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If the brain is injured due to traumatic brain injury (TBI), it will lose

some of its cells. If our brain cells get damaged, we may be left

with problems controlling our movement, our speech, or even our

memory! In the future, tissue engineeringmay be able to help people

with TBI. Tissue engineering involves building a piece of tissue outside

of the body or assisting the damaged part of a tissue to grow again

and function inside the body. Cells are the building blocks of the body,

and they are surrounded by a matrix that supports them. This matrix

is called the extracellular matrix (ECM). Scientists can make artificial

mimics of the natural ECM. The artificial ECM helps a damaged tissue

to regenerate. In this article, we discuss how Gel-MA, an artificial

ECM, can have healing properties in injured brains.
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INTRODUCTION

Did you know that a lizard can regrow its cut-o� tail? This property
is called regeneration. Regeneration is an ability that is not unique to
lizards. Many animals can regenerate parts of their bodies to replace
damaged ones. When a certain flatworm is cut into pieces, each piece
of the flatworm can turn into a whole newworm! A starfish can regrow
a newarm if it loses one, and sometimes an armcan grow into an entire
starfish. Humans can also regenerate, but to a lesser level. For example,
have you ever wondered why, when we accidentally cut ourselves
with something sharp, we later find it healed with no marks of the
injury, apart from occasional scarring? This is due to the regenerative
capacity of the skin. Unfortunately, not all our body parts and tissues

REGENERATIVE

CAPACITY

The ability of the body
to repair and replace
cells, tissues, or organs
lost due to injury
or disease.

can repair themselves, and some never do so.

THE HUMAN BRAIN

Our brains are like machines that work day and night. We do not
think about most of the things that our brains control, like breathing,
regulating our heartbeats, and digesting the food that we eat by
moving the muscles of the stomach.

The brain is a complex organ and is part of what we call the central
nervous system. There are two main types of brain cells: neurons

CENTRAL NERVOUS

SYSTEM

The bodily system
composed of nerve
tissues. It controls the
activities of the body. In
vertebrates, it includes
the brain and the
spinal cord.

and glial cells (Figure 1). Neurons are the key players for information
processing. There are around 100 billion neurons in your brain; equal
to the number of the stars in the Milky Way Galaxy. Neurons are
the cells that make you able to think, learn, memorize things, and
transmit messages to other parts of your body. Glial cells are cells
that support the neurons. They act like housekeepers or nurses of the
brain; they provide neurons with adequate nourishment, they clean
up dead neurons, and they protect the living neurons from infection
by foreign organisms.

The neurons connect with each other to make a network that allows
the brain to perform its functions. If only few neurons in the brain
become damaged or dead, then such a small disruption in the neuron
network may not be noticed by the a�ected person. However, if
many neurons die, the a�ected person may su�er from problems with
movement,memory, speech, or thinking, etc.When the brain loses too
many neurons, it cannot replace them all. This is because the brain,
unlike the skin, cannot regenerate. So, protecting this vital organ is
a must!

One important thing to know about the brain is that if it shakes, it
breaks. A head injury that results from a strong blow or a fall can
traumatize the brain. This can disrupt the normal functions of the brain.
Such an injury is called traumatic brain injury (TBI). Di�erent bumps

TRAUMATIC BRAIN

INJURY

Damage caused to the
brain by a bump to the
head. The injury usually
disrupts normal
brain functioning.

to the head can lead to di�erent types of TBI, ranging from mild, to
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Figure 1

Figure 1

The 3D structure of
brain cells: brain cells
and their surrounding
extracellular matrix
(ECM). The human
brain is made up of 2
main types of cells as
shown in the enlarged
area (upper right). The
enlarged area also
shows brain cells
surrounded by the
extracellular matrix
(ECM). The ECM is
made up of a network
of biological molecules
as shown in the
enlarged circle (lower
left). The ECM
surrounds the neurons
and makes a 3D
structure around the
cells, giving them their
shapes and helping
them to perform their
functions. Two main
types of brain cells,
neurons and glial cells,
are detailed in the
enlarged area in the
upper right. These cells
vary in shape, structure,
and function. Neurons
process and transmit
information to other
body systems and
organs. Glial cells
support neurons with
nutrients and protect
the whole brain from
cellular damage and
infection by foreign
organisms.

moderate, to severe. The symptoms from a trauma to the brain depend
on how severe and frequent the TBI is. In fact, these brain injuries are
not rare. Concussions, which may happen when we fall o� a bike, play
sports, or get in a car accident, are one form of TBI.

REGENERATIVE MEDICINE TO THE RESCUE

A hit to the brain can injure some neurons and even cause them to die.
The dead neurons cannot be properly replaced. This is similar to an
explosion that causes some buildings to collapse. Obviously, buildings
cannot reconstruct themselves. Engineers and workers are needed to
fix the damage. If we apply the same concept to injured body parts
(such as the brain), regenerative medicine can act as the engineers

REGENERATIVE

MEDICINE

Regenerative medicine
is the branch of
medicine that develops
methods to replace or
regenerate human
cells, tissues or organs,
in order to restore or
establish normal
function. The impaired
function can be the
result of any cause,
including birth defects,
disease, trauma,
or aging.

and workers and could save the day [1].

Thanks to regenerative medicine, restoration of body functions
that are damaged due to an injury or a disease is now possible.
Regenerative medicine can be used to treat diseases such as those of
the nervous system and of the heart. Regenerative medicine can also
replace or repair tissues and organs that are damaged by trauma (like
TBI) or by aging. Regenerative medicine can help in two ways. First, it
can use cells made outside the body to replace the lost or damaged
cells in the body. Second, it can increase the production of new
cells inside the body. These regenerative medicine approaches can
enhance tissue function, reduce disabilities, and improve the quality
of life [2].
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TISSUE ENGINEERING AND THEMAGICAL GLUE

Tissue engineering is one new field of regenerative medicine. It
TISSUE

ENGINEERING

A sub-branch of
regenerative medicine.
It applies the principles
of engineering and life
sciences toward the
development of
biological substitutes
that can restore,
maintain, or improve
tissue function or a
whole organ. The
biological substitutes
include biomaterials,
cells, and biologically
active molecules. The
biological substitutes
can be used to create
tissues or cellular
products outside the
body or help the repair
of tissues within
the body.

combines life sciences with engineering and applies the principles of
both fields. Tissue engineering focuses on developing tissues outside
the living body that can be used to restore or maintain a body function
or even to replace a whole organ.

Cells are the building blocks of tissues, and they are connected using
a sort of glue. This glue is called the extracellular matrix or ECM. The

EXTRACELLULAR

MATRIX (ECM)

A three-dimensional
network of biological
molecules present
around cells. It provides
support to the cells
it surrounds.

ECM makes a 3D structure around the cell, which helps to keep its
shape (Figure 1). This 3D structure helps cells to communicate with
each other and allows them to function properly. Each type of cell
(brain cells, heart cells, etc.) has its unique kind of ECM. Only the ECM
specific for a particular cell type can allow that cell type to function
properly. One form of tissue engineering, tries to supply cells with a
proper ECM glue to help repair damaged cells. The best glue is the
one that most closely resembles the original ECM inside the tissue.
For example, to have functional brain cells, we need to use an ECM
similar to the natural ECM that surrounds brain cells inside the body.
This is because only the brain ECM supplies the brain cells with their
proper 3D structure.

When engineering a tissue, scientists use cells that they grow in the
lab and/ or an ECM glue. They can build the whole tissue in the lab
and then implant it into the person who needs it. Another option is to
directly provide the damaged tissue with the substances it needs to
rebuild itself. In that case, the ECM glue can be added to the damaged
tissues without the need to add cells [3].

GEL-MA, A PROPER ECM FOR TBI TREATMENT

One of the challenges of brain disorders such as TBI is that the
damaged neurons are hard to replace. While it is hard for neurons to
regenerate by themselves, scientists work hard to make that happen.
Since it is not ethical to experiment on the brain of a living human
being, scientists use cells growing in small plastic dishes called cell
culture dishes (Figure 2A). In our lab, we grow special cells that perform
similar functions to neurons. These special cells are cultured on an
artificial ECM that we call Gel-MA. Gel-MA is a type of gel made up
of gelatin (gelatin is what gives jelly its texture). We have tested the
e�ects of Gel-MA to see if it can help the cells to grow. We grew the
special cells with di�erent amounts of Gel-MA. We cultured the cells
in the cell culture dishes for one day and then checked how they were
growing. We found that, as we increased the amount of Gel-MA, more
cells lived. This means that the Gel-MA helped these special brain cells
to grow better (Figure 2A).
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Figure 2

Figure 2

Gel-MA is a potential
ECM for treating brain
injuries. (A) Special cells
called PC12, which are
a lot like neurons, were
grown in cell culture
dishes. When Gel-MA
was added to the cells,
they increased in
number. (B) Gel-MA
was applied directly to
the injured brains of
mice, to study its
beneficial and healing
e�ects in TBI. Gel-MA
decreased the size of
the injury when applied
to injured brains and
helped the glial cells
and neurons to
function better.

In another experiment, we tested whether Gel-MA could protect
neurons from damage by TBI. For this, we usedmice that we subjected
to TBI. We placed a drop of Gel-MA at the place of head injury. After
a week, the mice were still alive, which means that the gel did not
have toxic e�ects. When we checked the brains of the injured mice,
we found that the injuries were almost gone 1 week after adding
Gel-MA. Now, we are testing whether Gel-MA, added to the injured
brains of mice, can improve the behavior of these mice or if they
can perform mental tasks better. If we see an improvement, this
means that Gel-MA helps to heal brain injuries and can restore brain
functions (Figure 2B).

CONCLUSION: THE IMPACT OF GEL-MA

We use Gel-MA because it can help neurons establish their proper 3D
structure. This is similar to what the natural ECM does in the brain.
Another important point is that Gel-MA is not toxic to cells, on the
contrary, it enhances their growth. This is exciting because it means
that, by using an artificial ECM, we are now able to help the injured
brain during its healing process [4]. We saw from our experiments that
Gel-MA has healing properties during TBI. Our hope is that, in the
future, scientists can improve TBI treatment using Gel-MA or other
forms of tissue engineering. The brain, which was long thought to
be irreparable, now has the promise of repair. Gel-MA could provide
an exciting method for treating TBI. Now we must translate our
findings from mice to humans, so that we will be able to deal with
the important, worldwide issue of TBI!

ORIGINAL SOURCE ARTICLE
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