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Z) (OTM) BIRIEAIE ATV % 5F & 5 T BRI B s AR . i B i R b S g0 vr il
ATV % K BMSCs. PDLSCs #1 DPSCs FH45E M i/ BUA AR A 520, R CCK-8
SLHOAS I = RPN ML TS DL, DRMEBERRES (ALP) YR ALY T4l R G RE 7T
Western blot il =Fh 4 & AH R H A T AR (COL-D « Runt AHIRE 5% 1 2 (Runx2)
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AARAGIN K 300 B AR B BMP-2. Runx2. OCN FEKKF AR KT R ARSI . SR
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Abstract Objective To investigate the effects of atorvastatin (ATV) on the proliferation and
differentiation of rat bone marrow mesenchymal stem cells (BMSCs), periodontal ligament stem
cells (PDLSCs), and dental pulp stem cells (DPSCs) in vitro, and to validate the regulatory effect
of ATV on periodontal bone formation and tooth movement using a rat orthodontic tooth
movement (OTM) model. Methods  The effects of ATV on the proliferation and
osteogenic/odontogenic differentiation of rat BMSCs, PDLSCs, and DPSCs were assessed in vitro.
CCK-8 assay was used to detect the proliferation of the three types of cells. Alkaline phosphatase
(ALP) staining and Alizarin Red staining were employed to evaluate osteogenic differentiation
capacity. Western blot was used to detect the expression of osteogenesis-related proteins [Collagen
type 1 (COL-I), Runt-related transcription factor 2 (Runx2), Bone morphogenetic protein-2
(BMP-2), Osteocalcin (OCN)] and the odontogenesis-related protein Dentin sialophosphoprotein
(DSPP) in BMSCs, PDLSCs, and DPSCs. An OTM rat model was established, with rats randomly
assigned to an ATV gavage group and a control group. The ATV gavage group received daily oral
administration of ATV at a dose of 20 mg/kg, while the control group received an equal volume of
solvent. Tooth movement distance was measured via Micro-CT on days 7, 14, and 21.
Histomorphology of periodontal tissues was observed using Hematoxylin and Eosin (HE) staining
and Masson staining. The gene and protein expression levels of osteogenic markers (BMP-2,
Runx2, OCN) on the tension side of the first molar were detected by qRT-PCR and
immunohistochemistry, respectively. Results ATV at concentrations of 10 mol/L and 1077
mol/L significantly promoted the proliferation and osteogenic/odontogenic differentiation of
BMSCs, PDLSCs, and DPSCs, manifested as enhanced ALP activity, increased mineralized
nodule formation, and up-regulated expression of osteogenic/odontogenic proteins COL-I, Runx2,
BMP-2, OCN, and DSPP (P<0.001). In the OTM model, compared with the control group, the
ATV gavage group showed a significant reduction in tooth movement distance (£<0.05), enhanced
osteogenic activity in periodontal tissues, and significantly increased gene (P<0.001) and protein

(P<0.05) expression of BMP-2, Runx2, and OCN on the tension side of the first molar.



Conclusion ATV enhances periodontal osteogenesis by promoting osteogenic/dentinogenic
differentiation, thus inhibiting tooth movement.
Key words atorvastatin; orthodontic tooth movement; periodontal tissue; bone remodeling;

osteogenic differentiation; adult dentin differentiation
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HAEE, USRS MR, IR, 458 3 iR T H Uk /1 e
TN, A2 U TF A A A S S 1R 2 S, HL e R A AT 2 B Bl AT R R R
PEFIPL, B S ERAEPEZOR AR INE, A IR UGS ) IR 8 H a3 2 o IR e AN
50 V8 BIR TIOR3 AT REIE L5 5 4 S SOE AN AR B, o 28 Fi fi B A 0 1 52
Bl X 28 B3 B A FARTT Rt T BRI VR YT - RPN R, AT 825 b +E A
{1 (atorvastatin, ATV) ERifFTMLAGSE, & HAT 2L, BREHTR 5R2mE R,
] REE I HEE T OB R S 5 R o . BRI TP R AR TS AT S X i
N A A0 B 6 IEBS A #25h Corthodontic tooth movement, OTM) HIRZEAEF, 1M ATV 1E
B oA S A R A B B R A F AN B . R, I B TEAR DT ATV SRR 2 Fp+48
PR RSEHE AML AL AT OTM HISEMAANTE AENL], DAL IR G T 7 G2 B Sy

1 FRHRI75 3%
1.1 EERA SIS

FTFERARYT 85 CGREREmHIZA R A7, 185 1014091 ; —HEWHK (DMSO) .
WL S JetaikF), PR AR KRR (32 Sigma-Aldrich A7, #8%5: 20139, A5533,
P6911. C5138) ; a-MEM k7% (3£ HyClone A #], $85: SH30265.01) ; CCK-8 ik
&, BCA EATERAE. 4% 2 KPE (LRI REMHRERAF, 5: C0038.
P0012. P0099) ; Bl PEmEEE R A 71 & (A B MBRAEDRHEA R AR, 75: AK003) ;
AN LR FR A (LR E ARG R AT, 185 P0100) ; PVDF i (3£
Millipore A %], #%5: 24937799) ; BSA (f#[F BioFroxx A, $&%5: 4240GR025) ;

—#{ COL-I. Runx2. BMP-2. B-actin (1:1 000 B{ 1:5 0000 CKiMELEMHRAT,



Ui HA750188. ER1802-78 ER80602. EM21002) ; —#HL OCN (1:1000) (JE[E Abcam

5
AT, B85 ab93876) ; —#HT DSPP (1:1000) (3[E Novus Biologicals A, %5
NBP1-89449) ; HRP #3id =41 (BUMBELZAEMARAF, $55: HR6001) ; ECL fb¥K
HRDRAA L (LR AERE AR AR, 18%5: 180-501) ; TRIzol 7 (£ Invitrogen
A#], $35: 15596026) ; PrimeScript RT iX7f)& . SYBR Green Premix Ex Taq ( H 4% TaKaRa
AF], $8%5: RRO36A. RR420A) ; 10% EDTA 45 (AbmlEERHTARAR, 75
D0021) ; Wit F g (3£ [E Sigma-Aldrich A 7], 185 P6911) ; KJ5HE (3£ [E Sigma-Aldrich
AF], 15 C5138): il i T 7 5 (R 3V AE MR A PR & 7], 1775 : HUXMA-90021) .
EbRA (2[H BioTek I #FH IR AT, M5 : ELx800) ; MG RS (L KAeRHHA R
2w, 85 Tanon-5200) ; #F TAEG (FRNIMELRREAT, 5. SW-CI-IFD) ; CO:
K5 7746 - NanoDrop il & 4 Y6 6 £ 11 (3 [F Thermo Fisher Scientific 23 &, 45 : Heracell 150i-
NanoDrop 2000) ; & E.OHL (EE Eppendorf A#], 5. 5424R) ; AV A HL (fEE
Leica A#], A'5: RM2235) ; SEif5¢%E & PCR X (3£ Bio-Rad Laboratories 2], 7Y
5: CFX96) .
1.2 A BRI R

I B 28 Sem s L i 3~4 JHE (RTEY 50~80g)  SPF M
Sprague-Dawley K S/ T ARSI 5 85 o JEIE 2 ZUEE AT, AR B4 P 20 88 R85 % 3 Al
fo: EHER 78 T4182 (bone marrow mesenchymal stem cells, BMSCs) « 7 J&#41 T-41 g

(periodontal ligament stem cells, PDLSCs) F17 #&T-4i/{d (dental pulp stem cells, DPSCs) -
DPSCs KI5 T V)4 7 #E, BMSCs KIE T R EBE. HHLAYIM 1 mm?® N, H k& AR
AR B A . WY RESH 1/3 IR ICF JA#)45, M T PDLSCs M) & 51577, 4iffifE
37°C. 5% CO-MREFRFI %, B P3 A0 T 525 .

1.3 ATV HEBHIH &

ATV 55 Fr £ =i R 1E T DMSO, Efi#EE>10 mg/mL. 24 DMSO K LT 0.1%0H, 4
1 T 20 . K 2.418 mg ATV 85 F By K% T 200 uL DMSO 7%, K HIIA a-MEM ;7%
FHE20mL, TUEETEF] 10* mol/L B ATV fE4F W
14 YpasA SR

PR AT AR 7T, 1 B T 40 7E 10 ©8% 10 7 mol/L ATV AbFE R 3854 AN B BE 138 3 o (K
A8 5% BMSCsPDLSCs F1 DPSCs 435/ F 0.10° #1107 mol/L ATV &b, 43 skt FRZH ().
ATV-6 HA ATV-7 . AfEgetasciard, IMARCE R FREENEMER R (+) 4.

4



1.5 ZpEBgsE kLK

i CCK-8 iR A AT AN IG 5 . K 3 FhANAE DL 3x1034N/FLIN % e F0 T 96 FLAR
SPAESE 1. 4. 7 RO 10 pL CCK-8 ¥, 37 °CW¢E 2 h J&, FIEEFRC (3EHE Bio-Tek)
£ 450 nm KT I E OB .

1.6 TRMEBEERES (alkaline phosphatase, ALP) FI¥%E &4 4ufh

NHEFE ATV %) BMSCs A PDLSCs 08 7HEHISZM, & BN S ATV B CH 1551 77
FEACFRAM . ALP et A ALP A7) &, 96 R A Q48 A Sigma 6055 K4l 5%x107
ANFLR B R T 12 FUB, A AIESE 7. 140 21 KM PEMUER, il Image) #if
IR S TR
1.7 Western blot SZIf:

JH 5 5 TR T A1 81 79 ) AR VR PR R A P B 1, (8 BCA Fl e . EEAE
10% SDS-PAGE 7 &5, %% PVDF [, H 5% BSA #/] 1 h. Bif5, 75BN LA RRR
—Pl, 4°CHEFEER: TRRKE (collagen type I, COL-I; 1:1 000) . Runt FlEHERA T 2

(runt-related transcription factor 2, Runx2; 1 : 1 000) | ‘& 4 & 42 2 -2 (bone morphogenetic
protein-2, BMP-2; 1 : 1 000) - ‘F452 (osteocalcin, OCN; 1 :1000) + 5 A i A 2 11 (dentin
sialophosphoprotein, DSPP; 1:1 000) , LA B-HlahEEH (B-actin; 1:5 000) fEANS. i
F HRP FRiCH —HT (1:2000) ZiEMEE 1 ho 4 ECL EYRA G E G, BERE RGK
EE5.

1.8 KRIEWTB3EE

It Sprague-Dawley KB 12 R (3 J%: AFTHE 250~290 g) , W H 28 L zh P
O, FAFRT SPF 580, R AE 25 °C, 12 h G/ B, HHIREYOK, shseiits
ZRRHIERIRF LRI Rl (5. LLSC20221066) o 7E KR M FaiE %
ERIB R EE R, AME XTI IERRRSE 21 d, HREREE, BAN Y REE. &
RS KRB BERL Y A : ATV A H#EE 20 mg/kg ATV B, otrl 4B S5 &AL
Ko ATV EWRECHIIE T FHscsh sl B, KA 10% DMSO (4B KB NIEFIE R (RIKE
5mg/mL) , 20 mg/kg X R AKIGR 255 200 &, H A B A& A R 22 e . seied #2
Hifg 7 RFRE 1 K
1.9 ¢RT-PCR

5 F TRIzol iAFHE UK B B H L S RNA, 28 NanoDrop Il € W FE M 46 (Aa60 nm/A2s0
a=1.8~2.0) ; HL 1 ug RNA i#id PrimeScript RT 776 S %5554 cDNA; M/ SYBR Green
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Premix Ex Taq #HATH 1, [ M4k & & 10 pmol/L 5144 0.4 pL.cDNA 2 pL.SYBR Mix 10 L,
ddH.O M2 20 pL; F G 95 °C 30 s AL, 95°C5s. 60°C30s, 340 NMEH; LA
B-actin NN Z, KH 27T il HAERMMRERE. 5/WFHWT: BMP-2: (F)
5-CAGCCACGTCCAGCCATCTT-3'; (R) 5-TCCCGGTCTCAGGTATCAGCA-3'; Runx2:
(F)5'-CCGCACGACAACCGCACCAT-3'; (R)5'-CGCTCCGGCCCACAAATCTC-3'; OCN:
(F)5'-CTCTCTCTGCTCACTCTGCTG-3'; (R)5-GGAGCTGCTGTGACATCCAT-3'; B-actin:
(F) 5-CCCGCGAGTACAACCTTCTT-3"; (R) 5-CGTCATCCATGGCGAACT-3's
1.10 AT
IR AT, X RS2 SR At W EaE, H 4%2 R E, 10% EDTA s,
A S VR SR T YIEL 5 pm P /7. 54T HE 4. Masson YR Ab /0 Hr, B
— B OF I R0 B B R 1 AR D
111 Gk
f§iFH SPSS (IBM SPSS Statistics 26.0) #4745 73 #fr, GraphPad Prism 9.0 £: 18], %45 LA
BB ZE RN, PIARHBCR FMSIREA ¢ R0, Z A BRI R R 7 2904, 4
() 22 AN F [ i LR A 2 PR 5 2500 BT . P<0.05 AZERA G H 5 s
2 &R
2.1 ATV 5405 18
N T ARIE ATV W A AH A0 B G 58 i) 50, A 5872 K B BMSCs. PDLSCs 1 DPSCs
ARG TR NN T I&E SR ER ATV, FRSEE 45 R5E7R ATV £E 10 mol/L #1107 mol/L K&
RO T4 ) Y GE AN R e ) BT SRR A, IR IESE T 04 107 mol/L Al
10 mol/L 3 MKFEREAT L0 . CCK-8 Al i, SxfHRZAAHEL, 10 mol/L WRFEM) ATV 1£
554 RAEE 7 K& LT BMSCs. PDLSCs Al DPSCs (33 P<0.01) (3454, 1fi 10”7 mol/L
W) ATV AXESS 7 K EZ(E#E T BMSCs (P<0.05) fll DPSCs (P<0.05) f%E (K 1) .
GEILRI, ATV REWSA AU HEF FIAH G A5, H 10° mol/L ) ATV B Bt fiE 3
FARIR -



B 1 ATV X TZHsE 5 R
Fig.1 Effects of ATV on stem cell proliferation
A-C: The proliferation of BMSCs (A), PDLSCs (B) and DPSCs (C) were treated with ATV at the concentration
of 0, 10 or 107 mol/L for 1,4 and 7 days were detected by CCK-8 assays; *P<<0.05, **P<<0.01, ***P<<(0.001 vs

(-) group; “P<<0.05 vs ATV-6 group.

2.2 ATV %K BMSCs. PDLSCs BE 2RI
NT B ATV 5 RCE A B2 , AT 78 % BMSCs A PDLSCs 33E4T 1 6l 14 i BR FilF C ALP)

PEMBERAG, FHIRE T REHE SRR A () . SXTEAML, BT
PDLSCs 1 ATV-7 412 21 K4b, ATV-6 41F1 ATV-7 4174 BMSCs (¥ P<0.001) (FE 2 A.
2C) MIPDLSCs (P<0.05) (& 2B, 2E) ) ALP iGH7ERRH /AL I 25 I [R] 35 2 35 0 ik, I
HAESS 14 RYARE; 1T ATV-7 765 S ALP G MERSR 70 5B %S4 (1) LRFEE
% (P>0.05) , 1fii BMSCs F1 ATV-6 ZH1E45 14 K LA K PDLSCs H' ATV-6 Z4L7E55 7. 14, 21
K ALP iR E KT B HESA (), i ATV-6 MR E N R E . RO iR,
X2 (DAL, By T ATV-7 HAEEE 6 KAk, ATV-6 4LHI1 ATV-7 20+ BMSCs (34 P<0.05)

(El 2 A, 2D) Ml PDLSCs (¥ P<0.001) (& 2 B. 2F) # 4b 4535 (0 R & 14 m, H ATV-6
HAESE 21 REIH e oK. iR S5 REEW], ATV e &3 (2 BMSCs #1 PDLSCs
ECE 74, H 10 mol/L ATV BB SR T Bed 15341, 107 mol/L ATV HIRUR Sk L
B S A Y



B2 ATV XK BMSCs. PDLSCs J&& LI M
Fig.2 Effects of ATV on osteogenic differentiation of BMSCs and PDLSCs in rats
A, B: ALP and alizarin red staining results of BMSCs and PDLSCs from rats in different groups on day 7, day 14,
and day 21 x50; C, D: Analysis of ALP staining results and alizarin red staining results of BMSCs in different
groups on day 7, 14, and 21 of osteogenic differentiation; E, F: Analysis of ALP staining results and alizarin red
staining results of PDLSCs in different groups on day 7, 14, and 21 of osteogenic differentiation; *P<0.05,
*%P<(0.01, ***P<0.001 vs (-) group; ~P<0.05, ~P<0.01 vs (+) group; *P<0.05, #*P<0.01 vs ATV-6 group; (-):
negative control group; (+): positive control group; ATV-6: 10°° mol/L ATV incubation group; ATV-7: 107 mol/L

ATV culture group.

2.3 ATV %K BMSCs. PDLSCs F& 7 AHKRE B & DPSCs ST A i /- A AH SR B F Y
=20

N T HETE ATV X B M A 5 7 A < 8 RS, ASHIE FE % BMSCs PDLSCs Al
DPSCs HIAHKHE T T Western blot 7341 53 HZLAHLL, ATV-6 41 BMSCs (& 3A. 3B)
A PDLSCs (18 3C. 3D) HIEcH 72 H# 1 COL-I. Runx2. BMP-2 fl OCN £ H 7

RIS E RIS 2% B () P<0.05) , TSI E ATV-7 HE EIHFEE R EIRT



ATV-6 4. [, ATV-6 41 DPSCs (& 3E. 3F) MHIRA AR /LI5S [ DSPP £ 5%
AN AL S IR EE S 3 B (38 P<0.001) o Z5SREW], ATV fgfhis 2% L3k BMSCs
M PDLSCs HIJ&H 7346, T DPSCs E N A BE M A% 04, 72 ATV 1 T 3kik DSPP,
A HL ) D R A A T 2 L 1) 43 Ak

B3 ATV XK BMSCs. PDLSCs B s HEE H & DPSCs B 2 i 4 fh A2 A 2 m

Fig. 3 Effects of ATV on osteogenic differentiation-associated proteins of rat BMSCs and PDLSCs and



dental differentiation-associated proteins of DPSCs 138
A, B: Expression of COL-I, Runx2, BMP-2, and OCN proteins in rat BMSCs; C, D: Expression of COL- [,
Runx2, BMP-2, and OCN proteins in rat PDLSCs; E, F: Expression of DSPP protein in rat DPSCs; *P<<0.05, **P

<0.01, ***P<<0.001 vs (-) group; *P<<0.05, #P<<0.01 vs, #*P<<0.001 vs ATV-6 group.

2.4 ATV X KR IERF 583

N T ERIT ATV X OTM 520, A Fo @ ar 7K R OTM BRI 4 A), I8 5d Micro-CT
MEF NGBS (H4B) o G8RER, WEEERN AT, %40 i3
BTG . S R COMLE, ATV 4 i # 3 B B E 58 14 R (P<0.05)F158 21 R (P<0.05)
BEWA, RIS 21 R, WAREELR (B40) . 21 RN, SAKRKMERESHT
R A ELITE 3% 25 57 (P>0.05) , BiHH OTM Al ATV J#E B X KR L4 S5 (K 4D) .
LEIRELW], ATV BEBE A RG] IE W i #23) .

B4 ATV XK RIEWT B3R
Fig. 4 Effect of ATV on orthodontic tooth movement in rats
A: Schematic diagram of rat orthodontic device; B: Sagittal scanning results of the control side and the orthodontic
side of rat maxilla by micro-CT; C: Mesial movement distance of the first molars in 21 days orthodontics; D: Body

weight changes after 21 days orthodontic treatment. *P<0.05 vs ctrl group.
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2.5 ATV X KRBT AN TR LW

T B ATV G A ZARI 20, A 56 OTM 21 KK BRI B0 F0 4 K i 14T
T HE (M Masson J¢ti. HE 45 RE7R, TEXSHRALAT ATV AR IERM, 55— B ML
1 R R H— S TE %, IF ST HE S E (B SA. 5SB) o /£ OTM+ctrl 41152 &
i, FRABEAAE, RHNEZE, R\ ERISSTFEALNES (B 50 . Mk
T, OTM +ATV 2RSS — JE 5 P A0 5F Jo IS 0 6 S 39 ), e M f) 24 o) i o 380 (R 21 4
FORI B AT A B HEFU RN, SF Al R TS B B A0, A 2 (R B s, 1o
BTSN (B 5D) o b4, OTM +ATV ZLIKI5K F U S h o H AN 2 F BSR4 RIR
Kk, RPGHETE.

Masson Jeta g F IR, W HRZLR ATV LR RSN 2 RS R 4T 426 B HEZIRU B
THIE AT, FNEASHEZEET R E S (B 6A. 6B) o 4R, OTM-+ctrl 4 IE B (5 &
R LT BI AR A 350, R IR 0 F LS S i i T R (B 6C) o ML T,
OTM +ATV M AR R 4o AT 5], HEAISE s, Son i EirmAgUE RS

(E 6D) . IXTBLHT, ATV RENS 5035 BGE o F LS FRAIRAS (R o 8 AT oF A () L 2,
FEYEREI R LT L1 T RS
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5 ATV X ARF AR TEERHE HE J6
Fig. 5 HE staining of the effects of ATV on the periodontal ligament and alveolar bone in rats
HE staining of sagittal sections of maxillary and molar teeth on both sides (x50) and localized periodontal HE
staining of the proximal and distal mesial roots of the first molar (x200); A: Non-orthodontic side of the control
group; B: Non-orthodontic side of the ATV group; C: Orthodontic side of the control group; D: Orthodontic side of

the ATV group; R: Root, PDL: Periodontal ligament, Ab: Alveolar bone.
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6 ATV X KRBT R FEE R Masson s
Fig. 6 Masson staining for the effect of ATV on the periodontal ligament and alveolar bone in rats
Masson staining of sagittal sections of maxillary and molar teeth on both sides (x50) and localized periodontal
Masson staining of the proximal and distal mesial roots of the first molar (x200); A: Non-orthodontic side of the
control group; B: Non-orthodontic side of the ATV group; C: Orthodontic side of the control group; D:

Orthodontic side of the ATV group; R: Root, PDL: Periodontal ligament, Ab: Alveolar bone.

2.6 ATV KR EAUE BB HREEME G REIEN

T HEFL ATV R R FH O HE R R [ 52, AR FLiE i qRT-PCR &2l 7 OTM 21 KK
SR AR 5K U R bR B R S RIA L. R EOR, 5 SAL ML, ATV H7EE—
BE 25K S BMP-2 Runx2 #1 OCN (¥ P<0.001) IRIEIEZER N (& 7A-70)
N T AT ATV X BCE AH SR B B I FEm, il S AR I 7 OTM 21 ROKBR_E A 5K
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SR EY R E A RIE 4R BoR, 5 SAL AAHE, ATV HAESE — B F 5K J1 1 BMP-2.
Runx2 1 OCN () P<0.05) HIRIA¥EZE M (K] 8A-8C) . Z5H KM, ATV Rewidd

VARG AORIE D AN R RO, et F B R G e b I B F R 5

K7 ATV XKR E8E BB E R RA N
Fig.7  Effect of ATV on the expression of osteogenesis-related proteins in rat maxilla
A: Relative mRNA expression of BMP-2 on the tension side of the rat maxilla; B: Relative mRNA expression of
Runx2 on the tension side of the rat maxilla; C: Relative mRNA expression of OCN on the tension side of the rat

maxilla; SAL: Normal saline by gavage; ATV: ATV by gavage; ***P<0.001 vs (-) group.

14



B8 ATV X KR EGUE B EHXEBREKEmH
Fig.8 Effects of ATV on the expression of osteogenesis-related proteins in rat maxilla
Immunohistochemical staining of sagittally oriented sections of maxillary and molar teeth on both sides (><20) and
localized periodontal immunohistochemical staining of the proximal-middle portion of the first molar (>200); A:
Images and quantitative analysis of BMP-2 immunohistochemical staining of rat maxillary sections; B: Images and
quantitative analysis of Runx2 immunohistochemical staining of rat maxillary sections; C: Immunohistochemical
staining images and quantitative analysis of OCN in rat maxillary sections; The observation area: periodontal
ligament and alveolar bone in the middle 1/3 region of the mesial root distal side of rat first molars; R: root; PDL:

periodontal ligament; Ab: alveolar bone; *P<0.05 vs ctrl group.

3 Wig
TATHRFEAR B, 21 S UL E AL 36.7% (7 810 7N T2 & M81697, Hrb 55.5%
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AT 28], AR TR I, ARVT SRR RS, BT E A BN, s
TN SE AT Be G I ON SLOIBRME G S i B0, IR R A g HE O ST YT R
7 171 i IE Wy U A LA M AN B8, ASHBF S LA ATV DB SR 4, FR0S HORT 1E R oF Ji 20
oA R R Bl R

OTM A BN I T (0 KB e 5 TR KT RS (PDL) St i #%, [ il £ i 2F
E2H S8 BE S o IE LRI AT 0% DPSCs 0k N A R4, DA4EFE o RS
00, ACHIFFe 3 3 43 B 5% 97 K B A 1B BMSCs. PDLSCs K DPSCs, &l ATV BEWS 5 2 (g 3k
3 H 5, I 1M BMSCs il PDLSCs ' COL-I. BMP-2 25/ H & 4, LMK DPSCs H 4 AJii
AR ANRIE . XK ATV 0] SR 0 T A SO B ) 5 T RS A, W IE W
PSSR S A P MR MSOR 2F 453 45 7= A AR AP 1

ENYISCIRAESE, R EE S 3 AR AT AT gek B A B R SO T R S e st
KT, APFFESLRRR 21 R OTM #8L IR, SXFIRAAHLL, ATV 4 (15
mg/kg-d) TEEE 14 Fl 21 RIF ViR 2hEE 25 8 F W, SREAHRIEIRRF . A% A —
BERIR, ATV A I AT 45 SE RN B0, AR R e 2, R
ATV WG JA FEGRR A I L g H A E g, AR T 5 ik e o thyT 2825 2 vl idid BMP-2
(R P R IR B 23 AL ATV IR T 48 Wt/5a JBBR AT 9 Runx2 ik, 7ERTAEE MBS k&
KRB A RAEAEFUS) . A FEESE ATV 7] i BMSCs #' BMP-2 & 3 7 Runx2 131k, B
H AR BRI R RN SR -

B e L AR R A 3, KRR ARV T 82 IEw R H 2 2 . ANHFFTIE S,
ATV Sl I 3E A 8 B 7 A B 2 3 o i A8 3y, X — RN R AT R IR RN E: — 5T, ATV
LA R BN AT REAE KA IA A A, G DA IS A K AR 2 B T 4R AT VT AL 5 Sk G KUK, R
WHRIRTT S —J7 M, ATV RREA FBE R EAR s (R sk s E e e, A B T3
SRVATT R A ViR e VeI R ARG . BhAh, AFXHESF R A0 IERS B, ATV [ Rk
BRI/ R A BERAER R Db 2l XU B4 ) 3 2 B 5%, (HLH 22 A e A R vt 5 it —
AR E o

TR, E AU BN TR T R A S i A R . AR A1)
E IS TT 28251 Ca3E ATV) W % B «B 2 40S (B FRCAR (RANKL) {5
o I L TR AR A A, AT AR R . X R ATV RT Rl i X e i 45
—— B R e S B —SRIL R0 A U 8 . BT A 50 R AR T U U AR
AR, R P R R A A SR oK Sk T 4 A B A R TR M T R g e R T
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(TRAP/ALP) X5a et ok AR U IS BOR, R 734 ATV X5 Serh 5 v Rl -
HARE AR T W4, DLt 18 7m HOu 1 oF 2 sl A I AL .
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