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Abstract
Background: The prevalence of mutation in BRCA1 genes alarmingly augmented threat of Breast carcinoma
among women. The occurrence of BRCA1 gene mutation in India is heterogeneous and varies according to
geographical origin. Previous investigations have relied on subjective methods of recording prevalence and familial
association. The influence of specific mutation biomarkers which may explain the link between, age, metastases,
clinicopathological markers and risk of breast cancer has not been investigated prospectively in Uttar Pradesh
(Northern India).
Methods: This study was carried out on patients (N=381) diagnosed with breast cancer and further categorized
into three groups according to family history. In the present work, blood/tissue samples were collected and mutations
were detected using a PCR-SSCP (Single-strand conformation polymorphism) technique followed by sequencing.
Results: In the study, 12 sequence variants out of which, eleven novels were identified in exon 11 of BRCA1
gene. BRCA1 mutations were detected in 4.7% (18/381) patients. Mutations in BRCA1 genes were significantly
associated with family history and these mutations were found to be strongly associated with metastatic presentation
(P=0.042, OR=6.567, 95% CI=1.073-40.174), younger age (P=0.032, OR=11.244, 95% CI=1.227-103.062), and
negatively correlated with ER/PR/HER2. Thus, this can serve as important milestone in diagnosis of familial breast
cancer.
Conclusion: The higher prevalence of BRCA1 mutation among North Indian Breast cancer patients was
associated with family history, metastases and younger age. The only alternate apart from early diagnosis is opting
for a routine breast screening, which will prove to be a viable option for prevention in carcinoma of breast & better
survival.
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Introduction
Breast cancer (BC) is one of the most prevalent diseases affecting
women [1]. It accounts for 23% of all cancers among women, and
ranked second most common cancer overall when both sexes are
considered together. Geographical variation plays a key role in breast
cancer incidence. Among the Indian population, incidence of breast
cancer varies widely. Regionally, incidence rates range from 18.8 per
105 in Trivandrum to 28.2 per 105 in Mumbai while amongst religious
groups; it is highest among Parsi women [2].
Genetic susceptibility to cancer is triggered in several ways; the best
understood causal mechanism being due to inactive germline
mutations in tumor suppressor and DNA repair genes, which lead to
an accumulation of mutations in oncogenes and cell-cycle checkpoints
that leads to uncontrolled cell division [3]. Two major breast cancer
susceptibility genes are BRCA1 (Genbank accession no- U14680) and
BRCA2 (Genbank accession no-U43746). BRCA1 gene mutation is
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known to account for <5% of all breast cancers [4, 5]; and 10% of
women of <40 years and around 30% of women with strong family
history of breast or ovarian cancer or both [6]. Among the carriers of
BRCA1 around 65% develop breast cancer and 32% ovarian cancer
[7].
The spectrum of BRCA1 mutations has been characterized in
different populations worldwide, with significant variation of the
relative contribution of these genes to hereditary cancer among
populations and examples of population specific founder mutations
(BRCA1: 185delAG, 5382insC, BRCA2:6174delT in Jews [8].
However, the contribution of mutations in BRCA1 gene to breast
cancer patients in the Indian population remains relatively unexplored
apart from a few small studies [9-13]. Therefore this investigation is
not only focused on understanding the frequency of BRCA1 gene
mutation in patients with BC, but also to determine their association
with, family history, metastases, demographic and clinico-pathological
markers in North-Indian population.
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Material and Methods

Blood and tissue sample collection

Study of population and clinical evaluation of patients

Cancer tissue samples and peripheral blood samples were collected
in Normal saline (0.9% w/v of NaCl) and EDTA vials respectively. The
sample was frozen at -70°C till further use.

The study group included N=381 patients who underwent surgery
for invasive breast cancer at the Surgical Oncology Department, Sir
Sundarlal Hospital, Banaras Hindu University, UP, India from 2007.
Exclusion criteria were based on the following factors: patients <18
years of age, who received prior treatment in the form of
chemotherapy or radiotherapy and patients who were mentally
incapable of giving their own consent. The patients subjects were
further divided into following groups:
Group 1: Breast carcinoma patients with family history. Subjects
were further subcategorized into first degree (Group 1A) and second
degree relative (Group 1B).
Group 2: This group include Breast carcinoma patients without any
family history. If a patient met the appropriate criteria, we visited the
patient before surgery to explain the details of the study and ask for the
patients consent and participation. Upon informed consent from the
patient, we conducted a 30-minute interview with the patient. Data
involving presentation, diagnosis, and staging were collected from
office charts, hospital charts, and face-to-face interview with the
patient. Informed consent was obtained from all participating patients
and the study was carried out with the approval of Ethical Review
Committee of Institute of Medical Sciences, Banaras Hindu
University, Varanasi, India. Diagnosis was defined by the histological
presence of invasive breast carcinoma tissue biopsy, generally by
preoperative core biopsy.

Isolation of genomic DNA from mammalian tissue
Genomic DNA was also extracted from breast tissue. The entire
step was carried out at 4°C. The tissue was homogenized in ice cold
SET (Sucrose 10.8 g, 0.5M EDTA 1ml, 1M Tris-Cl 2.5ml, pH 8.00 to
100 ml water, autoclaved and stored at 4°C) buffer and centrifuged at
4000 rpm for 10 minutes at a temperature of 4°C to pellet the nuclei
and was washed once again with SET buffer. The pure nuclear pellet
was suspended in TEN (1M Tris-Cl 2.0 ml, 0.5M EDTA 1ml, 5M NaCl
8 ml to 100 ml water, autoclaved and stored at 4°C) buffer, SDS was
added to a final concentration of 1% and was mixed gently to lyses the
nuclei. Proteinase K was added to the lysate (to a final concentration of
100 μg/ml and was incubated at 37°C overnight). The proteinase K
treated lysate was mixed with equal volume of tris saturated phenol,
pH 8.00, twice with phenol:chloroform (1:1) and once with
chloroform:isoamyl alcohol (24:1) following centrifugation at 10,000
rpm after each extraction. The final aqueous phase was transferred to a
fresh tube. To this aqueous phase, 1/10th volume 3M sodium acetate
(pH 5.2) and two volume of ice-cold absolute alcohol was added. The
DNA was precipitated and was washed with 70% ethanol, air dried and
dissolved in appropriate volume of TE buffer (pH 8.00). The sample
was kept at 37°C till the DNA dissolves completely.

Gene

Amplicon

Primer sequence

Annealing
(Ta)°C

Temperature Product
(bp)

BRCA1

Exon 2

(F)GAAGTTGTCATTTTATAAACCTTT

51.0

258

53.1

278

55.0

497

52.5

436

54.5

437

51.3

450

52.3

450

52.3

259

Size

(R)GTCTTTTCTTCCCTAGTATGT
BRCA1

Exon 5

(F)CTCTTAAGGGCAGTTGTGAG
(R)ATGGTTTTATAGGAACGCTATG

BRCA1

Exon 11.1

(F)GACAATTCAGTTTTTGAGTACCTTG
(R)TGTTATCCAAGGAACATCTTCAG

BRCA1

Exon 11.2

(F)CAGAAACTGCCATGCTCAGA
(R)TATTTGTGAGGGGACGCTCT

BRCA1

Exon 11.3

(F)CTCCCCAACTTAAGCCATGT
(R)GAAGACTTCCTCCTCAGCCTA

BRCA1

Exon 11.4

(F)TCCACAATTCAAAAGCACCT
(R)GATCTTTGGGGTCTTCAGCA

BRCA1

Exon 16

(F) AATTCTTAACAGAGACCAGAAC
(R)AAAACTCTTTCCAGAATGTTGT

BRCA1

Exon 20

(F)ATATGACGTGTCTGCTCCAC
(R)AGTCTTACAAAATGAAGCGG

Table 1: Primers used for screening different exons of BRCA1 gene.

Primers and PCR-SSCP analysis
For PCR amplification, 8 set of primer pairs were used to amplify
exon 2, 5, 11.1, 11.2, 11.3, 11.4, 16 and 20 of BRCA1 gene. PCR was
J Clin Exp Pathol
ISSN:2161-0681 JCEP, an open access journal

carried out in BiometraR at respective annealing temperature (Ta)
using standard protocol (Table 1). Primers used have been chosen
from
the
BIC
database
(http://www.nhgri.nih.gov/
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Intramural_research/Lab_transfer/Bic/). In addition primers for exon
11 of BRCA1 were designed during the course of study by using
primer3 software.
PCR reaction was carried out in a volume of 25 μl with, 1 × PCR
buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), 1.5 mM MgCl2, 5 mM
dNTP mix, 10 μM of both forward and reverse primer and 1.25 U Taq
(New England Biolabs) with the following conditions:
An initial de-naturation at 94°C for 3 minutes was followed by 35
cycles of amplification (30 s/94°C, 40 s/primer specific annealing
temperature, and 50 s/72°C) and final elongation of 3 min/72°C. PCR
products were analyzed on 2% Agarose gels (BIORON) in 1X TBE
(890 mM Tris 890 mM Borate 24 mM EDTA.
SSCP analysis of PCR product was carried out on 7% nondenaturing polyacrylamide gel (PAG) utilizing either non-radioactive
silver staining or radioactive procedures [14-16]. PCR products mixed
in denaturing buffer (95% formamide, 10 mM NaOH, 0.05% xylenecyanol FF and 0.05% bromophenol blue) in 1:1 ratio were heat
denatured at 95°C for 5 min, immediately cooled on ice for 5 min, 6 μl
of which were loaded on 7% PAG and electrophoresed in 1X TBE
buffer at ±17°C at 4 W constant power for 18-22 h. Gels were then
silver stained.
A rapid silver staining method [17] was used to detect the bands.
The gels were washed in deionized water and fixed in 10% ethanol for
30 minutes. They were then shaken in 0.1% silver nitrate for 10
minutes and thoroughly rinsed three times in deionized water.
Staining was continued in partial darkness, using a solution of 1.5%
sodium hydroxide and 0.05% formaldehyde until the desired band
intensity was achieved. Development was stopped in 3% acetic acid
and the gel was preserved in a solution of 10% ethanol and 5%
glycerol.

Nucleotide sequencing
Purified PCR products of the samples showing mobility shift on
SSCP analysis and product size having more than 350 bp were used for
direct DNA sequencing using Automated DNA sequencer, genetic
analyzer 3130. To minimize the sequencing artifacts induced by PCR,
products from at least two different PCRs were sequenced using
forward and reverse primers. Sequences were compared against the
human BRCA1 (Genbank accession no- U14680).

Statistical analysis
For the propose of statistical analysis two-tailed tests were used at
all times and statistical significance was set a priori at a P value of less
than 0.05. Statistical analysis were performed with SPSS for Windows
version 16.0 (SPSS Inc., Chicago, Illinois, USA). To determine all
univariate analysis Student’s t-test or χ2 tests was used, as appropriate.
Bivariate correlation was used to demonstrate the association and
significance of the presence of mutation with various
clinicopathological markers for BC such as estrogen receptor (ER),
progesterone receptor (PR) and epidermal growth factor receptor-2
(HER-2). Statistical significance level was considered when it reached a
P value of less than 0.05. Bivariate analysis, by logistic regression, was
performed to evaluate age at diagnosis and the association of advanced
nodal metastasis with the presence of mutation pattern.
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Results
Evaluation of age of onset and family history among breast cancer
patients was recorded from Sir Sundarlal Hospital, Banaras Hindu
University, Varanasi. Mean age of onset for 381 women diagnosed
with BC during study was 47.50 ± 10.407 years. Approximately 33.1%
of cases were diagnosed under the age of 40 years. Out of the 381 cases,
33 (9%) belonged to first degree and 18 (5%) were second degree
relative of breast cancer patient (Figure 1).

Figure 1: Distribution of patients according to family history with
breast carcinoma (N=381).
To determine the contribution of BRCA1 gene to breast cancer in
local population of Varanasi and nearby cities in India, we screened
for alterations in the coding sequences of gene in 381 breast cancer
patients. There were 18 (4.7%) patients having BRCA1 gene mutation.
When we compared BRCA1 gene mutation with family history,
BRCA1 showed significant association (P<0.001) with patients
belonging to first (9,50%) and second (6,33.3%) degree relative (Table
2).
Family History

BRCA1 Gene

No
History

Family P
Value

First
Degree

Second
Degree

Relative

Relative

Mutated (N=18)

9(50%)

6(33.3%)

3(16.7%)

Un-mutated
(N=363)

24(6.6%)

12(3.3%)

327(90.1%)

<0.001

Table 2: Association of mutation with family history.

Sequence variants in BRCA 1 genes
All sequence variants were confirmed by the Single strand
conformational polymorphism followed by sequencing (Figure 2). In
total, 12 sequence variants were identified in the study group,
including 10 Frame Shift (FS), 1 missense (MS), 1 nonsense (Table 3).
Sequencing result explored one previously reported 185delAG (Table
3) in exon 2 (deleterious frame-shift mutations) resulting in a
premature termination codon that were identified in BRCA1 gene and
11 novel 1230delC, 1238delA, 1273insG, 1415insA, 1611delC,
1614insC, 1961delG, 2025insC, 2026TtoA, 2354AtoC, 2361insC, in
exon11 (Table 3) with group 1 (BC with Family History) i.e. 15 in
number out of 51 subjects (29.4%). Only one sequence variant
(185delAG) was observed in Group 2 (BC without family history) i.e. 3
out of 330 subjects (0.9%). The BRCA1 185delAG mutation was
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identified in two early onset index case [age 26 Y and 28 Y] with family
history and three case [age 46 Y, 54 Y, 58Y] without family history.
Gene

E

NT

Codan

Base
change

AA Change

Designation

Mutation Type

C.I.

BIC Entry

Age/Sex

Family
history

BRCA1

2

185

23

del AG

Stop 39

185del AG

Frameshift

Yes

Reported

28/F, 46/F

No, Yes

BRCA1

11A

1230

371

del C

Stop 373

1230 del C

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11A

1238

373

del A

Stop 375

1238 del A

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11A

1273

385

Ins G

Stop 390

1273 ins G

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11A

1415

432

Ins A

Stop 435

1415 ins A

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11A

1611

498

Del C

Stop 502

1611 del C

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11A

1614

498

Ins C

Stop 500

1614 ins C

Frameshift

Yes

Novel

30/F

Yes

BRCA1

11B

2025

636

Ins C

Stop 638

2025 ins C

Frameshift

Yes

Novel

40/F

Yes

BRCA1

11B

2361

747

Ins C

Stop 761

2361 ins C

Frameshift

Yes

Novel

40/F

Yes

BRCA1

11B

1961

614

Del G

Stop 625

1961 del G

Frameshift

Yes

Novel

45/F

Yes

BRCA1

11B

2354

745

A to C

Arg-Ser

2354 A to C

Missense

Yes

Novel

45/F

Yes

BRCA1

11B

2026

636

T to A

Leu-stop

2026 T to A

Nonsense

Yes

Novel

40/F,40/F

Yes

Table 3: BRCA1 and BRCA2 sequence variants.
have more higher incidence than the age group >40 (OR=11.244, 95%
CI=1.227-103.062). BRCA1 mutation that was found most frequently
with family history to be found independently associated with
metastatic presentation. The increased frequency of metastatic
presentation persisted on multinomial logistic regression analysis
(Table 4), suggesting an independent association between BRCA1
mutation (OR=6.567, 95% CI=1.073-40.174). BRCA1 mutation was
negatively correlated with ER, PR and HER-2 with the significant level
of P=0.051, P=0.074, P=0.028 respectively.

Figure 2: Single strand conformational polymorphism showing
mobility shift with patient 1, 2, and 3, in lane 1, 2, 3 respectively.
Lane 4 and 5 showing control samples 1 and 2 respectively.

Association of mutation with demographic and pathological
factor
BRCA1 mutation was more frequently observed in tumor sample
obtained from women who were ≤ 40 years of age. Out of the 126 cases
≤ 40 years old included in the study 11.9% were mutated whereas only
1.2% of the 255 cases from women >40 years old were mutated.
Multivariate analysis (Table 4) suggested, a strong significant
association of mutation and age at diagnosis i.e. the age group of ≤ 40
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Gene

Variable

BRCA
1

Age at
(years)

OR

95% Confidence Interval P
(CI)
value

diagnosis

0.032

>40

1

-

≤ 40

11.24
4

1.227-103.062

Metastases

0.042

No

1

-

Yes

6.567

1.073-40.174

Table 4: Multivariate regression analysis shows association of mutation
in BRCA1 gene with age at diagnosis and metastatic presentation.

Discussion
The incidence of breast cancer in India has been increased in topical
years and high penetrance reported in metropolitan cities. It is
probable to create an ever increasing health concern and burden, as
socio-economic changes bring increased exposure to standard of living
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enhancing risk factors. The earlier average age of onset among Indian
women compared to Western populations and the increased
likelihood of early-onset disease being attributable to genetic
susceptibility, suggests the existence of a strong genetic component in
this population. Despite the increasing demand for genetic testing
roused from the patients and their relatives, it can be offered only to
individuals belonging to high-risk families. This is defined by the high
probability of germline mutation in a BRCA gene and thus cancer
occurrence is likely the expression of a highly penetrant genetic
predisposition. In this study, we explored the mutation frequency, age
of onset, metastases, family history association and role of pathological
factors in North India hospital based study. We found that mutation
in BRCA1 is more common in early age (≤ 40). These observations
were supported by the study carried out at Safdarjung Hospital, New
Delhi [3].
In this research work, patients at high risk of carrying BRCA1
mutations were studied, 50% patients were belonging to first degree
relative, 33.3% with second degree relative and only 16.7% showed the
index case (Table 2). Recently, a meta-analysis has combined the data
derived from 22 studies based on unselected series. Using a modified
segregation analysis, it has been estimated that BRCA1 mutation
carriers have 65% higher risk of breast cancer of by 70 years of age and
39% average cumulative risk of ovarian cancer [7]. In contrast to this
only 2% of non-familial patients had pathologic germline mutations in
BRCA1 and 2 genes in a group of English patients who were diagnosed
with breast cancer at the age of 30 years or younger [18]
We screened for alterations in the coding sequences of 381 breast
cancer patients. A total of 12 sequence variants were observed. The
BRCA1 185delAG mutation was identified in five cases two in early
onset case [age 26Y, 28Y] with family history and three in an index
case [age 46Y, 54Y, 58Y]. This mutation is common in Ashkenazi
Jews, having attained a 1% carrier frequency within the population
[19] since the origin of the ancestral mutation [20]. Population studies
have shown that the 185delAG mutation predates the separation of
Sephardi and Ashkenazi Jewish populations and is probably 2000 years
old [21]. In India, 185delAG has been reported in all populations
studied so far [9-13]. This deleterious frame shift mutation was first
reported in a family residing in a part of Trivandrum not far from the
small towns with settlement of Jewish people [9]. It was later reported
in two South Indian families from Kerala province [12] as well as in
two sisters from Goa, where a multi-ethnic population exists, with a
significant influence of Portuguese (potential introduction of the
mutation through Sephardic Jews) [13]. Surprisingly, Sunita et al. also
found 185delAG in a North Indian Hindu patient residing in New
Delhi who claimed to have no Jewish ancestry. Similarly, Lakhotia et
al., in their initial screening found the same mutation in four Indian
breast cancer families [22].
The rest sequence variants (Frame-shift: 1230delC, 1238delA,
1273insG, 1415insA, 1611delC, 1614insC, 2025insC, 2361insC,
1961delG, Missense: 2354A→C and Nonsense: 2026T→A) were found
to be novel and not reported anywhere else and Exon 11 was found to
be the mutational hot spot for familial breast cancer patients of North
India. The BRCA1 exon 11 mutation was found in patients of New
Delhi India. Valarmathi MT explored 3672 G→T of exon 11 in a
patient with age 36 years [23]. A recent study of Pandrangi S L from
New Delhi, India established Two novel triple negative breast cancer
cell lines, NIPBC-1 and NIPBC-2 from primary tumors of two young
breast cancer patients aged 39 and 38 years respectively, diagnosed as
infiltrating duct carcinoma of breast. Screening for mutations in
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BRCA gene revealed presence of three heterozygous polymorphisms in
exon 11 of BRCA1 gene in both the cell lines [24]. The allocation of
BRCA1 mutations recognized among Indian high-risk patients is
similar to what has been observed in other populations. The most of
the patients identified with breast cancer were under the age of 40
years. Factors like age at diagnosis and advanced metastatic
presentation retained their statistical significance in the multivariate
analysis of BRCA1 mutation. This result suggests that women with
BRCA1 mutations in this series were at increased risk for death due to
breast cancer because of presentation with more advanced disease.
Alternatively, it was observed that the worst outcome may result from
adverse biologic features that have been described in BRCA1
associated breast cancers. Such features include high histological grade
and proliferation rates [25-29].
Molecular markers currently used to predict treatment response in
both early and metastatic breast cancer include Estrogen receptor
(ER), Progesterone receptor (PR), and HER2/neu. We found that
BRCA1 mutation was negatively correlated with estrogen receptor,
progesterone receptor and HER-2. These findings are supported by
reports obtained from a detailed examination of 182 tumors samples,
out of which 119 were BRCA1-mutated. Results showed that BRCA1
tumors were less likely to express ER (10%), PR (21%), and HER2/neu
(3%) [30].

Conclusion
So we can conclude that, self-risk information could assist in taking
preventive measures and also induce a high-risk woman to adopt
breast screening that may promote early detection and improve
chances of surviving breast cancer. This study found evidence for an
overall association between the mutations in exon 11 of BRCA1 gene
play a role in etiology of familial breast cancer with advanced
metastatic presentation. Further experiment with large sample size and
different geographical origin are warranted to confirm these findings.
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