
Each year many people lose their sight through 
disease of the retina. Millions are affected by 
macular degeneration and retinitis pigmen-
tosa alone. In these diseases, the cone and rod 
photoreceptors — the cells that convert light 
into neural signals — degenerate. And once 
these cells are lost, they are not replaced in 
the mammalian retina. Treatments are being 
developed that may delay or prevent the loss 
of retinal neurons in these disorders. But for 
those who have already lost their sight, the 
possibility of retinal transplantation may be 
the best prospect for the restoration of vision 
through cell-replacement therapy. Despite 
many attempts, such transplants have yet 
to produce better vision in mammals because 
the transplanted cells do not wire up to the 
brain properly. In this issue, MacLaren et al. 
(page 203)1 show in mice that the trick may 
be to use cells at a particular stage in their 
development. 
Retinal transplantation has a long history. 
Classic studies in the 1920s showed that trans-
plantation of the eyes of normal salamanders 
could give vision to blind, cave-dwelling sala-
manders2. This work allowed developmental 
biologists to explore the mechanisms that ena-
ble the correct connections to form between 

the eyes and the nervous system. The first suc-
cessful transplant of a mammalian retina dates 
back to 1959, when Royo and Quay3 trans-
planted fetal rat retinas into the eyes of adults 
of the same strain. Although the transplanted 
retinas did not seem to connect with the host 
retinas, they survived for months.
Since then, intact retinal sheets from embry-
onic mice and rats have been transplanted to 
the sub-retinal space. There they develop many 
characteristics of a normal retina4–6, and grow 
to form a second retinal layer underneath 
the host retina. Also, transplants of ‘micro-
aggregates’ — clumps of a few retinal neurons 
— from newborn mice developed most char-
acteristics of rod photoreceptors, including the 
expression of the rhodopsin protein and even 
the characteristic structures called outer seg-
ments7,8. Unfortunately, both the intact embry-
onic retinal sheets and the microaggregates of 
photoreceptors keep to themselves, without 
interacting or integrating very effectively with 
the host retinal neurons.
Integration with the host retina is much bet-
ter when transplanting retinal progenitor cells 
— the immature cells that are responsible for 
producing all the retinal cells during embry-
onic development. These progenitors (also 

It seems an unlikely connection. But 
as they report in this issue, David 
Julius and colleagues have identified 
a common factor in the way that a 
tarantula spider and a chilli plant 
defend themselves (J. Siemens et al. 
Nature 444, 208–212; 2006).
The particular tarantula is 
Psalmopoeus cambridgei (pictured), 
a native of the West Indies. From 
investigations of the spider’s venom, 
Julius and colleagues have identified 
new members of the ‘inhibitor 
cysteine knot’, or ICK, family of 
peptide toxins.    
The newly isolated peptides are 
dubbed ‘vanillotoxins’ because of 
their action on the TRPV1 vanilloid 
receptor, and they cause pain and 
inflammation when injected into 
mice. TRPV1 is a member of the 
TRP group of cell-membrane ion 

channels and was first identified 
through its sensitivity to capsaicin, 
the red-hot component of chilli 
peppers. Unlike almost every other 
ICK peptide, however, vanillotoxins 
activate rather than inhibit their 
target — in this case, TRPV1 
channels in sensory neurons.  
An obvious question is whether the 
excitatory effect on TRPV1 means 
that the vanillotoxins have a different 
mechanism of action from the other 
ICK peptides. A comparison with ICK 
peptides that have similar amino-
acid sequences — hanatoxins and 
heteroscodratoxins, which inhibit 
voltage-gated potassium channels 
— suggests that they don’t. For 
instance, two of the vanillotoxins can 
also inhibit voltage-gated potassium 
channels; like hanatoxins and 
heteroscodratoxins, they impede the 

channel mechanism so that larger 
changes in voltage are required for 
the channel to open. Parenthetically, 
then, these data lend further support 

to the idea that TRP channels and 
voltage-gated potassium channels 
are structurally related.
Lesley Anson 
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Right timing for retina repair
Thomas A. Reh 

Transplants of photoreceptor cells offer hope for treating retinal disease. 
But getting the cells to make the right connections with the brain has been 
problematic. It seems the developmental stage of the cells may be the key.

called retinal stem cells by some) are derived 
from fetal or newborn mice or rats, or from 
human fetuses. They can be maintained in cell 
culture and continue to proliferate and gener-
ate new neurons and specialized retinal sup-
port cells called Müller glia9–11. When these 
cells are transplanted into either normal or 
degenerated (dystrophic) retinas of rats and 
mice, they can migrate into all retinal layers 
and develop morphological characteristics 
of various retinal cell types12–15. However, the 
cells do not seem to integrate efficiently into 
the outer nuclear layer, where the rods and 
cones reside, and, for the most part, evidence 
showing expression of photoreceptor-specific 
genes in the transplanted cells has been lacking 
(but see ref. 15). 
So, MacLaren et al.1 aimed to combine the 
migration and integration potential of the pro-
genitor cells with the photoreceptor differen-
tiation properties of the retinal sheets. In the 
first set of experiments, they tested whether 
retinal progenitor cells were in fact better at 
migrating into the host retina than mature, 
differentiated neurons. Using cells taken from 
the retina of embryonic mice or newborn 
mice at different postnatal ages, they found, 
surprisingly, that the cells that integrated into 
the outer nuclear layer most effectively were 
the postnatal cells. This was despite the fact 
that the embryonic cells included the highest 
percentage of progenitor cells. 
The transplanted rod cells developed 
morphology identical to normal host rods, 
even making clear outer segments. On fur-
ther analysis, the authors found that the best 
ages for the donor cells were from postnatal 
day 3 to postnatal day 5, roughly correspond-
ing to two or three days following the peak of 
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