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Summary. The neurotrophins NGF, BDNF, NT-3 and 
NT-4 have a wide range of effects in the development 
and regeneration of neural circuits in the visual system 
of vertebrates. This review focuses on the localization 
and functions of neurotrophins in the retina, lateral 
geniculate nucleus, suprachiasmatic nucleus, superior 
colliculus/optic tectum, and isthmic nuclei. Research of 
the past 20 years has shown that neurotrophins and their 
receptors are localized in numerous visual centers from 
the retina to the visual cortex, and that neurotrophins 
influence proliferation, neurite outgrowth and survival of 
cells in the visual system in vitro and in vivo. A 
relationship between electrical activity and neurotrophic 
functions has been established in several visual centers 
in the CNS, and neurotrophins have been implicated in 
synaptic plasticity in the visual cortex. Besides functions 
of neurotrophins as retrograde, target-derived trophic 
factors, recent data indicate that neurotrophins may have 
anterograde, afferent as well as local, paracrine actions 
in the retina, optic nerve and the visual cortex. Some 
neurotrophins appear to regulate proliferation and 
survival of glial cells in the optic pathways. Neuro- 
trophins increase the survival of retinal ganglion cells 
after axotomy or ischemia and they promote the 
regeneration of retinal ganglion cell axons in some 
vertebrates. Neurotrophins also rescue photoreceptors 
from degeneration. These findings implicate the 
neurotrophins not only as important regulators during 
development, but also as potential therapeutic agents in 
degenerative retinal diseases and after optic nerve injury. 
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Abbreviations 

BDNF: brain-derived neurotrophic factor 
CNS: central nervous system 
GCL: ganglion cell layer (retina) 
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INL: inner nuclear layer (retina) 
ION: isthmo-optic nucleus 
LGN: lateral geniculate nucleus 
NGF: nerve growth factor 
NGFR: nerve growth factor receptor (=p75 neurotrophin 

receptor) 
NT-3: neurotrophin-3 
NT-4: neurotrophin-4 (neurotrophin-415) 
ONL: outer nuclear layer (retina) 
P75: p75 neurotrophin receptor (75 kD protein) 
PE: pigment epithelium (retina) 
RGC: retinal ganglion cell 
SC: superior colliculus 
SCN: suprachiasmatic nucleus 
SGC: stratum griseum centrale (optic tectum) 
SGFS: stratum griseum et fibrosum superficiale (optic 

tectum) 
TeO: optic tectum 
TrkA: tyrosine kinase receptor for NGF 
TrkB: tyrosine kinase receptor for BDNF and NT-4 
TrkC: tyrosine kinase receptor for NT-3 

Introduction 

It was recognized several decades ago that neurons 
depend on their targets for survival, and that developing 
neurons are particularly sensitive to axotomy or the 
removal of their targets (Cowan, 1970; Cunningham, 
1982; Provis and Penfold, 1988; Snider et al., 1992). It is 
now known that the dependence of neurons on their 
targets is due to trophic molecules which are released by 
the target neurons and which regulate the survival and 
other features of developing neurons (e.g., Purves, 1988; 
Barde, 1989; Snider, 1994; Thoenen, 1995). One 
important family of neurotrophic factors is that of the 
nerve-growth-factor-like neuropeptides, collectively 
called the "neurotrophins." The past 20 years of research 
have shown that neurotrophins have important functions 
in visual system development and regeneration in 
several species of vertebrates. 

- 

This review will concentrate on the localization and 
functions of neurotrophins in the developing vertebrate 
visual system, with particular emphasis on the retina, 
















































