Immunohistochemistry for the detection of BRCAT1
and BRCA2 proteins in patients with ovarian cancer:
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ABSTRACT

Background Loss of function in either breast cancer
type 1 susceptibility protein (BRCA1) or breast cancer
type 2 susceptibility protein (BRCA2) is a major risk
factor for epithelial ovarian cancer (EOC) development.
BRCA1 or BRCA2 deficiencies are associated with
short-term prognosis and might have importance

for the treatment of women with the disease.

However, the screening of all possible mechanisms

of dysfunction is expensive, time-consuming and
difficult to apply in clinical practice. On the other hand,
immunohistochemistry (IHC) is a simple and reliable
method to access the expression of several proteins in
tumour tissues.

Materials and methods This systematic review
aims to evaluate the current usage of IHC to detect
BRCA1 and BRCA2 deficiencies in EOC. We searched
and evaluated all primary literature on the use of IHC
for evaluating BRCA1 and BRCA2 proteins expression
in EOC. The main concepts for the search were: ovarian
neoplasms, IHC, BRCA1 and BRCA2.

Results Forty-four studies from 925 unique titles
were included. A total of 4206 tumour samples were
evaluated for BRCA1 and 1041 for BRCA2 expression.
Twelve BRCAT primary antibodies were used in 41
studies, and the most common was the MS110 clone
(75.6%). Seven BRCA2 primary antibodies were used in
ten studies. Using the cut-off of 10%, 47.0% of EOCs
are associated with loss of BRCA1 and 34.5% with the
loss of BRCA2 expression.

Conclusion HC was effective to detect loss of BRCA1
protein expression in EOC; however, data on BRCA2
expression were heterogeneous and difficult to interpret.

INTRODUCTION
Epithelial ovarian cancer (EOC) comprises a
group of heterogeneous diseases with distinct
morphology, etiopathogenesis, molecular features,
biologic behaviour and clinical outcomes.'™ Based
on histopathology, immunohistochemistry (IHC)
and molecular analysis, malignant epithelial ovarian
tumours are classified in five main subtypes: high-
grade serous carcinoma (HGSC), low-grade serous,
mucinous, endometrioid and clear cell carcinomas.*
HGSC, the most common subtype, is frequently
associated with BRCA1 and BRCA2 abnormalities.' *
BRCA1 and BRCA2 genes encode proteins
involved in repairing damaged DNA.> Homolo-
gous recombination-mediated double-strand breaks
repair deficiency occurs in approximately half of
HGSC cases." BRCAI or BRCA2 dysfunction can
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result from pathogenic germline variants, pathogenic
somatic variants or epigenetic silencing.! ¢ There
are several methods for the detection of BRCA1
and BRCA2 dysfunction. IHC is the mainstay of
laboratory techniques for diagnosis, localisation
and detection of dysfunctional proteins.” THC is an
inexpensive and accessible method. Several studies
have examined BRCA1 and BRCA2 using this
immunostaining. Some antibodies can identify the
majority of alterations that result in protein trunca-
tion.*  However, protocols, assessment and inter-
pretation of results vary extensively.'*"

We aimed to review all published evidence on
THC usage for the detection of BRCA1 and BRCA2
proteins in patients with EOC to identify the
current protocols and to inform future studies.

METHODS

This study followed the quality reporting guide-
lines set by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement. "

The inclusion criteria were: (1) observational
studies or clinical trials involving women with
EOC, including primary ovarian, fallopian tube
or peritoneal carcinomas; (2) analysis of BRCA1
or BRCA2 expression by IHC and (3) adequate
description of IHC method. The exclusion criteria
were: (1) studies on cell culture or animals; (2) case
reports; (3) non-original articles; (4) articles with
overlapped subjects; (5) duplicate publication or (6)
studies without full-text available.

Information sources and literature search
strategy

Two independent reviewers (LAT and FJCdR)
performed a systematic and comprehensive elec-
tronic literature search to identify the potentially
eligible studies. We searched on Excerpta Medica
database (EMBASE), Medical Literature Anal-
ysis and Retrieval System Online (MEDLINE) via
PubMed, Web of Science, Scopus databases and
grey literature up to July 2019 without language or
period restrictions. The search included a combi-
nation of free text keywords, Emtree terms and
Medical Subject Heading terms, modified according
to each database, as well as synonyms and truncated
terms (see online supplementary file 1 S1-S4 for
complete search strategy). Finally, we also manually
checked the reference lists of all included articles to
find additional studies.
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Study selection

We used the Zotero software to screen for duplicates and Rayyan
platform’® to perform the titles and abstracts screening. In the
case of duplicated studies or different studies that included
the same group of patients, we selected the most informative,
complete or with more recent data. Discordancies between the
reviewers were resolved by consensus.

Data extraction and synthesis of results

We used four standardised data extraction forms (article infor-
mation, study characteristics, protein expression by IHC
methods and results) designed into the Research Electronic Data
Capture'” online platform hosted at University of Sao Paulo.
Authors were contacted by email to provide missing data or full-
text when it was not available. The studies that failed to provide
essential elements or available full-text were excluded. Extracted
data were carefully reviewed. Results were presented as propor-
tions and summary tables.

Assessment of study quality

Due to the exploratory nature of this systematic review, we
included all studies meeting the eligible criteria, irrespective of
individual study quality.

RESULTS
Study selection
The primary search identified 1550 studies. The screening of the
reference lists resulted in four additional articles and the search
in grey literature in two additional studies. After removing the
duplicates, 925 titles and abstracts were thoroughly screened,
resulting in 110 articles selected for full-text review. Among
the 110 manuscripts selected for full-text analysis, 16 studies
were excluded due to the following reasons: no available full-
text (n=2), abstract or oral presentation (n=13) and duplicate
study (n=1). Ninety-four full-text manuscripts were assessed
for eligibility, among them, 50 studies were excluded due to the
following reasons: not about ovarian cancer (n=35), non-invasive
ovarian tumours (n=1), non-original article (n=1), same subjects
included in more than one study (n=6), non-human studies
(n=35), insufficient information (n=7), unanswered email (n=1),
case report (n=3) and no IHC for BRCA1 or BRCA2 (n=21).
A total of 44 studies were included in this systematic
review.'? 12 13 1858 The flow chart outlining the study design is
shown in figure 1. The details of the excluded full-text articles
and the respective reasons are given in online supplementary file
1S5.

Characteristics of eligible studies
The main characteristics of the 44 included studies are
summarised in online supplementary file 1 S6 . Overall, 1 study

—
Records identified through Additional records identified
E database searching through other sources
E (n=1550) (n=06)
=
=
)
= h 4 4
Records after duplicates removed
| S
_ (n=925)
.%n »|  Titles excluded
g (n=70)
W y
5
wn Records screened
(n=2855)
—
S
Abstracts excluded
& (n=761)
= y
=2
20 Full-text articles assessed
= for eligibility
(n=94)
| —
S
5| Full-text excluded
E (H = 50)
E v
E Studies included in
qualitative synthesis
(n=44)
—

Figure 1

Flow diagram according to the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses guidelines for the literature search

and identification of studies using immunohistochemistry to access BRCA1 or BRCA2 expression.
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was in Bulgarian,®® 1 study was in Chinese,”! 1 study was in
Spanish,?* 1 study was in Turkish® and all the other 40 studies
were in English. A total of 4735 patients with EOC, diagnosed
from 1985 to 2015, were included. Thirty-four studies assessed
BRCAT1, three studies BRCA2 and seven studies both proteins.
There were data on BRCAT1 for 4312 cases, on BRCA2 for 1041
cases and on both proteins for 617 cases. The median sample
size for study was 87, and the mean 108 cases (range 4-393).
All studies used the International Federation of Gynecology and
Obstetrics (FIGO) staging system, except one that used TNM
staging.** The details of the IHC methods used in the 44 studies
are shown in online supplementary file 1 S7.

Immunohistochemistry for BRCA1

According to the main purposes of the BRCA1 IHC expres-
sion studies, 20 (48.8%) aimed to verify EOC prognosis (2954
tumours), 9 (21.9%) clinicopathological characteristics (584
tumours), 4 (9.7%) gene promoter methylation (321 tumours),
2 (4.9%) aimed to screen for germline mutation (73 tumours)
and 6 (14.6%) studies to detect BRCA1 deficiency associated
with multiple biological mechanisms (347 tumours).

For BRCA1 IHC technique (see online supplementary file 1
S7), formalin-fixed paraffin-embedded (FFPE) tissue was used
in 40 studies and frozen tissue in one study. Whole-slide (WS)
tissue sections were used in 25 studies, tissue microarray (TMA)
in 13 studies, in 2 studies the type of section was not described
and in 1 study the IHC was performed pooling WS and TMA.
The thickness of the sections was described in 30 studies,
which varied from 3 to 5 pum, with 15 (30%) using 4 pm. For
the remaining 11 studies, the thickness of the sections was not
reported.

Twelve BRCA1 primary antibodies were used, and in one
study, the primary antibody was not described. The anti-BRCA1
mouse monoclonal clone MS110 was used in 31 (75.6%)
studies. One study used two antibodies*” and one study used six
antibodies. Slides were incubated with each diluted primary anti-
body ranging from 1:10 to 1:5000. In 12 studies the dilutions
were not described. The incubated period ranged from 30 min

to 16 hours with the temperature ranging from 4°C to 37°C (see
online supplementary file 1 S7).

We identified three systems to score BRCA1 expression. In 18
studies, scoring was done by the percentage of positive tumour
cells independently of the intensity, in 2 studies, scoring was
done only by the intensity of positive tumour cells and in 19
studies the scoring was done considering the percentage of posi-
tive tumour cells and the intensity of the staining. One study did
not describe the scoring system used. In 28 studies only nuclear
staining was scored, in 10 studies nuclear and cytoplasmic
expression were scored, in 1 study only cytoplasmic expression
was scored and 2 studies did not report this information. The
blinded assessment was carried out in 25 of 40 (62.5%) studies,
and control samples were described in 34 of 40 (85.0%) studies.

The cut-off value to consider loss of BRCA1 expression was
10% of positive cells in 25 studies, 5% in 5 studies, 1% in 2
studies, in 8 studies only the complete absence of positive tumour
cells was considered loss of expression and 2 studies used other
cut-off scores. The proportion of loss of BRCA1 expression
according to the cut-off value is shown in table 1. The pooled
proportion of loss of BRCA1 protein expression was 47.7% with
cut-off 10%, 72.7% with cut-off 5%, 45.5% with cut-off 1%
and 51.3% with no positive tumour cell.

Immunohistochemistry for BRCA2

According to the main purposes of the BRCA2 IHC expres-
sion studies, seven (70.0%) studies aimed to verify prognosis
(805 tumours), one (10.0%) aimed to study clinicopathological
features (161 tumours), and two (20.0%) studies aimed to detect
BRCA2 deficiency from multiple biological mechanisms (58
tumours).

For BRCA2 technique (see online supplementary file 1 S7),
FFPE tissue blocks were used in all ten studies. WS tissue
sections were used in one study, TMAs in seven, and in two
studies, the types of tissue sections were not described. The
thickness of the sections was described in five (50%) studies and
varied from 4 pm (one study) to 5 um (four studies). Four studies
(40%) used the anti-BRCA2 mouse monoclonal clone Mab2476,

Table 1  Proportion of negative BRCA1 expression according to cut-off
Cut-off Histology Tumour type Studies (n) Total (n) Negative BRCA1 (n) Negative BRCA1 (%)
10% Mixed Sporadic 8 1282 649 50.62
Mixed Sporadic and hereditary or familial 3 72 39 54.17
Mixed Unknown 7 588 296 50.34
Serous Unknown 4 383 142 37.08
HGSC Sporadic and hereditary or familial 2 291 110 37.80
PPSC Sporadic and hereditary or familial 1 14 2 14.28
Sub-total 25 2630 1238 47.07
5% HGSC Sporadic and hereditary or familial 1 17 1 5.88
HGSC Unknown 2 327 252 77.06
Endometrioid Unknown 1 45 30 66.67
Sub-total 4 389 283 72.75
1% Mixed Sporadic and hereditary or familial 2 180 82 45.55
Any Mixed Sporadic 3 431 207 48.03
Mixed Sporadic and hereditary or familial 2 193 n 26.78
Mixed Unknown 3 348 221 63.50
Sub-total 8 972 499 51.34
H-score =47 Mixed Unknown 1 28 23 82.14
H-score >70 HGSC Sporadic 1 139 117 84.2

HGSC, High-grade serous carcinoma; PPSC, Primary peritoneal serous cancer.
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Table 2 Proportion of BRCA2 negative expression according to cut-off.

Cut-off Histology Tumour type Studies (n) Total (n) Negative BRCA2 (n) Negative BRCA2 (%)
10% Mixed Sporadic 1 115 49 42.50
Mixed Sporadic and hereditary or familial 2 18 2 11.10
Mixed Unknown 2 215 115 53.50
HGSC Sporadic 1 156 53 34.00
PPSC Sporadic and hereditary or familial 1 14 0 00.00
Subtotal 7 518 219 42.30
5% Mixed Unknown 1 274 218 79.50
>2 score Mixed Unknown 1 209 176 84.00
>4 score HGSC Unknown 1 150 123 82.00

HGSC, High-grade serous carcinoma; PPSC, Primary peritoneal serous cancer.

and six other antibodies were utilised for the remaining studies.
Antibody dilution was described in six studies and varied from
1:30 to 1:300 and the incubation time varied from 60min to
16 hours, at a temperature from 4°C to 37°C.

There were two systems to score BRCA2 expression. In five
studies scoring was done by the percentage of positive tumour
cells independently of the intensity, and in five studies the scoring
was done considering the percentage of positive tumour cells
and the intensity of the staining. In eight studies only nuclear
expression was considered, and two studies did not report the
BRCA2 localisation. The cut-off for considering loss of BRCA2
expression was 10% in five studies, and 5% in two studies. On
the remaining two studies, one used the cut-off =2, and other
one used =4.

The blinded analyses were carried out for 8 of 10 (80.0%)
studies stated, although in one more study automated analyses
were used. The control samples were used in nine of ten studies;
only one did not report this information.

The proportion of loss of BRCA2 protein expression according
to the cut-off value is shown in table 2. The pooled propor-
tion of loss of BRCA2 expression was 42.3% with cut-off 109,
79.5% with cut-off 5%.

DISCUSSION

We reviewed all published studies on IHC for BRCA1 and
BRCA2 in EOC. BRCAT1 studies were more frequent, and the
methods presented some homogeneity. The results when using
the anti-BRCA1 mouse monoclonal clone MS110 antibody and
the cut-off of 10% of positive tumour cells are compatible with
the expected proportion of BRCA1 deficient ovarian tumours.
On the other hand, BRCA2 studies were less frequent, the
methods were heterogeneous and no protocol identified BRCA2
deficient in an expected proportion tumour.

The main strength of this article is the comprehensivity of the
search. We evaluated virtually all available literature about IHC
for BRCA1 and BRCA2 in ovarian cancer. On the other hand,
our conclusions might be limited by the heterogeneity of the
methods published. Most of the included articles are retrospec-
tive and therefore susceptible to selection bias. Also, we were
not able to access the real accuracy IHC because the published
studies lack a gold standard for BRCA1 or BRCA2 deficiency.

Loss of function, reduced expression or mutational inactiva-
tion of BRCAT or BRCA2 were reported to increase sensitivity to
platinum agents.’* The defective BRCA1 or BRCA2 recognised
in ovarian cancer is medically and therapeutic relevant, but the
analysis of genetic and genomics is complex, expensive, imprac-
tical as a screening method for detection in all patients and it
does not include the evaluation of BRCA1 promoter methylation

or mRNA expression levels.! > The IHC method is inexpensive
and less labor-intensive than DNA analysis.”

The negative expression of BRCA1 or BRCA2 can be a marker
of homologous recombination deficiency. Germline or somatic
pathogenic BRCA1 and BRCA2 variants, or BRCA1 promoter
methylation are potential mechanisms of homologous recombi-
nation deficiency that can be present in up to 50% of cases of
malignant epithelial ovarian tumours.®® The described frequency
of negative or low expression of BRCA1 ranged from 5.88% to
84.29%. The heterogeneity of methods used may be responsible
for this variation. When 10% of positive cells was used as the
cut-off, around 47% of cases were considered BRCA1 deficient.

There are several ways to score IHC gene expression and to
choose cut-off levels. For example, a breast tumour with nuclear
staining of oestrogen receptor =1% is considered positive
because it has been proved sensitive to tamoxifen.®! ** Based on
current data, 10% of positive cells would be a recommended cut-
off for BRCA1 deficiency. However, one interesting approach
would be to evaluate the cut-off associated with the response to
drugs targeting homologous recombination deficiency such as
polyADP ribose polymerase (PARP) inhibitors.®’

Studies on IHC for the detection of BRCA2 deficiency
were very heterogeneous in methods and results. The pooled
frequency of BRCA2 deficient was much higher than the
expected frequency. The frequency of BRCA2 germline or
somatic mutation in ovarian cancer is less than 10%.%* ® These
results suggest that the current IHC protocols for BRCA2 lack
sensitivity to detect the abnormal protein.

The most consistent results on IHC for BRCA1 in ovarian
cancer were obtained with the anti-BRCA1 mouse monoclonal
clone MS110 antibody and a cut-off of 10% of positive cells.
We recommend further studies on cut-off determination based
on tumour sensitivity to drugs like PARP inhibitors. On THC
for BRCA2, further studies are needed to develop antibodies
with better sensitivity to detect the normal protein in ovarian
tumours.

TAKE HOME MESSAGES

» Anti-BRCA1 mouse monoclonal clone MS110 antibody is
the most effective antibody to detect BRCA1 deficiencies-
currently available.

» The cut-off of 10% of positive tumour cells seems to be
adequate to identify BRCA1 proficient EOCs.

» New antibodies are needed to access BRCA2 in EOC.

Handling editor Runjan Chetty.
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