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Abstract
Many factors including genetic, environmental, and acquired are involved in breast cancer development across

various societies. Among all of these factors in families with a history of breast cancer throughout several gen-
erations, genetics, like predisposing genes to develop this disease, should be considered more. Early detection of
mutation carriers in these genes, in turn, can play an important role in its prevention. Because this disease has a
high prevalence in half of the global population, female screening of reported mutations in predisposing genes,
which have been seen in breast cancer patients, seems necessary. In this review, a number of mutations in two
predisposing genes (BRCA1 and BRCA2) that occurred in patients with a family history was investigated. We
studied published articles about mutations in genes predisposed to breast cancer between 2000 and 2015. We
then summarized and classified reported mutations in these two genes to recommend some exons which have a
high potential to mutate. According to previous studies, exons have been reported as most mutated exons pre-
sented in this article. Considering the large size and high cost of screening all exons in these two genes in pa-
tients with a family history, especially in developing countries, the results of this review article can be beneficial
and helpful in the selection of exon to screen for patients with this disease.
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Introduction
Breast cancer is not only the most com-

mon malignancy in women throughout the
world and constitutes 22.9% of cancer in
women, but it is also one of the major caus-
es of death (1-18). The incidence rate varies
according to geographic location (5). Stud-
ies demonstrate that breast cancer therapeu-
tic course in the younger population is
worse than the older one(4). Affected peo-
ple have a 29% risk until age 50 and a 44%
risk until age 70 to be affected by ovarian
cancer (3). The major course of breast can-
cer incidence rate occurs in women after
age 50; however, 5% to 12% of this cancer
is seen in women under 45 years, is genetic,
and proceeds from a mutation in genes pre-
disposed to breast cancer (5,19,20). Heredi-
tary breast cancer is characterized by the

following:
Early-onset disease, 2- high incidence of

bilateral disease, 3- repetitive correlation
with ovarian cancer (21).

Early-onset breast cancer is a hallmark
for the existence of genetic predisposing
factor (1). Breast cancer molecularly di-
vides to subgroups on the base of cell sur-
face receptors, which are components of
human epidermal growth factors and in-
clude estrogen receptor (ER), progesterone
receptors (PR), and HER-2.

Molecular subtypes of breast cancer
Molecular subtypes of breast cancer may

be effective to determine the treatment plan
and new therapies. Therefore, many studies
have been conducted in this field. Some of
the more common subtypes of breast cancer
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are shown in Figure 1.
Most studies divide breast cancer into six

main molecular subgroups that include:
Luminal A, Luminal B, Triple negative

(basal-like), HER-2 type, Claudin-low, and
normal-like.

Luminal A: Luminal tumor cells are most
likely breast cancer cells with an onset in
the inner cells lining the breast ducts. Lu-
minal A tumor cells tend to be positive for
ER and PR but negative for HER-2, and are
present in tumors with grade 1 and 2. Lu-
minal A tumors have the best prognosis,
high survival rates, and low recurrence
rates.

Luminal B: Contrary to luminal A cells,
luminal B tumors tend to be positive for ER
and/or PR. Most of these types of tumors
are HER-2 positive. It is interesting that
compared to luminal A tumors, luminal B
tumors are detected at a younger age in
women, but due to lower grade tumor, larg-
er tumor size, and lymph node involve-
ment, they have a poorer prognosis.

Triple negative/basal-like: Triple negative
breast cancers are negative for the PR, ER,
and HER-2, and are therefore called triple
negative. There are several categories of
this type of breast cancer tumor. One of

these categories is called basal-like because
this tumor cell type has features similar to
outer cells (basal) lining the breast ducts.
Approximately 15% to 20% of breast can-
cers are triple negative or basal-like. These
tumors tend to occur in younger and Afri-
can-American women. It is noteworthy that
the majority of breast cancer associated
with BRCA1 gene, which is one of the
predisposing genes to breast cancer devel-
opment, is triple negative and basal-like as
well. Triple negative/basal-like tumors of-
ten are aggressive and have a poorer prog-
nosis.

HER-2 type: HER-2 type tumors tend to
be negative for ER and PR, and also ac-
company lymph node involvement and
lower tumor grade. Approximately 10% to
15% of breast cancers are in this subgroup.
HER-2 type tumors have a poor prognosis
and are prone to repetitive and early recur-
rence and metastasis. HER-2 type tumors
are seemingly detected in women at a
younger age than are luminal A or luminal
B tumors.

Claudin-low: This type of tumor often is
triple negative, but its differences are that
in claudin-low tumors, expression of cell-
cell adhesion proteins such as E-cadherin is

Fig. 1. Breast cancer division to 6 major subgroups
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reduced, and lymphocyte infiltration is seen
frequently. This type of tumor also has fea-
tures of mesenchymal cells and stem cells.

Normal-like: Approximately 6% to 10%
of all cases of breast cancer are classified as
normal-like tumors. These tumors are usu-
ally small and prone to have a good prog-
nosis.

Predisposing factors for breast cancer
Ethnic and geographical differences in the

incidence of breast cancer demonstrate the
effect of environmental conditions and life-
style. Epidemiological studies have known
many risk factors for breast cancer. These
non-genetic factors include: early
menopause, alcohol and tobacco, exposure
to radiation, obesity, decreased physical
activity, urbanization, sedentary lifestyle,
high fat diet, frequent spontaneous
miscarriages, lack of breast-feeding,
hormone replacement therapy, aging,
geographical location, socio-economic
conditions, reproduction events, exogenous
hormones, breast density, and family
history of breast cancer or other cancers
(2,4,22-32). Among the risk factors for
breast cancer, family history is the most
important (9,33). Therefore, genetic factors
are known as the major causes of breast
cancer (2,4), and the hereditary risk factor
is responsible for 3% to 10% of all breast
cancer cases and up to 30% of all early-
onset breast cancer (4,32). According to
another study, in most western countries,
5% to 10% of all breast cancer cases are
due to a main genetic cause (1). Germ-line
mutations in BRCA1 and BRCA2 genes are
the main part of genetic and hereditary fac-
tors for breast and ovarian cancers (6).
Generally, BRCA1 and BRCA2 genes are
the strongest susceptibility genes for breast
cancer (Seong, Cho et al. 2009). Therefore,
mutations in BRCA1 and BRCA2 genes are
so effective in the increased risk for
developing early-onset breast cancer and
familial ovarian cancer, that mutations in
these two genes are not only responsible for
90% of hereditary breast cancer cases and
but also for the majority of hereditary

ovarian cancer (4,25,34-39). It is also
noteworthy that increased cases of early-
onset breast cancer depend on disease-
causing mutation in society (7). This type
of breast cancer follows autosomal domi-
nant inheritance pattern and tends to occur
as an early-onset, high intensity, and bilat-
eral form of the disease. BRCA1 and
BRCA2 gene mutation carriers have a
higher risk of developing this disease and
other cancers, especially ovarian cancer.
These mutations are frequently seen in
people with a family history (8,21,40-44).
In addition to an increased risk of breast
cancer, carriers of the mutation in either
BRCA1 or BRCA2 genes have an
increased risk of other cancers like colon,
prostate, pancreatic, melanoma, and gastric
cancers (38,45). Therefore, according to the
conducted studies, screening for BRCA1
and BRCA2 genes should be proposed for
all breast or ovarian cancer patients with a
family history of the disease (44).

Global prevalence
Breast cancer is the most common malig-

nancy in women worldwide. This disease
constitutes 22.9% of all cancers in women
and is one of the main causes of death in
women (1-18). 1,000,000 women are af-
fected by this disease annually, and another
300,000 women die annually as a result
(1,2,4). Although the incidence rate is dif-
ferent in various geographical areas (5), the
risk in the general population is on average
1/10 (1,16,37). The rate of breast cancer
among women in developed and develop-
ing countries is 1/12 and 1/22, respectively
(2). Breast cancer is the most common can-
cer in Iranian women, constituting 24.4%
of all neoplasm cases in Iran. The age at
which women face the greatest risk of de-
veloping this disease is in their forties for
Asian women and in their sixties for Amer-
ican and European women (9,46). Thus,
breast cancer is classified on the base of
early-onset status in Asia (10). The inci-
dence rate among women younger than 25
and older than 79 is 1/20,000 and 1/9, re-
spectively. However, the effect of ethnical
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and geographical differences in breast can-
cer incidence indicates the effect of envi-
ronmental conditions and lifestyle, which is
shown in Figure 2.

BRCA1 and BRCA2 genes
BRCA1 and BRCA2 genes are the two

most common genes in autosomal domi-
nant and high penetrance form of breast
cancer and ovarian cancer (2). BRCA1 and
BRCA2 genes produce Tumor Suppressor

Gene (TSG) proteins so that two genes are
called as TSGs. BRCA1 gene is located on
chr17q, and any changes or mutations in
this gene can lead to an increased risk of
developing breast, ovarian, and prostate
cancer. BRCA2 gene is located on chr13q,
which is one of the acrocentric chromo-
somes in men, and any changes or muta-
tions in this gene can lead to an increased
risk of developing breast, ovarian, and
prostate cancer. Figure 3 shows the location

Fig. 2. Breast cancer prevalence around the world

Fig. 3. Tow breast cancer predisposing genes location on human chromosomes
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of these two genes on their chromosomes.
These two genes act as cell growth sup-

pressors and produce TSG proteins.
BRCA1 protein has 1863 amino acids, and
300 disease-causing mutations have been
reported in this gene thus far. BRCA2 pro-
tein has 3418 amino acids. These proteins
are also called anti-oncogene and help the
cell repair damaged DNA and ensure the
genetic material preservation. Therefore, if
either one of these two genes is damaged,
damaged DNA will not be repaired, which
can lead to more changes and more muta-
tions in cell DNA and eventually lead to
cancer. An event that can occur in these two
genes as TSGs is Loss of Heterozygosity
(LOH) phenomenon. This phenomenon will
occur in a person who has one specific TSG
allele in trouble; in other words, this person is
heterozygous for this gene. LOH in this per-
son can arise and lead to another healthy al-
lele mutated. According to Nadson two-hit
hypothesis, the TSG performance will be
impaired, and the cell will be prone to de-
velop a tumor and eventually lead to can-
cer. BRCA2 gene was discovered as the
second breast cancer predisposing gene.
This gene is important in intact double-
strand DNA break repair and transcription
regulation. BRCA2 gene in healthy cells
would ensure DNA cell stability and con-
trolled cell growth (2,47-49). BRCA1 gene
mutation causes a possibility of 60% to
80% breast cancer in women as well as an
increased possibility of developing ovarian
cancer in women and prostate cancer in
men. BRCA2 germ-line mutations are seen
in approximately 35% of families with ear-
ly-onset breast cancer in women and also
cause an increased risk of ovarian cancer in
women and breast cancer in men (2).

BRCA1 and BRCA2 genes involvement
measurement in disease

Genetic factors are known as main
disease-causing factors (2,4), such that he-
reditary risk factor is responsible for 3% to
10% of all breast cancer cases and up to
30% of all early-onset breast cancer (4,32).
According to another study, in most west-

ern countries, 5% to 10% of all breast can-
cer cases are due to a main genetic cause
(1). Hereditary breast cancer, which is
usually caused by a mutation in BRCA1
and BRCA2 genes, is responsible for 5% to
10% of all these cancer cases as well as
10% to 15% of ovarian cancer cases. This
type of breast cancer follows autosomal
dominant pattern inheritance and tends to
occur as an early-onset, high intensity, and
bilateral form of the disease. BRCA1 and
BRCA2 genes mutation carriers have a
higher risk of developing this disease and
other cancers, especially ovarian cancer.
These mutations are frequently seen in
people with a family history and those af-
fected by multiple site forms of this dis-
ease. Approximately 30% of all breast and
ovarian cancer cases are caused by muta-
tions in BRCA1 or BRCA2 genes(8, 21,
40-44, 50). 5% to 10% of breast cancer
cases are caused by rare deleterious muta-
tions in predisposing and high penetrance
like BRCA1 and BRCA2 genes (7,8,25,51-
54). As noted, germ-line mutations in these
two genes are the most important causes of
hereditary breast and ovarian cancer.
Hence, detection of these two genes’ muta-
tions is important in counseling for targeted
family members and in reducing the inci-
dence of breast cancer (9,33). In counseling
for selecting prone women for the
screening of germ-line mutations in
BRCA1 gene, it is important to combine
information about family history, diagnosis
age, and tumor morphology (55,56).

As shown in Figure 4, BRCA1 and
BRCA2 genes are responsible for 52% and
32% of families with breast cancer, respec-
tively(3). However, the prevalence of muta-
tions in BRCA1 and BRCA2 genes are dif-
ferent in various ethnic groups and may be
affected by fundamental mutations (9). For
example, in the Jewish female population,
BRCA1 gene is the dominant gene in-
volved in breast cancer development, but in
the Italian female population, BRCA2 gene
is the dominant gene (4). Approximately
20% to 25% of breast cancer risk is due to
BRCA1 and BRCA2 genes (9,33). The risk
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of breast cancer in women with a mutation
in BRCA1 or BRCA2 genes is estimated at
60% to 85%, and somewhere else it is
estimated at 80% to 90%; however, other
studies and articles have reported various
numbers and possibilities (5,37,39,40,57-
60). In the same way the risk of ovarian
cancer in these women is estimated at 15%
to 40% and somewhere else it is estimated
at 40% to 60%; however other studies and
articles have reported various numbers and
possibilities (37,39,40,57-60). Generally,
mutations in BRCA1 and BRCA2 genes as
well as in genes that are necessary to
preserve genome intact, such as STK11,
ATM, CHEK2, P53, and CDH1 genes, lead
to 50% of all familial breast cancer cases
and 1/3 (one third) of all breast cancer
cases (1,61). BRCA1 and BRCA2 genes
are two of the most common genes to cre-
ate autosomal dominant form and high pen-
etrance forms of breast and ovarian cancer
(2).

BRCA1 and BRCA2 genes mutations
BRCA1 gene mutations cause breast can-

cer in women with a possibility of 60% to
80% and also cause increased risk of ovari-
an cancer development in women and pros-
tate cancer in men. Germ-line mutations in
BRCA2 gene are seen in approximately
35% of families with early-onset breast

cancer in women and also lead to an in-
creased risk of ovarian cancer development
in women and breast cancer in men (2).
Breast cancer caused by a mutation in
BRCA1 gene has a higher incidence, higher
mitotic rate, and more lymphatic pene-
trance than sporadic breast cancer (62). It is
also more likely to lack expression of ER
and PR and HER-2nue receptors (25,62-64)
and to have a somatic mutation in P53 gene
(62,64). In addition to having an increased
risk of breast cancer development, BRCA1
or BRCA2 genes mutation carriers have an
increased risk for other cancers like colon,
prostate, pancreatic, melanoma, and gastric
cancers (38,45). Novel mutations in
BRCA1 and BRCA2 genes are very rare
because 2000 mutations have been discov-
ered in these two genes so far. The most
common mutation forms are a small inser-
tion, small deletion, nonsense mutation,
missense mutation, premature transcription
termination, and splicing troubles. Deletion
and insertion mutation lead to a frame shift.
Mutation in splicing spots leads to produce
a non-functional protein (6,9,65,66). Ac-
cording to BIC (Breast Information Core),
most of the breast cancer-causing mutations
in BRCA1 and BRCA2 genes lead to pro-
duce truncated protein through the
nonsense, frame shift, and splicing muta-
tions (21).

Fig. 4. The frequency of different causes of breast cancer
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Conclusion
According to conducted worldwide

studies investigated in this review, the fol-
lowing important items can be concluded.
In this study, about 30 mutations in BRCA1
gene and 35 mutations in BRCA2 gene in
relation to breast cancer and ovarian cancer
caused by breast cancer are reported with
mutation location.

BRCA1 gene was analyzed first. In these
studies, many mutations were reported in
this gene, most of which led to producing
truncated protein. The mutation that pro-

duces this type of protein can affect one or
more nucleotides deletion, duplication,
frame shift mutation, or intervention in the
splicing process. One striking point in this
study is that most of these mutations are
located in BRCA1 gene exon 11. There-
fore, among 30 mutations in this gene, 12
mutations are located in exon 11. This
means that 40% of all mutations with any
mutations in this gene are in exon 11. (See
the BRCA1 mutation table) This result con-
forms to the study that was conducted in
the United States. In the study, about 50%
of all mutations that produced truncated

Table 1. In this section, all results of conducted studies,
which are investigated in this review article, are classi-
fied on the basis of mutation type and location, and being
novel or reported.

BRCA2 mutations
ReferencesMutation

type
Mutation
location

Novelty

(2)NDExon 2
UTR

ND

(2)SPLICINGExon2Novel
(43)NDExon 3Novel
(42)MISSENSEExon 3Novel
(43)NDExon7Novel
(5)NDExon10ND

(10)DELETIONExon11Novel
(10)DELETIONExon11Novel
(10)NDExon11Novel
(71)MISSENSEExon11Novel
(4)NDExon11ND
(5)NDExon11ND

(10)NDExon11ND
(37)DELETIONExon11Novel
(37)DELETIONExon11Novel
(37)DELETIONExon11Novel
(41)DELETIONExon11Novel
(71)DELETIONExon11Novel
(72)INSERTIONExon11Novel
(21)DUPLICATI

ON
Exon11Novel

(10)NDExon11Novel
(10)NDExon11Novel
(2)NDExon11Novel

(37)NDExon11Has been
reported

(21)DELETIONExon11Novel
(2)NDExon11ND
(2)NDExon11ND
(2)NDExon11ND
(5)NDExon13ND

(43)NDExon18Novel
(2)DELETIONExon23Novel
(7)DELETIONExon11Novel
(5)NDExon24ND
(5)NDExon25ND
(5)NDExon27ND

ND: Not Determined

Table 1. Cntd
BRCA1 mutations

ReferencesMutation
type

Mutation
location

Novelty

(73)NDExon2ND
(74)DELETIONExon2ND
(75)DELETIONExons2

and 3
ND

(10)DELETION
AND

SPLICING

Exon3Novel

(73)DELETIONExons3
to7

ND

(73)NDExon8ND
(41)INSERTIONExon10Novel
(72)INSERTIONExon10Novel
(72)MISSENSEExon10Novel
(25)NDExon11Novel
(25)NDExon11Has been

reported
(4)NDExon11ND
(5)NDExon11ND

(25)NDExon11Novel
(41)DELETIONExon11Novel
(76)DELETIONExon11Novel
(71)DELETIONExon11Novel
(71)SPLICINGExon11Novel
(71)SPLICINGExon11Novel
(71)INSERTIONExon11Novel
(21)NONSENSEExon11Novel
(74)DELETIONExon14Novel
(5)NDExon16ND

(76)DELETION
AND

SPLICING

Intron18Novel

(73)DUPLICATI
ON

Exons18
and19

ND

(74)INSERTIONExon19ND
(3)NDExon21Novel

(25)SPLICINGIntron21Novel
(25)NDExon22Has been

reported
(25)NDExon24Novel

ND: Not Determined
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protein in BRCA1 gene were found in exon
11 (67). This finding was somewhat sur-
prising because this exon size is small and
has 89 bps. Despite its small size, however,
a large number of mutations occur in this
exon. Another interesting point about most
mutations in this exon is their novelty.
Among 12 mutations listed in this article
for exon 11, 9 mutations that have not been
reported before in BIC were novel. This
finding can mean that for discovering novel
mutations in BRCA1 gene, exon 11 can be
an appropriate and prone exon, and the pos-
sibility of discovering a novel mutation in it
is high. In this study, the most mutated ex-
on in BRCA1 gene after exon 11 was exon
10. This exon size is 33 times larger than
exon 11, but a lower ratio of deleterious
mutations are in exon 10 than exon 11.
Among 30 BRCA1 gene mutations report-
ed in the 76 investigated articles, 3
mutations were related to exon 10, meaning
that 10% of mutations are in this exon. An
interesting point about this exon is that all
of its reported mutations are novel, and so
this exon can be a prone exon for more
novel mutations in the future. However, the
last category of mutations that this article
reports includes 4 mutations in exons 20 to
the next. These mutations constitute
13.33% of all mutations reported for
BRCA1 gene in this article. Among these 4
mutations, 3 mutations were novel.

In the following, we analyze mutations in
BRCA1 gene on the basis of mutation type.
Among 30 mutations reported for BRCA1
gene in this article, the mutation type for 19
mutations is determined exactly. Among
these 19 mutations, 9 mutations are dele-
tion-one or more nucleotides-, and it means
about 50% of all deleterious mutations are
deletion type. Another mutation type (with
lower frequency) which can lead to disease,
is splicing mutations. 5 mutations of these
19 mutations are splicing type. The last mu-
tation type worth comparing is duplication
mutation type-one or more nucleotides.
This type includes 4 mutations among 19
reported in this study. However, among
disease-causing mutations, large rear-

rangements can be seen, although its fre-
quency is low. It is noteworthy that the re-
sult of a study conducted in Turkey shows
that large rearrangement rate in BRCA1
gene is very low (68).

BRCA2 gene was also investigated. In
these 76 investigated articles, many muta-
tions were reported in this gene. Most of
them, like BRCA1 gene mutations, led to
producing truncated protein (37). This fact
is consistent with the finding that more than
500 mutations in BRCA2 gene are reported
and most of them lead to produce truncated
protein. The mutations that produce this
type of protein can affect one or more nu-
cleotides deletion, duplication, frame shift,
or missense mutations, or intervene in the
splicing process. One of the interesting
points in this study is that most of these
mutations are located in exon 11. In fact,
from the 35 mutations reported, 23 (or
65/7%) are located in exon 11. This finding
conforms to a study that was conducted in
the United States, the result of which
showed that mutations which produced
truncated protein in exon 11 of BRCA2
gene constituted about 50% of all mutations
in this gene (67). However, this finding is
not completely unexpected as this exon is
the largest one in BRCA2 gene and there-
fore expected to be the most mutated
among all exons in BRCA2 gene. Another
interesting point about this exon is that
most of its mutations are novel. In studies
collected in this article, among 23 muta-
tions reported in exon 11, 16 were novel
and had not been reported in BIC before.
This finding suggests that for discovering
novel mutation linked to breast cancer, ex-
on 11 in BRCA2 gene is an appropriate ex-
on that has a high possibility to include
more novel mutations. Exons 20 to the next
had 4 mutations (11/42%) of 35 mutations
reported for BRCA2 gene in this study.
One mutation of 5 was novel.

In the following, we analyze deleterious
mutation types in BRCA2 gene. Among 35
mutations reported in this gene in this
study, the mutation type for 16 mutations is
determined exactly. Among these 16, 10
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are deletion-one or more nucleotides-,
which suggests that about 62/5% of all del-
eterious mutations are deletion type.

As shown, exon 11 is the most mutated
exon in both BRCA1 and BRCA2 genes.
Therefore, this exon can be considered as
the most prone exon for having the
mutation-causing disease in both BRCA1
and BRCA2 genes. This result came from
findings in the 76 investigated articles in
this review. However, to prove this hypoth-
esis, we can cite one of the results of a
study conducted by Merge et al. which
showed that patients 35 years old or young-
er with 35 mutations have mutations in ex-
on 11 of BRCA1 gene primarily (69). This
result solely considered BRCA1 gene, but
in this review article which considered the
results of 76 articles, we generated this re-
sult to BRCA2 gene. Another point that
should be considered is whether there is a
family history of breast cancer and/or ovar-
ian cancer. This issue has an effect on mu-
tation frequency in exon 11 in BRCA1
gene. According to another study result
conducted by Merge et al., the frequency of
these mutations in people with a family his-
tory is more than people without one (69).
With generalization of this result to
BRCA2 gene, screening of BRCA1 and
BRCA2 genes should be proposed to all
patients with a family history of breast or
ovarian cancer (44). One of the problems
about mutations detection is an excessive
focus on people with family history be-
cause usually people with a family history
are considered for BRCA1 and BRCA2
gene mutation screening. On the other
hand, a person with no family history but
with a mutation in BRCA1 gene or BRCA2
gene does not take part in this process
(6,70). Another issue that should be
considered is large rearrangements even
though the frequency for BRCA1 gene is
low (68). However even in the absence of
family history, large rearrangements should
be considered for a complete screening for
BRCA1 and BRCA 2 genes in addition to
whole gene sequencing (6). This solution is
not as easy as it looks because screening

BRCA1 and BRCA2 genes is a tedious
process due to gene size, high mutation fre-
quency, high rearrangement frequency in
BRCA1 gene, and due to the need of
special methods. Furthermore, because of
its high cost, it is not routinely feasible, es-
pecially in developing countries (1).
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