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ABSTRACT

medicine in both the peripheral and central nervous systems.

Presently, both central and peripheral nervous system medicine is limited in the sources of stem/progenitor cells for regeneration/repair of damaged
neurons. Classical animal studies have shown that dental soft tissue cells are derived from the ectoderm - neuroepithelium - neural crest - (ecto)
mesenchymal craniofacial lineages, hence possessing a dormant neural identity. No such data was possible to obtain for humans until recent times.
Here we review recent independent discoveries showing that adult dental pulp cells can express, under appropriate culture conditions, genes that
(a) determine neural crest identity and (b) synthesize tau protein, conferring jointly on mesenchymal dental cell precursors a neuronal fate that has
rarely been observed as their propensity to transformation into neurons; this potential could become a major source of new neurons for regenerative
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Neurons from Dental Cells

The Lack of Natural Neural Precursors Limits Regenerative
Therapies for the Central and Peripheral Nervous System
The human nervous system is limited by neural progenitors
necessary for the regeneration 42 and repair of damaged
neurons and glia [1-3]. Despite the merits of natural neural stem
cells (NSCs), the difficulty of isolating them from the brain
and propagating them in vitro has hampered progress in their
therapeutic use. Resident NSCs in the CNS are very few in number
and lose their stemness with age, which reduces their potential
for physiological neurodegeneration; they are located in hard-to-
reach areas of the central nervous system of an adult, the biopsies
for obtaining them are very small (1-2 ml), their postoperative
enzymatic treatment affects the survival of NSCs, which, in
addition, have a limited ability to proliferate in suspension and
aggregate to form neurospheres the required homogeneity [4-6].

Dental-Derived Stem Cells Promise to Solve Problems in
Nervous System

Regenerative Medicine

Mesenchymal stem cells obtained from bone marrow, umbilical
cord, placenta, and amniotic fluid are free of these disadvantages
and, being multipotent (sometimes believed to reach the level of
pluripotency [7]), promise to solve problems in human therapy [8].
However, despite encouraging preclinical results in various animal
models of human diseases, the results of clinical trials have not yet
confirmed their practical value for humans (eg [9]). This is largely
due to the unfounded conventional wisdom in current biomedical
science that any of these multipotent stem cells of different tissue

origin can produce any cells for regenerative medicine. The
shortcomings of this literature -expanded paradigm can only be seen
in rigorous studies aimed at obtaining valuable information about
the subtle epigenetic and stemness differences between stem cells of
these structurally and physiologically distinct tissues. One important
aspect of this problem is that although all of these stem cells can
produce cells of mesodermal origin (skeletal bone, cartilage, muscle,
fat), only stem cells from oral tissues are able to differentiate into
both, mesodermal, predominantly bone cells, and also produce nerve
cells, including cholinergic and dopaminergic neurons, applicable
in the neuropathological field of regenerative medicine [10-20].

This is because the cells of the oral cavity (craniofacial cells in
general) are endowed with the epigenetic identity of the ectodermal-
neuroepithelial neural crest lineage, which is complemented by
a secondarily occurring epithelial-mesenchymal transition at
embryonic stages, ensuring the stemness of mesodermal -type
cells. Therefore, the main problem to be solved is to make
maximum use of this dual stemness, whose neural stemness lies
dormant in vivo but can be activated in vitro under adequate
conditions for research and medical use.

During Embryonic Development, the Neural Crest and its
Derived Mesenchymal Regulators Endow Dental Stem Cell
Progenitors with Dual (Neural Crest/Mesenchymal) Identity
and Stemness of Neural/Bone Differentiation

The emergence of the neural crest during vertebrate evolution as
anew autonomous source of stem cells (sometimes called the 4
germ layer) allowed the creation of additional structures, including
craniofacial organs [21]. Classic embryological studies of the
neural crest carried out in the last century by a French academic
group, as well as more recent discoveries of its regulatory systems,
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uncovered the main processes occurring at these stages [22-25].
Neural crest takes its origin in the dorsal aspect of neuroepithelium
border as an array of lineages [26,27]. The basal gene regulatory
“recipe” and the Sox transcription factor genes specify the neural
crest segregation and lineage-specification of border derivative
stem cells toward a huge number of structures [25, 28, 29]. Some
of these cranial aspect cells undergo epithelial-mesenchymal
transition, which makes them dual (epithelial/mesenchymal)
stem ness cell lineages that migrate to sites of development of
craniofacial tissues and the pharyngeal skeleton, including tooth
buds [30-32]. Fine tracing techniques have made it possible to trace
in animal models the migration of these human homologs to the first
branchial arch, the initiation of tooth germs in contact with local
mesodermal mesenchyme and the regulation of their subsequent
morphogenesis [33,34]. In cultured mice and rat development the
authors observed the contribution of early-emigrating posterior
midbrain crest cells to mandibular molar tooth development [35,
36]. The presence of this process in human embryogenesis is
evidenced by the detection of neural crest -specific markers, such
as AP2, Sox10, p75, HNK1, in (i) early human embryos, in (ii)
neural crest cells obtained in vitro from human pluripotent stem
cells and (iii) in human dental stem cells [37-40].

The above results, along with the similarity in the structure of the
dentition of mammals and humans, allow to extrapolate animal
data to humans, although experimental evidence has not yet been
obtained [41,42].

The following three questions of interest are still awaiting answers
to prove the connection between neural crest and dental soft tissue:
(1) dental stem cells do not exhibit neural crest markers and
neuronal features in vivo, and exclusively exhibit a mesenchymal
phenotype. and stemness; (2) dental stem cells do not produce
neurons in vivo, and (3) the neuronal identity of cells with
neuronal phenotype derived from dental stem cells to date has
not been rigorously demonstrated. We recently decided to find out
information about the state of neural crest-specific genes expressed
in human embryos in mesenchymal cells of adult teeth [37].

Induction of Neural Crest-Specific Gene Expression in Human
Adult Dental Cells

Addressing this issue, our group was able to identify neural crest
markers such as Sox10 in SHED pulp [39] and in periodontal
ligament [40] stem cells cultured in a medium meeting the
following molecular requirements of neural crest: exclusion of
fetal serum (or inhibition of Tgfbeta, a major inducer of EMT)
and stimulation (eg with BIO) of the Wnt/beta-catenin pathway (a
major inducer of MET and neural crest marker expression) [38-
40, 43-45]. The above observations led us to the concept that the
alternation of mesenchymal (bone-targeting) and epithelial (neural
-targeting) epigenetic states requires the following two contrasting
conditions: (1) Wnt/beta-catenin"" / Tgf-beta®" induces MET and
neural stemness, while Wnt/beta-catenin'"/ / Tgf-beta"¢" induces
EMT and mesenchymal epigenetic stemness.

In early embryogenesis, the initial neuroepithelial-neural crest
lineages (including those that later will be the precursors of
dental tissues), have neuronal identity/stemness maintained by
the Wnt"is"/Tgf/betal*v state (see above) and are programmed
to develop the autonomic nervous system [46]. Some lineages
undergo partial EMT under the influence of elevated levels of Tgf/
beta sufficient for the cells to individualize and become migratory.
Tgf/beta levels increase, causing the cells to complete EMT and
increase their mesenchymal stemness, ultimately acquiring the

dual (neural/bone) stemness previously observed in corresponding
animal neural crest cells (see [47]).

In migrating tooth precursors with such dual stemness, neural
identity/stemness is suppressed by EMT factors, which leads to
the establishment of mesenchymal cell development in dental
tissues. The neural crest identity signature and neural stemness in
these cells never become active in vivo but are akin for activation
in vitro under the Wnt"e", Tgf/beta condition inducing MET
to unveil their innate peripheral neural system destination. The
concept presumes that this MET reverts the cells to their true,
neural crest cell’s epigenetic state.

The important assumption from these manifestations of dental
cells is that dental cells have primarily neural crest-specific
neural identity and neurogenic stemness, which is “sacrificed”
for their being conferred a secondary, mesenchymal, stemness
and developing craniofacial (including teeth) structures.
Thus, craniofacial bone, muscle and fat cells stemness has
embryologically ectodermal-neural crest identity unlike the rest
of the skeletal cells that have mesodermal identity.

In the ontogenesis of teeth, there are not one, but two parallel
stem cell lineages, the initial, leading to the formation of SHED,
provisional rootless milk teeth of children, and the following it
lineage of permanent teeth. Each of these lineages dominates
one of the dual cells’ stemness: deciduous tooth stem cells have
higher mesenchymal stemness, while permanent tooth stem
cells show higher neural stemness [48-51]. These differences
must be considered when planning their regenerative/therapeutic
applications [51].

In this regard, supernumerary teeth, known in odontological
practice as hyperdontia, which currently serve to study the
mechanisms of embryopathogenic phenomena in the dental
system, can become an additional source of SHED stem cells. A
case of supernumerary tooth grown in one of the female newborn
twins is a subject of our ongoing study which has shown that the
proliferation-differentiation properties of the pulp derived cells
were indistinguishable from those in normal SHED except for an
enhanced osteogenesis. Remarkably, Tatullo’s group described
a case of non-symptomatic multiple bilateral hyperdontia with
normal karyotype [52].

The Neural Regeneration/Restoration Potential of Human
Dental Stem Cells Occurring Through Paracrine Mechanisms
Recent progress in understanding the dual stemness of dental
stem cells extends their applicability not only to diseases of
mesoderm-derived tissues such as skeletal bone/muscle/fat
but also to ectodermal tissues such as cranial, oral and neural
tissues cells [8]. These advantages have become the basis for the
significant and intensive contribution of several collaborative
groups, raising at a strategic level the research of the potential of
these stem cells in regenerative medicine in general and directly in
the treatment of tissues of the maxillofacial region and in dentistry
in particular [53]. effectively revolutionizing old classic dental
clinical approaches with innovative, powerful methodologies.
This is facilitated by new discoveries in the field of paracrine
mechanisms of the therapeutic action of stem cells, which are
gradually replacing previous ideas that the therapeutic effect of
stem cells lies in their differentiation into cells that replace local
diseased cells. Research is currently focusing on molecules that
stem cells produce as secretomes with soluble and exocellular
bioactive molecules integrated into vesicles, such as nano-sized
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exosomes (30—100 nm), phospholipid macromolecules containing
cytokines and microRNAs released in target tissues and having
specific effects [54]. Compelling data from these studies indicate
that future regenerative therapies may be based on these cell-
free principles. To confirm the possibility of such treatment, the
presence in the conditioned medium of human bone marrow
MSCs of a package of physiologically active effectors- insulin-
like growth factor-1, VEGF, Tgf -beta, interleukins 3 and 6, and
hepatocyte growth factor. and monocyte chemoattractant proteins
-1 was shown (e.g. [55]). These and other bioactive factors secreted
by stem cells contribute to specific immunomodulatory and various
therapeutic effects. Their discovery and characterization are an
important step of modern science towards a better understanding
of the important role of the intracellular (at the level of tissues
and organs) regulatory network, in which paracrine and cell-
replacement modes of intercellular interaction can lead to
physiological regeneration and alleviation of pathological
conditions.

Additionally, scaffold materials combined with MSC-EVs improved
bone regeneration in vivo [56]. In this aspect of regenerative
medicine promoters, the dual stemness of dental stem cells is an
outstanding advantage, and although their primary neural crest-
endowed neurogenesis is suppressed in vivo in dental stem cells,
this potential can be unlocked in vitro and develop ed into various
types of nerve cells [12, 13, 22, 46]. Notably, dental stem cells
were among the first to have a known paracrine mechanism for
delivering neurotrophic, neuroprotective and neuroregenerative
factors to maintain trigeminal nerve integrity [57, 58]. Currently,
knowledge of this potential of stem cells is becoming a direction
for studying the secretomes they produce in the processes of tissue
regeneration/repair. Owing to their dual stemness, dental cells
secrete two classes of molecules with physiological regenerative
activity: (1) molecules for differentiation/functioning/restoration of
dentin and other oral structures of ectomesenchymal origin and (2)
molecules for trophism/protection/regeneration of neurons [59, 60].
Molecules of both types can be found in the conditioned medium of
MSCs obtained from teeth, capable of influencing and improving
regenerative processes. The secretome obtained from teeth showed
stronger neuroregenerative and neuroprotective effects compared
to the secretome obtained from other MSC sources. According to a
meta-analysis of 15 studies, seven reported the therapeutic benefit of
the conditioned medium on neurological diseases and three reported
on joint/bone-related defects [61]. For these reasons, secretomes
from dental MSCs may represent the most promising approach for
the treatment of neurodegenerative diseases, nerve damage, and

bone repair (review [62]). Thus, this dual stemness with respect
to the mesodermal (bone) and ectodermal (neural) lineages makes
dental stem cells an outstanding tool in regenerative medicine.

Vi. Tau Appears in The Embryonic Stages of Specification
by Neural Crest of Mesenchymal Progenitors of Dental Stem
Cells to Complement their Neuronal Fate

Considering the above, we investigated the presence of tau
in both stem cells of primary teeth (SHED) and stem cells of
permanent teeth (in preparation). In both lineages, tau was present
in significant quantities [63]. As a specific goal of the present study,
we reprogrammed cells from one of the third molars and established
aneural crest and mesenchymal embryonic developmental stages,
of which only the latter stage cells contained tau protein. We
expect that we have established a single tooth-specific epigenetic
lineage in which the same tau was present in the adult and in its
past embryonic stage.

Tau has not yet been detected in human dental stem cells (e.g. [64-
68]) or in neurons reported to develop from dental cells [12,13].
Authors of publications in this area have not appreciated the
importance of tau in neurogenesis and axonal growth. In some of
them, MAP2 was found, which, along with tau, is required for the
stability and dynamics of the microtubule cytoskeleton [69-71].
However, MAP2 alone is not enough, since it is tau that is involved
in structural polarization and in the organization of the axonal
microtubule delivery system for the flow of cellular organelles and
molecules [72]. MAP2 function is limited to cell body microtubules
and dendrites [73]. The demonstration of the presence of tau in
dental stem cells is, in our opinion, the first convincing evidence
of their endowment with a neuronal fate, thereby confirming the
possibility of obtaining neurons from dental stem cells Figure 1
schematically presents the available information, including our
data, on tau during the in vivo development of human embryonic
stem cells (hESCs) and the in vitro development of hESCs/
iPSCs into dental cells; the established and putative stages of
tau gene expression along with neural crest and mesenchymal
stem cell identity genes, are indicated. In humans, neural crest
stem cells were discovered in the early embryonic stages C12 —
C20, but the cells expressing them could not then be traced until
adulthood, when the cells produced from these precursors express
mesenchymal markers in developed teeth; notably, as indicated
above, neural crest markers can be detected in these neural crest
derived tooth mesenchymal cells under appropriate MET-inducing
culture conditions [37, 39, 40].
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Figure 1: Scheme of cumulative data on the development of human pluripotent stem cells (ESC, iPSC) in vivo and in vitro towards

adult tooth stem cells

In vivo differentiation of ESCs into adult dental stem cells
demonstrates the expression of neural crest identity genes on
early embryonic C12-C20 stages, which, as shown on animal
models, but not in humans, specifies these cells as progenitors of
mesenchymal stem cells of adult teeth.

It is not known whether tau gene expression occurs in vivo [37].

In vitro, ESC/iPSCs’ differentiation to cells of CNS and neural
crest lineages, the latter ones converting into mesenchymal cells
of adult teeth; the possibility of unveiling of neural crest genes’
expression is shown to complement the here shown expression
of tau in embryonic and in adult tooth mesenchymal cells. NPC-
neural progenitor cells [33, 39, 40].

Tau in Dental Stem Cells Exhibited Some of the Features
Known for Alzheimer’s Tauopathy

In an ongoing study we explore a model of reprogramming of tau-
containing dental cells to iPSCs and their differentiation to dental
cell progenitors with reactivated tau expression to reconstruct the
whole ontology of tau in human dental pulp stem cells as potential
sources of neurons for research and clinical application. At the
same time, we raised the possibility that tau in dental cells may be
useful for better understanding the role of tau in neurodegenerative
tauopathies. To our knowledge, crucial information about the
involvement of tau in neurodegeneration comes mainly from
biopsy material from fixed postmortem brains in advanced stages
of both the disease and the transformation of tau into neurofibrillary
tangles, NFTs [74]. The lack of sufficient information about the
initial stages of transformation of normal tau into NFT to show
the dependence of pathogenesis on this event makes the current
view on tauopathies elusive. The use of 12 anti-tau antibodies
highlighted tau epitopes and thus the presence of tau in stem cells
of primary teeth (SHED) and compared these results with the tau
of postmortem AD brain samples [63]. Eleven antibodies bound
to epitopes both normal tau in dental cells and to modified tau

(NFT) in Alzheimer’s disease brain samples, demonstrating that
the regions of tau where the epitopes are located are conserved
in normal (dental) and in diseased (brain) cells. The epitope of
the 12th antibody, AT100, bound NFT of Alzheimer’s disease
brains but did not bind tau of normal dental cells, and since this
antibody is known as a major diagnostic tool for the disease, its
failure to bind to normal tau is taken as evidence that its epitope
is not formed in normal cells, but is formed in aggregated NFT
tau cells, in accordance with previously described process [75].
As an additional property linked to neurodegeneration, dental
cells were shown to contain the amyloid precursor (APP) and
GSK3p (68) kinase (see [63]) associated with the tau pathological
modifications.

Conclusion

The properties of human dental cells described here, combined
with additional data from other studies, including the easy
availability from discarded teeth, potential for long-term in vitro
proliferation, expression of the neural crest identity and of tau
protein genes, make them the most effective source of neurons.
for regenerative medicine of the nervous system.

Conflict of Interest
The authors declare no conflict of interest.

Funding Information

This study was supported by Mexican Autonomous National
University PAPIIT funding of the Direccion General de Asuntos
del Personal Académico, D.G.A.P.A. (Grant #BG20019; 2019-
470 2021).

Authors Contributions

Conceptualization: KG; Bibliography Administration: KG;
Funding Acquisition: KG, Writing — Original Draft and Writing,
Review & Editing: KG, SLMO

J Dental Sci Res Rep, 2023

Volume 5(4): 4-7



Citation: Karlen Gazarian, Sindy Laura Mendoza Olvera (2023) Neurogenic Potential of Human Dental Stem Cells. Journal of Dental Science Research Reviews & Reports.
SRC/JDSR-183. DOI: doi.org/10.47363/JDSR/2023(5)162

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Arsenijevic Y, Villemure JG, Brunet JF, Bloch JJ, De’Glon
N, et al. (2001) Isolation of multipotent neural precursors
residing in the cortex of the adult human brain. Exp Neurol
170: 48-62.

Morten C (2005) Multipotent progenitor cells from the adult
human brain: neurophysiological differentiation to

mature neurons. Brain 128: 2189-2199.

Hyun Nam, Kee-Hang Lee, Do-Hyun Nam, Kyeung Min Joo
(2015) Adult human neural stem cell therapeutics: Current
developmental status and prospect. World J Stem Cells 7:
126-136.

Zhao C, Deng W, Gage FH (2008) Mechanisms and functional
implications of adult neurogenesis. Cell 132: 645-660.
Sharpless NE, DePinho RA (2007) How stem cells age and
why this makes us grow old. Nat Rev Mol Cell Biol 8: 703-
713.

Rietze RL, Reynolds BA (2006) Neural stem cell isolation
and characterization. Methods Enzymol 419: 3-23.

Deepa Bhartiya (2013) Are Mesenchymal Cells Indeed
Pluripotent Stem Cells or Just Stromal Cells? OCT-4 and
VSELs Biology Has Led to Better Understanding. Stem cell
International 2013: 1-6. https://doi.org/10.1155/2013/547501
Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach
I, Marini F, et al. (2006) Minimal criteria for defining
multipotent mesenchymal stromal cells. The International
Society for Cellular Therapy position statement. Cytotherapy
8:315-357.

Zhou T, Yuan Z, Weng J, Pei D, Du X, et al. (2021) Challenges
and advances in clinical applications of mesenchymal stromal
cells. J Hematol Oncol 14: 1-24.

Fujii Y, Kawase-Koga Y, Hojo H, Yano F, Sato M, et al.
(2018) Bone regeneration by human dental pulp stem cells
using a helioxanthin derivative and cell-sheet technology.
Stem Cell Res Ther 9: 24.

Sato M, Kawase-Koga Y, Yamakawa D, Fujii Y, Chikazu D
(2020) Bone regeneration potential of human dental pulp stem
cells derived from elderly patients and osteo-induced by a
helioxanthin derivative. Int J Mol Sci 21: 7731.

Kang YH, Shivakumar SB, Son YB, Bharti D, Jang SJ, et al.
(2019) Comparative analysis of three different protocols for
cholinergic neuron differentiation in vitro using mesenchymal
stem cells from human dental pulp. Animal cells and systems
23:275-287.

Harischandra DS, Rokad D, Ghaisas S, Verma S, Robertson A,
etal. (2020) Enhanced differentiation of human dopaminergic
neuronal cell model for preclinical translational research in
Parkinson’s disease. Biochim Biophys Acta Mol Basis Dis
1866: 165533.

Pisciotta A, Bertoni L, Vallarola A, Bertani G, Mecugni D, et
al. (2010) Neural crest derived stem cells from dental pulp and
tooth-associated stem cells for peripheral nerve regeneration.
Neural Regen Res 15: 373-381.

Mead B, Logan A, Berry M, Leadbeater W, Scheven BA
(2013) Intravitreally transplanted dental pulp stem cells
promote neuroprotection and axon regeneration of retinal
ganglion cells after optic nerve injury. Invest Ophthalmol
Vis Sci 54: 7544-7556.

Young F, Sloan A, Song B (2013) Dental pulp stem cells and
their potential roles in central nervous system regeneration
and repair. J Neurosci Res 91: 1383-1393.

Wang F, JiaY, Liu J, Zhai J, Cao N, et al. (2017) Dental pulp
stem cells promote regeneration of damaged neuron cells on
the cellular model of Alzheimer’s disease. Cell Biol Int 41:

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

639-650.

Xiao Z, Lei T, Liu Y, Yanjie Y, Wangyu B, et al. (2021) The
potential therapy with dental tissue-derived mesenchymal
stem cells in Parkinson’s disease. Stem Cell Res Ther 12: 5.
Luzuriaga J, Polo Y, Pastor-Alonso O, Pardo-Rodriguez B,
Larraiiaga A, et al. (2021) Advances and Perspectives in
Dental Pulp Stem Cell Based Neuroregeneration Therapies.
Int J Mol Sci 22: 3546.

Tomoyuki Ueda, Masatoshi Inden, Taisei Ito, Hisaka Kurita,
Isao Hozumi (2020) Characteristics and Therapeutic Potential
of Dental Pulp Stem Cells on Neurodegenerative Diseases.
Front Neurosci 14: 407.

Shyamala K, Yanduri S, Girish HC, Murgod S (2015) Neural
crest: The fourth germ layer. J Oral Maxillofac Pathol 19:
221-229.

Le Douarin NM, Calloni GW, Dupin E (2008) The stem cells
of the neural crest. Cell Cycle 7: 1013-1019.

Le Douarin NM, Dupin E (2018) The “beginnings” of the
neural crest. Develop Biology 444: S3-S5.

Dupin E, Calloni GW, Coelho-Aguiar JM, Le Douarin NM
(2018) The issue of the multipotency of the neural crest cells.
Devel Biol 444: S47-S59.

Simdes-Costa M, Bronner ME (2015) Establishing neural
crest identity: a gene regulatory recipe. Development 142:
242-257.

Thawani A, Groves AK (2020) Building the Border:
Development of the Chordate Neural Plate Border Region
and its Derivatives. Frontiers in physiology 11: 608880.
Pia P, Monsoro-Burg AH (2018) The neural border: Induction,
specification and maturation of the territory that generates
neural crest cells Devel Biol 444: S36-S46.

Bowles J, Scheppers G, Koopman P (2000) Phylogeny of the
SOX family of developmental transcription factors based on
sequence and structural indicators. Dev Biol 227: 239-225.
Cheung M, Briscoe J (2003) Neural crest development is
regulated by the transcription factor Sox9. Development
130: 5681-5693.

Leathers TA, Rogers CD (2022) Time to go: neural crest cell
epithelial-to-mesenchymal transition. Development 149:
dev200712.

Snider TN, Mishina Y (2014) Cranial neural crest cell
contribution to craniofacial formation, pathology, and future
directions in tissue engineering. Birth Defects Res C Embryo
Today 102: 324-332.

ChaiY, Maxson RE Jr (2006) Recent advances in craniofacial
morphogenesis. Dev Dyn 235: 2353-2375.

Chai Y, Jiang X, Ito Y, Bringas P, Han J, et al. (2000) Fate
of the mammalian cranial neural crest during tooth and
mandibular morphogenesis. Development 127: 1671-1679.
Kaku M, Komatsu Y, Mochida Y, Yamauchi M, Mishina Y,
etal. 2012 Identification and characterization of neural crest-
derived cells in adult periodontal ligament of mice. Arch Oral
Biol 57: 1668-1675.

Imai H, Osumi-Yamashita N, Ninomiya Y, Eto K (1996)
Contribution of early-emigrating midbrain crest cells to the
dental mesenchyme of mandibular molar teeth in rat embryos.
Dev Biol 176: 151-165.

Zhang Y, Wang S, Song Y, Han J, Chai Y, et al. (2003) Timing
of odontogenic neural crest cell migration and tooth-forming
capability in mice. Dev Dyn. 226: 713-718.

Betters E, Liu Y, Kjaeldgaard A, Sundstrom E, Garcia-Castro
MI (2010) Analysis of early human neural crest development.
Dev Biol 344: 578-592.

Menendez L, Yatskievych TA, Antin PB, Dalton S (2011)

J Dental Sci Res Rep, 2023

Volume 5(4): 5-7



Citation: Karlen Gazarian, Sindy Laura Mendoza Olvera (2023) Neurogenic Potential of Human Dental Stem Cells. Journal of Dental Science Research Reviews & Reports.
SRC/JDSR-183. DOI: doi.org/10.47363/JDSR/2023(5)162

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Wnt signalling and a Smad pathway blockade direct the
differentiation of human pluripotent stem cells to multipotent
neural crest cells. Proc Natl Acad Sci 108: 19240-19245.
Gazarian KG, Ramirez-Garcia L (2017) Human Deciduous
Teeth Stem Cells (SHED) Display Neural Crest Signature
Characters. Plos ONE 12: e0170321.

Ramirez-Garcia L, Cevallos R, Gazarian K (2017) Unveiling,
and initial characterization of neural crest-like cells in
mesenchymal populations from the human periodontal
ligament. J. Periodontal Res 52: 609-616.

Cobourne MT, Mitsiadis T (2006) Neural crest cells and
patterning of the mammalian dentition. J Exp Zool B Mol
Dev Evol 306: 251-260.

Townsend G, Harris EF, Lesot H, Clauss F, Brook A (2009)
Morphogenetic fields within the human dentition: a new,
clinically relevant synthesis of an old concept. Arch Oral
Biol 54: 34-44.

Wendt MK, Allington TM, Schiemann WP (2009) Mechanisms
of the epithelial mesenchymal transition by TGF-beta. Future
Oncol 5: 1145-1168.

Kahata K, Dadras MS, Moustakas A (2018) TGF-$ Family
Signaling in Epithelial Differentiation and Epithelial-
Mesenchymal Transition. Cold Spring Harb. Perspect. Biol
10: a022194.

Zhang J, Thorikay M, van der Zon G, van Dinther M, Ten
Dijke P (2020) Studying TGF-f Signaling and TGF-B-induced
Epithelial-to-mesenchymal Transition in Breast Cancer and
Normal Cells. J Vis Exp 164: ¢61830.

Frith T Jr, Tsakiridis A (2019) Efficient generation of
trunk neural crest and sympathetic neurons from human
pluripotent stem cells via a neuromesodermal axial progenitor
intermediate. Curr Protoc Stem Cell Biol 49: e§1.

Calloni GW, Glavieux Pardanaud C, Le Douarin NM, Dupin
E (2007) Sonic Hedgehog promotes the development of
multipotent neural crest progenitors endowed with both
mesenchymal and neural potentials. Proc Natl Acad Sci USA
104: 19879-19884.

Govindasamy V, Abdullah AN, Ronald VS, Musa S, Ab Aziz
ZA, et al. (2010) Inherent differential propensity of dental
pulp stem cells derived from human deciduous and permanent
teeth. J Endod 36: 1504-1515.

Takahashi N, Chosa N, Hasegawa T, Nishihira S, Okubo N,
et al. (2012) Dental pulp cells derived from permanent teeth
express higher levels of R-cadherin than do deciduous teeth:
implications of the correlation between R-cadherin expression
and restriction of multipotency in mesenchymal stem cells.
Arch Oral Biol 57: 44-51.

Shekar R, Ranganathan K (2012) Phenotypic and growth
characterization of human mesenchymal stem cells cultured
from permanent and deciduous teeth. Indian J Dent Res 23:
838-839.

Shi X, Mao J, Liu, Y (2020) Pulp stem cells derived
from human permanent and deciduous teeth: Biological
characteristics and therapeutic applications. Stem cells transl.
med 9: 445-464.

Inchingolo F, Tatullo M, Abenavoli FM, Marrelli M,
Inchingolo AD, et al. (2010) Non-syndromic multiple
supernumerary teeth in a family unit with a normal karyotype:
case report. Int J Med Sci 7: 378-384.

Tatullo M, Marrelli M, Paduano F (2015) Regenerative
Medicine in Oral and Maxillofacial Surgery: The Most
Important Innovations in the Clinical Application of
Mesenchymal Stem Cells. Int J Med Sci 12: 72-77.

Gentile M, Mathieu M, Martin Jaular L, Lavieu G (2019)
Specificities of secretion and uptake of exosomes and other

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

extracellular vesicles for cell-to-cell communication. Nat
Cell Biol 21: 9-17.

Katagiri W, Osugi M, Kawai T, Ueda M (2013) Novel cell-free
regeneration of bone using stem cell-derived growth factors.
Int. J. Oral Maxillofac. Implants 28: 1009-1016.

Xie H, Wang Z, Zhang L, Lei Q, Zhao A, et al. (2017)
Extracellular vesiclefunctionalized decalcified bone matrix
scaffolds with enhanced pro-angiogenic and probone
regeneration activities. Sci. Rep 7: 45622.

Nosrat CA, Fried K, Ebendal T, Olson L (1998) NGF, BDNF,
NT-3, NT-4 and GDNF in tooth development. Eur J Oral Sci
106: 94-99.

Austah O, Widbiller M, Tomson PL, Diogenes A (2018)
Expression of Neurotrophic Factors in Human Dentin and
Their Regulation of Trigeminal Neurite Outgrowth. J Endod
45:414-419.

Menghong Wang, Jie Li, Yanyan Ye, Songlin He, Jinlin Song
(2020) SHED-derived conditioned exosomes enhance the
osteogenic differentiation of PDLSCs via Wnt and BMP
signaling in vitro. Differentiation 111: 1-11.

Muhammad SA, Nordin N, Fakurazi S (2018) Regenerative
potential of secretome from dental stem cells: a systematic
review of preclinical studies. Rev Neurosci 29: 321-332.
Muhammad SA, Nordin N, Fakurazi S (2018) Regenerative
potential of secretome from dental stem cells: a systematic
review of preclinical studies. Rev Neurosci 29: 321-332.
Menghong Wang, Jie Li, Yanyan Ye, Songlin He, Jinlin Song
(2020) SHED-derived conditioned exosomes enhance the
osteogenic differentiation of PDLSCs via Wnt and BMP
signaling in vitro. Differentiation 111: 1-11.

Gazarian K., Ramirez-Garcia L, Tapia Orozco L (2021)
Human Dental Pulp Stem Cells Display a Potential for
Modeling Alzheimer Disease-Related Tau Modifications.
Front Neurol 11: 612657.

Gronthos S, Mankani M, Brahim J, Robey PG, Shi S (2000)
Postnatal human dental pulp stem cells (DPSC) in vitro and
in vivo. Proc Natl Acad Sci. USA 97: 13625-13630.

Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S, et al.
(2004) Investigation of multipotent postnatal stem cells from
human periodontal ligament. Lancet 364: 149-155.

Kadar K, Kiraly M, Porcsalmy B, Molnar B, Racz G Z, et
al. (2009) Differentiation potential of stem cells from human
dental origin — promise for tissue engineering. J. Physiol.
Pharmacol Supp 17: 167-175.

Estrela C, Alencar H, Kitten G, Vencio EF, Gava E (2011)
Mesenchymal stem cells in dental tissues: perspectives for
tissue regeneration. Braz. Dent.J 22: 91-98.

Ferro F, Spelat R, Baheney CS (2014) Dental pulp stem
cell (DPSC) isolation, characterization, and differentiation.
Methods Mol. Biol 1210: 91-115.

Dehmelt L, Halpain S (2005) The MAP2/Tau family of
microtubule-associated proteins. Genome Biol 6: 1-204.
Melkova K, Zapletal V, Narasimhan S, Jansen S, Hritz J, et
al. (2019) Structure and Functions of Microtubule Associated
Proteins Tau and MAP2c: Similarities and Differences.
Biomolecules 9: 105.

M¢éphon-Gaspard A, Boca M, Pioche-Durieu C, Desforges B,
Burgo A, et al. (2016) Role of tau in the spatial organization
of axonal microtubules: keeping parallel microtubules evenly
distributed despite macromolecular crowding. Cell Mol Life
Sci 73: 3745-3760.

Paglini G, Peris L, Mascotti F (2000) Tau Protein Function
in Axonal Formation. Neurochem. Res 25: 37-42.
Gonzalez-Billault C, Engelke M, Jimenez-Mateos EM,
Wandosell F, Caceres A, et al. (2002) Participation of structural

J Dental Sci Res Rep, 2023

Volume 5(4): 6-7



Citation: Karlen Gazarian, Sindy Laura Mendoza Olvera (2023) Neurogenic Potential of Human Dental Stem Cells. Journal of Dental Science Research Reviews & Reports.
SRC/JDSR-183. DOI: doi.org/10.47363/JDSR/2023(5)162

microtubule-associated proteins (MAPs) in the development ~ 75. Zheng-Fischhofer Q, Biernat J, Mandelkow EM, Illenberger

of neuronal polarity. J. Neurosci. Res 67: 713-719. S, Godemann R, et al. (1998) Sequential phosphorylation of
74. Binder LI, Guillozet-Bongaarts AL, Garcia-Sierra F, Berry Tau by glycogen synthase kinase-3[ and protein kinase A at
RW (2005) Tau tangles, and Alzheimer’s disease. Biochim Thr212 and Ser214 generates the Alzheimer-specific epitope
Biophys Acta 1739: 216-223. of antibody AT 100 and requires a paired-helical-filament-like
conformation. European Journal of Biochemistry 252: 542-

552.

Copyright: ©2023 Karlen Gazarian, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J Dental Sci Res Rep, 2023 Volume 5(4): 7-7



