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Abstract

Breast cancer is a multifactorial and complex disorder. It is posing serious public
health concerns and its incidence rate is on the rise in Pakistan. It is therefore
of prime importance to identify genetic and/or non-genetic factors contributing
towards the development and progression of breast cancer. The present investi-
gation is a case-control study including 1000 cases and 1000 age matched con-
trols of the same ethnic background. Individuals were recruited on the basis of
a predefined inclusion and exclusion criteria. All participants were in-person di-
rectly interviewed after signing an informed consent document. Peripheral blood
samples were collected from all the participants along with personal identifiers,
demographic characteristics and family history of cancer and other diseases. Vital
status/survival status of the patients was determined for up to a maximum of
47 months to record the censored data. We analyzed our sequenced variants and
clinico-pathologic features for their possible association with the disease risk by
using unconditional logistic regression. Association of the variables was measured
with ORs and corresponding 95% confidence intervals. Overall survival of the
patients was assessed using Kaplan-Meier curve. Cox proportional hazard model

was used to calculate risk ratios and to adjust for potential confounders.

A total of thirteen variants were reported in BRCA1 and BRCA2 genes respec-
tively including three novel variants (Exon3 -37insC, Exon3 -215T<C and Exonl14
102-103insTC) in BRCA1 and five novels (exon8 +87insA, exon20 +318T<A,
exonl9 -351-353del TCT, exonl6 -17G<T and exon27 T129A) in BRCA2. Five out
of thirteen variants were the in silico identified, HapMap confirmed, pathogenic
and previously reported in other populations. Their contribution towards disease
risk was tested in our sampled population and it was observed that rs28897686
polymorphism of BRCA1 and rs28897743 of BRCA2 were observed positively asso-
ciated, while rs28897696 and rs1060915 polymorphisms of BRCA1 and rs4987049
SNP of BRCA2 were found not associated with the disease risk. Five of the eight
novel variants, two in BRCA1 (-37insC exon 3 and 102-103insTC exon 14) and
three in BRCA2 (487insA exon 8, -351-353delTCT exon 19 and T129A exon 27)
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were observed only in the breast cancer cases and found completely absent in
the controls while the rest of 3/8 of the novel variants (BRCA1 -215T<C exon
3, BRCA2 +318T<A exon 20 and BRCA2 -17G<T exon 16) were found highly
significantly associated with breast cancer risk. Pairwise Linkage Disequilibrium
analysis showed that the strong LD (D'=0.52) exists in between rs28897696 and
-215T<C exon 3 variant of BRCA1 and LD (D’'=0.43) in between rs28897743 and
-17G<T exon 16 of BRCA2.

We also examined the cross-sectional associations of life style, reproductive and
socio-demographic risk factors with breast cancer density in Pakistani women.
Mean age of cases and controls at recruitment was 50.584+10.68 and 54.78+14.52
years while mean BMI for cases and controls was 26.07+4.04 and 25.054+4.25,
respectively. Among the patients 60.70% were married, 46.50% were nulliparous,
16.90% had >4 children, 39.90% women breast fed their children, 88.90% were non-
smokers and 67.90% were physically active. Post-menopausal women diagnosed
with breast cancer accounted for 52.30%. In the current data set, 31.70% patients
had at least a blood relative diagnosed with some type of cancer, 22.80% patients
were diagnosed with other types of medical complications including high blood
pressure, diabetes etc. Significant association between age and breast cancer was
observed. Overweight (BMI>25) and obese (BMI>30) females have approximately
1.5 times more risk of having breast cancer (Overweight; OR = 1.52, 95% CI:
1.28-1.81 and Obese; OR = 1.41, 95% CI: 1.14-1.74). It was also observed that
unmarried women were at more than two fold higher risk. Similarly use of oral
contraceptives and smoking were also significantly associated with increasing risk
of breast cancer. Individuals who were physically inactive were recorded to be
1.27 times more likely to develop breast cancer. We have found approximately
1.34 fold increase in the disease risk among the postmenopausal patients (OR =
1.34, 95% CI: 1.14-1.58). Breast cancer patients were observed having an overall
median survival time of 33 months (95% CI: 28-34).

In this present study we attempted to define the genetic and non-genetic basis
responsible for breast cancer incidence among Pakistani population. It can be

concluded that there is a significant contribution of BRCA1 and BRCA2 genetic
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alterations in breast cancer pathogenesis. It is hoped that our findings will be of
great importance to establish adequate evidence-based awareness and preventative

measures against breast cancer in Pakistani women.

Keywords: Breast cancer, Pakistani population, BRCA1l, BRCA2, Com-

putational analysis, Statistical analysis.
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Chapter 1

Introduction

Cancer is a main source of mortality all around the world [1], [2] and is thus one
among the most significant global health problems [3], [4]. Breast cancer is the
most widely recognized cancer in females and is becoming the number one killer
of women worldwide. It therefore became an increasingly significant question of

research all over the world [5]-[7].

Breast cancer (BCa) ranks second among all cancers in women in the developing
countries, but its incidence rate is continuously rising and may potentially become
the top one in the near future [8]. It is multifaceted issue created by the interaction
of hereditary and non-hereditary variables [9]. The probability of developing breast
cancer is promoted by multiple factors [10] working together towards the variability

in incidence of the disease onset [11].

Breast cancer is caused by a number of risk factors including age, family and
personal history of any other cancer type, early menarche, late delivery, abortion
either induced or spontaneous, hormonal replacement treatment, late menopause,
physical inactivity [12], [13] and most importantly the genetic factors [14]. Hered-
itary factors contribute for up to ten percent of overall breast cancer cases [15].
BRCA1/2 genes are the most important susceptibility genes for causing breast
cancer [16]. Mutations in these two genes alone are so effective to increase the

disease risk for 90% of hereditary breast cancer cases [17].

1
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The relationship of BRCA1/2 genes with breast cancer was identified in 1990
and 1994 respectively [18], [19]. Individuals with either BRCA1 or BRCA2 gene
mutations may have an expected lifetime risk of about 30-80% [20]-[22], while
their germline mutations confer the highest risk and penetrance for breast cancer
[23]. Both these genes play their role in multiple processes including cell cycle

regulation, DNA double-strand breaks repair, ubiquitination and transcription

[24], [25].

Human genome genetic alterations data are rapidly growing due to the introduc-
tion of modern technology [26], however, knowledge about their possible disease
association and their molecular mechanism is still constrained due to the tedious
and relentless nature of exploratory studies [27]. Computational sciences including
Bioinformatics can viably produce more significant facts to scale down supplemen-
tary exploratory studies [28]. These emerging sciences can likewise select the most
enticing cases from the sea of aggregating information. Identification of population
specific genetic changes in different racial groups is an imperative stride for the
improvement of genetic counseling which makes it promising to utilize a targeted
approach for molecular testing. Less expensive procedures can encourage genetic

counseling in families with poor financial backgrounds.

The differential inheritance pattern, age of disease onset and phenotypic expres-
sion of these two genes point to the possibility that breast cancer risk may also be
subjected to modifying genes and other non-genetic factors [29]. Early and late
events in life likewise has an impact on breast cancer risk [30], yet it is still ex-
ceptionally hard to illuminate why a few females develop breast cancer and others
don’t [31] which entangles the prevention strategies. Though all women are differ-
entially susceptible to breast cancer, but various hazard elements can increase the
likelihood of having the disease. Majority of these factors are irreversible, yet some
of them can be modified to decrease the risk [32]. Some groups are at higher risk
including those having family history of breast cancer, women with first delivery
at older ages [33], those who are using exogenous hormones for longer durations

[34] and those facing obesity [35].
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A lot of work has been done related to BRCA1/2 protein functions but the un-
derstanding is yet incomplete. BRCA1 interacts with various proteins working in
DNA repair as signal transducers, damage sensors or repair effectors. It is thus
subsequently expected to be persuasive in repair mechanism and genome integrity
[36]. Similarly, BRCA2 is dynamically involved in homologous recombination and
double strand DNA break repair. In contrast to BRCA1, BRCA2 interacts with
only few proteins [37], including RAD51 [38] and PALB2 mediating DNA repair
and are also essential for DNA stability and nuclear localization respectively [39].
Both these genes are activated through damage and play their role in various

protein complexes for tumor suppression [36].

A large portion of the exploration on BRCA1 and BRCAZ2 has been conducted on
Caucasians, however, higher allelic frequencies of them has been reported in Asians
[40] and specifically in the Indo-Pakistani sub-groups [41]. Despite of the fact
that Asia resides approximately 60% of the world population, knowledge about
hereditary diseases, genetic predisposition and testing is still vague among this

population [42].

There exists obvious differences in the occurrence rates and mortality of breast
cancer in various regions which suggests that known variables may shift in different
parts of the world [43]. The frequency rate of breast cancer has significantly
expanded in Pakistani females due to adaptation of westernized life style, genetic
profiles, differential risk factor profiles and varying environmental exposures [44].
More than 50% of new cases were diagnosed in women younger than 50 years in
Pakistan [45], Singapore [46], Iran [47], Malaysia [48] and Palestine [49]. Pakistani
population has comparatively higher rates of breast cancer [50] having a frequency
of more than two folds higher as compared to the neighboring countries [51], [52].
According to the Karachi Cancer Registry, the annual age-standardized rate of
breast cancer in Pakistan is 69.1 years, which is comparable to European and
North American rates [53]. In Asian countries the incidence age for breast cancer

is 40-50 years as compared to 60-70 years in the Western countries [54].
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1.1 Statement of Problem

Higher allelic frequencies of BRCA1/2 has been reported in Asian population in
general [40], [55] and in Indo-Pakistani sub-groups in specific [41]. Knowledge
about genetic diseases and its predisposition is still vague among the Asian pop-
ulation, though approximately 60% of the world population resides in Asia [42].
Pakistani population has comparatively higher rates of breast cancer [50] even

higher than the neighboring countries [51], [52].

It is unfortunate that majority of literature related to breast cancer has been
published based on Western countries and their populations. There exists clear
cut variation in the incidence rates and mortality of breast cancer in different ge-
ographical regions which suggests that etiological factors differ in their biologic
expression and thus have impact on the disease onset [56]. Most of the available
figures from developing countries including Pakistan are centered on data from
small units due to lack of population based cancer registries [57]. The incidence
rate of breast cancer has dramatically increased in Pakistan women which are
predicted mainly due to adaptation of westernized life style. It is therefore impor-
tant to explore Pakistani population for BRCA1/2 mutations/polymorphisms and
associated risk factors which might contribute to current knowledge of this vital

topic.

1.2 Purpose of Research

Breast cancer is globally one of the leading causes of morbidity and mortality.
Genetic aberrations in the BRCA1 and BRCA2 genes are accountable for an aug-
mented risk of breast cancer, however, an inadequate information is available about
the relationship of BRCA1/2 genes alterations with breast cancer in Pakistani pop-
ulation. It is therefore needed to inspect the effect of BRCA1/2 genetic changes
in breast cancer cases with an emphasis on the anticipated impact of these aber-

rations on protein structure and function. It is also important to be noted that
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because of the differential variation in disease incidence among different ethnici-
ties, etiological factors may also vary and have a profound effect on the disease
onset. Exploring the potential breast cancer risk factors in Pakistani women is
therefore important, which might contribute to current knowledge of this vital

topic. The aims of current study are:

1. To screen Pakistani women for BRCA1 and BRCA2 genes point mutations

and polymorphisms in breast cancer

2. To establish the potential pathogenicity of BRCA1/2 genetic alterations in

breast cancer in the target population

3. To study the wide ranging functional impacts of genetic alterations of BRCA1/2

genes through sequence, structure and function annotations

4. To study the association of different risk factors with incidence of breast

cancer and their impact on survival length of breast cancer patients

This study is hoped to help better understand the potential risk factors and their
pattern for breast cancer in Pakistani population which will aid to offer solutions
against these factors. This will also aid a real plus to improve the diagnosis and

design novel therapeutics against breast cancer in near future.



Chapter 2

Literature Review

This chapter describes a systemic and comprehensive review of the literature. The
review of the literature is focused on the prevalence and epidemiology of breast
cancer in different populations along with its associated risk factors. The main
factors associated with breast cancer risk are the genetic alterations of BRCA1 and
BRCAZ2 genes, demographic, social, clinical, lifestyle and reproductive problems;

this was followed by a summary of the findings.

2.1 BRCA1l and BRCA2 Mutations

The Consortium of Investigators of Modifiers of BRCA1/2 (CIMBA) assembled
data on 18435 families with BRCA1 and 11351 families with BRCA2 mutations
from six continents around the globe. They characterised deleterious unique 1650
BRCAT1 and 1731 unique BRCA2 mutations from the CIMBA database. Substan-
tial differences were observed in type and frequency of mutations both in ethnicity
and geographical distribution. The Consortium also identified a number of mu-
tations that are relatively in high frequency in specific racial groups which can

be helpful in designing population based effective strategies against breast cancer

[58).
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The epidemiology and mutation types in BRCA1 and BRCA2 genes varies de-
pending on population and ethnicity. Mutations in these genes were identified
and annotated in the Puerto Rican population including 46 women. All the par-
ticipants were subjected to genetic testing and Sanger sequencing was performed
for the negative individuals on the Hispanel. There were 38 negative genetic
testing for BRCA1/2, 4 pathogenic alterations and 4 of uncertain significance.
One pathogenic variant (deletion) was observed at exonl5-16 in BRCA1 and 3 in
BRCA2 [59].

The frequency of germline mutations in BRCA1 and BRCA2 genes were inves-
tigated through NGS in 95 unselected Japanese women with ovarian, fallopian
tube or peritoneal cancer regardless of their family histories. 12/95 patients had
deleterious mutations including 5 in the BRCAland 7 in the BRCA2. Thirty
six cases were having family history and 6 were found having mutations in both
BRCA1 and BRCA2. It was also reported that 6/59 cases without a family history
also had germline mutations in BRCA1/2. Women with the reported mutation
were diagnosed at advanced stages and had poor prognostic histological subtypes.
Regardless of a family history, about 13% of the ovarian cancer cases were found
associated with an inherited risk, which suggests that BRCA1 and BRCA2 genetic

testing should be performed for all ovarian cancers patients [60].

BRCA1/2 mutations are though associated with an enhanced breast cancer risk
in males, but only a small amount of data is available on the pathology of male
breast cancers (MBCs) carrying BRCA1/2 mutations. A study was conducted to
figure out if BRCA1/2 MBCs have a particular obsessive components and whether
these contrast from those of BRCA1/2 FBCs. The comparative pathologic fea-
tures of 419 MBC and 9675 BRCA1/2 FBCs BRCA1/2 mutation carriers were
characterized using logistic regression with population based information from
the Surveillance, Epidemiology, and End Results (SEER) database. An inverse
association of Grade and age was observed among BRCA2 MBCs at diagnosis.
Moreover, BRCA2 MBCs were reported to have comparatively higher stage and
were probably oestrogen receptor-positive (OR = 10.59, 95%CI = 5.15-21.80) and
progesterone receptor-positive (OR = 5.04, 95%CI = 3.17-8.04). Similar pattern
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of associations were found among the BRCA1 MBCs and FBCs with the excep-
tion of grade. It was also observed that BRCA2 MBCs has comparatively higher
grade than MBCs from the SEER database. These results displayed that carriers

of BRCA1/2 male breast cancer cases demonstrate distinct pathologic features as

compared to BRCA1/2 FBCs [61].

An TIrish cohort with breast cancer was investigated for the patterns of BRCA1/2
mutations. Fifty three BCa cases were identified from 1968-2010 among 60 Irish
Hereditary Breast Ovarian Cancer (HBOC) families. BRCA1/2 mutations were
diagnosed in 50/53 females. Fourteen ladies developed a secondary breast can-
cer however there was no change in hormone receptor status was observed from
primary to secondary cancer. Ten out of fourteen women were included in stan-
dard screening, about half of them were diagnosed through mammography, 30%
by CBE and 20% by MRI [62].

Breast cancer is very common in Moroccan population, however, the role of
BRCA1/2 genes has been to a great extent unexplored. A principal BRCA1
founder mutation ¢.5309G>T (G1770V) was identified in high-risk five indepen-
dent Moroccan families through Hereditary testing. Haplotype development was
executed to affirm the speculation by utilizing seven BRCA1 microsatellite mark-
ers. The examination uncovered a typical haplotype for the studied families, con-
firming G1770V as the principal founder BRCA1 mutation in the target population
[63].

The recurrence of injurious germline mutations was surveyed through NGS by
utilizing a panel of 25 genes in a cross-sectional study comprising of 2158 BCa
patients. Two cohorts were including in the study, cohort-1 with 1781 patients
and cohort-2 of 377 cases. Cohort-1 comprised of patients referred for commercial
BRCA1/2 testing while members of cohort-2 were having detailed family /personal
history and were previously diagnosed negative for BRCA1/2 alterations. Muta-
tions were most frequently diagnosed in ATM, BRCA1, BRCA2, CHEK2 and
PALB2 genes. BRCA1/2 mutations were observed among 9.3% cases in cohort-1

and 2.9% in cohort-2. It was also observed that Ashkenazi Jews has comparatively
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lower frequency of mutations as compared to non-Ashkenazi individuals in genes

other than BRCA1/2 [64].

An observational study consisted of samples from 33 countries on 6 continents
was conducted to explore the role of BRCA1/2 mutations in cancer risk. The
study comprised of 19581 carriers of BRCA1 and 11900 of BRCA2 from 55 centers.
Hazard ratio was predicted for breast and ovarian cancers on the basis of mutation
type, nucleotide position and function. RHR value >1 means elevated breast
cancer risk while RHR<1 specifies elevated ovarian cancer risk. 9052/19581 (46%)
BRCA1 mutation carriers were diagnosed with BC, 5% with breast and ovarian
cancer, 12% with ovarian cancer and 37% were free of any type of cancer. In
contrast, 52% of BRCA2 mutation carriers were detected with Breast, 6% with
ovarian and 2% with breast and ovarian cancers while 40% were without any

malignancy [65].

There are a number of available guidelines which recommends that triple-negative
BC females patients must be screened for BRCA1 mutations because of large
variations in mutation rate among different populations. A hospital based study
was conducted in Mexico City with triple-negative BCa patients to assess the
frequencies of BRCA1/2 mutations among 190 women diagnosed at the age <50
years irrespective of their family history. All the samples were screened for one
hundred and fifteen BRCA1/2 recurrent mutations previously been reported in
Hispanic women. BRCA mutations were identified in 44/190 cases including fourty
three in BRCA1 and only one in BRCA2. A BRCA1 founder mutation ex9-12del
of Mexican origin was accounted for 41% of all the detected mutations. On the
basis of observed results, it was concluded that BRCA oriented genetic testing

carried out for triple-negative cases in the Mexican population [66].

Thirty different types of cancer were identified in a study comprised of 1072 in-
dividuals carrying a deleterious BRCA mutation. It was observed that carriers of
BRCA1 mutations has a significant increase for breast and ovarian cancer but not
for other cancers while carriers of BRCA2 mutations had a significantly higher

number of observed vs expected cases in both males and females for pancreatic
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(SIR = 21.7, 95%CI = 13.1-34.0) and prostate cancer (SIR = 4.9, 95%CI = 2.0-
10.1) [67].

Targeted capture, massively parallel sequencing test called BROCA included all
known breast and ovarian cancer genes was used on ovarian cancer probands with
a family or personal history of either breast or ovarian cancer to detect the preva-
lence of mutations. Twenty two probands out of the one hundred and eighteen
confirmed probands included in the study were observed with deleterious mu-
tations in BRCA1/2, 27.6% of cases with mutations in ATM, BRIP1, CHEK2,
PALB2, PMS2, RAD51D and TP53 genes. Family history of ovarian cancer was
diagnosed only for thirty eight patients including 9.8% of ovarian cancer cases hav-
ing mutations in CHEK2, FAM175A, MSH6, NBN and PALB2 genes. No family
history of BCa was in the sampled population. The identification of familial mu-
tations in these patients might be valuable to ascertain the risk of other cancers

and to direct therapy [68].

Two hundred and fourteen Bahamian women with invasive breast carcinoma were
recruited in a study to ascertain the full range of BRCA1/2 founder mutations.
A previously identified founder mutation was found in 49/200 women, one novel
founder mutation of BRCA2 in exon-17 (818delA) in 4/200 patients along with
five other unique mutations were diagnosed in in BRCA1/2. About 27% of the BC
cases were attributed to mutation in BRCA1/2 genes. The observed prevalence

rate far exceeds any other country [69].

Genetic testing is globally growing for BRCA mutations which may help to adopt
preventive strategies and/or to choose the best chemotherapy. It is essential to
have knowledge about the pathologic features of BRCA-associated BCa to develop
and deliver personalized treatments. BRCA mutations are reported in different
populations all through the globe and it is indispensable that the advantages of
hereditary testing and targeted therapies be made available to ladies living outside

of western Europe and North America [70].

A cohort of 250 high risk cancer affected Israeli females of different ethnic back-

grounds including Ashkenazi were investigated for mismatch mutations. Jewish
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women were pre-screened and were affirmed with having no prevalent BRCA1/2
Jewish mutations. Overall, 22/250 women were detected with 10 mutations in
BRCA1 and 9 in BRCA2, including three novel highly pathogenic mutations.
Three out of the 19 observed mutations were detected in Ashkenazi, 6 in non-

Ashkenazi, 2 in non-Jewish Caucasians, 6 in Muslims and 2 in Druze [71].

BRCA1 and BRCA2 mutations were studied in 82 French Canadian families by
a group of researchers through DNA sequencing and multiplex ligation-dependent
probe amplification assay. Pathogenic alterations were identified in 37 families.
Young participants with mutation positive background of hereditary breast cancer
(HBC) were significantly more susceptible to BC. The study proposed that BRCA1
and BRCA2 genomic rearrangements are improbable to account for hereditary

breast cancer [72].

Germline BRCA1/2 mutations are strong candidates for prediction of BC devel-
opment. Despite the fact that, the estimation of both mutation penetrance and
prevalence is conflicting and notorious, yet are imperative for the comprehension
of more precise risk information [73]. An eleven membered Eastern Finnish with
multiple BC patients was screened for BRCA1/2 mutations. Five relatives were
observed with BRCA2 4088insA mutation, significantly associated with BC and
provide comprehensive information related to the role of an individual mutation

[74].

Twenty five distinct mutations in 40 individuals including 12 novel mutations
were diagnosed in 354 Korean BC patients. A BRCA2 mutation, ¢.7480C; T was
detected in eight unrelated patients which represents half of the total BRCA2
mutations observed in the target population [75]. Similarly, three novel BRCA2
deletion mutations of familial origin were detected in high risk 312 patients through

Multiplex ligation dependent probe amplification method [76].

Ionizing radiations have been reported as one of the key hazard for BCa. It was
proposed that, individuals carrying BRCA mutations might be more vulnerable

to these radiations. The association of chest x-rays and BCa was investigated in
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a group study of 1601 BRCA1/2 women carriers. An increased disease risk was

observed in cases older than 40 years [77].

The patterns of pathogenic BRCA1/2 mutations were studied in Czech families
with repeated BC history including 96 individuals and 55 patients having no re-
ported BC family history. A total of 35 BRCA1/2 mutations including four in
31 early onset BC females. Seven cases affected with primary BC were identi-
fied with a single mutation and 14 patients with medullary breast carcinoma were
found with three BRCA1 mutations. Overall, 35/151 cases were detected with
BRCA1 mutation and 9 with BRCA2 mutations [78].

Claes and his coworkers explored the effect of splice site variants on splicing mech-
anism through RT-PCR analysis. A total ten BRCA1/2 variants including eight
previously reported and two novel splice site variants were detected in BC fami-
lies. It was also noticed that BRCA1 4304G_A, IVS3_3A_C and IVS19_2delT and
BRCA2TVS23 2A G, IVS6_1G_A and IVS24_1G_A lead to altered transcripts and
were thus accordingly thought to be responsible for BC development [79].

Pakistani population is at a much higher risk of BC than any other Asian pop-
ulation. A detailed analysis was conducted with 341 BC patients from Karachi
and Lahore, Pakistan to scrutinize the impact of genetic factors in cancer devel-
opment. A 6.7% incidence of BRCA1 and BRCA2 mutation was observed among
the subjects. BRCA1 mutations were found 65% of the total identified muta-
tions while most of detected mutations were unique to the target population. Six
candidate founder mutations were identified in the study including five in BRCA1
(IVS14-1ArG, 2080insA, 3889delAG, 4184del4 and 4284delAG) and one in BRCA2
(3337CrT). The study presumed that hereditary variables play a critical part in
BC development in Pakistan and prevailing BRCA mutations are the principle
contributors [80].

Peelen and his coworkers detected 79 BRCA1 mutations in 643 Dutch and 23
Belgian hereditary breast cancer families. They reported 28 novel mutations,
including 12 recurrent mutations. 2804delAA mutation was observed nineteen

times in the target population which was never been diagnosed previously outside
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the Netherlands. A common haplotype spanning approximately 375kb was also
identified, representing the occurrence of multiple founder mutations in BRCA1

81).

One hundred BC families were screened in Helsinki University Central Hospital,
Finland to explore hereditary mutations in the coding region and splice boundaries
of BRCA2 gene. Five mutations were detected in eight families responsible for pre-
mature protein truncation and three alterations were found in multiple families. In
haplotype analysis, a common founder mutation was predicted for each recurrent
mutation. It was also found that 999del5 recurrent mutation was previously been

reported in Icelandic population [82].

2.2 BRCA1 and BRCA2 Polymorphisms

The relationship between BRCA1 polymorphisms and cancer was evaluated in a
meta-analysis including thirty five studies and comprised of 28094 cases and 50657
controls. No significant association was observed in between overall cancer risk
and rs799917 and rs1799966 polymorphisms in any genetic models. However, the
1516941 polymorphism could significantly increase the overall cancer risk among
Caucasian populations only in homozygous and recessive models while rs799917
polymorphism is inversely proportional to the risk of cervical cancer, esophageal
cancer, gastric cancer and non-Hodgkin lymphoma among Asian populations. The
study also showed that rs1799950 polymorphism decreases the risk of breast cancer

in among Caucasian populations [83].

Three tagged missense variants were genotyped on BRCA1 and BRCA2 genes
in a total of 603 Chinese patients with pancreatic cancer to explore the correl-
tion between BRCA1/2 polymorphism and disease risk. BRCA1 polymorphism
(rs1799966) showed direct association with poor prognosis while the missense vari-
ants of BRCA2 (rs766173 and rs144848) showed non significant association with

overall disease free survival [84].
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A number of SNPs have already been associated with the BC risk at different loci,
which accounts for about 10% of the familial cases. A group of researchers screened
548 BRCAT1 and 523 BRCA2 mutation carrier females from the Manchester genetic
database for mutation and SNP profiling irrespective of their age and disease
status. They used Kaplan-Meier curves for Survival analysis and multivariable
Cox proportional hazards model for screening patterns of genetic, demographic
and clinical variables. Median survival of 46 years was estimated for BRCA1
and 48.9 years for BRCA2 carriers while an average Harrell’s concordance index
(1-c-index) of 0.221(0.019) for BRCA1 and 0.215(0.018) for BRCA2 carriers was
observed. An improved prediction performance was observed for the integrated

SNP score coupled with clinical and demographic markers [85].

Mutations and SNPs in both BRCA1 and BRCA2 genes were inspected to as-
certain BRCA1 haplotypes in an Indian population. BRCA1 mutations were ob-
served in 52% early-onset BC cases and 57% of their relatives. Ten deleterious
alterations were diagnosed in BRCA1 including IVS14+1G>A, IVS17+1G>T,
187delAG, 632insT, Q759X, Q780X, 1052delT, R1203X and 5154delC while five
in BRCA2 (W3127X, 4075delGT, 5076delAA and 6079delAGTT). The controls
were observed with an enhanced rate of G203A, A3624G and A7470G SNPs in
BRCAZ2 gene which indicates their protective effect [86].

Several BC genetic susceptibility variants were identified in the overall population
through GWAS. The pattern of association varied for the observed variants of
BRCA1/2 defined by the estrogen receptor status. BRCA1/2 carriers may be
among the initial groups for whom an appropriate risk profiling could be developed

by using the GWAS identified common BC susceptibility variants [87].

Polymorphisms in the 3’'UTR are able to disrupt microRNA binding and may
act as predictive risk markers. The BRCA1 3 untranslated region was therefore
studied for SNPs in the miRNA binding site in Thai women. The polymorphic
alleles showed positive association with familial breast and ovarian cancer [88].
Pelletier and his colleagues sequenced case-control samples (n=221) with known

ethnicities and BC subtypes to detect BRCA1 polymorphisms disrupting miRNA
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binding. They found three polymorphic variants in 3'UTR, of BRCA1 while their
haplotype revealed that the cases harbor five rare haplotypes among the controls.
BRCA1 3'UTR functional variant (rs8176318) was included in 3/5 rare haplotypes.
It was concluded that, these reported SNPs and rare BRCA1 haplotypes may
possibly be used as novel predictive markers of BC [89].

The associations of nine SNPs were assessed in a population including 12525
BRCA1 and 7409 BRCA2 carriers. Minor alleles of rs4973768 and rs10941679
were found associated with an increased BC risk in BRCA2 carriers while lack of
association was observed for BRCA1 carriers. It was also observed that, rs6504950
has no correlation with BC either in BRCA1 or BRCA2 carriers. Overall, 7/9 SNPs
were found associated with BC for BRCA2 and two in BRCA1 carriers (P=0.0049
and 0.03). Based on the mutual genotype distribution, 5% of high risk BRCA2
carriers were predicted with a probability of 80-96% of developing BC by the age
of 80. These findings suggested that the observed risk differences are potentially

sufficient to effect clinical management of mutation carriers [90].

Multiple BC associated SNPs were identified in the general population through
GWAS. Minor alleles of three SNPs, one each in FGFR2, MAP3K1 and TNRC9
were observed to enhance BC risk in BRCA1/2 mutation carriers. Minor allele
of rs3817198 was found responsible for increasing the disease risk only in BRCA2
mutation carriers (HR = 1.16, 95%CI = 1.07-1.25). rs13387042 at 2q35 was best fit
in dominant model for carriers of both BRCA1 and BRCA2 genes while rs13281615
was found having no relation with BC in either of gene carriers. It was further
observed that the 2q35 and LSP1 SNPs interact multiplicatively and enhance the

disease risk in BRCA2 mutation carriers [91].

SNPs in FGFR2 (rs2981582), MAP3K1 (rs889312) and TNRC9 (rs3803662) were
genotyped in a population of 10358 mutation carriers to examine their relationship
with BC risk. Common alleles of these SNPs were found associated with an
enhanced BC risk. The rs3803662 SNP of TNRC9 gene was observed associated
with the disease risk in both BRCA1 and BRCA2 mutation carriers (HR = 1.13,
95%CI = 1.06-1.20) while minor alleles of rs2981582 and rs889312 were found
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inversely correlated with BC risk only in BRCA2 mutation carriers (HR = 1.32,
95%CI = 1.20-1.45 and HR = 1.12, 95%CI = 1.02-1.24) [92].

RADA51 is an important component of double-stranded DNA-repair mechanism,
interacting with BRCA1/2 genes during the process. A 5?UTR polymorphism
(135G<C) of RAD51 has been proposed as a probable modifier of BC risk in
BRCA1/2 mutation carriers. Genotype data of RAD51 (135G<C) SNP was pooled
from 19 studies with 8512 female mutation carriers. CC homozygotes were found to
increase BC risk (HR = 1.92, 95%CI: 1.25-2.94). When the carriers of both BRCA1
and BRCA2 mutation were independently investigated, only BRCA2 mutation
carriers were detected with significantly increased risk for both heterozygotes and
homozygotes. It was also explored that the splicing variant alters splicing of

RADS51 and thus affect its expression in BRCA2 mutation carriers [93].

2.3 Breast Cancer Risk Factors

There are a number of factors contributing positively towards the increase in breast
cancer risk and thus are able to estimate the disease the risk. A case—control study
based on Indian population including 100 cases and 101 controls highlighted the
risk factors for breast cancer. According to the study, waist size and waist-hip
ratio are the major contributing risk factors for breast carcinoma. It was also
recommended that adequate weight control and exercise can effectively help to

reduce the disease risk [94].

According to a prospective observational study including 74177 females from the
Nurses Health Study, an overall weight at the age of 18 years was found inversely
correlated with both premenopausal and postmenopausal breast cancer. It was
further revealed that, long term gain of weight from the age of 18 during pre-
menopause and /or postmenopause were positively associated with postmenopausal
cancer risk, while weight gain in premenopause has non significant association with

the risk of premenopausal breast carcinoma [95].
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Nelson and colleagues investigated low physical activity, post-diagnosis BMI and
concurrent diseases to predict BC specific and all-cause mortality. Data was syn-
chronized in After Breast Cancer Pooling Project (n = 9513) from three US female
BC survivor cohorts. Positive association of very low physical activity with BC
mortality was revealed in an individual lifestyle model and also in the integrated
model of all the three lifestyle variables (HR = 1.22, 95%CI = 1.05-1.42). The
researchers also observed significant correlation of the three lifestyle variables with
all-cause mortality. The strength and significance of associations for comorbidities
and very low physical activity remained unaffected in the combined model, while

the association with obesity was totally tempered [96].

A population based prospective study was conducted in Wisconsin, New Hamp-
shire and Massachusetts to evaluate the possible relation of smoking status after
and before BC diagnosis and mortality. The participants included 20691 women
with age ranges from 20-79 years. Out of the total, 6778 women died during a
median of 12 years, including 2894 mortalities as a result of BC. Active smokers
before disease diagnosis were more probable to die of BC (HR = 1.25; 95%CI =
1.13-1.37), respiratory cancer, cardiovascular and other respiratory diseases, sim-
ilarly, ladies who kept smoking after disease diagnosis were having higher death

probability due to BC (HR = 1.72; 95%CI = 1.13-2.60) [97].

Data from 73388 women in the American Cancer Society’s Cancer Prevention
Study II (CPS-II) Nutrition Cohort including 3721 invasive BC cases were ex-
amined to study the controversial relationship between active smoking and BC.
The incidence rate was higher in current (HR = 1.24, 95%CI = 1.07-1.42) and
former smokers (HR = 1.13, 95%CI = 1.06-1.21). Ladies who started smoking
after or before menarche had a higher hazard. No association was observed for
other smoking parameters. Alcohol consumption has no effect on the relationship

of smoking status [98].

A Randome-effects meta-analyses was carried out as a part of World Cancer Re-
search Fund Continuous Update Project to investigate the pattern and magnitude

of relation between obesity and post-breast cancer survival. The study comprised
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of 82 studies, including 213075 BC survivors and 41477 deaths. A relative risk of
total mortality were RR = 1.10, 95%CI: 0.92-1.31 for underweight, RR = 1.07,
95%CI: 1.02-1.12 for overweight and RR = 1.41, 95%CI: 1.29-1.53 for obese women
before diagnosis. Obesity was found associated with higher risk of mortality and

poor overall and BC survival in both pre and post-menopausal cases [99].

The correlation between smoking at diagnosis and BC specific and overall survival
was examined among 5892 female participants with invasive BC. Current smokers
were comparatively had a slightly higher but non-significant BC specific mortality
(HR = 1.15, 95%CI: 0.97-1.37). The disease specific mortality in current smok-
ers was observed positively correlated with cumulative exposure to intensity and
duration of smoking. Similarly, disease specific mortality found elevated up to 32-
56% among heavy smokers. The study also revealed a significant increase (33%)
in BC mortality in active smokers at diagnosis compared to never smokers. It is
thus evident that both overall and BC specific survival is inversely proportional

to smoking at diagnosis [100].

A study was conducted to explore the relationship amongst passive and active
smoking, invasive BC risk and possible effect of known risk factors in a population
of 322988 women. Present, previous and currently exposed passive smokers vs
never smokers were detected with an increased BC risk. The results showed that
pack-years increases the disease risk from menarche to first full-term pregnancy
(FFTP) (HR = 1.73, 95%CI = 1.29-2.32) for every increase of 20 pack-years.
The results suggested that smoking is related to increased BC risk and smoking

between menarche and FFTP is particularly damaging [101].

Cross-sectional relationship between weight changes in pre one to post two years
diagnosis and functional limitations were explored in a study using logistic re-
gression. Females having BMI greater than 30 kg/m2 had comparatively higher
physical limitations. Comparatively more physical limitations were observed in
participants with a gain of >10% of their pre-diagnosis weight (OR = 1.79, 95%CI
= 1.23-2.61), a moderate/severe limitation (OR = 2.30, 95%CI = 1.75-3.02) and
a lower body limitation (OR = 2.05, 95%CI = 1.53-2.76). Extensive weight loss



Literature Review 19

in ordinary weight ladies without comorbidity was found related with elevated
functional limitations, whereas among obese and/or overweight females, whereas,
the same was correlated with a lower risk. Moderate weight loss was found related
with an enhanced risk of moderate/severe physical limitation in overweight/obese
ladies with comorbidity, whereas, extensive weight gain was though found related
with an increased risk but the correlation may depend on comorbidity status and

initial BMI [102)].

Andersen and his coworkers examined whether mammographic density (MD) af-
fects the associations among birth weight, childhood BMI and height with BC risk.
Ladies (n = 13572) with age ranges 50-69 years were followed for BC until 2010
in the Copenhagen mammography screening program. Associations among the
target parameters were investigated through logistic and Cox regression models.
It was reported that, 8194 ladies had mixed/dense breasts and 716 had developed
BC. Childhood BMI was found inversely proportional to mixed/dense breasts at
all ages (OR = 0.69, 95%CI: 0.66 to 0.72) at age 7 to 0.56(0.53-0.58) at age 13. No
statistical relation was observed between birth weight and mammographic density,
height and MD or BC risk and birth weight whereas, height was reported positively
linked to breast cancer risk [103].

Obesity has been reported associated with poorer prognosis in early BC, but this
relationship depend mainly on the strongly on the positivity of estrogen receptor
(ER) and ovarian activity. A study comprised of 80000 patients, only mild asso-
ciation of BMI with BC mortality was observed in 20000 women with ER-poor
disease and no association after adjustment for nodal status and tumor diame-
ter. In contrast, BMI was significantly associated with BC mortality in pre/peri
and in post-menopausal women (In 60000 women) having ER+ disease, but the
association remained significant only in 20000 pre/peri-menopausal women with
ER+ disease after adjustment for tumour characteristics. Similarly, when ER+
disease was subdivided by age instead of menopausal status, obesity was noticed

significantly relevant only to age about 55 years [104].
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Ritte and his colleagues defined the associations among adult height, leg length,
sitting height and age at menarche within the European Prospective Investigation
into Cancer and Nutrition cohort with breast cancer risk in 990 estrogen receptor
and progesterone receptor negative (ER-PR-) and 3,524 ER+PR+ cases through
Cox proportional hazards model. It was reported that the risk of both ER-PR~ and
ER+PR+ breast tumors were directly correlated with leg length, standing height
and sitting height but was inversely related to increasing age at menarche. Sitting
height had a stronger association (HR = 1.14, 95%CI = 1.08-1.20) with disease
risk than leg length (HR = 1.05, 95%CI: 1.00-1.11) in ER4+PR+ cases. Tall ladies
with an early menarche had up to double risk of developing ER+PR+ tumors but
no association was observed for ER-PR- disease. A possible hormonal link may
be responsible for the stronger associations between height and ER+PR+ tumors

among older ladies that could be specific for post-menopausal cases [105].

Data from two populace based registries was joined to yield information of 16970
parous ladies with intrusive BC. Breast cancer survival was assessed in connection
to age at diagnosis, parity, age at first birth and time since last birth through
Cox regression. BC survival get decreased with younger age at diagnosis in ladies
diagnosed before the age of 50, whereas the survival reduced with older ages at
diagnosis. Survival was more awful in ladies diagnosed before the age of 50 years
and with at least four births contrasted with ladies having up to a couple of births
(HR = 1.3, 95%CI: 1.1-1.6). A brief span since last birth was connected with a
decreased survival, but adjustment for grade and stage mitigated the association

[106].

A study was intended to look at the relationship between BMI at diagnosis,
histopathologic components of BC and frequency of various subtypes by utiliz-
ing HER2/neu expression and hormone receptors in a population including 592
premenopausal and 1556 postmenopausal women. Higher BMI in both pre and
postmenopausal ladies was discovered associated with bigger tumors. Stout pre-
menopausal patients exhibited poorer histopathologic characteristics when con-
trasted with under and ordinary weight patients. Postmenopausal ladies with

BMI>25 typically developed ER/PgR positive tumors, while no affiliation was
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seen in premenopausal cases. Moreover, no association was seen amongst BMI

and BC subtypes both in pre and postmenopausal ladies [107].

The Association of reproductive risk factors with BC risk was categorically evalu-
ated in age groups 55-69 and >70 years through Cox regression in 58426 Norwegian
women followed from 1961-2008 for the incidence of BC. The associations did not
vary significantly in the two age groups. Hazard ratios for late vs early age at
menarche; late vs early age at first birth; high vs low parity and late vs early age
at menopause, were found (HR = 0.79, 95%CI = 0.62-1.01), (HR = 1.54, 95%CI
= 1.13-2.11), (HR = 0.68, 95%CI = 0.54-0.86) and (HR = 1.44, 95%CI = 1.10-
1.90) respectively in age group >70 years. It was thus suggested that reproductive

factors may have life-long impacts on BC risk [108].

The association of Age, Obesity and Incident BC Phenotypes were explored for
a total of 1001 females diagnosed with invasive BC at Duke University Medical
Center. Median BMI of the target population was 27.7 Kg/m? while median age
was H5.7 years. Increasing BMI was found associated with older age whereas,
BMI was almost equally distributed among the age groups. Overall, the ratio
of Her2, Luminal B and triple negative subtypes were approximately the same
with respect to BMI, however an increasing pattern was observed for luminal A
cancer cases with increasing BMI. A lower proportion of the triple-negative and
higher proportion of the luminal A phenotypes with older age group were detected
after stratification by age. These findings were limited only to females with higher
and no trends were found between BMI and incident phenotype. It was further
observed that higher BMI in younger ages were related to triple negative and
luminal A phenotypes in older age groups. These results suggested that obesity

has a differential impacts on tumor progression based [109].

The association between disease specific mortality and age at diagnosis was as-
certain in post-menopausal cases with hormone receptor-positive BC. The study
analyzed 9766 cases enrolled in Tamoxifen Exemestane Adjuvant Multinational
(TEAM) randomized clinical trial between Jan 2001-Jan 2006. The study in-
cluded 5349 patients in age group <65 years, 3060 in 65-74 years and 1357 in
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the age group >75 years with a total mortality of 1043 recorded amid the mid-
dle follow-up of around 5.1 years. Disease-specific mortality was found increased
with age for the age groups 65-74 years and >75 years in multivariate analysis.

Similarly, BC relapse and other-cause mortality also increased with age [110].

The relationship between BMI and all-cause disease specific mortality was inves-
tigated in a prospective study based on menopausal and hormone receptor status
among 653 BC Japanese patients. One hundred and thirty six all-cause and 108
disease specific mortality was recorded during the follow-up period. Increased BMI
was correlated with higher risk of all-cause death among premenopausal women af-
ter adjustment for clinical and confounding factors. BMI >25.8 Kg/m? was linked
with BC specific mortality, BMI <21.2 kg/m? with all-cause mortality and disease
specific mortality among ER+or PgR+tumor cases. These outcomes suggested
that BMI either below or above the normal range are related with higher rates
of mortality, particularly among the pre-menopausal or among hormone receptor

positive cases [111].

The strength of association of menarche and menopause with BC risk was assessed
in a study comprised of an integrated data from 117 epidemiological studies, in-
cluding 118,964 cases with invasive BC and 306,091 females without the disease.
None of them had used menopausal hormone therapy. An increased BC risk was re-
ported either for every year older at menopause or every year younger at menarche.
Premenopausal cases were having higher risk of BC than postmenopausal women.
The associations were altered by increasing BMI in post-menopausal cases, but did
not affected by a women’s age, childbearing history, ethnic origin, smoking, alco-
hol consumption and use of oral contraceptive. The impact of menopause within
same age patients and pattern of age at menopause were comparatively stronger

for ER+ patients [112].

Paluch-Shimon and coworkers characterized the association between very young
age and adverse characteristics of BC at presentation among Israeli women. The

cohort was grouped into “very-young” and “less-young” patients. Sixty-one very
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young and 94 less-young patients were perceived and their clinico-pathologic fea-
tures and survival information were analyzed. Mean age at diagnosis was 29.9
and 40.5 years respectively for very young and less young patients. Exception-
ally youthful patients had fundamentally more metastatic BC at introduction.
Youthful age was not seen as an independent hazard for decreased survival af-
ter controlling for stage and tumor grade. The study reasoned that extremely
youthful age among Israeli ladies with BC is related with higher stage at deter-
mination, unfavorable pathologic attributes and antagonistic result however is not

an independent prognostic variable for survival [113].

A meta-analysis was conducted to rate BC risk factors. Obesity, hormone use, al-
cohol consumption and nulliparity are the mostly reported BC risk factors, present
a relatively modest relative risk for BC. Variables identified with past history of
neoplastic illness or atypical hyperplasia and components related with hereditary
inclination altogether influence BC risk, with relative hazard ranging from 3-200

among premenopausal BRCA mutation carriers [114].

The International Agency for Research on Cancer reported that around 25% of
BC cases are because of increasing BMI and inactive lifestyles. The dominant part
of epidemiologic reviews demonstrated that women engaged in 3-4 hours/week of
moderate to vigorous exercise have a 30-40% decreased risk for BC. Overweight
or stout ladies have a 50-250% higher hazard for postmenopausal BC. Liquor
utilization additionally enhance the hazard for both pre and postmenopausal BC.
Dietary patterns including utilization of high fats, low fiber, low vegetables/fruits
and high simple carbohydrates may likewise increase the ailment hazard. The
worldwide patterns of expanding BMI and decreasing physical activity may prompt

to increasing BC frequency [115].

It is evident from the empirical research reviewed that BRCA1 and BRCA2 are
the most important genes causing breast cancer in different world populations.
Smoking, obesity, menopausal status, physical activity etc. are some of the more
common factors seen in the research to be associated with breast cancer. It is clear

from literature review that only a little has been written about breast cancer risk
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factors in Pakistani women and thus there is substantial opportunity for screening
Pakistani population for BRCA1/2 mutations, polymorphisms and associated risk
factors. This thesis therefore addresses an important topic that is relevant to an

international audience.



Chapter 3

Methodology

This chapter outlines the research methods and procedures used for this study. It
discuss the research design, ethical statement, methods, setting, sample recruit-

ment, instrumentation and data analysis procedures.

3.1 Participants

This population based case-control study was carried out at Capital University
of Science and Technology, Islamabad, Pakistan in collaboration with Institute of
Biomedical and Genetic Engineering (IBGE), Islamabad, Pakistan. Approval for
this study was granted by the Departmental Scientific Committee of the University.
It is a hospital-based case-control study, sampling and lab work was conducted in
the year 2012-2015, while patients were followed for up to a maximum of 47 months
from the date of their registry in the present study to record the censor data for

survival analysis.

The cases were histologically/cytopathology confirmed diagnosed breast cancer
patients from the hospital registry and admissions at NORI (Nuclear Medicine On-
cology and Radiology Institute) Islamabad, Pakistan, DHQ (District Head Quar-
ter Hospital) Rawalpindi, Pakistan and IRNUM (Institute of Radiotherapy and
Nuclear Medicine) Peshawar, Pakistan. The inclusion and exclusion criteria for

25
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breast cancer cases and controls were defined in consultation with the supervisor
of the thesis, external collaborator at IBGE and medical experts at the hospitals
from where samples were collected. The inclusion criteria for cases was i) they
must be confirmed cases of breast cancer ii) they should not have suffered from
any major chronic illness before breast cancer diagnosis, iii) they should not have
administered with long course of any mineral or vitamin supplements for at least
the last two years, iv) should not be suffering from severe malnutrition or hep-
atic disorders, v) had not used menopausal hormone therapy and vi) having no

previous history of breast or any other cancer in the last 5 years.

Controls were collected over a similar time frame and were individually matched
with patients for their ages (+5 years) and financial status. Inclusion criteria
for the controls included, i) the attendants of patients who were close relatives
of the patients, ii) they must not be suffering from any major chronic illness in
the past five years, iii) they should not have taken any mineral supplements or
vitamin for longer periods of times or during the last two years, iv) they should
not be suffering from severe malnutrition or hepatic disorders, v) had not used
menopausal hormone therapy and vi) having no previous history of any type of

cancer in their life.

3.2 Blood and Tissue Samples

Peripheral blood (5ml) samples were collected from 1000 breast cancer patients
along with 1000 age matched controls in blood collection tubes (Becton, Dickin-
son and Company) containing an anticoagulant (Acid Citrate Dextrose) to study
genetic alterations in the sampled population. Each sample tube was properly la-

beled according to the lab guidelines and were stored at 4° until DNA extraction.
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3.3 DNA Extraction

Genomic DNA was extracted from all the samples by using the standard Organic
(phenol-chloroform) method [116], followed by ethanol precipitation. The protocol
(annexure-1) was slightly modified according to needs and requirements of the
study. Each batch comprised of 20 samples, and it took three days to process each
batch for DNA extraction with reliable results and large amount of pure DNA.

Each sample was diluted (50 times) by adding 294ul double distilled water to a
641 DNA sample. Each sample was quantified at 260nm and 280nm wavelength
through UV Spectrophotometer (U-3210, Hitachi, Japan). Optical density (OD)

ratio for each sample was calculated as:

B Absorbance at 260nm

D=
0 Absorbance at 280nm

It is recommended that, the Optical Density (OD) must be in between 1.7-1.9 for

a good quality DNA. Concentration of DNA in each sample was calculated as,

DNA concentration(ul/ml) = Absorbance at 260nm x Dilution factor

x Correction factor

Working solution of 40ng/ul DNA was then prepared from the stock solution by

using the following formula,

C1V1 = C2V2

3.3.1 Primer Designing for BRCA1 and BRCA2 Genes

Whole gene sequences of BRCA1 and BRCA2 along with full intronic, 5’ and 3’
flanking regions were retrieved from Ensembl genome browser (http://www.ensem-

-bl.org/index.html) as pre-requisite for primer designing and selection of restriction
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enzymes etc. Ensembl is a joint venture of the Wellcome Trust Sanger Institute
and European Bioinformatics Institute (EBI). It was launched in 1999 in response
to the imminent completion of the Human Genome Project, producing genome
databases for vertebrates and other eukaryotes and making the data openly acces-

sible on the web.

Exon-specific primers harboring intron/exon boundaries were designed for BRCA1
/2 genes by using Primer3 version 0.4.0 (http://frodo.wi.mit.edu) [117]. Primer3
is an open source, widely used software for designing sequencing primers and hy-
bridization probes. Many of its input parameters cab be customized by researcher

to make good primers. The primers used are shown in Annexure-2.

3.4 PCR Analysis

Each case-control DNA sample was amplified with respective primers after con-
ditions were carefully optimized for each primer. An optimized PCR recipe was
prepared (Table 3.1) and all the contents of a polymerase chain reaction were kept

on ice during processing to avoid degradation.

PCR Master Mix (8.5ul) was added to each PCR tube containing 1.5ul of sample
DNA to make a 10ul reaction. Each sample was amplified with the following
standard cycling conditions in a thermocycler as follows, 95°C for 5 min; 30 cycles;
95°C for 1-2 min, 54-57°C for 2 min, 72°C for 1 min and finally 72°C for 10 minutes

for final extension.

PCR products (10ul) were loaded into gel wells by using separate tips for each
DNA sample. TAE (Tris/Acetate/EDTA) and TBE (Tris/Borate/EDTA) were
used in electrophoresis as they are the most commonly used buffers for nucleic
acids electrophoresis. 120 volts of electric current was applied for a mean time
depending upon the size of PCR products. After completion of electrophoresis,

the DNA molecules were stained in the gel with ethidium bromide to make them
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visible. Ethidium bromide is an intercalating agent and makes the DNA fluorescent

under UV light, thus each band containing ~20ng DNA became distinctly visible.

TABLE 3.1: PCR Recipe used for the amplification of BRCA1 and BRCA2

exons.
Reagents Stock Conc. Required | Final Conc | Final Conc. for
Conc. /reaction 27 reactions
ddH,O 4.6pl 124.2pl
PCR Buffer 10X 1X 1l 27l
MgCl, 256mM 1.5mM 1pl 27pl
dNTPs 0.8u/pl 0.2mM 1l 27ul
Taq Polymerase 2p/ pl 0.81/pl 0.3ul 8.1ul
Forward Primer 20uM 600nM 0.3l 8.1ul
Reverse Primer 20pM 600nM 0.3ul 8.1pl

3.5 BRCA1 and BRCA2 SNP Analysis

Single nucleotide polymorphisms (SNPs) represent the most abundant and recur-
rent type of genetic alterations in the human genome, their patterns probably influ-
ence numerous phenotypes. SNP genotyping are consequently anticipated on large
scale to identify genes affecting complex diseases/disorders. We used PCR-RFLP
method for genotyping of previously reported SNPs in our study, while direct se-
quencing for the rest of experiments. The required endonucleases for PCR-RFLP
experiments were selected by using WATCUT (http://watcut.uwaterloo.ca/watcut
/watcut/template.php), an online tool for SNP-RFLP analysis.

Previous association studies of BRCA1/2 variants and BC generally has focused
on the alterations in coding regions. However, it is also probable that genetic alter-
ations in the non-coding regions may also be able to influence cancer predisposition

[118].
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3.5.1 BRCA1l and BRCA2 Coding SNPs

SNPs in the coding region may result in a conformation change, affecting protein
functions while promoter polymorphisms may results in change of transcription
activity and levels of protein expression [119]. The BRCA1 SNP Leu871Pro, lo-
cated in the RAD51 interaction domain, was reported to be associated with BC
risk [120]. Similarly, the BRCA2 genotype of the N372H polymorphism was found
poitively associated with an inrease of overall cancer risk [121]-[123], ~1.3-1.5 fold

increased risk in the Caucasians [124]-[126].

Majority of the studies had been based on polymorphisms identified during BRCA
screening for mutations from high-risk families or early-onset breast cancer, and on
Caucasian populations. No previous hypothesis driven systematic study of BRCA
SNPs relating altered function to risk association has been reported to the best of

our knowledge.

It was hypothesized that, low penetrant alleles of polymorphic variants of the
BRCA1/2 genes may contribute towards breast cancer risk in Pakistani popula-
tion by affecting transcriptional and/or functional activities of these genes. Our
objective was first to identify potential functional SNPs available from the pub-
lic databases as well as those reported in literature specific to Pakistani popula-
tion. These SNPs would first be genotyped in our case-control samples for allele
frequency estimation and selection of appropriate SNPs for risk association and

haplotype studies.

3.5.2 Identification and Selection of BRCA1/2 SNPs from
dbSNP

Functionally important SNPs of the BRCA1 and BRCA2 genes were identified
from the dbSNP database (http://www.ncbi.nlm.nih.gov /projects/SNP/) through
predefined selection criteria. dbSNP database was established by National Cen-
ter for Biotechnology Information (NCBI) in in collaboration with the National
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Human Genome Research Institute (NHGRI) in response to a need for a general
catalog of genomic variations which are of prime importance for gene mapping,
association studies and phylogenetics. The data within dbSNP is freely and pub-

licaly available in a variety of forms since its establishment in 1998 [127].

According to the pre-set criteria, we included non-synonymous SNPs in the coding
region, 100bp of introns on each side of exons, promoter and 100bp downstream

of the gene.

3.5.2.1 Identification of BRCA1l SNPs

At the time the study was initiated, in silico search from dbSNP public database
identified a total of 5741 SNPs in BRCA1 gene including 1366 missense, 288 non-
sense, 63 in 5’'UTR, 149 in 3’UTR, 37 in 5’ splice site, 38 in 3’ splice site and
3800 others. Out of the total 5741 SNPs of BRCA1, 1691 are either missense or
nonsense or present in the 5’ splice site or 3’ splice site or in the promoter region
and thus are significantly more important. We restricted our search by selecting
only pathogenic or likely pathogenic SNPs (331) from those 1691. It was further
confirmed that out of the 331 SNPs only 4 (rs28897686, rs28897696, rs386576387
has merged into rs28897686 and rs386576392 has merged into rs28897696) have
been confirmed through the HapMap project and were thus selected for further

analysis.

3.5.2.2 Identification of BRCA2 SNPs

A total of 7276 SNPs were identified in BRCA2 gene through in silico search from
dbSNP including 2378 missense, 347 nonsense, 42 in 5’UTR, 97 in 3'UTR, 33 in
5 splice site, 32 in 3’ splice site and 4347 others. 2771/7276 was comparatively
more significant because of their presence in either 5’ splice site or 3’ splice site
or in the promoter region or they were either missense or nonsense in nature. We
further restricted our search to only pathogenic or likely pathogenic SNPs, which
resulted only 340 SNPs. It was further confirmed that only 2/340 (rs4987049 and
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rs28897743) has been confirmed through HapMap project and were thus selected

for further analysis.

3.5.2.3 Genotyping of BRCA1 and BRCA2 Selected SNPs

Genotyping of all the selected SNPs (4 in BRCA1 and 2 in BRCA2) was performed
on 1000 breast cancer cases and 1000 age matched controls through PCR-RFLP.
As the selected SNPs were in the exonic regions so the already designed primers

were used to amplify the exonic regions having their respective SNPs.

3.5.3 Statistical Analysis

Allelic and genotypic frequencies were calculated for each genetic variant. Odd
ratios (OR) with 95% confidence intervals (95%CI) were used to measure the
strength of association between the observed polymorphism and disease risk by
using un-conditional logistic regression models in cases-control groups. Regres-
sion techniques are versatile and are commonly used in medical research, having
the abiliy to predict outcomes, measure associations and has the control for con-
founding variable effects. Logistic regression is an efficient and powerful technique
of multivariate analysis which is most widely used in epidemiology. It is applied
to analyze the effect of a group of independent variables on a binary outcome by
quantifying each independent variable’s unique contribution, allowing the measure
of association between the occurrence of a qualitative dependent variable (event)

and factors susceptible to influence the event.

Different genetic models including Dominant, Co-dominant, Over-dominant, Re-
cessive and Log additive were used to evaluate the risk and allelic associations
while P-value <0.05 was used as a threshold for statistical significance. Kaplan
Meier survival analysis was performed to examine the relationship between geno-
types and survival using RStudio. In clinical trials or community trials, researchers
are usually interested in the time until participants of the study present an event

or endpoint including death etc. Kaplan-Meier estimator is one the best option as
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a non-parametric statistical method to measure the fraction of subjects living for

a certain period of time after being treated.

3.5.4 DNA Sequencing

All the DNA samples from cases and controls were directly sequenced for BRCA1/2
exons with the same forward and reverse primers used in the previous step for PCR
amplification at the Institute of Biomedical and Genetic Engineering, Islamabad,
Pakistan. PCR products were treated with Exo-I and SAP before sequencing
to remove the traces of ANTPs and primers if any. DNA sequencing reactions
were carried out through BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems). The mixtures for cycle sequencing contained 0.5l of Ready Reac-
tion Premix, 1.75uL of BigDye Sequencing Buffer, 100 ng of purified PCR product,
1.6 pmol of forward or reverse primers and double distilled water adjusted to 10uL
in total volume. The reactions were executed under the following conditions: 1
cycle of 96°C for 1 minute, 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds and
60°C for 4 minutes. The reaction products (10ul) were precipitated by adding
1.0uL of 125 mM EDTA (pH 8.0), 30uL of 95% ethanol and 1.0uL of 3M sodium
acetate (pH 5.2) and incubated for 15 minutes at room temperature. The mix-
ture was centrifuged at 20000 xg at room temperature for 20 minutes. The DNA
pellet was washed with 70% ethanol, centrifuged at 20000 xg for 10 minutes at
room temperature, then air-dried and dissolved in 12uL of Hi-dye formamide. The
products were then transferred to a 96-well plate and sequences were read in ABI
3700 DNA Analyzer. BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) was used
to compare sequence results with reference sequences. The products were then
analyzed through SeqScape 2.5 software (Applied Biosystems) and other freely
available softwares including FinchTV etc. The sequence data obtained was then
analyzed through different Bioinformatics techniques for their in silico characteri-

zation and annotations.
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3.5.5 Pathogenicity Prediction

Exploration of genetic changes responsible for causing human genetic disorders are
assumed to be among the most significant research challenges [128]-[131]. A num-
ber of computational approaches are available to predict the potential pathogenic-
ity of diverse types of genetic alterations. Some of these methods are exclusively
based on sequence level information and multiple sequence alignments (MSAs)
[129], [132], while others on evolutionary information or varying protein structural
descriptors. Possible pathogenicity was predicted for all the observed genetic vari-
ants in this study by using computational biology approach and exploiting the
publicly available servers to examine the likelihood of their structural and func-

tional impacts.

We considered the Breast cancer related mutations and associated SNPs of BRCA1
and BRCA2 genes in Pakistani population to annotate them for their ability and
intensity to affect structures and functions of the respective proteins. It was thus
hoped that this study will help to enhance our understanding towards the prospec-
tive molecular causes and guide to develop new treatment and management strate-
gies against genetic disorders. Systematic computations on the basis of sequences
and structures were applied with the help of Bioinformatics techniques to study
the effect of genetic variations as they affect the protein structures and other

physiochemical properties, thus damaging their interactions.

Biochemical assays, though are used globally to identify deleterious alterations, but
are time consuming and laborious. Accurate and precise computational analysis
of the possible functional outcomes of genetic variants can significantly decrease
the time complexity by ranking them probably to be deleterious or vice-versa.
It is thus believed that computational methods, able to categorize and propose
descriptions for the possible impact of genetic variants can complement functional
tests. In our study we used automated methods i.e. SIFT [133]-[136] to predict
the pathogenicity of mutations. These tools are capable of discriminating between

driver and passenger mutations.
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3.5.6 Mutation Analysis

BRCA1 and BRCA2 genes are autosomal dominant and of high penetrance. Both
of them are the most commonly implicated genes in breast cancer. Genetic alter-
ations of both these genes can significantly increase the risk of breast and ovarian
cancers. Germline mutations of these genes are estimated to account for 5-10%
of all BC and approximately 80-90% of all hereditary BCs [137]. The cumulative
risk of BC with a BRCA1 mutation is about 3% by age of 30, 19% by age of 40,
51% by age of 50, 54% by age of 60 and 85% by age of 70 years [138]. Similarly,
BC risk in BRCA2 mutation carriers was estimated as 32% by age 50, 67% by age
of 70 and 80% by age of 90 years [139].

Hundreds of BRCA1/2 mutations have already been reported in the Breast Cancer
Information Core database (http://research.nhgri.nih.gov/bic/). We annotated
our reported mutations by exploiting computational biology approaches includ-
ing sequence, structure and functional annotations, pathogenecity establishment,
Linkage disequilibrium analysis etc. With the aid of bioinformatics and compu-
tational biology approaches, one can model mutations reasonably and quickly to
investigate the effects of genetic changes on protein structure and function well

before the experimental characterization of engineered proteins.

3.5.7 Haplotypes and Linkage Disequilibrium Analysis

Haplotype effects were predicted for haplotype-based analyses of both BRCA1 and
BRCAZ2 genes polymorphic variants among all samples irrespective of BRCA1/2
mutation carrier status. Haplotype analyses were conducted through online SNPStats
tool [140], which is a simple and ready to use software package of R, specially de-
signed for the analysis of genetic epidemiology and SNP association studies. Ex-
pectation maximization (EM) algorithm was used for the prediction of haplotype
frequencies while the most common haplotype in the study was used as a reference
group. Odd Ratios and 95% CIs were calculated through an unconditional regres-

sion under additive model. Haplotypes with frequency of <3% were ignored in
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the study. Pairwise linkage disequilibrium (LD) measures (D’ value) and linkage
disequilibrium plots were generated through SHEsisPlus [141], [142], a web-based
multi-purpose platform. The LD coefficient ‘D’ has a range of possible values de-
pending upon the frequencies of alleles and thus is not a convenient measure of LD.
D’ was therefore used instead of 'D’, using the theoretical maximum of 'D’ for its
normalization. D’ ranges from 0 to 1. D’ = 0 means no LD, whereas D’=1 means

complete LD. Stronger the value of D', stronger will be Linkage disequilibrium.

3.6 Socio-demographic and Reproductive Risk

Factors

Cancer is a complex multistep disorder, resulting from a combination of factors
[143]. The associated etiological factors of breast cancer including age, environ-
mental, lifestyle factors and reproductive factors are poorly investigated especially
in Pakistani population. We, therefore, systematically collected detailed informa-
tion about all the possible risk factors including demographic, reproductive and
lifestyle characteristics of each candidate through a specially designed proforma
(annexure-3). An advantage of our study over the previous studies is that it was
specifically designed to investigate the association of each factor independently

and in combination with other as well.

Literature survey was systematically carried out to have a deeper insight towards
the contribution of different risk factors. All participants were in-person asked (di-
rect interview) with similar questions after signing an informed consent document
prior to being interviewed. A total of 1000 cases were included in the analysis along
with 1000 controls, same individuals used for previous analysis. The data included
personal identifiers, demographic characteristics and family history of cancer and
other diseases. The vital status/survival status of study participants were deter-
mined through the hospital records and making personal telephonic inquiries each
month after interview. The participant cases were followed for a maximum of 47

months to record the censored data.
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3.6.1 Statistical Analysis

Efforts were made to frequency match the cases and controls by age, ethnicity
and geographical location. We analyzed this data to evaluate the clinic-pathologic
features of breast cancer patients in the local Pakistani women. The population
characteristics of different variables for both the cases and controls and patho-
logic features for cases were analyzed using R version x64 3.1.0 [144]. Potential
association of various clinical/socio-demographic features with breast cancer was
measured through ORs and corresponding 95% confidence intervals by using Lo-
gistic regression. Overall survival of the patients after diagnosis was assessed using

Kaplan-Meier curve.

Kaplan-Meier curves were designed in 1958 by Edward L. Kaplan in collaboration
with Paul Meier to deal with incomplete observations. These curves have become
a popular method of dealing with differential times-to-event especially if all the

subjects do not continue for the whole study [145].

We used Cox proportional hazard model to calculate risk ratios and to adjust for
potential confounders. For all of the models, we stratified on age groups, number
of kids, menopausal status, physical activity and smoking. BMI were included in
all models. The statistical significance of the interaction was evaluated at P<0.05

level by using the likelihood ratio test, wald test and logrank test.
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Results and Discussion

This chapter summarizes the study findings of mutations, polymorphisms and
factors associated with an enhanced risk of breast cancer in Pakistani women.

The results are presented under different headings and sub-headings.

The present study comprised of 1000 cases and 1000 control samples collected from
NORI, IRNUM and DHQ Rawalpindi, Pakistan. Nucleotide sequences of BRCA1
(ENST00000357654.7) and BRCA2 (ENST00000380152.7) genes were retrieved
from Ensembl (http://www.ensembl.org/index.html) as a pre-requisite exon-specific
primers designing and comparative studies. The primers used in this study are

shown in Annexure-2.

BRCAT1 has 24 exons, covering a length of about 100kb of genomic DNA and
encodes a protein of 1863 residues. BRCA2 is larger than BRCA1 gene, consisting
of 27 exons and spans about 70kb. It encodes a protein of 3418 residues (Figure
4.1). BRCA1 and BRCA2 proteins have various functions including DNA repair,

transcriptional and cell cycle checkpoints regulation.

38
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FI1GURE 4.1: Crystal structures of BRCA1 and BRCA2
(a) BRCA1/BARDI1 RING-domain heterodimer (PDB id=1JMT7).
(b) RAD51-BRCA2 BRC repeat complex (PDB id=1NOW).

4.1 BRCA1l and BRCA2 SNPs

One of our objective was first to identify possible functional SNPs available from
the public database which were reported pathogenic and also been confirmed
through the HapMap project. These SNPs would first be genotyped in case-
control study for their allele frequencies and possible association with the disease

risk.

We explored the contribution of in silico identified pathogenic and HapMap con-
firmed previously reported 4 SNPs (rs28897686, rs28897696, rs386576387 and
rs386576392) of BRCA1 gene in 1000 breast cancer cases along with an equal
number of age matched controls. From the literature and dbSNP, it was observed
that the rs386576387 SNP has been merged into rs28897686 and rs386576392 has
been merged into rs28897696, so we have actually only two SNPs for genotyping
analysis. The logical reason for merging of SNPs in databases is that, if and only
when two SNPs map to the same contig/position and have the same variation

class are merged into one in a subsequent build by the database curators.

Similarly 2/340 in silico identified pathogenic and HapMap confirmed previously
reported SNPs (rs4987049 and rs28897743) of BRCA2 were selected for genotyping
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analysis. As the selected SNPs are in the exonic regions, the already designed

primers were used to amplify the regions having their respective SNPs.

4.1.1 Genotyping of BRCA1 rs28897696 and rs28897686
SNPs

BRCA1 rs28897696 (A1708E) SNP (exon 16) was genotyped in a case-control
study of 1000 breast cancer patients along with an equal number of age matched
controls through PCR-RFLP. Amplification was carried out with Forward primer
5-TCTTTAGCTTCTTAGGACAGCACTT-3" and Reverse primer 5-CTCAGCAT
CAGCAAAAACCTT-3’ wile restriction digestion with Ssil endonuclease. The
PCR product is 250bp length, was digested overnight with the restriction enzyme
Ssil. The restriction enzyme Ssil cuts in the presence of major allele C. If C
is present in homozygous form it will be digested into two fragments of 124 and
126bp, minor allele A will remain uncut and will produce a single fragment of
250bp, while heterozygous CA will produce three bands (124 + 126 and 250bp).
Restriction fragments were then analyzed on 4% agarose gel stained with ethid-
ium bromide and were visualized under UV light in gel documentation (Figure
4.2). Allele and genotype frequencies of the rs28897696 polymorphisms for breast
cancer patients and control groups are summarized in Table 4.1. There was no
significant association of the genotypes in any of the genetic model with increased

breast cancer risk (Table 4.2).

PCR-RFLP analysis were used to genotype the rs28897686 (G/A) BRCA1-E1250K
polymorphism in exon-10 in 1000 breast cancer patients along with age matched
1000 controls. This SNP is missense in nature and due to the transition of
G>A (GAG<AAQG), it results in the substitution of E>K at position 1250. The
fragment of exon-10 containing the SNP was amplified with forward primer 5'-
AGGCATAGCACCGTTGCT-3 and reverse primer 5-TCTTCCAATTCACTGCA
CTG-3. The resulting 188bp PCR product was digested with restriction enzyme
Hpy188I and the fragments were resolved on a 4% agarose gel containing ethid-

ium bromide. The wild-type homozygous G allele produced two fragments of 167
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irst 5 are undigested and 15 are digested with Ssi1 enzyme.

FIGURE 4.2: The 250bp PCR product digested with Ssil. Homozygous C

allele produces two fragments of 124 and 126bp, homozygous A allele remains

undigested and produced a single fragment of 250bp, while heterozygous CA

produced three bands (124 4+ 126 and 250bp).
TABLE 4.1: Allele and genotype frequencies of rs28897696 and rs28897686 SNPs
of BRCA1 gene in case-control population.
rs28897696 (A1708E) allele frequencies (n=2000)
All subjects Controls Cases
Allele/Genotype | Count | Proportion | Count | Proportion | Count | Proportion
C 2497 0.62 1360 0.6 41 0.04
A 1503 0.38 640 0.53 548 0.55
A/A 582 0.29 171 0.17 411 0.41
C/A 339 0.17 298 0.3 41 0.04
c/C 1079 0.54 531 0.53 548 0.55
Allele/Genotype rs28897686

G 2502 0.63 1373 0.69 1129 0.56
T 1498 0.37 627 0.31 871 0.44
G/G 851 0.43 506 0.51 345 0.34
G/T 800 0.4 361 0.36 439 0.44
T/T 349 0.17 133 0.13 216 0.22

and 21bp, the polymorphic homozygous A allele produced a single band of 188bp,

whereas the heterozygous GA produced all the three bands of 188, 167 and 21bp.

This SNP has been previously described in Spanish [146] and Chilean populations

[147).

The genotype frequencies, OR and 95%CI were calculated using R 3.1.1 statistical
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computing software [144]. The polymorphic allele showed positive association with
breast cancer risk in all the genetic models, highest risk in co-dominant model (OR

= 2.38, 95%CI = 1.84-3.08) (Table 4.2).
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TABLE 4.2: Association between rs28897696 and rs28897686 SNPs of BRCA1
gene and breast cancer risk.

Model rs28897696 (A1708E) (n=2000)
Genotype | Controls | Cases | OR (95% CI) | P-value
171 411
C/C 1771(7 41.1% 100
Co-dominant ( 5'31 o) | ( 5.48 ) 05 <0.0001
C/A )
(53.1%) | (54.8%) |  (0.35-0.53)
298 41 0.06
A/A
/ (29.8%) | (4.1%) |  (0.04-0.08)
171 411
1.
Dominant c/C (17.1%) (41.1%) 00 <0.0001
C/A-A/A 829 589 0.30
(82.9%) | (58.9%) |  (0.24-0.36)
702 959
C/C-C/A 1.00
Recessive / / (70.2%) (95.9%) <0.0001
298 41 0.10
A/A
/ (20.8%) | (4.1%) (0.07-0.14)
469 452
A /A 1.
Over-dominant C/C-A/ (46.9%) (45.2%) 00 0.45
531 548 1.07
C/A
/ (53.1%) | (54.8%) |  (0.90-1.28)
Log-additive — — — 029 <0.0001
(0.24-0.33)
rs28897686 (n=2000)
506 345
¢/G 50.6% 34.5% 100
Co-dominant ( 3'61 o) | ( 4'39 ) 78 <0.0001
G/A )
(36.1%) | (43.9%) | (1.47-2.17)
133 216 2.38
A/A
/ (13.3%) | (21.6%) |  (1.84-3.08)
506 345
G/G 1.00
Dominant / (50.6%) (34.5%) <0.0001
494 1.94
GA-A/A 9 655 9
(49.4%) | (65.5%) |  (1.62-2.33)
867 784
-G/A 1.
Recessive G/G-G/ (86.7%) (78.4%) 00 <0.0001
A/A 133 216 1.80
(13.3%) | (21.6%) |  (1.42-2.28)
639 561
Over-dominant G/G-AJA (63.9%) (56.1%) 1.00 4e-04
361 439 1.39
G/A
/ (36.1%) | (43.9%) |  (1.16-1.66)
Log-additive — — — 1.59 <0.0001
(1.40-1.80)




Results and Discussion 44

BRCA1 gene was found to lie in a region of extensive linkage disequilibrium,
which makes it possible to test a subset of variants in this region representing all
the common genetic alterations [148]. Dunning and his colleagues genotyped four
missense SNPs in breast and ovarian cancer affected white women and identified
three haplotypes, but none of these haplotypes were significantly associated with
cancer risk [149]. Cox and his coworkers genotyped 4 tagging SNPs and identified
five common haplotypes with a frequency >5% by using sequencing data. One
of the five haplotypes was observed correlated with an enhanced breast cancer
risk (OR = 1.18, 95%CI = 1.02-1.37) [150]. However, a later study examining
nine tagging SNPs in about 900 Caucasian participant, showed non-significant
association of any haplotypes effecting breast cancer risk [151]. Similar results
were reported by another group of researchers i.e. lack of association between

breast cancer risk and BRCA1 haplotypes [152].

4.1.2 Genotyping of BRCA2 rs4987049 and rs28897743 SNPs

Both the BRCA2 SNPs (rs4987049 and rs28897743) were genotyped in 1000 cases
along with an equal number of controls. The rs28897743 (R2336H) SNP is located
at the consensus splice donor site in exonl3 and has been shown to disrupt normal
splicing. It results in two splice variants, one skipping exonl3 and the other skip-
ping exons12 and 13. Both the transcripts result in a frame shift and generating
a premature stop codon in exonl4 [153]. The rs28897743 polymorphism is located
in the FANCD2 and FANCG binding domains of BRCA2 [154]. It is therefore
possible that it may affect the interaction of BRCA2 with these proteins, which

may lead to disrupt the organization of the DNA repair complex.

Using 21 tagging SNPs, Freedman and co-workers conducted a haplotype analysis
of BRCA2 with breast cancer risk in a Multi-Ethnic Cohort [151] and found a
haplotype tagged by SNP rs206340 significantly associated with an increased risk
of breast cancer in homozygous cases (OR (AA/GG)=1.59; 95%CI=1.18-2.16).
However, Baynes and his colleagues reported an equivalent tag SNP rs206343 with
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a non-significant trend for the minor allele (OR (GG/AA)=0.89; 95%CI=0.73-

1.09) [152].

Both the SNPs of BRCA2 gene (rs4987049 and rs28897743) were investigated for

their possible association with the disease risk. The rs4987049 SNP was observed

not associated with the disease risk in any of the tested models except the Log-

additive model (OR=2.90, 95%CI=1.03-8.12), while rs28897743 was in significant

association with breast cancer risk in Pakistani population under all the genetic

models (Table 4.3 and Table 4.4).

TABLE 4.3: Allele and genotype frequencies of rs4987049 and rs28897743 SNPs
of BRCA2 gene in case-control population.

rs4987049, (TAC = TAG) Y3276X allele frequencies (n=2000)
All subjects Controls Cases
Allele/Genotype Count | Proportion | Count | Proportion | Count | Proportion

C 3981 1 1996 1 1985 0.99

G 19 0 4 0 15 0.01
c/C 1984 0.99 996 1 988 0.99
C/G 13 0.01 4 0 9 0.01
G/G 3 0 0 0 3 0

Allele/Genotype rs28897743, (CGC = CAC) R2336H

G 3936 0.98 1990 1 1946 0.97

A 64 0.02 10 0 54 0.03
G/G 1949 0.97 992 0.99 957 0.96
G/A 38 0.02 6 0.01 32 0.03
A/A 13 0.01 2 0 13 0.01
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TABLE 4.4: Association between rs4987049 and rs28897743 SNPs of BRCA2
gene and breast cancer risk.

rs4987049 association with response STATUS (n=2000, crude analysis)
Model Genotype | Controls | Cases | OR (95% CI) | P-value
oo | g [
Co-dominant ( . 0 | ( 5 Q T 0.046
C/G '
/ (0.4%) (0.9%) (0.70-7.39)
NA
a/a 0 ;
(0%) (0.3%) (0.00-NA)
996 988
c/C 1.00
Dominant / (99.6%) | (98.8%) 0.04
4 12 3.02
C/G-G/G
/ / (0.4%) (1.2%) (0.97-9.41)
1000 997
C/C-C/G 1.00
Recessive / / (100%) (99.7%) 0.041
0 3 NA
G/G
(0%) (0.3%) (0.00-NA)
C/C- 996 991 1.00
Over-dominant G/G (99.6%) | (99.1%) ' 0.16
4 9 2.26
C/G
/ (0.4%) (0.9%) (0.69-7.37)
Log-additive — — — 290 0.021
(1.03-8.12)
rs28897743 association with response STATUS (n=2000, crude analysis)
2
G/G 9392?’ 9?577(7 +00
Co-dominant ( 6 o) | ( ?;2 ) £ 53 <0.0001
A/G '
/ (0.6%) (3.2%) (2.30-13.28)
2 11 5.70
A/A
/ (0.2%) (1.1%) (1.26-25.79)
992 957
1.
Dominant G/G (99.2%) | (95.7%) 00 <0.0001
AJG-A/A 8 43 5.57
(0.8%) (4.3%) (2.61-11.91)
998 989
_A 1.
Recessive G/G-A/G (99.8%) (98.9%) 00 0.0086
2 11 5.55
A/A
/ (0.2%) (1.1%) (1.23-25.10)
994 968
-A/A 1.
Over-dominant G/G-A/ (99.4%) (96.8%) 00 <0.0001
6 32 5.48
A/G
/ (0.6%) | (3.2%) (2.28-13.16)
Log-additive — — — 515 <0.0001
(1.99-7.05)
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4.2 BRCA1l and BRCA2 Sequencing Results

BRCA1 and BRCA2 are autosomal dominant genes with high penetrance and
known to play important roles in breast cancer risk. Germline mutations of both
these genes represent around 80-90% of all hereditary breast cancers. Their tumor
suppressor function in the development of sporadic breast cancer remains unclear,
with only a handful of somatic mutations identified in sporadic breast cancer [155],

[156].

Sequencing of our samples revealed a total of thirteen genetic variants includ-
ing eight novel variants along with five previously reported SNPs in BRCA1 and
BRCAZ2 respectively. Each of the reported variant has been individually discussed

in detail as follows.

4.2.1 BRCA1 Variants
4.2.1.1 BRCAL1 -37insC exon-3 (g.4311816)

This insertion of nucleotide C at -37 position of exon-3 (g.4311816) is a novel
variant of BRCA1 gene, confirmed through HGVD/HGMD, Ensembl, ExAC and
1000 Genomes Project. This variant was observed only in homozygous condition
in twenty two cases and was found completely absent in the control group. These
results suggests that the variant has a direct link with the disease development but
it still needs further large genotyping studies to clarify its position in the target

population (Figure 4.3).

4.2.1.2 BRCA1 T123C at exon-12 (g.43082453)

This transition has been previously reported by other authors (dbSNP id = rs1060915),
is synonymous in nature and thus the wild residue Serine at position 1436 remains
unchanged. This residue is located in a domain that is important for binding

of other molecules. The residue (Ser1436) is part of an interpro domain named
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FIGURE 4.3: Novel variant in BRCAL1 intron 2 (g.4311816), -37insC exon-3
detected in breast cancer patients in the homozygous state, represented by the
red arrow.

BRCA1-Associated (IPR031099), an interpro domain named Breast Cancer Type
1 Susceptibility Protein (BRCA1) (IPR011364).

This domain is annotated with the Gene-Ontology (GO) terms DNA Binding
(GO:0003677), Ubiquitin-Protein Transferase Activity (G0O:0004842) and Zinc Ion
Binding (GO:0008270) to indicate its function. These GO annotations indicate
that the domain has its functions in: Nucleic Acid Binding (GO:0003676), Trans-
ferase Activity (GO:0016740) and Ion Binding (GO:0043167) (Figure 4.4). No
association of the variant was found in any of the genetic models tested (Figure

4.4, Table 4.5).

T123C
p.Ser1436Ser
A\
CTCCTCTGCCCTTG CTCCTCTGCCCTTG
a b
FIGURE 4.4: Identification of Synonymous variant of BRCA1

NC_000017.11(BRCA1_v001):g.43082453T>C (NP_009231.2:p.Ser1436Ser)
T123C at exon-12 (dbSNP id: rs1060915), represented by the red arrow
(a) Homozygous C (b) Heterozygous TC.
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TABLE 4.5: Genotype frequencies and association of BRCA1 gene rs1060915
SNP with disease risk.
rs1060915 allele frequencies (n=2000)
All subjects Controls Cases
Allele Count Proportion Count Proportion Count | Proportion
T 2765 0.69 1317 0.66 1448 0.72
C 1235 0.31 683 0.34 552 0.28
rs1060915 genotype frequencies (n=2000)
All subjects Controls Cases
Genotype Count Proportion Count Proportion Count | Proportion
c/C 152 0.08 107 0.11 45 0.04
T/C 931 0.47 469 0.47 462 0.46
T/T 917 0.46 424 0.42 493 0.49
rs1060915 association with disease risk (n=2000)
Model Genotype | Controls Cases OR (95% CI) P-value
| | |
Co-dominant (42.4%) (49.3%) <0.0001
T/C 469 462 0.85
(46.9%) (46.2%) (0.71-1.02)
107 45 0.36
Cc/C
/ (10.7%) (4.5%) (0.25-0.52)
‘ /T 424 493 1
Dominant (42.4%) (49.3%) 0.002
576 507 0.76
T/C-C/C
sl (57.6%) (50.7%) (0.63-0.90)
893 955
T/T-T/C 1
Recessive / / (89.3%) (95.5%) <0.0001
1 4 .
c/c 07 5 0.39
(10.7%) (4.5%) (0.27-0.56)
Overdominant | T/ T-C/C_| 531 (53.1%) | 538 (53.8%) 1 o
T/C 469 462 0.97
(46.9%) (46.2%) (0.82-1.16)
71
Log-additive — — — 0.7 <0.0001
(0.62-0.82)

4.2.1.3 BRCA1 -215T<C exon-3 (g.43115511)

The exon3 -215T<C (g.43115511) nucleotide change is novel and has not been

previously reported in other populations, confirmed through HGVD/HGMD, En-

sembl, ExAC and 1000 Genomes Project, is synonymous in nature because of

its presence in the intronic region. This sequence variant was detected in both

cases and control samples suggesting that it is a polymorphism rather than a
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causative mutation. It was therefore investigated for its possible association with
the disease risk through unconditional logistic regression and was observed highly
significantly associated with an increased disease risk in all genetic models (Table

4.6 and Figure 4.5).

TABLE 4.6: Genotype frequencies and association of T<C transition at intron
3 of BRCAL1 gene with disease risk.

Allelic frequencies of -215T<C exon-3 (n=2000)
All subjects Controls Cases
Allele Count Proportion | Count Proportion Count | Proportion
T 3592 0.9 1898 0.95 1694 0.85
C 408 0.1 102 0.05 306 0.15
Genotype frequencies of -215T<C exon-3 (n=2000)
All subjects Controls Cases
Genotype Count Proportion | Count Proportion Count | Proportion
c/C 112 0.06 33 0.03 79 0.08
T/C 184 0.09 36 0.04 148 0.15
T/T 1704 0.85 931 0.93 773 0.77
Association of -215T<C exon-3 with disease risk (n=2000)
Model Genotype | Controls | Cases | OR (95% CI) P-value
1
| ]
Co-dominant ( ?;6 o) | ( 1'48 ) o <0.0001
T/C i
(3.6%) (14.8%) (3.40-7.22)
2.
c/c 33 79 88
(3.3%) (7.9%) (1.90-4.38)
. /T 931 773 1
Dominant (93.1%) (77.3%) <0.0001
69 227 3.96
T/C-C/C
/&G (6.9%) | (22.7%) |  (2.98-5.27)
967 921
T/T-T/C 1
Recessive / / (96.7%) (92.1%) <0.0001
33 79 2.51
Cc/C
(33%) | (7.9%) (1.66-3.81)
964 852
T/T-C/C 1
Over-dominant / / (96.4%) (85.2%) <0.0001
14 4.
T/C 36 8 65
(3.6%) (14.8%) (3.19-6.77)
31
Log-additive — — — 23 <0.0001
(1.89-2.82)
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FI1GURE 4.5: Direct sequencing results of BRCA1 exon-3 -215T<C transition
at g.43115511, red arrow in figure points at the mutation.

4.2.1.4 BRCA1 exon-14, 102-103insTC (g.43074419-43074420)

This insertion mutation at position 102-103 at exon-14 (g.43074419-43074420) has
also not previously been reported in any other population and thus is novel, con-
firmed through HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project. The
mutation is silent at the site of insertion (ATT < ATC (I<I)), but due to frame
shift the protein sequence gets changed from residues number 1529 onwards and
introduces a stop codon at position 1548 and thus results in a truncated and abnor-
mal protein. The protein will thus lack the terminal 365 residues (Figure 4.6). The
mutation is part of an interpro domain named Brcal-Associated (IPR031099) also
annotated as part of an interpro domain named Breast Cancer Type 1 Suscepti-
bility Protein (BRCA1) (IPR011364). The mutation was observed in homozygous
condition only in 227 (22.7%) out of the 1000 breast cancer samples sequenced
and was found absent in the corresponding control samples indicating that it is
disease-causative mutation. It can be suggested from our results that this muta-
tion can be considered as a genetic risk factor for breast cancer in the Pakistani

population (Figure 4.6).
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Wild sequence
AGCTCATTAAGG

AGCTCATCTTAAGG
a

1530 1548

Wild 1501 HSCSGSLQNRNYPSQEELIKVVDVEEQQLEESGPHDLTET 1550
NN N R R TR REd oy P

JMutant 1501 HSCSGSLQNRNYPSQEELILRLLMWRSNSWKSLGHTIX-- 1548
b

FIGURE 4.6: BRCA1 exon-14, 102-103insTC variant (a) Sequence chro-

matogram showing TC insertion (b) Alignment view showing change of residues

due to frame shift and introduction of stop codon at position 1548 represented
by red arrows.

4.2.2 Haplotype and Linkage Disequilibrium Analysis of
BRCA1 Polymorphic Variants

First of all frequencies were calculated for all the haplotypes including all the 4
SNPs. As shown in Table 4.7, six common haplotypes of BRCA1 accounted for
>82% of all haplotypes, the remaining were having frequency of <3% and were
thus not included in the study. Haplotype analysis of the four studied polymor-
phic variants of BRCA1 revealed that Haplotype 3 (CATT) and 6 (AACT) were
significantly associated with increased breast cancer risk (OR=15.1, 95%CI: 10.40-
21.89, P<0.0001 and OR=3.24, 95%CI: 1.96-9.06, P<0.0001). In contrast, we also
identified two inversely associated haplotypes (AGTT and AATT) with the disease
risk (Table 4.7).

Pairwise Linkage Disequilibrium (LD) analysis of the four BRCA1 SNPs showed
that the strong LD (D’ >0.52) among the 4 SNPs exists in between SNP 1 and 4
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while the weakest was observed in between SNP 2 and 4. Our results of Haplo-

type analysis suggests that BRCA1 haplotypes and /or polymorphisms may temper

breast cancer risk (Figure 4.7).

TABLE 4.7: Distribution of Haplotypes in BRCA1 Gene and their Association
with breast cancer risk.

Haplotypes SNPs Total Cases | Cont OR(95% CI) | P Value
1(2]3|4 freq freq
1 C|G|T|T]|o0.2215 | 0.202 | 0.273 1 —
2 A|G|T|T]|0.1818 | 0.151 | 0.213 0.5(0.42-0.59) 0.66
3 C|A|T|T]|o0.1271 | 0.234 | 0.020 | 15.1(10.40-21.89) | <0.0001
4 C|G|C|T]|O0.1143 | 0.111 | 0.118 1.2(0.99-1.44) 0.58
5 A|A|T|T]|0.0911 | 0.061 | 0.120 0.7(0.62-0.94) 0.11
6 AJA | C|T)|0.087 | 0053 | 0.173 3.24 (1.96-9.06) <0.0001

1 = rs28897696, 2 = rs28897686, 3 = rs1060915, 4 = -215 exon 3 T<C

Cases freq =Cases frequency, Cont freq = Controls frequency

rs28897696
rs28897686-

[y
(]

S

Dl

rs1060915—

W

-215 ex3 T<CGH

-

FIGURE 4.7: Analysis of Linkage disequilibrium for the investigated BRCA1
SNPs. The respective haplotype blocks are below the SNP names along with
respective D’ values at each intersection in the blocks.
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4.2.3 BRCAZ2 Variants

4.2.3.1 BRCA2 Exon8 +87insA (g.32329579)

This novel insertion variant at position +87 (g.32329579) of exon-8 was confirmed
as a novel from HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project. The
variant was observed only homozygous condition in 19 (1.9%) out of the 1000
disease samples and was not detected in the corresponding control samples. This
intronic insertion is most likely to have no impact on breast cancer development.
This data suggests that the observed BRCA2 exon8 +87insA mutation is simply
a result of the breast cancer phenotype rather than the selected events driving

cancer development and/or progression (Figure 4.8).

U

TTAATATTCCTA

FIGURE 4.8: Direct sequencing results of BRCA2 exon-8 +87insA at
£.32329579, red arrow in figure points at insertion mutation.

4.2.3.2 BRCA2 Exon-20 +318T<A (g.32371418)

The transition variant T<A at g.32371418 is novel in nature as was confirmed
from HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project. Because of its
presence in both cases and control, the variant was further investigated for its

possible association with disease risk.
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Analysis of the genotype distribution showed a significant increased risk with
the +318T<A variant, with ORs equal to 3.91(95% CI=2.80-5.46) and 2.09(95%
CI=1.33-3.27) for co-dominant, 3.21(95% CI=2.44-4.21) for dominant, 1.82(95%
CI=1.16-2.85) for recessive, 3.78(95% CI=2.71-5.27) for over-dominant and 2.08(95%
CI=1.70-2.55) for log-additive models respectively. These results suggested a pos-
sible contribution of +318T<A variant in breast cancer risk and is suggested as

a genetic risk factor for tumor development in Pakistani women (Figure 4.9 and

Table 4.8).

_

ATT/ATTAATATT

FIGURE 4.9: Sequence chromatogram showing BRCA2 Exon-20 +318T<A vari-
ant. The transition is represented by red arrow in the chromatogram.

4.2.3.3 BRCA2 exonl19 -351-353delTCT (g.32370049-g.32370051)

This deletion mutation (delTCT) at BRCA2 exon19 starting at g.32370049 has not
been previously reported in any world population. It was confirmed as a novel one
from HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project. The variant
was observed in only 283 (28.3%) out of the 1000 breast cancer samples but was

not detected in any of the corresponding controls.

It can also be suggested on the basis of available data that this mutation can be

considered as a genetic risk factor for breast cancer in Pakistani women (Figure

4.10).
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TABLE 4.8: Frequencies and association of BRCA2 exon20 +318T<A variant

with disease risk.

BRCA2 Exon-20 +318T<A allele frequencies (n=2000)

All subjects Controls Cases
Allele Count Proportion | Count Proportion Count | Proportion
T 3616 0.9 1889 0.94 1727 0.86
A 384 0.1 111 0.06 273 0.14
BRCA2 Exon-20 +318T<A genotype frequencies (n=2000)
All subjects Controls Cases
Genotype Count Proportion | Count Proportion Count | Proportion
A/A 86 0.04 31 0.03 55 0.06
T/A 212 0.11 49 0.05 163 0.16
T/T 1702 0.85 920 0.92 782 0.78
BRCA2 Exon-20 4+318T <A association with disease risk (n=2000)
Model Genotype | Controls | Cases | OR (95% CI) P-value
920 782
T/T 1
Codominant (92%) (78.2%) <0.0001
49 163 3.91
T/A
(4.9%) (16.3%) (2.80-5.46)
31 55 2.09
A/A
(3.1%) (5.5%) (1.33-3.27)
920 782
) T/T 1
Dominant (92%) (78.2%) <0.0001
80 218 3.21
T/A-A/A
(8%) (21.8%) (2.44-4.21)
969 945
) T/T-T/A 1
Recessive (96.9%) (94.5%) 0.0078
31 55 1.82
A/A
(3.1%) (5.5%) (1.16-2.85)
951 837
) T/T-A/A 1
Overdominant (95.1%) (83.7%) <0.0001
49 163 3.78
T/A
(4.9%) (16.3%) (2.71-5.27)
2.08
Log-additive — — — <0.0001
(1.70-2.55)
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Wild sequence
TTCCTATTCTICTCTA

: del TCT

TTCCTATTCCTA

FIGURE 4.10: Identification of novel BRCA2 exonl9 delTCT mutation, the red
arrow marks the start of deletion.

4.2.3.4 BRCA2 exonl6 -17G<T (g.32357725)

The transition variant exonl6 -17G<T at position g.32357725 is novel in nature as
was confirmed from HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project.
The variant was detected in both cases and control samples and thus can be
regarded as a polymorphism. The variant was investigated in detail for its potential

association with the disease risk in case-control samples.

Results of logistic regression showed a positive association of -17G<T variant
on co-dominant model (GG vs TT) with OR=1.43, 95%CI=1.02-1.99, Domi-
nant model (OR=1.29, 95%CI=1.04-1.61) and Log-additive model (OR=1.20,
95%CI=1.03-1.39) respectively. These results suggested a possible contribution
of -17G<T polymorphism in breast cancer Pakistani women (Figure 4.11 and Ta-

ble 4.9).
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GTGTG TT GT TT

FIGURE 4.11: Direct sequencing results of BRCA2 exonl6 -17G<T at
£.32357725, red arrow in figure points at substitution event.

4.2.3.5 BRCA2 exon27 T129A (g.32398290)

This transversion of nucleotide T<A of BRCA2 exon27 has been confirmed from
HGVD/HGMD, Ensembl, ExAC and 1000 Genomes Project that it has not been
reported in any other population and thus is novel. The variant was observed in
339 (33.9%) out of the 1000 breast cancer samples only and was not found in any
of the corresponding control samples. The transversion results in the substitution
of Aspartic acid to Glutamic acid at position 3260. There is no change of net
charge due to the mutation but the mutant and wild-type residues differ in size.
The mutant residue is bigger than the wild type, this might lead to bumps in
the protein structure. This residue is part of an interpro domain named: Breast

Cancer Type 2 Susceptibility Protein IPR015525 (Figure 4.12).

Our data indicates that the variant is a disease causative mutation rather than a
polymorphism. It can also be suggested on the basis of available data that this
mutation can be considered as a genetic risk factor for breast cancer in Pakistani
women. The variant was functionally predicted as Low (1.93) by MutationAsses-
sor, probably benign by PANTHER, Neutral (-0.875) by PROVEAN, Tolerated
(2.0) by SIFT and Benign (0.208) by PolyPhen2.
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TABLE 4.9: Frequencies and association of BRCA2 exonl6 -17G<T variant
with disease risk.

Allele frequencies (n=2000)

All subjects Controls Cases
Allele Count Proportion | Count Proportion Count | Proportion
G 3444 0.86 1754 0.88 1690 0.84
T 556 0.14 246 0.12 310 0.16
Genotype frequencies (n=2000)
All subjects Controls Cases
Genotype Count Proportion | Count Proportion Count | Proportion
G/G 1597 0.8 819 0.82 778 0.78
G/T 250 0.12 116 0.12 134 0.13
T/T 153 0.08 65 0.06 88 0.09
Association of BRCA2 -17G<T with disease risk (n=2000)
Model Genotype | Controls | Cases | OR (95% CI) P-value
819 778
G/G 1
Co-dominant (81.9%) (77.8%) 0.054
116 134 1.22
G/T
(11.6%) | (13.4%) |  (0.93-1.59)
65 88 1.43
T/T
(6.5%) (8.8%) (1.02-1.99)
819 778
. G/G 1
Dominant (81.9%) (77.8%) 0.022
181 222 1.29
G/T-T/T
(181%) | (22.2%) |  (1.04-1.61)
935 912
. G/G-G/T 1
Recessive (93.5%) (91.2%) 0.053
65 88 1.39
T/T
(6.5%) (8.8%) (0.99-1.94)
884 866
) G/G-T/T 1
Over-dominant (88.4%) (86.6%) 0.22
116 134 1.18
G/T
(11.6%) (13.4%) (0.90-1.54)
1.20
Log-additive — — — 0.016
(1.03-1.39)
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 TIA

C AAAGAGATT/AGA T

H>N

Aspartlc acid
Glutamlc acid
b (=

FIGURE 4.12: BRCA2 exon27 T129A transversion at g.32398290 (a) Direct

sequencing results of BRCA2 exon27 T129A at g.32398290, red arrow in fig-

ure points at the substitution event (b) Wild residue aspartic acid (¢) Mutant
residue Glutamic acid.

4.2.4 Haplotype and Linkage Disequilibrium Analysis of
BRCA2 Gene

Haplotype frequencies were calculated for all the haplotypes including the observed
four SNPs of BRCA2. Haplotype 1 was the most commonly observed haplotype
having a frequency of 0.77 and was thus set as a reference haplotype. Five common
haplotypes of BRCA1 as shown in Table 4.10 accounted for approximately 99% of
all haplotypes, the remaining rare haplotypes were thus ignored during the study.
The analysis revealed three positively associated Haplotypes (CGAG, CGAT and
CATG) with breast cancer risk (Table 4.10).

Pairwise Linkage Disequilibrium (LD) analysis of the four BRCA2 SNPs showed
that the strong LD (D’=0.43) exists in between SNP 2 and 4 followed by (D’=0.35)
SNP1 and 3 (Figure 4.13).
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TABLE 4.10: Distribution of Haplotypes in BRCA2 Gene and their Association
with breast cancer risk.
Cases | Cont
SNPs Total OR(95% CI) | P Value
Haplotypes freq | freq
123 |4
1 C|G|T |G| 0773 | 0.724 | 0.829 1.00 —
2 C|G|T|T| 0115 | 0.113 | 0.11 | 1.14(0.97-1.35) 0.12
3 C|G|A]|G/|0.070 | 0.091 | 0.041 | 2.03(1.60-2.57) | <0.0001
4 C|G|A|T| 0.022 | 0.032 | 0.012 | 2.38(1.50-3.77) | <0.0001
5 C|A|T|G| 0.013 | 0.021 | 0.004 | 4.03(1.95-8.34) | <0.0001

1 = rs4987049, 2 = rs28897743, 3 = +318T;A, 4 = -17G<T

Cases freq = Cases frequency, Cont freq = Controls frequency

rs4987049 —

-

Dl

rs28897743 —

N

+318T>A —

ATG<T —

FIGURE 4.13: Analysis of Linkage disequilibrium for the investigated BRCA2
SNPs. The respective haplotype blocks are below the SNP names along with

respective D’ values at each intersection in the blocks.

BRCAT1 has 24 exons, covering a length of about 100kb of genomic DNA and

encodes a protein of 1863 residues. The RING finger domain of the protein (amino

acids 20-64) is at the NH2 terminus and exon-11 comprises of the interaction

domains with RAD51 [157], RAD50 complex [158] and FANCA [159] etc. The

BRCT domain lies in between residues 1646-1863 is a conserved domain in BRCA1
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[160]. The BRCT domain binds to phosphorylated partner proteins by recognizing
phosphopeptide and is involved in the DNA damage response [161], [162]. The
C-terminal region is a transcriptional co-regulator and has its function in cell cycle

control response [160], [163], [164].

BRCA2 is larger than BRCA1 gene, consisting of 27 exons and spans about 70kb.
It encodes a protein of 3418 residues. Eight BRC repeats locating in exon-11
comprise of the Rad51 binding domain [165]. The C-terminal domain is well
conserved [166] and binds to ssDNA and DSS1 (deleted in split-hand/split-foot

syndrome 1) [167], which is required for homologous-recombination.

BRCA1 and BRCA2 proteins have various functions including DNA repair by
homologous recombination, regulation of cell cycle checkpoints and transcriptional
regulation [168]. BRCA1 and BRCA2 have a direct part in DNA repair. BRCA2
and RAD51 communicates and co-localize in a BRCA1-BRCA2-RAD51 complex
[157], [169]. Moreover, BRCA1 also interacts with another protein RAD50, which
is involved in homologous recombination and DNA damage response [158]. BRCA1
and BRCA2 both have their role repair of DNA double-strand breaks (DSBs)

through homologous and non-homologous recombination [157], [158].

BRCA1 and BRCA2 genes are essential for preserving chromosome structure and
thus gross chromosomal rearrangements (GCRs) were demonstrated by human
cancer cells lacking both or any of these genes [170], [171]. It can thus be concluded
that these genes may play a caretaker role in preserving genomic integrity. Another
function of BRCA1 is in checkpoint control through its BRCT motif situated at
its carboxyl terminus [172]. BRCA1 protein is also associated with the centrosome

amplification and the G2/M transition [173], [174].

In this study, we focused on identifying BRCA1 and BRCA2 genetic alterations
among Pakistani women affected with Breast Cancer. We have detected a total of
thirteen variants in BRCA1 and BRCA2 respectively including three novel variants
in BRCA1 and five novels in BRCA2. Along with the novel genetic alterations,
three previously reported SNPs in BRCA1 (rs28897686, rs28897696 and rs1060915)
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and two in BRCA2 (rs4987049 and rs28897743) have also been reported in this
study.

The rs28897686 (E1250K) SNP of BRCA1 substitutes Glutamic acid to Lysine
at position 1250. This SNP was observed positively associated with the disease
risk and is thus a risk factor for Pakistani women. rs28897696 (A1708E) changes
Alanine to Glutamic acid but was found not associated with the breast cancer in
study population. The third SNP of BRCA1, rs1060915 (S1436S) is synonymous
in nature and thus is silent. This SNP was found associated with health according
to our results. The novel variants of BRCA1 -37insC of exon3 (Figure 4.3) and
-215T<C of exon3 (Figure 4.5 ) are intronic in nature having no impact on protein
structure. They were found associated with the disease risk and were suggested
as risk factors for breast cancer in Pakistani population. BRCA1 102-103insTC
(Figure 4.6) in exon-14 is exonic in nature and was detected only breast cancer

cases.

The rs4987049 (Y3308X) SNP introduces a stop codon at position 3308 in BRCA2
and thus results in a truncated protein while rs28897743 (R2336H) substitutes
Arginine to Histidine and was found significantly associated with breast cancer
risk. The novel variants, exon8 +87insA (Figure 4.8), exon20 +318T<A (Figure
4.9), exonl9 -351-353delTCT (Figure 4.10) and exonl6 -17G<T (Figure 4.11) are
intronic variants having no impact on protein structure but were found associated
with the disease risk. T129A mutation is the only reported novel variant of BRCA2
in exon 27 in this study which results in substitution of Aspartic acid to Glutamic

acid at position 3260.

The majority of BRCA1 mutations cause protein truncations due to the introduc-
tion of stop codons due to small mutations [175]. Large deletions are rarely been
reported in BRCA1, comprising 5-10% of all germ line mutations. They are even
less common in BRCA2 [176]. In rare cases, complex rearrangements in BRCA1
including Alu sequences were reported [177]. Over 300 missense mutations of
BRCAT1 have already been reported in different databases. The functional impact

of these mutations is still not well understood and is considered as a challenging
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problem for researchers to evaluate the risk of having cancer in women carrying

any of this missense mutation.

Some BRCA1/2 mutations have already been profiled in specific ethnic popula-
tions. The most prevalent founder mutations of BRCA1 and BRCA2 were iden-
tified by Simard and colleagues [178]. They had identified BRCA1 185delAG and
5382insC as recurrent mutations from Quebec, Canada with strong Ashkenazi an-
cestry. Offit and Neuhausen identified 6174delT mutation as founder mutation
of BRCA2 with Ashkenazi Ancestry [179]. Founder mutations have also been
identified in Austrian [180], Icelandic, Dutch, Norwegian, French Canadian [181],
Belgian [182], British [183], Finnish [184] and Swedish [185] populations.

4.3 Socio-demographic and Reproductive Risk

Factors

Though every women is at risk of having breast cancer regardless of their ethnic
and racial backgrounds but there exists a differential variation in incidence rate
among different populations. It suggests that etiological variables might differ in
their biologic expression and thus affecting the disease onset [186]. Population
based cancer registries are lacking in the developing countries like Pakistan and
most of the available figures are centered on data from small units of the population
[57]. Tt is therefore vital to explore the likely factors for in Pakistani women, which
might contribute to current knowledge of this vital topic. The primary aim of this
project was to examine the cross-sectional associations of life style, reproductive

and socio-demographic risk factors with breast cancer density in Pakistani women.

Mean (£standard deviation) age of cases and controls at recruitment was 50.58+10.68
and 54.784+14.52 years respectively. Cases were comparatively younger than the
controls. BMI was calculated for all the cases and controls by recording their
weight (kg) and height (m2). Mean BMI for BC cases and controls were 26.07+4.04
and 25.0514.25 respectively while range of BMI for both cases and controls was



Results and Discussion 65

observed as 15.32-35.20 and 17.0-35.40. Among the patients 60.70% were married,
46.50% were nulliparous, 16.90% had 4 or >4 children, 39.90% females breast
fed their children. Considering smoking and physical activity, 88.90% were non-
smokers and 67.90% were physically active. Post-menopausal women diagnosed
with breast cancer accounted for 52.30% (Table 4.11).

TABLE 4.11: Clinical and Socio-demographic characteristics and potential
Breast cancer risk factors in Pakistani Population.

Cases (1000) Controls (1000)

Factors

Number | Percentage | Number | Percentage

Age (years)
<40 139 13.90 100 10.00
40-49 362 36.20 316 31.60
50-59 330 33.00 285 28.50
60-69 102 10.20 74 7.40
70-79 50 5.00 158 15.80
80-89 17 1.70 67 6.70

BMI

<18.5 11 1.11 91 9.10
18.5-25 343 34.30 405 40.50
25-30 438 43.80 339 33.90
>30 217 21.70 165 16.50

Marital Status
Single 393 39.30 242 24.20
Married 607 60.70 758 75.80

Parity (number of children)

0 465 46.50 326 32.60
1 107 10.70 70 7.00
2 138 13.80 75 7.50
3 121 12.10 195 19.50
4+ 169 16.90 334 33.40

Oral contraceptive use
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Cases (1000) Controls (1000)
Factors
Number | Percentage | Number | Percentage
Yes 691 69.10 397 39.70
No 309 30.90 603 60.30

Breast Feeding

Yes 399 39.90 636 63.60

No 601 60.10 364 36.40
Smoking

Yes 111 11.10 74 7.40

No 889 88.90 926 92.60

Physical Activity
Yes 679 67.90 788 78.80
No 321 32.10 212 21.20

Menopause status
Pre-menopause 477 47.70 551 55.10
Post-menopause 523 52.30 449 44.90

Table 4.12 represents the basic clinical features for breast cancer cases. 58.10%
were the females diagnosed with right breast affected, 33.20% with left breast
and 8.70% with both breast affected. Among the breast cancer cases, 67.40%
were being under treatment with chemotherapy and 17.40% were treated with

mastectomy.

Breast cancer can be divided into three basic stages on the basis of cancer cells,
i) Local disease, where cancerous cells have yet not been spread external to the
breast or only a small proportion of cancer cells are within the lymph nodes close
to the breast, ii) Locally advanced breast cancer is the type in which cancer cells
can be detected in armpits or in the lymph nodes near the breast-bone or small
areas of cancer cells are in the lymph nodes and iii) Distant metastasis refers

to cancer which has been spread to other parts of the body. Disease stage was



Results and Discussion 67

recorded local in 58.70%, locally advanced in 39.40% and 1.90% were diagnosed

with distant metastasis.

Some people are comparatively at higher risk of developing the disease due to
various genetic factors. Family history, especially having a close blood relative
diagnosed with cancer, doubles the risk of breast cancer. In the current data set,
31.70% patients had at least a blood relative diagnosed with some type of cancer,
mostly breast cancer. It was also observed that 22.80% patients were diagnosed
with other types of medical complications including high blood pressure, diabetes

etc. as well.

Our results revealed significant association between different factors recorded for
breast cancer patients. There was a significant association between age and breast
cancer. Females having ages from 40 to 69 years, patients aged in 40s (OR = 1.22,
95% CI: 1.03-1.46), 50s (OR = 1.24, 95% CI: 1.03-1.49) and patients aged 60s (OR
= 1.41, 95% CI: 1.05-1.90) were more likely to have breast cancer.

TABLE 4.12: Distribution of cases by Pathologic features of breast cancer pa-
tients in Pakistani population.

Patients pathologic
Number | Percentage

characteristics

Breast Affected

Right Breast 581 58.10
Left Breast 332 33.20
Bilateral 87 8.70

Medical Treatment

Chemotherapy 674 67.40
Radiotherapy 186 18.60
Both 140 14.00

Surgery Status

Mastectomy 174 17.40

Lumpectomy 324 32.40
No 502 50.20
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Patients pathologic
Number | Percentage

characteristics

Disease Stage

Local 587 58.70
Locally Advanced 394 39.40
Distant 19 1.90

Other Complications

Cancer + (any other including Diabetes,

228 22.80
Diabetes + HBP, HBP or Others)
No 772 77.20
Family History
Yes 317 31.70
No 683 68.30

Obesity has a vital role in breast cancer growth and development [187]. To ex-
amine the influence of this significant risk factor on Pakistani women with breast
cancer, we examined this link among breast cancer cases and controls. An increase
in the basic metabolic index is positively correlated with breast cancer and thus
the proportion of females having BMI>25 was significantly higher among the pa-
tients. Overweight (BMI>25) and obese (BMI>30) females have approximately
1.5 times more risk of having breast cancer (Overweight; OR=1.57, 95% CI: 1.28-
1.93 and Obese; OR=1.60, 95% CI: 1.26-2.03). So undoubtedly, obesity is one of

the contributor for enhancing breast cancer risk among Pakistani women.

According to reports, 1 out of nine women in Pakistan is likely to have breast
cancer. These figures indicates one of the highest rate of breast cancer incidence
in Asia. The incidence rate in Pakistani women has been reported 50 out of one
lakh which is much higher than the neighboring countries [188]. In 2013-2014, an
observational study was carried out based on breast cancer patients at Shaukat
Khanum Memorial Cancer Hospital and Research Center, Pakistan. According to
the results of this study 4,366 breast cancer cases were recorded including approx-

imately 80.4% of the cases belonged to the province of Punjab [189]. According
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to Pakistan Atomic Energy Commission Cancer Registry the incidence of breast
cancer in Pakistani women is 46.7% based on the data collected from different

nuclear medicine and oncology institutes for 30 years (1984-2014) [190].

It was also observed that unmarried women were at more than two fold higher
risk (OR=2.03, 95% CI: 1.69-2.44). Nulliparous women had higher risk for breast
cancer (OR=2.56, 95% CI: 1.87-3.51) compared to parous women. It was further
observed that the risk decreases with increase in parity. Among the parous women
never breastfeeding females were have more than 1.5 fold higher risk of developing
breast cancer (OR=1.82, 95% CI: 1.35-2.46). Similarly use of oral contraceptives
(OR=3.41, 95% CI: 2.86-4.06), and smoking (OR=1.56, 95% CI: 1.16-2.09) were
also significantly associated with increasing risk of breast cancer. Individuals who
were physically inactive were recorded to be 1.27 times more likely to develop
breast cancer than those who are physically active (OR=1.75, 95% CI: 1.44-2.12).
When the menopausal status was studied, we have found approximately 1.34 fold
increase in the disease risk among the postmenopausal patients (OR =1.34, 95%
CIL: 1.14-1.58) (Figure 4.14). A total of 269 patients were censored during the
study out of the total 1000. The patients had an overall median survival time of

33 months (95% CI: 28-34) (Figure 4.15).

Risk Factors OR(95%CI) P-Value
<40 | | 1.00

40-49 ——i 1.22[1.02,1.45] 024
50-59 Age ——1 1.24[1.03,149] 0.02
60-69 —— 1.41[1.05,1.90] 0.024
70-79 ! 0.28[0.21,0.38] 0.000
80-89 et 0.24[0.15,0.39] 0.000
<18.5 | | 1.00

18.5-25 = 0.7410.62,0.88] 0.001
2530 | BMI i 157[1.28,1.83] o0.000
»30 —— 1.60[1.26,2.03] o0.002
Single —— 2.03[1.69,244] o.000
Married | | 1.00

Nulliparous — 1.80[1.52,214] 0.000
Single kid P 158[1.17,213] 0.003
Two kids Parity | | 1.00

Three kids i 0.57[0.45,0.72] 0.000
>Three kids [t 0.41[0.33,050] o0.000
Oral Contraceptive Yes m— 3.41[2.86,4.06] 0.000
Oral Centraceptive No n 1.00

Breast Feeding Yes | 1.00

Breast Feeding No  mm— 262[221,3.11] 0.000
Smokers | —— 1.56[1.16,2.09] o0.000
Non-smokers [ | 1.00

Physically active n 1.00

Ohysically inactive ; —— 1.75[1.44,212] 0.000
Pre-menopause u 1.00

Post-menopause == 1.34[1.14,1.58] 0.001

T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00
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FIGURE 4.14: Association of risk factors with breast cancer in the study pop-
ulation.
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FIGURE 4.15: Overall survival curve (Kaplan-Meier plot) of Breast Cancer Pa-
tients. Solid line represents survival while dashed lines represent 95% confidence
intervals (95% CI).

Breast cancer is the most frequently diagnosed cancer among Pakistani females
[53] and its incidence is still increasing [80]. This ongoing rising trend in breast
cancer cases has created an imperative need to develop preventive approaches. Age
is an important risk factor for different cancers [6]. Higher proportion of breast
cancer cases has been detected by the age of <40, 40s and 50s. Ahmadian and
coworkers observed that ladies usually below the age of 40 had been affected with
breast cancer as compared to rest of the world where females above 40 years are
influenced [191]. Mean age at diagnosis was observed 51.40£10.40 in the present
study, ranging from 29-87 years. Almost similar pattern of age at diagnosis has
been reported by other researchers [192]-[194]. A study conducted on Iranian
women reported that patients were mostly aged above 44 [195]. The average age
breast cancer incidence among white females in the united states is 61 years [196],
while it is 51.4 years in Pakistani females according to our study. It is almost
a decade earlier, as compared to other parts of the world specially the Western
countries. The reason for this early age incidence among Pakistani women needs

to be further investigated.

Obesity is a common health problem and its frequency is globally increasing. It

is well established that increased BMI is related to enhanced incidence of certain
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diseases including cancers and is also associated to higher morbidity [197]. Pa-
tients having a normal BMI have a comparatively longer overall survival rates as
compared to the overweight or obese patients [198]. In the current report the
mean BMI was observed to be 22.64£3.19 ranging from 15.32-35.20. It was ob-
served in this case-control study that, increasing BMI is responsible for elevating
breast cancer risk. Only 33.36% of the study subjects were having BMI in the
normal range (18.5-23). The risk of carcinoma increased as the BMI increased
from the normal range. Other studies also have reported similar result [6], [35],
[199]-[201], which may be mainly due to the fact that excess aromatase activity

in the peripheral adipose tissues produced higher levels of free estrogen [6].

Tobacco use and physical idleness are the main sources of major non-communicable
maladies including certain types of cancers. Both of these factors are though
preventable but contribute significantly to the over-all disease burden, disability
and mortality [202]. Tobacco smoking is one of leading avoidable risk variable for
cancer in general [203] and its relationship with breast cancer risk is also uncertain.
It is now evident that over-weight/obesity and physical inactivity are major risk
factors for developing breast cancer in many countries [204]. More commonly,
people in the urban areas are physically inactive and appropriate measures are
therefore needed to avoid weight gain, which would be cost effective than the

treatment and allied obstacles. These factors are modifiable and can be prevented.

There exists a positive association between being physically inactivity and breast
cancer risk in Pakistani women (OR=1.72, 95% CI: 1.44-2.12). The relationship
between breast cancer risk and physical activity is complex and therefore need to be
described through molecular mechanisms from different angles. Physical activity
has a multi-dimensional impact on breast cancer because it also other associated
risk factors including BMI, menstrual cycle, hormones and immune system [205].
It is now well established that physical inactivity results in an increase in obesity,
which has independently been considered a risk factor for breast cancer. There

exists an inverse correlation between physical activity and obesity [206].
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Research has showed that marital status somehow affect an individual’s health
but this association has not been studied comprehensively [207], [208]. Married
women were less likely to have breast cancer according to our results (OR=0.49).
Some other researchers have also reported an association between marital sta-
tus and multiple cancers, which support our results that unmarried individuals
are at greater risk in the population. Aizer and collegues found that unmarried

individuals have significantly higher risk of metastatic cancer [209].

In general, reproductive factors, like parity and breastfeeding have already been
revealed to have a protective significance against breast cancer [210]. Parous fe-
males have a comparatively lower risk, but this relationship is very complex [211].
In our study we observed that, breast cancer risk gets decreases with increasing
parity. Higher the number of full-term pregnancies, the greater the protection.
A single full-term pregnancy is able to reduce the risk of breast cancer by ap-
proximately 25% [212] and the risk further decreases up to 50% with five or more
children [211], [213]. Breast feeding also has a shielding outcome against breast
cancer. It was observed in the results that cases were less likely to have breast-
feed (OR=0.55). These findings are consistent with the findings of some other
studies [8], [214]-[216] but further research is recommended to explore the causal

mechanisms that how breastfeeding influence breast cancer.

Usage of oral contraceptives has modernized the reproductive life of women [217]
but only few authors have focused to ascertain the possible link of oral contra-
ceptives with breast cancer risk. The reported studies have suggested little or no
link for this association [218]. We recorded in our study a positive association
between breast cancer risk and usage of oral contraceptives. Our results are in
line with other studies, who also have reported that women having used oral con-
traceptives are at comparatively higher risk of having breast cancer [219], [220].
The hormonal effect posed by the oral contraceptives is complex. They may cause
protective anovulation on one hand or may also can stimulate mitotic activity
through the mixture of estrogen and progesterone in breast tissues [221]. Experi-

mental data also support the fact that, estrogens are associated with the growth
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and development of breast cancer and exert both direct and indirect proliferative

effects on human breast-cancer cells [222].

Menopause is not directly related to cancer, but actually the risk of developing
cancer increases with the increasing age [223]. During the reproductive age of
females, the ovaries produce steroid hormones affecting function and development

of the breast [224].

In conclusion, the current data support that various risk factors including age,
BMI, marital status, parity, oral contraceptives, breast-feeding, smoking, physical
activity and menopausal status were significantly associated with increased risk
of developing breast cancer in Pakistani women. The role of breastfeeding, ages
at menarche and menopause needs clarification and further work. It would be
useful to confirm these findings in additional studies that include area-based data

to capture the ethnic differences in breast cancer cases.

4.4 Body Mass Index (BMI) and Risk of Breast

Cancer in Pakistani Women

Overweight and obesity are foremost communal health concerns in both developing
and developed countries [225], which increases the risk of several chronic diseases
including cancers [226], [227]. According to an estimate, about 20% of cancers
are caused due to excess weight gain [228]. The Million Women Study, which is
the biggest one on ladies has demonstrated that roughly half can be credited to
obesity in postmenopausal women [229]. A number of studies examining the rela-
tionship between BMI and malignancy suggested that a higher BMI can increase
tumor rate. Maintaining a healthy weight has been proposed in tumor avoidance
procedures [230], recommending a conceivable role of changes in BMI and also
baseline BMI with respect to cancer risk. The mechanisms underlying the basic

connection between BMI and cancer risk are still inadequately understood [227].
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High BMI has also been documented as an important and positively associated risk
factor for breast cancer in many other previous epidemiological studies [231]-[234].
It is unfortunate that majority of these studies have been carried out in Western
countries. There exists clear cut variation in the frequency and mortality of BCa
in different geographical regions which suggests that known factors may vary in
different parts of the world. The frequency of breast cancer has dramatically
augmented in Pakistani women which are predicted mainly due to adaptation
of westernized life style, which ultimately leads to an increased BMI. This part
of study was thus aimed to examine the association between BMI and BCa risk

among Pakistani ladies.

Majority of study subjects were having their BMI >25kg/m?. About 34.41% of
women were in the BMI range <25km/m? 43.86% were in 25-29.9 (over weight)
and 21.73% were >30kg/m? (obese). There were significant differences between
cases and controls for all the studied risk factors. The percent distribution of
certain breast cancer risk factors varied considerably by BMI (Table 4.13).

TABLE 4.13: Characteristics of Pakistani breast cancer patients (women) ac-
cording to Body Mass Index (BMI).

Body Mass Index (Kg/m?)
Features <25 25-29.9 >30
Cases | Controls | Cases | Controls | Cases | Controls
(426) (500) (543) (342) (269) (166)
Age n(%) n(%) n(%) n(%) n(%) (%)
<40 31(7.3) 66(13.2) | 126(23.2) | 34(9.9) 15(5.6) 1(0.6)
40-49 144(33.8) | 142(28.4) | 146(26.9) | 84(24.6) | 158(58.7) | 93(56.0)
50-59 137(32.2) | 123(24.6) | 177(32.6) | 119(34.8) | 95(5.6) 45(27.1)
60-69 56(13.1) 35(7.0) 69(12.7) 23(6.7) 1(58.7) 17(10.2)
70-79 39(9.2) | 104(20.8) | 23(4.2) 47(13.7) 0(0.0) 8(4.8)
>T79 19(4.5) 30(6.0) 2(0.4) 35(10.2) 0(0.0) 2(1.2)
Marital status
Single 181(42.5) | 133(26.6) | 233(42.9) | 74(21.6) | 73(27.1) | 37(22.3)
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Body Mass Index (Kg/m?)

Features <25 25-29.9 >30
Cases | Controls | Cases | Controls | Cases | Controls
(426) (500) (543) (342) (269) (166)
Married | 245(57.5) | 367(73.4) | 310(57.1) | 26878.4) | 196(72.9) | 129(77.7)
Number of kids
0 203(47.7) | 170(34.0) | 277(51.0) | 106(31.0) | 96(35.7) | 53(31.9)
1 48(11.3) 36(7.2) 58(10.7) 21(6.1) 26(9.7)) 14(8.4)
2 50(11.7) 38(7.6) 76(14.0) 23(6.7) 45(16.7) 15(9.0)
3 54(12.7) | 101(20.2) | 54(9.9) 65(19.0) | 42(15.6) | 31(18.7)
>3 71(16.7) | 155(31.0) | 78(14.4) | 127(37.1) | 60(22.3) | 53(31.9)
Breast Feeding
Yes 162(38.0) | 310(62.0) | 199(36.6) | 226(66.1) | 134(49.8) | 105(63.3)
No 264(62.0) | 190(38.0) | 344(63.4) | 116(33.9) | 135(50.2) | 61(36.7)
Smoking
Yesl 45(10.6) 37(7.4) 66(12.2) 25(7.3) 27(10.0) 13(7.8)
Nol 381(89.4) | 463(92.6) | 477(87.8) | 317(92.7) | 242(90.0) | 153(92.2)
Physical activity
Yes2 278(65.3) | 385(77.0) | 349(64.3) | 294(86.0) | 214(79.6) | 115(69.3)
No2 148(34.7) | 115(23.0) | 194(35.7) | 48(14.0) | 55(20.4) | 51(30.7)
Menopausal status
pre 248(58.2) | 333(66.6) | 253(46.6) | 146(42.7) | 90(33.5 76(45.8)
post 178(41.8) | 167(33.4) | 290(53.4) | 196(57.3) | 179(66.5) | 90(54.2)

BMI category of 25-29.9 Kg/m? was observed associated with breast cancer risk
in ages range from 40-49 (OR, 1.47; 95% CI, 1.11-1.95) and 60-69 (OR, 2.53; 95%
CI, 1.57-4.08), while BMI >30 was found associated in ages 40-49 (OR, 1.44; 95%
CI, 1.10-1.89) and 50-59 (OR, 1.78; 95% CI, 1.23-2.56). We found no evidence

of increased risk of breast cancer in BMI <25Kg/m? in all age ranges. Further

analysis of data was performed, and the results indicated that the BMI has a

positive association with postmenopausal breast cancer among Pakistani women.
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Overall, breast cancer risk was increased by increasing BMI especially for women

with BMI 25-29.9 kg/m? (OR, 1.27; 95% CI, 1.03-1.55) and BMI >30 (OR, 1.72;

95% CI, 1.32-2.25) (Table 4.14).

TABLE 4.14: Association of different risk factors with breast cancer in Pakistani

(women) according to Body Mass Index (BMI).

BMI (Kg/m?
Characteristics (Kg/m?)
<25 25-29.9 >30
OR OR OR
Age P-value P-value P-value
(95%C1I) (95%C1I) (95%CTI)
<40 1 1 1
0.80 1.47 1.44
40-49 0.08 0.01 0.01
(0.63-1.03) (1.11-1.95) (1.10-1.89)
0.90 1.25 1.78
50-59 0.40 0.08 0.00
(0.69-1.16) (0.97-1.60) (1.23-2.56)
1.32 2.53 0.05
60-69 0.21 0.00 0.00
(0.86-2.03) (1.57-4.08) (0.01-0.35)
0.28 0.39 0.05
70-79 0.00 0.00 0.04
(0.19-0.41) (0.23-0.64) (0.00-0.82)
0.51 0.04 0.16
>79 0.02 0.00 0.24
(0.28-0.91) (0.01-0.19) (0.01-3.39)
Marital status
1.13 2.93 1.64
Single 0.33 0.00 0.02
(0.89-1.43) (2.22-3.86) (1.10-2.46)
Married 1 1 1
No of kids
0.97 2.45 1.51
0 0.77 0.00 0.02
(0.77-1.21) (1.93-3.12) (1.07-2.14)
1.09 2.31 1.52
1 0.70 0.00 0.21
(0.70-1.69) (1.39-3.83) (0.79-2.93)
1.07 2.80 2.50
2 0.74 0.00 0.00
(0.70-1.65) (1.74-4.50) (1.38-4.51)
0.41 0.66 1.11
3 0.00 0.03 0.67
(0.29-0.58) (0.46-0.96) (0.69-1.77)
>3 1 1 1
Breast feeding
Yes 1 1 1
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BMI (Kg/m?)
Characteristics
<25 25-29.9 >30
1.17 2.96 1.90
No 0.15 0.00 0.00
(0.95-1.44) (2.35-3.72) (1.39-2.60)
Smoking
0.99 2.21 1.71
Yes 0.96 0.00 0.12
(0.64-1.54) (1.39-3.54) (0.88-3.32)
No 1 1 1
Physical Activity
Yes 1 1 1
1.05 3.72 0.87
No 0.69 0.00 0.49
(0.81-1.37) (2.68-5.16) (0.59-1.29)
Menopause status
Pre-menopause 1 1 1
0.85 1.27 1.72
Post-menopause 0.15 0.02 0.00
(0.67-1.06) (1.03-1.55) (1.32-2.25

There were a total of 426 patients having BMI <25, 543 have BMI 25-29.9 and 269
have BMI >30 kg/m?. The median follow up was 27(95%CT; 27-32), 34(95%CTI;
32-34) and 24(95%CI; 24-27) for BMI <25, 25-29.9 and >-30 respectively. We

observed no differences in the survival function for BMI categories, x'? = 33.3

with a p-value = 0.0008. Body mass index was clearly not associated with an

effect on survival (not necessarily causal) when taken as a continuous variable but

it showed significant association when dealt as a categorically variable. We also

analyzed if there is a difference in survival functions between BMI categories after

adjusting for a potential confounder (Table 4.15 and Figure 4.16).



TABLE 4.15: Survival analysis after adjusting for the covariates.

Likelihood
S. No | Characteristics | HR | P-value 95%CI Wald test Logrank test
ratio test
BMI as a continuous variable
2.21 2.2 2.2
1. BMI 1.01 0.138 0.997-1.032
on 1df, p=0.137 | on 1 df, p=0.1379 | on 1df, p=0.1378
BMI as a categorical variable
1. 25-29.9 0.83 | 0.0211 | 0.702-0.972 31.56 33.26 33.88
2. >30 1.43 | 0.0002 | 1.186-1.731 | on 2df, p=0.0001 | on df, p=0.0005 | on 2df, p=0.0004
Adjusted for covariate age
1. 25-29.9 0.79 | 0.0055 | 0.669-0.933
36.98 38.33 39.02
2. >30 1.35 | 0.0026 | 1.110-1.639
on 3df, p=0.0000 | on 3df, p=0.0002 | on 3df, p=0.0000
3. Age 0.99 | 0.0212 | 0.986-0.999
Adjusted for covariate Marital status
1. 25-29.9 0.83 | 0.0207 | 0.701- 0.971
31.64 on 3 df, 33.33 33.96
2. >30 1.44 | 0.0002 1.187-1.735
p=0.0006 on 3df, p=0.0000 | on 3df, p=0.0002
3. Un-married 1.02 | 0.7874 | 0.882- 1.180

Adjusted for covariate Number of kids
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Likelihood
S. No | Characteristics | HR | P-value 95%CI Wald test Logrank test
ratio test
1. 25-29.9 0.83 | 0.0214 | 0.702- 0.972
2. >30 1.43 | 0.0003 | 1.178-1.723
3. kids1 1.01 | 0.9689 | 0.791- 1.277 32.97 34.7 35.33
4. kids2 1.10 | 0.3878 | 0.887-1.363 | on 6df, p=0.0001 | on 6df, p=0.0004 | on 6df, p=0.0003
5. kids3 0.94 | 0.6169 | 0.755- 1.182
6. Kids>3 1.05 | 0.6615 | 0.856-1.277
Adjusted for covariate Breast Feeding
1. 25-29.9 0.83 | 0.0223 | 0.703-0.973
31.68 33.37 34 on 3df,
2. >30 1.44 | 0.0002 | 1.189-1.739
on 3df, p=0.0000 | on 3df, p=0.0000 p=0.0000
3. Breast feeding | 0.98 | 0.7357 | 0.844-1.127
Adjusted for covariate Smoking
1. 25-29.9 0.83 | 0.0211 | 0.701-0.971
40.3 41.74 42.6
2. >30 1.43 | 0.0002 | 1.184-1.727
on 4df, p=0.0000 | on 4df, p=0.0000 | on 4df, p=0.0001
3. Smokers 0.74 | 0.0141 | 0.587-0.942
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Likelihood
S. No | Characteristics | HR | P-value 95%CI Wald test Logrank test
ratio test
Adjusted for covariate Physical Activity
1. 25-29.9 0.83 | 0.0202 | 0.701-0.970
33.54 35.17 35.8
2. >30 1.41 | 0.0004 | 1.166-1.705
on 3df, p=0.0000 | on 3df, p=0.0000 | on 3df, p=0.0008
3. Physically inactive | 1.12 | 0.1623 | 0.957-1.304
Adjusted for covariate Menopause Status
1. 25-29.9 0.82 | 0.0188 | 0.698-0.968
31.92 33.61 34.23
2. >30 1.42 | 0.0004 | 1.169-1.717
on 3 df, p=0.0005 | on 3df, p=0.0002 | on 3df, p=0.0000
3. Post-menopause | 0.96 | 0.5533 | 0.829-1.106

UOLSSTISYT PUD SYNSIY
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FIGURE 4.16: Plot of Survival curve of female breast cancer patients,
(a) Overall Survival curve of female breast cancer patients. Solid blue line
represents the survival, while dashed line represents the 95%confidence intervals
(b) Survival curve by body mass index.

It is well understood that extra weight gain is associated with an increased in-
cidence of multiple diseases including certain types of cancers. Obesity related
morbidity differs among different racial and ethnic groups [235]. This study found
that the risk of developing breast cancer increased with increasing BMI at the time
of diagnosis in postmenopausal women, highest for BMI >30 (OR, 1.72; 95% CI,
1.32-2.25). Our results are consistent with many previous studies [232], [235]-[239]
which also states that there is a direct relationship between BMI and risk of breast

cancer in postmenopausal women.

Approximately more than 130 epidemiologic studies have [240], [241] studied the
association between smoking and breast cancer risk. Despite the presence of a
large available data on the topic, there is still no scientific consensus [241], [242],
physical inactivity [243] and lower consumption of fruits, vegetables, and fiber

[242], all of which are factors known or suspected to increase the risk of cancer
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[244], [245]. This study found that the increasing BMI promotes the correlation

between smoking and breast cancer risk.

Research showed a relationship between marital status and well being however this
connection has not been altogether investigated [207], [209]. Growing literature
recommends that psychological elements and the presence or absence of social
support might be a vital factor influencing cancer risk [246], [247]. We divided
all participating females into married and un-married categories. In terms of
marital status, married women were more in control group than cases (75.79%
vs. 60.66%) in all BMI categories. Un-married women in all BMI categories are
at higher risk than married women. Breast feeding is imagined to decrease the
risk of developing breast cancer, which may either due to differentiation of breast
tissues or reduction total ovulatory cycles [248]. Another possible system might be,
that lactation causes long term endogenous hormonal changes, perhaps reduced
estrogen and an increased prolactin secretion, which may decrease a woman’s
aggregate cumulative exposure to estrogen, subsequently repressing the initiation
or growth of breast cancer cells [249]. Non-breast feeding was associated with
enhanced breast cancer risk but the risk was not linear with increasing BMI. It
showed an increase up to BMI 25-29.9 and then declines in the BMI category
>30Kg/m?. Children number was found positively associated with breast cancer
risk in all BMI categories however, the trend decreases with increase in number of
children. It might be because of the summation of all breast feeding episodes or

the cumulative length of breast feeding after all births [6].

In this study, we have found an inverse relationship between being overweight
(BMI>25.0Kg/m?) and the overall survival. Similar results for being obese or
over-weight at the time of diagnosis has been published in Caucasian populations
by a number of other researchers [250]-[253]. To the best of our knowledge, only
few studies have explored the correlation between obesity and breast cancer sur-
vival in Asians [254], [255], which are not case-control studies. The reason for low
survival in overweight patients may be due to the high concentrations of estrogen,
testosterone and estradiol. Obesity has additionally been accounted for decreased

levels of sex hormone binding globulins which results in an increased level of free
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testosterone and estradiol [115]. Therefore, estrogen-sensitive tissues in ladies
with BMI more than 25Kg/m? are subjected to an increased incitement of estro-
gen, which may prompt to over development of malignant cells and accordingly

advanced metastasis.

In conclusion, the overall trend in association between BMI and malignancy risk
is not linear, which might be because of numerous factors including the effect of
differential treatment options, and changes in lifestyle after diagnosis. We could
not assess this differential effect in the present study due to the limitations of
resources. Obesity is associated with poor overall and breast cancer survival.
These findings suggest that efforts may be carried out to be in normal BMI range

after a breast cancer diagnosis may improve overall survival.



Chapter 5

Conclusion

It was concluded that there is a significant contribution of BRCA1 and BRCA2
genetic alterations and non-genetic risk factors in the pathogenesis of breast cancer
among Pakistani women. We believe that this study will be instrumental in setting
the genetic components for breast cancer testing, risk assessment and management
in this population. The awareness created by this dissertation will also provide a

model for providing genetic counseling and other services on etiological basis.

5.1 Summary of Results

We were focusing on the identification of BRCA1 and BRCA2 genetic alterations
among Pakistani women affected with Breast Cancer. A total of thirteen variants
were detected in BRCA1 and BRCA2 genes respectively. Our reported variants
includes three novel variants (Exon3 -37insC, Exon3 -215T<C and Exonl4 102-
103insTC) in BRCA1 and five novels variants (exon8 +87insA, exon20 +318T<A,
exonl9 -351-353delTCT, exonl6 -17G<T and exon27 T129A) in BRCA2. We
also have reported three previously reported SNPs (rs28897686, rs28897696 and
rs1060915) in BRCA1 and two in BRCA2 (rs4987049 and rs28897743) along with

the novel genetic alterations.
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Mean age of cases and controls at recruitment was 50.584+10.68 and 54.78+14.52
years respectively. Cases were comparatively younger than the controls. Mean
BMI for the cases and controls were 26.07+4.04 and 25.054+4.25, respectively.
Among the patients 60.66% were married, 46.53% were nulliparous, 16.88% had
4 or >4 children, 39.98% females breast fed their children. Considering smoking
and physical activity, 88.85% were non-smokers and 67.93% were physically active.

Post-menopausal women diagnosed with breast cancer accounted for 52.26%.

The rs28897686 (E1250K) SNP, the novel variants exon3 -37insC and exon3 -
215T<C alterations of BRCA1, and rs28897743 (R2336H) SNP, novel variants,
exon8 +87insA, exon20 +318T<A, exonl9 -351-353delTCT and exonl6 -17G<T
of BRCA2 were found positively associated the breast cancer risk in the study
population. rs28897696 (A1708E) and rs1060915 (S1436S) SNPs of BRCA1 were
found non-associated with the disease risk. BRCA1 102-103insTC is exonic variant
found in exonl4 and was detected only in breast cancer cases. The rs4987049
(Y3308X) SNP introduces a stop codon at position 3308 in BRCA2 and thus
results in a truncated protein. T129A mutation is the only reported novel exonic
variant of BRCA2 in this study which results in substitution of Aspartic acid to
Glutamic acid at position 3260.

There exists a positive association between age and breast cancer. Increase in the
basic metabolic index is also correlated with breast cancer and thus the proportion
of females having BMI >25 was significantly higher among the patients. Over-
weight (BMI >25) and obese (BMI >30) females have approximately 1.5 times
more risk of having breast cancer. So undoubtedly, obesity is a major risk fac-
tor for breast cancer among Pakistani women. Unmarried women were at more
than two fold higher risk (OR = 2.03, 95%CI: 1.69-2.44), Nulliparous women had
higher risk for breast cancer (OR = 2.56, 95%CI: 1.87-3.51) as compared to parous
women. It was further observed that the risk decreases with increase in parity. Use
of oral contraceptives (OR = 3.41, 95%CI: 2.86-4.06), and smoking (OR = 1.56,
95%CT: 1.16-2.09) were also significantly associated with increasing risk of breast
cancer. Individuals who were physically inactive were recorded to be 1.27 times

more likely to develop breast cancer than those who are physically active (OR =



Conclusion 86

1.75, 95%CI: 1.44-2.12). When the menopausal status was studied, we have found
approximately 1.34 fold increase in the disease risk among the postmenopausal
patients (OR = 1.34, 95%CI: 1.14-1.58). A total of 269 patients were censored
during the study out of the total 1238. The patients had an overall median survival
time of 33 months (95%CI: 28-34).

These exploratory analyses indicate that, the studied risk factors were statistically
associated with increased risk of breast cancer. It was also observed that mean

age at diagnosis is a decade earlier than the western countries.

5.2 Future Directions

On the basis of my personal experience working with breast cancer patients and

through a large literature survey following recommendations are made.

1. It is now well understood that the genetic mechanism of breast cancer is
highly heterogeneous. There are other genes either dominant or recessive

which still needs to be discovered for their role in breast cancer.
2. We do expect more population specific mutations to be revealed.

3. There is still lack of awareness related to breast cancer screening in Pak-
istan, efforts are needed at the national level to increase awareness among
the population especially women. Supportive relationship may be estab-
lished between the healthcare providers and women for the periodic breast
screening which may reduce the likelihood of delayed diagnosis. These efforts

will also be helpful at clarifying the misconceptions, fear and embarrassment.

4. Large scale integrative studies are recommended to have better idea about

the mechanism of breast cancer development and progression.
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Appendix-1

DNA Extraction Protocol used in the Present Study

Day 1

1. All the samples were arranged in order according to their ID’s and were transferred
to labeled (50 ml) falcon tubes.

2. Quantity of each sample was carefully recorded. Cell lysis buffer (KHCO3, NH4CI
and 0.5M EDTA) was added to each sample for the lysis of cells and removal of
hemoglobin in a quantity equal to three times of the blood samples i.e. in 5Sml blood,
15 ml of cell lysis buffer was added.

3. All the tubes were kept on ice for 30 minutes after addition of cell lysis buffer to stop
the cellular metabolic activities followed by centrifugation (Eppendorf Refrigerated
Centrifuge 5130) at 1200 rpm for 10 minutes at 4°C.

4.  The supernatant was discarded and pallets were re-suspended followed by washing
of the pallet with 15ml of cell lysis buffer in the same manner as mentioned above to
entirely remove the hemoglobin and complete lysis of the remaining cells.

5. The supernatant was discarded and the pellet was re-suspended.

6. 4.75ml of Sodium Tris EDTA (STE) was added to each sample.

7. Then 250ul of 10% Sodium dodecyl sulfate (SDS) was added while vertexing the
samples.

8. To the above mixture 10 puL of proteinase K enzyme (20mg/ml) (Fermentas,
Lithuania) was added and samples were incubated at 55°C for overnight in shaking
water bath (Orbit Shaker Bath, Lab-Line, USA).
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Day 2

The samples were extracted with Sml (equal quantity) of equilibrated phenol (pH=8).

2. Agitated for 10 minutes and kept on ice or freezer for 10 minutes.
3. Then the samples were centrifuged (Eppendorf Refrigerated Centrifuge 5130) at
3200 rpm for 30 minutes at 4°C.

4. The aqueous phase was transferred to labeled (15ml) falcon tubes with cut tips

method.

5. 5ml of chilled chloroform:isoamyl alcohol (24:1) was added to each sample and

agitated for 10 minutes and kept on ice for 10 minutes.

6.  Samples were centrifuged at 3200rpm for 30 minutes at 4°C in refrigerated centrifuge

(Eppendorf Refrigerated Centrifuge 5130).

7. The supernatant was separated with cut tip into the separate labeled 15ml centrifuge
tubes.

8.  To the isolated supernatant, 500uL of 10M ammonium acetate and 5ml of chilled

Isopropanol was added and agitated until DNA precipitates as visible white threads.

9.  The samples were then placed overnight at -20°C (or for 15 minutes at -70°C).

Day 3

I.  The stored samples were centrifuged at 3200 rpm for 1 hour at 4°C.

2. The supernatant was discarded and the DNA pellet was re-suspended by tapping the
1 5ml centrifuge tube.

3. 5ml of chilled 70% ethanol was added to the washed samples and again was
centrifuged at 3200rpm for 40 minutes at 4°C.

4. The supernatant was again discarded and DNA was dried until the last drop
disappeared.

5. After drying the pallets, TE buffer (10mM Tris; ImM EDTA) was added to each
sample according to the size of the pellet.

0.  The complete DNA dissolving in TE buffer was achieved by incubating the sample
tube in shaking water bath at 55°C (Orbit Shaker Bath, Lab-Line, USA)DNA to
expand freely.

7. Then whole solution was transferred to (1.5ml) tubes and was labeled as stock
solution.

8. 20pl of each DNA was added to 80! of ddH:0 to make 20% DNA dilution as

working solution in a labeled (1.5ml) tubes.
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BRCA1 Gene Primers

Primer ID Sequence Length Product
Size
BRCA1 Ex1.F | ATGAAGTTGTCATTTTATAAACCTTTT 27
BRCA1 Ex1 R | GGTCAATTCTGTTCATTTGCAT 22 296
BRCA1 Ex2 F | TTGAGGCCTTATGTTGACTCAG 22
BRCA1 Ex2 R | AGGTGTTTCCTGGGTTATGAA 21 20
BRCA1_Ex3.F CATGGCTATTTGCCTTTTGA 20
BRCA1 Ex3. R | GAATGGTTTTATAGGAACGCTATG 24 20
BRCA1_Ex4.F CATGTCTTTTCTTATTTTAGTGTCCTT 27
BRCA1 Ex4 R | CGTCATAGAAAGTAATTGTGCAAAC 25 20
BRCA1_Ex5.F GGGTTTCTCTTGGTTTCTTTGA 22
BRCA1 Ex5.R | AAAATTAGCCTGGCATGGTG 20 5
BRCA1 Ex6.F | TGGTGTCAAGTTTCTCTTCAGG 22
BRCA1 Ex6_.R | CACTTCCCAAAGCTGCCTAC 20 300
BRCA1_Ex7_F CTGCCACAGTAGATGCTCAG 20
BRCA1 Ex7T.R | AAAAGAGAGAAACATCAATCCTTAAT 26 20
BRCA1 Ex8 F | TGATCTTGGTCATTTGACAGTTCT 24
BRCA1 Ex8. R | AAGGTCCCAAATGGTCTTCA 20 20

BRCA1_Ex10.F

TGAGAAGAAAAAGACACAGCAAG

23

BRCA1_Ex10_-R

GCAAACCTAAGAATGTGGGATA

22

250

BRCA1 Ex11.F

GGTGATTTCAATTCCTGTGC

20

BRCA1 Ex11 R

TTACCCATGTGCTGAGCAAG

20

400

BRCA1_Ex12F

TGTCTGTTGCATTGCTTGTG

20

BRCA1 Ex12 R

AAAAACTGGAGAAAGTATGGTGAAA

25

392
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Primer ID

Sequence

Length

Product

Size

BRCA1 Ex13.F

GCTGCCCAGCAAGTATGATT

20

BRCA1_Ex13.R

GGTTAACCAGAATATCTTTATGTAGGA

27

340

BRCA1 Ex14 F

AATTCTTAACAGAGACCAGAACTTTG

26

BRCA1 Ex14 R

TGTTTTCTAGATTTCTTCCTCTAGGTT

27

498

BRCA1_Ex15_F

TGTAGAACGTGCAGGATTGC

20

BRCA1 Ex15 R

CAAAGTGCTGCGATTACAGG

20

298

BRCA1_Ex16_F

TCTTTAGCTTCTTAGGACAGCACTT

25

BRCA1_Ex16 R

CTCAGCATCAGCAAAAACCTT

21

250

BRCA1_Ex17F

AGGGAAGGACCTCTCCTCTG

20

BRCA1_Ex17 R

GGTGCATTGATGGAAGGAAG

20

250

BRCA1_Ex18_F

TGTCTGCTCCACTTCCATTG

20

BRCA1_Ex18_R

AAATGAAGCGGCCCATCT

18

242

BRCA1_Ex19_F

AAGCTCTTCCTTTTTGAAAGTCTG

24

BRCA1_Ex19_R

CCATCGTGGGATCTTGCTTA

20

249

BRCA1_Ex20_F

TTCATCCGGAGAGTGTAGGG

20

BRCA1_Ex20_R

ACTGACAGGTGCCAGTCTTG

20

231

BRCA1 Ex21 F

CAGAGCAAGACCCTGTCTCA

20

BRCA1_Ex21_R

CTCAAGCACCAGGTAATGAGTG

22

246

BRCA1 Ex22 F

AGGACCCTGGAGTCGATTG

19

BRCA1_Ex22_ R

GGCCTGGAAAGGCCACTT

18

275

Total 24 exons among which 22 are coding and given here
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BRCA2 Gene Primers
Primer ID Sequence Length Product
Size
BRCA2_Ex1.F AATGCATCCCTGTGTAAGTGC 21
BRCA2_Ex1_R TGGGTTTTTAGCAAGCATTTTT 22 22
BRCA2_Ex2 F TGATCTTTAACTGTTCTGGGTCAC 24
BRCA2 Ex2 R GCTAAGATTTTAACACAGGTTTGC 24 5
BRCA2_Ex3.F AAACACTTCCAAAGAATGCAAA 22
BRCA2_Ex3.R TCTACCAGGCTCTTAGCCAAA 21 2
BRCA2_Ex4 F CCAACAATTTATATGAATGAGAATCTT 27
BRCA2_Ex4 R CATACCACTGGGGGTAAAAA 20 20
BRCA2_Ex5_F AACACCACAAAGAGATAAGTCAGG 24
BRCA2_Ex5_R TCTCAGGGCAAAGGTATAACG 21 22
BRCA2_Ex6_F GCGTTATACCTTTGCCCTGA 20
BRCA2_Ex6_R GCTTGACACCACTGGACTACC 21 1
BRCA2_Ex7_F TGTGCTTTTTGATGTCTGACAAA 23
BRCA2_Ex7_R TCTCAAAGGCTTAGATAAATTACAGA 26 20
BRCA2_Ex8_F GAAATCACCAAAAGTGAAACCA 22
BRCA2_Ex8_R ACGGGTGACAGAGCAAGACT 20 500

BRCA2 Ex9.1.F

TGTTTCTATGAGAAAGGTTGTGAGA

25

BRCA2_Ex9.1_.R

ACCATTCACAGGCCAAAGAC

20

477

BRCA2_Ex9.2 F

GCCCTTTGAGAGTGGAAGTG

20

BRCA2_Ex9.2_.R

TCAATTTCAGAGGCTTCAGTTTC

23

495

BRCA2_Ex9.3F

TCACCTAAAGAGACTTTCAATGC

23

BRCA2_Ex9.3_.R

GATATGAAGATTTTAAAAAGCAGAAAA

27

474

BRCA2_Ex10.1_F

CACTGTGCCCAAACACTACC

20

BRCA2 Ex10.1 R

AAGAGTGCTGGCATTTTCAT

20

496

BRCA2_Ex10.2_F

GCAGCATGTCACCCAGTACA

20

BRCA2_Ex10.2_.R

TTTCATTAGCTACTTGGAAGACAAAA

26

487

BRCA2_Ex10.3_F

TTTCAAAAATAACTGTCAATCCAGA

25

BRCA2_Ex10.3_.R

TGTTCAGAGAGCTTGATTTCCTT

23

457

BRCA2_Ex10.4_F

GGCAGGACTCTTAGGTCCAA

20

BRCA2_Ex10.4.R

AATCGATGGGGCATTCATTA

20

491

BRCA2_Ex11.F

TGGTCAAAACAGAACAAAAATG

22

BRCA2_Ex11_R

CAGCACTTTGAGAGGCAGGT

20

392

BRCA2_Ex12_F

TTGAGCATCTGTTACATTCACTG

23

o
(<2
NO
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Primer ID

Sequence

Length

Product

Size

BRCA2_ Ex12_R

TGAACAGCACTATAAAATACTACCAAA

27

BRCA2_Ex13.1.F

ATGAGGGTCTGCAACAAAGG

20

BRCA2 Ex13.1.R

GCTTTTGTCTGTTTTCCTCCA

21

379

BRCA2 Ex13.2F

ACAGGCAGACCAACCAAAGT

20

325

BRCA2_Ex13.2.R | GGGGAAAACCATCAGGACAT 20
BRCA2_Ex14 F ATTACAGGCGTGAGCCACTG 20

391
BRCA2_Ex14 R TCATTCATCCATTCCTGCAC 20

BRCA2_Ex15_F

TTTGGTAAATTCAGTTTTGGTTTG

24

BRCA2_Ex15_R

GCCAACTTTTTAGTTCGAGAGA

22

379

BRCA2_Ex16_F

AATGATCTTGAACAATGTAGTTTTTG

26

BRCA2_ Ex16_R

CACTGACAACTGGCTTGTGC

20

384

BRCA2_Ex17.1_F

TTTTATTCTCAGTTATTCAGTGACTTG

27

BRCA2_Ex17.1 R

CAGGAGAGCCCACCAGTTCT

20

400

BRCA2_Ex17.2_F

TCCTCCCCTCTTAGCTGTCTT

21

BRCA2_Ex17.2 R

ACATCTAAGAAATTGAGCATCCTT

24

243

BRCA2_Ex18_F

GGCAGTTCTAGAAGAATGAAAACTC

25

BRCA2_Ex18_R

GCTGCAGTGAACCAAGATCA

20

382

BRCA2_Ex19_F

TGCCTGGCCTGATACAATTA

20

BRCA2_Ex19_R

TGTCCCTTGTTGCTATTCTTTG

22

396

BRCA2_Ex20_F

TCTCCCTTCTTTGGGTGTTTT

21

BRCA2_Ex20_R

TCCTGTGATGGCCAGAGAGT

20

299

BRCA2_Ex21_F

AACCACACCCTTAAGATGAGC

21

BRCA2_ Ex21 R

GGGCATTAGTAGTGGATTTTGC

22

455

BRCA2 Ex22 F

TCCACTACTAATGCCCACAAA

21

BRCA2_Ex22_R

CAGAAAACAAAACAAAAATTCAACA

25

371

BRCA2_Ex23_F

TGTAATTTTTCAGTTTTGATAAGTGC

26

BRCA2_Ex23_R

AGCTCCAACTAATCATAAGAGATTTT

26

300

BRCA2_Ex24 F

GAGTTTCCTTTCTTGCATCTTAAA

24

BRCA2_Ex24 R

AAGCTATTTCCTTGATACTGGACTG

25

396

BRCA2_Ex25_F

GGTCCAAACTTTTCATTTCTGC

22

BRCA2_ Ex25 R

CAGGAGCCACATAACAACCA

20

381

BRCA2_Ex26.1_F

TGTGTGTAATATTTGCGTGCTT

22

BRCA2_Ex26.1 R

AATGCAAGTTCTTCGTCAGC

20

497

BRCA2_Ex26.2_F

CATTTCAGCCACCAAGGAGT

20

BRCA2_Ex26.2_ R

TTTCTTTTCTCATTGTGCAACATA

24

480
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Proforma for Breast Cancer Sample Collection

BIOINFORMATICS AND EXPERIMENTAL
ANALYSIS OF THE GENETIC AND
NON-GENETIC BASIS OF BREAST CANCER
IN PAKISTANI POPULATION

Department of Biosciences, Capital University of Science

& Technology, Islamabad, Pakistan

You are invited to take part in this research study. This form tells you why this
research study is being done, what will happen in the research study, and possible
risks and benefits to you. If there is anything you do not understand, please ask
questions. Then you can decide if you want to join this study or not. If you have
read this form and have decided to participate in this project, please understand

your participation is voluntary.

Your identity and personal data will NOT be known to any personnel other than
the investigators and will not be disclosed in any published and written material
resulting from the study. It is also to be noted that, you will not be paid to
participate in this study.
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Hospital ID: Deptt. ID: Sample No.
Status: Sample Type: Date:

1. PATIENTS DETAILS:

Sex: DOB: Religion:

Ethnicity/Caste: Weight: Height:

Marital status: No. of Children: Breast feeding:
BP: Smoking: Contact No:

Any other:

Address:

2. DISEASE HISTORY:

Age of disease onset: Symptoms:

Treatment details:

Side effects:

Previous diagnosis:

Have you ever had any type of cancer? Surgery status:

Do you walk (or do other moderate activity) for at least 30 min on most days:

3. FAMILY HISTORY:
Do you have any family member who has had any type of cancer?

If yes, please Specify:

Type of Cancer diagnosed in the family member:

4. DISEASE COMPLICATIONS:
Breast Affected:

Swelling of all or part of the breast:
Skin irritation or dimpling:
Breast/armpit pain:
Nipples discharge other than milk:
A lump in the under arm area:
Disease Stage:
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e Menopause status:
o Weight loss:
e Any other complication:

INFORMED CONSENT:

Since information about you and your health is personal and private, it generally cannot be used in
this research study without your written authorization. If you sign this form, it will provide that
authorization. Please read it carefully before signing it. I am donating my blood/tissue sample for

research purposes only and not for commercial purposes.

Signature:
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