GENETIC VARIATION AND ALLELIC IMBALANCE IN A SELECTION
OF GENES IN BREAST CANCER PATIENTS.
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Abstract

Genetic variation, such as Single Nucleotide Polymorphisms (SNPs), are
naturally occurring characteristics of the genome that differs between
individuals of a species, and in some cases affect the risk of developing a
disease. When the phenotype is affected by the genotype it happens through
expression, and the level of expression itself can be considered a phenotype.
When two alleles have different expression levels it is known as Allelic
Imbalance (Al). Breast cancer (BC) is a complex disease which is influenced by
genetic variation and level of expression of certain genes, along with other risk
factors, e.g. Mendelian inherited gene variants (like BRCA1 and BRCA2) and
hormone replacement therapy (HRT). This thesis examines the variation in
germline DNA and tumour expression level in BC patients. SNPs in 9
haplotypes associated with Reactive Oxygen Species (ROS) pathways, and
previously shown to have significantly different genotype frequencies in BC
cases and controls, were genotyped with MassArray in a larger number of BC
cases and healthy controls, and the frequency distribution of the two groups
was compared. This validation showed that all 9 haplotypes was significantly
associated with BC risk. In addition, 20 SNPs in 19 genes were genotyped in
tumour RNA with the TagMan SNP Genotyping assays to measure the level of
expression of each allele relative to each other, and 50 % was shown to have

significant Al.
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1 Introduction

1.1 Genetic variation and expression

1.1.1 Genetic variation

Naturally occurring characteristics in the genome that differ between
different individuals in a species are called genetic variation. At any given
position two or more versions of the sequence may have emerged during the
evolution giving more than one allele. This variation may have arisen due to
mutation, unequal recombination, duplication, inversion, or insertion or deletion
of a sequence (indels) (Futuyma D J, 2005).

The vast majority of the variation in DeoxyriboNucleic Acid (DNA)
sequences is likely to be neutral, with no or little effect on a trait, including
susceptibility to disease (Halliburton R, 2004). Some variants may have a large
role in the development of a disease, commonly referred to as monogenic, or
Mendelian, disease. For instance, cystic fibrosis and Huntington’s, are both
caused by a mutation in a single gene (Halliburton R, 2004). However, the
majority of variation has only a limited impact on disease risk, where increased
disease susceptibility is the combination of multiple genetic variants and
environmental factors. This type of complex disease could be viewed a a sum of
guantitative traits, and the variations affecting it are known as Quantitative Trait
Loci (QTL) (Halliburton R, 2004). Different types of variation includes Copy
Number Variation (CNV), a common denominator for deletions, insertions,
inversions and duplications above 1 kilobase (kb) in size (Redon R et al., 2006),
Variable Number Tandem Repeats (VNTR), i. e. different types of short
sequence repeats (Halliburton R, 2004), and Single Nucleotide Polymorphisms
(SNP), variation in a single base above 1 % in frequency. SNPs are composing
90 % of human genetic variation, with frequency of one per 300 bases in the
genome (The International HapMap Consortium, 2003). Though theoretically a
SNP may harbour more than two variants they are usually biallelic (Vignal A et
al., 2002).



The impact of a SNP may depend on its location. A SNP located in
regulatory regions is known as a regulatory SNP (rSNP) and may reside up or
down-stream of the gene. A SNP in the coding region is called a coding SNP
(cSNP), and in the intronic space they are referred to as intronic SNPs (iISNP)
(figure 1). A SNP in the intergenic region may have no effect on regulation of
the gene and is then known as a non-regulatory SNP (nrSNP).
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Figure 1. The different positions of SNPs relative to a gene. A. The rSNP is located in the
regulatory region, cSNPs in exons, and the iSNP is in the intron of a gene. A SNP in the
intergenic region may be an nrSNP, and an rSNP may be located in the coding region as well.
B. The linkage disequilibrium block marks the SNPs as being linked and composing a haplotype
block. The red marks where there is linkage (D' = 1), while the white squares show where
recombination occur. The pink squares are areas where D’<0,5 but the log odds (LOD) score is

high (NQO2, genome.ucsc.edu).

A SNP in the coding region may have an impact on the protein
depending on the position in the triplet that makes up one codon. The codon
translates to one amino acid (AA), and due to the degenerate nature of the
genetic code, a SNP may not give rise to a different AA, referred to as silent or

synonymous (sSNP), SNPs resulting in an AA change are called non-



synonymous (nsSNP) (Halliburton R, 2004). However, SSNP may still exert a
regulatory function and have an effect on the expression. Each codon matches
a different transfer RiboNucleic Acids (tRNA), and they are present in different
concentrations. This may cause different transcription rates according to the
different alleles of an sSNP. The iSNPs may also have an effect on the
processing of the transcript if located at specific sites, such as splicing sites or

protein binding boxes.

SNPs located in close proximity to each other may be in linkage
disequilibrium (LD), which is when two loci are inherited together more often
than by chance. Theoretically two loci are considered in LD if the frequency of
recombination between them is less than 50 % (Halliburton R, 2004), however,
in practice the cut off used is usually lower. Linked SNPs are located between
recombination hotspots (figure 1), and the alleles are inherited together as a
haplotype.

One great advantage with haplotypes is that if one genotype only a few
selected SNPs in the LD block, one may theoretically genotype them all. These
SNPs are referred to as haplotype tagSNPs (htSNPs) and they may be
identified using the HapMap database (hapmap.ncbi.nim.nih.gov). About 1 % of
all SNPs in the human genome cannot be captured by tagSNPs (Frazer K A et

al., 2007), and this is mainly due to their location in recombination hotspots.

1.1.2 Variation in gene expression

The phenotype is affected by the genotype through expression, and
expression can itself be considered a phenotype (Rockman M V and Kruglyak
L, 2006). Expression of a gene may depend on multiple factors including, in
addition to DNA polymorphisms, that are studied here, also micro RNAs and
methylation of regulatory site in close proximity to the gene (cis), as well as
trans-acting factors such as transcription factors, which may also have
regulatory variants, such as DNA polymorphisms. Though the trans-acting

regulatory mechanisms are more important for gene expression, 25-35 % of the



differences in gene expression level between individuals may be explained by
variation in cis-acting regulating sequences (Pastinen T and Hudson T J, 2004).
In fact, most known regulatory polymorphisms are located in the promoter
regions and the effect these variants have on expression may be important for
development and prognosis of diseases (Stranger B E et al., 2005).

Considering expression as a phenotype and the amount of expression as
a quantitative trait, it may, like other quantitative traits, be affected by several
loci. The variation in these expression Quantitative Trait Loci (eQTL) determines
the amount of transcript produced. An eQTL can reside in the regulatory
sequence or in the coding sequence of a gene and to identify and determine its
effect on the expression is as difficult as with any other quantitative trait. Unless
the study involves a very large number of individuals, only those loci harbouring
a strong effect on transcript level can be detected. These loci can exert their
effect either in cis or in trans or both. The LD between the functional and nearby
non-functional loci may complicate their identification, and those loci exerting
their effect through haplotypes rather than single polymorphisms may further
hamper the detection (Rockman M V and Kruglyak L, 2006).

When alleles have different expression levels at a single locus it is referred
to as allelic imbalance (Al), differential allelic expression (DAE) (Maia A T et al.,
2009) or allelic-specific expression (Pastinen T and Hudson T J, 2004). The
imbalance may be complete, effectively making heterozygotes monozygotically
expressed. An example is genes whose expression patterns depend on
whether the allele is paternally or maternally imprinted. Imprinting is associated
with methylation or histone modification, and interindividual variability in
transcription levels of the imprinted genes have been observed (Pastinen T and
Hudson T J, 2004). The amount of transcript produced for each allele is affected
by functional polymorphisms as well as environmental factors, implying that
gene expression may vary between tissues as these harbour different
environments (Rockman M V and Kruglyak L, 2006). A recent study suggests
that the Al of human blood and healthy breast tissue are similar in a selection of
genes with possible association to breast cancer susceptibility (Maia A T et al.,
2009).



Allelic imbalance is a common phenomenon in humans (Lo H S et al., 2003)
and it may be used to identify the SNPs with an impact on expression and
potentially more complex phenotypes. Given the effect of genetic variation on
transcription, and the impact of variation on risk and prognosis of complex
diseases, such as breast cancer (Chang H Y et al., 2005; Liu R et al., 2007;
Naderi A et al., 2007; Sorlie T et al., 2006; van ', V et al., 2002; van d, V et al.,
2002; Wang Y et al., 2005), identifying these variants may be a step towards
better prediction of risk and outcome. Assuming LD between cSNP and rSNP,
measuring Al is a simple and adequate initial screen to identify the candidates

for functional validation.

1.2 Breast cancer

Cancer is a collection of diseases recognized by abnormal and rapid
growth of cells. Breast cancer (BC) is the most common type of cancer among
women worldwide (WHO fact sheet no. 297). Breast carcinomas developed
from epithelial cells lining the ducts and lobules are the most common form of
breast cancer tumours, but non-epithelial tumours do exist as well (Lee J H et
al., 2010).

Several risk factors increase the possibility of developing BC. Being a
woman is the most noticeable risk, as less than 1 % of all breast cancer patients
are male (Ottini L et al., 2010). Having breast cancer in the family also
increases the chances of developing the disease as several genes, including
BRCAL and BRCAZ2, harbour variants that increase the odds (Antoniou A et al.,
2003). Life-history traits, such as late first pregnancy or number of children, also
influence the risk (Althuis M D et al., 2004), and environmental factors may play
a role (Lof M and Weiderpass E, 2009). Oral contraceptives and hormone
therapy may also increase the risk (Althuis M D et al., 2004).

The transformation of a healthy breast into an advanced tumour is a
multistage process. Increased density in the breast, as determined by
mammogram, is associated with elevated risk of developing breast cancer, and
this may be regarded as the first step (McCormack V A and dos S S, |, 2006).

10



When the tumour has appeared the next steps are the different stages of breast
cancer, Ductal carcinoma in situ (DCIS) being the first stage (called Tis in the
Tumour Node Metastasis (TNM) staging system). These are tumours of the
ducts or lobules without invasion to the nearby tissue. Stages T1-T3 depends
on the size of the tumours; T1 being less than 2 cm in diameter, T2 carcinomas
between 2 and 5 cm, and T3 being everything above 5 cm. T4 is advanced
carcinoma of any size, and are either inflammatory or have extensions either to
the chest wall or skin. The TNM classification do in addition take spreading to
nearby nodes (NO-3), and metastasis (MO = no metastasis, M1 = present) into
account (Brystkreft. Diagnostikk og behandling. En veiledning., 5th edition)

1.3 Reactive Oxygen Species

Reactive Oxygen Species (ROS) are molecules or ions formed by the
incomplete reduction of one electron of an oxygen atom. ROS are important in
humans for several reasons, including being part of the phagocytes’ arsenal
when destroying microbial agents, aiding the regulation of signal transduction
and playing a part in the regulation of gene expression. However, they may also
cause oxidative damage to nucleic acids, proteins and lipids, and ROS are
known to cause mutations in the TP53 gene, a known tumour suppressor.
Factors that create and maintain ROS may therefore contribute to the
development of tumours, and antioxidants that destroy ROS may help inhibit
tumour development (Pan J S et al., 2009).

1.4 Background

Our department has previously reported a study with genotyping of 1030
SNPs in DNA from blood of 193 female breast cancer patients. The 213 genes
selected were involved in ROS metabolism and signalling, DNA repair and
apoptosis. (Edvardsen H et al., 2006). Furthermore the patients’ germline
genotype data were also compared to their tumour's genome wide gene
expression data in 50 of the cases. The expression of multiple transcripts

11



showed a significantly higher correlation than expected by chance with SNPs in
cis (Kristensen V N et al., 2006). By comparing genotype frequencies of breast
cancer patients with healthy individuals, a number of SNPs associated with
breast cancer risk were revealed (unpublished). To validate the results the
SNPs needed to be genotyped in large cohorts of BC patients and healthy
individuals (study 1).

A later study investigating the role of functional SNPs in response to
certain treatments, found several SNPs with significant association with gene
expression (Nordgard S H et al., 2008a). The SNPs of these studies were
selected for being associated with the expression of relevant genes, and, in the
latter study, for being functional. In addition, an investigation correlating genome
wide SNPs and gene expression data, i.e. with no known association with
breast cancer was performed, and discovered novel players in the initiation and
development of the disease, which are validated here (study 2).

1.5 Aim

The aim of this thesis was to examine genetic variation in germline DNA
and variation in gene expression level in breast cancer for a selection of SNPs.

This was approached from two different angles:

1. SNPs in ROS pathways with significantly different genotype frequency
distribution in breast cancer patients and controls were genotyped in a
larger cohort of patients and controls, and the genotype frequency
distributions were compared.

2. SNPs previously associated with significantly different gene expression
levels were genotyped in heterozygotic RiboNucleic Acids (RNA) with
real-time polymerase chain reaction (PCR) to measure the relative
amount of each allele. The data was used to calculate the level of Al. In
addition, a case control analysis was performed on the germline

genotype frequency data.

12



2 Materials and methods

2.1 Materials

The materials included in this thesis are collected previously for other

studies. Informed consent from the donors and approval by the regional ethics

board were acquired prior to this study. The materials are listed in table 1,

including number of samples per study, and a more detailed explanation of

each material follows;

Table 1. Genotyped materials.

Column 2, 3 and 4: number of individuals genotyped with

MassArray, DNA and RNA samples genotyped with TagMan for the study of Al, respectively.

. MasseArray TagMan . . —
Material N DNA N DNA N RNA Description RNA isolation
DCIS - - 89 Ductal carcinoma in situ tumors. | Column purification
Blood and tumour specimen
LB 45 22 7 from females with stage 3 and 4 Trizol extraction
BC.
Blood and tumour specimen
FU 24 30 30 from females with stage 3 and 4 Trizol extraction
BC.
LN 105 24 - Blood from healthy women. -
MAMO4 412 ) ) Blood of pat%nct:s with stage 2 )
MB 120 - - Blood from BC patients. -
Blood and breast biopsies from
MDG 185 187 59 patients with dense MD** and Column purification
newly diagnosed breast cancer.
Micma 699 132 ) Blood from patients with mainly )
early stage BC.
NOWAC 525 - - Blood from healthy women. -
SIFFK 210 - - Blood from healthy women. -
TMBC 1019 - - Blood from healthy women. -
Blood and primary tumor from
ULL 119 44 41 patients with mainly early stage Trizol extraction
BC.
XRAT 273 ) ) Blood from BC patients who )
received radiotherapy.

* Method of RNA isolation used for this cohort
** Mammographic density

13




DCIS

A material collected between 1986 and 2004 for the study of TP53
mutations in early stage breast cancer. The 118 tumour specimen were
sampled from women with pure Ductal Carcinoma in Situ (DCIS) (N=32),
invasive breast carcinoma (N=38) or a mixture of the two (N=48) (Zhou W et al.,
2009). RNA was isolated by column purificatio, and 89 of the 118 RNA samples

were included here, representing DCIS and early stages of BC.

LB

Blood and tumour specimen collected between1993 and 2001 for a study
examining the effect of certain TP53 mutations on resistance to Doxorubicin
treatment and relapse of breast cancer. Patients were between 32 and 88 years
of age with locally advanced breast cancer (stage 3 and 4). They were treated
with Doxorubicin in an adjuvant setting, and tumour biopsies were taken both
before (N=51) and after (N=37) treatment (Aas T et al., 1996). RNA was
isolated by the Trizol extraction method. While 45 blood DNA samples were
genotyped with MassArray, 22 blood DNA samples and 7 tumour RNA samples
of the before treatment batch, were genotyped with TagMan (representing stage
3 and 4 BC).

FU

This cohort consisted of specimen from 35 patients (37-82 years of age)
with stage 3 and 4 breast cancer that received neoadjuvant treatment of 5-
fluorouracil and mitomycin. The study examined the role of specific TP53
mutations in response to a non-anthracycline treatment. Tumour specimen were
collected both before and after treatment in the period 1993-2001 (Geisler S et
al., 2003). This thesis included 24 blood DNA samples in study 1, and 30 DNA
samples from blood and 30 RNA samples from tumour prior to treatment
(representing stage 3 and 4 BC) in study 2. RNA was isolated with the Trizol

extraction method.
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LN

A collection of 109 blood samples from normal postmenopausal women
(55-72 years of age), with at least two consecutive negative mammograms over
a period of two years, and who were not on Hormone Replacement Therapy
(HRT) (Helle S I et al., 2002). LN is geographically matched to LB and FU. In
this thesis 24 DNA samples were genotyped with TagMan and 10 used as
controls for the study of Al (study 2), and 105 were genotyped with MassArray
and used as control for the case control analysis of SNPs in the ROS pathways
(study 1).

MamO04

A cohort of 464 patients (stage 2 and 3) treated with adjuvant
radiotherapy between 1998 and 2002 and designed to examine late clinical and
biochemical effects of the treatment. The study participants had to be 75 years
or younger in 2004 and with no recurrence or other cancers (Landmark-Hoyvik
H et al., 2009). In this thesis 412 DNA samples from blood was genotyped with
MassArray in study 1.

MB

Blood and tumour DNA collected from 360 breast cancer patients
between 1972 and 1991 (31 to 85 years of age), with primary tumour or breast
cancer metastasis. The study examined the prognostic significance of selected
mutations (Andersen T | et al., 1993). Here 120 blood DNA samples were

genotyped with MassArray.
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MDG

Biopsies collected from dense breast and small cancers from women
aged between 22 and 87 years. The study is ongoing and has currently
collected blood DNA and tissue specimen from 121 women without breast
cancer and 65 with. The goal is 200 with in 100 in each subgroup. The study is
designed to analyse density variation in healthy breast and BC (unpublished).
RNA was isolated with the column purification method, and in this thesis
185/187 blood DNA samples and 59 tumour RNA samples from the group with

breast cancer were used, representing early stage BC.

Micma

Blood, tumour and bone marrow specimen from patients (32-93 years of
age) mainly with stage 1 and 2 breast cancer. The material was used in a study
to examine the importance of isolated tumour cells in bone marrow of breast
cancer patients (Wiedswang G et al.,, 2003). In this thesis, 699 blood DNA
samples were genotyped for SNPs in ROS pathways with MassArray (study 1)
and 132 blood DNA samples were genotyped with TagMan (study 1).

Nowac

Blood samples collected from healthy women, in the age range of 30-70
years, living in the Tromsg area and with no history of BC, determined by cross-
reference to the Norwegian Cancer register. The samples have been collected
since 1991 and includes at present more than 100000 individuals. Information
was collected through extensive questionnaires, including details about parity,
lifestyle, diet and use of HRT. Follow-up ensure that participants who later
develop breast cancer are reassigned to the case group. The aim is to create a
databank of women representative for the entire female population in their
respective age-groups (Lund E et al., 2003). In this thesis 525 DNA blood
samples were genotyped with MassArray and used as control for the case

control analysis in study 1.
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SIFFK

Blood samples from 220 randomly selected apparently healthy women
between 20 and 40 years of age collected in 1991/1992, and ensured to show
no sign of Cervical Intraepithelial Neoplasia (CIN). These were to be control
samples in a study estimating the association between CIN grade II-lll and
presence of DNA from the human papillomavirus (Helland A et al., 1998). 210
blood DNA samples were genotyped with MassArray and used as controls in

this thesis.

TMBC

Blood samples from 1041 healthy women above 50 years of age with a
negative mammogram, collected in 2001 and 2002. Females with breast cancer
were excluded. The participants were interviewed by a trained nurse concerning
their current and previous postmenopausal HRT use, reproductive and
menstrual factors, previous history of cancer and smoking status. The
participants completed questionnaires in both 2001 and 2002. The study aimed
to classify mammograms and examine their relationship to selected risk factors
for breast cancer development (Gram | T et al., 2005). In study 1, 1019 DNA
blood samples were included in the control cohort of case control analysis of
SNPs in ROS pathways.

ull

Primary tumour samples obtained from 212 breast cancer patients (28-91
years of age) between 1987 and 1994. Blood samples were collected in 1996
from 130 of the patients. The material was used in a study that examined the
relationship between abnormal P53 protein and no expression of P21 in human
BC tumours (Bukholm | K et al.,, 1997). The tumours were stage 1 to 3, and
RNA was isolated by the Trizol extraction method. Used in this thesis were 119
samples of blood DNA for the genotyping of SNPs in the ROS pathways (study
1), and 44 samples of blood DNA and 41 samples of tumour RNA for study 2,
representing the early to middle stages of BC.
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XRAT

Blood DNA from 275 breast cancer patients who received radiotherapy,
grouped by the dosage they received. The treatment was performed between
1975 and 1986 and blood samples were collected in 1996. The purpose was to
evaluate these patients for adverse sideeffects caused by the radiotherapy
(Edvardsen H et al.,, 2007). In this thesis, 273 blood DNA samples were
genotyped with MassArray.

2.2 Methods

2.2.1 RNA isolation
RNA were previously isolated by either of two methods; Guanidinium

thiocyanate-phenol-chloroform extraction (TRIzol® extraction) by Invitrogen (do
not include a removal of residual DNA step), or column purification with DNAse

treatment.

2.2.2 Genotyping of SNPs in study 1 with MassArray

SNPs in genes with connection to the ROS pathways were genotyped in
DNA on a MassArray® Platform with the IPLEX® Gold assays. The system is
produced by Sequenom, Inc., and its outline is illustrated in figure 2. The SNP
of interest and surrounding sequence are amplified by Polymerase Chain
Reaction (PCR), and remaining nucleotides (dNTPs) deactivated by a
dephosphorylating SAP treatment. Next step is the annealing of primers to the
DNA and subsequent extension. The primers are complementary to the
sequence adjacent to the SNP and elongated with the SNP. Detection is then
performed by a Sequenom MALDI-TOF mass spectrometer. The different
alleles of the SNP are differentiated by their different mass.

Briefly, samples were prepared by dilution to 20 ng/pl and transferred to
96-well plates with a volume of 30 pl per sample. Each plate contained 94
samples and two blanks. When the concentration was not previously known, the

samples were measured with a Saveen Biotech Nanodrop 1000.
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Genotyping was performed at Center for Integrative Genetics (CiGene) at
the Norwegian University of Life Sciences (UMB) in As, according to the
recommended protocol from Sequenom (www.sequenom.com). Assays were
designed with the MassARRAY® Assay Design v.3.1 software and ordered
from Sequenom, Inc. Sequences are listed in supplementary table 1. Data
analysis was performed with MassARRAY® Typer v.4.0 software.

Amplification
10-mer tag
forward PCR primer
S —p [C/G] a3
. [G/C] -
B o . |
Genomic 44—
reverse PCR
10-mer tag

PCR Product l

[CIG]
[G/C]

) SAP treatment to neutralize
SAP Treatment unincerporated dNTPs

|

IPLEX Gold Reaction

Primer extension into SNP site
Allele 1 I 'G iPLEX Gold cocktail containing
Primer extension into SNP site | Primer, enzyme, buffer, and
Allele 2 e C s terminator nucleotides

(@

!

Sample conditioning, dispensing. and
MALDI-TOF MS

Spectrum l

MALDI-TOF mass spectrometry
analysis

P

CVTY

24-plex spectrum

Figure 2. Genotyping with the MassArray System. Flowchart of genotyping (from the top
down); PCR amplification of target sequence including the SNP to be genotyped, SAP
treatment for removal of unincorporated dNTPs, annealing of the primers to the target sequence
and subsequent extension of the SNP, and the measure of nucleotide size with the MALDI-TOF

mass spectrometry (figure from www.sequenom.com).
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2.2.3 Genotyping of SNPs in study 2 with TagMan

The 20 selected SNPs were genotyped in DNA and complementary DNA
(cDNA), created from the RNA specimens, with TagMan® SNP Genotyping
Assays to determine the allelic ratios (AR) of each gene. TagMan, outlined in
figure 3, is real-time PCR, where the amplification product is measured when
produced. TagMan probes have fluorescent dye attached along with a
quencher. The probe attaches to the SNP and the surrounding sequence, and
the dye does not fluoresce as long as both dye and quencher are attached to
the probe. During PCR, the polymerase destroys the probe, releasing
fluorescent dye from quencher. This causes the dye to fluoresce, signalling that
the SNP has been polymerized. The probe has to fit perfectly, and the two
alleles have a probe with a different dye. The probe with the right allele has the
highest affinity for the sequence, and genotype can thereby be read by the
emitted signal. The volumes of each reactant for the protocols of DNA and

cDNA genotyping are given in table 2.
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Figure 3. Genotyping with TagMan®. The probe and primers attach to target sequences
(top), followed by polymerization and degradation of the probe, causing dye to be released
(middle) and fluoresce. The result is an equal amount of fluorescing dyes and PCR products
(bottom), and the amount of PCR product can be measured by how much signal is present

(figure from en.wikipedia.org/wiki/TagMan).

Table 2. The reagents for the TagMan protocols. Highlighting the differences between the
DNA and cDNA SNP genotyping protocols. The volumes are in pl.

Reactant DNA cDNA
Mastermix 2,5 5
Primers/probes | 0,0625 0,5
H,O 0 3,83
Template 2,44 0,67
Total 5 10
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2.2.3.1 DNA genotyping

Genotyping was performed according to the SNP DNA genotyping
protocol (wwwa3.appliedsystems.com), and the volumes are listed in table 2.
SNP assays were ordered from Applied Biosystems; 15 pre-designed and 5
custom made. Sequences for the custom assays were retrieved from the
SNPper database (SNPper.chip.org), and confirmed by Blat search in the
UCSC Genome Browser (genome.ucsc.edu). Sequences for all the SNPs are
listed in supplementary tables 2 (pre-designed) and 3 (custom made).

Real-time PCR was performed on a 7900HT Fast Real-Time PCR
System with the software SDS 2.3, under Allelic Quantification (AQ) settings,
which reads the fluorescence level during the PCR. The Allelic Discrimination
post-read process is performed after the PCR and reads the total level of
fluorescence present. The post-read predicts the genotypes based on the total
amount of signals The DNA template concentration was 5 ng/ul, and there was
one Non Template Control (NTC) per SNP per plate, containing only master

mix, primer/probes and water.

2.2.3.2 cDNA genotyping

Genotyping of cDNA was performed to determine the level of alleles
expressed relative to each other, the allelic ratio, for a given SNP. A random
selection of RNA specimen were controlled for quality, and all RNAs were

DNAse treated if needed and reverse transcribed into cDNA prior to the

genotyping.

2.2.3.2.1 RNA quality control

The purpose of the quality control was to determine whether the RNA
samples were degraded, as well as investigating whether the DNAse treatment
may have an affect on the RNA. Quality control was performed with Agilent
2100 Bioanalyzer for a subset of random selected RNA specimen prior to cDNA
synthesis. Five random FU samples; where 3 were done both before and after

DNAse treatment, and 6 Ull samples were chosen.
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The Bioanalyzer utilizes a set of micro channels to separate nucleic acid
fragments by electrophoresis according to size. When the fragments reach the
detection point the bioanalyzer detects and records the fluorescence added to
the nucleic acid prior to electrophoresis. The results can then be analyzed by
use of the software, which returns estimated concentration, a plot of the
fluorescence level versus fragments size, i.e. the time before the fragments
reach the detector (figures 7 and 8), and a RNA Integrity Number (RIN) which
gives the level of degraded RNA. The preparation of the chip and the analysis
of results were performed according to the manufacture recommended protocol

(www.chem.agilent.com).

2.2.3.2.2 DNAse treatment and cDNA synthesis

Before cDNA synthesis, removal of residual DNA was performed for all
samples isolated by the TRIzol® extraction protocol, due to the lack of DNAse
treatment in this protocol. This was accomplished with the DNA-free™ DNAse
Treatment and Removal Reagents kit, purchased from Applied Biosystems,
according to the producer recommended protocol
(www3.appliedbiosystems.com). The kit remove all residual DNA with nuclease
free DNAse |, and then degrades the DNAse. The materials FU, LB and Ul
were DNAse treated.

cDNA synthesis was performed for all tumour RNA specimen of the 5
cohorts FU, LB, Ull, MDG and DCIS (5 ng of RNA in a 20 pl reaction), with the
High Capacity cDNA Reverse Transcription Kit, purchased from Applied
Biosystems, according to the manufacture recommended protocol

(www3.appliedbiosystems.com).

2.2.3.2.3 TagMan genotyping

Genotyping with TagMan® SNP Genotyping assays were performed
according to protocol for genotyping of cDNA (see table 2) for all 20 SNPs on
the FU, LB and Ull materials, and for 15 of the 20 SNPs for MDG and DCIS
(see table 6 for details). In addition, all SNPs, except three, were genotyped
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with a slightly modified protocol for Ull and/or FU/LB. Table 5 lists the details.
The variation in the protocols is as follows:
* DNA protocol with the volume of cDNA recommended by the cDNA
protocol (0,67 pl)
* DNA protocol with %2 the volume of cDNA recommended by the cDNA
protocol (0,34 pl)
* DNA protocol with ¥ the volume of cDNA recommended by the cDNA
protocol (0,17 pl)
* cDNA protocol with % the volume of cDNA recommended by the cDNA
protocol (0,34 pl)

The cDNA genotyping was performed with the same method, SNP assays,
instrument and software as DNA genotyping (see 2.2.2.1). All samples were
genotyped in triplets, and included for each SNP on each plate were triplets of
three control (LN) DNA samples heterozygote for that SNP (for 50:50 ratio), and
triplets of NTC and reference Ambion® RNA control.

2.3 Statistics

2.3.1 Haplotypes and selection of tagSNPs

Haplotypes and htSNPs were determined using Haploview 4.1 (Barrett J
C et al., 2005). The haplotype blocks were defined by the four gamete rule. The
SNPs are paired and the population frequencies are calculated for all 4 possible
haplotypes. Recombination events are assumed to have occurred if all 4
haplotypes are seen with a frequency of 1 % or more. The blocks are formed
where only 3 gametes are observed. htSNPs were picked by pair wise tagging

only, using the standard r>-threshold (0,8).

2.3.2 Survival analysis

Survival analysis was performed for the 20 SNPs genotyped with
TagMan with the Kaplan-Meier estimator (KM) and the Cox Proportional

Hazards models.
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Kaplan-Meier measure the effect a variable may have on survival of each
study participant and the risk of reaching the endpoint, e.g. failure or death, at
any given time point. The number of individuals (e.g. patients or machinery) in
the study are counted at specific times, and as the individuals reach the
endpoint they are not counted further. The advantage with the Kaplan-Meier is
that it takes into account participants that are removed from the study before the
endpoint. These are censored rather than registered as fail, and hence,
included in the survival analysis (Kaplan E L and Meier P, 1958).

The Cox Proportional Hazards, like KM, measures the correlation
between variables and survival, and the risk of reaching the endpoint at any
given time. But, unlike KM, the Cox Model allow for the analysis of the effect of
several variables on the survival risk at the same time and is also more useful
than KM when one or more of the covariates are continuous (Cox D R, 1972).

For the SNPs in this study, the KM was used to estimate the correlation
between genotype and survival, and the Cox model utilized to assay the
correlation between expression and survival. The genotypes and survival data
was extracted from a previous study at our department on the Micma material
(Nordgard S H et al., 2008b). The cohort expression data is currently
unpublished. Both survival analyses were performed in SPSS version 16.0.1

(SPSS Inc.), with a p-value significance cut off less than 0,05.

2.3.3 Test for Hardy-Weinberg Equilibrium

The control samples for all 65 SNPs were tested for Hardy-Weinberg
Equilibrium (HWE). A population is said to be in HWE when both allele and
genotype frequencies remain constant from generation to generation. This
indicates that the locus is not influenced by evolution in this population, i.e., no
non-random mating, mutation, selection or gene flow influencing this locus.

The test for Hardy-Weinberg was performed with the observed genotype
frequencies and the expected genotype frequencies calculated from the former.
The observed frequencies are the basis for the allele frequencies (p and q). The
frequencies expected for a locus in HWE for the homozygotes is the allele

frequency for that allele raised to the power of 2 (p? and g?), while for the
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heterozygote it is the product of the two allele frequencies and number of alleles
in the genotype (2*p*q). It is then possible to compare the two populations, the
observed and the expected, with a statistical test. A significant difference would
mean that the population is not in HWE. The comparison was performed with a
Pearson’s chi-square goodness-of-fit test in Excel 2007 (Microsoft Office). The
chi-square takes the difference between the observed and the expected for
each of the genotype frequencies, raised to the power of 2, and divides it with
the expected frequencies. The sum of the result for each of the genotypes is the
test statistic. The p-value (probability of similarity) can then be found with the
help of a chi-square distribution table and Degrees of freedom (Df=1 for a HWE
test with 3 genotypes) (Halliburton R, 2004). A p-value below 0,001 was
considered as a significant deviation from HWE (Haploview 4.1 standard
significance threshold, (Barrett J C et al., 2005)).

2.3.4 Case control analysis

To determine whether there is a possible association between the
variants genotyped in this thesis and risk of developing breast cancer, a
Pearson’s chi-square goodness-of-fit test was performed for all 65 SNPs. In this
test the control samples served as the theoretical frequency distribution that the
breast cancer cases were tested against. This test was performed in SPSS
16.0.1 (SPSS Inc), and the correlation was considered significant when the p-

value was below 0,05.

2.3.5 Calculation of allelic ratios and test for Al

Raw data from the RNA genotyping was taken from the SDS 2.3
software Allelic Quantification setting. This is the point (i.e. in number of cycles)
where the increase in fluorescence is at its highest, i.e. the log phase when the
reaction has maximum amplification. This is known as the cyclic threshold (CT)
and one value is returned for each allele for each well. The CT gives an
approximation of amount of mMRNA fragment present with the correct genotype
for each sample. By dividing the CT for one allele on the other, one can obtain a
ratio that show the expression level of one allele compared with the other. A

ratio of 1 (0O when log2 transformed) is equal to a 50:50 expression of the two.
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For every SNP, raw data was extracted from the SDS 2.3 software, and
ratios calculated. The percentage of samples with no CT or a CT higher than 35
(i.e. no calls) was estimated and the ratios removed (figure 5, step 1). An outlier
was defined as any sample outside 1,5 times the interquartile range. This range
is the upper quartile (75 % of the samples are below this point) minus the lower
quartile (25 % of the samples are below this point), the top and bottom lines of
the box in a box plot, and 1,5 times this is the distance from the end of the box
to a point 1 and a half times the length of the box. Triplets with only one value
left after removal of no calls and outliers were excluded (figure 5, step 2). This
procedure was performed for each material separately (FU/LB, Ull, DCIS and
MDG) and the controls. FU and LB was considered as one material due to their
study similarity and small population sizes.

The allelic ratios of the control samples were pooled for each SNP and
an average ratio was estimated. For each RNA specimen the ratio was
calculated as the average allelic ratio of the triplets or duplets (figure 5, step 2).
This ratio was adjusted with control to remove differences in the values caused
by the chemical and physical properties of the probes. As the control is DNA
from blood, i.e. 50:50 ratio of each allele, this would pull the ratio for equal
expression of the alleles down to 1 (O when log2 transformed) for the samples
(figure 4). The adjustment was accomplished by dividing the allelic ratios for
each sample with the average allelic ratio for the controls (figure 5, step 4). The
samples were then Log2 transformed to generate akin to a normal distribution
(figure 5, step 5).
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Figure 4. Adjusting the case values to the referenc  e. The Log2 transformed allelic ratio is
calculated on the basis of the cyclic threshold given by the SDS software during real-time PCR.
The cases are adjusted for the difference in signal caused by chemical and physical properties
of the probes, by dividing on the average allelic ratio of the control samples. In the box plot,
distance from the average of the unadjusted cases to the average of the controls (marked with
A) is approximately equal to the distance between the average of the adjusted cases and 0
(marked with B), showing that after adjustment the 50:50 ratio of the alleles in the samples

would lie at 0 (plot made with R version 2.9.1 (R Foundation)).

Average Log2 adjusted allelic ratios were estimated for each material
separately and combined (figure 5, step 5). The case samples were tested for
normal distribution (prior to Log2 transformation). This was performed with the
Lillifors Significance Correction and Shapiro-Wilk test in SPSS. These tests
compare the values with the expected values of a normal distributed population.
A p-value below 0,05 for at least one of these tests were considered not
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normally distributed. A two-tailed Welch T-test was performed for each material
and for the combined set for each SNP, if normally distributed. This test returns
the probability of the two cohorts being equal, by comparing the mean of the
cases to the controls. The two cohorts have different sample size and,
presumably, different variances, and therefore a Welch T-test was performed
rather than a student’s t-test. If the material was not normally distributed a
Mann-Whitney U test was performed instead. This non-parametric test serves
the same purpose as the t-test, but does not require a normal distribution as it
compares the distribution of the samples rather than the mean. The tests were
performed on the unadjusted average ratios of the triplets/duplets (figure 5, step
3). Figure 5 displays a schematic overview of the calculation of AR and p-

values.
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Figure 5. A step by step outline of the calculation of allelic ratios and tests for

differences. 1. The failed samples are removed and the CT for one allele divided by the other.
2. Outliers are removed and an average allelic ratio per triplet is estimated. 3. Testing for
differences between cases and control. 4. Adjusting by division with average allelic ratio of the

control. 5. Log2 transformation and calculation of average adjusted allelic ratio.

2.3.6 Aberration detection in the breast carcinomas

The tumour specimens for DCIS, MDG and Ull cohorts were inspected
for Copy Number Aberrations (CNAs) for each gene genotyped in study 2. The
data was extracted from an ongoing study in our department performed with
Agilent 244K CGH Microarrays on tumour DNA (unpublished).
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3 Results

3.1 Selection of SNPs

3.1.1 Selection of SNPs for case control analysis ( study 1)

A previous study genotyped SNPs located in genes associated with the
Reactive Oxygen Species (ROS) pathway with SNP-IT™ (Edvardsen H et al.,
2006). Using the genotype frequencies from this study, some haplotypes were
found to significantly differ between breast cancer cases (N=169) and controls
(N=86), indicating a connection between the associated genes and breast
cancer risk (unpublished). Furthermore, these SNPs have been previously
shown to have an association with tumour expression (Kristensen V N et al.,
2006). The 45 SNPs genotyped on the MassArray platform in this thesis were
selected for the validation of the result in 1757 cases and 1859 controls. These
SNPs represent the htSNPs from all 9 haplotypes that had significant frequency
difference between controls and cases in the pilot study, and were associated
with the expression level of multiple transcripts. In this thesis each haplotype is
named by the gene it is associated with. Table 3 lists all SNPs and

genes/haplotypes.
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Table 3. The SNPs genotyped in this study.

For each SNP the p-values are listed for the

Hardy-Weinberg test (controls) and case control analysis (bold font marks the SNPs with

significant p-values) In addition, a 95 % confidence interval is given for case control analysis.

The SNPs from study 1 are listed alphabetically by gene (haplotype) and the SNPs from study 2

are ordered according to priority.

. Frequency P-value P-value case
SNP ID Gene Location |GT Cases | Controls HWE control analysis
[95 % CI]
Study 1
CC 1,8 3,6 0.000
rs215094 ABCC1 Intron CT 26,5 29,9 0,75 '
T 717 66 5 [0,000-0,001]
CC 0,5 1,1 0082
rs215067 ABCC1 Intron CT 12,4 13,2 0,005 ’
TT | 87,2 85,8 [0,074-0,092]
AA 37,6 33,8 0035
rs2062541 ABCC1 Intron AG 47,4 48,9 0,9 ’
GG 150 173 [0,034-0,046]
AA 5,2 5,3 0963
rs903880 ABCC1 Intron AC 34,2 34,6 0,75 ;
cC 60.6 60.1 [0,962-0,973]
CC 67,8 70,8 0137
rs212083 _a ABCC1 Intron CT 28,3 26,1 0,9 [0 12;1_0 146]
TT 3,9 3,1 ' '
AA 49 4.6
rs212083 b ABCC1 Intron AG 28,4 26,1 t t
GG 66,7 69,3
CC 40,8 40,7 0696
rs1381548 BCL2 Intron CT 459 46,8 0,5 :
T 134 125 [0,685-0,714]
AA 9,8 12,4 0016
rs1481031 BCL2 Intron AG 449 45,8 0,9 ’
GG | 453 418 [0,014-0,022]
GG 3,6 2,8
rs1082673 a | BCM2 Intron =71 246 | 27,0 2 2
TT 71,8 70,2
GG 3,8 3,0
rs1982673 b BCL2 Intron GT 20,6 21,9 _2 _2
TT 75,6 75,1
AA 0,9 1,4 0181
rs1016860 BCL2 3'UTR AG 18,3 19,9 0,75 :
GG 80.8 78.7 [0,165-0,190]
AA 545 51,4 008
rs2062011 BCL2 Intron AT 39,5 41,0 0,5 ;
T 6.0 75 [0,073-0,09]
AA | 100,0 100,0
rs1481030 BCL2 Intron [ AG | 0,0 0,0 B B
GG 0,0 0,0
CC 4.6 3,5 0219
rs2715438 IGF1R Intron CT 30,9 32,1 0,5 ’
T 64.6 64.4 [0,206-0,232]
AA 7,6 8,5 0411
rs2137680 IGF1R Intron AG 35,0 33,1 <0,0001* ’
GG 57.4 58.4 [0,404-0,436]
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AA | 83,0 82,4 0.002
rs907807 IGF1R Intron AG | 16,2 15,4 <0,0001° 0 004.0.00 4

GG | 08 2,2 ' ’

GG | 63,2 53,8 0.000
rs871335 IGF1R Intron GT 32,5 38,8 0,75 [0 006_0 001]

TT 4,3 7.4 ' ’

cC 9,5 11,1 0.036
rs1567811 IGF1R Intron CG 41,8 443 0,95 :

oo 187 116 [0,035-0,048]

AA | 59,0 61,3 0.087
rs1568502 IGF1R Intron AG | 3572 34,3 0,5 0 0810 099]

GG 5,9 4.4 ' ’

GG | 55,7 49,4 0.001
rs2160227 IL1R1 Intron GT | 373 42,5 0,5 0 0000 003]

TT 7,0 8,0 ' ’

AA | 20,0 16,4 0.006
rs997049 IL1IR1 Intron AT 48,5 48,1 0,95 ’

S T 35 [0,004-0,009]

cC 3,0 3,0 0.525
rs1805386 LIG4 Coding | CT | 27,2 28,9 0,9 ’

TT | 69,8 68,1 [0,518-0,55]

cCc | 706 63,9 0.000
rs1805388 LIG4 Coding | CT | 252 32,1 0,95 0 0000 001]

TT 4,2 4,0 ' ’

AA | 100,0 100,0
rs2232640 LIG4 Coding | AG | 0,0 0,0 8 8

GG 0,0 0,0

CcC | 979 98,3 0.669
rs1805389 LIG4 Coding | CT 1,8 1,4 <0,0001 0 208.0 737]

TT 0,3 0,2 ' ’

AA | 457 43,3 0.241
rs230525 NFKB1 Intron AG | 431 44,2 0,5 ’

GG | 111 12,5 [0,23-0,257]

CC | 4709 45,3 0.022
rs1609798 NFKB1 Intron CT | 426 42,5 0,1 '

TT 9,4 12,2 [0,02-0,03]

AA 0,0 0,0
rs230505 NFKB1 Intron AC 0,0 0,0 6 6

cC 0,0 0,0

CC | 3209 35,9 0.158
rs1585214 NFKB1 Intron CT | 49,2 46,6 0,25 ’

=117 e [0,144-0,167]

CC | 136 15,2 0.355

rs1801 NFKB1 Intron CG 46,1 45,9 0,25 :

o 103 389 [0,342-0,372]

AA | 455 43,2 0.223
rs230531 NFKB1 Intron AG | 435 44,2 0,5 '

66 | 110 126 [0,206-0,232]

AA | 12,0 14,0 0.229
rs230498 NFKB1 Intron AG 46,8 45,9 0,75 !

e RETE 201 [0,217-0,244]

CC | 365 33,8 0.05
rs1598857 NFKB1 Intron CT | 471 46,9 0,1 ’

1164 o4 [0,048-0,062]

CC | 332 30,9 0.083
rs1020760 NFKB1 Intron CG | 485 48,0 0,25 '

o 182 210 [0,076-0,094]
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AA | 456 459 0.968
rs854539 PPP1R9A | Intron | AG | 438 43,4 0,75 ’
GG | 105 10,7 [0,97-0,98]
cC | 29,0 28,6 0.011
rs854523 PPP1R9A | Intron CT | 453 49,7 0,95 '
= T T [0,009-0,016]
AA | 27,7 29.4
rs854524 | PPPIR9A | MUON ST 495 49,8 0,9 0,291
Coding GG 5o 7 208 [0,282-0,311]
AA | 17,9 17,1 0.824
rs854518 PPP1R9A | Intron AT | 491 49,7 0,5 '
T 30 332 [0,817-0,841]
cc| 00 0,0
rs705377 PPP1R9A Intron CT 0,0 0,0 o 6
TT 0,0 0,0
CC | 642 58,4 0.002
rs958379 PPP3CA Intron CT | 306 35,0 0,1 0 001-0.00 4
TT 5,2 6,6 : :
cC 1,3 25 0.004
rs920559 PPP3CA Intron CG | 204 232 0,1 '
o T 783 cas [0,002-0,006]
AA | 84,9 83,8 0.235
rs1021965 PPP3CA Intron | AG | 14,2 15,7 0,5 '
e T o0 o [0,23-0,257]
cC | 100,0 100,0
rs13340 TXNIP 3UTR | CT 0,0 0,0 3 3
TT 0,0 0,0
cC | 93,0 90,8 0.048
rs7212 TXNIP 3UTR | CG | 68 9.0 0,75 0.0 43.0 057]
GG | 072 0,3 : :
cC | 926 90,7 0.093
rs7211 TXNIP 3UTR | CT 71 9.1 0,75 0 0770 095]
TT 0,3 0,3 : :
AA | 100,0 100,0
rs2791749 TXNIP Intron AG 0,0 0,0 3 3
GG | 00 0,0
cc| 00 0,0
rs2791750 TXNIP Intron CT 0,0 0,0 3 3
TT | 100,0 100,0
Study 2
cC | 478 451 0.141
rs801719 CERK Coding | CT | 40,4 49,0 0,5 '
T 118 2o [0,096-0,155]
AA | 474 62,5 0.068
rs1801200 ERBB2 Coding | AG | 44,0 20,8 0,25 '
co T 65 T [0,028-0,065]
cC | 46,3 40,0 0.142
rs1064608 MTCH2 Coding | CG | 41,2 52,0 0,25 '
o T 1os e [0,105-0,166]
AA | 10,2 9,2 0.455
rs10409364 RABSA Coding | AG | 47,2 40,8 0,9 '
ce 225 50.0 [0,446-0,534]
AA 1,5 1,1 0.92
rs12347 MTRR Codin AG | 216 23,1 0,75 ’
9 A ARTT 25 [0,942-0,977]
AA | 32,2 38,2 0.543
rs2015205 QRSL1 Coding | AG | 487 45,1 0,75 '
a6 T 190 167 [0,525-0,612]
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GG | 58,1 62,6 0.315
rs3192149 TOPBP1 Coding | GT | 375 30,3 0,25 0 294.0 378]
TT 4,4 7.1 ’ :
AA | 740 57,8 0.002
rs4129190 | FLJ10916 | Coding | AG | 223 40,2 0,1 0 000-0 006]
GG 3,7 2,0 ' ’
AA | 20,2 225 0.681
rs3088040 USP36 Coding | AG | 42,6 45,1 0,5 '
GG | 371 32,4 [0,69-0,768]
AA | 79,9 82,4 071
rs7562391 PPIL3 Coding ég 127,29 124,97 0,05 [0,728-0,803]
cC 3,7 10,8 0.028
rs2243603 SIRPB1 Coding | CG | 33,3 31,4 0,05 ;
o T 830 = [0,015-0,045]
cC 4.8 4,9 0.896
rs1143684 NQO?2 Coding | CT | 30,9 33,3 0,9 ;
43 L8 [0,925-0,965]
cc | 255 16,7 0.115
rs1494961 HEL308 Coding | CT | 46,1 56,9 0,25 '
= STy oL [0,085-0,141]
cC 3,9 2,2 0.539
rs973730 ESCO1 Coding | CT | 337 29,7 0,75 '
= Sy o1 [0,531-0,618]
cc | 57,7 59,4 0.857
rs2863095 MRPL43 Coding | CT | 38,2 35,6 0,9 0 810.0 882]
TT 4,0 5,0 : '
AA | 245 33,7 0.057
rs2636 MCTP1 Coding | AT | 443 46,5 0,75 '
T 311 o8 [0,033-0,072]
cc | 233 18,8 0.647
rs2255546 LRAP Coding | CT | 50,6 51,8 0,75 '
61 5.4 [0,647-0,729]
AA | 33,7 31,7 0.913
rs2290911 SH3YL1 Coding | AG | 46,2 48,5 0,9 0.904.0.9
GG | 20,1 19,8 [0,904-0,95]
cc | 301 36,3 0.516
rs2294008 PSCA Coding | CT | 50,4 45,1 0,5 0.48.0.568
TT | 195 18,6 [0,48-0,568]
cc | 811 83,2 0.853
rs10380 MTRR Coding | CT | 181 15,8 0,9 0 830-0 801]
TT 0,7 1,0 ’ ’

GT: Genotype
CI: Confidence interval

! Not calculated due to problems with the genotyping.

2 Not calculated due to the

o g » w

Not calculated since the SNP is monomorphic

P-value for HW test is 0,005 after removal of the control cohorts that were not in HWE.
P-value for HW test is 0,9 after removal of the control cohorts that were not in HWE.

Not calculated due to genotype frequencies not being available

presence of two heterozygotic clusters. The accurate frequencies could not be determined.
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3.1.2 Selection and prioritising for study 2

3.1.2.1 Selection of SNPs

19 of the 20 SNPs were selected for showing a Bonferroni (BF) corrected
significant association between tumour expression level and germline
genotypes in an initial analysis of 103 early stage BC patients (Nordgard et al.,
unpublished). The genotyping of SNPs in transcripts (cDNA) would validate the
presence of allelic imbalance in these genes. BF corrects for the higher
likelihood of rejecting the null hypothesis when true, when many tests are
performed on the data (Bonferroni C E, 1935; Bonferroni C E, 1936).

The SNPs were further selected for being coding SNPs, in order to be
expressed, and in cis. In addition, the gene had to be outside of known CNV, to
prevent this type of variation from interfering with the results. Other selection
criteria were htSNPs with a high level of heterozygosity as these would give a
higher number of samples to test, and genes with multiple eQTL hits and with
relevance to breast cancer. The selected panel consisted of 19 cSNPs located
in 18 different genes.

The last SNP, rs1801200, is located in an exon of ERBB2 (Her2), a gene
known for its elevated expression (Perou C M et al., 2000) and loss of
heterozygosity (Nordgard et al., unpublished) in a subset of breast carcinomas.
Further, this SNP was shown to have allelic imbalance in a recent study ((Milani
L et al., 2007)), and it may have therapeutic relevance. See table 3 for a list of
all the SNPs.

3.1.2.2 SNP prioritisations

In the eventuality that some SNPs had to be excluded from the study due
to limited material availability, the 20 SNPs in study 2 were prioritised according
to the following characteristics. ERBB2 (rs1801200) was given a high priority
due to its clinical relevance. The other SNPs were prioritised first according to
the germline frequency of heterozygosity (a high frequency gives increased
statistical power due to higher number of samples), and secondly after the

results of the survival analysis. One SNP was significantly associated with
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survival, CERK (rs801719), with a p-value of 0,01 (figure 6). None of the genes
were significant for the expression vs. survival test with the Cox model, but the
transcript associated with rs801719, had a p-value of 0,111. Seen together, the
models give an indication of a correlation between the gene, CERK, and
survival, giving this gene a higher priority.

After the initiation of cDNA genotyping, the failure rates became another
priority variable. The SNPs with the highest failure rates had lower priority and
those with a failure rate above 90 % were excluded from further genotyping.

Table 3, 4 and 6 are ordered according to this combined priority.

KM survival analysis plot
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Figure 6. Correlation between a variant in CERK and BC specific survival. The SNP,
rs801719, showed a significant association with survival, p-value of 0,01, in a cohort of 112
early stage BC. The heterozygote is associated with higher probability of survival than either of
the homozygotes (plot extracted from SPSS 16.0 (SPSS, Inc.)).
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3.1.2.3 Selection of cases for genotyping in tumour cDNA in study 2

All SNPs were genotyped in germline DNA to determine the
heterozygotic cases, which would be genotyped in tumour cDNA. The results
are listed in table 4. The LN, Micma and partially MDG cohorts had been
genotyped in a previous study at our department for 19 of the SNPs (Nordgard
S H et al., 2008b), and was not genotyped again in this study. The MDG cohort
was only genotyped with TagMan for those individuals that did not have
previous genotype data. The SNP in ERBB2 (rs1801200) did not have any
genotype data for either of the cohorts. In addition to the cohorts listed in table
4, 132 of the Micma cohort and 24 of the LN were genotyped in germline DNA,
and the number of heterozygotes was 57 and 5 respectively. Neither cohort was
genotyped in tumour cDNA, but 3 heterozygotic LN specimens were used as
control in the Al study. The DCIS cohort did not have any germline DNA

available, and was genotyped in 89 tumour cDNA specimens for all SNPs.
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Table 4. Number of specimen in the genotypings of g ermline DNA and tumour cDNA. Also
included is the number of heterozygotic individuals revealed in the DNA genotyping. For some
SNPs there is a higher amount of specimens in the cDNA genotyping than in the DNA

genotyping for the MDG cohort, as genotype data was extracted from a previous study.

FU/LB ull MDG
SNP N N N N N N N N N
DNA | Het. | cODNA | DNA | Het. | cDNA | DNA | Het. | cDNA
rs801719 52 18 13 44 19 19 61 27 22
rs1801200 52 25 21 44 17 16 185 64 22
rs1064608 52 20 13 44 16 16 61 30 26
rs10409364 52 28 22 44 17 16 61 25 28
rs12347 52 9 7 44 11 11 61 8 13
rs2015205 52 26 17 44 21 19 61 29 27
rs3192149 52 25 16 44 17 18 61 27 19
rs4129190 52 9 6 44 9 9 61 19 16
rs3088040 52 22 17 44 14 13 61 34 32
rs7562391 52 6 6 44 7 6 61 13 15
rs2243603 52 15 10 44 16 15 61 23 23
rs1143684 52 16 12 44 11 10 61 24 21
rs1494961 52 22 13 44 25 23 61 33 32
rs973730 52 19 14 44 16 15 61 24 17
rs2863095 52 16 11 44 13 13 61 27 28
rs2636 52 26 18 44 19 19 61 32 0
rs2255546 52 30 21 44 18 15 61 27 0
rs2290911 52 23 15 44 13 12 61 33 0
rs2294008 52 20 16 44 19 16 61 34 0
rs10380 52 8 6 44 8 8 61 7 0

N DNA: Number of germline DNA samples genotyped.
N Het.: Number of heterozygotic samples found in the genotyping of germline DNA.
N cDNA: Number of tumour cDNA samples genotyped.
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3.2 Genotyping of germline DNA

3.2.1 Success rates and reproducibility

3.2.1.1 Success rates and reproducibility in study 1

Success rates were above 98 % for all 45 SNPs with the exception of
two, rs705377 and rs230505, which failed completely. Five SNPs were
monomorphic and they were monomorphic, or almost monomorphic, in the
HapMap database, but not in the initial study population genotyped with SNP-
IT™, In addition, 51 samples failed completely for all SNPs.

One SNP, rs1982673, had two heterozygotic clusters making the results
unreliable (table 3; for rs1982673 a all heterozygotes are included, and for
rs1982673 b only the largest cluster is included), and one SNP, rs212083, was
genotyped twice (rs212083_a and rs212083_b in table 3) due to erroneous
primers caused by the primer design software. Of these two, rs212083_b is not
particularly good (success rate 92 %), however this round showed 98 %
similarity with rs212083_a. In addition three random SNPs were controlled
against the genotypes from the SNP-IT study for samples that were genotyped
both times, and all three had less than 3 % mismatch between the two.

3.2.1.2 Success rates and reproducibility in study 2

Success rates for genotyping DNA on TagMan were above 97 % for all
20 SNPs and 50 % showed a 100 % success rate. Random samples were
regenotyped for four random SNPs and found to match 100 % with the previous
results.

The control samples in the cDNA genotyping rounds had a general high
level of success for the 15 SNPs genotyped in all materials. Only USP36
(rs3088040) had a high failure for the controls. For all 15 SNPs at least 27
allelic ratios for 3 samples were obtained from the software (3 samples x triplet
X 3 separate rounds of genotyping = 27 allelic ratios), but for rs3088040, 7
allelic ratios in 2 different samples passed processing criteria (all failed samples
and outliers removed). The remaining 14 of the 15 SNPs had more than 20

allelic ratios left for all three control samples. For the 5 SNPs, with >90 % failure
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rates for the tumour cDNA specimen, there were 0-9 allelic ratios left of the
controls depending on each SNP. These were only genotyped once, and so
there were only 9 allelic ratios possible (3 samples x triplets).

The same three control samples were genotyped 3-6 times depending on
the SNP. The raw data (CT for each allele) displayed in general very few
discrepancies between the different genotyping rounds. And as any sizable
difference that might exist for some SNPs were presumed removed as outliers,
these differences were therefore believed to have no effect on the calculation of

allelic imbalance.

3.2.2 Hardy-Weinberg Equilibrium and case controla  nalysis

The threshold for significant p-values are set at 0,001 for the test for
HWE in the control samples, using the Haploview 4.1 standard, and 0,05 for the

case control analysis. For a full list of all p-values for all SNPs see table 3.

3.2.2.1 The SNPs genotyped in study 1

All SNPs were in Hardy-Weinberg equilibrium with the exception of three.
Two of these, rs2137680 and rs907807, were out of equilibrium due to specific
control cohorts, and hence these populations were excluded from all further
analysis on these SNPs, both located in IGFR1. When these groups were
removed the control samples were in HWE with p-values of 0,005 for rs2137680
and 0,9 for rs907807. The purpose of the removal of these populations was to
bring the controls into HWE so the case control analysis could be performed.
The last SNP, rs1805389 (LIG4), deviated from the HWE for all control groups.

All significant p-values from the case control analysis are marked in bold in
table 3. All genes had at least one significant SNP. IGFR1 and IL1R1 had the
highest amount of significant SNPs, with 3 out of 6 and 2 out of 2, respectively.
The two SNPs deviating from HWE in some of the control cohorts (rs2137680
and rs907807), had p-values of 0,411 and 0,002 respectively. After removal of
the control groups that deviated from HW, the p-values for cases vs. controls
were 0,104 for rs2137680 and 0,259 for rs907807, effectively removing the
significance of the latter.
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3.2.2.2 The SNPs genotyped in DNA in study 2

To increase the statistical weight of the case control analysis, germline
genotypes from more individuals were acquired from an ongoing study at our
departement (Nordgard S H et al., 2008b), where the cohorts extracted were
102 controls and 112 cases. There was no previous genotype data available for
ERBB2 (rs1801200), and the case control analysis is therefore performed on
data from individuals genotyped in this study (266 cases and 24 controls). Two
of the 20 SNPs in the TagMan genotyping, FLJ10916 (rs4129190) and SIRPB1
(rs2243603), showed significant difference in frequency between case and
control (bold, table 3), with p-values of 0,002 and 0,028, respectively. In
addition, 2 SNPs, ERBB2 (rs1801200) and MCTP1 (rs2636), were borderline
insignificant, with p-values of 0,068 and 0,057, respectively. None of the SNPs

showed a significant deviation from the HWE for the controls.

3.3 Genotyping of tumour cDNA in study 2

3.3.1 Quality control and reproducibility

3.3.1.1 Quality control

A quality control was performed to determine if the RNA were degraded
and whether the DNAse treatment would have a negative effect on the RNA.
The DNAse treatment was performed to ensure that all RNA samples
genotyped was completely free of genomic DNA as presence of this could
interfere with the results. Only FU, LB and Ull were treated with DNAse. These
materials had been isolated with the Trizol extraction method, a protocol that do
not include DNA removal step. DCIS and MDG were isolated by the column
purification method, which included DNAse treatment, and therefore, there was
no need to perform another DNA removal.

The results of the quality control with the bioanalyzer are shown in
representative plots (figure 7 and 8). All controlled samples were similar to

these and displayed no or limited degradation of RNA. All expected peaks were
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present, and peaks indicating DNA was not observed. The RNA showed an
equally fine quality after DNAse treatment (bottom figure 7) as prior (top figure
7), indicating no or limited ill effect of the treatment. The plots showed no
indication of DNA present in the RNA samples, however the bioanalyzer plots
may not detect small amounts of DNA, and so the DNAse treatment was
performed on all samples isolated with the Trizol extraction.

Elpfare DNAse treatment
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Figure 7. RNA quality before (top) and after (below ) DNAse treatment. The y-axis is the
fluorescence level measured in fluorescence units (FU), and the x-axis is the time (in seconds
(s)) the sample runs through the electrophoresis. The upper figure have markers explaining all
visible peaks; the first and second are the marker and mRNA, the third and fourth the 18s and
28s ribosomal RNAs. If there was DNA present another clear peak would be visible (plot from

the Bioanalyzer software).
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The Ull cohorts displayed higher failure rates than FU/LB (see table 6).
Yet, the Bioanalyzer showed that the RNA samples for Ull have generally good
quality (Figure 8). RIN is a number that indicates the level of degradation in the
RNA. Seven and up shows good quality with limited degradation. RIN value of 5
indicates some partial degradation (agilent.com). All samples tested (both FU
and Ull) had RNA Integrity Number (RIN) above 7, with the exception of one Ull
sample with a RIN of 5,1.

Representative plot of the quality of Ull RNA
[FU
1€+

14+

T T eV, o

_
=1

Figure 8. The general RNA of the Ull cohort.  As in figure 7, the expected peaks are present

and no DNA peak was visible (plot from the Bioanalyzer software).

3.3.1.2 Failure rates and reproducibility

Failure rates are listed in table 6, in the column marked % no call. As the
SNPs were prioritized partly according to failure rates, there is a clear pattern in
the table. The percentage was generally low (< 50 %) for the first 10 SNPs in
table 6. The rest showed a relative high amount of failure, though the extent
depended on the cohort. The last 5 SNPs had more than 90 % failure, and of
these 3 had 100 %. As a consequence, these SNPs were not cDNA genotyped
for DCIS and MDG cohorts, and Al was not estimated for these SNPs due to
low power in the remaining samples. A BLAT search in the UCSC genome
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browser was performed for the probe sequences of the 10 SNPs with high
failure rates, showing that 60 % were directly on the border to an intron, and for
the SNPs with >90 % failure rates the frequency was 4 out of 5.

When examining failure rates per material, it is higher for Ull than the
others. One extreme example is MRPL43 (rs2863095) with 100 % failure for Ull
and 3 % for DCIS. However, the differences in failure rates are limited when
considering SNPs with generally low failure rates. It is the SNPs with elevated
failure rates that show a clear difference between the materials. After Ull, FU/LB
has the highest failure rates, with MDG and DCIS having generally low failure
rates for almost all 15 SNPs.

Genotyping of the FU cohort was repeated 3 times for TOPBP1
(rs3192149). In all three independent rounds the allelic ratio and failure rates
remained approximately the same.

The post-read (Allelic Discrimination) gives a normalized reporter (Rn)
value for each allele for each well. This value is the signal from the reporter
divided by the signal of the passive reference dye in the master mix, which is
added to measure the background signal. This implies that the Rn value is the
signal value where the background signal variations between wells are
removed. The Non Template Controls (NTC) had relatively high Rn values for
many of the SNPs. Initially the elevated NTC values were assumed to be
caused by contamination, however, the Rn values for the NTCs for all SNPs
were approximately 4 times higher than the corresponding value in the DNA
genotyping. This coincides with the fact that the percentage of primers and
probes of the total volume is 4 times higher for the cDNA protocol compared
with the DNA protocol (table 2). The amount of primers and probes compared to
the total volume is 1,25 % (0,0625 ul primers and probes of 5 pul total volume)
for the DNA protocol, while it is 5 % (0,5 ul primers and probes of 10 ul total
volume) for the cDNA protocol. In addition, the multicomponent plots given by
the SDS 2.3 software showed no amplification (see figure 10 for a comparison
of the fluorescence signals of NTC and amplified samples).
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3.3.1.3 Optimalisation of cDNA genotyping

For selected SNPs several different genotyping protocols were run on Ull
and FU. This optimalisation was performed to lower the general failure rates,
and was based on two protocols; the regular cDNA protocol with a full volume of
template (0,67 pl) and DNA protocol with half the volume (according to the
cDNA protocol) of template (0,34 pl). For a list of the differences in the two
protocols (DNA and cDNA protocol) see table 2. In short, the cDNA protocol has
a lower template volume and a higher volume of primers/probes than the DNA
protocol, plus double the total volume. When the template volume is decreased
the amount of water added is increased so the total volume remains the same
and the template concentration is diluted. The DNA protocol with template
volume from the DNA protocol (2,44 ul) was also attempted, but no amplification
was seen, presumably due to the high template concentration. Other protocols
attempted was DNA protocol with full (0,67 pl) and one quarter (0,17 ul) volume
of template and cDNA protocol with half (0,34 pl) volume of template (of the
cDNA protocol). Results are listed in table 5. Those SNPs (FLJ10916
(rs4129190), USP36 (rs3088040) and ESCO1 (rs973730)) only genotyped
according to the cDNA protocol with full template volume are not listed.

Generally, the allelic ratio remained approximately the same independent
of the genotyping protocol, being within the natural variation of each round as
represented by the standard deviation (SD). Only RAB8A (rs10409364) had a
higher difference between the two allelic ratios than the SD. However, the
failure rates (% no call) is generally higher for the DNA protocol with half the
volume of cDNA than it is for the regular cDNA protocol. The SNPs rs3129149
and rs1494961, were tested with different template volumes as well as different
protocols and show a higher level of failure rates when halving the template
volume. In addition, they show the same difference in failure rates when only
the protocols differ, and the template volumes are the same. Four SNPs,
QRSL1 (rs2015205), MRPL43 (rs2863095), LRAP (rs2255546) and SH3YL1
(rs2290911) showed a lower failure rate for one or both materials with the DNA

protocol compared to the cDNA protocol. However, this difference was either
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very low or, in the case of MRPL43, Ull showed a lower failure rate while FU
was higher for the DNA protocol.
The final calculations of allelic ratios were performed on the results from

the genotyping with the cDNA protocol (full volume of template).
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Table 5. The different protocols and amounts of cDN  A. All SNPs are listed, with the
exception of FLJ10916, USP36 and ESCO1.

ull FU
0, i 0, i
SNP Protocol % NO AIIe_I|c sD % NO AIIe_Ilc SD
call ratio call ratio
CERK cDNA 7 1,03 0,04 10 1,00 0,01
DNA 33 0,99 0,03 23 1,02 0,02
cDNA 58 1,01 0,03
ERBB2 DNA 88 1,00 0,01
cDNA 0 0,99 0,01
MTCH2 DNA 13 1,02 0,02
cDNA 13 1,04 0,03
RABBA DNA 29 1,00 0,03
MTRR cDNA 12 1,03 0,02 10 1,07 0,01
(rs12347) DNA 36 1,02 0,01 81 - -
cDNA 28 1,02 0,01
QRSL1 DNA 26 1,02 0,02
cDNA 30 0,99 0,04
DNA* 46 0,99 0,01
TOPBPL DNA 21 1,00 0,02
DNA*** 58 1,03 0,05
cDNA 72 - - 61 - -
PPIL3
DNA 100 - - 100 - -
cDNA 96 - -
SIRPB1 DNA 98 - .
cDNA 90 - - 42 1,01 0,02
NQG2 DNA 93 - - 78 1,01 0,02
cDNA 97 - - 56 0,98 0,02
HEL308 CDNA** 80 - -
DNA 100 - - 85 1,00 0,01
cDNA 100 - - 55 0,96 0,01
MRPL43 DNA 79 0,97 0,01 100 - -
cDNA 100 - - 89 - -
MCTP1
DNA 100 - - 100 - -
MTRR cDNA 100 - - 100 - -
(rs10380) DNA 100 - - 100 - -
cDNA 100 - - 95 - -
LRAP DNA 91 - - 97 - -
cDNA 100 - -
PSCA DNA 100 - -
cDNA 100 - -
SH3YL1 DNA 29 - -

SD: Standard deviation

-: Not enough material for calculation

Blank: SNP was not run for both protocols with that material.

cDNA protocol is in general performed with 0,67 pul cDNA, and DNA protocol with 0,34 pl, with a few exceptions:
*0,67 pl cDNA

**0,34 pl cDNA

** (0,17 ul cDNA
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3.3.2 Allelic Imbalance

Allelic ratio is based on the CTs of each allele for each sample. The
fluorescence from the genotyped allele with the VIC dye was divided by the
signal from the allele with the FAM dye. Figure 9 displays the raw data for one
SNP grouped by cohort. The y-axis is the allele marked with the VIC dye, and
the x-axis is the FAM dye. The CT value is reversely proportional to the amount
of target cDNA it takes to reach the amplification maximum. In other words, the

higher the CT value the lower the amount of RNA present originally.
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Figure 9. Raw data of all samples for a SNP (rs2015 205). The SNP was chosen for being
representatively skewed without being amongst the most skewed SNPs. Coloured according to
cohort and with a ratio reference line based on the control samples. The y axis is the cycle
threshold (CT) for allele G (VIC dye), and the x axis for allele A (FAM dye). The 50:50 ratio
would be a line going from origin (0,0) and in a 45° diagonal up and right. The fact that the
controls do not cluster along that line suggests a strong influence by the chemical and physical
properties of the different probes on the raw data values. The samples are clustered above the
ratio reference line, showing a tendency for a higher cycle threshold for the G allele, which, if
true, would mean that this allele is underrepresented compared to the A allele (plot made in
Excel 2003 (Microsoft Office)).

Figure 9 demonstrates the importance of adjusting the samples for
differences between the allelic probes. The plot indicates that the FAM probe
has a higher signal intensity than VIC for this SNP. The inequality of the probes
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is also shown for a different SNP in figure 10. These plots are made on the
basis of the fluorescence signals per cycle. These plots show that the sample
with the high allelic ratio (B) has less difference between VIC and FAM than the
one with the low sample (A). However, the controls (C) do also show a large
deviation from the 50:50 reference line, indicating that the majority of the
difference is caused by the probes rather than the Al. Adjusting the samples for
the control nullifies this difference, and B has in fact the highest Al. When there
is no visible amplification (NTC (D)), the two signal levels are almost the same,
indicating that the dyes themselves are not very different from each other, but
rather that the probes’ abilities to attach to their corresponding sequence differ.

A. Fluorescence level for a sample with low allelic ratio B. Fluorescence level for a sample with high allelic ratio
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Figure 10. Fluorescence levels per cycle for a sele ction of samples for one SNP
(rs1064608). The fluorescence level is given in fluorescence spectra units (FSU). A. Sample
with low allelic ratio (0,017 log2 adjusted allelic ratio), B. High allelic ratio (0,087 log2 adjusted
allelic ratio), C. Control sample and D. None Template Control (NTC). The vertical line shows
the lower limit to what is considered expressed (35 cycles) (plots made with Excel 2007
(Microsoft Office)).
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The threshold for what is considered expressed was set to be 35 cycles,
which is the same used by Maia et al. (Maia A T et al., 2009). Every allele
above this threshold was removed as failed or not expressed, and the
corresponding allele was removed as well regardless of CT.

There was no prior knowledge of the genotypes for patients in the DCIS
cohort. No blood samples were available; hence, the germline genotype could
not be determined prior to cDNA genotyping. The homozygotes was removed if
the SDS 2.3 post-read (Allelic Discrimination) gave a clear calling of the
genotypes or if there were three clear groups to infer the genotypes from. For
the SNPs with undistinguishable genotypes, all CTs below 35 were used. For
these the actual percentage of failure could not be inferred due to failed
heterozygotic samples being indistinguishable from homozygotes. These are
marked as N/A in the % no call column of table 6 for DCIS, and the combined
failure rate are calculated based on no call numbers for MDG, Ull and FU/LB
cohorts. The SNPs without calling show generally a lower average allelic ratio
and a wider spread of the individual allelic ratios than the SNPs that did not get
any genotype calling (table 6 and figure 11).
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After the removal of the failed and outlying CT values, some samples had
only one allelic ratio left of the triplet, and these were also removed. The
samples with 2 or 3 allelic ratios per triplet were kept. For each sample, triplet or
duplet, an average allelic ratio was calculated. If the number of average allelic
ratios (N) for each SNP and material were below 3, no further calculations were
performed. FU and LB were regarded combined. Three samples were
considered adequate for calculations due to them being an average of 6-9
allelic ratios after the removal of all outliers. However, consideration for the low

number should be made when interpreting the results.

After adjusting the case ratios by the control ratios, and log2
transformation, the average was estimated for all the samples for each of the 4
materials, MDG, DCIS, Ull and FU/LB, and combined. The samples that were
outliers for the combined selection, but not for the cohort were omitted from the
overall average. All average ratios are listed in table 6 (columns marked AR)
and displayed in figures 11-13.

The AR of the cohorts was tested for normal distribution, one per material
and for the combined set. A t-test was performed for the normally distributed
sample groups and a Mann-Whitney U test for the ones that did not fit into a

normal distribution. The p-values below 0,05 were considered significant.
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The MDG cohort showed generally low allelic ratio. The other cohorts
were highly spread with great variance. Four SNPs, MRPL43 (rs2863095),
USP36 (rs3088040), FLJ10916 (rs4129190) and PPIL3 (rs7562391), were
consistently displaying higher expression of one allele in almost all samples.
ERBB2 (rs1801200) was situated around the 50:50 ratio. Some SNPs indicate a
difference in allelic ratios for the different materials (figure 11 and table 6).
Especially notable were RAB8BA (rs10409364) with a negative AR for DCIS (-
0,08) and positive for the rest (FU/LB with AR at 0,08), and MTCH2 (rs1064608)
with high AR in DCIS (0,08) and the rest around 0. For MTRR (rs12347) DCIS
and MDG were around 0 and the rest high above, and CERK (rs801719), with
Ull spread out in the other direction compared to the other materials.

The p-values for the t- and Mann-Whitney U tests had a general pattern
of high AR = low p and low AR = high p, however this pattern was not
consistent for all SNPs and cohorts. The tests were performed to set a
threshold for what can be considered significant Al. By this threshold, 6 SNPs
were considered significant Al for the combined material. For each material
seen separately, there were 9 significant SNPs for MDG and FU/LB, 7 for DCIS
and 5 for Ull. All of these had allelic ratio above 0,01 in either direction,
however, the average allelic ratios were generally above 0,01 independent of
the p-value. SNPs with generally low Al and high p-values included ERBB2
(rs1801200), SIRPB1 (rs2243603), NQO2 (rs1143684), HEL308 (rs1494961)
and ESCO1 (rs973730).

There was no or limited general pattern between allelic ratios and RNA
isolation method (figure 12). The plot does not just separate on the account of
RNA isolation method, but also by other differences between these two groups
of materials. One SNP, MTRR (rs12347), show a differential pattern between
the two.

Given that the different cohorts included in this thesis represent to a
certain extent the different stages of BC, the allelic ratios were examined by the
samples’ breast cancer stage. Samples with unknown stage were omitted, and

stage 3 and 4 are grouped together, representing advanced tumours. The
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combined stage 3 and 4 displayed a different pattern than the early stages. A
relatively high allelic ratio was found solely in the late stage carcinomas in 40 %
of the examined SNPs (RAB8A, MTRR, QRSL1, HEL308, SIRPB1 and
MRPL43).

56



{{uonepunoy
H) T'6'7 Uoisian y wiapew jo)d) spoyizw oy 2yl uzamgag Asuedsaosip e 31e21pul op ([ FEZTSA) HEL W 12ARMO0L ‘SpoLIe W UONE|0S] 0/ 3L} US2/m13q
souzsap perw Asea Al easusd s1eazy | f(s1doy02 5100 pue gy veredynd uwnjod Ag peiejost s2dwes 24e sjods yoe|q 2yl pue (140402 || pue
g1 N4} uonzenxs (0zid] Aq paiejostsa|dwes sie sjods pad sy | Ajeansgeyd)e peys)| sae saUsE SY) puE (SU1) PRIIop) (18531 01D 05105 BYL PR WIojSUED
780| pue s|oau0d Y pRisnipe sie sones 3y] spoyiaw uoniejest yNY Aq pajage] anojos pue suad Aq padneoad ssjdwes ||e 1oj o3ed 21j3|je 3y L 7T 24ndy

SaUsq)
SEJSN LdEdad la4uis VY 1540 £Hdd TOON  (LPETIED MMIN THILW EF1dudm BOLTIEH SLEDLMI 10053 agH3 AH32
I 1 1 1 1 1 | 1 1 1 | 1 | 1 1
' M " o!
% o 5
s <
. - . - . o..o.r K : m L] o
* - %,
H ¢ ’ ..-.w b : r ¥ = i "
-
- & s A 3 . @&
" : . : ¥ B & 4 % 1
! o . . .m— . aMw o .f‘
Bl folsiaieil’ S Shaielet falaiiaeate I T S 1 e~ = T
- a - u *
hi % w u* - w ‘! ’!
- $ «a Y . 3 A -
LA ] - B
b . B . . ’ . 4 * ‘. w\. i
-
* - a u II = - l’ "
S H ™ ﬂ - L * - F
* & - - L]
M. . b F F -
o3 I- L ] ™ 4
. & i - 8 .
L}
*
*3 L r By e
= . l- Y " &
= g H
ST . ] » -
WUl . [ ] Py

poulaw uone|os! YN 0 10adsal yim oned JiB|y

s00-

0]

500

oLn

ofel Jaje pelsnipe afeisae 7607

57



fluonepuncod 4) T°6°7 Woisdaa 4 ul 2pew jo|d) sunowny peaueape Juasaaday

0} paulgWwod  pue g =8e)s pue ‘pEa3iwo 2ae 38els umowun i ss|dwes Ajeanzgeydie pais) siesausl 3yl pue (3ul] pelop) 0 1B 531 0B 0505
2l "prwiossues] 80| pue sjoauod i palsnipe sue sonels 2| -adeys Aq pajaqe| Jnojos pue suad Aq padnoad sajdwes ||e 104 onzea 21j3|e 3yl 7T 24n314

saUBY
SEdsSn LdBd0L laduls wagyy i5HD £idd TOMmN  UFETLSDHMIN THOLKW E¥1dul AtEN3H aLe0im4 10053 Iag43 HH3D
1 I | i 1 1 | i 1 I i i 1 i %
L] * -
g :
% -
v
. . n . y
< & v - v v w Y -2
u e - $ T . "
= . b . . ﬂt ' b J s
v ® v . ] a
- - "o yu i.- * -~ (%]
- Fe .y * m
¥ " r - v
" - . L = . . . w
= . * ‘- v ﬁ = o
....... c......-.&.-...-.d-.-.-.-.J.-.----.- B | R R . T -------------I--------I-.&‘----I- TR .
ey - . *
o i4 “ﬁ ’ - ﬂq i *. Fm ® m =
v B @
bl * I+ }.n - e v =
&, : . . . v . * - 5 &
(4 * 4 . ™ o &
= - v 2 * . =
a * ¥ . v v =
.t w? P . L& &
: . . o . ' ot - & 5 @
. . T : * g
» »F  § v
", * v - v
iy - . o L
- . -7 * -
k| LY < .t ™
¥REL -
Zie - ;o . H ¥ v L2
Wos | b4 i % =
S e * v v
¥

abeys Aq onel ey

58



3.3.3 Copy Number Alterations in tumour

Prior to selection of candidate SNPs for cDNA genotyping the SNPs were
ensured to be outside all known CNVs. The genes were examined for CNAs in
the specimens that were successfully cDNA genotyped, to investigate whether
any pattern of aberrations coincided with failure rates and level of Al. CERK
(rs801719), NQO2 (rs1143684), QRSL1 (rs2015205) and USP36 (rs3088040)
had a high number of aberrations among the samples successfully genotyped in
cDNA. The rest of the genes displayed only a limited number of CNAs.
However, 40 % (8 of 20) of the genes (ERBB2, CERK, QRSL1, USP36,
RAB8A, MCTP1, LRAP and PSCA) had a general high number of aberrations.
Of these, 3 were not successfully genotyped in cDNA (MCTP1, LRAP and

PSCA). Ull showed a general high level of aberrations for many of the genes.
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4 Discussion

4.1 About the methods

The genotyping platforms utilized in this thesis were chosen according to
the study design. The deciding matter is usually cost efficiency, which is
dependent on both number of samples and SNPs, and availability. The 45
SNPs in ROS pathways were to be genotyped in large number of samples
(N=3749), and the number of SNPs were moderately high. MassArray can
genotype a large number of samples fast and with relatively low cost. Affymetrix
Molecular Inversion Probes (affymetrix.com) or lllumina Goldengate
(illumina.com) platforms were appropriate alternatives, however, for the number
of SNPs and samples genotyped in this study MassArray was the most cost
efficient platform available.

For the 20 SNPs in the Al study, the aim was to develop a novel method
of genotyping for the determination of differences in the expression for the two
alleles of each SNP. Other possible platforms available were, in addition to
MassArray, e.g. lllumina Goldengate and pyrosequencing. However, once again
the cost efficiency come into play as the number of SNPs were too low to make
lllumina or MassArray cost efficient. Pyrosequencing, on the other hand, would
have been equally applicable for this study.

As documented by this thesis, there may be some differences with
regard to success rates and accuracy between the two genotyping platforms.
However, these differences are small enough to become irrelevant. Both
platforms show a high level of reproducibility and success rates for genotyping
germline DNA.

For the genotyping with MassArray (study 1), two SNPs failed completely
and 5 were found to be monomorphic. The monomorphic SNPs were also
monomorphic or almost monomorphic in the HapMap database, but not in our
previous study using SNP-It™ on a Norwegian cohort (Edvardsen H et al.,
2006). This is why these SNPs were included in the MassArray study. The
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discrepancies between the two runs of genotyping could be due to error in the
calling process of either of the two platforms. The MassArray did have a 3 %
mismatch rate compared with SNP-IT. There is a possibility that the error
occurred in the genotyping with SNP-IT. As the SNPs were monomorphic in the

HapMap database, it may be that these SNPs simply are monomorphic.

Several factors needed to be taken into consideration when the TagMan
genotyping in study 2 were designed. Firstly, the possible presence of DNA in
the RNA extracted material. This method of measuring allelic imbalance is very
sensitive to the 50:50 ratio provided by DNA fragments with the same
sequence. As these would register as expression in the final analysis, being
virtually indistinguishable from the RNA fragments, it would affect the results.
One could argue that any germline DNA present in the sample would give a
50:50 ratio, as the patient was heterozygote for the SNP, and would therefore
not affect the result. The actual amount of RNA present was not measured, just
the relative amounts of each allele compared with each other, and if some
heterozygote DNA was present this would not cause an unnatural skewing of
the results as the allelic ratio for the DNA would be 0. However, as the
genotyping was performed in tumour tissue, not blood, it is uncertain whether
only one DNA copy of each allele exists. And hence, DNAse treatment was
performed for all RNA samples that had not previously been through a DNA
removal step. The quality control run on the bioanalyzer showed that the DNAse
treatment itself had limited or no effect on RNA quality. DNAse treatment of the
samples that had gone through such a treatment during the isolation procedure
was considered redundant and not performed.

Another issue to consider is the problem with the unknown germline
genotypes in the DCIS material. SNPs with clear calling of the RNA samples
could be underrepresented due to removal of heterozygotes along with the
homozygotes, while the SNPs that did not have a clear genotyping of the
material could possibly have homozygotes in the calculations. This could
theoretically cause a lower allelic ratio for the former and a higher allelic ratio for

the latter than the true allelic ratio of the material. The opposite was seen in this
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thesis and the reason is unclear. However, the no-called SNPs failed to be
called because the samples spread wildly making it difficult to detect the
clusters of the three genotypes. The ARs are highly spread for the SNPs
without calling, and so the low average Al is presumed to be due to the AR of
the individual samples cancelling each other out. This does not solve the
guestion of whether the heterozygotes’ under- or overrepresentation affect the
results, and without germline DNA available there is no effective way of
detecting the possible discrepancies. This is one reason why it is important to
identify the heterozygotes beforehand.

Initially the large number of elevated NTC values in the cDNA genotyping
was worrisome as it implied a large scale contamination, either of the assays
themselves or of the plates during preparation. The investigation to determine
the source of the contamination gave no results and the raw data from each
genotyping was then reviewed more closely. It led to the conclusion that the
cause was not contamination, but rather that some assays have a higher level
of non-specific fluorescence than others, and this was confirmed by Applied
Biosystems. This high level of fluorescence does not influence the results as the
background signals are removed from the CT by the software. In addition, the
adjustment of the samples to the controls would remove any other unspecified
fluorescence and crosstalk of the probes.

There was a high level of failure for 10 of the assays for the cDNA
genotyping. This could simply be that the genes were limited or unexpressed
thereby exceeding the CT threshold. These genes could also be highly
expressed, as seen when the genotyping with the DNA protocol and 2,44 pl
cDNA failed. There is also a possibility that it is due to chemical or physical
problems with the probe, for instance, that the probe does not have as high
affinity to the cDNA compared to the DNA target sequence. These assays were
designed for genomic DNA, and may therefore not be as ideal to use on cDNA.
This is not uncommon as Milani et al reported that 19 of 79 genes failed when
genotyped in cDNA, but were successful in DNA (Milani L et al.,, 2007). The
reason for the lower affinity may be that the cDNA have no introns. If the probes

attach partly to the sequence of the intron, it would have low affinity for the
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cDNA. Of the SNPs with high failure rates genotyped in this study, more than
half were on the border of an intron, making this a highly possible reason for
failure. Another possibility is that aberrations in tumour cause one of the alleles
to be extremely high or unexpressed, i.e. amplification or deletion. Either of
these would cause the TagMan genotyping to fail. If this occurs the SNP would
in fact be more in Al than indicated by the results in this thesis.

Ull had much higher failure rates compared with other materials. This could
be biological, i.e. that the genes simply were too low or highly expressed in this
material compared to other materials. Another possibility is that the carcinomas
in the Ull cohort are more degraded, though the quality control indicates that
this was not the case. However, the bioanalyzer plots show the quality of the
ribosomal RNA more clearly than mRNA, and so there is a possibility that the
MRNA in the samples were generally of poorer quality than indicated by the
ribosomal RNA. The Ull, FU and LB cohorts all had high failure rates, and they
were also the oldest materials of the 5 included in this study of Al. Repeated
freezing and thawing of the material could to some extent degrade the RNA
without it being detected on the bioanalyzer. In addition, Ull, FU and LB cohorts
were all isolated with the Trizol extraction protocol, while MDG and DCIS were
isolated with the column purification method. Though both are high quality
methods their differences may account for the observed variation in failure
rates. Alternatively the DNAse treatment may have caused the increased failure
rates. Ull, FU and LB were all DNAse treated prior to cDNA synthesis and this
may have caused some degradation of RNA. Finally, the cause may be due to
aberrations in the genes, as Ull had a high level of CNAs. This may have
contributed to making the Ull material more failure prone than the others.
However, the high stage BC tumours have generally more aberrations than the
lower (Gao Y et al., 2009), thereby implying that FU/LB should have more
failure than the Ull cohort. Either way, it is highly unlikely that the cause of the
increased failure rate would have an effect on the allelic ratios, an assumption
strengthen by the lack of correlation between allelic ratio and RNA isolation
method seen in this thesis.
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Optimisation of the method in study 2 was performed in an attempt to lower
the failure rates. Several different protocols were attempted, and the allelic
ratios remained approximately the same regardless of protocol for all SNPs, but
one, indicating that the results themselves are independent of the protocol
used.

The DNA protocol with half amount of cDNA showed consistently higher
failure rates than the regular cDNA protocol. Four SNPs showed a lower failure
rate for the DNA protocol; however the differences for three of these were small
enough to be considered insignificant. The 4th SNP, MRPL43 (rs2863095), had
a higher failure rate for FU/LB and lower for Ull with the DNA protocol. Why
exactly is uncertain, but it may be related to the general differences in failure
rates between Ull and the other materials, as suggested by 100 % failure for Ull,
3 % for DCIS and 50 % for MDG and FU/LB. There were generally few samples
with aberrations in this gene, with the exception of the Ull cohort, which had
many.

The cause of the difference in failure rates may be due to the protocols or
the template volumes. Two SNPs were genotyped with the same template
volume and different protocols, and the same protocols with different template
volumes. The failure rates were higher for the DNA protocol and for the halving
of template. Presumably, the cDNA protocol, having higher primer/probe
concentration and total volume, increase the chance of each target sequence
attaching to a probe. The DNA protocol, having a lower amount of primers and
probes, will give a weaker signal due to fewer probes attaching to the target
sequences. If the template is diluted (when the volume is halved), less signal is
emitted due to the lower concentration of the target sequence.

In the end it was decided to use the regular cDNA protocol for all SNPs as
this had generally lower failure rate, giving a higher amount of samples to
calculate the AR. The 5-10 SNPs with high failure rates may yield better results
with a change in the protocols, however, the changes would have to be more
profound than the ones attempted here. Also, choosing a SNP deeper into an
exon would probably yield better results for the assays where the targeted

sequences were partially in an intron.
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4.2 Genetic variation and allelic imbalance

4.2.1 Genetic variation in ROS pathways (study 1)
Three of the SNPs were not in Hardy-Weinberg equilibrium in the

controls. For one of these, rs1805389 in LIG4, the T allele is very rare. As the
genotype frequencies don't always fit the asymptotic chi-square distribution, a
goodness-of-fit test is not always applicable for measuring HWE, especially
when one of the alleles is rare or N is low (Halliburton R, 2004). The test may
give a significant p-value even when the population is in HWE. However, for all
three of these it may simply be that the SNPs deviate from HWE in these
populations. Two of the SNPs, rs2137680 and rs907807, reside within the same
gene (IGF1R), strengthening the possibility that evolutionary forces are at work.
In addition, both genes in question are important components in the metabolism
and actions of ROS. And so, it is not too far fetched to believe that some natural
selection or other evolutionary forces may influence the gene. The HWE test is
not adequate proof that evolution is affecting the locus, nor does it reveal the
factors throwing the population off the equilibrium. In addition to evolutionary
forces like natural selection, gene flow and non-random mating, the deviations
can also be due to random chance or unknown subpopulation structures in the
control cohorts.

Deviation from the HWE has in the past been synonymous with
genotyping errors. However, current genotyping methods are accurate enough
to not cause the deviation from HW. Fu et al. investigated the effect of missing
call bias on HWE and allele frequency distributions, and its occurrence in
current genotyping platforms. No calls are often clustered between one of the
homozygote groups and the heterozygotes, and may result in either an
overrepresentation or underrepresentation of heterozygotes compared to the
homozygotes. Though they did not investigate MassArray specifically they do
show that missing call bias occurs in modern genotyping platforms, and that it
may be beneficial to lower the number of no calls, despite the increase in
genotyping error rate that would follow (Fu W et al., 2009). So the deviations
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from HWE in this thesis may be caused by missing call bias, even though the
success rate is high. As deviations from the HWE may affect the result of
association studies ((Trikalinos T A et al., 2006)), the control populations
causing the deviation from HWE were removed from the combined control
group for the two relevant SNPs. The removal brought the controls into HWE
and changed the p-values of the similarity test between cases and control,
leaving rs907807 insignificant, however; this does not change the overall result

for IGF1R as it still has two SNPs with significant p-values.

In the case control analysis of study 1, the 9 haplotypes had at least one
SNP each with significant difference between cases and controls. This supports
our previous finding of these genes being associated with breast cancer risk,
and indicates that these significant SNPs may possibly be in strong LD with the
causative variant, though further investigation, including functional studies,
would be needed for this to be confirmed. These haplotypes, in addition to
having previously shown association with breast cancer risk and tumour
expression (Kristensen V N et al., 2006; unpublished study), are located in
genes that are involved in the metabolism and function of Reactive Oxygen
Species, DNA-repair and apoptosis, and these processes have a relevance to
tumourigenesis. ROS induce damage to nucleic acids, proteins and lipids,
which can cause abnormal activities in the cell. In addition, ROS is involved with
apoptosis, and tumourigenesis and suppression through the RAS-RAF-MEK-
ERK pathway (Pan J S et al., 2009), a pathway relaying signals from the
membrane resulting in gene regulation through the manipulation of chromatin
structure and the activation of various transcription factors (Orton R J et al.,
2005). Damage to DNA may cause tumourigenesis to occur if left unattended,
due to loss or damage to genes involved with the normal activity and mitosis of
the cell. Genes involved in DNA-repair is needed to repair the DNA before
further mitosis, while genes involved in apoptosis recognizes the damages and
cause the cell to self destruct to prevent further replication and proliferation
(Plotkin J B and Nowak M A, 2002). Variants in specific genes involved in these
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processes being revealed to have an association with breast cancer risk sheds
more light on the process of tumourigenesis in the breast.

4.2.2 Genetic variation and allelic imbalance (stud vy 2)
The purpose of genotyping the 20 coding SNPs in germline DNA with

TagMan was to determine the heterozygotic samples, but the results could also
be used for a case control analysis. However, the total N is low for both cases
and control (273 and 102 respectively), and so the test have less statistical
weight than the ones performed for the SNPs genotyped in study 1 (1757 cases
and 1859 control samples).

The 20 SNPs genotyped with TagMan were all in HWE (p>0,001). Two
SNPs showed significant differences in frequency between cases and controls,
indicating an association between these variants and breast cancer risk. Two
other SNPs were borderline insignificant, one of these being in ERBB2 with
known relevance to breast cancer. However ERBB2 had only 24 individuals in

the control cohort, which gives the test low power for this SNP.

The survival analysis gave one significant SNP, rs801719 in CERK. That
the other SNPs were insignificant is not unexpected, as none of these 19 genes
were selected for having an association with breast cancer specific survival.
The one gene that was selected for its clinical significance, rs1801200 (ERBB2)
was not tested for correlation with survival. The SNP in CERK showed a higher
survival rate for the heterozygotes, implying overdominance. That is, the
genotype of the heterozygote has a higher fithess than either of the
homozygotes. That would mean that either allele may have less advantage than
the sum. This test alone does not prove any real connection between this SNP
and survival, but a recent study show an association between the expression of
CERK and survival which support the result found in this thesis (Ruckhaberle E
et al.,, 2009). In addition, the test does not prove that any of the other SNPs
don’t have a connection with survival, and further studies would be required.
However, the results of these tests were adequate for the use in this thesis, as

their sole purpose was to prioritise the SNPs.
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All SNPs show some level of Al, however the threshold for what is
significant can be difficult to set, especially with the high level of variance
between the individual tumour samples. For instance, RAB8A, USP36, TOPBP1
and CERK are spread over the entire spectrum from -0,1 through 0 to 0,1. For
this reason, a t-test or Mann-Whitney U test was performed for each material
and combined for each SNP to give an idea of the significance of the Al seen.
The AR and p-values were calculated for each separate material for two
reasons; firstly, to establish if there were any differences between the different
patient cohorts (representing different stages), and secondly, to see if the
difference affected the overall average AR. For instance, RAB8A (rs10409364)
had an average AR of -0,08 for DCIS and +0,08 for FU/LB, but and overall
average of 0,002, indicating no Al. But this overall average is due to the
different cohorts showing Al for different alleles, not because the Al is low. The
p-values show an equal pattern.

Besides the spread patterns of the allelic ratios, there is a tendency for
MDG to be close to 0. Otherwise there is no consistent pattern for the various
cohorts. MDG represent the low stages of BC, and there is a tendency for late
stage to have a higher Al. This may indicate a connection between tumour
expression and these genes, however, it could also be due to chance, tumour
aberrations or differences in the materials as most of the samples with stage 3
and 4 are from FU/LB, and the pattern was not consistent for all SNPs.

DCIS has a different Al than the other cohorts for 3 SNPs. The reason for
this is uncertain. DCIS represent early stage breast carcinoma, and according
to the pattern set by MDG and stage 3 and 4 DCIS should be clustered close to
0. This is true for one of the SNPs (rs12347 in MTRR), however the other two
have a high Al and, in addition, the SNP in RAB8A is in Al for a different allele
in DCIS compared to the other cohorts. It may be that the ductal carcinoma in
situ have a different expression pattern for these genes, however that does not
explain why the pure invasive samples of the DCIS material show the same

pattern. If this was a general tendency for the low stage carcinomas in these
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genes, then MDG, and a subset of the Ull cohort, should have displayed the
same pattern.

The high variance in Al between individuals is common, for instance, Lo
et al. reported a high level of interindividual differences in allelic ratios (Lo H S
et al., 2003). The study by Lo et al., as well as the studies performed by Maia et
al. and Milani et al., used a standard curve of heterozygotic DNA to estimate the
accurate transcript level of each allele (Lo H S et al., 2003; Maia A T et al.,
2009; Milani L et al., 2007). In this thesis, the ratio was found by using DNA with
equal concentrations from three different heterozygotic, healthy individuals, and
the accurate transcript levels can therefore not be inferred. Yet, one can see
from the clustering of individual allelic ratios around 0 and the high p-values,
that 5 of the genes have low Al.

This is especially noticeable for ERBB2, which displayed a high Al in the
study by Milani et al., but low in this thesis, along with insignificant p-values.
However, the failed specimen in the genotyping had a tendency to fail for either
one or the other allele, rarely both. And since both alleles were needed to
calculate the Al these specimen had to be removed. This may imply that the Al
is in fact higher than estimated, because a highly skewed AR would cause one
allele to fail completely in the genotyping. The gene has generally a very high
level of aberrations, but there were few among the samples successfully
genotyped. It is possible that the samples with high level of aberrations failed
during genotyping because the level of Al is too high. If this is the case with
ERBBZ2, then several of the other genes may suffer from the same problem.

The 4 remaining genes with low Al all have high failure rates. Only one of
them has probes overlapping with an intron (SIRPB1), and though they have a
high level of aberrations in the Ull cohort (which failed completely for all of these
SNPs) they do not generally have many in DCIS and MDG. Whether
aberrations have contributed to the high failure rates and low Al of these genes
is unknown, however it can be investigated. Measuring the total level of
expression with TagMan Gene Expression assays is an option to discover
whether low expression caused the pattern seen, and measuring Al in a cohort

where the aberrations for each sample is known can show whether the CNAs is
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a factor. Both of these can be performed with the TagMan platform; however,
another option is to cDNA genotype the same samples on a different platform,
e.g. pyrosequencing or lllumina Goldengate. Neither Milani et al. nor Maia et al.
reported a problem with aberrations, however the former used a different
genotyping platform (Tag-microarray minisequencing) and the latter did not
measure Al in tumour tissue (Maia A T et al., 2009; Milani L et al., 2007). The
problem with TagMan is that if the Al is too high, giving either too much or too
low expression of one allele, the reaction will simply fail. Due to the general high
level of aberrations in DNA from tumours, this platform may not be ideal for
detection of Al in tumour expression unless the protocol is optimised further.

Four SNPs showed Al for one allele for almost all individuals. Of these,
USP36 has a few members of the DCIS cohort spread into the opposite allele,
but the rest of this material, along with the other cohorts, are in Al for one of the
alleles. These SNPs have generally low p-values, strengthening the evidence of
Al. One of the SNPs, rs4129190 in FLJ10916, had, in addition, a significant p-
value in the case control analysis.

The remaining six SNPs have a highly spread pattern, however, for all of
them the p-values are significant for at least some of the cohorts. Most notably
are RAB8A, MTRR and QRSL1, which have highly significant p-values and high
Al for the Ull and FU/LB cohorts. All six SNPs show significant Al with a great
deal of interindividual variance.

This shows that variants in 10 out of 15 genes have a differential
expression in breast carcinomas, with 4 being preferential for one allele. These
genes are involved in processes, such as, proliferation, transport, translation
and apoptosis, all important for the cell, and changes to these processes may
help cause tumourigenesis. A low expression level of a transport gene may
cause waste products to remain in the cell or organelle, or a deficiency of an
important molecule, because there is not enough of the transport protein to
move them across the membranes at the proper pace. Variants in genes
involved in translation may affect the level of proteins produced, which could

have an influence on many processes inside and outside of the cell depending
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on the affected proteins. And the importance of the genes involved with
apoptosis and proliferation have been mentioned earlier. The genes involved in
these processes are therefore possible locations for variants that influence

expression level in a way that may affect the risk of tumourigenesis.

4.3 Conclusions and future research

At least one SNP per haplotype was validated for having a correlation
with risk of breast cancer in study 1, and the possible causative agents may
have been found in the SNPs that were significant for each gene, or in strong
LD with them. From here the next step would be to estimate the haplotypes for
the 9 genes and see if the difference in haplotype distribution previously
identified can be validated. This can be done by estimating the haplotypes using
software, e.g. PHASE, and then performing a case control analysis for all
haplotypes. For many of the cases and controls there are available expression
data and these can be used to see if the SNPs/haplotypes found to be
associated to BC risk have an effect on the expression of the gene in which the
SNPs resides.

Of the SNPs successfully genotyped in cDNA in study 2, 10 out of 15
showed evidence of Al, and this marks these genes as possible candidates for
harbouring tumourigenic variants. The remaining 5 may have had low Al
because of aberrations in the gene, and this can be discovered by further
genotyping with TagMan or other genotyping platforms, such as lllumina or
pyrosequencing. This thesis raises the question of whether TagMan is a
suitable genotyping platform for detection of Al in tumour tissue with the current
producer recommended protocol. The high level of aberrations in tumour DNA
may limit the use of TagMan for this type of study, though more investigation is
needed.

A functional study, e.g. Electrophoretic Mobility Shift Assay (EMSA), of
candidate rSNPs in the promoter of the genes that showed a high level of Al,
may yield a possible cause for the differential expression.
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6 Supplementary

Table 1. Primer sequences for all SNPs genotyped wi  th MassArray.

SNP Gene Sequence
rs13340 TXNIP ACGTTGGATGATCCCTATCTCCTAACACAG
rs2715438 IGF1R ACGTTGGATGTGGGACACTGATGCTGTATG
rs1805386 LIG4 ACGTTGGATGATGCCACTCCTTGICATCTC
rs1381548 BCL2 ACGTTGGATGGGEGTGATCGGAATAGTGATG
rs854539 PPP1R9A ACGTTGGATGTCAGAGACCTCACCCTAATC
rs1805388 LIG4 ACGTTGGATGT TGATGGCTGCCTCACAAAC
rs7212 TXNIP ACGTTGGATGCCTCTAGITTCTCATGGCAG
rs230525 NFKB1 ACGTTGGATGGTAAGATTACGGGAAAAGT G
rs7211 TXNIP ACGTTGGATGCCTTTTCCCAAAGTITTTGGEC
rs215094 ABCC1 ACGT TGGATGCTGAGATCCGTGGAGTGAG
rs215067 ABCC1 ACGTTGGATGTGT TGGCTGCTTTCTGTAAC
rs854523 PPP1R9A ACGTTGGATGAGCTGAATATCAAAAGCACC
rs2062541 ABCC1 ACGTTGGATGGTTCCGTGAACTTGAATGT G
rs2791749 TXNIP ACGTTGGATGTGCCTCGGGTAGI TAAAGTC
rs2137680 IGF1R ACGTTGGATGAGT GCTACAGGT GAGGAAAG
rs1481031 BCL2 ACGTTGGATGAGGGTCGTTTCTGAGTICTAC
rs854524 PPP1R9A ACGTTGGATGAGCTGAGGTGITATGAAGTC
rs1609798 NFKB1 ACGTTGGATGTCACTGTCATGACTGCTCAC
rs907807 IGF1R ACGTTGGATGGCATTCTGCATGAGGCATTG
rs958379 PPP3CA ACGTTGGATGGTCAATCTTAAGGATGACTGC
rs2160227 ILIR1 ACGTTGGATGGGT TAACGCAGAATTGAAAG
rs230505 NFKB1 ACGT TGGATGTAGGCCATCCAAACGTAAAG
rs871335 IGF1R ACGTTGGATGAGT TCCAAACACCTGITCAC
rs1585214 NFKB1 ACGTTGGATGCCCTGCAAATCTGCATGAAC
rs1801 NFKB1 ACGTTGGATGCTGCGGTATGAGICTGTATC
rs1982673 BCL2 ACGTTGGATGGTGCCATACTTTAAAAAATTC
rs920559 PPP3CA ACGTTGGATGTAGT TTGACCATGCAGAGGG
rs1016860 BCL2 ACGTTGGATGAGAGCCAGTATTGGGAGI TG
rs2232640 LIG4 ACGT TGGATGACAAAAGAGGT GAAGGGT GG
rs854518 PPP1R9A ACGTTGGATGGATTTTAGCAGCTGITATG
rs903880 ABCC1 ACGT TGGATGCAGGGCCCCATCCTGGATT
rs1567811 IGF1R ACGT TGGATGCCACACAAATCCTAAATGGEG
rs2062011 BCL2 ACGT TGGATGACAAGCCTCCAGGAATCCAC
rs2791750 TXNIP ACGTTGGATGAAGT TCGECTTTGAGCTTCC
rs230531 NFKB1 ACGTTGGATGTCAGTTTCCTAGCATAACAC
rs1805389 LIG4 ACGT TGGATGAGGAACGTGAGATGCAACAG
rs230498 NFKB1 ACGTTGGATGCGTGTCTCCTGITGTATGIC
rs705377 PPP1R9A ACGT TGGATGACAGCACAGACACAGGITTC
rs1568502 IGF1R ACGT TGGATGGGATGACCGCATAGAGGAAC
rs997049 ILIR1 ACGTTGGATGAACTGT TTCCAAAAAGCCAG
rs1021965 PPP3CA ACGTTGGATGCTTCTGIGCTATTTTCTGCTC
rs1598857 NFKB1 ACGT TGGATGGCCAAAACACTGTGGTGTAT
rs1481030 BCL2 ACGTTGGATGGTTGTCTAACCTAGTIGGITC
rs1020760 NFKB1 ACGTTGGATGATAGAAAGCACTCAAAGAGG
rs212083 a ABCC1 ACGTTGGATGCCATCATGGACTACACAAGG
rs212083 b ABCC1 ACGTTGGATGTGT TGGAAATTCCTTCTGCC
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Table 2. Context sequences for all pre-designed ass

ays for TagMan genotyping. This

the sequence that surrounds the SNP. The target specific primer sequences are not listed.

SNP Gene Context Sequence

5801719 | CERK | CTCCCACCTTCCAGAGCTTATCATC O T] GTGCTOCCAGMCAGACKE

rs12347 MTRR AGGAGGAAGCCCCAGCAAAGTAATTG&;A({, G CAAGACAACATCCAGCTTC
rs3192149 | TOPBP1 AAAAGAGCTGCTTTACTTTCA%CTTC[;G% T] ATGTGAAACTGGAATTTCC
rs4129190 | FLJ10916 GAAGAGCTCCCACAGTTGGACAA%AE% A] GACCCTGTGCCAGTGGAGC
57562301 | PpiL3 | FATACTTATGTCCTTAATGTCY CA}CT[ c/yr C] TCATTAAGAGGTCGGTATG
rs2243603 | SIRPB1 AGTGGAGCAGTAGGAGCCAGCG&%& G TTCTGGAAATCAGGGAAGA
51143684 | NQO2 AGTGTCTGATTTGTATGCCATm GCZ\ 1 TTGAGOOGAGEGCCACAGA
rs1494961 | HEL308 CCAAGGTCATTTGATGATGACTA%FA_#C% T] TGTTTTCTTAGCAACATTA
rs973730 | ESCO1 TATCATGTAGCTTTGTCCCTAA&AC[;CCA T] GTACTTTGAGTCACTGGAT
rs2863095 | MRPL43 GTmACTCTTCACTGTGCTCJT%g T] ACCTGGGCTGGGGCAGGAT

(52636 MCTPL CACAGGTCACCGTCACTCACTTCCC'I'A'\I'C[:T AT/ T] ATOCTTTCGCCAAAGGAAG
(2255546 | LRAP TGCCAGACGTCCAAAGGGGCAm T] TAGCATGGGATTTTGTAAG
(2290911 | SH3YLL GATAGAGCTTATATTCATTTCTG?_TC';I'C[;T AC/; G CCTGOCAAAAAAGAGGAGA
52294008 | Psca | CTOCACCACAGCCCACCAGTGACCAL O T] GAAGGCTGTGCTGETTEOC

1510380 MTRR ATTATATTTCAGAAAAGA(BCTCC,:AT(_EFAA[A QC T] ATTTOCTTAAGCATGGGAT

Table 3. Primer and probe sequences for all custom

designed arrays for TagMan

S

genotyping.
SNP Gene For_ward Reverse Primer viC FAM
Primer reporter reporter
CCTGACCCTGG | ACCAGCAGAATGC | ACGTCCAT | CGTCCATCG
rs1801200 | ERBB2 CTTCOG CAACCA CATCTCTG | TCTCTG
TCAGGTCACAA
GGAATATGAGCCG | CGGAAGGT | CGGAAGGTC
rs1064608 | MTCH2 CAATAA::GT: CTT | AGGAAATAGCTT | CGCCTTT | cocTTT
ACTTGITC
CCTCTGCAGAC | TTCCTTGGAAACT CTTGITCCC
rs10409364 | RABBA | =rcooaapAGA | TGTCTCTTGTCA CCG(A:ETAT AAGTATCA
ATAGGACT | CAATAGGAC
GAAGCTGCTGG | COCTGTTGCACTC
52015205 | QRSLL | Flriancs | Teanaacan GCAGTTTTA TACA(T;TTTA
GTTGCCAGAGG | GGCTCTCOCACAA | CCOCCAGA | COCOCGRAG
rs3088040 | USP36 |  oacrca AGGTCTTTT GOCC cce
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