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The establishment of accurate projections
is essential to the precise functioning of
neuronal structures. Furthermore, the ac-
quisition of appropriate wiring patterns
by neurons in sensory systems ensures the
viability of the entire organism. Partly for
this reason, the retina has, for over a cen-
tury, grabbed the attention of well known
scientists. Santiago Ramón y Cajal’s
(1911) pioneering work provided precise
anatomical descriptions of the architec-
ture of the retina, leading him to propose
hypotheses about its function. In 1963,
Roger Wolcott Sperry performed his eye-
ball rotation experiment, still taught to al-
most every student of neuroscience and
developmental biology, which showed
that growing axons are guided by chemi-
cal factors in their environment. Sperry’s
(1963) chemoaffinity hypothesis spurred
a series of studies to investigate the role of
axon guidance molecules in the develop-
ment of the visual system, including the
one that is the focus of a recent article in
the Journal of Neuroscience by Thompson
et al. (2006a). The authors addressed the
role of Slit proteins in intraretinal axon
guidance, the mechanisms by which ax-
ons growing from retinal ganglion cells
(RGCs) form a layer at the internal surface
of the retina, converging toward the optic

disc. These projections then exit the retina
to form the optic nerve. The pathfinding
process of RGC axons is essential to the
development of the visual system as de-
fects in the internal organization of the
retina affect the proper functioning of the
eye. The authors focused on Slit1 and
Slit2, two secreted proteins whose role as
chemorepellents and growth inhibitors is
well documented in different axon-
guidance systems. In particular, they took
advantage of the availability of slit1- and
slit2-deficient mice (Plump et al., 2002) to
analyze the effects of the loss of these mol-
ecules on the establishment of retinal
architecture.

Mutant mice were designed to express
tau-green fluorescent protein (GFP) un-
der the control of the endogenous slit1 or
slit2 promoters, so that any cell that would
normally express slit mRNA would ex-
press GFP in cell bodies and processes.
Previous studies using in situ hybridiza-
tion, a technique that allows identification
of Slit expression in cell bodies but not
fibers (the vast majority of mRNAs being
restricted to the soma), demonstrated that
both genes are expressed in the RGC layer
of the retina (Erskine et al., 2000), but the
identity of the expressing cells was not
clear. The observation that GFP immuno-
reactivity is evident all along the RGC
axon paths [Thompson et al. (2006a),
their Fig. 1 (http://www.jneurosci.org/
cgi/content/full/26/31/8082/F1)] clearly
establishes that RGCs are Slit1/2 express-
ing cells. After showing that RGCs express
Slit proteins, Thompson et al. (2006a)

performed GFP-staining on longitudinal
and transversal sections of retinas ob-
tained from slit1- and slit2-deficient ani-
mals and analyzed them by confocal mi-
croscopy. Interestingly, they identified
two distinct defects in these sections (Fig.
1), each occurring specifically in either the
ventral or dorsal parts of the retina.

The first abnormality [Thompson et
al. (2006a), their Figs. 2B–I (http://www.
jneurosci.org/cgi/content/full/26/31/
8082/F2), 3 (http://www.jneurosci.org/
cgi/content/full/26/31/8082/F3)] con-
sists of the occurrence of thick bundles of
RGC axons mislocalized to the outer lay-
ers of the retina, opposite to the inner sur-
face were RGC axons normally navigate.
The defect is virtually absent from both
wild-type and slit1�/� retinas, but occurs
with moderate (an average of five bundles
per retina) and high frequency (over thirty
bundles) in slit2�/� and slit1/2 double-
mutant retinas, respectively [Thompson et
al. (2006a), their Fig. 3C (http://www.
jneurosci.org/cgi/content/full/26/31/
8082/F3)]. The results suggest that Slit1
and Slit2 cooperate to maintain RGC ax-
ons in the inner surface of the retina.
Strikingly, ectopic RGC axon bundles ap-
pear to form preferentially (greater than a
2:1 ratio) in the ventral rather than the
dorsal part of the retina [Thompson et al.
(2006a), their Fig. 3A,B,D (http://www.
jneurosci.org/cgi/content/full/26/31/
8082/F3)]. This result points to a differen-
tial requirement for Slit1 and Slit2 expres-
sion in dorsally and ventrally originating
RGC axons. The second abnormality ob-
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served in slit1 and slit2 mutant mice con-
sists of a disorganization of the RGC
axons within the RGC axons layer
[Thompson et al. (2006a), their Figs.
2 J–Q (http://www.jneurosci.org/cgi/
content/full/26/31/8082/F2), 4 (http://
www.jneurosci.org/cgi/content/full/26/
31/8082/F4)]. Whereas fibers from
slit1�/� retinas appeared normal (in other
words, parallel to one another), those
from slit2�/� and slit1/2�/� organs were
intermingled. Thus, lack of Slit2 is most
likely solely responsible for this defect. In
addition, only the dorsal retina was af-
fected, particularly in its periphery, indi-
cating another regional specificity for Slit
protein function. It is noteworthy that ax-
ons exhibiting either defect appear to cor-
rectly exit the retina through the optic disc
and grow along the optic nerve, as deter-
mined by microscopy after retrograde la-
beling from the chiasm [Thompson et al.
(2006a), their Fig. 5 (http://www.jneurosci.
org/cgi/content/full/26/31/8082/F5)], sug-
gesting that Slit1 and Slit2 act in coordina-
tion with other molecules to regulate retinal
axon guidance. In addition, Thompson et
al. (2006a) provide evidence [their Fig. 6
(http://www.jneurosci.org/cgi/content/full/
26/31/8082/F6)] that loss of slit1 or slit2 does
not affect the general morphology of the ret-
ina, demonstrating that the pathfinding de-
fects they describe do not occur secondarily
to modifications in the overall architecture
of the retina.

The defects observed in the dorsal ret-
ina of mice lacking slit2 affected primarily
peripheral fibers, localized near the lens.
Thus, in the last series of experiments, the
authors test the possibility that secretion
of Slit proteins by nonretinal ocular tis-
sues, in particular the lens, influences
RGC axon development. Using an in vitro
assay in which they cocultured explants of
retina with lens tissue, Thompson et al.
(2006a) [their Fig. 7 (http://www.jneurosci.
org/cgi/content/full/26/31/8082/F7)] dem-
onstrated that the lens exhibits a weak
growth inhibiting activity on RGC axons
originating from the ventral retina and a
strong effect on dorsal axons. The inhibitory
effect of the lens is likely to be mediated by
Slit1 and Slit2, because loss of either mole-
cule results in a significant reduction of the
inhibitory effect.

Together, the results published by
Thompson et al. (2006a) bring significant
insights into the mechanisms of retinal
development. First, they add Slits to the
list of molecules implicated in these pro-
cesses as their absence cause important
retinal pathfinding defects. However, loss

of both Slit1 and Slit 2 does not prevent
RGC axons to exit the retina, indicating
that these two molecules act alongside
other factors in retinal axon guidance.
More importantly, the study reveals a dif-
ferential dependence on Slit protein ex-
pression by the dorsal and ventral RGCs
populations. To date, this is the first ex-
ample of a difference between dorsal and
ventral RGC axon response to a diffusible
factor. It does suggest that dorsal and ven-
tral RGCs do not share the same signaling
components (transmembrane receptors
or intracellular signaling complexes). Al-
ternatively, extracellular molecules specif-
ically expressed in dorsal or ventral retina
could interact with Slits, thus impairing or
synergizing their effect on RGC axons. In
another recent publication, the same
group of authors describes defects caused
by the loss of Slits in the tracts formed by
RGC axons as they navigate in the dien-
cephalon toward their target, the superior
colliculus (Thompson et al., 2006b), indi-
cating that Slits regulate multiple aspects
of RGC axon pathfinding. Because Slits
appear (1) to influence both intraretinal
and extraretinal guidance and (2) to dif-
ferentially affect RGC axons originating
from ventral and dorsal retina, it is inter-

esting to speculate that these molecules
might be important for the establishment
of the topography of the projections.
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Figure 1. Representation of the defects observed in retinas lacking slit. RGCs are represented in red; their axons form an
internal superficial layer and exit the eye through the optic nerve (ON). In the dorsal retina, absence of Slits results in the
disorganization of the RGC axons in the peripheral regions, close to the lens. Ventrally, thick RGC axon bundles extend in outer
layers of the retina instead of being restricted to the superficial layer. However, these ectopic axons successfully reach the optic
nerve.
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