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Familial breast cancer: Genetics and counseling
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Hereditary breast cancer (HBC) accounts for 5-10% of all breast cancer cases. A family history of
breast cancer has long been recognized as a significant risk factor for breast cancer. Mutations in
BRCA1 and BRCA2 account for about 40% of the cases. So, overall they constitute less than 5% of all
of the breast cancer cases. With increasing awareness women with family history often overestimate
their personal risk for breast cancer and may view themselves as candidate for genetic testing.
Identification of high risk cases needing genetic counseling and DNA testing is needed. In this article
we have reviewed the genetics of breast cancer and the genetic counseling protocol to meet the needs
of women with family history of breast cancer.
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INTRODUCTION

Breast cancer is the commonest malignancy
of women in the world. It accounts for about
18% of female cancer cases.!!! The overall in-
cidence of cancer in India is 36.2/100,000 pop-
ulation with marked variation in the different
regions of the country. In males cancer of lung,
stomach, cancer of oesophagus are the com-
monest sites of cancer. In females cancer breast
is the commonest neoplasm in most of the ar-
eas except Chennai where cancer of cervix is
the cancer.”?! Various risk factors implicated are
age at menarche, age at first live born child,
breast feeding and family history of breast or
ovarian cancer. Of all these family history is
the strongest known epidemiological factor.
Most of the breast cancer cases are sporadic,
only 5-10% are hereditary and are due to germ-
line mutations in susceptibility genes.** In-
heritance is as autosomal dominant pattern

Two major genes associated with the suscepti-
bility to breast and ovarian cancer are BRCA1
and BRCA2. BRCA1 and BRCA2 mutations are
found in 40% of families with evidence of
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inherited susceptibility to the breast and ovarian can-
cer.¥! Other genes in the breast cancer susceptibility
are CHECK2 (5%), TP53 (<1%), ATM gene and PTEN
gene.® In addition unidentified number of suscepti-
bility genes and environmental factors are likely to play
an important role in the remaining 50% of cases.

Genes associated with hereditary breast cancer
BRCA1 and BRCAZ2 account for about 40% of families
with evidence of inherited susceptibility to breast can-
cer. Life time risk for the mutation carriers of BRCA
genes are 60-85% for breast cancer and that of ovarian
cancer 15-40%."# Life time risk for developing vari-
ous cancers in the mutation carriers of BRCA genes
are shown in [Table 1].

BRCA1 and BRCA2 are tumor suppressor genes. The
individuals with inherited susceptibility to these genes
carry an inactivating mutation in one copy of the gene
in the germ line. That is the mutation is present in all

Table1: Life time risk for BRCA1 and BRCA2
mutation carriers

Gene Female Ovarian Male Colon Prostate
Breast Cancer Breast Cancer Cancer
Cancer

BRCAT 80-85% 60% ?10% 6% 6

BRCA2 80-85% 27% 5% ?0% 6-14%
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cells of the body. A single event rendering the second
copy of the gene nonfunctional initiates malignancy.
Germline mutation in the BRCA1 and BRCAZ2 are trans-
mitted in autosomal dominant manner, i.e. the off-
spring of the mutation carrier have a 50% chance of
inheriting the mutation.

Population genetics of BRCA1 and BRCA2

The proportion of high risk families with breast or
ovarian cancer attributable to BRCA1 mutation varies
widely among populations. BRCA1 mutation are most
common in Russia accounts for 79% of hereditary can-
cer breast while the prevalence is 47% in Israel and
27% in Italy.!"!

Between 20-25% of high risk families in Britain, France,
Scandinavia and Hungary have BRCA1 mutation. In
Japan the incidence of BRCA1 mutation is 10% and in
Iceland 9%.

Various Indian studies have reported BRCA mutations
in 9-25% of familial breast cancer cases!'*' In most
populations 6-10% of patients with breast cancer have
mutation in BRCA gene irrespective of their family
history.

In most population frequency of BRCA1 mutation is
higher compared to BRCA2 by a factor of 1.5-2 except
in Iceland where the frequency of BRCA2 is higher
(649).° In Israel 24% of hereditary breast and ovarian
cancer families are due to BRCA2 mutation. In the
United States and Canadian families the percentages
are 25% and 16% respectively. Lower prevalence of
BRCAZ2 mutation could be due to fewer mutations, low-
er penetrance and/or to later age of onset in the BRCA2
carrier. In families with male breast cancer BRCA2
mutation are more common than BRCA1. In at least
50-60% of the families no mutations in both BRCA1
and BRCA2 have been detected.

Structure and function of BRCA1

BRCA1 is mapped to chromosome 17q21.1%% It is a large
gene and spans over 100 Kb. It has 24 exons of which
only 22 are coding. Out of which exon 11 is very large.
The gene encodes a protein of 1863 amino acids
(220kDa). It contains a RING finger domain near the
N- terminus and an acidic carboxy terminal domain
characteristic of many trascription factors. RING fin-
ger domain is critical for the function of BRCA1. It
serves as an interface for recognition of DNA or pro-
tein- protein interaction. The BARD1 gene located on
chromosome 2g33-34 interacts with RING finger do-
main and is involved in tumor suppression and muta-
tions in the RING finger domain hence result in defec-
tive tumor suppression. BRCT domain is present at C-
terminus. This domain is involved in cell cycle regu-
lation in response to DNA damage.
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Mutations in BRCA1 gene

More than 600 different mutations have been described
in BRCA1 gene!'® They are scattered throughout the
coding region of the gene and more than 50% of them
have been described only once. 95% of mutations re-
sult in the truncation of protein. 70% of the mutations
are frame shifts, 20% are nonsense. Splice site and
missense mutations constitute about 5% each. The
three common mutations are

1. Mutation in the RING finger domain 185 delAG -
12%

2. Mutation in the exon 20, 5382insC — 12%

3. Mutation in the exon 11, 4184del14- less common

Structure of BRCA2

BRCAZ2 is the second breast cancer susceptibility gene
that is mapped to chromosome 13q12-q13.1'"?BRCA2
is a large gene almost twice as large as BRCA1. It is
composed of 27 exons and encodes a protein of 3418
amino acids. The type of mutations is frameshift mu-
tation (68%), nonsense (12%), splice sites (7%) and
missense (13%).

The types of mutations vary within different popula-
tion. The mutations can be classified as recurring or
unique. Unique mutations are confined to a popula-
tion. The incidence of mutation carriers is very high
in Ashkenazi Jews (1 in 40 to 1 in 50). The three com-
mon founder mutations in Ashkenazi Jews are BRCA1
185delAG, 5382insC and BRCA2 6174delT. In Iceland
founder mutation is BRCA2 999del5. In Russia com-
mon alleles of BRCA1 are 532insC and 4153delA.
532insC mutation is also the most common allele
among Europeans whereas 4153delA has not been
observed outside Russia so far. Many European BRCA1
and BRCA2 mutation has been observed in United
States and Canada reflecting European migration to
North America.

Techniques of mutation detection

1. Protein truncation test

2. Single stranded conformational polymorphism
3. Sequencing

Protein truncation test is done for exon 11 of BRCA1
and exon 11 and exon 12 of BRCA2. Protein trunca-
tion test detects premature stop codons in a single re-
action by amplifying DNA fragments of the coding re-
gion.

Single stranded conformational polymorphism (SSCP)
is used for the analysis of exon 2-10 and exon 12-24 of
BRCA1 and exon 2-10 and exon 12-27 of BRCA2. Here
the conformational change in the DNA due to point
mutation affects the mobility in the gel.
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All the variants identified by both methods are veri-
fied by sequencing.

The large number of mutations and specialized tests
required for identification of each makes detection of
mutation tedious and costly.

Other breast cancer genes

TP53 gene

This gene is located on the short arm of the chromo-
some 17.1% It is a tumor suppressor gene. Germline
mutation of TP53 account for over 70% of cases of Li —
Fraumeni syndrome.!"® Li — Fraumeni syndrome is an
autosomal dominant cancer syndrome. Families with
Li — Fraumeni syndrome have a high risk of soft tissue
childhood sarcomas, breast cancer, brain tumors, and
adrenal cortical tumors. TP53 accounts for very small
proportion of breast cancer outside Li — Fraumeni syn-
drome.

ATM gene

Hetrozygotes carriers of ataxia telengiectasia gene are
known to be at five fold risk of breast cancer." It is
located on chromosome 11q.

PTEN gene

Cowden disease is a rare autosomal dominant syn-
drome in which affected members tend to develop bi-
lateral breast cancer, multiple facial trichelemmomas,
acral keratosis, oral pappilomas, gastrointestinal pol-
yp, female genital tract tumors and thyroid tumors.
The risk of breast cancer in women with Cowden dis-
ease is 30-50% by age 50 years. It does not account for
breast cancer outside the families affected with Cow-
den disease.?” The gene is located on chromosome 10q.

Genetic counseling for women with family history
of breast cancer

The steps involved in advising women with breast can-
cer

1. Correct diagnosis of cancer and its hereditary pre-

D
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disposition
2. Risk assessment depending on family history
3. Possible options for high risk cases

Correct diagnosis of cancer and determination of its
hereditary predisposition is cornerstone of the mean-
ingful genetic counseling. This is achieved by con-
structing a three generation pedigree and enquiring
about the family history of cancer in first degree as
well as distant relatives on both paternal and mater-
nal side. Cancer of all anatomic sites in addition to
breast cancer must be addressed. The pedigree should
document the primary tumor site, age of onset, pres-
ence of bilateral or multiple primary tumors, ethnicity
and age of affected relatives. Pedigree development is
a dynamic process and so new changes over time must

be added.

Risk assessment

Family history of breast cancer is usually taken as
strongest epidemiological factor. The risk of breast can-
cer depends upon the age of onset in the proband and
the number of relatives. Life time risk of breast cancer
in general population is 9% and the patients are divid-
ed according to the risk in three groups®!

a. Low risk < 2 times population life time risk

b. Moderate risk 3-4 times population life time risk
c. High risk > 4 times population life time risk

The risk calculation based on family history, age of

onset and presence of male breast and ovarian cancer.

The guideline for referral and mammography in the

women with one, two or three relatives affected with

breast cancer is shown in the [Table 2]. The table shows

that women with high risk of breast cancer are

e Two relatives diagnosed with breast cancer at age
30-39

e Three relatives at age 40-50 years

e Two relatives with breast cancer at the age <50
years or ovarian cancer at any age

Table 2: Guidelines for referring women with relatives with breast cancer?!

Family History of Expected Breast Cancer Life Time Risk Risk Group DNA
Breast Cancer (Age at Diagnosis) (40 =50 yr) Test
1 relative
1 relative > (40 years) 1in 50 1in 8 Low No
1 relative < (40 years) 1in 30 - 50 11in 6-12 Low/Mod No
Male at any age 1in 25 1in6
2 relatives
2 relative (50-60 years) 1in 40 1in 8 Low No
2 relative (40-49 years) 1in 25 1in 4-6 Mod No
2 relative (30-39 years) 1in 14 1in 3-4 High Yes
3 relatives
3 relative (50-60 years) 1in 15 1in 4 Mod Yes
3 relative (40-50 years) 1in 11 1in3 High Yes
Breast and other cancers
1 or more relative >1in 25 1in 6 Mod/ High Yes
with breast cancer < 50 + 1 or more relative
with ovarian cancer < 50 or 1 relative with both
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Possible options for high risk women

The natural history of breast cancer mandates that high
risk women receive special attention. Education is in-
itiated in midteens. This involves a description of the
natural history of HBC. At age 18 years they are taught
self breast examination. They are then told in detail
about pros and cons of genetic testing. Mutation de-
tection test of at risk women clears the uncertainties
and identifies mutation carriers who are at high risk
of cancer breast. Absence of mutation makes inten-
sive surveillance from early age unnecessary. Identifi-
cation of mutation in the affected relative with breast
cancer is the prerequisite before offering mutation test
to the at risk family members. Pretest genetic coun-
seling is mandatory before DNA testing. Basic elements
of informed consent for germline DNA testing are giv-
en in [Table 3].2% All matters including implications
of a positive test, implications of a negative test, and
limitations of the testing, the options for risk estima-
tion without genetic testing, the risk of passing a mu-
tation to children, the technical accuracy of the test,
the cost of testing, the risk of psychological distress,
the risk of discrimination and options and limitation
of medical surveillance and screening following test-
ing should be clearly discussed. The disclosure of
BRCA1/2 testing is usually done face to face and the
various methods of reducing risk in mutation carriers
are discussed.

The possible options of early diagnosis and manage-
ment of germ line BRCA1 and BRCAZ2 carriers are giv-
en.”?

Cancer surveillance should begun at early age because
they are at risk of cancer at an early age. Breast cancer
surveillance is done by self breast examination (18
years), annual clinical examination and mammogra-
phy annually or semiannually beginning at the age of
25 years.

Prophylactic mastectomy can be offered as mastecto-
my has been shown to cause 90% reduction in inci-
dence of cancer in mutation carriers and 80% reduc-
tion in the cancer related deaths.?*

Table 3: Basic elements of the informed consent
for germline DNA testing!??

Information on the specific test being performed
Implications of a positive and a negative test
Possibility that the test will not be informative
Options for risk estimation without genetic testing
Risk of passing mutation to children

Technical accuracy of the test

Risk of psychological distress

Risk of insurance or employer discrimination
Confidentiality issues

Options and limitations of medical surveillance and screening
following testing
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Bilateral prophylactic oophorectomy reduces the risk
of ovarian cancer by 95% and the risk of breast cancer
by 53%. Bilateral prophylactic oophorectomy should
be done as soon as the child bearing is completed. **
Though highly effective prophylactic surgery involves
complex psychosocial issues and the option may not
be acceptable to many.

Chemoprevention of breast cancer using Tamoxifen can
be tried.

Predictive genetic testing

Indications for predictive genetic testing are given in
[Table 4].' Mutation detection does not alter the man-
agement of cancer in such women. As mutation in
BRCA1 and BRCA2 account for 5-6% of cases of breast
and ovarian cancer cases, DNA test is not necessary
for each case of breast and ovarian cancer. DNA test is
considered necessary when the possibility that the
particular family in concern is likely to have familial
breast cancer is more than 10%. Mutation detection
does not alter the management of cancer in such wom-
en but it is necessary for providing DNA test to at risk
relatives. If a mutation is not identified in the affected
member of the family; DNA test can not be offered to
the at risk members of the family.

In 30-40% of cases of hereditary breast cancer the pre-
disposing gene is unknown. Advantages of predictive
testing are

1. Increased knowledge about cancer risk and

2. Loss of uncertainty

3. Preventive options

Disadvantages of such testing are
1. Psychological distress
2. Discrimination by insurance or employer

The list of some genetic centers in India which pro-
vide genetic counseling is given in [Table 5].

CONCLUSIONS

Hereditary breast cancer account for about 5-10% of

Table 4: Indications for BRCA1 screening!"

e Three first degree or second degree relatives from the same
side of family diagnosed with breast or ovarian cancer at any
age

e Two first degree or second degree relatives from the same
side of family diagnosed with breast or ovarian cancer at an
average age of younger than 50 years

* Mother or sister diagnosed with breast or ovarian cancer
before age 40 years

e Father or brother diagnosed with breast cancer before age 60
years

* One first or second degree relative with bilateral breast
cancer; first cancer diagnosed before 50 years

Indian J Surg | December 2005 | Volume 67 | Issue 6

D



Table 5: Genetic centers in India

« ACTREC, Navi Mumbai

«  Center for Genetic Disorders, Department of Human Genetics,
Guru Nanak Dev University, Amritsar, Punjab.

*  Department of Human Genetics and Anatomy, St. Johns
Medical College, Bangalore.

* ICMR Immunohematology Center, KEM Hospital. Mumbai.

* ICMR Genetic Research Center, Indian Council of Medical
Research, Wadia Hospital for Children, Mumbai.

* Department of Genetics, Ramakrishna Mission Hospital,
Calcutta.

»  Genetic Clinic and Counseling Centre, Vivekananda Institute of
Medical Sciences, Calcutta University

* Departments of Pediatrics and Hematology, Postgraduate
Institute of Medical Education and Research, Chandigarh.

*  Genetics Unit, Department of Pediatrics, All India Institute of
Medical Sciences, New Delhi.

» Department of Genetic Medicine, Sir Ganga Ram Hospital,
Rajinder Nagar, New Delhi.

*  Department of Medical Genetics, Sanjay Gandhi Post Graduate
Institute of Medical Sciences, Lucknow.

»  Department of Genetics, Institute of Child Health and Institute
of Obstetrics and Gynecology, Chennai.

*  Genetics Center, Department of Pediatrics, B.J. Medical
College, Pune.

»  Genetics Clinics and Counseling Centers, BMMRC, Institute of
Genetics, Hyderabad

cases of breast cancer. The two most important genes
in familial cancer are BRCA1 and BRCA2 which to-
gether account for about 40% of familial breast can-
cers. The DNA test gives complete reassurance and
removes the option of intensive surveillance pro-
gramme and prophylactic surgery. But it is only possi-
ble when the mutation in the affected family member
is identified. Mutation detection tests are costly, tedi-
ous and not available easily. Mutation detection con-
firms the inherited nature of the cancer but if muta-
tion is not detected it does not rule out the possibility
of genetic susceptibility to breast cancer The genetic
testing should be only done when there is strong con-
tribution of hereditary component as suggested by fam-
ily history. The test should not be done without avail-
ability of adequate pretest and post test counseling.
The preventive options for mutation carriers are sur-
veillance for early detection by mammography, pro-
phylactic mastectomy and prophylactic oophorecto-
my. Women with high risk in whom mutation is not
identified or can not be tested are candidates for same
preventive options as those for BRCA1 and BRCA2 car-
riers for early diagnosis and management.
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