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ABSTRACT

/

Breast cancer is the most common cancer among women in Bangladesh. About 69% cancer
death of women is due to breast cancer. In Bangladesh the incidence rate of breast cancer is
about 22.5 per 100000 female. Female who carries mutation in the BRCAI gene have an
80% chance of developing breast cancer during their lifetime. Due to its high prevalence,
genetic testing for BRCAI mutation has become an integral part of clinical practice. This
study was aimed to characterize the mutation at chromosome 17q21 by targeting BRCAI
gene among Bangladeshi women with familial breast cancer. This descriptive case series
study was conducted in the Department of Biochemistry, Dhaka Medical College, Dhaka,
from July 2017 to June 2018. In this study, thirty diagnosed breast cancer patients with
family history breast cancer were selected according to the selection criteria from the
Department of Surgery and Department of Radiotherapy, Dhaka Medical College, Dhaka.
Mutations were detected by Next Generation Sequencing method. Characterization and
clinical significance were verified from NCBI genome database. The study parameters were
presence of mutation, types of mutation, clinical significance, frequency (%) of mutation. In
this study, sixteen distinct mutations were found. Three pathogenic mutations (10%) were
found among the patients which were nonsense mutations. Pathogenic mutations were
¢.5251C>T, c.2158G>T and c.1059G > A. Three mutations of uncertain significance with
missense variant, five benign mutations of missense variant and five benign mutations of
silent variant were also found among thirty patients. In this study we found that, Bangladeshi
women with familial breast cancer had 10% pathogenic mutations. Early screening for
BRCAI gene mutations might provide better information for health to those who have family
history of breast cancer.
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Introduction

Breast cancer is a type of malignancy caused by
the abnormal growth and uncontrolled cell
division within the terminal duct and lobular
units of the breast. It has the potential to invade
and destroy surrounding normal tissue and
spread throughout the body via blood or lymph

fluid to new sites!. Normally, human cells grow
and divide to form new cells when the body
needs them. As the cells grow old or become
damaged, they die, and new cells take their
place. But in cancer, this orderly process breaks
down. Cells divide and grow in more abnormal
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and excessive fashion. These extra cells divide
without stopping and may form growths called
tumors or cancers2. Breast cancer incidence in
developed countries is higher, while relative
mortality is greatest in less developed
countries. It remains the most common cancer
among women in Bangladesh with the
incidence rate of 22.5 per 100000 female. It
accounts for 69% of women cancer death in
Bangladesh3. The mortality rate of breast
cancer is highly frequent in Bangladeshi
women than cervical, esophageal cancer. Five
year prevalence rate of breast cancer in
Bangladeshi women is observed as 35.6% in
2012 which is higher than any other types of
cancer. Several risk factors are responsible
for development of breast cancer. Women who
are getting Hormonal Replacement Therapy
(HRT), Oral Contraceptive Pills (OCP), have
history of early menarche and late menopause,
are in risk of developing breast cancer due to
high estrogen level as it increases breast cell
mitosis’. Others are non-hormonal risk factors
such as, alcohol, smoking, obesity, less physical
activity and positive family history!. Germline
mutations of breast cancer susceptibility genes
like BRCAI, BRCA2, p53, HER2 have been
reported to have a high risk for developing
hereditary breast cancer®. Family history of
breast cancer contributes about 20%-25% of
breast cancer but only 5%-10% of breast cancer
cases demonstrate an autosomal dominant
inheritance’. Men and women who carry genetic
mutation have 50% chance of passing it to each
of their children8. Female who carries mutation
in the BRCAI gene have an 80% chance of
developing breast cancer during their lifetime
and BRCA2 mutation have 80%-85% chance of
developing breast cancer’. The prevalence of
BRCA pathogenic mutation carriers in the
general population is estimated at between 1/800
(0.12%) and 1/1000 (0.1%). BRCAI and BRCA2

mutation frequencies in breast and ovarian
cancer patients unselected for family history or
age at onset are generally low (<1-3% for
BRCAI)0. BRCAI gene is a tumor suppressor
gene. It produces BRCAI protein which repairs
DNA double break during cell cycle. So, it has
protective function over cancer development as it
suppresses tumor formation. If there is any
pathogenic mutation present in BRCAI gene,
BRCAI protein loses its DNA repairing property.

So, unregulated cell proliferation, clonal
expansion, tumor progression, malignant
neoplasm, invasion and metastasis take

place!l-12, Location of BRCAI gene is in long (q)
arm of chromosome 17 at region 2 band 1, from
base pair 41,196,312 to base pair 41,277,500
(Build GRCh37/hg19). Gene size is 81kb and
BRCAI protein has 1863 amino acids. BRCAI
have 24 exons!3. Hundreds of mutations have
been indentified in BRCAI gene but not all
mutations are clinically significant. Pathogenic
mutations are very likely to cause disease.
Benign mutations are unlikely to cause any
harmful effect on health. Another type of
mutation is 'Variant of uncertain significance'.
Its clinical significance or function on health is
not knownl4. Several mutation detection
procedures are available but next generation
sequencing is less time consuming and cost
effectivel>. Genetic testing for BRCAI gene
mutation have become an integral part of clinical
practice in United States and other western
countries!'®. Detection of BRCAI gene mutation
carriers is an important step in assessing the risk.
The incidence and the type of BRCAI mutations
differ extensively and may have different
geographic and ethnic distribution. However,
contribution of mutations in BRCAI gene to
breast cancer patients in Bangladeshi population
remains relatively unexplored. This study is
focused on understanding the character and
distribution of BRCAI gene mutation in patients
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with familial breast cancer in Bangladeshi
people, which will help to develop awareness
among women who have family history of breast
cancer.

Materials and Methods

This was a descriptive case series study
conducted in the Department of Biochemistry,
Dhaka Medical College Dhaka, from July
2017 to June 2018 after receiving approval
from Research Review Committee and Ethical
Review Committee. Thirty diagnosed breast
cancer patients with family history of breast
cancer in 1st or 2nd degree relatives were
included in this study according to selection
criteria. Diagnosis was confirmed by FNAC
or histopathology reports. Patients who
received complete treatment of breast cancer,
diagnosed with any other cancer, any known
genetic disease, having systemic disease such
as renal failure, hepatic failure, uncontrolled
diabetes mellitus were excluded from this
study. Written informed consent was taken
from the participants. With all aseptic
precautions, 5 ml venous blood was collected.
All the laboratory procedures were done in
NeuroGen genetic laboratory, Panthopath,
Dhaka. Laboratory procedure included
DNA extraction from blood, polymerase chain
reaction, gel electrophoresis, library
preparation, sequencing of PCR products and
mutation detection. The study parameters were
presence of mutations, types of mutations,
clinical significance of mutations and
frequency of mutations. Clinical significances
were verified from NCBI genome database.
Statistical analysis was done by using SPSS
version 21.

Results

In this case series study, mean+SD age of study
group was 47.63+10.35years. Mean+SD BMI
of the study population was 20.7+2.1 Kg/m?.

Table-I: Demographic profile of the study
subjects (N=30)

Variable Mean+SD
Age (years) 47.63£10.35
BMI (Kg/m?) 20.742.1

Table I shows general characteristics of the
study group. It shows that, mean+SD age and
BMI of study population is 47.63+10.35 years
and 20.7+2.1 Kg/m? respectively.

Table II: Characteristics of clinicopathological
parameters in breast cancer (N=30)

Variables Number of patients (%)

Triple negative breast cancer: Yes 17(56.67 %)

No 13(43.33%)
Type of breast cancer: Ductal  28(93.33%)

Lobular 2(6.67%)
Staging of breast cancer: I 8(26.67%)

II 12(40%)

I 6(20%)

v 4(13.3%)
Grading of breast cancer: I 7(23.33%)

II 19(63.33%)

11 4(13.33%)

Table II shows clinicopathological characteristics
of the study population. It shows that (56.67%)
patients had TNBC, maximum patients had
ductal carcinoma (93.33%), stage II (40%) and
grade II (63.33 %) breast cancer.

Figures within parenthesis indicates percentage
(%). Data were achieved from previous
pathological reports of the study population.
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Table III: Characterization of BRCAI gene pathogenic mutations (N=30)

Variant coordinate  Base change Amino acid change Type of Clinical No of patients Frequency
mutation significance  having this mutation (%)
out of 30 patients
1) 41246489 1059G>A  Trp3s3Ter Nonsense Pathogenic 1 3.3%
1s80356935
2158G>T Glu720Ter
2) 41245390 Pathogenic 1 3.3%
1580356875 Nonsense 110
. 0
3) 41209095 s251c>T  Argl73lTer Nomsense Pathogenic 1
rs80357123

Table Il shows mutation position, base change, amino acid change, mutation types, clinical significance, frequency
(%) of pathogenic mutation. Total 10% (n=3) pathogenic mutation was present among 30 patients (3 out of 30
patients) of which conversion of Tryptophan, Glutamic acid and Arginine contribute same percentage (3.3%) to
become stop codon.

Table IV: Characterization of BRCAI gene mutations of uncertain significance (N =30)

Variant coordinate Base change = Amino acid change Type of Clinical No of patients Frequency
mutation significance having this mutation out (%)
of 30 patients
1) 41244936 2612C>T Pro871Leu Missense Uncertain 19 63.3%
1s799917 Significance
2) 41244435 Missense Uncertain 18 60%
1516941 3113A>C Clul038Ala _ Significance
Missense | 3.3%
3) 41243553 Uncertain
1730881490 3995G>T Gly1332val Significance

Table 1V shows mutation position, base change, amino acid change, mutation types, clinical significance, frequency (%) of
mutation of uncertain significance of which conversion of Proline to Leucine is 63.3% (19 patients out of 30 patients),
Glutamic acid to Alanine is 60% (18 patients out of 30 patients), and Glycine to Valine is 3.3% (1 patient out of 30 patients).

Table V: Characterization of BRCAI gene benign missense mutations (N=30)

Variant coordination Base change Amino acid change Type of Clinical No of patients having this Frequency (%)
mutation  significance mutation out of 30
patients

1) 41244000 3548A>G  Lys1183Arg ; ;

1516942 Missense Benign 60%
2) 41223094

151799966 4837A>G  Serl613Gly Missense  Benign 46.67%
3) 41245471 Asp693A .

154986850 2077G>4  APORAST Missense - en 6.7%
4) 41199697 Ala682Thr Missense

786201582 Vi

s 2044G> A Benign 6.7%
5) 41246481 1067A>G  GIn356Arg . Benien 18

151799950 Missense £ 14 3.3%

Table V shows mutation position, base change, amino acid change, mutation types, clinical significance, frequency (%) of
benign missense mutation of which conversion of Lysine to Arginine is 60% (I8 patients out of 30 patients), Serine to
Glycine is 46.67% (14 patients out of 30 patients), Aspartic acid to Asparagine is 6.7% (2 patients out of 30 patients),
Alanine to Threonine is 6.7% (2 patients out of 30 patients) and Glutamine to Arginine is 3.3% (I patient out of 30 patients
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Table VI: Characterization of BRCAI gene benign silent mutations (N=30)

No of patients having this

Variant coordination Base change AIleilI::l g:id l:l)l’tl:; i(())i sigCnliitK":igillce mutation out of 30 patients Frequency (%)

1) 41245237 2311T>C Leu771= Silent Benign 20 66.67%
rs16940

2) 41245466 2082C>T Ser694 = Silent Benign 19 63.3%
rs1799949

3) 41234470 4308T>C Ser1436= Silent Benign 18 60 %
rs1060915

4) 41223086 4845T>C Alal6l5= Silent Benign 1 3.3%
rs144588397

5) 41243921 3627A>G Leul209= Silent Benign 1 3.3%
1s770579978

Table VI shows mutation position, base change, amino acid change, mutation types, clinical significance, frequency (%)
of benign silent mutation of which codons of serine, leucine and alanine were changed but amino acid were not changed.

Discussion

This study was done to see the mutation and its
characterization in BRCAI gene of Bangladeshi
breast cancer patients. For this purpose a total
number of 30 patients with familial breast
cancer, (who have 15t or 2" degree relative with
breast cancer) were selected. Mutation in BRCAI
gene was detected by Next Generation
Sequencing (NGS). Gene sequence was compared
with human reference genome (GRCh37/hr19).
After detection of mutation, characterization,
types, frequency, clinical significance of
mutations were assessed. In the present study, the
mean+SD age of study group was 47.63+10.35
years. Mean+SD BMI of the study population
was 20.7+2.1 Kg/m?. The frequency of triple
negative breast cancer in study population was
56.67%, which is similar to the result of Zhang
et al'’. They found that women with familial
breast cancer have more than a 50% chance of
developing triple negative breast cancer (TNBC).
This is because of genetic predisposition causes
cancer in familial case, not the hormone
receptors. Most of the patients had ductal
carcinoma (93.33%), stage 2 (40%) and grade 2
(63.33%) breast cancer. After mutation detection,
it was found that, 3 pathogenic mutations were

present among 30 patients (10%). Three
mutations of uncertain significance and 10
benign mutations were found. Similar study was
conducted by Troudi er al.l8. They studied 36
breast cancer patients who had history of familial
breast cancer. They found four pathogenic
mutations among 36 patients, (11.1%), 8 variant
of uncertain significance (22.2%), and 12 benign
mutations (33.3%) in BRCAI gene. That study
showed frequency of BRCAI pathogenic
mutation in women with familial breast cancer in
Tunisia is similar to Bangladeshi women with
familial breast cancer. Buleje et al'® had found
similar type of results which was conducted in
Peru to see the contribution of BRCAI and
BRCA?2 mutations in Peruvian patients. They did
case series study with 28 patients. They
identified 3 pathogenic mutations present among
28 patients (10.71%), 2 mutations of uncertain
significance and 28 benign mutations. Frequency
of BRCAI gene pathogenic mutations in Peruvian
study subjects is similar with study population.
Case series study was conducted by Miramar ef
al.?0  similar finding. In their study they
included 60 Spanish patients with breast cancer.
After mutation analysis, they found 8 pathogenic
mutations in BRCAI gene among 60 patients
(13.3%), and 25% of mutation of uncertain
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significance. A case series study was done in
Sweden by Loman ef al.?! to estimate the genetic
influence and to characterize the nature and
prevalence of BRCAI and BRCA2 germline
mutations in early-onset breast cancer. They
included 97 subjects with breast cancer in their
study. After gene sequencing they found sixteen
(6.7%) mutations present in BRCAI gene out of
97 cases. This was slightly lower than our result.
This is probably due to Scandinavian groups of
people harbor less genetic mutation comparing to
other ethnic group. Patmasiriwat et al.?2 did a
case series study to analyze the breast cancer
susceptibility genes BRCAI in Thai patients with
familial breast cancer. They included 18 patients
who have family history of breast cancer. They
found 3 pathogenic mutations in 18 patients.
They also found 4 nonsense mutations, 1
frameshift mutation, 2 missense mutations, 2
intronic variations and 1 silent mutation. This
result shows that frequency is slightly higher
than our study result. This is probably they due
to the fact that, they had included some intronic
regional mutations in their study result. From the
result of the study, it is observed that, BRCAI
mutation characteristics, types, frequency,
clinical significance are similar to other studies
which were conducted in different ethnic groups
worldwide. Frequency of BRCAI gene
pathogenic mutation ranges from approximately
5%-20% in different ethnic groups and BRCAI
gene mutation is 10% in Bangladeshi women
with familial breast cancer.

According to this study, the frequency of
BRCAI gene pathogenic mutation is (10%) in
Bangladeshi women with familial breast cancer.
It provides information about genetic influence
and characterizes the nature of BRCAI germline
mutation in familial breast cancer patients. Early
screening of BRCAI gene mutations might
provide better information for health among the
female who have family history of breast cancer.
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