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Do dental stem cells depict distinct characteristics? — Establishing
their “phenotypic fingerprint”
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ABSTRACT

Dental tissues provide an alternate source of stem cells compared with bone marrow and have a
similar potency as that of bone marrow derived mesenchymal stem cells. It has been established there
are six types of dental stem cells: Dental pulp stem cells, stem cells from human exfoliated deciduous
teeth, stem cells from apical papilla, periodontal ligament stem cells, dental follicle progenitor cells,
oral periosteum stem cells and recently gingival connective tissue stem cells . Most of the dental
tissues have a common developmental pathway; thus, it is relevant to understand whether stem
cells derived from these closely related tissues are programmed differently. The present review
analyzes whether stem cells form dental tissues depict distinct characteristics by gaining insight
into differences in their immunophenotype. In addition, to explore the possibility of establishing
a unique phenotypic fingerprint of these stem cells by identifying the unique markers that can be
used to isolate these stem cells.This, in future will help in developing better techniques and markers
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for identification and utilization of these stem cells for regenerative therapy.
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INTRODUCTION

Mesenchymal stem cells (MSCs) were first identified
in aspirates of adult bone marrow. They developed
clonogenic clusters of adherent fibroblastic colony-
forming units with the potential to undergo extensive
proliferation in vitro and to differentiate into different
stromal cell lineages.!'! Since then, bone marrow was
the most utilized source of MSCs; however, there was
a need to isolate MSCs from accessible tissues with
less surgical trauma. In recent years, stem cells from
dental tissues have provided that alternate source
of MSCs with characterization of stem cells within
the dental pulp stem cells (DPSCs),” periodontal
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ligament stem cells (PDLSCs), stem cells from
human exfoliated deciduous teeth (SHED),® dental
follicle progenitor cells (DFPCs),[” stem cells from
apical papilla (SCAP),® oral periosteum stem cells
(OPSCs)”! and recently from gingival connective
tissue (GING SCs) [Figure 1].19 Dental stem cells
(SCs) can differentiate into odontoblasts, adipocytes,
neuronal-like  cells, glial cells, osteoblasts,
chondrocytes, melanocytes, myotubes and endothelial
cells.>#381 Possible applications of these cells
in various fields of medicine makes them good
candidates for future research as a new, powerful tool
for therapy.

compared  the
Differences

Various  experiments  have
characteristics of dental stem cells.
have been noted between DPSCs and bone
marrow mesenchymal stem cells (BMMSCs),
wherein DPSCs were shown to share a similar
pattern of protein expression with BMMSCs in
vitro."1 Comparison of the in vitro phenotypic
characteristics of DPSCs and SCAP has shown
that SCAP represent an early stem/progenitor cells
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with superior cell source for tissue regeneration.!'”
Stem cells from human dental pulp, dental follicle
(DF) and root apical papilla from wisdom teeth have
been analyzed for the expression of transcription
factors (Octamer 4 [Oct-4], Nanog and Sox-2) and
cell surface markers cluster of differentiation (CD)
44, CD90 and CD105.131 Tt was observed that there
was a high expression of transcription factors in
SCAP and osteogenic differentiation was less in
DPSCs compared with SCAP. The PDLSCs have
been observed to express the antigens CD90, CD29,
CD44, CD166, CD105 and CD13 that are identified
as stromal precursors of the bone marrow.[!4!]
Despite lots of encouraging data on dental stem
cell and the vast quantity of experiments focused
on them, several open questions have remained
about their biology; of the important ones is their
immunophenotype. Over the recent years, a variety
of phenotypic markers including adhesion molecule,
lineage antigens, growth factor receptors, cytokine/
chemokine receptors, immune-related proteins
etc., on MSCs from different origins, have been
investigated.l'®!7 Conflicting results emphasize the
need for gathering more information to complete
our understanding of dental stem cells phenotype.
There have been no systematic comparisons of the
phenotypic characteristics in terms of putative stem
cell markers expressed by the dental stem cells. The
present review compares the phenotypes of dental
stem cell populations by analyzing differences in
expression of various cell-surface markers used to
identify putative MSCs."! In addition, to gain insight

Figure 1: Depicting the various sources of stem cells within
the dental tissues. The dental pulp dental pulp stem cells,
periodontal ligament stem cells, stem cells from exfoliated
deciduous teeth, dental follicle progenitor cells, stem cells
from apical papilla, oral periosteum stem cells and gingival
connective tissue stem cells

into the unique “phenotypic fingerprint” of these
stem cells by ascertaining whether these stem cells
depict distinct immunophenotype.

METHODS TO ESTABLISH
PHENOTYPES OF DENTAL STEM CELLS

Phenotypically, dental stem cells express a range of
surface markers (including CD49a/CD29, CD44,
STRO-1, CD90, CD105, CD106, CD146, CD140b,
CD166 and CD27). This suggests a common
link between different cell types because most of
these markers are expressed by all MSCs.[21820]

Immunophenotyping is a technique used to study the

protein expressed by cells. This technique is commonly

used in basic science research and laboratory
diagnostic purposes. This can be carried out on tissue
section (fresh or fixed tissue), cell suspension, etc.

The tests used to detect immunophenotypes are:*!!

1. Fluorescent microscopy — identifies stem cell
surface markers using the fluorescent tags
[Figure 2] that are attached to a cell receptor on
the stem cell. Each specific stem cell marker can
be identified on the cell surface by viewing under
the fluorescent microscope by their fluorescence
in a particular wavelength of light. An e.g., is the
expression of pluripotent markers identified on
DPSCs and PDLSCs such as Vimentin, Oct-4 and
Nanog!?? [Figure 3].

2. Fluorescent activated cell sorting (FACS) — a
laser beam is used to separate cell fractions from
the larger population, using differential light
absorbing or fluorescing properties of certain
stem cell populations. It has been observed that

Fluorescent tag
aftached 1o surface
marker

Figure 2: |dentifying stem cell surface marker by indirect
immunoflourescence by tagging with fluorescent antibodies
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expression of classical markers such as CD34,
CD45 and CD133 differ between virtually same
stem and progenitor cells which are endothelial
or MSCs, when they were obtained from different
tissues.?*2 This finding raises questions whether
phenotypic differences are due to the source or is
only caused by different isolation and experimental
conditions. FACS facilitates identification of a
variety of markers. The method of detection is
depicted™-2*! [Figure 4].

Dental stem cells usually cannot be distinguished by
a single stem cell marker, because their expression
partially overlaps between lineages;' 2 however, the
specificity of surface phenotype suggests that the stem
cell is a distinct functional unit.[>*2527-2]

STEM CELLS MARKERS AND THEIR
SIGNIFICANCE

A few relevant surface and intracellular stem cell
markers are described in Table 1.1 These markers
presence or absence can help to establish phenotypes
of MSCs.

Figure 3: Identifying pluripotent markers by fluorescent
microscopy in dental pulp and periodontal ligament. (a) Depicting
DPSCs expression of Vimentin (a and b), Octamer 4 (Oct-4)
(c and d) and Nanog (e and f). Blue fluorescence depicts the
nuclei of the cells and the markers are identified by green
fluorescence. (b) Depicting periodontal ligament stem cells
expression of Vimentin (a and b), Oct-4 (c and d) and Nanog.
(e and f) The antibodies are fluorescence isothiocyanate
conjugated. The images are original x40

CHARCTERISTICS OF DENTAL STEM
CELLS POST NATAL DPSCs

The DPSCs represent less than 1% of the total cell
population present in dental pulp.! The presence of stem
cells in dental pulp was proposed by Fitzgerald et al*!
However, the identification and isolation of DPSCs in the
adult dental pulp was first reported by Gronthos et al. in
20002 after which they identified stromal stem cells in
the bone marrow? and found that DPSCs have similar
characteristics as that of BMMSCs. They extensively
studied the stem cell properties of human DPSCs and
observed that DPSCs are also capable of differentiation
into adipocytes and neural — like cells.**! Heterogeneous
populations of DPSCs exist in the dental pulp, which is
capable of multilineage differentiation.**! It is believed
that these cells reside in the various regions inside the
dental pulp. In adult dental tissue, the stem cell niches
are usually quiescent and become activated only after
injury. Various labeling studies have shown that notch
signaling plays a vital role in DPSCs differentiation
and proliferation.**4”! Tt has been observed that DPSCs
produced bone instead of dentin when these cells were
implanted into subcutaneous sites in immunocompromised
mice with hydroxyapatite tricalcium phosphate powder as
their carrier.®! DPSCs thus belong to a novel population
of post-natal somatic stem cells.

Immunophenotype of DPSCs
Although there is no specific marker for identifying
DPSCs, it has been noted that they express a range

Figure 4: Fluorescent activated cell sorting methodology
wherein a cell suspension tagged with fluorescent markers
is passed under pressure through a nozzle and through an
electric field. A laser beam then sorts the cells according to the
+ or — charge. A negative charge is emitted by a cell, which is
fluorescent and positive if the cell is not fluorescent
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Table 1: A summary of the panel of cell surface markers used to characterize MSCs

Reference

Marker name Cell type Significance
Octamer 4 Expressed on human
embryonic stem cells (ES),
human terato carcinoma stem
cells (EC)
Vimentin Ectoderm, neural and
pancreatic progenitor
Nanog Gene expressed in human ES

Stage-specific embryonic
antigen-4

CD90 or Thy-1

CD73 5-nucleotidase

CD166 antigen or activated
leukocyte cell adhesion

Human embryonic stem cells
(ES), human terato carcinoma
stem cells (EC)

MSCs, hematopoietic stem
cells and endothelium

MSCs, hematopoietic stem
cells and endothelium

Expressed on human
BMMSCs

Transcription factor unique to pluripotent stem cells;

Yates et al. 200517

essential for establishment and maintenance of
undifferentiated pluripotent stem cells

Intermediate filaments within cells; characteristic of

Yates et al. 200517

primitive neuroectoderm formation

Key factor in maintaining pluripotency. Transcription

Yates et al. 20051

factor critically involved with self-renewal of
undifferentiated ES

Glycoprotein specifically expressed in early embryonic

Gang et al. 20071

development and by undifferentiated pluripotent stem

cells

Highly expressed on fibroblasts, neurons and a

Schubert et al. 201112

subpopulation of hematopoietic stem cells in humans.
CD90 is able to initiate neutrophil effector functions
(the secretion of matrix metalloprotineases such as

MMP-9)

The expression of this cell surface protein is

Zimmermann 19921

increased during certain stages of cell maturation
and has been hypothesized to be involved in cellular
interactions such as cell recognition and cell adhesion

Promotes adhesion of leukocytes, Expression

Bruder et al. 1997134

lost during development of cells into differentiated

HLA-DR is a MHC Class Il receptor that presents

Janeway and Travers

molecule phenotypes
HLA-ABC Human major
HLA-DR histocompatibility complex

CD80 and CD86

CD105 (endoglin)

STRO 1

CD13 Aminopeptidases N

CD34

CD45 Leukocyte common
antigen

class | HLA-ABC and class Il
HLA-DR

Molecule found on activated B
cells and monocytes

MSCs, hematopoietic stem
cells

STRO-1 is a cell surface
protein expressed by bone
marrow stromal cells and
erythroid precursors

Expressed on various MSCs

A cell surface marker widely
used in the isolation and
identification of hematopoietic
stem and progenitor cells

Expressed exclusively on
hematopoietic stem cells

peptide to CD4+ T cells. Negative expression implies

20056

cell incapable of initiating antigen antibody reaction

Provides co stimulatory signal necessary for T cell

Le Blanc et al. 20039

activation and survival. Along with CD86, these
molecules provide necessary stimuli to prime T cells
against antigens presented by antigen-presenting cells

Marker for MSCs. Expression declines towards the
osteogenic differentiation process. Acts like a receptor

Janeway and Travers
2005

for transforming growth factor 8 | and Il

Originally discovered in 1991, for identification of
stromal precursor cells in bone marrow. The antibody

Simmons and Torok-
Storb 199167

developed for this purpose was present on these
stromal cells, which later became known as STRO-1

A membrane bound zinc dependent ectopeptidase

Zhang et al. 20118

with broad substrate specificity that is involved in
protein modification, activation and degradation

The function of CD34 has not been fully determined.
It has a role in promoting proliferation and blocks

Nielsen and McNagny
20081

differentiation of progenitor cells

Acts as a phosphatase that regulates signaling via the
B-cell receptor and MHC class Il molecules

Janeway and Travers
20051

MSCs: Mesenchymal stem cells; CD: Cluster of differentiation; HLA: Human leukocyte antigen; MHC: Major histocompatibility complex;

MMP-9: Matrix metalloproteinases-9

of mesenchymal and bone marrow stem cell markers
such as STRO-1, CD146 and CD31. They also
express embryonic stem cell markers such as Oct-4,
Nanog
Recently, SSEA4, an embryonic stem cell marker has
been shown to be useful in identifying DPSCs and it
was observed that 46% of the DPSCs were SSEA-4
positive.*”) It has been observed that the there are

and mesenchymal marker Vimentin.?

two populations of DPSCs, one of neural crest origin
and other of mesenchymal origin.*>! Both populations
express the markers STRO-1 and CD31.

SHED

It was first isolated by Miura et al. in 2003 from
dental pulp of exfoliated deciduous teeth and
observed to be highly proliferative and clonogenic.
The isolation technique was similar to that used
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for DPSCs. Although, there were some differences

compared with DPSCs.

a) SHED formed sphere-like cell-cluster formation,
which could be separated and grown as individual
fibroblast — like cells.

b) Higher proliferation rate than DPSCs and high
number of colony forming cells.

SHED were thought to represent a more immature
multipotent stem cells than DPSCs.

Immunophenotype of SHED

These cells express the cell surface molecules STRO-1
and CD146, two early MSC markers also known to be
expressed by BMMSCs and DPSCs. These STRO-1
and CD146 positive cells are located around blood
vessels suggesting that SHED possibly originate from
a perivascular environment.[® Tt has also been observed
that SHED express embryonic stem cells markers oct4,
nanog, stage specific embryonic antigens (SSEA-3,
SSEA-4).5%1 Owing to their higher proliferation rate
and their osteogenic potential they are considered a
more immature form than DPSCs.

SCAP

During tooth development, the dental papilla
evolves into the dental pulp and contributes to the
development of the root. The apical part of the dental
papilla is loosely attached to the developing root
and is separated from the differentiated pulp tissue
by a cell rich zone. It contains less blood vessels
and cellular components than the pulp tissue and
separating rich zone.®'? In 2006, Sonoyama et al.
isolated a new population of dental stem cells and
called them SCAP.

Immunophenotype of SCAP

SCAP are clonogenic fibroblast-like cells, but
have a higher proliferation rate than DPSCs.?! As
other dental stem cells, SCAP express the early
mesenchymal surface markers, STRO-1 and CD146.
However, SCAP also express CD24, which could be
a unique marker for this cell population as it is not
detected on DPSCs or BMMSCs.®l The expression
of CD24 by SCAP is down regulated in response
to osteogenic stimulation. However, the biological
significance of this finding needs to be investigated.
SCAP show a two- to threefold higher proliferation
rate than do DPSCs and are more committed to osteo/
dentinogenicity. SCAP exhibit a heterogeneous nature
by showing:

1. Co-expression of STRO-1 with a variety of osteo/

dentinogenic markers and

2. Alow percentage of STRO-1 — positive cells while
a high percentage of cells positive with osteo/
dentinogenic markers in cultures.

PDLSCs

The periodontal ligament (PDL) is a specialized
connective tissue derived from the DF and originates
from neural crest cells.?** Seo et al. identified
stem cells in human PDL and found that PDLSCs
implanted into nude mice generated cementum/PDL-
like structures that resemble the native PDL as a thin
layer of cementum that interfaced with dense collagen
fibers, similar to Sharpey’s fibers. These cells can also
differentiate into adipocytes, odontoblasts, myotubes,
NFM-positive neuron-like cells, glial fibrillary acidic
protein-positive astrocyte-like cells and CNPase-
positive oligodendrocyte-like cells.[*35-36

Immunophenotype of PDLSCs

PDLSCs and DPSCs both showed similar
characteristics as compared with BMMSCs. All
cell types were strongly positive for CD44, CD90
(cell surface markers associated with stromal cells),
CD105 and CD166 (cell surface markers associated
with stromal cells and endothelial cells), but
negative for CD40, CD80 and CD86 (cell surface
markers of hematopoietic cells).’” PDLSCs and
DPSCs expressed HLA-ABC (MHC class | antigen)
similar to BMMSCs, while HLA-DR (MHC class
IT antigen) expression was not detected in these
cell populations.”” PDLSCs express a variety of
stromal cell markers like CD90, CD29, CD44,
CD105, CD166 and CD13.!' PDLSCs also express
STRO-1 and CD146 and scleraxis (tendon specific
transcription factor). Scleraxis is found to be highly
expressed in PDLSCs than in DPSCs and BMMSCs.
This finding supports the fact that periodontal
ligament has similar structural characteristics as that
of a tendon and can withstand mechanical stress
during physiological activity.®! The possibility of
obtaining stem cells from cryopreserved adult human
PDL™ indicates that samples from tissue banks
could be viable for future applications.

DFPCs

In 2005, Morsczeck et al. isolated stem cells from
the DF of the human impacted third molar, using the
same methodology of DPSCs isolation and culture.
DFPCs are localized in the DF, a mesenchymal tissue
that surrounds the tooth germ and can be easily
isolated after wisdom tooth extraction.[** The DF is a
loose connective tissue of an ectomesenchymal origin
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and it is present as a sac surrounding the unerupted
tooth.® During tooth development, it has been found
that DF plays a significant role in the eruption process
by controlling the osteoclastogenesis and osteogenesis
needed for eruption.®®®! Tt is also believed that DF
differentiates into the periodontium as the tooth is
erupting and becomes visible in the oral cavity.[”
However, these cells are available only from patients
during wisdom tooth eruption, usually between 15
years and 28 years of age.!*’!

Immunophenotype of DFPCs

The cells are observed to be fibroblast-like and
expressed putative stem cell markers such as Nestin,
Notch-1 and STRO-1."%¢4" Compared with bone
marrow-derived stem cells, DFPCs express higher
amounts of IFF-2 transcripts. In addition, these cells
have also been found to be positive for Vimentin, a
typical marker for mesenchymal cells.’® DFPCs were
also able to differentiate and express cementoblast
markers (cementum attachment protein and cementum
protein-23) after being induced with enamel matrix
derivatives, or bone morphogenetic protein-1 (BMP-1)
and BMP-7.[64

GING SCs

The presence of stem cells in gingival connective
tissue was investigated by Mitrano et al..['"]
Consequently, the identification of MSCs in
human gingiva was carried out and they were
characterized phenotypically and functionally.
The gingiva derived MSCs also had the potential
to differentiate into osteocytes, chondrocytes and
adipocytes.

Immunophenotype of GING SCs

The immunophenotype characterization was evaluated
from culture at the third through fifth passages. A
positive immunostaining was consistently obtained for
gingival MSCs including CD90, CD105, CD73, CD44
and CD13. They were weakly positive or negative for
typical hematopoietic markers such as CD45, CD34,
CD54 and CD38.1""

OPSCs

OPSCs were first isolated by characteristic surface
markers in 2005.1%1 Their osteogenic properties were
compared with stem cells of different origin such as
bone marrow and alveolar process. The percentage of
mineralization observed with OPSCs at 12 weeks was
equal to 58.2% versus 26.9% of BMMSCs and 41.1%
of those in origin from the alveolar process." The
mesengenic multipotency of cryopreserved OPSCs

was evaluated for chondrogenesis, osteogenesis and
adipogenesis. They were found to differentiate into
mesodermal lineages and maintained growth until
passage 15.0¢7)

Immunophenotype of OPSCs
Using FACS, it was observed that OPSCs expressed
CD 9, CD90, CD105 and CD166.[6¢

ASCERTAINING THE PHENOTYPIC
FINGERPRINT OF DENTAL STEM CELLS

The distinct phenotypes of dental stem cells can be
ascertained by analyzing differences in expression
of various cell-surface markers used to identify
putative MSCs.”! The present review attempts to
gain insight into their “phenotypic fingerprint” by
analyzing whether these stem cells depict distinct
immunophenotypes. The in vitro phenotypes of
various dental stem cell populations observed until
date compared to BMMSCs is summarized in Table 2.

It can be observed that PDLSCs have a unique phenotype
compared to DPSCs [Table 2]. The DPSCs are positive
for SSEA4 and Notch-1 embryonic stem cell markers and
PDLSCs are negative for it. This suggests that DPSCs are
a more primitive population of stem cells.

CD29 on the other hand is negative in DPSCs and
positive in PDLSCs. CD106, which is negative in
both DPSCs and PDLSCs is positive in OPSCs.
Nanog, which is a marker for pluripotency is absent
in PDLSCs, SCAP and DFPCs suggesting they are
multipotent stem cells.

Understanding that different stem cells express
distinct phenotypes may have further implications in
understanding the factors that regulate the formation
of mineralized matrices and other associated
connective tissues. Different levels of expression of
certain stem cell markers will help in understanding
the multi lineage differentiation potential of these
dental stem cells and which population can be utilized
for regeneration of specific tissues such as bone,
periodontal ligament, cementum and even neurogenic
tissues. For e.g., CD9, a protein highly expressed in
cells that differentiate into osteogenic precursors,
is expressed more in OPSCs[® and PDLSCs
compared to other dental stem cells. The difference in
expression of CD9 suggests that these stem cells are
more likely to differentiate into osteogenic precursors.
This knowledge in a clinical scenario will lead to
novel tissue engineering strategies in future utilizing
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Table 2: Comparison of in vitro phenotypes of dental stem cells to BMMSCs

Marker

DPSC

SHED

PDLSC

SCAP

DFPC

Gingival SC

OPSC

BMMSC

Embryonic stem cell markers
Oct-4
Nanog
Mesenchymal markers
CD73
CD90
CD105
CD106
CD166
Stem cell markers
SSEA-4
CD9
CD13
CD146
Nestin
Notch-1
STRO-1
CD44
CD24
CD29
Hematopoietic markers
CD34
CD45
CD80
CD86

+ + o+ +

+

+ o+ o+ + o+ o+ 4+

+

+ o+ o+

+ + + o+

+ o+ o+

+ o+ o+ o+ +

+ o+

+ o+ o+ o+ + + o+ + 4+ o+

+ o+ o+ o+

+
+

o+ o+ o+

+

+ o+ o+ + o+ o+ o+ o+

+

+ o+ o+ +

+ o+ o+ o+ I

+ o+ + + o+

+ o+ o+ 4+ o+

*

*

+

+ + + 4+ o+

+ o+ + + o+ + o+ o+

DPSC: Dental pulp stem cells; SHED: Stem cells from human exfoliated deciduous teeth; PDLSC: Periodontal ligament stem cells; SCAP: Stem cells from
apical papilla; DFPC: Dental follicle progenitor cells; OPSCs: Oral periosteum stem cells; CD: Cluster of differentiation; BMMSCs: Bone marrow mesenchymal
stem cells; SSEA: Stage specific embryonic antigens; Oct-4: Octamer 4; +: Positive presence of marker; -: Negative absence of marker on the stem cell

surface. *: No evidence available

dental tissues/
iliac bone marrow

i

tissue engineering approach

approach

i bong

e/cell X
(osteogenically induced cells)

cells (heterogeneous)/sca

chair—side.

aspirated bone marrow

on (e.g., cell sheets)

scaffold

stem cells (MSCs)

osteogenic
factors

Figure 5: Depicting current clinical approaches to stem-cell-based bone augmentation. The chair-side cellular grafting approach
(orange arrow) uses patient-derived freshly processed bone marrow (mononuclear cell population), which contains mesenchymal
stem/stromal cells, hematopoietic stem cells and angiogenic cells, mixed with a scaffold and growth factors, like platelet-rich
plasma as a grafting material

stem cells. A tissue engineering approach using stem

cells for bone augmentation is depicted, which can

be carried out as a chair side method or using bio

engineered matrices. [Figure 5].6%

CONCLUSION

The craniofacial/dental

complex

i

continuously

remodeling and subject to wear and tear.’® This
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lends credence to the fact there are many populations
of stem cells within this complex located in unique
niches and it has been observed there is more than one
population of stem cells even within the periodontal
ligament.*? This suggests the heterogeneous nature of
stem cells in the dental complex.

The present review provides an insight into the
understanding of how MSCs from related tissue could
depict distinct characteristics. Understanding that
different stem cells express distinct phenotypes may
have further implications in understanding the factors
that regulate the formation of mineralized matrices
and other associated connective tissues. Different
levels of expression of certain stem cell markers will
help in understanding the multi lineage differentiation
potential of these dental stem cells and which
population can be utilized for regeneration of specific
tissues such as bone, periodontal ligament, cementum
and even neurogenic tissues.

However, definitive experiments like in situ
hybridization of specific markers and further
clonal studies need to be performed to highlight
the heterogeneous nature of stem cells from dental
tissues. However, identifying the unique phenotypic
fingerprints of dental stem cells provides
streamlined regenerative therapies with predictable
outcomes.
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