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Abstract:

Periodontal disease is a major issue in day-to-day public health
and due to advances in the development of the effective therapies
to treat the disease and regenerate periodontium is an important
goal of today’s medicine. Recently, tissue engineering is
promising, as well as the most advanced approach to reconstruct
the periodontal apparatus. Periodontics has an ancient history of
utilizing advances in science to expand and to improve periodontal
therapies. In the above context, there has been a substantial and
growing public and scientific awareness of a relatively new field of
applied biological research called tissue engineering and is been
increasingly viewed as having enormous clinical potential biology
life sciences. Hence, this review provides an insight into the basic
principles of tissue engineering and its applications in treating
periodontal diseases.
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Introduction

“Regeneration” is the word which since historic periods
frustrates many physicians and dentists as we still don’t have
any highly predictable means of achieving it with consistent
results. Now-a-days, there is an increasing demand for
replacement material to repair defective tissues/diseased
organs because of a gradual increase in human life expectancy.
The management of periodontal defects, which includes
destruction of the periodontal ligament, cementum and the
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formation of intrabony defects, is most challengeable work in
clinical periodontics.

The term tissue engineering was initially defined by the
first National Science Foundation in 1988 “application of
the principles and methods of engineering and life sciences
toward fundamental understanding of structure-function
relationship in normal and pathological mammalian tissues
and the development of biological substitutes for the repair
or regeneration of tissue or organ function” was sponsored
in a meeting. It will differ from standard therapies in that
engineered tissues become integrated within the patient,
affording a potentially permanent and specific treatment of
the disease state.

Technology of tissue engineering applies the principles
of biology, chemistry, physics and engineering for the
development of substitutes that will replace, repair biological
function of diseased/damaged human body parts, by
manipulating/reproducing cells through extracellular
microenvironment. This three dimensional extracellular
architecture (“scaffold”) can be fabricated in the shape of
the tissue to restore, with the help of polymer hydrogel,
self-assembly/non-woven matrix, nano-fibrous electrospun
matrices, three-dimensional weaving/any other textile
technology-based techniques, depending on their structural
and functional requisites. The concept in periodontics has
begun with guided tissue regeneration; it is a mechanical
approach utilizing non-resorbable membranes to regenerate
periodontal defects. In dental implantology, guided bone
regeneration membranes, with/without mechanical support,
are used for bone augmentation.'

Due to the regeneration of periodontal tissues, their original
form/architecture and function are restored. To appreciate
what is involved, the cross-talk among the components of
the periodontium, together with the inherent regenerative
capacity of this tissue, need to be considered. When considering
periodontal regeneration, we believe that at least four criteria
must be met in order for regeneration to occur. These include
functional epithelial seal, new connective tissue fibers, new
acellular extrinsic fiber cementum and alveolar bone height
restored to within 2 mm of the cementoenamel junction.

Periodontal tissue engineering
Once considered a distant dream and only experimental in
nature, tissue engineering is now clinically applicable with two
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commercially available systems that involve the use of platelet
derived growth factor-BB tricalcium phosphate (GEM 21)
and bone morphogenic protein - Type 1 collagen sponge
(INFUSE). The development of a third promising system
utilizing basic fibroblast growth factor-2 is under trials.?

The Concept of Tissue Engineering (Figure 1)

Signaling molecules

Research is based mainly on two main approaches involving
preparations containing biological mediators to selectively
enhance the cells that populate the periodontal wound. The
first approach utilized semi-purified preparations such as
enamel matrix derivative and autologous platelet-rich plasma
preparations. The second approach utilized recombinant
growth factors such as recombinant platelet-derived growth
factor-BB, human basic fibroblast growth factor, and bone
morphogenic protein.’

Platelet rich plasma preparation

Platelets are enriched by 338% and several growth factors like
platelet-derived growth factor, transforming growth factor
beta-1, fibroblastic growth factor-2, epidermal growth factor,
vascular endothelial growth factor are seen.* This mixture
of growth factors putatively stimulates the proliferation of
fibroblasts and periodontal ligament cells, extracellular matrix
formation and neovascularization. Platelet-rich plasma is used
to stabilize graft materials for implant site augmentation and
appears to increase early soft tissue healing.**

Enamel matrix derivative

Enamel matrix derivative harvested from developing porcine
teeth has recently been reported to induce periodontal
regeneration as in a clinical case report. It contains a mixture
oflow molecular weight proteins that stimulate cell growth and
the differentiation of mesenchymal cells including osteoblasts.”

Growth factors for biomimicry

They are peptides which transmit signals between cells and
thereby modulate their activity. They promote regeneration
through a variety of cell-tissue interactions, promoting:
Cell migration, attachment and subsequent spreading, cell
proliferation, cell differentiation, and matrix synthesis. Several

Diseased
Periodontium

Regeneration of
Periodontium

Figure 1: The four research areas that hold the key to the future
of periodontal tissue engineering and regenerative medicine.
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growth factors have been identified some of which are found in
bone matrix, e.g. platelet-derived growth factor and fibroblast
growth factor.®

Bone morphogenetic proteins (BMP)

Research by Uristand othershas shown thatbone demineralized
in hydrochloricacid, lyophilized, and implanted in ectopic sites,
has the potential to induce bone formation. This phenomenon
has been termed the bone induction principle.?

The bone morphogenetic family

The BMPs were discovered based on their presence in
purified bone inductive extracts derived from bone. An
extensive purification (more than 300,000-fold) was required
to provide protein of sufficient purity. This suggests that the
osteoinductive proteins are minor components of bone matrix,
and present at lower levels than many other growth factors.
BMP”s have been isolated from bovine and human sources
out of which bone morphogenic protein-2 (osteopontin-2
[OP-2]), bone morphogenic protein-3 (osteogenin), and bone
morphogenic protein-7 (OP-1) are of interest in periodontal
regeneration.’

Gene therapy

One of the major limitations associated with the use of growth
and differentiation factors are their short biological half-lives.
Gene therapy can be used for extended local delivery of this
factors.' Recently, gene delivery of platelet-derived growth
factor was accomplished by the successful transfer of the
growth factor gene into the cementoblast and other periodontal
cell types. Gene therapy studies utilizing bone morphogenic
proteins have also been performed.'""

Scaffold or supporting matrices
Major roles for the Scaffold/supporting matrices are:

Structural reinforcement - To prevent collapse/damage of the
surrounding tissue into the wound site. The barrier is used to
restrict cellular migration in a selective manner. Scaffold - for
cellular migration and proliferation and serve as a time release
mechanism for signaling molecules.

Matrices (porous structures) absorbable

Synthetic polymers namely polylactic acid and polyglycolic
acid. Natural polymers such as collagen (Types I, I1, 111, IV),
collagen-glycosaminoglycan copolymer, fibrin, and chitosan.
Natural mineral, such as an anorganic bone, is available.
Alternatively, a variety of xenograft, alloplastic, and allogenic
grafting materials are available as scaffolding agents for tissue
engineering.’

Substrate modification to enhance cell selection

This type of scaffold contains specific surface peptides that
selectively permit cell binding, osteoblastic phenotypic
expression, and differentiation. These constructs can be used to
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Table 1: Cells and molecules participating in periodontal regeneration.

Cells Epithetlial, fibroblasts, osteoblastic cells, junctional epithelium,
gingival fibroblasts, periodontal ligament fibroblasts, osteoblasts,
alveolar bone cells, cementoblasts

Molecules | Growth factors: Fibroblast growth factor 1 and 2, BMPs, insulin-like

growth factor-I and II, adhesion molecules: Fibronectin, laminin,
osteopontin, collagens, cementum attachment protein, structural
proteins: Types I, I1I, V, XII and XIV collagens, proteoglycans,
osteocalcin, tenasin, enamel matrix proteins

BMP: Bone morphogenetic proteins

direct the regenerative response. They are still in experimental
g p Y xp
phase and require further investigation for clinical application.'?

Cells
The cells used are autologous parenchymal cells, allogenic
parenchymal cells, and marrow stromal stem cells (Table 1).

Cell therapy

It has been recently employed in periodontal surgery. The
most common application involves a cell expansion strategy in
an ex vivo environment followed by transplantation back into
the defect area. Tissue-banked human fibroblasts or patient’s
connective tissue from attached gingiva of the retromolar area
is harvested on a collagen/silicone bilayer membrane which
later could be used as a donor tissue.'

Applications of Tissue Engineering Principles:
Periodontal Regeneration

Enamel matrix derivative

It has been effective in the treatment of infrabony defects and
hasbeen shown to be safe for clinical use. The concern remains
whether commercial batches will be consistent and provide
comparable clinical results in all cases.’

Recombinant human platelet-derived growth factor

It is commercially available in combination with a tricalcium
phosphate carrier. Preliminary studies suggest that it is easy
to use, requires no barrier membranes and produced results
similar or superior to other regenerative graft materials.'®

Recombinant human fibroblast growth factor-2

Topical application of fibroblast growth factor-2 into
intraosseous defects in alveolar bone induces significant
periodontal tissue regeneration.'

Application at Implant Site Preparation

The challenge lies in regenerating adequate volume of hard
and possibly soft tissue. Recombinant human platelet-derived
growth factor, and recombinant human bone morphogenic
protein-2 may be used for implant site preparation. Animal
studies suggest that regenerated bone would have a similar
bone-implant interface compared with native bone."”

A unique property of these periosteal stem cells and progenitor
cells is that in all age groups, they retain their ability of
differentiation into a variety of cell lineages. However, it has
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been found that their capacity to differentiate in the direction
of chondrogenic and adipogenic lineages reduces with age.'**
Pericytes have also been recognized as a distinct cell population
in the periosteum. They have a function of re-vascularization
and promotion of bone formation, but their role in periosteal

bone formation is deemed minimal at present.*!

With the advancements in tissue engineering, Mizuno et al.
illustrated a technique to regenerate periodontal defects using
autologous membranous cultured periosteum (CP) or human
CP (HCP) sheets. They reported considerable regeneration
ofthe bone defects. Regarding the technique, a prior surgery is
required before actual regenerative surgery to harvest a piece
of the periosteum (usually from the posterior mandibular
body). The periosteum specimen is then placed directly onto a
culture dish in a pre-defined culture medium: 10% fetal bovine
serum, 25 mg ascorbic acid, antibiotics (penicillin [100IU/ml],
and streptomycin [100 mg/ml]), and an antifungal agent
(amphotericin-B [250 ng/ml]) and is incubated at 37°C;
10% CO,. Culture medium has to be changed every 2-3 days.
The periosteum samples are incubated until the cells form a
sheet-like structure (4 weeks approximately).?? Several reports
have showed the efficacy of HCP sheets in the treatment of
periodontal intrabony defects. All the cases showed significant

improvements in clinical and radiographic parameters of the
defects.”*?

Role Pharmacological Agents for Periodontal
Regeneration

Non-steroidal anti-inflammatory drugs (NSAID’s)
NSAID’s are a class of drugs that will provide analgesic,
antipyretic and anti-inflammatory effects. The basis of anti-
inflammatory drugs in periodontal disease treatment is related
to the control of prostaglandin E2 (PGE2) through the
inhibition of cyclooxygenase-2 (COX-2) enzyme. Higher levels
of PGE2 are associated with increased gingival inflammation
and alveolar bone loss (Noguchi and Ishikava, 2007; Reynolds
etal.,,2007; Tripton et al., 2003 ). Arachidonic acid metabolites
are pro-inflammatory mediators that have been involved in a
wide variety of resorptive processes involving bone, including
diseases such as chronic periodontitis. These mediators can be
potentially inhibited by NSAIDs, such as aspirin, ibuprofen,
flurbiprofen, and naproxen. NSAIDs inhibit the enzyme
COX, thereby preventing the production of arachidonic acid
metabolites. Use of NSAIDs results in decreased levels of
pro-inflammatory mediators that may limit the host-mediated
alveolar bone destruction observed in periodontitis and peri-
implant diseas.”

Bisphosphonates (BP’s)

BPswere introduced in 1990 for the treatment of osteoporosis
and osteolytic tumors. They are second group of drugs under
investigation for their ability to modulate the bone loss
and prevent bone resorption. They are non-biodegradable



Tissue Engineering in today’s dentistry: A Review ... Rao MS et al

analogs of pyrophosphate that have a high affinity for calcium
phosphate crystals and that inhibit osteoclast activity.*® BPs are
drugs that suppress bone turnover, primarily through effects on
osteoclasts, and are commonly prescribed to prevent skeletal-
related events in malignancy and for benign bone diseases such
as osteoporosis.”

Hormonal therapy

Parathyroid hormone (PTH)

The mechanism of the PTHs action is complex and
involves pathways linked to common signaling peptides
that affect osteoblast gene transcription. In vitro studies,
in vivo experiments, and clinical trials demonstrated that
intermittent PTH 1-34 administration induced anabolic effects
on cancellous and cortical bone, enhanced bone mass, and
increased mechanical bone strength.*

Estrogen

The relationship between estrogens and periodontal
tissues was studied mainly for its possible implication in
the inflammatory process, with a clear demonstration that
estrogens do not increase inflammation. Most of the cells in the
periodontium (fibroblasts, endothelial cells, epithelial gingival
cells, osteoclasts, and osteoblasts) express estrogen receptors 0.
and f. It is well known that estrogens decrease bone resorption
and have a positive effect on bone formation.* Treatment with
estrogens clearly inhibits bone loss as well as bone turnover
and increases bone mineral density. There is substantial
evidence that estrogen inhibits both osteoclast activity and
differentiation by regulating the production of stimulatory and
inhibitory cytokines by osteoblasts and monocytes. Various
reports also have linked estrogen deficiency and osteoporosis
to increased oral bone resorption, attachment loss, and tooth

IOSS 32-34

Conclusion

To achieve our ultimate goal, we must take advantage of
new scientific knowledge and tools, strengthen and expand
partnerships, ensure that research advances are translated
into useful technologies, and above all make sure that our
scientific efforts benefit people. Despite the grandiosity of
recent discoveries in the field of tissue engineering, more
questions than answers exist due certain limitations, our ability
to provide regenerative therapeutics continues to evolve. The
challenge will be to select the optimal concentration of matrix,
cells, and soluble regulators and aim to engineer tissues in vivo.
Hence, we need to continue to improve our understanding of
the physical and biological requirements necessary for specific
tissue regeneration.
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