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ABSTRACT

The effective preservation of stem cells is becoming an important issue for stem cell mediated clinical 

treatment. Post natal stem cells have been isolated from various tissues, including bone marrow,neural tissues, 

spleen, retina and dental epithelium.

This article aims to review the body of knowledge relating to stem cells and to consider the possibility of these 

cell populations and related technology in future clinical applications.

KEY WORDS:- Stem cell therapy, multi lineage differentiation, self-renewal, mesenchymal stem cells, Dental 

pulp stem cells, Stem cells from human exfoliated deciduous teeth, Stem cell markers.

INTRODUCTION

Stem cells are present in many vertebrate tissues 
including the hematopoietic system, nervous 
system, gut, gonads, spleen and olfactory 
epithelium.

In invertebrates, stem cells have been shown to 
undergo asymmetric cell division resulting in one 
daughter cell remaining in the stem cell 
compartment and the other undergoing further cell 

(1)
divisions and giving rise to differentiated tissues .

Thus stem cells are 

(1) Cells that self replicate

(2) Cells which are able to differentiate into at 
least two different cell types

Both conditions must be present for a cell to be 
called as a stem cell.

Definition of stem cells–Stem cells are defined as 
clonagenic cells capable of both self renewal and 

(2)
multi- lineage differentiation .
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Findings have suggested that mesenchymal stem 

cells can be relatively easily isolated from various 

tissues and greatly expanded in culture. This makes 

them of interest for their potential application in 

tissue repair and regenerative medicine.
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Scientists have recently discovered that teeth are a 
source of stem cells. These cells could help repair 
damaged teeth and even neural injuries or 

(3)
degenerative diseases . Stem cells from teeth may 
be manipulated to grow into cell types of a 
completely different tissue. This is called 
differentiation or plasticity.

 Bone marrow derived stem cells have been shown 
to not only replenish the blood, but also contribute 
to muscle, brain, liver, heart and vascular 

(4)endothelium

HISTORY

The term “stem cells” was proposed for scientific 
use by the Russian histologist Alexander 
Maksimov(1874-1928) at the Congress of 
Haematological Society in Berlin. 

It  postulated the existence of hematopoietic stem 
cells. A second population called bone marrow 
stromal cells were discovered years later.

The following events produced a novel break 
through in stem cell research:

1963 –Mc Culloch and Till illustrated presence of 
self renewing cells in mouse bone marrow.

1978 – Hematopoietic stem cells were discovered in 
human umbilical cord blood.

1992 – Neural stem cells were cultured in vitro as 
neurospheres.

1998 – James Thompson isolated cells from inner 
cell mass of early embryos and developed the first 
embryonic stem cell lines.

2003 – Dr. Songtao Shi of National Institute of Health 
discovered a new source of adult stem cells in 
primary teeth. 

2005 – Researchers at Kingston University in 
England claimed to have discovered a third category 
of stem cells, dubbed cord blood derived embryonic 
like stem cells (CBE's) derived from umbilical cord 
blood.

2008 –Embryonic like stem cells from a single 
(5)

human hair identified .

2010 –First trial of embryonic stem cells in humans.

2011 – Israeli scientist Inbar Friedrich Ben Nun led a 
team which produced the first stem cells from 
endangered species, a breakthrough that could save 
animals in danger of extinction

STEM CELL PROPERTIES

Stem cells regardless of their sources have

some general properties

1. Stem cells are unspecialized 

Stem cells do not have any tissue specific 

structure that allow it to perform specialized 

functions. A stem cell cannot work with its 

neighbours to pump blood through the body 

(like a heart muscle cell). But, unspecialized 

cells can give rise to specialized cells including 

heart muscle cells, blood cells or nerve cells.

2. Stem cells are capable of self-renewal 

Stem cells may replicate many times unlike 

muscle cells, blood cells or nerve cells.

A starting population of stem cells that 

proliferate for several months in the 

laboratory can yield millions of cells. If the 

resulting cells continue to be unspecialized, 

like the parent stem cells, the cells are said to 

be capable of long term self-renewal. 

3. Stem cells can give rise to specialized cells 

When unspecialized stem cells give rise to 

specialized cells, the process is called 

differentiation. 

Internal and external signals are present for 

cell differentiation 

Internal signals-controlled by proteins that 

regulate gene expression and are called 

transcriptional factors 

External factors –include molecules secreted 

by other cells, physical contact with 

neighbouring cells and molecules from the 
(6)

local microenvironment .

TYPES OF STEM CELLS

FEmbryonic stem cells 

FAmniotic fluid derived stem cells 

FUmbilical cord stem cells

FBone marrow derived mesenchymal stem 

cells 

FTooth derived stem cells 

FAdipose derived stem cells 
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1. Embryonic Stem Cells 

Refers to cells of the inner mass of the 
blastocyst during embryonic development 

They have two fundamental properties:

(a) The capacity to differentiate to any cell type in 
the body 

(b) The ability to self replicate for numerous 
generations 

Disadvantage: - (a) Unlimited proliferation(b) 
Unlimited differentiation capacity.Not usedso 
far in dental,  oral and cranio-facial 
regeneration.

2. Amniotic Fluid Derived Stem Cells 

C a n  b e  i s o l a te d  f ro m  a s p i ra te s  o f   
aminocentesis during genetic screening. 
Studies have shown that amniotic fluid 
derived stem cells have the capacity for 
remarkable proliferation and differentiation 
into multiple lineages such as chondocytes, 
a d i p o c y t e s ,  o s t e o b l a s t s ,  myo c y t e s ,  
endothelial cells, neuron like cells and liver 
cells. The potential therapeutic value of 
amniotic fluid derived stem cells remains to 
be discovered.

3. Umbilical cord stem cells

Derived from the blood of umbilical cord. 
Umbilical  cord stem cellshave been 
differentiated into several cell types such as 
cells of liver, skeletal muscle, neural tissue and 
immune cells. Studies have discovered the 
potential of umbilical cord stem cells in 
treating cardiac diseases and diabetes in mice.

4. Bone marrow derived mesenchymal stem 
cells 

Can self replicate and have been differentiated 
into osteoblasts, chondroblasts, myoblasts, 
adipocytes and other cell types such as neuron 
like cells, pancreatic islet beta cells, etc.

Bone marrow stem cells have a lower 
odontogenic competence than dental pulp 
s t e m  c e l l s .  B o n e  m a r r o w  d e r i v e d  
mesenchymal stem cellshave demonstrated 
good ability to form tooth supporting 
periodontal structures like cementum, 
periodontal ligament and alveolar bone, 
suggesting their potential use for treating 
periodontal diseases. However, because of 

their  l imited potential  to  generate  
odontoblats, their use in pulp dentin 
regeneration may be limited and remainsto be 

(7)
further explored 

5.  Tooth derived stem cells 

Have been isolated from the dental pulp, 
periodontal ligament includingthe apical 
region and exfoliated deciduous teeth 
(Gronthos et al)

6. Adipose derived stem cells 

Are typically isolated from lipectomy or 
liposuction aspirates.Adipose derived stem 
cells  have been differentiated into adipocytes, 
chondrocytes, myocytes, neuronal and 
osteoblast lineages.

STEM CELLS FROM ORAL TISSUES 

1. The Dental Pulp Stem Cells (DPSC)

2. Stem Cells from Human Exfoliated Deciduous 

Teeth (SHED)

3.  Periodontal Ligament Stem Cells

1. The Dental Pulp Stem Cells 

Progenitor stem cells reside within the post- 

natal dental pulp making the dental pulp 

extremely rich in stem cells. This was 

demonstrated by Gronthos et al in 2000. They 

successfully identified and isolated an 
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dental pulp. Subsequent studies isolated cell 
colony derived population of dental pulp stem 
cells which demonstrated multi-potentiality. 
This meant they had the capacity to form 
adipocyte and neural precursors in vitro,in 
addition to dentin-like tissue following 
transplantation into immune compromised 
mice.

Dental Pulp Stem Cells were found to express 
nestin and glial fibrillary acid protein (GFAP), 
markers of neural precursors and glial cells 
respectively at both mRNA and protein levels .

Recent studies monitoring ex vivo Brd 
Uuptake by proliferative cells in response to 
injury have suggested that the stem cell niches 
reside predominantly in the peri-vascular 

(8)regions of the pulpal cavity .

With a more potent adipogenic inductive 
culture medium, dental pulp stem cells can be 
induced to form characteristic oil red O 
positive lipid containing adipocytes, though 
adipocytes were not a normal cellular 
component in dental pulp.

Studies in 2008, showed  that dental pulp 
stem cells were able to repair infarcted 
myocardium, and this was associated with an 
increase in the number of vessels and a 
reduction in infarct size, probably because of 
their ability to secrete angiogenic and 

(9)antiapoptotic factors .This study provided a 
new source of stem cells for the treatment of 
ischaemic diseases.

Dental pulp stem cells have a high rate of 
proliferation which is linked to the increased 
pulp cell expression of specific cell cycling 
mediators, namely cyclin dependent kinase 6 
and insulin like growth factors.                Dental 
pulp stem cells applied in treatment of 
Alzheimers and Parkinson's diseases were 
found to protect primary neurons in 
invitromodels of both diseases and can be 
viewed as possible candidates for studies on 

(10)
cell based therapy .

2. Stem Cells from Human Exfoliated 
Deciduous Teeth 

In recent years, stem cells from human 

exfoliated deciduous teeth have received 

attention as a novel stem cell source with 
multiple potential. They were isolated and 
characterized by Miura et al. Approximately 
12- 20 stem cells from exfoliated incisors were 
isolated, which formed adherent colonies 
characteristic of other stromal stem cell 
population . Compared with bone marrow 
stem cells and dental pulp stem cells,stem 
cells from human exfoliated deciduous teeth 
showed a higher proliferative rate and higher 
number of population doublings.Stem cells 
from human exfoliated deciduous teeth had 
the ability to differentiate into odontoblasts in 
vivo and also the potential to form bone and 

(3)
neuronal cells .

Nor JE showed that stem cells from human 
exfoliated deciduous teeth seeded onto 
synthetic scaffolds seated in pulp chamber of a 
thin tooth slice and implanted into 
immunocompromised mice generated 
odontoblast like cells against existing 

(11)dentin .

Tissue engineering approaches have tried to 
use stem cells from human exfoliated 
deciduous teeth to replace reversibly 
inflamed or necrotic pulp with a healthy and 
functionally competent tissue that is capable 
of forming new dentin.

Nishino et al (2011) on examining the effect of 
stem cells from human exfoliated deciduous 
teeth in wound healing found that stem cells 
from human exfoliated deciduous teeth 
significantly promoted wound healing by 
accelerating the process compared with the 

(12)control group .

3. Periodontal Ligament Stem Cells

20 years ago Melcher said that stem cells may 
re s i d e  i n  t h e  p e r i o d o n t a l  t i s s u e s .  
Mesenchymal stem cell populations within 
the periodontium has stimulated interest in 
the potential use of stem cell based therapies 
to treat the damage caused by trauma or 
periodontal disease.

Periodontal ligament stem cells differentiate 
into cementoblasts like cells, adipocyte and 
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collagen forming cells, when transplanted into 
immunocompromised rodents.

The findings in the recent study by Seo et al 
(2004) suggest that periodontal ligament 
contains stem cells that have the potential to 
generate cementum / periodontal ligament 
like tissue in vivo. Transplantation of these 
cells which can be expanded ex vivo, might 
hold some promise as a therapeutic approach 
for reconstruction of tissues destroyed by 

(13)periodontal disease .

STEM CELL MARKERS

Specialized proteins, called receptors coat the 
surface of every cell in the body. They have the 
capability of selectively binding or adhering to other 
'signalling' molecules.

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 called as 

(14)
Stem Cell Markers .

These markers are named based on the molecules 
that bind to the stem cell surface receptors. 

CD 44, CD 106, CD 146 (perivascular cell marker), 
3G5 and Stro-1 are examples of stem cell surface 
markers expressed by both dental pulp stem cells 
and bone marrow stem cells.Researchers use 
signalling molecules that selectively adhere to the 
receptors on the surface of the cell as a tool that 
allows them to identify stem cells.

Notch is an important signalling molecule which 
controls stem cell fate.  A recent study 

in rats explored Notch expression following pulp 
capping.1-3 days following pulp capping, Notch 1 
expression was  increased in the odontoblast 
–subodontoblastlayers.

Notch 2 expression increased in the pulpal stroma, 
whereas Notch 1 and 3 increased in cells associated 
with the peri vascular structures. These findings 
suggested that progenitor / stem cell niches reside 

(8)
in different locations throughout the pulpal tissue .

Stro-1 positive cells were capable of differentiating 
into odontoblast like cells indicating the importance 
of these cells in dentine repair processes.

CD 34, the hematopoietic endothelial marker and 
putative stem cell proto-oncogene marker c-kit have 
also been utilised for identifying stem cells.

LANGFR is found on the cell surface of neural crest 
cells and β1integrins are expressed by primitive 
cells. These results provisionally suggest that more 
than one progenitor cell population exists within 
mature dental pulp, which differ in their embryonic 
status, one of neural crest character and one of 
mesenchymal origin.

Cells expressing neural crest markers of the Eph 
family have also been localized in mature dental 
pulp, suggesting these embryonic cells persist in the 
post-natal tissue.

CONCLUSION

Medical researchers believe that stem cell therapy 
has the potential to dramatically change the 
treatment of human diseases. The potential of 
dental stem cells in both dental and non dental 
regeneration is still being explored by researchers.

Stem cells from children's lost teeth is now 
providing an easily accessible source and is turning 
into a favourite choice for commercial stem cell 
banks where autogenous stem cell sources may be 
stored for future use. Regeneration of the dental 
tissue provides an attractive alternative to more 
traditional restorative approaches because the 
diseased tissue is replaced by natural tissue, which 
forms an integral part of the tooth.

Recently,  researchers have been using techniques 
derived from stem cell research to treat a wider 
range of diseases including cancer, Parkinson's 
disease, spinal cord injuries, multiple sclerosis, 
muscle damage etc.Thus with the features of a 
highly proliferative capacity, stem cells are now 
regarded as a new source of seedcells in tissue 
engineering in a wide range of applications.

Besides scientific knowledge, the main challenge in 
stem cell therapy is to find a compromise between 
the benefits to the patients, regulatory agencies, 
increased stem cell requirement costs, coverage by 
health insurance and the role of pharmaceutical 
companies.

Nevertheless,the development of biological 
approaches for dental reconstruction using stem 
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cells is promising and remains one of the greatest 
challenges in the dental field for years to come.
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