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Abstract: Hereditary breast cancer constitutes 5-10% of all breast cancer cases.
Inherited mutations in the BRCA1 and BRCA2 tumor-suppressor genes account
for the majority of hereditary breast cancer cases. The BRCA1 C-terminal region
(BRCT) has a functional duplicated globular domain, which helps with DNA
damage repair and cell cycle checkpoint protein control. More than 100 distinct
BRCA1 missense variants with structural and functional effects have been
documented within the BRCT domain. Interpreting the results of mutation
screening of tumor-suppressor genes that can have high-risk susceptibility
mutations is increasingly important in clinical practice. This study includes
a novel mutation, p.His1746 Pro (c.5237A>C), which was found in BRCA1
exon 20 of a breast cancer patient. In silico analysis suggests that this mutation
could alter the stability and orientation of the BRCT domain and the differential
binding of the BACH1 substrate.
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INTRODUCTION
Breast cancer is the most common neoplastic disease in women. It is
significantly influenced by hereditary factors. In India, it is the second most
common malignant cancer among women [1, 2]. India’s National Health Profile
2010 predicted that breast cancer will have overtaken cervical cancer as the most
common type of cancer by 2020 [3]. In West Bengal, a state in Eastern India,
one in 14 women are at risk of developing breast cancer before they reach 64 years
of age. Hereditary breast cancer constitutes 5-10% of all breast cancer cases.
Major genetic factors, such as predisposing mutations in the BRCA1 and
BRCA2 genes, are generally considered an indicator of genetic susceptibility in
the case of early onset [4, 5]. Women with a BRCA1 (MIM# 113705) or
BRCA2 (MIM# 600185) germline mutation are at high risk of developing breast
and/or ovarian cancer [6, 7].
The mutations in the tumor-suppressor BRCA1 gene are associated with
hereditary breast cancer [8, 9]. The BRCA1 protein plays an essential role in
maintaining the genomic stability associated with several cellular processes,
including DNA repair, cell cycle checkpoints, transcriptional regulation, and
protein ubiquitination [10-12]. The C-terminus of BRCA1 has a complex
structure consisting of two BRCT repeats connected by a 23-amino acid linker.
The BRCT domain seems to function as a protein-protein interacting moiety and
directly recognizes the phosphorylated Ser 990 site of BACH1. The significance
of these interactions provides clues to the molecular basis that underlies cellcycle regulation and DNA repair [13].
In this study, 103 samples were collected from clinically confirmed breast
cancer patients attending the oncology department of the Netaji Subhas Chandra
Bose Cancer Research Institute (NCRI), Kolkata, India, for treatment between
May 2010 and December 2012. Our study on the identification of
c.5263_5264insC among these patients was published previously [14]. This
study excludes the 7 patient samples bearing the c.5263_5264insC mutation. We
sequenced the remaining 96 samples exclusively for exon 20 of the BRCA1
gene. This report provides mutation analysis of the BRCA1 gene of a special
case with novel mutation and functional effect using an in silico and docking study.
MATERIALS AND METHODS
Blood samples
After obtaining written informed consent and family history status from the
patients, 5 ml of peripheral blood was collected in EDTA vials from each of
them. The median age of the patients is 42.60 ± 3.59 years.
Genotype analysis
DNA was extracted from blood samples following the method of Miller et al.
[15]. PCR amplification of exon 20 in the BRCA1 gene was performed using the
forward primer: 5’-ATATGACGTGTCTGCTCCAC-3’ and the reverse primer:
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5’-GGAATCCAAATTACACAGC-3’ using the methods of Dufloth et al. [16]. The
PCR products were used for direct sequencing from both directions using a Big Dye
Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer) in a model 377
Automated DNA Sequencer (Applied Biosystems). Mutation was only recorded
when detected in both the forward and reverse sequences. The sequence was
compared with the sequences available at BIC, HGMD, HGVS and NCBI.
In silico analysis
Residues 1649-1859 in a complex with BACH1 peptide (PDB ID 1T15) were
retrieved from the PDB database. The mutant p.His1746 Pro was built using
Modeller9v6. The energy minimization was performed using a NOMAD-Ref
server (http://lorentz.immstr.pasteur.fr/). The root mean square deviation
(RMSD) was calculated to check the deviation from the native structure using
the TM-align server (http://zhanglab.ccmb.med.umich.edu/TM-align/). The
prediction of the functional effect on p.His1746Pro mutation was done using
PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2/),
I-Mutant
Suite
(http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi) and
SCide (http://www.enzim.hu/scide/). The docking study was performed using
AUTODOCK Vina [17]. An eight-residue peptide (STpSPTFNK) of BACH1,
used as a ligand for the docking analysis, was extracted from the PDB ID 1T15.
A docking grid with a size of 18 x 26 x 20 A° was used around the active site of
the mutant model and centered on the coordinates x = -4.539, y = 26.1, z = 35.791.
All of the structures, docking pose visualization and images were generated
using PYMOL Software.
RESULTS
We analyzed the samples sequenced with both the forward and reverse primers and
identified a novel mutation, A5237C, in codon 1746 (Fig. 1), which is located in
exon 20 of the BRCA1 gene. The sample was from a 34-years old patient who had
breast surgery 5 years previously and had received routine chemotherapy and
radiotherapy. She had a strong family history: her mother died of breast cancer, her
maternal aunt is currently suffering from ovarian cancer, and her maternal
grandfather had colon cancer. Her histology report revealed that it was an ER
positive (ER+), PR negative (PR-), Grade II tumor.
Substitution of nucleotide c.5237A>C at codon 1746 (CACCCC) results in the
replacement of histidine by proline (NCBI Reference U14680.1). To confirm the
functional effect of the c.5237A>C mutation in BRCA1, we performed an in silico
analysis.
The functional effect of the BRCA1 p.His1746Pro mutation
The potential energies for native 1T15 and the mutant p.His1746 Pro model
protein were respectively -3.48124x106 and -3.47936x106 kj/mol. The final
RMSD between the native and mutant p.His1746 Pro was 1.42 Å. It is observed
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Fig. 1. Sequence analysis of a 401-bp PCR product covering the whole sequence of exon
20 of the BRCA1 gene from a breast cancer patient (# BRCA 24). A point mutation
(substitution) was identified at codon 1746 (CACCCC), which is indicated by an arrow.

Fig. 2. Superimposition and position of the mutation in the inter-domain linker.
A – Representation of the superimposition of native 1T15 (BRCT 1 is blue, BRCT 2 is
green and the linker is orange) with the p.His1746Pro mutant (BRCT 1 is gray, BRCT 2 is
cyan and the linker is red). B – Representation of native 1T15 showing the position of
Gly1738, His1746 and Pro1749 mutations in the inter BRCT domain linker, along with
BACH1 phosphopeptide binding to the active site.

that though the RMSD is within the range (< 2Å) of similar folding, the BRCT
repeat of the mutant p.His1746 Pro protein model showed significant deviations
from its native structure. The superimposed structures of the native protein 1T15
with mutant p.His1746 Pro are shown in Fig. 2A. The PolyPhen-2-predicted
p.His1746 Pro mutation was possibly damaging, with a score of 0.834
(sensitivity 0.84 and specificity 0.93). I-mutant predicted a DGG value for the
p.His1746 Pro mutation of -0.96 kcal/mol, interpreted as a decrease in protein
stability. SCide results show a total of 57 stabilization centers in the native
protein and indicate the His1746 residue as involved in the stabilization of two
centers: Ala1843 and Leu1844. The mutant p.His1746 Pro model had 69
stabilization centers and no Pro 1746 residue involved in stabilization (Fig. 3).
The information from I-mutant and SCide server suggests that the BRCA1
p.His1746 Pro mutation would reduce protein stability.

CELLULAR & MOLECULAR BIOLOGY LETTERS

635

Fig. 3. The stabilization centers for native 1T15 and the mutant p.His1746Pro are shown in
the sequence with elements marked with the ‘|’ character, obtained from the SCide server.

Fig. 4. Docking analysis. The surface representation of native 1T15 (BRCT 1 is blue,
BRCT 2 is green and the linker is orange) with the p.His1746Pro mutant (BRCT 1 is gray,
BRCT 2 is cyan and the linker is orange). A – The binding of BACH1 pSer990 octapeptide
with the active site of native 1T15. B, C, D – The differential binding of BACH1 pSer990
octapeptide with the active site of the p.His1746Pro mutant protein model in optimal
docking poses 1, 3 and 7, respectively. E – A schematic representation showing the
hydrogen bond interaction between BACH1 pSer990 peptide and the mutant p.His1746Pro
active site.
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Docking study
Docking studies using AutoDock Vina were performed to analyze the binding
mode of BRCT-phosphopeptide. As previously reported, the Gly1738 and
Pro1749 mutation are located at the BRCT1-BRCT2 interface beneath the
molecular surface (Fig. 2B) and their effect is reconciled through an alteration in
the relative orientation of the tandem BRCT motif. Each pose is predicted to
bind the active site with the free energy of binding values at -5.3 kcal/mol or
lower, suggesting a different binding pattern of phosphopeptide with the mutant
p.His1746 Pro protein. Poses 1, 3 and 7 were predicted to be optimal binding
poses (binding energy -5.8 kcal/mol, -5.6 kcal/mol and -5.4 kcal/mol,
respectively; Fig. 4) compared to the native structure. The residue involved in
hydrogen bond interaction with the BACH1 peptide is shown in Fig. 4E. This
suggested that the BACH1 binding mode is considerably different to its native form.
DISCUSSION
The mutation found in codon 1746 at nucleotide c.5237A>C (CACCCC) has
not yet been reported, as evidenced by the Human Genome Variation Society
(HGVS) or Breast Cancer Information Core (BIC). Myrid genetics had reported
a mutation in the same amino acid in codon 1746. There, the nucleotide position
was c.5236C>A (CACAAC) and the amino acid changed was p.His1746Asn.
The functional study related to this mutation has not yet been reported. That
previous report and our finding of a mutation at the same position suggest that
amino acid 1746 may have an important molecular role in breast tumorigenesis
and familial breast cancer. The result that we obtained suggests that mutation
p.His1746 Pro disrupts the structure, stability and function of the BRCA1 protein.
Several missense mutations reported in BRCT repeats of the BRCA1 gene are
responsible for the malfunction of tumor-suppressor activity, as evidenced from
several clinical reports. It is reported that most cancer-associated BRCT
missense mutations impart their effect through structural consequences, such as
a change in the orientation of the BRCT repeat interface, alteration of the surface
of the protein and BRCT global folding [18]. Functionally, BRCT mutation
eliminates the capacity to function in DNA repair and interactions with histone
deacetylases and BACH1. Most of these mutations are present over the
phosphopeptide surface and directly or indirectly influence the function of
BRCA1. In silico analysis revealed that this p.His1746 Pro mutation probably
alters the structure and reduces the protein stability of BRCA1. Docking analysis
suggested that the difference in the binding mode of BACH1 peptide on the
BRCT interface of the mutant model can change the orientation of the BRCT
domain and accelerate breast cancer.
This novel finding can help to identify cancer patients that are in a high-risk
group. This positive result can serve as an indicator for intensive secondary
malignancy screening programs. Early gynecological and oncological detection
programs need to be implemented to identify asymptomatic mutation carriers
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who are at high risk of developing breast cancer and ovarian cancer. Mass
screening and haplotype analysis is required to identify the frequency and origin
of this mutation among Eastern Indian breast cancer patients.
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