BOX 15.1

ADULT NEUROGENESIS

Adult neurogenesis refers to the process of generating new neurons in the adult mammalian brain (Gage, 2000). For over a century, it was believed that adult mammalian brains had no capacity to produce new neurons and that the neurons damaged in the adult brain were lost forever. However, this dogma has been challenged by the discovery of neural stem cells (NSCs) in the adult brain and by intensive research on adult neurogenesis over the past two decades. These studies of adult neurogenesis can be dated back to the 1960s, when Joseph Altman and colleagues observed [3H]-labeled neurons in brains of adult rodents injected with [3H]-thymidine, a marker for proliferative cells and their progeny (Altman & Das, 1965). A second breakthrough in the study of adult neurogenesis did not occur until the early 1990s, however, with the discovery of adult NSCs that are able to self-renew while producing daughter cellswith a potential to differentiate into neurons (Reynolds & Weiss, 1992). Two discrete neurogenic niches that harbor NSCs have been consistently identified across mammalian species in vivo—the subventricular zone (SVZ) of the lateral ventricle and the subgranular zone (SGZ) in the dentate gyrus of the hippocampus. NSCs in the SVZ give rise to neuronal precursors that migrate through the rostral migratory stream and differentiate into interneurons in the granular cell layer and the periglomerular layer in the olfactory bulb. In the SGZ, most of the progeny of NSCs differentiate and integrate locally as dentate granule cells. Adult neurogenesis in the hippocampus can also be observed in human brains (Eriksson et al., 1998), suggesting a therapeutic potential for utilizing adult-born neurons for treatment of neurodegenerative disease and repair of injured neural tissues in adulthood. 

Adult neurogenesis starts with the proliferation of NSCs. Some progeny of NSCs remain undifferentiated as NSCs; others differentiate into neurons and glia. The newly born neurons undergo a lengthy process of morphological and physiological maturation and eventually integrate into the corresponding neural circuitry. During the differentiation and maturation processes, a significant fraction of newborn neurons are lost before their final integration. Therefore, the rate of neurogenesis is regulated at levels of NSC proliferation, neuronal fate determination, and the survival of newborn neurons. Numerous molecular factors take part in the regulation of adult neurogenesis, including growth factors, neurotrophins, morphogens, cytokines, and hormones. Moreover, distinct fromembryonic neurogenesis, adult neurogenesis can also be modulated by the animals’ experiences and behaviors. For example, voluntary exercise, environmental enrichment, and hippocampus-dependent learning can enhance SGZ neurogenesis. Conversely, hippocampal neurogenesis is reduced in stressed or aged animals. Olfactory stimulus enrichment results in enhanced SVZ neurogenesis. 

Because of the region-specific network integration of newborn neurons, it is postulated that SGZ neurogenesis may play a role in hippocampus-related functions, such as learning and memory and affective regulation, and SVZ neurogenesis may contribute to olfactory function. This hypothesis is supported by many studies demonstrating a positive correlation between levels of neurogenesis and performance in specific behavioral tasks. While a causal relationship between adult neurogenesis and its functions is the subject of intense investigation, current studies using a combination of molecular, cellular, genetic, system, and behavioral approaches are striving to elucidate the exact roles of newborn neurons in hippocampal and olfactory functions.
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