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Introduction: The carotid body (CB) is an arterial chemoreceptor that mediates rapid cardiovascular and respiratory reflexes to hypoxia. These reflexes mature perinatally and are vital for fetal hypoxia tolerance (Giussani. J Physiol. 2016; 594(5):1215-30) and establishing stable ventilatory control after birth (Donelly. J Appl Physiol. 2000;88(6):2296-2301). This maturation is associated with a progressive gain in the electrophysiological response of CB cells to hypoxia (Blanco et al. J. Physiol. 1984;351:25-37; Wasicko et al. J Physiol. 1999;514.2:493-503): a cellular property that is poorly understood, but critical to systemic oxygen homeostasis, and CB dysfunction is also implicated in sudden infant death syndrome, heart failure and hypertension. We hypothesized that perinatal changes in CB gene expression would reveal candidate mechanisms for acute oxygen sensing and insights into cardiorespiratory pathology.

Methods: We studied CB gene expression in sheep, where perinatal CB physiology is well-characterised. Fetal CB reflexes becomes established by ca. 120 days gestational age (dGA) triggerin a hypoxia-induced cardiovascular response that is robust by term (145 dGA). Sensitive CB-mediated hypoxic ventilatory responses are established by post-natal (PN) day 15. We isolated CB and the superior cervical ganglion (SCG) as an oxygen insensitive control, using 3 animals per life stage (120 dGA,145 dGA, PN d15, and adults). Samples were processed for RNA sequencing and data studied by principal component and hierarchical clustering analysis. 

Results: We see clear separation of CB and SCG transcriptomes and a sequential change in CB gene expression with maturation. The most striking and progressive CB enrichment is in genes previously implicated in murine CB oxygen sensing, including potassium channels (eg. KCNK9: log2fc 4.0, FDR 5.6E-09, tissue-time interaction across all samples) and variant mitochondrial complex IV (eg. NDUFA4L2: log2fc 2.0, FDR 5.7E-05). There is also progressive CB enrichment of genes involved in DAG signalling (eg. DGKH: log2fc 2.6, FDR 1.73E-11) and up-regulation of genes for fatty acid CoA ligases (GO:0004467, 6.8-fold enrichment, FDR 1.9E-02, adult CB vs. SCG) but this is on a background of widespread down-regulation of most metabolic genes, potentially providing a state permissive to metabolic signal detection. 
Seeking potential transcriptional drivers of maturation, we focussed on the most highly expressed transcription factors that increase with development. The top candidate is hypoxia-inducible factor 2 (HIF-2) which is uniquely highly expressed in the CB (mean tpm 1327 (CB) vs. 96 (SCG)). The next most highly expressed transcription factor is DDX5 (mean tpm 535 (CB) vs. 304 (SCG)). We also find postnatal enrichment of glucocorticoid target genes (FDR=4.3E-4 adult CB vs. SCG), consistent with cortisol driven maturation.

Conclusions: The developing CB transcriptome reveals a unique metabolic signature centred on HIF-2, with core features conserved between mice and sheep. We show this is established in fetal life and increases with maturation of CB function, along with other gene expression changes that suggest a potential role for lipids in hypoxia signal transduction.
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