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Familial Breast Cancer due to Mutations in BRCA1 and BRCA2

In the general female population. An individual woman has a 1-in-8 (12%) chance of developing breast cancer over
an 80-year lifespan

(=3% to 5%) of breast cancer cases appear to be due to a highly penetrant dominantly inherited mendelian
predisposition that increases the risk for female breast cancer fourfold to sevenfold over the 12% lifetime risk
observed in the general female population.

In these families, one often sees features characteristic of hereditary (as opposed to sporadic) cancer: multiple
affected individuals in a family, earlier age at onset, frequent multifocal, bilateral disease or second independent
primary breast tumor, and second primary cancers in other tissues such as ovary and prostate.
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BRCA1 and BRCA2 are responsible for the majority of all BREAST CANCER BY AGE 70

hereditary breast cancers
Specific inherited mutations in the BRCAT and BRCAZ genes increase the risk of breast and ovarian cancers.

. Testing for these mutations is usually recommended in women without breast cancer only when the person’s
Together, these two TSGs account for approximately one half individual or family history suggests the possible presence of a harmful mutation in BRCAT or BRCAZ. Testing is

and one third, respectively, of autosomal dominant familial often recommended in younger women newly diagnosed with breast cancer because it can influence treatment
decisions and have implications for their family members.
breast cancer.
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Breast cancer is the most common malignancy in individuals with a germline BRCA1 or BRCA2 pathogenic variant with a
lifetime risk ranging from 46% to 87%.

Risk of Malignancy in Indrviduals with a Germline BRCAJ or BRCAZ-Pathogenic Variant.

Cancer Type

Breast
Second primary breast

Ovarian
Male breast
Prostate
Pancreatic

Melanoma (cutaneous &

ocular)

(eneral Population

Risk
12%
2% wiin 3 vrs

1%0-2%

0.1%

6% through age 69
0.50%

1.6%

Risk for Malignancy 1

BRCAI BRCA2
46%-87% 38%-84%
21.1% wim 10 vrs; 83% by 10.8% wiin 10 vrs; 62% by
age [0 age 70
39%-63% 16.5%-27%
1.2% Upto 8.9%
8.6% by age 65 15% by age 65; 20% lifetime
1%0-3% 2%-1%
Elevated risk

https://www.ncbi.nlm.nih.gov/books/NBK1247/



Table 1.
Molecular Genetic Testing Used 1n ERCAJ and BRCAS Associated Hereditary Breast/Ovarian Cancer (HBOC)

Proportion of Pathogenic Variants 2

Detected by Method
1 Proportion of BRCAI/'BRCA2-Associated HBOC

Gene
Attributed to Pathogenic Variants in Gene Sequence Gene-targeted
, deletion/duplication
analvsis 4
analvsis
BRCAI 66% =20% 5 ~10% 3
BRCAZ 34% =20 5 ~10% 3

Moreover, mutations in BRCA2 and, to a lesser extent, BRCA1 , also account for 10% to 20% of all male breast cancer and
increase the risk for male breast cancer ten to sixtyfold over the 0.1% lifetime risk observed among males in the general
population



The gene products of BRCA1 and BRCA2 are nuclear proteins contained within the same multiprotein complex. This
complex has been implicated in the cellular response to double-stranded DNA breaks, such as occur normally during
homologous recombination or abnormally as a result of damage to DNA.
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As might be expected for
any TSG, tumor tissue from
heterozygotes for BRCA1
and BRCA2 mutations
frequently demonstrates
LOH with loss of the
normal allele.

Sporadic vs. Familial Cancer

Sporadic = Mutation-driven
Familial = Inherited mutation + “loss of heterozygosity”
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Penetrance of BRCA1l and BRCA2 Mutations

Presymptomatic detection of women at risk for development of breast cancer as a result of any of these
susceptibility genes relies on detecting clearly pathogenic mutations by gene sequencing.

For the purposes of patient management and counseling, it would be helpful to know the lifetime risk for
development of breast cancer in individuals, whether male or female, carrying particular mutations in the BRCA1
and BRCA2 genes, compared with the risk in the general male or female population
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Hereditary Colon Cancer

Colorectal cancer, a malignancy of the epithelial cells of Colorectal Cancer (CRC)

the colon and rectum, is one of the most common forms
of cancer.

It is responsible for approximately 10% to 15% of all
cancetr.

Most cases are sporadic

a small proportion of colon cancer cases are familial,
among which are two autosomal dominant conditions:
familial adenomatous polyposis (FAP) and Lynch
syndrome (LS), along with their variants.




Familial Adenomatous Polyposis (FAP)

FAP and its subvariant, Gardner syndrome, together have an incidence of
approximately 1 per 10,000.

In FAP heterozygotes, benign adenomatous polyps numbering in the many
hundreds develop in the colon during the first two decades of life.

In almost all cases, one or more of the polyps becomes malignant.

Surgical removal of the colon (colectomy) prevents the development of
malignancy.




FAP is caused by loss-of-
function mutations in a
TSG known as the APC
gene

(so-named because the
condition used to be
called adenomatous
polyposis coli).
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Gardner syndrome is a variant of FAP

Gardner syndrome is also due to mutations in APC and is therefore allelic to FAP.

Gardner syndrome is a form of familial FAP that is characterized by multiple colorectal polyps and various types of
tumors, both benign and malignant.
People affected by Gardner syndrome have a high risk of developing colorectal cancer at an early age

Extra colonic tumors:

Patients with Gardner syndrome have, in addition to the adenomatous polyps with malignant
transformation seen in FAP, other extracolonic anomalies, including osteomas of the jaw and
desmoids, which are tumors arising in the muscle of the abdominal wall.



Although the relatives of an individual affected with Gardner syndrome who also carry the same APC mutation tend to also
show the extracolonic manifestations of Gardner syndrome,

the same mutation in unrelated individuals has been found to cause only FAP in one individual and Gardner syndrome in

another.

Thus whether or not an
individual has FAP or Gardner
syndrome is not simply due to
which mutation is present in
the APC gene but is likely
affected by genetic variation
elsewhere in the genome.
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Characteristics of different forms of FAP

Classical form of FAP Attenuated form of FAP  Gardner syndrome Turcot syndrome
Gene APC: 5q21 APC: 5q2) APC: 5q21 APC: 5q21
N-terminal mutation
Transmission Autosomal dominant Autosomal dominant Autosomal dominant Autosomal dominant
Colic manifestations Adenomatous polyps Adenomatous  polyps, late | Adenomatous polyps Adenomatous polyps
onset, low number
Extra-colic Absent Absent HCEPR, epidermoid cysts, | Brain tumour:

manifestations

pilomatrixoma, fibrous
hyperplasia, desmoid twmour,
multiple osteomas

various digestive tumours
and extra digestive

ghoblastoma,
medulloblastoma,
Basal cell carcinoma.

Brown spots,



Lynch Syndrome (LS)

2% to 4% of cases of colon cancer are attributable to LS

LS is characterized by autosomal dominant inheritance of
colon cancer in association with a small number of
adenomatous polyps that begin during early adulthood

The number of polyps is generally quite small, in contrast
to the hundreds to thousands of adenomatous polyps seen
with FAP

the polyps in LS have high potential to undergo malignant
transformation.

Heterozygotes for the most commonly mutated LS gene
have an approximately 80% lifetime risk for development
of cancer of the colon;

female heterozygotes have a somewhat smaller risk
(approximately 70%) but also have an approximately 40%
risk for endometrial cancer.




LS results from loss-of-function mutations in one of four distinct but related DNA repair genes ( MLH1, MSH2, MSH6 ,
and PMS2) that encode mismatch repair proteins.

mnysk Alth(?ugh a!l four. of jchese genes.f.\ave been
= implicated in LS in different families, MLH1
and MSH?2 are together responsible for the

ML H, MSH2 vast majority of LS, whereas the others
J L

have been found in only a few patients and

MSHG’ PMSZ, EP CA M are often associated with a lesser degree

of mismatch repair deficiency and lower
penetrance.
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Proficient Mismatch Repair Complex DNA successfully repaired

Like the BRCA1 and BRCA2
genes, the LS mismatch repair
genes are TSGs involved in

maintaining the integrity of the

genome.

Unlike BRCA1 and BRCA2,
however, the LS genes are not

involved in double-stranded DNA MT----
break repair. .--...L.- c

!nstead, their role is to. rggalr DNA polyrierase
incorrect DNA base pairing (i.e.,
pairing other than A with Tor C \

with G) that can arise during DNA

%.----

replication.

Deficient Mismatch Repair Complex Defective DNA



At the cellular level, the most striking phenotype of cells lacking

mismatch repair proteins is an enormous increase in both:

e point mutations and

* mutations occurring during replication of simple DNA
repeats, such as a segment containing a string of the same
base, for example (A) n, or a microsatellite, such as (TG) n.

Microsatellites are believed to be particularly vulnerable to
mismatch because slippage of the strand being synthesized on
the template strand can occur more readily when a short
tandem repeat is being synthesized

Normal replication
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Backward slippage

(b)

Insertion
mutation

Normal

Forward slippage
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mutation

Normal
(c)
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This instability, is referred to as the

microsatellite instability-positive (MSI+) phenotype

occurs at two orders of magnitude higher frequency in cells
lacking both copies of a mismatch repair gene.

The MSI+ phenotype is easily seen in DNA as three, four, or
even more alleles of a microsatellite polymorphism in a single
individual's tumor DNA.

It is estimated that cells lacking both copies of a mismatch
repair gene may carry 100,000 mutations within simple repeats
throughout the genome
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FIGURE 15-9 Gel electrophoresis of three
different microsatellite polymorphic markers in
normal (N) and tumor (T) samples from a patient
with 2 mutation in MSH2Z and microsatellite
instability. Although marker #2 shows no
difference between normal and tumor tissues.
genotyping at markers #1 and #3 reveals extra
alleles (blue arrows). some smaller, some larger,
than the alleles present in normal tissue.




a Cellular phenotype
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TGFBR2 encodes transforming growth factor 8 receptor Il, a serine- Wild-type TGFBR2
threonine kinase that inhibits intestinal cell division. Sy

TGFBR?2, is particularly vulnerable to mutation when mismatch repair
proteins are lost because it contains a stretch of 10 adenines encoding
three lysines within its coding sequence

deletion of one or more of these As results in a frameshift and loss-of-
function mutation.

LS is an excellent example of how a gene, like MLH1 , which has a global
effect on mutation rate throughout the genome, can be a driver gene
through its effect on other genes, such as TGFBR2 , that are more
specifically involved in driving the development of a cancer.
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