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[Abstract] Bone morphogenetic protein-2 (BMP-2) and basic fibroblast growth factor (bFGF) are two important sig-
naling molecules for natural bone repair that are widely applied in the field of bone tissue engineering. BMP-2 acceler-
ates the maturation and mineralization of osteoblasts, and bFGF exhibits significant effects on the promotion of cell divi-
sion and angiogenesis. The osteogenesis mechanism of BMP-2 differs from that of bFGF, leading to a potentially comple-
mentary role between the two proteins. The use of a suitable dose of bFGF in combination with BMP-2 in bone tissue en-
gineering synergistically promotes the formation of new bone and exhibits a better repair effect than either single growth
factor. However, the suitable dose range of BMP-2 and bFGF in combination should be further clarified. The mechanism
of the synergism and antagonism between BMP-2 and bFGF must be further delineated, and a drug delivery system that
better simulates the growth factor release pattern during natural bone repair remains to be designed.
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tion; Bone tissue engineering; Bone regeneration

[XZEHE] 2096-1456(2018)05-0325-05
[BIAZER®KR] MER, BRET, B3, & B8 U 1 -2 S0k s AT 4 40 it 28 K A 0 B T 42 T

RIRE L T2l BRI I A7 (29 65%) F 1

(WfmBH]) 2017-11-17;  [fEEIEH] 2017-12-03

[E€TE] HEHRBEES (81671023) 5 P41 A4 BHLBIHT 1 T
TARI(17-YCG053)

[1EE B MREBR, BT, 2%+, Email : 215783805@qq.com

[BIE1EE ] JE KT, B 2082, i+, Email : qqyili126@.com

Y VT 4 (29 349% ) E A H A, IR 8525
SR O T BOALEE A A SR B A AN T
B R 55 b A TR & A5 i,
(N SR NS IR IS IS SR S B SR S 3 N
AT AR B AE A B (1 52 b B R A3
AR DR EL A A4 A DX I Y 0 B Y A T )



+ 326

A& mRIE 2018FE5A #2605 $£5H

T A HA T REE FR A EEE L &

JE 1% & H -2 (bone morphogenetic protein-2, BMP-2)
J& F i Ab A= K - B (transforming growth factor-f ,
TGF-B)H % i 51, v T W 2 i 4ie 18] 5 3+~ 48
J T A% FSCE AL RRSCR , B R BB R
R A RS S S T T N TR R B
S BRI, JR A B ] BMP-2 2 S B L 1
BEAL , TR TR b ik S e 22 T R A 45 il R —
o JH X DA SRS BRAE 08 S S8R . e i 2T 4
2 g A= K IR ¥ (basic fibroblast growth factor , bFGF)
VB9 — B4 R e A 22 0 2 R i 18 FEAE TR T
] 5 e k22 R IS L AN D Y 1 5E  GTA% A ifn A
PN B 200 M i A X T L AUE SR R
Wi, 7 A A0 2R A T A SO R R LA AT
AR 20 M S 40 i Y G A% A e 08 , O S o
AR ML E R EFE SR . T BMP-2 2 A
HERE 20 ) B S B AL, bRGE WA fie 2 200 i 7
MR MR, TE BB i R b A
A, BA BN EAMEN, 4 RkEARZ KT

5B 16 5 i B H BMP-2 5 bFGF B 58436
5 H H R T LA E PR AR KBS N A
(445 38 7 o B B8] B 4 RIS (R A 98 A DG . AR SC
T AE R AE B AU T AR A Y BMP-2 5 bFGF
(Y AH A 52 1 Jre i 47 253

1 BMP-2 5 bFGF 3¢ 5 B 1E A #L

BMPs 5 518 s 5 FGFs {5 518 i 2 [ i) AH B
PE LA X B 2 2% o — BEA Dy BMP-2 3 iid
BMP/Smad i #% i€ #E 5 #7046 . BMP-2 3 i S J5 445
B I A T B A2 R F 1B S2 AR R B0
A5 5 S0 B . 4 0 Smad JE #ET0RTIE 22
MAPK j

bFGF P01 8 4 i) e 5 0] 3 0 475 TR 4
& {Eﬁﬁﬁ(protem kinase C,PKC) i g 22 2 s 754k
FH F {4 (mitogen activated protein klnase , MAPK )i
B4E . BEG N BMP-2 5 bFCGF I, 3% FliHE S
I PR AH EL2 0, X T CE o B AR AR R, ST
AEIVER , e A BAE R ALH & 1 R

§ ¢
FGFR . , { v’< 3
%wr 23

RAS-MAPK
pathway

BMP-2: B L8 -2 ; bEGF : il

\ TERET AE AN AR P T
oL B 1 BMP-2 5 bFGF ii/5
ety B R R T B DL &
Z VTR AR ELAE 7 5K
@
J \. Figure 1 Signaling pathways

and interactions of BMP-2/bF-

GF in osteogenic differentia-
Cell .
proliferation tion

1.1 RS
bFGF A LI 3 1 20 i i BMP-2 11 235 71 1]
b AR TR R 2 AR -18 2 3A , AT L 3 BMP
{55l %" . bFGF 35 Bl fa X BMP-2 £ 5 119
Smad1/5/8 B 2 Ak A A7 BH &l 52w , {H 25 B I8 ik 2>
pSmad1/5/8 5 Runx2 4% & 17, If FEAIK Runx2 19 3%

ik, i bFGF T4k B Al — g F%2 B 33 5% Runx2 K3k 1Y
WE& , 161 bFGF 7E BMP/Smad/Runx2 {5 518 j# B
HHEZEMER" . Bk BMP/Smad 18 B4, BBR LF
AE 4 jg A= 4 [ F (fibroblast growth factor, FGF) 3 [A]
/INER BMP-2 45311 p42/44 MAPK 38 1% T I, B
FGFs 1 7] 38 i 9 775 BMP-2 4™ 5 (1) p42/44 MAPK i#



ARE&EmIE 2018 5HA $20% H5H

+ 327 -

B T SE R S B A3 . Jiang 451 3E i BMP-2
T S FE BT Noggin #1i] BMP-2 38 % , UEAH T BMP i
&I R AT BELAS: FGF 388 [ Fr - 04 B 24 e T 14
AL, AT BRI 45 2R SE A

I iz 5 AR R B S s i rh — A T AR,
A I FH BMP-2 55 bFGF AT ik A i ok 9 iz 41 i
PIBETH G B/INVETE B, i 5 JE T 4 s R T g2 1Y)
TEPED DFGF 3 T UG 20 B 53006 1L/ 9 Bz A 4 A
T~ AT IR g A DX 3 A A R A R () SR T T
Y IG 5 o3I 4 T RO AE et s R AT
FE 25 SR R REIE A B 5 B BMP-2 5 bFGF 1] fig HE A
B DX A T A
1.2 #pH4ER

JL4E BMP-2 & bFGF ¥ RE {2 i Runx2 Y 435,
{H Runx2 ) /=1 FE 26 35 n] BEAS A T 5501 40 e 1) 2F —
A, 1 IR Runx2 (R 5% 356 /N BRER B %
KA BSH A0 R B A DL e B A i B
BB/ R A AN M R P R R A
Ja ), FLI i bEGF A B AJ 4 308 B F AR i A
0B )z R N e RS R (5 e B ) 3 D
KO Re 255 s (B )5 1 bEGF 114 &b B 00 25 417 4]
I NI L S e P e B A AR = W& s
KA KT BB 20 A S AR 5% 238

Qi Z5:7200 S PRI S 1 2T A 20 o A K PR T A2 43
(fibroblast growth factor receptor 3, FGFR3 ) & [Al 1) 4k
A0, FGFR3 1Y i 3k Al i pRes B i aE 1 52
TA-TA Y [ A, T 3 BMP 388 %, DA T 410 ol 26 400 i
g4k, #7R bFGF 7] 38 i FGF/FGFR3 iX — i 448 X
BMP 3 A 41 i 1 H o

1M Nakamura %52 (O BF 57 45 S 22 W AF 1 FH bFGF
& > 100 ng/mL B}, Smad 8 #% #1)1 #il] Kl F- Smad6 A9
Fike B ETHE, X W2 BMP-2 fE 5 b VR F 3R
ZANHI IR 22—

2 BMP-2 5bFGFFIEiE#F

BMP-2 5 bFGF 754 % T - 18 52 iy 34
—E M EIE W EETEF . A 100 ng i bFGF 3%,
400 ng 1Y) BMP-2 JIid 2 il 5 {e JE Jom B A8 52 O Bl i Tt
B B AT AR BAE LA L ROR L MR G
BMP-2 5 bFGF B, — & B30 i | L5134 A] X T8 B
A A — s, 52 r RS 8O R MPEH .
B BMP-2 3 o] fE A Eh m AL DURY AR
bFGF it 4 i 34 58 75, IRl 2 80 5 0 il 46
BRIE FH B XRS5 T[] bFGE B9 551 8 6 1587 8 7

A B R 25 SRR, B T RE R AH R AR
H Al Il A _E 87 ] BMP-2 B¢ bFGF i B4t 16 & 1 iF
G, Z2 AT AR M2 E R s s P S
21 FM=%m

e85 5% /N BB 20 i, 364 8 100 ng/mlL
f) BMP-2 55 2 ng/mL ) bFGF 7] & 2 H2 v B 1tk i e
il R IR K2 AR G T R — R AR A R
(BMP-2 100 ng/mL E{ bFGF 10 ng/mL) , B4 1/
F 4 4E K 7 (BMP-2 10 ng/mL A1 bFGF 1 ng/ml.)
TR T R A A B A ARG SR AR
H i A 300 ng/mL ) BMP-2 5 2.5 ng/mL Y bFGF
B, 7N BT 70 I 1 200 6 1 ol 7 il 2 s o DUUIG
TN FH BMP-2 21, AR E Sk, 7R HBAR ]
5 [l ( < 50 ng/mL) ¥ J bFGF 5 BMP-2 Bk &6 52
SR, 2 B PR RAE
22 Bl Fw

BMP-2 55 bFGF [ Eb A5l th o] BE X} 1516 2 35 51 7
AR . Wang 55 FEWF 58 BMP-2 5 bFGF BX & 1
T3 18 2 B A e sk, 75 24 BMP-2 5 bFGF
bl5= 98 s A WA DS B R B i = A 1 Wi i O
SRR B AR S5 . (XIS ALAE BMP-2 9 7]
I [ € 2 100 ng/mL B R T 228 bFGF 1Y 1, 1%
A W 5% Hoftl 77 £ F BMP-2 5 bFGF H 491 A [a] % i
B2 . Bai 7B 5T 25 S ) % B 7
BMP-2 5 bFGF {551 1 L Ry 5+ 1 B % By i 8] 58 51 1
S0 M 1 B o AR R RO de A . A AR T BE R 1)
BMP-2 7l d A [A] , 3 2O B LA (9 bFGF 71 48 A7
JIAS TR, SO [R) 08 08 52 280 R T2 |l T T o A 4 A
T B A9 R R 38 J2 T bFGF 77 4 A el 28 BIr S 3K
UAEERER7 ST

H AT FE X 16 22T A I 1y ] BMP-2
5 bFGF B Xf — 35 il & e IR A — 1% — 1
Bl YL . K ) DFGF (< 50 ng/mL) B4 BMP-
20 T A T AR 3 R B B RV, AR
T ] R — AR A P B R R AR AL
B, I FL AT DLk e 5ok iy = 7 8 BMP-2 W5 7 (1)
RIEF 5 i 5 79 2 49 bEGF (> 100 ng/mL) 1564 BMP-
2 o I, HeE 8 S AOR S soph i ] BMP-2 KA B
2 5 B R IR

3 AYERBRRES

AR A A R 2 0 R B S 7
i R] Py BB s g AAC , R e B R Al
A% B 5t FLE G RARAE oty il il 24 4 24k



© 328 -

AOfs&mBAE 20185 A %2608 F5H

I AR A B N ART DL B R 25 ), i L3 i
BEBE R [FPE B RAA , AT S BUAN [R] 25 49 16 AN [R] e 3
BRI P R T, AE — 58 AR b T AL & 2 ) K 8k
B3 16 4 3o 7 b A K B A IR M R Tk, AT R
B AP MBS ROR
3.1 FlEr#EFH

BMP-2 5 bFGF 75 B & & it & h £ 4 — 2 P
[FVEH , BTG A 1720 BMP-2 5 bFGF [R] 8 ; FH
THBEHE ., Wang 55 K iz A BMP-2 il
bFGF 114 B 12 45 7K 8 FH K ol A 4 ] 1R 4 Bl i 48
82 HF I — AR K T B RR S K U, B
I JH BMP-2 5 bFGF B HAF BB E AR . (H
i F BMP-2 2 bRGF 142 5 B 3 J , H A FH R
i BMP-2 A 5 305 A7 A E B A 2 2 K 1 v e R
W12 e AE I IR F % ] BMP-2 5% bFGF T Bl 1&
B WFFEATS R 0 T AR DL A N BMP-2 5
bFGF Byl R 525

by v R A% G2 R 1 25 WA T X — B, Aduri
L0 46T B gt BMP-2/bFGF 5 R ¥ 31 1 o hr 42
BB N W g oA, S [ 5 S E AN R IR
T2 b, A A R I 25 S 2 B L4 5 BMP-2 5 bEF-
GF 3 [X] (%) 200 it 3% 3k B /&5 7K °F- /%) BMP-2 \bFGF | }
WA AR PR IC B 55 & Runx2., 78 Sl SR A B
BB A e NP 3 0 KR T B IR R S A s R
BARIRAL, RS 4 JEA180) R R SR A A KB
BTG, B % AR B 5K 64% , T %o BB 2 B 3% #2175 0
2% AR AR R YRR I B 1R 7T R
240 R ARSI B K R T S B R
HH 5 DR e 1 R GR 7 T s IRIE G b 25 R e h AR K
PRI RE b, B A R iy sl o5, AT SR R BB I —
AHRGRTT B
32 RAEEH

RIRBBE SRR, A K HF R R B
H—E R, bFGF 2 35 78 L 27 4k 1fi 45 1k i 49
PO, Bl S E B R B AL 5 BMP-2 119 3 35 4
BOE T, MR X — A, Wang 25 085 AR [A] (1 32 B
JEE 1 B S TR 43 1 5 BMP-2 1 bFGF 48 & VE 5 3
KRB BRAL , (B A AR PR S 56 v ke B o FH A
TG 2% B A R ) T AR B o R B A A
Al AEJE T bFGF i 3 il i s, e 2 s,
VE 2 BF 5% 24038 3 AN [9) 1) 28 24 - B 52 3L 3 bRGR
{14 PR A I B2 BMP-2 1) F S 2% 18 BE i, AH B T i
s — R K P2 T A B AR

(ERDSSPIN: - e E K& RPN =R L3R

bFGF (3 R i 63k | i JCiA 40l BMP-2 7£ 5 1
1) 3 S R T, AT BE O R A B SR AR 0 B 2 AL
o Lei %58 i WL £ T % BMP-2 5 bFGF
[« 78 -1 45 KB TR ER A A1 SI2 56 3% B 7R A1 5T A0 3
bFGF | N2 £ 3 BMP-2 1] L) SZ 88 bRGF FL 3 e s B
B, BMP-2 1 30 1 1 Bk, S A AL T R AR B
B, A TR A EMA AR R A
2 AR () 70 5 A s TR E

4 N H

2 FRTRR FE A T AR R TR A 2
bFGF BX 5 BMP-2 AJ Pip [F) {2 4 3 i B B B, AR XS T
i B — A K R B S AF B SRR SRR
A N FH s BMP-2 5 bFGF () 1 ‘B 57 2 0 Bl ik A 1+
BE— W, A 5% BMP-2 5 bFGF 22 [a] 41 1. tp 7] Al
TSP R BLER , S 25 P45 22 48 T An] T 4 A 4D B
SRE A8 S B AR K R R OB AT A RS
5455056 25 5 WA EL , JEDRIR T A AR I R
— P R A ST B

S % 3k

[1]  Hoang QQ, Sicheri F, Howard AJ, et al. Bone recognition mecha-
nism of porcine osteocalcin from crystal structure[J]. Nature,
2003, 425(6961): 977-980.

[2]  Perez RA, Seo SJ, Won JE, et al. Therapeutically relevant aspects
in bone repair and regeneration[J]. Materials Today, 2015, 18(10):
573-589.

[3]  Carragee EJ, Hurwitz EL, Weiner BK. A critical review of recombi-
nant human bone morphogenetic protein-2 trials in spinal surgery:
emerging safety concerns and lessons learned[J]. Spine J, 2011, 11
(6): 471-491.

[4]  Boden SD. The ABCs of BMPs[J]. Orthop Nurs, 2005, 24(1): 49-
52.

[5] Marie PJ, Miraoui H, Severe N. FGF/FGFR signaling in bone for-
mation: progress and perspectives|J]. Growth Factors, 2012, 30(2):
117-123.

[6]  Kusumbe AP, Ramasamy SK, Adams RH. Coupling of angiogene-
sis and osteogenesis by a specific vessel subtype in bone[J]. Na-
ture, 2014, 507(7492): 323-328.

[7]  Ono I, Tateshita T, Takita H, et al. Promotion of the osteogenetic
activity of recombinant human bone morphogenetic protein by ba-
sic fibroblast growth factor[]J]. J Craniofac Surg, 1996, 7(6): 418-
425.

[8]  Chen GQ, Deng CX, Li YP. TGF-beta and BMP signaling in osteo-
blast differentiation and bone formation[J]. Int J Biol Sci, 2012, 8
(2): 272-288.

[9]  Huang RL, Yuan Y, Tu J, et al. Opposing TNF-alpha/IL-1 beta- and
BMP-2-activated MAPK signaling pathways converge on Runx2 to
regulate BMP-2-induced osteoblastic differentiation[J]. Cell Death



ARE&EmIE 2018 5HA $20% H5H

- 329 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Dis, 2014, 5(4): e1187.

Gronowicz G, Hurley MM, Kuhn LT. Optimizing BMP-2-induced
bone repair with FGF-2[J]. ] Am Acad Orthop Surg, 2014, 22(10):
677-679.

Uchida K, Inoue G, Matsushita O, et al. Basic fibroblast growth
factor - anchored multilayered mesenchymal cell sheets accelerate
periosteal bone formation[J]. Biomed Res Int, 2017, (1): 1-8.

Agas D, Sabbieti MG, Marchetti LA, et al. FGF-2 enhances runx-2/
smads nuclear localization in BMP-2 canonical signaling in osteo-
blasts[J]. J Cell Physiol, 2013, 228(11): 2149-2158.

Naganawa T, Xiao LP, Coffin JD, et al. Reduced expression and
function of bone morphogenetic protein-2 in bones of FGF2 null
micel[J]. J Cell Biochem, 2008, 103(6): 1975-1988.

Jiang TR, Ge SF, Shim YH, et al. Bone morphogenetic protein is
required for fibroblast growth factor 2-dependent later-stage osteo-
blastic differentiation in cranial suture cells[J]. Int J Clin Exp
Pathol, 2015, 8(3): 2946-2954.

Bai Y, Leng Y, Yin G, et al. Effects of combinations of BMP -2
with FGF -2 and/or VEGF on HUVECs angiogenesis in vitro and
CAM angiogenesis in vivo[J]. Cell Tissue Res, 2014, 356(1): 109-
121.

Tasso R, Gaetani M, Molino E, et al. The role of bFGF on the abili-
ty of MSC to activate endogenous regenerative mechanisms in an
ectopic bone formation model[J]. Biomaterials, 2012, 33(7): 2086-
2096.

Bai Y, Li P, Yin G, et al. BMP-2, VEGF and bFGF synergistically
promote the osteogenic differentiation of rat bone marrow-derived
mesenchymal stem cells[]]. Biotechnol Lett, 2013, 35(3): 301-308.
Bruderer M, Richards RG, Alini M, et al. Role and regulation of
runx2 in osteogenesis[J]. Eur Cell Mater, 2014, 28(1): 269-286.
Sagomonyants K, Kalajzic I, Maye P, et al. FGF signaling prevents
the terminal differentiation of odontoblasts[J]. J Dent Res, 2017, 96
(6): 663-670.

Qi H, Jin M, Duan Y, et al. FGFR3 induces degradation of BMP
type | receptor to regulate skeletal development[J]. Biochim Bio-
phys Acta, 2014, 1843(7): 1237-1247.

Nakamura Y, Tensho K, Nakaya H, et al. Low dose fibroblast
growth factor-2(FGF-2) enhances bone morphogenetic protein-2
(BMP-2)-induced ectopic bone formation in mice[J]. Bone, 2005,
36(3): 399-407.

Du M, Zhu T, Duan X, et al. Acellular dermal matrix loading with
bFGF achieves similar acceleration of bone regeneration to BMP-
2 via differential effects on recruitment, proliferation and sus-
tained osteodifferentiation of mesenchymal stem cells[J]. Mater
Sci Eng C Mater Biol Appl, 2017, 70(Pt 1): 62-70.

Park JB. Effects of the combination of fibroblast growth factor-2
and bone morphogenetic protein-2 on the proliferation and differ-
entiation of osteoprecursor cells[J]. Adv Clin Exp Med, 2014, 23
(3): 463-467.

Wang HA, Zou Q, Boerman OC, et al. Combined delivery of BMP-
2 and bFGF from nanostructured colloidal gelatin gels and its ef-

fect on bone regeneration in vivo[J]. ] Control Release, 2013, 166

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

(2): 172-181.

Li PP, Bai Y, Yin GF, et al. Synergistic and sequential effects of
BMP-2, bFGF and VEGF on osteogenic differentiation of rat osteo-
blasts[J]. ] Bone Miner Metab, 2014, 32(6): 627-635.

Luong LN, Ramaswamy J, Kohn DH. Effects of osteogenic growth
factors on bone marrow stromal cell differentiation in a mineral -
based delivery system[J]. Biomaterials, 2012, 33(1): 283-294.
Wang L, Huang Y, Pan K, et al. Osteogenic responses to different
concentrations/ratios of BMP -2 and bFGF in bone formation[J].
Ann Biomed Eng, 2010, 38(1): 77-87.

Wang L, Zou DH, Zhang SJ, et al. Repair of bone defects around
dental implants with bone morphogenetic protein/fibroblast growth
factor-loaded porous calcium phosphate cement: a pilot study in a
canine model[]]. Clin Oral Implants Res, 2011, 22(2): 173-181.
Shimer AL, Oner FC, Vaccaro AR. Spinal reconstruction and bone
morphogenetic proteins: open questions[J]. Injury, 2009, 40(3): 32-
38.

Atluri K, Seabold D, Hong L, et al. Nanoplex-mediated codelivery
of fibroblast growth factor and bone morphogenetic protein genes
promotes osteogenesis in human adipocyte - derived mesenchymal
stem cells[J]. Mol Pharm, 2015, 12(8, SI): 3032-3042.

Khorsand B, Nicholson N, Do AV, et al. Regeneration of bone us-
ing nanoplex delivery of FGF-2 and BMP-2 genes in diaphyseal
long bone radial defects in a diabetic rabbit model[J]. J Control Re-
lease, 2017, 248(1): 53-59.

Li B, Jha RK, Qi YJ, et al. Early cellular responses of BMSCs ge-
netically modified with bFGF/BMP2 co-cultured with ligament fi-
broblasts in a three-dimensional model in vitro[J]. Int J] Mol Med,
2016, 38(5): 1578-1586.

Yang Y, Jin G, Li L, et al. Enhanced osteogenic activity of mesen-
chymal stem cells and co-modified BMP-2 and bFGF genes|]J].
Ann Transplant, 2014, 19(4): 629-638.

Rose LC, Kucharski C, Uludag H. Protein expression following
non-viral delivery of plasmid DNA coding for basic FGF and BMP-
2 in a rat ectopic model[J]. Biomaterials, 2012, 33(11): 3363-3374.
Li X, Lin Z, Duan Y, et al. Repair of large segmental bone defects
in rabbits using BMP and FGF composite xenogeneic bone[J]. Gen-
et Mol Res, 2015, 14(2): 6395-6400.

Hankenson KD, Gagne K, Shaughnessy M. Extracellular signaling
molecules to promote fracture healing and bone regeneration[]J].
Adv Drug Deliv Rev, 2015, 94(1): 3-12.

Charles LF, Woodman JL, Ueno DA, et al. Effects of low dose FGF-
2 and BMP-2 on healing of calvarial defects in old mice[J]. Exp
Gerontol, 2015, 64(1): 62-69.

Lee HJ, Koh WG. Hydrogel micropattern - incorporated fibrous
scaffolds capable of sequential growth factor delivery for enhanced
osteogenesis of hMSCs[J]. ACS Appl Mater Interfaces, 2014, 6
(12): 9338-9348.

Lei L, Wang S, Wu HH, et al. Optimization of release pattern of
FGF-2 and BMP-2 for osteogenic differentiation of low-population

density hMSCs[J]. J] Biomed Mater Res A, 2015, 103(1): 252-261.
(%58 KH)





