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ABSTRACT

BRCAL and BRCAZ2 are involved in important cellular processes including
DNA damage repair and transcriptional regulation. Germline mutations within
these genes are relatively high penetrant, carrying a 30-70% lifetime risk for the
predisposed individuals to breast, ovarian and other cancers. BRCA1 genetic variations
at the 5" and 3 untranslated regions (UTR) may be important in functional change of
this gene. Twenty-four individuals from twenty Thai families with familial
breast/ovarian cancer, or isolated early onset cancer were analysed for the variations.
All of the patients had been previously analysed and determined as having
BRCA1/2 mutation negative in all exonic regions and splice junctions of the
BRCA1 gene. Two single nucleotide polymorphisms (SNPs) at BRCA1-3"UTR :
nt.424 G>T and nt.1290 C>T and two DNA variant patterns were found : (1) nt.424
(TT)/1290 (TT) and (2) nt.424 (GT)/1290 (CT). These two SNPs were analysed in
103 unaffected Thais. Genotypic frequency 424TT/1290TT in the cancer patients
was triple that seen in the unaffected Thais. Luciferase assays of type (1) and type (2)
variant patterns at BRCA1-3"UTR showed an obvious reduction in luciferase activity.

The changes due to these 3"UTR variations suggest abnormal post - transcriptional
processing or reduction of BRCAL gene expression. The DNA variations were also
analysed in the nineteen families of BRCA1/2 mutation positive in all exonic regions
and splice junctions of the genes. Only one DNA variant pattern, nt.424 (GT)/1290
(CT), was observed in this group. The results obviously suggest cancer
association of genotype 424TT/1290TT (P = 0.007). The cancer types are associated
with genotype 424TT/1290TT (P < 0.001). There is no DNA variation at 5 UTR.

Accumulation of DNA variations at these 3"UTR regions of BRCA1 may be involved
in Thai breast and ovarian carcinogenesis.

KEY WORDS : BRCA1 GENE MUTATION /3’'UNTRANSLATED REGION /
3'UTR/BRCA1 VARIANTS /BREAST CANCER/
OVARIAN CANCER
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CHAPTER |
INTRODUCTION

Breast cancer is a common malignancy in woman. There are 570,000 new
cases world-wide each year, accounting for 18 % of all female cancers (Xu et al.,
1996). It claims 370,000 deaths worldwide annually (Stewart et al., 2003). Breast
cancer is only second to lung cancer which is the most frequent cause of cancer-related
death in American woman (Strachan et al., 1999a). In Thailand, breast cancer is the
most common malignancy in woman living in central part of the country. Most of
breast cancer cases are sporadic and approximately 5-10% are familial (Lynch et al.,
1986). Breast cancer in familial clusters develop at a relatively early age compared to
non familial. Patients with familial breast cancer are usually bilateral, and often
associated with ovarian cancer in their relatives. Segregation studies suggest an
autosomal dominant inheritance of susceptibility genes with incomplete penetrance
predisposing to breast cancer (Xu et al., 1996). Genetic linkage analysis of families
with multiple cases of early onset breast cancer was done by Hall et al. in 1990. This
study demonstrated the existence of a breast cancer susceptibility gene on the long arm
of human chromosome 17. This gene was subsequently named BRCAL. The cloning
and sequencing of the gene was completed by Miki et al. in 1994. Mutations of the
BRCAL gene are estimated to account for 45% of families with high rate of breast
cancer and at least 80% of families with an increased rate of both breast and ovarian
cancer (Rahman et al., 1998). However, only 45% of families with site-specific breast
cancer appeared link to BRCAL mutation, providing the evidence for the possible
existence of one or more additional mutated genes. A genome wide search, using
families unlinked to BRCAL, including several male breast cancers resulted in the
localization of BRCAZ2 to chromosome 13 in 1994. In a year later, the second
susceptibility gene was cloned (Wooster et al., 1995). These two breast cancer
susceptibility genes, BRCALl and BRCA2, were linked to approximately 70 — 80 % of

familial breast cancer (Strachan et al., 1999a).
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Familial cancer syndromes are conditions that mutations are carried in the
germline and can be transmitted from one generation to another. The familial cancer
syndromes persist because of an incomplete penetrance and presentation after
reproductive age (Bast et al., 2001). For familial breast/ovarian cancers in Thailand,
the major type of mutation is truncated mutation (Patmasiriwat et al., 2002 a and b).
Although the mutations in exons and introns were found in cases of Thai familial
breast/ovarian cancers but some cancer cases do not exhibit any change in the
BRCAL/2 coding regions. DNA alterations within promoter and other regulatory
elements (i.e. 5" and 3'UTR) of genes have been reported to be associated with human
disease (Cazzola et al., 2000). To verify that BRCA1 alteration may occur at 5" and
3'UTR, I determined DNA variants at 5" and 3'"UTR of BRCA1 gene in Thai familial
breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2 exonic
mutation negative). I also determined DNA variants at 3'UTR of BRCA1 gene in Thai
familial breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2
exonic mutation positive). Functional change due to the variants was indirectly
determined by Luciferase reporter experiment. The functions of BRCAL gene are
related with estrogen, estrogen receptor a activity and cyclin D1 function. Cyclin D1
antagonized BRCA 1-mediated repression of estrogen receptor a — dependent gene
expression (Wang et al., 2005). I also studied the effect of estrogen and estrogen
receptor signaling pathway for the missense mutations which were found in Thai

breast/ovarian cancer patients (Patmasiriwat et.al, 2002 a).
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CHAPTER I
OBJECTIVES

The objectives of this study are as follows:

1. To screen the mutation at 5’ and 3'UTR of BRCA1 gene in Thai
familial breast and/or ovarian, or isolated early onset cancer cases (with BRCAL1/2
exonic mutation negative).

2. To screen the mutation at 3'UTR of BRCA1 gene in Thai familial
breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2 exonic
mutation positive).

3. To study the effect of BRCA1-3 UTR variants to BRCA1 function.

4. To study the effect of missense mutations which were previously
found in Thai familial breast and/or ovarian, or isolated early onset cancer cases (with

BRCA1/2 exonic mutation positive) to estrogen and estrogen receptor signaling

pathway.
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CHAPTER IlI
LITERATURE REVIEW

3.1 Cancer

3.1.1 Association between mutation and cancer

Mutation is the process which a gene or chromosome changes structurally.
It is the process that drives evolution. Mutation arises in single individuals, in somatic
cells or in the germline (Cooper et al., 1995). Mutation can be induced in DNA by
exposure to a variety of mutagens occurring in the external environment or it generates
in the intracellular environment. Mutation may cause lethality for the single cell, but
will not have consequences for other cells. However, the mutation may lead to an
inappropriate continuation of cell division, causing cancer (Lengauer et al., 1998). The
mutation classes in the human genome are base substitutions, insertions, deletions,
chromosomal abnormalities (Sanchez, 1997). Many mutations are generated randomly
in the DNA of individuals. Coding DNA and noncoding DNA are equally susceptible
to mutation (Cooper et al., 1995). Mutations which occur in this component of the
genome are of the two types (Strachan et al., 1999c¢) :

1. Silent (synonymous) mutation : does not change the sequence of the
gene product.

2. Nonsynonymous mutation : results in an altered sequence in a
polypeptide or functional RNA.

Synonymous mutation is effectively neutral mutation. This mutation confer
no advantage or disadvantage to the organism in whose genome it arises (Richard et
al., 1995). Nonsynonymous mutation is subdivided into three classes depending on
their effects : those having a deleterious effect, those with no effect and those with a
beneficial effect (i.e. improved gene function). Most new nonsynonymous mutation
has a deleterious effect on gene expression and can result in disease or lethality. Base
substitutions, deletions, insertions cause synonymous and nonsynonymous mutations

(Strachan et al., 1999c). Nonsense mutation represents a form of nonsynonymous
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substitution where a codon specifying an amino acid is replaced by a stop codon.
Nonsense mutation is associated with the reduction in gene function. Missense
mutation represents a form of nonsynonymous substitution where the altered codon
specifies a different amino acid. Frameshift mutation is the mutation which causes a
shift in the translational reading frame, introduces a premature termination codon and
causes loss of gene expression (Lengauer et al.,1998).

Mutation can also be pathogenic. It can be the direct cause of a phenotypic
abnormality or it can result in increased susceptibility to disease. Pathogenic mutations
can occur at three types of DNA sequence at a gene locus. The three types of DNA
sequence are the coding sequence of the gene, intragenic noncoding sequences,
regulatory sequences outside exons (Strachan et al., 1999c).

The nucleotide substitutions are the majority of pathogenic mutation at the
coding sequence of the gene and mostly occur at first and second base positions of
codon. The intragenic noncoding sequences which are important for correct expression
of the gene, such as the highly conserved GT and AG dinucleotides at the end of
introns are the sequences that pathogenic mutation can occur (Strachan et al., 1999c).
Promoter region is the regulatory sequences outside exons that mutation can
occur (Cazzola et al.,, 2000). Pathogenic mutation can occur at 5"UTR such as
hereditary  hyperferritinemia (Arosio et al., 1999). Familial essential
thrombocytothemia is another example disease for mutation in the regulatory
sequences outside exons (Kondo et al., 1998).

Polymorphism is the DNA variation that can spread to other members of a
(sexual) population. Polymorphism is the allelic sequence variation. It occurs together
in the same population of more than one allele at the same locus. More than one
variant (allele) at a locus occurs in a human population with a frequency greater than
1% in a population (Strachan et al., 1999c).

Single nucleotide polymorphism (SNP) is the polymorphic variation at a
single nucleotide. SNPs include RFLPs (Restriction Fragment Length Polymorphisms),
but also other polymorphisms that do not alter any restriction site. SNPs are amenable
to large-scale automated scoring (Strachan et al., 1999c). SNPs are involved in the

cancer risk such as breast cancer (Forsti et al., 2004) and SNPs in breast cancer
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susceptibility genes with low penetrance have a greater contribution to breast
tumorigenesis (Dumitrescu et al., 2005).

Cancer is a genetic disease, arising from an accumulation of mutations that
promote clonal selection of cell with increasingly aggressive behavior. In general, it is
a disease of aging. Sixty seven percent of cancer deaths occur after the age of 65.
Somatic mutation is the majority of mutation in cancer and is found only in an
individual’s cancer cells. About 1% of all cancers arise in individuals with hereditary
cancer syndrome (Alberg et al., 1997). These individuals carry a particular germline
mutation in every cell of their body. The specific mutations responsible for the
inherited cancer syndromes and the cellular signaling pathways disrupted by the
mutant proteins have begun to provide unprecedented insights into the molecular
origins and pathogenesis of inherited and sporadic forms of cancer (Fearon et al.,
1997).

Cancer happens because of a combination of two mechanisms : (1) some
mutation enhances cell proliferation, creating an expanded target population of cells
for the next mutation and (2) some mutation affects the stability of the entire genome,
at either the DNA or the chromosomal level and increasing the overall mutation rate.
Cancers always develop in various stages, starting with tissue hyperplasia or benign
growth, while malignant tumor cells usually show up their genomic instability by their
bizarre karyotypes (Weistein et al., 1984). Cancer can develop only if something
happens to increase accumulating mutations in a single cell. Some gatekeeper
mutation creates expanded clones of cells as targets for subsequent mutations. Another
class of genes that are commonly mutated in cancer cells are not directly involved in
the cell cycle regulation. Instead, they have a general role as “caretakers” ensuring the
integrity of the genome (Kinzler et al., 1997). There are three types of genes which
involve in cancer; oncogene, tumor suppressor gene and mutator gene. Oncogenes are
genes whose normal activity promotes cell proliferation while tumor suppressor gene
products inhibit events leading towards cancer. Mutator gene is a gene with an error-
checking function. When the mutator gene is disabled by mutation, there is a general
increase in mutation rate in a cell. Genes such as MSH2, MLH1 are involved in DNA
replication error repair. Abnormal functions in these three types of genes and their

products can lead to carcinogenesis (Strachan et al., 1999a).
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Tumor suppressor genes encode a diverse group of proteins which, through
a variety of mechanisms, function to negatively regulate cell growth and development.
Tumor suppressor genes are mutated in some types of tumors. The tumor suppressor
gene mutations are recessive at the cellular level. Since a defect in one allele can be
complemented by the product of the remaining normal allele, both copies of a tumor
suppressor gene must be inactivated in order to induce tumorigenesis. From Knudson
hypothesis in 1971, mutation in one allele of a tumor suppressor is carried silently in
the germline and thus leads to the occurrence of familial cancer syndrome. Family
members carried the first mutation will develop disease after the second mutation
occurs somatically (Strachan et al., 1999a). Therefore, an additional measure of tumor
suppressors is their involvement in familial cancer syndromes. The carriers of
inherited mutations have already undergone one of the two hits. It is likely that the
familial form of cancer will arise earlier than the sporadic form and that the inherited

cases will be bilateral or multicentric (Lengauer et al., 1998).

3.2 Mechanism of carcinogenesis

Chemicals can induce cancer by a variety modes of action in complex
processes. Neoplastic conversion begins with production of an altered DNA in the cell
attach from a reactive form of carcinogens or the effective generation of hydroxyl
radicals. This reaction, in turn, leads to mutation of specific genes, proto — oncogene,
and tumor suppressor gene, which translate to abnormal properties of the cells bearing
such altered genes. When a specific chemical displays properties of reacting with
DNA, inducing mutation and DNA repair in a number of cell system, it is designated
as DNA-reactive or genotoxic. Most human carcinogens are genotoxic. Some agents
such as the hormone diethylstilbestrol (DES) or estradiol may give rise to genotoxic
products (Ginsburg et al., 1995). During cellular metabolism, reactive oxygen,
hydroxyl radicals, or hydrogen peroxide can be generated. There are endogenous
defense mechanisms such as catalase that destroying hydrogen peroxide and
superoxide dismutase that neutralize reactive oxygen. Exogenous antioxidants,

Vitamin C and E aid in the disposition of reactive species (Lee, 1999).
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Chemical carcinogen can be classified into two main groups :

(1). Carcinogens that are DNA reactive and therefore genotoxic in that
system.

(2). Epigenetic agents operating by some specific biological molecules
such as hormone and cytotoxin.

Genotoxic carcinogens alter DNA and are mutagenic. Nongenotoxic
carcinogens involve other mechanisms such as cytotoxicity, chronic tissue injury,
hormonal imbalances, immunologic effect or promotional activity. The consequence
of DNA - carcinogen interactions are being intensively explored in term of proto-
oncogene and tumor suppressor gene mutations (Dupont et al., 1985). Proto-
oncogenes are normal genes involved in cell replication. Mutation, translocation, or
amplification leads to oncogenic activation. A commonly mutated oncogene is the Ras
family: either Ha — ras or Ki — ras (Strachan et al., 1999a). The MYC gene is often
activated in human tumors by amplification to more than one copy (Person et al.,
1997). In addition, errors can be introduced into DNA through the lack of fidelity of
the DNA polymerase (Liao et al., 2000). In general, tumor attain abnormal growth
through alteration in more than one oncogene or alteration of an oncogene and a tumor
suppressor gene. One of the most frequent gene change in human tumors is alteration
of the P53 tumor suppressor gene. The normal P53 gene functions to arrest cell
proliferation and thereby allows cells with DNA damage to undergo repair. When both
alleles of tumor suppressor genes are inactive due to deletion or mutation, the restraint
of proliferation is lost (Malkin, 1994).

The rate of cell duplication is important in generating abnormal DNA. A
rapid rate decreases chance of successful DNA damage repair. Accordingly, growing
organisms are more sensitive to carcinogen. The ultimate carcinogen after undergoing
metabolic activation or a reactive molecule (i.e. radiation or oncogenic viruses)
interacts with the heritable elements DNA. The altered DNA undergoes further
changes during replication leading to the codon rearrangements and amplification.
Cells with such abnormal DNA must duplicate and develop under conditions of
diverse factors at the level of the cell, organ, tissue, whole animal or human being, and

external environmental elements. Growth promotion or inhibition factors may be
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involved. This sequence of reactions is the result of epigenetic events which are dose
dependent (Gerard et al., 2001).

Tumor suppressor genes function in the normal cell to restrict or repress
cellular proliferation. Tumor suppressor genes are involved in tumorigenesis when
they are inactivated. Loss of function mutations affecting these genes serve to remove
a barrier to cell growth, leading to the clonal proliferation that give rise a tumor mass.
The reduction to homozygosity reflect loss of function of specific tumor suppressor
genes which in turn triggers cancer (Van Gent et al., 2001).

Most human cancers are associated with environmental chemical
contamination. The causative elements involve in each type of human cancer have
shown that locally prevailing lifestyle such as tobacco, nutritional traditions, and
physicals activity account for the cancer incidence (Strachan et al., 1999a). Cigarette
smoking is directly associated with emphysema and cancer of the lung and has been
linked with cancer of the pancreas, cervix, kidney, urinary bladder and renal pelvis and
it is a risk factor for fatal myocardial infarction and chronic obstructive lung disease.
Alcohol is known as a carcinogen because it plays a role in the induction of cancer by
increasing the amount of reactive carcinogenics metabolites from procarcinogen.
Alcohol can induce cancer of the esophagus through its metabolite acetaldehyde
(Singletary et al., 2001). Genotoxic carcinogens in food come from various sources
such as fried meat and fish, pickled or smoked food (Sugimura, 2000). Exercise may
also reduce cancer of the breast, prostate and intestinal tract by mechanisms that are
not clearly understood. Data from animal models indicated that moderate exercise can

decrease the risk of colon or breast cancer (Weisburger et al., 1995).
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Figure 1 Multistage evolution of cancer (Strachan et al., 1999a)

3.3 Breast cancer

Breast cancer is the most common cancer of woman worldwide. In many
developing countries including Asia, which formerly believed to have low risk of
breast cancer, the incidence is presently increased. Available evidence regarding the
hormonal etiology of breast cancer is most consistent with the hypothesis that estrogen
is the primary stimulant for breast cell proliferation. The simultaneous presence of
progesterone probably increase the role of proliferation and the breast mitotic activity
peaks during the luteal phase of the menstrual cycle (Gudas et al., 1995). BRCA1 and
BRCA2 are two tumor suppressor genes that have been associated with breast and
ovarian cancer risk (Rahman et al., 1998). Germline mutations in TP53 are also
associated with an increased risk of breast cancer. The HER2 /nue oncogene is
overexpressed in some advanced breast cancer and probably represents one critical

event in breast cancer progression (Rapakko et al., 2001).

3.3.1 Epidemiology of breast cancer
Risk factors and protective factors for breast cancer :
3.3.1.1 Endogenous hormones
A large and compilling body of epidemiology and experimental

data implicates estrogen as the etiology of human breast cancer ( Dumitrescu et al.,
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2005). Estrogen can induce and promote mammary tumors. Estradiol and progesterone
drive breast cell proliferation which facilitates mutation or facilitates expression of
genomic errors by loss of heterozygosity due to defects DNA repair. Germline
mutations in relevant tumor suppressor gene accelerate the transformation to the
malignant phenotype (Titus et al., 1998).

3.3.1.2 Age at menarche

Endogenous estrogen levels and breast cancer risk are strongly
influenced by age at menarche. Women with early menarche (age 12 or younger) and
rapid establishment of regular cycles had an almost four fold increased risk of breast
cancer compared with woman with later menarche (age 13 or older) and a longer
duration of irregular cycles. Girls who engage in regular ballet dancing, swimming or
running experience a considerable delay in the onset of menses (Berkey et al., 1999) .

3.3.1.3 Menopause

The woman who experiences natural menopause before the age of
45 was observed to have only one half the breast cancer risk of woman whose
menopause occurs after the age of 55. Late age at menopause increases breast cancer
risk. Early menarch and late menopause maximize the number of ovulatory cycles
over time, during which a woman is exposed to high level of estrogen and
progesterone (Berkey et al., 1999).

3.3.1.4 Weight

Weight gain increases breast cancer risk among post-menopausal
women in many studies. Among post-menopausal woman, a 10 kg. increment in body
weight results in an approximately 80% increase in that person’s risk of breast cancer
(Trentham et al., 2000).

3.3.1.5 Physical activity

Exercise decreases a woman’s risk of breast cancer by
increasing the length of menstrual cycles, decreasing the frequency of ovulation
cycles and reducing circulating ovarian hormone levels. A reduction in breast cancer
risk associates with increasing amounts of exercise activity (Lagerros et al., 2004)

3.3.1.6 Lactation

Lactation has been reported to provide protection against breast

cancer development. The breast — feeding for at least two weeks is associated with
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reduced risk of breast cancer after adjustment for age, parity, age at first birth and
other relevant risk factors (Medina, 2004).

3.3.1.7 Pregnancy

An early age at first birth (i.e. before age 20) reduces the risk of
breast cancer by about 50% relative to nulliparous women. Full term pregnancies at
later ages add smaller increments of protection. Women who have a first pregnancy
over the age of 30 are actually at higher risk of breast cancer than nulliparous women.
First trimester abortions that occurring before the first full term pregnancy increase
breast cancer risk (Medina, 2004).

3.3.1.8 Hormonal replacement therapy

Hormonal replacement therapy (HRT) increases the risk of breast
cancer. For women whose last use of HRT was less than five years before diagnosis,
risk increased by 2.3% for each year of use. The current HRT use reduces the
sensitivity and specificity of mammographic screening (Barrett, 1998).

3.3.1.9 Oral contraceptives

The risk of breast cancer was greatest in women who began
combined oral contraceptive (OOC) before the age of 20 and tended to decline with
increasing age (Heimdal et al., 2002).

3.3.1.10 Family history and inherited susceptibility genes

Family history of breast cancer is associated with an increased risk
of the disease especially if the history included a first degree family member who
was affected at an early age or had bilateral disease. Whereas a two-to three fold
increased overall risk of the disease has been observed in first-degree relatives of
women with breast cancer, a nine fold increased risk has been found in the first-degree
relatives of premenopausal women with bilateral breast cancer (Easton et al., 1995;
Ford et al., 1995). High risks also have been found in women with multiple first
degree relatives with breast cancer (Claus et al., 1996). BRCA1 and BRCA2 genes
together account for 5 to 10 percent of all breast cancer (Rahman et al., 1998).
Germline TP53 mutations and the ATM gene account for a smaller proportion. BRCA1
gene has been associated with increased risk of ovarian cancer, while BRCA2 has been
suggested to play a role in male breast cancer and possibility other cancers such as

pancreatic and prostate. BRCAL is associated with an early age at onset. The histology
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of BRCA1 and BRCAZ2 associated tumors differ from those of sporadic cases, and
differ from each other (Eerola et al., 2004). The lifetime-risk estimate for the breast
cancer from BRCAL family-based studies is 80-90% while the risk is 64% for ovarian
cancer by age 70 (Easton et al., 1995).

3.3.1.11 Diet

Alcohol increases breast cancer risk by increasing plasma estrogen
and insulin-like growth factor levels. High fiber diets (fruits and vegetables) and rich
sources of natural antioxidants can protect against breast cancer. Fiber reduces the
intestinal reabsorption of estrogen excreted via the billiary system (Lee, 1999).

3.3.1.12 Xenobiotic pesticides

Xenobiotics are known to act as estrogen and the possibility of
these agents to increase risk of cancer formation was suggested (Dupont et al., 1985).
An early study suggested that a panel of chemical pesticides could act synergistically
in competitive estrogen receptor binding and estrogen-responsive yeast assays (Ciocca

et al., 1997).

3.3.2 Genetic polymorphisms and breast cancer

Polymorphic markers serve to characterize an individual’s breast cancer
risk such as the CYP19 (TTTA)" polymorphism, the GSTP1 Ile105Val polymorphism
(Amorim et al., 2002). The p53 Arg72Pro polymorphism is statistically significantly
associated with breast cancer (Sidransky et al., 1992). In addition, GSTM1 gene
deletion was found to be significantly associated with postmenopausal breast cancer

(Amorim et al., 2002).

3.3.3 Growth factor and breast cancer

HER2/neu gene is on chromosome 17q and it encodes 185 kD protein. The
activated protein interacts with the mitogen-activated protein kinase (MAPK) pathway
(involved in cell division and transformation), PI-3K (involve in cell survival, growth,
and transformation), epidermal growth factor, c-Src, Shc2, Grb2 and other proteins
involved in signal transduction (Hawkims et al., 1991). HER2/neu overexpression is

found in 20-40% of breast cancer. (Clark et al.,1991). Her2/neu status also predicts
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response to anti-estrogen and cytotoxic chemotherapy in breast cancer patient (Ross et

al., 1999)

3.3.4 Cell cycle regulation and breast cancer

The cell cycle control genes involved in cellular proliferation and tumor
growth. The coordinated alterations in levels of various cyclins, cyclin-dependent
kinases (cdks), their activation by phosphorylation, inhibition by the INK4 (p15, p16,
p19) and KIP/CIP protein (p21, p27, p57) and Rb, p53 ensure orderly progression
through the cell cycle in response to physiological stimuli (Pestell et al., 1999).
Alteration in these controls can lead to dysregulated growth/multiplication of cells
(Strachan et al., 1999a).

Cyclin D1 gene encodes the regulatory subunit of a holoenzyme that
phosphorylates and inactivates the retinoblastoma tumor suppressor protein. Cyclin D1
protein is overexpressed in up to 25-80% of cases of invasive ductal carcinoma. Cyclin
D1 is also associated with poor prognosis in estrogen receptor a-positive cases (Pestell
et al., 1999). Role of cyclin D1 in breast tumorigenesis came from the finding that
cyclin D1 overexpressed mammary gland can be developed to mammary tumors in
transgenic mice (Wang et al.,1994). There is the correlation among breast cancer,
estrogen receptor oo (ERa), estrogen response element (ERE) and cyclin D1. 173-
enhanced ERa and cyclin D1 recruitment to an estrogen response element (ERE).
Cyclin D1 expression enhanced ERa recruitment to an ERE. Cyclin D1 overcomes
BRCALI repression of ERa-dependent gene transcription and competes with BRCA1
for ERa binding (Wang et al., 2005). Cyclin E is the other cyclin which involved in
breast cancer. Cyclin E is overexpressed in a smaller percentage of breast cancer and

is associated with Rb alterations. Amplification of cyclin E is rare in breast cancer

(1.3%) (Alle et al., 1998).

3.3.5 Important marker groups in breast cancer
- Oncogene

- Tumor suppressor gene

- Programmed cell death (apoptosis)-associated

- Angiogenesis-associated
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- Growth factors and their receptors

- Adhesion molecules

- Protease/protease inhibitors

- Metastasis-associated

Prognostic factors for breast cancer are lymph node metastasis, tumor size,
tumor grade, tumor histologic type, steroid receptor status and proliferation rate.
Applied prognostic factors include erbB-2, lymphatic or vascular invasion, p53 and

epidermal growth factor receptor (EGFR), steroid receptors (Hanina et al.,2001).

3.3.6 Molecular and cellular pathophysiology of breast cancer

Breast cancer is generally a disease of women. The regulation of normal
breast development, breast carcinogenesis, the growth and progression of breast cancer
depend on hormonal factors including endocrine steroids, peptides, and other molecule
produced by the ovaries, pituitary, endocrine pancreas, thyroid and adrenal cortex.
These hormones act through either nuclear or cell surface receptor to direct the
transcription of specific sets of genes (Dickson et al., 2001).

Endocrine hormones regulating growth of the breast (Dickson et al., 2001)

Pubertal :  Estrogen, growth hormone, IGF-II

Pregnancy and location : Estrogen, progesterone, insulin,

thyroid hormone, growth hormone,
IGF-II, prolactin, hydrocortisone

Cancer :  Estrogen, progesterone, insulin, IGF-II

The mammary gland develops from a prepubertal interaction between an
epithelial rudiment at the nipple and the underlying fatty stroma. The initial ductal
penetration into the fat depends on poorly defined local inductive factors. During
puberty, ductal elongation and branching occur. This is under positive regulation by
ovarian estrogen, progesterone and pituitary growth hormone such as insulin-like
growth factor I (IGF-I). During pregnancy, the final differentiation occurs and the
process is under the influence of many endocrine hormone i.e. prolactin,
growth hormone, insulin, glucocorticoids, estrogen and progesterone. This terminal
epithelial differentiation process results in the ability of cell to produce milk proteins

(such as casein) and lipids (Russo et al., 1987). Breast cancer is characterized by
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dysregulated proliferation, distinctive patterns of cellular death and  genomic
instability (mutation, amplification, chromosomal rearrangements). It can occur in
premenopausal woman who has a family history of the disease. As mammography and
biopsy methods are being increasingly applied toward early detection, small malignant
lesions are characterized based on the appearance of microcalcification in the tumor
area and on histopathologic characteristics of frozen tissue sections. One cubic
centimeter tumor mass requires up to 8 years to grow. Metastasis may be detected
initially in regional lymph nodes before more distant detection of the disease on bone,
brain, lung and other sites can be found. The disease is staged at the time of surgery as
I to IV, depending on the primary tumor size, lymph node involvement and combined
histologic grading. Stages I and II are intraductal, III is locally invasive, and IV is
widely metastatic disease. The risk of breast cancer depends on a complexity of
familial, hormonal and environmental factors. Early puberty and late menopause are
risk factors. Prepubertal and pubertal exposure to ionizing radiation is also a risk factor.
High dietary intake of fat, age, smoking considered to be potential risk factors. Breast
cancer is predominantly postmenopausal in onset. The prognosis of breast cancer and
its response to therapy depend on the characteristics of the disease discernible by

surgical staging and by pathologic analysis (Consortium BCL, 1997).

3.4 Oncogene and tumor suppressor gene amplification in breast

cancer

3.4.1 C-Erb-B2 gene

The C-Erb-B2 protein is a transmembrane protein with substantial
homology to EGFR . About 30% of breast, gastric and ovarian cancers overexpress
of high level C-Erb-B2 protein. Gene amplification coupled with resultant
overexpression of C-Erb-B2 protein occurs in human breast cancers (Bacus et al.,
1994). C-Erb-B2 gene amplification was reported as an early event in the pathogenesis

of breast tumor (Thor et al., 1998).
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3.4.2 MYB oncogene

The Myb proteins are the regulators of gene expression consisting of three
discrete functional domains responsible for sequence specific DNA binding,
transcriptional activation, and negative regulation of the protein. Myb oncogene was
first discovered in avian retroviruses that cause acute leukemia. Then normal c-Myb
protein is highly expressed in immature hematopoietic cells and its expression
decrease dramatically during cell differentiation (Kauraniemi et al., 2000). Both
BRCA and MYB proteins are involved in the processes of DNA recombination and
mammary gland development (Welsch et al., 2000). c-Myb expression in breast cells
was found to be associated with estrogen stimulation and the presence of ER. c-Myb
plays a role in hormone-regulated growth and differentiation of breast epithelial cells
and ER-positive breast cancer. MYB amplification is infrequent in sporadic breast
cancer but common in breast tumors from BRCA1 mutation carriers suggesting a role
of this cell cycle regulator and transcription factor in the progression of BRCA1 tumor

(Kauraniemi et al., 2000).

3.4.3 MYC tumor suppressor gene

c-MYC is located on human chromosome 8 and encodes a proliferative
nuclear DNA-binding protein, the deregulated expression of which has been shown to
play an important role in the induction and progression of lymphomas, lung cancer
(Croce et al., 1993) and breast cancer (Liao et al., 2000). MyC amplification has been
reported as a prognostic biomarker of breast tumors and is associated with tumor
aggressiveness, including genetic instability, high tumor grade and ER-negative (Liao
et al., 2000, Jain et al., 2001). MyC amplification is a frequent event in breast tumor
from BRCA1 germline mutation carriers and in sporadic tumors with BRCA1 promoter
hypermethylation (Tatyana et al., 2004). BRCA1 is a component of a transcription
factor complex and may in part function as a tumor suppressor by regulating MYC

activity (Li et al., 2002).

3.4.4 Vitamin D receptor gene
Vitamin D receptor (VDR) is a member of the steroid hormone family of

nuclear receptors that are responsible for the transcriptional regulation of a number of



Malinee Pongsavee Literature Review / 18

hormone responsive genes. The steroid hormone 1,25-dihydroxyvitamin D3 can
protect against breast cancer. The action of 1,25-dihydroxyvitamin D3 are mediated
via the vitamin D receptor. 80% of breast tumors are VDR positive (Colston et al.,
1989). Interaction of 1,25-D3 and VDR produces a conformational change in the VDR,
leading to transcriptional regulation of vitamin D target genes. Some of vitamin D
target genes are involved in cell cycle regulation , differentiation and apoptosis such as
WAF1/CIP I and ¢c-MYC (Hansen et al., 2000). The gene encoding the VDR protein is
known to display polymorphic variation. A variable length poly (adenylate) (Poly A)
sequence within the 3'UTR and the 3" polymorphism Bsml are significantly
associated with breast cancer risk and are overexpressed in the breast cancer group.
VDR polymorphisms are not associated with breast tumor grade, lymph node
involvement, estrogen receptor status in patients. VDR polymorphisms are associated

with breast cancer risk and disease progression (Guy et al., 2004).

3.4.5 Modifiers of BRCA1/2 — associated breast cancer risk

Different mutation in BRCA1/2 may confer distinct cancer risks. Specific
mutation may be associated with disease severity (Grade et al.,1997). Multiple nuclear
receptors transcription factors and their cofactors serve as BRCAl-associated inducible
transcription factors that can mediate the effect of steroid hormone. Factors that can be
considered as modifiers of BRCAL/2 associated breast cancer risk include genes at
other loci (such as gene involved in hormone or carcinogen metabolism) (Forsti et al.,
2004), characteristic of the individual (such as reproductive history), exogenous
exposure (such as oral contraceptive, smoking) (Narod et al., 1998).

- Risk modifier genes in breast cancer

Genes involved in the metabolism of environmental carcinogens may
modulate exposure to potentially mutagenic events. These genes are the members of
the cytochrome P450 multigene family such as CYPIALl, CYPIA2 (Amorim et al.,
2002). Genes involved in the metabolism of steroid hormones are modified breast or
ovarian cancer risk in carriers of BRCA1/2 mutation. BRCAI1 is associated with the
SWI/SNF complex (Bochar et al., 2000). This complex includes BRG1 and a number
of BRGl-associated factors (BAFs) that are involved in hormone receptor activation

and in the transcriptional activation or repression of a number of genes (Muchardt et
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al., 1999). BRG-1 interacts with estrogen receptor at the ligand binding and ligand-
dependent activation domains (Ichinosr et al.,1997). CYP17 encodes for enzyme
cytochrome P450c17a that functions at two different points in the steroid biosynthesis
pathway. Exposures to endogenous and exogenous steroid hormones are known to
influence breast cancer risk. CYP17 gene is considered as low risk breast cancer genes.
T to C polymorphism in the 5" promoter region of the CYP17 gene has been reported
and CYP17 CC genotype may be implicated in early-onset familial breast cancer
(Amanda et al., 2000).

- Reproductive history

Early age at menarche and late age at first live birth or nulliparity are the
factors that modify the occurrence of breast or ovarian cancer in BRCA1/2 mutaion
carriers (Chang et al.,1997).

- Exogenous exposure

Exogenous hormones and carcinogen exposure may modify risk in carriers
of BRCA1/2 mutations. Cigarette smoking may be associated with a reduction in
breast cancer risk. Women who carried BRCA1/2 mutations had approximately 50%
reduction in breast cancer risk if they had a history of cigarette smoking because
smoking effect on both steroid hormone metabolism as well as the induction of
protective carcinogen detoxifying enzymes. Cigarette smoking may have protective

effect on cancer occurrence (Brunet et al.,1998).

3.5 Genes associated in familial breast and ovarian cancers

Clustering of breast cancer can occur in certain families and that woman
with first-degree relatives with breast cancer are at increased risk of developing the
disease. A number of genes are associated with breast cancer including BRCAL,

BRCA2, TP53, ATM, and PTEN (Easton et al., 1999).
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Table 1. Causes of inherited breast cancer syndromes (Couch et al., 1996b)

Causes of Inherited Breast Cancer Syndromes

Clinical Manifestations Mutation Inheritance

Li-Fraumeni syndrome Breast cancer, sarcoma, brain tumors, leukemia, TP53 Autosomal dominant
adrenocortical carcinoma

Coiwden disease Mucocutaneous lesions, angiomas, hamartomatous PTEN Autosomal dominant
polyps of the colon, breast, and thyroid cancer

Muir-Torre syndrome Gastrointestinal and genitourinary tumors, MLH1, MSH2 Autosomal dominant
skin and breast tumors

Peutz-Jeghers syndrome Melanin deposits, hamartomatous polyps of the colon, LKB1/STK11 Autosomal dominant
breast, ovary, cervical, uterine, and testioular tumors

Ataxia-telangiectasia Cerebellar ataxia, oculocutaneous telangiectasias, ATM Autosomal recessive
radiation hypersensitivity, lymphoma, leukemia,
and breast tumors

3.5.1 BRCA2 gene

BRCA2 gene was mapped to chromosome 13q12-q13 by Wooster et al.,
1995. It spains 70 kb of DNA and is composed of 27 exons encoding 3418 amino
acids protein (Tavtigian et al., 1996). BRCA2 protein consists of a transcriptional
domain and a nuclear localization signal. It can bind Rad 51 and BRCA1 protein
(Chen et al., 1998). It also binds P/CAF, a histone acetyltransferase that may function
by releasing chromatin to facilitate transcription (Milner et al., 1997). BRCAZ2 plays a
role in the repair of doubled stranded DNA break (Patel et al., 1998) and DNA
recombination (Xia et al., 2001). The highest levels of BRCA2 expression are seen in
breast and thymus, with low levels in lung, ovary, and spleen. BRCA2 associated
hereditary breast cancer has germline mutations distributed throughout the length of
the gene. BRCA2-6174 del T was found in Ashkenazi Jews (Couch et al., 1996a) and
BRCAZ2 -999 del 5 was found in Icelanders (Rahman et al., 1998). The risk of ovarian
cancer is lower among BRCA2 than BRCAL1 carriers. In addition, the risk of early onset
breast cancer appears to be higher among BRCALl than among BRCAZ2 mutation
carriers. Ovarian cancer of BRCA2 mutation carriers occur at higher frequencies when
mutation are detected at exon 11 or nearby than at the other regions of the gene

(Tavtigian et al., 1996).



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) /21

RING BRCT
domain  NLSs domains
BRCAT [ . | ' 863 a2
BARDA MRE11 RNA pol Il
RAD5S0 CtIP
Mbs1
BRC
repeats NLSs

Figure 2 BRCAL and BRCA2 genes (Venkitaraman AR., 2002)

3.5.2 TP53 gene
TP53 germline mutations have been associated with approximately 50% of
families with the rare Li-Fraumeni syndrome. Less than 1% of all breast cancer

patients show germline mutation of TP53 (Sidransky et al., 1992) .

3.5.3 ATM gene

ATM gene is located on chromosome 11g22-23. It is a number of the
phosphatidylinosital 3-kinase (PI3-K) family of genes capable of sensing double
stranded break in DNA and activating cell cycle checkpoints (Chen et al., 1999). The
mutation in this gene causes Ataxia telangiectasia. There is an excess of ATM germline
mutation in woman with breast cancer and that failure to detect them in breast cancer
families in due to their low penetrance and the nature of the mutation (missense
mutation). Breast cancers in AT heterozygote are frequently bilateral, with an early
age of onset and are associated with long term survival. Ataxia telangiectasia — related

protein is involved in the phosphorylation of BRCA1 (Chen, 2000)

3.5.4 PTEN gene
PTEN 1is a tumor suppressor gene and mapped to the chromosome

10g23.3. Its product is a phosphatase that recognizes both protein substrates and
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phosphatidylinosital-3,4,5-triphosphate. Germline mutations in PTEN have been
identified in Cowden syndrome. The risk of breast cancer in women with Cowden

syndrome has been estimated to be 30-50% by age 50 (Wang et al., 1998a).

3.6 BRCAL gene

In 1990, BRCA1 was localized to chromosome 17g21 by linkage analyses
of families with early-onset breast and ovarian cancer (Hall et al., 1990). The cloning
and sequencing of the gene was completed in 1994 (Miki et al.,, 1994). BRCAl
contains 24 exons. It spans approximately 100 kb of genomic sequence contain 22
coding and 2 noncoding exons. The 7.8 kb messenger RNA encodes a 200 kD nuclear
phosphoprotein consisting of 1863 amino acids (Miki et al., 1994). The distribution of
the coding sequence in the BRCA1 genomic region is uneven, with the largest exon
(exonl1) coding for 60% of the protein. The BRCAI protein contains a ring finger
motif, which is a cysteine histidine rich (C3HC4) domain capable of zinc binding.
Zinc — binding ring finger domain is located close to the amino-terminus (residues 20-
68) (Miki et al., 1994) and have ubiquitin ligase activity (Jensen et al., 1996). The
carboxy terminus of BRCAL are two tandem copies of a motif which are located at
residues 1699-1736 and 1818-1855. The BRCT domain of BRCAI consists of a 95
amino acid sequence that can be repeated in tandem one or more times (Miki et al.,
1994 ; Bork et al., 1997). BRCT domains involved in protein-protein interaction
(Miki et al., 1994) and interact with multiple transcription activators and co-repressors
(Monteiro et al., 1996). BRCT domain have a role in the response to DNA damage
(Callebaut et al., 1997). A short region between amino acids 1214-1223 in BRCA1
bear similarity to the granin consensus sequence. Granins involve in the processing of
protein secreted in response to extracellular stimuli and can themselves be cleaved to
form bioactive peptides (Rahman et al., 1998). It is expressed in a number of tissues
including breast and ovary and abundant in testis and thymus. The aberrant protein
locates in the cytoplasm of many breast cancer cell lines. The level of BRCA1 mRNA
is lower in many types of breast cancer cells (Vaughn et al., 1996).

The N-terminus of BRCA1 contains a ring finger motif which involves in

transactivation (Bienstock et al., 1996). One of BRCA1 interacting proteins (BIPs) that
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can interact with the ring finger is BARDI (Wu et al.,, 1996). BRCAI-BARDI1
complex interact with a polyadenylation factor, CStF-50 (cleavage stimulation factor)
in Hela cells (Kleiman et al., 1999). CstF-50 binds to the 3" end of newly synthesized
RNA and creates a cleavage for polyadenylation. As BRCA1, BARD1 and RADS1
colocalize to the site of DNA damage during S phase (Jin et al., 1997 ; Scully
et al.,1997b), the inhibition of polyadenylation might have a protective effect that
prevent inappropriate RNA processing during transcription (Deng et al., 2000).

The C-terminal region of BRCAT1 contains two BRCT domains that interact
with multiple transcription activators and co-repressors. The second BRCT domain
interacts with p53 and stimulates p53-dependent transcription of the p21 promoter
(Ouchi et al., 1998). BRCAl C-terminus interact with RNA polymerase III

holoenzyme in order to function as a transcriptional activator (Scully et al., 1997a).

BRCA1l
pS3 Interaction Transactivation
RING (224-304) Domain (1560- RNA Helicase A
Finger 1863) Interaction
(20-68) RADSI1 Interaction 1650-1800)
(758-1064) ;_’
+ 220kDa
BARDL .a"d BAP] BRCT Domains
Interaction (1-101) Nuclear Localization Signals (1653-1736;
(500-508; 609-615) 1760-1855)

Figure 3 Functional domains of BRCA1 (Meza et al., 1999)
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Figure 4 BRCA1 promoter (blue) and the transcription factor binding site
(Xu etal., 1997)

3.6.1 Expression pattern of BRCA1

At the cellular level, BRCA1 is phosphorylated (Ruffner et al., 1997) and
BRCA1 gene expression is cell cycle-dependent, with the highest levels of both mRNA
and protein expression occurring in the late S through M phase (Vaughn et al., 1996).
Phosphorylation of BRCA1 is important for its function. Human BRCA1 mRNA and
protein expressions are induced in cell culture when breast cancer cells that are
responsive to estradiol are treated with hormone, and this response appears to be
owing to the increase in cell proliferation (Marks et al., 1997). Insulin growth like
factor, epidermal growth factor and retinoic acid can stimulate BRCAL expression
concordantly with their ability to induce S-phase entry. Hormone regulation of BRCA1
expression by estrogen would have been a convenient explanation as to why this gene,
when mutated, should affect mainly reproductive organs such as the breast and ovary

(Rosen et al., 2005).
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3.6.2 Potential biological functions of BRCA1

The biological functions of BRCA1l are the maintenance of genome
stability and DNA repair (Deng et al., 2000). The other two functions are
transcriptional activity and growth and differentiation (Chen et al., 1999).

3.6.2.1 Growth and differentiation

BRCAT1 is important in cellular proliferation and/or differentiation.
consistent with a potential role in cell growth. BRCA1 has been shown to be
phosphorylated and expressed in a cell-cycle dependent manner. brcal, the mouse
homologous of BRCAL is crucical for the growth and differentiation of the mouse
embryo. brcal homozgous deletion (-/- ) is lethal early in embryonic development
(Hakem et al., 1996). The mutant embryos were noted to have defects of neural
development, including anencephaly and spina bifida (Gowen et al., 1996). These
finding imply that the brcal gene product plays a role in tissue growth and/or
differentiation in mouse embryogenesis (Liu et al., 1996). In human, the level of
BRCA1 mRNA is reduced in both familial and sporadic breast cancer (Ludwig et al.,
1997).

3.6.2.2 Transcriptional activity

BRCAT1 has the function in the transcriptional activity. BRCAI1
function as transcriptional coregulators through direct interaction with sequence
specific transcription factors and with components of the transcriptional machinery
(Monteiro, 2000). The zinc ring domain at the amino-terminus interact with DNA
through protein-protein interaction (Bienstock et al., 1996). This domain serves a
critical function for BRCA1 because it is a frequent site of missense mutations in
familial breast cancer, notably the Cys61Gly mutation (Friedman et al., 1994). Ring
domain serve as a protein-protein interaction domain to link BRCA1 to transcription
factors that can bind to DNA. BRADI is the BRCA1- associated Ring-domain protein
which interact with the Ring finger (Wu et al., 1996).

The carboxy-terminus of BRCA1 is capable of activating
transcription. Chen et. al, 1996 fused different proteins of the BRCA1 protein to the
GAL4-DNA-binding domain and tested for transactivation using a lacZ reporter in
yeast. They found that the highest level of activity is in amino acid between

1142 and 1643. The distal
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C-terminus also contained minimal transactivation activity so there is definite
transactivation in the carboxy-terminus of BRCAI. This transactivation domain
appears functionally significant because familial point mutation in the region abolish
transcriptional activity (Monteiro et al., 1996).

BRCAI can interact with RNA polymerase II. BRCAI can be co-
purified with pol II holoenzyme under conditions in which other transcripton factors
such as YY1 TFII-I, P65 Rel and RBPJ-K are present (Scully et al., 1997a). BRCA1
interacts directly with RNA helicase A (Anderson et al., 1998), a component of the
holoenzyme that also interacts with the coactivator CBP/P300 (Cui et al., 1998).
Interestingly, GAL4 DBD-BRCA1 C terminus fusions can activate transcription in
vitro in the presence of core pol II. Coactivator CBP/P300 interacts with and acts as a
coactivator for BRCA1. The interaction does not seem to be mediated by RNA
helicase A, because A GST tagged CBP fragment (aa 451-721) lacking a RNA—
helicase-A-binding site (aa. 1805-1890) can co-precipitate BRCA1 (Cui et al.,1998).
Many in vitro experiments suggest potential mechanisms through which BRCA1
activated transcription (Anderson et al., 1998).

3.6.2.2.1 Transcriptional activation by BRCA1

BRCAL1 physically interacts with P53 and enhances P53
mediated activation of P53-responsive genes including P21 V7“1 (Chai et al., 1999).
BRCAI1 was implicated in enhancing IFN-y-stimulated growth arrest, most likely by
binding to activated signal transducer and activator of transcription 1 (STAT1) (Ouchi
et al., 2000). STATI is phosphorylated by the Janus kinase (JAK) and mediates the

biological effects of IFN-y. In cells stimulated with IFN-y, growth arrest is mediated

1 WAF/CiP1

by induction of P2 via an IFN-y- responsive element. BRCA1 is required for

IFN-y- mediated P21 WAFIGPL jnduction. BRCA differentially regulates some IFN-y

target genes by enhancing its growth-arrest response, but not other IFN-y target genes
such as IRF-1, SMAD7 (Ouchi et al., 2000). BRCAI induces apoptosis via
JNK/SAPK (Monteiro et al., 2000). BRCA1 target genes are in the P53 pathway : P21
and GADDA45 (Chai et al., 1999 ; Harkin et al., 1999).
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3.6.2.2.2 Transcriptional repression by BRCA1

BRCAI1 interact with the helix-loop-helix transcription
factor ¢ — MyC (Chen et al., 1999). BRCA1 repressed MyC-mediated transcription
and suppressed the number of transformed foci in RAS — or c-MyC-transformed
embryo fibroblast (Wang et al., 1998b). Other protein in the Rb tumor suppression
pathway, such as RbAp48 and Rb itself, are also capable of interacting with BRCA1
(Aprelikova et al.,, 1999). C-terminal region of BRCAI1 can bind to the histone
deacetylases HDAC1 and HDAC2 (Hu et al., 1999). GADD45, a target gene of
BRCALI1 transcriptional control is repressed by ZBRK 1 (Zheng et al., 2000). BRCA1
can inhibit estrogen receptor signaling (Fan et al., 1999). Overexpression of BRCA1
blocks estrogen receptor-a mediated activation of an estrogen —responsive reporter and
inhibits the transcriptional activity of the carboxy-terminal domain of estrogen

receptor-a (Rosen et al., 2005).
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Figure 5. Functional domains of BRCA1 and interacting sites with various

proteins (Deng et al., 2000)

3.6.2.3 DNA repair
The C-terminus of BRCAI contains a BRCT domain found in
several proteins involved in DNA repair. BRCA1 and RAD 51 colocalized on human

synaptonemal complexes, suggesting a role for these two proteins in chromosomal
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recombination and maintenance of genome integrity. In addition, mice deficient in
RADS1 can not survive embryogenesis (Shen et al., 1998).

- The role of BRCAI in DNA repair is mediated by
transcriptional regulation.

BRCAL1 is required for transcription-coupled repair (TCR) of
oxidative DNA damage (Gowen et al., 1998). Transcription-coupled repair (TCR),
also called preferential repair of the transcribed strand, refer to the fact that genes
being actively transcribed are repaired more rapidly than other genes in the genome,
and rapid repaired confined to the transcribed strand only (Gowen et al., 1998). The
interaction of BRCA1 with the transcription machinery (RNA pol II, TFIIE, TFIIF,
TFIIH and RNA helicaseA) are physiologically important (Scully et al., 1997a).

- The role of BRCA1 in double strand break repair has
been reported.

Chromosomal double strand break can arise from cellular DNA
metabolism and from exogenous DNA-damaging agents such as ionizing radiation (IR)
(Chen et al., 1999). In mammalian cells, two major pathways exist to repair
chromosomal double strand break, homologous recombination and nonhomologous
end joining (NHEJ) (Strachan et al., 1999c). Loss of genes that regulate or participate
in double strand break repair processes can disturb the balance of various repair
pathways that have evolved in mammalian cells to guard the genome from
perturbation (Bochar et al., 2000). BRCAL has a role in repairing breaks in double
stranded DNA by non homologous end joining or by homologous recombination
(Kuschel et al., 2002). BRCA1 can interact directly or indirect with RADS5I, the
eukaryotic equivalent of bacterial RecA. RADS51 catalyses strand exchange during
homology directed repair of DNA double strand breaks by gene conversion. Taken
together with the colocalization of BRCA1 and BRCA2 with RADS! in ionizing
radiation induced nuclear foci. RADS51 forms a filament along the DNA which
facilitates strand invasion. The resected 3" end invades a homologous DNA duplex
and is then extended by DNA polymerase (Muchardt et al., 1999). The products of
BRCAL1 gene colocalize with RADS51 to nuclear foci following DNA damage in
mitotic cells and at forming synaptonemal complexes in mitotic cells (Hsu et al., 1998).

BRCAL deficient human cell is sensitive to DNA damaging agents, including ionizing
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radiation, further implicating this protein in double strand break repair (Ichinose et al.,
1997). BRCA1l maintains the chromosome stability through functions in DNA
replication. If homologous recombination is dysfunctional then replication forks lead
to persistent DNA breaks and ultimately to gross chromosomal rearrangements
including translocation. Such rearrangements will provide the raw material for the
further genetic changes required for tumor progression (Deng et al., 2000). Thus
BRCAT1 has the important role for double strand break repair.
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Figure 6 The putative functions of BRCA1 in multiple biological pathways
(Deng et al., 2000)

3.6.3 Modulating BRCAL activity by epigenetic modification
BRCAT1 expression and BRCA1 activity can be regulated through a variety

of cellular mechanisms.
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Ubiquination

BAP1 (BRCAT-associated protein) is a member of the ubiquitin C-terminal
hydrolase (UCH) family (Jensen et al ., 1996). Deubiquitination by BAP1 stabilizes
the protein, leading to increase BRCAI activity (Jensen et al., 1996 ; Deng et al.,
2000). P53 levels might be controlled by the ubiquitin-proteosome pathway. MDM2
ubiquitinates P53, targeting it to the degradation pathway ; the tumor suppressor
P19**F protect P53 by interacting with MDM2, inhibiting its ubiquitin-ligase activity
(Honda et al., 1999).

Phosphorylation

BRCA1 becomes hyperphosphorylated during the late G; and S phase, and
is transiently dephosphorylated early after M phase of the cell cycle (Ruffner
et al., 1997). Exposure of normal cells to 7y-radiation causes BRCAIl to be
hyperphosphorylated. ATM phosphorylates BRCA1 at multiple sites that contain
clusters of serine-glutamine residues. Several additional proteins including cyclin-
dependent kinase 2 (Ruffner et al., 1997) and casein kinase II (Brien et al., 1999) are
also found to interact with and phosphorylate BRCA1 at distinct sites.

Methylation

Transcriptional silence can be accomplished through the methylation of
CpG islands which are often found in the regulatory regions of genes (Deng et al.,
2000). In sporadic breast and ovarian carcinomas, BRCA1 transcription is silenced by
the methylation as specific CpG residues surrounding the transcription start site. The
promoter region of BRCA1 contains a number of potential transcription factor binding
motif. One of these is a methylation-sensitive cAMP-responsive element binding
(CREB) site. This site is abnormally methylated in some breast tumors and so BRCA1
transcription is reduced in these tumors (Mancini et al., 1998). BRCA2 is not

methylated in normal or tumor tissues.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) /31

BRCA1 or BRCAZ2 dysfunction

|

Recombination defect

!

Chromosome breakage
genome instability

'

Cell cycle

YEe checkpoint function e
intact?
v \ 4
Checkpoint activation Genome errors tolerated
Y A4
Selective Accelerated
growth tumour
disadvantage development

Figure 7 Checkpoint inactivation and BRCA1 gene mediated tumorigenesis
(Scully et al., 2000)

3.7 BRCA1 mutation in familial breast and ovarian cancer

BRCA1 mutations are scattered throughout the coding sequences of the
gene. Of the known BRCAL mutations, 95% are predicted to result in premature
termination of translation. These mutations consist of (1) small deletions (70%) and
insertion (10%) that generate translational frameshifts, (2) single base substitutions
that directly generate termination codons (10%) and (3) splice site errors (5%)
(Rahman et al., 1998). More than 70% of insertions or deletions are of one or two

nucleotides. Many occur within short stretches of repetitive mononucleotide or
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dinucleotide sequence, indicating that slippage of DNA polymerase during DNA
replication is likely to be the mechanism by which they are generated (Rahman et al.,
1998). The short symmetric sequence elements may predispose BRCAL sequences to
microdeletion during meiosis (Schmucker et al., 1997). Substitutions within the
coordinating cystein residues in the Ring-finger domain of BRCA1 (Cys61Glu and
Cys64Gly) are clearly pathogenic because they segregate with the disease in several
breast cancer families (Rahman et al., 1998). Most cryptic BRCA1 mutations are
accounted for by large deletions within the coding sequence (Rahman et al., 1998).
The 100 kb of genomic sequence that includes BRCA1 is characterized by a high
frequency of Alu-repeat sequences and Alu-mediated recombination often seems to
generate of these large deletions (Rahman et al., 1998). Analysis of polymorphic
marker haplotypes within or close to the genes has demonstrated that almost all
recurrent mutations originate from a single founder. In most population a large number
of different mutations are found. In Ashkenazi Jews, two mutations in BRCAL : 185
del AG (Friedman et al., 1995) and 5382 ins C and one in BRCA2 (6174 del T)
account for 90% of families attributed to the two genes (Rahman et al., 1998).
Abnormalities of the promoter region, of other regulatory sequences within introns, or
complete deletions of the gene may account for the remaining cryptic mutations
(Tavtigian et al., 1996). Mutation of the promoter sequence can lead to transcription
failure. Introduction of an mRNA-destabilizing sequence can result in rapid

degradation of the mutant transcripts (Chang et al., 1997).

3.8 Estrogen, estrogen receptor and breast cancer

3.8.1 Estrogen

Estrogen are steroid hormone that plays important roles in the growth and
differentiation of female secondary sex characteristics, in reproduction and in cellular
metabolism (George et al., 1988, Jensen et al.,1992). Estrogen is required for the
development and function of many other tissues. It is important in bone development
and the maintenance of bone density, the healthy cardiovascular system and neuronal
growth and differentiation. Estrogen is needed during normal breast development,

particularly during puberty and pregnancy (Koroch et al., 1994). Pregnancy increases



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) /33

circulating estrogen levels and pregnancy before age 20 years reduces breast cancer
risk. In contrast a similar pregnancy induced increase in estrogen levels after age 30
years increases breast cancer risk (Mcpherson et al., 2000). Estrogen increase
proliferation and genetic instability by inducing free radical-mediated DNA damage

and mutation (Liehr et al.,2000).

3.8.2 Estrogen receptor

Estrogens mediate their activity by interaction and activation of specific
receptor proteins, the estrogen receptors (ER) (Jensen et al., 1992). Estrogen receptor
has two isoforms : estrogen receptor alpha (ERa ) and estrogen receptor beta (ER f3).
ERa and ERp are members of a superfamily of genes that comprises nuclear receptors
for diverse hydrophobic ligands such as steroid hormones (estrogens, glucocorticoids
etc.), retinoic acid (vitamin A), vitamin D etc. (Jensen et al., 1992). In the
absence of hormone, ER exists in an unactivated untransformed state, as a monomer,
complexed with heat shock proteins. Upon hormone binding, the receptor undergoes
physiochemical changes including phosphorylation at specific serine and tyrosine
residues that are accompanied by conformational changes (Enmark et al., 1999). The
transformed ER dimer binds to its specific estrogen response element (ERE) located in
the promoter region of estrogen responsive genes, regulating their transcriptional
activity. ER-ERE interactions are augmented by the binding of co-activators or co-
repressors that further regulate gene transcription (Halachmi et al.,1994).

Human estrogen receptor alpha (ERa) is comprised of 595 amino acids and
displays an approximate molecular weight of 66-70 kD. ERa has 6 functional domain
(A-F). The A/B region contains activation function 1 (AF-1) which is important for
transactivation and gene specificity. Region C is the DNA binding domain (DBD) and
contains two zinc finger motif and responsible for the binding of the receptor to
estrogen response elements as well as contribute to dimerization and transactivation.
Region D is the hinge region and contain nuclear localization. Region E contains the
ligand binding domain (LBD) and activation function 2 (AF-2). AF-2 involves in
transactivation in conjunction with AF-1. Region F plays a role in distinguishing

antagonist binding to the human ERa molecule. Human estrogen receptor f has 477
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amino acid and expressed in many tissues including immune system and urogenital

tract (Enmark et al., 1999).

3.8.3 Estrogen, BRCAL and breast cancer

Estrogen plays a role in affecting breast cancer risk. Estrogen may serve as
preinitiators because elevated estrogen levels can permanently alter the morphology of
the mammary gland (Hilakivi-Clarke et al., 1997). The reduced breast cancer risk
could be achieved through estrogen-induce activation of BRCA1 and p53 that are
critical in DNA damage repair and in maintaining genetic stability (Ciocca et al.,
1997). When breast cancer initiation has taken place, estrogen might promote the
growth of transformed cells, leading to the development of breast cancer (Gudas
et al.,1995). BRCAI interacts with and regulates the activity of estrogen receptor o
(Fan et al., 1999) and the androgen receptor (Keen et al., 2003). Its expression is
regulated by carcinogens and anticarcinogens. A molecular linkage between BRCAL

and hormone-responsive cancers has been suggested (Clarke , 2000).

3.9 Characteristics of clinical pathology in breast and ovarian cancer

Pathologic analysis of the types of breast cancer specimens allow
description of the tumors as intraductal, locally invasive, or metabolic. Breast cancer is
staged at the time of surgery depending on the primary tumor size, lymph nodal
involvement and combined histologic grading (Johannsson et al., 1997).

Hereditary breast cancer is characterized by a very high risk of disease in
association with other cancers and consistent with an autosomal dominant factor;
premenopausal onset, excess bilateral disease (Dickson et al., 2001) and multiple
primary tumors (Nelson et al., 1993). The morphologic and molecular phenotype of
breast cancer can help identify patients who are likely to carry germline mutations in
BRCA1 and BRCA2 (Org, 2001). BRCA1 has a distinctive morphology and
immunohistochemical data can be used to predict the risk of a young patient
harboring a germline mutation in BRCA1. Immunohistochemical studies have led to
identification of novel targets with roles in diagnosis, prognostication and therapeutics

(Lakhani et al., 2002). Hormone receptors (i.e. estrogen receptor), growth factor
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receptor (e.g. epidermal growth factor receptor), tumor-specific oncogene products
and cell cycle proteins (i.e. cyclin D1), a humanized monoclonal antibody against
HER-2 are useful for molecular analysis of cancer-associated genes in breast cancer
(Lakhani et al., 2002).Young age of onset, high nuclear grade, negative estrogen
receptor status and over-expression of p53 are highly associated with BRCA1-
positive status (Eerola et al., 2004). The immunohistochemical analysis provides a
new and powerful predictor of BRCALl mutation status that could augment risk
assessment on the basis of family history of breast/ovarian cancer (Lakhani et al.,
2002).

Histopathology of Breast cancer : Breast cancer arises from the epithelium
of the mammary gland, which includes the milk-producing lobules and the ducts that
carry milk to the nipple. The breast epithelium undergoes a transformation from
normal to hyperplasia, followed by the appearance of atypia in association with the
hyperplasia, ultimately becoming malignant (Dickson et al., 2001). Malignant cells
continue from noninvasive carcinoma, and ultimately, to cells with metastatic
potential. Pathologic analysis of the types of breast cancer specimens are described as
intraductal, locally invasive, or metastatic. Frozen or paraffin sections and other
biopsy methodologies also detect of dividing cells, specific antigens, expression of
specific genes, and rearrangements in the structure of various genes and chromosomes
in the tumor or in the surrounding stromal cells. Hyperplasia, papilloma and sclerosing
adenosis are considered to indicate a 1.5-2 fold increased risk of cancer. The condition
of atypical hyperplasia is considered to have a 4-5 fold risk. Carcinoma in situ, a
disease either of mammary secretory lobules (lobular carcinoma in situ) or ductules
(ductal carcinoma in situ) is considered an 8 - tol0 — fold increased risk of breast
cancer (Mendelsohn et al., 2001).

Invasive Breast Cancer : It may be ductal or lobular in histologic type.
There are a few distinguishing clinical features, natural history and treatment of the
two lesions. About 80% of invasive breast cancers are ductal carcinomas. Infiltrating
lobular carcinoma is less common, representing only 5 to 10 percent of breast cancers
(Kinne, 1985). The remainder of invasive breast cancer consists of a variety of
“special type” including tubular cancer, characterized by prominent tubule formation;

medullary carcinoma, a lesion that appears poorly differentiated under the microscope
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but is thought to have a more favorable prognosis than other breast cancers and
mucinous carcinoma, characterized by the abundant accumulation or extracellular
mucin, bulky tumors, and a good prognosis (Mendelsohn et al., 2001). 15 % of
invasive carcinomas are not detectable mammographically, particularly invasive
lobular carcinomas. Mammography alone is not sufficient for the evaluation of a
breast mass. In the presence of a palpable breast mass, a negative mammogram should
be followed by ultrasound and/or biopsy. A cystic lesion on ultrasound may be
presumed benign. A solid or complex lesion should be subjected to excisional biopsy
(Dickson et al., 2001)

Ductal Carcinoma in Situ : This is a precursor lesion of invasive ductal
carcinoma. Historically, patients presented with a palpable breast mass, a nipple
discharge, or both. The most common mammographic manifestation of Ductal
Carcinoma in Situ is clustered microcalcifications (Rosen et.al, 1980).

Histopathology of ovarian cancer : Ovarian cancer arises from epithelial
cells and also occurs from germ cells and granulosa or theca cells of the ovarian
stroma. Germ cell tumors occur in younger women. Granulosa and theca cell tumors
can occur in both young and older women. Epithelial ovarian cancers arise from the
surface of the ovary or from within cysts immediately beneath the ovarian surface,
eventually forming a mass within the pelvis (Chappuis et al., 2002). Well —
differentiated tumors often form papillae that project from the ovarian surface or
extend into the lumen of cysts. Histologically, tumors cells can resemble the epithelial
components of different gynecologic tissue. The most frequently occurring serous
carcinomas contain columnar epithelial cells. The less common endometrioid
carcinomas resemble endometrial glands, and mucinous tumors mimic endocervical
glands or bowel. The epithelium of the uncommon clear cell cancers contains
abundant glycogen and exhibits a hobnail appearance. Poorly differentiated tumors
lack these distinctive features (Bast et al., 2001).

Tumor staging (Singletary et al., 2003) :

It is generally applied only to a solid tumor. A tumor is in stage I if its
growth is restricted to its primary site, and in stage IV if it has grown and invade
extensively and shows wide metastatic spread. Stage II and III describe tumors that

fall between these extremes. TNM system is the staging system which is the general
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format used for staging cancer of all types and is updated and maintained by the
American Joint Committee on Cancer (AJCC). The “T ” stands for tumor size, the

“N ” stands for spread to lymph nodes and the “ M ” stands for metastasis.

Staging system for breast cancer

stage 0  Carcinoma in situ

stage I  Tumor <2 cm., negative axillary nodes

stage II  Tumor from 2-5 cm. and/or fixed axillary nodes

stage III Tumor > 5cm and/or fixed axillary nodes; inflammatory breast
cancer

stage [V Distant metastases beyond ipsilateral axillary nodes

In the FIGO system (FIGO stands for the International Federation of
Gynecology and Obstetrics), ovarian cancer is stage I through IV similar to the TNM
system.

Staging system for ovarian cancer (by FIGO system) (Nowak et al., 2004)

stage I  Ovarian cancer that is confined to one or both ovaries

stage Il Ovarian cancer that has spread to pelvic organs (i.e. uterus) but

has not spread to abdominal organs

stage III Ovarian cancer that has spread to abdominal organs (i.e..

abdominal lymph nodes)

stage IV Ovarian cancer that has spread outside to distant sites (i.e.. lung,

brain)

3.10 Mutation detection method

There are many methods for detect sequence alterations and the number of
cloned disease-related genes. The examples of these methods are SSCP, direct

sequencing etc.
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3.10.1 Single-Stranded Conformational Polymorphism analysis
(SSCP) :

It is one of the most popular method for mutation screening. The
principle of this technic is that single — stranded DNA has a tendency to
fold wup and form complex structures stabilized by weak intramolecular bonds
(base-paring hydrogen bonds). The electrophoretic mobilities of such structures on
nondenaturing gels will depend not only on their chain lengths but also on their
conformations, which are dictated by the DNA sequence. In this technic, amplified
DNA samples are denatured and loaded on a nondenaturing polyacrylamide gel. The
primers can be radiolabelled and labelled products can be detected by silver staining.
The control and test samples were run at the same time thus the difference from the
wild-type pattern can be observed. SSCP is sensitive for fragments up to 200 bp length
but it does not reveal the nature or position of any mutation detected (Sheffield et al.,

1993 ; Sambrook et al., 2001a).

3.10.2 Denaturing high performance liquid chromatography (dHPLC) :
This method requires tailoring to the particular sequence under test, and so
is best suited to routine analysis of a given fragment in many samples. For this method,
the mobility of a fragment changes markedly when it denatures. The advantage of this

technic is quick, high throughput and quantitative. (Strachan et al., 1999d).

3.10.3 Allele-specific PCR amplification (ARMS test) :

This method can be used to type specific alleles at a polymorphic locus.
Oligonucleotide primers can be designed to discriminate between target DNA
sequences that differ by a single nucleotide in the region of interest. It is a form of
allele-specific PCR. The allele-specific hybridization is possible with allele specific
oligonucleotide probe (Newton et al., 1997).

3.10.4 High-density oligonucleotide (GeneChip) arrays :
This technic can detect large-scale gene screening, gene analyses and the
possibility of single pass whole genome analyses. It uses the nonporous solid supports

such as glass, which is much amenable to miniaturization and fluorescence-base
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detection. The another innovation is high density spatial synthesis of oligonucleotides
on glass wafers using the photolithographic masking technic. GeneChip is useful for

screening RNA expression and DNA variation (Cheung et al., 1999).

3.10.5 Heteroduplex analysis :

Mutational scanning can be performed by detecting base mismatches in
heteroduplex DNA molecules. When an individual is heterozygous for a sequence
alteration within the DNA sequence, both wild-type and mutant template sequences
are present simultaneously in a PCR reaction. Following the PCR reaction, the two
DNA species, one containing the normal nucleotide base sequence (normal
homoduplex) and the other containing an alteration in base sequence (mutated
homoduplex), are denatured and then reannealed at a sufficiently low temperature to
allow renaturation of all species, including those not perfectly complementary to each
other; this will generate heteroduplex molecules. A heteroduplex with a single
mismatch will display a different electrophoretic mobility from the corresponding
migrate more slowly than the corresponding homoduplex and they can be detected as
extra slow moving bands. They will travel differently in the gel due to their varying
sizes and shapes. Gel electrophoresis in nondenaturing polyacrylamide gel is used to
visualized the different migration caused by sequence—dependent conformational
changes in the double — stranded DNA molecules (Ferrari et al., 1996). In fragment of
under 200 bp, insertions, deletions, and most single base substitutions are detected by
this technic. Heteroduplex analysis is mostly used combined with Single Strand
Conformation Analysis (SSCA) on a single gel and several mutations in a gene can be
detected by the multiplex heteroduplex analysis (Gayther et.al., 1996 ; Sambrook
etal., 2001a).

3.10.6 DNA sequencing technic :

(1) Chemical DNA sequencing and (2) Dideoxy sequencing.

Chemical DNA sequencing methods were the technic for DNA sequencing.
These methods were used by base-specific chemical modification and subsequent
cleavage of the DNA. The vast majority of DNA sequencing is carried out using an

enzymatic technic (Strachan et al., 1999d). Principle of dideoxy sequencing is that the
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sequenced DNA is provided in a single-stranded form from which DNA polymerase
synthesizes new complementary DNA strands. The single strand DNA template is
obtained which permits recovery of single-strand recombinant DNA, or M13 or
phagemid cloning systems. The subsequent DNA sequencing reactions involve DNA
synthesis using one or more labeled nucleotides and a universal sequencing primer that
is complementary to the vector sequence flanking the cloning site. In addition to the
normal nucleotide precursors, DNA synthesis is carried out in the presence of base-
specific dideoxynucleotides (ddNTPs). ddNTPs are analogs of the normal dNTPs
but differ in that they lack a hydroxyl group at the 3’carbon position as well as
2’carbon. A dideoxynucleotide can be cooperated into the growing DNA chain by
forming a phosphodiester bond between its 5'carbon atom and the 3’carbon of the
previous nucleotide. However, since ddNTPs lack a 3’carbon hydroxyl group, any
ddNTPs that is incoperated into a growing DNA chain can not participate in
phosphodiester bonding at the 3 carbon atom, thereby causing abrupt termination of
chain synthesis. A mix of all four dNTPs and a small proportion of one of the four
ddNTPs includes in four parallel base-specific reactions. Chain termination occurs
randomly at one of the possible bases in any one DNA strand. Each one of the four
base specific reaction generates a collection of labeled DNA fragments of different
size, with a common 5" end but variable 3“ends. The fragments which are different in
size can be separated on a denaturing polyacrylamide gel. The differently size
fragments are detected by incorperating labeled group into the product. The sequence
can be read off by reading from the bottom of the gel to the top, a direction that give
the 5" 3’sequence of the complementary strand of the provided DNA template
(Sambrook et al., 1989).

There are many dideoxy-mediated sequencing methods for detect DNA
sequencing such as :

Dideoxy-mediated sequencing reactions using the Klenow fragment of E-
coli DNA polymerase and single strand DNA templates

Dideoxy-mediated sequencing of DNA using Taq DNA polymerase

Cycle sequencing of dideoxy-mediated sequencing reactions using PCR

and end-labeled primers
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For improvement of DNA sequencing, there is the development of
automated procedures for fluorescent DNA sequencing. The primers or
dideoxynucleotides are attached fluorophores. During electrophoresis, a monitor
detects and records the fluorescence signal as the DNA passes through a fixed pointing
the gel. All four reactions can be loaded in the single lane and the output is in the form
of intensity profiles for each of the differently colored fluorophores. The information
is simultaneously stored electronically. The accuracy of automated DNA sequencing is

high (Strachan et al., 1999d ; Sambrook et al., 2001b).

3.11 DNA cloning technic

3.11.1 Vector

A vector is a DNA molecule that is capable of replicating in a bacterial cell
and that can be readily isolated in pure form from bacterial cells. Insertion of a foreign
DNA fragment into a vector, using restriction endonuclease and DNA-or RNA-
modifying enzyme, results in replication of the inserted fragment along with the vector
and eventual isolation in pure form of the DNA fragment of interest. Each type of
vector system has particular features that are advantageous for certain situations.
Plasmid is the vector which is closed circular double-stranded DNA molecule that is
capable of extrachromosomal replication in bacterial cells. Plasmid can vary in size
from several hundred base pairs to several hundred kilobase pairs. Plasmid cloning
vectors are specially designed small plasmids with three essential features :

1. An origin of DNA replication

2. A selectable marker (usually an antibiotic resistance gene)

3. Suitable site for cloning

The replication origin is a DNA sequence that is necessary for replication
of the plasmid in the bacterial cell, usually independent of replication of the cellular
DNA. The replication origin confers the property of replication to high copy number
on the plasmid and also provide a mechanism for maintenance of the plasmid
sequence in the bacterial cells. The selectable marker on a plasmid is used to provide a
substantial selective advantage to cells. Most useful selectable markers on plasmid

cloning vectors are bacterial gene specifying resistance to one or more antibiotics
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through a variety of mechanisms. Selectable markers provide a simple means to
identify bacterial cells containing sequences derived from the parent vector plasmid
and also a way to ensure that a plasmid is not lost from a bacterial cell population by
supplying a continual selection for those cells containing a plasmid. There must be at
least one region in the plasmid that is non-essential for plasmid growth or selection
and that can be modified by insertion. This insertion is greatly facilitated through the
use of restriction endonuclease cleavage sites permit easy introduction and excision of
foreign DNA into the plasmid (Sambrook et al., 2001e).

DNA fragments can be amplified more than 10° fold by inserting them
into a plasmid or bacteriophage and then growing them in a suitable vector such as
bacterial or yeast cells. Plasmid DNA can easily be separated from host cell DNA and
purified. These purified plasmid DNA molecules may be used as cloning vectors after
being cut by a restriction enzyme, then ligated to the DNA fragment to be cloned. The
resultant hybrid plasmid-DNA molecules are then reintroduced into bacterial that have
been transiently made permeable to macromolecules, but only a portion of the treated
cells take up the plasmid. The hybrid plasmid-DNA molecules are then purified and
the copies of the original DNA fragment excised by restriction enzyme digestion. The
colony whose plasmid contains the genomic DNA fragment of interest must then be
selected and allow to proliferate and from a large cell population or clone. The
identification of recombinants can be performed using a variety of different probes.
These include radiolabeled oligonucleotide probes and cDNA probes, immunological
methods for detection and expression vectors. The biological assay for identification
of the biologically active protein can be particularly useful in the isolation of genes for
polypeptides with high biological specific activity such as polypeptide hormones and
growth factors. In other cases, the desired gene product imports a new property to the
cell that can be easily identified (i.e. transformation by an oncogene and subsequent
loss of growth control that can be detected by radiolabeled ligand binding,
fluorescence activated cell sorting (FACS)). The polypeptides could be expressed in
and secreted from cells transformed by the cloned DNA and the medium harvested . A
sensitive biological assay is then used to determined whether the biological activity is

present. Identification recombinant clones containing specific gene sequences depends
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on the availability of reagents (i.e. antibodies, related gene probes) and assay for the

gene of interest. (Sudbery P, 2002).

3.12 Site directed mutagenesis

The elucidation of the relationship between the structure and function of genetic
material is aided by the availability of suitable mutants. The alterations may be
introduced into specific regions of DNA either by point mutation , deletion or insertion.
These mutated molecules can be purified by cloning in bacteria and the alterations in
the clones characterized by DNA sequencing. The mutated gene may be tested for
activity in a system in vivo or in vitro. There are a variety of uses for altered DNA
sequences constructed by in vitro mutagenesis and three general areas can be
identified :

1. Investigation of protein structure and function
2. Studies on the regulatory sites for gene expression and DNA
replication
3. Modification of therapeutic protein
In vitro site-directed mutagenesis is an invaluable technique for study protein
structure-function relationship and gene expression, and carrying out vector
modification. The basic procedure for doing site directed mutagenesis is to utilizes a
supercoiled double-stranded DNA (dsDNA) vector with an insert of interest and two
synthetic oligonucleotide primers containing the desired mutation. The oligonucleotide
primers, each complementary to opposite strands of the vector, are extended during
temperature cycling by using PfuTurbo DNA polymerase. Incorporation of the
oligonucleotide primers generates a mutated plasmid containing staggered nicks.
Following temperature cycling, the product is treated with Dpnl endonuclease enzyme.
The nicked vector DNA incorporating the desired mutation is then transformed into

the competent cell (Primrose et al., 2001).
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3.13 Luciferase functional assay

The reporter gene transcription analysis is one of the functional assay
which use for the identification of transcription enhancer elements. In this assay
genomic fragment being tested for enhancer activity is joined with a reporter gene
already driven by a promoter. If the fragment has enhancer activity the reporter gene
activity will increase with addition of the fragment in either orientation, or when the
fragment is located either 5’ or 3’ to the reporter.

The light emissions are measured in a Luminometer and the amount of
luciferase activity reflect the activity of the promoter directing expression of the fusion
gene. The amount of activity reflects the activity of the promoter segment in the
construct, allowing quantitative comparison between different version the same
promoter. The comparison reveals the location and functional importance of elements
in the promoter region of the gene under study. For Luciferase reporter assay; the
luciferase assay is simple, sensitive and does not require radioisotope. In the presence
of excess substrate, the reaction produces a flash of light whose intensity is
proportional to the amount of luciferase enzyme present in the assay. The production
of light occurs when beetle luciferin is oxidized by the enzyme intermediate
luciferly — AMP. The intensity of light will measured in Luminometer which records
the light units detected in 10-20 sec. The luciferase enzyme is derived from the coding
sequence of the luc gene cloned from the firefly Photinus pyralio. Luciferase is a
monomer of 60.7 kD. Firefly luciferase protein has a shorter half life in transfectd
mamalian cells. The firefly luciferase enzyme catalyzes a reaction using D-luciferin
and ATP in the presence of oxygen and Mg2" resulting in light emission. The
luciferase reaction is quantitated using a Luminometer which measures light output.
The total amount of light measured during a given time is proportional to the amount
of luciferase reporter activity in the samples. Changes in luciferase reporter activity
directly correct to the transcriptional activity of the cloned regulatory element when
expressed in transfected cells.

In luciferase assay, B-galactosidase is usually used as an internal control.
After a period of time to allow gene expression, enzyme activities arising from the

expression of the test and control plasmid are determined in cell lysates. A normalized
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expression value can be obtained by dividing the amount of luciferase activity by the
B-galactosidase activity. Extract of most types of cultured mammalian cells contain
relatively low levels of endogenous [-galactosidase activity, and an increase in
enzyme activity of up to 100-fold can usually be detected during the course of a
transfection. Both enzymatic assays are carried out in constant volume of extract, and
the results are then normalized to a defined level of B-galactosidase activity. This [-
galactosidase vector can be used as a positive control or as a reference when
comparing the activities of different promoter and enhancer elements. The E-coli -
galactosidase gene is often used as an internal reference in transfection study. The
amount of luciferase expressed in a transfected cell from a given construct is a
function of the strength of the promoter as well as the kinetics of luciferase mRNA
transport, translation and enzyme turnover (Leonard et al., 1994 ; Sambrook et al.,

2001c).
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CHAPTER IV
MATERIALS AND METHODS

There are three parts of work in this thesis. The two parts are the studies
about the mutation and the effect of 3"UTR variant on gene expression in Thai familial
breast and/or ovarian, or isolated early onset cancer cases (with BRCAL/2 exonic
mutation negative). Study of the third part involves about the effect of missense
mutations which were previously found in Thai familial breast and/or ovarian, or
isolated early onset cancer cases to estrogen and estrogen receptor signaling pathway.

The first part is : Screening mutation at 5” and 3’'UTR of BRCA1 gene in
Thai familial breast and/or ovarian, or isolated early onset cancer cases (with
BRCAL/2 exonic mutation negative) by PCR and automated DNA sequencing and
compared with the BRCA1-3'UTR mutation in Thai familial breast and/or ovarian, or
isolated early onset cancer cases (with BRCA1/2 exonic mutation positive) and the
BRCA1-3'UTR mutation in unaffected Thais.

The second part is : Functional study of DNA variants at the 3'UTR of
BRCA1 gene.

The third part is : Studying the effect of missense mutations which were
previously found in Thai familial breast and/or ovarian, or isolated early onset cancer
cases (with BRCA1/2 exonic mutation positive) to estrogen and estrogen receptor

signaling pathway.

Materials :

1. The materials for the first part are detailed in the appendix section page
149 to 150

2. The materials for the second part are detailed in the appendix section
page 151 to 152

3. The materials for the third part are detailed in the appendix section page

152 to 153
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Supplies and instruments :

1. The supplies and instruments for the first part are detailed in the
appendix section page 150 to 151

2. The supplies and instruments for the second and third parts are detailed

in the appendix section page 153 to 154

Methods

4.1 Methods for the first part :

Screening mutation at 5° and 3'UTR of BRCA1 gene in Thai familial
breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2 exonic
mutation negative) by PCR and automated DNA sequencing and compared with the
BRCA1-3"UTR mutation in Thai familial breast and/or ovarian, or isolated early onset
cancer cases (with BRCA1/2 exonic mutation positive) and the BRCA1-3'UTR

mutation in unaffected Thais.

4.1.1 Patients

Forty Thai breast/ovarian cancer families were previously screened for
mutation in exon and exon-intron junction regions of BRCAL1 and BRCA2. Among
these forty families, there were twenty families with negative for BRCAL/2 mutation
(Patmasiriwat et al., 2002b) (Table 2). The samples which exonic mutation negative
of BRCA1 and BRCA2 gene were then investigated for variants at 5" and 3'UTR of
BRCAL and the functional assay was done after 5" or 3"UTR variations of BRCA1
were observed in this work. Among forty Thai breast/ovarian cancer families, there
were twenty families with positive for BRCAL/2 mutation (Patmasiriwat et al., 2002b).
However, there was inadequet DNA sample from a patient in family F30, thus
nineteen families of cancer cases (with BRCA1/2 mutation positive) were included for
the screening (Table 3). In addition to the UTR mutation screening in cases with
BRCAL1/2 exonic mutation negative, screen at 3'UTR of BRCAL gene was also
determined in these nineteen families with BRCAL1/2 exonic mutation positive and in

103 unaffected Thais. For the 103 unaffected Thais, I screened 3'UTR of BRCAL for
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65 unaffected Thais and the two undergraduate Medical Technology students
(Supitcha Chantakul and Sriprapai Khanuntong) screened for 38 unaffected Thais.

The description of family code was as following :

F BR means a family with breast only cancer in two or more familial
members of first degree relative (first degree relative ; mother-daughter, older-younger
sisters).

F OV means a family with ovarian only cancer in two or more familial
members of first degree relative.

F BR/OV means a family with breast cancer or ovarian cancer in two or

more familial members of first degree relative.

4.1.2 Screening mutations at 5" and 3'UTR of BRCAL gene in Thai
familial breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2

exonic mutaton negative)

For screening mutation at 5'UTR (Genbank accession number L78833), a
set of primer was used; forward 5° - GGG ATT GGG ACC TCT TCT TAC -3 " and
reverse 5' - CCA CTC TCC CAC GCC AGT A - 3'. The PCR reaction mixture
includes 10 x PCR buffer with 1.5 mM MgCl,, 100 mM dNTP, 0.5 uM each primer, 5
unit Taqg DNA polymerase and 200 ng genomic DNA in a total volume of 20 pl.
Amplifying condition for 5"'UTR of BRCAL was as follow : 1 cycle of 94°C (7
mins); 35 cycles of 94°C (45 sec), 61°C (33 sec) and 72°C (30 sec); 1 cycle of 72°C
(7 mins). DNA fragment length was 532 bp covering a 267 bp fragment with strong
promoter activity (underline) and BRCA1l exon la (bold) (Fig. 8). The PCR product
was purified by QIAquick PCR purification kit (QIAGEN) according to
manufacturer’s instruction (the protocol for PCR product purification by QIAquick
PCR purification kit (QIAGEN) was detailed in appendix part). For mutation
screening at 3'UTR (Genbank accession number Y08864), there were two sets of
primers. The first set was forward 5" - AGC ACT CTA CCA GTG CCA GG -3’
and reverse 5" - AGG TTT CAA GTT TCC TTT TCA - 3" and the PCR product size

was 645 bp. (Fig. 9). This primer pair was used for screening from stop codon to
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nucleotide 581 (Fig.13). The second set was forward 5" - GGA AAA TGA AAC TAG
AAG AGA TTT -3 " andreverse 5" - AGG CTC TGA GAA AGT CGG CT -3’ and
the product size was 560 bp. (Fig.10). This primer pair was used for screening from
nucleotide 876 to polyadenylation site (Fig. 13). The PCR reaction mixture for 3'UTR
includes 10 x PCR buffer with 1.75 mM MgCl,, 100 mM dNTP, 0.5 uM each primer,
5 unit Taqg DNA polymerase and 1000 ng genomic DNA in a total volume of 100 pl.
Amplifying condition for 3’'UTR was the same condition as for 5’"UTR as mentioned
above. The PCR product was run in 1% agarose gel electrophoresis and stained with
ethidium bromide. The band of 3'UTR PCR product was cut off and purified
(QIAquick Gel Extraction kit (QIAGEN)). The protocol for PCR product purification
by QIAquick Gel Extractionkit (QIAGEN) was detailed in appendix part. Automated
DNA sequencing was used to verify nucleotide changes at 5" and 3'UTR of BRCAL.
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Forward primer
9
3001 gggattggga cctcttctta cgactgcettt ggacaatagg tagcgattct gaccttcgta

3061 cagcaattac tgtgatgcaa taagccgeaa ctggaagagt agaggetaga gggeaggeac

3121 tttatggcaa actcaggtag aattcttcct cttcegtete tttectttta cgteatccgg

3181 gggcagacte gotggccaat ccagagecce gagagacgct tggctettte teteccctece

3241 atcctctgat tetaccttga tttcotattc toagagecte ctocttageg gtageccctt

3301 getttccote gcaacgeaaa agegcogoaa ttacagataa attaaaactg cgactgegeq

3361 gcgtgagcete getgagactt cctggacggg ggacaggctg tggggtttct cagataactg

3421 ggcccctgeg ctcaggaggc cttcacccte tgetctgggt aaaggtagta gagtceeggg
Reverse primer
é

3481 aaagggacag ggggcccaag tgatgetetg gggtactggce gtgggagagt gg

Figure 8 Sequence of 5’"UTR, 267 bp promoter region (underline), exon 1 A
(bold) of BRCAL and the primers for screening mutation
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Forward primer
9
82981 tgttggacag tgtagcactc taccagtgcc aggagetgga cacctacctg ataccccaga

83041 tccececcacag ccactactga ctgecagecag ccacaggtac agagecacag gaccccaaga
83101 atgagcttac aaagtggcct ttccaggecc tgggagcetcec tetecactett cagtecttet
83161 actgtcctgg ctactaaata ttttatgtac atcagcctga aaaggactte tggctatgea
83221 agggtccctt aaagattttc tgettgaagt cteecttgga aatctgecat gagcacaaaa
83281 ttatggtaat ttttcacctg agaagatttt aaaaccattt aaacgccacc aattgagcaa
83341 gatgctgatt cattatttat cagccctatt ctttctattc aggetgttgt tggcttaggg

83401 ctggaagcac agagtggctt ggcctcaaga gaatagetgg tttccctaag tttacttete
83461 taaaaccctg tgttcacaaa ggcagagagt cagacccttc aatggaagga gagtgcttgg
83521 gatcgattat gtgacttaaa gtcagaatag tccttgggea gttctcaaat gttggagtgg

Reverse primer
é
83581 aacattgggg aggaaattct gaggcaggta ttagaaatga aaaggaaact tgaaacctgg

83641 gcatggtgge tcacgectgt aatcccagea ctttgggage ccaaggtggg cagatcactg
83701 gaggtcagga gttcgaaacc agcctggeca acatggtgaa accccatcte tactaaaaat
83761 acagaaatta gccggtcatg gtggtggaca cctgtaatcc cagetactca ggtggctaag

83821 gcaggagaat cacttcagee cgggaggtgg aggttgcagt gagecaagat cataccacgg

Figure 9 Part of BRCAL1-3'UTR sequence and the first primer pairs for screening

Mutation
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Forward primer
9

83881 cactccagece tgggtgacag tgagactgtg getcaaaaaa aaaaaaaaaa aaggaaaatg

Forward primer
9
83941 aaactagaag agatttctta aagtctgaga tatatttgct agatttctaa agaatgtgtt

84001 ctaaaacagc agaagatttt caagaaccgg tttccaaaga cagtcttcta attcctcatt
84061 agtaataagt aaaatgttta ttgttgtagce tctggtatat aatccattcc tcttaaaata
84121 taagacctct ggcatgaata tttcatatct ataaaatgac agatcccacc aggaaggaag
84181 ctgttgcttt ctttgaggtg atttttttce tttgetceet gttgetgaaa ccatacaget
84241 tcataaataa ttttgcttge tgaaggaaga aaaagtgttt ttcataaacc cattatccag
84301 gactgtttat agctgttgga aggactaggt cttccctage ccceccagtg tgcaagggea
84361 gtgaagactt gattgtacaa aatacgtttt gtaaatgttg tgctgttaac actgcaaata

Reverse primer
é
84421 aacttggtag caaacacttc caccatgaat gactgttctt gagacttagg ccagccgact

Reverse primer
é
84481 ttctcagagc Cttttcactg tgcttcagtc tcccactetg taaaatgggg gtaatgatag

Figure 10 Part of BRCA1-3'UTR sequence and the second primer pairs for

screening mutation
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4.1.3 Screening mutation at 3’'UTR of BRCA1 gene in Thai familial
breast and/or ovarian, or isolated early onset cancer cases (with BRCAL/2 exonic
mutation positive) by PCR based heteroduplex analysis and automated DNA

sequencing

There were nineteen familial or isolated cases of BRCAL/2 exonic mutation
positive families for screening mutation at 3" UTR of BRCAL gene. All of these cases
were previously screened and the mutation in BRCAL or BRCA2 at the exon or exon-
intron junction regions were found (Patmasiriwat et al., 2002b) .

The steps for screening the mutation at BRCA1-3'UTR in BRCAL/2
mutation positive families included :

1. DNA extraction by phenol/chloroform

2. PCR based heteroduplex analysis

3. Automated DNA sequencing

4.1.3.1 DNA Extraction

White blood cells (WBC) were separated from red blood cells
(RBC) by usingl1% dextran/0.9% normal saline; red blood cells were sedimented at
room temperature for 45 minutes. The WBC-riched supernate was separated and
centrifuged at 1300 rpm, 4°C for 10 minutes. RBCs were lysed by 1 x ACK lysis
buffer two times, with the ratios of cell suspension : ACK for 1:1 and 1:2, respectively.
The RBC lysis solution was then centrifuged at 1300 rpm, 4°C for 10 minutes.

The WBC pellet was washed by PBS and centrifuged at 1300 rpm,
4°C for 10 minutes. The WBC pellet was resuspended in 4 ml of proteinase K buffer
containing 80 pl of 10mg/ml proteinase K and 100 ul of 20% SDS. The WBC
suspension was incubated at 55-56 °C for 2 hour. The genomic DNA was purified by
phenol (the ratio of cell suspension : phenol was 1:1) once, phenol/chloroform (the
ratio of phenol : chloroform was 1: 1) twice and 4 ml.of chloroform once and then
centrifuged at 1600 rpm, 4°C for 15 minutes. Genomic DNA was added with 0.4 ml of
3M sodium acetate and precipitated with 12 ml of absolute ethanol. The purified
genomic DNA was kept in 200-300 pl of TE pH 7.5 at 4 °C refrigerator or in cold

room.
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4.1.3.1.1 Quantitation of DNA by UV absorbance

An advantage of the spectrophotometry method for DNA
quantitation is that the amount of protein contamination in the sample can also be
determined by measuring the OD,gg. The disadvantage of this method is that it is
sensitive to contaminating RNA, which can lead to an overestimation of the DNA
concentration. The steps for DNA quantitation include the spectrophotometer setting
to a wavelength of 260 nm (in the UV spectrum). Dissolving a DNA sample in TE (pH
8.0) and adjust the spectrophotometer to zero with TE (pH 8.0) in a quartz cuvette
with a one centimeter path length. The DNA sample was diluted with DW (1:100) and
measure the ODygo. If the DNA solution was too diluted (i.e. the ODy4 is < 0.05),
repeat the measurement with a more concentrated DNA sample was necessary. The
spectrophotometer was set to a wavelength of 280 nm and read just to zero and. the
ODgygy of the sample was measured.

Note: Pure DNA should have a ratio of ODyg9/ ODygo of
more than 1.8. A ratio that is lower than 1.5 may be indication of either high residual
protein or organic solvents in the DNA sample. In this case, re-extraction should
done with phenol : chloroform again followed by ethanol precipitation.

Calculate the DNA concentration as follows:
dsDNA concentration (pg/ml) = 0.D.260x50x dilution

factor.

4.1.3.1.2 Qualification of DNA by agarose gel
electrophoresis

The steps for agarose gel electrophoresis were to prepare
1% agarose gel by adding agarose powder 1 g into 1x TBE buffer 100 ml and heated
in microwave until the powder was dissolved. The tray and comb were set. The
agarose gel was left to cool down to 80 °C and then 1.0 pl ethidium bromide (conc.10
mg/ml) was added into 100 ml agarose gel and mix.The agarose gel was then poured
into electrophoretic tray and was left it to solidify. The preparation of loading DNA
sample was to mix 3 pl of gel loading buffer with 6 ul of DNA sample. For DNA
marker, mixing 3 ul of 100 bp DNA marker with 2 ul of gel loading buffer and loaded

the mixture into the pre-setting wells. The tray was then electrophoresed under 1x
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TBE buffer and adjust electrical voltage to 90 volts. The time was set for 45-60
minutes. When the electrophoresis was finished, examining the gel under ultraviolet
light using a transilluminator and taking a photograph of the gel. The good quality
DNA would show strong intensity of single band on the gel (Sambrook et al., 2001d).

4.1.3.2 PCR based heteroduplex analysis

Genomic DNA of the patients from familial breast and/or ovarian,
or isolated early onset cancer cases (with BRCA1/2 mutation positive) were screened
for mutation at BRCA1-3'UTR in the same regions which were screened in the
BRCA1/2 mutation negative patients. The two set of primers for the BRCA1-3'UTR
region were used as described before. 0.05 pul **P a dATP (conc. 10 mCi/ml) (specific
activity 250 uCi) was added in the PCR reaction mixture for heteroduplex analysis.
Amplifying condition for 3"'UTR of BRCAL which was used for screening from stop
codon to nucleotide 581 was as follow : 1 cycle of 94°C (7 mins); 35 cycles of 94°C
(45 sec), 61°C (33 sec) and 72°C (30 sec); 1 cycle of 72°C (7 mins). Amplifying
condition for 3'UTR of BRCA1 which was used for screening from nucleotide 876 to
polyadenylation site was as follow : 1 cycle of 94°C (7 mins); 35 cycles of 94°C
(45 sec), 54°C (45 sec) and 72°C (60 sec); 1 cycle of 72°C (7 mins). The PCR
product was then heated for 6 minutes at 90 to 95 °C and allowed the single strand
DNA to reanneal at room temperature for at least 2-3 hours. The reannealed PCR
product was transferred to new 0.5 ml microtube. 5 ul of the PCR product was mixed
with 2 upl of gel loading buffer and loaded on the non-denaturing heteroduplex
polyacrylamide gel. The heteroduplex gel contains 28 ml of 2x Mutation Detection
Enhancement (MDE) solution (FMC), 4.5 ml of 10 x TBE buffer, 5.6 ml of glycerol
(anhydrous), 400 pl of 10 % ammonium persulfate, and 40 pl tetramethylethylene-
diamine. The solution was gently mixed and quickly poured between two glass plates
(33.2 cm x 39.2 cm in size) by the aid of a 50 ml syringe. Before pouring the gel, both
glass plates were perfectly cleaned with distilled water and absolute ethanol. Only
short glass plate was coated with sigmacote solution. Two vinyl spacers separated
these two glass plates to form gel-thickness of 0.4 mm. After pouring the gel, the plate
was horizontal laid for 1.5-2 hours to allow gel polymerization. The gel-plate was then

placed on a vertical sequencing electrophoretic tank. Gels was run in 0.6xTBE buffer
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at 2,500 volts, 15mA for 7-14 hours at 25 °C. After electrophoresis, the gel plate was
removed from the electrophoretic tank. The gel was left to cool down before taking off
the upper short glass plate. Special care was needed in each of these manipulation.
Whatman paper No. 3 MM was quickly placed on the gel and gently removed from the
long glass plate. The gel on the 3 MM whatman paper was covered with the wrapping
plastic film and dried for 40 minutes at 80 °C in a vacuum gel-dryer. The dried gel was
placed in an X-ray film cassette. An autoradiographic X-ray film was laid on the gel
in the dark room and kept at room temperature for 24 hours. The exposed X-ray film

was developed in a Kodak M35X-OMAT automatic processor.

4.1.3.3 DNA sequencing
PCR products of the BRCA1/2 mutation positive patients which
showed the variant band in heteroduplex analysis were sequenced by automated DNA

sequencing to verify the nucleotide change in BRCA1-3"UTR.

4.1.4 Screening the mutation at 3'UTR of BRCA1 gene in unaffected
Thais

Genomic DNA samples from 103 unaffected Thais were screened the
mutation at 3’'UTR of BRCAL. I screened the mutation at BRCA1-3'UTR in 65
unaffected Thais while Ms.Supicha Chantakul and Ms.Sriprapai Khanuntong had
screened the mutation at BRCA1-3"UTR in the other set of 38 normal Thais. The two
regions in 3'UTR were screened as describe previously. The first region was screened
from stop codon to nt.581 and the second region was screened from nt.876 to
polyadenylation site. The PCR reaction mixture for 3'UTR includes 10 x PCR
buffer with 1.75 mM MgCl,, 100 mM dNTP, 0.5 uM each primer, 5 unit Taqg DNA
polymerase and 1000 ng genomic DNA in a total volume of 100 ul. Amplifying
condition for 3’'UTR was the same condition as for 5"UTR screening mutation in the
BRCA1/2 mutation negative families. The PCR product was run in 1% agarose gel
electrophoresis and stained with 1 pl of ethidium bromide (conc.10mg/ml). The band

of 3'UTR PCR product was cut off and purified (QIAquick Gel Extraction kit,
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QIAGEN). Automated DNA sequencing was used to verify nucleotide changes at
3'UTR of BRCAL1 in unaffected Thais.

4.2 Methods for the second part :
Functional study of DNA variants at the 3'UTR of BRCA1l gene by

luciferase assay

4.2.1 Functional study of DNA variants at the 3'UTR of BRCAl
gene
pGL3-Promoter vector from the Promega company was amplified before

functional assay was performed.

4.2.1.1 Preperation of pGL3-Promoter vector (Promega, 2004)

JIM109 cells were grown on minimal plates (M-9) supplemented
with 1.0 mM thiamine-HCL. One pg pGL-3 Promoter vector was introduced into
JM109 bacterial cells by heat shock at 42° C for 1 min. 30 sec. The cells were
cultured by incubating overnight in 250 ml LB medium containing 100 pg/ml
ampicillin. After incubation, the cells were centrifuged at 5000 x g for 15 mins. at 4° C
and was the supernatant was discarded. The cells were resuspended in 6 ml of freshly
prepared ice-cold lysis buffer by careful pipetting with a 10 ml pipette and incubated
in ice water for 20 mins. 12 milliliters of 0.1 M NaOH and 1% SDS (prepared fresh)
were added and mixed carefully by inversion. 7.5 ml potassium acetate solution (pH
4.8) was added, mixed carefully by inversion and then incubated in ice water for 10
mins. The cell suspension was centrifuged at 12000 x g for 15 mins and the
supernatant was transfered to a fresh tube, avoiding the white precipitate. Fifty ul of
RNase (Img/ml stock) was added to the supernatant and incubated for 20 mins at 37°
C. The extraction was done with 1 volume of TE-saturated phenol : chloroform :
isoamyl alcohol and centrifuged at 12000 x g for 10 mins. The upper, aqueous
phase was kept and the TE-saturated phenol:chloroform:isoamyl alcohol extraction
step was repeated. Extraction with one volume of chloroform:isoamyl alcohol

extraction ( 24:1) by vortexing for 1 mins and centrifugation at 12000 x g for 10 mins.
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Then the upper, aqueous phase was transferred to a fresh tube, added 2 volume of
100% ethanol in this fresh tube. The solution in this tube was centrifuged at

12000 x g for 20 mins. The supernatant was removed and washed the pellet with 70%
ethanol and spinning at 12000 x g for 5 mins. The pellet was dried under vacuum and
dissolved in 100-500 pl of water or TE buffer. The map of pGL3-Promoter vector was

shown in Fig.11.

4.2.1.2 Modifying pGL3-Promoter vector

The modified pGL3-Promoter vector was created by cutting the
pGL3-Promoter vector with Xba I and BamH I restriction enzymes to remove
SV40 late poly (A) signal part from the pGL3-Promoter vector and dephosphorylated
by calf intestine alkaline phosphatase enzyme (CIAP).

The wild-type BRCA1-3'UTR  and variant BRCA1-3'UTR

construct vectors were constructed by modifying from the pGLI3-promoter vector as

following the procedure in 3 'UTR pGL3-Promoter construct vectors topic.

4.2.1.3 3'UTR pGL3-Promoter construct vectors

BRCA1-3'UTR wild-type and variant 3’'UTR constructs were
created by cloning into pGL3-Promoter vector (Promega Corp.). Wild-type 3'UTR
fragment and fragments of 3'UTR variants were inserted into the modified pGL3-
Promoter vector. For wild-type, the 3’'UTR fragment was created by using PCR
amplification of genomic DNA from an unaffected Thai who had no variants at
nucleotide position 424(GG) and nucleotide position 1290(CC) in 3'UTR of the
gene (the nucleotide position was ordering from the end of the coding region
following the Genbank accession number Y08864 and the first base of stop signal
was counted as nucleotide position 1). The genotype was 424GG/1290CC. The two
patterns of DNA variants at BRCA1-3"UTR were studied in this functional assay. The
variants were (1) homozygous at nucleotide position 424 and nucleotide position 1290
(genotype 424TT/1290TT) and (2) heterozygous at nt. position 424 and nt. position
1290 ( genotype 424GT/1290CT). Genomic DNA from two Thai familial
breast / ovarian cancer patients who had either homozygous variants (424TT/1290TT)
or heterozygous variants (424GT/1290CT) were amplified. The first set of primers for
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studying DNA variants at BRCA1-3"UTR luciferase assay was forward 5- CCC AGG
AGG CGG AGG TTG AAT G -3" andreverse 5- ATG GGG CTG CTT TTA
CTG TCT CCT ACT GTG - 3’. The PCR reaction mixture includes 10 x PCR
buffer with 1.75 mM MgCl, 10 mM dNTP, 10 pmol each primer, 3.75 unit Taq DNA
polymerase and 1000 ng genomic DNA in a total volume of 30 pl. The condition for
the PCR in this step was as follow : 1 cycle of 94°C (2 mins); 10 cycles of 94°C
(10 sec), 58°C (30 sec ), 68°C ( 2 mins), 25 cycles of 94°C ( 15 sec ), 58°C (30 sec ),
68°C ( 2 mins plus 5 sec), 1 cycle of 68°C ( 7 mins ). The size of the first BRCA1-
3"'UTR PCR product was 2882 bp. The first BRCA1-3"UTR PCR product was cut after
1% agarose gel electrophoresis and purified using QIAquick Gel Extraction kit
(QIAGEN). The amount of the first purified BRCA1-3'UTR PCR products were
increased by inserting the fragments into PCR 2.1-TOPO® vector (Invitrogen) and
cloning via TA-cloning kit. The cloned vectors were isolated and purified by
QIAprep Spin Miniprep kit (QIAGEN). The protocol for plasmid purification by
QIAprep Spin Miniprep kit (QIAGEN) was detailed in appendix part. After cloning,
the purified TOPO vectors were digested with ECoR 1 to check the 2882 bp inserted
fragments. Sequences of the first purified BRCA1-3'UTR PCR product in TOPO
vectors were then analyzed by automated DNA sequencing to ensure that no random
mutations were introduced during the procedure. The TOPO vectors having insert of
2882 bp correct sequences of the first BRCA1-3'UTR were either stored at -36°C
or were re-amplified using the second set of primers. Sequences of the second set of
primers were forward 5" - AGG AAT TCG TCC AGG AGA ATG AAT TGA
C-3" and reverse 5'- AGG AAT TCG TAG TCA GCA AGA TTC AGT G-3".
The PCR reaction mixture and the amplifying condition were the same as above. The
size second PCR product was 1981 bp. The PCR specific bands were cut from 1%
agarose gel and purified (QIAquick Gel Extraction kit). Sequences of the second
purified BRCA1-3'UTR PCR product were analyzed by automated DNA sequencing.
The second purified BRCA1-3"'UTR PCR products were re-amplified for the third time
using the third set of primers. Sequences of the third set of primers were forward 5’'-
GAA TTC CCT ACC TGA TAC CCC AGA TCC - 3" and reverse 5'- GAA TTC GGA
TCT TAG TCC TAG AAC TGC A - 3". The PCR reaction mixture and the amplifying

condition were the same as the earlier described. The third PCR products size were
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1700 bp. The PCR specific bands were cut from 1% agarose gel and purified by
QIAquick Gel Extraction kit. Sequence of the third purified BRCA1-3'UTR PCR
product was analyzed by automated DNA sequencing. The 1700 bp correct sequence
of the third BRCA1-3'UTR PCR product was cloned using TA cloning kit. Sequence
of the 1700 bp purified BRCA1-3’'UTR PCR product in TOPO vector was then
analyzed by automated DNA sequencing to ensure that no random mutation was
introduced during the procedure and the direction of the 1700 bp purified BRCAL-
3’'UTR PCR product in TOPO vector was correct. Many correct clones should be
picked up for using in the transfection and luciferase assays. The purified 1700 bp
BRCA1-3'UTR PCR product in TOPO vector was digested by Xba I and BamH I
enzymes and DNA was extracted by phenol-chloroform extraction.

The resulting purified DNAs (wt. 3'UTR, homozygous variant at
nt. 424 and nt. 1290 of 3"UTR, heterozygous variant at nt. 424 and nt.1290 of 3'UTR)
were ligated with the modified pGL3-Promoter vector using T4 DNA ligase. The
diagram of the position in pGL3-Promoter vectors that wt.BRCA1-3'UTR or variant
BRCA1-3'UTR were inserted as shown in Fig.11. The constructed vectors were
transformed in E.coli DH5a by heat shock at 42°C for 45 sec. and cultured in
LB/ampicillin agar for 16 hours. The white colonies were picked up and overnight
cultured in LB/ampicillin broth. The constructed pGL3 vectors were then isolated and
purified by QIAGEN Midi kit (QIAGEN) and sequenced to ensure that no random

mutation was introduced during the procedure.

4.2.1.4 Cell line and culture

COS-1 cell line was used in this functional assay. COS-1 cell line
was grown in Dulbecco’s minimal essential medium/F12 (DMEM/F-12)
supplemented with 10% fetal calf serum and kept in a humidified 37°C, 5% CO,

incubator.

4.2.1.5 Transient transfection
Proliferating cells at 50-70% of confluency in 12 well cell culture
plate were incubated for 24 hours with wt 3'UTR vector, homozygous 3"'UTR vector

or heterozygous 3'UTR vector for transfection in serum free DMEM/F-12 containing
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Lipofectamine 2000 (Life Technologies, Inc). Each well, containing 5 x 10* COS-1
cells, was transfected with 25 ng of wt BRCA1-3'UTR vector or 25 ng of variant
BRCA1-3'UTR vectors. Ten ng of pSV40 B-galactosidase vector (Promega Corp.)
was added as an internal control. An equivalent amount of the unmodified pGL3-
Promoter vector was used as vector control.

After incubation for 24 hours, Luciferase and [-galactosidase
assays were performed according to manufacturer’s instruction (Apply Biosystems,
2000).

The steps for Luciferase and PB-galactosidase assays were done as
the following procedure (Applied Biosystems, 2000). The transfected cells were
washed two times with phosphate buffer saline solution (PBS). 1| M DTT solution was
added in lysis solution (100 mM potassium phosphate pH 7.8 and 0.2% Triton X-100).
The cells were detached from well with a cell scraper. The cell lysate was transfered to
a microfuge tube and centrifuge for 2 mins. The supernatant was transfered to a fresh
tube and debris was discarded. There were two sets of supernatant for doing luciferase
assay and [-galactosidase assay. For luciferase assay, 100 pl of luciferase substrate A
was added to the supernatant in a tube and 100 pl of luciferase substrate B was added
within 10 min respectively. After a 1-2 sec delay, the signal was read for 0.1-1 sec by
luminometer. For [-galactosidase assay, Galacton reagent was added to the
supernatant in a tube and the signal was read for 0.1-1 sec by luminometer.

Luciferase activities were normalized relative to B-galactosidase
activity. P-galactosidase activity in a constant volume of extract is measured.
Alternatively, both enzymes assays were carried out in constant volume of extract, and
the results were then normalized to a defined level of B-galactosidase activity.
Dividing the amount of luciferase activity by the [-galactosidase activity, a
normalized expression value can be obtained. In each experiment, the luciferase
normalized values of the test and the control were calculated for mean luciferase
activity values. The experiments were done at least three times to get the mean
luciferase activity. The mean luciferase activity from each experiment was calculated
for the real mean luciferase activity values and the standard deviation values. The
luciferase activity graph was then plot by the real mean luciferase activity and the

standard deviation.
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Flow chart for functional study of DNA variants at the 3'UTR of BRCA1 gene

Genomic DNA (wt.BRCA1-3"UTR and mutant)

PCR technic

J

PCR product size 2882 bp

2882 bp PCR product was cloned in TOPO vector,
digested with ECoR I for checking the 2882 bp inserted fragment

J

TOPO vector contained 2882 bp

inserted fragment was sequenced by automated sequencing

J

TOPO vector contained the correct 2882 bp inserted fragment

J

PCR technic

J

The correct PCR product size 1981bp

J

PCR technic

J

The correct PCR product size 1700 bp

4

1700 bp PCR product was cloned in TOPO vector, digested with

Xbal and BamHI and extracted by phenol chloroform extraction

J

1700 bp inserted fragment was ligated with modified pGL-3 Promoter vector and

did transformation, transient transfection in COS-1 cell and luciferase assay
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The 1700 bp inserted fragments of each 3'UTR (wt. and mutant) were
construct in the place of SV40 late poly (A) signal part (arrow)
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4.3 Methods for the third part :

Effect of some missense mutations to estrogen and estrogen receptor

signaling pathway by luciferase assay.

4.3.1 Effect of some missense mutations which are found in Thai
familial breast and/or ovarian, or isolated early onset cancer cases (with BRCA1/2
mutation positive) to estrogen and estrogen receptor signaling pathway

4.3.1.1 Vector construct

Wild-type BRCA1 expression vector, Asp67Glu BRCA1
expression vector, Thr1051Ser BRCA1 expression vector, pERE-EIb-LUC vector,
RSV-ER vector, pcDNA3 vector, pSV40 B-galactosidase vector were used in this
assay.

The size of pERE-Elb-LUC vector is 5120 bp. It is composed of
luciferase gene and ERE (estrogen responsive element) in this vector. This construct
has ERE element ligated to luciferase gene. This vector is the estrogen responsive
reporter in this assay. The map of this vector was shown in Fig.12. RSV-ER vector is
the receptor expression vector. These two vectors were the gifts from Dr.Bert O’
Malley, Baylor College of Medicine, Texas, USA. Wild-type BRCAL expression
vector was the gift from Dr. Mien Chie Hong, The University of Texas M.D.Anderson
Cancer Center, USA.

4.3.1.2 Construction of vectors : Asp67Glu BRCA1 expression
vector, Thr1051Ser BRCA1 expression vector

Asp67Glu BRCA1 expression vector and Thr1051Ser BRCA1
expression vector were created from BRCAL expression vector by using site directed
mutagenesis kit (Strategene, 2003). The mutagenic primers for Asp67Glu BRCA1
expression vector was forward 5'- GT CCT TTA TGT AAG AAT GAG ATA ACC AAA
AGG AGC C-3" and reverse 5" - G GCT CCT TTT GGT TAT CTC ATT CTT ACA
TAA AGG AC - 3’. The mutagenic primers for Thr1051Ser BRCA1 expression vector
was forward 5'- GAA GTA GGT TCC AGT AGT AAT GAA GTG GGC TCC AG - 37
and reverse 5'- CT GGA GCC CAC TTC ATT ACT ACT GGA ACC TACTTC - 3". The
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changed base in each missense mutation was underlined in the sequence of each
forward primer detailed above. For site direct mutagenesis (Strategene, 2003), 5 ul of
10 x reaction buffer, 10 ng of DNA template, 125 ng of forward primer, 125 ng of
reverse primer, 1 pl of ANTP mix, 3 pl of QuickSolution, and ddH,O was added to a
final volume of 50 pul. Then 1 pl of Pfu Turbo DNA polymerase (2.5 U/ ul) was added.
The PCR cycle was as followed : 1 cycle of 95°C (1 min); 18 cycles of 95°C (50
sec), 60°C (50 sec) and 68°C (1 min/ kb of plasmid length); 1 cycle of 68°C (7
mins). After the PCR cycling, placed the reaction tubes on ice for 2 mins. to cool the
reaction for 37°C or below. One pl of Dpn I restriction enzyme (10 U/ ul.) was added
and gently mixed the reaction mixture by up and down pipetting, then incubated at
37°C for 1 hour. two pul of the Dpn I-treated DNA was added in XL10-Gold
ultracompetent cells, swirled the transformation reactions gently and incubated on ice
for 30 mins. The reaction mixture was heat shocked at 42°C for 30 sec and incubated
on ice for 2 mins. The reaction mixture was added in LB media, incubated at 37°C for
1 hour with shaking at 225-250 rpm. After incubation, 50 pl of the transformation
mixture was plated on LB/ampicillin agar at 37°C for 16 hours. The white colonies
were picked up and cultured in LB/ampicillin media. They were incubated at 37°C for
16 hours with shaking at 225-250 rpm, purified by Miniprep kit (Qiagen) and

sequenced by automated DNA sequencing.

4.3.1.3 Cell line and culture

DU145 cell line was used in this functional assay. DU145 cell line
was grown in Dulbecco’s minimal essential medium/F12 (DMEM/F-12) supplemented
with 10% fetal calf serum and kept in a humidified 37°C, 5% CO, incubator.

4.3.1.4 Transient transfection

The vectors which were used in this assay were wild-type BRCA1
expression vector, Asp67Glu BRCAL expression vector, Thr1051Ser BRCAl
expression vector, pERE-EIb-LUC vector, RSV-ER vector, pcDNA3 vector, pSV40 -
galactosidase vector. DU145 cells at 50-70% of confluency in 24 well cell culture
plate were incubated for 24 hours. There were 6 wells for using in this assay. Each

well contained 10° DU145 cells. The pERE-EIb-LUC vector, RSV-ER vector,
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pcDNA3 vector, pSV40 B-galactosidase vector were added in the first well. The
pERE-EIb-LUC vector, RSV-ER vector, pcDNA3 vector, pSV40 [B-galactosidase
vector were added in the second well. The pERE-EIb-LUC vector, RSV-ER vector,
wild-type BRCA1 expression vector, pSV40 - galactosidase vector were added in the
third well. The pERE-EIb-LUC vector, RSV-ER vector, Asp67Glu BRCAL expression
vector, pSV40 - galactosidase vector were added in the fourth well. The pERE-Elb-
LUC vector, RSV-ER vector, Thr1051Ser BRCAL expression vector, pSV40 B-
galactosidase vector were added in the fifth well. The pERE-Elb-LUC vector,
pcDNA3 vector, pSV40 B- galactosidase vector were added in the sixth well. 0.5 nug of
each vector was used for transfection in serum free DMEM/F-12 containing
Lipofectamine plus reagent (Life Technologies, Inc) for 24 hours. After 24 hours, 1
uM estrogen (preparation by diluted with 2% charcoal stripped fetal bovine serum)
was added in the well number second to the sixth, and incubated for 24 hours. The
pSV40 B-galactosidase vector (Promega Corp.) was added as an internal control. An
equivalent amount of the pcDNA3 vector was used as the vector control.

After estrogen was added and incubated for 24 hours , the
transfected cells were washed two times with phosphate buffer saline solution (PBS).
Luciferase and B-galactosidase assays were performed according to manufacturer’s
instruction as described previously. Luciferase activities were normalized relative to -

galactosidase activity.
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Figure 12 The map of pERE-EIb-LUC vector (Dr.Bert O’ Malley, Baylor
College of Medicine, Texas, USA, 2002)
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CHAPTER V
RESULTS

Thirty nine breast/ovarian cancer families and one hundred and three
unaffected Thais were included in the mutation screening at 3'UTR of BRCAL gene.
Among the thirty nine families, there were twenty families of breast/ovarian cancer
(BRCA1/2 mutation negative) and nineteen families of breast/ovarian cancer
(BRCA1/2 mutation positive). For the twenty breast/ovarian cancer (BRCA1/2
mutation negative) families, there were twelve familial cancer families (one ovarian
cancer specific family, two breast and ovarian cancer families, nine breast cancer
specific families) and eight families with isolated early onset breast/ovarian cancer
(only one cancer patient in each family). The isolated cases included three isolated
breast only cancer cases, two isolated breast plus ovarian cancer cases and three
isolated ovarian only cancer cases (Table 2). For the nineteen breast/ovarian cancer
BRCAL/2 mutation positive families, there were fourteen familial cancer families (one
ovarian cancer specific family, four breast and ovarian cancer families, nine breast
cancer specific families) and five families with isolated early onset breast/ovarian
cancer. The isolated cases included two isolated breast only cancer case, one isolated

breast plus ovarian cancer case and two isolated ovarian only cancer cases (Table 3).

5.1 Mutation screening at 5° and 3’'UTR of BRCAL1 gene in Thai
familial breast/ovarian, or isolated early onset cancer cases
(BRCA1/2 mutaton negative)

For screening the mutation at 5° and 3'UTR of BRCAL in twenty Thai
breast/ovarian cancer families (BRCAL1/2 mutation negative), DNA variants at 3'UTR
were found in thirteen families. DNA sequencing showed that there are two types of
DNA variants at 3’'UTR of BRCAL in these thirteen families, the 424 G>T and the
1290 C>T (Table 2 and Fig. 13). The nucleotide position was ordered from the end of
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coding region as previously mentioned and nucleotide position 1290 is near to the poly
A signal (nt.1361 - nt.1366). From Table 2, age of onset in the patients of
breast/ovarian cancer (BRCA1/2 mutation negative) families whom these two DNA
variants were observed was between 16-78 years. No mutation within the
polyadenylation signal was detected.

Among the thirteen families of 3"UTR variant positive, seven families were
cases of familial breast/ovarian cancer and the other six families were the cases of
isolated early onset cancer. Genotype 424TT/1290TT was detected in family F1 (ID1),
F25 (ID45), F26 (ID46), F35 (ID61), F39 (ID64,ID65), and F42 (ID68). Genotype
424GT/1290CT was detected in family F1 (ID2), F3 (ID5), F6 (ID16), F8 (ID18),
F23 (ID43), F33 (ID58), F40 (ID66), and F41 (ID67). Interestingly, the patients
who showed genotype 424TT at nt.424 (G>T in both alleles) would also show
genotype 1290 TT at nt.1290 (C>T in both alleles), while the patients who showed
genotype 424GT at nt.424 would also show genotype 1290CT at nt.1290. The
BRCA1/2 mutation negative patients who did not show DNA variant at nt.424 also had
no variant at nt.1290. These patients had genotype 424GG/1290CC (Table 2). For the
patients, when the base change at nt.424 occur, the base change at nt.1290 also occur.
Seven out of twelve familial BRCA1/2 mutation negative families showed the two
variants changes at nt.424 and nt.1290 at 3’'UTR of BRCA1 (58.3%), and six out of
eight isolated early onset cases showed these two variants (75%) (Table 2).

In familial cancer cases, genotype 424TT/1290TT was seen in four patients
of breast cancer specific families while no genotype 424TT/1290TT was seen in
ovarian cancer specific families and mixed breast and ovarian cancer families. The
age of the patients in breast cancer specific families who had genotype 424TT/1290TT
was between 34-78 years, whereas patients with genotype 424GT/1290CT exhibited
ovarian cancer or mixed breast and ovarian cancer before 50 years (Table 2 ). In
family F1 (ID1), F39 (ID64, ID65), and F42 (ID68), the genotype 424TT/1290TT
at 3'UTR were observed. The ages of onset in mother of family F1 (ID1) and her
daughter (ID2) were 60 years and 34 years respectively. Only breast cancer affected
in this family. The ages of onset in family F39 were 78 (mother (ID64)) and 57
(daughter (ID65)) years respectively. Lymphoma and Leukemia were also observed

in two other members of this family (Fig.14). Ages of onset in mother and her
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daughter (ID68) of family F42 were 47 and 34 years respectively. This mother had a
bilateral breast cancer. Retinoblastoma was also found in one of her daughter’s son.
Genotype 424GT/1290CT was detected in family F3 (ID5), F8 (ID18), F40 (ID66),
F41 (ID67). The ages of onset in these patients were all more than 40 years old.

In isolated early onset cases, genotype 424TT/1290TT was detected only in
isolated ovarian only cancer, whereas genotype 424GT/1290CT was observed in both
isolated breast only cancer (F6 (ID16), F33 (ID58)) and isolated breast plus ovarian
cancer (F23 (ID43)). Genotype 424TT/1290TT was seen in isolated ovarian cases of
family F25 (ID45), F26 (ID46), F35 (ID61) whose ages of onset were especially low
(16,21 and 25 years, respectively). Their ages of onset were lower than those of the
other isolated cancer cases.

Majority of the patients in familial cancer with genotype 424GT/1290CT
was at the age greater than 40 years while age of two out of three isolated cases with
the same type of variation was less than 40 years. For the variants 424TT/1290TT and
424GT/1290CT, the pedigrees and DNA sequencing of some familial and isolated
carly onset breast/ovarian cancer families (BRCAL/2 mutation negative) were shown in
Fig. 14 and Fig. 15.

For the patients from familial cancer ; F4 ( ID7, IDS, ID10 ), F21 (ID41),
F24 (ID44), F32 ( ID57), F37 ( ID62) and the patients from isolated early onset cases ;
F5 (ID15), F9 (ID19), there were no DNA variation at 3’'UTR of BRCAL and no
mutation at exon and exon — intron junction regions of BRCA1 and BRCA2. Ages of
onset among these patients were more than 36 years except the patient in F9 (ID19).

While genotype 424TT/1290TT was occurred in all patients of isolated
ovarian only cancer cases whose ages of onset were low (16, 21, 25 years respectively),
variants at BRCA1- 3'UTR were found in isolated breast only cancer cases whose ages
of onset were higher than 30 years.

5'UTR of BRCAL was also screened and there was no mutation observed in
all twenty Thai breast/ovarian cancer families with BRCA1/2 negative for mutation at

coding regions.
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5.2 Mutation screening at 3’UTR of BRCA1 gene in Thai familial
breast/ovarian, or isolated early onset cancer cases (BRCAL1/2

mutation positive)

The patients in Thai breast/ovarian cancer BRCAL1/2 mutation positive
families were screened for the mutation at 3'UTR of BRCAL for investigation the
mutation outside the coding region BRCAL. For nineteen breast/ovarian cancer
BRCAL1/2 mutation positive families, there were eleven cases from nine families in
which the variations at BRCA1-3'UTR were found (Table3). DNA variants at nt.424
and nt.1290 of BRCA1-3'UTR were detected in families F2 (ID 4), F11 (ID21), F14
(ID25), F15 (ID27, 1ID28), F16 (ID32), F27 (ID 47), F31 (ID56), F34 (ID59, ID60),
F38 (ID63). Genotype of the patients in these nine families were 424GT/1290CT. As
mentioned above, genotype 424TT/1290TT, 424GT/1290CT and 424GG/1290CC can
be detected in Thai breast/ovarian cancer (BRCA1/2 mutation negative) families.Only
genotype 424GT/1290CT and 424GG/1290CC but not 424TT/1290TT can be
observed in cancer families with BRCAL/2 mutation positive.

From the nine families, four families were breast cancer specific (F2, F14,
F27, F34), one family was ovarian cancer specific (F15), two families were isolated
ovarian only cancer (F31, F38), one family was isolated breast only cancer (F11) and
one family of isolated breast plus ovarian cancer (F16). They all had genotype
424GT/1290CT. For familial cancer cases, the variation at 3'UTR of BRCAL was
detected in familial breast cancer specific families and familial ovarian cancer specific
families. There was no variant at 3'UTR of BRCAL in the familial cancer patients of
mixed breast and ovarian cancer type. The two affected patients in a familial breast
cancer specific family (F34 ; ID59, ID60) and the two affected patients in an ovarian
cancer specific family (F15 ; ID27, ID 28) had the mutation both in the coding region
of BRCAlor BRCA2 and 3'UTR of BRCAL. The two affected patients in F34 were the
sibling and the patient in ID28 (F15) was the mother of the patient ID27.The ages of
the patients in the familial breast and ovarian cancer cases were 27-72 years and there
was no BRCA1-3'UTR variant in patients of the familial mixed breast and ovarian

cancer (BRCAL1/2 mutation positive) (Table 3). For isolated cases, DNA variant at
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3'UTR can be detected in all of the cancer types (Table 3). All of the patients in
isolated breast/ovarian cancer cases (BRCAL1/2 mutation positive) had the mutation at
BRCA1-3'UTR except one of the patient in isolated breast only cancer cases (F19
(ID36)). The ages of the patients in isolated cases (BRCA1/2 mutation positive) were
22-42 years.

Five out of fourteen familial BRCAL/2 mutation positive families showed
genotype 424GT/1290CT (35.7%) and four out of five isolated early onset cases
showed this genotype (80%) (Table 3). Frequency of DNA variants at BRCA1-3"'UTR in
familial cases (BRCAL/2 mutation negative) was higher than in familial cases (BRCAL/2
mutation positive). Example of heteroduplex results of heterozygous variant in some of
BRCA1/2 mutation positive patients were shown in Fig. 16. In some families, such as
in family F4 ( ID7, ID8, ID10 ), the mutation could not be detected both within exon
regions of BRCA1 & 2 genes and BRCA1-3'UTR region. These patients are siblings
and their ages of cancer onset were less than 50 years. Mutation at other genes might
be occurred which could lead the breast cancer in this family.

In breast cancer specific type in familial cases, frequency of DNA variant
at BRCA1-3'UTR in BRCA1/2 mutation negative patients was more than BRCA1/2
mutation positive patients. No DNA variant at BRCA1-3'UTR was detected in the
BRCA1/2 mutation negative patient and the BRCAL1/2 mutation positive patient of
isolated breast only cancer cases whose age of cancer onset was lower than 30 years
(ID19, ID36). All patients in both isolated ovarian only cancer cases (BRCA1/2
mutation negative) and isolated ovarian only cancer cases (BRCAL/2 mutation positive)

had DNA variants at BRCA1-3"UTR.
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1 tgactgoage cagocacagg tacagagoca caggaccoca agaatgaget tacaaagtgg

61 ceotttccagg cooctgggage toctotoact cttc agtoct totactgtoe tggctactaa

121 atattttatg tacatcagoe tgaaaaggac tietgoctat goaagggtor cttaaagatt

181 ttectgettga agtctocott ggaaatetge catgagoac a aaattatggt aatttttcac

241 rctgagaagat tttaaaacca tttaaacgcc accaattgag caagatgetg attcattatt

301 tatcagccct attctitcta ttcagoctgt tottgoctta gggctggaag cacagagtgg

361 rcttggectoa agagaatage tggtttcoet aagtttactt ctotaaaace ctgtgtteac

421 aaaggragag agtcagacce ticaatggaa ggagagiget tgggatcgat tatglgactt
481 aaagtcagaa tggtoccttgg goagtictca aatgttggag tggaacattg gggaggaaat
341 tctgaggeag gtattagasa tgasaaggaa acttgaaace tggecatgot getcacgect
601 gtaatcccag cactttggga ggccaaggtg ggcagatcac tggagatcag gagttc gaaa
661 ccagcctgge caacatggtg aaaccccate totactaaaa atacagaaat tagccggtca
721 tggtggtega cacctgtaat cocagetact caggtggcta aggcaggaga atcacttcag
781 ccecggpaggt goaggttgea gtgagecaag atcataccac ggeactceag cotgggtgac
841 agtgagactg tggctcaaaa aaaaaaaaaa aaaaaggaaa atgaaactag aagagatttc
801 tamaagtctg gagatatatt tgctagattt ctaaagaatg tgttctaaaa cagcagaaga

961 tittcaagaa ccggtttcca aagacagtct totaattcct cattagtaat aagtaaaatg
1021 ttattgttg tagetctgget atataatcca ttoctottaa aatataagac ctotggcatg
1081 aatatttcat atctataaaa tgacagatct caccaggaag gaagetgttg ctttctttea
1141 ggtgattttt ttectttect coctgttgot gaaaccatac agettcataa ataattttgc
1201 ttgetgaage aagaaaaagt gtitttcata aacccattat ccaggactgt ttatagetgt
1261 tggaaggact aggtcttcce tageccceos agtgtgoaag gocagtgaag acttgattat
1321 acaaaatacg ttttgtaaat gttgtgctat taacactgzca aataaacttg gtagcaaaca

Figure 13. Sequence of 3'UTR of BRCAT gene, showing the base change
at 1t 424(G=T) and nt, 1290(C=T) (red line)
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Table 2 Cancer types and patients’ genotypic variation at 3'UTR of BRCAL in
Thai familial or isolated early onset cases of breast/ovarian cancer
(BRCAL1/2 mutation negative)

Cancer Patients 3'UTR Genotypic variation
type variants
Famil. ID  Pts. Age nt. 424 nt. 1290
code Ca 424 424 424 1290 1290 1290
TT GT GG TT CT CC
Famil. cases
BR..Ca F1 1 B 60 4 + B - + - -
spec. F39 64 B 78 + + e + - -
65 B == + + - - + - -
F42 68 B 34 - + - - + - -
F1 2 B 34 - -+ - - +
F3 5 B 45 F = - - + -
F40 66 B 41 v -+ - - + -
F4 7 B 48 - B - - +
8 B 40 - D - - +
10 B 48 i z -+ - +
F21 41 B 38 - - -+ - - +
F32 ' S 37 - - . - - +
F37 62 B 49 - - - NN - - +
OV.Ca F8 18 O 48 o - + - - + -
spec.
BR. and F41 67 B/O 45 + - + - - + -
OV.Ca. F24 4 B 42 - _ -+ - - +
Isolated early
onset cases
OV. F25 45 O 16 + + - - + - -
only Ca. F26 46 O 21 + + - - + - -
F35 61 O 25 + + - - + - -
BR. F23 43  B/O 41 + - + - - + -
plus OV. F5 15 B/O 44 - - - + - - +
Ca
BR. F6 16 B 31 + - + - -+ -
only Ca  F33 58 B 38 + - + - -+ -
F9 19 B 29 - - -+ - - +
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Note : Pts. Ca, Cancer types inthe patients ; B, Breast cancer ; O, Ovarian cancer ;

B/O, Breast and ovarian cancer

The frequency of BRCA1-3'UTR variants in familial breast/ovarian cancer
families (BRCAL/2 mutation negative) is 58.3 % ( 7/12 families ) and the frequency of
BRCA1-3'UTR variants in isolated early onset breast/ovarian cancer cases (BRCAL/2
mutation negative) is 75 % (6/8 cases ). Overall frequency is 65 % (13/20).
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Table 3 Cancer types and patients’ genotypic variation at 3"UTR of BRCAL in Thai

familial or isolated early onset cases of breast/ovarian cancer (BRCAL/ 2

mutation positive)

Cancer Patients 3'UTR Genotypic variation
type HA variants
Family ID Pts.  Age nt424 nt..1290
code Ca 424 424 424 1290 1290 1290
TT GT GG TT CT CC
Famil. cases
BR. Ca F2 4 B ? 4 = + - - + -
spec. F14 25 B 72 I = + - " + -
F27 47 B 58 T -+ - A + -
F34 59 B 35 - -+ . i + -
60 B 38 s S 4 . + -
F2 S N 50 - - - + : - +
F12 24 B ) - - - + . - +
F18 R\ 54 - - - + L - +
F20 40 B 45 - - - + - - +
F28 48 B 45 - - - + - - +
F29 49 B 35 - - - + - - +
OV. Ca F15 e SN 5 — e+ . - + -
spec. PSS + 2% 4 ; + B}
BR. and F7 Vy 60 950 - - . + - - +
OV. Ca F10 2(} _SB 35 - - - + - - +
F17 34 B 27 - - - + - - +
F22 42 B/O 37 - - - + - - +
Isolated early
onset cases
Oov. F31 56 O 22 + - + - - + -
only Ca F38 63 0] 38 + - + - - + -
BR. F16 32 BO 42 + - + - - + -
plus OV.
Ca
BR. F11 21 B 31 + - + - - + -
only Ca F19 36 B 25 - - - + - - +
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Note : Pts. Ca, Cancer types in the patients ; B, Breast cancer ; O , Ovarian cancer ;

B/O, Breast and ovarian cancer

a, frequencies of HA positive variant in breast/ovarian cancer patients (BRCAL/2
mutation positive)

The frequency of BRCA1-3'UTR wvariants in familial breast/ovarian cancer
families (BRCAL/2 mutation positive) is 35.7 % ( 5/14 families ) and the frequency of
BRCA1-3'UTR variants in isolated early onset breast/ovarian cancer cases (BRCAL/2
mutation positive) is 80 % (4/5 cases ). Overall frequency is 47.4% (9/19)
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Figure. 14 (A) Affected members (arow) of breastfovarian cancer family (F 39).

The patients exhibited homozygous nucleotide changes at nt position
424 G>T and 1290 C>T.

424

1200
T T
AR CCC GGTTCACAAA@GCAGAGAGTCAG CTAGGTCTTCCCTAGCCCCCC@.AGTG

a) Homozygous variant at nt.424 (b) Homozygous variant at nt.1290

Figure 14 (B) Sequencing analysis of affected member in the same family (F39)
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Figure. 15(4) Affected member (arrow) of isclated early onset breast/ovarian cancer
family (F 23). This patient had all 3 cancers (breast, ovary, uterus)
and exhibited heterozygous nucleotide changes at position 424 G=>T
and 1290 C>T.

424 T 1290 T

CT GT 6 TT CA C A A A@G COA G A G OAG T MGG A CTAGGTCTTCCC TAGCCCCCCEAGTGTGOA A

(a) Heterozygous variant at nt.424 (b) Heterozygous variant at nt.1290

Figure 15 (B) Sequencing analysis of affected member in family F 23
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Negative | Positive F15 F14 F31 F38 F34 F7 F12
control control oV BR ov oV BR BR/OV BR

Figure 16 Heteroduplex bands of breast/ovarian cancer (BRCA1/2 mutation positive)
patients ( i.e.variant band was detected in the patient F310V (ID56))

5.3 Screening the mutation at 3’"UTR of BRCAL gene in unaffected
Thais

For screening the mutation at 3"UTR of BRCAL in 103 unaffected Thais,
there were genotypes 424GG/1290CC, genotype 424TT/1290TT and genotype
424GT/1290CT were detected in the unaffected Thais. It was interested that all
patients in BRCA1/2 mutation negative families had the same patterns of DNA variant
at both nucleotide positions whereas variant patterns of unaffected Thais were not
always the same. For example, there was no DNA variant at nt.424 but there was DNA
variant at nt.1290 in a single unaffected person (Fig. 17).

Genotype frequency of genotype 424TT/1290TT in breast/ovarian cancer
(BRCA1/2 mutation negative) patients was triple of that was seen in the unaffected
Thais (Table 4). Gene frequency of allele T at nt.424 in BRCAL/2 mutation negative
patients was higher than gene frequency of allele T at nt.424 in unaffected Thais
(Table 5).

Genotype frequency of genotype 424GT/1290CT in the breast/ovarian
cancer families (BRCAL1/2 mutation negative) was not much different from genotype
frequency in the breast/ovarian cancer families (BRCA1/2 mutation positive).Genotype
frequency of genotype 424GT/1290CT in the breast/ovarian cancer families (BRCAL/2
mutation negative) was not much different from genotype frequency in unaffected
Thais (Table 4). Genotype frequency of genotype 424TT/1290TT in Thai breast/

ovarian cancer families (BRCAL/2 mutation negative) (0.29) was triple of that was
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seen in the unaffected Thais (0.09). Chi-square statistical result obviously shows
cancer association of the genotype 424TT/1290TT with the Pearson Chi-square value
=7.377 (df=1) and P =0.007. Thus, genotype 424TT/1290TT may increase risk for
breast/ovarian cancer in BRCA1/2 mutation negative patients. BRCAL1-3UTR
variations at nt.424 and nt.1290 were occurred in both patients and unaffected Thais.

These variations are single nucleotide polymorphisms (SNPs).
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IECEcTGTGTTcAEHA@GCAGAGAGT
424

Heterozygous variant at nt.424 (G>T)

1290
TCTTCCCTA GECCEECiﬁTGTGCJ

l il i

lJ I J.-Em-l (AR ko) )

No variant at nt.1290

Figure 17 Sequence of BRCA1-3"UTR in an unaffected Thais showed heterozygous
variant at nt.424 (G>T) but no variant at nt.1290
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Table 4 Polymorphisms at nt.424 and 1290 of BRCA1-3'UTR in familial
and isolated early onset cases of breast and/or ovarian cancer ( with or

without BRCA1/2 exonic mutation ) comparing to unaffected Thais

Group No. of cases (genotype freq.) No. of cases (genotype freq.)
424TT 424GT 424GG 1290TT 1290CT 1290CC

Ca cases 7(0.29) 8 (0.33) 9(0.38) 7 (0.29) 8 (0.33) 9 (0.38)
w/0 mut.

(n=24)"

Ca cases 0 11 (0.5) 11(0.5) 0 11(0.5) 11(0.5)
w mut.

(n=22) b

Unaffected 9 (0.09) 39 (0.38) 55(0.53) 9(0.09) 56 (0.54) 38(0.37)
Thais
(n=103)

Note : a and b, cases of familial or isolated early-onset breast and/or ovarian cancer
without and with gene mutation at coding region of BRCAl or BRCA2 genes,

respectively.
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Table 5 Gene frequencies at nt.424 and 1290 of BRCA1-3'UTR in familial and
isolated early onset cases of breast and/or ovarian cancer (with or

without BRCA1/ 2 exonic mutation) comparing to unaffected Thais

Group Gene freq. at nt.424 Gene freq. at nt.1290
Allele T Allele G Allele T Allele C
Ca cases 0.46 0.54 0.46 0.54
w/0 mut.
(n=24)"
Ca cases 0.25 0.75 0.25 0.75
w mut.
b
(n=22)
Unaffected 0.28 0.72 0.36 0.64

Thais (n = 103)

Note : a and b, cases of familial or isolated early-onset breast and/or ovarian cancer
without (a) and with (b) gene mutation at coding region of BRCA1 or BRCA2 gene,

respectively.

Type of breast/ovarian cancers was divided into three groups ; they are
breast cancer, ovarian cancer and mixed breast and ovarian cancer. Age of onset
among the thirty nine familial breast/ovarian cancer and the 103 unaffected Thais was
divided into three groups; <40 years group, 41-60 years group and >60 years group.

Association of genotype 424TT/1290TT and the occurrence of
breast/ovarian cancer with or without BRCA1/2 mutation (cases of familial or early
onset cancer) was analysed. From statistical analysis, genotype 424TT/1290TT is
associated with the occurrence of breast/ovarian cancer in BRCA1/2 mutation negative
families (P = 0.007, Odd Ratio = 4.301, 95% confidence interval = 1.411-13.111)
(Table 6). It means that genotype 424TT/1290TT increases risk of cancer occurrence
for 4.3 times. Genotype 424TT/1290TT is not associated with breast/ovarian cancer
in BRCA1/2 mutation positive families (P = 0.150) (Table 6). Frequencies of
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genotypic variations among cases of familial breast/ovarian cancer with or without
BRCAL1/2 mutation and unaffected Thais is shown in figure.18. Frequencies of
genotypic variations among cases of isolated early onset breast/ovarian cancer with

or without BRCA1/2 mutation and unaffected Thais is shown in figure. 19

Table 6 Association of genotype 424TT/1290TT and occurrence of breast/ovarian
cancer with or without BRCA1/2 exonic mutation (cases of familial

or early onset cancer)

Group No. of cases w 424TT/1290TT (%) Total  P-value OR
Yes No (Odd Ratio)
Ca cases 7 (29.2) 17 (70.8) 24 0.007  4.301

p a
w/0 mutation

Ca cases 0 22 (100) 22 0.150
w mutation

Unaffected 9(8.7) 94 (91.3) 103

Thais

Note : a and b, cases of familial or isolated early-onset breast and/or ovarian cancer
without and with gene mutation at coding region of BRCAL or BRCA2 gene,

respectively.
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Figure 18 Frequencies of genotypic variations among cases of familial breast/ovarian

cancer with or without BRCA1/2 mutation and unaffected Thais

Note : Percentage of cases in each groups and their genotypes are detailed below :

Genotype Fam. BRCA1/2 mut. neg Fam. BRCA1/2 mut. post. Unaffected Thais

(%) (%) (%)
424TT 333 0 8.7
1290TT 333 0 8.7
424GT 41.6 50 37.8
1290CT 41.6 50 54.3
424GG 58.3 71.4 53.3

1290CC 58.3 71.4 36.8
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Figure 19 Frequencies of genotypic variations among cases of isolated early
onset breast/ovarian cancer with or without BRCA1/2 mutation and

unaffected Thais

Note : Percentage of cases in each groups and their genotypes are detailed below :

Genotype  Isolated.BRCA1/2 Isolated BRCA1/2 Unaffected
mut.neg mut. post. Thais
(%) (%) (%)
424TT 37.5 0 8.7
1290TT 37.5 0 8.7
424GT 37.5 80 37.8
1290CT 37.5 80 54.3
424GG 25 20 53.3
1290CC 25 20 36.8

Association of genotype 424TT/1290TT and the types of cancer (breast cancer,
ovarian cancer, mixed breast and ovarian cancer) were analysed. Genotype

424TT/1290TT was associated with the types of cancer (breast cancer, ovarian cancer,
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mixed breast and ovarian cancer) in BRCA1/2 mutation negative families (P<0.001)
but not in BRCAL/2 mutation positive families (P=0.558) (Table 7). Genotype
424GT/1290CT was also associated with the types of cancer in BRCA1/2 mutation
positive families (P =0.029). SNPs at BRCA1-3"UTR were occurred in ovarian cancer
specific families and isolated ovarian only cancer cases of both BRCA1/2 mutation
negative families and BRCA1/2 mutation positive families (Table 2 and Table 3).
Percentage of cases who had polymorphisms at BRCA1-3'UTR (in both BRCA1/2
mutation negative & positive groups) in each type of cancer was shown in Figure 20.
SNPs at BRCA1-3'UTR occurred in ovarian cancer patients (88.8%), breast cancer

patients (46.8%), breast and ovarian cancer patients (60%).
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Table 7 Association of 424TT/1290TT genotype and the type of cancer
(breast cancer, ovarian cancer, mixed breast and ovarian cancer)
in breast/ovarian cancer with or without BRCA1/2 mutation (cases of

familial or early onset cancer)

BRCA1/2 exonic mut. BRCA1/2 exonic mut.
negative positive
Cases with 424TT/1290TT Cases with 424TT/1290TT
Yes No Yes No
Br. Ca 4 12 0 13
Ov. Ca 3 1 0 4
Br/Ov. Ca 0 4 0 5
Unaffected 9 94 9 94
Thais
P - value <0.001 0.558

Br. Ca, familial and early-onset cases of breast cancer
Ov. Ca, familial and early-onset cases of ovarian cancer

Br/Ov. Ca, familial and early-onset cases of mixed breast and ovarian cancer
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Figure 20 Percentage of the patients in both BRCA1/2 mutation negative & positive
groups who had polymorphisms at BRCA1- 3'UTR and their types of

cancer

No association of familial breast/ovarian cancer and isolated early onset
cases (both BRCA1/2 mutation negative and BRCAL/2 mutation positive) and the
age of cancer onset. Age of cancer onset in BRCAL1/2 mutation negative patients was
not different from BRCA1/2 mutation positive (Table 8). Age of onset was not higher
than 60 years in both BRCAL1/2 mutation negative and BRCA1/2 mutation positive

families.
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Table 8 Data of cases with familial breast/ovarian cancer and isolated early onset

(both BRCAL/2 mutation negative and BRCA1/2 mutation positive) and

the age of cancer onset

BRCA1/2 mut. neg. cases Total = BRCAL/2 mut. pos. cases Total
424 1290 424 1290
TT GT GG TT CT CC TT GT GG TT CT CC
Age
<40 4 3 4 4 ! 11 0 5 5 0 5 5] 10
41-60 © [27: 5 5 A 0 3 o6 0 2 6 9
>60 1 0 O 1 0 O s 0 2 0 0o 2 0 2

* There is one case of breast/ovarian cancer (BRCA 1/2 mutation positive)

whose age of cancer onset was not available.

Age of cancer onset in familial cases and isolated early onset cases (both
BRCAL1/2 mutation negative and positive groups) was compared and shown in Table 9.
Seventy-two percent of familial cases had cancer onset between the age of 31 to 50
years while fifty-four percent isolated early onset cases had cancer at this age interval.

Forty-six percent of the latter had their cancer onset before age of thirty.
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Table 9 Age of cancer onset in familial cases and isolated early onset cases (both

BRCAL/2 mut. neg. and pos. groups)

Patients Age of onset (yrs)

<30 31-40 41-50 >50
No. of Familial cases 1 10 13 8
No. of Isolated early onset 6 4 3 0
cases

* There is one case of breast/ovarian cancer (BRCA 1/2 mutation positive) whose

age of cancer onset was not available.

In summary, cases from BRCAL/2 exonic mutation negative families
showed association between the genotype 424TT/1290TT and cancer occurrence (P =
0.007). Types of cancer in Thai patients (breast cancer, ovarian cancer, mixed breast
and ovarian cancer) were associated with the genotype 424TT/1290TT (P<0.001).
BRCA1-3"UTR polymorphisms were occurred in all of the patients in ovarian cancer
specific families and isolated ovarian only cancer cases of BRCA1/2 mutation negative
families.

In the cases from BRCA1/2 exonic mutation positive families, the statistic
analysis showed that cancer occurrence was not associated with the genotype
424TT/1290 TT (P = 0.150). However genotype 424GT/1290CT may be associated
with the types of cancer (P = 0.029). BRCA1-3'UTR polymorphisms were occurred in

four out of five ovarian cancer patients in BRCAL1/2 mutation positive families.

5.4 Clinical and pathological data in Thai breast/ovarian cancer

patients

Table 10 and Table 11 detailed clinical, pathological and genotypic findings of

breast and ovarian cancer patients, respectively, whose BRCA1/2 mutation negative.
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For the patient with BRCA1/2 mutation positive, the similar data sets were detailed in

Table 12 and Table 13.

Table 10 Clinical, pathological and genotypic data of Thai breast cancer patients

and breast/ovarian cancer patients (BRCA1/2 mutation negative families)

Family ID Age Pts. Histo- Histo- Tumor LN Genotype
Bal subtype grade stage  metas.

*F3BR 5 45 BR  Invasive yp° I + 424GT/1290CT
(fam.) ductal

carcinoma
F4BR 7 48 BR Invasive pD II - 424GG/1290CC
(fam.) ductal

carcinoma
F24BR 44 42 BR  Invasive  ywpd I - 424GG/1290CC
(fam.) ductal

carcinoma
F37BR 62 49 BR Invasive MD II - 424GG/1290CC
(fam.) lobular

carcinoma
*F39BR 65 56 BR Invasive N/A 11 - 424TT/1290TT
(fam.) ductal

carcinoma
F39BR 64 78 BR Intraductal  N/A 11 - 424TT/1290TT
(fam.) papillary

carcinoma
F40BR 66 40 BR Invasive PD I + 424GT/1290CT
(fam.) ductal

carcinoma
*F42BR 68 34 BR Invasive PD I + 424TT/1290TT
(fam.) ductal

carcinoma
F23BR/ 43 55 BR/ N/AS N/A N/A N/A  424GT/1290CT
0)Y ov

(isol.)
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Note :

fam. , familial cancer cases
isol. , isolated cancer cases

a, cancer types in the patients
b, moderately differentiated
¢, poorly differentiated

d, well differentiated

e, no data

* F3BR(IDS) , *F39BR(ID65), *F42BR(ID68) : hormonal receptor positive (estrogen

receptor and progesterone receptor)
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Table 11 Clinical, pathological and genotypic data of Thai ovarian cancer

patients and breast/ovarian cancer patients (BRCAL/2 mutation negative

families)
Family ID Age Pts. Histo-subtype Tumor  Genotype
Ca stage

F250V 45 16 OV  Papillary serous II 424TT/1290TT
(isol.) cystadenocarcinoma

of right ovary
F350V 61 25 OV  Papillary serous I1I 424TT/1290TT
(isol.) cystadenocarcinoma

of ovary
F41BR/OV 67 57 BR/  Papillary serous v 424GT/1290CT
(fam.) OV  cystadenocarcinoma

of left ovary
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Table 12 Clinical, pathological and genotypic data of Thai breast cancer patients

and breast/ovarian cancer patients (BRCA1/2 mutation positive families)

Family ID Age Pts. Histo- Histo- Tumor LN Genotype
Ca subtype grade stage  metas.

FIOBR 20 35 BR  Invasive PD II - 424GG/1290CC
(fam.) ductal

carcinoma

I N 424GT/1290CT

*FI4BR 25 72 BR  Invasive MD
(fam.) ductal

carcinoma
FI7BR 34 27 BR Infiltrative N/A II N/A 424GG/1290CC
(fam.) adenocar-

cinoma of

right

breast

FI8BR 35 54 BR  Invasive N/A N/A N/A 424GG/1290CC

(fam.) ductal

carcinoma
F28BR 48 45 BR  Invasive MD I - 424GG/1290CC
(fam.) ductal

carcinoma
F29BR 49 35 BR  Invasive PD N/A - 424GG/1290CC
(fam.) ductal

carcinoma
F34BR 59 35 BR  Invasive MD 111 + 424GT/1290CT
(fam.) ductal

carcinoma
F34BR 60 38 BR  Invasive MD 111 - 424GT/1290CT
(fam.) ductal

carcinoma
F16BR/ 32 42 BR/ Invasive MD 11 - 424GT/1290CT
ov OV  ductal
(isol.) carcinoma

Note : *F14BR(ID25), hormonal receptor positive (estrogen receptor and progesterone

receptor)
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Table 13 Clinical, pathological and genotypic data of Thai ovarian cancer

patients and breast/ovarian cancer patients (BRCAL/2 mutation positive

families)
Family ID  Age Pts. Histo- Tumor  Genotype
Ca subtype stage

F70V 7 50 OV Papillary I 424GG/1290CC
(fam.) adenocar-

cinoma
*FHOVS 27 47 OV Bilateral I 424GT/1290CT
(fam.) papillary

Serous

adenocar-

cinoma

F310V 56 22 OV Mucinous N/A 424GT/1290CT

(isol.) cystadeno-

carcinoma

of right.

ovary
F380V 63 39 OV  Adenocar- 111 424GT/1290CT
(isol.) cinoma

compose of

glandular

element
F200V 40 45 OV NA I 424GG/1290CC
(fam.)
F22BR/ 42 37 BR/ Papillary I 424GG/1290CC
ov OV  serous
(fam.) adenocar-

cinoma

Note : *F150V (ID27), hormonal receptor positive (estrogen receptor and

progesterone receptor). This patient had bilateral ovarian cancer.
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Reports of twelve cancer patients with BRCA1/2 mutation negative and
fifteen cancer patients with BRCA1/2 mutation positive were available for clinical and
pathological analysis. In both groups of patients, major histological breast cancer type
was invasive ductal carcinoma. There was no different of the histological grading and
tumor stage of the two groups. Tumor of moderately or poorly differentiated were
observed in most of available reports of breast cancer cases, but the tumor stage varies
from T1 to T4 in both groups. Histological types and grades did not have any
association with 3"'UTR genotypic variation, and so as the lymph node metastasis.
Among patients without BRCA1/2 exonic mutation, three of them harboring genotype
of 424GT/1290CT or 424TT/1290TT had lymph node metastasis but the other two
patients who had the same genotype had no lymph node metastasis. However all three

cases with genotype of 424GG/1290CC did not have lymph node metastasis.

5.5 Functional study of DNA variants at the 3'UTR of BRCAL

gene

The 1700 bp fragments which contained wild-type BRCA1-3"'UTR or
BRCA1-3'UTR variants were created by PCR, cloned and sequenced. The TOPO
vector containing 1700 bp inserted fragment was digested by ECoR I enzyme and run
electrophoresis to confirm the right 1700 bp fragment insert. The TOPO vector (empty
vector) band was shown in Fig. 21 and the 1700 bp insert band was shown in Fig. 22 .
The correct 1700 bp fragment was inserted into the modified pGL3-promoter vector.
This modified pGL3-Promoter vector was previously removed the SV40 late poly A
signal by digesting with Xba I and BamHI enzyme before ligation with the correct
1700 bp fragment. The band of pPGL3-Promoter vector was shown in Fig. 23 and the
band of pGL3- promoter vector which removed SV40 late poly A signal was shown
in Fig. 24.

The constructs having wild-type (wt 3'UTR) and 3'UTR variants of
BRCA1l (424 G>T and 1290 C>T) were created into the modified pGL3-Promoter
vector. The vectors were transfected into COS-1 cells for 24 hours and
luciferase activity was measured (Fig. 25). The luciferase activity of 3'UTR DNA
variants was lower than the luciferase activity of wt 3’"UTR (Table 14 and Fig. 25).
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In addition, the luciferase activity of the modified pGL3-Promoter vector having
genotype 424TT/1290TT inserted fragment (homozygous variant) was 15.6 times
lower than the luciferase activity of the modified pGL3-Promoter vector having
insert of the wt. genotype (424GG/1290CC). The luciferase activity of the modified
pGL3-Promoter vector with having genotype 424GT/1290CT inserted fragment
(heterozygous variant) was 4.7 times lower than the wt. genotype (424GG/1290CC)
(Table 14). The luciferase activity of the modified pGL3-Promoter vector having
genotype 424TT/1290TT inserted fragment was lower than the luciferase activity of
the modified pGL3-Promoter vector having genotype 424GT/1290CT inserted
fragment for 3.3 times (Table 14). This functional assay was done for three times. The
results of the second and third experiment were shown in Table 15 and Table 16.
The luciferase reduction ratio between the luciferase activity of wt. 3'UTR and 3'UTR
variants in the three experiments were shown in Fig. 26. For the first experiment, the
luciferase reduction ratio of genotype 424TT/1290TT was 15.6 times and the
luciferase reduction ratio of genotype 424GT/1290CT was 4.7 times. For the second
experiment, the luciferase reduction ratio of genotype 424TT/1290TT was 13.4 times
and the luciferase reduction ratio of genotype 424GT/1290CT was 3.5 times. For the
third experiment, the luciferase reduction ratio of genotype 424TT/1290TT was 11.5
times and the luciferase reduction ratio of genotype 424GT/1290CT was 3.8 times.
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Figure 21 Band of TOPO vector (size 3.9 kb)
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Marker 1 kb

TOPO vector removed
<--1. 7 kb mserted fragment

<--Inserted fragment size 1.7 kh

Figure 22 TOPO vector contained 1700 bp inserted fragment was digested with
ECoR I enzyme
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Figure 23 Band of pGL3 — Promoter vector (size 5010 bp)

Marker 1 kb

” < pGL3-promoter vector removed
SV 40 poly A signal

Ll < SV 40 poly Asignal part

Figure 24 Band of pGL3 — Promoter vector removed SV 40 poly A signal part and
band of SV40 poly A signal part (SV 40 poly A signal part was removed
from pGL3-Promoter vector by digestion with Xba I and BamH 1)
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Table 14 Data of luciferase activity in BRCA1-3"'UTR functional assay

(experiment I)

Vector Luc. Aver. B-gal. Aver. Norm. Relat. luc.
act. luc. act. B-gal. B-gal. act .
act. act. act
Pos. 5893442 5990902
cont. 7459107 7048041 5348481 5995623.6 1.56 4517975
7791574 6647488
Neg. 157 3328800
cont. 93 119.6 3708005 3831172 1 119.6
109 4456711
Genotype 500670 4477988
424GG/ 501785 481271.6 4743205 4693695.6 1.2 401059.6
1290CC 441360 4859894
wt. BRCAL-
3'UTR
Genotype 25539 5225807
424TT/ 44169 28170 4485040 4433609 1.1 25609.1
1290TT 14802 3589980
BRCA1-
3'UTR
Genotype 21184 8839828
424GT/ 206706 195934.6 9146193 9010823.6 23 85188.9
1290CT 359914 9046450
BRCA1-

3'UTR
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Note : Pos. cont. , Positive control;
Neg. cont. , Negative control;
Luc. act., Luciferase activity;
Aver. luc. act. , Average luciferase activity;
B-gal. act. , B-galactosidase activity;
Aver. B-gal. act., Average -galactosidase activity;
Norm. B-gal. act. , Normalized B-galactosidase activity ;

Relat. Luc. act. , Relative luciferase activity
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Table 15 Data of luciferase activity in BRCA1-3'UTR functional assay

(experiment II)

Vector Luc. Aver. B-gal. Aver. Norm Relat.luc.
act. luc. act. pB-gal. -gal. act
act. act. act
Pos. 4357417 2044883
cont. 4557506 4329315 2052970 1907605.3 1.9 2278586.8
4073022 1624963

Neg. 208 1771378

cont. 542 375 1590870 1681124 1.6 2343
Genotype 202811 970273

424GG/ 208400 204990.6 1019907 995017.6 1 204990.6
1290CC 203761 994873

wt. BRCA1-

3'UTR

Genotype 16628 1669103

424TT/ 31317 239725 1473390 1571246.5 1.57 15269.1
1290TT

BRCA1-

3'UTR

Genotype 232909 4051096

424GT/ 208802 234867.3 4237129 4071823.3  4.09 57424.7
1290CT 262891 3927245

BRCA1-

3'UTR
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Table 16 Data of luciferase activity in BRCA1-3"'UTR functional assay

(experiment III)

Vector Luc. Aver. B-gal. Aver. Norm. Relat. luc.
act. luc. act. B-gal. -gal. act
act. act. act.
Pos. 9627684 12751976
cont 10991266 10257327 13420127 12743243 1.36 7542152.2
10153032 12057628
Neg. 198 8814616
cont. 172 174 9325119 9364861.3 1 174
1% 9954849
Genotype 1068673 10941844
424GG/ 1201817 1186051.6 12058076 11941395.6 1.2 988376.3
1290CC 1287665 12824267
wt. BRCAL-
3'UTR
Genotype 80061 9508489
424TT/ 96278  88169.5 9819452 9663970.5 1.03 85601.4
1290TT
BRCA1-
3'UTR
Genotype 496215 18954342
424GT/ 538304 534632.3 20669848 20322570.6 2.1 254586.8
1290CT 569378 21343522

BRCA1-3'UTR
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Level of luciferase activity from BRCA1-3'"UTR luciferase expression in COS-1
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Figure 25 Luciferase activity from wt.BRCA1-3'UTR compared to variant
BRCA1-3"UTR. The 3'UTR was ligated to luciferase gene in expression
vector and transfected into COS-1 cell. The luciferase activity of BRCA1-
3"'UTR homozygous variant and heterozygous variant were lower than the

luciferase activity of wt.BRCA1-3"UTR for 15.6 and 4.7 times, respectively.
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Luciferase reduction ratio graph of BRCA1-3"UTR functional assay
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Figure 26 Luciferase reduction ratio of genotype 424TT/1290TT and
genotype 424GT/1290CT in the three experiments

5.6 Effect of missense mutations to estrogen receptor signaling

pathway

The missense mutations Asp67Glu and Thr1051Ser of BRCA1l were
previously detected in Thai familial breast/ovarian cancer patients. Some patients in
BRCA1/2 exonic mutation positive had hormonal status positive (F14BR;ID25)
whereas others had not. BRCAL function involves in estrogen receptor signaling
pathway. BRCA1 inhibits estrogen receptor signaling pathway and may suppress
estrogen-dependent mammary epithelial proliferation (Fan et.al., 1999). Effect of
BRCAL missense mutations Asp67Glu and Thr1051Ser on estrogen receptor signaling
pathway were studied by transient transfection in DU145 cell line and luciferase

activity was analysed. From table 19, the average luciferase activity of the mutants
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activity was analysed. From table 19, the average luciferase activity of the mutants
(tube 4 and tube 5) were not significantly different when compared with the values of
the wild-type (tube 3). Estrogen receptor signaling pathway was inhibited in the
presence of wt. BRCAL in DU145 (prostate cancer cell line) transfected cells. In the
construct in which ERE element was ligated to luciferase gene, level of lucifersase
activity as response to ER in the presence of both estrogen and BRCA1 was lower than
the activity in system without BRCAL. Luciferase activity level of the two BRCA1
missense mutations were also low, similar to the wild-type BRCAL (Table 19 and
Fig.27). Thus the two BRCA1 missense mutations did not affect BRCAL function as a

suppressor of estrogen receptor signaling .
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Table 17 Data of luciferase activity in BRCAL missense mutations and

estrogen receptor signaling pathway (experiment I)

Vector Luc. Aver. B-gal. Aver. Norm. Relat.
act. luc. act. [B-gal. B-gal. luc
act. act. act. act.
Tube 1 158 216 767 789 1.14 189.4
274 811
Tube 2 210 255 790 687 1 255
300 584
Tube 3 228 268 800 1016.5 1.47 182.3
308 1233
Tube 4 376 341 1869 1859 2 126.2
306 1849
Tube 5 261 308.5 1880 2013 2.93 105.2
356 2146
Tube 6 183 182 958 970 1.41 129

181 982
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Note :

Tube 1 is composed of the pERE-EIb-LUC vector, RSV-ER vector, pcDNA3
vector, pSV40 B-galactosidase vector.

Tube 2 is composed of the pERE-EIb-LUC vector, RSV-ER vector, pcDNA3
vector, pSV40 B-galactosidase vector

Tube 3 is composed of the pERE-EIb-LUC vector, RSV-ER vector, wildtype
BRCAL1 expression vector, pSV40 B- galactosidase vector.

Tube 4 is composed of the pERE-EIb-LUC vector, RSV-ER vector, Asp67Glu
BRCAL expression vector, pSV40 B- galactosidase vector.

Tube 5 is composed of the pERE-EIb-LUC vector, RSV-ER vector,
Thr1051Ser BRCA1 expression vector, pSV40 B-galactosidase vector.

Tube 6 is composed of the pERE-Elb-LUC vector, pcDNA3 vector, pSV40

[- galactosidase vector.
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Table 18 Data of luciferase activity in BRCA1 missense mutations and estrogen

receptor signaling pathway (experiment II)

Vector Luc.  Aver. B-gal. Aver. Norm. Relat.
act. luc. act. B-gal. B-gal. luc
act. act. act. act.
Tube 1 191 197.5 903 801 1.21 163.2
204 699
Tube 2 279 270.5 653 661 1 270.5
262 669
Tube 3 373 448 2064 1858 2.81 159.4
523 1652
Tube 4 311 321 2159 2236.5 3.38 94.9
331 2314
Tube 5 450 463 3753 3864.5 5.84 79.2
476 3976
Tube 6 219 202 1061 1131 1.71 118.1
185 1201
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Table 19 Data of average luciferase activity in BRCAL missense mutations and

estrogen receptor signaling pathway from the first and two experiment

Vector Relative luciferase activity Average relative luciferase activity

Tube 1 189.4 176.3
163.2

Tube 2 255 262.75
270.5

Tube 3 182.3 170.85
159.4

Tube 4 126.2 110.55

94.9

Tube 5 105.2 92.2

79.2

Tube 6 129 123.55
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BRCA1 missense mutations and estrogen receptor signaling pathway
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Figure 27 Effect of BRCA1 missense mutation, Asp67Glu and Thr1051Serine, to
estrogen receptor signaling pathway. Wt.BRCA1 expression vector and
mutant BRCA1l expression vectors were transfected into DUI145
cell line for 48 hrs. Cells were stimulated by estrogen and assay
for pERE-Elb-Luc reporter activity. The luciferase activity of mutants
BRCAL1 were not different from activity of the wild-type. These
missense mutations did not affect BRCAL function that involves

estrogen receptor signaling.
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CHAPTER VI
DISCUSSION

Genetic predisposition is responsible for 5-10% of all breast cancer
(Newman et al.,, 1988 ; Claus et al., 1991). Thirty six percent of breast cancer
diagnosed in woman under the age 30 years is thought to be linked to a genetic defect
and hereditary factor also plays an important role in early onset breast cancer.
Mutation of BRCAL1 (Miki et al., 1994 ; Chen et al., 1999; Kuschel et al., 2002),
BRCA2 (Wooster et al., 1995 ; Peto et al., 1999), TP53 (Rapakko et al., 2001), PTEN
(Keen et al., 2003) and ATM genes (Chen et al., 2000) have been suggested to be
genetic risk factors for breast cancer with relatively high penetrance, while HRAS
mutation determined as a low penetrance breast cancer gene. Cytochrome P450
genes, glutathione S- transferase gene family, genes encoding cell signaling molecules
(such as progesterone receptor, estrogen receptor, TNFa ) are breast cancer
susceptibility low penetrance genes (Dumitrescu et al., 2005). Approximately half of
all familial breast cancers appears to result from mutation in BRCAL. Families with
germline mutation in BRCAL have an autosomal dominant inheritance pattern of breast
cancer as well as an increased incidence of ovarian cancer. The frequency of germline
mutations in BRCA1 varies between the ethnic groups. The differences in cancer risk
between populations may be the result of founder mutations of this gene (Liede et al.,
2002).

In the previous study of familial and isolated early onset breast and ovarian
cancer in Thai cases (Patmasiriwat et al, 2002a and b), half of the patients contain
neither BRCAL nor BRCA2 mutation within their coding exons. In order to verify that
genetic changes outside exonic regions could also be involved in the etiology of
cancers, | therefore investigated DNA changes at both 5" and 3'UTR regions of
BRCAL.

In the study of Thai familial breast/ovarian cancer with BRCA1/2 exonic

mutation negative, DNA variants at 3'UTR of BRCA1 gene were observed in seven
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out of twelve families (58.3%) and six out of eight (75%) isolated early onset cases.
The single nucleotide changes were seen at the nucleotide position 424 and 1290 after
the end of coding region of BRCA1L. Nucleotide 1290 is located close to poly A signal
and poly A site. The DNA variations at nt.424 and nt.1290 of BRCA1-3"UTR were the
two single nucleotide polymorphisms (SNPs). The homozygous and heterozygous
variants of the two points are designateded 424TT/1290TT and 424GT/1290CT. These
two 3'UTR variants in each patient occurred in the same patterns. Patients with
homozygous variant at nt.424(TT) also exhibited homozygous change at nt.1290(TT)
and patients with heterozygous variant at nt.424(GT) also exhibited the heterozygous
change at nt1290(CT). Noticeably, none of patients habors heterozygous or
homozygous changes at only one point (only 424G>T or 1290C>T ). Changes at both
points within 3’"UTR may be required for cancer induction.

In familial cancer cases, the homozygous variant (424TT/1290TT) was
found in four out of thirteen breast cancer specific patients but not in the other
familial cancer types. When the homozygous and heterozygous variants were
compared in terms of age of onset in all types of familial cancer, the onset of
cancer in the cases of heterozygous variant (424GT/1290CT) were under 50
years in all familial breast/ovarian cancer cases (n =5) whereas three of the
four cases of familial breast cancer with the homozygous variant
(424TT/1290TT) had cancer onset at the age over 50 years. Opposite pattern was
seen in early onset cancer. Isolated early onset cancer patients with heterozygous
variant (n = 3) seem to have the cancer onset at the age greater than 30 years while
isolated cases with the homozygous variant had cancer onset at age less than 30
years. Early onset is believed to be a feature of the hereditary cancer, and it has been
thought that early - and late — onset breast cancer may have different biological origins
(Bonnier et al.,1995) . In addition, some genetic factors may contribute to the age
difference propensities (Nixon et al.,1994). Age together with the geographical
location have a major contribution to breast cancer risk (Hulka et al., 2001). For the
high proportion of breast cancer cases in the eastern countries, the strong association
between age of onset and genetic susceptibilities may be attributable to BRCA1 (Liede
et al., 2002). Hereditary genotype of 424TT/1290TT was obviously seen. In family
F39, genotype 424TT/1290TT was inherited from the mother (ID64) to daughter
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(ID65) and both of them did not have mutation within exon or exon-intron junction
regions of both BRCA1 and BRCA2. Ages of cancer onset in these two patients were
both more than 55 years. The Chi-square analysis shows that there could be an
association between cancer and homozygous 424TT/1290TT genotype. The two
patients (mother, daughter) in family F39 are the good example of inherited
homozygous change associated with breast cancer. Family history in conjunction with
this 3"UTR DNA variant in BRCA1 gene could be one of the cancer risk factors in F39.
Age of cancer onset in isolated ovarian cancer patients whom exhibited same
homozygous change (424TT/1290TT) were less than 26 years. This finding is
different from the finding in familial cancer cases with the same homozygous variant.
It is possible that in the isolated cancer cases with 424TT/1290TT, the DNA changes
also represents as hereditary mutation arising from new mutation within a germ cell of
their father or mother. Other genetic or environmental factors might also get involved
in the initiation of cancer in these isolated early onset cancer with the genotype
424TT/1290TT positive. All three cases of early onset ovarian cancer have
homozygous 424TT/1290TT while the five early onset patients with breast only
cancer and breast plus ovarian cancer (in a person) do not have this homozygous
genotype. Further investigation is needed to verify the involvement of different genetic
variation in breast and ovarian tissue types. In isolated ovarian cancer, there were
3’UTR variants in BRCA1 but not in BRCA2 (Patmasiriwat et al., unpublished data).
This is in accordance with Rahman et al., 1998 who reported that ovarian cancer is
associated with BRCAL rather than BRCAZ2. Most early onset cancer cases are linked to
BRCA1-3'UTR changes and the presence of ovarian cancer is strong prediction of
BRCA1 germline mutation. BRCA1-3'UTR variants occurred in isolated ovarian
cancer could be a non-coincident event.

Seven out of twenty families in BRCA1/2 mutation negative had no
variants in BRCA1-3"UTR. Mutation in the other breast/ovarian cancer susceptibilities
genes such as ATM, TP53, PTEN or various polymorphism in low penetrance breast
cancer susceptibilities genes such as CYP1Al, CYP19, GSTM1 (Amorim et al., 2002),
estrogen receptor gene might be occured among these seven cases (Hellmold et al.,

1998 ; De Jong et al., 2002).
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The pattern of DNA variants at BRCA1-3’'UTR in BRCAL/2 exonic
mutation positive families is different from those BRCAL1/2 mutation negative families.
DNA variant at BRCA1-3'UTR was seen in 65% of BRCA1/2 mutation negative
families while in BRCAL/2 mutation positive families was 47.4%. Homozygous
424TT/ 1290TT was often found in BRCA1/2 mutation negative families and was not
detectable in BRCAL1/2 mutation positive cases. The frequency of 424TT/1290TT in
the former group was three times of the unaffected Thais. The 424TT/1290TT
genotype might be one of the important risk factor involved in breast/ovarian cancer
BRCA1/2 mutation negative families. Mutation at the coding regions in BRCA1 or
BRCA2 is known to be cancer associated with BRCA1/2 mutation positive families.

Clinical data of Thai breast/ovarian cancer families and early onset cases
(BRCAL/2 mutation negative) was determined. The main histological subtype among
these patients is invasive ductal carcinoma for breast cancer and papillary serous
cystadenocarcinoma for ovarian cancer. Histological grade of breast cancer in this
group was mainly moderately and poorly differentiated. All tumor stages (T1 to T4)
of breast cancer were reports. Hormonal status reports were available in only three
patients (IDS5, ID65, ID68 of family F3, F39, F42 respectively). All these three cases
are members of breast cancer specific families in the group of BRCA1/2 exonic
mutation negative but 3'UTR variant positive. Genotype of ID5 is heterozygous
424GT/1290CT and the genotype of ID65 and ID68 is homozygous 424TT/1290TT.
Both estrogen receptor and progesterone receptor are positive in these three cases.
Although complete clinical finding in this work are not available, both groups of the
patients with BRCAL/2 exonic mutation negative and positive showed similar
proportion histopathological types, grades and tumor stages. Features of BRCA1-
associated tumor have been reported in various studies. For instance, overexpression
of P53 (Loman et al., 1998; Noguchi et al.,1999), high frequency of ductal carcinoma
(Eisinger et al., 1998), heavy lymphocytic infiltration (Johannsson et al.,1997) were
observed. In early onset breast cancer, cyclin D1 overexpression has been observed
(Lakhani et al., 2002). Overexpression of cytokeratins 5/6 has been reported (Foulkes
et al., 2003). Eisinger et al (1996) and Marcus et al (1996) described the characteristics
of BRCA1 associated tumor as a tumor with high mitotic rate, high frequency of DNA
aneuploidy and high S-phase fraction. In 2004, Eerola et al described the low age at
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diagnosis of breast cancer and high tumor grade as the hallmark of BRCAL tumors
(Eerola et al., 2004). BRCAl-associated tumors are higher grade than sporadic cancers.
Information from this work shows that BRCA1/2 exonic mutation negative breast
cancer patients whose histological grade was moderately (i.e. ID5 in F3BR) or poorly
differentiated (ID66 in F40 and ID68 in F42) had 3'UTR variants of either
heterozygous 424GT/1290CT (IDS5, ID66) or homozygous 424TT/1290TT (ID68).
Cancer onset ages of all these three cases are less than 46 years. Breast tumor from a
case of BRCAL1/2 mutation negative (ID44 in F24) who is 3'UTR variant negative was
reported to have well differentiated histological type. The observation of lymph node
status in the group of breast cancer cases without BRCA1/2 exonic mutation reveals
that 3"UTR variant of either 424TT/1290TT or 424GT/1290CT is not related lymph
node metastasis. However all three patients with 424GG/1290CC in this group did not
have lymph node metastasis. Similar finding was seen in group patients with BRCA1/2
mutation positive. All three cases of the 424GG/1290CC genotype in BRCAL1/2
mutation positive patients were negative for lymph node metastasis. Report of lymph
node status was not available in the other two cases with 424GG/1290CC genotype. It
seems possible that the 3"UTR changes in BRCAL gene participate some role of breast
cancer biological manifestation. Papillary serous cystadenocarcinoma was observed in
all three cases of Thai ovarian cancer of BRCA1/2 exonic mutation negative. All these
cases harbored 3'UTR variant of BRCA1 gene ; two of them had homozygous variant
424TT/1290TT and another case had 424GT/1290CT. Four out of five ovarian cancer
cases in group of BRCA1/2 mutation positive were reported as papillary serous
cystadenocarcinoma and one case as mucinous cystadenocarcinoma. Heterozygous
424GT/1290CT at 3'UTR was observed in three of them and 424GG/1290CC in two
of them. Papillary serous adenocarcinoma was reported in two of the three
424GT/1290CT and in both two cases of 424GG/1290CC. All in all, seven out of eight
tumors in cases of ovarian cancer are serous cystadenocarcinoma type. Although
those three cases are BRCA1/2 exonic mutation negative, they all exhibited BRCAL-
3'UTR variants, suggesting the possible involvement of the BRCA1-3'UTR variants,
as a type of BRCAL genetic change in ovarian carcinogenesis. Chappuis et al (2002)
pointed out that papillary serous cystadenocarcinoma is the major histological type for

BRCALl-associated tumor. A lower proportion of mucinous tumors was found among
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familial ovarian cancer cases when compared with sporadic cases. In addition, our data
suggest that homozygous 3'UTR variant 424TT/1290TT could promote high stage
tumor in cases with early onset ovarian-only cancer type. For example, the two cases
of early onset ovarian only cancer cases (ID45 and ID61) who had high level of tumor
stage exhibited homozygous 424TT/1290TT. Their ages of tumor onset were 16 and
25 years, respectively. Moreover, the occurrence of ovarian cancer studied in this
work may be associated with BRCA1-3'UTR variant. Eight out of nine cases of
familial and early onset ovarian cancer, in both BRCA1/2 exonic mutation negative
and positive groups, have the genotype either 424GT/1290CT or 424TT/1290TT
(88.8%) but not 424GG/1290CC. Genotype 424GG/1290CC was seen in only one
case of Thai ovarian cancer. Only 15 out of 32 (46.8%) breast cancer patients
(regardless of BRCA1/2 exonic mutation) exhibited these 3"'UTR 424TT/1290TT and
424GT/1290CT genotype. This is the first report showing the relationship between
genotype of BRCAL at 3'UTR and presentation of ovarian cancer.

Disease related mutations are known to occur within coding sequences and
that influence protein structure and function (Scully et al., 2000; Venkitaraman et al.,
2002). Many diseases result from mutations that influence various aspects of mRNA
metabolism, including processing, export, stability, and translational control (Cazzola
et.,al 2000; Mendell et al., 2001). The mutations can lead either to the synthesis of a
structurally altered, dysfunctional protein or the absence of a protein product
(Stranchan et al., 1999b).

Regulatory elements for gene expression and post-transcriptional control
often reside within the 3'UTR of the gene. 3'UTR controls nuclear export,
polyadenylation status, subcellular targeting, rates of translation and mRNA
degradation (Cazzola et al., 2000). Deregulated gene expression at the level of
transcription is one of etiological mechanism for human disease (Semenza, 1994).
Mutations that cause diseases through an increase or decrease in the efficiency of
mRNA translational process have been reported (Cazzola et al., 2000). This
mechanism may be relevant to the results in this work. Noteworthy, the nt.1290 is
located near poly A site and poly A signal (AAUAAA). Poly A signal is a regulatory

element needed for 3" cleavage at poly A site in a majority of transcription and the
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poly A functions in mRNA transportation to cytoplasm and enhances mRNA
recognition by ribosomal mechinary (Strachan et al., 1999b).

There are at least two transcription factors expected to bind at nt.424 and
nt.1290 areas in BRCA1 3'UTR. The CdxA binding site locates at nt.418 to nt.424
and ADRI1 binding site at nt.1286 to nt.1291. In addition, there is a consensus AP-2
binding site in BRCA1 3'UTR at nt.1283 to nt.1290 (Fig. 28). AP-2 transcription
factor can bind to Spl (Faisst et al., 1992) and Spl binds at nt.1812 to nt.1817 of
BRCAL exon 1 (Genbank accession number U37574) ( Xu et al., 1997; Suen et al.,
1999). AP-2 plays role as regulator of gene expression in development, cell growth,
cell differentiation and apoptosis. AP-2 involves in breast cancer progression and low
level of nuclear AP-2 associated with disease progression and increases metastasis of
breast cancer cells (Pellikainen et al., 2002). Any change occurred at or around

nt.1290 may be associated with breast/ovarian carcinogenesis and tumor metastasis.
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1 1gactgcage cagreacagg tacagageea caggactcca agastgaget tacasagiaz
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CieaA MATA

121 afaifitatg 1% agee tgaanaggac tetggetat gea agggb:c citaaagatt

181 netgettga agsctecett ggaaatetge -:a’tgagcaca aaattat t a ﬂ'.‘h:a.l:

241 ctgagaagat mtazeacca fHtazacgee a.-:&_attgag caaga_tgf;tg?ncana:t
IT2

301 _ta'sc?gl:c ct attetiteta Heaggetgt tottggetta gagetggaag cacagagigs
SRY Cdxh

361 crggectca agagaatage mumﬁmu ctetaaaace t:lgtgtt?if
CdzA Ik2

421 dazgeagag agieagacee tieaatggan ggagagiget (gggalcgat targigact:

HSF
1201 ngetgangg adgdaanagt gRiicata Aacccatat ceaggactat tatagetgt
A2 ADRI Nig2

1261 1ggaaggact aggteticec tagcl:cr.ccf agtglgcang gacagtgang actigaligt
1321 acaaaatacg unt FHRIZCIAL taac aCtRCa alaaAcg FAZCAARCA

Figure 28. Transcription factor binding sites in BRCA1-3'UTR (underline and
italic) and the nucleotide position of DNA varianis ( ni424 (G=T)and
1290 (C>T) ) in this region

3’'UTR variants may affect translation by interfering with mRNA stability
(Strachan et al., 1999b). The 3'UTR that transcribed from one mutant allele can have
a dominant negative effect by decrease or inhibition of trans-acting transport or
regulatory protein (Conne et al., 2000). Luciferase assay is an indirect experiment for
studying the level of gene expression. Luciferase activities detected from clones with
DNA variants, both homozygous and heterozygous were lower than the activity from
wild-type 3'UTR clone. Reduction of luciferase activity implies a significant
decreased transcription or translation and these variants may also affect BRCA1
expression. The 424TT/1290TT genotype may be an interference factor of post-

transcriptional processing of BRCAIL, as seen in cancer risk families with no
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BRCA1/2 exonic mutation. All of the familial ovarian cancer specific families and
isolated ovarian only cancer cases in BRCA1/2 mutation negative families habor DNA
variants at both nt.424 and nt.1290 in BRCA1-3"UTR. To confirm that these variants
are related to ovarian cancer or increase the cancer risk, more cases of breast and
ovarian cancer should be investigated in the future.

Polymorphism in breast cancer susceptibility genes has contribution to
breast tumorigenesis in combination with exogenous (i.e.diet) and endogenous (i.e.
hormones) exposure. Other defective genes have been reported as risk factors for
developing breast cancer. One of the candidate of cancer related gene is a carcinogen
metabolism gene called CYP1Al. Homozygous nucleotide change at the 3'UTR of
CYP1A1 gene has been proposed to increase breast cancer risk for African-American
and Japanese women (Miyoshi et al., 2002). The example of low penetrance genetic
alteration denotes its role as a hereditary factor for carcinogenesis in both family and
population level. Ho et al (2000) described a single nucleotide change at 3'UTR of
BRCAL1 at nt.31 G>A after last codon from an early onset breast cancer patient in
Singapore but the effect of the change was unclear. Polymorphism in 3'UTR of the
prohibitin gene has been reported (Manjeshwar et al., 2003) and may involve in an
increase risk of breast cancer. The C = T change in the prohibitin 3'UTR gene is a
germ line polymorphism with the C allele being the most common form and the T
allele is a less prevalent variant. The carriers of the T allele exhibited five fold
increase risk of getting breast cancer before the age of 50. C allele of the prohibitin
3'UTR codes for an antiproliferative regulatory RNA that act as a tumor suppressor in
human breast cancer (Manjeshwar et al., 2003). For mutations of the BRCA1 gene
generated by nucleotide substitution, thymine base (T) is found that it is frequently
involved in nucleotide substitution in breast cancer. At nt.424 in BRCA1-3'UTR, allele
T frequency in the patients is higher than allele T frequency in unaffected
Thais (Table 5). Genotype 424TT/1290TT was frequently detected in the BRCA1/2
mutation negative patients. Genotype 424TT/1290TT may affect the gene expression
and involve in the increasing risk of breast cancer. To prove that genotype
424TT/1290TT may affect the BRCA1 function, many molecular technics can be
used such as RT-PCR (for studying about RNA expression), and western blot (for

studying BRCA1 protein expression). Cell proliferation assay can be done for
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studying growth of clones from each variant constructs. The growth and the number of
living cell in culture are measured using cell proliferation assay (Manjeshwar et al.,
2003). In vivo tumorigenicity assay can be used for studying about the correlation
between genotype 424TT/1290TT and the BRCA1 function.

As previously described, 3'UTR changes were also seen in minority of
unaffected Thais. The proportion of this changes is obviously lower than what
observed in groups of familial or isolated breast/ovarian cancer patients whose
BRCAL1/2 mutation negative in exonic regions (Table 6). Frequency of genotype
424TT/1290TT in BRCA1/2 mutation negative families was triple of that was seen in
unaffected Thais. Allele T frequency at nt.424 in the BRCA1/2 mutation negative
patients was double of that was seen in unaffected Thais. The two SNPs at nt.424 and
1290 might be involved in breast/ovarian cancer and genotype 424TT/1290TT might
be one of genetic risk factors contributing in these cancers. Heterozygous changes at
either nt.424 or 1290 position are frequent polymorphisms as this work demonstrated
them in half of the unaffected Thais (56 out of 103 cases). It is possible that the
genotype 424TT/1290TT 1s one of accumulated risk factors that increase neoplastic
transformation. This work is the first report of the two SNPs at BRCA1 3'UTR in
familial and isolated breast/ovarian cancer in Thailand. Statistic analysis (Chi-square
test) shows cancer association of the homozygous variant genotype (424TT/1290TT)
(P =0.007, Odd Ratio = 4.301, 95% confidence interval = 1.411-13.111)). Types of
breast/ovarian cancer in Thai patients are associated with the homozygous genotype
(424TT/1290 TT) (P<0.001). DNA variants at BRCA1-3"UTR could be detected in the
patients of ovarian cancer specific families and isolated ovarian only cancer cases in
BRCAL1/2 mutation negative families.

Result from genetic testing at 3'UTR, clinical data, luciferase assay and
statistical analysis imply that SNPs at BRCA1-3'UTR play some roles in
breast/ovarian cancergenesis especially in BRCAL1/2 exonic mutation negative cases.

Estrogen receptor (ER) is a candidate locus for familial late onset breast
cancer susceptibility (Fan et al., 1999).The high expression of ER in breast cancer is
associated with responsiveness to hormonal treatment and a favorable prognosis.
Mutation in the ER may modify the hormonal response in breast epithelium and

potentially result in inherited susceptibility to breast cancer (Zuppan et.al.,1991).
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BRCA1 mutation confers an increase risk for both estrogen — responsive
cancers (breast, uterine and cervical) and androgen — responsive cancers (prostate
cancer). Estrogen responses are mediated by the members of nuclear receptor family
of ligand-activated transcription factors, ER-a and ER-f. Estrogen binds and activates
cytoplasmic ER-o0, which translocates to the nucleus, dimerizes, binds to estrogen
responsive enhancer elements (EREs) on the target genes and activates transcription
(Fan et al., 1999). Wild-type BRCA1 protein suppress estrogen — dependent mammary
epithelial proliferation by inhibiting ER-a — mediated transcriptional pathways related
to cell proliferation. The inhibition of estrogenic stimulation for mammary epithelial
cell growth by BRCAL1 contributes to breast cancer suppression. The loss of this
inhibitory activity promotes the proliferation of genetically damaged mammary
epithelial cells. Inactivation of the ability to repress ER-a transcriptional activity by
BRCAL mutation may contribute mammary carcinogenesis (Fan et al., 1999 ; Zheng
et al., 2001). The other factor which involved in estrogen receptor function is cyclin
D1. Cyclin D1 gene is overexpressed in human breast cancer. Cyclin D 1 antagonized
BRCA1-mediated repression of estrogen receptor a-dependent gene expression (Wang
et al., 2005). Cyclin D1 repression of BRCA1 function was mediated independently of
its cyclin-dependent kinase. The antagonism of the BRCA1-mediated ERa repression
by cyclin DI may contribute to the selective induction of BRCA1-regulated target
genes (Wang et al., 2005). The effect of two missense mutations in BRCAL1 (Asp
67Glu, Thr1051 Ser) which were identified in Thai familial breast/ovarian cancer
patients to estrogen receptor signaling pathway was investigated. Result showed that
estrogen receptor signaling pathway was inhibited in the presence of BRCAL
expression vector in DU145 (prostate cancer cell line) cells. In the construct in which
ERE element was ligated to luciferase gene, level of luciferase activity as response to
ER in the presence of both estrogen and BRCA1 was lower than the activity in system
without BRCAL. Luciferase activity level in the presence of the two expression vectors
were also low, similar to the wild-type BRCALl. Thus the two BRCA1l missense
mutations did not affect BRCA1 function as a suppressor of estrogen receptor signaling.
The missense mutations Asp67Glu and Thr1051Ser in BRCA1 do not change the
dominant negative effect of the gene to estrogen and estrogen receptor signaling

pathway for mammary carcinogenesis.
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CHAPTER VII
CONCLUSION

Family history is an inherited component in the development of breast
cancer and it is one of the breast cancer risk factors. Familial breast cancer has several
distinctive clinical features : Age at diagnosis is lower than in sporadic cases, the
prevalence of bilateral breast cancer is higher, and the associated tumors in affected
individuals is seen in some families. Families with germline mutation in BRCA1 have
an autosomal dominant inheritance pattern of breast cancer. BRCAL is a caretaker gene
in cancer initiation and progression. It does not directly promote tumor initiation but
function to regulate genome stability. Mutation of BRCAL leads to increase genome
instability.

3'UTR is important in ensuring high efficiency of gene translation. It has
the role in translational regulation and signals for controlling translation, mRNA
stability and localization. Mutation in 3"'UTR can cause disease through increase or
decrease efficiency of mRNA translation.

Translational pathophysiology is one of the mechanism of human disease.
In this work, single nucleotide polymorphisms are identified at 3'UTR of BRCAL. In
twenty four Thai breast /ovarian cancer patients (BRCAL/2 mutation negative), DNA
variants in the type of SNPs were observed at nt.424 (G>T) and nt.1290 (C>T) of
BRCA1-3"UTR. The two patterns of DNA variant were (1) homozygous at nt.424(TT)
and nt.1290(TT) (or genotype 424TT/1290TT) and (2) heterozygous at nt.424(GT)
and nt.1290(CT) (or genotype 424GT/1290CT). The same polymorphisms at BRCA1-
3’UTR was further studied in Thai breast/ovarian cancer families (BRCAL1/2 mutation
positive) and unaffected Thais. The DNA variant patterns seen in unaffected Thais
were different from in Thai breast/ovarian cancer cases (BRCAL/2 mutation negative).
The DNA variant pattern in Thai breast/ovarian cancer families (BRCA1/2 mutation
positive) was heterozygous at nt.424GT/nt.1290CT while the variant patterns in cases
with BRCAL/2 mutation negative include both homozygous (424TT/1290TT) and
heterozygous (424GT/1290CT). Proportion of patients in each types of SNPs are
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different among cases of BRCAL/2 mutation negative and positive. Frequency of
424TT/1290TT in BRCA1/2 mutation negative patients is triple of that was seen in
unaffected Thais. In the constructs that ligated BRCA1-3" UTR containing
424TT/1290TT, 424GT/1290CT, 424GG/1290CC to luciferase gene, the luciferase
activity of 424TT/1290TT was lower than the activity of wild-type 424GG/1290CC
for 15.6 times. Reduction of luciferase gene expression in 424TT/1290TT genotypic
construct implies that this genotype could be an accumulated risk factor that increase
neoplastic transformation. The types of SNPs at 3'UTR and age of onset are suggested
to be multifactorial involvement of breast and ovarian carcinogenesis in Thai patients.
Invasive ductal carcinoma is the most common histopathological type in breast cancer
patients and papillary serous cystadenocarcinoma is common in ovarian cancer
patients in this study. Tumor stage of T2-T3 is common in most patients. Estrogen
receptor and progesterone receptor positive are detected in three breast cancer patients
in BRCAL/2 mutation negative. Although variants at 3° UTR of BRCA1 are detectable
in every types of familial and isolated cases, up to 88.8% was seen in ovarian cancer
patients from BRCA1/2 mutation negative and positive families whereas only 46.8% of
breast cancer cases harbored these SNPs variant.

Role of two mutated BRCA1 (Asp67Glu and Thr1051Ser) of ER signaling
was investigated by mean of luciferase assay. Luciferase reporter construct containing
ERE element was drived to express in the presence or absence of estrogen, ER,
wt.BRCALl and mutated BRCAL. Result shows that Asp67Glu and Thr1051Ser
missense mutation do not affect suppressor function of BRCAL to the ER signaling

pathway.
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Materials for the first part of the experiment

1.

10.
11.
12.
| 34
14.
B5.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Isopropanol

. Phosphate buffer saline solution (PBS) pH 7.3
. TE buffer pH 7.5
. Phenol

2

3

4

5. Chloroform
6.
7
8.
9.

3 M CH3COONa pH 5.2

. Agarose gel

Low melting point agarose gel
Taq DNA Polymerase

10 X PCR buffer

50 mM MgCl,

40 mM dNTP, ddNTP

Primers

2500 Ci/m mol ** P- d ATP

Na; HPO4

Urea

Acrylamide

Bis — acrylamide

Mineral oil

Sigmacote

2x MDE gel solution

Glycerol anhydrous

10% ammonium persulfate(APS)
Tetamethylethylene diamine (TEMED)
TBE buffer
Ethidium bromide

0.1% bromophenol blue

0.1% xylene cyanol
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Materials for the first part of the experiment (Continued)
29. Autoradiographic X-ray film
30. Proteinase K enzyme
31. Proteinase K buffer
32. QIAquick PCR Purification kit ( QIAGEN)
33. QIAquick Gel Extraction kit (QIAGEN)
34. Ethanol

Supplies and instruments for the first part of the experiment
1. Syringe 10 ml, 20 ml

Needle 21 G

Gloves size S

Polypropylene centrifuge tube

Microtube 0.5 ml, 1.5 ml

Automated pipette P10, P100, P200, P1000

Pipette tip

P O Ul R W

Glass plates

11. Film casset

12. Side spacers and shark’s tooth comb
13. Whatman 3 MM paper

14. Wrap

15. Aluminium foil

16. Water bath

17. Refrigerated centrifuge

18. Centrifuge

19. Spectrophotometer

20. Horizontal electrophoresis set

21. Vertical electrophoresis set

22. High Voltage power supply

23. Electrophoresis set for Heteroduplex analysis
24. Gel dryer

25. PCR thermal cycler machine
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Supplies and instruments for the first part of the experiment (Continued)
26. pH meter
27. Hot air oven
28. Autoclave
29. Balance machine
30. Film developed machine

31. Hood

Materials for the second part of the experiment

—

. Isopropanol

. Phosphate buffer saline solution (PBS) pH 7.3
. TE buffer pH 7.5

. Agarose gel

. Low melting point agarose gel

. Taq DNA Polymerase
. 10 X PCR buffer
. 50 mM MgCl,

10. 40 mM dNTP, ddNTP

P
3
4
5
6. Platinum Taq DNA Polymerase
7
8
9

11. Primers

12 Na, HPO,

13. TBE buffer

14. Ethidium bromide

15. 0.1% bromophenol blue

16. 0.1% xylene cyanol

17. Restriction enzymes ( EcoR I, BamH I, Xba I etc.)

18. T4 DNA ligase

19. Calf intestine alkaline phosphatase enzyme (CIAP) (Invitrogen)
20 Vectors ( pGL3-Promoter vector ( Promega), pSV40 B-galactosidase vector)
21. TOPO TA Cloning kit (Invitrogen)

22. QIAquick Gel Extraction kit (QIAGEN)

23. Qiaprep Spin Miniprep kit (QIAGEN)
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Materials for the second part of the experiment (Continued)
24.
25.
26.
27.
28.
29.
30.
31.
3.

33
34
35
36
37

Materia
|

S T AT R e

—_ = = = e = e
A N

QIAGEN Midi kit (QIAGEN)

Fetal calf serum

Trypsin-EDTA solution

Ampicillin solution

COS-1 cell line

Competent cell ( E.coli DHS a, E. coli TOP 10 )
Lipofectamine 2000 reagent (Invitrogen)
Luciferase assay kit (Tropix, Apply Biosystems)
. Galacto-Light plus kit (Tropix, Apply Biosystems)
. Ethanol

. Phenol

. Chloroform

.3M CH3COONa pH 5.2

Is for the third part of the experiment
Isopropanol
Phosphate buffer saline solution (PBS) pH 7.3
TE buffer pH 7.5
3 M CH3COONa pH 5.2
Agarose gel
Low melting point agarose gel
Platinum Taq DNA Polymerase
10 X PCR buffer
50 mM MgCl,
40 mM dNTP, ddNTP

. Primer

TBE buffer

. Ethidium bromide

0.1% bromophenol blue

. 0.1% xylene cyanol

Restriction enzymes ( EcoR I, Xho I etc.)

Cell culture media ( DMEM/F12 media, LB medium )

Appendix / 152



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Medical Technology) / 153

Materials for the third part of the experiment (Continued)

17

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32
33

. Vectors (BRCAL expression vector, Asp67Glu BRCA1 expression vector,

Thr1051Ser BRCA1 expression vector, pERE-EIb-LUC vector, RSV-ER
vector, pcDNA3 vector, pSV40 B-galactosidase vector)
TOPO TA Cloning kit (Invitrogen)

Site direct mutagenesis kit (Strategene)

QIAquick Gel Extraction kit (QIAGEN)

Qiaprep Spin Miniprep kit (QIAGEN)

QIAGEN Midi kit (QIAGEN)

Cell culture media ( DMEM/F12 media, LB medium )
Fetal calf serum

2% charcoal stripped fetal bovine serum
Trypsin-EDTA solution

Ampicillin solution

DU 145 cell line

Competent cell ( E.coli DHS a, E. coli TOP 10 )
Lipofectamine plus reagent (Invitrogen)

Luciferase assay kit (Tropix, Apply Biosystems)

. Galacto-Light plus kit (Tropix, Apply Biosystems)

. Ethanol

Supplies and instruments for the second and third part of the experiment

I.

A A AT R o

Syringe 10 ml, 20 ml

Needle 21 G

Gloves size S

Polypropylene centrifuge tube

Microtube 0.5 ml, 1.5 ml

Automated pipette P10, P100, P200, P1000
Pipette tip

Petridish for cell culture

12 well and 24 well cell culture plates

10. 96 well culture plate for luciferase assay
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Supplies and instruments for the second and third part of the experiment
(Continued)

11.
12.
13.
14.
15.
16.
17.
18.

Whatman 3 MM paper
Wrap

Aluminium foil

Water bath
Refrigerated centrifuge
Centrifuge
Spectrophotometer

Horizontal electrophoresis set

19. Vertical electrophoresis set

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31
32

High Voltage power supply
PCR thermal cycler machine
pH meter

Hot air oven

Autoclave

Balance machine

Hood

Laminar flow

Luminometer

Inverted microscope

Light microscope

. CO, incubator

. Incubator
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Chemical reagents

) Chemical
Chemical reagent Chemical formula Malecular weight production
(Mw)
company
1. Absolute ethanol C,HsOH 46.07 E.Merck
2. Ammonium NH4Cl 56.49 Sigma
chloride
3. Ammonium (NH4)S,04 228.20 BIO-RAD
persulfate
4. Boric acid H;BO; 61.84 Sigma
5. Bromophenol CioHoBr4sOsSNa 691.90 Sigma
blue
6. Calcium CaCl, 110.99 E. Merck
chloride
7.Chloroform CHCl; 119.38 E.Merck
8. 2500 Ci/mmol - - NYR
[OL-°P]dATP
9. 10 mM dNTP - - Invitrogen
mix
10. 123 bp DNA - - Invitrogen
Ladder
11. 100 bp DNA - - Invitrogen
Ladder
12. 1 Kb DNA - - Invitrogen

Ladder
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Chemical reagents (Continued)
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) Chemical
Chemical reagent  Chemical formula Molecular weight production
(Mw)
company
13. Low DNA - - Invitrogen
mass ladder
14. Ethidium Co1HyoN3Br 394 Sigma
bromide
15. Ethylenedini- Na,C;oH14N,OgH,O 372.25 MC&B
tro tetraacetic
acid disodium salt
16. formamide HCONH, 45.04 E.Merck
17. 6 x gel loading - - Invitrogen
buffer
18. Glycerol C3H303 92.09 Sigma
(anhydrous)
19. Heparin - - Leo
20. 50 mM MgCl, - - Invitrogen
21.2 x MDE gel - - FMC
solution
22. 10 x PCR - - Invitrogen
buffer (minus
MgCly)
23. Phenol C¢HsO 94.11 Sigma
24. Potassium KCl 74.56 Fluka
chloride
25. Potassium KHCO; 100.10 Sigma

bicarbonate

26. Proteinase K

Invitrogen
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Chemical reagents (Continued)
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Molecular weight Chemical
Chemical reagent  Chemical formula production
(Mw)
company
27. Pure agarose - - FMC
powder
28. DMEM/F-12 - - Invitrogen
29. Sigmacote - - Sigma
30. Sodium NaCl 58.44 Fluka
chloride
31. Sodium dodecyl - 288.38 BIO-RAD
sulfate (SDS)
32. Sodium NaOH 40.00 EKA
hydroxide
33. Sodium NaHPO4 141.96 E.Merck
hydrogen
phosphate
34. Taq polymerase - - Invitrogen
35 Tetramethyl - - BIO-RAD
ethylenediamine
36. Trizma base C4H{INO;3 121.10 Sigma
37. Xylene cyanol C,5H27N>,06S,Na 538.60 Sigma
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Reagents

1. Phosphate buffer Saline (PBS), pH 7.3

137 mM NaCl
- 2.7 mM KCL
- 8.1 mM Na,HPO4
- 1.5 mM KH,POy4
. Tris -EDTA (TE) , pH 7.5
- 1 M Tris -HCI
- 50 mM Na, EDTA
3. 10 X ACK lysis buffer
- 0.15 M NH4CI
- 10 mM KHCO3
- 0.13 mM EDTA (disod)
4. Proteinase K buffer
- 50 mM Tris-HCL , pH 7.4
- 5 mM CaCl,
- 150 mM NaCl
. 10 x TBE Buffer ( 1 Litre)

\9}

N

- 108 g Trizma base
- 55 ml Boric acid

-9.8 g Na,EDTA.2H,0 or 40 ml 0.5 M EDTA,pH 8

[*)

. Stop solution
-95 % formamide
- 10 mM NaOH
- 0.05 % Bromophenol blue
- 0.05 % Xylene cyanol
7. LB medium
- Tryptone peptone 10 gram
- Yeast extract 5 gram
- NaCl 10 gram
Dissolve in DW. 1000 ml and add 15 gram of agar and autoclave .
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8. 1 M Dithiothereitol (DTT)
- Dissolve 3.09 gram of dithiothreitol in 20 ml of 0.01 M sodium acetate ( pH
5.2) and sterilize by filtration. Dispense into 1 ml aliquots and store at -20° C .
9. Ethidium Bromide ( 10 mg/ml)
- Add 1 g of ethidium bromide to 10 ml of H,O. Stir on a magnetic stirrer for
several hours to ensure that the dye has dissolved. Transfer the solution to a dark bottle

and store at room temperature.

Preparing stock COS-1 and DU145 cell line

90% of confluency in COS-1 or DU145 cell culture plate is washed by
PBS and trypsinized by 1 ml of Trypsin-EDTA solution for 1 min. in 37° C CO,
incubator. 10 ml.of DMEM/F12 supplemented with 10% FCS media is added in the
cell culture plate, mix and take 50 pl of cell suspension to cell counting chamber.
Counting the cells and calculate the total number of cells in this plate. The cell
suspension is centrifuged at 1000 RPM for 5 mins and remove the supernatant.
Preparing 10% DMSO in DMEM/F12 supplemented with 10%FCS media and add in
the cell pellet, mix and divide the cells into the cryotubes and keep the stock cell line
cryotubes in liquid nitrogen tank. Each tube should contain 10° cell/ml/tube. For
starting to do the cell culture, the total number of cells from the stock cell line
cryotube will be counted. The total number of cells must be enough for growing in the

cell culture plate.

PCR product purification by QlAquick PCR Purification kit (QIAGEN, 2003)

5 volume of Buffer PB is added to 1 volume of the PCR reaction and mix.
A QIAquick spin column is placed in a provided 2 ml collection tube. The PCR
product is applied to the QIAquick column and centrifuge at 13,000 rpm for 30-60 sec.
The solution which is flowed through the bottom of column will be discarded. 0.75 ml
Buffer PE is added for washing, centrifuge at 13,000 rpm for 30-60 sec and discard the
solution which is in the bottom of column. QIAquick column is placed in a clean 1.5
ml microfuge tube. 50 ul Buffer EB (10 mM Tris —C1 pH 8.5) is added to the center

of QIAquick membrane and centrifuge the column for 1 min. at 13,000 rpm.
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PCR product purification by QIAquick Gel Extraction kit (QIAGEN, 2003)

The DNA fragment is excised from the agarose gel with a clean, shape
scalpel. The gel slice is weighed in a colorless tube. 3 volume of Buffer QG is added
to 1 volume of gel (100mg~100 pl) and incubate at 50° C for 10 mins until gel slice
has completely dissolved. 1 volume of isopropanol is added to the sample and mix. A
QIAquick spin column is placed in a provided 2 ml collection tube. The sample is
applied to the column, centrifuge at 13,000 rpm for 1 min and discard flow-through.
The QIAquick column is placed back in the same collection tube. 0.5 ml of Buffer QG
is added in the column and centrifuge at 13,000 rpm for 1 min. 0.75 ml of Buffer PE is
added to the column and centrifuge for 1 min. The flow-through is discarded and
centrifuge the column for an additional 1 min. QIAquick column is placed into a clean
1.5 ml microfuge. 50 pl of Buffer EB is added for DNA elution. and centrifuge for 1
min at 13000 rpm.

Plasmid purification by QlAprep Spin Miniprep kit (QIAGEN, 2003)

The pelleted bacterial cells are resuspended in 250 pl of Buffer P1 and
transfer to a microfuge. 250 ul Buffer P2 is added and gently invert the tube 4-6 times
to mix. 350 pl Buffer N3 is added and invert the tube immediately but gently for 4-6
times and centrifuge at 13,000 rpm for 10 mins. During centrifuge, a QIAprep spin
column is placed in a 2 ml collection tube. The supernatant is applied to the column by
pipetting and centrifuge at 13,000 rpm for 30-60 sec. The QIAprep spin column is
washed by adding 0.75 ml of Buffer PE and centrifuge at 13,000 rpm for 30-60 sec.
The flow-through is discarded and centrifuge for an additional 1 min to remove
residual wash buffer. The QIAprep spin column is placed in a clean 1.5 ml microfuge
tube. DNA is eluted by adding 50 pl of Buffer EB and centrifuge at 13,000 rpm for 1

min.
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