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Fig. 1 Study schematic of the preparation of BMP-2-PLLAms/ FGF-2-nHA/PLGA and osteogenic induction
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1.1 ##

PLLA(poly-L-lactic acid, ZigZRFLIE, m=10ku)
F1 PLGA(poly lactic-co-glycolic acid, HRFLIR - £t
ZFEWE, 50 150, m=100ku), W T 5t EAEY
THEARAAA. nHA(K 42 < 100 nm, [ $2T
H106378). BMP-2 (peprotech). FGF-2 (peprotech).
FGF-2-ELISA #& {57 & 1 BMP-2-ELISA £l i

FERD #1453 %).
1.2 BMP-2-PLLA #HZAMEkB9H&

FREL 10 pg BMP-2 ¥ T~ 250 ul PBSHI{E N A
KAH. FREX 250 mg PLLA T 5 ml —& F ke fE
N HAE (P KA S AR AL 10 20). K KA
S N A, S B 2 min, B W AL
(W/0). KHIFLZZR AN 10ml 1% I PVA H, &
HHEEE 5 min, REIL(WO/W). B EILEZERHA
250 ml 0.1% HI PVA H1, VK 500 r/min $¢4F 4 h,
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T RAHLIEF]. 4000 r/min K3 E L 10 min,
WCEETER, 2588 F /KPR 3 IR, AR TR,
1.3 BMP-2-PLLAms/FGF-2-nHA/PLGA € & X
R &

¥ PLGA 5 HA #%—E W L BIWTEE 4 h, 7371
BN 10% 20%. 30%. 40%[#] BMP-2-PLLA #; %4
Bk, AR 20 pg FGF-2 ¥ T-H (FGF-2 ¥ ¥4
FH 10 000 r/min B, 12 000 r/min, &0 30s, HEET
pH 7.6, 5 mmol/L Tris &£ 0.1 g/L, IINZFIIR &L
f) PLGA. HA 1 BMP-2-PLLAms ¥} K #4285
JEHRT), BIBAMABNERRN S mm 15 A
BH = IR R AT W), R 7108 10 MPa,
B84 2 min, HFIHAN Smm, =28 3 mm )
ANELF, BCH. SRR BT SRR O R A AR L Y
HoB R BN AR 500 ml B IE A CO, AR
R, %R BRI S 0°C LU CO,
FENRRBZEN, 2NN 1A 3] 8 MPa B JT
EFHE, RN S A IAE 35°C, A
B PR AR A R S N R IR, R
HEAAAEIEL0.5C, &N AN+0.1 MPa. [x
i 8hfa, PL—@EMRERA, FIHFRME, B
FE .
1.4 BMP-2-PLLA HARMKINE S EHSWE

¥ BMP-2-PLLA #2455 2k 7 85 2] 3 M i |
W54, K34 85 (JSM-5900LV, Japan) W %<1
BRIGRTHES. SERIRLAR BORAR 23 A K ORI
JEE A 5 (ZS90 BY 6 R FE R4, #E[E Malvern
nano zetasizer). ¥ — & & IFEMIMAFE i, 258
PO BUE RGN IR, A B A R e] 3R 45
TORLRLAR K /N SRR 734 . D10, D50 F1 D90 AR5
SRUETRLE 10%, 50%A1 90%H (B4R K. BEé
EESRRIMEE: I N E AR, KR
JN=20°C [ UKFEA S, M HFARTI T iEATY)
FH 2 mm AR, BiE, BRSNS
Wil A FLAR 2 A FLETE S DA S L2 TR g BT ad
1.5 WMIkBASFEHENE

5 B FR B 10 mg () BMP-2-PLLA #% 25 i Bk,
I 1 ml =5 ke, B8PS PLLA EA 0,
RefEk e RIS, BN 1 ml PBS, 7uorfif,
SRR A, FE, BHE 0.22 um L
ERREYEE, W EEIKAH, KA BMP-2-ELISA il &
ME W BMP-2 (& 2. R¥E 2010 i (g
NRILFIE R 80 ME, L RMaE R
F AR A

WA =R P AT 2 E R/ ROk B
100%

A, 3 2 <oKL AL 3 B 24 B/ BoRE L B S R
AL 1) 2 Ex100%
1.6 SZZEHRSEE N E

RS  RONEAE 5 mm, EEF 10 mm A4
MR AR, BIKAREL AL 2 0 1 ks EE A A RRR
BE, 1EJTREMHL(H A SHIMADZU AUTOGRAPH)
FIATYUR SR . BL 3 MRS 4L, e
JEAGHIATRE N 25%, T B 42 5] /E 1 mm/min,
TE 25%2 R WT 2L HO R &, T 24 55 5 0 N RE o 1) 52
FE s G A W 24 0 7E e 46 25% 3 7 Hh e oK 1 5 5
BRI ARE il BB EE . 3 /IR il 1) 5 B P S8 (B A S R
i PRI e 5
1.7 ZZRILBEZENE

FREME M T EHILA 6, MERFSKE L
R4z R, OBRE RN GEEK ST, Ak
58 B ANBRERE, EIARRERASEE
. BCHAE A, RGN TR K, FRE,
FREILRN G, WA X E LK E
e=(G-G))p x TR*Lx100%
1.8 ZZRFERRNE

BRE M & REAN S mm, EEN 10 mm A
F A, FREICN My, RIET pH 7.4/ PBS
W, RS, ERE S S ENE, BN 50 ml B LUK
H, IIN—E & PBS ¥R, A 37°CIH IR KIS
BIRAN . ol TR E &0, 1, 2, 3, 4, 6,
8, 10, 12 WU, EBF/Kmdk, HTEHREL
N My ARG A T B K

L =My M)/ Mex100%
1.9 FGF-2 1 BMP-2 {R4MN AR08

& 2% FR B — € & ) BMP-2-PLLAms/FGF-2-
nHA/PLGA EA %%, UL pH 7.4 [ PBS 10 ml N5
AT, BT 37CHBEEKFES. e
WAV 20 Wl B35, AN RS &R PBS, 400l
F FGF-2-ELISA #& I X 77 & A1 BMP-2-ELISA &
77 & A I FGF-2 1 BMP-2 & &, itH B2
&S
1.10 FGF-2 #1 BMP-2 X} BMSCs &850 S

AL BT FGF-2 Al BMP-2 X BMSCs 34
Va5 S AE SR A CCK-8 VAT %8¢, W%
BT 96 fLA s SRR, BT 37°C, 5% CO, 4
Muds FRAEEE R 24 h, FREFEE 1. 7 REATHRN.
SEEG Ay ()XY, AN ARG FR AL (2)Free-
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FGF-2/BMP-2 41, X% 3% 3 o B # 0 N\ FGF-2
20 pg/L)AT BMP-2(100 pg/L); (3) BMP-2-PLLAms/
FGF-2-nHA/PLGA 4, ¥ 3% 3 & jjin X BMP-2-
PLLAms/FGF-2-nHA/PLGAE & (42, RKiFith H
BEIIN 20 pg/L FGE-2 Al 100 wg/L BMP-2 4K 45 :
i S B 9T AR B, — % ik FE VS Bl N FGF-2 Al
BMP-2 %} BMSCs #4578 f1 73 AL 75 SAEH 280 —
PR AR PR B %5, 2 FGF-2 WK E N 20 wg/L,
BMP-2 i 5N 100 pg/Lit, BMSCs 358 Al i 4
Wik B g, KT ZKRER, FGF-2 fil BMP-2 X}
BMSCs BE 7546 1 15 5 AF H A B2 30 H 55 = K
S

1.11 FGF-2 1 BMP-2 ¥} BMSCs & A& sl 14 i B4
EBALP)BIIES

ALP G0 i 5 A Wl 42 FE A 70 & 0 B 47
R R TRy ARG IR AR 7 R 14 R,
T & AL R I [] 5256 45 R 5 4 96 FLARE H:
oA HHAT Qe A E BT, BB PSR,
PRI 520 nm BOGAE, 2= AFLIHZE.

1.12 FGF-2 1 BMP-2 ¥ BMSCs & A I B iR R
(I-COL) BiF%

BMSCs & 1% I -COL il #% e T -COL ELISA
WA G UL BT, al TEFREEE 7. 148, X
R e Bidmad T sese. R AfLEZE, 450 nm 3
K e & FLI .

1.13 FGF-2 1 BMP-2 ¥ BMSCs £5 25 T3 2 i 89
7

K 7 2 41 S(ARS)JE & M J7 15 % 5 % A
BMSCs & AN T S 24575 s ol . BOW Sk K
WA 3 /A BMSCs, #F0T 96 fLIEFRIR, T 14,
21 K45 96 FLik L, FFLEFRW, PBS ik,

S4800 5.0kV 9.3 mm x2.00k SE(M)

KRB E. LM 100 pl RO S e tn
W, FiYe 30~45 min, T3 8 S NN
%, MEMESILP MmN R S Hiel, iz
30~45 min, BEFROCRIIN 450 nm WA

2 KEER

21 WEHKAMEESIZZEMES

BMP-2-PLLA #Zi kL& 2N MY, £
[ (K 2a). RORBAR I ATEEES, £ 6~10 wm
Z 18], ~PRIRiARZ9 8 wm, WLE 3 A 1. HIE 2b
AL g2 B = 4E 1 MR 45 ) BMP-2-PLLAms/
FGF-2-nHA/PLGA 5 &> BEWiaE 2 1L LR E
BELOARALE 100~200 pm FLEFTEBMGRTE . K6
SrHFLIRA 2 [RIAH B SE . RAREMILERR. 3L
ZEAH R R RO, AT DO SR B — e R,
WK 2¢ AR, X ELAH /N R & AL R 7R S0 28 2
Al BESE nHA BUE MERBUR A7 E X, nHA 7ER
W FE B B AE PLGA RAWIMER 2+, R
TEVI BN R i 4. TR A SRR A AL ET
YO | Y RS BSOS ) Rk 258, R RT RE A2
I Ft CO, /& PLLA ¥k, BMP-2-PLLA #;
2 BER7E 5 PLGA / nHA FLiR 37T R, PLLA
T Im 7 CO, ¥ 4 B3 W, 3 3 BMP-2-
PLLAms 7E£ Jy I 5 i 72 J5 35 5 SR i ik
Ao MECNRUE L ORFF LR BT, AT % 2 58
RO “HER” g5, (ERRIE R A2 48 A KK
THRRES R(E HTLLEH, B BMP-2-
PLLAms & 2 58 BRI () “Fg ek ” 454, {HRE6E
LA [ AE K R IR B R, IR B IR R
H .

Fig. 2 SEM micrographs
(a) BMP-2-PLLA microspheres prepared by solvent extraction/evaporation method. (b,c) BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds prepared by

supercritical fluid foaming technique.
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Fig. 3 Size distribution of BMP-2-PLLA microspheres

Table 1 Particle size distribution and mean

size of microspheres

Table 2 Effect of BMP-2-PLLA microspheres
weight on nHA/PLGA scaffold properties

pm BMP-2-PLLAms weight/% Porosity £/% Compressive strength/MPa
D10 D50 D90 D3 D97 Dav 10 88.5+3.4 4.2+0.12
2.241 6.122 8.301 1.806 10916 7.817 20 75.8+0.9 6.8+0.05
30 68.1+3.5 7.740.21
= § 40 59.6+2.7 8.2+0.18
£ g 100+
a 2
25" FE il 4 % %20 o I\ B ) BMP-2-PLLA
52 oof LR 20%), TN HA {115 B (5%-
S 3 wl 10%- 15%- 20%), HEA[F S & HA X SO
“g é 9 EE L . 24 BMP-2-PLLA 3 25 Bk & & N
%E % 20¢ 20%HF, ANE SR HA X2 A SR PUE A
£z ol LB R, W3 3. B HA B2 8% i
i e ——— Ko SASRMTURRBEZ ZHR, R
© m /h WK, M HA &8N 5%, EE34M

Fig. 4 Cumulative release of FGF-2 and BMP-2 from
BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds
m—n: BMP-2; e—e: FGF-2.

22 EEXRIEEMNERE

AN ) B B BN B2 SR I 0 i 5 P FR AL B
R, WK 2. BE% BMP-2-PLLA #Z51EkI1)
TR, HESCIERIFLRR R BE 2 BN,
PUIE R B 2 BT 6 K. 24 BMP-2-PLLAms f &
BN 10%0], HE LML R RN 88.5%, 1M
YU GRS B /N A 4.2 MPa; 24 BMP-2-PLLAms 1)
HILF] 40%0, HESCHILBREN 59.6%, PiER
JEH 8.2 MPa. £33 7% 8- 12 B S QMRS FLBR %
FPU R E R, & %EH BMP-2-PLLAms #
BN 20%.

LR I RN 75.8%, TP KR /NN 6.8 MPa;
X HA 5 EIA T 20% 0, A& XBILEEN
44.8%, PUIETRE AN 8.3 MPa. LA HEHBE L
ZRE BT FLBR AP R R B () e, Fe 24k HA
58N 5%, % ) BMP-2-PLLAms/FGF-2-nHA/
PLGA E & B AL E N 758%, PiEBEN
6.8 MPa.

Table 3 Effect of HA weight on nHA/PLGA

scaffolds properties

HA &8 /% Porosity £/% Compressive strength/MPa

5 75.8+£0.9 6.8+0.05
10 64.9+0.8 6.8+0.10
15 53.7x1.6 7.7+0.3
20 44.8+0.5 8.3+0.1




Bk, % BlsRREL 8K & BMP-2-PLLAms/FGF-2-nHA/PLGA

2018; 45 (1)

EAXRRIKII R B E YRR «73 e

23 RIABBKBASMEHENE

BMP-2 5 PLLA [ JE 468N 505 4 10 pg A
250 mg, AEH N 1x1072 1250, FEHBEEN
3.99x10°%. BMP-2-PLLA #% 25 ER 1) SZ bRk 24 &
N 1.45%10°%, WERN 61.9%, K HTH %K
BREA R ZivEae.
24 EEIEMMEBINERKETFIRRK

I 5 A e N TR) B ZE G, S 2R Rk B4 I 3 T Uik
AN BERRFIEE 2, 4, 6, 8, 10 AR, HEASTEEM
BRI 3.4%, 6.8%, 14.1%, 19.9%, 28.9%
B85 SR P LU o P IR RIS, FE BB B
P A B AR PUN I, ST AR BT S PR
B AR B R R, S AR B AR R e R A
B, AR FEEEN, AR A4S AE
Kk B4R/ Y . BMP-2-PLLAms/FGF-2-
nHA/PLGA & & 4 Hh B FGF-2 Al BMP-2 17
E—E MR % . BMP-2-PLLAms/FGF-2-nHA/
PLGA & & 3 42 F FGF-2 KB i % B 2 T
BMP-2 HBEE K (& 4). 48 h I, HE &4
FGF-2 1] BB CR N 55.3%, BMP-2 ) & it Bl
RN 28.1%. 7 KRIF, FGF-2 i Rk B E N
77.1%, BMP-2 I 211 BIEN 44.2%. 14 R,
FGF-2 ] 2 iHRE N 84.9%, BMP-2 ] 2R
KN 61.5%. 21 K, FGF-2 1 Bil Bl RN
86.2%, BMP-2 I R IPRBETEN 68.6%. ME 4
Al LW %2 3], BMP-2-PLLAms/ FGF-2-nHA/PLGA
HA AR 2 200 T WA RO, B
FAI I R A SRR B R RN ZE 4 21 K7 SR i
K. PERBREMER TR N EKE T
AXA A2 W PR FE TR R SC AR R 1T, aB /K AR 25 5 il 15
ks BBV, TR R AR TSR
ITTE, BRI ZE R AE 158 KR E 55 1 DK 5]
JIAER R, S 8T BT8O0 R b AR R R ) PR R
. RESE 21 K ZEEBE UG R AT fgsE: FGF-2 #4
B AR S FL 2, B PLGA AW P
fif A8 FGF-2 & 2 F AR A o, AR5 5 S 28
HZ D R B R . T BMP-2 A2 25 25 7F PLLA
ERF, FHEN PLGA 2L 28+, % PLLA il
PLGA HIPEf#EAE M, BMP-2 M PLLA WREIFLiE
HOREICH R, SRR AT SZ 285 BMP-2 it 31 IR B
FITEF . 3R R GE R RN B} 3 435 AN [H) 254
)2 SRR L AT B 3. DA SR Al i 2 FL S
ZERPRL IR 22 B S G M LUK 2 RE RE I 22 B
REZ MBI EE R . AR RA P E M E AR

RAGF R — B P AR R RO v AT . AN A
AR RE,  A0AS IR 737 i = AR B LG I PLGA A
PLLA, il #& HERETRAA R SZ LM FLAE . FLBRE
Bof iAok 2R I AN [R], T 28 AR 1) SR 1 T 428 il 24 4
ikEgiev SO RPN AR
2.5 FGF-2 1 BMP-2 *f BMSCs &EHIES
BMSCs 4 ff 3 58 i Al 45 SR an & 5. 3597 1
K J& » \ BMP-2-PLLAms/FGF-2-nHA/PLGA E &
BB TR A A DR AN B B I N8 97 2 R I AR K R
TR W R AE 3 BMSCs BI85, H 22 REig
(R A R 0k 2 P B TR R AR B B 2 (P <
0.01). ¥3% 7 RJg, NEE BT REBUN K+
FVE B2 N85 77 35 7 (19 42 K K- % BMSCs 3455 (1)
MBFEHKRTZANBASEEEZR . BMP-2-
PLLAms/FGF-2-nHA/PLGA & & 372 28 R B U A= K
AT XoF 241 i 164 B 1 5 5 A B R0 T 2 B oo B
(P<0.01) G FR I BN AN A KK - 2H(P<0.05).
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Fig. 5 Proliferation of BMSCs
[1: Control; [1: Free FGF-2/BMP-2; ll: BMP-2-PLLAms/FGF-2-nHA/
PLGA. *P<0.05, **P<0.01.

2.6 FGF-2 1 BMP-2 ¥ BMSCs & R 8 14 i BX i
(ALP)H)IES

ALP [)35 1 /& BMSCs 1 i 70 A0 i 3 B4R
fEZ —. ARSI L ALP 35 MR VPN & A R 15 7%
O BMSCs [1] B 7 18] 73 A 5 S AE . BMP-2
F1 FGF-2 % BMSCs 41 i ALP 4 575 5 45 2
Ble MK 7. ¥ 1 KE, 3455 4HX BMSCs
i ALP G SIERR AR EEZR. R 7T
KIF, M BMP-2-PLLAms/FGF-2-nHA/PLGA B &
SCHE OB IO AR K TR F R 8 3 b R g 4 R
ALP 1A (P <0.01), (HEEIMAEFRETHAE
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K TX ALP & e E AR . 1597 14 R
e, WEESCBRTRRTN A K A M E AR 7
Frh AR 70 ALP & BRI E 24 B0 B0t

16}
14}
12}

10+

ALP production/(U -g™)

WA FREZER, HEGETREBEAKET
75 EH B 22 (P<0.01).

Hook

7

t/d

Fig. 6 ALP production of BMSCs
m—n: Control; &— e: Free FGF-2/BMP-2; A—A : BMP-2-PLLAms/FGF- 2-nHA/PLGA. *P<0.05, **P<0.01.

Fig. 7 ALP staining photographs of BMSCs on the 14th day
(a) Control. (b) Free FGF-2 and BMP-2. (c) BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds.

2.7 FGF-2 1 BMP-2 %} BMSCs & X 1 -COL HJ
7=

[ -COL 7E BMSCs 434424 Fs B 40 B () 18 B -
HIst QAT ARG R, BE 2 40 M A 5 1 R 240 1
wrygm, HRES5EEREEE DML, &
BMSCs Jl i 7 1 XX —F4EP. B 8 Hf LAF H,
B9 1 KA, 3 ADsesd4lx BMSCs il ALP & %
MESERRAEREZES. 34K 4H BMSCs 41
Ml I -COL &RETERGFRE 7 Rt KEIG . 5595
7 RJG, M BMP-2-PLLAms/FGF-2-nHA/PLGA &
B SRR AR K R R B B IR TR AR
KR P AR RE % B 22 3E T -COL A (P < 0.05). %%
Fr 7RI, ME A SRR A K R A B
ANBEFRFE P AE K 7 X T -COL A R e 2t
BWEANBHAYAREZER, HEAEFRRW

AR T3 EH B3 (P <0.01).

et
&0 ok
=
=5} %
2
= *
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o 1L
2
@}
KL
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0 7 14
t/d
Fig. 8 1 -COL production of BMSCs

u—au: Control;e— e: Free FGF-2/BMP-2;A—A: BMP-2-PLLAms/FGF-
2-nHA/ PLGA. *P<0.05, **P<0.01.
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2.8 FGF-2 1 BMP-2 Xf BMSCs $545 a2 B 155
BMSCs 734 1) fie 2 4 1E 5 A 704 9 3 1)
AN, AR 2 WA 4 B AN R SR R A5 0. Ut
HBE— D DV 65745 (W% L SR VAN AN S IR 2 A [F) 1%
R KT BMSCs BCHE /- FEFE o m . #% se a2
BMSCs A~ [A] i 1] () 35 2 20 52 A il dn i 9 #0110 Ar
N, WFE 14 KRB, U BMP-2-PLLAms/FGF-2-
nHA/PLGA 5 & 3528 B ) AR K R 1 1 35 i e
BMSCs F 455 E (P < 0.05). K57 21 Ky, &
BB R AR K R TR B B IR TR R (AR
AR 05 5 9 1 B 5 A R L R 3
BEERP<0.01), HEAZZPRBREKRET
BCE IS 773 o 1) AR K BR80T TR B 15
FAEEZERWP<0.01).

o

N

(=]
.

kk

'_|_|—‘

1%
é 025} , "
2 020} {
o
z
Z 015
<
=
K010 I
g
[}
(=}
£ 0.05

0

14 21

t/d

Fig. 9 Mineralized ability of BMSCs
[ Control; [0 : Free FGF-2/BMP-2; Bl : BMP-2-PLLAms/FGF-2-nHA/
PLGA. *P<0.05, **P<0.01.

Fig. 10 Alizarin red S staining of BMSCs on the 21st day
(a) Control. (b) Free FGF-2 and BMP-2. (¢) BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds.

3 i i’

B B 1 70 53 T 40 M 0 BB 432 B 2 P AR K TR
TR, 0 E AR T 1R B RN LA I A4
PEL FIEAGEIERIBFEIER . R R p A K
% 251 2 SR FH R M — S ¥ S B3 5 S 2 kb EE
TR, X 2R G i B S AR A5 U R R,
NT 70 RIEA RN A KR T ARV, A LA
P ol FUER — a2 P i T RT3 88 S 2 K TR -1 1 4
AR R, G SFARKAERKMS ML, H
eI AN HABE.

Wt 50 1] £ 52 A B BT R FH 0 3 5 A b L
PLLA. HA Fl PLGA # 2 )2 EHE
PEAR B R E AR BRI, % HA 5 PLGA AT &
A BERTHEINEAE Sk, SCRETR S ZE A R H LA
SR, H ALY PLGA M MEMRE R, DLRIEH
TP B8 A ok B 51 AL A A — 0. ) A5 1
BMP-2-PLLA #ZMERTEARI . S e, LR

T, TUERRLAR Sy A T B A B E A
BAE L ORI HZE . R IR R R & 5
BMP-2-PLLAms/FGF-2-nHA/PLGA & & % 48, 4l
FREE . SO, B REFAE KR I R
AP SV, 8B Im AR R B B R B I 5
RER CO, W R EMERAG B = B, ERIE
RIEF B G HEIE T CO, M, RS
Yy /IR S CO, WA, BLEE, REVIBEIEL
AR FERRAR, BN, MR T RARBEARRT, R
E VLN ISR NI R e RSB NI 1A
RoERE, SBREANEZNTE, REKE
KM= HEAL, BEEERERIEIG, REVRIHE
BFEAR R FE T, RN, T AR R FL I 45
F. SCBRIFURBRZ R S5 0 32 B SR & R
AR (IR AL 584 %) BLRC SRS HoE 2 (5 IR E
Ak R 2 A Q) e . | S SO R G R CO,
RUGEFEW LA AT T, FEEL TR
FE Heni BFTA) ol M T 20 A5 0 S B 5 T W 3 FH



. 76 o MU FEESE YRR

Prog. Biochem. Biophys. 2018; 45 (1)

JT B FE R . R R A T At SR e ¢ 3k R I R 2% A
T KJIN 8MPa, RN 35°C, VIS [EN 8 h,
ik JE 3% K 4 0.1 MPa/s. Mooney 45 5% H i Il 7t
CO, R R#4 T PLGA(50 : 50) % 28, #1451
%A~ JE 77 5500 kPa, JREE 20~23°C, iR
]}y 48~72 h, HARTEM KM% CO, % H 4
ERBIG S HRES, (HEd K EFREE, BEW
IBe a4 CO, FrifLfn, Jiril 2% 0 S 48P 3 4L1E H
100 wm, FLBR A 93%, {HFLZ (8] i 7% 18 M 4%
7. Watson SR 1 i 5 A MR & YN
BE B AT I S O, SRR, HURIE X AL
RN E R R0, JRC0E 2 (=2 min) @R,
L4278 /N . Rouholamin 507 H Ik A CO, X5
G TAT RIBORIBEIEN: 170~230 Pa, £
HEFTEN 0.5~2h, A EI2Y 2 min 2] 2 h),
H AL R E . BN R 2 LR AL
4 200~500 pm).
TR, BRI bR R &L E . Y
ML, B 2500 AR WiE 5 i P 5
Gb, EHERFRER: a. —EMONMERE, —B&L
INRE RS, HPUERBEN KT 5MPa. b. F
i TP A RTAE ,  E  SSR ) FR E  E R
BREAS, L SCHRM P AR R TR S AR
(PR AAILAC. R B A REXT HUN I, 2R RE
MBI SCEER . B A R B G ST B R
LB R, ANRARN JJES . . SCHEFLER
GERIRR R YE, B AL TR S B ER LB R A
60%~80%LA b, FLA#ELL 90~200 wm Ay Lf, 1E
I N AR E 2 BA R )50 . AR
il 25 B2 A SO LR Z N 75.8%, LR FE M
£ 100~200 wm, FLATE@EERL, PUERE A
6.8 MPa, 5 ARG A B 2 21 TR S48 b Rl ) 22
K. Bk, BFFUUE AN ] BMP-2-PLLA % 2/ Bk
1 HA S & BMP-2-PLLAms/FGF-2-nHA/PLGA & &
SCHR LR AT 0 T ) S O . B A R R
HA &I, il £ 1S 2R FLBR S50/ 1 Bt B
B ok, TR TR BRI HA & B RIE K2 —
EHIZ G, AFIT IR CO, MK A< %
A, TEvE RN TR R 22 B FLIR 2548, DRI LB
RABEZ g . T HA A 5AT 3 S SRR L
PSR L, B 2 AR U S BRI e R T AR
. NTEEAEXREETHLUEERER, Heb
FLBRZFPUR TR, WAL+ 7 BMP-2-PLLA
IR E TN 20%, HA 58N 5%H % 48

BB AT IR, KA kB ZFE
KHEFMARN S, AR EKE 7 ERE
(VR T4 A RE 0 i, 5] 3t S BB L 23 12
5. HuiMH&ZMAEKE A9 BMPs. PDGF.
IGF. VEGF. FGF %%. BMP & & M4 i &
B — R, fEE AR s EE)
M. KREMPTREN, BMP B F N E A AL
R UR E S ST IO, R R R 40 MR e A K
] 5 5 A, 7E BMP B T, BMP-2 &
S FH £ % 1 — B AE KR 709, BMP-2 A] B 2 4 in 2
fi e ALP B35, (R RE L E A T AR R
R, B R%ES mRNA KF, GBBES A
A1) MSC A~ 1] 30t 73 A6 A BB A M, AN T % B0
U R e 5 T UE YE . FGFs RERE 115 2 Fh 4l
PRLA BG5S oAb, CEAR AR FH IS REA2 (2 2F if 55 (1) A=
B B SRR Rk, 7 FGFs B &K %, FGF-2
EF B E R AR, X MSCs B A i
MESEEALE I RE 02 32F 85 1 i i 35 S T 1 %
B IIFERR. BEARA KT I R E R E
B, (HESFEREEERKE ARSI,
g BBt R AR R 1t P 4 2R 43 4 4 i) R,
P2 K RT3 S B0 AR A b o T i A K TR T S B
I FH A ) A A O EE . KA A o R 2 1) 2%
T, AL KRR B b R 5 R vy 2 dH 4 TR S 8
MEZEHZ—. HEHE XA SRS EKE T
WABIMER. PrRERL, 4. A%t BR
IXLEF AR B AE R AR YE T, ERBILRECHN
PR, MEDLSRHLRRER ORISR, O T B ORRE B
K FE BMP-2 Fl FGF-2 X} BMSCs B 73 14 1 ¥ [F)
BREH, A SCHMERE R RS, WE—M
RERE R BB TBOIN A AR K R T i B A, AR K A
THAT IR, BERTPRACTRBEALS, ik FA
[F AR F UGB R B 1. IR &S 3 B0
SR B AR K IRl R R AT A5 b B 2 i ) 34 B AN 2
b, T A K R AR AT A K IR B R AR Pl
B AIAG R, A BOG AR 4ERRTE 2~4 h, X}
2 0 164 5 AN A BRI B B e R . DR, SRR
B Sk ) FGE-2 A1 BMP-2 #5975 i A2 K R 7 %6t
BMSCs 34 58 Fl 73 A0 35 B B 25 iR g E R, T
AR RSB B IR R e K R R 2. (R¥F
R 250 PR R DR e, SR A AL
BMP-2 # A PLLA ¥k # ] #4 BMP-2-PLLAms,
PiFE. B OMT RS R EARR & T, A
ART ZEH RN K, BAS5EE AR



Bk, % BlsRREL 8K & BMP-2-PLLAms/FGF-2-nHA/PLGA

2018; 45 (1)

EAXRRIKII R B E YRR

o 7] o

KLY AR, A X 24 4 v P ) s e o 3 )
BMP-2-PLLAms/FGF-2-nHA/PLGA & & ¢ 42 ) #
% X FHBIG RRIEFAR MR N T B RFE AR R 2R
KR 71, 12 & FE P R 1) RS A R
BIRCRAN,  RX AR R T AR i P A R R
Wa. A 55 R FH I 5 — S8 A B A B A i) 6 P
WAFAEKETMEELRER T KA AL RF
E ARGV EYEER H B, JFXF BMSCs 38 5H
AR B B E A . E AN SRS T
ZTIREI A ATYE, Janos PR F I A A ALK
WK A 5# 4% T 24 BMP-2. VEGF- i #
BN A4k J. PLLA BURL ) SC 42 alginate-VEGF/PLLA-
BMP-2, it Hiin g 5 BMP-2 #1 VEGF [H)4E
YN T e o S I B 1 AT A NI 7 (R
B E R ME A K. Luis Diaz-Gomez Hf 77 2H 24
KB I SR AR I ARG % T EAEKETW
PCL 48, ik BA S48 rhoRE TR AE K R %o [ 78 )5
T-4H A B35 1 s 7 SAE A

AW 5 BT ¥4 2 i) BMP-2-PLLAms/FGF-2-nHA/
PLGA B & X3 e LA F A KN F IR S B
i, HE RS S BMSCs B AT L. A
P e AN B HL B E B e T AR, 2
A AN H A 25 0B 45 BE () BAA SR e AN [R) 2 27
ERBEERRE.

Z % x M

[1] Bai Y, Yin G F, Huang Z B, et al. Localized delivery of growth
factors for angiogenesis and osteogenesis in tissue engineering.
International Immunopharmacology, 2013, 2(16): 214-223

[2] Allori A C, Sailon A M, Warren S M. Biological basis of bone
formation, remodeling, and repair part I: biochemical signaling
molecules. Tissue Engineering Part B, 2008, 14(3): 259-273

[3] Seo B B, Choi H, Koh J T, et al. Sustained BMP-2 delivery and
injectable bone regeneration using thermosensitive polymeric
nanoparticle hydrogel bearing dual interactions with BMP-2.
Journal of Controlled Release, 2015, 209(2): 67-76

[4] Lei L, Wang S, Wu H, et al. Optimization of release pattern of
FGF-2 and BMP-2 for osteogenic differentiation of low-population
density hMSCs. Journal of Biomedical Materials Research Part A,
2015, 103(1): 252-261

[5] Bindi R, Brieger D, Ishii H, et al. Retention of multilineage
differentiation potential of mesenehymal cells during proliferation
in response to FGF. Biochem Biophys Res Commun, 2001, 228(2):
413-419

[6] BaiY,LiP,Yin GF,et al. BMP-2, VEGF and bFGF synergistically
promote the osteogenic differentiation of rat bone marro-derived
mesenchymal stem cells. Biotechnology Letters, 2013, 35(3): 301-
308

[7] Nie H, Lai Y L, Tong H, et al. PLGA/chitosan composites from a
combination of spray drying and supercritical fluid foaming
techniques: New carriers for DNA delivery. Journal of Controlled
Release, 2008, 129(3): 207-214

[8] Ernesto R, Stefano C. Supercritical fluids in 3-D tissue engineering.
The Journal of Supercritical Fluids, 2012, 69(9): 97-107

[9] Camozzi V, Tossi A, Simoni E, et al. Role of biochemical markers
of bone remodeling in clinical practice. J Endocrinol Invest, 2007,
30(6): 13-17

[10] Nishimura R, Hata K, Ikeda F, et al. Signal transduction and
transcriptional regulation during mesenchymal cell differentiation. J
Bone Miner Metab, 2008, 26(3): 203-212

[11] Giannoni P, Hunziker E. Release kinetics of transforming growth
factor-betal from fibrin clots. Biotechnol Bioeng, 2003, 83 (1):
121-123

[12] Sun B, Xu J, Zhang Q K, et al. Preparation and properties of
polyglycolide, poly (L-lactide) and poly (L-lactide-co-glycolide).
Acta Polymerica Sinica, 2014, 63(9): 1274-1280

[13] Ambrosio A M, Sahota J S, Khan Y. A novel amorphous calcium
phosphate polymer ceramic for bone repair: I. Synthesis and
characterization. Journal of Biomedical Materials Research, 2001,
58(3): 295-301

[14] Liao C J, Chen C F, Chen J H. Fabrication of porous biodegradable
polymer scaffolds using a solvent merging/ particulate leaching
method. Journal of Biomedical Materials Research, 2002, 59 (4):
676-681

[15] Mooney D J, Baldwin D F, Suh N P, et al. Novel approach to
fabricate porous sponges of poly (D, L-lactic-co-glycolic acid)
without the use of organic solvents. Biomaterials, 1996, 17 (17):
1417-1422

[16] Watson M S, Whitaker M J, Howdle S M, et al. Incorporation of
proteins into polymer materials by a novel supercritical fluid
processing method. Adv Mater, 2002, 12(24): 1802-1804

[17] Rouholamin D, Smith P J, Ghassemieh E. Control of morphological
properties of porous biodegradable scaffolds processed by
supercritical CO, foaming. Journal of Materials Science, 2013,
48(8): 3254-3263

[18] Lu L, Zhu X, Valenzuela R C, et al. Biodegradable polymer
scaffolds for cartilage tissue engineering. Clin & Related Res, 2001,
391(Supple): S251-270

[19] Neumann, Alexander J, Alini M, et al. Chondrogenesis of human
bone marrow-derived mesenchymal stem cells is modulated by
complex mechanical stimulation and adenoviral-mediated
overexpression of bone morphogenetic protein 2. Tissue
Engineering Part A, 2013, 19(11-12): 1285-1294

[20] Itkin T, Kaufmann, Kerstin B, et al. Fibroblast growth factor
signaling promotes physiological bone remodeling and stem cell
self-renewal. Current Opinion in Hematology, 2013, 20 (3): 237-
244

[21] Sun L, Hu Y'Y, Xiong Z, et al. Repair of the radial defect of rabbit
with polyester/tricalcium phosphate scaffolds prepared by rapid
prototyping technology. Chin J Traumatol, 2006, 43(5): 298-302



78 £ FESEYYNIEHE Prog. Biochem. Biophys. 2018; 45 (1)

[22] Sagrario Ortega, Marie-Therese Schaeffer, Denis Soderman, et al. to osteoprogenitor cell populations on bone formation.
Conversion of cysteine to serine residues alters the activity, Biomaterials, 2010, 31(6): 1242-1250
stability, and heparin dependence of acidic fibroblast growth factor. [24] Diaz G L, Concheiro A, Alvarez L C, et al. Growth factors delivery
The Journal of Biological Chemistry, 1991, 266(9): 5842-5846 from hybrid PCL-starch scaffolds processed using supercritical
[23] Janos M K, Patrick J G, Lisa W, et al. The effect of the delivery of fluid technology. Carbohydrate Polymers, 2016, 142(1): 282-292

vascular endothelial growth factor and bone morphogenic protein-2

Study of BMP-2-PLLAms/FGF-2-nHA/PLGA Scaffolds Prepared
by Supercritical Fluid Foaming Technique and The
Osteogenic Induction Effects in vitro®

BAI Yan”, BAI Li-Juan, CHEN Hua-Li, ZHOU Jing
(College of Pharmacy, Chongqing Medical University, Chongging 400016, China)

Abstract In order to construct a bone tissue engineering scaffold that could sequentially release multiple growth
factors, the released system combining of PLLA microspheres and nHA/PLGA porous scaffolds was prepared in
this study. Firstly, BMP-2 was encapsulated into PLLA microspheres to prepare the BMP-2-PLLA microspheres,
then BMP-2-PLLA microspheres, nHA/PLGA and FGF-2 freeze-dried powder were mixed according to a certain
proportion to prepare the BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds by supercritical fluid foaming technique.
The results indicated that the BMP-2-PLLA microspheres were spherical, and the particle size of BMP-2-PLLA
microspheres ranged from 6 to 10 um. The drug loading and encapsulation efficiency of BMP-2-PLLA
microspheres was 1.45x107°% and 61.9%, respectively. BMP-2-PLLAms/FGF-2-nHA/PLGA composite scaffolds
were obtained with the pore size of 100-200 pm, the porosity of 75.8%, the compressive strength of 6.8 MPa, and
the degradation rate of 19.9% at 8 weeks. The cumulative releases of FGF-2 and BMP-2 from the scaffolds were
respectively about 77.1% and 44.2% after 7 days, 84.9% and 61.5% after 14 days. The results of BMSCs
proliferation and differentiation showed that FGF-2 and BMP-2 released from the composite scaffolds could
significantly ~promote cell proliferation and differentiation, and present a high bioactivity.
BMP-2-PLLAms/FGF-2-nHA/PLGA scaffolds realized the sequential delivery of BMP-2 and FGF-2, and could
induce BMSC:s proliferation and differentiation effectively.

Key words poly-L-lactic acid, poly lactic-co-glycolic acid, supercritical fluid foaming technique, composite
scaffolds, sequential release, osteogenic induction
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