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Editorial on the Research Topic
 Changes in metabolic processes affecting brain development




The developing human brain has its own intrinsic chemistry and metabolic functions dictated by genetic factors and nutrient availability to provide the energy for vast proliferation, differentiation, and migration of neurons and glia, synapse formation, and circuitry establishment. These intrinsic processes interact with and are influenced by the outside world to which the brain will be trained to generate patterns of responses and purposeful behavior. Early life exposures, whether to medications, illicit substances, pathogens, hypoxia, light, or inflammation, all indelibly shape the metabolic and electrical systems that will result in either proper or pathological brain functioning. This special issue which contains original research articles and comprehensive reviews addresses how metabolic processes affect brain development.

A critical step in allowing neurons to communicate efficiently is myelination, a job that is performed by oligodendrocytes in the central nervous system (CNS). Generating myelin is a metabolically costly endeavor, requiring synthesis of lipids and proteins (Tepavcevic, 2021). To accomplish this goal, oligodendrocytes utilize glycolysis to generate ATP, and use lactate to generate lipids (Madeira et al.). Madeira et al. explain the increasingly recognized immune function of oligodendrocytes, work that has been largely accomplished in studies of rodent models. They find that not only do these complex cells wrap and insulate neurons, but they also display immune phenotypes, phagocytosing foreign bodies presenting antigens via major histocompatibility class II (MHC II) molecules in cases of neuroinflammation (Madeira et al.). Under conditions of inflammation, such as the demyelinating CNS disease multiple sclerosis (MS), oligodendrocytes redirect their metabolic efforts to generating the immune proteasome, a group of proteins involved in phagocytosis, antigen processing and presentation, becoming immune oligodendrocytes.

Apart from autoimmunity, neuroinflammation is also seen in the context of infection. Early life infections, including TORCH pathogens (toxoplasmosis, other- syphilis and parvovirus B19, rubella, cytomegalovirus CMV, and herpes simplex virus), bacteria, and other emerging pathogens such as Zika virus and SARS-CoV2, can also cause perinatal infection and lead to detrimental brain development through inflammatory pathways. The gut-brain axis has recently come to light as playing an important role in brain homeostasis and response to pathogens (Kirschen et al.). For instance, gut-derived short chain fatty acids can cross the blood brain barrier and activate microglia, the cannonical immune surveillance cells in the CNS, triggering a host inflammatory response through various signaling pathways such as the Jak3/STAT1 pathway (Erny et al., 2015).

Not only are the pathogens themselves responsible for altering metabolic and inflammatory pathways, but the medications used to treat such infections can also influence brain development through gut-brain interactions. Antibiotics used in pregnancy and in the neonatal period have a profound effect on the establishment of the neonatal gut microbiome (Grech et al., 2021). While treatment with antibiotics in cases of infection can of course be life-saving, they have also been shown to alter gut flora composition. Specifically in premature neonates exposed to antibiotics, these neonates demonstrated fewer Frimicutes and more Proteobacteria species accompanied by altered SCFA profiles compared to neonates not exposed to antibiotics, potentially impacting microglia activity (Dahl et al., 2018; Kirschen et al.).

Antibiotics are one class of drugs that may affect metabolic processes and brain development. On the other hand, recreational substances such as ethanol, marijuana, opioids, and nicotine use can have profound effects on brain structural development, neurogenesis, and synaptic connectivity. Stankovic and Colak explore various metabolic changes occurring in rodent models of prenatal substance exposure. For instance, they find that in rats, ethanol treatment affects one carbon metabolism, increasing cysteine and methionine concentrations in offspring, possibly helping to explain fetal alcohol spectrum disorder, although more work will be needed to fully explain the clinical phenotypes. To address these questions, three dimensional induced pluripotent stem cell-derived human organoids are becoming a more popular tool to model brain development. These brain organoids can be used to examine effects of environmental toxins and drugs on cellular processes, including neurotransmitter biosynthesis, neuronal damage, and regeneration/neurogenesis (Stankovic and Colak).

While small molecules such as ethanol, opioids, and cannabinoids can cross the blood brain barrier and impact brain metabolism directly through their effects on signaling pathways of energy generation and utilization, light is another environmental exposure that may influence brain metabolism and circuitry. Gutierrez-Menendez et al. sought to determine whether photomodulation would affect glucose metabolism and neuronal activity in the prefronal cortex (PFC) and hippocampus. The idea is that light applied directly to the scalp may influence mitochondrial function. They directed red to infrared light non-invasively to the scalps of Wister rats and measured cytochrome c oxidase activity (terminal enzyme in the mitochondrial electron transport chain) and analyzed c-Fos immunohistochemistry (a marker of neuronal activation) in PFC and hippocampus. These investigators found no significant differences between light-exposed and control rats in either of these measures. Regardless, we do know that light has a profound effect on visual cortex development and can positively influence mental health disorders such as depression, impacting brain metabolism likely through indirect signaling from retina to visual cortex to higher level brain regions (Castren et al., 1992; Even et al., 2008).

In summary, brain metabolism can be disrupted or regulated by a host of environmental and intrinsic or genetic mediators, from pathogens, recreational substances and pharmaceuticals to pro-inflammatory molecules and intrinsic cellular machinery. New tools, such as 3-D brain organoids, metabolomics, and gut microbiome profiling, will likely help elucidate the roles that these various mediators play in energy utilization, resource diversion, neurogenesis/gliogenesis, and neuro-regeneration or neurodegeneration.
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