Both cell lines were exposed to EtOH for Bdurs and the timeline
was set to one week whelilgettime points for harvesting of cells were Oh (control), 0.5h, 1h6I8h
12h, 24h, 48h, 96h and 192inceEtOH evaporates quite easily, the alcohaked cell medium was
changed every 8h. After 24h, the cells were switched back to growth taedverThe nethylation

datawasassessedenomewide usingthe 850k EPICarray(lllumina).

Our main finding is that DNA methylation changes much faster in regponEtOH than what we
expectedThe first sample was collected 30 min after addition of EtOH, with intention of picking up the
initiation of DNA methylation Howeverour results indicate that the process of methylatias already
started, postulating that the process begins even before 30 mBubsgquently, we discovered that
DNA methylation at some positions are also reversed shortly after ending the exposure .t H&OH
first posttreated sample was collected after 48h24h after the cells were exposed to EtOH. This time
interval apparentlygives the cells sufficient/enough time to recover and revassge of the DNA
methylaton changes back to its original state without being picked up by the following time.points
Other areashatdisplayed a gradual change in methylationremainedcchanged aftertreatment.Our
findings are of iportanceas the timelineof DNA methylationin epigenetic changdsas previously

beenunknown



2. Abbreviations

5caC 5-formylcytosine 5carboxylcytosine (5caC),
5fC 5-formylcytosine

5hmC 5-hydroxymethylcytocine

5hmuU 5-hydroxymethyluracil

5mC 5-methylcytosine

A Adenine

AID Activation induced deaminase

AM-AR Active modificationactive removal

AML Acute myeloid leukaemia

APOBEC Apolipoprotein B mRNAediting enzyme complex
BER Base excision pair

B ME -MED 2-mercaptoethanol

bp Base pairs

C Cytosine

CML Chronic myeloid leukaemia

CpG Dinucleotide segments of cytosigeanine
CREB CcAMP response elemehinding

DMEM Dul beccods | Medi fMead ukna DME M)
DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DNMT DNA methyltransferase

EPIC HumanMetlylationEPIC

EtBr Ethidium bromide

EtOH Ethanol

EWAS Epigenomewide association study

FBS Fetal bovine serum

FDR False discovery rate

G Guanine

GR Glucocorticoid receptor

HAT Histone acafltransferase

HDAC Histone deacetylase

HAD Histone deacetyltransferase
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rRNA
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Principal component analysis
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PostTranslational Modification
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5. Introduction

The term figeneticso0O encompasses a wide branch o
variationin organisms, and overlaps with other areas such as agriculture, biotechnology and medicine
(Winchester, 2019)The definition arose from the identification of genes, the fundamental unit
responsible for hereditary information. @tations such as mutations, deletions, insertions and
translocations may all ir@duce changes in thisformation by affecting the gene activity and function.
Whether geneticistavork at a molecular, cellular, organismal, familial, populational or eaiatiy

level, genes are always central in their stuf@iffiths AJF, 2000) Geretics may therefore be defined

as the study of genes at sevéeakls; from the way they behave in the celhtavthey are transmitted

from one generation to anothéturthermore, the term may be applied tonpiples and analytical
procedures related tgenes(Griffiths AJF, 2000) In order to comprehend the significance of genes,
their impact on chemical reactions occurring within ¢e#, andgeneenvironment interactions, it is
essential to understand the chemical compositiong@rfes i.e. degribonucleic acid (DNA)
(Winchester, 2019)

5.1What is DNA?

DNA is the chemical name of the molecule that carries genetic information, and it is the hereditary
material in almost all organisnfé/atson et al., 2013])t consists of two strands that are twistenlad

each other, forming a spiralllzd a double helix. Each strand is composed of nucleotides where each
monomeric unit is made up of a phosphate group and a deoxyribose sugar group, forming the backbone
of the DNA, along with one of the chemical basderane (A), guanine (G), cytosine)(@nd thymine

(T) (Watson et al., 2013 he nucleotides are linked together by forming a covalent bond between the
sugargroup of one nucleotide and the phosphateip attached to the following nucleotide, thereby
yielding an alternatig sugasphosphate backborfé/atson et al., 2013 he order of these nitrogenous
bases determines the information available folirog, building and maintaining an organism. The bases
can be divided into two categories; purines andnpiglines. The purines include adenine and guanine,
both derived from the doubkinged structure whereas pyrimidines include the remaining baseseytosi
and thymine (seEigure 1) (Watson et al., 2013With respect to both shape and bondimoperties of

the bases, adenine is complementary with thymine, and cytosine with guanine, and vice veéksh. The
base pairs form two hydrogen bonds whereds form three, being slightly more thermodynamically
stable. However, as both pairs always &&tnaf one purine base and one pyidine base, the distance
across the double helix remains consi{@rtuice R. Korf, 2013)The stucture of the double helix is

stabilised by base pairing as well as basekstg (Watson et al., 2013)
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Figure 17 Bases found in the DNA

Chemical structure of the nitrogenous bases adenine (A), cytosine (C), guanine {@)raime (T) that the DNA
molecule consists dfigure adapted fronttps://socratic.org/questions/wkeate the-four-basesof-dna

5.2DNAs association within the cell

Within the cell, the DNA molecule is associated withtpies and organised into structures called
chromosomes. This organisation holds true for all types of cells. Eukaryotic organisms primarily store
their DNA in the cell nucleus, and to a lesser extent in thechondria. However, the main DNA
storage sitdor prokaryotic cells is the cytoplasm. Packaging of DNA into chromosomes serves several
purposes. Firstly, a compact form of the DNA fits easily inside the cell and protects it from damage.
Sec ondl y DNAfsrraakvelyd unstable, whereas chromosol&lA is greatly stable in cells.
During mitotic cell division, only tightly packaged DNA has the ability to tbensmitted to both
daughter cells(Watson et al., 2013)Ultimately, the chromosomal stituce confers an overall
organisation to each molecule of the DNA, thereby regulating its accessibility as well as cellular

processes that are linked t@\iYatson et al., 2013)

In eukaryotic cells, maof the DNA is packed into hucleosomes, with each unit consistingareaof
eight histone proteins and DNA wrapped around thidistones are positively charged proteins that
have a close interaction with the negatively charged DNA, and play an dsesatia the structural
and functional transition between active and inactive chromatin sf{stesficRamirez, Kann,
Shoemaker, & Landsman, 2009)he octameric core has a high degree of conservas it is well
preserved by surrounding DNA. They consist of astine r mi n a | itail so that cont
wrapping of DNA around the octan However, the tails are susceptible to sistslational
modifications (PTM) e.g. acetylation, géphorylation and methylation. It is important to specify that
such modifications do not affect the DNA sequence per se, although they regulate thdigvailtie
transcriptional machinery as well as the degree of compactness (how tightly or loN#elg packed
around the octamerjAlaskhar Alhamwe et al., 2018)The importance and impact of histone

modifications will be discussed later.
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The genome does not have a universal structure but is rather comprised of regions with varying
chromosomal density. These regions are commonly divided into two groups; heterochromatin is
characterisetly a condensedmicturewith limited gene expression, whereas euchromatin consists of a
more open structure and higher degree of gene expression. In humans, regions that surround the
centromere and telomere on a chromosome are heterochromatic, while most of the cheoarosom

are transcriptionally competent euchromaf®runau, Buat, Brun, & De Sario, 2006)Although
heterochromatic regions digyl low levels of gene expressidghey are of importancastheir compact
structure in centromeric regions are associated with elevated levels of DNA methylation, specific
methylation pattens for histones, low recombination frequency and repression of transc(iptiomau

et al., 2006)

Almost half of the genome consists of repetitive DNA that are often subclassified as satellite DNA and
genomewide repeats. SatellitesNA is acollective termfor tandem repeats i.e. sequences consisting

of one or more segmentsat are repeated right next to each other with lengths varying fros0-bp

(Vieira, Santini, Diniz, & Munhoz, 2016Yhese repetitive segmeardrise from difculties in accurately
duplicating the DNA and are more prone to mutafiieira et al., 2016; Watson et alQ23) Genome

wide repeats are larger segmnegewhere each repeated unit ranges from >100 bp to >1klbn@&evide

repeats are transposable elements i.e. sequences that have the ability to move from one region to another
within the genoméVieira et al., 2016)These segments can eithmr found as closely spaced clusters

or dispersed as single copies throughout the geriBiseotti, Olmo, & HeslopHarrison, 2015; Vieira

et al., 2016)However, these repetitive DNA fragments present technicakdigas to analyses such as
assembly programs and sequence alignments. Although some repeating units appear to be non
functional, others have contributed to the human evolubiprereating variety and at times novel

functions(Treangen & Salzberg, 2011)

5.3 Genefunction

The basic tenet of molecular rggtics revolves around how the genetic information is translated and
expressedalsoreferred as the central dogmaNA, as formerly mentioned, consists of the hereditary
message and encodes ribonucleic acid (RMA)ch further encodes the amino acid seupae of

proteins. Previously, genes were defined as the fundamental unit responsible for hereditary information.
However, in some cases, a gene also refers to a sequence of nucleotides that encodes a specific RNA

ard/or protein.

The first step of gene exgssion is transcription, a process where a particular DNA sequence of a gene
is copied into messenger RNA (mRNA). There are some genes that are involved in basic cell

maintenance and are expressed nearly ubiquytéoisnaintain constant levels of expressin all cells
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and conditiongEisenberg & Levaon, 2013) These are referred to as housekeeping genes and are often
used for calibration in many biotechnical procedures and genomic studies. Conversely, other genes have
strictly regulated expression with specific genes bainged oroff in particular cells at specific time
pointsand in response to a given sig(@tuceR. Korf, 2013)

Gene expression is regtéd by proteins called transcription factors (TFs) that bind to specific regions
named transcription factor binding sites (TFBSs) along the DNA. This may activate or repress
transcription, and can occur at diféet time points during the proce@&rni, 2007) Some TFs have

the ability to regulate multiple genes, while others can act bothigatact and repressors (on the same

gene region) depending dhe signals they receive from their surroundings. These sites are mostly

l ocated i n a r eg-end)wihtrdspedt to the orienfation af theaDNA $efuénce and

are referred to ggromoters. The length can vary from 100 to 2000 bp upstreéme tfanscription start

site (TSS). In most cases the promoter regions are found within ~ 100 bp of TSS and are characterised
by having a base sequence consisting of T and A bases calledTRebb& (Karni, 2007) Some genes

may have multiple alternative promoters situated at different sites within the gene that respond to
regulatory factors irothercellular tissues. These factors may occur adjacent to the promoter or located
thousands of base pairs away. Thielatre known as enhancers and function regardless of whether they
are located upstream or downstream within theegktany transcription factors, either being activators

or repressors of transcription that bind to the promoter or regulatory sequencegukated by specific
signalling molecules called ligands. These molecules change the conformation in ordefate acti
inactivate the TFs. In some cases, the presence of one or several additional proteins is also required for
areactiontooccurortbaci | itate the transition. These fnAhel
often subgrouped as coactivator dutorepressor with respect to their propertidgure 2 displaythe
necessary segments within the gene that are required for amitiatitranscription. Exons are DNA
fragments that code for amino acids, ultimately yielding a protein while intaomsnoncoding
segments. To obtain a functional mature mRNA, the introns must be removed before the remaining

exons can be spliced together.
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Figure 21 Gene transcription

Necessary components that are needed to regulate gene expression. The phoitessddy the binding RNA
polymerase in the promoter region and is controlled by transcription factors (activator or repressor). Some of
them require the presence of cofactors such as ligands. Regulatory sequences are alternative promoters, and exons
and introns are the coding and naoding genetic regions, respectiveligure from Human Genetics and
Genomics (2013),%edition. Korf & Irons

5.4 Transcription of DNA into mature mRNA

The transcription process is initiated by the attachment of RNAphse, an enzyme that binds to the

promoter region and catalyses the production of complimentary Nskxcy, 2008) In eukaryotic

organisms, the enzyme can be divided into three types, designated as type | 1l Bustl gene
transcriptions for mMRNA and therein proteins are transcribed by RNA polymerase type Il, whereas type

I and Il transciibe ribosomal RNAs (rRNAs) and transfer RNAs (tRNAS), respecti@igncy, 2008)

The transcribd strand is an exact replicate of the DNA sequence, with exception of thymine that is
replaced with uracil (U). Additionally, afhethylguah ne r esi due i-enddthaRNAhed t o
molecule in the beginning of transcription whereas ~200 ademe bases are addedia:3 &nd prior

to termination(Clancy, 2008) These components stabéithe molecule and facilitate its export into the
cytoplasm(Clancy, 2008)

During transcripton the introns are spliced away, resulting in esegments thaireligated together

and yields the mature mRNA. However, not necessarily all exons are spliced together, or in the same
chronological order. This process, called both alternative splicidgd#ferential splicing, allows
individual genes to produce multipheRNAs with varying exongMatlin, Clark, & Smith, 2005)Due

to the complexity of this process, the spliced mMRNA ism&tdble to disruption by mutations. However,

it can also be a point of control for gene expresditrder the impact of cordl molecules found in
specific cells, certain exons may or may not be introduced in the mRNA due to differential splicing
(Matlin et al., 2005)This leads to the possibility of generating multiple distinct proteins from the same

gene thereby substantially increasing the diversity of proteins being encoded by the genome.
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Particubr exons may conform to certain functional protein domains, resulting in production of several
proteins with a range of functions from the same défatlin et al., 2005)Occasionally, alternative
splicing pathways may be determined through the presence or absence of a single regulator. More
frequently, splicing pathways are determined through a combination of various factors. Thistestabli
the concept of dAcel | ul arbinationgloé regulatorycfaxtalMatlie €taln g o f
2005)

5.5 Translation of mature mRNA into protein

Once the mature mRNA i s tr an edcorthe ¢ywplasn fortraadio, cel | 0
commonly known as protein synthesis. As the name indicates, during this process the mRNA sequence
is read and converted into the amino acid sequence of a protein. The translation is performed by a
proteinrRNA complex cied ribosome, which initiatethe process by binding itself to themthyl
guani ne ceadoftletmRNARaRd s€alBning along until the initiation codon AUG (methionine)

is recognisedqHershey, Sonenberg, & Mathews, 2Q18pwever, for the process to continue, tRNA
molecules as well as aminoad¢iANA enzymes are requirddodish, 2013) The genetic code consists

of 20 amino acids, and each of them are recognised by its own tRNA molecule and tRNA synthase.

Although, modifications may occur, in turn yielding alternated amino acids and tRNA molecules. A
study from Pereira et a{2018) reported that more than 8ONR have been reported, and an average of
13 modified bases are expected per tRNA mole@édeeira et al., 20187 tRNA molecule consisting

of the anticodn that corresponds with the codon on mRNA are-paged by the enzyme that codes

for that particular amino acid, forming an aminoatf3NA complex(Lodish, 2013)

This process is repeated, thereby building a polypeptide chain consisting of amino acid residues that
will ultimately become a protein. Translation is terminated when a stop codon is r¢détfedJAG
or UGA).
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Figure 31 Protein translation

Formation of polypeptide consisting of amino acid residues from mature mRNA. The process takes place on the
ribosomal machinery, which binds to the RNA stand. Specific amino acyl tRNA moleeubesird to mMRNA
through basepair complementarity between the codon on mRNA and its anticodon on tRNA, yielding the
elongating polypeptide. The process is terminated once a stop codon is réaglire from Human Genetics

and Genomics (2013)M4dition. Korf & Irons

5.6 Epigenetics

Genes can be temporarily activatedsilencedthrough epigenetics. However, there are situations in
which one or multiple genes are permanently altered. The term epigenetics generally refers to chemical
modification to DNA or its associated histe proteins that further affects the compaction of the
chromatin structure and readability of the genomic regions without altering the base sequence in the
DNA (Rivera & Bennett, 2010)These changes are heritable and can be stably transmitted through

multiple celldivisions(Rivera & Bennett, 2010)

The changes are initially theonsequence of gene expression of specific transcription factong. The
regulate cellular differentiation as well as control the expression of other genes that encode transcription
factors and proteminvolved in celcell communication(Rivera & Bennett, 2010However, recent
findings sugest that epigenetic modifications can also be induceshbiyonmental factors at different

time pointsbeingpermanent oremporary(SadakierskaChudy, Kostrzewa, & Filip, 2015Previausly,

the classical epigenetic modifications consisted of DNA methylation and PTMs of histone proteins.
Gene silencing of one of the twachiromosomes irefnales and genomic imprinting are both examples

of permanent changes thlatcurthroughmethylation.
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However, proteins such as DNA methyltransferase (DNMT), histone acetyltransferase (HAT) and
deacetyltransferase (HDA) and protein complexes with epigenetidications are now included under

the umbrella definition of epigeneti¢Rivera & Bennett, 2010)Additionally, emerging evidence
suggests that several classes of functionataualing RNAs must be added to the definition as they
regulate gene regulation at a transcriptional and-fpasscriptional levie(Garber, 2019Rivera &
Bennett, 2010)

5.61 DNA Methylation

DNA methylation is a biochemical modification whereamethyl{fCHgr oup i s added t o
of the cytosine ring, thus formingrBethylcytosine (5mC) (seeigure 4). This mechanism primarily

occursin regions near the promoter where cytosine is followed by a guanine residue (CpG), but the
modification can alsbe found at different CpG sites throughout the genome. Regions that have a high
occurrence of the mentioned dinucleotides are referred assip@(Joseph, Strand, & Vezina, 2018)

Many of these islands function pomotrs anébr enhancers for initiation of transcriptional expression

and are generally unmethylatébbseph et al., 2018 epigenetic studies these methylated islands are

used as markers that represelnserved lsanges within an organis(iloore, Le, & Fan, 2013)

The addition of methyl group to cytosine residues is a process that is bigtdgrvedJoseph et al.,

2018) and isheritable by somatic cells after cell divisi@ollati & Baccarelli, 2010) DNMT, which

is a group of enzymes, bind to the DNA and Aflip
a methyl group fom Sadenosyl methionine (SAM) to C5 positiGfoseph et al., 2018; Sadakierska

Chudy et al., 2015DNMT1 preferentially methylates at hemiethylated DNA sites and presesve

methylation pattemmduring cell replication. In contrast, DNMT3A and DNMT3B prefemuethylated

CpG sites and perforrde novomethylation in gametogenesis and early developr{@atakierska

Chudy et al., 2015)Figure 4 illustrates the reaction mechanism for methylation of cytosine-to 5

metylcytosine with the presence of SAM and DNMT.

cytosine {C) S-methyleytosine (5mC)
NH, NH,
SN T SN
‘ /K DNMT1, 34,38 |
R R

Figure 41 Methylation of cytosine to #nethylcytosine

Schematic diagram of cytosine being methylated at C5 positibrthe presence of @denosyl methionine (SAM)
and DNA methyltransferas€DNMT) to 5methylcytosine Figure from Sadakiersk€hudy et al. (2015)

18



Gene silencing is primarily associated with hypermethylation of CpG sites at promoter region, while
hypomethylation caes elevated levels of gene expresgi®adakiersk&Chudy et al., 2015)CGrich
sequences are loosely bound to the histone octamer compareepmo€$equences, as more energy is
required tobend them into the loops to wrap them around, making them moreigtee$he level of

DNA methylation of cytosine thereby affectanscriptional activities, and a deregulation may therefore
have an impact on development, cellular function or disg&stakiersk&Chudy et al., 2015)DNA
methylation is a reversible maodification, thus implying that DNA can also be demethylated. Both active
and passive demethylation pathways have been proposed.

5.6.2Active DNA demethylation

Cytosineis known to exist in one of two functional states, unmethylated or methylated. However, recent
studies have discovered and identified several variants of cgt(s#a-igure 5) (Sadakiersk&Chudy

et al., 2015)These oxidised methylcytosines (ariCs) are achieved through stejse oxidation of 5
methylcytosine to Shydroxymethylcytocine (5hmCh-formylcytosine (5fC) and Barboxylcytosine
(5caC) respectively, by Terleven translocation (TET) enzymes. These derivatives are all
intermediates that are formed in the reversal of the methylation praweésseve as stable epigenetic

modifications that exert distinctive regulatory ro{és, Rao, & Ko, 2017)

5-hydroxymethylcytosine (5hmC) S-formylcytosine (5fC) S-carboxylcytosine (S5caC) 3-methylcytosine (3mC)
H, H I
iy e Lo _CH,
HO e N | \"*N C TN | R""N ~F | | \N ‘ \“‘-N
HO HO HO
o HO 5 5 o
OH OH OH OH

Figure 51 Cytosine derivatives found in DNA

Chemical structures of the currently discovereasiyte derivativedrigure fromSadakierskaChudy et al. (2015)

Active DNA demethylation can be achieved through oxidation or deamination of the cytosine
derivatives. Via the oxidation pathway, the oxidised methylcytosines 5fC and 5caC are directly excised
by the DNA repaienzyme thymine DNA glycosylase (TDG), creating an abasic site. Subsequently, the
damaged base is repaired in a stége process by base excision repair (BER) that ultimgtelgisan
unmethylated cytosin@n et al., 2017; Wu & Zhang, 2017)
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Since TET enzymes appear to have a certain preference for their substrates, 5hmC is in most cases not
committed to the demethylation pathways due to its restrained conformation within the aciia site

et al., 2017)This ultimately leads to a decrease in catalytic efficiescphmC is less prone to further
oxidation to 5fC and 5caC, it is considered a stable mark for epigenetic modifi¢dtoesal., 2017)

The remaining pathway is deamination, a biochemical reaction where an amino grojgrdup is
removed from a molecule. In DNA, deamination has primarily been associated with the conversion of
cytosine to uacil (Bochtler, Kolano, & Xu, 2017)However, 5mC and 5hmC can also be deaminated
and yield thymineand 5hydroxymethyluracil (5hmU), respectively, by enzymes from the activation
induced deaminase (AID) and apolipoprotein B mR&biting enzyme complefAPOBEC) family
(SadakierskaChudy etal., 2015) The formed intermediates are subjected to various DNA glycosylase
enzymes that restores cytosine through the BER pattBeaghtler & al., 2017; Sadakierskahudy et

al., 2015)

As ore can observe from the mentioned pathways, the process of active DNA demethylation can be
regulated at multiple levels. The enzymatic reactions are directly dependent on substrate availability and
in some cases the presence of cofactors. Furtheraibgenes can be regulated at transcriptional,-post
transcriptional and postanslational level§Wu & Zhang, 2017)Factors that target the demethylation
machineryto particular genomic reghs may also regulate the procgss et al., 2017)Since both TET

and TDG are essential components of active DNA demethylation, it may be postulated that these
proteins and their atalytic products are potential key regulators ofcpsses such as embryonic
development, stem cell function and cell lineage differentigfdoret al., 2017)Additionally, emerging
evidence suggests thattise DNA demethylation is linked to DNA repair as TB@ediated BER is

part of he active modificatioractive removal (AMAR) process.

5.6.3Passive DNA demethylation

In similarity with active DNA demethylation, this process allows 5mC to be reversedtsiotomodified
state. This occurs when there is a reduction in activity ceralesof DNMTs that leads to a dilution of
5mC as the cell divisions (DNA replication) occur. In viitayas observed th#dck of DNMTL1 in both
murine and human cells lead death of differentiated cells within a few generati@Bechtler et al.,
2017) Additionally, emerging evidence indicatdsat deficiency of DNMT1 caussa delay in the
embryonal development, ultimately leading to death in-gastation(Bochtler et al., 2017)¥igure 6

displaya schematic overview of passive and active DNA demethylation (oxidation pathway).
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Reduced TET enzyme processivity

Oxi-mC-facilitated passive DNA demethylation
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Figure 61 Active and passive DNA demethylation in eukargst

Schematic overvieof active and passive DNA demethylation. In active DNA demethytagarxidisegroducts
5-formylcytosine (5fC) and-8arboxylcytosine (5caC) affest subjected tohymine DNA glycsylase (TDG}hat
creates an abasic siteefore being restoretb cytosine with DNA glycosylase (TDG) and base excision repair
(BER).In pasive DNAdemethylation there is a replicatiadependent dilution of 5mC as multiple cell divisions
occur.Figure fromAnet al. (20T7)

5.6.4Histone variants

As previously mentioned, histones are small, positively charged proteins that the DNA is wrapped
around. lts octameric core is wel!/| preserr¢e ed fro
susceptible to a variety of PTMs. They are composed of various residues of positively charged amino
acids, mainly arginin® and lysine (K), thatdcilitate binding with the negatively charged DNA. The

most common modifications consist of acetylatioargfinine, acetylation and methylation of lysine and
phosphorylation of serine (S), threonine (T) and tyrosine (Y) resi@smister & Kouzarides, 2011)
Modifications of these tails will affect the degmefecompactness formed between the DNA strand and

the histone proteins, and further affect thanscriptional machinery as well. For instance, acetylation

or phosphorylation of histone tails reduces the overall positive charge, subsequently redudingtyhe af
(Brehove et al., 2015; Higashi et al., 2Q07)

According to a study from Vogler et al (2010), it appears that ttexr@inal tail of the H2A, a subunit

of the octameric core, provides stabilisation to the nsdeml core particle and interacts with
components that control dynamics and conformatioth@fchromatinVVogler et al., 2010)Although

they are highly conserved, there are greatly similar variants of histones. In humans, there are currently

57 histone variants that are encoded by 94 genes, anddtirectrporation of thse variants that affects
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the chromosomal structure and genetic expregSiadakiersk&Chudy et al., 2015)They have emerged

as important factors in regulating the chromatin states and DNA repair in response to genotoxic
treatment, hence suggestingttkhey may serve as prognostic indicators of cancers for future treatments
(Sadakierska&Chudy et al., 2015)

5.7 Environmental epigenetics

It has been discovered that epigenomic changes are dynamic and can regulate which genes are turned
on and off, whereas the genome #isdsequence is fixed. These changes allow organisms to adapt to
changes introduced in an environment without engravisigadrticular change into the genofBeouet,

2019) Emerging evidence ggests that genes take notice of the environment in ways that affects ones
health and behaviolibrouet, 2019)Severafactos such as nutritiorhehavioury lifestyle, climate and

toxins are examples of environmertaksthat can have an impact on different cells and ultimately their

DNA (Tiffon, 2018)

5.7.1Epigenetics after exposure of environmental chemicals and toxins

Identification of chertal substances and effects of exposure are essential for risk assessment and
prevention, and have been catéged according to their capability to induce mutations and alter the
DNA sequencéBaccarelli & Bollati, 2009) However, studies have reported epigenetic modifications
that have changed the genomic function after exogenous influence, thereby indicatisgnibat

chemical substances yield both genetic and epigemeitiifications.

Metals are a group of chemical substances that have an established association with DNA methylation
(Baccarelli & Bollati, 2009) Several studies have reported that metals increase the production of
reactive oxygen species (ROS) and damage the DNA. Oxidative DNA damage can affect DNMT by
interfering with their ability to interact with DNA, thereby resulting in altered methylation. Metals such

as cadmium and arsenic appeared to be linked to ROS and yielded global hypomethylation whereas
nickel was reported to hypanethylate regions that wouléad b inactivation of gene expression
(Baccarelli & Bollati, 2003. Nickel was also shown to affect histonendification by reducing
acetylation and increasing both demethylation and ubiquitination on several histone Ratiaselli

& Bollati, 2009) It was reported that in human lung cells acetylation was lost on histone H2A, H2B,
H3 and H4 whereas the ubiquitination o24&land H2B were increasd@accarelli & Bollati, 2009)
Cigaette smoking is an example of chemical substance thas 8idA methylation. Studies have
reported that smoking modulates the content of DNMT rainscript and protein levflee & Pausova,

2013) Nicotine, which is a stimulant added in cigarettes, effects the gene #rprbyg activating the

nicotinic acetylcholine receptors.
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This interaction increases the level of intracellular calcium and leads to activation of CAMP response
elementbinding ((REB) protein, an essential transcription factor for many gées & Pausova,

2013) Studies havalso reported that cigarette smoke may alter DNA methylation through regulation
of DNA-binding factors as well as hypoXiaee & Pausova, 2013)

Alcohol is another example of chemical substathes affects the epigenetic machinery. However, it
stands out from other substas ast is widely accepted in society, consumedfieyeryone andis

easily purchasedBruna Brands, 1998)t has been postukedl that exposure at differengjes may

perturb the chromatin function and have a direct impact on neuron plasticity, thereby being highly
correlated with learning and memory functi@obs & Ali, 2019) Pardey et al (2015) reported that
adolescerst exposedto intermittentalcohol consumptiorhad increased activity of nuclear histone
deacetylase (HDAC) and expression of HDAC2, and decreased global histone acetylation that persisted
in adulthoodPandey, Sakharkar, Tang, & Zhang, 20¥gjditionally, they suggested that remaodelling

of chromatin de to increased amygdaloid HDAC may be engaged in the process alcohol preference and
dependencéPandey edl., 2015) Their claims are straightened by Sakharkar et al. (2015) that reported

an increase in hippocampal HDAC after intermittent ethanol exposure, ultimately reducing CREB,
neuroplaticity and nerve growth factgbobs & Ali, 2019) Downregulation of CREB in hippocampus

is further linked to behavioural disorders such as anxiety and depré3sios & Ali, 2019) Emerging
evidence haindicated that consumption of alcohwlay alter gene expression through epigenetic
processes that further appear to be passéal offspring. Botthypermethylation and hypomethylation

due to alcohol has been observed. Sarkar et al (2016) reported that exposure to alcohol led to epigenetic
changes that affected both immune and endoargonal related genes for more than three generations
(Sarkar, 2016)

5.7.2Nutritional epigenetics

The proverbial Ayou are what you eatodo is a coll
needs to have a heal tshopsidefédcenimon Knowledgd Hazeyadeast as o c i e t
vague idea ofvhichfoods aresupposedhhealthpromotingand which aliments may damage or have a
negativeimpact on our body. However, what if certain food items could affect DNA and the genetic
machineryNutrition is oneof the most studied and better understood fa@hagpigenetics, with several
associations observed between adverse prenatal nutritional conditions, postnatal health and risk of
diseaseq(Tiffon, 2018) Nutriepigenomicsis a newly developed field that examines connections

between diet and epigenetic marks that may affect geression.
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Many studies have conveyed that nutrition consumed in early life may inducéetomghanges in

DNA methylation that further impact health and agkated diseases throughout lifdowever, some
epigenetic modifications can with the passagee becomg@ermanent. In 2007, Lumey et al. reported

a link between epigenetics and diet by conducting a study about the consequences of hunger famine in
The Netherlands during 194%. The collected data suggested that women who experienced-it first
hand and becameregnant experienced epigenetic changes that were further passed on to next
generationLumey et al., 2007)Studies of cidren born during the hunger famine indicated that they
suffered pathologies such as diabetes, cardiovascular diseases, metabolic disorders and obesity to a
greater extent. Additionally, it was reported thaes children were shorter than average, and
subsequently had children who also were shorter than avédageet, 2019; Lumey et al., 2007) is

therefore postulated that foetuses may have the abilityapt ad limited supply of nutrient@iffon,

2018)

Another example of nutritional epigenet s i s t he MAAgout i Agautiiscalgéne di s c o\
that contributes to the coat colour. If thgouti gere was subjected to little or no methylation, then it

was active in all cells and the coat colour was yellg@rgan, Sutherland, Martin, & Whitelaw, 1999)

Studies reported that these mice were more susceptible to develop several diseases such as diabetes,
cancer and obesity. Mever, if theagoutigene was subjected to hyperimdation then the mouse had

brown fur with no health problenfMorgan et al., 1999Between these two extremes, the methylation

on theagouti gene could vary and further affect the gene activity acaghgi Mice with yellow fur

were fed Bvitamins but were not cured. However, they yielded offspring that were carriersagbtlte

gene but were healtlfiviorgan et al 1999) Additionally,agoutimice that were not subjected to vitamin

B yielded offsping that remained sick. This was observed for several gener@longan et al., 1999)

5.7.3Behavioural epigenetics

Identical twins have identical genes, yet as individuals they may be diffiteent with respect to
personality, interests, behaviour, health and even in appearances. Behavioural epigemstiosstatly

of how different signals from the surrounding environment can trigger biological changes and affect the
behaviour in both hunmaand animalg¢Powledge, 2011)For instance, maternal effects have shaavn
influence development of defensive responses to threat in various orgéWisager et al., 2004)n

rodents, pups that were licked, which equivalates to caressing in humans, by their mother were calmer
and more resistant to strg¥¥eaver €al., 2004) In terms of epigenetic modifications, these pups had
altered histone adgtion and transcription factor (NGH) binding to the glucocorticoid receptor (GR)

that is further involved in reducing the stress concentration. These modifications were observed in

hippocampus and persisted into adulthQataver et al., 2004)
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Pups that were neglected by their mother were reported to be more susceptible to stress and anxiety.
Several findigs have established the importance of both DNA methylation and histone modification

for learning and remembering.

Posttraumatic stress disorder (PTSD) is a psychiatric disorder that is triggered by a terrifying event,
either by experiencinig first-handor witnessing it. An increasing body of evidence suggests that PTSD
emerges from interactions between genetic and environmental f&¢tonsas, Provencal, & Binder,

2015) Experiments performed on mice showed that they displayed fear for location where they
previously had been subjected to electric sh@Eksviedge, 2011)The DNA methylation levels were

elevated in the hippocampus, which is the region where memories are lsdigition of DNMT

prevents the hippocampus from being methylated and prevents formationemwiries and
Aremembrancedo. Acetyl at i(Powledgd,20hl) st ones was al so

5.8 Profile of DNA methylation with microarray technology

DNA microarray, also known as DNA chips, is a collection of microscopic DNA spotarthattached

to solid surface, normally a ch{guigd, 2013) Each spot consists of several thousands of copies of a
particular DNA sequergcthat corresponds to a short section of a gene, known as (Babgs, 2013)

The microarray chighat was chosen for this study/the HumanMethylatioEPIC (EPIC)BeadChip
from lllumina that can interrogate more than 850 000 methylation sites in CpGs atrsinlgletide

resolution acrasthe genom@llumina, 2015; Pidsley et al., 26).

Prior to hybridisation to the microarraghe genomic DNA ibisulphite convertedThe DNA sample is
subjected to sodium bisulphite that converts unmethylated iogg$o uracil through deamination
whilst leaving the methylated residues unchanged. During subsequent amplification, uracil is converted
to thymine(Masser et al., 2018The methylated cytosine residues are protected from the conversion
and are read as cytas. Probes on the microchip are designed teatlatnconverted cytosine and

converted thymine at a CSte.

There are two different probes with different fluorescent colours attached to the microarray that report

the methylation statugigure 7 displaysthe major steps of microarray analysis.
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Figure 71 Bisulphite sequencingk microarray analysisfor quantification of methylated cytosines

Unmethylated cytosine are converted to uracil before subsequently copied to thymine. The probes are designed to
detect both the unconverted cytosine andredied thymine residues by having different reporter colours. Figure
adapted from Masser et al. (2811

The EPIC chip uses bead technology where the probes are attached to beads. In short, beads are mixed
in solution and hybridised with their complementBfA sequence. The mixture is poured on a chip

that contains millions of wells. Each bead will fitd one well, and the excess solution is washed away

prior to scannindlllumina, 2015) The chip employs a combination of twés of assay for coverage

of array. Infinium | assay consists of two bead types per CpG locus; one probe that binds to the
methylaed states and the other to unmethylated sfdii@®ina, 2015) Infinium Il assay uses one bead

type pe locus. Through single base extension, a labelled base (guanine or adenine) is added to the probe
so that it is complementary to the methylatedosiyte or the converted thymine from unmethylated
cytosine(lllumina, 2015) Both assays emit red fluorescence for unmethylagaabine and green for

methylated cytosine.

The methylation levelare usually desdrsie d  bvgluear anfMivalue Theb-valueis calculated ratio
of the methylated probe of interativided by the overalineasuredntensityi.e. sum of thenethylated
and unmethylategrobe intensity(Du et al., 201Q) This methodrangesfrom 0 to l1and yieldsthe
methylation percentag@u et al., 2010)The M-value method takes the log2 ratio of theeasured
intensity of themethylatedprobeversus the unmethylated j& This method is recommended it is

morestatistically validfor differentialanalysis of methylation leve(®u et al., 201Q)
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6. Aim of the thesis

Epigenetic modificationvave been discovered to dgnamic and regulatgene expression without
engraving changes into the genontgmerging evidencesuggest that genes take notice dhe
environmendl factors suctas nutrition, behaviour, lifestyle, climate and toximatcan have an impact

on different cellsthusultimately changng the DNA sequenceAlthoughepigenetic modificationare
considered to beéemporary, several studidsave discovered that these changes have affected the

genomic function, yielding a permanent alteration

A number of studies have reported and established the occurrence of epigenetic changes within the
lifespan of one individuabrganism, but the timeframregarding how fast these modifications occur are

yet to be determined. This thesis aims to shed light on the epigenetic timeline that describes:

1. How fastDNA methylationin epigenetic modificationsccuss.

2. How fast theDNA methylationin epigenetic modifiations igeversed.
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7. Material s

Table 17 Chemicals used

Chemicals Abbreviation/Formula Supplier Catalogue #
2-amino2-hydroxymethyil,3- Tris SigmaAldrich® 77-86-1
propanediol
2-mercaptoethanol b-ME, BME MERCK- 805740

Schuchardt
Agarose (SeaKem LE agarose) MedProbe AS 901236-6
Dimethyl sulfoxide DMSO SigmaAldrich® 472301
DNA Gel Loading Dye (6X) - BioNordika AS 60-00-4
GeneRuler 1 kb DNA ladder - Thermo Fisher SMO0311F
Scientific
Ethanol EtOH Antibac AS 600068
Hydrochloric acid HCI SigmaAldrich® H1758
N, N, -tddd@methyMthané,2- TEMED Bio-Rad 9700106
diamine
Trypanblue solution - SigmaAldrich® T8154
Table21 Cell lines
Name Description Supplier Catalogue #
HepG2 Human Caucasian European Collection of Authenticate 85011430
hepatocyte carcinoma Cell Cultures (ECACC)
HL60 Human Caucasian American Type Culture Collection CCL-240
promyelocytic leukaemiz (ATCC)
Table3 1 Reagents for cell culture
Chemicals Supplier Catalogue #
Dul beccodés Modified Eagl es & Thermo Fisher 10569010
(containirg 4.5 g/L DGlucose and 110 mg/L Sodium Pyruvate) Scientific
Dul beccobds Modi f(coataningaSgIL®&s &6 Thermo Fisher 31053028
Glucose), No Phenol Red Scientific
Dul beccod6s Phosphate Buf f er e SigmaAldrich D8537
Fetal Bovine Serum (FBS) Thermo Fisher 10270106
Scientific
|l scoveds Modifie@dvDMul beccods SigmaAldrich® 16529
| scoveds Modified Dul beccods Thermo Fisher 3105328
HEPES Scientific
100x Penicillin Streptomycin (Pestrep) Thermo Fisher 15140122
Scientific
TrypsinEDTA 1x (0.05%) Thermo Fisher 25300054
Scientific
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Table4i Commercial kits and reagents

Name Description Supplier Catalogue #
AllPrep® DNA/RNA/Protein Mini Kit Purification of Qiagen 80204
(50) DNA and RNA
Amicor® Ultra-0.5 Centrifugal Filter Up-concentration Merck Millipore C82301
Devices of DNA
Universal Mycoplasma Detection Kit ~ Detection of myce American Type
plasma contamination  Culture Collection 30-1012K
in cell cultures (ATCC)
Vy br ant Eell Wability Assay Cell viability Thermo Fisher V13154
Scientific

Table57 Equipmentand software

Instrument Description Software Supplier

2720 Thermal Cycler PCR Applied Biosystems

7900HT Sequence Reattime PCR ABI 7900HT Sequence Thermo Fisher

Detection System, ABI Detection System Scientific

PRISM Version 2.4

Automated Cell Counter  Counting of viable cells Millipore

Centrifuge 5415 D Centrifugation SigmaAldrich®

Centrifuge 5810 R Centrifugation SigmaAldrich®

ChemiDo& MP Imaging  Imaging of agarose gel Quantity One Bio-Rad

System

HoefeF HE33 Mini Agarose gel Roche Life Science

Submarine electrophoresis

Megafuge 1.0 entrifuge Centrifugation Heraeus instruments

MWG Sirius HT Cell viability Gen5 Version 2.06 BioTek

luminometer

NanoDrof¥ ND-1000 Measurement of DNA  Nanodrop 1000 3.8.1 Thermo Fisher

Spectrophotometer and RNA concentration Sdentific

Nikon TMS Inverted Observation of cell Nikon

Microscope lines

SteriCycle CQ Incubator Incubation of cells Thermo Fisher
Scientific

Results: statistical R (RStudio) R Foundation for
analysis and gene lists Statistical Computing
7.1 Genes

The obtained candidate genes were compared ag#imspublishal a r tAicahdl end DNA
Methylation: An Epigenomeide Association Study in Blood and Normal Breast Tissud r om Wi | s o |
et al. (2019)consisting of a list of genes that they had discovered were related to consumption of alcohol

(or affected by the conmption of alcohol)Information regarding thgenesmentioned in this thesis

has beembtainedfrom Gene Cards The Human Gene Databe(https://www.genecards.olg/
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8. Methods

8.1 Cell culture

8.1.17 Cultivation of cells

The HepG2 cell line was grown in complete alitureme di um composed of Dul be
Eagl es 6 Me dsupplemdantBdviEiiOpoe FBS and 1% PeBtrep. The cells were cultured in

T75cell flasks.The HL60 cell line was growmil s covebés Modi fi e MDOMywith ecc o6 s
same supplements mentioned for the HepG2 cell line and were cultured incE#scultureflasks.

Both cell lines were incubateth a humidified incubatoat 37°C with 5% C@ All cell work was
conductedunder aseptic conditions in a lamifflow hood.

8.1.21 Passage of cells

8.1.2.17 Subculturing of adherent cells

The HepG2 cell line consists of adherent cells i.e. they attach and grow on the surface of the culture
vessel.For passaging, the growthedium was removeéndthe cells weravashed with 1XPBS pH

7.4. PBS was removed and 0.05% 1x TrygsiiT A was addedtill the surface was barely coveree,

ml for T75 cell flasks) and incubated3t°C until the cells were detached from H#essel Thetrypsin

was deactivated by addition of fresh growth mediudD(ml) that was preheated to &7, beforethe

cell suspension waspetted up and dowto obtaina homogenoususpension. The celgere splitin a

sub-cultivation ratio of 1:21:6. They were slit approximately every third day.

8.1.2271 Subeculturing of suspension cells

The HL60 cell line corists of suspension cells i.e. they float freely in the solution (3 dimensional). They

were passaged plitting in a subkcultivation ratio of 1:21:6 aproximately every third day

8.1.371 _Cell counting

The number of cells was determined by usarggll counting chamber called a haemocytometer. Prior
to counting, both the glass haemocytometer and its coverslip were moistened and affixed before 10 pL

of uniformly distributed cell culture was injected irettwo chambers.
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The space where the cells are counted have a known dept of 0.01mm and an are3 gfvimgna
volume of 0.1mm (or 0.1uL). By using a microscope (10x objective), each set of the 1éesquare
counted.The average from the four sets weadculated and multiplied with @00 to give the number
of cells per mL. Cells were always passaged with a known cell concentration.

8.1.47 Thawing frozen cells

The HepG2 was snewly purchased celile and stored on dry ice {80°C) upon arrival.The cells were
thawed in a water bath 87°C before being diluted with prewarmed growth medium. The cells were
spun down by centrifugaticat 1000 rpm for 7 mito remove DMSO remnankefore the formegdlet

was resuspended in 2 mL fresh growth meditihe cellsweretransferred to a T25 flagndincubated

in a final volume of 10 mlat 37°C with 5% C@

8.1.57 Cryopreserving cells

An aliquot of HepG2 cells wereryopreservedo maintain a stock cellie for future use. It is
recommended to make an aliquot with low passage nusiie cells may change phenotypically and
morphologically upon paaging The growth medium was removehdthe cells werevashed with 1x
PBS pH 7.4. After centrifugation, ie buffer was removed and 0.05% 1x TrypBIDTA was added and
the cells wereincubated till they detached-3 mL fresh growth medium was added before the
suspensiomvas collected into a tube. The cells were centrifuged at J@a0faer 7 min, before being
resuspended ifiteezing medium consisting fresh growth medium with0% FBS, 1% PeBtrepand

5% DMSO.The mixturewasaliquotedand transferreéhto CryoPure tub®and stored at20°C for 2h
before being placed a80°C.The freezing stocks welater tansferredo and stored in liquid nitrogen

for longterm storage

8.1.67 Mycoplasma testing

Prior to the experiment, both cell lines were subjected to mycoplasma testing to pletectial
contaminants in cell culture. The kisedwasthe Universal Mycoplasma Detection Kit from ATCC
(Manassas, Virginia, USand the testingwas performed according toh e man upraocdl.ur er 6 s
Briefly explained HepG2 cells were harvested by removing the cell media ancedtgice with PBS,

beforethe cells werescrgped and collected into an Eppendorf tuB&60 cells werespun down by
centrifugationat 1000 rpm for 7 minwashed with PB&ndcentrifugedagainto obtain the celpellet.

For both cell lines5 x 10 cells/mL were collected and centrifuged atQd® rpm for 3 min at 4°C.
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The sipernatant was discardeghdthe cells wergesuspendeth Lysis Buffer (50 pL).The mixture
was vortexed rd incubated 15 min at 37°C. The samples were further heated up at @3Wrn
before being centrifuged at D®0 rpm for 3 min at 4°C and transferred into new tubeslicates of
test samples, positive and negative controls with PCR + Primers Mixprepared for PCR. The tubes
were placed iveriti 96 Well Thermal Cyclefrom Thermo Fisher Scientifiwith following parameters
(Table 1)

Table1l1 Thermal program settings for PCR

Temperature (°C) Time (s) Cycles
Denaturation 94 90
Amplification; 94 30
Touchdown for PCR parameters 70 Y 60.5 30 20
72 45
Amplification; 94 30
Continuation of cycles at a 60 30 12
constant annealing temperature 72 45
Final Elongation 72 240
Hold 4 -

* Temperature decreases 0.5°C after each cycle

A 3% agarose gel was prepared; 2 dropsthidium bromide EtBr) was added to 50 mL agarese
mixture. The mixture was poured into a tray with a comb and let to solidify. A DNA loading dye was
added to all samples, before the PCR products dbdAa ladderwere loadedon the geland runat

100V till the tracking dye had migrated abdtitthe length of the gel.
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500 bp

Figure 81 Mycoplasma testindor HepG2 and HL60

Both Hep& and HL60 cell lines were subjected to mycoplasma testing for detection of potential contaminan
and yielded negative results. This figdisplaysthe results for the HL60 cell lineane lis a 100 bp DNA ladder

(M) that displays an expeted band at 500 bpane 2 is the tdssample (TShhat consistsof HL60 cells lane 3is

2.50g of positive contro(PC); arginini chromosomabDNA that displays a expectedandat ~500 bp lane 4is
TSwith PC andalso displag an expeted bandat ~ 500 bpand lare 5 is the negative controNC)

8.2 Ethanol evaporation test andviability assays

8.2.17 Measurementof ethanol evaporation

Since ethanol (EtOH) will evaporate over time, we did a measuremetitasfod concentration after
incubation at regular cell culture conditions. The growth medium was exposed to concentrations of
20mM and 100mM ethanol and incubdter 6h and 24h at 37°@nd 5% CQ. The tests wereunin
duplicates The EtOHIlevel in the samples was measured at 340 nm on a Cobas8000 and the analysis
was performed by the Department of Laboratory Medicine and Pathology at Haukeland University

Hospital, Bergen, Norway.

8.2.21 MTT assay

Cell proliferation and viability were determined witybor ant E MTT Cel | frovhi a b i
Thermo Fisher ScientificThis colorimetric assay measures the reduction of a yellow tetrazolium
component (MTT) into formazan, a purple coloured insoluble praqutoduced by the mitochondria of
viable cells, and evaltes the cell viability by measuring the growth rate of cells by displaying a linear

relationship between the cellular activity and absorbance at 5{Mahajan et al., 2012)
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Prior to performance dheMTT assay, both HepG2 and HL@&re subjected tdénk phenotfree cell
medium with the same compositi@s DMEM and IMDM, respectively The growth medium was
switched ~24h before the assay was started.

Cells were seeded isix replicatesn a 96well plate with densities of 1000 and 2®00 cells/well.
HepG2 were plated the day before to let cells attach to the suftaddepG2, the medium was removed
and replaced with fresh medium witOH that had &final concentration of 20mM and 180 (in

100 pL) whereas the HL60 cells were centrifuged, resusgukadd distributed with respect to the final
total volume andetwell density.For both cell lines, two types of controls were included; the first type
consisted of cells with EtOfftee gravth medium and the other consisted of growth medium without
any ells present (background controlhe plates were incubated fortR4t 37C. 10 uL MTT stock
solution (12 mM) was added to each well before being incubated for 4h at 37°C. 100 gHG3DS
solution was added and mixed thoroughly and further incubated foatlB7°C. The latter incubation
was recommended in a humid environment and the plates were packed with wet watserTe
absorbance was read at 570nm and 690neaMWG Sirius HT luminoneterfrom BioTek (Winooski,
Vermont, US) From the obtained datthe reference values (background control) were subtracted and
the cell viability was calculated by dividing the average absorption value for alexposed cells

against alcohefree contrh

8.2.371 Trypan blue staining assay

Trypanblue is an assay thaneasures cell viability by staining dead cells. The principle of the assay is
that viable cells have an impermeable cell membrane that the dye cannot p€Ratrgt& Trewyn,

2012) However, dead cells have compromised membranes and the dye can pass through the porous
barrier, eter the cyoplasm and bind to intracellular prote{fang & Trewyn, 2012Jhese interactions

render the cells a blue colour and allows a direct identification and proportion of viable and dead cells.

Equal parts of cell suspension and 0#¢panblue solutionwere added and xéd to obtain 1:2 dilution
before being incubatefdr 2 minutes at room temperature (RT). 2Mfithe suspensiowas added to a
haemocytometer, cells were counfad described in secti@l.3), and the percentage of viable cells

was calculatetby Formula 1

ROL RO TAYANOL- R o - pTTP 1)
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8.3 Design of experiment and treatment

Prior to conducting the experiment, the experimental parameters were determinedoith®fccell

lines was driven by the fact that methylation changes in DNA due to alcohol is already well documented
for both blood and liver cells he cells were subjected to wetevo different ethanol concentrations;
20mM and 100mM. The first conceniat (20mM) corresponds to 0.08 grams alcohol/100 mL

( 0. 8 which in many countries is set as the standard value for legal limit for driving under the
influence of alcohoWhereashe highestconcentratiof100mM) corresponds to 4.6 grams alcohol/100

mL (4.6a ) that is aoxic level of alcohol in blood anchn bdife-threateningn most casefDasgupta,

2017) It was important to choose a cell concentration that would keep cells at exponential growth during
the experimental tim&ame, as well as leave a sufficient number of cells after treatment for further
analysis.With respect to the confluency and cell gigy for normal and streskee growth, most cells

have a required density between 1 X&ftl 1 x 10cells/mL. The cell desity wasinitially tested aR.5

x 10 and 5 x 16 cells/mL Exposureto EtOH yielded lower values of viable cells for both
corcentrations. Additionallymaterialwas lostduring the differenexperimentaktepsand the obtained

yield was neither satisfyingor sufficient for further analysis. Therefore, the cell density was increased
to 1 x 1@ cells/mL, and the total volume feach well/flask was augmented to 4 rResults from MTT
andtrypanblue assays showed that the cells can tolerate the chosencBtoéhtrations anitherefore

remainedunchanged.

For all treatments in both cell lines, the total volume for each samletwizl of cell culture with a
density of 1 x 10cells/mL that were exposed to 20mM and 100mM ethanol for 24h. Since ethanol
evapaatesrathereasily, the alcohebased cell medium was changed every 8h. After 24h, the cells were
switched back toegulargrowth media. The time points for harvestitig cells were Oh (control), 0.5h,
1h, 3h, 6h, 12h, 24h, 48h, 96h and 192h. The tinrgpafterethanolexposurérad technical duplicates,

while the timeline of ethanatxposed cell had one unit (flask/well) piene point.
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1

Time of collection 12h 24h 24h 48h 48h 96h 96h 192h192h
Exposure to alcohol 30’ 1h 3h 6h 12h 24h 24h 24h 24h 24h 24h 24h 24h
Post exposure to alcohol 24h 24h 72h 72h 168h168h

Change of media

Figure 97 Overview of samples

Schematic overview of total amount of samples for each cell line

Start gh 16h 24h Stop

| |

Day 1 Day 2 Day 3 Day 4 Day 5 Day6 | Day7 | Days

liJl |

0.5h 3h 12h 48h

Oh 1h 6h 24h 96h 192h

Figure 1071 Timeline of harvested cells

Schematic diagram of time points for harvesting cells (black arrows) and growth media cheatigesarrows)

For HepG2 cells were seedeith a T25 flask(1 x 1¢ cells/mL) for each time poinand were plated
approximately 1215h prior to EtOH exposurdo let the cells adhere to the culture fla8kthe starting
point, the growth medium in all sameg were substituted with alcoHohsed cell mediumwith
exception of control sample$he control and treated samples were run sulesdty but were at all
time incubated in separate incubators. The different treatments were performed in severaAtounds.

each time pointthe corresponding sample was retrieved.

The growth medium was removed, aih@ cellsverewashed twice with 5 mL BS. Approximately

1 mL PBSwas added, and the cells were scraped from the surfadeaasterred taEppendorf tubes
andplaced on ice. The samples were centrifugé&dd®0 rpm (3000 g) for 5 min at 4°Che sipernatant
was discarded, and the cells wezsuspended with PBS (2 mé&)d recentrifuged. The supernatant was
once again discarded and the cell pellet store80&C.
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After 96h, the remaining samples were sippsed and split to a cell density of 1 x°z@lls/mL to keep
them in exponential growtfor the remaining testgpiod.

For HL60, cells were seeded inwll plates with one well for each time pdimtatment.Prior to
exposure, 4 mL of cell culture with a density of 1 X délls/mL were pipetted into each well, before
being centrifuged at000 rpm for 5 min.The sipernatant wasliscarded,and the cell pellet was
resuspended with the alcoHmsed cell medium. At eachediasubstitution, the samples were collected

in 5mL Eppendorf tubes, centrifuged and resuspended with fresh alwadedcell medium and
pipetted lack into their corresponding well. Upon harvesting, each sample was collected into two
Eppendorf tubes and immediately placed on ice. The samples were centrifugg@Daipi (3000 g)

for 5 min at 4°C. Supernatant was discarded thesample wasesuspeded with PBS (2nL) and
recentrifuged. Theell pellet was stored a80°C.

8.4 Purification and extraction of total RNA and genomic DNA

Prior to purification and extraction of nucleic acid, the collected samples from allezgthents were
randomised with respect to treatment and timepoint, yielding three batches for each &lfifiication
and extraction of RNA and DNA was perfordhasing the AllPref DNA/RNA/Protein Mini Kit from
Qiagen(Hilden, Germanypand its standd protocol for animal celldn short, the cells were disrupted
with RLT buffer with 1%2-mercaptoethandl ®E) (600 pL), transferred to an AllPrep DNA spin
column and centrifuged at MO0 rpm (8000 g) for 1 miat 4°Cto collect the DNA. The spin colums
were stored a4°C for later DNA isolation. One volume of 70% EtOH was added to theftwaugh,
and the mitre was passed through a RNeasy spin column. The column was subjected to Buffer RW1
and Buffer RPE, respectively, and was centrifuged0000rpm (8000 gkat 4°Cafter each step. The
RNeasy spin column was placed in a new collection tube, eluted widsd®ide water (50 L) and
centrifugedat 10000 rpm (8000 g) for 2 miat 4°Cto elute RNA TheAllPrep DNA spin columrwas
subjected to BuffeAW1 and Buffer AW2, respectively, and was centrifugéd0000 rpm (8000 gat

4°C after each step.

TheAllPrep DNA spin colummwas placed in a new collection tube, and DNA was eluted with Buffer
EB (100 pL) and centrifugeat 10000 rpm (8000 g) for fnin at 4°C While working, the samples were

at all time stored on ice. Both RNA and DNA concentrations wereuregsvith NanoDropND-1000
Spectrophotometer from Thermo Fisher Scientifidor to measurementhe spectrophotometer was

calibrated with RNsefree water for RNA and Buffer EB for DNAhe samples were stored-86°C.
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8.5 Up-concentration of DNA

The nethylation analysis required 18 of each sample with a final DNA concentration of 60 ng/pL.
Some of the samples that were extracted did r&tiine set criteria and had to beagmcentrated. In
short, the samples were pipetted into 30K memb#anicor® Ultra-0.5 Centrifugal Filter tubes from
Merck Milipore (Burlington, Massachusetts, UShd centrifuged at 1d00 gfor 15 min atRT. The
Amicon® Ultra Filter was separated and inversely placed into a new column, further centfdug@ed

minat 1000 g before the finewd c8ncentration was

8.6 Agarose gel electrophoresis

Agarose gel electrophoresis was performed to verify tina DNA remained doublstranded after
extraction. A 1% agarose gel (50 mL 1x TAE buffersg agarose and 50 pg/nitBr) was used to
separate DNA fragments and detection of nucleic acids. DNA samples were diluted with DNA loading
dyefrom BioNordika AS(Oslo, Norway)o a final concentration of 1LiaNA ladder (5 pl) from Thermo

Fisher ScientifiqWaltham, Massachusetts, UBas loadednto the gel and used as standard marker.
The gel was placed intdoefef HE33 Mini Submarine from Roche Life Scien@enzberg, Germany)

and was covered with 1x TAE buffer. An additional drop of EtBr was added to each side of the chamber
for more clear and visible gels. The electrophoresis was run at 100 V till the tracking dye had migrated
about¥, the length of the . The agarose gels were visualised using Chenfilie Imaging System

from Bio-Rad(Hercules, California, US)

8.7 Methylation typing

The DNArextracted samples from HL60 and HepG2 were shipped to the Institute of Human Genetics
at the University Hosjftal of Bonn (Germany) where they were assayed on Infiflittuman

MethylationEPIC BeadChip from lllumin&overing more than 83W00 CpG sites.

The data was received Bn IDAT format. The p-processingand analyse®sf the datasetsvere
performedin R, an opersource and free program for statistical computinggraghics(Team, 2013)

R consists of paclges that includes codes, data, documentation and information that can be uploaded
for the required analysis. For this project, the open source software for bioinformatics, Bioconductor,
was downloaded and provided a variety of necessary software thaganed for analysis of the

microarray and comprehension of the genomic (iataHuber, 2015)

* The preprocessingvas performed by kioinformaticianin our research group
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Table 7 is listing all the packages thaeve used for statistical analyses.

Table771 Packages in R that weresed for statistical genomic analyses

Package Description Authors

Limmai Linear Models for Data analysis, linear models and Ritchie ME, Phipson B, Wu D, Hi

Microarray (version 3.9) differential expression for microay Y, Law CW, Shi W, Smyth GK
data

Splines Functions for working with regression
splines

ggman Creates ggand Manhattan plots Turner S (2015)

(version O (for GWAS)

llluminaHumanMethylation Provides genetic elements and maps Hansen K.D (206)
EPICanno.ilm10b2.hg19 probes to genes
(version 0.6.0)

8.7.1Principal component analysis (PCA)

To evaluate potential covariates or unwanted variation on methylation, principal component analysis
(PCA) was run. This techniquekes multi-variation into accountand tries to identify the linear
components of a set of given variab{eswin, 2013) Forboth cell lines the covariates array, batch
effect, concentration, sl ide,Arrayd meeproé¢ sitethat @ ndh ¢ r
the samples were pipetted on, fASlIlidedo isthehe spe
|l aboratory conditions that may have occurred dul
represent the distribution of sampleshwiespect to the time points at which they were collected and

iTr eat me n stiie distbptioneobsanmplesith respect to their treated concentratidhe tests

performed were on treatment against control, and the obtained results were further ok t
guantilequantile (QQ plots) for better visualisation of the effect of correcting for the different
covariatesBased on PCAand QQ plots, it was decided if the cell lines needed corrections, and which

variables they had to be corrected for.

8.7.2Factor analysis

Factor aalysis is a statistical method that reduces the correlation between each pair of Vvaddiblbs
R-matrix) down to its underlying dimensions by observing which variables appear to cluster together,
thereby describing variability among observed, corrdlat@riables with respect to potentially lower
number of unobserved and/or unexplainableatdes (called factorg)unwin, 2013). Based on PCA

and QQ plots from the previous section, factor analysis was performed for furthetigaties of

variable relationships.
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Following models were made:

Model Description
y =1 + model Baseline model
y =1+ model + errqf Model with included errors/variables that mt
be accounted for

Wherey is the methylation value§,is the set intercept, modelthe treatedampla divided bycontrol
samplesand error is the subset of variables or components that the dataset must be ccofieete
matrices were made from moalised methylation expression where the probes are in the rows whereas

the necessary information of the samples are in the columns.

8.7.3Spline analysis

In geneal, spline is a function that is piegise made of polynomials i.e. adding lines or cuogether

to make a continuous curve. Spline modelling has become an established tool for analysis of statistical
regression and are regularly used in clinical rete#or building explanatory mode(®erperoglou,
Sauebrei, Abrahamowicz, & Schmid, 2019)n modern biostatistics, several methodological
develpments use spline to model smooth functions of interest such as modelling time series, modelling
of time-dependent effects in survival analysis and frequelityibutions to mention someriorto the

spline analysis, the samples wemted based ocollected time poits, having a chronological order.

For the posexposed sample that consisted of two replicates, the samples where either merged or one

sample was randomly removadorder to havene sample per time point

8.7 4 Profile searches

A profile search consists of a profile that is made of nhumbers that yields different types af(surve
curve linear, exponential, polynomial etc) and aims to mimic different types of behaviour observed for
genes.With respect to the number of samples ettiéd fo each time point, profiles with the same
number of constants were plott&ince one did not expect changes in the control samples, they had a

fixed value of 1.

Once a profile wasreated it was run against the matrix that consisted of normatistyldion values
and CpGs with a response curve correlated with the spasfile weredetectedFigure 6.2 displays

one of the created profiles for thisadysis
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Figure 1171 Profile search

This profile iscreated based on a gradual change with eventw@alasting effecand he chronological
order corresponds time points

8.7.5Linear models formicroarray

Linear models formicroarray (limma is a package in R that is commonly used for analysis of gene
expression data by finding differences betweem dr several groups of sampl@s. E. Ritchie, 2015)
Limma is initiated by fitting a linear model with multiple linear resgien and takes into account the
potential variable(s) of interest (covaristehat need to be corrected to run the analysis, thereby
improving the estimation of variang®. E. Ritchie, 2015) As previously mentioned, limma can
identify features that are different between twaseveral groups by using a contrast matrix, thereby
highlighting the differenes. Additionally, differentially methylated probes that were identified by
limma were further mapped to probes by using the EPIC atiootlibrary; a register that consists of
all genes that are associated with or correspond to the probes found on the EPIC array. In supplementary
to differentially methylated regions these probes also consist of hypersensitive, enhancecardihgon
sites. The output retrieved from limma andygprovides information on probes that map to

corresponding genes.
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9. Results

Previously conducted studies have established the occurrence of epigenetic changes within the lifespan
of one individualorganism, but the timeframe regarding how fast these matiditsoccurare yet to
be determined. The focus of this master project has been to establish a timeline that describes how fast
DNA methylationin epigenetic modifications occgjrand how fasit is reversed.Since epigenetic
changes due to exposure afatol are well documented notably on DNA methylation lewel chose

exposure to alcohol as a model for this experiment.

9.1 Determination of design & experimental parameters

9.1.1Evaporation of ethanol (EtOH)

Ethanol is a substance that evaporataskiju A study from Eysseric et al. (1997) tried to maintain a

constant concentration of ethanol in a laagn cell culture, and reported that more than 70% had
evaporated within 72 hou(gysseric et al., 1997Yhe chosen concentrations for ethamele 20mM

and100mM corresponding to a bl ood al c ddble8disglagsnt ent
the obtained ethanol concentration values per mille fotralpr2OmM and 100mM after 6h and 24h,
respectively. After 6h, the measured concentration for EEOH V2@ i n contr ol , 0.6
20mMt r eat ed sampl es -teatdd s@mpless After 24h rthe in€adunediconcentration

for Et OH wasabd7®Dag9o6a,583&@spectivel y. Based on tl
that EtOHevaporates edgi Additionally, it was discovered that both control samplesaioardEtOH,

suggesting that some of the solution condeigeseighbouring wells.

Based o the obtained results, the experiment was set up. Samples from different treatments were not
plated together nor placedtime same incubator. In fact, each treatment was run separately. The loss of
EtOH due to evaporation was overcome by switching thehalbased growth medium every 8h. The

cell medium for control samplesag/also changed to maintain an identical procedirall treatments.
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Table81 Concentration values of ethanol present in control, 20mM and 100mM after incubation of
6h and 24h aB37°C

Incubation Sample 1 (a) 2 (a) Average

After 6h Control 0.88 0.95 0.92
20mM 0.64 0.68 0.66
100mM 2.59 2.71 2.65
Control 0.71 0.72 0.72
20mM 0.51 0.54 0.53
100mM 0.94 0.97 0.96

9.1.2Cell viability and proliferation

The cellviability and proliferationrwere determined wittMTT Assayandtrypan blue to verify if the
chosen cell lines could withstand the chosen EtOH concentrafitves cells were treated with the
highest ethanol concentratiéor 24h. The viability of cells thawere grown without the presence of
EtOH were defined as0D%.Figure 12 displays the results from MTT assay for HepG2 cells that were
plated with cell densities of 10 and 2800 cells per well, having a percentage viability of 92% and
103%, respectivgl wheread-igure 13 displays the results for HL60 cellgth estimated cell densities

of 100000 and 5®M0O0 cells per well and a percentage viability of 67% and 35%, respectively.
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Figure 127 Viability percentage of HepG2 cells incubated with 100ni¢¥OH for 24h

HepG2 cells were incubated with cell densitieDQ0 and 2300 cells per well (96vell plate) and exposed to
ethanol (EtOH) forz4h at 37°C The viability of cells grown in the abseEnof EtOH was set as 100%, and the
viability percentagdor 10000 and 2900 cells per well were calculated to be 92% and 103%, respectively.
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Figure 1371 Viability percentage of HL60 cells incubated with 100mM EtOH for 24h

HL60 cells werdncubated with cell densities of 1 x®1#hd 5 x 18cells/mL and gxosed to ethanol (EtOH) for
24h at 37°C The viability of cells grown in the absence of EtOH was set as 100%, and the viability percentage
for 100000 and 500 cells per well were calcutzd to be 67% and 35%, respectively.
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The cellviability was alsodetermined withtrypan blue solution. As for MTT assay, the cells were
treated with théighest ethanol concentratitar 24h before being subjected to the dye. The cell viability
was ~ 100% cell for HepG2 cells with cell densitie000 and 2%00 cellsper well. For HL60, the
cells that had a cell density of 1 x°X@lls/mL had a cell viability of ~ 88% for those theere EtOH
exposed whereas 5 x *1€ells/mL had a cell viability of ~ 132% respectively. The cell viability for
HL60 with 5 x 10 cells/mL was increased due to loss of cells in the control samples during the

experiment.

The cells were subjected 20mM ard 100mM and the samples were run according to the set timeline.
Once all the samples from both cell lines were collected, the samplesandmmisedandsubjected

to DNA and RNA extraction. Samples from each cell lire¥edivided into three batches. All spias

were either diluted or uponcentrated, yielding a final concentration of 60 ng/uL. The samples were
once again randomised withspect to time point at which they were collected, the exposed treatment
and which batch they belonged to. The sampleg went to the genomics facility in Bonn (Germany)

for whole genome DNA methylation typing. The results were received 1,5 months later.

9.2 Processing ofdata and performance of methylation analysis

9.2.1Principal component analysis (PCA)

Potential covariates or unwanted variation on methylation was evaluated with principal component
analysis (PCA) and @ plots. PCA is used to findopential patterns and/or regularities by itself,

reducing the dimensionality of higtimensional data setshile preserving the original structure. Each

treatment was assigned a colour to observe any type of trend or fatiare. 14 is illustrating oneof

the PCApl ot s where ATreat ment 0 digsphysthedistobatiemof samsples he c o
from the HepG2 cell linewith respect to the concentratitrey were treated withnd the time point at

which they were collectk It is observedhat most of the samples are clustered in the middle with some

few outliers. The data upmost to the lefthe control sample for treatment 20mM, whereas the two
samples to the right are both from the 100mM treatment but are representing differentritmélp@h

and 96h, respectively). Samples that consist of
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Figure 1471 Principal ComponentAnalysis (PCA)for HepG2

This PCAplot displaysthe distribution of samples from the HepG2 cell line with respect éw treated
concentration and the time point at which they were collected. One can observe that the senpiestig
clustered in the middle with some few outliers.

In Figure 15, the samples appear to be clustered in two groups. Further inspection sdmple
distribution suggested that they werecording to the time point at which the experiments took place.
Samples that are located to the right are mostly samesvere subjected to 100mM Et@i¢atment

and performed in the first round wherdhe remaining group is representing the control and 20mM
EtOH-treated samples that were performed lat¢he second round. There was approximately a time
span of three waks between the two roundsmay bepostulatd that the observedifferencesaredue

to the concentratiagthe cell line was subjected to rather than the time points at which each sample was
collected.Within the clustering of the control and 2PhiEtOH-treaded samplegt can be observed that

the control samples mostly have a higheAR@alue and are locatadwards right whereas the 20mM
EtOH-treaded samples have a lower value and are located towards left. This may suggest that the alcohol
concentration is the dominating factor that influences the results. However, one samplelfo@mtid
EtOH-treated (48h replicate 2) HL60 cell line was missing and rerun subsequently with control and
20mM EtOHtreaded sampleg\s observe from Figure 15 (a), that particular samplé an outlier in

the uppedleft corner with a substantial low PCAAIue compared to the other 100mM Etdrdated
samples, thereby implying that lotgrm culturing and higher passage of cells is the dominating factor

thataffects themethylation values.

Based on these discoveries, it was decidedHh&0 samples needed @ corrected for the time point
at which the experiment took plagen e w c ov ar i a tcreatethBdaategoeisedthewwamples

according to the time pointély were collectede. befoe and aftetthe Easter Holidays
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Figure 15 (a) more specifially displays this distribution where the samples to the right are mostly
100mM treated cells that where treated first, and control and 20mM-Et&atéd samplethat were
performed laterln Figure 15 (b), the dataset has been corrected with respebetoound in which the
samples were collected i@nce the dataset is correcfled fiEasteo, the outlier from Figure 15 (a)is
grouped together with the 100/ treated sampkeinFigure 15 (b) Furthermorethe collected samples
are now clustered into thee groups, thereby indicating that the thydation values are

affected/influenced by concentration.
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Figure 151 Principal ComponentAnalysis (PCAYor HL60 non-corrected versus corrected

This PCAplot displaysthe distribution of samples fnothe HL60 cell line with respect to exposed treatnie
clustering of samples into two groups are due to the time point at which the experiment took place and represents
a separation/time sparf three weeks difference.

Figure 16 and Figure 17 displaythe distribution of samples for the original and corrected dataset,
respectivel y. The samples are categorised as AU
samples that were collected while being subjected to ethanol treatrdehbaghat were recovering,
respectively. InFigure 16, we can as expected observe that the samples are divided into two cluster.
However, within each c¢cluster, there is a promin
Tr eat miguretlddisplaysa si mi | ar effect where most of the
higher PCA1 and PCA2 values compared to AAfter T
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Figure 161 Principal ComponentAnalysis (PCA)for non-corrected HL60 celldasedof Tr e at ment 0
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This PCAplot displaysthe distribution of samples from the HL60 cell line with respect to their treatment status
i.e. if they are under the exposure of EtOH or if they are recovering from the treatmesitdptest cells). The
clustering of sampleisito two groups are due the time point at which the experiment took place and represents
a separation/time span of three weeks difference.
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Figure 171 Principal ComponentAnalysis (PCA)for corrected HL60 cellbasedorfi Tr eat ment 0

This PCAplot displaysthe distributionof samples for the corrected HL60 cell line with respect to their treatment
status i.e. if they are under the exposure of EtOH or if they are recovering from the treatmetnegpedtcells).
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9.2.2 Quantile-guantile (Q-0) plot

After PCA, QQ plots weranade to inspedf the distribution was as expected. For both cell lines and
treated concentrations, the subgroups were plotted. The plots were first made without taking in account
the presence of variance inet samples, before one of the covariates inmelsided. The analysis was
followed by creating plots where two or several covariates were incliipde 18 displaysQ-Q plots

for HepG2 and HL60.
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Figure 181 Q-Q plots for 100mM AfterTreatment (AT) against UnderTreatment 1 (UT&) HepG2(a) and
HL6O0 (b) cells with correction of covariates AArrayo,

These QQ plotsdisplay the distribution of Aftertreatment (AT) against Unbeatmentl (UT1) for 100mM
treatment for HepG2 and HL60, respectively. In boteesa linear trend till an expected value ofcan be
observed From that point samples vacate from having a linear relationship between the predicted and observed
value. TheHepG2 QQ plot (a) consists alata pointshat vacate positively froméHinear trend and negatively

for HL60 (b).

With respect to the findings from the P€and QQ plots, it was decided that HepG2 should not undergo

any corrections on théata setas the QQ plot for HepG2 without any corrections displayed st

linear relationshipAdditionally, the correlation coefficient for the covariates were low, suggesting that

there are no relationships between the variablesHLIBE® sampleseededo be corrected for the time

point at which samples for a certainahment was collectedSubsequentlythe HL60 samples needed

to be corrected for the covari at withRP@Ahandiddicatedas t he
a positive correlation between the variables. The remaining variables for HL60 had corveliaisn—

0.

9.2.3 Spline analysis

In spline analysispne sample ienoughper time point. For time points with replicated samples, one of
them was randomly chosen. The analysis was first restricted to samples that were under treatment i.e

24h, therrun for the whole timéhe. However, nonsignificant results were obtained for both of them.

49



The analysis was repeated, and for samples with replicates the other copy was chosen, still yielding
nonsignificant hits, but with different genes and statistiahles. Some genes frahe previous analysis

were present, but the order was different with respect to their statistical values. When comparing the
graphs that displayed the methylation values over time for the top candidate genes, it was discovered
that there was substantial wation between some of replicates even though they were performed
simultaneously. Replicated samples were therefore added together and the average was calculated.
Merging of the replicated samples was thought useful to reducessth@esobserved varialty between

the samples. The tests consisting of the average value for the replicated samples were run and yielded
better results as well as better methylation plots. Additionally, when running the spline analyses, it was
observedhat the merged sampleeled slightly different pralues and order of candidate genes each

time the procedure was repeated, thereby suggesting that there might be underlying variation in the data
set. Nonetheless, the hits were still nonsignificant. &foee, the spline analigswas dismissed dmth

merged and the randomly selectetnplesad too much variation between them. The anabgieas

to be sensitive to outliers since a large impact at one time point was enough taoaauak the hit list.

Figure 19 displays spline analysis for HL60 for the whole timeline whame of the samplewas

randomly selectedandthe mentionedrend was observed.
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Figure 191 Spline analysis for HL60 for the whole timeline

This function is illustrating the methylation over time a potentiabgécZ2). However, it was observed that all
spline analyses consistedmfe or severabutliersthat wouldheavily affect the obtained results.
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9.2 4 Factor analysis with linear modelsfor microarray (limma)

Based on PCAand QQ plots, factor analysis wagerformed for further investigation of variable
relationships. For this analysis, two model matrices were created; the first matrix represents the null
model and consists only of thevariate whereas the remaining model consists of the covariate as well
as the variable(s) of interesiTreatmend was createdand cosisted oftreatedsamples divided by

control samplesvith respect tdhe treatmenthey weresuljected to and the time point at which they
were collectedHepG2 did not undergo any corrections and needed only one model for analysis. The

created models fdactorial analysisre listed inTable 9.

Table91 Model matrices that were made for factor analysis of HepG2 and HLAOIlrees:

Cell line Model Description
HepG2 mod = model.matrix(x + Treatmenf Baseline model
HL60 mod = model.matrix(x+ Treatmen} Baseline model
mod= model.matrix(1 + Treatment+ factor(Slide)+ Easter) With covariates

Initially, one sample was intended per time poinwasad plan to use the spline method for tooarse
analysis The number ofeplicatesverecompensatedn expense of havirggeveal time points at which

the cellswere collectedo create ampigenetic timelineTen time points were set samples were to be
collected during the exposure aBdavould be collected as the cells recovergsd.there are no current
studies that display the time series of samples after ended treatepéingtes were added for the post
treated time points, including 24h. The control treatment consisted of one samglerfy time point.

Factor analysis was performed for the whole timeline, and the contrast for treatment 20mM and 100mM

against controlvere run, respectively.

To determine how fast the epigenetic changes occurred, the analysis was first restrietestposhre

period i.e. 24h. The changes were analysed with the different models and did not yield any significant
hits. The time points are then clustered into subgroups; 1) 0.5h, 1h and 3h and 2) 6h, 12h and 24h, 1
and 2 are under treatment, 3) 48h, % 192h is postxposed. By clustering them into subgroups,

the different times acted as replicates for each other. The differentr@tiobhs of subgroups were tried

but yielded few significant hits. Additionally, the visualisation of methylation dxrer for the top gene
candidates displayed variations between the time points. In each combination, there was at least one or
two time ponts that were outliers, and their position affected the obtained results. Factorial analysis was
further performed orhie early collected samples against those that were collected at the end of exposure

i.e. subgroup 1 versus subgroup 2. This combinaidmat yield any significant hits.
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Finally, since there was two replicates for the 24h timepoint and since therahyas dfference of

half an hour between the first two collected samples, another factor analysis was performed where the
first two timepoints 0.5h and 1h were merged and run against the last exposed time point. Sixty probes
were significant (P < 0.05put neither ofobtained genes were alcohelated.

Table 10displaysthe different values and genes that were retrieved for topidr 20mM HL60 where

the first two collected time points were clustered together (called Early) and run aganeslittages

for the | ast exposed time point (called Late).
mat ched, fisi ftfree emea®»ured value between the com
average logexpression for the probe of interewer all arrays, the moderateesiR at i st i-cs v al
valueodo that tells i f the distr ivauetandadjustedfplus ub gr ou
indicates how si gni f idispaysthe naneef the igenes thahated tathal [ Ge n

specific probe.

Table 10 7 Top 10 probes and their average logarithmic expressionstétistics, p-values and
corresponding genes for Late (24h) vs Early (0.5h & 1h) HL60 cells that were treated with 20mM
EtOH

Probes Difference Average F-value P-Value Adjusted Gene
Expression P-value
(Latevs Early) (AveExpr) (3] (P.Value) (adj.P.Value)
€g06169065 -6.27 3.32 322.74 3.31E11 1.1E05 -
€g23264443 -7.48 4.66 318.65 3.62E11 1.41E05 PLIN3
€g23623270 3.30 -3.05 276.13 9.62E11 2.1E05 SLC25A39
€g27134827 4.09 -2.32 269.68 1.13E10 2.21E05 PPT2
cg10006408 6.57 -3.40 228.08 3.52E10 5.49E05 WDR89
GNAS,

cg08166863 -10.18 7.17 211.27 5.89E10 7.66E05 GNASAS
cg06979118 4.34 -2.56 199.13 8.76E10 9.77E05  SHANK2
cgl14270857 3.00 -1.80 166.80 2.85E09 0.000262 HPSE2
€g21077245 -4.61 3.95 165.33 3.02E09 0.000262 ZFYVE21l
cg06551854 3.84 -341 127.47 1.65E08 0.001291 -
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While performing the statistical analysis for the HepG2 cell line, extrean@ations between the
different time points were observadboth spline and factor analysiurthermore, we discoverdat

the obtained hits for HepG2 consisted of a broad spectrum of géresmost of themnrstress related
genesDue to background noises and observed variations, we decided to focus on HL60.cell line

9.2 5 Profile searches

To determine the change of DNA methylationejrigenetiomodifications profiles that mimicked the
different types of possible changes in DNA methylatiorenmereated.To determine how fast the
epigenetic changes occurred, profile searches for lsanymder the presence of EtOH were chosen,
restricting the timeline to the exposure (24h).

Briefly they consist of profile 1: gradual change (increase or deciliease}thylation with lasting effect,
profile 2: fast change with lasting effect and pro8tanomentarily change with lasting effeEigure

20-22 are illustrating the different profiles for the Et@#tposed cells (24h), and for the whole timeline.
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Figure 2071 Profile search #1 for 24h

Profile search #1 was created based on a gradual change with eventually a lasting effect. The chronological order
corresponds to the time points Oh, 0.5h, 1h, 3h, 6h, 12h and 24h, With respect to correlation theahidnge
anincrease or a decrease inetinylation values.
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Figure 217 Profile search #2 for 24h

Profile search #2 was created based on fast change with eventually a lasting effect. The chronological order
corresponds to the time points Oh, 0.5h, 1h, 3h1@h and 24h, With respectdorrelation the change could be
anincrease or a decrease in methylation values.

Figure 22171 Profile search #3 for 24h

Profile search #3 was created based on fast change with eventually a lasting effect. The chronological
order corresponds to the time poirk, 0.5h, 1h, 3h, 6h, 12h and 24h, With respect to correlation the
change could banincrease or a decrease in methylation values.
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Each profile was correlated with the methylation values for each probe, befqgrerdhes andfalse

discovery rate (FDR) were calculated. FDR tries to identify as many significant comparisons as while
maintaining a low rate for false positive (Type | error) for multiple variable testivglu is the

calculated probability of finding the obsedveesults when the null hypothesis)lis true and is used

to determine the significance of the obtained results. The probes were sorted with respect to most
significant hits for both FDR andypa |l u e . The annotation package f ol
array wasrun on probes and yielded genes that consisted of that particular segMehcespect to the

FDR and adjusted-palues one obtained for tlpgofile searches, the most significant hits of obtained
candidate genes were compared against publishea r tAicahdl @nd NA Methylation: An
Epigenomewide Association Study in Blood and Normal Breast Tissud r om Wi | son et a
consisting of a list of genes that they had discovered were related to consumption of alcohol (or affected

by the consmption of alcohol)The significantp-valuefor overlapwith Wilson etal (2019) wa®.05

(P <0.05)

Profile 1 represented a gradual change in methylation and yielded andhdRof ~1. The overlap-p

value with Wilson et al. was 0.102, yielding candidate gdi&PPC9%ndERRFI1with correlation

values-0.76 and 0.71, respectivelyhe second profile search represented a fast change in methylation

with lasting effect, also yielding an FDRilue of ~1. Thep-value foroverlap was calculated to be

0.0023 followed by candidate genr®€TN1, ERRFI1, ETVBNdRNU-19P. It was discovered thahe

|l ast two genes share the same proflae 208 Thelashve t he
profile represented momentarily change in methylation with lasting effeeteter, this pofile did not

yield any hits. With respect to the overlap value as well as candidate genes, the second profile was

chosen for further analysis.

Table 11 displaysthe calculated FDR,-palue for overlap between tisgnificantgenesandWilson et
al. (2019) for the different profile searcheandFigures 23-25 displaythe methylation over time for
24h for the candiate genes.

Table 11 7 Obtained false discovery rate (FDR),yalue for overlap and ovealp genes for the
different profile searches for 24h:

Profile Search FDR-value P-Value Gene Correlation

# (FDR) (P.Value)

1 ~1 0.102 TRAPPC9 -0.76
ERRFI1 0.72

2 ~1 0.002 ACTN1 -0.73
EFFFI1 0.73
ETV6 0.69
RNUG6-19P 0.69

3 ~1 - - -
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Figure 231 Methylation over time (24h) for ACTN1 in HL60

This function is illustrating the methylation over time for ACTN1, one of the candidate gene that were discovered
while searchingor genes that experienced a fast change with lasting effect. The greelisfifaysthe control
samples, blue is the 20mM EtQidated samples and red represents 100mM Et@Bted samples. ACTN1 was
negatively correlated to the profile search, tlere is demethylation of CpG in the ACTN1 following exposure to
EtOH.

Figure 2471 Methylation over time (24h) for ERRFI1 in HL60

This function is illustrating the methylation over time for ERRFI1, one of the candidate gene that were discovere
while searching for genes that experienced a fast change with lasting effect. The greleplays the control
samples, blue is thédthM EtOHtreated samples and red represents 100mM Et@bited samples. ERRFI1 was
positively correlated to therpfile search.
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