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Neuronal cytoskeleton and GTPases in health and disease

Introduction

The specialized cytoarchitecture of neurons enable the formation of complex

neuronal networks, which play a fundamental role integrating the diversity of

physiological systems in animals. The development and maintenance of these

networks across the central and peripheral nervous system are essential to process

sensory inputs and coordinate motor activity, as well as giving rise to memory,

learning, and behavior. One of the crucial events during neuronal development is the

break of cellular symmetry that leads to neuronal polarization (Dotti et al., 1988; Caceres

et al., 2012). From that moment neurons develop a single axon and multiple dendrites,

which creates two morphologically and functionally distinct domains providing

compartmentalization and directionality to neuronal communication.

This complex neuronal morphology is largely driven by the cytoskeleton (Witte and

Bradke, 2008), both as a structural determinant of the axonal and dendritic complexity, as

well as a key regulator of directional transport of membrane organelles and molecular

complexes along the neurites (Conde and Caceres, 2009; Koppers and Farias, 2021). These

two complementary roles are regulated at different levels by constitutive properties of

cytoskeletal proteins; actin- and microtubule-binding proteins modulating their

dynamics, geometry and association with motors; as well as signaling molecules

integrating intrinsic genetic programs and extrinsic cues in time and space, giving

each neuron its specific morphology.
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Ras superfamily of small GTPases represents one of the most

diverse and influencing nodes of cytoskeletal regulation (Goitre

et al., 2014; Qu et al., 2019; Song et al., 2019). Among its

members, the Rho GTPases are major regulators of

cytoskeleton dynamics, with essential functions in cell

migration, proliferation, differentiation, polarity, vesicle and

membrane trafficking, survival and apoptosis (Stankiewicz and

Linseman, 2014; Aspenstrom, 2018; Guo et al., 2020). On the

other hand, Rap GTPases have crucial signaling and cell adhesion

roles in neurons (Shah and Puschel, 2016). Additionally, Arf and

Rab GTPases are master regulators of vesicular and membrane

trafficking (Kiral et al., 2018; Arrazola Sastre et al., 2021),

mediating the recruitment of specific molecular motors,

adaptors and cytoskeleton binding proteins to an enormous

diversity of cargoes, including synaptic vesicles, signaling

endosomes and mitochondria in axons and dendrites

(Villarroel-Campos et al., 2014; Villarroel-Campos et al.,

2018). Disrupted function of GTPases is associated with

cancer, neurodevelopmental conditions and neurodegenerative

diseases, making them particularly interesting as potential

therapeutic targets (Aspenstrom, 2018; Costain et al., 2019;

Qu et al., 2019; Guo et al., 2020).

In this Research Topic, we have collected new articles

exploring different layers of this complexity, from Tubulin

isoforms to GTPase effectors and activity during development,

physiology, and disease. The original findings and novel

integrative perspectives included in this Research Topic nicely

illustrate the diversity of models andmechanisms where the most

recent research on cytoskeleton and GTPases come together.

Research

The group of Park et al., presents an original research article on

tubulinopathies. A collaboration between clinicians and research

scientists at the University of Colorado yielded important insights

into how GTPase dependent conformational changes in tubulin

stabilizemicrotubules for correct brain development.Mutations that

result in a T178M substitutions disrupt TUBB2A and TUBB3 beta

tubulin isotypes were identified in two different patients with severe

brain malformations. In addition, a previous report had shown

reduced myelination in the brain resulting from a T178M

substitution in TUBB4A (Tonduti et al., 2016). Now Park et al.,

made the same substitution in yeast beta tubulin to determine the

molecular consequences of T178M on tubulin, showing that T178M

dominantly inhibits microtubule assembly and catastrophe by

mimicking the GTP bound state of beta tubulin. The differences

between T178M TUBB2A and T178M TUBB3 patient phenotypes

support a model in which the timing and cell type of isotype

expression dictates the tissue level consequences of a mutation in

tubulin.

In a review that also links cellular and molecular mechanisms

orchestrated by GTPases to a variety of human diseases, also

including Paget’s disease of the bone and Chronic obstructive

pulmonary disease, the work by Shen et al. provides a detailed

and interesting panorama of the recently emerging evidence

linking RIN3 (Ras and Rab interactor 3) to Alzheimer’s

disease (AD) and other dementias. RIN3 has been previously

identified as a risk factor for late onset AD (LOAD) based on a

polymorphism within the enhancer region of the Rin3 gene

(Lambert et al., 2013). The evidence reviewed by the authors

suggests that gene variants of this guanine nucleotide exchange

factor (GEF) would increase Rab5 activity, disrupting formation

and axonal transport of endosomal compartments, therefore,

contributing to early cellular pathogenesis in AD.

On a different note, Akagawa et al. contributed the Research

Topic with an insightful piece proposing a novel cytoplasmic role

for nuclear proteins, such as some cyclins, cyclin-dependent

kinases (CDKs) and RAD21, as well as DNA repair proteins

including BRCA2, p53 and RAD17, which have been found to be

expressed in post-mitotic neurons. Consistent with these ideas,

Cdk5 (an atypical neuronal CDK) is required for neuronal

migration, dendrite formation, and synaptic plasticity through

regulation of the neuronal cytoskeleton and membrane

trafficking (Kawauchi, 2014). Surprisingly, some cell cycle

related conventional CDKs (cyclin D2, Cdk4, 6, and 7) were

also found to be expressed after neurogenesis. Moreover,

expression of DNA repair proteins such as BRCA1/BRCA2/

RAD51 has been observed in mouse cerebral cortices at

embryonic day 10 and 18, as well as in 2 months old mice;

whereas ablation of BRCA1 gene results in a severe disruption of

the cortical layers. Several studies indicate that these nuclear

proteins also indirectly interact with the cytoskeleton (Mejat and

Misteli, 2010; Lottersberger et al., 2015). Thus, this extra-cell

cycle regulatory or DNA repair function would expand the

repertoire of cytoplasmic proteins identified as involved in the

regulation of neuronal microtubules and the actin cytoskeleton,

with crucial roles on migration, neuronal morphology, and

synapses during different stages of nervous system development.

Finally, the Research Topic includes a revision of Rho

GTPase signaling, presented by Zhang et al., focusing on Rho

contribution to the mechanisms of synaptic plasticity and

memory. The authors discuss recent works showing the

participation of this family of GTPases in long-term

potentiation (LTP) and long-term depression (LTD), as well

as a key regulators of spine morphology. The work adds an

interesting emphasis on the different roles that the members of

Rho family play, Cdc42 being required for LTP induction, RhoA

being more important for LTP maintenance, and

Rac1 participating in the destabilization of LTP and induction

of LTD. Accordingly, a tight association of these GTPases

regulating molecular and cellular mechanisms of learning and

memory is proposed: while Cdc42 and RhoA seem to be involved

the formation of memory, Rac1 is more important in memory

elimination. At the end of this article, the authors discuss the role

of these GTPases in Alzheimer’s disease, Autism spectrum
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disorder and Fragile X syndrome, offering an interesting

association between alterations of Rho function and brain

disorders of learning and memory.

In summary, this Research Topic of articles for the Research

Topic Neuronal cytoskeleton and GTPases in health and diseases

provides good examples of the different layers of regulation of

cytoskeleton dynamics by GTPases, as well as a valuable update

on several aspects of their involvement in the initiation,

maintenance, and regulation of different neuronal functions

and pathological conditions.
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