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Abstract A subfamily of orphan receptors, estrogen re-
ceptor-related receptors (ERRs), has been demonstrated to
modulate the transcription of some estrogen responsive
genes via variant estrogen response elements (EREs). This
study was conducted to determine whether human ERR«,
ERRf3, and ERRy might be involved in the tumorigenesis
of ovarian cancer. RT-PCR was performed to analyze the
expression of hERRx, hERR[3, hERR[3-2, and hERRYy
mRNA in five ovarian cancer cell lines as well as 33 sam-
ples of ovarian cancer and 12 samples of normal ovary.
Serum CA-125 levels were also analyzed in all samples by
ELISA. Progression-free survival and overall survival of
patients with different expression of ERRs were analyzed
by the Kaplan—-Meier method. To analyze the subcellular
localization of ERR«, a green fluorescent protein (GFP)-
reporter plasmid of hERR & was constructed and transfected
into the ovarian cancer cell line OVCAR-3. Expression of
hERR«&-GFP fusion protein was observed in the nucleus
of OVCAR-3 ovarian cancer cell lines. We observed in-
creased expression of hERRax mRNA (P=0.020) and hERRy
mRNA (P=0.045) in ovarian cancers compared to normal
ovaries. In contrast, hRERR{3 was only observed in 9.1%

P. Sun - L. Wei

Department of Obstetrics and Gynecology, Peking University
People’s Hospital, Peking University Health Science Center,
Xizhimen South Street 11,

100044 Beijing, People’s Republic of China

P. Sun - J. Sehouli (><) - A. Mustea - D. Konsgen -

W. Lichtenegger

Department of Obstetrics and Gynecology, Campus Virchow-
Klinikum, Charité Universititsmedizin Berlin,
Augustenburger Platz 1,

13353 Berlin, Germany

e-mail: sehouli@aol.com

Tel.: +49-30-450564052

Fax: +49-30-450564939

C. Denkert - 1. Koch

Institute of Pathology, Campus Mitte,
Charité Universitdtsmedizin Berlin,
Schumannstr. 20/21,

10117 Berlin, Germany

PenGMING SuN

received his medical master’s
degree from Fujian Medical
University and his doctorate in
gynecological molecular oncol-
ogy from Peking University. He
is presently a research fellow
and perusing his medical degree
in the Department of Obstetrics
and Gynecology, Charité Med-
ical University. His research
interests are oncology gene ex-
pression and signal pathways in
gynecological cancers.

WERNER LICHTENEGGER
received his medical degree
from the Karl Franzens Uni-
versity in Graz, Austria. He is
presently Professor and the Di-
rector of the Clinic of Gyne-
cology and Obstetrics at the
Charité Medical University of
Humboldt University and Free
University of Berlin. His re-
search interests are the surgery,
molecular oncology, chemo-
therapy, and radiotherapy of

gynecology.

of ovarian cancers. We found a positive correlation be-
tween the serum CA-125 levels and hERRx expression
(P=0.012), but not hERR and hERRy expression. Sur-
vival analysis showed that the hERR o-positive group has a
reduced overall survival (P=0.015), and the ERRy-positive
group has a longer progression-free survival (P=0.020). In
multivariate analysis, expression of hERR« was an inde-
pendent prognostic factor for poor survival (relative risk,
3.032; 95% CI, 1.27-6.06). Based on our results, ERRs
may play an important role in ovarian cancer. hERR o may
represent a biomarker of poor prognosis, and hERRy may
be a new therapeutic target in ovarian cancer.

Keywords Orphan receptor - Estrogen receptor-related
receptor - Ovarian cancer - Tumor marker
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Introduction

Epithelial ovarian cancer is the leading cause of death
from gynecological malignancies in Western countries [1].
One of the reasons for the poor prognosis is the high rate
of advanced tumors at the time of diagnosis: about 75% of
all patients are diagnosed in FIGO stage III or IV [2]. High
serum levels of estrogen have been implicated as a risk
factor for ovarian carcinoma, but the cellular signal path-
ways involved are not completely clear so far [3, 4]. Es-
trogen acts via two classical nuclear receptors, estrogen
receptor alpha and estrogen receptor beta (ERo and ERf3,
American Nomenclature Committee-named as NR3A1
and NR3A2). ERx and ERf3 are highly expressed in nor-
mal human ovaries, benign ovarian tumors, borderline and
malignant ovarian tumors, as well as in primary cultures of
normal human ovarian surface epithelial cells and estab-
lished ovarian cancer cell lines [3, 4]. However, only low
response rates have been observed to anti-estrogen treat-
ment based on the blocking of estrogen—ER binding [4-6].
Furthermore, expressions of ER mRNA have small prog-
nostic value in the hormone-related ovarian cancer [35, 6].

Recently, several studies described a family of the so-
called orphan nuclear receptors. In contrast to the ligand-
dependent classic receptors, orphan receptors were found
be activated in a constitutive manner without any defined
ligand [7-11]. There is a subfamily of orphan nuclear re-
ceptors closely related to the ERs, which is named estrogen
receptor-related receptors (ERRs) [7, 10, 11]. The ERR
family includes three subtypes: ERRa, ERR3, and ERRy
(American Nomenclature Committee 1999 meeting-named
as NR3B1, NR3B2, and NR3B3), and each member has
several different isoforms [11]. They were originally iso-
lated on the basis of sequence similarity in their DNA-
binding domain with ER, but they are not activated by
natural estrogens [9—11]. ERRs can activate some estrogen
responsive genes such as pS2 and the aromatase genes in
breast cancer cell lines [12—14] and serve as biomarkers
independent of the estrogen—ER signal pathway [11, 14].
Estrogen—-ER complexes exert their function and drive
transcription following binding to estrogen response ele-
ments (EREs) in the promoter of target genes [4, 9-11].
ERRSs share target genes, co-regulatory proteins, and DNA-
binding sites with the ERs [7-11]. Moreover, ERRs have a
high-affinity binding to sites containing 5-TCA-AGGT
CA-3'" as a monomer. This sequence was not only observed
in the ERE, but also observed in the estrogen receptor re-
lated-receptor response element (ERRE), steroid factor-1
receptor response element, and thyroid response element
[10-17]. 1t has been suggested that there is a key role of
ERRs to regulate the estrogen signal pathway in tumors,
though the mechanisms of this crosstalk are still unclear
[9-11].

Do ERRs play a critical role in the etiology of ovarian
cancers? To determine whether this subfamily of orphan
nuclear receptors might be associated with ovarian cancer,
we studied the expression of the major isoforms of the ERR
family, hERRx, hERR 3, and hERRy, in ovarian cancer cell

lines as well as in malignant and normal ovaries. Fur-
thermore, we investigated the clinicopathological relevance
of these orphan receptors.

Materials and methods
Cell culture

Ovarian cancer cell lines SKOV-3, OVCAR-3, OAW-42,
ES-2, and Mdah-2774 were from the American Typical
Culture Collection (Rockville, Md., USA). All cell lines
were cultured in 90% Dulbecco’s modified Eagle’s medium
[(DMEM) Gibco, Carlsbad, Calif., USA], supplemented
with 10% fetal bovine serum (PAN Biotech, Aldenbach,
Germany), 4 mM L-glutamine (Sigma, St. Louis, Mo.,
USA) adjusted to contain 1.5 g/l sodium bicarbonate, 4.5
g/l glucose, 1.0 mM sodium pyruvate, 1% penicillin (100
[U/ml), and 1% streptomycin (100 IU/ml), in a 37°C, 5%
CO;, incubator.

Study population

A total of 33 ovarian cancer samples and 12 normal un-
matched ovary samples were included in this study. After
pathological review, the parts of ovarian surface epithelium
(OSE) from the normal ovaries were used as controls. All
samples and the related clinical data were obtained from
the Tumor Bank Ovarian Cancer (Charit¢é Medical Uni-
versity, Berlin, Germany). Samples were collected during
1999-2001 and diagnosed by pathological review (In-
stitute of Pathology, Charité Medical University). Approval
from the local ethics board was gained and written. In-
formed consent was obtained from each patient. All ovarian
cancer patients enrolled in this study received the primary
surgery with the attempt of maximal tumor reduction and
postoperative systemic chemotherapy with carboplatin and
paclitaxel. The samples were snap-shock frozen in liquid
nitrogen as soon as they were separated from the body and
stored at —80°C until analysis. The clinicopathological
characteristics of ovarian cancer patients are summarized in
Table 1.

Plasmids and plasmid construction

The full-length ¢cDNA plasmids of pSG-hERR«, pSG-
mERR (3, and pSG-mERRYy were generous gifts from Prof.
J.M. Vanacker (LBMC, Lyon, France) and used as RT-PCR
positive controls [15, 16]. The green fluorescent protein
(GFP) reporter plasmid was a generous gift from Dr.
Eckardt Treuter (Karolinska Institute Hospital, Sweden).
The hERR&-GFP reporter plasmid was constructed as
follows: The pSG-hERR « plasmid and pCN3-GFP reporter
plasmid were digested by the restricted enzymes EcoRI
1.03 and BamHI. The full-length hERR -1 cDNA (1-2,221
bp) was recovered and purified with QIAEX II kits (Qiagen,
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Table 1 Clinicopathological characteristics of patients with different expression of receptor-related receptors (ERRs)

ERR« ERRB ERRy
Positive Negative  Correlation* Positive  Negative  Correlation* Positive Negative  Correlation*
All cases 21 24 3? 42 20 25
Normal ovarian surface 2 10 0 12 4 8
epithelium
Cancers 19 (100%) 14 (100%) 3 (100%)* 30 (100%) 16 (100%) 17 (100%)
FIGO stage 0.017 b 0.040
I 0 (0%) 2 (14.3%) 0 (0%) 2 (6.7%) 2 (12.5%) 0 (0%)
I 0 (0%) 3 (21.4%) 0 (0%) 3 (10.0%) 3 (18.7%) 0 (0%)
11 13 (68.4%) 5 (35.7%) 2 (66.7%) 16 (53.3%) 7 (43.8%) 11(64.7%)
VI 6 (31.6%) 4 (28.6%) 1 (33.3%) 9 (30.0%) 4 (25.0%) 6 (35.3%)
Grade 0.022
I 1(53%) 3 (21.4%) 1 (33.3%) 3 (10.0%) 2 (12.5%) 2 (11.8%) 0.479
11 7 (36.8%) 4 (28.6%) 1 (33.3%) 10 (33.3%) 6 (37.5%) 6 (35.3%)
1 11 (57.9%) 7 (50.0%) 1 (33.3%) 17 (56.7%) 8 (50.0%) 9 (52.9%)
Histology 0.183
Serous 12 (63.2%) 8 (57.1%) 3 (100%) 17 (56.7%) 10 (62.5%) 10 (58.8%) 0.297
Non-serous 7 (36.8%) 6 (42.9%) 0 (0%) 13 (43.3%) 6 (37.5%) 7 (41.2%)
Ascites
No 2 (10.6%) 6 (42.9%) 0.059 0 (0%) 8 (26.7%) 4 (25.0%) 4 (23.5%) 0.095
<500 ml 10 (52.6%) 5 (35.7%) 2 (66.7%) 13 (43.3%) 8 (50.0%) 7 (41.2%)
>500 ml 7 (36.8%) 3 (21.4%) 1(33.3%) 9 (30.0%) 4 (25.0%) 6 (35.3%)

*P-value of bivariate correlate analysis, by chi-square test
"ncluding hERRB-1 -positive and hERR 3-2-positive
°The number of ERRB-positive cases was too small to analyze

Hilden, Germany). Full-length hERRx-1 ¢cDNA was di-
rectionally inserted into the EcoRI 1.03 and BamHI sites in
the pCN3-GFP report plasmid with a PCR Cloning Kit
(Qiagen) and named the hERR ot-GFP reporter plasmid. The
plasmid pSG-HA-tag-hERRy was a generous gift from
Dr. Michel R. Stallcup (University of Southern California,
USA) [14]. A nucleotide sequence containing hemagglu-
tinin [(HA) amino acids sequence, YPYDVPDYA] epitope
tag-coding codons and a new EcoRlI site was inserted be-
tween the original EcoRI and BamHI sites of the pSGS basic
plasmid. All plasmids were subcloned in TOP-10 EcoRI
bacilli (Invitrogen, Karlsruhe, Germany) and harvested
with a QIA Spinprep kit (Qiagen).

Subcellular localization of ERR«x

0.6 ul FuGENES6 (Roche, Mannheim, Germany) and 0.1 pg
hERR «-GFP-reporter plasmids were mixed in 19 pl serum-
free medium and incubated for 15 min. Five-microliter
mixtures per well were added to the normal cultured medi-
um in a four-chamber-cultured-slide (Nunc, Rochester, N.
Y., USA). Serum-free DMEM medium was used as a nega-
tive control. After 48 h of culture, the medium was dis-
carded. Ovarian cancer cells line OVCAR-3 was washed
two times with PBS for 5 min and fixed by methanol at
—20°C for 10 min. Cell nuclei were stained with 4',6-
diamidino-2phenylindole [(DAPI) 1:1,000]. The cells were

analyzed using a confocal scanning microscope (Leica,
Solms, Germany).

Western blot of HA-tag-ERRy fusion protein

Ovarian cancer cell lines ES-2, OVCAR-3, and SKOV-3
were plated at a density of 3x10° cells/well in 35-mm
plates. After 24 h culture, 0.5 pg or 1 pug pSG-HA-tag-
hERRY plasmid was mixed with 3 ul FuGENE6 and added
to the cells in the 35-mm plates. A control group was set up
by treatment with serum-free DMEM. After transfection
for 72 h, nuclear protein and whole-cell protein were ex-
tracted according to the protocol provided by the kits
(Clontech, Palo Alto, Calif.,, USA). Protein content was
determined by the ELISA method (Pierce). In all, 10 pg
nuclear protein, 50 ug cytoplasmic protein, or 100 pg
whole-cell protein per lane was loaded on an 8% poly-
acrylamide gel. Proteins were blotted onto nitrocellulose
membranes (Schleicher and Schuell, Dassel, Germany).
The blot was washed in PBS and incubated in blocking
buffer [1x PBS, 0.1% Tween-20, 5% I-Block (Tropix, Bed-
ford, Mass., USA)] at 18°C for 1 h. Membranes were in-
cubated overnight at 18°C with a monoclonal anti-HA
antibody (1:1,500, Roche) in blocking buffer, followed
by incubation with alkaline phosphatase-conjugated-anti-
mouse secondary antibody (1:4,000, Santa Cruz, Canada).
Bands were visualized using the CDP star RTU lumines-
cence system (Tropix).
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RNA isolation and RT-PCR

Total RNA was isolated according to the protocol provided
by a MiniRNA kit (Qiagen). The quality and content of the
mRNA was assessed by DNA Counter (Bio-Rad, Munich,
Germany). Only samples with the OD260/280 ratio above
1.6 were used in the experiments. Special primer sets of
ERRs were designed by Oliog6.0 and confirmed by BLAST
analysis (National Center for Biotechnology Information).
The following primers were synthesized by the TIB syn-
theselabor (TIB Molbiol, Berlin, Germany): hERR « sense
5'-Tgg TCC AgC TCC CAC TCg CT-3' and anti-sense 5'-
TgAgACACCAgTgCATTCACT g-3'(482bp); hRERR3-1
sense 5'-TCA AgT gCg AgT ACA TgC TC-3' and anti-
sense 5'-gAA ATT TgT AAg CTC Agg TA-3' (340 bp);
hERRf3-2 sense 5'CAT TCC ACg gAg gCA TCC TC-3/,
anti-sense 5'-TgC AAg CCT CgC Agg Agg CC-3' (537 bp);
hERRYy sense 5-CTC gCC ACC TCT CTA CCC TT-3,
anti-sense 5'-gCT TgT ACT TCT gCC gAC CTC-3' (395
bp); and GADPH was used as an internal control by the
primer set: sense 5'-ACg CAT TTg gTC gTATTg gg-3' and
anti-sense 5'-TgA TTT Tgg Agg gAT CTC gC-3'(230 bp).
The Access RT-PCR system (Promega, Mannheim, Ger-
many) was used according to the manufacturer’s instruc-
tions. Briefly, in a total 50-pl reaction system were included
1 pg total RNA, 5 U reverse transcriptase, 5 U Tfh po-
lymerase, 10 nm dNTP, random hexamers, 1 U Rnase in-
hibitor, 1 nm each sense and anti-sense primers, and 15 nm
MgCl,. For amplification, we used the same protocol: re-
verse transcript, 22°C for 10 min, 42°C for 45 min, and
95°C 5 min; PCR, 94°C for 3 min, 94°C for 30 s, 60°C for
1 min, 72°C for 1 min, 35 cycles; and 72°C 10 min.

CA-125 assay

The patient sera were stored at —20°C until analysis. The
commercially available ELISA-Kit (MEDAC, Hamburg,
Germany) was used. According to the instructions of the
manufacturer, the serum CA-125 levels were determined
by another technician, who did not have any clinical in-
formation about the patients.

Statistical analysis

The statistical analysis was performed via SPSS, version
11.0, software (SPSS, Chicago, Ill., USA). ANOVA and
the independent sample #-test were used to compare the
parametric data, and the chi-square test was used to analyze
non-parametric data. The correlations between expression
of ERRs and clinicopathological parameters were analyzed
by the bivariate correlation analysis. To analyze the prog-
nosis of ovarian cancer patients according to the different
expression of ERRs, the primary outcome measure of this
non-randomized study was overall survival; secondary
outcome was progression-free survival. Overall survival

was defined as the time from first surgery to death from any
cause. Progression-free survival was defined as the time
from first surgery to first clinical or pathological evidence
of recurrence. The Kaplan—-Meier method was used to
calculate overall survival time or progression-free survival
time, and survival curves were compared by the log-rank
test. Multivariate survival analysis was performed using the
Cox regression model. Generally, a P-value less than 0.05
was considered as significant.

Results
Expression of ERR fusion protein

Derived by the thymidine kinase promoter, the hERR-
«GFP reporter plasmid can produce a fusion protein of the
GFP and hERR« protein. Excited by the 480-nm illumina-
tions, part of GFP can produce a high-level, green auto-
fluorescent signal. Excited by the UV illuminations, the cell
nucleus stained with DAPI can give a blue fluorescent
signal. The hERRx-GFP fusion protein was mainly ob-
served in the nucleus of ovarian cancer cell line OVCAR-3
as judged by using confocal scanning microscopy (Fig. 1).
Compared to the high expression of hERR«x in the nucleus,
almost no green signal could be observed in the cytoplasm.
Some reports had shown the expression of ERR protein by
Western blot detection of the recombined fusion tag-ERR
protein in an in vitro transcription and translate system [17,
18]. In our studies, after transfection with 1.0 pg plasmid,
the HA-ERRy recombined fusion protein could be detected
by antibodies anti to the HA-tag epitope in the nuclear
protein extraction of ovarian cancer cell lines SKOV-3,
OVCAR-3, and ES-2 (Fig. 2). In contrast to the transfected
group, there was no visible hERRy special band in the
control group.

Expression of ERR mRNA in ovarian cancer cell lines

We compared the mRNA expression of human ERR«,
ERRf3, and ERRY in ovarian cancer cell lines by RT-PCR
(Fig. 3). There are at least two major isoforms of ERR«,
human ERR«x (full-length ¢cDNA, 2,421 bp) and human
ERR«-1 (full-length ¢cDNA, 2,221 bp) [11, 19, 20]. We
used a special primer set to amplify an identified 482-bp
fragment of hERRx and hERR«-1. This product was ob-
served in all five ovarian cancer cell lines and named as
hERR« in our study. In contrast to the high expression of
hERR &, expression of hRERR3-1 and its isoform hERR 3-2
seemed minimal in the ovarian cancer cell lines. hERR3-1
was detected in ovarian cancer cell lines Mdah-2774 and
SKOV-3, and hERR3-2 only could be detected in cell line
SKOV-3. By applying an ERRy special primer set, an
amplified product of a 395-bp ERRy fragment was de-
tected in ovarian cancer cell lines Mdah-2774, OVCAR-3,
and SKOV-3.
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Fig. 1 Subcellular localization of the isoform estrogen receptor-
related receptor alpha (hERR) protein: The full-length hERR«
(2,221 bp)—green fluorescent protein (GFP) reporter plasmid was
constructed and transfected into ovarian cancer cell line OVCAR-3.
After 48 h of culture, the cells were fixed and stained with 4',6-
diamidino-2phenylindole (DAPI). Excited by 480-nm illuminations,
a strong, green autofluorescent signal was observed in the OVCAR-3

Expression of ERR mRNA in ovarian cancer

Overall, 33 samples of ovarian cancer and 12 samples of
normal ovary were included in this study (Table 2). The
differences of average ages were not significant (between
groups, P=0.350; within groups P=0.563, ANOVA). The
mRNA of hERR« was detected in 19 of 33 ovarian cancers
(57.6%) and 2 of 12 normal ovaries (16.7%). Compared to
the normal ovarian tissues, ovarian cancer showed a higher
expression of hERRa (P=0.020). Only two (6.1%) ovarian

Sk ov Sk Ov
B-Actin
59KD _
HA-hERR y 4 %
44KD b “

1‘

1.0 pg Plasmid

. A s

] — |

0.5 nug Plasmid
A

Fig. 2 Expression of hemagglutinin (HA)-tag-ERRy protein and its
subcellular distribution. a Whole-cell protein: ovarian cancer cell
lines SKOV-3 (Sk) and OVCAR-3 (Ov) were transfected with 1.0 ug
or 0.5 ug pSGHA-tag-hERR vy plasmids. HA-tag-hERRy fusion
protein can be detected in the whole-cell protein. b Nuclear protein
and cytoplasmic protein extraction: transfected with 1.0 ug pSG-
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cells transfected with hERR-GFP; excited by UV, the cell nucleus
stained with DAPI can produce a blue fluorescent signal (a). A single
cell (a, ¢) was magnified (b, d). Compared with the strong signal
observed in the cell nucleus, no signal could be observed in the
cytoplasm (white arrow). In the negative-control group (¢, d), the cell
lines were treated only with serum-free Dulbecco’s modified Eagle’s
medium. The cells did not show any endogenous signal

cancers expressed the hERR{3-1, and one (3.0%) ovarian
cancer expressed hERR[3-2. We did not detect any ex-
pression of either hERR3-1 or hERR 3-2 in normal ovaries.
There were no different expression of hRERR 3 between the
ovarian cancers and normal ovarian tissues (P=0.543). Ex-
pression of hERRy mRNA was observed in 16 of 33 ovar-
ian cancers (48.5%) and 4 of 12 normal ovaries (33.3%).
Similar to hERR«, expression of hERRy was also sig-
nificantly increased in ovarian cancer patients (P= 0.045).
We also analyzed the correlation between the expression of

Es Sk Ov Es Sk Ov

— A — — - [i-Actin

= R -
j cytoplasm

] ‘H

Transfected control

B

HA-tag-hERRy plasmids. A special band was detected in the
nuclear protein extraction of ovarian cancer cell lines ES-2 (Es),
SKOV-3, and OVCAR-3. In contrast, there were no visible bands of
hERRY fusion protein in the nuclear extraction of control cell lines.
Compared with the cytoplasmic extraction, the HA-tag-hERRYy
protein was chiefly expressed in the nuclear extraction
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CA-125 levels in ovarian cancer patients with different
expression of ERRs

2500 [
2000 [
1500 |
1000 |
500 [

B positive
B negative

ERR alpha

Group + - + -
Cases 19 14 3 30

P P=0.012 * P=0.795

Fig. 3 Sera CA-125 levels in ovarian cancer patients with different
expression of ERRs. The mean serum CA-125 level in the hRERR«-
positive group was 1,954.8+494.8 (31.0-15,489.0) and in the hRERR -~
negative group was 448.6+176.4 (5.0-3,461.0). In the hERR 3-positive
group, the mean serum CA-125 level was 1,675.84933.6 (5.0-4,858.0)
and in the hERR 3-negative group was 1,454.5+869.8 (14.0-15,489.0).
The mean serum CA-125 level in the ERRy-positive group was 1622.0

ERRs and clinicopathological parameters such as FIGO
stage, grading, ascites, and histological types. Bivariate
correlation analysis showed that the expression of hRERR«
mRNA had significant correlation with the FIGO stage
(P=0.017) and histological grading (P=0.022). Expression
of hERRax mRNA was associated with more advanced
FIGO stage and grading. A positive correlation was also
observed between the FIGO stage and expression of
hERRYy (P=0.040). In comparison to hERR« and hERRYy,
the numbers of hERR3-positive samples were not high
enough to perform an analysis. Of all 33 ovarian cancers,
two (6.1%) samples showed expression of all the three
members of ERRs, four (12.1%) samples co-expression of
ERRoand ERRYy, one(3.0%) sample co-expression of ERR

Table 2 Different expression of ERRs among ovarian cancers and
normal ovaries

Ovarian cancer, Normal ovaries, P-value*
n=33 (100%) n=12 (100%)
ERR«x
Positive 19 (57.6%) 2 (16.7%) 0.020
Negative 14 (43.4%) 10 (83.3%)
ERRB
Positive 3 (9.1%)* 0 (0%) 0.543
Negative 30 (90.9%) 12 (100%)
ERRYy
Positive 16 (48.5%) 4 (33.3%) 0.045
Negative 17 (51.5%) 8 (66.7%)

*Chi-square test
“ERRp included hERRB-1 and hERR3-2

ERR beta

ERR gamma

+ -
16 17
P=0.515

+961.1 (5.0-15489.0) and in the hERRy-negative group was 1201.1
+788.8 (14.0—4842.0). Independent sample r-tests were used to an-
alyze the parametric data. In the hERR «-positive group, two cases
were outside the sera CA-125 levels of the hERRx-negative group.
There was still a significant difference between the hERR x-positive
group without these two cases and the negative group (P=0.016)

and ERR, 12 (36.4%) samples only expression of ERR«,
and ten (30.3%) samples only expression of ERRy. The
hERRa-positive samples were usually associated with a
negative expression of hERRy. However, the survival anal-
ysis was not possible for the ERRo/ERR3/ERRYy all-neg-
ative ovarian cancer patients, because there were only four
(12.1%) samples.

CA-125 in patients with different ERR expression

CA-125 is the most important well-established tumor
marker in the clinical management of ovarian cancer [2].
We also analyzed the association of the serum CA-125
levels with the expression of ERRs (Fig. 4). In the total
population, the average value of CA-125 was 1,303.5+
466.8 U/ml (5.0-15,489.0 U/ml). The mean of the CA-125
level in the hERR«x-positive group (1,954.8 U/ml) was
higher than the hERRa&-negative group (448.6 U/ml,
P=0.012). In the hERR-positive group, two cases were
detected with very high levels of CA-125. To exclude the
impact made by these two cases, we performed a new
analysis excluding them. The results showed that there still
was a significant difference (P=0.016). Thus, we think the
significant difference of CA-125 levels was not due to a
few outliers, but due to the different expression of ERR«.
In contrast to hERRx, CA-125 levels in the hERRf-
positive group (1,675.8 U/ml) showed no difference from
the hERR 3-negative group (1,454.5 U/ml, P=0.795). Sim-
ilar to hERRf3, the hERRy-positive group and -negative
group did not show a significant difference in the serum
CA-125 levels (1,622.0 U/ml vs 1,201.1 U/ml, P=0.515).
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Fig. 4 RT-PCR result of ERRs expression in ovarian cancer cell
lines, normal ovary, and ovarian cancer. hERRo (482 bp) was
highly expressed in ovarian cancer cell lines and samples; hERRf3
(including hERR{3-1, 340 bp and hERRf3-2, 537 bp) was poorly
expressed in ovarian cancer cell lines and tumor samples; hERRyy

Survival analysis

All patients were enrolled in a follow-up program. The
median follow-up time was 31.54 months (2.0-76 months).
Valid follow-up data were available for 29 cases (87.8%) of
33 ovarian cancer patients. The median overall survival
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(395 bp) was expressed on in both ovarian cell lines and cancer
samples. a Positive control (PCR result of the respectively plasmid),
b ES-2, ¢ Mdah-2774, d OAW-42, e SKOV-3, f OVCAR-3, g
normal ovary, h, i ovarian cancers. A 100-bp Ladder (Gibco) was
used as a DNA marker.

(n=29) was 26.8 months (2.0-65.0 months), and the medi-
an progression-free survival time was 13.8 months (1.0-
40.0 months; other details can be seen in Table 3 and Fig. 5).
The median overall survival time of ovarian cancer patients
with hERRo-positive expression was 19.0 months; com-
pared to the hERRa-negative group, the overall survival

Table 3 Overall survival and

. . Cases Median overall survival Median progression-free survival
progression-free survival of pa-
tients with different expression Months (95% CI) P-value* Months (95% CI) P-value*
of ERR (n=29)
ERR«x
Positive 15 19.0 (6.9-27.4) P,=0.015 12.6 (9.1-16.1) P=0.820
Negative 14 31.5 (13.1-54.2) 14.5 (10.9-17.1)
ERRfP
Positive 2 28.2 (20.4-38.6) @ 16.8 (4.8-27.6) a
Negative 27 30.4 (20.9-45.7) 22.4 (12.7-31.6)
*P, Qverall sprvival, P; pro- ERRYy
gression survival Positive 14 23.4 (12.3-37.1) P,=0.093 18.0 (14.5-21.5) P=0.020

*The number of ERR B-positive

cases was too small to analyze Negative 15

19.6 (13.6-28.4)

13.5 (9.8-17.0)
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overall survival time of ovarian cancer patients was not different
between the hERRy-positive and -negative groups. d hERRy-posi-
tive ovarian cancer patients has a longer progression-free survival
time (n=14, 18.0 months, 95% CI: 14.5-21.5) than hERRy-nega-
tive patients (n=15, 13.5 months, 95% CI: 9.8-17.0) (log rank test,
P=0.020)

Table 4 Multivariate survival

. . Beta Standard error  Wald df Relative risk  95% CI of R  P-value
analysis (Cox regression
model, n=29) ERRo 9.172 1 0.044
Negative 1.00
Positive 1.159  0.593 9.172 1 3.03 1.27-6.06 0.044
ERRYy 6.748 1 0.343
Negative 1.00
Positive 0.809 0.474 6.748 1 1.371 0.588-2.199 0.343
Histology 0958 1 0.477
Serous 1.00
Non-serous —0.581  0.593 0.958 0.930 0.175-1.142 0.477
FIGO 10.306 0.012
I 1.00
1T —0.144  0.794 4679 1 2.332 0.274-2.199 0.038
I 1.084  0.889 9203 1 7.068 0.607-13.403  0.002
v 3.133  0.903 13.064 1 22938 2.326-59.55 0.001
Grade 3.843 2 0.048
I 1.00
I 0.826  0.582 3.420 1 3.285 1.147-9.892 0.044
11 0.944  0.580 4843 1 4.326 2.173-10.395  0.020
Ascites 0985 2 0.685
0 1.00
. <500 0.128 0.337 0.145 1 1.137 0.588-2.199 0.737
The number of ERRf-positive 5 ~0.407 0391 1081 1 0845 0.309-1433  0.666

cases was too small to analyze




time was significantly reduced (log-rank test, P=0.015).
The median progression-free survival of the hERR«-
positive group and -negative group was 12.6 months and
14.5 months, respectively (P=0.820). The median overall
survival showed no significant difference between the
ERRy-positive group (23.4 months) and -negative group
(19.6 months, P=0.092). However, the hERRy-positive
ovarian cancer patients had a longer progression-free sur-
vival time (18.0 months) than the hERRy-negative group
(13.5 months, log-rank test, P=0.020). We used a multi-
variate analysis to test the independent value of each
parameter predicting overall survival and progression-free
survival. Expression of hRERR« was an independent prog-
nostic factor for poor survival (relative risk, 3.032; 95% CI,
1.27-6.06). Other independent prognostic factors asso-
ciated with poor prognosis were histological grade and
FIGO stage (Table 4). Volume of ascites and expression of
hERRy were not independent prognostic factors for poor
survival.

Discussion

Because we are just beginning to understand ERR func-
tion, the present study is, to our knowledge, the first in-
vestigating the role of ERR mRNA in ovarian cancer.
Ovarian cancer can be considered as a hormone-dependent
cancer [3, 4]; however, it is not sensitive to hormonal
therapy [5, 6]. Consensus ERE was reported in several
esorogen responsive genes such as, pS2, c-fos, c-myc, epi-
dermal growth factor (EGF), EGF-receptor, cyclin DI,
breast cancer-1 (BRCA-1), which were rate-limit with the
development of estrogen related cancers [21, 22]. Zhang
and Teng [23] reported that ERRx-1 could activate tran-
scription of some estrogen responsive genes and exert
ER-like function via binding to ERE or ERRE sites. To
explore the potential role of ERRs in ovarian cancer cells,
we studied the subcellular localization of hERRx. Com-
paring the different green autofluorescent signals produced
in the cell nucleus and cytoplasm, we concluded that
hERR o was mainly expressed in the cell nucleus. Some
studies also reported that the ERRx was a kind of nuclear
receptor [7, 15]. Furthermore, the expression of recombi-
nant hERRYy protein could be detected in the nuclear protein
extraction but not in the cytoplasmic protein extraction by
Western blot analysis. However, when we performed this
study, there were no anti-ERRs antibodies commercially
available. The antibodies used in our studies are directed
against the HA-tag epitope but not against the ERR protein,
so it could not be used for the detection endogenous ERR
protein in clinical samples.

Most ovarian cancers are mainly derived from OSE [5].
However, the normal OSE is only a single layer of cells.
Similar to various work groups [5, 24, 25], we compared
the expression of ERR mRNA in ovarian cancers and nor-
mal ovaries that included the OSE and stroma. We cannot
exclude that the small amount of ovarian stroma in these
normal ovaries may have influenced the result of the PCR.
To further investigate the expression pattern of ERRs in
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ovarian epithelium and stromal tissue, a study should be
performed when the anti-sera are commercially available.
In our study, 57.6% of ovarian cancers were observed with
expression of hERR« and 48.5% ovarian cancers with
expression of hERR<y, which indicates that high levels of
hERR o« and hERRy might be associated with cancer of the
ovary. Our results suggest that the human ERR family
might also be involved in the tumorigenesis via binding to
the ERRE of oncogenes in ovarian cancer. However, this
hypothesis needs to be validated by additional studies on the
function of ERRs in ovarian cancer. High expression of
hERR« may provide another pathway to stimulate cell
overgrowth in ovarian cancers. Other studies showed that
ERRa could not be activated nor repressed by natural
estrogen, agonists, or antagonists of estrogen [26-28]. Be-
cause hERR« is resistant to the classical inhibitor of estro-
gen, this may explain why ovarian cancers poorly respond
to anti-estrogen therapy based on only blocking the estro-
gen—ER signaling pathway. Moreover, hERRo-positive
ovarian cancer patients were associated with more aggres-
sive disease: ERR x-positive ovarian cancers showed higher
CA-125 levels than ERRax negative cancers (P<0.05),
which was associated with poor prognosis, short median
overall survival time (P<0.05), and more advanced FIGO
stage (P<0.05). These data strongly suggest an important
role for hERR« in ovarian cancer. However, expression of
hERRa was found in both the anti-ER therapy-sensitive
cell line OVCAR-3 and -insensitive cell line SKOV-3. Both
of them were reported to express ER [5, 6]. Results from
other studies showed ERx and ERRa were competitively
bound to the DNA-response elements in a cell-specific,
promoter-specific manner [23, 28]. A quantitative analysis
of ERs and ERRs in these cell lines, especially the rela-
tionship between mRNA and protein levels of ERo and
ERR«, should be performed in further studies. The design
of new selective estrogen receptor modulators (SERMs)
that could specially block ERR« activity, or both ER and
ERRx activity should be explored [9, 11].

In contrast to ERR«x, ovarian cancer and normal ovary
showed high expression of ERRy. The CA-125 levels in
the hERRy-positive and the hERRy-negative group were
not different (P>0.05). hERRy-positive ovarian cancer pa-
tients have a significantly longer progression-free survival
(P<0.05). Moreover, the activity of hERRy can be in-
hibited by 4-hydroxytamoxifen (4-OHT), which is a SERM
used in the therapy of breast cancer [29, 30]. This could
suggest that ovarian cancer patients with hERRy expres-
sion may be more sensitive to the treatment with SERMs.
Indeed, the key discovery that 4-OHT is an inhibitor or
probably ligand for ERRy predicts novel and unexpected
use for current SERMs [11]. Ariazi et al. [31] were the first
to apply real-time Q-PCR to assess the importance of ERRs
in human breast cancer by comparing their mRNA profiles
with established clinicopathological indicators. They also
observed that increased hERR«x levels were associated
with more aggressive breast tumor behavior and increased
hERRYy levels with preferred clinical outcomes; hERRYy
was over-expressed in 75% of breast cancer [31]. In the
present study, 45% of ovarian cancers were positive for
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hERRy. This may reflect tissue-specific expression of
hERRYy. In contrast to the abundant expression of hERR«x
and hERRYy, two hERR f3 isoforms (hERR 3-1 and hERR 3-2)
seem to be poorly expressed in both the ovarian cancer and
normal ovaries. ERRf3 is present in the early developing
placenta in a subset of cells in extra-embryonic ectoderm
destined to develop the chorion and only found in very low
amounts in specific rat tissues [32, 33]. In mice lacking
ERRf3, trophoblast stem cell differentiation is impaired,
and the placenta fails to develop normally [34]. The knowl-
edge about hERRf is limited due to low and restricted
expression.

The data of our study suggest that hRERR« and hERRy
may be important in ovarian cancer and may contribute to
the development and progression of ovarian cancer. In our
study, hERR«x is a tumor marker associated with poor
prognosis, and hERRy seems to be a tumor marker for
favorable prognosis in ovarian cancer. Results from in vitro
research showed that ERRs are potential therapy targets for
endocrinopathic cancer [35-37]. Hormonal therapy for
recurrent epithelial ovarian cancer has resulted in uneven
but consistent responses [38]. A systematic Cochrane re-
view of 623 patients has documented a moderate activity of
tamoxifen in relapsed ovarian cancer; the response rate
varied from 0% to 56% [39]. The complicating different
therapeutic results using SERMs in the treatment of ovarian
cancer might be explained by a very complicated ERs and
ERRs status, which is still unclear. The determination of
the status of human ERRs expression in ovarian cancer
may improve hormonal therapy and the prognostic evalu-
ation of ovarian cancers. However, large-scale prospective
and retrospective studies are needed to establish whether
ERRs expression is indeed of practical utility as a prog-
nostic predictor. Further studies should focus on the rela-
tionship between the hERRs in vivo and in vitro therapy
trials of ovarian cancers target on hERRs.
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