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The peak incidence of malignant ovarian germ cell tumours occurs soon after puberty. Thus, gonadal steroids may play a role in their development.

Oestrogen receptors (ERα and ERβ) and their co-regulators, including small nuclear ring finger (SNURF/RNF4) protein mediate oestrogen actions. While ERβ and SNURF are down-regulated in testicular germ cell tumours, their role in the ovarian germ cell tumours remains unknown.

We herein studied the different subtypes of malignant ovarian germ cell tumours, and found that they all express ERα, ERβ, and SNURF. Stimulation with oestradiol (E2), ERα, ERβ and SNURF significantly up-regulated mRNA expression in the human germinoma derived NCC-IT cells. Further, the effects of E2 were counteracted by an anti-oestrogen (ICI 182,780).

Neither E2 nor ICI 182,780 had an effect on the proliferation of NCC-IT cells as assessed by flow cytometric analysis. Our results suggest that oestrogen signalling has a role in malignant ovarian germ cell tumours.

Introduction

Malignant ovarian germ cell tumours (MOGCTs) are rare tumours representing less than 5% of all ovarian malignancies [START_REF] Pectasides | Germ cell tumors of the ovary[END_REF]. Histologically they are a heterogeneous group including various subtypes (dysgerminomas, yolk sac tumours, immature teratomas, embryonal carcinomas) [START_REF] Pectasides | Germ cell tumors of the ovary[END_REF]. They may also harbour a mixture of these different subtypes. These different germ cell tumour types are thought to develop from pluripotent primordial germ cells. However, relatively little is still known about the molecular biology of germ cell tumours. The peak incidence of MOGCTs occurs soon after puberty, at an age of less than 20 [START_REF] Tewari | Malignant germ cell tumors of the ovary[END_REF]. Thus, gonadal steroids may have a role in their tumorigenesis.

Understanding of steroid hormone action and its regulation has increased considerably in recent decades. Regarding the regulation of oestrogen signalling, two distinct oestrogen receptors (ERs) have been identified (ER and ER) [START_REF] Walter | Cloning of the human estrogen receptor cDNA[END_REF][START_REF] Mosselman | ER beta: identification and characterization of a novel human estrogen receptor[END_REF]. Knockout mouse models have revealed the roles of ERs in normal ovarian physiology and folliculogenesis [START_REF] Lubahn | Alteration of reproductive function but not prenatal sexual development after insertional disruption of the mouse estrogen receptor gene[END_REF][START_REF] Couse | Exploring the role of sex steroids through studies of receptor deficient mice[END_REF]. The human ovary expresses both ERs. Oestrogen receptor beta is localized to granulosa cells, whereas ERα is localized to the theca and interstitial cells [START_REF] Pelletier | Immunocytochemical localization of estrogen receptors alpha and beta in the human reproductive organs[END_REF]. Ovarian epithelial cells express both ER! and ER! [START_REF] Hillier | Expression of oestrogen receptor alpha and beta in cultured human ovarian surface epithelial cells[END_REF]. In the developing human ovary, ERs are expressed from the 20 th week of pregnancy onwards and their expression is localized to the granulosa cells and oocytes [START_REF] Vaskivuo | Estrogen receptors and estrogen-metabolizing enzymes in human ovaries during fetal development[END_REF].

In contrast to the ovary, human testicular germ cells and Sertoli cells express only ERβ [START_REF] Carreau | Aromatase and estrogen receptors in male reproduction[END_REF]. The expression of ERβ is markedly diminished in testicular seminomas, embryonal carcinomas and mixed germ cell tumours, both at transcriptional and translational levels [START_REF] Pais | Estrogen receptorbeta expression in human testicular germ cell tumors[END_REF]. In contrast, the expression of ERβ remains normal in testicular yolk sac tumours and teratomas [START_REF] Pais | Estrogen receptorbeta expression in human testicular germ cell tumors[END_REF]. However, ER expression in human MOGCTs has not been assessed previously.

Steroid receptor action is regulated by multiple co-regulators [START_REF] Hermanson | Nuclear receptor coregulators: multiple modes of modification[END_REF]. Small nuclear RING finger protein (SNURF/RNF4) is one of these co-regulators, and it can co-activate both androgen-and oestrogen-dependent transcription by interacting directly with the corresponding steroid receptors [START_REF] Moilanen | Identification of a novel RING finger protein as a coregulator in steroid receptor-mediated gene transcription[END_REF]. In murine foetal testis, SNURF is localized to gonocytes and to Leydig and Sertoli cells, whereas in murine foetal ovary it is present in the oogonia and granulosa cells [START_REF] Hirvonen-Santti | Small nuclear RING finger protein expression during gonad development: regulation by gonadotropins and estrogen in the postnatal ovary[END_REF].

The expression of ovarian SNURF is up-regulated in immature mice following oestradiol (E2) treatment. The expression of SNURF has been found to be down-regulated in human testicular germ cell cancer as compared with normal testicular tissue [START_REF] Hirvonen-Santti | Down-regulation of estrogen receptor beta and transcriptional coregulator SNURF/RNF4 in testicular germ cell cancer[END_REF]. The potential role of SNURF in MOGCTs has not been studied.

In order to study the role of oestrogen action in ovarian germ cell tumours, we characterized for the first time the expression of ER, ER and SNURF in MOGCTs. In addition, in vitro studies were carried out using the human germ cell tumour cell line NCC-IT. This cell line, obtained from a mediastinal mixed germ cell tumour, is unique in that it expresses markers of both pluripotent germ cells and embryonal stem cells [START_REF] Damjanov | Retinoic acid-induced differentiation of the developmentally pluripotent human germ cell tumorderived cell line[END_REF]. It may thus be a suitable in vitro model for ovarian dysgerminoma. andGynaecology, Helsinki University Central Hospital, between 1982 and[START_REF] Hermanson | Nuclear receptor coregulators: multiple modes of modification[END_REF] were used for the present study. The mean age was 28.9 years (range 12-49), all of the patients were postpubertal. Of the MOGCT specimens, 5 were dysgerminomas (DGs), 5 were yolk sac tumours (YSTs), 4 were immature teratomas (ITs) and there was one mixed tumour with DG and embryonal carcinoma (EC) components.

Materials and Methods

Patients

Cell lines

The NCC-IT human germinoma cell line [START_REF] Teshima | Four new human germ cell tumor cell lines[END_REF] was obtained from The American Type Culture Collection (Manassas, VA, USA). The cells were cultured in RPMI-1640 medium (Gibco, Invitrogen Corporation, Carlsbad, CA, USA) supplemented with foetal bovine serum (10%) and penicillin-streptomycin (1%).

Immunohistochemistry

The antibody used for immunohistochemistry of ER was from DakoCytomation, (Glostrup, Denmark) (M7047), and that for ER was from Serotec, (Oxford, UK) (MCA1974s). The anti-SNURF antibody has been described previously [START_REF] Häkli | SUMO-1 promotes association of SNURF (RNF4) with PML nuclear bodies[END_REF]. The tissue sections from paraffinembedded tissue blocks were deparaffinised and rehydrated using descending concentrations of ethanol. Antigen retrieval was performed by incubating the slides in 0.1 M citric acid (pH 8.0) at approximately 100 C for 20 min.

Endogenous peroxidase activity was blocked with 3% H 2 O 2 in water for 5

min. An avidin-biotin immunoperoxidase system was used to visualize bound antibody (Vectastain Elite ABC Kit, Vector Laboratories, Burlingame, CA, USA), with 3,3'-diaminobenzidine (Sigma, St. Louis, MO, USA) as 

Stimulation of NCC-IT cells with oestradiol

The cells were plated on 12-well dishes at a density of 25 × 10 5 per well and incubated in RPMI-1640 (phenol red-free) supplemented (10%) with dextrancharcoal-treated foetal bovine serum (HyClone, Logan, UT, USA) for 48 h before stimulation. They were stimulated with 17!-estradiol (E2) (Sigma, St.

Louis, MO, USA) at concentrations of 1 to 1000 nM for 24 to 120 h to determine time-and dose-responses of the expression of ERs and their coactivator SNURF. For control experiments, the anti-oestrogen ICI 182,780 (Tocris Cookson Ltd, Bristol, UK) was added at a concentration of 1000 nM simultaneously with 1 nM E2. The concentrations of E2 and anti-oestrogen were based on those used in previous reports [START_REF] Martin | The anti-oestrogen ICI 182,780, but not tamoxifen, inhibits the growth of MCF-7 breast cancer cells refractory to long-term oestrogen deprivation through down-regulation of oestrogen receptor and IGF signalling[END_REF]. All incubations were performed in duplicate and repeated at least three times.

Untreated and vehicle-only-treated controls were included in each experiment.

Semi-quantitative RT-PCR

Cells were collected at different time points (24-120 h) after stimulation, and total RNA was isolated by using RNeasy kit (Qiagen, Hilden, Germany).

Purified RNA (1 g) was reverse-transcribed and 2 L of the reaction mixture was used for each PCR reaction. The primers and thermal cycler conditions are presented in Table 1. The number of cycles used for PCR were 32 for ER, 32 for ER, 30 for SNURF, and 30 for -actin. Agarose gel electrophoresis (2%), run in the presence of SybrSafe™ DNA gel stain (Invitrogen Corporation, Carlsbad, CA, USA) demonstrated PCR products of 

Statistical analysis

Data are expressed as mean values ± SEM derived from three independent experiments, all with two replicates, and adjusted to a value of 1.0 for the mean of the first control culture. The E2 and ICI 182,780 stimulation data were analysed using Student's t test. A p value <0.05 was considered statistically significant. The statistical software used was SPSS, version 15.0 (SPSS Inc., Chicago, IL, USA). 2) and ER (Figure 1D,E,Table 2).

Results

ER, ER and SNURF (RNF4) are expressed in normal ovarian oocytes, MOGCTs and NCC-IT cells

Expression of ER! was stronger than ER! in all MOGCT specimens with an exception of one YST (Table 2). In addition, all MOGCT subtypes expressed SNURF localized into the nucleus and cytoplasm (Figure 1G, H, Table 2). In line with the expression of dysgerminomas human germinoma derived cell line (NCC-IT) expressed both ER and ER as well as their co-receptor SNURF (Figure 1A, D, G insets).

Stimulation of NCC-IT cells with E2 increased the mRNA expression of ER!,

ER! and SNURF

Expression of ER and ER mRNA was increased at all time points (24-120 h) following stimulation with E2 at all concentrations (1-1000 nM) tested, and at 48 h the increases were statistically significant (Figure 2A,B,C). The maximal increase in the expression of ER was seen at 72 h, with 100 nM E2 (Figure 2B). With the lowest concentration (1 nM) used, ERα expression reached its maximum as soon as at 48 h (p<0.05). Expression of ER mRNA reached its maximum at 48 h (p<0.005) (Figure 2A). The increased expression of ERs after stimulation with 1 nM E2 was blocked by the antioestrogen ICI 182,780 (1000 nM) at 48 h (Figure 3).

Stimulation with E2 increased SNURF mRNA expression levels during the 5-day period at all time points (24-120 h) and with all tested concentrations (1-1000 nM) of E2 (Figure 2C). The maximal increase was seen at 48 h, with 100 nM E2 (p<0.05) (Figure 2B). Increased expression of SNURF was evident even at the lowest concentration (1 nM) at 24 h (p<0.05) and 48 h (p<0.005) after stimulation (Figure 2A,B). The increased expression of SNURF induced by E2 at 48 h was inhibited by the anti-oestrogen ICI 182,780 (Figure 3). Neither E2 nor the anti-oestrogen ICI 182,780 had an effect on NCC-IT cell proliferation as assessed by flow cytometric analysis. The percent of the proliferating NCC-IT cells in the control group was 47.7% (range 43.9-54.5%) at 24 hours, and 48.3% (42.2-54.2) in E2 the stimulation group. At 48 hours, the corresponding figures were 56.7% (53.6-59.7), and 55.4% (52.8-58.8), respectively. There were no obvious morphological changes in the NCC-IT cells after exposure to E2 nor anti-oestrogen (data not shown).

Discussion

Two thirds of epithelial ovarian cancer specimens express ERs [START_REF] Lindgren | Estrogen and progesterone receptors in ovarian epithelial tumors[END_REF] and anti-oestrogen therapy with tamoxifen has resulted in modest responses in cases of recurrent ovarian cancer [START_REF] Makar | Hormone therapy in epithelial ovarian cancer[END_REF]. Thus, oestrogens might have a role in the pathogenesis of epithelial ovarian cancer.

Moreover, the use of oestrogen therapy, such as administration of combined oral contraceptives (COCs), or hormone therapy (HT) of menopausal symptoms, is associated with an altered incidence of epithelial ovarian cancer [START_REF] Rossing | Menopausal hormone therapy and risk of epithelial ovarian cancer[END_REF][START_REF] Lurie | Combined oral contraceptive use and epithelial ovarian cancer risk: time-related effects[END_REF]. The potential role of hormone therapy in the pathogenesis of MOGCTs has not been assessed. This may be a result of the rarity of these tumours and the fact that they are usually diagnosed during adolescence.

The expression of ERs, or their modulators, has not been assessed previously in malignant ovarian germ cell tumours. We herein find that all histological subtypes of MOGCTs expressed both ER and ER. In addition, these tumours expressed the ER co-regulator SNURF. Thus, oestrogens might have a role in ovarian germ cell tumour pathogenesis. We speculate that the stimulatory effect of oestrogens on primordial germ cells occurs when the Several studies have demonstrated a decrease in ER and/or an increase in the ER!/! ratio in epithelial ovarian cancer in comparison with normal ovarian tissue [START_REF] Brandenberger | Estrogen receptor alpha (ER-alpha) and beta (ER-beta) mRNAs in normal ovary, ovarian serous cystadenocarcinoma and ovarian cancer cell lines: down-regulation of ERbeta in neoplastic tissues[END_REF][START_REF] Pujol | Differential expression of estrogen receptor-alpha and -beta messenger RNAs as a potential marker of ovarian carcinogenesis[END_REF][START_REF] Rutherford | Absence of estrogen receptor-beta expression in metastatic ovarian cancer[END_REF][START_REF] Bardin | Loss of ERbeta expression as a common step in estrogen-dependent tumor progression[END_REF]. Furthermore, an increased ER!/! ratio has been reported in breast [START_REF] Roger | Estrogen-induced growth inhibition of human seminoma cells expressing estrogen receptor beta and aromatase[END_REF], prostate [START_REF] Fixemer | Differential expression of the estrogen receptor beta (ERbeta) in human prostate tissue, premalignant changes, and in primary, metastatic, and recurrent prostatic adenocarcinoma[END_REF] and colorectal carcinoma [START_REF] Campbell-Thompson | Expression of estrogen receptor (ER) subtypes and ERbeta isoforms in colon cancer[END_REF]. The results of recent studies with ovarian, prostate and breast cancer cell lines have indicated a role of ER as a tumour suppressor in these hormone-responsive organs [START_REF] Bardin | Loss of ERbeta expression as a common step in estrogen-dependent tumor progression[END_REF][START_REF] Lazennec | ER beta inhibits proliferation and invasion of breast cancer cells[END_REF][START_REF] Cheng | Expression of estrogen receptor beta in prostate carcinoma cells inhibits invasion and proliferation and triggers apoptosis[END_REF]. In the present study, expression of ER! was stronger than that of ER! in most of the MOGCT specimens analysed. In addition, both ER and ER were expressed in NCC-IT cells. Thus, in contrast to several other types of tumours, ER! might not play a suppressor role in ovarian germ cell tumours.

Oestrogens modulate the expression of ERs in a tissue-and cell type-specific fashion. Thus, stimulation with oestrogen has diverse effects on different tumour types [START_REF] Clayton | Insulin-like growth factors control the regulation of oestrogen and progesterone receptor expression by oestrogens[END_REF][START_REF] Vladusic | Expression and regulation of estrogen receptor beta in human breast tumors and cell lines[END_REF][START_REF] Le | DHT and testosterone, but not DHEA or E2, differentially modulate IGF-I, IGFBP-2, and IGFBP-3 in human prostatic stromal cells[END_REF]. It is known, that oestrogen enhances proliferation of ER-positive ovarian epithelial cancer cell lines [START_REF] Galtier-Dereure | Estradiol stimulates cell growth and secretion of procathepsin D and a 120kilodalton protein in the human ovarian cancer cell line BG-1[END_REF][START_REF] Langdon | The regulation of growth and protein expression by estrogen in vitro: a study of 8 human ovarian carcinoma cell lines[END_REF]. Furthermore, E2 stimulates cell proliferation both in prostate and breast cancer cell lines [START_REF] Martin | The anti-oestrogen ICI 182,780, but not tamoxifen, inhibits the growth of MCF-7 breast cancer cells refractory to long-term oestrogen deprivation through down-regulation of oestrogen receptor and IGF signalling[END_REF][START_REF] Arnold | Comparative effects of DHEA vs. testosterone, dihydrotestosterone, and estradiol on proliferation and gene expression in human LNCaP prostate cancer cells[END_REF], whereas decreased proliferation has been reported in a human seminoma (a counterpart of female dysgerminoma) cell line [START_REF] Roger | Estrogen-induced growth inhibition of human seminoma cells expressing estrogen receptor beta and aromatase[END_REF]. In addition, estradiol has non-genomic actions through membrane-mediated activation of extracellular regulated kinase and protein kinase A, resulting stimulation of proliferation of seminoma cells [START_REF] Bouskine | Estrogens promote human testicular germ cell cancer through a membrane-mediated activation of extracellular regulated kinase and protein kinase A[END_REF]. We now found that E2 increased expression of both ER! and ER! in the germinoma derived NCC-IT cell line. Similarly to ERs, SNURF mRNA was increased following stimulation with E2, which is in line with augmented SNURF mRNA expression in mouse ovaries following E2 treatment [START_REF] Hirvonen-Santti | Small nuclear RING finger protein expression during gonad development: regulation by gonadotropins and estrogen in the postnatal ovary[END_REF]. However, E2 and the anti-oestrogen ICI 182,780 did not have an effect on the proliferation of the NCC-IT cells. ER has been reported to act as a suppressor of ER action. As both ER! and ER! were up-regulated following E2 treatment, the lack of oestrogen effect on proliferation of NCC-IT cells could be associated with the balance of ER/, in which the ERs might counteract each other. Unfortunately, due to the paucity of malignant ovarian germ cell tumour derived cell lines oestrogen effects cannot be studied in additional cell lines. Moreover, the results obtained with NCC-IT cell line cannot be directly related to other germ cell tumour types encountered in MOGCTs.

In conclusion, ER, ER and their co-regulator SNURF (RNF4) are all expressed in MOGCTs. In addition, in vitro studies on the human germinoma-derived NCC-IT cell line demonstrated increased ER and SNURF expression after stimulation with E2. These data suggest that oestrogen action may have a role in the regulation of MOGCT tumorigenesis.
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  Approval for the study was obtained from the Ethics Committee of the Department of Obstetrics and Gynaecology, University of Helsinki, and from the National Authority for Medicolegal Affairs. Tumour samples (n=14), originally collected for diagnostic purposes at the Department of Obstetrics

  negative control experiments PBS replaced the primary antibody. Scoring of the antigens was based on the staining intensity of at least 10% of the tumour cells, divided into three categories: no staining (-), weak staining (), positive staining (+, ++ or +++). The staining intensity of ER! was compared with that of ER!.

  size (Fig 2A, B) for each of the PCR primer pairs. Threshold cycles were normalized to threshold cycles for -actin. The intensities of the bands were analysed by using the Bio-Rad Gel Doc program (Bio-Rad Laboratories, Hercules, CA, USA) and quantified by using Quantity One software (Bio-Rad Laboratories). Flow cytometric analysis To analyse the proliferation of the cells APC BrdU Flow Kit (BD Biosciences, BD Biosciences, San Jose, CA, USA) was used following the staining protocol by the manufacture. After E2 or anti-oestrogen ICI 182,780 stimulation cells were labelled with BrdU (an analog of the DNA precursor thymidine) at concentration of 10M. Cells were harvested at different time points (6 to 48 h), fixed, and stained with anti-BrdU specific APC fluorochrome according to manufactures protocol. Cells with incorporated BrdU indicating proliferating cells were analysed by flow cytometry (FACSAria, BD Biosciences).

  In normal ovary, expression of ER, ER and SNURF was localized to the oocytes (Figure1C, F, I). All histological types of MOGCTs studied expressed ER! (Figure1A,B, Table

  axis is activated at the time of puberty. This may trigger the development of MOGCT.
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 2 Figure 2. Effects of oestradiol on the NCC-IT cell line. A. Effect of E2 (10 nM) on ER!, ER! and SNURF mRNA following 24to 72-h stimulation. B. Effect of E2 (100 nM) on ER!, ER! and SNURF mRNA following 24to 72-h stimulation. C. Effect of E2 (1-1000 nM) on ER!, ER! and SNURF mRNA following 48h stimulation. Data are expressed as mean values  SEM derived from three independent experiments, all with two replicates per experiment. (E2 = oestradiol, ICI = anti-oestrogen ICI 182,780, C = control ,*p<0.05, **p<0.005)

  Effect of oestradiol (1 nM) + anti-oestrogen (ICI 182,780, 1000 nM) on ER!, ER! and SNURF mRNA following 48-h stimulation. Data are expressed as mean values  SEM derived from three independent experiments, all with two replicates per experiment. (E2 = oestradiol, ICI = anti-oestrogen ICI 182,780, C = control)
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 2 Immunohistochemical staining of ER, ER and SNURF in different histological subtypes of human malignant ovarian germ cell tumors. Percent of the positively staining tumor cells is presented in parenthesis. DGs included one mixed tumour with DG and embryonal carcinoma (EC) components. DG, dysgerminoma; YST, yolk sac tumour; IT, immature teratoma; EX, died; CR, complete response; , ER/ER ratio decreased;; , ER/ER ratio elevated; =, ER/ER ratio equal.

	Diagnosis Stage	Survival	ER!	ER!	ER/ER SNURF
	DG*	IIIC	EX	+ (80) ++		++ (15)
					(80)		
	DG	IC	CR	+ (15) ++		+ (80)
					(80)		
	DG	IIIC	CR	++	++	=	+ (50)
				(80)	(50)		
	DG	IIA	CR	+ (80) ++		± (50)
					(80)		
	DG	IC	CR	± (80) +++		++ (15)
					(80)		
	YST	IIIA	CR	+++	+++	=	+++ (50)
				(50)	(80)		
	YST	IA	CR	+++	++		+++ (50)
				(80)	(50)		
	YST	IC	CR	++	++	=	± (15)
				(80)	(80)		
	YST	IIIA	CR	+ (80) ++		± (15)
					(80)		
	YST	IIIC	EX	-	++		++ (50)
					(50)		
	IT	IIIC	EX	+ (15) ++		+ (15)
					(80)		
	IT	IC	EX	+ (15) +++		± (15)
					(50)		
	IT	IC	CR	+ (50) +++		± (15)
					(80)		
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