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ABSTRACT

Knockout and expression studies suggest that estrogen receptor 8
(ERP) plays a prominent role in ovarian function and pathology. More-
over, ovarian cancers are characterized by high morbidity and low re-
sponsiveness to anti-estrogens. Here we demonstrate, using quantitative
PCR to measure ERa and ER levelsin 58 ovarian cancer patients, that
ERp expression decreased in cysts and ovarian carcinomas as compar ed
with normal ovaries and that this decrease is attributable only to a
selectivelossin ERB expression during cancer progression. To addressthe
question of a possible involvement of ERB in ovarian cancers, werestored
ERa« and ER expression in two human ovarian cancer cell lines PEO14
(ERa-negative) and BG1 (ERa-positive) using adenoviral delivery. ERe,
but not ERB, could induce progesterone receptor and fibulin-1C. More-
over, ERa and ER had opposite actions on cyclin D1 gene regulation,
because ERB down-regulated cyclin D1 gene expression, whereas ER«
increased cyclin D1 levels. Interestingly, ERB expression strongly inhib-
ited PEO14 and BG1 cell proliferation and cell motility in a ligand-
independent manner, whereas ERa had no marked effect. Induction of
apoptosis by ERB also contributed to the decreased proliferation of
ovarian cancer cells, as shown by Annexin V staining. This study shows
that ERB is an important regulator of proliferation and motility of
ovarian cancer and provides the first evidence for a proapoptotic role of
ERP. Theloss of ERB expression may thus be an important event leading
to the development of ovarian cancer.

INTRODUCTION

Ovarian cancer is, after breast cancer, the second most cgrmmgn
gynecological cancer in terms of incidence but the first on
of morbidity in Western countries (1). Ovarian carcinogengsis rmugh-
anisms have not yet been elucidated but appear to be difergnt fpom

those of breast tumor progression. Indeed, about two-tjr east
cancer patients with estrogen receptor (ER)-positive, s respond
var

to tamoxifen therapy. However, although 40—60% iarf cancers

express ERa (2, 3), only aminor proportion of patients (ranging from
7-18%) respond clinically to anti-estrogen treatm ). The role
of estrogens has been recently highlighted by t of three large
prospective studies showing that estradiol upfa postmenopausal

receptor knockout (ERKO) mice prowg
distinct roles of both estrogen r,

The ovarian phenotype of ERa
ERBKO mice. ERaKO females are

es flieal models to analyze the
n various tissues (11, 12).

emiceisdistinct from that of
ertile whereas ERBK O females
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exhibit inefficient ovarian function and subfertility. Interestingly, dou-
ble knockout mice (ERaBKO) exhibit phenotypes that most heavily
resemble those of the ERaKO, with the exception of the ovarian
phenotype, characterized by grogressive germ cell 1oss accompanied
by re-differentiation of the
important role for both
In the uterus, ERBKO w increased cell proliferation and an
exaggerated response estradiol (E2; ref. 14). Moreover, at least
in the prostate, ERB J in the regulation of epithelial growth,
and its absence resylts perplasia of the prostatic epithelium (15).
In the rodent mammarg/gland, 90% of ERp-bearing cells do not
proliferate (16), confirming the involvement of ERf in the control of
the proliferatin_in wyo. Several in vitro studies also show some
evidence th BYnay negatively regulate cellular proliferation and
have a pr ivef0lein normal breast and prostate (17-19). A loss of
ERB exp&r adecreased in ERB/ERa ratio in epithelial ovarian
cancer as compared with normal tissues has been reported consistently
by sev roups (20—22). This loss of ERB could thus constitute a
crucial n ovarian carcinogenesis and hormone unresponsiveness.
study we compared ER« and ERB expression in different
ples and showed that the increase in the ERe/ERB mRNA
served earlier in ovarian carcinomas (20—22) was attributable
ective decrease in ERB mMRNA expression without significant
vdiations in ER« levels. To analyze ERp role, we engineered ERa-
ositive and ERa-negative ovarian cancer cell lines to express func-
tional ERB. Interestingly, ERB expression had major effects on pro-
liferation, motility, and apoptosis of ovarian cancer cells. All these
results suggest that ERB could exert a protective role against ovarian
cancer development.

MATERIALS AND METHODS

Tissue Collection. Twenty-two normal ovaries, 7 ovarian cysts and 29
cancer specimens were obtained from patients after surgical therapy between
1994 and 1999 in Department of Gynecology, University Hospital of Turin.
All tissues were collected for therapeutic or diagnostic purpose according to
the ethical rules of Helsinki (1984), modified in Tokyo, with the approval of
the local ethics committee, and tissue experiments were undertaken under
informed consent of each patient. Tumors were staged according to the
International Federation of Gynecologists and Obstetricians criteria. Grading
information was established according to the criteria of Day et al. (23). The
histological subtypes of the 29 ovarian tumors and informations concerning the
patients are indicated in Table 1.

Quantitative RT-PCR. Rea-Time quantitative PCR method using Tag-
man technology was allowed to measure ER«, ERf3, and ribosomal 18S RNA
levelsin ovarian tissues, using ABI Prism 7700 Sequence Detector System (PE
Applied Biosystems, Foster City, CA). The primers used for ERs and 18S are
described in Table 2. The thermal PCR conditions comprised an initial step at
95°C for 15 minutes and a two-step PCR for 45 cycles (20 seconds at 94°C
followed by 20 seconds at 68°C and 15 seconds at 94°C followed by 20
seconds at 65°C for ERa and ERp, respectively) or 35 cycles (15 seconds at
94°C followed by 15 seconds at 67°C for 18S). To create a standard curve for
each gene, RNAs were produced by in vitro transcription from linearized
templates corresponding to ERa, ERB, and 18S cDNA constructs using T7 or
T3 polymerases and reverse transcribed to cDNA.

Cell Lines. The human ovarian cancer cell lines PEO14 (ER-negative
cells) and BG1 (ERa-positive cells) were used in this study. PEO14 (obtained
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Table 1 Pathoclinical details of ovarian tumors used in the study

Clinica parameters Number of patients

Patients
Total in study 58
Age =50 37
Age <50 21
Group
Normal 22
Cysts 7
Tumors 29
Tumor stage
| 5
1l 4
1 17
v 3
Tumor histologica grade
0 3
| 1
1l 9
1 16
Tumor histotype
Serous papillary 12
Mucinous 3
Endometrioid 7
Clear cell 2
Undifferentiated 5

from Dr. Langdon, Hospital of Edinburg, United Kingdom) cells were cultured
in RPMI 1640 (Life Technologies, Inc., Eraguy, France) supplemented with
10% FCS and gentamicin in the presence of 5% CO,. BG1 cells (ref. 24;
obtained from Dr. C. E. Welander, Emory University, Atlanta, GA) were
cultured in Mc Coy’s medium (Life Technologies, Inc., Eraguy, France)
containing 10% FCS. The human breast cancer cell line MCF-7 was cultured
in DMEM-F12 medium supplemented with 10% FCS. To wean the cells off
steroids, they were cultured in phenol red-free RPMI (PEO14 cells for 2 days)
or in phenol red-free DMEM-F12 (BG1 and MCF-7 cells for 5 days) supple-
mented with 10% charcoal dextran-treated FCS (CDFCS).
Recombinant Adenovirus Construction, Propagation, and Infection.
The adenoviruses Ad5, Ad-ERa and Ad-ERpB used in this study have been
described previously (17). PEO14 and BG1 cells were infected overnight with
the different viruses. Ethanol control vehicle or E2 treatment (10 g
began 18 hours after infection. The optimal infection conditions w
mined for both cell lines using a 3-galactosidase encoding virus tg, deNggige
s and WOI 25

the optimal multiplicity of infection (MOI). We observed a
infection of cells when increasing the MOI from 0 to 100,
infection of about 90% of the cells at MOI 100 for PEO14
for BG1 cells (data not shown).

Plasmids. The luciferase reporter plasmid ERE,-T C,contains two
copies of the consensus estrogen-responsive element (E@m upstream
of the minimal herpes simplex virus thymidine kinase pi . Cytomega-
lovirus (CMV)-ERa and CMV-ER correspond to t pe human ER«
and ERB cDNAs cloned into CMV5 plasmid under tfiygControl of the CMV
promoter and were a kind gift of Dr. B. S. K gen. A CMV-Gal
reporter was used as an internal control and cor the B-galactosidase
gene cloned in CMV5.

Transient Transfection and Reporter s. Approximately 3 X 10°
PEO14 cells were seeded in 6-well pl 48 hotirs before transfection in
phenol red-free RPMI 1640 supplem Ithgl0% CDFCS. Transfections
were performed overnight with Lipof 00 (Invitrogen) according to
the manufacturer’s protocols, using ciferase-reporter construct, 0.5
ug of the internal reference CMV- and 0.15 pg of CMV-ER expression
vectors or recombinant viruses per w MOI 100. Cells were then treated
with 1078 mol/L E, or with ethanol vehicle. Cells were harvested 48 hours

after E,-treatment and cell extracts prepared. The cells were lysed directly in
the plates with 200 ul of cell culture lysis reagent (Promega). 3-Galactosidase
and luciferase were determined as described previously (17).

Detection of ERa and ERB Protein by | mmunohistochemistry. PEO14
cells were seeded in 10% CDFCS DMEM-F12 on sterile coverslips in 6-well
plates and infected with Ad5, Ad-ERa, or Ad-ERB at MOI 50. Two days after
infection, the cells were fixed (4% formaldehyde 12 minutes'methanol 5
minutes/acetone 2 minutes) and washed with PBS. The coverslips were incu-
bated for 30 minutes with PBS containing non-immune rabbit serum (1:40).
Then the cells were incubated with the primary antibody (ERa SRA-1000
1:2000, Stressgen; ERB 503 immunoglobulin Y 1:2500; ref. 16) in PBS for 60
minutes at room temperature. The cells were then incubated with the secondary
antibody (antimouse or antichicl oxidase conjugate, 1:3000, Sigma, St.
Louis, MO) in PBS-bovine y %for 30 minutes at room temperature.
Finally, the cells were incubgyesgy the'di aminobenzidine chromogen solution
[0.66 mg/ml in PBS +0.08%% 30 vol)] for 10 minutes at room temper-
ature. The cells were co & with hematoxylin.

RNA Isolation and Ré ranscription PCR. Total RNA wasisolated
using RNeasy mini ) according to protocols provided by the
manufacturer. Five rtcri s of total RNA were subjected to a reverse
transcription step using th®M-MuLV Reverse Transcriptase RNase H- and
random-hexamer primers (Amersham Biosciences) in a20-pul reaction volume.
PCR co-ampli wis performed using 1:20 reverse transcription reaction
using DyNA EXT DNA polymerase and with different primers in the
same reactm of 30 seconds at 94°C, 1 minute at 60°C, and 1 minute
at 72°C w 29 times. One-tenth of each PCR was run on 1.5 to 2%
agarose gel with ethidium bromide. Primers used were described previously for
ERa (@B (26), and hypoxanthine phosphoribosyl transferase (27).

Nor ot Analysis. Twenty micrograms of total RNA were loaded on
a 1% se-formaldehyde gel. RNA was then transferred to nylon mem-
bri Membranes were then hybridized with the different probes at 42°C in
i ion solution (ULTRAhyb, Ambion). The probes were 32P-labeled by
ime DNA synthesis. The washes were performed as described previ-
y (28). When required, the membranes were stripped of probe by boiling
.5% SDS solution and rehybridized. A probe for human 18S was used to
confirm equal loading of RNA in all of the wells. Signalswere quantified using
PC BAS 1000 reader (Fujix).

Cell Proliferation Studies. PEO14 and BGL1 cells were maintained respec-
tively for 48 hours and for 5 days in 10% Charcoal Dextran (CD)-FCS phenol
red-free medium and then seeded at 20,000 cells/well in 24-well dishes. Cells
were infected overnight with the different viruses. The next morning, the
medium was removed and replaced with fresh 10% CDFCS medium. Treat-
ment with E2 or ICl 182,780 began at the same time. After 2, 4, and 6 days of
treatment, the total cell DNA was quantified by 3,5-diaminobenzoic acid assay
as described previously (17).

Wound-Healing Assay. Cells were plated in 6-well dishesin RPMI 1640
containing 10% CDFCS. Cells were infected with the different viruses over-
night. The next morning, ethanol or E2 treatment began. After 24 hours of
treatment, wound-induced migration was triggered by scraping the cells at day
1 with a blue tip, and the wound was pictured immediately (t = 0 hours).
Twenty-four hours later the cells were pictured again. The percentage of
wound filling was calculated by measuring the remaining gap space on the
pictures.

Apoptosis Detection by Staining with Annexin V. Apoptosis was as-
sessed by staining DNA with Hoechst 33258 and by cell surface binding of
Annexin V. The Annexin-V-Alexa 568 (Roche Diagnostic, Meylan, France)
was used to detect apoptosis by fluorescence microscopy. PEO14 and BG1
cells were weaned off steroids for 4 days and then seeded in 12-well dishes.
Cells were infected overnight with the different viruses. The next day, cells

Table 2 Primers and TagMan probes used for detection by real-time quantitative PCR

Gene Oligonuclectide Sequences 5'-3' PCR product size (pb) TagMan probes 5'-3'

ERa Forward GCCAGCAGGTGCCCTACTAC 132 CGCCGGCATTCTACAGGCCAAA
Reverse TGGTACTGGCCAATCTTTCTCTG

ERB Forward AAGAGCTGCCAGGCCTGCC 268 CTCACCCTCCTGGAGGCT GAGCCGC
Reverse GCGCACTGGGECGECTGATCA

18S Forward CTACCACAT CCAAGGAAGGCA 71 CGCGCAAATTACCCACTCCGCAC
Reverse TTTTTCGTCACTACCTCCCCG
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were treated with control vehicle ethanol or E2. After 48 hours of treatment, (P = 0.0003), suggesting that the loss of ERB expression may be an
the cells were harvested, washed twice in PBS, and then resuspended in a  important early step of ovarian tumor progression.
binding buffer [HEPES, 10 mm (pH 7.4), 140 mm NaCl, 5 mm Nacl], before Adenoviral-Mediated Expression of ERa and ERB. To test this
staining with Anne)_(in-V-AIexa 568 in_cubation reagent and Hoechst. Cells hypothesis, we restored ERa and ERB expression in ovarian cancer
were then |_ncu_bated inthe c_iarkfor' 15 mlnl_Jtesat room ter_nperature. leswgre cells lines using adenoviruses encoding hER« or hERB (Ad-ERa and
e e T 111 AERp), Thiresson f B ERA 1 AC-ER: A ER:
cells (%) was calculated by dividing the number of apoptotic cells (Annexin vy Infected PEO14 cells was checked by RT-PCR (Fig. 2A). Wewere not
by the total of cells counted per cross-section (Hoechst). Counting by slide was able not detect the expression of ER« and ERB RNAs in PEO14 cells
performed, and this was repeated in three different experiments. non-infected or infected with the nonrecombinant virus Ad5. After
Statistics. Data indicated in the text represent mean + SD. Statistical  infection with Ad-ERa or Ad-ER, a high expression of correspond-
differences within the populations were determined by Kruskal-Wallis non-  ing ERa and ERB mRNA could be observed. |mmunohistochemistry
parametric tests for quantitative parameters. P < 0.05 was considered as  experiments using ERa- and ERB-specific antibodies show that ER«
significant. and ERp proteins were not %' in Ads-infected cells (Fig. 2B, ¢
R@fected cells displayed a nuclear
and b).
onality of the receptors introduced, we
ivate an estrogen-responsive reporter
activation of the reporter by ER« encod-
ing virus and plasmid ig#he presence of E2 (Fig. 2C). ERB encoding
virus and plasmid were able to activate the transcription in the
presence of B2, but 5Qe stimulation was half of that obtained with

and d), whereas ERa- ap®
RESULTS staining (respectively, Fi .%

Ovarian cancer is characterized by a rapid evolution, a high mor-
bidity, and a relatively low responsiveness to adjuvant treatments (1,
4). One interesting hypothesis is the possible involvement of ERB in
the etiology of this cancer because normal ovary is one of the major
sites of expression of this receptor. Our first goal was to assess

whether such event occurred during ovarian carcinogenesis. — Epy, The pléfa)-estrogen ICI 182,780 did not stimulate ERa o
ERa and ERB mRNA Expression in Ovarian Tissues. Wefirst g oivasy blteebmpletely abolished E2-induced activities of ER«
analyzed by quantitative reverse transcription (RT)-PCR ERa and 4 ERB (FIgN&0).

ERB RNA expression in normal ovaries, ovarian cysts, and ovarian ERa and ER 8 Effects on Endogenous Target Genes. As another
carcinomas (Hg. 1). All ovarian tissues analy;gd exprmd det.ectable control e functionality of ER in this system, we next determined
levels of ERa mRNA, and there was no sgnlflcgnt difference in ERa wheth pression of endogenous genes known to be regulated by
levels mRNA among the group of normal ovaries and the groups of EZQrian or breast ER-positive cells could also be modulated by

ovarian cysts and ova_rian car_cinomas (P = 0.45; Fig. 1). In contrgst, E ERB in infected PEO14 cells (Fig. 3, A and B). ER« was able
ERB mRNA expression varied among the three groups of ovarian 0 dWwvate the expression of fibulin 1C and progesterone receptor

tissues. ERB was detectable in most normal ovaries (ERB™: 16 of 22 n the presence of E2, whereas ERB had no effect. pS2 mRNA
72.7%), whereas ERp levels decreased ih ovarian cysts (ERB™: 4 of "W not be detected in ovarian cancer cells infected with ERa or
7,57.1%) and in ovarian carcinomas (ERB": 9 of 29, 31%). Statistical B viruses. pS2 gene is likely to be altered in ovarian cancers.
anaysis showed a significant difference between the three groups | jeeq githough some ovarian tumors are producing pS2, pS2 is not

(Kruskal-Wallis test, P = 0.001), with a marked decrease [PBRE regulated by estrogens (29, 30). The mechanisms underlying this
N ’ unresponsiveness remain to be determined. The pure anti-estrogen I Cl

MRNA levels in ovarian cancers as compared with norma

(-]

-
o

expression of cyclin D1 mRNA levels. Indeed, ERa induced cyclin
D1inthepresence of E2, whereas ERp inhibited cyclin D1 expression

-
o

in aligand-independent manner. Moreover, treatment of the cellswith
ICl 182,780 was not able to alleviate this inhibition. We have also
5330,7_'_ .‘_ analyzed the expression fibulin-1C and cdki p21"VAF* genes in ERa-
positive BG-1 cells infected with Ad-ERp virus (Fig. 3, C and D).

° : z.
Q ! Northern blot experiments show that fibulin-1C RNA levels were
o

-

182,780 was not able to modify the levels of fibulin-1C and PR
2 expression. Interestingly, ERa and ER al so had an opposite effect on
6o

-
o

5596.1

@ cells. Introduction of ERB in these cells did not ater this regulation.
8 o p21WAFT RNA was down-regulated by E2 in control cells, suggesting
- ®

—
(=]
w

increased after E2-treatment in non-infected or Ad5-infected BG-1

L)

o*m

-
o

84.8

-

-
o

that the cellswere proliferating more rapidly in the presence of E2. On
the other hand, ERB was able to increase by about 2-fold p21WAF
levels in a ligand-independent manner. Interestingly, neither E2 nor
aao :m_ ICl was able to modulate these effects.
Normal Ovaries Cysts Carcinomas ERPB Is a Potent Inhibitor of the Proliferation of Ovarian
(n=22) =7) (n=29) Cancer Cells. The down-regulation of cyclin D1 and up-regulation of
Fig. 1. ERa and ERB mRNA levels in ovarian tissues. ERa and ERB mRNA levels  p21AF* expression by ERB led us to investigate whether ERS could
e s el ooy, Eaenionous, - Mmoctlate the prolifration of oveian cancer cells. PEOL4 odls o
levels were normalized to 18S rRNA levels and expressed as fentogram of ER mRNA/ infected or infected with the nonrecombinant virus AdS were used as
picogram 18 seconds rRNA. Individual values of ERa and ERB mRNA levels are  control (Fig. 4, A and B). Control cells presented a similar growth

represented by dots and the median ER values for the various groups of ovarian tissues are ; ; .
indicated by a horizontal dash. *, statistical differences within populations were deter- pattern in the absence or in the presence of E2 (Fig. 4A, left panel).

mined by Kruskal-Wallis nonparametric tests for quantitative parameters, P < 005 was ~ WWhen PEO14 cells were infected with Ad-ERa virus, a moderate
considerﬁd f;s significanz- Theée V)vas no SignifiCTnt é’if;fmgz in ,ER?, mRNdﬁf levels  |jgand-independent inhibition of proliferation occurred (Fig. 4A, mid-
among the three groups (P = 0.45). ERB mRNA levels showed a significant difference o . L

among the three groups (P = 0.001), with a marked decrease in ERB mRNA levels in d_le parpl). Conversely' ERB Si_rongly 'n_h|b|ted the prollferatlon In _a
ovarian cancers as compared with normal ovaries (P = 0.0003). ligand-independent manner (Fig. 4A, right panel). The pure anti-
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o

Ad5

ICl + E2

Fig. 2. Adenoviral expression of ERa and ERB in PEO14 cells. A, PEO14 cells were infected with Ad5, Ad-ERa;, or Ad-ER viruses. After 48 hours of treatment with 10~ mol/L
E2, hERq, and hERp, expressions were checked by RT-PCR using primers IIigand-bi nding domain. The PCR products have a size of 108 and 143 bp for ER«a and ER3,

respectively. HPRT, hypoxanthine phosphoribosy! transferase. B, PEO14 cell
expressions were visualized by immunohistochemistry using ERa (aAb)- and 9@

in the presence of control vehicle ethanol (C), 10~ mol/L E2, 10~ 6 mol/|
are expressed as the percentage of LUC activity in noninfected cells

estrogen I1Cl 182,780 had no effect by itself on thedpro

naive cells and could not modulate the proliferatigff Tatg of ERa- or

ERpB-expressing cells (Fig. 4B). These results confym that inhibition
in

of the proliferation by ERB (or ERa) are lig dent, when

their expression is restored in ER-negative ov cer cells. We
next determined whether this inhibitory ¢ ERB could be

obtained in ERa-positive BG1 cell lin
proliferation of these cellsisincreased b

C and D). The

ERp Inhibits the Motility of PEO14 Cells. Because tumor de-
velopment involves not only proliferation but also invasion, it was
important to determine whether ERB expression could affect the
motility of ovarian cancer cells. We performed wound healing-
induced migration experiments on PEO14 cells (Fig. 5A). After 24
hours of migration, Ad5-infected PEO14 cells had filled 75% of the
wound (Fig. 5B). ERa-infected cells had filled about 65% of the
wound in the absence or the presence of E2. However, ER express-
ing cells had a very slow migration ability as they filled only 20 to
30% of the gap.

ed with Ad5 (c and d), Ad-ER« (a), and Ad-ER (b) viruses at MOI 50, and ERa and ER3
BAN)-specific antibodies. C, PEO14 cells were either infected with Ad5, Ad-ERa, Ad-ERp viruses
along with ERE,-TK-LUC- and CMV-GAL-reporter constructs. Cells were grown for 48 hours
2,780, or the combination of E2 and ICI 182,780 (10~ mol/L and 10~ mol/L, respectively). Results
the mean of luciferase activity after normalization for B-galactosidase activity.

ERp Induces Apoptosis of Ovarian Cancer Cells. The decreased
proliferation observed in PEO14 cells infected with Ad-ERB virus
could be the result not only of cell cycle blockage, as suggested by
cyclin D1 down-regulation, but it could also involve an increased
apoptosis. Simultaneous staining with Annexin V and Hoechst non-
vital dye made it possible to distinguish between intact cells (stained
positive for Hoechst only) and early apoptotic cells death (stained
positive for Hoechst and Annexin V). When PEO14 cells were in-
fected with the nonrecombinant Ad5 virus or Ad-ER« virus, about 8%
of cells were in early apoptosis (Fig. 6, A and C), whereas 20% of
ERp-infected cells were undergoing apoptosis. E2 treatment of
PEO14 infected with Ad-ERa increased by 2-fold the percentage
of apoptotic cells, whereas E2 had no effect on ERB-induced apopto-
sis. Introduction of ERB in BG1 cells led to a 2-fold increase of
apoptosisin the absence of E2 (Fig. 6, B and D). In BG1 cells, E2 had
antiapoptotic properties as shown in non-infected, Ad5-infected, but
also ERB-expressing cells, suggesting that the reduction of apoptosis
may be attributable to the presence of endogenous ER«.

DISCUSSION

The aim of this study was to determine the extent to which ERB
contributes to ovarian carcinogenesis and its possible involvement in
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mechanisms such as proliferation, motility, or apoptosis, which are the
basis of cancer development.

At the clinical level, we found by quantitative PCR, usin
from 58 patients, that ERB RNA levels are reduced durjfig pv
tumor progression. By contrast, similar expression of
was observed in normal ovaries and ovarian carcino
breast cancer studies suggest that ER expression decfin
turn cancerous (32—35), whereas ERB expression i arign cancersis
less documented, because studies have only usedqa limlited sample
number (21, 22). The fact that such decrease ig.ob: not only in
ovarian but aso in breast, colon, and prostate (32-37) sug-
gests that the loss of ERB expression could portant event in
the pathogenesis of cancers and may refl al cellular mech-
anism contributing to the carcinogenesig o ogen-dependent tis-
sues.

On the basis of the decreased exprgssion ol 'ERR in ovarian cancer,
our goal was to determine the pgSsifffe protective effect of ERB
against abnormal proliferation. gate this hypothesis, we
introduced ERB in ovarian can d studied its effects on cell
growth. Our work shows that is involved in the regulation of
proliferation of ovarian cancer cells, because ER inhibits their pro-
liferation. In breast and prostate cancers, exogenous ERB expression
also reduces cell proliferation (17, 19), suggesting that thisisageneral
mechanism in ER-negative cancer cells. In ERa-positive BG-1 cells,
we also observed a decreased proliferation when ERB was expressed
in these cells. These findings are in agreement with the results of
Omoto et al. (18) who showed that MCF-7 cells expressing stably
ERB1 (ERBwt) or ERB2 (ERBcx) display areduced cell growth and
colony formation in an anchorage-independent situation. Recently,
two studies showed that the expression of ERB in ER«-positive breast

an

N
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Fig. 3. ER
were infectedﬂ&a Ad-ERe, or Ad-ERB. The E2 (108 mol/L) and ICI 182,780
(107© mol/L) treatmé@ began 12 hours after infection. Cells were harvested at 48 hours of
treatment and RNA extracted. Twenty micrograms total RNA were used for Northern blot

and hybri dig with PR, fibulin-1C, cyclin D1, and pS2 probes. Equal loading was checked

with an 14S probe. B, quantification of Northern blot after normalization by 18S
RNA lev Its represent the mean = SD of three experiments. C, BG-1 cells were or
infect t with Ad5 or Ad-ERp viruses and then treated with control vehicle ethanol,
E2 (148 mal/L), or ICI 182,780 (10~ © mol/L) for 48 hours. Fibulin-1C, p21WAF-1 RNA
levaig Ny determined by Northern blot. D, quantification of Northern blot after normal-
i@ 18S RNA levels. Results represent the mean = SD of two experiments.

cancer cells inhibits their growth (38, 39). Interestingly, ERB knock-
out analysis show that in prostate ERB controls, the regulation of
epithelial growth and its absence resultsin hyperplasia of the prostatic
epithelium (15). All together, these data clearly demonstrate that ER3
is an inhibitor of proliferation, not only in ER-negative but also in
ERa-positive breast and ovarian cancer cells, supporting a general
antiproliferative role for this receptor. The decreased proliferation that
we observed in ovarian cancer cells could be the result at least in part
of the inhibition of cyclin D1 expression by ERB. This down-regula-
tion of cyclin D1 expression confirms findings that showed how ERS3
completely inhibits cyclin D1 gene expression in Hel a cells, whereas
ER« activates cyclin D1 mRNA levels (40). Two other studies also
suggest that ERB might reduce cell proliferation by inhibiting cyclin
D1 gene expression in breast (38, 39). Severa results raise the
possibility that overexpression of cyclin D1 may contribute to the
pathogenesis of epithelial ovarian cancers (41, 42). On the other
hand, p21WAF1 up-regulation by ERB could also account for the
decreased proliferation triggered by ERB. Several groups have aso
reported such regulation when ERB is expressed in breast cancer cells
(17, 38, 39).

In addition to cyclin D1 regulation, we show that in the presence of
E2, ER« induced the expression of PR, fibulin-1C in PEO14-infected
cells, whereas ERB has no effect on these genes. Very little is known
about potential estrogen-regulated genes in ovarian tissue. This holds
true for ERpB target genes. To our knowledge, our work is the first
evidence that expression of ERp in ovarian cancer cells can regulate
endogenous gene levels. To date, most of the studies performed in
different cell types have shown that ERB was generaly less active
than ER« (43). Moreover, except for a few cases (44), all genes that
areregulated by ER are also regulated by ER« in breast cancer cells
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Fig. 4. Effect of ERa and ERB on PEO14 and BG1 cell proliferation. A, PEO14 cells, not infected (NI) or infected with different viruses, were treated with vehicle ethanol (C) or
E2 (10~ mol/L). Proliferation rate was determining by 3,5-diaminobenzoic acid assay at days 0, 2, 4, and 6. Results represent the mean + SD of three experiments. B, PEO14 cells
were treated or not with E2 (10~ mol/L) or ICl 182,780 (10~ ° mol/L). On day 6, the number of cells was evaluated by the 3,5-diaminobenzoic acid method. Results represent the
mean *= SD of three experiments C, The BG1 cells were not infected or infected with Ad5 or Ad-ERB and then treated like PEO14 cells. Proliferation rate was determined by

3,5-diaminobenzoic acid assay at days 0, 2, 4, and 6. D, quantification of effect of ERB on BG1 cells proliferation at day 6.
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t=24h

E2

Fig. 5. ERB is able to inhibit motility of PEO14 cells.
control vehicle ethanol (C) or E2 (10~ mol/L). After 48
and 24 hours after the scratch. A, pictures of a representgii
of migration and represent the mean = SD of three

(17, 18). On the other hand, in bon&o the genes that are
regulated by estrogens in wild-typegmice also regulated in the
same manner in ERBKO mice, sugflesyngghat ER« is the main ER
NN extensive search of ERB
b revealed that most of ERfB
d genes (46). All together, these
data suggest that despite regulating aSmall set of specific genes, ERB
may have major effects on tumor proliferation, survival, and invasion.

Ovarian cancer cells are characterized by their ability to invade
freely the peritonea cavity, which also accounts for their high ag-
gressiveness and high morbidity (31). We investigated the potential
modulation of motility by ERp, as another key event occurring during
tumor development. We indeed observed that ER drastically inhibits
motility of ER-negative ovarian cancer cell line as observed previ-
ously in breast and prostate cancer models exogenously expressing
ERB (17, 19).

Ad-ERo

Ad-ERB

were not infected (NI) or infected with different viruses. Twelve hours after infection, cells were treated with

houl exposure, cells were scratched with a blue tip and pictured (t = 0). The wound was pictured 8 hours, 12 hours,
att = 0andt = 24 hours are shown here. B, results are shown as the percentage of wound filling after 24 hours

It was also of great interest to analyze the effects of ERB on
apoptosis, because cell growth results from the balance of both cell
cycle events and apoptosis regulation. Indeed, ovarian physiology
involves apoptosis, because during the repair process of the ovarian
surface epithelial cells after incessant ovulation, ovarian surface epi-
thelium that are sequestered in inclusion cysts are normally eliminated
by apoptosis, thereby removing potentia sites of ovarian tumorigen-
esis (47). Ghahremani et al. (47) proposed that the etiology of ovarian
cancer stems from the loss of the apoptotic pathways that normally
eliminate ovarian surface epithelium in inclusion cysts. Therefore,
malignant transformation occurs when there is a disruption of the
normal balance between cellular proliferation and apoptosis. We thus
hypothesized that the loss of ERB and its potential proapoptotic
function could represent an early process in ovarian transformation.
And in fact, the introduction of ERB in ovarian cancer cells led to
increased apoptosis as shown by Annexin V staining. Thisis the first
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A Hoechst 33258 Annexin V

Ad-ERa

Ad-ERB

% of apoptotic cells

mol/L). Cells were stained with annexin V and Hoechst and pictured with
cells. C, results for PEO14 cells are shown as the percentage of apoptotic
are shown as the percentage of apoptotic cells after 48 hours of treatm

Recent work has also suggested that in normal Yary JERB could

up-regulate FasL, a major apoptotic protein li . In addition,
we have shown recently that exogenous expressi B in prostate
cancer cells leads also to apoptosis (19). ise mechanisms
underlying apoptosis control by ERB wil tO%e investigated in
the future.

In summary, our data show that ER
of ovarian carcinogenesis. The loss o
carcinogenesis may be a crucial andiga
growth. Moreover, introduction g N
alowed us to show for the @ that this receptor exhibits
protective properties against canc¥ggdevelopment by increasing apo-
ptosis and decreasing proliferation and motility. This suggests that
ERB could act as a tumor suppressor in the ovary. The identification
of ERB-regulated specific genes involved in epithelial proliferation
and apoptosis may thus be a clue for understanding the progression of
ovarian cancer and for the design of new target therapies.

s to be a key regulator
R expression during ovarian
p leading to dysregulated
ovarian cancer cells has

ACKNOWLEDGMENTS

We thank Dr. J. A. Gustafsson for the gift of ERB antibody and B. S.
Katzenellenbogen for ERa and ERB cDNAS; J. P. Daures for statistical anal-

Annexin V

B Hoechst 33258

NI Ad5 Ad-ERB

hours of treatment and represent the mean = SD of three experiments. D, results for BG1 cells
t the mean = SD of three experiments.

ysis; and the Vector Core of the University Hospital of Nantes, supported by
the Association Francaise contre les Myopathies, for the production of adeno-
virus.

REFERENCES

1. Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statistics, 2000. CA Cancer
J Clin 2000;50:7-33.

2. Rao BR, Slotman BJ. Endocrine factors in common epithelial ovarian cancer. Endocr
Rev 1991;12:14-26.

3. Havrilesky LJ, McMahon CP, Lobenhofer EK, Whitaker R, Marks JR, Berchuck A.
Relationship between expression of coactivators and corepressors of hormone recep-
tors and resistance of ovarian cancers to growth regulation by steroid hormones. J Soc
Gynecol Investig 2001;8:104-13.

4. Hatch KD, Beecham JB, Blessing JA, Creasman WT. Responsiveness of patients with
advanced ovarian carcinoma to tamoxifen. A Gynecologic Oncology Group study of
second-line therapy in 105 patients. Cancer (Phila) 1991;68:269—71.

5. Scambia G, Benedetti-Panici P, Ferrandina G, et a. Epidermal growth factor, oes-
trogen and progesterone receptor expression in primary ovarian cancer: correlation
with clinical outcome and response to chemotherapy. Br J Cancer 1995;72:361-6.

6. Anderson GL, Judd HL, Kaunitz AM, et al. Effects of estrogen plus progestin on
gynecologic cancers and associated diagnostic procedures: the Women's Health
Initiative randomized trial. JAMA 2003;290:1739-48.

7. Lacey JV, Jr., Mink PJ, Lubin JH, et a. Menopausal hormone replacement therapy
and risk of ovarian cancer. JAMA 2002;288:334—41.

8. Rodriguez C, Patel AV, Calle EE, Jacob EJ, Thun MJ. Estrogen replacement therapy
and ovarian cancer mortaity in a large prospective study of US women. JAMA
2001;285:1460-5.

9. Green S, Walter P, Kumar V, et al. Human oestrogen receptor cDNA: sequence,
expression and homology to v-erb-A. Nature (Lond) 1986;320:134-9.

5868

Downloaded from cancerres.aacrjournals.org on July 19, 2018. © 2004 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

ERB AND OVARIAN CANCER

Mosselman S, Polman J, Dijkema R. ER beta: identification and characterization of
anovel human estrogen receptor. FEBS Lett 1996;392:49-53.

Krege JH, Hodgin JB, Couse JF, et al. Generation and reproductive phenotypes of
mice lacking estrogen receptor beta. Proc Natl Acad Sci USA 1998;95:15677—82.
Couse JF, Curtis SW, Washburn TF, Eddy EM, Schomberg DW, Korach KS.
Disruption of the mouse oestrogen receptor gene: resulting phenotypes and experi-
mental findings. Biochem Soc Trans 1995;23:929-35.

Couse JF, Hewitt SC, Bunch DO, et al. Postnatal sex reversal of the ovaries in mice
lacking estrogen receptors alpha and beta. Science (Wash D C) 1999;286:2328—31.
Weihua Z, Sgji S, Makinen S, et a. Estrogen receptor (ER) beta, a modulator of
ERalpha in the uterus. Proc Natl Acad Sci USA 2000;97:5936—41.

Weihua Z, Makela S, Andersson LC, et al. A role for estrogen receptor beta in the
regulation of growth of the ventral prostate. Proc Natl Acad Sci USA 2001;98:
6330-5.

Seji S, Jensen EV, Nilsson S, Rylander T, Warner M, Gustafsson JA. Estrogen
receptors alpha and beta in the rodent mammary gland. Proc Natl Acad Sci USA
2000;97:337-42.

Lazennec G, Bresson D, Lucas A, Chauveau C, Vignon F. ER beta inhibits prolif-
eration and invasion of breast cancer cells. Endocrinology 2001;142:4120-30.
Omoto Y, Eguchi H, Yamamoto-Yamaguchi Y, Hayashi S. Estrogen receptor (ER)
betal and ERbetacx/beta2 inhibit ERalpha function differently in breast cancer cell
line MCF7. Oncogene 2003;22:5011-20.

Cheng J, Lee EJ, Madison LD, Lazennec G. Expression of estrogen receptor beta in
prostate carcinoma cells inhibits invasion and proliferation and triggers apoptosis.
Febs Lett 2004;566:169—72.

Brandenberger AW, Tee MK, Jaffe RB. Estrogen receptor alpha (ER-alpha) and beta
(ER-beta) mRNAs in normal ovary, ovarian serous cystadenocarcinoma and ovarian
cancer cell lines: down-regulation of ER-beta in neoplastic tissues. J Clin Endocrinol
Metab 1998;83:1025-8.

Pujol P, Rey M, Nirde P, et al. Differential expression of estrogen receptor-alpha and
-beta messenger RNAs as a potential marker of ovarian carcinogenesis. Cancer Res
1998;58:5367—73.

Rutherford T, Brown WD, Sapi E, Aschkenazi S, Munoz A, Mor G. Absence of
estrogen receptor-beta expression in metastatic ovarian cancer. Obstet Gynecol 2000;
96:417-21.

Day TG, Jr., Gallager HS, Rutledge FN. Epithelial carcinoma of the ovary:prognostic
importance of histologic grade. Natl Cancer Inst Monogr 1975;42:15-21.

Geisinger KR, Kute TE, Pettenati MJ, et al. Characterization of a human ovarian
carcinoma cell line with estrogen and progesterone receptors. Cancer (Phila) 1989;
63:280-8.

Bieche |, Parfait B, Laurendeau |, Girault I, Vidaud M, Lidereau R. Quantification of
estrogen receptor apha and beta expression in sporadic breast cancer. Oncogen
2001;20:8109-15.

de Cremoux P, Tran-Perennou C, Elie C, et a. Quantitation of estradiol receptors
alpha and beta and progesterone receptors in human breast tumors by real-time
reverse transcription-polymerase chain reaction. Correlation with protein assays.
Biochem Pharmacol 2002;64:507-15.

Copois V, Bret C, Bibeau F, et a. Assessment of RNA quality extrg
laser-captured tissues using miniaturized capillary electrophoresis. Lab | g
83:599-602.
Chalbos D, Westley B, May F, Alibert C, Rochefort H. Cloning of cIINA g&qu
of aprogestin-regulated mRNA from MCF7 human breast cancer cel| Y e
Res 1986;14:965—-82.

Wysocki SJ, Hahnel E, Masters A, Smith V, McCartney AJ, H
pS2 messenger RNA in gynecological cancers. Cancer Res 1990;50: 1

ces
cids

Detection of

¢
&
&

3

3

3

0. Langdon SP, Hirst GL, Miller EP, et a. The regulation of growth and protein
expression by estrogen in vitro: a study of 8 human ovarian carcinoma cell lines.
J Steroid Biochem Mol Biol 1994;50:131-5.

1. Galtier-Dereure F, Capony F, Maudelonde T, Rochefort H. Estradiol stimulates cell
growth and secretion of procathepsin D and a 120-kilodalton protein in the human
ovarian cancer cell line BG-1. J Clin Endocrinol Metab 1992;75:1497-1502.

2. Fuqua SA, Schiff R, Parral, et a. Estrogen receptor beta protein in human breast
cancer: correlation with clinical tumor parameters. Cancer Res 2003;63:2434-9.

33. Roger P, Sahla ME, Makela S, Gustafsson JA, Baldet P, Rochefort H. Decreased

w

expression of estrogen receptor beta protein in proliferative preinvasive mammary
tumors. Cancer Res 2001;61:2537—-41.

. Skliris GP, Munot K, Bell SM, et al. Reduced expression of oestrogen receptor beta
in invasive breast cancer and its re-expression using DNA methyl transferase inhib-
itorsin a cell line model. J Pathol 2003;201:213-20.

5. Park BW, Kim KS, Heo MK, et a. Expression of estrogen receptor-beta in normal

mammary and tumor tissues: is | ive in breast carcinogenesis? Breast Cancer
Res Treat 2003;80:79—85.

primary, metastatic, and prostatic adenocarcinoma. Prostate 2003;54:

36. Fixemer T, Remberger K, offsd. Differential expression of the estrogen
receptor beta (ERbeta) in rostate tissue, premalignant changes, and in

79-87.
A, Jazaeri O, Rice LW. Selective loss of estrogen
colon. Cancer Res 2000;60:245-8.

teV, CunhaGR, Firestone GL, Leitman DC. Estrogen
reast cancer cell proliferation and tumor formation by
. Cancer Res 2004,64:423-8.

39. Strom A, Hagman J, Foster JS, Kietz S, Wimalasena J, Gustafsson JA. Estrogen
receptor b RS a-estradiol-stimulated proliferation of the breast cancer
cell line T4 atl Acad Sci USA 2004;101:1566—71.

40. Liu MMgAlban , Anderson CM, et a. Opposing action of estrogen receptors
alpha an&gny cyclin D1 gene expression. J Biol Chem 2002;277:24353-60.

41. Courja F, LouaSbn G, Speiser P, Katsaros D, Zeillinger R, Theillet C. Cyclin gene

42.

43

47.

48.

5869

amplification and overexpression in breast and ovarian cancers: evidence for the

seleciypmmy of cyclin D1 in breast and cyclin E in ovarian tumors. Int J Cancer
1996647 247-53.

, Ponder BA, Davies BR. Overexpression of cyclin D1 in epithelia
cers. Gynecol Oncol 1997;64:189-95.
ey SM, Parker MG. A comparison of transcriptional activation by ER aphaand
a. J Steroid Biochem Mol Biol 1999;69:165-75.
H@TisH, Henderson R, Bhat R, Komm B. Regulation of metallothionein || messenger
onucleic acid measures exogenous estrogen receptor-beta activity in SAOS-2 and
LNCaPLN3 cells. Endocrinology 2001;142:645-52.
¥ Lindberg MK, Moverare S, Skrtic S, et a. Estrogen receptor (ER)-beta reduces
ERalpha-regulated gene transcription, supporting a “ying yang” relationship between
ERalpha and ERbeta in mice. Mol Endocrinol 2003;17:203-8.
. Stossi F, Barnett DH, Frasor J, Komm B, Lyttle CR and Katzenellenbogen BS.
Transcriptiona profiling of estrogen-regulated gene expression via estrogen receptor
(ER) alphaor ERbetain human osteosarcoma cells: distinct and common target genes
for these receptors. Endocrinology 2004 Jul;145:3473-86.
Ghahremani M, Foghi A, Dorrington JH. Etiology of ovarian cancer: a proposed
mechanism. Med Hypotheses 1999;52:23—6.
Sapi E, Brown WD, Aschkenazi S, et al. Regulation of Fas ligand expression by
estrogen in normal ovary. J Soc Gynecol Investig 2002;9:243-50.

Downloaded from cancerres.aacrjournals.org on July 19, 2018. © 2004 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

Correction

Retraction: Article on Estrogen Receptor [ in
Ovarian Carcinogenesis

Gwendal Lazennec
Unité INSERM U540, Montpellier, France

Upon closer review of our article on estrogen receptor {3 in
ovarian carcinogenesis, published in the August 15, 2004, issue of
Cancer Research (1), we have discovered that some of the data
were manipulated. The first author of the article has admitted
altering data records. Because these alterations may invalidate the
central conclusion of this article, we wish to retract the article
from the literature.

1. Bardin A, Hoffmann P, Boulle N, et al. Involvement of estrogen receptor {> in
ovarian carcinogenesis. Cancer Res 2004;64:5861-9.
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