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MEPIAHWH: O odovtikdg mohpdg eival évag 10tog pe-
OEYXUNATIKAG TIPOEAEUONG KAl ETTEPIEXE! PAAOTIKG KUT-
Tapa MpoeEXOpevVa amnd TNy Kpaviaky Joipa tng veupl-
KrG akpoAogiac. Ta BAaoTikd autd KUTtapd TTou KaAoUv-
Tal ‘PWAEEC, aveupiokovtal o€ EIBIKEG AVATOIKEG DETEIC
Tou 0doVTIKoU TTOAPOU, PE EVIATION KUPIWG OTIG TIEpIay-
YEIOKEG TIEPIOXEG. Ta odovtikd oAk BAactikd kUtta-
pa (dental pulp stem cells, DPSCs) eival khwvoyevr, ta-
x€wG ToMarAaoialdpeva kittapa kar dvavrar va dia-
poporoinBouv mpog Sidgopoug KuTtapikoug turouc. H
kUpia Aertoupyia toug elval n mapaywyr| tetaptota-
youg/emavopBwtikrg odovtivng Petd and Tpaupationd
NG PUANG Tou Sovtiod. EmmAéov, ta DPSCs duvavtal va
SiapoporoinBouv in vitro og KUttapa mou Poldlouy e
ooteoPAdoTeG Kal TIapdyouy e§wkuttdpla BepéNia ouoia
Kal TIPWTOYEVH) OOTITN 10TY, VW TIAPAYOUV WPIHO ETTAPKWG
ayyeloUpevo ootd, dtav eUpUTEUOVIAl in Vivo G avooo-
KateotaApévouq emipues. Ta euprjpata and v in vivo
epappoyr) twv DPSCs og meipapatikd HOVIEAd OOTIKWY
eMelppdtwy eival oapws evBappuvtikd kai tovidouv Ty
avdykn TEPAEPW HEAETNG yia Tnv afloAdynon Kkar avd-
TUEN MPWToKOMWY BePaTeuTikiG EQapPOYAG TWV KUT-
TdpwV QUTWV otV Tpoaywyr TG OOTIKAG avayéwnong.

AEZEIX KAEIAIA: odovtikdg mohpdc, PAaotikd kittapa,
00TIKG EMEIYPA, OOTIKY avayéwwnon.

SUMMARY: Dental pulp, a soft tissue of mesenchymal
origin, contains stem cells derived from cranial neural
crest cells. Dental pulp stem cells (DPSCs) reside into
special anatomic locations of dental pulp, the so called
“niches”. Stem cell niches are located predominately, but
not exclusively, in the perivascular regions of the pulpal
cavity. DPSCs exhibit clonogenic and high proliferative
activity and are capable of differentiating into several cell
types. The main function of these cells is the production
of tertiary/reparative dentine following trauma or caries
of dental crown. Previous studies have shown that
DPSCs can differentiate into osteoblast-like cells that se-
crete abundant extracellular matrix and can build a
woven bone in vitro. Moreover, DPSCs are capable of
forming a complete and well-vascularised lamellar bone
after grafting ectopically into immunocompromised rats.
The in vivo transplantation of DPSCs into critical-sized
bone defects in animal models has been shown to pro-
mote and/or accelerate bone regeneration. These results
are clearly encouraging and stress the need of further re-
search for the potential clinical use of DPSCs in bone tis-
sue engineering.

KEY WORDS: dental pulp, stem cells, bone defect, bone
regeneration.
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EIZAIQrH

Ta BAaotikd kittapa €€ opicpoU €xouv TNV IKavaTnta
NG auto-avavéwong Kai duvavtal va diagopotoinbolv
TIPOG TTOMEG SIaQOPETIKES KUTTAPIKEG kateuBuvaels. la
TO OKOTIO AUTO, Td PAACTOKUTIAPA UTIOKEIVTAl O AOU-
HETPN KUTTapIkr) Siaipecn TTou ouvendyetal Ty mapayw-
yn evég Buyatpikol kuttdpou, To oroio iapapével adia-
poporonto (moAudlvapo) kar evég BuyatpikoU kuttd-
pou, Tou duvatal va diapoporioinBel TPoG SIAQOPETIKES
kateuBuvoeig (Morrison kai ouv. 1997, Parker kai ouv.
2004). Me Bdon to duvapikd diagoporoinong Toug, Ta
BAaotokittapa tagivopouvtal oe ohoduvapa, moAudU-
VApa Kal PePIKOG moAudlvapa kittapa. OAoduvapa
BAaotikd kittapa eival exeiva Tou étav epeuteuBolv
otn Prtea evog (wvtavol opyaviopoU propouv va én-
pioupyricouv évav oAdkAnpo opyaviopd. Q¢ ohodlvapa
Bewpoulvtar pévo ta kittapa twv MPWIwy SIdIPEoEwY
Tou Quyatn. Ta mohudlvapa kittapa prmopoulv va Ta-
pdyouv oTToI0dMTOTE KUTTAPO TOU 0pYaviopoU, aAAG Oev
pmopolv va dwoouv yévean otoug e§w-epPpuIkolg
10ToUG, OTTWG €ival 0 MAaKoUVTag. 2Tnv Katnyopia autr
avrjkouv ta epPpuikd BAactokittapa (embryonic stem
cells, ES cells) mou AapBdvovtal and v éow KuTtapikr
pdla Tou pWIpoU epPpuou, kaBwe Kal Ta owpatiKd KUT-
Tapa pe emaydpevn moiuduvapia (induced pluripotent
stem cells, iPS cells). Ta PAaotokittapa twv evAAKwY
iotwv (adult stem cells, AS cells) and v dMn, eivar pe-
PIKOG TToAUSUVapa kabwe TIApEXOUV HIKPATEPO EUPOG
Slapoporoinuévwy KuTtapikdv eavotinwy (Leeb kai
ouv. 2010).

Ta epPpuikd Practokittapa diabétouy moAuduvapia ai-
A kar uPnAé duvapikd dnpioupyiag tepatwpdtwy. O
KAIVIKEG TOUG £QAPHOYEG OpWG efval OTTIAVIEC KaI AU@INE-
YOHEVEG €MEIdN N XPron Toug eyeipel vouikd kar ndika
(ntjuata. Ta iPS kittapa eivar évag véog timog emayod-
pevwy BAactikwy kuttdpwy. H pébodog tng emaywynq
Toug TepIAapBdvel Tov emava-TmpoyPApPPaTIoNd CwHaT-
KOV KUTtdpwv o€ TToAudUvapa KUTtapa JEoW TG EKpPa-
onG Twv Petaypagikav mapaydviwy Oct-4, Sox2, c-Myc
kar KIf4 (Takahashi kar ouv. 2006). Ta iPS kittapa ma-
poucidlouv opoIdTNTES Pe Ta epPpuikd PAaagtokyttapa
1é00 OTNV pop@oAoyia kal tnv IkavdTtnta moAManiacia-
opoy kar diagoporioinong, 6oo Kal ot yovISIakr €k-
@paon (Amabile kai Meissner, 2010). H peydAn mpd-
0do¢ otV €peuva yia Ta BAactokitiapa and avanpo-
YPAUHATIONS TWV CWHATIKOV KUTTAPWY, avapévetdl va
odnyroel oto PEMOV Kal 0& KAIVIKEG TOUG EQAPHOYEG.
Ta PAactokittapa twv evnAikwv 10Twv aveupiokoval
OTOUG TIEPICOBTEPOUG OIaQOPOTIOINKEVOUG 10TOUG Kl
dpyava Tou opyaviopou Kal EXOUV CUYKEVIPWOE! TO V-
Slaépov TG EMOTNPOVIKAG KOIVOTNTAg AOyw NG IKa-
vATNTAG ToUG va Tiapéxouv diagoporoinuéva kittapd,
TIépav tou Iotol TPoEAeUsHG TOUG, HETA amd KatdMnAa
epebiopara in vitro (Leeb kai ouv. 2010). Or avayewnu-
KEG 1010TNTES TV eVANKWV PAACTOKUTIAPWY, OTTWG £ival
Kal Ta PAQOTIKG KUTIAPa PEOEYXUPATIKAG TTPOEAEUONG

Kartapou A. kar ouv./Kaparou A. et al.

INTRODUCTION

Stem cells by definition have the ability to self-renew as
well as to differentiate into various cell types. They have
been shown to undergo asymmetric cell division resulting
in one daughter cell that remains undifferentiated
(pluripotent) and another daughter one which under-
goes further divisions to give rise to differentiated cells
(Morrison et al. 1997, Parker et al. 2004). According to
their differentiation potential, stem cells can be classified
as totipotent, pluripotent and multipotent. The first ones
are those that can be implanted in the uterus of a living
animal and generate a complete organism. Only the cells
deriving from early zygote’s divisions are considered
totipotent. Pluripotent stem cells are those that can give
rise to every cell of a developing organism except its
extra-embryonic tissues, such as the placenta. Embryonic
stem cells (ES cells) derived from the inner cell mass of
an early embryo, as well as the induced pluripotent stem
cells (iPS cells) are considered pluripotent. Finally, adult
tissue stem cells (AS cells) owning a less extended dif-
ferentiation potential are characterized as multipotent
(Leeb et al. 2010).

Embryonic stem cells are pluripotent, but at the same
time they have a high neoplastic potential; therefore,
their clinical use is rare and raises legal and ethical issues.
iPS cells are a new, inducible type of stem cells. The
method for iPS cell creation comprises the reprogram-
ming of somatic cells into pluripotent through the in-
duced expression of the transcription factors Oct-4,
Sox2, c-Myc and Kif4 (Takahashi and Yamanaka, 2006).
iPS cells show similar morphology, proliferation, differen-
tiation capacity and gene expression with embryonic
stem cells (Amabile and Meissner, 2009). The break-
through progress achieved by reprogramming of somatic
cells into stem cells is expected to be translated into clin-
ical applications in the near future.

Adult stem cells reside in most differentiated tissues and
organs of the organism. They have attracted the research
interest due to their capacity to differentiate into several
cell types upon in vitro stimulation (Leeb et al. 2010).
Mesenchymal stem cells (MSCs) in particular are in-
tensely studied as to their potential clinical applications
(Huang et al. 2009); under specific culture conditions,
they can differentiate into osteoblast-like cells and gen-
erate three-dimensional bone constructs when co-cul-
tured with compatible scaffolds (Seong et al. 2010). The
transplantation of MSCs-scaffold biocomplexes at bone
defect sites has been shown to promote bone repair
through new bone formation, by the transplanted MSCs
(Schroeder and Mosheiff, 201 1), or/and through the
MSCs—induced stimulation of the recipient tissue's stem
cells towards this direction (Schindeler et al. 2008).
Bone marrow-derived mesenchymal stem cells (BMM-
SCs) are the ones eminently authorized and successfully
used for restoration of bone defects (Seong et al. 2010),
constituting the ‘gold standard’ for the characterization
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(mesenchymal stem cells, MSCs), evBappivouv tnv
épeuva pe otdxo T Bepameutikr Xpron Twv KUTtdpwy
autwv otnv KAk mpdén (Huang kar ouv. 2009). Ynié
e18IKEC ouvOrikeg kaMiépyeiag, ta MSCs Suvavtal va dia-
@oporoinBouv in vitro Tipog ooteoBAactikr kateuBuvar,
EVW N OUV-KAMIEPYEId TOUG pe KATAMNAC IKpIOPATa £TTI-
TPEMel T dnpioupyia TPIodIdoTATwY BIOAOYIKWY OOTIKWY
kataokeuwv (Seong kai ouv. 2010). H tomobétnon tou
BrooupmAéypatog MSCs-IkpIdpatog oe 0oTIKEG BAABES
otoxelel OTnV o0TIKY amokatdotaon, efte Péow g on-
pioupyiag véou ootou amd ta ooteo-dIapopoTioiNuéva
BAaotikd kittapa (Schroeder kai Mosheiff, 201 1), r/ka
péow NG S1éyepong Twv PAACTOKUTIAPWY TOU 10TOU
urtodoxrig (Schindeler kar ouv. 2008).

Ta peoeyxupatikd PAactokyttapa Tou HuehoU Twv
ootwv (bone marrow-derived mesenchymal stem cells,
BMMSCs) eivar ta kateEoxriv evietaApéva yia tnv ooTikn
emdi6pBuwon kai éxouv xpnoiporoindel Telpauatikd pe
€MITUXia yia v anokatdotacn ootikwv BAaav (Seong
kai ouv. 2010). Adyw Tou ektevoUg XapaktnPIoHOoU TOUg,
aroteholv ) otabepd alykpiong yia Toug TAnBucpoug
HECEYXUNATIKWY KUTTAPWY TTou avakahurovtal og dA-
Aoug 1otoug (Huang kai ouv. 2009). Ta mpwta peogyxu-
patikd Bractokittapa odovTIKAC TIPOENEUONG aTopo-
voOnkav amd tov moAed povipwy Tpftwv yopeiny kai
ovopdotnkav odovtikd ToAQIKA PAactikd kittapa (den-
tal pulp stem cells, DPSCs) (Gronthos kai ouv. 2000). H
KUpla Asrtoupyia Twv KUTtdpwy autwv eival n mapaywyr
Tetaptotayouc/emavopBwtikig odoviivng petd amd
Tpaupatiopd NG HUANG tou dovtioly (About kar ouv.
2001, Batouli kar ouv. 2003). EvtoUtorg, ta DPSCs &u-
vavtal va diagoporoinfolv og KUTtapa mou Polddouv
pe ooteoPAdoteg (Laino kar ouv. 2005, 2006a) kai ma-
pdyouv eEwkuttdpia BepéNa ouoia kal Mowtoyevr ooTi-
N 1016 in vitro (Laino kar ouv. 2006B). EmmAgoy, ta DP-
SCs duvavtal va mapdyouv WPIHO EMAPKWNG ayYEIOUPEVO
00T6, dtav EPUPUTEUOVTA in Vivo O QVOOOKATECTAAE-
voug ermipueg (D'Aquino kar ouv. 2007, Graziano kai ouv.
2008). O odovtikdg MoApdG @aivetral va amoteAel pia
elkoAa mpooPdoipn Tnyr PAactikv kuttdpwy TTou dU-
vavtal va diagoportoinfolv mpog ooteoBAdoteg kar du-
vdpel va xpnolporoinBouv Bepareutikd yia Ty Tpoayw-
Y TNG OCTIKAG avayéwnong.

O okomdg NG mapouoag avackannong efvar n cuykév-
TPWON TWV EUPNPATWY TNG €PEUVAG yia Ta PAactokytta-
pa tou odovtikoU TToAQoU kai n avdadeign mbavav Oe-
PATTEUTIKWY TOUG EQAPHOYWY OTnV amokatdotaon Twv
OOTIKWV EMEIPPATOV.

EMBPYOAOTIKH MNMPOEAEYZH KAl
ENTOIMIZH TON BAAXTOKYTTAPQON
TOY OAONTIKOY NMOADOY

O obovtikdg oARdG eivar €vag 10TdG PHESEYXUPATIKAG
TIPOENEUONC KAl EPTTEPIEXE! PAAOTIKG KUTTAPA TTPOEPXO-
Heva amd v Kpaviakr| pHoipa tng VEUPIKAG akpoAogiac.
H veupikr} akpologia eivar évag mAnBuopds epPpuIKOv
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of mesenchymal stem cell populations from other tissues
(Huang et al. 2009). The first mesenchymal stem cells of
dental origin were isolated from the dental pulp of per-
manent third molars and termed dental pulp stem cells
(DPSCs) (Gronthos et al. 2000); their main function is
the production of tertiary/reparative dentine following
trauma or caries of dental crown (About et al. 2001, Ba-
touli et al. 2003). Additionally, DPSCs can differentiate
into osteoblast-like cells (Laino et al. 2005, 2006a) that
secrete abundant extracellular matrix and can build a
woven bone in vitro (Laino et al. 2006b). Moreover,
DPSCs are capable of forming a complete and well-vas-
cularised lamellar bone after grafting into immunocom-
promised rats (D’Aquino et al. 2007, Graziano et al.
2008). Dental pulp appears thus to be an easily accessible
source of stem cells that can differentiate into osteoblasts
and potentially be used therapeutically for promoting
bone regeneration.

The aim of the present review is to summarize research
findings on dental pulp stem cells focusing on their po-
tential therapeutic applications in bone defects.

EMBRYOLOGICAL ORIGIN AND
LOCATION OF DENTAL PULP STEM
CELLS

Dental pulp is a soft tissue of mesenchymal origin that
contains stem cells derived from cranial neural crest cells.
Neural crest is an embryonic cell population localized in
between the neural tube and the epidermis in the ver-
tebrate embryo. Neural crest cells spread over the em-
bryo and migrate to various tissues where they differen-
tiate into several cell types (Achilleos and Trainor, 2012).
The neural crest cells can be classified into four distinct
populations: cranial, cardiac, vagal and trunk. Cranial neu-
ral crest cells play an important role for craniofacial de-
velopment. Specifically, they generate most of the con-
nective tissue of the head and contribute to the forma-
tion of the dental mesenchyme, dental papilla, odonto-
blasts, dentine matrix, pulp, cementum, periodontal liga-
ments, Meckel's chondrocytes, mandible and branchial
arch nerve ganglia (Chai et al. 2000).

Dental pulp consists of loose connective tissue, fibrob-
lasts, odontoblasts, collagen, extracellular glycosamino-
glycans, nerves and blood vessels and is divided into four
layers. The external layer separates the dental pulp form
the dentine and contains odontoblasts and Hohl's pre-
odontoblasts (Goldberg and Smith, 2004). The second
layer, called ‘cell free zone', is poor in cells and rich in
collagen, whereas the third layer or ‘cell rich zone' in-
cludes also the stem cells (Ibuki et al. 2002). The inner-
most layer or core of the pulp comprises the vascular
plexus and nerves. Stem cells of the human dental pulp
have been isolated from permanent teeth (Gronthos et
al. 2000), as well as from exfoliated deciduous teeth
(Miura et al. 2003).
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KuTtdpwv Tou evtomiCetal peta&l Tou veupikol CwArva
Kal TG emoepidag oto EuPpuo Twv OTTOVOUAWTWY. Ta
KUTTapa tng VeupikAG akpohopiag eEamavovtarl katd
KOG Tou epPpuou Kal petavaotelouv oe SIAQOPOUG
10ToUG O1Tou Kal SiagopoTolouvtal O [id pHeydAn TToIKI-
Na kuttapikov tinwv (Achilleos kar Trainor, 2012). H
veupikr] akpohogia diaipeftal oe 1éooepIC Hoipeg: TV
Koaviakr, Ty kapdiakr, TV TIVEUPOVOYAoTPIKY Kal TV
Kkevrpikr. H kpaviakr| poipa diadpapatiCer onpavtkd pd-
Ao otnv avdrmtu€n Tou KpavioTipoowTKoU CUUTAEYHA-
TOG. 2UYKeEKPIPEVQ, Ta KUTIApd NG HOipag autrg oup-
BdMouv oto oxnuatiopd tou ouvdetikoy 10ToU TNG Ke-
@aNG, Tou 0doVTIKOU PECEYXUNATOG, TG 0O0VTIKAG On-
Mg, twv odovuvoPhactwy, g Bepéhiag ouoiag g
odovtivng, Tou ToAPoU, TNG OOTEIVNG, TWV TTEPIOOOVTIKWV
OUVOETHWY, TV XovdpoKuTIdpwy Tou Meckel, Tng kdtw
yvabou kai Twv VEUPIKGOV yayyAiwv Tou Ppayxiakoy to-
€ou (Chai kar ouv. 2000).

lotohoyikd, o 0dovTikdg TToAPAG amoteAeital amd xaa-
pd ouvdeTikS 10T, IvoPAdaoteg, odovtivoPAdaTeg, KOA-
Aayévo, eEwkuttdpieg yAukolapivoyhukdveg, velpa, ai-
po@dpa ayyeia kai diaipeital oe téooepig otPddes. H
eEwtepikr] ouBada Ppioketal oe emaer| pe v odovtivn
kal amoteAeftar and odoviivoBAdaoteg, ald@ kar Tpo-
odovtivopAdoteg g otifddag tou Hohl (Goldberg kai
Smith, 2004). H &eltepn oufdda | akdtrapn (wvn, eivai
@Twxr og kiTtapa kai mhouoia o KoMaydveg iveg, v
N Toftn ouPdda rj kuttapoBpPIBAg {wvn, epmepiéxel PAa-
otkd kuttapa (Ibuki kar ouv. 2002). MNpdyuat, BAacto-
KUTtapa éxouv amopovwBel amd tov 0dovtikd TMoAPd
povigwv dovuwv (Gronthos kar ouv. 2000), ald kai
anormmoviwy veoyihwv dovuiwv (Miura kai ouv. 2003).
To eowtepo Tupa r muprvag Tou moApou arnaptiCetal
and ta aipoedpa ayyeia kar to veupikd TAEyua.

Ta BAaotikd kittapa aveupiokovtal o€ EIBIKEG QVATOUIKEG
Béoeig Tou odovikoU TTOAPOU, TToU KAAOUVTAl KPWAEES.
To pikporepIBdMov NG pwAedg pubpiCer T ouppEeToxn
Twv BAactokuttdpwyv oty emdidpBwon kai avayéwnon
Twv Iotwv. EIdIkd orjpata mpogpxdpeva amnd CUyKeKPIUE-
VEG TIEPIOXEG TNG PWAEAG EMTEEMOUY TN diaTrpnon TG
Setapevig Twv BAaotokuttdpwy Kar kabopilouv TG ai-
Aavég otov apiBpd Toug Kai TNV KUTIAEIKr Toug poipa
(Watt kai Hogan, 2000). Mia peydAn moikiia Siahutav
mapaydviwy, omnwg eivar o au€nuikol mapdyovteg Wnt,
Notch, Hedgehog kai FGFs, pubuiCouv tn Aertoupyia, tov
roManiaciaopd kar ) diagoporoinon twv PAIoToKUT-
Tdpwv evtdg NG vwAedg (Mitsiadis kai ouv. 2007). 2tov
0d0ovTiKS TIOAPS, O BAICTOKUTIAPIKEG PWAEEG eVTOTTICOV-
Tal KUPIwG, aMd Oxi amokAeIoTIKG, OTIG TIEPIQYYEIAKES TTe-
plox€c (Tecles kai ouv. 2005, Levschall kar ouv. 2005).

TAYTOINOIHZH KAI XAPAKTHPIXMOZ
TQON BAAZTOKYTTAPQN TOY
OAONTIKOY NMOA®QOY

Ta Braotikd kittapa tou odovtikoU TToAQoU HoViHwy
dovuiv (DPSCs) amoteholy, dmwg avapépbnke, ta

Kartapou A. kar ouv./Kaparou A. et al.

Stem cells reside in the niches, specific anatomic locations
of dental pulp. The microenviroment of the niche regu-
lates how stem cell populations participate in tissue re-
pair and regeneration; specific signals derived from pre-
cise areas of the niche guide stem cells to maintain their
vitality or to change their number and fate (Watt and
Hogan, 2000). A large variety of soluble signals, such as
the growth factors Wnt, Notch, Hedgehog and FGFs,
regulates stem cell function, proliferation and differenti-
ation in the niche (Mitsiadis et al. 2007). Stem cell niches
are predominately, but not exclusively, located in the
perivascular areas of the dental pulp (Tecles et al. 2005;
Levschall et al. 2005).

IDENTIFICATION AND
CHARACTERIZATION OF DENTAL
PULP STEM CELLS

Dental pulp stem cells (DPSCs) of permanent teeth are
the first identified stem cells of dental origin. These cells,
isolated from impacted third molars, exhibit clonogenic
and high proliferative activity that is maintained even after
several passages (Gronthos et al. 2000). Notably, the in
vitro proliferation rate of DPSCs is significantly higher than
that of BMMSC:s, probably because third molars appear
later in development compared to bone marrow. How-
ever, similarly to the BMMSCs, colonies with different
growth rates have been identified within the same cul-
ture (Gronthos et al. 2002).

DPSCs are positive for the mesenchymal stem cell sur-
face markers CD44, CD73, CD90, CD105, CD 146, Oct-
4 and STRO-I, but show weak or no expression of
CD14, CD24, CD34, CD45 and HLA-DR surface anti-
gens (Lindroos et al. 2008; Huang et al. 2009). Since
DPSCs comprise a heterogenous cell population, there
is no specific marker for them and their identification is
based on the simultaneous detection by flow cytometry
of a handful of mesenchymal stem cell markers (Kawa-
shima, 2012). Laino and coworkers isolated a subpopu-
lation of DPSCs, the ‘stromal bone producing dental pulp
stem cells' (SBP-DPSCs) that strongly express the mark-
ers c-kit, CD34 and STRO-1 (Laino et al. 2005, 20064,
Papaccio et al. 2006). STRO-1 is believed to mark dental
pulp cells that exhibit both odontogenic and multilineage
differentiation potential (Yang et al. 2007a,b), whereas,
c-kit and CD34 co-expression is indicative of cells with
neural crest origin (Garcia-Pacheco et al. 2001, Laino et
al. 2005, 2006a). The SBP-DPSCs subpopulation repre-
sents the 10% of dental pulp cells and can differentiate
into smooth muscle cells, adipocytes, neurons and os-
teoblasts.

Upon cryopreservation the DPSCs retain their multipo-
tency and their capacity to proliferate and produce min-
eralized matrix, in a manner similar to freshly harvested
cells (Laino et al. 2005, 20063, Papaccio et al. 2006). The
potential cryopreservation of DPSCs for more than two
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TpWTa BAactokitiapa odovIIKrG MPOEAEUONG TTOU TAU-
ToroiBnkav. O kuttapikdg MANBUCAG, TTOU aTTopoV®-
VETAl amd Tov TIOAQPIKS 10TS eyKAEIOTWY TPITWV You®iwy,
xapaktnpiCetar and taxytato moAamiaciaopd kari v
IKavATNTA OXNPATIOPOU KAWVOYEVWV ATTOIKIWY. 2UYKEKOI-
péva, o pubudg moMamnhaciacpol twv DPSCs in vitro ei-
val onPavtikd uPnASTEPOG autol Twv aviioToXwV KUT-
Tdpwv Tou Puehol twv ootwv (BMMSCs), mBavwg Adyw
Tou TpwIpdTEPOoU otadiou avdruéng Tou Tpitou youoi-
OU 0€ OX£€0N HE TO PUEAS TwV 0oTwv evnAikwy. O un-
AS¢ autdg pubudc moManiaciaopou diatnpeital akdua
Kal getd amd moMEG avakaigpyeieg (Gronthos kar ouv.
2000). H diakipavon wotdoo TG KUTIapIKAG TTUKVOTN-
1ag otg anolikieg Twv DPSCs umodnAwvel ét, dnwg oup-
Baiver kar ota BMMSCs, kdBe kuttapikdg KAOVOG evoE-
XETAI Va Tapoucidlel diapopetikd pubud moMariaoia-
opou (Gronthos kar ouv. 2002).

Ta DPSCs ekppdCouv toug em@aveiakols Selkteq Twv
BAaotokuTIdpwy peceyxupatikig mpoéheuong CD44,
CD73, CD90, CDI105, CD146, Oct-4 kai STRO-1, eve
dev ekppdlouv 1| ekppdlouv acBevig Ttoug Sefkteg
CD14, CD24, CD34, CD45 kai HLA-DR (Lindroos kai
ouv. 2008, Huang kai ouv. 2009). Aeikting xapaktnpiot-
KOG yia ta DPSCs Sev undpxel, kabwg amoterolv éva
HIKTS €TEPOYEVH KUTTAPIKO TTANBUC S Kal N tautonoinon
ToUG PaociCetal oTov eviomoPd evdg oUVOAOU SEIKTWV
HECEYXUPATIKWOV BAACTOKUTIAPWY HE TNV TEXVIKH TNG KUT-
tapopetpiag porg (Kawashima, 2012). Or Laino kai ou-
VEQYATEG amopdvwoav évav emieypévo umomAnBuopd
twv DPSCs, ta SBP-DPSCs (stromal bone producing
dental pulp stem cells) mou ekppdlouv 10xupd toug Sei-
kteg c-kit, CD34 kar STRO-1 (Laino kai ouv. 2005,
20064, Papaccio kai ouv. 2006). O &eiktng STRO-1 dia-
xwpiCel Ta KUTtapa tou odovtikol TToAPoU Tou, eKTOG
amné odovuvoBAdoteg, Suvavral va diagoporoinbouv kai
TIPOG dMoug kuttapikoUg timoug (Yang kar ouv. 20074,
2007p). EmmAéov, n tautdxpovn €kppaon Twv OeIKTOV
c-kit kar CD34 efvar evdeikuikr twv KUTtdpwy Pe Tpo-
éheuon amd v veupikr) akporopia (, Garcia-Pacheco
kai ouv. 2001, Laino kar ouv. 2005, 2006a). Ta SBP-DP-
SCs avumpoowretouv 1o 10% tou cuvoAikoU apiBuou
TWV KUTIdpwv Tou 0dovtikoU TToApoU kal eivar IKavd va
SiapopotoinBouv mpog Aefa puikd kittapd, Amokutta-
pd, VEUPWVEG KAl OOTEOPBAAOTEG.

Metd and kpuoouvtrjpnon, ta DPSCs avaktouv tnv mo-
Auduvapia toug kai to duvapikd TMoMamnAdoiacpoy Kai
TIapaywyrg evaoPectiwpévwy evamobéoewy, oe Pabud
avdloyo pe ta @péoka kuttapa (Laino kar ouv. 2005,
2006a, Papaccio kai ouv. 2006). H duvatdtnta Yuéng kai
emavaxpnoigoroinong twv DPSCs petd amd pakpd
XPOVIKG dIdotna, peyahitepo Twv SUo ETWV, EMTPEME
™ Snpioupyia piag Tpdmedag odovtikwy BAactokuttd-
pwv yia peMovtikég xprioeig (Papaccio kar ouv. 2006,
Tirino kai ouv. 2012). EmmpdoBeta, ta DPSCs, avdhoya
JE Ta Peoeyxupatikd BAacTokUTIapa AMwV 10TV EPQa-
viCouv avoooppUBUIOTIKEG / avOOOKATAGTAATIKEG 1810-
tteg (Pierdomenico kai ouv. 2005, Tirino kai ouv. 2012).
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years and their subsequent recovery allows for the es-
tablishment of a stem-cell bank for future applications
(Papaccio et al. 2006, Tirino et al. 2012). Additionally,
DPSCs, similarly to mesenchymal stem cells from other
sources, exhibit immunomodulatory / immunosuppres-
sive properties (Pierdomenico et al. 2005, Tirino et al.
2012).

ROLE OF DENTAL PULP STEM CELLS
IN DENTIN REGENERATION

The main role of differentiating DPSCs in culture is the
formation of mineralized tissues (Shi and Gronthos,
2003; Luisi et al. 2007; Wei et al. 2007), similar to dentin
(Kitagawa et al. 2007). This observation is consistent with
the physiological role of these cells, which is the produc-
tion of tertiary dentin after crown injury (Abou et al.
2001, Batouli et al. 2003). Within healthy teeth, DPSCs
maintain a quiescent state in the stem cell niches. In case
of dental caries or trauma, the activated, by the secretion
of growth factors, DPSCs proliferate rapidly and differ-
entiate into odontoblasts that produce tertiary dentin
(Sloan and Waddington, 2009). During odontogenesis,
DPSCs are additionally involved in the development of
several hard tissues, other than dentin, including cemen-
tum and alveolar bone (Bosshardt, 2005). A role in root
absorption of deciduous teeth has also been hypothe-
sized for DPSCs (Yildirim et al. 2008).

Although they share a similar immunophenotype in vitro,
DPSCs produce more densely calcified nodules, com-
pared to BMMSC:s. After being loaded on HA/TCP scaf-
folds and subcutaneously transplanted in animals, DPSCs
underwent odontoblastic differentiation and produced
dentine and pulp-like structures. In contrast, BMMSCs
were differentiated into osteoblasts and produced lamel-
lar bone surrounded by fibrous vascular tissue and
lipocytes (Gronthos et al. 2000). The odontoblastic po-
tential of DPSCs is enhanced when these cells are placed
onto dentin surfaces in vivo (Batouli et al. 2003) or ex-
posed to appropriate agents (Tonomura et al. 2007).
The ectopic in vivo transplantation of DPSCs into an
emptied human root canal space (5-6mm deep with only
one opening end) resulted in the de novo synthesis of
vascularized pulp/dentin-like tissues. Interestingly, the
produced layer of dentin-like tissue along the existing
dentinal walls of the root canal was continuous and of
uniform thickness. However, this newly formed tissue dif-
fered in morphology from natural dentin resembling ter-
tiary dentin (Huang et al. 2010). Additionally, DPSCs can
produce pulp-like tissue with well-developed nervous
and vascular plexus after their in vivo placement in the
root canal of pulpotomized teeth (Nakashima et al.
2009). The presented in vivo experimental findings sug-
gest that DPSCs may potentially contribute to the whole
tooth regeneration (Duailibi et al. 2008).

Notably, under appropriate stimulation in vitro DPSCs
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POAOX TQON BAAXTOKYTTAPQN
TOY OAONTIKOY NMOA®OY ZTHN
ANATENNHZH THXZ OAONTINHX

H kUpia Aertoupyia twv diapopomololpevwv DPSCs o
KaMEpyeia @aivetal va eivar n mapaywyr] evaoBeotiw-
pévav 1otwv (Shi kai Gronthos, 2003, Luisi kai ouv. 2007,
Wei kai ouv. 2007), dpoiwv pe odovtivn (Kitagawa kai
ouv. 2007). H mapatipnon autr| Ppioketal oe oupewvia
HE TO QualoloyIkd POAO TwV KUTIdpwV autwy, TTou eival
N Mapaywyr| Tetaptotayous odovtivng petd and tpau-
patiopd NG PUANG tou dovtiou (About kai ouv. 2001,
Batouli kai ouv. 2003). € éva vyiég dévt, ta DPSCs ma-
papévouv avevepyd evidg Twv PAACTOKUTIAPIKOV KOw-
Aev». 2 € Tepfmwon tepndovikiG TTPOoBoAAG 1| Tpau-
patog, ta DPSCs evepyormoioUvtal and tnv €kkpion au-
ENTkwv mMapaydviwy, moManiacidloval taxutata Kai
Siapoporolotvtal oe 06ovVIVOPAACTES TIoU TIapdyouv
tetaptotayr) odovtivn (Sloan kar Waddington, 2009).
Katd tn odovtoyéveon, ta DPSCs ouppetéxouv otnv
avdrmuén g odovtivng kar GMwV oKANPE®V I0TWY, OTIWG
NG 0oTeivng Kal Tou patviakoy ootol (Bosshardt, 2005).
Ta kittapa autd gaivetrar emong Gt CUPHPETEXOUY OTN
pUBpIoN NG amopPdPnong Twv PICWY TWV VEOYIAOY
dovuav (Yildinm kar ouv. 2008).

AV kal xapaktnpeifovtal and mapdpoIo avooopaivoturio
in vitro, ta DPSCs mapdyouv mukvdtepeg evamobeoeiq
aopeotiou ot olykpion pe ta BMMSCs. H umoddpia ep-
outeuon twv DPSCs pe kpiwpa HA/TCP oe meipapa-
1élwa mpoaydyel TNV odovtoPAactiky diapopoToinan
TWV KUTTAPWV autwv Kar odnyel 0To oxnuatiopd douwmv
Spolwv pe odovtivn kai moAgd. >e avtiBeor), ta BMMSCs
Slapoporololvtal oe 00teoPAdoTeG Kal oxXnuatiCouv
Sokidwdeg 0atd mou TepIBdMetar amd vwdn ayyeiakd
106 kar Aimokuttapa (Gronthos kai ouv. 2000). H odov-
TopAaotikr lapoporoinon twv DPSCs evioxietal petd
and v TomoBETnon Toug in vivo og m@dvela odovtivng
(Batouli kar ouv. 2003) 1} tv €kBeon Toug 0€ KATAMn-
Aoug mapdyovteg (Tonomura kai ouv. 2007). H éktorm
in vivo egouteuon twv DPSCs evtdg kevou pigikol ow-
Myva prjkoug 5-6mm pe éva pdvo avoixtd dkpo cuve-
ndyetal v de novo oUvBeon ayyelOUPEVWY I0TWV TTOU
poidouv pe odovtivn kai ToA@d. To Tapaydpevo otpw-
pa g odovtivng eival ouvexég Katd PAKog Twv 0dovT-
VIKOV TOXWUATWY Tou pIgikou owAfva, av kai SIapépel
pop@oloyikd amd tn puoioloyikr odovtivn (poidder Te-
ploodtepo pe tetaptotayr] odovtivn) (Huang kar ouv.
2010). Ta DPSCs mapdyouv in vivo ToAQIKS 10Td pe ava-
TITUYHEVO VEUPIKO Kal ayyelakd TAEypa petd Tnv toTo-
Bétnor| toug otov MoAYIKS BdAapo TToA@oToUNpévVWY
dovuiv (Nakashima kai ouv. 2009). Ta in vivo meipapa-
TIKG Sedopéva Tou avapépBnkav Seixvouv Gt n avayév-
vnon oAdkAnpou dovtiou eivar duvnikd epiktr (Duailibi
kai ouv. 2008) kai otnv katevBuvon autr prmopoulv va
oupBdMouv kai ta DPSCs.

2nueiovetal &t ta DPSCs, extdg and odoviivoPAdoreg,
Suvavtar va diagoporoinBoulv mpog ooteoPAdoTeG, Ni-

Kartapou A. kar ouv./Kaparou A. et al.

can also differentiate into osteoblasts, lipocytes, chon-
drocytes, neuronal and muscle cells (Gronthos et al.
2000, 2002, Kadar et al. 2009, Huang et al. 2010, Rizk
and Rabie, 2013).

OSTEOBLASTIC DIFFERENTIATION OF
DENTAL PULP STEM CELLS

The differentiation of DPSCs towards the osteoblastic lin-
eage can be induced in vitro by adding dexamethazone, (3
glycerophosphate and ascorbic acid in the culture medium
(Kadar et al. 2009, Seong et al. 2010, Yu et al. 2010). Al-
ternatively, the osteoblastic differentiation of DPSCs can
be stimulated by increasing the content of fetal bovine
serum (FBS) in the culture medium to 20% (Laino et al.
2005, D’Aquino et al. 2007). Under the trigger of the os-
teoinductive factors, the spindle-shaped and fibroblast-like
DPSCs gradually change morphology towards cuboidal, os-
teoblast-like cells. At the same time, positive Alizarin stain-
ing reveals the production of sporadic calcified nodules
throughout the adherent layer of DPSCs (Kadar et al.
2009) (Fig. 1). Although DPSCs share a similar im-
munophenotype with BMMSCs, they produce in vitro more
densely calcified nodules. In the first place, DPSCs aggregate
and form sparsely scattered hemispheric ossification centers
that later on grow up to build rounded 3D calcified struc-
tures (Laino et al. 2005, 2006a). The strong expression of
CDA44, osteocalcin and Runx-2 (Laino et al. 2006a) as well
as the activation of alkaline phosphatase (D'Aquino et al.
2007) confirm the differentiation of DPSCs towards the
osteoblastic lineage and the onset of ossification.

Unlike DPSCs that produce only sporadic calcified nod-
ules (Gronthos et al. 2000), the subpopulation of SBP-
DPSCs seems to exert a stronger osteo-differentiation
potential, as these cells promote in vitro the production
of bone but not dentin (Laino et al. 2005). Moreover,
during their differentiation process, SBP-DPSCs diverge
into two subtypes expressing different surface antigens:
the approximately 70% of them becomes Flk-1/STRO-
[*/CD44*/RUNX-2"* osteogenic progenitors, whereas the
remaining 30% becomes Flk-17/STRO-1/CD44*/CD54*
endothelial cells. Additionally, these cells do not express
dentin sialophosphoprotein (DSPP), a marker of odon-
toblastic differentiation, denoting that the hard tissue they
produce is bone and not dentin (D’Aquino et al. 2007).
The woven bone tissue generated in vitro by SBP-DPSCs
is called living autologous bone (LAB) (Laino et al. 2005).
When LAB is transplanted subcutaneously in experimen-
tal animals, it is remodeled into lamellar bone with em-
bedded osteocytes (Laino et al. 2005, 2006a, D'Aquino
et al. 2007). This in vivo remodeling of woven bone into
mature bone is achieved through the parallel differenti-
ation of SBP-DPSCs into osteoblasts and endothelio-
cytes. The newly formed bone contains blood vessels,
implying complete integration with the host tissues. In
particular, complete Haver's channels, containing blood
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2 L .
Eik. 1. In vitro ooteo-61
eyKAEIOTWV Tpitwv Yop@iwy 3 efSopddeg petd and m Aqyn tou 1otoy, pikpookdmo avtifeong edoswv x400, B) kaMiépyeia 2 eBEopddeg petd
TNV OOTEO-EMAYWYH TWV KUTIdpwY, piKpookdo avtiBeong edoewv x50, v) avixveuon evamobéoewv aoPeotiou oe TouPAio kaMigpyeiag 3
eBdopadeg petd amd v ooteo-emaywyn (KAww), KOKKIVO Xpwpa/ xpwon akilapivng, (Mavw: opdda eNéyxou, XwpiG 0oTEo-EMaywyn).

[Tooéreuon eixévag amé ta amoteAéopata g Simwuatiriq oyaoiag g A. Kamapou, Abriva, 2012.

Fig. 1. In vitro osteo-differentiation of dental pulp cells @) human dental pulp cells obtained from impacted third molars, after three weeks in
culture, phase contrast microscope x400, b) primary culture 2 weeks after the osteo-induction, phase contrast microscope x50, ¢) detection of
calcium deposits in the culture wells 3 weeks after the osteo-induction (bottom panel), red colour denotes alizarin staining, (top panel: control

group: cells without induction).

Figure is drawn from the MSc Dissertation of A. Kaparou, Athens, 2012.

TokUTtapa, xovopokUTtapd, VEUPIKA Kal Puikd KUTtapa
HE TNV €@appoyr KatdMnhwv epeBiopdtwy in vitro
(Gronthos kar ouv. 2000, 2002, Kadar kai ouv. 2009,
Huang kai ouv. 2010, Rizk kai Rabie 2013).

AIA®OPOINOIHZH TON BAAZTOKYT-
TAPQN TOY OAONTIKOY NMOA®POY
MPOX THN OXTEOBAAZTIKH
KATEYOYNZH

H emaywyr} g Siapoporoinong twv DPSCs mpog oote-
oPAactikr kateuBuvan emtuyxdvetar in vitro He Ty TTpo-
00rKkn kaMigpyeiag degapefaldvng, P-pwopopIknG yAU-
KEPOANG Kkal aokopPikou o&gog oto Bpemtikd péco
(Kadar kai ouv. 2009, Seong kai ouv. 2010, Yu kai ouv.
2010). EvaMaktikd, n ooteofAactikry diagoporoinon
Twv DPSCs dieyeipetal pe alénon g meplektkdtnTag
Tou BperuikoU péoou kaMiépyelag o Poeio epPpuikd
op¢ (fetal bovine serum, FBS) oto 20% (Laino kai ouv.
2005, D'Aquino kai ouv. 2007). Yné v emidpaon twv
O0TEO-EMaywYIKWV TTapaydviwy, Ta DPSCs petatpémov-
Tal otadiakd amd voBAacTikig eUoewg KUTtapa atpa-
Ktoeiboug oxrjpatog, o kupoeidr] kittapa, opoidlovta
e ooteofBAdoteg, evw katd o idio didotnua n Bsukn
XPWon pe aNilapivn amokaAUTTTel TNV Tapaywyrj oropd-
Sikwv evaofectiwpévwy evamobéoewy (Kadar kai ouv.
2009) (B 1). Av kar xapaktnpiCovtar amd mapdpoio
avooogaivétuno, ta DPSCs mapdyouv TUKVATEPEG eva-
moBéoeic aoPeotiou in vitro o olykpion pe ta BMMSCs.
Ta DPSCs ouvaBpoiCovtar kar oxnpatiCouv apxikd did-
oTIapTa NUIoEaipikd kévtpa evaofBeotinong, mou eEeAio-
OOVl 08 GPAIPIKES TPIOOIAOTATEG EVAOPECTIWHEVEG Ka-
taokeugg (Laino kar ouv. 2005, 2006a). H 1oxupr] ékppa-
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vessels and surrounded by lamellar bone are observed
(D'Aquino et al. 2007).

A major limitation for in vitro bone formation is the in-
ability of stem cells to form a complete tissue rather than
a monolayer of cells surrounded by a mineralized matrix.
Some studies suggest that DPSCs are better candidates
for bone tissue engineering with respect to BMMSCs,
due to their higher proliferation rate and efficiency in
producing bone chips (D'Aquino et al. 2008, 2009). The
co-culture of stem cells with suitable scaffolds enhances
the production of 3D calcified nodules (Zhang et al.
2006, Graziano et al. 2008, Seong et al. 2010). The thick-
ness of the newly formed bone tissue depends on the
shape and texture of the used biomaterial. A coarse and
concave scaffold surface can favor the growth of a thicker
bone, compared to a smooth and convex surface (Gra-
ziano et al. 2008). These observations highlight the im-
portance of appropriate scaffolds for DPSCs in both ex-
perimental and clinical bone engineering studies (Fig. 2).

APPLICATIONS OF DENTAL PULP STEM
CELLS IN BONE REGENERATION

Data obtained from in vitro studies confirmed the os-
teogenic potential of DPSCs and encouraged further re-
search on their application to enhance / accelerate the
healing process of critical size bone defects in animal
models. Yamada et al (201 I') used DPSCs, exfoliated de-
ciduous teeth (SHEDs) or BMMSCs in combination with
platelet rich plasma (PRP) as an autologous scaffold to
regenerate bone in mandibular bone defects of dogs.
Notably, the in vivo osteogenic potential of DPSCs was
not found to be significantly higher against SHEDs or
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on tou CD44, tng ooteokaAaivng, tou Runx-2 (Laino kai
ouv. 2006q) kai n evepyoroinon TG aAKAAIKAG Gwoea-
tdong (D'Aquino kar ouv. 2007) emBefaidvouv tnv
ooteoPAactikr) dlapoporoinon twv DPSCs kai tv évap-
€n g evaoBeotinong.

>e avtiBeon e ta DPSCs mou mapdyouv ommopadikég
pévov evaofeotiwpéveg evanobéoeig (Gronthos kai ouv.
2000), o unomAnBuopdg twv SBP-DPSCs aivetar va
Siab€ter 1oxupdTepo duvapikd ooteo-diagoporoinong,
kabBwg Sieyeipel in vitro To oXNPATIOPS TIPWTOYEVOUG
ootftn 10ToU aMd éxi odovtivng (Laino kai ouv. 2005).
Katd wn diadikacia tng diagpoporoinang eidikdtepa, ta
SBP-DPSCs tpotomoioly v €kppacn twv €m@avel-
aKwv Toug avtydvwy Kar €10l diaxwpiCovtal o dUo Kut-
TapikoUg umomAnBuopous. O mpwtog amoteeital amd
Flk-1*/STRO-1*/CD44*/RUNX-2* ooteoyevetkd mpo-
yovikd kUttapa kar avtmpoowrelel to 70% tou ouvd-
Aou, evw o deltepog amaptiCetar and Flk-1*/ STRO-
[*/CD44*/CD54" evdobnAiakd kittapa kai Katéxel To
urtéormo 30% Tou ouvdrou. Tautdxpova, TO Yeyovog
6t 1a kittapa autd Sev ekppPAalouv TNV ClaAOPWoPO-
npwteivn TG odovtivng (dentin sialophosphoprotein, D-
SPP), éva onpavtiké Sefktn odovroBiactikrig diagopo-
Toinong, evioxUel tv memoibnon étl ta kittapa autd ma-
pdyouv 0oto kal Oxi odovtivn (D'Aquino kai ouv. 2007).
To ooté mou mapdyetat in vitro and v diagoporoinon
Twv SBP-DPSCs kaheftar «Cwvtavdy autdoyo ootd (liv-
ing autologous bone, LAB) (Laino kai ouv. 2005).
>uvakdroubn unoddpia ep@UTEUOT) ToU «{wvTavouy au-
toU ootoU (LAB) og meipapatdlwa éxel wg anmotéheopa
v avadiapdpewar| Tou Kal TNV opydvwaor] Tou o€ WPl-
o TIETANWOEG 00TO PE EVOWUATWHEVA OOTEOKUTIAPA
(Laino kai ouv. 2005, 2006a, D'Aquino kar ouv. 2007).
H avadiapdpewon tou mpwtoyevolg ootitn 1oTol ot
OPINO eVAAIKO 00T PETA TNV in Vivo eP@UTEUCT) TOU M-
Tuyxdvetal péow TG olyxpovng dilapoporoinong Twv
SBP-DPSCs og ooteoBAdoteg kai evdobnAiakd kittapa.
To veooxnpatioBév ootd mepiéxel alo@dpa ayyeia, ye-
yovog Tou unodnAwvel Ty TN evowpdtwor| Tou e
TOUG 10TOUG Tou EeVIOTH. 2UyKeKpIPévVa, TTapatneouval
KkavdAia Tou Haver mou Tiepiexouv aijo@opa ayyeia kai
riepiBaMovtal ané ootd pe Tutikr) SokId)oN Hopporo-
yia (D'Aquino kar ouv. 2007).

H Snpioupyia ootou amd in vitro diagoporoinon mo-
Audlvapwy kuttdpwv TeplopiCetal and v aduvapia
TV PAacTokuTIdpwy va TTapdyouv évav OAOKANPw Hé-
vo 10T avtl am\wg éva oTpwpa KUTtdpwy Oe Jid eva-
oPectiwpévn pritpa. Kdmoleg peléteg urmootnpiCouv ot
ta DPSCs mAeovektolv og autd, ouykpitikd pe ta B-
MMSCs, xdpn otov upnAdtepo pubud moMamiaoia-
opoU TouG Kal TNV Tapaywyr) OOTIKWV PIVIOPdTwY
(bone chips) (D'Aquino kai ouv. 2008, 2009). H ouv-
KaMIEPYEIQ TwV PAAOTIKGV KUTTAPWY HE IKQIOPATA PITo-
pel va oupPdMel otnv mapaywyry tpiodidotatwy ooti-
kv evamoBéoewv (Zhang kar ouv. 2006, Graziano kai
ouv. 2008, Seong kar ouv. 2010). H moodtnta tou ma-
paydpevou ootol wotdoo, eEaptdtal amnd tnv uer Kal

0€ OUVKAMIEPYEIQ [E IKpiwpa uaAoupovikoy o&og a) pikpookdmo aviiBeong gdoewv x50,
B) MPOCKOMNGCN TwV TMOAQIKGOY KUTIAPWY OTO  IKPIWHA UGAOUPOVIKOU, NAEKTPOVIKO HIKOOOKOSTTIO
odpwong, kKAiwaka 20 um.

[ooérevon eixévwv armd ta anoteAéouata ¢ dmAwpatkic gpyaciag e A. Karapod, Abrva, 2012.

Fig. 2. Human dental pulp cells of impacted third molars after osteo-induction, co-cuftured with
a hyalouronic acid scaffold a) phase contrast microscope x50, b) cell attachment to the scaffold,
scanning electron microscope (eSEM), scale bar 20 um.

Figure is drawn from the MSc Dissertation of A. Kaparou, Athens, 2012.

BMMSCs, and all these three groups of stem cells led to
well-formed mature vascularized bone formation com-
pared with the control (defect only) and PRP groups. In
another study, a biocomplex of recombinant human
bone morphogenetic protein 2 (rhBMP-2), DPSCs and
a hydroxyapatite/collagen/polylactide (HAC/PLA) scaf-
fold was used to reconstruct critical size alveolar defects
in rabbits (Liu et al. 201 1). The results showed that the
HAC/PLA+DPSCs+rhBMP-2 complex enhanced miner-
alization and bone formation compared to the control
groups. Interestingly, the treatment with above DPSCs
biocomplex was clearly superior even against the use of
autologous bone. Finally, a recent study showed that a
subpopulation of human DPSCs (CD34- and flk- posi-
tive), seeded on fibroin scaffolds, enhance bone forma-
tion and lead to complete repair of critical size cranial
defects in rats. The newly-formed bone was vascularized
with typical lamellar configuration (Riccio et al. 2012).

In the only study so far performed in humans, autologous
DPSCs were used to repair an alveolar bone defect pro-
duced secondary to unerupted, or partially erupted, third
molar extraction. In some patients, destruction of the
tooth socket during extraction of these teeth produces
a two- or three- wall pocket and leads to vertical bone
loss of at least 7mm that does not heal spontaneously.
Treatment of this defect with DPSCs seeded on collagen
scaffold resulted, three months post operatively, in a sig-
nificant increase of the cortical level and clinical attach-
ment, whereas one year later the alveolar bone ridge
was fully restored (D’Aquino et al. 2009).

CONCLUSIONS

I. Dental pulp is a remarkable source of stem cells de-
rived from cranial neural crest cells.
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TO OXAPa TG emedvelag mdvw otnyv otola avarrtio-
oovtal ta kuttapa. H adpry kai kofAn emedveia tou
IKQIOPATOC aivetal Twg eUVOEl TNV Tapaywyr) 0otou,
evw n Aefa kar kuptr emedveia duoxepaivel f kal ava-
otéMel Tnv ootk evandBeon (Graziano kai ouv. 2008).
Ta eupripata autd tovicouv v KpiolpdtnTta TG 0POg
emAoyAg Tou IKpIwpatog Mévw oto omoio Ba kaliep-
ynBouv ta DPSCs yia tnv emtuxr} amokatdotaon ooti-
K@V eMelppdtwy Téco oe Telpapatikd éoo Kal o€ KAI-
viké enfmedo (Eik. 2).

E®APMOTEXZ TON BAAXTOKYTTAPQN
TOY OAONTIKOY NMOA®POY
MONIMQN AONTIQN XTHN OxTIKH
ANATENNHXH

Ta dedopéva yia To in vitro 00TEOYEVETIKO SUVANIKO TwV
DPSCs evBdppuvav v Tepaitépw €peuva yid Ty epap-
poyr Toug otV evioxuon/emtdxuvon TG emoUAwong
O0TIKQV eEMeIPPGToV Kpioldou PeyéBoug oe TTelpapatikd
(wikd povteAa. 2tn peletn Twv Yamada kar ouv. Ta DP-
SCs xpnoigoroirfnkav oe cuvduacud pe mAdopa mhou-
olo oe aigorretdhia (platelet rich plasma, PRP) yia v
TIPOaywyr NG ooTKAG eMOUAWONG 0 00TIKS EMeIpua
NG KAtw yvabou okiAwv, ev n dpdon Toug ouykpiBnke
pe autr Twv BAactokuttdpwy and ta anorimovta veo-
yIAG &évtia (SHEDs) kai twv BMMSCs. 2t ev Adyw pe-
Aétn, n ooteoyevetikr] Spdon twv DPSCs in vivo dev ritav
upnAStepn évavt twv SHEDs kar BMMSCs kai or tpeig
Katnyopieg kuttdpwv og ouvduaoud pe to PRP obrjyn-
oav oTNV TIapaywyr WPIHOU ayyeloUpevou oatitn I0Tou,
OUYKPITIKA [E TIG opddeg ehéyxou (Yamada kai ouv.
2011). 2& AMo TeIpapatikd HOVIENO OATVIAKWY EANEIN-
pdtwv Kpfolpou peyéBoug oe kouvéhia, ta DPSCs oe
ouvdUAo o e TNV avacuvduacuévn avBpwrivn Jopo-
YEVETIKI) TTpwTeivn Tou ootoU-2 (rhBMP-2) kai ikpiwpa
udpo&uaratitn/ koMaydvou/ ToAuyahaktikol o&€og eri-
Tdxuvav tnv evaoBeotivwon kar al§noav Ty ootk Ta-
paywyr (Liu kai ouv. 201 1. MdNota, n Bepareia pe DP-
SCs umepeixe oapwg akdpa Kar évavt g Xprjong ootl-
koU autopooxelpatoc. EmmAéov, oe mpdopatn PeAEtn
Bpgbnke ot emieypéva avBpwmva DPSCs, wote va ex-
@pdlouv toug emgaveiakoug deikteg CD34 kal flk, oe
ouvduaopd pe Ikpiwpa eIBpoivng evioXUouv TV OoTIKr
evanoBeon kai emdlopBwvouy TAPWG Kpaviakd ootika
eMeippata kpiolgou peyéBoug oe emfuueg. To mapayod-
pevo ootd rjtav ayyeloUpevo Kal egedviCe omopadikd
ik metahiwdn dopr (Riccio kar ouv. 2012).

27T povadikr) pEXpl orpepa epappoyr} oe avBpwroug,
autéroya DPSCs xpnaoipormoiriénkav yia Ty amokatd-
0Taon Tou 0oTKoU eMEIPpatog TTou dnpioupyeftal Seu-
TEPOYEVHG OTO PATVIaKS 00td amd NV eEaywyr] Twv y-
KAEIOTWV 1] NHIEYKAEIOTWY TPITwV yop@iwy. 2& PePIKOUG
aoBeveic, n kataotpo@r Tou @atviou katd v eEaywyr|
Twv SovTinv autwv dnpuioupyel Bukako dUo 1 TpIwv Tol-
XWHPATWY KAl OUVETTAyeTal KAt anwAeia 00toU TOUNG-
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2. Dental pulp stem cells (DPSCs) from permanent teeth
are capable of differentiating into several cell types.

3. In the pulp, DPSCs maintain a quiescent state in the
stem cell niches, located in the perivascular region of
the pulpal cavity, and are activated in case of dental
caries or trauma to produce tertiary dentin.

4. DPSCs can differentiate in vitro into osteoblast-like cells
that secrete abundant extracellular matrix and can
build woven bone. Moreover, DPSCs are capable of
forming a complete and well-vascularised lamellar
bone in vivo after ectopic grafting into immunocom-
promised rats.

5. Data obtained from in vivo transplantation of DPSCs
into critical-sized bone defects in animal models are
clearly encouraging and stress the need of further re-
search for the potential clinical use of DPSCs in bone
tissue engineering.
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xiotov /mm, Tou dev amokabiotatal autdpata. H Oe-
pareia pe DPSCs oe ikpiwpa koMaydvou odrjynoe oe
al&non tou emmMEédOU PATVIAKAG AKPOAOPIAG KAl onpav-
KA avdktnon KAIVIKAG TTPdoQuUoNnG 3 drveg petd tnv
emépPaon, evw éva xpovo apydtepd Tapdatnpribnke
TARENG amokatdotaon tou UPous TG GAtviakiG akpo-
Mooiag (D’Aquino kai ouv. 2009).

2YMIMEPAXMATA

I. O odovtikdg moAgdg eivar pia a&loonueiwtn myr
BAQOTOKUTIAPWY TIPOEPXOMEVWY amd TNV KPAaviakr
pofpa TG VEUpIKAG akpoAopiag.

2. Ta PAactokittapa tou ToAQoU Twv Jovipwy SovTiwy,
DPSCs, pmopouv va diagopotoinBoulv mpog didgo-
PEG KUTTAPIKEG KATEUOUVOEIG,

3. Ta DPSCs mapapévouv avevepyd evidg Twv AW
OTIC TIEQIAYYEIQKES TIEQIOXEG TOU TIOAQOU Kal eVEPYO-
roloUvtal og Tepfmwon Ttepndovikig TEOOPROAAG 1
TPaUpAtog Kal mapdyouv Tetaptotayr] odovtiv).

4. Ta DPSCs &uvavtar va diagoporoinBouv in vitro og
KUTtapa Tou poidlouv pe ooteoPAdateg Kai mapd-
youv e€wkuttdplia BepéNia oucia kal Tpwtoyevr| ooti-
N 1016, VW) TTAPAyouv WEIHO ayyeloUpevo ootd, dtav
gHUTEUOVTAl EKTOTIA in Vivo OE TTEIPAPaTolwa.

5. Ta dedopéva amd v epappoyr) twv DPSCs oe mel-
PAPATIKA JOVIEAQ OOTIKWY eMeIJpdTwY in vivo eival
0apws evBappuvtikd Kkar ToviCouv Ty avdykn Tiepa-
TEPW PEAETNG yia TV a&loAdynon kar avdruén mpw-
TOKOMWYV BepameuTiKig EQappoyAg Twv KUTIdpwy au-
TV OTNV Poaywyr TG OOTIKAG Avayéwnong.
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