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Introduction 
 
Breast cancer is the most common malignancy 
affecting women worldwide and its incidence rate 
is increasing in both developed and developing 
countries in recent years (1). Hereditary breast 
cancer is defined by significant familial aggrega-
tion of breast cancer, which includes approxi-
mately 5% to 10% of cases diagnosed with breast 
cancer (2). In hereditary breast cancer, BRCA1 
and BRCA2 germline mutations explain ~25 % of 
the cases (3) and thus over 70 % of the cases are 
not associated with such mutations (4). 
Both BRCA1 and BRCA2 genes are involved in 
DNA double strand breaks (DSBs) repair. In eu-

karyotes, two major pathways exist to repair DSB: 
non-homologous end joining (NHEJ) and ho-
mology-directed recombination (HR). BRCA2 is 
involved mainly, if not solely, in HR by „„gene 
conversion‟‟ (GC), through its interaction with the 
essential DSB repair protein RAD51 (5).  
“In BRCA2 gene, most of mutations occur in ex-
ons 10 and 11 and usually include insertions or 
deletions, which raise the missense alterations and 
premature stop codon ending in truncated and 
nonfunctional protein” (6). Three main functional 
segments of BRCA2 protein including double 
strand break domain (DBD), nuclear localization 
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signal (NLS), and Rad-51 binding motif are lo-
cated in C-terminal of the protein (7). 
Massively parallel sequencing is a good strategy for 
the identification of causative genes of monogenic 
diseases (8-10) or diseases with a high degree of 
genetic heterogeneity (11). This technology has 
provided a new revolution for genetic analysis and 
has begun to allow resequencing at single-nucleo-
tide resolution of entire normal human and cancer 
genomes at a relatively low cost (12). 
We aimed to investigate genetic causes of familial 
breast cancer in a pedigree with recessive pattern 
of inheritance.  
 

Materials and Methods 
 

Family description  
This study was conducted in Tarbiat Modares 
University Tehran, Iran in 2013. The proband of 
the family was a 41 year-old Arab female, the sixth 
daughter of a consanguineous marriage. The clini-
cal signs in the proband began at age 38, and clini-
cal investigations led to the diagnosis of Invasive 
medullary and ductal carcinoma, and the patient 
underwent left breast mastectomy. The tumor was 
a grade II lesion, with positive receptors for estro-
gen and progesterone, stage T3N1M1, and with 
negative P53 and Ki67 positivity of about 20% in 
both tumor types.  
Positive family history of cancer in proband con-
sists of her aunt who was deceased and two elder 
sisters, 46 and 44 year-old women respectively, 
both had left invasive ductal carcinoma combined 
with medullary features in elder sister. Tumor tis-
sues were surgically removed at age 38 and 36 re-
spectively. 
The family pedigree is illustrated in Fig.1. In this 
family, who live in South-west Iran, there is no 
family history of cancer in the maternal branch. 
Our research has been approved by the Ethical 
Committee of Tarbiat Modares University, Tehran, 
Iran. Written informed consent was obtained 
from all participants involved in this study. 
 

Sample preparation 
Peripheral blood sampling was performed from 
three affected and two healthy siblings and their 

parents. DNA was extracted using the conven-
tional salting-out method. TheOD260/OD280 
values of the extracted samples were measured 
using a UV spectrophotometer. A value of ap-
proximately 1.8 indicates DNA of high purity; a 
value greater than 1.9 suggests contaminating 
RNA; and a value less than 1.6 indicates the pres-
ence of proteins and other contaminants. 
 

 
 

Fig.1: Family pedigree 

 
Whole exome sequencing 
Whole exome sequencing of the subjects was per-
formed at McGill University and Genome Quebec 
Innovation Centre. Briefly, 3 μg of genomic DNA 
was used to perform exome capture with Agilent 
SureSelect kit following the manufacturer's in-
structions. 100bp paired-end sequencing was per-
formed on Illumina HiSeq2000 platform.  
 
Bioinformatic analysis 
Sequencing reads were aligned to hg19 reference 
genome using the BWA software (13). Variant 
discovery and genotype calling of multi-allelic 
substitutions, insertions and deletions was 
performed on all individuals globally using the 
Unified Genotyper module from Genome 
Analysis Toolkit (GATK) (14) with the minimum 
call quality parameter set to 30. SAMtools and 
Annovar were used to call and annotate variants 
(15-16). Variants with an allele frequency higher 
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than 5% in the 1000 genomes database 
(http://www.1000genomes.org), higher than 5% 
in the NHLBI exomes (Exome Variant Server, 
NHLBI GO Exome Sequencing Project, Seattle, 
WA; URL: http://evs.gs.washington.edu/EVS/, 
v.0.0.14, June 20, 2012) or higher than 1% in in-
house control database (which consists of about 
1000 non-cancer exomes) were filtered out. We 
applied a recessive genetic model which required 
the variant to be present in all affected and healthy 
people in homozygous and heterozygous state 
respectively, within the family. We used 
computational tools including PolyPhen-2, SIFT 
and Mutation Taster to predict the potential 
impact of sequence variants on protein function. 
We also obtained conservation scores using 
GERP and Phast Cons to predict mutation impact 
based on evolutionary constraint analyses. 
 
Validation of mutations and Segregation anal-
ysis 
To validate the causal mutations and segregation 
of the mutations with the disease in the family, 
direct Sanger sequencing was performed in family 
members (affected and unaffected) from whom 

DNA was available. Primers were designed using 
GENERUNR v3.4.0.0 to surround the candidate 
mutation and the amplified targets (forward and 
reverse) were sequenced by standard Sanger se-
quencing technique using BigDye® Terminator 
(Invitrogen, ABI, Foster City, CA). Primer se-
quences are available upon request. 
 

Results 
 
Whole Exome Sequencing revealed, a 4bp 
frameshift deletion (BRCA2:NM_000059:exon11-

:c.2808_2811del:p.936_937del) at position chr13:32-

911297 that results in the insertion of 20 novel 
amino acids before a premature stop codon. Sang-
er sequencing confirmed that the three affected 
sisters and their father shared the same mutation 
which has been shown in Fig.2. In addition we 
identified a novel missense heterozygous missense 
variant p.S422G in STK11 gene. This latter vari-
ant is predicted to be benign by Polyphen-2 but it 
segregates along with BRCA2 mutation in the 
family.  

 

 
 

Fig.2: Sanger sequencing of normal homozygous sibling and heterozygous patient for BRCA2 mutation with for-
ward and reverse primers 
 

Discussion 
 

In this study, we identified rs80359352 in BRCA2 
gene in heterozygous form and report it for the 
first time in Iranian patients. Both BRCA1 and 

BRCA2 are implicated in the repair of DNA by 
homologous recombination. BRCA2 can interact 
directly with RAD51, both through its BRC re-
peats and through a domain in its carboxyl termi-
nus (17). The detected mutation in this family re-
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sult in premature stop codon, which follows by 
non-sense, mediated mRNA decay. Since BRCA2 
is a tumor suppressor gene the second hit must 
have occurred in tumor tissue.  
rs80359352 is a frequent mutation of BRCA2 
gene which has been previously reported in sev-
eral populations but we report it for the first time 
in Iranian patients. Also we showed the segrega-
tion of this mutation in a family with hereditary 
breast cancer through paternal line. 
Studies of families with BRCA2 mutations suggest 
that the spectrum of cancer manifestation is wide 
for male carriers. In particular, the total cancer 
risk to male carriers of BRCA2 mutations is high 
before age 65 years, largely attributable to excesses 
of breast, prostate, and pancreatic cancers (18). 
However, the father of this family is a healthy 78 
years old man just affected with Benign Prostatic 
Hyperplasia (BPH) probably due to his age. In this 
regard it is suggested that modifying genetic and 
environmental factors may significantly influence 
the penetrance of male breast cancer and female 
breast cancer in individuals carrying germline 
BRCA2 mutations in some populations (19). Be-
sides, paternal origin of mutation affects breast 
cancer penetrance and confers an earlier age at 
breast cancer diagnosis compared with maternal 
origin (20). This can be seen in our family with 
three affected patients under the age of 40 years.  
Interestingly, despite we have detected BRCA2 
mutation as the cause of hereditary breast cancer 
in this family, the pedigree has apparent recessive 
pattern where susceptibility to familial breast can-
cer is thought not to be conferred by a highly 
penetrant dominant gene (like BRCA2). As a re-
sult, one cannot have appropriate assessment of 
transmitting genetic factors just based on the fam-
ily pedigree. 
In addition we have identified a missense variant 
p.S422G in STK11 gene. Peutz-Jeghers syndrome 
(PJS) is a rare autosomal dominant disease due to 
mutations in the tumor suppressor gene STK11. 
PJS is associated with a significant increase in can-
cer risk (relative risk of 89% over the life accord-
ing to the most recent series). Digestive cancers 
are the most frequent with cumulative incidences 
of 55% for gastro-intestinal cancer. There is also 

an increased risk of non-digestive cancers. In par-
ticular, the risk of breast cancer is similar to that 
of patients carrying deleterious BRCA1 or BRCA2 
mutations (cumulative incidence of 45%) (21).  
Although, the identified novel variant of STK11 
gene is predicted to be benign by Polyphen-2 but 
it segregates along with BRCA2 mutation in the 
family. Thus, investigation of allele frequency of 
this novel variant in control group can be impera-
tive if this gene is involved in disease process.  
 

Conclusion 
 

The present results confirm incomplete penetra-
nce of BRCA2 mutations in male carriers. In addi-
tion the co-segregation of STK11 novel variant 
alongside BRCA2 mutation in the family suggests 
a possible cooperation of these two genes in dis-
ease pathogenesis. 
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