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Where do motor and sensory neurons
regenerate after severe nerve injury?

Microscope images of the somas of motoneurons (up), and propioceptors (down). In red, the fluorescent neurons, in blue

the neurons that regenerate 8 weeks after the injury.

Peripheral nerves contain the axons of motor neurons that innervate our muscles (spinal
motoneurons) and sensory neurons that innervate the skin or the muscle. There are many
types of sensory neurons, including touch, pain, temperature, and proprioceptive neurons,
the latter including those that sense muscle position.

After a nerve injury, axons can break. This triggers a degeneration of the distal segment of
the nerve, whereas neurons and the proximal segment of the axons usually survive. In these
neurons, there is a change in gene expression that allows them to switch to a pro-
regenerative state that enables axon regeneration through the distal segment of the nerve. If
regeneration is successful, axons will grow to their target organs, reinnervate them and
recover their function.

However, severe nerve injuries usually lack a good functional recovery. One of the reasons is
the lack of specificity or erroneous reinnervation: many regenerating axons cannot find the
correct pathway toward their target organs and fail to reinnervate them. Previous studies



demonstrated that motor axons have a preference to regenerate toward the muscle branch
of a nerve (the correct branch), although this preference is small. Contrarily, only a few
studies have evaluated the preference of sensory neurons. Since sensory neurons are highly
heterogeneous, it is important to independently study the different subpopulations.

Using transgenic mice that have fluorescence in specific neuron populations, we studied the
preference toward the muscle or cutaneous branch of a nerve in motoneurons,
proprioceptors, and a population of mechanoreceptors that include touch and pain neurons.
We observed that, after one week, all neurons prefer the cutaneous branch. Nevertheless,
after two months the preference is toward their correct branch: motoneurons and
proprioceptors prefer the muscle branch, whereas mechanoreceptors prefer the cutaneous
branch. This preference is below 60% and, thus, very limited in terms of biological relevance.

However, the existence of this mechanism suggests that neurons have specific regenerative
responses and opens the possibility of modulating them to facilitate regeneration through the
correct branch. This will help us design new strategies that increase specific reinnervation
and, thus, improve functional recovery.
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