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FGF-2 Xt A\ & 88 7t T2l &5 F0 (o)
BB 4R R 43 1 B 22

FEXELY IR EEF D OBRIE O FEMET FEM B R
( BYEYR A RARAYAHEALRE, BY650031; * B KFEAEYWTIEMFBT, I M 510632;
LR 2 T4l B HF T 0, JEE 100083)

BE FRTHRINERES T, AT L miet kBT -2(FGF-2)Aib E R Ax(Dex)*t % 7 KA
B BLIE) 2R T (M SCs)3% 75 Ao &) 5B a A AL 69 A A VA B B 4 BR A8 ) 69 3L EL. MSCs 44
FGF-2 3 / o Dex #93& R M /G, FARRE BHERA MTT 3R AIG S 0L, s A0 KA
(PNPP):%& M| T sk L B BL B (ALP)7E ; ELISA 2 M A B 45% & (0C)4 &, HELS F &
45 AT &, K. (1) FGE-2 Atmfit A K ik AT BB 4049 1.3142, Dex/FGF-2 At A K
i# & H FGF-2 4844 1.12 4%. (2) Dex 2864 ALP 7&E . OC A& A tmesh 3745 iR AR 5 A 2t B 4n
8 17.045. 2,124 10.56 4%, FHeH MR Z LR L (HA)LE A F 4%, FGF-2469 ALP#
Mt BAAMEIKT 76.7%, R K OC AT, 5L M, RGN RRMe HA L af iy,
FGF-2 %} Dex 5 # ALP 7 P38 Anfo HA 45 &b A 54E A . @ bie®d: (1) FGF-2 T4t MSCs
493874, Dex % MSCs #3874 £.90 4 A); Dex #5348 3% FGF-2 xf MSCs 694838 78 2 5% . (2) Dex *T
1% MSCs ML A ) ARE 08, & —ANA B RE @IeaikF7; FGF-2 T4 MSCs -1t &
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A4 BB tmAf: FGF-2 35 3% Dex %% MSCs b A 3 b9 A B ta .

XA

HIZR. 2 F Rk kB ) R RR G 2 N KA B A Ifn
W EBEAEFEZ —, WA AREBRAT R EE
R . Bl s, FAR. B W% RERRB
Lol B AL, MERWE T RN AEER
&, HAEHSMEERRT BERNEFHEN, Lk
20 80 FEA IS H R TR 2 0 B B s iRt
T—AEHn BT, —BkR, AR TRER
3L EER: THMETEAR. SERNED
XEUA KK 7R, (8] 78 5T 4l fl(mesenchymal
stem cells, MSCs) 2 —f LI REMAA T 4, 7N
wRA. RESEPHFEETHSHHAN . B,
AT AR A RE. SRR, fefr. KRk, &
B W, EEALEHR > ER[E MSCs, 1
HMge ML 2. PP S 4Rt iREG . &
MR, BRI MSCs T LAY 1Y Bl
A g E . e EeEEm. . B, IR
Wi 2 P A R A ML LA BB R UL . MR A
M2 R e -, mh, Al annEe
) b 5 U A 8 MSCs —REASTIRETE 15k

W FER TN AR AR T -2, MR, M5, RUE A

e, Rk, &8 MSCs 1] T77 — ML
FEREENHAMBEHRY, TLUERHA TR
b 40 M .
BHRATEFENHELE —E R4 xK
M —— FE R AR TR T, Hel
FH 88 MSCs HIHFERATAM M, EAHRIASEK
434k, R ZIHE MSCs i BLiFS A8 H 44 4 B
I . MEARTREANTENS A
S RER EWHMTAM, SRT07E A SMEEHE L
AR KB MSCs(fF 1 X 10°5~1 X 10° M BE A%
AR AE 1 A MSC), i A AR B,
Hss. SMefe ) PR, EZRWHAR®, H5REIR
B ] A5 Bl A A DR A R A R LR i) . AR S
ik T L 0R MSCs S8 5H R 4044k R 40 i A S A
EERT —— A4 A K BT -2(FGF-2) Mt
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FERRN(Dex)ME A LEWFA R, & DIRAR
EATTRTER 7AC N A B MSCs 39 5 M1 (1) By 40 i 746 1)
A HI AR 9 25 BK A5 PR 20

1 #MRE5ERZE
1.1 #78

BB ) 70 0% T4 M I R 4 B A 5 o
4y, EUN FGF-2( % mg K244 W) TR 5T T iF
K, BAFRME=95%, £91.0 X 10° U/mg),
MEMa $57%4& . A4 MLIEFBS). HHE. HHEER.
PTEE E B, L- S&EBZ. B HB(Gibco BRL),
Dex. B- HuBfRM . A MBR. FHEELS. X
THE R IR(pNPP) . % D520 G-250(Sigma), —
AL mE M — R BE P MR £ (MD Bio), AEHEO
ELISA {7 £(DSL), AR A E = 45 b a5
5l o

Y e LIRS ER A,
HFsafe-1200), {85 % 8/ (Nikon, TS100), %X
B AHL(Nikon, COOLPIX 4500), CO, ¥4
(Hereaus, BBI6UV/BB3060UV), 484y Yo B iH( L
ORI IRHERA T, UV-7504), BEARIR B 3
L ED IR E R A A, Multiskan Mk3),
—IRPE25 cm, BEFR M. 24 FLEEFRIR . 96 FLEEARIR
(Nunc), %555 /0% (Sartorius, Vivaspin-2), 7
547 2% (Cole Parmer, CP50).
1.2 A%
1.2.1 BREMTTERZ MSCs 387 HMN B
F MEMo. 4 KB R (% 10% FBS. 100 U/ml & %
#. 100 pg/ml #EFH . 0.25 pg/ml HHEHE B F
2 mmol/L L- A & M) H Ak e A KA 58 74X
NE#E MSCs 88T 24 FLEFRIR, HEFL5 X 1004
M. KFAHE T 37 C. 5% CO, BEFFM P HFE,
FRA BB 7R 4T MEBE (LT 12 h) JG5 0 DU (G 1K), &
M35, 1 HCTRAN)NAEKRES R, 2~ 404K
B %4 107 mol/L Dex. 20 ng/ml FGF-2.
20 ng/ml FGF-2 #1 107 mol/L Dex. 433 T4 2. %
3. S AISE 7 REUH —H 24 FLEEFMR, NMAME
MTT ¥, FEEFRIX 570 nm K N 5E 0 BE
(A), B IRBUEK FEERRGILN Asyy, R
5 FLI 4 %
1.2.2 R sB R B ALP)E MAa LN 4 &

FFL2 X 104 A28 7 AR B i MSCs 80 T 24 £L3%

FER, TN A HE A 50~70% (B 1K), 14

(TR & 10 mmol/L B- H BRI, 0.25
mmol/L HFIIA MR A KET TR, 2~4 470504 1 A
WARSR M Dex. FGE-2. Dex/FGF-2, K [HH7.
B3 HAL, B3~4 R¥W. T3 14 RECH —3k
24 FLESFRMR, PBS(pH 7.2)7E# 2~3 X, HH4L 200
ul 0.05% Triton X-100 4 Cid R, T2 2 KILEH
M, MBFEEERE. A pNPP VAU E FE 5 1) ALP 3G T,
PL Ay 76715, [E]8S I Brandford #6070 0 52 FF 5 1R
B PR (mg/ml) X A o5 [HIHEFITRIIE(A) . 3 21
K, ARG SCER[1210 7775 FH P 2240 S(pH 4. 1) % 41
WATY A, (BIE M BB T UBOHNI. REfL
MUEL 6 5, HEE > H34 Simple PCI(Compix,
Inc)VHEA {3, UL =(Q BRI/ SAmiR)
X 100% , BIEFATL 54T .

1.2.3 MEF45EEH(0C)4F T AR N i
MSCs #M T 12 125 cm? $5 980, M2 X 1054
UBE, $WT7VE1.2.2 50 4 IR O 14 RIEESS
TR, RS IRYE B E R 10 505, TR
PHEAE, MEFERT OC FE(ng/ml).

1.24  %itar  SEREIHLIE + FRdEE
(X £s)yFw, AMESFHEERYE KK
(Student's t-test), ] SPSS 12.0 G it HEATAb P .

2 #R
2.1 FGF-2 3% 7 X A &8 MSCs E3E89 520

MFE 1 TLLE W, &BfE S FGF-2 41, Dex/
FGF-2 I F gt S xf Ml b, 852
F(P<0.01); %5} A] 15 Dex/FGF-2 41 ) F ) 40 Mo %k 5
FGF-2 HHE, WA BEME 7 (P<0.01); &I (A] 5
Dex H MM S5t Al b, #HBEEE
F#(P>0.05). MM EM(E 7 K), FGF-2 4
FIF- 15 40 0k 5 AL 1.31 1%, Dex/FGF-2 411
LA 4 BBk IR 1.47 1%, b FGF-2 4011 1.12
%o WIERAVIRAEEQR.S X 10° 4 em?)H; 57
%M F, FGF-2(20 ng/ml)A] LA$2 7 MSCs [)4 K
B, T BN H Dex(1077 mol/L)Xf MSCs HI$4 54 I
Bl B3, BEA N FGF-2(20 ng/ml) Al Dex(107
mol/L) & IN i bb B FH FGF-2 B85 g 4 5E RE ) o
2.2 ABHEMSCs EEMBMMIFZITNER
%14 XAY ALP ;&%

WHEE 2, Dex 4. Dex/FGF-2 44 i) ALP
TEIES B R T A ) 17.0 £5F1 3.15 £5(P<0.01); FGF-2
H M) ALP & LR BRAK T 76.7%(P<0.01);
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Fz1 F7RABEEMSCs 2 FGF-2 8/ 1 Dex {E A /5 & B8 MTT 3N ER Ag( X £ 5)

A570
VR — — —
AL RS FEPN FER FRER
% 1 0.108 + 0.0073 0.194 + 0.0060 0.455 + 0.0196 0.777 + 0.0123
Dex 0.116 + 0.0083 0.206 + 0.0063 0.438 + 0.0145 0.751 + 0.0148
FGE-2 0.140 + 0.0065 * 0.322 + 0.0149 % 0.572 + 0.0110% 1.017 + 0.0233 %

Dex/FGF-2 0.181 £ 0.0081 **

0.411 £ 0.0061 **

0.757 + 0.0283 ** 1.139 + 0.0473 **

x4, *P<0.01; 5 FGF-2 A%, * P<0.01(a=0.01, n=3).

x2 FTRABEEMSCs 2FGF-28 /1 Dex {EFEE 14 XAYALPEMFMOCEZE. F21 XMT LEX £5)

. . EEES
W b , i E WX

pagiel Dex FGF-2 Dex/FGF-2
ALP A" 0.262 + 0.012 4.446 *+ 0.106* 0.061 *+ 0.005* 0.824 + 0.051 %2
OC % & (ng/ml) 19.333 + 2.167 41.056 + 1.110% 60.944 + 3.310%2 58.389 + 0.948 %~
WAL (%) 0.555 * 0.075 5.861 & 0.384% 3.226 + 0.425% 2.177 £ 0.248%2

xtEALLE, *P<0.01; 5 Dex ALLE, 4 P<0.01(a=0.01, n=3).

Dex/FGF-2 Z1 4H i 1¥] ALP y& P bt Dex 414K T 81.5%
(P<0.01). UtHALEE T MSCs [n] a0 40 i o fh ik 72
H1, Dex 7 LLE& S ALP #9351, 1fi FGF-2 [#{% ALP
HIEPECLFARIE), 1 Dex RI1ER B 2955 .
23 ABHEEMSCs XM BMHMIFEFIFRE
F14XWOCE=E

RHEF 2, Dex 4. FGF-2 41. Dex/FGF-2 41
g S SR OC & A A X AL ) 2. 12 5.
3.15 5701 3.02 {%(P<0.01); FGF-2 41, Dex/FGF-2 4
2 o 15 SRR OC & B 43 70l 4 Dex 4119 1.48 £ 71 1.42
f%(P<0.01); Dex/FGF-2 2415 FGF-2 £ 40 fl 1% 35 )
OC TR, BHEFMNZER(P>0.05). WHE
%5 N\ B i MSCs [n] B A M i #29, Dex M
FGF-2 #{n] LA #k40 ffg 733 OC, B FGF-2 fI{EH
Hig, BEA{E ] Dex 5 FGF-2 3% #58 FGE-2 (1)
£ H
24 AEBHEMSCs @& BHARIEZEFIEERE
F21 KW LEHEBEER

FTRNEBEMSCs & & F B MK S 7B S
JA 58 21 RIS TR AR WA R GHRD
EAEMAAERITR(E 1- X H4); Dex B L4 H
IEGER DR, 45 SRR BB R, AR, 38
BREFHHLME, 38R B R RN EER KA HA)
s SR 451 (B 1-Dex 4); FGF-2 At %
B2 BRI, (RS SR Dex 41/, Hifh
B, SLARERRITOCEYR ZE, B & T Al
SRR RSN IR, BN EIEh R, wiE
— LU0 8 T B R T AN A2 2T HA &5 §( 1-FGF-
2 #l); Dex/FGF-2 445 EL Bk RSN T Dex 41H

FGF-2 12 |8](F 1-Dex/FGF-2 #). F K% 5814k
4 Simple PCI v 5 & 20 A ML (P39 13, MRIEXR
2, Dex 41. FGF-2 #1. Dex/FGF-2 4141 fin™ 1k
RO HIAFT A 10.56 5. 5.81 fi5513.92 f5(P<
0.01); Dex/FGF-2 44 fa i tL 2 9] AKX T Dex 41,
bt Dex 43> T 62.9%(P<0.01).

LB T, (RS A HH#E MSCs [a] 50 H 48 73
et FEd, Dex F FGF-2 # AT A3 Jin 4 fa o0 J 5%
HUTR, BT Dex BEfF MSCs JE U HA 45
i, T FGF-2 H fefl MSCs B i— 1 5 2 AU
¥i, BfEMNJH Dex M1 FGF-2, FGF-2 %t Dex %55/
HA 4B #HEH.

3 itig

B R R R R A, BT PR
X, B AE AR N ECE . AR AT =,
HASUE RS R R B, BEER AR
MO GFE RN, RGP A R A, RUR
M bR, AR, BB, 4k
MEE RS RCE 2R, TREMREAL. FHhE
S R [FRE B FE I PN B VR B I RCR . T LR
HHBRAEFHRE. REMEE DL T .0 HAL,
DRI Tt 2 B AR TRR M B A . RO 4 i R L 21
KEFEHEMW. FEAMIE . #ES0EHR
. H¥, BEEREN MSCs BB TE. £l
Btk BN S, T H B A RR I Y TE B ) R £ 4y
1 e, BRI B8 MSCs BN B2 LI B 4128 THE
f ol 40 B 0,

FGF-2 &R f M N F R Gr— R . KR8
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bajictil

FGF-2 44

Dex 41

Dex/FGF-2 4

E1 FE7RABBEMSCs Z2FGF-25 /1 Dex FESRE 21 XAIT LETHHELS £H(200 X)

/%, FGF-2 J& =AM 2 M fE 4l M 73 24570, wI 38 m A
FHEMSCs MASNEIERE )y, RIS 2 1040 B 4L
W, X MAEH AR L B R R B . T4,
FGF-2 W 4E+F MSCs [144b 2 /3 fb g fele-17, 1k
AMIFROR I, BXE W 1 ng/ml rhFGF-2 (Austral
Biologicals 22 &)1 10 ® mol/L Dex, I LLHH
FGF-2 Haf {2 5 1 AX N 155 MSCs B4 AR THSL,
AT Vo, ECAH KA A (2 500 S /fem?) BEE R,
KATE 0.1~80 ng/ml WRIELF P, FGF-2 A L4 &
57 ARNH#E MSCs AR KOl &, H 2w ARl bE
(&R ABR ), BEANH 20 ng/ml FGF-2 #1107
mol/L Dex {8 1] 20 .

AR KR IR IR I — 8 LI ) Dex B-
v el R R LR IR (R AR AR, OS) AT AT A
HiiE MSCs 73464 J5CE 4l ans 19, Dex 2 — N A L&
W PRI R T Fe, AT A R T A e A K R AR,
I AT LA E A B 16 MSCs 1840 7344y B 40 210,
AT CLHIAE A BHPE O B b R 97 oAt A K R 7 ki
X MSCs 0] )80 4L Zr AR s 2, B- H i
FRANEE N MSCs H& HEBERR A 7y, {1 A2 SR 4 £
OR, (EREES AL . PURILIR A MSCs R T A5t
BT 5, 0L 9P U 4 T BRI 40 i I 5 ) 57

A4, PUR IR IL U4 MSCs ) ALP 3E PRI 1 &
JRO3 o ASSZEG N RN I OS 1A KB F8 M e A Bk
XM (Dex ). FATAE P HHSaG R IL,  7C Dex
P N MSCs [n) BCH A0 LR 3 14 KA,
RO A0 A T A4 IA,  BRATR S 1 ALP 35, X
A RN OC 43ulhs 13 21 KAiAr, Wik
JTECE, HIERS ALP V&M O BB, Kk, s
55 TP R I 5E 359 50 14 R - 4140 e 19 ALPYS PE R OC
T, AR RCE AR S8 FERR A GEAR S T
TRbR: W HPE R S AHE Y 21 K 1441 MSCs (141
ISR IE TR A 25T AT G, {30 B AR ZE B R
MEET A, W L ah et . dhim
PRI} FGF-2 LL I B4 W ] FGF-2 l Dex % MSCs i)
BRI A g . SRS SRR, Dex Al FGF-
2 #ETT LA N OC 43 R4 I AR JE e 2R, (H R
A Dex AN ALP 3G VERIE (45 1 (1 /b AR Ik
o UIHH ALP V& VERD 7 B OC 43 A (P49 Il o] i 4
N Bl MSCs 0] i 4 4%, if s i ML ALP 76
WAL YRGS A ETEH . SR B
1) OC 734 JC ALP 351, MSCs 141 By #1355t
HEETERIES R UURL, ANGETE A1) HA &5 5
KU E51, BT A0 M R R4 T 1 24 W) AT A 20 IR
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A Chaudhary SFUAMRFRAL R, FGF-2 [ ALP
TEE, BN BE MSCs 4H M AR BRI E 1045 £
DUAR, HABETE O HA 258 . Diah, HhA]
iF BH FGF-2 e+ 9T BMP-7% 1t ALP y& P 18 hin F1HA
B, MERATPLE R E R, FGF-2 %f Dex 531
ALP JEPE S AT HA TE BRI RE A F5HUER -

S5 RN 3 A 40 B AR S R A B R AR
Mo “XJE” BIRE. AT IR H A M kA,
KAACEI N HE MSCs W6 20 48 5 18 58 F 431k 1 25
o AR5 R IE N I EE (MAPK) B 2 AT e —
AR N HE MSCs 358 R 7046 A 505 5 3 Sl
M. MHIME S T IEER(ERK) 25— MUK LK)
MAPK FIG IR 5L, 0 i Lo 4 i (R 718 5 Ras i
WG 5 5 R B TR0 . 40 M504k 75 22 ERK $F
SRS, TS ERK S 240 50, Dex
FFGF-2#7 il J# i #FMEK(MAPK / ERKK){#ERK 1
A ERK?2 BT H A WENE, H Dex BMAFLEIFA
AE M B8 MSCs 4334120221, FGF-2 1 Dex #1]
WOE ERK, [RUERE R HI I H b sp gl s ] FGF-2 B
SEAIIE MSCs HIERE /7. Dex AJ LLF4LME ERK2,
A] fel o 3E— 2P S Runt A A% B F 2(Runx2) Al
Osterix 5% K (Osx) M A B i MSCs 4344 4 24
FR) R 4E 2224, 7 MSCs 43 LIKR I, FGF-2 K
REAST A0 40 A 1 R R B ) AT PR 4 R A, X AT R
s Hi T FGF-2 fff Runx2 it RE, KA GEAE BeE
90 Ha 33— 25 AL, Dex M FGE-2 BARYE T
[F—{5 S 2@, (HelEEEA R R % E
F(ERAR - EA R R ECE AT -DNA 8 A A
F T AN [) 225 DR B A AN () 1 3Rk 77 R R Rk i

B) o X 26 ) B 79 FATTHE — BT

M2, fENEHE MSCs R/MNEHS R, ih
R s s g%, R, BEA A& B IRER
FGF-2 fll Dex, nJLURTS S £ ) N w#E MSCs: {E
NB#E MSCs [n] BeE 40 o (id f2 e, R BCS
{F & MR E Y FGF-2 Rl Dex, #RJG N B i 22
FGF-2, L\f s um s 40 i o o i 24 o
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Effects of FGF-2 on the Proliferation and Osteogenic Differentiation of the

Adult Mesenchymal Stem Cells from Human Bone Marrow

Wen-Jie Tang 2, Ma-Lin Li!, Chui-Yuan Qiu?, Qiong-Yu Chen?, Guo-Hui Li, Ling-Song Li®, An Hong 2*
(*Yunnan Pharmacological Laboratory of Natural Products, Kunming Medical College, Kunming 650031, China;

Bioengineeering Institute of Jinan University, Guangzhou 510632, China;
3The Centre of Stem Cell Research, University of Beijing, Beijing 100083, China)

Abstract

To study the effects of fibroblast growth factor-2 (FGF-2) and/or dexamethasone (Dex) on the

proliferation and osteogenic differentiation of human bone marrow mesenchymal stem cells (MSCs) from passage 7

(P7) in vitro. Following the treatment with different mediums containing FGF-2 and/or Dex in vitro, the proliferation
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of human bone marrow MSCs (from P7) was evaluated via MTT assay; for osteogenic differentiation, the alkaline
phosphatase (ALP) activity was determined by biochemical colorimetric assay with pNPP, and the contents of
osteocalcin (OC) was detected by ELISA assay at different times, and then the assay of extracellular matrix miner-
alization was based on the detection of calcium mineral deposition using alizarin red S staining. When MSCs of P7
were cultured at low-cell-density in vitro, the growth rate of MSCs was 1.31-fold higher in the cultures treated with
FGF-2 as compared to that of control at confluence. The growth rate of MSCs in the cultures treated with Dex/
FGF-2 increased 1.47-fold or 1.12-fold respectively compared to that of control or FGF-2 treated cultures. The
growth rate of MSCs did not alter obviously in the cultures treated with Dex alone. Under osteogenic differentiation
culture conditions, the treatment with Dex increased the ALP activity (17.0-fold), and OC contents (2.12-fold) of
MSCs. Alizarin red S staining of cells indicated that Dex enhanced calcium mineral deposition in extracellular matrix
(10.56-fold) and could mature mineral deposition into hydroxyapatite (HA) crystal and bone-like nodules. FGF-2
treatment decreased ALP activity (76.7%), increased OC contents and calcium mineral deposition of MSCs. In the
treatment of FGF-2 alone, the MSCs formed amorphous calcium mineral deposition and failed to mature into HA
crystal and bone-like nodules. Thus, FGF-2 antagonized the induction of Dex on the ALP and HA crystal formation
of MSCs. Results suggest that FGF-2 increases the proliferation potential of MSCs while Dex alone has not this
effect. The combination of FGF-2 and Dex increases the proliferation potential at a level much higher than the FGF-
2 alone. Dex can introduce MSCs into mature osteoblast as a potent osteogenic inducer. FGF-2 can also stimulates
the osteogenic differentiation of MSCs, but the differentiated cells remain in immature state. FGF-2 antagonists the
effect of inducing mature osteocytes by Dex.

Key words mesenchymal stem cells; fibroblast growth factor-2; dexamethasone; proliferation; osteoblast
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