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Introduction
The quest to live a long and healthy life is 
as old as the appearance of the first cell on 
earth. This cell replicated, multiplied, 
sustained and slowly developed into a 
very complex system called as the human 
body. Still, cell is the basic unit of life. 
Our body consists of mainly two kinds of 
cells; the ones which when damaged or 
lost cannot undergo the process of repair 
or regeneration. Any damage to these 
cells, either due to aging or injury may 
pose a threat to the whole system and thus 
has long been a concern to the mankind. 
On the contrary, it has also been observed 
that several tissues in the body (such as 
blood, skin, and gastrointestinal tract) 
undergo rapid renewal, and have 
regenerative ability .This observation 
lead the scientists to hypothesize that the 
tissues with the regenerative potential 
may contain cells that initiate their 
replacement. These cells are termed as 
“stem cells”. Stem cells are thus, the 

[1]pioneer of regenerative medicine.
A stem cell is a cell that has the ability to 
divide (self replicate) for indefinite 
periods—often throughout the life of the 
organism. Under the right conditions, or 
given the right signals, stem cells can 
give rise (differentiate) to the many 
different cell types that make up the 

[2]organism.  Scientists primarily work 
with two kinds of stem cells from animals 
and humans: embryonic stem cells and 
adult stem cells.
The role of stem cells in the field of 
medicine for regenerating and repairing 
various parts of human body like heart , 
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Abstract
Stem cell technology is an emerging field of study in dentistry. Stem cells are extraordinary cells 
that have the capacity for self-renewal and can give rise to one and sometimes many different cell 
types. They express various arrays of biomarkers including those specific for mesenchymal 
and/or embryonic stem cells. Both, laboratory based and animal transplant studies have 
demonstrated that stem cells can be cultured and coaxed into forming nearly any cell ranging 
from neurons to muscle to perhaps teeth.Various in vitro and in vivo studies have revealed wide 
range of plasticity and differentiation potential of stem cells which is beneficial for regenerative 
medicine and dentistry.This review of literature, summarizes information available on the 
different types of Stem cells: viz: embryonic stem cells, adult stem cells and dental stem cells and 
their plasticity, which a subject of ongoing public debate.
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muscles , neuronal cells etc. has now 
[3]been established.  Stem cells have also 

made their landmark into the field of 
dentistry with an anticipation to treat 
various oro-facial problems, which have 
high impact not only on the facial 
appearance, but also on quality of life- 
specifically on the ability to chew, a 
function that is easily taken for granted 
until lost. Combined with tissue 
engineering techniques, it is possible that 
dental stem cells may be used to engineer 

[4]a complete tooth one day.
The purpose of this article is to give the 
dental health practitioners a prior insight 
of the unprecedented opportunities of 
oral and tooth tissue regeneration, which 
though, have not reached the clinical set 
up today, but may become a norm in 
future, in the practice of every dental 
surgeon.

History
In 1878 first attempts were made to 
fertilize mammalian eggs outside the 
body. The term "stem cell" was proposed 
for scientific use by the Russian 
histologist Alexander Maksimov 
(1874–1928) in 1908. However, it took 
60 years after that to accomplish in vitro 
fertilization of first human egg. It was in 
1981 when scientists Martin Evans & 
Matthew Kaufman derived Mouse ES 
cells from the inner mass of blastocysts 
and grew them successfully in vitro. 
Following this, in 1994, Human 
blastocysts were generated and the inner 
cell mass was maintained in culture. ES 
like cells were formed in the center and 

retained stem cell like morphology. In 
2003, Dr. Songtao Shi discovered new 
source of adult stem cells in primary 
teeth. In 2005, researchers at Kingston 
University in England claim discovered a 
third category of stem cell, dubbed cord-
blood-derived embryonic-like stem cells 
(CBEs), derived from umbilical cord 
blood. The group claims these cells are 
able to differentiate into more types of 
tissue than adult stem cells. In January 
2008, Human embryonic stem cell lines 
were generated without destruction of the 
embryo. Sabine Conrad and colleagues at 
Tübingen, Germany in October,2008 
generated pluripotent stem cells from 
spermatogonial cells of adult human 
testis by culturing the cells in vitro under 
leukemia inhibitory factor (LIF) 
supplementation. On 30th October 2008, 
Embryonic-like stem cells were derived 
from a single human hair. On 28th 
May,2009, Kim et al. announced that they 
had devised a way to manipulate skin 
cells to create patient specific "induced 
pluripotent stem cells" (iPS), claiming it 
to be the 'ultimate stem cell solution'.The 
research is though endless and ever 
growing.



081©Indian Journal of Dental Sciences. (September 2014, Issue:3, Vol.:6) All rights are reserved.

multipotent. Adult stem cells appear to be 
multipotent.
2) According to Stem cell Growth 

[6]Stage
Embryonic Stem Cells: Located within 
the inner cell mass of blastocyst stage of 
development.
Adult Stem Cells: Cells that have been 
isolated from various tissues including 
bone marrow, neural tissue, dental pulp 
and periodontal ligament.

[7]3) According to Stem cell sources
Autologous Stem Cells: Cells are 
obtained from the same individual in 
whom they will be implanted.
Allogenic Stem Cells: Cells originate 
from a donar of the same species.
Xenogenic Cells: Cells that are those 
isolated from individuals of another 
species.

Discussion
1) Embryonic Stem Cells: The first 
documentation of the isolation of 
embryonic stem cells from human 

[8]blastocysts was in 1994.  Since then, 
techniques for deriving and culturing 
human ES cells have been refined.
Specifically, embryonic stem cells are 
derived from embryos that develop from 
eggs that have been fertilized in clinic 
and then donated for research purposes 
with informed consent of the donors. 
They are not derived from eggs fertilized 
in a woman's body. The embryos from 
which human embryonic stem cellsare 
derived are typically four or five days old 
and are a hollow microscopic ball of cells 
called the blastocyst.The blastocyst 
includes three structures: the trophoblast, 
which is the layer of cells that surrounds 
the blastocyst; the blastocoel, which is 
the hollow cavity inside the blastocyst; 
and the inner cell mass,which is a group 
of approximately 30 cells at one end of 

[8]the blastocoel.  Figure1.

Differentiation of embryonic stem cells
As long as the embryonic stem cells in 
culture are grown under certain 
c o n d i t i o n s ,  t h e y  c a n  r e m a i n  
undifferentiated (unspecialized). But if 
cells are allowed to clump together to 
form embryoid bodies,they begin to 
differentiate spontaneously in the 
presence of certain growth factors (like 
activin, retinoic acid, sonic hedgehog 
etc). They can form muscle cells, nerve 
cells, and many other cell types. 
Although spontaneous differentiation is a 
good indication that a culture of 
embryonic stem cells is healthy, it is not 
an efficient way to produce cultures of 
specific cell types.

Possible sources of Embroynic stem 
cells: 
Embryos created via IVF (for infertility 
treatment or for research purposes), 
Embryos or fetuses obtained through 
elective abortion, Embryos created via 
SCNT (somatic cell nuclear transfer, or 

[8]cloning)

Potential Uses of Human Embryonic 
Stem Cells:
Many uses have been proposed for 
human embryonic stem cells. The most-
often discussed is their potential use in 
transplant therapy - i.e., to replace or 
restore tissue that has been damaged by 

[8],[9]disease or injury.

?To study early events in human 
development.

?Used to explore the effects of 
chromosomal abnormalities in early 
development. This might include the 
ability to monitor the development of 
early childhood tumors, many of 
which are embryonic in origin

?Human Embryonic Stem cells could 
also be used to test candidate 
therapeutic drugs.

?Human Embryonic Stem cells could 
be employed to screen potential 
toxins.

?Finally, human Embryonic Stem cells 
could be used to develop new 
methods for genetic engineering.

Advantages of using embryonic stem 
cells for transplant therapy:
Compared to adult stem cells ES cells 
have an unlimited ability to proliferate in 
vitro, and are more likely to be able to 
generate a broad range of cell types 

[8]through directed differentiation.

What Is Stem Cell ?
A stem cell is a special kind of cell that 
has a unique capacity to renew itself and 
to give rise to specialized cell types. 
Although most cells of the body, such as, 
heart cells or skin cells are committed to 
conduct a specific function, a stem cell is 
uncommitted and remains as such, until it 
receives a signal to develop into a 

[5]specialized cell.  Their proliferative 
capacity combined with the ability to 
become specialized makes stem cells 
unique.

There are three defining features of a 
stem cell
1. S e l f - r e n e w a l  =  e x t e n s i v e  

proliferation: The abilityto self-
renew has been linked conceptually 
to a stem cell’sability to divide 
extensively to form a vast numbers of 
cells.However, a stem cell is not 
immortal, but is endowed with 
acertain restricted capacity to self-
renew related to how fasta tissue turns 
over.

2. Clonogenicity = stemness: A 
s t e m c e l l  i s  t h o u g h t  t o b e  
"clonogenic," which means that it 
canproliferate to forma colony of 
cells. However, whileclonogenicity 
ispart of the essential assay in 
defining a stemcell (that is,a single 
cell capable of proliferating and 
formingmultiplecell types), not all 
cells that form colonies qualifyas 
stemcells.

3. Stemness = undifferentiation: In 
manycases, a stemcell is thought to be 
an undifferentiated celltype (that is,it 
does not have a mature phenotype), 
but thereare instancesin which a cell 
with differentiated charactercan 
behave asa stem cell.

Classification of Stem cells
[6]1) According to Stem cell Plasticity

Totipotent Stem Cells: Cells that are 
capable of forming a completely new 
embryo that can develop into a new 
organism are called totipotent. A 
fertilized egg is totipotent. None of the 
stem cells used in research appear to have 
this capacity.
Pluripotent Stem Cells: Stem cells that 
have the potential to develop into any of 
the cell types found in an adult organism 
are called pluripotent. Embryonic stem 
cells are pluripotent.
Multipotent Stem Cells: Stems cells 
that only have the potential to make a few 
cell types in the body are called Figure 1: Blastocyst Showing Inner Cell Mass And 

Trophectoderm
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Possible sources of adult stem cells: 
Bone marrow- bone marrow stem cells, 
Peripheral blood- peripheral blood stem 
cells, Neurons- neuronal stem cells, 
Muscles- muscle stem cells, Liver- liver 
stem cells, Pancreas – pancreatic stem 
cells, Cornea and retina- corneal limbal 
stem cells, Mammary gland- mammary 
stem cells, Salivary glands, Skin- dermal 
hair follicle stem cells, Tendon, Synovial 
membrane, Heart, Cartilage, Thymic 
progenitors, Adipose tissue- adipose (fat) 
derived stem cells, Umbilical cord blood- 
cord blood stem cells, Amniotic stem 
cells, Blood vessels- mesangioblasts. 
[10],[11]

3) Dental Stem Cells
Possible sources of Dental adult stem 
cells: 
?Permanent teeth: Dental pulp stem 

cells (DPSCs): derived from third 
[5]molar.

?Deciduous teeth: Stem cells from 
Human Exfoliated deciduous teeth- 
SHED: stem cells are present with in 

[13]the pulp tissue of deciduous teeth.
?Human cementum derived cells- 

HCDC’s
?Stem cells from supernumerary 

[14]tooth- Mesiodens.
?Stem cells from teeth extracted for 

[15]orthodontic purposes.
[16]

?Dental Follicle progenitor cells
?Stem cells from root apical papilla- 

[17]SCAP
?Periodontal ligament : Periodontal 

[18]ligament stem cells ( PDLSCs)
?Stem cells from human natal dental 

[19]pulp.

a) Dental Pulp Stem Cells (DPSCs)
Adult dental pulp stem cells (DPSCs) 
were discovered in wisdom teeth in 

[20]2000.  Researchers isolated Dental 
ectomesenchymal stem cells from the 
dental pulp of the extracted wisdom 

[21]teeth.  Same as BMSC, DPSCs are 
colony forming plastic adherent cells 

[22]which display very similar features.  
Workers analyzed the profile of gene 
expression of DPSCs and BMSCs which 
show both cells are distinct precursor 
populations but have a very similar gene 

[23]expression level.  In a chemically 
defined culture medium, DPSCs can be 
differentiated into smooth and skeletal 
muscle cells, neurons, and cartilage and 

[24]bone cells.  The difference between 
BMSCs and DPSCs is DPSCs can 
differentiate into odontoblast like cells 

cells.

Adult stem cells may also exhibit the 
ability to form specialized cell types of 
other tissues, which is known as 

[10],[11]transdifferentiationor plasticity.  The 
following are the examples of adult stem 
cell transdifferentiation
?Hematopoietic stem cells may 

differentiate into: three major types of 
b r a i n  c e l l s  ( n e u r o n s ,  
oligodendrocytes, and astrocytes); 
skeletal muscle cells; cardiac muscle 
cells; and liver cells.

?Bone marrow stromal cells may 
differentiate into: cardiac muscle 
cells and skeletal muscle cells.

?Brain stem cells may differentiate 
into: blood cells and skeletal muscle 
cells.

Current research is aimed at determining 
the mechanisms that underlie adult stem 
cell plasticity. If such mechanisms can be 
identified and controlled, existing stem 
cells from a healthy tissue might be 
induced to repopulate and repair a 
diseased tissue. (Figure3)

Potential Uses of Adult Stem Cells:
1. Hematopoietic Stem Cell Rescue in 

Cancer Chemotherapy
2. Graft-Versus-Tumor Treatment of 

Cancer
3. Leukemia and Lymphoma
4. Inherited Blood Disorders
5. Other Applications in autoimmune 

d i seases ,  such  a s  d i abe t e s ,  
rheumatoid arthritis, and system 
lupus erythematosis, Parkinson’s 
disease.

Disadvantages of the using of human 
ES cells for transplant therapy:
The propensity of undifferentiated ES 
cells to induce the formation of tumors 
(teratomas), which are typically benign.

2) Adult Stem Cells
Some scientists now use the term somatic 
stem cellinstead of adult stem cell. The 
adult stem cell are clonogenic & capable 
of self-renewal for the lifetime of the 
organism and give rise to fully 
differentiated cells that have mature 
phenotypes, are fully integrated into the 
tissue, and are capable of specialized 
functions that are appropriate for the 

[10]tissue.  The following are examples of 
differentiation pathways of adult stem 
cells: (Figure 2)
?Hematopoietic stem cells give rise to 

all types of blood cells: red blood 
cells, B lymphocytes, T lymphocytes, 
natural killer cells, neutrophils, 
basophils, eosinophils, monocytes, 
macrophages, and platelets.

?Bone  mar row s t romal  ce l l s  
(mesenchymal stem cells) give rise to 
a variety of cell types: bone cells 
(os teocytes ) ,  ca r t i l age  ce l l s  
( c h o n d r o c y t e s ) ,  f a t  c e l l s  
(adipocytes), and other kinds of 
connective tissue cells such as those 
in tendons.

?Neural stem cellsin the brain give rise 
to its three major cell types: nerve 
cells (neurons) and two categories of 
non-neuronal cells—astrocytes and 
oligodendrocytes.

?Epithelial stem cells in the lining of 
the digestive tract occur in deep 
crypts and give rise to several cell 
types: absorptive cells, goblet cells, 
Paneth cells, and enteroendocrine 

Figure 2: Haematopoietic And Stromal Cell Differentiation

Figure 3: Plasticity Of Adult Stem Cells
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pro l i f e ra t ion  andmul t ipo ten t i a l  
differentiation. Deciduous teeth 
therefore maybe an ideal resource of stem 
ce l l s  to  repai r  damaged tooth  
structures,induce bone regeneration, and 
possibly to treat neural tissueinjury or 
degenerative diseases. However, the 
biological significanceof the existence of 
SHED remains to be determined. 

c) Periodontal Ligament Stem Cells 
(PDLSCS)
The periodontium is a connective tissue 
organ which attaches the teeth with the 
bones of the jaws. It consists of 
periodontal ligament, gingiva, cementum 

[35]and alveolar bone.  Human PDLSCs 
have been successfully isolated by 
scientists from the root of extracted 

[36],[37]teeth.  Researchers demonstrated that 
if PDLSCs with hydroxyapatite (HA) or 
tricalcium phosphate (TCP) as a carrier 
a r e  t r ansp l an t ed  i n to  immuno  
compromised mice, then it can be seen 
that PDLSCs have potentials of 
regenerating typical cementum and 

[38]periodontal ligament like structure.  
Studies suggest that if PDLSCs are 
transplanted directly into periodontal 
defect areas which are caused by 
periodontal disease, it might be a viable 

[39],[40]therapeutic approach.  On the other 
hand, under in vitro conditions, PDLSCs 
display a low ability of differentiation 

[36]into osteogenic tissue.  PDLSCs can get 
differentiated into cells or tissues that are 

[36]very similar to periodontium.  Yi Liu, 
Ying Zheng, Ding et al. demonstrated the 
role of autologous PDLSCs to treat 
periodontitis in miniature pig preclinical 
model and their study indicated that a 
multilevel cellular or biomaterial 
treatment may be an optimal therapeutic 
approach for regeneration of periodontal 

[38]tissue.  Researches have also isolated 
[41],[42]PDLSCs from pigs and sheeps.  They 

also suggest  that  PDLSCs can 
successfully establish a functional 

[41]periodontium.  Kawanabe et al. 
identified highly proliferating stem cells 

[43]in human periodontal ligaments.  These 
demonstrations indicate that in future, 
tissue of the periodontium made by stem 
cell can be used as a treatment modality to 
replace the diseased periodontium 
around teeth so as to disappear mobility 
of tooth cause due to diseased 
periodontium. Many more studies are 
required for PDLSCs to provide new 
insights useful for regenerative therapy in 
dentistry.

an unexpected tissue resource.
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 

[13]in vivo transplantation.  Deciduous 
teeth are significantly different from 
permanent teethwith regards to their 
developmental processes,  t issue 
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 

[31]cell population.
The mechanisms controlling the growth 
and replacement of teeth are largely 
unknown, in particular with respect to 
howcraniofacial components including 
bone and soft tissues surroundingteeth 
participate in the process of tooth 
development. SHED demonstrateda 
strong capacity to induce recipient cell-
mediated bone formationin vivo. SHED 
could not differentiatedirectly into 
osteoblasts but did induce new bone 
formation byforming an osteoinductive 
template to recruit murine host 

[31]osteogeniccells.  These data imply that 
deciduous  tee th  may not  only  
provideguidance for the eruption of 
pe rmanen t  t ee th ,  a s  gene ra l ly  
assumed,but may also be involved in 
inducing bone formation during 
theeruption of permanentteeth.
It is notable that SHED expressed 
neuronal and glial cell markers, which 
may be related to the neural crest-cell 

[13]origin ofthe dental pulp.  Neural crest 
cells play a pivotal rolein embryonic 
development, giving rise to a variety of 
cell typessuch as neural cells, pigment 
cells, smooth muscle, craniofacial 
c a r t i l a g e ,  a n d  b o n e .  S t u d i e s  
demonstrated that BMSCs were also 
capable of differentiating into neural-like 
cellsafter in vivo transplantation. Dental 
pulp cells are knownto produce 
neurotrophic factors and even make the 
motor neurons survive afterspinal cord 

[34]injury.
Recent studies provide evidence that 
SHED represent a population of postnatal 
stem cells capable of extensive 

[24](dentin forming cells).  To determine 
the existence of DPSCs, previously 
developed methodology was used for the 
isolation and characterization of BMSCs 
and pluripotent postnatal stem cells. 
DPSCs were characterized as clonogenic 

[25]and highly proliferative stem cells.  S. 
Gronthos et al. demonstrated that DPSCs 

[26]possess all qualities of stem cells.  It is 
reported that DPSCs can differentiate 
into endothelial cells which can make 
functional blood carrying blood 

[27]vessels.  Stem cells derived from the 
[28]dental pulp can form pulp like tissue.  

Pulp-like tissue could be engineered in 
vitro, using DPSCs seeded into synthetic 

[29]matrices made with polyglycolic acid.  
So as stem cells can differentiate in pulp 

[30]like tissue and dentine pulp complex,  in 
future it is possible to replace infected 
pulp tissue of a paining tooth with newly 
generated pulp like tissue differentiated 
from stem cell and then patient will be 
without pain along with his vital teeth. 
Hence stem cell is topic of interest in 
discussion for regenerative endodontics. 
A big problem with dental implant is 
improper osteointegration which lead to 
implant failure but DPSCs have the 
ability to form bone that is useful for the 
osseointegration of dental implants 
coated with hydroxyapatite crystals, and 
may give good bone implant contact 

[31]level.  Hence stem cell can increase the 
success rate of dental implants. Ming Yan 
et al. suggested that DPSCs are useful in 
reconstructing dentin pulp complex and 

[30]biotooth.  Human tooth is made up of 
enamel, dentin, and cementum and pulp 
tissue. Enamel is formed by ameloblast 
cells, dentin is made by odntoblast cells, 
cementum is made by cementoblast cells. 
Stem cell can differentiate into all four 
tissues. Hence Ming Yan et al. suggested 
that Bio-tooth can be made from stem 

[30]cells.  There are many studies which 
demonstrate that reconstruction of the 
biotooth is possible with dental stem 

[28],[29],[30],[31],[32],[33]cells.

b) SHED: stem cells from human 
exfoliated deciduous teeth
A population of high quality human stem 
cells was found in the exfoliated human 
primary teeth, recently (Miura et al, 

[13]2003).  Remnant dental pulp derived 
from exfoliated deciduous teeth contains 
a multipotent stem-cellpopulation. These 
stem cells can be isolated and expanded 
ex vivo,thereby providing a unique and 
accessible population of stem cellsfrom 
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show that cells from normal human 
cementum can be isolated and expanded 
in vitro. Furthermore, these cells are 
capable of differentiating and forming a 
cementum-like tissue when transplanted 
into immunocompromised mice.

Diseases treated with stem cell 
therapy:
Virtually everyone could benefit from 
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.

Stem Cell Funding
Stem cell research, is not federally 
funded due to a ban placed on embryo 
research in 1995. Since then, this stem 
cell research has continued mainly 
through private funding. In early 1999, 
the NIH (National institutes of health, 
U.S. department of health and human 
services) announced that they would 
support research on embryonic stem cell 
lines that had already been previously 
established. This was a monumental step, 
as the potential benefits of stem cell 
research are very large, but in order to 
reap these benefits, a large and sustained 
research investment is needed. The 
federal government is the only realistic 

[7]source of such large funds.

Conclusion
In the face of extraordinary advances in 
the prevention, diagnosis, and treatment 
of human diseases, the inability of most 
tissues and organs, to repair and 
regenerate after damage is a problem that 
needs to be solved In the present scenario, 
science clearly indicates that the use of 
adult and embryonic stemcells for 
regeneration, reconstruction or repair 
isfeasible in principle. Regeneration of 
damaged periodontal tissue, bone, pulp, 
and dentin are problems that the dentist 
faces today. Stem cells present in dental 
pulp, periodontal ligament and alveolar 
bone marrow, have a potential to repair 
and regenerate tooth and periodontal 
structures. Substantial advances have 
been made to handle stem cells in the 
laboratory,and to exploit their inherent 
potential for the repair and regeneration. 
Translation of these advances into 
clinical practice is still a question that 
needs to be solved. How far this will 
succeed, however, depends on solving 
technical problemsthat stil l  are 
significant. The next article in the series 
will give an insight on Stem cell markers, 

cond i t ions  these  ce l l s  can  be  
[49]differentiated into osteoblast like cells.  

Different workers suggest that like 
PDLSCs, DFPCs can also differentiate to 

[45],[50],[51]produce mineralized tissue.  
D F S C s  c a n  d i f f e r e n t i a t e  i n t o  
mesenchymal derived cells like 
cementob las t s ,  ad ipocy tes  and  

[49]chondrocytes.

f) Human cementum derived cells- 
HCDC’s
Although there are differences in the 
organization of bone and cementum, it is 
not clear if they are formed by distinct 
cell types or by a bone-forming cell that 
has different environmental cues. 
Distinguishing between these two 
possibilities has been difficult because, 
till date, there is no specific marker for 

[52]cementum or cementocytes.  Cultures 
of murine or primary human cementum-
derived cells (HCDCs) have been 
established from healthy teeth using a 
collagenase pretreatment as had been 
established previously for the culture of 
trabecular bone cells. With primary 
human cementum-derived cells, discrete 
colonies that contained cells exhibiting 
fibroblast- like morphology are formed, 
and when the colonies became 
sufficiently large, cells from individual 
colonies were isolated and subcultured. 
Cementum-derived cells exhibit low 
levels or no alkaline phosphatase activity 
and mineralize in vitro to a lesser degree 
than Bone marrow stromal cell (BMSC) 
cultures. To study the differentiation 
capacities of HCDCs, cells were attached 
to hydroxyapatite/tricalcium phosphate 
ceramic and transplanted subcutaneously 

[52]into immunocompromised mice.  Like 
individual colonies of human BMSCs, 
approximately 50 percent of the clonal 
HCDCs tested formed a bone-like tissue 
that featured osteocyte/cementocyte-like 
cells embedded within a mineralized 
matrix. However, the mineralized tissue 
was lined with a layer of cells that were 
somewhat more elongated than 
osteoblasts, and the HCDC matrix was 
somewhat less cellular than that 
produced by BMSCs. Unlike BMSC 
transplants, which developed lamellar 
bone, the HCDC matrix was found to 
contain unorganized collagen bundles, as 
is seen in cementum. Cells in the HCDC 
matrix were positive for fibromodulin 
and lumican, while osteocytes in the 

[52]BMSC matrix were negative.  The 
HCDC transplants were also devoid of 
hematopoietic marrow. These results 

d) Stem Cells from Apical Papilla 
(SCAP)
Researchers isolated stem cells from 
dental apical papilla of wisdom teeth or 
incisors of four months old mini pig 
termed as “Stem Cells from apical 

[41],[44]papilla”.  Dental papilla is basically 
an embryonic tissue that is responsible 
for the formation of dental pulp and the 
crown. But SCAPs can only be isolated at 
ce r ta in  spec i f i c  s t ages  o f  the  
development of tooth. As dental papilla 
contain higher number of adult stem cells 
than mature dental pulp, SCAPs have a 
greater potential for regenerating dentin 

[41]than DPSCs.  SCAPs originate from an 
embryonic-like tissue so they are less 
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alveolar bone, and periodontal ligament 
fibroblasts. Handa K (2002) isolated 
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