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Abstract 

Background: Breast cancer is a multifactorial disease, and the etiology has both genetic and 

environmental components. Among the genetic factors, single nucleotide polymorphisms (SNP) 

in moderate to high-risk genes have been extensively studied, despite their potentially small 

contribution to the population attributable risk for breast cancer. Low-risk SNPS that are more 

common in the population may combine to increase breast cancer risk, and need further 

examination. Among the pathways involved in carcinogenesis, replication is a key process, 

carefully regulated by a multitude of genes. Epidemiologic studies to date have included all 

relevant genes under replication pathway, but some have shown inconsistent results particularly 

with respect to tumour subtypes and menopausal status. This thesis aims to assess the 

relationship between variants in replication genes and breast cancer risk overall, among pre- and 

postmenopausal women of European and East Asian descent, as well as according to tumour 

receptor status among Europeans. 

Methods: Data from a population based case-control study with 997 cases and 1050 age-

frequency matched controls in Vancouver, British Columbia and Kingston, Ontario were used. 

Unconditional logistic regression adjusting for age and centre and assuming an additive genetic 

model was used to calculate the odds ratios for 45 SNPs and breast cancer risk. Polytomous 

logistic regression was used to assess how risk varies by tumour subtypes. All analyses were 

stratified by menopausal status and ethnicity. The false discovery rate (FDR) was used to control 

for multiple comparisons. 

Results: Among Europeans, variants in FGFR2-rs2981582 (OR=1.45, 95% CI: 1.25, 1.69), 

rs1219648 (OR=1.45, 95% CI: 1.25, 1.69), rs2420946 (OR=1.46, 95% CI: 1.25, 1.70); TOX3- 
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rs8051542 (OR=1.24, 95% CI: 1.06, 1.44), rs3803662 (OR=1.39, 95% CI: 1.18, 1.63), 

rs4784227 (OR=0.73, 95% CI: 0.62, 0.87) and 11q13- rs614367 (OR=1.37, 95% CI: 1.12, 1.68) 

were associated with breast cancer risk overall. When analyzed by menopausal status, variants in 

CASP8 (rs10931936) and TOX3 (rs8051542) among Europeans and HCN1 (rs981782), MRPS30 

(rs2067980), ECHDC1, RNF146 (rs2180341 and rs6569480), COX11 (rs6504950 and 

rs7222197) among East Asians showed heterogeneity in breast cancer risk between pre and post-

menopausal women. Variants in CASP8 (rs1045185), SLC4A7 (rs4973768), 8q24 (rs672888), 

FGFR2 (rs1219648 and rs2420946) among Europeans and MAP3K1 (rs889312) among East 

Asians showed heterogeneous risk across tumour subtypes.  

Conclusions: Several variants of replication-genes were associated with breast cancer risk, and 

the risk varied by ethnicity, menopausal status and tumour subtype of an individual. This 

confirms the heterogeneous etiology of breast cancer and provides insight into pathways 

associated with the replication gene pathway. 
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Chapter 1: Introduction 

1.1 Background and Rationale 

 Breast cancer has the highest incidence and mortality of any cancer in women worldwide, 

estimated to account for 1.7 million new cancer cases and 508,000 deaths annually [1;2]. It is a 

multifactorial disease, with genetic, environmental, lifestyle and hormonal etiologies [3]. 

Familial studies indicate genetic components as one of the key driving factors [4]. Established 

genetic factors so far include mostly moderate to high-risk genes, such as mutations in BRCA1/2; 

however, these variants are quite rare in the population (frequency <1%) and account for less 

than 25% of the familial cases and only about 5% of the total breast cancer cases [5;6]. In recent 

years, the role of more common (frequency >5%) low-risk genetic variants in breast cancer is 

being investigated [7].  

 One avenue in terms of low risk genetic factors is to look at SNPs within replication 

genes. Replication is a key process by which cells multiply, which is carefully regulated by a 

host of genes and their protein products [8]. Cancer occurs as a result of uncontrolled cell 

growth, which always affects the replication pathway. Genes that are involved in cell replication 

act in signaling, apoptosis, metabolism, hormonal, inflammatory and various homeostatic 

pathways [9]. Understanding the role of variants in these genes is important to elucidate the 

genetic basis of breast carcinogenesis. Studies so far have investigated variants in some genes 

involved in replication but they have produced inconsistent results. It is necessary to explore key 

genes in the replication process together in one single study.  

 In breast cancer studies, it is important to address the role of ethnicity and menopausal 

status in breast cancer causation. Furthermore, breast cancer is not a single disease, rather it has 

heterogeneous phenotypes, risks, prognosis and treatments depending on the type of hormone 
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receptors expressed on cell surface [10]. Expression of three types of receptors, namely estrogen 

receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (Her2) 

give rise to four distinct subtypes. Therefore, these factors need to be considered in breast cancer 

research [11]. 

1.2 Overview of Study Design  

 Data from a multi-ethnic case-control study conducted in Greater Vancouver BC and 

Kingston ON (Canadian Breast Cancer Study, CBCS; KJ Aronson and JJ Spinelli co-PIs; co-

investigators Drs. A Brooks-Wilson, A Grundy, H Richardson, and I Burstyn) were used for this 

thesis. There were 1,142 breast cancer cases and 1,178 controls in total, of which the majority 

were of European and East Asian descent. In British Columbia where 90% participants came 

from, cases of ages 40-80 who were diagnosed with in situ or invasive breast cancer between 

2005 and 2009 were recruited from the British Columbia (BC) Cancer Registry. Age-frequency 

matched controls were recruited from the Screening Mammography Program of BC, living in the 

same geographic areas as cases and were cancer-free at the time of diagnosis. In Kingston, both 

cases and age frequency-matched controls were identified from the Hotel Dieu Breast 

Assessment Program prior to diagnosis. Cases and controls had a response rate of 54% and 57%, 

respectively. All participants provided a biological sample (either blood or saliva) from which 

DNA was extracted for genotyping, and completed a detailed questionnaire that had information 

regarding education; ethnicity; health, medical and reproductive history; family history of 

cancer; lifestyle characteristics including lifetime tobacco and alcohol consumption; lifetime 

physical activity and cooking habits; and lifetime occupational and residential histories. Tumour 

pathology markers (ER, PR, and Her2) were obtained for cases using immunohistochemistry 

(IHC) or Fluorescent in situ hybridization (FISH).  



3 
 

1.3 Objectives 

The objectives of this thesis are: 

1. To characterize the distribution of genetic variations in replication-related genes by ethnicity. 

2. To determine age and centre adjusted associations between SNPs in each replication gene 

and breast cancer risk, stratified by ethnicity and menopausal status. 

3. To determine if the association between SNPs in each replication gene and breast cancer risk 

is modified by tumour receptor subtypes among European and East Asian women (ER+ 

and/or PR+, Her2-; ER+ and/or PR+, Her2+; ER-, PR-, Her2+; and ER-, PR-, Her2-). 

1.4 Thesis Organization  

 This thesis is written in a manuscript format. The second chapter provides a 

comprehensive literature review on breast cancer epidemiology, etiology, overview of the 

replication process, pathways involved in replication, genes regulating these pathways, evidence 

of replication-gene variants in relation to breast cancer from epidemiologic studies evidence of 

heterogeneity in risk of breast cancer due to tumour subtype, menopausal status and ethnicity, 

and the effect of linkage disequilibrium (LD) and Hardy-Weinberg Equilibrium (HWE). Chapter 

3 describes the methods used for sample and data collection, and data analysis strategy. Chapter 

4 consists of the manuscript on the relationship between replication-gene variants and breast 

cancer, stratified by tumour subtype, menopausal status and ethnicity. Chapter 5 provides some 

additional results not included in chapter 4, including comparison of selected characteristics 

between subgroups, distribution of genetic variants across the different subgroups, allele 

frequency, range of minimum detectable effects (MDE), results of LD and HWE analyses, and 

association between replication-gene variants and breast cancer risk by menopausal status and 
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ethnicity. Finally, chapter 6 provides discussion on the findings and future direction of research. 

Some additional materials are provided in the appendix. 
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Chapter 2: Literature Review 

2.1 Importance of the Breast Cancer Problem 

 Breast cancer ranks at the top in terms of cancer incidences in women worldwide, and is 

the second most prevalent form of cancer overall. In 2012, there were 1.7 million new cases of 

breast cancer diagnosed worldwide, which constituted 12% of all new cancer diagnosis and 25% 

of all cancer incidences among women [1;2].  According to the World Cancer Research Fund 

International/ GLOBOCAN 2012 estimates by the International Association for Research on 

Cancer (IARC), breast cancer incidence and mortality worldwide have increased by 20% and 

14%, respectively, since 2008 [1;2]. The most recent estimates by the World Health Organization 

(WHO), Global Health Estimates 2013, show that over 508,000 women died worldwide due to 

breast cancer[1;2]. Age-adjusted incidence rates of breast cancer vary across the world, with the 

highest rates found in high-income countries in North America, northern Europe, and Australia 

(75-100 per 100,000); whereas they are much less in parts of Africa and Asia (20 per 100,000) 

[1;3]. Likewise, breast cancer survival greatly varies by geographic location and income status; 

ranging from over 80% in North America, Sweden and Japan, to approximately 60% in middle-

income countries and about 40% in low-income countries [4-6]. Even though breast cancer has 

traditionally affected Western countries, with changing lifestyle and increase in risk factors, it is 

increasingly becoming more prevalent in the developing world. In fact, 50% of breast cancer 

incidences and 58% of deaths due to breast cancer occur in developing countries [4-6].  

 In Canada, recent statistics show that one in nine women will be affected by breast cancer 

in their lifetime. In 2015, an estimated 25,000 new cases of breast cancer and 5,000 deaths were 

seen in women [7]. While morality rates have dropped rapidly, likely due to early detection and 

effective interventions and treatments, breast cancer incidence has remained relatively 
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unchanged [1;3]. This pattern is consistent throughout the developed countries, whereas in 

developing countries, both breast cancer incidence and mortality are on the rise [1;3].   

2.2 Breast Cancer Etiology 

 Breast cancer is known to be caused by several factors. The effects of genetic, hormonal, 

environmental, lifestyle and dietary factors on breast cancer have been well documented. Risk 

factors of breast cancer include age, early age at menarche, late age at menopause, nulliparity, 

family history, high body mass index (BMI), alcohol consumption, high mammographic density, 

intake of saturated fats and the use of exogenous hormones such as oral contraceptives and 

hormone replacement treatments (HRTs) [8]. However, it has been estimated that current known 

risk factors account for about half of all breast cancer cases [9].  

2.3  Breast Cancer Genetics 

 Family-based studies in monozygotic twins or siblings point toward a hereditary 

component in breast cancer as having a first-degree relative with a history of breast cancer 

doubles the risk and the risk increases with each additional affected first-degree relative [10]. 

Furthermore, the genetic basis of breast cancer is a result of multiple germ-line variations in 

several different loci; i.e., it is polygenic [10]. Many genome-wide association studies (GWAS) 

have identified a number of genes that can affect breast cancer risk and it is thought that genetic 

factors that have the strongest association have already been discovered [11]. However, despite 

major efforts by large groups of researchers across the world, studies in twins estimate that 

presently identified genetic factors only explain about 27% of the familial risk of breast cancer 

[11], suggesting more genetic risk factors remain to be discovered. Molecular genetic studies in 

the last two decades stemming from the advancements in genotyping technologies and GWAS 

have identified at least 72 of these risk loci associated with higher risk of breast cancer [11]. 
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These risk alleles occur in different position in the chromosome, have a varying frequency and 

confer a range of risk as shown in Figure 2.1. 

     

Figure 2.1 Frequency and risk associated with different breast cancer susceptibility genes 

(Source: Ghoussaini et al. 2013) 

These risk variants can be categorized into high, moderate, and low-penetrance alleles, 

translating to a lifetime risk of ≥50%, 20%, and 10-20%, respectively [12]. High-risk alleles such 

as mutations in BRCA1/2, ATM are rare, with a frequency of 1%. They are estimated to account 

for about 20-25% of the familial cases and only 5% of the total incidences in breast cancer [13]. 

Common genetic variants that have a frequency of 5% or higher, on the other hand, are much 

more prevalent but have lower penetrance [14;15]. Even though each individual SNP confers a 

small change, combinations of a number of SNPs can have a substantial impact on breast cancer 

risk. Inclusion of risk genes in traditional breast cancer risk prediction models have shown to 

improve their predictive capacity [16;17] 

Single nucleotide polymorphisms (SNP) are mutations of one nucleotide at a DNA 

sequence that can affect the degree to which a given gene performs its function, although such 
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variations are also present in non-coding regions of the genome. All genes have two versions, 

called alleles, inherited from each parent. The major allele is present in over 50% of the 

population at that locus, and the minor allele is the less prevalent allele. The frequency of minor 

allele at a particular locus, i.e. minor allele frequency (MAF) denotes the frequency of total 

alleles for a specific marker that are the minor allele [18].   

2.4 Linkage Disequilibrium (LD) 

LD is defined as non-random association between two or more alleles at a particular 

locus or between alleles in neighboring loci. Variants within or between genes correlate strongly 

with each other and are inherited together during recombination hot-spots [95]. This allows only 

a few thousand SNPs to act as markers of over 7 million SNPs in human [95]. For example, the 

two SNPs within ESR1, rs12662670 and rs9397435, are in close LD with each other, and 

therefore one can be used as a surrogate of the other [33]. In genetic association studies, 

particularly GWAS, large number of SNPs are studied together. Therefore, it is not always 

feasible to map the causal variant in association with a disease. Sometimes SNPs that are easier 

to tag (tag-SNPs) and are in close LD with the causal variant are used as its surrogate [95]. The 

FGFR2 locus has five SNPs, rs2420946, rs1219648, rs2981582, rs2981579 and rs11200014 that 

are in high LD (r2 >0.96) with each other, which make them easier to map and study [34]. LD is 

usually measured by r2 which indicates how strongly two SNPs correlate which is a function of 

the genetic distance between them i.e. how close neighboring SNPs in a particular locus are [95].  

2.5 Cellular Replication and Cancer 

 Carcinogenesis is a multistep process, which always results in uncontrolled cell 

replication. A number of different pathways are directly or indirectly involved in cell replication, 

which may occur independently or at the same time with others in order to drive this process. 
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Hanahan and Weinberg presented ten such pathways which are considered hallmarks of tumour 

development and progression: continuous replicative signaling, preventing inhibitory signaling, 

bypassing cell death, enabling replicative immortality, stimulating angiogenesis, activating 

invasion and metastasis, genome instability, inflammation, reprogramming energy metabolism 

and avoiding immune destruction [19]. Genes that affect these pathways are overlapping in 

nature, therefore, altered expression of a gene by mutation or polymorphism can deregulate 

multiple pathways [20;21]. RAS and MYC, for example, are involved in multiple pathways: 

proliferative signaling, energy metabolism, angiogenesis, invasion, and survival [21]. Some of 

the aforementioned pathways that are involved in cell replication and key regulators of those 

pathways are described below in relation to cancer. These pathways are summarized in Figure 

2.2 below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Pathways involved in carcinogenesis (Source: Hanahan and Weinberg, 2011) 
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2.5.1 Pathways Involved in Proliferative Signaling 

 The first two pathways involve signaling for replication, which can be either stimulatory 

or inhibitory. Cancer cells can have stimulatory growth signal from increased production of 

signaling molecules (RAS, MYC), cell-surface or intracellular receptors to transduce those 

signals (RTK) and constant production of downstream components that leads to the function of 

the particular gene [19;21-25]. The Ras-Raf, MAP (Mitogen activated protein) kinase pathway, 

PI3K (Phosphotidyl inositol-3-kinase) signaling circuitry are examples of replicative signaling 

pathways which are frequently upregulated in cancer [19]. On the other hand, Cell cycle 

inhibitors, also known as tumour suppressors such as p53, pRb (Retinoblastoma), PTEN 

(Phosphatase and tensin homolog), mTOR (Mechanistic target of rapamycin) kinase provide 

inhibitory signal to DNA synthesis and cell division and are repressed in cancer cells [18;21-15]. 

Tumour suppressors also inhibit the activity of Cyclins and cyclin–dependent kinases (CDKs), 

which would otherwise facilitate the transition of stages within the cell cycle [24]. In addition, 

transcription factors facilitate progression and repression of cell replication. E2F-1 (E2F 

transcription factor 1) and DP-1 (Differentiation regulated transcription factor proteins) are 

examples of transcription factors that act in concert with pRb pathway to facilitate cell cycle 

progression [25]. 

2.5.2 Pathways Involved in Genomic Instability 

 DNA replication is a key step in cell replication, which involves creating identical copies 

of daughter DNA from parent strands[21]. Error during DNA replication as well as exposure to 

environmental toxicants can lead to DNA damage. Genomic instability is a result of continuous 

DNA damage, which can lead to neoplastic transformation if not corrected [25]. Cellular 

machineries act during cell cycle checkpoints to stall and repair DNA damage, most notably 
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ATM (ataxia telangiectasia mutated), ATR (ATM and Rad3-related), mTOR and DNA-PK 

(DNA dependent protein kinase)-all of which are in the PIKK (phosphoinositide-3-like-kinase 

kinase) family [19;21;25]. In addition to DNA damage, cellular stress resulting from osmotic 

shock, oxidative stress, and microtubule depolymerisation can delay the replication process in 

G2 phase. These stress inducing compounds activate the MAPK pathway, which also uses a host 

of proteins and biomolecules to facilitate the process [23]. 

2.5.3 Pathways Involved in Cell Death/Apoptosis 

 Apoptosis, or programmed cell death, results when cells are unable to repair DNA 

damage from increased cell proliferation and oncogene signaling [26]. The induction process is 

initiated by the activation of upstream regulators like the Fas ligand/Fas receptor in the nucleus 

and cytochrome c in mitochondrion, which then transfers the signal to downstream effectors, 

notably caspase 8 and 9. These downstream effectors trigger a cascade pathway leading to the 

activation of a family of proteolytic enzymes, called caspases (cysteine aspartyl proteases), 

resulting in phagocytosis and removal of the damaged cell [18;20;21;29]. The process is 

carefully balanced by two groups of pro-apototic (Bax and Bak) and anti-apoptotic enzymes 

(Bcl-2 family), which are regulated by a host of proteins that interact with or are released by the 

enzymes themselves. Any imbalance in the process can lead to tumourigenesis: increase in the 

expression of anti-apoptotic molecules (Bcl-2) or cell survival signals (IGF 1), downregulation 

of pro-apoptotic factors (Bax, Bim) or binding to and preventing the Fas ligand from initiating 

the whole process [19;20;21;26;29]. 

2.5.4 Pathways Affecting Angiogenesis and Cellular Metabolism 

 In addition to the above pathways, there are many accompanying steps required for 

tumour formation and metastasis, which are required to facilitate cell cycle progression but are 
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not directly related to replication. Vascularization is critical for cancer cells for constant supply 

of nutrients and oxygen. Tumour cells therefore exhibit constant activation of angiogenic 

inducers like vascular endothelial growth factor-A (VEGF-A) and fibroblast growth factor (FGF) 

[19]. Energy metabolism pathways are also altered during uncontrolled cell proliferation. Under 

normal condition, aerobic glycolysis to generate glucose is followed by citric acid cycle for the 

most efficient production of energy. However, cancer cells are reliant on the inefficient 

anaerobic glycolysis process for energy production, known as the “Warburg effect”. Therefore, 

glucose transporters, notably GLUT1, are found in elevated levels in cancer cells. Further, 

conditions that augment GLUT expression is accentuated by hypoxia, RAS and several 

transcription factors like HIF1α and HIF2α (Hypoxia inducing factors) [19;20]. 

2.6 Replication Pathway 

 Like carcinogenesis, replication of cell in normal condition is also a complex multistep 

process, which is facilitated and regulated a host of genes and their protein effectors [19;25;26]. 

Broadly, replication can be categorized into two distinct stages: the M (Mitosis) stage and 

interphase stage. Nuclear division is carried out in the M stage, which involves DNA and 

cytoplasmic division. The M stage is further subcategorized into four phases: prophase, 

metaphase, anaphase and telophase. At each phase, different events take place which eventually 

leads to cell division into two identical copies of daughter cells from a parent cell. During the 

interphase stage, cell prepares to undergo mitosis and this can also be subdivided into four phase: 

in the G1 phase cell prepares for replication, DNA synthesis takes place in the S phase, G2 is a 

gap phase where cell uses its proofreading machineries to ensure the DNA copies are without 

error followed by the subsequent M stage [22]. Integration between a number of genes and 

transcription factors is essential to initiate, conduct and regulate these processes as well as to 
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transition from one phase and cycle to another. During neoplastic transformation, many of these 

genes are targeted by cancer cells, leading to disruption of homeostasis and uncontrolled cell 

replication [19-21].  

2.7 Polymorphism in Replication-Related Genes and Evidence for Breast Cancer 

 As explained in the previous sections, a vast array of genes are involved in conducting 

and regulating cell replication. If there is malfunction of these genes by mutation or 

polymorphism, their activity or expression level can be altered. Having malfunction in key genes 

involved in replication can deregulate the whole process and can facilitate carcinogenesis. 

Ghoussaini et al. 2013 [11] has summarized the mechanisms that can affect breast cancer 

susceptibility and examples of genes that are involved in the respective pathways, which is 

shown in the following Figure 2.3. In this section, genes involved in the cell replication pathways 

that are relevant for this thesis are described. As well, epidemiologic evidence for variants of 

these genes from genetic association studies are presented. 
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Figure 2.3: Potential mechanisms involved in breast cancer etiology and examples of genes 

involved in these pathways. (Genes in red have high to moderate-penetration, whereas 

genes in blue have low-penetration and more common) (Source: Ghoussaini et al. 2013) 

2.7.1  Genes and Associated SNPs in Cell Proliferation Pathway and Signal Transduction 

FGFR2: Fibroblast growth factor receptor 2 (also known as CEK3), located on 

chromosome 10q26, belongs to the transmembrane receptor serine/threonine tyrosine kinase 

(RTK) superfamily which has function in cell growth, invasiveness, mortality, and angiogenesis 

by a number of signaling pathways, including RAS/RAF/MEK/ERK, MAPK, PI3K and PKC 

[30]. FGFR2 is frequently found overactive in cancer cells, 4-12% of all cancers have amplified 

FGFR2 and therefore, is a common therapeutic target [30]. RTKs are abundant in various types 

of cell surface and in vitro studies show that FGFR2 has a role in DNA repair processes and can 

lower apoptosis rates, two key processes that can lead to breast tumorigenesis. FGFR2 can also 

increase transcription rate as it contains several putative transcription factor-binding sites, which 

facilitates the production of necessary proteins that drive the cell cycle [13;30]. Two most 

common variants of FGFR2, rs2981578 and rs1219648, increase transcription rate by enhancing 

the binding affinity of transcription factors octamer-binding transcription factor 1/Runt-related 

transcription factor 2 (Oct-1/Runx2), CCAAT/enhancer binding protein β (C/EBPβ) and FOXA1 

while another variant, rs35054928, enhances the binding affinity for E2F1 [31-34]. Yet another 

variant, rs45631563 increases the binding activity of several nuclear proteins [34]. The result of 

all these variant forms of FGFR2 is increased transcription and therefore, increased cell division.  

 FGFR2 is one of the most commonly cited polymorphisms found to be associated with 

breast cancer. At least 20 SNPs SNPs located within intron 2 of FGFR2 have shown strong 

association with breast cancer risk [30]. Among the SNPs, rs2981582 and rs1219648 have been 

found to be associated with breast cancer in a dose-dependent manner from two large GWAS 
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and numerous candidate-gene studies have successfully replicated the association [31-40]. 

Another large meta-analysis found five SNPs in FGFR2 (rs2981582, rs2420946, rs7895676, 

rs1510097 and rs1219648) can increase the risk of breast cancer [13;33;37].  

MAP3K1: Mitogen-activated protein 3 kinase 1, also known as MEK kinase 1 (MEKK1), 

is another member of the serine/threonine kinase superfamily located on chromosome 5q11.2. 

MAP3K1 is involved in a number of signal transduction pathways induced by stress and 

regulates cell survival, differentiation, proliferation and apoptosis. Therefore, dysregulation of 

MAP3K1 can lead to tumorigenesis. It is involved in cell division through the RAS-RAF-MEK-

ERK signaling pathway and regulates transcription of oncogenes such as MYC, Elk1, p53 and 

JUN [41;43;49]. It also has a pro-apoptotic role after caspase-mediated fragmentation of the 

MAP3K1 protein [50]. One study  conducted fine mapping of chromosome 5q11.2 to screen 

variants in MAP3K1 and found at least three SNPs (rs62355902, rs11949391, rs113317823) in 

that region that positively affects breast cancer risk, and the risk were high for both ER+ and ER- 

tumours [50]. Two widely studied SNPs in MAP3K1, SNPs rs889312 and rs16886165, have 

been shown to increase breast cancer risk by a recent meta-analysis as well as previous GWAS. 

Further, the risk was consistent for rs889312 across different ethnicities as well as tumour 

subtypes [35;41;43;49-51].  

2.7.2 Genes and Associated SNPs with Structural Function 

 RNF146: RNF146, also known as dactylidin, is located on chromosome 6q22.33 and 

encodes a cytoplasmic polypeptide that is ubiquitously expressed and plays a role in protein 

degradation. It has an amino-terminal C3HC4 RING finger domain and like other cytoplasmic 

RING finger proteins, acts as a ubiquitin protein ligase (E3) as part of the ubiquitin proteasome 

system. Cellular processes including cell cycle, apoptosis, transcription, protein trafficking, 
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signaling, DNA replication and repair, and angiogenesis-all require degradation of cellular 

proteins [42;43;52]. RNF146 is therefore implicated in many cancers, including breast cancer. 

One study found that Ashkenazi Jewish women who harbors the rs2180341 variant located near 

RNF146 increases the risk of breast cancer in these women [53]. 

COX11 and STXBP: One SNP on chromosome 17q23.2, rs6504950, is located within the 

gene STXBP4 (syntaxin binding protein 4) and in close proximity to COX11 (cytochrome-c 

oxidase assembly protein 11). STXBP is involved in insulin-mediated glucose transport as well 

as binding and stabilizing the tumor suppressor p63 (which belongs to the same family as the 

tumor suppressor, p53), which can influence protein expression. Therefore, the role of STXBP 

and COX11 has been found to be associated with breast tumorigenesis from multiple studies. 

One meta-analysis showed SNP rs6504950 in STXBP/COX11 is protective against breast 

cancer[54]. Several GWAS have also found association with three variants of COX11 

(rs6504950, rs1156287 and rs7222197) [48;55;56].   

MRPS30: MRPS30 (mitochondrial ribosomal proteins), also known as PDCD9 – 

programmed cell death protein 9, located on chromosome 5p12, encodes a small subunit of 

mitochondrial ribosomal protein and has a pro-apoptotic role[57;58]. Previous studies have 

found the following variants in MRPS30 to affect breast cancer risk: rs7716600, rs2067980, 

rs4415084, rs4866929, rs10941679, and rs930395 [48;57-60]. Biological factors like tumour 

receptor status, years of menstruation and environmental factors like ionizing radiation are 

known to modify the risk from these variants [57]. 

2.7.3 Genes and associated SNPs in cell death pathway 

CASP8: Apoptosis is an important cellular mechanism to prevent cells from uncontrolled 

proliferation due to DNA damage or oncogenic signals as well as dispose of senescent cells. This 
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process requires activation of a group of effectors, called caspases. CASP8, a member of the 

cysteine-aspartic acid protease (caspase) family, encodes Caspase 8 protein which initiates the 

cascade pathway of caspase activation, the first step in apoptosis [64]. One of the most studied 

variant of CASP8, rs104548, can influence the interaction between CASP8 protein and anti-

apoptotic molecules such as Fas associated protein with death domain-like apoptosis regulator 

(CFLAR). This diminishes caspase activity, which, in turn, lowers the rate of apoptosis. Another 

variant, rs3834129, can prevent the binding of a transcriptional activator Sp1, which also results 

in decreased expression of caspase 8 protein [61;62]. These and other variants of CASP8 are 

hypothesized to contribute to the inter-individual difference in apoptotic activity in response to 

DNA damage or other stimuli, which in turn decides susceptibility to malignancies. In support to 

this hypothesis, many human malignancies exhibit loss of heterogeneity (LOH) in a region of 

chromosome, 2q33-34, where CASP8 loci is located [61;62].  

One meta-analysis found that the presence of two variants of CASP8, rs104548 and 

rs3834129, are associated with reduced risk of breast cancer in different ethnic groups. It was 

also noted that cancers that were mediated by tobacco and estrogen were influenced more by 

variants in CASP8 [61]. Two independent studies from the UK and one from Germany reported 

reduced risk of breast cancer due to this allele. One study conducted in Chinese population found 

the same protective association from the variant rs3834129, a six-nucleotide insertion/deletion 

polymorphism in the promoter region of CASP8 and cancer in multiple sites, including breast. 

The authors stated that the reason for the malignancy was due to lower T lymphocyte activity 

from reduced transcription of caspase 8 by the deletion variant [61;63;64]. Individuals with the 

deletion variant have improved cancer surveillance by T lymphocytes, which reduce their risk of 

developing malignancy. Polymorphisms in CASP8 have shown to be influenced by hormones 
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and menopause status, as one variant rs1861270/5’-UTR C>T showed sensitivity to ER/PR and 

menopausal status [61;63;64]. Because apoptosis can affect all three steps of tumorigenesis: 

initiation, progression and promotion, polymorphic pattern of CASP8 can not only predict risk, 

but may also determine prognosis and survival of breast cancer. 

2.7.4 Genes and Associated SNPs Regulating Nuclear Proteins and DNA 

 TOX3: TOX3 (TOX High Mobility Group Box Family Member 3), also called TNRC9 

or CAGF9, is a member of the HMG-box protein family. It has a role in calcium-mediated 

transcription as well as bending and unwinding of DNA by modifying chromatin structure during 

DNA replication [38]. Multiple studies have shown three variants of TOX3 (rs1244321, 

rs8051542 and rs3803662) to be associated with increased risk of breast cancer. The rs4784227 

variant of TOX3 has a tumour suppressor function and can lead to breast tumorigenesis if 

dysreguated. This rs4784227- associated repressing activity is mediated by altering the binding 

of several nuclear protein and transcription factors like HNF-3b and C/EBP with DNA fragments 

[49]. The SNP rs4784227 is located at 16q12.1, a region that has previously been found to 

increase the risk of breast cancer among Asian women [41;65]. Importantly, rs4784227 is in 

close LD (r2>0.86) with another SNP chosen for this study, rs3803662, particularly among 

Europeans. This ethnicity specific pattern of expression in breast tumour is shown by rs4784227, 

rs3803662 and its nearby LOC643714 loci in European and Asian women, whereas the 

rs3104746 allele, a variant of the LOC643714 loci, is predominantly found in women of African-

American ancestry [66]. The rs3803662 variant in TOX3 has shown strong association with 

mammographic density in previous studies, indicating its role as a predictor of intermediate risk 

factors in breast cancer [67]. Further, it has been shown that rs3803662 can modify risk and 
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prognosis of ER+ breast cancer. It was estimated that each copy of the T allele of the rs3803662 

SNP confers a 20% increase in breast cancer risk [65;68]. 

 RAD51L1: RAD51L1 (Rad51-like family) plays a role in the DNA double strand repair 

process and homologous recombination pathway by binding to RAD51 [69]. Two SNPs 

(rs999737 and rs8009944) in RAD51L1 is known to increase the risk of breast cancer from 

previous GWAS [12;48;69]. Further, the rs999737 variant increases risk in relatively rare triple 

negative breast cancer women specifically [70]. However, the functions of these two SNPs are 

still unknown.  

SLC4A7, Nek Kinase: SLC4A7, located on chromosome 3p22, is involved in regulating 

intracellular pH by encoding a sodium bicarbonate cotransporter NBC3 that transports H+ ion 

across cell surface [71]. The Nek kinases (NIMA-related kinases) a member of the cell cycle-

regulated serine/threonine kinases and plays a role in regulation of mitosis. It initiates the mitosis 

process by transporting CDC2 into the nucleus, promotes chromosome condensation in the early 

stage of cell division by phosphorylating histone H3, facilitates fission and subsequent release of 

daughter cells at the end of cell division, regulates cell-cycle checkpoints and respond to DNA 

damage [72].  It also regulates signal transduction in MEK1-ERK1/2 pathway [73]. One SNP in 

SLC4A7, NEK10, rs4973768, is known to increase breast cancer risk in women with BRCA2 

mutations [35;74]. Furthermore, risk conferred by SLC4A7, NEK10 gene polymorphism is found 

only in ER+ cases [74].  

2.7.5 Genes and Associated SNPs in Hormonal Pathway 

ESR1: The different subtypes of breast cancer depending on the expression of ER/PR 

receptors on the surface of breast cells point toward to hormonal dependency in breast 

tumorigenesis. In this regard, estrogen is a very important factor and can determine breast cancer 

susceptibility, tumour progression and response to treatment [75]. Located on chromosome 
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6q25.1, ESR1 (Estrogen receptor 1) encodes a transcription factor that can bind estrogen 

response element (ERE) DNA sequence. This process initiates estrogen-activated dimerization of 

ERα and subsequent transcription of estrogen mediated genes. Therefore, a number of drugs 

target this pathway by blocking the binding of ERα and estrogen [76]. One study within the 

Breast Cancer Association Consortium (BCAC) investigated a number of SNPs in ESR1 and 

reported rs3020314 to be associated with increased breast cancer risk among Europeans [76].  

In addition to the ESR1 loci, a number of other SNPs are located within the span of 1 Mb 

on chromosome 6q25.1, some of which do not have a known function. One such SNP, 

rs2046210, is located 180kb upstream of the 5’ end of ESR1 and 6kb downstream of the 3’ end 

of C6orf97. C6orf97 encodes a protein called MERIT40, has a role in DNA double strand breaks 

[75]. A meta-analysis on the effect of the SNP rs2046210 showed increase in risk of breast 

cancer among Europeans and Asians but not Africans. Interestingly, rs2046210 showed 

increased risk among ER- women in greater magnitude than ER+ women. This finding was 

consistent with its association in BRCA1 mutation carriers, which is more likely to be found in 

ER-/PR-/Her2- cases [77]. Fine-mapping of the region 6q25.1 found two additional variants, 

rs9397435 and rs77275268, to be associated with breast cancer risk among Asians, Europeans as 

well as Africans [75]. Thus, ethnicity influences the SNPs in ESR1 that are in close LD and 

confers risk accordingly. Functional studies for these SNPs are lacking, but rs9397435 occurs at 

a region known for transcriptional activation by histone modification and has been found at 

elevated levels in breast tumour cells [75].  

2.7.6 Genes and Associated SNPs in Inflammation Pathway 

 LSP1: LSP1 (Lymphocyte-Specific Protein 1) encodes an intracellular F-actin bundling 

cytoskeletal protein, expressed on the surface of hematopoietic, endothelial and immune cells 

such as lymphocytes, neutrophils, macrophages, and endothelium where they play a role in B-
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cell signaling pathway. It regulates neutrophil activation and chemotaxis by adhesion to 

fibrinogen matrix proteins, and transendothelial migration, respectively. These processes have 

been implicated in various cancers, including breast cancer [78]. 

One variant of LSP1, rs3817198, have been shown to be associated with breast cancer 

risk in a meta-analysis in several populations of diverse ethnicity (Caucasian, African and 

mixed)[79]. This association was stronger for BRCA2 mutation carriers as suggested by 

Antoniou et al. [78]. However, a Dutch study found no association between rs3817198 and 

breast cancer [49]. Turnbull et al. reported another LSP1 variant, rs909116, to be associated with 

breast cancer which is in close LD with rs3817198 [48].  

2.7.7 Genes and Associated SNPs in Cellular Metabolism 

ECHDC1: Energy metabolism is an important factor in normal cellular process and 

carcinogenesis and fatty acid metabolism plays a crucial role in energy synthesis [21;22]. 

ECHDC1 (enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thiolase), 

is a key component in mitochondrial fatty acid oxidation [52]. Since aggressive breast tumours 

display altered fatty acid metabolism and inhibition of this process leads to apoptosis in 

experimental studies [52], therefore it maybe important to investigate the role of variants in this 

gene in breast cancer.  

2.7.8 SNPs in Non-Coding Loci 

 Genetic association studies have not only identified variants in genes that result in 

functional changes, but also found association between breast cancer and gene sequences with no 

known function, often referred to as ‘gene deserts’ [80]. It is thought that non-coding RNAs 

located within these intra-genic regions can regulate transcription and can subsequently affect an 
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individual’s breast cancer risk [81]. Below are descriptions of some well-characterized SNPs in 

non-coding genes that have been associated with breast cancer, 

8q24: Chromosome 8q24 contains a 1.18 Mb region flanked by FAM84B and C-MYC, 

where at least three variants (rs13281615, rs672888, rs1562430) have found at a higher level in 

breast cancer patients. It is hypothesized that this region acts as a transcriptional enhancer, which 

may cause increased cell replication [78;79;82].  

9p21: This region contains a 180 Kb block where one SNP, rs1011970, is located close to 

two genes (CDKN2A and CDKN2B) involved in cyclin dependent transition between the stages 

of cell cycle. Only one GWAS so far have found an association with this region with breast 

cancer risk, however, this region has not been mapped [48]. 

5p12: This region houses rs981782, a SNP mapped close to the gene HCN1 [38], which 

have conflicting evidence in association with breast cancer. While this SNP showed increased 

risk in the Million Women Study [83], other studies found no association between this SNP and 

either breast cancer risk and mammographic density [84]. 

2q35: One variant located on chromosome 2q35, rs13387042, has been consistently 

found to increase the risk of breast cancer from a number of studies. However, this region has 

not been mapped to a known gene or have a close LD with a known loci [48;83;85].  

19p13: In a recent GWAS, women with BRCA1 mutations had five SNPs (rs8170, 

rs4808611, rs8100241, rs2363956 and rs3745185) spanning 39 Kb on chromosome 19p13 

elevated [86]. Two of the five SNPs, rs8170 and rs2362956 were further replicated in subsequent 

studies and only found associated with ER- breast cancer. Further, rs8170 showed an increase in 

risk whereas rs2363956 was protective against BRCA1 positive breast cancer [86].  
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16q22.3: One GWAS have reported an association between a SNP on 16q22.3, 

rs10871290, and breast cancer among young women age <45. Even though functional studies or 

causal variant for this region are not available, it may have important functions in cellular 

processes because of its close proximity to GLG1, which codes for Golgi apparatus protein 1 

[87]. 

2.8 Effect of Genetic Association Studies on Epidemiologic Evidence 

 Since human genome analysis became feasible, the number of genetic association studies 

spiked in all fields including breast cancer. Therefore, it is important to acknowledge the impact 

of different types of genetic association studies on their respective findings. GWAS involve 

scanning the entire genome in search of SNPs that are associated with the disease of interest. 

This type of study is less hypothesis driven requires relatively higher sample size and usually one 

SNP per locus is possible to analyze at a time. Further, due to the high dimensional nature of the 

data, analysis of GWAS data is more computationally intensive. However, GWAS allow 

identification of the loci that are associated with a particular disease, thereby allowing 

researchers to generate hypothesis and generally considered the first step in genetic analysis 

[100]. Once GWAS conducted in different research settings indicate the involvement of a 

particular locus in relation to disease, candidate-gene approach is used to confirm the 

association. This approach allows the investigation of multiple SNPs within a gene with 

relatively small sample size. However, this type of studies require previous knowledge of the 

function of variant forms of a gene and there is always a possibility that the causal variant might 

still be missed from analyses [101]. Fine mapping studies are designed to pinpoint the causal 

variant from all the SNPs within a locus. A series of studies that follow this sequence of 

continuously narrowing the target SNPs would allow the most reliable evidence, provided the 
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individual studies are well-conducted and should ideally include different ethnic groups, as well 

as risk modifying factors such as tumour subtypes and menopausal status.  

 Irrespective of the type of approach used, focused population, modifying factors, and 

analysis strategy; individual studies typically employ a very specific set of conditions and lack 

the different conditions in which the hypothesis should be tested in order to draw conclusive 

evidence regarding the role of SNPs in a disease. Therefore, pooled analysis, systematic reviews 

and meta-analyses are required to combine results from multiple studies and provide a more 

conclusive findings [100]. These type of studies also have to meet certain criteria to assess how 

well-conducted they are. In short, reports of meta-analyses, systematic reviews and pooled 

analysis provide a more reliable conclusion about the role of a SNP in a particular disease, 

however individual GWAS and candidate-gene studies also provide important evidence in this 

regard. 

2.9 Role of Hormone Receptor and Menopausal Status in Breast Cancer 

 It is now well-established from the advent of molecular profiling in recent decades that 

breast cancer is a heterogeneous disease, with differences in biological and histopathological 

features, prognosis and treatments offered [88]. Using Immunohistochemistry (IHC), four such 

subgroups are most commonly used based on surface receptor expression, which are further 

grouped into 2 categories: ER/PR+, Her2+ or luminal B subtype, ER/PR+, Her2− or luminal A 

subtype, ER/PR−, Her2+ or Her2 over-expression and ER/PR−, Her2− or basal-like/triple 

negative tumors [88]. Among the hormone receptor-based subgroups, ER/PR+ tumours 

constitute the majority of breast cancer cases (70%). These receptors stimulate cell proliferation 

in an estrogen-mediated way and generally exhibit better prognosis than Her2+ tumours [89;90]. 

Her2 can facilitate cancer progression by stimulating cell proliferation and repressing apoptosis 
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[91;92]. Treatments for the different subtypes act by targeting the respective receptors, for 

example, hormone therapy (e.g. aromatase inhibitor) and trastuzumab is prescribed for ER+/PR+ 

and Her2+ breast cancer patients, respectively. It has also been shown by multiple studies that 

the panel of genes expressed in these subgroups are different. For instance, luminal A cells 

overexpress ER, GATA3 and luminal B cells overexpress cyclin E1 in addition to ER and 

GATA3. Basal cells in contrast, express cytokeratins such as EGFR at a higher level on their 

surface [90]. Similarly, polymorphisms in the following genes are found in ER+ tumours: 

FGFR2, MRPS30, SLC4A7, NEK10, and 8q24; whereas variants in TOX3, 6q25, 2q35 and 

19p13.1 are more common in ER- tumours. On the other hand, variants in 2q35, TOX3, LSP1, 

MAP3K1, TGFB1 and RAD51L1 are found in both ER+ and ER- cases [93].  

Many environmental risk factors are also differentially associated with respect to tumour 

subtype. For example, early age at menarche, nulliparity, late age at first birth and post-

menopausal obesity are more frequent in ER+ tumour [94]. On the other hand, premenopausal, 

younger, overweight women of African American origin with lack of breast-feeding, early age at 

menarche, and high parity have higher prevalence of developing triple negative (ER/PR-, Her2-) 

breast cancer (15% of all invasive breast cancer) [70]. Menopausal status also affects the risk of 

developing breast cancer. Carriers of FGFR2 variants (rs1219648, rs2420946, rs2981579, and 

rs11200014), for example, tend to increase breast cancer risk in postmenopausal women only 

[33]. These factors underpin the discrepancies in risk manifestation and therefore should be 

explored more. 

2.10 The Role of Ethnicity in Breast Cancer 

LD between neighboring loci is largely determined by ancestry, resulting in different 

pattern of SNP expression in different ethnic groups. Therefore, it is necessary to know the 
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distribution of a particular SNP in the population of study as well as how strongly the chosen 

SNPs map the causal variant as this is one of the major reason of inconsistent result between 

genetic association studies [95]. For instance, among Europeans, rs12662670 and rs104548 

(D302 N) variant of ESR1 and CASP8, are more frequent, respectively; whereas among Chinese 

women, the commonly found variants of the same genes are rs9397435 and rs3834129 (652 6N 

del) [63;76]. Similarly, rs4784227 and rs3803662 in TOX3 are in close LD in Europeans (r2 = 

0.813) but not in Asians (r2=0.139); whereas among African women, a totally different variant, 

rs3104746 is found [34]. Thus, ethnicity influences the expression of SNPs that are in close LD 

and confers risk accordingly.  

2.11 Hardy Weinberg Equilibrium (HWE) 

 The HWE principle states that genetic variation in a population stays constant over 

generations unless affected by outside forces. In order for this principle to hold, some conditions 

need to be met: infinitely large population, random mating within the population, no member or 

group in the population isn’t involved in breeding, no net migration in and out of the population, 

absence of mutation occurrence and natural selection and the number of progeny is the same for 

all individuals within a population. However, evolutionary processes such as mutations, natural 

selection, non-random mating, genetic drift and gene flow that occur commonly in nature disturb 

the equilibrium, resulting in measurable changes in allele and gene frequencies. With the HWE 

equation, is it possible to measure whether the observed frequency of a particular genotype differ 

from the predicted frequency or not. Deviation from HWE is indicative of any of the 

assumptions not being met and used to infer the presence of natural selection by the 

polymorphism, non-random mating and most importantly, genotyping error. HWE is tested in 

control population [96]. 
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2.12 Rationale 

 As described previously, cell replication is the result of integration between many genes, 

some of which are not directly related to cell division, but facilitates the process by creating a 

conducive environment. These genes have never been investigated under the common pathway 

of replication. Previous studies have assessed some of these genes, but produced inconsistent 

results, owing to differences in minor allele frequency (MAF), LD pattern of SNPs in different 

ethnicities as well as factors related to the design and conduct of the studies (e.g. sample size, 

genotyping method etc.). A study in the Canadian population is lacking and could shed light on 

the distribution of these risk alleles. Our group has previously investigated SNPs in several 

cellular processes in relation to breast cancer [97-99]. Exploring the network of replication-genes 

involved in various cellular pathways can provide further insight into their roles in breast 

carcinogenesis. Additionally, modification of risk by ethnicity, tumour receptor subtypes and 

menopausal status will further our understanding on whether breast cancer risk varies by this 

factors.  
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Chapter 3: Methods 

3.1 Objectives 

1. To characterize the distribution of genetic variations in replication-related genes by ethnicity. 

2. To determine age and centre adjusted associations between SNPs in each replication gene and 

breast cancer risk, stratified by ethnicity and menopausal status. 

3. To determine if the associations between SNPs in each replication gene and breast cancer risk 

is modified by tumour receptor subtypes (ER+ and/or PR+, Her2-; ER+ and/or PR+, Her2+; ER-, 

PR-, Her2+; and ER-, PR-, Her2-) among European women. 

3.2 Study Population 

 A multi-ethnic case-control study (Canadian Breast Cancer Study, CBCS, formerly 

known as the Molecular Epidemiology of Breast Cancer Study; KJ Aronson and JJ Spinelli co-

PIs; co-investigators A Brooks-Wilson, A Grundy, H Richardson, and I Burstyn) was conducted 

during 2005-2010 in Greater Vancouver, British Columbia and Kingston, Ontario, and data from 

the study was used for this thesis. The study was given ethics approval by the University of 

British Columbia – BC Cancer Agency Clinical Research Ethics Board and the Queen’s 

University Health Sciences Research Ethics Board. 

3.2.1 Selection of Participants from Vancouver 

 In British Columbia (BC), incident breast cancer cases were recruited from the BC 

Cancer Registry between 2005 and 2009. The following eligibility criteria were in place: cases 

were newly diagnosed with either in situ or invasive breast cancer, ages 40-80, no previous 

history of cancer (except non-melanoma skin cancer) and residing in Vancouver, New 

Westminster, Richmond or Burnaby. Potential controls were selected from the Screening 

Mammography Program of BC, which is available to women ages 40-79 who undergo breast 
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screening across clinics in BC. Among these women, those who consented to participate in 

research studies over the course of routine screening mammography were eligible. Control 

women were also age-frequency matched to cases and lived in the same geographic region as 

cases. All potential study participants were sent a study package that included a letter describing 

the study, a consent form, and a study questionnaire. Those who consented to participate filled 

out a questionnaire, which was either self-administered or conducted by telephone interview. The 

interview was conducted in English, Cantonese, Mandarin, or Punjabi by study personnel 

blinded to case-control status. In addition, a biological sample in the form of blood or saliva was 

collected and all participants gave access to their medical records concerning breast health. 

Response was 54% for cases and 57% for controls, which culminated in 1,062 cases and 1,015 

controls. An additional criterion excluded cases under 40 because the minimum age for 

mammography screening in BC is 40 years. This resulted in a total of 1,011 cases and 1,014 

controls from BC in this analysis.  

3.3.2 Selection of Participants from Kingston 

 In Kingston ON, the source of both cases and controls was Hotel Dieu Breast Assessment 

Program. Eligibility criteria for study participants included: age 80 years and younger, no history 

of cancer (except non-melanoma skin cancer), not too ill to participate and non-use of cancer-

preventative drugs. These participants were sent the same study package as received by the BC 

participants: a letter describing the study, a consent form, and a study questionnaire which was 

returned by mail. Cases included incidence diagnosis of in situ or invasive breast cancer and age-

frequency matched controls were women with normal mammogram or were diagnosed with 

benign breast disease. Response rates in ON were 59% among cases and 49% among controls, 
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resulting in a total of 131 cases and 164 controls. For this analysis, people from BC and Ontario 

are combined. 

3.3 Exposure Assessment 

 A candidate-gene approach was used to select a number of replication-related SNPs and 

genes a priori from careful literature review and existing genetic information database by 

research members in the original CBCS study, a process that took nearly a year to complete. The 

sources from which the SNPs were identified are listed in Table 3.1. These SNPs are reported to 

be associated with various pathways in cell replication and have been associated with breast 

cancer in different population described in Chapter 2. In total, a set of 45 SNPs in 31 genes was 

selected, some of which were in non-intronic regions of the genome. These SNPs had a minor 

allele frequency (MAF) of at least 0.10 in the Northern Europeans from Utah (CEU) population 

from HapMap and r2 of 0.8 or higher. A list of the chosen replication related SNPs, the genes 

they belong to, and their MAFs is shown in Table 3.1.  
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Table 3.1 SNPs of replication-related genes 

 

Chromosome Gene SNP Minor allele Major allele MAF Sources 

2q33.1 CASP8 rs1045485 G C 0.09 

Cox et al., 2007; 

Thomas et al., 2009; 

Travis et al., 2010 

2q33.1 CASP8 rs10931936 A G 0.31 Turnbull et al., 2010 

3p24 SLC4A7,NEK10 rs4973768 A G 0.42 

Ahmed et al., 2009; 

Turnbull et al., 2010; 

Li et al., 2010 

5q11.2 MAP3K1 rs889312 C A 0.37 

Easton et al., 2007; 

Thomas et al., 2009; 

Turnbull et al., 2010; 

Travis et al., 2010 

5p12 MRPS30 rs4415084 A G 0.46 

Stacey et al., 2008; 

Thomas et al., 2009; 

Li et al., 2010 

5p12 MRPS30 rs4866929 G A 0.41 Li et al., 2010 

5p12 MRPS30 rs10941679 G A 0.32 
Stacey et al., 2008; 

Thomas et al., 2009 

5p12 5p12 rs981782 C A 0.41 
Easton et al., 2007; 

Travis et al., 2010 

5p15 FBXL7 rs12652447 A G 0.47 Wang et al., 2010 

5p12 MRPS30 rs2067980 G A 0.23 Thomas et al., 2009 

5p12 MRPS30 rs930395 A G 0.29 Bhatti et al., 2010 

5q 5q rs30099 A G 0.18 
Easton et al., 2007; 

Travis et al., 2010 

6q22.23 
ECHDC1, 

RNF146 
rs2180341 G A 0.24 

Gold et al., 2008; 

Zheng et al., 2009; 

Thomas et al., 2009 

6q25.1 6q25.1 rs2046210 A G 0.36 Zheng et al., 2009 

6q25.1 6q25.1 rs9397435 G A 0.13 Stacey et al., 2010 
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6 LOC134997 rs9393597 G A 0.24 Wang et al., 2010 

6q25.1 6q25.1 rs6900157 G A 0.35 Turnbull et al., 2010 

6q25.1 6q25.1 rs3757318 A G 0.12 Turnbull et al., 2010 

6q22.33 ECHDC1,RNF146 rs6569480 A G 0.24 Gold et al., 2008 

7p13 TNS3 rs11766408 G A 0.30 Kibriya et al., 2009 

8q24 8q24 rs672888 G A 0.45 Li et al., 2010 

8q24.21 8q24.21 rs13281615 G A 0.48 
Easton et al., 2007; 

Travis et al., 2010 

8q24.21 8q24.21 rs1562430 G A 0.32 
Thomas et al., 2009; 

Turnbull et al., 2010 

9p21 9p21 rs1011970 A C 0.17 Turnbull et al., 2010 

10q26.13 FGFR2 rs2981582 A G 0.40 

Easton et al., 2007; 

Zheng et al., 2009; 

Thomas et al., 2009; 

Turnbull et al., 2010; 

Travis et al., 2010; 

Liang et al., 2008 

10q26.13 FGFR2 rs1219648 G A 0.42 

Zheng et al., 2009; 

Stacey et al., 2008; Li 

et al., 2010; Hunter et 

al., 2007; Liang et al., 

2008 

10q26.13 FGFR2 rs2420946 A G 0.42 
Hunter et al., 2007; 

Liang et al., 2008 

10p13 CAMK1D rs6602595 G A 0.44 Wang et al., 2010 

10q21.2 ZNF365 rs10995190 A G 0.11 Turnbull et al., 2010 

10 ZMIZ1 rs704010 A G 0.37 Turnbull et al., 2010 

11p15.5 LSP1 rs3817198 G A 0.28 

Easton et al., 2007; 

Zheng et al., 2009; 

Thomas et al., 2009; 

Turnbull et al., 2010; 

Travis et al., 2010 
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11p H19 rs2107425 A G 0.33 
Easton et al., 2007; 

Thomas et al., 2009 

11p15.5 LSP1 rs909116 A G 0.48 Turnbull et al., 2010 

14q24.1 RAD51L1 rs999737 A G 0.16 
Thomas et al., 2009; 

Turnbull et al., 2010 

16q TOX3 rs8051542 A G 0.38 
Easton et al., 2007; 

Zheng et al., 2009 

16q12.1 TOX3 rs3803662 A G 0.38 

Easton et al., 2007; 

Zheng et al., 2009; 

Thomas et al., 2009; 

Stacey et al., 2007; 

Turnbull et al., 2010; 

Li et al., 2010; Travis 

et al., 2010 

16q12.1 TOX3 rs4784227 A G 0.26 Long et al., 2010 

16q22.3 16q22.3 rs10871290 G A 0.37 Kibriya et al., 2009 

17q23 COX11 rs6504950 A G 0.23 
Ahmed et al., 2009; 

Long et al., 2010 

17q23 COX11 rs7222197 A G 0.23 Turnbull et al., 2010 

19p13.1 19p13.1 rs8170 A G 0.13 Antoniou et al., 2010 

19p13.1 19p13.1 rs2363956 C A 0.46 Antoniou et al., 2010 

20p13 SNRP8 rs6138178 C A 0.26 Wang et al., 2010 

22q12.1 CHEK1 rs9608698 C G 0.43 Baynes et al., 2007 
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3.3.1 Genotyping 

 A custom designed 768 SNP Golden Gate (Illumina) assay was designed to genotype the 

chosen replication-related SNPs, as well as SNPs related to circadian rhythm [1], DNA repair 

[2], inflammation, xenobiotic metabolism, insulin-like growth factors [3] and vitamin D 

metabolism [4]. Sufficient DNA for genotyping was obtained from the blood or saliva of 2,126 

participants (92%). Genotyping was performed in collaboration with McGill University and 

Genome Quebec Innovation Centre, Montreal, Canada. 

3.3.2 Quality Control of Genotype Data 

 A number of quality control procedures were performed in Genome Studio v2011.1 

(Illumina, San Diego, CA, USA), PLINK v1.07 [5], GRR [6] and Excel 2007 (Microsoft, 

Redmond, WA, USA) and are explained in previous publications [1]. 

3.3.2.1  Data Quality Control for SNPs 

 The following quality control criteria were established using Illumina’s recommendations 

(Illumina User Guide, Genome Studio Genotyping Module v.10 User Guide, Illumina, 

Part#11319113) to exclude SNPs if they had call rate < 95%, GenCall Scores < 0.25, and 

GenTrain scores < 0.4; exhibited poor clustering (defined as more than three clusters or poor 

inter-cluster separation); were mono-allelic; showed discrepancies in genotyping in 126 pairs of 

replicate samples; and had unexpectedly low minor allele frequency (MAF) in Caucasian 

controls compared to HapMap CEU data.  

3.3.2.2   Data Quality Control for Samples 

 The following exclusion criteria were in place for samples: having excess heterozygosity 

(defined as more than three standard deviations from the mean) compared to other samples from 

the same ethnicity (n=4); low call rate <0.95 (n=16); sample obtained from males as indicated by 
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genotypes at three Y chromosome markers (n=1); unrelated samples showing identical genotypes 

(3 pairs); discrepancies between self-reported ethnicity and genotype-determined ethnicity (n=5); 

and having a relative in the study (n=9). 

 In total, 2,318 DNA samples were genotyped from 2,190 women, of which 215 were 

from saliva samples. SNPs obtained from saliva samples that had a call rate of <95% were 

excluded, but included if obtained from blood samples. There were 126 duplicate sample pairs 

(5.8%) for the purpose of quality control. Questionnaire data were used to cross-check and 

exclude the following: pairs of samples that were from relatives; use of later diagnosis date if the 

pairs were both cases; and use of an individual’s age if the pairs were both controls. To compare 

self-reported ethnicity to genotype-predicted ethnicity, calculation of identity-by-state followed 

by creation of multi-dimensional scaling plots with HapMap samples selected from the CEU; 

Han Chinese in Beijing, China (CHB); Chinese in Metropolitan Denver, Colorado (CHD); 

Japanese in Tokyo, Japan (JPT); Yoruba in Ibadan, Nigeria (YRI); and Toscani in Italia (TSI) 

populations were used as reference groups.  

 There were 61 Ancestral Informative Markers (AIMs) available after quality control. It 

was reported from a previously published study that the calculated inflation factor using AIMS 

was λ=16.99, which means population stratification was present between the cases and controls. 

However, among Caucasians, λ=1.00 indicated there was no population stratification present. 

Therefore, it was concluded that the population stratification detected in the overall sample was a 

result of differences in proportion of women of different ethnicities in cases and controls.  

 The quality control procedures described above resulted in a total of 2,275 samples from 

2,151 individuals. Further merging of duplicated samples led to 1,099 cases and 1,052 controls 

available for analysis. 3 individuals in the control group failed the Hardy-Weinberg Equilibrium 
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(HWE) test and were subsequently excluded along with the cases they were frequency-matched 

with. Finally, Excluding samples from BC individuals who were younger than 40 resulted in a 

final sample of 997 cases and 1,050 controls available for analysis. 

3.4 Outcome Assessment 

3.4.1 Assessment of Menopausal Status 

 Menopausal status of women was confirmed using the criteria similar to Friedenreich et 

al [7]. Women were categorized as postmenopausal if they: self-reported that their periods had 

stopped for greater than one year at the time of diagnosis for cases or time of study entry for 

controls; periods stopped naturally and were over 50 years of age if time since last period was 

missing; had a bilateral oophrectomy; or they were over age 55 and periods stopped due to 

chemotherapy or other reasons. 

3.4.2 Assessment of Breast Tumour Pathology 

 Information regarding tumour receptors markers, estrogen receptor (ER), progesterone 

receptor (PR), and human epidermal growth factor receptor 2 (Her2), have been obtained from 

the BC Cancer Registry and BC Breast Cancer Outcomes Unit for the individuals from 

Vancouver and directly from electronic patient charts for participants from Kingston. This 

information was available for 96% participants. Immunohistochemistry (IHC) was used to 

determine the ER/PR/Her2 status of each participant. The following six categories were 

generated for ER and PR: OZER = negative (0/3), OLOW = weakly positive (1/3), OMOD = 

moderately positive (2/3), OHIG = strongly positive (3/3), OXXX = receptors tested but not 

sufficient quantity for interpretation or borderline/equivocal and XXXX = not tested. Individuals 

with ER/PR category OLOW, OMID and OHIG were considered ER/PR positive. 
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 Her2 status was determined using IHC and supplemented by fluorescence in situ 

hybridization (FISH) if the IHC results were indeterminate. IHC results created the following 

seven categories for Her2: 0 (negative); 1 (weak staining); 2 (moderate staining; equivocal or 

indeterminate); 3 (strong staining); 4 (positive but not quantified); 8 (not done or not applicable); 

or 9 (done but results are unknown). Likewise, FISH results classified seven Her2 categories: 33 

(indeterminate result, ratio > 4.0 and < 8.0); 44 (negative, ratio ≤ 4.0); 55 (positive, ratio ≥ 8.0); 

66 (negative, ratio not given); 77 (positive, ratio not given); 88 (not done or not applicable); and 

99 (done but results are unknown). Individuals were considered Her2 positive if their samples 

had IHC scores of 1, 3 or 4, or FISH scores of 55 or 77. Following IHC and FISH categorization, 

there were four breast tumor subtypes: ER+ and/or PR+/Her2-; ER+ and/or PR+/Her2+; ER-/PR-

/Hr2+; and ER-/PR-/Her2-.  

3.5 Covariates 

 The following information was collected by the questionnaire that the participants 

completed: education; ethnicity; health, medical and reproductive history; family history of 

cancer; lifestyle characteristics including lifetime tobacco and alcohol consumption; lifetime 

physical activity and cooking habits; and lifetime occupational and residential histories 

(Appendix A). Since the participants were frequency-matched by age and centre, these variables 

were included as covariates in all regression models. Women who had missing information on 

age or centre were removed from the analyses.  

 All analyses were stratified by ethnicity to account for population stratification, a 

phenomenon in which systematic differences are observed in the distribution of alleles as a result 

of geographic ancestry and non-random mating between population subgroups. In addition, a 

number of SNPs have been found to express differentially based on an individual’s ethnicity, as 
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described in the previous chapter. The study participants were categorized into the following 

ethnicities: European, East Asian (primarily Chinese, but also Japanese, Korean and Filipino), 

South Asian, and mixed or other (black, Aboriginal, Middle Eastern, Latin American and 

Southeast Asian). This study was restricted to women of European and East Asian descent only. 

Participants for whom information about ethnicity was absent were removed from the analyses. 

 Empirical evidence for variables that confound the relationship between replication-

related SNPs included in this study and breast cancer is absent. It is unlikely that any variable 

would be associated with the genetic variants carried by an individual in addition to being 

associated with breast cancer. Factors that are related to breast cancer as identified from 

literature review were explored for potential association with the outcome. However, they are not 

expected to be true confounders and therefore, were not included in regression modelling. For 

descriptive analytical purposes, the covariates were kept as continuous or categorical and 

included body mass index (BMI, continuous), household income (< $30,000; $30,000-$59,999; 

$60,000-$99,999; > $100,000; or not stated), education (high school or less; college or trade 

certificate; undergraduate degree; or graduate or professional degree), age at menarche 

(continuous), age at first birth (<20; 20-22; 23-25; 26-28; 29-31; 32-34; ≥ 35; nulliparous), age at 

first mammogram (continuous), family history of breast cancer (dichotomous, yes or no), 

smoking (dichotomous, yes or no), lifetime pack-years of cigarette smoking (continuous, 

calculated by multiplying the number of packs of cigarettes smoked per day by the number of 

years smoking where 20 cigarettes is considered one pack), lifetime alcohol consumption 

(continuous, calculated by the mean number of drinks  per week for each age group by decade), 

and the use of oral contraceptives and hormone replacement therapy (dichotomous, yes or no).  
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3.6 Statistical Analysis 

3.6.1 Descriptive Analysis 

 Descriptive statistics were used to explore differences between cases and controls in key 

demographic and lifestyle factors. These factors include age, BMI, ethnicity, household income, 

education, menopausal status, reproductive history, family history of breast cancer, smoking 

status, pack-years smoking, lifetime alcohol consumption, and medication use. For continuous 

variables, means and standard deviations were calculated, and parametric or non-parametric tests 

were used to make comparisons between cases and controls using T test and Wilcoxon-Rank 

Sum test, respectively. For categorical variables, frequency tables were generated and differences 

were tested by chi-square test or Fisher’s exact test if 25% or more of the cells had expected 

counts less than 5. Descriptive analyses were also stratified by ethnicity, with a focus on 

individuals of European and East Asian descent as they constituted the majority of the 

participants.   

 In addition to analyzing all cases and controls together, descriptive analyses were also 

done to investigate the difference between controls and cases by their tumour pathology (i.e., ER, 

PR and Her2 subtypes). Parametric analysis of variance (ANOVA) tests and non-parametric 

Kruskal-Wallis tests were used depending on normality of the continuous data; whereas chi-

square tests and Fisher’s exact tests were performed for categorical variables. Further 

stratification was done by ethnicity as before. SAS (Version 9.4, SAS Institute, Cary, NC) was 

used for all statistical analyses. 

3.6.2 Distribution of Genetic Variation 

 For objective 1, the distribution of the replication-related SNPs included in the study was 

calculated using descriptive statistics. For each variant, the major and minor allele was defined 
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among the controls, where major alleles were constituted by the alleles found in at least 50% of 

the participants. Depending on the number of mutated alleles an individual carried, they were 

categorized into three types of carriers: common homozygous, heterozygous, or variant 

homozygous. Common homozygous individuals had two major alleles, heterozygous individuals 

had one major allele and one minor allele, and variant homozygous individuals had two minor 

alleles. Frequency tables were generated to demonstrate the distribution of each variant. Chi-

square tests and Fisher’s exact tests were used to compare the differences between cases and 

controls in terms of their SNP distribution, which was further stratified by ethnicity. SAS and 

PLINK v1.07 were used for these analyses. 

3.6.3 SNPs of Replication-Related Genes and Breast Cancer Risk 

 In order to examine the relationship between each SNP and breast cancer risk, 

unconditional logistic regression was used assuming additive genetic model and adjusting for age 

and centre. An additive model is commonly used when the underlying genetic model is unknown 

[9]. This model assumes a linear change in log odds in the three genotypes and the pattern of risk 

is the lowest, intermediate, and highest for major homozygote (AA), heterozygote (Aa), and 

minor homozygote (aa), respectively, for SNPs that confer increased risk. The opposite is true 

for SNPs that have a protective effect [10]. Since there is no evidence of any empirical 

confounder for replication-related SNPs and breast cancer, no other covariates were tested for the 

presence of confounding. All analyses were stratified by ethnicity; however, the analyses were 

restricted within Europeans and East Asians. Further stratification was done by menopausal 

status within each ethnic group. Lastly, in order to control for multiple comparisons arising from 

analyzing several SNPs, the Benjamini-Hochberg adjustment was done [8]. This procedure 

controls the false discovery rate (FDR) by controlling the expected proportion of falsely rejected 
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hypotheses. SNPs that had p values less than 0.05 after controlling for FDR were considered 

statistically significant. The analyses were done in SAS.  

3.6.4 SNPs of Replication-Related Genes and Breast Tumour Subtypes 

 For objective 3, polytomous logistic regression was used to evaluate whether the 

relationship between the SNPs and breast cancer differed by the status of an individual’s tumour 

subtype, namely, ER+ and/or PR+/Her2-; ER+ and/or PR+/Her2+; ER-/PR-/Her2+; and ER-/PR-

/Her2-. Polytomous logistic regression is used when a dependent variable has multiple 

categories, therefore modeling binary outcomes by simple logistic regression is not possible. An 

additive model was assumed for the analysis, which was also adjusted for age and centre. Breast 

tumours were categorized as nominal response variables and the control group served as the 

reference. Since women of European descent constituted the majority of participants in the study, 

the analysis was restricted to these women.  

 Tumour heterogeneity between the four subtypes was assessed next by analyzing cases 

only in a case-case polytomous logistic regression. ER+/PR+/Her2- group served as the 

reference. Choice of genetic model selection, adjusted variables and issues of multiple 

comparisons were done in the same way as previously described. SAS was used for all analyses 

in objective 3 as well. 

3.7 Ethical Considerations 

 The Canadian Breast cancer Study (CBCS), formerly known as the Molecular 

Epidemiology of Breast Cancer (MEBC), has received ethics approval from both the Health 

Sciences Research Ethics Board at Queen’s University and the Research Ethics Board at the 

British Columbia Cancer Agency. The candidate has also received expedited ethics approval to 

conduct research on this project from the Health Sciences Research Ethics Board at Queen’s 
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University (Appendix B). To ensure the study participants’  personal information is protected, all 

files are kept in a password-protected computer located in a secured access location at the Cancer 

Research Institute. Furthermore, all files are anonymized and proper encryption methods are 

taken during file transferring. 
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Chapter 4: Results 

 

4.1 Abstract 

Background: The role of common, low to intermediate risk alleles in breast cancer need to be 

examined due to their relatively high prevalence. Among many cellular pathways, replication has 

a pivotal role in cell division and frequently targeted during carcinogenesis. Replication is 

governed by a host of genes involved in a number of different pathways. This study investigates 

the effects of replication-gene variants in relation to breast cancer and how this relationship is 

affected by ethnicity, menopausal status and breast tumour subtype.  

Methods: Data from a case-control study with 997 incident breast cancer cases and 1,050 age 

frequency matched controls in Vancouver, British Columbia and Kingston, Ontario were used. 

Unconditional logistic regression was used to calculate odds ratios between 45 replication gene 

variants and breast cancer risk, assuming an additive genetic model adjusted for age and centre, 

presented for Europeans and East Asians separately. Polytomous logistic regression was used to 

assess odds ratios between each SNP and four breast cancer subtypes defined by hormone 

receptor status among Europeans. All analyses were stratified by menopausal status. The 

Benjamini–Hochberg false discovery rate (FDR) was used to address multiple comparisons.  

Results: Among Europeans, the SNPs in FGFR2, TOX3 and 11q13 loci were associated with 

breast cancer after controlling for multiple comparisons. Test of heterogeneity showed the SNPs 

rs1045185, rs4973768, rs672888, rs1219648, rs2420946 among Europeans and rs889312 among 

East Asians conferred differential risk across the tumour subtypes. 

Conclusions: Specific SNPs in replication genes were associated with breast cancer, and the risk 

level differed by tumour subtype defined by ER/PR/Her2 status and ethnicity. 
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4.2 Introduction 

Among all types of cancer, breast cancer has the highest incidence, prevalence and 

mortality in women across the world as well as in Canada [1-4]. A number of studies looking at 

familial aggregation and monozygotic twins or siblings have indicated a genetic basis as one of 

the key driving factors of breast cancer [5-7]. Polymorphisms in high-susceptibility genes 

account for less than a quarter of the familial risk and only 5% of the total breast cancer cases, 

suggesting contributions of common low to moderate-penetrance alleles[6;8-10]. Studies 

investigating the role of such risk alleles have so far found 72 loci, which account for only 27% 

of all genetic basis of breast cancer [6;10]. Further, findings from these studies have been 

somewhat inconsistent, thus requiring confirmatory studies in different settings. 

Replication is an important process for the genomic maintenance and cellular growth of 

any organism [11;12]. The replication process can be broadly categorized as interphase where 

the building blocks for cell replication are synthesized and prepared for the subsequent M 

(mitosis) stage where nuclear and cytosolic division takes place [13;15]. Carcinogenesis, as 

presented by Hanahan and Weinberg, is a complex multistep process that requires integration of 

a number of different replicative pathways, the result of which is uncontrolled cell division [16]. 

Constant proliferative signal as well as lack of tumour suppression and cell death leads to 

increased cell division while alterations in angiogenesis, inflammation, metabolism, and 

homeostasis create a state that facilitates tumour growth and progression [16].  A vast array of 

proteins, encoded by an equally vast number of genes, act in different stages of the cell cycle. 

Unsurprisingly, malfunction of these genes by e.g. polymorphisms can lead to changes in their 

expression or activity and as such, the role of variants in replication genes is worth investigating. 
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Some of the commonly investigated replication genes and their variants are described below, and 

their relationships with breast cancer from epidemiologic studies are discussed. 

 FGFR2 (fibroblast growth factor receptor 2) and MAP3K1 (Mitogen-activated protein 3 

kinase 1) are members of the receptor serine/threonine kinase family that are involved in signal 

transduction during cell growth, invasiveness, mortality, and angiogenesis depending on cell type 

[17-24]. Variants of FGFR2 are known to increase the binding affinity of transcription factors, 

leading to increased cell division [18-20]. MAP3K1 has a role in transcription of oncogenes and 

apoptosis [21-24]. Variants of FGFR2 (rs2981582, rs2420946, rs7895676, rs1510097 and 

rs1219648) and MAP3K1 (rs889312, rs16886165, rs62355902, rs11949391 and rs113317823) 

are known to increase breast cancer risk across different ethnicities and tumor subtypes as 

reported by a number of genetic association studies as well as meta-analyses [10;19;21;23-28].  

 Apoptosis is the process by which cells undergo self-death in response to increased stress, 

DNA damage and oncogene signaling. This process is mediated by members of the cysteine-

aspartic acid protease (caspase) family, of which CASP8 is a key player as it initiates caspase 

activation [39;40]. Two commonly studied variants of CASP8, rs104548 and rs3834129, are 

known to prevent the interaction between CASP8 protein and anti-apoptotic molecules and 

transcription factors and are protective against breast cancer [41;42]. Another gene, MRPS30 

(Mitochondrial ribosomal proteins 30) plays a crucial role in initiating apoptosis and several 

variant forms of MRPS30 (rs7716600, rs2067980, rs4415084, rs4866929, rs10941679, rs930395) 

have been found to increase the risk of breast cancer [7;43-45]. 

A number of genes are involved in various structural functions in the cell. TOX3 (TOX 

High Mobility Group Box Family Member 3), for example, belongs to the HMG-box protein 

family and facilitates DNA replication and transcription [22;43;46]. RAD51L1 (Rad51-like 
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family) functions in DNA double strand repair and homologous recombination [47]. SLC4A7 and 

NEK10 are involved in maintaining cellular pH and providing mitotic signal, respectively [48-

50]. RNF146 plays a role in protein degradation as part of the ubiquitin proteasome 

system[24;30;51] COX11 (cytochrome-c oxidase assembly protein 11) and  STXBP4 (Syntaxin 

Binding Protein 4) facilitate insulin-mediated glucose transport and protein expression[52]. 

Variants of these genes have been linked to breast cancer, including rs4784227 and rs3803662 in 

TOX3, rs999737 in RAD51L1, rs4973768 in SLC4A7, NEK10, and rs6504950in STXBP/COX11 

[7;23;24;27;30;33;37;38;45-48;52-57].  

 In addition to the aforementioned pathways and associated genes, a number of other 

pathways are dysregulated during carcinogenesis that facilitates the tumour microenvironment, 

which are nevertheless required for cell replication. Estrogen is a key component in hormone-

mediated cell replication and therefore genes such as ESR1 (Estrogen receptor 1), involved in 

estrogen synthesis and metabolism can determine breast cancer susceptibility, tumour 

progression and response to treatment [58;59]. Variants of ESR1 (rs3020314) and of nearby 

C6orf97 (rs2046210) have been found to increase the risk of breast cancer [58;59]. Cancer cells 

exhibit inflammatory conditions that lead to increased chemotaxis and blood vessel formation. 

One such inflammatory genes, LSP1 (Lymphocyte-Specific Protein 1) is expressed by various 

immune cells involved in B-cell signaling pathway [22;33;60;61]. Increased risk of breast cancer 

has been reported by the LSP1 variant, rs3817198 [22;33;60;61]. Cancer cells also display 

altered pattern of metabolism, relying mostly on anaerobic glycolysis for glucose production. In 

addition, fatty acid metabolism machineries are frequently dysregulated in cancer. ECHDC1 

(Enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thiolase) is involved 
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in mitochondrial fatty acid oxidation and found at an elevated level in aggressive breast tumours 

[12;13;51].  

In recent years, there have been reports of association between loci of unknown function 

and breast cancer. Known as ‘gene deserts’, it is hypothesized that non-coding RNAs expressed 

in these intra-genic regions influence transcription which, in turn, leads to differential expression 

of various proteins affecting tumourigenesis [62;63]. Examples of such non-coding loci that are 

associated with increased risk of breast cancer include rs13281615, rs672888, rs1562430 on 

8q24 flanking FAM84B and C-MYC; rs1011970 on 9p21 located close to CDKN2A and 

CDKN2B; rs13387042 on 2q35; and rs8170, rs4808611, rs8100241, rs2363956 and rs3745185 

on 19p13 [25;33;46;53;57;60;63-68].  

It is now established that breast cancer is a heterogeneous disease, with differences in 

biological and histopathological features, etiologies, prognosis and treatments according to 

hormone receptors expressed on breast cell surface. Immunohistochemistry (IHC) indicates four 

such subgroups based on estrogen receptor (ER), progesterone receptor (PR) and human 

epidermal growth factor receptor 2 (Her2) status: ER/PR+, Her2+; ER/PR+, Her2−; ER/PR−, 

Her2+; and ER/PR−, Her2− [58;62]. Hormone-positive tumour cases usually have better 

prognosis than hormone-negative cases. Gene signatures found in hormone-positive subgroups 

differ compared to hormone-negative subgroups, possibly explaining the differences in 

phenotype and prognosis. Variants in FGFR2, 5p12/MRPS30, SLC4A7, NEK10, 8q24 are found 

in ER/PR+ cases, whereas TOX3, 6q25, 2q35 and 19p13.1 variants are common in ER/PR- 

tumours; and variants in 2q35, TOX3, LSP1, MAP3K1, TGFB1 and RAD51L1 loci are found in 

both subgroups [25;60].  
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In addition to tumour heterogeneity by hormone receptor status, risk of breast cancer is 

influenced by menopausal status and ethnicity of an individual. Ethnicity largely determines 

linkage equilibrium (LD) between SNPs within genes or SNPs in nearby loci, which, in turn, 

determines the pattern of SNPs expressed in a certain ethnic group [69-71]. It has been shown 

that certain variants are specific to Caucasians, Asians, or Africans; whereas some are found in 

all ethnicities [70;71].  

Given the importance of replication-related genes in breast cancer, it is important to 

investigate variants in these genes to understand the biology of breast tumourigenesis. To our 

best knowledge, no previous studies have focused on the association between replication-genes 

as a group and breast cancer, particularly in Canadian population. Further, the results of previous 

genetic association studies are sometimes conflicting depending on heterogeneous sample size, 

menopausal status, ethnicity and tumour subtype. Therefore, the present study aims to investigate 

the relationship between genetic variants in replication-related genes and breast cancer risk, and 

assess potential impact of these relationships by ethnicity, menopausal status and breast tumor 

subtype. 

4.3 Methods 

4.3.1 Study Population 

Data for this study come from a multi-ethnic breast cancer case-control study conducted 

in 2004-2010 (Canadian Breast Cancer Study, CBCS). Study participants were recruited in 

Greater Vancouver, British Columbia and Kingston, Ontario. The BC Cancer registry was the 

source to recruit incident cases (n = 1,001), ages 40-80 from Vancouver, New Westminster, 

Richmond or Burnaby, who were newly diagnosed prior to the study with either in situ or 

invasive breast cancer. Controls (n=1014) were cancer-free individuals recruited from the 
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Screening Mammography Program of BC and living in the same geographic area as the cases. In 

Kingston, cases (n=131) and controls (n=163) were recruited from the Hotel Dieu Breast 

Assessment Program prior to diagnosis. All controls were frequency-matched with cases by five-

year age groups. Participants were asked to complete a detailed questionnaire through self-

administered or telephone interview; and provide a biological sample, either in the form of blood 

or saliva. For 92% of participants, sufficient DNA was isolated to be genotyped. Ethics approval 

for the study was obtained from the University of British Columbia – BC Cancer Agency 

Clinical Research Ethics Board and Queen’s University Health Sciences Research Ethics Board. 

4.3.2 Data Collection 

The questionnaires were self-completed and returned by mail for most participants (BC 

and ON); however, a computer aided telephone interview was required for some of the 

participants (BC). The questionnaire included information about ethnicity; menopausal status; 

education; health, medical and reproductive history; family history of cancer; lifestyle 

characteristics including lifetime tobacco and alcohol consumption; lifetime physical activity and 

cooking habits; and lifetime occupational and residential histories. 

To identify the genes involved in replication, a candidate-gene approach was used in 

which SNPs and genes involved in replication that were found to have association with breast 

cancer from previous studies were selected. In total, 45 SNPs in a set of 31 genes were selected 

for this study (CASP8, SLC4A7, NEK10, MAP3K1, MRPS30, HCN1, FBXL7, ECHDC1, 

RNF146, ESR1, LOC134997, TNS3, FGFR2, CAMK1D, ZNF365, ZMIZ1, LSP1, H19, 

RAD51L1, TOX3, COX11, SNRPB, CHEK2, 5q, 8q24, 8q24.21, 9p21, 11q13, 16q12.1, 16q22 

and 19p13) that were found to have a role in replication after thorough literature review 

[10,14,15,17–24,28,31,43,44,47–69].  The list of genes along with the SNPs and their minor 
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allele frequency (MAF) is given in Table 3.1. SNPs related to the replication pathway were 

included in a 768 SNP Golden Gate (Illumina) assay and genotyping was conducted by Genome 

Quebec / McGill University Innovation Centre.  

Quality control measurements of samples, genotype and SNP data have been described 

previously by Grundy et al [72]. Following quality control of biological samples, 997 cases and 

1050 controls remained from the initial study population. ER, PR and Her2 statuses were 

determined using immunohistochemistry (IHC). For Her2, fluorescence in situ hybridization 

(FISH) was used to supplement IHC if the IHC results were indeterminate.  

4.3.3 Statistical Analysis 

To investigate the relationship between SNPs of replication genes and breast cancer risk, 

unconditional logistic regression adjusted for age and centre was used, assuming an additive 

genetic model. Geographic ancestry was regarded as a potential confounder a priori and all 

analyses were, therefore, stratified by ethnicity. Four major ethnic groups were identified: 

European; East Asian (primarily Chinese, but also Japanese, Korean and Filipino); South Asian; 

and mixed or other (Black, Aboriginal, Middle Eastern, Latin American and Southeast Asian). 

However, the analyses were restricted to European and East Asian subgroups only because of 

limited sample size in the other two groups. Since premenopausal and postmenopausal breast 

cancers are considered to have different etiologies, potential modification of these relationships 

by menopausal status was assessed in supplementary analyses. 

In order to assess heterogeneity of breast cancer risk by tumor subtype for each SNP, 

polytomous logistic regression was used. Four subtypes were defined by the ER, PR and Her2 

receptor status of an individual: ER+ and/or PR+, Her2-; ER+ and/or PR+, Her2+; ER-, PR-, 

Her2+; and ER-, PR-, Her2-. Finally, Benjamini-Hochberg adjustment was applied to all SNPs to 
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control for false discovery rate (FDR) [73]. SNPs with a p value <0.05 subsequent to FDR 

adjustment were considered statistically significant. This analysis was restricted to Europeans 

only since this group constituted the majority of study participants. All analyses were done using 

SAS (Version 9.4, SAS Institute, Cary, NC) and PLINK [74]. 

4.4 Results 

Descriptive statistics were conducted and a comparison of selected characteristics 

between cases and controls are given in Table 4.1. Briefly, cases and age-frequency matched 

controls had an approximate mean age of 56.8 and 56.4 years, respectively, at the time of 

diagnosis. In terms of ethnicity, about 69% of the participants were European and 23% were East 

Asian. Notably, Controls had a higher proportion of Europeans than cases, whereas East Asians 

constituted a greater proportion of cases than controls. About 66% cases and 63% controls were 

post-menopausal women. Other demographic data showed that cases, on average, had higher 

BMI, less lifetime alcohol consumption, were more likely to be from a lower income family, had 

their first mammography at a later age, had at least one family member with breast cancer, and 

were less likely to have completed postsecondary education. 

The odds ratios for the associations between SNPs of replication genes and breast cancer 

are given in Table 4.2. Among Europeans, all three SNPs in FGRFR2, TOX3 as well as 11q13 

loci were associated with breast cancer risk after FDR adjustment. Among East Asians, no SNP 

was associated with breast cancer risk after FDR adjustment. Further, none of the SNPs were 

heterogeneous between Europeans and East Asians after controlling for multiple comparisons. 

Results from analyzing the relationship between the replication-gene variants and breast 

cancer stratified by menopausal status and ethnicity are given in Table 4.3. Among Europeans, 

heterogeneity in the risk of rs10931936 (pTH 0.02) and rs8051542 (pTH 0.01) was found 
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between the pre and post-menopausal group after controlling for FDR. Among East Asians, 

SNPs showing heterogeneity between pre and post-menopausal women after FDR adjustment 

were: rs981782 (pTH 0.05), rs2067980 (pTH 0.02), rs2180341 (0.01), rs6569480 (pTH 0.01), 

rs6504950 (pTH 0.04), and rs7222197 (pTH 0.04).  

Table 4.4 and 4.5 show the risk of breast cancer stratified by tumor receptor subtypes. For 

each strata, the association of breast cancer risk in that strata compared to controls is given. 

Among Europeans, the SNPs that were associated with ER/PR+/Her2+ tumours after FDR 

adjustment include: rs1045485, rs3803662, and rs4784227. Ten SNPs were associated with 

ER/PR+/Her2- tumours after FDR adjustment: rs4973768, rs672888, rs1562430, rs2981582, 

rs1219648, rs2420946, rs614367, rs8051542, rs3803662, and rs4784227. The following SNPs 

were found associated with triple negative i.e. ER/PR-/Her2- tumours: rs2046210, rs6900157, 

rs6504950, rs7222197, and rs9608698. Of these SNPs, only the following SNPs differed in risk 

between tumour subtypes as determined by the p value of tests of heterogeneity: rs1045485 (pTH 

0.05), rs4973768 (pTH 0.04), rs672888 (pTH 0.04), rs1219648 (pTH 0.04), rs2420946 (pTH 

0.05) of the gene CASP8; SLC4A7, NEK10; 8q24 and FGFR2, respectively. Among East Asians, 

rs10941679 and rs930395 increased the risk of breast cancer in ER/PR+/Her2- women; 

rs4866929 and rs981782 increased the risk in ER/PR-/Her2+ women; and rs6138178 increased 

the risk in triple negative women. However, only one SNP, rs889312 showed heterogeneity 

among the four tumor subtypes (pTH 0.03), although did not show independent association with 

any of the tumour subtypes.  

Further stratification was done by menopausal status and the results are given in Tables 

4.6-4.9. Among European premenopausal women, SNPs that were associated with breast cancer 

risk for ER/PR+/Her2- subtype were: rs4973768, rs2981582, rs1219648, rs2420946; and the 
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ones associated with triple negative subtype were: rs2046210, rs6900157, rs2981582, rs1219648, 

rs2420946, and rs8170. However, only rs6900157 and rs2046210 showed heterogeneity in risk 

among the tumour subtypes (pTH 0.03 and 0.04, respectively). In the postmenopausal group, the 

following SNPs were associated with breast cancer risk: rs30099, rs9397435 rs6602595, 

rs3803662, and rs4784227 in ER/PR+/Her2+ women; rs2981582, rs1219648, rs2420946, 

rs8051542, rs3803662, and rs4784227 in ER/PR+/Her2- women; and rs9608698 in triple 

negative women. The three SNPs in FGFR2 gene showed heterogeneity in risk among the 

subgroups. Among East Asian women, several SNPs were found associated with breast cancer 

risk in the ER/PR+/Her2-, ER/PR-/Her2+ and ER/PR+/Her2- subtypes, particularly among the 

premenopausal group; however, only rs889312 in MAP3K1 showed heterogeneity in risk across 

the four subtypes. None of the SNPs showed association in postmenopausal women of East 

Asian descent. 

4.5 Discussion 

Using data from a population based case-control study, this thesis assessed the 

relationship between replication-gene variants and breast cancer, and further investigated the 

heterogeneity in risk by tumour subtype, menopausal status and ethnicity.  Data showed that 

several SNPs of replication-genes, namely FGFR2 (rs2981582, rs1219648, rs2420946), TOX3 

(rs8051542, rs3803662, rs4784227) and 11q13 (rs614367) were associated with breast cancer 

among Europeans but not in East Asian women after adjusting for multiple comparisons, with a 

24-46% change from the baseline risk. It was also seen that among Europeans, rs1045485, 

rs4973768, rs672888, rs1219648 and rs2420946 showed heterogeneity in risk across different 

tumour subtypes, whereas among East Asians, rs889312 showed this heterogeneity. 
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 Results of this study are consistent with the literature and the role of these replication-

gene variants in carcinogenesis. Polymorphisms in FGFR2 are commonly found in experimental 

and epidemiologic breast cancer studies [17;18;23-35;37;46], due to its role in signal 

transduction and transcription during cell proliferation, apoptosis, angiogenesis and invasion 

[17;19;29]. A number of GWAS and meta-analyses have confirmed rs2981582, rs1219648, and 

rs2420946 variants of FGFR2 to be associated with increased breast cancer risk [17;23-

35;37;46]. We found increased risk for all these FGFR2 variants only among Europeans, not in 

East Asians. This could be because of different linkage disequilibrium (LD) pattern of FGFR2 

between these ethnic groups; as LD among these variants is very high LD (r2>0.96) in 

Europeans, but not in Asians [29]. Similar to FGFR2, polymorphisms in TOX3 have been 

implicated in breast cancer due to its role in gene transcription [56;75]. Several large GWAS and 

meta-analyses have confirmed its association with breast cancer in different ethnic groups 

[55;75;76]. In our study, we only found increased risk resulting from all TOX3 variants in 

Europeans only, possibly due to differences in LD pattern between alleles within this locus 

among Europeans (r2>0.80) and Asians (r2<0.40). The loci 11q13 was also found to increase the 

risk of breast cancer in our study, which is located upstream of the CCND1 gene and encodes 

cyclin D1, an important cell cycle regulator [77]. This locus is associated with breast cancer as 

reported by several independent studies and pooled analyses [78-80].   

 Breast cancer has long been known to be a heterogeneous disease, where the 

manifestation and prognosis differ by hormone receptors on cells (ER, PR and Her2) [62;81]. We 

also identified a number of susceptibility loci to have a receptor specific expression pattern in 

breast cancer patients. Further, the pattern of variants expressed in European and East Asian 

women were different, suggesting an ethnicity dependent expression pattern of these variants. 
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Among Europeans, rs1045485 in CASP8; rs4973768 in SLC4A7, NEK10; rs672888 in 8q24; 

rs1219648 and rs2420946 in FGFR2 showed heterogeneity in risk across the different 

subgroups. Among East Asians, only rs889312 in MRPS30 showed this heterogeneity.   

Multiple studies show that the expression of replication-gene variants differ by tumour 

receptor status, with differential preference for ER/PR+ and ER/PR- tumours. Variants in 

FGFR2, TNRC9/TOX3, MAP3K1, LSP1, SLC4A7/NEK10, 8q24, 2q35, 5p12, 11q13, 1p11.2, 

9p21.3, and 10q21.2 are strongly associated with ER+/PR+ tumours; whereas variants in ESR1, 

TNRC9/TOX3, 2q35, RAD51L1, 19p13.11 are predominantly found in ER/PR- tumours 

[7;21;24;25;27;30;32;37;38;44-47;51;52;60-62;67;75;77;79-87].  Our study was consistent with 

these results, as stronger association with ER/PR+ tumours was found for SNPs in CASP8, 

SLC4A7/NEK10, TOX3, MRPS30, MAP3K1, ECDH1, HCN1, 5q and 8q24; whereas variants in 

ESR1, COX11, SNRP, 19p13 were strongly associated with ER/PR- tumours. Reports about 

heterogeneity in risk by ECDH1, HCN1, COX11, and SNRP loci are sparse in the literature, 

therefore our study maybe is the first to discover this pattern.  

Reproductive factors, in addition to tumour subtype and ethnicity, can also modify breast 

cancer risk. Stratification by menopausal status in our study revealed European pre and post-

menopausal women had heterogeneity in breast cancer risk depending on the presence of 

rs92046210 and rs6900157 variant in ESR1; whereas East Asian women differed by rs889312 in 

MAP3K1 between the two menopausal status. The role and expression pattern of these variants 

are described in several studies, and are consistent with our findings [36;62;87-89].  

The study had several limitations. Even though the study had relatively large sample size 

overall, stratification by multiple subgroups had led to low power to detect a meaningful effect. 

A number of SNPs showed heterogeneous ORs between Europeans and East Asians. However, 
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power calculations within the two subpopulations showed OR of less than 1.35 and 1.55 could 

not be detected with adequate power among Europeans and East Asians, respectively, if multiple 

comparisons were taken into account. Further, There were no individuals with the minor 

homozygous and heterozygous alleles for rs1045485, rs10995190, rs614367, rs999737, and 

rs8170; therefore ORs for these variants either could not be calculated or need to be interpreted 

with caution. Cases and controls showed differences in distribution of some of the known risk 

factors of breast cancer; namely, BMI, household income, age at first mammogram, education, 

and alcohol consumption; however none of these are expected to be associated with genetic 

polymorphism and therefore will not confound the relationship of interest. Finally, most 

participants in the study were of European and East Asian descent, therefore findings of this 

study cannot be generalized to other ethnic groups. Despite these limitations, this study had 

strong data quality control measurements taken during the design, conduct and analysis stage, 

thus minimizing non-differential misclassification. The possibility of differential 

misclassification was eliminated by blinding the genotyping analysts of a candidate’s disease 

status, and since the primary exposure of interest in this study, i.e. genotype, was measured in 

biological samples, recall bias and error are not a concern here. The analyses were stratified by 

ethnicity, tumour subtype and menopausal status, and FDR method was used to account for 

multiple comparisons, making the findings of our study more reliable and addressing the 

etiologic differences in breast carcinogenesis.  

In conclusion, this thesis provides important evidence that several replication-gene 

polymorphisms alter risk of breast cancer. In addition, risk varied depending on tumour subtype, 

menopausal status and ethnicity, further emphasizing and confirming the etiologic differences in 
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breast cancer. However, low sample size in subgroups means that our data will be most effective 

if incorporated in larger studies. 
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Fig 4.1 Inclusion and exclusion of study participants   

BC Cancer Registry 

ncases = 1001 

Screening Mammographic Program of BC 

ncontrols = 1014 

 

Hotel Dieu Breast Assessment 

Program 

ncases = 131 

ncontrols = 163 

Canadian Breast Cancer Study 

               ncases  = 1,132 

ncontrols  = 1,177 

Excluded: missing genetic data (n = 183) 

Excluded: failed quality control 

 Call rate <95% (n = 14) 

 Identical genotypes (n = 6) 

 Gender discrepancy (n = 1) 

 Excess heterozygosity (n = 4) 

 Predicted/reported ethnicity discrepancy 

(n = 5) 

 Relatives (one per pair, n = 9) 

 

Excluded: incomplete questionnaire data 

 Missing age (n = 1) 

 Missing ethnicity (n = 1) 

Included in SNP and breast cancer analyses 

   ncases  = 1,037 

ncontrols  = 1,050 

Excluded: missing tumour pathology data (n = 40) 

and failed Hardy-Weinberg Equilibrium 

Included in SNP and breast 

tumour subtype analyses 

   ncases = 997 

ncontrols  = 1,050 

British Columbia Ontario 



85 
 

4.8 Tables  

Table 4.1 Selected characteristics of study participants 

 
Cases (n = 997) Controls (n = 1050) 

p-valuea 

 
Mean (SD) / N (%) Mean (SD) / N (%) 

Age 56.8 (10.26) 56.48 (10.1) 0.28 

Body Mass Index 25.63 (5.45) 24.96 (4.69) 0.003 

Ethnicity    

 

 

       European 621 (62.3%) 806 (76.8%) < 0.0001 

      East Asian 290 (29.09%) 168 (16.0%) 

       South Asian 29  (2.91%) 31 (2.96%) 

       Mixed/Other 57  (5.72%) 45 (4.3%) 

 Household Income    

 

 

       <$30,000 172  (17.2%) 104 (9.9%) < 0.0001 

      $30,000-$59,999 241  (24.1%) 230 (21.9%) 

       $60,000-$99,999 223  (22.3%) 262 (25.0%) 

       >$100,000 217  (21.7%) 310 (29.5%) 

       Not Stated 144  (14.4%) 144 (13.7%) 

 Education    

 

 

       High school or less 335  (33.8%) 259 (24.7%) < 0.0001 

      College/trade certificate 299  (30.1%) 310 (29.6%) 

       Undergraduate degree 238  (24.0%) 271 (25.9%) 

       Graduate/Professional degree 119  (12.0%) 207 (19.8%) 

 Menopausal Status    

 

 

       Pre-menopausal 342  (34.3%) 391 (37.2%) 0.18 

      Post-menopausal 653  (65.6%) 659 (62.8%) 

 Reproductive History 

 

 

 

 

       Age at Menarche 12.8  (1.5) 12.8 (1.5) 0.48 

      Ever been Pregnant 823  (82.8%) 825 (78.7%) 0.01 

      Age at First Birth 27.8  (5.4) 27.7 (5.2) 0.6 

      Number of Pregnancies 2.3  (1.7) 2.2 (1.7) 0.2 

      Age at First Mammogram 44.3  (8.4) 42.7 (7.4) < 0.0001 

Family History of Breast Cancer 196  (19.7%) 145 (13.8%) 0.0004 

Smoking Status 63  (6.3%) 62 (5.9%) 0.6 

Pack-Years Smoking 5.6  (12.0) 5.1 (10.9) 0.3 

Lifetime Alcohol Consumption (# Drinks/Week) 

      Teen 1.1  (3.7) 1.6 (4.0) < 0.0001 

      20s 2.7  (5.5) 3.9 (8.1) < 0.0001 

      30s 3.0  (6.1) 3.5 (5.4) < 0.0001 

      40s 3.2  (6.1) 3.7 (5.6) < 0.0001 

      50s 2.8  (4.9) 3.8 (6.2) < 0.0001 

      Last 2 Years 2.1  (4.4) 2.9 (5.0) < 0.0001 

Medication Use    

 

 

       Oral Contraceptive 554  (55.6%) 695 (66.2%) < 0.0001 

      Hormone Replacement Therapy 309  (31.2%) 351 (33.5%) 0.2 

 

a Calculated using T-tests and Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests for 

categorical variables 
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Table 4.2 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast cancer risk by ethnicity 

Gene SNP 

Europeans 

(604 cases, 799 controls) 

East Asians 

(289 cases, 168 controls) 

 

OR (95% CI) p-value a OR (95% CI) p-value a p-value b 

CASP8 rs1045485 0.98 (0.76, 1.26) 0.91 N/A N/A N/A 

CASP8 rs10931936 1.02 (0.87, 1.20) 0.91 0.87 (0.66, 1.16) 0.60 0.84 

SLC4A7, 

NEK10 
rs4973768 1.09 (0.94, 1 .26) 0.56 1.18 (0.83, 1.67) 0.60 0.59 

MAP3K1 rs889312 1.06 (0.90, 1.25) 0.82 1.12 (0.85, 1.46) 0.66 0.75 

MRPS30 rs4415084 1.02 (0.88, 1.19) 0.91 1.36 (1.04, 1.78) 0.34 0.88 

MRPS30 rs4866929 1.02 (0.88, 1.18) 0.91 1.27 (0.94, 1.72) 0.51 0.80 

MRPS30 rs10941679 1.13 (0.95, 1.34) 0.44 1.45 (1.12, 1.88) 0.10 0.59 

HCN1 rs981782 1.02 (0.87, 1.18) 0.91 1.25 (0.93, 1.68) 0.51 0.76 

FBXL7 rs12652447 1.04 (0.90, 1.21) 0.82 0.83 (0.63, 1.10) 0.51 0.90 

MRPS30 rs2067980 0.93 (0.76, 1.15) 0.82 1.28 (0.98, 1.67) 0.51 0.31 

MRPS30 rs930395 1.06 (0.88, 1.27) 0.82 1.49 (1.15, 1.93) 0.10 0.31 

5q rs30099 1.02 (0.79, 1.32) 0.91 0.96 (0.73, 1.25) 0.91 0.75 

ECHDC1, 

RNF146 
rs2180341 1.02 (0.85, 1.21) 0.91 0.80 (0.58, 1.10) 0.51 0.75 

ESR1 rs2046210 1.06 (0.90, 1.23) 0.82 1.00 (0.75, 1.33) 0.99 0.75 

ESR1 rs9397435 1.31 (0.99, 1.74) 0.23 0.97 (0.73, 1.29) 0.95 0.94 

LOC134997 rs9393597 1.03 (0.84, 1.26) 0.91 1.19 (0.91, 1.55) 0.51 0.31 

ESR1 rs6900157 1.05 (0.89, 1.22) 0.82 0.99 (0.75, 1.32) 0.99 0.75 

ESR1 rs3757318 1.15 (0.87, 1.53) 0.68 0.84 (0.63, 1.13) 0.58 0.99 

ECHDC1, 

RNF146 
rs6569480 1.01 (0.85, 1.20) 0.91 0.80 (0.58, 1.09) 0.51 0.75 

TNS3 rs11766408 1.04 (0.87, 1.24) 0.89 1.11 (0.84, 1.48) 0.69 0.59 

 



87 
 

Gene SNP 

Europeans 

(604 cases, 799 controls) 

East Asians 

(305 cases, 168 controls) 

 

OR (95% CI) p-value a OR (95% CI) p-value a p-value b 

8q24 rs672888 1.13 (0.97, 1.31) 0.36 0.88 (0.68, 1.15) 0.60 0.59 

8q24.21 rs13281615 1.11 (0.96, 1.29) 0.44 0.84 (0.65, 1.09) 0.51 0.59 

8q24.21 rs1562430 0.85 (0.73, 0.98) 0.17 0.94 (0.67, 1.30) 0.88 0.79 

9p21 rs1011970 0.98 (0.81, 1.18) 0.91 0.97 (0.64, 1.49) 0.98 0.79 

FGFR2 rs2981582 1.45 (1.25, 1.69) <0.001 1.19 (0.89, 1.60) 0.56 0.31 

FGFR2 rs1219648 1.45 (1.25, 1.69) <0.001 1.16 (0.88, 1.53) 0.60 0.31 

FGFR2 rs2420946 1.46 (1.25, 1.70) <0.001 1.13 (0.85, 1.49) 0.61 0.35 

CAMK1D rs6602595 1.08 (0.93, 1.26) 0.68 0.93 (0.71, 1.22) 0.84 0.90 

ZNF365 rs10995190 0.95 (0.77, 1.16) 0.86 2.37 (0.66, 8.54) 0.51 0.59 

ZMIZ1 rs704010 1.11 (0.96, 1.29) 0.44 1.15 (0.86, 1.53) 0.60 0.75 

LSP1 rs3817198 0.95 (0.81, 1.12) 0.82 1.40 (0.89, 2.19) 0.51 0.75 

11q13 rs614367 1.37 (1.12, 1.68) 0.01 0.92 (0.35, 2.42) 0.97 0.63 

H19 rs2107425 1.01 (0.86, 1.18) 0.91 1.00 (0.76, 1.32) 0.99 0.94 

LSP1 rs909116 1.07 (0.91, 1.24) 0.80 1.09 (0.82, 1.45) 0.78 0.59 

RAD51L1 rs999737 0.94 (0.79, 1.13) 0.82 0.29 (0.03, 3.18) 0.60 0.94 

TOX3 rs8051542 1.24 (1.06, 1.44) 0.03 1.30 (0.92, 1.83) 0.51 0.79 

TOX3 rs3803662 1.39 (1.18, 1.63) 0.001 1.31 (1.01, 1.70) 0.40 0.76 

TOX3 rs4784227 0.73 (0.62, 0.87) 0.003 0.73 (0.53, 0.99) 0.40 0.59 

16q22 rs10871290 0.89 (0.76, 1.05) 0.44 1.08 (0.83, 1.42) 0.79 0.59 

COX11 rs6504950 0.85 (0.72, 1.01) 0.23 1.10 (0.73, 1.67) 0.83 0.75 

COX11 rs7222197 0.85 (0.72, 1.01) 0.23 1.10 (0.73, 1.67) 0.83 0.75 

19p13 rs8170 1.05 (0.86, 1.27) 0.86 - - N/A 

19p13 rs2363956 0.94 (0.81, 1.09) 0.80 0.87 (0.64, 1.17) 0.60 

 

0.31 
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Gene SNP 

Europeans 

(604 cases, 799 controls) 

East Asians 

(305 cases, 168 controls) 

 

OR (95% CI) p-value a OR (95% CI) p-value a p-value b 

SNRPB rs6138178 0.89 (0.75, 1.06) 0.51 1.32 (0.96, 1.82) 0.51 0.90 

CHEK2 rs9608698 1.09 (0.94, 1.26) 0.23 0.95 (0.68, 1.35) 0.94 0.75 

 

a False discovery rate-adjusted p-value 

b False discovery rate-adjusted p-value for heterogeneity of risk between Europeans and East Asians 
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Table 4.3 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast cancer risk among European and Asian subgroups, 

stratified by menopausal status 

 

Gene SNP 

European East Asian 

Premenopausal 

(187 cases, 275 

controls) 

Postmenopausal 

(433 cases, 531 

controls) 

 

Premenopausal 

(122 cases, 79 

controls) 

Postmenopausal 

(168 cases, 89 

controls) 

 

Odds Ratio Odds Ratio 
p-

valuea 
Odds Ratio Odds Ratio 

p-

valuea 

CASP8 rs1045485 1.02 (0.65, 1.61) 0.97 (0.71, 1.31) 0.93 N/A N/A N/A 

CASP8 rs10931936 1.31 (0.99, 1.74) 0.91 (0.75, 1.11) 0.02 0.61 (0.39, 0.95) 1.10 (0.75, 1.60) 0.13 

SLC4A7, 

NEK10 
rs4973768 1.22 (0.95, 1.57) 1.03 (0.86, 1.23) 0.26 1.13 (0.67, 1.90) 1.23 (0.76, 1.98) 0.82 

MAP3K1 rs889312 1.03 (0.78, 1.36) 1.08 (0.89, 1.32) 0.82 1.28 (0.86, 1.90) 0.97 (0.66, 1.41) 0.36 

MRPS30 rs4415084 1.11 (0.85, 1.46) 0.98 (0.82, 1.17) 0.50 1.95 (1.26, 3.01) 1.07 (0.75, 1.51) 0.06 

MRPS30 rs4866929 0.89 (0.69, 1.15) 1.09 (0.91, 1.31) 0.24 1.73 (1.10, 2.73) 0.97 (0.64, 1.47) 0.08 

MRPS30 rs10941679 1.31 (0.96, 1.80) 1.05 (0.85, 1.29) 0.25 1.84 (1.22, 2.78) 1.22 (0.87, 1.71) 0.21 

HCN1 rs981782 0.89 (0.69, 1.15) 1.09 (0.91, 1.31) 0.26 1.75 (1.12, 2.74) 0.92 (0.61, 1.39) 0.05 

FBXL7 rs12652447 0.96 (0.74, 1.24) 1.09 (0.91, 1.30) 0.60 0.74 (0.49, 1.14) 0.91 (0.63, 1.34) 0.40 

MRPS30 rs2067980 0.83 (0.57, 1.22) 0.97 (0.76, 1.24) 0.53 1.94 (1.25, 3.02) 0.95 (0.67, 1.34) 0.02 

MRPS30 rs930395 1.18 (0.84, 1.65) 1.00 (0.81, 1.25) 0.50 2.05 (1.35, 3.10) 1.18 (0.84, 1.66) 0.08 

5q rs30099 0.81 (0.51, 1.28) 1.13 (0.83, 1.54) 0.28 0.89 (0.60, 1.32) 1.04 (0.72, 1.52) 0.61 

ECHDC1

, RNF146 
rs2180341 1.08 (0.80, 1.45) 0.99 (0.80, 1.23) 0.77 0.50 (0.31, 0.83) 1.13 (0.73, 1.74) 0.01 

ESR1 rs2046210 1.06 (0.81, 1.38) 1.06 (0.87, 1.28) 0.95 1.05 (0.70, 1.58) 0.95 (0.64, 1.41) 0.61 

ESR1 rs9397435 1.44 (0.90, 2.31) 1.25 (0.88, 1.76) 0.67 1.06 (0.70, 1.62) 0.90 (0.61, 1.34) 0.52 

LOC1349

97 
rs9393597 0.92 (0.65, 1.31) 1.08 (0.84, 1.37) 0.43 1.02 (0.69, 1.50) 1.38 (0.95, 2.00) 0.31 

ESR1 rs6900157 1.06 (0.82, 1.38) 1.05 (0.86, 1.27) 0.89 1.04 (0.69, 1.56) 0.95 (0.64, 1.41) 0.66 

ESR1 rs3757318 1.42 (0.88, 2.28) 1.03 (0.72, 1.46) 0.31 1.11 (0.71, 1.74) 0.67 (0.45, 1.00) 0.08 

ECHDC

RNF146 

 

rs6569480 1.08 (0.80, 1.45) 0.99 (0.80, 1.23) 0.75 0.50 (0.31, 0.83) 1.12 (0.73, 1.73) 0.01 
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Gene SNP European Asian 

 

 

Premenopausal 

(187 cases, 275 

controls) 

Postmenopausal 

(433 cases, 531 

controls) 

 

Premenopausal 

(122 cases, 79 

controls) 

Postmenopausal 

(168 cases, 89 

controls) 

 

 Odds Ratio Odds Ratio 
p-

valuea 
Odds Ratio Odds Ratio 

p-

valuea 

TNS3 rs11766408 0.96 (0.70, 1.32) 1.06 (0.86, 1.32) 0.49 1.02 (0.67, 1.57) 1.19 (0.80, 1.75) 0.65 

8q24 rs672888 1.18 (0.91, 1.53) 1.11 (0.93, 1.33) 0.62 1.03 (0.70, 1.52) 0.79 (0.55, 1.13) 0.35 

8q24.21 rs13281615 1.20 (0.92, 1.55) 1.08 (0.90, 1.29) 0.43 0.93 (0.63, 1.39) 0.79 (0.55, 1.12) 0.59 

8q24.21 rs1562430 0.73 (0.56, 0.96) 0.90 (0.75, 1.90) 0.20 0.78 (0.49, 1.23) 1.14 (0.70, 1.87) 0.26 

9p21 rs1011970 1.05 (0.74, 1.48) 0.95 (0.75,1.19) 0.51 1.40 (0.71, 2.75) 0.75 (0.43, 1.30) 0.17 

FGFR2 rs2981582 1.76 (1.33, 2,35) 1.34 (1.12, 1.61) 0.09 1.14 (0.74, 1.76) 1.23 (0.83, 1.82) 0.87 

FGFR2 rs1219648 1.82 (1.37, 2.43) 1.32 (1.10, 1.59) 0.06 1.25 (0.84, 1.87) 1.08 (0.74, 1.57) 0.58 

FGFR2 rs2420946 1.78 (1.34, 2.37) 1.34 (1.12, 1.61) 0.09 1.15 (0.76, 1.73) 1.10 (0.75, 1.61) 0.87 

CAMK1

D 
rs6602595 1.08 (0.82, 1.41) 1.08 (0.90, 1.30) 0.94 1.13 (0.76, 1.67) 0.79 (0.54, 1.14) 0.17 

ZNF365 rs10995190 1.03 (0.71, 1.48) 0.92 (0.72, 1.17) 0.58 4.91(0.59,40.88) 1.35 (0.26, 1.72) 0.35 

ZMIZ1 rs704010 1.16 (0.88, 1.52) 1.09 (0.91, 1.31) 0.85 1.21 (0.79, 1.86) 1.13 (0.77, 1.65) 0.84 

LSP1 rs3817198 1.16 (0.87, 1.54) 0.87 (0.71, 1.05) 0.08 1.31 (0.67, 2.55) 1.49 (0.81, 2.75) 0.74 

11q13 rs614367 1.58 (1.12, 2.24) 1.27 (0.99, 1.62) 0.32 0.51 (0.15, 1.74) 3.25 (0.39,27.45) 0.15 

H19 rs2107425 0.93 (0.69, 1.25) 1.05 (0.86, 1.27) 0.57 0.89 (0.58, 1.37) 1.08 (0.75, 1.55) 0.50 

LSP1 rs909116 1.06 (0.80, 1.40) 1.07 (0.89, 1.29) 0.87 1.06 (0.70, 1.62) 1.12 (0.76, 1.64) 0.77 

RAD51L

1 
rs999737 0.91 (0.65, 1.28) 0.96 (0.78,1.19) 0.77 - 0.53 (0.03, 8.65) 0.99 

TOX3 rs8051542 0.91 (0.70, 1.19) 1.44 (1.19, 1.73) 0.01 1.58 (0.91, 2.73) 1.16 (0.74, 1.82) 0.31 

TOX3 rs3803662 1.40 (1.05, 1.88) 1.39 (1.14, 1.69) 0.91 1.36 (0.93, 1.99) 1.27 (0.88, 1.84) 0.76 

TOX3 rs4784227 0.74 (0.55, 1.00) 0.73 (0.59, 0.89) 0.91 0.59 (0.36, 0.99) 0.85 (0.56, 1.29) 0.24 

16q22 rs10871290 0.84 (0.63, 1.12) 0.91 (0.76, 1.10) 0.53 0.86 (0.57, 1.28) 1.36 (0.94, 1.96) 0.08 

COX11 rs6504950 0.85 (0.62, 1.15) 0.85 (0.69, 1.05) 0.84 1.92 (0.93, 3.95) 0.78 (0.46, 1.30) 0.04 

COX11 rs7222197 0.85 (0.62, 1.15) 0.85 (0.69, 1.05) 0.84 1.92 (0.93, 3.95) 0.78 (0.46, 1,30) 0.04 

19p13 rs8170 1.08 (0.78, 1.49) 1.04 (0.81, 1.32) 0.92 - - - 

19p13 rs2363956 1.05 (0.81, 1.36) 0.89 (0.74, 1.07) 0.32 0.90 (0.58, 1.42) 0.84 (0.56, 1.25) 0.83 

SNRPB rs6138178 1.01 (0.74, 1.39) 0.84 (0.68, 1.03) 0.38 1.29 (0.8, 2.07) 1.30 (0.84, 2.02) 0.91 

CHEK2 rs9608698 1.05 (0.81, 1.37) 1.09 (0.91, 1.31) 0.84 0.94 (0.57, 1.56) 0.96 (0.59, 1.54) 0.89 

 

a False discovery rate-adjusted p-value 
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Table 4.4 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among European women 

Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 74) 

ER and/or PR+, 

HER2- 

(n = 393) 

ER-/PR-

/HER2+ 

(n = 31) 

ER-/PR-

/HER2- 

(n = 106) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 0.46 (0.22, 0.94) 0.98 (0.73, 1.31) 0.81 (0.32, 2.01) 1.46 (0.93, 2.28) 0.05 

CASP8 rs10931936 0.99 (0.69, 1.43) 0.98 (0.81, 1.17) 1.22 (0.72, 2.06) 1.14 (0.85, 1.54) 0.69 

SLC4A7, 

NEK10 
rs4973768 1.1 (0.79, 1.54) 1.19 (1.01, 1.41) 0.62 (0.37, 1.04) 0.91 (0.68, 1.20) 0.04 

MAP3K1 rs889312 1.02 (0.7, 1.47) 1.04 (0.86, 1.25) 1.31 (0.77, 2.22) 1.10 (0.81, 1.49) 0.83 

MRPS30 rs4415084 1.08 (0.77, 1.52) 1.03 (0.87, 1.23) 1.30 (0.79, 2.13) 0.86 (0.64, 1.14) 0.43 

MRPS30 rs4866929 0.99 (0.71, 1.39) 1.03 (0.87, 1.22) 0.93 (0.56, 1.54) 0.98 (0.74, 1.30) 0.97 

MRPS30 rs10941679 0.98 (0.65, 1.46) 1.19 (0.98, 1.45) 1.30 (0.75, 2.25) 0.94 (0.67, 1.31) 0.46 

HCN1 rs981782 1.05 (0.75, 1.47) 1.02 (0.86, 1.22) 0.87 (0.52, 1.45) 0.98 (0.74, 1.30) 0.93 

FBXL7 rs12652447 0.87 ( 0.62, 1.22) 1.04 (0.87, 1.23) 0.93 (0.56, 1.53) 1.23 (0.93, 1.62) 0.41 

MRPS30 rs2067980 0.85 (0.51, 1.39) 0.95 (0.75, 1.2) 1.04 (0.53, 2.05) 0.89 (0.59, 1.32) 0.96 

MRPS30 rs930395 0.98 (0.64, 1.51) 1.13 (0.92, 1.38) 1.01 (0.55, 1.88) 0.87 (0.62, 1.25) 0.58 

5q rs30099 1.65 (1.0, 2.7) 0.90 (0.66, 1.22) 0.66 (0.23, 1.85) 1.15 (0.72, 1.83) 0.08 

ECHDC1, 

RNF146 
rs2180341 0.75 (0.49, 1.15) 1.02 (0.84, 1.25) 1.13 (0.63, 2.01) 1.13 (0.82, 1.56) 0.40 

ESR1 rs2046210 1.03 (0.72, 1.46) 0.99 (0.82, 1.18) 0.79 (0.45, 1.36) 1.45 (1.09, 1.93) 0.06 

ESR1 rs9397435 1.54 (0.87, 2.73) 1.36 (0.99, 1.86) 0.45 (0.10, 1.86) 1.22 (0.73, 2.06) 0.40 

LOC134997 rs9393597 1.18 (0.76, 1.82) 0.98 (0.77, 1.23) 1.04 (0.53, 2.03) 1.10 (0.76, 1.59) 0.81 

ESR1 rs6900157 1.05 (0.74, 1.5) 0.98 (0.81, 1.17) 0.75 (0.43, 1.31) 1.41 (1.06, 1.88) 0.07 

ESR1 rs3757318 1.17 (0.63, 2.19) 1.16 (0.84, 1.60) 0.65 (0.20, 2.11) 1.24 (0.74, 2.07) 0.78 

ECHDC1, 

RNF146 
rs6569480 0.75 (0.49, 1.14) 1.02 (0.83, 1.25) 1.12 (0.63, 2.00) 1.12 (0.81, 1.56) 0.40 

TNS3 rs11766408 1.37 (0.94, 2.0) 0.94 (0.76, 1.15) 0.98 (0.54, 1.81) 1.19 (0.86, 1.65) 0.19 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 74) 

ER and/or PR+, 

HER2- 

(n = 393) 

ER-/PR-

/HER2+ 

(n = 31) 

ER-/PR-/HER2- 

(n = 106) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24 rs672888 1.24 (0.89, 1.74) 1.22 (1.02, 1.44) 1.15 (0.70, 1.90) 0.78 (0.58, 1.05) 0.04 

8q24.21 rs13281615 1.3 (0.93, 1.82) 1.17 (0.98, 1.38) 1.23 (0.74, 2.02) 0.79 (0.59, 1.06) 0.06 

8q24.21 rs1562430 0.8 (0.56, 1.14) 0.77 (0.65, 0.92) 0.87 (0.52, 1.46) 1.15 (0.87, 1.53) 0.07 

9p21 rs1011970 0.77 (0.48, 1.23) 1.09 (0.88, 1.35) 0.68 (0.33, 1.41) 0.78 (0.53, 1.15) 0.16 

FGFR2 rs2981582 1.27 (0.9, 1.8) 1.61 (1.35, 1.92) 1.19 (0.71, 1.98) 1.13 (0.85, 1.51) 0.08 

FGFR2 rs1219648 1.22 (0.86, 1.71) 1.63 (1.37, 1.94) 1.24 (0.74, 2.06) 1.10 (0.83, 1.48) 0.04 

FGFR2 rs2420946 1.25 (0.88, 1.77) 1.63 (1.37, 1.94) 1.25 (0.75, 2.08) 1.11 (0.83, 1.49) 0.05 

CAMK1D rs6602595 1.3 (0.92, 1.83) 1.13 (0.94, 1.34) 0.84 (0.50, 1.42) 0.86 (0.64, 1.16) 0.17 

ZNF365 rs10995190 1.09 (0.69, 1.71) 0.82 (0.64, 1.05) 1.46 (0.80, 2.66) 1.19 (0.82, 1.70) 0.12 

ZMIZ1 rs704010 1.26 (0.89, 1.77) 1.06 (0.89, 1.26) 1.48 (0.90, 2.43) 1.11 (0.83, 1.47) 0.54 

LSP1 rs3817198 1.12 (0.79, 1.61) 0.95 (0.79, 1.14) 0.89 (0.51, 1.53) 0.86 (0.63, 1.17) 0.71 

11q13 rs614367 1.48 (0.97, 2.27) 1.40 (1.11, 1.75) 1.29 (0.66, 2.49) 1.20 (0.82, 1.76) 0.86 

H19 rs2107425 0.89 (0.61, 1.29) 1.00 (0.83, 1.20) 0.97 (0.56, 1.68) 1.13 (0.83, 1.52) 0.77 

LSP1 rs909116 1.09 (0.77, 1.56) 1.11 (0.93, 1.33) 1.20 (0.71, 2.02) 0.85 (0.63, 1.14) 0.36 

RAD51L1 rs999737 0.93 (0.62, 1.41) 0.93 (0.75, 1.14) 1.03 (0.56, 1.87) 0.97 (0.69, 1.37) 0.98 

TOX3 rs8051542 1.35 (0.96, 1.90) 1.25 (1.05, 1.49) 1.31 (0.78, 2.18) 1.09 (0.81, 1.45) 0.75 

TOX3 rs3803662 1.92 (1.35, 2.74) 1.34 (1.11, 1.62) 1.44 (0.84, 2.45) 1.21 (0.89, 1.65) 0.18 

TOX3 rs4784227 0.57 (0.4, 0.83) 0.75 (0.62, 0.91) 0.69 (0.40, 1.19) 0.79 (0.58, 1.09) 0.47 

16q22 rs10871290 0.83 (0.58, 1.2) 0.90 (0.76, 1.08) 0.81 (0.47, 1.38) 0.90 (0.67, 1.21) 0.96 

COX11 rs6504950 1.03 (0.7, 1.5) 0.85 (0.70, 1.03) 0.91 (0.51, 1.61) 0.70 (0.50, 0.99) 0.49 

COX11 rs7222197 1.03 (0.7, 1.5) 0.85 (0.70, 1.03) 0.91 (0.51, 1.61) 0.70 (0.50, 0.99) 0.49 

19p13 rs8170 1.13 (0.74, 1.74) 0.98 (0.78, 1.23) 1.01 (0.52, 1.91) 1.24 (0.87, 1.76) 0.60 

19p13 rs2363956 0.88 (0.63, 1.25) 0.96 (0.81, 1.14) 0.91 (0.55, 1.51) 0.88 (0.66, 1.17) 0.87 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 74) 

ER and/or PR+, 

HER2- 

(n = 393) 

ER-/PR-

/HER2+ 

(n = 31) 

ER-/PR-/HER2- 

(n = 106) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

SNRPB rs6138178 0.75 (0.49, 1.14) 0.94 (0.77, 1.15) 0.95 (0.53, 1.70) 0.78 (0.55, 1.10) 0.68 

CHEK2 rs9608698 1.03 (0.74, 1.45) 1.03 (0.86, 1.22) 0.94 (0.57, 1.56) 1.40 (1.05, 1.88) 0.23 

 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table 4.5 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among East Asian women 

Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 74) 

ER and/or PR+, 

HER2- 

(n = 393) 

ER-/PR-

/HER2+ 

(n = 31) 

ER-/PR-

/HER2- 

(n = 106) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 N/A N/A N/A N/A N/A 

CASP8 rs10931936 0.83 (0.48, 1.44) 0.94 (0.69, 1.28) 0.69 (0.28, 1.72) 0.70 (0.44, 1.13) 0.64 

SLC4A7, 

NEK10 
rs4973768 1.20 (0.63, 2.28) 1.22 (0.83, 1.79) 0.88 (0.29, 2.70) 1.06 (0.60, 1.87) 0.90 

MAP3K1 rs889312 0.89 (0.53, 1.48) 1.27 (0.94, 1.72) 1.87 (0.79, 4.46) 0.73 (0.47, 1.13) 0.03 

MRPS30 rs4415084 1.57 (0.93, 2.67) 1.33 (0.99, 1.78) 1.69 (0.73, 3.95) 1.27 (0.82, 1.96) 0.91 

MRPS30 rs4866929 1.23 (0.70, 2.17) 1.35 (0.97, 1.88) 2.34 (1.02, 5.34) 0.86 (0.51, 1.43) 0.14 

MRPS30 rs10941679 1.41 (0.86, 2.30) 1.47 (1.11, 1.96) 2.17 (0.94, 4.99) 1.27 (0.84, 1.92) 0.73 

HCN1 rs981782 1.22 (0.70, 2.14) 1.30 (0.94, 1.81) 2.54 (1.12, 5.76) 0.88 (0.53, 1.45) 0.13 

FBXL7 rs12652447 0.75 (0.44, 1.26) 0.81 (0.60, 1.11) 1.12 (0.47, 2.62) 0.88 (0.56, 1.38) 0.86 

MRPS30 rs2067980 1.39 (0.84, 2.32) 1.26 (0.94, 1.69) 1.82 (0.80, 4.14) 1.15 (0.75, 1.77) 0.82 

MRPS30 rs930395 1.49 (0.91, 2.43) 1.50 (1.13, 1.99) 2.08 (0.93, 4.66) 1.36 (0.90, 2.06) 0.87 

5q rs30099 0.84 (0.50, 1.40) 1.06 (0.79, 1.43) 0.59 (0.25, 1.36) 0.79 (0.51, 1.23) 0.26 

ECHDC1, 

RNF146 
rs2180341 0.55 (0.27, 1.11) 0.76 (0.53, 1.09) 1.43 (0.60, 3.38) 0.94 (0.57, 1.56) 0.21 

ESR1 rs2046210 0.99 (0.57, 1.70) 1.03 (0.75, 1.41) 1.77 (0.79, 3.97) 0.76 (0.47, 1.22) 0.27 

ESR1 rs9397435 0.85 (0.49, 1.49) 1.04 (0.76, 1.43) 1.30 (0.57, 2.96) 0.72 (0.44, 1.18) 0.39 

LOC134997 rs9393597 0.92 (0.55, 1.53) 1.19 (0.89, 1.60) 2.91 (1.24, 6.82) 1.13 (0.73, 1.73) 0.10 

ESR1 rs6900157 0.93 (0.54, 1.60) 1.03 (0.75, 1.41) 1.77 (0.79, 3.96) 0.76 (0.47,1.22) 0.26 

ESR1 rs3757318 0.71 (0.39, 1.29) 0.87 (0.63, 1.21) 1.55 (0.68, 3.49) 0.67 (0.40, 1.12) 0.33 

ECHDC1, 

RNF146 

 

rs6569480 0.55 (0.27, 1.11) 0.76 (0.53, 1.08) 1.43 (0.60 3.38) 0.94 (0.57, 1.56) 0.20 

TNS3 rs11766408 1.17 (0.68, 2.02) 1.14 (0.83, 1.57) 0.54 (0.22, 1.31) 1.15 (0.72, 1.84) 0.46 

8q24 rs672888 0.93 (0.57, 1.54) 0.82 (0.61, 1.09) 1.58 (0.71, 3.55) 0.95 (0.62, 1.44) 0.41 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 74) 

ER and/or PR+, 

HER2- 

(n = 393) 

ER-/PR-

/HER2+ 

(n = 31) 

ER-/PR-/HER2- 

(n = 106) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24.21 rs13281615 0.92 (0.55, 1.51) 0.75 (0.56, 1.00) 1.69 (0.72, 3.97) 0.98 (0.63, 1.50) 0.19 

8q24.21 rs1562430 1.14 (0.62, 1.07) 0.95 (0.66, 1.37) 0.18 (0.02, 1.33) 0.96 (0.56, 1.65) 0.39 

9p21 rs1011970 0.84 (0.36, 1.97) 0.88 (0.55, 1.42) 1.46 (0.47, 4.55) 1.25 (0.66, 2.38) 0.62 

FGFR2 rs2981582 1.40 (0.82, 2.40) 1.17 (0.85, 1.61) 0.48 (0.17, 1.34) 1.37 (0.86, 2.16) 0.29 

FGFR2 rs1219648 1.05 (0.62, 1.77) 1.20 (0.88, 1.62) 0.49 (0.19, 1.25) 1.34 (0.86, 2.07) 0.26 

FGFR2 rs2420946 1.10 (0.65, 1.87) 1.16 (0.86, 1.58) 0.37 (0.13, 1.01) 1.28 (0.82, 2.01) 0.17 

CAMK1D rs6602595 1.02 (0.61, 1.07) 0.92 (0.68, 1.23) 0.33 (0.13, 0.81) 1.16 (0.75, 1.80) 0.07 

ZNF365 rs10995190 3.39E-06 (0,-) 3.11 (0.84, 11.51) 3.73E-06 (0, -) 2.11 (0.34,13.03) 0.97 

ZMIZ1 rs704010 0.97 (0.56, 1.68) 1.11 (0.81, 1.52) 1.75 (0.77, 3.97) 1.27 (0.81, 2.00) 0.59 

LSP1 rs3817198 1.64 (0.76, 3.53) 1.60 (0.99, 2.59) 0.41 (0.05, 3.14) 0.81 (0.36, 1.83) 0.19 

11q13 rs614367 0.65 (0.07, 5.48) 1.33 (0.49, 3.59) 1.73E-06 (0, -) 1.85E-06 (0, -) 0.94 

H19 rs2107425 1.20 (0.71, 2.01) 1.06 (0.78, 1.44) 1.06 (0.46, 2.42) 0.68 (0.42, 1.09) 0.24 

LSP1 rs909116 0.88 (0.50, 1.52) 1.17 (0.86, 1.59) 1.44 (0.64, 3.23) 0.92 (0.57, 1.46) 0.53 

RAD51L1 rs999737 2.55E-06 (0, -) 0.44 (0.03, 4.92) 2.9E-06 (0, -) 2.52E-06 (0, -) 1.00 

TOX3 rs8051542 0.75 (0.36, 1.56) 1.37 (0.94, 1.99) 1.19 (0.43, 3.30) 1.48 (0.87, 2.50) 0.35 

TOX3 rs3803662 1.06 (0.65, 1.74) 1.33 (0.99, 1.78) 1.41 (0.64, 3.13) 1.38 (0.89, 2.13) 0.80 

TOX3 rs4784227 1.27 (0.67, 2.40) 0.68 (0.48, 0.950 0.69 (0.29, 1.65) 0.66 (0.41, 1.07) 0.25 

16q22 rs10871290 1.36 (0.82, 2.26) 1.03 (0.77, 1.38) 1.00 (0.45, 2.22) 1.10 (0.71, 1.70) 0.72 

COX11 rs6504950 0.92 (0.40, 2.08) 1.20 (0.76, 1.88) 2.32 (0.85, 6.29) 0.66 (0.30, 1.43) 0.20 

COX11 rs7222197 0.92 (0.40, 2.08) 1.20 (0.76, 1.88) 2.32 (0.85, 6.29) 0.66 (0.30, 1.43) 0.20 

19p13 rs8170 0.98 (0,-) 1.03 (0, -) 0.85 (0, -) - 1.00 

19p13 rs2363956 0.52 (0.27, 0.98) 0.98 (0.71, 1.35) 0.58 (0.22, 1.53) 0.81 (0.50, 1.33) 0.19 

SNRPB rs6138178 1.41 (0.79, 2.54) 1.23 (0.86, 1.75) 0.93 ((0.35-2.47) 1.71 (1.04, 2.80) 0.50 

CHEK2 rs9608698 1.15 (0.62, 2.16) 0.86 (0.58, 1.26) 1.91 (0.80, 4.54) 0.94 (0.53, 1.64) 0.29 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table 4.6 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among premenopausal European 

women 

Gene SNP 

ER and/or 

PR+, HER2+ 

(n = 26) 

ER and/or PR+, 

HER2- 

(n = 114) 

ER-/PR-/HER2+ 

(n = 9) 

ER-/PR-

/HER2- 

(n = 33) 

pTH
a 

 Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 0.63 (0.21, 1.92) 0.89 (0.52, 1.54) 1.84 (0.44, 7.65) 1.71 (0.78, 3.76) 0.33 

CASP8 rs10931936 1.18 (0.64, 2.16) 1.26 (0.91, 1.75) 1.28 (0.48, 3.38) 1.62 (0.96, 2.73) 0.86 

SLC4A7, 

NEK10 
rs4973768 1.23 (0.71, 2.12) 1.38 (1.03, 1.86) 0.34 (0.11, 1.04) 1.03 (0.63, 1.69) 0.09 

MAP3K1 rs889312 0.97 (0.52, 1.79) 0.94 (0.68,1.31) 1.44 (0.56, 3.69) 1.30 (0.77, 2.17) 0.52 

MRPS30 rs4415084 1.38 (0.78, 2.45) 1.08 (0.79, 1.49) 1.12 (0.43, 2.95) 0.99 (0.58, 1.68) 0.75 

MRPS30 rs4866929 0.77 (0.44, 1.36) 0.92(0.68, 1.24) 1.11 (0.45, 2.74) 0.80 (0.49, 1.32) 0.87 

MRPS30 rs10941679 1.46 (0.76, 2.81) 1.34 (0.93, 1.93) 1.08 (0.34, 3.44) 1.15 (0.62, 2.14) 0.91 

HCN1 rs981782 0.79 (0.45, 1.38) 0.93 (0.69, 1.26) 0.91 (0.36, 2.27) 0.81 (0.49, 1.34) 0.92 

FBXL7 rs12652447 0.96 (0.55, 1.67) 0.97 (0.71, 1.31) 0.52 (0.18, 1.48) 1.04 (0.62, 1.72) 0.67 

MRPS30 rs2067980 0.43 (0.15, 1.25) 0.85 (0.54, 1.34) 0.72 (0.16, 3.24) 1.12 (0.55, 2.25) 0.57 

MRPS30 rs930395 1.16 (0.57, 2.37) 1.31 (0.89, 1.92) 0.50 (0.10, 2.31) 0.94 (0.48, 1.84) 0.52 

5q rs30099 0.95 (0.36, 2.52) 0.68 (0.38, 1.21) 0.48 (0.06, 3.78) 1.22 (0.55, 2.25) 0.52 

ECHDC1, 

RNF146 
rs2180341 0.65 (0.31, 1.36) 1.18 (0.84, 1.66) 1.10 (0.38, 3.16) 1.04 (0.59, 1.86) 0.54 

ESR1 rs2046210 0.76 (0.41, 1.40) 1.01 (0.74, 1.37) 0.54 (0.18, 1.60) 1.77 (1.09, 2.88) 0.03 

ESR1 rs9397435 0.78 (0.23, 2.64) 1.53 (0.90, 2.61) 1.01E-06 (0, -) 2.09 (0.96, 4.51) 0.64 

LOC134997 rs9393597 0.64 (0.27, 1.49) 1.03 (0.69, 1.54) 0.53 (0.11, 2.45) 0.85 (0.42, 1.72) 0.62 

ESR1 rs6900157 0.78 (0.42, 1.45) 1.00 (0.73, 1.36) 0.56 (0.19, 1.64) 1.80 (1.10, 2.93) 0.04 

ESR1 rs3757318 0.76 (0.22, 2.56) 1.51 (0.88, 2.59) 9.37E-07 (0, -) 2.13 (0.97, 4.70) 0.59 

ECHDC1, 

RNF146 

 

rs6569480 0.65 (0.31, 1.36) 1.18 (0.84, 1.66) 1.10 (0.38, 3.16) 1.04 (0.59, 1.86) 0.54 

TNS3 rs11766408 1.27 (0.66, 2.42) 0.78 (0.53, 1.15) 1.22 (0.41, 3.58) 1.35 (0.77, 2.40) 0.22 

8q24 rs672888 1.26 (0.71, 2.24) 1.31 (0.97, 1.78) 1.34 (0.52, 3.40) 0.71 (0.42, 1.21) 0.20 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 26) 

ER and/or PR+, 

HER2- 

(n = 114) 

ER-/PR-

/HER2+ 

(n = 9) 

ER-/PR-/HER2- 

(n = 33) 
pTH

a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24.21 rs13281615 1.29 (0.72, 2.29) 1.32 (0.97, 1.79) 1.28 (0.50, 3.26) 0.77 (0.46, 1.29) 0.29 

8q24.21 rs1562430 0.71 (0.38, 1.29) 0.64 (0.46, 0.89) 0.90 (0.35, 2.33) 1.04 (0.62, 1.73) 0.34 

9p21 rs1011970 0.97 (0.45, 2.10) 1.22 (0.83, 1.80) 0.24 (0.03, 1.89) 0.79 (0.38, 1.62) 0.28 

FGFR2 rs2981582 1.32 (0.72, 2.40) 1.81 (1.30, 2.51) 3.01 (1.08, 8.34) 1.77 (1.03, 3.04) 0.56 

FGFR2 rs1219648 1.31 (0.71, 2.38) 1.87 (1.34, 2.61) 3.05 (1.09, 8.51) 1.89 (1.10, 3.25) 0.52 

FGFR2 rs2420946 1.28 (0.69, 2.36) 1.85 (1.33, 2.58) 2.98 (1.07, 8.29) 1.75 (1.02, 3.00) 0.51 

CAMK1D rs6602595 0.84 (0.46, 1.53) 1.20 (0.88, 1.65) 1.60 (0.60, 4.20) 0.77 (0.45, 1.32) 0.30 

ZNF365 rs10995190 1.37 (0.64, 2.91) 0.91 (0.59, 1.40) 1.53 (0.47, 4.99) 1.08 (0.54, 2.12) 0.73 

ZMIZ1 rs704010 1.60 (0.90, 2.84) 1.13 (0.83, 1.55) 1.07 (0.40, 2.82) 0.96 (0.57, 1.63) 0.64 

LSP1 rs3817198 1.37 (0.74, 2.51) 1.12 (0.80, 1.57) 1.29 (0.46, 3.57) 1.06 (0.61, 1.84) 0.88 

11q13 rs614367 1.26 (0.6, 2.66) 1.67 (1.12, 2.47) 1.29 (0.36, 4.52) 1.61 (0.85, 3.04) 0.90 

H19 rs2107425 1.07 (0.57, 1.99) 0.80 (0.56, 1.14) 1.10 (0.39, 3.06) 1.26 (0.72, 2.19) 0.45 

LSP1 rs909116 0.92 (0.49, 1.71) 1.08 (0.78, 1.50) 2.50 (0.82, 7.58) 0.88 (0.51, 1.51) 0.38 

RAD51L1 rs999737 1.29 (0.65, 2.56) 0.78 (0.52, 1.17) 1.09 (0.34, 3.48) 1.05 (0.56, 1.96) 0.58 

TOX3 rs8051542 1.11 (0.63, 1.96) 0.93 (0.68, 1.28) 1.10 (0.41, 2.91) 0.64 (0.37, 1.11) 0.53 

TOX3 rs3803662 1.64 (0.88, 3.03) 1.36 (0.97, 1.91) 2.75 (1.01, 7.49) 1.12 (0.64, 1.97) 0.47 

TOX3 rs4784227 0.77 (0.40, 1.48) 0.74 (0.52, 1.06) 0.38 (0.14, 1.05) 0.82 (0.46, 1.45) 0.62 

16q22 rs10871290 0.76 (0.40, 1.43) 0.90 (0.65, 1.26) 0.63 (0.21, 1.88) 0.74 (0.42, 1.30) 0.85 

COX11 rs6504950 1.13 (0.59, 2.13) 0.85 (0.60, 1.22) 0.95 (0.32, 2.79) 0.59 (0.31, 1.14) 0.53 

COX11 rs7222197 1.13 (0.59, 2.13) 0.85 (0.60, 1.22) 0.95 (0.32, 2.79) 0.59 (0.31, 1.14) 0.53 

19p13 rs8170 1.32 (0.67, 2.60 0.91 (0.61, 1.35) 0.27 (0.03, 2.05) 1.78 (1.02, 3.10) 0.07 

19p13 rs2363956 0.97 (0.54, 1.73) 1.09 (0.80, 1.47) 1.54 (0.60, 4.00) 0.86 (0.52, 1.42) 0.74 

SNRPB rs6138178 0.67 (0.31, 1.41) 1.00 (0.69, 1.45) 1.21 (0.40, 3.65) 1.30 (0.72, 2.34) 0.63 

CHEK2 rs9608698 1.28 (0.71, 2.29) 1.02 (0.75, 1.39) 0.35 (0.12, 1.01) 1.34 (0.80, 2.25) 0.18 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table 4.7 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among postmenopausal European 

women 

Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 48) 

ER and/or PR+, 

HER2- 

(n = 279) 

ER-/PR-

/HER2+ 

(n = 22) 

ER-/PR-

/HER2- 

(n = 73) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 0.38 (0.14, 0.99) 1.03 (0.73, 1.45) 0.54(0.16,1.86) 1.35(0.78,2.33) 0.12 

CASP8 rs10931936 0.91 (0.57, 1.43) 0.87 (0.69, .1.09 ) 1.18(0.64,2.19) 0.97(0.68,1.40) 0.80 

SLC4A7, 

NEK10 
rs4973768 1.04 (0.68, 1.59) 1.11 (0.90, 1.36) 0.75(0.41,1.37) 0.85(0.60,1.19) 0.36 

MAP3K1 rs889312 1.06 (0.66, 1.68) 1.09 (0.87, 1.37) 1.26(0.67,2.38) 1.00(0.69,1.46) 0.93 

MRPS30 rs4415084 0.93 (0.61 1.42) 1.00 (0.82 1.23) 1.37(0.76,2.45) 0.81(0.58,1.15) 0.44 

MRPS30 rs4866929 1.14 (0.74, 1.74) 1.10 (0.89, 1.36) 0.85(0.46,1.57) 1.08(0.77,1.52) 0.87 

MRPS30 rs10941679 0.76 (0.45, 1.27) 1.12 (0.89,1.41) 1.35(0.71,2.56) 0.87(0.59,1.30) 0.32 

HCN1 rs981782 1.23 (0.80, 1.89) 1.08 (0.88, 1.34) 0.85(0.46,1.56) 1.07(0.76,1.51) 0.79 

FBXL7 rs12652447 0.82 (0.54, 1.26) 1.07 (0.87, 1.31) 1.14(0.64,2.04) 1.33(0.95,1.86) 0.36 

MRPS30 rs2067980 1.09 (0.62, 1.92) 0.97 (0.73, 1.29) 1.19(0.56,2.53) 0.82(0.50,1.34) 0.85 

MRPS30 rs930395 0.89 (0.52, 1.51) 1.05 (0.82, 1.34) 1.22(0.62,2.42) 0.85(0.55,1.30) 0.71 

5q rs30099 2.09 (1.16, 3.75) 1.01 (0.70, 1.45) 0.72(0.22,2.37) 1.14(0.64,2.02) 0.12 

ECHDC1, 

RNF146 
rs2180341 0.83 (0.49, 1.40) 0.96 (0.75, 1.34) 1.15(0.58,2.29) 1.17(0.79,1.73) 0.67 

ESR1 rs2046210 1.23 (0.79, 1.91) 0.98 (0.78, 1.22) 0.92(0.49,1.75) 1.31(0.92,1.87) 0.41 

ESR1 rs9397435 2.00 (1.03, 3.88) 1.28 (0.87, 1.88) 0.62(0.15,2.62) 0.87(0.42,1.78) 0.23 

LOC1349

97 
rs9393597 1.57 (0.94, 2.61) 0.93 (0.70, 1.24) 1.31(0.62,2.76) 1.23(0.80,1.91) 0.24 

ESR1 rs6900157 1.26 (0.81, 1.96) 0.97 (0.78, 1.22) 0.86(0.45,1.65) 1.24(0.87,1.78) 0.45 

ESR1 rs3757318 1.43 (0.68, 2.97) 1.00 (0.70, 1.50) 0.91(0.27,3.01) 0.92(0.47,1.83) 0.84 

ECHDC1, 

RNF146 

 

rs6569480 0.82 (0.49, 1.39) 0.96 (0.75, 1.23) 1.14(0.57,2.28) 1.16(0.78,1.73) 0.67 

TNS3 rs11766408 1.41 (0.88, 2.25) 1.00 (0.78, 1.28) 0.88(0.42,1.85) 1.13(0.76,1.69) 0.43 

8q24 rs672888 1.24 (0.82, 1.88) 1.18 (0.96, 1.45) 1.08(0.59,1.96) 0.82(0.58,1.16) 0.24 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 48) 

ER and/or PR+, 

HER2- 

(n = 279) 

ER-/PR-

/HER2+ 

(n = 22) 

ER-/PR-/HER2- 

(n = 73) 
pTH

a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24.21 rs13281615 1.31 (0.86, 1.99) 1.11 (0.90, 1.36) 1.20(0.66,2.18) 0.81(0.57,1.14) 0.26 

8q24.21 rs1562430 0.85 (0.55, 1.31) 0.83 (0.67, 1.03) 0.85(0.46,1.58) 1.22(0.87,1.72) 0.22 

9p21 rs1011970 0.68 (0.38, 1.23) 1.05 (0.81, 1.35) 0.85(0.39,1.86) 0.78(0.50,1.24) 0.40 

FGFR2 rs2981582 1.25 (0.83, 1.91) 1.54 (1.25, 1.90) 0.84(0.45,1.55) 0.94(0.66,1.33) 0.02 

FGFR2 rs1219648 1.18 (0.77, 1.29) 1.55 (1.26, 1.90) 0.90(0.49,1.65) 0.89(0.63,1.25) 0.01 

FGFR2 rs2420946 1.24 (0.81, 1.88) 1.55 (1.26, 1.91) 0.91(0.49,1.67) 0.92(0.65,1.31) 0.02 

CAMK1D rs6602595 1.63 (1.06, 2.50) 1.10 (0.89, 1.35) 0.65(0.34,1.23) 0.91(0.64,1.29) 0.07 

ZNF365 rs10995190 0.99 (0.56, 1.76) 0.78 (0.58, 1.05) 1.47(0.73,2.98) 1.22(0.80,1.87) 0.14 

ZMIZ1 rs704010 1.11 (0.72, 1.70) 1.02 (0.83 , 1.26) 1.68(0.93,3.01) 1.17(0.84,1.65) 0.41 

LSP1 rs3817198 1.01 (0.65, 1.88) 0.87 (0.70, 1.09) 0.75(0.39,1.45) 0.79(0.55,1.15) 0.81 

11q13 rs614367 1.63 (0.97, 2.74) 1.27 (0.95, 1.68) 1.30(0.60,2.83) 1.04(0.64,1.68) 0.62 

H19 rs2107425 0.80 (0.50, 1.28) 1.09 (0.87, 1.35) 0.93(0.49,1.78) 1.09(0.77,1.56) 0.64 

LSP1 rs909116 1.21 (0.78, 1.87) 1.13 (0.91, 1.39) 0.95(0.52,1.75) 0.85(0.60,1.20) 0.43 

RAD51L1 rs999737 0.78 (0.46, 1.32) 0.99 (0.78, 1.26) 1.02(0.51,2.04) 0.94(0.63,1.41) 0.85 

TOX3 rs8051542 1.52 (0.99, 2.32) 1.43 (1.16,1.77) 1.45(0.80,2.65) 1.37(0.97,1.93) 0.99 

TOX3 rs3803662 2.09 (1.35, 3.22) 1.34 (1.07, 1.68) 1.11(0.57,2.14) 1.25(0.86,1.81) 0.16 

TOX3 rs4784227 0.49 (0.32, 0.77) 0.75(0.59, 0.94) 0.89(0.45,1.74) 0.80(0.54,1.16) 0.25 

16q22 rs10871290 0.88 (0.56, 1.36) 0.90(0.73, 1.12) 0.89(0.48,1.65) 0.97(0.69,1.38) 0.98 

COX11 rs6504950 0.97 (0.60, 1.56) 0.85(0.67, 1.08) 0.88(0.45,1.75) 0.76(0.51,1.14) 0.88 

COX11 rs7222197 0.97 (0.60, 1.56) 0.85(0.67, 1.08) 0.88(0.45,1.75) 0.76(0.51,1.14) 0.88 

19p13 rs8170 1.03 (0.58, 1.51) 1.02(0.77, 1.34) 1.41(0.69,2.90) 1.00(0.63,1.59) 0.85 

19p13 rs2363956 0.84 (0.54, 1.29) 0.91(0.74, 1.13) 0.74(0.40,1.34) 0.89(0.63,1.26) 0.88 

SNRPB rs6138178 0.78 (0.47, 1.30) 0.91(0.72,1.15) 0.87(0.43,1.730 0.62(0.40,0.96) 0.48 

CHEK2 rs9608698 0.93 (0.61, 1.41) 1.02 (0.83, 1.26) 1.36 (0.74,2.50) 1.44 (1.01, 2.04) 0.22 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table 4.8 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among premenopausal East Asian 

women 

Gene 

SNP 

ER and/or PR+, 

HER2+ 

(n = 15) 

ER and/or PR+, 

HER2- 

(n = 81) 

ER-/PR-

/HER2+ 

(n = 7) 

ER-/PR-

/HER2- 

(n = 19) 

pTH
a 

 Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 N/A N/A N/A N/A N/A 

CASP8 rs10931936 0.65(0.27,1.60) 0.59(0.36,0.97) 0.27(0.06,1.36) 0.78(0.36,1.6) 0.68 

SLC4A7, 

NEK10 
rs4973768 1.39(0.53,3.65) 1.19(0.68,2.08) 0.70(0.14,3.57) 0.88(0.34,2.3) 0.82 

MAP3K1 rs889312 1.99(0.8,4.62) 1.42(0.91,2.21) 2.33(0.68,7.94) 0.52(0.25,1.1) 0.04 

MRPS30 rs4415084 1.77(0.76,4.13) 1.92(1.19,3.09) 7.16(1.43,35.93) 1.66(0.78,3.5) 0.40 

MRPS30 rs4866929 1.29(0.53,3.10) 1.80(1.10,2.95) 2.67(0.87,8.25) 1.52(0.70,3.2) 0.68 

MRPS30 rs10941679 1.05(0.47,2.31) 2.03(1.28,3.20) 7.79(1.60,38.03) 1.42(0.70,2.9) 0.10 

HCN1 rs981782 1.46(0.63,3.41) 1.78(1.09,2.88) 3.42(1.12,10.43) 1.46(0.68,3.1) 0.50 

FBXL7 rs12652447 0.89(0.39,2.05) 0.66(0.41,1.04) 1.26(0.36,4.42) 0.92(0.43,1.9) 0.67 

MRPS30 rs2067980 1.87(0.80,4.38) 2.06(1.26,3.35) 6.95(1.66,29.04) 1.16(0.54,2.4) 0.15 

MRPS30 rs930395 1.50(0.68,3.30) 2.22(1.41,3.52) 6.09(1.52,24.40) 1.46(0.72,2.9) 0.21 

5q rs30099 1.18(0.55,2.53) 0.91(0.59,1.39) 0.80(0.27,2.35) 0.65(0.32,1.3) 0.66 

ECHDC1, 

RNF146 
rs2180341 0.460.16,1.31) 0.44(0.25,0.78) 1.22(0.38,3.96) 0.56(0.22,1.4) 0.39 

ESR1 rs2046210 0.95(0.43,2.12) 1.02(0.65,1.59) 2.24(0.766.56) 0.96(0.46,2.0) 0.55 

ESR1 rs9397435 0.83(0.35,1.97) 1.05(0.66,1.66) 1.68(0.56,5.02) 1.10(0.52,2.3) 0.79 

LOC13499

7 
rs9393597 0.64(0.28,1.43) 1.03(0.67,1.57) 2.35(0.74,7.45) 1.06(0.53,2.1) 0.25 

ESR1 rs6900157 0.83(0.37,1.89) 1.02(0.65,1.59) 2.24(0.77,6.47) 0.96(0.46,2.0) 0.47 

ESR1 rs3757318 0.83(0.32,2.12) 1.03(0.63,1.69) 3.00(1.01,8.89) 1.21(0.56,2.6) 0.29 

ECHDC1, 

RNF146 

 

rs6569480 0.46(0.16,1.31) 0.44(0.25,0.78) 1.22(0.38,3.96) 0.56(0.22,1.4) 0.39 

TNS3 rs11766408 0.81(0.35,1.87) 1.00(0.62,1.60) 0.52(0.16,1.74) 1.68(0.77,3.6) 0.33 

8q24 rs672888 0.86(0.39,1.86) 1.00(0.65,1.54) 0.87(0.29,2.65) 1.45(0.72,2.9) 0.64 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 15) 

ER and/or PR+, 

HER2- 

(n = 81) 

ER-/PR-

/HER2+ 

(n = 7) 

ER-/PR-

/HER2- 

(n = 19) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24.21 rs13281615 0.56(0.25,1.26) 0.88(0.57,1.36) 1.65(0.51,5.37) 1.48(0.71,3.08) 0.17 

8q24.21 rs1562430 1.17(0.51,2.68) 0.80(0.48,1.32) 0.00(0.00) 0.69(0.28,1.66) 0.78 

9p21 rs1011970 1.60(0.48,5.39) 1.21(0.57,2.56) 2.92(0.67,12.72) 1.56(0.52,4.71) 0.56 

FGFR2 rs2981582 2.04(0.89,4.68) 1.14(0.71,1.84) 0.29(0.06,1.43) 1.04(0.48,2.25) 0.16 

FGFR2 rs1219648 1.63(0.75,3.52) 1.39(0.90,2.17) 0.47(0.13,1.75) 0.88(0.42,1.83) 0.25 

FGFR2 rs2420946 1.73(0.78,3.86) 1.25(0.79,1.96) 0.25(0.05,1.17) 0.91(0.43,1.91) 0.14 

CAMK1D rs6602595 1.53(0.70,3.35) 1.10(0.72,1.69) 0.31(0.08,1.16) 1.54(0.76,3.12) 0.14 

ZNF365 rs10995190 4.68E-05(--) 6.26(0.73,53.35) 0.00(0.00) 4.16(0.25,70.15) 0.98 

ZMIZ1 rs704010 1.31(0.55,3.08) 1.02(0.63,1.64) 2.18(0.63,7.52) 1.94(0.92,4.09) 0.26 

LSP1 rs3817198 0.71(0.15,3.35) 1.78(0.88,3.59) 0.79(0.09,6.66) 0.24(0.03,1.94) 0.13 

11q13 rs614367 0.84(0.09,7.61) 0.63(0.17,0.33) 0.00(0.00) 0.00(0.00,-) 0.99 

H19 rs2107425 1.28(0.57,2.84) 0.88(0.55,1.41) 0.92(0.29,2.87) 0.66(0.30,1.47) 0.58 

LSP1 rs909116 0.97(0.42,2.23) 1.02(0.64,1.61 2.70(0.85,8.57) 1.01(0.48,2.12) 0.48 

RAD51L1 rs999737 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00,-)  

TOX3 rs8051542 0.71(0.19,2.57) 1.63(0.91,2.94) 0.57(0.07,4.65) 2.63(1.12,6.14) 0.20 

TOX3 rs3803662 1.18(0.56,2.47) 1.42(0.93,2.16) 2.28(0.70,7.42) 1.10(0.56,2.14) 0.69 

TOX3 rs4784227 1.24(0.43,3.52) 0.55(0.33,0.93) 0.40(0.12,1.33) 0.53(0.24,1.17) 0.41 

16q22 rs10871290 1.70(0.76,3.81) 0.75(0.48,1.18) 1.18(0.39,3.56) 0.74(0.36,1.53) 0.16 

COX11 rs6504950 0.40(0.05,3.31) 2.53(1.18,5.40) 3.74(0.79,17.64) 0.67(0.14,3.22) 0.10 

COX11 rs7222197 0.40(0.05,3.31) 2.53(1.18,5.40) 3.74(0.79,17.64) 0.67(0.14,3.22) 0.10 

19p13 rs8170 1.63(0.00) 1.00(0.00) 3.62(0.00) -  -     - - 

19p13 rs2363956 0.56(0.22,1.45) 1.02(0.63,1.67) 0.73(0.20,2.60) 0.84(0.37,1.90) 0.62 

SNRPB rs6138178 2.26(0.96,5.33) 1.01(0.59,1.72) 0.85(0.21,3.40) 
2.41(1.11,5.21) 

 
0.08 

CHEK2 rs9608698 1.50 (0.62, 3.61) 0.85 (0.48, 1.51) 2.15 (0.69, 6.74) 0.54 (0.18, 1.62) 0.15 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table 4.9 Age- and centre-adjusted odds ratios for the associations between SNPs in 

replication-related genes and breast tumour subtypes among postmenopausal East Asian 

women 

Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 21) 

ER and/or PR+, 

HER2- 

(n = 106) 

ER-/PR-

/HER2+ 

(n = 6) 

ER-/PR-

/HER2- 

(n = 35) 

pTH
a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

CASP8 rs1045485 N/A N/A N/A N/A N/A 

CASP8 rs10931936 0.94(0.46,1.90) 1.31(0.86,1.97) 1.21(0.36,4.06) 0.67(0.36,1.23) 0.18 

SLC4A7, 

NEK10 
rs4973768 1.07(0.44,2.61) 1.27(0.75,2.12) 1.10(0.23,5.25) 1.24(0.61,2.53) 0.98 

MAP3K1 rs889312 0.50(0.25,1.01) 1.17(0.77,1.78) 1.76(0.45,6.88) 0.75(0.42,1.33) 0.06 

MRPS30 rs4415084 1.47(0.75,2.90) 1.05(0.71,1.53) 0.66(0.22,1.97) 1.01(0.59,1.73) 0.54 

MRPS30 rs4866929 1.20(0.57,2.56) 1.05(0.67,1.66) 2.37(0.65,8.60) 0.53(0.27,1.07) 0.12 

MRPS30 rs10941679 1.74(0.91,3.34) 1.20(0.82,1.74) 0.93(0.31,2.79) 1.10(0.65,1.84) 0.59 

HCN1 rs981782 1.07(0.50,2.30) 0.99(0.63,1.55) 2.11(0.58,7.71) 0.56(0.29,1.11) 0.22 

FBXL7 rs12652447 0.67(0.33,1.34) 0.97(0.64,1.48) 0.96(0.29,3.20) 0.91(0.51,1.62) 0.75 

MRPS30 rs2067980 1.13(0.59,2.16) 0.92(0.63,1.34) 0.62(0.20,1.94) 1.00(0.58,1.70) 0.80 

MRPS30 rs930395 1.49(0.79,2.82) 1.14(0.79,1.66) 0.95(0.32,2.84) 1.17(0.70,1.97) 0.84 

5q rs30099 0.66(0.32,1.37) 1.24(0.82,1.88) 0.39(0.10,1.55) 0.92(0.51,1.64) 0.10 

ECHDC1, 

RNF146 
rs2180341 0.63(0.24,1.64) 1.14(0.71,1.83) 1.48(0.40,5.44) 1.39(0.74,2.60) 0.46 

ESR1 rs2046210 1.02(0.49,2.12) 1.05(0.68,1.63) 1.19(0.34,4.21) 0.63(0.33,1.18) 0.41 

ESR1 rs9397435 0.90(0.43,1.88) 1.04(0.68,1.60) 1.00(0.28,3.55) 0.53(0.27,1.04) 0.25 

LOC13499

7 
rs9393597 1.27(0.64,2.50) 1.38(0.92,2.07) 4.44(1.16,17.1) 1.21(0.69,2.12) 0.32 

ESR1 rs6900157 1.02(0.49,2.12) 1.05(0.68,1.63) 1.19(0.34,4.21) 0.63(0.33,1.18) 0.41 

ESR1 rs3757318 0.64(0.30,1.40) 0.76(0.49,1.18) 0.67(0.17,2.62) 0.42(0.20,0.85) 0.46 

ECHDC1, 

RNF146 

 

rs6569480 0.63(0.24,1.64) 1.13(0.70,1.81) 1.48(0.40,5.45) 1.39(0.74,2.60) 0.46 

TNS3 rs11766408 1.46(0.71,3.03) 1.28(0.83,1.97) 0.46(0.12,1.76) 0.98(0.54,1.77) 0.37 

8q24 rs672888 1.01(0.52,1.96) 0.70(0.47,1.03) 4.78(1.00,22.8) 0.76(0.44,1.31) 0.08 
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Gene SNP 

ER and/or PR+, 

HER2+ 

(n = 21) 

ER and/or PR+, 

HER2- 

(n = 106) 

ER-/PR-/HER2+ 

(n = 6) 

ER-/PR-/HER2- 

(n = 35) 
pTH

a 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio  

8q24.21 rs13281615 1.35(0.68,2.70) 0.67(0.45,0.99) 2.12(0.56,8.00) 0.80(0.47,1.38) 0.08 

8q24.21 rs1562430 1.14(0.47,2.78) 1.16(0.68,2.00) 0.48(0.06,3.77) 1.22(0.59,2.50) 0.86 

9p21 rs1011970 0.50(0.14,1.74) 0.71(0.38,1.32) 0.59(0.07,4.85) 1.08(0.49,2.39) 0.67 

FGFR2 rs2981582 1.07(0.52,2.23) 1.20(0.78,1.85) 0.76(0.20,2.92) 1.55(0.87,2.77) 0.63 

FGFR2 rs1219648 0.73(0.35,1.51) 1.05(0.69,1.59) 0.52(0.14,2.01) 1.60(0.91,2.83) 0.16 

FGFR2 rs2420946 0.77(0.37,1.59) 1.11(0.73,1.68) 0.55(0.14,2.10) 1.50(0.85,2.65) 0.28 

CAMK1D rs6602595 0.74(0.37,1.47) 0.78(0.52,1.18) 0.36(0.10,1.29) 0.94(0.53,1.66) 0.56 

ZNF365 rs10995190 0.00(0.00,-) 1.70(0.30,9.50) 0.00(0.00,-) 1.36(0.12,15.61) 1.00 

ZMIZ1 rs704010 0.83(0.39,1.73) 1.19(0.79,1.81) 1.61(0.51,5.09) 1.06(0.59,1.90) 0.69 

LSP1 rs3817198 2.48(0.98,6.28) 1.51(0.78,2.93) 0.00(0.00,-) 1.19(0.47,3.04) 0.59 

11q13 rs614367 0.00(0.00,-) 5.30(0.63,44.91) 0.00(0.00,-) 0.00(0.00,0.00) 1.00 

H19 rs2107425 1.14(0.58,2.24) 1.22(0.82,1.82) 1.17(0.36,3.75) 0.68(0.37,1.23) 0.21 

LSP1 rs909116 0.83(0.40,1.73) 1.31(0.86,1.99) 0.71(0.19,2.64) 0.89(0.49,1.61) 0.40 

RAD51L1 rs999737 0.00(0.00,-) 0.83(0.05,3.55) 0.00(0.00,-) 0.00(0.00,-) 1.00 

TOX3 rs8051542 0.82(0.34,2.01) 1.220.75,2.00) 2.06(0.59,7.17) 1.04(0.52,2.08) 0.60 

TOX3 rs3803662 1.03(0.53,2.02) 1.27(0.84,1.90) 0.92(0.29,2.93) 1.57(0.87,2.84) 0.68 

TOX3 rs4784227 1.25(0.56,2.82) 0.80(0.51,1.25) 1.09(0.29,4.15) 0.82(0.45,1.52) 0.69 

16q22 rs10871290 1.33(0.68,2.60) 1.35(0.90,2.02) 0.94(0.28,3.13) 1.50(0.87,2.61) 0.90 

COX11 rs6504950 1.06(0.43,2.64) 0.75(0.42,1.34) 1.63(0.42,6.32) 0.57(0.24,1.38) 0.50 

COX11 rs7222197 1.06(0.43,2.64) 0.75(0.42,1.34) 1.63(0.42,6.32) 0.57(0.24,1.38) 0.50 

19p13 rs8170 - -  - - 

19p13 rs2363956 0.48(0.20,1.12) 0.95(0.62,1.47) 0.41(0.09,2.00) 0.84(0.45,1.56) 0.34 

SNRPB rs6138178 0.87(0.38,2.02) 1.43(0.89,2.31) 0.89(0.21,3.76) 1.32(0.68,2.54) 0.62 

CHEK2 rs9608698 0.88 (0.35, 2.17) 0.86 (0.51, 1.46) 1.56(0.38,6.34) 1.24 (0.61, 2.49) 0.71 

 

a False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Chapter 5: Additional Results 

 This chapter contains additional findings that were not presented in the result section of 

the manuscript as these were not the primary objectives of the thesis and therefore were too 

detailed to be included.  

5.1 Descriptive Statistics 

 Descriptive analyses to compare selected characteristics between cases and controls 

stratified by ethnic background were done and the results are shown in Table 5.1. Among the 

European participants, cases were more likely to have higher BMI, belong to a low income 

household, have a lower rate of college or post-graduate education, higher proportion of parity, 

higher age at first mammogram, more likely to have a history of breast cancer, had more pack-

years of smoking, and less lifetime alcohol consumption at the early and late stages of life. East 

Asian cases, in contrast, were more likely to have their first child as well as first mammogram at 

a higher age, had lower alcohol consumption in all life stages, and were less likely to use oral 

contraceptives.  

 Additional descriptive analyses were conducted by tumour receptor status and the 

findings are shown in Table 5.2. Results show that compared to controls, women with any of the 

four tumour subtypes had higher BMI, higher age at first birth, more likely to come from a low 

income family, have at least one family member affected by breast cancer, less likely to have 

secondary or post-secondary education, and were less likely to consume alcohol and use oral 

contraceptives. Upon further stratification by ethnicity, these differences were also found in 

European women (Table 5.3), but only with regard to household income and alcohol 

consumption among East Asian women (Table 5.4). 
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5.2 Distribution of Genetic Variation 

 Table 5.5 shows the distribution of replication-gene variants between cases and controls, 

stratified by ethnicity, by specifying the number of individuals who were major allele 

homozygous, heterozygous and minor allele homozygous for each SNP. The results show that 

among Europeans, differences in the distribution of genetic variation were significant for 

rs1045485 in CASP8; rs2981582, rs1219648 and rs2420946 in FGFR2; rs614367 in 11q13; 

rs8051542, rs3803662 and rs4784227 in TOX3. In all instances except for rs4784227, cases were 

more likely to have the minor variant allele and more cases were homozygous for the minor 

variant allele than controls. For rs4784227, cases were less likely to have the minor variant 

allele, which is consistent with its protective effect against breast cancer as shown in previous 

results from regression analyses. The minor alleles for rs1045485, rs2981582, rs1219648, 

rs2420946, rs614367, rs8051542, rs3803662 and rs4784227 variants were G G, A A, G G, A A, 

A A, A A, G G, and A A, respectively. Among East Asians, rs10941679 and rs930395 in 

MRPS30 showed a difference in distribution between cases and controls, and the trend of variant 

distribution was consistent with their effect on breast cancer risk. The SNP rs10941679 increased 

the risk of breast cancer in East Asian women, and cases had a higher frequency of individuals 

with the minor variant allele and more cases were homozygous for the minor variant allele than 

controls. The opposite trend in distribution was found for rs930395, which was protective against 

breast cancer. The minor alleles for rs10941679 and rs930395 were G G and A A, respectively. 

Of note, none of the East Asian participants had the heterozygote (G C) or minor homozygote (G 

G) allele. 
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Table 5.1 Selected characteristics of European and East Asian study participants 

 
Europeans  East Asians 

 

Cases  

(n = 621) 

Controls 

(n = 806) 
p-valuea 

 
Cases 

(n = 290) 

Controls 

(n = 168) 
p-valuea 

 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 
 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 58.2 (10.2) 57.3 (10.1) 0.06  54.4 (9.86) 54.1 (9.78) 0.3 

Body Mass Index 26.4 (5.68) 25.3 (4.85) < 0.0001  23.3 (4.44) 23.1 (3.02) 0.44 

Household Income 
 

   0.0006      0.08 

<$30,000 79 (12.7%) 55 (6.8%)   75 (25.8%) 40 (23.8%)  

$30,000-$59,999 148 (23.8%) 171 (21.2%)   70 (24.1%) 37 (22.0%)  

$60,000-$99,999 160 (25.7%) 211 (26.2%)   47 (16.2%) 37 (22.0%)  

>$100,000 163 (26.2%) 263 (32.6%)   38 (13.1%) 32 (19.1%)  

Not Stated 71 (11.4%) 106 (13.1%)   60 (20.6%) 22 (13.1%)  

Education 
 

   0.0002      0.08 

High school or less 197 (31.7%) 199 (24.8%)   106 (36.8%) 43 (25.8%)  

College/trade certificate 205 (33.0%) 235 (29.2%)   72 (25.0%) 54 (32.3%)  

Undergraduate degree 125 (20.1%) 190 (23.6%)   89 (30.9%) 59 (35.3%)  

Graduate/professional  

      degree 
93 (15.0%) 180 (22.4%)   21 (7.2%) 11 (6.6%)  

Menopausal Status 
 

   0.11      0.3 

Pre-menopausal 187 (30.1%) 275 (34.1%)   122 (42.0%) 79 (47.0%)  

Post-menopausal 433 (69.8%) 531 (65.9%)   168 (57.9%) 89 (53.0%)  

Reproductive History 
 

          

Age at menarche 12.7 (1.4) 12.8 (1.5) 0.26  13.1 (1.7) 12.9 (1.6) 0.2 

Ever been pregnant 508 (82.2%) 628 (78.0%) 0.05  242 (83.4%) 137 (81.6%) 0.6 

Age at first birth 27.2 (5.6) 27.5 (5.4) 0.5  29.5 (4.6) 28.4 (4.5) 0.03 

Number of pregnancies 2.2 (1.6) 2.2 (1.7) 0.3  2.2 (1.6) 2.4 (1.8) 0.1 

Age at first mammogram 43.6 (8.4) 42.5 (7.5) 0.01  46.1 (8.6) 44.5 (6.9) 0.03 

Family History of Breast 

Cancer 
145 (23.4%) 122 (15.1%) < 0.0001  40 (13.8%) 13 (7.7%) 0.06 

Smoking Status 55 (8.9%) 54 (6.7%) 0.1  4 (1.3%) 2 (1.2%) 1.0 

Pack-Years Smoking 8.0 (14.0) 6.3 (12.0) 0.007  0.9 (3.9) 0.7 (2.6) 0.2 

Lifetime Alcohol Consumption  

(# Drinks/Week) 
           

Teen 1.6 (4.5) 2.0 (4.4) 0.0001  0.08 (0.6) 0.3 (1.8) < 0.0001 

20s 3.9 (6.4) 4.7 (9.0) 0.01  0.3 (1.4) 0.9 (3.2) < 0.0001 

30s 4.4 (7.2) 4.3 (5.8) 0.2  0.4 (1.3) 0.8 (2.5) < 0.0001 

40s 4.7 (7.2) 4.5 (6.0) 0.3  0.4 (1.2) 0.7 (2.0) < 0.0001 

50s 4.2 (5.6) 4.7 (6.7) 0.09  0.2 (1.0) 0.4 (1.2) 0.01 

Last 2 Years 3.7 (5.5) 3.9 (5.6) 0.09  0.08 (0.5) 0.3 (1.1) 0.0003 

Medication Use 
 

          

Oral contraceptive 432 (69.6%) 590 (73.2%) 0.1  83 (28.6%) 71 (42.3%) 0.002 

Hormone replacement 

      therapy 
238 (38.6%) 298 (37.1%) 0.5  56 (19.1%) 39 (23.2%) 0.3 

a Calculated using T-tests or Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests or Fischer’s 

exact test for categorical variables 
 



107 
 

Table 5.2 Selected characteristics of study participants, between controls and ER/PR/Her2-

defined breast tumour subtypes  

 

ER+ and/or 

PR+/HER2

+  

(n = 127) 

ER+ 

and/or 

PR+/HER2

- 

(n = 635) 

ER-/PR-

/HER2+ 

(n = 50) 

ER-/PR-

/HER2- 

(n = 185) 

Controls  

(n = 1050) 
pCC

a,b 

 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 54.9 (9.78) 57.3 (10.41) 55.5 (9.62) 56.4 (10.07) 56.4 (10.1) 0.15 

Body Mass Index 25.3 (5.1) 25.7 (5.57) 26.7 (4.54) 25.4 (5.43) 24.9 (4.7) 0.007 

Ethnicity 
 

       
 

 < 0.0001 

European 74 (58.3%) 404 (63.6%) 32 (64.0%) 111 (60.0%) 806 (76.8%) 
 

East Asian 36 (28.3%) 187 (29.4%) 13 (26.0%) 54 (29.2%) 168 (16.0%) 
 

South Asian 5 (3.9%) 13 (2.0%) 2 (4.0%) 9 (4.9%) 31 (2.9%) 
 

Mixed/Other 12 (9.4%) 31 (4.9%) 3 (6.0%) 11 (5.9%) 45 (4.3%) 
 

Household Income 
 

       
 

 < 0.0001 

<$30,000 17 (13.4%) 113 (17.8%) 16 (32.0%) 26 (14.0%) 104 (9.9%) 
 

$30,000-$59,999 36 (28.3%) 144 (22.7%) 9 (18.0%) 52 (28.1%) 230 (21.9%) 
 

$60,000-$99,999 28 (22.0%) 147 (23.1%) 9 (18.0%) 39 (21.1%) 262 (25.0%) 
 

>$100,000 34 (26.8%) 134 (21.1%) 12 (24.0%) 37 (20.0%) 310 (29.5%) 
 

Not Stated 12 (9.4%) 97 (15.3%) 4 (8.0%) 31 (16.8%) 144 (13.7%) 
 

Education 
 

       
 

 < 0.0001 

High school or less 39 (30.7%) 214 (33.9%) 17 (34.0%) 65 (35.7%) 259 (24.7%) 
 

College/trade certificate 44 (34.5%) 182 (28.8%) 18 (36.0%) 55 (30.2%) 310 (29.6%) 
 

Undergraduate degree 28 (22.0%) 160 (25.3%) 7 (14.0%) 43 (23.6%) 271 (25.9%) 
 

Graduate/professional degree 16 (12.6%) 76 (12.0%) 8 (16.0%) 19 (10.4%) 207 (19.8%) 
 

Menopausal Status 
 

       
 

 0.56 

Pre-menopausal 49 (38.6%) 215 (34.0%) 17 (34.0%) 61 (33.0%) 391 (37.2%) 
 

Post-menopausal 78 (61.4%) 418 (66.0%) 33 (66.0%) 124 (67.0%) 659 (62.8%) 
 

Reproductive History 
 

       
 

 
 

Age at menarche 12.8 (1.6) 12.9 (1.6) 12.9 (1.4) 12.8 (1.4) 12.8 (1.5) 0.9 

Ever been pregnant 106 (83.5%) 519 (81.9%) 45 (90.0%) 153 (83.6%) 825 (78.7%) 0.1 

Age at first birth 28.0 (5.9) 28.0 (5.5) 27.9 (4.5) 27.3 (5.5) 27.7 (5.3) 0.7 

Number of pregnancies 2.3 (1.7) 2.2 (1.7) 2.3 (1.5) 2.4 (1.8) 2.2 (1.7) 0.8 

Age at first mammogram 43.5 (8.3) 44.9 (8.6) 43.8 (7.4) 43.3 (8.3) 42.7 (7.4) < 0.0001 

Family History of Breast 

Cancer 
26 (20.5%) 117 (18.4%) 13 (26.0%) 40 (21.6%) 145 (13.8%) 0.004 

Smoking Status 4 (3.1%) 47 (7.4%) 1 (2.0%) 11 (5.9%) 62 (5.9%) 0.2 

Pack-Years Smoking 5.4 (12.2) 5.3 (11.2) 6.7 (12.6) 6.1 (14.3) 5.1 (10.9) 0.8 

Teen 1.2 (3.0) 1.2 (4.3) 0.8 (2.4) 0.6 (1.7) 1.6 (4.0) < 0.0001 
20s 2.7 (4.7) 2.7 (6.1) 2.6 (3.5) 2.4 (4.8) 3.9 (8.1) < 0.0001 
30s 2.9 (5.2) 3.1 (6.6) 3.7 (5.4) 2.2 (5.3) 3.5 (5.4) < 0.0001 
40s 2.9 (4.5) 3.6 (7.1) 3.5 (4.3) 2.1 (3.6) 3.7 (5.6) < 0.0001 
50s 2.8 (5.1) 3.0 (5.2) 3.8 (4.7) 1.6 (3.2) 3.8 (6.2) < 0.0001 

Last 2 Years 2.1 (4.3) 2.2 (4.7) 3.8 (5.4) 1.2 (3.0) 2.9 (5.0) < 0.0001 

Medication Use 
 

       
 

 
 

Oral contraceptive 71 (55.9%) 350 (55.1%) 32 (64.0%) 101 (54.6%) 695 (66.2%) < 0.0001 

Hormone replacement 

      therapy 
40 (31.5%) 197 (31.2%) 19 (38.0%) 53 (29.0%) 351 (33.5%) 0.6 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests for categorical 

variables 
b p-value to compare characteristics between controls and tumour subtypes 
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Table 5.3 Selected characteristics of European study participants, between controls and 

ER/PR/Her2-defined breast tumour subtypes  

 

ER+ and/or 

PR+/HER2

+  

(n = 74) 

ER+ 

and/or 

PR+/HER2

- 

(n = 404) 

ER-/PR-

/HER2+ 

(n = 32) 

ER-/PR-

/HER2- 

(n = 111) 

Controls  

(n = 806) 
pCC

a,b 

 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 55.7 (9.4) 58.8 (10.2) 58.0 (9.5) 58.0 (10.6) 57.3 (10.1) 0.09 

Body Mass Index 26.1 (5.7) 26.5 (5.7) 27.8 (4.6) 26.1 (5.7) 25.3 (4.9) 0.0002 

Household Income 
 

       
 

 0.03 

<$30,000 7 (9.5%) 56 (13.9%) 6 (18.8%) 10 (9.0%) 55 (6.8%) 
 

$30,000-$59,999 18 (24.3%) 92 (22.8%) 7 (21.9%) 31 (27.9%) 171 (21.2%) 
 

$60,000-$99,999 17 (23.0%) 105 (26.0%) 7 (21.9%) 31 (27.9%) 211 (26.2%) 
 

>$100,000 24 (32.4%) 105 (26.0%) 9 (28.1%) 25 (22.5%) 263 (32.6%) 
 

Not Stated 8 (10.8%) 46 (11.4%) 3 (9.4%) 14 (12.6%) 106 (13.2%) 
 

Education 
 

       
 

 0.01 

High school or less 21 (28.4%) 128 (31.7%) 11 (34.4%) 37 (33.6%) 199 (24.8%) 
 

College/trade certificate 27 (36.5%) 126 (31.2%) 13 (40.6%) 39 (35.5%) 235 (29.2%) 
 

Undergraduate degree 13 (17.6%) 88 (21.8%) 4 (12.5%) 20 (18.2%) 190 (23.6%) 
 

Graduate/professional degree 13 (17.6%) 62 (15.4%) 4 (12.5%) 14 (12.7%) 180 (22.4%) 
 

Menopausal Status 
 

       
 

 0.46 

Pre-menopausal 26 (35.1%) 118 (29.3%) 9 (28.1%) 34 (30.6%) 275 (34.1%) 
 

Post-menopausal 48 (64.9%) 285 (70.7%) 23 (71.9%) 77 (69.4%) 531 (65.9%) 
 

Reproductive History 
 

       
 

 
 

Age at menarche 12.6 (1.4) 12.7 (1.4) 13.06 (1.1) 12.7 (1.4) 12.8 (1.5) 0.4 

Ever been pregnant 62 (83.8%) 328 (81.4%) 28 (87.5%) 90 (82.6%) 628 (78.0%) 0.3 

Age at first birth 27.4 (6.3) 27.3 (5.5) 27.4 (4.8) 27.0 (5.7) 27.5 (5.4) 0.9 

Number of pregnancies 2.3 (1.7) 2.1 (1.5) 2.3 (1.7) 2.3 (1.8) 2.2 (1.7) 0.9 

Age at first mammogram 42.6 (7.9) 44.0 (8.4) 43.9 (7.5) 42.4 (8.6) 42.5 (7.5) 0.02 

Family History of Breast 

Cancer 
19 (25.7%) 83 (20.5%) 12 (37.5%) 31 (27.9%) 122 (15.1%) < 0.0001 

Smoking Status 3 (4.0%) 42 (10.4%) 1 (3.1%) 9 (8.1%) 54 (6.7%) 0.1 

Pack-Years Smoking 7.7 (14.8) 7.6 (12.9) 10.4 (14.5) 9.4 (17.3) 6.3 (12.0) 0.07 

Lifetime Alcohol 

Consumption  

(# Drinks/Week) 

        
 

 
 

Teen 1.9 (3.7) 1.8 (5.2) 1.2 (2.9) 0.9 (2.1) 2.0 (4.4) 0.0009 

20s 4.0 (5.6) 4.0 (7.2) 3.8 (3.8) 3.5 (4.6) 4.7 (9.0) 0.2 

30s 4.4 (6.2) 4.6 (7.7) 5.5 (5.9) 3.6 (6.5) 4.3 (5.8) 0.1 

40s 4.3 (5.4) 5.2 (8.3) 5.1 (4.5) 3.3 (4.2) 4.5 (6.0) 0.2 

50s 4.4 (6.2) 4.5 (5.9) 5.7 (4.8) 2.7 (3.9) 4.7 (6.7) 0.007 

Last 2 Years 3.9 (5.5) 3.8 (5.7) 7.1 (5.5) 2.5 (4.0) 3.9 (5.6) 0.02 

Medication Use 
 

       
 

 
 

Oral contraceptive 53 (71.6%) 276 (68.3%) 26 (81.3%) 77 (69.4%) 590 (73.2%) 0.3 

Hormone replacement 

      therapy 
29 (39.2%) 153 (38.2%) 15 (46.9%) 41 (37.6%) 298 (37.1%) 0.8 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or Fischer’s exact 

tests for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
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Table 5.4 Selected characteristics of East Asian study participants, between controls and 

ER/PR/Her2-defined breast tumour subtypes  

 

ER+ and/or 

PR+/HER2

+  

(n = 36) 

ER+ 

and/or 

PR+/HER2

- 

(n = 187) 

ER-/PR-

/HER2+ 

(n = 13) 

ER-/PR-

/HER2- 

(n = 54) 

Controls  

(n = 168) 
pCC

a,b 

 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 53.9 (9.9) 54.8 (10.1) 49.8 (8.9) 54.8 (8.5) 54.1 (9.7) 0.4 

Body Mass Index 23.2 (3.5) 23.4 (4.2) 23.7 (3.3) 23.4 (4.2) 23.1 (3.0) 0.8 

Household Income 
 

       
 

 0.01 

<$30,000 6 (16.7%) 49 (26.2%) 8 (61.5%) 12 (22.2%) 40 (23.8%) 
 

$30,000-$59,999 12 (33.3%) 44 (23.5%) 1 (7.7%) 13 (24.1%) 37 (22.0%) 
 

$60,000-$99,999 7 (19.4%) 32 (17.1%) 2 (15.4%) 6 (11.1%) 37 (22.0%) 
 

>$100,000 8 (22.2%) 19 (10.2%) 1 (7.7%) 10 (18.5%) 32 (19.1%) 
 

Not Stated 3 (8.3%) 43 (23.0%) 1 (7.7%) 13 (24.1%) 22 (13.1%) 
 

Education 
 

       
 

 0.08 

High school or less 8 (22.2%) 72 (38.9%) 6 (46.2%) 20 (37.0%) 43 (25.8%) 
 

College/trade certificate 13 (36.1%) 46 (24.9%) 2 (15.4%) 11 (20.4%) 54 (32.3%) 
 

Undergraduate degree 12 (33.3%) 57 (30.8%) 2 (15.4%) 18 (33.3%) 59 (35.3%) 
 

Graduate/professional degree 3 (8.3%) 10 (5.4%) 3 (23.1%) 5 (9.3%) 11 (6.6%) 
 

Menopausal Status 
 

       
 

 0.57 

Pre-menopausal 15 (41.7%) 81 (43.3%) 7 (53.9%) 19 (35.2%) 79 (47.0%) 
 

Post-menopausal 21 (58.3%) 106 (56.7%) 6 (46.2%) 35 (64.8%) 89 (53.0%) 
 

Reproductive History 
 

       
 

 
 

Age at menarche 13.4 (2.1) 13.2 (1.8) 12.6 (1.5) 12.7 (1.2) 12.9 (1.6) 0.2 

Ever been pregnant 30 (83.3%) 154 (82.4%) 12 (92.3%) 46 (85.2%) 137 (81.6%) 0.8 

Age at first birth 30.4 (4.9) 29.4 (4.9) 29.0 (4.1) 29.3 (4.1) 28.4 (4.5) 0.2 

Number of pregnancies 2.4 (1.7) 2.2 (1.7) 2.2 (1.0) 2.3 (1.4) 2.5 (1.8) 0.7 

Age at first mammogram 45.0 (8.9) 46.5 (9.0) 43.8 (7.5) 46.1 (7.4) 44.5 (6.9) 0.1 

Family History of Breast 

Cancer 
4 (11.1%) 28 (15.0%) 1 (7.7%) 7 (13.0%) 13 (7.7%) 0.3 

Smoking Status 0 (0%) 3 (1.6%) 0 (0%) 1 (1.9%) 2 (1.2%) 0.9 

Pack-Years Smoking 1.2 (3.8) 0.8 (3.8) 0 (0.0) 1.0 (4.8) 0.7 (2.6) 0.5 

Lifetime Alcohol 

Consumption  

(# Drinks/Week) 

        
 

 
 

Teen 0.2 (1.2) 0.1 (0.6) 0 (0) 0.02 (0.1) 0.4 (1.8) 0.001 

20s 0.7 (1.6) 0.4 (1.5) 0.03 (0.08) 0.2 (0.4) 1.0 (3.2) 0.0009 

30s 0.8 (1.6) 0.4 (1.4) 0.02 (0.05) 0.1 (0.5) 0.9 (2.5) 0.0009 

40s 0.7 (1.3) 0.4 (1.3) 0.02 (0.05) 0.02 (0.05) 0.7 (2.0) < 0.0001 

50s 0.4 (1.0) 0.3 (1.2) 0.03 (0.05) 0.1 (0.3) 0.4 (1.2) 0.09 

Last 2 Years 0.2 (0.9) 0.1 (0.5) 0 (0) 0.01 (0.05) 0.3 (1.1) 0.01 

Medication Use 
 

       
 

 
 

Oral contraceptive 12 (33.3%) 52 (27.8%) 4 (30.8%) 15 (27.8%) 71 (42.2%) 0.05 

Hormone replacement 

      therapy 
6 (16.7%) 39 (20.9%) 2 (15.3%) 9 (16.7%) 39 23.2%) 0.8 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or Fischer’s exact 

tests for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
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5.3 Minimum Detectable Effects 

 Power calculation for this study was done using two freely available online softwares: 

PGA software (Power and sample size calculator for genetic association studies) and Genetic 

Power Calculator developed by different groups of researchers. A range of minimum detectable 

effects (MDE) for the study with 2047 individuals (997 cases, 1050 controls) assuming breast 

cancer prevalence of 0.001, LD of 0.8 and an additive genetic model is given in Table 5.6. In the 

table, the MDE varies depending on MAF, with higher frequency of minor allele results in the 

ability to detect smaller effects with relatively high power. The MDEs for the selected SNPs vary 

in range in the literature, and therefore it is difficult to draw conclusion about the adequacy of 

power in the study and should be considered on a SNP by SNP basis. However, while the overall 

study had adequate power to detect the range of MDEs reported in the literature, stratified 

analyses by tumour subtype may have been underpowered, especially among East Asians. 

Therefore, the test for heterogeneity in different tumour subtypes was restricted to Europeans. 
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Table 5.5 Frequency distribution of SNPs among European and East Asian cases and 

controls 

  European  East Asians 

 
 

Case Controls 
p-

valuea 

 
Case Control 

p-

valuea 

rs1045485 

C C 468 (75.3%) 615 (76.3%) 

0.05 

 289 (99.6%) 168 (100%) 

0.44 G C 136 (22.0%) 184 (22.8%)  - - - - 

G G 16 (2.6%) 7 (0.9%)  - - - - 

rs10931936 

G G 298 (48.0%) 409 (50.7%) 

0.20 

 132 (45.5%) 68 (48.4%) 

0.58 A G        269 (43.2%) 313 (38.8%)  124 (42.8%) 79 (47.0%) 

A A 54 (8.7%) 84 (10.4%)  34 (11.7%) 21 (12.5%) 

rs4973768  

G G 150 (24.1%) 214 (26.6%) 

0.52 

 189 (65.1%) 119 (70.8%) 

0.34 A G 301 (48.5%) 387 (48.0%)  91 (31.4%) 42 (25.0%) 

A A 170 (27.4%) 205 (25.4%)  10 (3.4%) 7 (4.1%) 

rs889312 

A A 292 (47.0%) 397 (49.2%) 

0.70 

 49 (16.9%) 36 (21.4%) 

0.48 C A 271 (43.6%) 336 (41.7%)  143 (49.3%) 77 (45.8%) 

C C       58 (9.3%) 73 (9.0%)  98 (33.8%) 55 (32.7%) 

rs4415084 

G G 224 (36.0%) 297 (36.8%) 

0.80 

 46 (15.8%) 35 (20.8%) 

0.09    A G 289 (46.5%) 373 (46.2%)  120 (41.4%) 77 (45.8%) 

A A 108 (17.4%) 135 (16.8%)  121 (41.7%) 52 (31.0%) 

rs4866929 

A A  177 (28.5%) 245 (30.4%) 

0.43 

 129 (44.5%) 87 (51.8%) 

0.30 G A 318 (51.2%) 385 (47.8%)  133 (45.8%) 69 (41.0%) 

G G 126 (20.3%) 176 (21.8%)  28 (9.6%) 12 (7.1%) 

rs10941679 

A A  337 (54.2%) 458 (56.8%) 

0.14 

 65 (22.4%) 48 (28.6%) 

0.008 G A 236 (38.0%) 306 (38.0%)  117 (40.3%) 81 (48.2%) 

G G 48 (7.7%) 42 (5.2%)  108 (37.2%) 39 (23.2%) 
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rs981782 

A A 176 (28.3%) 245 (30.4%) 

0.37 

 124 (42.7%) 83 (49.4%) 

0.33 C A 320 (51.5%) 385 (47.8%)  136 (46.9%) 72 (42.8%) 

C C 125 (20.1%) 176 (21.8%)  30 (10.3%) 13 (7.7%) 

rs12652447 

   G G 209 (33.7%) 273 (33.9%) 

0.50 

 49 (16.9%) 22 (13.1%) 

0.42 A G 283 (45.6%) 385 (47.8%)  146 (50.3%) 83 (49.4%) 

A A 129 (20.8%) 148 (18.3%)  95 (32.7%) 63 (37.5%) 

rs2067980 

A A 461 (74.4%) 587 (72.8%) 

0.62 

 71 (25.5%) 50 (29.7%) 

0.20 G A 143 (23.0%) 198 (24.6%)  138 (47.6%) 83 (49.4%) 

G G          16 (2.6%) 21 (2.6%)  81 (27.9%) 35 (20.8) 

rs930395 

G G 373 (60.6%) 493 (61.1%) 

0.50 

 68 (23.4%) 56 (33.3%) 

0.01 A G 217 (35.0%) 283 (35.1%)  123 (42.4%) 75 (44.6%) 

A A 31 (5.0%) 30 (3.72%)  99 (34.1%) 37 (22.0% 

rs30099 

G G 511 (82.2%) 666 (82.6%) 

0.97 

 79 (27.2%) 52 (30.9%) 

0.12 A G 105 (17.0%) 133 (16.5%)  154 (53.1%) 73 (43.4%) 

A A 5 (0.8%) 7 (0.8%)  57 (19.6%) 43 (25.6%) 

rs2180341 

A A 355 (57.1%) 455 (56.4%) 

0.53 

 189 (65.1%) 104 (61.9%) 

0.20 G A 227 (36.5%) 310 (38.5%)  89 (30.7%) 50 (29.7%) 

G G 39 (6.2%) 41 (5.09%  11 (3.8%) 14 (8.3%) 

rs2046210 

G G 255 (41.0%) 346 (43.0%) 

0.73 

 111 (38.3%) 71 (42.2%) 

0.21 A G 285 (45.9%) 363 (45.0%)  147 (50.7%) 72 (42.8%) 

A A 81 (13.0%) 97 (12.0%)  32 (11.0%) 25 (14.9%) 

rs9397435 

A A 518 (83.4%) 703 (87.2%) 

0.12 

 132 (45.5%) 80 (47.6%) 

0.33 G A 99 (16.0%) 98 (12.1%)  132 (45.5%) 67 (39.9%) 

G G 4 (0.6%) 5 (0.6%)  26 (9.0%) 21 (12.5%) 

rs9393597 

A A 429 (69.0%) 553 (68.6%) 

0.56 

 83 (28.6%) 60 (35.7%) 

0.29    G A 172 (27.7%) 234 (29.0%)  143 (49.3%) 74 (44.0%) 

G G 20 (3.2%) 19 (2.3%)  64 (22.0%) 34 (20.2%) 
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rs6900157 

A A 262 (42.2%) 350 (43.4%) 

0.76 

 112 (38.6%) 71 (42.2%) 

0.24 G A 279 (45.0%) 363 (45.0%)  146 (50.3%) 72 (42.8%) 

G G 78 (12.6%) 92 (11.4%)  32 (11.0%) 25 (14.9%) 

rs3757318 

G G 525 (84.5%) 699 (86.7%) 

0.42 

 163 (56.2%) 87 (51.8%) 

0.50 A G 93 (15.0%) 102 (12.7%)  107 (36.9%) 65 (38.7%) 

A A 3 (0.5%) 5 (0.6%)  20 (6.9%) 16 (9.5%) 

rs6569480 

G G  355 (57.1%) 454 (56.3%) 

0.50 

 190 (65.5%) 104 (61.9%) 

0.12 A G 227 (36.6%) 311 (38.6%)  89 (30.7%) 50 (29.7%) 

A A 39 (6.2%) 41 (5.0%)  11 (3.8%) 14 (8.3%) 

rs11766408 

A A 372 (60.0%) 491 (61.0%) 

0.92 

 59 (20.3%) 33 (19.6%) 

0.37 G A 217 (35.0%) 274 (34.0%)  155 (53.4%) 100 (59.5%) 

G G 32 (5.1%) 41 (5.0%)  76 (26.2%) 35 (20.8%) 

rs672888 

A A 193 (31.0%) 273 (33.9%) 

0.34 

 84 (29.0%) 46 (27.4%) 

0.50 G A 299 (48.1%) 387 (48.0%)  139 (47.9%) 75 (44.6%) 

G G 129 (20.8%) 146 (18.1%)  67 (23.1%) 47 (28.0%) 

rs13281615 

A A 182 (29.3%) 261 (32.4%) 

0.50 

 68 (23.4%) 33 (19.6%) 

0.44 G A 307 (49.4%) 385 (47.8%)  135 (46.5%) 76 (45.2%) 

G G 132 (21.2%) 159 (19.7%)  87 (30.0%) 59 (35.1%) 

rs1562430 

A A 249 (40.1%) 289 (35.9%) 

0.10 

 203 (70.0%) 116 (69.0%) 

0.80 G A 289 (46.5%) 382 (47.8%)  74 (25.5%) 42 (25.0%) 

G G 83 (13.4%) 135 (16.8%)  13 (4.5%) 10 (5.9%) 

rs1011970 

C C 408 (65.7%) 526 (65.2%) 

0.97 

 230 (79.3%) 132 (78.5%) 

0.96 A C 192 (31.0%) 251 (31.1%)  56 (19.3%) 34 (20.2%) 

A A 21 (3.4%) 29 (3.6%)  4 (1.4%) 2 (1.2%) 

rs2981582 

G G 173 (27.9%) 309 (38.3%) 

< 

0.0001 

 122 (42.0%) 79 (49.0%) 

0.50 A G 313 (50.4%) 382 (47.4%)  133 (45.9%) 73 (43.4%) 

A A 135 (21.7%) 115 (14.2%)  35 (12.7%) 16 (9.5%) 
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rs1219648 

A A 167 (26.9%) 306 (32.8%) 

< 

0.0001 

 104 (35.9%) 65 (38.7%) 

0.50 G A 318 (51.2%) 380 (47.1%)  134 (46.2%) 80 (47.6%) 

G G 136 (22.0%) 120 (15.0%)  52 (17.9%) 23 (13.7%) 

rs2420946 

G G 169 (27.2%) 304 (37.7% 

< 

0.0001 

 104 (35.8% 63 (37.5%) 

0.56 A G 314 (50.5%) 386 (47.9%)  137 (47.2%) 83 (49.4% 

A A 137 (22.0%) 116 (14.4%)  49 (16.9%) 22 (13.1%) 

rs6602595 

A A 215 (34.6%) 285 (35.3%) 

0.25 

 68 (23.4%) 37 (22.0%) 

0.89 G A 295 (47.5%) 403 (50.0%)  143 (49.3%) 82 (48.8%) 

G G 111 (17.9%) 118 (14.6%)  79 (27.2%) 49 (29.1%) 

rs10995190 

G G 450 (72.4%) 571 (70.8%) 

0.63 

 287 (95.8%) 165 (98.2%) 

0.17 A G 153 (24.6%) 215 (26.7%)  12 (4.1%) 3 (1.8%) 

A A 18 (2.9%) 20 (2.5%)  0 (0%) 0 (0%) 

rs704010 

G G 227 (36.5%) 327 (40.5%) 

0.30 

 120 (41.4%) 78 (46.4%) 

0.57 A G 296 (47.6% 362 (44.9%)  134 (46.2%) 71 (42.2%) 

A A 98 (15.8%) 117 (14.5%)  36 (12.4%) 19 (11.3%) 

rs3817198 

A A 283 (45.6%) 343 (42.5%) 

0.33 

 223 (76.9% 141 (83.3%) 

0.10 G A 270 (43.5%) 382 (47.4%)  64 (22.0%) 24 (14.2%) 

G G 68 (11.0%) 81 (10.0%)  3 (1.0%) 3 (1.8%) 

rs614367 

G G 421 (67.8%) 598 (74.2%) 

0.007 

 279 (96.2%) 161 (95.8%) 

0.84 A G 176 (28.3%) 193 (24.0%)  11 (3.8%) 7 (4.1%) 

A A 24 (3.8%) 15 (1.8%)  0 (0%) 0 (0%) 

rs2107425 

G G 307 (49.4%) 391 (48.5%) 

0.74 

 115 (39.6%) 67 (39.9%) 

1.00 A G 249 (40.1%) 342 (42.4%)  134 (46.2%) 77 (45.8%) 

A A 64 (10.3%) 72 (8.9%)  41 (14.1%) 24 (14.2%) 
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rs909116 

    G G 126 (20.3%) 170 (21.0%) 

0.63 

 125 (43.1%) 72 (42.8%) 

0.35     A G 326 (52.5%) 434 (53.8%)  125 (43.1%) 80 (47.6%) 

    A A 169 (27.2%) 201 (25.0%)  40 (13.8%) 16 (9.5%) 

rs999737 

G G 379 (61.0%) 473 (58.7%) 

0.51 

 289 (99.6%) 166 (98.8%) 

0.28 A G 211 (34.0%) 297 (36.8%)  1 (0.3%) 2 (1.2%) 

A A 31 (5.0%) 36 (4.48%)  0 (0.0%) 0 (0.0%) 

rs8051542 

G G 166 (27.7%) 249 (30.9%) 

0.009 

 175 (60.3%) 117 (69.6%) 

0.07 A G 307 (49.4%) 416 (51.6%)  104 (35.8%) 43 (25.6%) 

A A 148 (23.8%) 141 (17.5%)  11 (3.8%) 8 (4.7%) 

rs3803662 

G G  277 (44.6%) 425 (52.7%) 

0.0004 

 40 (13.8%) 37 (22.0%) 

0.07 A G 273 (44.0%) 329 (40.8%)  122 (42.0%) 67 (38.9%) 

     A A 71 (11.4%) 52 (6.4%)  128 (44.1%) 64 (38.1%) 

rs4784227 

A A 58 (9.3%) 42 (5.2%) 

0.001 

 25 (8.6%) 10 (5.9%) 

0.12 A G 257 (41.3%) 304 (37.7%)  122 (42.0%) 59 (35.1%) 

G G 306 (49.2%) 460 (57.0%)  143 (49.3%) 99 (58.9%) 

rs10871290 

A A 264 (42.5%) 311 (38.6%) 

0.32 

 90 (31.0%) 61 (36.3%) 

0.38 G A 280 (45.0%) 389 (45.2%)  145 (50.0%) 73 (43.4%) 

G G 77 (12.4%) 106 (13.1%)  55 (19.0%) 34 (20.2%) 

rs6504950 

G G 346 (55.7%) 405 (50.2%) 

0.12 

 219 (75.5%) 130 (77.4%) 

0.90 A G 236 (38.0%) 344 (42.7%)  67 (23.1%) 36 (21.4%) 

     A A 39 (6.2%) 57 (7.0%)  4 (1.4%) 2 (1.2%) 

rs7222197 

G G 346 (55.7%) 405 (50.2%) 

0.12 

 219 (75.5%) 130 (77.4%) 

0.90 A G 236 (38.0%) 344 (42.7%)  67 (23.1%) 36 (21.4%) 

A A 39 (6.2%) 57 (7.0%)  4 (1.4%) 2 (1.2%) 

rs8170 

    G G 426 (68.6%) 557 (69.1%) 

0.67 

 289 (99.6%) 168 (0.0%) 

0.44 A G 172 (27.7%) 226 (28.0%)  1 (0.3%) 0 (0.0%) 

A A 23 (3.7%) 23 (2.8%)  0 (0.0%) 0 (0.0%) 
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rs2363956 

A A 146 (23.5%) 184 (22.8%) 

0.57 

 141 (48.6%) 73 (43.4%) 

0.56 C A 321 (51.7%) 402 (49.9%)  125 (43.1%) 80 (47.6%) 

C C 154 (24.8%) 220 (2.3%)  24 (8.2%) 15 (8.9%) 

rs6138178 

A A 362 (58.3%) 435 (54.0%) 

0.27 

 143 (49.3%) 93 (55.3%) 

0.16 C A 222 (35.7%) 325 (40.3%)  125 (43.1%) 69 (41.0%) 

C C 37 (5.9%) 45 (5.6%)  22 (7.6%) 6 (3.5%) 

rs9608698 

G G 130 (20.9%) 176 (21.8%) 

0.32 

 196 (67.6%) 114 (67.8%) 

0.62 C G 299 (48.1%) 410 (50.9%)  85 (29.3%) 46 (27.3%) 

C C 192 (30.9%) 220 (27.3%)  9 (3.1%) 8 (4.7%) 

a 
Calculated using Chi-Square tests or Fischer’s exact tests  

  



117 
 

Table 5.6 Minimum detectable effects (MDE) with a range of power and 5% alpha level, 

assuming 997 cases, disease prevalence of 0.001, LD 0.8 and an additive genetic model 

 

Minor Allele Frequency MDE with 70% power MDE with 80% power MDE with 90 % power 

0.05 1.48 1.5 1.6 

0.10 1.29 1.3 1.4 

0.15 1.27 1.28 1.39 

0.20 1.25 1.26 1.37 

0.25 1.25 1.26 1.36 

0.30 1.25 1.26 1.36 

0.35 1.24 1.25 1.34 

0.40 1.24 1.25 1.34 

0.45 1.23 1.24 1.34 

0.5 1.22 1.23 1.33 

 

5.4 Linkage Disequilibrium (LD) Analysis 

 LD between neighbouring loci were calculated and the results are presented in Table 5.7. 

The distance between each pair of SNPs is indicated by r2, which also indicates how strongly 

these SNP pairs correlate with each other and are likely to be inherited together. From the table, 

several pairs showed strong LD (r2≥0.5): rs4415084 and rs10941679, rs4866929 and rs981782, 

rs10941679 and rs2067980, rs10941679 and rs930395, rs2067980 and rs930395 on chromosome 

5; rs2180341 and rs6569480, rs2046210 and rs6900157, rs9397435 and rs3757318 on 

chromosome 6; rs672888 and rs13281615 on chromosome 8, rs2981582 and rs1219648, 

rs2981582 and rs2420946, rs1219648 and rs2420946 on chromosome 10; rs3803662 and 

rs4784227 on chromosome 16; and rs6504950 and rs7222197 chromosome 17. These results are 

expected as most of these pairs are variants in one gene. Another seven pairs had moderately 

high LD (r2≥0.2-0.49) and no pairs exhibited weak or no LD (r2 < 0.2).   
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Table 5.7 Linkage disequilibrium between SNPs in neighboring loci 

Chromosome SNP_A Chromosome SNP_B r2 

5 rs4415084 5 rs10941679 0.59 

5 rs4415084 5 rs2067980 0.31 

5 rs4415084 5 rs930395 0.49 

5 rs4866929 5 rs981782 0.96 

5 rs10941679 5 rs2067980 0.50 

5 rs10941679 5 rs930395 0.81 

5 rs2067980 5 rs930395 0.61 

6 rs2180341 6 rs6569480 0.99 

6 rs2046210 6 rs9397435 0.24 

6 rs2046210 6 rs6900157 0.96 

6 rs9397435 6 rs6900157 0.25 

6 rs9397435 6 rs3757318 0.59 

8 rs672888 8 rs13281615 0.86 

8 rs672888 8 rs1562430 0.34 

8 rs13281615 8 rs1562430 0.40 

10 rs2981582 10 rs1219648 0.86 

10 rs2981582 10 rs2420946 0.92 

10 rs1219648 10 rs2420946 0.92 

11 rs3817198 11 rs909116 0.33 

16 rs3803662 16 rs4784227 0.50 

17 rs6504950 17 rs7222197 1 
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5.5 Hardy-Weinberg Equilibrium (HWE) Analysis 

 Analysis of HWE among controls showed heterogeneity between observed and predicted 

allele frequency in 3 control participants. These individuals were, subsequently, removed from 

further analyses.   
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Chapter 6: Discussion 

 This thesis investigated the relationship between polymorphisms in replication-related 

genes and breast cancer. A case-control study was used to obtain data for this study. The risk of 

breast cancer overall and of each subtype according to SNPs was calculated using multivariable 

logistic regression and polytomous logistic regression, respectively. Modeling of the variables 

for logistic regression analyses was done adjusting only for age and centre, because there is no 

evidence to suggest any of the breast cancer etiologic factors are true confounders in this 

relationship, as presence of a certain variant of a gene is expected to be independent of any 

known risk factor. Age and centre were forced into the model, since age is a strong predictor of 

breast cancer risk, control for centre was done because there can be difference in population 

distribution (stratification) in the two regions (BC and ON). All results from regression analyses 

presented here are adjusted for the false discovery rate (FDR). This chapter summarizes the 

major findings of this thesis, interprets and compares the results in relation to pertinent literature, 

and discusses strengths and limitations as well as future direction of research. 

6.1 Summary of Major Findings 

6.1.1 Distribution of Genetic Variation of Replication-Related Genes 

 The first objective of this thesis was to describe the distribution of variant genotypes 

across the 45 SNPs in 31 genes among Europeans and East Asians, and to compare the pattern of 

distribution between cases and controls. Among Europeans, controls had a higher likelihood of 

having the major homozygous and heterozygous alleles of rs1045485 in CASP8 than cases. 

Among East Asians, the heterozygous and homozygous minor alleles were totally absent, 

therefore, risk for breast cancer conferred by this locus could not be assessed for this group of 

women. Cases also had a lower percentage of the major homozygous and heterozygous alleles, 
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but a higher proportion of the minor allele in all three loci of the FGFR2 gene. The same pattern 

was also found in all three loci of the TOX3 gene (rs8051542, rs3803662, rs4784227) and in 

11q13 (rs614367), possibly confirming the role of these variants in breast cancer as well as 

across different subtypes as found in other analyses. Among East Asians, the distribution of 

rs10941679 genotype was different between cases and controls, and a borderline (p = 0.07) 

difference was found for two SNPs in the TOX3 gene, rs8051542 and rs3803662. All the other 

SNPs had no difference in their MAF distribution between cases and controls. 

6.1.2 Association between SNPs of Replication-Related Genes and Breast Cancer Risk 

 The second objective of this thesis was to assess the relationship between each of the 

SNPs and breast cancer, which was further stratified by ethnicity. Of the 45 SNPs analyzed, all 

three SNPs in FGFR2 (rs2981582, rs1219648, rs2420946) and TOX3 (rs8051542, rs3803662, 

rs4784227) as well as rs614367 in 11q13 were associated with breast cancer risk after controlling 

for multiple comparisons among European women. The risk increased for all SNPs except 

rs4784227 in TOX3, where it had a 27% decrease. For the other SNPs, the risk increased by 24-

46% by the variant form of 11q13, TOX3, and FGFR2. The associations were not heterogeneous 

between the two ethnic groups. 

 SNPs located in FGFR2 and TOX3 have been consistently found to be associated with 

breast cancer risk in previous studies. Overexpression of FGFR2 variants is commonly found in 

experimental and epidemiologic studies of breast cancer, as this gene plays a role in signal 

transduction and transcription rate and has been implicated in cell proliferation, apoptosis, 

angiogenesis and invasion [1-3]. Meta analyses by several groups have shown rs2981582, 

rs1219648, and rs2420946 polymorphism in FGFR2 was associated with increased breast cancer 

risk among both Europeans and Asians [2]. Easton et al. conducted a three-stage GWAS and 
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reported FGFR2 variants to consistently increase the risk of breast cancer among European 

women [4], and Hunter et al. subsequently replicated the findings in multiple variants that are in 

high LD (r2>0.96) in Europeans [3]. In our study, the associations between FGFR2 variants and 

breast cancer were not statistically significant among East Asians, although one study conducted 

in Chinese women has shown similar increase in risk by all three FGFR2 variants investigated in 

this study [3]. This could be due to lower LD between the FGFR2 variants in Asian population, 

as the LD between the three variants among Chinese are r2 = 0.15, 0.319 and 0.274 between 

rs2981582, rs1219648 and rs2420946, respectively [3]. In addition, our study may have lacked 

the power to detect associations by FGFR2 in this subgroup. 

 Polymorphisms in TOX3 have been reported to increase the risk of breast cancer by many 

studies. The most commonly reported SNP in this region, rs3803662, is located within TOX3 and 

LOC643714 loci; however, it is unclear whether this is the causal variant, or a marker of the 

causal variant [5]. TOX3 is known to mediate calcium-dependent transcription and increased 

expression of this gene has been associated with breast cancer metastasis [6]. One study 

genotyped 19 variants of TOX3 and found eight of them to be associated with breast cancer, 

including the three variants of the present study (rs8051542, rs3803662, rs4784227)[6]. These 

variants were also associated with breast cancer risk in both Europeans and Asians by multiple 

CGEMS (Cancer Genetic Markers of Susceptibility Project) and NBHS (Nashville Breast Health 

Study) studies, and further replicated by one group of researchers conducting a multi-stage 

analysis [7]. Like the FGFR2 variants, there was no evidence of association between TOX3 

variants and breast cancer risk among East Asians. Differences in LD pattern may be the reason 

behind this, as the SNP rs4784227 has poor LD with two other variants among Asians, with r2 
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being 0.14, and 0.37 for rs3803662, and rs8051542, respectively; whereas all three of the SNPs 

are in close LD with among Europeans (r2>0.8) [5]. 

 In addition to the above two loci, rs614367 located within 11q13 conferred higher risk of 

breast cancer among European women. This SNP is located ~130kb upstream of CCND1 and 

encodes cyclin D1, which is a key cell cycle regulatory protein. Cyclin D1, together with cyclin-

dependent kinases CDK4 and CDK6, phosphorylates and inactivates the tumour suppressor 

protein pRb (retinoblastoma). This facilitates the progression of cell cycle from the G1 

checkpoint and ensures the cell initiates replication [8]. A few recent GWAS and multi-stage 

studies have established an association between this SNP and breast cancer, most notably from 

the Breast Cancer Association Consortium (BCAC) study combining 39 studies across the world 

with 49,608 cases and 48,772 women of mostly European origin [8]. A few other studies have 

also found this loci to house multiple variants that can increase the risk of breast cancer [9;10], 

including one pooled analysis of 41 case-control studies that found increased breast cancer risk 

for three SNPs in the 11q13 loci [11].     

6.1.3 Association between SNPs of Replication-Related Genes and Breast Cancer 

Subtypes 

 Objective 3 of this thesis was to assess whether the relationship between replication-gene 

variants and breast cancer differs by tumour subtypes, which is based on the expression of 

hormone receptors on tumour cell surfaces. This was further stratified by ethnicity, and in a 

separate analyses, the effect of menopausal status was also evaluated. From the results, risks 

conferred by genes and their corresponding SNPs were heterogeneous across the four tumour 

subtypes as well by ethnicity and menopausal status.  
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Among Europeans, the SNPs that showed heterogeneity in breast cancer risk (pTH <0.05 

after FDR adjustment) across the tumour subtypes were: rs1045485 in CASP8; rs4973768 in 

SLC4A7, NEK10; rs672888 in 8q24; rs1219648 and rs2420946 in FGFR2. The following 

associations were found within the ER/PR+ subgroups: rs1045485 (CASP8), rs30099 (5q), 

rs3803662 and rs4784227 (TOX3) in ER/PR+/Her2+ tumours; rs4973768 (SLC4A7, NEK10), 

rs672888 and rs1562430 (8q24), rs2981582, rs1219648 and rs2420946 (FGFR2), rs614367 

(11q13) and rs8051542 (TOX3) in ER/PR+/Her2- tumours. SNPs that were strongly associated 

with triple negative (ER/PR-/Her2-) phenotype include: rs2046210 and rs6900157 (ESR1), 

rs6504950 and rs7222197 (COX11) and rs9608698 (CHEK). Further stratification by 

menopausal status revealed heterogeneity in risk by the ESR1 and FGFR2 variants across tumour 

subtypes among premenopausal and postmenopausal women, respectively. When all cases were 

assessed together irrespective of their tumour receptor status, rs10931936 (CASP8) and 

rs8051542 (TOX3) showed heterogeneity in risk between pre and postmenopausal women. 

 Among East Asian women, only rs889312 located in MRPS30 showed heterogeneity in 

risk across different tumour subtypes after accounting for multiple comparisons. Interestingly, 

the SNP rs4866929 in MRPS30 was strongly associated in ER/PR-/Her2+ tumours, but the other 

two SNPs in that gene, rs10941679 and rs930995 were strongly associated with ER/PR+/Her2- 

tumours. When stratified by menopausal status, rs889312 in MAP3K1 showed heterogeneity 

across the tumour subtypes in premenopausal women only. However, when all tumour subtypes 

were combined, rs981782 (HCN1), rs2067980 (MRPS30), rs2180341 and rs6569480 (ECHDC1, 

RNF146), rs6504950 and rs7222197 (COX11) showed heterogeneity in risk between pre and 

postmenopausal women. These results emphasize the differences in the risk conferred by genetic 
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variants depending on tumour subtypes and menopausal status, and also show the role of 

ethnicity in this regard.  

 Breast cancer is known to be heterogeneous, where the manifestation and prognosis differ 

by hormone receptors on cell surfaces (ER, PR and Her2) [12;13]. In addition, there has been a 

high correlation between ER+, PR+ tumours and BRCA2 expression, which are known to give 

rise to high-grade invasive ductal carcinomas that have a luminal phenotype. On the contrary, 

ER-, PR-, Her2- tumours co-express BRCA1, which are classified as basal subtype [12;14]. 

Strong correlations have been found between the susceptibility loci in FGFR2 (rs2981582), 

TNRC9/TOX3 (rs3803662), MAP3K1 (rs889312), LSP1 (rs3817198), SLC4A7/NEK10 

(rs4973768), 8q24 (rs13281615), 2q35 (rs13387042), 5p12 (rs10941679), 11q13, 1p11.2, 

9p21.3, 10q21.2 and ER+/PR+ and BRCA2 breast cancer [4;9;10;13-38]. On the other hand, 

variants in ESR1 (rs2046210, rs12662670), TNRC9/TOX3 (rs3803662), 2q35 (rs13387042), 

RAD51L1 (rs999737), 19p13.11 (rs8170, rs8100241) genes are predominantly associated with 

ER-/PR- and triple negative cancers and found in BRCA1 carriers [4;9;10;14;14-38]. Our study 

was consistent with these findings, as some of the SNPs in the following loci were strongly 

associated with ER/PR+ tumours (irrespective or Her2 status, menopausal status and ethnicity): 

CASP8, SLC4A7/NEK10, TOX3, MRPS30, MAP3K1, ECDH1, HCN1, 5q and 8q24. Variants in 

ESR1, COX11, SNRP, 19p13, on the contrary, showed stronger association with ER/PR- 

tumours. 

 Results of this study to identify breast cancer susceptibility loci have revealed a receptor 

and ethnicity-specific expression pattern, some of which were consistent with the literature. The 

CASP8 variant, rs1045485, have shown a dose-response protective pattern against breast cancer 

by multiple studies, including three case-control studies from the UK [39] and Germany [40] 
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involving Caucasian women. A meta-analysis of 23 independent studies reported the same trend 

in Caucasian women, although like the UK and German study, they did not provide information 

about tumor subtypes [41]. A pooled analyses report from the Breast Cancer Association 

Consortium (BCAC) showed a combined OR of 0.88 for this SNP in women of mostly European 

ancestry and did not find heterogeneity between studies and by ER/PR status [42]. However, our 

study revealed heterogeneity in rs1045485 associated risk across the tumour subtypes in women 

of European descent. This could be explained by all tumor subtypes showing protective effect for 

this SNP except women with ER-/PR-/Her2- status (where the risk was higher, albeit not 

statistically significant). Therefore, replicating the results in larger studies is needed to confirm 

the heterogeneity of rs1045485.  

In our study, the two FGFR2 variants, rs1219648 and rs2420946 were found to increase 

risk heterogeneously across tumor subtypes among Europeans. Reports about heterogeneity in 

risk by tumour receptor are most common for the rs2981582 variant in FGFR2; and since the 

three SNPs are in high linkage disequilibrium (LD) in Europeans (all pairwise r2>0.96) [2], 

findings about one can reflect on the expression pattern of the others. One meta-analyses 

comprising of 31 studies found rs2981582 to be associated with ER+ tumors more strongly than 

ER- ones and Her2 status was not shown to modify the risk [43]. In Asian population, the same 

SNP was found to be associated with increased risk, but no difference based on ER status was 

discovered, [43] consistent with our findings. This ER-dependent expression can be explained by 

the receptor tyrosine kinase (RTK) activity of FGFR2 that drives ER-mediated carcinogenesis 

[18]. 

The locus 8q24 contains no known genes; however, researchers have found variants in 

parts of this non-coding region to be associated in various malignancies, such as breast, prostate 
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and colorectal cancer [44]. One meta-analysis comprising of 29 studies reported increased risk of 

breast cancer associated with the SNP rs13281615 in the 8q24 locus [45]. Furthermore, the 

association was more pronounced for ER+/PR+ cases than ER-/PR-[45]. We included 

rs13281615 in our study as well as two other SNPs in the 8q24 region, rs672888 and rs1562430. 

The rs672888 variant showed heterogeneity across the different tumour subtypes among 

Europeans, whereas rs13281615 and rs1562430 were “borderline” statistically significant. The 

reason we did not see heterogeneity between rs13281615 and breast cancer subtypes could be 

due to small sample size. 

Another SNP in our study expressed heterogeneously across the tumour subtypes was 

rs4973768 in SLC4A7, NEK10. This gene encodes a sodium bicarbonate cotransporter NBC3 

that functions in the visual and auditory systems by transporting proton (H+) and have been 

associated with breast cancer[27].  As explained previously, this SNP was associated in ER/PR+/ 

Her2- cases in our study and this pattern is consistent with findings from previous studies 

[14;16].  

When the relationship between breast tumour subtypes and variants in the replication-

related genes were further assessed in our study by menopausal status, two SNPs in ESR1, 

rs92046210 and rs6900157 among Europeans and one SNP in MAP3K1, rs889312 among East 

Asians showed heterogeneity in breast cancer risk. The ESR1 (estrogen receptor) locus is of 

particular interest in breast cancer research because of its strategic location in chromosome 

6q25.1. Of the many SNPs in the ESR1 gene, rs2046210 is the most studied one across different 

ethnicities[13]. Two meta-analyses [36;46] and a GWAS by BCAC [47] showed increased risk 

associated with rs2046210 among Europeans and Asians, and when stratified by tumor subtypes 

and menopausal status, it showed increased risk in both ER+ and ER- and in pre and post-
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menopausal women [36;48;49]. However, the association was more pronounced with ER- 

women, particularly among Europeans, but not in Asians [48;49]. This pattern is consistent in 

our study among Europeans, where increased risk for rs2046210 and rs6900157 was found in 

premenopausal ER/PR- women but postmenopausal ER/PR+ women. Reports of rs889312 risk 

based on menopausal status are not available, but it is known to increase risk of both ER/PR+ 

and ER/PR- tumours [50]. 

6.2 Strengths and Limitations 

 This study is the first genetic association study in Canada investigating the relationship 

between a number of genes involved in cell replication and breast cancer, as well as the role of 

breast tumour subtypes, menopausal status and ethnicity. This study used a candidate-gene 

approach which requires prior knowledge of the pathways involved in the disease process as well 

as the functions of the chosen genes and their variants [51]. This approach offers some benefits 

over other forms of genetic association studies, namely GWAS and fine-mapping linkage studies 

[52;53]. Firstly, the functions of the chosen genes and their variants in breast tumourigenesis are 

well-described from previous studies, therefore selection of a set of candidate-genes is possible 

instead of whole genomic analyses. Secondly, this approach allows the assessment of SNPs not 

possible to evaluate in large GWAS, where genotyping a large number of genes limits the 

number of variants in a certain gene that can be assessed. Thirdly, because candidate-gene 

studies evaluate a relatively smaller number of genes, it is possible to detect SNPs conferring 

small effects with a relatively small sample size. Lastly, it is relatively less expensive and easier 

to perform than GWAS [52;53]. High quality genotype data free of potential misclassification 

were used in this study by conducting a number of quality control procedures which ensured 

adequate selection of SNPs as well as eliminating discrepant samples. These quality controls 
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measures explained in Chapter 3 and in Grundy et al. [54] also minimized false-positive findings 

due to differential biases resulting from inconsistent DNA preparation and genotyping 

methods[55], low genotype call rates [56], or inclusion of related subjects when assuming 

interdependence of subjects [57]. The possibility of other forms of differential misclassification 

during genotyping were limited by blinding the analysts and data collectors of the participants’ 

case-control status, and providing them batches containing samples from both diseased and non-

diseased participants. Further minimization of non-differential misclassification was done by 

excluding samples with low DNA yield and poor genotyping assays.  

 In addition to the aforementioned procedures conducted at the study design and 

genotyping stage, a number of analytical procedures were also taken to ensure issues related to 

internal validity were not compromised. Regression models were stratified by geographic 

ancestry to control for population stratification, a phenomenon where the population structure in 

cases and controls are not similar across different ethnic groups, which may lead to spurious 

associations if not controlled. Further stratification by tumour receptor subtype and menopausal 

status was useful to assess whether the relationship between a given SNP and breast cancer 

differs by these factors. Controlling for multiple comparisons using FDR method ensures false-

positive results are prevented. This method generates conservative adjusted p-values by 

assuming independence between tests, which in fact is not true, owing to the interdependence 

between the SNPs resulting from LD. Therefore, it is unlikely that the associations found here 

resulted from random chance.  

Several limitations in our study need to be addressed. Firstly, stratification by ethnicity, 

tumour receptor and menopausal status led to smaller subgroups, which may result in spurious 

and/or false negative associations. Power within the two subpopulations was less than optimal to 
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detect meaningful effects for most SNPs. Secondly, even though all SNPs where chosen with a 

MAF of 0.1 or higher, CASP8 had a MAF of 0.09 and among East Asians, there were no 

individuals having the heterozygote and minor homozygote allele for the CASP8 variant 

rs1045485, therefore risk for this variant could be assessed. Similarly, rs10995190, rs614367, 

rs999737, and rs8170 had no East Asian participant with the minor allele, therefore OR estimates 

for these variants should be interpreted with caution. Three members in the control group failed 

the Hardy-Weinberg Equilibrium (HWE) test and were also excluded. 

The potential for selection biases are next discussed. Response rates from both cases and 

controls were low, around 50%. Therefore, bias resulting from non-response could affect the 

internal validity of the results. Since there are no data on non-responders, it is not possible to 

compare their data with that of the responders to assess potential bias. However, in order for non-

response to cause selection bias, the difference, if there is any, between the respondents and non-

respondents needs to be related to replication-gene variant status, which is highly unlikely. 

Furthermore, SNPs with unexpectedly different MAFs among Caucasian controls compared to 

the HapMap Northern Europeans from Utah (CEU) data were excluded as part of the quality 

control procedures; therefore, any chance of the participants’ decision to take part in the study to 

be influenced by their exposure status is minimized. Recall bias and recall error are a common 

concern in case-control studies; however, neither the exposure nor the outcome was based on 

past recollection of events or experiences. Some of the variables were reliant on recall by the 

participants, such as lifetime alcohol consumption or pack-years of smoking. However, it is 

unlikely that these variables are associated with the genetic variant status of an individual and 

would confound the relationship.  
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6.3 Generalizability 

 Women included in the study were of ages 40-80 as defined by the inclusion criteria of 

the cases, who also were free of previous history of breast cancer. Therefore, results of this study 

are generalizable to this group of women. The study results are also stratified by ethnicity, 

specifically among Europeans and East Asians; therefore; the results can be applied to these 

ethnic groups but not others. In addition, having the results stratified by tumour receptors and 

menopausal status further generalize the results into these groups. Controls in BC were selected 

from the Screening Mammography Program of BC, which is not where the cases came from. 

And even though there were differences between cases and controls with respect to household 

income, education or age at first mammogram, these variables did not affect the relationship of 

interest but may limit generalizability. 

6.4 Contributions of Research  

 The genes included in this study have been looked at separately in previous studies, but 

never been incorporated under one single pathway of replication. Therefore, findings from the 

study will help to understand the replication pathway in relation to breast cancer. In this study, a 

number of SNPs are associated with breast cancer which were consistent with previous studies, 

thereby confirming the role of these variants. Further, the role of tumour subtypes and 

menopausal status in modifying the relationship among Europeans and East Asians is an 

important aspect of this thesis. Results of heterogeneity tests show several variants confer risk 

differently based on the tumour subtype and menopausal status of an individual. The effect of 

ethnicity on the relationship was also investigated among Europeans and East Asians and 

evidence suggests the expression pattern of replication-gene variants vary by ethnicity. Further, 

the Canadian Breast Cancer Study is part of the Breast Cancer Association Consortium, and data 
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from this study is currently being combined with over 90 other studies across 26 countries to 

provide greater statistical power to detect small effects of low to moderate-risk alleles. 

6.5 Future Directions 

 Future research in this area should aim to combine data studies either as pooled analysis 

or meta-analysis in order to increase power to detect true effects if they exist. As described here 

previously, there has been a wealth of studies looking at various genes and their associated SNPs 

in relation to breast cancer. However, findings from these studies are not always consistent, and 

most effect estimates have wide confidence intervals. It is also necessary to analyze breast cancer 

risk by tumour subtype, menopausal status and ethnicity; however, stratification of analyses 

often leads to low power in the absence of an adequate sample. Most individual studies do not 

have adequate power to detect small increases in risk, which can be circumvented by combining 

multiple genetic association studies. 

 In addition to conducting association studies, there should be a focus on functional 

analysis to elucidate the role of the variants that are not fully understood yet. For example, there 

have been an ample number of studies investigating the role of commonly found variants such as 

FGFR2, MAP3K1, ESR1, TOX3; however, the functional information for FBXL7, ZMIZ1, and 

other non-coding risk loci, is sparse. Fine-mapping linkage studies should also be performed on 

these genes to identify or confirm causal variants and variants that are specific to certain ethnic 

groups.  

6.6 Conclusions 

 A number of studies have investigated a host of variants in several replication-genes. This 

is the first study to group SNPs under the replication pathway. Results from previous studies are 

not always consistent, and there are few reports taking into account tumour subtypes and 
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menopausal status. Our study found several variants in FGFR2¸TOX3 and 11q13 loci to be 

associated with breast cancer among Europeans. Further, tests for heterogeneity showed variants 

in the genes CASP8, SLC4A7, NEK10, ESR1, and FGFR2 among Europeans, and MRPS30 

among East Asians, conferred differential risk across the tumour subtypes. Stratified analyses by 

menopausal status showed CASP8 and TOX3 among Europeans and HCN1, MRPS30, ECDH1, 

and COX11 among East Asians were differentially expressed between pre and postmenopausal 

women. These results suggest the etiologic differences in breast cancer depending on these 

factors.  
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Appendix A: Study Questionnaire 

 

 

 

STUDY OF ENVIRONMENT, GENES AND BREAST 

HEALTH  

RESEARCH QUESTIONNAIRE 

 

This questionnaire is part of a research study to understand the relationship 

between a woman’s environment, her genes and breast health. The specific 

objectives are to investigate the association between exposure to certain 

environmental factors, including fossil fuels from vehicle exhaust, and light 

exposure at night, and breast diseases. We also wish to determine if some women 

are more genetically susceptible to exposures that would put them at higher risk 

for breast diseases. 

Please prepare answers to the following questions to the best of your ability. 

If you choose to respond by telephone, we expect that it will take approximately 

one hour to collect your answers. If you are able to prepare your answers ahead of 

time, the interview should take less time. Alternatively, you may return this 

completed questionnaire by mail in the prepaid envelope provided. 

The answers that you share with us will be strictly confidential and identified 

by an encrypted code, known by selected members of our research team only. 

Your honesty is important for the success of this research, and any answer is 

better than no answer. 

 

We appreciate your cooperation tremendously.  

Thank you! 
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GENERAL INFORMATION 

 

Please answer each question as completely as possible.  If you are unsure of an exact 

answer,  

give your best estimate. 

 

 

 

Today’s Date:                                 

 Month  / day  / year 

             

 

 

1. When were you born?                                 

                     Month  / day  / year 

 

2. What is the highest grade of school you have completed? 

 Some elementary (grade) school   

 Completed elementary (grade) school 

 Some secondary (high) school     

 Completed secondary (high) school 

 Trade certificate or diploma from a vocational school or apprenticeship training   

 Certificate or diploma from a community college or CEGEP 

 University degree (bachelor’s degree) 

 Graduate or professional school degree (above bachelor’s degree) 

 

 

3. What is your current employment status? 

  employed (full-time)  homemaker 

 employed (part-time)  student 

 self-employed (full-time)  retired 

 self-employed (part-time)  unemployed 

 

 

4. Were you born in Canada?    Yes    

   No, I was born in  ____________________________ 
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GENERAL INFORMATION (Cont’d) 

 
  

5. How would you best describe you and your grandparent’s race, ethnicity or colour? Please 

specify as many as applicable: 
 

Race, ethnicity or 

colour 

Yourself Your 

Maternal 

Grandmother 

Your 

Maternal 

Grandfather 

Your 

Paternal 

Grandmother 

Your 

Paternal 

Grandfather 

White 

 

 

     

Chinese 

 

 

     

South Asian (e.g. 

East  

Indian, Pakistani, 

Punjabi, Sri Lankan) 

     

Black 

 

 

     

Native/Aboriginal 

peoples  

of North America 

 

     

Arab/West Asian 

(e.g. Armenian, 

Egyptian, Iranian, 

Lebanese, Moroccan) 

     

Filipino 

 

 

     

South East Asian 

(e.g. Cambodian, 

Indonesian,  

Laotian, Vietnamese) 

     

Latin America 

 

 

     

Japanese 

 

 

     

Korean 

 

 

     

Other (Specify) 
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HEALTH AND MEDICAL BACKGROUND 

 
6. What is your height?    (feet  and inches)   or                  (cm) 

7. What is your current weight?   (lbs) or      (kg) 

8. a) What was your weight 2 years ago?    (lbs) or    (kg) 

 b) What was your weight when you were 25 years old?  (lbs) or           (kg) 

9. Not including pregnancy, what is the most you have weighed?          (lbs) or      (kg)   

10. How old were you when you had your first menstrual period?    years of age   

  Have never menstruated (go to question #13) 

11. Are you still menstruating?  

 Yes  (go to question #14)   

 No     

          How many years has it been since your last menstrual period? ______ years 

12. How did your menstrual periods stop? 

   Naturally (through onset of menopause) 

   As a result of a hysterectomy 

   As a result of radiation or chemotherapy 

   Other – please specify: ____________________________________    

13. Have you ever had a hysterectomy (that is, an operation to remove the womb/uterus)? 

    No 

    Yes - at what age?    years 

14. Have you ever had an oopherectomy (that is, an operation to remove one or both of your ovaries which 

is sometimes done at the same time as removal of the womb/uterus)? 

   No          

   Yes, one ovary removed:   →   at what age?   years     

   Yes, second or both ovaries removed:   →  at what age?       years 

   Don’t know 

15. Have you ever had a tubal ligation (that is, sterilization by having your “tubes tied”)? 

    No 

    Yes - at what age?     Years 
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HEALTH AND MEDICAL BACKGROUND 
 

16. Have you ever taken fertility drugs (e.g. Clomiphene, Clomid, Serophene, etc.) 

  No (go to question #17) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date started, date 

stopped and duration if possible.  If you don’t remember the month, please fill in the year. 

In calculating total duration, please include only the time periods that you used the specific 

medication. 
 

Brand Name Medication 

Type 

Date Started 

(Month-

Year) 

Date Stopped 

(Month-Year) 

Total 

Duration 

Example: 

Clomiphene 

 

Pill 

 

Sept-1999 

 

Oct-2002 

 

3 yrs 

 

 

 

 

  

 

 

    

 

 

    

     

 

17. Have you ever taken prescribed birth control medication for birth control or any other 

medical reason for 6 months or more? (e.g. Norplant, Norinyl, Demulen, Depo-Provera, 

Tri-Cyclen, Alesse, etc.) 

  No (go to question #18) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date started, date 

stopped and duration if possible.  If you don’t remember the month, please fill in the year. 

In calculating total duration, please include only the time periods that you used the specific 

medication. 

 

  
 Brand 

Name 

Medication Type Date Started 

(Month-

Year) 

Date Stopped 

(Month-Year) 

Total Duration 

Example: 

Norinyl 

 

Pill 

 

Sept-1990 

 

Oct-1998 

 

8 yrs 
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 

 

18. Have you ever been prescribed antidepressants? (e.g. Fluoxetine (sold as Prozac), 

Nortriptyline (sold as Allegron), etc.) 

  No (go to question #19) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, strength, date 

started, date stopped and duration if possible.  If you don’t remember the month, please fill 

in the year. In calculating total duration, please include only the time periods that you used 

the specific medication. 

Brand Name Medication 

Type 

Strength 

(milligrams) 

Date Started 

(Month-Year) 

Date Stopped 

(Month-Year) 

Total 

Duration 

Example: 

Prozac 

 

Pill 

 

20 

 

Nov-1990 

 

Feb-1994 

 

4 yrs 

 

 

     

 

19. Have you ever taken aspirin, ibuprofen or other nonsteroidal anti-inflammatory (NSAIDs) 

pain medication or tylenol or other acetaminophen pain medication for at least once per 

week for 6 months or longer? 

  No (go to question #20) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, strength, number 

of tablets per week, date started, date stopped and duration if possible.  If you don’t 

remember the month, please fill in the year. In calculating total duration, please include 

only the time periods that you used the specific medication. 

Brand Name Medication 

Type 

Strength 

(mg) 

Number of 

Tablets/Week 

Date 

Started 

Date 

Stopped 

Total 

Duration 

Example: 

Tylenol 
Pill 200 28 Jan-1995 Nov-1995 11 months 
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 
 

20. Have ever taken any type of female replacement hormones (presently known as hormone 

therapy or HT and previously called hormone replacement therapy or HRT? (e.g. Estrace, 

Premarin, etc.) 

  Yes    No (go to question# 22) 

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date started, date 

stopped and duration if possible.  In calculating total duration, please include only the time 

periods that you used the specific medication. 
 

 Medication Type Date  

Brand 

Name 

 

Indicate if 

estrogen and/or 

progesterone 

Indicate method 

of use  

(oral, patch, 

etc.) 

Started 

  (Month-

Year) 

Stopped 

(Month-

Year) 
Total Duration 

Example: 

Premarin 

 

Estrogen only 

 

Oral 

 

Feb-1963 

 

Mar-1995 

 

29 yrs 

 

 

     

21. Are you currently taking any type of hormone therapy or HT (e.g. Estrase, Premarin, etc.)? 

  Yes    No 
 

 The following questions are about screening for breast disease. 

22. Have you ever had a mammogram (i.e. a breast x-ray)? 

  Yes    No (go to question #23) 

      ↓  

 How old were you the first time you went for a mammogram?                  years 

 What was the reason?      

 How many times have you had a mammogram since the first time? ___________   

 When was the last time? (i.e. 6 months ago? 5 or more years ago?) ___________ 
   

23. Have you ever examined your own breasts for lumps? 

  Yes    No (go to question #24) 

      ↓  

 How old were you when you first started? ________ years            

          How often do you examine your breasts for lumps?  

   Weekly               Monthly             Quarterly (every 3 months)        Yearly         

        Bi-weekly           Bi-monthly         Twice per year                           Unsure    
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 

 

24. These questions are about breast lumps or cysts that you had more than a year ago. 

 

Left breast Right breast 

Have you ever had a lump or cyst in 

your breast? (if no to both left and 

right breast, go to question #25) 

Yes  

No  

Yes  

No  

How old were you when the first 

lump/cyst appeared? 

 

Age____________ 

   (years) 

 

Age____________ 

   (years) 

Did you have any of the lumps/cysts 

examined by a doctor? 
Yes  

No  

Yes  

No  

Did you have a biopsy or fine needle 

aspiration for any of the lumps/cysts? 
Yes  

No  

Yes  

No  

Did a doctor diagnose any of the 

lumps/cysts as breast cancer? 
Yes  

No   

Yes  

No  
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PREGNANCY 

 

25. Have you ever been pregnant? (include live births, still births, miscarriages and abortions)   

  Yes   No (go to question #26) 

   

  

 What is the total number of pregnancies? (include live births, still births, miscarriages and 

abortions)  _____   __   

  

 Please fill in the following information for each of your pregnancies: 

     

 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

1st        Single live 

birth 

       Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 

 

 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

2nd        Single live birth        Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 
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 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

3rd        Single live birth        Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 

 

Note: If more than 3 pregnancies, please use an additional page or the blank space on the 

following page. The interviewer will inquire about more, if applicable. 
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FAMILY 

 

The next six questions will be asking about your family members and their history of cancer.  

 

The first five questions (#26 - #30) are about your: 

 parents  

 full brothers  

 full sisters 

 children.  

(A full sibling is one who has both the same mother and father as you.)   

 

The sixth question (#31) concerns your other relatives and their history of cancer.   

 

Please do not include relatives who joined your family by marriage or adoption.   

 

Please answer the following questions to the best of your knowledge and complete the next 3 

pages attached here for all relatives in each of the listed categories – regardless of whether they 

have or had cancer, they’re alive, or you haven’t seen or spoken to them for a while. 

 

 

26. How many full brothers do you have? _______________  

 

27. How many full sisters do you have? _______________  

 

28. How many children do you have? _____________      

a. Number of sons?  ______________ 

b. Number of daughters?  ______________ 
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FAMILY (Cont’d) 
 

29. Please answer the following questions about your parents and siblings. 
 

Relative Year of 

birth 

Have they ever 

been diagnosed 

with cancer? 

Type(s) of cancer Year of 

diagnosis 

Are they alive? If they’re 

deceased, 

what year 

did they die? 

If you’re not sure 

they’re alive, 

what year did 

you last hear 

from (or hear of) 

them? 

Mother 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Father 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Sister 1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Sister 2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

 

       

Full Brother 

1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Brother 

2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 
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FAMILY (Cont’d) 

 
30. This question is about your children.   Please provide details on each of them. 

 
Relative Year 

of 

birth 

Have they ever 

been diagnosed 

with cancer? 

Type(s) of cancer Year of 

diagnosi

s 

Are they alive? If they’re 

deceased, 

what year 

did they 

die? 

If you’re not 

sure they’re 

alive, what year 

did you last 

hear from (or 

hear of) them? 

Son 1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Son 2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

 

       

 

Daughter 1 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

Daughter 2 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 
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FAMILY (Cont’d) 

  

31. This question is asking if your father’s parents, mother’s parents, uncles, aunts, half-brothers, half-sisters, 

nephews or nieces have ever had cancer.  (A half-sibling is a brother or sister who has the same mother or father as you, 

but the other parent is different) 
 

Are you aware of any such family members who have been diagnosed with cancer?   Yes  No 
 

If yes, please provide details on each of these relatives and whether they come from your mother’s or father’s side of 

your family. 

         Please do not include relatives who joined your family by marriage or adoption.   
 

 

Relative Mother’s 

Side 

Father’s 

Side 

Year of 

Birth 

Year of 

Cancer 

Diagnosis 

Type of Cancer 
If deceased, 

year of 

death 
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LIFESTYLE HABITS (TOBACCO and ALCOHOL) 

 
 

32. Have you ever smoked more than 100 cigarettes in your lifetime? 

  Yes   No (go to question #37) 

33. How old were you when you STARTED smoking? _________ years of age 

 

34. Are you currently smoking? 

  Yes  No - If no, at what age did you quit?    years 

 

35. How many years in total have you smoked cigarettes? (excluding the years that you quit)               

    years 

 

36. For the entire time you smoked, on average, how many cigarettes a day did you usually 

smoke?  

              ___ cigarettes/day  OR      cigarettes/week 

 

37. This question asks about your family’s smoking habits when you were 19 or younger. 

FAMILY’S SMOKING HABITS 
FATHER / 

GUARDIAN 

MOTHER / 

GUARDIAN 

OTHER 

MEMBER 

Did your parent(s) or other 

household member(s) ever smoke in 

your presence when you were 19 or 

younger? (go to question #38  if 

“no” for all) 

      Yes 

      No 

      Yes 

      No 

      Yes 

      No 

For the entire time that s/he smoked, 

on average, how many cigarettes a 

day did s/he usually smoke? 

(cigarettes/day) 

 

_____ 

cigarettes/day 

 

_____ 

cigarettes/day 

 

_____ 

cigarettes/day 

What age were you when first 

exposed to your father’s &/or 

mother’s tobacco smoke? (years) 

 

______ years old 

 

______ years old 

 

______ years old 

What age were you when no longer 

exposed to your father’s &/or 

mother’s tobacco smoke?  (years) 

 

______ years old 

 

______ years old 

 

______ years old 

 

38. During this time period (19 or younger), on average, how many hours per week were you 

exposed to someone else’s tobacco smoke? 

 Hours per week exposed to “second-hand” tobacco smoke 

 0 <1 1-2 3-4 5-6 7-9 >9 

Age: 19 years and 

younger 
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LIFESTYLE HABITS (TOBACCO and ALCOHOL) 

 

39. In the past (during different decades of your life), on average, how many hours per week, 

outside of the workplace, were you exposed to someone else’s tobacco smoke? 

 Hours per week exposed to “second-hand” tobacco smoke 

Age (decades) 0 <1 1-2 3-4 5-6 7-9 >9 

20-29 years        

30-39 years        

40-49 years        

50-59 years        

2 years ago (if 

>60) 

       

 

40. This question asks about your alcohol consumption habits.   

  Beer Wine Spirits 

Have you ever drank the following more than 

twice a year? (if “no” to all 3, i.e.  beer, wine 

and spirits, go to question #41) 

Yes 

No 

 

 

 

 

 

 

On average, how many drinks per week did you consume during different decades of your life?  

One drink=1 glass of wine or 1 bottle of beer or 1 oz of spirits 

 

Teens (15-19)? 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

20-29 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

30-39 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

40-49 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

50-59 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 
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2 years ago (if over 60 years of age) 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 



LIFESTYLE HABITS (PHYSICAL ACTIVITY - HOUSEHOLD)  

 

The next question (#41) refers to the frequency, duration and intensity of household activities.  

The minimum number of hours for household activity to be included is: 

 2 hours per week, per year, or 

 7 hours per week for 4 months, if seasonal 

Household activities (housework, yard work and home repair) 

The three categories of physical intensity level for household activities are: 

Light: Activities that require minimal physical effort such as: 

 Home Activities (sweeping, vacuuming, dusting, washing dishes, cooking, food preparation standing or sitting, 

putting away groceries, shopping, ironing, laundry) 

 Home Repair (automobile repair, wiring, plumbing, carpentry, workshop) 

 Lawn and Garden (watering lawn, fertilizing or seeding lawn, standing or walking in garden, mowing lawn on a 

rider mower) 

Moderate: Activities that are not exhausting, that increase the heart rate slightly and may cause some light perspiration such as: 

 Home Activities (general house cleaning, food shopping with grocery cart, standing packing/unpacking boxes, 

occasional lifting of household items, child care – light effort) 

 Home Repair (automobile body work, finishing or refinishing cabinets or furniture, caulking, laying tile or carpet, 

painting, papering, plastering, scraping, sanding floors, washing/waxing/painting a car or boat, washing fence). 

 Lawn and Garden (mowing lawn by walking with a power mower, trimming shrubs or trees, operating a snow 

blower, planting seedlings, shrubs, trees, weeding, cultivating a garden, general gardening, sacking leaves, grass). 

Heavy: Activities that increase the heart rate and cause heavy sweating such as: 

 Home Activities (major cleaning e.g. wash car, windows, mop, clean garage, sweeping sidewalk, scrubbing floors 

vigorous effort, moving household items, furniture, boxes), child care – moderate to heavy effort (e.g. walk/run-

playing with children). 

 Home Repair (outside carpentry, installing gutters, roofing, sawing hardwood, spreading dirt with a shovel, painting 

outside house). 
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 Lawn and Garden (carrying, stacking wood, lumber, chopping wood, splitting logs, clearing land, hauling branches, 

digging, spading, filling garden, laying sod, rock, mowing lawn with a push mower, shoveling snow by hand). 

LIFESTYLE HABITS (PHYSICAL ACTIVITY - HOUSEHOLD)  

 

41. Please report household activities (housework, yard work and home repair) that you have done over your lifetime. It may help you to 

consider what a typical day is for you. Then think about how many hours of household and gardening or yard work you do in a typical 

day. Sedentary activities like sewing or bookkeeping are not included. You may list activities individually or group them as in the 

examples listed on page 15. 

No

. 

Description of 

Household Activity 

Age 

Started 

Age 

Ended 

Frequency of Activity Time per 

activity 

Intensity of Household 

Activity* (Please check one for 

each activity) Days 

/week 

Weeks  

/month 

Month

s /year 

Years Hours Minute

s 

eg.

1 
Home Activities 12 18 3 4 12 6 1   Light    Moderate    Heavy 

eg.

2 
Childcare 24 32 7 4 12 8 10   Light    Moderate    Heavy 

1 
          Light    Moderate    

Heavy 

2 
          Light    Moderate    

Heavy 

3 
          Light    Moderate    

Heavy 

4 
          Light    Moderate    

Heavy 

5 
          Light    Moderate    

Heavy 

6 
          Light    Moderate    

Heavy 

7 
          Light    Moderate    

Heavy 

8 
          Light    Moderate    

Heavy 

9 
          Light    Moderate    

Heavy 

* For definition of Intensity of household activity, please see list on previous page.  

* Intensity of household activities defined as: 
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Light  =  activities that require minimal effort, 

Moderate  =  activities that are not exhausting, that increase the heart rate slightly and that may cause some light perspiration, 

Heavy  =  activities that increase the heart rate and cause heavy sweating. 

LIFESTYLE HABITS (PHYSICAL ACTIVITY – SPORTS AND EXERCISE)  

 

The next question (#42) refers to the frequency, duration and intensity of exercise and sports activities.  

 

The minimum number of hours for an exercise and sports activity to be included is: 

 32 hours total per year, or 

 40 minutes per week, per year, or 

 2 hours per week for 4 months, if seasonal 

The three categories of physical intensity level for exercise and sports activities are: 

Light:  Activities that require minimal physical effort such as those activities that are done standing or with slow walking 

Moderate: Activities that are not exhausting, that increase the heart rate slightly and may cause some light perspiration 

Heavy: Activities that increase the heart rate and cause heavy sweating. 

 

If you have multiple episodes of the same activity over the years, record each episode separately. If there is a change in the frequency (months or 

days) or duration (hours) of the activity without actually discontinuing the activity for a certain length of time, a new line should be started 

because of the change in pattern. 

 

An example of how to work with the table: 

Activities: 

from 8 yrs to 16 yrs played soccer- 1.5 hours per day, 2 days per week, 4 weeks per month, 4 months per year 

from 25 yrs to 29 yrs played soccer - 2 hours per day, 2 days per week, 4 weeks per month, 8 months per year 

from 18 to 49 played golf - 3 hours per day, 1 day per week, 4 weeks per month, 4 months per year 

 
No. Description 

of Exercise / 

Sports 

Activity 

Age 

Start 

Age 

End 

Frequency of Activity Time per activity Intensity of Leisure Activity* (Please 

check one for each activity) 

Days 

/week 

Weeks  

/month 

Months 

/year 

Years Hours Minutes 

1 Soccer 8 16 2 4 4 8 1 30  Light    Moderate    Heavy 

2 Soccer 25 29 2 4 8 4 2   Light    Moderate    Heavy 
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3 Golf 18 49 1 4 4 31 3   Light    Moderate    Heavy 
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LIFESTYLE HABITS (PHYSICAL ACTIVITY – SPORTS AND EXERCISE) (Cont’d) 

 

42. This question asks about exercise or sports activities that you did during your lifetime starting with childhood. Please report the activities 

that you have done at least 2 hours per week for at least 4 months of the year. Please begin by entering the activities that you did during 

your school years. 

No

. 

Description of 

Exercise/Sports 

Activity 

Age 

Starte

d 

Age 

Ended 

Frequency of Activity Time per activity Intensity of Leisure Activity* 

(Please check one for each activity) 

Days 

/wee

k 

Weeks  

/month 

Months 

/year 

Years Hours Minutes 

eg. Soccer 9 18 3 4 4 9 1   Light    Moderate    Heavy 

1 
 

 

        
 Light    Moderate    Heavy 

2 
 

 

        
 Light    Moderate    Heavy 

3 
 

 

        
 Light    Moderate    Heavy 

4 
 

 

        
 Light    Moderate    Heavy 

5 
 

 

        
 Light    Moderate    Heavy 

6 
 

 

        
 Light    Moderate    Heavy 

7 
 

 

        
 Light    Moderate    Heavy 

8 
 

 

        
 Light    Moderate    Heavy 

9 
 

 

        
 Light    Moderate    Heavy 

* Intensity of exercise/sports activity defined as: 

Light  =  activities that require minimal effort, 

Moderate  =  activities that are not exhausting, that increase the heart rate slightly and that may cause some light perspiration, 

Heavy  =  activities that increase the heart rate and cause heavy sweating.
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LIFESTYLE HABITS (SMOKED/GRILLED FOODS) 

 

43. During different decades of your life, how often did you usually eat meat or fish that had been 

smoked or that had a strong smoky taste? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year OR Never/Almost 

never 

Teen’s (12-

19) 
    

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     

44. During different decades of your life, how often did you usually eat pickles or other pickled 

foods? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year OR Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     

45. During different decades of your life, how often did you usually eat charcoal-grilled foods in 

the summer? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year OR Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     

 

  



165 

46. During different decades of your life, how often did you usually eat charcoal-grilled foods 

in the winter? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year 

OR 

Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     
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Congratulations!! 

 

 

You are over halfway there!! 

 

 

 

 
 

 

The next portion of the questionnaire relates to 

residential and occupational history. Please take a 

moment to stretch your legs and pour a cup of tea if 

you wish before beginning this section. 

  

… and please also remember that by completing this 

questionnaire you are contributing to very important 

research and your generous gift of time is very much 

appreciated! 
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RESIDENTIAL HISTORY (GENERAL) 

47. Please list the addresses in which you have lived for 1 year or more, throughout your lifetime, ending with your current address.  

We understand that it may be difficult to recall detailed information for all residences throughout your lifetime and would appreciate it 

if you would enter as much information as you are able.  
 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did 

you start living 

there? 

What year did 

you move from 

there? 

How many years 

did (have) you lived 

there? 

Type of 

Residence? 

 

1st 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

2nd 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

3rd 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

4th 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

5th 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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RESIDENTIAL HISTORY (GENERAL) 

47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

6th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

7th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

8th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

9th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

10th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 



169 

RESIDENTIAL HISTORY (GENERAL) 
 

If more than 10 residences apply, please continue: 

47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

11th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

12th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

13th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

14th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

15th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

16th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

17th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

18th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

19th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

20th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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RESIDENTIAL HISTORY (SOURCES OF ENERGY) 

 

48. Now I would like to know about the sources of energy available at each of these residences (place a check mark in those 

boxes that apply). 

   1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

A What is (was) the major 

source of energy for the oven 

or appliance used for 

cooking at this address? 

Electricity?           

Natural gas?           

Wood fire?           

Other? (Please 

specify) 

          

Not sure?           

B What is (was) the major 

source of energy for the 

furnace or the major source 

of heat at this address? 

Electricity?           

Natural gas?           

Oil?           

Fireplace?           

Wood/Gas Stove?           

Other? (Please 

specify) 

          

Not sure?           

C If answer to B was fireplace 

or wood/gas stove, what 

materials did you usually 

burn?  

Wood?           

Coal?           

Gas?           

Other? (Please 

specify) 

          

Not sure?           

D If you use(d) a fireplace or 

wood/gas stove for additional 

heat or other purpose at this 

address, what materials did 

you usually burn? (Check all 

that apply) 

Wood?           

Coal?           

Gas?           

Synthetic logs?           

Other? (Please 

specify) 

          

Not sure?           
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RESIDENTIAL HISTORY (SOURCES OF ENERGY) 

If more than 10 residences apply, please continue: 

48. (Cont’d)     
   11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th  Res 

A What is (was) the major 

source of energy for the oven 

or appliance used for 

cooking at this address? 

Electricity?           

Natural gas?           

Wood fire?           

Other? (Please 

specify) 

          

Not sure?           

B What is (was) the major 

source of energy for the 

furnace or the major source 

of heat at this address? 

Electricity?           

Natural gas?           

Oil?           

Fireplace?           

Wood/Gas Stove?           

Other? (Please 

specify) 

          

Not sure?           

C If answer to B was fireplace 

or wood/gas stove, what 

materials did you usually 

burn?  

Wood?           

Coal?           

Gas?           

Other? (Please 

specify) 

          

Not sure?           

D If you use(d) a fireplace or 

wood/gas stove for 

additional heat or other 

purpose at this address, what 

materials did you usually 

burn? (Check all that apply) 

Wood?           

Coal?           

Gas?           

Synthetic logs?           

Other? (Please 

specify) 

          

Not sure?           

Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more residences, if applicable. 
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RESIDENTIAL HISTORY (GENERAL ENVIRONMENT) 

 

 

49. Now I would like to know a little about the indoor and outdoor environment of each of these residences. Place a check 

mark in those boxes that apply.   

 Please check here if these options do not apply to any of your residences 

 

  Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more 

residences, if applicable. 

OUTDOOR ENVIRONMENT 

Were any of these residences situated within one kilometer (~6 blocks) of: 

 1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

An airport?           

A railroad?           

An industrial site?           

A multi-lane highway (two 

lanes or more)? 

          

 

If more than 10 residences, please continue: 

 11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th Res 

An airport?           

A railroad?           

An industrial site?           

A multi-lane highway (two 

lanes or more)? 
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RESIDENTIAL HISTORY (INDOOR ENVIRONMENT)  

 
50. Which best describes the ambient light in your bedroom, when you were sleeping at each of these residences? 

 

Dark=could not see hand in front of face or wore a mask in bed 

Medium=could see to the end of the bed  

Light=could almost read without a light 

 1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

Ambient light 

in bedroom at 

each residence 

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

If more than 10 residences, please continue: 

 11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th Res 

Ambient light in 

bedroom at each 

residence 

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

 

Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more 

residences, if applicable. 
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51. Now I would like to know about your usual sleeping habits throughout different decades of your life.     
 

12 - 19 20- 29 30 - 39 40 - 49 50 - 59 
In the last 

2 years 

Average time the lights were turned 

off for bed 
      

Average time when you woke-up       

If sleep was interrupted, were lights 

usually turned on? 
 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

Were lights usually turned on for more 

than 1 hour? 
 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 
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EMPLOYMENT HISTORY 

52. Please tell us about EACH job or occupation you had for at least 6 months, including volunteer and military service, but not including schooling or 

homemaker.  Include only seasonal or part-time work that is equivalent to 6 months or more.  Begin with your most recent job and continue back to your 

first job.  Include any absences from the work force and jobs you have done outside of Canada. 

Job 

No. 

Time Period Type of Industry, 

Business or Service 

 

 

 

Company Name and Location Job Title Rate of Intensity* 

(Please check one for each job) Start 

(Month-

Year) 

End 

(Month-

Year) 

Eg. Nov-1993 Feb-2003 Hairdressing Suki's Hair Salon, Vancouver, BC Colour Specialist 
 Sedentary Moderate 

 Light  Heavy 

1     
 

 Sedentary Moderate 

 Light  Heavy 

2     
 

 Sedentary Moderate 

 Light  Heavy 

3     
 

 Sedentary Moderate 

 Light  Heavy 

4 
    

 
 Sedentary Moderate 

 Light  Heavy 

5    

 

 

 
 Sedentary Moderate 

 Light  Heavy 

* Intensity of job or occupation defined as: 

Sedentary = work that involves sitting only, with minimal walking, 

Light = work that involves minimal physical effort such as standing and slow walking with no increase in heart rate and no perspiration, 

Moderate =work that is not exhausting, that increases the heart rate slightly and may cause some light perspiration, such as those that require carrying    light loads (5-10 

lbs) or that have continuous walking, 

Heavy = work that is vigorous, increases the heart rate substantially and causes heavy sweating such as those that involve lifting, carrying heavy loads (>10 lbs), brisk 

walking, or climbing. 

Note: Space for more jobs is on the next page. 
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EMPLOYMENT HISTORY (Cont’d) 

52. (Cont’d)  Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about more jobs, if applicable. 

Job 

No. 

Time Period Type of Industry, 

Business or Service 

 

 

 

Company Name and Location Job Title Rate of Intensity* 

(Please check one for each job) Start 

(Month-

Year) 

End 

(Month-

Year) 

6       Sedentary  Moderate 

 Light  Heavy 

7     
  Sedentary  Moderate 

 Light  Heavy 

8       Sedentary  Moderate 

 Light  Heavy 

9     
 

 Sedentary  Moderate 

 Light  Heavy 

10 
    

 
 Sedentary  Moderate 

 Light  Heavy 

11    

 

 

 
 Sedentary  Moderate 

 Light  Heavy 

12     
 

 Sedentary  Moderate 

 Light  Heavy 

* Intensity of job or occupation defined as: 

Sedentary = work that involves sitting only, with minimal walking, 

Light = work that involves minimal physical effort such as standing and slow walking with no increase in heart rate and no perspiration, 

Moderate =work that is not exhausting, that increases the heart rate slightly and may cause some light perspiration, such as those that require carrying    

light loads (5-10 lbs) or that have continuous walking, 

Heavy = work that is vigorous, increases the heart rate substantially and causes heavy sweating such as those that involve lifting, carrying heavy loads 

(>10 lbs), brisk walking, or climbing.
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EMPLOYMENT HISTORY (Cont’d) 

53. Please tell us about the corresponding work shift for each job you listed 

Job 

No. 

Average number of 

hours worked per 

week 

Percentage of time worked at each shift Usual hours worked at each shift 

Day shifts Evening 

shifts 

Late-night shifts 

(work through 

midnight) 

Day shifts Evening shifts Late-night shifts 

Start End Start End Start End 

eg. 35 80% 20%  10:00 am 5:30 pm 5:30 pm 9:00 pm 
 

 
 

1 
          

2 
          

3 
          

4 
          

5 
          

6 
          

7 
          

8 
          

9 
          

10 
          

11 
          

12 
          

 

Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about more jobs, if applicable.
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EMPLOYMENT HISTORY (Cont’d) 

 

54. Please tell us about the corresponding exposures to passive smoking and engine 

exhausts for each job you listed. In addition, could you tell us the mode of transport 

used to commute to each job listed 

Job 

No. 

At this job, on 

average, about 

how many people 

around you 

smoked? 

While on this job, 

did you ever work 

near diesel engines 

or other types of 

engines? 

While on this job, 

did you ever smell 

diesel exhaust or 

other types of engine 

exhaust? 

How did you usually commute to this 

job?   

1 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

2 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

3 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

4 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

5 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

6 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

 

Note: Space for more jobs is on the next page. 
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EMPLOYMENT HISTORY (Cont’d) 

 

54 (Cont’d) 

Job 

No. 

At this job, on 

average, about 

how many people 

around you 

smoked? 

While on this job, 

did you ever work 

near diesel engines 

or other types of 

engines? 

While on this job, 

did you ever smell 

diesel exhaust or 

other types of engine 

exhaust? 

How did you usually commute to this 

job?   

 

7 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

8 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

9 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

10 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

11 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

12 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

 

Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about 

more jobs, if applicable. 
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EMPLOYMENT HISTORY (Cont’d) 

 

55.  Referring to the jobs you listed in question #52, we would like to know if you ever 

worked for more than 6 months in any of the following specific jobs. If your work 

in any of these industries involved primarily office and administrative tasks, please 

indicate this by checking the box in the far right column. 
 

Industry  
Job number(s) from 

Question 52 
Office/Admin. 

Aircraft maintenance Yes        No    

Building construction Yes        No    

Fire-fighting Yes        No    

Maritime industry Yes        No    

Food services Yes        No    

Landscaping Yes        No    

Agriculture Yes        No    

Gas distribution as station attendant Yes        No    

Postal services as mail carrier Yes        No    

Mining Yes        No    

Oil refining industry Yes        No    

Police detachment Yes        No    

Plumbing Yes        No    

Road construction and maintenance Yes        No    

Roofing Yes        No    

Waterproofing Yes        No    

Rubber industry Yes        No    

Metalworking Yes        No    

Traffic/warehousing/shipping Yes        No    

Production of coke Yes        No    

Manufacture of electrodes Yes        No    

Gas works Yes        No    

Tar distillery Yes        No    

Production of aluminum Yes        No    
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EMPLOYMENT HISTORY (Cont’d) 

 
56.   In any of your jobs we have already asked about, did you carry out any of the following tasks? 

Tasks 
 Job number(s) from 

Question 52 

Operating a boat engine Yes     No   

Metal working (grinding, cutting, extruding, machining) Yes     No   

Furnace work Yes     No   

Fire fighting Yes     No   

Cooking Yes     No   

Baking bread products or pastries Yes     No   

Operating coke oven Yes     No   

Chimney sweeping Yes     No   

Brick-laying Yes     No   

Masonry Yes     No   

Carpentry Yes     No   

Repair electrical equipment or fixtures Yes     No   

Driving a forklift Yes     No   

Bartending Yes     No   

Waitressing Yes     No   

Gardening Yes     No   

Waste incineration Yes     No   

 

57.   In any of your jobs we have already asked about, did you handle any of the following materials? 

Materials 
 

Job number(s) 

from Question 52 

Coal tar Yes    No     Don’t Know  
 

Pitch 
Yes    No     Don’t Know   

Asphalt 
Yes    No     Don’t Know   

Bitumen 
Yes    No     Don’t Know   

Creosote 
Yes    No     Don’t Know   

Soot 
Yes    No     Don’t Know   

Anthracene oil 
Yes    No     Don’t Know   

Cutting oils 
Yes    No     Don’t Know   
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INCOME 

     The following 2 questions are related to your household income. This information is 

very important and will only be used for the purposes of this research study. Please 

be assured that, like all other information you have provided, these answers will be 

kept strictly confidential. 

 

58.    Thinking back to 2 years ago, how many people were living in your household at 

that time? ___________ 

 

59.    Thinking back to 2 years ago, what was the total income for all people living in 

your household from all   sources, before taxes? Sources include income from all 

earnings (wages and salaries), income from all government sources and all 

investment income (such as retirement funds).  

 

   No income   $40,000 to $59,999 

  Less than $15,000   $60,000 to $79,999 

  $15,000 to $19,999   $80,000 to $99,999 

  $20,000 to $29,999   $100,000 or more 

  $30,000 to $39,999   Not Stated 

   

 

Thank you very much for completing this questionnaire! 

Because we want to be able to use all the information you 

have provided, we would greatly appreciate it if you would 

please take a moment to review each page making sure that 

you did not skip any pages. 
 

 

In the space below, please add any comments you wish, and thank 

you again for the information you have provided! 

______________________________________________________

______________________________________________________

______________________________________________________ 
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Appendix B: Ethics Approval 
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