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Abstract

Today stem cell biology is one of the most fascinating areas of science because it brings the hope
of improving outcomes by replacing damaged or absent tissues with healthy regenerated tissue.
The knowledge of stem cell technology is increasing quickly in all medical specialties and in
dental field too. Stem cells of dental origin appears to hold the key to various cellR09;based
therapies in regenerative medicine, but most avenues are in experimental stages and many
procedures are undergoing standardization and validation. LongR09;term preservation of SHED
cells or DPSC is becoming a popular consideration, similar to the banking of umbilical cord blood.
Collectively, the multipotency, high proliferation rates, and accessibility make the dental pulp an
attractive source of mesenchymal stem cells for tissue regeneration. This review discusses
fundamental concepts of the potential application of dental stem cells in craniofacial region and
tissue engineering within the context of regenerative dentistry.
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Introduction

In our previous article, we discussed
aboutthe different types of Stem cells:
viz: embryonic stem cells, adult stem
cells and dental stem cells and their
plasticity.As we all are well aware of the
fact that oral tissues are affected by
inherited disorders, trauma and
neoplastic or infectious diseases. So the
present trend advocates the regeneration
or replacement of the affected oral tissue
which is expected to solve many dental
problems. Within the next 25 years
unparalleled advances in dentistry are set
to take place with the availability of
artificial teeth, bone and oral tissues
using advances in stem cell research."”
Recent advances in dental stem cell
biotechnology and cell mediated murine
tooth regeneration have encouraged
researches to explore the potential for
regenerating living teeth with
appropriate functional properties.”

One novel approach to restore tooth
structure is based on regenerative
endodontic procedures by application of
tissue engineering. The key elements of
tissue engineering are stem cells,
morphogen (growth factor), and a
scaffold of extracellular matrix.”
Regenerative endodontic procedures can
be defined as biologically based
procedures designed to replace damaged
structures, including dentin and root
structures, as well as cells of the pulp-
dentin complex. The purpose of this
article is to put an insight into Stem cell
markers, the potentialapplication of
dental stem cells in craniofacial region

and stem cell therapies in medicine to
treat other systemic diseases, the
recruitment strategies for use in
regeneration and tissue engineering, stem
cell banking and future prospects.

Markers To Identify Stem Cells:

when scientists examined stem cells
under a microscope, they look just like
any other cell in the tissue where they are
found. So, how do scientists identify
these rare type of cells found in many
different cells and tissues—a process that
is much akin to finding a needle in a
haystack? The answer is rather simplei.e.
thanks to stem cell "markers."

What are stem cell markers?

Coating the surface of every cell in the
body are specialized proteins, called
receptors that have the capability of
selectively binding or adhering to other
"signaling" molecules. There are many
different types of receptors that differ in
their structure and affinity for the
signaling molecules. Normally, cells use
these receptors and the molecules that
bind to them as a way of communicating
with other cells and to carry out their
proper functions in the body. These same
cell surface receptors are the stem cell
markers.”

Researchers use the signaling molecules
that selectively adhere to the receptors on
the surface of the cell as a tool that allows
them to identify stem cells. Many years
ago, a technique was developed to attach
to the signaling molecule to another
molecule (or the tag) that has the ability to
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Quick Response Code

fluoresce or emit light energy when
activated by an energy source such as an
ultraviolet light or laser.” At the
researchers' disposal are multiple
fluorescent tags which emit light that
differ in color and intensity. (Figurel)

There are two approaches of using the
combination of the chemical properties
of fluorescence and unique receptor
patterns on cell surfaces to identify
specific populations of stem cells™,
One approach for using markers as a
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Fig 1 : Identifying Cell Surface Markers Using Fluorescent
Tags
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research tool is with a technique known
as fluorescence-activated cell sorting
(FACS).

AFACS instrument is used to sort out the
rare stem cells from the millions of other
cells. With this technique, a suspension of
tagged cells (i.e., bound to the cell surface
markers are fluorescent tags) is sent
under pressure through a very narrow
nozzle—so narrow that cells must pass
through one at a time. Upon exiting the
nozzle, cells then pass, one-by-one,
through a light source, usually a laser, and
then through an electric field. The
fluorescent cells become negatively
charged, while nonfluorescent cells
become positively charged. The charge
difference allows stem cells to be
separated from other cells.""® (Figure 2)
A second method uses stem cell markers
and their fluorescent tags to visually
assess cells as they exist in tissues. To
assess how stem cells appear in tissues
and in doing so a microscope is used to
evaluate them rather than the FACS
instrument. In this case, a thin slice of
tissue is prepared, and the stem cell
markers are tagged by the signaling
molecule that has the fluorescent tag
attached. The fluorescent tags are then
activated either by special light energy or
a chemical reaction. The stem cells will
emit a fluorescent light that can easily be
seen under the microscope.”

Recently, an advanced genetic
engineering approach that uses
fluorescence, but not dependent on cell
surface markers, is being applied. The
importance of this new technique is that it
allows the tracking of stem cells as they
differentiate or become specialized.
Scientists have inserted into a stem cell a
"reporter gene" called green fluorescent
protein or GFP. The gene is only activated
or "reports" when cells are
undifferentiated and is turned off once
they become specialized. Once activated,
the gene directs the stem cells to produce
a protein that fluoresces in a brilliant
green color. Researchers are now
coupling this reporting method with the
FACS and microscopic methods
described earlier to sort cells, identify
them in tissues, and now, track them as
they differentiate or become
specialized.” (Figure 3)

Limitations of stem cell markers:

One of the major limitations is a single
marker identifying pluripotent stem cells,
those stem cells that can make any other
cell, has yet to be found.

Stem Cell Therapy: Stem cell therapies
are being used quite often to treat a wide
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Fig 2 : Looking For A Needle In A Haystack: How
Researchers Find Stem Cells
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Fig 3 : Microscopic Image Of Fluorescent-labeled Stem Cell.

variety of diseases.Different types of
stem cell therapies available are:

Bone Marrow Stem Cell Therapy:
Currently the best-known and widely
used therapy, bone marrow transplant is
used to treat leukemia and other types of
cancers as well as various blood
disorders. Leukemia is a cancer of white
blood cells (also called leukocytes). It
occurs when leukocytes begin to grow
and function abnormally, becoming
cancerous. Successful treatment for
leukemia depends on removal of all the
abnormal leukocytes in the patient and
allowing healthy ones to grow in their
place. To do this, the patient's existing
bone marrow and abnormal leukocytes
are first killed using a combination of
chemotherapy and radiation and the
donor bone marrow containing healthy
stem cells is introduced into the patient's
bloodstream. The therapy is deemed
successful when the stem cells migrate
into the patient's bone marrow and begin
producing new, healthy leukocytes to
replace the abnormal cells.®™™

Umblical Cord Blood Stem Cell
Therapy: Cord blood is the blood left
over in the umbilical cord and placenta
after the birth of a baby. This blood has
been found to be an extremely rich source
of stem cells. Traditionally discarded as

after-birth, umbilical cord blood is a rich
source of multi-potent stem cells that
have proven to be useful in treating the
same types of medical conditions as those
treated using bone marrow stem cells and
peripheral blood stem cells. Umbilical
cord blood is collected soon after birth
and stored in a stem cell bank, where stem
cells are harvested from the cord blood
and cryo-preserved at -196°C. Umbilical
cord blood stem cells hold immense
potential for stem cell therapies, due to
their versatile nature and easy
availability. While compared to bone
marrow or peripheral blood stem cells,
they are less prone to rejection as they
have not yet developed the features that
can be recognized and attacked by the
recipient's immune system. Also, as
umbilical cord blood lacks well-
developed immune cells, there is a lesser
chance of graft versus host rejection. ™
Peripheral Blood Stem Cell Therapy:
Multi-potent peripheral blood stem cells
can be used to treat leukemia & other
cancers and various blood disorders.
Researchers have devised a way of
injecting 'growth factors' to cause these
stem cells to grow faster and enter the
blood. The stem cells are removed from
the circulating blood through a process
called apheresis. Blood is drawn from a
donor's arm and is simultaneously run
through a special machine that separates
out the stem cells. The rest of the blood is
returned to the donor and the process is
repeated for a few days until enough stem
cells are collected. Peripheral blood stem
cells are easier to obtain than bone
marrow as they can be drawn from blood.
Though it is a less invasive option, but,
collecting enough for therapy can be a
challenge as they are found in very low
quantities.™™

Hospitals that offer Stem Cell Therapy in
India™

Adyar Cancer Hospital: Chennai
LAIMS: New Delhi ,Armed Forces
Medical College: Pune, Apollo Specialty
Hospitals: Chennai, Apollo Hospitals:
Hyderabad, CMC: Vellore, Global
Hospitals: Hyderabad, Inlanks Hospital:
Pune, Narayanan Hrudayalaya:
Bangalore, NIMS: Hyderabad, R&R
Army Hospital: New Delhi, Sanjay
Gandhi PGIMS: Lucknow, Tata
Memorial Hospital: Mumbai, TriCell
SRMC: Chennai

Diseases Treated With Stem Cell
Therapy:
Virtually everyone could benefit from
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Table 1 : Stem Cell Therapies Are Available For The Enumerated Diseases

Disease Subtypes

Inherited Platelet Abnormalities

= Amegakaryocytosis / Congenital Thrombocytopenia

Acute Leukemia

« Acute Lymphoblast Leukemia (ALL)
« Acute Myelogenous Leukemia (AML)
« Acute Biphenotypic Leukemia

« Acute Undifferentiated Leukemia

Lymphoproliferative Disorders

= Non-Hodgkin's Lymphoma

= Hodgkin's Disease

Myeloproliferative Disorders

Chronic Leukemia

« Chronic Myelogenous Leukemia (CML)
« Chronic Lymphocytic Leukemia (CLL)
« Juvenile Chronic Myelogenous Leukemia (JCML)

« Juvenile Myelomonocytic Leukemia (JMML)

= Acute Myelofibrosis
« Agnogenic Myeloid Metaplasia (myelofibrosis)
« Polycythemia Vera

« Essential Thrombocythemia

Myelodysplastic Syndromes

Histiocytic Disorclers
« Histiocytosis-X

= Hemophagocytosis

« Familial Erythrophagocytic Lymphohistiocytosis

Inherited Erythrocyte Abnormalities

« Sickle Cell Disease

« Beta Thalassemia Major

« Refractory Anemia (RA)

= Refractory Anemia with Ringed Sideroblasts (RARS)

= Refractory Anemia with Excess Blasts (RAEB)

= Refractory Anemia with Excess Blasts

= Refractory Anemia with Excess Blasts in Transformation (RAEB-T)

« Chronic Myelomonocytic Leukemia (CMML)

Other Inherited Disorders

Inherited Immune System Disorders

« Kostmann Syndrome

« DiGeorge Syndrome

« Omenn's Syndrome

« Ataxia-Telangiectasia

« Leukocyte Adhesion Deficiency

« Bare Lymphocyte Syndrome

« Severe Combined Immunodeficiency (SCID)
« SCID with Adenosine Deaminase Deficiency
« Absence of T & B Cells SCID

« Absence of T Cells, Normal B Cell SCID

« Common Variable Immunodeficiency

« Wiskott-Aldrich Syndrome

« X-Linked Lymphoproliferative Disorder

« Lesch-Nyhan Syndrome

« Cartilage-Hair Hypoplasia
= Ganzmann Thrombasthenia
« Osteopetrosis

« Adrenoleukodystrophy

= Beta-Thalassemia

Other Malignancies

« Ewing Sarcoma
« Neuroblastoma
« Renal Cell Carcinoma

= Retinoblastoma

Phagocyte Disorders

« Chediak-Higashi Syndrome
= Chronic Granulomatous Disease
= Neutrophil Actin Deficiency

 Reticular Dysgenesis

Inherited Metabolic Disorders

« Krabbe Disease

« Gaucher's Disease

« Wolman Disease

« Mucopolysaccharidoses (MPS)

« Hurler's Syndrome (MPS-1H)

« Scheie Syndrome (MPS-IS)

« Hunter's Syndrome (MPS-I1)

« Sanfilippo Syndrome (MPS-I1l)

« Morquio Syndrome (MPS-1V)

« Maroteaux-Lamy Syndrome (MPS-VI)

« Sly Syndrome, Beta-Glucuronidase Deficiency (MPS-VIT)
« Adrenoleukodystrophy

« Mucolipidosis I (I-cell Disease)

« Niemann-Pick Disease

« Metachromatic Leukodystrophy

Plasma Cell Disorders

= Amyloidosis
« Multiple Myeloma
« Plasma Cell Leukemia

« Waldenstrom's Macroglobulinemia

Stem Cell Disorders

« Aplastic Anemia (Severe)
« Fanconi Anemia

= Parorysmal Nocturnal Hemoglobinuria (PNH)

« Pure Red Cell Aplasia

stem cell therapies whether directly, or
indirectly. Across the world, stem cell
transplants have been used since the
1960s to treat a variety of diseases."”
(Table 1)

Potential Clinical Applications of Stem
Cellsin the Oro- Facial Complex

Craniofacial tissue engineering promises
the regeneration or de novo formation of
dental, oral, and craniofacial structures
lost to congenital anomalies, trauma, and
diseases. Several craniofacial structures

such as mandibular condyle, calvarial

bone, cranial suture, and subcutaneous

adipose tissue have been engineered from

mesenchymal stem cells. (Figure 4)

1) In continued root formation/ Stem
cell mediated root regeneration™

2) Inpulp healing and regeneration

3) [Ilr31] reimplanation and transplantation

4) Pulp/dentin tissue engineering and
regeneration™

5) Bioroot engineering and

[13]
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Fig 4 : Cell-based Applications For Cranio-oro-facial
Reconstruction

reconstruction of the periodotium.**

6) Direct orthotopic transplantation into
segmental defects

7) Alveolar ridge augmentation

8) Vascularized bone grafts

9) Tissue engineering of temporo
mandibular joint from the stem cells
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10)Re-growing dental enamel from
cultured cells

1.In continued root formation/ Stem
cell mediated root regeneration

Stem cell-mediated root - regeneration
offers opportunities to regenerate a bio-
root and its associated periodontal
tissues, which are necessary for
maintaining the physiological function of
teeth. Abio-root periodontal complex can
be built up by postnatal stem cells
including stem cells from root apical
papilla (SCAP) and PDLSCs, to whichan
artificial porcelain crown can be
affixed." In a study conducted by Wataru
Sonoyama et al (2006), using a minipig
model, both human SCAP and
periodontal ligament stem cells (PDLSS)
were transplanted to generate a
root/periodontal ligament complex
capable of supporting a porcelain
crown.” Further research is needed to
support the role of stem cells from apical
papillain continued root formation.

2. Inpulp healing and regenration
Traditional approaches to manage young
permanent non vital tooth or apical
periodontitis with sinus tract formation
along with total pulpal necrosis
recommended apexification because
there is little to no expectation to
continued root development. To the
phenomenon of physiological root
formation and regenration with the help
of dental stem cells known as
revascularization by Iwaya et al and
Banchs & Trope. ™!

3. In reimplanation and
transplantation

Stems cells helps in reimplantation and
transplantation, this fact is supported by
Skoglund et al, Andreasen et al and king
et al. Skoglund et al observed
revascularization of the pulp of replanted
and autotransplanted teeth with
incomplete root development in dogs.
Ingrowth of new vessels occurs during
the first few postoperative days. After 10
days, new vessels are formed in the apical
half of pulp and after 30 days in the whole
pulp.” Andreasen et al and king et al
showed excellent radiographic images of
the ingrowth of bone and periodontal
ligament next to the inner dentinal wall
into the canal space with arrested root
formation after the replantation of
avulsed maxillary incisors, suggesting a
complete loss of the viability of pulp,
apical papillaand/of HERS."”

4. Pulp/dentin tissue engineering and
regeneration

Dental pulp tissue engineering was first
tested by Mooney’s groups. Bohl et al
reported that culturing pulp cells grown
in vitro on poly glycolic acid (PGA)
resulted in high cell density tissue similar
to the native pulp. Burma et al found that
pulp cells seeded in PGA and implanted
into the subcutaneous space of immune
compromised mice produced
extracellular matrix. New blood vessels
also penetrated the cells/PGA implants in
vivo, 3 weeks after the implantation."”
Since then the isolation and
characterization of DPSCs and SHED
using these stem cells for dentin/ pulp
tissue regeneration has drawn great
interest. These finding provide new light
on the possibility of generation pulp and
dentinin pulpless canals.

5. Regenerating human periodontal
ligament

Seo et al* discovered stem cells from
human periodontal ligament. These stem
cells have the potential to generate
periodontal ligament and cementum. In
another research, mesenchymal stem
cells have been used to treat periodontal
defects (Hasegawa et al)."? They
transplanted bone marrow-derived
mesenchymal stem cell to experimental
Classlll periodontal defects. Four weeks
after transplantation, the periodontal
defects were almost regenerated with
periodontal tissue. In the regenerated
periodontal tissues cementoblasts,
osteoblasts, osteocytes, and fibroblasts
were detected.

6. Direct orthotopic transplantation
into segmental defects

Investigators have developed a number
of animal models of segmentaldefects in
mice, dogs, and sheep. In sheep, ceramic
blocksloaded with BMSCs were found to
completely heal long-bone defects.”” In
dogs, investigators created critical-size
defectsin the cranium and filled them
with ex vivo expanded BMSCs eitherin
collagen sponges or in association with
HA/TCP .In both cases, the defects
healed completely, and the newlyformed
bone integrated into the margin.*?

7.Alveolar ridge augmentation

Restoration of alveolar ridge height is of
utmost concern topracticing dentists in
trying to prevent the loss of a toothdue to
bone destruction induced by periodontal
disease, andin maintaining the ability of
edentulous patients to wear dentures.
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Fig 5 : Stem Cells Harvested From Bone Marrow To
Regenerate Bone

Appropriate ridge height is also is
essential for the placementand long-term
retention of dental implants. Standard
practiceinvolves the use of autologous or
allogenic bone grafts, orceramics, both
with and without growth factors, but the
outcomesare variable. In animal models,
BMSCs are used in conjunction
withHA/TCP. They have been successful
in building alveolar bone. With further
refinement, these types of
procedureswould mark a major
advancement in dental reconstruction.”
(Figure5)

8. Vascularized bone grafts
Researchers® have developed methods
to generatevascularized bone grafts by
placing BMSCs in collagen
sponges,which then are wrapped around
an artery and vein. The collagensponge
containing cells subsequently is wrapped
with Teflon(Dupont Teflon, Wilmington,
Del.) to prevent blood vessel
ingrowthfrom the side (collateral
ingrowth). After several weeks,
thesebone rudiments are found to be
perfused entirely by the arteryand vein
that they surround, and they then can be
moved to anothersite where the blood
vessels can be reattached to existing
bloodvessels in the margins of the
recipientsite.

9. Tissue engineering of
temporomandibular joint from the
stemcells

In the past few years, we have reported
the tissue engineeringof a mandibular
condyle exhibiting the shape and
dimensionsof a human cadaver TMJ.
MSCs were isolated from femoral and
tibial bone marrows of adultrats and
exposed separately to either
chondrogenic or osteogenic
supplemented culture medium (Alhadlag
and Mao, 2003; Alhadlaq et al.,
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mandibular condyle was observed after
4wks of in vivo implantation. The tissue-
engineeredmandibular joint condyles
retained the macroscopic shape
anddimensions of the cadaver
mandibular condyle .

.
N
e BE

10. Re-growing dental enamel from
cultured cells

Dental enamel cannot regenerate itself,
because it is formed by a layer of cells
that is lost by the time the tooth appears in
the mouth. In the study being reported
today, the researchers seeded the cultured
dental epithelial cells onto collagen
sponge scaffolds, along with cells from
the middle of the tooth (dental
mesenchymal cells). The scaffolds were
then transferred into the abdominal
cavities of rats, where conditions were
favorable for the cells in the scaffolds to
interact and develop. When removed
after 4 weeks, the remnants of the
scaffolds were found to contain enamel-
like tissue. The key finding of this study
was that even after the multiple divisions
that occurred during propagation of the
cells in culture, the dental epithelial cells
retained the ability to produce enamel, as
long as they were later provided with an
appropriate environment.””

Tissue Engineering: Langer and

Vacanti® defined tissue engineering as

an interdisciplinary field that applies the
principles of engineering and life
sciences toward the development of
biological substitutes that restore,
maintain, or improve tissue function. The
key elements of tissue engineering are
stem cells, Growth factor (morphogen)
and a scaffold of extracellular matrix.
(Figure6)

a) Stem cells: A population of high
quality human stem cells was found in the
exfoliated human primary teeth, recently
(Miura et al, 2003)."”"! SHED
demonstrateda strong capacity to induce
recipient cell-mediated bone formationin
vivo. SHED could not differentiate
directly into osteoblasts but did induce
new bone formation byforming an
osteoinductive template to recruit murine
host osteogeniccells. These data imply
that deciduous teeth may not only
provideguidance for the eruption of
permanent teeth, as generally
assumed,but may also be involved in
inducing bone formation during
theeruption of permanentteeth.””
Previous experiments haveshown that
dental pulp tissue of adult teeth contains a
populationof DPSCs that are capable of
differentiating into odontoblastsand
adipocytes as well as expressing nestin
and glial fibrillary acidic protein (GFAP)
and forma dentin/pulp-like complex after
in vivo transplantation.*” Deciduous
teeth are significantly different from
permanent teethwith regards to their
developmental processes, tissue
structure,and function.”” Therefore, it is
not a surprise to find that SHEDare
distinct from DPSCs with respect to their
higher proliferationrate, increased cell-
population doublings, sphere-like cell-
clusterformation, osteoinductive
capacity in vivo, but failure to
reconstitutea dentin-pulp-like complex ,
perhaps in order to have more immature
characteristics than other post-natal stem
cell population .*

b) Scaffolds: The second component of
tissue engineering is a physical scaffold.
Tissues are three-dimensional structures,

and an appropriate scaffold is needed to
promote cell growth and differentiation.
It is known that extracellular matrix
molecules control the differentiation of
stem cells, and an appropriate scaffold
might selectively bind and localize cells,
contain growth factors, and undergo
biodegradation over time.*”

Scaffold requirements:To achieve the
goal of pulp tissue reconstruction,
scaffolds must meet some specific
requirements: (a) A scaffold should
contain growth factors to aid stem cell
proliferation and differentiation, leading
to improved and faster tissue
development (b) Scaffold should be
effective for transport of nutrients,
oxygen, and waste. It should be gradually
degraded and replaced by regenerative
tissue, retaining the feature of the final
tissue structure (c) A high porosity and an
adequate pore size are necessary to
facilitate cell seeding and diffusion
throughout the whole structure of both
cellsand nutrients.*”

Scaffold Materials
Platelet-rich plasma (PRP)
Bone sialoprotein.™
Alginate hydrogel
Mineral trioxide aggregate (MTA).
The synthetic materials include
polylactic acid (PLA), polyglycolic
acid (PGA), polycaprolactone
(PCL).™*
Synthetichydroxyapatite/tricalcium
phosphate (HA/TCP) ceramics

[34]

¢) Growth factors: The third
components of tissue engineering are
morphogen. Morphogen can be used to
control stem cell activity, such as by
increasing the rate of proliferation,
inducing differentiation of the cells into
another tissue type, or stimulating stem
cells to synthesize and secrete
mineralized matrix. A variety of growth
factors have successfully been used for
dentin-pulp complex regeneration,
including transforming growth factors
—beta (TGFs),” bone morphogenetic
proteins (BMPs),”" platelet-derived

Table 2 : Summary Of Tooth Injury And Possible Applications Of Tissue-engineering Approaches To Aid Healing

Degree of Tooth Injury Minimal

Severe Some Loss of Vital Tissue

Large Loss of Vital Tissue Complete Loss of Vital Tissue

Example of dental problem Early non-arrested caries lesion

Arrested deep-penetrating Arrested or slowly progressing

caries lesion caries lesion extending to pulp tissue

Partially decayed or fractured tooth Decayed tooth, or accidentally

avulsed tooth.

Common current restorative therapy Seal fissure or excavate caries

and apply restorative materials.

Excavate caries and apply Stepwise excavation of caries

restorative materials. lesion, or pulp capping

Pulp capping, endodontic Remove injured tissue and place

treatment, or tooth extraction implant or prosthetic teeth.

Likely objective of tissue engineering Alter oral bacterial DNA to arrest

in restorative therapy and prevent subsequent enamel

and dentine caries demineralization.

Stimulate pulp-dentin healing Regenerate lost tissues and

with growth factors. dentin repair with growth factors.

Implant progenitor cells to regenerate Use progenitor cells and growth

lost tissue and tooth mineralized factors In 3-dimensional tissue culture

structure. to harvest artificial teeth for implantation.
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growth factor (PDGF),"™ insulin-like
growth factor (IGF),™ fibroblast growth
factor,”” vascularendothelial growth
factor™ and prostaglandin E2' - all
havebeen demonstrated to influence
bone formation and vascular
ingrowthinto various scaffoldings.
Summary of Tooth Injury and Possible
Applications of Tissue-engineering
Approachesto Aid Healing. (Table 2)

Stem Cell Banking

Licensed tooth stem cell banks,

Internationally and in India, used for

cryopreservation and isolation are as

follows™”

1. In Japan, the first tooth bank was
established in Hiroshima University
and the company was named as
“ThreeBrackets’ (Suri Buraketto).

. BioEden (Austin, Texas), StemSave,
and StoreR09;aR09; Tooth (USA)

. The Norwegian tooth bank.

. In India, Stemade Biotech Pvt. Ltd.
(Delhi, Chennai, Chandigarh, Pune,
and Hyderabad). In India, ‘Life Cell
International’, was the first private
sector stem cell banking services
started in Bangalore (India) in the
year 2009.

Challenges
Stem cell research has undergone huge

advancements in the past couple of years.

This does not mean, however, that
researchers have not faced problems.
Following are few major hurdle while
using stem cells:*

1) lItschallenging for scientists to ensure
the long term proliferative ability and
pluripotency of embryonic stem and
germcells.

It is necessary to understand the
unique genetic and molecular basis
by which these cells are able to
replicate indefinitely.

Culturing stem cells requires
sufficient quantities of stem cells to
treat specific diseases.

Teratoma formation has also
produced a hurdle that needs to be
overcome.

Immune challenges also prove a
significant barrier to the application
of stem cell therapies. If the stem cells
are recognized as non-self, they will
be rejected and destroyed.

Adult stem cells have also presented
unique problems of their own to the
researchers. Not only they are
difficult to maintain in culture, like
the embryonic stem cells, but also are
very rare in adult tissues .Thus adult

stem cells are very difficult to isolate
and identify.

Prospects

Clearly, advances in adult stem cell
biology have provided a great deal of
impetus for the biomedical community to
translate these findings into clinical
application. Given the fact that we have
in hand populations of stem cells that
reproducibly reform bone and its
marrow, cementum, dentin, and perhaps
even periodontal ligament, it is possible
to envision complete restoration of the
hard tissues in the oral cavity using the
patient’s own cells, thereby avoiding
issues of histocompatability.
Furthermore, advances in techniques to
genetically modify the gene activity of
stem cells during their ex vivo expansion
offers the unique possibility to make a
patient’s own stem cells even better.
However, replacing dental tissues with
either cell- or gene-based therapy may be
complicated in areas of unresolved
inflammation, thus highlighting the need
for more research to understand potential
complicating factors.

Conclusion

The recent recognition of stem cells and
their role in tissue regeneration provide a
strong basis upon which we can begin to
actually depend on for the clinical
management of craniofacial defects. The
technical hurdles to achieve above
mentioned goals should not be
underestimated. The kind of scaffold, the
sourceof cells, the type of in vitro
culturing, type of surgical procedureto be
used-all require careful consideration.
Kabir, et al.*" wrote “If bone marrow is
the site of first choice for hematopoietic
stem cell collection, dental pulp must be
considered one of the major sites for
mesenchymal cell collection”. So here |
conclude stem cells may possibly have a
key role in not only management of many
degenerative diseases but also in
regenerative endodontics.
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