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Abstract

Background: Among all breast cancers, 5 to 10% are hereditary and related to mutation of BRCA1 and BRCA2 gene. To
date, extensive researches have been carried out for detection of mutations in the exon2 of BRCA1 gene. Genetic study on
these two genes from formalin-fixed paraffin-embedded tissue in Bangladeshi population has not been reported so far.
Objective: To identify mutation in exon2 of BRCA1 gene from formalin-fixed paraffin-embedded tissue of adult
Bangladeshi Bangali female patients with breast cancer. Methods: The research was cross-sectional descriptive type of
study. The study was conducted on Adult Bangladeshi Bangali female patients with breast cancer aged more than 18 years.
A questionnaire was developed to record information on socio-demographic and reproductive characteristics. The data was
analyzed by SPSS (Statistical package for the social sciences) version 23.0. The whole sequence of exon2 of chromosome
17 was amplified by short range PCR using the Gotagq master mix and primer sequence. The amplicons were confirmed by
2% agarose gel electrophoresis and sequencing was done by Sanger sequencer. Data analysis was performed
using Chromas® software version 2.33 and Mega 7 software. The quary sequences were compared with the NCBI database.
Results: Average age of the breast cancer patients was 45.46 (+ 11.52) and the mean age at menarche was 12.46 (+ 0.646).
In this study, new mutations along with known mutations were found in exon2 of BRCA1 gene of eight adult female breast
cancer patients. The mutations are insertions (C>A, C>T, T>A, G>T, G>C, T>C, A>T, C>G), deletion (C_) and single
nucleotide substitution (T-C, G-A, T-G, C-G, T-A, G-C, C-A) in types. Conclusions: The aim of the research was to
identify mutation in exon2 of BRCAL gene. Eight patients have mutation in their DNA sequence revealed from formalin-
fixed paraffin-embedded tissue. Further studies are required to evaluate whether these mutation contribute to breast cancer
or not. Identification of known mutation along with new mutation with this small sample size emphasizes the importance
of exploration the genetic makeup of Bangladeshi population to develop a database for proper screening and genetic
counseling of the disease.
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BRCAL1 (breast cancer type 1 susceptible

INTRODUCTION protein) (OMIM 113705) is a tumor suppressor gene

Breast cancer is not only the most common
malignancy in women worldwide but also one of the
major causes of death throughout the world [1]. It
constitutes 23% of all cancers among women and is the
second most common cancer for both sexes [2].

located in 17921 with a length of 100kb. Germ line
mutations in BRCA1 and BRCA2 genes account for
genetic predisposition and increased risk of breast and
ovarian cancers [3]. Among all breast cancers, five to ten
percent are related to the mutation
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of BRCA1 and BRCA2 gene [4]. The germ line
mutations are usually point mutations and are commonly
frame shift small insertions or deletions, nonsense
mutations or mutation affecting the splicing sites [5].
Women with mutant BRCA genes have a lifetime risk of
developing breast cancer by 80-90% [3]. Loss
of BRCAL1 alleles or low expression of the BRCAL gene
in a large proportion of sporadic breast cancer cases
supports the role of BRCAlin the development of
sporadic breast cancer [5]. Twenty-two out of twenty-
four exons is code for a 220kd protein of 1863 amino
acid which is characterized by a zinc-binding RING
finger domain at  the amino terminus
and BRCAL1 carboxyl-terminal (BRCT) domain at the
carboxyl terminus. BRCAL serves as an important
central component in multiple biological pathways that
regulate cell cycle progression, centrosome duplication,
DNA damage repair, cell growth, and apoptosis.
Disease-associated mutations are distributed over the
entire coding regions of the BRCALl gene and these
demonstrate considerable ethno-geographic variation [6,
7]. The prevalence of BRCA mutations in Asian breast
cancer patients is almost similar to that of other ethnic
population [8]. But the frequency of these genetic
mutations varies among ethnic groups and countries.
Breast cancer predisposition has been demonstrated due
to founder mutations originated from a single
ancestor. Exon2 is one of the most common mutation
sites in the BRCAL gene [9]. A frame shift mutation
occurs in codon 23, exon2 and results in the creation of
the STOP codon. This alteration leads to premature
termination of translation of the protein [10].

Identification of mutations in exon2 of
the BRCAl gene makes a great value in cancer
prognosis, treatment and should permit early risk
prediction. These would reduce those risks reliably and
safely before the occurrence of the disease and
administer more individualized advanced therapies for
better clinical responses. Research using BRCA1 exon2
gene mutation of breast cancer would help us in making
assumptions on how this disease is transmitted from
generation to generation in a study population. Several
types of research have been done on the mutation of
exon2 of the BRCA1 gene from formalin-fixed paraffin-
embedded tissue worldwide.

OBJECTIVE

To identify mutation in exon2 of BRCAL gene
from formalin-fixed paraffin-embedded tissue of adult
Bangladeshi Bangali female patients with breast cancer.

METHODOLOGY
Study Design: Cross sectional descriptive study.

Place and Period of the Study: The research was
carried out in the Genetic research laboratory,
Department of Anatomy, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Dhaka. The period of
research was span from March 01, 2018 to February 28,
2019.

Study Participants: A total of 50 breast cancer patients
with invasive ductal cell carcinoma type were selected
from OPD and in-patients Departments of National
Institute of Cancer Research & Hospital, Mohakhali,
Dhaka. All patients were diagnosed by oncologist and
histopathologist. A selection checklist was designed by
the researcher to check the inclusion criteria in selecting
patients. Informed consent was obtained from each
patient.

Detailed history of the patients and families were
undergone using a semi-structured data collection sheets.

Inclusion Criteria
Selection of patients was mainly based on the following
criteria-

e Bangladeshi Bangali.

e Sex: Female.

e Age >18yrs.

e Diagnosed breast cancer patients of ductal cell

carcinoma variety.

Exclusion Criteria
e History of ovarian cancer, pancreatic cancer.
e History of chemotherapy and radiotherapy.

Sample Size

Samples of formalin-fixed paraffin-embedded
breast cancer tissue of 50 adult Bangladeshi Bangali
female breast cancer patients of invasive ductal cell
carcinoma variety were collected from the Department
of Histopathology of the National Institute of Cancer
Research and Hospital, Mohakhali, Dhaka.

Sampling Technique: Patients were selected using
convenient sampling technique.
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Overall Study Plan

Writing research protocol
v

Taking ethical clearance from the Institutional Review Board (IRB) of
Bangabandhu Sheikh Mujib Medical University (BSMMU)

v

Performing pilot study

'

Selecting eligible participants by using selection checklist

}

Taking informed consent of the patients
Collecting FFPE tissue samples of 50 breast cancer patients
Determining exon2 of BRCA1 gene mutation in DNA extracted from the
FFPE tissue samples of 50 breast cancer patients

:

Analyzing the data using Chromas software and organizing the results

Plan for DNA processing from FFPE tissue in wet lab

Extracting DNA from the FFPE tissue samples
Measuring DNA quality aﬁd concentration by nanodrop

Amplifying targeted se:quences of DNA by PCR

Running Gel electrophoresis of the amplicons

Performing gel documentation of the amplicon

Purifying amplicons

Sequencing DNA by Sanger sequencer
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Plan for data analysis using different softwares

Analysing sequenced data by Chromas software

Identifying mutation in exon2 of BRCA1 gene by comparing with Ref
Seq of exon2 of BRCA1 gene from NCBI database

:

No mutation

)

Mutation present

l

|

Known mutation

Novel mutation

Procedure of History Taking and Data Collection

After taking IRB, patients were selected using
‘Selection Checklist’. A semi-structured data collection
sheet was constructed with the selected variables. After
getting consent from the patients, data were collected by
the present researcher herself and filled up the data
collection sheet.

Detailed history was taken regarding maternal
and paternal family for three to five generations who
have had the same diagnosis as the patients or have other
phenotype related with breast cancer (including ovarian,
colon, prostate and lung cancer that could represent the
expression of the closely resemble genetic abnormality)
and recorded in data sheets. If any information was
required, the telephone calls were made to obtained
missing values from the patients. Histories of multiple

generations were helped to demonstrate the distribution
of cancers in the family.

Hospital records and investigation files were
carefully examined for investigation findings. The notes
were taken for filling of semi-structured data collection
sheets from mammography, FNAC and biopsy reports
whether available.

RESULTS

Among the 50 adult Bangladeshi Bangali
female breast cancer patients, all of them were more than
18 years aged. The age limit is divided into four groups.
4 out of 50 patients belong to 18-30 age groups, 32
patients belong to 31-50 age group which comprises
highest frequency (64%) in the study population. 14
patients belong to 51-70 age group (28%). The frequency
of age group 71-90 is 0%.

30 -
25
20 -

Number of patients
o

u Number of patients

Age

18-50 51-70

>71

Fig-1: Number of patients in different age limit
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Among 50 adult breast cancer patients 31
patients were triple negative (ER/PR/HER2)
representing 62% of the total study population. 19

patients were positive to these hormone receptors
comprising 38% which is shown in a pie chart in Figure.

B ER+PR-HER2-
m ER+PR+HER2-
u ER+PR+HER2+

m Positive

m Negative

Fig-2: The frequency of hormone receptor responsiveness of 50 adult breast cancer patients

The chromatogram report revealed by Sanger
sequencing is the raw unprocessed data of the research.

The chromatogram shows good noise free peaks which
indicated that the extracted DNA shows good quality.
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Fig-3: Chromatogram showing the peaks of the base pairs
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Table-1: Similarity of identification in percentage of exon2 of BRCA1 gene with NCBI database

Sample | Description of Reference Percentage

1D Similarity

1F Homo sapiens clone 103 P-13 EXON2-FP_DO03 breast cancerl (BRCA1) gene and partial cds 97%

1R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome

2F Homo sapiens clone 103 P-13 EXON2-FP_DO03 breast cancerl (BRCA1) gene and partial cds 91%

2R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 99%
chromosome 17

3F Homo sapiens clone 103_P-12_EXON2-F_E04 100%
Breast cancerl (BRCA1) gene, partial cds

3R Homo sapiens clone 103_P-10_EXON2-F_D04 100%
Breast cancerl (BRCA1) gene, partial cds

4F Homo sapiens clone 1103 P-9 E10 Breast cancer 1 (BRCAL) gene, partial cds 100%

4R Homo sapiens clone 1103 _P-3 P-2 E10 Breast cancer 1 (BRCA1) gene, partial cds 100%

5F Homo sapiens clone 1103 P-10 EXON2-F D04 Breast cancer 1 (BRCA1) gene, partial cds 100%
Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%

5R chromosome 17

6F Homo sapiens isolate TWH50701 truncated breast and ovarian cancer susceptibility protein 1 99%
(BRCA1) gene, exon 2 and partial cds

28F Homo sapiens clone 1103_P-13 EXON2-FP_D03 breast cancer 1 (BRCA1) gene, partial cds 90%

28R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 95%
chromosome 17

8F Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 99%
chromosome 17

9F Homo sapiens clone 1103 P-12 EXON2-F_EO08 breast cancer 1 (BRCA1) gene, partial cds 100%

9R Homo sapiens clone 1103 _P-9 EXON2-F_DO7 breast cancer 1 (BRCAL) gene, partial cds 100%

10F Homo sapiens clone 1103 P-13 EXON2-FP_DO03 breast cancer 1 (BRCA1) gene, partial cds 100%

10R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17

11F Homo sapiens clone 1103 P-8 EXON2-F AQ07 breast cancer 1 (BRCAL) gene, partial cds 100%

11R Homo sapiens breast cancer 1, early onset (BRCA1) gene, complete cds 100%

13F Homo sapiens clone 1103 P-12 EXON2-F_EO08 breast cancer 1 (BRCA1) gene, partial cds 100%

13R Homo sapiens clone 1103 B-133 P-2 C10 breast cancer 1 (BRCAL) gene, partial cds 99%

15F Homo sapiens isolate TWH-1308-0-1 truncated breast and ovarian cancer susceptibility protein 1 100%
(BRCAL1) gene, complete cds

15R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17

16F Homo sapiens BRCA1 (BRCA1) gene, partial cds 99%

17F Homo sapiens clone 1103 P-3 P-2 E10 breast cancer 1 (BRCA1) gene, partial cds 100%

17R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17

18F Homo sapiens clone 1103 P-13 EXON2-FP_DO03 breast cancer 1 (BRCA1) gene, partial cds 89%

18R Homo sapiens clone 1103 _P-12 EXON2-F_EO08 breast cancer 1 (BRCA1) gene, partial cds 89%

19F Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17

19R Homo sapiens clone 1103 P-13 EXON2-FP_DO03 breast cancer 1 (BRCA1) gene, partial cds 100%

20F Homo sapiens clone 1103 P-13 EXON2-FP_D03 breast cancer 1 (BRCA1) gene, partial cds 100%

20R Homo sapiens isolate TWH-1308-0-1 truncated breast and ovarian cancer susceptibility protein 1 100%
(BRCA1) gene, complete cds

21F Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17

21R Homo sapiens breast cancer 1, early onset (BRCA1) gene, complete cds 100%

22R Homo sapiens breast cancer 1, early onset (BRCA1) gene, complete cds 99%

24F Homo sapiens clone 1103 P-13 EXON2-FP_DO03 breast cancer 1 (BRCA1) gene, partial cds 92%

44F Homo sapiens clone 1103_P-13 EXON2-FP_D03 breast cancer 1 (BRCA1) gene, partial cds 92%

44R Homo sapiens isolate TWH-1308-0-1 truncated breast and ovarian cancer susceptibility protein 1 94%
(BRCAL1) gene, complete cds

29F Homo sapiens clone 1103 _P-13 EXON2-FP_D03 breast cancer 1 (BRCA1) gene, partial cds 98.89%

29R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17
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Sample | Description of Reference Percentage
ID Similarity
46F Homo sapiens clone 1103 _P-13 EXON2-FP_DO03 breast cancer 1 (BRCA1) gene, partial cds 94.53%
48F Homo sapiens clone 1103 P-12 EXON2-F_EO08 breast cancer 1 (BRCA1) gene, partial cds 100%
34F Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17
38R Homo sapiens clone 1103_P-13 EXON2-FP_D03 breast cancer 1 (BRCA1) gene, partial cds 100%
39F Homo sapiens isolate TWH-1308-0-1 truncated breast and ovarian cancer susceptibility protein 1 100%
(BRCAL1) gene, complete cds
42F Homo sapiens clone 1103 _P-12 EXON2-F _EO08 breast cancer 1 (BRCA1) gene, partial cds 98.89%
42R Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17
45F Homo sapiens isolate TWH-1308-0-1 truncated breast and ovarian cancer susceptibility protein 1 95.87%
(BRCA1) gene, complete cds
49F Homo sapiens clone 1103 P-10 EXON2-F D04 breast cancer 1 (BRCA1) gene, partial cds 100%
50F Homo sapiens BRCA1 DNA repair associated (BRCA1), Ref Seq Gene (LRG_292) on 100%
chromosome 17
Table-2: Findings of the present study
Sample number | Sequence | Base Nucleotide | Type of mutation
number | change
01 R 8 T-A Substitution
189 C-A Substitution
02 R 175 G-A Substitution
09 R 3 T-A Substitution
25 C>G Insertion
27 T>A Insertion
181 C-A Substitution
10 F 01 G>C Insertion
17 F 14 G>C Insertion
33 F 07 A>C Insertion
08 T>C Insertion
12 T>A Insertion
35 F 07 T>A Insertion
59 C>T Insertion
66 CT>A Insertion
81 C>A Insertion
105 C_ Deletion
108 C>T Insertion
160 T-C Substitution
44 F 22 G>T Insertion
29 C>A Insertion
32 C>A Insertion
54 G-A Substitution
73 C>T Insertion
74 C>T Insertion
78 T>C Insertion
82 T-G Substitution
86 G>C Insertion
91 C-G Substitution
44 R 26 C>TG Insertion
34 T>A Insertion
62 T-A Substitution
67 A>T Insertion
72 C>T Insertion
91 T-C Substitution
95 CA>T Insertion
100 G>C Insertion
103 G>C Insertion
108 T>A Insertion
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Sample number | Sequence | Base Nucleotide | Type of mutation
number | change
153 C>TA Insertion
158 G-C Substitution
47 F 69 C>T Insertion
73 C>A Insertion
100 C>T Insertion
110 C>T Insertion
130 C>G Insertion
*F-Forward
*R-Reverse

The sequences edited by Chromas software
were aligned by Mega7 software with themselves along
with the reference sequence of NCBI database. The
sequences showed some similarities with the reference

sequence of NCBI. The sequences were also found
similar in some base pairs among themselves.

The base pairs which were not similar with the
reference sequence of NCBI obtained changes of
nucleotide which might be mutation.

Table-3: Types of mutation present in the study

Types of mutation

Sample No.

Single nucleotide substitution

1R, 2R, 9R, 35F, 44F, 44R

Insertion

9R, 10F, 17F, 33F, 35F, 44F, 44R, 47F

Deletion

35F

Among the types of mutations, insertions are found at highest frequency of 71.8%, substitutions are found 26%

and deletions are at only 2.2%.

@ Insertion
@ Substitution

Deletion

Fig-4: Pie chart showing the frequencies of mutations found in this study

Discussion

In the present study it was found that, 62% of
the study population was triple negative (ER negative/
PR negative/ HER2 negative) where as in Nepal,
Shrestha et al., 2016 found 55.64% of study population
who were triple negative. Rest of the population found
hormone receptor positive (38%). Among the total study
population, 18% were ER positive, 12% were PR
positive and only 8% were HER2 positive. Yip et al.,
2009 have found 6.7% of study population who were ER
positive, none of them were PR positive and 15.4% were
HER2 positive.

In the present study it was found that, 62% of
the study population was triple negative (ER negative/
PR negative/ HER2 negative) where as in Nepal,
Shrestha et al., 2016 found 55.64% of study population
who were triple negative. Rest of the population found
hormone receptor positive (38%). Among the total study
population, 18% were ER positive, 12% were PR
positive and only 8% were HER2 positive. Yip et al.,
2009 have found 6.7% of study population who were ER
positive, none of them were PR positive and 15.4% were
HER?2 positive [11].
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Comparison with the different population are shown in
Fig. 5, 6,7, 8.

|

Present study

= Present study
= Other study

Asian

-
A AT
White

I

Hispanic

10 20 30 40 50 60 70

=

Fig-5: Comparison of percentage of triple negative hormone receptor status
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Fig-6: Comparison of percentage of estrogen receptor positive status
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Fig-7: Comparison of percentage of progesterone receptor positive status

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 823



Devjani Banik et al, Saudi J Med Pharm Sci, Nov, 2024; 10(11): 815-825

Present study

Asian

African American

Hispanic

Percentage of HER2 receptor positive status

0 1 2 3 4 5 6

Comparison of percentage of HER2 receptor positive status

7 8 9

Fig-8: Discussion on genetic analysis of the breast cancer Patients

DISCUSSION

The finding of this study is consistent with the
findings of Guo et al., 2016, p. 2255. They worked on
FFPE tissues of breast cancer patients and the
chromatogram reports revealed novel mutation (C>T,
G>C and A>T) in exon2 of BRCAL gene. A study by
Bernstein et al., 2002 have stated that, they sequenced 12
DNA samples derived from FFPE tissue and 45-55% rate
of correct identification of frameshift (deletion and
insertion) mutations obtained. This study group has
reported that this rate was dependent on the age of the
blocks being used. According to Mangold et al., 2010,
none of the founder mutations was detected in BRCA1
gene from formalin-fixed paraffin-embedded tissue of
US population [12].

DNA isolated from formalin-fixed paraffin-
embedded tissues has been used for analysis of DNA
alterations in disease states. Samples were taken from
archival FFPE tissue for analysis of BRCA1 mutations.
Multiple mutations found in histologically normal tissue
of two cases were not present in matched tumor tissue.
On the other hand, DNA from two separate blocks of
normal tissue contained different mutations. These
observations were inconsistent and suggested that
mutations detected in fixed tissues may be artifacts of
tissue preservation and not present in the original unfixed
tissues. For further confirmation, blood was obtained
from two cases for whom mutations were found in fixed
normal tissue. DNA from their unfixed lymphocytes did
not contain the mutations found in fixed normal tissue.
Thus, mutations found in formalin-fixed paraffin-
embedded tissues can be artifacts of tissue preservation.

Several studies have done on peripheral blood
of breast cancer patients to detect mutation in exon2 of
BRCAL gene. A study by Mehrgou & Akouchekian,
2016 have revealed two mutations (deletion) in exon2 of

BRCA1 gene on lIranian breast cancer patients [12].
Among the Algerian population, a study revealed three
novel mutations in exon2 of BRCAL gene (G>A, C>G,
T>C) [13]. They have also found two known mutation of
exon2 (C>T, A>C).

Findings of the present study suggested that
BRCA1 founder mutation (185delAG) may not have a
strong recurrence on breast cancer among the
Bangladeshi Bangali population. This finding is
analogous with the findings of Chakraborty et al., 2015,
p. 7930 where no founder mutations were detected in any
of the subjects [10]. Akilzhanova et al., 2013 also stated
that, no recurrent or founder mutations were observed in
BRCA1 gene among the breast cancer patients of
Kazakhstan [14]. A study by Sharma et al., 2014
reported that, the 185delAG mutation in BRCAL gene
was not found in any of the participants from Delhi, India
[15].

CONCLUSION

The study was aimed to identify mutation in
exon2 of BRCAL gene. Among 50 adult breast cancer
patients 9 patients have several nucleotide changes in
their DNA sequences revealed from FFPE tissue. These
are insertions, deletions and single nucleotide
substitution types of mutations. These findings require
further studies along with clinical correlation to
established the contribution of these mutations to breast
cancer. ldentification of known variant along with new
mutation with this small sample size emphasizes the
importance of exploring the genetic makeup of
Bangladeshi population to develop a database for proper
screening and genetic counseling of the disease.

REFERENCE
1. Mehrgou, A., & Akouchekian, M. (2016). The
importance of BRCAL and BRCAZ2 genes mutations

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 824



Devjani Banik et al, Saudi J Med Pharm Sci, Nov, 2024; 10(11): 815-825

in breast cancer development. Medical journal of the
Islamic Republic of Iran, 30, 369. viewed 17 July
http://mjiri.jums.ac.ir

Anothaisintawee, T., Wiratkapun, C.,
Lerdsitthichai, P., Kasamesup, V.,
Wongwaisayawan, S., Srinakarin, J., .. &

Thakkinstian, A. (2013). Risk factors of breast
cancer: a systematic review and meta-analysis. Asia
Pacific Journal of Public Health, 25(5), 368-387.
DOI: 10.1177/1010539513488795

Martin, A. M., Blackwood, M. A., Antin-Ozerkis,
D., Shih, H. A., Calzone, K., Colligon, T. A,, ... &
Nathanson, K. L. (2001). Germline mutations in
BRCA1 and BRCAZ2 in breast-ovarian families from
a breast cancer risk evaluation clinic. Journal of
clinical oncology, 19(8), 2247-2253. DOI:
10.1200/JC0.2001.19.8.2247

Adank, M. A., Brogi, E., Bogomolniy, F.
Wadsworth, E. A., Lafaro, K. J,, Yee, C. J., ... &
Offit, K. (2006). Accuracy of BRCAL and BRCA2
founder mutation analysis in formalin-fixed and
paraffin-embedded (FFPE) tissue. Familial cancer,
5, 337-342. DOI: 10.1007/s10689-006-0003-y
Jaure, O., Alonso, E. N., Braico, D. A., Nieto, A.,
Orozco, M., Morelli, C., ... & Balogh, G. A. (2015).
BRCAL polymorphism in breast cancer patients
from Argentina. Oncology Letters, 9(2), 845-850.
DOI: 10.3892/01.2014.2772

Seery, L. T., Knowlden, J. M., Gee, J. M,
Robertson, J. F., Kenny, F. S., Ellis, I. O, &
Nicholson, R. I. (1999). BRCAL expression levels
predict distant metastasis of sporadic breast cancers.
International journal of cancer, 84(3), 258-262.
viewed 8 December 2018,
https://www.ncbi.nIm.nih.gov/pubmed/10371343
Szabo, C. I, & King, M. C. (1997). Population
genetics of BRCA1 and BRCA2. Am J Hum Genet,
ELSEVIER, 60(5), 1013-1020, viewed 5 December
2018,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC17
12447/?page=2

Kwong, A. (2016). Genetic testing for hereditary
breast cancer in Asia- moving forward. Chinese
Clinical Oncology, 5(3), 1-5, doi:
10.21037/cc0.2016.05.11

9.

10.

11.

12.

13.

14,

15.

Ferla, R., Calo, V., Cascio, S., Rinaldi, G,
Badalamenti, G., Carreca, 1., ... & Russo, A. (2007).
Founder mutations in BRCA1 and BRCA2 genes.
Annals of Oncology, 18(6), Vvi93-vi98. doi:
10.1093/annonc/mdm234

Chakraborty, A., Banerjee, D., Basak, J., &
Mukhopadhyay, A. (2015). Absence of 185delAG
and 6174delT mutations among breast cancer
patients of eastern India. Asian Pacific Journal of
Cancer Prevention, 16(17), 7929-7933. doi:
http://dx.doi.org/10.7314/APJCP.2015.16.17.7929

Yip, C. H., Taib, N. A., Choo, W. Y., Rampal, S.,
Thong, M. K., & Teo, S. H. (2009). Clinical and
pathologic differences between BRCA1-, BRCA2-,
and non-BRCA-associated breast cancers in a
multiracial developing country. World journal of
surgery, 33(10), 2077-2081. doi: 10.1007/s00268-
009-0146-8

Mangold, K. A., Wang, V., Weissman, S. M,
Rubinstein, W. S., & Kaul, K. L. (2010). Detection
of BRCA1 and BRCA2 Ashkenazi Jewish founder
mutations in formalin-fixed paraffin-embedded
tissues using conventional PCR and
heteroduplex/amplicon  size differences. The
Journal of Molecular Diagnostics, 12(1), 20-26.
DOI: 10.2353/jmoldx.2010.090023

Mehrgou, A., & Akouchekian, M. (2016). The
importance of BRCAL and BRCAZ2 genes mutations
in breast cancer development. Medical journal of the
Islamic Republic of Iran, 30, 369. viewed 17 July
http://mjiri.jums.ac.ir

Akilzhanova, A. R., Nyshanbekkyzy, B., Nurkina,
Z. M., Shtephanov, I. 1., Makishev, A. K,
Adylkhanov, T. A,, ... & Momynaliev, K. T. (2013).
BRCA1 and BRCA2 gene mutations screening in
sporadic breast cancer patients In Kazakhstan.
Central Asian Journal of Global Health, 2(1), 2166-
7403, DOI: 10.5195/cajgh.2013.29

Shema, L., Ore, L., Ben-Shachar, M., Haj, M., &
Linn, S. (2007). The association between
breastfeeding and breast cancer occurrence among
Israeli Jewish women: a case control study. Journal
of cancer research and clinical oncology, 133(8),
539-546. DOI:10.1007/s00432-007-0199-8

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

825



