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Abstract

Background: The incidence of breast cancer in India is on the rise and is rapidly becoming the number one
cancer in females, pushing the cervical cancer to the second position. Most of the predisposition to hereditary
breast and ovarian cancer has been attributed to inherited defects in two tumor suppressor genes BRCA1 and
BRCAZ2. Alterations in these genes have been reported in different populations, some of which are population-
specific mutations showing founder effects. Two specific mutations in the BRCA1 (185delAG) and BRCA2
(6174delT) genes have been reported to be of high prevalence in different populations. The aim of this study was
to estimate the carrier frequency of 185delAG and 6174delT mutations in eastern Indian breast cancer patients.
Materials and Methods: We selected 231 histologically confirmed breast cancer patients from our tertiary cancer
care center in eastern India. Family history was obtained by interview or a self-reported questionnaire. The
presence of the mutation was investigated by allele specific duplex/multiplex-PCR on genomic DNA extracted
from peripheral blood. Results: A total of 231 patients (age range: 26-77 years), 130 with a family history and
101 without were screened. The two founder mutations 185delAG in BRCA1 and 6174delT in BRCA2 were
not found in any of the subjects. This was confirmed by molecular analysis. Conclusions: Our findings suggest
that these BRCA mutations may not have a strong recurrent effect on breast cancer among the eastern Indian
population. The contribution of these founder mutations to breast cancer incidence is probably low and could
be limited to specific subgroups. This may be particularly useful in establishing further pre-screening strategies.
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Introduction

Breast cancer (BC) is a form of cancer in the glandular
breast tissue. In India, women diagnosed with carcinoma
of the breast is on an average of 80,000 and women die
of this disease every year is 40,000, and it is marked as
the second most common cancer among Indian women
(19%) after cervical cancer (30%) (Saxena et al. 2006).
For the development of breast and ovarian cancers there
may be several factors responsible, but the presence of
BRCA1 and BRCAZ2 (breast cancer predisposition gene
1/2) gene mutations is the most significant which has been
described so far .5%-10% of the recorded cases accounts
for only hereditary breast cancer, in which 80-90%
comprises lifetime risk for the individuals with mutations
in these genes of breast cancer and 40-50% lifetime risk
of ovarian cancer (Claus et al., 1991; Easton et al., 1995;
Somasundaram 2010). Even after understanding of the
fact how BRCA1 and BRCA2 mutations could influence
cancer susceptibility which was achieved after several
attempts of studies, the variation in risk among carriers
of these mutations is not yet clear. It has been noted that

the frequency of mutations in these genes is higher in
certain groups, as observed in Ashkenazi Jews, where
BRCA1/2 mutations are present at a rate of 2%-3%
(Neuhausen et al., 1996; Roa et al., 1996; Levy-Lahad et
al., 1997). The prevalence of BRCA mutations in asian
breast cancer patients is similar in range to that of other
ethnic populations (Haeyoung et al., 2013). In this group,
185delAG and 5382insC in BRCA1 and 6174delT in
BRCAZ2 are the three most frequently found mutations, and
more than 12% of the women who develop breast cancer
bear one of these mutations (King et al., 2003, Haytural
et al. 2013). 25% mutation in BRCA1 gene of breast
cancer patients was identified and reported by Hedau et
al. in 2004 from North India. Investigations on the genetic
polymorphisms of BRCA1 and BRCA?2 gene in a cohort of
204 Indian breast cancer patients, deleterious frame shift
mutation 185DelAG mutation was detected (Thakur and
Phadke 2005). A study conducted in breast and ovarian
cancer families and sporadic breast cancer patients of
Indian origin revealed 185delAG mutation in patients
with family history of breast cancer and no mutation was
found in sporadic cases (Kumar et al., 2002). Analysis
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of PCR amplicons in members of a family with multiple
cases of breast cancer in the BRCA1 gene revealed
deletion of AG nucleotide at the 185th position, haplotype
analysis suggested an independent origin for this mutation
(Saxena et al. 2006). Thus the presence of 185delAG
mutation in Indian population has been proved by other
studies. The present study was planned to investigate the
probable occurrence of 185delAG (BRCA1) and 6174delT
(BRCA2) alterations in 231 breast cancer patients of
Eastern Indian. Our previous studies identified 5382insC
mutation in several families, and a pre-screening approach
by allele-specific PCR proved to be efficient and justified
(Chakraborty et al., 2013).

Materials and Methods

Altogether 231 individuals diagnosed with breast
carcinoma and receiving treatment in different hospitals
of Kolkata and adjuvant cancer care centers were included
in the our study. Of these patients, 130 proband were with
positive family historyin accordance with the inclusion
criteria as described previously (Chakraborty et al.,2013)
and the remaining was without family history. Personal
history was collected from the selected patient group.
69 age matched normal women (control) as applicable:
age, age of menarche, marriage and age at 1st delivery
of issue, periods of lactation, age of menopause, type of
cancer, duration of disease, treatment and diagnosis were
also included in the study.

Sample acquisition and storage

After obtaining written consent form from each
individual, 3 ml peripheral blood sample was collected
into EDTA vials and stored at 4°C. This study was
approved by the Ethical Committee of our Institute which
follow the guidelines given by the ICMR.

DNA isolation

DNA isolation was done as per our previous
publication (Chakraborty et al.,2013) from 3 ml peripheral
blood sample. The quality of the DNA was checked by 0.8
% agarose gel electrophoresis. The quantity of the DNA
was measured spectrophotometrically.

Detection of founder mutation of BRCA gene

BRCA1 mutation was detected by AS-PCR and direct
sequencing. Detection of 185delAG and 6174delT was
carried out using the oligonucleotide primers listed in
Table 1. In each PCR reaction, 25 ng of genomic DNA
was added to 20 u1 of reaction mixture consisting of 10
x PCR reaction buffer (10 mM Tris-HCI, pH 8.3, 50 mM
KCl, 10 pg/ml gelatin), 3.25 mM MgCl,,0.2 mM dNTPs,
and 3U Taq DNA polymerase (B’lore Genei, India). The
concentration of primers used was 0.12 xM. Each PCR
reaction consisted of an initial 4 min at 94°C, followed by
35 cycles of 94°C for 30 sec, 57°C for 30 sec, and 72°C
for 45 sec, and a final extension step of 10 min at 72°C.
Then, 10 u1 of PCR product was mixed with 2u1 of loading

Table 1. Primers Used for Detection of Founder Mutations

Gene Primer Name  Exon Sequence Product Size
BRCALI 1B185 CF 2 5’GGTTGGCAGCAATATGTGAA3’ 335bp
1B185 WR 5’GCTGACTTACCAGATGGGACTCTC3’
IBI185MR 5’CCCAAATTAATACACTCTTGTCGTGACTTACCAGATGGGACAGTA3’ 354 bp
BRCA2 2B6174 CR 11 5’AGCTGGTCTGAATGTTCGTTACT3’ 151 bp
2B6174 WF 5’GTGGGATTTTTAGCACAGCTAGT3’
2B6174 MF 5’CAGTCTCATCTGCAAATACTTCAGGGATTTTTAGCACAGCATGG3’ 171 bp

CF- Common Forward; WR- Wild Reverse; MR- Mutant Reverse; CR- Common Reverse; WF- Wild Forward; MF- Mutant Forward

Table 2. Comparison between Patients and Controls

Patients Control OR 95% Confidence Interval p-Value
N (%) N (%)

Age at Menarche Lower Upper
<13 yrs. 136 (58.87) 28 (40.57) 2.329 1.264 4.298 0.003
>13 yrs. 73 (31.60) 35 (50.72)

Onset of Cancer
Premenopausal 157 (67.96) - - --- - -
Post-menopausal 74 (32.03) -

Marital Status
Married 195 (84.41) 54 (78.26) 1.505 0.726 3.094 0.232
Un-married 36 (15.58) 15(21.73)

Parity
Nulliparous 48 (24.61)* 8 (14.81) ** 1.878 0.784 4.646 0.127
Multiparous (=1) 147 (75.38)* 46 (85.18) **

Age at 1st delivery
<30 yrs. 122 (82.99)# 33 (T1.73)## 1.922 0.827 4.443 0.094
>30 yrs. 25 (17.00)# 13 (28.26) ##

Breast Feeding
Yes 121 (82.31)# 43 (93 .47) ## 0.325 0.074 1.206 0.064
No 26 (17.68)# 3(6.52) ##

*N=195; #N=147; **N=54; ##N=46
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Figure 1. Representative Ethidium Bromide Stained
Agarose Gel Photograph of PCR Amplified Product
for Detection of the 185delAG Mutation Using an
AS-PCR Based Method. DNA was amplified using primer
pairs specific for the 185delAG mutant allele or the wild type
allele. Lane 1: normal control, lane 2: 100bp DNA ladder, lane
3: sample no. BRCA149 with wild type specific primer, lane
4: sample no. BRCA149 with mutation specific primer, lane 5:
sample no. BRCA153 with wild type specific primer, lane 6:
sample no. BRCA 153 with mutation specific primer. No mutant
band was observed

dye and subjected to 3% agarose gel electrophoresis and
finally was visualized after ethidium bromide staining
using Bio-Rad Gel Doc. The PCR products were used
for direct sequencing from both directions following our
previous publication (Chakraborty et al., 2013).

Results

Average age of the screened patients was 48.40+11.32
years (range: 26-77 years). The age of menarche below 13
years in 58.87% patients and above 13 years in 31.60%
patients were observed. Maximum number of patients
(67.96%) did not experience menopause as they developed
cancer at a younger age (premenopausal cancer). Majority
of these patients, 84.41 % ( n=195) were married.
Among the married patients, 24.61% (n=48) patients was
nulliparous. Among the parous women, 82.99% (n=122)
had their first issue below 30 years of age, 17% (n=25)
had their first child above 30 years of age and 82.31%
individuals have practiced breast feeding. Comparison
between controls and patients’ characteristics i.e., age of
menarche, menopausal status, marital status, parity, age at
Ist delivery and breast feeding are shown in Table 2. The
mutation analysis using AS-PCR was performed to detect
the presence of 185delAG BRCA1 and 6174delT BRCA2
mutation. The results obtained revealed that no 185del AG
mutation was present in any of the samples analyzed (Fig.
1.). 6174delT was also not present in any sample (Fig.2).
None of the 231 patients (with and without family history)
carried the 185delAG or 6174del T mutations. Our analysis
was proved by direct DNA sequencing also, which may
perhaps explain the absence of the mutation in the samples.

Discussion

Women, who started menstruating (having periods)
younger than the age of 12 years, have a higher risk
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Figure 2. Representative Ethidium Bromide Stained
Agarose gel Photograph of PCR Amplified Product for
Detection of the 6174delT Mutation using an AS-PCR
Based Method. DNA was amplified using primer pairs specific
for the 6174delT mutant or the wild type sequence. Lane 1:
negative control, lane 2: 100bp DNA ladder, lane 3: NTC, lane
4 & 5: sample # BRCA127 & # BRCA125 respectively. Duplex
PCR was done using CR, WF and MF primers. No mutant band
was observed

of suffering from breast cancer later in life. The same
is true for women who go through menopause when
they are older than 55 yrs. In a study by a collaborative
group in 2012 on hormonal factors in breast cancer, it
was confirmed that early menarche and late menopause
increases the risk of having breast cancer. In the present
study, there was a significant increase in the patients
with menarche before 13 years of age (p<0.01, OR:
2.39; CI: 1.26-4.29) and the mean age of menarche of
patients was 13.1 years. We observed that the incidence
of pre-menopausal breast cancer is comparatively higher
(67.96 %). In 2002 Mandana Ebrahimi et al. suggested
that marital status might have an impact on the incidence
of breast cancer. On the other hand, Osborne C et al.
in 2005 described that older married women were at
decreased risk for mortality after a diagnosis of breast
cancer. No association between BC and marital status of
the patients was detected in the present study as there was
no significant difference between patients and controls.
Women who have given birth to one or more children
have half the risk of breast cancer than who have not
given birth (Lambe et al., 1996). Marianne Ewertz et al.
confirmed that low parity and late age at first birth are
significant and independent determinants of breast-cancer
risk. Nulliparity was associated with a 30% increase in
risk compared to parous women. In our study, we did not
find any association between parity and breast cancer. Age
and first live birth >or =30 years were associated with
an increased relative risk for breast cancer development
(Ulusoy et al., 2010). In the present study, there was no
significant difference in age at first delivery between
patients and controls. Some studies (Gajalakshmi et al.,
2009; Babita 2014) show that lack of or less duration of
breast feeding is associated with increased risk of breast
cancer and lifetime duration of breast feeding is inversely
associated with breast cancer risk. There was a borderline
significance (p=0.06) relationship in breast feeding and
cancer had been observed in our study.

In this study, 231 Indian breast cancer patients
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comprising 130 familial cases and 101 sporadic cases
were screened for the presence of 185delAG of BRCA1
and 6174delT of BRCA2 mutations using AS-PCR
technique. The mutation was not detected in either group.
The contribution of mutations in these two genes to breast
cancer patients in the Indian population remains relatively
unexplored apart from a few studies (Antoniou et al., 2003)
In India, 185delAG has been reported in all populations
studied (Hansa et al. 2012). 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. It was later reported in two south Indian
families from Kerala province, as well as two sisters from
Goa, where a multi-ethnic population exists (Ruffner et
al.,2001). The 185delAG mutation is one of the common,
ancient mutations; it is located at the 5’ end of the gene and
predicted to cause truncation at the beginning of the zinc-
binding region of the RING of the putative polypeptide.
It was proposed that mutations within the BRCA1 RING
domain predispose to cancer by inactivating BRCA1
ubiquitin protein ligase activity (Fodor et al. 1998). The
present study provided information on the absence of
BRCA1 185delAG and BRCA2 6174delT mutations in a
group of Eastern region populations which supports the
study from Delhi where Sharma et al. in 2014 reported
that the two founder mutations 185delAG, in BRCA1 and
6174delT in BRCA?2 were not seen in any of the subjects.
To the best of our knowledge this is the first study
to detect these two mutations from Eastern India. The
results also suggest that for statistically contribution of
this mutation to the breast cancer risk there is a need
for studies with larger sample size. In the long run,
identification of BRCA1 mutations and other cancer
susceptibility genes should permit the development of
new and more effective therapies, so that physicians can
not only predict future risks, but can reduce those risks
reliably and safely before disease occurs. Although we
did not find this these mutations our patients, it does not
allow us to conclude that it is not present in the Eastern
India population. Our findings lend support to the idea that
the type and frequency of BRCA1 and BRCA2 mutations
are influenced by the geographical and ethnic origins of
the population studied.
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