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Abstract— Injuries or diseases of the human body are usually treated by therapeutics or surgery. Even in the past century, the treatment
of disorders by the process of transplantation was concidered futuristic. With advancement in bio sciences, we have been able to discover
new concepts and have performed procedures like never before. Yet our ultimate goal is to completely repair or regenerate human tissue.
This is where the concept of tissue engineering plays a vital role. Tissue engineering is the amalgamation of engineering and life sciences.
This field is rapidly developing and has the potential to impact significantly on the system of bio medicine. To be successful in the field of
tissue engineering, we need to have clear ideas about the basic principles and concepts of tissue regeneration. This article reviews the
background information and provides a basic description about the components necessary for tissue engineering.

Index Terms— Tissue engineering, Regeneration, Stem Cells, Scaffold, Signalling Molecule, Growth Factors, Bioreactors

INTRODUCTION:

Injuries to different parts of the human body heals and rege-
nerates to some extent but beyond that , healing occurs by scar
formation which usually causes loss of function, structure and
aesthetics. Extensive surgery, resection, burns, wounds or
trauma are a few examples where healing occurs by secondary
intention. Aggressive tumors in the maxillofacial region re-
quire extensive surgical intervention. In severe cases, mandi-
bular hemisection is also performed. In such situations the
individual is unable to perform vital functions like swallow-
ing, talking etc. Aesthetics is also hampered causing immense
psychological trauma.

For rehabilitative purposes, grafts are used for reconstruction
of bone, vessels, skin, cartilage etc. This procedure again re-
quires extensive surgery not only in the recipient site but also
at the donor site causing much more inconvenience to the pa-
tients 1. Allogenic grafts might be rejected by the host or xe-
nogenic grafts might not have proper biocompatibility. These
drawbacks have directed scientists and clinicians to research
and implement the science of tissue engineering in surgical
reconstruction.

Tissue engineering is the process where a biological substitute
is developed for preserving tissue structure and function. It is
an interdisciplinary field that incorporates engineering and
life sciences @.

Initial use of the process of tissue engineering can be found at
around 1980 where researchers reported that skin regeneration
was performed by the use of “cells in collagen gels or the use
of collagen glcosaminoglycan compounds” & 4. Gradually
tissue engineering developed and advanced with the help of
research. In 2004, Warnke et. al. studied the use of tissue engi-
neering for the regeneration of mandible. The research
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showed good three dimensional outcomes ©®.
For the regeneration of a living tissue, a proper cell source is
required and a backbone for the cells in the form of a scaffold
or a template is needed. These components are then cultured
in a proper culture environment and the final tissue is then
introduced into effected site. The major components for tissue
engineering are:

1. Cells

2. Scaffold

3. Signalling molecules

4

Culture environment

This review article mainly emphasize on the basic idea of tis-
sue engineering with a short description about the compo-
nents that are mainly required for the process.
CELLS:
The cellular component is the most important part of the
engineered tissue. Different types of cells that are used for
the purpose are ©):
e Autologous cells (cells obtained from the pa-

tient)

e Allogenic (cells obtained from other human
being)

e Xenogenic (colls obtained from other species)

The cells may be directly extracted from the donor site or
it may also be extracted and increased in number by
growing outside the body, it may also be cloned or geneti-
cally modified. Autologous cells are usually preferred as
the chance of graft rejection can be completely eliminated.
However there are certain drawbacks, for example the
donor cells might be unhealthy or there might not be
enough number of cells or there is always a doubt that the
cells might not be able to survive for the optimal time re-
quired for regeneration. Allogenic and xenogenic grafts
always have a possibility of graft rejection. These prob-
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lems were addressed by the discovery and advancement
in stem cell research.

Initially it was thought that stem cells belonged only in
the embryonic stages and after completion of develop-
ment these cells were lost. Later it was established that
even in adulthood, stem cells do persist in our body, at
specific sites for example skin, bone etc. 78 .Mesenchymal
stem cells are remnants of mesenchymas cells which dur-
ing development arises from neural crest cells, migrate
and undergo differentiation to give rise to almost all cra-
niofacial structures for example, bone cartilage muscles li-
gaments tendons periodontium teeth etc® . Different
types of stem cells that are found in the craniofacial region
are: Periodontal Ligament Stem Cells, Stem Cells from
Human Exfoliated Deciduous Teeth, Dental Pulp Stem
Cells etc.

A stem cell will have 2 important properties, the property
of self renewal and the property of differentiation into at-
least 2 different types of cells. These properties of a stem
cell make it an ideal cell source for tissue engineering (0.
These cells are incorporated with a scaffold or a template
which provides a basic structure to the engineered tissue.
SCAFFOLD:

All living tissue consists of extracellular matrix which
provides proper structure to the tissue. This ECM also
provides the cells with nutrients and oxygen, the most
important necessities for survival of the cell. It also aids in
eliminating waste products from the cells. Likewise, in an
engineered tissue, the scaffold forms the backbone for the
cellular structure; it provides the tissue with stiffness and
tensile strength. Moreover, the scaffold organizes the cells
in a three dimensional structure and produces stimuli
which help in the growth and formation of the regene-
rated tissue (1),

To be able to perform its function, a scaffold should have
a few important properties:

Bio-compatibility should provide stability and strength to
the engineered tissue, porous (1? and semipermeable, bio-
degradable etc.

The scaffold material can be synthetic or natural.

Synthetic scaffold: Advantage of a synthetic scaffold is
that it can be controlled; regulated and reproduced ac-
cording the need of the tissue that is to be regenerated.
Some synthetic polymers are: polyethylene oxide (PEO),
polyvinyl alcohol (PVA), polyacrylic acid (PAA), poly-
propylene furmarate-co-ethylene glycol (P(PF-co-EG)) , si-
licone, metals like titanium etc(®3),

Natural scaffold: Natural scaffolds are also used in tissue
engineering as they are easily incorporated and accepted
by the body. This is because these molecules are compo-
nents of the human body. A commonly used natural scaf-
fold is collagen, its success lies in the fact that it is the
main component of the tissue extracellular fluid (4 15).
Moreover collagen can be easily degraded by the cells
present in the engineered tissue. Other commonly used
natural scaffolds are hyaluronic acid, alginate, chitosan,
hydroxyapatite etc.

Both organic and synthetic scaffolds are used in the form
of mesh, foam or sheets ©). Apart from giving mechanical
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support, the scaffold also perform important functions
like it aids healing by production of incorporated protec-
tive gels or helps in localized hormone delivery (7). The
scaffold along with the cells are then introduced to signal-
ing molecules which would help in growth, differentia-
tion of the cells and thus help the formation of the engi-
neered tissue.

SIGNALLING MOLECULES

Signalling molecules are an important component of the
engineered tissue. It directs the cells present in the scaf-
fold to differentiate, develop and replicate (9. Commonly
used signalling molecules can be broadly classified as mi-
togens, growth factors and morphogens. Among the
three, growth factors are mostly preferred by tissue engi-
neers (8. In natural tissue regeneration, growth factors
are released into the injured tissue and these molecules
play an important role by inducing cell growth and proli-
feration, angiogenesis etc (7). These special molecules are
produced by different cells and exert a variety of effects.
The action of the growthfactors depend highly on the con-
centration, they have high turnover and thus have a very
short half life, a few minutes only.

Growth factors that are commonly used in tissue engi-
neering are:

Angiopoietin 1 and 2 ; Fibroblast growth factor( ; Platelet
derived growth factor®2) , Nerve growth factor ?? ; Insu-
lin like growth factor ; Epidermal growth factor®24 ;
Haematopoetic growth factor; Transforming growth fac-
tor®) ;Vascular endothelial growth factor @9 ; Bone mor-
phogenetic protein 2 and 7.

The growth factors are delivered from special devices or
specials cells that are present along with the stem cells in
the engineered tissue ®®). The growth factors then act by
binding to specific sites on the cell surfaces and the cellu-
lar responses that are produced by the signalling mole-
cules determines the cell survival, migration, differentia-
tion or proliferation.

CULTURE ENVIRONMENT:

The cells along with the scaffold and the signalling mole-
cules would need a culture medium for the development
of the engineered tissue. This culture medium will pro-
vide optimal environment for cell growth and differentia-
tion. Early researches in tissue engineering utilized basic
culture environments, static conditions for example a per-
tidish ®).But with such simple equipments, maintaining
optimal environment needed for the development of the
tissue was a difficult task. However with more improve-
ments, complex culture environment were introduced
which have shown to improve the conditions of develop-
ing tissue in turn helping in the success of tissue engineer-
ing.

Thus began the use of bioreactors. Bioreactors are devices
that provide optimal culture environment to the develop-
ing tissue 0. Commonly used bioreactors are -

e Spinner Flask Bioreactor®

e Rotating Wall Bioreactor®?

e Hollow Fiber Bioreactor®
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e Direct Perfusion Bioreactor®®

Modern varieties of bioreactors do not need human inter-
vention. The ingredients that are needed for tissue engi-
neering are pre loaded, the tissue or cells, in the form of
biopsies from the donor are just introduced into the de-
vice and on completion of the process, a living engineered
tissue is all prepared to be introduced to the human body.
Thus the bioreactor provide proper environment for the
success of engineered tissue.

CONCLUSION:

Tissue engineering is one of the most pioneering concepts
in modern medicine. Yet the process is complex and
achieving complete perfection is difficult. We would be
able to achieve complete success only if we are able to
mimic natural conditions inside the human body. Ad-
vances in tissue engineering will help develop a complete
organ or organ system in the future and that would
change the way we see medicine and therapeutics today.
There is immense scope in the field of tissue engineering
and extensive research is necessary.
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