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a b s t r a c t

‘‘Are new neurons added in the adult mammalian brain?” ‘‘Do neural stem cells activate following CNS
diseases?” ‘‘How can we modulate their activation to promote recovery?” Recent findings in the field pro-
vide novel insights for addressing these questions from a new perspective. In this review, we will sum-
marize the current knowledge about adult neurogenesis and neural stem cell niches in healthy and
pathological conditions. We will first overview the milestones that have led to the discovery of the clas-
sical ventricular and hippocampal neural stem cell niches. In adult brain, new neurons originate from
proliferating neural precursors located in the subventricular zone of the lateral ventricles and in the sub-
granular zone of the hippocampus. However, recent findings suggest that new neuronal cells can be
added to the adult brain by direct differentiation (e.g., without cell proliferation) from either quiescent
neural precursors or non-neuronal cells undergoing conversion or reprogramming to neuronal fate.
Accordingly, in this review we will also address critical aspects of the newly described mechanisms of
quiescence and direct conversion as well as the more canonical activation of the neurogenic niches
and neuroblast reservoirs in pathological conditions. Finally, we will outline the critical elements
involved in neural progenitor proliferation, neuroblast migration and differentiation and discuss their
potential as targets for the development of novel therapeutic drugs for neurodegenerative diseases.
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1. Introduction

Mammalian neurogenesis is defined as the process that leads to
the generation of functional neurons from neural stem cells (NSCs).
This process occurs in four different steps that are: 1) cell prolifer-
ation by asymmetric division; 2) cell fate specification; 3) cell
migration; 4) cell differentiation, maturation and synaptic

integration in the circuitry [1–3]. Throughout this review, we will
refer to NSCs as the self-renewal, multipotent cells able to differen-
tiate through different neural lineages (i.e. glial and neuronal).
Radial glia (RG) cells represent the population of NSCs with radial
morphology and glial features present in the developing brain and
persisting in subventricular zone (SVZ) and subgranular zone (SGZ)
of postnatal and adult brains [4]; progenitors are proliferating cells

Fig. 1. Graphical representation of the timeline of the most important studies and discoveries on adult neurogenesis, starting from the observations of Allen in 1912 (Allen,
1912; [17]), to the work of Palmer in 2000 (Palmer et al., 2000; [49]). In this period, neurogenesis was investigated with cell proliferation assays (green box). It was only in
2015, with the works of Fuentealba (Fuentealba et al., 2015; [10]) and Barbosa (Barbosa et al., 2015; [12]), that new neurogenic processes, not dependent on cell proliferation,
have been described (yellow box).
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