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SPINAL CORD

The part of the central
nervous system that sits
in your spinal column,
the bony structure
along your back. The
spinal cord is mainly
responsible for picking
up all kinds of feelings
from your body and
sending it to the brain
for processing, as well
as for sending
movement commands
from the brain to your
arms and legs.

Skin wounds like scrapes and cuts may be painful, but they usually heal
perfectly. Worst case scenario, you may be left with a scar. In contrast, when
the brain gets injured, we are often left with disabilities that stay with us for
the rest of our lives. What is so different about the brain, and how does it
repair itself? Brain cells face unique challenges when they get injured, for
example, by a concussion or a stroke. And to cope with these challenges,
the brain has an ingenious strategy to deal with injury.

THE BRAIN IS SUPER VULNERABLE

Your brain and your spinal cord together form what we call the central nerv-
ous system. Looking at a skeleton, have you ever asked yourself why the brain
and spinal cord are the only organs in our body encased in bone? True, the
lungs and the heart are also well protected by the rib cage. But when you look
at the skull, it is basically a bony box with a few holes in it to let nerves leave
the brain. The nervous system is unique compared to many other organs in
that it does not expand or contract like your heart, lungs, and intestines do.
Because there is no major movement, it is alright for the central nervous
system to be entirely encased in bone. Why is the central nervous system so
well protected? The answer is simple: because it is super sensitive and very
vulnerable.
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Nerve cells in the brain
that receive signals
from other nerve cells,
process them, and then
send along new signals
to different nerve cells.
This network of
connected neurons is
the basis of all the work
that the central nervous
system performs so
you can think, move,
and feel things.

A concussion happens
when you hit your head
hard and your brain
bumps against your
skull. If you have a bad
concussion, you may
see stars in front of your
eyes, you may not
remember what day it
is, and you may feel
nauseous.

A stroke happens when
the blood supply to a
brain region is
damaged. The nerve
cells in that region die
off quickly if they stop
receiving essential
things like sugar and
oxygen from the blood.

A disease where neurons
die off (or degenerate,
which means they die)
because they cannot deal
with the challenges they
face. Most of these
challenges are
complicated chemical
processes.

Immature cells that
have not developed into
“professional” skin cells,
or nerve cells, or any
other cells in your

body yet.
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Which organ of your body do you think you’re injuring most often? Probably,
your skin. Think about a time when you fell, your skin broke open and you
had a wound like a scrape or a cut for some time. If this injury happened a
while ago, chances are you won't even see the spot on your skin any more.
Or maybe you can see a scar, but basically your skin was able to repair itself
almost perfectly. Unfortunately, the brain and spinal cord are fundamentally
different. If your brain gets injured, some damage may persist throughout the
rest of your life.

Your skin cells keep dividing, they die and give birth to new cells all the time,
even when you’re not injured. After an injury, the skin makes a bunch of new
cells and uses them to heal your wound. Yet, nerve cells in your brain, also
called neurons, do not renew themselves. They do not divide at all. There
are very few exceptions to this rule - only two special places in the brain
can give birth to new neurons. For the most part though, the brain cannot
replenish dead neurons. This is especially worrisome because neurons are
very sensitive cells and they die for all sorts of reasons. When you bump
your head and suffer a concussion, neurons die. When there is a glitch in
the blood supply to the brain, also called a stroke, neurons die. Neurons
also die when faced with changes in their own functions, which happens
in the so-called neurodegenerative diseases like Parkinson’s disease and
Alzheimer’s disease.

Here is the good news. Because loss of neurons is usually permanent, scien-
tists are working on two important strategies to help the brain after injury.
One way is to protect the nervous system immediately after the damage
occurs. This damage could be a stroke, a severe concussion, or any kind of
injury. If we can somehow limit the number of neurons that die early after
injury, then we are keeping the damage to a minimum. To help with repair
later on after the injury, after the damage is done, some scientists are trying
to use stem cells as a treatment for neuronal loss in the brain.! These stem
cells are young and immature cells that have not developed into “profes-
sional” cells yet. They have the capacity to develop into brand new neurons
if scientists treat them with special molecules. This is a little like elementary
school students who are not doctors or plumbers yet, but they have the
capacity to become any professional in the future, given the right training.
The biggest challenge with replacing dead neurons with stem cells is to have
these newcomer neurons integrate, or fit into, the existing brain networks
the right way. The new neurons can’t just hang out in the brain, we need

"http://www.eurostemcell.org/commentanalysis/stem-cell-therapies-and-neurological-disorders-
brain-what-truth
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They have the capacity to
develop into any cell in
your body, and their future
“profession” is determined
by what molecules they
encounter as they mature.
They can develop into any
professional cell, including
neurons, when scientists
treat them with specific
molecules.

A fatty covering that
envelops axons to
make signals travel
along axons as fast as
possible. For example,
this sheath is what
allows you to react
quickly when you hurt
yourself, such as
pulling back your hand
from touching a hot
stove top.

Left: the structure of a
brain cell. Note the
branch-like arms that
extend from the cell body
(top left corner). These
arms receive incoming
signals. The really long
arm that extends to the
bottom right is called the
axon, which sends signals
to a receiving cell. The
axon is enveloped by a
myelin sheath (in darker
violet), which helps signals
travel faster along the
axon to the receiving cell.
Right: when an axon gets
injured, the end part dies
off and leaves an axon
stump. Stumps have a
hard time to grow back
after injury.
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them to form connections with other cells and do the job that all neurons
do: process signals.

Looking at the structure of a neuron, you will notice it has a cell body and
several arms that it uses to connect and talk with other neurons (Figure 1, left).
The really long arm that sends signals to other neurons is called axon, and
axons can be really long. If an axon is damaged along its way to another cell,
the damaged part of the axon will die (Figure 1, right), while the neuron itself
may survive with a stump for an arm. The problem is neurons in the central
nervous system have a hard time regrowing axons from stumps. Why do skin
cells not have this problem? Skin cells are much simpler in structure. And
because they can give birth to entirely new cells, they don't face the problem
of having to repair parts of their cells.

So, why do damaged neurons have trouble regrowing axons?

First, they need motivation. There are special molecules that help activate
growth in neurons. More of these motivating molecules are made when the
neurons are active. So, if you keep your brain active, your neurons are more
likely to grow. This is true both after injury and in the healthy brain.

Second, axons face a hostile environment that is full of molecular “stop signs”
that signal “no trespassing” to axons. Some stop signs are part of the sheath,
or covering, around neighboring axons, called myelin sheath (Figure 1,
left). Some stop signs are part of a scar that gets built like a protective wall
around an injury in an effort to keep the damage from spreading. These
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Growing axons (green in
top right and bottom left
corners) looking for new
target cells to connect
with have a hard time in
an injury environment. This
is partly due to star-
shaped support cells
(astrocytes, in yellow),
which spit out chemicals
(red). These chemicals
stop axon growth.

Translates into “star
cells,” due to the
star-like shape of these
cells. Astrocytes are
support cells in the
brain that are very
different from neurons.
They support neurons
in many ways, such as
by keeping harmful
molecules away.

Your body’s reaction to
injury. The immune
response will send out
specialized cells, some
from the region of
injury and some from
the blood stream, to
help clean up and
repair.
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scars are made by brain cells called astrocytes (star cells, due to their star-
like appearance). Scar-building astrocytes are just trying to help, but they
also release a chemical into their environment that makes it hard for axons
to grow (Figure 2).

But, there is good news here as well. Scientists are working on strategies to
motivate injured neurons to grow by using special growth molecules and to
eliminate stop signs for axons in order to make the injury environment more
supportive for nerve cell growth [1].

The immune response plays an essential role in any kind of repair after
injury. In injured skin, immune cells will rush to the site of injury from the
blood and help the resident immune cells clean up debris from dead cells.
Once the clean up is done, the immune cells die and stop the fight. The brain
has specialized resident immune cells as well, and they will become activated
when they sense danger or damage. A common problem in the brain is that
the activated immune cells often don't know when to stop fighting. If they
continue to spit out toxic chemicals over long periods, they can cause more
harm than good, by killing healthy neurons. This is why scientists are trying
to understand what switches brain immune cells on and off and trying to
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The ability of nerve
cells to change their
connections to other
nerve cells. Plasticity is
the process of neurons
building new arms to
connect with other
neurons, or simply
weakening or
strengthening an
existing connection
with another nerve cell.

In response to an injury, a
brain cell can adapt by
growing new arms (axon
branch with green
background) and also by
increasing or decreasing
the strength of existing
connections (connection
between axon and
receiving cell with green
background in bottom
right).
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figure out how they can modify the response of these immune cells, so the
cells can be helpful rather than harmful [2].

Learning about the limitations of neurons compared to skin cells, you may be
disappointed that an organ as important as the brain seems to be unprepared
for damaging events. The truth is, the central nervous system has an ingenious
strategy to repair itself that is entirely different from the strategy used by other
organs. The brain will never be the same as before the damage, but it will try
to compensate for its losses. Neurons in the brain are able to change their
connections with each other. This process is called plasticity, and it helps the
brain to adapt to the loss of neurons. Forget for a moment about dying cells,
the responsibility for plasticity lies entirely with the surviving cells. How does
this work?

Because a neuron’s primary job is to send out a signal, neurons are super
good at sensing “free real estate,” or other neurons, that they can connect
with. Apart from growing new arms to connect with new cells, neurons
can also modify the strength of existing connections with other neurons
(Figure 3). They can either strengthen such connections or they can weaken
them, resulting in a totally new network of connections in the brain. This

Stronger existing
connection
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plasticity is driven and directed by activities that we perform. After a stroke
or brain injury, patients usually improve to a certain extent doing some sort
of physical therapy. The improvement is not so much due to growth of new
neurons, as you learned above, but because these patients keep stimulating
plasticity and, therefore, build new connections between surviving neurons
in their brains!

Unfortunately, plasticity as a repair mechanism has its limits. Plasticity
relies entirely on surviving cells, so the more surviving cells there are,
the better. If someone suffers a severe brain injury, or a huge stroke that
kills a substantial amount of brain cells, then there are less surviving neu-
rons available for plasticity than following a mild concussion. The more
cells available for plasticity to work with, the more plasticity can occur.
This is why severe central nervous system injuries usually result in last-
ing disabilities. And because the consequences of these severe injuries are
so dire, scientists are working hard to try to protect neurons from dying,
to replace lost cells with stem cells, to help injured neurons grow, and to
stimulate plasticity.
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Seventeen young girls from Grade 7 participated in this review. Some of them are athletes
and one of them had a concussion before. Some of them have family members/friends with
mental illnesses. This group was very enthusiastic about the review process and everyone in
the class participated and gave valuable feedbacks. Special mention to their science teacher
Christianne Loupelle for being very motivating and considerate during the review process.
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