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Summary

Preeclampsia is a clinical syndrome affecting only pregnant women and is defined as new
onset of hypertension and proteinuria after 20 weeks of gestation. Approxin2afely,of all
pregnant women in the developednldoare affected by this condition and it is a major cause

of maternal and fetal morbidity and mortality. Despite intensive research the pathophysiology
of preeclampsia is not fully understood.

Laeverinis a gene encodinfpr a membrane bourckll surfae metallopeptidase (MMP)
expressed on extravillous trophoblast (EVT). The EVT cells are responsibieniodelling

of maternal spiral arteries during placental developmigritas been suggested thadverin

may beinvolved inthe regulation of invasiv&VTs during early human placentation. Gene
expression studies using microarrays have documentedathetrinis ten foldup regulated

in preeclamptic placentas compared to normal placentas, indicating its possible involvement
in the pathopysiology of peeclampsia. Immundéuorescence studies gflacentaltissue
sections from normal and preeclamptic patients documented that in preeclamptic placentas
laeverin is expressed in cytoplasma, while in normal placeiittas expressed in the cell
membrane.The laeveringene was therefore sequenced to detect possible mutations which

could be linked to the pathogenesis of preeclampsia.

We found one variant documented exclespin blood fromone preeclamptipatientin exon
7 positiongld59: . A whi ch repl aces yineeSinCelitvasnatpresent ac i d

in any normal controls this may be a pathogenic mutation and should be further investigated.

Several studies have indicated a possible fetal contribution to development of ppséclam
By performing array comparative genomic hybridizatioaQGH analysiswhich detects
deletions and duplications in the whole genome in one singlemestvestigated if umbilical
cord blood from fetuseof preeclamptic women contathmutations whib may be associated
with preeclampsia. Thesesults werecompared tahe results from an aCGH analysis

maternal blood.

Numerous copy number variations were detected and somerofdbntained genes involved

in vesicle transportation within the Golgipparatusprotein folding, protein trafficking



immunological processes, maintenance of cell membranes, pregs@eic glycoproteins,
complement system tissue invasionand angiogenesisThese genes should be further

investigated t@xaminetheir poential role in the pathophysiology preeclampsia
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Abbreviations

aCGH Array comparative genomic hybridization
BAC Bacterial artificial chromosomes

bp Base pair

cDNA complementary DNA

CGH Comparative genomic hybridization

CNV Copynumber variation

DGV Database of Genomic Variants

dH,O Distilled water

DNA Deoxyribonucleic acid

dNK Decidual natural killer cells

dNTP Deoxynucleotides

ddNTP Dideoxynucleotides

EVT Extravillous trophoblasts

FISH Fluorescense situ hybridizatian

GWLS Genomewide linkage screens

HELLP Hemolysis é&vated liver enzymes low platelet count
HLA Human leukcyte antigen

IUGR Intrauterine growthestriction

LVRN Laeverin

Mb Mega bases

MLPA Multiplex ligation-dependent probe amplification
MMP Matrix metalloproteinases

MRNA Messenger RNA

PCR Polymerase chain reaction

SNP Singe nucleotide polymorphism

STC Sample tracking control

gPCR guantitative PCR



1.0 Introduction

1.1 Genetics

Genetics involves the study of inheritance in organisms. if$tegenetic study was published

by Gregor Mendel in 1865. He crossed strains of garden peas with different traits and studied
their offspring’s phenotype distribution pattern. The distribution of the traits followed a
certain inheritance pattern, now knows the Laws of Mendel. At the beginning of the 19th
century evidencesvas foundindicating that doxyribonucleic acid (DNA) is the genetic
material in organisms, and that geaesthe basic elements of inheritan@. In humans th

genetic material is distributexh two genomesthe nuclear and the mitochondrial.

The DNA is made up of long linear stretches of nucleotides. A nucleotide consists of a
phosphate group, a nitrogen base amsligar calleddeoxyribose. There are fourfiérent

types of nucleotides; Guanine, Cytosine, Adenine and Thymine. The only difference between
these four nucleotides is the structure of the nitrogen base. The four nucleotides are connected
to each other by sugg@hosphate bonds which connects therbygl group onthe 3 carbon

with the phosphate group on the 5 carbon of another nucleotide, naaking linear chain of

DNA. Human DNA is double strandedonsisting of two linear chains of DNApaired
together, forming a double helix with hydrogen bortween the nitrogen bases in the

nudeotides Guanine pas with Cytosineand Thymine with Adening2).

The DNA helixes are packed with a type of proteins callstohesand tvo DNA helixes
surrounded by histones constitute a chromosadrhere are fivedifferent typesof histones

H1, H2A, H2B, H3, and H4 (2). Positivdy charged amino ads in the histones form
electrostatic interactions with negatively charged phosphate groups in the DNA molecules and
are essential for the molecldestructureThe human genome consists of twetligeepairs of
chromosomesThe two chromosomes which foraxhromosome paiarecalled homologus
chromosomesSince humans have two sets of each chromosomegenome is said to be

diploid. Twentythreechromosomes are inheritedbfm an i ndi vi dual-6s mot
threefrom the father. Chromosomés22 arecalledautosomes and are similar for both sexes.

X and Y are the sex determining chromogsmMen havene X- chromosomeandone -

chromosomgwhereas women have twoe Bhromosomes. The different chromosomayin
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size and amount of genes, libhey all consistof one p arm(petite) andone q arm(queus,
separated by a centroregp).

DNA is the basis for production of proteins, and is divided into coding sequences, repetitive
elements and noneoding elements. The coding part of the double helix is made up of genes
that code for amino acids dnis essential in protein productio.he genesre divided into
exons and introns. Exons areicleotide sequenceshich code for amino acids. Thae
nucleotides together form omedon which encodes for one specific amino aditien genes

are expressedRNA polymerasesynthesizes a complementary strand from a template strand
in the gene in a process called transcription and formsnREA. PremRNA consists of

both introns and exorand isimmature Mature mRNA is formedvhenintrons are cut out of

the premRNA. The mature mRNAis translated into polypeptide chains in a translation
process where the amino acids encoded for are bound together by peptide bonds and forms
long linearpolypeptidechains which aréurther processed into protei().

1.2 Mutations

A mutation is a permanent alteration metDNA sequencenal maybe pathogenic ordmign
depending on the mutationgenome position and type of mutatidrarge mutations may
involve whole chromosomes or parts of chromosomes resulting in a decreased or increased
production of several proteins anthy cause severe diseasdowever pathogenianutations

could also originate from one single mutateatleotide. Most of the pathogenic mutatians
detected in exons, an exceptifsam this ismutations localised in splice sites where introns

are cut ot of mMRNA There are several types of mutations and they are grouped into gene

mutations, chromosome mutations and genome mutgt®ns

1.2.1 Gene mutation

A gene mutation involves substiton, deletion or addition of one or a few base p@dim in a
geneand may result in alterations of codonslutations causing replacement of one codon
with another coding for the same amino de@s no effect andre calledsilent mutatios. If

the coan is replaced by a codon coding for a different @nainid the mutation is a missens
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mutation. Gene mutations couldlso alter the reading frame and form new codons which
change the amino acid composite in the protelms Type of mutation is called frgeshift
mutation In most cases the outcome of an altered reading frame is a truncated (non
functional) protein.Gene mutations may also result time formation of a premature stop
codon and leatb production of a truncated protein. This éypf mutations called a nogense
mutation(3).

1.2.2 Genome mutation

A genome mutatioms a mutation alteringhe number of chromosoméeBhe human gnome
normally constitutes of forty sickhromosomesAberrations inthe number of chromosomes
could involve the wholechromosome set, for instance sixty nicleromosomesnsteadof
forty six (triploid), or the number of individual chromosomeSome of these syndromase
viable eg. Klinefelter syndrome (47 XXY), Triple X syndrome,(47, XXX), Turner
syndrome (45X), and Down syndrome (trisomy 21fdward syndrome (trisomy 18&nd
Patau syndrome (trisomy JL3are lethal genetic syndromes and individuals with these

syndromes die in uterorwithin a short paod after birth(3).

1.2.3 Chromosome mutation

A chromosome mutation is a mutation affecting a part of the chromosome angei€hough

to be detectedusing a light microscopeThese are lassified as dplications, deletions
inversions, and translocation®eletionsinvolve loss of a chromosome segment while
duplications results igains ofan extra part of a chromosomg). In inversionsone segment

is cut out ofa chromosome due to two chromosomal breaks on the same chromosome and is
inverted before it is rnserted between thievo breaks(3). A translocatim is a mutation
where two chromosomes exchange rsegts, and usually involves ndwmologus
chromosomeg3). Several syndromes are caused by chromosome mutafmnexample
Charcot Marieaoth syndrome (dup 17p12) and Cri du Chat syndrome (del 5p15).



1.3 Inheritance patterns

A genetic disease is caused by mutations in the DNA and may be inherited or acquired.
Mutations in germ cells are inherited and are passed through generationsnutail®ns in
somatic cells arisde novoand arenot inherited. Genetic diseases caused byutationn one

single gene are called single gene disorders. Some genetic diseasependent on gene
gene interactions and gemevronmental interactions tcause diseasesnd are complex
genetic disorderg4). Many different inheritance patterns exist and somethefse are

presented below.

1.3.1 Autosomal dominant inheritance

An autesomal dominant dissa originates froma mutation in one single gene on an
autosome, and one mutated copy is enough to cause d{8gaSach offspring of a parent

who has the mutation has a 50 % charior interiting the mutated gene and devetgpthe

disease. In most cases the disease is represented in every generation, and every affected

individual has an affected pargf).

1.3.2 Autosomal recessive inheritance

An autosomal recessive disorder is caused by a mutation in one singlemgdith of the
autosomes. Two copies of the mutated gene are necessamafufestation of the disorder,
and therefore both parents of an affected individwa carriers of the disea¢8). In most
cases the parents arpaffected by the disease and mmaot be aware of their carrier status.

Each offspring haa 25 % chare for inheriting the dieasd3).

1.3.3 X linked z dominant inheritance

An X-linked dominant disease is developed frammutation in one gene on the X
chromosome. Both genders are affected, but characteristibi$oinheritance pattern is that
the boys are more sevdyeaffected thanthe girls (3). Girls have two copies of the -X
chromosome and in each cell only one of them is expressed. In sdméheeinutated X

chromosome ignactivaed and in others thenormal they therefore produce some of the
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proteirs encodedor by the normal X. Boys have only one copy of theckromosome and if
they inherit a mutated Xt is expressed in all cells causingpre severe diseasgons of a
man with an Xlinked mutationdo not inherit the mutated gene while all his daughtirs
Both sons and daughters of an affected fenmave a 50% risk for inheritiripe mutated X

3).

1.3.4 X- linked recessive inheritance

In X- linked recessive disorders boys are more often affected than girls. Boys have only one
copy of the gene and will therefore develop disease if they inherit the mutated copy from their
mother. Girls are only affected if they inherit one mutategy from each parentn cases
where the father haseaimutated gene, his sons arefected and his daughters arariers.

If the mother carrieshe mutated gene heponshave a 50 % risk of g affected and her

daughters have a 50 % risk of being carr{8)s

1.4 Detection of mutations

During the last decades there has been a significant expansi@naomber of methods used

in medical genetics to detect mutations.

Banding techniques

Cytogenetic is the study of chromosomes. Chromosomal bandinggeebkrdeveloped in the
1970s were the first methods for detection of chromosomal aberrat)nI here are several
types of banding techniques. Common for them is the colouring of chromosomes in different
patterns to detect aberratiof®. The nethods identify chromosomedgtect aneuploidy and
large aberrations such as deletions, duplications and translog&io@firomosomal banding

techniques can detect aberrations larger thRamizgabases (MIgp).

One banding technique is @iemsa)banding were the chromosomes are staininto dark
and light bands which dividihne chromosome into different regioffigure 1) (3). The dark

and light bands are labelled with different letters and numbers. Bands lomgh@) armare
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labelled q followedoy a number indicating their chromosomal position theshort (p)arm

the bands are labellgrdfollowedby their nunber position The numbers following the letter p
or g are counted outwards from the centr@nareaning thaboth ends of the chromosome
havethe highest number and the tmese the lowest(7). The specific chromosome bands

are used to pinpoint the localisation of the mutation in the geii@me

Chromosome pair 5

&
Centromere ——— B
G-band — <—— (qam

Figur 1:. lllustration of chromosome pair 5, afterl@nding. Staining with Giemsa creates a pattern of light and
dark bands whichdivides the chromosome into differerdgions and pinpoints the chromosome location for
detected mutations. The centromerepreserd the thinnest area on the chromosoniEse p arm is positioned
above the centromeand the g arm below.Thepicture ismodified from a karyagram made byMona Nystad,
Divison of Child and Adolescent Health, Department of Medical Genetics, University Hospital of North
Norway, Tromsg, Norway.

The whole set of onmdividual's chromosomess referred to as a karyotype. Nwoal males
have 46 XY as karyotype, while normal females havs, XX. Chromosomes are often
displayal in a picture with pairs ohomologouschromosomes beside each othealled a
karyogram (figure 2)Eachchromosomepair hasdistinct features thatakeit possible to

distinguish them frm each othe(7).
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Figure 2: This karyogram displathe karyotype of a normal male. The homaiag) chromosomes areayped
together and positionedased onheir chromosome number. All @mosomes have distinct featunefich
distinguish them from each othéihe karyogranwasmade by Mona Nystad, Divisarf Child and Adolescent
Health, Department of Medical Genetics, University Hospital of North Norway, Tromsg, Norway.

Owing to the fact thathromosomal barnidg techniques only deteaberrations larger thar 3

5 Mb, there was a need fodevelopment of mébds detecting smaller mutations.
Fluorescencen situ hybridization (FISH)analysisand multplex-ligation dependenprobe
amplification (MLPA)analysisare examples of higher resolution metholdsesemethods are
corsidered to be a form of bridgeetweencytogenetics and molecular geneti€$SH ard
MLPA-methods detecimicrodelg¢ions and microduplications, which are mutations of less
than 2 Mb(5, 8). Their limitation is however that they requirdkknowledge of thedisease
causing mutatiors genome positio§8, 9). Furthermoresince only small parts of the genome
are investigted in one testit can be very time&onsuming to diaghespatientswith these

methods

During the last decade several methodgterdetection oimutations in the whole genome in
one single test have been developed. Whole genome sequencing, commpatvec
hybridization (CGH), array comparativergamic hybridization (aCGH) andngjle nucleotide
polymorphism(SNP)arrays are all methods which screen the whole genome for mutations in

one single test. Implementation of these methods has resulted atialetef many previously
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unknown pathogenic mutations.isddvantages with the whole genome approach are new
ethical problems following theuge amount of information providdaly these methodsnd

troubles with interpretatioaf the clinical importance ddll the detected mutations.

1.5 Copy number variation

Many regions in the human genome have variatiomumber of copie§CNVs) of a specific
sequence as a result of deletiomsdaplications of this sequence. Copy number variations
could be inheritedbr arisede novo (10). According to Choyet al, a CNV is defined as
stretches of DNAakger than 1000 base pairs which normally are found only once on each
chromsome in one individual, butcan be duplicated or triplicated in some individuals
resulting in a variation in number of copies between different individd&)s About 12 % of

the human genome consists of CNVs, and over 41 % of these overlap with knowl@enes

CNVs of specific regions on human chromosomes are often involvee olevelopmenf

human diseasdg8, 11) and are increasingly found to be associated with risk for development
of seveal diseases, such as neurological disorders, several types of cancer, autoimmune
disorders and several syndroneable ) (10). Standard chromosome analysi$GH, FISH,

MLPA, Bacterial artificial chromosome8AC) arrays, Southern blot and quantiita PCR
(gPCR) are all analysesed to detect CNV@, 11). CGH has a resolution 810 Mb and is

not able to detect smaller CNVs than 5§112). As a consequence array comparative genomic
hybridization was developeaghich detects CNVs down takb (13).



Table 1: CNVs associated with human diseasgmodified from reference (10).

Disorder CNV Gene Effect Risk associated

Infectious Disease

HIV -1/AIDS susceptibility Common CCL3L1 Dosage Low CNV
Autoimmune Disorder

Systemic lupus erythematosis (SLE Common FCGR38  Dosage Low CNV

Psoriasis Common  DEFB Dosage High CNV
Crohn’s Disease Common  HBD-2 Dosage Low CNV
Neurological Disorders
Autism Spectrum Disorders unknown  Multiple Unknown  De novo CNVs;

Multiple CNVs
Parkinson’s disease Rare SA/CA Dosage Duplication/Triplication
Bipolar disorder Rare GSKSb Dosage Deletions and duplications
Schizoprenia Rare Multiple Positional Deletions and duplations;

de novo CNVs

Cancers
Breast cancer Rare MTTUS1  Positional Exon deletion
(exon 4) (decrease risk)
Prostate cancer Common UGT2B17 Positional Gene deletion
Neuroblastoma Common  NBPF23 Dosage Deletions and duplications

1.6 Array comparativ e genomic hybridization

Array compaative genomic hybridization is a method for detectiol€biVs and is based on
CGH developed by Hllinomi et al in 1992(14). aCGH identifies submicroscopic CNVis
the whole genome at high resolution in one single(&3t The aimof performing aCGH is

to detecipathogenichromosomal lerratons or CNVH12).

aCGH is based on hyllization of differenly labelled DNA from a patient and a normal

control added ta microscope slide containing probes. The amount of hybridized DNA is
measured by fluorescent signals detected by a scanner. These signals are then converted into
fluorescene ratio profilegfigure 3, identifying deleted and duplicated areas in the patient’s

genome.



Principle

For the detection of CNVs in th@ a t | gemotmdihe patient'SDNA is compared tdNA

from a normal control. This accomplished by ladelg an egal amount of genomic DNA
from the patient (green) and normal control (red) with different fluores@®lours. The
differenty labelledDNA are mixed together and added to probes on a microscope($iyle
where they compete for hybridization to the profiey. After hybridization the fluorescent
signals are detected by a laser scaibéd). If the patents DNA lacks CNVs there will be an
equal amount of both fluorescent signals and the colour on the array is yellow. If the patient
DNA contains duplications, more of the patisnDNA than the normal control will hybridize

to the probes, creating aghier intensity of the green flu@eent signal and this area on the
array will begreen. In cases where patisnDNA contains deletions, less of the patient
DNA will hybridize to the probesompared tdhe normal control, producing stonger red
fluorescent signal. The colowf this location on the array will be re(l4). A computer
software is used to convert the fluorescent signdts a fluorescent ratio profildfigure 3,
where duplicated @hdeleted regions are present&tie Y axis presents the log2 ratitich

is a measuref the sizeof the CNV (number of copies) while the X axis documents its
chromosomal position. Genome f@ns with no detected CNVs are contained at the zero
line for the log2 ratio. Duplications are localized above the zero line and deletions below.
Mutations with large copy number variations &yeatedfurther from the zero line than small
mutations.Duplications of one copy number resultanog2ratioaround 05, while deletions

of one copy number result in a log2ragimund- 0.5
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Figure 3: lllustration of the array CGH principle. The patienDNA islabelledwith green flusescencandthe
normal controlwith red fluorescence The coloured DNAs are mixed and hybridized forobes on the array.
After hybridization the array is scanned and the light intensities are analyzedpsoiglizedsoftware. Areas in

the genome whiclare deleted in the patieatDNA are represented as red circles, while duplicated areas are
reresented by green circles. Thadte/iare converts the fluorescent signals influarescenceatio profile where

the log2 ratio on the Y axis indicates the siz¢he CNV. The X axis shows the detected CNVs position in the
genome.

The numberof CNVs detected by aCGH depends on the resolution and type of array. The
resolution is dependent on the number of BAC or oligorailes on the arraylhe higher

the numler of probesetterthe resolution(5). Targeted arrayfcuson known deletion and
duplicationin the genomg12, 15) ,while tiling arrays screen the whole genome for CNVs

(12, 16).

Several studies hve indicated that when aCGH peerformed after obtaining a normal
karyotype analysis, the diagnostic yield is incredsg®-17% (12). However aCGH only
detects copy number variations, and therefore polyploidies, balancedotations and
inversions are nadetected with this methdd 7). One disadvantagef aCGH is thatCNVs of
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unknown clinicalsignificance are often detected when the whole genome is scréédrese
findings maybe difficult to interpret ath thereforeguidelines for evaluation ofhe aCGH
resultshave been developgdigure 4) (12). Detection ofknown pathogenic CNVshoud
always be verified by reother independent metho#vhen CN\s o unknown clinical
significance are detected the Database of Genomic Variants (Bl@)d bescreenedThe

DGV is a database containing information on known structural variants in healtiglurads.

If the detected CNV is not documented in DGV or found in healthy parents of the tested
individual, it is considered to be a potential pathogenic mutai@hshould be verifiethy
another method12). FISH andgPCR are ofen used to verify aCGH resul{§2). If the
detected CNV is present the DGV or found in healthy parents of the tested individual it is

considered to be benign.

/ b+ Q& RS
aCGH

Knownpathogenic
mutation?

Verify with Reported in healthy
independent method individuals?

Probably benign Present in parents?

Possible pathogenic,
Probably benign verify with
independent method

Figure 4: Flowchartrepresentinghe guidelines forthe interpreation of aCGH resultsModified from reference
(12.

CNVs areincreasinglylinked to several diseases ards possite that CNVsin the fetal

genomecontribute tahe pathophysiologyf preeclampsia.
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1.7 The Placenta

The placenta isa temporarilyorgan which developand functions during pregnancyts |
function is to support normal growth and development of the (&gise 5A) (18).

1.7.1 Development and morphology

The placentgchorion)develops from a fertilized zygote which undergoes several mitotic cell
divisions andifferentiates into different cell typ€49). After a certain number of mitotic cell
divisions it becomes a blastocyst and implants into the endometrium in the uterine wall. The
formation of the placata starts with a reaction calléue decidual reaction in the uterine wall.
Here the stroma cells adjacent to the implanted blastocyst differentiate into metfbolic
active decidual cell§l9). After implantation thérophoblastcells proliferateand differentiate
into two mthways, the extravdus and vilus pathway(18). The trophoblasts in the wil§
pathway are responsible faohe creation of the fetal part of the placenthe tvillus tree
formation(figure 5B). Extravillous tropholasts (EVT) connectthe placenta to the maternal
circulatory system by remodelling thmatenal spiral arteries andlevelopsthe utere
placental circulatory syste(d8, 19). Thespiral arteriesareremodelledby invasive EVT cells
that invade and replace the muscular layer of these vemseélsnakeshe spiral arteries

unresponsive to maternal vasomotor contt8| 20).

The villus treeconsists of darge amount of villi(figure 5C). The villus consisof a fetal
blood vessel surrounded by mesegymohl tissue, and an inner andter layer of tropoblasts
(21). The nononucleated cytotrophoblasts constitute the inner Iéifestrated in pinkin
figure 5Q of trophoblasts and are formed by invading cytotrophoblasts inttgrene wall.
Non-migratory villous cytotrophdblasts fuses together and forms a growing layer of
multinucleated syncytiotrophoblast§llustrated in blueon figure 5G which constitutes the

outer layerand gradually covers the whole surface of the pladd@£1).

The umbilical cord connectihe placentato the fetus. Itconsists oftwo arteriescarrying
deoxygenated blood and waste substances from the fetalation to the placental villi and
into the maternal circulation. A single umbilicakin carries oxygenated bloddom the

placenta to the fetugfigure 3B) (18). The villi in the villus ree projectinto the intervilbus
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space which separates the maternal side of the placenta from the fetéigsice 5B).
Exchange of nutrients gas and waste products happens in the intervillousHgracspiral
arteries sak the intervilous space with mateah blood and substances from maternal blood

enterfetal blood by diffusion through the vi{L8).

Umbilical cord

Fetal side

} Maternal side

Figur 5: A: lllustration of a placenta with the umbilical m B: The villus tree formation on the fetal side of the
placenta. The intervitus space suwounds the villus treavhich is soaked in maternal blood. Thdivin the
villus treeare illustrated in red and blue diés surrounded by a white space which represtet placental
membrane that separatdetal blood frommaternal blood.C: The villi structure with different cells.
Cytotrophoblasts (pink cell layer) syncytiotrophoblasts (blue) and capillaries (red).

Maternal vein

Maternal artery

In the first timester of pregnancy margpiral arteries are totally occluded as a result of
trophoblast plugging causing a reduced blood flow to the placenta. The fetus receives a
reduced amount of oxygen and is protected from excessive amounts of oxygharcodlat

be damaging during critical stages in early developr@&ht22). Between 8 and 12 weeks$
gestatiorthere is a significant increase in blood flow ahd bcclusios caused by trophoblast

plugs are gradually removéa2).
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1.7.2 Function of the placenta

The placenta has several functions and its main functions can be categorizeansyort,

metalmlism, defenceand endocrine functiof18).

The placenta supplies the fetus with nutrients (oxygen, water, lipids, carbohydrates, amino
acids, vitamins and merals) from the maternal blood and eliminates waste sulesta
(carbon dioxideureaetc from the fetal blooq18). It is also able to metabolize substances

ard release metabolic producisto the maternal and fetal circulat®rl18). Supply of
antibodies from the materihblood circulation to the fetus helps to proté& from infections
caused by virus and bacteria. Hormones affecting pregnancy (metabolism and growth) are
produced and secreted from the placenta to the fetal and maternal cirsE8)on

1.8 Preeclampsia

Preeclampsia is a clinical syndrome affecting only pregnant woemne is defined as a new
onset of hypertension and proteinuria in pregnant women after 20 weeks of gg&ation
addition to hypertension and proteinuria systemic endothadal activation and
inflammatory responseare characteristic(21). Preeclampsia complicates72% of all
pregnancies imealthy nuliparous women inlevelopedcountries and the incidenceight be
even higher in the developing countri@el). For women with previous pregnancies affected

by preeclampsia thprevalenceate isapproximately 18% and 14% for twin pregnangi2$).

Preeclampsia is a major cause of maternal and perinatal morlmdityartality and can only
develop in the presence of a placenta. The only cure for preeclampsia is therefore oémoval
the phcenta by delivering the fet(®1). There are two types of preeclampsarly onset and

late onset Early onset is the most severe andssociated with abnormal w#l and vascular
structure. Onset is before 34 weeks of gestation and the fetus is often affected by growth
restriction (21). Furthermore the fetus can be affected by nutritional and respiratory
insufficiency, asphyxia and death5). Late onset is the most commoariin of preeclampsia

and constitutesapproximately 80% of all cases around the world. It usually has normal
placental morphology and is not associated with fetal growth restri@idnWomen affected

by severe preeclampsia may develggermolysis, elevated liver enzymes, and low platelet
15



count syndromg¢HELLP). Up to20% of women with severe preeclampsia develdgLLP
syndrame (26).

The pathophysiogy of preeclampsia is still not fully understood, but it involves a
complicated network of maternal and fetal interacting fadi@ts

1.8.1 Development of preeclampsia

Development of preeclampsia is categorised into twgestapreclinical and clinicalThe
preclinical stage is before the maternal symptoms start to develop, and the clinicat is aft
(25). Poor placentation is typical for the preclinical stage and is caused dy aberrant
development of the early placenta and maternal blood sy@p)y Defects introphoblast
differentiation maycause a reducedmeunt of extravilbus trophoblasts, reduig in a
reduction of the number of remodé&dd arteries andtheir depth ofremodelling (21).
Inadequate remodelling leads to reduced blood flow & glacenta in sead and third
trimester, inducing a gradually more and more hypoxic place(2&, 27). The hypoxic
placentareleases factors into the matal circulation which are believed to induce the
maternal symptoms like hypertension, proteinuria, clotting and liver dysfur(@wa8s, 29).
These factors originate from an inflammatory response with endothelial dysfunction as a main

componen(25, 28).

Involvement of the immune systemtime dewelopment of preeclampsia has been shawn
several research groups. Decidual natural killer cells (dNK) and decidual macrophages are
essentialcell typesimplicated in immunological theose The dNK cellsinfiltrate the
decidualized uterus before implatiten and remainn large quantities throughout the first
trimester. Evidence suggests that they play a direct raleeiremodelling of spiral arteries
and tropohoblast invasion. There is howevertkaidata on how dNK cells amevolved in
preechmpsiaand research performedtims field provides conflicting resul{21). One theory
presented is that poor placentation and preeclampsia is less comrmalividuals where
trophoblast stimulates dNK cells strongly by binding to their recep{®®). Decidual
macrophages are believed to have the ability to disrupt vascular smooth sminssfaral
arteries before invasion oéxtravilous trophoblast and may therefore influencéhe

remodelling of spiral arteries and development of preeclanip$ia
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1.9 Genetics of preeclampsia

Despite extensive research and a large number of published sttickesaetiology of
preeclampsia remains unknowiudies have revealed that there is a clear familial
predisposition and a higtecurrencerisk for severe preeclampsia in pregnant women with
earlier pregnancies affected by preeglaim. Bdh of these factors are indications for a
genetic contributiorf23, 29-31). However so far nospecific genes have been identified that
causepreeclampsia. Preeclampsia is in most cases considered to be a complex genetic
disorder and conflicting results seems to be characteristic for the genetic studies guerform
(30).

Many factors contribute to the difficulties in establishing thetiology of preeclampsia
Diagnosisof preeclampsia is often based on differéimtesholds forblood pressureand
proteinuria Several hypeensivedisorders linked to pregnancies can be mistaken for being
preeclampsia because of similar sympto(88). Severity and involvements of different
organs are often also highlyanable between individuals, and could result from different
molecular mechanism$30). Early and late onset preeclampsia had#ferent clinical
characteristics and many studies lack distinction between thaseypes,that potentially
could originate fromdifferent molecular mdanisms. Another problem ighe difficulty in
comparing and interpreting the findings of studies performed on placental samples obtained at
different stages of developmerGene expression profilesoim placenta differ between
different gestational ageand are a sourcef conflicting results when they are compared to
each otherBoth the paternalral maternal genotypes may be respondiedevelopment of
preeclampsig30, 33). Furthermore fetal and maternal genomes may haenas that by
themselves or togethenay be responsiblr preeclampia (32, 33). The paternal genotype
should therefore also be investigated. Genetic variatiomdsst populationare also reasons
for contradicting results sincdifferert molecular mechanisms may be present in different
ethnic population$33). The majority of studies haecused on mateal genesnd therefore
the Geneticsof Preeclampsia ©nsortiumhashighlighted theneed for studies performed on

all genotypeg29, 33).
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1.9.1 Inheritance pattern

Twin studies

Twin studies have been performed to investigate the relationship between genetics and
environmental factors in preeclamp$&8). These studies show conflicting resu2®). The

first study reported a lowoncordancef development of preeclampdi@tween monozygotic

twins indicating a lowheritability by maternal genesA more recent study performed based

on material from the large Swedish Twin, medical Birth and multigeneration register reported
the heritability of preeclampsia to be around%5with contribution from both maternal and

fetal genef33). Another twin study performed in Sweden reported the preesiamp
penetrance between twin sisters to be Ilgwn 50 %, representing diversity in the

inheritance patter(B83).

Paternal contribution

There are several indications for paternal contribution in the development of preeclampsia.
Research documents that women with subsequent pregnancies with the same partner have a
lower risk for developing preeclampsia, while women withsagquent pregnancies fathered
by different partners have a higher r{&4, 31). Long term exposure to paternal antigens may
induce a fom for immunological memory21). For women with preeclampsia in their first
pregnancy, a change of partner may lower the risk for preeclampsia Bencew partner
could have more compatible HLA C molecules on their trophbbéls and recepton@1). A
higher rate of preeclampsia is also docutednin pregnant women with a partner who
himself was born of a woman with preeclasia (27, 29, 33, 34). Another evidence for
paternal contribution is that men who earlier have fatheregnancies with preeclampsia,

havea higher risk of fathéng a new pregnancy with preeclampsia with a new pa(28r

Complex genetic disorder

Based on previous research, preeclampsia is considered to be a complex genetic disorder in
the geneail population with some exceptions following the Mendelian inheritance pé2@rn

33). A complex genetic disorder @& inherited disease which is not caused by a single gene

and that deviatefrom the Mendelian inheritance pattége). In such cases relatives who share
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the same genotype may have different phenotgepending on gengene interactions and
geneenvironmental interaction@l). Since most of the preeclampsia cases are considered to
have a complex genetic cause, it is likely that no single gene anvaill account for all the

occurrencesf preeclampsi@33).

1.9.2 Genetic methods applied to study preeclampsia

Resarchstudieson preeclampsia are performed on different population groups and with
varying methods, suchsathe candidate gene approaclengme wide linkagestudies

imprinting studies, and expression profiles stugdszy.

Candidate gene approach

The candidate gene approach is a widely used method in pr@s@astudies and involves
selection of one single gene for investigation based on alreadyrkmdarmation(33). Until

now more than 70 single genes categorized into different groups based on pathological
mechanisms such as oxidative stress, lipid metabolisrombophilia immunogenetics, and
endothelial injuryhave beennvestigated33). All these studies have providedrtradicting
results, and no genéswveso far been universally accepted as the cafipeeeclampsid33).

A selection of the most predominant functional caatBdyenes are presented in table 2.

Table 2 Presentation of the most predominant functional candidate ddodgied from referenc¢33).

Pathophysiological Gene name Gene symbol
mechanism group
Trombophilia Factor V Leiden F5
Methylenetetrahydrofolate MTHFR
Protrombin F2
Plasminogen activator factet SERPINE1
I ntegrin glycoprotein ww GPwWwWWA
Endothelial function Endothelial nitric oxide synthase 3 eNOS3
Vascular endothelial growth factor receptor 1 VEGFR1
Vascular endothelial growth factor VEGF
Vasoactive proteins Angiotensinogen AGT
Angiotensin converting enzyme ACE
Oxidative stress and lipic Apolipoprdein E APOE
metabolism Microsomal epoxide hydrolase EPHX
GluthationeStransferse GST
Immunogenetics Tumor necrosis factor U TNF
Interleukin 10 IL10
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Genome wide linkage screens

Genomewide linkage screens (GWLS) is a method where linkage betweenayerskers

with known positiordistributed throughout the whole memeare investigated. Some linkage

studies have been performed on preeclampsia, vdaenples from preeclamptwomen and

their relatives wereompared to each other to find possible linkég®. One dsadvantage

with this approach is that ontglatively large areas which can contain hundreds of games

identified (33). If potential linkage is foundfurther analysimeeds to be performed to find

possible candidate genes in the linkage region.

Arngrimsson et al (1999) found a maternal susceptibility locus for preeclaipsn

chromosome 2p1829, 33, 35) with consisent resuls found by an Australia/ New Zeland

research groufiabke 3) (29, 30, 36, 37). Extended workwasperformedto reveal associations

between the potential candidate genes in the 2@®Bcus(33). Activin Ar ecept or type

(ACVR2A was identified as strong candidate gene, llifferent research groups published

contradicting result$33). GWLS studies performed in Netherland and Finland found other

susceptibility locugtable 3)(37, 38). The Finish research group investigatedR@CK2gene

in the 2p25 locus further, but with disappointing results. No adsmtisvith preeclampsia

was documente(B3).

Table 3 Outline ofperformed GWLS studiea the field of preeclampsianodified from referencs3)

Country Number of families Chromosome loci
Iceland 124 (343 women) 2pl3
Australia/New Zealand 34 (366 women) 2023

11923
The Netherlands 38 (332 women) 10g22

22412
Finland 15 (174 women) 2p25

9p13

4032

9p11

Genomic Imprinting

Many genes are located in conserved clusters where only one allele is expressed, either the

maternal or paternal allele. This condition is called genetic imprinting. Indications for

involvement of genetic imprinting with prefantial expression of the maternal allele in
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development of preeclampsia are docume(®)l . Several studiebave been performed on

one gene foundvithin the locus 10g22.1 (table 4) This gene encodedor the STOX1
transcription factor whichs believed to be involved in the transformatioh invasive
trophoblasts into non invasive. The data from these studies are contradicting, and further

studies are necessaryelicidateits role in preelampsia(33).

Table 4: Studies performed on orgene encoding the STOX1 transcriptiactor (39-42).

Research group and  Imprinted locus Potential genes  Conclusion

year

Oudejanset al 10g22.1 Downregulated expression in

2004 hydratiform molar placentas (only
paternal comtbution)

Djik et al 10g22.1 STOX1 Found identical misseasnutations in

2005 STOX1between affected sisters

Iglesiaset al 10922 STOX1 Detected biallelic expression 8SfTOX1

2007 in both normal and preeclamptic
placentas and found no evidence for a
imprinted mechanism.

Rigourd 10922 STOX1 Overproduction o5TOX1reproduces

2008 transcriptional effects of preeclampsia

Another gene examinefbr possible inprinting status is the H19 gene whighinvolved in
regulation of growth and development of tabryq and differentiation of cytotrophoblast
cells(43). L. Yu et al (2009) documented that biallelic expressionti9 existed in some
cases in early stages ofrnml pregnancy and changed to monogenic expression around 10
weeks while preeclamptic placentas had biallelic expression in third trime@8r.43).
Bourqueet al (2010 found no reduced methylation at ICR1 which is an imprinting region
regulating theH19 gene indicatingthat there is no biallelic expression in placentas from

women wth preeclampsia and contliatedYu's study(44).

Microarrays and gene expression

Gene expressiovaries between different cell types and cell stag®s Several gene
expressiorstudies have compared profiles preeclampticplacentas with normal placentas
with conflicting results(4). Sitraset al compared his res@from a gene expression study on
preeclamptic placentas with 16 previously performed microarray studiesoand some
similarities of differentidly expressed g&s in women with preeclampsiampared to normal
pregnanciesLeptin, Human chorionic gonadotropithCG), Vascular endothelial growth
factor (VEGRP), Insulin- like growth factor A1GF2), Laeverin andMatrix metalloproteinases

(MMPs) were found to be differentlst expressed in more than one sta$).
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Several genes found to be either up or down regulated in microarray studies have been further
investigated by the candidate gene approach to gather more information of the origin of

preeclampsia.

1.9.3 Genes involved in early versus late preeclampsia

Sitraset al (2009 documentedlifferences in gene expressions between early onset and late
onset preeclampsia his study.By comparing their gene expression profiiedications for

involvement of different pathways early and lat®nset of preeclampsia was fouf@3).

Enquobabhrieet al (2011) compared gene expasn profiles fran early pregnancy peripheral

blood fom preeclampticpatients withgene expression profiles gflacenth tissue from
preeclamptic womeat delivery. They found gestational age and tissue specific differences in
pathophysiological processeach as vasculature development in early preeclampsia versus
hypoxia response in late preeclampgi8). Numerous other studies have been performed on
early and late preeclampsia on both maternal blood and tissue samples from placenta. In these
studies inconclusive results are reported. A review based on current and earlier gene
expression studies suggests that early pregsiamis associated with alterations in
angiogenesis and immune inflammatoryp@sse, while late preeclampsiaaissociated with

alterations in response to hypoxia or oxidative stress and subsequent erldibtliaction

(49).

1.10 The Laeverin gene

Sitras et al (2009) documented tt laeverin (LVRN) was 10 fold up regulatedin
preeclamptic placentas compared to normal conf&3s Laeverinencodes fom membrane
bound cellsurface metallopeptidase isolated from chorlawe andis therefore named
laeverin(46) Matrix metalloproteinases degratlte extracellular matrix and are secreted from
extravillous trophoblastsThey are considered to regulate EVT invasion in cooperation with
their inhibitors(47). Fujiwara 2007reported thathe metalloproteinase encodedlbgverinis

only expressed on EVTs, indicating that it is a specific marker of E¥7). The
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metallopeptidase encoded keverinhave somesimilarities with tle CD13/aminopeptidase

N. CD13/aminopeptidase is necessary for endothelial cell invgd®nand controls the
endothelialcells motility by rearranging the cytoskeletém create filopodia formatio(23).
Petrovicet al 2007 performed a study were they documented that inhibition of CD13 activity
during the cell recovery phase followed loepletion of cholesterol or trypsinization
prevented formation of filodopia and disrupted the distribution of membrane pr@8jns

FurthermoreMaruyamaet aldocumented that the cDNA frolaeverinencodes for arotein

consisting of 990 amino acigesidues containing one motif specific for the M1 family of
aminopeptidase@9). According to this study the protein encodedd®verincleaves the N

termind amino acid of many peptidesxa n gi ot e n s i nl0uanduendokinin 49, pept i n
50) which are substances expressed in large quantiiethe placenta. Based onigh
documentation it is suggestedat laeverin has an important role in placentation through
regulation of important peptidein this proces$49). Goto et al has recently indicated that

laeverinis important in maintenance of normal pregnancies in huifths

After Sitras et al (2009) documented that laeverin was tdohfiop- regulated in preeclamptic
placentas,Nystad et al performed a immuefluorescene study on placentatissue (un
published study)Fluorescence marked antibodies dirdcégainst the kverin protein were
applied totissue sctions ofplacenta to reveal the localisation of the protein within the leell.
normal placenta laeverin was localised to the cell mamrand in preeclamptic placentas
laeverin was localizedo the cytosol. Further lectronmicroscopic studies will reveal the
subcellular localisation of the proteiBased on this information wassuggestedhat the role
of laeverinin the pathophysiology of preeclatit placentas needdd be further investigated
(23).
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1.11 Aims

The aims of thishesis were to:
Sequence théaeverin genein blood samples from patients affected by preeclampsia and
normal controls tanvestigate if there weranypathogenic mutations.

Sequencehe laeverirgene inplacental tissusamplefrom one patient with preeclampsia and
investigate whether differemutaions arepresentn the placentatissue sample compared to
the blood sample from the same patient.

Screen the wholdetal genomefor pathogenic deletions or duplicationsing array aCGH
analyseson umbilcal cord bloodsamplesobtained fromthe newborrs of preeclamptic
womenand compare witlumbilical cord bloodobtainedfrom the newborns of women with
healthy pregnancies.

Determinethe chromosomal location and genes inctligiethe CNVs identified.

Examine the relevance of thaetected gene mutatis and CNVsn the pathogenesis of

preeclampsia.
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2.0 Material and methods

2.1 Patient samples and normal controls

2.1.1 Normal control s

As normal controls ten samples from healthy individuals were used and consisted of EDTA
blood from four wanen (K:K4) and from six men (MIM6). DNA was extractedoth
manually with QIAamp DNA Blood Mini Kit (50andwith the automatic method’he DNA
concentration wawithin the range 16.1 425 n g / Based onthe DNA concentration and

the results from NanoDrop quantificationgll, M4, M6, K3, andK4 were selected for use in
gradient PCR while, M6, and K4 weused in sequencing.

2.1.2 Patient samples used for sequencing

Eight samples fromwomen with preelampsia were sequenced for akons and parts of
introns in thelaeveringene, while20 samples from preeclampsia patewere sequenced for
exon 7 and 10The sample material consisted of DNA extractedrmh EDTA blood samples

from thesewomen. DNA wasextracted automatically witlBiorobot EZ1, and had
concentrations withithe range frord35i 1121 n gAll patients had severe preeclampsia,

but in addition some had HELLP syndrome and foetuses with intrauterine growth restriction
(IUGR). Samples from women with only preeclampsia are not presented with sample number.
All samples from women with peclampsia are labelled with P after sample nun@smples

11P, 20Pand 21P e from women with preeclampsia and HELLP syndrodfe.are fom a
woman with preeclampsia, HLLP and IUGR, while 9P is collected fromm woman with

preeclampsia and IUGR.

One sample from placental tissue was sequenced for all exons and parts of intron in the
laeverin gene.This tissue sample was collected from the placenta right after delivery and
frozen in liquid nitrogen. DNA extraction was performed by an employee ddittigion of

Child and Adolescent Health, Department of Medical Genetics, University Hospital of North

Norway, Tromsg, Norway withreextraction kit from Qiagen.
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2.1.3 Samples from normal pregnancies used for sequencing

Three samples from normal pregnanciesensequenced for all exons of tleeveringene
and parts of intronswhile 18 sampés were sequenced for exon 7 and BOrthermore 23
samples wee sequenced for only exon 7. Therple material consisted of DNA extracted
automatically from EDTA bloodamples with Biorobot EZ. The DNAconcentrations wer

in the range 2411420 n g / Whiich samples were sequenced for albesandwhich wee
sequenced for only exons 7 and w@re randony chosen since all had high enough
concentations Some samplesvere only marked witha sample number while lwrs were
marked with an N &ér sample number or NK. N is a symbol farmal pregnancy and NK
for delivery of the foetusdsy caesareasection.

2.1.4 Patient samples used in aCGH analysis

Nineteen samples froombilical cord blood from preeclamptregnancies were selected for
array comparat® genomic hybridizatiorbased on DNA concentratiorend purity after
NanoDrop quantificationrDNA was extracted from EDTA blood samples with Biorobot EZ1,

and had corentrations in the range from 32141 ng/ €| . wefefrdm patianisp | e s
with severe preeclapsia. In addition someoatientshad HELLP syndrome and IUGR.
Samples from women with only preeclampsia are not presented with sample number. Sample
9P hadlUGR in addition to preeclangie. Sample 20P, 21P and 3@io had HELLP

syndrome

2.1.5 Normal controls used in aCGH analysis

Nineteen samples from umbilical cord blood from normagpiancies were selected for
aCGHanalysison the see basis as the samplesrfrreeclampticpatients The DNA was
extracted from EDTA blood samples with Biorobot EZ1, and hader@nations in the range
from 27071 1045 n g / @He samplesvere labelledwith sample numbefollowed byN or
NK.

26



2.2 Manual DNA extraction with QlAamp DNA blood Mini Kit (50)

The DNA from blood obtained from normal controls was extracted withQh®amp DNA
blood Mini Kit (50).

Principle
DNA extraction with QlAamp DNA blood Mini Kit (50yas performed by use of QlAamp
mini spin columns. These columns contain a silica membrane whidssential in the

extraction process.

The first $ep in this extraction method is cell lysis, whieh peformed by addition of
protease and buffer to the blood sdespextracted The combination of these tweagents
destrog the cell membrane and release the D@ the cells After cell lysis the solution
containing the DNA is added to QIAampini spin cdumns. DNA is negatively charged and

will bind to the silica membrania the columnaunder high salt condition®\ddition of wash
buffers and several centrifugation steps removetems andther cell components which are
not negatively charged.hese omponents are not able to bind to the columns and are washed
away during centrifugatior-or elution of DNA from the silica nmbrane sterile water is
added(51).

Material and reagents

Table 5: Kit used for DNA extraction

Kits Producer

QIAamp DNA bbod Mini Kit (50) Qiagen

Table 6: Equipment used for DNA extraction

Equipment Model Producer

Pipette Pipet Lite Ranin

Centrifuge Centrifuge 5415D Eppendorf

Centrifuge Biofuge 13 Heracus sepatech

Vortexer VF2 Janke og Kunkel, KA laboratorietechnik
Water bath DC 100 Grant
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Method

Twentye | of Qi agen pr ®i5elbnscocenrifugadicat uabdedse.d tThen 2
bl ood and 200 ¢l buffer Al secendssandantubation,at bef o
56°C for 10 minutes. After incubation thelies were centrifuged for a short time to remove
prospective droplets on the inside the lid. Two hundrede | of etaddechand was
vortexed for 15 seconds before a short centrifugation. The tube contents were transferred to
QlAamp Mini Spin Columnsplaced in 2 ml collection tubes and centrifuged at 6000 X g for

one minute. After centrifugfion the columns were put inteew clean 2 ml collection tubes

and the old ones were discarddtve hundrect | of buffer AWl was add
and centrifugd @ 6000 X g for one minute. Subsequentcentrifugation the columns were

placed in new collection tubesd the old ones were discardddve hundrece | of buf f e
AW2 were added followed by centrifugatioat 20000 X g for tree minutes. The
centrifugdion step was repeatetivo times andthe columns were placed in new 2 ml
collection tubs while theold ones werediscarded. Two hundreddl o f srnwasraddece wat €
to the columns followed by incubatidor 5 minutes at room temperature. Subsequent to
incubation the columns were centrifuged at 6000 X g for one minute and the contents in the

collection tubes were transferred to microcentrifugation tubes and stored.

2.3 Automatic DNA extraction from blood samp les

Automatic extractionwas performed on all gtient samples and samples fromrmal

pregnanciesvith Biorobot EZ1 and Biorobot M48

Principle

DNA extraction with Biorobot EZ1 and Biorobot M48 is based on magpetiticle
technology. The magnetigarticles containikca membranes and binds negativ charged

DNA. The first step is cell lysis where cell walls are lysed by addition of guanidine
hydrochloride. Guanidine hydrochloride also prepares the DNA molecules for bindimg to
silica membranes by providing high salt concentration. Bound DN#olecules are separated
from the lysate by a magnet which draws the magnetic particles to it. Proteins and other cell

components will remain in the lysatddditions of two different wash buffers removes the
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cell lysate and elansethe DNA molecules on themagnetieparticles. The first wash buffer
removes guanidm chloride from the solution whiléhe second one is a low salt ftan
containing ethanol.Elution of the DNA nolecules isperformedby adlition of TrisEDTA
(TE) buffer(52).

Material and reagents

Table 70 Kits used for DNA extraction.

Kits Producer
EZz1 DNA Bl ood 350 ¢l Qiagen
Sample Prep Plates 42 well, M48 100 Qiagen

Table 8 Equipmentused for DNA extraction.

Equipment Model Producer
DNA extractor BioRobot EZ1 Qiagen
DNA extractor BioRobot M48 Qiagen
Method

The EDTA blood sampleswere mixed by inversion and vortexed bef@80 ul were
transferred to new tubes following tlestractionkit. DNA extraction was performed with
biorobot EZ1 or Biorobot M4& nd 2 0 O &dted asalstiorsvelume

2.3 Quantification of DNA by NanoDrop 2000

All extracted DNA samples were quantified by NanoDrop2000

Principle

NanoDrop 2000 is a spectrophotometer which measure /RNA concentrations at the

A260 ratio and proteins at A288anple purityare evaluated by th&260/280 ratio(53). The

amount of light absorbed by the quantified DNA riseasurd and computer software
calculates the concentration of DNA molecules present based on the amount of light
absorbed. Absorption values are measured at several different wavelengths to evaluate the
purity and concentration of DNA64). Measurements at A26fre quantitative for relately

pure DNA moleculesTo determine the purity of theNDA molecules the A260 and 280 ratios
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are used A260/A280 ratios of 1.82.0 indicates highly grified DNA (54). Proteins have an
absorption peak at 280 nm and will reduce the A260/A280 ratio. Substances with peptide

bonds or aromatic moieties such as proteins and phenol absdrat 230 nm(54).

M aterial and reagents

Table 9 Reagents used for DNA quantification

Reagents Purpose
dH20 Sample blank
DNA Quantification

Table 10 Equipmentused for DNA quantification

Equipment Model Producer

Pipette Reference Eppendorf
NanoDrop NanoDrop 200®Bpectrophotometer Thermo Scientific
Method

Before quantification of DNA the NanoDrop instrument was calibrated with water as sample
blank. Aft er cali bratmeasul ed| twatcemtwas t he cal.i

extracted DNA was quantéd.
2.4 Polymerase Chain Reaction

Polymerase chain reactioCR was performedon all samples used for sequencing to

produce the necessary PCR products.

Principle

PCRis anin vitro method for specific amplification of a selected sequence of DNA, into
millions of copies. The selected sequence (template) is amplified by DNA polymerase in a
thermal cycling process which consists of three different steps, denaturation, annealing and
elongation. These steps are repeate@®€imes to generate millions obgies. Denaturation

is the firststep and is performed at 94°Be high temperature separates the double stranded
DNA into single stranded DNA. The annealing step follows after denaturation and the
temperature is decreased to@IBC. At this temperatunange primers which are short DNA

sequences hybridizes to complementary sequences in the single stranded template. Different
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primers have different annealing temperatures based on the length and sequence of the
primers. Elongation is the third step angpe&formed at 72°C where DNA polymerase binds

to the free 3 endof the primers and produces a new growing chain by incorporation of new
nucleotides which are complementary to the template DNA. When these tree steps are
repeated 2@0 times, millions of apies of theemplate sequence are produ¢ad

Material and reagents

The primers were received from Mona Nystad and were designed prither3 (v 0.4.0)
softwareat http://frodo.wi.mit.edw/ In the primer design the length of the primers, annealing

temperatures, & contents and complementarities to other sequences were all factors taken
into consideration The primer design was checked by iitice in the UCSC Genome

Bioinformatics database #itp://genome.ucsc.edl The gene sequence of tlaverin gene

used in primer design wastrieved fromthe NCBI databasandthe following version and

number was used NM.73800.4 The complete gene sequence is presentapgpendix C.

Table 11: Primers used foPCR and sagencing. All primers are produced by Siglarich.

Forward primers are marked withaRd reverse primensith R.

Name Sequence Product size Lot. no

LVRN ex1_1F GGGGTCTGTCTCTTCGAACC -HA01606306
LVRN ex1_1R TGGTCGTCACCGCTAGCTC 548 -HA01606307
LVRN ex12F GGACTCAGGGACTTGGAAGC -HA01606308
LVRN ex1_2R ACCTGGACACGGTAGTCAGC 637 -HA01606309
LVRN exF CCAGGCTAACTTACAAGCCATC -HA01606310
LVRN exR ACACTGCCTAGAAAAGCTACTGG 324 -HA01606311
LVRN exF GCTGGGTGACAATTGACTTGA -HA01606312
LVRN ex® CAGCCATABBCTGGATGC 315 -HA01606313
LVRN ex4 TGCAGCTTCTTCTGGAAAGG -HA01606314
LVRN exR ACCAAGGGCCCAAATAACAG 303 -HA01606315
LVRN ex% GCCTTCTCTCCGTTCAGGTT -HA01606316
LVRN ex®R TGAATCTGAGTCTTCCCCATTTT 451 -HA01606317
LVRN ext TTACTTAACATGCAATTACAACGA -HA01606318
LVRN ex® TAGATAAAAAGCCTGGAATTAAAAA 373 -HA01606319
LVRN exF TTGGCATATTTCAACTCAAAGACA -HA01606320
LVRN exR TGGATATTTGCAAGGTGAGAATTA 467 -HA01606321
LVRN ex8 -¢ GCAAAATGCAATCAGGAGCA -HA01606322



http://frodo.wi.mit.edu/
http://genome.ucsc.edu/

Name
LVRN ex8 -8
LVRN ex1&
LVRN exI1®
LVRN ex¥E
LVRN exIR
LVRN exIR
LVRN ex1&
LVRN exI8
LVRN ex1#
LVRN exIR
LVRN ex1¥&
LVRN exIR
LVRN ex1&
LVRN exI1®
LVRN exX:F
LVRN exIR
LVRN ex1&
LVRN exI&
LVRN ex1&
LVRN exI®

LVRN ex20_1F
LVRN ex20_1R
LVRN ex20_2F
LVRN ex20 2R
LVRN ex20_3F
LVRN ex20_3R
LVRN ex20_4F
LVRN ex20_4R
LVRN ex11 F1
LVRN ex12_R2

Sequence
CAAAGCTGTTTTCCTGTGGAAC
CGAGTTTCTTTTTGGAGATTGC
AGCGGGGGTAACGCTTCT
TGAGTTCTGTGTGCTATTTCATCA
CAAGAATGATATTTTAGTTTGAAATGA
GGGCGACAGAGCAAGACTC
GAAGGTGCTTTATAGGCAGCAG
ATGGCCTGTATAGACTAAATAATCAAA
TCATGCATTGAAACATGGAA
ATGGAACTAAGACTATTACTTTGGAA
TCTGCCACTTGTCTATCAC
GCATATAAAATCTCTCAATGAATAACA
CCCATCTTTTTATGAAACACATATTC
GCAAAACACTCATTCCCACA
TCCTACTTTTGACCTTTATATCTGTGA
CGCAACGTIMAATACTTACATTAGC
CCTTAGAACCATGGGATTTTGA
CTGAGCTTCCAGTGCCAAAC
GGGGCCATACACTTGACCTT
CCCTGCATTCAGGTGAGAGA
CAAACTCATGTTIACTTAGCATTTA
TCAGCAAAGAATGTGCTCCT
CCACAGAATTTACTTTAAATGTCACG
TTTGACATCATTGTTTTCACTCG
AGTGGGATGGACACCCTTTC
CCTGACN CAGGGAGAATCC
CATACGCTCAAAGCAATGTGA
TGACAGCAGCACAAAATGGA
TGAGTTCTGTGTGCTAATCTA
CGGGAATGAAGGTGGAATCT

Product size
441

349

295
889

268

358

315

295

391

291

399

600

571

590

446

754

Lot. no

-HA01606323
-HA01606324
-HA01606325
-HA01606326
-HA01606327
-HA01606328
-HA01606329
-HA01606330
-HA01606331
-HA01606332
-HA01606333
-HA01606334
-HA01606335
-HA01606336
-HA01606337
-HA01606338
-HA01606339
-HA01606340
-HA01606341
-HA01606342
-HA01606343
-HA01606344
-HA01606345
-HA01606346
-HA01606347
-HA01606348
-HA01606349
-HA01606350
HA01886724
HA01886725
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Table 12 Reagats used in PCR reactions.

Reagents Source

Primer F and R SigmaAldrich
Jump Start REDtaq Ready MIX Sigma Life Science
dH,O Braun

Table 13 Equipment used fdPCR

Equipment Model Producer

Pipette Pipet Lite Ranin

Centrifuge Mini Star Silver VWR

Centrifuge Spectrafuge Mini Labnet

Thermal Cycler MBS Satellite 0,2 Thermal Cycler Thermo Electron Corporation
Thermal Cycler MBS 0,2S Thermo Hybaid

Thermal Cycler MBS 0,2 G Thermo Hybaid

Method

First gradient PCR was performedth all primers docurnted in table 11. The aim with the
gradient PCR was to find the best suited annealing temperature for all primers. The
components and volumes used in the gradient PCR program are presetatield 4 and

were combined in @ ml PCR tubes. Before analysa quick spin were performed on all
sampleshefore they were analysed at the program presented in tabfdtébcompletion of

the gradient PCR, two PCR programs with different annealing temperatures were designed,
program 1 and gable 16, and 17).

For all PCR experimentperformed withPCR program lor 2, one negative conttovere
added for each primdo check for contaminatiorin this control DNA was replaced with
sterile water. The primers used in tlegperiments are presented in table Bdr these PCR
experiments the components and volumes presémtadlle 14 were combined in20ml PCR
tubes. After combininghe different volumesa quick spin were performed before they were

analyzed at the conditions presented in table 16 and 17.
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Table 14: Reagents used for PCR

Components Concentration stock solution Volume
DNA template 20-100 ng/ 1-2 ul
Primer F 10 pmol/pl 1w
Primer R 10 pmol/pl 1w
Jump Start REDtaq Ready MIX 5u
dH,0 6-7

Table 15: The Gradient PCR program

Step Annealing temperature
1 555°C
2 55.8°C
3 565°C
4 57.8°C
5 595°C
6 614°C
7 634°C
8 654 °C
9 676 °C
10 690 °C
11 6938 °C
12 703°C

Table 16 PCR programi. with annealilg temperaturat 57.8°C

Step Temperature Time Cycles
Denaturation 95°C 1 min 1
Denaturation 95°C 30 sec 30
Annealing 57,8°C 30 sec

Extension 72,0°C 30 sec

Final extension 72,0°C 8 min 1
Storage 4°C Infinite Infinite
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Table 17. PCR program 2vith annealiig temperaturat 654°C.

Step Temperature Time Cycles
Denaturation 95°C 1 min 1
Denaturation 95°C 30 sec 30
Annealing 65,4°C 30 sec

Extension 72,0°C 30 sec

Final extension 72,0°C 8 min 1
Storage 4°C Infinite Infinite

2.5 Agarose gel electrophoresis

Agarose gel electrophoresis was performed on @R Peactions to confirnthe presencef
PCR products and to control that P@Rducts werabsent from the negative control.

Principle
Agarose gel electrophoresis is a hwt where DNA molecules are separated according to

size and charge by their migratipattern in an agarose gel.

DNA molecules are loaded on an agarose gel, made by combining agarose powder with an
agueous buffer. The agarose gel is then covered in buffer and constant voltage is applied. In
the electric field produced by the applied aglke, negatively charged DNA molecules will
migrate toward the positive pole. Dugirthe nigration the DNA passhrough pores in the
agarose gel. The size of the pores varies according to the amount of agarose in the gel. The
higher contents of agarose thmaller the pores are. Small DNA molecules moves faster
trough the pores than larger ones and migrates further in the gel, separating the molecules by
size. How fast the molecules travel through the gel is also dependent on the voltage applied.
To visualze the migration pattern, the gel is soaked in a dye after completion of the gel
electrophoresis. The dye intercalates with the DNA and creates visible bands on the gel when
enlightened with UV light. The size of the DNA molecules can then be determined by
comparing the samples migration pattern with a ladder. The ladder is loaded on the gel

together with the samples and each bamdhe ladder has a known si2.
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Materials and reagents

Table 18 Reagents used in electrophoresis.

Components Producer

UltraPure Agarose Invitrogen

1 X TBE buffer Made at the lab (table 19)
GelRed Nucleic Acid Gel Stain Biotium

1 kb plus ladder Invitrogen

Table 19 Componentsor the10 X TBE and 1 X TBEbuffers.

Contents 10 X TBE 1 X TBE
TRIS/BASE 1080 g 108 g
Boric acid 550¢g 55¢

0.5 M EDTA (pH 8) 400 ml 40ml
Ad aqua dest 10 000 ml 5000 mi
Total 10000 ml 5000 ml
Table 20 Components fothe 1 kb plus ladder.

Contents Volume

Kb-ladder 20

Loading buffer 50 u

1 X TE buffer 330

Total 400

Table 21 Componentsor theloadingbuffer.

Contents Volumes

0.25 % Bromphenol Blue 0.05¢

0.25% Xylene cyanol 0.005¢g

40% wiv Sucrose 8.0¢g

Ad aqua dest 20 ml

Total 20 ml

Table 22 Components for th€E buffer

Contents 10X TE 1XTE
0.5 M EDTA (pH 8) 20 ml 2ml
TRIS/HCL 158 g 158¢g
Diluted 1000 pl 100pl
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Table 23 Equipmentused for electrophoresis.

Equipment Model Producer
Geltray, comb and tray Wide Mini-slub cell GT BioRad
Power supply Power Pac 300 BioRad
Power supply Power Pac basic BioRad
Imaging system BioDoc-it 220 Imaging Sgtem UVvP
Method

A 1.5 % agarose dotion was made by combining5/g agarose with 500 ml of 1 X TBE

buffer, which was mixed and warmed in a microwave oven until all of the agarose powder
was completely dissolved, and then stored at 65°C. To producr gdl the agarose solution

was poured into a géday containing a amb and left to polymerizéor 20 minutes. The comb

produces the wells in the gel were the samples are loaded. After polymerization the gel was
placed in a tray containing X TBE buffer Teng | of lladker phod 2 ¢l 0
productswere then loaded atne gel and run at 95 V for 38 minutes before sealing the gel
indye.l n some analysis 4 ¢l of | adder A#tend PCR
completed electrophoresis tgel was soaked in a dye (GelRed) for 20 minutes to stain the

DNA molecules. Before it was placed under Ulght in a BioDocit imaging systenfor

picture taking it wagsliscolouredin water. By comparing the band on the 1 kb plus ladder

with the bands fronthe PCR producighe size of the sample DNA was determined.

2.6 EX0SAP treatment of PCR products

ExoSAP was performed on all PCR products prior to sequencing.

Principle
Ex0SAP is a method for cleaning of PCR products before sequencing by removiahexf pr
leftovers anddeoxynucleotidesdNTP9. Exonnuclease 1 removes primer leftovers while

Shrimp Alkaline Phosphatase removes excess dNBBS
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Material and reagents

Table 24 Components irthe ExoSap.

Reagents Concentration Volume per reaction  Producer
Exonuclease 1 10 U/l 0,5 USB
Shrimp Alkaline Phosphatase 2 U/l 0,5 uUSsB
Method

lel of Eadd&AoRhe R@Rsproducts and ruthatPCR program presented in table
25.

Table 25 PCR program for ExoSAP

Steps Temperature Time
Activation 37°C 1 hour
Inactivation 85°C 15 minutes
Soak 4°C Infinite

2.7 DNA sequencing

DNA sequencing wagerformedon a seledbn of samples from preeclamppatiens, normal

controls and samples from normal pregnancies.

Principle

Sanger sagencing is a method where the correct order of bases in the DNA sequence is
determined. The basis for Sanger sequencing is use of DNA polymerase to synthesise a large
amount of DNA fragments of variable length, by incorporation of 2'deoxynucleotides
(dNTP9 and fluorescent labelled 2 3dideoxynucleotides (ddNTPs). Primers are used to
define the parts of the genome to be sequenced. The first step in the sequencing process is 1o
denaturize the template DNA, followed by annealing of primers to complemestgons in

the template. Aftehybridization of primers, DNA polymerasdtachego the primers 3end

and starts to synthesis new fragments of different lengths by incorporating dNTPs and
ddNTPs. When a dNTP is incorporated the synthesis will continueciaads a growing

DNA strand. Incorporation o ddNTP terminate the synthebiscause the ddNTPs lacks a

hydroxyl group at the 3end of the molecule. This hydroxyl group is essential for addition of
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new molecules. Since the incorporation of dNTPs aaidTdPsis random, DNA fragments

differing by one base pair (bfrom each other are produced.

After completion of the sequencing reaction the DNA fragments are separated by size by
capillary gel electrophoresis. The shotte®lecules travefastest throgh the gel and will

first be illuminated by UV light from a laser. All DNA fragments havddNTP at the end

which emitsa fluoregent signalupon illumindion. Each of the four ddNTPs (A, C, Gand T)

are labelled with different fluorescent colours and tenfiuorescent lights with different
spectres, revealing which type of bdbkatis present at the end of the fragment. A computer
program converts the emitted light into a complete sequence where all the bases in the

sequence are presented in correct 0fAe56, 57).

Material and reagents

Table 26 Componats used in sequencimgactions

Components Concentration Volume Producer

Primer For R 10 pmol/pl 0.5l SigmaAldrich
BigDye V.3.1 0.5ul Applied Biosystems
5 X buffer to BigDye. V.3.1 3u Applied Biosystems
dH,O 14 Braun

PCR product 2 W

Table 27 Equipmentused in sequencimgactions

Equipment Model Producer

Centrifuge Mini Star Silver VWR

Centrifuge Spectrafuge Mini Labnet

Thermal Cycler MBS Satellite 0,2 Thermal Cycler Thermo Electron Corporation
Thermal Cycler MBS 0,2S Thermo Hybaid

DNA sequencer ABI PISM 3130 XL Genetic Analyzer Applied Biosystems
Software SegScape Applied Biosystems
Method

The components presentedtable 28 were combined in &20ml PCR tube. The amount of

PCR product and water varied between different yemesl but the total volume of the

sequencing reaction was always 20 ¢l . The

sequencing reaction was performed in an ordinary thermo cycler at the program presented in
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table 29. Separation of the sequencing praduatre performed by capillary electrophoresis
with ABI PRISM 3130 xI Genetic Analyzer from Applied Biosystems.

Table 28 Components used in PCR.

Components Volume
Primer For R 0.5ul
BigDye V.3.1 0.5l

5 X buffer to BigDye. V.3.1 3u
dH,O 14
PCR ppoduct 2ul

Table 29 The PCR sequencing program

Step Temperature Time Cycles
Denaturation 96°C 10 sec

Annealing 50°C 5 sec 30
Extension 60°C 4 min

Storage 4°C Infinite Infinite

2.8 Array comparative genomic hybridization

Array comparative genoim hybridization (aCGH)was performed oman assortmenif 19

samples fren women with preeclampsia at@ samples from normal pregnancies.

Principle

The aCGH principle is presentedsaction 1.6 in the introduction (page-10)

Material and Reagents

Table 30: Kits used in aCGHnalysis

Kit Lot. no Producer
NimbleGen Dual colour DNA labelling Kit 12888300, 12209400, 1253790C NimbleGen
NimbleGen labelling and hybridization control Ki 12110700 NimbleGen
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Table 31 Arraysand mixeraised intheaCGHanalyss.

Arrays and Lot. no Array number Array format
Mixers
Array 090819 HG18_WG_CGH_V2_HX3 398843 3X 720K
Array 100718 _HG18 WG_CGH_V.3,1 HX3_HX3 461641 3X 720K
461642 3X72K
461643 3X720K
461678 3X72K
Array 100718 HG18 WG _CGH V3.1 _HX12 HX12 46142 12 X135K
509338 12 X135K
514596 12 X135K
Mixer 0014 HX3
0016 HX3
0024 HX12
11002197 HX 12
11002197 HX12
Table 3: Equipmentused in aCGHanalyss.
Equipment Model Producer
Pipette Pipet Lite Ranin
Centrifuge Mini Star Silver VWR
Centrifuge Spetrafuge Mini Labnet
Centrifuge Capselfuge PM@60 Tommy
Centrifuge Centrifuge 5415D Eppendorf
Vortexer VF2 Janke og Kunkel, KA laboratorietechnik

Thermal Cycler
MiniVac

Dryer

Hybridization system
Skanner

Water lath

Gas supply
Software

Software

Software

Software

PTC200 Pelter Thermal Cycler

MiVac

NimbleGen Microarrg Dryer
Hybridization System 4

GenePix 4000B

Ecoline Star Edition E100

NimbleGen Compressed Gas Nozz|

GenePix version 6
GenePix version 7
NimbleScan

Excel

MJ Research
GeneVac
NimbleGen
NimbleGen
Molecular dynamics
Lauda

NimbleGen
NimbleGen
NimbleGen
NimbleGen

Microsoft
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Method for 3X720K and 12X135K arrays

The aCGH procedure consisted several steps, involvingpreparation of Cy3 and Cy5
samplelabelling hybridization washing, and scanning arghta analysigfigure 6. How
these steps were performed is documented in the following procedhers they were
divided into different sections.A more detailed procedure regarding scanning and data

analysis can be found in refee(58).

Preparation of Cy3 and Cy5

e

Sample labeling

Hybridization

Assembly of mixer and array

Washing

Scanning and data analysis

IQIQIQIQI

Figure 6: lllustration of the different steps in the aCGH protocol presented below.

Preparatiorof Cy3 and Cy5 for use ilabellingof DNA.
2200 ¢l Random pr i mencapt@ethdndl evere cambohed 4n oree lvial B

fume hood. The vials containing Cy3 a@g5 were spun briefly and thezach of them were

diluted in 10 50 ¢ | of t he mixtur e oniercaptaethanol.nThep r i me
contents irthe tubes were transferred t@0nl PCR tubes. &hof thetubesc ont ai ned 40
of the solution and wastored at-20°C protected from light.

Labelling of patient and normal control DNA

In this step thgatient DNA and reference DNA welabelledwith different colours(Cy3 and
Cyb5). Thelabelling reaction was performed with oligo nucleotidemed synthesiby the

klenow enzymeFor labelling the componentsn table 33were combined IrPCR tubs.
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Amount of water weradjusted after the amount of DNA added. The total volumsater
and DNA were alwayd 0 ¢ |

Table 33: Components used féabellingof the DNA.

Contents Patient sample Normal control
DNA leg leg

Cy5 40 ¢l

Cy3 40 ¢l
H,O Variable Variable

LHC 1 2 ¢l

LHC 2 2 ¢l

The samples were then helgnatured in a thermocycler at 98 10 minutes and chilled
on ice for 2 minutes. A dNTP/KLENOW master mix for each of the samples was prepared on
iceandin afumehoodas described in table 34.

Table 34: Components in the dNTP/Klenow master mix.

dNTP/ klenow Master Mix Volume per sample

10 mM dNTP Mix 10 ¢l

PCR Grade Water 8 ¢l

Klenow fragment 2 ¢l

Total 20 ¢l

Twenty € | master mi x chvsanyplesaadddtieedconteras wasaed well by

pipetting up and dowtentimes. A quick spin waperformed to collect the contents in the
bottom of the tub before the samples were incubaf@d2 hours at 37°C in a thernmwycler
protected from light. After incubatiobl5 ¢ | s t avps added tai thei samples to stop

the labelling reaction and precipitate DNA. Hundred and¢eh i s o p asadded tohel —w
same nurber of new clean b.ml tubes as the number of samples. The samples were vortexed
briefy and spun before the dmmts were transferred to the51ml tubes containing
isopropanol. Aftetransferralto ispopropanol the tubes were vortexed \aelll incubatedor

10 minutes in room temperature, protected from light. To create a supernatant and form a
pellet the samples wereentrifuged at 12,000g for 10 minutes. The supernatant was
removed with a pipette, and 56080 % ice cold ethanol was added. Dislodge the pbilet

pipetting a few times up and down. Téemples were centrifuged at QQ0 X g for 2 minutes
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and the supernatant was removed. A speedVac were used to dry the contents in the tubes on
low heat proteted from Ight until they were dry, approximatef/minutes. After drying the

samples were #ier stored at20°C for up to Imonth or it was proceeded to the next step.

Rehydration prior to hybridization

Before opening the tubes were spun briefly, amdpéllets were rehydrated by addy 3 5 ¢ |
of PCR Grade Watdp each tube containing a pellet. The tubes were vortexed for 30 seconds
and a gick spin was performed befoBeminutes incubation in room temperature protected
from light. When the pellets were completely rehydrated they wertexed again and a

quick spinwasperformed. Theoncentratios of the rehydrated samples wénen quantified

by NanoDrop.

Hybridization
In this stepa hybridization buffer waaddedto the labelled samples. The hybridizatlmurffer

contains formamidewhich denaturizeghe DNA and creates single stranded DNA for
hybridization.It also prevents unspecific binding at temperatures lower than 37°C. In addition
the hybridization buffer contains Tween 20 which minimizes unspecific background noise,
and Dextra Sulfatewhich increases the DNA concentration and improves hyatigin for
optimizationof the results(59). Cot1l DNA is another componermh the hybridzation buffer

and hybridizesto repetitive sequencesn the labelled DNAand preventdalse fluorescent
signak (59).

The hybridization system wasqgranmed to 42°C Thirty onee g o f test samp
reference samples were combined iwrean 1, 5 ml tubes for the 3RO0K array and 2@ ¢

for the 12X13K array. The tubes were dried on low heat and protected from light on a
SpeedVacSubsequentlfhe sampswere either stored aR0°C for up to one month or it

wasprecededo the next step.

The dried pellets were +®uspended in 6. ¢ | samp | eol (BTCyfar the IXROKc ont r
array and 3 ¢ | f o r 13bkhaeray hritl Xortexed before a quick spin wasformed.
Afterwards onéhybridization master mix was made containing the refsgeresented itable

35.
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Table 35: Components for the hybridization master mix.

Components Volume for one slide (3X72&) Volume for one slide (12X13K)
2 X hybridizationbuffer 35 ¢l 885 ¢l

Hybridization Component A 14 ¢ | 354 ¢

Alignment Oligo 14 ¢l 36 ¢l

Total 504 ¢ | 1275 ¢ |

144 ¢ forKatrdyand & Xl 2 D o r 13%5Kramay df theXhybridization mix were
added to each sample before vortexing for 15 stx@md a quick spin. Followed by
incubationfor 5 minutes protected from light at room temperatukéerwards he tubes were
placed in a PCR thermal cycler (42°Gor 5 minutes and then vortexed and spun before
loading.

Assemblyof mixerand array

Before loading of samples the mixand arraywere atached to each other hyse of the
PMAT (figure 7)

Plastic
Spring

Slide

Rezister slide
to this edge

Barcode

Figure 7. Preparation of mixer and array. The PMAT is illustrated in blue, and the array and mixer are aligned
in the PMAT as demonstratedifter alignment of mixer and array in the PMAT, the PMAT is closed and the
array attatches to the mix&etrived fromreference(58).

After assembly of the mixer and array they were removed from the PaTincubated in

the hybridization system for 5 minuteBor removal of potentialiabubbles the mixer Brayer
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was rubed overthenmex. The samples were vortemwmteafll and sp

port on each swray for the X720K ar r ay and 185Kartay. Beforensertimge 1 2 X
the mixer and array into the hybridizati®ystem the fill and vent ports wereealed with

mixer ports and adhed properly wih the Mixer Brayer. The hybridizen reaction was

carried out in the range from 68 7@ hours.

Preparation of washing solutions

Excesslabelled DNA located on the aay after hybridization can cause false fluorescent
signals. To prevent thighe arrays weravashed inwashing solutions containingBS and
Tween20.0ne of the washingolutionsalsocontains formamidé€s9).

Before removal of the mixer and array from tigbridization system, the wash 1, 2 and 3
solutions were prepared as preseritethble 36. Two wash 4olutions were preparedne

for the bucket and onerf the slide container.

Table 36: Components and volumes for thvashing solutions.

Wash for one slide Wash 1 ( bucket) Wash 1,2, and 3 (slide container)
VWR 243ml 243 ml

10 X wash buffer 1,2 and 3 27ml 2.7 ml

IMDTT 27 ¢l 27 ¢l

Total 270 mi 27 ml

The bucketcontaining wash solution wagpreheateda 42°C while the othergere kept in
room temperature. After preparation of the washing solutions, the mixer was removed from
the hybridization systerand put intothe mixer diasserbly tool. The mixer disassembtypol
was placedin the bucket coniaing the pre heateavash 1 solutionand te mixer was

removed from the arrdyy carefully peeling it off.

Washing procedure

The arraywas shaken in the bucket for-16 secads and then transferréd the container
with room tempered waslh solution and sha&n for 2 minutes. Then the arrayas

transfered to the container with wasB solution and was shaken for 1 minute the last
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washing step the array wasnsferred tavash3 solutionand shaken for 15 seconbisfore it
wasdried in the NimbleGen Microarray dryer for 2 minutes.

Scanning andata analysis

Scanning and datnalysis were performed after the washing procedure was completed.

For scanning the &epix softwee was usedFivee m wa s u s e d and the wholex e |
array was scanned producing one imdgeall scanningorocedureghe PMT settings for each
colour (Cy3 and Cy5) were adjusted to produce histograms with overlappingsuhe
curves for Cy3 and Cy5 should be ovpdang for most of the histogram to produce good
quality results.

After end scanning datanaysis was erformed by importing the scanned image from the
GenePix software intNimblescanCGH software. Hereeach subarray on the scanned image
wasburst Eepaated into a separate image, creating threages (A01A03) for the 3X720K
array and twkre images (A0JA12) for the 12X.3K array.

After separating the array intalsarrays the images were grided by aligning gridmarks in
correct position over the arraylhis was performed automatically by the software, but in

some cases manual alignment was necessary.

In the next step in the datmalysis an experimental integrity report was made. For each
subarray one STC was added in thridization stepafter comlning one patient sample
with one normal control. In this step one experimental repagd made which documented
the STCsresentin the different arrays, as a quality control for adding the correct sample to

the correct subarray.
After controlof the STG, pair repats were createdhich, documents the signal intensity for
each probe on the array

In the final step of data analysis C&dgMNT reports were createtiere the data were
normalizd and copy number analysis wpsrformed. Parameters included Bweraging

window, minmum number of probes equal toa?d a log2 max/min scaling frot to 3. The
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off files produced were used in datbioinformatical analysisséction 2.9 page 48 and 49
Fluorescenceatio plots were made for all chromosawa eaxh subarray.

2.9 Bioinformatical analysis on aCGH results

Material

Table 37: Summary over the databases used in the processing of aCGH results

Database Link

CGHWeb (Childrens Hospital Program webserver) (http://compbio.med.harvard.edu/CGHweb/
Ensembl (R biomart package against human genor (may2009.archive.ensembl.org)

UCSC Genome Browser on Human Mar.2006 http://genome.ucsc.edu/elin/hgGateway?db=hg18
(NCBI36/hg18) Assembly
Database of Genomic Variants (DGV) http://projects.tcag.calvariation/

Table 38 Summary of thelgorithms used in the CGHWe®&ftwarepresented above

CGHWeb algorithms Link
Lowess
Wavelet http://www.mendeley.com/research/aregh-datamodelingand

smoothingin-stationarywaveletpackettransformdoman/

Quantreg http://biocinformatics.oxfordjournals.org/content/21/7/1146.full
RunAvg

CBS https/biocinformatics.oxfordjournals.org/content/23/6/657.short
CGHseg http://cran.fproject.org/web/packages/cghseg/

BioHMM http://bicinformatics.oxfordjournals.org/content/22/9/1144.short
cghFlasso http://cran.fproject.org/web/packages/cghFLasso/cghFLasso.pdf
GLAD http://bicinformatics.oxfordjournals.org/content/20/18/3413.short
FASeg http://www.sph.emory.edu/bios/FASeg/

Method

After generating the dg files they were used in bioinformatical analysdarst the gff-
formattedreportswere fed directly into the CGHWeb webserfarthe analysis of CGH data.
This service offers the distinct advantage of running several alogrithms in parallel offering
users the abilityto select results based on tbensensudindings of the algorithms. The
algorithmsused by this server gréowess, Wavelet, QuantregRunAvg, CBS,CGHseg,
BioHMM, cghFlass,GLAD, and FASedfigure 8).
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Figure 8: Presentation fothe algorithms used in the CGHWeb serv@n the left gie of the figure the
algorithms are documented. The chromosome illustrates the chromosomal fost for the detected
deletiongind duplications. Green lines represent detected deletions and orandepinesgions.

Deletions and duplicationdetected in more than four of the presented algorithms were
included in further analysis whereoresensus areas of deviation were parsed from the
CGHweb analysis and mapped against known genes in area. Positiensyaged using R
biomart package gainst human genome build 18ngy2009.archive.ensembl.org) in
accordance with the desidile supplied with the CGH arraysGene name, specifically
HGNC gene name was takerorn the Eisembl annotation based on chromosoraena)
probe start and probe stop. To better review and integrate results pageiwas generated
for each array with direct hyperlinks to the UCSC browserafeas in questigrirom these

the tabls in gpendix A(I-XX) were made. All deleted or dupdited areas involving 5 or
more probes wereincluded and werelocumented witlchromosome position, start and end
position for the probesjumber of probes, genes involvadd mean valus. The mean value

represent the average signal strength foundinvitie window of probes.

The USCS hyperlinks were used to document the chromosomal position and gene contents for
the areas in questiq@NVs). This database also contained information on gene function and
expression profilefor the detected genes and wasdi inthe evaluation of their potential role

in the pathophysiologgf preeclampsia

The database of Genomic Variants (DGWas screesd for the areas in questioRGV
presentsan outline over the structural variation in the hurgeanome andteucturalvariants
involving more than 1kb in size are included in this database. All varfiaumtsl in samples

from healthy individuals are presented in this database.
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3.0 Results

3.1 DNA extraction

Manual extraction was performed on normal controls from heatithiyiduals (KtK4, M1-

M6), while automatic extraction was carried aut all samples from preeclampfiatients

and normal pregnancies used in PCR, sequencing and a@&ysis For comparison of the

two extraction methods the controls from healthy indieid were also extracted
automatically. Following the extraction process the DNA concentration was quantified by
NanoDrop and all plots were examined before subsequent analysesesferenpd on the
extracted DNA The two extraction methods showed similegsults regarding bbt
concentrations and purity. The purity was determined after evaluation of the A260 and A280
ratios. The samples with the highest purity and concentrations were selected for succeeding

analysis.

For the normal controls the DNA condeations were within the rge of 1601425 n g/ ¢ |
The patierd samples used in sequencing (maternal EDTA blood samples) had DNA

concetrations in the range rom43.512..ng/ ¢l whi |l e t he sampl es fr
had concentrations from #1420 ng/ ¢ | . Tshsamplgs aused eim aCGHadh
concentrations in the range of 3R1W4.1n g / ¢ | and the samples fror

from 27011045 ng/ ¢ |

3.2 Gradient PCR

Gradient PCR waperformed orDNA extracted from healthy individuals for @le primers
used in sequencing of thkaeverin gene. The controls were selected based on their
concentratiorand purity after quantification with NanoDrofample M6 was used fahe
primers LVRN ex 1_1R-3F/R, K4 for primer LVRN ex 4F/ROF/R, K3 for primers LVRN

ex 11F/R16F/R, M4 for primers LVRN ed7F/R20_3F/R and M1 for primers LVRN ex
20_4F/R and ex 11_F1/12_R2.
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For all gel pictures presented this section, the numbers dhe left side of the picture
representhe size of the fragments of the 1 kb plus ladaszd in all experiments. All gel
pictures have some weak bands above the first visible band on the ladder. These represent
genomic DNA present in the PCR products. All primers were run at the same PCR gradient
program wich is presented in table 1%he PCR products from the different aating
temperatures were loadl®en the gel in the same order as the gradient PCR prograenfirst

well on the gel pictures always contains PCR praslfiddm annealing temperature 58C

continuing with increasing temperatures in the following wells.

G0 600008000009000m0 00000

TI 2R R R R R R

Figure9: Wellm(nl) 1 kb plus ladder, well (2) empty well, well {34) primer LVRN ex1_1F and ex 1_1R, Well
(15) empty well, Well (16)27) primer LVRN ex 1 2F and ex 1_2R.
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Figure 10: Well (1) 1 kb plus ladder, Well (2) empty well, Well-{3) PrimerLVRN ex 2F and ex 2R, Well
(15) empty well, Well (16)27) Primer LVRN ex 3F and ex 3R.
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Figure 11: Well (1) 1 kb plus ladder Well (2) empty well , Wells{3%) primer LVRN ex 4F and ex 4R, Well
(15) empty well, Wells (16§27) primer LVRN ex5F and ex 5R
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Figure 12 Well (1) 1 kb plus ladder well (2) empty well, wells {@4) Primer LVRN ex 6F and ex 6R (15)
empty wells (16)27) primer LVRN ex 7F and ex 7R.
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Figure 13: Well (1) 1 kb plus ladder well (2) empty well, wells {3¢) pimer LVRN ex8_9F and ex 8 9R,
Well (15) empty well, wells (16§27) primer LVRN ex10F and ex10R.
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Figure 14: Well (1) 1 kb plus ladder, well (2) empty well, wells{3}4) Primer LVRN ex11F and ex 11R (15)
empty well (16)(27) primer LVRN ex 11F andkel2R.
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Figure 15 Well (1) 1 kb plus ladder, well (2) empty well, wells{@¢) primer LVRN ex 13F and ex 13R, well
(15) empty well, wells (16§27) Primer LVRN ex 14F and ex 14R.
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Figure 16: Well (1) 1 kb plus ladder , well (2) empty well, wel3}{(14) primer LVRN ex 15F and ex 15R ,
well (15) empty well, wells (16§27) primer LVRN ex 16F and 16R.
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Figure 17: Well (1) 1 kb plus ladder, well (2) empty well, wells{3)}4) Primer LVRN ex 17F and ex 17R, well
(15) empty well, wells (16§27) pimer LVRN ex 18F + ex 18R

Figure 18 Well (1) 1 kb plus ladder, well (2) empty well, wells{@¢) primer LVRN ex 19F and ex 19R, well
(15) empty well, wells (16§27) primer LVRN ex 20_1F and ex 20_1R.

Figure 19: Well (1) 1 kb plus ladder, well (Dmpty well, wells (3X14) Primer LVRN ex 20 _2F and ex 20 2R
well (15) empty well (16Y27) Primer LVRN ex 20_3F + ex 20_3R.
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