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BRCA1 and BRCA2 mutations correlate with
TP53 abnormalities and presence of immune
cell infiltrates in ovarian high-grade serous
carcinoma
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We characterized BRCA1 and BRCA2 status (mutation/methylation) in a consecutive series of cases of ovarian
carcinoma in order to identify differences in clinicopathological features, molecular characteristics, and
outcome between the pelvic high-grade serous cancers with (i) germline or somatic mutations in BRCA1 or
BRCA2, (ii) methylation of BRCA1, and (iii) normal BRCA1 or BRCA2. In all, 131 women were identified
prospectively, who were undergoing surgical staging and agreed to germline testing for BRCA1 and BRCA2
mutations. Histopathology, germline and somatic BRCA1 or BRCA2 mutations, BRCA1 methylation, and BRCA1
and BRCA2 mRNA expression levels distinguished four subgroups. In all, 103 cases were high-grade serous
carcinoma and of these 31 (30%) had germline or somatic BRCA1 or BRCA2 mutations (20% BRCA1 and 10%
BRCA2) (group 1), 21 (20%) had methylation of BRCA1 (group 2), and in 51 (50%) there was no BRCA loss
(group 3). Group 4 consisted of 28 cases of non-high-grade serous, none of which had BRCA loss. BRCA1 and
BRCA2 mRNA expression levels correlated with designated group (P ¼ 0.0008). Among high-grade serous
carcinomas, there were no differences between groups 1–3 with respect to stage, ascites, CA125 level, platinum
sensitivity, cytoreduction rate, neoadjuvant chemotherapy, or survival. Tumors with BRCA1 or BRCA2
mutations had increased immune infiltrates (CD20 and TIA-1) compared with high-grade serous without
mutations (P ¼ 0.034, 0.027). TP53 expression differed between groups (Po0.0001), with abnormal TP53
expression in 49/50 tumors from groups 1 and 2. Wild-type TP53 expression was associated with worse
outcome in high-grade serous (Po0.001). BRCA loss (mutation/methylation) is a common event in the pelvic
high-grade serous (50%). TP53 abnormalities and increased immune cell infiltrates are significantly more
common in high-grade serous with germline and somatic mutations in BRCA1 or BRCA2, compared with
tumors lacking BRCA abnormalities.
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Ovarian cancer is the leading cause of death due to
gynecological malignancies and the fifth most
common cause of cancer death in North America.
Advances in surgical technique and chemotherapy
have done little to change overall survival statistics
with the majority of women diagnosed with
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advanced stage ovarian cancer experiencing a
recurrence within two years of diagnosis, and
ultimately succumbing to their disease. The median
progression-free survival and overall survival from
landmark phase III trials range between 12 and 24
months and 29–65 months, respectively.1,2 Factors
that are believed to impact survival include patient
age, performance status, preoperative CA125, volume
of ascites, stage, grade, extent of cytoreductive surgery,
chemotherapeutic agents, route of delivery, duration
of treatment, histological subtype, host immune
response, and specific genetic alterations, including
BRCA mutations.2–15 There remains, however,
limited ability to accurately prognosticate in patients
with advanced stage high-grade serous carcinoma
based on features of the primary tumor at the time
of diagnosis.
Seventy percent of ovarian carcinomas are highgrade serous histological subtype, accounting for the
majority (90%) of ovarian carcinoma deaths. A large
majority of high-grade serous ovarian cancers have
TP53 mutations, which appear to occur as an early
event in disease progression.16,17 Tumors from
women with high-grade serous cancers frequently
show a host immune response, and the presence of
cytotoxic T lymphocytes, and T-regulatory cells is
consistently associated with favorable prognosis.18–24
Germline mutations in BRCA1 and BRCA2 are
present in B18% of ovarian cancer patients with
high-grade serous carcinoma.25–27 When combined
with BRCA deficiencies that result from somatic
mutations or epigenetic silencing, it appears that up
to half of all high-grade serous ovarian cancers
(hereditary and sporadic) have BRCA dysfunction.15,26–30
BRCA1 and BRCA2 genes encode functionally
related proteins that play a critical role in repair
of DNA double-strand breaks.31–33 Loss of BRCA
function results in development of chromosomal
instability. The chromosomal instability phenotype
associated with ‘BRCAness’ (loss of BRCA function
or BRCA-null) correlates with sensitivity to DNA
cross-linking agents in preclinical models.34–36
Standard first line chemotherapy for high-grade
serous cancer includes a platinum compound, for
example, cisplatin or carboplatin, the mechanism of
action which is, in part, the cross-linking of DNA.
There are data to suggest that tumors with a BRCA
mutations profile have improved responsiveness to
platinum as compared with those with functioning
BRCA1 and BRCA2 genes,37–41 and patients with
mutations in BRCA1 or BRCA2 have slightly better
(hazard ratio (HR) B0.7) survival, compared with
patients whose tumors lack BRCA mutations.27,42–46
Methylation of the BRCA1 promoter, resulting in
epigenetic silencing, is not associated with improved outcomes [15]. Our objective was to determine whether the BRCA status in high-grade
serous cancer correlates with other known clinical,
pathological, immune, or genetic prognostic or predictive factors.

Materials and methods
Patient Selection and Clinicopathological Parameters

This was a prospective study; patients were recruited from the Vancouver General Hospital and
British Columbia Cancer Agency in Vancouver,
British Columbia, Canada, which is the primary
referral center for patients with ovarian carcinoma
for the province of BC and the Yukon Territory.
Ethical approval was obtained from the University
of British Columbia Ethics Board. All women
undergoing debulking surgery (primary or delayed)
for non-mucinous carcinoma of ovarian/peritoneal/
fallopian tube origin were approached for informed
consent for the banking of tumor tissue and were
referred to our hereditary cancer genetic counselors
to discuss germline BRCA testing. Patients with
borderline tumors (tumors of low-malignant potential) were excluded. All germline testing results
were provided to the participants through a post-test
counseling session, and the family members of all
germline mutation carriers were subsequently
offered genetic counseling and testing, through the
Hereditary Cancer Program. Forty-nine of the cases
in this series were the subject of a previous report on
characterization of BRCA1 and BRCA2 abnormalities in ovarian carcinoma (recruitment beginning
2004).26 This previous study did not include
analysis of clinical features, including patient outcomes. Recruitment continued until the spring of
2009 with the goal of minimum 2 years follow-up in
all individuals. Pathology review was performed in
the entire cohort.
Clinical and outcome data was collected on the
cohort including age at diagnosis, CA125 level
preoperatively, stage, grade, histological subtype,
cytoreduction (to no residual, o1 cm or 41 cm),
ascites, primary debulking vs neoadjuvant chemotherapy, response to therapy (using the 2010
Gynecologic Cancer InterGroup Fourth Ovarian
Consensus Conference criteria) based on time since
last treatment with either cisplatin or carboplatin,
time to recurrence, time to death, and last date of
follow-up. Clinical data collection was done without knowledge of the molecular test results. Similarly, histological, immunohistochemical, and
molecular testing were done independently, without
knowledge of clinical data, including outcome.
Tissue Banking, DNA, and RNA Extraction

Cancer tissue was stored at 801 and corresponding
tissue was also placed in paraffin blocks. Hematoxylin and eosin (H&E) sections corresponding to the
selected frozen tissue samples were reviewed to
ensure that samples consisted of at least 70% tumor
cells. Cores were taken from paraffin blocks. DNA
and RNA were extracted using the RecoverAll Total
Nucleic Acid Isolation kit for FFPE (Applied
Biosystems, Foster City, CA) according to the
manufacturer’s instructions.
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Multiplex Ligation-Dependent Probe Amplification
Screening and Sequencing for Germline Mutations

For the identification of germline BRCA1 and
BRCA2 single and multiple exon deletions or
duplications, multiplex ligation-dependent probe
amplification analysis kits (P002-C1, P090-A2,
MRC Holland, Amsterdam, NL) were used according
to the manufacturer’s protocol. BRCA1 reference
sequence: NM_007294.4 BRCA2 reference sequence:
NM_000059.3. Single exon deletions were independently confirmed. The sequence of BRCA1 and
BRCA2 was determined from peripheral blood
derived gDNA via bidirectional dideoxy sequencing.
Analysis of the amplification and sequencing products was performed using an ABI3730 Analyzer
(Applied Biosystems). BRCA1 and BRCA2 variants
that were not considered pathogenic and/or were
not recognized by the Breast Cancer Information
Core (BIC) (http://research.nhgri.nih.gov/bic/) were
not reported.47
BRCA1 and BRCA2 Somatic Mutation Testing

Genomic DNA was extracted from flash frozen
tumors using the Ambion DNA extraction kit as
per manufacturer’s protocol (Ambion). 500 ng was
used for Illumina library construction as previously
described.48 The library then underwent a selected
gene capture step consisting of 15 genes that
included BRCA1 and BRCA2 using cDNA as the
capture probe. The select gene capture data were
first aligned to the whole genome using the BWA
(LD09)49 aligner, and the alignment results were
converted to bam files (LHW þ 09). Bam files were
then converted to fastq files using picard (http://
picard.sourceforge.net/index.shtml), and the fastq
files were realigned to the 15 targeted gene coordinates using BWA (LD09). Point mutations were
called by SNVMix (GSM þ 10),50 and indels were
called by samtools (LHW þ 09).51 The called point
mutations were filtered through dbsnp and the
mutations which were not in dbsnp were run
through mutationassessors (http://mutationassessor.
org/). Sanger sequencing confirmed the mutations
revealed by the analysis. A subset of tumors (from
original cohort, cases from 2004 to 2005) had been
tested for somatic mutations using denaturing highperformance liquid chromatography and the precise
mutation identified through Sanger’s sequencing
as previously described.26 We searched the BIC,
PubMed, and our own databases in order to
determine, which mutations are predicted to be of
clinical significance (functional impact on protein
product). Unclassified variants were not reported.
BRCA1 Promoter Methylation

Purified DNA (500 ng) was bisulfite converted using
the EpiTect bisulfite kit (Qiagen) according to the
Modern Pathology (2012) 25, 740–750

manufacturer’s instructions. PCR was done for both
methylated and unmethylated DNA using previously published primers52 except that the forward
primer for each was labeled with a FAM fluorescent
label. The PCR products were run on a  3130 L
genetic analyzer (Applied Biosystems) and analyzed
with associated software.
BRCA1 and BRCA2 mRNA Expression Levels for
BRCA1 and BRCA2

Extracted RNA (1 mg) was treated with DNaseI
(Invitrogen, Carlsbad, CA) before creating cDNA
using the SuperscriptIII First Strand Synthesis
System (Invitrogen) with random hexamers.
Applied Biosystems (ABI) Taqman primer/probe
kits (Hs00173233_m1 (BRCA1), Hs00609060_m1
(BRCA2), Hs01920652_s1 (PTEN), and Hs00907966_
m1(PIK3CA)) were used to quantify mRNA expression levels using an ABI Prism 7900 HT Sequence
Detection System (Applied Biosystems).37 Relative
gene expression was quantified according to the
comparative Ct method using human 18s ribosomal
RNA expression as the endogenous reference
(Applied Biosystems) and commercial RNA controls (Stratagene, La Jolla, CA). Relative quantification was determined by the ABI software as
follows: 2(DCt sample–DCt calibrator). Ratios (tumor relative
gene expression: average of all tumors) of r1.0
were scored as decreased mRNA expression, to
allow for analysis of mRNA expression levels as a
categorical variable.
Immunohistochemistry

H&E stained sections of the primary tumor were
reviewed and representative areas of tumor were
selected and marked. Corresponding areas on the
paraffin blocks were marked and two tissue cores
from the representative areas in the donor blocks
were removed using TMArrayer by Pathology
Devices with a 0.6-mm diameter needle and inserted
into a single recipient paraffin block. Sections were
cut from the tissue microarray block using a
standard microtome (4 mm) and baked at 60 1C for
1 h before staining. The following proteins were
tested for with immunohistochemistry and the
details on supplier, catalog, clone, concentration,
antigen retrieval, and scoring methods are provided
in a (Supplementary Appendix 1): ANXA4, BRCA1,
Cyclin E, MDM2, NDRG1, p16, p21, p27, TP53,
pAKT, PRKDC, SERBP1, PTEN, CD8, CD3, CD4,
CD20, FOXP3, and TIA1. Scoring was binarized as
zero for absent or minimal (o1% of cells staining)
expression and one for expression, with the following exceptions: cyclin E, p16, p27, and pAKT were
scored as zero, one, or two for no staining, weak
staining, and strong staining, respectively. For TP53,
scoring was as follows: zero for complete loss of
expression, one for focal expression (1–50% of
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(49.2–59.2)
(10.0)
(10.0)
(60.0)
(20.0)
(10.0)
(40.0)
(50.0)
(100)
(30.0)
(20.0)
(50.0)
(592–3152)
(10.0)
(40.8–76.7)
(70.0)
(30.0)
(49.3–55.3)
(9.7)
(6.4)
(64.5)
(19.4)
(25.8)
(41.9)
(32.3)
(80.6)
(19.3)
(22.6)
(58.1)
(1008–2786)
(22.6)
(35.1–52.0)
(77.4)
(22.6)
Mean age (95% CI)
Stage I (%)
Stage II (%)
Stage III (%)
Stage IV (%)
Cytoreduction status (none) (%)
Cytoreduction status (o1 cm) (%)
Cytoreduction status (41 cm) (%)
Platinum sensitive (%)
Ascites (none) (%)
Ascites (o0.5 l) (%)
Ascites (40.5 l) (%)
Mean CA125 (95% CI)
Neoadjuvant chemotherapy (%)
Mean follow-up (mo) (95% CI)
Number with recurrence (%)
Number without recurrence (%)

N

52.3
3
2
20
6
8
13
10
25
6
7
18
1897
7
43.5
24
7

31

51.4
2
1
14
4
7
9
5
15
3
5
13
2191
6
36.3
17
4

(47.4–55.4)
(9.5)
(4.8)
(66.7)
(19.0)
(33.3)
(42.9)
(23.8)
(71.4)
(14.3)
(23.8)
(61.9)
(1128–3253)
(28.6)
(27.8–44.7)
(80.9)
(19.1)

54.2
1
1
6
2
1
4
5
10
3
2
5
1279
1
58.7
7
3

10
21

BRCA 2

56.9
1
2
18
0
4
7
10
16
5
5
11
2011
1
47.1
19
2

21

(51.6–62.2)
(4.8)
(9.5)
(85.7)
(0)
(19.1)
(33.3)
(47.6)
(76.2)
(23.8)
(23.8)
(52.4)
(584–3438)
(4.8)
(37.3–56.8)
(90.5)
(9.5)

63.8
3
6
34
8
11
17
23
38
15
15
21
1332
7
39.5
39
12

51

(60.8–66.8)
(5.9)
(11.8)
(66.7)
(15.7)
(21.6)
(33.3)
(45.1)
(74.5)
(29.4)
(29.4)
(41.2)
(480–2185)
(13.7)
(33.7–45.4)
(76.5)
(23.5)

53.1
9
9
10
0
16
5
7
22
14
9
5
1084
1
41.9
12
16

(48.6–57.7)
(32.1)
(32.1)
(35.8)
(0.0)
(57.1)
(17.9)
(25.0)
(78.6)
(50.0)
(32.1)
(17.9)
(93–2075)
(3.6)
(32.2–51.7)
(42.9)
(57.1)

58.9
7
10
72
14
23
37
43
79
26
27
50
1643
15
42.3
82
21

103
28

Group 4
Group 3
Group 2
BRCA 1

Cases were grouped as follows: Group1: Patients
with high-grade serous carcinomas with identified
germline or somatic mutations in either BRCA1 or
BRCA2 (n ¼ 31, or 30% of high-grade serous). In all,
19/21 BRCA1 mutations and 7/10 BRCA2 mutations
were germline. Within group 1 there were 21
patients with BRCA1 mutations (20%) and 10 with
BRCA2 mutations (10%). Group 2: Patients with
high-grade serous carcinoma whose tumors demonstrated methylation of BRCA1 (n ¼ 21, or 20% of
high-grade serous). Group 3: Patients with highgrade serous carcinoma who were not included in
group 1 or 2 above (n ¼ 51, or 50%), that is, no
BRCA1/BRCA2 mutation and no methylation of
BRCA1. Group 4: Non-high-grade serous carcinoma
(n ¼ 28). Neither BRCA1/BRCA2 mutations nor
BRCA1 methylation were identified in the nonhigh-grade serous cohort.
The demographic and clinicopathological characteristics of the cohort are provided in Table 1.
Within high-grade serous carcinomas (groups 1–3)
there are no statistically significant differences
between groups for any of the parameters tested
(stage, ascites, cytoreduction, neoadjuvant therapy,
and CA125 levels) with the exception of age, which
was significantly lower in the BRCA1 and BRCA2

Group 1 (stratified)

Results

Group 1 (consolidated)

Clinicopathological parameters and immunohistochemical staining data were considered to be
categorical data. Patient age and mRNA data were
considered continuous unless otherwise specified.
Descriptive statistics were computed from simple
frequency distributions. Contingency analysis was
used to compare the associations of categorical
variables and P-values were derived using Pearson’s
Chi Square statistic. Associations between categorical and continuous variables were measured using
the Tukey–Kramer analysis for multiple comparisons. Progression-free survival and overall survival
were assessed using Kaplan–Meier curves and
differences were quantified with the Log-Rank
Statistic. For the purposes of this study, uncorrected
P-values were reported and levels of o0.05 were
considered statistically significant. All analyses
were computed with JMP v9.0.1, SAS Institute,
Cary, NC, USA.

Table 1 Clinicopathological characteristics and clinical outcomes of the cohort (n ¼ 131 ovarian carcinomas, including 103 high-grade serous cancers)

Statistical Analysis

All HGS

cells), or two for overexpression (defined as 450%
of tumor cells showing strongly positive nuclear
staining), as described previously.16 The immune
cell markers CD8, CD3, CD4, CD20, FoxP3, and
TIA1 were scored as zero for no intraepithelial
immune cells present in either 0.6 mm tissue
microarray core, or one for one or more positively
stained intraepithelial lymphocytes (Supplementary
Appendix 1).

(56.7–61.1)
(6.8)
(9.7)
(69.9)
(13.6)
(22.3)
(35.9)
(41.8)
(76.7)
(25.2)
(26.2)
(48.5)
(1083–2204)
(14.6)
(38.0–46.5)
(79.6)
(20.4)
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germline or somatic mutation group (group 1) and in
the BRCA1 methylated group (group 2), compared
with group 3 (Po0.0001 and 0.028, respectively).
The overall cytoreduction rate to o1 cm or no
residual was 58% with only 14.5% of cases receiving neoadjuvant chemotherapy in this series.
Patients were given intravenous carboplatin AUC 6
and paclitaxel 175 mg/m2 post debulking surgery or
as neoadjuvant chemotherapy with only three
patients receiving intraperitoneal chemotherapy
protocol with day 1 intravenous paclitaxel
175 mg/m2 and intraperitoneal carboplatin AUC 6,
day 8 intraperitoneal paclitaxel 60 mg/m2. The
median progression-free survival and overall survival for high-grade serous carcinomas was 18 and 73
months, respectively, with an average follow-up
time of 3.5 years (range 2.3–7 years). Within the
advanced stage (stage III/IV) HGS carcinomas
(n ¼ 86) median progression-free survival and overall survival was 16 and 72 months.
mRNA expression level ratios for BRCA1 and
BRCA2 correlated with group assignment with the
lowest mRNA expression level ratios in groups 1
and 2 as compared with group 3 (P ¼ 0.0008)
(Figure 1). Within group 1 analysis of variance was
performed and demonstrated significantly lower
BRCA1 mRNA expression ratios in the BRCA1
mutation group as compared with those with
mutations in BRCA2 (P ¼ 0.008). For non-high-grade
serous carcinomas the mean BRCA1 mRNA expression ratio was 1.0 justifying consideration of a cutoff

in our categorization of low/loss of mRNA to be
p1.0 vs high/gain mRNA ratio of 41. BRCA2
expression levels were also significantly different
between groups (P ¼ 0.0011) with low ratios in
group 1 and group 4, and particularly in those
individuals (n ¼ 10) with known germline or
somatic BRCA2 mutations. The cohort of BRCA1
methylated cases (group 2) had the highest proportion of cases with elevated BRCA2 mRNA expression (Figure 1). In group 1, all patients with BRCA2
germline or somatic mutations had a low ratio of
BRCA2 mRNA (mean ratio 0.499). However, of the
21 patients who had BRCA1 germline or somatic
mutations there were three germline BRCA1 mutation carriers who had high-BRCA1 mRNA levels
(mean ratio 2.13). Two of the women with ‘discordant’ BRCA1 mutation status and mRNA expression levels were carriers of the well characterized
exon 2185 del AG BRCA1 mutation, and the third
had an inherited exon 11 Q563X.
Kaplan–Meier survival curves were generated for
groups 1–4 (progression-free survival and overall
survival). In group 4, median progression-free
survival was never reached but is estimated at 5
years or 60 months. Within high-grade serous
carcinomas, median progression-free survival in
groups 1–3 was 20, 16, and 18 months, respectively.
A statistically significant difference in progressionfree survival could only be demonstrated between
Group 4 vs Groups 1,2 and 3 (P ¼ 0.03) with no
differences in outcome discerned between the three

Figure 1 mRNA expression level ratios for BRCA1 and BRCA2 assessed as a categorical variable (p1.0 was used to categorize as ‘loss’ or
low-mRNA expression ratio and 41 as ‘gain’ or high-mRNA expression ratio) differ between groups 1–4 (P ¼ 0.0008 for both BRCA1 and
BRCA2). The mean mRNA expression level ratio within each group is shown.
Modern Pathology (2012) 25, 740–750
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Figure 2 Kaplan–Meier survival analysis where (a) progression-free survival and (b) overall survival are assessed for groups 1–4.

high-grade serous carcinomas subgroups (P40.47)
(Figure 2a). In the assessment of overall survival
between groups, the majority of the cohort was
censored, with 82 of 131 patients alive at the time of
final analysis. However, of those who did succumb
to their disease, no statistically significant differences in overall survival were as observed between
the groups (P40.42) (Figure 2b).
Immunohistochemistry demonstrated decreased
expression of MDM2, ANXA4, and p21 and
increased expression of p16 in high-grade serous
carcinomas (groups 1–3) as compared with nonhigh-grade serous (group 4) (P ¼ o0.0001 for all).
Loss of PTEN was noted in 25% of non-high-grade
serous cases in contrast to 5% of high-grade serous
cases (P ¼ 0.008). Expression of the above proteins
did not differ significantly between the three groups
of high-grade serous carcinomas. Loss of PTEN was
associated with worse outcome (P ¼ 0.012) (Table 2).
No significant differences were seen between groups
1–3 with respect to MDM2, ANXA4, p21, p16,
PTEN, NDRG1, SERBP1, cyclin E, p27, or pAKT
immunoexpression (Table 2). There was a significant difference in CD20 (P ¼ 0.034) and TIA1
(P ¼ 0.027) cell infiltrates between groups 1–3, and
a trend towards difference in CD8 (P ¼ 0.057), with
tumors in group 1 more likely to show these
immune cell infiltrates. No association was found
between the presence of any of the immune cell
infiltrates and outcomes in high-grade serous carcinomas in this series (Table 2).

TP53 expression was strongly associated with
group (Po0.0001). TP53 was completely absent
(immunohistochemistry score 0) in 33.3% of highgrade serous, and overexpressed (immunohistochemistry score 2) in 58.3% of high-grade serous
carcinoma, with wild-type TP53 expression pattern
(immunohistochemistry score 1) in only 8.3% of
high-grade serous. All of the BRCA1 methylated
cases and all but one of the BRCA1 and BRCA2
mutation carriers showed either absence or overexpression of TP53 (Figure 3a). Within high-grade
serous carcinomas TP53 expression was significantly different when comparing those tumors with
BRCA abnormalities (groups 1 and 2) and those
without (group 3) (P ¼ 0.012). Survival analysis for
all high-grade serous carcinomas that was evaluable
for TP53 immunohistochemistry (n ¼ 96) revealed
the worst outcomes in those women whose tumors
had wild-type TP53 (immunohistochemistry score
1), and more favorable outcomes where loss or gain
of TP53 expression was noted. HRs for wild-type
TP53 (immunohistochemistry score 1) are tabulated,
ranging from 2.8 to 4.2 (Figure 3b and c).
BRCA1 immunohistochemistry was assessed with
Ab-1 monoclonal antibody at four different dilutions
(1:10, 1:25, 1:50, and 1:75) and there was no
association demonstrated between immunohistochemistry staining and group assigned (Figure 4)
(P ¼ 0.27). Even within group 1, immunohistochemistry with BRCA1 antibody could not distinguish
between those with BRCA1 vs BRCA2 mutations
Modern Pathology (2012) 25, 740–750
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Table 2 Immunohistochemical staining results for groups 1–3
Biomarker

Group 1a

Group 2a

Group 3a

Difference between HGS
subgroups (groups 1–3) (P-value)

Associated with PFS in HGS
(groups 1–3) (P-value)

CD3
CD8
CD20
TIA-1
FOXP3
MDM2
ANAXA4
p16
p21
PTEN loss

26/29
26/28
14/29
25/29
20/29
0/29
0/29
18/29
8/29
1/29

17/21
16/21
7/21
18/21
16/21
0/21
2/20
15/21
3/21
2/21

36/45
34/46
14/44
28/45
24/42
3/44
1/43
29/46
11/46
2/46

0.506
0.057
0.034
0.027
0.281
0.097
0.140
0.742
0.508
0.631

0.594
0.383
0.411
0.156
0.696
0.851
0.857
0.680
0.631
0.012b

a

The number of immunohistochemistry (IHC) positive cases are shown as the numerator over the number of cases tested by IHC. The exception is
PTEN where the numerator reflects the number of cases with loss of PTEN expression. Significant associations are shown in bold.
b
Based on few events, that is, majority of high-grade serous (HGS) carcinomas had undetectable expression levels.

(P ¼ 0.98), nor did BRCA1 immunohistochemistry
correlate with BRCA1 mRNA expression levels
(P ¼ 0.089). Unstained slides from a subset of cases
were sent to a separate institution for independent
validation of BRCA1 immunohistochemistry. Of the
11 cases where BRCA1 germline mutations had been
identified, 3 tested positive by BRCA1 immunohistochemistry. Of the 33 cases with no BRCA1
mutations, 17 tested negative by immunohistochemistry. Sensitivity, specificity, positive predictive
value, and negative predictive values for BRCA1
immunohistochemistry as a test for BRCA1 mutation
were 27.3%, 51.5%, 15.8%, and 75%, respectively,
in this independent assessment of BRCA1 immunohistochemistry.

Discussion
The importance of histological subtype in ovarian
carcinomas has been increasingly appreciated.3,53
High-grade serous carcinomas are distinct from nonhigh-grade serous carcinomas, differing with respect
to clinical presentation, distribution of disease,
response to therapy, survival, and site of origin.3,53–56
High-grade serous carcinomas are characterized by
ubiquitous TP53 abnormalities, BRCA abnormalities
in B50% of cases, and chromosomal instability.
This study confirmed that BRCA abnormalities are
exclusively a feature of high-grade serous carcinomas, with germline or somatic mutations present in
30% of high-grade serous carcinomas (24% of the
entire ovarian carcinoma cohort), BRCA1 methylation identified in 20% of high-grade serous carcinomas, and neither BRCA1 nor BRCA22 mutations nor
methylation of BRCA1 seen in the 28 non-high-grade
serous carcinomas. Although this does not prove
that BRCA abnormalities never occur in non-highgrade serous ovarian carcinoma subtypes, if they do
occur they are rare. Previous studies correlating
BRCA mutation status with subtype have suffered
from not having contemporary pathology review;
Modern Pathology (2012) 25, 740–750

histological subtyping based on current criteria is
highly reproducible3 and reflects underlying molecular abnormalities. The results reported herein
indicate that testing for BRCA1 and BRCA2 mutations in patients with non-high-grade serous ovarian
carcinomas is not routinely indicated.
Attention is now focusing on the molecular
abnormalities within high-grade serous subtype that
might explain the observed differences in patient
outcomes. Patient and treatment factors (such as age,
timing and aggressiveness of surgery, type and
delivery route of chemotherapy, and host immune
response) and tumor genetic alterations may all
impact clinical course and survival. A recent report
on patients from 27 international studies demonstrated improved survival of BRCA1 and BRCA2
mutation carriers relative to non-carriers.57 Unlike
previous series (and the current case series) where
the number of BRCA1 and BRCA2-null patients from
which conclusions were drawn was relatively small,
Bolton’s multi-center study had outcome data on
over 1400 BRCA1 and BRCA2 mutation carriers and
B2400 non-carriers, allowing them to take into
account clinical factors known to influence outcome. The recently published data from The Cancer
Genome Atlas has confirmed the association of
BRCA mutations with a favorable prognosis, and
also showed no prognostic effect with BRCA1
promoter methylation (compared with tumors lacking BRCA mutations or methylation).15 Our failure
to see significant differences in outcome in patients
with high-grade serous carcinoma, based on BRCA
status, can be attributed to a lack of sufficient cases
to detect a relatively modest difference in prognosis
in the current series. The fact that no differences
were observed in this series of 103 high-grade serous
cases, when patients were stratified based on BRCA
status, highlights the inability of BRCA mutation
testing to serve as a tool that can accurately predict
outcome in individual patients with high-grade
serous carcinoma. The HR of B0.7 associated with
BRCA mutation in the Bolton’s series is less
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Figure 3 (a) Contingency analysis of TP53 immunostaining results showing significant differences between groups 1–4 (Po0.0001).
Kaplan–Meier survival analysis for high-grade serous carcinomas (groups 1–3) based on TP53 expression category (0, 1, and 2) for
progression-free (b) and overall (c) survival reveals a survival disadvantage in tumors with wild-type TP53 (immunohistochemistry score
1) as compared with the other expression categories (progression-free survival: P ¼ 0.0035, overall survival: P ¼ 0.0005).

impressive than HRs associated with cytoreductive
status, stage, and TP53 immunohistochemistry
(wild-type pattern expression vs overexpression or
complete absence of expression). Response to conventional chemotherapy and molecular targeted
therapy is not limited to BRCA mutant phenotypes,
as platinum sensitivity is high in all high-grade
serous carcinomas. A recent series assessing efficacy
of poly (ADP-ribose) polymerase (PARP) inhibitors
in heavily pretreated women with ovarian and
breast carcinoma revealed that the success of

treatment with PARP inhibitors in ovarian carcinoma was not limited to BRCA mutation carriers nor
platinum sensitive cases.58 There are presumably
other molecular parameters that are equally if not
more important than BRCA status in influencing
response to treatment and outcome.
Within high-grade serous cancers there are immunohistochemistry features (ie, TP53 and immune
cell infiltrates) that were significantly associated
with genetic changes in BRCA1 and BRCA2 (group 1).
This supports there being molecular differences
Modern Pathology (2012) 25, 740–750
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Figure 4 Frequency distribution of BRCA1 immunohistochemistry scoring in groups 1–4 revealing no detectable differences
between groups (P ¼ 0.2731).

between group 1 (BRCA1 and BRCA2 mutations)
and groups 2 and 3 that are most probably a result of
the BRCA mutation. Expression of most markers was
identical, however, and the striking clinical, pathological, and molecular similarities between the
groups suggest that group 3 tumors have as yet
undetermined abnormalities that are functionally
equivalent to BRCA1 and BRCA2 mutations.
Increased presence of immune cell markers CD20
and TIA-1 was observed in patients with BRCA1 or
BRCA2 mutations as distinct from groups 2 and 3.
These markers were not associated with improved
outcomes in our relatively small cohort of highgrade serous carcinomas but other series with
greater case numbers have consistently demonstrated immune cell infiltrates to be a favorable
prognostic factor.18,19,22,24,59 TP53 abnormalities (loss
of expression, which correlates with nonsense
mutations or deletions, or overexpression, which
correlates with missense mutations) were essentially ubiquitous in high-grade serous cancers with
BRCA1 or BRCA2 abnormalities and also were
associated with favorable outcome. Thus BRCA
mutations, immune cell infiltrates, and TP53 abnormalities co-vary in high-grade serous carcinomas. In this series only TP53 was of prognostic
significance. A sufficiently large series of cases to
allow multivariate analysis is needed to determine
which of these three features are of prognostic
significance independent of the others.
This series and the Cancer Genome Atlas data15
showed no survival advantage in the BRCA1
methylated cohort (group 2). Discordant data from
previous series could be at least partly attributed to
challenges in methodology surrounding methylation
testing.
BRCA1 immunohistochemistry did not correlate
with subgroup of ovarian carcinoma nor were any
Modern Pathology (2012) 25, 740–750

differences in outcome according to BRCA1 immunohistochemistry appreciated. The use of BRCA1
immunohistochemistry as a surrogate for BRCA1
genetic status or functional status, using currently
available reagents, is doubtful based on these
results.
BRCA mRNA expression level ratios clearly
correlate with group, particularly in patients with
identified BRCA1 and BRCA2 germline or somatic
mutations, but the correlation is imperfect and
assessment of mRNA levels cannot act as a surrogate
for BRCA mutational analysis. It is possible that
these results may be confounded by contaminating
populations of non-tumour cells, for example,
lymphocytes,60,61 as these BRCA expressing cells,
which are associated with a favorable prognosis,
may lead to increased expression levels even when
tumor cells lack expression. It was interesting to
observe increased BRCA1 mRNA expression levels
in three BRCA1 germline mutation carriers, two of
which have 185 del AG mutations. These may be
secondary to contamination by normal cells as
described above, or reveal a true difference between
germline and tumor DNA suggesting the tumor has
undergone a secondary mutation with restoration of
the open reading frame and restoration of a functional BRCA1 gene.62–64
We have demonstrated that BRCA abnormalities
are only associated with the high-grade serous
subtype of ovarian carcinoma. TP53 abnormalities
(as detected by immunohistochemistry) and immune cell infiltrates were associated with BRCA
mutations; there is at present no data to indicate
whether BRCA mutation, TP53 abnormalities, and
host immune cell infiltrates, all of which are
favorable prognostic factors in univariate analysis
in large case series, are of independent prognostic
significance.
High-grade
serous
carcinomas
without BRCA mutations are very similar, clinically,
to high-grade serous carcinomas with BRCA
mutations with respect to stage at presentation,
ability to optimally surgically cytoreduce, and
outcome. This suggests there are other as yet
unidentified molecular changes in high-grade
serous carcinomas that will be able to predict
response to treatment and outcome better than
BRCA mutation status.
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18 Milne K, Köbel M, Kalloger SE, et al. Systematic
analysis of immune infiltrates in high-grade
serous ovarian cancer reveals CD20, FoxP3 and TIA-1
as positive prognostic factors. PloS One 2009;4:
e6412.
19 Clarke B, Tinker AV, Lee CH, et al. Intraepithelial T
cells and prognosis in ovarian carcinoma: novel
associations with stage, tumor type, and BRCA1 loss.
Mod Pathol 2009;22:393–402.
20 Han LY, Fletcher MS, Urbauer DL, et al. HLA class I
antigen processing machinery component expression
and intratumoral T-Cell infiltrate as independent
prognostic markers in ovarian carcinoma. Clin Cancer
Res 2008;14:3372–3379.
21 Zhang L, Conejo-Garcia JR, Katsaros D, et al. Intratumoral T cells, recurrence, and survival in epithelial
ovarian cancer. N Engl J Med 2003;348:203–213.
22 Leffers N, Gooden MJ, de Jong RA, et al. Prognostic
significance of tumor-infiltrating T-lymphocytes in
primary and metastatic lesions of advanced stage
ovarian cancer. Cancer Immunol Immunother 2009;58:
449–459.
23 Nelson BH. The impact of T-cell immunity on ovarian
cancer outcomes. Immunol Rev 2008;222:101–116.
24 Sato E, Olson SH, Ahn J, et al. Intraepithelial CD8+
tumor-infiltrating lymphocytes and a high CD8+/
regulatory T cell ratio are associated with favorable
prognosis in ovarian cancer. Proc Natl Acad Sci USA
2005;102:18538–18543.
25 Risch HA, McLaughlin JR, Cole DE, et al. Population
BRCA1 and BRCA2 mutation frequencies and cancer
penetrances: a kin-cohort study in Ontario, Canada.
J Natl Cancer Inst 2006;98:1694–1706.
26 Press JZ, De Luca A, Boyd N, et al. Ovarian carcinomas
with genetic and epigenetic BRCA1 loss have distinct
molecular abnormalities. BMC Cancer 2008;8:17.
27 Hennessy BT, Timms KM, Carey MS, et al. Somatic
mutations in BRCA1 and BRCA2 could expand the
number of patients that benefit from poly (ADP ribose)
polymerase inhibitors in ovarian cancer. J Clin Oncol
2010;28:3570–3576.
28 Hilton JL, Geisler JP, Rathe JA, et al. Inactivation of
BRCA1 and BRCA2 in ovarian cancer. J Natl Cancer
Inst 2002;94:1396–1406.
29 Geisler JP, Hatterman-Zogg MA, Rathe JA, et al.
Frequency of BRCA1 dysfunction in ovarian cancer. J
Natl Cancer Inst 2002;94:61–67.
30 Mukhopadhyay A, Curtin N, Plummer R, et al. PARP
inhibitors and epithelial ovarian cancer: an approach
to targeted chemotherapy and personalised medicine.
Br J Obstet Gynaecol 2011;118:429–432.
31 Venkitaraman AR. Linking the cellular functions of
BRCA genes to cancer pathogenesis and treatment.
Annu Rev Pathol 2009;4:461–487.
32 Tutt A, Ashworth A. The relationship between the
roles of BRCA genes in DNA repair and cancer
predisposition. Trends Mol Med 2002;8:571–576.
33 Karran P. DNA double strand break repair in mammalian cells. Curr Opin Gen Dev 2000;10:144–150.
34 Tassone P, Di Martino MT, Ventura M, et al. Loss of
BRCA1 function increases the antitumor activity of
cisplatin against human breast cancer xenografts in
vivo. Cancer Biol Ther 2009;8:648–653.
Modern Pathology (2012) 25, 740–750

High-grade serous characterization

750

JN McAlpine et al

35 Powell SN, Kachnic LA. Therapeutic exploitation of
tumor cell defects in homologous recombination.
Anticancer Agents Med Chem 2008;8:448–460.
36 Chirnomas D, Taniguchi T, de la Vega M. Chemosensitization to cisplatin by inhibitors of the Fanconi
anemia/BRCA pathway. Mol Cancer Ther 2006;5:
952–961.
37 Snyder ER, Ricker JL, Chen Z, et al. Variation in
cisplatinum sensitivity is not associated with Fanconi
anemia/BRCA pathway inactivation in head and neck
squamous cell carcinoma cell lines. Cancer Lett
2007;245:75–80.
38 Bhattacharyya A, Ear US, Koller BH, et al. The breast
cancer susceptibility gene BRCA1 is required for
subnuclear assembly of Rad51 and survival following
treatment with the DNA cross-linking agent cisplatin.
J Biol Chem 2000;275:23899–23903.
39 Foulkes WD. BRCA1 and BRCA2: chemosensitivity,
treatment outcomes and prognosis. Fam Cancer 2006;
5:135–142.
40 Di Leo A, Claudino WM, Pestrin M, et al. Using
specific cytotoxics with a targeted mind. Breast
2007;16:S120–S126.
41 Moule R, Sohaib A, Eeles R. Dramatic response to
platinum in a patient with cancer with a germline
BRCA2 mutation. Clin Oncol 2009;21:444–447.
42 Tan DS, Rothermundt C, Thomas K. 00 BRCAness00
syndrome in ovarian cancer: a case-control study
describing the clinical features and outcome of
patients with epithelial ovarian cancer associated with
BRCA1 and BRCA2 mutations. J Clin Oncol
2008;26:5530–5536.
43 Rubin SC, Benjamin I, Behbakht K, et al. Clinical and
pathological features of ovarian cancer in women with
germ-line mutations of BRCA1. N Engl J Med 1996;
335:1413–1416.
44 Cass I, Baldwin RL, Varkey T, et al. Improved survival
in women with BRCA-associated ovarian carcinoma.
Cancer 2003;97:2187–2195.
45 Boyd J, Sonoda Y, Federici MG, et al. Clinicopathologic features of BRCA-linked and sporadic ovarian
cancer. JAMA 2000;283:2260–2265.
46 Gallagher DJ, Konner JA, Bell-McGuinn KM. Survival
in epithelial ovarian cancer: a multivariate analysis
incorporating BRCA mutation status and platinum
sensitivity. Ann Oncol 2011;22:1127–1132.
47 Easton DF, Deffenbaugh AM, Pruss D, et al. A
systematic genetic assessment of 1,433 sequence
variants of unknown clinical significance in the
BRCA1 and BRCA2 breast cancer-predisposition
genes. Am J Hum Gen 2007;81:873–883.
48 Shah SP, Morin RD, Khattra J, et al. Mutational
evolution in a lobular breast tumour profiled at single
nucleotide resolution. Nature 2009;461:809–813.

49 Li H, Durbin R. Fast and accurate short read alignment
with Burrows-Wheeler transform. Bioinformatics
2009;25:1754–1760.
50 Goya R, Sun MG, Morin RD, et al. SNVMix: predicting
single nucleotide variants from next-generation sequencing of tumors. Bioinformatics 2010;26:730–736.
51 Li H, Handsaker B, Wysoker A, et al. The sequence
alignment/map format and SAMtools. Bioinformatics
2009;25:2078–2079.
52 Wiley A, Katsaros D, Chen H, et al. Aberrant promoter
methylation of multiple genes in malignant ovarian
tumors and in ovarian tumors with low malignant
potential. Cancer 2006;107:299–308.
53 Kobel M, Kalloger SE, Boyd N, et al. Ovarian
carcinoma subtypes are different diseases: implications for biomarker studies. PLoS Med 2008;5:e232.
54 Bowtell DD. The genesis and evolution of high-grade
serous ovarian cancer. Nat Rev 2010;10:803–808.
55 Przybycin CG, Kurman RJ, Ronnett BM, et al. Are all
pelvic (nonuterine) serous carcinomas of tubal origin?
Am J Surg Pathol 2010;34:1407–1416.
56 Mackay HJ, Brady MF, Oza AM, et al. Prognostic
relevance of uncommon ovarian histology in women
with stage III/IV epithelial ovarian cancer. Int J Gynecol
Cancer 2010;20:945–952.
57 Bolton KL, Goh C, Ramus S, et al. Genetic heterogeneity
of ovarian cancer survival effects in BRCA1/2 germline
mutations: a large, multi-center study. Thesis 2011.
58 Gelmon KA, Tischkowitz M, Mackay H, et al. Olaparib
in patients with recurrent high-grade serous or poorly
differentiated ovarian carcinoma or triple-negative
breast cancer: a phase 2, multicentre, open-lable, nonrandomised study. Lancet Oncol 2011;12:852–861.
59 Adams SF, Levine DA, Cadungog MG, et al. Intraepithelial T cells and tumor proliferation: impact on the
benefit from surgical cytoreduction in advanced serous
ovarian cancer. Cancer 2009;115:2891–2902.
60 Cannistra SA. BRCA-1 in sporadic epithelial ovarian
cancer: lessons learned from the genetics of hereditary
disease. Clin Cancer Res 2007;13:7225–7227.
61 Quinn JE, James CR, Stewart GE, et al. BRCA1 mRNA
expression levels predict for overall survival in ovarian
cancer after chemotherapy. Clin Cancer Res 2007;13:
7413–7420.
62 Sakai W, Swisher EM, Jacquemont C, et al. Functional
restoration of BRCA2 protein by secondary BRCA2
mutations in BRCA2-mutated ovarian carcinoma.
Cancer Res 2009;69:6381–6386.
63 Sakai W, Swisher EM, Karlan BY, et al. Secondary
mutations as a mechanism of cisplatin resistance in
BRCA2-mutated cancers. Nature 2008;451:1116–1120.
64 Edwards SL, Brough R, Lord CJ, et al. Resistance to
therapy caused by intragenic deletion in BRCA2.
Nature 2008;451:1111–1115.

Supplementary Information accompanies the paper on Modern Pathology website (http://www.nature.com/modpathol)

Modern Pathology (2012) 25, 740–750

