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Introduction

The main purpose in periodontal therapy is the in regenerating periodontal
tissue. The periodontal tissue is composed of cementum, bone, gingiva, and
periodontal ligament. Periodontitis can be caused by infection, mechanical
stress and aging. Once the periodontal tissue is impaired, the tissue has a
limited capacity for regeneration". Since cementoblasts, osteoblasts, and
periodontal ligament fibroblasts are derived from periodontal ligament”,
regeneration of periodontal tissue can be limited in severe periodontitis patients
with periodontal ligament loss. For this regeneration, human periodontal
ligament fibroblast (hPDLF) is crucial. PDLF have a several potential, such as
migration, proliferation, differentiation osteoblast-like, cementoblast-like, &
periodontal ligament fibroblasts, achieve the promotion of tissue regenerationsfﬁ).
Melcher er a/” stated that the phenotypes of cells re-collected in the root
surface (such as gingival epithelium, gingival lamina propria, periodontal
ligament, cementum, and alveoloar bone) would determine the adhesion,
regeneration characteristics, and quality.

For periodontal regeneration, hPDLF cells having the potential to divide into
various cells are important. Because conventional periodontal regeneration
methods remain insufficient to obtain a complete regeneration in periodontitis
patients, the concept of periodontal tissue engineering has resently been needed
to improve the healing of periodontal tissues”. Generally, S100A4-, S1I00A2-,
Periostin-mRNA could be used as a useful marker for distinguishing cultured
gingival fibroblasts and periodontal ligament cells. Park et al” reported that in
RT-PCR and Northern analysis, the expression of S100A4 and periostin mRNA in
GF was slightly detectable, and that the expression of S100A4 and periostin
mRNA in PDLF was much higher than that in GF. On the other hand, S100A2
mRNA was highly expressed in both GF and PDLF.

The most abundant cell in periodontal connective tissue is the gingival
fibroblast. PDLF and gigival fibroblasts (GF) display distinct functional
activities in the regeneration and repair of the periodontal tissues as well as

13) . .
. Generally, severe periodontitis

during inflammatory periodontal diseases’
patients expected tooth extration have no PDLF. Han et al'? reported that

PDLF and GF appear to display different gene expression patterns that may
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reflect intrinsic functional differences of the two cell populations and may well
coordinate with their tissue-specific activities. However, it will be worth that
human GF can be used as a hPDLF for the periodontal tissue engineering.

Attention i1s drawn to periodontal disease seen mainly in adults with aging
population. Rather than treating periodontal disease once it develops, prevention
is better by maintaining a healthy periodontium.lS)

Stem cells are pluripotent cells with unlimited proliferation potential and
differentiation capacity to all types of somatic cells. Periodontal tissue
engineering based on in vitro expanded cells holds the promise to overcome
the limitations associated with contemporary regenerative techniques. Stem
cells may become a cell source with unlimited supply for periodontal tissue
engineering applications'®. Lee et al.'” reported that fibroblastic differentiation
from stem cells is of widespread significance in the engineering of virtually all
tissues including tendons, ligaments, periodontal ligament, cranical sutures and
as interstitial filler of all organs. Ogiso et al® reported that co—culture of
human periodontal ligament fibroblast or rat skin fibroblast with bone marrow
stromal cells (BMSCs) resulted in a large reduction of bone nodule formation,
and that fibroblasts may inhibit osteoblast differentiation. Lee et al.”” observed
that connective tissue growth factor (CTGF)-treated hMSCs failed to show
osteogenic or chondrogenic differentiation, and that CTGF is an effective
induction factor for fibroblastic differentiation of human human mesenchymal
stem cells. Hermann et al."”’ observed that their data provide an impetus for
differentiating human bone marrow stromal cells in vitro into mature
neuroectodermal cells. MSCs generally are positive for nestin, which is an
early marker of neuronal progenitors%). Suzuki et al® reported that BMSCls
can be expanded rapidly in vitro and have the potential to be differentiated
into neuronal cell types.

MSCs can become a valuable cell source as an autograft for clinical application
involving tissue regeneration”. Recent studies have shown that mesenchymal
stem cells obtained from periodontal ligament (PDL-MSCs) are multipotent
cells that have similar features of the bone marrow and dental pulp MSCs and
are capable of proliferating and producing different types of tissue such as
bone and tooth associated-tissues™ .

Lu et a/™ reported the therapeutic potential of adult bone marrow stromal



cells (BMSCs). BMSCs expressed neural markers nestin. Nestin and GFAP
double immunofluorescence showed differentiation of BMSCs into neural stem
cells in vitro. Differentiated cells express neural specific genes(e.g. 68-kDa
neurofilament, B-tubulin III and nestin) detected by RT-PCR method.
MOREAU ef o/ reported that in vitro BMSCs growth may be enhanced
through culture medium  supplementation, mimicking the biochemical
environment in which cells optically proliferate and differentiate. They
suggested significant in vitro ligament development after only 14 days of
culture when using a sequential growth factor approach. Kafienah et al ™V
reported that Nucleostemin is a marker of proliferating stromal stem cells in
adult human bone marrow and that it is involved in the regulation of
proliferation of these cells. Duarte er > reported the expression of SI00A2 and
S100A4 calcium-binding protein in periodontium using in situ hybridization and
important role maintaning width of periodontal ligament without calcification.

The aim of this study was to investigate the possibility of fibroblast
differentiation from BMSCs under the influence of fibroblast growth factor
using the RT-PCR.



Materials and Methods

Cell Culture

The bone marrow stromal cells (BMSCs) and periodontal ligament fibroblasts
(PDLF) of dog were used for our study. Fresh media obtained from culturing
human periodontal ligament fibroblasts of dog were used for conditioned media.
8 passage BMSC and 6 passage PDLF were used for this study. The BMSC
and PDLF were cultured in Dulbecco’s Modified Eagles Medium (DMEM,
Gibco BRL, USA) containing 10% fetal bovine serum (FBS) at 5% C02, 37T,
and 100% humidity.

Conditioned medium experiments

The cells were cultured at 5% CO2, 37T, and 100% humidity in a 60 mn Petri
dish until 14 days. The media change was done in a humid incubator in a
2-day interval by exchanging DMEM medium containing 10% FBS. The
control group was BMSC without treatment. The experimant groups were
BMSC treated with FGF, FGF plus fresh media of hPDLF, fresh media of
hPDLF, fresh media of dPDLF, FGF plus fresh media of dPDLF, respectively.
The 3 ng/ml fibroblast growth factor (FGF) was applied in a 2-day interval
when the experimental cell culturing media was changed. The FGF applied
media was named by FGF-treated media.

Conditioned media obtained from culturing periodontal ligament fibroblasts of
dog was applied in a 2-day interval when the experimental cell culturing
media was changed. It is named by PDLF-conditioned media. The
PDLF-conditioned media was obtained in a 2-day interval when the PDLFs
culturing media was changed. The PDLF-conditioned media was made by

mixture of 1:1 ratio with fresh media obtained from PDLF and culture media.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
The total RNA was extracted according to the manufacturer’s instruction

using Trizol Reagent (Invitrogen, USA). The first-strand c¢cDNA was

synthesized using 25U of oligo-d(T) primer and premix (Bioneer, Korea) per 1



ug of total RNA from cultured gingival fibroblast. The sense and anti-sense
oligonucleotide primers for the base sequences of UNCL, S100A2, S100A4,
nestin, nucleostemin and GAPDH were ordered (Table 1). Using the template
of ¢cDNA processed from the reverse transcription (RT) process, 20 £ of PCR
mixture was prepared by adding 20 pmols of primer, 5 @ of ¢cDNA,
AccuPower Premix (Bioneer, Korea), and distilled water.

PCR was done by 30-35 cycles of denaturation, annealing, and extension
(Table 2) using PTC-200 (MJ Research Inc., Watertown, MA, U.S.A). PCR
products were analyzed by eletrophoresing in 1.5% agarose gel to confirm gene

expressions.



Table 1. Nucleotide sequences of the primers used for RT-PCR

Predicted size

Primer Sequences 5~ —3 " ,
(base pairs)
Sense CCATGGAGAAGGCTGGG
GAPDH Anti-sense CAAAGTTGTCATGGATGACC 200
UNCL Sense ACCAGTGGGCCAGAGATGACC 493
Anti-sense GAAAGCCCGTAGAGCAGAATCAGA
S100A2 Sense AAGAGGGCGACAAGTTCAAGC 573
Anti-sense GAATGTTGCAGGAAACAGCCA
Sense CTCAGCGCTTCTTCTTTCTT
S100A4 Anti-sense ATCATGGCGATGCAGGACA 295
Nestin Sense GCCCTGACCACTCCAGTTTA 93
Anti-sense  GGAGTCCTGGATTTCCTTCC
. Sense GGG AAG ATA ACC AAG AGT GTG
Nucleostemin 220

Anti-sense CCT CCA AGA AGT TTC CAA AGG

Table 2. Conditions for RT-PCR

Temperature (TC)

S100A2, S100A4, Time
Nestin, Nucleostemin UNCL (min.)
GAPDH
Predenaturation 94 95 94 5
denaturation 94 95 94 1
Annealing 55 58 45 1
Polymerization 72 72 72 *

*Polymerization time: GAPDH, UNCL (1.5min), S100A2, S100A4(2min), nestin(0.5), neleostemin(0.25), min.:

minute



Results

1. Morphology of the cells

Morphological changes according to the FGF-treated media and/or
PDLF-conditioned media of BMSC was shown.

Morphological changes of the cells were observed under a phase contrast
microscope. At 14 days, more proliferation was observed under the FGF
treated, PDLF-conditioned, FGF plus PDLF-conditioned groups than the control

group.

A. Control B. FGF-tx

C. PDLF conditioned media-tx D. FGF-tx/PDLF conditioned media-tx

Figure 1. Effect of FGF treated and/or PDLF-conditioned media on bone
marrow stromal cell. At 14 days, cell proliferation was more observed in FGF
and/or PDLF-conditioned groups than the control group. A. Untreated BMSC
cultures, B. FGF-treated BMSC, C, PDLF-conditioned medium, D. FGF-treated
plus PDLF-conditioned medium.




2. Pattern of gene expression using RT-PCR

The S100A4 mRNA and S100A2 mRNA were expressed similarly in between
the experimental groups (FGF treated, FGF plus PDLF-conditioned media
and the PDLF-conditioned media group) and the control group at one day. The
expression of UNCL mRNA were expressed weakly at one day.

The nestin mRNA showed strongly in the control group. The nucleostemin

mRNA was expressed strongly in FGF treated group.

A B C D

s100A4 | —— 295b0
S100A2 278bp
N
Nucleostemin _ 220bp
Nestin R -

carvt | —— 00t

Figure 2. Gene (S100A4, S100A2, UNCL, Nestin, Nucleostemin-mRNA)
expression pattern according FGF-treated and/or PDLF-conditioned media. At
1 day. A. Untreated BMSC cultures, B. FGF-treated BMSC, C,
PDLF-conditioned medium, D. FGF-treated plus PDLF-conditioned medium.



The expression of UNCL mRNA were expressed strongly at 11 days than one
day. Expecially, The UNCL mRNA were expressed stronly in FGF treated and
control group. The S100A4 mRNA was expressed strongly in FGF treated at
11 day. The expression of nucleostemin mRNA were expressed strongly at 11
days than one day. Expecially, the nucleostemin mRNA were expressed stronly
in FGF treated and control group. The S100A2 mRNA was expressed similarly
between experimental groups and the control group at 11 day. At 11 day, the

expression of the nestin mRNA was weak.

A B C D
SI00A4 I ——— 295bD

510042 e 273bp
UNCL i 03DD

Nucleostemin | N 220bp

Figure 3. Gene (S100A4, S100A2, UNCL, Nestin, Nucleostemin-mRNA)
expression pattern according FGF-treated and/or PDLF-conditioned media. At
11 days. A. Untreated BMSC cultures, B. FGF-treated BMSC, C,
PDLF-conditioned medium, D. FGF-treated plus PDLF-conditioned medium. at
7 days.




The expression of UNCL mRNA were expressed strongly in FGF treated and
FGF plus PDLF-conditioned media groups at 14 days. The S1I00A4 mRNA
was expressed strongly in FGF treated at 14 day. The S100A2 mRNA was
expressed stronly in all experimental groups (FGF treated, FGF plus
PDLF-conditioned media and the PDLF-conditioned media group). The

nucleostemin mRNA were expressed stronly in FGF treated at 14 days.

A B C D
S100A4 oK S — VST 3

510002 il 77501
RO == == —— o

Nucleostemin [ N 220y
Nesin R -

GAPDH e — 200bp

Figure 4. Gene (S100A4, S100A2, UNCL, Nestin, Nucleostemin-mRNA)
expression pattern according FGF-treated and/or PDLF-conditioned media. At
14 days. A. Untreated BMSC cultures, B. FGF-treated BMSC, C,
PDLF-conditioned medium, D. FGF-treated plus PDLF-conditioned medium. at
7 days.
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Discussion

The ultimate purpose of clinical periodontal therapy in periodontal defects is
regeneration of all lost structures including the alveoloar bone, cementum, and
periodontal ligament. Attempts at regeneration of complicate periodontal defects
by guided tissue regeneration have not always vyielded predictable results.
Recently, attempts at engineering the defects using various materials have
shown promising results. Chong et al.™® reported human periodontal fibroblast
response to enamel matrix derivative, amelogenin, and platelet-derived growth
factor—-BB. They reported that the combination of EMD and PDGF-BB
produces greater proliferative and wound-fill effects on PDLS cells than each
by themselves, and that amelogenin alone may not trigger the regenerative
potential of periodontal tissues and that it requires a combined interaction with
other enamel matrix components of EMD to direct the regenerative process.

Tissue engineering is applied to overcome limited tissue regeneration using
the factors that would stimulate the regeneration of alveoloar bone and
periodontal attachment. Human periodontal ligament fibroblast (hPDLF) can be
differentiated and proliferated into osteoblast-like cell and cementoblast-like
cell, playing a central role in periodontal regeneration. People need their teeth
longer as the life expectancy increased and want to prepare for healthy older
yvears by maintaining healthy periodontal tissue in shape-wise and from
esthetic point of view.

This study was performed to investigate the possibility of fibroblast
differentiation from bone marrow stromal cells (BMSC) using the fibroblast
growth factor (FGF) and to explore their potential use for periodontal ligament
engineering. RT-PCR was used to examine expression of nestin, nucleostemin,
UNCL, S100A4 and SI100A2-mRNA in the fibroblast growth factor and/or
periodontal ligament fibroblast conditioned media-treated BMSCs at 1, 11, 14
days, respectively.

The causes of periodontitis is known aging, infection, and mechanical stress.
Chronic periodontitis is a common in adult people. Generally, severe
periodontitis patients have a inflammatory PDL or PDL loss. For the
prevention and regeneration in periodontitis patients, inhibition of aging in

periodontal cells is essential, and it will be worth using the hGF as a hPDLF.
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Bone marrow stromal cells (BMSCs) reside in bone marrow and provide a
lifelong source of new cells for various tissues”. Jeong er al”" reported that a
BMSC-specific genetic catalog may facilitate future studies on molecular
mechanisms governing core properties of these cells. The dental follicle is an
ectomesenchymal tissue surrounding the developing tooth germ. It is believed
that this tissue contains stem cells and lineage committed progenitor cells or
precursor cells (PCs) for cementoblasts, periodontal ligament cells, and
osteoblasts. Morsczeck er a/™ reported the isolation of PCs derived from
dental follicle of human third molar teeth and that demonstrated that cultured
PCS are unique undifferentiated lineage committed cells residing in the
periodontium prior or during tooth eruption. They compared gene expressions
of PCs, human mesenchymal stem cells (hMSCs), periodontal ligament cells
(PDL-cells) and osteoblasts (MG63) for delimination of PCS. These
fibroblast-like, colony forming and plastic adherent cells expressed putative
stem cell markers Notch-1 and nestin.

In this study, periodontal ligament fibroblast-conditioned medium was
obtained from cultures of dog periodontal ligament fibroblasts that were
untreated (plain) or treated with the indicated concentrations (3 ng/ml) of
fibroblast growth factor for the 1-, 11- and 14 days culture period. Stem cell
marker gene (nestin mRNA) expression pattern was increased in the treated
group with the indicated concentrations (3 ng/ml) of fibroblast growth factor
(FGF). PDL fibroblast marker genes (UNCL-, S100A2-mRNA) expression
pattern was increased in the periodontal ligament fibroblast-conditioned
medium group and the combined group than the control.

Bone marrow stromal cells (BMSCs) are pluripotent stem cells with
self-renewal property and potential to differentiate into a variety of cell typesgg’
0 Yang e />’ founded that rat bone marrow stromal cells expressed NSE
and nestin mRNA, but only weak expression of NF1 mRNA was detected.
After Salvia miltiorrhiza induction for 24 hours, NSE and nestin expression
maintained the same level, but NF1 expression increased apparently compared
to the control. rBMSC could also differentiate into neuron-like cells and
express neuron phenotype as previously described.

Cells of the periodontal attachment (cementoblast, osteoblasts, and periodontal

ligament fibroblasts) are descended from a common progenitor (the cranial
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neural crest). Lallier TE.* suggested that differential expression of
semaphorins and plexins may be involved in regulating cell-sorting in the
formation and regeneration of the periodontal attachment structure. Ogiso e/
al> reported that fibroblasts secrete prostaglandins which can inhibit bone
formation, and that this may be one mechanism whereby fibroblasts can
modulate osteogenesis at the interfaces of soft and mineralizing connective
tissues. Fibroblast-conditioned medium was obtained from cultures of human
periodontal ligament fibroblasts that were untreated (plain) or treated with the

indicated concentrations of indomethacin for the entire culture period33).

34)
Moreau et? a/.

reported that the sequential administration of growth factors
to first proliferate and then differentiate BMSCs cultured on silk fiber matrices
will support the enhanced development of ligament tissue in vitro. Confluent
second passage (P2) BMSCs obtained from purified bone marrow aspirates
were seeded on RGD-modified silk matrices. Seeded matrices were divided into
three groups for 5 days of static culture, with medium supplement of basic
fibroblast growth factor (B) (1 ng/ml), epidermal growth factor (E; Ing/ml) or
growth factor—free control (C). After day 5, medium supplement was changed
to transforming growth gactor-B1 (T; 5 ng/ml) or C for an additional 9 days
of culture. Sequential growth factor application promoted significant increases
in collagen type I transcript expression from day 5 of culture to day 14, for
five of six groups tested. Moreau e/ > reported that the findings indicates
significant in vitro ligament development after only 14 days of culture when
using a sequential growth factor approach.

Farhadi ez a/”

donors were expanded for two passages (expansion phase) and subsequently

reported that human bone marrow stromal cells from six

cultivated in osteogenic medium containing ascorbic acid, B-glycerophosphate,
and dexamethasone (differentiation phase). After each phase, cells were
transferred into serum-free medium with or without FGF-2 at different
concentrations and for different times, and the expression of BMP-2, TGF-1,
and VEGF was quantified at the mRNA level. In response to 5 ng/ml FGF-2
for 24 hours, the mRNA expression of VEGF increased at both culture phases
(up to 6.1 fold), whereas that of BMP-2 and TGF-81 significantly increased
only after the expansion (3.1-fold) or differentiation phase (2.1-fold),
respectively. FGF-2 up-regulates the expression of BMP-2, TGF-81, and

_13_



VEGF in human bone marrow stromal cells, in a pattern dependent on the
cell-differentiation stage. These findings prompt for in vivo investigations on
the delivery of FGF-2 for the temporally/functionally regulated enhancement of
bone marrow stromal cell-based bone induction™.

In our study, the expression of UNCL mRNA were expressed strongly at 11
days than one day. Expecially, The UNCL mRNA were expressed stronly in
FGF treated and control group. The S100A4 mRNA was expressed strongly in
FGF treated at 11 day. The expression of nucleostemin mRNA were expressed
strongly at 11 days than one day. Expecially, the nucleostemin mRNA were
expressed stronly in FGF treated and control group. The S100A2 mRNA was
expressed similarly between experimental groups and the control group at 11
day. At 11 day, the expression of the nestin mRNA was weak.

Bone marrow stromal cells (BMSCs) play a central role in the repair and
regeneration of mesenchymal tissues. Hankemeier e/ a7 reported modulation
of proliferation and differentiation of human bone marrow stromal cells by
fibroblast growth factor 2 for potential implications for tissue engineering fo
tendons and ligaments. They analyzed the effect of low-dose (3 ng/ml)
fibroblast growth factor 2 (FGF-2) and high-dose FGF-2 (30 ng/ml) on
proliferation, differentiation (transcription of collagen I, collagen III, fibronectin,
elastin, a-smooth muscle actin, and vimentin, reverse transcription-polymerase
chain reaction) of human BMSC, and compared the results with those of a
control group without FGF-2. They reported that microscopic investigation of
the cell cultures with low-dose FGF-2 showed more homogeneous, dense,
fibroblast-like, spindle-shaped cells with long cell processes compared with
cultures with high-dose, or no FGF-2, and showed that low-dose FGF-2 may
be useful for tissue engineering of ligaments and tendons by increasing BMSC
proliferation and stimulating mRNA expression of specific extracellular matrix
proteins and cytoskeletal elements.

In this study, the expression of UNCL mRNA were expressed strongly in
FGF treated and FGF plus PDLF-conditioned media groups at 14 days. The
S100A4 mRNA was expressed strongly in FGF treated at 14 day. The S100A2
mRNA was expressed stronly in all experimental groups (FGF treated, FGF
plus PDLF-conditioned media and the PDLF-conditioned media group). The

nucleostemin mRNA were expressed stronly in FGF treated at 14 days.
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Conclusion

In this study, UNCL-, S100A2-, S100A4-mRNA was expressed strongly in
FGF experimental groups treated in BMSCs. These findings suggest that FGF
can be associated for engineering periodontal ligament by providing the initial
evidence of a reproducible protocol for fibroblastic differentiation of bone

marrow stromal cells.
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