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Abstract

Incidence of breast cancer ranges from 27 per 100,000 in Middle Africa and
Eastern Asia to 92 per 100,000 in Northern America. It is the fifth most common
cause of death from cancer in women, with an estimated 522,000 deaths per year
(6.4% of the total). Autosomal dominant inheritance of these cancers is
characterized by transmission of cancer predisposition from generation to
generation, with around 5-10% of all breast cancers being associated with
inherited mutations in BRCAL1, BRCA2 and other genes. Breast and ovarian
cancers are strongly associated with BRCA1 and BRCA2 mutations. In this study,
we genotyped BRCA1 gene for large genomic rearrangements in breast and
ovarian cancer patients from Boshia and Herzegovina, with aim to assess
frequency of large BRCA1 mutations (exon deletions/duplications) in this group.
We collected 59 breast cancer samples, as well as other data concerning patients’
histopathological parameters of tumor, like age at diagnosis, cancer type, TNM
class, cancer grade, as well as estrogen, progesterone and Her2/neu expression.
Following DNA extraction from breast cancer samples (tissue after biopsy),
BRCAL1 mutations were identified by Multiplex Ligase - Dependent Probe
Amplification (MLPA) analysis. Biostatistical analyses were conducted using
MedCalc v.9.2.0.0 software. In all statistical tests p<0.05 was considered
significant. Mean age at diagnosis was 54+1.75 (range 17 — 80). BRCAL genomic
rearrangements were found in 22% of breast and ovarian cancer patients.
Statistically significant associations and correlations were found between BRCA1
genomic rearrangements and cancer type, estrogen, progesterone and Her2/neu
expression, but not cancer grade, size, invasiveness or patients’ age.
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Introduction

Breast cancer is the second most common cancer in
the world, and leading cancer in women (World
Cancer Research Fund International, 2017). In Bosnia
and Herzegovina, according to the Institute for public
health, Federation of Boshia and Herzegovina breast
cancer was leading cancer in women in 2012, with
incidence of 42.6 per 100000, while ovarian cancer
was fourth with incidence of 11.8 per 100000. The
exact cause of breast cancer is still unknown, but link
between the disease and certain risk factors, like age,
gender, family and personal history of breast cancer,
genetic factors are well supported (Feuer et al., 1993;
Dupont et al., 1994; Helzlsouer et al.,1995; Johnson et
al., 1995; Braden et al., 2014; Garcia-Closas et al.,
2014; Sprague et al., 2015). Germline mutations in
different genes have been identified as a major
contributor to the risk of developing this disease
(National Collaborating Centre for Cancer (UK),
2013). Linkage analyses have proven the existence of
autosomal dominant predispositions to develop breast
and ovarian cancer, which have led to the
identification of highly penetrant genes as the causes
of inherited cancer risk. The most common inherited
mutations are those of breast cancer susceptibility
genes 1 and 2- BRCA1l and BRCA2. Since the
introduction of BRCAL gene in 1994 (Albertsen et al.,
1994; Futreal et al., 1994; Miki et al., 1994,
O’Connell et al., 1994), and BRCA2 in 1995 (Wooster
et al., 1995), there have been numerous studies of
prevalence and genetic background of breast and
ovarian cancer (Newman et al., 1988; Castilla et al.,
1994; Marcus et al., 1996; Neuhausen et al., 1996;
Breast Cancer Consortium, 1997; Peto et al., 1999;
Wilson et al., 1999; Frank et al., 2002; Foulkes et al.,
2003; Seong et al., 2014; Aloraifi et al., 2015; Menes
et al., 2015; Kuchenbaecker et al., 2017; Yamauchi &
Takei, 2018). Women with inherited BRCA1l or
BRCA2 mutations have up to 80% probability of
developing breast cancer during their lifetime, and its
development often starts at younger age than in
women without inherited mutations in these genes
(King et al., 2003; Kuchenbaecker et al., 2017).
Women with these germline mutations also have an
increased risk of developing ovarian cancer. The most
frequent mutations in BRCA1 and BRCAZ2 genes
involve deletions or insertions of a few bases or
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single-base substitutions, resulting in premature stop
codons. Early studies for identification of these
mutations used protein truncation test (PTT), single
strand conformation polymorphism (SSCP), southern
blotting and long-range PCR, but technical
difficulties, in most cases, have limited screening for
large genomic rearrangements. Multiplex ligase-
dependent probe amplification (MLPA) for screening
large genomic rearrangements of BRCAL gene gave a
new perspective on diagnosis, prognosis, therapeutical
approaches and prevention of breast cancer (Schouten
et al., 2002; Brandao et al., 2012; McVeigh et al.,
2017; Meisel et al., 2017). MLPA is simple, robust
and cost-efficient method for basic screening for
BRCA1 mutations (Hogervorst et al., 2003; Cho et al.,
2014; Maistro et al., 2016; Eid et al., 2017,
Jakimovska et al., 2018). The frequency of BRCA1
genomic rearrangements within high and medium risk
families varies considerably among different
populations. BRCA1 mutations are by far the most
common in Russia (79%), then in Israel (47%) and
Italy (29%). In Europe (excluding Italy), the
percentage of BRCAL mutations varies between 20—
25%, depending on country (Szabo & King, 1997;
Karami & Mehdipour, 2013). Also, this type of
mutations in BRCA genes explain 4-10% of sporadic
breast and ovarian cancers.

Materials and methods

Tumor biopsy specimens from breast and ovarian
cancer patients have been consecutively collected at
Sarajevo Clinical Center during the period of two
years. After biopsy, tissue for molecular-genetic
analysis was preserved in phosphate buffered saline
(PBS) pH 7.4, and frozen at —20°C prior to DNA
isolation. The total of 59 breast and ovarian cancer
specimens were collected together with corresponding
patient data: family history, age, place of birth, cancer
type, tumor-node-metastases (TNM) class, cancer
grade, as well as estrogen, progesterone and Her2/neu
expression status. Samples were coded and identity of
patients remained anonymous throughout the study.
For the purpose of method normalization and
interpretation of results, genomic DNA of five breast
and ovarian cancer asymptomatic and family history
free females was used. DNA was isolated from tumor
tissue samples using modified salting-out procedure
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(Miller et al., 1988). DNA concentration was
determined using UV spectrophotometer, and working
dilutions of 20 ng/ul were made. Following DNA
extraction, BRCAL1 genomic rearrangements were
identified by MLPA analysis, using BRCA1 P002 kit
(MRC-Holland, Amsterdam, the Netherlands). This
kit contains 34 probes, 9 control probes and 25
mutation specific probes which include exons 1-24 of
BRCAL1 gene (with the exception of exon 4).
Hybridization, ligation and PCR reaction was
performed on Eppendorf Mastercycler gradient
(Eppendorf, Hamburg, Germany) according to the
manufacturer’s instructions. An ABI PRISM 310
automated sequencer and ABI 3500 genetic analyser
(Applied Biosystems, Foster City, CA) were used to
separate the amplicons with Genescan-L1Z 500
(Applied Biosystems, Foster City, CA) as internal size
standard.  Individual  electropherograms  were
normalized and compared to electropherograms of
control (reference) samples using Coffalyser.NET
sotware (MRC-Holland, Amsterdam, the
Netherlands). This method does not detect point
mutations like direct sequencing (with the exception
of probes that are designed to detect point mutations),
since probes are designed to detect the most common
BRCA1 exon deletions/duplications. Additional
biostatistical analyses were conducted using MedCalc
v.9.2.0.0 software. We tested the differences in
variation using y° test or Fisher’s exact test, and rank
correlation using Kendall’s Tau correlation test. In all
statistical tests p<0.05 was considered significant.

Results and Discussion

Out of 59 tumor bioptic specimens collected during
the study, 95% were breast cancer tissue specimens,
and 5% were ovarian cancer tissue specimens. Since
the tumor specimens were collected at the first biopsy
following the diagnosis, we calculated the age of
patients at the time of diagnosis of cancer. Mean age
of the patients was 54 + 1.7, with youngest patient 17
years old, and oldest patient 80 years old. Most
patients were 55 years old at the time of the first
diagnosis.

The most common histological type was ductal breast
carcinoma (47%), followed by lobular type of breast
carcinoma (33%) and the rest were tubular, medullar
and mixed cancer types. Estrogen and progesterone
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expressions ranged from negative expression (0) to
highest expression (8), according to histopathological
findings. Her2/neu expression ranged from O
(negative expression) to 3+ (highest expression).
20.3% specimens were estrogen negative, while most
of the specimens (32.2%) had highest expression of
this marker. This was not the case with progesterone
and Her2/neu expression, since most of the specimens
were negative for these markers (30.5% and 55.9%,
respectively).

Genomic rearrangements on BRCALl gene were
identified with Coffalyser.net output (Figure 1) as
charts. Unchanged exons were marked in black color
dots, deletions were marked in red dots, and
duplications in blue color. In our tested population,
BRCAL genomic rearrangements were found in 22%
of cases. All of the mutations were found in breast
cancer specimens, and none was found in ovarian
cancer specimens. In 38.5% of BRCA1 mutation
positive cases we identified only one rearrangement
per sample. In rest of the samples we identified from
two to six genomic rearrangements (depending on a
sample). The most common mutations were found in
exons 5, 15 and 16 of BRCAL gene. In addition, we
found combinations of rearrangements, meaning that
two identical rearrangements were found in more than
one sample. The most common combination of
rearrangements (duplication of exon 15 and 16) was
found in 23% of breast cancer specimens.

The prevalence of genomic rearrangements in BRCA1
gene was correlated and associated with collected
patient data (Table 1). Our results concur with
previously obtained data in numerous studies on
histopathological signature of BRCA1 mutation carrier
cancers. Regarding association between cancer type
and BRCA1 genomic rearrangements, y? test did not
show statistically significant association (p=0.214).
We did not find association between cancer
histological type and mutations types. Nevertheless, as
it was shown in this study, there is a considerable
number of patients with BRCA1 genomic
rearrangements. These data were comparable with
published data, so we can conclude that there is no
significant  difference  between  Bosnia and
Herzegovina and rest of the Europe (Szabo & King,
1997; Karami & Mehdipour, 2013), or USA (Frank et
al., 2002).
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Figure 1. Coffalyser output of control
two (lower chart

Since our sample included approximately the same
number of patients with invasive and non-invasive
breast cancer, we conducted correlation and
association analyses between this histopathological
parameter and BRCAL1 genomic rearrangements.
Biostatistical analysis between rearrangements and
invasive carcinoma or cancer grade did not show
statistically significant correlation or association.
Identification of histopathological parameters that
characterize BRCA1 mutation carriers is not simple
because of their similarity to cancer types in sporadic
cancers. Still, it is possible to find some reference data
about histopathological parameters, which

52

sample (upper chart) and sample with heterozygous deletions of exons one and

characterize BRCA1 mutation carrier cancer types,
which are mostly medullar, tubular and lobular cancer
types (Breast Cancer Linkage Consortium, 1997).
Carcinoma in BRCAL1 mutation carriers are highly
proliferative, of high grade, and tubular differentiation
(Eisinger et al., 1996; Marcus et al., 1996; Breast
Cancer Linkage Consortium, 1997; Thompson &
Easton, 2004). The fact we were unable to detect
correlation between BRCA1 genomic rearrangements
and cancer grade, may be explained by small sample
size, and the fact that cancer grade evolves with
disease progression. It should be noted that cancer
grade is extremely high in our sample (84% of
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individuals of G2 or G3 cancer grade), so we can
hypothesize that most of the cancer cases in this
respective sample are not diagnosed at early stages of
the disease.

Table 1. Correlations and associations of genomic
rearrangements in BRCA1 gene with additional collected
patient data. Statistically significant values accentuated in
bold

BRCAL1 genomic rearrangements

Histopathological parameter Kendall's Tau x test

Cancer type P=0.1121 P=0.0214
TNM Class P=0.3223 P=0.8833
Invasivity P=0.8644 P=0.8353
Cancer grade P=0.6356 P=0.3183
Estrogen expression P=0.0272 P=0.0304
Progesterone expression P=0.0223 P=0.0439
Her2/neu expression P=0.9778 P=0.0438
Age P=0.3495 P=0.7824

In our further genotype to phenotype relationship
analysis, we did not find any association between
TNM class of cancer and BRCA1 genomic
rearrangements.

The best described biological parameters in breast
cancer are estrogen, progesterone and Her2/neu
immunohistochemical  expression. Negative
correlation was shown by analysis of rearrangements
and estrogen expression (p=0.0272). Negative
correlation was also evident between genomic
rearrangements of exon 24 and estrogen expression
(p=0.0248); on the other hand, we did not observe
correlation between other single mutations and
estrogen expression. Just as described previously (Hu,
2008), we confirmed negative correlation between
mutations and progesterone expression (p=0.0223), as
well as association between these two parameters

(p=0.0439). Association between genomic
rearrangements and Her2/neu expression was also
detected in this study (p=0.0438).

Immunohistochemical markers are one of the markers
for characterization of BRCA1 mutation carriers’
carcinoma, because these carcinomas are mostly
estrogen, progesterone and Her2/neu negative
(Nielsen et al., 2004; Palacios et al., 2005).

In addition, we analyzed relations between genomic
rearrangements and age at diagnosis of carcinoma, but
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we did not find any correlation or association between
these two parameters.

Since gene expression profiles in BRCA1 mutation
carriers and in sporadic cancers significantly differ
from each other (Hedenfalk et al., 2001), innovations
in gene expression technology also created the
potential to determine breast and/or ovarian cancer
type on molecular level. Downregulated expression of
biological markers in BRCAL1 carriers can be
explained by the fact that mutations in different genes
induce the formation of breast tumors by separate
pathways.

Conclusions

It is estimated that breast cancer is one of the most
common cancers in Bosnia and Herzegovina, although
the exact number of breast cancer patients at the state
level is unknown (there is no national patient
database). The frequency of BRCAL1 mutations in
breast and ovarian cancer patients was also unknown.
BRCAL genomic rearrangements were found in 22%
of breast cancer samples and 0% in ovarian cancer
samples. We found statistically significant association
between cancer type, estrogen and progesterone
expression and Her2/neu expression but not with
TNM class, cancer grade, invasivity or age of patients.
n case that is possible to diagnose BRCAL carrier
carcinoma without the genetic testing but based on
histopatological phenotypes only, it would be a crucial
move towards eligible patient selection for predictive
and presymptomatic genetic testing.

References

Albertsen H, Plaetke R, Ballard L, Fujimoto E,
Connolly J, Lawrence E, Rodriguez P, Robertson
M, Bradley P, Milner B (1994) Genetic mapping of
the BRCA1 region on chromosome 17g21. Am J
Hum Genet, 54:516-525.

Aloraifi F, Alshehhi M, McDevitt T, Cody N, Meany
M, O’Doherty A, Quinn CM, Green AJ, Bracken
A, Geraghty JG (2015) Phenotypic analysis of
familial breast cancer: comparison of BRCAX
tumors with BRCA1, BRCAZ2 carriers and non-
familial breast cancer. Eur J Surg Oncol, 41:641-
646.



www.genapp.ba

Genetics&Applications Vol. 2.|No.1 | June, 2018

Braden AM, Stankowski RV, Engel JM, Onitilo AA
(2014) Breast cancer biomarkers: risk assessment,
diagnosis, prognosis, prediction of treatment
efficacy and toxicity, and recurrence. Curr Pharm
Des, 20:4879-4898.

Branddo RD, Tserpelis D, Gémez Garcia E, Blok MJ
(2012) Detection of exon skipping events in
BRCA1 RNA using MLPA kit P002. Mol Biol
Rep, 39:7429-7433.

Breast Cancer Linkage Consortium (1997) Pathology
of familial breast cancer: differences between
breast cancers in carriers of BRCA1 or BRCA2
mutations and sporadic cases. Lancet, 349:1505-
1510.

Castilla LH, Couch FJ, Erdos MR, Hoskins KF,
Calzone K, Garber JE, Boyd J, Lubin MB,
Deshano ML, Brody LC (1994) Mutations in the
BRCAL gene in families with early-onset breast
and ovarian cancer. Nat Genet, 8:387-391.

Cho JY, Cho D-Y, Ahn SH, Choi S-Y, Shin I, Park
HG, Lee JW, Kim HJ, Yu JH, Ko BS, Ku BK, Son
BH (2014) Large genomic rearrangement of
BRCA1 and BRCA2 genes in familial breast
cancer patients in Korea. Fam Cancer, 13:205-211.

Dupont WD, Page DL, Parl FF, Vnencak-Jones CL,
Plummer WD, Rados MS, Schuyler PA (1994)
Long-term risk of breast cancer in women with
fibroadenoma. N Engl J Med, 331:10-15.

Eid OM, El Ghoroury EA, Eid MM, Mahrous RM,
Abdelhamid MI, Aboafya ZI, Abdel Ghaffar EA,
Abdelrahman AH (2017) Evaluation of BRCAL
Large Genomic Rearrangements in Group of
Egyptian Female Breast Cancer Patients Using
MLPA. Gulf J Oncolog, 1:64-69.

Eisinger F, Stoppa-Lyonnet D, Longy M,
Kerangueven F, Noguchi T, Bailly C, Vincent-
Salomon A, Jacquemier J, Birnbaum D, Sobol H
(1996) Germ line mutation at BRCAL affects the
histoprognostic grade in hereditary breast cancer.
Cancer Res, 56:471-474.

Feuer EJ, Wun LM, Boring CC, Flanders WD,
Timmel MJ, Tong T (1993) The lifetime risk of
developing breast cancer. J Natl Cancer Inst,
85:892-897.

Foulkes WD, Stefansson IM, Chappuis PO, Bégin LR,
Goffin JR, Wong N, Trudel M, Akslen LA (2003)
Germline BRCAL mutations and a basal epithelial

54

phenotype in breast cancer. J Natl Cancer Inst,
95:1482-1485.

Frank TS, Deffenbaugh AM, Reid JE, Hulick M,
Ward BE, Lingenfelter B, Gumpper KL, Scholl T,
Tavtigian SV, Pruss DR, Critchfield GC (2002)
Clinical characteristics of individuals with
germline mutations in BRCAl1 and BRCAZ2:
analysis of 10,000 individuals. J Clin Oncol,
20:1480-1490.

Futreal PA, Liu Q, Shattuck-Eidens D, Cochran C,
Harshman K, Tavtigian S, Bennett LM, Haugen-
Strano A, Swensen J, Miki Y (1994) BRCALl
mutations in  primary breast and ovarian
carcinomas. Science, 266:120-122.

Garcia-Closas M, Gunsoy NB, Chatterjee N (2014)
Combined  associations  of  genetic  and
environmental risk factors: implications for
prevention of breast cancer. J Natl Cancer Inst,
106.

Hedenfalk | et al. (2001) Gene-expression profiles in
hereditary breast cancer. N Engl J Med 344:539—
548.

Helzlsouer KJ, Harris EL, Parshad R, Fogel S, Bigbee
WL, Sanford KK (1995) Familial clustering of
breast cancer: possible interaction between DNA
repair proficiency and radiation exposure in the
development of breast cancer. Int J Cancer, 64:14-
17.

Hogervorst FBL, Nederlof PM, Gille JJP, McElgunn
CJ, Grippeling M, Pruntel R, Regnerus R, van
Welsem T, van Spaendonk R, Menko FH, Kluijt I,
Dommering C, Verhoef S, Schouten JP, van’t Veer
LJ, Pals G (2003) Large genomic deletions and
duplications in the BRCA1 gene identified by a
novel quantitative method. Cancer Res, 63:1449-
1453.

Hu Y (2008) BRCAL, Hormone, and Tissue-Specific
Tumor Suppression. Int J Biol Sci, 5:20-27.

Institute for public health of Federation of Bosnia and
Herzegovina (2012) Overview of malignant
Neoplasms - FBiH Cancer Register. Report.
Available  from:  http://www.zzjzfbih.ba/wp-
content/uploads/2014/04/Pregled-malignih-
neoplazmi-2012.pdf

Jakimovska M, Maleva Kostovska |, Popovska-
Jankovic K, Kubelka-Sabit K, Karadjozov M,
Stojanovska L, Arsovski A, Smichkoska S,
Lazarova E, Jakimovska Dimitrovska M, Plaseska-



www.genapp.ba

Genetics&Applications Vol. 2.|No.1 | June, 2018

Karanfilska D (2018) BRCAl and BRCAZ2
germline variants in breast cancer patients from the
Republic of Macedonia. Breast Cancer Res Treat,
168:745-753.

Johnson N, Lancaster T, Fuller A, Hodgson SV
(1995) The prevalence of a family history of
cancer in general practice. Fam Pract, 12:287-289.

Karami F, Mehdipour P (2013) A Comprehensive
Focus on Global Spectrum of BRCA1 and BRCA2
Mutations in Breast Cancer. BioMed Research
International. Volume 2013, Article ID 928562, 21
pages.

King M-C, Marks JH, Mandell JB, New York Breast
Cancer Study Group (2003) Breast and ovarian
cancer risks due to inherited mutations in BRCAL
and BRCAZ2. Science, 302:643-646.

Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips
K-A, Mooij TM, Roos-Blom M-J, Jervis S, van
Leeuwen FE, Milne RL, Andrieu N, Goldgar DE,
Terry MB, Rookus MA, Easton DF, Antoniou AC,
BRCA1 and BRCA2 Cohort Consortium,
McGuffog L, Evans DG, Barrowdale D, Frost D,
Adlard J, Ong K-R, lzatt L, Tischkowitz M, Eeles
R, Davidson R, Hodgson S, Ellis S, Nogues C,
Lasset C, Stoppa-Lyonnet D, Fricker J-P, Faivre L,
Berthet P, Hooning MJ, van der Kolk LE, Kets
CM, Adank MA, John EM, Chung WK, Andrulis
IL, Southey M, Daly MB, Buys SS, Osorio A,
Engel C, Kast K, Schmutzler RK, Caldes T,
Jakubowska A, Simard J, Friedlander ML,
McLachlan S-A, Machackova E, Foretova L, Tan
YY, Singer CF, Olah E, Gerdes A-M, Arver B,
Olsson H (2017) Risks of Breast, Ovarian, and
Contralateral Breast Cancer for BRCA1 and
BRCA2 Mutation Carriers. JAMA, 317:2402-
2416.

Maistro S, Teixeira N, Encinas G, Katayama MLH,
Niewiadonski VDT, Cabral LG, Ribeiro RM,
Gaburo Junior N, de Gouvéa ACRC, Carraro DM,
Sabino EC, Diz MDPE, Chammas R, de Bock GH,
Folgueira MAAK (2016) Germline mutations in
BRCAL and BRCAZ in epithelial ovarian cancer
patients in Brazil. BMC Cancer, 16:934.

Marcus JN, Watson P, Page DL, Narod SA, Lenoir
GM, Tonin P, Linder-Stephenson L, Salerno G,
Conway TA, Lynch HT (1996) Hereditary breast
cancer: pathobiology, prognosis, and BRCAL and
BRCA2 gene linkage. Cancer, 77:697-709.

McVeigh TP, Cody N, Carroll C, Duff M, Farrell M,
Bradley L, Gallagher D, McDevitt T, Green Al
(2017) Recurrent large genomic rearrangements in
BRCAL and BRCAZ2 in an Irish case series. Cancer
Genet, 214-215:1-8.

Meisel C, Sadowski CE, Kohlstedt D, Keller K,
Stiritz F, Griibling N, Becker K, Mackenroth L,
Rump A, Schréck E, Arnold N, Wimberger P, Kast
K (2017) Spectrum of genetic variants of BRCA1
and BRCAZ in a German single center study. Arch
Gynecol Obstet, 295:1227-1238.

Menes TS, Terry MB, Goldgar D, Andrulis IL, Knight
JA, John EM, Liao Y, Southey M, Miron A, Chung
W, Buys SS (2015) Second primary breast cancer
in BRCAL and BRCA2 mutation carriers: 10-year
cumulative incidence in the Breast Cancer Family
Registry. Breast Cancer Res Treat, 151:653-660.

Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA,
Harshman K, Tavtigian S, Liu Q, Cochran C,
Bennett LM, Ding W (1994) A strong candidate
for the breast and ovarian cancer susceptibility
gene BRCAL. Science, 266:66-71.

Miller SA, Dykes DD, Polesky HF (1988) A simple
salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acids Res,
16:1215.

National Collaborating Centre for Cancer (UK) (2013)
Familial Breast Cancer: Classification and Care of
People at Risk of Familial Breast Cancer and
Management of Breast Cancer and Related Risks
in People with a Family History of Breast Cancer.
Cardiff (UK): National Collaborating Centre for
Cancer (UK) (NICE Clinical Guidelines, No. 164.)
1, Epidemiology. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK259210/

Neuhausen SL, Mazoyer S, Friedman L, Stratton M,
Offit K, Caligo A, Tomlinson G, Cannon-Albright
L, Bishop T, Kelsell D, Solomon E, Weber B,
Couch F, Struewing J, Tonin P, Durocher F, Narod
S, Skolnick MH, Lenoir G, Serova O, Ponder B,
Stoppa-Lyonnet D, Easton D, King MC, Goldgar
DE (1996) Haplotype and phenotype analysis of
six recurrent BRCA1 mutations in 61 families:
results of an international study. Am J Hum Genet,
58:271-280.

Newman B, Austin MA, Lee M, King MC (1988)
Inheritance of human breast cancer: evidence for



www.genapp.ba

Genetics&Applications Vol. 2.|No.1 | June, 2018

autosomal dominant transmission in high-risk
families. Proc Natl Acad Sci USA, 85:3044-3048.

Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G,
Hu Z, Hernandez-Boussard T, Livasy C, Cowan D,
Dressler L, Akslen LA, Ragaz J, Gown AM, Gilks
CB, van de Rijn M, Perou CM (2004)
Immunohistochemical and clinical characterization
of the basal-like subtype of invasive breast
carcinoma. Clin Cancer Res, 10:5367-5374.

O’Connell P, Albertsen H, Matsunami N, Taylor T,
Hundley JE, Johnson-Pais TL, Reus B, Lawrence
E, Ballard L, White R (1994) A radiation hybrid
map of the BRCA1 region. Am J Hum Genet,
54:526-534.

Palacios J, Honrado E, Osorio A, Cazorla A, Sarrid D,
Barroso A, Rodriguez S, Cigudosa JC, Diez O,
Alonso C, Lerma E, Dopazo J, Rivas C, Benitez J
(2005) Phenotypic characterization of BRCA1 and
BRCAZ2 tumors based in a tissue microarray study
with 37 immunohistochemical markers. Breast
Cancer Res Treat, 90:5-14.

Peto J, Collins N, Barfoot R, Seal S, Warren W,
Rahman N, Easton DF, Evans C, Deacon J,
Stratton MR (1999) Prevalence of BRCA1 and
BRCA2 gene mutations in patients with early-
onset breast cancer. J Natl Cancer Inst, 91:943-
949.

Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg
D, Diepvens F, Pals G (2002) Relative
guantification of 40 nucleic acid sequences by
multiplex ligation-dependent probe amplification.
Nucleic Acids Res, 30:e57.

Seong M-W, Kim KH, Chung 1Y, Kang E, Lee JW,
Park SK, Lee MH, Lee JE, Noh D-Y, Son BH,
Park H-L, Cho SI, Park SS, Korean Hereditary
Breast Cancer Study Group, Kim S-W (2014) A
multi-institutional study on the association
between BRCA1/BRCA2 mutational status and
triple-negative breast cancer in familial breast
cancer patients. Breast Cancer Res Treat, 146:63-
69.

56

Sprague BL, Gangnon RE, Hampton JM, Egan KM,
Titus LJ, Kerlikowske K, Remington PL,
Newcomb PA, Trentham-Dietz A (2015) Variation
in Breast Cancer-Risk Factor Associations by
Method of Detection: Results From a Series of
Case-Control Studies. Am J Epidemiol, 181:956-
969.

Szabo CI, King MC (1997) Population genetics of
BRCA1 and BRCA2. Am J Hum Genet, 60:1013-
1020.

Thompson D, Easton D (2004) The genetic
epidemiology of breast cancer genes. J Mammary
Gland Biol Neoplasia 9:221-236.

Wilson CA, Ramos L, Villasefior MR, Anders KH,
Press MF, Clarke K, Karlan B, Chen JJ, Scully R,
Livingston D, Zuch RH, Kanter MH, Cohen S,
Calzone FJ, Slamon DJ (1999) Localization of
human BRCAL and its loss in high-grade, non-
inherited breast carcinomas. Nat Genet, 21:236-
240.

Wooster R, Bignell G, Lancaster J, Swift S, Seal S,
Mangion J, Collins N, Gregory S, Gumbs C,
Micklem G (1995) Identification of the breast
cancer susceptibility gene BRCAZ2. Nature,
378:789-792.

World Cancer Research Fund International, American
Institute for Cancer Research. Continuous Update
Project Report: Diet, Nutrition, Physical Activity
and Breast Cancer. 2017. Washington DC: WCRF;
2017 Available from:
https://www.wecrf.org/sites/default/files/Breast-
cancer-report.pdf

Yamauchi H, Takei J (2018) Management of
hereditary breast and ovarian cancer. Int J Clin
Oncol, 23:45-51.



