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Abstract. 
The aim of this study was to determine the influence of ovarian stimulation on endometrial mouse NK cell population. For superovulation, the female adult NMRI mice were injected i.p. with 10 IU of the pregnant mare serum gonadotropin followed 48 h later by an i.p. injection of 10 IU human chorionic gonadotropin hormone. Ovarian stimulated and nonstimulated mice were mated with fertile male. The presence of vaginal plug proved natural pregnancy, and this day was considered as day one of pregnancy. Tissue samples were prepared from the uterine horn and spleen of both groups of study on 7th day of pregnancy. Serum estradiol-17
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 and progesterone were measured at the same time. The tissue cryosections were prepared and double stained for CD 161 and CD3 markers, and NK cells population was analyzed. Relative frequency of NK cells was significantly lower in stroma and myometrium in hyperstimulated mice compared with the control group. However, no difference was seen in percentage of NK cells in spleen. The ovarian stimulation influences the proportion of uterine NK cells and may affect the embryo implantation.


1. Introduction
 Embryo implantation and maintenance of pregnancy are complex processes. The dialogue between maternal and fetal tissue possesses a critical role in establishment of pregnancy. Indeed the interactions between the trophoblast cells and the maternal immune cells including T cells, natural killer cells (NK cells), macrophages, and dendritic cells within the decidua are essential for placental development and successful pregnancy [1, 2]. Some changes in phenotypes and functions of the immune cells in implantation site at maternal and fetal interface were reported in pathological conditions such as recurrent spontaneous abortions and preeclampsia [3–7].
NK cells are one of the most important cell populations of innate immune system with diverse effectors functions like killing the tumor cells and virus-infected cells as well as secreting various cytokines. Their functions are finely regulated by the balance between a variety of activating receptor signals and inhibitory receptor signals which are triggered by specific major histocompatibility complex (MHC) or non-MHC ligands. NK cells are the main population of lymphocytes in the endometrium and especially early pregnancy decidua. Decidual NK cells produce a number of cytokines and other secretory factors that help trophoblast proliferation and differentiation and promote pregnancy success [8, 9]. 
The number of the uterine NK cells was changed within the reproductive cycle and pregnancy [10, 11]. In mice, uterine NK cells which are NK1.1+ appear in decidua following implantation [12, 13].
It was shown that both mouse and human uterine NK cells have angiogenic functions by producing and secretion of vascular endothelial growth factor and other angiogenic molecules [14–17]. Considering the cyclic changes in the population of NK cells of uterus it seems that their distribution and functions are under the control of ovarian hormones [18, 19].
In fact, estrogen and progesterone receptors have been detected on uterine NK cells [20–24], although there is some controversy in their presence according to the type of receptors, tissue source of the NK cells, and techniques of assessments [20–26].
Ovarian stimulation has been used to obtain the maximum possible number of oocytes in assisted reproductive techniques [27]. It was shown in many investigations that ovarian stimulation affects both the embryo quality and the uterine microenvironment [28–31]. Moreover the latter could affect the embryo development and implantation. Following the ovulation induction the ovarian hormones are produced at the supraphysiological level and the impact of high level of ovarian steroid hormones on different parameters of endometrium was shown by others [32–34]. However some investigations have focused on the effects of ovarian stimulation on population changes of the immune cells within the peripheral blood or uterine tissue, but there is some controversy regarding the obtained results [27, 35–38].  
Lukassen et al. [37] used flow cytometric analysis to study the NK cell subsets of endometrium and showed that hormonal stimulation for in vitro fertilization (IVF) treatment positively affects the 
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 NK cells ratio of the human endometrium by a relative decrease in the cytotoxic 
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 NK cells number during the implantation window. 
Junovich et al. [38], however, demonstrated the decrease in frequency of total and regulatory endometrial NK cells during implantation window in ovarian stimulated samples.
Collectively, to our best knowledge, poor information is available regarding the effect of ovarian stimulation protocol on the proportion of NK cells within the uterus tissue; thus this study was undertaken to find the effect of hormonal stimulation of the ovary during IVF treatment on the distribution and number of the endometrium NK cells population in early mouse pregnancy. Splenic NK cells were also studied as a representative of their systemic changes following ovarian hyperstimulation.
2. Material and Methods
2.1. Animals
Adult female (8–10 weeks old) and male (8–12 weeks old) NMRI mice were cared and used according to the guide for the Care and Use of Laboratory Animals of Tarbiat Modares University and housed under a 12 h light : 12 h dark cycle.
2.2. Experimental Design
The adult female NMRI (National Medical Research Institute) mice were divided into two groups of study. 
Control. in this group the female mice (nonstimulated) were mated with a fertile male. The presence of vaginal plug proved the natural pregnancy and this day was considered as day one of the pregnancy. 
Hyperstimulated Group. the adult mice were superovulated with an i.p. injection of 10 IU pregnant mare serum gonadotropin (PMSG, Folligon, Intervent) followed 48 h later by an i.p. injection of 10 IU human chorionic gonadotropin hormone (HCG, Sereno) for ovulation induction. These mice were mated in the same manner of control group.
2.3. Blood Sampling and Hormonal Assay
To monitor the effect of PMSG and HCG treatment on plasma estradiol-17
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 and progesterone concentrations, the blood samples were obtained from pregnant mice in both groups on day 7 of pregnancy. The sera were then collected and stored at −20°C until the hormones assay. The concentration of progesterone and estradiol-17
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 in sera was measured with enzyme-linked immunosorbent assay (ELISA) method (Diaplus, USA).
2.4. Tissue Preparation
Five pregnant mice were sacrificed by cervical dislocation in each group of study on 7th day of pregnancy. Their uterine horns were exposed from any fat and mesentery; then the tissue samples were randomly prepared from different parts of uterine horns (at least from 6 different parts of uterine horns of each mouse) and spleen as a systemic lymphoid organ. Frozen sections of 5 μm thickness were prepared (at least 5 sections from each tissue block) and fixed in cold acetone (Merck, Ger