
OBJECTIVE
To characterize the expression of GAP43 in the brain of the goldfish, Carassius auratus, and to determine whether
there are differences in expression between control animals and those undergoing optic nerve crush.
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ABSTRACT
It has been suggested that the teleost brain retains characteristics
present in the embryonic mammalian brain due especially to the fact
that they retain high neurogenic activity and enhanced ability for
regeneration (reviewed in LePage et al., 2010). One result of this is that
the brains of many teleost fish are not permanently sexualized,
demonstrated by the large capacity for hermaphroditism in adult
teleosts. Since estrogens and aromatase are known to play a role in
sexualization of the brain, we are interested in addressing the question
of whether there is a link between seasonal alterations in brain hormone
and aromatase levels and neurogenesis. A system that is particularly
useful to address this question is the optic nerve in the goldfish,
Carassius auratus. Teleosts undergo dramatic seasonal alterations in
expression of both circulating and central nervous system sex hormone
levels correlated with alterations in aromatase activity in radial glial cells.
To determine whether there is a link between hormone and aromatase
levels and the regenerative process, we will examine known markers for
regeneration, including GAP43 and alpha tubulin, at 3 different time
points corresponding to the goldfish reproductive cycle. We hypothesize
there will be a link between expression of steroid hormones and
neurogenesis.

BACKGROUND
Compared to mammals, the adult teleost fish is able to generate new
cells while eliminating damaged ones through apoptosis, thus; giving
the teleost fish a characteristic advantage of undergoing fast neuronal
regeneration after central nervous system injury ( Zupanc et al.,2008).
The adult teleost also continue to express high aromatase activity mostly
in the radial glail cells (RGC) which serves as progenitors due to
aromatase B presence (Kah et al., 2010). The protein GAP43 is highly
expressed in growth cones of axons where it functions as a guidance cue
to growing and regenerating axons within the nervous system (Udvadia
et al.,2010). However, the role sex hormones play in the entire
neurogenesis pathway in the adult teleost fish has not yet been fully
characterized. Studies pertaining to optic nerve injury have been
characterized to involve axonal disruption, reduction in appropriate
growth factors, and increase apoptosis of surrounding cells.

METHODS

Figure 1. Top left, eyes and brain of the goldfish, Carassius 
auratus, from Carol Bartlett. Red line represents crush site. 

Top right, optic tectum; Bottom optic nerve.

The right optic nerve was crushed 1mm behind the eyeball, and goldfish
were maintained at 22 degrees Celsius. 2-3 months later, fish were
sacrificed and perfused with 4% PFA. 30micron brain sections were
made and antibodies against Gap-43 were applied. Chromagen staining
was used to identify Gap-43 staining in both control and experimental
animals. Bright field imaging of all tissues sections.
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Figure 5. GAP43 staining was present in fine fibers (A and B) 
and was also widely present near the ventricles in control 

animals (C and D).

CONCLUSIONS
1.GAP43 is expressed strongly in goldfish brain, and can be
detected at control levels in optic tecta and vagal lobes,
regions which receive extensive retinal input (see Figure 2).

2.GAP43 is strongly upregulated unilaterally following nerve
crush on the ipsilateral side.

3.Upregulation is especially pronounced in the tectum and
vagal lobes.

FUTURE DIRECTIONS
1.Examine both earlier and later time points (up to 6 months)
to determine the time course of GAP43 expression.

2.Examine and compare GAP43 expression in males vs.
females during regeneration to determine if there are
differences.

3.Examine and compare GAP43 expression during different
reproductive time points to determine if there are differences
in expression.

4.Use gonadectomized animals as well as hormone implants to
determine if there is a relationship between circulating levels
of sex steroids and regeneration.
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Figure 1. Lateral view of the brain of the goldfish, 
Carassius auratus, from Puzdrowski  (1989). 

Figure 3. GAP43 staining in controls, transverse sections, 
top is rostral. A and B, optic tectum (*); C, midbrain a 

the level of the VIIIth nerve (*); D, midbrain at the level 
of the VIIth nerve (*); E and F, vagal lobes. More intense 

staining of large cells in the mid-region of the lobe (*) 
rostrally vs. caudally was typical.

Figure 2. Two representative transverse 
sections of goldfish brain (BrainMaps.org) 

stained for retinal projections (right side only).
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Figure 4. Unilateral nerve crush (right side) resulted in a 
dramatic increase in GAP43 staining in predicted 

structures as demonstrated by retinal projections (see 
Figure 2).  Transverse sections, top is rostral. A and B,  

optic tectum;  C and D, vagal lobes. Note overall  
increase in staining in right tectum and vagal lobes (*).
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