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Abstract

unselected for family history or age at onset.

Background: Triple negative breast cancer (TNBC) has been classified as a disease subgroup defined by the lack of
expression of estrogen and progesterone receptors as well as the absence of the human epidermal growth factor
receptor-2 (HER2) overexpression. Germline mutations in the BRCAT gene have been associated with TNBC. Approxi-
mately 70% of breast cancers arising in BRCAT mutation carriers and up to 23% of breast cancers in BRCA2 carriers
display a triple negative phenotype. However, the contribution and the frequency of BRCA1 mutations in individuals
with TNBC, not specifically selected for age at diagnosis or enriched family history of breast/ovarian cancer, have not
been investigated in the Tunisian population and are to be established. The aim of the present study was to assess
the contribution and the prevalence of recurrent BRCA1 germline mutation (5382inC) in Tunisian women with TNBC

Methods: For BRCA1 5382inC mutation detection, the exon 20 coding region and exon—intron boundaries of BRCAT
was analyzed using direct DNA sequencing. A total of 33 DNA samples from Tunisian women diagnosed with TNBC
and unselected for family history or age at onset were analyzed.

Results: The 5382inC mutation was identified in 2 out of 33 women with TNBC with an overall prevalence of 6%
(2/33). The detection rate of the 5382inC mutation among TNBC women with family history of breast cancer was 25%
(2/8). The two 5382inC mutation carriers were postmenopausal and diagnosed at the age of 50 and 57. When strati-
fied by age, the frequency of BRCAT mutation in patients diagnosed at age > 50 years was 8.7% (2/23).

Conclusions: Our results confirm a noticeable contribution of BRCA1 5382inC mutation in TNBC development in
Tunisia and further indicate that screening for 5382insC mutation in the BRCAT gene is of interest in genetic testing in
our population. Additionally, our data highlight that receptor triple negativity could be an effective selection criterion
for BRCAT genetic test in our population and should therefore be considered in genetic testing guidelines in Tunisia.
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Background

Breast cancer (BC) is the most prevalent cancer among
women worldwide. Its incidence is on the rise all over the
world, especially in developing countries [1]. In Tunisia,
it represents the most common malignancy in women.
In 2012, it accounted for 33.5% of all female cancers
with 1826 new cases and an estimated incidence of 31.8
per 100,000 (IARC 2012). Compared to European and
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American populations, breast cancer in Tunisia occurs
at a mean age of 10 years younger with high rate among
women younger than 35 years (11%) [2].

Breast cancer is currently identified as a complex dis-
ease including a heterogeneous group of tumors. Tri-
ple negative breast cancer (TNBC) has been classified
as a disease subgroup defined by the lack of expression
of estrogen and progesterone receptors as well as the
absence of the human epidermal growth factor recep-
tor-2 (HER2) overexpression. TNBC accounts for 15
to 20% of breast cancer cases [3]. It is associated with
aggressive behavior and a worse prognosis than other
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breast cancer subtypes [4]. Recently, a descriptive analy-
sis of molecular subtypes in 966 Tunisian breast cancer
cases has showed that the triple negative subtype has a
higher incidence in Tunisia compared to Western coun-
tries (22.5%) and is significantly associated with large
tumor size, younger age and high grade [5].

Germline mutations in the BRCAI gene are associated
with TNBC. Approximately 70% of breast cancers aris-
ing in BRCA1 mutation carriers and up to 23% of breast
cancers in BRCA2 carriers display a triple negative phe-
notype [6]. In Tunisia, it has been shown that BRCA1
mutation carriers have a higher incidence of triple nega-
tive subtype (75%) than BRCA2 mutation carriers (0%)
[7]. However, the contribution and the frequency of
BRCA1 mutations in individuals with TNBC, not specifi-
cally selected for age at diagnosis or enriched family his-
tory of breast/ovarian cancer, are not investigated in the
Tunisian population and are to be established.

To date, only a few studies, including of our
group, have investigated the spectrum and fre-
quency of BRCA1 mutations in Tunisia [8—10]. These
studies reported a limited number of BRCA1 mutations.
A study showed that screening for common mutations in
BRCAI1I allowed the detection of a substantial percent-
age of mutations in the Tunisian population. Therefore,
such an approach may be of interest in genetic testing
of high-risk women in Tunisia allowing a more rapid
and less expensive test [11]. The cumulative results of
the Tunisian studies indicated the predominance of two
BRCALI recurrent mutations: ¢.5266dupC (5382inC) and
¢.211dup (330insA). The 5382inC mutation was detected
in all Tunisian series including ours. Therefore, the aim
of the present study was to assess the contribution and
the prevalence of the recurrent 5382inC BRCA1 germline
mutation in Tunisian women with TNBC, regardless of
family history or age of diagnosis.

Methods

Study population

The participants were recruited between 2008 and 2012
at the Department of Cancerology and Radiotherapy of
Farhat Hached University Hospital of Sousse, Tunisia.
During blood sampling, participants were interviewed
using a questionnaire to collect demographic character-
istics, personal and family history of cancer, menopausal
status, reproductive behavior information and contracep-
tive methods. Breast cancer women were selected based
on triple negative status and regardless of the age at onset
and family history of cancer. A total of 33 women diag-
nosed with triple negative breast cancer were included
in the present study. ER, PR and HER?2 status were con-
firmed in a histopathology report of the tumor samples.
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A detailed description of the clinico-pathological charac-
teristics of the study cohort is presented in Table 1.

The study was approved by the National Ethical Com-
mittee and a written informed consent was obtained
from all enrolled patients prior to their participation.

Genomic DNA extraction

Genomic DNA was extracted from peripheral blood leu-
kocytes using the standard salting out procedure [12].
Briefly, 10 ml of blood were mixed with Triton lysis buffer
(0.32 M sucrose, 1% Triton X-100, 5 mM MgCl,, 10 mM
Tris—HCI, pH 7.5). The pellet was incubated with pro-
teinase K at 56 °C and subsequently salted out using a
saturated NaCl solution. The precipitated proteins were
removed by centrifugation. The DNA in supernatant fluid
was precipitated with ethanol. Finally, the DNA pellet
was conserved in Tris-EDTA buffer. DNA concentration
and quality were analyzed by thermo-scientific Nan-
oDrop 2000™.

BRCA1 5382inC mutation detection

As for BRCA1 5382inC mutation detection, the exon 20
coding region and exon-—intron boundaries of BRCAI
was analyzed using direct DNA sequencing. Exon 20
was amplified in 20 ul with 100 ng DNA, 1x reaction
buffer, 200 uM dNTPs, 1.5 mM MgCl,, 0.8 uM primers

Table 1 Characteristics of the study cohort

Characteristics Patients (%)
Total 33
Family history

Yes 9(27.3)

No 24(72.7)
Age at diagnosis

<50 10(30.3)

>50 23(69.7)
Menopausal status

Non menopausal 12 (36.4)

Menopausal 21 (63.6)
Tumor size

T1-T2 19 (57.6)

13-T4 14 (42.4)
SBR grade

SBR1-2 14 (42.4)

SBR3 19 (57.6)
Lymph node status

Negative 17 (51.5)

Positive 16 (48.5)
Metastasis

Negative 27 (81.8)

Positive 6(18.2)
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(designed by Centre Jean Perrin, sequences available on
request) and 1 unit Taq polymerase (except primers, all
other reagents from Promega, France). PCR was per-
formed in an thermocycler (Biometra, Germany) with
an initial denaturation at 94 °C for 5 min, followed by 30
cycles of (94°C 20s, 54 °C 20's, 72 °C 20 s). After amplifi-
cation, the PCR products were subjected to electrophore-
sis in a 2% agarose gel. The product was cut from the gel
and purified using QIAquick gel extraction kit (Qiagen,
CA). Both DNA strands were sequenced using BigDye
Deoxy terminator cycle sequencing kit (BD V3.1, Applied
Biosystems). Cycle sequencing consisted of an initial
denaturation at 96 °C for 10 min followed by 25 cycles of
96 °C for 10 s, 50 °C for 5 s, 60 °C for 4 min. The product
was purified on a separation column (AutoSeq = G-50,
Amersham Biosciences), and the templates were
sequenced on an automated ABI-PRISM 310 Genetic
Analyzer (Applied Biosystems). Sequence analysis was
performed using Seqman software (DNAstar, Madison,
WTI).

Results

A total of 33 women with TNBC were included in the
study. The average age at diagnosis was 53.8 (range
33-82 years). Among the selected cases, nine (27.3%)
had a family history for cancer: eight had a family history
of breast cancer and one women had a family history of
prostate cancer. The remaining 24 patients (72.7%) were
sporadic cases (Table 1). The 5382inC mutation was
identified in two out of 33 women with TNBC, represent-
ing an overall prevalence of 6% (2/33). The two 5382inC
mutation carriers had a family history of breast cancer.
Thus, the detection rate of the 5382inC mutation among
TNBC women with family history of breast cancer was
25% (2/8). The two 5382inC mutation carriers were post-
menopausal and diagnosed at the age of 50 and 57. When
stratified by age, the frequency of BRCA1 mutation was
8.7% (2/23) in patients diagnosed at age>50 years and
0% in those diagnosed <50. The characteristics and fam-
ily history of the 5382inC mutation carriers is shown in
Table 2.

Discussion
In the present study, the recurrent 5382inC BRCAL1 ger-
mline mutation was identified in two postmenopausal
women with TNBC diagnosed at the age of 50 and 57
and presenting a family history of breast cancer. Overall,
the frequency of the 5382inC mutation in TNBC patients
was 6% (2/33). The detection rate of the 5382inC muta-
tion among TNBC women with family history of breast
cancer was 25% (2/8).

Data from a previous Tunisian study showed that five
out seven (71%) breast cancer patients with deleterious
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Table 2 Characteristics and family history of the 5382inC
mutation carriers

Patient Age Menopausal SBR Lymph Family
ID at diagnosis status grade node history
status  of breast
cancer
P1 50 Menopausal 3 N+ Mo Br, S
Br, MA

Br

P2 57 Menopausal 2 N— SBr

Br Breast cancer, MA Maternal Aunt, Mo Mother, S Sister

BRCA1 mutation exhibited triple negative tumors. Inter-
estingly, all the three cases carrying the 5382insC muta-
tion display a triple negative phenotype [11]. Taken
together, these data confirm a noticeable contribution
of the BRCA1 5382insC recurrent mutation in TNBC
development in Tunisia. Our data indicate that screen-
ing for 5382insC mutation in the BRCAI gene may be
of interest in genetic testing in our population. Such an
approach will allow for a more rapid and less expensive
test and would help to identify Tunisian women at high-
risk of developing TNBC.

In Tunisia, the BRCA genetic testing is still costly and
not broadly available. Thus more effort should be done
to select which individuals should be offered BRCA test-
ing. Currently, in our population, the selection criteria of
familial cases are primarily based on age at diagnosis and
the number of affected first- and second-degree relatives
with breast or ovarian cancer.

In our study, cases were selected based on triple nega-
tive status and not on age at onset or family history. Using
only the receptor triple negativity as a selection criterion
allowed us to identify 25% (2/8) of BRCA1 mutation car-
riers with a family history of breast cancer. In addition,
one of the two 5382insC mutation carriers was a post-
menopausal woman diagnosed with TNBC at the age of
57 and having only one first-degree relative with breast
cancer. According to current selection criteria in Tunisia,
this woman may not be eligible for BRCA testing. Thus,
the present findings highlight that adding receptor triple
negativity to the traditional risk factors of age and family
history could help to identify BRCA1 mutation carriers,
mainly those with a masked family history.

Some Tunisian studies aiming to define predictive fac-
tors for BRCA mutations were undertaken [7, 13]. In line
with our data, Riahi et al. indicated that besides family
history, diagnosis before the age of 40, triple negative
subtype and age at menarche could be the effective selec-
tion criteria for BRCA genetic test in our population [7].

In agreement with our study, Zhang et al. suggested
that Chinese women with familial breast cancer whose
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tumors were diagnosed with triple-negative phenotype
were good candidates for BRCA1/2 testing [14]. More-
over, several studies have shown that applying current
guidelines for genetic testing may lead to overlook
some proportion of BRCA mutation carriers and sug-
gest that besides a positive family history of cancer or
early age of diagnosis, receptor triple negativity should
be considered in the guidelines for genetic analysis of
BRCA1 and BRCA2 [15-18].

Given the strong association between TN phenotype
and BRCA1 mutations, several studies have evalu-
ated the prevalence of BRCA1 mutations in patients
with TNBC. Reports indicate that the prevalence of
BRCA1 mutations in TNBC patients varies between
populations and from one study to another. Most stud-
ies included patient populations selected for young
age at diagnosis (under the age of 50 or 40 years) and
reported a prevalence ranging from 7.6 to 23% [19—
22]. Other studies evaluated the frequency of BRCA1
mutations in unselected TNBC patient populations.
Hartman et al. evaluated a cohort of 199 unselected
women with TNBC, the BRCA1 mutation frequency
was 6.5%. When stratified by age, the frequency of
BRCA1 mutations was 2.8% in patients diagnosed at
age > 50 years [16]. The study conducted by Rummel
et al. showed that BRCA1 mutations were detected in
9% of unselected TNBC patients and in 4.8% of women
diagnosed at age >50 years [23]. In the largest study
to date of unselected TNBC patients (n=1824), 8.5%
had a mutation in BRCAI. For the 50-59 age group,
the prevalence was 7.4% [18]. In the present study,
6% (2/33) of our TNBC patients unselected for age
and family history were found to carry the 5382insC
mutation. The mutation frequency was 8.7% (2/23)
in women diagnosed at age>50 years. Although we
screened only one BRCA1l mutation in a relatively
small cohort, the overall mutation frequency (6%;
2/33) is similar to the study by Hartman et al., [16].
However, compared to the above studies, the mutation
frequency was higher in our group of women diag-
nosed at age > 50 years (8.7%; 2/23). This may be partly
explained by the high proportion of women with fam-
ily history of breast cancer in this group (4/23, 17%).

The two main limitations in the present study are the
small sample size and the screening of a single BRCA1
mutation (5382insC). Thus, our data underscore the
need for larger series and the full screening of the
BRCAI gene to better understand the contribution and
the frequency of BRCA1 mutations in individuals with
TNBC.

TNBC patients with BRCA1 mutations require dif-
ferent strategies for patient management, counseling,
and treatment. Thus, improved understanding of the

Page 4 of 5

frequency of BRCA1 mutations in patients with TNBC
will impact their clinical management.

Conclusions

The present data confirm a noticeable contribution
of BRCA1 5382inC mutation in TNBC development
in Tunisia and further indicate that screening for
5382insC mutation in the BRCA1 gene is of great inter-
est in genetic testing in our population. Our data high-
light that receptor triple negativity could be an effective
selection criterion for BRCA genetic test in our popula-
tion and should therefore be considered in genetic test-
ing guidelines in Tunisia.

Abbreviations

BC: breast cancer; TNBC: triple negative breast cancer; BRCA1: breast cancer
1; BRCA2: breast cancer 2; HER2: human epidermal growth factor receptor-2;
IARC: International Agency for Research on Cancer; ER: estrogen receptor; PR:
progesterone receptor; PCR: polymerase chain reaction.

Authors’ contributions

WM, EH, KS and AZ designed the study. NB and NB provided samples. SG, YR
and ZK helped in sample collection. WM, IB, SG and RG generated the data.
WM and IB analyzed the data. WM wrote the manuscript. All authors read and
approved the final manuscript.

Author details

! Laboratory of Molecular Immuno-Oncology, Faculty of Medicine of Monastir,
Monastir University, 5019 Monastir, Tunisia. 2 Higher Institute of Biotechnology
of Monastir, Monastir University, Monastir, Tunisia. > Department of Cancerol-
ogy and Radiotherapy, Farhat Hached University Hospital, Sousse University,
Sousse, Tunisia.

Acknowledgements
This work was supported by the Ministry of Higher Education and Scientific
Research and by the Ministry of Health of the Republic of Tunisia.

The authors thank all the patients for taking part in this study.

The authors thank Mr. Adel Rdissi for proof-reading the English revision.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All the data presented is available upon request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in

accordance with the ethical standards of the National Ethical Committee.
A written informed consent was obtained from all enrolled individuals

prior to their participation.

Funding
The Ministry of Higher Education and Scientific Research have supported this
work.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



Mahfoudh et al. J Trans| Med

(2019) 17:123

Received: 9 January 2019 Accepted: 4 April 2019
Published online: 11 April 2019

References

1.

Bray F, McCarron P, Parkin DM. The changing global patterns of female
breast cancer incidence and mortality. Breast Cancer Res. 2004;6:229-39.
Ben Abdallah M, Zehani S, Maalej M, Hsairi M, Hechiche M, Ben Romd-
hane K; et al. Breast cancer in Tunisia: epidemiologic characteristics and
trends in incidence. Tunis Med. 2009,87:417-25.

Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast cancer. N Engl J
Med. 2010;363:1938-48.

Irvin WJ, Carey LA. What is triple-negative breast cancer? Eur J Cancer Oxf
Engl. 1990,2008(44):2799-805.

Fourati A, Boussen H, El May MV, Goucha A, Dabbabi B, Gamoudi A, et al.
Descriptive analysis of molecular subtypes in Tunisian breast cancer. Asia
Pac J Clin Oncol. 2014;10:e69-74.

Stevens KN, Vachon CM, Couch FJ. Genetic susceptibility to triple nega-
tive breast cancer. Cancer Res. 2013;73:2025-30.

Riahi A, Gourabi ME, Chabouni-Bouhamed H. Dissimilarity between
sporadic, non-BRCA1/2 families and hereditary breast cancer, linked

to BRCA genes, in the Tunisian population. Breast Cancer Tokyo Jpn.
2016;23:807-12.

Troudi W, Uhrhammer N, Sibille C, Dahan C, Mahfoudh W, Bouchlaka
Souissi C, et al. Contribution of the BRCA1 and BRCA2 mutations to breast
cancer in Tunisia. J Hum Genet. 2007;52:915-20.

Mahfoudh W, Bouaouina N, Ahmed SB, Gabbouj S, Shan J, Mathew

R, et al. Hereditary breast cancer in Middle Eastern and North African
(MENA) populations: identification of novel, recurrent and founder BRCA1
mutations in the Tunisian population. Mol Biol Rep. 2012,39:1037-46.
Riahi A, Kharrat M, Ghourabi ME, Khomsi F, Gamoudi A, Lariani |, et al.
Mutation spectrum and prevalence of BRCAT and BRCA2 genes in
patients with familial and early-onset breast/ovarian cancer from Tunisia.
Clin Genet. 2015;87:155-60.

Fourati A, Louchez M-M, Fournier J, Gamoudi A, Rahal K, El May M-V, et al.
Screening for common mutations in BRCAT and BRCA2 genes: interest in
genetic testing of Tunisian families with breast and/or ovarian cancer. Bull
Cancer. 2014;101:E36-40.

20.

21.

22.

23.

Page 5 of 5

. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for

extracting DNA from human nucleated cells. Nucleic Acids Res.
1988;16:1215.

. Riahi A, Ghourabi ME, Fourati A, Chaabouni-Bouhamed H. Family history

predictors of BRCAT/BRCA2 mutation status among Tunisian breast/ovar-
ian cancer families. Breast Cancer Tokyo Jpn. 2017;24:238-44.

. Zhang J, Pei R, Pang Z, Ouyang T, Li J, Wang T, et al. Prevalence and char-

acterization of BRCA1 and BRCA2 germline mutations in Chinese women
with familial breast cancer. Breast Cancer Res Treat. 2012;132:421-8.

. Muendlein A, Rohde BH, Gasser K, Haid A, Rauch S, Kinz E, et al. Evaluation

of BRCA1/2 mutational status among German and Austrian women with
triple-negative breast cancer. J Cancer Res Clin Oncol. 2015;141:2005-12.

. Hartman A-R, Kaldate RR, Sailer LM, Painter L, Grier CE, Endsley RR, et al.

Prevalence of BRCA mutations in an unselected population of triple-
negative breast cancer. Cancer. 2012;118:2787-95.

. Robertson L, Hanson H, Seal S, Warren-Perry M, Hughes D, Howell |, et al.

BRCAT1 testing should be offered to individuals with triple-negative
breast cancer diagnosed below 50 years. Br J Cancer. 2012;106:1234-8.

. Couch FJ, Hart SN, Sharma P, Toland AE, Wang X, Miron P, et al. Inherited

mutations in 17 breast cancer susceptibility genes among a large triple-
negative breast cancer cohort unselected for family history of breast
cancer. J Clin Oncol. 2015;33:304-11.

. Andrés R, Pajares |, Balmana J, Llort G, Ramon YCT, Chirivella |, et al.

Association of BRCAT germline mutations in young onset triple-negative
breast cancer (TNBC). Clin Transl Oncol. 2014;16:280-4.

Young SR, Pilarski RT, Donenberg T, Shapiro C, Hammond LS, Miller J, et al.
The prevalence of BRCAT mutations among young women with triple-
negative breast cancer. BMC Cancer. 2009;9:86.

Evans DG, Howell A, Ward D, Lalloo F, Jones JL, Eccles DM. Prevalence

of BRCA1 and BRCA2 mutations in triple negative breast cancer. J Med
Genet. 2011;48:520-2.

Villarreal-Garza C, Weitzel JN, Llacuachaqui M, Sifuentes E, Magallanes-
Hoyos MC, Gallardo L, et al. The prevalence of BRCAT and BRCA2 muta-
tions among young Mexican women with triple-negative breast cancer.
Breast Cancer Res Treat. 2015;150:389-94.

Rummel S, Varner E, Shriver CD, Ellsworth RE. Evaluation of BRCAT muta-
tions in an unselected patient population with triple-negative breast
cancer. Breast Cancer Res Treat. 2013;137:119-25.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Contribution of BRCA1 5382insC mutation in triple negative breast cancer in Tunisia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Genomic DNA extraction
	BRCA1 5382inC mutation detection

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




