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Introduction

Human placenta is an endocrine organ that produces both protein hormones such as human chorionic gonadotropin (hCG) or placental growth hormone, and steroid hormones such as progesterone (P4) and estrogens, including estradiol (E2) and estriol (E3) [START_REF] Miller | Steroid hormone biosynthesis and actions in the materno-feto-placental unit[END_REF][START_REF] Guibourdenche | Development and hormonal functions of the human placenta[END_REF][START_REF] Chatuphonprasert | Physiology and pathophysiology of steroid biosynthesis, transport and metabolism in the human placenta[END_REF]. Its structural and functional unit is the chorionic villus and its specific tissue is the trophoblast. The syncytiotrophoblast (ST) arises from the aggregation and fusion of villous cytotrophoblasts (VCT) and is considered as the main endocrine placental tissue (Bernischke et al., 2012). It covers the entire surface of the villi bathing into maternal blood where it secretes most of the produced hormones. Placental hormones are required for maintenance of pregnancy, adaptation of maternal organism to pregnancy, and for fetal growth. P4 is indeed a mandatory for pregnancy continuation as it modulates maternal immuno-tolerance and maintains myometrium quiescence. Its production starts in the mitochondria. Indeed, after entering the mitochondria via the MLN64 transporter, cytoplasmic cholesterol is transformed by P450SCC enzyme in pregnenolone (P5), that is further converted in P4 via HSD3B1 enzyme [START_REF] Pasqualini | Enzymes involved in the formation and transformation of steroid hormones in the fetal and placental compartments[END_REF]. There is now growing evidence that maternal treatments as well as maternal environment can alter placental endocrine functions, thus being able to affect fetal development and pregnancy outcome. Fungicides such as tributylin decrease P4 and E2 production in JEG-3 choriocarcinoma cell lines in vitro [START_REF] Cao | The effects of fungicides on human 3b-hydroxysteroid dehydrogenase 1 and aromatase in human placental cell line JEG-3[END_REF] and in pregnant rats in vivo (Feng et al., 2016). Triclosan, an antimicrobial agent, and bisphenol A, a well kwown endocrine disruptor, alter the endocrine pathway of P4 and the decidualization of endometrial stroma cells [START_REF] Forte | Triclosan and bisphenol a affect decidualization of human endometrial stromal cells[END_REF]. More precisely, triclosan induces spontaneous abortion in mice and decreases estrogen sulfotransferase in both mice and humans [START_REF] Wang | Triclosan causes spontaneous abortion accompanied by decline of estrogen sulfotranferase activity in humans and mice[END_REF]. However, most of these studies on placental steroidogenesis have been performed either on cell lines models in vitro or on mice and rats in vivo, but scarcely on human primary trophoblast cells. This is particularly important in the context of steroidogenesis study as cell enzymatic equipment may vary between species (e.g. rodent, equine, human), endocrine tissues (e.g. adrenal, ovary, placenta) and trophoblast derived cell lines [START_REF] Rothbauer | A comparative study of five physiological key parameters between four different human trophosblast-derived cell lines[END_REF][START_REF] Legacki | Equine fetal adrenal, gonadal and placental steroidogenesis[END_REF], thus limiting conclusions generalization. In human, P4 production has been mainly described in vivo in maternal blood and in vitro in ST fragments but only few studies focused on trophoblast differentiation [START_REF] Tuckey | Progesterone synthesis by the human placenta[END_REF][START_REF] Morel | Evolution of steroids during pregnancy: maternal, placental and fetal synthesis[END_REF]. We aimed, in this study, to fully characterize the synthesis and secretion of progestins during the differentiation of VCT into ST and their regulation in human normal trophoblast.

Materials and methods

Placental tissue collection and isolation of villous cytotrophoblasts

Placental tissues from patients delivering by cesarean section at full term were obtained from Beaujon Hospital (Clichy, France), Antony Hospital (Antony, France), Port-Royal Maternity (Paris, France) and Montsouris Mutual Institute (Paris, France). These biological samples were collected following informed patient written consent and approval from our local ethics committee (CPP 2015-mai-13909).

Placentas included came from monofetal non-complicated pregnancies thus considered as normal.

Indeed, no fetal and no placental abnormalities had been detected on ultrasound during pregnancy follow-up. The mother also had no associated pathology or specific treatment (i.e; diabetes, thyroid disorder, hypertension, preeclampsia). Maternal biological investigations were normal with serum markers of Trisomy 21 placing the patient in a non-risk group and serological assessments excluding any major infection during pregnancy. The probability of chorioamnionitis was excluded on both clinical examination (absence of maternal fever) and biological investigations (no increase either in white blood cells count or in CRP when measured). Cesarean sections were performed at a mean gestational age of 39 + 1 WG. Indications for cesarean sections were: maternal uterus abnormalities (uterus scar, myomectomy), maternal wish, breech presentation, narrow maternal pelvis. Placentas included were all weighed and macroscopically examined. They all had normal weight and appearance i.e. a basal plate and chorion without particularities (no calcifications, no hematomas, no thrombosis detectable), a parenchyma with normal appearance (no congestion, no calcification, no edema, no detectable infarction). Membranes and cord also had no particularities. Chorionic villi were obtained by manual dissection of placental tissues from term placentas as previously described about one hour after delivery [START_REF] Kliman | Purification, characterization, and in vitro differentiation of cytotrophoblasts from human term placentae[END_REF][START_REF] Alsat | Increase in epidermal growth factor receptor and its messenger ribonucleic acid levels with differentiation of human trophoblast cells in culture[END_REF]. Villous tissue was dissected free of membranes, rinsed and minced in HBSS 1X (Gibco TM , Fisher Scientific, France). The villous sample was then subjected to sequential enzymatic digestion in HBSS 1X containing 0,2% trypsin (w/v), 25 IU/mL DNAse I, 0,1 mM MgSO4, 0,1 mM CaCl2 and 7% milk (v/v).

Cell dissociation was monitored by light microscopy. The first three digests were discarded to eliminate residual ST fragments. The cell suspensions resulting from the following four or five sequential digestions were pooled. The cells were then purified on a discontinuous Percoll gradient (5% to 70% in 14 steps). Cells viability was determined in v/v solution with trypan blue. The isolated cells were plated in DMEM containing 10% FCS, 1% Penicillin-Streptomycin and 1% L-Glutamin and were incubated at 37°C with 5% CO2. Purified VCTs aggregate and fuse to form ST at 72 h of culture [START_REF] Leguy | Pattern of secretion of pregnancy-associated plasma protein-A (PAPP-A) during pregnancies complicated by fetal aneuploidy, in vivo and in vitro[END_REF]. Cells were incubated or not with FSK (10 μM) for 6h /24h of culture or for 48h /72h of culture to stimulate cytotrophoblasts fusion. Cell culture media were collected every 24h, centrifuged at 1000  g for 20 min at 4°C; supernatants were kept frozen at -80°C as part of the Equipex 10-PhC/SC-11/243 project "Perinatcollection" until used. Cells were either fixed in methanol for immunofluorescence or snap-frozen for RNA/Protein extraction and stored at -80°C until use.

Immunofluorescence microscopy

Immunocytofluorescence staining was performed at 24 and 72h of culture. Cells were washed in PBS 1X, then fixed and permeabilized in methanol for 8 min at -20°C and blocked in PBS 1X-1% BSA-Tween 0,1% for 1h at room temperature. Cells were first incubated overnight at 4°C with primary polyclonal rabbit antibodies to P450SCC (1 μg/mL, ab75497 abcam®) and to MLN64 (5 μg/mL, ab3478 abcam®) or primary monoclonal rabbit antibody to HSD3B1 (3 μg/mL, ab167417 abcam®) and primary monoclonal mouse antibody to desmoplakin (5 μg/mL, ab16434 abcam®), prepared in PBS 1X with BSA 1%-Tween 0,1%. They were then incubated for 1h at room temperature and protected from light, with secondary goat anti-rabbit antibody conjugated with Alexa Fluor 488 (1/500, A-11008 LifeTechnologies) and secondary goat anti-mouse antibody conjugated with Alexa Fluor 546

(1/500, A-11003 LifeTechnologies) diluted in PBS 1X with BSA 1%-Tween 0,1%. Nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI) diluted in PBS 1X for 10 min at room temperature and protected from light. Samples were conserved in mounted-medium and pictures were taken using a BX60 epifluorescence microscope (Olympus) equipped with a 40X oil objective (Olympus 1.00), an ultrahigh-vacuum mercury lamp and a Hamamatsu camera (C4742-95). Pictures were analyzed with VisionStage Orca® software (v 1.6), associated with Hamamatsu camera. The "control immunoglobulin without antigen" conditions were used to select parameters "time of integration of trame" for each antibody concentration. The signal value retained has been selected when no staining is observed. Then, these parameters were conserved to take pictures in the presence of each antibody at 24h and 72h of culture. For nuclei staining, fluorescence intensity was selected with "Shutter Electric" and further conserved for all culture conditions.ImageJ® software was used to colorize and merge grey scale pictures. Three different channels: green, red and blue were associated to the grey scale pictures obtained respectively with Alexa Fluor 488 and Alexa Fluor 546 conjugated antibodies and with DAPI. Adjusting the "color balance" allowed us to optimize the signal-tobackground ratio of the different fluorochromes. The value of "color balance" for each channel was conserved for pictures taken at both 24h and 72h of culture.

Mitochondria analysis

Mitochondria were observed at 24 and 72h of culture with a MitoTracker Red CMXRos (M7512, Invitrogen TM ), a dye staining active mitochondria in living cells [START_REF] Ferecatu | Dysfunction in the mitochondrial Fe-S assembly machinery leads to formation of the chemoresistant truncated VDAC1 isoform without HIF-1α activation[END_REF]. Trophoblastic cells were incubated at 24 and 72h with MitoTracker Red CMXRos (50 nM, diluted in DMEM containing 1% Penicillin-Streptomycin and 1% L-Glutamin) for 45 min at 37°C. Then, cells were fixed with paraformaldehyde (PFA) 4% for 20 min at room temperature, protected from light. PFA were neutralized with NH4Cl (50 mM) for 10 min at room temperature, protected from light. Cells were blocked for 1h in PBS 1X-1% BSA-Tween 0,1%, protected from light. Cells were first incubated overnight at 4°C, protected from light with primary polyclonal rabbit antibody to desmoplakin (2 μg/mL, ab71690 abcam®) prepared in PBS 1X with BSA 1%-Tween 0,1%. Then incubated for 1h at room temperature protected from light with secondary goat anti-rabbit antibody conjugated with Alexa Fluor® 488 (1/500, A-11008 LifeTechnologies) diluted in PBS 1X with BSA 1%-Tween 0,1%. Nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI) diluted in PBS 1X for 10 min at room temperature and protected from light. Samples were conserved in mounted-medium and pictures were taken with Leica® SP2 confocal microscope. Pictures were analyzed with Fiji® software. The Fiji® software is used to colorize and merge grey scale pictures obtained from Leica® SP2 confocal microscope. Three different channels: green, red and blue were associated to grey scale pictures obtained respectively with Alexa Fluor 488 conjugated antibody, with MitoTracker Red CMXRos and with DAPI. The pictures of "conditions without MitoTracker Red CMXRos" were used to adjust "color balance" in order to obtain no red signal. These "color balance" value was conserved to adjust "color balance" of pictures of "conditions with MitoTracker Red CMX Ros". Adjusting "color balance" of other channels allowed us to optimize the signal-to-background ratio. These values of "color balance" for each channel were conserved for picture of each condition.

Real-time PCR

Total RNA was purified from cultured VCT and ST on RNeasy Mini Kit columns (QIAGEN, Hilden, Germany) according to the manufacturer's protocol. Reverse transcription (500 ng total RNA) was performed using Superscript III (200 U) (Invitrogen) with random primer (3 µg), dNTP (0,5 mM of each dNTP), RNase Out (40 U) and DTT (0,5 mM in final). Real-time quantitative PCR (RT-qPCR) was carried out on a StepOne instrument (Applied Biosystems) thanks to qPCR MasterMix Plus for SYBR® Green I w/ fluorescein kit (Eurogentec) with cDNA diluted 1/5 in RNase-DNase free H2O, forward and reverse primers (100 nM) and MasterMix 2X buffer. Normalization of the results was based on the use of 18S, RPL0, SDHA and HPRT as endogenous controls. Used primers are described in Table 1. 

Hormones immuno assays

Total hCG and P4 concentrations were determined in supernatants after 24 and 72 h of culture using ECLIA immuno-assay (Liaison®, DiaSorin). Measuring ranges of both assays were respectively of 1.5-10 000 UI/L and of 0.7-190 nmol/L. Between assay precision illustrated by the coefficient of variation (CV %) were respectively < 5% and < 11%. Detection limits were respectively of 0.3 UI/L and 0.4 nmol/L. [START_REF] Giton | Sex steroids, precursors, and metabolite deficiencies in men with isolated hypogonadotropic hypogonadism and panhypopituitarism: a GCMS-based comparative study[END_REF] -Reagents: Progesterone (P4), 17-hydroxyprogesterone (17OHP4) and pregnenolone (P5) were assayed simultaneously after extraction and derivatization as previously described [START_REF] Giton | Sex steroids, precursors, and metabolite deficiencies in men with isolated hypogonadotropic hypogonadism and panhypopituitarism: a GCMS-based comparative study[END_REF]. One ng of deuterated internal standard of Δ4-androstenedione-d7 and progesterone-d9 were added to each supernatant samples (CDN Isotopes, Inc., Point-Claire, Quebec, Canada) before extraction.

Progestins profile of secretion determination by gas chromatography tandem mass spectrometry (GC-MS/MS)

-Plasma sample extraction and purification: Briefly, each sample (1 mL of culture medium sample, calibration standards and quality controls) was collected in borosilicate tube (Kimble, DURAN Group, USA). A volume of 50 µL of a solution of deuterated internal standard steroids and of 3 mL of 1-Chlorobutane were added. After mixing, samples were centrifugated at 3000 g for 10 min at 20°C.

Organic phase was deposited on silica columns (c18, SPE 500 mg/3 mL, Fischer Scientific, USA), previously activated and conditioned successively with 2.5 mL of ethyl acetate, 2.5 mL of hexane and 2.5 mL of 1-Chlorobutane. After sample deposition, columns were washed with (3 x 2 mL) of ethyl acetate/hexane solution (ratio 1:9). Steroids fraction was then eluted with (2 x 2 mL) of ethyl acetate/hexane solution (ratio 1:1). Solvents were further evaporated to dryness at 60°C and the dry residue was then dissolved again in 200 µL of ethyl acetate before derivatization reaction.

-Derivatization reaction: After azote evaporation, steroids fraction was derivatized with 50 µL of heptafluorobutyric anhydrous (HFBA, Regis Technologies, USA)/acetone anhydrous solution (ratio 1:1) for 1 h at room temperature.

-GC-MS/MS analysis: Theresulting derivatized extracts were reconstituted in hexane, and then transferred into conical vials for injection into the GC system (Waters, Milford, Mass., USA). Steroids were analyzed by a GCMS/MS TQ8040 triple quadrupole mass spectrometer (Shimadzu, Japan), equipped with an electron impact source (EI), using a 5% phenyl / 95% dimethylpolysiloxane ZB-5MSi

(30 m x 0.25 mm, internal diameter, 0.25 µm film thickness, Phenomenex, Torrance, California, USA) chromatography column with helium vector gaz (MESSER, Germany). Two transitions (m/z values)

were determined by steroid molecule, the most intense fragment ion being used for quantification and the second one being used as confirming ion. Thus, transitions 465.20>109.10/465.20, 510.25>510.25/147.20 and 298.30>213.30/145.10 were respectively monitored for analysis of the 3 steroid molecules 17-OHP4, P4 and P5 (molecular ion>quantifying ion/confirming ion). Data were processed using GC-MS/MS browser software (V 4.2). Linearity of each steroid measurement method was confirmed by plotting the response ratio (peak area) of the steroid molecule / internal standard (IS) to the known concentration of steroid for each calibration standard.

Western blots

Total proteins were isolated from VCT and ST using commercial reagents (Lysis Buffer, Invitrogen TM ;

Carlsbad, California, USA). Proteins (20 µg) were loaded on 4-15% gradient gel (Mini-PROTEAN® TGX TM Precast Gels, BIORAD®; Hercules, California, USA) and the resulting proteins blots were probed with polyclonal rabbit anti-MLN64 (1 µg/mL, ab3478 abcam®), polyclonal rabbit anti-P450SCC

(1 µg/mL, ab75497 abcam®), monoclonal rabbit anti-HSD3B1 (0,18 µg/mL, ab167417 abcam®) or monoclonal mouse anti-actin (0,2 ug/mL, A5441 sigma) antibodies. Actin was used as loading control.

Addition of secondary goat anti-mouse antibody conjugated with DyLight 680 (1/15 000, #35518 Thermo Fisher Scientific) or secondary goat anti-rabbit antibody conjugated with DyLight800 4X PEG

(1/15 000, SA5-35571 Thermo Fischer Scientific) allowed blots revelation using Odyssey infrared fluorescent system (LI-COR, France).

Data analysis

Statistical analysis was performed using GraphPad Prism software package ® (California, USA).

Results are expressed as crude values or mean ± SD. Significant differences (p<0,05) were identified using non parametric student t test (n=5 ou 6).

Results

In vitro differentiation of the placental villous trophoblast

Isolated VCT spontaneously aggregated after 24h-48h of culture and then fused to form a ST after 72h of culture as assessed by the decrease of desmoplakin involved in intercellular junctions between different nuclei (Figure 1). In freshly isolated VCT, most of the mitochondria were intact, being stained by the CMX Ros probe and organized in a tubular network (Figure 2). In contrast, in ST, less mitochondria were stained by the CMX Ros probe and their network seemed more fragmented with a punctiform aspect.

Secretion of P4 and hCG during the VCT differentiation

Morphological differentiation of VCT into ST was associated with a functional trophoblastic differentiation. Indeed, isolated VCTs carried on an endocrine activity secreting not only hCG but also P4 at low levels, respectively 7,7 ± 1,6 UI/L and 26,9 ± 17,1 nmol/L (Figure 3A and 3B). ST formation was associated with a significant increase in both P4 and hCG secretion by respectively 8,5 folds and 25 folds. There was a positive correlation between P4 and hCG secretion (log P4 = 0,6361 log hCG + 0,9413 ; R 2 = 0,7 ; Pearson coefficient = 0,82 ; p = 5.10 -14 ) (Figure 3C).

Progestins profile of secretion

GC-MS/MS analysis confirmed our findings on P4. Indeed, GC-MS/MS allowed us to fully characterize progestins trophoblastic secretion profile (Figure 4A). P4 was the main progestin secreted in both VCT and ST. Among steroidogenic precursors and metabolites, we observed a significant increase in P5 secretion by 5,7 folds (p<0,05) during the formation of ST whereas 17-OHP4 remained undetectable in both VCT and ST (Figure 4B). These findings pointed out a global increase in the trophoblastic progestins pathway accompanying ST formation. P5 levels were not correlated neither with P4 nor with hCG levels (data not shown).

Expression of transporters and enzymes involved in P4 production

We investigated each step of progestins secretion, i.e expression of the cholesterol mitochondrial transporter (MLN64) and of steroidogenic enzymes (P450SCC and HSD3B1).

Immunocytofluorescence showed that MLN64, P450SCC and HSD3B1 were expressed in the cytoplasm of both VCT and ST (Figure 5). As expected, no staining was observed in the nuclei but a weak staining was observed in the perinuclear region. Western blot analysis showed that MLN64, P450SCC and HSD3B1 were expressed at the protein level in both VCT and ST (Figure 6). During ST formation, expression of HSD3B1 significantly increased by 4,1 ± 1,9 folds while MLN64 and P450SCC protein expression did not change. RT-qPCR experiments demonstrated that MLN64, P450SCC and HSD3B1 were expressed at mRNA level in both VCT and ST (Figure 7). Confirming the results obtained at the protein level, HSD3B1 mRNA increased significantly by 2, 5 ± 0, 8 folds during ST formation while MLN64 and P450SCC mRNA levels did not change during VCT differentiation.

Modulation of VCT differentiation and progestins pathway under FSK

Forskolin (FSK), an adenylate cyclase activator was used to stimulate VCT differentiation. As expected, FSK drastically stimulated hCG secretion by 3,5 folds after 6h of incubation and by 5,1 folds after 48 h of stimulation (Figure 8A). Furthermore, FSK induced an increase in P4 secretion but to a smaller extend (1,5 folds, p<0,05) and also in P5 secretion by 1,5 folds-P4 and P5 concentrations being assessed by GC-MS/MS. The increase in P4 secretion became significant after 72h of culture and 48h of incubation with FSK (Figure 8B and8C). Under FSK stimulation, P4 increase was positively correlated with hCG increase as demonstrated by Pearson correlation test (Log P4 = 0,3665

x Log hCG + 1,2837 ; R² = 0,78 ; Pearson Coefficient = 0,86 ; p = 1,96.10 -7 (Figure 8D). FSK stimulated the expression of all the partners but only at the proteic level (Figure 9). After 72h of culture and 48h of incubation with FSK, protein levels of MLN64, P450SCC and HSD3B1 were respectively increased by 2,1 folds, 1,8 folds and 1,2 folds in comparison to 48 hours incubation with DMSO.

Discussion

For many years, ST has been considered as the only endocrine tissue of the human placenta secreting both protein hormones such as hCG, and steroidogenic hormones such as P4 in maternal circulation [START_REF] Miller | Steroid hormone biosynthesis and actions in the materno-feto-placental unit[END_REF][START_REF] Guibourdenche | Development and hormonal functions of the human placenta[END_REF]Bernischke et al., 2012;[START_REF] Chatuphonprasert | Physiology and pathophysiology of steroid biosynthesis, transport and metabolism in the human placenta[END_REF]. However, we had previously shown that this endocrine production is not restricted to ST as hCG is also produced by VCT and even by the extravillous cytotrophoblast (EVCT) [START_REF] Handschuh | Human chrorionic gonadotropin expression in human trophoblasts from early placenta: comparative study between villous and extravillous trophoblastic cells[END_REF]. In this work, we aimed to investigate progestins production by the VCT in vitro, using new tools such as mass spectrometry.

In our in vitro culture model, VCTs isolated from human placenta aggregate and fuse to form ST within 72h of culture mimicking their in vivo physiological differentiation (Klinman et al., 1986;[START_REF] Alsat | Increase in epidermal growth factor receptor and its messenger ribonucleic acid levels with differentiation of human trophoblast cells in culture[END_REF]. This morphological differentiation is associated with a functional differentiation as stated by the significant increase in hCG secretion [START_REF] Kudo | Quantifying the syncytialisation of human placental trophoblast BeWo cells grown in vitro[END_REF][START_REF] Leguy | Pattern of secretion of pregnancy-associated plasma protein-A (PAPP-A) during pregnancies complicated by fetal aneuploidy, in vivo and in vitro[END_REF]. In this work, we showed that VCT secretes significant amounts of P4 increasing as it turns into ST. We confirmed that ST is a major source of P4 in vitro [START_REF] Zosmer | Second Messengers and the Control of Progesterone Production from First Trimester Trophoblast[END_REF][START_REF] Tuckey | Progesterone synthesis by the human placenta[END_REF]. Interestingly, we showed that this increase in steroidogenesis is not restricted to P4, as P5 is also secreted.

Like in ovaries and adrenals, progestins production requires cholesterol as initial substrate [START_REF] Winkel | Regulation of cholesterol metabolism by human trophoblastic cells in primary culture[END_REF][START_REF] Miller | The molecular biology, biochemistry, and physiology of human steroidogenesis and its disorders[END_REF]. As human placenta does not synthetize cholesterol, ST catches maternal cholesterol carried by LDL and HDL in maternal circulation [START_REF] Winkel | Regulation of cholesterol and progesterone synthesis in human placental cells in culture by serum lipoproteins[END_REF][START_REF] Palinski | Maternal-fetal cholesterol transport in the placenta: good, bad and target for modulation[END_REF][START_REF] Chatuphonprasert | Physiology and pathophysiology of steroid biosynthesis, transport and metabolism in the human placenta[END_REF]. Thus, cholesterol availability can be a limiting factor of steroidogenesis. The stability of cholesterol levels in our culture medium all along culture duration (data not shown) ruled out this possibility. This observation is in line with previous studies showing that placental mitochondria are able to synthesize P4 without addition of exogenous cholesterol in culture medium [START_REF] Martinez | Structural and functional changes in mitochondria associated with trophoblast differentiation: methodes to isolate enrichred preparations of syncytiotrophoblast mitochondria[END_REF]2015). Cholesterol has then to enter the mitochondria to undergo the first step of the cascade of reactions leading to progestins production [START_REF] Miller | The molecular biology, biochemistry, and physiology of human steroidogenesis and its disorders[END_REF][START_REF] Miller | Steroid hormone synthesis in mitochondria[END_REF]. We showed that in vitro, mitochondria functionality and organization changes with ST formation using CMX Ros staining. Indeed, in VCT, most of the mitochondria have an intact transmembrane potential and are organized in tubular network. In contrast, in ST, few mitochondria are stained by CMX Ros and mitochondrial network seems to be fragmented. Our results are in favor of an alteration of mitochondrial membrane potential during VCT differentiation in agreement with previous studies (De Los Rios [START_REF] Castillo | Atypical cristae morphology of human syncytiotrophoblast mitochondria: role for complex V[END_REF][START_REF] Bustamante | Oxygen metabolism in human placenta mitochondria[END_REF]. Thus, we showed that mitochondrial network morphology, harboring either typical lamellar or tubular or vesicular aspect, is coupled with endocrine activity VCT differentiation.

In contrast with other endocrine steroidogenic tissues, human placental mitochondria do not express StAR, the common transporter of cholesterol [START_REF] Tuckey | Progesterone synthesis by the human placenta[END_REF], this function being ensured by MLN64 [START_REF] Bose | N-218MLN64, a protein with StAR-like steroidogenic activity is folded and cleaved similarly to StAR[END_REF][START_REF] Olvera-Sanchez | Mitochondrial heat shock protein participates in placental steroidogenesis[END_REF]. Our study shows that MLN64 is not only expressed in ST but also in VCT and at the same level. The increase in P4 secretion observed during ST formation is not associated with an increase in MLN64, suggesting that cholesterol entry in the mitochondria is not a limiting step of P4 synthesis. Indeed, it has been shown in vitro that a decrease in MLN64 expression by 90% is responsible for a decrease in P4 synthesis of only 30% [START_REF] Charman | MLN64 mediates egress of cholesterol from endosomes to mitochondria in the absence of functional Niemann-Pick type C1 protein[END_REF].

Then, we focused on two major enzymes known to be expressed in placenta and involved in cholesterol transformation into P4 [START_REF] Tuckey | Cyctochrome P450scc activity and substrate supply in human placental trophoblasts[END_REF][START_REF] Pasqualini | Enzymes involved in the formation and transformation of steroid hormones in the fetal and placental compartments[END_REF][START_REF] Chatuphonprasert | Physiology and pathophysiology of steroid biosynthesis, transport and metabolism in the human placenta[END_REF]. Cholesterol is converted into P5 by P450SCC type 1 (CYP11A1) and P5 is then converted in P4 by HSD3B type 1. We showed at both mRNA and protein levels that those two enzymes are not only expressed in ST but also in VCT. HSD3B1 expression significantly increases during VCT differentiation into ST while P450SCC expression remains stable. This is in contradiction with a previous study that described an increase in P450SCC concentration in human placenta during gestation [START_REF] Simpson | Cholesterol side-chain cleavage, cytochrome P450, and iron-sulfur protein in human placental mitochondria[END_REF]. However, this increase probably only reflected the growth of placental mass as P450SCC concentration in trophoblast only represented 20% of the concentration measured in placental homogenate [START_REF] Tuckey | Cyctochrome P450scc activity and substrate supply in human placental trophoblasts[END_REF]. The increase in P4 production concomitant with the stability of MLN64 and P450SCC expressions, suggests a lack of saturation of both MLN64

transporter and steroidogenic enzymes. This is important since the degree of P450SCC saturation with cholesterol may limit P4 synthesis as observed in choriocarcinoma cell lines [START_REF] Martinez | Structural and functional changes in mitochondria associated with trophoblast differentiation: methodes to isolate enrichred preparations of syncytiotrophoblast mitochondria[END_REF]. The increase in HSD3B1 expression could explain the discrepancy between the drastic increase in P4 and the small increase in P5 on our MS profile, P5 being quickly converted in P4.

Indeed, it has previously been shown that HSD3B1 activity is higher than P450SCC activity, thus not representing a rate-limiting step in P4 synthesis [START_REF] Tuckey | Progesterone synthesis by the human placenta[END_REF]. The absence of any detectable 17OHP4 on this steroids profile also confirms the lack of CYP17A1 expression in the trophoblast [START_REF] Voutilainen | Developmental expression of genes for the stereoidogenic enzymes P450scc (20,22-Desmolase), P450cl7 (17a-Hydroxylase/17,20-Lyase), and P450c21 (21-Hydroxylase) in the human fetus[END_REF].

As the differentiation of VCT into ST is associated with an increased secretion of P4, we investigated the link between this morphological differentiation and steroidogenesis. Regulation of this fusion process and of steroidogenesis is complex involving both hormones and their second messengers [START_REF] Stocco | Multiple signaling pathways regulating steroidogenesis and steroidogenic acute regulatory protein expression: more complicated than we thought[END_REF]Gauster and Huppertz, 2008). Among them, cAMP produced by adenylate cyclase (AC) is known to induce VCT fusion, and also to regulate steroidogenic tissues activity [START_REF] Azar | RNA-Seq identifies genes whose proteins are transformative in the differentiation of cytotrophoblast to syncytiotrophoblast, in human primary villous and BeWo trophoblasts[END_REF]. cAMP has pleiotropic effects such as PKA activation, leading to the phosphorylation of proteins such as SF-1 and CREB. We used forskolin (FSK), an AC/PKA pathway activator stimulating VCT differentiation and fusion [START_REF] Wice | Modulators of cyclic AMP metabolism induce syncytiotrophoblast formation in vitro[END_REF]. FSK stimulation induced an increase in the secretion of all hormones (i.e. hCG, P5, P4) and in the expression of MLN64, HSD3B1, P450SCC, suggesting a relationship between fusion and steroidogenesis. Indeed, in choriocarcinoma cell lines, cAMP analogs increase P4 synthesis while PKA inhibitors decrease P4 synthesis and increase mitochondrial proteins phosphorylation [START_REF] Maldonado-Mercado | Steroidogenesis in Bewo cells: role of protein kinase A and benzodiazepines[END_REF]. However, cAMP modifies neither P4 synthesis nor protein phosphorylation in normal placental mitochondria [START_REF] Gomez-Chang | PKA tightly bound to human placental mitochondria participates in steroidogenesis is not modified by cAMP[END_REF]. In fact, several isoforms of AC can be expressed and differentially regulated in choriocarcinoma cells and normal placenta [START_REF] Bernatchez | Differential expression of membrane and soluble adenylyl cyclase isoforms in cytotrophoblast cells and syncytiotrophoblasts of human placenta[END_REF]. Several proteins being critical for this fusion process, such as syncytins, can be modulated by cAMP/PKA pathway [START_REF] Gerbaud | An overview of molecular events occurring in human trophoblast fusion[END_REF] and P450SCC and HSD3B1 promoters harbor binding sites for CRE [START_REF] Simard | Molecular Biology of the 3-b-hydroxysteroid Deshydrogenase/Δ5-Δ4 Isomerase Gene Family[END_REF][START_REF] Shih | Regulation of steroid production: analysis of Cyp11a1 promoter[END_REF].

The positive correlation between hCG and P4 increase suggests a potential implication of hCG which plays a key role in trophoblast fusion and functions [START_REF] Saleh | Effects of different human chorionic gonadotrophin preparations on trophoblast differentiation[END_REF][START_REF] Guibourdenche | Development and hormonal functions of the human placenta[END_REF].

BeWo cells are responsive to signals inducing cell fusion and FSK or 8-br-cAMP are known to enhance ST formation and hormonal differentiation [START_REF] Wice | Modulators of cyclic AMP metabolism induce syncytiotrophoblast formation in vitro[END_REF][START_REF] Orendi | The choriocarcinoma cell line BeWo: syncytial fusion and expression of syncytium specific proteins[END_REF][START_REF] Rothbauer | A comparative study of five physiological key parameters between four different human trophosblast-derived cell lines[END_REF][START_REF] Azar | RNA-Seq identifies genes whose proteins are transformative in the differentiation of cytotrophoblast to syncytiotrophoblast, in human primary villous and BeWo trophoblasts[END_REF]. hCG addition in BeWo cells culture medium increased P4 synthesis through PKA pathway [START_REF] Manna | cAMP-independent signaling regulates steroidogenesis in mouse leydig cells in the absence of StAR phosphorylation[END_REF]. This suggests that placental steroidogenesis could be regulated by hCG and its receptors, whose expression changes between VCT and ST states [START_REF] Weedon-Fekjaer | Spatiotemporal dynamics of hCG/cAMP signaling and regulation of placental function[END_REF]. P4 and its receptors could also be involved in the same way. In Bewo cells, syncytialisation is associated with changes in P4 receptors expression which is globally decreased by FSK [START_REF] Zachariades | Changes in placental progesterone receptors in term and preterm labour[END_REF]. Other hormones could be implied and a paracrine regulation is also possible via Aldo Keto Reductase (AKR) (Pepe and Albretch, 1999;[START_REF] Byrns | Role of aldo-keto reductase enzymes in mediating the timing of parturition[END_REF]. P4

production by human placenta occurs in the villous tissue since VCT stage. VCT functions and differentiation are complex involving both hCG and cAMP. Further investigations would be required as these pathways can be altered in pathological pregnancies or by endocrine disruptors [START_REF] Berkane | Abnormal steroidogenesis and aromatase activity in preeclampsia[END_REF][START_REF] Shan | BDE-47 decreases progesterone levels in BeWo cells by interfering with mitochondrial functions and genes related to cholesterol transport[END_REF]. 

Legends

Figure 1 :

 1 Figure 1: Differentiation of VCTs into ST. Immunofluorescent pictures of trophoblastic cells after 24h, 48h and 72h of primary VCT cells culture from human term placenta. Plasma membranes were immunostained with anti-desmoplakin (green). Nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI). 400x magnification. Scale bar = 50 µm.

Figure 2 :

 2 Figure 2: Mitochondria and Trophoblastic Differentiation. Immunofluorescent pictures of trophoblastic cells after 24h and 72h of primary VCT cells culture from human term placenta. Cells were incubated with or without CMX Ros (50 nM) for 45 min at 37°C protected from light. Mitochondria with intact transmembrane potential were stained in red and indicated with white arrow. Plasma membranes were immunostained with anti-desmoplakin antibody (green) after cell fixation with paraformaldehyde (PFA). Nuclei were stained with 4',6-diamidino-2-phenylindole (blue). 800x magnification for picture at upper left (scale bar = 20 µm). Zoom in x2 for principal picture (scale bar = 10 µm).

Figure 3 :

 3 Figure 3: Secretions of hCG and P4 during VCT differentiation into ST. hCG (UI/L) (A) and progesterone (P4) (nmol/L) (B) levels in culture supernatants from primary VCT cells culture from human term placenta after 24 h or 72 h of culture. Concentrations were determined by immunoassays (Liaison®, DiaSorin). Data are presented as mean +/-SD from eleven independent experiments. **** : p<0,0001 VS 24h. Figure 3.C represents the correlation between Progesterone (P4) and hCG levels. Correlation was assessed by Pearson correlation test ().

Figure 4 :

 4 Figure 4: Progestins trophoblastic secretion profile during VCT differentiation into ST. A) Steroid profile of deuterated Progesterone (P4-d9), Progesterone (P4), Pregnenolone (P5) and 17hydroxyprogesterone (17OHP4). B) Pregnenolone (P5), Progesterone (P4) and 17hydroxyprogesterone (17OHP4) levels (nmol/L) in culture supernatant from primary cell culture of VCT

Figure 5 :

 5 Figure 5: Localization of MLN64 transporter and P450SCC and HSD3B1 enzymes in VCT and ST. Immunocytofluorescent pictures of trophoblastic cells after 24h and 72h of primary VCT cells culture from human term placenta. Cells were immunostained with anti-MLN64 (A, green), anti-P450SCC (B, green) and anti-HSD3B1 (C, green). Plasma membranes were immunostained with antidesmoplakine antibody (A, B and C, red). Nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI, A, B and C, blue). 400x magnification. Scale bar = 50 µm.

Figure 6 :

 6 Figure 6: Protein expression of MLN64 transporter and P450SCC and HSD3B1 enzymes involved in progesterone synthesis in VCT and ST. Human VCTs were isolated from term placenta and then kept in culture for 24 or 72h. MLN64 (A), P450SCC (B) and HSD3B1 (C) protein expressions were determined using immunoblotting with anti-MLN64, anti-P450SCC and anti-HSD3B1 antibodies. Actin protein expression was determined with anti-actin antibody, used as loading control. Lanes intensity was measured with ImageJ program. Data are presented as percentage of the 24h control and are expressed as mean -/+ SD from five independent experiments. NS : not significant ; * : p<0,05 ; *** : p<0,001 VS 24h two-tailed paired t-test.

Figure 7 :

 7 Figure 7: mRNA expression of MLN64 transporter and P450SCC and HSD3B1 enzymes in VCTand ST. Human VCTs were isolated from term placenta and kept in culture for 24 or 72h. MLN64 (A), P450SCC (B) and HSD3B1 (C) mRNA expressions were determined using real-time quantitative PCR method and were normalized using 18S, RPLO, HPRT and SDHA mRNA expressions. Data are presented as mRNA expression ratio to the 24h control and are expressed as mean -/+ SD from four independent experiments. NS : not significant ; * : p<0,05 VS 24h, two-tailed paired t-test.

Figure 8 :

 8 Figure 8: Secretions of hCG, P4 and Pregnenolone under FSK stimulation. hCG (UI/L) (A), Progesterone (P4) (nmol/L) (B) and Pregnenolone (P5) (nmol/L) (C) levels in culture supernatants from primary cell culture of VCT incubated with or without FSK (10 uM) after 24 h or 72 h of culture. DMSO is used asvehicle control of FSK. hCG concentrations were measured using immuno-assay (Liaison®, DiaSorin). P4 and P5 levels were determined using mass spectrometry (GC-MS/MS). Data are presented as mean +/-SD from seven independent experiments. * : p<0,05 in comparison to DMSO control at the same culture time. Figure 8.D represents the correlation between Progesterone (P4) and hCG levels with or without FSK stimulation. Correlation was assessed by Pearson correlation test ().

Figure 9 :-

 9 Figure 9: Expression of MLN64transporter and P450SCC and HSD3B1 enzymes under FSK stimulation. Human VCTs were isolated from term placenta and then cultivated for 24 or 72h with or without FSK (10 uM). (A) MLN64, P450SC and HSD3B1 protein expressions of were determined using immunoblotting with anti-MLN64, anti-P450SCC and anti-HSD3B1 antibodies. Actin protein expression was determined with anti-actin antibody, used as loading control. Lanes intensity was measured with ImageJ program. Data are presented as percentage of the 24h control DMSO and are expressed as mean -/+ SD from six independent experiments. NS : not significant ; * : p<0,05 in comparison to DMSO at the same time of culture, two-tailed paired t-test. (B) MLN64, P450SCC and HSD3B1 mRNA expressions were determined using real-time quantitative PCR method and were normalized using 18S, RPLO, HPRT and SDHA mRNA expressions. Data are presented as mRNA expression ratio to the 24h control DMSO and are expressed as mean -/+ SD from four independent experiments. NS: not significant 05 in comparison to DMSO at the same culture time, two-tailed paired t-test.

  

Table 1 :

 1 Primers data used for RT-qPCR analysis

	Target mRNA	Gene name		Sequence
	MLN64	STARD3	Forward	GAGCGATGGTATCTTGCCGC
			Reverse	CTGCAAAGGATTCTGGGGGT
	P450SCC	CYP11A1	Forward	TTTTTGCCCCTGTTGGATGCA
			Reverse	CCCTGGCGCTCCCCAAAAAT
	HSD3B1	HSD3B1	Forward	AGTACGTCCACTCTTCTGTCCA
			Reverse	TTCTCCTTCACCAAGAGGCG
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