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Abstract

Background: Hereditary breast and ovarian cancer due to mutations in BRCA1 and BRCA2 is the most common
cause of hereditary forms of both breast and ovarian cancer and occurs in all ethnic and racial populations. Till now,
no assessments of the BRCA1 founder mutation have been performed by sequencing in Egyptian population. The
aim of this pilot study was to detect the prevalence BRCA1 founder mutation 185DELAG in familial and sporadic
breast cancer patients. Blood samples of 100 Egyptian female including 40 patients who had no significant family
history of BC in their families (sporadic BC), 40 patients had at least 2 positive family history in their first degree
relatives (familial BC), 20 control patients with no BC or history of breast cancer in their families. All subjects went for
detection for 185DELAG mutation using Pyrosequencing technique. There were significant differences between
familial and sporadic BC as regards their age (P=0.004) and in the premenopausal patients in familial BC than
sporadic BC (P=0.02). Moreover, sporadic BC showed a significant increase in the ER and PR +ve, HER2/neu -ve
(luminal A) than familial BC patients (P=0.012). As regards the mutation, we found a carrier frequency of 2.5% (95%
confidence interval 1.1-2.4). There was no significant relation between mutation and type of BC, or between the
hormonal profile of BC tumor and 185DELAG carriers.

Conclusion: The prevalence of BRCA1 185AG deletion mutation is significantly lower than previously reported
using other molecular techniques.
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Introduction
Breast cancer (BC) is the most commonly diagnosed cancer in

women worldwide [1]. It was reported as the most common cancer
among women in 140 of 184 countries worldwide [2]. In Egypt,
incidence rates are alarmingly higher than global ones, Incidence rate
of newly diagnosed Female BC 180/100.000 population in 2014 [3].
Overall, BC represent around 34.4% of total diagnosed cancer in
Egyptian females [3]. BC is responsible for 15% of cancer deaths in
Egyptian women [4]. The more devastating truth is about 50% of
Egyptian women diagnosed with BC present in the late stages of the
disease rendering their cure a challenge and much worsening of their
prognosis [5]. Optimal clinical management of patients and their
families relies on the identification of BRCA founder mutations in the
laboratory [6]. Using pyrosequencing, allows for the detection of the
frequent mutations reliably and rapidly [6]. BRCA1 and BRCA2
(breast cancer predisposition gene 1/2) gene mutation is the most
significant which has been described so far. BRCA1 and BRCA2 are
normally expressed in the cells of many tissues including breast and
ovary, where they help repair damaged DNA, or destroy cells if DNA
cannot be repaired. However, There are three founder germline
mutation implicated in hereditary and familial BC are two in BRCA1
(BRCA1*185delAG, BRCA1*5382insC) and only one in BRCA 2
(BRCA2*6174delT). The three together account for 95% of the
detectable BRCA mutations in breast cancer [6]. BRCA1*185delAG
this is a frameshift mutation in which there lead to production of

truncated premature nonfunctioning protein. The BRCA1*185delAG
mutation is the most common mutation with a role in hereditary
breast-ovarian cancer syndrome (HBOC). This mutation increase the
lifetime risk in individuals of breast cancer, ovarian cancer, male breast
cancer, less likely prostate cancer and pancreatic cancer [7].

It was believed that that 185delAG mutation in BRCA1 is detected
in Ashkenazi Jews both in familial breast and ovarian cancer and in the
general population. However, many studies points out to that
185delAG BRCA1 mutation is not limited to Ashkenazim [8]. It has
been found in several populations example Spain, USA, Malaysia, Iraq,
England, Brazil, South Africa, Greece [9-15].

Material and Methods
The study was carried on 100 female patients, Eighty female patients

with breast cancer presented to surgery department or medical
oncology department at Alexandria Main University Hospital: Forty
patients had sporadic type of breast cancer and reported no family
history of breast cancer in their first degree relatives and Forty of these
patients had familial type of breast cancer and reported history of
breast cancer in one or more first degree relative by previous
documentation for these relatives. All patients were diagnosed by
mammography and fine needle aspiration cytology (FNAC). Twenty
healthy females matched with age enrolled as control group. They
didn’t have any breast complain. They have negative family history of
breast cancer in their first degree relatives.
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DNA extraction from blood
DNA was extracted from blood using following protocol using the

PureLink® Genomic DNA Mini Kits. Then DNA concentration was
measured by Nanodrop 2000 Spectrophotomer.

DNA amplification
The reaction composition and cycling conditions are optimized for

amplifying template DNA for pyrosequencing analysis. Target: to get a
clean clear single band on the gel, e.g., No secondary product, No
primer dimer to be suitable for Pyrosequencing. Starting from
annealing temperature of 55°C, it yields a weak single band on the
agarose gel (2%, TBE 1x, 5 cm/v). By increasing annealing temperature
to 56°C, the band disappeared. By decreasing annealing temperature to
54°C, the band reappeared and relatively stronger than the first one.
Further decreasing of annealing temperature to 52ºC gave a strong
single band on the gel as desired. DNA from case samples was analyzed
for the founder mutation in BRCA1 (185delAG) using the following
oligonucleotide primers flanking the mutation loci: BRCA1, 185delAG

forward (5'GAAGTTGTCATTTTATAAACCTTT3') and 185delAG
reverse (5'TGTCTTTTCTTCCCTAGTATGT3').

The PCR product was purified and subjected to DNA sequencing.
PCR conditions was consisted of initial denaturing at 95°C for 15
minutes; 50 cycles of 94°C for 30 seconds, 52°C for 30 seconds, and
72°C for 30 seconds; and a final extension at 72°C for 10 minutes. The
PCR products were separated by agarose gel electrophoresis to confirm
successful amplification.

DNA mutation analysis by pyrosequencing
The PCR products (each 20 µl) were sequenced by pyrosequencing

on a Pyromark Q24 following the manufacturer’s instructions
pyrosequencing primers (Table 1). The PCR primers and sequencing
primers are indicated in Figure 1. Sequences to be analyzed and
nucleotide dispensation order are shown in Figure 2 under each
pyrogram.

Figure 1: Assay design for BRCA1 Ashkenazi Jewish founder mutation analysis using pyrosequencing. BRCA1 185delAG were amplified using
the PCR primers indicated [6]. The pyrosequencing primers are shown by dotted lines as they overlap with PCR primers. Nucleotide positions
of the founder mutations are boxed and in bold.

Design and interpretation of the pyrosequencing assay
The pyrosequencing assay was designed to begin sequence analysis

right at the mutation site BRCA1 two nucleotides 3' of the mutation
site (BRCA1*185delAG). Peak heights are proportional to the number
of nucleotides that are incorporated with each dispensation (Figure 2).
For the wild-type sequence for BRCA1*185delAG the generated peak
heights for nucleotide dispensations at positions 2, 3, 4, 5, 6, and 7
(CACTCT in the reverse strand) are approximately equivalent and
represent incorporation of a single nucleotide in both alleles (2 light
units). Note that the signal intensity of the A at position 9 is two times
greater (4 light units) and reflects the incorporation of two as in
tandem in both alleles (four as in total). Using the peaks at positions 2,
3, 4, 5, 6, or 7 as an internal reference, a peak equivalent to 1 light unit
within the variable site represents the incorporation of a nucleotide
into only one of two alleles and the detection of a heterozygous
deletion mutant. The intensities of C and T peaks at positions 6 and 7
are approximately half of those in the wild-type control (1 light unit),

which indicates a deletion of CT in the reverse strand in one allele
(heterozygous delAG in the forward strand).

Statistical analysis of data:
Data were fed to the computer and analyzed using Graphic PAD

Prism software package version 6.0.

Qualitative data were described using number and percent.
Quantitative data were described using range (minimum and
maximum), mean, standard deviation and median.

Comparison between different groups was tested using Fisher’s
Exact test was used. For normally distributed data, comparison
between two independent populations was done using independent t-
test. For abnormally distributed data, comparison between two
independent populations was done using Mann-Whitney test,
Significance of the obtained results was judged by p-value <0.05.
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Figure 2: Representative Pyrograms by pyrosequencing. Sequence to be analyzed and dispensation order used for BRCA founder mutation
analysis were shown under each pyrogram. The specific mutations were shown in bold in brackets. A: Pyrograms for wild type and
BRCA1*185delAG. Heterozygous deletion of AG (arrows) causes a decrease by half at CT in reverse strand (AG in forward strand).

Results
We found a carrier frequency of 2.5% (1/40, 95% Confidence

Interval (CI=1.1-2.4) for heterozygous mutation of BRCA1 AG185del.
BRCA1 185 DEL AG mutation was found in 1 patient out of 80
patients; the mutation was detected in 55 years old female with positive
family history of BC with an older sister (died) and ovarian cancer in
her aunt (died at young age). Her first presentation was at 42 years
with an axillary lump and she underwent a total mastectomy and pre
and post-surgical radiotherapy. A year after it had both lung and bone

metastasis (stage 4). She was triple positive as regard hormonal
receptor profile and died within 8 month of her recurrence.

There was no significant age difference between the cancer patients
and the controls (Table 1). However, our present study revealed a
significant age difference between FBC and SBC patients (student t-
test=2.9, p=0.004) (Table 2). We found that the mean age of patients
with FBC was 47.73 ± 12.27 years old and SBC is 55.7 ± 8.78 years old.
FBC patients acquire BC almost a decade earlier than SBC patients
(Table 1).

 Patients Control p-value Mann-Whitney test

Min-Max 32-75 32-70 0.7248 0.3531

Median 52 52   

Table1: Relation between age and type of breast cancer.
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Age (years ) Familial patients Sporadic patients t-test p-value

Min-Max 32-72 45-75

2.943 0.004Mean ± SD 47.73 ± 12.27 55.7 ± 8.78

Median 46.5 55

Table 2: Significant age difference between FBC and SBC.

Various reproductive factors were studied e.g. age of menarche, age
of menopause, BF, marital status, parity and use of OCP and none of
those different reproductive factors enrolled in the present study was
significantly associated with occurrence of FBC or SBC except the

menopausal status. There was a significant difference between FBC and
SBC according to menopausal status. There was a significant increase
of the premenopausal patients with FBC patients than SBC patients (p-
value=0.02) (Table 3).

Reproductive Factors  FBC SBC Fisher exact test

  No % No % p-value

Menopausal state

Premenopausal 24 55% 13 33.50% 0.02

Postmenopausal 16 45% 27 67.50%

Table 3: Relation between menopausal state and type of breast cancer.

Hormonal profile
Immunohistochemistry examination of the tumor tissues showed

that about 75% of total breast cancer patients were ER and PR positive
(ER, PR +ve), while Her2/neu gene was in 23% of the patients.
Remarkably, there was a significant difference between familial breast

cancer and sporadic breast cancer as regards the hormonal profile of
the tumor. Sporadic breast cancer showed a significant increase in the
ER, PR+ve, Her2/neu -ve (Luminal A) than familial breast cancer
(Table 4).

 FBC SBC Fisher exact test, p-value

 NO % NO %

0.012ER&PR +ve , HER2 -ve 20 50% 31 77.50%

Not ER and PR +ve, HER2 -ve 20 50% 9 22.50%

Table 4: Relation between hormonal profile and type of breast cancer.

Notably, there was no significant difference between FBC patients
and SBC patients as regards the breast cancer stage (Fisher exact test
p=1.33).

Both FBC and SBC patients were mainly presented in stage II; 50%
of familial breast cancer and 47.5% of sporadic breast cancer (Table 5).

 Familial Sporadic Fisher exact test, p-value

 No. % No. %
 

 

1.334

 

 

Stage I 2 5 1 2.5

Stage II 20 50 19 47.5

Stage III 12 30 16 40

Stage IV 6 15 4 10

Table 5: Stages of the studied breast cancer patients.
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Discussions
BC is the most common diagnosed cancer in women in both Egypt

and worldwide [16]. BC is considered the leading cause of female
related mortality in Egypt [17]. The incidence rates are rising all over
the world increasing the disease burden and necessity to increase
awareness of such devastating disease.

There are three types of BC: hereditary BC (5-10%), familial BC
(10-15 %) and sporadic BC (75-85%).

Familial BC and hereditary BC are linked to germline mutations in
the BRCA gene and usually occur early in life [6]. However, sporadic
BC has somatic mutation in BRCA gene, and tends to occur later in life
in combination with other genetic alterations and/or environmental
exposure [6,14].

Basically, there are three founder mutations in BRCA genes, two in
BRCA1 ((BRCA1 185delAG, BRCA1 5382insC) and only one in
BRCA2 (BRCA2 6174delT). The three mutations account for 95% of
the detectable BRCA mutations in breast cancer [14].

BRCA1 185delAG mutation is considered one of the most common
mutations of BRCA1 gene and the most devastating mutation of BRCA
genes. This mutation has linked greatly to Ashkenazi Jews [8].
However, other populations including Brazilian, Asian, Iranian,
southern African, Greek, Spanish, English [9-13] and many others
reported this mutation also.

Certainly, the most precise method for detection of gene mutations
is sequencing since sequencing depends on visualization of the gene
sequence with a resolution down to a single base nucleotide.

Sequencing can be performed by different methods. The first
published was by chain termination i.e. Sanger sequencing, that is
based on the selective incorporation of a complementary
dideoxynucleotides by DNA polymerase.

Later, sequencing was performed during synthesis of
complementary nucleotide to the target DNA template i.e. sequencing
by synthesis of DNA template, one of which is pyrosequencing.

The idea of Pyrosequencing was first published in 1986.
Pyrosequencing has the potential advantages of flexibility, accuracy,
multiple processing, and can be easily automated [18]. Pyrosequencing
has the advantage over Sanger sequencing as it is cost effective and
ideal for short fragments sequencing. Therefore, pyrosequencing is
ideal for SNP and small genetic deletions in which PCR target
amplification product not exceeding 50-60 bp [19].

To date, in Egypt, there isn’t any published study to detect BRCA1
185delAG mutation using pyrosequencing technique. So, we aimed to
study BRCA1 185delAG mutation in Egyptian BC patients; forty
familial BC patients and forty BC sporadic patients. That is in addition
to twenty healthy control using pyrosequencing techniques.

In the current study, in comparison between FBC and SBC, there
were three main significant differences between FBC and SBC. The
first one was the age difference. We found that the mean age of patients
with FBC was 47.73 years while for SBC the mean age was 55.7 years.

In line with the present study, Abulkhair et al. [20] who studied the
prevalence of BC reported a mean age as 45 years in FBC. Obviously
FBC starts earlier than SBC because of the presence of germline
mutations that lead to occurrence of BC almost a decade earlier in life
[17]. Similarly, Runnak et al. [21] conducted a case control analysis of
parity and family risk of BC in Kurdish women and reported a mean

age of women with FBC as 47 years, while the mean age of women
with SBC patients was 53 years. Also, Chen et al. [22], who studied the
incidence and mortality of major cancers in China, stated in his study
that the mean age for SBC was 53 years. In addition in a recent cohort
study which conducted to highlight the age difference between SBC
and FBC, showed the effect of BRCA mutations was more profound
with each successive generation [23]. The average age of BC diagnosis
was declined by 6.8 years in BRCA1 carriers in each generation [23].

Similarly, several epidemiological studies consistently indicate the
women’s risk of BC is increased by the presence of BC in their mothers
and sisters. BC could even occur in a younger age when compared to
others with no history of the disease in their families [20-23]. That
implies a continuous and regular breast examination and
mammogram for females in families with one or more first degree
relative with BC to ensure a proper detection of the disease in its early
stages [24-26].

The second significant difference in the current study was the
menopausal status. It was found the percent of menopausal females
with SBC was significantly greater than the percent of menopausal
females with FBC. This difference of pre and post-menopausal females
maybe attributed to relatively older age of females with SBC than FBC
females.

Interestingly, the third significant difference was concerning the
hormonal status (ER, PR, and Her2/neu). As previously mentioned,
SBC showed a significant increase in ER/PR +ve, HER2 -ve (luminal
A). That was demonstrated before by G’Eredita et al. [27]. In his study,
a total of 849 patients treated for BC were included. The patients were
stratified into 2 groups: FBC (160 patients) and SBC (689 patients). He
linked SBC with ER/PR +ve, HER2 -ve rather than FBC [27] and
stated that reason of that was not clear. However, such hormonal status
in SBC could explain the better outcome of SBC patients than FBC
patients.

Conversely, Sanford et al. [28], who studied 314 patients with
known BRCA status, revealed that more triple negative BC patients in
FBC.

Remarkably, in the present study, the triple negative BC (ER and PR
and Her2 negative) was found in only 8 patients out of 40 of FBC
patients ( 8/40, 20%), while it was found in 3 patients out of 40 of SBC
patients (3/40, 7%). None of the triple negative BC patients was a
carrier for BRCA 185delAG mutation.

The correlation between the triple negative BC and BRCA 1
mutation is controversial. Until recently, it was believed that there was
a positive correlation between triple negative BC patients and BRCA
mutations. Lips et al. [29], who studied 377 BC patients stated that
among BC patients with a familial BRCA1 mutations, over 80% was a
triple negative BC [30,31]. Similarly, Couch et al. [30], who studied
1824 triple negative BC patients for BRCA mutations found a
significant correlation of BRCA mutations and triple negative BC. Yet,
genetic testing should be discussed with patients with triple negative
BC, however the link between BRCA mutation and triple negative BC
isn’t fully established [32-37]. Correspondingly, Gonzalez-Angulo et al.
[37], who studied 77 cases of triple negative BC reported only 19.5%
incidence of BRCA mutations among them.

Moreover some studies showed the combination of BRCA and triple
negativity was connected to both poor outcome and lower survivability
of the patients [32-34].

Citation: Saied MH, El Boraie S, Elfayoumy T, El Guizery D (2017) Detection of BRCA1 Founder Mutation 185DELAG in Breast Cancer Patients
using Pyrosequencing Technique. Breast Can Curr Res 2: 117. 

Page 5 of 7

Breast Can Curr Res, an open access journal Volume 2 • Issue 1 • 1000117



In the present study, other aspects were also compared between FBC
and SBC but showed no significant difference. Our results are in line
with other studies since Alford et al. [38] stated that as far as clinic-
pathological presentations, SBC and FBC were the same [38].

Moreover, the current study showed no difference between SBC and
FBC as regards BC stage, distant metastasis and survivability of the
patients. On the contrary, Alford et al. [38] reported an increased risk
for distant metastasis in patients with early stages of FBC rather than
SBC, also a decreased survivability among BRCA carriers [38]. All of
those factors (late stage of presentation and earlier distant metastasis)
contribute to the relatively bad prognosis of FBC than SBC [39].

Furthermore, the present study reported the prevalence of BRCA1
185delAG mutation among 80 Egyptian female breast cancer patients
using Pyrosequencing technique. Out of 40 FBC patients studied, there
was one patient only where the mutation was detected (1/40=2.5%
[95% confidence interval CI 1.1-2.4]). Additionally, we did not find
185delAG mutation among SBC patients (0/40=0%). Our carrier
frequency in FBC is in concordance with Ashkenazi Jewish population
(8/800=0.9%, 95% CI [0.4-1.9]) [40]. That was also reported in non-
Ashkenazi populations. For example, the percentage of the mutation in
southern Brazil was 0.78%, in south eastern Iran was 4.9%, in India
was 2.5%, Spanish was 3% and Greece was 1.1 % [9-15,41].

In the current study, the only patient identified with BRCA1 185
delAG mutation was a 55 years old female. She was presented with
recurrent BC and a positive family history of BC in her older sister
(died) and an ovarian cancer in her aunt (both died at young age). Her
first presentation was at 42 years and she had total mastectomy,
chemotherapy, post-surgical radiotherapy and hormonal therapy.
During our study, she presented with both lung and bone metastasis
(stage 4). As regard hormonal receptor profile, she was triple positive.
Unfortunately, she died within 8 month of her recurrence. We have
informed the result to her daughter warning her of the devastating
effects of the mutation in her family and the possibility of all the three
daughters could have BC at much younger age and encouraged her to
do a screening mammogram every year to help diagnose BC at its early
stages.

Additionally, histone methyl transferases (HMTs) G9a/GLP were
found to recruit DNA methyltransferase to maintain the genomic
status in cancer patients [15]. Therefore, it is suggested to investigate
whether BRCA1 185delAG carrier patient show an ectopic expression
of HMTs e.g. G9a/GLP. Moreover, BRCA1 185delAG truncation
protein might block the ability of the ectopic expression of BRCA1 to
induce chemosensitivity and inhibit estrogen receptor transcriptional
activity. Using epitope-tagged truncated protein showed the ability of
their expression, nuclear localization, and functionality [16].

Notably, the only 2 available article on PubMed to address this topic
in Egypt are Fattouh et al. [42] and Ibrahim et al. [43]. Fatouh’s study
used PCR-SSCP method on 62 patients with invasive BC belonging to
60 families and their asymptomatic female first-degree relatives. They
reported mutations in both BRCA1 and BRCA2 genes (86.7% of the
families). 60% of these families were attributable to BRCA1 mutations,
while 26.7% of them were attributable to BRCA2 mutations. The other
study Ibrahim et al. applied his work not on actual BC patients but on
120 healthy first degree female relatives of the patients, either sisters
and/or daughters. That was for early detection of presymptomatic
breast cancer mutation carriers. He reported 10% prevalence of the
BRCA mutations.

The difference of our results in relation to results obtained by other
groups may be attributed to different methodology, difference in
number of studied cases and different studied populations.

The similarity of the prevalence of BRCA1 185delAG between the
international literature and our study points to a necessity for further
and wider screening of this mutation in FBC patients in Egypt. That
will assist in a better decisive medical and surgical preventive options
and certainly a better outcome for the patients.
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