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Abstract

Role of BRCA1 and PARP1 has been studied by immunohistochemistry in a cohort of ovarian cancers. Their
expression has been related to overall survival and disease free disease.

Objective: To investigate the clinical outcome of an heterogeneous population of ovarian cancers as respect to
immunohistochemical expression of BRCA1 and PARP1 in order to identify a histological threshold for positivity and
negativity and to predict possible candidates to anti-PARP therapy.

Material and methods: 97 cases of ovarian cancers were collected in a multicentre study and
immunohistochemically tested for BRCA1 and PARP1. The immunohistochemical expression of BRCA1 and PARP1
was studied on formalin-fixed and paraffin-embedded samples. Overall survival and disease free survival were
evaluated. Statistical analysis was performed including cancers of all types and a subgroup of high grade serous
carcinoma that represents the predominant histotype.

Results: A possible threshold to discriminate positive and negative cases has been proposed. BRCA1 and
PARP1 immunohistochemical expression did not significantly correlate with overall survival. The evaluation of
survival for the combinations of BRCA1+/-, PARP1+/- showed a longer patient survival when the positivity and
negativity were in contrast compared to when they were in agreement.

Conclusions: Although BRCA1 and PARP1 expression do not appear to be correlated with overall survival,
further investigation and follow-up together with a larger number of cases could clarify the function; the standardised
immunohistochemical method could better select the patient group sensitive to PARP1 inhibitors.
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Introduction
One of the new frontiers in the medical treatment of tumours is that

of the biomarker as it enables the neoplasia’s personal profile to be
defined which then can be linked with a corresponding suitable
targeted therapy, preferably having a high likelihood of success.

At the same time, discoveries in human genetics have allowed the
identification of those germinal mutations that are family risk factors
for some neoplasia. Among these, BRCA1/2 mutations are risk factors
not only for the breast but also for the ovary, the colon and several
other tumours. Somatic mutations of BRCA1/2 can also occur in
tumour tissues, that is mutations during cancerogenesis.

Recently an interaction has been observed between BRCA1/2
mutation and the expression of PARP1, a molecule which is important
in the maintenance of DNA integrity [1]. Consequently, PARP
inhibitors have begun to be utilised in ovarian tumour therapy, initially

as part of a combination treatment and then as mono-therapy, with
success in patients with mutated BRCA.

In 2005, two important studies stimulated interest in PARP targeted
strategies showing that the inactivation of PARP1 is synthetically lethal
with a BRCA1/2 deficiency, both in vitro and in vivo [2,3].

The first real evidence of the clinical benefit of PARP1 inhibition as
the only active agency was given by Fong et al., who conducted a study
with olaparib (a powerful PARP inhibitor in vitro) in patients with an
advanced ovarian, breast or prostate cancer, with antitumor activity
exclusively in the presence of BRCA1/2 germinal mutation [4,5]. These
results were subsequently confirmed in a larger group of BRCA
mutated ovarian cancer patients [6] and in phase II clinical studies
[7,8]. Ulterior studies with olaparib and other PARP1 inhibitors in
monotherapy have been carried out with results that are largely
(though not uniformly) promising, especially in ovarian cancer [9,10].

In 2004, Ashworth introduced the concept of BRCAness and
included some sporadic tumours with clinical and biological
characteristics similar to those of germinal mutated BRCA tumours
[11]. The fact that the depletion of homologous recombination (HR)
repair components different from BRCA1/2 (such as the complex
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MRN, RAD51, ATR, ATM, e FANCC) creates a synthetic lethality with
PARP1 inhibition is evidence, independently of the genetic lesion, for
the expansion of the group of patients with a right to treatment by
PARP1 inhibitors [12,13].

Recently, interest has mainly been concentrated on the loss of PTEN
as a determining factor for the characteristics of BRCA-like tumours
which show susceptibility to PARP1 inhibitors and agents harmful to
DNA [14,15]. However, these observations remain controversial
[16-18].

These developments have however taken place with little
understanding of the pharmacological mechanisms involved and above
all with no assessment of the mechanisms of pre-selection of those
women candidates for anti-Parp treatment.

The belief that high-grade ovarian cancer are to be considered as
homologous to triple negative breast cancer [1] has no basis in reality
in that approximately 2/3 of ovarian tumours have oestrogen receptors
[19] and anti-PARP treatment in breast cancer was less effective than
in ovarian cancer.

Since there is very little information on the possibility of
immunohistochemically documenting the expression of BRCA and
PARP, we decided to undertake a multicentre study to test the
possibility of defining the expression of the two proteins, assess the
characteristics of the patients involved and eventually draw operating
conclusions for a treatment plan.

Methods

Patients recruitment
A cohort of 111 patients with ovarian cancer was recruited,

diagnosed at the Department of Pathology at University of Bari (I) (77
patients) and at Pathology Division, Catholic University of Rome (I)
(34 patients) between the years of 2010 to 2016. The study was
approved by the Independent Ethics Committee of the Policlinico-
Hospital, Bari, Italy (accession number 556, April 15-2016). Patients
were included on the basis of histological diagnosis of ovarian cancer,
availability of adequate tissue blocks and clinical follow-up. All
patients underwent a hysterectomy with or without lymphadenectomy
and peritoneal biopsy.

Immunohistochemical analysis
Paraffin sections were cut at 3-µm thick, then deparaffinised and

placed in a citrate buffer at 70°C. Mouse monoclonal BRCA1 antibody
(1:150 dilution, clone MS110, Abcam) and polyclonal PARP1 antibody
(1:500 dilution, Thermoscientific) were used in an automated
immunostainer (DAKO® AUTOSTAINER LINK 48). The epitope
unmasking was carried out using a citrate buffer solution at pH 6.1 for
15 minutes at 97°C, followed by 10 minutes of buffer washing at 70°C
in a solution of 0.05 mol/L Tris/HCl, 0.15 mol/L NaCl, 0.05% Tween
20, pH 7.6. Staining was done automatically with the EnVision FLEX
kit.

Peroxidase Blocking Reagent from DAKO® is utilised for 5 minutes,
the slides are then immersed in a buffer wash and incubation is carried
out with the primary antibody for 20 minutes. Amplification of
BRCA1 only is carried out with the reagent FLEX+ Mouse (DAKO®).

Both antibodies are again buffer washed and the secondary
antibody (HRP) is released for 20 minutes. This unique

immunochemistry based on dextran polymer technology permits
binding of a large number of enzyme molecules, horseradish
peroxidase, to a secondary antibody via the dextran backbone. The
benefits are many, including increased sensitivity, minimized non-
specific background staining and a reduction in the total number of
assay steps as compared to conventional techniques. The technique
allows the binding of a maximum of 100 molecules of HRP with a
maximum of 20 molecules of primary antibody for each chain.

After further buffer washing, the chromogen (a solution of
diaminobenzidine) is added for 10 minutes, revealing the Ag/Ab
reaction through an intense brown staining.

After another buffer wash, counterstaining with Haematoxylin for
10 minutes reveals the clear blue staining of the nucleus.

Positive control was a slide of a high grade serous ovarian cancer
positive in patients with a known BRCA mutation, while the negative
control was the analysis without the primary antibody.

Only a nuclear immunopositivity was considered. A cytoplasmic
positivity for both proteins, occasionally observed, was not considered.
All specimens were evaluated by two blinded observers and any
disagreements were later consensually resolved in re-examination.
According to Domagala et al. [20], a semiquantitative analysis was
performed based on the combination of immunohistochemical
staining intensity and the percentage of positive cells observed in 10
fields at 200 magnifications.

Staining intensity was measured on a 0-3 scale as follows: Score 0:
no staining; Score 1: weak staining; Score 2: moderate staining; Score 3:
strong staining.

The percentage of positive cells was transformed into a 0-4 scale.
Score 0: no staining; Score 1: 1-10% of positive cells; Score 2: 11-50% of
positive cells; Score 3: 51-80% of positive cells; Score 4: 81-100% of
positive cells (Figures 1A and 1B).

For each case, the two score were multiplied, and the median used
as a threshold value: 10.4 for BRCA1 and 8.4 for PARP1 respectively.

This threshold value was chosen as there is no previous study in the
literature on the immunohistochemical expression of the two proteins
in ovarian cancers and therefore there is no known sensitivity
threshold to separate positive and negative cases. To be able to separate
them we preferred to consider as positive those cases with tumours
with an expression result higher than the median value, and as negative
those equal to or less than this value.

Statistical analysis
Statistical analysis was performed with the MedCalc version 16.4.3

(Acacialaan 22 8400 Ostend, Belgium).

For the correlations of BRCA1 and PARP1 with the other clinico-
pathological features, the Pearson’s χ2 test was utilised. Survival curve
were constructed using the Kaplan-Meier methods. The difference in
survival estimator was assessed by the Log-rank test. Analysis of
variance (ANOVA) was carried out using Cox regression test. P<0.05
was considered statistically significant.
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Figure 1: A) HGSC: Diffuse and intense nuclear immunopositivity
for BRCA1 (anti-BRCA1, 200 X original magnification) and B)
PARP1 (anti-PARP1, 200 X original magnification).

Results
In Table 1 are detailed the clinic-pathologic data of patients enrolled

for the study. Tables 2 and 3 show the relationship between expression
of BRCA1/PARP1 and clinic-pathological features.

Count (%)

Age, mean (range) 55, 8 [31-83]

≤ 55, 8 60 (54)

>55, 8 51 (46)

Histology

High grade seous (HGSC) 69 (62)

Low grade serous (LGSC) 6 (5)

Mucinous (MC) 5 (5)

Clear cell (CCC) 18 (16)

Endometrioid (EC) 13 (12)

FIGO staging

I 34 (31)

II 17 (15)

III 59 (53)

IV 1 (1)

Follow-up

survivors 69 (62)

died 28 (25)

Lost to follow-up 14 (13)

Survival (months) 40 [0-145]

≤ 40 50 (45)

>40 47 (42)

Lost to follow-up 14 (13)

Sum 111

Table 1: Clinico-pathological data of the patients involved in the
study.

Figure 2: A) Distribution of PARP1 expression respect to BRCA1-
and BRCA1+ groups and B) BRCA1 expression respect to PARP1-
and PARP1+ groups.

BRCA1 was statistically significant (p=0.036) in older patients
(age>55 years) and in high grade serous ovarian cancer (p=0.0001).
Also PARP1 was a statistically significant in high grade serous ovarian
cancer (p=0.0001).

 

BRCA1
negative (n=58)

BRCA1
positive (n=53) p

N° patients % N° patients %

Age     0.0358

≤ 55, 8 37 0.64 23 0.43  

>55, 8 21 0.36 30 0.57  

Histology     
<0.000
1

HGSC 18 0.31 51 0.96  

LGSC 4 0.07 2 0.04  

MC 5 0.09 0 0  

CCC 18 0.31 0 0  

EC 13 0.22 0 0  

PARP1     
<0.000
1

negative 47 0.81 9 0.17  

positive 11 0.19 44 0.83  

Table 2: Relationship between BRCA1 expression and clinico-
pathologic data.

Figure 2 shows the distribution of BRCA1 (BRCA1-positivity and
BRCA1-negativity) and PARP1 (positive/negative) immunoexpression
according to ANOVA test.
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Figure 3: Kaplan-Meier curves compare the overall survival among
ovarian cancer with BRCA and PARP positivity in all cases (A and
B respectively). In HGSC, patients with high expression of BRCA
and PARP had a shorter survival (C and D respectively).

Patients survival was available for 97 of 111 cases and in particular
for 62 high grade serous carcinomas; survival progressively
deteriorated from BRCA1-postitive (51 cases) and PARP1-positive (55
cases) for all cases (p=0.29 and p=0.61 respectively) and for high grade
serous cancers (p=0.98 and p=0.84) (Figures 3A-3D).

Patients with either BRCA1- and PARP1+ or BRCA1+ and PARP1-
have a longer survival rate than those patients where both markers are
either positive or negative (Figure 4).

 
PARP1
negative (n=56)

PARP1
positive (n=55) p

 N° patients % N° patients %

Age     0.0744

≤ 55,8 35 0.63 25 0.45  

>55,8 21 0.38 30 0.55  

Histology     <0.0001

HGSC 20 0.36 49 0.89  

LGSC 5 0.09 1 0.02  

MC 3 0.05 2 0.04  

CCC 16 0.29 2 0.04  

EC 12 0.21 1 0.02  

BRCA1     <0.0001

negative 47 0.84 11 0.2  

positive 9 0.16 44 0.8  

Table 3: Relationship between PARP1 expression and clinico-
pathologic data.

Figure 4: Patients (62 cases) affected by HGSC with different
expression of BRCA1 and PARP1. Overall survival is better in cases
with BRCA-/PARP+ and BRCA+/PARP-.

Figure 5: Kaplan-Meier curves compare the probability for disease
free survival in BRCA1 and PARP1 for all positive cases (A and B)
and for HGSC (C and D). Patients with high expression of BRCA1
and PARP1 have a high risk of disease progression and death.

Disease free survival was detected in 49 cancers; it was significantly
longer in patients with a low immunohistochemical expression of
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either BRCA1 (23 cases) or PARP1(21 cases) (p=0.048 and p=0.012)
(Figures 5A and 5B). Disease free survival was available for 34 high
grade serous carcinomas; differences of disease free survival between
positive and negative cases for both BRCA1 and PARP1 were not
significant (p=0.81 and p=0.3 respectively) (Figures 5C and 5D and
Table 3).

Discussion
However, one looks at the entire population of women suffering

from ovarian cancer, the percentage of patients with BAP1-germinal
mutation is markedly low, not exceeding 20% of those affected by high
grade serous cancer [21]. Again, occur add to these those patients with
BRCA1/2 somatic mutations and again other patients that do not have
genetically demonstrable mutations but present a neoplasia with
BRCAness that is mutation of the genes involved in DNA (HR) repair
mechanisms.

It is widely accepted that there is a correlation between BRCA1/2
mutation and the predisposition for the onset of breast and ovarian
cancer. During the lifetime, this predisposition has a 44-60% of chance
of develops an ovarian cancer.

The success of PARP1 inhibitors in ovarian tumours, better than in
breast tumours, would imply that there is a strong link in the activity in
the cell cycle of the contemporary mutation of BRCA and the hyper-
expression of PARP1 (synthetic lethality) [2,3].

However, there are no studies as yet capable of assessing the
candidature of patients to anti-PARP treatment through an analysis of
BRCA1 germinal mutation and PARP1 hyper-expression.
Immunohistochemical analysis, similar to that done in breast cancer,
can help to identify patients in whom anti-PARP medication could be
more effective. It is known that immunohistochemical analysis of the
protein PARP1 is able to show the overexpression of the mRNA for
PARP1, its gene polymorphisms and post-transcriptional
modifications [22] as well as its increased nuclear activity [23].

We can hypothesise the same type of analysis for BRCA1 whose
immunohistochemical expression could correlate with the somatic or
germinal mutations or with the activity of proteins similar to BRCA1.

The immunohistochemical expression could allow its application in
many laboratories once standardised the method. Actually, Wysham et
al. [24] and Gan et al. [25] reported their BAP and PARP
immunohistochemical experiences, with which they showed the
significant correlation between the two proteins and survival; a longer
survival was observed in women with low PARP and BRCA
expression.

Interestingly, Marques et al. [26] shows a reduction of BRCA1
expression after chemotherapy. The definition of an
immunohistochemical cut-off point to define a case positive, does not
established and, in the literature, the different antibodies and different
laboratory methods are reported. For this reason, in our work we have
used the median values of the BRCA and PARP obtained by a semi-
quantitative evaluation and also, this has been an inspired choice
seeing as our positive cases were almost exclusively high grade serous
cancers (the histotype most frequently BRCA1 mutated).

Wysham et al. [24] and Gan et al. [25] showed a significant and
more frequent cancer’s relapse in subjects with high expression of
PARP1, p53 e FANCD2. This is also present in our cases while survival
is not statistically significant.

Not only is a correlation between PARP1 and BRCA1 expression
fully confirmed but also confirmed is the direct relation between the
expressions of the two proteins [27].

Previous studies of ovarian tumours had identified an inverse
correlation between them showing that the loss of efficiency in the HR
pathway, mediated by BRCA1, pushed the repair of DNA damage
towards the mechanisms of the BER pathway, guided by PARP1
[24-28]. It has been suggested that BRCA1 inactivation may be
involved in the induction of NAD+ synthesis, and therefore
responsible for the regulation of PARP1 expression and for a raised
NAD+ - PARP1 activity.

Understanding the mechanism that regulates cross-talk between the
two proteins is still being studied [29,30]. PARP1 is able to PARylate
BRCA1 at the level of its DNA binding-domain, regulating its activity
with regards to the same DNA molecule, during the carrying out of
repair function through the HR repair pathway.

PARylation is not a fundamental process for the carrying out of
repair function by BRCA1, but it is a critical phase in its regulation and
can have genome instability as a final consequence. Albeit, BRCA1 and
PARP1 are part of the PARP1-RAP80-BRCA1 complex, therefore the
interaction between these two proteins would logically seem to be
influenced by the activity and state of other protein factors.

BRCA1 and PARP1 expression correlates with some clinico-
pathological parameters. First of all, age in that evidently older women
have a greater likelihood of gene transformation. The correlation with
histological type is obviously with high grade serous cancer.

None of the patients in our study was treated with PARP inhibitors
and so the predictive value of PARP1 immunohistochemical
expression was not studied.

The evaluation of survival for the combinations of BRCA1+/-,
PARP1+/- showed a clearly longer patient survival when the positivity
and negativity were in contrast compared to when they were in
agreement.

In the case of breast cancer, the women candidates for anti-PARP
are those with BRCA- and PARP+; our preliminary data would agree
with those reported in breast cancer since patients with high grade
serous cancers show the best overall survival.

These data are not easy to interpret, and it can be supposed that if
BRCA1 is not mutated, PARP1 activation anyway would go towards
the activation of alternative pathways able to repair DNA. The anti-
PARP therapy could be the alternative pathway which would launch
tumoral necrosis.

Conclusion
Our study, based on cases from two different hospitals where many

women are treated for ovarian cancer, has shown that: it is possible to
evaluate with immunohistochemistry the expression of proteins linked
to the gene BRCA1, though it is still extremely complicated to establish
a real cut-off between positive and negative cases. In the same way, it is
possible to evaluate the expression of the protein PARP1; although
BRCA1 and PARP1 expression do not appear to be correlated with
overall survival, further investigation and follow-up together with a
larger number of cases could clarify the function. The standardised
immunohistochemical method could better select the patient group
sensitive to PARP1 inhibitors to better regulate the administration of
this therapy currently used in second-line.
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Our data are still in an initial and experimental phase and many
other studies of many cases are needed to reach any reliable
conclusions.
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