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Organs and tissues in the human body are quite resilient to the wear
and tear of daily human life, but they can still fail for many reasons.
Regenerative medicine is a field that explores new tools for repairing
and replacing damaged organs and tissues. Regenerative medicine
includes a vast array of treatments; for example, stem cell therapy,
and biomaterials. Biomaterials are materials made to interact with
the human body. They can be designed with many different materials
for different applications and can be made structurally similar to the
organ or tissue that needs to be repaired. The field of biomaterials
is constantly evolving and as we continue to learn more about the
interactions of biomaterials with the body on a cellular level, more
and more biomaterial treatments are being developed.
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BIOMATERIALS: BUILDING BLOCKS FOR TISSUE REPAIR

Organs and tissues in the human body have very specific, complicated
functions. Our lives depend on these organs to function correctly and
around the clock. However, sometimes organs and tissues are dam-
aged and can fail, due to illnesses or accidents. There are many medical
therapies that can help treat damaged organs, but many still lack the
ability to repair the organ so that it regains full function. For example,
current treatments do not really improve heart function after a heart
attack.

Regenerative medicine is a field of research that provides new tools for
repairing failing organs and replacing damaged tissues [1]. Regenerative
medicine uses something called tissue engineering to design new
strategies for repair of damaged organs and tissue. Tissue engineer-
ing means using biology, chemistry, and engineering to make new
materials that are compatible with the human body and can be used to
fix or replace organs and tissues [2]. There are a wide range of thera-
pies included in the field of regenerative medicine, with biomaterials
being one of the more commonly used tools. Biomaterials are like
Lego® building blocks, and have been used to repair tissues and organs,
such as the heart, skin, cornea, and nervous system [3]. Biomaterials
are materials meant to be inserted into the body to replace or repair
damaged organs or tissues. Biomaterials often have special properties
that allow them to be in contact with human cells, tissue, and organs
without being rejected by the body. Bioengineering is the name of the
field that creates and uses biomaterials to improve current medical
treatments [2, 3].

Regenerative medicine also uses a variety of ways to apply its therapies
so they can work effectively. Regenerative therapies can include: (1) cell
therapy using stem cells, which are immature cells that can potentially
become or produce any cell or tissue necessary, (2) bioengineering
using biomaterials, as we have described here, and (3) medications and
drug treatments [1, 3]. As regenerative medicine changes, the ways the
treatments are applied is also changing, often by combining existing
methods or making new ones that are more suitable for the treatment.
Biomaterials, bioengineering, and regenerative medicine are currently
leading the way for new medical therapies, especially for repairing
organs that have previously thought to be unrepairable.

THE STORY OF BIOMATERIALS

Biomaterials have improved significantly since they were first devel-
oped, and they are still changing, as scientists continue to understand
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more about diseases and how the biomaterials interact with the body
[3]. Biomaterials can be created from a variety of materials, depend-
ing on what they will be used for [2, 3]. For example, they can be
made from various types of natural components, such as collagen
which is found in the body or alginate which comes from seaweed,
synthetic materials, such as metal, or a combination [2, 3]. The earli-
est biomaterials did not interact with the human body, but they had
similar physical properties to the damaged organs they were being
used to repair or replace. These materials were often created from
various metals, ceramics, or substances, such as rubber. These early
biomaterials were commonly used as prosthetics, which are artificial
body parts such as a leg or a heart, but they had poor combability
with the body so they would often be rejected. These early mate-
rials could not interact with the body on a cellular level, which is
what today’s biomaterials aim to do. Advances in the development
of novel biomaterials have led materials that can interact with the
body to promote healing and regeneration. These newer biomate-
rials were considered bioactive, meaning they could interact with
the body, and form chemical bonds with tissues. This is seen in hip
implants that promote bone growth which allow a calcium layer,
called hydroxyapatite, to grow on the implant. The newest bioma-
terials, known as third generation biomaterials, are made to interact
with the body and cause a specific response from cells in the body.
Third generation biomaterials can also mimic the body’s natural 3D
structure and stimulate tissue regeneration (re-growth) [3]. Scientists
have improved biomaterials tremendously and they continue to work
on them, changing the materials’ properties to operate more effec-
tively in patients’ bodies.

WHAT SHAPE DO BIOMATERIALS TAKE?

Biomaterials can take on many different forms and be made from many
different materials. |deally, biomaterials should have a porous structure,
which means they have small holes which lets gasses, liquids, and even
cells move through them, similar to the organ or tissue they aim to heal.
Cells that help in healing can also be loaded into the small pores in the
biomaterial [2]. In this way, a porous biomaterial can be used to deliver
cells to a damaged tissue. The biomaterial helps keep the new cells
in the tissue where they are needed to promote healing. Additionally,
the porous structure of the biomaterial is a lot like the “extracellular
matrix,” which is like the scaffolding that cells “hold on to” in the body
[2, 3]. Biomaterials can either be used by themselves as a treatment, or,
like the example above, they can be modified to contain medicine or
cells to help repair damaged tissues (Figure 1). For example, biomateri-
als can be used to help heal and repair the heart after a heart attack.
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Figure 1

Biomaterials for tissue
and organ repair.
Biomaterials can
contain cells (top) or be
used by themselves in
the patient (bottom).
After some healing
time, both types of
biomaterials could help
the damaged tissue
regain its healthy
functions and
properties.
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They can be used alone, or they can contain stem cells, which are
cells that have the ability to become different types of cells, including
heart cells. Some biomaterials can be prepared to break down after
healing has finished [2, 3]. Biomaterials can also be made to release
certain medications that can help in the healing process [1, 3]. Future
developments in biomaterials could lead to the production of many
new therapies, including artificial organs. This would eliminate the long
waiting list for organ transplants.

BIOMATERIALS CAN HELP HEAL NON-HEALING ORGANS

Organs fail for many different reasons, often due to a combination of
factors. The heartis one of the most common organs to fail, and one of
the most difficult to heal. Cardiovascular disease (CVD) is a term used
for illnesses that affect the heart and blood vessels. Patients with CVD
are at risk of having heart attacks, which can cause significant damage
to the heart and heart cell death [2, 4]. This damage leads to loss of
the heart’'s muscle, which is made up of beating cells called “cardio-
myocytes.” The loss of cardiomyocytes decreases the heart's ability
to pump blood throughout the body [1, 2, 4]. We used to believe that
cardiomyocytes were not able to regenerate. However, it was recently
discovered that cardiomyocytes do have some ability to regenerate
[1]. While we are still learning about the regenerative capabilities of
the human body, many organs, like the heart, are slow to heal which
makes any damage to these organs difficult to treat. Transplantation is
an option for replacing a damaged tissue or organ. However, there is
a severe shortage of organs available for transplant. In Canada, about
five patients die every week waiting for an organ transplant [5]. As an
alternative to organ transplantation, regenerative medicine is showing
promise as a therapy to repair the heart, and other slow healing organs,
as shown in Figure 2.
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Figure 2

Regenerative medicine
for the heart. As
alternatives to heart
transplant, regenerative
therapies for the heart
include cell therapy
using adult stem cells
(top left), biomaterials
(top right), and
pharmacological
(medicines)
interventions (bottom).
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BUT WAIT... ARE THERE ANY LIMITATIONS?

Although biomaterials show a lot of promise, they are still a devel-
oping therapy; their full potential has yet to be explored. Some limi-
tations of biomaterials have to do with how they interact with the
patient’'s body. For example, while biomaterials are able to mimic
the 3D environment of the organ or tissue they are repairing, the
biomaterials are still different from the actual organ, and this can
limit tissue regeneration. For example, biomaterials placed in the
heart have to be able to contract with the beating heart, or they may
cause irregular heartbeats [2]. Also, in the past, biomaterials have not
allowed enough oxygen to flow through the heart to keep it healthy
[2]. Last, up to now, biomaterials have only been able to repair an
area about one quarter the size of the heart, so in the case of a large
heart attack that damages more of the heart, they are not as useful
[1, 2]. As scientists continue to learn about the underlying causes
of diseases, they will be able to develop new biomaterials to treat
more diseases. In addition, biomaterials themselves are still advanc-
ing, which will hopefully lead to materials that can successfully treat
a wide range of illnesses.

Other limitations of biomaterials are not so much physical but involve
issues of the ethics (moral values and rules) and the laws around their
use. There are ethical concerns about the type of materials used, and
where they come from, for example, is it ethical to use materials taken
from humans to make these materials?

Second, regulating biomaterials to make sure they are safe for patients
can be difficult, because there is such a wide range of biomaterials,
made of different components and used for different purposes. We
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need better ways to ensure that these new therapies are effective in
regenerating damaged organs and tissues, in a way that does not harm
the patient.

CONCLUSION

Significant progress has been made in the field of biomaterials and
regenerative medicine, but there are still many advances that can be
made. The next generation of scientists must continue to learn about
and understand the interactions between the human body and bioma-
terials, in order to develop new, more effective therapies.
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