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Abstract: Ovarian cancer is a silent killer as most patients have non-specific symptoms and usually present in ad-
vanced stage of the disease. It occurs due to certain genetic alterations and mutations namely founder mutations,
187delAG and 5385insC in BRCAL1 and 6174delT in BRCA2 which are associated with specific family histories.
These highly penetrant susceptibility genes responsible for approximately half of families containing 2 or more ovar-
ian cancer cases account for less than 40% of the familial excess malignancy risk. The remaining risk may be due
to single nucleotide polymorphisms (SNPs) which are single base change in a DNA sequence with usual alternatives
of two possible nucleotides at a given position. Preliminary study involving 30 women with histologically proven
epithelial ovarian cancer was conducted and their detailed genetic analysis was carried out. Regions of founder
mutations on BRCA1 and BRCA2 were amplified and sequenced using primers designed based on 200 bp upstream
and downstream regions of the mutation sites. Five sequence variants in BRCA1 were identified of which three novel
sequence variants were found in 23 patients while in BRCA2, one novel sequence variant was found. The three
founder mutations 187delAG, 5385insC in BRCA1 and 6174delT in BRCA2 were not seen in any of the subjects.
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Introduction

Ovarian cancer is a major public health prob-
lem being the number one killer amongst gyne-
cological malignancies with more than two
thirds of patients presenting with late stage
disease [1, 2]. Globally it is the fourth most
common cause of cancer related death among
women [3]. In India, the age adjusted rate (AAR)
of ovarian cancer is 5.3/100,000 women [4].
Ovarian cancer seems to be the result of a mul-
tistep process due to accumulation of genetic
alterations, which in women with familiarity for
ovarian tumors, could be inherited. The heredi-
tary cancers are associated with a dominant
autosomal genetic predisposition with high
penetrance conferred primarily by BRCA1 and
BRCA2 genes [5].

The cumulative life time risk of developing epi-
thelial ovarian cancer associated with muta-
tions of BRCA1 And BRCA2 ranges from 40%-
50% and 20%-30% respectively [5]. BRCA1
mutations are four times more common than
BRCA2 mutations [3]. BRCA1 and BRCA2 par-

ticipates to a large multiprotein complex that
acts as a sensor for DNA damage [6-8]. Though
these highly penetrant susceptibility genes are
responsible for approximately half of families
containing 2 or more ovarian cases, these
account for less than 40% of the familial excess
risk of ovarian cancer [9, 10]. An increased-risk
family history is seen in two percent of adult
women in the general population [11]. The
familial risks also seem to be due to combina-
tions of multiple alleles conferring moderate to
low penetrance susceptibility which are caused
by single nucleotide polymorphisms (SNPs) in
proto-ontogenesis [12, 13]. SNPs are geneti-
cally stable, hence, they serve as excellent bio-
logical markers. On an average, frequency of
SNPs in the human population is more than 1%.
SNPs found within a coding sequence are more
likely to alter the biological function of a
protein.

We intend, by means of this study, to assess the
genetic alterations that persist in BRCA1l/
BRCAZ2 genes that are likely to increase the car-
riers’ risk of developing epithelial ovarian can-
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Figure 1. Electropherogram showing G>A at nucleotide position 38530776.

cer. An important aspect of the study was also
to evaluate the differences in symptomatology
between ovarian cancer cases with above men-
tioned mutations and those with somatic alter-
ations.

Material and method

Sample collection

This pilot study was conducted in the Depar-
tment of Obstetrics and Gynaecology, Pathology
and Biochemistry at Guru Teg Bahadur Hospital,
Delhi. The study group included 30 patients
with histologically proven epithelial ovarian
cancer. After carefully coding the patients, their
paraffin block samples were studied for BRCA1
and BRCA2 founder mutations.

Patients up to 60 years of age with histopatho-
logically proven epithelial ovarian cancer who
had no prior chemotherapy or radiotherapy
were included in the study. Women with other
types of ovarian cancer like germ cell or sex
cord tumors, those with recurrent ovarian can-
cer and epithelial ovarian cancer patients who
had received prior chemotherapy or radiothera-
py were excluded from the study.

DNA isolation

DNA was isolated from paraffin blocks of
patients using QIAGEN genomic DNA extraction
kit. DNA was checked for its quality and quanti-

fied using both Agarose Gel Electrophoresis as
well as PicoGreen quantification to study poly-
morphisms.

PCR amplification of founder mutations

Founder mutations namely 187delAG, 5385in-
sC and 6174delT of BRCA1 and BRCA2 genes
were validated in our study group. The regions
of interest were amplified and directly sequen-
ced to detect the mutations. A 340 bp region
covering 187delAG in exon 2 and a 271 bp
region covering 5382insC in exon 20 of BRCA1
was selected for amplification. A 270 bp region
in exon 11 covering 6174delT in BRCA2 was
also amplified. Primers designed from the ups-
tream and downstream regions of the mutation
sites were as follows: 187delAG_F_int: TTCGTA-
TTCTGAGAGGCTGCT; 187delAG_R_int: ACGCCT-
CTCAGGTTCCG; 5385insC_F_exn: TGCAGATG-
CTGAGTTTGTGT; 5385insC_R_int: AGCTTATCT-
GAACAAAGTGATATT, 6174delT_F_exn: ATATGTC-
TGGATTGGAGAAAGTT, 6174delT_R_exn: AGCT-
GGTCTGAATGTTCGTT.

PCRs were set up in a 25 pl volumes, using
10-20 ng template DNA, 1 x PCR Buffer, 1.5-
2.5 mM of MgCl,, 2 mM dNTPs, 5-10 pmoles of
each Forward and Reverse primers and 1 unit
Taq Polymerase (Promega). Initial denaturation
of the DNA was done at 95° for 5 min followed
by 35 cycles of denaturation at 95° for 60 sec,
annealing at 55° for 30 sec and extension at
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72° for 1 min followed by final extension at 72°
for 10 min. An aliquot of 2 ul of each PCR prod-
uct was used for Agarose gel electrophoresis
analysis. The above conditions were the same
for all the three regions. Samples that did not
amplify in these conditions underwent trouble-
shooting by altering the number of cycles.

Sequencing

Sequencing performed using Big dye termina-
tor (BDTv3.1) chemistry (Applied Biosystems).
Full scale sequencing reactions set up in 20 pl
volume using 20-50 ng of purified PCR prod-
ucts and 5-10 picomoles of sequencing prim-
ers with 5% DMSO as an additive. Initial dena-
turation was done at 96°C for 1 min followed by
30 cycles of denaturation at 96°C for 10 sec,
annealing at 50°C for 5 sec and extension at
60° for 5 min. These sequenced products were
purified using Sodium acetate and ethanol pre-
cipitation method and sequenced on 3730
DNA Sequencer. Sequencing data of samples
were viewed using Sequence Scanner (v1.0)
software (Applied Biosystems).

Sequence analysis

The sequence output from the instrument was
taken for sequence analysis in several soft-
wares and the sequences were studied for any
variation. Briefly, the forward and the reverse
sequences were trimmed and they were indi-
vidually analyzed to ensure no disparity in the
forward and reverse sequences. All the
sequences were then aligned with the corre-
sponding region from the actual sequence
downloaded from NCBI. Alignment was done
using Bioedit software. After the alignment, the
sequences were studied for identifying muta-
tions and single nucleotide polymorphisms. For
this purpose, softwares like Mutation Surveyor,
Segscape and FinchTV were used for analysis
and confirmation and generation of mutation
report.

Results

The founder mutations namely 187delAG and
5382insC in BRCA1 and 6174delT in BRCA2
genes were evaluated in patients (n=30) of
EOC. Age at diagnosis, clinical presentation,
stage, tumor markers, histopathology and the
outcome were also studied. We observed that
16.5% (n=5) patients were nulliparous and
were diagnosed at an average age of 29+9.46

years which was lower than the overall average
of 46.27+10.66 years. It was also observed
that delayed pregnancy, low parity, infertility
and use of ovulation induction agents were risk
factors for ovarian cancer. On histopathological
examination all women (n=30) were found to
have papillary serous adenocarcinoma.

All samples were amplified for sequence vari-
ants both in exon as well as exon-intron bound-
aries for the three founder mutations and any
other mutations within a region of approx. 200
bps upstream and downstream to these sites
in BRCA1 and BRCA2. The sequences were
aligned after trimming with the Forward and
Reverse sequences to highlight the regions of
sequence showing variations. After aligning,
the samples that showed variations were ana-
lyzed further and mutation report generated.

Genetic analysis of BRCA1 revealed five se-
quence variants. A novel sequence variant G>A
at nucleotide position 38530776 was seen in
one patient (Figure 1); T>A at nucleotide posi-
tion 3869359, was observed in 14 patients
(Figure 2) and another novel sequence varia-
tion (C>T) at nucleotide position 38469369
was identified in eight patients (Figure 3). A
reported SNP, C>G at nucleotide position 385-
30676 was seen in 19 patients (Figure 4).
Reported SNP, G>A at nucleotide position
38469338 was identified in 23 patients (Figure
5). However, both the founder mutations,
namely 187delAG and 5385insC were not
found in BRCA1l gene. In BRCA2, one novel
sequence variant A>T at nucleotide position
31818421 was seen in 1 patient (Figure 6)
while the founder mutation 6174delT was not
observed in BRCA2 gene.

All the 30 patients were followed-up for a mean
period of 6 months with a range of 3-9 months.
Their response to chemotherapy, trend of
CA-125 levels and quality of life were assessed.
Twenty of them were tumor free by either CT or
PET scan and hence showed a complete
response by WHO and RECIST criteria, while 3
had some remnant deposits on either CT or PET
scan showing a partial response by the same
criteria.

Discussion

Epidemiologic studies indicate that hereditary
cancers constitute 5-10% [6] and may be up to
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Figure 3. Electropherogram showing (C>T) at nucleotide position 38469369.

14% [2, 14, 15] of all epithelial ovarian cancers.
These cancers are autosomal dominant con-
ferred primarily by mutations in BRCA1 and
BRCA2 genes [16]. BRCA1 and 2 mutations
account for >90% of hereditary cancers. It is
estimated that in general population approxi-
mately 1 in 300 to 1 in 800 individuals carry a
mutation in BRCA1 or BRCA2 genes. Estimates
of the frequency of BRCA1 and BRCA2 germ
line mutations in ovarian cancer have ranged
between 2-12% and 2-6% for BRCA1 and
BRCA2 mutations respectively [17].

The present study analyzes mutations namely
187delAG and 5382insC in BRCA1 and 6174-
delT in BRCA2 genes in 30 patients of histologi-
cally proven epithelial ovarian cancer. The pro-
file we considered in the study were age at diag-
nosis, clinical presentation, stage, tumor mar-
kers, histopathology and the outcome.

The average age at diagnosis for sporadic
tumors was 62.3 years and that of familial
cases was 49-54.3 years as reported by
Zweemer et al. However, in our study we
observed that the average age at diagnosis
was 46.27 (SD+10.66) years with range of
19-60 years which was also lower than the
average age at diagnosis of 57 years for spo-
radic cases, 53 years for BRCA1, and 58 years
for BRCA2 carriers as reported by Pal et al [2].
Thus the average age at presentation was lower
in our study vis-a-vis the above studies but
comparable to a published study of five years

between 2005 and 2009, from our hospital
where the mean age at diagnosis of epithelial
ovarian cancers (n=147) was 45.8+12.4 [18].
This is an interesting finding which needs to be
explored further as epithelial ovarian cancers
are mostly seen in the 6™ decade of life in
Western studies [19].

Previous studies indicated that having at least
one child is protective with risk reduction to
0.3-0.4 and the risk reduces as the age at last
pregnancy increases [20, 21] while delayed
pregnancy, low parity, infertility and use of ovu-
lation induction agents increase the risk of
developing ovarian cancer. In our study we
observed that the 16.5% (n=5) of nulliparous
patients were diagnosed at a lower average age
of 29 (SD+9.46) years as compared to the over-
all average of 46.27 (SD+10.66) years. Of the
five nulliparous patients, 60% (n=3) were in
stage 3 of the disease and one of them also
had a history of use of ovulation induction
agents.

In this study, 340 bp region covering 187delAG
on exon 2 and a 271 bp region covering
5382insC on exon 20 of BRCA1 as well as 270
bp region covering 6174delT on exon 11 of
BRCA2 were amplified and evaluated. The three
founder mutations namely 187delAG and
5382insC in BRCA1 and 6174delT in BRCA2
gene, implicated in familial ovarian cancer and
observed to have an autosomal pattern of
inheritance, were not found in any of the 30
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patients. However, these mutations were obser-
ved in other previous studies [22, 23] and we
have also found few common reported as well
as 4 novel mutations. A total of five sequence
variants, including two reported single nucleo-
tide polymorphisms and three novel sequence
variants, were seen in BRCAL1 gene while only
one novel sequence variant was observed in
the BRCA2 gene. A reported SNP, C>G at posi-
tion 38530676 was seen in 63.3% (n=19)
patients and another SNP, G>A at position
38469338 was seen in 76.7% (n=23) of
patients in BRCAL1 gene. A sequence variant,
G>A was identified at position 38530776 in
3.33% (n=1) patient while another sequence
variant was, T>A at position 3869359 was seen
in 46.67% (n=14) patients. A novel sequence
variant C>T in the same gene was identified at
position 38469369 in 26.7% (n=8) patients in
BRCA1 gene. However, only one novel sequence
A>T at 31818421 was seen in 3.3% (n=1)
patient in BRCA2 gene. Thus, the mutation fre-
quency of BRCA1 was 76.7% and BRCA2 was
3.3% in our study as compared to the mutation
frequency of 24.6% and 3.28% in BRCA1 and
BRCA2 respectively in the south Indian popula-
tion as identified by Vaidyanathan et al [22].
The mutation frequency in BRCA2 was compa-
rable between the two studies unlike the muta-
tion frequency in BRCA1 which was much high-
er in our study.

In our study there were four patients who had
four out of five mutations in BRCA1 gene,
including one reported SNP on exon 2 and one
SNP as well as two novel sequence variants on
exon 20. Their mean age at diagnosis was
52.75 years as compared to the overall average
of 46.27 years and the mean CA-125 level at
presentation was 2418.6 U/ml as compared to
the average of 2039.75 U/ml. 50% (n=2) of
these four patients presented in stage | and the
other 50% (n=2) in stage lll. Grade 3 picture
was seen in 50% of them while one each had
grade 1 and grade 2 picture. One out of these
four patients was not found to be tumor free
after surgery and chemotherapy and was also
observed to have a poor quality of life. A case-
control study involving larger number of
patients is needed to see if these sequence
variants have a role in disease causation, surgi-
cal outcome and response to chemotherapy.

In the Indian scenario as observed by Saxena
et al breast cancer patients (n=20), 18
sequence variants in total (9 in BRCAL1 and 9 in
BRCA2) were identified along with rare
sequence variants in 15 out of 105 (14.2%)
early onset cases without family history and 4
out of 34 (11.7%) breast cancer cases with
family history [23]. This study was carried out
on the entire gene and sequencing of all exons
was done as compared to our study which was
confined to exons 2 and 20 in BRCA1 and exon
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11 in BRCA2 and identified 5 sequence varia-
tions in BRCA1 and 1 in BRCA2 gene. The prev-
alence of these genes in the Indian population
appears to be low compared to other Asian
countries but is similar to that reported from
Shanghai [24]. However, the role of BRCA1 and
2 mutations and SNPs can be better estab-
lished by a larger case-control study involving
sequencing of the entire gene.

In conclusion this pilot study identified 5
sequence variants (2 reported SNPs and 3
novel variants) in BRCA1 gene and 1 novel
sequence variant in BRCA2 gene. The three
founder mutations, namely 187delAG and
5382insC in BRCA1 and 6174delT in BRCA2
genes were not seen in any of the patients. It is
recommended that a case control study includ-
ing larger number of patients be designed to
establish the role of BRCA1 and BRCA2 gene
mutations in epithelial ovarian cancer causa-
tion.
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