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Abstract

Aim: The goal of this study was to histologically investigate the use of periodontal
ligament cells (PDL cells) in tissue engineering to regenerate class II furcation defects.
Material and Methods: PDL cells were obtained from the mandibular tooth
extracted from each dog (seven), cultured in vitro and phenotypically characterized
with regard to their biological properties. Following, bilateral class II furcation lesions
were created at maxillary 3rd premolars and were randomly assigned to the test group
[PDL cells+guided tissue regeneration (GTR)] or the control group (GTR). After 3
months, the animals were euthanized to evaluate the histometric parameters.
Results: In vitro, PDL cells were able to promote mineral nodule formation and to
express bone sialoprotein, type I collagen and alkaline phosphatase. Histometrically,
data analysis demonstrated that the cell-treated group presented a superior length of
new cementum (6.00 = 1.50 and 8.08 £ 1.08 mm), a greater extension of periodontal
regeneration (3.94 £+ 1.20 and 7.28 &+ 1.00 mm), a lower formation of connective
tissue/epithelium (2.15 £ 1.92 and 0.60 £ 0.99 mm), a larger area of new bone

(7.01 £ 0.61 and 9.02 + 2.30 mm?) and a smaller area of connective tissue/epithelium
(5.90 £ 1.67 and 4.22 4 0.95 mm?), when compared with control group.
Conclusion: PDL cells in association with GTR may significantly promote
periodontal regeneration in class II furcation defects in dog.
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The ultimate goal of periodontal therapy
is to regenerate tissues lost as a conse-
quence of periodontal disease. The
regeneration of damaged periodontal
tissues is mediated by various perio-
dontal cells and is regulated by a vast
array of extracellular matrix informa-
tional molecules that induce both selec-
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tive and non-selective responses in
different cell lineages and their precur-
sors (Bartold & Narayanan 2006).
Guided tissue regeneration (GTR) is
considered a valuable procedure for
periodontal regenerative therapy and it
is supported by clinical (Becker et al.
1988, Pontoriero et al. 1989, Pepelassi et
al. 1991) and histological (Gottlow et al.
1984, Niederman et al. 1989) studies.
However, the results obtained with this
technique are not always predictable and
frequently are subjected to complica-
tions (O’Neal et al. 1994, Park et al.
1995). In addition, although several
procedures, such as grafting, root sur-
face conditioning and application of
growth factors, are performed for perio-
dontal regeneration, the success of these

therapies remains an unpredictable out-
come (Sander & Karring 1995, Ripa-
monti & Reddi 1997, Venezia et al.
2004).

In this context, the use of tissue
engineering has contributed to the grow-
ing interest in study regenerative tech-
niques using autologous cells (Bartold
& Raben 1996), especially mesenchy-
mal stem. Recently, human periodontal
ligament stem cells were isolated and
characterized as a population of multi-
potent stem cells capable of forming
cementum and periodontal ligament tis-
sues upon in vivo transplantation (Seo
et al. 2004). Animal studies have sug-
gested that periodontal ligament cells
(PDL cells), when cultured in scaffolds
and then transplanted into periodontal
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defects, have multiple differentiation
properties to regenerate periodontal tis-
sues (Nakahara et al. 2004, Akizuki
et al. 2005, Murano et al. 2006, Gault
et al. 2010).

With regard to the cell-seeding tech-
nique, the type of the defect is very
important to retain the implanted cell
scaffold in the defect (Nakahara et al.
2004) and to avoid the epithelium
migration (Gottlow et al. 1984). The
class II furcation defect, one of the
main indications for regenerative proce-
dures (Jepsen et al., 2002; De Andrade
et al., 2007; Keles et al., 2009) provides
favourable anatomical characteristics
for clot stabilization and protection.
Therefore, the goal of this investigation
was to evaluate, histometrically, the
healing of class II furcation treated
with transplanted autologous PDL cells
associated with GTR.

Material and Methods
Animals

Seven adult beagle dogs, weighing ap-
proximately 15kg (10-20kg) and with
a mean age of 1.46 4+ 0.18 years were
included in this blinded split-mouth
study. All surgical procedures were per-
formed under general anaesthesia with
intravenous injection of sodium pento-
barbital (30 mg/kg). The protocol of the
study has been approved by the Institu-
tional Committee on Animal Research
of the State University of Campinas.
One week before the surgery for teeth
extractions, supra-gingival deposits were
removed with an ultrasonic scaler and the
teeth were wiped with gauze soaked in
povidone-iodine. The same procedure
was repeated 1 week before the surgery
for the defect treatment.

PDL cell isolation and culture

Periodontal ligament explants (PDL
explants) were obtained from the tooth
root of bilateral mandibular second pre-
molar and the first molar extracted from
each dog. Briefly, teeth were extracted
and placed in biopsy media composed
by Dulbecco’s modified Eagle’s med-
ium (DMEM) supplemented with 10%
foetal bovine serum (FBS), 250 pg/ml
gentamicin sulphate, 5 yu/ml amphoteri-
cin B and 1% penicillin/streptomycin
(Gibco BRL, Life technologies, Rock-
ville, MD, USA). Then, the teeth were
transferred to the laboratory facilities,
washed with the biopsy media and the

PDL explants were gently harvest from
the middle third of the roots and pooled
together. Following, PDL explants were
enzymatically digested in a solution of
3 mg/ml collagenase type I and 4 mg/ml
dispase (Gibco BRL, Life technologies)
for 1h at 37°C. Single-cell suspensions
were obtained by passing the cells
through a 100 um cell strainer (BD Fal-
con , BD, Franklin Lakes, NJ, USA).
Samples were expanded in 25 cm? culture
flasks (BD Falcon™, BD), under a humi-
dified atmosphere of 5% CO, at 37°C, in
standard media composed by DMEM
supplemented with 10% FBS, 1% L-glu-
tamine and 1% penicillin/streptomycin
(Gibco BRL, Life technologies). Then,
samples were frozen for subsequent
experiments and only cells in passages
2-3 were used.

Phenotypic characterization

Mineral nodule formation and gene
expression analyses

In vitro, PDL cells were seeded
(5 x 10*cells/cm?) in standard media,
in 60mm dishes for gene expression
analysis and in 24-well plates to assess
the mineral nodule formation. To
demonstrate the ability of PDL cells to
initiate mineralized nodule, after 24 h,
standard media was changed to osteo-
genic-inducing media (DMEM 10%
FBS, 50 pg/ml ascorbic acid, 10 mM
B-glycerolphosphate, 10 °M  dexa-
methasone), and in vitro mineral nodule
formation was assessed on day 28 using
the von Kossa assay. In parallel, for gene
expression analysis, PDL cells were
maintained in standard media until con-
fluence was reached. Then, total RNA
was obtained using TRIZOL®™ reagent
(Invitrogen, Carlsbad, CA, USA) for the
expression of bone sialoprotein (BSP),
type I collagen (COL I) and alkaline
phosphatase (ALP). Total RNA was
DNAse treated (Turbo DNA-free TM
Kit, Applied Biosystems, Ambion, Aus-
tin, TX, USA), and 1 ug was used for
cDNA synthesis following the manufac-
turer’s recommendations (kit Super-
Script® III  First-Strand ~ Synthesis
System for RT-PCR, Invitrogen). Speci-
fic primers for dog glyceraldehyde-3-
phosphate dehydrogenase (Gapdh) (for-
ward primer: 5-CCAGAACATCATC
CCTGCT-3, reverse primer: 5'-ACTA
CCTTCTTGATGTCGTCATATT-3'),
ALP (forward primer: 5'-GGGCAACT
CTATCTTTGGTCTG-3', reverse primer:
5'-CTGGTAGTTGTTGTGAGCG-3'),

BSP (forward primer: 5-GGTACATA
GGTCTAGCTGCAATC-3', reverse pri-
mer: 5'-TGGTGCTGTTTATACCTTGC
C-3’) and COL I (forward primer: 5'-G
TGTCCGTGGTCTGACT-3’/, reverse
primer: 5’-TCACCTTTAGCACCAGG
TTG-3") were designed using software
(Roche diagnosis GmbH, Manhein, BW,
Germany). Reverse transcription-poly-
merase chain reactions (RT-PCR) were
performed for one cycle of pre-incuba-
tion at 95°C for 10 min. and 40 cycles
of denaturation at 95°C for 10s, anneal-
ing at 55°C and extension at 72°C for,
respectively, 5/7 s (Gapdh), 3/6 s (ALP),
5/7s (BSP), 2/8s (COL I). Gapdh
expression was used as an internal
control of RNA integrity and efficiency
of the reverse transcription process.
Amplified samples were visualized on
2.0% agarose gels stained with ethidium
bromide and photographed under UV
light. Two independent experiments
were performed.

Scanning electron microscopy
(SEM) analysis

In order to exam cell morphology,
spreading and adhesion to the scaffolds
(BD 3D Collagen Composite Scaffold,
BD Bioscence, Franklin Lakes, NI,
USA), a SEM analysis was performed.
Cells were seeded into the scaffold in
triplicates at a density of 3 X 10° cells/
scaffold and incubated for 24 h in stan-
dard media. Media was then removed by
aspiration, the scaffolds were gently
washed with 2 ml of phosphate buffered
saline (Gibco BRL, Life technologies),
and fixed by immersion in Karnovsky
solution. For stepwise dehydration, cell-
seeded scaffolds were incubated in
increasing concentrations of acetone
(50%, 75%, 85%, 90%, 95% and
100%), and then dried by the critical
point technique (Denton Vacuum DCP-
1 — Critical Point, Denton Vacuum,
Moorestown, NJ, USA). After sputter-
coating with gold/palladium alloy, the
scaffolds were examined in SEM (JEOL
JSM-T330A, JEOL Ltd., Tokyo, Japan)
with a magnification of 150-3500 times.
The images acquired were used for
descriptive analysis.

Surgical procedure and defect treatment

Six months after the extraction interven-
tion, bilateral class II furcation lesions
were surgically created at the buccal
aspect of maxillary third premolars. To
create the defects, a buccal mucoperiosteal
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Fig. 1. Clinical illustration of treatment procedure: (A) aspect of the Class II furcation defect
after the defect creation. (B) The collagen sponge scaffold, with (test) or without (control) the
cell suspension was applied filling the defect. (C) Flaps coronally positioned and sutured after
membrane positioning.

flap was raised to expose the alveolar
buccal bone. Osteotomy was performed
in the furcation area with high-speed
diamond burs with constant irrigation
and with #1 and 2 Ochsenbein chisels.
The furcations lesions were standardized
with a millimetre probe and measured
5.0mm in the apico-occlusal direction
and 2.0 mm in the bucco-lingual direction
(Fig. 1A), following a technique described
previously (Regazzini et al. 2004). On the
root surface, the base of the defect was
marked to establish a landmark for the
histomorphometric analysis. Defects were
randomly assigned to one of the following
treatments:

A. Control group: a collagen sponge
scaffold, without cells, was applied
into the defect associated with an
absorbable  membrane  (Resolut
XT®, Regenerative Material, Gore-
tex, Gore Associates, Flagstaff, AZ,
USA) that was adapted to the defect
The sponge was soaked with DMEM.

B. Test group: a cell-seeded collagen
scaffold was applied into the defect
associated with an absorbable mem-
brane (Resolut XT®, Regenerative
Material, Gore-tex, Gore Associa-
tes) that was adapted to the defect
(Fig. 1B).

Cells were seeded at 3 x 10° cells
and cultured in standard media for 24 h.
To avoid immunological reaction, scaf-
folds seeded with cells were maintained
in standard media without FBS during
12 h before transplantation (serum star-
vation).

In order to cover the membranes, the
flaps were coronally positioned and
sutured with interrupted sutures (Vicryl,
Ethicon Inc, Sdo José dos Campos, SP,
Brazil) (Fig. 10).

© 2011 John Wiley & Sons A/S

After surgical procedures, the ani-
mals were given an intra-muscular
injection of penicillin (1:50,000IU),
and the same dose was repeated after 4
days. The post-operative plaque control
was performed by daily topical applica-
tion of 0.2% chlorhexidine gluconate, as
well as by calculus removal and pro-
phylaxis once a month, during the whole
experimental phase.

Histomorphometric analysis

Three months after treatment, the ani-
mals were anaesthetized and the oral
tissues were fixed by perfusion with
10% buffered formalin administered
through the carotid arteries. The jaws
were removed, dissected and the blocks
containing the experimental specimens
were obtained. Specimens were decalci-
fied in a solution of equal parts of 50%
formic acid and 20% sodium citrate for
4 months. The decalcified specimens
were washed in running water, dehy-
drated and embedded in paraffin. Serial
mesio-distal sections (7 um thick) were
obtained and stained with haematoxylin
and eosin.

For histometric and descriptive histo-
logical analyses, the first and the last
section where the landmarks on the root
surface could be clearly identified were
used to determine the number of sections
necessary for each defect. The total num-
ber of sections was divided into three
parts and the middle third of the defect
was used to obtain sections for analysis.
A total of six sections per site, which
were selected in a way to show a constant
distance among them, were used to obtain
the mean for each parameter in each dog.
The measurements were performed with
an image analysis system (Image Pro Plus
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3.0, Media Cybernetics, Silver Spring,
MD, USA).

Linear measurements

The following linear measurements
(mm) were obtained in the mesial and
distal roots under the furcation:

1 Total defect length: total length of the
root surface between notches on the
mesial and distal roots;

2 Tissue-free defect length: portion of
the total defect length with the
absence of any new tissue formation;

3 New cementum: linear extension of
the root surface covered by new
cementum;

4 Periodontal regeneration: linear ex-
tension of the root surface covered
by new cementum adjacent to newly
formed bone, with functionally orien-
ted inserted collagen fibers;

5 Epithelium/connective tissue exten-
sion: extension of the root surface
covered by epithelium and connective
tissue.

Area measurements

A line connecting both notches defined
the apical limit of the defect and the
following parameters (mm?”) was ob-
tained by the point counting technique:

1 Total defect area: area limited by the
apical line and the root surface in the
furcation region;

2 Non-filled area: portion of the total
defect area not filled with any tissue;

3 Soft tissue area: portion of the total
defect area filled with epithelium and
connective tissue;

4 New bone area: portion of the total
defect area filled with new bone.

Statistical analysis

The data were averaged and the hypoth-
esis that there was no difference
between the groups regarding the eval-
uated parameters was tested by an inter-
group analysis (e.g., control versus test)
using the paired z-test (o = 0.05). For the
statistical analysis, the animal was used
as the statistical unit (n = 7).

Results
In vitro characterization of PDL cells

In this study, to demonstrate the ability
of PDL cells to promote mineral nodule
formation, osteogenic differentiation
was induced by the addition of culture
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Fig. 2. Panel illustrating data for in vitro phenotypic characterization of cells used: (A-B)
von Kossa assay: PDL cells cultured for 28 days in osteogenic conditions were able to
produce mineral nodule deposition (A) as visualized by von Kossa staining (black colour
indicates cell culture positive to von Kossa assay). PDL cells cultured in standard media were
not capable of producing mineral nodule deposition. (C) Gene expression analyses:
illustration of the photographic documentation of agarose gel 2% for genes Gapdh, BSP,
ALP and COL 1. (D-E) Scanning electron microscopy analysis: after 3 days in culture, cells
were attached and homogeneously dispersed on the carrier. PDL cells (D) seeded onto
scaffolds (arrows) (450— x 550) and control scaffold (carrier without cells) (x 500) (E). PDL
cells, periodontal ligament cells; ALP, alkaline phosphatase; BSP, bone sialoprotein; COL I,

type I collagen.

media containing ascorbic acid-2-phos-
phate, dexamethasone and pf-glycerol-
phosphate. After 28 days, with no
exception, PDL cells were able to pro-
duce mineral nodule deposition at vari-
able levels as visualized by von Kossa
staining (Fig. 2A and B). In addition,
genes known to be expressed in PDL
cells were qualitatively assessed by RT-
PCR in order to confirm that the cells
used in the current investigation were
PDL cells. Data analysis demonstrated

that, at variable levels, the cells obtained
consistently expressed BSP, ALP and
COL I (Fig. 2C). In order to exam cell
morphology, spreading and adhesion
to the scaffolds, an SEM analysis was
performed. In general, after 24 h in cul-
ture, cells were attached and homoge-
neously dispersed on the carrier
structure, presenting fibroblast-like mor-
phologic appearance, confirming that the
scaffold was suitable for the proposed ex
vivo experiments, as demonstrated by the

cell adhesion and spreading onto carrier
structure (Fig. 2D and E).

Clinical observations

Clinically, the healing response was
favourable for all treatments. No
suppuration or abscess formation was
observed during the 90 days and no
exposure of membranes was observed
in both groups during the healing period.
At sacrifice, soft tissues had totally
healed and exhibited no clinical signs
of inflammation.

Histological observations

No inflammation and foreign body reac-
tions were observed. Different stages of
bone re-growth and periodontal liga-
ment organization were observed in the
healed furcation sites. Woven bone was
the predominant type of bone formed,
and in the control group, large bone
marrow spaces were often present
(Fig. 3A and B). The periodontal liga-
ment was characterized by the presence
of collagen fibres obliquely oriented to
the root surface, extending between the
new cementum and the newly formed
bone. Down-growth of epithelium was
found, restricted to the fornix of the
furcation, in only four histological sec-
tions (different defects in the control
group). The newly formed cementum
was of a cellular, mixed intrinsic and
extrinsic collagen fibre type. The pre-
sence of functionally oriented collagen
fibres appeared to be closely related to
the presence or absence of newly
formed alveolar bone adjacent to the
new cementum. Dentoalveolar ankylo-
sis could be observed in one specimen
of each group, corresponding to the
same dog.

Histometrical analysis

Data analysis showed no significant
differences between the groups regard-
ing the initial defect area and extension.
In addition, it was observed that cell-
treated defects presented a superior
length of new cementum and a lower
formation of connective tissue/epithe-
lium along the root surface.

The extension of periodontal regen-
eration, e.g., new cementum surface ad-
jacent to new bone with inserting col-
lagen fibres, was greater for test group
(Table 1). The proportional distribution
of the different healing patterns along
the root surface is presented in Fig. 4.

© 2011 John Wiley & Sons A/S
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Fig. 3. Mesio-distal sections of the furcation defect. (A) Test group. The total defect area is filled in its majority with new bone (NB), which
developed in continuity with the preexistent bone, and the whole extension of the defect (extension of the root surface between the two
notches) is covered by the new cementum (— NC). Note the periodontal ligament (L) extending between the new cementum and the newly
formed bone (H&E staining; original magnification X 25). (B) Control group. In contrast to the scenario found in (A), connective tissue (CT)
can be observed at the coronal part of the defect. New cementum formation (NC) and periodontal ligament (L) are restricted to the apical
portion of the defect, with the connective tissue adaptation (CT) reaching its coronal part (H&E staining; original magnification x 25). (C)
Higher power magnification of area delineated in (B) showing that the coronal part of the defect is not covered by NC (H&E staining; original

magnification x 100).

Table 1. Extension (mean = SD, mm) of linear parameters

Control group (n=7) Test group (n=7) p value
Total defect length 8.39 + 0.65 8.84 £ 0.31 0.18
Total new cementum 6.00 £+ 1.50 8.08 £ 1.08 0.003*
Periodontal regeneration 3.94 +1.20 7.28 £ 1.00 0.001*
Epithelium/connective tissue extension 2.15 £ 1.92 0.60 £+ 0.99 0.048*
Ankylosis 0.25 £ 0.53 0.16 £ 0.45 0.21
*Statistically significant (p <0.05).
100.00
£0.00 W% Hon-blled
O % Soft Tissue
60.00 0% Cemanum
40,00 W % Regenesation
' B% Ankylosis
2000
0.00
Control Group TestGroup
Fig. 4. Histometric linear parameters expressed as a percentage of the root surface.
Table 2. Area (mean £ SD, mmz) of evaluated parameters
Control group (n=7) Test group (n=17) p value
Defect area 12.93 £ 1.46 13.27 £ 2.17 0.718
Non-filled area 0.03 £ 0.06 0.02 £ 0.06 0.861
Soft tissue area 5.90 + 1.67 4.22 £0.95 0.001*
New bone area 7.01 £ 0.61 9.02 £+ 2.30 0.026*

*Statistically significant (p <0.05).

The group in which the cells were
applied showed a higher percentage of
periodontal regeneration and lower

© 2011 John Wiley & Sons A/S

proportion of soft tissue adaptation
(p<0.05) (Fig. 4). By comparing the
two experimental groups with respect to

the area of the defect, data analysis
showed a larger area of new bone and
a smaller area of connective tissue/
epithelium for cell-treated defects
(Table 2/Fig. 5).

Discussion

The present study evaluated, histome-
trically, the healing of Class II furca-
tion defects treated by the application
of autologous periodontal ligament
cells (PDL cells) associated with
GTR. In general, the findings of the
present investigation demonstrated that
the cell-treated defects presented a
better final outcome, showing a greater
extension of periodontal regeneration
and a larger area of newly formed
bone.

These findings are in accordance with
previous studies, which demonstrated
the potential of in situ tissue engineering
using PDL cells for the periodontal
regeneration (Nakahara et al. 2004, Aki-
zuki et al. 2005, Murano et al. 2006,
Gault et al. 2010). Nakahara et al.
(2004), evaluating the effect of PDL
cells seeded on periodontal fenestration
defects, demonstrated that these cells
induced cementum regeneration on the
root surface. Similarly, Akizuki et al.
(2005) using the PDL cells in dehis-
cence defects revealed that the forma-
tion of new cementum was significantly
higher in the experimental group.
Recently, Iwata et al. (2009) observed
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Fig. 5. Histometric area parameters expressed as a percentage of the defect filing. The
proportion (%) of soft tissue (epithelium and connective tissue), new bone and non-filled area

in the initial defect area.

complete periodontal regeneration with
newly formed bone and cementum con-
necting with collagen fibres in all intra-
bony defects treated with cell sheets
derived from PDL tissue.

The histometric results of the present
study are in agreement with previous
reports (Nakahara et al. 2004, Akizuki
et al. 2005, Iwata et al. 2009) showing a
superior length of new cementum in the
cell-treated group. It has been suggested
that, the direct contact of progenitor
cells from the periodontal ligament
with the root dentin surface may induce
its differentiation into cementoblasts in
vivo (Aukhil et al. 1986). In the group
where the cells were applied the
new cementum covered 91.40%
(8.08 £ 1.08 mm) of the total defect
length, and in the control group this
value  corresponded to  71.45%
(6.00 £ 1.50mm) (p =0.003). In the
present study, in order to reduce the
risk of seeded cells leaking away from
the defect, the cell treatment was asso-
ciated with GTR. Therefore, both
groups were treated with GTR mem-
branes, which may explain the amount
of cementum formation in the control
group. The groups differed only by the
application of the cells. Once new
cementum covers the denuded root sur-
face, epithelial/connective tissue cells
may not be able to migrate on the sur-
face. In the control group a higher
formation of connective tissue/epithe-
lium was observed along the root sur-
face (2.15 + 1.92mm) when compared
with the test group (0.60 % 0.99 mm),
p = 0.048. Moreover, studies have sug-
gested that components of newly formed
cementum matrix provide informational
signals for development and insertion of
collagen fibres in new bone and cemen-
tum (Grzesik & Narayanan 2002). The
data of the present study showed that

new cementum surface adjacent to new
bone with inserting collagen fibres
(periodontal regeneration) was greater
for the test group (7.28 £ 1.00mm)
when compared with the control group
(3.94 £ 1.20mm), p = 0.001.

In contrast with previous studies
(Nakahara et al. 2004, Akizuki et al.
2005), in the present investigation, a
positive effect of transplanted cells in
the amount of new bone formed was
observed in the surgically created
defects. Sites that received the scaffold
with PDL cells showed a superior area
of new bone (9.02 &+ 2.30mm) when
compared with the control group
(7.01 £ 0.61mm) (p=0.026). How-
ever, it should be noted that the type
of defect used by Nakahara et al. (2004)
and Akizuki et al. (2005) was different
from the type of defect used in the
present investigation. Fenestration and
dehiscence defects, used in previous
studies, have thin buccal alveolar plate
and promote minimal space between the
flap and the root surface contributing for
the lack of effect in the bone regeneration.
On the other hand, similar positive bone
response was reported by Murano et al.
(2006) that applied PDL cells in class III
furcation in dogs and observed an accel-
erated bone formation (84.8%) when
compared with the control group (12.2%).

Considering that statistically signifi-
cant differences were observed in
the histometric parameters between the
groups in the present study (i.e., the test
group showed a greater extension of
periodontal regeneration and a larger
area of newly formed bone than the
control group), and that the inclusion
of the cells was the only difference
between the groups, it may be assumed
that the cells may have favoured perio-
dontal tissue formation. Hiraga et al.
(2009) examined the bone-like matrix

formation in vivo when PDL cells, iso-
lated from green fluorescent protein-
transgenic rats, were implanted into
wild-type rats. The authors suggested
that PDL cells have the ability to form
periodontal tissues in vivo and could be
a useful source for periodontal regen-
erative therapies.

In order to demonstrate that the cells
used in the current study could be con-
sidered PDL cells, a series of assays
were performed to evaluate known bio-
logical properties of these cells. As
expected, PDL cells presented in vitro
cementoblast/osteoblasts properties, which
were characterized by the expression of
COL I, ALP and BSP and by the ability
of these cells to produce mineral nodule
(Somerman et al. 1990, Arceo et al.
1991, Nohutcu et al. 1996, Iwata et al.
2010, Ribeiro et al. 2010). Within the
context of the development of perio-
dontal regeneration, COL I expression
is associated with the formation of
extracellular matrix and with the forma-
tion of periodontal fibers; ALP may be
involved in the preparation of extracel-
lular matrix for the ordered deposition
of mineral, whereas the BSP expression
is associated with matrix mineralization
(Lian & Stein 1992).

With regard to the cell-seeding tech-
nique, a stable carrier scaffold is crucial
for cell attachment. Experiments with-
out a carrier scaffold could not be
considered valid, because the applied
cells would be washed away rapidly
(Van Dijk et al. 1991, Lang et al.
1998, Dogan et al. 2002). The collagen
sponge scaffold used in this study is a
biodegradable material that is approved
for clinical settings. An SEM analysis
was performed confirming that the scaf-
fold was suitable for the proposed ex
vivo experiments, as demonstrated by
the cell adhesion and spreading into
carrier structure. Furthermore, the col-
lagen sponge did not cause any signifi-
cant harmful side effects such as
remarkable inflammation during the
healing period in any of the dogs.

It should be recognized that the type
of defect used in the present study
provides favourable anatomical charac-
teristics for clot stabilization and protec-
tion. In addition, both groups were
treated with GTR, that may justify the
observation that more than a half of the
defect area was occupied by new bone,
even in the control group. Future studies
are required to evaluate the use of PDL
cells to treat more challenging defects,
like class III furcation defects.

© 2011 John Wiley & Sons A/S



Within the limits of this animal study,
it was concluded that PDL cells in
association with GTR may be a viable
approach to promote periodontal tissue
regeneration (new cementum surface
adjacent to new bone with inserting
collagen fibres) in class II furcation
defects. In light of these findings, the
ready availability of periodontal liga-
ment tissue from extracted teeth, such
as third molars, may provide a supply of
PDL cells that could be cultured in
scaffolds and then transplanted into
periodontal defects, when necessary.
However, before clinical use, future
studies are required to clarify the
mechanism of action of transplanted
PDL cells in the process of periodontal
regeneration, to establish the ideal con-
centrations of cells in the scaffold and to
evaluate the long-term outcome and
safety of the procedure.
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Clinical Relevance

Scientific rationale for the study:
Some histological studies have
demonstrated positive results after
the use of autologous cells in tissue
engineering. This study was designed
to evaluate, histologically, the heal-
ing of surgically created class II

furcation lesions in beagle dogs trea-
ted with autologous PDL cells asso-
ciated with GTR.

Principal findings: Results showed
that PDL cells were able to promote
periodontal regeneration in class II
furcation defects created in dogs.

Practical implications: PDL cells
may improve periodontal regenera-
tion; however, more studies are
necessary to investigate the advan-
tages and limitations of this therapy
in the treatment of different types of
periodontal defects.
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