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Researchers regenerate axons necessary for
voluntary movement

April 6 2009

For the first time, researchers have clearly shown regeneration of a
critical type of nerve fiber that travels between the brain and the spinal
cord and which is required for voluntary movement. The regeneration
was accomplished in a brain injury site in rats by scientists at the
University of California, San Diego School of Medicine and is described
in a study to be published in the April 6th early on-line edition of the
Proceedings of the National Academy of Sciences (PNAS).

"This finding establishes a method for regenerating a system of nerve
fibers called corticospinal motor axons. Restoring these axons is an
essential step in one day enabling patients to regain voluntary movement
after spinal cord injury," said Mark Tuszynski, MD, PhD, professor of
neurosciences, director of the Center for Neural Repair at UC San Diego
and neurologist at the Veterans Affairs San Diego Health System.

The corticospinal tract is a massive collection of nerve fibers called
axons - long, slender projections of neurons that travel between the
cerebral cortex of the brain and the spinal cord, carrying signals for
movement from the brain to the body. Voluntary movement occurs
through the activation of the upper motor neuron that resides in the
frontal lobe of the brain and extends its axon down the spinal cord to the
lower motor neuron. The lower motor neuron, in turn, sends its axon out
to the muscle cells. In spinal cord injuries, the axons that run along the
corticospinal tract are severed so that the lower motor neurons, below the
site of injury, are disconnected from the brain.
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"Previous spinal cord injury studies have shown regeneration of other
nerve fiber systems that contribute to movement, but have not
convincingly shown regeneration of the corticospinal system," said
Tuszynski, theorizing this was due to a limited intrinsic ability of
corticospinal neurons to turn on genes that allow regeneration after
injury. He added that, without regeneration of corticospinal axons, it is
questionable whether functional recovery would be attainable in humans.

The UC San Diego team achieved corticospinal regeneration by
genetically engineering the injured neurons to over-express receptors for
a type of nervous system growth factor called brain-derived neurotrophic
factor (BDNF). The growth factor was delivered to a brain lesion site in
injured rats. There, the axons - because they now expressed trkB, the
receptor for BDNF- were able to respond to the growth factor and
regenerate into the injury site. In the absence of overexpression of trkB,
no regeneration occurred.

Although functional recovery in the animals was not assessed, the new
study shows for the first time that regeneration of the corticospinal
system - which normally does not respond to treatment - can be achieved
in a brain lesion site.

"The next step will be to try this in a spinal cord injury site, once we get
the injured neurons to send the growth factor receptor all the way down
the axon and into the spinal cord," said Tuszynski, adding that the UC
San Diego research team is now working on this. "We will then assess
whether regeneration of corticospinal nerve fibers will lead to functional
recovery and restored movement in animal models."

This work builds on another study from Tuszynski's laboratory,
published in the February 8, 2009 issue of Nature Medicine, which
reported that BDNF also exhibits potential as a therapy for reducing
brain cell loss in Alzheimer's disease.
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