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Introduction

Ovarian cancer, based on Globocan 2022, has an 
incidence of 324,603 and a mortality of 206,956, with 
the Asian continent ranking first in the world, with an 
incidence of 178,223 and a mortality of 109,547 [1]. 
In Asia, Indonesia ranks third with 15,130 incidents 
and 9,673 deaths, after China and India [1]. The very 
high incidence and mortality need to be addressed in an 
integrated manner with early detection, morphological 
diagnostic examination, molecular identification, and 
clinical treatment, all based on precision medicine.

Ovarian neoplasms originate from three types of 
ovarian cells; mullerian epithelium, germ cells, and 
stromal-sex cord cells [2]. These neoplasms were 
classified according to the 5th edition of the WHO tumor 
classification [3,4]. These represent distinct tumor types 
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with different molecular pathways and clinical behavior 
[5]. HGSOC originates from the distal fimbrial tip of the 
fallopian tube from a previous lesion known as serous 
tubal intraepithelial carcinoma (STIC), while Low Grade 
Serous Carcinoma (LGSC) originates from the ovary in 
the form of a benign, borderline serous tumor [3]. HGSOC 
cases do not have typical symptoms in the early stages, 
generally found in the advanced stages which causes high 
mortality, a high probability of resistance to platinum, and 
relapse [3,6]. Risk factors include age over 60, having a 
family history of breast or ovarian cancer, and infertility. 
On the other hand, breastfeeding, oral contraceptive use, 
late menarche, early menopause, and multiparity play a 
protective role against ovarian cancer [3,7].

The genomic landscape of HGSOC, characterized by 
chromosomal abnormalities, epigenetic modifications, 
signaling pathway dysregulation, germline and/or somatic 
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mutations, may be an important factor in treatment 
response and prognosis [8]. Genomic studies have shown 
that gene mutations in the homologous recombination 
pathway in DNA repair occur in approximately 50% 
of HGSOC cases, including BRCA1 [9]. BRCA1 
(chromosome 17q21) is a key molecule in DNA repair 
of double-strand breaks (DSB) through the homologous 
recombination repair (HRR) mechanism [10,11]. BRCA1 
mutations cause the HRR mechanism to fail at DSBs, 
thus triggering cancer. Somatic and germline BRCA1 
mutations, methylation, or genomic aberrations in other 
HRR genes can lead to carcinomas, including HGSOC 
[3,4,12–14]. The BRCA1 gene can undergo various forms 
of mutation, such as frame-shift insertions/deletions, 
non-synonymous truncations, and splicing site disruptions, 
resulting in missense mutations or non-functional proteins 
[15]. BRCA1 gene mutations are an indication for targeted 
poly(ADP-ribose) polymerase (PARP) inhibitors (PARPi), 
therapy, and their expression can be an initial screening 
tool for PARPi administration [16, 17]. The aim of this 
study was to analyze the clinicopathological relationships, 
expressions and mutations of BRCA1 in HGSOC patients.

Materials and Methods

This retrospective observational study included 
36 formalin-fixed paraffin-embedded (FFPE) samples 
diagnosed as high-grade serous ovarian carcinoma 
(HGSOC). Samples were collected between March 
2019 and June 2023 from the Anatomical Pathology 
Laboratory of Dr. Wahidin Sudirohusodo General 
Hospital, Makassar, Indonesia. The samples had not 
undergone chemotherapy, were not relapse cases, and 
showed tumor cell foci in at least 10 high-power fields 
of view (HPFs) at 400x magnification. Histopathological 
diagnosis was reconfirmed using hematoxylin and eosin 
staining. This was followed by BRCA1 expression analysis 
using immunohistochemistry (IHC), while BRCA1 gene 
mutation detection was performed using Next Generation 
Sequencing (NGS) technology with a Whole Exome 
Sequencing (WES) approach.

BRCA1 Protein Analysis
FFPE samples were selected and then sectioned at 

3 micron thickness for HE staining to ensure suitability 
for BRCA1 staining. FFPE samples were sectioned at 3 
micron thickness using a microtome to create unstained 
slides and mounted on poly-L-lysine slides. The slides 
were then deparaffinized with xylene. Next, the slides were 
stained with immunohistochemical staining using BRCA1 
Mouse Monoclonal Antibody BRCA1 antibody [8F7] Cat. 
GTX70113. Semiquantitative interpretation of BRCA1 
expression status in HGSOC tissue in the form of BRCA1 
loss (<5%), BRCA1 Equivocal (5-10%) and BRCA1 
Retained (>10%) at 400x magnification [12,14]. BRCA1 
expression scores were expressed in two categories. 
Tumors with persistent staining, with BRCA1 nuclear 
expression ≥10% of the tumor area, were considered 
“intact.” Tumors with absent or equivocal staining, with 
BRCA1 nuclear expression <10% of the tumor area, were 
considered “abnormal” [14,16]. Independent assessment 

of BRCA1 expression by two pathologists without 
knowledge of BRCA1 genetic status. The stromal cells 
function as an internal positive control for validity of 
the staining, as they maintain a normal copy of BRCA1, 
regardless of the tumor cells’ status [14]. 

BRCA1 Gene Analysis
DNA was extracted from FFPE samples and subjected 

to next-generation sequencing using a whole-exome 
sequencing (WES) approach on the Illumina platform. 
Mutations were categorized as truncating or detrimental 
variants according to their functional impact. The entire 
coding region (wild type/mutant) was examined, then 
compared with the reference (GRCh38), so that the 
entire exome was analyzed. The BRCA1 mutation on 
chromosome 17q21.31 consisted of 81,070 base pairs, with 
a coding sequence region of 5,592 nucleotide(nt) spanning 
24 exons [18,19]. The main reference sequence (RefSeq) 
of BRCA1 was NM_007294.4, with an mRNA length 
of 7,088 nt [18,19]. Interpretation of NGS examination 
results is based on the Standards and Guidelines for the 
Interpretation and Reporting of Sequence Variants in 
Cancer, using ClinVar database versions available at the 
time of analysis (versions 20180225–20201121).

Statistical Methods
Statistical analysis was performed using Statistical 

Package for the Social Sciences (SPSS) version 26. 
Fisher’s exact test was used to assess associations between 
categorical variables. Interobserver agreement was 
evaluated using Cohen’s kappa coefficient.

Results

Clinicopathological Characteristics 
A total of 36 formalin-fixed paraffin-embedded 

samples diagnosed as high-grade serous carcinoma 
(HGSOC) were analyzed. The majority of patients were 
>50 years old (58.3%), while 41.7% were ≤50 years. 
Most patients had a normal body mass index (97.2%) 
and presented with abdominal enlargement (94.4%). 
Elevated serum CA-125 levels were noted in all cases 
(100%). Based on International Federation of Gynecology 
and Obstetrics (FIGO) staging, 83.3% were stage II and 
16.7% stage III. Histologically, necrosis was present in 
all tumors (100%), and high mitotic index (>12/10 HPF) 
was observed in 94.4% of cases (Table 1), consistent with 
the high proliferative nature of HGSOC [3,20].

BRCA1 Immunohistochemical Expression
The similarity between the two pathologists in the final 

BRCA1 IHC assessment was substantial (kappa coefficient 
0.729, P = 0.157; McNemar’s test). BRCA1 nuclear 
expression was retained (≥10%) in 32 cases (88.9%) 
and abnormal (<10%) in 4 cases (11.1%) (Table 1). The 
abnormal category comprised two subcategories: complete 
loss (<5%) in 3 cases (8.3%) and equivocal expression 
(5–10%) in 1 case (2.8%). The remaining 32 cases (88.9%) 
demonstrated intact (retained) nuclear expression (≥10%). 
Hematoxylin and eosin (HE) and immunohistochemical 
staining patterns are shown in Figure 1, which depicts 
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the histopathological staining of HGSOC, intact nuclear 
expression, equivocal, and complete absence of staining in 
BRCA1 deficiency cases. Loss of BRCA1 expression was 
predominantly observed in younger patients (≤50 years). 
Statistical analysis demonstrated a significant association 
between patient age and BRCA1 expression (p = 0.023). 
Other parameters FIGO stage, mitotic index, and necrosis 
did not show significant correlations (p > 0.05).

BRCA1 Mutation Profile
Whole-exome sequencing using the Illumina platform 

identified BRCA1 mutations in 10 of 36 cases (27.8%). 
Among these, 7 (70%) were somatic and 3 (30%) germline 
(Table 2). Most mutations (90%) were loss-of-function 
(LOF) variants such as nonsense or frameshift alterations. 
These mutations were predominantly located in the BRCT 
domain (exons 16–24), known to mediate transcriptional 
activation and DNA damage repair [6,18,19]. The 
complete list of pathogenic BRCA1 variants identified is 
provided in Supplementary Table 1.

Association Characteristic Features and BRCA1 
Expression

The relationship between BRCA1 expression and 
characteristic features was summarized in Table 3. Loss 
of BRCA1 expression was significantly associated with 
younger age (p = 0.023), but did not correlate with FIGO 
stage (p = 0.61), mitotic index (p = 0.73), or presence 
of necrosis (p = 1.00). These findings suggest that 
BRCA1 expression loss in HGSOC was more strongly 
linked to host-related factors (age) rather than to tumor 
aggressiveness indicators [4,21].

Association BRCA1 Expression and BRCA1 Mutation
No significant correlation was found between BRCA1 

IHC expression and BRCA1 mutation status (p = 1.000) 
in Table 2. Among the 10 mutation-positive cases, 9 

A B C

D E F

Figure 1. Histopathological and Immunohistochemical Findings of High-Grade Serous Ovarian Carcinoma (HGSOC). 
(A–C) Hematoxylin and eosin staining. (D–F) Corresponding BRCA1 immunohistochemical staining showing (D) 
loss of nuclear expression, (E) equivocal expression, and (F) retained nuclear expression (400× magnification). 

Characteristic n (%)
Age (years)  
     ≤50 15 41.7
     >50 21 58.3
Body Mass Index (BMI)
     Underweight 1 2.8
     Ideal 35 97.2
Main complaint: Abdominal enlargement
     No 2 5.6
     Yes 34 94.4
FIGO Stage
     II 30 83.3
     III 6 16.7
CA125 level
     Elevated 36 100.0
Mitotic index
     Low (≤12/10 HPF) 2 5.6
     High (>12/10 HPF) 34 94.4
Necrosis
     Present 36 100.0
BRCA1 IHC expression status
     Loss (<5%) 3 8.3
     Equivocal (5-10%) 1 2.8
     Retained (>10%) 32 88.9
BRCA1 IHC expression score
     Abnormal (<10%) 4 11.1
     Intact (≥10%) 32 88.9

Table 1. Clinicopathological Characteristics and BRCA1 
Immunohistochemical Expression Profile of Patients 
with High-Grade Serous Ovarian Carcinoma (HGSOC)

BMI, Body Mass Index; FIGO, International Federation of Gynecology 
and Obstetrics; CA125, Cancer Antigen 125; HPF, high-power field; 
IHC, Immunohistochemistry.
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retained BRCA1 nuclear expression, and 1 showed 
reduced expression. This indicates that BRCA1 protein 
loss may not always reflect gene mutation, as expression 
loss may also be caused by other pathways, such as 
promoter methylation, post-translational modification, 
or transcriptional repression [10,16].

Discussion

HGSOC is the most common and aggressive subtype 
of ovarian epithelial carcinoma with the highest mortality 
among ovarian carcinomas [3,22]. The study sample 
predominantly comprised individuals over 50 years 
of age, aligning with the recognized epidemiological 
characteristics of HGSOC, which primarily impacts 

BRCA1 gene BRCA1 expression score Total n (%) p*
Abnormal (<10%) n (%) Intact (≥10%) n (%)

Mutation Status
     No 3 (8.3) 23 (63.9) 26 (72.2) 1.000*
     Yes 1 (2.8) 9 (25.0) 10 (27.8)
Mutation type
     Somatic 1 (10.0) 6 (60.0) 7 (70.0) 1.000*
     Germline 0 (0.0) 3 (100.0) 3 (30.0)
Oncomine Gene Class
     Loss of Function 1 (10.0) 8 (80.0) 9 (90.0) 1.000*
     Missense 0 (0.0) 1 (10.0) 1 (10.0)
Oncomine Variant Class
     Truncating 1 (10.0) 3 (30.0) 4 (40.0) 0.4000*
     Deleterious 0 (0.0) 6 (60.0) 6 (60.0)

Table 2. BRCA1 Mutation Profile Identified by Next-Generation Sequencing and Association with Immunohistochemical 
Expression

*Fisher's exact test. Mutation classification was based on sequencing results.

Clinicopathological 
Feature

Expression Status Expression Score Total 
n (%)

p* 
(Status)

p* 
(Score)Loss 

(<5%) 
Equivocal 
(5-10%) 

Retained 
(>10%)

Abnormal 
(<10%)

Intact 
(≥10%)

n(%) n(%) n(%) n(%) n(%)
Age (years)
     ≤50 3 (8.3) 1 (2.8) 11 (30.6) 4 (11.1) 11 (30.6) 15 (41.7) - 0.023**
     >50 0 (0.0) 0 (0.0) 21 (58.3) 0 (0.0) 21 (58.3) 21 (58.3)
BMI
     Underweight 1 (2.8) 0 (0.0) 0 (0.0) 1 (2.8) 0 (0.0) 1 (2.8) - 0.111
     Normal 2 (5.6) 1 (2.8) 32 (88.9) 3 (8.3) 32 (88.9) 35 (97.2)
Abdominal enlargement
     No 0 (0.0) 0 (0.0) 2 (5.6) 0 (0.0) 2 (5.6) 2 (5.6) - 1.000
     Yes 3 (8.3) 1 (2.8) 30 (83.3) 4 (11.1) 30 (83.3) 34 (94.4)
FIGO Stage
     II 2 (5.6) 1 (2.8) 27 (75.0) 3 (8.3) 27 (75.0) 30 (83.3) - 0.535
     III 1 (2.8) 0 (0.0) 5 (13.9) 1 (2.8) 5 (13.9) 6 (16.7)
CA125
     Elevated 3 (8.3) 1 (2.8) 32 (88.9) 4 (11.1) 32 (88.9) 36 (100.0) - -
Mitotic index
     Low (≤12/10 (HPF) 0 (0.0) 0 (0.0) 2 (5.6) 0 (0.0) 2 (5.6) 2 (5.6) - 1.000
     High (>12/10 HPF) 3 (8.3) 1 (2.8) 30 (83.3) 4 (11.1) 30 (83.3) 34 (94.4)
Necrosis
     Present 3(8.3) 1 (2.8) 32 (88.9) 4 (11.1) 32 (88.9) 36 (100.0) - -

*Fisher's exact test. **Statistically significant (p<0.05). BMI: Body Mass Index; FIGO: International Federation of Gynecology and Obstetrics; 
CA125: Cancer Antigen 125; HPF: high-power field. '-' indicates p-value cannot be computed (no variation in the variable)

Table 3. Association between Clinicopathological Characteristics and BRCA1 Expression (Score and Status) in High-
Grade Serous Ovarian Carcinoma



Asian Pacific Journal of Cancer Prevention, Vol 27 3217

DOI:10.31557/APJCP.2026.27.9.3213
BRCA1 Expression and Mutation in HGSOC

postmenopausal women. A subset of patients in this study 
were younger than 50 years. The body mass index (BMI) 
of HGSOC samples was predominantly within the normal 
range. Obesity does not elevate the risk of HGSOC, so 
reducing BMI has minimal impact on the prevention. 
Additional modifiable factors must be explored for a more 
thorough comprehension of this condition [23]. 

This study revealed a BRCA1 mutation prevalence of 
27.8% within the sample, characterized by a predominance 
of stage II malignancies and clinical signs of abdominal 
pain. This conclusion corresponds with the study of 
Chao et al. (2016), which indicated a notable prevalence 
of germline and somatic BRCA1/2 mutations in ovarian 
cancer, with BRCA1 mutations observed within a 
comparable prevalence range [24]. Abdominal pain is 
the predominant complaint reported by HGSOC patients 
[25]. This study found significantly raised CA125 levels in 
all samples, consistent with current literature that reports 
greater CA125 levels in type II ovarian cancer, particularly 
HGSOC, compared to type I cancer. Such levels can 
be used as a prognostic indicator [8,26,27]. Numerous 
investigations have shown contradictory findings 
concerning BRCA1 status in epithelial ovarian cancer 
[28]. The BRCA1 immunohistochemistry findings in this 
study revealed that the majority of samples had sufficient 
BRCA1 expression, with 32 samples demonstrating 
above 10% expression and only 4 samples displaying 
less than 10% expression. A threshold of 10% tumor 
staining is a standard and prevalent technique employed 
by pathologists to evaluate BRCA1 expression [14,16]. An 
expression of BRCA1 over 10% in tumor cells is deemed 
aberrantly positive [14,28,29]. This binary classification 
approach is consistent with that reported by Manchana et 
al. (2020), who defined BRCA1 loss as nuclear staining in 
fewer than 10% of neoplastic cells and retained expression 
as staining exceeding 10%, without a separate equivocal 
subcategory, thereby simplifying interpretation for routine 
pathological practice [16].

In this study, Abnormal BRCA1 expression was 
observed in 11.1% of cases, comparable to the 10–25% 
loss reported in prior research [12,16]. Notably, a 
significant association between age and BRCA1 expression 
(p = 0.023) was observed, where BRCA1 loss occurred 
exclusively in patients aged ≤50 years. This finding 
suggests that younger HGSOC patients may harbor 
early-onset BRCA1-related carcinogenesis, possibly 
reflecting hereditary predisposition or germline BRCA1 
alterations [4,30]. This finding aligns with the study 
conducted by Kalachand et al. (2020), which reported a 
significant association between BRCA1 methylation and 
younger age (P=0.005), as well as with the research by 
Amin et al. (2023), which also showed significant BRCA1 
expression in older age groups [28,31]. These results 
align with the characteristics of hereditary ovarian cancer, 
where germline BRCA1 mutations typically appear at a 
younger age. Women with BRCA1 mutations or HRR 
deficiency have a higher susceptibility to HGSOC. Given 
that these mutations can also impact other cancer types, 
such as breast cancer, genetic screening and clinical 
approaches are crucial for identifying individuals at risk 
for hereditary ovarian cancer syndromes. However, no 

significant association was identified between BRCA1 
expression and other clinicopathological factors such as 
FIGO stage, mitotic index, or necrosis. The BRCA1 gene 
encodes a tumor suppressor protein that is crucial for 
the HRR pathway. Its dysfunction leads to homologous 
recombination repair deficiency (HRD), genomic 
instability, and the accumulation of double-stranded DNA 
breaks [32]. This HRD-driven mutational phenotype 
forms the biological basis for the high genomic instability 
characteristic of HGSOC [20].

BRCA1 IHC could serve as a possible biomarker 
for BRCA1 malfunction in HGSOC [14]. Germline 
BRCA mutations were the predominant kind of BRCA 
malfunction; however, somatic BRCA mutations and 
epigenetic alterations constitute additional pathways 
[16]. This study identified BRCA1 mutations in 27.8% 
of cases by WES, consistent with a prevalence range 
of 20–30% [9]. Most variants were loss-of-function 
truncating mutations involving nonsense or frameshift 
changes, particularly within the BRCT domain (exons 
16–24), a critical region responsible for phosphoprotein 
binding and transcriptional activation during DNA repair 
[6,18]. Somatic mutations (70%) were more prevalent 
than germline mutations (30%), indicating that sporadic 
BRCA1 inactivation significantly contributes to HRD in 
this study. This discovery aligns with existing evidence 
indicating that both germline and somatic BRCA1 
deletions significantly contribute to the HRD phenotype 
[3,20].

The present study found no significant correlation 
between BRCA1 IHC expression and NGS-detected 
BRCA1 mutations (p = 1.000), indicating that BRCA1 
protein expression does not necessarily reflect underlying 
genetic alterations. The lack of concordance between 
BRCA1 protein expression and mutation status observed in 
this study highlights the complexity of BRCA1 regulation 
in HGSOC. In addition to genetic mutations, BRCA1 
function may be impaired by epigenetic mechanisms, 
particularly promoter hypermethylation, which can silence 
gene expression without altering the DNA sequence. This 
epigenetic inactivation may account for cases showing 
reduced protein expression in the absence of detectable 
mutations, as well as retained expression despite 
underlying genetic alterations. These findings underscore 
the limitations of relying on a single diagnostic modality 
and support the integration of both immunohistochemistry 
and molecular testing in clinical practice. Consistent with 
Kalachand et al. (2020), who reported an association 
between BRCA1 promoter methylation and younger 
patient age, we similarly observed that loss of BRCA1 
expression predominantly occurred in patients aged ≤50 
years [31]. Taken together, these findings suggest that 
epigenetic silencing may contribute to BRCA1 dysfunction 
beyond genetic alterations and support the complementary 
role of integrating protein expression analysis with 
molecular testing in a comprehensive BRCA1 assessment 
strategy. While BRCA1 IHC provides a practical and cost-
effective initial screening tool, molecular confirmation by 
NGS remains essential to accurately identify pathogenic 
BRCA1 alterations, particularly in cases where protein 
expression does not reflect underlying genetic status.
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Identifying BRCA1 deficiency has substantial 
therapeutic and prognostic implications. Tumors with 
BRCA1 loss or HRD show increased sensitivity to platinum-
based chemotherapy and PARPi, which exploit the concept 
of synthetic lethality [6,33]. Initial research suggests that 
BRCA1 promoter hypermethylation and somatic mutations 
may exhibit synthetic lethality when combined with PARP 
inhibitors. BRCA1 immunohistochemistry can serve as 
a screening method for BRCA1 germline mutations and 
a predictive biomarker for PARPi in patients with wild-
type BRCA1 germline status or aberrant BRCA1 mutation 
status [16]. 

From a therapeutic perspective, the identification of 
BRCA1 deficiency has important clinical implications. 
Tumors with homologous recombination deficiency 
(HRD), including those with BRCA1 alterations, are 
more likely to respond to platinum-based chemotherapy 
and poly(ADP-ribose) polymerase inhibitors (PARPi) 
[6,17]. PARPi exploit the concept of synthetic lethality, a 
well-established therapeutic strategy in BRCA-deficient 
tumors [33]. Although this study did not directly 
evaluate treatment outcomes, the combined assessment 
of BRCA1 status using immunohistochemistry and next-
generation sequencing may provide a more comprehensive 
framework for identifying patients who could benefit from 
targeted therapies.

The relationship between BRCA1 expression and 
survival after chemotherapy: patients with lower BRCA1 
expression responded better to platinum-based therapy, 
while patients with higher BRCA1 expression responded 
more effectively to taxanes [28,34]. Integrating BRCA1 
IHC with NGS-based mutation testing provides a 
comprehensive approach. This dual strategy allows 
pathologists to screen for BRCA1 dysfunction efficiently 
while ensuring accurate genetic confirmation in eligible 
cases. Future follow-up studies necessitate larger 
multicenter cohorts, the application of whole genome 
sequencing to investigate potential methylation profiles, 
epigenetic and other determinants affecting BRCA 
mutations and expression, as well as survival analysis, 
to ascertain the prognostic and predictive relevance of 
BRCA1 in Indonesian HGSOC patients.

This study has several limitations. The relatively 
small sample size may limit statistical power and 
reduce the generalizability of the findings. In addition, 
the retrospective design may introduce selection bias. 
Furthermore, epigenetic analyses, such as BRCA1 
promoter methylation status, were not performed, which 
could have provided additional insight into the observed 
discordance. Therefore, future studies incorporating 
larger cohorts and integrated molecular approaches are 
warranted.

In conclusion, BRCA1 expression loss in high-grade 
serous ovarian carcinoma is associated with younger 
patient age and may reflect underlying hereditary 
predisposition or early-onset tumorigenesis. The observed 
discordance between IHC and NGS findings highlights 
the multifactorial regulation of BRCA1, including both 
genetic and potential epigenetic mechanisms. A combined 
diagnostic approach integrating protein expression 

and genomic profiling provides a more comprehensive 
assessment of BRCA1 status and may improve patient 
stratification for targeted therapies.
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