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Objective. The purpose of this study was to examine BRCA1
expression and its relationship to cell proliferation in sporadic
ovarian epithelial tumors (OETs).

Methods. We investigated BRCA1 expression and cell prolifer-
ative activity in 72 unselected OETs. They comprised 16 benign
cystadenomas, 18 borderline (low malignant potential) tumors,
and 38 carcinomas (OECs). These patients had no known family
history of breast and/or ovarian cancer. BRCA1 and the cell
proliferation marker, MIB-1, expressions in fixed tissue were in-
vestigated in all 72 cases by immunohistochemistry (IHC). BRCA1
mRNA in fresh frozen tissue samples from 20 of these cases was
measured by a semi-quantitative reverse transcription-polymerase
chain reaction (RT-PCR) method.

Results. The average percentage of BRCA1-positive cells was
.6% in cystadenomas, 29.7% in borderline tumors, and 6.6% in
ECs. The average decreased steadily with increasing grade of
ECs: grade 1 (21.4%), grade 2 (1.1%), and grade 3 (0%). The
verage percentage of MIB-1-positive cells increased steadily from
ystadenomas (7.5%) to borderline tumors (22.6%) to carcinomas
41.2%). BRCA1 expression was highly correlated with MIB-1
xpression in cystadenomas and borderline tumors. Six of seven
ECs negative for BRCA1 by IHC showed low levels of BRCA1
RNA by RT-PCR.
Conclusions. BRCA1 expression paralleled cell proliferation in

enign and borderline OETs, but not in OECs. Sporadic OECs
howed significantly reduced levels, rather than complete loss, of
RCA1 expression. The reduction was closely related to tumor
rade. Reduction of BRCA1 expression may be of etiologic signif-
cance in the occurrence and progression of sporadic ovarian
ancer. © 2000 Academic Press
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INTRODUCTION

Women who carry BRCA1 mutations are at a significa
increased risk of developing ovarian epithelial cancer (O
[1, 2]. BRCA1 expression has been shown in a numbe
studies to be much reduced in sporadic breast cancers
but there is only a single report on BRCA1 expressio
sporadic OECs [8]. Wilsonet al. [8] found BRCA1 expressio
(distinct nuclear staining) by immunohistochemistry (IHC
only 17 (49%) of 35 OECs; and loss of BRCA1 expression
significantly correlated with the pathological grade of the
mor.

High levels of BRCA1 mRNA expression are gener
found in rapidly proliferating tissues [9], with maximal expr
sion just before cells enter S phase [10]. Induced overex
sion of BRCA1 in several breast and ovarian cancer cell
resulted in growth inhibition [4]. Conversely, inhibition
BRCA1 expression by antisense oligonucleotides resulted
increased rate of growth of the cell lines [4]. This evide
suggests that BRCA1 has a tumor suppressor function.

We report here our finding of reduced levels of BRC
expression in sporadic OECs, and that this reduction in ex
sion represents in the majority of cases a reduction in BR
gene function and not a loss of gene function. We also re
our findings on cell proliferation in sporadic benign (cysta
nomas) and borderline (low malignant potential, LMP) ova
epithelial tumors (OETs), as well as in OECs, and the rela
ship between BRCA1 expression and cell proliferation in t
OETs. There have been no previous reports on the expre
of BRCA1 protein in relation to cell proliferation in spora
OETs.

MATERIALS AND METHODS

Tumor Specimens

Formalin-fixed, paraffin-embedded tumor specimens
studied from 72 patients with OETs comprising 16 ben
cystadenomas (10 serous and 6 mucinous), 18 borderlin
mors (10 serous and 8 mucinous), and 38 carcinoma
serous, 6 mucinous, 5 endometrioid, and 5 other). All tu
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r-
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295BRCA1 AND SPORADIC OVARIAN CANCER
samples were collected from 1995 through 1998 at the De
ment of Pathology, Women’s and Children’s Hospital, Uni
sity of Southern California School of Medicine, from patie
treated at the hospital. Tissues were obtained from tota
dominal hysterectomy and bilateral salpingo-oophorecto
Medical charts were reviewed and no family history of br
or ovarian cancers was recorded for any of these pat
Slides from all tumor samples were reviewed independent
two pathologists (FL, WZ). Histologic types and tumor gra
(1 to 3) were assigned using International Federation of
necology and Obstetrics criteria.

Freshly frozen tumor samples were available from 2
these 72 patients. These 20 samples comprised 5 cysta
mas, 5 borderline tumors, and 10 carcinomas.

Approval for use of these tissues was obtained from
Institutional Review Board at the University of Southern C
ifornia School of Medicine.

BRCA1 and MIB-1 IHC Analyses

Mouse monoclonal antibody against human BRCA1 pro
(Ab-1, IgG2a) generated from amino acid sequence 1–3
BRCA1 was obtained from Oncogene Research Pro
(Cambridge, MA). The specificity of this BRCA1 antibody h
been characterized by Wilsonet al. [8]. MIB-1 (Ki-67 paraf-
fin), a mouse monoclonal antibody (IgG1) recognizing a
clear antigen expressed in all phases of the cell cycle exce0
[11], was obtained from Immunotech, Inc. (Westbrook, M
Five-micrometer parallel sections of the ovarian sections s
ing OETs were cut and placed on Super Plus slides (F
Scientific, Pittsburgh, PA) for IHC. A section of each specim
was stained with hematoxylin and eosin and examined m
scopically to confirm the diagnoses. IHC analysis was
formed on formalin-fixed and paraffin-embedded section
ing the streptavidin–biotin–peroxidase methodology. BRC
and MIB-1 antigens were unmasked with the heat-med
antigen retrieval method [8, 12]. The tissue sections
incubated overnight at 4°C with the monoclonal antibodie
a dilution of 1:200 (10mg/ml) in PBS with 1% bovine seru
albumin. The LSAB1 reagents (DAKO, Carpenteria, C

ere used for BRCA1 as recommended. Secondary antib
or MIB-1 were provided by BioGenex (San Ramon, C
isualization was carried out with diaminobenzidine tetra
rochloride as chromogen (BioGenex).
MCF-7 breast cancer cells and developing follicles in hu

varian sections served as positive controls for BRCA1
ression by IHC [13]. Ab-1 BRCA1 antibody was also v
ated in two ovarian cancers containing germline BRC
el185AG mutations. This specific mutation results in
eletion of most of the protein, including the Ab-1 epitope
xpected, no BRCA1 immunoreactivity was detected in t

wo cases. Cytokeratin IHC was done in all BRCA1-nega
ases to rule out false negatives. Proliferative endom
issue sections served as positive controls for MIB-1 stain
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egative controls were carried out by replacing primary a
odies with class-matched mouse IgGs on parallel ov
ections.

ssessment of Staining for BRCA1 and MIB-1

Quantitative assessment of IHC results for both BRCA1
nd MIB-1 [14, 15] was based on distinct nuclear staining (
). Moderate or strong nuclear staining was considered

ive. Weak nonspecific staining was defined as negative, a
he occasional cytoplasmic staining for BRCA1 observe
ome cases. Percentages of positively stained cells wer
ulated after counting a total of 500 epithelial tumor cells f
ach OET case. No cytoplasmic staining for MIB-1 was no

RCA1 mRNA Measurement by Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from 0.5 mg of each of the
rozen specimens after mincing with Trizol (Gibco BR
ockville, MD) according to the manufacturer’s instructio
NA integrity was checked by agarose gel electrophoresi
thidium bromide staining as well as by monitoring absorb
t A260/280 before each RT-PCR. RNA concentration
etermined by spectrophotometric analysis at 260 nm b
ach RT-PCR; RNA (0.5mg) from each sample was used

a single RT-PCR. RT-PCR was performed as previously
scribed [12]. The synthetic oligonucleotides used as BR
PCR primers were 59-GAT TTG ACG GAA ACA TCT
TAC-39 (sense) and 59-CCA GCA TCA GTA GTA TGA-39
(antisense). This pair of primers, which was derived from
BRCA1 sequence in GenBank (No. U14680), amplifies a D
product from exons 14–15 with a fragment size of 236 bp.
annealing temperature was 57°C and 35 cycles were
formed.b-Actin served as internal control. A semi-quantita
method was used to examine the BRCA1 mRNA expres
level compared tob-actin mRNA expression level in differe
OET samples [16]. Relatively accurate quantitation can
achieved by serial dilution of multiple replicates of tum
cDNA samples; each cDNA sample for BRCA1 measurem
was serially diluted five times (at least eight times forb-actin)
prior to PCR. Twenty microliters of the PCR product w
electrophoresed in a polyacrylamide gel (8%) in Tris–bo
EDTA buffer. The 236-bp band was visualized under ultr
olet light after ethidium bromide staining. Each sample
scored as the number of bands seen. Each experimen
repeated three times with little variation. The numbers
positively visualized bands given in the tables were the m
ans of the triplicate experiments. The 540-bp product ofb-ac-
tin from each sample was analyzed simultaneously in the
way.b-Actin was visualized up to the seventh dilution with
tumor samples. Three human ovaries containing develo
follicles served as positive controls for BRCA1 expression
RT-PCR [13]. RNA from one of these ovaries was inclu
with each RT-PCR experiment. The 236-bp product of BRC
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from the follicle-containing ovaries was still visualized a
the fifth dilution. Negative controls included treatment w
RNase A before the reverse transcription and absence o
cific primers for BRCA1 under identical conditions for PC
These were included with each RT-PCR experiment.

Statistical Analysis

Statistical analysis was carried out using standard me
with the SAS computer package system [17]. Differen
between groups were analyzed by analysis of variance me
(equivalent to Student’st test when only two groups are

FIG. 1. Representative expression of BRCA1 and MIB-1 by immun
top left), a borderline tumor (top right), and a carcinoma (bottom left). N

to the diffuse MIB-1 nuclear immunoreactivity detected in the same ov
identified in these cases. Original magnifications: cystadenoma (4003), bord
pe-
.

ds
s
ds

volved). Standard Pearson correlation coefficients (r values
were calculated. AllP values quoted are two-sided.

RESULTS

RCA1 and MIB-1 IHC Expression

The BRCA1 immunoreactivity results (percentage of
uclear stained) are shown in Fig. 2. BRCA1 expression

ound in 12 (75%) of the 16 benign cystadenomas and i
100%) of the 18 borderline OETs, but in only 13 (34%) of
8 OECs. There was a sharp decline in immunoreactivity

tochemistry in OETs. Nuclear staining of BRCA1 is illustrated in a cys
RCA1 immunoreactivity was observed in this carcinoma case. This isntras

an cancer case (bottom right). No cytoplasmic, but occasional stromaing is
e tumor (2003), carcinoma (1003).
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297BRCA1 AND SPORADIC OVARIAN CANCER
increasing grade of OEC: 9 (82%) of the 11 grade 1 (
differentiated) tumors were positive, compared to 4 (29%
the 14 grade 2 (moderately differentiated) tumors, and no
the 13 grade 3 (poorly differentiated) tumors. Represent
pictures of BRCA1 immunostaining are shown in Fig. 1.
BRCA1-negative OECs stained positive for cytokeratin.

The percentage of BRCA1-positive cells averaged 5.6
cystadenomas, 29.7% in borderline tumors, and 6.6% in O
(Table 1). Grade 1 OECs had an average of 21.4% po
cells, grade 2 OECs 1.1% positive cells, and grade 3 O
were uniformly negative by IHC. The differences in percen
of BRCA1 staining between the OET types was highly st
tically significant (P , 0.001).

MIB-1 expression was evaluated in parallel sections o
ET samples. MIB-1 immunoreactivity was detected in al

FIG. 2. BRCA1 detection by IHC in OETs. The percentage of OET c
in each case. Compared to cystadenomas, borderline tumors showed i
in grade 2 cases and no expression in grade 3 cases; grade 1 tumors

TABLE 1
BRCA1 and MIB-1 Expression in OETs

OET type N

BRCA1
(average6 SE)a

(%)

MIB-1
(average6 SE)

(%)

BRCA1/MIB-1
ratio

(average6 SE)
(%)

Cystadenoma 16 5.66 1.7 7.56 2.2 0.756 0.19
LMP tumor 18 29.76 2.6 22.66 3.0 1.606 0.19
Carcinoma 38 6.66 2.3 41.26 3.4 0.196 0.07

Grade 1 11 21.46 6.1 40.06 6.1 0.596 0.19
Grade 2 14 1.16 0.5 34.06 4.4 0.046 0.02
Grade 3 13 0.0 50.16 6.8 0.00

a SE, standard error.
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cases. The percentage of MIB-1-positive cells incre
steadily from cystadenomas (average 7.5%) to borderlin
mors (22.6%) to OECs (41.2%) (Table 1). This trend
highly statistically significant (P , 0.001). A representativ
picture of MIB-1 immunoreactivity is shown in Fig. 1.

There was a close association between BRCA1 and M
expression in cystadenomas and borderline tumors (r 5 0.72,
P , 0.001; Fig. 3). The BRCA1/MIB-1 ratio did not diff
significantly between cystadenomas and borderline tu
when only the cystadenomas showing BRCA1 expression
considered. The average ratio for these cystadenomas

positive for BRCA1 immunostaining was expressed after counting 500 t
eased BRCA1 expression. OECs showed significant reduction of BRC
wed reduced expression when expressed relative to MIB-1 expression

FIG. 3. Relation of BRCA1 and MIB-1 expression in cystadenom
borderline tumors, and grade 1 OECs: diamonds, cystadenomas; circle
derline tumors; and squares, grade 1 OECs.
ells
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298 ZHENG ET AL.
borderline tumors combined was 1.366 0.15 (average6
standard error). This ratio was much reduced in OECs sho
BRCA1 expression: grade 1 OECs, 0.726 0.19; and grade

ECs, 0.166 0.03 (P , 0.01 for comparison with BRCA11
ystadenomas plus borderline tumors). The reduced BR
IB-1 ratio in grade 1 OECs can be easily seen in Fig. 3
BRCA1 expression in normal ovarian tissue was ma

ocalized in granulosa and theca interna cell nuclei of de
ping follicles. The pattern of staining in ovarian follicles w
niform (data not shown). No BRCA1 immunoreactivity w
bserved in the stroma of normal ovaries. A small percen
1–3%) of BRCA1-positive cells was seen in ovarian epith
nclusions (data not shown).

For OETs, BRCA1 immunoreactivity was mainly obser
n the nuclei of the epithelial cells (Fig. 1). Two (12%) of
6 cystadenomas, 2 (11%) of the 18 borderline tumors, a
11%) of the 38 OECs showed moderate cytoplasmic stai
ccasional stromal staining for BRCA1 was also noted

4.2%) of 72 OETs.

TABLE 2
BRCA1 Levels in Ovarian Epithelial Tumors

Band:a

RT-PCR Products
in serial dilution

IHC positiveb

(%)1 2 3 4 5

Cystadenomas
6c 1 1 1 2 2 15
7 1 1 1 1 2 20
8 1 1 1 2 2 3

14 1 1 2 2 2 3
16 1 1 1 2 2 10

Borderline tumors
1 1 1 1 1 2 38
2 1 1 1 1 2 36
3 1 1 1 1 2 55
5 1 1 1 1 2 45

12 1 1 1 1 2 30
Carcinomas

1 2 2 2 2 2 0
2 1 2 2 2 2 0
3 1 2 2 2 2 0
4 1 2 2 2 2 0
5 1 2 2 2 2 0
6 1 1 2 2 2 12
9 1 1 2 2 2 9

10 1 1 1 2 2 17
31 1 2 2 2 2 0
32 1 2 2 2 2 0

a Bands 1 to 5 represent the serial dilution numbers of cDNA samples
to PCR amplification.1, band visualized;2, no band visualized.

b Percentages of tumor cells stained in the corresponding samples stu
IHC.

c Case number.
ng

1/

y
l-

ge
l

4
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RCA1 mRNA Detection

All but 1 of the 20 OETs showed at least one band
RCA1 mRNA by RT-PCR (Table 2). Borderline tumors h
lightly higher levels than benign or malignant OETs. Of th
ystadenomas, 3 showed three bands, 1 showed two band
showed four bands. All 5 borderline tumors showed P

roduct in the fourth dilution (four bands). All 5 benign cy
denomas and 5 borderline tumors examined by RT-PCR
ositive for BRCA1 by IHC. One of the carcinomas showed
ands; only 3 showed more than one band, and these we
nly ones positive for BRCA1 by IHC. Representative R
CR results are shown in Fig. 4.b-Actin was still visualized a

the seventh dilution with all tumor samples but died there
with no differences being noted between the 20 OET sam
(data not shown).

DISCUSSION

BRCA1 expression was detected by IHC in 9 (82%) o
grade 1 OECs, but only in 4 (29%) of 14 grade 2 OECs, an
none of the 13 grade 3 OECs. Although a high proportio
the grade 1 OECs expressed BRCA1 at a relatively high
(Fig. 1), the level of expression in these BRCA11 OECs wa

uch reduced relative to MIB-1 expression when compar
he results in borderline tumors, suggesting that BRCA1 f
ion was also reduced in these low grade BRCA11 OECs. Six
f 7 OECs negative for BRCA1 by IHC were positive
RCA1 expression by RT-PCR. (All 7 showed positive
ression for cytokeratin by IHC, which eliminates the po
ility of false IHC negatives for BRCA1). This suggests t
ormal BRCA1 may be being expressed at very low leve
ECs negative for BRCA1 by IHC, rather than there bein
omplete loss of function. These results confirm and exten
nding of Wilsonet al. [8] of reduced BRCA1 expression
varian carcinomas.

or

by

FIG. 4. Representative expression of BRCA1 mRNA levels in OETs
semi-quantitative RT-PCR. Results from a representative cystadenoma
16), a borderline tumor (case 12), and a carcinoma (case 3) are s
Numerical numbers, 1 to 5, represent serial dilutions of the cDNA sam
after reverse transcription. BRCA1 product was not visualized after the
dilution (three bands) for the cystadenoma, after the fourth dilution
bands) for the borderline tumor, and after the first dilution for the carcin
(one band). The 540-bp product ofb-actin from the above three representa
samples was visualized up to the seventh dilution (data not shown).
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299BRCA1 AND SPORADIC OVARIAN CANCER
The mechanisms of the reduced levels of BRCA1 expre
in sporadic OECs are unknown. They could be due
combination of several genetic and epigenetic changes
though mutations of BRCA1 are rare in sporadic OECs [
20], loss of heterogeneity of chromosome 17q markers, in
ing the BRCA1 region, is relatively common [21–2
Alternatively, lower BRCA1 activity may be related to epi
netic changes such as methylation of its promoter region
25]. Methylation of the BRCA1 promoter has been shown t
associated with reduced gene activity in sporadic breast
cers [6, 26, 27].

BRCA1 expression was highly correlated with MIB-1
pression in cystadenomas and borderline tumors (Fig. 3).
is in agreement with evidence suggesting that BRCA1 ac
concert with DNA repair enzymes to maintain the integrity
the genome during periods of rapid growth [28–31]. Bor
line tumors are recognized as a distinct subset of OETs
display clinical and histologic features intermediate betw
benign and malignant OETs. In contrast to malignant O
borderline tumors tend to occur in younger patients and
an excellent 95% overall survival [32]. The proliferative
tivity of borderline tumors was significantly higher than tha
benign cystadenomas. There was no evidence that BR
expression was reduced in borderline tumors. These fin
suggest that BRCA1 function is still intact in the majority
cystadenomas and borderline tumors and may contribute
indolent biological behavior of borderline tumors.

BRCA1 immunoreactivity in normal ovary was conc
trated in the nuclei of granulosa and theca interna cells o
developing follicles, the vast majority of which were BRC
positive; this is consistent with observations made on m
ovary [13]. BRCA1 immunoreractivity was also mainly o
served in the nuclei of OET cells. However, we did fi
occasional cytoplasmic staining in OECs. This latter findin
in contrast to the report of Wilsonet al. [8] who, using the
same antibody (Ab-1), found BRCA1 immunoreactivity exc
sively in the nucleus. We did not detect BRCA1 immunore
tivity in stroma from normal ovaries. However, we obser
occasional BRCA1 immunoreactivity in the stroma of sev
cases of OETs. The nondetectable or rare immunoreactiv
BRCA1 in ovarian stroma is possibly due to the mitotic
inactive nature of these stromal tissues. This finding is aga
contrast to that of Wilsonet al. [8] who reported that BRCA

as expressed uniformly in all types of ovarian cells. We h
o explanations for these discrepant findings. Further st
y other investigators are needed to clarify these issues.
Cell proliferation rate and tumor grade are important p

ostic factors in ovarian cancer [33, 34]. Compared with
enign and borderline OETs, OECs showed significantly
reased proliferative activity. However, there was no di
nce in cell proliferation between grade 1 and grade 2 OE

his study, although grade 3 OECs did have the highest p
ration rate. Generally, increased cell proliferation is obse

n tumors with increasing grade. This slight inconsistenc
on
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ur data may simply be due to relatively small sample s
e found that reduced BRCA1 expression correlates with

nown poor biological behavior of the high-grade spor
varian cancers. This is consistent with the recently rep
nding that hereditary BRCA1-associated ovarian cancer
end to be of high grade [35]. It is, however, not clear whe
his is compatible with the previous report of a more favor
linical outcome in hereditary BRCA1-associated ovarian
ers [36].
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