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Editorial on the Research Topic
 The earliest-born cortical neurons as multi-tasking pioneers: expanding roles for subplate neurons in cerebral cortex organization and function, volume II




The subplate is a versatile layer in the developing neocortex of the mammalian brain. It forms a distinct layer beneath the developing cortical plate, serving as an interface between the cortical plate and the intermediate zone that contains growing axons and migrating neurons. Subplate neurons are transient recipients of thalamocortical inputs with functional synapses until the thalamocortical axons reach layer IV where they establish persistent connections. In addition, subplate neurons form temporal synapses with later-born neurons migrating to the cortical plate. Other features of the subplate are its heterogeneity and its massive loss during the postnatal development. Subplate impairment is implicated in mental/neurodevelopmental disorders.

After the publication of the initial volume of the Research Topic (Sato and Chou, 2020), the research field of cortical subplate has exhibited significant expansion with more focus on subplate in human cortex. In the fetal cortex, during mid-gestation, the subplate becomes elaborated with three sublayers and more than twice as thick as the cortical plate above it (Kostović et al., 2019). Molecular (Miškić et al., 2021; Smith et al., 2021; Žunić Išasegi et al., 2022; Junaković et al., 2023; Kopić et al., 2023) and in utero functional MRI studies described temporal changes of cellular components and morphological dynamics of the three-layered subplate (Vasung et al., 2021; Taymourtash et al., 2023; Wilson et al., 2023). Another focus in the research field is implication of the subplate in disease conditions. For example, 45% increase of NeuN-positive neurons was reported in the subplate of ASD subjects (Avino and Hutsler, 2021).

Studies in rodents have deepened the understanding of molecular mechanisms that underlie cortical circuit formation during development. Subplate-specific knockout of Arid1a, a chromatin remodeler gene, exhibited severe disruption of both subplate organization and co-fasciculation of axons from the subplate and thalamus (Doyle et al., 2021). Transcription factor LHX2 expression in neuronal progenitors of subplate neurons at embryonic day 11.5 is indispensable for correct penetration and pathfinding by thalamocortical axons in the cortical plate (Pal et al., 2021). Peripheral sensory stimuli during early postnatal development affect local circuit formation that involves both cortical plate and subplate (Mehra et al., 2022; Mukherjee et al., 2022; Xue et al., 2022).

In the postnatal cortex, layer VIb contains surviving subplate remnant cells. Circuitry and sensory responses of these neurons were also reported. Among the heterogeneous population of layer VIb neurons in the barrel cortex, fusiform neurons have local axons within the subplate while pyramidal neurons have axons extending throughout the cortical layers (Ghezzi et al., 2021). In the visual cortex of juvenile mice, layer VIb neurons showed broader tunings for visual parameters compared with layer 2/3 neurons and layer 6a neurons as well as the ocular dominance plasticity after monocular deprivation during critical period (Yoneda et al., 2023).

This Research Topic “The Earliest-Born Cortical Neurons as Multi-Tasking Pioneers: Expanding Roles for Subplate Neurons in Cerebral Cortex Organization and Function, Volume II” consists of four Original Research articles reporting new findings on molecular, cellular and circuitry aspects of subplate, including those with anatomical study of subplate in human fetus and mouse model of schizophrenia.

Alzu'bi and Clowry reported expression of Annexin V (ANXA5) in the upper subplate of human fetal cortex at mid-gestational stage (PCW19). Although its functional relevance in the upper subplate awaits further investigation, ANXA5 may be involved in sorting/guidance of thalamocortical axons as these axons spend some time (“waiting” period) in the upper subplate before entering the cortical plate.

Gellért et al. demonstrated in mice that at the day of birth, subplate neurons in the primary somatosensory cortex (S1) and the primary motor cortex (M1) formed functional connections, preceding the connectivity between S1 and the secondary somatosensory cortex and two days earlier than previously reported anatomical projection from S1 to M1 (Tiong et al., 2019). Their functional connectivity analysis suggested that information flows from the subplate to the cortical layers in early postnatal cortex, emphasizing the relevance of the subplate as a hub for cortical network formation.

Tsai et al. studied white matter neurons and layer VIb neurons, both of which are the remnant populations of the subplate neurons, in Disc1 heterozygous mouse. Increased number of NeuN-positive white matter neurons and CTGF-positive layer VIb neurons, and reduced number of Cplx3-positive layer VIb neurons were observed in this mouse model of schizophrenia. In addition, horizontal neurons showed abnormal dendritic morphology in the mutant. Mis-organization of neuronal subtypes and circuits in the subplate may be related to the altered brain functions in the Disc1 heterozygous mutant that show schizophrenia-like behaviors.

Kement et al. examined the expression of neuroserpin, a serine protease inhibitor, in the somatosensory cortex of developing and adult mice, and its role in cortical lamination and synaptic proteome. The expression was detected in the bottom of Tbr1-positive deep layers, corresponding to subplate/layer VIb, which is consistent with a previous report (Kondo et al., 2015). The formation of subplate as well as that of other cortical layers seems to be normal in the absence of neuroserpin.

In conclusion, the four articles provided new information on neuroanatomy of the subplate and its cell-type dependent alterations in a schizophrenia model. These findings in conjunction with the studies outside this Research Topic should be clues to uncover the logics of construction and regulation of heterogeneous components of the subplate, eventually leading to holistic understanding of the neuronal circuits and functions of the subplate in the developing and mature cerebral cortex.

Finally, we would like to thank all the contributors and hope this Research Topic helps facilitate future researches to reveal the underlying mechanisms of subplate development, functions, evolution, and pathophysiology in brain disorders.


Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Funding

This work was supported by JSPS KAKENHI (Grant Numbers JP21K06409 and JP20H03414) and by The Naito Foundation.



Acknowledgments

We thank Sheena Y. X. Tiong for critical reading and editing of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Avino, T., and Hutsler, J. J. (2021). Supernumerary neurons within the cerebral cortical subplate in autism spectrum disorders. Brain Res. 1760, 147350. doi: 10.1016/j.brainres.2021.147350

 Doyle, D. Z., Lam, M. M., Qalieh, A., Qalieh, Y., Sorel, A., Funk, O. H., et al. (2021). Chromatin remodeler Arid1a regulates subplate neuron identity and wiring of cortical connectivity. Proc. Natl. Acad. Sci. U.S.A. 118, e2100686118. doi: 10.1073/pnas.2100686118

 Ghezzi, F., Marques-Smith, A., Anastasiades, P. G., Lyngholm, D., Vagnoni, C., Rowett, A., et al. (2021). Non-canonical role for Lpar1-EGFP subplate neurons in early postnatal mouse somatosensory cortex. eLife 10, e60810. doi: 10.7554/eLife.60810

 Junaković, A., Kopić, J., Duque, A., Rakic, P., Krsnik, Ž., and Kostović, I. (2023). Laminar dynamics of deep projection neurons and mode of subplate formation are hallmarks of histogenetic subdivisions of the human cingulate cortex before onset of arealization. Brain Struct. Funct. 228, 613–633. doi: 10.1007/s00429-022-02606-7

 Kondo, S., Al-Hasani, H., Hoerder-Suabedissen, A., Wang, W. Z., and Molnár, Z. (2015). Secretory function in subplate neurons during cortical development. Front. Neurosci. 9, 100. doi: 10.3389/fnins.2015.00100

 Kopić, J., Junaković, A., Salamon, I., Rasin, M. R., Kostović, I., and Krsnik, Ž. (2023). Early regional patterning in the human prefrontal cortex revealed by laminar dynamics of deep projection neuron markers. Cells 12, 231. doi: 10.3390/cells12020231

 Kostović, I., Žunić Išasegi, I., and Krsnik, Ž. (2019). Sublaminar organization of the human subplate: developmental changes in the distribution of neurons, glia, growing axons and extracellular matrix. J. Anat. 235, 481–506. doi: 10.1111/joa.12920

 Mehra, M., Mukesh, A., and Bandyopadhyay, S. (2022). Earliest experience of a relatively rare sound but not a frequent sound causes long-term changes in the adult auditory cortex. J. Neurosci. 42, 1454–1476. doi: 10.1523/JNEUROSCI.0431-21.2021

 Miškić, T., Kostović, I., Rašin, M. R., and Krsnik, Ž. (2021). Adult upper cortical layer specific transcription factor CUX2 is expressed in transient subplate and marginal zone neurons of the developing human brain. Cells 10, 415. doi: 10.3390/cells10020415

 Mukherjee, D., Meng, X., Kao, J. P. Y., and Kanold, P. O. (2022). Impaired hearing and altered subplate circuits during the first and second postnatal weeks of otoferlin-deficient mice. Cereb. Cortex 32, 2816–2830. doi: 10.1093/cercor/bhab383

 Pal, S., Dwivedi, D., Pramanik, T., Godbole, G., Iwasato, T., Jabaudon, D., et al. (2021). An early cortical progenitor-specific mechanism regulates thalamocortical innervation. J. Neurosci. 41, 6822–6835. doi: 10.1523/JNEUROSCI.0226-21.2021

 Sato, M., and Chou, S. J. (2020). Editorial: the earliest-born cortical neurons as multi-tasking pioneers: expanding roles for subplate neurons in cerebral cortex organization and function. Front. Neuroanat. 14, 43. doi: 10.3389/fnana.2020.00043

 Smith, R. S., Florio, M., Akula, S. K., Neil, J. E., Wang, Y., Hill, R. S., et al. (2021). Early role for a Na+,K+-ATPase (ATP1A3) in brain development. Proc. Natl. Acad. Sci. U.S.A. 118, e2023333118. doi: 10.1073/pnas.2023333118

 Taymourtash, A., Schwartz, E., Nenning, K. H., Sobotka, D., Licandro, R., Glatter, S., et al. (2023). Fetal development of functional thalamocortical and cortico-cortical connectivity. Cereb. 33, 5613–5624. doi: 10.1093/cercor/bhac446

 Tiong, S. Y. X., Oka, Y., Sasaki, T., Taniguchi, M., Doi, M., Akiyama, H., et al. (2019). Kcnab1 is expressed in subplate neurons with unilateral long-range inter-areal projections. Front. Neuroanat. 13, 39. doi: 10.3389/fnana.2019.00039

 Vasung, L., Zhao, C., Barkovich, M., Rollins, C. K., Zhang, J., Lepage, C., et al. (2021). Association between quantitative MR markers of cortical evolving organization and gene expression during human prenatal brain development. Cereb. Cortex 31, 3610–3621. doi: 10.1093/cercor/bhab035

 Wilson, S., Pietsch, M., Cordero-Grande, L., Christiaens, D., Uus, A., Karolis, V. R., et al. (2023). Spatiotemporal tissue maturation of thalamocortical pathways in the human fetal brain. eLife. 12, e83727. doi: 10.7554/eLife.83727

 Xue, B., Meng, X., Xu, Y., Kao, J. P. Y., and Kanold, P. O. (2022). Transient coupling between infragranular and subplate layers to layer 1 neurons before ear opening and throughout the critical period depends on peripheral activity. J. Neurosci. 42, 1702–1718. doi: 10.1523/JNEUROSCI.2505-20.2021

 Yoneda, T., Hayashi, K., and Yoshimura, Y. (2023). Experience-dependent functional plasticity and visual response selectivity of surviving subplate neurons in the mouse visual cortex. Proc. Natl. Acad. Sci. U.S.A. 120, e2217011120. doi: 10.1073/pnas.2217011120

 Žunić Išasegi, I., Kopić, J., Smilović, D., Krsnik, Ž., and Kostović, I. (2022). Transient subplate sublayer forms unique corridor for differential ingrowth of associative pulvinar and primary visual projection in the prospective visual cortical areas of the human fetal occipital lobe. Cereb. Cortex 32, 110–122. doi: 10.1093/cercor/bhab197









OPS/images/crossmark.jpg
(®) Check for updates





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: The earliest-born cortical neurons as multi-tasking pioneers: expanding roles for subplate neurons in cerebral cortex organization and function, volume II



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
’ frontiers | Frontiers in Neuroanatomy

Editorial: The earliest-born
cortical neurons as multi-tasking
pioneers: expanding roles for
subplate neurons in cerebral
cortex organization and function,
volume II





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Neuroanatomy





