Oxygen metabolism controls call fate specification and morphogenesis in in vitro mouse embryo models
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Early mouse development happens under physiological hypoxic conditions, which inevitably leads to changes in the metabolic state of the embryo, adapting to the environment to meet the energetic requirements of the cells. Although recent studies have correlated these metabolic gradients with signaling and morphogenetic processes, the precise mechanisms through which metabolism regulates morphogen signaling pathways and cell functions during early mammalian development remain unclear. In this research we aim to dissect the role of metabolism in patterning during mouse gastrulation using in vitro mouse embryo models (aka stembryos) that recapitulate the establishment of the cell fates (mesoderm, endoderm, neuroectoderm and neuromesodermal progenitors (NMP)) and the morphology of a gastrulating mouse embryo. Using a combination of advance imaging, single-cell RNA-sequencing, genome engineering and image analysis we identified that an early imbalance of glycolysis and OxPhos in the bipotent NMP population results in a neural lineage bias and aberrant morphogenesis. This can be corrected by chemically boosting the glycolytic pathway which leads to the expansion NMP population early on, and to improved mesodermal specification during somitogenesis. These patterning changes have been experimentally linked to modulations of the FGF and Wnt signaling pathways activity by a glycolytic gradient along the anterior-posterior axis. In addition, we also investigated the role of hypoxia as physiological trigger of metabolic switch towards glycolytic metabolism. Experimental manipulation of the oxygen tension in the culture condition of stembryos leads to a more robust specification of mesodermal fates, an improved endodermal lineage representation and the putative formation of axial mesodermal structures. Preliminary data in stembryos treated with H2O2 seem to link the signaling role of physiological reactive oxygen species (ROS) to axial organizer and endomesoderm specification. We are further exploring how these metabolic gradients are established in space and time and their involvement in lineage decision and patterning via morphogen signaling. Withal, our findings highlight the interplay between metabolism and signaling and its key role in regulating balanced cell fate determination in vitro.


