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PERSPECTIVE

Adult neurogenesis and regeneration 
in zebrafish brain: are the 
neurotrophins involved in? 

Neurotrophins (NTs) are implicated in the maintenance and 
survival of the peripheral and central nervous systems and 
mediate several forms of synaptic plasticity. Members of the 
family include nerve growth factor (NGF), brain-derived 
neurotrophic factor (BDNF), NT3, and NT4. NTs were first 
identified as survival factors for developing neurons, but are 
pleiotropic molecules that can exert a variety of functions, 
including the regulation of neuronal differentiation, axonal 
and dendritic growth, and synaptic plasticity (Bothwell, 
2014). NTs interact with two distinct types of receptors: the 
common p75 neurotrophin receptor, which belongs to the 
tumor necrosis factor receptor superfamily of death recep-
tors and the Trk receptor tyrosine kinase family. Trks con-
tain an extracellular domain at which the NT binds, a single 
transmembrane domain, and an intracellular domain with 
tyrosine kinase activity. Three different Trks have been iden-
tified during the vertebrate evolution: TrkA, TrkB, and TrkC. 
NGF is the preferred ligand for TrkA, BDNF, and NT4/5 are 
preferred for TrkB, and NT3 for TrkC. 

In bony fish, the same NGF ancestor gene gave origins by 
duplication to NGF and NT6. The latter is a neurotrophin 
not known from other vertebrates. NT6 was described in 
platyfish (Xiphophorus maculatus, Xiphophorus helleri and in 
Nothobranchius furzeri. Its ortholog was reported in zebraf-
ish (Danio rerio) and carp (Cyprinus carpio) as NT7 (Leggieri 
et al., 2019). Another duplication was seen for TrkB and 
TrkC genes: TrkB1–TrkB2 and TrkC1–TrkC2 paralogs have 
been identified in both zebrafish and pufferfish genomes 
(Lucini et al., 2018).

The expression pattern of NTs and their receptors in neu-
rogenic stem niches of adult mammalian brain: In recent 

years, NTs and their receptors have emerged as important 
regulators of adult neurogenesis. In adult mammalian brain 
only two neurogenic zones are present: the subventricular 
zone adjacent to the lateral ventricle, and the dentate gyrus 
of the hippocampus (Figure 1).

The expression of NTs by local cells in the rodent subven-
tricular zone niche is low, although some ligands such as 
BDNF can be detected by immunohistochemistry (Galvao 
et al., 2008). In addition, among several NTs expressed in 
type B-cells of the choroid plexus, NT4 was the most abun-
dant and NT3 is also released by choroid plexus capillaries 
and by endothelial cells (Delgado et al., 2014). In primates, 
NGF and BDNF are expressed in subventricular zone by 
astrocytes while NT3 is found in ependymal cells (Tonchev, 
2011). BDNF is mainly detected in the olfactory bulbs and 
rostral migratory stream, where BDNF is synthesized by the 
endothelial cells of blood vessels that outline the migratory 
stream for new neurons (Snapyan et al., 2009). 

The expression pattern of NTs and their receptors and the 
neurogenic stem niches of adult zebrafish brain: Adult 
zebrafish brain possess intense adult neurogenesis, mainly 
localized in 16 neurogenic niches, often lining ventricula 
(Figure 1) (Grandel et al., 2006). Among these stem niches, 
BDNF expressing neurons were seen in the periventricular 
grey zone of optic tect and near the diencephalic ventricle 
(Cacialli et al., 2016). Also in other teleost fish, European eel 
and Nothobranchius furzeri (D’Angelo et al., 2014) BDNF 
mRNA was reported in the periventricular areas of dien-
cephalon and mesencephalon. NGF mRNA and protein 
were detected in adult zebrafish brain in neurons dorsally 
and ventrally lining the telencephalic ventricle and along 
the ventral zone of periventricular hypothalamus. Positive 
cells to aromatase (glial cell marker) and proliferative nu-
clear antigen, as expected distributed along telencephalic 
and diencephalic ventricles, were very closely intermingled 
with NGF-positive neurons (Cacialli et al., 2019). TrkA 
(NGF receptor) and TrkB (BDNF receptor) were immuno-

Figure 1  Schematic comparison 
of distribution of neurogenic 
niches in the brain of adult 
mammals and fish. 
CCe: Cerebellar corpus; D: dorsal 
telencephalic area; DG: dendate 
gyrus; Hv: ventral zone of periven-
tricular hypothalamus; Mo: medul-
la oblongata; OB: olfactory bulb; 
SVZ: subvenventricular zone; Tel: 
telencephalon; TeO: optic tectum; 
Vv: ventral nucleus of ventral telen-
cephalic area.
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histochemically detected in the midline of cerebellar corpus 
(Gatta et al., 2016). This site is a cerebellar staminal niche, 
correspondent to a protrusion of granular cell layer, where 
progenitor cells are interspersed with radial glia. These 
progenitors differentiate into Bergmann glia‐like cells and 
granule cell precursors. These latter enter the granular cell 
layer by two ways: along radial glial fibers at the midline, and 
ventro-laterally through the molecular layer. The presence of 
TrkA and TrkB receptors in this structure might indicate the 
sensitiveness of this area of proliferation to neurotrophin ac-
tion. Finally, preliminary data indicate the presence of TrkA 
mRNA in other two neurogenic regions: lining of the dorsal 
telencephalon and periventricular gray zone of optic tectum 
(unpublished data).  

The role of NTs and their receptors in regenerative pro-
cesses: The high regenerative properties of the zebrafish 
brain can be correlated to the continuous neurogenesis pres-
ent in the numerous stem niches. Profound traumatic brain 
injury on zebrafish encephalon is fast repaired with full re-
covery of locomotion and normal behavior. BDNF mRNA, 
after traumatic brain injury on telencephalon of adult 
zebrafish, increased not only in mature, but also in new-
born neurons of the lesioned area. This increase of BDNF 
in neurons of the lesion was generally maintained up to 15 
days post-injury (Cacialli et al., 2018). The use of a selective 
non-competitive small molecule antagonist of the BDNF 
receptor TrkB (ANA-12), exerted a reduction of prolifera-
tive nuclear antigen  in zebrafish brain after injury (Anand 
and Mondal, 2018). All these data suggest that BDNF-TrkB 
signaling might be involved in the regeneration response. 
Furthermore, levels of NGF and its receptor TrkA, according 
to preliminary unpublished data obtained by qPCR, increase 
after 2 week post-injury, later than BDNF-TrkB pathway. 
Thus, it can be assumed that regenerative processes could be 
timely regulated by different NTs/Trks pathways. 

Conclusion: The presence of NGF and BDNF and their Trks 
receptors in stem niches zones, although not present in pro-
liferative cells and/or early differentiating neurons, suggests 
the involvement of these neurotrophic factors in adult neu-
rogenesis. Furthermore, regenerative processes after injury 
also seem to be regulated by their timely alternate influence. 
More functional studies generating knock-out zebrafish are 
clearly needed to fully understand the link between neuro-
trophic pathways and other factors in neurogenic niches.
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