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ABSTRACT

Dentists play a crucial role in collecting stem cells for dental
treatments and the potential treatment of medical diseases.
Considering dental stem cells (DSCs) in terms of their increasing
potential in medicine, adequate knowledge, and positive attitudes
of dentists toward DSCs and their use in regenerative therapies
are extremely important. The immense potential of DSCs in
regenerative medicine applications for various treatments
suggests their significant role in both dental treatments and
innovative approaches to treating various diseases. “Dental
banking” emerged as a result of the use of DSCs in medical
applications and their numerous clinical advantages across
regenerative medical domains. DSC banking is a service that
makes it possible to store and utilize DSCs for potential medical
applications. However, further clinical research is needed to
advance the applications of DSCs in treatment. This review aims
to summarize the current literature on dental stem cell banking
applications and usage areas of DSCs in dentistry.
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OzZET

Dis hekimleri, yalnizca dental tedaviler i¢in degil, ayni zamanda
tibbi hastaliklarin potansiyel tedavisi icin kdk hiicre toplamada
onemli bir rol oynayabilir. Tip alaninda dental kdk hucrelerin
giderek artan potansiyeli g6z 6niine alindiginda, dis hekimlerinin
dental kdk hucreler ve rejeneratif tedavilerde kullanimina ydnelik
yeterli bilgi ve olumlu tutumlari son derece 6énemlidir. Dental kék
hicrelerin gesitli tedaviler igin rejeneratif tip uygulamalarinda
blyuk bir potansiyele sahip olmasi, gelecekte yalnizca dental
tedavilerde degil, cesitli hastaliklarin tedavisinde yenilikgi
yaklagimlarda énemli bir rol oynayabilecegini disindirmektedir.
Dental kok hucreler cesitli klinik faydalari oldugundan ve
rejeneratif tibbin gesitli alanlarinda uygulandigindan, dental
kok hucrelerin tibbi uygulamalar igin korunmasi “dis bankas!”
kavramini olusturmustur. Dental kék hiicre bankaciligi, dental
koék hucrelerin saklanmasi ve gelecekte tibbi tedaviler igin
kullanilabilmesini saglayan bir hizmettir. Bununla birlikte, dental
kok hlcrelerin gelecekteki kullanim alanlari ve bu hicrelerin
potansiyel tedavi yontemlerinin gelistirilebilmesi icin ¢alismalarin
devam etmesi ve klinik arastirmalarin yapiimasi gerekmektedir. Bu
derlemenin amaci dis hekimliginde dental kdk hiicre bankaciligi
uygulamalarina ve dental kdk hucrelerin kullanim alanlarina dair
mevcut literaturi 6zetlemektir.

Anahtar Kelimeler: Dental kok hucre; Dental koék hicre
bankaciligi; Kok hicre; Kk hucre bankaciligi
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INTRODUCTION

Stem cells are the main cells in the body having the
capacity to transform into different kinds of cells.
They can self-renew and divide throughout life, re-
placing other cells. Stem cells are involved in the
formation of many different tissues and organs in the
body."

Stem cells are categorized into two groups based on
their origin: embryonic and adult stem cells.? Embry-
onic stem cells are pluripotent, indicating their poten-
tial to develop into any kind of cell. These cells are
seen in the early stages of embryo development and
hold significant promise for generating new tissues
and repairing damaged tissues."?

In contrast, adult stem cells have limited differenti-
ation potential and are derived from various organs
throughout an individual’s life; in other words, they
are multipotent stem cells.* These cells have been
identified from relatively easily obtainable cell sourc-
es such as cord blood, adipose tissue, peripheral
blood, and dental pulp since they were first obtained
from bone marrow. When damage occurs to a par-
ticular tissue or organ, these cells proliferate in dam-
aged tissue regions when appropriate conditions are
provided to facilitate repair.>¢ Adult stem cells’ ca-
pacity for differentiation is referred to as “stem cell
plasticity”. The concept of stem cell plasticity under-
scores the capacity of adult stem cells to develop
into diverse cell types. This offers immense potential
for using stem cells to treat various diseases.”

Dental Stem Cells

The remarkable regenerative capacity of oral tissues
after traumatic and pathological injuries has led re-
searchers to explore the presence of cells with dif-
ferentiation potential within these tissues. Further,
studies have focused on isolating these cells.® Den-
tal stem cells (DSCs) can be used in any part of the
organism, and stem cells derived from extraoral sites
can also be used in dental structures.” Like other
stem cells, DSCs can only be explored provided that
they are isolated, and their structures are well char-
acterized.® Previous studies obtained DSCs from
permanent dental pulp and deciduous teeth. Decid-
uous teeth, supernumerary teeth, impacted wisdom
teeth, and teeth extracted for orthodontic purposes
were frequently used in investigation.’®" However,

it has become apparent over time that DSC sourc-
es are not limited, and many alternatives extend
beyond these initial options. DSCs can also be ob-
tained from dental follicles, dental germ, periodontal
ligament, apical papilla, periosteum, oral mucosa,
salivary gland, adipose tissue, maxillary sinus mem-
brane, and alveolar bone tissue.'®'2'3 Among these
sources, dental pulp is extremely significant due to
its ease of accessibility, lack of ethical concerns, and
patient tolerance.™

Uses of DSCs in dentistry

DSCs can be used for regenerating pulp, repairing
damaged dentin, and treating periodontal diseases.
The combined application of DSCs and current filling
materials may allow us to achieve the objective of
creating oral tissues in the near future. Understand-
ing the molecular principles of tooth development
and repair is the foundation of regenerative dentist-
ry, leveraging developing technologies in tissue en-
gineering and biomaterials. DSCs play a crucial role
in creating complex dental tissues. The availability
of regenerative tooth treatments through tissue en-
gineering can alleviate challenges associated with
current dental procedures such as endodontic prost-
hodontic treatments, as well as implant surgery.®

1. Periodontal Regeneration Applications

The periodontium is a collection of specialized tis-
sues that surround and support the teeth. Peri-
odontitis is an inflammatory condition affecting the
periodontium and causing the permanent loss of
connective tissue attachment and alveolar bone
support. The problem for cell-based replacement of
the functional periodontium is forming new ligaments
and bone and ensuring proper connections between
ligament and bone tissues, besides the connection
between bone and tooth root. One aim of the present
study was to employ different populations of DSCs to
replicate critical events in periodontal development
temporally and regionally. This approach facilitates
sequential regeneration of the periodontium.®

Theoretically, in periodontal regeneration methods,
the periodontal ligament should contain organized
cell sheets to facilitate human periodontal ligament
(HPDL) cell transplantation.'” Periodontal ligament
cells were isolated from 3rd molars in humans and
cultured on poly (N-isopropylacrylamide) graft fields,
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which induced spontaneous detachment of the liga-
ment as appropriate cell sheets during low-tempera-
ture treatment of the cells. HPDL cell sheets were
implanted in athymic mice in which the periodontium
and cementum were removed from 1st molars. It
was presumed that natural periodontal ligament fi-
brils and a noncellular cement-like layer might make
this technique suitable for future periodontal regen-
erations. This approach seems promising; however,
it does not consider any necessary bone replace-
ment."®

Seo et al.’® examined whether HPDL tissue con-
tained stem cells that might be employed to regen-
erate periodontal tissue. The periodontal ligament
tissue obtained from impacted 3rd molars contained
clonogenic, quickly proliferating cells that might ex-
press antigens specific to some mesenchymal stem
cells. They also reported the formation of cement/
periodontal ligament-like structures resembling the
natural periodontal ligament, with a thin layer of ce-
ment adjacent to dense collagen fibers resembling
Sharpey fibers when the aforementioned cells were
mixed with hydroxyapatite/tricalcium phosphate
powder as a carrier matrix and implanted into immu-
nocompromised mice.' The major issue with these
methods is the extent to which any revitalized peri-
odontium sustains its integrity and function over long
periods during mastication. Currently available treat-
ments for severe periodontitis are inadequate, and
in spite of their shortcomings, they are likely to re-
main a significant focus of studies in the near future,
particularly in the context of new therapies based on
DSC."®

2. Regenerative Endodontic Treatment
Applications

Irreversible pulp damage results in pulp necrosis,
often causing endodontic infection. Some vital pulp
tissue may remain, allowing for continued root for-
mation in young patients. In cases where the pulp is
devitalized in an early stage, the traditional solution
is to remove the damaged pulp tissue and fill the root
canal with a synthetic material.

The primary aim of pulp tissue engineering is to re-
place inflamed or necrotic pulp with new, healthy,
and functional tissue that is capable of forming den-
tin. In this technique, undifferentiated cells are seed-

ed on a resorbable scaffold in vitro. Thus, prolifer-
ation, migration, and differentiation of the cells are
induced, leading them to transform into specialized
cells. The resulting structure is implanted in vivo,
and it is ensured that the shaping and maturation
process takes place to form functional tissue.?’ Den-
tin regeneration is achieved in a necrotic tooth as an
alternative to traditional endodontic treatment in pulp
tissue engineering.?! Therefore, the morphogenetic
signals, scaffold development, and identification of
appropriate cells to induce stem cells in the regener-
ation of lost tissues need to be understood.??

A previous study revealed de novo pulp regenera-
tion using DSCs in the evacuated root canal cavity.
Dental pulp stem cells (DPSCs) and stem cells from
the apical papilla were isolated from 3rd molars in
humans, seeded on poly(D, L lactide-co-glycolide)
scaffold, and introduced into the root canal cavity.
The histological examination of the tooth fragments
3—4 months postoperatively demonstrated that the
root canal cavity had been completely filled with
well-established, vascularized, pulp-like tissue. In
addition, a layer of dentin resembling mineralized
tissue was located on the canal’s dentinal walls.®

3. Biological tooth formation applications

The structure formed after differentiation and recom-
bination of embryonic DSCs by placing them on top
of each other and obtaining a new tooth in a special
environment or a dental socket is called a “biological
tooth.”

Dualibi et al.?* multiplied the germs they obtained
from 3- to 7-day-old mouse embryos in a culture
medium, placed them in polyglycolate-based enve-
lopes, and implanted them into the omentum of 6- to
12-month-old animals of the same sex. Mature den-
tal tissues were found in the implants removed at the
end of 12 weeks. This study, which demonstrated
that germs obtained from 4-day-old embryos repro-
duced easily in a culture medium, was also signifi-
cant as it marked the first transplantation procedure
performed between different individuals of the same
species. Further, despite the success achieved in
the formation of mineralized structures resembling
dental tissues in these studies, the aforementioned
method still may lead to many problems.
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Gronthos et al.? isolated highly proliferative cells
from mature human dental pulp, forming an immuno-
phenotype similar to mesenchymal stem cells gen-
erated from bone marrow. When these cells were
cultured, they showed high alkaline phosphatase
activity and were dense calcified masses. In vivo
transplantation experiments have shown that these
cells can form dentin-like structures.

Ikea et al.?® determined the development of a ful-
ly functional tooth in an adult mouse, which was
achieved by transplanting biologically regulated
tooth germ in the laboratory into the alveolar bone
at the site of a missing tooth. Although dental tissues
were regenerated, the success rate for correct tooth
rearrangement was only 15%—-20%. This suggested
that more extensive studies were needed to obtain
structurally sound teeth.?”

Use of DSCs in systemic diseases

The findings of several in vivo and in vitro investiga-
tions provided hope for future uses of DSCs in re-
generative dentistry and the treatment of systemic
degenerative diseases.?® Studies showed that these
dental tissue-derived cells not only exhibited the po-
tential for self-renewal and multiple differentiation
but also possessed immunomodulatory functions
and potent tissue regenerative properties.?® Studies
have shown that DSCs may play an important role
in a variety of diseases such as spinal cord injuries,
Parkinson’s disease, Alzheimer’s disease, myocar-
dial infarction, cerebral ischemia, muscular dystro-
phy, liver diseases, diabetes, eye diseases, and so
forth.%

Further studies are needed to confirm the regenera-
tive abilities of DSCs as investigating these abilities
seems quite promising for a wide range of diseas-
es.’

DSC Banking

DSC banking provides a valuable tool to effectively
advance research and clinical practice in dentistry
on oral and systemic disorders. This approach can
also contribute to the emergence of therapeutic ad-
vantages and represent a significant step forward in
the field of personalized medicine.®? Stem cell banks
that collect bone marrow and placental cord blood
have been operating for many years; however, spe-

cialized banks focusing on DSCs have only recent-
ly been developed in this field. The number of DSC
banks has increased, particularly in India, North
America, and the United Kingdom.*

DSC banking has so far centered on cells found in
the pulp of human deciduous and permanent teeth,
especially wisdom teeth.** However, not every ex-
tracted tooth is equally suitable for stem cell har-
vesting. To achieve a successful outcome, the ex-
tracted teeth must have a bleeding pulp, indicating
cell viability. In addition, the signs of disease, such
as tumors, apical lesions, or cysts, reduce the ef-
ficiency of stem cell harvesting.®® Therefore, stem
cells should preferably be obtained from extracted,
uninfected teeth. However, they can also be isolat-
ed from carious teeth, albeit with slower cell regen-
eration and increased expression of inflammatory
molecules.?>%* DSC banking companies hold differ-
ing opinions about accepting decayed and infected
teeth; also, the scientific literature reflects a similar
division. Werle et al.*" reported that stem cells from
both decayed and healthy deciduous teeth had the
same capacity for tissue differentiation. Tsai et al.3®
evaluated the effectiveness of obtaining stem cells
from deciduous teeth with increasing levels of dis-
ease severity or the presence or absence of caries.
The study showed that stem cells could also be iso-
lated from decayed teeth, but their numbers were in-
versely correlated with the clinical severity of caries.
Furthermore, the results of the study indicated that
DSCs from healthy teeth were four times more suc-
cessful than those from decayed teeth. Werle et al.¥”
recorded only a 10% difference in successful stem
cell isolation from decayed versus healthy teeth.
Other studies on adult stem cells from healthy teeth
and teeth with caries with inflamed pulp confirmed
that cell regeneration was lower in diseased teeth;
however, both stem cell sources had similar differen-
tiation capacities.?:*%4° Tsai et al.*® found an increase
in inflammatory mediator expression and the num-
ber of innate immune system molecules in stem cells
from diseased teeth compared with healthy ones.
How these differences affect the long-term applica-
tion of DSCs in biobanks is unclear; however, it is
recommended to be cautious. The questions about
decayed teeth clearly demonstrate the lack of knowl-
edge about teeth as a source of stem cells in DSC
banking. Regarding biobanks in dentistry, some as-
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pects require further examination. Currently, not all
biological materials available in dentistry are stored
in banks. The chance to get more data and valuable
samples can be increased by developing new DSC
banks to collect biological samples that are not com-
mon, such as periodontal ligament, alveolar bone,
oral mucosa, and maxillary sinus membrane. The
cells obtained from these tissues may carry the po-
tential to be applied in not only bone and periodontal
regeneration but also the treatment of various sys-
temic diseases.*' In addition, it is essential to em-
phasize that the acquisition or use of samples from
biobanks in everyday clinical trials is still not possible
due to certain unresolved issues. For instance, how
long oral specimens should be stored is unclear and
ethical regulations on the use of biospecimens are
needed (especially DSCs). It is important to clarify
these points so that the biobanking applications can
be used more effectively in everyday clinical work.
Biobanking may be certified for long-term preserva-
tion, but the properties of samples may change over
time and the analysis results at the time of collection
may not accurately reflect their true state. Whether
stem cells can still be used effectively after extended
cryopreservation is not fully established.*?4

With the Regulation on Cord Blood Banking issued
by the Ministry of Health of the Republic of Turkey on
July 5, 2005, the establishment of stem cell banks
in Turkey has started and the activities in this field
have expanded over time. In particular, the future
storage of deciduous teeth as a source of stem cells
has gained widespread interest. Studies have prov-
en the capacity of DSCs to differentiate into adipo-
cytes, neural cells, osteocytes, chondrocytes, and
myocytes. Also, preserved DSCs offer potential use
for the donor and other family members.444

The stem cells obtained from baby teeth can be
stored in banks for 20-25 years. These cells can
be used for organ plantation and potentially, for
treatment of diseases such as cancer; heart, skin,
muscle, bone, and blood diseases; genetic and met-
abolic diseases; and Alzheimer’s and Parkinson’s
diseases. However, to use a deciduous tooth as a
source of stem cells, the tooth must not be necrotic,
that is, it must be alive. Milk teeth that fall out spon-
taneously usually do not bleed and the pulp of the
teeth has lost its vitality. Hence, in terms of stem cell
harvesting, it may be healthier and more efficient to

remove the deciduous tooth while it still retains its vi-
tality, for example, when new mobility begins. While
the deciduous tooth is extracted, it is transferred into
a special solution, and simultaneously, the blood tak-
en from the patient must also be sent to the bank.*344

Patients who want to store their DSCs should con-
tact their dentists, as dentists need to know the pro-
cedures involved. In addition, the family considering
storing the stem cells should contact the bank to find
out the details of the storage conditions and cost.
The cell banks in Turkey usually offer payment pack-
ages for 1, 5, 10, and 15 years.*

CONCLUSIONS

DPSCs have the potential to easily reach sufficient
cell numbers for cellular therapy by showing a high
degree of population growth besides the advantag-
es of easy availability. In today’s dental practice, the
damaged tissue is restored using various synthetic
materials. However, recent studies on DPSCs and
tissue engineering techniques have sparked hope
for the development of a new treatment concept in
these areas.

Thanks to the establishment and expansion of DSC
banks, DSCs with their wide differentiation capacity
have an extremely promising therapeutic potential,
especially in regenerative therapies. With the wide-
spread adoption of DSC banks and the reduced
costs of DSC banking, DSC applications will become
a more accessible treatment option for patients in
the future.
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