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set to estimate specificity and sensibility. In the initial set, 
univariate analyses identified 11 markers significantly associ-
ated with BRCA1 status. Then, the best multivariate model 
comprised only grade 3, MS110, Lys27H3, vimentin, and KI67. 
When applied to the validation set, BRCA1 tumors were cor-
rectly classified with a sensitivity of 83% and a specificity of 
81%. The performance of this model was superior when 
compared to other profiles. This study offers a new rapid and 
cost-effective method for the prescreening of patients at 
high risk of being BRCA1 mutation carriers, to guide genetic 
testing, and finally to provide appropriate preventive mea-
sures, advice, and treatments including targeted therapy to 
patients and their families.   Copyright © 2013 S. Karger AG, Basel

  Introduction

  The incidence of breast cancer (BC) has increased over 
the last 20 years in developed countries  [1] . About 5% of 
these patients have a family history of BC. The identifica-
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  Abstract

  Family structure, lack of reliable information, cost, and delay 
are usual concerns when deciding to perform BRCA analy-
ses. Testing breast cancer tissues with four antibodies (MS110, 
lys27H3, vimentin, and KI67) in addition to grade evaluation 
enabled us to rapidly select patients for genetic testing iden-
tification. We constituted an initial breast cancer tissue mi-
croarray, considered as a learning set, comprising 27 BRCA1 
and 81 sporadic tumors. A second independent validation 
set of 28 BRCA1 tumors was matched to 28 sporadic tumors 
using the same original conditions. We investigated mor-
phological parameters and 21 markers by immunohisto-
chemistry. A logistic regression model was used to select the 
minimal number of markers providing the best model to pre-
dict BRCA1 status. The model was applied to the validation 
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tion of the BRAC1 gene in 1994  [2]  resulted in modifica-
tion of the care management of families where a germ-
line mutation has been found. The BRCA1 germ-line mu-
tation is identified in 40–50% of hereditary BC cases  [3] . 
The lifetime risk of developing BC in BRCA1 mutation 
carriers lies between 52 and 85% depending on the age 
and population tested versus 8% in the general popula-
tion  [4] .

  The BRCA1 gene localized in the chromosome 17q21 
region is a large gene with 24 exons (a coding sequence of 
about 5.7 Kb). The BRCA1 gene codes for a protein of 
1,863 amino acids and 220 kDa with a functional binding 
zinc ring finger region in the N-terminal.

  Many functions are related to the BRCA1 gene, such as 
regulation of the cellular cycle through the control gate 
G2/M and DNA repair  [5] , and it thus acts as a guard of 
genome integrity. A role in the inactivation of the second 
X chromosome has been reported  [6] . Interaction with 
other genes (P53, Bcl2, RAD51, and ATM)  [7]  has been 
described. The majority of deleterious mutations lead to a 
putative truncated, unstable, absent, or delocalized pro-
teins  [8] . In addition, the BRCA1 protein level can vary in 
the absence of germ-line mutations in sporadic BC, par-
ticularly in the basal phenotype (BP) where up to a 30% 
reduction in the BRCA1 protein level has been reported  [9, 
10] . To explain this reduction in BRCA1 protein expres-
sion, several other mechanisms of inactivation have been 
suggested such as loss of heterozygosity, promoter meth-
ylation  [11] , and reduction of the mRNA level  [12]  or a sec-
ond hit, according to Knudson’s second hit theory  [13] .

  As deleterious germ-line mutations may occur in the 
whole coding region, BRCA1 mutation search is usually 
a long and expensive task. Consequently genetic testing 
cannot be offered systematically to all BC patients. Thus, 
it is necessary to preselect among the patients those con-
sidered to be at high genetic risk. In order to estimate the 
likelihood of being a BRCA1 mutation carrier, statistical 
models such as BRCAPRO, the Manchester scoring sys-
tem (MSS), and Bodicea  [14]  have been established de-
pending on the family history and the age of cancer onset. 
The efficacy and reliability of such models is dependent 
on the family structure, the source of data, the incorpo-
rated risk factors, and the nature of the calculations the 
model algorithms are based upon. Limitations of such 
models comprise the small size of pedigrees, the limited 
number of informative women, and the absence of medi-
cal information on family members  [15] .

  Other less conclusive models have been proposed 
without – up to now – clinical application because of a 
lack of reliability of the models  [16] .

  However, the most appropriate prevention (prophylac-
tic surgery)  [17]  and care management strategies  [17, 18]  
can only be offered if a mutation search is rapidly carried 
out. Such clinical issues have given rise to other pre-
screening approaches based on individual parameters. 
Thus, it has been suggested that several profiles are over-
represented among BRCA1 gene carriers as follows: grade 
3 and ER negativity  [19]  or triple-negative tumors (ER, 
PR, and HER2 negative)  [20, 21] , BP  [22, 23] , and medul-
lary BC  [24] . Models based on a combination of morpho-
logical profiles and ages at cancer onset have also been 
used  [19] . However, even if an overlap between these pro-
files exists, it is not known if they correspond to different 
clinical entities. Furthermore the performance and re-
producibility of these models depend on the series of cas-
es under study and on the definition used to select the 
cases.

  Our study proposes a simple, rapid, reproducible, and 
low-cost prescreening test to improve the identification 
of BRCA1 mutation carriers using a profile based on mor-
phological and immunohistochemical (IHC) features 
combining both current BC markers and innovative pa-
rameters exploring the Brca1 protein, loss of X chromo-
some inactivation, cell origin, and markers selected from 
genomic expression profiling.

  Materials and Methods

  Population
  An initial learning set comprised 27 BRCA1 mutated BC and 

81 sporadic BC obtained from patients matched with the same age 
group. All tissues were included in a tissue microarray (TMA) 
block constructed in triplicate to avoid loss of information. These 
tissues were obtained from the tumor bank of the Paoli Calmettes 
Institute. For each BRCA1 mutated BC, 3 controls of sporadic BC 
were selected (n = 81). Controls were matched to cases by age 
groups. In order to obtain a close match, 6 age groups were de-
fined. Histological types in BRCA1-mutated BC were ductal (n = 
18), medullary (n = 5), tubular (n = 1), lobular (n = 1), Malpighian 
(n = 1), and metaplasic (n = 1), while in sporadic cases 66 were 
ductal, 6 were tubular, 6 were lobular, 1 was Malpighian, 2 were 
mixed, and 0 were medullary.

  A validation set was composed of 28 independent BRCA1-mu-
tated BC that were matched for age with 28 sporadic BC in the 
same original conditions. BRCA1 tumors in the validation set 
were provided by 5 different centers through the French Coop-
erative Network on Cancer Genetics of the National Federation of 
Cancer Centers. For each case, the center which provided the case 
also provided an age-matched sporadic control. The validation set 
underwent the same procedure of mutation identification as the 
initial set. TMA, histological staining, and slide reading were cen-
trally carried out by the same people.
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  Mutation Screening
  Genomic DNA was extracted from peripheral blood using a 

QIAamp DNA Mini Kit (QIAGEN).
  Polymerase chain reaction (PCR) was performed in a 25- � l 

reaction containing 25-ng templates of DNA, 0.8  �  M  of each 
primer, 200  �  M  dNTPs, standard PCR buffer, and 1 U of thermo-
stable DNA Taq polymerase. Amplification included an initial de-
naturation at 95   °   C for 10 min followed by 40 cycles of 30 s of de-
naturation at 95   °   C, 30 s of annealing at 55   °   C, and 30 s of extension 
at 72   °   C in GeneAmp9700 thermocycler (Applied Biosystems Inc., 
Foster City, Calif., USA).

  Before DHPLC analysis, PCR products were subjected to an 
additional 10 min and 95   °   C of denaturation followed by gradual 
reannealing from 95 to 25   °   C over a period of 45 min. DHPLC was 
carried out on an automated WAVE Maker System (Transgenom-
ic Inc., San Jose, Calif., USA).

  Abnormal chromatograms were analyzed by sequencing. Am-
plicons were purified with Sephadex G-50 Superfine (GE Health-
care, Uppsala, Sweden) and bidirectionally sequenced using a 
BigDye Terminator v1.1 Cycle Sequencing Kit on an automated 
ABI-3130 Genetic Analyzer (Applied Biosystems).

  Tissue Microarray
  The high throughput technique of TMA has been used to 

economize on the precious blocks of tissues where small samples 
can still be saved despite use of a large number of antibodies. We 

used the method as previously described by Jacquemier et al.  [25]  
and Kononen et al.  [26] .

  The markers used are presented in  table 1 .
  In the initial set, 21 markers were selected and divided into five 

groups as follows:
  (1) The first group was represented by six markers commonly ex-

amined in BC: ER, PR, Erbb2, P53, Bcl2, and Ki67  [10] .
  (2) The second group was represented by 6 markers related to bas-

al, myoepithelial or mesechymal status (CK5/6, CK14, P-cad-
herin, and vimentin) and luminal phenotype (CK8/18, E-cad-
herine)  [25, 27, 28] .

  (3) The third group was represented by 3 anti-BRCA1 commercial 
protein antibodies  [10] , i.e. MS110, SD118, and MS13, all of 
which react to the N terminal of the protein  [29]  while SD118 
is claimed to be specific to exon 11 deletions  [30] .

  (4) The fourth group was represented by 3 antibodies related to 
inactivation of the X chromosome  [31, 32] . In women, 1 of 2 X 
chromosomes is randomly inactivated; the inactive X has spe-
cific characters such as methylation of lysine 27 on histone 3 
and the presence of a particular region called an inactivation 
center that contains a gene called XIST for X inactivation spe-
cific transcript coding for RNA that is not translated but cov-
ers and stabilizes the inactive X  [6] . In tumors without wild 
BRCA1, XIST does not cover the X chromosome and the other 
markers of inactivation such as the methylated lysine 27H3 
and lysine 9H3 are lost  [33, 34]  and used as indirect signs of an 

  Table 1.  D escription of the antibodies and immunohistochemical techniques used

 Antibody  Origin  Pretreatment  Dilution  Revelation  Topography  Group 

 RE  Novacastra  C B 99  1/60 – 60 min  DAB  N  Group 1:
  classical
  markers 

 RP  Dako  C B 99  1/80 – 60 min  DAB  N 
 ERBB2  Dako  Specific kit  RTU – 30 min  Envision Kit  N 
 P53  Immunotech  C B 99  1/4RTU – 60 min  DAB  N 
 Bcl2  Dako  C B 99  1/100 – 60 min  AEC  C 
 Ki67 (MIB1)  Dako  C B 99  1/100 – 60 min  DAB  N 

 CK 5/6  Dako  Specific kit S1699  1/10 – 60 min  DAB  C  Group 2:
  embryo-
  logically
  Brca1
  related 

 CK 18/8  Zymed  C B 99  1/200 – 60 min  DAB  C 
 CK 14  Novacastra  C B 99  1/20 – 60 min  DAB  C 
 P-cadherin  Transduction  Specific kit S1699  1/75 – 60 min  DAB  C/M 
 E-cadherin  Transduction  C B 99  1/2,000 – 60 min  DAB  C/M 
 Vimentin  Dako  C B 99  1/300 – 60 min  AEC  M 

 MS110 (Ab1)  Calbiochem  C B 99  1/100 ON  DAB  N  Group 3:
  anti-BRCA1  SD118 (Ab4)  Calbiochem  C B 99  1/200 ON  DAB  C 

 MS13  Oncogene  C B 99  1/20 ON  DAB  M 

 Anti-H3 Lys9  Euromedex  C B 99  1/1,000 ON  DAB  N  Group 4:
  Xi
  related 

 Anti-H3 Lys27  Euromedex  C B 99  1/2,500 ON  DAB  N 
 AR27  Zymed  C B 99  RTU – ON  DAB  N 

 ATM  Neomarks  C B 99  RTU – ON  DAB  N  Group 5:
  genome
  studies 

 CDC47 (MCM7)  Neomarks  C B 99  RTU – 60 min  DAB  N 
 RAD51  Neomarks  C B Ph9   RTU – 60 min  DAB  N 

 C  B 99 = Citrate buffer 99°   C, pH 6, 40 min; RTU = ready to use; N = nuclear; C = cytoplasmic; M = mixed; DAB = diaminebenzi-
dine tetrahydrocchlory; AEC = amino-9-ethyl carbazole; ON = overnight. 
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inactive X. The androgen receptor gene is located in Xcent q13 
and its expression is an indication of the presence of one or two 
active X and mammary hormonal dependence  [35] .

  (5) The last group was derived from transcriptional and genomic 
studies where some genes appeared to be of interest in BC  [36] . 
We examined by IHC the markers ATM and RAD 51, which  
are associated with BRCA1 in double-strand repair while 
CDC47 is a protein essential for initiation of DNA replication.
  For the validation set, we used only the antibodies from the 

multivariable analysis, i.e. MS110, anti-Lys27, vimentin, and KI67, 
in the 28 muted and sporadic BC and for comparisons with other 
models we added ER, PR, and Erbb2.

  IHC Method
  IHC was performed on 5- � m sections using the TMA method 

with 3 slides for each marker.
  We de-waxed in histolemon and then used ethanol subjected 

to a high-temperature unmasking technique (see  table 1  for pre-
treatment, dilution, and revelation). Endogenous peroxidases 
were eliminated by H 2 O 2  and the side reactions were blocked by 
a mixture of different sera and then processed for incubation with 
the chosen markers for 30 or 60 min or overnight, depending on 
the trials we already performed to find out the best procedure. 
Amplification was followed by visualization using either DAB or 
AEC.

  Marker Evaluation
  It is performed using an automated system analyzer to best 

select the exact location of each core (Spot Browser, Alphelys, 
France). The results were evaluated using an optic microscope in 
a double reading session by two pathologists (M.H. and J.J.). These 
results were expressed as a percentage ‘P’ of tumor cells with de-
tectable staining ranging from 0% (undetectable) to 100% (com-
plete staining). The intensity ‘I’ of staining was also scored as 1 for 
weak staining, 2 for moderate staining, and 3 for strong staining. 
For each marker, the mean of the reading score of at least 2 core 
biopsies was calculated.

  The results were then processed using the quick score (QS) 
method, where QS = P  !  I with a minimum of 0 and a maximum 
of 300, except for Erbb2 status which was evaluated using the 
Dako Scale (Herceptest kit scoring guidelines) and Ki67 which 
was read as positive or negative with a cutoff of 50%.

  Morphological aspects of some sporadic and BRCA1-mutated 
cases are represented in  figure 1 .

  Statistical Analysis
  The data analysis was conducted in 4 stages. First, using the 

initial data set, univariate statistics were generated to describe the 
different parameters associated with BRCA1 status. Markers as-
sociated with BRCA1 status with p  !  0.05 in the univariate analy-
ses were then selected to create the best fit multivariate logistic 
regression model based on the maximum likelihood ratio crite-
rion (‘best fit model’). Second, we applied the model selected from 
the multivariate analysis of the initial set in the validation set to 
predict BRCA1 status.

  We then compared the observed BRCA1 status obtained from 
blood sample genetic testing and the predicted status obtained 
from the statistical model to estimate the sensitivity and specific-
ity of the model.

  A similar process was performed to compare our ‘best fit mod-
el’ estimated from the initial data and applied to the validation set 
with the previously described models.

  Thus, a second model including only grade and HR status and 
a third model including only HR and HER2 status were estimated 
in the validation data set to predict BRCA1 status. Sensitivity and 
specificity were calculated for each model comparing the ob-
served and expected BRCA1 status.

  Statistical significance was set at 0.05. All p-values are 2-sided. 
The statistical package used was SPSS release 16.0.

Grade 1 MS110 positive Lys27 positive Vimentin negative KI67 15%

Grade 3 MS110 negative Lys27 negative Vimentin positive KI67 80%

  Fig. 1.  Morphological aspects of sporadic ( a ) and BRCA1-mutated ( b ) cases. 

  C
o

lo
r v

er
si

o
n 

av
ai

la
b

le
 o

n
lin

e  

  a  

  b  

D
ow

nloaded from
 http://w

w
w

.karger.com
/pat/article-pdf/80/5/219/3904578/000339432.pdf by guest on 25 April 2024



 Prediction of BRCA1 Germ-Line 
Mutation Status  

Pathobiology 2013;80:219–227
 DOI: 10.1159/000339432 

223

  Results

  Learning Initial Set Analysis
  The results of the univariate analysis are presented in 

 table 2 .
  Grade 3 and 12 markers were associated with BRCA1 

status in the univariate analysis (p  !  0.05).
  Grade 3 tumors were significantly more common 

among BRCA1-mutated tumors.
  The histological type is dominated by invasive ductal 

carcinoma in both groups; 5 medullary cases were diag-
nosed among the BRCA1-mutated tumors (18.5%) and 
none were diagnosed in the sporadic group.

  Among the first group of commonly used markers, 5 
out of 6 were also significantly associated with BRCA1 
mutated tumors: ER, PR, P53, Bcl2, and Ki67.

  In the second group, BRCA1-mutated tumors had a 
higher level of P-cadherin and were more often vimentin 
positive. Other basal and luminal markers (CK5/6, CK14, 
and E-cadherin) were not associated with BRCA1 status.

  Among the commercial anti-BRCA1 antibodies 
(MS110, SD118, and MS13) MS110 was the most strongly 
associated with BRCA1 status.

  In our study the localization of MS110 in normal breast 
tissues was nuclear, whereas it was either nuclear or mixed 

(nuclear and cytoplasmic) in the case of mutations when 
the expression was present. MS13 also yielded significant 
results: it was negative in 29.2% of BRCA1-mutated cases 
versus only 10.8% negative in sporadic ones.

  We did not find a correlation between the mutations, 
which occur in exon 11, and the staining results of the 
SD118 marker despite the claims of the manufacturing 
laboratory.

  Among the three X-inactivation-related markers (an-
ti-Lys9H3, anti-Lys27H3, and AR27), only anti-H3 Lys9 
and anti-H3 Lys27 showed an association with BRCA1 
status.

  In the fifth group of genomic markers, CDC47 only 
was more frequently negative among BRCA1 mutated tu-
mors.

  Multivariate Analysis
  After adjustment of the variable for pairing ‘age’ cho-

sen before the start of the study, the variables significant-
ly linked to BRCA1 mutation status were: grade 3, MS110: 
more negative in the mutated group; anti-H3 Lys27: more 
negative in mutated cases; vimentin: more positive in the 
mutated tumors, and KI67: more positive in the mutated 
group.

  This equation was then applied to the validation set.

  Table 2.  C haracteristics of tumors included

Markers In the initial data set comprising 27 BRCA1 and 81 sporadic 
tumors

In the validation data set comprising 28 BRCA1 and 28 sporadic 
tumors

BRCA1 cases sporadic cases OR p BRCA1 cases s poradic cases OR p

n % n % n % n %

Grade 3 22 81.5 28 34.6 8.3 <0.001 21 75.0 12 42.9 4.0 0.015
ER negative 17 73.9 13 19.4 11.8 <0.001 24 85.7 4 14.3 36.0 <0.001
PR negative 18 75.0 24 33.8 5.9 0.001 23 85.2 7 25.0 17.3 <0.001
HR negative 15 68.2 11 15.5 11.7 <0.001 22 81.5 4 14.3 26.4 <0.001
ERBB2 negative 0/1 20 95.2 56 83.6 3.9 0.204 27 96.4 25 89.3 3.2 0.30
P53 positive 15 62.5 14 20.3 6.5 <0.001
Bcl2 negative 16 64.0 12 16.2 9.2 <0.001
Ki67 MIB1 ≥60 4 18.2 2 3.1 6.9 0.03 17 60.7 5 17.9 7.1 0.001
CK 5/6 negative 15 60.0 36 49.3 1.5 0.36
CK 14 positive 5 20.0 11 14.7 1.5 0.53
P-cadherin >100 16 61.5 12 18.2 7.2 <0.001
E-cadherin ≥100 6 24.0 7 10.0 2.8 0.09
Vimentin positive 16 69.6 14 19.7 9.3 <0.001 14 53.9 5 17.9 5.4 0.006
MS110 Ab1 negative 17 68.0 9 12.0 15.6 <0.001 19 67.9 3 10.7 17.6 <0.001
SD118 Ab4 negative 4 15.4 3 4.3 4.1 0.08
MS13 negative 7 29.2 7 10.8 3.4 0.04
Anti-H3 Lys9 negative 17 65.4 16 21.1 7.1 <0.001
Anti-H3 Lys27 negative 11 42.3 6 7.7 8.8 <0.001 13 48.2 3 10.7 7.7 0.002
CDC47 negative 12 50.0 14 21.2 3.7 0.01

 
 

D
ow

nloaded from
 http://w

w
w

.karger.com
/pat/article-pdf/80/5/219/3904578/000339432.pdf by guest on 25 April 2024



 Hassanein  et al.  Pathobiology 2013;80:219–227
 DOI: 10.1159/000339432 

224

  Validation Set
  The results of the 28 BRCA1-associated BC and the 

sporadic BC confirmed the signature obtained in the ini-
tial set ( table 2 ).

  Comparison of Our Model with Other Profiles
  When applying once again the multivariate logistic re-

gression model to obtain the best fit model among the 
previously described models and our results, more than 
80% of BRCA1 mutated tumors were correctly classified 
(i.e. BRCA1-mutated BC vs. sporadic BC) with our group 
of markers. By comparison with grade 3 alone in our se-
ries, with a sensitivity of 44% and a specificity of 91%, the 
second model, comprising grade and HR status  [19] , and 
the third, the triple negative model  [21] , provided a sen-
sitivity of only 63 and 56% respectively. All of these mod-
els are summarized in  table 3 .

  Discussion

  Our goal was to find a rapid, reliable prescreening 
method to better select patients with BRCA1 mutation-
associated BC.

  This kind of approach is needed to overcome the long 
delay observed in obtaining genetic analysis results and 
the difficulties encountered by doctors in providing ap-
propriate treatment to patients and advice to their fami-
lies. Detection of the BRCA1 protein by IHC methods is 
a subject of controversy because its revelation depends 

not only on the concentration and specificity of the anti-
body used but also on the technical parameters applied 
in IHC  [10, 37, 38]  and the level of development and age 
of the mammary cells examined  [7] . Some of the specific-
ity of the anti-BRCA1 antibodies is supposed to be related 
to the type of mutation (involving exon 11 or not)  [30]  or 
the fragmentation of this big protein  [39] . In addition, the 
localization of this protein was variously appreciated: it 
was nuclear in normal and cancerous cells  [12, 39]  or nu-
clear in normal cells and cytoplasmic in cancerous cells 
 [40]  or, in some cases, in cytoplasmic invaginations of 
nuclear membrane  [41] .

  These various considerations and reflections explain 
the difficulties encountered up to now in finding a simple 
IHC method to allow the rapid detection of tumors asso-
ciated with a BRCA1 germ-line mutation.

  The equation we suggested to decide on a genetic test 
is better than prediction based on family history ( ! 10%) 
 [42] , the BRCAPRO test (33%)  [43] , and triple negatives, 
the score of which is less than 10 % in different studies 
 [44] .

  Basal BC phenotypes in BRCA1 germ-line mutation 
tumors were found only in 44%  [22]  to 55%  [23]  of pa-
tients depending on the definition of BP used by different 
authors. Combining some of these tumoral phenotype 
characteristics (ER negative, grade 3) with an onset of BC 
before the age of 35, the BRCA1 germ-line mutation car-
rier status was correctly identified in 28.6% cases  [19] .

  All 5 groups of markers originally combined in a selec-
tion with a probable discriminating character in the ini-

  Table 3.  C omparison of different models

 Status  Model 1a

  (best fit model) 
 Model 2a

  (grade – HR) 
 Model 3a

  ( triple negative) 

 OR  p  OR  p  OR  p 

 In the initial data set 
 Grade  3 6.8  0.015  6.0  0.015 – – 
 HR  Negative 2.0  0.53  8.3  0.002  18.9  <0.001 
 MS110 (Ab1)  Negative  16.6  0.01  –  – – – 
 Anti-H3 Lys27  Negative 8.7  0.049  –  – – – 
 Vimentin  Positive  11.0  0.016  –  – – – 
 Ki67  Positive ≥50  39.2  0.01  –  – – – 
 Erbb2  Negative –  –  –  – 1.3 0.83 

 In the validation set 
 Sensitivity  0.83  0.63  0.56 
 Specificity  0.81  0.88  0.75 

 a A djusted for age. 
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tial set yielded encouraging results either in agreement 
with the literature or by identifying new ones.

  In the group of classical BC markers, it has been estab-
lished by many authors and confirmed by the present 
study that BRCA1-mutated tumors are associated with 
ER, PR, and Erbb2 negativity, corresponding to the triple 
negative definition and approaching the IHC profile of 
basal type breast carcinomas. However, not all triple-neg-
ative tumors are associated with a BRCA1 germ-line mu-
tation, and not all BRCA1-associated BC are triple-nega-
tive tumors or basal ones. To achieve the best combina-
tion of high sensitivity and specificity, the present model 
is more efficient than that based on the triple negative 
profile  [21]  or that previously proposed based on both 
grade and hormonal receptor status  [42] .

  The results of P-cadherin and vimentin, which are two 
markers of the basal/myoepithelial and epithelio-mes-
enchymal transition between basal and luminal cells, 
strengthen the previous reports published by Jacquemier 
et al.  [24, 25]  and those of Lakhani et al.  [23]  and Foulkes 
et al.  [45]  as well as that of Korsching et al.  [27]  on vimen-
tin.

  From many years the origin of BC cells has been dis-
cussed, i.e. whether they come from luminal cells that 
show differentiation towards various strains or from a 
stem cell progenitor or the origin is a basal/myoepithelial 
cell, depending on the type of BC.

  Transformation of the BRCA1 mutation-associated 
cells occurs early during development probably before 
the stage of differentiation into basal or myoepithelial 
cells or even earlier with a mesenchymal relationship.

  With vimentin, which is a mesenchymal marker, the 
origin and time of the transformation of the cancer cells 
was supposed to be earlier in the differentiation field and 
hence nearer to the stem progenitor cells. This can suggest 
a regulator stem cell function of the BRCA1 gene  [46] .

  For loss of inactivation of the X chromosome, we 
showed via IHC for the first time in tumor tissues the 
likelihood of a correlation between the BRCA1 gene and 
inactivation of the X chromosome, and this strengthens 
the results – which are still being debated – of the studies 
of Heard et al.  [33]  and Plath et al.  [34]  on X inactivation 
as well as those of Stone et al.  [32]  on cell lines. However 
additional studies are needed to improve the understand-
ing of these mechanisms in hopes of discovering possible 
new therapies.

  In the fifth group of markers, we confirmed the poten-
tial usefulness of CDC47 in validating the previous re-
sults obtained through transcriptional and proteomic 
studies.

  Our IHC equation (grade 3 and MS 110, LYS 27H3, 
vimentin, and KI67) predicts a risk of BRCA1 mutation 
of more than 80%. The interrelationship between BR-
CA1-related, BP, and triple-negative tumors  [47]  is highly 
emphasized here because we examined the prevalence of 
BP and triple-negative BC in BRCA1-associated tumors 
and not only the incidence of BRCA1-related BC in BP 
and triple-negative BC.

  In spite of their usefulness, probability estimation 
models have certain weakness such as that they are all 
developed on the basis of family histories reported by pa-
tients, and such histories are often inaccurate because of 
missing data, and many family histories are interpreted 
in different ways by different genetic counselors.

  The computer-based BRCAPRO model showed sub-
stantial under-estimation of risk in the lower risk groups 
and over-estimation in the highest risk group. This ex-
plains why BRCA1 mutation probability prediction mod-
els can yield misleading and discordant results in some 
families, especially at the extremes of the probability 
scale  [15] .

  Conclusion and Perspectives

  Our study has the advantage of offering a ‘multimark-
er’ approach and hence the results do not depend only on 
the anti-BRCA1 protein antibodies but also on a group of 
markers with different targets that are associated in em-
bryogenesis or even oncogenesis.

  After the study of Young et al.  [44]  on the prevalence 
of BRCA1 gene mutation, a minority of BC patients re-
ported a positive reliable family history and in only 10% 
of cases where molecular biology analysis was done after 
the family history were the results positive for the muta-
tion. In accordance with that, we have to suggest another 
method more reliable than the family history as a clue for 
a positive predictive test of mutation.

  Immunostaining provides better sensitivity, specific-
ity, and positive predictive values than the family history 
in late onset as well as early onset patients.

  A few antibodies would allow a very interesting clini-
cal access to shortlist patients who would benefit straight 
away from a specific treatment in a more appropriate and 
more effective manner and to help their families with ear-
ly management.

  The phenotype we suggest will help the doctors in 
their decision of whether to use anti-PARP (poly ADP-
ribose polymerase), anthracyclins, cisplatin  [18] , or tax-
anes in first line treatment as we know that the mutated 
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and mutated-like phenotype tumors respond less to tax-
anes than the different chemotherapies already men-
tioned  [48] .

  PARP proteins – via the base excision-repair sys - 
tem – are a cornerstone of DNA’s single-strand break re-
pair. Inhibition of PARP leads to the accumulation of sin-
gle-strand breaks, with secondary double-strand breaks 
at the DNA-replication forks. Repair of double-strand 
breaks is performed by homologous recombination that 
is controlled by BRCA1 and BRCA2  [49]  Tumors with 
BRCA1/BRCA2 mutations are very sensitive to PARP in-
hibitors. When BRCA1 or BRCA2 is lost, PARP-I exposi-
tion leads to lethal DNA lesions and cellular death. This 
concept has been validated in clinical trials, with olapa-
rib in women with BRCA1- or BRCA2-mutated BC  [48] .

  Addition of the four antibodies (MS110, lys27H3, vi-
mentin, and KI67) to other routinely tested antibodies 
(RE, RP, Erbb2, and grade) to decide on genetic analysis 
for those tumors that comply with our equation will cost 
little but may help greatly.
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