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Imagine you had a really important message that you had to deliver
to your friend as quickly as possible. Would you send your friend a

l‘]_::::Y handwritten letter through the postal service that would arrive in a
AGE: 11 few days? Or would you send an email, which gets delivered almost
instantly? A neuron’s job is to speedily send messages across the
RYDER brain, spinal cord, and body. Neurons receive help with performing
AGE: 11 this important job from another kind of cell, called oligodendrocytes.
In this article, we describe how oligodendrocytes help neurons
rapidly send their messages, and how scientists are trying to protect
and replace oligodendrocytes that are damaged in diseases like
multiple sclerosis, or after a brain injury.
A cell found in the brain Neurons are like the mail carriers of the body; they are responsible
and spinal cord that is for transmitting messages throughout the brain and the body. To
specialized for send these communications, a neuron has a special shape: a long,
communication across

the body.
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Figure 1

(A) In babies,

neurons do not have
any myelin covering
them. (B) Gradually, as
a child grows up,
oligodendrocytes wrap
axons in myelin. (C)
One oligodendrocyte
can myelinate many
axons at once. If you
were to slice through a
myelinated neuron, you
would see the myelin
wrapped around the
axon in layers. On the
right, you can see a real
picture of myelin
wrapped around axons.

AXON

A long, tube-like
extension that allows a
neuron to
communicate with
far-away parts of the
brain and body.

OLIGODENDROCYTE

A cell with branches
that wrap myelin
around axons.

MYELIN

A fatty membrane
wrapped around
neurons, which is made
by oligodendrocytes.
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tube-like extension, called an axon, which extends out toward its
target (Figure 1A). You can think of axons like the roads the mail carrier
has to drive along to deliver letters. But not all roads or delivery routes
are the same. Some roads might be longer than others, and some
roads might have potholes or traffic, all of which can slow the delivery
of mail. This can be a problem if you have a really important message
that needs to be received almost instantly.

To help speed up message delivery, neurons partner with special
cells called oligodendrocytes. When neurons have help from
oligodendrocytes, they can send communications at lightning speed,
even if their axons are very long. The word oligodendrocyte may
sound a bit strange, but the name describes the cells’ special role. Like
many words in biology, it comes from Greek and means “cell with few
branches.” One oligodendrocyte can have up to 50 different branches
[1]. Each branch reaches out to grab onto an axon (Figure 1B). The
oligodendrocyte then wraps its branch around the axon over and over
again, like rolling up a carpet (Figure 1C) [2]. The stuff wrapped around
the axon is called myelin, and the act of an oligodendrocyte wrapping
its myelin around an axon is called myelination.

When a baby is first born, the baby’s neurons do not have any help
from oligodendrocytes (Figure 1A) [2, 3]. The baby’s brain is working,
but its messages are being delivered a little slowly, and some might
get “lost in the mail.” As we get older, oligodendrocytes start to
extend their branches to wrap around the axons in the brain. As
this happens, neurons get faster and faster at sending messages.
Eventually, when we are about 25-30 years old, all the axons that need
help from oligodendrocytes will be wrapped up in myelin (Figure 1B)
[4]. Once neurons and oligodendrocytes are teamed up, neurons can
communicate extremely quickly, like clicking “send” on an email.
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Figure 2

(A) A normal, healthy
myelinated neuron in
an adult brain. (B) When
a myelinated neuron
degenerates, both the
axon and the myelin fall
apart and die. (C) If
oligodendrocytes are
sick or dying, myelin
falls off the axon in a
process called
demyelination. This can
happen in multiple
sclerosis. (D) If the axon
is cut or the neuron is
otherwise injured, both
the axon and myelin fall
apart and die. (E)
Neurons can regrow, or
regenerate, but
regenerated neurons
lack myelin on their
axons.

DEGENERATION

The death of axons due
to injury or disease.
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What exactly is myelin, and how does it help the neurons send faster
messages? Myelin is composed of a fatty substance that gives it the
ability to insulate neurons, like the plastic coating around the metal
wire of a power cord. The insulation provided by myelin keeps the
message inside the neuron as the message travels along the axon.
If an axon does not have myelin, the message will gradually leak
out or weaken as it travels down the axon. If too much of the
message is missing when it reaches the end of the axon, the message
might be undeliverable or incomplete! So, in addition to speeding up
the delivery of messages, myelin is essential for keeping messages
readable and accurate upon delivery.

Delivering messages all day takes a lot of work. Our mail carriers need
to drink water and have some snacks during the day to make sure
they have enough energy to make all their deliveries. Neurons also
require a lot of nutritional support because they are constantly working
too. Since oligodendrocytes are in such close contact with neurons,
they are the perfect cells to help make sure neurons have all the food
and water they need. So, in addition to helping with message delivery,
oligodendrocytes provide neurons with the nutritional support they
need to keep sending messages [3].

NEURON INJURY AND REPAIR

There are many things that can prevent oligodendrocytes from helping
neurons (Figure 2). As you have already learned, a healthy adult
neuron will have myelin wrapped around its axon. In diseases such
as Alzheimer’s disease, neurons get very sick and begin to die, in a
process called degeneration. When a neuron degenerates, the myelin
starts to fall off the axon—the axon becomes demyelinated. Multiple
sclerosis is an example of a demyelinating disease in which axons lose
their myelination. If the loss of oligodendrocytes is severe, neurons will
also start to degenerate [2, 5]. If an axon gets injured or cut, it can also
become demyelinated and die [1]. Scientists believe that neurons and
oligodendrocytes are so dependent on one another that if one cell
starts dying, the other often does, too [6].
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Figure 3

Baby oligodendrocytes,
called oligodendrocyte
precursor cells (OPCs),
become mature,
myelinating
oligodendrocytes.
When OPCs get a
signal from “helpful”
microglia, the OPCs
first increase in
number. These new
cells become immature
oligodendrocytes,
which have branches
but do not yet
myelinate axons.
Eventually, immature
oligodendrocytes
become adult,
myelinating
oligodendrocytes that
can wrap myelin
around many different
axons. However,
“hurtful,” or
stressed-out microglia
can send signals that
keep the
oligodendrocytes
trapped in the
immature phase.

REGENERATION

The regrowth of a cell
or part of a cell, like the
axon of a neuron.

OLIGODENDROCYTE
PRECURSOR CELL

A baby
oligodendrocyte that
can grow up to be an
adult oligodendrocyte.

MICROGLIA

A cell that acts like the
garbage man of the
brain to remove debris
produced by
malfunctioning or
dead cells.
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When a neuron regrows or repairs its axon, we call that regeneration.
Because neurons are so essential for the brain's communication,
scientists have been working to regenerate axons after injury or
disease. But even when scientist get neurons to regenerate, those
neurons are not myelinated by oligodendrocytes, which prevents the
newly repaired neurons from performing their communication duties.
In some cases, regenerated neurons will die without the support of the
oligodendrocytes [3].

Scientists are trying to protect and regrow oligodendrocytes so that
regenerated neurons can be remyelinated and brain functions can be
restored. One amazing thing about oligodendrocytes is that they can
replace themselves throughout a person’s lifetime. Given all the work
that oligodendrocytes do, it is easy to imagine that they might need
to be replaced from time to time. Fortunately, the brain contains baby
oligodendrocytes, which are called oligodendrocyte precursor cells
(OPCs). So, when an old oligodendrocyte needs to be replaced, an
OPC will first divide to make more OPCs. The newly made OPCs will
start to develop into immature oligodendrocytes. At this stage they
have branches, but they are not wrapping axons with myelin yet. Over
time, immature oligodendrocytes will continue to develop, until they
become mature myelinating oligodendrocytes (Figure 3) [7].

WHAT STOPS NEW OLIGODENDROCYTES FROM HELPING
NEURONS?

Although we know that the development of OPCs into myelinating
oligodendrocytes is possible and happens naturally, we do not know
how to initiate this process after injury or disease. In the case of
injury or disease, there are usually problems with other cells in the
brain, too—not just neurons and oligodendrocytes. Recent work by
scientists has shown that brain cells called microglia, which function
like the garbage collectors within the brain, are key to generating new
oligodendrocytes. Microglia travel around the brain and spinal cord,
looking for “trash” to dispose of—like malfunctioning or dead cells.
Microglia also send signals to other cells, including oligodendrocytes,
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telling them that something is wrong in the brain, or telling them that
the coast is clear and it is safe to resume normal activities. When
microglia come across a big injury or damaged area in the brain, they
can become hyperactive and stressed out by all the things that are
going wrong.

New research is showing that, after injury or disease, there are
both “helpful” and “hurtful” microglia, both of which can affect
oligodendrocytes (Figure 3) [8, 9. Initially, helpful microglia tell the
OPCs that there are regenerated neurons that need to be myelinated.
This signal from the helpful microglia results in an increased number
of OPCs [6]. However, over time, these helpful microglia can
become hurtful microglia. You can imagine that, if you are constantly
surrounded by things that are going wrong or are broken, you might
get a little stressed out. During the time it takes the OPCs to become
immature oligodendrocytes, microglia become so overwhelmed that
they start telling the immature oligodendrocytes to stop maturing and
not to become myelinating oligodendrocytes [8].

To prevent microglia from stopping oligodendrocyte maturation,
scientists have developed a drug that temporarily removes nearly all
of the microglia from the brain [9]. This drug tells the hurtful microglia
to self-destruct, and eliminates most, but not all, of the microglia in
the brain. The big drop in the number of hurtful microglia is enough to
allow immature oligodendrocytes to finish developing and wrap their
myelin around regenerated axons [8]. Once the regenerated axons
are myelinated by the newly matured oligodendrocytes, the drug is
no longer needed and can be stopped. When the drug is removed,
microglia will begin to replace themselves [9]. The one problem with
this drug is that we do not want people to be without microglia,
even for a short time. Microglia are essential for keeping the brain
clear of debris and damaged cells, so if a person gets another head
injury while taking the drug, there will be no helpful microglia to
clean up. So, scientists are now working to make new drugs that
stop hurtful microglia from preventing the generation of myelinating
oligodendrocytes, while still allowing microglia to perform their other,
helpful duties.

CONCLUSIONS

Neurons and oligodendrocytes work together to make sure messages
are delivered as quickly as possible across the brain and body. When
the brain gets injured or sick both neurons and oligodendrocytes
can die—causing major communication failures. In the millions of
patients with spinal cord injuries or with multiple sclerosis, these
communication failures can result in people losing the ability to walk,
or talk, or live a normal life. For this reason, scientists are working hard
to regenerate neurons and oligodendrocytes after these injuries or
diseases. The discovery of new treatments that help oligodendrocytes
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to remyelinate and support neurons could help improve the quality of
life for many of these patients.
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