Gynecologic Oncology’'6, 294-300 (2000)
doi:10.1006/gyn0.1999.5664, available online at http://www.idealibrary.co

Reduction of BRCAL Expressio

HDE %1®

n in Sporadic Ovarian Cancer*

Wenxin Zheng, M.D.,** Feng Luo, M.D.,* Jean J. Lu, M.D.,* Armine Baltayan, M.D.,* Michael F. Press, M.D., Ph.D.,*

Zuo-Feng Zhang, M.D., Ph.D.

,¥ and Malcolm C. Pike, Ph.D.,8

*Department of PathologytDepartment of Obstetrics and Gynecology, &ikpartment of Preventive Medicine, University of Southern California
School of Medicine, Los Angeles, California 90033; ai@thool of Public Health, University of California, Los Angeles, California 90095

Received July 22, 1999

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 BRCAL 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. BRCAl and the cell
proliferation marker, MIB-1, expressions in fixed tissue were in-
vestigated in all 72 cases by immunohistochemistry (IHC). BRCA1
mMRNA 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
5.6% in cystadenomas, 29.7% in borderline tumors, and 6.6% in
OECs. The average decreased steadily with increasing grade of
OECs: grade 1 (21.4%), grade 2 (1.1%), and grade 3 (0%). The
average percentage of MIB-1-positive cells increased steadily from
cystadenomas (7.5%) to borderline tumors (22.6%) to carcinomas
(41.2%). BRCAL1 expression was highly correlated with MIB-1
expression in cystadenomas and borderline tumors. Six of seven
OECs negative for BRCA1 by IHC showed low levels of BRCAL
MRNA by RT-PCR.

Conclusions. BRCAL1 expression paralleled cell proliferation in
benign and borderline OETS, but not in OECs. Sporadic OECs
showed significantly reduced levels, rather than complete loss, of
BRCAL1 expression. The reduction was closely related to tumor
grade. Reduction of BRCAL expression may be of etiologic signif-
icance in the occurrence and progression of sporadic ovarian
cancer. © 2000 Academic Press
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INTRODUCTION

Women who carry BRCA1 mutations are at a significantly
increased risk of developing ovarian epithelial cancer (OEC
[1, 2]. BRCAL expression has been shown in a number ¢
studies to be much reduced in sporadic breast cancers [3—
but there is only a single report on BRCA1 expression il
sporadic OECs [8]. Wilsoet al.[8] found BRCAL expression
(distinct nuclear staining) by immunohistochemistry (IHC) in
only 17 (49%) of 35 OECs; and loss of BRCA1 expression wa
significantly correlated with the pathological grade of the tu
mor.

High levels of BRCA1 mRNA expression are generally
found in rapidly proliferating tissues [9], with maximal expres-
sion just before cells enter S phase [10]. Induced overexpre
sion of BRCAL1 in several breast and ovarian cancer cell line
resulted in growth inhibition [4]. Conversely, inhibition of
BRCAZ1 expression by antisense oligonucleotides resulted in
increased rate of growth of the cell lines [4]. This evidenc
suggests that BRCA1 has a tumor suppressor function.

We report here our finding of reduced levels of BRCA1
expression in sporadic OECs, and that this reduction in expre
sion represents in the majority of cases a reduction in BRCA
gene function and not a loss of gene function. We also repc
our findings on cell proliferation in sporadic benign (cystade
nomas) and borderline (low malignant potential, LMP) ovarial
epithelial tumors (OETS), as well as in OECs, and the relatior
ship between BRCAL expression and cell proliferation in thes
OETs. There have been no previous reports on the express
of BRCAL1 protein in relation to cell proliferation in sporadic
OETs.

MATERIALS AND METHODS
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samples were collected from 1995 through 1998 at the Depaxtegative controls were carried out by replacing primary ant
ment of Pathology, Women'’s and Children’s Hospital, Univebodies with class-matched mouse IgGs on parallel ovaric
sity of Southern California School of Medicine, from patientsections.

treated at the hospital. Tissues were obtained from total ab-

dominal hysterectomy and bilateral salpingo-oophorectoméssessment of Staining for BRCAL and MIB-1

Medical charts were reviewed and no family history of breast -
or ovarian cancers was recorded for anyyof theZe patients.Quam'tatlve assessment of IHC results for both BRCAL [8

Slides from all tumor samples were reviewed independently fld MIB-1 [14, 15] was based on distinct nuclear staining (Fig

two pathologists (FL, WZ). Histologic types and tumor gradet - Moderate or strgpg nupl_ear stalmng was conS|d¢red po:
. . ’ . ive. Weak nonspecific staining was defined as negative, as w
(1 to 3) were assigned using International Federation of G

: LT e occasional cytoplasmic staining for BRCAL observed i
necology and Obstetrics criteria. L )
. spme cases. Percentages of positively stained cells were ¢
Freshly frozen tumor samples were available from 20 @ ) 2
: . Culated after counting a total of 500 epithelial tumor cells fron
these 72 patients. These 20 samples comprised 5 cystadenos; . o
. . each OET case. No cytoplasmic staining for MIB-1 was note
mas, 5 borderline tumors, and 10 carcinomas.
Approval for use of these tissues was obtained from t
Institutional Review Board at the University of Southern Cal-

ifornia School of Medicine.

CA1 mRNA Measurement by Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from 0.5 mg of each of the 2(
BRCAL and MIB-1 IHC Analyses frozen. specimens aftgr mincing with Trizol (C_;ibco BRL,
Rockville, MD) according to the manufacturer’s instructions
Mouse monoclonal antibody against human BRCA1 proteRNA integrity was checked by agarose gel electrophoresis al
(Ab-1, IgG2a) generated from amino acid sequence 1-304aihidium bromide staining as well as by monitoring absorbanc
BRCA1 was obtained from Oncogene Research ProduetsA260/280 before each RT-PCR. RNA concentration wa
(Cambridge, MA). The specificity of this BRCA1 antibody hasletermined by spectrophotometric analysis at 260 nm befo
been characterized by Wilsaat al. [8]. MIB-1 (Ki-67 paraf- each RT-PCR; RNA (0.g) from each sample was used for
fin), a mouse monoclonal antibody (IgG1) recognizing a na single RT-PCR. RT-PCR was performed as previously d
clear antigen expressed in all phases of the cell cycle excepts@éribed [12]. The synthetic oligonucleotides used as BRCA
[11], was obtained from Immunotech, Inc. (Westbrook, MEPCR primers were 'SGAT TTG ACG GAA ACA TCT
Five-micrometer parallel sections of the ovarian sections shoWAC-3' (sense) and 'SCCA GCA TCA GTA GTA TGA-3
ing OETs were cut and placed on Super Plus slides (Fisl{antisense). This pair of primers, which was derived from th
Scientific, Pittsburgh, PA) for IHC. A section of each specimeBRCAL sequence in GenBank (No. U14680), amplifies a DN/
was stained with hematoxylin and eosin and examined micqaroduct from exons 14-15 with a fragment size of 236 bp. Th
scopically to confirm the diagnoses. IHC analysis was peannealing temperature was 57°C and 35 cycles were pe
formed on formalin-fixed and paraffin-embedded sections Usrmed.B-Actin served as internal control. A semi-quantitative
ing the streptavidin—biotin—peroxidase methodology. BRCAmethod was used to examine the BRCAL1 mRNA expressic
and MIB-1 antigens were unmasked with the heat-mediatkiel compared t@-actin mMRNA expression level in different
antigen retrieval method [8, 12]. The tissue sections we@ET samples [16]. Relatively accurate quantitation can &
incubated overnight at 4°C with the monoclonal antibodies athieved by serial dilution of multiple replicates of tumor
a dilution of 1:200 (10ug/ml) in PBS with 1% bovine serum cDNA samples; each cDNA sample for BRCAL1 measuremel
albumin. The LSAB- reagents (DAKO, Carpenteria, CA)was serially diluted five times (at least eight times Boactin)
were used for BRCA1 as recommended. Secondary antibodie®r to PCR. Twenty microliters of the PCR product was
for MIB-1 were provided by BioGenex (San Ramon, CA)electrophoresed in a polyacrylamide gel (8%) in Tris—borat
Visualization was carried out with diaminobenzidine tetrahyeDTA buffer. The 236-bp band was visualized under ultravi
drochloride as chromogen (BioGenex). olet light after ethidium bromide staining. Each sample wa
MCF-7 breast cancer cells and developing follicles in humatored as the number of bands seen. Each experiment v
ovarian sections served as positive controls for BRCA1 esepeated three times with little variation. The numbers c
pression by IHC [13]. Ab-1 BRCAL antibody was also valipositively visualized bands given in the tables were the med
dated in two ovarian cancers containing germline BRCAdns of the triplicate experiments. The 540-bp produgs-afc-
dell85AG mutations. This specific mutation results in thin from each sample was analyzed simultaneously in the sar
deletion of most of the protein, including the Ab-1 epitope. Away. B-Actin was visualized up to the seventh dilution with all
expected, no BRCAL immunoreactivity was detected in theg@amor samples. Three human ovaries containing developii
two cases. Cytokeratin IHC was done in all BRCA1-negativfellicles served as positive controls for BRCAL expression b
cases to rule out false negatives. Proliferative endometrRl-PCR [13]. RNA from one of these ovaries was include
tissue sections served as positive controls for MIB-1 stainingith each RT-PCR experiment. The 236-bp product of BRCA
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FIG. 1. Representative expression of BRCA1 and MIB-1 by immunohistochemistry in OETs. Nuclear staining of BRCAL is illustrated in a cystade
(top left), a borderline tumor (top right), and a carcinoma (bottom left). No BRCA1 immunoreactivity was observed in this carcinoma case. Thigastn c
to the diffuse MIB-1 nuclear immunoreactivity detected in the same ovarian cancer case (bottom right). No cytoplasmic, but occasional stirggnial sta
identified in these cases. Original magnifications: cystadenomax(¢@®rderline tumor (208), carcinoma (108).

from the follicle-containing ovaries was still visualized aftevolved). Standard Pearson correlation coefficiemtyalues)
the fifth dilution. Negative controls included treatment withwere calculated. AIP values quoted are two-sided.
RNase A before the reverse transcription and absence of spe-
cific primers for BRCAL under identical conditions for PCR. RESULTS
These were included with each RT-PCR experiment.

BRCA1 and MIB-1 IHC Expression

Statistical Analysis . -
y The BRCAL1 immunoreactivity results (percentage of cel

Statistical analysis was carried out using standard methaugclear stained) are shown in Fig. 2. BRCAL expression we
with the SAS computer package system [17]. Differencdsund in 12 (75%) of the 16 benign cystadenomas and in 1
between groups were analyzed by analysis of variance meth¢t30%) of the 18 borderline OETSs, but in only 13 (34%) of the
(equivalent to Student’s test when only two groups are in-38 OECs. There was a sharp decline in immunoreactivity wit
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FIG. 2. BRCAL detection by IHC in OETSs. The percentage of OET cells positive for BRCA1 immunostaining was expressed after counting 500 tumc
in each case. Compared to cystadenomas, borderline tumors showed increased BRCA1 expression. OECs showed significant reduction of BRCAL e
in grade 2 cases and no expression in grade 3 cases; grade 1 tumors showed reduced expression when expressed relative to MIB-1 expression (se

increasing grade of OEC: 9 (82%) of the 11 grade 1 (weathses. The percentage of MIB-1-positive cells increase
differentiated) tumors were positive, compared to 4 (29%) sfeadily from cystadenomas (average 7.5%) to borderline t
the 14 grade 2 (moderately differentiated) tumors, and nonerobrs (22.6%) to OECs (41.2%) (Table 1). This trend wa
the 13 grade 3 (poorly differentiated) tumors. Representatitighly statistically significant® < 0.001). A representative
pictures of BRCAL immunostaining are shown in Fig. 1. Alpicture of MIB-1 immunoreactivity is shown in Fig. 1.
BRCAZ1-negative OECs stained positive for cytokeratin. There was a close association between BRCA1 and MIB-

The percentage of BRCAl-positive cells averaged 5.6% @xpression in cystadenomas and borderline tunmors 0.72,
cystadenomas, 29.7% in borderline tumors, and 6.6% in OERs< 0.001; Fig. 3). The BRCA1/MIB-1 ratio did not differ
(Table 1). Grade 1 OECs had an average of 21.4% positisignificantly between cystadenomas and borderline tumo
cells, grade 2 OECs 1.1% positive cells, and grade 3 OE@&en only the cystadenomas showing BRCAL expression we
were uniformly negative by IHC. The differences in percentagmnsidered. The average ratio for these cystadenomas p
of BRCAL1 staining between the OET types was highly statis-
tically significant P < 0.001).

MIB-1 expression was evaluated in parallel sections of the
OET samples. MIB-1 immunoreactivity was detected in all 72

Correlation of BRCA1 and MIB-1 Expression in
Benign and Borderline Ovarian Epithelial Tumors

60
2]
TABLE 1 50
BRCA1 and MIB-1 Expression in OETS = .
40 B
BRCALMIB-1 £ . :
BRCAL MIB-1 ratio 5307 s " ow
(average+ SE)f  (averaget SE) (average+ SE) ©® 204 . g "
OETtype N (%) (%) (%) R TN
Cystadenoma 16 5617 7.5+ 2.2 0.75*+ 0.19 10 ,,-.
LMP tumor 18 29.7+ 2.6 22.6= 3.0 1.60=+ 0.19 0 1e8%et k - -
Carcinoma 38 6.6:2.3 412+ 34 0.19+ 0.07 0 10 20 30 40 50 60
Grade 1 11 21.4 6.1 40.0£ 6.1 0.59*+ 0.19 MIB-1 (%)
Grade 2 14 1.*+05 34.0= 4.4 0.04=+ 0.02
Grade 3 13 0.0 50.% 6.8 0.00 FIG. 3. Relation of BRCA1 and MIB-1 expression in cystadenomas,

@ SE, standard error.

borderline tumors, and grade 1 OECs: diamonds, cystadenomas; circles, k
derline tumors; and squares, grade 1 OECs.
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borderline tumors combined was 1.36 0.15 (average+ 1 2 3 4 5

standard error). This ratio was much reduced in OECs showing

BRCAL1 expression: grade 1 OECs, 0.%20.19; and grade 2 E

OECs, 0.16+ 0.03 P < 0.01 for comparison with BRCA% Cystadenoma

cystadenomas plus borderline tumors). The reduced BRCA1/ .

MIB-1 ratio in grade 1 OECs can be easily seen in Fig. 3. Borderline Tumor m
BRCAL expression in normal ovarian tissue was mainly Cancer _

localized in granulosa and theca interna cell nuclei of devel-

oping follicles. The pattern of staining in ovarian follicles was g 4. Representative expression of BRCAL mRNA levels in OETs with
uniform (data not shown). No BRCA1 immunoreactivity wasemi-quantitative RT-PCR. Results from a representative cystadenoma (c

observed in the stroma of normal ovaries. A small percentatfg. & borderline tumor (case 12), and a carcinoma (case 3) are shov

g ) " . . - :Numerical numbers, 1 to 5, represent serial dilutions of the cDNA sample
(1-3%) of BRCAL-positive cells was seen in ovarian eplthe“aier reverse transcription. BRCAL product was not visualized after the thir

inclusions (data not ShOWI’l). o ) dilution (three bands) for the cystadenoma, after the fourth dilution (fou
For OETs, BRCAL immunoreactivity was mainly observedands) for the borderline tumor, and after the first dilution for the carcinom

in the nuclei of the epithelial cells (Fig. 1). Two (12%) of thdone band). Tht_a 54Q-bp product @factin from th above three representative
16 cystadenomas, 2 (11%) of the 18 borderline tumors, an&a&nples was visualized up to the seventh dilution (data not shown).
(11%) of the 38 OECs showed moderate cytoplasmic staining.
Occasional stromal staining for BRCA1 was also noted in 3 .
(4.2%) of 72 OETs g BRCAL mRNA Detection
All but 1 of the 20 OETs showed at least one band fo
BRCA1 mRNA by RT-PCR (Table 2). Borderline tumors had
slightly higher levels than benign or malignant OETs. Of the !
TABLE 2 cystadenomas, 3 showed three bands, 1 showed two bands,
BRCAL Levels in Ovarian Epithelial Tumors 1 showed four bands. All 5 borderline tumors showed PCI
product in the fourth dilution (four bands). All 5 benign cyst-
adenomas and 5 borderline tumors examined by RT-PCR we
positive for BRCAL by IHC. One of the carcinomas showed n

RT-PCR Products
in serial dilution

IHC positive’
Band? 1 2 3 4 5 (%) bands; only 3 showed more than one band, and these were
only ones positive for BRCAL by IHC. Representative RT-
Cystgldenomas PCR results are shown in Fig. A-Actin was still visualized at
o S h” the seventh dilution with all tumor samples but died thereafte
8 n i n _ _ 3 with no differences being noted between the 20 OET sampl
14 + + _ _ - 3 (data not shown).
16 + + + - - 10
Borderline tumors
1 N N N N B 38 DISCUSSION
2 + + + + - 36
3 + 4 4 4 _ 55 BRCA1 expression was detected by IHC in 9 (82%) of 1:
5 + + + + - 45 grade 1 OECs, but only in 4 (29%) of 14 grade 2 OECs, and |
12 + + + + - 30 none of the 13 grade 3 OECs. Although a high proportion c
Carf'”omas - - - - - o the grade 1 OECs expressed BRCAL at a relatively high lev
> N B _ B 0 (Fig. 1), the level of expression in these BRCADECs was
3 + - - - - 0 much reduced relative to MIB-1 expression when compared:
4 + - - - - 0 the results in borderline tumors, suggesting that BRCA1 func
5 + - - - - 0 tion was also reduced in these low grade BRGADECSs. Six
g I I - 15 of 7 OECs negative for BRCAL by IHC were positive for
10 N N N B B 17 BRCA1 expression by RT-PCR. (All 7 showed positive ex:
31 + - _ - - 0 pression for cytokeratin by IHC, which eliminates the possi
32 + - - - - 0 bility of false IHC negatives for BRCA1). This suggests tha

normal BRCA1 may be being expressed at very low levels i
#Bands 1 to 5 represent the serial dilution numbers of cDNA samples pri@'EcS negative for BRCA1 by IHC. rather than there being |

to PCR amplification+, band visualized;-, no band visualized. lete | £ fi Th ' It fi d extend t
® Percentages of tumor cells stained in the corresponding samples studie&Bymp ete OS_S offunction. These results contirm an e)f en.

IHC. finding of Wilsonet al. [8] of reduced BRCA1 expression in

¢ Case number. ovarian carcinomas.
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The mechanisms of the reduced levels of BRCA1 expressioar data may simply be due to relatively small sample size
in sporadic OECs are unknown. They could be due to\ae found that reduced BRCA1 expression correlates with tf
combination of several genetic and epigenetic changes. Kkown poor biological behavior of the high-grade sporadi
though mutations of BRCAL are rare in sporadic OECs [18svarian cancers. This is consistent with the recently reporte
20], loss of heterogeneity of chromosome 17qg markers, incluihding that hereditary BRCAl-associated ovarian cancer cas
ing the BRCAL region, is relatively common [21-23]tend to be of high grade [35]. It is, however, not clear whethe
Alternatively, lower BRCAL activity may be related to epigethis is compatible with the previous report of a more favorabl
netic changes such as methylation of its promoter region [2flinical outcome in hereditary BRCAl-associated ovarian catr
25]. Methylation of the BRCAL promoter has been shown to lmers [36].
associated with reduced gene activity in sporadic breast can-
cers [6, 26, 27]. _ , ACKNOWLEDGMENTS
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