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La Vail J H & La Vail M M. Retrograde axonal transport in the central nervous 

system. Science 176:1416-17, 1972. [Dept. Neuropathology, Harvard Medical 
School, Boston, MA] 

When the enzyme horseradish peroxidase is in-
jected into the optic tectum of young chicks, the 
peroxidase is taken up and transported in a retro-
grade direction by the axons of retinal ganglion 
cells to the cell bodies in the retina. Likewise, 
when the enzyme is injected into the vitreal space 
of the eye, it is taken up and transported cen-
tripetally along efferent axons and is found 
histochemically in cell bodies within the isthmo-
optic nucleus. This retrograde movement of pro-
tein from axon terminal to cell body suggests a 
possible mechanism by which neurons respond to 
their target areas. [The SCI® indicates that this 
paper has been cited in over 495 publications 
since 1972.] 
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"In 1971, Matthew LaVail and I were postdoc-
toral fellows in the Laboratory of Neuropathology 
at Harvard Medical School where we worked 
under the sponsorship of Richard Sidman. Sidman 
had assigned me a lecture on axonal transport dur-
ing development, and in the course of preparing 
the lecture, I noticed a gap in the literature. 
Although there was growing evidence of the im-
portance of transport of macromolecules from 
neuron cell body to axon, there was no informa-
tion about what happened to macromolecules 
once they reached the axon terminal. Obviously, 
homeostasis in the cell required that material 
move back as well. In fact, that suggestion had 
been made in 1948 by Weiss and Hiscoe.1 Other 
evidence, for example, that viruses might gain ac-
cess to the central nervous system (CNS) by incor-
poration by the axon and transport to the cell 
body, had appeared in 1941 when Bodian and 
Howe described the dissemination of poliomyeli-
tis virus in the nervous system.2 

"One morning after I had given the lecture, Sid-
man left a copy of a brief report on my desk on the 
uptake and transport of horseradish peroxidase by 
peripheral nerve to motor neurons in the spinal 

cord by Kristensson, Olsson, and Sjöstrand.3 Matt 
and I discussed the importance of the paper and 
decided it should be repeated in a site where no 
direct impalement of the axon was possible, and in 
the CNS where, we erroneously reasoned, the phe-
nomenon of retrograde axonal transport might not 
exist, thus possibly explaining the absence of ax-
onal regeneration in the CNS. 

"From our graduate studies we were familiar 
with the structure of the retina and chick brain. 
Therefore, we chose to inject horseradish perox-
idase intravitreally in the chick and look for evi-
dence of its retrograde transport and accumula-
tion in neuron cell bodies in the midbrain. In 
another series of experiments we injected the en-
zyme into the tectum and looked for its accumu-
lation in retinal ganglion cell bodies. In both ex-
periments, after retrograde transport the horserad-
ish peroxidase was obvious in the tissue sections 
using a light microscope. 

"The publication has been highly cited prob-
ably for two reasons. First, it demonstrated that 
the phenomenon of retrograde axonal transport 
occurred in the CNS in the absence of direct me-
chanical injury to the axons. Second, the fact that 
axon terminals in an injection site would pick up 
peroxidase and transport it to the cell somas 
meant that neurobiologists could determine 
whether or not a neuron cell body projected an ax-
on to a particular site by simple light microscopic 
histochemistry. Such an experiment usually took 
only a day or two to complete as compared to the 
weeks or months necessary to obtain the same 
kind of information using other techniques. Previ-
ously we were handicapped by the fact that ori-
gins of long axonal projections could be deter-
mined only if the cell bodies died after axon tran-
section, and often the neuron cell body would not 
respond in such a dramatic way. Moreover, visual 
detection of cell loss with the traditional methods 
often required that large populations of neurons 
die in response to axonal transection, whereas the 
retrograde transport method made use of a physi-
ological property of the cell and individual 
neurons that transported a marker could be 
detected. Since then, advances in chromagens for 
horseradish peroxidase and additional probes 
have become available,4,5 and we now have fur-
ther information about the retrograde transport of 
endogenous macromolecules."6 
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