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Infected periodontal
granulation tissue contains
cells expressing embryonic
stem cell markers

A pilot study

Key words: granulation tissue, periodontitis, stem cell, embryonic

Summary The commonly practiced removal
of granulation tissue during periodontal sur-
gery, aiming to eliminate infection and optimize
healing conditions, may also remove progeni-
tor stem cells that could otherwise support
periodontal regeneration. The present study
aimed to investigate if cells with embryonic
stem cell properties are present in periodontal
granulation tissue. During the course of flap
surgery inflammatory granulation tissue was
obtained from four patients and five periodon-
tal defects. Tissues were processed in a col-
lagenase/dispase solution to release the cells.
Part of the resulting suspension was processed
for bacteriological analysis (IAl PadoTest 4.5),
whereas the remaining cell suspension was
cultured and passaged once. Upon reaching
confluence, total RNA was extracted, followed
by cDNA synthesis. PCR was then performed
(SYBR Green-based protocols) to measure gene

expression levels of Collagen type |, and em-
bryonic stem cell markers Nanog, Oct4, Rex-1
and Sox2. Results are expressed as 272 values
of the target gene, calibrated against a house-
keeping gene (GAPDH). A high total bacterial
load up to 20.6+£11.0 X10° counts/mg of
tissue was found. Collagen type | was strongly
expressed, confirming the predominance of
mesenchymal/fibroblastic cells. Among the
studied embryonic stem cells markers, Nanog
was most highly expressed (2.3 1.2), followed
by Oct4 (1.1£0.5), Rex-1 (0.6+0.2) and Sox2
(0.3%0.2). This is the first study that demon-
strates the presence of cells expressing em-
bryonic stem cell markers among infected
granulation tissue. This knowledge needs to
be considered when devising future strategies
to improve periodontal wound healing and
regeneration.
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Introduction

Removal of pocket granulation tissue during periodontal flap
surgery procedures was developed with the aim to improve the
conditions for wound healing and new attachment formation.
Nevertheless, later studies indicated that removal of this tissue
in conjunction with flap surgery is not critical for establishing
conductive conditions for the efficient healing of the peri-
odontal tissues (LINDHE & NYMAN 1985). Hence, the implica-
tions of the removal of this granulation tissue on the repair
and/or regeneration process of the periodontium have been
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interpreted in different ways over time. The concept that pro-
genitor stem cells may reside in the periodontal tissues that
give rise to virtually all periodontal tissues was first proposed
in the '80s (MELCHER 1985). Studies of the last decade have
indeed identified stem cells in the periodontal ligament tissue,
with the multi-potent capacity to generate osteoblast-like and
cementoblast-like cells in vitro, as well as cementum-like and
periodontal ligament-like tissues when transplanted in vivo in
mice (SEO ET AL. 2004, GRONTHOS ET AL. 2006).

The fact that granulation tissues formed after tooth extrac-
tion can differentiate into bone, filling up the empty socket,



indicates that some precursor cells are present (STEINER ET AL.
2008, TROMBELLI ET AL. 2008). However, the presence of multi-
potent progenitor stem cells has not been demonstrated in the
case of infected granulation tissues from chronic periodontitis
lesions. It is hypothesized that the commonly practiced re-
moval of granulation tissue during periodontal surgery may
also result in removal of vital cells with characteristics of multi-
potent stem cells, which could support tissue healing. Better
characterization of the nature of the removed granulation tissue
may improve our understanding of the conditions that favour
regeneration, rather than repair, of the periodontal tissues.
Therefore the aim of the present study was to establish primary
cell cultures from periodontal granulation tissues removed dur-
ing the course of routine periodontal surgery, and to investi-
gate the presence and expression levels of characteristic em-
bryonic stem cell markers within these cultures.

Materials and Methods

Patient demographics and diagnosis

Ethics approval for this study was obtained from the Ethics
Commission of the Canton of Zirich (KEK-ZH-NR: 2010-
0016/0). All patients were treated in the Periodontology post-
graduate clinic of the Center of Dental Medicine and have
given their informed consent to participate in the study ac-
cording to the recommendations of the declaration of Helsinki.
Periodontal disease was classified as described by the Interna-
tional Workshop for a Classification of Periodontal Diseases
and Conditions in 1999 (ARMITAGE 1999). Patients with either
severe chronic (CP) or severe aggressive periodontitis (AgP) were
included. All patients were non-smokers. They had already re-
ceived a non-surgical periodontal therapy, consisting of sub-
gingival scaling and root planing under local anesthesia.
Reevaluation after non-surgical therapy took place after at least
eight weeks of healing time. Only the first patient had also
received antibiotics during this treatment phase (amoxicillin
500 mg and metronidazole 500 mg 3 times per day for 10 days).
Since patients were in need of further treatment, i. e. periodon-
tal surgery in residual pockets of at least 6 mm probing depth
that were positive for bleeding on probing, these residual
pockets underwent routine periodontal surgery, in the course
of which granulation tissue was obtained.

Tissue collection and processing

The removed tissues were first weighted on a precision scale.
Thereafter they were processed for 2 h in 1 ml of digestion solu-
tion consisting of 3 mg/ml collagenase and 4 mg/ml dispase

Tab.l

Periodontal granulation tissue stem cell

(Sigma-Aldrich, St. Louis, U.S. A.) in continuous rocking move-
ment on a heating block set at 37 °C. One hundret ul of the
resulting suspension was used for bacteriological analysis (IAI
PadoTest 4.5, Zuchwil, Switzerland), whereas the remaining
cell suspension was seeded on 75 mm? culture flasks, and cul-
tured further in 5% CO; at 37 °C in DMEM/F-12 media, which
was supplemented with 2 mM L-glutamine, 1% penicillin/
streptomycin, 0.05 pg/ml fungizone (all from Sigma-Aldrich)
and 10% foetal bovine serum (PANSERA ES, PAN Biotech,
Aidenbach, Germany). The established cell cultures were pas-
saged once, using Stem Proacutase Cell Dissociation Reagent
(Invitrogen, Paisley, U.K.) during the StemPro Acutase detach-
ment procedure. Upon reaching confluence, the cell cultures
were processed for gene expression analysis.

RNA extraction and cDNA synthesis

Total RNA was extracted from the cells with the RNeasy Mini Kit
(QIAGEN, Hombrechtikon, Switzerland), according to the manu-
facturer’s instructions. One pg of extracted total RNA was then
reverse transcribed into single stranded cDNA synthesis using
M-MLV Reverse Transcriptase, Oligo(dT)15 Primers, and PCR Nu-
cleotide Mix according to the manufacturet’s instructions (Pro-
mega, Madison, U.S.A.), at 40 °C for 60 min, and 70 °C for 15 min.

Quantitative real-time Polymerase Chain Reaction (qPCR)
For gene expression analysis in the established cell cultures,
qPCR was performed using SYBR-Green-based protocols in an
ABI Prism 7000 Sequence Detection System and software (Ap-
plied Biosystems, Carlsbad, U.S.A.). The studied genes were
collagen type I, and the embryonic stem cell markers Nanog,
Oct4, Rex-1 and Sox2. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as internal control (housekeeping
gene). For the amplification reactions, the qPCR SYBR Master
Mix was used (Applied Biosystems, Carlsbad, U.S.A), in com-
bination with oligonucleotide primers, specifically designed for
the indicated genes. The oligonucleotide primer sequences are
provided in Table I. The standard PCR conditions were 10 min
at 95 °C, followed by 40 cycles at 95 °C for 15 seconds, 60 °C
for 1 min, and 72 °C for 30 seconds. The expression levels of
these five target genes in each sample were calculated by the
comparative Ct method (24 formula), after being normalized
to the Ct value of the GAPDH housekeeping gene.

Microbiological analysis

Part of the digested tissue suspension was immediately sent at
the Institut fiir angewandte Immunologie (IAI) AG, Zuchwil,
Switzerland for microbiological analysis using a commercially

Accession Number
(NM_000088)

Gene
Collagen type la1

NANOG (NM_024865)
0CT4 (NM_002701)
SOX2 (NM_003106)
REX-1 (NM_020695)
GAPDH (NM002046)

Oligonucleotide primer sequences (forward and reverse primer)

Sequence

Forward: AAGATGGACTCAACGGTCTC
Reverse: CAGGAAGCTGAAGTCGAAAC
Forward: CCTTCCAATGTGGAGCAACC
Reverse: CTCGCTGATTAGGCTCCAAC
Forward: GTTGATCCTCGGACCTGGCT
Reverse: ATCGGAGTTGCTCTCCACCC
Forward: AGATGCACAACTCGGAGATC
Reverse: GTCATGGAGTTGTACTGCAG
Forward: ATGGCGTCCAAGACTACCAC
Reverse: TGAGCGAGAAGCTGGTCTTG
Forward: CAGCCTCCCGCTTCGCTCTC
Reverse: CCAGGCGCCCAATACGACCA
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available microbiological test (IAI Pado Test 4.5). This RNA-
based molecular method enables the quantification of bacterial
ribosomal 16s rRNA, providing a reliable numeric estimate for
total or specific viable bacterial cells in the samples.

Results

Patient and periodontal site defect characteristics are provided
in Table II. The five tissue samples were obtained from infrabony
defects of four patients. In one patient, an additional sample
from a furcation defect was also collected. Upon surgical re-
moval, each of the five samples was weighted. On average, tissue
weight was 53+39.3 mg. After dispersion of the tissue, part of
the suspension was forwarded for microbiological analysis by
the IAI Pado Test 4.5 (Tab. II). A high total bacterial load was
evident, which was on average 26.4+11.3X10° counts/mg of
tissue. The presence of specific putative periodontal pathogens
was also investigated. Aggregatibacter actinomycetemcomitans was
detected in 0/5 granulation tissues, Porphyromonas gingivalis in
2/5, Tannerella forsythia in 1/5 and Treponema denticola in 2/5.
The cell cultures established from these granulation tissues were
analyzed by qPCR for the expression of various genes. Among
them, collagen type I was expressed at high levels by the cells,
at a relative expression of 144.1+46.7. The expression of four
consensus embryonic stem cell markers, namely Nanog, Oct4,
Rex-1 and Sox2, was further analyzed (Fig. 1). It was found
that these markers were indeed expressed by the cells in cul-
ture, but at levels 2-log lower than Collagen type I. Among
these four studied genes, Nanog was the most highly expressed
(2.3+1.2), followed by Oct4 (1.1£0.5), Rex-1 (0.6+0.2) and
Sox2 (0.3£0.2).

Discussion

Earlier studies have identified the presence of cells with char-
acteristics of putative mesenchymal stem cells in regenerating
periodontal tissues. Such cells were localized particularly in the
paravascular and extravascular regions of non-infected healing
granulation tissue, based on the detection of the markers
STRO-1, CD44 and CD146 (LIN ET AL. 2008). In a recent study,
stem cells with osteogenic, cementogenic and adipogenic ca-
pacities were also isolated from inflamed human periodontal
ligament tissue, demonstrating that the periodontal ligament
tissue can retain its regenerative potential even under inflam-
matory conditions (PARK ET AL. 2011).

The present study was designed to investigate the expression
of embryonic stem cell markers in cell cultures established
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Fig.1 Cene expression of embryogenic stem cell markers in cells cultures

established from infected gingival granulation tissues. The relative expression
of the genes is expressed as the 2-2% formula. The bars represent the mean
relative expression + standard deviation of the five cell cultures obtained by
the respective granulation tissues.

from gingival granulation tissues removed during the course
of periodontal flap surgery. The high total bacterial load de-
tected confirms the presence of infection in these tissues. This
observation is not surprising as it could be expected that
granulation tissue next to a periodontal defect would not be
sterile, and that non-surgical therapy may not completely
eliminate all bacteria in the adjacent inflamed tissues. It is
possible that these bacteria have either colonized the pocket
epithelium or invaded deeper into the periodontal (potentially
granulation) tissue. However, it is important to note, that the
selected periodontal pathogens were only detected occasion-
ally. On the other hand, the high gene expression of Collagen
type I in the established cell cultures confirms that the cell
populations contained within the granulation tissue are of
mesenchymal or fibroblastic origin. Earlier studies have indeed
confirmed the presence of diverse fibroblastic populations
within the gingival granulation tissues, which exhibit lower
proliferation rates compared to gingival fibroblasts from healthy
tissues (LARJAVA ET AL. 1989, HAKKINEN & LARJAVA 1992). Recent
evidence suggests that granulation tissue obtained from in-
trabony defects during surgery contains mesenchymal stem
cell populations that express the STRO-1 marker (HUNG ET AL.
2011). The present study is the first to confirm the existence
of cells with embryonic stem cell properties in periodontal

Tab.ll Patient, site and tissue characteristics

Patient and site characteristics

Tissue characteristics

Age (yrs) Gender Diagnosis  Pocket depth Defect Tissue TBL/weight*
(mm) morphology weight (mg)
Sample 1 41 f cP 8 Infrabony 25 30.6
Sample 2 18 f AgP 7 Infrabony 28 435
Sample 3 42 f (@ 6 Infrabony 42 18.7
Sample 4 36 m AgP 8 Furcation 47 24.3
Sample 5 36 m AgP 14 Infrabony 121 14.9
Average 34.6 N/A N/A 8.6 N/A 52.6 26.4
SD 9.7 N/A N/A 3.1 N/A 39.3 11.3

Abbreviations: yrs = years; f = female; m = male; CP = chronic periodontitis; AgP = aggressive periodontitis; TBL = total bacterial load; * TBLX 10° counts/mg of tissue.
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granulation tissue. To this extent, the cell cultures established
from these granulation tissues expressed a panel of embryonic
stem cell markers, including Oct4 (BOIANI ET AL. 2004), Rex-1
(BEN-SHUSHAN ET AL. 1998), Nanog (ZHANG ET AL. 2009, BAIS ET
AL. 2012), and Sox2 (AVILION ET AL. 2003), which are crucial for
the pluripotent capacities of stem cells. All four markers were
indeed expressed in the cell cultures obtained from all five
granulation tissues. This provides evidence that periodontal
granulation tissue contains cells with embryonic stem cell
properties. Among these markers, Nanog demonstrated the
highest expression, followed by 2-fold lower levels of Oct4,
Rex-1 and Sox2, sequentially. It is not clear at this stage how
these markers can contribute to the cell dynamics of the gin-
gival tissue, or what is the importance of the relative expres-
sion levels of each one of them. Nevertheless, the present
findings imply that surgical removal of granulation tissue in-
evitably results in removal of pluripotent stem cells that might
potentially contribute to the healing of the tissue, once the
infection is controlled. This knowledge needs to be considered
further in treatment approaches that aim in optimal periodon-
tal wound healing.
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Résumé

La parodontite est une maladie inflammatoire des gencives,
qui a pour conséquences la fonte des tissus mous et osseux. Les
défauts osseux résultant sont remplis de tissu de granulation,
qui est éliminé au cours de la chirurgie parodontale. Cette
pratique a pour but de créer des conditions sans signes d’in-
flammation des défauts osseux et d’encourager la guérison des
tissus atteints. Mais la chirurgie parodontale présente aussi un
risque en éliminant des cellules souches et progénitrices qui
pourraient éventuellement encourager la régénération paro-
dontale.

Le but de cette étude était d’analyser le tissu de granulation
parodontale sur la présence de cellules a potentiel régénérateur,
c’est-a-dire d’examiner les propriétés des cellules souches em-
bryonnaires. Dans un méme temps, la colonisation bactérienne
du tissu de granulation parodontale a été analysée. L'étude a été
approuvée par la Commission d’éthique du canton de Zurich
(ZH-CEC n°: 2010-0016/0). Tous les patients ont été informés
du but et de la procédure de I’étude a la fois verbalement et par
écrit. Ils ont donné leur consentement a la participation de
1’étude par écrit.

Dans cette étude pilote, les tissus inflammatoires de cinq sites
de quatre patients atteints de parodontite ont été extraits et
examinés. Il s’agissait de tissus de poches résiduelles d’au moins
6 mm de profondeur, qui répondaient positivement au «saigne-
ment au sondage». Ces derniéres ont été soumises a la phase
corrective de la chirurgie parodontale aprés achevement de la
phase hygiénique. Le tissu de granulation, qui normalement est
€liminé, a été pesé et ensuite traité dans une solution de colla-
génase/dispase pour séparer les cellules. Une partie de cette so-
lution a ensuite été examinée en utilisant un test de bactéries
disponible dans le commerce (IAI PadoTest 4.5, Zuchwil, Suisse),
sur la charge bactérienne totale (TBL). La suspension de cellules
restante a été incubée et cultivée a 37 °C et 5% de CO- dans
un milieu contenant 2 mM DMEM/F-12 L-glutamine, 1% de

Periodontal granulation tissue stem cell

pénicilline/streptomycine, 0,05 microgrammes/ml Fungizone
(tous les produits de Sigma-Aldrich, Saint- Louis, Etats-Unis) et
10% de sérum de veau foetal (ES Pansera, PAN Biotech, Aiden-
bach, I’Allemagne a été apres). Apres avoir atteint une confluence,
les cellules ont été «panachées» une fois. Une nouvelle crois-
sance confluente a été de nouveau attendue, suite a laquelle
I’ARN total a été isolée en utilisant le kit RNeasy Mini (Qiagen,
Hombrechtikon, Suisse), puis lavée et soumise a la synthese
d’ADNCc. Une réaction en temps réel en chaine par polymérase
(PCR) a été effectuée en utilisant le protocole basé «SYBR Green»,
afin d’obtenir 'expression du géne de collagene de type I et les
cellules souches embryonnaires avec les marqueurs Nanog,
Oct4, Rex-1 et Sox2. Les résultats sont exprimés en valeurs
2-2Ct du gene cible, apres 1’étalonnage par rapport au «géne de
ménage» GAPDH.

Une charge bactérienne (TBL) allant jusqu’a 20,6 +11,0X106
bactéries par mg de tissu a été trouvée. Les résultats de la PCR
ont montré que le collagene de type I était fortement exprimé.
Ainsi la prédominance de cellules mésenchymateuses/fibroblas-
tique dans le tissu de granulation a été confirmée. Parmi les tests
de marqueurs de cellules souches embryonnaires utilisés, Nanog
a été exprimé le plus fortement (2,3 +1,2) parmi tous les patients,
suivi par Oct4 (1,1+0,5), Rex-1 (0,6+0,2) et Sox2 (0,3+0,2).

Cette étude est la premiere du genre, prouvant l'existence de
cellules dans les tissus de granulation parodontaux ayant des
propriétés de cellules souches embryonnaires. Cette constata-
tion doit étre gardée a l’esprit en vue de futures méthodes et
développements pour améliorer la cicatrisation ou méme pour
favoriser une régénération parodontale.

Zusammenfassung

Parodontitis ist eine entziindliche Erkrankung des Zahnhalte-
apparates, die mit Weichgewebeverlust und Knochenabbau
einhergeht. Die dabei entstehenden Knochendefekte sind mit
Granulationsgewebe gefiillt, welches im Zuge von parodontal-
chirurgischen Eingriffen entfernt wird. Diese allgemein aner-
kannte Praktik bezweckt das Schaffen entziindungsfreier Ver-
haltnisse und heilungsfordernder Defektmorphologien. Sie birgt
allerdings auch das Risiko der Entfernung von Progenitor-
Stammzellen, welche bei Belassen des Gewebes im Defekt even-
tuell der Regeneration forderlich sein kdnnten.

Ziel dieser Studie war es, parodontales Granulationsgewebe
auf die Anwesenheit von Zellen mit Regenerationspotenzial, d. h.
mit Eigenschaften von embryonalen Stammzellen, zu untersu-
chen. Des Weiteren sollte die bakterielle Besiedlung von paro-
dontalem Granulationsgewebe analysiert werden. Die Studie
wurde von der Ethikkommission des Kantons Ziirich (KEK-ZH-
NR: 2010-0016/0) genehmigt. Alle Patienten wurden tiber das
Ziel und die Durchfiihrung der Studie sowohl miindlich wie
auch schriftlich aufgeklart und haben ihr schriftliches Einver-
stindnis zur Studienteilnahme gegeben.

Das Entziindungsgewebe von fiinf Defekten von vier Paro-
dontitispatienten, welche in der Assistentenklinik des Zentrums
fiir Zahnmedizin der Universitdt Ziirich behandelt wurden,
wurde entfernt und untersucht. Es handelte sich hierbei um
Gewebe aus Resttaschen von mindestens 6 mm Tiefe, welche
positiv auf «Blutung auf Sondierung» reagierten. Diese wurden
nach erfolgreich abgeschlossener Hygienephase im Rahmen
der korrektiven Parodontitistherapie einer routinemaéssigen
Lappenoperation unterzogen. Das Granulationsgewebe, wel-
ches im Normalfall verworfen wird, wurde gewogen und da-
nach in einer Kollagenase/Dispase-Losung verarbeitet, um die
Zellen aus ihrem Verbund zu 16sen. Ein Teil dieser Losung
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wurde daraufthin mit einem kommerziell erhdltlichen Bakterien-
test (IAI PadoTest 4.5, Zuchwil, Schweiz) auf den Total Bacterial
Load (TBL) untersucht. Die restliche Zellsuspension wurde bei
37 °Cund 5% CO; in einem DMEM/F-12 Medium, welches mit
2 mM L-Glutamin, 1% Penicillin/Streptomycin, 0.05 pg/ml
Fungizone (alle Produkte von Sigma-Aldrich, St. Louis, U.S. A.)
und 10% fetalem bovinem Serum (PANSERA ES, PAN Biotech,
Aidenbach, Deutschland) versetzt wurde, kultiviert. Nach Er-
reichen der Konfluenz wurden die Zellen einmal «gesplitted».
Es wurde wieder ein konfluierendes Wachstum abgewartet,
im Anschluss daran wurde die Total RNA mit dem RNeasy Mini
Kit (Quiagen, Hombrechtikon, Schweiz) extrahiert und einer
cDNA-Synthese unterzogen. Eine real-time polymerase chain
reaction (PCR) wurde mithilfe von SYBR-Green-basierten Pro-
tokollen durchgefiihrt, um die Gen Expression von Kollagen
Typ I und den embryogenen Stammzell-Markern Nanog, Oct4,
Rex-1 and Sox2 zu erhalten. Die Ergebnisse wurden als 2-4¢

Research and Science Articles published in this section have been reviewed by three members of the Editorial Review Board

Werte des Zielgens, nach Kalibration gegen das «<housekeeping
Gen» GAPDH, dargestellt.

Bei der bakteriellen Analyse wurde ein hoher Total Bacterial
Load (TBL) von durchschnittlich 26.4+11.3X10° Bakterien pro
mg Gewebe festgestellt. Die Ergebnisse der PCR zeigten, dass
Kollagen Typ I stark exprimiert wurde, wodurch die Prddomi-
nanz von mesenchymalen/fibroblastischen Zellen im Granu-
lationsgewebe bestdtigt wurde. Unter den untersuchten emb-
ryonalen Stammzellmarkern wurde Nanog bei allen Patienten
am hochsten exprimiert (2.3+1.2), gefolgt von Oct4 (1.1+0.5),
Rex-1 (0.6+£0.2) und Sox2 (0.3+0.2).

Diese Studie ist die erste ihrer Art, die Zellen mit Eigenschaf-
ten embryonaler Stammzellen im parodontalen Granulations-
gewebe nachweist. Diese Erkenntnis sollte bei der Entwicklung
zukiinftiger Strategien zur Verbesserung der parodontalen Hei-
lung und Regeneration im Auge behalten werden.

16 Schweiz Monatsschr Zahnmed Vol. 123

References

ARMITAGE G C: Development of a classification
system for periodontal diseases and conditions.
Ann Periodontol 4: 1-6 (1999)

AviLion A A, Nicouis S K, PEvny L H, PERez L, Vivian N,
LoveLL-BADGE R: Multipotent cell lineages in
early mouse development depend on SOX2
function. Genes Dev 17: 126-140 (2003)

BAis MV, SHABIN Z M, YOUNG M, EINHORN T A,
KottoN D N, GERSTNEFELD L C: Role of Nanog in
the maintenance of marrow stromal stem cells
during post natal bone regeneration. Biochem
Biophys Res Commun 417: 211-216 (2012)

BEN-SHUSHAN E, THOMPSON J R, GUDAS L J, BERGMAN Y:
Rex-1, a gene encoding a transcription factor
expressed in the early embryo, is regulated via
Oct-3/4 and Oct-6 binding to an octamer site
and a novel protein, Rox-1, binding to an ad-
jacent site. Mol Cell Biol 18: 1866-1878 (1998)

BoiANI M, KEHLER J, SCHOLER H R: Activity of the
germline-specific Oct4-GFP transgene in nor-
mal and clone mouse embryos. Methods Mol
Biol 254: 1-34 (2004)

GRONTHOS S, AKINTOYE S O, WANG C Y, SHI S: Bone
marrow stromal stem cells for tissue engineer-
ing. Periodontol 2000 41: 188-195 (2006)

1/2013

HAKKINEN L, LARJIAVA H: Characterization of fibro-
blast clones from periodontal granulation tis-
sue in vitro. J Dent Res 71: 1901-1907 (1992)

HUNGTY, LN H C, CHAN Y J, YuAN K: Isolating stro-
mal stem cells from periodontal granulation
tissues. Clin Oral Investig (2011)

LARJAVA H, HEINO J, KAHARI V M, KRusIUS T, VUORIO E:
Characterization of one phenotype of human
periodontal granulation-tissue fibroblasts.

J Dent Res 68: 20-25 (1989)

LiN N H, MeNICANIN D, MRozik K, GRONTHOS S,
BARrTOLD P M: Putative stem cells in regenerat-
ing human periodontium. J Periodontal Res
43: 514-523 (2008)

LINDHE J, NYMAN S: Scaling and granulation tissue
removal in periodontal therapy. J Clin Peri-
odontol 12: 374-388 (1985)

MELCHER A H: Cells of periodontium: their role
in the healing of wounds. Ann R Coll Surg
Engl 67: 130-131 (1985)

PARK J C, Kim J M, JunG | H, Kim J C, CHoI S H, CHO
K'S, Kim C S: Isolation and characterization of
human periodontal ligament (PDL) stem cells
(PDLSCs) from the inflamed PDL tissue: in vi-
tro and in vivo evaluations. J Clin Periodontol
38:721-731 (2011)

SEo B M, MIUuRA M, GRONTHOS S, BARTOLD P M,
BatouLl S, BRAHIM J, YOUNG M, ROBEY P G, WANG
CY, SHI S: Investigation of multipotent postna-
tal stem cells from human periodontal liga-
ment. Lancet 364: 149-155 (2004)

STEINER G G, FRANCIS W, BURRELL R, KALLET M P,
STEINER D M, MAclas R: The healing socket and
socket regeneration. Compend Contin Educ
Dent 29: 114-116, 118, 120-124 passim (2008)

TROMBELLI L, FARINA R, MARZOLA A, Bozzi L,
LILIENBERG B, LINDHE J: Modeling and remodel-
ing of human extraction sockets. J Clin Peri-
odontol 35: 630-639 (2008)

ZHANG X, NEGANOVA |, PRzYBORSKI S, YANG C, COOKE M,
ATKINSON S P, ANYFANTIS G, FENYK S, KEITH W N,
HoOARE S F, HUGHES O, STRACHAN T, SToJKOVIC M,
HINDS P W, ARMSTRONG L, LAKO M: A role for
NANOG in G1 to S transition in human em-
bryonic stem cells through direct binding of
CDK6 and CDC25A. ] Cell Biol 184: 67-82
(2009)



