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Abstract: Introduction: Stem cells isolated from human dental pulp tissue are different from other sources of Mes-
enchymal stem cells because of their embryonic neural crest sources and neuro-trophic potential. These stem cells
consist of dental pulp stem cells from human permanent teeth and stem cells from human exfoliated deciduous
teeth. Aim: In this study, we survey the advantages and disadvantages of these stem cells with therapies attitude.
Main text: Stem cells from human exfoliated deciduous teeth with a high proliferation rate could distinguish into
a wide types of cells. After stem cell banking appearance, stem cells from human exfoliated deciduous teeth can
preserve and use for treatment, especially in regenerative medicine. But the crucial health hazards related to stem
cell transplantation, such as immune rejection reactions and the interaction with other tissues, should not be ne-
glected. Conclusion: Further experiments are required to approve the impact of these stem cells on different human
disorders.
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Introduction

Different types of Stem cells interrelate togeth-
er to protect homeostasis or growth, and the
interconnections are intricate and broad. There
are different human dental mesenchymal stem
cells derived from human permanent and tem-
porary teeth. Stem cells from human exfoliated
deciduous teeth (SHED) effects on wound heal-
ing. Mesenchymal stem cells (MSCs), multi-
potent somatic stem cells, are existent in vari-
ous tissues, such as funiculus umbilicalis, bone
marrow and adipose tissue. MSCs could reno-
vate themselves with proliferation and also
could differentiate into various tissues such as
osteoblasts, osteoclasts, chondrocytes, myo-
cytes, adipose cells and also connective cells.
Therefore, MSC treatment may be very useful
for osteogenesis, diabetes, neurological, cardi-
ac, autoimmune, and cartilage diseases. Nowa-
days, MSCs usually isolated from bone marrow
sources. But the bone marrow aspiration is a
harmful and invasive method. So, the discovery
and recognition of another basis of exploring of
MSCs are pending. Our study aimed to survey

SHED effect on different degenerative disea-
ses in comparison with dental pulp stem cells
(DPSCs) and bone marrow mesenchymal stem
cells (BMMSCs) [1].

Therapeutically researches of stem cells have
performed for various states such as neurode-
generative diseases like Parkinson’s disease
and multiple sclerosis, diabetes, liver, cardiac,
musculoskeletal, and autoimmune disorders,
and also for nervous system renewal after brain
or spinal cord damage. Nowadays, the stem
cells are used for treating patients who suffer
bone breakage, cancer and spondylodesis sur-
gery. Besides, the stem cells are used in leuke-
mia, myelodysplastic syndromes, myeloprolifer-
ative, lymphoproliferative disorders, histiocytic
and phagocyte diseases, hereditary erythro-
cyte disorders, Lysosomal storage, hereditary
immunity diseases, hereditary platelet dys-
functions, plasma cell abnormalities and also
malignancies therapy [2].

In this study, we reviewed the efficiencies of
SHED and its therapeutic capacities in different
diseases.
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Table 1. The comparison of SHEDs and DPSCs characteristics

Criteria SHEDs DPSCs Methods P value
Proliferation rate 79.5+£3.98% 47.6+1.47% Colony Forming Unit <0.05
Proliferation rate Day 7 Day 1 MTT Assay <0.05
percentage of cells in S + G2M phases 50.94% 42.66% Flowcytometry <0.05

50.68+3.23%

Osteogenic differentiation capability High lipid clusters formed
after 14 days

proliferation marker Ki67

Capability of mineralization after 14 High number of mineralization

days nodules

Expression of inflammatory cytokines  Relative mRNA Level (~2)
(MMP1, MMP2 and IL6)
Expression of Col I, ALP, Runx2 and

proliferating cell nuclear antigen
(PCNA) genes

Relative mRNA Level (~1.5)

28.95+5.66%

Low lipid clusters formed

Relative mRNA Level (~1)

Immunostaining analysis <0.05
Staining with Alizarin Red O <0.05

Low number of mineralization Staining with Alizarin Red O <0.05
nodules

Relative mRNA Level (~1)

Real Time PCR <0.05

Real Time PCR & PCNA Assay  <0.05

The isolation and tracking of SHEDs

SHEDs have to successfully and carefully
extracted and identified. In the in vivo experi-
ments, SHEDs usually extract from exfoliated
deciduous teeth and transplant with an infu-
sion by the tail vein. SHEDs were marked by the
PKH26 red fluorescent cell linker mini kit to fol-
low their traces. SHEDs have to be approved
using flow cytometry [3].

The comparison of SHEDs with DPSCs and
BMMSCs

SHED is a novel origin of stem cells, recognized
as a population of postnatal stem cells. MSC
specifications like fibroblastic shape, and the
MSC antigens exhibit in DPSCs, SHED, and
BMMSCs isolated cells. SHEDs in comparison
with DPSCs are similar to pericytes. The divid-
ing rate of SHED was significantly more than
DPSCs and BMMSCs. There are 2.0-fold or
more expression rate of 4386 genes by an
altered expression among DPSCs and SHED
cells that has been revealed by gene expres-
sion profiles using DNA microarray analyzer.
The genes participated in cell division and
extracellular matrix, such as various cytokines
like fibroblast growth factors and tumor growth
factor beta, had more expression in SHED. It is
concluded that SHEDs are better because of
their superior proliferation ability, plentiful cell
stock, and a noninvasive stem cell collecting
method. So it is a favorable choose as a cell
origin for treatment use [4].

Differentiation characteristics and differences
in the growth between SHED and DPSCs
showed in Table 1. SHED and DPSCs were eval-
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uated for their cell markers and multiplication
by calculating the cell division cycle, growth
rates, Ki67-positive effects, and cell colonies.
The differences between them were demon-
strated by alizarin red and oil red O and real-
time PCR in vitro. The mineralization ability of
the cells was investigated using ceramic bovine
bone implanted into the immune-compromised
mice for eight weeks, in vivo. A 3 dimensional
pellet culture method was used to recreate the
biological microenvironment like a regenerative
milieu in SHED and DPSCs. The expression
rates of inflammatory cytokines such as matrix
metalloproteinase (MMP) 1, 2, tissue inhibitors
of metalloproteinase 1, 2 and interleukin (IL)-6
were assessed. Overall, it is concluded that
SHED is a feasible, available and possible
source of tissue regeneration [5].

The comparison of SHEDs with hematopoietic
stem cells

SHEDs are a complementary for cord blood
stem cells. SHEDs are capable to renewal rigid
tissue types but the hematopoietic stem cells
could not repair the connective, dental, ner-
vous and bone tissues. Although, hematopoi-
etic stem cells are invaluable for the refinement
of blood cells.

The effects of low-level laser therapy on
SHEDs

The low-level laser break the total energy and
release with single or several radiations could
induce SHEDs renewal. Cell viability with MTT
assay, trypan blue exclusion test, and crystal
violet and also cell density determination with
sulfornodamine B test had been performed at

Am J Stem Cells 2022;11(2):28-36



Therapeutic effects of SHED

24, 48, and 72 h after the first irradiation. The
use of laser releasing fractionated total energy
(2 or 3 times of 2.5 J/cm?) stimulated cell pro-
liferation after 2 days, but one radiation with
2.5 J/cm? could not induce metabolic function
and the viability. Also, the 5.0 and 7.5 J/cm?
single doses and the 3 time uses of 2.5 J/cm?
protected the cells and induced division of
SHED after 3 days [6].

The effects of SHEDs on inflammation

Temporomandibular joint osteoarthritis (TMJ-
OA) is an inflammation disorder in joints.
Exosomes secreted by SHEDs (SHED-Exos)
have an anti-inflammation effect on TMJOA by
MiRNA (microRNA)-100-5p/mTOR. They had
confirmed using western blot and transmission
electron microscope examinations and also
nanoparticles tracking. The anti-inflammatory
effects of SHED-Exos were verified using west-
ern blotting and RT-qgPCR. The miRNA expres-
sion of SHED-Exos, was determined by miRNA
array analysis. Cartilage cells were recovered
with a miR-100-5p emulation or rapamycin. The
molecular effect of the exosomal miR-100 tar-
get, mTOR was detected by a luciferase report-
er test. The results revealed that MiR-100-5p
would be in the SHED-Exos, abundantly. SHED-
Exos down-regulated the expression of IL-6,
IL-8, MMP1, MMP3, MMP9, MMP13, and dis-
integrin and metalloproteinase with thrombos-
pondin motifs 5 (ADAMTSD). Cartilage cells
recovered by the miR-100 emulation revealed
low levels of MMP1, MMP9, MMP13, ADAMTS5,
and mTOR. But, the expression of the MMPs
and mTOR were increased. Rapamycin therapy
enhanced miR-100 and suppressed MMPs and
ADAMTS5. So, the luciferase reporter assay
showed that miR-100-5p exactly selected the
mTOR 3’ untranslated region and SHED-Exos
miR-100-5p down-regulated mTOR gene. It is
revealed that SHED-Exos has anti-inflammatory
effects on TMJ cartilage cells and so, SHED-
Exos has therapeutic effects on TMJOA [3].

The effects of SHEDs on hair regeneration

The evidence revealed that mesenchymal-epi-
thelial interrelations in the primary differentia-
tion steps of teeth and hair follicles have
numerous homologies. SHED extracted from 8
to 12 years old child accelerate the hair regen-
eration cycle and enhance and aggregate the
skin cells, in vitro. SHED and dermal cells of
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C57 mice were administrated to nude mouse,
in vivo. So, hair was appeared from dermal cells
sans SHED. For the molecular mechanism
exploration, the epidermal and dermal cells
were exploited and cultured with SHED. After
that, many ligands in regenerated hair follicle
were indicated. Also, the levels of Sonic
Hedgehog (Shh) and Glioma-associated onco-
gene 1 (Glil) were increased. So, SHED might
promote the generation of hair with increasing
Shh/Glil levels that is a revolution in tissue
regeneration and improvement of injured cell
[71.

Medical use of SHEDs in dentistry

The capacities of SHEDs were investigated by
tissue engineering and regenerative medicine.
Some recognized main principles of these
investigations are restoration of perfusion in a
necrotic root canal using disinfectant following
establishment of bleeding in the canal with
many instruments. The use of root canal irri-
tants (NaOCI and chlorhexidine) with the antibi-
otics (ciprofloxacin, metronidazole, and minocy-
cline), for many days, are major steps in root
canal disinfection and enhancement of perfu-
sion in the tissue. So, there are not immune
rejection and pathogen transmission in revas-
cularization because of insider blood cells
involved in this regeneration [5]. When the apex
is open, post-natal stem cells derivative from
derma, buccal mucosa, adipose, and bone tis-
sue are transplanted in the dis-infected canal
system for pulp implantation. The transferring
of auto-genous stem cells by syringe, are sim-
ple. The other preference is the capacity of
these cells in stimulation of pulp retreatment.
Although, this procedure has some unfavorable
results, such as the less viability of the cells
and the migration of the cells to another sites
throughout the body. To improve the chance for
success and the usage of the maximal capacity
of these stem cells in pulp renewal, 3 parame-
ters including cells, growth factors, and plat-
form have to be investigated [5].

The pulp cells should be cultured on membrane
filters to turn 2 dimensional pellet culture sys-
tem into 3 dimensional cells in post-natal stem
cell treatment. The easiness of the growth of
these cells on filters in the laboratory for cyto-
toxicity evaluation is a major benefit of this
transfer process. But the difficulty of the gener-
ated pulp sheets implantation is the need for
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Table 2. The effects of SHEDs therapy in comparison with the control group

SHED Control

Criteria Methods P value
group group
Serum Blood Urea Nitrogen (mg/ml) on day 2 17 27 Biochemistry Test <0.05
Serum Creatinine (mg/dl) on day 2 1 1.7 Biochemistry Test <0.05
Infiltration of macrophages (Count/HPF) in mice kidneys on day 2 20 50 F4/80 and Ly-6B Immunohistochemistry Assay <0.05
Infiltration of PMNs (Count/HPF) in mice kidneys on day 2 20 50 F4/80 and Ly-6B Immunohistochemistry Assay <0.05
Inflammatory cytokines (MIP-2) (pg/mg) in mice kidneys on day 2 27 68 Sandwich Enzyme-Linked Immunosorbent Assay  <0.05
Inflammatory cytokines (IL-1B) (pg/mg) in mice kidneys on day 2 8 20 Sandwich Enzyme-Linked Immunosorbent Assay  <0.05
Inflammatory cytokines (MCP-1) (pg/mg) in mice kidneys on day 2 80 225  Sandwich Enzyme-Linked Immunosorbent Assay  <0.05

specialized process for appropriate attachment
to the canal system. As coronal canal stacked
by scaffold that able to provide cell division,
just the head of the canal will reach this cell
structure because of the cells have not angjo-
genesis [8].

A scaffold have to consist of many growth fac-
tors including fibroblast and vascular endothe-
lial growth factors, and also Bone Morphogenic
Protein (BMP) that are needed for proliferation
and differentiation of the stem cells. Besides,
for scaffold implantation and transfer, it needs
nutrients to amplify cell life and antibiotics to
Kill the bacteria in root canal. The scaffold sub-
stances might be natural or artificial, tempo-
rary or perpetual. The artificial substances
including poly-lactic acid, poly-glycolic acid, and
poly-caprolactone degrade throughout the
body and could utilize for tissue engineering
targets. The limitations of this process are
related to porosity and pore size problems [9].

By 3-dimensional printing, just the cells remain
that generate tissue and simulate the native
teeth pulp tissue constructions. The principal
of this method is the trend of pulp tissue when
place it in the arranged and formed canal sys-
tem in the head and coronal symmetry [10].

Gene therapy is a novel method that inoculates
coding genes that could later express the pur-
pose protein. Rutherford transferred the ferret
pulps contain cDNA into the mouse BMP-7. Any
reparation was done, but it was proposed that
more investigations are needed for better pulp
gene treatment. Despite, the use of viral deliv-
ery system in many tissues, there are crucial
health risks such as mutagenesis, carcinogen-
esis, and immune system responses to virus
and its proteins [10].

In another study, stem cells derived from apical
papilla and dental pulp that could generate
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cells like odontoblast and produce dentine-like
tissue on the present dentinal wall by cell
regenerating methods. Also, pulp-like tissue
could be produced renewal tissue in an emp-
tied canal system in animal model [11].

The effects of SHEDs on bone regeneration

By the progress in the stem cell biology, dental
stem cells will fortunately be capable to repair
cleft palate, rescue damaged tooth and jaw
bone, refine periodontal disorders, and also
have major influence on regeneration of the
whole tooth construction. Although, more stud-
ies are needed to provide a harmony between
the osteogenesis and osteoclast genesis pro-
cedures. Also, the researches could perform in
monkeys because their alveolar bone environ-
ments are more resemble to human [12].

The effects of SHEDs on kidney injury treat-
ment

SHED therapy is useful for the ischemic kidney
damage. In vitro studies showed that SHED
significantly could reduce MCP-1 secretion in
tubular epithelial cells caused by H202. Also, in
vivo assays demonstrated the effects of SHED
therapy in comparison with the control group
(Table 2). So, SHEDs could utilize for acute kid-
ney injury [13].

The effects of SHEDs on wound healing

Wound healing could improve with basic fibro-
blast growth factor (b-FGF) in addition to human
deciduous teeth dental pulp cells (hDPCs). The
immune-histologic experiments showed that
human type | collagen, surrounded PKH26-
positive cells at day 14 in nude mice in vivo.
Also, the collagen fibril zones significantly
enhanced at days 7 and 14 in wound induced
by hDPC/b-FGF in comparison with the normal
one. Also, SHEDs enhance HGF expression,

Am J Stem Cells 2022;11(2):28-36



Therapeutic effects of SHED

although it might be down regulated with anti-
bodies, but it could improve wound in the
scratch experiment [14].

Therapeutic application of SHEDs on type 2
diabetes patients

MSCs are able to treat diabetes, while the ben-
eficial effects are not clear. In particular, the
medical MSC treatment are unclear. In a follow-
up study, twenty-four type 2 diabetes mellitus
(T2DM) patients treated with insulin were iso-
lated for receiving 3 systemic injections of
SHED from 42 days to 12 months. Glycosylated
serum albumin and hemoglobin level reduced
significantly after SHED administration with
total effective rate at 86.36% and 68.18%,
respectively in the last of treatment and control
duration. Three patients desisted of insulin
injection after SHED administration. More
researches revealed there was a low reply to
SHED administration in hypercholesterolemia
and low C-peptide. Also, unstable fever in
11.11% of patients, fatigue in 4.17%, and rash
in 1.39% after SHED administration were seen.
As, serum lipid level and baseline islet activity
are major factors for treatment by MSC admin-
istration in T2DM patients, it was concluded
that SHED administration is an assured and
efficient treatment for islet activity and glucose
metabolism recovery in T2DM patients [15].

Therapeutic effects of SHEDs on liver impair-
ment

Liver transplantation is an end treatment for
incurable liver involvement. Stem cells are
important as a suitable cell sources for liver
renewal. The therapeutic effects of SHED on
hepatogenic were investigated in carbon tetra-
chloride (CCl4)-induced liver fibrosis model
mouse (CCl4-ILFMM). The SHED administrated
into CCI4-ILFMM were delivered to liver receiv-
ers to express human leukocyte antigen-ABC
(HLA-ABC), human hepatocyte specific antigen,
and hepatocyte paraffin 1, and also human
albumin. SHED administration significantly im-
proved liver disorders and caused anti-fibrotic
and anti-inflammatory influences on the liver
receivers. HLA-ABC cells derived from SHED
and classified from the elementary liver receiv-
er cells with CCl4 defect did not mix with the
host mice liver cells. Classified HLA cells
expressed human hepatocyte-specific genes
such as albumin, cytochrome P450 1A1,
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fumarylacetoacetase, tyrosine aminotransfer-
ase, uridine 5-diphospho-glucuronosyltrans-
ferase, transferrin and transthyretin, and also
secreted human albumin, urea and blood urea
nitrogen. Besides, HLA-ABC cells derived from
SHED were administrated to CCl4-treated
mouse, again. The donor cells inserted to sec-
ondary liver receivers, and expressed hepato-
cyte paraffin 1 and human albumin, and also
HLA-ABC. The secondary administration impro-
ved a liver impairment in secondary liver receiv-
ers. Thereby, SHED could promote hepatic dis-
orders and directly transform to hepatocyte
without cell fusion in CCl4-treated mice, and
suitable for liver renewal [16].

SHEDs have few oncogenesis, proliferative,
multi-potency, and immune-suppressive ability.
They have an anti-fibrotic influence on liver
fibrosis in vivo. SHED administration and the
bio three dimensional printers that could pro-
vide scaffold-free three dimension images of
the liver and diaphragm, are a novel treatment
in regenerative medicine for uncontrolled pedi-
atric surgery including biliary atresia and dia-
phragmatic hernia [2].

Therapeutic effects of SHEDs on nerve impair-
ment

SHEDs and their medium could be influence
on neuron disorders via several mechanisms,
such as cell replacement, paracrine effects,
angiogenesis, synaptogenesis, immunomodu-
lation, and apoptosis inhibition. SHED-exos is
as an appropriate regenerative agent in neuron
dysfunctions. Many common therapeutic appli-
cations of SHEDs were observed but their focus
on neuro-protection is rather than neuro-regen-
eration [17].

SHEDs have a great immune-modulatory and
neuroprotective potential. An experiment sho-
wed that SHED transplantation regulate peri-
pheral c-Jun in the trigeminal ganglia (TG) in a
mouse model of trigeminal neuralgia, and it
had analgesic effects. In this study, chronic
constriction damage to the infra-orbital nerve
(CCI-ION) was induced. The mechanical thresh-
old was evaluated by von Frey filaments, and
the mRNA levels of c-Jun in the ipsilateral TG
were tested. The phosphorylation of c-Jun in
the ipsilateral TG was tracked using immuno-
histochemistry and western blotting. PKH26-
labelled SHEDs were expanded to any parts of
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TG, lung, liver and spleen. Intravenous SHED
administration significantly enhanced the
mechanical threshold in CCI-ION mice and
down-regulated the c-Jun mRNA in the TG inju-
ry. SHED administration obstacle the activation
of ¢c-Jun in the TG. So, systemic SHED adminis-
tration down-regulated the c-Jun in the TG,
returned trigeminal neuralgia and removed
pain. The phosphorylation of c-Jun lead to
hyper-algesia and allodynia improvement, so
SHED transplantation might improve trigeminal
neuralgia [18].

Mechanical allodynia is a painful sensation
make happened with innocuous stimuli like
light touch. Although, inflammatory hyperalge-
sia play a maintenance role, but allodynia has
no biological effect. SHED could reduce me-
chanical allodynia in vivo by the siglec-9/MCP-
1-mediated tissue-improving mechanism. The
influences of SHEDs on mechanical allodynia
were evaluated in animal model. Systemic
transplantation of SHED and conditioned medi-
um from SHED (SHED-CM) significantly inverse
the mechanical allodynia caused with spinal
nerve transection at day 6. SHED or SHED-CM
significantly decreased the activated trans-
cription factor 3-positive neurons and macro-
phages in the ipsilateral side of the dorsal root
ganglion at day 20. SHED or SHED-CM down-
regulated the activation of microglia and astro-
cytes in the ipsilateral side of the dorsal spinal
cord. Systemic administration of ectodomain of
sialic acid-binding Ig-like lectin-9 and monocyte
chemoattractant protein-1 have not any influ-
ence on the mechanical allodynia, but systemic
transplantation of SHED-CM with 30-50 kDa
proteins inverse the pain. So, the 30-50 kDa
molecular weight proteins released from SHED
could maintain and recover dorsal spinal cord
neurons injury and also promote mechanical
allodynia [19].

Trigeminal neuralgia is an immedicable advan-
ced neuron illness. SHEDs have neuroprotec-
tive and immunomodulatory effects to attenu-
ate trigeminal neuralgia. The analgesic effects
of SHEDs in chronic constriction damage to the
infraorbital nerve (CCI-ION) had investigated in
rats. The intravenous or topical administration
of SHEDs reduced the reactions of mice to
mechanical stimulation after neuron damage
for eight weeks. PKH26-labeled SHEDs spread
to the ipsilateral trigeminal ganglions 1 to 2
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days after topical administration. SHED ad-
ministration at the injection area decreased
inflammatory cell penetration and pro-inflam-
matory cytokine amounts in the damaged
nerve and suppressed CCI-ION- of transient
receptor potential vanilloid type 1 level in the
trigeminal nerve and ganglion in the early
phase. So, SHED could treat the trigeminal neu-
ralgia and another chronic neuropathic symp-
tom [20].

The effects of SHEDs on systemic lupus ery-
thematosus

The MSC characterizations of SHED have com-
pared with BMMSCs. In vitro stem cell tests,
like flow cytometry, inductive differentiation,
telomerase activity, and western blot to access
differentiated SHED and also in vivo investiga-
tions to find tissue renewal of SHEDs have per-
formed. Besides, intravenous SHED adminis-
tration have done to recover systemic lupus
erythematosus (SLE)-like MRL/Ipr mouse. The
outcomes showed that SHEDs are able to
differentiate into osteogenic, odontogenic,
adipogenic, and also neural cells. They could
express mesenchymal surface molecules such
as STRO-1, CD146, SSEA4, CD73, CD105, and
CD166, and also activate multiple signaling
pathways, like TGFB, ERK, Akt, Wnt, and PDGF.
As, BMMSCs have an immunomodulatory activ-
ity, they could treat immune illness. But, the
immunomodulatory properties of SHED com-
pared with BMMSCs showed significant influ-
ences on T helper 17 cells in vitro. Besides,
SHED administration could reverse SLE-
associated defects in MRL/Ipr mouse. Cellular
characterizations revealed that SHED admini-
stration increase the ratio of regulatory T cells
to T helper 17 cells. So, SHEDs are an available
and possible MSC origin to recover immune ill-
ness like SLE [21].

The effects of SHEDs on brain injury

Traumatic brain injury (TBI) is a main problem
all over the world. For this reason, BV-2 microg-
lia cells with SHEDs were cultured by a trans-
well assay. The amounts of neuro-inflamma-
tory agents and nitrite were examined using
enzyme-linked immunosorbent assay (ELISA)
and Griess test. Then, SHED-Exos were cul-
tured by activated BV-2. ELISA, Griess assay,
flow cytometry, immunofluorescence, and gRT-
PCR were done for inflammatory agents. At last,
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SHEDs and SHED-Exos were administrated by
local injection into TBI animal model. The lesion
volume and neuro-infammation were mea-
sured by histopathology and immune-fluores-
cence. SHED-Exos could decrease neuroinflam-
mation with replacing microglia polarization.
The transplantation of SHED-Exos significantly
promoted animal motor functional improve-
ment and decreased cortical lesion in compari-
son with the normal one at 14 day. SHED-Exos
contributed to practical improvement after
damage with changing microglia M1/M2 polar-
ization in animal model. So, the SHED-Exos
could decrease the neuroinflammation. The
beneficial effects of odontogenic stem cells,
and SHED-Exos on TBI or other neurological
diseases must be explored. SHEDs based ther-
apies emerge as a potential therapy option
for neurodegenerative disorders because their
homing, engraft, differentiate and generate
factors for CNS improvement [22].

The beneficial effects of SHED were men-
tioned as follows

SHED provides a storage of cells as a donor for
life, before any injury make happens. SHED
could use for any age and its collection and iso-
lation is simple and safe. Not only for the donor,
but also, it can use for close relatives of donors.
It is not extensive and its price is less than 1/3
of cord blood preservation. Embryonic stem
cells and SHEDs considered without ethical
concerns.

By fantastic progress in the prevention, detec-
tion and therapeutic effects on clinical diseas-
es, stem cell study is being track in the hope of
receiving main clinical advances. By tissues
generated from stem cells, researches are
attempting to develop therapeutic applications
to rebuilding and replacing injured cells and
give hope to patients involving with various ill-
ness. Nowadays, several methods have been
introduced for the culture of stem cells in vitro,
which will support unexpected chances of
human embryology. Besides, a set of standard
surgery process and a safe measurement
methods are needed to determine the possibil-
ity of the medical usage of SHEDs.

The limitations of SHED were mentioned as
follows

Although, SHEDs have a chemical potential to
find injury tissue, but if a physical occlusion
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such as a clogged artery had existed, these
stem cells could not reach to the target cells.
So, if the cause of the occlusion is not removed,
there will be weak, slow, or no tissue regenera-
tion. There are still some limitations for SHEDs
including unknown immune system reaction,
the possibility of stem cell migration and tumor
generation, immune rejection after SHED trans-
plantations, hemorrhage among neurosurgery
and also postoperative infection. In addition,
the effectiveness of permanent preservation of
SHED and SHED-exos, the expansion of a vigor-
ous GMP-grade construction method, regula-
tion of the source of transplantation, and
assessment of the effectiveness and security
in humans are the other limitations of SHED
transplantation [23, 24].

Author’s views

The tendency to use SHEDs has been consid-
ered in recent years due to the capacity of
these cells to develop into adipocyte, neural
cells and osteogenic cells. The effects of SHED
and the progress in the use of these cells in
medical engineering and cell and tissue regen-
eration are so remarkable. SHED therapy is
promising in particular for treatment of the
autoimmune and degenerative diseases.
Although the culture and maintaining of these
cells might be difficult, but they could be care-
fully thawed when needed to preserve the via-
bility of the cells. Despite these limitations,
therapeutic application of SHEDs should be
considered especially for regenerative medi-
cine that repair dysfunctional or injured tissues.
In conclusion, future researches could remove
the limitations of SHED application to use them
in various medical fields.

Conclusion

SHEDs with high proliferation rate could differ-
entiate into a wide variety of cells. By the
appearance of stem cell banking, SHEDs could
use in different aspects such as tissue engi-
neering and medicine. These outcomes con-
tribute to preclinical documents that approve
the use of SHED in the treatment. SHEDs
administration as a perfect cell source is a
promising novel therapy for regenerative medi-
cine especially neurodegenerative defects.
Also, the applications of SHEDs have been
investigated in pulp implantation, postnatal
stem cell therapy, three-dimensional printing,
and gene therapy. Well proliferation property,
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low invasive procurement, neuronal differentia-
tion and neuro-trophic ability, with unremark-
able ethical aspects are the profits of SHEDs
than other MSCs. The treatment ability of SHED
is related to the paracrine activity of extracel-
lular released factors, specially the secretome,
like exosomes that are essential part of SHEDs.
Despite these potentials, there are still some
limitations for SHED, including the effective-
ness of permanent preservation of SHED and
SHED-exos, the expansion of a vigorous GMP-
grade construction method, regulation of the
source of transplantation, and assessment of
the effectiveness and security in humans. Also,
more experiments are required to determine if
stem cells derived from a tissue can contact
with other tissues.
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