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Neuronal development

Neuronal development is a complex and highly regulated process that involves the formation, growth,
and maturation of neurons. This process is essential for establishing the nervous system and ensuring
proper function throughout an organism's life.

1. Neurogenesis

Definition: Neurogenesis is the process by which new neurons are generated from neural stem or
progenitor cells.

Location: In vertebrates, this primarily occurs in the developing brain during embryogenesis, though
some neurogenesis continues in certain regions of the adult brain, such as the hippocampus.
Regulation: Neurogenesis is influenced by various genetic factors and signaling pathways, including
those involving growth factors (e.g., BMPs, FGFs) and transcription factors.

2. Neuronal Differentiation Process: After neurogenesis, progenitor cells differentiate into mature
neurons. This involves changes in gene expression that promote neuronal characteristics. Types of
Neurons: Different types of neurons (e.g., excitatory, inhibitory, sensory) are generated based on the
area of the brain and the signals they receive during development. 3. Axon and Dendrite Growth Axon
Growth: Newly formed neurons extend axons, which are long projections that transmit signals to other
neurons. Axon growth is guided by various cues in the environment, including chemical signals and
extracellular matrix components. Dendrite Development: Dendrites are shorter branches that receive
signals from other neurons. Dendrite morphology and branching patterns are crucial for proper
synaptic connections. 4. Synaptogenesis Formation of Synapses: Neurons form synapses, which are
specialized junctions that allow communication between cells. This process is critical for establishing
neural circuits. Regulation: Synaptogenesis is regulated by various factors, including cell adhesion
molecules, neurotransmitter receptors, and signaling pathways that mediate synaptic plasticity. 5.
Pruning and Refinement Synaptic Pruning: During development, excess neurons and synapses are
eliminated to refine neural circuits. This process is essential for optimizing brain function and
connectivity. Mechanisms: Pruning is influenced by activity-dependent mechanisms, where neural
activity determines which synapses are maintained or eliminated. 6. Maturation Functional
Maturation: As neurons develop, they acquire the ability to communicate effectively and respond to
stimuli. This includes the maturation of ion channels, neurotransmitter receptors, and signaling
pathways. Plasticity: The developing nervous system is highly plastic, meaning it can adapt and
reorganize in response to experience and environmental changes. 7. Factors Influencing Neuronal
Development Genetic Factors: Genes play a crucial role in regulating the timing and progression of
neuronal development. Environmental Factors: External factors, such as nutrition, toxins, and sensory
experiences, can significantly influence neuronal development. Signaling Molecules: Growth factors,
neurotransmitters, and cell adhesion molecules are essential for guiding neuronal development and
ensuring proper connectivity. Conclusion Neuronal development is a finely tuned process that lays the
foundation for the nervous system's structure and function. Disruptions at any stage can lead to
developmental disorders and neurological diseases, highlighting the importance of understanding
these mechanisms for therapeutic interventions.
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The mechanisms underlying neuronal development and synaptic formation in the brain depend on
intricate cellular and molecular processes. The neuronal membrane glycoprotein GPM6a promotes
neurite elongation, filopodia/spine formation, and synapse development, yet its molecular
mechanisms remain unknown. Since the extracellular domains of GPM6a (ECs) command its function,
we investigated the interaction between ICAM5, the neuronal member of the intercellular adhesion
molecule (ICAM) family, and GPM6a's ECs. Our study aimed to explore the functional relationship
between GPM6a and ICAM5 in hippocampal culture neurons and cell lines. Immunostaining of 15 days
in vitro (DIV) neurons revealed significant co-localization between endogenous GPM6a clusters and
ICAM5 clusters in the dendritic shaft. These results were further corroborated by overexpressing
GPM6a and ICAM5 in N2a cells and hippocampal neurons at 5 DIV. Moreover, results from the co-
immunoprecipitations and cell aggregation assays prove the cis and trans interaction between both
proteins in GPM6a/ICAM5 overexpressing HEK293 cells. Additionally, GPM6a and ICAM5
overexpression additively enhanced neurite length, the number of neurites in N2a cells, and filopodia
formation in 5 DIV neurons, indicating their cooperative role. These findings highlight the dynamic
association between GPM6a and ICAM5 during neuronal development, offering insights into their
contributions to neurite outgrowth, filopodia formation, and cell-cell interactions 1)

1)

Gutiérrez Fuster R, León A, Aparicio GI, Brizuela Sotelo F, Scorticati C. Combined additive effects of
neuronal membrane glycoprotein GPM6a and the intercellular cell adhesion molecule ICAM5 on
neuronal morphogenesis. J Neurochem. 2024 Oct 1. doi: 10.1111/jnc.16231. Epub ahead of print.
PMID: 39352694.
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