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Study of bone formation using periosteal elevation model on rat calvaria

-transplantation of human dental follicle cells and plasma rich in growth factors-

Takashi Eda

Nihon University Graduate School of Dentistry at Matsudo,

Department of Oral and Maxillofacial Surgery

ABSTRACT

The aim of this study was to evaluate the efficacy for bone formation in transplantation
of graft materials. The osteogenic potential was evaluated by histological and
immunohistochemical findings and micro-computed tomography (micro-CT) analysis.

The dental follicle is the fibrous tissue that surrounds the developing tooth germ, and it
is believed to contain osteogenic precursor cells. Human dental follicle cells (hDFC) were
obtained from wisdom teeth extracted from patients aged 14 years. hDFC from the 5th to
8th passage were grown in three-dimensional (3D) culture using gelatin sponges. Then,
hDFC 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 (immunodefifient 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).

Next, Plasma rich in growth factors (PRGF), which is autologous constituents obtained
from blood, has been known high concentrations of platelets containing various growth
factors. PRGF was prepared by centrifugation of rat (male Sprague-Dawley rat) whole blood
(WB), and then was activated using 10% calcium chloride solution. The activated PRGF
transplanted onto the calvarias of rats. Histological observation demonstrated that PRGF
group showed newly formed bone in a wide range. Result of immunohistochemistry showed
Runx2 and Osterix expressed osteoblasts around newly formed bone in both groups at
2weeks. Osteoblasts positive for Bone Alkaline Phosphatase (BAP) and Osteocalcin were
seen around newly formed bone in PRGF group at 2weeks. However, BAP and Osteocalcin
staining was negative in the control group at 2 weeks. Micro-CT showed that PRGF group
promoted an increase in BV which compared to control group. In addition, result of

immunohistochemistry for Runx2, Osterix, BAP and osteocalcin was positive reaction in



both groups at 8 weeks.
These findings suggest that hDFC will be useful as a new cell source and the
transplantation of PRGF is bioactive scaffold for bone formation. These transplantation may

be useful in bone regeneration therapy.
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B 7= e MR L E 2 Platelet-rich plasma (PRP) & LT, EH B B2 OFF L 7= BRI
FEERATV, L b7 2 ROEMIEREGHIC B W CTHE EE O 1) L2586, B 2 M o HEFEIC
WA ZHEELZLTWDS Y T PRP 2 FIVZHFEA A S p s T, PRP O ERL
FiEE, 7r ha—AnE LS TWaWe), BEOWMEITE - TRNEF X 5. M
Z.C, PRP (ZIEMHER Sy, M/ RAksy & & ICHIMERDE E TV D720, AENTHImER
MOBRIEEY A DI A B SN D ATHEMEITA E TE 20 20, B iE i/ MR ED —>T
& % Plasma rich in growth factors (PRGF) LI/ D #HE % FHEL 3~ 2 72 8 D J71501E D/ B
ORG-S STl Y 20, —E O Loy BEC e S ONC I MRSy O 2 & filit
D2 ENAHET, AMREZ S X2V E AT 5. & 51, PRGEIX, BB AKIC M+
% TGF-B} OF VEGF @ K 9 7o 80 7 & i 1o G e r= 0 20 2, B /AR X OSRE AeGi
OB DIHENGED LTS . PRGF % W 2 WG O I oA R 5 12 BT

PRI, FREFZRIZ L DT T 58, BEERIRIC OV CTORBIZEITIEE A
L2,

ABFFETIL, EEA~DIBNRIED D 72 NBAEAEL T8 5 hDFC OB TERANR, 7o b NS
MR A IC B W TR EAR Al R AR BRI 738 L OVES; & LTD PRGF OBEKREZ BT 5
Z L AZHME L= hDFC OB EICHOWTIE, T v METER B2 OIM (D-) T=Rock:
# L7z hDFC ZBhi L 7= OB TER & Lk RO F6 K OV ik b PRI c B2 L7z, S 612
TR S T BB OREERENT % Micro-CT % VT =k ouB P& 247V et L7z,
PRGF D'HIERAEIZ DV T, PRGF % 7 v NEETER RIS L, R E TR 2 Rk

FIAT R, SR 2RO 2R 38 L O Micro-CT fi##T &2 FVWTHET L 7=,
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1) SAEMEOLRER L UER

ol A T F— L Rarvy NOBLIE 14 F Ot TR ZREL, £
DU Lo 2 BB L7z, #9382 PBS TULH L MilkAksy & B Bru 7o g, A
A % FWTTHIYI L, 0.1 U/ml collagenase type I & 1 U/ml dispase (Roche, Germany) % VT
37°C, 1 IRff#IB% 3R 40FE L hDFC % 7Bt L 7-. 438 L 7= hDFC 1% GM ( Mesenchymal stem cell
growth medium; Lonza, USA) % F\>, 37°C, 5% CO,, 95% air {4 T THIMCI K Ok EG & %
17> 72. GM O#H [k IE Mesenchymal Stem Cell Basal Medium (Lonza) (Z MSCGM Single Quots®
(L-glutamine, penicillin/streptomycin, FBS 10%; Lonza) #/Mx7=b D& L7z, H5#Z3 BT &
WIASHR U 7o, ARBFSEIE B AR A P it i fm PR Z B2 GRAES 5 EC05-025, EC10-036) ™

REHTIE-> TUT o T2,

2) hDFC O =¥RTis®

B-TCP sffLBIE 7 F L AR ¥ (EA 3 mmX H S 2 mm, pore size: 100-300 u m; MedGel
Scaffold, MedGel, Japan) % A ¥ ¥ Ax—/L K& LTHV= 29.5.0X 10° cells/ml (2 FH%& L 7=
hDFC 8% 25 11 % 96 well plate N T A ¥ A —/L RIZH F L, CO A > F o X—F —H
T 1HFEFRE L, A% v 38—/ FICThDFC % &4 S W72, BRI 5~8 D hDFC A A#
HL7. Z0#%,GM £721X 0IM (D-) % 02 ml/well I 2, CO, A > F 2 _X—& —HT4 A
5% L72. OIM (D-) 1% Osteogenic Basal Medium (Lonza) (Z DEX % [\ 7= Osteogenic Single
Quots® (FBS 10%, Ascorbate, 3-glycerophosphate, L-glutamine, penicillin/streptomycin) (Lonza)

EMzizboL L.

3) hDFC ®J v FEHETE'E E~DBHE

Z v NEATA'E EIZ31T 5 hDFC OB IERN R ZRTTT 5720, #a HO =B ER %2 B



Z oo, FEBREMWIZA 9 Bl F344/NJcl- mu/mu o R EMEMET © b (215 £ 15g, BA
7 U7 RS, Japan) GF 6 VEE FHV V2. GM BE (GM 1T 3 IRJeh5# L 7= hDFC % B4l L 7-#¥)
& OIM (D-) Bf [OIM (D-) (T 3 Rocks#E L7- hDFC Z 8 L 7-8E] D 2 BE (BHRE3 L) 124y
7.
BTOTRITNY v eE X —vF U 7 A (25 mgkg) & MEPENE G- L, SH T
1T L7=. GM #£3 L OV OIM (D-) BEIFEHIEE 2 H1E L, SHE BRI - TR 21T
VY, B RRRR ARSI LD HIEE - 2 R U7e. BB - BTk K OVE IR A % B L, BHTA
LML DRENS, A% v AR—/b RRNERICIHA SV PTFE F = — 7 Z AR E LEHAI L 7.
F 2 —7 OWNEIL 3.0 mm, FME40mm, #S 2.0mm & L, HARS 121°CT 20 /O EE
ERIRE 21T 722, MAGKER, B2 T A 0 RICX VAL, S0 TAIRRE %
AP L7z, BRI, SREWTS 48/ & U, ARFEBIT B AR 7 i 5@ fi
ICBIT B HREHCIE S &, B FEBRIL B AR T i E B A B DA (KR

5 AP10-MDO001) (296> TITo 7.

4) PRGF 1R85

FERENY) 134 16 WS Sprague- Dawley R MEMET »~ & (435 = 15g, =7 R —E X,
Japan) &t 12 DC%& 72, HLBEEAI3.8% 7 =T b U v AN OBEZERME ZHWTT v
MAMSEERIR X 0 ik % 5 ml BEEL L 72, BTI & A7 ALz D% ® (BT Biotechnology Institute,
Spain) % VT, 2RI T2 T 8 40, 460 X ¢ Tim LB 4T\, PRGF 28 L7- 22
IMERE & VK9 1.0 ml 15 D MRk 2 PRGFF2 & L7=. T~ MMM PRGF (3 PRGF F2 |2
PRGF- Endoret® Activator (BTI Biotechnology Institute) Td» % 10%IME{L /v o L& Z,

37°CT 40 HRfE L, FAtko 7 47V ray b UUFrry b)) & L7 (Fig 1A) 2,



| calcium chloride |

PTEE tube

Figure 1. PRGF preparation for transplantation; Platelets in PRGF F2 were activated using 10%
calcium chloride solution just prior to use (A). PRGF inserted into a PTFE tube (B). PRGF

transplanted onto the calvarial bone (C). The periosteal flap was closed after placement of PRGF
into the PTFE tube (D).

5) PRGF ® 7 v NEHEEE E~DOBHE

XTPRRE (PTFE F = — 7 D4 8HE L 7-#F) & PRGF#E (PRGFF2 7 11 v K A PTFE F = —
T EBR LTRE) O 2B (BBE6 L) 1230 7.

A TOITRITWARRELIE 2% R 7 VT U & FAWT, 25 I T CHifT L7z, *TRREES X
O PRGF FEIFHATHE A 66 L, BB MBI > CREUIBI ATV, B PR IR 8k &
OHIEE - E R L7, BB TR JOVEEEZ B L, BHIEE LB L ORI, *THREEX
PTFE F = — 7 M7, PRGF #fI% PRGF SNHEICHfi A S 4172 PTFE 7= —7 (Fig. 1B) ZHLA
FRIE L, PAAIL7-. HAGRER (Fig. 10), BlEZFA aRic i viga L, > S\ AR
& 2RO L7 (Fig. 1D)*%20. BT, SV b 2 @B X8l L L. A%
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6) FAMRFERIBIE

7 v FOERIT, FHEL BRBAERE & RO FE TR M ZIT o 721%, DL v~ Y
Va AR K 2 R, B S 70 10% ARV~ U OKRESIRIS CREDRE E 21TV,
PTFE F = — 7 # B8 ER & ISR L7z, 10%H PR L~ U L oKEEIRIC 3 BRI T
TR L 724, 10%EDTA T2 HEBK, & D% IUIRENZEIWT L ST 7 ¢ el 2 T, B S

4 um CHEEYILZ. UAIX \ZHEV hematoxylin—eosin (H-E) %t % fii L#IZE L 7-.

7) GBI L F B

AREOTATEE U ITxE U TR A 51T o 7. 1 IRBUEIE, B Ml bicon
THiZET % BAYT, hDFC BAEEBR T, ~ 7 A monoclonal HT BMP-2 HU{& (65529. 111; 1:500;
Abcam, Japan), 7 £ > b polyclonal T Runx2 H{& (1:500; Abcam), & & > | polyclonal #i
Osterix L& (1:500; Abcam) 33 KX OV7 £ K polyclonal T VEGF-A20 (1:50; Santa Cruz, Japan)
% AV /- PRGF BAEEBR TIX, 7 ¥~ b polyclonal HT Runx2 HifA& (1:500; Abcam), 7 £ b
polyclonal T Osterix HL{A& (1:500; Abcam), 7 £~ I polyclonal #t Bone Alkaline Phosphatase
(BAP) (1:100; Takara, Japan) 33 X U877 &> K polyclonal $ii Osteocalcin (1:100; Cosmo Bio,
Japan) ZH W=, FUIR I NT 7 4 %, 10mM 7 = ) b U v AEEER (pH 6.0) %
F, IRIATE T 957C, 40 3 BMBLERIZ L 0 &L A1TV, =R T C 12 RS S 72, 1
WHURIE%, WRE~ VA % 2 Z — B ISR IED T8, 3%l b /kFE &/ —/VIZEIR
T 15 OGS W72, & B2 PBS THeH%, 2 k$t{K & L T ChemMate ENVISION kit/ HRP
(DAB) (Dako, Gloustrup, Denmarek) Z{fH L 71 k 22—/ /U|Z)E-> TULBE L 72. &8I 13 PBS
THEYF L, DAB (Merck, Germany) |2 CH %, v A Y —~v F XU LKA THE LG4

ZATWBLER L7, AP 250 E LT, IER 2 E ORMMRTI A 2 vz, Rk i



L LT 1 REUEE VT 2 kEUEEEHR S 87 2.

8) Micro-CT IZ & BT

7 v NEHIAE BICTF 2 — 7 & RkiE Lo SRS 1T 2 8T E &% Micro-CT % VW TE &/
I RREEF L, B A&~ b oL e X — WS K B R E I, SETEE EOF 2 —T
AL A Micro-CT (R-mCT®, Rigaku Corporation, Japan) % F\ g% L 7=. hDFC FEAE 35k D
R SRIEL, BEE 90k, BB 1 A, R 1065, HRhifi 17 7T 360 B Hlis L%
¥ L7c. BRIt 4 1 B CfT o 7-. PRGF B EBR OB S1001%, & EE 90 kv, EEN
150 A, $REEAEEE 10 f%, BEIEM 2 43 C 360 IR LR L2, fREIIBMK% 2 B L O
QMM H TIT o7z, TNENHHGE DR 7 BRI EIT 20X20X20 pm T, =ZRovH PHE
#HH1> —7 ~ TRI/3D-BON (Ratoc System engineering, Japan) % VT, ‘B ORI 28122 L
7.

R S8R 2 EBICTHET 572012, B& BV, on’) BLOEEE (BMC, mg)
ZEH L 72, BIRIARREER (BV/TV, %), BMC/TV & B%E (BMD=BMC/BV, mg/cm’) | BV,

BMC 5 L OF = — 7 REORERE (TV, cm’)/» SR L=

9) WEEHHUSRNT
BT OMHRERIL, FEME £ EY¥ERZE (mean * standard deviation) T# L7-. Bf5EH
DAED ELEIZ1E, Welch O t-test 24T > 72, fERZEE 5% (p < 0.05) Kl 2B HEZEDH Y &

HE LT,



S
1. OIM (D-)CH5# L 7= hDFC BT & BRI R OB
1) FERRERIPT R
AFx ¥ R—/V K& HWT =k IcH;# L7 hDFC % PTFE F = — 7\ A L, ‘Bl & SHTE S
L ORI LT, Btk 4 B HICHEEE IS4 EPBlE S (Fig. 2A-D). OIM (D-)
FEIXGM B & i LT, A% v A —/0 RNICIRHEF OB EB DR S 7. EmifE L big,
B JE DH O SRR IR0 U 72 B g 2558 60 & 4, B AR 10 13 E S o Bl A

NEIZE S 7z (Fig. 2C, D).

GM OIM (D-)

X 40 ]1‘ qinR 3 T \ T "" T |

Figure2. Histological findings with H-E staining; New bone formation was observed at 4 weeks.
Higher magnification images of A, B (X 40) are shown in C, D (X 200), respectively. (A, B): Bars
=500 pm, (C, D): Bars = 100 um (NB: new bone; CB: calvarias bone; S: scaffold; T: tube; black

arrows: osteoblast).
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2) SESERR L FROPT R
TR 2 A O FE ST Fig. 3 1278 L7z BMP-2, Runx2 35 & OF Osterix [Z M & H 12,
il RN O F A B 0 B A L 725 2R CRE SR DB STz, WifE & H 12 VEGF

(T, M PR FS & OSH AES OOk ICELS L 7o 2RI 3 W\ TR IR RT L &2 58 7.

Figure 3. Immunohistochemical staining; BMP-2, Runx2, Osterix and VEGF at 4 weeks (x 400).

Bars= 100 pum, (NB: new bone; S: scaffold). Arrows indicate to positive reactions.

3) Micro-CT (2 X B f##T

Micro-CT |2 &£ 2 ‘5 ZA81E OfiFNT%, BMD [HEZ #8000 7 —TC 3D B R/ r L& 2 A, GM
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B LUOIM (D-) B L b ICEHEBE M O HEERAEZ RO (Fig. 4). GM # & g LT,
OIM (D-) FEITJRHIFHIZHT LT O BIZE S L7z (Fig. 4B).

TR S VT Fi Al & B BRICFHE 3 2 72012, B REEHZTT o7& 25, OIM (D-)
BT GM BEL R L TR L 722 ToOMEICB W TEEE /R L2 (Fig. 5). ZORENS,

OIM (D-) BflX X 0 R L 7= Hi 4B OEKRZ RO T,

GM OIM (D-)

L 3000um 100 800

(mg/em’)

Figure 4. 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 (A). New bone
formation had progressed into the PTFE tube in the OIM (D-) group (B). Bars = 3000 pum.

BMD BMC BV

900 - 88— sk 12 seskok
a; 600~ T 'E sk
3 E p
g Sy = —
g 2 X
E 300 |- i = ; 4

- BMC/TV - BVCI;{Y 0 GCM
g + ﬁ B OIM (D-)
:i‘“ 400f zm_ . **%k P <(0.005
- s ** P<0.01
= T = - *P<0.05

Figure 5. 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).
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2. PRGF BHIZ X 5 BRRBR OB
1) AARREHIPT A,

PRGF BfIL, fiite 2 M H X0, ‘B L BHTEE OM THAET DR 7 0= (Fig. 6B,D). L
L, JREITIT L L ERAER OB ERD IR o72 (Fig. 6A, C). fiith 8 WHIZIBWT
PRGF BEiX, xHIREE L LT, REPHICH AT OERABIE S - (Fig. 6F, H). 2T, #r

RO, AR AR Ze g SRR OBl Y 2 FR & 7 (Fig. 6D, G, H).
X 40 X 200

Control PRGF Control

PRGF

Figure 6. Histological findings with H-E staining; New bone formation was observed at 2 weeks and
8 weeks (A-D, E-H, respectively). Higher magnification images of A, B, E, F (x 40) are shown in C,
D, G, H (x 200), respectively. (A, B, E, F): Bars = 500 um, (C, D, G, H): Bars = 100 pm (NB: new

bone; CB: calvarias bone; T: tube; black arrows: osteoblast).
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2) SEERERRALFRIET R
TR LY B8 % Fig. 7 12”9, #57% 2 I H, Runx2 & Osterix | 3% FREE CHATAE
BIE I O BPERT A FR% (Fig. 7A, C), PRGF BETlX, FRIH AR N OB EMIL THME
AT AAEIEE S 7= (Fig. 7B, D). BAP ¥ L O Osteocalcin 1%, PRGF BEIC 3B oA B 0% o
TEHEREES L OSHAE B N OB M BT R 2§87 (Fig. 7F, H). LU, xfHEHEIX BAP
3 L O Osteocalcin (2[4 TdH > 7= (Fig. 7E, G). itk 8 # H 1235\ T Runx2, Osterix, BAP 33

J O Osteocalein [ X MHEZ I TREMERT A 788 72 (Fig. 71-P).

2 weeks
Qo_n_trol_ - PRGF_

Runx2

Osterix ~

BAP _

Osteocalcin
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8 weeks

Control __PRGF

cr

5 ;. SN

s
e ) RN

N
e TN

z ’, o i :-‘_._:' l’ e .
e NB % .~
S SR A

Figure 7. Immunohistochemical staining; Runx2 (A, B, I, J), Osterix (C, D, K, L), BAP (Bone
Alkaline Phosphatase) (E, F, M, N) and Osteocalcin (G, H, O, P) at 2 weeks (A-H) and 8 weeks (I-P)
(x 400). (A-P): Bars = 100 pm, (NB: new bone; CB: calvarias bone). Arrows indicate to positive

reactions.
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3) Micro-CT 2 & % fi##T

Micro-CT |Z & %5 @A O fiir 1%, BMD fif 2 {2l 7 T3IDHE{GFRLIZE A, itk
23 B2 C PRGF BEITxf AL & b C, BETHE BICD BO A B 2789 7= (Fig. 8A, B).
firtz 8 M H TIEAirse 2 W B & bl U COFr A S OTERGEIPHANE I L7z, i 8 # H 23T
PRGF FEIExfIREE & T, F a2 — 7 NOHAE RO %258 O 7= (Fig. 8C, D).

PRGF B£i3ititt 8 B ® PTFE F o —7 OHREE T, 1F& A EHAE TSN TV

BHEREEHNIZIB W T BMD i 2 B BB L OV B OMEEM CABEZEEZRD RN T=

(Fig. 9A, D). BMC & BV (22T, PRGF B & xfHEE A il 95 &, W34 d PRGF B#ED 53

EETH - 7=H (Fig. 9B, C), T 8 IZTHEZDFRD bl (Fig. 9E, F).

Control PRGF

2 weeks

8 weeks

800 .
(mg/cm’)

Figure 8. Color images showing bone mineral density by TRI/3D-BON; The inner PTFE tube
contained a small amount of newly formed bone on the calvaria side at 2 weeks (A, B). Area of new
bone formation progressed into the tube in both groups at 8 weeks (C, D). The images show the
control (A, C), PRGF (B, D) groups. Bars = 3000 pm.
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2 weeks
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o 0.8 =
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Figure 9. Micro- CT analysis; BMD (A), BMC (B) and BV (C) at 2 weeks; and BMD (D), BMC (E)
and BV (F) at 8 weeks. (BMD: bone mineral density; BMC: bone mineral content; BV: bone

volume). Columns represent means = standard deviation (*: P < 0.05).
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ZE5

R F IO B AL D KRB FEE RS HIILIE, BRER TlLd D kR~ Zfliia ~5r{bifiE
I5Z LMNA[EETH H. hDFC 1XARIGHIFE, & A > b 2EHIIE S K OV MR HRAE SRR AR 72 &1z
Mt Bz EnmbnTEY Y, DEX #& A7 OIM TH# T 5 L 1Kk L, 7 v hEATH
B ECBET 5 L BEERT D 2 ERHE SN TS . L L, DEX I1F, REI#ESICLS
BREGERIED V) 270 3, BN HFm 2 30 L, BE ez BN S5 2 & 3
ENTWVD 3 5t T, BEAEERICBVTIE, DEX Off 2 /58T 5 2 L A% E L
&2 BHL%. hDFC I, in vitro TDEX & 720  OIM THAKILT 2 Z L 3G ST
WHZEnL W BEARRAMBE LTAATHL EBEZOND. £ 2T, AFETIE
OIM (D-) F£721% GM T =ych5# L7 hDFC N4 7 v MNHIAH EICBE L, &S
D572 5 hDFC D TZRZNRIZ OV THBHRE 21T > 72,

7 » NEATHEIZ hDFC Z % 4 18 B OFLFRFAIFT L Cld, OIM (D-) BEIIXTH 5 GM
BB L C, L0 Z L OHEFTEMRERDT- (Fig. 2B). 784 FEBEICIL, BHEMao
B LR L 7= B N BlE S 7z (Fig. 2C, D). Micro-CT X 55 G2 il o ks 5,
OIM (D-) #IXGMEEL Y &, BMC, BMD, BV, BMC/TV 3 X U'BV/TV DWW T HUCE W T H
%R~ L7z (Fig. 5). BHUIRIEBE ORREMEAEYETH 5 BMD OB L OBV A& fE 2R L7z
L2 b, 0 (D-) THZE L7 hDFC 2B+ 5 L, BEL L, LA LIRAETIIE

BREIND Z DRI S LTz, SRR L ROEI 22 TlE, BMP2, Runx2 35 K O Osterix 13, #i4:

;@i

BB OE I BT JL2SEE® H A7z (Fig. 3). BMP2 XA MEMBERE AL 3 L
THFMIAS L 2T % P, Runx2 & Osterix 1ZH 2EAIMLO/MUIC HEDEEER T Th
% %49 Runx2 F 7213 Osterix D KIE~ 7 ATREA LI B MR 51T, B2 XTS5
Z EDDIXE RIS HADESR T L s Sh v s ) VEGE IR B 2EHII S L O E N
FRIREIZ R BLNGR D B ALz (Fig. 3). VEGF X ME HrA 2 REEH T2 2 & T, BB LV

BEEICESTA Y, F7-NEYE VEGF OFEH &l § 5 L BEK A HES NS Z &
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NEAE S LTS *. OIM (D-) T3 L 7= hDFC |% GM THE:# L 7= hDFC & b3, VEGF O

IR TRBB LN RV EEAN LR T2 Z EBRHEREINTND (FERITR LTV,
ZNHOZ LD hDEC (3 OIM (D-) TH:EE LT H/EIFME O {b{etE, F 7= VEGF O%H1
BRI R, BAEE 2T D ATRENE D R S LTz,

hDFC (2 OIM (D-) T L THAKILT D 2 ERMESNTEY Y, & BITAIEDHR,
Rs, HERNSBIET 2 EHEBERERET 2 ZERHALNERoT LIe> Tl
FIIEHAEERFOMBIE LTEHTHL B X LT,

T /R I, B O MR BRI RE R B Z M B CTH 0, S sz B LD
FTREMEAHR D TR <, FIAEERICAV RO Z MmN E Vx5 P RIFETIE, T v b
P DERE U 72 Mg 7~ b i/ M g o —fTH % PRGF Z/FRIL, 7~ MHEER LI
fiE L7z (Fig. 1). fREZA0FT R CIk, it 2 38 B (Z PRGF BE CIXEE B SRR S = #r
EFDVFRO BT, M TIL, 1ZE A EHAEEOMNPRD b >7- (Fig. 6A, C).
fir#g 2 1 H ORI ERFT R T, I CREFOEETAEISAFES 58 Ml o
7% Runx2 3 L O Osterix FHPEMIR EBIZ2 X7z (Fig. 7A, C). PRGF BETI, BEfFE & #HiEs
JE PH OB A B TEAT AR ® B 7= (Fig. 7B, D). Runx2 3 L O Osterix (3 /H TRk B
IR EIR T C, B IFMIOSMEICEE AR E o TnD L ans P —J5T, BAP Bk
WY Osteocalcin 13, 7% 2 1 HZ PRGF BEIZ D A BG4 FT 358D H AL (Fig. 7F, H). BAP I3A

IRAGIZBE G- L, ‘B3O kO T 5 *9. Osteocalcin 13, B AL /3% 1112 651

V‘«

PR LNDLHS~ h Y v 7 A E LRI ETH Y, RIS . 5E> T, PRGF
FEISSHIRBE L 0 b R AKILZ BT 2 £ B bz,

Micro-CT Z3#7 Ci, itk 2 i H 235 C BMD, BMC, BV OfEIZxHRRE L ek L, A&
IR7EZ ORI, PRGF BEDO T 3w M Z2 75 L7z (Fig. 9A-C). fiifg 8 B HIZH W T,
BMC # X ONZ BV C PRGF BED 5056 HBEE & bhl L CHEICE % /R L= (Fig. 9E, F). i#

EOHE T, PRGF FIUIIFAET D M/ IMRITAER 2 7o BE5IA 72 it L, 1ERMNHHE 5T
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B IEMAER OB TR L, MEHAR OHARMEE 2 EE S5 Z ERAREShTn5 9 %
B O LI E] 2 B - IR 7 & LT TGF-B, VEGE 231 5T 5 ') TGR-pIE i3

WK OB AR ~D MG L, B A et % 7. £7-, PRGF ICI3%&D 7

%H

A7V UBEENTEY, MBEHAEORBE L LTADTHD Z EnHESh T ¥ &
- T, PRGF ## T, PRGF TIZE N DHIAER T, 72 5 NTHIRAA G T 2 720 D R 55703k
SN &Ik, FrAEERARELY b RAED, iIEFbEEREINZEE
Zbio. LinL, ABETIE, Btk 2 BHB X8 B DBEORIEE T2/, &

BEVFEMRBFPLETHD EEX BN,

AWFZEClL, DEX 4 £72 OIM Ths# L 72 hDFC, B X U'PRGF # 7 v MHTEE ICBHE
LHEEEREERT L. ZOMRE, HEXFHEOMEMHKIEE LTEHTHY,
PRGF 1%, ‘BHAICBW TR B I OEH E L THHZAFEBRMETH 5 = & R

Shiz.
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&

apl
hu!

ABFFETIL, EE~DIENRIED D 72N BAEA LT 8 5 hDFC DB TERANR, 70 b TN
AR AR T B 2R R Gk K OWSAEIN 7 & L C D PRGF O'BAGEEZ MGy 22 L& B &
L, hDFC F72i% PRGF % 7 v MHIAE LICBAL L, MHFH, Skt e rmgs Lo
Micro-CT fi#HT % AV TR L 72,

FERIZKROBEY TH 5.

1. hDFC % 7 v MEHIEE E~BHET 2 &, MflFApT AL L LT 4 B HICHEEL b
FAENBIZE SN2, OIM (D-) #EIX GM B L i LT, A% v A —/L RNIZIAFIPHOHT
EEDIERR SN EmEEE BIT, FAE E O SR IR L 72 B 2358
D B, AR IIRICITE FHR ORS B S 7.

2. SRR L RYPT LTI, hDFC B A% 4 38 H 12350 T BMP-2, Runx2 35 J U Osterix [
FEE BT, WO OF AT ID% B U 7o E IR TS DS BIER S 47z, mRE
& BT VEGF 13, M MR T K OB A8 ORI B L 7o B 2RMAa L2 3o TR MR
Rz,

3. hDFC #fi#it% 4 1 A, Micro-CT (T & % 23 O T4, BMD B 2 45l 4 7 — T 3D @i
FoRLIZEZ A, GM BEB XD OIM (D-) BE & HICHHTEEMD O HT A EEKR 2R 7.
GM Ff & e LT, OIM (D-) RHIZAFIHICH AT ORI BIE STz, £z, B
FHAlZAT > 72 & 2 A, OIM (D-) BEIXGMAEE & b U CRHAI L 722 ToOfEICB W CREE
RLUTz. ZOREFRED, OIM (D-) BHT LV B L0 B O 278D 7.

4. FHRRFMIETRAC TR 2 B &V, PRGF BEIE IR & SHIEE ORI CTHAE DR % 72
To. LU, HREETIE & A BT O 2RO e hr > 2. i 81 H {23\ T PRGF
I, SRR & LT, KR ICHT A S OB S v, AT, BiAsinmicig,
L LRI 728 AL O Bl 51 2 38 o 7z

5. 4 2 1 B O RRA L AOET A28 C, Runx2 & Osterix 3% FREE CEETE B I%IE
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R D MR R A 589, PRGF #ETIE, RRIHAEER N OB 2L CRAPERT R AMBIE
U7z, BAP 33 X O Osteocalcin (%, PRGF FEIZ B\ CTHIAEE Wiz OB HHfu s X OB AE W
DB AR GMERT ARz, Lo L, XTHERIBAP 35 & U Osteocalcin |22 T -
7=, 1% 8 i B 1235\ T Runx2, Osterix, BAP 5 & OF Osteocalcin (X HEIZ 35U TREMEAT A
Tz,

6. PRGF Bt 2 3L 8 # HIZ Micro-CT |2 K /gt DT L OGHI 217 - 72
BMD i A #{El 5 7 — T 3D Wi ER Lz & 2 A, itk 2 8 B2 C PRGF #EIZ R & I
AT, BHIEE RO BOFAEBREREZ RO . iR 8 B TIL, IFR2EH &l L THr
A OTERREBHASEAN U7z, itk 8 i B3\ T PRGF REIExIFREE & LT, B & 51
TE'E O CHAE B AR EIH O¥IN 2 380 7=, B3RS HAIC I C BMD 134tk 2 # B
BLOSHEHOWAEM CHEZZRBD /202572 BMC & BV 2D\ C, PRGF #f & X} H#E
BT 5L, Wb PRGF FEO LR EETH - 72203, K 8 IS THEAED D

BTz,

AAFFEClL, DEX 258 £ 72\ OIM THis# L 7= hDFC, 8 X U'PRGF % 7 v MNHIEF ICBHE
LHTAEFEREEZRIT L. ZTOME, BEBITEHEOMBMEHBIEE L THEHTH L,
PRGF %, BHAICBWTHIERKN B L OESE L TAEHZZBEZBHMEITH D Z & ovRg

=hi-.
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