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Abstract

Background: Human dental stem celis have high proliferative potential for seli-
rencwal thal is imporiant to the regenerative capacity of the tissue,

Objective: The aim was (o isolsic human dental pulp siem cells (DPFSC),
penodonial ligament stem cells (PDLSC) and penapical follicle stem eclls (PAFSC)
for their potential role in tissue regencration.

'!,:TT:: ol Materials and Methods: In this experimental study, the postnatal stem cells were
I Vaod  Acadewmic  Conter o 180lated from dental pulp, preapical follicle and pertodontal ligament . The cells were
Exfucation Cutture amd | stained for different stem cell markers by immunacytochemistry. To investigate the
:'j"‘r'r;“"_"? _":"‘:,‘“" Fdweanvs | mesenchymal nature of cells, differentintion potential along osteoblastic and
e ey S +  adipogenic lineages and gene expression profile were performed, For proliferation
+ potential assay, Brdu staining and growth curve tests were performed. Finally, all
e cell types were compared (ogether regarding their proliferation, differentiation
s ond displaving phenotype.
Corrrsponding Author: * Resulis: The isolated cell populations have similur fibroblastic like morphology and
Forzumel Fenrhar, Besearnch ond ¢ expressed all examined cell surface molecule markers. These cells were capable of
“;!I“":‘” "'l'_‘; IW.,,IH{L-;,I-MH}'EI:W v differentizting into osteocyle with different capability and adipocyte with the same
i,rll It‘:-i“wT;*;;h' s e, PAFSCs showed more significant proliferation rate than others. Reverse
Enasll: Garvansh Srashati@gmuil. com +  tramscriptase PCR (RT-PCR) for nanog. octd, Alkaline phosphatase (ALF) and
TeliFax: {9835 IE24T0RS 4 +  glyceraldehydes-3-phosphate dehydrogenease (GADPH) a5 control gene showed
' sirong posilive expression of these genes in all three isolated cell types.
v Conclusion: PDLSCs, DPSCs and PAFSCs exist in various tissees of the teeth and
+ can use as a source of mesenchymal stem cells for developing bioengineered organs
Received: 24 Jaly 2002 o and alse in craniomaxillofacial reconstruction with verving  efficiency  in
Revised: 19 Scppember 2012 +  differentiation and proliferation.
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Introduction replace damaged teeth or metal implants in

Tha human tooth is consisted of
enamel, dentin, pulp and
periodontium, all of these parts are
developed by epithelial mesenchymal
interactions, whereas mesenchymal celis
within the dental papilla are responsible for
formation of tooth pulp (1-3). PDL rise from
the dental follicle (4). Current treatments
regarding dental restorations based on
autologous tissue grafts or metallic implants
have some disadvantages such as;
insufficient biocompatibility, resorption of
bone, limited graft quantity, and donor-site
morbidity. Knowledge of stem cells has
created promising technigue for regenerative
dentistry, solving these problems and will

future (5-8). Recently, several studies have
been focused on isolation and
characterization of human mesenchymal stem
cell (MSCs) populations from dental tissues of
extracted teeth and have evaluated
differentiation abilities into many types of
lineages, both in vivo and in vitro conditions or
on lypes of scaffolds for dental lissue
regeneration (9-189).

Many studies showed that there are
posinatal stem cells in varous tissues, such
as bone marrow, skin and dental tissues in
human as well as experimental animal models
which can be used in therapeutic applications
(5-8). Also, these cells demonstrate attractive
valences for self-renewal and extension into

different tissues and many of them, NaVB /),
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reported  the usefulness of stem cell

regenerative therapy tissue engineering which
maybe good candidates for replacing missing
teeth (19-21),

It seems these sources of MSCs have
some advantages over others even embryonic
stem cells (ESCs). We can use tissues from
teeth extracted for orthodontic aims or from
third molar extracted teeth easily with safe
accessibility without additional injury, and
athical problems. There are acceplable results
in prefiminary clinical trials with no problems
with rejection by the host immune system (19,
22).

Additionally, comparison of the differences
or similarities between the various stem cell
lypes was one of the basic approaches lo
understand the generation mechanism of
these differences and their impact on
biological and clinical processes, The main
goal of this study was o isolate human dental
DPSC, PDLSC and PAFSC from the
developing root of impacted third molar and
investigation of some  aspects of
differentiation, proliferation as well as gene
gxpression in these cell lines.

Materials and methods

Isolation of stem cells and cell culture

The normal and nondecayed human third
molars were exiracted for orthodontic
treatment purposes from 20 adults (15-32
years of age) under sufficient informed
consent at the Department of Oral and
Maxillo-facial Surgery, Dental School of
Shahtid Sadoughi University of Medical
Sciences, Yazd, Iran and it was approved by
the ethics committee at the Yazd Research
and Clinical Center for Infertility.

PDL cells were scraped from third molars
and the pulp tissue was gently separated from
the crown and root. Tooth germs at the root-
forming stage were obtained and named
periapical follicles, These were removed from
the root dentin with a scalpel (23-24). The
tissue segments were digested in a solution of
dmg/mL collagenase type | and 4mg/mi
dispase dissolved in DMEM for 1 hour at CO;
incubator, Then, single-cell suspensions wera
separated by passing the cells through a 70-
mm cell strainer (Falcon, BD Labware,
Franklin Lakes, NJ). The suspensions of cells
were cultured into 25 cm® plastic flask with
alpha modification of Eagle’s medium (alpha-

MEM, Gibco BRL, Carisbad, CA)
supplemented with 10% fetal bovine serum
(FBS, Gibco BRL), 100WmL penicillin, 100
mgimL streptomycin (Gibco BRL) and
amphotericin B (BIOCHROM AG) for primary
culture and then incubated at 37°C .

Proliferation potential assay

To detect proliferation abilities. two
experimental assays were performed in vitro.
The proliferation rate of cells (P3) was
determined with Brdu staining kit (Invitrogen,
Carisbad, CA, 92008 USA). The seeded cells
were cullured in four slide chambers for 3
days lo get conference. Then, cells were
washed  with PBS and fixed in
paraformaldehide 4% and stained according
to kit procadure for cultured cells (25).

The numbers of positive proliferative cefls
were counted (500 nuclel) using a Brdu assay
kit. For proliferation potential assay. PDLSC,
DPSC and PAFSC at the 3® passage were
cultured separately in 8-well plate for 1, 2, 3
and 4 days with optimal culture medium.
Population growth curve of stem cells was
determined every day after culturing up to 4

days.

In vitro differentiation

Three-passage celis were plated at100
celliCm® in a 25 Cm" fiask, then this was
incubated in DMEM suppiemented with 100
IWml penicilin (Sigma Chemical Co.), 100
mg/ml streptomycin (Sigma Chemical Co),
and 15% FCS for 4 days until confluence was
achieved. For adipogenic differentiation, cells
were plated into S-well plates (P3; 2, 500
cells/Cm®) and cultured with proliferation
normal media. After 70% confluency of the
cells, the media was replaced with
differentiation medium consisting of alpha-
MEM, supplemented with 50 mg/ml
indomethacine (Sigma Chemical Co.) and
100nM dexamethasone (Sigma Chemical Co.)
for 3 weeks.

The medium was changed every 2-4 days.
Intracellular lipid vacucles were detected by
staining with 0.5% OQil Red O (Sigma- Aldrich)
in methanol. For osteogenic differentiation,
cells (P3; 2, 500 cells/Cm®) were plated in 6
well plates. The differentiation medium [alpha-
MEM supplemented with 50 mg/ml ascorbic
acid2-phosphate (Sigma Chemical Co.), 10nM
dexamethasone (Sigma Chemical Co.), 10mM
b-glycerophosphate (Sigma Chemical Co.)
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and 10% fetal bovine serum] was changed
with the culture media with medium changes
three times per week. After 3 weeks,
osteogenic differentiation was examined by
Alizarin red staining (Sigma Chemical Co) to
do this, the cells were fixed with 10% formalin
for 10 min and then stained with Alizarin red
(2%, pH 4.2) for 45 seconds (1, 5).

Immunocytochemistry

Isolated putative stem celis from the PDL,
dental pulp and perapical follicle (PDLSC,
DPSC and PAFSC) were seeded on four-
chamber slides (210" cells/well, NUNC,
Denmark) and cuftured for 24 hours. After
being washed in phosphate-buffered saline
(PBS. pH 7.4) and fixed in 4% p-formaldehyde
for 15 minutes, the samples were incubated
with STRO-1 antibody (1:200; Invitrogen,
Lymed laboratories), c-kit (1:200; Santa Cruz
Biotechnology INC), Nanog (1:200; Santa
Cruz Biotechnology INC),CD44 antibody
{1:200; abcam), CD34 antibody (1:200;
abcam) and CD31 antibody (1:200; abcam)
for 3 hours. The cells were subsequently
incubated with goat secondary antibodies of
antimouse |gG-Cy3 (Zymed Laboratories,
Carlsbad, CA), goat secondary antibodies of
antimouse lgG-FITC (Sigma Aldrich, Int.),
Rabbit IgG Rhodamine {(Chemicon, Temecula,
CA) and also goal secondary antibodies of
antimouse gG-FITC {Sigma Aldrich, Int.) for
CD markers for 1 hour. Then the nuclel were
stained in DAP! (2 mg/mL) for 10 minutes,

Reverse transcriptase polymerase chain
reaction (RT-PCR)

cDNA was synthesized using a cells to
cDNA™ 1l kit (Ambion, the RNA Company,
USA). The primer set for PCR included
Alkaline phosphatase (ALP);F: CCT AAA AGG
GCA GAA GAA GGA C, R: TCC ACC TAG
GAT CAC ATC AAT G with an amplicon of
444 bp, OCT4; F: GAA GCT GGA GAA GGA
GAA GCT, R: CAA GGG CCG CAG CTT ACA
CAT with an amplicon of 243 bp, NANOG; F:
CTC CTT CCA TGG ATC TGC TTA TTC, R:
AGG TCT TCA CCT GTT TGT AGC TGA G
with an amplicon of 285 bp and
glyceraldehydes-3-phosphatedehydrogensase
(GAPDH); F: AGC CGC ATC TTC TTT TGC
GTC, R: TCA TAT TTG GCA GGT TTT TCT
with an amplicon of 815 bp for internal control.
The PCR reactions were pre-incubated in a
PCR Master cycler gradient (Eppendorf,

Hamburg, Germany) at 95°C for 5 minutes
and then cycled 33 times at 95°C/30 sec,
55°C/45 sec, and 72°C/60 sec, followed by a
final 10-minute extension at 72°C. The
products were separated by electrophoresis
on a 1.5% agarose gel and visualized by
ultraviolet induced fluorescence.

Statistical analysis

All experiments were repaated threa times,
Results are expressed as themean standard
deviation. Data were stalistically analyzed
using the one-way analysis of variance
(ANOWVA) and Tukey test was applied for post-
Hoc comparison. Statistical significance was
set at p<0.05.

Results

Isolation and
dental stem cells

The isolated cells had fibroblastic spindle
shape morphology in cultured flasks (Figure
1A-C).The isolated cell populations expressed
the cell surface molecule 3TRO-1 as an
M3SCs marker (Figure 1E). They also
expressed other MSCs markers such
asCD34, CD31, CD44, c-kit and nanog
(Figure 5).

immunocytochemistryof

Proliferation assays

In growth curve, PAFSC showed a higher
proliferation rate at 4 days and a higher
number of population growth compared o the
others. DPSCs also were close to the PAFSC
in proliferation rate (Figure 2a). Also,
quantitative resulls of Brdu assay showed that
+the number of proliferative cells in the PAFSC
(83+2.29%) rats was significantly higher than
that in PDLSC (71£1.5%) and DPSC
{67.4041.2%) group (p=0.027) (Figure 2b).

Differentiation potential of dental stem

cells
Dental stem cells that were grown in osteo
inductive medium for 21 days demonstrated
the capacity to form red mineralizing areas
with a high level of calcium. There were
sparsely scattered deposits from DPSC and
PAFSC over the adherent layer, whereas
extensive sheets of calcified deposits
throughout the adherent layer were observed
in PDLSC cultures after 2 weeks of induction
(Figure 4A-C). In addition, staining
observations of Alizarin red after 21 dg:ﬁ)n[
WHWww, 8/
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Andighen gfigddl that the accumulations of
calcium levels in cultures of PDLSC were

higher than the other cultured cells. In other
hand, the accumulated calcium level in DPSC
was the same as PDLSC. To investigate the
ability of dental stem cells to differentiate into
adipocyte, the cells were cultured with adipo
inductive medium for three weeks. Oil red O
positive droplets were detected in all of
seading cells (Figure 4D-E). This result

showed that this stem cell could differentiate
although

into other phenotypes
developmentally are varied

L S e

Expression of stem cells
markers

PDLSC, DPSC and PAFSC were analysed
by RT-PCR for undifferentiated, pluripotent
stem cell markers including Oct-4 and Nanog.
All dental stem cells showed high levels of
expression of these markers (Figure 3)
GAPDH and water were used as an internal

and negative control for all samples,

pluripotent

respectively. In addition, the gene expression
of alkaline phosphatase was positive as
odontoblast marker at undifferentiated dental
stem cells.

Figure 1. Postnatal dental stem cells were iselated from human dental tissues and sbentificd as stem cells by immunocytochemistry
Stem cells were isolated from differont tissucs had & fibroblastic spindle shape ar PDLSCA), DPFSCIB) and PAFSCIC) ar passage 3.

They also exressed STHRO= {0, an MSC marker.

18 5
z
..
2 ]
E T4 4 BOPEE
- BPAFSI
a

g h OPOLAE

L 0

i i | 4

timee [fhay)

Figure 1, Demial stem cells wene highly proliferative and produced compasable colonies in their culture condition.
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Aj Population growth curve of dental pulp stem cells (DPSC), perindontal ligement siem cells (PORLSC) and periapical follicle siem
cells (PAFSC)L The otal numbser of isolated dental fem cells was counted every day afler seeding with 1= 1o cells.
B Brdu assay of PAFSC showed high numbers of proliferative stem cells (brown mucleas) comparing other cell tyvpes. Note the

specific muclear Inbelling by DAB |, 10% magnification,
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Figure 3. Expression of stem cell markers. The expression of specific mechenchymal stem cell transcript {Manog with 263 and Cict-4
with 243bp) and cdomoblast marker {ALM) was detected by RT-PCR analvsis with an amplicon of 444 bp, Alkaline phosphatase:
ALP, Imemal comirol: GAFDH with 815 bp, Negative conerol: water

Figured, Differentintion of deninl stem celis. PAFSCs (A) in | and 3 weeks (B) afier induciion by osteogenic condition med,
Alizarin red staining showed mineral nodule formation with mduction afier 3 weeks, (C)Afler 3 weeks in the induction modiom, lphd
sccumulation was detected in all derived sem cell iypes by Oil red O siining. (D-E).
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Discussion treatment and characterized clogenicity and

In this study, we successfully isolated and
identified 3 types of stem cell populations
(DPSCs, PDLECs, and PAFSCs) derived from
each dental tissue of impacted or extracted
nondecayed human third molars. Recently,
many studies have isolated MSCs with self-
renewal and multipotent capabilities from
different teeth obtained during dental

differentiation capacity into multiple cell
lineages in vitro and in vivo conditions (23, 25-
28, 30, 31). We compared these stem cell
populations with each other for differential and
proliferation potentials and gene expression
profiles. PAFSCs have much higher
proliferative abilities than DPSCs, PDLSCs,
based on evaluations of Brdu staining assay
and population growth curves.
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Yang et al also reported the same resulls
about proliferation rate and differentiation
capacity at early passage that this is probably
dug to a difference bebtween sources of
obtaining cell types where PAFSC are
undifferentiated cells derived from the
developing tissue (32). PDLSC makes many
calcium nodules in the osteogenic culture
medium despite of capability to differentiate
into adipocytes which was suggested by
Gronthos ef al and Zhang ef af (23, 31).

This finding is associated with an
upregulation in the expression of ALP, as
detected by RT-PCR. DPSCs and PAFSCs
are also capable of differentiating into
osteoblasts/ odontoblasts and adipocytes. In
those studies, they have evaluated and
compared PDLSCs and PAFSCs
characteristics in different passages in vitro
whereas we did not perform this work in our
study (23, 31, 32). They showed morphology
of these cell populations would be changed
and their stem cell properties can be lost
during different passages.

Some researchers believe thal dental stem
cells (DSCs) present in extracted human teeth
have pluripotent properties (ke ESCs or
induced pluripatent stem cells (IPSCs) that are
valuable tools in routine dental therapeutics.
They are considered to possess very little
possibility of developing into tumors, unlike
ESCs and iPSCs (33-35). For example,
immature dental pulp stem cells, which are
derived from dental pulp of exfoliated
deciduous teeth, has been introduced to
exprass several pluripotent cell markers (36).

Therefore DSCs can use as an alternative
stem cell population even to make a
biocompatible tooth (20, 21). furthermore,
mesenchymal nature of DPSC, PDLSC and
PAFSC such as their expression of STRO-1,a
specific markers for MSCs, and other CD
markers may implied the beneficial
approaches of regenerative dental therapy.
stem cell therapy and tooth replacement
therapy according to Rodriguez-Lozano ef al
and others (11, 19, 22).

To conclude, PDLSCs, DPSCs and
PAFSCs are present in various tissues of the
teeth and can use as a source of MSCs for
developing bioengineered organs and also in
craniomaxillofacial renovation with  varying
efficiency in differentiation and proliferation.
Knowing the differant aspects of DSCs is
important for using them to produce an

gffective bioenginesred tooth or for the
management of dental diseases in patients.
Future studies are probably needed focusing
on subpopulations of stem cells derived from
teath characterized by specific surface
markers, their distinctive properlies and might
be autologous stem cell transplantation for
using them in clinical applications.
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