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Abstract: Recent exciting discoveries place dentists at the forefront of engaging their patients in potentially life-
saving therapies derived from a patient’s own stem cells located in deciduous and permanent teeth. With
appropriate biochemical signals stem cells can be transformed into desirable cells. The idea behind this article is to
shortly review the obtained literature on stem cell with respect to their properties, types and advantages of dental
stem cells. Emphasis has been given to the possibilities of stem cell therapy in the oral and maxillofacial region
including regeneration of tooth and craniofacial defects.
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I. INTRODUCTION

Recent exciting discoveries place dentists at the forefront of engaging their patients in potentially life-saving therapies
derived from a patient’s own stem cells located in deciduous and permanent teeth. In 2000, the National Institutes of
Health (NIH) released two studies of research on human teeth detailing the discovery of adult stem cells in impacted third
molars and even more resilient stem cells in deciduous teeth”.

Replacement of oromaxillofacial structure is difficult, because functions such as facial expression, articulation, chewing,
and swallowing are delicate and made of a complex anatomical structure formed from soft and hard tissues. Stem cells,
biomimmetic materials, and growth factors are essential to form these three-dimensional structures. Regeneration of oral
and maxillofacial structures can be carried out using stem cell therapy that has gained momentum in the recent days?.

Il. BODY OF ARTICLE

Stem cells are undifferentiated biological cells that can differentiate into specialized cells and can divide (through mitosis)
to produce extra stem cells. They are originated in multicellular organisms. Research into stem cells raised out of findings
by Ernest A. McCulloch and James E. Till (1960s) at the University of Toronto. In 2005 Dr. Irina Kerkis discovered
dental pulp stem cells( DPSCs). Later on researchers have recognized the mesenchymal type of stem cell inside dental
pulp. This type of stem cells has the future potential to distinguish into a various type of other cells.

Stem cell types®:
Stem cells can be broadly divided into
1. Embryonic stem cell
2. Adult stem cell
» Hematopoietic stem cell

* Mesenchymal stem cell
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3. Induced pluripotent stem cell

4. Amniotic fluid derived stem cell
5. Umblical cord blood stem cell
6. Bone marrow derived stem cells
Embryonic stem cells:

Embryonic stem cells (ESCs) are derived from the cells of the inner cell mass of the blastocyst during embryonic
development. ESCs have the capacity to differentiate into any cell type and the ability to self-replicate for numerous
generations. A potential disadvantage of ESCs is their ability to differentiate into any cell lineage and to proliferate
endlessly unless controlled. The clinically observed teratoma is a tumor that is an example of ESCs growing into a
“different and undesired tissue.” ESCs can be obtained only from embryos, and therefore are associated with ethical
issues”.

Adult stem cells:

Sources of adult stem cells include the umbilical cord, amniotic fluid, bone marrow, adipose tissue, brain and teeth.>®
Adult stem cells are not subject to the ethical controversy that is associated with embryonic stem cells; they can also be
autologous and isolated from the patient being treated, whereas embryonic stem cells cannot.

Induced pluripotent stem cells (iPS):

The newly discovered iPS cells are adult or somatic stem cells that have been coaxed to behave like embryonic stem cells.
iPS cells have the capacity to generate a large quantity of stem cells as an autologous source that can be used to regenerate
patient-specific tissues. However, even the authors of these recent reports have cautioned that any carcinogenic potential
of iPS cells should be fully investigated before any commercialization can be realized®.

Amniotic fluid-derived stem cells (AFSCs):

AFSCs can be isolated from aspirates of amniocentesis during genetic screening. An increasing number of studies have
demonstrated that AFSCs have the capacity for remarkable proliferation and differentiation into multiple lineages such as
chondrocytes (for cartilage), adipocytes (for fat), osteoblasts (for bone), myocytes (for muscle), endothelial cells,
neuronlike cells and live cells.”®° The potential therapeutic value of AFSCs remains to be discovered.

Umbilical cord blood stem cells (UCBSCs):

UCBSCs derive from the blood of the umbilical cord.18 There is a growing interest in their capacity for self-replication
and multilineage differentiation, and UCBSCs have been differentiated into several cell types that resemble cells of the
liver, skeletal muscle, neural tissue, pancreatic cells, immune cells and mesenchymal stem cells.***'%!% Several studies
have shown the differentiation potential of human UCBSCs in

treating cardiac25 and diabetic diseases in mice."* The disadvantage of UCBSCs is that there is only one opportunity to
harvest them from the umbilical cord at the time of birth. Similarly, amniotic stem cells can be sourced only from
amniotic fluid and are therefore subject to time constraints.

Bone marrow-derived stem cells (BMSCs):

BMSCs consist of both hematopoietic stem cells that generate all types of blood cells and stromal cells (mesenchymal
stem cells) that generate bone, cartilage, other connective tissues and fat. BMSCs are currently the most common
commercially available stem cell.”® They can be isolated from bone marrow aspiration or from the collection of peripheral
blood-derived stem cells following chemical stimulation of the bone marrow, by means of subcutaneous injection, to
release stem cells.

STEM CELLS FROM THE ORAL AND MAXILLOFACIAL REGION:

Stem cells from oral and maxillofacial region predominantly contain mesenchymal stem cells. In oral and maxillofacial
area different types of dental stem cells were isolated and characterized. They include
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« Dental pulp stem cells (DPSCs)™

« Stem cells from exfoliated deciduous teeth (SHED) *
* Periodontal ligament stem cells (PDLSCs) 18

« Stem cells from apical papilla (SCAP) *°

« Dental follicle progenitor cells (DFPCs)®

Stem Cell Handling and Cryopreservation:

Stem cells are released from small amounts of tissue, in the case of dental stem cells from dental pulp. The tissue is placed
in an enzyme solution that releases the stem cells, which are then cultured to multiply. This can be accomplished using
serum-free medium, removing the need for use of animal serum. Differentiation then occurs and the cells are transplanted
— either alone or with a scaffold or other biomaterials, depending on the application.

Cryopreservation:

Stem cells must be derived from living tissue and must be preserved. This is achieved by cryopreservation. The cells are
rapidly cooled to subzero temperatures as low as —196° Celsius, stopping any cellular or biochemical activity. Rapid
freezing is necessary to prevent ice from forming around or inside the cells and to prevent dehydration, as these would
cause cell damage and death. Extracted permanent and deciduous (including exfoliating) teeth can be preserved for future
use with cryopreservation. Research has demonstrated that stem cells derived from the dental pulp of extracted third
molars retain the ability to differentiate into multiple cell types following thawing after cryopreservation using liquid
nitrogen.?* Stem cells derived from the periodontal ligament are viable following cryopreservation.?? After two years of
cryopreservation, stem cells have been able to differentiate and to proliferate, and it has been concluded that DSCs can
undergo long-term cryopreservation

STEM CELL MARKERS AND SCAFFOLD:

Cultured stem cells should be passed through stem cell markers like Oct4, Nanog, SSEA4, TRA-1-60 and TRA-1-81
before it is administered to patients to know the lineage of the cell. Compulsory endotoxin test should be subjected to the
cultured stem cells to rule out any microbial contamination. Stem cells are loaded in an appropriate carrier called
“scaffold” to close the defects or replace the organ. Scaffold can be of different shapes, pattern and biomaterials.
Depending upon the necessity it can be made up of natural or artificial materials and can be biodegradable or non
biodegradable. Materials such as poly lactic acid, polyglycolic acid (PGA), polyethylene terepthalate, polypropylene
fumarate, hydroxyapatite/tricalcium phosphate, fibrin, alginates, and collagen are used. **

CLINICAL APPLICATION OF STEM CELL THERAPY IN THE ORO-MAXILLOFACIAL REGION:

The structures of interest in oral and maxillofacial region include the enamel, dentin, dental pulp, cementum, periodontal
ligament, craniofacial bones, the temporo mandibular joint, ligaments, skeletal muscles, tendons, skin, subcutaneous soft
tissue, and salivary glands.

Regeneration of dentin, pulp:

Dental pulp tissue has the regenerative potential to form dentin in response to any injury.?® Tubular dentin formation was
observed when human pulp stem cells with scaffold (hydroxyapatite/tricalcium phosphate) were implanted in
immunocompromised mice.”® Reparative dentin formation on amputed pulp was found when stem cells were combined
with recombinant human bone morphogenetic protein 2 (BMP 2) in experimental studies on animal models.?’

Regeneration of the pulp inside the damaged tooth can be the basic clinical application of stem therapy in dentistry. Root
canal treatment in a young permanent molar will stop the tooth’s continuous maturation process there by leaving thin egg
shell like weak tooth that is susceptible to fracture. Regeneration of pulp with stem cell therapy will be a better option.
Stem cells harvested from the pulp of unwanted teeth like third molar can be utilized to regenerate the pulp of severely
injured tooth there by preventing the need for endodontic treatment in adults.
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Huang® et al. in his review article summarized new protocol for endontically involved immature permanent teeth in
which minimal instrumentation was done in it followed by disinfection with triple antibiotic paste. Treated tooth is coated
with mineral trioxide aggregate (MTA) and filled with glass ionomer cement. Periodical observation was done to
ascertain root maturation.

Stem cells in periodontal regeneration:

Stem cells will be a promising tool for regenerating the periodontal structures such as periodontal ligament and other
supporting elements. BMSCs have been used by Kawaguchi et al. for their capability to regenerate periodontal tissue and
repair periodontal defects. BMSCs have the ability to produce alveolar bone, periodontal ligament, and in vivo cementum
after implantation into the periodontal defects. Thus, it was proved BMSCs provides an alternative source for the
treatment of periodontal diseases.”

Autologous mesenchymal stem cells from iliac crest in combination with platelet rich plasma from peripheral blood was
used for periodontal regeneration. Significant closure of bone defect and improvement of attachment level was observed
after one year follow up. It also showed good healing and regeneration of interdental papilla.*

Nagatomo et al. in their experimental studies found that PDL cells having stem cell properties can regenerate
periodontium.®* Transplantation of PDL derived cells into animal models were shown to regenerate periodontal tissue.*

Iwata et al. harvested and expanded primary canine PDL cells in vitro and also made into transplantable constructs
containing PGA Scaffold and PDL cell sheets. The transplantable constructs in combination with porous bTCP(b —
tricalcium phosphate) induced regeneration of periodontal structures, including alveolar bone, cementum, and periodontal
fibers.®

Liu et al. regenerated periodontal tissue in miniature swine using scaffolds seeded with periodontal ligament derived stem
cells* PDLSCs can differentiate into cells that can colonize on biocompatible scaffold, suggesting an easy and efficient
autologous source of stem cells for regeneration of dental tissues. [29] Marie MK et al. in their experimental on goat was
able to regenerate periodontal tissues around titanium implant.

Regeneration of craniofacial defects:

Stem cells can be useful in the regeneration of bone and to correct large craniofacial defects due to cyst enucleation,
tumor resection, and trauma. The closure of a bone defect is commonly carried out with the transfer of tissue, which have
disadvantages like, not able to restore the unique function of the lost part, donor site morbidity, accompanied by scarring,
infection and loss of function.*® Adipose derived stem cells was used to treat the calvarial defect (120 cm2) of a 7-year-
old girl who had severe head injury. Autologous adipose stem cells were extracted from gluteal region along with iliac
crest bone graft. Autologous fibrin glue that holds the cells in place was prepared by cryoprecipitation. This successful
technique has given new rays of hope that ADSCs can be used for difficult reconstructive procedures.*

Soft tissue reconstruction in the oromaxillofacial region is of paramount importance when there is significant loss of soft
tissues during surgery or trauma. Various methods including graft and lap transfer has been tried that produced donor site
morbidity. Alhadlaq et al. in their experimental studies found human MSCs can turn into adipose cells when they exposed
to adipogenic inducing medium. Adipose cells with appropriate shaped scaffold can be used for reconstruction of soft
tissues.*’

Stem cells isolated from dental pulp has a potential to differentiate into osteoblasts and are a good source for bone
formation. Stem cells from oral and maxillofacial region can be combined with bone marrow stem cells to correct larger
defects. Oromaxillofacial bone tissue repair with stem cells was done using collagen sponge scaffold and dental pulp stem
cells harvested from third molars of the same patient.®

Lagenbach et al. in their in vitro studies used microspheres (scaffold free tissue construct) to close the critical size bone
defects. They found osteogenically differentiated microspheres with outgrowing cells can be used to ill up bone defects.
This new procedure has added advantage of permitting the transplantation of more cells and better integrity compared
with cell suspensions or gels.*’
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Stem cells isolated from SHED has significantly promoted wound healing in nude mice, proving deciduous teeth can be
utilized for the treatment of chronic wounds. This application can be extended into oromaxillofacial region to enhance
wound healing.

FUTURE TISSUES:

Future tissues like tissue engineered bone grafts, engineered joints and cranial sutures can be developed with stem cell
therapy. A team of professionals including stem cell biologists, molecular biologists, geneticists, polymer and materials
scientists, mechanical engineers and clinicians with knowledge of oral and maxillofacial disorders is needed to develop
the field of craniofacial tissue engineering. The ability to design anatomically viable and functional bone would have
great potential for oromaxillofacial reconstructions of congenital defects, cancer resections, and trauma. The anatomically
shaped viable bone grafts like articular condyles can be engineered by using adult mesenchymal stem cells and
biomimetic scaffold bioreactor.

Tissue engineered temporo mandibular joint was created by having natural bone building process as an inspiration.
Condyle shaped scaffolds were made using decellularized bone with help of digitized clinical images. Stem cells were
seeded into the scaffold and placed in a bioreactor chamber containing culture medium. In future this technique can be
applied to regenerate other bones in oromaxillofacial region.

I11. CONCLUSION

The future dentistry will be more of regenerative based, where patients own cells can be used to treat diseases. Stem cell
therapy has got a paramount role as a future treatment modality in dentistry. Regenerative dentistry will have to go in pace
with regenerative medicine. On the other hand, stem cells should be differentiated to the appropriate cell types before they
can be used clinically, otherwise it might lead to deleterious effects. Determining the role of local conditions such as the
type of scaffold and the presence of the microorganisms should be very carefully analyzed. Longer patient follow up is
needed to study the life time of regenerated tissue.
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