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a b s t r a c t

Metabolic disorders like diabetes and obesity are commonly companied with neurological diseases and
psychiatric disorders. Accumulating evidences indicated that cellular metabolic factors affect adult
neurogenesis and have modulating effects on neurodegenerative disorders and psychiatric diseases.
Adult neurogenesis contains multiple steps including proliferation of neural stem cells, lineage com-
mitments of neural progenitor cells, maturation into functional neurons, and integration into neuronal
network. Many intrinsic and extrinsic factors produced from neural stem/progenitor cells and their
microenvironment or neurogenic niche take roles in modulating neurogenesis and contribute to the
brain repair and functional recoveries in many neurological diseases and psychiatric disorders. In this
article, we review current progress about how different growth factors, neurotrophin, neurotransmitters
and transcriptional factors work on regulating neurogenic process. In particular, we emphasize the roles
of the cellular metabolic factors, such as insulin/IGF signaling, incretins, and lipid metabolic signaling
molecules in modulating adult neurogenesis, and discuss their impacts on neurological behaviors. We
propose that the metabolic factors could be the new therapeutic targets for adult neurogenesis. Plus, the
metabolism-regulating drugs have the potentials for treatment of neurodegenerative diseases and
mental disorders.
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1. Introduction

Impaired neurogenesis is one of the pathological features in
different brain disorders such as Alzheimer's disease (AD), Parkin-
son's disease (PD), stroke and psychiatric disorders (Steiner et al.,
2006). Targeting adult neurogenesis becomes an important thera-
peutic strategy for those neurodegenerative diseases and mental
disorders. The process of adult neurogenesis includes the prolifer-
ation of neural stem/progenitor cells (NSPCs), the differentiation
into certain phenotypes and the formation of functional neurons,
eventually integrating into neuronal network for brain repair. In
this process, neural stem cells (NSCs) serve as the progenitors to
give rise to the neurons and glia cells. In mammalian brains, several
regions like the olfactory system and hippocampus have the
neurogenic niches, providing a microenvironment to support the
proliferation and differentiation of neural stem/progenitor cells
(NSPCs). In those plastic neural tissues, the birth, specification,
migration, and integration of newly generated young neurons are
closely related to animal behaviors (Vadodaria and Jessberger,
2014). In the olfactory system, neural precursor cells residing in
the anterior portion of the subventricular zone (SVZ) of the lateral
ventricles and migrate along the rostral migratory stream (RMS)
into the olfactory bulb to raise into the granule or periglomerular
inhibitory interneurons (Doetsch et al., 1999; Lois and Alvarez-
Buylla, 1993). In hippocampus, neural precursor cells at the sub-
granular zone (SGZ) of the dentate gyrus integrate into the granule
cell layer (GCL) and develop into functional excitatory granule cells.
In those neurogenic niches, NSPCs play a critical role in maintaining
cognition and emotion, contributing to life throughout structural
plasticity in adult brain (Vivar, 2015). Therefore, modulation of
those precursor cells could be a promising therapeutic strategy for
brain repairs and regenerative therapy.

Over the last decade, large efforts have beenmade to explore the
underlying mechanisms of adult neurogenesis. Many intrinsic and
extrinsic factors have been identified as neurogenic modulators.
These factors are not only derived from the NSPCs but also pro-
duced from the microenvironment or neurogenic niche. In brief,
representative signaling molecules responsible for adult neuro-
genesis could be summarized below as: (1) Sonic hedgehog (Shh),
miR-124, transcription factor Sox2, nuclear receptor Tlx andWnt/b-
catenin signaling pathways couldmodulate NSPCs proliferation; (2)
Basic helix-loop-helix (bHLH) transcription factors, such as Asc1,
Neurog2 and Tbr2 and epigenetic factors like Gadd45b, MBD1,
MeCP2 and Mll1, contribute to regulating neuronal differentiation
and maturation; (3) Insulin-like growth factor-1 (IGF-1) and Shh
are essentials for neuroblasts migration; (4) Many extrinsic factors,
such as brain-derived neurotrophic factor (BDNF), fibroblast
growth factor 2 (FGF-2), GABA, glutamate and neurotrophine-3
(NT-3), are necessary for regulating neuronal survival, dendritic

arborization, synaptic plasticity and synapse formation; (5) Many
intrinsic factors, including Disrupted-In-Schizophrenia 1 (DISC1),
Krüppel-like factor 9 (Klf-9), NeuroD1, cycle-dependent kinases
(Cdk) and cAMP response element (CRE)-binding protein (CREB),
play crucial roles in the neuronal survival, dendritic arborization
and synaptic integration neuronal survival and maturation (Mu
et al., 2010). In addition, exercise and environmental enrichment
could alter new generated neurons and affect neurological behav-
iors (Olson et al., 2006). A recent comprehensive review article has
discussed and remarked the roles of many environmental factors,
drugs and physiological activities in modulating adult neuro-
genesis. Those factors include opioids, hormones, antidepressant
drugs, stress, seizures, as well as physical activities like exercise and
learning, etc. (Balu and Lucki, 2009). Thus, adult neurogenesis is a
complex process involving multiple signaling network regulations.

Metabolism disorders like diabetes and obesity could be risk
factors for many neurological diseases including AD, PD, stroke and
depression (Ho et al., 2013; Hu et al., 2007a, 2007b; Roy and Lloyd,
2012; Sander and Kearney, 2009). For example, insulin resistance
and type 2 diabetes may increase the risk of AD and cognitive
impairments (Biessels et al., 2005). Scientists have paid great
attention to understand the roles of metabolic factors in regulating
adult neurogenesis and their impacts on neurodegenerative dis-
eases and psychiatric disorders. Until now, many cellular metabolic
factors have been confirmed to affect neurogenic molecules and
regulate NSCs growth and differentiation during adult neuro-
genesis. In this review article, we introduce current understanding
and knowledge about the neurogenic modulating effects of the
cellular signaling molecules closely related to the cognition, stress
and mental disorders. We particularly focus on the metabolic fac-
tors affecting the neurogenic process and their corresponding
behavior modulations. Subsequently we discuss the potential
values of metabolism-modulating drugs in promoting adult neu-
rogenesis for the treatments of neurological diseases and psychi-
atric disorders.

2. Pro-neurogenic factors involved in regulation of
neurogenesis related to cognition, stress response, psychiatric
and mental activities

For decades, scientists have identified many extrinsic and
intrinsic factors that affect different stages of neurogenesis
including proliferation of NSPCs, lineage choice of daughter cells,
and survival and maturation of NSPCs. Within the neurogenic
niches, both growth factors and neurotrophins serve as the dy-
namic modulating signaling to adult neurogenesis. Many neuro-
transmitters not only have similar functions with growth factors
and neurotrophic factors, but also act as cell signaling for trans-
forming the circuitry information from neurons to NSCs (Meltzer
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