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CHARACTERISATION OF PROTEIN O-GLCNACYLATION REVEALS NOVEL REGULATION OF SECRETORY PATHWAY AND DNA DAMAGE PROTEINS DURING SYNCYTIOTROPHOBLAST DIFFERENTIATION

Early stage investigator (up to three years post-PhD) -

Methods: In this study, an in vitro model that mimics placental OS seen in FGR was used. Placental explants from normal pregnancy (N=6) were cultured for 7 days and exposed to 1mM tBOOH or 1mM hydrogen peroxide (H 2 O 2 ) on days 5 and 6. Ouabain-sensitive (transporter-mediated) uptake of 14 C glutamine and 14 C glutamate was measured for 24h between days 6-7 (shown previously to represent steady-state intracellular accumulation). Culture medium was collected daily to measure indicators of endocrine function (hCG) and cellular stress (IL6 secretion and lactate dehydrogenase (LDH) release). Immuno-histochemistry to assess syncytiotrophoblast integrity (Cytokeratin 7 (CK7)), apoptosis (M30) and lipid peroxidation (4HNE) was assessed in explants at day 7. Data are expressed as % of control and analysed by Wilcoxon signed rank test.

Results: Both tBOOH and H 2 O 2 significantly increased lipid peroxidation, consistent with elevated OS (16x and 6x respectively; p<0.05). tBOOH reduced the uptake of glutamine and glutamate by 90(66-100)% and 95(40-99)% of control (median and range: p<0.05), inhibited hCG secretion by 75(5-81)%, andincreased IL6 secretion to 5774 (1420-16365)% of control (p<0.05). tBOOH increased apoptosis to 275 (100-433)% of control (p<0.05) but did not alter CK7 staining or LDH release. Despite elevating OS, H 2 O 2 did not affect glutamine and glutamate uptake or any of the other variables measured.

Conclusion: 1mM tBOOH induced OS and markedly inhibited glutamine and glutamate uptake. In view of the lack of effect of H 2 O 2 on amino acid uptake, the reduction in uptake following tBOOH exposure might not be directly attributed to oxidative stress. Furthermore, 1mM tBOOH also had detrimental effects on other variables that can influence nutrient transport. Future work will investigate the cellular mechanisms through which tBOOH alters placental function, and the concentration dependency, to aid our understanding of whether oxidative stress has direct effects on glutamine and glutamate uptake. M aternal obesity is characterized by chronic, low-grade inflammation, oxidative stress, and dyslipidemia. This lipo- toxic environment have been associated with poor pregnancy outcomes and increased the risk for the offspring to develop metabolic syndrome later in life. At the fetal-maternal interface, the placenta plays an essential role in the exchanges between the mother and the fetus. Different studies have demonstrated that maternal obesity without gestational diabetes (GD) impacts placental structure but also its major functions including endocrine function, nutrient exchanges. However, birthweight is not affected by the maternal obesogenic environment. So, the placenta has the potential to interpret environmental signals, such as excessive nutrient availability, and adapt itself in order to support fetal growth and development. In this context, to better understand molecular mechanisms implicated in this placental adaptation, we compared lipid, inflammatory, and oxidative status of maternal-placental-fetal triad between obese and non-obese women. Firstly, by using a lipidomic approach, we showed i) a higher polyunsaturated fatty acid (PUFA) concentration specifically in maternal plasma and placenta from obese women compared to non-obese group, ii) a lower sphingolipid (ceramide) concentration specifically in maternal plasma from obese women compared to nonobese group, and iii) a sex-specific disruption of some derivate of ceramides (i.e. lactosylceramide, dihydroceramide, and sphingomyelin) in cord plasma and placenta from obese women. Secondly, our preliminary results demonstrated that maternal obesity seemed to increase oxidative stress as suggested by the apparition of a molecular target generated after lipid peroxidation in female placenta specifically. Thirdly, by using a transcriptomic approach, we found a lower expression of enzymes involved in antioxidant defense (as CAT and GPx8) and lipid metabolism (as FADS1/2 and ELOVL1/4) in female placenta from obese women once again. Finally, we showed that maternal obesity significantly reduced placental inflammatory status (cytokine secretion and signaling pathway) in male placenta from obese women only. In conclusion, our present results clearly showed that maternal obesity without GD is associated with placental lipid metabolism, inflammation, and oxidative stress modifications in a sex-specific manner and highlighted, in part, the molecular mechanisms involved in the placenta's adaptations to a harmful maternal environment.

18 th EP G m ee tin g | Am ph ith ea te r of Bi ot ec hn ol og ie s, Bu ild in g 44 0 IN RA E Île -d e-Fr an ce -Jo uy -e n-Jo sa s SESSION 3 I t is a common reception that in high-yielding dairy cows a negative energy balance (NEB) and a decreased reproduc- tive performance co-occur. In calf hepatocytes and endometrial cells (BEND) beta-Hydroxybutyrate (BHBA), as one of the primary characteristics of a NEB, increments the levels of NF-κB regulated cytokines. These include, for instance, tumor necrosis factor-α (TNFα) and Interleukin-6 (IL-6), which are prominent for the inflammatory and immunity response. Moreover, it is described that BHBA increases the oxidant status and leads to higher concentrations of reactive oxygen species in the plasma of dairy cows. A bovine caruncular epithelial cell line (BCEC) was used for the experiments. It is suitable to explore fetal-maternal communication, infections, and metabolic modulations of pregnancy-associated diseases. The cell line was isolated and established from the placentomes of pregnant cows, exhibits the morphological and functional characteristics of epithelial cells and forms an epithelial barrier. To investigate the in vitro impact of BHBA during pregnancy, especially in the period of implantation and placentation, the BCEC was stimulated with 0.6mM, 1.2mM, 1.8mM and 2.4mM BHBA for 24h and 36h. For each experimental group, cells incubated in serum-reduced medium served as controls. Examination of cell metabolism, cell motility and the expression of pro-inflammatory factors have been carried out after the BHBA incubation. The cell metabolism was analysed by an MTT-Assay and the motility by a live-cell imaging program. To investigate the mRNA expression of TNFα, IL-6 and NF-κB a quantitative real-time PCR was utilized. The results indicate a significant negative effect on cell metabolism and the motility at a concentration of 2.4mM BHBA. TNFα shows a significant increase in mRNA expression correlating with higher BHBA concentrations. However, IL-6 and NF-κB were not altered in their mRNA expression compared to the control group. The decreased BCEC metabolism and motility as well as the increased TNFα mRNA expression could lead to a restricted function of maternal caruncles. This might result in a poor interaction between maternal caruncles and fetal cotyledons which could cause early pregnancy losses.

Placenta samples from 6 cows (gestation days 120, 150, 205, 266, 278 and 284) were fixated in Karnovsky and embedded in Durcupan. Seven stacks of 3000 sections (60 nm thickness) each were created by serial block face scanning electron microscopy. Editing, analyses and segmentation were accomplished using the software Microscopy Image Browser. Visualization was done with the software Imod and volume calculations with the software Amira. The methodology was supported by the recording of high-resolution transmission electronic microscopy images. TGC analysis included following criteria: contact to fetal basement membrane (FBM), membrane protrusions to FBM, contact to ME, formation of pseudopodia in direction to ME, presence of membrane-bound granules, double lamellar bodies, mitochondria, rER and number of cell nuclei. For three stacks (150, 205, 284) the cell volumes (CV) and total nuclear volumes (TNV) were calculated. The CV displayed a wide range between 2048 and 14708 μm 3 . TNV varied between 853 and 3395 μm 3 . TGC occurred in majority as binuclear cells. Few TGC with one or three nuclei were also observed. Based on morphological criteria, TGC could be distinguished into young, maturing and mature cells. Young TGC still had close large contact with the FBM, whereas in the maturing and mature TGC the contact was only small or no longer present. Maturing and mature TGC with a TNV of approximately 800 μm 3 began to form contacts with ME. Contacts were mostly established by formation of pseudopodia. Some pseudopodia contained a distinct organelle-free area delimited by a membrane-like structure. The contact of TGC with the ME decreased during gestation. A surprisingly large proportion of TGC still had contact to the FBM. This was usually no longer extensive like in the young TGC but in form of membrane protrusions. Contact with FBM initially increased from ~55% in the second half of gestation, to 100% in late pregnancy and decreased again to ~75% at term. Several TGC had contact to the fetal BM and the ME simultaneously. After fusion with one or more UTC, HC were dispersed in the ME, and had two to 17 cell nuclei. HC with two nuclei could be identified as degenerated hybrid cells. The proportion of HC increased towards end of pregnancy. Therefore, contrary to previous studies, TGC can form contacts with the FBM and the ME simultaneously. Not only young but also immature and mature TGC maintain their contacts to the fetal BM longer than expected. In HC, a distinction could be made between vital and degenerated cells.

18 th EP G m ee tin g | Am ph ith ea te r of Bi ot ec hn ol og ie s, Bu ild in g 44 0 IN RA E Île -d e-Fr an ce -Jo uy -e n-Jo sa s SESSION 5 D uring the early stage of placentation in sheep (15-23 Days), normal conceptus development is affected by trophoblast cells (oTCs) functionality whose dysregulation leads to early pregnancy loss, characterised by inadequate nourishment and oxygen supply. In this crucial developing period, oTCs metabolism is mostly supported by endometrial histotrophic factors, including FGF2, involved in cell differentiation and function through the modulation of specific cellular mechanisms. Among the others, mTOR is known as cellular "nutrient sensor", but its downstream regulation in oTCs is still poorly understood. Therefore, our hypothesis was that oTCs adapt to overcome poor-growth factors in the uterine environment through mTOR signalling pathway modulation. The main aim was to set up an in vitro culture system from early sheep placenta in order to study trophoblast adaptive response in suboptimal environments occurring in impaired pregnancy. Firstly, primary oTCs from 21-days old sheep placenta collected at the slaughterhouse were characterised by cell morphology, immunofluorescence and PCR to detect specific trophoblast markers. Then, oTCs primary cells and oTr cell line were subjected to different treatment (50 ng/ml FGF2, 100 nM rapamycin -mTOR inhibitor -for 24h) to study their effects on cell functionality, gene and protein expression profile. oTCs showed mainly mononuclear cells with epithelial cell-like growth and placental morphological properties, such as bi-and multinucleated syncytium-plaques, expressing peculiar trophoblast markers and progesterone release in culture medium. Cell functionality tests relieved similar results in both cell systems. FGF2 promoted cell proliferation and migration in normal culture conditions, whereas mTOR-inhibition induced a significant decrease. Invasion activity wasn't influenced by FGF2 when mTOR signalling pathway was activated. On the contrary, when it was inhibited, cell invasiveness was affected by FGF2. mTOR-inhibition leaded to a significant low-cell motility both in presence and absence of FGF2, but its supplementation seemed to restored oTCs activity even when mTOR was prevented, as confirmed by mTOR phosphorylation even in presence of the inhibitor. Interestingly, mTOR-inhibition influenced endocrine trophoblast marker regulation, indeed oPL expression wasn't affected by FGF2 supplementation as observed in the control, while IFN-τ was drastically reduced. Present findings support that FGF2 acts to modulate oTCs behaviour by regulating mTOR signalling pathway.

The study provides new insight regarding how mTOR-inhibition influences trophoblast migration and invasion activity, essential for conceptus development. Moreover, mTOR involves in the expression of hormonal trophoblast markers, suggesting that it plays a crucial role in the early placenta growth and foetal-maternal crosstalk.

Methods:

Using CRISPR/Cas9 technology, we deleted two genes, Pigl and Pigf, encoding fundamental proteins for the correct GPI biosynthesis in mouse trophoblast stem cells and studied their role in the regulation of early mouse placentation.

Results:

Phosphatidylinositol Glycan Anchor Biosynthesis Class L (PIGL) and F (PIGF) proteins are essential components of the glycosylphosphatidylinositol (GPI) biosynthetic pathway that culminates in the generation of the GPI glycolipid. The GPI anchor is then post-translationally transferred to proteins in the endoplasmic reticulum (ER) and relocated as GPI-anchored proteins (GPI-APs) to the cell surface where they play essential roles in cell signaling transduction. Our previous work identified the Pigl and Pigf genes as essential for placentation, highlighting the fact that GPI-anchor biosynthesis pathway is critical for early placentation. Here, we analyse the functional contribution of PIGL and PIGF to the GPI biosynthesis pathway in regulating mTSC self-renewal and differentiation. We first characterized the dynamics of Pigl and Pigf expression during trophoblast differentiation by performing a time-course experiment. Whereas Pigf was highly expressed in mTSCs under stem cell conditions and was strongly downregulated during trophoblast differentiation, Pigl expression did not significantly change across this differentiation time course. The deletion of Pigl or Pigf did not affect stemness. However, under differentiation conditions, Pigl -/-and Pigf -/-mTSCs failed to upregulate markers of syncytiotrophoblast, whereas differentiation towards trophoblast giant cells was promoted, indicating that GPI biosynthesis pathway proteins may play a role in the lineage determination towards syncytiotrophoblast. These data point to an essential role for GPI biosynthesis pathway proteins in modulating trophoblast differentiation towards syncytiotrophoblast and identify GPI-APs as novel players in regulating early placentation.

INTRODUCTION |

The placenta mediates nutrient supply to sustain fetal growth during pregnancy. A large exchange area is created by extensive branching morphogenesis of the trophoblasts. Pivotal to this labyrinth formation is the differentiation and branching of Syncytiumtrophoblast layer II (SynTII). However, little is known regarding the underlying pathways that underpin placentation. Calcium signals are well suited to translate signals from the environment into a cellular response. Previously, we identified a crucial role of the calcium-permeable channel TRPV2 in placental development as Trpv2-/mice display intra uterine growth restriction (IUGR) and lethality. Here, we investigated the role of TRPV2 in placental development and trophoblast branching.

RESULTS |

Global genetic ablation of Trpv2 results in IUGR and embryonic lethality at E18.5. Deletion of Trpv2 in the embryo proper or in the junctional zone of the placenta was compatible with normal development, suggesting that labyrinthine Trpv2 is indispensable for normal fetal development. In the labyrinth, Trpv2 is highly expressed in SynTII trophoblast cells. Moreover, the labyrinth morphology of Trpv2-/-placentas was severely disturbed, with regions where that are void of both SynTII cells and fetal vessels. RNAsequencing of wildtype and Trpv2-/-placentas revealed that branching morphogenesis and angiogenesis pathways were affected. Interestingly, Crispr/Cas9-mediated deletion of Trpv2 in Trophoblast Stem Cells resulted in impaired differentiation of the SynTII labyrinth lineage.

CONCLUSION |

Our observations suggest that loss of TRPV2 in mice disrupts the differentiation of SynTII trophoblasts, which likely contributes to defects in labyrinth morphogenesis, nutrient supply, and thus compromised fetal growth.

Introduction:

Despite advances in cell culture systems, researchers have continued to use culture media based on historic formulations. For example, Dulbecco's modified Eagle's Minimal Essential Medium (DMEM), the most widely used culture media reported in the literature, is based on a formulation in 1959. Standard culture media such as DMEM contain non-physiological levels of nutrients and lack defined concentrations of many metabolites present in vivo. Despite this, nearly all cell culture-based studies on human trophoblasts have been performed using this media. Recently, Tardito et al. (Sci Advances 2019) developed a culture medium (Plasmax), with nutrients and metabolites with concentrations comparable to the human in vivo environment. To understand the impact of the physiological metabolic environment on hTSC growth, differentiation and metabolism, we compared the effects of culturing cells in a physiologically-relevant medium (Plasmax) versus the standard, widelyused medium (DMEM-F12).

Methods: hTSCs (n>4) were cultured in DMEM-F12 or Plasmax and maintained in their undifferentiated state or differentiated into syncytiotrophoblast (STBs) or extravillous trophoblasts (EVTs). Cells were counted daily over 4 days to assess their proliferation rate. Differentiation was determined by qPCR analysis of STB and EVT markers at different stages of differentiation. Energy metabolism was examined by LC-MS analysis of glycolytic and tricarboxylic acid (TCA) cycle intermediates and cellular respiration on an extracellular flux analyser.

Results:

Compared to DMEM-F12, hTSCs grown in Plasmax increased their proliferation by 60% (P=0.003). STB or EVT differentiation, as determined by expression of STB (ERV-W, CYP19A1; P<0.01) and EVT (ERBB2, HLA-G; P<0.001) markers, increased in cells cultured with Plasmax. Lastly, hTSCs in Plasmax demonstrated greater energy metabolism as demonstrated by increased intracellular production of glycolytic and TCA cycle intermediates as well as elevated basal respiration and oxidative phosphorylation.

Conclusion:

Physiological medium (Plasmax) improves the metabolic fidelity of hTSCs resulting in increased proliferation and differentiation compared to standard medium (DMEM-F12). We propose that the physiological concentrations as well as the greater complexity of nutrients and metabolites in Plasmax allow for a better in vitro model system for trophoblast biology. N anoparticles (NPs) are emerging materials enabling a wealth of novel applications, but evidence is increasing that NPs can have adverse effects on pregnancy and health in later life. The mechanisms of developmental toxicity of NPs are poorly understood but likely involve direct toxicity from particles that crossed the placental barrier as well as indirect toxicity from particle accumulation in placental tissue and interference with placental function and signaling. Since the placenta is the most species-specific organ, animal studies may not deliver relevant results for human applications. Consequently, there is a great need for alternative human-based ad-vanced in vitro models for developmental toxicity assessment. We have recently developed a microphysiological model combining a placental barrier model (BeWo tropho-blast cell line) with murine embryoid bodies in a user friendly microfluidic platform1. We currently further im-prove the biological model: 1) for the placenta, we work on establishing co-cultures of primary human cyto-trophoblasts (CTBs) and endothelial cells; 2) as a supportive membrane to cultivate placental cells, we explore highly permeable electrospun membranes with superior permeability to NPs compared to conventional track-etched polymer membranes and 3) we replace murine EBs with human induced pluripotent stem cell (iPSC)-derived EBs. In static insert cultures, we have successfully established placental trophoblast/endothelial cell co-cultures2 and a highly permeable chitosan/PEO electrospun cell culture support3, which will be transferred to the micro-fluidic chip platform. Primary human CTBs were isolated from human term placenta to form a confluent mon-olayer of syncytialized cells. To verify the predictive value of the model for NP transport studies, in particular the impact of flow conditions and a primary syncytiotrophoblast layer, we will study size-dependent transloca-tion of differently sized polystyrene NP in static versus dynamic conditions as well as in BeWo versus primary CTB monolayers and compare the results to those obtained with a human ex vivo placenta perfusion model. Overall, reproducing the extensive interplay between placenta and embryo in a microphysiological model will allow for a systematic assessment of placental transport as well as direct and indirect embryotoxicity to gain novel mechanistic insights, which are important for designing safe NPs.

Background

During the 40 weeks of pregnancy, developing of placenta is associated with aging and an increased expression of senescence associated proteins. Cellular senescence is characterized by a permanent state of cell cycle arrest and shows an upregulation of cyclin-dependent kinase inhibitors like p16 and p21. Cellular senescence can be induced by many stimuli like oxidative stress leading to a higher production of reactive oxygen species (ROS). The ROS production is counteracted by antioxidants like superoxide dismutase (SOD). Although placental aging is a physiological process, premature aging of the placenta can be a pathological state and is a hallmark of several placentaassociated pregnancy complications such as fetal growth restriction (FGR) and preeclampsia (PE). Aims: The study aims to establish a multiplex immunofluorescence (mIF) protocol applicable on placental samples to simultaneously analyze the spatial expression pattern of senescence markers in different tissue compartments. Investigating different placental diseases, the role of dysregulated aging in placental pathologies will be elucidated and putative targets for diagnosis and therapy will be defined. Materials and Methods: Formalin-fixed paraffin-embedded placenta samples (total n=30) including healthy term controls (n=5), healthy term controls delivered by caesarean section (n=5), placentas from late onset (n=5) and early onset FGR-pregnancies (n=5), placentas from pregnancies complicated by PE (n=5), and placentas from pregnancies where PE was accompanied by FGR (n=5) are included in the study. Based on Tyramide Signal Amplification, mIF enables the simultaneous detection of multiple proteins of interest in the same tissue section. Using the Opal™ 6-Plex Detection Kit (AKOYA Bioscience), the expression of the senescence markers p16, p21, SOD and IL6 in different placental cell populations is analyzed. The placental cell populations are differentiated by the following phenotype markers: Vimentin (placental stroma), Cytokeratin (trophoblast), β-hCG (syncytiotrophoblast), E-cadherin (cytotrophoblast), CD31 (endothelium). On each slide, one senescence marker is combined with five phenotype markers. Image acquisition is done with the Vectra Polaris™ fluorescence whole slide scanner and inForm® Tissue Analysis Software (both from AKOYA Bioscience) is used for quantification of senescence marker expression as well as the identification of the different cell types involved in premature aging. Results and discussion: We could successfully establish a 6plex antibody panel for mIF studying placental aging. The quantitative and spatial analysis of six different markers per sample is possible and currently ongoing enabling us to describe different patterns of cells involved in premature placental aging especially in FGR and PE. In PE, the outer layer of the placenta, the syncytiotrophoblast, might be particularly involved, where premature senescence leads to shedding of activating material into the vascular system of the mother, while in FGR fetal parts including fetal endothelium and stroma cells might be predominantly involved as a consequence of reduced placental function.

Background

Fetal growth restriction (FGR) and hypertensive pregnancy diseases including preeclampsia, the most important causes of perinatal mortality and morbidity, are strongly associated with impaired placentation and abnormal utero-placental blood flow. NO-donors like pentaerithrityltetranitrate (PETN) are strong vasodilators, lower the vascular resistance and protect the endothelium from stress. Based on data from a randomized controlled pilot study our aim was to the effects of PETN on reduction of FGR and perinatal death, prematurity and as well as on pregnancy induced hypertension (secondary outcome) in pregnant women with placentation failure. Methods: In a multicenter, randomized, double-blind, placebo controlled trial with two parallel groups pregnant women presenting with a mean uterine artery Pulsatility Index >95th percentile at 19+0 to 22+6 weeks of gestation were randomized to Pentalong® 50 mg or placebo twice daily. Randomization was performed block-wise with a fixed block length stratified by center and high-or low-risk group according to participants' medical history. The primary efficacy endpoint was the composite outcome of perinatal death or development of FGR. Secondary endpoints were neonatal and maternal outcomes. The trial was registered: EudraCT (2016-004396-51), DRKS (DRKS00011374) and clinicaltrials. gov (NCT03669185). Results: Between August 2017 and March 2020 317 women were included in the study and 307 were analysed. The cumulative incidence of the primary outcome was 41.1 % in the PETN group and 45.5 % in the placebo group, (adjusted RR 0.90, 95 %CI 0.69-1.17; p=0.43). Secondary outcomes like preterm birth in 37.7 % vs. 51.9 % (adjusted RR 0.73, 95 %CI 0.56-0.94; p=0.01) and pregnancy induced hypertension in 19.4 % vs. 36.6 % (adjusted RR 0.45, 95 %CI 0.22-0.92; p=0.03) were significantly reduced. Kaplan-Meier analysis revealed that participants in the PETN group might have been less likely to be admitted to the hospital (HR 0.51, 95 % CI 0.30-0.85; p=0.01), had longer time to delivery and were less likely to develop elevated blood pressure. Additionally, angiogenic factors measured during pregnancy as the ratio of soluble Flt-1 and placental growth factor (PlGF) stayed significantly longer within the normal range in the PETN group. Discussion: Although results could not confirm an effect of PETN on the development of FGR and perinatal death, the observed potential effect on maternal blood pressure further suggests PETN as a candidate to improve the outcome in pregnancies complicated by placental dysfunction. Experimental results of our group confirmed the protective effect of PETN on endothelial cells as well as trophoblastic cells exposed to oxidative stress.

Introduction

Adverse events during critical points of pregnancy lead to impaired placental function, which may cause detrimental effects on fetal growth and long-term health issues after birth. The blueprint for placental formation is initiated very early in pregnancy and the periconceptional stage is exquisitely sensitive to the maternal environment. Post-translational modification of proteins by O-GlcNAcylation is involved in the regulation of placental development and is often related to stress-induced epigenetic changes. Here, we investigated the effects of elevated protein O-GlcNAcylation during peri-implantation on placental and fetal development.

Methods

Pregnant mice were injected intraperitoneally with thiamet G (TMG) to manipulate O-GlcNAc levels during the implantation window, i.e. E3.5-E7.5. Genes linked to trophoblast development in early pregnancy were assessed by qPCR. At term (E18.5), fetal and placental weights were taken and placental cell types and nutrient (System A amino acid) transport were assessed by immunohistochemistry and transfer of 14C-methyl-AIB respectively.

Results

As expected, protein O-GlcNAcylation in E7.5 implantation sites was increased by TMG treatment. Expression of two trophoblast lineage-specific transcription factors, eomes and stra13, was reduced at E9.5. At term, fetal weight was significantly decreased by 7% in TMG-treated mice, accompanied by reduced fetal:placental weight ratio. However, placental weight, gross morphology, total area of fetal vessels (immunostained with CD31) and area of trophoblast cells (immunostained with pan-cytokeratin) in labyrinth zone were unaffected at term, nor was System A amino acid transport altered. Results: We observed that intracellular total and free cholesterol levels were elevated in hypoxia and H/R. To investigate the underlying factors responsible for the accumulation of cholesterol, we evaluated several genes controlling cholesterol homeostasis. We found that the mRNA expression of the transcription factors SREBP-2 and SRE-BP-1a, was increased in hypoxia together with HMGCR, the rate limiting gene involved in cholesterol biosynthesis.

Conclusions

The mRNA abundance of ACAT1, an enzyme involved in the esterification of cholesterol, was lower in both hypoxia and H/R, explaining the increase in total cholesterol and the accumulation of free cholesterol in the cells.

To evaluate if the increase of intracellular cholesterol affects cholesterol efflux transporters, we determined the gene and protein expression of ABCA1, ABCG1 and SR-BI. The mRNA expression of ABCA1 and ABCG1 was increased in hypoxia; SR-BI mRNA levels were elevated in both hypoxia and H/R compared with normoxia. The protein abundance of ABCA1 was reduced in both hypoxia and H/R, while the protein expression of SR-BI was increased in hypoxia compared to normoxia. These results suggest that cholesterol transport is altered after the hypoxic insult. This was confirmed in functional experiments where cholesterol efflux to maternal serum was higher in hypoxia and H/R and efflux to fetal serum was increased in H/R compared to normoxic conditions. These findings suggest that in PE there is not only an increased cholesterol concentration in the placenta, but that both the mother and the fetus receive more cholesterol during pregnancy, which may result in an increased cardiovascular risk later in life.

To determine the underlying reasons and potential consequences of the altered cholesterol efflux, we measured the protein secretion of ApoA-I and ApoE (cholesterol acceptors) and progesterone (product of cholesterol metabolism). All these factors were unchanged after hypoxia and H/R.

Conclusion:

Several pathways of cholesterol homeostasis as well as the function of ABCA1, ABCG1 and SRBI are altered in a primary trophoblast model mimicking the phenotype of PE. The increased cholesterol efflux and the observed dysregulation of cholesterol biosynthesis may have not only critical consequences for both the mother and the fetus during pregnancy but also later in life.
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Abstract

* Presenting author; *early stage investigator -Yes P reeclampsia (PE) is a complication affecting 3 to 5% of pregnancies. It is characterized by symptoms such as hyperten- sion and proteinuria that usually appear after 20 weeks of gestation (wg). Currently, the diagnosis is mainly based on clinical symptoms and recently on the measurement of placental angiogenic and anti-angiogenic factors that are released by the placenta in response to the maintenance of a hypoxic environment beyond the physiological period of 10/12 wg. Unfortunately, these biomarkers are not deregulated early enough to predict PE occurrence by the end of first trimester. Our team conducted a clinical study called "EGEVE, NCT01490489" that included 148 pregnant women between 14-18 wg. Out of this cohort, 4 women developed PE later. Proteomic analysis of their plasma identified a glycoprotein called Pregnancy Zone Protein (PZP), whose circulating levels were significantly lower in PE patients. The objective of this study was to characterize the role of PZP in placentas collected from the first trimester of pregnancy and to determine whether PZP expression is also deregulated in the placentas of PE women, during the third trimester of pregnancy. We used, human placentas (6 to13wg) that were collected from elective termination of pregnancy at Grenoble hospital (NCT05188066) to characterize the physiological expression profile of PZP. Placentas were also cultured in 3D system as placenta explants to determine the ontology of PZP expression and secretion throughout the first trimester of gestation and to determine the effect of hypoxia on its expression and secretion. Finally, 3rd trimester CTL and PE human placentas were used to compare PZP expression when the PE is established. We demonstrated, using immunohistochemistry and western blot analysis, that PZP is expressed in different cell types of the human placenta, with specific expression in the most differentiated trophoblasts: syncytiotrophoblasts and extravillous trophoblasts. We also demonstrated a trend to an upregulation of the PZP protein under hypoxic conditions in the 3D culture system. These findings strongly suggest a positive regulation of PZP expression and or secretion by hypoxia. Finally, we demonstrated that PZP placental expression was higher in PE specimens compared to CTL. This finding strongly suggests a potential compensatory mechanism that occurs in the placenta to overcome the initial decrease that occurs during the first trimester in PE placenta. Ongoing experiments are in progress to validate these results. To conclude on a final role of PZP in PE, a larger cohort is needed, as it will allow better stratification of PE women. In fact, PZP levels are influenced by other factors such as, contraception or the age of the women. In conclusion, we demonstrated for the first time that PZP protein may be considered as a biomarker of PE occurrence early-on during pregnancy and that this protein may contribute to placental development during early pregnancy. Background: Nitric oxide (NO), produced by endothelial NO synthase (eNOS), has a key role in reducing vascular tone in the fetoplacental circulation. Shear stress is the most effective stimulator of NO production in this vascular bed. Pregnancies complicated by fetal growth restriction (FGR) have raised vascular resistance and a different eNOS profile in this circulation, with higher expression and activity compared to normal pregnancy. In umbilical arteries from healthy pregnancies, arginase-2 competes with eNOS for L-arginine and prevents the NOS-dependent relaxation. Here we test the hypothesis that therapeutic intervention aimed at arginase inhibition by BEC, alone and with tetrahydrobiopterin (BH4), an eNOS co-factor with anti-oxidant properties, would augment NO production by the placenta, with potential future therapeutic benefit in FGR.

Methods Human placental arterial endothelial cells (HPAECs) from normal pregnancy (n=6) were grown to confluency in 0.4 Luer T/C treated micro-chambers (Ibidi BioDiagnostics). Cells were subjected to unidirectional laminar shear stress (20 dynes/cm2) for 48 hours. Four cell flow systems operated in parallel and each cell line was exposed to (i) PBS control, (ii) 25 μM BEC; (iii) 20 μM BH4 or (iv) BEC + BH4. At 48 hours, the conditioned medium was tested for nitrite levels (NO stable breakdown product) using the Griess reaction, following nitrate to nitrite conversion. The concentration dependency of BEC (0125-1250 µM) and BH4 (0.2-2000µM) on cell growth was assessed via a metabolism (MTT assay, N=6); and a cell stress protein array was performed on static cultured HPAECs (12.5 µM BEC; 20 µM BH4 n=3).

Results BEC did not affect MTT at any concentration used and BH4 was without effect at 200µM (Wilcoxon vs control 100%: NS). BEC (25µM) did not increase nitrite levels in conditioned medium from normal pregnancy compared to the PBS control (14.5±7.6µM and 17.1±4.7 µM, mean±SE, respectively), but BH4 (20µM) neared significance in increasing nitrite levels (31.3±5.7 µM; P=0.06, Wilcoxon). Experiments with BEC+BH4 had reduced numbers (n=3) due to technical problems and data were not statistically tested. BEC reduced 17 of 26 human cell stress related proteins in normal HPAECs; and notably included a 61% reduction in expression of the antioxidant SOD2 and a 28% reduction in HIF-1alpha, which dysregulates NOS expression.

Conclusion

The arginase inhibitor BEC did not enhance NO production by the HPAECs in normal pregnancy. This result might arise if increasing L-arginine availability alone is not enough to promote NO production. Alternatively, BEC could have off target actions to elevate oxidative stress and it might be possible to counteract this by concomitant treatment with the eNOS co-factor BH4. Further work is required to assess the potential of BEC, and BEC+BH4, as therapeutic strategy to enhance the capacity of placental endothelial cells to generate NO in FGR.

Methods: Flow culture experiments were performed using differentiated BeWo cells and placental villi (first trimester and term) subjected to flow chambers. They were cultured under physiological shear stress values, ranging from 0,3-1dyne/cm 2 up to 6dyne/cm 2 for pathological conditions, and low oxygen concentration. The expression of RNA was investigated with RNA Sequencing and was confirmed with qPCR. Protein levels were analyzed using Immunofluorescence and Western Blot. All results from cells exposed to shear stress were compared to static conditions to identify important metabolic players under physiological flow conditions. Mitochondrial activity was measured by IF. Glucose consumption of the cells was investigated after silencing the main glucose transporter (SLC2A1) GLUT1 and under different glucose concentrations. To gain insights about the glucose transport under (patho)-physiological conditions, we silenced the main glucose transporter GLUT1 in an artificial placental barrier and observed GOT1 and GOT2 (Glutamic-oxaloacetic transaminase) expression as well as the glucose uptake in different cell layers.

Results: With RNA Sequencing we were able to observe lower expression of genes involved in the glycolytic pathway, beginning with the main glucose transporter itself, GLUT1. Genes, which encode for key enzymes in this pathway are downregulated (HK2, PFKP). The main product of the glycolytic pathway, pyruvate and further lactate, were increased on cellular level as well as in the supernatant, under flow conditions. Mitochondria in cells exposed to shear stress show lower glucose dependency to hold their membrane potential. Upregulation of genes involved in the energy metabolism could be observed for amino acid pathways. GOT1 and GOT2 were significantly upregulated in cells exposed to shear stress. These two enzymes are also altered in IUGR, as well as in glucose uptake studies, by silencing the glucose transporter GLUT1. Conclusion: We suggest, that there is a shift of the energy metabolism from the glycolytic to the amino acid pathway in placenta with physiological shear rates. The use of amino acids to gain energy in the placenta can be important, to support the glycolysis and to force glucose net transport to the fetus.

Methods: Fresh term placental explants were obtained from healthy pregnancies. An in vitro model of inflammation was established using LPS (0.1µg/ml). Placental explants (n=6) were incubated with vehicle controls or LPS+/-ASA (50, 100µM), FA (10, 50µM) or MA (10, 50µM) for 24 or 48 hours. To assess the effects of pre-treatment, placental explants (n=7) were incubated with ASA, FA or MA at 2 concentrations for 24 hours, then incubated with LPS for another 48 hours. Culture medium was collected to assess the release of pro-and anti-inflammatory cytokines (IL-1β, IL-6, IL-10, IL-1ra) downstream of NLRP3 activation. HCG release was measured to assess placental endocrine function. Explants were also collected for immunohistochemistry to detect cleaved caspase 3 (CC3) to assess induction of apoptosis.

Results: LPS treatment significantly increased IL-10 secretion at 24 and 48 hours (p=0.02, p=0.01) and IL-1ra secretion at 24 hours (p=0.05), compared to controls. Co-treatment with ASA (100µM) significantly reduced IL-10 secretion compared to the LPS group after 24 and 48 hours (p=0.006, p=0.005). Co-treatment with FA acid increased median pro-inflammatory IL-6 levels at 24 and 48 hours. Pre-treatment with MA (10, 50µM) significantly decreased LPS-induced release of IL-1β (p=0.003, p<0.0001), IL-10 (p=0.0073, p=0.0068) and IL-1ra (p<0.0001, p<0.0001). HCG secretion was unchanged by all treatments, indicating intact placental endocrine function. A low number of CC3-positive cells was observed in all explants, suggesting that none of the treatments induced cell death at the concentrations tested.

Conclusion:

ASA and MA reduced LPS-induced placental inflammation in healthy placental explants, without altering endocrine function or causing cytotoxicity. FA may increase inflammation in some placentas. This study suggests that drugs known to target the NLRP3 inflammasome can alter cytokine release from placental tissue, thus merit further investigation to determine whether this approach could reduce sterile inflammation. Mefenamic acid is licenced in the UK for dysmenorrhoea and menorrhagia (0.5g three times a day), which may facilitate further studies on placental inflammation.

Introduction

Pro-and anticoagulant mechanisms of the placenta play an important role during pregnancy. One of these mechanisms involves the hydrolysis of extracellular adenosine triphosphate (ATP) via adenosine di-and monophosphate (ADP, AMP) to adenosine by the ectonucleotidases CD39 and CD73. ATP can be released from cells into the extracellular space in response to metabolic disturbances and tissue insults. ATP and ADP are also released by platelets into their environment upon activation, which in turn can lead to inflammatory processes and cell damage at elevated concentrations. Dysregulations in this process can thus lead to the development of pregnancy pathologies, such as preeclampsia. In this study, we aimed to investigate the role of the ectonucleotidases CD39 and CD73 in the human placenta.

Methods

The expression of CD39 and CD73 was investigated in placental tissue from the first and third trimester of healthy and preeclamptic pregnancies as well as in trophoblast cell lines at protein and gene expression levels. Placental explant cultures were incubated in presence of either platelet releasate or isolated activated platelets from autologous donors for 24h. Total RNA and protein were subjected to qPCRs and Western blots, whereas FFPE placental tissue was analysed by immunohistochemistry.

Results

Analysis of placental tissue from first and third trimester revealed an increase of CD39 towards term on protein as well as on gene expression level, whereas the expression of CD73 decreases towards the end of pregnancy. Furthermore, CD39 expression was shown to be decreased in preeclamptic tissue compared to healthy controls.

Conclusion

Decreased placental expression of CD39 could result in reduced hydrolysis of extracellular ATP, which may contribute to a pro-inflammatory microenvironment in the intervillous space in preeclampsia.
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DIFFERENTIAL EXPRESSION OF GLUCOSE TRANSPORTER PROTEINS GLUT-1, GLUT-3, GLUT-8 AND GLUT-12 IN THE PLACENTA OF MACROSOMIC, SMALL-FOR-GESTATIONAL-AGE AND GROWTH-RESTRICTED FETUSES are dysregulated in pregnancy pathologies such as preeclampsia, which has been associated with aberrant trophoblast differentiation as well as turbulent blood flow in the intervillous space and increased wall shear stress at the villous syncytiotrophoblast. Here, we aimed to analyze expression dynamics of placental S1P receptors in human first trimester, pre-term and term cases, and characterize their expression pattern in different primary placental cell types and on differentially treated BeWo cells and first trimester placental explants. Methods: The expression of the five S1P receptors was analyzed by qPCR in first trimester placental samples, preterm and healthy third trimester placentas. In addition, the expression behavior of these receptors was measured in the BeWo cell line and placental explant cultures cultured under specific flow conditions. Immunohistochemistry and Western blot were used to characterize S1P receptors in specific primary cell types of placental tissue. Moreover, we investigated whether or not the placental S1PR subtype repertoire is deregulated in BeWo cells as well as first trimester placental explants, upon treatment with platelet-derived factors and different culture conditions including hypoxia and different flow rates. Results: qPCR analysis revealed that S1PR2 is the predominant placental S1P receptor in first trimester and vanishes towards term. All other S1P receptors increased from first trimester towards term. RNA and Protein data as well as immunohistochemical stainings confirmed that S1PR1 is predominantly found in the endothelium of placental villi, while S1PR2 and S1PR3 are mainly located in trophoblasts. Flow culture of the BeWo cell line showed no effect on the expression level of S1PR2, while platelet-derived factors decreased the expression of some receptors significantly.

In conclusion, our study suggests that the placental S1PR repertoire is differentially expressed across gestation. S1P receptor expression pattern in trophoblasts depends on its differentiation status and may be deregulated in response to hemodynamic forces and the presence of platelet-derived factors. Additional experiments are needed to further decipher the role of S1P receptors in the placenta over the course of human pregnancy and in pregnancy complications.

EFFECT OF PRAVASTATIN ON PLACENTAL EXPRESSION OF EGFL7 IN PE AND IUGR :

A NEW POTENTIAL THERAPEUTIC APPROACH Salvi S. 

Abstract

* Early stage investigator -Yes | Corresponding author : Luisa Campagnolo 3 E-mail: campagnolo@med.uniroma2.it M aternal systemic manifestations of Preeclampsia (PE) are mainly due to the placental release of anti-angiogenic factors. Epidermal Growth Factor Like Domain 7 (Egfl7) is an angiogenic factor, highly expressed in proliferating endothelial cells during embryogenesis and in physiologic and pathologic angiogenesis discovered by our group simultaneously with other authors. Recently the trophoblast as a novel source of EGFL7 in the human placenta was also identified. In PE-complicated pregnancies, a significant EGFL7 downregulation in placental tissues is on the other hand accompanied by a significant increasein the maternal plasma. Moreover, circulating EGFL7 levels can discriminate between women with early-and late-onset PE (e-PE and l-PE) and isolated intrauterine growth restriction (IUGR). Pravastatin (PRA) is a lipid-lowering drug with hydrophilic activity widely taken to reduce the risk of cardiovascular events. In the last years, the potential of PRA in the prevention and treatment of PE was highlighted. Aim of our pilot case-control study is to evaluate the ability of PRA to modulate EGFL7 expression in human chorionic villous explant culture from uncomplicated pregnancies and from women with PE and IUGR. Methods: 19 women were enrolled for this study: 10 healthy controls, 4 e-PE, 3 l-PE and 2 IUGR. In all groups, placenta was collected after caesarean delivery with standard biopsy procedure. Explants of chorionic villi were prepared as described by Miller et al and chorionic villous explants were cultured for 24 hours with or without 10 µM PRA. Gene and protein expression of EGFL7 and other angiogenic factors was quantified by qRT-PCR and Western Blot analysis on RNA and protein extracts from chorionic villous cultures, respectively. Results: PRA significantly increased EGFL7 gene expression in villous explant cultures obtained from healthy, l-PE and IUGR pregnancies (p < 0.001, p = 0.006, and p = 0.014, respectively), while its levels decreased in e-PE villi after PRA treatment (p = 0.025). This trend was confirmed at protein level, although in a not-significant way. Differently from the other groups, in samples obtained from l-PE patients all NOTCH target genes were significantly upregulated by PRA treatment. NOTCH1 transmembrane subunit (NOTCH1 NTM) protein levels were higher in villous cultures obtained from treated compared to untreated l-and e-PE patients; no changes were observed for healthy controls. Conclusion: PRA is able to modulate the expression of EGFL7 in human placenta; the differences observed between groups and in particular between l-PE and e-PE underlines the well-known different nature of the two forms of PE and isolated IUGR; from a clinical point of view, the effect of PRA on villi from e-PE encourages the use of this molecule in prevention rather than as treatment when the disease is already established and the severe damaged placental villi may not be able anymore to correctly answer to PRA treatment. Background: The human placenta is a multifunctional organ essential for fetal development and growth, whose function can be disrupted by xenobiotics in maternal blood. Benzo-[a]-pyrene (B[a]P) is a carcinogenic, mutagenic and reprotoxic pollutant as well as an endocrine disruptor that can be internalized in the human body by respiratory and/or oral exposure. Cerium dioxide nanoparticles (CeO 2 NPs) have been introduced into our environment, mainly for their catalytic properties. These nanoparticles currently share the same emission sources as B[a]P (e.g. cigarette smoke, diesel engine exhaust). CeO 2 NPs are also being studied for their antioxidant and pro-oxidant properties for therapeutic applications. The study of these nanoparticles must take into account their ability to coat themselves with surrounding molecules such as B[a]P from common emission sources. In order to understand their impact on human health, in 2010 the OECD included CeO 2 NPs in the priority list of nanomaterials requiring urgent assessment. The aim of our study is to determine the impact of these two atmospheric pollutants on the human placental barrier in concomitant exposure, in order to get closer to the environmental reality.

Methods:

The chosen concentrations ratio used in this study was 10 μg/cm2 NPs CeO 2 for 1 μM B[a]P, which is the quantity of B[a]P necessary to cover the entire surface of the NPs when they are encountered together. Sections of chorionic villi from human placentas at term of pregnancy exposed in vitro to the pollutants were observed by confocal and Raman microscopy. Villous cytotrophoblasts (VCT) isolated from human placentas at term of pregnancy were cultured and exposed in vitro to these pollutants. Cytotoxicity was assessed using metabolic activity of mitochondrial dehydrogenase (WST-1 test) and extracellular lactate dehydrogenase assay. Placental endocrine activity was assessed by ELISA. The signaling pathways impacted by exposure to these pollutants have been studied by Western Blot and RT-qPCR. The production of reactive oxygen species (ROS) was assessed by the DCF probe.

Results: We demonstrated that CeO 2 NPs coated with B[a]P can be internalized within the chorionic villi. The two pollutants used at realistic exposure doses do not induce toxicity nor disturbance of hCG production on VCT in vitro. However, B[a]P alone or in co-exposure with CeO 2 NPs activate the metabolic pathway of the aryl hydrocarbon receptor (AhR), causing DNA damage. B[a]P also stabilizes the stress transcription factor p53 and its transcriptional target p21. At the studied doses and for short exposure times, CeO 2 NPs alone lead to an increase in ROS production, unlike B[a]P.

Conclusion:

Although these two pollutants do not cause major toxicity on term human trophoblasts after in vitro exposures, cellular stress markers are induced.