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Editorial on the Research Topic
 Olfactory neuroepithelium-derived cellular models to study neurological and psychiatric disorders




Neurodevelopment is a spatially and temporally regulated process that occurs mostly during the embryonic and fetal stages. Given the sophistication of the nervous system, particularly the brain, we can only imagine the complexities of the regulation of neurodevelopment. Many human diseases are rooted, or likely rooted, in this period, including some neurological and psychiatric disorders. Although genotyping or sequencing can provide us with genetic information about each patient, we are still a long way from understanding how specific combinations of SNPs and mutations translate into changes in the functionality of different cell types involved in neurodevelopment. While we cannot go back in time to study the embryonic and fetal development of current patients, there is an option to investigate the specifics of neurodevelopment that are ongoing throughout adulthood in the olfactory neuroepithelium (ON) to replenish short-lived olfactory neurons (Graziadei and Graziadei, 1979). ON has been successfully utilized to unveil the neuronal signatures of neurological and psychiatric disorders such as schizophrenia, first-episode psychosis, and bipolar disorder (Mackay-Sim, 2012; Kano et al., 2013; Mor et al., 2013; Lavoie et al., 2017; Rhie et al., 2018; Evgrafov et al., 2020; Namkung et al., 2023). Moreover, constant neuronal loss in the ON may share mechanisms with neuronal degeneration in the human brain, thus making the ON an attractive candidate for modeling neurodegenerative disorders such as Alzheimer's (Rantanen et al., 2022).

The relatedness between the brain and olfactory neuroepithelium may not be limited to the similarity of cell types at early stages of development, but it could also be maintained by continuous interaction through the lymphatic vasculature (Palominos et al.), contributing to the concordance in cell function properties between the ON and the brain. The potential link between the olfactory system and higher brain functions has also been investigated in psychotic disorders and mouse models (Etyemez et al., 2021, 2022; Hasegawa et al., 2021, 2022; Yang et al., 2021).

In agreement with this notion, olfactory deficits have been consistently reported in patients with neurological and psychiatric disorders, such as schizophrenia (Moberg et al., 2014), first-episode psychosis (Kamath et al., 2018), and Alzheimer's disease (Murphy, 2019). In this special topic, Fang et al. reported that severe olfactory dysfunction in patients with Parkinson's.

It is easy to speculate that diseases are caused by alterations in the expression profiling of cells of neuronal lineage—such as neural stem cells, neural progenitors, or even immature neurons—which affect the normal process of differentiation. Such a view may not fully describe the mechanism of diseases and could even be largely wrong. The ON represents a whole ecosystem supporting constant neurogenesis, and it includes other cell types supporting and regulating this process. One of such cell types, which can generally be called mesenchymal cells, may play an important role both in neurogenesis and in the etiology of neurological and psychiatric diseases. Such cells in the ON were described by Delorme et al. (2010), who named them “ectoderm-mesenchymal stem cells.” This team presented their new study in this special topic, describing a protocol for an efficient manufacturing process for clinical-grade olfactory stem cells, which could be used to promote the recovery of spinal cord trauma, hearing loss, Parkinson's disease, amnesia, and peripheral nerve injury (Jaloux et al.). Mesenchymal cells derived from the respiratory epithelium of the middle or superior turbinates are very similar to the cells in the embryonic brain (Tung et al., 2023), further supporting the idea of the important role of mesenchymal cells in brain disorders.

These compelling indications of the similar nature of cells in the ON with those in the brain make it possible to use the ON cells as a proxy of brain cells to explore the pharmacological properties of drugs and their effects on the pathways and biological properties of the neuronal cells of the patient. In this special topic, Mihaljevic et al. utilized olfactory neuronal cells derived from biopsies of living patients with psychosis, combined with neurocognitive assessments from these same patients, to examine the clinical potential of drug targets suggested by a genome-wide association study.

Studies of the ON as a model system of brain development and neurodegeneration have shown impressive evolution, accommodating new technologies, such as epigenetic methodologies (Rhie et al., 2018) and single-cell transcriptomics (Oliva et al., 2022; Tung et al., 2023), and they are growing in scale (Evgrafov et al., 2020). This topic demonstrates increased diversity and new dimensionalities, widening the borders of cell models to use them for drug discovery (Mihaljevic et al.) and for cell therapy (Jaloux et al.) as well as continuing the addition of conditions that could be modeled by cells from the ON (Fang et al.). These studies are based on our improved understanding of the relationships between the ON and the brain (Palominos et al.; Tung et al., 2023).

The progress in this field so far lacks common protocols, therefore complicating the comparison and verification of results in different studies, which is especially important when working with heterogeneous biological samples. The iPSC model system is an example of how such problems could be overcome by closer collaboration and communication. We hope that this topic will serve as a trigger for consolidation and stimulate the advancing of this field, encouraging the exploration of cellular models even further—for example, using such tools as CRISPR and organoids.

While iPSC is a popular cellular model of brain diseases, cells derived from the ON have some advantages that make them an attractive complementary model system and contribute to their usability in both basic neuroscience and translational psychiatry.
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