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Abstract

Background: Breast cancer is the most common cancer affecting females according to WHO 2020 report, with
BRCAI and BRCA?2 identified as the major tumor suppressor genes linked to disease susceptibility. Hence, the purpose
of the current study was to investigate germline mutations among these genes in a group of Egyptian female breast
cancer patients. Methods: Blood samples from primary breast cancer patients (n=22), benign breast lesions (n=5) and
healthy controls (n=7) were sequenced for BRCA genes by next generation sequencer. Results: A total of 135 genetic
variations were detected, 59 in BRCAI and 76 BRCA2, 2 indels (insertion-deletion) and 133 SNV (single nucleotide
variation), nearly 55% of those variants were missense variants, 38% were synonymous and 7% were nonsense. A
total of 59 variations were detected in BRCA/ and they were categorized as exonic (n=10) and intronic (n=49) regions,
BRCAI exonic variants were categorized into: missense (n=12), non-coding transcript (n=11) synonymous (n=6), splice
region synonymous (n=2), stop gain (n=2) and 3-prime UTR (n=1) variants. Regarding variations detected in BRCA2,
55 intronic and 21 exonic variants were identified. Among these 21 variants; 13 novel mutations and 8 formally reported
as follows: 7 as benign and one previously reported with contradictory pathogenicity according to the Clinvar database
which is a freely available, public archive of reports of the relationships between human variations and phenotypes
hosted by the National Center for Biotechnology Information (NCBI) and funded by intramural National Institutes
of Health (NIH) funding. Conclusion: BRCA! and BRCA2 germline profiling based on next-generation sequencing
technology among Egyptian breast cancer female patients revealed 135 germline variations -104 intronic and 31 exonic,
respectively. Among the exonic variants; 13 were newly reported mutations. Hence further study is required to enhance
mutational analysis which may benefit clinical system.
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Introduction

Worldwide, breast cancer is the most common
malignancy among women [1]. The National Malignancy
Registry Program (NCRP) in Egypt’s most recent data
indicates that breast cancer represents major prevalent
cancer in women, accounting for 32.04% of all cancers
[2]. Breast cancer susceptibility genes may be present
in 5%-10% of instances of breast cancer, increasing the
chance of malignancy [3]. A significant portion of breast
cancer is caused by inherited predisposition [4]. BRCA I

(OMIM# 113705) and BRCA2 (OMIM# 600185) are two
key genes linked to hereditary breast cancer and having
a high chance of developing the disease, according
to genetic linkage experts. In 1990 and 1995, these
tumor suppressor genes were reported and recognized
as breast cancer vulnerability genes. BRCA2 is found
on chromosome 13q12—13, while BRCA! is found on
chromosome 17q21 [5, 6]. The functions of BRCAI /2
are vital for normal cell function as they are included in
the cellular DNA repair and inhibition of uncontrolled
cell growth [7]. Germline mutations in these two highly
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penetrant genes are inherited in an autosomal dominant
pattern and can increase the risk of acquiring breast
cancer by as much as 80%. Women who carry BRCAI /2
mutations have a significant increased risk of developing
breast cancer before the age of 50 years [8]. Mutations
for BRCAI /2 have been previously reported in databases
of the Breast Cancer Information Core (BIC) [8]. The
structure, integrity, and function of the genes are mostly
affected by these mutations, which are broadly distributed
across both genes. According to some studies, Arab
women may have more BRCA //2 mutations than women
from other groups [9]. BRCA1/2 mutations have been
found in family breast cancer patients from Morocco
[10, 11], Algeria [12, 13], Tunisia [14, 15], the Middle
East [16], Egypt [17], Lebanon [18], Saudi Arabia [19],
and Qatar [20].

It has been reported previously that both BRCA1 and
BRCA2 mutations have a high penetrance rate. Carriers of
a BRCA 1/2 pathogenic or possible pathogenic variant have
an extreme risk for both breast cancer that necessitates
consideration of more rigorous screening and defensive
strategies [21, 22]. Additionally, for BRCAI and BRCA2
mutation carriers, the chance of developing contralateral
breast cancer is 40% and 26%, respectively, after 20 years
following the original diagnosis [23].

Studies on the genetic propensity for Egyptian family
breast cancer have been conducted, mostly focusing on
BRCAI and BRCA2 [17], but full genomic data from local
patients are still lacking.

Finding these mutations in high-risk patients indicated
by international recommendations should be a top priority
due to the high penetration rate and their major effects [22].
Individuals with BRCAI or BRCA2 pathogenic variant
carriers are strongly advised to undergo risk-reducing
procedures like bilateral mastectomy, especially among
younger patients. Young women who are diagnosed
with breast cancer and their families may have major
consequences due to the diagnosis and any potential
hereditary connections. Such complex physical and
emotional issues can be overcome with the aid of doctors
and genetic counsellors [24].

Locating mutation carriers may be useful therapeutically
for breast cancer patients in addition to its effectiveness in
preventing breast cancers. Recent research had indicated
that BRCA I or BRCA2 mutation-associated patients with
advanced-stage breast cancer might benefit from PARP
(poly ADP ribose polymerase) inhibitors like olaparib
and talazoparib, both of which are now licensed for such
a circumstance [25-27]. Next-generation sequencing
(NGS) is a valuable tool that analyzes up to giga bases
of DNA reads at a high speed and with a low cost per
base. This method has also been used in worldwide
collaborative projects, such as the International Genome
Consortium (ICGC) [28] and The Cancer Genome Atlas
(TCGA) (http://cancergenome.nih.gov). Due to the large
size of BRCAI gene (5592 bp) and BRCA2 gene (10257
bp) hence the need for convenient screening approaches,
such as next-generation sequencing; therefore, we used
Ton Torrent PGM, sequencer (Thermo Fisher Scientific,
Waltham, MA, USA) to detect the variants of BRCAI and
BRCA?2 genes.
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In the current study, the authors aimed to study the
prevalence and pattern of pathogenic germline BRCA!
and BRCA2 mutations by NGS among a group of Egyptian
patients with breast cancer, benign breast lesions and
control individuals using blood samples and compare the
reported mutations with clinicopathological criteria for
the breast cancer group.

Materials and Methods

Recruited individuals

The present prospective study was accompanied in
accordance with the declaration of Helsinki and the study
was approved by the Medical ethical committee — National
Research Centre (ID#3-4-12), and all participants signed
their informed consent. Twenty- two primary breast
cancer cases were recruited from females who fulfilled the
inclusion criteria as early diagnosed primary breast cancer
patients and did not receive radiology, chemotherapy or
hormonal therapy and confirmed with no metastasis to
other organs. Also a group of patients with benign breast
lesion (n=7) were enrolled. The control group (n=5) were
individuals unaffected by breast cancer or other types of
cancer and no family history of cancer were registered.
Both benign and healthy individuals were considered as
the non-cancerous group to be compared to the breast
cancer group.

Breast cancer patients were diagnosed according to
their staging and grading systems following the TNM
classification [29] and modified Scarff-Bloom Richardson
histologic grading system [30], respectively. Hormone
receptors were examined using an immunohistochemical
method as previously reported [31]. Both ER and PgR
were considered positive if >10% nuclei were positively
stained using ten high- power fields, and HER-2neu was
considered positive if scored as +3 [32].

DNA extraction

Participants provided peripheral blood samples (3ml),
then centrifuged at 10.000xg for 10 min at 4°C. After
that, it was kept at -80 °C for subsequent genomic DNA
isolation.

Genomic DNA was isolated by QIAamp DNA small
blood kit (Cat No. 51104, Qiagen, Hilden, Germany),
both purity and concentration were determined using a
nano-drop spectrophotometer (Quawell, Q-500, Scribner,
NE, USA), then stored at -80°C for further evaluations.

Library preparation and purification

As previously reported [33, 34], in brief: by using
the Ton AmpliSeq BRCAI and BRCA2 Panel (Life
Technologies), the target regions were amplified.
Ion AmpliSeq Library kit (Cat No. 4480441 Life
Technologies) was used quantification operation, and
AmpliSeqHiFi master mix, with Ion AmpliSeq primer
pool (each of the three primers in a separate well for each
sample ID 1-6), 10 ng of genomic DNA per reaction, and
4ul of nuclease-free water, the reaction was carried out
using thermal cycler (SureCycler 8800, Agilent, Santa
Clara, CA, USA). Following amplification, the primers
were digested with FuPa reagent, then after ligation with



both adaptors (Cat No. A29751 Life Technologies) and
barcodes using the Ion Xpress Barcode Adaptors 1-16 kit
(Cat No. 4471250 Life Technologies), the primers were
then sequenced. Then, as instructed in the user manual
for the Ion AmpliSeq Library kit, amplification was
performed using lon Library TagMan Quantitation kit
(Cat No. 4468802 Life Technologies) (Max3005P QPCR
system, Stratagene, Agilent Biotechnology, USA). The
preparation of templates was done before the expanded
libraries.

Template preparation

To achieve at least 500X depth of coverage for each
sample, purified and quantified libraries were combined
in a pool at a molar equivalent ratio. The Ion OneTouch
2 instrument (Life Technologies) was used to clonally
amplify the pooled libraries using the Ion PGM Hi-Q view
OT?2 kit (Cat No# A29900 Life Technologies). Then, in
accordance with the manufacturer’s instructions, template
ion sphere particles (ISP) were enriched using ion PGM
enrichment beads (Cat No# 4478525 Life Technologies)
as previously reported [33, 34].

Sequencing using ion torrent PGM platform

All barcoded enriched samples were sequenced on
the Ton Torrent PGM Platform (Ion Torrent PGM, Life
Technologies) using the Ion 318 Chip Kit V2 BCA (Cat
No# 4488150 Life Technologies) and lon PGM Hi-Q View
Sequencing kit (Cat No# A30044 Life Technologies).

Data analysis

After aligning with the hg19 reference human genome
(Genome reference Consortium GRCh37) using the cloud-
based Ion Reporter Suite software (version 5.4.0 Life
Technologies), variants of the BRCAI and BRCA2 genes
were annotated using the manufacturer-recommended
parameters for the BRCAI and BRCA2 panels.

The reference sequences for BRCAI and BRCA2
were NM 007300.3 and NM 000059.3, respectively,
and analysis of variations was conducted without bias.
Ensembl Variation Effect Predictor (VEP), an online tool,
was employed for variant annotation and effect prediction.

Results

Individual characteristics

The current study was carried out on a total of 34
individuals, they were grouped into primary breast cancer
(n=22), patients with primary breast benign lesions (n=7)
and age matched healthy individuals (n=5). Breast cancer
group was staged into two groups (early stage and late
stage) and graded into (low grade and high grade). Their
demographic and clinicalopathological features were
reported in Table 1.

NGS results

In general, 135 genetic variants were found, including
59in BRCAI and 76 in BRCA2 (2 insertion-deletion; small
genetic mutation where one or more nucleotides are either
inserted into or deleted from the genome [indels]), and
133 single nucleotide variations; involves the substitution
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of one nucleotide for another in a DNA sequence [SNV])
and they were grouped as missense (55%), synonymous
(38%) and nonsense (7%) variants. Only 59 of the 135
variations had been previously published and assigned a
dbSNPrs ID.

BRCAI

Ten exonic and 49 intronic changes all variants
were annotated using Variant Effect Predictors (VEP)
for the BRCAI gene as shown in Supplementary Tables
1, 2, respectively. There were 12 overlapping intronic
mutations, which were considered exonic in certain
transcripts and introinc in others. Regarding variant
significances per transcript; BRCA exonic variants were
categorized into: missense (n=12), non-coding transcript
(n=11) synonymous (n=6), splice region synonymous

Table 1. Individual Demographic and Clinical
Characteristics
Factors Control Benign Breast
group  breast lesion  cancer
(n=5) (n=7) (n=22)
Age
<50 years 2 3 15
> 50 years 3 4 7
Pathology status
Fibroadenoma - 3 -
Inflamatory cyst - 1 -
Fibrocystic disease - 2 -
Lipoma - 1 -
IDC - - 19
ILC - - 3
Site of tumor
Right side - 5 9
Left side - 2 11
Bilateral - - 2
Clinical Stage
[=TI1-T2 - - 11
I=T3-T4 - - 11
Histological grading
I=G1-G2 - - 20
1= G3-G4 - - 2
Number Lymph node metastasis
<5 - - 12
>3 - - 10
Receptor status
Triple -ve - - 11
Triple +ve - - 11
Metastatic to other organs
No-metastasis - - 16
Metastatic - - 6
Recurrence
No - - 18
Yes - - 4
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(n=2), stop gain (n=2) and 3-prime UTR (n=1) variants
(3'UTR variants are non-coding and do not affect the
protein-coding sequence. However, they are still located
within exons - specifically, un-translated exonic regions
- and thus classified as non-coding exonic variants).
The stop gain variants they were formally reported as
pathogenic in Clinvar database where a total of 59 BRCA 1
genetic variants were processed in the analysis, with none
filtered out. Among these, 31 variants (52.5%) were novel,
while 28 (47.5%) were previously known. The variants
overlapped with 2 genes, 32 transcripts, and 2 regulatory
features. When examining coding consequences, the
majority were missense variants (55%), followed by
synonymous variants (33%) and stop-gained mutations
(8%). Expanding to all annotated consequences, intron
variants dominated the dataset (61%), with smaller
proportions of missense (8%), downstream gene variants
(7%), NMD transcript variants (6%), synonymous variants
(6%), splice region variants (4%), 3'UTR variants (3%),
upstream gene variants (1%), and non-coding transcript
variants (1%), along with a few others.”

BRCA2

Regarding the BRCA?2 gene, a total of 21 exonic and
55 intronic variants were detected in BRCAZ2, as reported
in Supplmentary Tables 3,4, respectively. Based on
variant consequences per transcript the exonic variants in
BRCA2 can be grouped like the following 10 synonymous
variants, one 5-prime UTR variant (5'UTR variants are
non-coding and do not affect the protein-coding sequence.
However, they are still located within exons- specifically,
untranslated exonic regions- and thus classified as non-
coding exonic variants) which was predicted to have a
modifier effect and 10 missense variants. Concerning
the intronic variants there were two splice site variants,
where BRCA2, 76 genetic variants were processed with
no filtering applied. Of these, 45 variants (59.2%) were
novel, while 31 (40.8%) were previously reported. The
variants overlapped with 4 genes, 16 transcripts, and
4 regulatory features. Among coding consequences,
missense variants accounted for 55% and synonymous
variants for 45%, indicating a predominance of protein-
altering changes. When considering all annotated
consequences, intron variants were most frequent (50%),
followed by downstream gene variants (17%), missense
(8%), synonymous (7%), NMD transcript variants (5%),
upstream gene variants (5%), regulatory region variants
(3%), non-coding transcript exon variants (3%), and
S'UTR variants (1%), with a small fraction falling under
other categories.

From the 21 exonic mutations, 13 variants were
newly reported and 8 formally reported variations among
them: 7 were detected to be benign and 1 was described
to be with contradictory pathogenicity on the Clinvar
database. Among the enrolled individuals, mutational
allele frequencies (MAF) were reported in Supplementary
Table 5.

Discussion

Breast cancer is the most common cancer in Egyptian
578  A4sian Pacific Journal of Cancer Prevention, Vol 27

women, accounting for 22,700 cases approximately 38.8%
of cancers in this population in 2020, and this number is
forecasted to jump to 46,000 in 2050 [35], and several
studies have been conducted on Egyptian patients among
this type of cancer for its early detection and prediction
its prognosis [36-39]. Among the genetic mutations
being detected in breast cancer are BRCA genes variants,
however studies conducted among Egyptians concerning
their mutations are sparse, hence authors aimed to shed
light on the genetic makeup of BRCA/ and BRCA2 in
Egyptian women with breast cancer as compared to
patients with benign breast lesions and a group of healthy
controls using blood sample as minimally invasive
approach to detect BRCA genes mutations using a high
throughput technology as NGS.

In the current study, 135 genetic variations were
reported in BRCAI and BRCA2 as 59 and 76, respectively,
out of these variations 59 were previously reported. It
has been stated earlier that revealing of BRCA/ and 2
genetic variations may participate to recognize the genetic
pathogenesis of breast cancer [40]. Identification of
common and rare genetic variations in regulatory elements
may alter gene expression and be linked with disease risk
[41], in our results common mutations were reported
in both genes as shown in Supplementary Tables (1-5)
[supplementary data], thus detecting escalating number of
variants in non-coding areas of the genome by NGS may
offering a considerable clinical challenge [42-44]. The
present study reported the prevalence of mutational allele
frequency (MAF) among enrolled groups (Supplementary
Table 5, supplementary data) and the 13 mutations were
reported newly, in previous studies among Egyptians and
other countries from North Africa it has been reported
that detection of pathogenic mutations in BRCA genes
is a great approach for understanding breast cancer
predisposition and early diagnosis [45-48].

Genetic screening for BRCA! in the current study
has revealed exonic and intronic variations as 10 and
49, respectively. In an earlier study carried out by
Montalban and his colleagues [49], stated the first BRCA ]
deep intronic variant related to inheritance breast and
ovarian cancer amongst Spanish population by Sanger
sequencing, although in an another report on 20 families
from France and USA to reveal BRCA I variants reported
pathogenic variants (PV) with decreased penetrance [50].
In another recent study among Egyptian breast cancer
patients screened BRCA genes for some exons using
high resolution melting analysis (HRM) then direct
sequencing for the detected variants reported PV for
BRCAI [43]. However, in the current study sequencing
of the BRCAIgene using NGS as a sensitive and high
throughput technology serves as powerful and new input
data among Egyptian breast cancer patients.

Investigation of BRCA2 gene sequencing disclosed the
finding of 76 variants (55 intronic, and 21 exonic), eight
exonic alterations of the 21 were described previously
as 7 were of benign nature and only one were reported
with conflicting pathogenicity as in a previous study
there was no previous study (PV) was reported among
5 Egyptians families breast cancer families using whole
exome sequencing (WES) [17], while in other study using



HRM reported that carriers of BRCA2 mutations exhibit
worse survival pattern which points the pathogenicity of
these mutations [43]. In an anther previous study [51]
the rate of BRCA1/ BRCA2 PVs in triple negative breast
cancer was 20.8%. By contrast to formerly reported
exonic mutation records, the present study based on
NGS sequencing reported 13 novel mutations which
need additional assessment to their relation with medical
characteristics, disease progression and survival patterns,
a study in progress to report our findings.

In conclusion, to our knowledge there are few reports
based on NGS technology to study germline variations
of BRCAI and BRCA2 genes among early diagnosed
Egyptian breast cancer females as compared with benign
breast lesion and healthy controls using blood samples
pointing out the usefulness of this high throughput
technology to explore BRCAI and BRCA2 variants hence
can be further applied in routine clinical use. The novelty
of the current study is that among the enrolled Egyptian
breast cancer patients profiling of BRCAI and BRCA2
germline revealed 135 germline variations, 104 intronic
and 31 exonic variants, and among the exonic variants 13
were newly reported mutations which may need future
studies on large number of participants.

Study limitations

As this is a preliminary study, authors clarified the
presence of some limitations as the limited number of breast
cancer patients hence there was no reported significance
between detected mutations and clinicopathological
criteria for breast cancer, thus authors are planning to
extend their work on large number of female breast cancer
patients as a multicenter study in the future.
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