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[#§ ZE]BEM.HFBEEZ4EEA-2(bone morphogenetic protein—2, BMP-2 ) FIHg 4 s 47 4 40 i 4 1< Bl -2 (fibroblast growth
factor-2, FGF-2 ) BAY BV EX-&- 7 FA X K BB 8818) 75 5 T 41 (bone mesenchymal stem cells, BMSCs ) SR F g B 4ME B SHER .
FiE AR KR BB R T4, 405 AR E K BMP-2(10.0,100.0,200.0 ng/mL) 1 FGF-2(0.1,1.0,10.0 ng/mL) 5
MERER A R AR AL, TREFRMES 3.7 R 4T 7E , 58 7 XA AT ARG 58 7,14 TR AREE (al-
kaline phosphatase, ALP) &R R, 58 14 .21 RRAWRO RN BETHERIER ., &5 S0 BMP-2 REAS I S
BMSCs BB 41t , BAEF 84 200.0 ng/mL, 2§ BMP-2 24 200.0 ng/mL i}, ALP mRNA Fi5E N 2.29 £ 0.14(P<0.01) , BTk
HR3E 2.68 £ 0.45(P<0.01), B85 B FGF-2 BEA4% A 5. {233 BMSCs 15 , B4EFI B M 1.0 ng/mL(P<0.01), B4R A BMP-2 F
FGF-2 Bt , A% vk B st 6 9H B {2 3 BMSCs Y3 B A 404L (BMP-2 2% 10.0 ng/mL, FGF-2 27 0.1 ng/mL) ,ALP mRNA EiE &R
2.52 £ 0.15(P<0.01) , 545 B HLIX 3.18 £ 0.45(P<0.01) , B B E M RIERMN . 458 . BMP-2 AT{2 i BMSCs [ R B4k,
FGF-2 Tl {2 BMSCs 458 , P& BX-& B F vT B [R5 = BMSCs SR MR Bk
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Effects of bone morphogenetic protein—2 and fibroblast growth factor-2

on osteogenic differentiation of bone mesenchymal stem cells
Bai Yan',Wang Shibin?, Chen Aizheng’,Xiao Wei!,Zhang Ranxi’
(1. Department of Pharmacy ,College of Pharmacy,Chongging Medical University;
2. Fujian Provincial Laboratory of Biochemical Technology)

[ Abstract JObjective : To investigate the inductive effects of bone morphogenetic protein—2(BMP-2) or/and fibroblast growth factor-2
(FGF-2) on proliferation and osteogenic differentiation of bone mesenchymal stem cells(BMSCs). Methods : Rat BMSCs were cultured
in DMEM with the different doses of BMP-2(10.0,100.0,200.0 ng/mL) and FGF-2(0.1,1.0,10.0 ng/mL) alone or in combination.
Cell proliferation was studied after 3— and 7-day culture respectively. Cell cycle of BMSCs was studied after 7—day culture. Alkaline
phosphate production of the cells was measured after 7- and 14-day culture respectively. Calcification capacity of the cells was exam—
ined with Alizarin red S staining after 14— and 21-day culture respectively. Results ; When different doses of BMP-2 and FGF-2 were
used alone, BMP-2 at 200.0 ng/mL effectively enhanced BMSCs osteogenic differentiation. ALP mRNA expression and mineralization
treated with BMP-2 of 200.0 ng/mL were 2.29 + 0.14(P<0.01) and 2.68 +0.45(P<0.01) respectively. FGF-2 at 1.0 ng/mL signifi—
cantly improved BMSCs proliferation (P<0.01). The combination of BMP-2 and FGF-2 could synergistically promote the proliferation
and osteogenic differentiation of BMSCs , with low concentrations (10.0 ng/mL BMP-2 and 0.1 ng/mL FGF-2) being enough to show
the synergistic promotion. ALP mRNA expression and mineralization were 2.52 £ 0.15(P<0.01) and 3.18 + 0.45(P<0.01) respectively.
Conclusion : BMSCs osteogenic differentiation could be increased by BMP—2;BMSCs proliferation could be increased by FGF~2,and
the combination of BMP-2 and FGF-2 could synergistically promote the proliferation and osteogenic differentiation of BMSCs.
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‘B B8 6] 7 R T 40 i (bone mesenchymal stem
cells , BMSCs ) B4 2 [ /L BT BE , E BB (L R
AUE AR R AR AR AR, BT BMSCs &
A RFHBEMLBE 3T 5 T o B kMg, 8
WA HA TR EER T4, BMSCs B5H4L
BURTHEEFRFMG, AFEERRPAFERKE TRE
M E MR A THAETHERSEY, FESE
#: 2 H (bone morphogenetic protein, BMP) & 72 43
Fi TSP ERAAPR—REI TREASK,E
BHIRZ M kg, KB k4 HE H-2(bone mor-
phogenetic protein—2, BMP-2) J& H & 2 I3k i £
SR N A RS M B A B, R R B 4 B

B 14 B AR B8 (alkaline phosphatase , ALP) B35 ¥ | {2

1 BRR BB RFNRR, NTTRIRZTER
EFFRERERD, Bk R gt KE -2
(fibroblast growth factor-2,FGF-2) & ZFf 4L iy F
B 4 NEAMESRERFE RN T E
A1V J2 0 Hp B SR YR ) 4 B, AN AT R R B
W AHHE R RS, A B E R BT TR
By REIrE A

BREWE LA PR FI A BMP-2 & FGF-2 5k
{2 BMSCs B EE 44k, (HXF FEA1i5 % BMSCs
SR AL RO D RIVA R AR P B 64T R e
BT, A SCHRLE i A T £ A 0 DR R B B B
EBH T E RSB THR BMP-2 X FGF-2 %
BMSCs 3858 F1 BB -k K B A5 B A RIRR, | 8
ST —FHEEAE AiA S BMSCs LB RIS FRIR R

1 ¥ 5H*E

1.1 EENE XA

2B B 448 (Olympus) , B847{Y (Bio—rad) ,CO, 4T -

B2 3£ 44 (Thermo) .96 fLI3EFEMR (Gibeo) .DMEM (Gibic) i 4
17 (Hyclone) .CCK-8(B = KEYHARMEI) LKA TF
(Peprotech) . 3 #J (Sangon) .RT-PCR IXF & (B = REYH
AW ) FEEL S(Sigma),

1.2.1 BMSCs W48 JEFRMEE KA EZEEFFEMEN
THELENGEER T ARG S, S B 5% BMSCs, BRI . %
A2 26 Ak sD KR, BELLSE, B BREFIEE,75%2
R, FRVREOK,, TSR ET LR A B RERE , A DMEM R
S E R, ARSI AR ORI T OB A B
W, MR T 25 mL 3SR, T 37 °C,5% CO, iS55

S, 3 d EERERERERE,7 d FERERHSER
% 10 %t ME R DMEM 538, - A B P40, fe G RE 4R
MEGE 70%~80% /& /G IHALE &R, HBREERABE
THZE BN EHIE S KA KRG,

BMSCs #9558 - SR AT A0 ML AU 4 M 3R T AR 2R 0
Rk, FMEALES L, PBS B, RIK A SR FEREHL I CD34
CD44 ,CD45,CD90, [RIBTEERE IR FIRIFAMERTER . Bk
VK E§EHE 45 min, ] PBS Vi3, AR R G & btk A PBS
ERM, M4 TRI AT

RPRIETN T 96 FLAR ISR 24 h R H EEFE, AT
1% 64 ME FURER B AR K B 7 ) DMEM B3R, B4
A B3P & BMP-29(10.0,100.0,200.0 ng/mL) , S2 5 2R
B B A FGF-29(0.1,1.0,10.0 ng/mL) , SEER4H C. 155
Y& H R A & BMP-2(10.0 ng/mL)#1 FGF-2(0.1 ng/mL)

122 HIAEHEFEAE  SRFH CCK-8 B il dnmassps, Bunt
KBRS 3 A BMSCs 80T 96 FLARKEST 24 h Rk
TWAHMAFIMASARERFFREE R 2% 7 4,
FFLIIA 10 pL CCK-8 B, BEFR I 450 nm AbWE JEBE
(absorbance , A){H,

123 WM ILIMER  BMSCs R T 6 FLHEE
3% 24 h BB SHBIMARFRERE, TH 7 XH
RIEFRW, HALMC RN, R MR Y 1.0 x 10° M/mL,
#1100 WL RNaseA 37 C7K¥ 30 min, FEAILA 400 pL P1 §£4i8
47,4 CHEYE 30 min, F ARSI 40 FR A

124 ALP RiEM58 BMSCs M T 96 TLARIESE 24 h
JEHRBERTHABILMARRIERK, TE 7.14 K¥ 96 1L,
B , F LI, PBS TUE , A 4% B FEEEE 10 min,
T PBS &k, BFLINA 100 WL BCIP/NBT SRPEBSREE 0 T
Ve, EIERCHEE 5~30 min, EE B 54, BERGTHE
Vi, FZRTEK R 1.2 RE&OE B R B, TE B B T
MR,

1.25 ALP mRNA RFERAN 405 RNA $2E . Bt
A KBIKEE 3 8 BMSCs #55% 24 h, AR HBELRSAT
FLMAGARERKE FREIRE, WHCS A 400, A
1 mL Trizol, ZIRHXE 5 min, (EARMTE /R0 16 BRI
EP &, B8O, WELEB, WARG, RS 15 s, E
3 min, FFHEMRSZ, 12 000 Y/min .0 10 min  WE LEK
Ao A 0.5 mL RREE, F4HRA), ULIE 10 min, 4 CHHF T
12 000 r/min B> 10 min, 3 B3, A 75 %ZEE 1 mL, B
5], BR% RNA, B0, FECERIUE, RESRE 2 K, TH
5 min, ITASNZE /K, B 260 nm 1 280 nm 4k A {8, 37 H
DNase JH1L, %% DNA 1552, F-80 CAHMRE, RERE5]
cDNA SR HATSER G E ' PCR 973 B ZER

126 SBHETREREERN RABELS E€RB¥HF
B H BMSCs B LB A4S LTI OL, &ERA T4
14,21 RFFIEFFWE, A PBS JE¥:, B 4% % H B E
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S 10 min, FEFEEW, - PBS EBE, A 19%P5ELT S Yufn
T, F IR 30~45 min, W YA, FHZRIRK TR, 2 IR
1E RO, T8 B R T A RS BT A Image
Pro Plus 5.0 %\ B HT B TS 4595 18 SRIEIMA
PERLL S ik, 2 IR C R 30 min, 3852395, Kl 450
nm b A i FEHEHISC T B RS FLICRRIE R 4T S MR
1.3 %itg o

K SPSS GEi R A X B g A T 25531, THREBTRIL
BPR0 2 b2 (wxs ) FR & 0502 5 25 0 BRZH 4G
LR AR B 7 2540, LB TG LA SR 1SD— 5, &
KK UE «=0.05,

2 &% R

2.1 BMSCs #97 & F UL

JEACHT % . BMSCs # M S2 [BRE , K/NAS— etk i
24 h e AT LR AT LR I RE | T WL AR IE | B IE A
SEEONRE ARG P 1A FiR . 3 d R A BRI 22, nl WK
SPRHESN B AL ST , il R — CHLAE A R RE , BRIE
AR MR T AR ML T d SR AR v
BaTN e bl TR AT HORPIRAE K REAR AR, MO fAcm K, I
BY - ZERIE HIVERE, 10 d JSAINEHES S5 1A
KA TFHES, SRR, aniEl 1B B, T AEEAUS 2 h B
RE | 200 A P AR AN PR LA P B AR A T SR
S5 A I I AT KA G A 8 — | BRI e
NG N

A Kig8 24 h B.}i3% 10d

E 1 BMSCs ##RA
Fig.1 Optical images of BMSCs

2.2 BMSCs #m ik s &4 o £k
AR I 25 S s (18] 2) , B 3R 95 3 fX BMSCs
1 CD44 F1 CD9O BHM: 34331l hy 94.78% F1 96.53% , Tiii CD34
F1 CD45 PR 514 1.05%H1 1.34%,
2.3 BMP-2 FGF-2 5t BMSCs ¥ 74 69 % v
MF 1 AT LA L, S s BMP-2 i, 45 3 KA A g
Hny 9 S A A goi b2 R, 3 IR BE
By BMP-2 #BXF BMSCs 458 B A7 W s, Ki 3 8055 7 K,
A e FE ) BMP=2 (IR B KT 100.0 ng/mLL) X 20 M 34 58 A7 W]
B AP HEPE R, 65 SRERA , 3 N Bt H] BMP-2 X BMSCs

HOFHIAT W S VR . SN FGF-2 B (3R 2), 580
YA ARG F 2R, HRER SRR, Y
FGF-2 ¥4 10.0 ng/mL B B 5HAE FH AR .3 . IEW] FGF-2
AEAE ] B4 i BMSCs 1451, 17 FLHCUE AR HI S B0 Hh— bl 4t
HAFHERA ., 24 BMP-2 F1 FGF-2 [R]fH 1 FIRT (3 3) , feffk
B (BMP-2 4 10.0 ng/mL,FGF-2 24 0.1 ng/mL) % {¢ ¥ 58 /F
P 58 g Sl 7 A PR e A S0 A

l_ P2
100
pic]
E=
50
0
10° 10! 10° 10° 10¢
bk
A. CD44 FITC
150 p— P2 —
iz
& 100
50
0
10° 100 10° 10° 10*

K
B. CD90 FITC

P2 —
10° 10! 107 10° 10¢
C. CD34 FITC

102 10° 104
BIEE
D. CD45 FITC

2 w4 ARKN BMSCs REHRE
Fig.2 Phenotype of BMSC identified by flow cytometry
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# 1 BMP-2 3 BMSCs 4A R 58 # R i
Tab.1 Effect of BMP-2 on BMSCs proliferation

4340 (ng/mL) IR E NS
25 FIX B2 1.21 £ 0.00 1.40 + 0.08
BMP-2(10.0)4 123 +0.03 1.43 £0.03°
BMP-2(100.0)4H 1.24 £0.01 1.49 +0.03*
BMP-2(200.0)41 1.23 +0.02 1.51 +£0.02*
FAl 216.361 16.402
PAE 0.000 0.000

T ra, 525 FI6REZH 4, P<0.05;b: 5 BMP-2(10.0) 41 HuEZ, P<0.05

%2 FGF-2 X BMSCs 4Rt 5E A=A
Tab.2 Effect of FGF-2 on BMSCs proliferation

5341 (ng/ml.) $3K ERES
25 X R 1.21 £0.00 1.40 + 0.08
FGF-2(0.1)4 1.30  0.02* 1.62 + 0.06"
FGF-2(1.0)41 1.47 £ 0.03* 1.65 +0.10*
FGF-2(10.0)4 1.54 +0.03* 1.70 + 0.09"
F i 208.044 B 18.803
PAE 0.000 0.000

T ca, G253 (X IR HEAE, P<0.05;b: 5 FGF=2 (0.1 ) 4 He#s, P<0.05

%3 BMP-2 #1 FGF-2 ¥ BMSCs 4R 58 f50m
Tab.3 Effect of BMP-2 and FGF-2 on BMSCs proliferation

434 (ng/mL) FIK IS

25 % IR 1.21 +0.00 1.40 = 0.08
BMP-2(200.0 ) 41 1.23 +0.02 1.51 +£0.02%
FGF-2(10.0 )4 1.54 +0.03~ 1.70 £ 0.09*
BMP-2+FGF-2 £ 1.80 + 0.02% 1.90 + 0.06™
FAE 226.052 25.801

P1E 0.000 0.000

T ra, 525 (10 EZE HEER, P<0.055b: 55 BMP-2(200.0 ) 41 LL A%,

P<0.05;¢: 5 FGF-2 ( 10.0) 4 H 45, P<0.05;d: 5 BMP-2 ( 10.0) 41
HAR, P<0.055e: 5 FGF-2 (0.1 ) £H L4, P<0.05

2.4 BMP-2 FGF-2 2 BMSCs %8 it & 4 64 %5 v
20 B TR 30 A R A T A AR TRIR S (8] 3 FiIR 4)
GO/G1 B4R AL TORIRI ;G2 10 DNA A RUs i, J2h 245

ZURMEEI ;S JWIED DNA & BUH , 387 40 MO 5 43 2400 15 44
B, AR A HTAS SR LR 1, kN B R 200.0 ng/mL
BMP-2 i} ,75.00%M BMSCs &b+ GO/G1 #],6.17 %4t T G2
#,18.509%40F S 3, AT TR Ky 22.50% , HLph ) FvE BE
4 10.0 ng/mL i FGF-2 i}, 40 F G2 /9 BMSCs 4 6.17%,
AbF S HARARMI N 18.50% (B i iR 25 X FRA ), 4 o=
HH 24.40% , 7 W] FGF-2 XTBMSCs A4 445 e 7 LA 8
SREYEEM , [RIAR A 10.0 ng/mL ) BMP-2 F1 0.1 ng/mL
FGF-2 i 46T S HARIANE }34.25% , B 5 i T 25 (% BE A,
MAFT- RN 16.59% , B BAK 45 FXF R4 EWT 2 FlKF
24 137 BE % 0 3 #E BMSCs 43 24 58 | - W (1K 20 Hu 0

100 2800

Bkt

700 140

120
T
A. ZS N REH

160 200

B. BMP-2 4

0O 40 80 120 160 200 (o 50 100 150 200
C.FGF-2 4/ D. BMP-2+FGF-2 £

3 BMP-2 #1 FGF-2 Bt Bt & R
% BMSCs 40 B & #i 43 R o %6 i)
Fig.3 Effects of single application of BMP-2 or FGF-2,
and their combination on the cell cycle arrest of BMSCs

%4 BMSCs ZHpaEA
Tab.4 Cell cycle of BMSCs

434 (ng/ml. ) GO/G 1] G244 S AT (%)
723 [ % A 78.00 £ 0.50 5.58 +0.03 16.42 + 1.06 28.54 +0.87
BMP-2 ( 200.0 ) 4 75.00 + 1.00* 6.17£3.55 18.50 + 0.40° 22.50 + 1.14*
FGF-2(10.0) 4 70.24 + 0.26* 6.00 + 0.60 2375 + 1.14* 24.40 £ 1.03*
BMP-2+FGF-2 4] 65.03 + 0.33" 0.71 £ 0.07% 34.25 + 0.94% 16.59 + 0.84%
FAi 275.411 5.443 220.258 77.713
P1H 0.000 0.025 0.000 0.000

T ra, G235 PN BRZH HLAL, P<0.05;b: 5 BMP-2 4 H4E, P<0.05;¢: 55 FGF-2 41 Fb#s, P<0.05
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2.5 BMP-2 FGF-2 s}#iE 582 8 mRNA iii%é@%vﬁ:
AN ALP mRNA ik BALE R v LAE ), 5l 5
BMP-2 i, 55 7 KA 14 RIH4H 5% H A IR XS ALP
mRNA FikRRE A EA GoitF2E 5, HEARIVEEE 1Y BMP-2
LY Z A G #2257 (R 5) . ALP A BlH 7540
L R A A B AR AR FE AN AN R A R B
FEANE  ABFFEA 96 FLAR 1 55FEAY BMSCs 4T ALP %4
o, REES 7,14 d 17 ALP Y@ 53 R B  ALP PHYEF
Wrse O T4 S 4 T, 2 i (81 4) . B BMP-2 ¥k
FERIHER 1% S BMSCs %35 ALP mRNA £iARZ | 24 BMP-
2 7 200.0 ng/mL it ALP mRNA FiA R % . H ik, BMP-2
B AL HE BMSCs BUE 4k, 17 ELXFpigs A F LA 7t
Wttt U FGF=2 Bt (3 6) , SEBa4H 525 (X BRZLALP
mRNA B HA G227 (HARRMRER FGF-2 SXI04H
Z 8] ALP mRNA MRIAEA G225, G5REH , FGF-2
fikfig B E {23 BMSCs Hh ALP mRNA ik  (HAFELE B
Rl = 7 A, 24 BMP-2 il FGF-2 45& 1% it ,
A BE BN AT B AR R4 ALP mRNA fYF6kE, H 5%
T A e RSB A Geitof 25 5, R SR ZL A PR F]

1S3 AN

%5 BMP-2 %t BMSCs ALP FRixHIRME
Tab.5 Effect of BMP-2 on ALP production of BMSCs

34 (ng/mL) HITXR 14K

23 I B 1.20 + 0.06 1.30+0.16
BMP-2(10.0)4 1.58 + 0.08" 2.06 + 0.24*
BMP-2(100.0)#H 2.02 + 0.06" 2.20+0.19*
BMP-2(200.0)4 2.09 +0.08* 2.29 +0.14°
FAH 73313 3.554

P 0.000 0.012

1 1a, 5725 PN BEA AR, P<0.05;b: 55 BMP-2(100.0)4H b, P<0.0S

%6 FGF-2 ¥t BMSCs ALP RiZHIF M
Tab.6 Effect of FGF-2 on ALP production of BMSCs

534 (ng/ml.) CNN $ 14K
%5 FIXF IR 1.20 + 0.06 1.30+0.16
FGF-2(0.1)4 1.76 + 0.08" 1.81 +0.26*
FGF-2(1.0)%H 1.79 + 0.09* 1.90 +0.16°
FGF-2(10.0)4 1.82 +0.10* 2.01 0.22°
Fii 77.235 3.310
Pl 0.014 0.000

T ra, 545 FI IR AL HUER , P<0.05

2.6 BMP-2 FGF-2 3454 ¥ % sk 69 % v

&l 5 iz 8 I, Baphsi FH BMP-2 REASHH B2 BMSCs
WAL IE AT 4515 O R0, Mt BMSCs s /LR
Bfi#F BMP-2 ¥ 3 A4 i , H0i%8 5 BMSCs T U 45 1T %
AT R (A5 21 d B, 24 BMP-2 ¥ KT 100.0
ng/ml i, F545E- 1Rk WA - T B R v T B S &2 Al

WA B, Bl FGF-2(3K 9)153% 14 d i), S2EG4
Ezs it BB4E X BMSCs B LY IR A Gt #2 5 . B
21 d i}, Bl FGF-2 WREE A4 &5 , BT BMSCs JE U5 45
THZ Y FGF-2 W JE M 1.0 ng/mlL B, AEASHH B2 BMSCs
RHR OB RS | 5451 B0IE BB I B Ik (B 5B)
B4 FGF-2 YR JE AT 1.0 ng/mL At , 855545 B0 AT Rt
W TR B4 . 24 BMP-2 5 FGF-2 B4 L I (&
5D F1FE 10) , BARHE (BMP-2 2 200.0 ng/mL,FGF-2 4 1.0
ng/mL) £\ 27~ H B B AR eV , L5 B R B o FH s
MR FACR A G FE R,
%7 BMP-2 #l FGF-2 3t BMSCs ALP X KI5
Tab.7 Effect of BMP-2 and FGF-2 on ALP

production of BMSCs
4348 (ng/mL) ®|Ix 14K
25 IR 1.20 + 0.06 130 £0.16
BMP-2(200.0)# 2.09 + 0.08" 229 +0.14°
FGF-2(10.0)4H 1.82+0.10° 2.01 +0.22°
BMP-2+FGF-2 41 2.31 +0.08% 252 +£0.15%
FA8 79.357 2.792
PAH 0.000 0.012

Ha, H5 EXT“MEH:!BE P<0.05;b: t3BM1>-2(200 0)4 Hh %%,
5 BMP-2(10.0) 41kt

P<0.05;c:
,P<0.05

N Wﬂ}»

5 FGF-2(10.0) 4 kb 42, P<0.05;d :

D. BMP-2+FGF-2 4
4 ALP#fERE
Fig.4 ALP staining

C.BMP-2 4§

# 8 BMP-2 3t BMSCs # LK Mm
Tab.8 Effect of BMP-2 on BMSCs mineralization

434 (ng/mL) $14 K 21K
25 % B4 1.23 +0.00 1.42 £ 0.03
BMP-2(10.0)4H 1.35+0.14 1.75 + 0.40
BMP-2(100.0)H 1.55 + 0.07 2.68 + 0.45%
BMP-2(200.0)#H 1.69 + 0.47* 2.70 + 0.65"
F{a 3.331 : 10.124
P 0.000 0.012

T :a, 525 AT RRZH HLAR, P<0.05;b: 5 BMP-2(10.0) 4 b4k, P<0.05
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%9 FGF-2 3t BMSCs &L K50
Tab.9 Effect of FGF-2 on BMSCs mineralization

44 (ng/mlL) %14 K 21K
%5 FI R A 1.23 £ 0.00 1.42+0.03
FGF-2(0.1)4H 1.30 = 0.04 151 +0.14
FGF-2(1.0)4 136 +0.12 1.71 £0.27°
FGF-2(10.0)4 1.33+0.16 1.62 £0.23"
FA 2.755 12.031
P 0.000 0.000

T ra, 525 I BEAH LA, P<0.05

% 10 BMP-2 #1 FGF-2 Xt BMSCs # {LBI% M
Tab.10 Effect of BMP-2 and FGF-2 on BMSCs mineralization

4340 (ng/ml.) $14 K #2A X
25 U R 1.23 +0.00 1.42+0.03
BMP-2(200.0)41 1.69 + 0.47* 2.70 + 0.65"
FGF-2(1.0)4 136 £0.12 1712027
BMP-2+FGF-2 4] 1.85+0.07~ 3.18 + 0.45%
FAY 3.572 10.721
PAH 0.012 0.000

T ca, 525 (U0 BAH 8, P<0.05 3 b 5 BMP-2(200.0) 41 L%,
P<0.05;¢: 55 FGF-2(1.0) 4 H 48 . P<0.05;d: 55 BMP-2(10.0) 41 Ht

% ,P<0.05

C. BMP-2 2

3 3t i

E5 HRLASHERAE
Fig.5 Alizarin red S staining

D. BMP-2+FGF-2

200 P 1% 1 A 2 AT R A i P A P AR
TR FEA S P, 290 PR LA A P RR S - S B 2 A
RS . — A WIS A RSS2 A0 AR X 1Y

PIRICIRAS , LIS S0 A LD RE MK, LA
REA N M4 HIE A RE 77 5575, AR SCHGIER , BMP-
2 X BMSCs Y458 %A W & 0915 F/E H L 1l FGF-25E
i i E e U BMSCs 3458, H 2RI AivE . HAboF
FEINK, IR 1 FGF-2 1535 BMSCs RENS I i
P S I B Ak, T e A 8 D 40 ) 240 L 1 35
434,

ALP (1K) BMSCs J o1 00 1) J 245
YA, B BMSCs RS AL il G E T, ALP
WA ek B AR S & AR e ALP 55 H B 41 il
AEVE TR g v e g g AR R A, 2B 2 B A0
TG AR FEIR RS 7 K ALP mRNA JFER#EA
E g P A ALP (1) A B RE 8 5%
BMSCs B 76 I A Lo A FFEIE ] BMP-2
A B A E BMSCs 19 ALP 35, AR H Y )7 =X
%55 BMSCs 0] i 40 i 7 17 704k . FGF-2 g b
FEHE BMSCs 1 ALP  {EASAEAE B i 174 70) A4 it
P, 24 BMP-2 fil FGF-2 kA& 1 I, %t BMSCs
ALP [R5 e O fEBEVE T

FELEAT I BMSCs & AET TR , & BT R
S 2 MR R B 0 Al 2R T A A AR A 3 AN BMSCs
U IS 245 17 B 850k nT A2y 8T BMSCs Wi 2 1k i) 7
JEM BMP-2 figfg i E L UE BMSCs & B0 fLIE L E5
LTI NTTHEDE BMSCs B /M b RLEE , HH
AR, FCF-2 Wl {2 gk BMSCs & E 51k
TE B E51 , (H B X I B 245 45 105 S 00 A
BMP-2 5851 i HL, X4 FGF-2 ¥R T 1.0 ng/mlLIt
FLAET AR B PR HR RS T W G 2 T
fEH T3 FGF-2 #JE KT 1.0 ng/mL I [FGF-2 5
2 it 2% 1T 245 AR B T RE A BN ARAT, T LA B P
PR BE (40 10.0 ng/mlL) , C %A 22 4% 14 200 i 2 1f
ZARG Z 5  ANRET S K FEXT BMSCs 19 %15 175
YER, IRTTZE BMSCs BUH 7005 AN P A B0 35
AP, Moscatelli"™% 3 FGF-2 {F 5 T 4E 40 M =
KK 32k WAL BT 45 G Z 1Al A L AR BF-fily | A
A A0 240 i S 56 HIAIG pHL 8 7 1 B8 0 5 2T 4 41
Jif A KR 2 AR S5 5 FOF=2 J , S MIAME R AS 5 1
FGF-2 1] [] T At 40 M A= 4 72 ARG 8 ik BB
BRSPS 200 PSS 2 (ARt ) A B RN T R 1)
it A 7T e o & B SZ M RN L BT FGF-2
ARG FE BMSCs 1 fi A7) 54 1.0 ng/ml., HEAT
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FGF-2 EMFRSEWA,

b, SLE 4 RIFEA BMP-2 5 FGF-2 BR & Rf
FRT, GRARIETE ALP MFRABRMSETE R E
BERTHAMLEA AN X BMSCs B EE 4
A BRSSO, BRI (10.0 ng/mL )
BMP-2+0.1 ng/mL &) FGF-2) Bl @/~ Hi 81 B g & 3%
YER ., HiL,BMSCs BB L2 2 K E T
P EIVEE , 3F ELZEXT BMSCs BB 4L A i 72
FARREKEFZ IR IR &8 R, BMP-2
M FGF-2 £ B WA B2 B R B IE T, A
] R F 2 ) A4 3 b A 1R A 4R B R 40 B P AH DR
R B A TN 40 M B A 14 ThBE AT X 4 4 AR
BEr=E i ERSER , BFEPRIEN, 4 FGF-
2 5 BMSCs 40U #9321k FGFRs S5 & LU , 6B
W MIE MU MAPK/ERK 15 5B 5, B M4
7 LA B 4 A% N VEGF, BMP-2 & H 3% {& BM-
PRs FIS & F AT Runx2 BIFAE, 24 BMP-2
5 BMSCs 4HMfE | /3% & BMPRs 454 LG , 0%
YRMIPN Smad 1.5 1 8 FFEH R LRI, RES
Smad 4 FFEHERFHEERER, BIGHEA B
2 5iEE B ERRRK , 85 FGF-2 VEGF &
Runx2/Cbfa 1 BJZRIRN- B ] DUSERT, BMP-2
FGF-2 P& B [R50 AT RE 28 o PR s 1k st i 5
EEB R, T2 &R E B R BA S
1% SAE 7 BMSCs B4k,

2 AR, A K EF R 5 A K E R
W FhFAIMIARIR LIRS SR AN RAE T
H4dkRTF2E5%SMHERAER, BLMNAH
BMP-2 i B E {21 BMSCs BBk, S AEHE N
200.0 ng/mL,{HX BMSCs $FHEA BEH M,
NP FGF-2 REMSHA B edt BMSCs 5 , BfERIE N
1.0 ng/mL, {85451 W TE IR A B AR HAVE .
BMP-2 Fl FGF-2 BX& R FXT BMSCs Fy3¥ 58 F1 LB
L B E R RS, SRR E (BMP-2 K
100 ng/mL,FGF-2 3 0.1 ng/mL) €. B i B B At
YER , Bt LITEARSME S BMSCs 358 20K 7T 3% A%
FiE, BREIISENFETAEREFIEERE
ARAME, ENEKEFEENIFE T SRRERE,
FRLA, WA AR N AE T RIS R AT REE R A K E
THIAEYEEREHBEEEARRZEERNRX
B B/,

2 & x W

[1]1 Abdallah BM,Jafari A,Zaher W,et al. Skeletal (stromal) stem
cells;an update on intracellular signaling pathways controlling os—
teoblast differentiation{]]. Bone,2015,70,28-36.
[2] Carrier—Ruiz A, Evaristo-Mendonga F, Mendez—Otero R, et al. Bi-
ological behavior of mesenchymal stem cells on poly—& —caprolactone
filaments and a strategy for tissue engineering of segments of the pe-
ripheral nerves[J].Stem Cell Res Ther,2015,6:1-15.
[3] Murray SS,Brochmann Murray EJ, Wang JC, et al. The history and
histology of bone morphogenetic protein[J]. Histology and Histopatholo~
gy,2016,31(7):721-732.
[4] Turner CA, Watson 8], Huda A. The fibroblast growth factor fami-
ly : neuromodulation of affective behavior{J]. Neuron,2012,76(1):160-
174,
[5] Tomokiyo A,Maeda H,Fujii S,et al. Development of a multipotent
clonal human periodontal ligament cell line[J]. Differentiation,2008,76
(4):337-347.
[6] Bai Y,Yin G,Huang Z,et al. Localized delivery of growth factors
for angiogenesis and bone formation in tissue engineering{J]. Int Im~
munopharmacol ,2013,16(2) ;214;223.
[7] Ghazy A,Abou-Easa KF,Ghazy AE,et al. Charactérization of Be—
havior and Niche of Bovine Marrow Stem Cells In vitro[J]. Global Vet—
erinaria, 2015, 14(6):922-928.
[8] Yuan S,Pan Q,Fu CJ,et al. Effect of growth factors(BMP-4/7 &
bFGF) on proliferation & osteogenic differentiation of bone marrow
stromal cells[J]. Indian J Med Res,2013,138:104-110.
[9] Park JB. Effects of the combination of dexamethasone and fibrob—
last growth factor—2 on differentiation of osteoprecursor cells [J].Mol
Med Rep,2014,9(2) :659-662.
[10] Golub EE, Harrison G,Taylor AG,et al. The role of alkaline
phosphatase in cartilage mineralization[J]. Bone Miner,1992,17(2).
273-278.
[11] Giannoudis PV, Jones E,Einhorn TA. Fracture healing and bone
repair{J]. Injury,2011,42(6) . 549-550.
[12] Moscalelli D], Metabolism of receptor-bound and matrix—bound
basic fibroblast growth factor by bovine capillary endothelial cells[J]. J
Cell Biol, 1988, 107(2):753-759.
[13] Abou-Khalil R,Colnot C. Cellular and molecular bases of skeletal
regeneration ; what can we learn from genetic mouse models?[J]. Bone,
2014,64(7):211-221.
[14] Boswell BA, Musil LS. Synergistic interaction between the fibrob—
last growth factor and bone morphogenetic protein signaling pathways in
lens cellsJ]. Mol Biol Cell,2015,26(13):2561-2572. '
[15] Miyazono K,Maeda S,Imamura T. BMP receptor signaling:tran—
scriptional targets, regulation of signals,and signaling cross—talk[J]. Cy-
tokine Growth Factor Rev,2005,16(3):251-263.
[16] Ryoo HM,Lee MH,Kim Y]J. Critical molecular switches involved
in E;MP—Z—induced osteogenic differentiation of mesenchymal cells[]].
Gene,2006,366(1).51-57.

(FAL 4k, BT L)



