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Immunohistochemical expression 
of BRCA1 and BRCA2 in a cohort of Ugandan 
men with prostate cancer: an analytical 
cross-sectional study
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Abstract 

Background: Mutation of the tumour suppressor genes BRCA1 and BRCA2 is thought to cause early development of 
prostate cancer which has poor prognosis. The purpose of this study was to determine the expression of BRCA1/2 and 
correlate it with clinicopathological factors for patients with prostate cancer in uganda.

Methods: Retrospectively, we used immunohistochemistry to evaluate the expression of BRCA1/2 antibodies in 
tissue blocks of 188 patients with prostate cancer who were diagnosed between January 2005 and December 2014 
in the Department of Pathology, Makerere College of Health Sciences. The Chi-Square test was used to determine the 
association of the categorical variables, whereas t-test was used to compare groups of mean of the variables in the 
study.

Results: Expression of BRCA1 and BRCA2 was found in 26.1% and 22.9% cases, respectively. Co-expression of BRCA1 
and BRCA2 was found in only 7.4%. Gleason score was associated with expression of BRCA1 and BRCA2 (P = 0.013, 
P = 0.041, respectively). Age was not associated with BRCA1 and BRCA2 expression; P = 0.543, P = 0.091, respectively. 
Likewise, PSA was not associated with BRCA1 and BRCA2 expression; P = 0.446, P = 0.399, respectively.

Conclusion: BRCA1 and BRCA2 proteins in this study were expressed more in cases with poorly differentiated pros-
tate cancer than in cases with either well or moderately differentiated prostate cancer. Co-expression of BRCA1 and 
BRCA2 proteins in the same patient in our study was 3 times less than either BRCA1 or BRCA2 alone.
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1  Background
The breast cancer susceptibility genes (BRCA1 and 
BRCA2) are cellular proteins involved in deoxynucleic 
acid (DNA) repair. They are normally expressed in the 
breast, ovaries, prostate and other tissues [1]. BRCA1 and 
BRCA2 help to repair damaged DNA or enhance apop-
tosis if DNA cannot be repaired [2]. They are involved 
in the repair of chromosomal damage with an important 

role in the error-free repair of DNA double-strand breaks 
[1, 3]. BRCA1/2 genes play a role in ensuring the stability 
of the  cell’s genetic material [2–4]. Men with BRCA1/2 
mutations have a higher risk of developing prostate can-
cer (PCa). Studies have shown that the risk of men to 
develop PCa in families with breast cancer is threefold as 
compared to the families without a history of breast can-
cer [5, 6].

Like other gene mutations, BRCA1 and BRCA2 muta-
tions are rare in the general population. In the USA, 
about 1 in 400 people have BRCA1/2 mutation [7, 8]. 
Prevalence  of BRCA1/2 varies by ethnic group. Peo-
ple of Ashkenazi Jews descent have a high prevalence of 
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BRCA1 and BRCA2 mutations than people in the general 
population globally. Other ethnic groups that have been 
reported to have a significant proportion of BRCA1 and 
BRCA2 mutations include the Norwegian, Dutch and 
Icelandic peoples [9].

Determination of BRCA1 and BRCA2 mutations 
among patients with PCa is crucial for prognostica-
tion and use of novel targeted therapy. Studies have 
shown that expression of BRCA1/2 in patients with 
PCa is associated with high Gleason score at diagno-
sis and the majority of them have poor prognosis [3, 4, 
9]. The expression of these proteins in patients with low 
and moderate tumour grade is usually low. Additionally, 
it has been reported that patients with PCa expressing 
BRCA1/2 have a high chance of having recurrence of 
the disease as well as poor biochemical progression-free 
survival (BCPFS) [10–12]. Where patients with PCa are 
diagnosed with high Gleason score, investigation of the 
expression of BRCA1/2 would be of paramount impor-
tance for determining prognosis of the patients. Uganda 
is one of the countries in Africa with high incidence of 
PCa and besides, the majority of patients in the country 
are diagnosed with high Gleason score (poorly differenti-
ated tumour). Yahaya et al. and Okuku et al. in two dif-
ferent studies reported 73.1% and 54.8% of patients with 
PCa in Uganda had Gleason score ≥ 8 [13, 14]. In other 
two studies done in Uganda by Yahaya, it was reported 
that 44.6% and 55.9% of the patients with PCa had Glea-
son score ≥ 8 [15, 16]. In all the four studies, none of them 
involved determining of expression of either BRCA1 or 
BRCA2 protein.

This study aimed at determining the prevalence of 
BRCA1 and BRCA2 proteins using immunohistochemi-
cal (IHC) technique in patients with PCa in Uganda. 
The second objective was to determine the association 
of the two proteins  expression with age, pre-treatment 
prostate-specific antigen (PSA) and Gleason score as 
the clinicopathological prognostic factors. To the best 
of our understanding, this is the first study to be done in 
Uganda for investigating the prevalence of expression of 
BRCA1/2. The findings of this study will be used as refer-
ence in justifying the need for evaluating these proteins 
in patients with PCa within the country so as to improve 
the clinical outcomes of the patients through the use of 
targeted therapy.

2  Methods
2.1  Study design and setting
This was a cross-sectional analytical laboratory-based 
study. The study was conducted in the Department 
of Pathology at Makerere College of Health Sciences 
(MakCHS), Kampala, Uganda. The laboratory serves the 

roles of teaching, research and offers diagnostic as well 
as autopsy services for the whole country and the neigh-
bouring countries such as Rwanda, Democratic Repub-
lic of Congo, Kenya and South Sudan. The Department 
receives and processes an average of 8,000 tissue biopsies 
per year.

2.2  Patients’ information
The patients included in this study were diagnosed with 
prostate cancer on histological basis from January 2005 
to December 2014. The laboratory request forms and 
information from the medical records regarding the 
clinical history of the patients were used to identify the 
required cases for the study. Abstraction of data on age 
of the patients at diagnosis and prostate-specific antigen 
(PSA) levels at diagnosis was done from medical records 
and supplemented with laboratory request forms.

2.3  Sampling procedure
All the available formalin-fixed paraffin-embedded 
(FFPE) tissue blocks from the patients that met the inclu-
sion criteria were selected and included in the study. 
The inclusion criteria were all cases with complete clini-
cal information, all cases with a histopathological diag-
nosis and all cases with FFPE tissue blocks which had 
enough tissue. On the other hand, the exclusion criteria 
were all cases whose FFPE were spoilt by insects and all 
cases with inadequate tissue materials in the FFPE tissue 
blocks. Accession laboratory numbers found on the labo-
ratory requisition forms were used to retrieve the FFPE 
tissue blocks. For a period of 10 years, from 2005 to 2014, 
a total of 215 patients with prostate cancer were histolog-
ically diagnosed. However, 12.6% (n = 27) of them were 
excluded from the study after failing to meet the inclu-
sion criteria set for the study. We conducted a standard-
ized histopathologic review for Gleason score. Gleason 
score was obtained after re-examination of the cases 
using haematoxylin- and eosin-stained tissue sections. 
Gleason scores of the prostate tumours were categorized 
into ≤ 7 and ≥ 8 subgroups. This cut-off was chosen based 
on clinical experience and prior literature, suggesting 
that clinical outcome for Gleason score ≤ 7 PCa differs 
significantly to that for Gleason score ≥ 8 PCa. The FFPE 
tissue blocks were of different types of biopsies includ-
ing retropubic radical prostatectomy (RRP), transurethral 
resection of prostate (TURP) and needle core biopsies.

2.4  Immunohistochemical staining for BRCA1 and BRCA2 
proteins

Immunohistochemical (IHC) staining was performed 
in all the 188 selected cases using the FFPE tissue 
blocks which were cut using a microtome (4 microns) 
and mounted onto charged slides (Starfrost) and dried 
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overnight at 38 0C. The sections were deparaffinized in 
two changes of xylene for 5  min each. Hydration was 
done in two changes of 100% ethanol for 3  min each, 
95% and 80% ethanol for 1 min each. Then, the sections 
were rinsed in distilled water. The sections were placed in 
0.01 M tris buffer solution (TBS), pH 6.0 antigen retrieval 
solution until temperature reached 95 0C for 2 min. The 
sections were rinsed in phosphate buffer solution (PBS). 
Endogenous peroxidase blocking was performed by plac-
ing the sections in 3% of  H2O2 for 30 min. Incubation of 
the sections with BRCA1 (polyclonal MS110, Abcam, 
USA) and BRCA2 (polyclonal ab27976, Abcam, USA) 
antibodies simultaneously at dilution of 1:10 overnight at 
4 0C was done.

The sections were rinsed in PBS for 4  min. Then, the 
sections were stained with DAB chromogen (Envision 
Flex, Dako, Denmark) followed by counterstaining with 
haematoxylin. The positive control was tissue from inva-
sive ductal carcinoma of the breast, whereas negative 
control was tissue of the hippocampal part of the human 
brain. BRCA1 and BRCA2 status was considered positive 
when tumour cells stained golden brown. The positive 
results were reported based on intensity of staining and 
percentage of tumour cells. Scores for intensity ranged 
from 0 – 3. Then, we multiplied the percentage of tumour 
cells with the intensity in order to obtain the immunore-
active score which ranged from 0 to 12.

The immunoreactive scores were as follows: 0: negative, 
1–3: weakly positive, 4–6: moderately positive and 8–12: 
strongly positive [17]. Both the histological and IHC 
stained tissue slides were examined by two independent 
expert pathologists who were blinded of the clinical char-
acteristics of the patients.

2.5  Data analysis
Data collected were cross-checked and edited for any 
errors, coded and entered into the computer using Epi 
Data version 3.2. Then, they were exported into STATA 
version 16.0 for analysis. We evaluated the association 
of BRCA1 and BRCA2 expression based on immuno-
histochemistry with age of the patients, pre-treatment 
PSA level and Gleason score. Continuous variables (age 
and PSA were summarized in mean ± standard deviation 
(SD). Student’s t-test was used to determine the associa-
tion of age of the patients at diagnosis and PSA with posi-
tivity of BRCA1 and BRCA2. Pearson’s chi-square test 
was used to determine the association between Gleason 
score and the expression of BRCA1 and BRCA2. A two 
tailed P value < 0.05 at 95% confidence interval was con-
sidered for statistical significance.

3  Results
3.1  Patients’ Characteristics
The mean age ± SD of the patients was 71.4 ± 9.92 years. 
Most of the patients 41% (n = 77) had age ranging 
between 70 and 79 years. A very few patients 2.7% (n = 5) 
had age < 50 years (Fig. 1). The mean ± (SD) for pre-treat-
ment PSA level was 434.06 ± 625.81 ng/mL. Most of the 
patients 49.5% (n = 93) had PSA level ranging from 20 
to 100 ng/mL and only 1% (n = 2) of all the patients had 
PSA level < 10 ng/mL (Fig. 2). The majority of the patients 
82.4% (n = 155) had high Gleason score (≥ 8) and the 
remaining 17.6% (n = 33) had Gleason score ≤ 7.

3.2  Prevalence of BRCA1 and BRCA2 
Immunohistochemical Expression

The expression of BRCA1, BRCA2 and co-expression of 
BRCA1, and BRCA2 was 26.1% (n = 49), 22.9% (n = 43) 
and 7.4% (n = 14), respectively (Fig.  3). Our findings in 
this study show that BRCA1 protein was expressed rela-
tively more than BRCA2 proteins and even higher than 
the co-expression of BRCA1 and BRCA2. The striking 
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finding in this study was that, of the PCa cases express-
ing BRCA proteins, there were fewer cases that could co-
express BRCA1 and BRCA2. Both BRCA1 and BRCA2 

antibodies were showing both cytoplasmic and nuclear 
staining characteristics (Fig. 4a and b).

We determined the association of age of the patients, 
pre-treatment PSA and Gleason score with the IHC 
expression of BRCA1, BRCA2 and co-expression of 
BRCA1 and BRCA2. The mean age of the patients 
whose specimens were expressing BRCA1 was slightly 
higher than the mean age in patients whose specimens 
were not expressing BRCA1 antibody (72.6  years ver-
sus 70.6 years). However, the difference of expression of 
BRCA1 protein between the specimens of the patients 
expressing the antibody and those without expressing it 
was not statistically significant (P = 0.543) (Table 1). 

Patients expressing BCRA1 in this study had a mean 
pre-treatment PSA higher than that in patients whose 
specimens were not expressing the antibody (449.8 ver-
sus 389.4 ng/mL). Although there was a difference for the 
mean PSA between the two groups compared, however, 
the difference was not statistically significant (P = 0.446). 
Tumour differentiation which is frequently determined 
by using Gleason score in this study was associating 
with the expression of BRCA1 antibody. The positivity 
of the specimens for the patients with Gleason score ≥ 8 
(poorly differentiated PCa) was markedly higher than 
the positivity in the specimens of the patients with Glea-
son score ≤ 7 (well to moderately differentiated PCa) (42 
cases versus 7 cases). The difference in positivity between 
well-moderately and poorly differentiated cases was sta-
tistically significant (P = 0.013).

Regarding positivity of BRCA2 antibody in this study, 
it was found that the median age of the patients express-
ing the antibody was slightly higher than that in the 
patients not expressing BRCA2 protein (74 years versus 
71  years). The association between age and the expres-
sion of BRCA2 antibody was not statistically significant 
(P = 0.091) (Table  2). The median PSA among patients 
expressing BRCA2 antibody in this study was relatively 
lower than the median PSA in whom the specimens were 
not expressing the antibody (363.2 versus 455.1 ng/mL). 
The association between PSA and BRCA2 expression 
was not statistically significant (P = 0.399). Gleason score 
was associated with the expression of BRCA2 antibody in 
this study (P = 0.041). There were quite many specimens 
expressing BRCA2 in patients with poorly differentiated 
PCa (Gleason score ≥ 8) as compared to the positivity of 
specimens with well to moderately differentiated PCA 
(Gleason score ≤ 7) (3 cases versus 40 cases).

Table 3 shows the association between age, PSA Glea-
son score and the co-expression of BRCA1 and BRCA2. 
The co-expression of the two antibodies was not asso-
ciated with age of the patients at diagnosis (P = 0.845) 
regardless of the slight difference of the median age 
between the two groups (71.9  years versus 72.3  years). 
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Fig. 4 a BRCA1 expression in a case with Gleason score 10 (5 + 5). 
BRCA1 antibody shows both strong nuclear and cytoplasmic 
staining (IHC, × 100). b BRCA2 expression in a case with Gleason 
score 9 (5 + 4). BRCA2 has strong nuclear staining and foci with weak 
cytoplasmic staining (IHC, × 100)
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Also the mean PSA in the specimens of patients in whom 
there was no co-expression of BRCA1 and BRCA2 was 
found to be relatively higher than that of the specimens 
of the patients showing co-expression of both BRCA1 
and BRCA2 (447.4  ng/mL versus 268.3  ng/mL) and the 
association was not statistically significant (P = 0.304). 

Likewise, tumour grade was found to be not associated 
with co-expression of BRCA1 and BRCA2 antibodies 
(P = 0.733) despite that there was a noticeable difference 
in co-expression between cases with poorly differenti-
ated tumour (Gleason score ≥ 8) and those with well to 
moderately tumour (Gleason score ≤ 7) (12 cases versus 
2 cases).

Table 1 Association of BRCA1 with age, PSA and Gleason score

† Student’s t-test, * Pearson’s chi-square test

PSA Prostate-specific antigen, BRCA1 breast cancer antigen 1, CI confidence interval, SD standard deviation, P P value

Variables BRCA1 status P

Positive Negative 95% CI

Number: n (%) 49 (26.1) 139 (73.9)

Age (years): mean (SD) 72.6 (10.410) 70.6 (8.445) −4.264–2.252 0.543†

PSA (ng/mL): mean (SD) 449.8 (628.02) 389.4 (623.780 −265.930–145.338 0.446†

Gleason score, n (%)

 ≤ 7 7 (21.2) 26 (78.8) 1.293–3.703 0.013*

 ≥ 8 42 (27.1) 113 (72.9)

Table 2 Association of BRCA2 with age, PSA and Gleason score

PSA Prostate-specific antigen, BRCA2 breast cancer antigen 2, CI confidence interval, SD standard deviation, P P value
† Student’s t-test, * Pearson’s chi-square test

Variables BRCA2 status P

Positive Negative 95% CI

Number: n (%) 43 (22.9) 145 (77.1)

Age (Years): mean (SD) 74.6 (10.27) 71.7 (9.76) −0.468–6.298 0.091†

PSA (ng/mL): mean (SD) 363.2 (575.10) 455.1 (640.46) −306.419–122.674 0.399†

Gleason score, n (%)

 ≤ 7 3 (9.1) 30 (90.9) 0.083–0.994 0.041*

 ≥ 8 40 (25.8) 115 (74.2)

Table 3 Association of co-expression of BRCA1 and BRCA2 with age, PSA and Gleason score

PSA Prostate-specific antigen, BRCA  breast cancer antigen, CI confidence interval, SD standard deviation, P P value
† Student’s t-test, * Pearson’s chi-square test

Variables Co-expression of BRCA1 and BRCA2 P

Positive Negative 95% CI

Number: n (%) 14 (7.4) 174 (92.6)

Age (years): mean (SD) 71.9 (7.78) 72.3 (10.09) −4.912–5.994 0.845†

PSA (ng/mL): mean (SD) 268.3 (520.18) 447.4 (632.93) −522.020–163.827 0.304†

Gleason score, n (%)

 ≤ 7 2 (7.4) 25 (92.6) 0.164–3.610 0.733*

 ≥ 8 12(12.4) 85 (87.6)
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4  Discussion
Immunohistochemical detection of BRCA1 and BRCA2 
proteins in patients with PCa is easy and cost-effective for 
countries where molecular testing is still a challenge. In 
this study, we made a hypothesis that association of these 
gene proteins which are among the key genes mutated in 
the process of developing of PCa with clinicopathologi-
cal prognostic factors such as Gleason score, age and PSA 
among others may help to determine the prognosis of the 
disease.

The prevalence of expression of BRCA1 protein in this 
study was 26.1%. This was higher than 15% and 1.7% that 
were reported in the USA and Israel, respectively [17, 
18]. The low prevalence of 1.7% for expression of BRCA1 
which was reported by Giusti among the Ashkenazi 
patients with PCa in Israel could have been attributed 
to a number of factors including different methods of 
detection between the two studies, low level of hereditary 
type of PCa among the Ashkenazi men and also the dif-
ference in aggressiveness of the disease for the two races. 
All these factors might have contributed greatly to the 
difference in expression of BRCA1 protein. Moreover, 
the study which was done in the USA used monoclonal 
BRCA1 antibody compared to polyclonal BRCA1 anti-
body that was used in the current study. Therefore, the 
difference in specificity between the two different types 
of antibodies used for the two studies could be the reason 
for the difference in the expression of the antibody for 
the studies. The difference in clonality of the antibodies 
between the two studies greatly resulted to the substan-
tial difference in expression.

In 2011, Rabiau et  al. reported the prevalence of 
expression of BRCA1 protein detected by means of IHC 
as 22.4% which is lower than 26.1% was found in this 
study [19]. The large percentage of patients with high 
Gleason score in our study compared to the small per-
centage of patients with high Gleason score in their study 
contributed for the difference in expression of the anti-
body between the two studies. This is because studies 
have shown that poorly differentiated PCa is associated 
with high expression of BRCA1 protein [20]. Also the 
subjectivity in interpretation of the positivity of the anti-
body may have led to the existing difference in the level 
of expression.

The prevalence of expression of BRCA2 tumour sup-
pressor gene in patients with PCa is lower than BRCA1 
[21, 22]. Detection of both BRCA1/2 proteins by means 
of IHC gives a high prevalence of expression compared 
to detection by using molecular tests such as real time-
quantitative polymerase chain reaction (RT-qPCR) which 
are more specific as it was reported in the studies in the 
USA and Israel. These two previous studies used RT-
qPCR test to determine the prevalence of mutation of 

BRCA2 whereby 15% and 1.7% were reported, respec-
tively [17, 18]. At different occasions, Stephen et al. and 
Tryggvadottir et al. reported 2.3% and 5.7%, respectively 
[23, 24].

In the study of Tryggvi et al., it was reported that the 
prevalence of expression of BRCA2 in the controls was 
25% slightly higher than 22.9% that was found in our 
study and 38% in the cases, also higher than the preva-
lence in our study [25]. The difference in prevalence 
could have resulted from the two reasons: the first reason 
is the difference in the methodology. The previous study 
employed use of tissue microarray (TMA) technique, 
which by far, provides high positivity rate of the marker 
based on the reason that selection of the tissue areas to 
be stained is optimal. The second reason is that the previ-
ous study used the antibody for C-and N-terminal of the 
BRCA2 protein. These give more positivity compared to 
the approach used in the current study. The heterogene-
ous nature of the expression of these tumour suppressor 
genes has also reported to contribute greatly to the differ-
ence in prevalence of expression for the different studies 
done [19, 25].

In our study, we analysed the association of BRCA1 
and BRCA2 proteins expression with age of the patients 
at diagnosis, pre-treatment PSA and Gleason score as 
the clinicopathological prognostic factors in our study. 
Besides, we went further and did analysis of the co-
expression of the two antibodies with the prognostic 
factors. We considered a case to have co-expression of 
BRCA1 and BRCA2 if it could stain for both proteins 
simultaneously.

Regarding the association of BRCA1/2 protein based 
on IHC detection method, the results seem to be con-
tradicting. Edwards et  al. reported that BRCA2 protein 
expression was higher in cases aged ≤ 65  years, but the 
difference was not statistically significant (P = 0.08) [23]. 
This is contrary to what was found in the present study 
where cases expressing BRCA2 had higher median age 
than those not expressing the protein (74  years versus 
71  years) and the difference was not statistically signifi-
cant (P = 0.091) but is in agreement with the observation 
in the study conducted by Kirchhoff et  al. [26]. In their 
study, it was reported that presence of BRCA2 expression 
was higher in old patients compared to younger patients.

Among the possible reasons that can explain these con-
tradicting results, it is the difference of the age of onset 
of the diseases for the different races. In a study done on 
the African population, it was found that PCa cases in 
Africa present approximately a decade earlier than it is 
the case in western countries [27]. In the present study, 
it was observed that only few cases (< 20%) were aged less 
than 64 years. Therefore, this could have attributed to the 
lack of association between BRCA2 expression and age 
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of the patients at diagnosis. This shows that there was no 
significantly increased risk for early onset prostate cancer 
in BRCA1 expression. Besides, the small proportion of 
patients with early onset of PCa in this study could also 
be due to lack of screening programmes in the country 
[14, 15]. This causes delayed detection of the diseases 
reflected by the small percent of cases with early onset of 
the disease in the present study.

PSA has been studied extensively as one of the clinical 
biomarkers that can predict the clinical outcomes of the 
patients with PCa [28, 29]. However, its ability to predict 
aggressiveness and progression of the disease is contro-
versial due to the fact that there are many conditions 
which may cause rising of its level. Neil et  al. reported 
that rising of PSA before diagnosis of PCa is associated 
with poor clinical outcomes. Additionally, they reported 
that short doubling time of PSA among patients with PCa 
is associated with biochemical recurrence and even poor 
prognosis [30, 31]. In settings where screening of PCa is 
not routinely done, patients are usually diagnosed with 
very high PSA level. This is one of the factors explain-
ing the poor outcomes of patients with PCa in settings 
where screening is not a routine practice where Uganda 
is included [14, 15].

Fiorentino et  al. reported the association of BRCA1 
expression with PSA. Patients with BRCA1-positive had 
median PSA level of 27.0  ng/mL) higher than median 
PSA level of 10.2 ng/mL) in patients who were BRCA1-
negative and the difference was statistically significant 
(P = 0.0056) [17]. This finding is different from our find-
ing which showed that although there was higher median 
PSA in BRCA1-positive cases compared to BRCA1-neg-
ative cases (449.8  ng/mL versus 389.4  ng/mL), but the 
difference was not statistically significant (P = 0.446). The 
difference could have been due to the fact that most our 
cases had high PSA level unlike the patients in the previ-
ous study.

When we analysed the association between BRCA2 
protein expression and the PSA level, we found that the 
median PSA level for BRCA2-negative cases was higher 
than the BRCA2-positive cases (455.1  ng/mL versus 
363.2  ng/mL). This was a converse trend of the level of 
PSA in terms of progression of the disease, and the dif-
ference was not statistically significant (P = 0.399). This 
finding is similar to the finding in the study of Thorne 
et  al. which also reported that there was no association 
between PSA and BRCA2 protein expression in patients 
with PCa (P = 0.006) although BRCA2-positive cases had 
higher median PSA than BRCA2-negative cases (56.2 ng/
mL versus 100 ng/mL) [32]. In another study of Gallager 
et al., it was found that there was no association between 
PSA and BRCA2 mutation in patients with BRCA2 

wild-type (P = 0.99) and those with BRCA2 mutant gene 
and both groups had the same median PSA of 7 ng/mL 
[3].

There was a significant statistical difference between 
BRCA-positive with Gleason score ≤ 7 and BRCA-posi-
tive cases with Gleason score ≥ 8 (P = 0.013). There were 
many BRCA1-positive with Gleason score score ≥ 8 than 
BRCA1-positive cases with Gleason score ≤ 7 (42 cases 
versus 7 cases). This was similar to the finding reported in 
the study of Fiorentino et al. who reported that BRCA1-
positivity was associated with Gleason score (P = 0.004). 
They found that cases with Gleason score 8–10 were 21 
compared to Gleason score 4–6, 3 + 4 = 7 and 4 + 3 = 7 
which comprised 10, 19 and 10 BRCA1-positive cases, 
respectively [17].

The high Gleason score for BRCA1 and BRCA2 posi-
tive cases found in the current study was also consistently 
observed in Castro’s study which indicated aggressive 
form of prostate cancer for both BRCA1 and BRCA2 
with poor clinical outcome [33]. The association of 
BRCA2 protein expression with Gleason score in this 
study was also in agreement with the findings in the stud-
ies of Tryggvadottir et  al. (P = 0.001) and Rabiau et  al. 
(P < 0.012) [19, 24]. Moreover, it has been reported that 
PCa patients containing BRCA1/2 gene are more likely to 
have poor survival, recurrence and metastasis [4, 9].

This association could be explained by the fact that 
PCa with BRCA mutations have abnormal epithelial cells 
with high proliferative rate and extensive genetic instabil-
ity which eventually could lead to inefficient DNA repair 
mechanisms. For example, Fiorentino et al. reported that 
BRCA1 may help to induce cell cycle arrest to allow for 
DNA repair [17]. However, some studies have reported 
the contradicting results. Edwards et  al. reported that 
there was no association between BRCA2 status and 
grade of prostate cancer (P = 0.071) [10]. The findings 
obtained from this study particularly the association 
of Gleason score with BRCA1/2 using IHC detection 
method should pave for the need of having studies that 
involve large sample size as well as controls in countries 
where testing for mutations is challenging due to a num-
ber of factors including financial constraints and lack of 
enough and competent trained individuals to run the 
tests.

4.1  Limitations of the study
Because of using retrospective data, we were not able to 
obtain data on lymph node metastasis and other distant 
organs which lead to failure to run association of such 
important prognostic factors and expression of BRCA1/2 
genes. Another limitation of our study was inability to 
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perform molecular testing of mutation of the two genes 
due to financial constraints.

5  Conclusions
BRCA1 protein was expressed more than BRCA2 pro-
tein in this study. Co-expression of both BRCA1 and 
BRCA2 was seen in few cases compared to expres-
sion of either BRCA1 or BRCA2. Expression of BRCA1 
and BRCA2 was higher in cases with poorly differen-
tiated PCa (Gleason score ≥ 8) than in cases with well 
and moderately differentiated PCa (Gleason score ≤ 7). 
Gleason score was associated with BRCA1 and BRCA2 
protein expression (P = 0.013, P = 0.041, respectively).

Expression of both BRCA1 and BRCA2 in the same 
case was found to have significantly lower proportion 
than expression of one of the two proteins. This may be 
hypothesized that mutation of both BRCA1 and BRCA2 
in the same case rarely occurs. This needs a large-scale 
study in the future which has to include other refined 
methods of detecting presence of mutation of the pro-
teins such as detection of the mutation and amplification 
methods. This would greatly help in the process of deter-
mining prognosis of the patients using molecular mark-
ers which may be used for targeted therapy as well. This 
will help to improve the survival of patients significantly.
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