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Background and Aims: In the last decade, several studies have reported the isolation of stem cell population
from different dental sources, while their mesenchymal nature is still controversial. The aim of this study was to
isolate stem cells from mature human dental pulp and follicle and to determine their mesenchymal nature before
differentiation based on the ISCT (International Society for Cellular Therapy) criteria.

Materials and Methods: In this experimental study, intact human third molars extracted due to prophylactic or
orthodontic reasons were collected from patients aged 18-25. After tooth extraction, dental pulp and follicle were
stored at 4°C in RPMI 1640 medium containing antibiotics. Dental pulp and follicle were prepared in a sterile
condition and digested using an enzyme solution containing 4mg/ml collagenase I and dispase (ratio: 1:1). The
cells were then cultivated in o-MEM medium. Passage-3 cells were analyzed by flow cytometry for the expression
of CD34, CD45, CD 73, CD90 and CD105 surface markers.

Results: Dental pulp and follicle were observed to grow in colony forming units, mainly composed of a
fibroblast-like cell population. Flow cytometry results showed that dental pulp and follicle are highly positive for
CD73, CD90 and CD105 (mesenchymal stem cell markers) and are negative for hematopoietic markers such as
CD34 and CD 45.

Conclusion: In this study we were able to successfully confirm that dental pulp and follicle stem cells isolated
from permanent third molars have a mesenchymal nature before differentiation. Therefore, these two sources can
be considered as an easy accessible source of mesenchymal stem cells for stem cell research and tissue
engineering.

Key Words: Mesenchymal stem cells; Dental pulp; Dental follicle; Flow cytometry
Journal of Dental Medicine-Tehran University of Medical Sciences 2011;24(2):69-76

VAAYAPAFNY g 08— S5 55005 0aSuioly — s S (S iy pole olSuiild — 1y ob o5 1 Sl 1 9o Ao T
samaneh_15@yahoo.com :sg xSl SLis YY$-Ye Ve 20l

54



https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Ohen 5 ole (i abls 1S5 Gl pow Jge (5> 398 5 b 8L I Bnie contilie (o3t slaob (alolid 5 (i Y93

s
owdilze Cunlo joim aSls 53 wiled S 5))55 S dalisce wlio 511y (oobiy Jobo Cunes (gilolis (dunie lillae 42538 ans p> tBAD 9 w0
ol 2 315 31 U5 11 ponilzo Canle e 5 ool @ o> J5S5 5 b 3 5okt Jsbo csibolis eplo adlinn  Ban e om0 o]

292 (lay> Jobo Mall (32 02) ISCT (slalona

9 oMU ool (ad 0anliS wdgdgi)l b SaSMdg s LY 4 a8 Jlo VA =Y0 AL ol 3l paw Jao (s 1 oyos addllas cpl )3 2 oy 9 0:39)
byl 55 i JsSdg8 g Gl 0 e (5)0085 Sise 51 (gsl> RPMI 1640 Lo 5 ol Sl a2 )3 ¥ (glod 1 (b 00028 | g 0> J5S58
pow Sloly 0 b Jslo .0 03y S O-MEM oo j3 o Jolo )2V Coms b jland o I o jU5MS Jolowe ¥ mg/ml b 3 51 Gy 9 s o il MolS”
L5435 b5, CD105.CD90 .CD73 CD45 CD34 o 5 51 ol 15 51 (6 yzogialussld o, b

g ooy b 4 slasbo | men ol WE o glS (slassly JSs 0 gl J3Sdod 9 by il o w3 oanlie pils adllan o tldaidly
Sl CD105 4 CDI0 (D73 Lowiilio (ol Joboo (sla,S)le 0 Cns (oYU dn > b Wadiges 5l ool cawd 4 (g iognlogld JIUT ol 53,8 L,
ol s ate STy s Sugglen sla)Sle 51 45 CDA5 3 CD34 (sla)S )l 4y o g Custo

metlio (53l e ol 31 51 I8 s Jgm 1255 U555 5l 3 o st (ool sl Jsbo o 05 o33 5 Al ) 55 26 oS A
ALl el otz 5 3kt Jobo b badye (08 Slidos o plul s b aite o plgie 4 W 5 1)

s Fragialiogld 15> JgSdgh 10> QL ¢ anilzo soliz Jolo L2319 IS

@ oy 8l chlase CHas g (uas C8L 4 (g
Jobe (sjlobiz 5 (lolid (VA 905 0)L81 15 g0 JsS5b 520
oo 55 i 4 sk o) sl ol JsSdss 5 ol 3 ooy
bwg Yord Jw » 5 (1) o) Ken 5 Gronthos lawgs Ve--
A )5 (V) oy g Morsczeck

S5 MSCS & (Soigae 3 (SalS g ) 405 g2 5
Js > (ISCT) oy Jskeo LMall o ezl 1) il iy
Y cdioj oyl 50 Olalllas LAl )y g oS duglde cas Ve oF
8 bl e andilie (oolty gla sk plulid (ol 1 aline
2b

utS laee )3 ol Sy Jshe JSb 4 085 (LUl )

wordilie ool Jobo (b o) (5] cute ol Y
~Samsled o 5l ol pas s CDI05 L£DYO D73
CD19 |, CD79a .CD11b | CD45 CD34 .CD14 JLbgu!

Sl sopiilie Jobo 03) aw Bl 4 plos oy Y
(1)) K39, g Sl

35 4 paie pow Yoo M baldle St gl
gord S # > 9 g 5l e el awgp 1nj ol

2 Bl ples g pll b 4 s il loj () b g 2550

Qoo ¥V e iols anl QLYY 1 ols ol AAY/YD g

o

LY RS

Glagslon JLd a4 93y b S8 gzl (ol aly caws
b« Sojdgl luls 5 oy dogyi (Sl> (Stpwgy (JWdg
Gl g (Sales b cud jl coge (SBi GYMB] glgl
dyan ol 5 JLISH 5 lse b ] 8 dipd o 0igh i
) cwl

9 A yob @ Wy (Fouae oo g &Syl 4 g L
P Sigdom GBI Copig b 3)S G0 (b Bl (Rl JolS
Jyie @ bl ol AMSCs) (ol (o3l slaJohe aise;
(V) bl s de (Gl 4By cuwd Sl Slacdl ol (30l
SRS 35l Caolh 9 b el ool ool
olilze 03y lodgd paix 4 pled Jawsly o (Self renewal)
(Fd) B4 o0 sl (Multi-lineage differentiation)

des 4 g Gilele gl e L osuss MSCs
B8 (Byme (GolS slassly S5 QUlE b odie glashe
Olyzel jre I MSCs (gilulix b bagye cole 4 29 L (05)
OO JSie g el jae cdly 3 MSCs KL sl wile
Fyse glio plo 5IMSCs (35 1> & (s d2gi oy

01 giolis o I MSCs & glbedl dasjl (V) cusl oi


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(\Y‘R' O‘u;w.{b Y b)l.o.a.d ‘Y\‘ 0)9.3)

Ol Sloyd e bling loss 5 (Sibj pole olSisly (bl dloes

Ve gy a-MEM cuiS e b dlols Jolo oy 505
omwlegyiwl Yoo pg/ml 5 dew i Vee U/ml FBS
ow 9 bole (Both antibiotics from Gibco, Germany)
9 38 le ax YV gl b ebeSSln b zvt 4 Jlasljl
SS9y 99 s cusS luse L5 o3 cuiS CO2 T yhawes]
S By 2sd p ok Sl cdl STV b sl ose
SoS 4 adiges aw, (Confluency) Sus, 4V 4 ol
L o0l el Trypsin-EDTA (Gibco, Germany)
1§ g lwgld

o Sle Seigd hlboy oy sl s ytogialugh 3T
3 ol il ond gl ool sla ol uple 5 o
2 sk plsie o) 4 15 o3t (el pgs o s J5S
S oml ) gnilsge S5 45 A pge Sl
cells/ml clle L PBS (Phosphate Buffer Saline)
P A S el g 5 S5k s 855 L8N e e
opl o i 8Ll (ool 5l b 45958 FITC L PE 0 pl oy
bow o 4ad ¥ i @ oS ls 450 ¥ gl o logs
Yml b sk cao (pl 5l o -850 4455l (Dark room) 5,6
48,83 O e 4 (RPM) VYoo Ciopu b g ditaandd 0B gudisiannds 30
i B Yoo il )3 Jsbo 5503 10 s 505 S5 il
Srogiluoglt oSy dhwg 4 9 b dgnaluge oaimd
BDFACS Calibur (BD bioscience USA, CA, Sanjose)
A ool gl jJUT (¢l Cell Quest Pro)jél py 5l .as U]
295 ly oige 18G1 odgrslSigml gl jI adllas cnl o
Bl bdigas Spigd blog s 42 2 (2 Sl b oolitsl J S
1 odlatwl yj sla ol

145 43S-FITC (soby
Mouse Anti Human CD90 (Dako/Denmark), Mouse Anti

Human CD45 (BD biosciences/Belgium)

148938 PE (oL &
Mouse Anti Human CD 105, Mouse Anti Human CD 73,
Mouse Anti Human CD 34 (all three from BD

biosciences/Belgium)

Mo el b (VYY) sl BL Sl slacdl
s S slaglid o JWS5 ol ) (Sl g Slgse]
@ gy b w4 pow Joe s &S bel bl e sl sl
w5y 59> odlatel (19 g 0dplS (wigdghyl b SS9 n LY
Glao S pow Yoo iy Sl slacdl I MSCs alss wab o
Jsko slolin ol adlas 1 Cham 131 (WOF) wil o casbio
T3S I R R R
ISCT elajkes polol 2 9 o J1 S5 il endilo

.g; (International Society for Cellular Therapy)

™I P9

Wges VF 2lusi gy (2Eislej] 555 adllas S sl adllas
s VA0 @l S8l oy Jgo A3 JoSlg 1 iz # 5l
ol b (S cde 4 o d)ﬁié&? sladiged A LS)BT@?
ol bdiges Wad o 00uiS hlow (L8 Colsy b g wdgdgs)l
5 o (San et 5 13 o loys b Sty 286 el
2 o 0SSl ey rdiges dg) Seatuus ()l 465 o 181
s> RPMI 1640(Germany) Gibco (ggixe (sladlg) jg,0
oKiislojl & ol Kl 4> ¥ (slod v g 43,5 ,l,8 Germany)
A NS Jie e e (Sbelid auSil JeSUse Jolus
low —lse JUasl sl 51 laglis « b BB s sl jslaie
COl (s L2)95 (o i g ML) S dlwg 4 (CED)
3,5 il SISl iy L5 el & o3 | I

Pl a5 by JsSIs8 5 bl Jsho cuts’ jlate o,
Ao 0 o g ol dxad dxded SooS slaciond 4 Ve ojleui
G UM Jobre il (e pS e ¥osgl 006
Sbwd Joloeo i) Juo p p)S e ¥ 5 (Sigma I, Germany)

YV lod 4o 4dds ¥O e 4 V1) Cuws b (Gibeo, Germany)
cuiS e o j b a4 o 38,5 518 0L, e ds
Fetal Bovine Serum (FBS, Gibco, /- <o a-MEM

oyl Foe @ yed b addd Vo e 4 g b adlsl Germany)

\A


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

Ohen 5 ole (i abls 1S5 Gl pow Jge (5> 398 5 b 8L I Bnie contilie (o3t slaob (alolid 5 (i Y93

sy
1w CuiS glaadly

5l @ged £ 5 b 5l dges VF dlass onds LS)B]@? wiges Ve
LS Sy et o5 lles ol Cuwd & pgus Jgo o JSsh
e ol J5Slgh <8 Jo 13 ¥ 5l 23l 5 sk

S San 3 el Sl B 5 Ve @ gy > lotige
<l jlend gilubie sl Xad (cw)p Fr (leiS)5 b )95
ok SOl B Gl 9 (JS8 s G
slasly S 4 g 0ol JSis (Single- cell derived colony)
dnizp o iy sl S0 gl 380 Ay sl
Jobo e Gl Sy Jl odiwe (Sl lassly St 28 (o
ad bdsbe 1 11 sl )l ewiilie ol
Blad Joho ob (o305 5 W39 005 JsSuis (CFU-F) Casdlyg b
Sloly Sdpmsyo AV (Sa5 5 4 By digel D0 03 35
Loosste gl Juil 5l bews alb opl o Sad e 0l
S pols a3 S oS 2gy Mgy 4 (slo ko
Josde 9 b ol sladsle (sigledige (1 JSE) W3S
9 Al) )y @5wgySen ) Jobo cuiS laee 3 pludl Gl
Joly IS5 4y (A2 JSs) DFPCs ¢ (A1 Ss) DPSCs Wiy (A2
399 2 (CFUF) Casdligyud —a0i (slo oo Jolis () igls
DPSCs  cuiS lawe o (B2 5 B1) adol cuiS 51 s oo
ol 1 U 5 Sadp 4 e jl ow (B2) DFPCs 4 (B1)
5 S5 sladsle Jl saxie slaJuil Jold cuiS laee . Jolo
Cawl a8 )S )8 ol cas Ul e a8 ol Caog b —dd
15 g lwold JIUT slaaidly

ok Camer 3 b)SHl Cute Gl @23 g Glo pis (o)
A5l o 698 o AVl i dhawgie

o b by sbaddle ly yegilogh s
JsSded (s3lis (sl Jslws 4 (Dental Pulp Stem Cells: DPSCs)
» & b sl (Dental Follicle Stem Cells: DFSCs) -l

Seggiled jlo o Jolo ;) CD34 Sle plo <8l 9> p»

\a)

23 ol JSdgd 9 b (3l (sl (559098590 —) S
SAL S (215 )30) (595 PgSwg e 2 (ol S Lo
9wl (6x200 B2 gB1 (wSe  2loiS 31 9 X100 A2


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 ]

(\Y’ﬂ' uLMAAJl) Y b)\.o.a.':: ¥ 0)9.))

Ol Sloyd e bling loss 5 (Sibj pole olSisly (bl dloes

DFSCs 9 DPSCs j suwi (aalsd (Johuw Curos 43 8awd (b5, (6,5 )b o o3 -Y Jgua

MSCs e CD34 Syl ol 7

CD45 S o/ CD73 Syl plu’Z  CDI0 Sl oyl /.

CD105 Sl obo 7

DPSCs VYA YAYRY! VANIAG YAV ZANAY
DFSCg AR VAYAt4 ZANYY VASVAR AYAn
=
g -
B | g 0ETH
VE] 0.11% #I
2 & | Mz | - 5 ! CE ¥
<§ = e S
2
2 ¥4
=
= T 1o 0 e e T
10° 107 102 10% 104 FLAa
Ghea-PE CDZ4-PE
=E =
2] 3.05% s3
] | | — 99.09%
& -‘4| e ! S _: | M2 1
£7 a3 - ———
S 2 Sg 1
2] <3
= : T T = T T,
109 1ol 102 10% 104 109 101 102 103 104
CNAR-FITC El -1
- CD45-FITC
& &
2 3 .
T 92.74% E
i I 1 | | 030 %
P TE = ] 1 4
3 A
&g - Cp
5 -]
o ] .
10° 10! 107 10% 104 i w! v vt wird
CD73PE g
CD7 3-PE
GCORREITC o
=k =
i _ 3 9323 %
&3 98.87% B L
i | 1 3 | Mz |
& Mz E = CEN
2= g 3 E
B : | =
el E . | p
E| E ‘i"'h
| E \k
=
E
DF«—A‘ ulll" 1al Wi A wrvd
10 1! 1 it 1ot Py
RN CD90-FITC
= Y l o052 %
] 3 1
=R 97.71% 24 I e i
] M1 3 |
23 —| - M1
E ~ M2 =7
g & EJJ
T4 od I.r'h
L= = I. L :
10 107 102 107 10 1o 1! 10 1ot ot
CO05-PE FlLods
CD105-PE

@9 jlwly ;2 DFSCs g DPSCs jl o (adssi (Johw Coror 3 (b (51855 )lo ()l (5 yiogisbwgld gl =Y ,lag05

\A)


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Ohen 5 ole (i abls 1S5 Gl pow Jge (5> 398 5 b 8L I Bnie contilie (o3t slaob (alolid 5 (i Y93

adlbs zols 3b e wlie g 48,5 &ye0 ISCT Hlas ywlul p
iy &) L CD45 3 CD34 (cla Sl ol oS oy olis Ll
cute CD105 3 CD90 D73 (slaySylo olo g (X+/VF 5 2N/
A3l e (FANEY o /A0/8Y JAVISA C 5 )

g pob adlae s b (VW) o), Ken ¢ ol adlle gls
logT aalllas 55 dgr @glite (V) o)y g 135 oMol (LEl anlllas
ol sl pgur Jge 5l 0 lis DPSCS (¢ yiogilugld jJUT gl
Gy 4) s g Cute gl CD45 4 CD34 S)l o b
(LENAS) bawgio g Cute oo CD105 Sl (£VY/VR o ZY /¥4
L5 ol il (JADYY) (ssb 5 cute by CDIO Sk s
2o b adlas ool Jshos et Lo (392 0391 51 36 Sl o0
28l Sbggilen sl Job dlox jl oriwe la ol

I owiilze ool Jsho silolix aiej 3 o8 Gldlas Lo
ole pas ol g a8)S Ojge gLl e oo Gl CJL
syl cute ol g CD45 5 CD34 Sngglen b))l
ool alie pols aallle b 45 5)ls CD105 5 CD90 L£D73
(ANANR)

ol psls adllas DFSCs (s yegisloghd 3T ol piocan
CD45 4 CD34 Jbssl 3 Sngglon oSl lo a5 ob
cute CD105 4 CD90 CD73 (sla S lo sla,S)lo by 5 ike
oy oot 53 a8 (Y4) o) Ken 5 Yalvac ddlles pols b oS el
P Jgo Gl JoSgd il ond Lo gla sl cumle s (gl
Sl olo a8 ol L Ll addlae ol g wlie i plosil oyl
CD105 4 CD90 D73 cla)S)lo by g iie CD45 4 CD34

DFSCs (g9, » 5 (V) oL, 5 Lindroos adlas o
5 (+IY) Lo CDA5 S5l ol oS b lis bt «d)S &g
(FAQ/A 5 7A0/A 55 &) Cute CD105 3 CDY0 sla Syl Lo
= el 3 (M) ol Kea 3 Kemoun adlbs gubs .ol
5 (LeIVY) iio CDAS5 S5l olo sy ol & cenl (LS lalllas
a5 93 ym ol &S b e (JAB/VY) cute CDT3 Sl (b
DOANY) cwl pols adllas alice

S5 4 ol adlbas lonel Cund 4 o5 slaal olul

Y¥

o Gl @b Jske S)k) CDAS g (JUbgslJshe 5 4yl
LD (goniilze ooliz Joho soySile ol 5 (site (CopmsS)
oS e & pmsiloglh s 3gr 558 5 Cute CDT3 5 CD10S
Bl jload padss (Jsho Carer 3 bSile plo 5 oS L))
Sl a3l Y Jsge 5 ) gt > i 4 JsSdsd 5
05 5lg> s DFSCs 9 DPSCs oS oy lis (g pmegislogld
Jgose xdaw sl 57) CDI05 5 CDYO D73 sxdaws
5 CD34 xbw o 51 lp g 93405 o |, (MSCs (glp
Ldg e (Saopgled  xaw  slay; o) CD45

(55l ol edgame M2, S sle 4l pis 6dgawe (M)

5 325 4ot 9 Sy
ooz slogley al p Lolol (Sajilis pils Jls
O il B ele b dlge 5 Baes gl 55 a8 sl il
dlge oils slacidal dacyjemls glgl @Rl 34 o o3l
9 oM ey slp (ol ool I Bl (lavigy § S
Bon lionss gl oS o) (e it JLdligslS slaglosla
P lacgdgize gyl blae cpl @ly blge e o b
wlis sl Jolu I ooliinl sy o a5 & cbiwly Cpl o .aLBb e
2 JBagy gL 5 plyinl olow (8> 0aS W Solys]
ozl 5 gl bgley slp cpiSuls el o Yiais! o]

(V¥0) 29 sales Regenerative medicine )

Gl aS ol ol ol ddles Jolw cuiS slaadl
I e Sl 9> a (JoSdgd 5 b il jload (gluli
JSs 4 g 00l iy (Single- cell derived colony) Jshe O
(CFU-F) coasMigymd ard sloJsho j JSitze Sl claisly
dioj oplyp &S 1) Sldlae plo gols daadl ol 065)S o A
(VVNOY) 1S o 2l ) Conl 48 5 & jg0

&S o ol yols addllhe DPSCS (¢ yiagulogd 5JUT zuls
5 sie CDAS 5 CD34 JWigsl 5 Sswggilon sbaSle ol
2l b & widgy cute CDI05 5 CDIO D73 claS )l il
Gy bwly een 0 &S (V) hKen g olp oMl olel dslllas

Ol pgw Jlse s Gl ) ens b lasle cuple s


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(\Y‘R' O‘u;w.{b Y b)l.o.a.d ‘Y\‘ 0)9.3)

Ol Sloyd e bling loss 5 (Sibj pole olSisly (bl dloes

D95 ygdbe ¢yl
5 b wdige lllasyd @y (63, MSCs &8 Lol
G Oladss ) ded o dlpiudey o)l Regenerative medicine
(a4 S8l g )3 0ad jadss (ool sl (LUl
390 Suidom dday Myi g SloFinl pald w5 (JWdgy <l

2y )8 b))
bz (sla oo comislie Cunle 015 10l pol adlllas ol
W g aidloe e jl 8 JsSsd 9 b (Sluid gute 93 ) oad i
Mt (igs g ol (g3 b i 5 e 0 el ol (o0
it 5 3 Joho U e olS Sl e V)

gl oalawl cdly

(13,98 9 Sl
P b b el G Johe ciS 5 gilele ol
01Sily ¢ JsSlge Jsho oEilejl 13 Ly Wb 5 g0k
s saginlungld JIUT o iy dad (S psle olSitils (S0
O ($peguluglh BTy )0 ej ol GBI g oS ()
WS S8 Cogo lr oy Sl S ,e (ool Jol
P 53905 (651 1y o 3o oyl plosilyy &5 SIS 5 gius

.)y.uLso u.’l.))J.B 9

1- Jo YY, Lee HJ, Kook SY, Choung HW, Park JY, Chung JH,
et al. Isolation and characterization of postnatal stem cells from
human dental tissues. Tissue Eng. 2007;13(4):767-73.

2- Young SC, Terada S, Vacanti JP, Honda M, Bartlett JD,
Yelick PC. Tissue engineering of complex tooth structures on
biodegradable polymer scaffolds. J Dent Res. 2002;81(10):695-
700.

3- Fuchs E, Segre JA. Stem cells: a new lease on life. Cell.
2000;100(1):143-55.

4- Yen AH, Sharpe PT. Stem cells and tooth tissue engineering.
Cell Tissue Res. 2008;331(1):359-72.

5- Baghban Eslaminejad MR. Mesenchymal stem cells: history,
isolation and biology. J Iran Anatomic sci. 2007;5(18):49-59.

6- Friedenstein AJ, Chailakhjan RK, Lalykina KS. The
development of fibroblast colonies in monolayer cultures of
guinea-pig bone marrow and spleen cells. Cell Tissue Kinet.
1970;3(4):393-403.

7- Baghaban Eslaminejad MR, Nazarian H, Shariati M, Vahabi
S, Falahi F. Isolation and in vitro characterization of
mesenchymal stem cells derived from the pulp tissue of human

Sy Sgr 5l ol JoSgd <l I Jshe (adsS oS s e
S (oo (sgime x> g (Bl Juln e AL 165
35 o Jsd el (ol Jlamsl els 5 S <
oadsS glacaje alax I (Ghos <8l (13,8 ) dbs e (u3l)
sl €l ) 5 MSCs
ol b s el calises iy <l £ 51 MSCS gyl 4 U
el (JWoag QLB ) Jb 3 b s Gl @l
ool 08 (gilwlis lusllius wles 5 Sl JsSded (JS!
5 MSCs jrolcuddge (cilolis b ool p3 Ll A+ ¥Y-YF)
> (V0) phlSen g iy bawg Jijy Jb 0 b ol b
B g ol g Jye QL s b g VoA o
2 (V) Ghen o315 oMl Ll 9 ¥+ o8 Jlo )5 (VF) o e
ualss ol adllas led asg 1wl oad (5,155 Yoy Jlo
2k osess sl pludlpgw Jgo JoSlg I MSCs jroleibys
29> 90 u.]l.s T r‘,f P )J.él> aslllao L;Lm&.p,m o> )I
laws e opl 4 a8 395 )8 oy adiges (Sl g LSBT )
o> JsSh 5 Ay il ) Jglo Ll ol o3
3 5l ayse slayShle des cle @ uizmen ile aes o
oo 5y Gl w25 5l (36 scusgae g 598

&b
third molar tooth. Iran J Med Sci. 2010;35(3):216-25.

8- Suchanek J, Soukup T, Visek B, Ivancakova R, Kucerova L,
Mokry J. Dental pulp stem cells and their characterization.
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub.
2009;153(1):31-6.

9- Gronthos S, Mankani M, Brahim J, Robey PG, Shi S.
Postnatal human dental pulp stem cells (DPSCs) in vitro and in
vivo. Proc Natl Acad Sci U S A. 2000;97(25):13625-30.

10- Morsczeck, C, Gotz W, Schierholz J , Zeilhofer F, Kuhn U,
Mohl C, et al. Isolation of precursor cells (PCs) from human
dental follicle of wisdom teeth. Matrix Biol. 2005;24(2):155-
65.

11- Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I,
Marini F, Krause D, et all. Minimal ctiteria for defining
multipotent mesenchymal stromal cells. The international
society for cellular therapy position statement. Cytotherapy.
2006;8(4):315-7.

12- Takeda T, Tezuka Y, Horiuchi M, Hosono K, Lida K,
Hatakeyama D, et al. Characterization of dental pulp stem cells
of human tooth germs. J Dent Res. 2008;87(7):676-81.

A


https://journals.tums.ac.ir/jdm/article-1-67-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Ohen 5 ole (i abls 1S5 Gl pow Jge (5> 398 5 b 8L I Bnie contilie (o3t slaob (alolid 5 (i Y93

13- Agha-Hosseini F, Jahani MA, Jahani M, Mirzaii-Dizgah I,
Ali-Moghaddam K. In vitro isolation of stem cells derived from
human dental pulp. Clin Transplant. 2010;24(2):E23-8.
14- Mao JJ, Giannobile WV, Helms JA, Hollister SJ,
Krebsbach PH, Longaker MT, et al. Craniofacial tissue
engineering by stem cells. J Dent Res. 2006;85(11):966-79.
N3 ol okl ool oyae dw sz rdd)) (o o pal Jisug 210
Jlowilze (ol sl o 5 Gilolir (hSen 5 aomad (M) g0
(Vo slad)e oy90 PIVAY Jlo il Sy aoklod o ped slagls Qb 5l
NeV=A
16- Gronthos S, Brahim J, Li W, Fisher LW, Cherman N,
Boyde A, et al. Stem cell properties of human dental pulp stem
cells. J Dent Res. 2002;81(8):531-5.
17- Suchanek J, Soukup T, Ivanfakova R, Karbanova J,
Hubkova V, Pytlik R, et al. Human dental pulp stem cells-
isolation and long time cultivation. Acta Medica.
2007;50(3):195-201.
18- Lindroos B, Maenpaa K, Ylikomi T, Oja H, Suuronen R,
Miettinen S. Characterisation of human dental stem cells and
buccal mucosa fibroblasts. Biochem and Biophys Res
Commun. 2008;368(2):329-35.
19- Shi S, Bartold PM, Miura M, Seo BM, Robey PG, Gronthos
S. The efficacy of mesenchymal stem cells to regenerate and
repair dental structures. Orthod Craniofac Res. 2005;8(3):191-
9.

\d

20- Yalvac ME, Ramazanoglu M, Rizvanov AA, Sahin F,
Bayrak OF, Salli U, et al. Isolation and characterization of stem
cells derived from human third molar tooth germs of young
adults: implication in neo-vascularization, osteo-,adipo-and
neurogenesis. Pharmacogenomics J. 2010;10(2):105-13.

21- Kémoun P, Laurencin-Dalicieux S, Rue J, Farges JC,
Gennero I, Conte-Auriol F, et al. Human dental follicle cells
acquire cementoblast features under stimulation by BMP-2/-7
and enamel matrix derivatives (EMD) in vitro. Cell Tissue Res.
2007;329(2):283-94.

22- Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey
PG, et al. SHED: stem Cells from human exfoliated deciduous
teeth. Proc Natl Acad Sci U S A. 2003;100(10):5807-12.

23- Huang AH, Chen YK, Lin LM, Shieh TY, Chan AW.
Isolation and characterization of dental pulp stem cells from a
supernumerary tooth. J Oral Pathol Med. 2008;37(9):571-4.

24- Nagatomo K, Komaki M, Sekiya I, Sakaguchi Y, Noguchi
K, Oda S, et al. Stem cell properties in human periodontal
ligament cells. J Periodontal Res. 2006;41(4):303-10.

25- Ivanovski S, Gronthos S, Shi S, Bartold PM. Stem cells in
the periodontal ligament. Oral Dis. 2006;12(4):358-63.

26- Gay IC, Chen S, MacDougall M. Isolation and
characterization of multipotent human periodontal ligament
stem cells. Orthod Craniofac Res. 2007;10(3):149-60.


https://journals.tums.ac.ir/jdm/article-1-67-fa.html
http://www.tcpdf.org

