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ABSTRACT
The frameshift mutation 185delAG, in the BRCA1 gene, which results in
the generation of a stop codon at position 39 in exon 2 was detected in 6
patients, 5 of the patients were with stage III, with age group of 62, 44, 29,
41 and 56 years, and one patient with stage IV, with the age of 36 years.
SSCPs are allelic variants of inherited, genetic traits that can be used as
genetic markers and was done to determine the mutation. SSCP is most
often used to analyze the polymorphisms at single loci.
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INTRODUCTION

BRCA1, a tumor suppressor gene, as it inhibits
breast and ovarian cancer cell proliferation[1] is mapped
to chromosome 17q21[2]. It is a large gene and spans
over 100Kb. It has 24 exons of which only 22 are cod-
ing. Exon 11 of BRCA1 is the largest exon, encoding
over 60% of the protein, and contains two nuclear lo-
calization signals[3].

The gene encodes a protein of 1863 amino acids
(220kDa). It contains a RING finger domain near the
N-terminus and an acidic carboxy terminal domain char-
acteristic of many transcription factors. RING finger do-
main is critical for the function of BRCA1. It serves as
an interface for recognition of DNA or protein-protein
interaction. Several reports have demonstrated that
BRCA1 physically associates with the p53 tumor sup-
pressor protein and functions as a transcriptional
coactivator for p53[4].
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Mutations in two autosomal dominant genes,
BRCA1 and BRCA 2 have been linked to familial breast
cancer[5].

Both prospective and retrospective genetic epide-
miological studies have demonstrated that women who
carry mutations in either BRCA1 or BRCA 2 genes are
at very high risk of developing both breast and ovarian
cancers[6]. Although a woman in the general population
aged 70 years has a 3% risk of breast cancer in the
next 10 years; a woman with a BRCA1 mutation has
as much as a 15% risk for the next 10 years when aged
only 30 years[7].

BRCA1 and BRCA2 are the main susceptibility
genes for hereditary breast cancer[8]. Among young
women with breast cancer, mutations in BRCA1 gene
are more common than in BRCA2, suggesting that
BRCA1 mutations may favor early-onset breast can-
cer[9].

Germline mutations of BRCA1 in families are esti-
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mated to increase the risk of developing breast cancer
for the first time for BRCA1 carries at 73% by age of
50 and 87% by 70 years. Young women with germ line
mutations in BRCA1, BRCA2, p53 (Li Fraumeni syn-
drome), Muir syndrome or PTEN (Cowden�s syn-
drome) are at increased risk for breast cancer[10].

More than 600 different mutations have been de-
scribed in BRCA1 gene. They are scattered through-
out the coding region of the gene and more than 50%
of them have been described only once. 95% of muta-
tions result in the truncation of protein. 70% of the mu-
tations are frame shift mutations, 20% are nonsense.
Splice site and missense mutations constitute about 5%
each. Life time risk for mutation carriers of BRCA genes
are 60-85% for breast cancer. About 10% of breast
cancer cases are related to inherited mutations BRCA1
and BRCA2.

Germline mutations on chromosome 17q, located
on the breast cancer gene-1 (BRCA1), have been re-
ported to be responsible for many inherited breast and
ovarian cancers. In the United States, it is estimated
that as many as 1 in 200 women carry BRCA1 genetic
mutations, making it one of the most common gene
markers for which genetic testing could be feasible[11].
The present study is hence done for the genotypic analy-
sis of breast cancer BRCA1 gene (Exon 2 and Exon
20) for Single strand conformation polymorphism or
single strand chain polymorphism (SSCP).

EXPERIMENTAL

Study population: The study subjects were selected
from female patients attending the Oncology Depart-
ments of Tertiary Hospitals in and around Coimbatore
City. 64 female subjects who displayed chromosomal
aberrations were selected for SSCP analysis out of 97
subjects screened.

Blood sample collection: 5.0 ml of blood samples
were collected in EDTA coated collection tubes by
venepuncture from subjects and controls aseptically by
using heparinised polypropylene tubes. The tubes were
immediately placed vertically in a sterile ice packed plas-
tic container.

Whole blood DNA extraction: 300l of blood was
centrifuged at 5000rpm for 5 minutes at room tempera-

ture and the supernatant serum was discarded. 1 ml of
solution A (0.32M sucrose, 10mM Tris-HCl, 5mM
MgCl

2
 and 0.75% Triton-X-100) was directly added

to the sample and mixed well. The sample was spun at
10,000 rpm for 5-7 minutes. After removing the super-
natant RBC debris, 600l of solution B (20mM Tris-
HCl, 4mM Na

2
EDTA and 100mM NaCl) was used to

resusupend the pelleted WBC. The cells were left at
room temperature for 5 minutes. The supernatant ob-
tained after centrifuging the samples at room tempera-
ture for 10 minutes at 10,000 rpm was collected in a
fresh tube and 0.9 ml of 100% ethanol was added. The
precipitated DNA was obtained by centrifugation at
10,000 rpm for 5 minutes. The air dried DNA pellet
was incubated at 550C for 10-15 minutes after adding
150-200l of proteinase K. Protein free DNA so ob-
tained after centrifugation was resolved in 0.8% agar-
ose gel.

PCR amplification of exon 2 (185delAG): The for-
ward and reverse primers used were
GAAGTTGTCATTTTATAAACCTTT and
TGTCTTTTCTTCCCTAGTATGT respectively. 1U of
Taq polymerase at a final volume of 25l was used for
amplification. The PCR conditions were 960C for 5
minutes followed by 35 cycles of 30 seconds at 960C,
30 seconds at annealing temperature of the primer, 1
minute at 720C followed by one cycle at 720C for 10
minutes.

PCR amplification of exon 20 (5382 ins C): The
forward and reverse primers used were
ATATGACGTGTCTGCTCCAC and
GGGAATCCAAATTACACAGC respectively. 1U of
Taq polymerase at a final volume of 25l was used for
amplification. The PCR conditions were 960C for 5
minutes followed by 35 cycles of 30 seconds at 960C,
30 seconds at annealing temperature of the primer, 1
minute at 720C followed by one cycle at 720C for 10
minutes.

SSCP analysis: SSCP was performed following the
protocol of Orita et al., 1989[12]. A 6% acrylamide glyc-
erol SSCP gel was used to analyze PCR amplified prod-
ucts. The gel consisted of 6% polyacrylamide gel. After
degassing the acrylamide solution, 150l of 10% am-
monium persulphate and 30l of N,N,N�,N�
tetramethylethylenediamine (TEMED) were added and
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mixed to induce gel polymerization prior to the gels being
poured. The solidified gels were set into the buffer
chamber containing 1X TBE buffer (89mMtris-boric
acid and 2mM EDTA). 5l of PCR products (exon 2
and 20) diluted 1/20 in 95% formamide (containing
20mMEDTA, 0.05% bromophenol blue and 0.05%
xylene cyanol) were heated to 900C for 3 minutes,
chilled on ice and immediately loaded on to a 6%
acrylamide gel containing 5% (vol/vol) glycerol. Gels
were run at 60mA for 4-6 hrs on a minislab gel
(90x80x1mm) at 40C until the bands migrated to the
middle of the gel.

Silver staining: The gel was first fixed in washing so-
lution (10% glacial acetic acid) for 5 minutes with gentle
shaking followed by 3 minutes in 1% nitric acid. The
washing solution was decanted and the gel was rinsed
with distilled water for 3 times in 2 minutes. This was
followed by staining for 20 minutes in silver nitrate so-
lution in dark with gentle shaking. The gel was rinsed
with double distilled water for about 10 seconds. Then
the bands were developed with 0.25molL-1 Na

2
CO

3
 in

dark and final fixing with 10% acetic acid followed by
washing with double distilled water. When the bands
appeared, photos were taken and the gel was dried
wrapped with a membrane and air dried.

RESULTS

According to the stages of breast cancer, 97 study
subjects were grouped into 4 based on their stages of
breast cancer. Among them 1 subject was found with
breast cancer stage I. 12 breast cancer subjects with
stage II, 78 and 6 subjects with breast cancer stages
III and IV respectively (TABLE 1).

TABLE 2, Figure 1, 2a and 2b depicts the BRCA1
mutation in familial breast cancer patients. BRCA1
mutations were detected in 6 familial breast cancer pa-
tients, out of the 97 breast cancer patients analyzed.
Among these 6 BRCA1 mutated breast cancer patients,
3 from breast/ovarian cancer families, 2 from breast/
lung/ovarian cancer families and one from breast/pros-
trate cancer family (pedigree data not shown). The
BRCA1 mutation 185 delAG, which results in the gen-
eration of a stop codon at position 39 in exon 2 was
detected in 6 patients, 5 of the patients were in stage

III, with age group of 62, 44, 29, 41 and 56 years and
one patient with stage IV, with 36 years of age. All the
patients had frame shift mutation. The 185 delAG mu-
tation was heterozygous type with mutation present in
one of the alleles. Therefore it is inferred that the stage
III patients were more prone to the BRCA1 mutation
185 delAG.
TABLE 1 : Characteristics of patients studied in breast
cancer with different stages

Sr. No 
Breast cancer 

stages 
Number of 

patients 
Percentage of 

patients 
01. Stage I 1 0.97% 

02. Stage II 12 11.64% 

03. Stage III 78 75.66% 

04. Stage IV 6 5.82% 
Stage I : Tumor is less than 2 cm across and hasn�t spread be

yond the breast.
Stage II : Tumor is less than 2 cm across and has spread to the

lymph nodes.
Stage III : Tumor is greater than 5 cm across and has spread to

lymph nodes.
Stage IV : Metastatic breast cancer.

TABLE 2 : BRCA1 (185delAG) mutation in familial breast
cancer patients
Sr. 
No 

Stage Age Exon Nucleotide Type of 
mutation 

Mutation Family 
history 

1 Stage III 62 2 185 FS delAG-ter39 Br, Ov 

2 Stage III 44 2 185 FS delAG-ter39 Br, Ov 

3 Stage III 29 2 185 FS delAG-ter39 Br, Lc, Ov 

4 Stage III 41 2 185 FS delAG-ter39 Br, Lc, Ov 

5 Stage III 56 2 185 FS delAG-ter39 Br, Pc 

6 Stage IV 36 2 185 FS delAG-ter39 Br, Ov 

Br � Breast cancer Ov � Ovarian cancer
Lc � Lung cancer Pc � Prostrate cancer
Fs � Frame shift mutation

Figure 1 : PCR amplification with 185delAG(259bp)
primers(Lane 1); 5382 inc(401bp) primers(Lane 2); 100bp
DNA ladder (Lane 3)
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DISCUSSION

BRCA1 associated mammary gland tumors in hu-
mans and murine cells deficient in BRCA1 exhibit ge-
nomic imbalances and chromosomal aberrations that
are hallmarks of genetic instability[13]. Dissection of the
role of BRCA1 in maintaining genome integrity has been
complicated by studies that link BRCA1 to multiple
DNA repair pathways, such as homologous recombi-
national repair, non-homologous end joining and nucle-
otide excision repair.

The N-terminus of BRCA1 interacts with BARD
1, BAP-1, E2F-1[14]. Cellular proteins that interact with
the exon 11 of BRCA1 either directly or indirectly are
RAD51, RAD50, p53, RB, c-Myc. The C terminus of

BRCA 1, which contains transcription activation do-
main and two BRCT domains, interacts with RNA poly-
merase II, p300/CBP, BRCA 2, RNA helicase and
CtIP[15].

BRCA1 binds to DNA without any specificity[16].
BRCA1 over-expression also resulted in the transcrip-
tional activation of Gadd 45. BRCA1 is likely to par-
ticipate as a sensor or transducer rather than directly as
a repair factor (effector). BRCA1 has been shown to
associate with many cell cycle proteins[17]. During late
G1 and S phases, BRCA1 protein increases and be-
comes phosphorylated. Upon exiting from M phase
BRCA1 is dephosphorylated and its expression de-
creases[18]. This expression pattern prompted intensive
studies of BRCA1 in cell cycle checkpoints, leading to
the discoveries of its important roles in centrosome du-
plication as well as G2/ M and S checkpoints[19].

Ample experimental evidences indicate that BRCA1
plays an essential role in maintaining genome integrity
20]. The study of BRCA1 function in vivo is compli-
cated by its essential role in cellular viability, in that dis-
ruption of BRCA1 in the absence of additional com-
pensatory mutations results in lethality[21].

BRCA1 regulates the activity of the RAD50-
MRE11-NBS1 complex. BRCA1 has been reported
to associate in vivo to the RNA polymerase II holoen-
zyme complex[22]. In addition to a possible function of
BRCA1 proteins, BARD1 and BAP1[23] that interact
with Zinc-RING domain of BRCA1 protein. These find-
ings suggest that BRCA1 is a tumor suppressor gene
responsible for both normal development and carcino-
genesis of the breast.

The number of mutations of BRCA1 and BRCA 2
were estimated to be 718 and 458 respectively[24]. A
large scale mutation analysis of these two genes indi-
cated that in many populations only 30-60% of familial
breast cancers are attributable to BRCA1 and BRCA
2 gene mutations[25]. Mutation carriers also have a sta-
tistically increased risk for several other cancers; i.e.
pancreatic cancer and carcinoma of the uterine body
and cervix for BRCA1[26].

About 1200 mutations and polymorphisms are
known in the BRCA1 gene 27]. The ancient mutation
185delAG has been estimated to have approximately
46 generations for 1000-1500 years. It is also guessed
that mutations 5382insC were originated in the Baltic,

WT - Wild type sequence
M - Mutated sequence
Underlined sequences were deleted in mutated sequences

Figure 2b: Section of chromatogram showing the AG Sequence
which is deleted in patient with the mutation

Lane 1 : Patient with normal genotype
Lane 2 : Patient with 185delAG mutation (exon 2)
Lane 3 : Patient with normal genotype (exon 20)
Lane 4 : Control with normal genotype

Figure 2a : SSCP analysis of BRCA1 gene exon 2 and 20
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38 generations ago[25]. Two mutations in BRCA 1,
185delAG and 5382insC, are common in Ashkenazi
Jews with a combined frequency of above 1.0 %[28]. In
contrast, up to 41% of Ashkenazi Jewish breast cancer
patients with a family history of breast and/or ovarian
cancer have either 185delAG or 5382insC BRCA1
founder mutations[29].

In India, 185delAG has been reported in all popu-
lations studied[30]. This deleterious frame shift mutation
was first reported in a family residing in a part of
Trivandrum not far from the small towns with the settle-
ment of Jewish people[31]. It was later reported in two
South Indian families in Kerala province[30]. BRCA1
mutations are most common in Russia accounts for 79%
of hereditary cancer of breast while the prevalence is
47% in Israel and 27% in Italy[25]. Various Indian stud-
ies have reported BRCA mutations in 9-25% of famil-
ial breast cancer patients[30].

Breast tumors of BRCA1 mutation carriers gen-
erally occur at an earlier age and have distinct patho-
logical features when compared with non-familial
breast cancers[32]. Tumors are generally higher grade,
highly proliferative and aneuploid and are predomi-
nantly ER2- and PR-negative compared with non-fa-
milial cases[33].

In the present study the clinicopathological charac-
teristics of familial breast cancer patients with BRCA1
mutations, 5 of the patients were of tumor grade 3 and
one patient having the tumor grade of 4 and four of the
patients were having the tumor size of above 5 cms and
two of them with tumor size of 2-5 cms. Our studies
show clinical significance in certain families if the risks
are associated with specific mutations. The main con-
clusions in our study, are that BRCA1 associated breast
cancer has a serious prognosis, and this is especially so
for early stages.
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