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Abstract. 
In this study the expression of GnRH, FSH, LH, ER-α, ER-β, and PR receptors was examined in uterine myomas of women in reproductive and perimenopausal age. In cases of GnRH and tropic hormones a membranous and cytoplasmic immunohistochemical reaction was detected, in cases of ER-α and PR the reaction was located in cell nucleus, and in the case of ER-β it manifested also a cytoplasmic location. In some of the examined cases the expression was detected in endometrium, myocytes, and endothelium of blood vessels, in uterine glands and myoma cells. In myometrium the level of GnRH and LH receptors increases with age, whereas the level of progesterone and both estrogen receptors decreases. In myomas of women in reproductive age, independently of their size, expression of GnRH, FSH, and LH receptors was more pronounced than in myometrium. In women of perimenopausal age, independently of myoma size, expression of LH and estrogen α receptors was higher while expression of GnRH receptors was lower than in myometrium. FSH receptor expression was not observed. Expression of estrogen receptor β was not affected by age of the woman or size of myoma. Analysis of obtained results indicates on existing in small myomas local feedback axis between GnRH-LH-progesterone.
 

1. Introduction
Myomas represent the most frequently manifested nonmalignant tumours of female generative system, developing from smooth muscles. Depending on the sources of information, their prevalence ranges from 20% to 65%, to increase with age and reach the peak values during the fourth and fifth decade of life [1–6]. Myomas are seldom manifested before pubescence and tend to regress in the postmenopausal period [7, 8].
For many years now vast amounts of data have been collected on the risk factors contributing to development of myomas. Nevertheless, no unequivocal conclusion can be drawn for a single factor, as most frequently they occur together [9]. Therefore, taking into account that many of them involve the so-called modifiable factors, it becomes apparent that their interpretation sets forth numerous difficulties.
The epidemiological studies have revealed positive correlation between the age of the patients and manifestation of myomas [10]. Development of myomas increases drastically throughout the subsequent decades of age, reaching 60% within the range between 40 and 60 years [11, 12]. Relation between obesity and augmented risk of myoma has now been well documented. It reflects alterations in hormonal metabolism, pointing to the primary role of increased conversion of suprarenal androgens to estrone in the adipose tissue.
Gonadoliberin (GnRH) represents a hormone releasing gonadotropins, defined also as a factor to release the luteinising hormone (LH-RH or luliberin) and/or a hormone which releases the folliculotropic hormone (FSH-RH). It represents decapeptide, secreted by axons of neurons in the hypothalamic arcuate nucleus, with terminals close to the hypophyseal portal system.
FSH is a glycoprotein responsible for reproduction in both genders. It is indispensable for development of gonads, pubescence, and production of gametes during the reproductive period. In women, FSH at the follicular phase of the menstrual period stimulates the growth and recruitment of primordial follicles in ovaries and prevents against cell apoptosis in the antral follicles. Due to the effect of FSH, the dominant ovarian follicle secretes estradiol, which upon the negative feedback effect on hypophysis and hypothalamus induces reduction in FSH level [13, 14]. The receptor for FSH (FSHR) is a protein membrane receptor of the G protein-coupled receptor family. In the mechanism of FSH receptor function, the pathway activating protein kinase C and the activating calcium channels also are worth attention, even if they probably involve the secondary activation mechanisms [15]. In the human body the receptor is present in the genital organs exclusively.
Both in women and in men, LH is responsible for reproduction. In females, when the ovarian follicle matures due to the effect of FSH, estradiol, upon positive feedback, induces sudden secretion of LH, lasting from 1 to 2 days, responsible for induction of ovulation. Moreover, LH initiates transformation of the ovarian follicle remnants into corpus luteum which, through the release of progesterone, prepares uterus for implantation of the fertilized ovum cell. In addition, LH stimulates theca cells to produce androgens—the precursors of estrogens. For several years, LH receptor was thought to be located exclusively in some selected gonadal cells. Undoubtedly, such cells include Leydig cells of male gonad as well as in ovaries the theca cells, interstitial cells, granulosa cells, and cells of the corpus luteum [16]. Studies on location of mRNA for LH receptor pointed to its expression in uterus and oviducts in a number of laboratory animals and in humans [17].
Estrogen receptors (ER) involve hormones-activated transcription factors, belonging to the superfamily of nuclear receptors. Recognized at present, two types of estrogen receptors, α and β, do not represent isoforms but distinct proteins, coded by two separate genes, ESR1 and ESR2. However, the two receptors show high similarity in the amino acid composition and in the domain structure, each responsible for binding of the ligand, dimerization, binding of DNA, and activation of transcription [18].
Progesterone receptor (PR) represents an intracellular, ligand-activated transcription factor, member of the superfamily of nuclear receptors. In line with the tradition, estrogen is thought to represent the primary promoter of myoma growth. Recent biochemical, histological, and clinical evidence suggests a significant role of progesterone in the growth of uterine myomas; in line with these studies, progesterone and progesterone receptors may increase proliferative activity in myomas.
This study aimed at analysis of the hormonal environment in uterine myomas and in the healthy tissue of the female organ in a search for a potential conservative treatment. Therefore, an attempt was made to establish possible differences in the amount and distribution of sex hormone receptors in myomas, isolated from women of various age, as compared to the controls. We also attempted to demonstrate any differences in the amount and location of ER-α and ER-β and in the receptors for FSH, LH, and GnRH in the sampled material. It was also significant to recognize distribution of the studied receptors within myoma, since it has been suggested that the size of a myoma affects distribution of protein expression and, therefore, we examined expression of selected receptors in small and large myomas and defined the effect of female age on the expression level of the receptors.

2. Materials and Methods
2.1. Patients
The study comprised 40 patients with myomas at the reproductive age (below 45th year of age, FSH < 30 mIU/mL; samples collected during the follicular phase of the menstrual cycle) and 40 patients with myomas at the perimenopausal age (45–55 years, FSH > 30 mIU/mL). Inclusion criteria involved myoma detected by USG, qualification to hysterectomy, and informed consent to the planned study. The exclusion criteria included therapy with any medication, including hormonal drugs for at least 3 months before inclusion to the studies, neoplastic disease, endometrial hypertrophy, metabolic and systemic disturbances, and nicotinism. Evaluation included only the material from uteruses with one large myoma or one large and a few small myomas.
Myometrial samples (control groups) were taken from 10 women (<40 years old) undergoing hysterectomies for ovary tumors and 10 older women (>52 years old) undergoing hysterectomies for uterine prolapse.
The investigative procedures were approved by the local Medical Bioethical Commission.
Group 1 is denoted by “control group of reproductive age women”: myometrium of young women, in whom hysterectomy was performed for reasons other than uterine leiomyomas 
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. Group 3 is denoted by “large myomas of reproductive age women”: leiomyomas of >5 cm in diameter (
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). Group 4 is denoted by “control group of perimenopausal age women”: myometrium of perimenopausal age women, in whom hysterectomy was performed for reasons other than uterine leiomyomas (
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). Group 5 is denoted by “small myomas of perimenopausal age women”: leiomyomas of <3 cm in diameter 
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2.2. Histology
Tissue samples were fixed in 10% (v/v) solution of buffered formalin for 24 h at 4°C, then dehydrated, cleared in xylenes, and embedded in paraffin.
2.3. Immunohistochemical Studies
Paraffinsections (5 μm) were mounted on silane-coated slides, dewaxed, and rehydrated. The sections were treated with 10 mM citrate buffer, pH 6 (30 min at 95°C), or Tris-EDTA pH 9 (45 min at 95°C) in water bath for antigen retrieval, then treated with 1,5% (v/v) H2O2 in methanol for 20 min for quenching of endogenous peroxidase activity, and equilibrated in 10 mM PBS-0,1% v/v Tween 20, pH 7,5. Nonspecific binding was reduced by incubation in 1% BSA for 60 min. Next, the slides were incubated with rabbit anti-ER-α (Abcam Cambridge, USA), rabbit anti-LHR (Santa Cruz Biotech, Inc., USA), rabbit anti-GnRHR (Abcam, Cambridge, USA) and goat anti-FSHR (Santa Cruz Biotech, Inc., USA) polyclonal antibodies or mouse anti-ER-β and mouse anti-PR monoclonal antibodies in a humidified chamber for 22 h at 4°C. After washing in PBS-Tween 20 the sections were incubated with biotinylated goat anti-rabbit, horse anti-mouse, and rabbit anti-goat immunoglobulins (Vector Laboratories Inc., Burlingame, USA), respectively, for 30 min, and next with avidin-biotinylated peroxidase complex (Vector) for 30 min. The bound antibodies were visualised with diaminobenzidine (DAB) and H2O2 in PBS, pH 7,5 according to the suppliers’ instructions (Vector). Finally, the tissues were stained with Gill’s hematoxylin, dehydrated, and cover-slipped. Negative controls were performed by substituting the primary antibodies with rabbit IgG, mouse IgG, and goat IgG, respectively.
2.4. Archives
Photographic documentation was prepared using a light microscope with a photographic attachment. Every reaction was documented by 10 photographs under 200x magnification (×20 lense and ×10 ocular) using an Eclipse E200 microscope with DS-Fi1 digital camera (Nikon).
2.5. Optical Density Analysis
In each positively stained cell, the intensity of staining was measured as the optical density of the reaction product, with the image analysis program NISAR the average optical density was calculated for each analyzed area. Three sections were analyzed for each of the proteins evaluated and for every patient. Ten fields were examined within each section. Finally, the arithmetic mean and standard deviation were calculated.
2.6. Statistical Analysis
Normal distribution of data was confirmed by the Kolmogorov-Smirnov test. Results are presented as a mean ± standard deviation. The Student’s 
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-test was performed. A 
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 value <0.05 was considered to be statistically significant.
3. Results
3.1. GnRH Receptor
GnRH receptor demonstrated the membranous and cytoplasmic location. In the control group it was located in the endometrial epithelium, myocytes of blood vessels, myometrium, and cells of the endometrial connective tissue stroma (Figure 1). On the other hand, in all the examined groups, the reaction was located in myoma cells and in myocytes of the blood vessels. In case of myomas samples of endometrium were not available.







	
	
	




	
	
	




	
	
	




	
	
	




	
	
	




	
	
	


Figure 1: Immunohistochemical staining of uterine samples from reproductive (a)–(c) and perimenopausal age women (d)–(f) with rabbit anti-GnRH polyclonal antibodies. (a), (d) myometrium of control groups; (b), (e) small myomas; (c), (f) large myomas.


In reproductive women, expression of GnRH receptor was more pronounced than that in the control irrespective of the myoma size (Table 1). In perimenopausal women, in both of the examined groups, the expression of the receptor was lower than that in the controls. Expression of the receptor in perimenopausal women of the control group was higher than that in the control group of women at the reproductive age. Analogous analysis of the examined groups pointed to the comparable expression of the receptor demonstrated in small myomas. In the group with large myomas the expression level of GnRH receptor in perimenopausal women amounted to 75% of the level documented in younger women.
Table 1: Quantitative evaluation of receptors expression by immunohistochemical staining in myometrium and myomas of reproductive and perimenopausal age women.
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