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Abstract

Title: Genetic variation at the insulin-like growth factor 1 gene and association
with breast cancer, breast density and anthropometric measures

Degree: Doctor of Philosophy

Year: 2008

Name: Gordon Markus Fehringer

Department: Department of Public Health Sciences, University of Toronto

Background and objectives

Evidence suggests that circulating IGF-I levels increase mammographic density (a
breast cancer risk factor) and breast cancer risk in premenopausal women. The objective of
this thesis was to examine the association of genetic variation at the /GFI gene with IGF-I
concentration, mammographic density, breast cancer risk, and related anthropometric
measures in premenopausal women.
Methods

Three /GFI CA repeat polymorphisms (at the 5” and 3” ends, and in intron 2) were
genotyped. A cross-sectional design was used to investigate their associations with IGF-I
levels, mammographic density, BMI, weight, and height. Families from registries in Ontario
and Australia were used to investigate associations with breast cancer risk and also BMI,
weight and height.
Results

In the cross-sectional study, greater number of copies of the 57 19 allele were
associated with lower circulating IGF-I levels. Greater number of 37 185 alleles were
associated with greater percentage breast density, smaller amount of non-dense tissue, and
lower BMI. Including BMI in regression models removed the association of the 37 185 allele

with percentage breast density.
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In the family based study, nominally significant associations (5” 21 allele, intron 2 212
allele, intron 2 216 allele) with breast cancer risk were observed, but significance was lost
after multiple comparison adjustment. There was a stronger association between the intron 2
216 allele and risk under a recessive model, and 5 allele groupings of length 18 to 20 and 20
or more repeats produced significant positive and negative associations respectively. These
associations were not strongly supported in analyses stratified by registry. Results from the
family based study did not support an association between genetic variation at /GF'/ with
BMI, weight or height.

Conclusions

No specific /GFI variant influenced each of circulating IGF-I levels, mammographic
density, and breast cancer risk. The failure to replicate the association of the 37 185 allele
with BMI in the family based study suggests that the association of the 3~ 185 allele with
percentage breast density is spurious, since this association was mediated through the
relationship with BMI (suggesting IGF-I action on body fat). Evidence for an association

between /GF1 and breast cancer risk was limited.
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Chapter 1. Introduction

A number of studies indicate that greater circulating concentration of insulin-like
growth factor-I (IGF-I), a breast mitogen, is associated with increased breast cancer risk in
premenopausal women, although results have not been entirely consistent (/-3). Furthermore,
several (but not all) studies indicate that mammographic density, which reflects the relative
areas of fat to epithelial and stromal tissue and is positively associated with breast cancer risk
(4), is greater in premenopausal women with higher circulating IGF-I concentrations (5-8). A
possible relationship of circulating IGF-I levels with both breast cancer and mammographic
density in premenopausal women, suggests a mechanism of action where breast cancer risk is
related to the increased proliferative activity and quantity of stromal and epithelial tissue in
the breast resulting from greater circulating IGF-I concentration (4).

Twin studies have reported that 27% of the variation in breast cancers, 63% of the
variation in mammographic density and 38-63% of the variation in IGF-I levels can be
explained by additive genetic factors (9-712). Although these estimates should not be directly
compared to one another, particularly since breast cancer is a dichotomous state while
mammographic density and IGF-I levels are continuous variables, they do suggest that
genetic factors play an important role in influencing breast cancer risk, mammographic
density, and circulating IGF-I levels.

Given the evidence that IGF-I levels, mammographic density and breast cancer risk
are in part influenced by genetic factors, a model can be proposed where specific genes
modify circulating IGF-I levels, which as outlined above promote the proliferative activity

and quantity of stromal and epithelial tissue in the breast, increasing mammographic density



and the risk of developing breast cancer. In this study, /GF'1 was chosen as a candidate gene

that might influence IGF-I levels and its role in the proposed model is shown in Figure 1.

IGF1 gene

.

IGF-I concentration

.

Mammographic density

.

Breast Cancer

Figure 1. Proposed model for relationship of /GFI with IGF-I levels, mammographic density
and breast cancer risk. The /GF'I gene is hypothesized to alter circulating IGF-I
concentrations. Greater circulating IGF-I concentrations stimulates proliferation of breast
stromal and epithelial cells increasing both mammographic density and the risk of developing
breast cancer.

1.1. Hypothesis and main objectives

In this study, it was hypothesized that consistent with the proposed model, genotypic
variation at the /GFI locus is associated with variation in IGF-I concentration,
mammographic density and the risk of breast cancer. Three cytosine-adenosine (CA) repeat

polymorphisms, one a frequently investigated polymorphism at the 5” end of the gene and



CA repeat polymorphisms in intron 2 and at the 3" end of the gene, were examined for
association with these three outcomes. The association of genetic variation at /GF'1 with IGF-
I levels, mammographic density and breast cancer risk was also examined by constructing
haplotypes using these three polymorphisms. The specific objectives are as follows:

1. Examine the association of each of the polymorphisms with circulating IGF-I levels.

Examine the association of each of the polymorphisms with percentage breast

density.

Examine the association of each of the polymorphisms with breast cancer risk.

4. Determine linkage disequilibrium between the markers. Construct haplotypes and
examine their association with circulating IGF-I levels, percentage breast density and
breast cancer risk.

(98]

In addition, the association of /GF'I with height, weight, and body mass index was
examined. These are all risk factors for breast cancer and the latter two are also associated
with mammographic density.

This thesis is written in journal format with background information for the study
given in Chapter 2. A discussion of design and analysis issues is presented in Chapter 3.
Individual findings are presented and discussed in chapters 4-6 and a general discussion of

results is provided in Chapter 7.



Chapter 2. Background

This chapter provides the background information outlining factors associated with
breast cancer, mammographic density and circulating IGF-I concentration (sections 2.1 to
2.3). Evidence relating circulating IGF-I concentrations to mammographic density and breast
cancer risk (i.e. the final three components of the model presented in Chapter 1, Fig. 1) is
presented in section 2.4. The first component of the model, the /IGFI gene, is introduced in
section 2.5. Association of the /GFI gene with circulating IGF-I concentration,
mammographic density and breast cancer risk is then presented in section 2.6, followed by a

critique and summary of the evidence supporting these associations.

2.1. Breast Cancer
2.1.1. Background and risk factors

Breast cancer is the most commonly diagnosed cancer in women in Canada with
18,824 new cases being reported in 2003. In 2001, the last year for which complete mortality
data is available, there were 4,968 deaths due to breast cancer, exceeded only by lung cancer

among cancer causes of death (/3).

2.1.1.1. Established risk factors

Table 1, which is based on a table from Veronesi et al. (/4), provides risk estimates
for most of the established risk factors for breast cancer. Of these, age is the most strongly
associated with risk. Although the risk of developing breast cancer increases with age, risk

increases more slowly after about age 50, around the time of the menopause (75).



Table 1. Relative risk for selected breast cancer risk factors.

Relative Risk High-risk group
Age >10 Elderly individuals
Age at menarche 3 Before age 11 years
Age at menopause 2 After age 54 years
Age at first full term pregnancy 3 First child after age 40 years
Breastfeeding and parity Relative risk falls by 4.3% for Women who do not breast feed

every 12 months of breastfeeding
in addition to a 7% reduction for

every birth
Oral contraceptives 1.2 Current users
Hormone replacement therapy 1.7 Current users
BMI
Premenopausal 0.7 High BMI
Postmenopausal 2 High BMI
Alcohol consumption 1.07 7% increase with every daily
drink
Tonizing radiation 3 Abnormal exposure to young
girls after age 10 years
Socioeconomic group 2f High socioeconomic status
Previous benign breast disease 4-5 Atypical hyperplasia
Mammographic density 2.8-6.0% > 75% densities
Family history 52 Brea.st cancer in first-degree
relative

From Veronesi et al. 2005 (/4) except:
"Kelsey and Bernstein, 1996 (16).
‘Boyd et al. 2005 (4).

An association of breast cancer risk with exposure to ovarian hormones is supported
by the observed association between several reproductive factors and risk. Early age at
menarche, late age at menopause and late age at first pregnancy are associated with modest
increases in risk (/7). Greater number of full term pregnancies (/8) and longer periods of
time spent breast feeding, which results in a substantial delay in reestablishing ovulation
(19), are associated with a small reduction in risk (Table 1) (/8). Further support for a role
for ovarian hormones comes from the observation that early removal of the ovaries reduces

risk (/6). Finally, greater circulating concentrations of endogenous estrogen are associated

with increased risk, but only in postmenopausal women (20).



Exogenous hormones have been implicated in increasing the risk of breast cancer.
Both hormone replacement therapy (HRT) and oral contraceptive use are associated with a
slight increase in risk (Table 1) (21,22). The increased risk for combined estrogen and
progestin HRT was established in a recent clinical trial (22). Results from observational
studies suggest that HRT with estrogen alone also increases risk, but not to the extent as
combined estrogen and progestin (23-235).

Obesity is associated with a modest increase in risk in postmenopausal women, but
appears to be associated with a slightly decreased risk prior to menopause (/6). Rapid
childhood growth and greater attained adult height likely increases risk (26). These
observations, in part, suggest a role for diet or energy balance in breast cancer etiology. A
large number of studies have examined dietary factors and risk, but alcohol consumption is
the only established dietary risk factor for breast cancer (27), with risk increasing slightly
with amount consumed (Table 1) (28).

Ionizing radiation and high socioeconomic status are associated with modest
increases in risk (/4). Confirmed benign proliferative breast disease is a strong risk factor for
breast cancer (Table 1) (29). A previous history of breast, ovarian or endometrial cancer, is
associated with increased risk (27).

Mammographic density, reviewed below, is one of the strongest risk factors for breast
cancer. Women with dense tissue in greater than 75% of the breast have a three to six times
greater risk of breast cancer than those with little or no dense tissue in the breast (Table 1)
(4).

Women with a family history of breast cancer are at increased risk with risk estimates

of approximately 2 for women who have a first degree relative with breast cancer (Table 1).



The risk increases with increasing number of first degree relatives with breast cancer and is
greater when relatives are affected at an early age (30). The association with family history is

consistent with a role for genetic factors in the aetiology of breast cancer.

2.1.1.2. Genetic factors

In addition to the increased risk reported in women with a family history of breast
cancer, results from a recent twin study provides support for a role for genetic factors in the
aetiology of breast cancer. Analysis of combined data from Swedish, Finnish and Danish
twin registries indicates an estimated 27% of the variance in breast cancer is attributable to
genetic factors (9).

There are a number of identified gene mutations where associations with increased
risk are well established. Most notable are mutations in the BRCAI and BRCA2 genes which
greatly increase the risk of developing breast cancer (37). Pooled estimates using data from
patients unselected for family history indicate an average cumulative risk of 65% by age 70
years in BRCA I mutation carriers, and a cumulative risk of 45% by age 70 for BRCA2
mutation carriers (32).

Carriers of homozygous or compound heterozygous mutations of the ATM gene
suffer from the rare recessive degenerative disorder, ataxia-telangiectasia, characterized by
progressive cerebellar ataxia, immunological dysfunction, hypersensitivity to ionizing
radiation, oculocutaneous telangiectasia and a greatly increased susceptibility to cancer.
Studies based on relatives of ataxia-telangiectasia cases indicate that female heterozygous
carriers have a two to fourfold increased risk of breast cancer (37,33).

An increased risk of breast cancer is relatively well established for carriers of the

1100delC truncating mutation in CHEK?2, a G2 checkpoint kinase that plays a critical role in



DNA repair. An approximately 2-fold increase in non-carriers of BRCA 1/2 mutations has
been confirmed in a recent collaborative analysis (34). This mutation does not appear to
increase the risk in BRCAI or BRCA2 mutation carriers (37).

Li-Fraumeni syndrome and Cowden disease are very rare autosomal dominant
disorders that predispose to breast and other cancers (37,35). Li-Fraumeni syndrome results
from mutations in the 7P53 gene in the majority of Li-Fraumeni families, while in other
families mutations in CHEK?2 have been described (36). Cowden disease results from
mutations in PTEN (35). Estimate of lifetime risk of developing breast cancer is
approximately 18 times that of the general population for Li-Fraumeni Syndrome (35). The
excess risk for Cowden disease is estimated at approximately 30-50% (31).

Mutations in genes leading to ataxia-telangiectasia, Li-Fraumeni syndrome and
Cowden disease and those at CHEK?2 explain only a small proportion of excess familial risk
of breast cancer. A much larger proportion of excess familial risk, approximately 15-20%, is
explained by mutations in BRCA 1 and BRCA2 (31). Still the genes so far identified explain
only a small proportion of excess familial breast cancer, approximately 20% (37), and an
even smaller proportion of all breast cancer cases.

In recent years, candidate gene studies have investigated common variants that are
suspected to have low penetrance, but because of higher frequencies could explain a large
proportion of cancers. Genes in a number of different pathways have been investigated such
as those involved in estrogen metabolism, DNA repair, and metabolism of carcinogens.
Definitive associations between these common variants and breast cancer risk have been
difficult to demonstrate, although a combined analysis provides convincing evidence that a

common coding variant of the CASPS gene (the protein of which plays a role in apoptosis) is



associated with breast cancer risk (3/,37). SNPs in or near several other genes FGFR2,
TNRCY9, MAP3K1, and LSPI have been identified as being associated with risk in large

studies that included several replicate samples (38,39).

2.2. Mammographic density
2.2.1. Background and risk factors

Differences among women in the radiological appearance of the breast reflect
differences in tissue composition. Fat is radiologically lucent and appears dark on a
mammogram, while epithelial and stromal tissues are radiologically dense and appear light.

An association between mammographic pattern and breast cancer risk was first
reported by Wolfe in 1976 (40,41). In more than 25 subsequent studies, the large majority of
those conducted, mammographic patterns that reflected greater dense areas of the breast
according to Wolfe’s original classification scheme were reported to be associated with a
greater risk of breast cancer (42). A criticism of this original classification scheme was that it
was subjective, leading to great heterogeneity in risk estimates (42). Many studies have since
used quantitative methods in assessing mammographic density (43-57). The results of these
studies were summarized in a recent review (4) and are shown in Table 2. All of these studies
show an increased risk of breast cancer with greater percentage breast density (amount of
dense tissue divided by total area of the breast expressed as a percentage). Risk estimates for
categories of percentage breast density of greater than 75% relative to less than 1-10%, range
from 2.8 to 6.0 (four studies in Table 2). Consistent with these estimates are the results of a
recent large nested case-control study, where an increased risk of 4.7 was reported for a
comparison of these same two categories of density (58). Greater risk of breast cancer is also

associated with greater amount of dense area, but of the three studies shown in Table 2 that



permit comparison, percentage breast density was associated with larger gradients in risk (4).
Attributable risk estimates for density in more than 50% of the breast was estimated at 16%,

28% and 33% in three studies (42,43,58).

2.2.1.1. Mammographic density and breast cancer risk factors

Mammographic density is associated with a number of the known risk factors for
breast cancer. Mammographic density is inversely associated with age and parity (43,59-70),
increased by hormone replacement therapy (717,72), and decreased by Tamoxifen (73-75).
Body weight and body mass index show a strong inverse correlation with mammographic
density (43,49,59-64,67-70,76-81). Menopause is reported to be correlated with a reduction
in mammographic density, although this reduction does not account fully for the effects of
age on mammographic density (§2).

The inverse association between mammographic density with age appears at first to
be inconsistent with the relationship between age and breast cancer incidence. The
prevalence of radiological dense tissue does, however, appear to be related to the rate at
which breast cancer incidence changes in the population as shown by the slope of the age
incidence curve, which is reduced following the menopause (42).

The inverse association between measures of body size and mammographic density is
also inconsistent with the observed association of body size with breast cancer risk in
postmenopausal women. It has been suggested, however, that mammographic density and
body size operate through different pathways (83). In fact, results from a recent study suggest
that not only are mammographic density and body mass index independent risk factors for
breast cancer, but mammographic density may confound the relationship of body mass index

with breast cancer risk. An inverse association of body mass index with breast cancer risk in
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premenopausal women was reversed when percentage breast density was introduced into the
model, while in postmenopausal women a positive association became stronger when
percentage breast density was included in the model (83). (A confounding role for body mass
index on the association of mammographic density with breast cancer risk was previously
recognized (4)).

Several dietary risk factors examined in association with breast cancer risk have also
been investigated in relation to mammographic density. There is some evidence for a positive
association between alcohol intake and mammographic density, although statistically
significant results have been reported in only two of seven studies (50,68,77,84-87).
Observational studies have not provided consistent results with regards to the relationship
between dietary fat intake and mammographic density (50,85,88-90). A reduction in
mammographic density (specifically the amount of dense tissue) resulting from a low fat
high carbohydrate diet was found in a dietary intervention study (97).

The known risk factors for breast cancer only explain about 20-30% of the variation
in mammographic density (4). Much of the residual variation however, may be explained by
genetic factors, and in fact, some breast cancer risk factors that are associated with

mammographic density, such as BMI, are also strongly influenced by genetic factors (92).
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Table 2. Quantitative studies of breast density and breast cancer risks: summary of methods

and results.

Age (years) n Type of measurernent  Partition® Oddsratle {(95% Cl)  Trendt Adjustments
Mested case- NR 1230 patients  Planimetry Ows 275% 4.3(31-61) fes Welght, age at birth of first child,
contrad in cohort 2152 controks farnily history, years of education,
acohal use, pravious benign
blopss sample, and number of
reproductive years
Case-cantrod 35-64 622 patients  Computer assisted 1 W5 TR L-2{17-161) MR Age, body-mass index, age at
443 controks menarche, fam iy history, number
of full-term pregnancies,
menspausal status, hormaone use,
and age at first full- temm pregriancy
Cihart 40-80 111 patients  Computer assisted OWR W e 340 (1-4-5-2) fes Age, education, parity, height, and
3100 controls body-rmass index
Mested case- 40-50 54 pairs Estirration by abserver Ows =75 G0 (2-8-13.0) fes Age, parity, age at birth of fAirst dhild,
cantrad in cohort and compiter assisted 4408 (21-7-7) fes welght, height, number of births,
age at menarche, and family history
Case-cantrod 40-65 183 pairs Estirration by three L0 Vs TR% G| (25-141) fes Age at birth of first child, parity, and
observers 28| (14-54) es family history
37(17-41) fes
Case-control 20-609 408 patients  Estiration by abserver  Ows =60% o4 (2-5-11-4) fes Farity, age at birth of first child,
1021 controks 38T (1687 fes famnily histony, age at menopauss,
and hormone use
Case-comtnd MR 362 patients  Estiation by observer  Ows =60% 44 (2.5-743) Yes ‘Welght and height
86 controks
Case-control 4067 290 patients  Estirmation by abserver  Ows =60% 45(24-85M fes Age, parity, education, welght,
&5 controks 32 (1E-B5)* and height
55(23-132tt
Case-control B0 {mean) 647 pairs Computer assisted L0 WS e GO0 142(1-1-3.0) Mo Age at menarche, menopausal |
status parity, age at birth of first
child, farmily history, harmone
use, and breast problems
Case-cantral s L47 patients  Planimetry 26T E VS =70 3% 44 (3.0-67) MR Age and study
47 2controks
Case-cantral =35 108 patients  Computerised « G 5 e 260, 33{15-7-2) MR Age, year of screening, mencpausal
400 controks status, and body-mass inde:
Case-control =35 130 patients  Computerised I G% WS 20 2 16-56) MR Age and parlty
Le3controk
Case-contral 335 160 pairs Planimetry 2 VSETO0R 4.3(1-8-104) Mo Farity
Mested case- 35-65 147 patients Planimetry Upper vs I&H(17-749) fes Bezeby- rreass index;, parity, and
contrad incohort f21lcontrols lowerd 2155 1:1-3-8) fes IMenopause
Messted case- A5-74 266 patients  Planimetry o G% wE 2B0% 43 (21-8.8) fes Age weight, and parity
contrad in cohort 301 controks

ME=Mat reported * Categonies of least and mestwidespread dersity from which adds ratics were alzulite. 15ignificantly increased rige of breast cancer across all categonies of deraity
arabysed in study. $A rea of dersity estimated by adiologist. $4reas of density cakoulated by computer assisted measurement. | [Results from individual ckservers. fDat for
homogeneous dereity. ** Data for nodular denzity. | Data for total dersity. §iData for premenopacs patients. §50ata for postmenopauzal partidpants.

References for table are from top to bottom 43-57.
Reprinted from the Lancet Oncology, 6, Boyd NF, Rommens JM, Vogt K, Lee V, Hopper JL, Yaffe
MJ, et al., Mammographic breast density as an intermediate phenotype for breast cancer, 798-808,

Copyright (2005), with permission from Elsevier.
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2.2.1.2. Genetic factors

Genetic factors appear to have an important influence on mammographic density. A
recent classical twin study has estimated the heritability of mammographic density in a
population of Australian and North American twins to be 63%, after adjusting for age and
other covariates (/0).

Only a few studies have investigated the relationship between gene polymorphisms
and mammographic density. Many of the genes investigated play a role in the estrogen
pathway. Significant associations have been reported for polymorphisms of the estrogen
receptor a gene (93), AIBI in postmenopausal women only (94), 3HSDB1, although with
opposing effects for the same allele in African-American and Caucasian women, (95), and
UGT1A1, with opposing effects on percentage density in postmenopausal and premenopausal
women (94). A significant association of COMT with mammographic density in
premenopausal women has been reported in two studies, but this result was not supported in
a third study (94,96,97). CYP1A42 was reported to be associated with mammographic density
in premenopausal women in one study, but an opposing effect for the same allele was found
in a sample of pre- and postmenopausal women (97).

Variant alleles of two polymorphisms in the pituitary growth hormone gene were
reported to be associated with percentage density (98). Variant alleles of a promoter region
polymorphism of the /GFBP3 gene was found to be associated with mammographic density
in premenopausal women in one study (99). Two other studies, one which reported results
stratified by menopausal status and the other that reported on a combined sample of pre- and

postmenopausal women, did not provide support for this association (3, /00).
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Only the relationship of the COMT, CYPI1A2 and IGFBP3 genes with percent density
have been investigated in more than one study and results have been inconsistent. Results for
the other genes require verification in future studies, particularly since some false positive
results are likely, as many of the significant associations reported here came from the
examination of sub-groups, or from studies that examined several genes or gene

polymorphisms.

2.3. IGF-1
2.3.1. IGF-I Biology

IGF-I has characteristics of both a circulating hormone and a tissue growth factor.
Most circulating IGF-I originates from the liver and growth hormone plays a dominant role
in up-regulating hepatic production of IGF-I. IGF-I is also synthesized in peripheral tissues,
including the breast, and can exert its effect through autocrine or paracrine mechanisms
(101,102). IGF-I affects the proliferative behaviour of breast cancer cells (/03,104) and plays
an essential role in the normal development of breast tissue (105).

IGF-1 is a ligand for the IGF-I receptor (IGF-IR), which is situated on cell surfaces.
Binding to IGF-IR activates intracellular signaling pathways that promote cell proliferation
and survival. Bioavailability of IGF-I is influenced by binding proteins (IGFBPs), six of
which have been characterized. IGFBP-3 binds most of the circulating IGF-I and greatly
prolongs IGF-I half life. In extracellular fluid, interactions between IGF-I and IGF-IR are
modulated by IGFBPs, which can either increase or decrease IGF-I signaling. This
complexity is poorly understood, but may be related to IGFBPs increasing IGF-I half life but
also competing with cell surface receptors. Certain IGFBPs, including IGFBP-3, have a

direct inhibitory effect on cell growth (/01).
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2.3.2. Anthropometric and lifestyle factors related to circulating IGF-I levels

In both sexes, IGF-I blood levels peak at puberty and then decrease gradually with
age (1006). There is some evidence that parity is inversely associated with circulating IGF-I
levels (98). Hormone replacement therapy HRT (specifically oral estrogens) (/07-114) and
oral contraceptive use, both lower IGF-I levels (//5-117). This may be due to a hepatic first
pass effect of oral estrogen intake on IGF-I production by the liver (/76). The inclusion of
progestins in HRT formulations appears to attenuate or abrogate the effect of oral estrogens
on IGF-I (118). Tamoxifen also reduces circulating IGF-I concentrations (/01).

Studies that involve fasting male and female subjects indicate that restriction of
caloric or protein intake results in lower IGF-I concentrations (/79). Cross-sectional studies
performed on largely well nourished populations generally do not support an association with
caloric intake (/20), although two studies using large samples from the Nurses Health Study
and the European Prospective Investigation into Cancer and Nutrition (EPIC) cohorts suggest
an association (/21,122). These and other studies also suggest an association with total
protein intake and circulating IGF-I levels (/20-122).

A number of studies have examined the relationship between circulating IGF-I
concentrations and measures of body composition in men and women. Studies that have
measured body mass index have observed mainly null associations (/23-128), but inverse
(118), and positive associations (/29) have been reported. A non-linear association between
IGF-I concentrations and body mass index (BMI) is suggested by the results of some studies
with lower IGF-I concentrations reported in individuals with relatively low or high BMI
(130-135). There is some evidence for an inverse association between IGF-I levels and

visceral adipose tissue in obese subjects (/36-139) and a consistent inverse relationship
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between IGFBP-I levels and BMI provides support for a relationship between the IGF-I
system and body fat stores (125,129,132,133,140-143).

Although some studies report an association of circulating IGF-I with height in adults
(144-146) many report no association (/07,118,123,127,132,133,147). IGF-I levels do,

however, appear to be related to height in childhood (7/48,149).

2.3.3. Genetic factors related to circulating IGF-I levels

Two studies of middle aged to elderly male and female twins indicate that 38-63% of
variation in circulating IGF-I levels can be attributed to genetic factors (//,72). One of these
studies also reported the heritability of IGFBP-3 levels to be 60% (/7). These results indicate
that genetic factors play an important role in determining circulating concentrations of IGF-I
and IGFBP-3. The association of the /GFI gene with circulating IGF-I levels is examined in

section 2.5.

2.4 IGF-I, IGFBP-3 and association with breast cancer risk and mammographic density
This section examines the evidence for the association of circulating IGF-I (and
IGFBP-3) with the main outcomes of the model, breast cancer and mammographic density.

An assessment of the evidence supporting these associations is also presented.

2.4.1. IGF-1, IGFBP-3 and breast cancer risk

A number of studies have examined the association between circulating IGF-I and
IGFBP-3 concentrations and breast cancer risk, and the results have been summarized in two
recent meta-analyses. Both indicated an increased risk of breast cancer in premenopausal
women with increasing IGF-I and IGFBP-3 concentrations. One study, using stringent

inclusion criteria, reported the results of four cohort studies (one of which did not include
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IGFBP-3 measurement) and two case-control studies (2). Summary odds ratios were 1.65
(95% confidence interval: 1.14-1.95) for the 75" verses the 25" percentile of IGF-I
concentration and 1.51 (95% confidence interval: 1.01-2.27) for the 75" verses the 25"
percentile of IGFBP-3 concentration. Dose response analysis demonstrated a relationship
between both increasing IGF-I and IGFBP-3 levels and breast cancer risk. Results did not
provide support for an association of IGF-I or IGFBP-3 levels and postmenopausal breast
cancer risk. Inclusion of data from a large cohort study (/50), which was not used in primary
analyses because of the lack of a clinical definition for menopausal status, did not alter the
results appreciably (2). The second meta-analysis used less stringent inclusion criteria and
examined 18 studies, five of which were cohort studies. Similar results were obtained with
odds ratios of 1.39 (95% confidence interval: 1.16-1.66) for IGF-I and 1.42 (95% confidence
interval: 1.15-1.74) for IGFBP-3, for comparisons based on circulating concentrations above
and below the median in premenopausal women. Again, no relationship was observed in
postmenopausal women (/).

Since the publication of these two meta-analyses, there have been seven additional
studies reporting on IGF-I and IGFBP-3 concentrations and breast cancer risk with
measurement of IGF-I and IGFBP-3 levels prior to breast cancer diagnosis. Three found no
relationship between IGF-I levels and breast cancer risk in postmenopausal women (/51-
153), while two studies reported greater circulating IGF-I levels associated with breast cancer
risk in women diagnosed after the ages of 50 and 60 respectively (154, 155). IGFBP-3 levels
were also reported to be associated with greater risk in postmenopausal women, women over
50, and women over 60 (/53-155). Two of the three studies that examined risk in

premenopausal women (one an update of an earlier study using the Nurses Health Study
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cohort) found greater circulating levels of IGF-I to be associated with a 60% (top vs. bottom
quintile) to 70% (top vs. bottom tertile) increase in risk (/57,152). However in one of these,
the result (/52) was not statistically significant and the risk estimate was lower (i.e. 1.2),
prior to the adjustment for IGFBP-3 levels. The third investigation using the Nurses Health
Study II cohort found no association with risk (/56). A lack of an association in women
where cases were diagnosed under the age of 50 was also observed in two studies (although
in one of these a positive association was observed when analyses were restricted to cases
whose blood was drawn for IGF-I testing two years or more prior to diagnosis) (/54,155). An
update of a previous study by Toniolo et al. (/57), found positive associations with IGF-I in
premenopausal women. This was consistent with their previous results. However, when
adjusted for IGFBP-3, the strength of the association was found to be strongly dependent on
IGFBP-3 assay type, although at least an increased risk of 60% was observed (top vs. bottom
quartile) (/58). This study also reported an increased risk associated with IGFBP-3, although
this was dependent on the assay used (/58). Among other recent studies none reported a
significant association between IGFBP-3 levels and breast cancer risk in premenopausal
women (three studies) or women under 50 (two studies) (1517,152,154-156).

The lack of consistency among recent studies of IGF-I and IGFBP-3 with conclusions
from previous meta-analyses, has prompted a new meta-analysis of cohort studies examining
circulating IGF-I levels and breast cancer risk in premenopausal women. Again, this analysis
excludes results from two European cohort studies with a lack of a clinical definition of
menopause (both of which reported null results for the association of IGF-I concentrations
with risk in women under 50). A risk estimate of 1.69 (95% confidence interval: 1.17-2.45)

comparing women in the 75™ to the 25" percentile of circulating IGF-I concentration was
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reported for the eligible cohort studies (3). The studies included in this analysis are shown in
Table 3. Odds ratios for all but one are consistent with an association of greater circulating
IGF-I levels with increased risk of breast cancer. Odds ratios for IGFBP-3 levels were not
associated with breast cancer risk. Variation between studies in time between measurement
of circulating IGF-I levels and diagnosis of cancer, lack of standardization of the assays used,
and variability within and across populations studied (e.g. genetic variability) are possible

reasons for inconsistency among the results (3,156).
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Table 3. Association of circulating IGF-I and breast cancer risk in premenopausal women.

Cohort studies.

Year

Cases/
controls

Category

Odds ratios (95% CI)

Variables matched
or adjusted for'

1998 Hankinson (/59)

2000 Toniolo (157)

2002 Muti (160)

2002 Krajcic (161)

2005 Allen (152)

2005 Schernhammer* (/57)

2006 Schernhammer (/56)

76/105

172/486

69/265

66/66

70/209

218/281

239/478

Tertiles

Quartiles

Quartiles

Quartiles

Tertiles

Tertiles

Quartiles

2.88 (1.21-6.85)

1.60 (0.91-2.81)

3.12 (1.13-8.60)

2.01 (0.33-12.4)

1.71 (0.74-3.95)

1.6 (1.0-2.6)

0.94 (0.63-1.42)

Matching factors (Age,
month/time/fasting status of
blood draw, HRT) and adjusted
for IGFBP-3

Matching factors (age at
enrollment, time/day/phase of
menstrual cycle at blood draw)
and adjusted for history of
benign breast disease, family
history of breast cancer, parity

Adjusted for age, BMI, SES, age
at menarche age at first child,
parity, current HRT users
excluded

Matching factors (Age, date of
study health exam, duration of
follow-up) and adjusted for
insulin, glucose, BMI and
IGFBP-3

Adjusted for BMI, age at first
birth, age at menarche, and
IGFBP-3

Matching factors (Age,
month/time/fasting status at
blood draw, HRT) and adjusted
for IGFBP-3

Matching factors (Age,
month/time/fasting status and
luteal date at blood draw, HRT,
ethnicity) and adjusted for
IGFBP-3

" Risk factors for breast cancer were generally not adjusted for as they did not appreciably alter

results.

" Update of previous Nurses Health Study report (159).
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2.4.2. IGF-1, IGFBP-3 and mammographic density

Several studies have investigated the association of insulin-like growth factor-1 (IGF-
I) with mammographic density, with five of seven providing at least some support for a
relationship in premenopausal women (3-8,99). Mammographic density has been
shown to be positively associated with IGF-I concentrations in blood samples of
premenopausal women in three studies (3,7,8). Two of these studies also found a strong
inverse correlation between premenopausal mammographic density and insulin-like growth
factor binding protein-3 (IGFBP-3) levels and a positive association with the IGF-I/IGFBP-3
ratio (3,8). A fourth study observed an inverse association between mammographic density
and circulating IGFBP-3 concentrations and a positive association with the IGF-I/IGFBP-3
ratio, but no association with IGF-I levels was found (6). A fifth study reported an
association with IGF-I and IGFBP-3 levels and the amount of dense tissue (/62). An
association of IGF-I levels with amount of dense tissue was also reported by Boyd et al. (7).
Eight studies have investigated the association of IGF-I and IGFBP-3 with mammographic
density in postmenopausal women. One reported a significant association with IGF-I and the
IGF-I/IGFBP-3 ratio (/63). Results from the other studies did not support these observed
associations (3,7,8,99,162,164,165) and none provide support for an association between
mammographic density and IGFBP-3 levels (5,7,8,99,162-165)
2.4.3. Summary of association of IGF-I and IGFBP-3 with breast cancer and
mammographic density

Overall, evidence from both case-control and cohort studies support an association
between greater circulating concentrations of IGF-I and premenopausal breast cancer risk.

There is, however, some inconsistency among results which could reflect difficulty in
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measuring circulating IGF-I concentrations or effect modification by other factors. Current
evidence does not support an association between IGFBP-3 concentrations and breast cancer
risk. Most studies provide some support for an association of circulating IGF-I levels with
mammographic density in premenopausal women. Therefore, there is at least some evidence
to support the model of greater circulating IGF-I concentration increasing the proliferative
activity and quantity of stromal and epithelial tissue in the breast, resulting in greater breast
density and increased risk of breast cancer in premenopausal women. Still, the lack of
consistency observed in the results underscores the need for better understanding of the
various factors, including genetic factors, related to IGF-I concentration, mammographic

density, and breast cancer risk.

2.5. IGF1 gene

The /IGF'I gene has been localized to 12q22.1-q24.1 (166). The genomic sequence is
approximately 85 kb in length (/67) and has 6 exons (/68). About 200 SNPs have been
identified through ongoing genotyping programs: dbSNP, Seattle SNPs, HUGO and the

HapMap project.

2.5.1. Linkage disequilibrium at IGF'1

Linkage disequilibrium is a central concept in genetic epidemiology. It is defined as
the (nonrandom) association between two or more alleles such that certain combinations of
alleles are more likely to occur together on a chromosome than other combinations of alleles.
Strong linkage disequilibrium across all or parts of a gene facilitates the study of the
association between common genetic variants and outcome, since the actual functional

variant may not necessarily need to be genotyped to show an association. Instead, the
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genotyping of polymorphisms that may be in linkage disequilibrium with an ungenotyped
functional variant (these are often referred to as markers or when appropriate tagging SNPs)
can be used to test for an association with disease. The international HapMap project has
identified many SNPs throughout the human genome (including /GF/ SNPs) that can be
utilized as markers for this purpose. DNA samples from 90 individuals comprised of 30
families with two parents and a child were obtained from a U.S. Utah population with
Northern and Western European ancestry, and the Yoruba people from Ibaden, Nigeria. As
well, 45 DNA samples were obtained from unrelated Japanese in Tokyo, Japan, and also
from Han Chinese in Beijing China (/69). Phase I of the HapMap produced genotype data
for 1.3 million SNPs and a further 2.1 million SNPs were genotyped on the same sample in
phase II (170).

Figure 1 shows HapMap data for the /IGF'I gene (170). Strong linkage disequilibrium
does not extend the length of the gene. However, typical of the human genome in general
there are blocks of strong linkage disequilibrium, four in all according to the criteria of
Gabriel et al. (171). This block like structure is advantageous as it reduces the number of
SNPs that are required to be genotyped in order to capture genetic variation at other
ungenotyped loci. A commonly used criteria for selecting tagging SNPs is to ensure that a
minimal set of SNPs are genotyped that ensure that all other identified SNPs show an R” of
0.8 or greater with at least one member of the minimal set. For /GF'I this would require
genotyping of 26 tagging SNPs (in order to capture variation in all other SNPs with a
minimum minor allele frequency of 0.1% or greater, using the Haploview program Tagger

and the Northern and Western European HapMap sample from release 22).
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The HapMap data were not available when this study began. However, the concepts
of using markers to identify unknown variants was central to the design of this study (see

below) and the interpretation of other studies that are discussed in this thesis.

Figure 1. Linkage disequilibrium across /GF/ in Caucasians. The 5 end of the gene is on the
right side. Blocks (triangular regions) were determined according to Gabriel et al. 2002
(171). Arrows show positions of 57, intron 2 and 3 ” polymorphisms (from right to left). Grey
scale colours represent strength of linkage disequilibrium between markers according to R,
(white: R* = 0, black: R = 1, shades of grey 0 < R” < 1). The SNP data set source was
HapMap data release 22, phase II, April 2007, Northern and Western European ancestry
sample.

2.6. IGF1 gene circulating concentrations of IGF-I, mammographic density and breast
cancer risk

This section presents the evidence for a relationship between the /GF1 gene (the first

component in the model) and each of circulating IGF-I concentration, mammographic
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density, and breast cancer risk. The strength of the evidence for each of these associations is

also evaluated.

2.6.1. IGF1 gene and circulating concentrations of IGF-1

The association of a 5”-CA repeat polymorphism with circulating IGF-I
concentrations has been examined in a number of studies. This polymorphism has a number
of alleles and the most common has 19 CA repeats and a frequency of 60% or greater in
Caucasian populations (/72-175). This repeat lies in the promoter region of the /GF'I gene.
There are no experimental studies to indicate that it is functionally relevant, but association
with phenotype could still arise if it is in linkage disequilibrium with another functional
variant in the gene.

Most of the studies that have reported on the association between alleles of this
polymorphism and IGF-I levels, have used a categorization scheme that is based on either the
number of 19 repeat alleles, or the presence of absence of this allele. Most study samples are
either restricted to one race or ethnic group or results are reported by race/ethnicity. Table 4
shows results for all studies that included women. Some studies did not provide results for
males and females separately, for these combined results are presented. The population
studied in the Netherlands was assumed to be Caucasian, although this information was not
provided by the study authors (/76-178). Covariates matched or adjusted for are shown in the
table.

The majority of studies have reported on Caucasian or primarily Caucasian
populations. Of the five studies that examined Caucasian women, only one (using a sample
from the Nurses Health Study), reported a significant association, in which homozygotes for

the 19 allele had greater circulating concentrations of IGF-I than women who did not carry
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this allele (/79). A second study using a sample from the Nurses Health Study did not
observe this association, although different groupings for 19 and non-19 alleles were used
while the ethnic mix of this population was not reported (/80). Two studies (conducted in the
U.S. and the U.K) which reported combined results for Caucasian men and women observed
significantly lower IGF-I levels in homozygotes for the 19 allele, although allele groupings
for the comparison group differed (/75,181). A third study conducted in the Netherlands
(presented as one study in Table 4 as they each used largely the same sample) reported
greater IGF-I levels in males and females homozygous for the 19 allele relative to non-
carriers (1/76-178). A lack of consistency between association of the number of 19 alleles and
IGF-I levels was also observed among U.S. and U.K male populations (/73,175). It therefore
does not appear likely that the association of the 19 allele with circulating IGF-I levels would
be clarified had all studies provided results for females only. It is possible that the
contradictory results can be explained by different patterns of linkage disequilibrium,
although this would require important differences in linkage disequilibrium patterns between
populations in the Netherlands and those in both the U.S. and U.K.

Significant associations based on genotype categorizations using the 19 allele and
IGF-I levels have not been found among African American, Japanese American, Latino
White, Chinese or Korean populations (1/72,182-185). Homozygotes for the 20 allele in a
Korean sample were found to have significantly increased IGF-I levels (/85).

Three studies have examined /GF/ genotype and IGF-I levels in premenopausal
women, the group that is the focus of this dissertation. Two did not find a significant

association with the number of 19 alleles and IGF-I levels (99,179). The other study, (not
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shown in Table 4) reported that presence of the 19 allele was associated with decreased IGF-I
levels in oral contraceptive users only (/175).

Rietveld et al., have suggested that inconsistencies in the association between the 19
allele and IGF-I levels may have resulted from a more complicated pattern of association
between alleles of this polymorphism and circulating IGF-I concentrations (/86). Their
analysis of a sample from the Netherlands indicated that alleles shorter than the 19 allele and
those longer than the 20 repeat allele, were associated with lower IGF-I levels (/86). Few
other studies have looked at alternate alleles. A sample of women from the Nurses Health
Study found a non-significant trend of lower IGF-I levels with increasing CA repeat length
genotype (179), although allele categorizations do not permit a meaningful comparison with
the results of Rietveld et al. Among Singapore Chinese, IGF-I levels were not associated with
the number of 21 alleles (/83), and no alleles shorter than the 19 repeat allele were found to
be significantly associated with IGF-I levels in a Korean population (/85). These latter two
studies appear to contradict the Rietveld study, although it is possible that the disagreement
could be explained by different patterns of linkage disequilibrium among Chinese, Korean
and Caucasian populations.

Two studies have investigated other /GF'/ gene polymorphisms in relation to IGF-I
levels. A promoter region SNP was not found to be associated with IGF-I concentrations in a
Chinese population (/83), but significant associations were found for several tagging SNPs

spanning the /GF'] gene in a largely Caucasian population in Great Britain (/87).

2.6.1.1. Summary of /GF1 gene and circulating concentrations of IGF-1
In conclusion, there is little evidence to support an association between alleles at the

57 polymorphism and IGF-I levels. Some of the significant results observed for the 57 19
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allele may be explained by confounding due to population stratification or chance.
Associations with alleles other than 5” 19 cannot be ruled out, but without replication, these
results should be viewed with caution since spurious associations may have resulted due to
multiple testing. Recent results from a large study in Great Britain that genotyped several
SNPs provide some support for an association with allelic variants of /GFI and circulating

IGF-I concentrations (/87).
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Table 4. Comparison of mean circulating IGF-I concentrations (ng/mL) in relation to 19 repeat allele.

Homozygote or Non- Heterozygote  Variables matched P-
Sample Sex (n) Homozygote Heterozygote Heterozygote carriers  or non-carrier or adjusted for value
Caucasian, U.S.A, Agzt’efiit(lingnslteazs’
All women F (418) 173 146 0.005
blood draw, and
Premenopausal F(70) 193 155 excludine HRT 0.10
Missmer (/79) xcluding
users 0.78°
Netherlands, M+F + +
Vaessen, Schut (150) ?éT };T Age, sex, BMI 0600013
Rietveld (176-178) (192) '
Non-Hispanic white, U.S.A.,
Slattery (182)7) F (233) 124 118 116 Age, menopausal 0.76
status
Caucasian, Canada, a Bl\é;’/llfagrﬁl
Premenopausal F (174) 174 177 176 ﬁgf; o ai’ 0.7
Postmenopausal F (183) 144 149 163 StOTy 01 breas 0.07
. cancer, alcohol,
Lai (99)
coffee
Caucasian, UK.,
Frayling (181) M+F (640) 133 144 143 Age, sex 0.01
Non-Latino White
’ A
U.S.A., Dellelis (172) F(58) 146 141 157 ge >0.05
Latino American
’ F (154 117 126 148 A
U.S.A., Dellelis (172) (154 ge =0.05
Hispanic, F (169) 107 116 120 Age, menopausal 037

U.S.A., Slattery (/82)

status

Continued on next page.
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Table 4 Comparison of mean circulating IGF-I concentrations (ng/mL) in relation to 19 repeat allele (continued from previous page).

H ; N Het ; Variables p
Sample Sex (n) Homozygote Heterozygote omozygote ot on- cterozygote matched or )
Heterozygote carriers ~ Or non-carrier - value
adjusted for
African American,
US.A.. Dellelis (172) F (123) 143 168 149 Age >0.05
Japanese American, F(71) 143 147 144 Age >0.05
U.S.A., Dellelis (172) & '
b ) Age, sex, BMI,
c Hi:/se’ Slrjl(%e;pore, M-+F (628) 125+ 1324 127+ dialect group but 0.56
ong (183) reported crude
Caucasian, U.S.A. None
Rosen (175) M+F (116) 129 154 0.03
Age, month and
USA fasting status at
. o F (404) 169 168 blood draw, year 0.88
Giovannucci (/80) R
and indication of
endoscopy
US.A,
Morimoto (188) M+F (323) 125 128 Age >0.05
Caucasian, U.S.A.,
Kato (184) F (23) 88 92 HRT, age < 40 0.79
African, U.S.A., HRT, age,
Kato (/84) F (30) 111 96 smoking, height 0.35
Chinese, China,
Wen (189) F (351) 139 139 Age 0.95
Korean, Korea, F (229) NA NA NA NA NA Age, BML years ) 5
Kim (185) since menopause
" § non-Caucasian subjects
Tamol/L
*Median

? Two 19 alleles vs. 1 19 allele vs. no 19 alleles
® Two 19 CA repeats vs. no 19 CA repeat

NA (not available)
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2.6.2. IGFI gene and mammographic density

Two studies examined the association between genetic variation at /GF'/ and
mammographic density. One examined the association of the 57 19 allele with density. Study
subjects were healthy pre- and postmenopausal Caucasian subjects (206 pre- and 206
postmenopausal women) from hospitals in Toronto, Canada. Analyses were adjusted for age
and additional confounders. No association between the number of 19 alleles and percentage
breast density was found in either pre- or postmenopausal women, although there was some
suggestion for an inverse association in postmenopausal women (99). A second study
examined the association of /GFI haplotypes (particular combinations of alleles from two or
more polymorphisms) and SNPs using a sample of primarily postmenopausal women from
the Nurses Health Study cohort (n=1121). Age and other potential confounders were adjusted
for (/00). An association with mammographic density was observed for /GF'I haplotypes and
several tagging SNPs. Sample size did not permit a meaningful comparison by menopausal

status.

2.6.3. IGFI gene and breast cancer risk
2.6.3.1. 5’ polymorphism and breast cancer

Seven case-control or nested case-control studies have reported on the /GF'I gene
promoter region CA repeat polymorphism and breast cancer risk. Three studies used either
hospital based or other convenience samples for controls (/90-192), the others used samples
from defined populations or cohorts (/72,179,189,193). In all but one study (/91),
investigators reduced the potential for confounding due to population stratification by either
examining populations comprised either solely or largely of one racial or ethnic group

(179,189,190,193), stratifying by race or ethnicity (/72), or matching on race (/92). Data on
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potential confounding factors was collected in five studies, and reported odds ratios were
adjusted for age or age and additional factors (/72,179,189,192,193).

Four studies have reported a significant association with breast cancer risk, with two
finding the 19 allele to be associated with increased risk of disease (/89,192). Another study
reported a protective effect of 21 and 22 repeat alleles (/91), and the fourth found an increase
in risk for carriers of alleles smaller than 19 repeats compared to 19 allele carriers, with
significant results restricted to premenopausal women (/93). Three studies did not find a

significant association with breast cancer risk (/72,179,190).

2.6.3.2. 19 allele and breast cancer

Figure 2 gives a summary of study results showing breast cancer risk as related to the
number of 19 alleles, which again was the most commonly examined allele in relation to risk.
Crude odds ratios are estimated for Missmer et al., as this study did not analyze risk in
relation to the 19 allele (/79). Crude odds ratios were estimated for Cleveland et al., for all
women combined (since they reported results by menopausal status) and for premenopausal
women (since they used homozygotes for the 19 allele as the reference group) (/93). The use
of crude odds ratios for these two studies should provide a reasonable estimate of adjusted
odds ratios. Crude odds ratios did not differ from multivariate adjusted odds ratios by more
than 10% for Cleveland et al. In the study by Missmer et al. there was a greater than 10%
change between crude and multivariate adjusted odds ratios for four of seven different
genotype categories where the 19 allele was at least included in the referent category, but
these ranged from 16-26% and represented only 40% and 43% of cases and controls
respectively. Odds ratios for Yu et al. (/92) were adjusted for alcohol consumption,

menopausal status (where appropriate) and the matching variables age and race. Both
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Dellelis et al. (/72) and Wen et al. (/89) adjusted for age only, with Wen et al. reporting that
they found no appreciable differences when other breast cancer risk factors were adjusted for.
Wagner et al. reported crude odds ratios (/90).

The results of Figer et al. (/917) are excluded, since results based on the 19 allele were
not presented and data were not available to assess the association between this allele and
breast cancer risk. Results for different ethnic or racial groups and women with family
history of disease are shown when they comprised distinct samples in the study and were
presented as part of the main analysis. Results for premenopausal women are shown where
available.

Among Caucasian populations (/72,179,190,193) there is little evidence to support an
association between the 19 allele and breast cancer risk, and the Cochrane-Mantel-Haensel
odds ratio calculated from data available in these publications is close to unity (Fig. 2). A
statistically significant odds ratio of 2.9 (/92) was reported in a study examining a mainly
African American population in Louisiana. The number of 19 repeat alleles also
corresponded to relatively high odds ratios for African Americans in Hawaii and Los
Angeles (Dellelis et al.) that were heterozygous for the 19 allele, but the odds ratio for the 19
allele homozygotes was close to one and for both homozygotes and heterozygotes confidence
limits included one (/72). Latino White populations in Hawaii and Los Angeles, also showed
elevated odds ratios but again confidence limits included one (/72). Among people of
Japanese ethnicity, the odds ratio was slightly less than one for women heterozygous for the
19 allele and greater than one for those homozygous for this allele (/72). The evidence for an
association in other ethnic groups, at least in the U.S.A., appears limited and the relatively

high odds ratios seen for some of these is probably due to small sample size. However, some
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additional support for an association of the 19 allele with breast cancer risk comes from a
large study conducted in Shanghai China, where a modest but statistically significant

increase in risk (OR=1.2 for 19 allele carriers) was reported (/89).
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Author, location, race/ethnicity, reference

Sample size (cases/controls)

'
Yu, Louisiana, 60% African American, (192) : I ® { (53/53)
(all and premenopausal only) b : & { (20/18)
'
'
. . Fve--4
Missmer, U.S.A., White (179) L (463/622)
'
'
Dellelis, U.S.A., White 172) |F® =3 (82/92)
——
'
H
Dellelis, U.S.A., Latino (172) - o O -mmmmmmmemmmes i 1 81/9)
'
Dellelis, U.S.A., Black (172) . !'; " @--m--s - 10
S
|--os—-o
Dellelis, U.S.A., Japanese (172) —_— e (76/94)
'
o Yo 041/1086)
Wen, China, Chinese, (189) A
(all and premenopausal only) !-0- -1 (703/694)
+—e—
'
'
Wagner, Finland, (190) I-lo---4 (182/215)
Post-menopausal ¢
'
Wagner, Poland, (190) I-o -: -4 (137/408)
<50 .
'
Wagner, Poland, (190)  BX | 305/472
Familial ro—y ¢ )
'
'
. HO 1 (1004/1042)
Cleveland, U.S.A., 93% white, (193) '
(all and premenopausal only) F-@&-4 (330/368)
'
-
White all o (1868/2379)
T T T T T T T
0 1 2 3 4 5 6 7

Figure 2. IGF'1 5' 19 genotype and breast cancer risk. Odds ratios and 95% confidence limits shown for 19 allele
heterozgotes (dashed lines) and homozygotes for each study with non-carriers of 19 allele as the referent group
(except for Yu, where 19 allele carriers vs. referent are shown). Odds ratios and 95% CL for premenopausal
sub-group are also shown in addition to pre-and postmenopausal combined for Yu, Wen and Cleveland. These
are always the second or second pair of odds ratios shown for a study. Odds ratio and confidence limits for
Cleveland (pre- and postmenopausal combined) and Missmer are crude odds ratios calculated by the author.
Cochran-Mantel-Haensel odds ratio and confidence limits were calculated for Caucasians ‘White All’, which
includes data from Missmer (>99% Caucasian), DeLellis (White only), Wagner (Polish and therefore assumed
to be Caucasian), and Cleveland (93% Caucasian).
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2.6.3.3. 19 allele and premenopausal breast cancer

Evidence for an association of circulating IGF-I concentrations with breast cancer
risk is largely restricted to premenopausal women. However, only a few studies examined the
association of IGF-I genotype and breast cancer risk stratified by menopausal status. As
described above, a U.S. study (Long Island, New York) reported a significant increase in risk
among premenopausal women whose genotype included alleles smaller than 19 repeats when
compared to 19 allele carriers, while this same comparison showed a non-significant increase
in postmenopausal women (/93). A study conducted on women in China, found that the
number of 19 alleles was significantly associated with breast cancer risk in premenopausal
but not postmenopausal women (/89). A Louisiana study reported a slightly lower but still
positive association in premenopausal women with the 19 allele, but the sample size was
very small (20 cases, 18 controls) and results were not statistically significant (/92). The
study using the Nurses Health Study sample did not find evidence to support an association
for various 19 allele genotypes and breast cancer risk in either pre- or postmenopausal
women, and risk estimates were not appreciably different in either group, although sample
size for premenopausal women was again small (65 cases, 70 controls) (/79). Results from a
sample of Polish women under 50, which likely was comprised primarily of premenopausal
women, suggested a slight protective effect for the 19 allele, although confidence limits

included one (/90).

2.6.3.4. 19 allele, family history, and breast cancer
Three studies examined association of the 19 allele with breast cancer risk in women
with a family history of disease (/79,190). Two reported a decrease in risk for 19 allele

carriers (OR=1.51, 95% confidence limits: 0.96-2.39, when comparing non-carriers to those
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homozygous for the 19 allele (/90), and OR=0.49, 95% confidence limits: 0.20-1.23 for
comparison of homozygotes for the 19 allele to all others (/79)). A third reported a protective
effect observed mainly in premenopausal women (OR=2.70, 95% confidence limits: 0.70-
10.4 for comparison of non-carriers to 19 allele carriers (/93)). None of these results were

statistically significant.

2.6.3.5. Other 5’ polymorphism alleles and breast cancer

Some studies examined other alleles, or grouped alleles of the 5 polymorphism in
relation to breast cancer risk. As reported above, a study conducted on an Israeli population,
found a significant protective effect for women whose genotype was composed of longer
alleles (21 and 22 vs. all others). This study did not find a significant association for
genotypes comprised of shorter alleles (11, 16 or 17) (/91). In the Nurses Health study,
homozygotes for the 19 allele were compared to six other common genotypes but no
significant associations were found (/79). No significant results were found with
categorization based on average allele length, ((allele 1 length + allele 2 length)/2) or
genotypes comprised of fewer than 17 CA repeats verses all others, or greater than 20 repeats
verses all others, in the Louisiana study (/92). The study of women from Shanghai examined
several different genotypes in addition to women heterozygous or homozygous for the 19
allele. A significantly decreased risk was observed for women who carried the 17 allele (OR
=0.80; 95% CI = 1.04-1.47). This study also reported a positive but non-significant
association (OR = 1.92; 95% CI = 0.92-4.02) with breast cancer risk for women who carried
a copy of one of the rare alleles (< 1%) in this population (11, 13, 16 or 23 repeats). In
addition to the comparison of women with genotypes comprised of alleles smaller than 19

repeats verses 19 repeat carriers, the Long Island study also compared women whose
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genotype included alleles greater than 19 repeats to 19 allele carriers, and also created
comparison groups based on cumulative allele length (greater that or less than 38 repeats
(e.g. 19 repeats * 2)). A significant relationship with risk was not observed for either of these

categorizations (/93).

2.6.3.6. Other IGF1 polymorphisms and breast cancer

Two studies that specifically reported on multiple SNPs across /GF'I reported no
significant association of /GF'I polymorphisms with breast cancer risk after adjustment for
multiple comparisons. Each, however, found nominally significant associations with different
pairs of SNPs at the 57 end, (194, 195) three of four of which are in strong linkage
disequilibrium with each other (as determined by using data from the HapMap project (196)).
A third study, conducted in Great Britain, reported significant associations with 5 tagging
SNPs across the IGFI gene (187), although there was inconsistency with results from another
study that examined one of the same tagging SNPs (/94). In addition, some caution is
necessary in interpreting the British study as 27% of cases were prevalent cases.

None of the studies reported associations stratified by menopausal status and two of
the three had only a moderate sized sample of premenopausal women. The British study
included an approximately 70% sample of premenopausal women in a study with over 4500
cases and controls. However, recruitment of prevalent cases among largely younger women
probably resulted in even a greater proportion of prevalent cases among this group than the
27% reported for the entire sample (/87).

In addition to the studies described above, three genome wide scans have recently
reported their findings (38,39,197). These studies used initial screens on a smaller samples of

individuals (using approximately 250,000 to 500,000 SNPs per study) and then tested the
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most significant SNPs on larger samples. No /GF1 SNPs were reported to be associated with
risk. Only one of these studies provided results related to /GF 1 SNPS with no significant
associations (at the P<0.05 level) found in the sample of postmenopausal women examined.
One of the studies included a large sample of younger and therefore likely premenopausal
women in the initial screening sample (39). However, this sample was much smaller than
studies the have specifically investigated /GF'/ SNPs (approximately 400 cases and 400
controls verses 1000-4000 cases and similar numbers of controls) and it is possible that
associations with /GFI were therefore missed. As well, true associations may have been

missed because of the need to use adjust for the many comparisons made.

2.6.3.7. Summary IGF1I and breast cancer risk

Although some studies have reported a significant relationship between variant alleles
of the 5’ polymorphism and breast cancer risk, overall the data are inconsistent. In Caucasian
populations the association of the 19 allele with breast cancer risk appears to be close to unity
(172,179,190,191,193). Evidence for an association between the number of 19 alleles and
breast cancer risk appears strongest in African-American and Chinese populations (/89,192).
Examination of different alleles or allele groupings have produced significant associations
but results are not consistent across studies (/79,189,191,192,196). The association of variant
alleles of the 5 polymorphism with breast cancer risk in premenopausal women (who are the
subject of this investigation) is also inconsistent. Among studies with adequate sample size,
either no significant association was observed or there is disagreement about which alleles
have been found to be associated with disease (/89,790,193).

The inconsistent results could be the result of different patterns of linkage

disequilibrium across the /GF'1 gene (particularly among different ethnic groups) or effect
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modification by other genetic or environmental factors. Variation in risk estimates may also
be due to bias resulting from population stratification. Inconsistency in results may also be
explained by false positive associations resulting from multiple testing.

Another limitation that may explain the inconsistent results is that strong linkage
disequilibrium does not extend across /GFI (Fig. 1). Therefore the 5 polymorphism may
not predict the presence of causal variants. It is also possible that several alleles are in weak
linkage disequilibrium with another causal variant, which could explain the sporadic
associations with risk that have been observed. Some recent studies have examined several
polymorphisms to better account for genetic variation across the /GF'I gene. Two studies
have provided suggestive results for SNPs at the 5” end (794, 195), although different SNPs
were tested and results were not statistically significant after adjustment for multiple testing.
A third study found several tagging SNPs to be associated with risk (/87). The interpretation
of the results are however complicated by the presence of prevalent cases in this study and
results are inconsistent with a previous study that genotyped one of the same tagging SNPs.
Studies examining /GFI tagging SNPs then, have not provided convincing evidence for an
association with risk.

Only one of the studies that used tagging SNPs included a large sample of
premenopausal women, the same study that included prevalent cases (/87). None of the
studies that used tagging SNPs reported on /GF'I and breast cancer stratified by menopausal
status.

Three recent genome wide scans have failed to show an association with /GF/.

However, these have not used large samples of premenopausal women at the initial screening
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stage and this and the need to adjust for the many comparisons made may have resulted in

true associations being missed.

2.7. Summary of literature

As outlined above, although not entirely consistent, evidence from epidemiologic
studies suggests that greater circulating IGF-I levels increase both mammographic density
and the risk of breast cancer in premenopausal women. The relationship of circulating IGF-I
levels with both breast cancer and mammographic density in premenopausal women suggests
that IGF-I action affects the proliferative activity and quantity of stromal and epithelial tissue
in the breast, resulting in increased risk of breast cancer (4).

Circulating IGF-I levels, breast cancer risk, and mammographic density, all have a
heritable component suggesting that understanding the influence of genetic factors may be
important in relating breast cancer risk to these two phenotypes. Above a model was
proposed where /GF'I gene variants modify circulating IGF-I levels, which in turn promote
the proliferative activity and quantity of stromal and epithelial tissue in the breast, increasing
mammographic density and the risk of developing breast cancer.

Most research into the relationship between /GFI and circulating IGF-I
concentrations has examined a single (5”) CA-repeat polymorphism. However, there is little
evidence to support an association between alleles at the 5 polymorphism and IGF-I levels.
Recent results from a large study in Great Britain that genotyped several SNPs provide
support for an association with allelic variants of /GF'I and circulating IGF-I concentrations
(187). This result underscores a need to use more markers to capture linkage disequilibrium
patterns across /GFI in studies that look at genotypic variation and outcome (e.g. IGF-I

concentrations or breast cancer risk).
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A critical outcome in the proposed model is mammographic density. Two studies have
examined the association of an /GF'I gene polymorphism and mammographic density. One
found no association with the 5 19 allele. The other using a large sample from the Nurses
Health Study cohort found evidence that common genetic variation in /GF[ was associated
with mammographic density in a sample of mainly postmenopausal women. It is of interest
to note that the SNP most strongly associated with mammographic density in this study was
also found to be associated with IGF-I levels and breast cancer risk in Great Britain (/87),
but in the opposite direction to what would be anticipated if the same variant allele was
responsible for increasing IGF-I levels, mammographic density, and breast cancer risk.
Furthermore, evidence from a second study did not support the association of the same
genetic variants with breast cancer risk as the Nurses Health Study sample (/95). Further
research into the association of /GF'I with mammographic density is needed in order to
clarify the relationship.

Most studies examining the relationship between /GFI and breast cancer risk have
also only examined the 5 polymorphism. Results from these studies have been inconsistent.
Three studies have used tagging SNPs to better capture linkage disequilibrium across the
IGFI gene. As described above, they have not produced entirely consistent results.
Discrepancies may be explained by variation in other risk factors that modify the relationship
between /GFI and breast cancer risk, confounding due to population stratification or
different patterns of and/or weak linkage disequilibrium between this polymorphism and a
causal variant at another /GF'/ locus. For the 5 polymorphism the possibility of spurious
associations must also be considered, as this polymorphism has a number of alleles which

has resulted in some studies producing multiple tests of association.
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Two of the important limitations of studies that have been described, not genotyping a
sufficient number of markers to capture and genetic variation across the /GF'/ gene and
possible confounding due to population stratification, can be viewed as methodologic issues.
These can be addressed by examining more polymorphisms at /GF/ and through study
design (e.g. family studies). An interesting observation is that considering the number of
studies performed, few reports have attempted to examine the association of genetic variation
at IGF'I with IGF-I concentrations or breast cancer risk in premenopausal women. It is this
group in which the association of circulating IGF-I levels with breast cancer risk has been
reported.

In addition several risk factors are related to mammographic density and or breast
cancer (e.g., height, weight and body mass index). There is currently only a small amount of
literature dealing with the association of /GF'/ and anthropometric measures and more

attention should be given to this area.

2.8. Description of study

In Chapter 1, a model was presented, where /GF'I gene variants modify circulating
IGF-I levels, which promotes the proliferative activity and quantity of stromal and epithelial
tissue in the breast, increasing the risk of developing breast cancer (Fig. 3). This model was
investigated here by determining the association of variant alleles of the 5 polymorphism
and two other CA repeat polymorphisms with circulating IGF-I levels, mammographic
density and breast cancer risk in premenopausal women. In addition, the association of /GF/
with height, weight, and body mass index was examined (Fig. 3). All three of these variables

are breast cancer risk factors, while the latter two are associated with mammographic density.

43



A family based design using families from the Ontario Familial Breast Cancer
Registry and the Australian Family Breast Cancer Registry was employed to examine the
relationship between genetic variation at /GFI and breast cancer risk. The advantage of a
family based study is that this design is not subject to bias resulting from population
stratification. The association of IGF-I level and mammographic density with /GFI was
examined in a cross-sectional study of women sampled from local Toronto hospitals. The
association of /GF'I with anthropometric measures was examined in both of these samples.

Testing polymorphisms other than the 5” polymorphism is of interest since the IGF/
gene is large (approximately 85kb) and strong linkage disequilibrium does not extend across
the whole gene. In this study, three polymorphisms that span the /GF'I gene were tested.

In addition, linkage disequilibrium between polymorphisms is presented and
haplotypes constructed and their relationship to breast cancer risk examined. The purpose of
constructing haplotypes is to increase power to detect an ungenotyped causal variant on the
gene. Some studies have shown stronger associations between genotype and disease by

constructing haplotypes as opposed to examining single polymorphisms (/98).
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Figure 3. The proposed model for relationship of /GF I with IGF-I levels, mammographic
density and breast cancer risk is shown with solid lines. The /GF'I gene is hypothesized to
alter circulating IGF-I concentrations. Greater circulating IGF-I concentration stimulates
proliferation of breast stromal and epithelial cells increasing both mammographic density and
the risk of developing breast cancer. In addition to the investigation of this main model, the
association of /GF'/ with BMI, weight and height (anthropometric measures) was also
examined. All three are associated with breast cancer risk and both BMI and weight are
associated with mammographic density. These potential pathways are shown with dashed
lines, although not all are examined (e.g., /GFI, IGF-I concentrations, anthropometric
measures (i.e., BMI, weight or height) and breast cancer risk could not be examined since all
were not available in a single sample).
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Chapter 3. Methodologic issues

This section describes the most important methodologic issues related to the design of
the studies presented, the measurement of variables, and statistical analyses. Specific details
of methods can be found through chapters 4-6. The final chapter returns to a number of these

issues and discusses them in the context of the results.

3.1. Design
3.1.1. Family based and cross-sectional studies

As described in the previous chapter, two separate designs were employed for the
overall study, a cross-sectional design using unrelated individuals and a family based design.
The family based design was employed to examine the association of /GF'/ genotype with
breast cancer risk. The availability of self reported height, weight and therefore BMI, also
permitted the examination of the association of /GF'I genotype with these breast cancer risk
factors. The advantage of family based studies relative to those that use unrelated individuals,
is that they are not susceptible to bias from confounding due to population stratification. This
is a particular form of confounding which can occur when allele frequencies vary with
population sub-group, generally thought of as an ethnic group. If ethnicity is associated with
disease because of differences in either genetic or non-genetic risk factors among ethnic
groups, confounding of the relationship between genotype and disease can result.

The practical importance of this form of confounding has been questioned, as it has
been argued that bias in general should be small and self reported ethnicity should be
sufficient as a control, unless disease and allele frequencies vary widely (7/99). It has also

been argued that restricting analyses to subjects of European ancestry, a common approach in
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examining the association of genes with disease in case-control studies, should generally
result in negligible bias when studying North American populations (200).

In contrast to these reports, a recent study by Campbell et al. (207) indicates that
population stratification can result in strongly biased risk estimates in North American
studies that use subjects of European background. Campbell et al. created a case-control
panel with over 1000 individuals ranked in each of the 90" through 95t percentiles and the
5t through 10 percentiles for adult height, which is known to vary across Europe. The
association between height and a LCT (lactase gene) polymorphism, known to show a strong
gradient in allele frequencies across Europe, was tested. An association between genotype
and height was observed, and two tests for population stratification using different panels of
genetic markers (one with 67 markers (202) and the other with 111 markers (203)) failed to
detect the presence of population stratification. Matching samples on parental ethnicity
reduced the strength of the association, although it was still statistically significant. However,
when analyses were restricted to Polish or Scandinavian individuals, there was no association
between LCT and height. The latter result suggests that the observed association was the
result of confounding by undetected population stratification that could not be controlled for
using conventional methods.

As stated above, family based studies are not susceptible to bias from population
stratification (204), and this as well as the availability of family based samples motivated the
choice of a family based design. Disadvantages of family based studies include difficulties in
recruitment (particularly since parents of older cases may no longer be alive), lower
statistical power, bias resulting from genotyping error and potential difficulties obtaining

representative samples resulting from the lack of availability of suitable relative controls. The
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latter two issues are dealt with in chapter 7, where they are discussed in context of the final
results. Study size and power, which of course are related to recruitment, are discussed here.

The family based association tests used in the analyses performed here can use either
parents or siblings as controls (or any combination of these). These tests are based on
reconstructing the parental genotypes to generate an expected genotype distribution.
Therefore, families with both parents are generally the most informative, although when
there are several siblings, parental genotypes can also be unambiguously reconstructed.
Power in studies that use case-parent trios compares well to those that use cases and
unrelated controls (205). However, if genotype data is only available for a single sibling,
power is considerably reduced (206).

The studies presented in chapters 5 and 6 used probands (cases) and first degree
relatives (parents or siblings) from two sites of the Breast Cancer Family Registry, the
Ontario Familial Breast Cancer Registry (OFBCR) and the Australian Breast Cancer Family
Registry (ABCFR). Since this study examined premenopausal probands, who were seldom
older than age 50, there were a number of families where two parents were available. There
were, however, many families with one parent and siblings, or siblings only (see Chapter 5
Table 3). A relatively small sample with only a modest number of two parent families was
available from the OFBCR. This prompted the inclusion of families from the ABCFR so that
combined analyses with suitable power could be performed. The overall sample size was 808
to 823 families (the number of families varied as genotyping failures and removal of data
after the identification of potential genotyping errors varied for each polymorphism). The
power to detect a relative risk in these families of 2 for homozygotes and 1.5 for

heterozygotes of the most common allele of the previously investigated 5 polymorphism
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was 0.79 (calculated using PBAT version 2.5 (207), a sample size of 823 women with an
allele frequency of 0.62 at 0=0.05, and assuming an additive model and complete linkage
disequilibrium between this allele and the disease allele). In comparison to other currently
published studies that examined this polymorphism in relation to breast cancer risk in
premenopausal women (179,189,192,193), only one, an investigation of a Chinese
population (/89), had greater power.

A cross-sectional design (chapter 4) was chosen for the investigation into the
association of /GF'I with IGF-I levels and mammographic density, since data were readily
available from a previous investigation examining circulating IGF-I concentrations and
breast mitogens in relation to breast cancer risk (7). The possibility of confounding due to
population stratification of course exists, and the approach of restricting analyses to
Caucasian subjects was used to minimize this potential source of bias.

This sample had 163 women and in the planning of the overall study design for this
thesis, the sample size was considered fixed. However, as an example of study power, a
15.3% difference in mammographic density between women homozygous for, or non-
carriers of, the most common allele of the 5 polymorphism, would be detected with a power

of 80%, with a set at 0.05 and assuming an additive model (using NCSS PASS (2006) (208)).

3.1.2. Selection of polymorphisms

Three repeat polymorphisms (microsatellites) were selected for analysis. These were
not selected because they were hypothesized to have functional significance. Instead as
previously discussed, the goal was to take advantage of linkage disequilibrium across IGF1.
An association observed with one or more of these markers (or their haplotypes) would

indicate the presence of an ungenotyped functional variant that was also associated with
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outcome. Repeat polymorphisms were chosen since initial examination of the NCBI DNA
sequence for /GF] revealed several CA repeats distributed across the gene and for practical
reasons (cost and genotyping effort), three polymorphisms was a reasonable number for

investigation.

3.2. Measurement

A brief discussion of methods used for measurement of outcome variables and
genotype is given here. This includes some discussion of accuracy and reliability, although
these are discussed in detail in the individual chapters presenting the results (chapters 4 to 6),

and in the final discussion (chapter 7).

3.2.1. Breast Cancer
All breast cancer diagnoses in the family based study were primary cases and verified

by pathology report. Therefore, accuracy of diagnosis should not be an issue here.

3.2.2. Mammographic density

There are no generally accepted standard methods for classification of variation in
radiological appearance of breast tissue (4). Mammographic density measurements in this
study were performed using a previously developed computer assisted method described in
Figure 1 (209). This method has been shown to produce similar gradients in risk estimates for
breast cancer as those produced when categorization of mammographic density is performed
by radiologists. The reliability within and between observers using this method is quite high

(0.90 or greater) (46,209).
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Figure 1. Computer assisted method for measuring mammographic density. Digitized film of
mammograms are projected onto a screen and a grey level threshold is first selected to
separate the breast from the background and then to separate the dense tissue from the non-
dense (fat) tissue. Sums of the dense and total areas are automatically generated and % breast
density can be calculated

3.2.3. IGF-I and IGFBP-3 levels

IGF-I and IGFBP-3 were measured using a competitive binding radioimmunoassay
(RIA). There has been some discussion recently about whether lack of correlation of different
assays may have contributed to inconsistent results between studies examining the
association of IGFBP-3 levels and breast cancer risk (3,156,158). Studies that have directly

compared RIA methods to those using another common method of measuring IGFBP-3
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(enzyme-linked immunoadsorbent assay or ELISA) have produced conflicting results
regarding the correlation of these two methods (/56,158). The RIA method has been
presented as the gold standard for IGFBP-3 measurement (/56), although it has been stated
that at least with respect to cancer risk this has not been thoroughly tested (3). Currently
though, RIA measurement is at least among the most appropriate methods of measuring
IGFBP-3.

In many studies, a single measurement of IGF-I and IGFBP-3 is implicitly assumed to
represent circulating levels for all or at least long periods of a persons life. Few studies have
examined how a single measurement reflects long term circulating levels, although strong
correlations have been found over both one and three year periods for both IGF-I (one year:

0.81, three year: 0.83) and IGFBP-3 (one year: 0.60, three year: 0.76) (160,210).

3.2.4. Height, weight, and BMI

The cross-sectional study described in chapter 4, used trained staff to measure height
and weight. Height and weight were however, self-reported in the family based studies
described in chapter 5. The correlation between self-reported height and weight and actual
measures of these same variables is high (r > 0.9) (217). However, many studies report that
women generally overestimate height and underestimate weight (2/2-215). This results in an
underestimate of BMI (274). Several studies that examined the relationship between weight
and reporting error in women, found that greater weight was associated with greater error in
reporting both height and weight. Therefore measurement error of height, weight and BMI
will often be greatest in heavier women (274,215). Still, given the strong overall correlation

between self-reported height and weight and actual measures, the use of self reported data
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should provide reasonable accuracy. Further discussion of this issue in context of the results

is provided in chapter 7.

3.2.5. Genotyping

Genotyping was performed by The Centre for Applied Genomics (TCAG) (216).
Alleles were separated according to their size on a performance Optimized Polymer 6
(POPO6) gel capillary electrophoresis system (ABI 3700 and 3100 systems). Studies using
similar methods have produced very high concordance rates (95% to just under 100%) for
microsatellite markers (277,218). Therefore, for primary analyses examining the association
of variant alleles of these polymorphisms with outcome, genotyping error should have little
impact on study results. Genotyping errors will have a greater influence on the results of
haplotype analyses, since haplotypes are constructed from two or more polymorphisms,
increasing the chance of error. The potential influence of these errors on the results of the
studies presented here is discussed in the last chapter.

Quality of genotyping was assessed in this study by having the TCAG genotype
duplicate samples to which they were blinded. Comparison of the assignment of genotype by
the TCAG to those assigned by the author and a third individual experienced in assigning
genotypes using TCAG methodology, was also used to assess quality of genotyping. In
addition to these approaches, checking for Mendelian errors (incongruent genotype
assignments among family members), assessing Hardy-Weinberg equilibrium, and the
comparison of allele frequencies for a specific polymorphism between studies can all help
assess the extent of genotyping error in a sample. Therefore, along with concordance and
comparison of genotype assignments, these approaches were also used where appropriate, to

determine the quality of genotyping (see chapters 4-6).
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3.3. Analysis

In the cross-sectional study, multiple linear regression, using the method of least
square means was used for primary analyses. In the family based study, family based
association tests were used for primary analyses. This is a relatively new statistical approach

and is described in more detail here.

3.3.1. Family based association tests

Family based association tests incorporated into the programs FBAT (Family Based
Association Testing, version 1.5) (2/9) and PBAT (Pedigree Based Association Testing,
version 2.5) (207) were used for main analyses (e.g. association with breast cancer and BMI).
These test for association under a null hypothesis of no linkage or linkage disequilibrium
between the marker(s) and trait alleles. These tests are similar to the transmission
disequilibrium test (TDT) (220). The TDT uses a family unit of a diseased case (proband)
and two parents. Given Mendelian inheritance patterns all alleles are equally likely to be
transmitted to the case or proband and deviation from this expected distribution is evidence
for association of the marker with disease. The family based association tests employed in
FBAT and PBAT also use parental genotypes to determine the expected distribution, but
have the advantage that they can utilize information from siblings of the proband to
reconstruct missing parental genotype data. Since the expected distribution is based on the
parental genotype data, the resulting statistical test is not susceptible to confounding due to
population stratification. Furthermore, no assumptions need to be made regarding assortative
mating (deviation from Hardy-Weinberg equilibrium) and the ascertainment condition (2179).
Covariate information can be included in models to improve the power of the statistical test

(221).
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Both FBAT and PBAT allow for the coding of traits that include an offset. For
example, the trait (¥};) can be adjusted so that 7j;= Y - , where p is an offset which
minimizes variance (FBAT) or maximizes power (PBAT), and 7};is the adjusted trait value.
For a dichotomous trait, the offset in FBAT approximates the sample prevalence where
offspring are weighted by the number of heterozygous parents (z=n./( n45+ nunay) Where
n4y and ny,p represents the number of affected and unaffected individuals) (222). For a
continuous trait the value of x that minimizes the variance is given by the sample average of
Y;; weighting each offspring by the number of heterozygous parents (222). The purpose of
using PBAT was to compare associations using the more recently implemented offset for
optimal power to those in FBAT and also to explore the effect of covariates (which is greatly
simplified using the PBAT program). However, neither choice of software nor the inclusion
of covariates had a substantial influence on the results, and results from FBAT were
generally reported, as unlike PBAT the output provides a clear indication of the magnitude
and direction of effect. The FBAT program (FBAT 1.5) was also used in analyzing
association of haplotypes with outcome, as PBAT cannot perform haplotype analysis with
polymorphisms that are multi-allelic.

Each of the polymorphisms genotyped had rare alleles. In order to ensure reliable
results, alleles were included in analyses only if at least ten of the families were informative
for a given allele. An informative family is one where parental genotypes (or the
reconstructed parental genotypes) include at least one parent that is heterozygous for a given
allele.

In general, additive models were used in analyses. Correct false positive rates are not

dependent on proper specification of the genetic model. Furthermore, results from a
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simulation study indicated only a small decrease in power when the true genetic model was
recessive and an additive model was chosen, while coding for an additive model was
preferable to coding for a dominant model, even when the true genetic model was dominant

(223).

3.3.2. Multiple testing

Each of the individual studies described in chapter 4-6, included three polymorphisms
with multi-allelic markers and at times multiple outcomes. This resulted in several statistical
tests being performed. Approaches for dealing with multiple testing in the cross-sectional and

family based studies are discussed below.

3.3.2.1. Cross sectional study

In the cross-sectional study, primary analysis was based on an allele classification
where for each polymorphism, each individual was classified as having two, one or no copies
of the most common allele (homozygotes, heterozygotes and non-carriers). The choice of
grouping alleles in this manner was appropriate for this study as sample size was relatively
small and power to detect an association for most of the other alleles was relatively low. The
number of copies of the most common allele was entered into models as a continuous
variable. This coding implies an additive model. If the true genetic model was not additive an
additive marker coding would be less likely to detect an association. However, further
examination of least square mean values for each category (2,1 or 0 copies of the most
common allele) did not indicate that model misspecification was an issue. No correction for

multiple comparisons was employed in this study, since for each outcome only three
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statistical tests were performed. However, consistency of results across outcomes is

discussed in chapter 4, and in the final discussion (chapter 7).

3.3.2.2. Family based study

In the family based study there was greater power to detect an association with
outcome for some of the less common alleles relative to the cross-sectional study. This
resulted in the testing of many alleles and therefore a formal approach to adjusting for
multiple comparisons, the Benjamini-Hochberg correction, was employed (224).

The Benjamini-Hochberg correction controls for the false discovery rate; the expected
proportion of errors among the rejected null hypotheses. A major reason for selecting this
method is that unlike other methods that were primarily designed for genome wide studies
(225,226), the Benjamini-Hochberg correction does not require the assumption of a
continuous distribution of P-values to provide an accurate estimate of the false discovery
rate. This method also maintains its control properties under certain forms of dependency and
its use is still appropriate when there is mild correlation structure among P-values (225).

The Benjamini-Hochberg correction is straightforward to apply. First a value is
chosen to control the false discovery rates at g* (for example 0.05). Then for m tests, the P-

values are ranked in ascending order P(;), <P) < . <Pm). Letting & be the largest i for which
i *
Pi <—gq
m

and denoting by H the null hypotheses corresponding to P, all null hypotheses from H(;)to
H are rejected. In other words, starting with the largest P-value, each P-value is compared
against the result for the above equation, and for the first one that satisfies this equation and

for all smaller P-values, the null hypothesis is rejected.
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3.3.2.3. Interpretation of results

A significant result after correction for the false discovery rate was only one of the
criteria used to indicate the presence of an association. In the family based studies, two
samples, one from the ABCFR and one from the OFBCR were available. Consistency across
samples was examined to assess evidence for an association. In addition, association of
height, weight, and BMI were investigated in both the cross-sectional and family based
studies and results of these studies were compared. Finally, comparison of results obtained
here were interpreted in the context of those found in the published literature, in order to

assess the relevance of associations observed in this study.
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Chapter 4. Association of variant alleles of an /GF1 CA repeat
polymorphism with mammographic density and anthropometric

measures in premenopausal Caucasian women

ABSTRACT
Background and objectives

Results from several studies indicate that mammographic density, a strong risk factor
for breast cancer, is increased by greater circulating IGF-I concentration in premenopausal
women. Both mammographic density and circulating IGF-I concentration appear to be partly
heritable traits. Here it was hypothesized that /GFI gene variants modify circulating IGF-I
levels and therefore variation in breast density. This study examined the association of
genetic variation at /GF'I with circulating IGF-I concentrations and mammographic density
in premenopausal women. The association of /GF'/ with body mass index (BMI), weight, and
height was also explored.
Methods

A cross-sectional design (n=163) was used to investigate the association between
IGF-I levels, mammographic density, anthropometric measures and three CA repeat
polymorphisms at /GFI, including a previously investigated 5~ repeat.
Results

A greater number of copies of the 57 19 allele were associated with lower circulating
levels of IGF-I (P=0.02), while a greater number of copies of the 37 185 allele were
associated with greater percentage breast density (P=0.03) and a smaller amount of non-

dense (fat) tissue (P=0.02). The number of 3 185 alleles was positively associated with

59



height (P=0.01) and inversely associated with BMI (P=0.01). Including BMI in regression
models resulted in a loss of significance and substantial reduction in strength of effect of the
37 185 allele on percentage breast density.
Conclusions

Results from this study suggest an association between the number of copies of the 3”
185 allele and mammographic density. This association appears to be mediated through an

influence on body fat but not through circulating IGF-I levels.

INTRODUCTION

Differences among women in the radiological appearance of the breast reflect
differences in tissue composition. Fat is radiologically lucent and appears dark on a
mammogram while epithelial and stromal tissues are radiologically dense and appear light.
Quantitative assessment of the extent of dense areas in the breast have reported estimates of
about 3 to 6 for risk of breast cancer in women with the most extensive areas of density,
compared to those with little or no density (4).

Mammographic density is influenced by a number of risk factors for breast cancer.
Age, parity (43,59-70), body weight and body mass index (43,49,59-64,67-70,76-81), are
associated with reduced density in the breast. Reduction in mammographic density has been
observed following menopause (4), while increased density in the breast is associated with
hormone replacement therapy (71,72).

Risk factors for breast cancer only explain about 20-30% of the variation in
mammographic density (4). However, a large proportion of the variation appears to be

explained by genetic factors. A recent classical twin study has estimated the heritability of
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mammographic density in a population of Australian and North American twins to be 63%
(10).

There is considerable interest in the influence of the growth hormone/IGF-I axis on
mammographic density, as a number of reports suggest greater circulating levels of IGF-I
increases the risk of breast cancer (3). Seven studies have investigated the association of
serum or plasma insulin-like growth factor-I (IGF-I) levels or its main binding protein
IGFBP-3 with mammographic density in premenopausal women (5-8,99,162,164).
Mammographic density expressed as percentage dense area of the breast has been shown to
be positively associated with IGF-I concentrations in blood samples in three studies (3, 7,8).
A positive association of borderline significance was also reported (Table 1) (6). Of these
four studies, three reported either significant or borderline significant inverse associations
with percentage breast density and IGFBP-3 levels and significant or borderline significant
positive associations with the IGF-I/IGFBP-3 ratio (5,6,8). Most studies do not support an
association between IGF-I or IGFBP-3 and mammographic density in postmenopausal
women (5,7,8,99,162,165).

Circulating IGF-I concentration appears to be partially determined by genetic factors.
Twin studies estimate the heritability of circulating IGF-I levels to be 38%-63% in middle
aged and elderly men and women (/1/,12). Evidence indicating that mammographic density
and IGF-I concentrations are partly heritable, and that circulating IGF-I and IGFBP-3
concentrations are related to mammographic density, suggests that genes in the growth
hormone/IGF-I axis are suitable candidates to investigate for association with

mammographic density. Here it is hypothesized that /GFI gene variants modify circulating
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IGF-I levels, which influence the proliferative activity and quantity of stromal and epithelial
tissue in the breast, and therefore variation in breast density.

This study investigated the association of genetic variants in the /GF'I gene with
circulating IGF-I levels and with mammographic density in premenopausal women. The
relationship between genetic variants of this gene and other anthropometric variables was
also examined. Three cytosine-adenosine (CA) repeat polymorphisms were chosen for this
investigation: a promoter region repeat (5’ polymorphism) previously examined in relation

to breast cancer risk (/72,179,189-193) and repeats in intron 2 and at the 3’ end the gene.
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Table 1. Association of IGF-I, IGFBP-3 and the IGF-I/IGFBP-3 ratio with percentage breast
density in premenopausal women.

IGF-I IGFBP-3 IGF-I/IGFBP-3 Variabl tched
Study/sample size  Coefficient' Coefficient’ Coefficient' artab €8 Maene
or adjusted for
(P-values) (P-values) (P-values)
Age, alcohol, assay batch, BMI,
f:yggeé)ooo 036(0.007)  -024(0.07  039(0.004)  and where appropriate IGF-I,
IGFBP-3
Boyd 2002 0.01 (0.03) -0.02 (0.10) Age, waist, IGFBP-3 for IGF-I,
n=193 (7) Age and waist for IGFBP-3
Age, ethnicity, body mass index,
Maskarinec 2003 0.11(0.06)  -0.15(0.02)  0.13(0.03)  Yearoflab analysis, family
=263 (6) history of.breast cancer,
reproductive variables and IGF-I
or IGFBP-3 where appropriate
Lai 2004 IGFBP-3 for IGF-I, IGF-I for
- -0.01 (0.9) -0.07 (0.4) -0.02 (0.8) IGFBP-3, adjusted for BMI,
n=206 (99) . .
parity and coffee for ratio
Diorio 2005 Age, BMI, IGF-I or IGFBP-3
n=783 (5) 0.08 (0.02) -0.12 (0.0005) 0.07 (0.06) where appropriate
Age, time, since blood
collection, age at first birth,
Dos Santos Silva 0.36 027 024 BMI, waist circumference
2006 (036) 0.27) 0.24) smoking habits, past oral
n=215 (162) contraceptive use, and IGFBP-3
if outcome variable was IGF-I,
and IGF-I and IGF-II if outcome
variable was IGFBP-3
Age, ethnic group/location,
BMI, quadratic BMI term,
Maskarinec 2007 digital vs. regular mammogram,
n=525 (164) (0.83) 0.91) (0.67) parity, age at menarche, age at

first live birth, IGF-I or IGFBP-
3 where appropriate.

fCorrelation coefficients shown for all except Boyd (regression coefficients) and Dos Santos Silva
and Maskarinec 2007 (not provided).
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METHODS
The following describes all methods relevant to this study, part of a larger
investigation into genetic, hormonal and other factors that influence mammographic density.

Full details of these methods are provided elsewhere (7).

Recruitment

Potential subjects, both pre- and postmenopausal women, were identified from
mammographic units in Mount Sinai, Women’s College, and St. Michael’s Hospitals in
Toronto between 1994 and 1997. Women were referred to these units for a variety of
reasons, including suspicion of breast disease, the presence of risk factors such as family
history of cancer, or for routine examination. Initially, radiologists in each hospital visually
estimated the extent of mammographic density in mammograms of potential study subjects,
and expressed the results as percentage of dense area on a five-point scale. The purpose of
this initial categorization was to recruit approximately equal numbers of women without
breast cancer in each of five categories of percent breast density. The distribution of breast
density was therefore anticipated to be different than that in the general population. The
number of subjects recruited in each of the five radiological categories were as follows:
<10% n=101, 10 to <25% n=62, 25 to < 50% n=60, 50 to <75% n=60, and > 75% n=99.

Subjects identified in the manner described above were sent a letter followed by a
phone call, during which their eligibility was determined. All women who had taken any type
of exogenous hormone preparation during the previous six months, had breast augmentation
or reduction, a previous history of breast cancer, or were being investigated for breast cancer,

were excluded from the study. Women who were menstruating regularly, not pregnant or
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breast feeding, and had not had a hysterectomy or oophorectomy, were eligible for
recruitment as premenopausal subjects, the focus of this investigation.

Initially, 1874 letters were sent in an effort to recruit both pre- and postmenopausal
women. Forty percent (n=740) of potential subjects could not be contacted, 28% (n=526)
were not eligible for the study, 9% (n=174) stated they were not interested before eligibility
could be determined, and 3% (n=52) were eligible but not interested in participating. A total
of 382 women, representing 88% of all subjects contacted and found to be eligible (434)

agreed to participate, 193 of which were premenopausal.

Obtaining consent for genetic study

After study subjects participated in an initial study on determinants of breast density,
they were sent a letter that described the new genetic component to the study that requested
their consent to analyze their DNA for genetic polymorphisms that might affect breast
density. Of the 193 premenopausal women, 11 could not be contacted for consent to use their
DNA. DNA was not available for one of the remaining subjects, and ambiguous labelling of
DNA samples resulted in 4 additional samples being removed. Therefore, there were 177
premenopausal subjects available for analysis. Only data for Caucasians (see below for

definition) were used in the analysis, leaving a sample size of 163.

Measurements
Blood analytes
Blood samples were collected in the morning after a 12 hour overnight fast during the

luteal phase of the menstrual cycle (between days 20-24). Blood was refrigerated
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immediately after collection, spun and serum separated within 1-2 hours of collection and
stored at —70°C.

IGF-I, IGFBP-3 and growth hormone (GH) were measured by Esoterix, California,
USA. IGF-I and IGFBP-3 were measured using a competitive binding radioimmunoassay,
and GH with a two site immunometric assay. The percent coefficient of variation was less

than 7% within assays, and less than 10% between assays for these analytes.

Anthropometric measures
Each subject was weighed on a balance scale and measured for height by a research
assistant trained and certified by the Department of Athletics and Recreation, University of

Toronto.

Epidemiologic data

A questionnaire was used to obtain information about other epidemiologic risk
factors, such as age, menstrual and reproductive history. Subjects were also asked for their
country of birth and countries of birth for parents and grandparents and “What is your ethnic
and cultural background”, and given instructions to mark all appropriate categories. Women
who either indicated they were white (e.g., British, French, Latin/South American or of

European background) or Jewish were classified as Caucasians.

Mammographic density

A randomly selected craniocaudal mammographic view of one breast from each
subject was used for breast density measurements. Images were analysed using a computer
assisted method (209). Randomly ordered mammograms were digitized using a Lumisys

model 85 and were presented to the observer (N.F. Boyd) for analysis as an array of 675 X
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925 pixels (0.0676 mm?/pixel). The observer selected two threshold grey backgrounds: one
to separate the image of the breast from the background, and the second to identify regions
representative of radiographically dense tissue. A software program automatically summed
the pixels within the two areas. The percentage of radiographic density was calculated by
dividing the projected area of dense tissue by the total projected area of the breast and
multiplying by 100.

A subset (10%) of duplicate images were included as a check on reliability in the
original study (7). Reliability of the measurements was high, with a test-retest correlation of

at least 0.9.

Genotyping

DNA was purified from buffy coats of blood samples using a modified chaotropic
method (227). Three polymorphisms were selected along the /GF'I gene for analysis. One
was a previously identified promoter region 5’ CA repeat polymorphism (/75,228). In
addition, two other CA repeats, located in intron 2 and at the 3’ end of the gene were
identified using Tandem Repeat Finder software version 2.02 (229). The oligonucleotide
primers used for PCR were as follows: 5'-GCTAGCCAGCTGGTGTTATT-3', 5'-
ACCACTCTGGGAGAAGGGTA-3' for the 5 polymorphism, 5’
CATACTTCTTAGCTCCTCAGG-3', 5'-CCCTCACAGAAAGCAGAA-3' for the intron 2
polymorphism, and 5'-CTTTTTAAGATGAGGCAGTTCC-3’,
S'GATTTCTTTTCAGTATTCCATTGG for the 3’ polymorphism. Position of amplified
regions of DNA corresponded to positions 26,357,243-26,357,436, 26,332,059-26,332,274

and 26,275,038-26,275,220 on contig NT 019546.15 of build 35.1 of the NCBI's genome
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annotation for the 5, intron 2 and 3’ CA repeats respectively. Primers were obtained from
Invitrogen Life Technologies. The forward primer was labeled with a 5" fluorescent dye
(HEX) and the reverse primer with an additional sequence (GTTTCTT) at the 5’ site. PCR
was performed with 5 nanograms of DNA, 10X PCR buffer (Invitrogen Life Technologies),
0.8mM DNTP, 0.18mM of each primer, 4mM MgCl, and 5 U (0.3ul and 0.2ul) Platinum
Taq for each 50ul reaction. All reagents were supplied by Invitrogen Life Technologies. PCR
amplification conditions were 94°C for 3 minutes, and 35 cycles of 94°C for 30 seconds,
55°C for 30 seconds, and 72°C for 1 minute. Genotyping was performed by The Centre for
Applied Genomics (TCAG) (216). Alleles were separated according to their size on a
performance Optimized Polymer 6 (POP6) gel capillary electrophoresis system (ABI 3700
and 3100 systems). Quality control samples representing 15% of the total were genotyped
with TCAG staff being blind to the status of these samples. Concordance between original
and replicate samples was 100%. TCAG allele calls were verified by two readers (G.
Fehringer and H. Jarjanazi). All discrepancies were resolved between readers before
comparing allele calls to those made by TCAG. On one occasion, the readers altered a
genotype assigned by TCAG.

Ethics approval for this study was received from the University of Toronto and Mt.

Sinai Hospital Research Ethics Boards.

Analysis
Hardy-Weinberg equilibrium for each polymorphism was examined using a
permutation version of the exact test (230) (implemented in Power Marker 3.25 (231)).
Linear regression analysis (GLM procedure, SAS (version 8.02) statistical software

(232)) was used to examine the relationship of IGF-I, IGFBP-3, the IGF-1 IGFBP-3 ratio,
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growth hormone (GH), mammographic features and anthropometric variables with genotype.
Age was included as a covariate for all models unless otherwise indicated. Data were
inspected for departures from normality and where necessary, variables were transformed to
approximate a normal distribution. Square root transforms were applied to percentage breast
density and area of dense breast tissue. Natural log transforms were applied to area of non-
dense breast tissue, IGFBP-3, and GH concentration. Inverse transforms were used for
weight and BMI. In addition to age, the influence of other covariates were examined in
models where mammographic features (covariates examined were BMI, IGF-I and IGFBP-3
concentration, the IGF-I/IGFBP-3 ratio and parity), anthropometric measures (covariates
examined were IGF-I and IGFBP-3 concentration, and the IGF-I/IGFBP-3 ratio) or measures
of IGF-I and IGFBP-3 (IGF-I or IGFBP-3 concentration where appropriate) were included as
dependent variables. Results of analyses with these covariates are only reported when they
had an appreciable influence on main effects. Exploratory analyses included examining
interactions between genotype and BMI, IGF-I, IGFBP-3, and the IGF-I/IGFBP-3 ratio, with
either percentage density, amount of dense tissue, amount of non-dense tissue and IGF-I as
the outcome variable (for the latter an interaction between IGF-I and /GFI genotype was not
investigated). These same relationships were also examined using stratified analyses. For the
presentation of primary results in tables and for some exploratory analyses age adjusted least
square means were calculated and where appropriate back transformed (e.g., BMI was back
transformed from the inverse to indicate mean BMI (kg/m?), which also permitted
presentation of the direction of effect). As well, when an inverse transform was employed
(e.g. BMI), direction of effect in the text is always reported as the direction of effect after

back transforming (i.e. the true direction of effect).
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Values for GH were missing for 3 women and undetectable for 47 others.
Undetectable values were assumed to be caused by the pulsatile nature of GH release,
resulting in considerable variability in basal hormone levels. Analyses relating /GF/
genotype to GH were performed by assigning nondeterminate samples a value of 0.2 ng/litre,
the lower limit of sensitivity for the assay used, and with all nondeterminate samples
excluded from the analysis. The results did not differ appreciably and therefore are presented
here with the assigned values for all subjects included (with the exception of those where the
GH sample was missing).

Different genotype coding schemes were used to examine the association between
genotype and outcome. Ideally, each individual in the population should be assigned their
observed genotype in order to use all of the genotype data available. This however, results in
an appreciable loss in power because of the large number of genotype categories, some of
which are rare, that must be incorporated into the model. In order to ensure adequate power
in the primary analyses, genotype for each individual at each polymorphism was classified
according to the presence of two, one or no copies of the most common allele at each loci.
The number of copies of the most common allele was then treated as a continuous variable in
regression analyses. This coding implies an additive model. In regression analyses exploring
interaction between /GFI genotype and either BMI, concentrations of IGF-I, IGFBP-3 or the
IGF-I/IGFBP-3 ratio, genotype coding reflected presence or absence of the most common
allele (consistent with a dominant effect). Examination of least square mean values of
outcome against genotype category did not suggest that model misspecification was an issue.

When results from the primary analyses indicated an association with the most

common allele, additional exploratory analyses investigated the association with other
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alleles. Individual regression analysis examined the number of alleles verses mammographic
features and anthropometric variables unless the number of homozygotes fell below 15, in
which case a binary allele classification was used to ensure suitable numbers. Rare alleles (5
alleles or less in the sample) were not tested.

Linkage disequilibrium was assessed between loci (program PowerMarker vers. 3.25)
(231) and between specific alleles (haplotypes) of each loci. Haplotypes were constructed
when tests for linkage disequilibrium between loci was statistically significant. The
association of haplotypes of pairs of polymorphisms with outcome was examined using
haplotype trend regression, which constructs haplotypes using the EM algorithm (program

PowerMarker vers. 3.25) (233).

RESULTS
Characteristics of subjects and completeness of data

Table 2 shows characteristics of study subjects. There were 163 premenopausal
women in the sample, 153 (94%) Caucasian women and 10 (6%) Jewish women. Mean
percent density was 29%. The number of subjects in each of the five categories of density
were as follows: <10% n=52, 10 to <25% n=27, 25 to < 50% n=49, 50 to <75% n=32 and >
75% n=3. Measurement of IGF-I, IGFBP-3 was missing in one subject and measures of GH

were missing in three subjects.
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Table 2. Selected characteristics for study subjects.

Number Mean (SD)
Risk factors
Age, yr 163 44.8 (4.6)
BMI, kg/m’ 163 25.3(5.9)
Height, cm 163 163.6 (6.1)
Weight, kg 163 67.6 (16.1)
Age at first birth, yr 113 28.2 (5.6)
Age at menarche, yr 163 12.7 (1.4)
Number of live births 163 1.5(1.2)
1* degree breast cancer relative (% yes) 160 25% (NA)
Mammographic density, %" 163 28.8 (22.9)
Growth factors
IGF-I, ng/ml 162 155.2 (36.1)
IGFBP3, mg/litre 162 2.7 (0.5)
GH, pg/litre 160 1.8 (2.4)

* Percentage of breast area occupied by dense tissue.

Genotype frequencies

Table 3 shows the observed allele and genotype frequencies for each polymorphism.

The intron 2 polymorphism was the most highly polymorphic of the three and the most

common allele had an allele frequency of 34%. Allele frequencies for the most common

allele of the 5” and 3’ polymorphism were 63% and 43% respectively. Significant deviation

from Hardy-Weinberg equilibrium was found for the 5” polymorphism, but not for the intron

2 or 37 polymorphism (Table 3). The one borderline significant result among the three

comparisons made does not provide strong evidence for extensive admixture in the

population. It is also unlikely that extensive genotyping error explains this departure from
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Hardy-Weinberg equilibrium, since reliability tests indicate that genotyping error should be

minimal.

Relationships among measures

Table 4 shows correlations between outcome measures. Mammographic features were
strongly correlated with weight and BMI. Significant correlations between mammographic
features and IGF-I, IGFBP-3 levels and the IGF-I/IGFBP-3 ratio were observed for all but
dense tissue with IGF-I concentration and non-dense tissue with IGFBP-3 concentration. GH
was significantly correlated with the amount of non-dense tissue, but not percentage density
or amount of dense tissue.

IGF-I was significantly associated with percentage density in regression analyses
after adjustment for age and IGFBP-3 levels (F=16.70, P=0.0001). Unlike the original
investigation from which this sample was derived (see Table 1) (7), there was no significant
association with percentage density after adjustment for waist measurement (F=2.38, P=
0.13), although the direction of effect (positive) was the same. This may have been due to
small sample size, as not all women from the original study were included here (i.e. some
women did not give consent for the genetic component of the study and others were not

Caucasian and therefore excluded here).

IGF1 genotype and IGF-I and IGFBP-3 levels

Table 5 shows least square mean values and 95% confidence limits for levels of IGF-
I, IGFBP-3 the IGF-I/IGFBP-3 ratio and GH according to genotype category (homozygotes,
heterozygotes and non-carriers of the most common allele for each polymorphism), adjusted

for age. The number of 19 alleles of the 5” polymorphism was associated with decreasing
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levels of circulating IGF-I (F=5.51, P=0.02) and the decrease appeared to be consistent with
an additive model (166.9, 156.9 and 149.0 ng/litre for 0, 1 and 2 copies of the 19 allele).
Number of 19 alleles explained 5% of the variance in IGF-I levels. IGFBP-3 levels increased
with greater number of 57 19 alleles but this increase was not statistically significant. Results
did not indicate that the number of 5” 19 alleles was associated with the IGF-I/IGFB-3 ratio
or with GH levels. The number of 216 alleles of the intron 2 polymorphism and the number
of 185 alleles of the 3” polymorphism were not associated with increased circulating GH,
IGF-I, or IGFBP-3 concentrations or the IGFBP-3 ratio (Table 5).

Further analyses explored the association of other alleles (17, 18, 20, 21) of the 5*

polymorphism with IGF-I concentrations. No significant associations were observed.
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Table 3. Counts and percent frequency (in brackets) for alleles” and genotypes of three IGF 1

polymorphisms.
5’ polymorphism Intron 2 3’ polymorphism
Allele Counts Allele Counts Allele Counts
11 1(0.3) 204 7(2.2) 181 10 (3.1)
17 6 (1.8) 206 2 (0.6) 183 3(0.9)
18 19 (5.8) 208 2 (0.6) 185 141 (43.3)
19 205 (62.9) 212 6 (1.8) 187 93 (28.5)
20 68 (20.9) 214 21 (6.4) 189 65 (19.9)
21 24 (7.4) 216 110 (33.7) 191 9(2.8)
22 3(0.9) 218 61 (18.7) 193 5(1.5)
220 55(16.9)
222 39 (12.0)
224 20 (6.1)
226 2 (0.6)
230 1(0.3)
Genotype frequencies Genotype frequencies Genotype frequencies
19/19 67 (41.1) 216/216 24 (14.7) 185/185 30 (18.4)
19/other 71 (43.6) 216/other 62 (38.0) 185/other 81 (49.7)
other/other 25 (15.3) other/other 77 (47.2) other/other 52 (31.9)

HW-test*, P=0.05

HW-test*, P=0.60

HW-testt, P=0.99

"Intron 2 and 3’ polymorphisms allele size reflects mobility units of PCR product in gel

electrophoresis. 57 allele size reflects number of CA repeats.

*Hardy-Weinberg includes all alleles.

75




Table 4. Pearson correlation among variables in this study (second row gives P-values).

Percentage Dense tissue Non-dense Height Weight BMI IGF-I IGFBP-3 IGF-I/IGFBP-3 GH
density tissue ratio

Percentage 0.90 -0.85 0.02 -0.67 -0.69 0.20 -0.16 0.33 0.11
density i <.0001 <.0001 0.85 <.0001 <.0001 0.009 0.04 <.0001 0.17
Dense tissue -0.57 0.00 -0.53 -0.55 0.13 -0.21 0.28 0.03

i i <.0001 0.98 <.0001 <.0001 0.10 0.01 0.0003 0.68

Non-dense tissue - - - -0.03 0.70 0.73 -0.26 0.08 -0.33 -0.17
0.66 <.0001 <.0001 0.001 0.33 <.0001 0.03

Height - - - - 0.20 -0.11 0.07 0.00 0.06 0.01
0.01 0.17 0.41 1.00 0.42 0.94

Weight - - - - } 0.95 -0.22 0.16 -0.34 -0.15
<.0001 0.004 0.04 <.0001 0.06
BMI - - - - } - -0.25 0.17 -0.37 -0.16
0.002 0.03 <.0001 0.05
IGF-1 - - - - - - - 0.45 0.69 -0.09
<.0001 <.0001 0.28

IGFBP-3 - - - - - - - - -0.31 -0.01
<.0001 0.93

IGF-I/IGFBP-3 - - - - - - - - -0.11
ratio - 0.18

All sample sizes are equal to 163 except for comparisons that include IGF-1, IGFBP-3 and the IGF-I/IGFBP-3 ratio (n=162) and GH (n=160) (with
the exception of specific comparisons that include either IGF-1, IGFBP-3 or the IGF-I/IGFBP-3 ratio verses GH (n=159)). Data transformed as
indicated in methods section with the exception of weight and BMI, where the inverse transform was not used in order to show direction of effect.
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Table 5. IGFI 57, intron 2 and 3' polymorphism genotype and IGF-I, IGFBP-3 levels, IGF-I/IGFBP-3 ratio and GH levels.

Least square mean (95% CI) for number of 5 19, intron 2 216, or 37 185 alleles

Two copies One copy Non-carrier F P

IGF-I (ng/ml)

519 149.0 (141.0-157.0), n=67 156.9 (149.1-164.7), n=70 166.9 (153.8-179.9), n=25 5.51 0.02

Intron 2 216 166.8 (153.4-180.2), n=24 152.6 (144.3-161.0), n=62 153.6 (146.1-161.1), n=76 1.69 0.20

3" 185 152.6 (140.5-164.7), n=30 158.1 (150.7-165.5), n=80 152.2 (143.0-161.4), n=52 0.07 0.80
IGFBP-3 (mg/litre)

5719 2.6 (2.5-2.7), n=67 2.7 (2.6-2.8), n=70 2.8 (2.6-2.9), n=25 3.05 0.08

Intron 2 216 2.8 (2.6-3.0), n=24 2.6 (2.5-2.7),n=62 2.7 (2.6-2.8), n=76 0.01 0.93

3" 185 2.7 (2.5-2.8), n=30 2.7 (2.6-2.8), n=80 2.6 (2.5-2.7),n=52 0.76 0.38
IGF-I/IGFBP-3 ratio

5719 57.6 (54.8-60.5), n=67 58.1(55.3-60.9), n=70 60.6 (55.9-65.2), n=25 0.88 0.35

Intron 2 216 60.2 (55.4-64.9), n=24 58.7 (55.7-61.7), n=62 57.3 (54.6-60.0), n=76 1.20 0.27

3" 185 56.7 (52.5-61.0), n=30 58.7 (56.0-61.3), n=80 58.6 (55.3-61.8), n=52 0.34 0.56
GH (pg/litre)

5719 0.8 (0.6-1.1), n=065 1.0 (0.7-1.3), n=70 0.7 (0.4-1.1), n=25 0.00 0.95

Intron 2 216 1.0 (0.6-1.6), n=23 1.0 (0.6-1.6), n=62 1.0 (0.6-1.6), n=75 0.58 0.45

3" 185 0.9 (0.6-1.4), n=29 0.9 (0.7-1.1), n=80 0.8 (0.6-1.1), n=51 0.13 0.71

"Test statistics based on the number of copies of the most common allele (5”19, intron 2 216, 3”185 allele) entered into models as a continuous
variable. Mean values are back transformed where appropriate. All results are adjusted for age. Sample sizes for IGF-1, IGFBP-3 and IGF-

I/IGFBP-3 ratio equal 162. Sample size for GH is 160.
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IGF1 genotype and mammographic features

Regression analyses indicated that the number of 19 alleles at the 5 “polymorphism or
the number of 216 alleles of the intron 2 polymorphism were not associated with any of the
three measures of mammographic features (Table 6). The number of 185 alleles at the 3’
polymorphism was significantly associated with increased percentage breast density (F=4.86,
P=0.03) and amount of non-dense tissue (F=5.61, P=0.02) at the P<0.05 level. Consistent
with an additive model, least square mean estimates were 27.6%, 24.7% and 16.8% for
percentage density and 66.7 cm?, 78.2 cm” and 96.7 cm” for amount of non-dense tissue in
women with 2, 1 and 0 copies of the 185 allele. The number of 185 alleles explained 3% of
the variance in both percentage density and amount of non-dense tissue (prior to age
adjustment). The amount of dense tissue increased with the number of 185 alleles, but the
result was not significant (F=2.25, P=0.14) (Table 6).

Further analyses explored the association of other 3 “polymorphism alleles and
mammographic features. No significant associations between either the 181, 187, 189, or 191

alleles and mammographic features were observed.

IGF1 genotype and anthropometric measures

The number of 5719 alleles and the number of intron 2 216 alleles were not
associated with either BMI, weight or height (Table 7). Significant associations were,
however, observed between the number of 37185 alleles and height and BMI. Greater height
was significantly associated with having a greater number of 185 alleles (F=8.06, P=0.01).
Women with more copies of this allele had significantly lower mean BMI (F=7.33, P=0.01).
The number of 185 alleles explained 5% and 4% of the variance in height and BMI

respectively (prior to age adjustment).
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Further analyses explored the association of other 3 “polymorphism alleles and
anthropometric measures. The number of 187 alleles was associated with height (F=6.8,
P=0.01), but no other significant association between alleles at this polymorphism and
anthropometric variables were observed.

Presence or absence of 37 185 allele, mammographic features and anthropometric
measures

Analyses where genotype was coded for presence or absence of the 37185 allele
produced similar patterns of significance for mammographic features and anthropometric
variables as analyses using number of 185 alleles. Significant associations were observed for
percentage breast density (F=5.14, P=0.02), and non-dense tissue (F=4.54, P=0.03). A
stronger association was observed for amount of dense tissue, but the result was still not
significant at the P<0.05 level (F=3.30, P=0.07). Significant results were also observed for
height (F=10.4, P=0.002), and BMI (F=4.83, P=0.03), while results for weight (F=0.92,

P=0.34) were not significant.
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Table 6. IGFI 5/, intron 2 and 3’ polymorphism genotype and mammographic features.

Least square mean (95% CI) for number of 57 19, intron 2 216, or 37 185 alleles

Two copies One copy Non-carrier F P

Mammographic density, %

5719 21.1 (15.9-27.0), n=67 24.3 (18.9-30.5), n=71 21.3 (13.1-31.5), n=25 0.09 0.76

Intron 2 216 24.3 (15.4-35.3), n=24 24.7 (18.9-31.4), n=62 20.3 (15.5-25.6), n=77 1.02 0.31

37185 27.6 (19.0-37.7), n=30 24.7 (19.6-30.4), n=81 16.8 (11.7-22.8), n=52 4.86 0.03
Amount of dense tissue (cm?)

5719 23.8 (18.3-30.1), n=67 25.5(19.9-31.8), n=71 25.5 (16.5-36.5), n=25 0.13 0.72

Intron 2 216 30.2 (20.2-42.3), n=24 25.6 (19.6-32.3), n=62 22.6 (17.6-28.3), n=77 1.66 0.20

37185 27.0 (18.5-37.1), n=30 27.4 (22.0-33.4), n=81 19.9 (14.3-26.4), n=52 2.25 0.14

Amount of non-dense tissue (cm?)

5719 86.5 (72.8-102.9), n=67  74.9 (63.3-88.5), n=71  86.7 (65.3-115.0), n=25 0.16  0.69
Intron 2 216 87.7(65.8-116.8), n=24  72.6 (60.7-86.8), n=62  87.0 (74.1-102.1), n=77 027 0.6l
37185 66.7 (51.7-86.1), n=30  78.2(67.0-91.4), n=81  96.7 (79.6-117.4), n=52  5.61 0.02

"Test statistics based on the number of copies of the most common allele (5719, intron 2 216, 37185 allele) entered into models as a continuous
variable. Mean values are back transformed. All results are adjusted for age. Sample sizes for each outcome are equal to 163.
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Table 7. IGFI 5/, intron 2 and 3’ polymorphism genotype and anthropometric measures.’

Least square mean (95% CI) for number of 57 19, intron 2 216, or 3 185 alleles

Two copies One copy Non-carrier F P

Height (cm)

5719 163.1 (161.6-164.5), n=67  164.3 (162.9-165.7),n=71  163.1 (160.7-165.5), n=25 0.17 0.68

Intron 2 216 163.9 (162.5-165.2), n=24  164.0 (162.4-165.5),n=62  161.9 (159.5-164.4), n=77 1.13 0.29

3" 185 164.8 (162.7-167.0), n=30  164.6 (163.3-165.9), n=81  161.4 (159.8-163.0), n=52 8.06 0.01
Weight (kg)

5719 64.7 (61.7-68.1), n=67 64.5 (61.6-67.8), n=71 64.0 (59.2-69.5), n=25 0.06 0.81

Intron 2 216 65.2 (62.4-68.4), n=24 63.6 (60.6-67.0), n=62 64.7 (59.8-70.4), n=77 0.17 0.68

37185 60.9 (57.0-65.4), n=30 65.0 (62.3-68.1), n=81 66.0 (62.5-69.9), n=52 2.65 0.11
BMI (kg/m?)

5719 24.4 (23.3-25.7), n=67 23.9 (22.9-25.0), n=71 24.2 (22.4-26.2), n=25 0.18 0.67

Intron 2 216 24.4 (23.3-25.5), n=24 23.7 (22.6-24.9), n=62 24.7 (22.9-26.9), n=77 0.00 0.96

37185 22.6 (21.2-24.1), n=30 24.0 (23.1-25.1), n=81 25.4(24.1-26.9), n=52 7.33 0.01

Test statistics based on the number of copies of the most common allele (5719, intron 2 216, 3”185 allele) entered into models as a continuous
variable. Mean values are back transformed where appropriate. All results are adjusted for age. Sample sizes for each outcome are equal to 163.
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Haplotype analyses

Linkage disequilibrium between specific allele pairs was low (Table 8). However,
there was evidence for significant linkage disequilibrium for adjacent polymorphisms (P <
0.0001) and for polymorphisms at the 5“and 3 “end (P = 0.02). Given these results and an
interest in further exploring the associations observed above, global tests for association of
haplotypes with IGF-I, IGFBP-3 levels, IGF-I/IGFBP-3 ratio, GH, mammographic features
and anthropometric variables were performed with haplotypes constructed using these pairs
of polymorphisms. There were no significant associations with any of the mammographic
features (percent density: 5 “and intron 2 haplotypes P=0.65, intron 2 and 3 ” haplotypes
P=0.30, 5”and 3" haplotypes P=0.17; dense tissue: 5 “and intron 2 haplotypes P=0.61, intron
2 and 3 haplotypes P=0.34, 5”and 3 ” haplotypes P=0.37; non-dense tissue: 5” and intron 2
haplotypes P=0.40, intron 2 and 3 ” haplotypes P=0.65, 5” and 3 ” haplotypes P=0.21).
Among other measures, a significant result (at the P<0.05 level) was observed for the overall
association of haplotypes constructed from the 5” and intron 2 polymorphism and circulating
IGF-I levels (P=0.05), and for haplotypes constructed from the intron 2 and 3’
polymorphisms with height (P=0.01). None of the other comparisons produced statistically

significant results.
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Table 8. Linkage disequilibrium between specific alleles.

57 —intron 2 Intron2 - 37 57 =37
haplotype Frequency D' R? haplotype Frequency D' R? haplotype Frequency D' R?
other/other 0.00 -0.29 <0.001 other/other 0.01 0.08 0.004 other/other 0.00 0.07 0.002
other/214 0.01 0.19 0.016 other/185 0.04 0.28  0.007 other/185 0.00 -1.00 0.024
other/216 0.01 0.07 <0.001 other/187 0.01 -0.29 0.002 other/187 0.01 0.02 <0.001
other/218 0.01 -0.03 <0.001 other/189 0.00 -0.72  0.008 other/189 0.02 0.44 0.025
other/220 0.00 -0.11 <0.001 214/other 0.00 -0.53 0.002 18/other 0.01 0.09 0.006
other/222 0.00 -1.00 0.004 214/185 0.01 -0.76  0.030 18/185 0.04 0.43 0.015
other/224 0.00 -1.00 0.002 214/187 0.05 0.62 0.066 18/187 0.01 -0.46 0.005
18/other 0.00 -0.59 0.001 214/189 0.01 -0.34 0.002 18/189 0.00 -0.99 0.015
18/214 0.01 0.14 0.018 216/other 0.01 -0.82 0.031 19/other 0.05 -0.01 <0.001
18/216 0.03 0.23  0.006 216/185 0.16 0.06 0.002 19/185 0.24 -0.16 0.021
18/218 0.02 0.13 0.004 216/187 0.16 0.31 0.076 19/187 0.18 0.01 <0.001
18/220 0.00 -1.00 0.013 216/189 0.02 -0.70  0.062 19/189 0.16 0.46 0.031
18/222 0.00 -1.00 0.008 218/other 0.02 0.12  0.006 20/other 0.01 -0.45 0.005
18/224 0.00 -1.00 0.004 218/185 0.13 042 0.052 20/185 0.10 0.08 0.002
19/other 0.04 -0.07 0.001 218/187 0.03 -0.51 0.024 20/187 0.09 0.18 0.022
19/214 0.04 -0.05 <0.001 218/189 0.01 -0.67 0.026 20/189 0.01 -0.70 0.032
19/216 0.24 020 0.012 220/other 0.01 -0.16 <0.001 21/other 0.01 0.02 <0.001
19/218 0.12 0.06 <0.001 220/185 0.10 0.25 0.017 21/185 0.06 0.57 0.034
19/220 0.04 -0.64 0.139 220/187 0.05 -0.06 <0.001 21/187 0.00 -0.99 0.031
19/222 0.10 046 0.017 220/189 0.01 -0.56 0.016 21/189 0.01 -0.28 0.002
19/224 0.06 1.00 0.038 222/other 0.02 0.11 0.008
20/other 0.01 -0.25 0.001 222/185 0.01 -0.80 0.066
20/214 0.01 -0.46 0.004 222/187 0.00 -1.00 0.054
20/216 0.05 -0.26  0.009 222/189 0.09 0.70 0.270
20/218 0.04 0.03 0.001 224/other 0.01 0.13 0.013
20/220 0.08 0.36 0.099 224/185 0.00 -1.00 0.050
20/222 0.01 -0.44 0.007 224/187 0.00 -1.00 0.026
20/224 0.00 -1.00 0.017 224/189 0.05 0.74 0.146
21/other 0.01 0.15 0.019
21/214 0.00 -0.96 0.005
21/216 0.01 -0.69 0.019
21/218 0.00 -1.00 0.018
21/220 0.04 049  0.095
21/222 0.01 0.02 <0.001
21/224 0.00 -1.00 0.005

Bold indicates linkage disequilibrium values that are > 0.10.
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3/ polymorphism, BMI, and mammographic features

BMI, IGF-I, IGFBP-3 and the IGF-I/IGFBP-3 ratio were investigated as factors that
might mediate the relationship between the 3’ polymorphism genotype and mammographic
features. These variables were introduced into a regression model with genotype and age as
independent variables, and either percentage density, amount of dense tissue or amount of
non-dense tissue as the dependent variable. Inclusion of BMI in models with percentage
density and non-dense area resulted in a loss of significance for the effect of genotype
(percentage density: F=0.16, P=0.69, non-dense tissue: F=0.16, P=0.69). The relationship
between amount of dense tissue and genotype was weakened with the P-value increasing to
0.91 from 0.14 after adjustment. Adjustment for IGF-I, IGFBP-3 and the IGF-I/IGFBP-3
ratio did not appreciably alter the strength of association between the number of copies of the

37 185 allele and either percentage dense tissue or the amount of non-dense tissue.

Interaction of 3’ polymorphism with IGF-I, IGFBP-3, and mammographic features
Interactions between presence or absence of the 37 185 allele and IGF-I, IGFBP-3
and the IGF-I/IGFBP-3 ratio were explored with percentage density, amount of dense tissue
or amount of non-dense tissue as the dependent variable. A significant interaction was
observed between genotype and IGFBP-3 concentration (entered in the model as a
continuous variable) with either percentage density (F=4.43, P=0.04, =4.89) or amount of
dense tissue (F=4.24, P=0.04, =4.76) as the outcome variable, but not for amount of non-
dense tissue (F=2.11, P=0.15, =-0.99). In stratified analyses strong and statistically
significant inverse associations between IGFBP-3 and percentage density (F=10.36, P=0.002,

= -5.98) and amount of dense tissue (F=10.52, P=0.002, = -6.30) and a more modest
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positive association with amount of non-dense tissue (F=6.27, P=0.03, f=1.15) was observed
when the 185 allele was absent. Non-significant and weak associations were observed when
the 185 allele was present.

Figure 1 provides a visual representation of this relationship with differences in
magnitude of mammographic features shown in relation to presence and absence of the 3~
185 allele in women in the upper and lower halves of circulating IGFBP-3 levels. Significant
inverse associations between presence of the 37 185 allele and percentage density (F=5.56,
P=0.02) and amount of dense tissue (F=5.04, P=0.03) were observed for women with
IGFBP-3 concentrations in the upper half of the distribution.

Entering IGF-I or the IGF-I/IGFBP-3 ratio into regression models as continuous
variables did not produce significant interaction effects with genotype, but when
dichotomized into IGF-I levels below or at and above the median, there was a significant
interaction between genotype and IGF-I concentrations for percentage density (F=5.00,
P=0.03, f=1.85) and amount of non-dense tissue (F=3.98, P=0.05, =-0.46) and a borderline
significant result for amount of dense tissue (F=3.60, P=0.06, =1.59). The results of
stratified analysis (depicted in Figure 2) revealed that presence of the 185 allele was
associated with greater percentage density (F=9.94, P=0.003), greater amount of dense tissue
(F=7.47, P=0.01) and lower amount of non-dense tissue (F=7.19, P=0.01), in women with
circulating IGF-I concentrations in the upper half of the study group (greater than 152.5 ng/l),
but not in women in the lower half of circulating IGF-I concentrations. Figure 3 shows this
same relationship but with women stratified into upper and lower halves of the IGF-I/IGFBP-
3 ratio. Tests for interaction did not indicate that being above or below the median in IGF-

I/IGFBP-3 ratio modified the effect of genotype on mammographic features (percentage
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density: F=0.79, P=0.38, =0.74, dense tissue: F=1.16, P=0.28, $=0.90, non-dense tissue:
F=0.12, P=0.73, f=-0.08). There was, however, some suggestion from stratified analyses that
presence of the 37 185 allele was more strongly associated with greater percentage density

and greater amount of dense tissue, and with smaller amount of non-dense tissue, in women

who were above the median for the IGF-I/IGFBP-3 ratio.

Interaction of 3’ polymorphism with BMI, and IGF-I levels

A significant association between circulating levels of IGF-I and 3” genotype was not
observed. Since circulating IGF-I levels may be related to BMI and because an association
between the 37 185 allele and BMI was observed, the interaction of the 37 185 allele with
BMI in regression models with circulating IGF-I as the outcome variable was explored.
Regression models relating IGF-I concentrations to genotype and BMI (entered into the
model as a continuous variable) indicated a significant interaction between presence of the 3~
185 allele and BMI (F=5.60, p=0.02). Stratified analysis indicated a significant positive
association between presence of the 185 allele and circulating IGF-I concentrations in
women with a BMI of less than 25 (F=4.17, p=0.04, f=15.8) and a non- significant but
negative association between this allele and circulating IGF-I concentrations in women with
BMI of 25 or greater (F=2.44, p=0.12, f=-12.5). There were, however, no significant
interactions between BMI (coded as either a continuous or categorical variable (less than or
greater or equal to 25 kg/m?)) and presence of the 185 allele when either percentage density
(continuous, F=0.76, P=0.38; categorical F=0.63, P=0.43), amount of dense tissue
(continuous, F=1.37, P=0.24; categorical F=0.22, P=0.64), or amount of non-dense tissue

(continuous, F=0.01, P=0.91; categorical F=1.52, P=0.22) was the dependent variable.
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Furthermore, in women under 25 kg/m” the strength of association of the 3 185 allele with
percentage density, amount of dense tissue and amount of non-dense tissue was not

appreciably altered when IGF-I concentration was included as a covariate.
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Figure 1. Presence (darker bar) and absence of the 3’ 185 allele and mammographic features,
for women in the upper (n=81; 59 with 185 allele present) and lower (n=81; 51 with 185
allele present) halves of circulating IGFBP-3 concentration. Values are least square means
from regression models adjusted for age. Error bars represent 95% confidence limits.
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Figure 2. Presence (darker bar) and absence of the 3’ 185 allele and mammographic features,
for women in the upper (n=81; 57 with 185 allele present) and lower halves (n=81; 53 with
185 allele present) of circulating IGF-I concentration. Values are least square means. Error
bars represent 95% confidence limits.
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Figure 3. Presence (darker bar) and absence of the 3’ 185 allele and mammographic features
for women in upper (n=81; 54 with 185 allele present) and lower (n=81; 56 with 185 allele
present) halves for the IGF-I/IGFBP-3 ratio. Values are least square means. Error bars
represent 95% confidence limits.
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DISCUSSION

An inverse association of circulating IGF-I concentrations with the number of 19
alleles of a 5" CA repeat polymorphism, previously examined in association with breast
cancer risk with inconsistent results (/72,179,189-193), was observed in this study.
Additional analyses did not find significant associations with IGFBP-3 levels, the IGF-
I/IGFBP-3 ratio or GH. Neither the intron 2 216 allele or the 37 185 allele was associated
with levels of IGF-I, IGFBP-3, the IGF-I/IGFBP-3 ratio or GH.

The number of 57 19 alleles was not associated with mammographic features, which
was inconsistent with the proposed model of variant /GF'I alleles influencing mammographic
density through an effect on circulating IGF-I levels. In fact, no specific allele of any of these
polymorphisms was associated with both IGF-I levels and mammographic density (data not
shown). This study did find an association between both percentage density and the area of
non-dense (fat) tissue, and the number of 185 alleles of a polymorphism at the 3’ end of
IGF1. The pattern of association was consistent with an additive model. The mean amount of
dense area was greater in subjects with one or more copies of the 185 allele, but this result
was not significant at the P<0.05 level.

Haplotype analysis revealed an overall association between polymorphisms
constructed from the 5 polymorphism and intron 2 and IGF-I levels. The relationship was of
borderline significance and did not provide additional information since a statistically
significant association with the common 19 allele of the 5 polymorphism was already
observed. Inconsistent with the proposed model, however, haplotype analysis using any of
the pairs of polymorphisms tested here did not provide evidence for an association of an

IGF1 variant with both mammographic density and IGF-I levels.
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Further analyses focused on the 3’ repeat polymorphism. An inverse association was
observed between the number of 185 alleles and BMI. Greater BMI is strongly associated
with decreasing percentage breast density. In this study, including BMI in regression models
with the 37 genotype (number of 185 alleles) removed the significant association between
genotype and percentage density and area of non-dense tissue. This result, in conjunction
with the relationship between the 37 185 allele and amount of non-dense tissue, suggests that
the association of genotype with percentage breast density is mediated through its
relationship with body composition and in particular body fat.

There was evidence from exploratory analyses that suggested that the association of
37 185 allele with circulating IGF-I concentrations may be modified by BMI, as a positive
association between the number of 185 alleles and circulating IGF-I concentration was
observed only in leaner women (e.g. with a BMI of less than 25). There was however, no
significant interaction between /GFI genotype and BMI in models where either percentage
density, amount of dense tissue or amount of non-dense tissue were included as the
dependent variable. Furthermore, including IGF-I concentration as a covariate in models
examining the association of the number of 37 185 alleles with mammographic features in
leaner women did not alter the results appreciably. Therefore, a more complicated model
where number of 37 185 alleles influences circulating IGF-I levels and ultimately
mammographic density only in women with lower BMI, is not supported. Instead of
influencing IGF-I levels, allelic variants of /GF' I might instead influence tissue specific
expression of the IGF-I protein. This could occur through differential regulation of promoter
activity or an influence on messenger RNA stability by alleles of a functional polymorphism

that is also subject to regulation by tissue specific factors. Tissue specific expression of the
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IGF-I protein could then in turn influence mammographic density and body fat stores
through autocrine or paracrine mechanisms.

Although the 37 185 allele did not influence IGF-I levels, a modifying effect of IGF-I
concentrations on the effect of the 37 185 allele on percentage density, the amount of dense
tissue, and the amount of non-dense tissue was suggested by exploratory models, where IGF-
I concentrations were dichotomized. The results indicated that presence of the 37 185 allele
was more strongly associated with percentage density and amount of dense tissue, and
absence of the allele was more strongly related with non-dense tissue, in women in the upper
half of the distribution of IGF-I concentration. These results are consistent with the
interpretation that the biological effect of variant /GF'I alleles may be influenced by
differences in IGF-I concentrations. The observation that percentage breast density and
amount of dense tissue was reduced primarily in women who had high IGFBP-3 levels and
did not carry the 37 185 allele suggests that IGFBP-3 concentration also plays a role in the
effect of variant /GF] alleles. There are no common variants in /GFI coding regions that
could account for these types of effects through an influence on IGF-I protein configuration.
However, an allele that promotes greater tissue specific expression of IGF-I might act in
concert with higher concentrations of circulating IGF-I to produce a stronger effect on local
tissue. Similarly greater tissue specific expression of IGF-I might lead to a greater amount of
free IGF-I in breast tissue, counteracting the putative protective effect of IGFBP-3 on
percentage breast density.

A possible mechanism by which IGF-I may influence mammographic density and
breast cancer risk is through proliferative and anti-apoptotic effects on epithelial cells. Dense

tissue in the breast is comprised of epithelial cells and connective tissue. Although in this
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study an association between /GFI genotype with breast density was observed, it appeared to
be mediated through its influence on non-dense (fat) tissue in the breast. Still, a possible
effect on dense breast tissue should not be ruled out, as the association of dense tissue with
the presence of the 3’ 185 allele (a coding scheme which assumes a dominant effect of this
allele) was close to significant. Furthermore, as discussed above, exploratory models suggest
that the association of the 37 185 with the amount of dense tissue may be influenced by
circulating IGF-I and IGFBP-3 levels.

There are several potential limitations to this study that should be considered. A
potential source of bias in this study is confounding resulting from population stratification.
Other genetic or environmental factors may be associated with both genotype and phenotype
through population substructure (e.g. ethnicity) and could produce false associations between
genotype, and the measured mammographic and anthropometric variables. Restricting the
analysis to Caucasian women, however, should reduce the possibility of false positive
associations that result from the relationship between population substructure, genotype, and
phenotypic measures. Allele frequencies at the previously studied 5” polymorphism in this
sample were very similar to those in other Caucasian populations in the U.S., Israel and the
northern parts of Europe (175,177,191,234). This suggests that within Caucasian populations,
genetic variation at this locus is small, and if true for other /GF'I loci, the chances of false
positive or negative findings due to population stratification should be minimal. Still, the
distribution of this and other alleles in Caucasian populations across Europe is not known,
and if there is variation in allele frequencies, population stratification may be an issue since

this sample should consist of a mixture of those populations (201).
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This study was not population based; instead subjects were recruited from
mammographic units of hospitals within the city of Toronto. Women were referred to these
units for a variety of reasons, including suspicion of breast cancer, family history of breast
cancer or for routine mammograms (although screening is not recommended in Ontario for
most of the women in this sample, who are under 50 years of age). In addition, women were
selected to produce a wide range of mammographic density. Therefore the women in this
sample may not be representative of the population of Caucasian women in the surrounding
area. A sample that is not representative could influence the magnitude of the relationship
between genotype and phenotype. The presence of these relationships is unlikely to result
from the recruitment approach, however, without the presence of significant confounding in
the population due to population stratification. In addition, a previous study using all of the
subjects from this investigation with some additional subjects (non-Caucasians and women
who did not provide consent to have their DNA analysed) has produced associations between
circulating IGF-I and mammographic density consistent with those observed in other studies
(3,8). (The same association was observed in this sample, although perhaps due to smaller
sample size, it was not significant after adjusting for IGFBP-3 levels). This suggests that the
recruitment method did not have a major influence on study outcome.

In interpreting the results, it is important to consider that there was strong correlation
between three of the outcomes found to be associated with the number of 37 185 alleles:
percentage density, amount of non-dense tissue and BMI. It can be argued that the observed
consistency in results may have been due to chance association with highly correlated
variables. However, the number of copies of the 185 allele of the polymorphism at the 3’ end

of the gene was also related to height. Height was not significantly correlated with
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mammographic features or BMI and a relationship between /GFI genotype and height is
consistent with the role of IGF-I in mediating the effects of growth hormone (235). This
result provides some additional support for a possible relationship between the 3’ 185 allele
and percentage density, amount of non-dense tissue and BMI.

Several other studies have examined the association of the 5 19 allele with
circulating IGF-I levels with inconsistent results. Results from two studies conducted on
Caucasian or mainly Caucasian populations give support to the results presented here, with
an inverse relationship observed between the 19 allele and circulating IGF-I levels reported
(175,181). Contradictory results in Caucasians have also been reported (/77,179) and there
are studies that report no association (/72,182). There are three studies which reported on
premenopausal women. In addition to the observed positive association of IGF-I levels with
the 19 allele reported for both pre- and postmenopausal women in the Nurses Health Study
(referred to above) a positive, although non-significant relationship of IGF-I levels with the
19 allele was also observed in premenopausal women (/79). The other two studies recruited
through institutions in the same city as hospitals used for recruitment for this investigation.
Of these, one found the 57 19 allele to be inversely associated with circulating IGF-I
concentrations in oral contraceptive users only (/74), while the other found no association in
premenopausal women but a borderline significant inverse association in postmenopausal
women (99).

Several studies have found evidence for a relationship between mammographic
density and circulating concentrations of IGF-I, IGFBP-3 or the IGF-I/IGFBP-3 ratio (5-
8,99) in premenopausal women (Table 1). A previous study that included the same Caucasian

sample as this one, with some additional subjects, reported significant positive associations
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of IGF-I with percentage breast density and the amount of dense tissue (7). Two studies
reported a positive association of IGF-I concentrations with percentage breast density in
premenopausal women, and in addition reported an inverse association with circulating
IGFBP-3 concentrations and a positive association with the IGF-I/IGFBP-3 ratio (5,8). A
fourth study reported a positive association between IGF-I and percentage density of
borderline significance, although results were not consistent across samples that were
assayed at different times (Table 1) (6). The same study also reported an inverse association
between IGFBP-3 levels and percentage breast density, and a positive association between
the IGF-I/IGFBP-3 ratio and percentage breast density (6). All of these results are consistent
with the association between percentage density and /GF'I genotype reported here. Evidence
from this study suggests that the association of IGFBP-3 levels with mammographic density
may be modified by the 3” polymorphism genotype. This might in part explain the
inconsistently observed association between IGFBP-3 levels and mammographic density,
across different studies (5-8,99,162,164) .

Two other studies have investigated the association between allelic variants of /GF'/
and mammographic density. Consistent with the results presented here, no association was
found with the number of 19 alleles and percentage breast density (99). In a large sample
comprised largely of postmenopausal women, a strong association between mammographic
density and haplotypes from 3 of 4 haplotype blocks of the /GFI gene and 4 /IGF1 SNPs was
observed (/00). The SNPs associated with density were found in the introns, and consistent
with the current investigation, at the 37 end of the gene. Unlike the current investigation, the
association was observed even though BMI was included as a covariate and therefore appears

unlikely to be influenced by body fat, as suggested by the results here.
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A number of studies have examined the relationship between circulating IGF-I
concentrations and measures of body composition, but results are difficult to interpret.
Studies that have measured body mass index have observed mainly null associations (/23-
128), but inverse (/18), and positive associations (/29), have been reported. A non-linear
association between IGF-I concentrations and BMI is suggested by the results of some
studies with lower IGF-I concentrations reported in individuals with relatively low or high
BMI (130-135). There is some evidence for an inverse association between IGF-I levels and
visceral adipose tissue in obese subjects (/36-139) and a consistent inverse relationship
between IGFBP-I levels and BMI provides support for a relationship between the IGF-I
system and body fat stores (/25,129,132,133,140-143). Consistent with our results, an /GF']
CT repeat polymorphism was reported to be associated with fat mass, percentage fat and fat
free mass (236).

The number of copies of the 37 185 allele had a strong influence on mammographic
density. Average percentage breast density was about 11% greater in women with two copies
of this allele verses non-carriers. This is a large difference when compared to most other
factors related to mammographic density. Although BMI was found to be more strongly
associated with percentage breast density in this study (a simple dichotomization of BMI into
categories of less than or greater or equal to 25 kg/m? produced a greater than 25% gradient
in percentage breast density) parity was not even significantly associated with percentage
breast density. Furthermore, in a previous study, change in breast density attributable to
change in menopausal status was observed to be only about 3% (over an average of 1.5 years
during which menopausal status changed in study subjects) (82). The 11% change in

percentage breast density can further be placed into context by considering the results of a
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recent study conducted in Canada where an 80% increase in risk from the lowest to second
lowest category of density was reported (< 10% density verses 10 < 25% density) (58). An
11% difference in percentage density is roughly comparable to the difference in the median
of these two categories and therefore should result in a meaningful increase in breast cancer
risk.

There appear to be no other studies that have reported on the repeat at the 3” end of
the gene and there is no evidence to suggest that this polymorphism, which lies in the 3”
untranslated region, has functional significance. However, a relationship between this
polymorphism and mammographic and anthropometric features may be explained by linkage
disequilibrium between this marker and another /GFI polymorphism that influences gene
function. Although this study did investigate the association of haplotypes constructed from
these polymorphisms, no significant associations with mammographic density were revealed.
There were also no significant associations with anthropometric features other than height.
Further studies that employ tightly spaced markers are needed to determine if there is a
functional variant in the vicinity of the 3" polymorphism.

In conclusion, results from this study suggest an association between the number of
copies of the 37 185 allele and mammographic density. This association appears to be
mediated through an influence on body fat. Associations with BMI and height were also
observed. If, however, there is a relationship between this allele and these outcomes, it does
not appear to be mediated through an effect on circulating IGF-I levels.

All of the outcomes for which an association of the 3 185 allele was reported are risk
factors for breast cancer. Greater mammographic density is strongly related to increased

breast cancer risk. In premenopausal women, obesity may reduce the risk of developing
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breast cancer and height is suggested to increase risk (/7,26). Several studies have examined
IGF'I polymorphisms and breast cancer risk. Four studies have reported a significant
association of various alleles of the 5” polymorphism with breast cancer risk, with two
finding the 19 allele to be associated with disease (/89,191-193). Three studies have reported
significant associations with various SNPs and breast cancer risk (/87,194,195). The results
from this study suggest that further investigations into the relationship between breast cancer
risk and /GF'I are warranted and that these should include the 3’ polymorphism and other

polymorphisms that may be in linkage disequilibrium with it.
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Chapter 5. Family based study examining the association of IGF1

polymorphisms and breast cancer risk in premenopausal women

ABSTRACT
Background and objectives

In general, studies indicate that greater circulating IGF-I concentration is associated
with increased breast cancer risk in premenopausal women. Both breast cancer risk and
circulating IGF-I concentrations appear to be partly heritable. Therefore, /GF is a suitable
candidate gene to examine in association with breast cancer risk.
Methods

DNA and risk factor data from 840 premenopausal probands with breast cancer and
their first degree relatives were obtained from the Ontario Familial Breast Cancer Registry
(OFBCR) and the Australian Breast Cancer Family Registry (ABCFR). The association
between allelic variants of three CA repeat polymorphisms, including a previously
investigated 5 “repeat, with breast cancer risk in premenopausal women was examined.
Results

Some nominally significant associations (5” 21 allele, P=0.03; intron 2 212 allele,

P=0.04; intron 216 allele, P=0.04) were observed in the combined ABCFR OFBCR sample,
but adjustment for multiple comparisons indicated that these had a high probability of being
false discoveries. In additional analyses, a stronger association between the intron 2 216
allele with risk (P=0.01) was observed under a recessive model and ad hoc grouping of 5’
polymorphism alleles resulted in a significant positive association of with risk for alleles of

length 18 to 20 (P=0.02) and a inverse association for alleles greater than 20 repeats in length
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(P=0.01). These same associations were observed in the OFBCR (intron 2 216 allele
recessive, P=0.02; both 57 18 to 20 allele grouping and >20 allele groupings, P=0.01) but
were not strongly supported in the ABCFR (intron 2 216 recessive, P=0.14; 5" 18 to 20
grouping, P=0.25; 5 > 20 grouping P=0.20). Analysis of haplotypes resulted in few
nominally significant associations that could have been due to chance.
Conclusions

Given the number of comparisons performed and the lack of strong consistency
across samples, the results provide limited evidence for an association between genetic

variants of /GF] and breast cancer risk.

INTRODUCTION

Insulin-like growth factor I (IGF-I) has both mitogenic and anti-apoptotic effects on
mammary epithelial cells (237,238), suggesting a potential role in the development of breast
cancer. A number of cohort and case-control studies have investigated the association of
circulating IGF-I concentration and breast cancer risk. These studies indicate that the
circulating concentration of IGF-I is associated with an increased risk of breast cancer in
premenopausal women, although results are not entirely consistent. An association between
circulating IGF-I levels and breast cancer risk in postmenopausal women is not supported (/-
3).

It is estimated that 27% of breast cancers are attributable to genetic factors (9).
Estimates of heritability of circulating IGF-I concentration range from 38-63% in middle
aged and elderly men and women (/1,12). Therefore, genetic factors may play a role in

influencing IGF-I levels and ultimately breast cancer risk.
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There is a cytosine-adenosine (CA) dinucleotide polymorphism in the promoter region
of IGFI (5’ polymorphism). Seven studies have investigated the association between
specific alleles of this polymorphism and breast cancer risk (/72,179,189-193). Four have
reported a significant association (/89,7191-193), although in only two studies has the same
allele been reported to be associated with risk (/89,192).

Only two of these studies (one in a Chinese sample, the other which examined
Caucasians) investigated the association of this polymorphism in premenopausal women in
samples of adequate size (/89,193). Significant associations between variant alleles of the
IGFI gene and breast cancer risk were reported, although with respect to the association of
specific alleles with risk, inconsistent and contradictory results were reported (/89,193).

Three studies have specifically examined /GFI tagging SNPs in relation to breast
cancer risk. Two found nominally significant associations with SNPs at the 5” end, although
results were not significant after adjustment for multiple comparisons (194,795). A third
study reported significant associations with five tagging SNPs across the /IGF'I gene with
strongest support for an association of a tagging SNP in intron 3, based on its association
with circulating IGF-I levels (/87). None of the studies reported associations stratified by
menopausal status, and two of three had only moderate sized samples of premenopausal
women, while the third included prevalent cases (187,194,195).

Inconsistency among the reported relationships between /GF'I and breast cancer risk
may be due to the differences in linkage disequilibrium patterns among ethnic groups
examined in different studies (e.g., Caucasian vs. Chinese (/89,193)), confounding due to
population stratification, or effect modification by other genetic or environmental factors.

Multiple testing may also have played a role in creating spurious associations for the 5’
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polymorphism, which has several alleles. The focus of most studies on the 5 polymorphism
may also contribute to inconsistency among studies since (if viewed as a marker) this one
polymorphism alone is unlikely to capture genetic variation across the gene.

This study examined the association of CA repeat alleles of the /GFI gene and breast
cancer risk in a large sample of premenopausal women from two population based registries.
The study was family based, removing the potential for bias resulting from confounding due
to population stratification. The 5 polymorphism was examined with respect to breast
cancer risk, as was the association of two other CA repeat polymorphisms, in intron 2 and at
the 37 end of the gene. Linkage disequilibrium between polymorphisms was examined, and
the association of haplotypes constructed from these polymorphisms with breast cancer risk
was investigated. Interactions between /GF'1 genotype and breast cancer risk factors (body

mass index, family history of breast cancer and oral contraceptive use) were explored.

METHODS

This study used a family based design. Families had been previously recruited by the
Breast Cancer Family Registry for the purpose of conducting studies on the genetic and
molecular epidemiology of breast cancer (239). Families with affected premenopausal
probands with either siblings (including some affected sisters), parents or combinations of

siblings and parents were selected from this registry for the study presented here.

Recruitment
Two sites of the Breast Cancer Family Registry, the Ontario Familial Breast Cancer
Registry (OFBCR) and the Australian Breast Cancer Family Registry (ABCFR) provided

DNA samples and risk factor data for study subjects. During initial recruitment, cases were
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identified using local population based cancer registries: the Ontario Cancer Registry in
Ontario, Canada, and the Victorian and New South Wales Registries in Australia. Probands
were either residents of Ontario, Melbourne or Sydney at the time of diagnosis.

Probands in OFBCR families were incident primary invasive breast cancer cases
identified by pathology report beginning in 1996 and ending in 1998. Cases with prior
diagnoses were reviewed to ensure they matched criteria established for a new primary
cancer. During this time period, pathology reports were received for 90% of breast cancer
cases that were recorded in the Ontario Cancer Registry.

Initial enrolment included female cases aged 20-54, a random sample of female cases
aged 55-69, and male cases under age 80 (the latter comprised a small proportion of those
enrolled as there were only about 100-120 incident male cases per year reported in Ontario).
A family history questionnaire was used to classify families as moderate to high risk for
developing breast cancer (Table 1). All moderate to high risk families were eligible for the
study. A random sample (approximately 25%) of families designated low risk for breast
cancer was also included in the sample (240).

Figure 1 shows steps in the recruitment of OFBCR families. Initially, 8,446 cases were
eligible for contact for the purpose of classifying family history status. Physicians refused to
give permission to contact 5.6% of cases. In addition 1.7% of cases were already deceased
and an additional 2.1% of cases could not be contacted through physician records. Of the
remaining 7,662 cases, 14.8% refused to participate and 20.4% either did not respond or
could not be contacted. A completed family history questionnaire was returned by 4,962
cases (59% of the eligible 8,446 cases). After assessment of family history status, just over

half of the cases, 2,585 (52%), met eligibility criteria. A risk factor questionnaire was
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completed by 1,862 (72%) of these. Blood samples from a female proband and at least one
first degree relative was obtained for 606 cases who completed the risk factor questionnaire.
Probands and sisters with a diagnosis of breast cancer were considered premenopausal if
their periods had not stopped for more than one year at the time of their diagnosis and they
were either not using hormone replacement therapy, or stopped using hormone replacement
therapy two or more years prior to diagnosis or a year prior to their periods ending after
diagnosis. Of the 606 available probands, 400 were determined to be premenopausal at time
of diagnosis, potentially providing 400 families for analysis (Fig. 1). However, in 62 of these
families DNA from the Mount Sinai repository was unavailable for either the proband or
relatives, leaving 338 families with DNA samples that potentially could be analysed. DNA of
six probands was never tested because other ongoing studies indicated that these were of
insufficient quality for analysis. This left 332 OFBCR families available for genotyping for
this study.

Enrolment into the ABCFR required that cases were incident first primary female
breast cancers aged 20-59 and diagnosed from 1992 to 2000 (Fig. 2). Enrolment from 1992
to 1995 pre-dated the formation of the ABCFRs and was restricted to women under the age
of 40. Family history status was not a factor in determining eligibility for the ABCFR.
Interviews were conducted for 1,578 of 2,303 eligible cases (68.5%). The patient’s surgeon
refused to allow contact for 8.5% of eligible cases. Refusal by the case to participate
(16.4%), death prior to contact (1.8%), non-response by surgeon (1.3%) or case (1.2%), and
failure to locate the case (2.3%), accounted for the remaining 23% that did not enroll. DNA

samples were available from 1,453 cases (92% of those who completed an interview), 1,048
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of whom were premenopausal. Of these, 564 (54%) had at least one first degree relative who
provided a blood sample.

The same definition for premenopausal status that was used in the OFBCR, was
employed for ABCFR probands recruited beginning in 1996. Prior to 1996, probands were
considered premenopausal if their periods had not stopped for more than one year at the time
of their diagnosis or interview, or if their periods had stopped due to pregnancy. No women
with premenopausal breast cancer were diagnosed over the age of 56 in either the ABCFR or

OFBCR.

Table 1. Criteria for defining moderate/high risk families used by the OFBCR.

Proband + > one 1* degree relative with breast or ovarian cancer.

Proband + > two 2™ degree relatives with breast or ovarian cancer.

Proband diagnosed with breast cancer at age < 35.

Proband + > one 2™ degree or > one 31 degree relative diagnosed with breast cancer at

age < 35, or ovarian cancer at age < 60.

Proband with > one 2™ degree or > one 3™ degree relative with male breast cancer.

e Proband with breast and ovarian or multiple breast primaries.

e Proband + > one 2" degree relative or > one 3" degree relative with breast and ovarian
cancer.

e Proband + > one 2™ degree relative or > one 3" degree relative with multiple breast
cancer primaries.

e Family has three 1* degree relatives, each with any of the following cancers: breast,
ovarian, colon, prostate, sarcoma, or pancreas, with at least one family member diagnosed
< 50 years of age.

e Proband is Ashkenazi Jewish.
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Figure 1. Recruitment of OFBCR study subjects and selection of OFBCR families for this

study.
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Figure 2. Recruitment of ABCFR study subjects and selection of ABCFR families for this

study.
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Measurements
Laboratory methods

DNA extraction

DNA samples were obtained from the Ontario Cancer Genetics Network repository in
Ontario and from the ABCFR in Melbourne.

In Ontario, peripheral blood lymphocytes were pelleted and stored at —70°C to —80°C
and DNA was later extracted from the pellets using either phenol/chloroform extraction or
the Qiagen procedure (QIAamp DNA Mini Kit (250)™). The ABCFR stored dried blood
samples on Guthrie cards. DNA was extracted from Guthrie card dried blood spots using a
Chelex method. All samples were sent to the laboratory of Dr. H. Ozcelik where they were

prepared for genotyping at The Centre for Applied Genomics (TCAG) (216).

Genotyping

Three polymorphisms were selected for analysis; the previously identified 5’ CA repeat
polymorphism (/75,228), and two other CA repeats, located in intron 2 and at the 3’ end of
the gene, that were identified using Tandem Repeat Finder software version 2.02 (229). The
oligonucleotide primers used for PCR were as follows: 5'-GCTAGCCAGCTGGTGTTATT-
3', 5'-ACCACTCTGGGAGAAGGGTA-3' for the 5 polymorphism, 5’
CATACTTCTTAGCTCCTCAGG-3', 5'-CCCTCACAGAAAGCAGAA-3' for the intron 2
polymorphism, and 5'-CTTTTTAAGATGAGGCAGTTCC-3’,
S'GATTTCTTTTCAGTATTCCATTGG-3' for the 3’ polymorphism. Position of amplified

regions of DNA corresponded to positions 26,357,243-26,357,436, 26,332,059-26,332,274
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and 26,275,038-26,275,220 on contig NT 019546.15 of build 35.1 of the NCBI's genome
annotation for the 5', intron 2 and 3’ polymorphisms respectively.

For the OFBCR sample, PCR was performed with 5 ng of DNA, 5ul 10X PCR buffer,
0.8mM dNTPs, 0.18mM of each primer, and 5 U (0.3ul and 0.2ul) Platinum Taq in each 50ul
reaction. MgCl, concentration was either 3 mM for the 5’ and 3’ polymorphism and 4mM for
intron 2, or 2mM for all polymorphisms depending on MgCl; stock used. Amplification
conditions were 94°C for 3 minutes, and 35 cycles of 94°C for 30 seconds, 55°C for 30
seconds, and 72°C for 1 minute for the 5" repeat. Amplification conditions were the same for
the other polymorphisms with the exception that annealing temperatures were 60°C or 55°C
for the intron 2 polymorphism (depending on MgCl, stock used) and 50°C for the 3’
polymorphism. For ABCFR samples, PCR was performed with either 6mM or 4mM of
magnesium depending on MgCl, stock used. Amplification conditions were identical to that
used for the OFBCR sample with the exception that annealing temperature was either 55°C
(all 3 polymorphisms) or 55°C for the 5" and intron 2 repeat, and 50°C for the 3’ repeat,
depending on MgCl, stock used. All reagents were supplied by Invitrogen Life
Technologies. The forward primer was labeled with a 5" fluorescent dye (HEX) and the
reverse primer with a 5" sequence (GTTTCTT). Genotyping was performed by TCAG using
performance Optimized Polymer 6 (POP6) gel capillary electrophoresis systems (ABI 3100
and ABI 3700 systems) (216). Computerized output used by TCAG to assign genotypes
(electropherograms) was also examined by G. Fehringer to identify allele calls that were

suspicious and needed to be repeated.
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Retesting of Samples

A small percentage of samples were retested because they failed (8% in the ABCFR
and 5% in the OFBCR) or resulted in irregular shaped electropherograms (3% in both the
ABCFR and OFBCR) on the first genotyping attempt. OFBCR samples were tested up to two
more times if at least one of three polymorphic loci originally tested for the same subject had
been successfully genotyped. In cases where no genotype data was returned for all three loci
for a particular subject, only one additional retest per polymorphism was performed. ABCFR

samples were only retested once as a limited supply of DNA was available.

Reliability of genotyping

Reliability of TCAG allele calls was estimated by retesting a randomly selected sample
representing a minimum of 10% of DNA specimens from each 96 well plate. Laboratory
staff at TCAG were not informed which plates included samples for reliability tests.

Some of the reliability samples from the OFBCR and ABCFR did not run successfully
(either TCAG did not provide an allele call or upon review of the electropherogram, the call
was considered unreliable). If these samples were simply discarded, an overestimate of
reliability might result if a greater proportion of the samples that failed when retested were of
low quality and therefore would have been more likely to produce a call that disagreed with
the original. Four OFBCR reliability test samples failed, one each for the 5” and intron 2
polymorphisms and two for the 37 polymorphism. These retested samples had been
categorized as having good quality electropherograms upon previous inspection by G.F. This
was considered evidence that indicated that the retest samples were of good quality and
therefore need not be repeated. Instead, an additional random sample was substituted from

the same plate of the failed sample (there were 2 additional random samples per 96 well
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plate) and included in the calculation of percentage agreement between the original runs and
the reliability sample. There were 16 failures for the ABCFR sample. There were, however,
only 17 samples originally considered to have electropherograms of questionable quality and
only 3 of these (all for the 3” polymorphism) failed. The total number of samples used in
calculation of reliability for the ABCFR for this polymorphism was 181. Therefore, the failed
samples were not repeated since the number of failures was small, DNA was limited and the
process of freezing and thawing of these samples each time they were retested was likely
reducing the quality of the sample.

Concordance for the ABCFR sample was 97.2% (n=179), 94.1% (n=186) and 97.2%
(n=181) for the 5, intron 2 and 3’ polymorphisms respectively. Concordance for the
OFBCR sample was 99.1%, 98.1%, and 100% for the 5, intron 2 and 3 polymorphisms

respectively (n=108 for each polymorphism).

Assessment of Centre for Applied Genomics allele calls

Accuracy of TCAG allele calls was assessed by randomly selecting electropherograms
representing at least 10% of allele calls for each 96 well plate and having readers assign
genotype independently of TCAG. The ABCFR sample was inspected by two readers (G.
Fehringer and H. Jaranazi) independently. Discrepancies were resolved and results compared
to the TCAG allele calls. The OFBCR peaks were inspected by G. Fehringer alone.
Agreement for the ABCFR sample was 98.4%, 98.9% and 100% for the 5, intron 2 and 3~
polymorphisms respectively (n=190, 186 and 186 for each polymorphism respectively).
Agreement for the OFBCR sample was 99.1% for all three polymorphisms (n=109, 108 and

107 for the 57, intron 2 and 3 ” polymorphisms respectively).
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Mendelian inconsistency

Pedigree errors were examined using the program PEDAGREE (247). The extent of
the Mendelian errors within a family determined whether the entire family was excluded
from analyses or whether genotype data for a specific individual was removed for one or
more polymorphisms. The criteria used are summarized in Table 2. Mendelian errors were
identified in 15 of 330 OFBCR families resulting in the removal of 7 families prior to
analysis. In the ABCFR sample, Mendelian errors were detected in 43 of 526 families

resulting in the removal of 9 families.

Genotyping success rate

Removal of some families with Mendelian errors resulted in the number of families
available in Ontario for analysis being reduced to 325. Genotyping success rate was 99.7%,
99.3% and 99.1% for the 5, intron 2 and 3 ” repeat respectively. Two families were
discarded because of genotyping failures (for all three polymorphisms) in the probands,
leaving 323 families for the analysis.

There were 555 families available for genotyping from the ABCFR sample
(accounting for the removal of families with Mendelian errors). Genotyping success rate for
the ABCFR samples was 90.1%, 90.3% and 90.0% for the 57, intron 2 and 3~
polymorphisms respectively. Failures in genotyping resulted in 38 families being discarded

leaving 517 families for analysis.
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Table 2. Criteria for removing individuals or families when a Mendelian inconsistency was
identified.

e Error in one polymorphism. Genotype data removed for a polymorphism unless:

o Removal of one family member restored Mendelian consistency, while
removal of no other single family member restored Mendelian consistency
(genotype data of the one family member was then removed).

o Alleles from mother were not observed among four offspring while alleles
from father were observed (genotype data of mother removed).

e Error in two or more polymorphisms. All genotype data removed for family unless:

o Removal of one family member restored Mendelian consistency for two
polymorphisms while removal of no other single family member restored
Mendelian consistency (genotype data for one family member was removed).

e All genotype data also removed for family in the following situations:

o Genotype data for proband included allele not found in either parent for one
polymorphism, and data missing for second polymorphism (one proband two
parent family only).

o Genotype data for proband did not agree with mother’s genotype for one
polymorphism in a family composed of a mother daughter pair.

Risk factor questionnaires

Extensive risk factor questionnaires were completed by both ABCFR and OFBCR
family members. These included questions about oral contraceptive use, weight (prior to
diagnosis for probands), and height. ABCFR questionnaires were completed through

interview. OFBCR questionnaires were self administered.

Analysis
Hardy-Weinberg equilibrium for each polymorphism was examined using a

permutation version of the exact test (230) (implemented in Power Marker 3.25 (231)).
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Family based association tests incorporated into the programs FBAT (Family Based
Association Testing, version 1.5) (219) and PBAT (Pedigree Based Association Testing,
version 2.5) (207) were used for main analyses. These programs test for association under a
null hypothesis of no linkage or linkage disequilibrium between the marker(s) and the disease
susceptibility locus. The expected distribution is based on parental genotype data (using
genotype data directly from both parents or reconstructed from a genotyped parent and/or
siblings). Given Mendelian inheritance patterns all alleles are equally likely to be transmitted
to the case or proband and deviation from this expected distribution is evidence for
association of the gene with disease. Since the expected distribution is based on the parental
genotype data, the resulting statistical test is not susceptible to confounding due to population
stratification. Furthermore, no assumptions need to be made regarding assortative mating
(deviation from Hardy-Weinberg equilibrium) and the ascertainment condition (279).

Each of the polymorphisms genotyped had rare alleles. In order to ensure reliable
results, alleles were included in analyses only if at least ten of the families were informative
for a given allele. An informative family is one where parental genotypes (or the
reconstructed parental genotypes) include at least one parent that is heterozygous for a given
allele.

All probands were premenopausal incident cases and were coded as diseased for all
analyses. Sisters of probands who were diagnosed with premenopausal breast cancer, either
during or prior to the recruitment period, were also coded as diseased. Sisters diagnosed with
premenopausal cancer after the recruitment period were coded as not having disease, as were
sisters who had no diagnosis of breast cancer or those diagnosed with breast cancer when

they were no longer premenopausal. Two sisters with an unconfirmed report of breast cancer
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(one each from the ABCFR and OFBCR) were coded as having unknown disease status.
Family members other than sisters and probands were also coded as having unknown disease
status. The FBAT program was used to analyze the association between allelic variants at
individual loci and disease status, using an offset that minimizes variance. These analyses
were repeated with PBAT (version 2.5) using an offset that maximizes power. Since there
were no appreciable differences using FBAT and PBAT, results for FBAT are presented
since the output provides a clear indicator of the direction of an effect. Additive models were
used in analyses unless otherwise specified. Simulations have shown that the additive model
has good power to detect an association, even when the true genetic model is not an additive
one (223).

Association of allelic variants with breast cancer risk were examined for both the
combined ABCFR OFBCR sample and for the two samples separately. Results between
samples were compared with consistency (e.g. significance in both samples) being one
criterion by which an association may indicate a true effect. In addition, the Benjamini-
Hochberg correction was used to adjust P-values to account for multiple comparisons in the
combined sample (224).

Linkage disequilibrium was assessed between loci using PowerMarker vers. 3.25 (231).
A global test was performed and linkage disequilibrium between alleles from different loci
was also examined. Haplotype analyses were performed using two loci when linkage
disequilibrium between loci was statistically significant and at least one R? value between
allele pairs in either the ABCFR or OFBCR was greater than 0.1. Analysis of the association
of haplotypes with breast cancer risk used a weighted conditional approach incorporated into

the program FBAT 1.5 (242).
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Previous studies suggested that family history status may modify the association of the
19 allele with breast cancer risk (/79,190,193). Analyses that stratified by family history and
examined the relationship of specific alleles of the three polymorphisms with breast cancer
risk were performed. Families were included in the family history stratum if one or more first
degree relatives of the proband were reported to have breast cancer, otherwise they were
considered not to have a family history of breast cancer.

Some evidence suggests that oral contraceptive use and BMI also may modify the
relationship of the 19 allele with risk (/89,193). Interactions between IGF-I genotype and
BMI (analysed as a continuous variable) and oral contraceptive use (current use, ever use and
duration of use) were investigated in relation to breast cancer risk using PBAT. Analyses
examining genotype with risk was also performed, stratified by ever and never users of oral
contraceptives. An offset was chosen to allow only individuals affected with breast cancer to
contribute to the test statistic to avoid the problem of including families in the analysis with a
mixture of affected or unaffected individuals with different histories of oral contraceptive
use.

Interaction between the 185 allele of the 3” polymorphism and BMI was also
investigated in relation to breast cancer risk since results in chapter 4 indicate that the
number of copies of this allele may interact with BMI to influence IGF-I levels. Interactions
between both genotype and registry (ABCFR and OFBCR) and genotype and age in relation
to risk were also investigated. For women diagnosed with premenopausal breast cancer
during or (for some sisters of probands) prior to the study period, age was assigned as age at
diagnosis. Women not diagnosed with breast cancer were assigned their age at interview or

age at menopause, whichever was earlier, or age when hormone replacement therapy began
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for women categorized as having unknown menopausal status due to hormone use. One
woman diagnosed with breast cancer after the study period but prior to their interview date

were assigned their age at the end of the study.

Ethics
Ethics approval for this study was received from the Mt. Sinai Hospital Research Ethics

Board in Toronto.

RESULTS
Characteristics of subjects and completeness of data

Table 3 shows characteristics of the study subjects. The women in the ABCFR sample
were somewhat younger than those in the OFBCR reflecting the restriction of enrollment to
women under 40 from 1992 to 1995 in the ABCFR. In 93% of ABCFR families and 94% of
OFBCR families, all family members who reported their race or ethnicity identified
themselves as white. The vast majority of sisters in the ABCFR and the OFBCR did not have
breast cancer.

The ABCFR sample had fewer one parent one proband families (Table 3), as these
were not requested from the ABCFR since they add little power. The few that are present are
the result of a failure to successfully genotype other family members. The OFBCR had
relatively few samples with one or more siblings and both parents genotyped (Table 3)
because for some families siblings were not genotyped when DNA from both parents was
available. Adding siblings does not add information when parental genotype is already
known and therefore does not improve study power. For each polymorphism, some families

were discarded from analyses because of missing genotype data. Final counts of families by
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polymorphisms were 321, 318 and 317 for the 5, intron 2 and 3" polymorphisms
respectively in the OFBCR. In the ABCFR final counts were 502, 490 and 497 for the 57,
intron 2 and 3 polymorphisms respectively.

The OFBCR over sampled probands with a family history of breast cancer. In this
sample 241 of 323 families (75%), were classified as having a family history of breast cancer
according to OFBCR criteria (shown in Table 1). Defining family history as having a mother
or sister with breast cancer, 11% of ABCFR probands and 27% of OFBCR probands had a

family history of breast cancer (Table 3).

Table 3. Descriptive characteristics of ABCFR and OFBCR samples.

ABCFR OFBCR

Number of Families 517 323
Age (S.D.) of diagnosis probands 37.3 (6.3) 42.2 (6.7)
Caucasian families 482 (93%) 303 (94%)
Affected sisters 5 5
Unaffected sisters 688 251
Family history® 58 (11%) 87 (27%)
Family configurations:

Both parents no siblings 48 (9.3%) 53 (16.4%)

Both parents and siblings 110 (21.3%) 5(1.5%)

One parent and siblings 125 (24.2%) 64 (19.8%)

One parent no siblings 4 (0.8%) 34 (10.5%)

Siblings only 230 (44.5%) 167 (51.7%)

# Probands with mother or sister with breast cancer

Allele frequencies
Frequencies of alleles examined in analyses (those common enough to permit analysis

with 10 informative families or more) are shown for both ABCFR and OFBCR families,
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combined and separately, in Table 4. These include all ethnic groups and individuals with
and without breast cancer. Randomly selecting one family member (excluding women who
ever had breast cancer) from each family where members reported themselves as being
white, produced a sample with allele frequencies similar to those in Table 4. In the OFBCR
allele frequencies for the 5’ polymorphism among unaffected Caucasian family members
were 1.0%, 4.3% 62.8%, 20.3% 7.6%, 3.3% and 0.7% for alleles 17, 18, 19, 20, 21, 22 and
all others combined respectively. In the ABCFR frequencies for these same alleles were
1.4%, 5.0%, 64.1%, 20.8%, 5.4%, 2.4% and 1.0% for unaffected Caucasian family members.
Both sets of 57 allele frequencies (those from randomly selected unaffected Caucasian
family members and those presented in Table 4) are similar to those observed in other
Caucasian (1/75,177,234) and Jewish populations (/97).

Significant deviation from Hardy-Weinberg equilibrium was found for the 5”
polymorphism in the OBCFR (P=0.04) but not the ABCFR (P=0.92), or for intron 2 or 3’
polymorphism in either sample (intron 2: ABCFR P=0.61, OFBCR P=0.42, 3": ABCFR
0.20, OFBCR 0.47). Although deviation from Hardy-Weinberg equilibrium as seen for the 5’
polymorphism can be an indication of genotyping error, there is unlikely to be significant

error here since reliability tests indicated that genotyping error should be minimal.

IGF1 genotype and breast cancer risk

Preliminary analyses that examined interactions between registry and genotype in
relationship to risk revealed two significant results (57 18 allele (P=0.03) and 57 19 allele
(P=0.02)), from a total of 23 statistical tests. Since these might be due chance, data from both

registries are combined, but analyses by registry are also presented to permit comparisons.
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Association of specific alleles of the 57, intron 2 and 3 polymorphisms with breast
cancer risk are shown in Table 4 (a minus sign (-) for the Z-score is shown for an inverse
association otherwise associations are positive). Nominal significance (P<0.05) was observed
for the 21 allele of the 5” polymorphism and the 212 and 216 alleles of the intron 2
polymorphism in the combined ABCFR OFBCR sample. When analyses were stratified by
registry, there were no alleles for which a significant association was found in both the
ABCFR and OFBCR. The 5” 21 allele was associated with a decreased risk in both the
ABCFR and OFBCR samples but nominal significance was observed only in the OFBCR
sample. The intron 2 212 allele showed nominal significance in the ABCFR, but the number
of informative families was too few to assess association in the OFBCR. The 216 allele was
positively associated with risk in both samples, although neither was significant at the P<0.05
level. Nominal significance also was observed for the 57 18 allele in the ABCFR sample and
the 37 191 allele in the OFBCR sample. Results for the 5 18 allele in the OFBCR and the 3"
191 allele in the ABCFR did not support these findings.

Benjamini-Hochberg correction of P-values was used with the false discovery rate
(FDR) set at 0.05. This resulted in a corrected P-value of 0.007 for the largest nominally
significant P-value of 0.04 in the set of P-values reported for the combined ABCFR OFBCR
sample. A corrected P-value of 0.007 would be achieved only if the FDR was set at 0.31,
indicating that significant results observed at P<(0.05 have a high probability of being false
positives.

For the purpose of comparison to a previous study that reported an association between
IGF1 SNPs (187) using a recessive model, analyses were repeated using a recessive model in

FBAT. In the combined ABCFR OFBCR sample, a nominally significant positive

122



association was observed for the 216 allele (P=0.01). A nominally significant positive
association was also observed in the OFBCR (P=0.02), but although the direction of effect
was positive in the ABCFR the results was not significant at P<0.05 (P=0.14). In the ABCFR
a nominally significant positive association of the 3” 185 allele with risk was observed
(P=0.02). However, in the OFBCR the association was not significant (P=0.58) and in the
opposite direction. No other significant associations were observed using a recessive model.
Exploration of the interaction between age and genotype in relationship to breast cancer
risk produced only a few nominally significant results for specific alleles, which could be
attributed to chance. These were the intron 212 allele in the combined sample (P=0.05), and
the 57 21 allele in the OFBCR (P=0.01). The interaction test for the intron 2 212 allele could
not be compared across samples because there was only one informative family available in
the OFBCR for this test. The test for interaction between 5” 21 allele and age in the ABCFR

(P=0.71) did not support the result observed for the OFBCR.
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Table 4. Association between alleles of /GFI polymorphisms and breast cancer risk in the ABCFR and OFBCR.

Loci/
allele

5/
11
17
18
19
20
21
22

Intron 2
204
212
214
216
218
220
222
224
226

3!
181
183
185
187
189
191
193

ABCFR and OFBCR ABCFR OFBCR
Allele 7 Allele 7 Allele 7
frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
o score o score o score

0.5 11 0.24 0.81 - <10 - - - <10 - -
1.6 33 0.03 0.97 1.5 21 0.23 0.82 1.8 12 -0.17 0.87
6.2 129  0.72 0.47 6.5 88 1.96 0.05%* 5.7 41 -1.36 0.17
61.1 431  -0.31 0.76 60.6 274 -1.65 0.10 62.0 157 1.67 0.10
21.3 325 1.65 0.10 21.9 207 1.45 0.15 20.3 118 0.79 0.43
6.7 134 -2.17 0.03* 6.6 87 -1.19 0.23 6.9 47 -2.23 0.03*
2.1 46 -1.33 0.18 2.0 27 -0.23 0.82 24 19 -1.72 0.09
23 51 -1.03 0.30 1.9 30 -0.26 0.79 29 21 -1.36 0.17
0.8 16 -2.03 0.04* 1.1 15 -2.28 0.02* - <10 -
3.0 61 -0.97 0.33 3.0 40 -0.31 0.76 3.0 21 -1.16 0.24
38.3 438  2.08 0.04* 38.3 266 1.35 0.18 38.3 172 1.71 0.09
21.9 343 0.11 0.91 213 218  0.10 0.92 22.8 125 0.36 0.72
16.8 266  -0.88 0.38 16.8 170 -0.31 0.76 16.8 96 -1.45 0.15
9.8 199  -0.85 0.40 10.4 134 -0.46 0.64 8.5 65 -0.98 0.33
6.2 144  -0.33 0.74 6.0 93 -0.33 0.74 6.4 51 0.06 0.95
0.6 15 0.44 0.66 0.6 10 -0.38 0.71 - <10 - -
0.9 23 -0.31 0.76 0.9 13 0.39 0.70 0.9 10 -0.83 0.41
1.2 26 0.99 0.32 1.1 18 0.47 0.64 - <10 -
47.0 439  0.15 0.88 46.1 282 0.12 0.91 48.7 157 0.03 0.98
28.5 384  -0.19 0.85 29.2 238  -0.52 0.60 274 146 0.52 0.61
18.4 315 0.14 0.89 18.4 196  0.32 0.75 18.4 119 -0.25 0.80
29 64 -1.38 0.17 3.2 47 -0.52 0.60 23 17 -2.09 0.04*
1.0 20 0.40 0.69 1.1 13 0.09 0.93 - <10 - -

NIF: number of informative families
* Significant at P<0.05.

- Results not reported when number of informative families is less than 10.
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IGF1 haplotypes and breast cancer risk

Significant linkage disequilibrium was observed between adjacent polymorphisms and
those at the 5" and 37 end (P=0.0002 for 5” and 3 ” polymorphisms in the OFBCR and
P<0.00001 for all other pairs of polymorphisms in the ABCFR and OFBCR). Table 5 shows
linkage disequilibrium between specific allele pairs for the three polymorphisms. Linkage
disequilibrium between alleles was greater than 0.10 for one 5 ’-intron 2 haplotype and three
intron 2-3” haplotypes (5 "—intron 2 22-214 haplotype (OFBCR only see Table 5 footnote),
intron 2-3” haplotypes 216-187, 222-189 224-189). Therefore, only associations with risk for
haplotypes constructed using 5 ’-intron 2 and the intron 2-3 ” polymorphism are reported
(Table 6). Nominal significance was observed for three haplotypes (20-218: P=0.03; 21-220:
P=0.03; 19-212: P=0.02) constructed from the 5’ and intron 2 polymorphism in the
combined ABCFR OFBCR sample. Two of these (21-220 and 19-212) were constructed
from alleles where nominal significance was observed in analyses of individual
polymorphisms (allele 21 of the 5” polymorphism and allele 212 of intron 2). No alleles were
observed to show a significant association at the P<0.05 level in both samples in analyses
stratified by registry. Application of the Benjamini-Hochberg correction to the combined
sample P-values in Table 6, resulted in no significant associations with the FDR set to 0.05.
In analyses stratified by registry, a few nominally significant associations were observed in
either the ABCFR or OFBCR that were not observed in the combined sample. However,
comparisons of results across registries did not provide additional support for these findings.

The association of haplotypes constructed from the intron 2 216 allele with risk was
also investigated under a recessive model. In the combined ABCFR OFBCR sample, a

nominally significant positive association with risk was observed for the 19-216 allele
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constructed from the 5’ and intron 2 polymorphisms (P=0.002). The association of this
haplotype with disease risk was, however, inconsistent across the two registries as a strong
association observed in the OFBCR (P=0.0004) was not supported in the ABCFR (P=0.40).
This discrepancy in the results could not be explained by obvious differences among families
where probands or sibling carried these haplotypes (e.g., differences in ethnicity, family
history, BRCAI or BRCA2 mutations) and therefore the results cannot be said to support an

association of this haplotype with risk.
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Table 5. Linkage disequilibrium between specific alleles.

ABCFR OFBCR

Loci/haplotype  Frequency D' R’ Frequency D' R’

5’ —intron 2

other-other 0.01 0.16 0.015 0.02 0.42 0.124
other-216 0.02 0.01 <0.001 0.01 -0.66 0.014
other-218 0.01 -0.20 0.001 0.00 -0.56 0.005
other-220 0.01 -0.04 <0.001 0.01 -0.47 0.003
other-222 0.00 -1.00 0.006 0.01 0.01 <0.001
other-224 0.00 0.01 <0.001 0.01 0.06 0.002
18-other 0.00 -0.14  <0.001 0.01 0.14 0.011
18-216 0.04 0.49 0.021 0.02 0.20 0.003
18-218 0.01 -0.27 0.001 0.01 0.11 0.002
18-220 0.00 -0.71 0.005 0.00 -1.00 0.011
18-222 0.00 -1.00 0.007 0.00 -1.00 0.005
18-224 0.00 -0.19  <0.001 0.00 -1.00 0.003
19-other 0.04 -0.24 0.009 0.03 -0.29 0.011
19-216 0.22 -0.13 0.014 0.24 0.04 0.001
19-218 0.17 0.39 0.023 0.15 0.21 0.008
19-220 0.07 -0.27 0.024 0.08 -0.29 0.032
19-222 0.09 0.53 0.020 0.07 0.34 0.007
19-224 0.05 0.69 0.016 0.05 0.51 0.010
20-other 0.02 0.05 0.001 0.00 -0.98 0.019
20-216 0.10 0.16 0.011 0.09 0.09 0.003
20-218 0.02 -0.51 0.019 0.04 -0.05 <0.001
20-220 0.05 0.15 0.016 0.06 0.14 0.019
20-222 0.02 -0.33 0.004 0.01 -0.20 0.001
20-224 0.00 -0.91 0.014 0.00 -0.98 0.016
21-other 0.01 0.05 0.002 0.01 0.03 0.001
21-216 0.01 -0.45 0.007 0.02 -0.36 0.006
21-218 0.01 -0.18 0.001 0.00 -0.78 0.014
21-220 0.02 0.32 0.032 0.04 0.41 0.060
21-222 0.00 -0.44 0.001 0.00 -0.68 0.004
21-224 0.00 -1.00 0.003 0.01 0.01 >0.001

Continued on next page.
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Table 5. Linkage disequilibrium between specific alleles (continued from previous page).

Loci/haplotype

Intron2 —37

other-other
other-185
other-187
other-189
216-other
216-185
216-187
216-189
218-other
218-185
218-187
218-189
220-other
220-185
220-187
220-189
222-other
222-185
222-187
222-189
224-other
224-185
224-187
224-189

ABCFR
Frequency D' R’
0.01 0.04 0.001
0.03 -0.06 <0.001
0.02 0.05 0.001
0.01 -0.23 0.001
0.01 -0.50 0.011
0.17 -0.02  <0.001
0.18 0.40 0.097
0.03 -0.66 0.068
0.01 -0.26 0.001
0.15 0.48 0.077
0.03 -0.55 0.032
0.02 -0.45 0.014
0.01 -0.03  <0.001
0.08 0.11 0.003
0.05 0.07 0.002
0.01 -0.52 0.013
0.01 0.09 0.005
0.02 -0.68 0.048
0.00 -0.91 0.041
0.08 0.64 0.205
0.01 0.17 0.024
0.00 -0.95 0.047
0.00 -0.99 0.024
0.04 0.69 0.119

OFBCR
Frequency D' R’
0.00 -1.00 0.004
0.05 0.35 0.010
0.02 -0.02  <0.001
0.00 -0.67 0.008
0.01 -0.72 0.017
0.14 -0.23 0.031
0.19 0.53 0.173
0.03 -0.49 0.031
0.02 0.14 0.004
0.17 0.55 0.086
0.02 -0.72 0.054
0.02 -0.60 0.022
0.01 -0.31 0.001
0.11 0.22 0.011
0.04 -0.12 0.001
0.02 -0.34 0.006
0.01 0.11 0.007
0.02 -0.53 0.027
0.00 -0.99 0.035
0.06 0.57 0.144
0.01 0.20 0.033
0.00 -0.92 0.055
0.00 -1.00 0.024
0.05 0.70 0.145

Continued on next page.
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Table 5. Linkage disequilibrium between specific alleles (continued from previous page).

Loci/haplotype

57 =37

other-other
other-185
other-187
other-189
18-other
18-185
18-187
18-189
19-other
19-185
19-187
19-189
20-other
20-185
20-187
20-189
21-other
21-185
21-187
21-189

ABCFR
Frequency D' R’
0.01 0.11 0.009
0.01 -0.30  0.004
0.02 0.20 0.005
0.00 -0.56  0.004
0.00 -0.67  0.002
0.04 0.65 0.026
0.01 -0.41  0.003
0.00 -1.00  0.013
0.04 -0.01 <0.001
0.30 0.04 0.001
0.15 -0.19  0.025
0.16 0.40 0.022
0.01 -0.39  0.003
0.07 -0.24  0.013
0.10 0.25 0.044
0.03 -0.24  0.004
0.01 0.07 0.003
0.03 0.22 0.003
0.01 -0.40  0.003
0.01 -0.34  0.002

OFBCR
Frequency D' R’
0.00 -1.00 0.003
0.01 -0.57 0.017
0.03 0.42 0.026
0.01 0.03  <0.001
0.00 -1.00 0.003
0.03 0.42 0.008
0.01 0.04 <0.001
0.00 -1.00 0.010
0.05 0.66 0.014
0.31 0.00  <0.001
0.14 -0.20 0.025
0.14 0.31 0.013
0.00 -0.57 0.005
0.09 -0.04  <0.001
0.08 0.16 0.017
0.02 -0.36 0.007
0.00 -0.45 0.001
0.05 0.26 0.006
0.01 -0.32 0.003
0.01 -0.12  >0.001

Bold indicates linkage disequilibrium values that are > 0.10.
' R? for 5’—intron 2 haplotype 22-214 (see Table 6) was 0.18.
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Table 6. Association between /GF'1 haplotypes and breast cancer risk in the ABCFR and OFBCR .

Loci/
allele

57 _
intron 2
19-216
19-218
20-216
19-222
19-220
19-224
20-220
20-218
18-216
21-220
18-218
19-214
20-222
21-216
21-218
22-214
19-204
22-216
17-220
19-212
21-204
17-218

ABCFR and OFBCR ABCFR OFBCR
Allele Allele Allele 7
frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
o, score o, score o, score
242 3669 1.71 0.09 23.9 225.6  0.31 0.75 25.0 138.5 2.22 0.03*
15.2 259.5 -0.86 0.39 14.8 1669  -0.86 0.39 15.9 90.6 -0.17 0.87
9.0 1599 0.51 0.61 9.1 94.8 0.32 0.75 8.5 62.0 0.49 0.63
8.2 165.0 -1.36 0.17 8.6 109.0 -0.91 0.36 7.5 51.9 -0.96 0.34
6.7 130.7  -0.07 0.95 6.5 78.0 -0.19 0.85 7.1 51.9 0.10 0.92
5.3 128.5  0.17 0.86 5.4 82.5 0.12 0.90 5.0 43.1 0.26 0.79
5.2 107.4 031 0.76 5.1 68.8 0.86 0.39 5.4 393 -0.84 0.40
3.9 932 2.5 0.03* 3.9 56.8 1.50 0.13 3.8 35.5 1.77 0.08
3.6 90.9 0.60 0.55 4.1 62.7 2.30 0.02* 3.0 28.0 -1.84 0.07
2.9 65.0 -2.24  0.03%* 2.5 41.6 -1.62 0.11 3.4 20.1 -1.77 0.08
1.5 36.4 0.25 0.81 1.7 25.0 0.15 0.88 1.1 10.1 0.14 0.89
1.4 29.8  -0.63 0.53 1.2 19.1 -0.74 0.46 1.3 10.0 -0.11 0.91
1.2 29.5 0.71 0.48 1.3 23.6 0.83 0.41 - <10 - -
1.1 220 0.18 0.86 1.0 14.0 -0.55 0.58 - <10 - -
1.0 13.7  -1.25 0.21 0.9 10.5 0.03 0.98 - <10 - -
0.8 12.0 -0.49 0.63 - <10 - - - <10 - -
0.8 20.4 1.13 0.26 0.7 13.1 0.66 0.51 - <10 - -
0.6 14.0 1.33 0.18 0.9 11.0 1.39 0.16 - <10 - -
0.6 12.9 0.61 0.54 - <10 - - - <10 - -
0.6 13.3 -229  0.02%* 0.8 12.4 -2.36  0.02%* - <10 - -
0.5 13.5 -0.04 0.97 - <10 - - - <10 - -
0.5 129 -0.64 0.52 - <10 - - - <10 - -

Continued on the following page.
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Table 6. Association between /GF 1 haplotypes and breast cancer risk in the ABCFR and OFBCR (continued from previous page).

ABCFR and OFBCR ABCFR OFBCR
Loci/ Allele 7 Allele 7 Allele 7
frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
allele o score o score o score
0 0 0
intron 2-
3 /
216-187 18.0 305.2 1.15 0.25 18.2 185.4 0.54 0.59 17.6 117.8 1.15 0.25
216-185 17.3 264.9 0.79 043 17.6 166.0 0.96 0.34 16.9 97.9 0.44 0.66
218-185 16.8 284.2 1.31 0.19 16.4 180.0 0.83 0.41 17.7 100.5 1.33 0.18
220-185 9.3 173.3  -0.26 0.80 8.7 110.7  -0.15 0.88 10.0 57.8 -0.66 0.51
222-189 7.0 132.7 0.47 0.64 7.5 91.5 0.66 0.51 6.4 41.7 -0.10 0.92
224-189 4.1 95.7 -0.12 0.91 39 54.7 -0.02 0.99 4.4 41.0 -0.23 0.82
220-187 4.1 86.9 -0.81 0.42 4.2 54.2 -0.20 0.84 4.2 33.5 -0.90 0.37
216-189 3.0 69.4 1.66 0.10 3.0 414 0.90 0.37 2.7 26.1 1.17 0.24
218-187 2.7 62.7 -1.45 0.15 2.9 41.0 -1.14 0.26 2.2 20.6 -1.25 0.21
218-189 1.9 46.9 -1.31 0.19 2.1 28.2 -0.51 0.61 1.5 16.4 -1.66 0.10
204-185 1.8 47.4 -1.41 0.16 1.6 27.0 -0.41 0.68 2.1 21.0 -1.93 0.05%*
220-189 1.7 31.0 -0.85 0.39 1.2 14.5 -0.21 0.84 2.3 14.9 -0.76 0.45
222-185 1.7 34.1 -0.98 0.33 1.7 23.0 -1.43 0.15 1.6 11.3 0.82 0.41
214-187 1.6 37.1 -0.74 0.46 1.7 26.0 -0.27 0.79 1.6 11.3 -0.50 0.61
224-191 1.2 24.7 -0.69 0.49 1.4 20.0 -0.14 0.89 - <10 - -
214-185 1.0 23.0 -0.29 0.77 0.8 13.0 0.08 0.94 - <10 - -
222-191 0.7 19.6 -1.71 0.09 0.7 10.9 -1.54 0.12 - <10 - -
216-183 04 12.0 0.45 0.66 - <10 - - - <10 - -
218-181 0.3 10.8 0.95 0.34 - <10 - - - <10 - -

NIF: number of informative families
* Significant at P<0.05.
- Results not reported when number of informative families is less than 10.
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IGF1 5’ polymorphism, allele length grouping and breast cancer risk
After inspection of the pattern of association between allelic variants of the 5”

polymorphism, alleles of this polymorphism were grouped into three categories according to
allele length: 17 repeats and lower, 18 to 20 repeats, and 21 repeats and greater (Table 7). At
the P=0.05 level, the category with intermediate allele lengths was positively associated with
breast cancer risk (P=0.02), while longer alleles were inversely associated with risk (P=0.01).
Similar P-values and the same direction of effect was observed in the OFBCR sample.
Although there was qualitative agreement with this result in the ABFCR sample, results were

not significant at the P<0.05 level.

Table7. Association between 5 allele groupings of /GFI and breast cancer risk in the
ABCFR and OFBCR.

Study site/ Allele Number of 7 Pval
allele grouping frequencies % informative families -value
ABCFR and OFBCR
<18 24 51 0.08 0.94
18-20 88.1 202 2.40 0.02*
>20 9.5 165 -2.74 0.01%*
ABCFR
<18 23 32 -0.11 0.91
18-20 88.6 131 1.14 0.25
>20 9.1 107 -1.30 0.20
OFBCR
<18 2.5 19 0.07 0.94
18-20 87.3 71 2.50 0.01%*
>20 10.1 58 -2.77 0.01*

* Significant at P<0.05.
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IGF1, family history of breast cancer and breast cancer risk

Table 8 shows allele specific analyses for the 5 intron 2 and 3 ” polymorphism,
stratified according to family history (one or more 1% degree relatives reported to have breast
cancer). Consistent with other studies, the results from the combined ABCFR and OFBCR
samples suggest a protective effect for the 57 19 allele in women with a family history of
disease, although the results are not statistically significant (p=0.12). A significant inverse
association between 57 19 alleles and risk was also observed among women with a family
history of breast cancer at the P<0.05 level in the ABCFR. This result was not, however,
supported in the OFBCR sample. For the purpose of comparison to other studies that
reported a protective effect of 57 19 homozygotes (/79,193) in women with a family history
of breast cancer, a recessive model was used to examine the relation of the this allele to
breast cancer risk. Results were similar to those in Table 8, with P-values of 0.06 (combined
ABCFR and OFBCR), 0.03 (ABCFR) and 0.37 (OFBCR) (/79,193). A dominant model,
which would be consistent with results describing a protective effect of the 19 allele in
women with a family history in a third study (/90), resulted in no nominally significant
results in either the ABCFR, OFBCR or combined samples.

Among women with a family history of breast cancer, a nominally significant
association was observed for the 57 20 allele in the combined sample. In both the ABCFR
and OFBCR a positive relationship between the 20 allele and risk was observed, but neither
was significant and the association was not particularly strong in the ABCFR.

Among families where there were no 1% degree relatives with breast cancer a
nominally significant positive association with risk was observed for the 216 allele of the

intron 2 polymorphism (P=0.05). Nominal significance was also observed for this allele in
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the OBCFR. The direction of effect was consistent in the ABCFR but the result was not
significant at the P<0.05 level. This same allele was initially observed to be associated with
breast cancer risk in the combined sample at the P<0.05 level prior to stratification. There
was no a priori hypothesis to suggest that women without 1* degree relatives should be at
increased risk, and given the number of comparisons and the lack of a strong association in
both the ABCFR and OFBCR a chance finding is possible.

Additional nominally significant associations in both the ABCFR and OFBCR were
also observed in analyses stratified by registry (Table 8). Again, considering the number of
comparisons made, and the lack of consistency of results across registries, these do not

provide convincing evidence for an association of these alleles with disease.
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Table 8. Association between alleles of /GF'I polymorphisms and breast cancer risk in the ABCFR and OFBCR in families with and
without a first degree relative with breast cancer - family history vs. no family history.

ABCEFR and OFBCR ABCFR OFBCR
;‘;ﬁﬁy Allele Allele , Allele ,
hi frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
istory/ o score o score o score
0 0 0

allele

5/

Family history
18 5.0 14 1.40 0.16 - <10 - - - <10 - -
19 61.9 65 -1.58 0.12 58.8 28  -2.50  0.01%* 63.4 37 -0.06 0.95
20 21.5 50 1.99 0.05* 23.8 21 1.22 0.22 19.8 29 1.63 0.10
21 6.5 24 -0.97 0.33 6.2 12 0.55 0.58 7.1 12 -1.89 0.06

No family history
11 0.5 10 0.24 0.81 - <10 - - - <10 - -
17 1.6 27 -0.13 0.90 1.5 19 0.19 0.85 - <10 - -
18 6.5 115 0.27 0.79 6.8 81 1.47 0.14 6.1 34 -1.71 0.09
19 60.9 366 0.34 0.74 60.7 246 -0.89 0.37 61.3 120 1.97 0.05%*
20 21.2 275 095 0.34 21.6 186  1.11 0.27 20.4 89 0.06 0.95
21 6.7 110 -1.86 0.06 6.6 75 -1.46 0.15 6.9 35 -1.37 0.17
22 1.9 40  -1.16 0.24 1.7 25 -0.49 0.62 2.5 15 -1.22 0.22

Continued on the following page.
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Table 8. Association between alleles of /GF'I polymorphisms and breast cancer risk in the ABCFR and OFBCR in families with and

without a first degree relative with breast cancer - family history vs. no family history (continued from previous page).

ABCEFR and OFBCR ABCFR OFBCR
g‘;ﬁﬁy Allele Allele , Allele ,
hi frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
istory/ o score o score o score
0 0 0

allele

Intron 2

Family history
214 3.5 11 -1.53 0.12 - <10 - - - <10 - -
216 38.0 64 0.34 0.73 41.8 27 0.56 0.58 35.9 37 -0.17 0.86
218 242 62 0.56 0.57 242 27 0.31 0.75 24.1 35 0.55 0.59
220 15.7 44 0.73 0.47 13.7 15 1.47 0.14 16.7 29 -0.51 0.61
222 12.2 42 -1.75 0.08 11.7 19 -1.17 0.24 12.3 23 -1.07 0.29
224 3.7 18 1.62 0.11 - <10 - - 5.3 14 2.09 0.04*

Intron 2

No family history
204 2.5 46 -0.98 0.33 2.0 28 -0.21 0.84 3.4 18 -1.50 0.13
212 0.8 15 -1.65 0.10 1.1 14 -191 0.06 - <10 - -
214 29 50 -0.44 0.66 3.0 35 -0.03 0.98 2.8 15 -0.71 0.48
216 383 374 2.07 0.04* 37.9 239 1.24 0.22 39.3 135 1.98 0.05*
218 21.4 281 -0.14 0.89 20.9 191  -0.02 0.98 223 90 0.08 0.94
220 17.0 222 -1.34 0.18 17.2 155  -0.82 0.41 16.6 67 -1.45 0.15
222 9.2 157  0.05 0.96 10.2 115 -0.02 0.98 7.1 42 -0.32 0.75
224 6.7 126 -0.92 0.36 6.6 89 -0.20 0.84 6.8 37 -1.35 0.18
226 0.6 13 0.38 0.70 - <10 - - - <10 - -

Continued on the following page.
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Table 8. Association between alleles of /GF'I polymorphisms and breast cancer risk in the ABCFR and OFBCR in families with and

without a first degree relative with breast cancer - family history vs. no family history (continued from previous page).

ABCEFR and OFBCR ABCFR OFBCR
;‘;ﬁﬁy Allele Allele , Allele ,
hi frequency  NIF P-value frequency  NIF P-value frequency  NIF P-value
istory/ o score o score o score
0 0 0

allele

3'

Family history
185 44.6 69 0.37 0.71 45.3 28 1.45 0.15 44.2 41 -0.85 0.40
187 30.0 69 032 0.75 31.2 25 -1.72 0.08 29.0 44 0.93 0.35
189 20.1 51 0.04 0.97 17.8 20 0.15 0.88 21.6 31 -0.01 0.99

No family history
181 0.9 19  -0.51 0.61 0.8 11 -0.02 0.99 - <10 - -
183 1.3 23 0.92 0.36 1.1 16 0.60 0.55 - <10 - -
185 47.5 370 -0.02 0.98 46.2 254 -0.41 0.69 50.1 116 0.64 0.52
187 28.2 315 -0.03 0.98 29.0 213 0.04 0.97 26.8 102 -0.01 1.00
189 18.1 264  0.16 0.88 18.4 176 0.29 0.78 17.3 88 -0.29 0.78
191 3.0 57  -0.79 0.43 3.4 44  -0.34 0.73 2.3 13 -1.38 0.17
193 1.0 15 -0.09 0.93 1.1 11 0.23 0.82 - <10 - -

NIF: number of informative families

* Significant at P<0.05.

- Results not reported when number of informative families is less than 10.
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IGF1, oral contraceptive use and breast cancer risk

Interactions between the 57 19 allele genotype and current, ever and duration of use of
oral contraceptives were tested in relation to breast cancer risk. No significant interaction
effects were observed for duration of use (P=0.21), current use (P=0.98) or ever use (P=0.57)
for the 19 allele in the combined sample. In the ABCFR a borderline significant result was
observed for duration of use (P=0.05) but not current (P=0.39) or ever use (P=0.27). Results
in the OFBCR did not support the interaction with duration of oral contraceptive use seen in
the ABCFR (P=0.38) and interaction effects for current use and (P=0.13) and ever use
(P=0.43) were also not significant. Stratified analyses based on ever use of oral
contraceptives were also examined for the purpose of comparing to previous research (/93).
There was no support for an association of the 19 allele with breast cancer risk among ever
users of oral contraceptives (P=0.87). Among never users of oral contraceptives an additive
model indicated a positive association between the 19 allele and risk, but this result was not
statistically significant (P=0.07). In order to compare this association more closely to the
previous study a dominant model was specified in analyses, resulting in a significant positive
association with risk at the P<0.05 level (P=0.04). This association was not consistent across
samples (P=0.69 in the ABCFR and P=0.01 in the OFBCR). This comparison is based on
small numbers (14 and 12 families in the ABCFR and OFBCR respectively) but it should
also be considered that among all families in the OFBCR, a near nominally significant
positive association (P=0.10) was observed. This would increase the probability of obtaining

a nominally significant association due to chance in the OFBCR never user sub-group.
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IGF1, BMI and breast cancer risk

No significant interaction effect was observed for the 19 allele of the 5” polymorphism
and BMI in relation to breast cancer risk in the combined sample (P=0.51) or in the ABCFR
(P=0.16) or OFBCR (P=0.16). There was also no evidence for an interaction effect of the 3~
185 allele and BMI (combined ABCFR and OFBCR: P=0.52; ABCFR P=0.68; OFBCR

P=0.52).

DISCUSSION

The primary analysis examined the association of the three polymorphisms with
breast cancer risk under an additive model. Some nominally significant results were observed
(57 21 allele and intron 2 212 and 216 alleles) but adjustment for multiple comparisons
indicated that these had a high probability of being false discoveries. None of the alleles
where nominal significance was observed in the combined samples showed statistical
significance in both populations. A recent large case-control study reported a significant
association of several /GF1 SNPs with breast cancer under a recessive model (/87), and
therefore a recessive model was also explored here. A stronger nominally significant
association was observed for the combined sample for the intron 2 216 allele and in the
OFBCR the association with this allele reached nominal significance. However, the observed
association in the ABCFR, although in the same direction, did not provide strong support for
the results in the OFBCR. Given the lack of clear support in the ABCFR and the many
comparisons made, the observed association of the intron 2 216 allele with risk is not
convincing. Analyses that examined the interaction between /GFI genotype and either
registry (ABCFR and OFBCR) or age, or analyses stratified by registry, provided little

evidence to suggest that effect modification by either of these variables should influence the
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interpretation of results. Therefore, the results provide limited support for an association of
specific alleles of these three polymorphisms with breast cancer risk.

Analyses that examined the association of haplotypes comprised of the 5” and intron 2
polymorphism or the intron 2 and 3 ” polymorphism with breast cancer risk, did not alter this
interpretation. A strong association with risk was observed for the 57 19 intron 2 216
haplotype in the OFBCR under a recessive model, but results from the ABCFR did not
support an association.

Grouping the alleles of the 5’ polymorphism into lengths of less than 18, 18 to 20 and
greater than 20 repeats resulted in a significant positive association with risk for alleles of
length 18 to 20 and a significant protective effect for alleles greater than 20 repeats in length.
Caution should be used in interpreting this result as these were ad hoc groupings and
although consistent with the direction of effect, results from the ABCFR did not approach
statistical significance. In addition, there is no experimental evidence to suggest that this
polymorphism is functionally relevant and therefore that allele length has biological
meaning, although another explanation is that linkage disequilibrium patterns could explain a
result such as the one observed here.

A number of studies have examined the association of the 5 polymorphism with breast
cancer risk (172,179,189-193). The association of the 19 allele with disease has been most
often investigated with few studies finding significant associations. The 19 allele has been
reported to be positively associated with breast cancer risk in a largely (60%) African
American population (Louisiana) (/92) and in a Chinese population from Shanghai (/89), the
latter reporting a strong positive association with risk in premenopausal women. Other

studies, performed in Caucasian or largely Caucasian populations do not support an
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association of breast cancer risk with this allele. In this study weak associations were
observed in the ABCFR and OFBCR (at the P<0.10 level), but these were in opposite
directions. The results here appear to confirm a lack of association between this allele and
breast cancer risk in Caucasian populations. The associations observed in the other
populations are difficult to explain. Ethnicity may modify the association between this allele
and breast cancer risk because of different patterns of linkage disequilibrium. Other
explanations for these inconsistencies are the potential for confounding due to population
stratification, possible effect modification by other genetic or environmental factors, or they
may simply be spurious associations.

The results of this study did not support the inverse association observed between the
17 allele and breast cancer risk in the Shanghai population (/89). There was, however,
limited power in the current study to detect an association for this rare allele. The association
with longer alleles reported here (21 repeats and greater) was reported previously in a small
hospital based study conducted in Israel (/97). In addition, the observed allele frequencies
among cases and controls from a study conducted in Long Island (U.S.A), provided
qualitative support for a protective effect of alleles of 21 repeats or greater with risk in
premenopausal women. However, they did not support the association of alleles of
intermediate allele length observed here (/93). A positive association with alleles shorter
than 19 repeats with risk in premenopausal women was also reported in the Long Island
study. Inspection of the results presented here for specific alleles shorter than 19 repeats, did
not support this relationship. Other studies examining pre- and postmenopausal women have
presented sufficient data to at least allow for some comparison of results of the association of

non 19 alleles (either in allele length groupings or separately) with breast cancer risk. These
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provide little or no support for the pattern of association observed here, where intermediate
length alleles were associated with increased risk and longer alleles associated with
decreased risk (179,189,192).

The limited evidence for an association among these three polymorphisms or their
haplotypes with breast cancer risk is in general agreement with two studies reporting
primarily on postmenopausal women that have examined several SNPs in the /GFI gene in
relation to breast cancer risk (/94,795). Neither found evidence that genetic variation at /GF/
was strongly related to risk. Both studies, however, reported nominally significant results for
different pairs of 5” SNPs. Given the results of these two studies, the evidence presented
here, and the reports (although inconsistent) of associations observed between alleles of the
57 polymorphism and breast cancer risk, an association with risk of some functional variant
that is at the 5" end of the gene or at least in linkage disequilibrium with 5" IGF'1
polymorphisms, cannot be ruled out.

Another study conducted in Great Britain reported several SNPs along /GF'I to be
associated with disease risk under a recessive model (/87). The interpretation of the results
of this particular study are complicated, however, by the inclusion of prevalent cases. The
results presented here did provide some support for an association under a recessive model
for the intron 2 216 allele, although nominally significant associations were observed overall
and in the OFBCR, but not in the ABCFR. It is not known if the intron 2 216 allele is in
linkage disequilibrium with the SNPs examined in the British study, which were mainly in
the vicinity of the 3~ polymorphism investigated here. As well, results from the British study

are inconsistent with that of a previous study that examined one of the same tagging SNPs
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(194). Still these results indicate that the association between breast cancer and genetic
variants of /GFI that lie outside the 5’ region is also possible.

Genome wide association studies have not reported significant associations with /GF'/
(38,39,197). However, true associations could have been missed particularly in
premenopausal women, a group in which large samples have not been investigated during
initial screens. As well, stringent methods employed in adjusting for multiple comparisons
may have resulted in missed associations.

Stratification of this sample into women with and without a family history of breast
cancer suggested a slight protective effect of the 57 19 allele in women with a family history
of disease. Results were not statistically significant in the combined ABCFR OFBCR sample,
although a significant protective effect was observed in the ABCFR. This result is of some
interest because it is consistent with three other studies which reported a non-significant
protective effect of this allele among women with a family history of breast cancer
(179,190,193). Two of these used the same definition of family history as this study (one or
more first degree relatives affected with breast cancer) (1/79,193). These results combined
with the non-significant inverse association reported here cannot, however, be considered
convincing evidence for a protective effect of the 19 allele in women with a family history of
disease. In two of three studies, the null value of one was well within the range of the
confidence limits (OR=0.49, 95% CI=0.20-1.23 for 19 allele homozygotes vs. all others
(179); OR=2.70, 95% CI=0.70-10.4 for 19 allele non-carriers vs. all others (/93); OR =1.51,
95% CI=0.96-2.39 for 19 allele non-carriers vs. all others (/90)). In addition, there is some
inconsistency among the three studies as two based their reports on samples of older women

(mean age = 47, menopausal status not provided) or mainly postmenopausal women
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(179,190), while the third found support for an association only among premenopausal
women (OR=2.70, 95% CI=0.70-10.4 in premenopausal non-carriers of the 19 allele verses
OR=1.11 95% CI 0.56-2.18 in postmenopausal non carriers of the 19 allele women) (/93).
Finally, a statistically significant association at the P<0.05 level has only been observed in
this study and only among ABCFR families, while in the OFBCR there was no evidence for
an association.

A previous study reported that among current oral contraceptive users, circulating IGF-
I concentrations were lower for carriers of the 19 repeat allele relative to non-carriers (/74).
In general, oral contraceptive use has been found to lower IGF-I levels (/75-117) possibly
due to a hepatic first pass effect of oral estrogen intake on IGF-I production by the liver
(116). Although this would appear to indicate that oral contraceptive use should be associated
with a reduced risk of breast cancer, it has been suggested that increased risk might be
restricted to women who are genetically predisposed because of /GF'I genotype (174). One
previous study has investigated whether the association of the 19 repeat allele with breast
cancer risk was modified by oral contraceptive use in premenopausal women. Ever use of
oral contraceptives resulted in a modest but non-significant increase in breast cancer risk
among non-19 alleles carriers, and a significant protective effect among non-carriers of the
19 allele among never users (/93). In the current investigation, tests of interaction between
the number of 19 alleles and current, duration or ever use of oral contraceptives did not
indicate that oral contraceptive use modifies the relationship of this allele with breast cancer
risk. Stratified analyses also did not support an association with greater risk among oral
contraceptive users under an additive model. Support for a positive association of the 19

allele with risk under a dominant model among never users (the equivalent of a protective
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effect among non-carriers as was reported previously (/93)) may have been an artefact of
choosing a sub-group from the overall OFBCR sample where the 19 allele already showed a
weak positive association with risk.

Unlike some previous studies, the results presented here did not indicate that body mass
index may modify the relationship of the 19 allele with breast cancer risk (/89,193). There
was also no evidence that BMI modified the association of the 18 allele of the 3~
polymorphism (which was found to be associated with BMI in chapter 4) with breast cancer
risk.

There are several potential limitations to this study. In the OFBCR the selection of
probands was weighted towards women with a family history of breast cancer, with 75% of
probands classified as having a family history of disease, according to OFBCR criteria.
Therefore, although population based, the study sample was not representative of the
population that they were sampled from. Genetic effects, however, may be more likely to be
observed among cases with a family history of disease, because they may be more likely to
have variant alleles at gene loci that predispose to disease.

The sample of premenopausal probands here is younger than might be expected in a
typical population based sample of premenopausal breast cancers cases, as prior to 1996 the
ABCEFR deliberately sampled women under 40. Therefore, effects that might be either
restricted to, or largely observed in older premenopausal women, could be missed here.
Although the possibility that an association of genetic variants of /GF'1 and breast cancer risk
among older premenopausal women cannot be ruled out, analyses where the interaction of
genotype with age was investigated found one significant result for the rare intron 2 212

allele, which could have been due to chance. Therefore, there is little evidence to suggest that
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the age of the premenopausal women studied should have an important influence on
outcome.

Although haplotypes were used to examine genetic variation of the /GFI gene and
breast cancer risk, the density of markers may not have been great enough to effectively
capture genetic variation across /GFI. Although there was significant linkage disequilibrium
between polymorphisms, allele specific R* values never exceeded 0.21, which are indicative
of weak linkage disequilibrium. Further investigation using haplotypes or tagging SNPs to
assess genetic variation at the /GF/ gene in relation to breast cancer risk is still desirable,
particularly in premenopausal women, since it is this group for which the evidence suggests
there is an association of circulating IGF-I concentration and breast cancer risk (/-3).

A major strength of this study is the family based design, which eliminates the
possibility of confounding resulting from population stratification. In addition, a relatively
large sample of premenopausal women was examined, a group for which the sample size in
other studies is often fairly small. However, family based analyses such as the one conducted
here, are also susceptible to bias. In the presence of genotyping errors, false positive
associations are increased for both common alleles and rare alleles, with common alleles
incorrectly associated with increased risk and rare alleles with decreased risk (243).
However, given the efforts made to correct for multiple comparisons and the pattern of
significant results, bias due to genotyping error should have little influence on interpretation
of results in relation to breast cancer risk.

In conclusion, this study provides limited support for an association between genetic
variants of the /GF] gene and breast cancer risk. Grouping alleles suggested a protective

effect for longer alleles of the 5 polymorphism and increased risk for alleles of intermediate
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length, but chance findings based on multiple comparisons may have led to this association.
Although other studies have not used this specific classification scheme, those that have used
at least comparable groupings or presented genotype data that permits comparison, in general
provide little support for this pattern of association with allele length. However, recent
studies focusing on SNPs have provided some evidence for an association with the
polymorphisms at the 5” end of the gene. As well, showing consistency with the nominally
significant association observed for the intron 2 216 allele, a recent study has reported a
significant association with several /GF] tagging SNPs with risk under a recessive model.
Therefore, further investigation of an association of /GF'[ variants with breast cancer risk is
still warranted. These should, however, include dense SNP maps and functional variants (if
detected) and compare results in pre-and postmenopausal women. In addition, future studies
investigating either the 5’ repeat polymorphism or /GFI SNPs should include stratification
by family history, as the inconsistent findings of an association of the 19 allele of the 5”
polymorphism with breast cancer risk in women with a family history of disease requires

clarification.
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Chapter 6. Family based study examining the association of IGF1

polymorphisms with body mass index, weight and height

ABSTRACT

Background and objectives

A number of studies indicate that greater circulating concentrations of IGF-I increase risk of
breast cancer in premenopausal women. Several anthropometric measures (body mass index
(BMI), weight, and height) that appear to be linked to circulating IGF-I levels, have also been
associated with breast cancer risk. The objective of this study was to examine the association
of genetic variation at /GF'I, with BMI, weight and height in premenopausal women.
Methods

A family based design was used to investigate the association between allelic variants of
three /GFI repeat polymorphisms, including a previously investigated promoter region (5”)
repeat, with these anthropometric measures. DNA specimens from 827 families, (2,569
subjects including 1,520 offspring with anthropometric measures), were obtained from the
Ontario Familial Breast Cancer Registry and the Australian Breast Cancer Family Registry.
Results

Significant associations at the P <0.05 level were observed for a rare allele (22) of the 37
polymorphism and BMI (P=0.05), and the more common 3 19 allele and weight (P=0.05).
However, given the number of comparisons, these few significant results could have been
due to chance. Analysis of haplotypes also resulted in few nominally significant associations

that could have been due to chance.
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Conclusions
This study provides little support for an association between genetic variants of /GF'1 with

BMI, weight, or height in premenopausal women.

INTRODUCTION

A number of cohort and case-control studies have investigated the association of
circulating IGF-I concentration and breast cancer risk. Although not entirely consistent, these
studies indicate an increased risk of breast cancer is associated with greater circulating
concentrations of IGF-I in premenopausal women, but not in postmenopausal women (/-3).

Several anthropometric measures that appear to be linked to circulating IGF-I levels
have also been associated with breast cancer risk. Greater adult height is reported to be
associated with increased risk (26) and there is evidence to indicate that IGF-I levels are
related to height in childhood (748, 149). Greater BMI is associated with increased risk in
postmenopausal women and appears to be associated with decreased risk in premenopausal
women (16,244), (although the latter association may be explained by confounding by
mammographic density, which is inversely associated with BMI, but positively associated
with breast cancer risk (83)). Results of some studies suggest a non-linear association
between IGF-I concentration and body mass index (BMI) (/30-135), and a consistent inverse
relationship between IGFBP-I levels and BMI provides support for a relationship between
the IGF-I system and body composition (/25,129,132,133,140-143).

Evidence from studies on middle aged and elderly male and female twins suggests that
circulating IGF-I levels are partly heritable with estimates ranging from 38-63%. Twin

studies also indicate a substantial heritable component for both height and BMI. Heritability
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estimates range from about 70-90% for height (92,245-247). Estimates for BMI are more
variable, but range from about 50-75% in larger studies (92,245-247).

Only a few studies have examined whether common variants of the /GFI gene
influence height, or obesity related traits such as BMI and weight. Most have focused on the
association of variant alleles of a 5” (CA) cytosine-adenosine dinucleotide repeat
polymorphism with one or more of these measures, but consistent results have not been
observed (179,186,189 ,248,249). In chapter 4, results from a sample of unrelated
premenopausal women indicated that having fewer copies of the most common allele (185)
of a 3”7 CA repeat was associated with increased BMI. Greater height was associated with
having more copies of this same allele.

The purpose of this study was to investigate the association of genetic variants of the
IGF1 gene with BMI, height and weight in premenopausal women, using families from the
Australian Breast Cancer Family Registry and the Ontario Family Breast Cancer Registry.
The 57 and 3’ repeat polymorphisms described above, and an intron 2 CA repeat were
investigated in association with these anthropometric measures. Of particular interest is the
relationship between genetic variants of the 37 polymorphism with BMI, because of the

association reported in chapter 4.

METHODS

This study used a family based design. Families had been previously recruited into the
Breast Cancer Family Registry for the purpose of conducting studies on the genetic and
molecular epidemiology of breast cancer (239). Families with affected premenopausal
probands with either siblings (including some affected sisters), parents or combinations of

siblings and parents were selected from the registry. Anthropometric variables for

150



premenopausal women (with or without a diagnosis of breast cancer) were used for the
current investigation. The methods for this study are for the most part identical to those in

chapter 5. They are described here, but in less detail.

Recruitment

Two sites of the Breast Cancer Family Registry, the Ontario Familial Breast Cancer
Registry (OFBCR) and the Australian Breast Cancer Family Registry (ABCFR) provided
DNA specimens and risk factor data for study subjects. During the initial recruitment, cases
were identified using local population based cancer registries: the Ontario Cancer Registry in
Ontario, Canada, and the Victorian and New South Wales Registries in Australia. Probands
were either residents of Ontario, Melbourne or Sydney at the time of diagnosis.

Probands in OFBCR families were incident primary invasive breast cancer cases
identified by pathology report beginning in 1996 and ending in 1998. Initial enrolment
included female cases aged 20-54, a random sample of female cases aged 55-69, and male
cases under age 80. A family history questionnaire was used to classify families as moderate
to high risk for developing breast cancer. All moderate to high risk families were eligible for
the study. A random sample, approximately 25%, of families designated low risk for breast
cancer was also targeted for recruitment (240).

Figure 1 shows steps in the recruitment of OFBCR families. Initially, 8446 cases were
eligible for contact in Ontario for the purpose of classifying family history status. Physicians
refused to give permission to contact 5.6% of cases. In addition 1.7% of cases were already
deceased and an additional 2.1% of cases could not be contacted through physician records.
Of the remaining 7,662 cases, 14.8% refused to participate and 20.4% either did not respond

or could not be contacted. A completed family history questionnaire was returned by 4,962
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cases (59% of the eligible 8,446 cases). After assessment of family history status, just over
half of the cases, 2,585 (52%), met eligibility criteria. A risk factor questionnaire was
completed by 1,862 (72%) of these. Blood samples from a female proband and at least one
first degree relative was obtained for 606 cases who completed the risk factor questionnaire.
Probands and sisters with a diagnosis of breast cancer were considered premenopausal if
their periods had not stopped for more than one year at the time of their diagnosis and they
were either not using hormone replacement therapy, or stopped using hormone replacement
therapy two or more years prior to diagnosis, or a year prior to their periods ending after
diagnosis. All premenopausal breast cancer diagnoses occurred in women 56 years of age or
under. Of the 606 available probands, 400 were determined to be premenopausal at time of
diagnosis potentially providing 400 families for analysis (Fig. 1). However, in 62 of these
families, DNA from the Mount Sinai repository was unavailable for either the proband or
relatives, leaving 338 families with DNA samples that potentially could be analysed. DNA of
six probands was never tested because other ongoing studies indicated that these were of
insufficient quality for analysis. This left 332 OFBCR families available for genotyping for
this study.

Enrolment into the ABCFR required that cases were incident first primary breast
cancers aged 20-59 and diagnosed from 1992 to 2000 (Fig. 2). Enrolment from 1992 to 1995
pre-dated the formation of the Breast Cancer Family Registry and was restricted to women
under the age of 40. Family history status was not a factor in determining eligibility for the
ABCEFR. Interviews were conducted for 1578 of 2303 eligible cases (68.5%). The patient’s
surgeon refused to allow contact for 8.5% of eligible cases. Refusal by the case to participate

(16.4%), death prior to contact (1.8%), non-response by surgeon (1.3%) or case (1.2%), and
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failure to locate the case (2.3%), accounted for the remaining 23% that did not enroll. DNA
samples were available from 1453 cases (92% of those who completed an interview), 1048 of
whom were premenopausal. Of these, 564 (54%) had at least one first degree relative with a
DNA sample.

The same definition for premenopausal status for probands used in the OFBCR, was
also employed for ABCFR probands recruited beginning in 1996. Prior to 1996, probands
were considered premenopausal if their periods had not stopped for more than one year at the
time of their diagnosis or interview, or if they indicated their periods had stopped due to
pregnancy. One individual who indicated her periods had stopped due to pregnancy, but also
indicated they had stopped more than twenty years previous, was considered to be

postmenopausal and not included.
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Figure 1. Recruitment of OFBCR study subjects and selection of OFBCR families for this

study.
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Figure 2. Recruitment of ABCFR study subjects and selection of ABCFR families for this

study.
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Measurements
Laboratory methods

DNA extraction

DNA samples were obtained from the Ontario Cancer Genetics Network repository in
Ontario and from the ABCFR in Melbourne. In Ontario, peripheral blood lymphocytes were
pelleted and stored at —70°C to —80°C and DNA was later extracted from the pellets using
either phenol/chloroform extraction or the Qiagen procedure (QIAamp DNA Mini Kit
(250)™). The ABCFR stored dried blood samples on Guthrie cards. DNA was extracted from
Guthrie card dried blood spots using a Chelex method. All samples were sent to the
laboratory of Dr. H. Ozcelik, where they were prepared for genotyping at The Centre for

Applied Genomics (TCAG) (216).

Genotyping

Three polymorphisms were selected for analysis: the previously identified 5" CA repeat
polymorphism (/75,228), and two other CA repeats, located in intron 2 and at the 3’ end of
the gene that were identified using Tandem Repeat Finder software version 2.02 (229). The
oligonucleotide primers used for PCR were as follows: 5'-GCTAGCCAGCTGGTGTTATT-
3', 5'-ACCACTCTGGGAGAAGGGTA-3' for the 5 polymorphism, 5’
CATACTTCTTAGCTCCTCAGG-3', 5'-CCCTCACAGAAAGCAGAA-3' for the intron 2
polymorphism, and 5'-CTTTTTAAGATGAGGCAGTTCC-3’,
S'GATTTCTTTTCAGTATTCCATTGG-3' for the 3’ polymorphism. Position of amplified

regions of DNA corresponded to positions 26,357,243-26,357,436, 26,332,059-26,332,274
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and 26,275,038-26,275,220 on contig NT 019546.15 of build 35.1 of the NCBI's genome
annotation for the 5', intron 2 and 3’ polymorphisms respectively.

For the OFBCR sample, PCR was performed with 5ng of DNA, 5ul 10X PCR buffer,
0.8mM dNTPs, 0.18mM of each primer, and 5 U (0.3ul and 0.2ul) Platinum Taq in each 50ul
reaction. MgCl, concentration was either 3mM for the 5’ and 3’ polymorphisms and 4mM for
intron 2, or 2mM for all polymorphisms depending on MgCl; stock used. Amplification
conditions were 94°C for 3 minutes, and 35 cycles of 94°C for 30 seconds, 55°C for 30
seconds, and 72°C for 1 minute for the 5" polymorphism. Amplification conditions were the
same for the other polymorphisms with the exception that annealing temperatures were 60°C
or 55°C for the intron 2 polymorphism (depending on MgCl, stock used) and 50°C for the 3’
polymorphism. For ABCFR samples, PCR was performed with either 6mM or 4mM of
magnesium depending on MgCl, stock used. Amplification conditions were identical to that
used for the OFBCR sample with the exception that annealing temperature was either 55°C
(all 3 polymorphisms) or 55°C for the 5" and intron 2 polymorphism and 50°C for the 3’
polymorphism, depending on MgCl, stock used. All reagents were supplied by Invitrogen
Life Technologies. The forward primer was labeled with a 5’ fluorescent dye (HEX) and the
reverse primer with a 5" sequence (GTTTCTT). Genotyping was performed by TCAG using
performance Optimized Polymer 6 (POP6) gel capillary electrophoresis systems (ABI 3100
and ABI 3700 systems) (216). Computerized output used by TCAG to assign genotypes
(electropherograms) was also examined by G. Fehringer to identify allele calls that were

suspicious and needed to be repeated.
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Retesting of Samples

A small percentage of samples were retested because they failed (8% in the ABCFR
and 5% in the OFBCR) or resulted in irregular shaped electropherograms (3% in both the
ABCEFR and OFBCR) on the first genotyping attempt. OFBCR samples were retested up to
two more times if at least one of three polymorphic loci originally tested for the same subject
had been successfully genotyped. In cases where no genotype data was returned for all three
loci for a particular subject, only one additional retest per polymorphism was performed.

ABCFR samples were only retested once as only a limited supply of DNA was available.

Reliability of genotyping

Reliability of TCAG allele calls was estimated by retesting a randomly selected sample
representing a minimum of 10% of DNA specimens from each 96 well plate. Laboratory
staff at TCAG were not informed which plates included samples for reliability tests.

Concordance for the ABCFR sample was 97.2% (n=179), 94.1% (n=186) and 97.2%
(n=178) for the 5, intron 2 and 3’ polymorphisms respectively. Concordance for the
OFBCR sample was 99.1%, 98.1%, and 100% for the 5, intron 2 and 3 ” polymorphisms

respectively (n=108 for each polymorphism).

Assessment of Centre for Applied Genomics allele calls

Accuracy of TCAG allele calls was assessed by randomly selecting electropherograms
representing at least 10% of allele calls for each 96 well plate and having readers assign
genotype independently of TCAG. The ABCFR sample was inspected by two readers (G.
Fehringer and H. Jaranazi) independently. Discrepancies were resolved and results compared

to the TCAG allele calls. The OFBCR peaks were inspected by G. Fehringer alone.

158



Agreement for the ABCFR sample was 98.4%, 98.9% and 100% for the 5, intron 2 and 3~
polymorphisms respectively (n=190, 186 and 186 for each polymorphism respectively).
Agreement for the OFBCR sample was 99.1% for all three polymorphisms (n=109, 108 and

107 for the 57, intron 2 and 37 polymorphisms respectively).

Mendelian inconsistency

Pedigree errors were examined using the program PEDAGREE (2417). The extent of the
Mendelian errors within a family determined whether the entire family was excluded from
analyses or whether genotype data for a specific individual was removed for one or more
polymorphisms. Mendelian errors were identified in 15 of 330 OFBCR families resulting in
the removal of 7 of these prior to analysis (Fig. 1). In the ABCFR sample, Mendelian errors

were detected in 43 of 526 families resulting in the removal of 9 families (Fig. 2).

Genotyping success rate

After removal of families with Mendelian inconsistencies, there were 325 families
available for analysis in Ontario. Genotyping success rate was 99.7%, 99.3% and 99.1% for
the 57, intron 2 and 3 polymorphisms respectively. Failures in genotyping resulted in two
families being removed from the sample leaving 323 families for the analysis (Fig. 1).

There were 555 families available for genotyping from the ABCFR sample, after
removal of families with Mendelian errors. Genotyping success rate for the ABCFR samples
was 90.1%, 90.3% and 90.0% for the 57, intron 2 and 3 ” polymorphisms respectively.
Failures in genotyping resulted in 38 families being discarded, leaving 517 families for

analysis (Fig. 2).
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Risk factor questionnaires

Extensive risk factor questionnaires were completed by both ABCFR and OFBCR
family members. These included questions about weight, height, age and reproductive
history. ABCFR questionnaires were completed through interview. OFBCR questionnaires

were self administered.

Analysis
Hardy-Weinberg equilibrium for each polymorphism was examined using a

permutation version of the exact test (230) (implemented in Power Marker 3.25 (231)).

Family based association tests incorporated into the programs FBAT (Family Based
Association Testing, version 1.5) (2/9) and PBAT (Pedigree Based Association Testing,
version 2.5) (207) were used for main analyses. These programs test for association under a
null hypothesis of no linkage or linkage disequilibrium between the marker(s) and the locus
associated with outcome. The expected distribution is based on parental genotype data (using
genotype data directly from both parents or reconstructed from a genotyped parent and/or
siblings). Given Mendelian inheritance patterns all alleles are equally likely to be transmitted
to all siblings. Deviation from this expected distribution dependent on outcome is evidence
for association. Since the expected distribution is based on the parental genotype data, the
resulting statistical test is not susceptible to confounding due to population stratification.
Furthermore, no assumptions need to be made regarding assortative mating (deviation from
Hardy-Weinberg equilibrium) and the ascertainment condition (2/9). Additive models were
used for all analyses as simulations have shown that the additive model has good power to

detect an association, even when the true genetic model is not an additive one (223).
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Inclusion/exclusion criteria

Height, weight and BMI were included for all premenopausal probands and sisters
that had not had a previous diagnosis of breast cancer (malignant or in sifu) and all
premenopausal sisters without breast cancer. Premenopausal status for sisters without breast
cancer was defined in the same way as premenopausal status of probands, although age at
interview was used as a reference instead of age at diagnosis. For probands, a previous
diagnosis of breast cancer (which only occurred in the OFBCR) was defined as one that
preceded the diagnosis for which they were recruited. The diagnosis for which probands were
recruited, and the subsequent treatment of breast cancer should not directly influence
reported weight and the subsequent calculation of BMI, since the questionnaire asked for
weight one year prior to the diagnosis for which probands had been recruited. However,
diagnosis of breast cancer may influence recall. (Potential error resulting from including
probands in the analysis is discussed below). Prior diagnosis of cancers other than breast
cancers were not used as an exclusion criteria. There were 30 previous reported cancers
identified in 28 individuals (7 cervical cancers, 5 thyroid cancers, 5 malignant skin cancers of
uncertain type, 4 non-melanoma skin cancers, 3 malignant melanomas of the skin, 4
lymphomas, 1 colon cancer, 1 cancer of the anus and anal canal). In addition there were 3
other individuals with cancers with unspecified diagnosis date (1 colon cancer, 1 malignant
melanoma of the skin, and 1 skin cancer). Weight and BMI are only known to be risk factors
for one of these cancers (colon), and in 17 of these individuals cancer diagnoses preceded the
reference date by at least three years and therefore treatment was less likely to have an effect

on weight and BMI.
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Analysis details

FBAT was used to analyze the association between allelic variants at individual loci
and outcome, using an offset that minimizes variance. These analyses were repeated with
PBAT using an offset choice of phenotypic residuals based on the mean model with outcome
variables transformed to Z scores. Analyses in PBAT were also performed with age (all
outcomes), current pregnancy, current or full term pregnancy in the last two years, number of
full term pregnancies, or age with any one of the pregnancy variables included as covariates
(BMI and weight only), using a multivariate extension of family based association tests based
on generalized estimating equations incorporated into PBAT (250). An analysis restricted to
women who never had breast cancer was also performed (BMI and weight only). Neither
analyses with PBAT, with or without covariates, nor analyses restricted to non-breast cancer
cases, altered the results appreciably. Therefore, results from analyses with FBAT (without
the inclusion of covariates and including premenopausal women with and without breast
cancer) are presented, since this program provides an indicator of the magnitude and
direction of an effect.

Interactions between genotype and registry in association with outcome were examined
using PBAT in order to assess the appropriateness of combining samples. In assessing the
association of variant alleles with the investigated outcomes, results were examined for both
the combined ABCFR and OFBCR sample as well as in the two samples separately. Results
between samples were compared, with consistency (e.g. significance in both samples) being
one criteria by which an association may indicate a true effect. In addition, the Benjamini-

Hochberg correction was used to adjust P-values to account for multiple comparisons for
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each outcome (224) in the combined sample. No correction was made for the testing of
multiple outcomes.

Linkage disequilibrium was assessed between loci using PowerMarker vers. 3.25 (231).
An overall test was performed and linkage disequilibrium between alleles from different loci
was also examined. Haplotype analyses were performed using two loci when linkage
disequilibrium between loci was statistically significant and at least one R” value between
allele pairs in either the ABCFR or OFBCR was greater than 0.1. Analysis of the association
of haplotypes with outcome used a weighted conditional approach incorporated into the
program FBAT 1.5 (242).
Ethics

Ethics approval for this study was received from the Mt. Sinai Hospital Research Ethics

Board in Toronto.

RESULTS
Characteristics of subjects and completeness of data

The women in the ABCFR sample were somewhat younger than those in the OFBCR
reflecting the restriction of enrollment of women under 40 from 1992 to 1995 in the ABCFR
sample. Women in the ABCFR had lower mean body weight and BMI. In 93% of ABCFR
families and 95% of OFBCR families, all family members who reported their race or
ethnicity identified themselves as white (Table 1). Defining family history as having a
mother or sister with breast cancer, 11% of ABCFR probands and 27% of OFBCR probands
had a family history of breast cancer (Table 3). The ABCFR sample had fewer one parent
one proband families, as these were not requested from the ABCFR since they add little

power to the analysis. The few that are present are the result of a failure to successfully
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genotype other family members. The OFBCR had relatively few samples with siblings and
both parents genotyped. For some families siblings were not genotyped when DNA was
available for both parents. Adding siblings does not add information when parental genotype
is already known and therefore does not improve study power. Since genotype was missing
for a number of individuals, the final number of families used in analyses varied for each
polymorphism. In the ABCFR, the final number of families were 504 for the 5" and 3
polymorphisms for all three outcomes and 501, 501 and 502 for BMI, weight and height
respectively for the intron 2 polymorphism. In the OFBCR final number of families for the

57, intron 2 and 3 polymorphisms respectively were 295, 293 and 293 for BMI, 300, 298,

and 298 for weight and 303, 302 and 302 for height.

Table 1. Descriptive characteristics of ABCFR and OFBCR samples

ABCFR OFBCR

Number of Families 517 310
Age (S.D.)’ 37.4 (6.6) 41.9 (6.5)
Height, cm (S.D.)° 163.8 (7.3) 164.3 (6.7)
Weight, kg (S.D.)* 65.0 (13.8) 68.1 (14.1)
BML, kg/m® (S.D.)* 24.2 (4.8) 253 (5.1)
Caucasian families 482 (93.2%) 295 (95.1%)
Family history® 58 (11%) 87 (27%)
Family configurations:

Both parents no siblings 48 (9.3%) 49 (15.9%)

Both parents and siblings 110 (21.3%) 5(1.6%)

One parent and siblings 125 (24.2%) 62 (20.1%)

One parent no siblings 4 (0.8%) 31 (10.0%)

Siblings only 230 (44.5%) 163 (52.6%)

"n=1078 (ABCFR), 442 (OFBCR) premenopausal probands and sisters
’n=1078 (ABCFR), 434 (OFBCR) premenopausal probands and sisters
‘n=1067 (ABCFR), 425 (OFBCR) premenopausal probands and sisters
9h=1067 (ABCFR), 417 (OFBCR) premenopausal probands and sisters
‘Probands with mother or sister with breast cancer
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Allele frequencies

Frequencies of alleles examined in analyses (those common enough to permit analysis
with 10 informative families or more) are shown for both ABCFR and OFBCR families,
combined and separately, in Tables 2-4. These include all ethnic groups and individuals with
and without breast cancer. However, these frequencies are similar to allele frequencies
produced by randomly selecting one individual without breast cancer from each Caucasian
family (see chapter 5), and for the 5 polymorphism both of these sets of allele frequencies
are similar to 57 allele frequencies reported previously in Caucasian (175,177,234) or Jewish
populations (191).

Significant deviation from Hardy-Weinberg equilibrium was only found for the 5”
polymorphism in the OBCFR (P=0.04). Although deviation from Hardy-Weinberg
equilibrium can be an indication of genotyping error, there is unlikely to be significant error

here since reliability tests indicated that genotyping error should be minimal.

IGF1 genotype and anthropometric measures
Preliminary analyses that examined interactions between registry and genotype in

relationship to each outcome revealed few significant results (BMI: 37 181 allele (P=0.04),
height: 57 19 allele (P=0.03) and 37 191 allele (P=0.05)), that might be due to chance.
Therefore, families from both registries were combined for all outcomes, but analyses by
individual registry are also presented to permit comparisons.

Association of specific alleles of the 57, intron 2 and 3 ” polymorphisms with BMI are
shown in Table 2. Direction of effect is indicated by the sign preceding the Z score (minus
sign (-) for an inverse association and no sign for a positive association). In the combined

samples, nominal significance was observed for only the rare 193 allele of the 3”
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polymorphism (P=0.05). Association of this allele with BMI could not be compared across
samples because there were too few informative families in the OFBCR to produce a reliable
test of association. Allele specific tests for the 5, intron 2 and 3 polymorphism did not
produce significant results in either the ABCFR or OFBCR sample. Benjamini-Hochberg
correction of P-values was used with the false discovery rate (FDR) set at 0.05. This resulted
in a corrected P-value of 0.002 for the test of association of the 37 193 allele with BMI,
therefore this result did not demonstrate a strong enough association to satisfy the criteria
used for statistical significance.

In analyses where weight was set as the outcome variable, only one nominally
significant association was observed in the combined ABCFR and OFBCR sample. The 3~
187 allele was positively associated with increased weight (P=0.04) (Table 3). The same
allele was also positively associated with weight in both the ABCFR and OFBCR but only in
the ABCFR did the result approach nominal significance (ABCFR P=0.06, OFBCR P=0.43)
(Table 3). In addition, the P-value required to achieve statistical significance was 0.002 after
applying the Benjamini-Hochberg correction, and therefore this result cannot be viewed as
statistically significant.

No significant associations were observed for alleles of any of the polymorphisms with
height in the combined ABCFR OFBCR sample (Table 4). The 57 19 allele was positively
associated with height in ABCFR families (P=0.03), but this result was not observed in the
OFBCR, where results suggested an effect in the opposite direction (Table 4). The 3" 189
allele showed a significant inverse association with height in the OFBCR (P=0.03), but this

was not supported by the results from the ABCFR (P=0.39).
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Table 2. Association between alleles of /GFI polymorphisms and BMI in the ABCFR and OFBCR.

Loci/
allele

5/
11
17
18
19
20
21
22

Intron 2
204
212
214
216
218
220
222
224
226

3" end
181
183
185
187
189
191
193

ABCFR and OFBCR ABCFR OFBCR
Allele 7 p. Allele 7 P. Allele 7 p.
frequency  NIF frequency  NIF frequency NIF
o score  value o score  value o score  value
0 0 0
0.5 11 0.54 0.59 - <10 - - <10 - -
1.6 33 0.07 0.94 1.5 21 0.72 0.47 1.8 12 -1.32 0.19
6.3 126 0.73 0.47 6.5 88 0.27 0.79 5.8 38 0.98 0.33
61.2 424 0.16 0.87 60.6 276 -0.37 0.72 62.1 148 0.69 0.49
21.2 319 0.24 0.81 21.9 209 0.37 0.71 19.9 110 -0.26 0.79
6.7 133 -1.36 0.17 6.6 87 -1.03 0.30 7.0 46 -0.86 0.39
2.2 46 -0.43 0.67 2.0 27 0.36 0.72 2.5 19 -1.77 0.08
2.2 50 0.07 0.94 1.9 30 0.93 0.35 2.9 20 -1.21 0.23
0.8 16 -1.02 0.31 1.1 15 -0.86 0.39 - <10 - -
3.0 59 -0.12 0.90 3.0 40 -0.46 0.65 3.1 19 0.47 0.64
38.3 428 0.08 0.94 38.3 265 0.31 0.76 38.2 163 -0.43 0.66
21.9 333 0.18 0.85 21.3 217 -0.66 0.51 22.8 116 1.44 0.15
16.8 259 0.69 0.49 16.8 171 0.77 0.44 16.8 88 -0.03 0.98
9.7 193  -0.01 1.00 10.4 134 0.45 0.66 8.4 59 -0.69 0.49
6.2 141 -0.89 0.37 6.0 93 -0.75 0.45 6.4 48 -0.30 0.77
0.6 15 1.18 0.24 0.6 10 -0.17 0.87 - <10- - -
0.9 21 -1.58 0.12 0.9 12 -1.48 0.14 - <10 - -
1.1 24 -0.19 0.85 1.1 18 -0.15 0.88 - <10 - -
46.9 430 -0.36 0.72 46.1 282 -0.20 0.85 48.5 148 -0.32 0.75
28.8 373 1.57 0.12 29.2 238 1.60 0.11 27.9 135 0.42 0.68
18.4 305 0.00 1.00 18.4 196 -0.32 0.75 18.3 109 0.52 0.61
2.9 63 0.48 0.63 3.2 47 0.72 0.47 2.4 16 -0.28 0.78
1.0 20 -1.96  0.05%* 1.1 13 -1.74 0.08 - <10 - -

NIF: number of informative families.

* Nominally significant (P <0.05).

- Results not reported when number of informative families is less than 10.
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Table 3. Association between alleles of /GFI polymorphisms and weight in the ABCFR and OFBCR.

ABCFR and OFBCR ABCFR OFBCR
Loci/ Allele 7 p. Allele 7 P. Allele 7 p.
frequency  NIF frequency  NIF frequency NIF
allele o score  value o score  value o score  value
0 0 0
5 4
11 0.5 11 0.68 0.50 - <10 - - - <10 - -
17 1.6 33 -0.46 0.64 1.5 21 0.49 0.62 1.8 12 -1.65 0.10
18 6.3 125 0.35 0.73 6.5 87 -0.22 0.82 5.8 38 1.06 0.29
19 61.2 420 0.67 0.50 60.6 272 0.67 0.51 62.1 148 0.11 0.92
20 21.2 317 -0.11 091 21.9 207 -0.11 0.91 19.9 110 -0.18 0.86
21 6.7 132 -1.46 0.14 6.6 86 -1.51 0.13 7.0 46 -0.33 0.74
22 2.2 46 -0.06 0.95 2.0 27 0.54 0.59 2.5 19 -1.02 0.31
Intron 2
204 2.2 50 0.09 0.92 1.9 30 0.73 0.46 2.9 20 -0.68 0.50
212 0.8 16 -0.78 0.43 1.1 15 -0.69 0.49 - <10 - -
214 3.0 59 -0.05 0.96 3.0 40 -0.47 0.64 3.1 19 0.67 0.50
216 38.3 424 0.55 0.58 38.3 262 0.56 0.58 38.2 162 0.05 0.96
218 21.9 331 0.37 0.71 21.3 214 -0.29 0.77 22.8 117 1.30 0.19
220 16.8 258 0.10 0.92 16.8 170 0.13 0.90 16.8 88 -0.03 0.98
222 9.7 192 0.04 0.97 10.4 132 0.72 0.47 8.4 60 -0.91 0.36
224 6.2 139 -1.18 0.24 6.0 91 -0.85 0.40 6.4 48 -0.63 0.53
226 0.6 15 0.34 0.73 0.6 10 -0.57 0.57 - <10 - -
3’
181 0.9 21 -1.25 0.21 0.9 12 -1.09 0.27 - <10 - -
183 1.1 24 -0.04 0.97 1.1 18 0.06 0.95 - <10 - -
185 46.9 428  -0.72 0.47 46.1 280 -0.86 0.39 48.5 148 0.00 1.00
187 28.8 372 2.02  0.04* 29.2 236 1.90 0.06 27.9 136 0.80 043
189 18.4 301  -0.15 0.88 18.4 191 0.02 0.98 18.3 110 -0.33 0.74
191 2.9 64 -0.08 0.94 32 47 0.18 0.86 2.4 17 -0.44 0.66
193 1.0 20 -1.59 0.11 1.1 13 -1.44 0.15 - <10 - -

NIF: number of informative families.
* Nominally significant (P <0.05).
- Results not reported when number of informative families is less than 10.
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Table 4. Association between alleles of /GF I polymorphisms and height in the ABCFR and OFBCR.

Loci/
allele

5/
11
17
18
19
20
21
22

Intron 2
204
212
214
216
218
220
222
224
226

3’
181
183
185
187
189
191
193

ABCFR and OFBCR ABCFR OFBCR
Allele 7 p. Allele 7 P. Allele 7 p.
frequency  NIF frequency  NIF frequency NIF
o score  value o score  value o score  value
0 0 0
0.5 11 0.53 0.60 - <10 - - <10 - -
1.6 32 -1.16 0.24 1.5 21 -0.52 0.60 1.8 11 -1.52 0.13
6.3 126 -1.15 0.25 6.5 88 -1.38 0.17 5.8 38 0.39 0.69
61.2 417 1.21 0.22 60.6 271 2.18 0.03%* 62.1 146 -1.51 0.13
21.2 315  -0.65 0.52 21.9 205 -0.96 0.34 19.9 110 0.19 0.85
6.7 130  -0.30 0.77 6.6 85 -1.20 0.23 7.0 45 1.77 0.08
2.2 45 0.85 0.39 2 26 0.68 0.50 2.5 19 0.73 0.47
2.2 50 0.07 0.95 1.9 30 -0.50 0.62 2.9 20 1.46 0.15
0.8 15 -0.07 0.94 1.1 14 -0.19 0.85 - <10 - -
3.0 59 0.12 0.90 3.0 40 -0.09 0.93 3.1 19 0.84 0.40
38.3 426 0.68 0.50 38.3 262 0.52 0.60 38.2 164 0.42 0.68
21.9 336 0.91 0.36 21.3 217 0.89 0.37 22.8 119 0.30 0.77
16.8 256  -1.52 0.13 16.8 167 -1.60 0.11 16.8 89 -0.25 0.80
9.7 193 0.39 0.69 10.4 132 0.87 0.38 8.4 56 -0.71 0.48
6.2 141  -0.54 0.59 6 92 -0.27 0.78 6.4 49 -0.60 0.55
0.6 15 -1.52 0.13 0.6 10 -0.90 0.37 - <10 - -
0.9 21 0.88 0.38 0.9 12 1.13 0.26 - <10 - -
1.1 25 0.10 0.92 1.1 18 0.35 0.73 - <10 - -
46.9 426  -0.95 0.34 46.1 277 -1.68 0.09 48.5 149 0.92 0.36
28.8 373 1.50 0.13 29.2 234 1.22 0.22 27.9 139 0.88 0.38
18.4 306 -0.52 0.60 18.4 195 0.85 0.39 18.3 111 -2.15  0.03*
2.9 63 -1.05 0.29 3.2 47 -1.49 0.14 2.4 16 0.96 0.34
1.0 20 1.60 0.11 1.1 13 1.31 0.19 - <10 - -

NIF: number of informative families.

* Nominally significant (P <0.05).

- Results not reported when number of informative families is less than 10.
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IGF1 haplotypes and anthropometric measures

Significant linkage disequilibrium was observed between adjacent polymorphisms and
those at the 5" and 37 end (P=0.0002 for 5” and 3 ” polymorphisms in the OFBCR and
P<0.00001 for all other pairs adjacent polymorphisms in the ABCFR and OFBCR).
However, only adjacent polymorphisms had allele pairs with R? values greater than 0.1 (see
Table 5 chapter 5). Therefore, haplotype analyses were restricted to adjacent polymorphisms.
Haplotype analysis with BMI as the outcome produced a nominally significant result for one
haplotype 22-214 constructed from the 5” and intron 2 polymorphisms (P=0.02) (Table 5).
This haplotype was the only one for which there was a nominally significant association with
weight (P=0.05) (Table 6). One haplotype constructed from the intron 2 and 3’
polymorphism, 220-185, showed a nominally significant association with height (P=0.01)
(Table 7). None of these results were significant after adjusting for multiple comparisons
using the Benjamini-Hochberg correction.

Comparison of the associations of the 22-214 haplotype with BMI and weight in the
ABCFR and OFBCR samples could not be made, since for this rare allele the minimum
sample size of 10 informative families could only be achieved by combining samples.
Inspection of Table 7 shows that a nominally significant association of the 220-185 allele
with height was present in the ABCFR, in addition to the combined sample (P=0.004).
However, this association is not supported by results from the OFBCR (P=0.69). The 5’-
intron 2 20-220 allele showed a nominally significant association with height in the ABCFR
(P=0.01), but again this result was not supported by the results from the OFBCR where the

P-value was 0.68 and the effect was in the opposite direction to that observed in the ABCFR.
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None of the other statistical tests of the association of haplotypes with any of the three

outcomes produced nominally significant results.
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Table 5. Association between /GF 1 haplotypes and BMI in the ABCFR and OFBCR.

Loci/
allele

57 _
intron 2
19-216
19-218
20-216
19-222
19-220
19-224
20-220
20-218
18-216
21-220
18-218
19-214
20-222
21-216
21-218
22-214
19-204
22-216
17-220
19-212
21-204
17-218
21-222

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 p. Allele 7 p.
frequency  NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0
24.2 3558 -0.75 0.45 23.9 223.6  -0.81 0.42 24.8 130.5 -0.45 0.65
15.3 256.5 0.34 0.73 14.8 166.1 -0.01 1.00 16.2 88.6 0.98 0.33
9.0 158.1 0.85 0.40 9.1 94.7 0.80 0.43 8.5 60.0 0.25 0.80
8.3 160.1 0.18 0.85 8.6 109.0 0.45 0.65 7.7 47.5 -0.45 0.65
6.7 124.6 1.74 0.08 6.5 78.9 1.41 0.16 7.1 46.0 1.08 0.28
5.3 126.5 -1.41 0.16 5.4 82.5 -1.52 0.13 5.0 41.1 -0.21 0.83
5.3 103.5 0.83 0.41 5.1 68.8 1.35 0.18 5.4 35.3 -0.76 0.45
3.8 87.7 -0.68 0.50 3.9 56.6 -0.96 0.34 3.7 31.5 -0.60 0.55
3.7 87.9 0.83 0.41 4.1 62.7 0.61 0.54 3.0 26.0 0.36 0.72
2.8 63.0 -1.45 0.15 2.5 41.6 -1.27 0.20 34 20.1 -0.66 0.51
1.5 36.4 0.43 0.66 1.7 25.0 -0.11 0.91 1.2 10.1 0.66 0.51
1.3 29.8 1.13 0.26 1.2 19.1 0.73 0.46 - <10 - -
1.1 28.3 -0.83 0.40 1.3 23.6 0.02 0.99 - <10 - -
1.1 22.2 -1.00 0.32 1.0 14.0 -0.91 0.36 - <10 - -
1.1 14.8 -0.25 0.80 0.9 10.5 -0.70 0.48 - <10 - -
0.8 12.0 -2.30  0.02%* - <10 - - - <10 - -
0.7 18.2 -0.99 0.32 0.7 13.1 -1.10 0.27 - <10 - -
0.7 14.0 0.41 0.68 0.9 11.0 0.80 0.43 - <10 - -
0.6 12.9 -1.28 0.20 - <10 - - - <10 - -
0.6 13.3 -1.12 0.26 0.8 12.4 -1.02 0.31 - <10 - -
0.5 14.6 -0.20 0.85 - <10 - - - <10 - -
0.5 12.9 0.93 0.35 - <10 - - - <10 - -
0.4 10.7 1.44 0.15 - <10 - - - <10 - -

Continued on the following page.
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Table 5. Association between /GFI haplotypes and BMI in the ABCFR and OFBCR (continued from previous page).

Loci/
allele

intron 2-
3 /

216-187
216-185
218-185
220-185
222-189
224-189
220-187
216-189
218-187
218-189
204-185
220-189
222-185
214-187
224-191
214-185
222-191
216-183
218-181

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 p. Allele 7 p.
frequency  NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0
18.2 301.6 0.40 0.69 18.2 186.4 0.43 0.67 18.0 114.7 0.06 0.95
17.1 260.5 0.52 0.61 17.6 168.0 0.52 0.61 16.5 92.5 -0.02 0.98
16.8 277.2 0.04 0.97 16.4 179.0  -0.68 0.50 17.9 96.4 1.16 0.25
9.2 169.2 0.85 0.39 8.7 110.7 1.24 0.22 10.0 57.4 -0.72 0.47
7.1 132.7 0.00 1.00 7.5 96.5 0.09 0.93 6.4 39.7 -0.08 0.93
4.1 92.8 -0.59 0.56 3.9 55.7 -1.13 0.26 4.4 38.0 0.30 0.76
4.1 83.9 0.60 0.55 42 55.2 0.85 0.40 4.2 29.1 0.09 0.93
2.9 66.3 -0.72 0.47 3.0 41.4 0.12 0.91 2.5 23.1 -1.33 0.18
2.7 59.7 0.21 0.84 2.9 41.0 -0.02 0.99 2.3 17.6 0.33 0.74
2.0 45.9 0.37 0.71 2.1 27.2 0.04 0.97 1.6 15.4 0.25 0.80
1.8 45.8 -0.33 0.74 1.6 27.0 0.40 0.69 2.1 18.7 -1.12 0.26
1.7 30.0 0.67 0.50 1.2 144 -0.11 0.91 2.3 13.9 1.50 0.13
1.7 34.6 -0.76 0.45 1.7 23.0 0.43 0.67 1.6 10.4 -1.47 0.14
1.6 36.1 1.00 0.32 1.7 26.0 0.61 0.54 1.5 10.1 0.97 0.33
1.2 24.8 -0.29 0.78 1.4 20.0 -0.60 0.55 - <10 - -
1.0 22.0 -1.35 0.18 0.8 13.0 -1.45 0.15 - <10 - -
0.7 18.5 0.70 0.48 0.7 10.9 1.05 0.30 - <10 - -
0.4 11.0 0.75 0.46 - <10 - - - <10 - -
0.3 10.8 -0.57 0.57 - <10 - - - <10 - -

NIF: number of informative families.

* Nominally significant (P <0.05).

- Results not reported when number of informative families is less than 10.
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Table 6. Association between /GF I haplotypes and weight in the ABCFR and OFBCR.

Loci/
allele

57 _
intron 2
19-216
19-218
20-216
19-222
19-220
19-224
20-220
20-218
18-216
21-220
18-218
19-214
20-222
21-216
21-218
22-214
19-204
22-216
17-220
19-212
21-204
17-218
21-222

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 p. Allele 7 p.
frequency ~ NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0

24.2 351.1 0.04 0.97 23.9 217.9  -0.21 0.83 24.8 130.5 0.13 0.90
15.3 254.0 0.41 0.68 14.8 162.6 0.35 0.73 16.2 89.6 0.43 0.67
9.0 155.1 0.73 0.47 9.1 92.7 0.91 0.36 8.5 59.0 -0.10  0.92
8.3 160.1 0.15 0.88 8.6 109.0 0.65 0.51 7.7 49.5 -0.71 0.48
6.7 124.7 1.53 0.13 6.5 79.0 1.58 0.11 7.1 46.0 0.38 0.71
5.3 1245 -1.47 0.14 5.4 80.5 -1.33 0.18 5.0 41.1 -0.61 0.54
5.3 106.5 0.19 0.85 5.1 69.8 0.35 0.73 5.4 37.3 -0.26 0.80
3.8 87.8 -0.31 0.76 3.9 56.6 -0.73 0.46 3.7 31.5 -0.18 0.86
3.7 88.7 0.26 0.80 4.1 62.5 0.00 1.00 3.0 26.0 0.49 0.63
2.8 65.0 -1.84 0.07 2.5 41.6 -1.87 0.06 3.4 20.1 -0.46 0.64
1.5 35.7 0.36 0.72 1.7 24.2 -0.37 0.71 1.2 10.1 0.70 0.48
1.3 29.8 1.60 0.11 1.2 19.1 1.11 0.27 - <10 - -
1.1 27.3 -1.15 0.25 1.3 22.6 -0.11 0.91 - <10 - -
1.1 21.8 -0.46 0.64 1.0 13.8 -0.57 0.57 - <10 - -
1.1 14.8 -0.47 0.64 - <10 - - - <10 - -
0.8 12.0 -1.92  0.05%* - <10 - - - <10 - -
0.7 18.2 -0.63 0.53 0.7 13.1 -0.95 0.34 - <10 - -
0.7 14.0 0.38 0.70 0.9 11.0 0.87 0.38 - <10 - -
0.6 12.9 -1.16 0.25 - <10 - - - <10 - -
0.6 13.3 -0.70 0.49 0.8 12.4 -0.75 0.45 - <10 - -
0.5 14.6 -0.82 0.41 - <10 - - - <10 - -
0.5 12.9 0.41 0.68 - <10 - - - <10 - -
0.4 10.7 1.13 0.26 - <10 - - - <10 - -

Continued on the following page.
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Table 6. Association between /GFI haplotypes and weight in the ABCFR and OFBCR (continued from previous page).

Loci/
allele

intron 2-
3 4

216-187
216-185
218-185
220-185
222-189
224-189
220-187
216-189
218-187
218-189
204-185
220-189
222-185
214-187
224-191
214-185
222-191
216-183
218-181

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 P. Allele 7 P.
frequency  NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0

18.2 302.6 0.80 0.42 18.2 186.4 0.70 0.49 18.0 113.7 0.33 0.74
17.1 257.5 0.39 0.70 17.6 165.0 0.20 0.85 16.5 92.5 0.31 0.76
16.8 2777  -0.03 0.98 16.4 1784  -0.40 0.69 17.9 98.4 0.74 0.46
9.2 172.2  -0.20 0.84 8.7 111.7 0.08 0.94 10.0 57.4 -0.73 0.47
7.1 132.7 -0.19 0.85 7.5 94.5 -0.06 0.95 6.4 38.7 -0.17 0.87
4.1 92.8 -0.85 0.40 3.9 54.7 -1.06 0.29 4.4 38.0 -0.22 0.82
4.1 84.9 1.27 0.21 4.2 55.2 1.51 0.13 4.2 30.1 0.39 0.70
2.9 65.3 -0.34 0.74 3.0 40.4 0.26 0.80 2.5 23.1 -1.07 0.28
2.7 59.5 0.22 0.83 2.9 39.8 0.13 0.90 2.3 18.6 -0.19 0.85
2.0 46.6 1.24 0.21 2.1 28.0 0.83 0.41 1.6 16.4 0.73 0.47
1.8 45.8 -0.30 0.76 1.6 27.0 0.19 0.85 2.1 18.7 -0.62 0.54
1.7 29.0 0.36 0.72 1.2 13.5 -0.01 0.99 2.3 13.9 1.36 0.17
1.7 33.6 -0.74 0.46 1.7 22.0 0.60 0.55 1.6 10.4 -1.53 0.13
1.6 36.1 0.95 0.34 1.7 26.0 0.56 0.58 1.5 10.1 0.94 0.35
1.2 24.8 -0.16 0.88 1.4 20.0 -0.30 0.77 - <10 - -
1.0 22.0 -0.90 0.37 0.8 13.0 -1.40 0.16 - <10 - -
0.7 19.5 0.78 0.43 0.7 10.9 1.08 0.28 - <10 - -
0.4 11.0 1.10 0.27 - <10 - - - <10 - -
0.3 10.8 -0.54 0.59 - <10 - - - <10 - -

NIF: number of informative families.
* Nominally significant (P <0.05).
- Results not reported when number of informative families is less than 10.
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Table 7. Association between /GF'I haplotypes and height in the ABCFR and OFBCR.

Loci/
allele

57 _
intron 2
19-216
19-218
20-216
19-222
19-220
19-224
20-220
20-218
18-216
21-220
18-218
19-214
20-222
21-216
21-218
22-214
19-204
22-216
17-220
19-212
21-204
17-218

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 p. Allele 7 p.
frequency  NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0

24.2 351.7 1.12 0.26 23.9 218.6 1.21 0.23 24.8 130.5 0.28 0.78
15.3 254.9 0.63 0.53 14.8 166.1 0.95 0.34 16.2 86.7 -0.32 0.75
9.0 156.4 0.11 0.91 9.1 92.4 0.36 0.72 8.5 61.0 -0.40  0.69
8.3 160.1 0.16 0.87 8.6 107.0 0.53 0.60 7.7 50.4 -0.52 0.60
6.7 126.1  -0.39 0.70 6.5 78.6 0.50 0.62 7.1 47.9 -1.60  0.11
53 126.5 -0.06 0.95 54 81.6 0.38 0.71 5.0 42.1 -0.65 0.51
5.3 103.1  -1.88 0.06 5.1 66.8 244  0.01* 5.4 36.2 0.42 0.68
3.8 89.1 0.92 0.36 3.9 56.6 0.42 0.67 3.7 32.6 1.39 0.17
3.7 88.1 -1.35 0.18 4.1 62.7 -1.53 0.13 3.0 25.0 0.46 0.64
2.8 62.0 -0.97 0.33 2.5 40.6 -1.36 0.18 34 19.0 0.90 0.37
1.5 36.3 -0.18 0.86 1.7 25.0 -0.43 0.67 1.2 10.0 0.26 0.79
1.3 29.8 1.34 0.18 1.2 19.1 0.76 0.45 - <10 - -
1.1 28.3 -0.52 0.60 1.3 23.6 0.10 0.92 - <10 - -
1.1 21.8 1.11 0.27 1.0 13.7 0.80 0.42 - <10 - -
1.1 14.8 -0.17 0.87 0.9 10.5 -1.69 0.09 - <10 - -
0.8 13.0 0.08 0.94 - <10 - - - <10 - -
0.7 19.2 0.89 0.37 0.7 13.1 0.49 0.62 - <10 - -
0.7 13.0 -0.20 0.84 0.9 10.0 0.03 0.98 - <10 - -
0.6 11.9 0.73 0.47 - <10 - - - <10 - -
0.6 12.3 0.41 0.69 0.8 11.4 0.07 0.95 - <10 - -
0.5 14.6 -1.54 0.12 - <10 - - - <10 - -
0.5 12.9 -1.11 0.27 - <10 - - - <10 - -

Continued on the following page.
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Table 7. Association between /GF I haplotypes and height in the ABCFR and OFBCR (continued from previous page).

Loci/
allele

intron 2-
3 /

216-187
216-185
218-185
220-185
222-189
224-189
220-187
216-189
218-187
218-189
204-185
220-189
222-185
214-187
224-191
214-185
222-191
216-183
218-181

ABCFR and OFBCR ABCFR OFBCR
Allele 7 P. Allele 7 p. Allele 7 p.
frequency  NIF frequency  NIF frequency  NIF
o score  value o score  value o score  value
0 0 0

18.2 301.6 1.11 0.27 18.2 183.4 0.95 0.34 18.0 115.7 0.49 0.62
17.1 256.5 -0.40 0.69 17.6 166.1 -0.84 0.40 16.5 91.6 0.69 0.49
16.8 281.2 0.41 0.68 16.4 180.0 0.74 0.46 17.9 99.4 -0.19 0.85
9.2 1682 -2.78 0.01%* 8.7 108.6  -2.89 0.004* 10.0 55.9 -0.40 0.69
7.1 132.7 -0.35 0.73 7.5 95.5 -0.05 0.96 6.4 40.7 -0.51 0.61
4.1 94.8 -0.36 0.72 3.9 55.7 0.10 0.92 4.4 40.0 -0.87 0.38
4.1 85.9 1.75 0.08 4.2 54.1 1.64 0.10 4.2 31.6 0.77 0.44
2.9 66.3 -0.41 0.68 3.0 41.4 -0.08 0.94 2.5 23.1 -1.48 0.14
2.7 60.7 0.17 0.87 2.9 41.0 0.31 0.76 2.3 18.6 -0.73 0.46
2.0 45.9 1.56 0.12 2.1 28.2 1.56 0.12 1.6 154 0.58 0.56
1.8 46.8 0.02 0.98 1.6 27.0 -0.53 0.59 2.1 19.2 1.18 0.24
1.7 29.0 -0.78 0.43 1.2 14.5 0.04 0.97 2.3 12.9 -0.66 0.51
1.7 33.6 0.16 0.87 1.7 22.0 0.48 0.63 1.6 10.3 -0.40 0.69
1.6 36.1 -0.19 0.85 1.7 26.0 -0.21 0.83 1.5 10.1 0.32 0.75
1.2 24.8 0.36 0.72 1.4 20.0 0.58 0.56 - <10 - -
1.0 22.0 0.95 0.34 0.8 13.0 0.32 0.75 - <10 - -
0.7 18.5 0.80 0.42 0.7 10.9 -0.05 0.96 - <10 - -
0.4 12.0 0.21 0.84 - <10 - - - <10 - -
0.3 10.8 0.03 0.98 - <10 - - - <10 - -

NIF: number of informative families.
* Nominally significant (P <0.05).

- Results not reported when number of informative families is less than 10.
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DISCUSSION

The results do not support a relationship between genetic variation at the /GF'/ gene
and BMI, weight and height. In allele specific analyses there were a few nominally
significant associations. These can, however, be explained by chance as there was a lack of
consistency when significant associations were compared across samples, and none of the
nominally significant associations met the criteria of significance after adjustment for
multiple comparisons. Similarly, chance findings can also explain the few nominally
significant associations observed in the haplotype analyses.

A major strength of this study is the family based design, which eliminates the
possibility of confounding resulting from population stratification. In addition, this is a large
sample of premenopausal women, a group for which sample size in other studies is often
fairly small. A potential limitation of this study is that all measures were conducted on
families where at least one member (the proband) had breast cancer. Therefore, the sample
cannot be considered as representative of the populations they were sampled from.

The inclusion of women with breast cancer (probands and some sisters) in the sample,
could conceivably lead to differential recall of for example, weight between women with and
without breast cancer. However, differential recall between affected and unaffected family
members should not be related to genotype, unless genotype was related to breast cancer risk.
Since results from the previous chapter indicated there was limited evidence for an
association between genotype and risk, differential recall between affected and unaffected
family members is unlikely to bias the results. In addition analyses were also conducted
excluding women with breast cancer (data not shown) and this did not alter the interpretation

of the results.
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The results presented here do not support the association between the 185 allele of the
3’ polymorphism with BMI and height reported in chapter 4. A nominally significant
association of the 37 187 allele with weight was observed here, but this association was not
found in analyses performed on the sample of healthy unrelated individuals described in
chapter 4. In addition, results from the OFBCR did not support an association of the 3” 187
allele with weight. Therefore, overall there is little evidence to support an association of the
37 187 allele with weight.

Several studies have reported on the association of the 5” polymorphism with BMI or
weight. In a study conducted in the Netherlands (Amsterdam), homozygote carriers of either
the 19 or 20 alleles or carriers of both these alleles were reported to have significantly greater
BMI relative to women with other genotypes, but only in the younger of two cohorts
examined (248). Consistent with the results from the current study, no association of the 19
allele with BMI was reported in Hispanic or non-Hispanic White women in the U.S. (249), in
chapter 4 of this thesis, or in a Chinese population (/89), although in the latter study the 17
allele was associated with lower BMI (/89).

In a large population based sample from the Netherlands (Rotterdam), women
homozygous for either the 19 and 20 alleles or carriers of both these alleles were heavier than
women who carried longer alleles (/86). Although this analysis was not carried out in the
families studied here, analyses where the 19 and 20 alleles were grouped and compared to all
others under a recessive model, did not provide support for a potential positive association of
these alleles with weight (data not shown).

A few studies have reported on the association of the 5” polymorphism with height. No

association between the 19 allele and height was observed in the U.S. Nurses Health Study
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(179), or with the 19 and or 20 alleles of women from a population based sample in the
Netherlands (/86). In addition, there was no association between the 5’ 19 allele and height
observed in chapter 4. In the current study results were inconsistent, an association of the 5’
19 allele with greater height was observed in the ABCFR sample, but a non-significant
association in the opposite direction was observed in OFBCR families. Overall, the evidence
does not support an association between variant alleles of this polymorphism and height.

Some studies have examined other measures of body composition in relation to genetic
variation at /GF1. There is some evidence for an association of the 19 allele of the 5”
polymorphism and waist hip ratio (249). In addition, an association between an /IGF1 CT
repeat polymorphism with percentage fat, fat mass, fat free mass, and change in fat free
mass, was observed in a family based exercise intervention study (236) and in lean body
mass and leg mass in a sample of unrelated individuals (257). These results are not consistent
with those observed here, although this could be attributed to the differences in body
composition measures used, or the examination of a different /GF'I polymorphism.

The results presented here provide little evidence to support an association between
genetic variation at /GF'I with either BMI, weight or height. There were, however, only three
polymorphisms tested and linkage disequilibrium between them was not strong enough to
fully capture genetic variation across /GF'1. Other studies have examined only a single /GF']
polymorphism in relation to anthropometric features. Future studies should include additional
polymorphisms to better capture genetic variation at this gene. Inclusion of other measures of

body composition would also be useful.
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Chapter 7. Discussion

7.1. Summary of purpose

In chapter 1, a model was presented where in premenopausal women, genetic
variation at the /GFI gene was hypothesized to modify circulating IGF-I concentration, with
greater circulating IGF-I levels increasing the proliferative activity and quantity of breast
stromal and epithelial cells, resulting in greater mammographic density and increased risk of
developing breast cancer. Evidence to support aspects of this model comes from studies that
although not entirely consistent, indicate that a greater circulating concentration of IGF-I is
associated with greater mammographic density (5-8) and increased breast cancer risk in
premenopausal women (/-3). Additional evidence comes from twin studies that indicate that
circulating IGF-I levels, mammographic density, and the development of breast cancer are
partly determined by genetic factors (9-12). This suggests that genes that influence the IGF-I
pathway are good candidates to examine for association with mammographic density and
breast cancer risk.

The association of allelic variants of /GF'I with circulating IGF-I concentration has
been examined in several studies, with most examining the 5” polymorphism that was also
investigated here. These studies provide little evidence to support an association between
alleles at the 5” polymorphism and IGF-I levels. There is, however, some support for an
association of several /GF tagging SNPs with IGF-I levels from a large study conducted in
Great Britain (/87).

Only two studies have examined the association between genetic variation at /GF'I and
mammographic density. One found no association between the 5” 19 allele and

mammographic density in either pre- or postmenopausal women (99). A second study found
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a strong association between /GF'I haplotypes and tagging SNPs and mammographic density
in a sample comprised mainly of postmenopausal women (/00). Little attention has been
given to the association of /GFI with body composition (/86,189,248,249).

Several studies examined the association of the 5” polymorphism and breast cancer risk
with inconsistent results (/72,179,189-193). Results are also inconsistent among studies that
investigated this polymorphism in relationship to breast cancer risk in large samples of
premenopausal (or young) women, with either null results or different alleles showing
association with disease (/89,7190,193).

Two studies (comprised mainly of postmenopausal women) found nominally
significant associations with tagging SNPs at the 5’ end of /GF1, although results were not
significant after adjustment for multiple comparisons (/94,795). A third study (comprised
mainly of premenopausal women) reported significant associations with five tagging SNPs
across /GF'1 (located in introns 2 and 3 and the untranslated region of exon 4), (/87) under a
recessive model, although the interpretation of this study is complicated by the inclusion of
prevalent cases. None of the studies reported associations stratified by menopausal status.
Genome wide association studies have not reported significant associations with /GFI, but
initial screens in these studies have not included large samples of premenopausal women
(38,39,197).

A potential source of error highlighted as particularly important to many of the above
studies was the lack of strong linkage disequilibrium across /GFI. If an ungenotyped causal
variant is present, studies that examined only one polymorphism (e.g. the 5 polymorphism)
may have insufficient power to detect an association because of weak linkage disequilibrium

between the two loci. Confounding due to population stratification is another factor that may
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have led to inconsistencies in results. The studies presented here were designed to address
these issues as much as possible. In addition, they address the need for more research into the
association of mammographic density and anthropometric variables with allelic variants of
IGF1, and larger sample size for studies examining /GF'/ and breast cancer risk in

premenopausal women, where the association of IGF-I levels with risk has been reported.

7.2. Description of study

The studies described in chapters 4 through 6 examined the association between
allelic variants of /GF'I with circulating IGF-I levels, mammographic density, breast cancer
risk and several related anthropometric measures (BMI, weight and height) in premenopausal
women. Three CA repeat polymorphisms were examined to better capture genetic variation
at IGF1. The issue of confounding due to population stratification was addressed in the
breast cancer study by using families from the ABCFR and OFBCR. In the cross-sectional
study examining /GF'/ and mammographic density, the possibility of confounding due to
population stratification was reduced by restricting analyses to Caucasian women. Several
anthropometric measures (BMI, weight and height) were measured in both the cross-

sectional and family based study, in an attempt to replicate the results.

7.3. Summary of results

Main findings are summarized with reference to the original objectives in Table 1. Not
included are results pertaining to potential effect modification by family history and oral
contraceptive use as they are not part of the main objectives. However, effect modification by

family history is discussed in section 7.4 (sources of error).
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Table 1. Summary of main findings.

Original Objective

Main findings

Examine the association of
each of the polymorphisms
with circulating IGF-I levels.

Examine the association of
each of the polymorphisms
with percentage breast
density.

Examine the association
between genetic variation at
IGF1 and BMI, height and
weight.

Examine the association of
each of the polymorphisms
with breast cancer risk

Determine linkage
disequilibrium between
markers. Construct
haplotypes and examine their
association with circulating
IGF-I levels, percentage
breast density and breast
cancer risk.

Greater number of copies of the 57 19 allele were associated with lower
IGF-I levels.

Greater number of copies of the 37 185 allele were associated with greater
percentage breast density and a smaller amount of non-dense (fat) tissue.

Analyses suggested the association of the 37 185 allele with percentage
breast density is mediated through BMI (i.e. body fat).

A significant association between the 37 185 allele and BMI and height was
found in the cross-sectional study.

An association of genetic variation at /GFI and either BMI, height or weight
was not supported in the family based study.

Primary analyses:

Some nominally significant associations were observed (57 21 allele, intron
2 212 allele, intron 216 allele) but these were not significant after adjustment
for multiple comparisons and there was a lack of consistency across the
ABCFR and OFBCR.

Exploratory analyses: Associations were observed for the intron 2 216 allele
under a recessive model and 57 allele groupings resulted in a positive
association for alleles of length 18 to 20, and a protective effect for alleles >
than 20 repeats in length. These associations were not consistent across the
ABCFR and OFBCR.

Overall, there was limited evidence to support an association of allelic
variants of the tested polymorphisms with breast cancer risk.

Linkage disequilibrium between specific allele pairs of these polymorphisms
was weak (No R? greater than 0.21 and generally less than 0.1).

Haplotype analyses did not provide support for an association between
genetic variation at /GFI and IGF-I levels, mammographic density or breast
cancer risk.
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7.3.1. IGF 1, IGF-I concentration, mammographic density, and breast cancer risk
7.3.1.1. Hypothesized model

In the hypothesized model, variant alleles of /GF I were proposed to modify circulating
IGF-I levels, with greater IGF-I levels promoting the proliferative activity and quantity of
stromal and epithelial tissue in the breast, resulting in greater mammographic density and an
increased risk of developing breast cancer. Although not discussed previously, greater
percentage density has been shown to be associated with greater occurrence of benign
proliferative disease, and atypical hyperplasia and ductal carcinoma in situ. These conditions
are known to increase breast cancer risk and have been shown to be more likely to occur in
women with greater percentage breast density (252). This suggests a more complex model,
where IGF-I influence on breast tissue leading to benign proliferative disease, atypical
hyperplasia and ductal carcinoma in situ in women with greater mammographic density
results in increased risk of breast cancer. Results from the only study to examine the
association of mammographic density and benign breast disease (carcinoma in situ was not
included) with breast cancer risk, indicated that benign breast disease did not explain the
association of percentage breast density with risk (253). Moreover, results indicated that
atypical hyperplasia was most strongly associated with breast cancer risk in women with
lower percentage breast density, while women with atypical hyperplasia and greater
mammographic density were at reduced risk for developing breast cancer. However, the
sample size for these sub-groups were small. As well, relatively few premenopausal women
were included in the study. Nonetheless, current evidence, although limited, does not support

a role for benign breast disease in the model. These results do not exclude an influence of
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IGF-I levels on benign breast disease and ultimately breast cancer risk that is independent of

mammographic density, although this discussion is beyond the scope of this thesis.

7.3.1.2. Interpretation of results in context of the model

Considering then the model as originally proposed, the results do not indicate that one
specific allelic variant of /GF1 is associated with all three outcomes of interest: IGF-I levels,
mammographic density and breast cancer risk (Table 1). Furthermore, as elaborated on
below, an association of /GFI with mammographic density is not strongly supported, and
there is limited evidence for an association with breast cancer risk.

In chapter 4, the association of the 37 185 allele with mammographic density was not
mediated through IGF-I levels, which were instead associated with the 5 19 allele. Although
not entirely consistent with the originally proposed model, an influence of the 37 185
genotype could still be mediated through changes directly to the IGF-I gene product or
through changes to breast tissue specific expression of IGF-I (i.e. autocrine/paracrine
effects). If, however, mammographic density was influenced through either of these
pathways results did not strongly indicate an effect on dense tissue was involved (which is
comprised of stromal and epithelial cells), as would be predicted by the model. A possible
influence of the 37 185 allele on amount of dense tissue could not be ruled out as the
association with dense tissue was close to significant under the assumption of a dominant
effect of this allele. Still, the evidence indicated that the observed association of the 37 185
allele with percentage density was mediated through a possible effect on BMI and in
particular body fat. The amount of non-dense (fat) tissue and BMI were both inversely

associated with the number of copies of this allele, and including BMI in regression models
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resulted in loss of significance and substantial reduction in strength of effect of genotype on
percentage density (Table 1).

The possible association of the 37 185 allele on percentage breast density through an
effect on body fat stores was not, however, supported by the results in chapter 6. BMI was
not observed to be associated with 37 185 genotype in the family based study in either the
combined sample or in the ABCFR or OFBCR (Table 1). Sampling strategies were different
between these two studies (stratified sampling was used in the cross-sectional study to
maximize the range in percentage density, while in the family based study families were
sampled based on a proband with breast cancer). However, this did not produce meaningful
differences in ranges for BMI and is unlikely to explain the differences in results between the
two studies. This indicates that the association of 37 185 allele with BMI observed in the
cross-sectional study may in fact be spurious, and further suggests that the observed
association of this allele with breast density is a false positive result.

With reference to the latter part of the model, there was no indication that a common
IGFI variant was associated with both mammographic density and breast cancer. In fact, as
indicated in Table 1, the evidence providing support for an association of variant alleles of
IGFI with breast cancer risk was limited. Exploratory analyses did suggest an association of
medium and long alleles of the 5” polymorphism with risk, and a possible association with
risk for the intron 2 216 allele under a recessive model. These associations were not,
however, strongly supported in both the ABCFR and OFBCR. Furthermore, the positive
association of medium length alleles with breast cancer risk was not consistent with the
observed association of the 57 19 allele, the most common medium length allele, with lower

IGF-I levels. Interestingly, results from chapter 4 provided qualitative support for the
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association of the intron 2 216 allele with IGF-I levels under a recessive model (with P=0.07,
results of analysis not shown) consistent with the association observed in the combined
sample and the OFBCR for breast cancer. The data do not, however, provide support for an
association of the intron 2 216 allele with mammographic density under a recessive model
(analysis not shown).

Further discussion of these results in context with the published literature is returned
to later in this chapter, following a discussion of the potential limitations of the studies

presented in chapters 4 through 6.

7.4. Potential sources of error
7.4.1. Sampling
7.4.1.1. Limitations of cross-sectional studies

A limitation of cross-sectional studies is that exposure and outcome is measured
concurrently and it is not always clear whether exposure precedes outcome. The causal
direction of the study presented in chapter 4, however, is not at issue since genotype is a
fixed exposure (i.e. not influenced by phenotype). Another limitation, length-biased
sampling, where diseased cases with long duration are over sampled while diseased cases
with short duration are under sampled (254), is not an issue since disease was not measured
in this study. However, several outcomes related to disease (breast cancer) were measured,
including mammographic density which is strongly related with risk. Women with more
extensive mammographic density could potentially be under sampled, since a greater
proportion of these women are expected to be diagnosed with breast cancer resulting in their
being ineligible for this study. However, breast cancer is a rare disease in women in this age

group (33-58 years) and diagnoses among potential study subjects should have little
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influence on the final distribution of mammographic density in the study sample. In addition,
the stratified sampling approach used would tend to capture additional numbers of women in
the most extensive categories of density.

Interaction between genotype and mammographic density in relation to breast cancer
risk could introduce bias into the study as fewer individuals with a combination of genotype
and mammographic density related to breast cancer risk would appear in the sample. Again,
the fact that breast cancer is a rare disease in this age group makes it unlikely that such an
interaction would have an important effect. Furthermore, there was no indication of
important distortion of allele or genotype frequencies (see allele frequencies and Hardy-
Weinberg tests reported in results sections of chapters 4 and 5).

As with a case-control or cohort design, a cross-sectional study is prone to bias due to
confounding resulting from population stratification, as other genetic or environmental
factors associated with both genotype and phenotype through population substructure (e.g.
ethnicity) could distort the relationship between genotype and outcome. Therefore the sample
was restricted to include Caucasian women only, which should substantially reduce the
potential for this form of confounding. Allele frequencies for the 5’ polymorphism in this
sample were very similar to those in other Caucasian populations in the U.S., Europe and
Israel (175,177,191,234). This suggests that within Caucasian populations, genetic variation
at this locus is small, and if true for other /GFI loci, the chances of false positive or negative
findings due to population stratification should be minimal. Still, the distribution of this and
other alleles in Caucasian populations across Europe is unknown, and since this sample

consists of individuals of European descent, variation in allele frequencies that is non-
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causally correlated with phenotype could result in confounding due to population

stratification (201).

7.4.1.2. Recruitment in cross-sectional study

The stratified sampling scheme used in the cross-sectional study was designed to
improve efficiency by assembling a group of women with a wide range of mammographic
density, since an association with outcome is less likely to be observed if its range is
restricted or truncated (254). However, the distribution of outcome variables should not bias
effect estimates unless the relationship between genotype and outcome changes across
categories of density, and even if this were true, a spurious association would not result in the

absence of population stratification, although the result would no longer be generalizable.

7.4.1.3. Limitations of family based studies

The advantage of appropriately analyzed family based designs examining genotype
phenotype associations is that they are not susceptible to confounding bias due to population
stratification. An important disadvantage of this design is reduced efficiency relative to case-
control studies, particularly when one or more parents are missing and parental genotypes
cannot be precisely reconstructed. As discussed in chapter 3, this was compensated for here
by utilizing and combining samples from the ABCFR and OFBCR.

As with case-control studies, if genotypes of the polymorphism under investigation are
related to mortality, then certain genotypes may be over- or underrepresented among affected
individuals in a family based study. However, the potential influence of this bias on results
was reduced by ensuring probands were incident primary breast cancer cases. There was no

such restriction with respect to time since diagnosis for sisters, however, and if lower
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survival rates were related to a specific genotype, then sisters with genotype and breast
cancer would be less likely to be available. This could result in some sampling bias as other
relatives in families with deceased sisters would not always be available to provide a blood
sample for DNA analysis and these families would not be included in the sample. The
influence of this bias should, however, be negligible as breast cancer is a rare disease in
premenopausal women, survival rates are relatively high, and in many cases another family
member would in fact be available to provide a DNA sample. Therefore, recruitment efforts
would only miss a few families if breast cancer mortality was related to /GF'1 genotype.

Other factors might have an influence on recruitment of probands or family members.
Weight and BMI, which were outcome variables in chapter 6, might influence recruitment
into the study. For example, individuals with greater BMI might not agree to enter the study
because of health related reasons. If BMI was positively associated with a specific IGF/
genotype, then the power to detect an association between genotype and BMI could be
decreased, because fewer individuals with the genotype related to greater BMI might enroll.
It is unlikely, however, that there is a substantial proportion of people declining to enroll in
the study because of extreme BMI or weight related to a common /GF/ variant. Therefore,
any resulting selection bias should not have a major influence on study power in chapter 6, or
for that matter in the breast cancer study reported on in chapter 5. For the same reason, it is
also unlikely that the association of /GF'I variants with other health related factors would
have an important influence on study power.

Another potential disadvantage in family based studies is bias in detecting associations
in the presence of genotyping error. This is discussed in detail in the section on genotyping

error (see below).
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7.4.1.4. Recruitment in family based study

The OFBCR and the ABCFR were both population based samples, with study subjects
being largely Caucasian (Table 2). Probands in the ABCFR were younger than those in the
OFBCR as prior to 1996 all probands recruited were under the age of 40. However, age did
not seem to have an important influence on study results (see age /GFI genotype interaction
analyses in chapter 5).

In the OFBCR, probands with a family history of breast cancer were over sampled.
Using a definition of family history where the proband had one mother and/or sister with a
reported diagnosis of breast cancer, 27% of OFBCR probands and 11% of ABCFR probands
were classified as having a family history of breast cancer (Table 2). The latter figure is
similar to percentage of cases reported with a family history of breast cancer in mainly
population based studies conducted in developed countries for this age group (10%, 11% and
13% in women age 20-29, 30-39 and 40-49) (30), and to previous population based case-
control studies performed using the ABCFR (255). It is unlikely that this difference had an
influence on overall results in the breast cancer study, as there was little evidence for effect
modification by family history. Furthermore, where inconsistent associations were observed
between the ABCFR and OFBCR, effect modification by family history could not explain the
discrepancies.

As would be expected by the sampling method, probands in the OFBCR were more
likely to have a BRCA 1 or BRCA2 mutation, but the overall percentage of mutations (about
3% and 6% in the ABCFR and OFBCR) is fairly small. The number of BRCAI or BRCA2
mutations among families classified as having a family history in chapter 5 was investigated

further, since these families could be enriched for BRCAI and BRCA2 mutations which could
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potentially influence results of analyses of the association of /GFI with breast cancer risk
stratified by family history. However, only 6 of 58 families in the ABCFR and 10 of 87
families in the OFBCR included a member with a BRCAI or BRCA2 mutation carrier (all but
one were found in affected individuals (probands) with breast cancer). Of particular interest
in analyses stratified by family history was the association of the 5" 19 allele with risk among
probands with a family history of disease. Among the 65 informative families included in the
analysis (see Table 8 chapter 5), only 8 included a family member with a BRCAI or BRCA2
mutation (4 each in the ABCFR and OFBCR). Therefore, presence of BRCAI and BRCA2
mutations among affected individuals in the ABCFR and OFBCR is unlikely to have
influenced variation in results observed between these registries (a nominally significant
inverse association of the 5° 19 with risk in the ABCFR and no association in the OFBCR,
see chapter 5).

Several other characteristics of probands related to breast cancer risk are compared
across registries in Table 2. Probands were more likely to be Ashkenazi Jewish in the
OFBCR but the percentage of Ashkenazi Jewish probands was small (3% in the OFBCR
verses 1% in the ABCFR). Age at menarche, parity and age at birth of first child were similar
between the ABCFR and OFBCR. Women in the ABCFR were more likely to have breast
fed their children and attained higher education levels, but these differences were not large.
Probands from the ABCFR also reported greater alcohol consumption but most (76% in the
ABCFR and 90% in the OFBCR) reported having one drink a day or less. Few of these risk
factors are thought to be related to IGF-I levels. A notable exception is oral contraceptive
use, but oral contraceptive use was similar across the two populations and there was little

evidence to indicate that oral contraceptive use modified risk (see chapter 5).
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Other than the proportion of probands with a family history of disease, there were no
striking differences in risk factor distributions between the ABCFR and OFBCR. It does not
appear then that recruitment differences between the ABCFR and OFBCR (or for that matter
differences in risk factors present across populations) could have an important influence on
variation in results in the family based breast cancer study or the family based investigation
of anthropometric measures (see chapter 6 for discussions of analyses including covariates in
the family based study of I/GF'I and anthropometric measures). However, it of course cannot
be ruled out that effect modification by unknown or unmeasured risk factors could have

created discrepant results between the two registries.
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Table 2. Descriptive characteristics for ABCFR and OFBCR families and probands.

ABCFR OFBCR
Number of Families 517 323
Age (S.D.) of diagnosis probands 37.3(6.3) 42.2 (6.7)
Caucasian families 482 (93%) 303 (94%)
Affected sisters 5 5
Unaffected sisters 688 251
Family history” 58 (11%) 87 (27%)
BRCAI, Probands® 8 (1.5%) 11 (3.5%)
BRCA2, Probands* 8 (1.5%) 11 (3.5%)
Ashkenazi Jewish, Probands* 3 (1%) 11 (3.5%)
Mean age at menarche and (S.D.), Probands® 12.9 (1.6) 12.5(1.4)
Mean age at first birth and (S.D.), Probands’ 25.5(4.6) 25.5(4.8)
Number of children, Probands
0 129 (25%) 70(22%)
1-2 241 (47%) 176(54%)
3 or more 147 (28%) 77(24%)
Breast fed ever, Probands® 329 (66%) 187(58%)
Ever use of Oral contraceptives, Probands 489 (95%) 279(86%)
Alcoholic drinks per week, Probands”
0 136(31%) 165(53%)
1-7 201(45%) 117(37%)
>7 ‘ 106(24%) 31(10%)
Education, Probands'
Up to High School 111(21%) 94(29%)
Vocational/Technical/Some college or University 280(54%) 124(39%)
University degree 126(24%) 101(32%)

All means and percentages calculated using all probands except as indicated below for d through i.

# Proband with mother or sister with breast cancer

®¢n=231 probands tested (ABCFR), n=209 probands tested

4 n=349, unknown for pre-1996 probands (ABCFR)
°n=514 (ABCFR), n=322 (OFBCR)

fn=388 probands (ABCFR), n=252 (OFBCR)

£ n=495 (ABCFR), n=322 (OFBCR)

f‘n: 443 (ABCFR), n=313 (OFBCR)

'n=319 probands (OFBCR)
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7.4.1.5. Breast cancer rates in source populations

Sampling from both the ABCFR and OFBCR occurred from defined population based
registries in New South Wales and Victoria (Australia) and Ontario (Canada). Breast cancer
incidence rates from around the time of the study period were very similar, with rates ranging
from 79.1 case per 100,000 in Ontario to 81.4 cases per 100,000 in Victoria (year range
1993 to 1997, standardized to the World Standard Population) across the three registries
(256). Age specific rates show some variation between the Ontario and Australian
populations. In the Australian provinces 5 year age specific breast cancer rates are 5% to
15% higher among women under the age of 55 (i.e. mainly premenopausal women). In older
women rates are higher in Ontario, explaining the nearly identical age standardized rates
between these three areas. These small differences in rates suggest differences in exposures
to breast cancer related risk factors. However, considering the large variation in breast cancer
rates observed internationally, these differences are small and do not give a strong indication
that differences between populations influenced the interpretation of results in analyses that
examined /GF'] association with breast cancer risk or anthropometric measures (Chapter 5

and 6).

7.4.1.6. Discrepancies in results between cross-sectional and family based study

The 37 185 allele was observed to be associated with BMI and height in the cross-
sectional study, but not the family based study. It seems unlikely that the differences in
sampling schemes for the cross-sectional and family based studies should have contributed to
the inconsistent results. Although a stratified sampling scheme based on mammographic

density was employed in the cross-sectional study, the distribution of anthropometric
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variables was similar to that observed in the ABCFR and OFBCR (see Table 2 in chapter 4
and Table 1 in chapter 6).

It is also unlikely that sampling through a diseased individual in the family based study
contributed to the inconsistencies observed between the two study designs. Analyses that
excluded women with breast cancer in the family based study did not have an appreciable
influence on results when BMI or weight was set as outcome. Furthermore, it does not seem
plausible that the major discrepancies observed between the cross-sectional and family based
studies with respect to the association of the 37 185 allele with height can be explained by
including women with breast cancer in the analysis of the family based sample (e.g. the
association in the ABCFR although not significant (P=0.10) was in the opposite direction to
that of the cross-sectional study).

Allele frequencies of the 3" 185 allele was somewhat lower in the cross-sectional study
compared to the ABCFR and OFBCR (43%, 46% and 49% in the cross-sectional, ABCFR
and OFBCR samples respectively). These differences are, however, small. In fact, a
comparison of 3" 185 allele frequencies between the three samples, restricting ABCFR and
OFBCR subjects to one randomly selected unaffected subject from each Caucasian family,
did not indicate these differences were statistically significant (allele frequencies in the
ABCFR and OFBCR for unaffected Caucasians were 45% and 50% respectively). As stated
earlier, the cross-sectional study was susceptible to confounding due to population
stratification, but based on the similarity of these allele frequencies among these populations,

this may not have been an issue.
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7.4.2. Measurement error
Measurement error for the main outcomes was discussed in chapter 3. Further

discussion here emphasizes their importance in the interpretation of the results.

7.4.2.1. Genotyping

Genotyping error should not be an important source of error in the cross-sectional study
since concordance rates on samples used for reliability was 100%. Although there could still
be undetected errors, this would result in a minimal bias towards the null.

Genotyping error can introduce bias in family based association tests, as recently
demonstrated in a study evaluating the use of the TDT test with multi-allelic markers.
Specifically, genotyping errors can result in common alleles being incorrectly associated with
increased risk and rare alleles with decreased risk (243). The reason for this is that error is
most likely to occur in the most common allele and in parents as opposed to the offspring
(parents outnumber offspring two to one). As a result, common alleles will appear less
frequently than they should in parents relative to offspring. Therefore, these alleles may
appear to be over transmitted relative to less common alleles. Similarly, rare alleles will
appear to be over represented among parents and underrepresented in affected individuals
due to genotyping error in common alleles (243).

The extent of this bias is greatly influenced by the extent of genotyping errors, which is
reflected in the concordance rates of the family based study. Concordance rates for the 57,
intron 2 and 3" polymorphisms were 97%, 94% and 97% respectively in the ABCFR and
99%, 98%, and 100% respectively in the OFBCR. The nominally significant association of
the common intron 2 216 allele with breast cancer risk is the most likely candidate for a false

positive result, since concordance was lowest for the intron 2 polymorphism. An error rate of
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about 10% to 20% would be expected for the association of this allele with breast cancer risk
in the ABCFR, if families were in fact all trios and a TDT test was performed (243).
However, under the same assumptions, the false positive rate in the OFBCR, where in
addition to the combined sample this allele showed a nominally significant association with
risk, would only be about 5% to 7%.

In statistical tests using FBAT and PBAT, some family configurations will not be
susceptible to this bias, meaning there is less potential for bias than indicated above. For
example, genotyping error is equally probable in a pair of siblings, so families with an
affected and unaffected sib will not show distorted transmission rates due to genotyping
error. Since the potential for bias appears limited, particularly in the OFBCR where the
significant association with risk was found, it is unlikely that genotyping errors would have
influenced the interpretation of this study.

Unlike disease status, there is no reason to expect that genotyping error could produce
an apparent over or under transmission of alleles to individuals with a specific BMI, weight
or height unless there was some association of these with disease outcome. However, since
no meaningful associations were identified in chapter 6, this is not an issue here.

Genotyping error is even more important in analyses using haplotypes, because there
are more sources of error (two in the studies conducted here, since haplotypes in these studies
were constructed using two loci). An interesting discrepancy in the results in haplotype
analyses was the strong association of the 5” 19 and intron 2 216 haplotype in the OFBCR
with breast cancer risk under a recessive model, which was not supported by the results from
the ABCFR. However, bias due to genotyping error is unlikely to have resulted in such

incongruent findings, as the observed discrepancy in the results was too large. Furthermore,

199



association testing using the ABCFR sample, where the null result was observed, would have
been more prone to producing a false positive finding because genotyping error was greater

in this sample.

7.4.2.2. IGF-I and IGFBP-3

The RIA method which was used here is considered by some to be the gold standard
for IGFBP-3 measurement (/56). The RIA method is also a standard method for measuring
IGF-I, and shows good correlation with other methods of IGF-I measurement (257).

Measurement error of IGF-I or IGFBP-3 could account for undetected genotype and
phenotype associations in this study. Of particular interest here, is the lack of a relationship
of the 37 185 allele with IGF-I levels, as this allele showed an association with
mammographic density but inconsistent with the proposed model, not IGF-I levels. It appears
unlikely, however, that error in measuring IGF-I levels would have resulted in such a
discrepancy. Measurement of IGF-I levels was accurate enough to show an association with
mammographic density in a previous study that included this sample and some additional
subjects (7). IGF-I was also significantly associated with percentage density, after adjustment
for age (results of analysis not shown) or age and IGFBP-3 levels (see chapter 4), using only
the study subjects from chapter 4. Furthermore, other studies using comparable methods of

measuring IGF-I have observed this same association (5,6,258).

7.4.2.3. Mammographic density
The computer assisted method used to assess mammographic density has been shown
to produce similar gradients in risk estimates for breast cancer as those produced by

categorization of mammographic density by radiologists. Reliability of measurement using
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this method was high (0.90 or greater) in the study reported on in chapter 4, and similar
estimates have been reported in other studies (46,209). In addition, this method of measuring
mammographic density has produced high reproducibility in risk estimates for breast cancer
and breast density heritability estimates (/0,46,58). This suggests that at most, strength of
association with mammographic density with variant /GF'I alleles should only be affected
slightly by error in measurement. However, bias should be towards the null and not produce

false positive results.

7.4.2.4. Anthropometric measures

The cross-sectional study described in chapter 4 employed trained staff to measure
height and weight. However, these measures were self-reported in the family based study
described in chapter 6. The correlation between self-reported height and weight and actual
measures of these same variables is high (r > 0.9) (2/7). Many studies, however, report that
women generally overestimate height and underestimate weight (2/2-215), and this results in
an underestimate of BMI (274). Furthermore, in women, increased weight is associated with
increased error in reporting height and weight, therefore measurement error of height, weight
and BMI will often be greatest in heavier women (274,215).

In general, the effect of this measurement error would be to create a small bias towards
the null, and overall, the impact on study results should be minimal. Of specific interest is the
failure to replicate the association of the 37 185 allele with BMI and height from the cross-
sectional study, in analyses using the family based sample. It does not seem plausible,
however, that this discrepancy in results can be attributed to error resulting from using self
reported height and weight data. In the family based study, results relating the 3~ 185 allele

genotype to BMI and weight were far from achieving nominal significance and the observed
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direction of effect of the 37 185 allele with height in the ABCFR, although not statistically
significant (P=0.09), was in the opposite direction to the statistically significant association

reported in the cross-sectional study.

7.4.2.5. Breast cancer
Errors in measurement the accuracy of breast cancer diagnosis should not be an issue

here, as all were verified by pathology report.

7.4.2.6. Density of polymorphisms

The 57 CA repeat polymorphism is located in the untranslated region of the /GF'/
promoter. There is however, no experimental evidence to indicate that this repeat is
functional (/89). There is also no evidence supporting a functional role for the intron 2 or 37
CA polymorphism, the latter of which lies in the 3 ” untranslated region and to the authors
knowledge has never been investigated. The selection of these polymorphisms was not,
however, based on a hypothesis that they were functional, but on the possibility of their being
in linkage disequilibrium with other ungenotyped functional variants in the gene.

Gabriel et al., recently reported a block like pattern of linkage disequilibrium across the
human genome, with areas of low linkage disequilibrium interspersed with areas of high
linkage disequilibrium (/71). As described earlier, analysis of SNP data from the
International HapMap Project (/96) shows a block like pattern of linkage disequilibrium
across IGF'I (see chapter 2). In order to effectively capture genetic variation across /GF1, a
large number of polymorphisms would have to be genotyped. This study investigated three
CA repeat polymorphisms, which were in relatively weak linkage disequilibrium as no R

greater than 0.27 was observed in either sample (see Table 8 in chapter 4 and Table 5 in
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chapter 5). An important limitation of this study then is that the few markers used captured
only some of the genetic variation across /GFI. This implies that analyses testing individual

polymorphisms or haplotypes may fail to capture an ungenotyped causal variant if present.

7.5. Power

In the family based studies, associations with breast cancer and anthropometric
measures were not significant after adjustment for multiple comparisons. Therefore, a
discussion of the power to detect an association in these two studies is of particular interest.
Unfortunately, the PBAT software cannot produce power estimates for the family design
employed in chapter 6. However, a primary objective of the family based study was to
attempt to replicate the association of the 37 185 allele with BMI and height observed in the
cross-sectional study. Given that there were over 800 families used in this analysis, there
should have been ample power to replicate this association.

Power can be estimated for the association of variant /GF'] alleles with breast cancer.
The nominally significant association of the intron 2 216 allele (P=0.04) with risk was
highlighted previously as being of particular interest. In order to illustrate the impact of the
adjustment for multiple comparisons, power calculations for the intron 2 216 allele were
performed using a relative risk of 2 for homozygotes and 1.5 for heterozygotes, with a
sample size of 808 families, an allele frequency of 0.38 (both sample size and allele
frequencies were obtained from the results in chapter 5) and assuming an additive model with
complete linkage disequilibrium between the intron 2 216 allele and the putative causal
variant. The power to detect a significant association was 0.89 with the P-value set to 0.05
and 0.68 with the P-value set to 0.007 (the latter being the adjusted P-value after

implementing the Benjamini-Hochberg correction). There is then, as would be expected, a
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substantial drop in power after applying a correction for multiple comparisons. Despite this
loss in power, a formal approach to dealing with multiple comparisons was considered
necessary in the family based study because of the many comparisons made. However,
throughout this thesis, consistency of results was also stressed as a criterion for evaluating
the importance of possible associations. Since the intron 2 216 allele was not strongly
associated with risk in the ABCFR (under either an additive or recessive model) this
association was not considered to be convincing. It is acknowledged, however, that
comparing results across samples also has limitations, since there is reduced power to detect
associations because of the smaller sample sizes.

This breast cancer study had the power to detect relative risks that approached 2.0 and
1.5 for homozygotes and heterozygotes respectively. As discussed in chapter 3, power to
detect an association was relatively high compared to most other studies reporting on
premenopausal women. However, complete linkage disequilibrium between the marker allele
and the putative disease locus was assumed in power calculations. Power decreases with a
reduction in the strength of linkage disequilibrium between markers and as mentioned above,
using a limited number of markers could have an important impact on study power.

Recent genome wide scans have so far only detected susceptibility alleles that increase
breast cancer risk by 50% or less (comparing homozygotes for low and high risk alleles)
(38,39,197). As well, an association of similar magnitude is suggested by the results of a
previous study investigating /GF'[ and breast cancer risk (/87). Limitations of these studies
with respect to /GF'I and breast cancer risk were discussed previously and are discussed

again further below. However, in addition to the discussion above, these results also suggest
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that power in the current investigation could be limiting, despite the approximately 800

families used, even if more markers had been genotyped.

7.6. Final results interpreted in context with other studies

Table 3 shows the summary of results previously described in Table 1, next to major
findings from the literature that were reviewed in previous chapters. Excluded from Table 3
are results presented earlier for haplotype analyses. These were previously discussed and will
not be reviewed further here. The comparison of findings related to /GF1 and anthropometric
variables shown in Table 3 is also not discussed further (the reader is instead referred to
chapter 6).

The following discussion compares and contrasts the most relevant results from this
study to those in the published literature. General support for both the proposed model and
specific aspects of the model (e.g. association of /GF/ and mammographic density) is

discussed, as are the most important limitations in studies that examined these associations.
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Table 3. Summary of main findings compared to those in the published literature.

Original Objective

Main findings from chapter 4-6

Overview of findings from published studies

Examine the association of each
of the polymorphisms with
circulating IGF-I levels.

Examine the association of each
of the polymorphisms with
percentage breast density.

Examine the association of each
of the polymorphisms with
breast cancer risk

Examine the association
between genetic variation at
IGFI and BM]I, height and
weight.

Greater number of copies of the 57 19 allele were associated with
lower IGF-I levels.

Greater number of copies of the 37 185 allele were associated with
greater percentage breast density and a smaller amount of non-dense
(fat) tissue.

Analyses suggested the association of the 37 185 allele with
percentage breast density is mediated through BMI (i.e. body fat).

Primary analyses:

Some nominally significant associations were observed (57 21 allele,
intron 2 212 allele, intron 216 allele) but these were not significant
after adjustment for multiple comparisons and there was a lack of
consistency between the ABCFR and OFBCR.

Exploratory analyses: Associations were observed for the intron 2 216
allele under a recessive model and 5~ allele groupings resulted in a
positive association for alleles of length 18 to 20, and a protective
effect for alleles > than 20 repeats in length. These associations were
not consistent across the ABCFR and OFBCR.

Overall, there was limited evidence to support an association of allelic
variants of the tested polymorphisms with breast cancer risk.

A significant association between the 3 185 allele and BMI and
height was found in the cross-sectional study.

An association of genetic variation at /GFI and either BMI, height or
weight was not supported in the family based study.

Among women in general, results are inconsistent and contradictory
(172,175,177,179,181,182) for the 5 19 allele. No significant
associations reported in premenopausal women (99,174).

An association of several /GF'] tagging SNPs was observed in a
British study (/87).

The 57 19 allele was not associated with percentage density in
premenopausal women from Toronto (99).

A strong association for /GFI haplotypes and several tagging SNPs
with percentage breast density was found in the Nurses Health
Study cohort (/00).

No association for the 57 19 allele in Caucasian populations
(172,179,190,191,193) (including studies where young (under 50)
(190) or premenopausal women (/93) were examined).

Positive association of the 5” 19 allele with risk in a sample of
mainly Black subjects (/92) and in a Chinese population (/89).

Significant association reported for tagging SNPs at the 5" end of
the gene in two U.S. studies of primarily postmenopausal women
(194,195)4). An association of several /IGF tagging SNPs with risk
under a recessive model was reported in a sample of primarily
premenopausal women from Great Britain (/87).

An association with BMI was reported for 57 19 or 20 allele
homozygotes or carriers in one of two cohorts investigated (248).
No association of the 5” polymorphism and BMI was reported in
two other studies (/89,249).

Association of 57 19 or 20 allele carriers with weight reported in
two of three Dutch cohorts (/86,248).

No association for 5’ 19 or 20 alleles with height (186).
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7.6.1. IGF 1, IGF-I concentration, mammographic density, and breast cancer risk

The results presented in Table 3 indicate that there is little evidence to support an
association of the 57 19 allele with either IGF-I levels, mammographic density or breast
cancer risk. In this thesis, evidence for an association of the 5 19 allele with IGF-I levels
was presented, but this was not supported by other results in the published literature (Table
3).

Several studies have examined the association of /GFI tagging SNPs with one or more
of these outcomes. A comparison of findings from these studies with those presented from
chapters 4 through 6 provides some support for consistency of associations within outcomes.
The observed association of the 37 185 allele with percentage breast density is consistent
with results from the Nurses Health Study where percentage density was strongly associated
with several /GF'I haplotypes and tagging SNPs (Table 3). In addition, the association of the
intron 2 216 allele with risk under a recessive model is consistent with results from a British
study that examined the association of tagging SNPs with risk also under a recessive model.
Similarly, the association of 5 allele length with breast cancer risk can be viewed as
consistent with two studies indicating that SNPs at the 5 end of /GFI are associated with
risk (Table 3).

These observations, however, require further qualification. The association of the 3/
185 was found to be mediated through BMI, which was not consistent with results from the
Nurses Health Study. As well, the associations of both medium length and long alleles of the
57 polymorphism and the intron 2 216 allele with risk reported in chapter 5, were not
strongly supported in both the ABCFR and OFBCR. Knowledge of linkage disequilibrium

patterns between the polymorphisms investigated here and those in the published literature
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would permit a more meaningful comparison of results. However, these data are not
available.

In interpreting the results from the literature, it is important to note that there are
inconsistencies both within and across outcomes among the studies that have used tagging
SNPs. The SNP most strongly associated with mammographic density in the Nurses Health
Study was also found be associated with IGF-I levels and breast cancer risk in a British
study, but with opposing effects to what would be anticipated if the same allele was
responsible for increased IGF-I levels, mammographic density and breast cancer risk (/87).
In addition, a study that examined the same genetic variants as those in the Nurses Health
Study did not find an association with breast cancer risk (/95). Inconsistent results also have
been reported across studies where the same tagging SNP was investigated in association
with breast cancer risk (/87,194).

Not shown in Table 3 are the results of recent genome wide association studies which
would have included /GFI tagging SNPs among the many SNPS they tested in association
with breast cancer risk. These have not reported significant associations between /GFI and
risk. However, true associations could have been missed particularly in premenopausal
women, a group in which large samples have not been included during initial screens in these
studies. As well, stringent methods employed in adjusting for multiple comparisons may
have resulted in some associations being missed (38,39,197).

Currently, no definitive association between /GFI and either IGF-I levels,
mammographic density or breast cancer risk can be said to have been identified. There are
some intriguing results (e.g. association of /GF/ with mammographic density) but additional

studies are needed to replicate and further explore these associations, particularly in light of
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the inconsistent and contradictory results observed across outcomes. Furthermore,
inconsistent with the proposed model no single variant /GF allele from any polymorphism
has been observed to be associated with all outcomes (i.e., IGF-I levels, mammographic
density and breast cancer risk). It is, however, premature to conclude that /GFI does not play
a role in the model as outlined, as limitations of the studies discussed above may have
contributed to inconsistencies in results and failures to detect associations.

Several limitations to studies that have examined allelic variation at /GF'I with these
outcomes were previously highlighted as being particularly important. One shared by many
studies is the failure to capture genetic variation across /GFI. This is particularly relevant for
studies that examined only the 5” polymorphism. An effort was made in the current
investigation to address this issue by including three polymorphisms, although as discussed
earlier, failure to thoroughly capture genetic variation across /GF'/ was also a limitation of
this study. The use of tagging SNPs is an approach that addresses this problem but only a few
studies have assessed genetic variation at /GF'I in this manner and notably only two of these
have genotyped the approximately 25 SNPs needed to provide thorough coverage of the gene
(see chapter 2) (100,195). Confounding due to population stratification is another important
potential source of error. Only in the current investigation has a sample of women been
investigated (specifically for breast cancer) using a family based design. As well, most of
these studies reported on samples of pre- and postmenopausal women. Possible dependency
of associations on menopausal status could be complicating comparisons across studies. In
addition, results from recent genome wide association studies and research specifically
focusing on /GF'1 suggest that risk from breast cancer susceptibility alleles are modest

(increase in risk of less than 50% comparing homozygotes for high and low risk alleles).
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Therefore, at least for studies where breast cancer was the outcome, sample size may often

have been a limiting factor.

7.7. Conclusions and future research

As described above, a model of breast cancer risk was examined where variant alleles
of IGF'I are proposed to modify circulating IGF-I levels, with greater IGF-I levels promoting
the proliferative activity and quantity of stromal and epithelial tissue in the breast, resulting
in greater mammographic density and an increased risk of developing breast cancer. The
results did not indicate that a single variant /GF[ allele was associated with all three of these
phenotypes as outlined in the proposed model. There was some support for an association of
the 37 185 allele with mammographic density, but this was not mediated through IGF-I
levels, which were instead associated with the 57 19 allele. As well, inconsistent with the
proposed model, the positive association of the 37 185 allele with percentage density did not
appear to result from an influence on dense tissue, but instead was mediated through a
possible effect on body fat stores. The failure to replicate the association of the 37 185 allele
with BMI in the family based study indicates that the association with BMI observed in the
cross-sectional study is spurious, and therefore suggests that the association with
mammographic density is a false positive result.

Examining the results in the context of the latter part of the proposed model, there
was also no indication that a common /GF'] variant was associated with both mammographic
density and breast cancer risk. In fact, overall, evidence supporting an association of variant
IGF1 alleles with breast cancer risk was limited.

An important limitation of this study and many others is that few polymorphisms along

IGF1 were tested, and therefore genetic variation across the gene was not captured, reducing
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power to detect an association. As well, this study did not have the power to detect small
increases in risk that have been reported for genes in, for example, some recent genome wide
scans. Studies that have examined multiple SNPs using large samples have provided some
support for the association of variant /GFI alleles and IGF-I levels (/87), mammographic
density (/00) and breast cancer risk (/87,194,195). However, there are inconsistencies across
studies, both when considering associations with specific outcome such as breast cancer risk
(187,194,195) and when considering associations across outcomes, such as the opposing
effects of alleles of the same SNP on IGF-I levels, breast cancer risk and mammographic
density (187).

Further research is needed to determine whether genetic variation at /GF is associated
with breast cancer risk, and if so, whether risk might be influenced through a pathway that
modifies circulating IGF-I levels and breast density. The role that /GF/ may play in
influencing body composition and the possible relationship with this proposed pathway is
also of interest. These relationships should be thoroughly investigated in sufficiently large
samples of premenopausal women, since it is in this group that the association of IGF-I levels
with mammographic density and breast cancer risk has been observed. As well, future efforts
should employ a tagging SNP approach to better capture genetic variation across /GF/ and
ensure efforts are made to control for potential confounding due to population stratification
(e.g., genomic control). There are also a number of other factors, including genetic factors,
that might influence IGF-I levels and possibly mammographic density and breast cancer risk.
These include genes that regulate growth hormone release such as growth hormone, growth
hormone releasing hormone, grehlin and somatostatin genes. Genes that code for IGF-I

binding proteins such as IGFBP-1 through IGFBP-6 are also of interest. Of these, only
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IGFBP-3 has received much attention. The influence of these genes on IGF-I levels and
mammographic density and breast cancer risk both directly and through gene-gene
interaction should be investigated. As well, extensive genome wide association approaches
only have been employed in studies where breast cancer risk was the outcome. Application
of this approach to include intermediate variables such as circulating IGF-I levels and

mammographic density may provide important insights into breast cancer etiology.
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Appendix 1. Contribution of the author to the design and

implementation of the project

The author was not involved in the original collection of data that this thesis was based
on. Recruitment into the cross-sectional study and the family based study were already
complete for the time periods examined in this thesis when the author’s study began. The
author was key in the conceptualization and implementation of the studies presented here,
and wrote the proposal to the Breast Cancer Registry Advisory Committee, which formed the
basis for the studies presented in chapters 5 and 6 (no formal proposal was necessary for the
cross-sectional study). The author used software and NCBI data to locate two of the three
polymorphisms examined in this study (the third was obtained through the literature). In Dr.
Ozcelik’s laboratory at Mt. Sinai Hospital, the author designed and tested primers for DNA
amplification, performed the majority of all PCR reactions and supervised the rest. The
author also liased with The Centre for Applied Genomics (TCAG), inspected genotype
assessments from the TCAG (with some assistance from an individual experienced in
interpreting the output provided by the TCAG) and designed and implemented all genotyping
quality control measures. The author evaluated the utility of various software tools required
for statistical genetic analyses (e.g. FBAT 1.5, PBAT 2.5). All data analyses were performed
by the author which were then presented with interpretations to the committee, prior to
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