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HOMEEER . ok BRI AT oF oF FE IS4 2R 4 i, 3 o S pEREBR 408 5 1551 CD146 1 /STRO-1" 4iififg, B
PDLSC. FH#fsiiitZeik BMPO SEA R T 20 I EE ( Ad-GFP-BMP9 ) /& PDLSC, Jf-%8% THUR N 15 Hz, 7584
S 0.6 . 1.2, 1.8, 2.4, 3.0 mT (PRI T TH (4 12 h 818 1 h) o @43 qRT-PCR FIE [ EP a0y A5
Runt AHSCHE SR F 2 (Runx2 ) | BlPEBEEREE (ALP) . HHF&EM (OPN) | B85 (OCN ) fﬁﬁiﬂ%w&ﬁa%%
ki, g% A BMPY REF W] LR #E PDLSC H B AR &Y Runx2, ALP, OCN., OPN [k (P<<0.05) .
ﬂﬁ%?ﬁrgé}%uw 12, 1.8, 2.4, 3.0 mT Wikl i @43 T 15, PDLSC A AGE ARG 22 15K -2 %5 B BMPY HT
HE (P<0.05) , JfHAF#5RE R 2.4 mT Bk Bl =g (P<<0.05) , FRUMEA K ih fe w7 0] LA3E5R BMPY i 5
PDLSC 8 b HAFAE “B Ha” o &4 f%mEHR 1.8~3.0 mT 1Y 15 Hz Ikt LG 0T LA S 58 BMPY
1755 A\ PDLSC R0 E 4531k o
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Low frequency pulsed electromagnetic fields enhance bone morphogenetic protein 9-induced osteogenic
differentiation of periodontal ligament stem cells
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[Abstract] Objective To investigate whether the low-frequency pulsed electromagnetic fields (LF-PEMFs) can
enhance the osteogenic differentiation of human periodontal ligament stem cells (hPDLSCs) induced by bone morphogenetic
protein 9 (BMP9). Methods We isolated CD146 /STRO-1" cells (namely PDLSC) from periodontal ligament cells of
healthy human premolars, transfected the PDLSC with BMP9-overexpressing recombinant adenoviruses (Ad-GFP-BMP9),
exposed the cells to the different intensities of PEMF stimulation (15 Hz, 0.6,1.2,1.8,2.4,3.0 mT, 1 h/12 h), and then detected
the expression of runt-related transcription factor 2 (Runx2), alkaline phosphatase (ALP), osteopontin (OPN) and osteocalcin
(OCN) by qRT-PCR and Western blotting. Results Overexpression of BMP9 significantly promoted the expression of
osteogenic markers (Runx2, ALP, OCN and OPN) in PDLSC (P<<0.05). After the intervention with 1.2, 1.8, 2.4 and 3.0
mT PEMEF, the expression levels of osteogenic markers in PDLSC were significantly higher than those exposed to BMP9
alone (P<<0.05), and reached the peak at 2.4 mT (P<<0.05), indicating that LF-PEMFs enhanced BMP9-induced osteogenic
differentiation of PDLSC, and there was a “window effect”. Conclusion LF-PEMFs stimulation (15 Hz, 1.8 to 3.0 mT)
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can enhance BMP9-induced osteogenesis of hPDLSCs in vitro.

[Key words] low frequency pulsed electromagnetic fields; periodontal ligament stem cells; bone morphogenetic

protein 9; osteogenic differentiation; window effect
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S T i A R B 4G S R 1 R 2 ST 9 )
o B R SRR T RS A AR SR
i, SIS AR | SRR TR,
VAR T 55 SRR RL L P 4t R 4 A
PRI 19 2F Ji) 2 28T 32 W 1l oy B, %) Al iy P A
SRkt

7 JE B 40 M (periodontal ligament stem
cell, PDLSC) JEA YT il L 4L i) — S ik
T4, BA ARG M2 1m0 ibigae, F—E5
P AT LA ) 2 J B 2 AR R oAk, R IR A S
FUAREE, I OB 0 2 Jal B 6 2l ke 1 52 28 Jl dike
B, JEIIT AR A A S R SR A
‘& & 4 # F (bone morphogenetic protein,
BMP ) 1E A4 4 e A= K RSl o e i EE A K
K, BA AN T 40 s o A i RE
Hirh BMPO {2 BMP 575 B 22l b1 B A B8 (1975
SRCE TG, JF AR A A U8 B i R A A
FIPER BRI . CADRSEIES: BMPY i
PDLSC A H 4Mb BA — a2 HOACR ™ AR iR
AIRBNEIRTTN, 1A TR, RO Ay 7845
TR A R B 1 PR B i s T R O 5
A

AR Sy — R AT L. ATA
A B 2H 2R A RN G s B R ) B B
ULARRASEN Tz B TR L 7 PR 240 F Bk
L % 3 (pulsed electromagnetic field, PEMF )
BIT B AR B A 40 200 5, HAEUE 45

AT A SN SRR TR
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P L IR A SN S5 2 W1 B RE 32 5000 PEMF
AE WS4 0B B 17 70 5 T 200 6 A 33 5 0 401k,
{REWF 5T & 3 PEMF 1E by 20— 19 ) B0 S AE TR Y7
HITAA R, UTE LS T R BT
PR SRR, PEMF 5 bS5 R T

(I BMP2, BERRESGER . B- HMBERR ) BEA VR
A B S g A P B T 1 B R bR R A T s I
ALLE AR . SR, H AT PEMF 697
I . PR A AR R SR A2 TR Dy T A A
TR . RIS PR L 2 IE S HA B o R
SR 15 Hz AR5 PEME 1519 | 3855 R Rl RE 7 00
J& PEMF %f BMP9 % 5 PDLSC i H 431k 9 5 i,
HEE A AR 1 A R 2 2 Y P A R BRI —Fh TE A1 )
HBNAYT FB .

1 MR E

1.1 &K% FBS A3 Gibeo A Hl; DMEM
Wifekk. PBS. HHER/HER (Wht) . HEHH
VR . TR AR I A SE [ Corning A R ; CD146 43
YEREERE2E N [ 15 E Miltenyi Biotec A w5 bt A
STRO-1 Hitfk. Hbi A CD146 Hilk . BHLAMEN
ik BITABIEE BHUAY A % E Abcam A H;
TRIzol. Prime Script RT Master Mix, SYBR Green
Il -PCR Kit % PCR AHCIR 7 A H % TaKaRa Bio
Nl BERGIYFEAHAETAY TR (L) K
MARAF G (£ 1) 5 WA (alkaline
phosphatase, ALP ) JfPEAMGR & . IFEDTR
Y. ‘H##EA (osteopontin, OPN) —#i, ‘HH5E
1 (osteoclain, OCN) —$t. & [ E 3 A5 0 AH
KA A = KA ARG BRA A

x1 ERE|¥F5

Tab 1 Sequences of gene primers

Gene Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
p-actin GCCAACACAGTGCTGTCT AGGAGCAATGATCTTGATCTT
ALP GTTGCCAAGCTGGGAAGAACAC CCCACCCCGCTATTCCAAAC
Runx2 TAGATGGACCTCGGGAACC GGGTGGTAGAGTGGATGGAC
OPN GGCAGCGAGGTAGTGAAGAG CTGGAGAGGAGCAGAACTGG

ALP: Alkaline phosphatase; Runx2: Runt-related transcription factor 2; OPN: Osteopontin
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12 KRR NAEEFRBT A @i AR5
W RAMTERERS B _FERY) KIGERE
FACTRZE Lo Hi . TR E MO NS B TR
[ AD G, WSO DR I B VA 7 e R B 0 g R T s A
(RFAEW N 12~14 %), 4 CORAFITi i 2 5
¥w . IR RIBCFAR b 1/3 R 2, &
FRE0 1% ST A BEER K R B2 T vk, WREE T35 7%
R BELH LU0 2 60 mm FE 3R ML, Bl EHEm
MR ETHLE L, NOBAREFRIL, A 5%
CO, MUFNRE ARG TP T, RS2
L FEAR S I, A R g (% 10% FBS (1)
DMEM K 3558 ) WE 6, M40 40 M Ak KA ol g 3~
SAPR 1R, MY A E 70%~80% A1t

13 % mhzkik 4% PDLSC U 3 /04 JEI 40
MO3E BE S, BL 1500 t/min (B0 248 20 cm) B0
5 min 5 5 FIESRAR A ATTIE . 4 BRI A5 K,
FEREEAME T, B 107 4000 20 uL CD146
W3k . 20 pL 4336 FH 3 P AT 60 pL 22 0P, 743
WFTHA] 5 4 CROLIFE 20 min, WEEEAREIA
3 mL 2% P B A . RS A A e A T 431k
PR IRE T, AR F AR AR, T ek
TOEE R LS A CD146 BEER RO AN I B . #5501k
FEEE 2R FEUR & T 15 mL B0 FIFim &g
Y, TAyAE EIT A 5 mL 2% g f b st i 5 40
VEAEBLE TG %E, 456 CD146 2R i 240 M5 i)
v, WCEE AR, WA S A e R R R
AT B REFR L,

14 AX@mEREZTZmetdmizds  BEE 3t
OISR AL, TRBEE AR L TR TSR
AR R 1X107/mL; FEREDE AT B AR
(1% 2% FBS i PBS ) £} [4] 30 min, 5.0 K75 41 g
DIUE. Wnsl#Eis & H (allophycocyanin, APC) 5
1CHY CD146 AT IA R RAF IR E 2 (fluoresceine
isothiocyanate, FITC) Fric 9 STRO-1 Ji=\HiiAk, ik
JEIER 20 min, TEPEAHMIIRAS B o K AE R T
HLRGI

1.5 fRFEREEETmpHEr R BEE3L
Loy Ve AN, RS & 6 fLMR, k4 e = 3k A
AR, RAERG E 60% 4, i 4% £ %
B 7 9 81 %2 30 min, SN AR TAER = IR T
10 min, G5 30A BB & H—PUR R bt
NBEEEH—IL, B&EN 4 CHELR. AL

PUR ZPr IR A E 50 min, DA DAPI & YL4 i
¥, BOGEEIEE 10 min, B EEIOCRME T
pUE=SIT e

1.6 BMP9 % PDLSC s/ 2 UAE A RAF 7L HGE 3
REFIEIG MM, 73 ARG A (S H
W) | R GFP RN 7 B B 2 0 3Rk R 7
(Ad-GFP) # (Ad-GFP 4l ) . & GFPILIN F B
1 BMP9 JEIH R B B 2 ik F A iRk # ( Ad-GFP-
BMP9 ) %1 ( Ad-GFP-BMP9 41 ) . =5 [ 4H A T
il 5, Ad-GFP 41 Fil Ad-GFP-BMP9 £H /3 ] J&& 4t
Ad-GFP F1 Ad-GFP-BMP9 5 #5 (2 Fft Jlft o5 75 S 7
WESEHAIBA 2015 4F5 1 ), By 3 d J # B s S 4
FWIEFE

1.7 4%3% PEMF T BMP9 # - PDLSC A 21k
S B 3 R4 4 BE 5 A0 M R T Bk ¢ Ad-GFP-
BMP9 J5, /7 AZ FXT IR, 0.6 mT 4L, 1.2 mT
. 1.8mT4. 24 mT4., 3.0 mT4, W #uld
BB RBWOFS LI, 0.6, 1.2, 1.8, 24, 3.0
mT PEMF #4171, A< S5 i A5 PEMF 1 i
Pl A EREERF Y RS TR AR R
(LFI 5. Z002224739.4) 17| sk w4 R AT
Wi PEMF kA8 (RIS RS . BB R
4. [FTRAEE . WGBS R AR ) |
80 [MLAF U2 224k 1Bl . /m il . CO, ¥53RM . iEH
LRBRAE, PRk A 15 Hz, Bkih 95 0.2 ms,
[k plE] B 0.02 ms. BKMHETERE S ms. Bk bEE] g
60 ms. Wi K 0~3.0 mT AU 51037, S04
BF, BRI BRI B T A SR A
PTG PEMF 2B 25 S 505 i i i 28 25 42 P8l =k
WY, Yo R T B b 35 R AL, @t it
TR A s S B W e e P R B 8 Ak,
PRIZIR AT

1.8 ALP &Ham 5l T 4, 7. 10 KUK
SEAL, 4 0.2% Triton X-100 MIA 40T L,
YA RRE, AR, U ] R
1, 7E 450 nm A KGINDEREEE, 7155 ALP 161

1.9 gRT-PCR MR E &A  Jpl TECRE 4. 7.
10, 14 RUWCEELRA, FH 0.2% Triton X-100 ZLf# 40 i,
PEWUE RNA, #5454 cDNA |, i3 qRT-PCR il
B RGEYFE ALP, OPN. Runt FIEH: K1 2
( runt-related transcription factor 2, Runx2 ) ik,
110 F o Repidstem & e kx0T
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4. 7. 10, 14 RUYCEANN, ] RIPA Zf#A0HE, R
JH BCA B0 4 M, MUk L in A A
FEA DK BRSPS A —SIRMN S8k, 4 C
R, THUERE, INA B E 1 h EIEE, KA
JBE, i ] Imaged #AFA IKEE(H, THE H B A
FHXS iR HE

L1l %t 542 R SPSS 19.0 #7400
25081, K GraphPad Prism 8 2K, THETT
B xEs FoR, AL R R T 22500, I
FLECR H Tukey’s #idi . KigasKifE (a) R 0.05.

2 # B

2.1 PDLSC (& %R  LRPEREER D ILFAFN
Mfifs CD146 1 STRO-1 BURFHMER LN 56.3% (&
1) o FIFHGe s g LB AR FI W 4 IR R, 4550
WoR AR PITERE, W E AR, W
3 ) 200 Ry v R R R Y [ FE T AR, ELJCA MR
ERIE MG (1 2)

DAPI Cytokeratin

—_
[=]
T

Ja1 Q
10.613% 0.935%

—_
S
||b

STRO-1 FITC
=

T
ul Tyl

104 Q Q3
0:98 _.A, . .‘.)'40.9(.% &
010 103 10° 10°
CD146 APC
10°4Q1 Q2
) 56.3%

£ 10"
[N 3
A& 10°;
g3
5102
04 Q3
3101 B
010° 10° 10* 10°
CD146 APC

B 1 RXERAENESEEEPE CD146 5
STRO-1 PRE4AAE
Fig1 CDI146 " and STRO-1" cells detected by
flow cytometry
A: Control; B: The double standard positive rates of CD146 and
STRO-1 in cells obtained by immunomagnetic beads were 56.3%.
APC: Allophycocyanin; FITC: Fluoresceine isothiocyanate

Merged

DAPI Vimentin

200 pm

2 REILR BT MESKIER

Fig2 Cell origin detected by immunofluorescence staining

Immunofluorescence staining showed that the isolated PDLSCs were cytokeratin-negative (A) and vimentin-positive (B). DAPI: 4,

6-diamidino-2-phenylindole; PDLSC: Periodontal ligament stem cell

2.2 Ad-GFP-BMPY % % PDLSC /& BMP9 % & it
# 35  Ad-GFP-BMP9 & 4t PDLSC 4 3 KX HJV ] £
PG TSR I Ak a0 (K 3A) , &
F 5 B 325 A6 0 45 R 4 7% Ad-GFP-BMP9 4 BMP9
AR KE T2 A4 M Ad-GFP 4] (P<0.05,
K 3B) .

2.3 PEMF F 7 F BMP9 % % PDLSC . F o1t it
R AF RN Gl iR 5 IREUY
PDLSC 2RJE . #EE . BESRRNIE, 40/
LT P A s A, A A S BB IEE HL 4
PR (B 4A) o B4 Ad-GFP-BMPY 1)
PDLSC £ 2.4 mT () PEMF BB 1E ] 7 dJs, ZH ik
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BRIR, BRIIE. AMNE ., ZME. 89E, 4

BMP9/GAPDH

100 pm A

BMP9 —

GAPDH —

0.8
0.6
0.4
0.2
0.0

Bz N HL S AR B s (1814B) o

Blank Ad-GFP Ad-GFP-BMP9 M(X1 03)
-
- e G, |
¥
— — B
Blank Ad-GFP Ad-GFP-BMP9

B3 Ad-GFP-BMP9 B PDLSC J5 BMP9 & B3 RiX1E R
Fig 3 Overexpression of BMP9 in PDLSC after Ad-GFP-BMP9 transfection
A: Observation of fluorescence area showed GFP expression in the PDLSCs 3 days after transfected with Ad-GFP-BMP9.
B: Western blotting showed that the Ad-GFP-BMP9 transfected PDLSCs had stable and high expression of BMP9 at day 3.

Ad: Adenovirus; GFP: Green fluorescent protein; PDLSC: Periodontal ligament stem cell; BMP9: Bone morphogenetic protein 9.

"P<0.05 vs blank group and Ad-GFP group. n=4, x+s

EEPAEEEFEEN

Fig4 Morphological changes of PDLSC during osteogenic differentiation induced by BMP9 after PEMF stimulation

A: PDLSCs were round, fusiform, and small (arrows). The cells had less cytoplasm and a large nucleus. B: After PEMF stimulation

for 7 days, Ad-GFP-BMP9 transfected PDLSCs (arrows) showed spindle-shaped, irregular, polygonal, and squamous shapes. The

nucleus shrank and occupied a small volume fraction in the cell. PEMF: Pulsed electromagnetic field; BMP9: Bone morphogenetic

protein 9; PDLSC: Periodontal ligament stem cell

2.4 BMP9 *} PDLSC ALP 7& M & s 48 % & B o
FafkeHa LRH 4. 7. 10X, Ad-GFP-
BMP9 2 ALP 5% 1 Fl ALP K& 26352 7 T a8 4l
Al Ad-GFP 41 ( P<<0.05, &I 5A. 5B) ; SEHRES 4.
7 K, Ad-GFP-BMP9 #H Runx2 JEH Fik i T 25 1
ZHH1 Ad-GFP 4 ( P<<0.05, & 5C) ; S2H%5 10,
14 X, Ad-GFP-BMP9 % OPN %M % ik T4 1
ZH 1 Ad-GFP 41 ( P<<0.05, K1 5D ) ; SZER%E 14 K,
Ad-GFP-BMP9 4] OCN, OPN # [ 4 % &5 3 &
TFas 4L Ad-GFP 4 (K SE. 5F) .

2.5 PEMF F i F BMP9 # 5 PDLSC s ‘& &1L #9
#n HE 6A T, /&Yt Ad-GFP-BMP9 1) PDLSC
% 15 Hz 1) PEMF B/ HIEE 4 KB, 1.8 mT 4.

24 mT 4, 3.0 mT 41 ALP 36 PE3 & T 25 % iR 4l
(P<<0.05); %5 7.10KHf, 1.2mT4]. 1.8 mT 4. 2.4
mT 41, 3.0 mT 2 ALP {EVE T2 O A (P<
0.05) , JFH 24 mT & (P<0.05) . X 6B
A W, & Yt Ad-GFP-BMP9 HYJ PDLSC £ 15 Hz i
PEMF HIBPEHI45 4. 7. 10K, 12 mT#, 1.8 mT
. 24mT 4., 3.0 mT 4] ALP FLPRFk i F28 okt
M2 (P<<0.05) , JH. 2.4 mT dlfes (P<0.05) .
55 4. 7 K Runx2 FEFKMNAIL 10, 14 K OPN H:H
K25 31 5 ALP BLpEa#AHL (Bl 6C. 6D) o Hi
K 6E. 6F 1] i, PEMF + Wi %% 14 X, 1.2 mT 41,
1.8 mT4l., 24 mT 4. 3.0 mT 4{ OCN FI OPN %
FORY R T O IRAL, JFH 2.4 mT 4 fm
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O Blank M Ad-GFP B Ad-GFP-BMP9
o L E > [
= ° 4 * 2 4
NS 2 'é S« *
é’ g‘é 3 §§ 3
z 5 & E
5] & E 2 = ey 2 *
2 2z~ o &
& = 1 251
< ot B o C
0 S 0
10d ~ 4d 7d
Gy
o
= S) O
2« N &S
8Z ] ]’ < ]’
Be s & & y & &
5 A N ?,b Y X ‘2*6 Yp
o & M(X10) M(X10)
£C OCN—I — 5.8 OPN—‘ - 4
= GAPDH -— |37
2 D GAPDH—|— — — ’—37 . —l. ’— 5

5 BMP9 Xt PDLSC F1 ALP i tE R B X EENE B RIEIRME
Fig5 Effects of BMP9 on ALP activity and the expression of osteogenic genes and proteins in PDLSCs
A: The ALP activity was measured via a quantitative kit on days 4, 7, and 10 in the early osteogenic phase of PDLSCs; B: qRT-PCR
analysis of ALP gene expression on days 4, 7, and 10. C, D: qRT-PCR analysis of Runx2 (C) and OPN (D) mRNA expression on
days 4, 7, 10, and 14, respectively. E, F: Western blotting suggested that BMP9 significantly enhanced OCN (E) and OPN(F) proteins
expression on day 14. BMP9: Bone morphogenetic protein 9; PDLSC: Periodontal ligament stem cell; ALP: Alkaline phosphatase;
qRT-PCR: Quantitative real-time polymerase chain reaction; Runx2: Runt-related transcription factor 2; OCN: Osteoclain; OPN:
Osteopontin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. "P<<0.05 vs control group and Ad-GEP group. n=4, X+

201 ey [ Control
= Jiax c 8 ZZAZ W 0.6mT
X 15 A \\ - WA 2 e BN B 12mT
- 2[MNZ NN 4z = m 1.8 mT
2 1o} S §¢ HE \ﬁ =% = N 2.4 mT
= ADA = \ﬁ = \% S 4 = @ 3.0mT
2 = = = T = =
IE&% EQ% Aéo = £ B
4 7d 10d 4d 7d 10d
S K
& &S &S
COQ Q“o \’} \Q~o ’W/'b‘ %-QM(Xl(f)
gs 6 * A * oy 8r OCN—.—-— ----—58
A By o
g « * g * XA *
%E 4t g; 6 L * AL GAPDH- s e» e» e» e» ew 37
= = £ = =Nz N 73
el =\ A E =\ S S
ER R — ° K = §§ 9% N N VT o (X 10Y
kS = = g2 = = 9]V FEE T P —
o = — z = = %
0 = — C 0 = ] k D
4d 7d 10d 14d GAPDH—------_37F

B 6 PEMF T T BMPY %S PDLSC MBS L EH ALP FHER M FERTEBQHRIEFER
Fig 6 ALP activity and the osteogenesis-related gene and protein expression during osteogenic differentiation of
PDLSCs induced by BMP9 after PEMF stimulation

A: ALP activity in PDLSCs co-infected with Ad-GFP-BMP9 or exposed to PEMF stimulation of different intensities (0.6, 1.2, 1.8,
2.4, 3.0 mT) was measured via a quantitative kit on days 4, 7, and 10. B-D: Expression of ALP (B), Runx2 (C) and OPN (D) genes
in PDLSCs co-infected with Ad-GFP-BMP9 or exposed to PEMF stimulation of different intensities are detected by qRT-PCR on
days 4, 7, 10, and 14, respectively. E, F: Expression of OCN (E) and OPN (F) proteins in PDLSCs co-infected with Ad-GFP-BMP9
or exposed to PEMF stimulation of different intensities detected by Western blotting on day 14. PEMF: Pulsed electromagnetic field;
BMP9: Bone morphogenetic protein 9; PDLSC: Periodontal ligament stem cells; ALP: Alkaline phosphatase; Runx2: Runt-related
transcription factor 2; OPN: Osteopontin; qRT-PCR: Quantitative real-time polymerase chain reaction; OCN: Osteoclain; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase. "P<<0.05 vs 2.4 mT group; “P<<0.05 vs control group. n=4, x+s
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BT B & B AR N & — R 518 K B At
PR HE R, PRI IAR AT H R B BRI, H R
T ME AT SE SR 5T b AR K R T AT A
AT 1S 3 e ST AR A AR TR S I A P ) P
TEMET PR 2 AR, IR R SRt e 4%
Pl bR B B Bk R T AR R AR F,
JE: F RIS 06 T 98 33 SR 0 T B L R gk
B Runx2 76 5 RIS 2 | TR R, 25
S SRR BT n = e S S v d ] i§ =g
e, B R E T EEEEAEH Y . RE R ALP
) R AR, ALP °] UK i A DB AR, 5
PO, KRR, DA X Ak i 59 7 A
R, B R . s, OPN, OCN %
eI R R 2, XS R P 1 A
IFE AR Ca™ . P45 RIS T BE
1) 18 a8 i iR i 3 18 B K A 45 i, B il
i Y R A BRI AR A A AR
5838 3 g 7 A4 PDLSC A% 455 AU I 4T PEMF -+
W, B BRI Runx2 1 ALP 3L FE35, 1K
B A3 B R I OPN FIl OCN 3 [H FIER 11 #2345
W, [A]4% 2 B PEMF 2 75 0] D)3 5% BMP9 /5 5 1Y
PDLSC i 4Rl

PDLSC /& Seo 45 ' % LIy 4 09— B A I8 T
TR L) Z2 BT 40, T LA ) bl 21 4 20 i
BRI L AR S5 A A A S A
BN, (BRI L B i & 4 A
P B GRS # AT T PDLSC,
B 1) 70 S5~ 440 L 0 2 A S 2 TR 2 TR
B E AU, A PDLSC R34 58 ARG H 43
R B8 J7 ¥ T AR T4 i 2 R A BESY
VEH PDLSC 1E A& & 4 1 bt i Fp T4 fifd . BMP
R K EF, 8T TGF-BHBAE, WE
PR BTG, 245 WIEE S 43 FA
25 BMP # & i, H: v BMP9 1y BMP % Ji% i
ARG, EUA R A A A A ST 4 I R SR Y fE
S GRS 2 U B 5 AR A B Y
BT, PRI 8 T2 40 T R
P

HLRG S 20 40 70 AR AR 8 4 S — Fh AR X
AR BT T BRIk, S AR IR Y
BB . EANE R JEE T A Sy T U
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