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ABSTRACT

The dental follicle, which is an ectomesenchymal tissue surrounding developing tooth germ,

contains stem cells and osteoblastic-lineage-committed progenitor cells. First, the capacity of

human dental follicle cells (hDFCs) for bone formation was investigated in vivo. hDFCs were

obtained from wisdom teeth extracted from patients aged 14 years. hDFCs obtained from the

5th to 8th passages were used in the experiments. Gelatin sponges containing B-tricalcium

phosphate were used for three-dimensional (3D) culture. Then, hDFCs subjected to 3D culture

osteogenic induced medium (OIM) without dexamethasone (DEX) or growth medium (GM)

were transplanted onto the calvarias of F344/NJcl-rnu/rnu male rats (immunodeficient rats).

Hematoxylin-eosin (H-E) staining showed newly formed bone. Result of immunohistochemistry

showed BMP-2, Runx2 and Osterix positive cells in areas with newly formed bone.

Furthermore, micro-CT showed that, in comparison to controls, transplanted hDFC promoted

better bone quality and bone mineral density (BMD), bone mineral content (BMC) and bone



volume (BV). This suggests that human dental follicles are potentially useful for regenerative

therapy.

Plasma Rich in Growth Factors (PRGF), which was prepared from autologous blood from

the patient, had been reported in bone regeneration for dental implant. The aim of this study is

to evaluate the effects of PRGF for osteogenic differentiation in human dental follicle cells

(hDFCs). PRGF was prepared from whole blood centrifuging at 460 x g for 8 min. The platelet

concentration in PRGF F2 was 2.14-fold higher than in whole blood. White blood cells were not

detected in PRGF. Transforming growth factor (TGF-P) levels were higher than insulin-like

growth factor-1, platelet-derived growth factors-AB and -BB, and vasucular endothelial growth

factors in PRGF F2. hDFCs were cultured with GM or OIM containing PRGF or fetal bovine

serum (FBS). Proliferation and migration of hDFCs increased in OIM supplemented with PRGF

in a dose-dependent manner and were higher in hDFCs cultured in OIM with 10% PRGF

compared with OIM with 10% FBS. PRGF up-regulated gene expression of type I collagen,

osteomodulin, alkaline phosphatase, bone morphogenic protein-4, and TGF-f in hDFCs. PRGF

may promote bone regeneration. It may affect that PRGF include the high levels of growth

factors.



In conclusion, these data suggest that the dental follicle is a potential cellular resource for

basic research of osteogenic differentiation and bone regeneration therapy. PRGF included the

high levels of growth factors, which may be the reason why PRGF promote bone regeneration.
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WFEIE, FRIERIR OSMREEMERIZBERSR DRSS CTH 0, RoOMEHIERBMANFEL, b

NEEFEDN D EE L 72 b SR SKARY (human dental follicle cells: hDFCs) (%, ‘B 2fEflAa /(b

B TR T A L AR T D 2 EAHE S TS Y hDFCs 1, BN / 2 A 2 b

AR LSS b JE DM oA A IS b b o 2 &, 7, B~ —T—Th D

Notch-1, STRO-1 <C[HE R M~ —H—TdH D CD29, CD44 72 EH#RH L TWDHZ b,

FHiIHE KO PR ERIBEREMIE (human mesenchymal stem cells from bone marrow;

hMSCs) EHRIL7-MEEZA L TCWD EEX LIS 2. Atk RO LRHIBEREMIL A & 2

R~ AbiBE T 5 BRICIE, B 2R (b ahE s iR 12 dexamethasone (DEX) DN A EL

& XD 03, hDFECs 1 in vitro (2T DEX Z & 72V EHICTHE L CH AKILT 5 2 & st

ENTW5 Y. DEX IZZBERIEREZETHAT A RTHY, FAEEETIZEINER, L

T CITFERF R MER OB N 2 Z LN DEL S5, £72, hDFCs I, hMSCs & b=, #l

FAEFERE MBI TV D i STV A Y X 51T, I RAM O IR CTHEIE S 55

MCTHDD, FIIERREZNMA D Z L R<ERMT L2 LNARTHD. £DD,



FEANNI T AR E RIS KL ORI R O PR & L CTAH R TIEARWn i LoRm S T
B.

AR, JEYROIE EROG TR EDEOHEDREN DN Enb, B )b orBE L7z
ZHAEERICHNOND X912 o 7. M/ U7 e (R R i 8E) (3 i
B ENDMRA REER T2 ®IREIC G, BRGLRD 747V 2EeZ &b, Bl
R OB EIREIREICA VO D L9 CRotz >0 Fiz, WA CIZE RO
B AZ KD BT, £ 772 MNEICHEAT ERNRAR S Tns 7Y, i
e 1L/ E L2 1, Platelet-rich plasma (PRP), Plasma rich in growth factors (PRGF) 72 & 23MFA(E
T2, BRISHPEAL TS PRP IZBEWTH, fFT7 0 ha— A3 —(fhIhTnign
» 2O BRI OV COBBEOREOEHEMITLT L bEn L IE5 2R\, £72, PRP
IXAMERAZENTWD T, ERNTRIEMEY A A U S D TeetE & & E
T " —J5, PRGF VMR OWRE % FHH 92 7230 0 515050y BEH D Bk - i
fesnTry P, —mEom ok T IR S ONT i/ IR Y DA & 95 2 & AN ATHE
FfER 2 5 F 72 WA LT\ 5. PRGF I, BESCE MR (LR ICRE 55 5
TGF-B )¢ (INVEGF @ X 5 7o H4FHK - % ER LI B de 2 & il S, BRIRAVIZ & B R AE e
REASHREE STV 5 9. Ly L PRGF OB TBRIC RIET B A Rt L7z i gE i3 2 12,

ABFFECIE, £9° hDFCs ORMEESAIIE L CoFAEEZHALNCT 572912, DEX 25

F UV IR CR R T 3 Yot L7- hDFCs %, T v MERTAE FICBHE L, BT



DOFEFA 2 fLRRF A0 3 L OV L B2 L7-. RIZ, PRGF OBIERBEZ T 25 2

& & HMIZ, hDFCs O A1 JKALIEFE 72 5 ONS, F M2 bi2 31T 5 PRGF D2 % KE L7-.
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I . hDFCs DB HE

1. hDFCs DO4yHER L O

+holh AT —b Rarty hOELNE 14 FOEBRENS FHEIRE R ZIKEL, *

ORI E T D HEE L BRI U 7=, 284 PBS T L, MRy 2 B BN =8, A

A % FHWTHIGI L, 0.1 U/ml collagenase type 1 & 1 U/ml dispase (Roche) % T 37°C T 1 I

MIE R AP %A L C hDFCs Z 7B L7, 708l U 7- tg F2 135S T (GM: Mesenchymal stem

cell growth medium, Lonza) % F\>, 37°C, 5% CO,in air 514 F THIRE L OHMRIEE 21T -

7=. GM Off%IE, Mesenchymal Stem Cell Basal Medium (Lonza) {Z MSCGM SingleQuots®

(10% FBS: fetal bovine serum, L-glutamine, penicillin/streptmycine, Lonza) Z Nz 7=t D & L7z,

B 3 B 2L ICaH Uiz, ARERIT AARARFEFmMELE A S (K% 5 EC05-025,

EC10-036) DOfg#HIHE-> TITo 72,

2. hDFCs @O =RTks#%

B-TCP 5#{bBIE T F L AR (HE 3.0 mmX HS 2.0 mm, pore size: 100-300 pm,

MedGel) % A% vR—/L K& LTHUWZ. 5.0X10° cells/ml (2775 L7~ hDFCs JE¥IE 25 l

% 96 well plate N T A ¥ v 7~ —/L RIZ{# T, CO, incubator (37°C, 5% CO, in air §:/4F) N T1

Pl fE L, A ¥ A—/b FIZ hDFCs Z /&4 S /2. TD#%, GM £ 2135 il o (bikE

E5Hh (OIM: Mesenchymal stem cell osteogenic induced medium, Lonza) % 0.2 ml/well /1 X, CO,



incubator HC 4 HIfE5# L7=. OIM (% Osteogenic Basal Medium (Lonza) |Z DEX % RV 7=
Osteogenic ~ SingleQuots ® (FBS 10%, Ascorbate, p-glycerophosphate, L-glutamine,
penicillin/streptomycin, Lonza) %724 ® & L7z [OIM (D-) ]. 121°C T 20 47 [H O & JF 78 5
B &21T > 72 N£E 3.0 mm, #ME 4.0 mm, & & 2.0 mm @ PTFE =2 — 712 GM £721% OIM T
3 Woth5#E L72 hDFCs %, PTFE = — 7 NIZfEA L 7=,
3. hDFCs @7 v NHIEE E~DBE

hDFCs B Hl BRI 13 4% 9 @ #lis F344/Nlcl-rnu/mu T ~ b 215+15 g, BAZ L 7K
2tk FH6 VLA W=, GM B (GM T 3 kochs#8 L7- hDFCs Z & 4H L 7-#f) & OIM (D-) #f
[OIM (D-) T3 &JLhi# L7 hDFCs ZfHH L7 #E] O 2 8 (KHE3 D) 12307 &2 TO T
FRIZASY oL e =L B U U A (25 mgkg) FMERENEES L, 2B RRRE T Chti T L7z,
hDFCs Z A3 % 7 v b OFATER 2816 L, BHIEE MR > TRAFTIB 217\, BTk
(IR B I CRIBE - 28 B U7z, BRZ - B PRk K OVE IR 228 1 U7-. BATEE 1 & i
DT hDFCs 2 &t A ¥ ¥ AR —/V RN A S/ PTFE F = — 7 28 A L, ‘BiE4 T
A B RTHES L, StV CARIEBE S 2 A PASE L7 (Fig. 1). BIZEMIMIT, SVt 28
A& L7e. ARSEBRIT A AT 75 @8 22 B O KGR (KR35 AP10-MDO001)

IZHE> TITo 7=,



Figure 1. hDFCs were cultured with 3D in vitro, then the cells transplanted onto the rat calvarial bone.
Then, skin flap was closed.

4. Micro-CT I X Bf#HT

Z v NEHTAE BIZ PTFE F 2 — 7 A% & L2 S HEC B 1T 28T E &% Micro-CT Z AN T
ERINERREEFNEZ L2, T v FE& ML E X — U2 K D5k, BEIEE b
@ PTFE " = — 7 #l A¥[ % Micro-CT (R-mCT®, Rigaku Corporation) % H\ %5 L 7=. hDFCs
B EBROWRE ML, BBIE 90 kv, BT 88 pA, HEMEH 10 4, B 17 T 360
JERER LHREE LT, B I3 28 H H TITo 70, BB O R 7 BV 1320 X 20 X 20 pm

T, “RITEZEAEERH Y 7 - TRI/3D-Bon (Ratoc System engineering) % N CHLEE L, ‘F
O IMEEZBlE LT,

TER S N84 &2 EBIICEHMET 5 72912, B8 (BY, cm’) B X OVEHEE (BMC, mg)
L 72, BRI (BV/TV, %), BMC/TV & B%E (BMD=BMC/BV, mg/cm’) /& BV,

BMC B L OF 2 — 7 NERORIEFE (TV, em®) 22BHEH LT



5. HRRFROBIER

7 v b OREIN, KL BB & RARO FIE TR HIE, DIRL D~ Y UEh

PR K A2 RER, Bl S 8725 10% PR L~ U KSR CREVRE & 21T\, PTFE

2 — 7 G e HIEE & — ISR L2, 10%HER L~ U U /KEIRIZ 3 AR T CIRIE L

7%, 10%EDTA C 2 EHIBLK, £ D% IRWICEIE LT 7 ¢ ATV, JES 4 pm T

Y] U7z, YR IZ@IEIZ eV hematoxylin-eosin (H-E) Yefa z Jifi L#1%2 L7z,

6. SRR FERIBIE

REDIATAE U ITxt U CHREMRRIL P I B 2 AT o 7. —IREUKITE a2 kic o0

TH%$ % BAYT, =7 A monoclonal T BMP-2 UK (65529.111; 1:500; Abcam), 7 & v b

polyclonal FLRUNX2 HT{A (1: 500; Abcam), < £ b polyclonal Ht Osterix HLIA& (1: 500; Abcam)

BLELOZ B v b polyclonal it VEGF-A20 (1: 50; Santa Cruz) % W\ 7=, KU 1%, BT 7 o

1%, 10 mM 7 =BT R U U AERER (pH 6.0) & AV, IRIRTETI95°C, 40 Sy nEVILER L

7L S, SR T T—kthz 12 RS S 72, —RPURRISHE, AR~V v

Z —BROGBI D728, 3%ER{b/KR T % 7 — /i 15 SRS ST, & 52 PBS THGA

#%, “WRPUA L LT ChemMate ENVISION kit/HRP (Dako) Z{#f L, 71 k22— LiZfit-> T

LR L 7=, #-9)1% PBS TPt L, diaminobenzidine (DAB) (Merck) (2T 3 /rff¥tatk, ~A

Y—v MU KRR TR AT WEIE Lo, FHURUS T DB & LT,

IER 708 OfRREI R 2 iz, BRI E LT 1 RPURZ D3I kPR 2B S E .



II. hDFCs {Z%3 % PRGF DEE
1. PRGF O1ERIGE
oA T k=LA Rartvr NOBONTEFERT VT 4 75, HLEEEAl 3.8%7 =
it b Y AN OBEEEMEEZHOTEIRE Y iz 5 ml REL 72, I L 72 ki,
BTI System IV /L 77EfE ™ (BTI Biotechnology Institure) % FVNC, =R TIZ 8 /7fi, 460X g T
w0y A 4TV PRGF 28R ER L7z, 23l L7 ik sy o 5 B, AMmERE L Y 1.0 ml L5 D
Mm%y % PRGF F2 & L, PRGF F2 £V /D% PRGF Fl & LCHE L7, 7B L7
PRGF F2 1000 pl |Z%f L, 10%#i{k: 47 /L3 7 2 (PRGF-Endoret™ Activator, BTI Biotechnology
Institute) % 50 ul Z /M2, 37C T A > F=2X—hL, FVROT7 47V 7 vy FEfE
BIL7= ERIL7=27 vy b % 4C, 10 25, 4500 X g T OOBERZITV, BiEA2sEL7-. A
FEERIT A AR AL T i i m L B K& 5 EC14-13-029-1) OFR#HTE-> TITo 2.
2. MmEOERGL

ERZ T 0 7D, BZERNEZ AW TEIRE 0 MiE4E 5 ml HEL7Z. BEL 72
R % SRR T2 30 20T E L, 1000 X g C 15 43 Dy BE 4 1 TV MLy & 5 BfE L 7=
3. MmBREHIE

i/ Fs K OVA MR350 B B EhmER /AT 241E XE-2100 (Sysmex, Hyogo, Japan)Z JH\>

THIE L.
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4. ELISA
IfiL{#%, PRGF F1, PRGF F2, PRGF F2 1% ® PDGF, TGF-p, IGF-1 %% QuantikineVELISA kit
(R&D System) % W THIE L7,
5. PRGF @ hDFCs ~DE &
hDFCs Z#&fE L, 24 FFfi]#%(Z Osteogenic Basal Medium (Lonza) (Z FBS, DEX %[\ /-
Osteogenic Single Quots® (Ascorbate, p-glycerophosphate, L-glutamine, penicillin/streptomycin,
Lonza) Z Nz 7% D2, PRGF F2 EiGEZUSINL7-H5H [OIM (D-) -PRGF] ZAS#2 L 7-.
PRGF F2 LiEIZ44 DR T T 4 7 O FER&REM LI b D2 Uiz, ZE LA &5
OHB&EL, BHZE#E 1 HE & L7z, % & L T Osteogenic Basal Medium (Lonza) (& DEX
Z R\ 7~ Osteogenic Single Quots® (FBS 10%, Ascorbate, p-glycerophosphate, L-glutamine,
penicillin/streptomycin, Lonza) % % 7-5H [OIM (D-) -FBS] & L7-.
6. AERREHIE
24 well plate {Z hDFCs % 1X 10" cells/well T#5#& L, GM, OIM (D-) -FBS % 7-1%
OIM (D-) -PRGF T2, 3 Hf#5# L 7. Mifu%kix Z1 Counter Particle Counter (Beckman) % FH\»
THIE LTz,
7. MREE
24 well plate |~ hDFCs % 1Xx 10" cells/well TH#EREL, GM T 80%=> 7 /L= k¥ T CO,

Incubator (5% CO, in air, 37°C) TH# L7-. D%, CELL Scratcher™ T2 2 J v F L, GM,

11



OIM (D-) -FBS (10%) % 7=1% OIM (D-) -PRGF (1, 5, 10, 20%)C 72 Wf[fE55&1%, MinilEERE%
BIEL UTc. EdE L7-/aiE, Image J (National Institutes of Health, Bethesda, MD, USA) % f\»
THig % ML L, (EEIC 3 EAT I mmX 1 mm ¥ X CRIE L7, 2RO ERICH T 2
DHEFEDENIE ZWE LT,
8. Total RNA D

hDFCs % 60 mm dish (Z 1.2X 10° cells/dish T##E L 7-. OIM (D-) -FBS (10%) % 7-1%
OIM (D-) -PRGF (10%) THh;# L7-5%# 0, 3, 7 H H® hDFCs 7>5 miRNeasy Mini kit
(QIAGEN) % I\ T total RNA Z it L7-.
9. Real-time PCR

GeneAmp RNA PCR kit (Life Technologies) D f}JE T& % MnLV RT % T, total RNA 7>
5 cDNA Z R L 72. cDNA R 2 I, B33 L OVF O Primer (20 uM) %45 0.4 pl, DyNAmo
SYBR Green qPCR Master mix (Thermo Fisher Scientific) % 10 ul, JEEFERIKZ 7.2 ul 212
TAaE% 20 ul & L, PCR USRI 2 VEML L 72. DNA Engine Opticon 1 (Bio Rad) {Z7C,95°CT
557 RINEMV, 95°C15 7, 55°C30 #, 70°C30 # % 40 H1 7 /L4TV» DNA % g L, SYBR Green
Ik D ENEA T =% — L7 . GAPDH 22> b —/L L L TCAACT iEE W CHE L=

PCR {EIZTHEH L 72 primer (3 Table.1 (2777
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Table 1 Primers used in Real — time PCR

Gene Primers bp

Collal F: 5°- ggc caa gag gaa ggc caa gt- 3’ 251
R: 5’°- tgg tcg gtg ggt gac tet ga- 37

OMD F: 5°- cat ctt ctt ctg ctt ccc tca- 3’ 123
R: 5°- gtc aaa gtg ccc ttc tge te- 3°

ALP F: §5’- gtc atc atg ttc ctg gga ga- 3’ 123
R: 5°- gaa ggg gaa ctt gtc cat ct- 3’

BMP-2 F: 5°- cat gtg gac get ctt tca at - 37 13
R: 5°- gaa gca gca acg cta gaa ga - 3’

BMP-4 F: 5°- gct agg age cat tee gta gt - 37 193

R: 5’°- cct agc agg act tgg cat aa - 3’

GAPDH F: 5°- atc acc atc ttc cag gag- 3°
’ R: 5’- atg gac tgt ggt cat gag- 3’ 315

10. HEFHEOMRAT

HERHRITIL, 1 -1 E 2 -V TAT o 72,
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I . hDFCs DB EE

1. Micro-CT = X Af&4T

hDFCs B4 28 H B (2330 T Micro-CT B /34775 5, BMD fi % 5¢{2L 7 7 —3D Hif =

L72. GM BB LUV OIM (D-) #f & HIZBHTAE M b A B A 2 78 9 72 (Fig. 3A, B). GM ##

LR LT, OIM (D-) B3 &k v 2 < OFEBEEKRZR O (Fig. 3B). ‘B@#EEFHAIICB W

T OIM (D-) #HIZ GM B & il L C, BMD, BMC B L U'BV 72 2 TIZBW CHEEZ R LT

(Fig. 4).

Figure 3. Color images showing bone mineral density by TRI/3D-BON; A small amount of newly
formed bone was seen on the inner side of the PTFE tube in the GM group at 28 days after surgery (A).
New bone formation had progressed into the PTFE tube in the OIM (D-) group (B). Bar =3000 pm
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BMD BMC BV

4,; 900 ES sr {E 12r

‘Eﬂ 600 I -[ éﬂ 6 g sF ‘

E‘ - I g 4 | E

E 300 ) | = 4 r

m 2 m
_ BMC/TV BV/TV ] GM
tﬁE 600 %k 80 akokol
g L B -
= | 1 w | OIM (D-)
= 400 t T
= | Z 40 “*p < 0.005
= — 20 “p <0.01
= p <0.05

Figue 4. Micro-CT analysis; Quantitative measurement of bone mineral density (BMD),
bone mineral content (BMC), bone volume (BV), BMC/total volume (BMC/TV), and BV/TV.
Colums represent means = standard deviation. “P < 0.05, **P < 0.01, ***P < 0.005.

2. HERRFERORT R

2% ¥ AR—/L REHWT =%)ocE:# L7~ hDFCs % PTFE F = — 7128 A L, BHIEE FIok
MEL7-. BhEt% 28 H BIZHREE HITHAEENEIZE I L2 OIM (D-) #EiL, GMBE L i L T,
A IR —)L RNICIEEIH O F A B N S -, FAEEJE O SR IC 1T 25 06k

FEOFIRATED B, FrAEFOEICITEHFRROBSINBIE SN (Fig. 2).
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GM ¥

OIM®D-) T

Figure2. Histological findings with H-E staining; New bone formation was observed at 28 days after

surgery.
Higher magnification images of A, B ( X 40) are shown in C, D ( X 200), resepectively.
(A, B): Bars =500 pum, (C, D): Bars = 100um (NB: new bone; CB: calvarias bone; S: scaffold; T: tube;

black arrows: osteoblast).

3. FERR L FHIPT R

hDFCs #Aiiit% 28 H H Okt 7 Y a2 351 T, BMP-2, Runx2, 35 1 0" Osterix (L
E BT, AN O A ILZICEAS LT E MR TG A BIE S vz, RS b
\Z, VEGF (L% P B Rfads L OSHT AR E ORI ZELA U 72 & 2RI F0 v C R T L 2 38 )

7= (Fig. 5).
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Figure 5. Immunohistochemical staining; BMP2, Runx2, Osterix and VEGF at 28 days after surgery ( X 400).
Bars = 100 pum, (NB: new bone; S: scaffold). Arrowa indicate to positive reactions.
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II. PRGF DR

1. PRGF DK%

FTHIOIL, A DRT T 4 T LR EIT- T2, —#E24lm & Lok, %0 ofm)

5 PRGF Z/ERL L7-. PRGF OB ET-1IR T T 4 TRINC L D ZEOKE %217 - 7.

1) PRGF O I BR %

ARBDRT T 4 T b2, MG X OV PRGF o i/ Mk X OVA IEREL 2 11E L

7=, /T4 & X, PRGF F2 (£ 2.14+0.10 fi%, PRGF F1 1% 0.59+0.19 f#& A TU =,

PRGF, &I A MERE G A TR o 72, 213 L O'PRGF D I/ ML, "7 o7 4 71T

Ko TEAKZEZRBO 7= (Table. 2).

Table 2 Numbers of blood cells

Platelets (X 104 cells/ pl) WBCs (cells / pl)
WB  Serum F1 (Fold) F2 (Fold) WB Serum F1 F2
Volunteerl 19.7 0.0 16.2(0.8)  39.9(2.0) 3870.0 0.0 0.0 0.0
Volunteer2 25.1 0.0 12.3(0.5) 55.8(2.2) 3410.0 0.0 0.0 0.0
Volunteer3 14.4 0.0 10.6 (0.7)  32.4(2.3) 3850.0 0.0 0.0 0.0
Volunteer4 26.2 0.0 8.7(0.3) 54.0(2.1) 5510.0 0.0 0.0 0.0

WB; Whole blood, F1; PRGF F1 fraction, F2; PRGF F2 fraction, Fold; Number of F1 or F2 / number of WB,
WRBCs; White blood cells,

2) PRGF DIEFHR 7R B

1fiLi%, PRGF F1, PRGF F2 1 DR 7R L 2 E L. S RENIE RIS 5 Lok s

LT % IGF-1, TGF-B, PDGF-AB, -BB, VEGF @ 5 FE{IZ- DV CHlE L 7.

18



IGF-1 ##J£1%, Mm%, PRGF F1, PRGF F2 TR 72T LN~ 7=. TGF-p IEE I

PRGF F1, Iy & tb-<C PRGF F2 IX &1l %2 7~ L 7-. PDGF-AB, -BB, VEGF J&)%¥ %, PRGF F2 1

F OV I Z X PRGF F1 13KV ME Td - 7. PRGFE, IfLiE OEIN 12X, N7 T 4 T

Ko THEEEERD T (Fig. 6). M/IMELDEZNRT 7 ¢ 71%, HFER T-HEE D & A

iR,
2000 1600001
= 1500 E 120000} .
= . 2
o ] *
= 1000 A Y = 30000, -
n = g 4
| |
2 500 = 40000
R
0 T [ ]
Serum F1 F2 Serum F1 F2
200000 | 4000 .
E 16000 ]
E) . w3000
— 12000 - ~
) . m
2 s 2 2000F
{u:-_ 8000 _ ?D-_ _ :
E 40001 ) E 1000 . a
% s 3
Serum Fl1 F2 Serum F1 F2

= Volunteer 1
* Volunteer 2
4 Volunteer 3
* Volunteer 4

VEGF (pg/ml)

600 .
‘

4000 _
A

200 .
L]

.

. A

L]
Serum FI F2

Figure 6. The concentration of growth factors in serum and PRGF fractions. Serum and PRGF were prepared from
four healthy volunteers. Growth factor concentrations are expressed as the means & SD. F1, PRGF F1 fraction;
F2, PR fraction. Bar indicates the mean value.

2. hDFCs %% % PRGF O%h%

hDFCs (2%} 9% PRGF OEMEK T D2 %5~ 5 7=, PRGF F2 [T b v w7 K&

T,PRGF 7 1 v k& {Eft%, =002 4TV PRGE F2 Ry 2 /B8 L 7=, OIM (¥4 % FBS

[OIM (D-) -FBS] ®{t#> v 2, PRGF F2 Eif§ [OIM (D-) -PRGF] Z¥#RNL 7.
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1) MKEHEFEIZ 335 PRGF D&

GM, OIM (D-) -FBS (10%) ¥ 7=1% OIM (D-) -PRGF (1, 5, 10, 20%) ~C 2,3 ARIE3% L, #i

$Z JIFE L 7=, hDFCs Ol $ki3, PRGF O FEEKAFHIITHIN L 72, K52 3 A HIZH\\ T OIM

(D-) -PRGF (10, 20%)!%, OIM (D-) -FBS (10%) & bt LABRRE S A B IS L T\ e, F7z2,

OIM (D-) -PRGF (5%) & OIM (D-) -FBS (10%) TiXflfasiLFfEE THh - 7= (Fig. 7).

20_ **
3 :
= 16
z 7
s 1 é
S o .
9 8 %i [ am
z % A oo
2 4 /i I O (011 PR 5%
B B s
) %!

day2 day3

Figure 7. Effect of PRGF on hDFCs proliferation. hDFCs were cultured in GM, OIM (D-) supplemented
with 10% FBS, or OIM (D-) supplemented with the indicated PRGF concentrations for 2 or 3 days.
Values represent the means & SD. *P < 0.01, **P < 0.05.

2) MIEEEIZXT % PRGF DR

hDFCs % GM, OIM (D-) -FBS (10%) % 7= 1% OIM (D-) -PRGF (1, 5, 10, 20%) % I\ T, 72 i
& Lz & 25, OIM (D-) -PRGF (20%) (fth & bl L, #EdE L TV Hffiflaz 2 < Rz,
%72 OIM (D-) -PRGF (10%) X OIM (D-) -FBS (10%) & Lbigd 5 &, EEL T Hilllaz %

< #b7- (Fig. 8A, B).
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Figure 8. Effect of PRGF on migration of hDFCs. hDFCs were cultured in GM, OIM (D-) supplemented
with 10% FBS, or OIM (D-) supplemented with the indicated PRGF concentrations for 3 days. A) Phase-contrast
microscopy shows hDFCs migration. B) Quantitation of cell migration using Image J Software. Values represent

the means £ SD.
3) BRBEEDEILFHRBLIIHT S PRGF DEE
hDFCs % OIM (D-) -FBS (10%) % 7-(% OIM (D-) -PRGF (10%) TH:#& L, ‘B EE s

T ORI TR EZ MG L7-. BMP4 (3554 3 HHIZ, TGF-B135# 7 HAE T
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OIM (D-) -PRGF |2 £ 2558 C LR 258072, BMP2 I EFMEM 2 /R L7223, AEETRED S
72/ o 72, OMD, Collal, ALP D= 7B, 54 3,7 H BIZHV T OIM (D-) -FBS T

5% L72IRF 2, OIM (D-) -PRGF TH5#: L 72 hDFCs T EH- #7807 (Fig. 9).
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Figure 9. Gene expression of , BMPs, TGF-3, OMD, Col lal, and ALP in hDFCs. hDFCs were cultured in GM.
OIM (D-) supplemented with 10% FBS, or OIM (D-) supplemented with the indicated PRGF concentrations for 3 or 7 days.

The gene expression was examined by real time PCR. Value represent the means = SD of the result from three independent
experiment. ‘P < 0.05, P < 0.01, "*P < 0.005 compared to culture day .

3.PRGF F2 & PRGF F2 i O HEFl K 172 )%

PRGF F2 & PRGF F2 bif DO HEFE N - % Lbis L7-. PRGF F2 _F{& X PRGF F2 & Lbifg L,

PDGF-AB, PDGF-BB, VEGF 3£ 1/2 D, TGF-B 1349 1/10 D Y2 T - 7=, IGF-1 |Z PRGF

F2 LiEM 125 Tdh 7= (Table. 3).
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Table 3 Levels of growth factors

Growth factors (pg/ml) F2 F2 supernatant Average F2 supernatant/ Average F2 (Fold)
IGF-1 935.0%£128.7 1087.5£209.0 1.2
TGF-f 75000.0=31102.0 10850.0£2820.8 0.1
PDGF-AB 8000.0%1990.0 5050.0+1497.8 0.6
PDGF-BB 1025.0+499.4 397.5%233.9 0.4
VEGF 340.0%+186.4 142.5+£110.3 0.4

IGF; insulin like growth factor, TGF; transforming growth factor, PDGF; platelet derived growth factor,

VEGEF; vascular endothelial growth factor, F2; PRGF F2 fraction,

F2 supernatant; property of F2 supernatant was described in material and methods.
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AWFFETIL, £3 hDFCs OF FAERICH~O IR Z G 5 2 & 2 HIZ, OIM (D-)

TH;# L7 hDFCs & 7 v MHIEE EA~BAE L7, %, RO RHIZERE A 25 25~

St ET 584, DEX i ~if{ind%. LU, DEX (%, | Bla o —4 L O

S
i

TEEHFREREREZMHT S Z L 8HmEsh P, 512 DEX BEHRGShD ZLick
, EHERERIE SN 5 2 E AW ST 5 Y A T DEX 1, B 2EAIRE O B5EHT
fil, BHFMRO T R b — ZADOFHE, B LOBE B OEMT L BRI ZREST D &
ENTWE Y. ZNHDZ Enh, FHEAERERIZIB T DEX ORINGET 5 Z ENEEL
WEEZ B S, hDFCs 13 in vitro IZ3BW T, OIM (D-) TE:#E L TH AIRILT 5 Z & DR
ENTWD Y. FiE FEHIE T H 5 MCIT3-ELMIARIL, DEX 2 & £ AW TR L CHE
MR~ MET D EME S TWD Z &2 5 19, hDFCs 1213, ROEMEE RSO 72
O, AE IR & fAET 2 FTREME DRI ST D Y
AW TIE, 7 v NBETEEIZ 3WRICEEEE L 72 hDFCs Z B L, BIARIZ OV TRET 21T -
72. Micro-CT |2 X 2 /B @& EFH I OFE SR 5, OIM (D-) #Ei% GM #f & bk L T, BMC, BMD,
BV, BMC/TV B X BV/TV OV FHIZE W T HEEE R LTV e, BRI B LT B
DIEREIRIEZ I 5 FUETH S BMD B L OBV A@Efiiz m L2 &5 ', 0IM (D-) T
54 L7z hDFCs BT 5L, HEHE <, KV LITHAT DR S D 2 & 0SRm
I,

F 7o, MRRTFHIRRET 21T o 72453, hDFCs B4 % 28 H B 12 OIM (D-) #£i% GM B & bhlz L
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T, LV OHAEBRKR AR, EH/EFREITIE, 2EOMEEY O/ L OHE 2

MBoORSINEERSRZ. K- T, GM TH#E L7 hDFCs L9 & OIM (D-) THELZ

hDFCs O 53, FAEE T ARREDMEIL TV D AIREME /RIR X 4177,

G R L ROBIER CIL, BB LB O S EIC BMP2, Runx2 35 £ O Osterix FAMERT

RARDT. BMP2 [R5 (IR SO B S~ A (2 2 L AME Sh TS

" Runx2 & Osterix |38 MO SMIZMADEER T L LTHMbNATWS 29 VEGF 1%

MEHAEEREST 2 2 &, BRAR LOFERICEES 52 L %Y, £z, NI VEGF O

VEH 2 W4 5 LR ALE S5 2 LA STV 5 *. hDFCs 1 OIM (D-) Th;#%

LTHRKIET D2 ERHESNTEY ¥, SOICAMFEORRND, AERNICBIT 2 &

HAEFRAIRET D Z LN oz, Ko THEMMITE BFAERMM/mE LT

ARTHLEEZ BN

WIZ, AWFSEClE, hDFCs % H U THEAgE L/ M ULEE T & 5 PRGF (2O CE EEMa /b~

DA R LTz, WA i SRR EN 5 BRZBEMEICTH Y, K

JEAAE D ATREMEDME S, FEERCTIER STV D P

9,4 A\ORT T 4 T B4EEL 7= PRGF OME ORiEt A B I, PRGE H o i/ Mk

B LOAMEREZJE L7, /M T ERZERRD Shnie. afd o mm/ Mo

AT T 4 71X PRGF F2 I/ S 2 VMEA A2 7R L7z, F /-4 & Heik L C PRGF F2

TIX 2.14£0.10 £%, PRGF F1 TiX 0.59+0.19 {5 D /M & 5 A TNz, fEkDOME & [FERIC
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PRGF F1, PRGF F2 & IZ AIMERZ B A TV o 72 P PRGFIZEMER A S /02 &b,

RFEW 72 M L MRS CTd D PRP IZHEARRIESCHfEfEE 2R Z LI WEBZ B

TV,

T
S

RSB AL LR IC B 59 % & B i T S HEFEIK T+, IGF-1, TGF-B, PDGF-AB,

PDGF-BB 5 J. O VEGF (22U C PRGF FORE 2 AIE LT, AR TRE S, 4 A\OKRT

YT 4 T RTTERZEDSTRD b, MM D L WA T T 7 TR TR S O

A8 HiL7z. TGF-B 1% PRGF F2 C, MiijE¥ L' PRGF Fl &Lk L CEfEE R LT,

TGF-B 1% hMSCs 7> 5 #UE B S~ D 5 b 22T 25 Z L 12 L » THRIEE 2 etk

% Vb T 5 *. PDGF-AB, -BB 5 L 1! VEGF 1% PRGF F1 IZH.~X PRGF F2 TiEV vl %

R L7z, F£72 IGF-1 13 &% & & <, PRGF F1 & PRGF F2 CRIBEDE T&H - 7=. PDGF %

hMSCs D5 ARG A TIHE S5 = LI L » TRETER A RET 5 = & 2 IGF I3F g

FUTHAAET 2 HEIR 7 C, MBI E ML ~ Db 2 EtEd 2 Z Ll s h T b

D VEGF 1ZIMAEH AR 7T, ENELICBWTEETHS 2. 260K T2 &t

PRGF 135 HHII WA E B RIS A H Tl W EoRIB S L7z, £ ZC, hDFCs OF 3

=i

a5 b ~D PRGF F2 DB AT 5 = L lz L=,

PRGF F2 HUZHAGER 755 OWRMER FOfth, AF v R—L FE LTES 747U b E %

NTW5D. EBRTIE PRGF F2 O 7 ¢ 7V V&RV BEFEN 125 & & Tl PER 122\ T o

WAL L L L. 2T, PRGF F2 72y FEmEOOEEL FiEZEE L, OIM &
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FBS ®% W |Z PRGF F2 EiE %1 L, OIM (D-) -FBS & OIM (D-) -PRGF D[] CHllfa HEFF +3
K OEEIZOWTHIE L=, £ OfE%E PRGF OEMER -3, hDFCs OAIfuHGE R L O RE
BILHESED Z LA LR T.

& 512, hDFCs % OIM (D-) -PRGF (10%) %72i%, OIM (D-) -FBS (10%) TH;3 L7zHo,
B E & LT Cd 5 BMP2, BMP4, TGF-B, OMD, Collal al #4, 35 X OV ALP O {s 1%
BlZH~<7-. BMP & TGF-B 138 E HIT/F(E L, BMP2, BMP4 [ X e o> i 2 e 27k i B
.22 TGF-B I AT OB 2 e 5 Z LI k> TROEFT U 7, V%
FU U ICEERRTFTH D V. AFFRICE VT, OIM (D-) -FBS £3# (2~ OIM (D-)
-PRGF TH:ET 5 &, £5# 3 H TBMP4, 5% 7 0 B C TGF-p OBz FHELED LH LT
7z, F7z, BMP2 IZHEAEZRORND LR 2788 72, 5 2 A B <> s AR RS A X
T AN Y v 7 REEEET D L TGFB A EATH LEb TS, X5 T, TGE-p D
NG 7 B BIC ESH L7=DIX hDFCs @ Type 1 collagen <° OMD 8L L5 L BENR & 5
Db LAL7Zev. OMD 35 &L UM Collal DR 77 BUTEEFE 3,7 H & & OIM (D-) -PRGF T L5
%3 7=, OMD (3544 % osteoadherin & U\, small leucine rich proteoglycan family 2 J& 9% /]
ST ORI IE T, B RESCRTE &L Vo T CREICRH S, I 3T 1
WAEIZEE L TWADTIEARWIERIBEN TS . Collal 1% Type I collagen @ al $4T
Y, A IEME D D RREVE TR b3 A BRICHEELT 5. Type 1 collagen (X D E 272

AR IEE TH D TGF-B 12 &L > THEBL LA 3%, PRGF I Type I collagen, OMD &\ o7z
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HREE EASELZLICL0, il a2 IRET 2 ATREMEAVRIR S Tz,

ALP [ZHE ML & sRAVE I 3T DR ORI~ — 1 — L E b T\ 5. At

I3H5# 3,7 H & £ 1T OIM-PRGF /% OIM-FBS (b~ - L7-. #%, hDFCs %

OIM (D-) -FBS TH;&EA#1TH L K54 7 H HREEEN S ALP O, HBLEN LA, 4R
OIM (D-) -FBS TH;# TiZ 7 HH2 S ALP Bl LA 23O b7z, —J7 OIM (D-) -PRGF
THEZIToT2E 2 A, 55 3 HEMDG ALP ZHLO EFA2@O7-. Ziut PRGF 12XV
hDFCs 73 RN B Mk Uiz 2 & 23" Siv7z. PRGF 1, BIEESBEMRA T % L5
D LIV EEAEREESN D ATERES R S LT

%72, OIM (D-) -FBS (Z [t OIM (D-) -PRGF (Z hDFCs O/F 2l /(b 2 (2 S w7223, 52
BRIZ N2 DIX PRGF F2 ® 11§ TdH 5. % Z T PRGF F2 &0 LI CIIHFERE 1R & <%
INd 5 73FH~7-. PRGF F2 & PRGF F2 LI IZ OV THIGER 7 & 5037, 2 Ofs B, IGF-1 J2fE
X PRGF F2 & Z D EIE TZEITRD LV > 7223, O HEHE 1O E1L, PRGF F2 LT
BT L7, ZHUT7 4 7 ) GR35 T 5 % & B 2 b, LIRTOAFSET, IGF-1
X7 4 7V TREAE LRV ERE SR TWD P 72 TGE-B 127 4 7V v & OFREN &
<, PDGF 137 4 7V LfERITT 200, BAMENRH< T ichitiansd LltsnT
W5, ABFEOFRERIZZND OREL KL TN D LR IS, 51%I1%, PRGF DR
FAZONTET TR, AFX ¥y A=/ KL LTT7 47U %5 A7 PRGF (2K % hDFCs @

3RTCEEAR LML LT, "B E~ DB AR OB BN DD EBERD.
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PRGF X DIk 7> HAERLATEETH VW, PRGE 125 £ 5 BEFHEN 12 L VY hDFCs O #ifi

FEGEAMEE L7z Z SIS K0 A LM ST LR S T,

212, hDFCs (3 DEX A7 F T AKIL L, BIERMREER 2695 Z &, FABH fEIK

RO IR 54 % &L TV A LIM homeobox 8 R HL L TWA Z Lk P, B

A QBB IS U D fHAEERISHIC, £70F FMR U RICA L E X5

5. £72 PRGF I, BHAERIZBW CHEERN 725 0MELE LTERTH D Z &R

=hi-.
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1. hDFCs % 7 v MHIAE E~BAET 5 &, fRFRIP RIS TR 28 H BBV THlifE L
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iz,
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VEGF D5 iz 58 72.
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5. TGF-p &I, PRGF F2 TF1, Mif & A TEfEA R Lo, EHER ORI, 4 ADOR
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Ot E L TAMTH D Z LR Sz, £72 hDFCs OAlaFEFETs J O ez &

OTLHE, HRBBIER R OFEBL EFAE, PRGF OBEJEA 1 DRI L 5 ATHEMEA VRIE S

7.

31



AR lE, 257 1 [Applicability of human dental follicle cells to bone regeneration without
dexamethasone: an in vivo pilot study| International Journal of Oral & Maxillofacial Surgery, 2015
B LW, 25w 2 [Plasma rich in growth factors stimulates proliferation, migration, and gene

expression associated with bone formation in human dental follicle cells| Journal of Dental Sciences

DERTE] 2E LD bDTHL.

P

a2 DI12H720, 2BY)0 5 THRE L THEAIH Y F L7 BARZERF i 25 5w st
FHAREE O RS R EIRICEEA TG OB 2 £ T & & biZ, TRE, TG 2By £
U7 ARRRRAE A 2%, DR ER R O ERERRICIR EMLH L B &

FIARMIZEICER L, W22 TR b NI E 2 Wn 2 & £ LB AR ke /)
BESEEMIEH N LET. S6I, AFREZED DITH T 0 ¥ T T2 72T
BURAM B O R e AT (&N T L E T

32



51 A 3CHk

1. Morsczeck C, Gtz W, Schierholz J, Zeilhofer F, Kiihn U, Mdhl C, Sippel C, Hoffmann KH.

Isolation of precursor cells (PCs) from human dental follicle of wisdom teeth. Matrix Biol. 2005; 24:

155-65.

2. Aonuma H, Ogura N, Takahashi K, Fujimoto Y, Iwai S, Hashimoto H, Ito K, Kamino Y, Kondoh T.

Characteristics and osteogenic differentiation of stem/progenitor cells in the human dental follicle

analyzed by gene expression profiling. Cell Tissue Res. 2012; 350: 317-31.

3. Takahashi K, Ogura N, Aonuma H, Ito K, Ishigami D, Kamino Y, Kondoh T. Bone morphogenetic

protein 6 stimulates mineralization in human dental follicle cells without dexamethasone. Arch Oral

Biol. 2013; 58: 690-8.

4. Tamaki Y, Nakahara T, Ishikawa H, Sato S. In vitro analysis of mesenchymal stem cells derived

from human teeth and bone marrow. Odontology. 2013; 101: 121-32.

5. Sanchez M, Yoshioka T, Ortega M, Delgado D, Anitua E. Ultrasound-guided platelet-rich plasma

injections for the treatment of common peroneal nerve palsy associated with multiple ligament

injuries of the knee. Knee Surg Sports Traumatol Arthrosc. 2014; 22: 1084-9.

6. Anitua E. Plasma rich in growth factors: preliminary results of use in the preparation of future

sites for implants. Int J Oral Maxillofac Implants. 1999; 14: 529-35.

7. Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff KR. Platelet-rich

33



plasma: Growth factor enhancement for bone grafts. Oral Surg Oral Med Oral Pathol Oral Radiol

Endod. 1998; 85: 638-46.

8. Inchingolo F, Tatullo M, Marrelli M, Inchingolo AM, Inchingolo AD, Dipalma G, Flace P,

Girolamo F, Tarullo A, Laino L, Sabatini R, Abbinante A, Cagiano R. Regenerative surgery

performed with platelet-rich plasma used in sinus lift elevation before dental implant surgery: an

useful aid in healing and regeneration of bone tissue. Eur Rev Med Pharmacol Sci. 2012; 16: 1222-6.

9. Choi BH, Im CJ, Huh JY, Suh JJ, Lee SH. Effect of platelet-rich plasma on bone regeneration in

autogenous bone graft. Int J Oral Maxillofac Surg. 2004; 33: 56-9.

10. Gerard D, Carlson ER, Gotcher JE, Jacobs M. Effects of platelet-rich plasma on the healing of

autologous bone grafted mandibular defects in dogs. J Oral Maxillofac Surg. 2006; 64: 443-51.

11. Fréchette JP, Martineau I, Gagnon G. Platelet-rich plasmas: growth factor content and roles in

wound healing. J Dent Res. 2005; 84: 434-9.

12. Anitua E, Tejero R, Zalduendo MM, Orive G. Plasma rich in growth factors promotes bone tissue

regeneration by stimulating proliferation, migration, and autocrine secretion in primary human

osteoblasts. J Periodontol. 2013; 84: 1180-90.

13. Porter RM, Huckle WR, Goldstein AS. Effect of dexamethasone withdrawal on osteoblastic

differentiation of bone marrow stromal cells. J Cell Biochem. 2003; 90: 13-22.

14. Mcllwain HH. Glucocorticoid-induced osteoporosis: pathogenesis, diagnosis, and management.

34



Prev Med. 2003; 36: 243-9.

15. Wang FS, Ko JY, Yeh DW, Ke HC, Wu HL. Modulation of Dickkopf-1 attenuates glucocorticoid

induction of osteoblast apoptosis, adipocytic differentiation, and bone mass loss. Endocrinology.

2008; 149: 1793-801.

16. Sudo H, Kodama HA, Amagai Y, Yamamoto S, Kasai S. In vitro differentiation and calcification

in a new clonal osteogenic cell line derived from newborn mouse calvaria. J Cell Biol. 1983; 96:

191-8.

17. Burghardt AJ, Link TM, Majumdar S. High-resolution computed tomography for clinical

imaging of bone microarchitecture. Clin Orthop Relat Res. 2011; 469: 2179-93.

18. Reddi AH. Bone morphogenetic proteins: from basic science to clinical applications. J Bone

Joint Surg Am. 2001; 83: 1-6.

19. Ryoo HM, Hoffmann HM, Beumer T, Frenkel B, Towler DA, Stein GS, Stein JL, van Wijnen AJ,

Lian JB. Stage-specific expression of DIx-5 during osteoblast differentiation: involvement in

regulation of osteocalcin gene expression. Mol Endocrinol. 1997; 11: 1681-94.

20. Shirakabe K, Terasawa K, Miyama K, Shibuya H, Nishida E. Regulation of the activity of the

transcription factor Runx2 by two homeobox proteins, Msx2 and DIx5. Genes Cells. 2001; 6: 851-6.

21. Street J, Bao M, deGuzman L, Bunting S, Peale FV Jr, Ferrara N, Steinmetz H, Hoeffel J,

Cleland JL, Daugherty A, van Bruggen N, Redmond HP, Carano RA, Filvaroff EH. Vascular

35



endothelial growth factor stimulates bone repair by promoting angiogenesis and bone turnover. Proc

Natl Acad Sci U S A. 2002; 99: 9656-61.

22. Gerber HP, Vu TH, Ryan AM, Kowalski J, Werb Z, Ferrara N. VEGF couples hypertrophic

cartilage remodeling, ossification and angiogenesis during endochondral bone formation. Nat Med.

1999; 5: 623-8.

23. Mariani E, Filardo G, Canella V, Berlingeri A, Bielli A, Cattini L, Landini MP, Kon E, Marcacci

M, Facchini A. Platelet-rich plasma affects bacterial growth in vitro. Cytotherapy. 2014; 16:

1294-304.

24. Anitua E, Zalduendo M, Troya M, Padilla S, Orive G. Leukocyte inclusion within a platelet rich

plasma-derived fibrin scaffold stimulates a more pro-inflammatory environment and alters fibrin

properties. PLoS One. 2015; 10

25. Mimura S, Kimura N, Hirata M, Tateyama D, Hayashida M, Umezawa A, Kohara A, Nikawa H,

Okamoto T, Furue MK. Growth factor-defined culture medium for human mesenchymal stem cells.

Int J Dev Biol. 2011; 55: 181-7.

26. Ng F, Boucher S, Koh S, Sastry KS, Chase L, Lakshmipathy U, Choong C, Yang Z, Vemuri MC,

Rao MS, Tanavde V. PDGF, TGF-beta, and FGF signaling is important for differentiation and growth

of mesenchymal stem cells (MSCs): transcriptional profiling can identify markers and signaling

pathways important in differentiation of MSCs into adipogenic, chondrogenic, and osteogenic

36



lineages. Blood. 2008; 112: 295-307.

27. Fisher MC, Meyer C, Garber G, Dealy CN. Role of IGFBP2, IGF-I and IGF-II in regulating long

bone growth. Bone. 2005; 37: 741-50.

28. Okubo Y, Bessho K, Fujimura K, Kusumoto K, Ogawa Y, lizuka T. Expression of bone

morphogenetic protein in the course of osteoinduction by recombinant human bone morphogenetic

protein-2. Clin Oral Implants Res. 2002; 13: 80-5.

29. Pereira RC, Rydziel S, Canalis E. Bone morphogenetic protein-4 regulates its own expression in

cultured osteoblasts. J Cell Physiol. 2000; 182: 239-46.

30. Trasatti C, Spears R, Gutmann JL, Opperman LA. Increased Tgf-betal production by rat

osteoblasts in the presence of PepGen P-15 in vitro. J Endod. 2004; 30: 213-7.

31. Okubo K, Kobayashi M, Takiguchi T, Takada T, Ohazama A, Okamatsu Y, Hasegawa K.

Participation of endogenous IGF-I and TGF-beta 1 with enamel matrix derivative-stimulated cell

growth in human periodontal ligament cells. J Periodontal Res. 2003; 38: 1-9.

32. Couble ML, Bleicher F, Farges JC, Peyrol S, Lucchini M, Magloire H, Staquet MJ.

Immunodetection of osteoadherin in murine tooth extracellular matrices. Histochem Cell Biol. 2004;

121: 47-53.

33. Martino MM, Briquez PS, Ranga A, Lutolf MP, Hubbell JA. Heparin-binding domain of

fibrin(ogen) binds growth factors and promotes tissue repair when incorporated within a synthetic

37



matrix. Proc Natl Acad Sci U S A. 2013; 110: 4563-8.

38



