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Abstract

Background:

Breast cancer is the most commonly diagnosed cancer in women worldwide. Up to
every eighth woman will develop it during lifetime. Most cases are sporadic, but an
estimated (7%) are due to dominantly inherited predisposition, with germline

mutations in BRCA1 and BRCAZ2, predisposing genes.

Objectives:

The objectives of this study were to determine the role of BRAC1/BRCA2
mutations in breast cancer patients attending Tumor Treatment and Cancer
Research Center in Shendi using Sanger Sequencing, to identify the most clinical
risk factors and also histological types associated with positive BRCA1&BRCA2

mutations.

Design and setting:

The study is a cross sectional, hospital based study. The patient’s group size was
(52) patients age (30-71) years from Tumor Treatment & Cancer Research Center
in Shendi. The control sample size was (30) healthy women matched with their
age.

(52) Unselected females diagnosed with breast cancer during the period December
2013 to January 2015 and (30) healthy one as control, were interviewed face to
face using a validated questionnaire. In addition to their demographic
characteristics and risk factors a blood samples (3-5 ml) was taken from each
patient and control, genomic DNA was extracted from peripheral blood.
Polymerase chain reaction was used for the analysis of exons 11 (two fragments)
and 20 of BRCAL and exon 11(one fragment) of BRCA2. PCR products with

specific bands were sending for sequencing at Macrogen - Korea. All data were
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analyzed using different bioinformatics programs and Statistical Package for the

Social Sciences (SPSS Inc.) version 20.

Results:

The study results found that; invasive ductal carcinoma was seen to be the most
histological types 21(45.7%) within age (51-60) years and there was a highly
significant statistical correlation linkage between IDC and cancer grade II;
(P 0.000). Moreover non- hereditary breast cancer (sporadic) type was revealed to
be the most presented 29 (55.8%) compared to hereditary one, second degree
relatives was observed to be the most type of cancer occurrence among hereditary
types 16 (69.6%) and the breast cancer was the most common malignant cancer
type diagnosed among patient’s family relatives17 (73.9%).

Results revealed presence of three types of mutations all were presented in BRCA1
in a total of 11 (21.2%) in patients and 8 (26.7%) of control. Two were novel, one
of them was point mutation in exon 20 in which (G >A 160980) and was appeared
in (8) of each patient and control with frequency (15.4%) and (26.7%) respectively.
The second was a missense occurred in exon 11 (S768T) and was appeared in
three patients with frequency (5.8%). the third one was silent mutation (rs16940)
presented also in exon 11 (L771L) and also was appeared in two patients with
frequency (3.8%). There was no mutation presented in BRCAZ2.

Moreover, BRCAL was found to play a role in both types (hereditary and sporadic)
with frequency of (54.5 %) and (45.5 %) respectively.

In regards to risk factors associated with mutations, there was statistically
significant difference with mutation and tribal / ethnicity (Jaalia) (P=0.047).

But there were no statistically significant differences among mutated patients in
related to age (P= 0.233), parity (P= 0.855), family history (P= 0.438), age at
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menarche (P= 0.775), obesity (P= 0.625), oral contraceptive (P= 0.327), exposure
to radiation (P= 0.666) and menopause (P= 0.989).

On the other hand, the results fount that; there was strong relation between the
breast cancer mutation and the invasive ductal carcinoma histological type in
comparison with others, 11(100%), but there was no statistically significant value
observed (P=0.611).

Results of the study performed found that; breast cancer mutations were shown to
be more occurring with cancer grade Il 6 (54.5%), at the same time there was no
statistical significant differences seen.

Finally, the results indicated that; breast cancer mutations were observed to be
more associated with ER, PR, and HER-2 receptors negative with frequency
(54.5%), (63.6%), and (90.9%) respectively. There was no statistical significant
differences related to ER and PR receptors, but there was statistically significant

relation with HER-2 was observed.

Conclusions:

BRCA1 mutations are responsible for a significant proportion of both types of
breast cancer in the study population, BRCA2 was not contributed to hereditary
breast cancer in this study, and Ethnicity plays a role as risk factor for mutation

inheritance.

Key word: BRCA1, BRCA2, Hereditary, Sporadic, Ethnice TTCRT, Shendi
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Glossary

Abraxas: New BC susceptible gene (tumor suppressor gene), central organizer of a
large BRCAL1 holoenzyme complex, its insufficiency (haploinsufficient tumor
suppressor gene) causes defective DNA repair and genomic instability; (Abraxas —
BRCA1) interaction is crucial for DNA repair and genomic stability and
maintenance in response to IR. Abbreviated as: (ABRAl, FAM175A, and
CCDC?98).

Allele: One alternative among different versions of a gene that may be defined by
the phenotype that it creates, by the protein that it specifies, or by its nucleotide
sequence.

Alternative splicing: Process whereby a pre-mRNA may be spliced in several
alternative ways, resulting in mRNAs composed of different combinations of

exons.

Alu repeat: Sequence block of about (300) bp that is found in almost 1 million
copies scattered throughout the human genome.

Amplicon: A defined stretch of (chromosomal) DNA that undergoes amplification.
Amplification: Genetic mechanism by which the copy number of a gene is
increased above its normal level in the diploid genome.

Apoptosis: Complex program of cellular self-destruction, triggered by a variety of
stimuli and involving the activation of caspase enzymes, that results in rapid
fragmentation of a cell and phagocytosis of resulting cell fragments by neighboring
cells.

Autosomal dominant: A pattern of inheritance in which an affected individual has
one copy of a mutant gene and one normal gene on a pair of autosomal

chromosomes. Individuals with autosomal dominant diseases have a (50-50)
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chance of passing the mutant gene and therefore the disorder on to each of their
children.

Autosomal recessive: A genetic condition that appears only in individuals who
have received two copies of an autosomal gene, one copy from each parent. The
gene is on an autosome, a non sex chromosome. The parents are carriers who have
only one copy of the gene and do not exhibit the trait because the gene is recessive
to its normal counterpart gene.

Autosome: Any chromosome other than the sex chromosomes

Base - excision repair: A form of DNA repair that initially involves cleavage by a
repair enzyme of the glycosidic bond between a base and a deoxyribose, leaving
behind a basic nucleotide.

Benign: (1) Describing a growth that is confined to a specific site within a tissue
and gives no evidence of invading adjacent tissue. (2) Referring to an epithelial
growth that has not penetrated through the basement membrane.

Biallelic: Referring to a state in which both copies of a gene are expressed or exert
effects on phenotype.

Bioinformatics: The science of using computational methods for analyzing
biological information, notably complex sets of biological data.

Biomarker: A measurable property or parameter of a cell, tissue, or organism that
provides information about the biological state of the entity being analyzed,;
biomarkers can be used for stratification of disease subtypes and, in the clinic, for
disease diagnosis or prognosis.

BRCAZIL: A gene on chromosome 17 that normally helps to suppress cell growth.
BRCAZ2: A gene on chromosome 13 that normally helps to suppress cell growth.
Breast cancer: Cancer that forms in tissues of the breast.

Cancer: (1) A clinical condition that is manifested by the presence of one or

another type of neoplastic growth. (2) A malignant tumor.
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Carcinogen: An agent that contributes to the formation of a tumor.

Carcinogenic: Capable of causing or contributing to the causation of cancer.
Carcinoma: A cancer arising from epithelial cells.

Caretaker: A gene that encodes a protein that maintains the integrity of the
genome and thereby prevents the formation of neoplastic cells.

Carrier: An individual who is heterozygous for a recessive allele.

cDNA: DNA that has been enzymatically synthesized from an RNA template (i.e.,
“complementary” DNA).

Cell cycle: The sequence of changes in a cell from the moment when it is created
by cell division, continuing through a period in which its contents including
chromosomal DNA are doubled, and ending with the subsequent cell division and
formation of daughter cells.

Centromere: A chromosomal region to which the spindle fibers attach during
mitosis and meiosis.

Checkpoint: Control mechanism that ensures that the next step in the cell cycle
does not proceed until a series of preconditions have been fulfilled including the
completion of all previous steps.

Chemoprevention: The use of drugs, vitamins, or other agents to try to reduce the
risk of, or delay the development or recurrence of, cancer.

Chi-square test: A statistical test for measuring the significance of the
discrepancy between observed and expected results; also written 2.

Chromatid: A strand of a replicated chromosome that is attached by a centromere
to an identical sister strand (arms of the chromosome).

Chromatin:The complex of protein and nucleic acids that makes up the eukaryotic
chromosome, which may change in state as a result of changes in the division cycle

or developmental programming.
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Codon (Triplet codon): A section of mMRNA, three nitrogenous bases (A- adenine,
G- guanine, C- cytosine, U- uracil, T- thymine) in length, that code for an amino
acid.

Colorectal: Referring to the lower gastrointestinal tract including the colon and
rectum.

Complementary DNA: The DNA strand that is produced on an RNA template by
reverse transcriptase.

Computed tomography (CT) scans: A procedure in which imaging generated by
successive X-ray scans of a tissue or of the entire body is processed digitally to
generate imaging slices of a tissue or of the entire body; sometimes termed
computed axial tomography.

Cowden syndrome: An inherited disorder marked by the formation of many non
cancerous growths called hematomas.

CpG Island: A cluster of (CpG) dinucleotide sequences located in the vicinity of a
gene promoter; the state of methylation of these (CpGs) may lead to transcriptional
repression of the nearby gene.

C- terminus: End of a protein chain that is synthesized last.

Cyclin: A protein that associates with a cyclin- dependent kinase and serves as a
regulatory subunit of this kinase by activating its catalytic activity and directing it
to appropriate substrates.

Cyclin-dependent kinase: Type of serine/threonine kinase deployed by the cell
cycle machinery that depends on an associated cyclin protein for proper
functioning.

Cycloheximide: A drug able to prevent the movement of ribosomes down an
MRNA template, thereby blocking protein synthesis.

Cytokines: (1) Growth factors that stimulate one or several of the cell types

constituting the hematopoietic system. (2) Regulatory factors of the immune
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system, including interferons and interleukins that, like mitogenic growth factors,
convey signals between cells.

de novo: (1) Arising or formed anew. (2) Occurring for the first time.

Deletion: A loss of a part of a chromosome.

Denaturation: Process that causes a molecule, such as a macromolecule (DNA,
RNA, or protein), to lose its natural three-dimensional structure.

Deoxyribonucleic acid (DNA): Organic molecule that is the basis of heredity. A
double-stranded structure composed of nucleotides (phosphate group, 5- carbon
Deoxyribose sugar and purine or pyrimidine base).

Dideoxyribonucleotides: Analogues of the normal DNA precursor molecules that
lack 3-hydroxyl residues. Incorporation of dideoxyribonucleotides into DNA
terminates chain elongation and is the basis for the DNA sequencing technology
developed by Frederick Sanger.

Diploid: Having two sets of chromosomes; found in the somatic cells of higher
organisms; represented as 2n.

DNA sequencing: A technique that permits the base-by-base determination of the
linear array of nucleotides within a DNA chain.

DNA: The molecules inside cells that carry genetic information and pass it from
one generation to the next.

Dominant: An allele is dominant when it is expressed in the heterozygous state
(i.e., when it is present on one of the two homologous chromosomes); carrier of
dominant disorder inherits X mutation from one parent, unless it is a new mutation;
each child of an affected parent may inherit a normal or an abnormal gene;
probability that a child will be affected is one in two.

Duplication: A part of a chromosome in which the genetic material is

repeated; also the process of forming a duplication.
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Electrophoresis: A technique used to detect variation in proteins, involving the
use of an electric field to cause the proteins to migrate along a gel and then
observing their relative positions on the gel by protein- specific staining reactions.
Endonuclease: An enzyme that produces an internal cut in the sugar-phosphate
backbone of DNA (for example, in repair of thymine dimmers, in which a specific
endonuclease cuts the backbone at a nucleotide adjacent to a thymine dimmer).
Epigenetics: (1) The study of heritable changes in gene expression those are not
due to alteration in the primary DNA sequence. (2) More broadly, the study of
changes in phenotype that reflect non genetic alterations in the cell or organism.
Estrogen: A steroid hormone that controls development of a variety of tissues
including those involved in female development and reproductive function.
Etiology: (1) Mechanism or agent that is responsible for causing a specific
pathological state. (2) The study of causative mechanisms of pathology.

Exons: The coding regions of a gene that are separated from each other by
intervening sequences (intones).

Exonuclease: An enzyme that removes the terminal nucleotide of nucleic acids
Familial cancer: Cancer that occurs in families more often than would be
expected by chance.

Family history: A record of the relationships among family members along with
their medical histories. This includes current and past illnesses. A family history
may show a pattern of certain diseases in a family.

Fanconi anemia: A rare inherited disorder in which the bone marrow does not
make blood cells.

First-degree relative: A parent, sibling, or offspring of an individual (all of whom

share (50%) of their genome with the individual).
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Frameshift: A mutation caused by deletion or addition of nucleotides in DNA,
which has the effect of changing the reading frame of codons, causing the wrong
sequence of amino acids to be produced.

Gatekeeper: A gene that operates to hinder cell multiplication or to further cell
differentiation or cell death and in this way prevents the appearance of populations
of neoplastic cells.

Gene amplification: Increase in the number of copies of a gene normally present
in the diploid genome.

Gene family: A Group of genes all of which are descended from a common
ancestral gene. The members of a gene family often encode distinct, structurally
related proteins.

Gene: The functional and physical unit of heredity passed from parents to
offspring. Genes are pieces of DNA.

Genetic counseling: A communication process between a specially trained health
professional and a person concerned about the genetic risk of disease.

Genetic polymorphism: A variant sequence element in an organism’s genome
that has no effect on phenotype yet is transmitted genetically as a Mendelian
determinant.

Genetic testing: Analyzing DNA to look for a genetic alteration that may indicate
an increased risk for developing a specific disease or disorder.

Genetic: (1) Involving the action of genes and the information that they carry. (2)
Depending directly on the DNA and the nucleotide sequences that it contains.
Genotype: the total genetic information contained in an organism or the genetic
constitution of an individual with respect to the genes under consideration.
Germline: (1) The collection of genes that is transmitted from one organism

generation to the next. (2) The cells within a multicellular organism that is
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responsible for carrying and transmitting genes from one organism generation to its
offspring.

Grade: Degree or extent to which a tumor has advanced toward a highly
aggressive state, as assessed by a pathologist usually on the basis of its
histopathologic appearance; high grade tumors are more progressed and generally
carry worse prognoses.

Growth factor: Protein that is able to stimulate the growth and/or proliferation of
a cell by binding to a specific cell surface receptor displayed by that cell.

Haploid: Having one set of unpaired chromosomes; found in cells such as
gametes; the haploid chromosome number (1n) is the same as the number of
linkage groups; also termed monoploid.

Haploinsufficiency: State in which the presence of only a single functional copy
of a gene yields a mutant or partially mutant phenotype.

Haplotype: Group of alleles from closely linked loci that are usually inherited as a
unit.

Herceptin: Chimeric anti-HER2/Neu monoclonal antibody bearing murine
antigen- combining (variable) domains and a human constant domain (also called
trastuzumab).

Heteroduplex: A double strand of DNA in which the bases within the helix are not
totally complementary; may be the result of recombination between single strands
of the homologues.

Heterozygosity: Genotypic situation in which two homologous loci in a given
chromosome pair each carry a different allele.

Heterozygote: An organism having different alleles at a given locus on
homologous Chromosomes.

Heterozygous: Referring to the configuration of a genetic locus in which the two

copies of the associated gene carry different versions (alleles) of the gene.
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Homologous: (1) Referring to the relationship between a pair of chromosomes that
carry the same set of genes within a diploid cell or organism. (2) Referring to
genes or characteristics that are similar in related organisms because of shared
descent from a common precursor. (3) Referring to two nucleic acids having
similar nucleotide sequences.

Homozygosity: Presence of identical alleles on both chromosomes in a given pair;
this term may apply to the genotype of individuals who have inherited a double
dose of an abnormal allele, whether the mutated version is the same or different on
each chromosome.

Homozygote: An organism having the same allele at a given locus on homologous
chromosomes.

Homozygous: Referring to the configuration of a genetic locus in which the two
copies of the gene carry identical versions (alleles) of the gene.

Hydrophilic molecules: Molecules that interact with water.

Hydrophobic molecules: Molecules those are insoluble in water.
Immunohistochemistry: Procedure in which expression of an antigen is localized
in a histological section through the use of an antibody that has been coupled to an
enzyme (e.g., peroxidase) capable of generating a product that is visible in the light
microscope.

In situ: (1) Occurring in the site of origin. (2) In the case of carcinomas, confined
to the epithelial side of the basement membrane.

Incidence: Frequency with which a condition or a disease occurs or is diagnosed
in a population.

Incomplete penetrance: Situation in which a dominant allele fails to dictate

phenotype because of the actions of other genes present in an organism’s genome.
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Inflammation: A process in which certain cellular components of the immune
system are involved in the remodeling of a tissue in response to wounding,
irritation, or infection.

Inherited: Passing of genetic information from parent to child through the genes
in sperm and egg cells.

Initiation: (1) Process of changing a cell, usually in a stable fashion, so that it is
able to respond subsequently to the growth-stimulatory actions of a tumor-
promoting agent. (2) Such a process, with the implication that the change involves
a mutation. (3) The first step in multi-step tumorigenesis.

Intron: Portion of a primary RNA transcript that is deleted during the process of
splicing. An intervening sequence.

Invasive: (1) Referring to the increased aggressiveness of a tumor or its associated
cells. (2) Referring to a procedure that involves the insertion of medical
Instruments into the body.

Inversion: A change in gene order within a chromosome, involving two breaks
and turning around of the segment between the breaks is aiding the
characterization of multifactorial traits.

Kinase: Enzyme that covalently attaches phosphate groups to substrate molecules,
often proteins.

Lifetime risk: A measure of the risk that a certain event will happen during a
person’s lifetime.

Li-Fraumeni syndrome: A rare, inherited predisposition to multiple cancers,
caused by an alteration in the p53 tumor suppressor gene.

Locus: the physical position of a gene on a chromosome.

Loss of heterozygosity: A genetic event in which one of two alleles at a
heterozygous locus is lost; the lost allele may simply be discarded or be replaced

with a duplicated copy of the surviving allele.
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Low-grade: Referring to a tumor that has progressed minimally and is still
relatively benign.

Lumpectomy: Surgical procedure in which a tumor is removed together with
immediately surrounding normal tissue while leaving the bulk of the affected organ
intact; usually used in the context of breast cancer surgery.

Mammary: Referring to the breast and its milk-producing glands.

Mammogram: An x-ray of the breast.

Menarche: Time in life when menstrual cycling begins.

Messenger RNA (mRNA): The RNA that carries the code sequence for
polypeptide chains.

Metastasis: Malignant growth forming at one site in the body, the cells of which
derive from a malignancy located elsewhere in the body. (2) The process leading to
the formation of metastases.

Microarray: A collection of sequence-specific DNA probes that are attached at
specific sites to a solid substrate, such as a glass microscope slide; these probes
may derive from specific segments scattered throughout a cell genome or from a
particular subset of chosen genes.

Missense mutation: Mutation causing an amino acid substitution.

Mortality: A term used for death rate, or the number of deaths in a certain group
of people in a certain period of time.

MRI (Magnetic Resonance Image): A procedure in which radio waves and a
powerful magnet linked to a computer is used to create detailed pictures/images of
areas inside the body.

Mutation: Any detectable and heritable change in the genetic material that is not

caused by segregation or recombination.
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Non disjunction: The irregular distribution of chromosomes or chromatids during
anaphase of either mitosis or meiosis; results in either addition or loss of
chromosomes.

Non homologous recombination: Process of recombination between two DNA
molecules in which the two participating molecules do not share significant
sequence identity.

Nonsense mutation: Mutation causing premature termination of a growing
polypeptide chain.

Nucleotide: The monomeric unit that makes up DNA or RNA, formed by the
addition of a phosphate group to a nucleoside.

Nucleotide-excision repair: A type of DNA repair in which the initial step
involves the excision of nucleotides (rather than bases).

Nulliparous: A female who has never given birth.

Oncogene: (1) A cancer-inducing gene. (2) A gene that can transform cells.

Oral contraceptive: A pill used to prevent pregnancy.

Ovarian cancer: Cancer that forms in tissues of the ovary.

P arm: the term for the short arm of a human chromosome.

Parity: (1) The condition of having given birth. (2) The number of times that a
female has given birth.

Parous: A female who has given birth at least once.

Penetrance: the frequency with which a gene manifests itself in the phenotype of
the heterozygote (if dominant) or of the homozygote (if recessive)

Perutz-Jeghers syndrome: A genetic disorder in which polyps form in the
intestine and dark spots appear on the mouth and fingers.

Phenotype: (1) A measurable or observable trait of an organism. (2) The sum of
all such traits of an organism.

Point mutation: Substitution of a single base for another in a DNA sequence.
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Polymerase chain reaction (PCR): the amplification of a unique segment of
DNA, often from a heterogeneous DNA population, through progressive cycles of
primer annealing, DNA polymerization, and strand denaturation. The specificity of
the amplification is controlled by using two oligonucleotides primers
complementary to the DNA flanking the target DNA sequence.

Polymerases: enzymes that catalyze the assembly of nucleotides into RNA or DNA
Polymorphism: A variant germ-line allele that does not appear to be associated
with any pathology and, by implication, is a reflection of normal intraspecies
genetic variability.

Primer: A DNA or RNA molecule whose 3’ end serves as the initiation point of
DNA synthesis by a DNA polymerase.

Prognosis: A prediction about the future clinical course of a disease often
influenced by detailed analyses of its existing attributes, such as histopathology
and biochemical markers.

Proofreading: (1) Process whereby an already-assembled text is read in order to
detect and eliminate errors in its assembly. (2) Process by which a DNA
polymerase scans the deoxyribonucleotide segment that it has just synthesized in
order to ensure that the sequence of this segment is precisely complementary to
that of the template strand.

Prophylactic: Preventative.

Proto - oncogene: A normal cellular gene that, upon alteration by DNA-damaging
agents or viral genomes, can acquire the ability to function as an oncogene.

Purine: An adenine or guanine nitrogenous base found in RNA and DNA
nucleotides

Pyrimidine: Nitrogenous base found in RNA and DNA nucleotides; in DNA the
two pyrimidines are cytosine and thymine; in RNA they are cytosine and uracil.

g Arm: the term for the longer arm of a human chromosome.
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Radiotherapy: Treatment of a disease, notably cancer, through ionizing
irradiation.

Recombination: A process occurring during normal meiosis that gives rise to
linked combinations of alleles that differ from those found in the parents.
Replication: the process by which the two strands of DNA separate and each
serves as a template for the synthesis of a new complementary strand.

Restriction endonuclease: an enzyme that internally cleaves double-stranded
DNA molecule after binding to a specific nucleotide recognition sequence.
Restriction fragment length polymorphism: Variation in DNA sequence that can
be detected through its effect of allowing or preventing cleavage of a chromosomal
DNA segment by a restriction enzyme.

Reverse transcriptase: Enzyme capable of making a DNA complimentary copy of
an RNA molecule using the RNA molecule as template.

Ribosomal RNA (rRNA): Any of several forms of RNA that are a part of the
structural unit called a ribosome.

Risk factor: Something that increases the chance of developing a disease.
Salpingo-oophorectomy: Surgical removal of the fallopian tubes and ovaries.
Screening: Checking for disease when there are no symptoms.

Second-degree relatives: grandparents, grandchildren, aunts, uncles, nieces,
nephews, half sisters, and half-brothers.

Silent mutation: is a type of mutation in the coding region of a gene that doesn't
actually change the amino acid sequence of the protein that is made.

Single nucleotide polymorphism (SNP): DNA marker where a single base pair
difference at a particular site in the genome is sufficient to distinguish different
individuals; the development of high-density SNP maps in the human genome

Somatic cells: are all cells in the body except germ cells, which are egg and sperm.
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Sporadic: Describing a disease or condition that occurs randomly in a large
population without any apparent predisposition, such as one caused by a heritable
genetic susceptibility.

Stage: The extent of a cancer in the body. Staging is usually based on the size of
the tumor.

Syndrome: Collection of symptoms that together define a specific disease
condition.

Synonymous: A variant affecting 1 or more nucleotides that does not change the
amino acid sequence.

Telomere: Region found at the tips of chromosomes; unique in being “non sticky”
that is, chromosome pieces will not attach to it.

Third-degree relatives: Great-grandparents, great-grandchildren, great-aunts,
great- uncles, first cousins, grand-nephews, and grand-nieces.

Thymine dimmer: Two adjacent thymine bases connected by a double covalent
bond; often results when DNA is hit by ultraviolet radiation.

Transcription factor: Any of a large number of proteins that bind to DNA regions
upstream or in the termination region of a gene and influence transcription.
Transcription: The process by which RNA is produced from a DNA strand
through the action of DNA- directed RNA polymerase.

Transfer RNA (tRNA): The RNA molecules that carry amino acids to the
ribosome.

Transition: A base - pair substitution in which the purine - pyrimidine orientation
is preserved; that is, a purine is replaced by a purine or a pyrimidine by a
pyrimidine.

Translation: The process by which an mRNA sequence is used to produce a

polypeptide chain.
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Transversion: Point mutation in which a purine base replaces a pyrimidine or vice
versa.

Triple-negative breast cancer: Breast cancer cells that do not have estrogen
receptors, progesterone receptors, or large amounts of HER2/neu protein.

Tumor suppressor gene: A type of gene that makes a protein that helps control
cell growth.

Wild type: The allele of a gene that is commonly present in the great majority of
individuals in a species.

X- ray: A type of radiation used in the diagnosis and treatment of cancer and other

diseases (All glossary from (Weinberg, 2013)).
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Chapter One

(Introduction, Justification, Objectives)



1. Introduction

1.1. Cancer:

Cancer is a genetic disease that arises from an accumulation of mutations in
critical genes. This allows a cell to escape the normal growth control and
proliferate until it becomes a clinically evident tumor. Six acquired capabilities
common to human tumor cells have been identified: they keep proliferating even
in the absence of growth signals, disregard growth-inhibitory signals, evade
apoptosis, have limitless replicative potential, sustain angiogenesis to guarantee
a continuous supply of nutrients and oxygen, and are capable of invading tissues
and form metastasis (Hanahan &Weinberg, 2000). These properties give the
cancer cells a growth advantage over the general cell population. Based on
epidemiological and in vitro experiments, it has been estimated that between (4)
and (8) successive mutations are needed for the normal human cell to turn
malignant (Renan, 1993; Hahn et al, 1999). Given the multiple defense
mechanisms that protect the cells from cancer development, this leads to a very
low likelihood that a single cell will accumulate the requisite number of
independent mutations needed for neoplastic transformation. Therefore, it has
been suggested that tumor cell genomes must acquire increased mutability in
order for the tumorigenesis to reach completion during a human life span (Loeb,
1991). Indeed, the mutation frequency has been estimated to be Up to (1000) -
fold higher in tumor cells than in normal cells (Seshadri et al, 1987).

According to GLOBOCAN 2012, an estimated (14.1) million new cancer cases
and (8.2) million cancer-related deaths occurred in (2012), compared with (12.7)
million and (7.6) million, respectively, in 2008. Prevalence estimated for 2012
showed that there were (32.6) million people (over the age of 15 years) alive
who had had a cancer diagnosed in the previous (5) years (Ferlay, 2013).

The most commonly diagnosed cancers worldwide were those of the lung
(1.8 million, 13.0% of the total), breast (1.7 million, 11.9%), and colorectum
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(1.4 million, 9.7%). The most common causes of cancer deaths were cancers of
the lung (1.6 million, 19.4% of the total), liver (0.8 million, 9.1%), and stomach
(0.7 million, 8.8%).

Projections based on the GLOBOCAN (2012) estimated a predictive substantial
increase to (19.3) million new cancer cases per year by (2025), due to the
growth and ageing of the global population. More than half of all cancers
(56.8%) and cancer deaths (64.9%) in (2012) occurred in less developed regions
of the world, and these proportions will increase further by (2025) (Ferlay,
2013).

1.2. Breast cancer:

Breast cancer is the most common malignancy affecting women worldwide. Up
to every eighth woman will develop it during lifetime. Most cases are sporadic,
but an estimated (7%) are due to dominantly inherited predisposition, with
germline mutations in predisposing genes (Claus et al, 1996). Thus far,

Two highly penetrant susceptibility genes, BRCA1 and BRCAZ2, have been
identified (Miki et al, 1994; Wooster et al, 1995). Germline mutations in BRCAL
and BRCA2 explain the majority of families with both breast and ovarian cancer,
whereas vast majority of familial aggregation of site-specific breast cancer
appears to be caused by other, as yet unidentified genes (Ford et al, 1998).
Identification and characterization of genes predisposing to hereditary cancer
may help to unravel the genetic background, etiology, and pathogenesis of
cancer in question, and eventually lead to better diagnostics and patient
management.

In (2012), (1.7) million women were diagnosed with breast cancer and there
were (6.3) million women alive who had been diagnosed with breast cancer in
the previous five years. Since the (2008) estimated, breast cancer incidence has
increased by more than (20%), while mortality has increased by (14%). Breast

cancer is also the most common cause of cancer deaths among women (522, 000
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deaths in 2012) and the most frequently diagnosed cancer among women in
(140) of (184) countries worldwide. Recently it represents one in four of all
cancers in women (Ferlay, 2013).

Despite the common occurrence, the exact etiology of breast cancer is still
unknown. It is believed that breast cancer is a multifactorial disease and it is a
result of the interaction of genetic and environmental factors (Ponder, 1988).

In Sudan, cancer of breast is the most commonly diagnosed type of cancer.
According to a statistical report from the Radiation and Isotopes center in
Khartoum (RICK), approximately (836) women developed breast cancer in
(2007) and (895) in (2008). This accounts for more than (30%) of all cancers in
women in Sudan and is estimated as (17.2%) of all types of cancers in (2007)
and (17.9%) in (2008). In (2009) were (938) cases and (1068) cases in (2010)
(RICK, 2009).

However, Sudan is a very large country, inhibited by many different
heterogeneous communities, which greatly varying in their life style and
exposure to environmental factors that might be potent risk factors for the
development of breast cancer. What is more, no epidemiological study has been
undertaken this issue before (Gadkarim, 2010).

Therefore, this study is an attempt to identify the genetic mutation that occurs in
BRCA1 and BRCA2 genes, which might contribute to the etiology of breast
cancer in patients attending the Tumor Treatment & Cancer Research Center
(TTCRC) in Shendi-Northern Sudan.

An even better understanding of the genetic mechanisms underlying the
development and progression of breast cancer would be a major advance for

improved prevention, detection and treatment strategies.
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1.3. Justification:

The identification of a genetic defect in BRCA1/2 is of major importance as
biomarker for hereditary breast cancer, and has value as predictive genetic
testing for relatives, which lead to reduce the breast cancer in high-risk
individuals.

Accurate inclusion criteria to select those patients who will benefit from genetic
testing are extremely important to gain further insights into the prevalence of
BRCA1/2 mutations in sporadic breast cancer patients in this study population,
and to evaluate if the genetic testing of patients without any family history for
breast cancer is worthwhile.

The broad range of associated risks reported in literature is consistent with the
hypothesis that risks in BRCALl or BRCA2 mutation carriers can vary
substantially due to the presence of additional risk factors for breast cancer,
including genetic modifiers.

The contribution of BRCAL1 and BRCAZ2 to breast cancer incidence remains
largely unknown, as most studies have concentrated on families with multiple
affected family members, on isolated populations, or on young patients. Results
from such studies may not be used to assess the contribution of BRCAL and
BRCAZ in other populations, in patients without such a strong family history of
cancer, or in patients with later-onset disease.

For all these reasons, this research attempted to evaluate the role of BRCAL
&BRCA2 genes and to identify the most risk factors contributed to disease in
unselected breast cancer patients attending newly establish center for tumor
treatment and cancer research in Shendi as the first study tasked this problem, to
be a current one as there is no recent knowledge or information handled the

problem.
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1.4. Objectives

1.4.1. General objective:

To determine the role of BRAC1/ BRCA2 mutation in breast cancer patients
attending Tumor Treatment and Cancer Research Center (TTCRC) in Shendi -
Northern Sudan.

1.4.2. Specific objectives:

. To evaluate the frequency and distribution of mutations in BRCA1/BRCA2.

. To identify the most common histological types of breast cancer related with
mutation in BRCA1/BRCAZ2.

. To determine the most clinical risk factors associated with a positive BRCA1/2
mutations.

. To assess the role of BRCAL/2 in sporadic breast cancer patients, and

implications for genetic testing.
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2. Literature Review:

2.1. The normal breast:

The female breast is made up mainly of lobules (milk-producing glands), ducts
(tiny tubes that carry the milk from the lobules to the nipple), and stroma (fatty
tissue and connective tissue surrounding the ducts and lobules, blood vessels,
and lymphatic vessels) (Figure 2.1).

Most breast cancers begin in the cells that line the ducts (ductal cancers). Some
begin in the cells that line the lobules (lobular cancers), while a small number
start in other tissues (Moya et al, 2004).
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Figure 2.1: Anatomy of the breast
(Resource: Moya et al, 2004).
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2.2. The lymph (lymphatic) system of the breast:

This system has several parts. Lymph nodes are small, bean-shaped collections
of immune system cells (cells that are important in fighting infections) that are
connected by lymphatic vessels. Lymphatic vessels are like small veins, except
that they carry a clear fluid called lymph (instead of blood) away from the
breast. Lymph contains tissue fluid and waste products, as well as immune
system cells. Breast cancer cells can enter lymphatic vessels and begin to grow
in lymph nodes.

Most lymphatic vessels in the breast connect to lymph nodes under the arm
(axillary nodes). Some lymphatic vessels connect to lymph nodes inside the
chest (internal mammary nodes) and those either above or below the collar-bone
(supraclavicular or infraclavicular nodes) as in (Figure 2.2). If the cancer cells
have spread to lymph nodes, there is a higher chance that the cells could have
also gotten into the bloodstream and spread (Metastasized) to other sites in the
body. The more lymph nodes that have breast cancer, the more likely it is that
the cancer may be found in other organs as well. Because of this, finding cancer
in one or more lymph nodes often affects the treatment plan. Still, not all women
with cancer cells in their lymph nodes develop metastases, and some women can
have no cancer cells in their lymph nodes and later develop metastases (Georgia
et al, 2008).
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INFLAMMATORY BREAST CANCER

Symptoms begin to appear
) when lymph vessels
become blocked.

Figure 2.2: Lymph system of the breast
(From Georgia et al, 2008)
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2.3. Breast cancer types:

Breast cancer originates from the terminal ductolobular unit of breast tissue.
Breast cancer that has not invaded the basement membrane and thus confined
within the terminal ducto-lobular units is termed carcinoma in-situ. Mainly,
there are two types of in-situ cancers; lobular carcinoma in-situ and ductal
carcinoma in-situ.

On the other hand, breast cancers that invade the basement membrane are called
invasive cancers. The two main types are synonymously called invasive lobular
and ductal carcinoma. The main difference between in-situ and invasive cancers
is the ability of the invasive form to spread through the lymphatic and vascular
vessels located under basement membrane leading to regional lymphatic and

distant organ metastases (Figure 2.3).

2.3.1. Lobular carcinoma in- situ:

Lobular carcinoma in-situ (LCIS) originates from the lobular elements of the
breast. Thus, it is only observed in women since men have no lobular units in
their breasts. (LCIS) is usually not detectable macroscopically during physical
examination and is frequently an incidental microscopic finding in the breast
tissue removed for another reason. In the biopsy specimens done for benign
breast abnormalities, it was found that only (0.5%) to (3.6%) is (LCIS) (Winer et
al, 2001). It is noted to be more common in younger women with (80%) to
(90%) of cases of (LCIS) occurring in premenopausal women (Winer et al,
2001). Besides, (LCIS) is accepted as a premalignant lesion of the breast since
an invasive cancer could develop in any part of the breast and even in the
contralateral breast after the diagnosis of (LCIS). Bilaterality and multicentricity

are common features of (LCIS).
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2.3.2. Ductal carcinoma in- situ:

Ductal carcinoma in-situ (DCIS) is an entity distinct in both its clinical
presentation and its biologic potential from (LCIS). (DCIS) originates from the
ductal epithelium in the breast and could be diagnosed in both males and
females. These are the precursor lesions for invasive ductal carcinoma and
during its natural course; it changes into its invasive form. (DCIS) is
characterized pathologically by a proliferation of presumably malignant
epithelial cells within the mammary ductal-lobular system without light
microscopic evidence of invasion into the surrounding stroma. However, (DCIS)
encompasses a heterogeneous group of pathologic lesions that differ in their
growth pattern and cytological features. The traditional system for classifying
(DCIS) is based primarily on architectural pattern and grouped into (5) major
subtypes: comedo, cribriform, micro papillary, papillary, and solid (Winer et al,
2001). The comedo type usually appears more malignant cytologically and is

more often associated with invasion than are the other types.

Types of Breast Cancer

Ductal breast cancer : Lobular breast cancer

Mixed tumor breast cancer Mucinous breast cancer

Inflammatory breast cancer

Figure 2.3: Types of breast cancer
(From Agarwal et al, 2007).

Page 10 of 192



2.3.3. Invasive lobular carcinoma:

These carcinomas originate in terminal ductules of the lobule and possess
characteristic features that distinguish them from the lesions of larger ducts.
Invasive lobular carcinoma constitutes approximately (10%) of breast cancers.
When compared to invasive ductal carcinoma, they usually have a propensity for
bilaterality, multicentricity, and multifocality.

The treatment strategies utilized are similar to those used for invasive ductal
carcinoma. Furthermore, the stage of the disease is the major determinant of
outcome rather than the histological type of the tumor. Thus, at the same stage
both invasive ductal and lobular carcinomas have similar prognosis (Winer et al,
2001).

2.3.4. Invasive ductal carcinoma:

Invasive ductal carcinoma is the most common type of invasive breast cancer
accounting for (75-80%) of cases. These lesions are usually single and
unilateral. Invasive ductal carcinomas have similar prognosis as invasive lobular

carcinoma when diagnosed at the same stage.

2.3.5. Other invasive types:

Besides the above mentioned common types of invasive breast cancers, there are
other rare forms such as medullary, papillary, mucinous, tubular, apocrine and
adenoid cystic carcinoma. These histological types usually have better biological
properties rendering them to be known as less aggressive types of breast cancer.
The slower progression of disease in these types results in a better prognosis for
patients (Winer et al, 2001).

2.3.6. Inflammatory breast carcinoma:
This is a rare but very aggressive form of breast cancer. Inflamed cells actually

block the lymphatic channels in the skin of the breast. In this type of breast
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cancer the organ appears red, swollen and is termed as inflammatory breast
cancer (IBC). About (1-3%) of breast cancers are inflammatory breast cancers.
High metastasizing tendency has been observed in inflammatory breast cancer
as compared to other forms. Inflammatory breast cancers are always staged as

stage I11B, unless it has been spread to other organs (Singletary et al, 1994).

2.3.7. Paget’s disease:

It contributes to only (1%) of all types of breast cancer and is generally
associated with bleeding, or crusting/scariness of the nipple or areola. The
primary symptoms include eczema like rash accompanied by a burning
sensation which may further lead to fluid discharge, crusting and a sore that does
not heal. Prognosis is better when compared with other types of tumors (Noel et
al, 2010).

2.4. Male breast cancer:

It is a rare disease which does exist in men. Less than (1%) of all breast cancers
occurs in males. Some characteristic signs include a lump felt in the breast,
nipple discharge, sores on the nipple and areola, enlarged lymph nodes under
the arm. Simultaneous enlargement of both breasts is not cancer but is usually
observed in gynecomastia (hyperplasia and hypertrophy of both glandular and
stromal cells). Sometimes breasts enlargement may also be attributed to
medications, heavy alcohol use, weight gain, or marijuana use (Pant & Dutta,
2008).

2.5. Stages of breast cancer:

The staging systems currently in use for breast cancer are based on the clinical
size and extent of invasion of the primary tumor (T), the clinical absence or
presence of palpable axillary lymph nodes and evidence of their local invasion
(N), together with the clinical and imaging evidence of distant metastases (M).
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This is then translated into the (TNM) classification which has been subdivided
into Stage O called carcinoma in situ (lobular carcinoma in situ (LCIS) and
ductal carcinoma in situ (DCIS) and four broad categories by the Union
International Center Cancer (UICC), which are the following.

Stage | - early stage breast cancer where the tumor is less than (2) cm across and
hasn't spread beyond the breast.

Stage Il - early stage breast cancer where the tumor is either less than (2) cm
across and has spread to the lymph nodes under the arm; or the tumor is between
(2) and (5) cm (with or without spread to the lymph nodes under the arm); or the
tumor is greater than (5) cm and hasn't spread outside the breast.

Stage 111 - locally advanced breast cancer where the tumor is greater than (5)
cm across and has spread to the lymph nodes under the arm; or the cancer is
extensive in the underarm lymph nodes; or the cancer has spread to lymph nodes
near the breastbone or to other tissues near the breast.

Stage V- metastatic breast cancer where the cancer has spread outside the

breast to other organs in the body (Gore, De Gregori and porter, 2013).

Stages of Breast Cancer

Stage | Stage |l Stage |l Stage IV

Figure 2.4: Stages of breast cancer
(From Gore, De Gregori & Porter, 2013).
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2.6. Breast cancer symptoms:

Breast cancer may be accompanied by many of symptoms. Abnormal lumps
persisting in the breast are perhaps one of the most commonly associated
symptoms. Skin dimpling, unusual changes in texture or skin color on the breast,
change in the shape of the nipple, and discharge of blood through the nipple may
be symptoms of breast cancer as shown in (Figure 2.5). In some cases of breast
cancer, however, there are no noticeable symptoms. In fact (50%) of women
who get breast cancer experience no obvious symptoms and discover their breast
cancer only after undergoing a medical examination (American cancer society,
2006). Therefore, it is important for women to have periodic screenings for

breast cancer.

T e LI.- L

e T _-_;;:::"- .
Change in how the

Change in skin
color or texture nipple looks, like
pulling in of the
nipple.

Clear or bloody fluid
that leaks out of
the nmipple

Figure 2.5: llustrations of early signs of breast cancer

(Image originally from the National Institutes for Health).
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2.7. Etiology of cancer:
There are number of etiologically associated factors classified as carcinogenesis.

Some of the salient contributory factors include:

2.7.1. Chemical carcinogenesis:

Association of chemicals and environmental agents with cancer was firstly
established by Percival Pott in (1775). He observed that personnel working in
chimney sweeps were affected with scrotal cancer (Pott, 1775). Later on with
the discovery of benzopyrene (BP) a member of polycyclic aromatic
hydrocarbons (PAH), special attention was given to the chemicals responsible
for provoking such havoc disease in different industry related workers (Cook et
al, 1933). After extensive research, it was established that most of the synthetic
chemical carcinogens fall under two main categories as organic and inorganic
compounds. Organic compounds are further subcategorized into three classes as;
alkylating agents, aryl alkylating agent and aryl hydroxylamine. These
compounds vary on structural grounds in the type of residue transfer to create

DNA adduct, classified as follows:

2.7.1.1. Organic compounds alkylating agents:

These compounds, as evident from their name, transfer alkyl (methyl or ethyl)
groups to DNA creating adduct. N-nitroso compounds (nitrosamines) are among
the most insidious and potentially hazardous of the various carcinogens included
in this group (Kimbrough, 1983). Activation of these compounds sometimes
need biotransformation either enzymatically by oxidation (as N-
nitrosaminedimethlyamine) or by hydrolysis (as methyl nitrosourea). These
compounds are ubiquitously distributed within the environment and are
synthesized endogenously. Under acidic conditions formation of N-nitroso
compounds by the nitrosation of secondary amines in stomach and in non-acidic
environment like gut through the aid bacteria, are examples of its endogenous
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production. There are also several chemicals which are synthesized naturally by
plants and fungi exhibiting carcinogenic activity (Ames et al, 1987). Aflatoxin
B1, a toxin naturally produced from Aspergillus flavus, is initially thought to be
hepatotoxic compound (Blount, 1961). Its carcinogenic potential was confirmed
after evaluating higher incidence of liver tumors in African populations (Hsu et
al, 1991). Metabolic activation of Aflatoxin B1 via (P450) leads to the synthesis
of an intermediate which reacts with cyclic nitrogen in guanine, forming adduct
8, 9- dihydro-8- (N7- guanyl)-9-hydroxyaflatoxin B. Thus alkylating agents
either directly or after enzymatic activation induce damage to human genome

which later provoke in the form of cancer.

2.7.1.2. Aryl alkylating agents:

These chemicals generally transfer aromatic or multi-ringed compounds to a
nucleotide to form adduct. Polycyclic aromatic hydrocarbons (PAH) are the
principal group which has raised serious concerns among industry related
workers. Hydrocarbons exposure in chimney sweep and crude oils in cotton
spinning have been found responsible for induction of scrotal cancers in workers
(Heller, 1930; Waldron et al, 1984). Reactive metabolites of the (PAHS) has
been investigated extensively and found to be highly reactive with DNA (Jerina
et al, 1991).

2.7.1.3. Aryl hydroxylamine agents:

The chemicals included in this class are those which deliver aromatic amines to
nucleotides to form adducts. These compounds were discovered after conducting
a number of studies on the workers related to dyestuff industry. High incidence
of bladder cancer was reported in aniline dye exposed workers which led to the
identification of 2-naphthylamine and benzidine (Rehn 1895; Case, 1969). Like
(PAH), aryl hydroxylamines also require (P450) for forming intermediate
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compounds which are responsible for creating irreversible damage (Kadluar et
al, 1977).

2.7.1.4. Inorganic compounds and asbestos:

A wide range of inorganic metals and minerals exhibit increased risk association
with cancer. Arsenic, nickel and chromium metals are included in this group.
Asbestos which is an extensively used compound in cement industry has been
found hazardous for lung as well as peritoneum cancer. About (20-25%) of
heavily exposed workers in this industry develop lung cancer (Lemen et al,
1980).

2.7.2. Radiation:

Chronic exposure to ultraviolet light increases the risk of skin cancer. (UV)
radiations catalyze the formation of cyclobutane dimmers and also cause GC-AT
bp transitions (Beukers & Berends, 1960). (UV) radiation wave length ranges
between (200 - 400) nm and is divided into three categories namely UV- A
(320- 400 nm), UV-B (280-320 nm) and UV- C (200-280nm). Harmful effects
mostly induced by UV-B radiations include acute symptoms of sunburn and skin
thickening as a result of adoptive response (Urbach, 1993). Similarly harmful
effects of ionizing radiations from X-ray machine had also been traced after
frequent induction of skin cancer by earlier radiologists (Ron et al, 1988).
lonizing radiations have also been linked to excessive cancer cases in
populations exposed to nuclear detonations, as increased incidences of leukemia
cases along with significant contribution of solid tumors of digestive,
reproductive system had been revealed among survivors of Hiroshima and

Nagasaki in several studies (Shimizu et al, 1989; Shimizu et al, 1990).
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2.7.3. Viral carcinogenesis:

Association of viruses with carcinogenesis was initially considered as a
revolutionary milestone in cancer research. Some of the well known viruses
include human papilloma virus (HPV) for warts, Epstein Bar virus (EBV) for
Burkett’s lymphoma and Hepatitis B Virus (HBV) for liver cancer.
Epidemiological studies have shown the involvement of virus in venereal
cancers. Out of (65) different strains of (HPVs), (10) are categorized as highly
risk (HPV) sequences, which are also found in (85%) of cervical cancer cases
(Riou et al, 1990). Breast cancer association with virus is a subject of

controversy and still requires further experimentation.

2.7.4. Endogenous carcinogenesis:

Apart from chemicals and viral infestations, certain endogenous factors also
contribute in carcinogenesis. Despite several highly accurate proofreading
mechanisms, there are still chances of error either during DNA synthesis or in
repair mechanism. Genomic instability associated with tumor progression and
carcinogenesis itself can occur with exogenous factors involvement (Loeb,
1989; Cheng & Loeb, 1993). Apurinic sites are created by repair enzymes that
recognize an altered base or adduct and eliminates it from DNA strand (Lindahl
& Nyberg, 1972). Respiration and phagocytosis are among the other potential
sources for oxygen free radical production, which can induce damage to DNA
strands. An estimated (10,000) alterations in DNA per human cell per day is

expected as a result of these free radicals (Richter et al, 1988).

2.8. Cascade of carcinogenesis:

Carcinogenesis may be considered by the process of inherent adulterations in
cells, but it does not mimic the contribution of exogenous chemicals at all.
Majority of the carcinogenesis mechanism may complete within the body in the
following prescribed order:
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2.8.1. Tumor initiation:

Aforementioned factors are responsible for initiating disequilibrium inside the
body for initiating tumorigenesis. They are mainly attributed for bringing
several defects at cellular and molecular levels. These events further aggravate
the process of chromosomal aberration, lesions and adulterations in normal cell

signaling cascade.

2.8.2. Tumor promotion:

Repetitive exposures of the compounds, included in this class, bring an increase
in tumor incidence and are categorized as promoters. They show relatively little
if any genotoxic effect and stimulate growth or block differentiation
preferentially of initiated cells. A well known example is (12-O-
tetradecanoylphorbol 13 acetate). After initial exposure of (PAHSs), a relatively
few skin tumors are observed, while after repetitive applications of croton oils
(source of TPA) marked increase in tumor incidence is observed (Hecker, 1967).
Apart from exogenous compounds, a wide range of endogenous elements have
also been observed. These may include epidermal growth factor and
transforming growth factors even certain hormones. Reduced testosterone levels,
due to orchidectomy, also mimic the incidence of prostate cancer tumor growth
by (90%). Though detailed biological mechanism is yet to be discovered, yet it
is evident that hyperplasia is an absolute prerequisite for promotion (Loury et al,
1987). Promoters thus facilitate initiated cells to grow either by their selective
proliferation or by minimizing normal cells interaction with initiated cells for

growth restrictions.

2.8.3. Tumor progression:

After initiation and tumor hyperplasia as a result of promotion, tumor either
regresses following promoter removal or proceed to further proliferation. Details
of these specific events at cellular scale is still lacking because of the cellular
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heterogeneity. Multiple changes in cellular signaling pathways are also another
limiting factor to establish a cause or consequence relationship in this process.
However, genome becomes highly unstable at this phase of carcinogenesis with
several chromosomal translocations evident on microscopic level. Specific
primary chromosomal alterations have been found to be associated with
different solid tumors while secondary chromosomal changes also influence cell
metastasis and treatment response (Kreeger & Lauffenburger, 2010). As the
progressive phase ends, tumor cells are found invasive, metastatic and highly
autonomous. They can penetrate in near vicinity of the tissues and can also

escape both physical or growth regulatory restrains.

2.9. Risk factors:

The etiology of breast cancer is multi-factorial involving both genetic and

environmental influences. Some of the most evidential factors are as follows:

2.9.1. Family history as risk factor in breast cancer:

It has been observed in several studies that around (5-10%) of women suffering
from breast cancer already have a history of mammary tumor in maternal or
parental lineage (Hoffman & Johnson, 1995). An estimated relative risk (RR) of
breast cancer among females having a familial history cancer in first degree
relatives was observed as 2.1% (with 95% confidence interval (Cl 2-2.2)
(Pharoah et al, 1997). Risk estimation may vary with age at diagnosis of the
affected relative, number of relatives involved and closeness to affected
personnel on pedigree basis. Family history of other types of cancers like
ovarian cancer also poses a threat for breast cancer. Contrary to several
published reports, it has been observed that first degree relatives (FDRS) of
ovarian cancer patients had a modest risk of breast cancer of around 1.27 (95%
Cl1 0.91-177) in Utah Cancer Registry (Kerber & Slattery, 1997).
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2.9.2. Inheritance of breast cancer predisposition:

Autosomal dominant pattern of breast cancer is vertical transmission and has
been observed following pedigree analysis in breast cancer affected families
(Newman et al, 1998). Thus both male and female contribute (50%) of the
inheriting predisposing genetic alterations and susceptibility may equally be
contributed by mother or father sides, as incomplete dominance and gender
restricted expression patterns do restrict cancer initiation. Hence this (50%)
predisposition of inheritance does not mean that everyone included in their off

springs will develop cancer.

2.9.3. Non-genetically associated risk factors for breast cancer:

Apart from genetic susceptibility there are also several contributory factors
involved in breast cancer anomalies. Age, age at menstrual cycle initiation,
reproductive history, hormone therapy, radiation exposure, mammography,
breast density, life style factors and history of breast cancer are among the main

associated factors.

2.9.3.1. Age:

A direct correlation of age with breast cancer incidence has been observed.
Women after (50) years of age are more prone to develop mammary tumors
(Feuer et al, 1993). Tumors tend to occur at an earlier age among women
carrying germline mutations either in BRCA1 or BRCA2 genes (Ford et al,
1998). However, majority of the cancer affected women have no prior familial

history of cancer (sporadic).

2.9.3.2. Menstrual and reproductive history:

Early menarche and late menopause also increases the chances of breast tumors.
These risk factors are also largely reduced by early full-term pregnancy. Women

having an early puberty (menstrual cycle start) before the age of (12) years are
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twice at risk as compared to those who mature after (13) years of age. Similarly
menopause after (55) years of age also doubles the risk among the females when
compared with women having an early menopause around the age of (40) years
(Handerson et al, 1992).

2.9.3.3. Oral contraceptive:

Prolonged uses of oral contraceptives also slightly increase breast cancer risk.
No difference in relative risks (RR) is observed among current users and (10) or
more years’s earlier using females after stopping oral contraceptives intake
(Collaborative Group on Hormonal factors in Breast Cancer, 1996). However,
use of oral contraceptives in BRCA1 mutation carriers as prevention against
ovarian cancer may increase breast cancer risk up to study, no statistical
significant value has been observed in BRCA1 mutation carriers after using oral
contraceptives for (1) year (Haile et al, 2006). Association of oral contraceptive
usage with BRCAL mutation carriers is still an area that requires further
research. A quite recent publication has shown a quite opposite story which
indicates that BRCA mutation carriers as well as women with strong familial
history are more prone to exogenous hormones present in oral contraceptives
(Pasanisi et al, 2009).

2.9.3.4. Hormonal therapy:

A meta- analysis of (51) studies concluded a positive correlation of relative risk
of breast cancer with postmenopausal hormone replacement therapy (HRT). RR
value calculated was 1.35% (95% CI 1.21-1.49) for women who had used (HRT)
for (5) or more years after menopause (Collaborative Group on Hormonal
Factors in Breast Cancer, 1996). Similar findings were also noted by Women’s
Health Initiative (WHI) controlled on postmenopausal women with (RR) value
of 1.24% (95% CI 1.02-1.5) (Chlebowski et al, 2003). Controversial reports

were observed regarding hormone replacement therapy (HRT) and breast cancer
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risk among women with a family history of breast cancer (Steinberg et al, 1991;
Gorsky et al, 1994; Stanford et al, 1995; Schuurman et al, 1995).

2.9.3.5. Radiation exposure:

Survivors of atomic bomb in Hiroshima and Nagasaki have shown an increased
prevalence of breast cancer as a result of radiation exposure (Tokunaga et al,
1994; Morishita et al, 2005). DNA repair mechanism has been found lacking
among these persons. BRCA1 and BRCA2 have a potential role in radiations
induced DNA breaks and DNA repair mechanism (Scully et al, 1997). A cohort
study of BRCAs mutation carriers treated with Breast Conserving Therapy
(BCT) showed no evidence of increased radiation sensitivity either in breast or

any other organ of the body (Pierce et al, 2000).

3.9.3.6. Life style contributory role:

Life style factors include several parameters as weight gain, obesity, fat intake
and physical activity. It is generally observed that overweight women are more
prone to cancer after menopause. Sedentary life style may also be considered as
a risk factor. Alcoholism, smoking and other drug abuse are further considered
as contributory factors for mammary tumors (Moore &Sobue, 2010). Significant
correlation of health food choice (low fat intake) with survival rates among

patients has also been observed (Thomson & Thompson, 2009).

2.9.3.7. Benign breast disease:

Benign breast disease (BBD) is also a risk factor for breast cancer, independent
of the effects of other major risk factors for breast cancer (age, age at menarche,
age at first live birth, family history). Women suffering from atypical
hyperplasia have (2.5) to (5.3) times more risk developing cancer than non-
proliferative benign breast disease. Women with proliferative disease of breast
growth without atypia are at (1.6-1.9) fold risk of developing mammary tumors
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(Carter et al, 1988; London et al, 1992). Tumors of connective tissue also raise
the chances of mammary tumors by (20- 40%) as observed among fibroadenoma
diagnosed females (DuPont et al, 1994). Similarly, it has also been observed that
breast density also directly has influence on the relative risk of tumor formation
in both pre and postmenopausal females. Breast density of (75%) or more,
increase risk of disease up to five folds (95% CI 3.6 -7.1) as compared to low
breast density (Pankow et al, 1997; Boyd et al, 1999; Vachon et al, 1999).

2.9.3.8. Ethnicity:

Initially, association of breast cancer prevalence with respect to different ethnic
groups was lacking, but this space is now largely been filled by extensive
research on polymorphism and genetic mutations. So far wide ranges of founder
mutations on various genes have been observed in different populations. In a
study, overall increase trends regarding high incidence and mortality rates for all
cancer sites were observed more frequent in black people (Hayat et al, 2007).
Further investigations regarding the use of genetic markers in epidemiologic

studies may help to clarify associations with purposed risk factors for cancers.

2.9.4. Rare affiliated breast cancer syndromes:

Many syndromes also act as risk factors for breast cancer, include the following:

2.9.4.1. Li-Fraumeni (LFS):

This malignancy includes tumors of soft tissues sarcomas, brain tumors,
adrenocortical carcinoma and leukemia (Li & Fraumeni 1969; Strong et al,
1987; Li, 1988). Tumors in (LFS) families usually occur at very young age
along with multiple primary cancers in the same individual. Evidence supports a
genotype - phenotype correlation associated with the location of mutation and
the kind of cancer that develops along with the age of onset of disease (Olivier
et al, 2003). More than (50%) of the families show a germline mutation in (p53)
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gene. Several reports narrated that mutations are clustered in the conserved
sequences exon (5) through (9) of the gene (Law et al, 1991; Santibanez-Koref
et al, 1991; Srivastava et al, 1992, Sameshima et al, 1992; Brugieres et al,
1993). Alterations of (p53) gene account for a relative less proportion of larger

breast cancer prevalence in general population.

2.9.4.2. Cowden’s Syndrome:

It is also termed as Multiple Hamartoma syndrome (MHS) with autosomal
dominant pattern of inheritance. This syndrome is characterized by an excess of
breast as well as gastrointestinal malignancies and thyroid disease of both
benign and malignant orientation (Tsou et al, 1997). The pathgonomonic and
formidable symptoms of this syndrome are mucocutaneous lesions, including
trichilemmomas, papillomatosis of lips and oral mucosa and acral keratosis
(Starink, 1984). Gene responsible for this syndrome has been identified as
(PTEN) localized on (10g22-23) Chromosome. Women with Cowden syndrome
are at (25-50%) increased risk of developing breast cancer (Pilarski & Eng,
2004).

2.9.4.3. Peutz Jegherz Syndrome (PJS):

This is characterized by gastrointestinal hamartomas and macular melanotic
pigmentation of the muscoa, lips, fingers and toes (Nakagawa et al, 1998). (PJS)
usually predisposes the individuals to cancers of gastrointestinal tract,
respiratory tract, urinary tract, female genital tract, breast and ovary
(Sommerhaug & Mason, 1970; Jancu, 1971; Utsunomiya et al, 1975; Cheney et
al, 1986; Foley et al, 1988). Relative involvements of female genital tract
tumors are rare and also not well recognized (Cantu et al, 1980). (PJS) locus
was mapped on chromosome (19p13.3) by comparative genomic hybridization
and loss of heterozygosity helped in identifying (LKB1/STK11) gene (Hemminki

et al, 1997, 1998). Somatic mutation of STK11 (serine-threonine kinase) result
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In premature truncated protein product leading (STK11) as first kinase gene
associated with hereditary cancer. No mutation has been observed in sporadic
breast, colon and testicular carcinoma (Bignell et al, 1998; Wang et al, 1998;
Avizienyte et al, 1998) suggesting its involvement to inherited predisposition.
No linkage of (STK11) in small number of (PJS) families also indicates the
potential involvement of other (PJS) gene elsewhere in the genome (Olschwang
et al, 2001).

2.9.4.4. Ataxia Telangiectasia (AT):

Autosomal recessive inheritance pattern has been observed in this syndrome.
Cerebella ataxia, oculocutaneous telangiectasia, radiation hypersensitivity and
increased incidence of malignancy are characteristic features of this syndrome.
Chromosomal abnormalities and DNA rearrangements are thought to result from
genetic defects that underlie the clinical syndrome (AT). Cancers observed in
association with (AT) include non-Hodgkin lymphoma and significant but lower
risk of developing breast cancer, ovarian cancer, leukemia, malignancies of oral
cavity, stomach, pancreas and bladder (Morrell et al, 1986). Gene found responsible
for this syndrome has been mapped on chromosome (11g22) and termed as (AT)
(Savitsky et al, 1995).

2.9.4.5. Muir-Torre Syndrome (MTS):

This given cancer includes association among multiple skin tumors and multiple
benign and malignant tumors of upper and lower gastro-intestinal and
genitourinary tract (Muir et al, 1967; Hall et al, 1994). Many lesions including
basal cell carcinoma, keratoacanthomas, and colonic diverticula occur at
younger age but are similar in distribution. Autosomal dominant inheritance
pattern has been observed in this syndrome. Females with the syndrome have
increased risk of developing breast cancer particularly after menopause

(Anderson, 1980). It has been observed that genes involved in hereditary non-
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polyposis colon cancer (HNPCC) MSH2, PMS1, PMS2, MLH1 and MSH6 are
also involved in pathogenesis of Muir-Torre syndrome (MTS) (Kolodner et al,
1995). Truncating mutations of MSH2 and MLH1 leading to impairment in DNA
repairs, accumulation of replication errors and genome instability have also been

detected in this syndrome affected families (Bapat et al, 1996).

2.10. Hereditary predisposition to cancer:

The vast majority of genetic alterations in cancer are somatic, and thus found
only in the tumors of the affected individuals. In hereditary cancer, on the other
hand, the gene defects are in the germline, and therefore present in every cell of
the body. Although additional somatic genetic aberrations are needed for cancer
development, the presence of a germline mutation greatly speeds up the process
of accumulation of mutations needed for malignant conversion. Individuals with
such mutations are not only at higher risk at developing cancer, but they are
more likely to do so at younger age than the general population, and also their
risk for developing multiple primary tumors is greatly increased. Therefore, the
possibility of an inherited cancer syndrome should be considered when
numerous family members develop cancer at an especially young age or affected
individuals develop multiple primary tumors (Fearon, 1997). Also congenital
abnormalities or other rare conditions in families with multiple cancer patients
should arouse suspicion of a cancer syndrome, and some cancers such as
retinoblastoma are so rare that the diagnosis itself warrants further evaluation for
the possibility of inherited predisposing mutation (Fearon, 1997). Some
pathological features may further suggest the possibility of hereditary cancer.
For example, breast carcinomas associated with mutations in the BRCAL gene
are more likely to be of medullary histology and less likely to express estrogen
receptor than sporadic tumors (Johansson et al, 1997). On the other hand, the
recognition of hereditary cancer may be difficult in some families as the family

history may be obscured (Fearon, 1997). This may be due to a small family size,
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uncertain family history, and unknown or poorly documented medical records,
or incomplete penetrance. Germline mutations may also arise spontaneously
leading to so called de novo mutations. Additionally, sporadic cancers of the
same type, especially common carcinomas such as breast or colon, may arise in
individuals who do not carry germline mutations, making it difficult to
distinguish true hereditary cancer syndromes from familial clustering formed by
chance.

The lifetime risk of cancer for individuals carrying a mutation in a cancer
predisposition gene is high and ranges between (50%) and (80%) (Ponder,
1988). The likelihood of developing cancer depends on the actual gene and the
mutant allele as well as on other modifying risk factors, both genetic and non-
genetic. Furthermore, it also depends on the complex gene environment
interactions which are currently under intense investigation, but at the moment

remain poorly understood (Ponder, 1988).

2.11. Cancer genetics:

Cancer is the general name for over (100) medical conditions involving
uncontrolled and dangerous cell growth. A cancer generally derives from a
single cell that is changed dramatically by a series of genetic alterations.

A healthy cell has a well-defined shape and fits nearly within the ordered array
of cells surrounding it. It responds to the environment, giving rise to daughter
cells solely when the balance of stimulatory and inhibitory signals from the
outside favors cell division. But the process of replication carries the constant
hazard of random genetic mutations which can impair the regulatory circuits of a
cell (Hanahan & Weinberg, 2000).

Genetic abnormalities found in cancer typically affect two general classes of
genes. Cancer promoting “oncogenes” are typically activated in cancer cells,

giving those cells new properties (gain of function). “Tumor suppressor genes”

Page 28 of 192



are then inactivated in cancer cells, resulting in the loss of normal functions in

those cells.

2.12. Genes involved in hereditary cancer:

2.12.1. Oncogenes:

Under normal conditions, proto-oncogenes stimulate cell growth and
differentiation required e.g. for the continuous renewal of epithelial cells. When
inappropriately activated, they may turn into cancerous oncogenes and continue
to grow - or refuse to die - even in the absence of growth signals. At the cellular
level oncogenes are dominant, meaning that mutation in one allele alone can
promote uncontrolled cell proliferation. At present, over (100) oncogenes have
been identified. Inherited mutations in those are, however, relatively rare,
presumably because such mutations remove normal control over cell growth,
thereby being lethal during embryogenesis and leading to spontaneous
termination of pregnancy (Frank, 2001). Only three oncogenes have been shown
to be involved in hereditary cancer syndromes, namely RET in thyroid cancer,
CDK4 in melanoma, and MET in papillary renal cell carcinoma (Mulligan et al,
1993; Zuo et al, 1996; Schmidt et al, 1997).

2.12.2. Tumor suppressor genes:

Tumor suppressors negatively regulate cell proliferation either through
controlling the cell division or by promoting programmed cell death. According
to Knudson’s “two-hit” hypothesis both copies of the tumor suppressor gene
have to be inactivated in order for the cell to turn malignant (Knudson, 1971). In
hereditary cancer one defective allele is inherited and the function of the
remaining allele is lost by a somatic mutation. Traditionally, the second hit is
considered to be a large deletion that can be visualized by the loss of
heterozygosity (LOH) in the corresponding tumor (Ponder, 1988).
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However, recent evidence suggests haplo-insufficiency in a growing number of
tumor suppressor loci (Fero et al, 1998 ; Tang et al, 1998 ; Venkatachalam et al,
1998; Wetmore et al, 2000; Xu et al, 2000; Kwabi-Addo et al, 2001; Buchholz
et al, 2002), indicating that bi-allelic inactivation of these genes may not be
necessary at least for the initiation of tumorigenesis. According to function,
tumor suppressors have been further divided into gatekeepers and caretakers
(Kinzler & Vogelstein, 1997). Gatekeepers prevent malignant transformation
directly by regulating proliferation, promoting differentiation, or by inducing
cell death, whereas caretakers prevent neoplasia indirectly by maintaining
genomic integrity through DNA repair and replication. In a third class of tumor
suppressors, landscapers, and the genetic defect is not in the transforming cell
population itself but rather in adjacent stromal cells which promote malignancy
of the associated cells due to an abnormal intercellular signaling (Kinzler
&Vogelstein, 1998). Recently, a new class of tumor suppressors was proposed
(Liu et al, 2000). These genes encode proteins that are essential for the cell
survival and only modestly enhance tumorigenesis in a heterozygous form (e.g.
CHEK1 and ATR). So far, more than (30) tumor suppressor genes have been
identified, and inactivating mutations in them cause most of the inherited cancer

syndromes.

2.12.3. Proto- oncogenes vs tumor suppressor genes:

Oncogenes are the altered forms of proto-oncogenes. Proto- oncogenes are
found in normal cells and encode proteins involved in the control of replication,
apoptosis (cell death) or both. They are involved in the normal function of the
cell, but can turn a cell into a cancer cell when activated. Activation of proto -
oncogenes by chromosomal rearrangements, mutations, or gene amplification
confers a growth advantage or increased survival of cells carrying such
alterations. All (3) mechanisms cause either an alteration in the oncogenes

structure or an increase in or deregulation of its expression (Bishop, 1991).
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Tumor suppressor genes (TSGs) are targeted by genetic alterations in the
opposite way as proto-oncogenes. The affected cell loses one of its functions
like accurate (DNA) replication, control over the cell cycle, orientation and
adhesion within tissues, and interaction with protective cells of the immune
system. According to Knudson’s two hit hypothesis (Knudson et al, 1975),
inactivation of both (TSG) alleles is necessary for tumor development (Figure
2.6). Knudson suggested that multiple "hits" are necessary to cause cancer. The
first inactivation is inherited and any second mutation would rapidly lead to
cancer. In non-inherited cancer, (2) "hits" need to take place before tumor

development, explaining the higher age of onset compared to inherited cancer.
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Figure 2.6: Knudson’s two - hit hypothesis

Hereditary

In hereditary tumor syndromes, the initial inactivation of one allele is present in the germ
cells. To start tumorigenesis an additional “hit” or somatic inactivation of the second allele
is required. Somatic inactivation events include subchromosomal deletions, mitotic
recombination, and nondisjunctional chromosome loss with or without reduplication of the
chromosome carrying the affected TSG, intragenic mutation or an epigenetic event. In
sporadic tumors, the initial and second inactivating event occurs in the same somatic cell of
an individual.
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(TSGs) can be subdivided into several classes according to their normal gene
function, i.e. gatekeepers, caretakers and landscapers (Kinzler & Vogelstein,
1998; Kinzler & Vogelstein, 1997). Gatekeepers (e.g. p53) act directly by
inhibiting cell growth. Caretakers are involved in maintaining (DNA) integrity
and repairing (DNA) damage. Mutations in these caretakers have no direct effect
on the proliferation, but they result in an accelerated accumulation of other
mutations and will eventually lead to genomic instability. The land scapers, the
(3") subgroup of TSGs are genes, which act by modulating the micro-
environment rather than the tumor itself.

Recently, a new class of tumor suppressors was proposed (Liu et al, 2000).
These genes encode proteins that are essential for the cell survival and only
modestly enhance tumorigenesis in a heterozygous form (e.g. CHEK1 and ATR).
So far, more than (30) tumor suppressor genes have been identified, and

Inactivating mutations in them cause most of the inherited cancer syndromes.

2.13. Genetic susceptibility to breast cancer:

Generally, a distinction is made between; high and moderate risk families with
breast and/or ovarian cancer. In families with a clear autosomal dominant
inheritance pattern for breast cancer, the diagnosis of hereditary breast and/or
ovarian cancer (HBOC) is proposed.

Members of such families a priori have a highly increased risk to develop breast
cancer. The age at onset is considerably lower compared to sporadic patients and
the prevalence of bilateral or multiple primary breast cancers are higher.
(HBOC) represents (5- 8%) of all breast cancer cases.

In families where breast cancer is overrepresented compared to the incidence in
the general population, but not fulfilling the criteria for hereditary breast cancer.
Approximately (15%) of all breast cancer patients have a (1*) degree or in case

of paternal inheritance a (2") degree relative.
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2.13.1. High-penetrance breast cancer predisposition genes:
Mutations in (3) high- penetrance breast cancer predisposition genes confer a
higher than (10) - fold relative risk of breast cancer BRCA, BRCA2, and P53.
Germline mutations in P53 lead to Li-Fraumeni syndrome and are associated
with other phenotypic manifestations as well.

BRCAL and BRCA2 are the (2) major breast cancer genes. Genetic testing for
these genes is widely available in a clinical context. As mutation detection in
these genes is challenging and expensive, a number of models and scoring
systems have been proposed to estimate the probability of the presence of a
BRCA1 or BRCA2 mutation in a given individual based on family history and
age at onset. Important and widely used examples are the Claus, Tyrer- Cuzick
and BRCAPRO model (Fasching et al, 2007) but these cannot be reliably used
for patients without a family history for breast or ovarian cancer. Hence, in
many labs worldwide easily applicable, descriptive inclusion criteria based on
age of onset and family history are applied.

The BRCAL gene was identified by positional cloning in (1994) (Miki et al,
1994). It is located on Chromosome (17g21) and spans approximately (81) kb
on the minus strand. BRCAL contains (22) coding exon, including a large exon
(11) which covers almost (50%) of the coding sequence. BRCAL spans a region
with an unusually high density of (Alu) repetitive DNA (41.5%), but a relatively
low density (4.8%) of other repetitive sequences (Figure 2.7). BRCAL intron
lengths range in size from (403) bp to (9.2) kb and contain (3) intragenic
microsatellite markers located in intron (12, 19, 20) (Smith et al, 1996). The (5)
prime end of the BRCAL gene lies within a duplicated region on chromosome
(17921). This region contains BRCA1 exon (1A, 1B, 2) and their surrounding
intron; as a result, a BRCA1 pseudo gene lies upstream of BRCA1 (Puget et al,
2002).
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BRCA2 was identified by (Wooster et al, 1995) on chromosome (13g12).
BRCAZ2 contains (27) exon (26 coding) and spans (84) kb of the genome. Similar
to BRCAL, BRCA2 is very AT-rich, has a large exon (11) and a translational start
site in exon (2) (Figure 2.7) (Tavtigian et al, 1996).
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Figure 2.7: BRCA1 and BRCA2 genes

Genomic structure of the BRCA1 and BRCA2 genes. BRCA1 has 22 coding exon including a
large exon 11 (panel A). Panel B shows repetitive elements in BRCAL. BRCA2 has 26 coding
exon, including a large exon 10 and 11 (panel C).Panel D shows the repetitive elements in
BRCA2 (modified from (Welcsh & King, 2001)).

Page 34 of 192



The BRCA1 gene encodes a protein of (1863) amino acids (Miki et al, 1994)
(Figure 2.7). Most of the coding region shows no sequence similarity to
previously described proteins apart from the presence of a (RING) zinc finger
domain (RZFD) (Saurin et al,1996) at the amino terminus of the protein and
two BRCT' (BRCA1l carboxyl terminus) repeats at the carboxyl terminus
(Koonin,1996; Callebaut, 1997). The (RING) finger domain is involved in
mediating protein-protein interactions. The (BRCT) repeat is a poorly conserved
domain found in a range of proteins many of which are involved in either DNA
repair or metabolism (Callebaut, 1997). A (2)-hybrid screen with the RING
finger domain region of BRCAL resulted in the isolation of a novel gene,
(BARD1) the encoded product of which contains both a (RING) finger and a
(BRCT) domain but no other similarity to BRCA1 (Wu et al,1996). Furthermore,
a nuclear localization signal (NLS) domain was identified in exon (11), which is
absent in different alternative spliced (mRNAs) leading to the hypothesis that
splicing regulates the BRCAL function and its expression in different tissues
(Thakur et al, 2002).

BRCAZ2 encodes a protein of (3418) amino acids with an estimated molecular
weight of (384) kDa (Wooster et al, 1995; Tavtigian et al, 1996) (Figure 2.7).
Although BRCA2 shows no strong similarity to known proteins, a significant
feature is the presence of (8) copies of a (30-80) amino acid repeat (BRC
repeats) that are present in the part of the protein encoded by exon (11) (Bork &
Nilges, 1996). Comparison of the sequence of exon (11) from (6) mammalian
species reveals that many of the repeats appear to be retained within the
generally poorly conserved context of exon (11) (Bignell et al, 1997).

The majority of BRCA1 and BRCA2 breast cancer susceptibility mutations (~
70%) are known to result in a truncated, and therefore inactive, gene product.
This class of mutations can be readily identified using currently available
genetic screening methods, and are likely all clinically significant (BIC). The

remaining BRCAL and BRCAZ2 cancer-predisposing mutations do not interrupt
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the open reading frame of the genes, but instead are found to be missense, or in-
frame splicing mutations. The current number of mutations falling within this
class cumulatively numbers over (1400) to date (BIC). Unlike truncating
mutations, establishing the clinical relevance of this subset of mutations remains
a major challenge, and these mutations are hence termed-Variants of Unknown
Significance (VUS). Current estimates place individuals who inherit a single
germline mutation in either BRCAL or BRCA2 at a lifetime risk of approximately
(80%) of developing breast or ovarian cancer by age (70) years (Wooster
&Weber, 2003) however the reasons why these mutations contribute to the
development of breast and ovarian cancer remain poorly understood. Elucidation
of the precise molecular mechanisms of these genes could potentially improve
our understanding of the way in which these mutations contribute to the
development of the disease as well as offer new options for diagnosis and

treatment.

2.13.1.1. BRCAL Structure & its relationship to breast cancer:

The BRCAL gene encodes a large (1863) amino acid protein with multiple
functional domains (Figure 2.8). The well characterized BRCALl domains
consist of an N-terminal RING domain, a globular zinc- binding motif that has
been implicated in ubiquitination pathways (Lorrick et al, 1999) and (2) C-
terminal tandem repeat globular domains termed (BRCT) (Koonin et al, 1996)
now known to be a common structural feature of proteins involved in the DNA
damage response (DDR) (Bork et al, 1997). Mounting evidence implicates
BRCAL in all phases of the cell cycle and in the regulation of orderly events
during cell cycle progression. Consequently, BRCAL1 deficiency results in
defects in the G1/S-phase checkpoint (indirectly), the S-phase checkpoint and
the G2/M checkpoint (Deng & Brodie, 2000; Venkitaraman, 2000). BRCA1

interacts with a large number of diverse molecules including tumor suppressors,

oncogenes, DNA damage repair proteins, cell cycle regulators, and
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transcriptional activators and repressors (Deng &Brodie, 2000). Consistent with
this expansive pattern of interaction, loss of function mutations in BRCA) result
in pleiotrophic phenotypes including growth retardation, increased apoptosis,

defective DNA damage repair, defective G2/M cell cycle checkpoint,

chromosome damage, and aneuploidy (reviewed in (Venkitaraman, 2000)).
BRCA1 cancer-predisposing truncating and missense mutations, validated
through functional analysis, are commonly found within the (2) C-terminal
(BRCT ) motifs and to a lesser extent in the critical (Zn*" binding residues
within the N-terminal RING finger, indicating that these regions are critical for
tumor suppressor function (Freidman et al, 1994). It is proposed that mutations
in BRCAL do not directly result in tumor formation, but instead cause genetic
instability thereby subjecting cells to a high risk of malignant transformation
(Kinzler & Vogelstein, 1997).
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Figure 2.8: Features of the Human BRCA Proteins
BRCAL contains an N-terminal RING domain, nuclear localization signals (NLSs), and two C
terminal BRCT domains of 110 residues (also found in several proteins with functions in DNA
repair or cell cycle control). Examples of interacting proteins are shown below approximate
regions of binding. BRCA2 contains eight repeats of the 40 residue BRC motifs. (Adapted
from Venkitaraman, 2002).
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2.13.1.2. Abnormal product:

Most mutations lead to frame shifts resulting in missing or non-functional
protein. In all cancers that have been studied from individuals with a disease-
causing mutation, the wild-type allele is deleted, strongly suggesting that is in
the class of tumor suppressor genes, i.e. genes whose loss of function can result
in neoplastic growth (Smith et al, 1992 ). Additional evidence that is a tumor
suppressor gene is that over expression of the BRCA1 protein leads to growth
suppression similar to the paradigmatic tumor suppressors (p53) and the

retinoblastoma gene (Holt et al 1996).

2.13.1.3. Pathologic variants:

More than (600) different mutations have been identified in BRCAL. While a
small number of these mutations have been found repeatedly in unrelated
families, the vast majority have not been reported in more than a few families.
Although some research studies have suggested differences in cancer risk
associated with different BRCA mutations, no definitive data on this point are
yet available. About a third of mutations identified in BRCA1 and BRCA2
sequencing studies are of uncertain clinical significance (Shattuck-Eidens et al,
1997). As research proceeds, some of these mutations will likely be proven to be
normal variants without clinical significance, while others may be associated

with an increased cancer risk.

2.13.1.2. BRCAZ2 Structure & its relationship to breast cancer:

The human BRCA2 gene encodes a (3418) amino acid protein that is one of the
largest polypeptides in the human proteome (Figure 2.8) (Wooster et al, 1995).
Well characterized domains of the BRCA2 in protein include a repeated motif
termed the (BRC) domain, located centrally, which consists of a series of (8)
repeated (BRC) sequences (Bork et al, 1996). It is these (BRC) domains, in
concert with the C-terminal region of the protein, that mediate direct binding of
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BRCAZ2 to (Rad51). Of the (8) (BRC) repeats, (Rad51) has been shown to bind to
(6) of them in vivo, showing the highest affinity for (BRC3, 4) and very low
affinity for (BRCS5, 6) (Wong et al, 1997; Davies et al, 2001). This interaction
highlights the importance of the (BRC) domains in facilitating BRCA2’s role in
DNA double-stranded break (DSB) repair as the physical interaction of BRCA2
and (Rad51) is essential for error-free homologous recombination (HR) to take
place. Another domain important to BRCA2 function in (HR) is the C-terminal
nuclear localization signal (NLS). It is thought that the (NLS) on BRCAZ2
facilitates the transport of (Rad51) into the nucleus to sites of DNA damage as a
(NLS) has yet to be identified on (Rad51) and in BRCA2 deficient cells nuclear
transport of (Rad51) is found to be impaired (Davies et al, 2001). As in the case
of BRCAL, the majority of known carcinogenic BRCA2 mutations result in a
truncated and therefore non-functional protein (BIC). Thus it is proposed that
mutations in BRCA2 cause increased chromosomal aberrations and genetic
instability through the loss of error-free (DNA DSB) repair via (HR) thereby
subjecting cells to a higher than normal risk of malignant transformation
(Gundmundsdottir & Ashworth, 2006).

2.13.2. Breast cancer predisposition genes of uncertain penetrance:
Three genetic syndromes have clearly been associated with an increased risk of
breast cancer but the magnitude of the associated risk for each remains uncertain:
examples are Cowden disease associated with mutations in (PTEN) (Rustad et al,
2006), Peutz-Jeghers syndrome with germline mutations in (LKB1) (Chen &
Lindblom, 2000) and Hereditary diffuse gastric cancer syndrome (caused by
CDH1 mutations) (Pharoah et al, 2001). All these syndromes are associated with
other phenotypic manifestations and in site specific breast cancer families the
contribution of mutations in (PTEN), (LKB1) or (CDH1) is at most infrequent
(Ripperger et al, 2009).
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It is not expected that these genes are acting as breast cancer susceptibility genes
outside the context of these syndromes. Together, they may cause less than (1%)

of all breast cancers (Figure 2.9).
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Figure 2.9: Prevalence of sporadic vs. Hereditary and Familial breast
Cancer.

(About (40%) of all inherited forms of breast cancers can be explained by mutations in single

genes. (Prevalence numbers adapted from (Ripperger et al, 2009)).
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2.13.3. Intermediate penetrance breast cancer predisposition genes:
As numerous genetic linkage studies have failed to identify additional high risk
genes, it has been hypothesized that the remaining breast cancer clustering
among families might not be explained simply by inheritance of variants in
additional major high risk breast cancer susceptibility genes. Chance clustering
and shared environmental and lifestyle factors may account for part of the
familial breast cancer cases. However, twin studies have shown that the breast
cancer risk for unaffected monozygotic twins with a co-twin diagnosed with
breast cancer is higher compared to the risk for dizygotic twins. This strongly
suggests that a significant proportion of the remaining familial breast cancer risk
is likely due to genetic factors (Ahlbom et al, 1997; Mack et al, 2002).

As BRCAL and BRCAZ are involved in DNA repair, and heterozygous mutations
in DNA repair genes such as ATM and TP53 have been associated with an
increased breast cancer risk, most candidate gene approaches now focus on
genes involved in DNA repair, such as (CHEK2), (RAD50),( BRIP1) and
(PALB2). Thus far, this candidate approach has led to the identification of (5)
moderate risk breast cancer genes (CHEK2, ATM, BRIP1, PALB2 and NBS1).
Odds ratios for heterozygous mutations in these genes lie between (2.0) and
(4.3) (Figure 2.10). Variants in these intermediate penetrance genes are
currently estimated to account for (5%) of familial breast cancer risk and are

present at (1%) allele frequency (Stratton & Rahman, 2008).

Page 41 of 192



Rare to very rare
high-risk alleles
Family studies

TP53
PTEN BRCA1
BRCA2 Do not exist
10.0 - CDHZ1 :
STK11 Rare, moderate-risk
alleles
> Resequencing
. BRIPL _ atm
2 - PALB2"SCHEK2
o Common, low-risk alleles
& 1.5 Genomewide association studies

6q
TOX3 FGFR2

MAP3KL 29
£ AKAP9
5p

o Too hard to find
1.1
8q CASPS8

LSP1

0.1 1.0 10.0 30.0
Minor allele frequency (%)

Figure 2.10: Germline mutations that confer susceptibility to breast
cancer.

Schematic representation of the relation between breast cancer risks conferred
by germline variants in low risk, moderate risk and high risk breast cancer
genes and their prevalence in the general population. Germline mutations in
high risk breast cancer susceptibility genes are very rare in the population
(<0.1%) but confer high breast cancer risk (up to 20-fold). Germline variations
in moderate risk breast cancer genes are rare in the population (~1%) and
confer a 2 to 4-fold risk. Low risk breast cancer alleles and SNPS are more
common (up to 40%) but confer only a slight increased BC risk (on average 1.3
fold). The red line represents a natural risk limitation and the bottom line
represents a virtual limitation of detection. (Adapted from (Harris &
McCormick, 2010)).
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The link between DNA repair and breast cancer susceptibility became even more
intriguing after homozygous mutations in (BRCA) were found to be responsible
for Fanconi Anaemia (FA) and BRCA2 were shown to be identical with
(FANCD1) (Hewlett et al, 2002). No biallelic germline BRCA mutations were
reported in (FA) patients so far, but mutations in (2) other breast cancer
susceptibility genes, (PALB2) (FANCN) and (BRIP1) (FANCJ), have been
identified in (FA) patients, giving rise to type (NFA) and type (JFA),
respectively (Levy, 2010).

Recently, a (4™) gene was found to be probably associated with both (FA) and
breast cancer susceptibility. Vaz et al (Vaz et al, 2010) described an (FA) -like
phenotype in consanguineous Pakistani family with (3) affected children, of
which only one survived. These (3) patients exhibited various severe inborn
anomalies, and a homozygous missense mutation in the (RAD51C) gene was
found to be the cause of these abnormalities. Because three genes (BRCAZ2,
PALB2, and BRIP1) were already known to be associated with both (FA) and
breast cancer susceptibility, it seemed feasible to screen breast cancer families
for monoallelic mutations in the (RAD51C) gene. Meindl et al (Meindl et al,
2010) detected (6) monoallelic pathogenic mutations in (RAD51C) by screening
(1.100) unrelated German women with gynecologic malignancies (breast and /or
ovarian tumors). Strikingly, all (6) deleterious mutations were exclusively found
within (480) BRCA1/2 negative patients from breast and ovarian cancer families.
No deleterious mutations were found in breast cancer or families (Meindl et al,
2010). These results support (RAD51C) as a new breast cancer susceptibility
gene and according to his function and similarities with the other breast cancer
susceptibility genes its role as tumor suppressor gene and caretaker has been
stated.
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2.13.4. Common low penetrance breast cancer predisposition

alleles:

Genome-wide association studies identified several (SNPs) as low-penetrance
breast cancer susceptibility polymorphisms within genes as well as in
chromosomal loci with no known genes. Currently, there is a growing list of
reports on common (SNPs) in genes or chromosomal loci that have been
identified in genome-wide association studies, (FGFR2) (Hunter et al, 2007;
Easton et al, 2007), (LSP) (Easton et al, 2007), (MAP3K1) (Easton et al, 2007),
(TGFBL1) (Cox et al, 2007), (TOX3) (Easton et al, 2007; Stacey et al, 2007), as
well as a locus on (2g35) (Stacey et al, 2007) and (8q) (Easton et al, 2007).The
odds ratios for heterozygous and homozygous carriers range between (1.1-1.3),
and (1.2-1.6) respectively. These (SNPs) are common in the general population
up to (40%) and more studies to validate the relative risk in different large
cohorts will be needed.

Under a multiplicative model of disease susceptibility, the low- penetrance
variants are estimated to explain about (8.3%) of the familial clustering of the
disease (Mavaddat et al, 2010). This suggests that many other variants remain to
be identified.

2.14. Risks associated with germline mutations in BRCA1 &BRCAZ2:

(BRCA2) mutations have been linked to a wide spectrum of cancers, including
prostate cancer, pancreatic cancer, fallopian tube cancer, male breast cancer and
skin cancer. In contrast, a (BRCA1) mutation is primarily associated with breast
and ovarian cancers. Plausible explanations include the connection between
(BRCAL1), but not (BRCAZ2), and steroid hormone receptors (Lee, 2008) and the
role of (BRCAL1) in mammary luminal epithelial lineage determination
(Visvader, 2009).

Several approaches have been used to estimate the average age-specific

cumulative cancer risks associated with mutations in (BRCA1) and (BRCA2). In
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general, for (BRCAL) carriers, the estimated cumulative risks to the age of (70)
are (65-80%) for breast cancer and (39-60%) for ovarian cancer. The
corresponding risks for (BRCA2) carriers are (45-60%) for breast cancer and
(11-30%) for ovarian cancer (Figure 2.11) (Antoniou et al, 2003; Milne &
Antoniou, 2011). In comparison, the average woman in the general population
has an (11%) lifetime risk of developing breast cancer and a (1.5%) risk of
developing ovarian cancer. After the initial diagnosis of breast cancer in a
(BRCAL) or (BRCAZ2) carrier, the risk of cancer in the contralateral breast (a new

primary cancer) increases by approximately (3%) per year (Metcalfe et al, 2004;
Verhoog et al, 2000).
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Figure 2.11: Cumulative risk

Plots for breast and ovarian cancer associated with BRCA1 and BRCA2 mutations (right
panel) mutation carriers (adapted from (Antoniou et al, 2003)).
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The broad range of associated risks reported in literature is consistent with the
hypothesis that risks in (BRCAl) or (BRCA2) mutation carriers can vary
substantially due to the presence of additional risk factors for breast cancer,
including genetic modifiers. Common genetic modifiers of breast cancer risk for
carriers of mutations in (BRCA1l) and (BRCA2) have been identified in
essentially three ways: studies of single nucleotide polymorphisms (SNPs) in
candidate genes (Cox et al, 2007; Antoniou et al, 2007; Engel et al, 2010),
studies of common (SNPs) (minor allele frequency > 0.13) found in genome-
wide association studies (GWAS) to be associated with a small increased breast
cancer risk (odds ratio <1.30) in the general population (reviewed in (Milne &
Antoniou, 2011)) and (GWAS) carried out in mutation carriers (Antoniou et al,
2010). (BRCA1) and (BRCA2) mutation carriers could potentially be among the
(1*) groups of individuals for whom clinically applicable risk profiling could be
developed using the common breast cancer susceptibility variants identified
through (GWAS).

Other studies investigated risk variation in mutation carriers based on factors
such as parity, age at first live birth, breastfeeding and mammographic density
(Antoniou et al, 2003; Andrieu et al, 2006; Cullinane et al, 2005; Antoniou et al,
2006). Although the results from those studies are not fully consistent, they
suggest that the relative risks conferred by these factors in germline mutation

carriers may be similar to the relative risks in non - carriers.

2.15. Others major genes involved in breast cancer:
2.15.1. TP53:

Is localized at chromosome (17), on the short arm region p. It encodes protein
of (53) KD (nuclear phosphoprotein) that binds DNA sequence. The protein acts
as a negative regulator of cell growth and proliferation. It usually restricts cell
growth at G1 phase until DNA repair mechanism proceeds before DNA

synthesis (Harris & Hollstein, 1993) and also plays a vital role in programmed
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cell death. Loss of p53 protein will lead to persistent damage to DNA ultimately
leading to malignancy (Malkin, 1993).

2.15.2. CHEK2:

It plays an important role in DNA damage repair response pathway (Bell et al.,
1999). Mutations present on this gene accounts for around (4-10%) of familial
breast cancer cases with an overall increase of (1.5) fold to (2) fold increased
risk of female breast cancer (Offit et al, 2003; Neuhausen et al, 2004; Ohayon et
al, 2004). Although association of CHEK2 with breast cancer has been
established by extensive research but in order to calculate the absolute risk large

scale studies are still required (Oldenburg et al, 2003).

2.15.3. PTEN:

Germline mutations of this gene are responsible for Cowden’s syndrome. It
encodes a protein with tyrosine phosphatase with homology to tensin, located on
(10923). Loss of hetrozygosity at PTEN locus observed in high proportion
suggests its putative role as a tumor suppressor gene (Lynch et al, 1997). It also
acts as a late regulatory molecule of cytoskeleton function and responsible for

maintaining normal cell physiology (Myers & Tonks, 1997).

2.15.4. ATM:

ATM increases risk of malignancies especially of hematological nature.
Epidemiological studies also suggest a statistically increased breast cancer risk
among female heterozygote carriers, with an estimated relative risk of (3.9-6.4)
(Swift et al, 1987; Easton, 1994; Olsen et al, 2001). In breast cancer further

research regarding relative risk estimation is required.
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2.15.5. STK1:

Chromosome (19p13.3) possesses this gene termed as STK. Germline mutations
of this gene account for (50%) of Peutz-Jeghers Syndrome (PJS) cases. It has
been observed that patients suffering from this syndrome are more susceptible to
breast, gastrointestinal and other malignancies (Giardiello et al, 2000).

The complex processes that characterize the development and progression of
malignant tumors, the hallmarks of cancer, have been well described. They
include self sufficiency in growth signals, insensitivity to growth-inhibitory
signals, evasion of apoptosis, unlimited explicative potential, sustained
angiogenesis and tissue invasion and metastasis (Figure 2.12) (Hanahan &
Weinberg, 2000) (plus the ability of the cancer to escape the immune response
through several complex processes and events (Bhardwaj, 2007; Dunn et al,
2002).

Also, research on morphologic and molecular features of hereditary breast
cancer, especially in patients with germline mutations in BRCA1 (Palacios et al,
2008) a candidate stem cell regulator (Foulkes, 2004; Liu et al, 2008) has
increased our understanding of breast cancer biology. Gene expression profiling
studies have extended our understanding of the molecular mechanisms involved
In tumorigenesis and progression of breast cancer. Basic research on genes
involved in signaling pathways modulating proliferation, apoptosis, survival,
angiogenesis, invasion, metastasis and drug resistance have provided more
answers to the heterogeneity of breast cancer. There is increasing evidence that
this heterogeneity finds its source in genetic variability (Morabito et al, 2003;
Pavelic & Gall, 2001; Beckmann et al, 1997; Cuny et al, 2000).
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Figure 2.12: Hallmarks of cancer
(Loss of normal growth control as a hallmark of cancer which encompasses four (self-
sufficiency in growth signals, insensitive to antigrowth signals, sustained proliferation and
evasion of apoptosis) of the six hallmarks of cancer as defined by Hanahan and Weinberg
(2000) involve control over the cell cycle Adapted from (Hanahan & Weinberg, 2000).
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Despite the site of origin of malignancies, cells must acquire various biological
traits to form a malignant tumor. Reviewed in Hanahan et al (2000), these
biological attributes include:

I. Self-sufficiency in growth i.e. not requiring external growth signals to
proliferate.

il Insensitivity to antigrowth signals i.e. becoming able to block the
inhibition of proliferation initiated by external growth signals.

ilii.  The ability to evade apoptosis - the majority of cancer cells has
acquired some mechanism of resistance to apoptosis.

iv.  Potentially limitless replication-overcoming the intrinsic switch to
senescence after numerous cell divisions.

V. Sustained angiogenesis - angiogenic properties are normally tightly
regulated but essential for transition from an aberrant proliferative
lesion to a larger malignant tumor entity.

vi.  Ability to invade surrounding tissue and metastasize- tumors only

become malignant upon invasion of surrounding tissue.

2.16. Mutation spectrum of BRCA1/2:

Since the identification of BRCAL1 and BRCAZ2, numerous studies have been
performed worldwide and more than (1000) sequence alterations have been
reported in both genes (BIC). Mutations are scattered throughout the large
coding regions of the genes, making mutation screening challenging both
technically and financially. Vast majority of reported mutations are small
insertions or deletions, nonsense mutations, or alterations affecting the splice-
site (BIC). Many missense substitutions have also been identified, but their role
in carcinogenesis is much harder to establish, and therefore, most of them are
classified as alterations with unknown significance (BIC).

The observed mutation spectrum is largely influenced by the techniques used in

mutation screening. As most studies have used PCR-based methods, large
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genomic rearrangements and regulatory mutations have been missed, and it has
been estimated that only (63%) of mutations can be detected by conventional
screening techniques (Ford et al, 1998). And indeed, several large genomic
rearrangements have recently been identified particularly in BRCALl (Petrij-
Bosch et al, 1997; Puget et al, 1997; Swensen et al, 1997; Puget et al, 1999;
Rohlfs et al, 2000; the (BRCA1) exon (13) duplication screening group, 2000;
Unger et al, 2000; Gad et al, 2002; Hofmann et al, 2002; Montagna et al, 2003),
and to a lesser extent in (BRCA2) (Nordling et al, 1998; Wang et al, 2001a).
High frequency of such mutations in BRCAL is thought to result from unusually
high concentration of Alu-elements in the intronic sequences of the gene,
rendering it particularly prone to Alu - mediated unequal recombination (Smith
et al, 1996; Puget et al, 1997).

Most mutations are unique to the families they have been identified in, but in
many populations recurrent founder mutations also exist. The founder effect is
most clearly seen in Iceland, where one BRCA2 mutation (999 del5) is estimated
to account for up to (76%) of families with multiple cases of female breast
cancer and/or male breast cancer (Thorlacius et al, 1996). Population frequency
of this mutation is estimated to be about (0.5%) (Johannesdottir et al, 1996;
Thorlacius et al, 1997). Strong founder effect is also seen among Ashkenazi
Jews, where approximately (2.5%) of individuals carry (1) of the (3) founder
mutations (185delAG or 5382insC in BRCAL, 6174delT in BRCA2) (Roa et al,
1996; Struewing et al, 1997; Hartge et al, 1999). These mutations are estimated
to account for (45%) of high-risk families among Ashkenazis (Tonin et al,
1996). The commonness of the mutations is exemplified in one large kindred
where all (3) mutations have been identified (Liede et al, 1998). As data on
BRCA1 and BRCA2 mutations accumulates, recurrent founder mutations are
being identified in a growing number of populations. So far these include for
example French Canadians (Simard et al, 1994; Tonin et al, 1998), Austrians

(Wagner et al, 1996), Dutch (Petrij-Bosch et al, 1997), Belgians (Goelen et al,
Page 51 of 192



1999), Swedes (Hakansson et al, 1997), Russians (Gayther et al, 1997a), British
( BRCA1 exon 13 duplication screening group, 2000), Greek (Ladopoulou et al,
2002), African-Americans (Olopade et al, 2003), and Japanese, Chinese,
Philippines, and Pakistanis (Liede &Narod, 2002). Founder effect is also evident
in Finland, where (6) recurrent BRCAL and (5) BRCA2 mutations were shown to
account for the majority (84%) of BRCAL and BRCA2 positive families when
the whole coding regions and exon-intron boundaries were screened (Vehmanen
et al, 19973, b; Huusko et al, 1998).

2.17. Prevalence:

Early linkage studies on high-risk families indicated that up to (80 -100%) of
hereditary breast cancer susceptibility was due to BRCAL or BRCA2 (Easton et
al, 1993; Narod et al, 1995; Wooster et al, 1995). A few years later in a large
collaborative study where families with at least (4) cases of breast cancer
diagnosed below (60) years were analyzed (52%) of the families showed linkage
to or had germline mutations in BRCAL and (32%) in BRCA2 (Ford et al, 1998).
The vast majority (81%) of families with both breast and ovarian cancer were
linked to BRCA1, whereas families with male breast cancer cases were mainly
(76%) due to BRCAZ2. Interestingly, substantially smaller frequencies were
observed in families with (4) or (5) female breast cancer cases but no ovarian
cancer or male breast cancer as only (32%) and (9%) of such families were
linked to BRCA1 or BRCAZ2, respectively (Ford et al, 1998).

The prevalence of BRCA1 and BRCA2 germline mutations has been extensively
studied in breast and/or ovarian cancer families in different populations.
Altogether, it seems that germline mutations in BRCA1 and BRCA2 account for
about (20-50%) of hereditary breast cancer families a fraction substantially
smaller than originally thought, and the proportion appears to vary a great deal

between different populations.
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Mutation screening of BRCAL1 and BRCA2 is challenging due to the wide
mutation spectrum and large size of the genes. It is therefore not surprising that
only a few studies have reported estimates of the mutation frequencies among
unselected breast cancer patients. The largest studies have been carried out in
Ashkenazi Jewish and Icelandic populations where individual, highly recurrent
founder mutations have been found in (7-12%) and (8-9%) of unselected breast
cancer patients, respectively (Johannesdottir et al, 1996; Thorlacius et al, 1997;
Fodor et al, 1998; Warner et al, 1999). The specific nature of such very
recurrent founder mutations, and the presence of possible genetic or
environmental modifying factors in those particular, isolated populations, mean
that the results may not be used to estimate the contribution of BRCA1 and
BRCAZ2 to breast cancer incidence in other populations. In some other reports
patients have been unselected for family history, but the focus has been on early-
onset disease (FitzGerald et al, 1996; Langston et al, 1996; Krainer et al, 1997;
Malone et al, 1998; Hopper et al, 1999; Peto et al, 1999; Southey et al, 1999).
Mutation frequencies in these studies have varied from (1.9%-13%) for
BRCAland (2.2-2.7%) for BRCA2. In a few studies where patients have been
unselected both for family history and age at diagnosis the sample size has been
quite small (130-211) and only BRCA1 has been analyzed (Newman et al, 1998;
Tang et al, 1999). The mutation frequencies in these studies have varied
between (1.4-3.8%). Taken together, in many populations the contribution of
BRCAL and BRCAZ2 to breast cancer burden remains to be determined.

A complete list of the seven founder mutations can be found in (Table 2.1).
These mutations are so common that often individuals of French Canadian
ancestry initiate testing of the BRCA genes with a panel of the founder mutations
and if negative then consider reflex to complete evaluation of the genes (Culver
et al, 2006, 2007).
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Table (2.1): Selected examples of recurrent and founder
mutations in the BRCA genes (Culver et al, 2006, 2007).

POPULATION BRCA1l BRCA2
Ashkenazi Jewish 185delAG 6174delT
5382 ins C
Icelandic 999del15
6-kb dup exon 13
British 4184 deld
2804delAA
Dutch del exon 13
del exon 22
Chinese 1081delG
African American 943ins10
1832del5
5296del4
Hispanic 185delAG
del exon 9 - 12
4446C>T 8765delAG
French Canadian 2953del3 + C 2816insA
3768insA 6085G>T
6503delTT
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2.18. Immunohistochemical and molecular profile of BRCA1 &
BRCAZ2 associated tumors:

2.18.1. Steroid hormone receptors:
Since the discovery of the (ER) in (1960), it has become one of the most

important prognostic and predictive markers for breast cancer (Osbome, 1998).
It is well known that (ER) expression is inversely correlated with tumor grade
(Henderson & Patek, 1998). BRCA- associated tumors, which are more often of
higher grade than that of sporadic breast cancer, would therefore be predicted to
be more often (ER) negative. Indeed, numerous studies (Osien et al, 1998;
Osien, 1998; Johannson et al, 1997; Armes et al, 1999) have shown low levels
of (ER) expression in familial breast cancers. Osien et al (Osien et al, 1998;
Osien, 1998) have shown that when (ER) was assessed in BRCA associated
tumors in comparison with a grade-matched control group, the expression of
(ER) in BRCA1-associated tumors was still significantly lower (8 versus 26%).
In contrast, the expression of (ER) in BRCA2-associated tumors appears to be
similar to that in sporadic breast cancers.

The detection of (ER) immunohistochemically (IHC) does not necessarily reflect
its functional competence, and a certain proportion of tumors that express (ER)
are known to be resistant to antiestrogen therapy. The function of (ER) is
dependent on the ability to transactivate so-called (ER) dependent genes.
Expression of progesterone receptor (PgR) and (PS2) protein is indirect
evidence of retained transcriptional activation activity of (ER), and it has been
shown that (PgR) and (PS2) expression have stronger correlation with prognosis
in breast cancer than (ER) expression alone (Loakim et al, 1997).

Osien et al (Osien et al, 1998) showed that, although nine out of (40) familial
breast cancer patients were (ER) positive, only two of these were also (PgR)
positive. This suggests that even in cases where (ERs) could be identified

immunohistochemically, their functional ability may be compromised. Another
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intriguing question is at what stage of progression do tumors become hormone
independent? It has been demonstrated that both the invasive and in-situ
component in BRCA-associated tumors have a similar status of steroid hormone
receptor expression, suggesting that loss of hormonal response is a relatively
early event in progression of these tumors (Osien et al,1998; Osien, 1998).
These data strongly suggest resistance to antiestrogen therapy of BRCA-
associated tumors (BAT), and undoubtedly could have very serious practical
implications in view of proposed antiestrogen prophylaxis for patients from

high-risk families.

2.18.2. HER-2/neu:

A large number of studies have been performed on the functional role of c-
erbB2 oncogenes (HER-2/neu) in breast cancer. (HER-2/neu) product is a
tyrosine kinase receptor that belongs to the same family as epidermal growth
factor receptor. It is overexpressed in approximately (20-30%) of high-grade
invasive breast cancers and has been shown to be a valuable prognostic
indicator. (HER2/neu) status also predicts response to antiestrogen and cytotoxic
chemotherapy. Antibodies directed against the (HER2/neu) protein have
attracted a lot of attention recently because of the availability of the monoclonal
antibody herceptin for treatment of breast cancer (Ross &Eletcher, 1999).
Clearly, the role of (HER2/neu) in familial breast cancer is of interest.

Data on (HER2/neu) are limited and conflicting. Armes et al (Armes et al, 1999)
and Robson et al (Robson et al, 1998) have not shown a difference in
(HER2/neu) expression between sporadic and familial cancers. The study by
Johannsson et al (Johannsson et al, 1997), however, demonstrated that (c-erbB2)
expression in BRCAZl-associated cancers is lower than would be predicted on the
basis of their histological grade. Data from a large Breast Cancer Linkage

Consortium (BCLC) study are awaited to clarify this issue.
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2.18.3. TP53:

P53 protein is one of most important guardians of stability and integrity of the
genome, and acts to prevent cell proliferation after DNA damage and activates
apoptosis in case of unrepairable damage. Mutations in the TP53 gene are the
most common genetic alterations in human cancers and are encountered in
(20-40%) of sporadic breast cancers.

The frequency of these mutations correlates with tumor grade. Detection of p53
protein by immunohistochemistry has become a routine method in pathology
practice, and the presence of detectable p53 protein is an important prognostic
marker that correlates with higher histopathological grade, increased mitotic
activity, aggressive tumor behavior and therefore a worse prognosis (Rudolph et
al, 1999; Elledge &Allred, 1998). Using immunohistochemistry, Crook et al
(Crook et al, 1998) reported that BRCA-associated tumors were more often p53
positive than were grade-matched sporadic breast cancers (77% BRCAL, 45%
BRCA2, and 35% sporadic).

Further evidence for an important role for p53 in familial breast cancer comes
from the detection of mutations at a higher frequency than in sporadic cancers.
The mutations in BRCA-associated cancers were often multiple and their
locations unusual, which is marked contrast to sporadic cancer (Crook et al,
1998; Crook, 1997).

Studies of TP53 gene function in BRCA tumors have been performed using in
vitro models. These show that the identified mutants are unigue not only in their
number and location, but also in their function. The mutants retain some of the
wild p53-dependent activities, such as transactivation, suppression of
proliferation and apoptosis induction (in particular via PIG3 transactivation). At
the same time, these mutants fail to suppress transformation and they exhibit
gain of function (Smith et al, 1999).
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In sporadic breast cancer an inverse correlation between loss of p53 expression
and high proliferation index on one side, and low expression of the antiapoptotic
gene BCL2 on the other hand has been demonstrated. Surprisingly two studies
(Armes et al, 1999; Robson et al, 1998) have shown that BRCA1/BRCA2 tumors
have the same level of BCL2 expression as the control group, despite being
highly proliferative and with frequent p53 mutations. Clearly the regulation of
both cell cycle and apoptosis is multifactorial and relatively high expression of
antiapoptotic BCL2 is probably one of the mechanisms of tumor survival in
conditions where apoptosis- inducing genes are still transactivated by mutant
p53.

2.18.4. Cell cycle proteins:

The cyclin- dependent kinase inhibitor p21 blocks transition from (G1) to (S)
phase and suppresses cell proliferation. The p21 is thought to be major
downstream effectors of the wild-type p53-mediated growth arrest pathway that
Is induced by DNA damage. In sporadic breast tumors the expression of p21 is
inversely correlated with p53 expression and high tumor grade (Elledge &
Allred, 1998; McClelland et al, 1999). The proposed explanation is that mutated
P53 is unable to activate p21 transcription. Immunohistochemical studies (Crook
et al, 1998) have failed to demonstrate a relationship between p21 and p53 in
BRCA1/BRCA2 tumors, suggesting that p21 transactivation in this group could
be mediated by a p53-independent mechanism. This finding could be of
practical significance, because there is an increase in p21 expression and
apoptosis in cells with wild-type p53 exposed to chemotherapy (el-Deiry et al,
1994).

Another cyclin-dependent kinase complex inhibitor that plays an important role
in breast cancer pathogenesis is p27. There are reports that patients whose

tumors overexpress p27 have significantly higher survival rates. In small breast
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cancers (stages Tla & b) p27 expression was reported as the only independent
prognostic factor (Tan et al, 1997).

Data regarding p27 expression in familial BRCA-associated breast cancer are
scarce and contradictory. Robson et al (Robson et al, 1998) reported that p27
expression does not differ between sporadic and BRCA-associated cancers. This
IS contrary to our own observations, however, where we found p27 to be over
expressed in BRCAL1/BRCA2 breast cancers (86% in familial tumors versus
(65%) in sporadic tumors; Osien PP, unpublished observations). Some studies
(Mohammed et al, 1998) have demonstrated a better prognosis for familial
breast cancer. If this is substantiated (and there is evidence that this may not be
correct (Robson et al, 1998), the over expression of p27 could be one possible
explanation.

Cyclin D1 is a regulator of progression from (G1) to (S) phase in cell cycle. It
represents an important part of hormonal regulation of mammary epithelium
growth: cyclin D1 is known to be up regulated by estrogen and progestin and to
be down regulated by antiestrogens (Gillett, 1998). The transcription of ER-
regulated genes is also modulated by cyclin D1 (McMahon, 1999; Neuman et al,
1997). Overexpression of cyclin D1 is a common event in breast cancer and is
especially frequent in early onset breast cancer, probably because of high levels
of estrogens in this age group (Barnes &Gillett, 1998). BRCA1/BRCA2-
associated tumors show very low expression of cyclin D1 in both the invasive
and in-situ components, however (14% in both invasive and ductal carcinoma in
situ components in BRCA1/BRCA2 tumors, versus (35-36%) in invasive ductal
carcinoma in situ in sporadic tumors) (Osien et al, 1998) .

Taken together with the absence of (ER) and (PgR) in BRCA1/BRCAZ2 cancers,
the absence of cyclin D1 in these tumors could be additional evidence of

hormone independence of BRCA-associated familial breast cancers.
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2.18.5. Miscellaneous markers:

Disruption of normal regulation of the cell cycle leading to increased mitotic
activity is a manifestation of tumourigenesis. In addition to traditional counting
of mitotic figures, a number of immunohistochemical methods have become a
part of routine tumor investigation. A high proliferative index in BRCA-
associated tumors compared with a grade matched control group has been
demonstrated (Breast Cancer Linkage Consortium, 1997; Lakhani, 1998), and
recent studies (Armes et al, 1999) have confirmed it by demonstrating high Ki67
labeling index (83 versus 48%). Cathepsin D belongs to a family of proteases
that are involved in the tissue remodeling. Overexpression of cathepsin D in
breast cancer has been found to correlate with poor prognosis (Duffy, 1996;
Rochefort & Liaudet-Coopman, 1999; Fulco, 1998) and the expression of
cathepsin D in host stromal cells is associated with higher intratumoural
microvessel density. Expression of cathepsin D in BRCA1/BRCA2-associated
breast cancers was not found to be different from that in sporadic breast cancers
in two studies (Armes et al, 1999; Robson et al, 1998).

E-cadherin, an epithelial adhesion molecule is mutated at high frequency in
invasive lobular carcinoma. Epidemiological studies have shown a link between
familiality and lobular carcinoma, although this does not appear to be a
phenotype of either BRCA1 or BRCA2 cancer. Investigation of E-cadherin
expression in familial breast cancer is limited, and there is no evidence at
present that there are any significant differences between familial and sporadic

cancers (Armes et al, 1999).

2.19. Cell cycle regulators and proliferation:
The cell is a highly organized and complex process comprised of a series of
tightly controlled events that drives the replication of DNA and ensures correct

cell division. Cells are normally in the resting phase (G0), and after appropriate
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stimuli they enter the proliferative phases of the cell cycle which is made of four
phases; (G1), (S), (G2) and (M) phases (Figure 2.13).

Quiescence

G1S checkpoint

DNA synthesis

cell growth &
accumulation
of cyclins

MIG1 checkpoint

Mitosis

G2/M checkpoint

Preparation for Mitosis

Figure 2.13: The stages of the cell cycle
The cell cycle is an ordered process of events that occurs in four stages. During the two gap
phases, G1 and G2, the cell is actively metabolizing but not dividing. In S (synthesis) phase,
the chromosomes duplicate as a result of DNA replication. During the M (mitosis) phase, the
chromosomes separate in the nucleus and the division of the cytoplasm (cytokinesis) occurs.
There are checkpoints in the cycle at the end of G1 and G2 that can prevent the cell form
entering the S or M phases of the cycle. Cells that are not in the process of dividing are in the

GO stage, which includes most adult cells (Vermeulen et al, 2003).
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In the (G1) phase, the cell is in a preparation for the (S) phase, in which DNA
synthesis occurs followed by a second gap phase (G2) in preparation for the
phase (M) in which the cell undergoes mitosis to generate (2) diploid (GO) cells
which may reenter the cell cycle or persist in the resting phase (Fernandez et al,
1998; Gillett & Barnes, 1998). Cells are stimulated to divide in response to
numerous external signals, including growth factors, hormones and cellular
adhesion (Fernandez et al, 1998; Gillett & Barnes, 1998; Michalides, 1999).
During the (G1) phase of the cell cycle, cells are responsive to the external
stimuli and are dependent on them until they reach the restriction point (R). This
Is a point of no return beyond which the cell is committed to enter the cell cycle
and there after the process becomes autonomous (Michalides, 1999).

The transition through the cell cycle phases is mediated by sequential assembly
and activation of a family of serine/threonine proteins, the cyclin dependent
kinases (CDK; CDK1, CDK2, CDK4, CDK6 and CDK7) and the (CDK)
inhibitors (CKI; INK4 family: p15, p16, p18, pl19; Cip/Kip family: p21, p27).
The (CKI) are regulated by both internal and external signals such as the (TP53)
tumor suppressor gene and Transforming Growth Factor (TGF).

Control of cell proliferation in the normal cell cycle has several check-points
(Figure 2.13) to ensure an orderly sequence of events in the cell cycle as well as
complete and accurate replication of the cell before division (Gillett &Barnes,
1998). Of these, the DNA damage check points (G1/S and G2/M) are well
elucidated. Although it appears that oncogenic defects may target any major
check-point, the most frequently involved is the (G1/S) transition, and it
encompasses many of the important cell cycle events that may be specifically
altered in breast cancer including actions of the oncogenes (such as cyclin D1
and cyclin E) and tumor suppressors (such as p27).

Mammary gland is steroid hormone dependent, and it involves complex
interactions with other hormones, growth factors and cytokines as well as proto-

oncogenes (c-myc, cyclin D1 and cyclin E1). Proliferation is essential for tissue
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turn over but it exposes the cell to the occurrence of DNA damage (Gompel et
al, 2004). Cell proliferation plays an important role in the clinical behavior of
breast carcinoma (van et al, 2004) and it is a significant prognostic factor in
breast cancer. Tissue hemostasis results from the balance between cell
proliferation, differentiation and death in the form of apoptosis. An imbalance
between cell proliferation and apoptosis contributes to tumorigenesis and tumor

progression (De Jong et al, 1998).

2.20. Tumors arising in BRCA1 and BRCA2 mutation carriers:

Several distinctive histopathological features have been associated with breast
tumors arising in patients with BRCA1 mutations, suggesting that the
pathogenesis of these tumors may differ from that of sporadic cases. Breast
tumors in BRCAL - carriers are highly proliferating, frequently aneuploid, poorly
differentiated, have more nuclear pleomorphism, and show higher histologic
grade and more lymphocytic infiltration than sporadic tumors (Marcus et al,
1996; Johannsson et al, 1997; Breast Cancer Linkage Consortium, 1997; Armes
et al, 1998; Noguchi et al, 1999). Overrepresentation of medullary or atypical
medullary breast carcinomas is also frequently observed (Marcus et al, 1996;
Breast Cancer Linkage Consortium, 1997; Armes et al, 1998; Eisinger et al,
1998; Verhoog et al, 1998). Somatic (p53) alterations and overexpression of
(p53) protein are common in (BRCA1)- tumors, whereas they are more often
negative for estrogen and progesterone receptor and show low expression of
(ERBB2) (Johannsson et al, 1997; Armes et al, 1999; Noguchi et al, 1999 ;
Lakhani et al, 2002). Interestingly, frequent allelic loss of BRCAL in BRCA2 -
associated tumors and vice versa has also been observed (Staff et al, 2001). In
contrast to tumors in BRCAL - carriers, BRCA2- associated breast tumors appear
to be more heterogeneous and show no characteristic clinicopathological
features compared to sporadic tumors (the Breast Cancer Linkage Consortium,
1997; Armes et al, 1999; Noguchi et al, 1999). Both BRCA1l and BRCA2
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associated cancers are diagnosed at younger age and include higher incidence of
bilateral tumors than sporadic cases (Easton et al, 1993, 1995; Ford et al, 1994;
Miki et al, 1994; Wooster et al, 1994; Marcus et al, 1996; Johannsson et al,
1997; Verhoog et al, 1998; Noguchi et al, 1999; Hamann & Sinn, 2000).

By using comparative genomic hybridization, Tirkkonen et al (1997) observed
that the total number of somatic genetic alterations in tumors from BRCAland
BRCAZ carriers was nearly double of that seen in control tumors. This supports
the proposed role of BRCA1 and BRCA2 in maintaining genomic integrity.
However, the changes in BRCAL- tumors differed from those in BRCA2- tumors.
In (cDNA ) microarray analysis significant differences in gene expression
profiles were observed between BRCA1, BRCA2 , and sporadic breast tumors,
further supporting the molecular difference between cancers with underlying
germline BRCA1 and BRCA2 mutations as well as cancers without such
mutations (Hedenfalk et al, 2001).

2.21. Preventive measurements to reduce breast cancer risk in

BRCAL1/2 mutation carriers:
Individuals carrying mutations in BRCA1/2 have a (45-80%) chance of

developing breast cancer. There is evidence that strategies to reduce the risk of
cancer in populations who carry these mutations are effective (Peters et al,
2005), therefore it is important to identify those patients who will benefit from
genetic testing. Women with a BRCA1 or BRCA2 mutation may consider several
options for breast cancer prevention. The (3) main options are prophylactic
mastectomy, prophylactic oophorectomy, and chemoprevention.

The goal of prophylactic mastectomy is to prevent breast cancer, thereby
eliminating the potential for metastatic spread and death from the disease.
Studies suggest that the residual breast cancer risk after mastectomy is minimal
(< 5%), and much less than the risk of breast cancer in the general population

(Hartmann et al , 2001; Meijers et al, 2001; Rebbeck et al, 2004).
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It has been shown that BRCA1- associated triple negative breast cancers are
hormonally associated (Narod, 2002). The purpose of an anti-hormonal therapy
iIs to eliminate or block the effect of ovarian estrogen, and probably
progesterone, or to prevent aromatization of androgen to estrogen. Tamoxifen
and oophorectomy have been well studied in women with BRCAL1 or BRCA2
mutations. Cohort studies estimate the reduction in hereditary breast cancer risk
associated with a premenopausal oophorectomy to be about (50% ; Kauff et al,
2002; Rebbeck et al, 1999; Rebbeck et al, 2002).

Tamoxifen is a selective estrogen receptor modulator (SERM) which competes
with estrogen for binding to the estrogen receptor. In humans, tamoxifen acts as
an estrogen antagonist in breast tissue, inhibiting the growth of estrogen-
dependent breast tumors (Pritchard, 2001). On theoretical grounds, tamoxifen
should not reduce the incidence of estrogen-receptor (ER) negative breast
cancers, and most breast cancers that occur in BRCA1 but not BRCA2 carriers
are (ER) negative.

More recently, Poly (ADP-ribose) polymerase (PARP) inhibitors were found as
a promising new class of targeted agents for the treatment of patients with
various malignancies (breast, ovarian and prostate cancer) (Fong et al, 2009).
The (PARP) enzyme plays a key role in the repair of DNA breaks. Evidence
suggests that normal cells can tolerate (PARP) inhibitors by activating backup
repair pathways that depend upon the activity of BRCA1 and BRCA2 proteins.
Though there is widespread enthusiasm to move these drugs forward quickly,

much remains to be understood about the optimal use of the novel agents.

2.22. BRCA1 and BRCAZ2 in sporadic breast cancer:

Soon after identification, it became evident that somatic mutations in neither
BRCAL nor BRCA2 play a major role in the tumorigenesis of sporadic breast
cancer (Futreal et al, 1994; Lancaster et al, 1996; Miki et al, 1996; Teng et al,

1996). In subsequent years the observation has been confirmed, with reports on
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such acquired inactivating mutations being extremely rare (Weber et al, 1999
Papa et al, 1998; Khoo et al, 1999; van der Looij et al, 2000). Still, BRCAL and
BRCA2 may affect the pathogenesis of non-familial breast carcinoma through
other, more indirect mechanisms.

Both protein products may be subcellularly mislocalized into the cytoplasm, and
thereby turned nonfunctional (Chen et al, 1995b; Spain et al, 1999). Marked
reduction in BRCA1 expression level has also been observed in sporadic breast
tumors (Thompson et al, 1995; Yoshikawa et al, 1999), with correlation to
tumor-grade (Taylor et al, 1998; Wilson et al, 1999), proliferation (Jarvis et al,
1998), and metastatic potential (Taylor et al, 1998; Seery et al, 1999). Possible
mechanisms that may lead to low BRCA1 expression include (LOH), promoter
hypermethylation, regulation of protein stability; allele specific expression,
(p53) or (ID4) mediated repression, activation of the negative regulatory site in
the first intron, loss of activation by transcription factors, or activation of
(NBR2) expression (reviewed in Mueller & Roskelley, 2002). In BRCA2, no
methylation of the putative promoter region has been observed (Collins et al,
1997), but there are reports on frequent (LOH) (Cleton-Jansen et al, 1995;
Beckmann et al, 1996; Hanby et al, 2000; Johnson et al, 2002).

BRCAL/2 have been shown to serve as important central components in multiple
biological pathways that regulate cell-cycle progression, centrosome
duplication, DNA damage repair, cell growth, and apoptosis (Deng & Brodie,
2000). Evidence that the loss of BRCA1 alleles or low expression of BRCAL in a
large proportion of sporadic breast cancer cases supports the role of BRCAL in
the development of sporadic breast cancer (Serry et al, 1999; Wilson et al, 1999;
Yoshikawa et al, 1999).

BRCA1 and BRCA2 may also themselves function normally in sporadic cancer,
but mutations in other components in their pathways may lead to malignant
transformation (Rahman & Stratton, 1998). So far, the extent of which BRCAl
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and/or BRCA2 contribute to the pathogenesis of sporadic breast cancer remains

unclear.

2.23. BRCA1 & BRCAZ2 Function in the DNA damage response:

The ability to precisely control the order and timing of cell cycle events is
essential for maintaining genomic integrity and preventing mutations able to
disrupt normal growth controls. Cells exposed to DNA damaging agents, such as
ionizing radiation, coordinately arrest the progression of the cell cycle at the
G1/S phase, the S phase and the G2/M phase to allow adequate time for damage
repair (Elledge, 1996; Kastan & Bartek, 2004). It is now widely accepted that
both BRCA1 and BRCA2 play multiple critical roles in the maintenance of
genome stability as evidenced by a profound number of chromosomal
translocations, duplications, and aberrant fusion events between non-
homologous chromosomes in BRCAL and BRCAZ2 deficient cells (Venkitaraman,
2002; Moynahan et al, 2001; Patel et al, 1998).

2.23.1. BRCAL Function in DNA damage repair:

Recent studies reveal that BRCAL plays essential roles in HR repair, NHEJ, and
nucleotide excision repair (NER) (Deng &Wang, 2003); BRCA1 mediates these
functions through interaction with components of the DNA repair machinery,
and by regulating the expression of genes involved in the DNA damage repair
pathways (Deng & Wang, 2003). Studies suggest that BRCAL carries out these
roles in damage repair by acting as a link between the sensing and effecting
components of the DNA damage response (Boulton, 2006; Moynahan et al,
2001).

BRCAL plays a critical role in responding to DSBs through its function in HR. In
ways still to be defined, BRCAL recruits BRCA2, which facilitates Rad51
filament formation on the ssDNA (Zhang & Powell, 2005). Rad51 catalyzes the

invasion of the homologous sequence on the sister chromatid, which is then used
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as template for accurate repair of the broken DNA ends (Powell et al, 2002;
Valerie & Povirk, 2003). Other studies have shown that BRCA1 co-localizes
with Rad50, a member of the MRN complex, following the induction of DNA
damage; Mrell encodes nuclease activity which resects flush ends of DSBs to
generate ssDNA tracts (Haber, 1998). BRCA1 binds DNA directly and inhibits
this Mrell activity regulating the length and the persistence of ssDNA
generation at sites of DNA damage (Paull et al, 2000). As ssDNA is a substrate
for DNA repair by HR, it appears that BRCAL1 might play an essential role in HR-
mediated repair of DSBs through its inactivation of Mrell; an idea confirmed by
the observation the HR is defective in BRCA1-deficient cells (Moynahan et al,
1999).

In addition to its somewhat unclear roles in DSB repair, BRCAL has also been
found to be a constituent member of a large nuclear protein complex named the
BRCAL-associated surveillance complex (BASC). This complex contains the
MRN complex, DNA-mismatch repair proteins MSH2, MLH1 and MSH6, DNA
helicase BLM, ATM, RFC and PCNA (Wang et al, 2000). Many of these proteins
are involved in the sensing and repair of abnormal DNA structures, and have
been linked with the repair of replication-associated DNA damage (Wang et al,
2000). Taken together this evidence suggests that BRCA1 might function as a
coordinator of multiple processes required for the maintenance of genome
integrity during the process of DNA replication and DNA - replication associated
repair (Gundmundsdottir & Ashworth, 2006).

2.23.2. BRCA2 Function in DNA Damage Repair:

BRCA1 and BRCA2 co-localize with Rad51 to form DNA repair complexes
(Scully et al, 1997). This co-localization of the BRCAs with Rad51 at sites of
recombination and DNA damaged-induced foci strongly suggests that the BRCA
proteins play a role in the detection of DSBs (Scully et al, 1997). The roles
played by BRCA1 and BRCA2 in the repair of DSBs by HR appear to differ, as
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evidence indicates a more direct role for BRCA2. The physical interaction
between BRCA2 and Rad51 is essential for HR repair of DSBs to take place;
BRCAZ2 is thought to be required for the transport of Rad51 from its site of
synthesis to the site of DNA damage, where Rad51 is then released to form the
nucleoprotein filament required for HR to take place (Zhang & Powell, 2005).
Their interaction is mediated by the BRC repeats, and an unrelated domain
located at the C- terminus of the BRCA2 protein (Wong et al, 1997; Davies et al,
2001). In BRCAZ2 defective cells, a reduction in the accurate repair of DSBs by
HR is observed, along with an increase in the number of deletion events
(Moynahan et al, 2001). These deletions are thought to arise predominantly due
to the shunting of DSB repair down the SSA repair pathway (Moynahan et al,
2001). These cells also show an elevated sensitivity to IR, while the cell cycle
checkpoint and apoptotic responses to DNA damage remain intact (Moynahan et
al, 2001; Yu et al, 2000). Thus, while the function of BRCA2 in HR is well
characterized it remains to be seen whether BRCA2 participates directly in cell
cycle regulation via checkpoint function, or whether it simply plays an indirect
role in activating cell cycle checkpoints through a deficiency in the repair of
DNA lesions (Yoshida & Miki, 2004).

2.23.3. Functions of BRCAl1 & BRCAZ2:
Both BRCA1 and BRCA2 are involved in maintaining genome integrity at least

in part by engaging in DNA repair, cell cycle checkpoint control and even the
regulation of key mitotic or cell division steps (caretakers). Unsurprisingly, the
complete loss of function of either protein leads to a dramatic increase in
genomic instability. A summary of the involved pathways and protein - protein
interactions is given in (Figure 2.14). The (RING) domain at the amino terminus
of BRCA1l mediates the interaction with (BARD1). The (BRCAL1/BARD)
heterodimer shows ubiquitin ligase activity (Chen et al, 2002; Wu et al, 2003).
The central region interacts with the (DNA) repair protein complex (MRN),
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(Mrell-Rad50-NBS1) and the (ZBRK1) transcriptional repressor (Zheng et al,
2000; Zhong et al, 1999). The (Mrell-Rad50-NBS1) complex binds to and
processes (DNA) double stranded breaks. This complex is involved in both
nonhomologous end joining and homologous recombinational repair. The
carboxyl terminus of BRCAL contains tandem (BRCA1) C-terminal (BRCT)
repeats. This region binds to phospho-peptides (Manke et al, 2003; Yu et al,
2003) involved in cell-cycle checkpoints and DNA repair. Several proteins
including (BACHL1), (CtIP), (Acetyl-CoA carboxylase), (Abraxas/CCDC98), and
(RAP80) interact with the BRCT domain of BRCAL in a Phospho - dependent
manner (Rodriguez & Songyang, 2008). This reveals how BRCAL maintains
genomic stability through (DNA) repair and cell cycle checkpoint activation.
Three BRCA1 protein complexes have been characterized. One complex
contains (BRCA2) and (PALB2), a (BRCA2) - associated protein (Sy et al, 2009;
Zhang et al, 2009). The BRC domain in the middle third of BRCAZ2 binds to the
Rad51 recombinase (Chen et al, 1998; Wong et al, 1997). (BRCA2) - Deficient
cells show defective formation of (IR) - induced (Rad51) foci (Yuan et al,
1999). Both the formation of (Rad51) nuclear filaments and (Rad51) - mediated
strand exchange during homologous recombination are regulated by BRCA2
(Thorslund et al, 2007).

At the carboxyl terminus of (BRCA2) is a region with extensive secondary
structure that interacts with the evolutionarily conserved protein (DSS1). Based
on the 3-D structure, it is predicted that the high-affinity (ssSDNA) - binding and
(dsDNA)- binding domains of (BRCA2) play critical roles in homologous
recombination (Yang et al, 2002).
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2.24. Mutation detection methods:
The basic principles involved in these techniques are discussed below:
2.24.1. Allele specific oligonucleotides (ASO):

This method is used to detect one or more known specific mutations in
population. It makes use of nucleotide probes which are short and specific for
particular DNA sequences. This is a simpler and less expensive approach than
searching for any new mutation in family members. This type of mutation
detection technique is more popular in Ashkenazi Jewish (AJ) population and
other founder mutations. The major disadvantage of this technique is that it uses

radioactive material and can miss other mutations if present.

2.24.2. Protein truncation test (PTT):

Most BRCAL and BRCA2 mutations result in short or truncated protein. PTT is a
method that detects mutations arising from termination of mRNA translation
process. As a result of this, the protein product is truncated. The truncated
protein could have arised due to a frameshift mutation, non-sense mutation and
splice site mutation. The advantage of PTT method is that, it can detect
mutations of large kilobases. However, this method cannot detect

polymorphisms, silent mutations and missense mutations.

2.24.3. Single strand conformational polymorphism (SSCP):

SSCP is one of the simplest screening techniques for detecting unknown
mutations (microlesions) such as unknown single base substitutions, small
deletions, small insertions, or microinversions. A DNA variation causes
alterations in the conformation of denatured DNA fragments during migration
within gel electrophoresis. The logic is comparison of the altered migration of
denatured wild-type and mutant fragments during gel electrophoresis (Kakavas
et al, 2008). In this technique, briefly, DNA fragments are denatured, and

renatured under special conditions preventing the formation of double-stranded
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DNA and allowing conformational structures to form in single-stranded
fragments. The conformation is unique and resulted from the primary nucleotide
sequence. Mobility of these fragments is differed through non denaturing
polyacrylamide gels; detection of variations is based on these conformational
structures. PCR is used to amplify the fragments, called PCR-SSCP, because the
optimal fragment size can be (150 to 200) bp. About (80-90%) of potential point
mutations are detected by (SSCP) (Kakavas et al, 2008; Nataraj et al, 1999).

2.24.4. DNA Sequencing (DS):

As a powerful technique in molecular genetics, DNA sequencing provides
analysis of genes at the nucleotide level. The main aim of DNA sequencing is to
determine the sequence of small regions of interest (~1 kilobase) using a PCR
product as a template. Dideoxynucleotide sequencing or Sanger sequencing
represents the most widely used technique for sequencing DNA (Franca et al,
2000). In this method, double stranded DNA is denatured into single stranded
DNA with NaOH. A Sanger reaction consists of a single strand DNA, primer, a
mixture of a particular ddNTP with normal dNTPs (e.g. ddATP with dATP,
dCTP, dGTP, and dTTP). A fluorescent dye molecule is covalently attached to
the dideoxynucleotide. ddNTPs cannot form a phosphodiester bond with the
next deoxynucleotide so that they terminate DNA chain elongation. This step is
done in four separate reactions using a different ddNTP for each reaction. DNA
sequencing could be used to check all small known and unknown DNA

variations (Franca et al, 2000).

2.24.5. Denaturing gradient gel electrophoresis (DGGE):

DGGE has been used for screening of unknown point mutations. It is based on
differences in the melting behavior of small DNA fragments (200 -700 bp); even
a single base substitution can cause such a difference. In this technique, DNA is

first extracted and subjected to denaturing gradient gel electrophoresis. As the
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denaturing condition increases, the fragment completely melts to single strands.
The rate of mobility in acrylamide gels depends on the physical shape of the
fragment. Detection of mutated fragments would be possible by comparing the
melting behavior of DNA fragments on denaturing gradient gels. Approximately
less than (100%) of point mutations can be detected using DGGE. Maximum of
a nearly (1000) bp fragment can be investigated by this technique (Fodde &
Losekoot, 1994).

2.24.6. Heteroduplex analysis (HDA):

A mixture of wild-type and mutant DNA molecules is denatured and renatured to
produce heteroduplices. Homoduplices and heteroduplices show different
electrophoretic mobilities through non denaturing polyacrylamide gels. In this
technique, fragment size ranges between (200) and (600) bp. nearly (80%) of
point mutations have been estimated to be detected by heteroduplex analysis
(Glavac & Dean, 1995).

2.24.7. Restriction fragment length polymorphism (RFLP):

Point mutations can change restriction sites in DNA causing alteration in
cleavage by restriction endonucleases which produce fragments with various
sizes. RFLP is used to detect mutations occurring in restriction sites (Botstein et
al, 1980).

2.24.8. Next generation sequencing (NGS):

In recent years, newer technologies for DNA sequencing in a massive scale have
been emerged that are referred to as next-generation sequencing (NGS). High
speed and throughput, both qualitative and quantitative sequence data are
allowed by means of (NGS) technologies so that genome sequencing projects
can be completed in a few days (Rabbani et al, 2012; Schuster, 2008). (NGS)

systems provide several sequencing approaches including whole - genome

Page 74 of 192



sequencing (WGS), whole exome sequencing (WES), transcriptome sequencing,
methylome, etc. The coding sequences compromises about (1%) (30Mb) of the
genome. More than (95%) of the exons are covered by (WES); on the other
hand, (85%) of disease-causing mutations in Mendelian disorders are located in
coding regions. Sequencing of the complete coding regions (exome) (Ku et al,
2012), therefore, could potentially uncover the mutations causing rare, mostly
monogenic, genetic disorders as well as predisposing variants in common

diseases and cancer.

2.24.9. DNA microarray technology:

DNA “chips” or microarrays have been used as a possible testing for multiple
mutations. In this technology, single DNA strands including sequences of
different targets are fixed to a solid support in an array format. On the other
hand, the sample DNA or cDNA labeled with fluorescent dyes is hybridized to
the chip (Forozan et al, 1997). Then using a laser system, the presence of
fluorescence is checked; the sequences and their quantities in the sample are

determined.

2.25. Treatment:
Treatment choices are broadly classified into:
« Local therapy.
« Systemic therapy.
Methods of systemic therapy include:
a. Chemotherapy.
b. Hormonal therapy.
c. Biological therapy
Adjuvant therapy refers to additional treatment given after primary treatment of

cancer to prevent its recurrence.
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2.25.1. Local therapy:

Local therapy is used to control the cancer in a specific region include:

2.25.1.1. Surgical treatment of breast cancer:
Surgery is the most common form of treating breast cancer. Operations for
breast cancer include Breast conserving surgery (lumpectomy), Mastectomy and

axillaries lymph node dissection.

2.25.1.2. Breast conserving surgery (lumpectomy):

This surgery, a large portion of the breast where the lump is present is removed
along with the surrounding margins sparing the other regions of the breast.
Hence it is called as breast conserving surgery. This is often followed by
radiation therapy to prevent its recurrence. This procedure is also known as

segmental mastectomy.

2.25.1.3. Mastectomy:

It is a procedure where the entire breast is removed along with some lymph
nodes. In modified radical mastectomy, the entire breast is removed along with
axillary lymph nodes with the lining of the chest muscles. In radical mastectomy
(also called as Halsted Radical Mastectomy), the breast, axillary lymph nodes,

chest muscles and additional fat and skin over the chest are also removed.

2.25.1.4. Radiation therapy:

It is a method of treatment where high energy X-rays are used to treat the cancer
cells. The radiation therapy can be obtained in two ways either through a
machine (external radiation) or by implanting thin plastic tubes containing

radioactive material (implant radiation) which requires hospital stay.
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2.25.2. Systemic therapy:
Systemic therapy is used to:
. Control the spread of cancer.
« To decrease the tumor size for effective local therapy.

« O prevent recurrence.

2.25.2.1. Chemotherapy:

It is a mode of treatment where drugs are used to destroy the cancer cells. They
are used either alone or in combination with one or more drugs. Some common
chemotherapeutic agents are

. Anti-metabolites (e.g. methotrexate, and 5-fluoro uracil).

« Tumor antibiotics (e.g. doxorubicin and epirubicin).

« Anti-microtubule agents (e.g. paclitaxel, docetaxel, and vinorelbine).

« Alkylating agents (e.g.cyclophosphamide).
Anti-metabolites and tumor antibiotics destroy the genetic materials that are
required for the survival of cancer cells. Anti-microtubule agents interfere with
cell division and alkylating agents replaces certain hydrogen atoms in DNA with
another molecule (an alkyl radical). This damages the DNA, and leads to cell
death. They are either used to shrink the tumor before any local therapy is given
(neoadjuvant therapy) or used as an additional therapy after surgery to prevent

recurrence (http://www.veritas medicine.com).

2.25.2.2. Hormone therapy:

Breast tissues express some receptors for sex hormones, and cancer growth
partly depends on hormonal stimulation. The aim of hormone therapy is to
withdraw the stimulus either by reducing hormone production or by blocking
hormone receptor binding. A well known example for hormone therapy
Is tamoxifen (Nolvadex) which is a serum estrogen response modulator taken in
the form of oral pills for a period of five years. It competes with the receptors
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for the estrogen and hence prevents it from binding. It is particularly useful for
patients of estrogen receptor positive status. Other hormonal agents which are
used in breast cancer are aminoglutethimide (cytadren), anastrozole (arimidex),
exemestane (aromasin), fadrozole (afema), letrozole (femara), megestrol acetate
(megace, pallace), methyltestosterone (android-10, testred, virilon) and

testosterone (andro, androgel, testderm).

2.25.2.3. Biological therapy:

This mode of treatment employs herceptin (Trastuzumab), a monoclonal
antibody which targets cell surface receptor protein, Her-2/neu which is
essential for cell growth and division. This protein is over-expressed in (25%) of
the tumors and due to this, tumors tend to grow faster and the chances of
recurrence are high. The amount of Her-2/neu protein in tumors tissue for which
herceptin has to be started is determined by a scale (0-3), where 0 means
negative and (3) means strongly positive. The scaling system helps the treating
physician, to decide upon the treatment options. Herceptin is given

intravenously to treat the cancer.

2.25. 3. Therapy-in trail:

Scientists at University of Southern California have found a protein called
contortrostatin (CN) from the venom of snake, southern copperhead viper which
has major impact on the metastasis of breast cancer. (CN) prevents
multiplication of cancerous cells rather than killing them. Therefore, it helps in
shrinking of the tumor and it also inhibits the formation of new blood vessel.
(http//news.bbc.co.uk).

Researchers have found a compound of vitamin A, fenretinide, which prevents
the chances of getting a second tumor in premenopausal young women. It is also
thought to be useful in high risk patients in preventing the development of breast

cancer (http//news.bbc.co.uk).
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Materials and Methods:
3.1. Study design:

This study is a cross sectional, hospital based study.

3.2. Study population:

The study population comprised of (52) breast cancer patients unselected for age
of onset or family history from newly established Tumor Treatment & Cancer
Research Center (TTCRC) in Shendi from the period between December (2013)
to January (2015) and control sample consist of (30) healthy females with no

family history of cancer.

3.3. Questionnaire:

The questionnaire (Appendix-I) has been filled by all patients. It included the
demographic data and the risk factors associated with breast cancer risk such as
the age of patients, height, weight, age at menarche, age at menopause, using of

contraceptives pills, and family history of the study population.

3.4. Permission and ethical considerations:

According to research ethics, permission was obtained from Ethical committees
of Almak Nimir hospital (Appendix-11) for specimen collection and performing
the study. The objective of the study was explained to all participants and their

consent was obtained (Appendix I11).

3.5. Materials
3.5.1. Chemicals and Reagents

The chemicals and reagents used in this study include:
- Genomic DNA purification Kit from iNTRON.
- Absolute Ethanol.
- Isopropanol Alcohol.
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Agarose.
Taqg DNA polymerases.

3.5.2. Disposables:

The major disposables used in this study are listed blew:

K3-EDTA Tube.

Sterile syringe.

Cotton.
Alcohol.

Disposables powder gloves.
Micro Tubes, (1.5) ml capacity.
Micro Tubes, (0.2) ml capacity.
Micropipettes tips.

3.5.3. Equipments:

All experiments of this study were done at the Alneelein University- Molecular

biology Lab- Faculty of Medical Laboratory except the sequencing, which was

done at Macrogen Incorporation-Seoul, South Korea.

The major equipments that were used are listed below:

Thermocycler machine.
Microcentrifuge.
Refregerator (-20°C).
Vortex Mixer.
Micropipette Lab.
Microwave.

Safety Cabinet.
UV-Transilluminator.
Electrophoresis plate.

Electric stabilizer.
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3.6. Methods:

3.6.1. Case selection:
All patients with breast cancer diagnosed during the period of December (2013)
to January (2015) were enrolled in the study except the patients who refused to

be included in this study.

3.6.2. Blood sample collection:
A peripheral blood sample (3-5 ml) was collected in EDTA Tube. The buffy coat

was separated and frozen at (- 80°C) till used.

2.6.3. Laboratory tests:

>  DNA extraction.

»  Polymerase chain reaction.
>  DNA directs sequencing.
2.6.4. DNA extraction:

Genomic DNA was extracted from whole blood samples of cases with breast
cancer as well as controls using a DNA extraction kit (iNTRON Biotechnology,
South Korea) in accordance with the manufacturer’s protocols as follows:

- A (300) ul whole blood was added to (1.5) ml tube containing (900) ul RBC
lysis solutions. Mixed by vortexing and incubated for (5) min at room
temperature.

- Centrifuge at (10.000) x g for (1) minute. The supernatant was removed except
the white cell pellet and remained about (50-100) pl of the remnant which help
cell pellet to resuspend.

- Vortex the tube to resuspend the cells.

- A (300) pl cell lysis solution was added to the resuspended cells.

- (1.5) pl RNase (optional) was added to the cell for lysate and incubated at
37°C for (15-30) min.
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-The sample was chilled to room temperature, then (100) wl PPT buffer was
added to the cell lysate and vortexed vigorously at high speed for (20) seconds.

- Centrifuge at (14.000) x g for (4) mins. The precipitated proteins will formed a
tight white pellet.

- Then transferred to the (300) ul of supernatant containing the DNA (leaving
behind the precipitated protein pellet) into a (1.5) ml tube.

- (300) ul (100%) Isopropanol was added.

- Centrifuge at (14,000) x g for (1) min. The DNA will be visible as small white
pellet.

- Pour of the supernatant and drained the tube briefly on clean absorbant paper.

- 1ml (70%) Ethanol was added and inverted the tube several times to wash the
DNA pellet.

- Centrifuge at (14,000) rpm x g for 1 min.

- Carefully pour off the ethanol slowly and watch the pellet.

-Inverted and drained the tube on the clean absorbent paper and allow to air dry
for (10 -15) min,

- Last step (150) ul DNA Rehydration buffer was added and then the DNAs were
incubated at (65 C °) for (30-60) min or at (4 C°) to overnight.

- For long term storage the DNAs were stored at (-20 C°) or (-80 C°)

-The purity of DNA was measured by O.D 260:280 ratios by Nano Drop

Spectrophotometer and gel electrophoresis.

3.6.4. Primers selection:

Selection of primers according to experience and previous studies in BRCA1
were done by Elnor in Marawy (Elnor et al, 2010) for BRCAlexon (11) reigons
(11-1 (C) &11-9 (D)), and the other study done by Mogtaba & Alsmawal in
Khartoum state 2015 (submitted for publication) for BRCAL exon 20 (A), and
BRCA2 exon 11 (B) detection mutations.
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The Exons fragments and its reagents are produced by Macrogen Corporation

Seoul, South Korea). Exons fragments and its size range were as the following

tables:

Table (3.1) Primers selected for BRCAL gene mutation

Primers Exon | Annealing |Primer| Product
Temp. °C | Size Size

F:5'AGA GGC ATC CAG AAA AGT ATC 11 57 24bp | 239 bp
AGG '3 57 22 bp
R:5' GGG AGT CCGCCTATCATTACAT3| 11
F:5'TTGTCAATCCTAGCCTTC CAA 11 58 24bp | 224 bp
GAG '3 11 58 24 bp
R:5'TTT TGC CTT CCC ATG AGT GCT
AAC '3
F5"ATATGA CGT GTC TGC TCC AC '3 20 55 20bp | 401bp
R:5'GGG AAT CCA AAT TACACAGC '3 20 55 20 bp

F: forward (Sense)

R: reverse (Antisense)  bp: base pair
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Table (3.2) Primer selected for BRCA2 gene mutation

Primers Exon Anneallong Prl_mer Product
Temp. °C | Size
Size
F:5'GCT CTC TGA ACATAA CAT TAAG'3 11 50 22bp | 451bp
R:5'CAT TAT GAC ATG AAG ATC AG'3 11 50 20 bp

F: forward (Sense)  R:reverse (Antisense)  bp: base pair

3.6.5. DNA amplification procedure:

In this step eluted DNA which has been extracted from the samples was am-
plified using Maxime PCR PreMix Kit i-Tag (20) ul (iNTRON Biotechnology,
South Korea), which contain Tag DAN Polymerase, dNTP mixture, reaction
buffer.

Then Amplification for the targeted regions was done after addition of (15-17 pl
D.W, (1- 3) ul sample DNA and (1) ul of each forward and reverse primer) to the
ready-to-use master mix volume. PCR mixture was subjected to initial
denaturation step at (96)°C for (5) minutes, followed by (35) cycles of
denaturation at (96) °C for (30) seconds, primer annealing at (50) °C, (55) °C,
(57) °C, and (58) °C depending on the primer used for (30) seconds, followed by
a step of elongation at (72) °C for (1) min, the final elongation was at (72) °C
for (10) minutes according to published literature (Dufloth et al, 2005; Elnor et
al, 2012).
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3.6.6. Agarose Gel-electrophoresis:

The PCR products were visualized in (2%) Agarose gel with (0.5) pg/ml
Ethidium bromide staining, the gel was prepared by dissolving (0.5) g of agarose
powder in (25) ml of 1X TBE buffer and heated at (65)°C in microwave until the
agarose completely dissolved, then left to cool at room temperature and (2) pl
Ethidium bromides was added. The comb was then placed appropriately in the
electrophoresis tray and then gel was slowly poured and left to set for (30) min
for solidification. In a clean Eppendorf tube (10) pl of (100) bp DNA ladder and
PCR product was loaded on the gel. Gel-electrophoresis was performed at
(100V) and (60) Am for (30-45) minutes. Pictures were taken by gel

documentation system (Gel mega, digital camera and software in a computer).

3.6.7. Interpretation of PCR results:
The PCR products length for the two overlapping fragments of BRCA1 exon 11
(11-1(C), 11-9 (D)) BRCAL1 exon (20) and BRCA2 exon (11) would have

specific length after staining with ethidium bromide.

3.6. 8. Sequencing of BRCA1 & BRCAZ2 gene:

Sanger sequencing was performed for PCR products. Each sample was analyzed
by 4 primers (A, B, C, and D) for the (52) patient samples and (30) negative
control samples run for both forward and reverse strands targeting the four
selected regions within BRCA1&2 genes were performed by Macrogen

Company (Seoul, South Korea) using the same primers.

3.7. Bioinformatics analysis:

The sequences chromatogram was viewed by (Finch TV 1.4.0 program)
(http://www.geospiza.com/ Products/finchtv.shtml).

Then the nucleotides sequences of BRCA1&2 genes were searched for
sequences similarity using nucleotide BLAST (http://
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blast.ncbi.nlm.nih.gov/Blast.cgi) (Atschul et al, 1997) highly similar sequences
were retrieved from (NCBI).

According to nucleotide database reference sequences (NG_005905) on
chromosome (17) which represents the whole BRCAL gene, and the transcript
variant 1(NM_007294) mRNA with (7224) bp which comprises mainly the
coding sequences of the gene and Protein accession numbers: (NP_009225)
protein isoform 1 with (1863 a. a; the first was used to check all the three primer
amplicons within gene regions nucleotides, while the second transcript variant 1
was used for assessing all the amplicons coding sequences and the comparative
analysis of the patients nucleotide sequences within BRCAL gene, also used
(NM_000059) as reference sequences for a BRCA2 nucleotides sequences.

Any changes within the tested sequences were noticed through multiple
sequences alignment using BioEdit software (Hall, 1999). All sequences were
translated into amino acid sequences using online Expasy translate tool
(http://web.expasy.org/translate). The resulted amino acid sequences were

compared all together again using BioEdit software version 7.0.9.1 (Hall, 1999).

3.7.1. Data collection:

The SNP information SNP ID, MIM: 113705, Ref Seq Gene accession NO:
NG_005905 on chromosome 17, mRNA accession NO: (NM_007294) transcript
variant 1 with (7224) bp and Protein accession numbers: (NP_009225) protein
isoform 1 with (1863) a. a. of the human BRCA1 gene that was used in our
computational analysis was retrieved from the National Center for
Biotechnology  Information  (NCBI) database of SNPs:  dbSNP
(http://www.ncbi.nlm.nih.gov/).

Page 86 of 192


http://www.ncbi.nlm.nih.gov/

3.7.2. SNP Prediction:
The SNPs were analyzed using 4 prediction online tools: SIFT (http://sift.bii.a-

star.edu.sg/) (Ng & Henikoff, 2003), Polyphen-2(http:// genetics.bwh.harvard.
edu/pph2/) (Ramensky, 2002), | Mutant Suite (http://gpcr2. biocomp.unibo.it/
cgi/predictors/l Mutant3.0/ IMutant3.0.cgi) and PhD-SNP (http: //snps.biofold.
org/phd-snp/phd-snp.html) (Capriotti, 2006).

The tertiary model of protein and mutation analysis was done online by project

Hope software (http://www.cmbi.ru.nl/hope/input) (Venselaar, 2010).

3.8. Statistical analysis:

Both qualitative and quantitative data analysis methods were used. The data
analysis were made utilizing IBM SPSS version 20.

Statistical analysis test for analysis of binominal variables outcome (dependent
variable) the study used the following tests:

- Count, percentage and descriptive statistics.

- Chi-square test to build (2x2) tables for categorical data and cross tabulation

and examine if there is statistically significance proportion differences.
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Results:

The study population has been divided into two groups, breast cancer patients
group which consist of (52) patients, age range (30-71), were not selected for
age of onset, family history or any other criterion that would enrich for BRCA1/2
mutation carriers, and match with age a control group of (30) healthy individual
with no family history of cancer.

Demographic characteristics, family history information and other known risk

factors for these patients are shown in (Table 4.1)

Table 4.1: Demographic characteristics and risk factors

Demographics

Age at diagnosis No. (%)
30-40 11(21.2%)
41-50 12 (23.1%)
51- 60 24 (46.1%)
Above 60 5 (9.6%)
Resident

Shendi 34 (65.4%)
Others 18 (34.6%)

Socioeconomic status

house wife 44(54.6%)
Worker 2(3.9%)
Employee 6(11.5%)
Education

Illiterate 22(42.3%)
Primary 8(15.4%)
High school 17(32.7%)
University graduate 5(9.6%)

Tribe/Ethnic

Jaalia 40 (76.9%)
Others 12 (23.1%)
Marital status

Single 7 (13.5%)
Married 43 (82.7%)
Divorced 2 (3.8%)
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Parity

Nulliparous
Single parity
Multiparous
Family history
Yes

No

Age at menarche
11 year

more than 11
Menopause
Postmenpause
Premenopausal
Physical activity
Yes

No

Obesity

Normal

Less than normal
Above normal
Oral contraceptive
Yes

No

Smoking
Yes

No

Hormonal therapy
Yes

No

Exposure to radiation

Yes
No

11 (21.1%)
5(9.6%)
36(69.2%)

23 (44.2%)
29 (55.8%)

6 (11.5%)
46 (88.5%)

33 (63.5%)
19 (36.5%)

6 (11.5%)
46 (88.5%)

14 (27%)
6 (11.5%)
32 (61.5%)

13 (25%)
39 (75%)

5 (9.6%)
47 (90.4%)

4 (7.7%)
48 (92.3%)

17 (32.7%)
35 (67.3%)
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Table (4. 1): Summarized that:

The average age of patients with breast cancer in the study was (2.44 + .94),
with a range of (30-71) years, most patients 24 (46.1%) were diagnosed with
breast cancer at age (51-60) years.

Furthermore, the majority of patients, 34(65.4%) from Shendi, while the
remaining 18(34.6%) from different regions near Shendi (Almatamma, Atbara,
Aldammer, and even from Khartoum).

Regarding socioeconomic status, most patients were housewives 44 (54.6%), 2
(3.9%) were workers, and 6 (11.5%) were employees.

On the other hand 22 (42.3%) of breast cancer patients were illiterate, 8 (15.4%)
were primary school pupils, 17 (32.1%) were higher secondary school students,
and 5 (9.6%) were University graduates.

Concerning marital status, 43(82.7%) of patients were married, while7 (13.5%)
were single, and 2(3.8%) were divorced.

Breast cancer study population was distributed as follow, 40 (76.9%) were
from ethnic/tribe Jaalia, while the remaining (Shaigia, Hassania, Robatab, and
Danagla) were constituted 12 (23.1%).

With regard to parity, 36 (69.2%) of patients were multiparous, 5 (9.6%) were
single parous, while 11(21.1%) were nulliparous.

Out of 52 of the cases, 23 (44.2%) were found to have a family history of
cancer, while 29 (55.8%) of the cases were have not a family history of cancer.
Regarding age at menarche, 46 (88.5%) of the cases have attended the
menarche after (11) years, and 6 (11.5%) within (11) years old.

Moreover, 33 (63.5%) of the cases were postmenpause, whilel9 (36.5%) were
premenopausal.

Participation to physical activities reflected that; 6 (11.5%) were BC patients,
while 46 (88.5%) were not.

Concerning obesity, 32 (61.5%) of patients were obese, 14 (27%) with normal

weight, and 6 (11.5%) were underweight.
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The majority of BC patients, 39 (75%) were not using oral contraceptives,
while 13 (25%) were using.

Regarding hormonal therapy, most of the patients 48 (92.3%) were not taking
hormonal therapy and 4 (7.7%) was taking.

Furthermore, 5 (9.6%) of the patients were smokers, while 47 (90.4%) of them
were not.

On the other hand, 17 (32.7%) of BC patients were exposed to radiation, while

the remaining 35 (67.3%) were not.
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Table (4.2): Breast cancer histological types versus age among
case study group

Age of case (yrs)

Histological types of breast Total
cancer 30-40 41-50 51-60 | Above 60
Invasive ductal carcinoma 10(21.7%) | 10(21.7%) | 21(45.7%) | 5(10.9%) 46
Ductal carcinoma in situ 0 2 (100%) 0 0 5
Lobular carcinoma 0 0 2 (100%) 0 2
Paget disease 1(50%) 0 1(50%) 0 2
Total 11 12 24 4 52
P value 0.306

Table (4, 2): Denoted that; the invasive ductal carcinoma was found to be the
most histological type of cancer diagnosed at the age of (51-60) years — 21
(45.7%); there was no significant statistical correlation observed between

histological type and age; (P = 0.306).

Page 92 of 192




25
45.7%
20 +7
15
21.79 M 30-40
21704 M 41-50
- 21.7%
10 A
i 51-60
P 10.9% M Above 60
5 -
100% 100%
° 50% 50%
0 . 0o 0O EO -O ﬂ 0
0 L] T ] |
Invasive Ductal Lubular Paget
ductal carcinomain  carinoma disease
carcinoma situ

Figure (4.2): Breast cancer histological types versus age among
case study group
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Table (4.3): Breast cancer histological types against cancer grades

grade of breast cancer

Histological types of breast

cancer grade 1 grade Il | grade 11l Total
Invasive ductal carcinoma 1(2.1%) | 31(67.4%) | 14(30.5%) 46
Ductal carcinoma in situ 2 (100%) 0 0 2
Lobular carcinoma 0 0 2(100%) 2

0, 0,

Paget disease 0 1(50 %) 1 (50%) 2
Total 3 32 17 52

P value 0.000

Table (4, 3): Presented that; the invasive ductal carcinoma (IDC) was noted to
be tightly associated with cancer grade Il — 31(67.4%) compared to other types.
There was a highly significant statistical correlation linkage between IDC and
cancer grade II; (P =0.000).
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Figure (4.3): Breast cancer histological types against cancer
grades
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Table (4.4): Classification of breast cancer according to genetic
inheritance

Classification of Frequency Percent
breast cancer

Hereditary 23 44.2 %
Non hereditary 29 55.8 %
Total 52 100

Table (4, 4): Indicated that; the non- hereditary breast cancer (sporadic) type

was revealed to be the most presented —29 (55.8%) compared to hereditary one.

breast cancer classification

H Herediatry H Non herediatry

Figure (4.4): Classification of breast cancer according to genetic
inheritance
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Table (4.5): Family relative’s degree among patients with
hereditary type

Relatives degree

First Second | Third Total
degree degree degree
Hereditary type 4 (17.4%) | 16(69.6%) | 3(13%) 23

Table (4, 5): Revealed that: the breast cancer of familial second degree relatives
was observed to be the most type of cancer occurrence among hereditary types
— 16(69.6%).
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Table (4.6): Cancer malignancy common types among
patient’s family relatives

Types of cancer in | Frequency Percent

family

Breast 17 73.9%
Other 6 26.1 %
Total 23 100

Table (4, 6): Predicted that; the breast cancer was the most common malignant
cancer diagnosed among patient’s family relatives — 17(73.9%), lesser other
types of cancer rather than breast cancer were noted to be: cervical cancer,

colorectal carcinoma, pharynx, and rectal carcinoma respectively.

73.9%

80-/
70 -

60 -
50 -
40 -
30 A
20 -
10 A

26.1%

breast other

Figure (4.6): Cancer malignancy common types among patient’s family
relatives
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Table (4.7): Frequency of BRCA1 mutation-1 among study

population
Study BRCA1 Mutation-1 (Exon 20)
population Total
Positive Negative
Control 8(26.7%) | 22 (73.3%) 30
Case study 8(15.4%) 44 (84.6%) 52
Total 16 66 82
P value 0.214

Table (4.7): Showed that; the BRCA1 mutation -1 gene location was detected by
(PCR) and mapped on (exon 20), mutation appeared in — 8 patients with
frequency (15.4%) and 8 in control with frequency — (26.7%); classified as

novel point mutation; there was no significant statistical correlation calculated

among study population; (P =0.214).

Control

M Positive

i Negative

Case

i Positive

L Negative

Figure (4.7): Frequency of BRCAL mutation-1 among study population
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Table (4.8): Frequency of BRCAL1 mutation-2 among study
population:

BRCA1 Mutation-2(Exon 11)

Study Total
population Positive Negative
Control 0 30 30

3 (5.8%) 49 (94.2%) 52
Case study
Total 3 79 82

P value 0.180

Table (4, 8): Adopted that; the BRCAL1 mutation -2 gene position was detected
by (PCR) and located on (exon 11); three patients were with BRCA1- mutation —
2 exon (11) — 3(5.8%). It was a novel mutation classified as missense
mutation, there was no significant statistical relationship observed among study
population; (P = 0.180).

Case

M Positive H Negative

5.8%

Figure (4.8): Frequency of BRCA1 mutation -2 among study
population
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Table (4. 9): Age, cancer type and family history background
information of the patients with BRCA1 mutation-2

Patient index Age /year | Cancer type | Tribe/ethnici | Family
ty history

18 45 IDC Jaalia Negative

34 56 IDC Jaalia Positive

37 55 IDC Jaalia Positive

IDC: invasive ductal carcinoma

Table (4, 9): Summarized that; the BRCAlmutation -2 was resulted to be
affecting the three patient’s indices (18, 34, and 37), with age (45, 56, and 55)
years respectively. All of the patients were from Jaalia tribe and with invasive

ductal carcinoma; two patients with indices (34, 37) were with a positive family

history; were carrying two mutations at the same time.
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Table (4.10): Frequency of BRCA1 mutation-3 in study

population:
BRCA1 Mutation- 3
Total
Study population Positive Negative
Control 0 30 30
Case study 2 (3.8%) 50 (96.2%) 52
Total 2 80 82
P value 0.277

Table (4, 10): Prevailed that; the BRCAL mutation -3 gene locus was detected
by (PCR) and positioned on (exon-11); two patients with BRCA1- mutation -3
were accounted for — 2(3.8%) classified as silent mutation. There was no

significant statistical value observed among study population; (P = 0.277).

Case

M Positive i Negative

3.8%

7 |

96.3%

Figure (4.10): Frequency of BRCA1 mutation-3 study population
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Table (4.11): Frequency of BRCAL mutations - (1, 2, and 3)
among study population

BRCA1 Mutations

Study Total
population | Positive Negative
Control 8 (26.7%) | 22(73.3%) 30

Casestudy | 11(21.2%) | 41(78.8%) 52

Total 19 63 82

Table (4, 11): Depicted that; the BRCAL mutations - (1, 2, and 3) genes loci
were detected by (PCR) localized on exons (20 &11), patients with BRCAL —
mutation (1, 2, 3) were accounted for 11 (21.2%), compared to 8 (26.7%) in

control. Normal was 41(78.8%). Two patients were carried two mutations.

>0 78.8%
40
30 73.3%
20 0
/267"% 21.2%

10

0

Control Case
M Positive Negative

Figure (4.11): Frequency of BRCA1 mutations (1, 2, and 3) among study
population
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Table (4.12): Frequency of BRCA2 mutation among the study
population

BRCA2 mutation
Study population Total
Negative
Control 30 30
Case study 52 52
Total 82 82

Table (4, 12): Demonstrated that; all population under study showed negative
results for BRCA2- exon (11), there was no mutation occurred. BRCA2 sequence
chromatogram revealed no mutation was shown when viewed by Finch TV
program 1.4.0 (http://www.geospiza.com/  Products/finchtv.shtml), and
compared with BRCA2 nucleotide reference sequences (NM_000059) from
(NCBI).
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Table (4.13): Association between breast cancer mutations and
patient’s Age

Age of case (years)

Total
30- 40 41-50 51-60 |>60
Mutation 1(9.1%) 1(9.1%) | 8(72.7%) | 1(9.1%) 11
No . ; ) :
mutation 10(24.4%) | 11(26.8%) | 16 (39%) | 4(9.8%) | 41
Total 11 12 24 5 59
P value 0.233

Table (4, 13): Revealed that; most breast cancer patients with BRCA mutation

were concentrated among the age group ranged (51— 60) years, accounted for 8

(72.7%) patients. There was no significant statistical difference observed

between patient’s age and mutation; (P= 0.233).
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Figure (4.13): Association between breast cancer mutations and

patient’s age
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Table (4.14): Relationship between breast cancer mutations &
tribal ethnicity

Tribe/ ethnic
Jaalia Others U
Mutation 6 (54.5%) 5 (45.5%) 11
. 4
mutation 34 (82.9%) 7 (17.1%)
Total 40 12 52
P value 0.047

Table (4, 14): clarified that; the breast cancer incidences, were observed to be
more attached with Jaalia tribe compared to others — 6(54.5%) among the
mutated cases; taking in consideration the ethnic point of view, there was
significant statistical relationship calculated between tribal/ ethnicity and
mutation; (P = 0.047).

35 1
30 A
25 A
20 A
15 A

= Mutation

= No mutatio

Figure (4.14): Relationship between breast cancer mutations & tribal/
ethnicity.
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Table (4.15): Relationship between breast cancer mutations
&parity

Parity
Nulliparous Single Multiparous Vel
parity
Mutation 3(273%) | 1(9.1%) | 7(63.6%) 1
i 0 0,
No mutation 8 (19.5%) 4 (9.8%) 29 (70.7%) 41
Total 11 5 36 52

P value 0.855

Table (4, 15): Identified that; the breast cancer occurrences were found to be
more associated with multiparity accounted for — 7(63.6%) among the mutated
cases, there was no statistical significant correlation observed between parity
and mutation; (P = 0.855).

70.7/%

_____m Mutation

No mutation

30
25

20

15 -

0]
10 - 19.5% - 63.,¢
.07/0

5 27—'331’ 9.1(y"'"| .

Nulliparous  sigle parity = multiparous

Figure (4.15): Relationship between breast cancer mutations
&parity
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Table (4.16): Relationship between breast cancer mutations
&family history

Family history
Yes No Total
Mutation 6 (54.5%) | 5 (45.5%) 11
No mutation | 17(41.5%) | 24 (58.5%) 41
Total 23 29 52
P value 0.438

Regarding table (4, 16): the familial history of breast cancer was increasing in
presence of a cancer predisposing mutation — 6(54.5%). There was no

significant statistical correlation observed between the family history and

mutation; (P = 0.438).

58.7%

H Mutation B No mutation

Figure (4.16): Relationship between breast cancer mutations &family

history
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Table (4.17): Relationship between breast cancer mutations & age at

menarche
Age at menarche
(11) years More than (11) Total
years

Mutation 1(9.1%) 10 (90.9%) 11
No mutation | 5 (12.2%) 6 (87.8%) 41
Total

6 46 52

P value 0.775

Table (4, 17): indicating that, there was an increasing association between the
age of more than (11) years at first menarche and breast cancer risk —
10(90.9%) among the mutated cases, there was no statistical significant
relationship stated between age at menarche and mutation; (P = 0.775).

Normal universal menarche between, (12.8 -13) years.

40 87.8%
35
30
25 —
20
H Mutation
15
90.9% .
10 o mutation
s 12.2%
9.1%
0
11 year More than 11

Figure (4.17): Relationship between breast cancer mutations & age at
menarche
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Table (4.18): Relationship between breast cancer mutations & obesity

Obesity
Normal weight | Underweight | overweight | Total
Mutation 2 (18.2%) 2 (18.2%) 7 (63.6%) 11
No mutation 12 (29.2%) 4 (9.8%) 25 (61%) 41
Total 14 5 32 5o
P value 0.625

Table (4, 18): Provided that obese women were more prone to breast cancer
mutations, far more than others as reviewed in this study — 7(63.6%), there was

no significant statistical value observed between obesity and mutation;
(P = 0.625).

Underweight: (18.5)

Normal weight: (18.5 —24.9)

Overweight: (25— 29.9)

Obesity = 30 or more

61%
25 - B
20 - I -
15 - 29.2% |
J = Mutati
10 sﬁl/o utation
118.29 18.2% . No mutation
5
=
normal less than above
normal normal

Figure (4.18): Relationship between breast cancer mutations & obesity
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Table (4.19): Relationship between breast cancer mutations & using of

Oral contraceptives

Oral contraceptive
Total

Yes No
Mutation 4 (36.4%) | 7 (63.6%) 11
No mutation 9 (22%) 32 (78%) 41
Total

13 39 52

P value 0.327

Table (4, 19): Denoted that: there was no association between the using of oral

contraceptives and the breast cancer incidences, there was no significant

statistical difference observed between oral contraceptives use and mutation;

(P = 0.327).
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Figure (4.19): Relationship between breast cancer mutations & using of

Oral contraceptives
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Table (4.20): Relationship between breast cancer mutations & exposure to
lonizing radiation

Expose to ionizing

radiation Total
Exposed Not exposed
Mutation 3 (27.3%) 8 (72.7%) 11
No mutation 14 (34.1%) | 27 (65.9%) 41
Total 17 35 50
P value 0.666

Table (4, 20): The findings stated that: there was no association between
radiation exposure and the risk effects of breast cancer incidences. There was no
significant statistical value between mutation and exposure to radiation; (P=
0.666).

-
25 .
20 -+ I
s SEANG = Mutation
10 ﬂi’_ No mutation
T ad—E

No

Yes

Figure (4.20): Relationship between breast cancer mutations &exposure to
ionizing radiation
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Table (4.21): Relationship between breast cancer mutations & menopause

Menopause
Total
Postmenopausal | Premenopausal
Mutation 7 (63.6%) 4 (36.4%) 11
No mutation 26 (63.4%) 15 (36.6%) 41
Total
33 19 52

P value 0.989
Table (4, 21): Revealed that; breast cancer incidences occurring were shown to

be more increasing during menopausal period — 7(63.6%) among mutated
cases, there was no significant statistical relationship observed between mutation

and menopause, (P=0.989).

30 77 asox

25

20 -+

15 ® Mutation
10 63.6% No mutation
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Figure (4.21): Relationship between breast cancer mutations & menopause
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Table (4.22): Relationship between breast cancer mutations and
histological type

Histological types of breast cancer

Invasive Ductal Lobular Paget Total

ductal carcinoma | carcinoma | disease

carcinoma in situ
Mutation 11 (100%) 0 0 0 11
No mutation 35 (85.3%) 2 (4.9%) 2 (4.9%) 2 (4.9%) 41
Total 46 2 2 2 52

P value 0.611

Table (4, 22): Prevailed that; there was strong relation between the breast

cancer mutation incidences and the invasive ductal carcinoma histological type

compared to others — 11(100%). There was no significant statistically value

observed between histological type and mutation; (P=0.611).

Figure (4.22):

0 e, 0 o, 0 o

T T 1
invasive ductal lobular Paget
ductal carcinoma carcinoma  disease

carcinoma

in situ

® Mutation

® No mutation

Relationship between breast cancer mutations & histological

type
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Table (4.23): Relationship between breast cancer mutations & cancer
grades

Grade of breast cancer

Total
Grade | Grade 11 Grade 111

Mutation 0 6 (54.5%) 5 (45.5%) 11

No mutation 3(7.3%) | 26 (63.4%) | 12 (29.3%) | 41

Total
3 32 17 52

P value 0.447

Table (4, 23): Referred to that; the breast cancer mutations were shown to be
more occurring with cancer grade I — 6(54.5%) among the mutated cases.
There was no significant statistical difference denoted between cancer grade and
mutation; (P= 0.447).

30 1 63.4%
25 A ‘
20 A
15 - 29 3% B Mutation
No mutation
10 1 54.50
5 - 73%
0
grade | grade Il grade lll

Figure (4.23): Relationship between breast cancer mutations & cancer
grades
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Table (4.24): Relationship between breast cancer mutations & ER
(Estrogen Receptor) status

ER status
Total
Positive Negative

Mutation 5 (45.5%) 6 (54.5%) 11
No mutation | 17 (41.5%) 24 (58.5%) 41
Total

22 30 52

P value 0.812

Table (4, 24): demonstrated that; breast cancer mutations were observed to be
more associated with ER (estrogen receptor) negative — 6(54.5%). There was

no significant statistical correlation between mutation and ER; (P = 0.812).

25 7
20 14.5%

15 A

® Mutation

10 54.5%| No mutation

| .
T 1

positive

negative

Figure (4.24): Relationship between breast cancer mutations & ER status
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Table (4.25): Relationship between breast cancer mutations & PR
(progesterone receptor) status

PR status
Total
Positive Negative

Mutation 4(36.4%) 7(63.6%) 11
No mutation 14(34.1%) 27(65.9%) 41
Total

18 34 52

P value 0.372

Table (4, 25): Summarized that; incidences of breast cancer were observed to be
more associated with PR (progesterone receptor) negative — 7(63.6%) among
mutated cases. There was no significant statistical correlation between mutation
and PR; (P =0.372).
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No mutation
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Figure (4.25): Relationship between breast cancer mutations & PR status
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Table (4.26): Relationship between breast cancer mutations & HER-2

Status
HER-2 status
Total
Positive Negative

Mutation 1 (9.1%) 10 (90.9%) 11
No mutation | 20 (48.8%) | 21 (51.2%) 41
Total

21 31 52

P value 0.017

Table (4, 26): Presented that; the risk effects of breast cancer were shown to be
more attached with HER-2 negative —10 (90.9%) among mutated cases, there
was significant statistical relationship observed between HER-2 and mutation;
(P=0.017).

25 1 51 2%

20

15 1 = Mutation
10 -+ No mutation
5 A 9 1%

positive negative

Figure (4.26): Relationship between breast cancer mutations & HER-2

status
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PCR results:

The PCR products length for two fragments of BRCA1 exon 11, (C) should be
(239) bp, and (D) should be (224) bp, for BRCA1 exon 20 (A) should be (401)
bp, and for BRCA2 exon 11 (B) should be (451) bp after staining with ethidium

bromide. (100) bp molecular ladder was used as illustration in below figures.

_‘*""h;:'——

224bp, <

Figure (4.27): PCR for BCRAL gene (exon 11-D)
M: Molecular ladder 100 bp Lanel- 4: samples with specific band (224 bp).
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Figure (4.28): PCR for BCRAZ2 gene (exon 11-B)
M: Molecular ladder 100 bp Lane 1- 5: Samples with specific band (product
with 451bp).

Figure (4.29): PCR for BCRAL (exon 20-A)
M: Molecular ladder 100 bp Lanel&2: Samples with specific band (product
with 401bp).
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Figure (4.30): PCR for BCRAL gene (exon 11-C)
M: Molecular ladder 100 bp Lanel- 4: Samples with specific band (239 bp)

Sequencing results:

Multiple sequence alignment with reference sequence, which was obtained
from National Center for Biotechnology Information (NCBI) (Ncbi. nlm. nih.
gov).'Reference SNP (Refsnp) database was show three different mutations:
Mutation-1, which found in BRCAL exon (20), it was point mutation and was a
novel (de novo) mutation, in which (G = guanine) was replaced by (A =
adenine) (Fig 4.31) at position (160980) (Fig 4.32).

This mutation was appeared in (8) samples of BC patients and (8) samples of
control, with frequency of (15.4%) and (26.7%) in patients and control
respectively (Table 4.7).
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ACTCTGTATTCCACTCCCCTTTGCAG AC
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Figure (4.31): Sequence chromatogram (mutation-1)

A. substitution sequence G>A B. Normal sequence (Chromatogram shown by

=

=l
EG 005905.2(
BRCA]1 A 3
BRCAl & 7
BRCA1l & 10
BRCAl & 26
BRCAl & 27
BRCAl & 28-1
BRCA]1l & 33
BRCAl & 34
BRCAl 2 35
BRCAl & 36
BRCAl & 45
BRCAl & 50
BRCA]l & 31
BRCZ1 & 56
BRCA]1l 2 58
BRCAl & C12
BRCAl 2 C13
BRCA]l & Cl4
BRCAl & C15
BRCAl 2 C18
BRCAl & C19
BRCA1l & C20
BRCAl 2 C21

BRCR1 & C22
BRCAl & C23
BRCAl & C25
BRCA1 & C26
BRCAl & C27

Finch TV program).

||"|'|"|'|'|"|'|"|'|'|'|"|"|'I'|'|"|'|'I'|"|"|'|'||"|'|"|'||"|'|"|'|'|"|'|"|'I'|'|"|"|'I'|'|"|'|'I|"|"|'|'||"|'|"|'||"|'|"|'
160970 160580 160550 161000 161010 161020 16
TR CCCCACCACTCTGTATTCCACTCCCCTTTGCAGRAGATGEGCCGCTTCATTTTGTRAAGRCTTR

Figure (4.32): Multiple sequence alignment.

BioEdit multiple sequence alignment, point mutations (transition) in which G >A at position
160980 in (A 27, 33, 34, 49, 50, 51, 56, and 58) of BC patients and in (A (C12, 14, 15, 22, 23,
25, 26, 27)) of control. The alignment was performed using the Cluster W2 sequence

alignment.
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Mutation-2 also in BRCAL exon (11), it was missense mutation and also a
novel one in which (G = guanine) was replaced by (C = cytosine) (Fig 4.33) at
position (124756) of exon (11), after translation the sequences to amino acid
sequences, the samples were aligned against BRCAL isoform 1 (accession
number m: NP_009225), substitution of codon (AGC) to (ACC) was noted,
which convert Serine (Ser) amino acid to Threonine (Thr ) at position 768 (Fig
4.34).

After translation to amino acid sequences, the samples were aligned against
BRCAL1 protein isoform 1 (accession number: NP_009225), and then the variant
was predicted with SIFT, Polyphen-2, I-Mutant-3, and PhD-SNP softwares to
obtain their pathological effects, the result was seen in (Table 4.27). Amino acid
properties for the wild and mutant residues were obtained using Project Hope
software (Fig 4.35).

This mutation was presented in three patients (5.8%) (Table 4.8), their age were
(45, 56, and 55) years, 2 patients have a positive family history; all were from

Jaalia tribe, and with invasive ductal carcinoma histological types (Table 4.9).

A B
IG1;]09'I~GC~’Q'~1%IO“C ~s~.s-~ec1;o@'é"'c~
|| || | 1 nll, 1 |'ﬁ'| M
A Il | || 3 III"'| I| || |I |l | | (\ i JHII "
‘I || I || ||| ll 'I i' |I l' 'I lu'| v || lll ll\ l ] 'ﬁﬁ ||| lu I'rII lrll‘l
NU N /Y \1 ll'lf"r‘"., /K | ,I[\f / y Yy Y llg Ill

Figure (4.33): Sequence chromatogram (mutation-2)
A. Substitution sequence G > C B. Normal sequence (Chromatogram
shown by Finch TV program).
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Figure 4.34: Diagram for mutation -2

substitution from a serine (S) to a threonine (Thr) at position 768 in three patients due to
missense substitution mutation from guanine (G) to cytosine (C) ¢.124756 G>C using the
transcript variant 1 NM_007294 mRNA that representing the complete BRCA1 coding
sequences used to align all patient sequences under screening, and the corresponding amino
acid sequences NP_009225.

Page 124 of 192



Figure 4.34: substitution from a serine (Ser) to a threonine (Thr) at position

768 in three patients due to missense substitution mutation from guanine (G) to
cytosine (C) (c.124756 G>C) using the transcript variant 1 NM_007294 mRNA

that representing the complete BRCA1 coding sequences used to align all patient

sequences under screening, and the corresponding amino acid sequences
NP_00922.

Table (4.27): SNP prediction obtained by different software:

SIFT Polyphen-2 1-Mutant PHD
SNP DDG
Score | prediction | Score | prediction | SVM2 RI | value Prediction | RI
Prediction Kcal/mol
Decrease Disease-
S768T | 0.03 Protein | 0.588| Possibly | Protein 4 - 0.59 Related 4
damage damaging | Stability Mutation

RI: reliability DDG: AAG sign: interaction energy; SVM: support vector machines, SVM2
value: DDG < 0: decrease stability, DDG >0 increase stability, DDG value: DG (New
Protein)-DG (Wild Type) in Kcal/mole.
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Fig (4.35): Amino acids for the wild type and mutant residues
(The mutant residue is bigger than the wild-type residue; this might lead to

bumps, using Project Hope software).

From the above information regarding mutation-2 (S768T), this mutation has

shown to be pathogenic, which may contribute to protein damaging.
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Mutation-3 was also found in BRCAL - exon (11) (Table 4.10), it was silent
(Synonymous mutation) in which the third position nucleotide (T) of (CTT)
codon was replased by (C) resulting (CTC) codon, which code for the same
amino acid leucine at position 771.

This is mutation was presented in 2(3.8%) patients, and it has been reported in
(NCBI) before, referred as (rs16940).

The total number of patients with BRCA1- mutations (1, 2, and 3) were (11)
patients (21.2%) and the rest (41) patients (78.8%) were normal, and 8 (26.7%)
in control as shown in (Table 4.11).

Two patients with indices (34, 37) were carrying two mutations at the same
time, age were (58 &56) respectively, and have positive family history.

BRCAZ2 sequence chromatogram revealed no mutation was shown when viewed
by Finch TV program 1.4.0 (http://www.geospiza.com/ Products/finchtv.shtml),
and compared with BRCA2 nucleotide reference sequences (NM_000059) from
(NCBI).
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Discussion:

Breast cancer (BC) is the second most common cancer in the world and, by far,
the most frequent malignant disease among women with an estimated (1.7)
million new cases diagnosed in 2012 (25 % of all cancer cases). Despite the
advancement of diagnostic techniques and treatment in the last decade, (BC) is
still the most frequent cause of cancer deaths in women in less developed
regions (324.000 deaths, 14.3 % of total) and the second cause of cancer deaths
in more developed regions (198.000 deaths, 15.4%) after lung cancer
(GLOBOCAN, 2012) .

The etiology of BC is multifactorial and includes both environmental and
genetic factors, as well as genetic and epigenetic changes during progression.
Up to (5-10 %) of all BC cases and (10-15 %) of all ovarian cancer (OC) cases
are due to germline mutations in one of the two breast cancer susceptibility
genes, BRCA1 (MIM#113705) and BRCA2 (MIM#600185) (Miki et al, 1994;
Wooster et al, 1995; Kobayashi et al, 2013).

Women with either BRCA mutation have a cumulative lifetime risk of invasive
breast cancer of about (55-85%) (Chen, 2007). Currently, the majority of clinical
genetic testing for breast cancer risk is focused on identifying mutations in these
genes.

In Sudan, cancer of the breast is the most commonly diagnosed type of
cancer. According to a medical statistical and cancer research report from
Radiation and Isotopes Center in Khartoum, is estimated as (17.2%) of all
types of cancers in year 2007 and (17.9%) in year 2008 (RICK, 2009).
This is the first study conducted in Shendi to assess the role of BRCA1&2
mutations in BC patients attending the newly established Center for Tumor
Treatment and Cancer Research (TTCRC) in Shendi, and to determine the most

risk factors associated with BRCA1&2 mutations.
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Analysis of BRCA1 and BRCA2 genes makes it possible to identify predisposing
mutations in affected persons and to determine risks for family members.

A total of (82) samples (52) of unselected BC patients and 30 control) were
analyzed for BRCA1&BRCA2 mutation using direct sequence (Sanger
sequence).

The average age of the patients with breast cancer under study was (2.44 + .94),
with a range of (30-71) years, more than half of the patients in this study, were
diagnosed after (50) years of age.

Worldwide studies have shown that, breast cancer increased with age. In this
recent study it seems that the study population is not different from other
populations and that the incidence of breast cancer increased with age. Women
after (50) years of age are more prone to develop mammary tumors. A direct
correlation of age with breast cancer incidence has been observed (Feuer et al,
1993).

(Table 4.1): with respect to residency, the majority of patients in this study,
were 34(65.4%) from Shendi locality, while the remaining 18 (34.6%) from
different regions near Shendi, many studies have documented that; breast cancer
IS more common in urban areas than rural settings (Parking et al, 2010).

(Table 4.1): Regarding socioeconomic status, in this study out of (52) of cases,
it was found that 44 (54.6%) were housewives, 2(3.9%) workers, and 6 (11.5%)
were employees. In several studies, higher socioeconomic status (as measured
by such factors as education, income and housing) has been linked with higher
breast cancer risks (Okobia et al, 2006; Baquet & Commiskey, 2000).

(Table 4.1): In regard to Education, revealed that 22(42.3%) of BC patients
were illiterate (data regarding the incidences of illiterate women in Shendi
locality not available), 8(15.4%) were primary schools learners, 17(32.1%) were
higher schools educated, and 5(9.6%) were university graduates. This may
reflect delays seeking to medical attention until their tumors are quite advanced,

this delay including a lack of knowledge concerning cancer diagnosis and
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treatment, fear of surgery, non-acceptance of hospital treatment and/or
preferences for alternative care (Clegg et al, 2009; Ibrahim & Oludara, 2012;
Yarney et al, 2013).

(Table 4.1): Concerning marital status, out of (52) of cases, 43(82.7%) of
patients were married, while 7 (13.5%) were single, and 2(3.8%) were divorced.
In fact these women after married are more exposed to different risk factors like
(parity, contraceptive used, and obesity); these are increasing the probability to
get cancer of the breast.

Furthermore (Ethnicity): Breast cancer in this study population was more
frequent in ethnic/tribe Jaalia, 40 (76.9%), while the remaining were (Shaigia,
Hassania, Robatab, and Danagla) constituted 12(23.1%). This can be explained
on the fact that Jaalia tribe is the most frequent tribe in Shendi, and may
include either genetic or environmental factors or both.

(Table 4.1): In regard to parity, out of (52) of cases, 36(69.2%) of patients in
this study were multiparous, 5(9.6%) were single parous, while 11(21.1%) were
nulliparous. An increasing number of full-term pregnancies have been
associated with a decreased risk for breast cancer in the general population.
Some studies suggested that this may be due to decreased levels of estrogen and
progesterone, increased levels of sex hormone-binding globulin, and pregnancy-
induced differentiation of breast tissues (Chiaffarino, 2001) early study by
Parkin (Parkin, 1994) suggested that multiparity was a risk factor for breast
cancers diagnosed prior to (45) years of age, but an apparent protective factor
for later onset cancers.

(Table 4.1): Family history, Out of (52) of cases, 23(44.2%) were found with
a family history, while 29(55.8%) of patients without family history of cancer.
Both males and females contribute (50%) of the inheriting predisposing genetic
alterations and susceptibility may equally be contributed by mother or father
sides, as incomplete dominance and gender restricted expression patterns do

restrict cancer initiation. Hence this (50%) predisposition of inheritance does
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not mean that everyone included in their offsprings will develop cancer
(Neoman et al, 1998). In this study the non hereditary (sporadic) type presents
more incidences than hereditary.

(Table 4.1): Regarding age at menarche, out of (52) of cases, 46(88.5%) of
cases have attended the menarche after (11) years, while 6(11.5%) within (11)
years old. Later age of menarche has been associated with a decreased risk of
breast cancer in the general population. Early menarche may induce an early
proliferation of mammary gland cells through early exposure to high hormonal
levels causing an increased risk of breast cancer (Parsa, 2009), therefore early
menarche (prior to age 12) is associated with a higher lifetime risk of breast
cancer in the general population (Steiner & Knutson, 2008).

(Table 4.1): Referring to postmenopausal, out of (52) cases, 33(63.5%) of
cases were postmenopausal, whilel9 (36.5%) were premenopausal. This is
consistent with the two registries that have contributed to cancer in five
continents over an extended period of time (Uganda and Zimbabwe); the
largest increases in incidence overtime were seen among the post-menopausal
age groups (Parkin et al, 2010; Chokunonga et al, 2013).

(Table 4.1): Participating with physical activity, was found to be out of (52)
cases, 6(11.5%) of BC patients, while 46(88.5%) were not. Lack of exercise
may increase the risk of breast cancer because exercise lowers hormone levels,
alters metabolism, and boosts the immune system. Increased physical activity is
associated with a decreased risk of developing breast cancer.

(Table 4.1): Concerning obesity, out of (52) cases, 32(61.5%) of patients were
obese, 14(27%) with normal weight, and 6(11.5%) were under weight. Weight
gain appeared to be predictor of postmenopausal breast cancer and has been
associated with a reduced risk of premenopausal breast cancer, weight gain of
more than (10) pounds between age (18 and 30) years was associated with an

Increased risk of breast cancer diagnosed between age (30 and 40) years (OR =
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1.44, 95% CI 1.01-2.04) and this due to the fact of decease the sex hormone
during postmenopausal period (Kotsopoulos & Narod, 2005).

(Table 4.1): With respect to using oral contraceptives in this study, out of
(52) cases, the majority of patients in this study, 39(75%) were not using oral
contraceptives, whilel3 (25%) used to take contraceptives. Contradictory study
in a large hospital- based case- control found that, significant increase in breast
cancer risk were found among women who had used either oral or injectable
contraceptives within the previous (10) years (Huo et al, 2008), this indicated
that; oral contraceptives are not playing a role as risk factor for breast cancer in
the study population because the most case under study are postmenopausal
women,

(Table 4.1): Regarding hormonal therapy out of (52) cases, most of patients
48 (92.3%) were not taking hormonal therapy and 4(7.7%) were take this
therapy. Hormonal replacement therapy increases a woman’s risk of breast
cancer. In fact, the number of breast cancers diagnosed has been dropping as
fewer women have been taking hormone replacement therapy as shown in the
literature.

(Table 4.1): Discussing (smoking), out of (52) cases, 5(9.6%) of patients were
smoking, while 47 (90.4%) of them were not. Few studies considered smoking
as a risk factor for breast cancer, but have been shown to impact breast cancer
risk in non-African populations (Brinton et al, 2015).

(Table 4.1): Reflecting (exposure to ionizing radiation), out of (52) cases,
17(32.7%) of BC patients were exposed to radiations, while the remaining
35(67.3%) were not. Survivors of atomic bomb in Hiroshima and Nagasaki
have shown an increased prevalence of breast cancer as a result of radiation
exposure (Tokunaga et al, 1994; Morishita et al, 2005).

(Table 4.1): Paying attention to histological type versus age ranged between (51
— 60) years, out of (52) cases, results shown that: 46(88.5%) were presented with
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invasive ductal carcinoma, 2(3.8%) lobular carcinoma, 2(3.8%) ductal
carcinoma in situ and 2(3.8%) with Paget disease.

(Table 4.2): Concerned with the histological types against age: Invasive ductal
carcinoma was found to be more presented; estimated as 21(45.7%) in the range
of age (51- 60), the results concluded that, no significant statistical relationship
between histological type and age was found (P 0.306), and was noted to be
more.

(Table 4.3): Determined the histological type versus cancer grade: invasive
ductal carcinoma was accounted for 31(67.4%) with grade Il, showing highly
significant statistical value (P 0.000) with cancer grade II.

(Table 4.4): Denoted the genetic inheritance that, the sporadic type: (non
hereditary) was revealed to be the most presented; resulted as 29 (55.8%), while
23 (44.2%) was hereditary.

(Table 4.5): Referred to family history (family relatives degree) versus breast
cancer mutation, percentages were distributed as: 16(69.6%) with second degree
relatives, 4(17.4%) with first degree relatives, and 3 (13%) with the third degree
relatives.

(Table 4.6): Reflected the attention towards the breast cancer mutation (patients
family relatives) percentage among other cancer types, was commented on as:
breast cancer was accounted for 17(73.9%) and observed to be the most type of
cancer occurrence within the families.

A family history of breast cancer confers a greater risk of breast cancer in an
individual. In a meta-analysis of (74) studies of breast cancer risk and family
history, it was found that a woman with any first-degree relative affected with
breast cancer has a relative risk of (2.1) when compared to women with no
family history of breast cancer. A woman with a mother diagnosed with breast
cancer has a (2.0) relative risk to develop breast cancer and a woman with a
sister diagnosed with breast cancer has a (2.3) relative risk, and women with a

second-degree relative diagnosed with breast cancer have a relative risk of (1.5)
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to develop the same type of cancer. All of these risks were increased if the
relative was diagnosed at a younger age (Pharoah et al, 1997).

In this study, three mutations were detected among the studied population,
and all are found in BRCAL gene.

(Table 4.7): Described the first novel mutation detected, which was point
mutation, caused by BRCA — 1 exon (20). This novel mutation (de novo) has not
been shown before, and laid in the intron part of BRCAL gene.

This mutation (160980 G>A), was found in (8) samples of each case and
control, in a frequency of 8(15.4%) &8 (26.7%) respectively.

The functional and pathological consequences of this variant is difficult to
assess, particularly in case of intronic mutations, because that cannot be directly
associated with protein inactivation (Pagani & Baralle, 2004; Plon et al, 2008).
So it was called variant of unknown significant (VUS).

Present of this SNP in patients and control can be due to one or a combination of
the following reasons: possibility of residual false positives, possibility of
disease risks and other common phenotypic traits (Chanock, 2001), or may be a
protective SNP. So moving forward, cohort studies may wish to focus about the
relationship of breast cancer and this variant of unknown significant.

Previous study, done by MacArthur have shown that at least (30) SNPs loss of
function in a healthy individual (MacArthur et al, 2010), this is supporting our
finding (present of mutation in patients and control).

In Sudan, study that was done by Mojtaba in Khartoum on a patients with
positive family history of cancer at the same region (exon 20), the study
revealed that; missense a novel mutations (V1736D), affected translation of
protein (Mojtaba, data submitted for publication). This indicating that; exon 20
of BRCAL contributed to breast cancer in Sudan.

(Fig 4.34): lllustrated the second mutation found on BRCA1 exon (11), was a
missense mutation at position number 124756 (G/C) which it led to change in
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the coding amino acid Serine to Threonine at position number 768. Also it was a
novel one, and not described so far.

(§768T) SNP was found to affect the resulted translated protein. According to
Project Hope software, it is indicated in this current study that the mutant
residue Threonine (Thr) is bigger than the wild type Serine (Ser), and this might
lead to bump.

(Table 4.8): Analyzed the diagnosed mutational effects caused by BRCA-1 exon
(11): this novel mutation was detected in three patients 3 (5.8%), ages were (45,
55, and 56) years, two of them with a positive family history, the third with a
negative family history, all were from Jaalia tribe, and with invasive ductal
carcinoma histological type.

In study performed in northern Sudan among secondary school girls with
known breast cancer in their families, Elnour (Elnour et al, 2012) found that; the
most mutations were concentrated at exon 11 of BRCAL. This has found the
ground for the selection of primers to our study.

Other study, Biunno et al (Biunno et al, 2014) reported 2 novel variants
(c.1088A/G: p.Asn 363 Ser and ¢.5090G/A: p.Cys1697Tyr) in study performed
in central Sudan out of a total of 33 BRCAL variants were detected in (49/59)
premenopausal patients. One of these was deleterious mutation and has a
pathogenic impact.

(Table 4.10): Assessing the consequences of the presence of a third novel
mutation in BRCA1 exon 11, which was a (silent mutation: Synonymous) at
codon 771, referred as (rs, reference SNP 16940) or (p. L771L), it was found in
two patients 2(3.8%).

The (rs = reference SNP 16940) mutation was reported locally in above
mentioned study in central Sudan. Biunno et al, (Biunno et al, 2014) found this
mutation in (21) of patients and mostly like to be neutral mutation or not
pathogenic according to the International Agency for Research on Cancer

(IARC) (brca.iarc.fr/LOVD).
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Worldwide, it has been reported by Fackenthal et al in (15.2%) of unselected
Nigerian woman diagnosed with invasive ductal carcinoma, Australian woman
diagnosed with breast cancer before (40) years (Turkovic et al, 2010), Canadian
woman (Ozcelik et al, 2012), and even found in Ashkenazi Jewish (Pereira et al,
2007).

(Table 4.12): Demonstrated a molecular biological linkage between BRCA2-
exon (11) and breast cancer mutation: all population under the study showed
negative results for BRCA2 exon 11(i.e. no mutation detected in BRCA2). This
can be explained on the basis that, there may be no BRCA2 inherited
predisposition to the disease. In addition, failure to detect a mutation does not
exclude the possibility that the individual has predisposing BRCA2 mutation as
the whole gene was not completely screened; (only one region has been tested in
this study). So the cancer risk equal to that of the general population, if there is
no evidence for a breast cancer gene inherited. Similar finding was reported by
Munsoor (Munsoor, 2013) among woman with breast cancer attending Radio
&lsotope Center in Khartoum.

Also, Masri (Masri et al, 2002) was reported one mutation and one
polymorphism in BRCA2 of 20 patients diagnosed with breast cancer, indicated
that BRCAZ2 has a minor role in Sudanese patients.

Other study was done in Central Sudan; Awadelkarim (Awadelkarim et al,
2007) was found a truncation mutation in BRCA2 in one male diagnosed with
breast cancer.

The increased risk for male breast cancer has been connected with germline
BRCAZ2 mutations, with an estimated cumulative risk of (3- 6%) by the age (70)
years (Easton et al, 1997; Thompson & Easton, 2001).

Other study which was done in Khartoum was reported another truncation
mutation among premenopausal women with breast cancer (Alsmawal, data

submitted for publication) at the same region of BRCA2.
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(Table 4.11): focusing on breast cancer BRCA1 — mutations — 1, 2, 3, exons (20,
11): In this performed study, the mutations frequencies, were found to be,
11(21.2%) & 8(26.7%) in case and control respectively. All were found within
BRCAL, so that the high frequency of such mutations in BRCA1 is thought to
result from unusually high concentration of Alu-elements in the intronic
sequences of the gene, rendering it particularly prone to Alu-mediated unequal
recombination (Smith et al, 1996; Puget et al, 1997).

In some other reports patients have been unselected for family history, but the
focus has been on early-onset disease (FitzGerald et al, 1996; Langston et al,
1996; Krainer et al, 1997; Malone et al, 1998; Hopper et al, 1999; Peto et al,
1999; Southey et al, 1999). Mutation frequencies in these studies have varied
from (1.9 -13%) for BRCAland (2.2 -2.7%) for BRCA2. In a few studies where
patients have been unselected both for family history and age at diagnosis the
sample size has been quite small (130-211) and only (BRCAL) has been
analyzed (Newman et al, 1998; Tang et al, 1999). The mutation frequencies in
these studies have varied between (1.4 -3.8%). This reflected that; the frequency
of mutations was decreased in unselective patients.

In regard to risk factors associated with mutations in the current study
population:

(Table 4.13): Revealed the presence of a junction binding breast cancer
mutation with patient’s age; most patients with BRCA mutations, 8 (72.7%)
were allocated among age (51-60) years, there is no significant statistical
relationship between age and BRCA mutations carriers (P= 0.233). This is
indicating that mutations tend to be somatic rather than inherited.

Similar finding was found in a study of a meta-analysis of (22) studies
unselected for family history showed that by age (50), it was estimated that
approximately (40%) of BRCAL carriers would develop breast cancer and in
BRCAZ carriers it was estimated that approximately (15%) would develop breast

cancer by age (50).
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Other study of (676) Ashkenazi Jewish families and (1,272) families of other
ethnicities in the (USA) showed that the cumulative risk to age (50) for BRCA1
carriers was 28% (CI 24-34) for breast cancer and the cumulative risks for
BRCAZ carriers were 23% (CI 19-29) (Antoniou & Easton, 2003).

(Table 4.14): Showed a significant statistical linkage between tribe/ ethnic and
breast cancer mutation: the study demonstrated that the mutated patients
accounted for 6 (54.5%) were Jaalia, while 5(45.6%) from other tribes, there
was significant statistical relationship between mutations and Jaalia
tribal/ethnicity (P 0.047). the finding of the recent study was supported by other
study, Kurian (Kurian , 2009) was found that, in individuals diagnosed with a
breast cancer, BRCA1 and BRCA2 mutation rates across ethnic groups are fairly
similar with a rate of (1-4%) for each gene. Therefore, the differences in
prevalence of breast cancer among different ethnic/racial populations cannot be
explained exclusively by the rate of mutations in the BRCA1 and BRCA2 genes
in those populations. There are likely other genetic factors within racial groups
that influence a woman’s risk of developing breast.

Most mutations are unique to the families they have been identified in, but in
many populations recurrent founder mutations also exist. The founder effect is
most clearly seen in Iceland, where one BRCA2 mutation (999del5) is estimated
to account for up to (76%) of families with multiple cases of female breast
cancer and/or male breast cancer (Thorlacius et al, 1996). Population frequency
of this mutation is estimated to be about (0.5%) (Johannesdottir et al, 1996;
Thorlacius et al, 1997). Strong founder effect is also seen among Ashkenazi
Jewish, where approximately (2.5%) of individuals carry (1) of the (3) founder
mutations (185delAG or 5382insC in BRCAL, 6174delT in BRCA2) (Roa et al,
1996; Struewing et al, 1997; Hartge et al, 1999). These mutations are estimated
to account for (45%) of high-risk families among Ashkenazis (Tonin et al,
1996).
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(Table 4.16): Demonstrated the presence of a genetic binding between breast
cancer incidence and family history: the following results were observed, 6
(54.5%) have a family history, while 5 (45.5%) without family history, there
was no statistically significant relationship between family history and
mutations in the present study population.

Many studies have shown that familial history of either breast or ovarian cancer
alone or together increase likelihood of presence of a cancer predisposing
mutation (Couch et al, 1997; Shattuck- Eidens et al, 1997).

(Table 4.17): Revealed that, there was no association between breast cancer
mutation risk and age at menarche: results estimated that, 10(90.9%) had
attended menarche after age (11) years, while 1(9.1%) in age (11) years, there
was no statistical significant relationship between age at menarche and mutation.
Similar study showed no association with age at menarche and breast cancer risk
in BRCA1 or BRCA2 mutation carriers (Chang &Easton, 2007).

One study found a later age of menarche in BRCA1 mutation carriers was
associated with a decreased breast cancer risk, however no protective effect was
observed in BRCA2 mutation carriers (Lee & Ursin, 2008).

(Table 4.18): Clarified the presence of a genetic binding between obesity and
breast cancer mutation: results calculated were revealed the following, 7(63.6%)
were overweight, 2(18.2%) have a normal weight, and 2(18.2%) less than
normal weight; also there was no statistical significant value between obesity
and mutation (P= 0.625). King and colleagues recently reported that a healthy
weight defined at menarche and at age (21), as well as physical activity during
adolescence, were associated with a significant delay in the age of onset of
breast cancer in BRCA1 and BRCA2 carriers; however, such an effect could be
attributable to either weight gain increasing the risk of early-onset breast cancer
or to weight gain protecting against late-onset breast cancer (King et al, 2003).
Other study of (46) BRCAL carriers found no significant effect of current BMI

on the age at disease onset (Cullinane et al, 2005).
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(Table 4.19): Denoted the presence of a correlation between oral contraceptives
use against breast cancer mutation: the study indicated that; 4 (36.4%) used oral
contraceptives, while the remaining were not; there was no statistically
significant relationship between oral contraceptives used and mutations (P
0.327). However, using of oral contraceptives in BRCA1 mutation carriers as
prevention against ovarian cancer may increase breast cancer risk , no statistical
significant value has been observed in BRCA1 mutation carriers after using oral
contraceptives for (1) year (Haile et al, 2006). Other recent publication has
shown that; a quite opposite result which indicates that BRCA mutation carriers
as well as women with strong familial history are more prone to exogenous
hormones present in oral contraceptives (Pasanisi et al, 2009).

(Table 4.15): Indicated the relationship between parity and breast cancer
mutations, results tabulated were showed the following: 7(63.6%) were
multiparous, 1 (9.1%) was single parous, and 3 (27.3%) were nulliparous; there
was no statistically significant value between parity and mutation (P = 0.855).
Similar a study performed in a population of BRCA1 and BRCA2 mutation
carriers found a decreased risk of breast cancer as the number of full-term
pregnancies increased (Lee & Ursin, 2008)), however the results were not
statistically significant. Another study found no statistically significant
difference in the risk of breast cancer between parous and nulliparous women
(Andrieu & Chang, 2006).

(Table 4.20): Showed the effects of exposure to radiation against breast cancer
mutations, the study denoted that, there was no association between exposure to
radiation and mutation, it was estimated for 3(27.3%), there was no statistically
significant difference between exposure to radiation and mutations (P= 0.666).
A similar cohort study of BRCAs mutation carriers treated with breast
conserving therapy (BCT) showed no evidence of increased radiation sensitivity

either in breast or any other organ of the body (Pierce et al, 2000).
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(Table 4.21): Prevailed a molecular biological binding between menopause and
breast cancer mutation: the study arrived at that, 7(53.6%) have menopause,
while the other were not; there was no statistical significant relationship between
menopause and mutations (P= 0.989). A study of BRCA1 and BRCA2 mutation
carriers found no overall association with menopause and breast cancer risk
(Chang & Easton, 2007). Other study found early menopause to confer an odds
ratio of (0.6) when women who underwent menopause prior to age (45) were
compared to those who underwent menopause after age (45) (Chiaffarino et al,
2001).

(Table 4.22): ldentified a correlation between histological types and breast
cancer mutation, the study summarized that, all mutated patients were presented
with invasive ductal carcinoma, but also there was no statistically significant
value between histological types and mutations (P= 0.611). This indicates that;
invasive ductal carcinoma is the most histological type appears with BRCA
mutation.

(Table 4.23): Stated an association between cancer grade and breast cancer
mutation: the study demonstrated that; 6 (54.5%) have grade I, while 5 (45.5%)
have grade Ill, there was no statistical significant difference between cancer
grades and mutations (P= 0.447). Always breast cancer associated with BRCA
mutation presents with high grade.

In respect to relation between ER, PR, and HER-2 and mutations, the study
found that; there was no significant statistical value binding mutations and ER,
PR (P=0.812, P=0.372) respectively.

BRCA- associated tumors, which are more often of higher grade than that of
sporadic breast cancer, would therefore be predicted to be more often (ER)
negative. Numerous studies (Osien et al, 1998; Osien, 1998; Johansson et al,
1997; Armes et al, 1999) have shown low levels of (ER) expression in familial
breast cancers. Osien et al (Osien et al, 1998; Osien, 1998) have shown that

when (ER) was assessed in BRCA associated tumors in comparison with a grade-
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matched control group, the expression of (ER) in BRCA1-associated tumors was
still significantly lower (8 versus 26%). In contrast, the expression of (ER) in
BRCA2-associated tumors appears to be similar to that in sporadic breast
cancers.

Expression of progesterone receptor (PgR) is indirect evidence of retained
transcriptional activation activity of (ER), and it has been shown that (PgR)
expression have stronger correlation with prognosis in breast cancer than (ER)
expression alone (Loakim et al, 1997).

Osien et al (Osien et al, 1998) showed that, although (9) out of (40) familial
breast cancer patients were (ER) positive, only two of these were also (PgR)
positive. This suggests that even in cases where (ERs) could be identified
immunohistochemically, their functional ability may be compromised.

In contrast, there was significant relationship between mutation and HER-2 (P
0.017). Data on (HER2/neu) are limited and conflicting. Armes et al (Armes et
al, 1999) and Robson et al (Robson et al, 1998) have not shown a difference in
(HER2/neu) expression between sporadic and familial cancers. The study by
Johansson et al (Johansson et al, 1997), however, demonstrated that (c-erbB2)
expression in BRCA1-associated cancers is lower than would be predicted on the
basis of their histological grade.

Finally a large-scale population-based study is needed to establish the clinico-
pathological characteristics as well as the genetic pathology related to BRCA
mutations in Sudanese breast cancer patients, and to identify the most risk
factors contributed to breast cancer risk. However, identification of new
mutations, suggesting that; genetic test plays an important role in disease
progress and therapy improvement in mutation carriers.

Knowledge of the ethnic background of an individual can direct mutation testing
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Conclusion:

BRCA1 mutations are responsible for a significant proportion of breast
cancer of this study population.

BRCA mutations were found in individuals with and without family
history.

BRCAZ2 was not contributed to hereditary breast cancer in this study.

Ethnicity plays a role as risk factor for mutation inheritance.

Recommendations:

>

An urgent need to develop effective and affordable approaches to the early
detection, diagnosis, and treatment of breast cancer among women living
in less developed countries.

Genetic counseling can help a person to understand what an ambiguous
change in BRCA1 or BRCA2 may mean in terms of cancer risk.

Molecular testing is the best and required way for early detection of breast
cancer. It is valuable to offer genetic testing to newly diagnosed cases with
breast cancer for the purpose of clinical management and as a mean to
identify presymptomatic carrier relatives for prevention.

A comprehensive understanding of BRCA1/2 genotypes and associated
tumor phenotypes is needed to enable targeted therapies.

Furthermore, genome-wide exome sequencing and targeted high-
throughput deep-sequencing will be utilized in order to obtain a more
comprehensive view of the involved genetic defects in predisposition to
breast cancer.

A significant amount of additional biological and bioinformatics analyses
are required to establish the clinical utility of these novel non coding

intronic variants.
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Early detection of breast cancer is of high priority in medical management
of the disease, and better than treating the disease in late stages.

Mutational analysis for a limited set of founder mutations requires much
less time, resources, and labor than complete sequencing.
Recommendations can be made for public health action on molecular
genetic testing. The increased public awareness of the nature and
prevalence of breast cancer may result in an increased demand for genetic
testing for breast cancer susceptibility.

Risk factors others than tribe/ethnicity may contribute to disease, so future

study with a large sample size will be recommended.
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Appendix |

PNES NYES A i
Shendi University

Faculty of postgraduate study

Questionnaire

Identification of BRCA1&BRCA2 mutation in unselected breast cancer

patients in Shendi

|. Personal Profile:

than 60
2. Weight:

a. 40 - 60 |:|

than 100
3. Height:
A.140-150

d. More than 170
4. Tribe:

a. Gallyeen
5. Residents:

a. Shendi

6. Level of education:

a. llliterate

d. University graduate

b.61-80 |:| c.81-100|:|

b. Primary |:| c. High School |:|
e. Post graduate |:|
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7. Women's job:
a. House wife |:| b. WorkerD. Employee |:| d. Student|:|
e. Others

8. Marital status:
a. Single |:|b. Married |:| c. Widow |:|d. Divorced |:|

e. Separated |:|

9. Parity:

a. Nulliparous |:| b. Single parity |:| Multiparous |:|

I1. Physical Environmental Risk factors:

11. Did you ever have x-ray in the past?

1) Yes 2) No

I11. Chemical Environmental Risk Factors:

Contraceptive and Hormonal Therapy:

12. Have you ever take birth control pills, shots or implants for another reason
such as irregular menstrual periods, menopausal symptoms?

1) Yes 2) No

13. Have you ever take any hormone replacement therapy for menopausal
symptoms:

1) Yes 2) No

Smoking:

14. Did you live with any other persons who smoked in your presence?
1) Yes 2) No

IV Family history of breast cancer:

16. Have you any types of cancer in your family?

a. Yes |:| b. No |:|

17. If yes indicated what the degree of relationship:
a. First degree relative |:| b. Second degree relatives |:|
b. Third degree relative[ ]

18. Types of cancer in your family?
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a. Breast |:| b. others |:|

19. Age at menarche
a. before 11 years |:| b. after 11 years |:|

20. Are you in menopausal period?

a. Yes |:| b. No |:|

Pathological report:
ER:

PR:

HER?2:

Grade:

Types of breast cancer:
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Pathological report:
ER: PR:
HER2:
Grade: Types of breast cancer:
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Appendix 11
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o)

Page 189 of 192



Appendix 111
a1 el Al anay
(5 AL Azl
L) cbad yalf 4418
ABNAY) d88) gal) il jlaiad)

Gl A Laal) Ao i yal) 488) ga b lalin)

ikl e Ca el 2l sing A ) L1 o) giSall A 3 il aale Cuny 84S jLie B jlaial
Clagl g al )Y Aadlae S e i) Gl s (a2 pa (0Bl e Al 2 6T1S ) naad 450 ) 500

e il Al 5oy o g8 dlall il yiidal) o gle A4S/ (gand daalag 33l Cukll (b dgala U
i o S 5 5 ) s g gl g (sm pe s 8 A1 g <l bl 0
e 43 @l gy a pall Suall CRISH 8 i Al )3 8y el shaiy Cisas g L) 50
|Sse dgle o paiill 5l Gm yall agan J8 4 ) sall dadlial) (e | giSay (i il (8 oia jall £y )
Loy ol g sladl Jasd st g b jlaall 5 Jal gall (mny (galail g 30 gY) ada) o & 4adle A geud
o zlandly i3 g Gl 138 oxe AS Ll S Jal 1A i pall C gany Bagda g A8DMe ld (5SS
O slo aSita sl dalaiall clalall s Jal g2l (ars e Coyeill @l jalall aaadl a0 e 22l
Ay e G Al Cle ) ja ) aen SATL o g8l (o gus g Jadh ol i jad il o285

daxd aSale oy o ) Jlal 5 ppasill 5 Sl UK e oSD g AS dalaiall dpaddl) e sleal) dpa guad
Jaladl cladl)

()35 e () Bse

Page 190 of 192



Appendix VI
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Table 2-1 The standard genetic code
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First .. Third
position Second position position
(5'end) , (3 end)

| U C A G

Uuu m:J UCU Ser ) u

u UUC Phe J F UCC Ser c

UUA Leu y | UCA Ser [ S A

UUG Leu v UCG Ser | G

CCU Leu ) CCUPro ) v U

L e CUC Leu | CCCPuo | B

| CUA Leu CCAPro | A

: CUG Leu | CCGPro | w G

AUU lle | ACU Thr ) U

L & AUC lle 1 AGC Thr | - jn w S C

AUA lle | ACA Thr | AAA Lys AGA Aig'y o A

IE M | ACG Thr | AAG EL K AGG Arg M G

_b GUU Val GCU Ala ) GAU AP ) GGU Gly U

5 Ggucva | GCCAa | , GAC Asp GGCGly | o C

GUA Val GCAAa | GAA Gl GGA Gly A

GUG Val GCGAla | GAG oi_.‘m GGG Gly G




