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[ Abstract)Objective : To construct an eukaryotic vector of pIRES2-EGFP-FGF-2 and to investigate its effect on the proliferation , os—
teogenesis and chondrogenesis of mouse mesenchymal stem cells C3H10. Methods : FGF-2 gene was amplified by PCR from plasmid
pAd-Trace-FGF-2. After being digested with Bgl Il and Sal I ,the PCR product was inserted into pIRES2-EGFP to construct pIRES2—
EGFP-FGF-2. pIRES2-EGFP-FGF-2 plasmid was transfected into C3H10 by Liposomes,and C3H10 transfected with pIRES2-EGFP
and untreated were set up as controls. The mRNA and protein expression levels of FGF-2 were determined by RT-PCR and Western
blot respectively. The proliferation activity and cell cycle phase of C3H10 were examined by MTT and flow cytometry. The mRNA
transcription levels of collagen I (Col I ),osteocalcin (OC) , osteoprotegerin (OPG) , osteopontin (OPN) , collagen Il (Col Il ), aggrecan
(ACAN) and Wnt pathway molecules were detected by RT-PCR. The protein expression of Col Il was detected by Western blot.

Toluidine blue staining was carried out to measure the secretion of cartilage oligomeric matrix protein by cells in culture. Results:Re—

NI

striction analysis and sequencing proved that recombinant plas—
mid pIRES2-EGFP-FGF-2 was constructed correctly. Both the
mRNA and protein expression level of FGF-2 increased signifi—

cantly in pIRES2-EGFP-FGF-2 transfected C3H10 cells. Cell
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proliferation activity of the experimental group increased sig—
nificantly (P<0.05). The mRNA transcription levels of Col I ,
Col T and ACAN in C3HIO cells transfected with pIRES2 -
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EGFP-FGF-2 recombinant plasmid increased significantly (P<0.05) ,however there was no significant increase in the mRNA expression
of OC,0PG,0OPN(P>0.05). The transcription levels of Wnt5a and Fzd8 decreased significantly (P<0.05). Toluidine blue staining

showed purple metachromatic in the cells FGF-2 overexpressed C3H10 cells. Conclusion . The recombinant eukaryotic expression

vector for FGF-2 gene is successfully constructed and overexpression of FGF-2 can promote chondrogenesis and proliferation activity

of C3H10 cells but there is no significant effect on osteogenic differentiation in short—term. The effect of FGF-2 on chondrogen—

esis maybe involve in the downregulation of Wnt5a and Fzd8.

[Key words ]fibroblast growth factor-2 gene;eukaryotic expression vector; C3H10 cell; proliferation ; osteogenesis ; chondrogenesis
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THRME— 0 RN T2 00, SIFRA R R,
X g E KA TR L UG 0518 5B A5 T T AT 5
SRR LR AR T AT 2 5 5 B A s ) i Y
LA AR AR i AR R AR, AR S
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JUkL pAd-Trace—-FGF-2 H JEE ZINFF K51 E Wik
FEIRLE N AR B |, EAZRIAHAK pIRES2-ECFP Z ¥ fiE
T4 C3H10 A1 DHS o JE832 A5 40 0 5 PR PR R 2 B L
R RE T A S0 R A, iR A I I F 32 15 Hyclone A ],
T4 DNA Ligase Bgl Il #1 Sal | W YIE§IE A TaKaRa ARl ,B-
actin JLH FCF2 —HU MBI 16 — Pl AL P2 G 1
YRR, ﬂﬂi%(coﬂagen I ,Col T )—#il H 3
Immunoway 23 7], JEBi{KLipofectamine™ 2000 M4 H 32 [E In—
vitrogen 23wl | G [T & | 24 0] G B TR i B 7
&I A S Omega 23 w] i 5850 £00W F 92 Biomage 24
#] ,Tap Platinum DNA Polymerase M 5 & if 5% 20 2 i (poly—
merase chain reaction, PCR) &7 & 4 B KR LA, 26
Rie s JeRlilh) H Solarbio A ), F Primer 3.0 AT 519+
HI (3 1), BEIRIEP 22w 5 18 I BORE I e

12 Fi#k

1.2.1 HEABEAZRKTRMEE DI pAd-Trace-FGF-
2 AN, F FGF-2 FE R 55 19 (107 5 ~GAAAGAT
CTACCACCATGGGGGACCGCGGGCGCGGCCGCGCGCTCC -
GGGCGGGAG-3" , N RIZH R Bl I BV 5 FUiF.5" -
CGCGTCGACTCAGCTCTTAGCAGACATTGGAAGAAAAAGT -
ATAGCTTTCTGCCCAG-3", FRIZEH 4> Sal T BV A, "
B 651 bp)Ze PCR 4 H57545 H 9 5EH , PCR [ 25494 C
5 min;94 °C 30 5,55 °C 30 5,72 °C 30 s, 3£ 30 MEH, 2070
4 PCR 947 ) pIRES2-EGFP 24K H Bgl 1 .Sal T Wil
1,37 °C,4 h, 4l 54 3:1 R A, F T4 DNA Ligase i%
FEIR B P AL E.coli DHS o JESZ 2SR, $70 T
T RIREZE (50 pg/ml) ) LB RS FRIE b 323, bl
HLEkIE 8 M EAANTHTE TR PR IR0, SR BUTTRE , 28 Bl TT
Sal 1 XU %58 B D) IERA A0 TR 16 TR A ] L
pIRES2-EGFP JBufi Hh 5 i LR 4,25 8 [ (enhanced green
fluorescent protein, EGFP) 3 K A ¥ ¥ 51 T #h DNA JF51 45|
Y1(5” ~CTTCGGCCAGTAACGTTAG=3") , Il -4 A [y & 6 ik
PAL I TE A B OB A 44 A pIRES2-EGFP-FGF-2,

1.2.2  C3H10 4Ly 3% 38 S 0% C3H10 AR T 6 fL
o, B F& 109064510055 1) DMEM 5353 37 °C 5%[1CO,
KT FaT R R . B 80% L4544 Lipofectamine™ 2000
FIBEA P EA TR AR Y L 55914 DNA (pg):Lipofectamine™
2 000(wh)=1:3 YL YL 6 h 5, BN & 10% 064 M5 Y
SELTEERS SR SRS R SR 2 48 h, [l pIRES2-EGFP 43
B YT R R A B 28 U0 IR, BEYYJ5 48 h, 1E
BIE YOG PSSR OIOCEARIAIHR,

1.2.3  RT-PCR ERMFE YA rh FGF-2 B i Mk
HEAR Wit {5 58 A KL mRNA Kk F Y 48 h
Ja , PEIAS AN RNA, & A cDNA 55 1 8%, B DL g fsd
M, K F Touch—down PCR 348 FGF-2 3B S s B AR G 2
K, Wat 5 5H X550 T, UL GAPDH NN SArbiAR , 5
YU 1, PCR W 4514 :94 °C 2 min;93 °C 20 5,65 °C~55 °C
20 s(FEMEFREAE 1 °C), 72 °C 80 5,9 MEFF;93 C 20 s,
55 °C 20 5,72 °C 80 5,28 PMEH ;72 C 2 min, PCR /=¥
1.5%35 R M B e Hha ARG

1.2.4  Western blot ¥ Al % YL 4 i FGF-2 A1 Col Il 2211
RIFIA B 48 h 5 SRS A A S L, 50 we &
10%SDS-PAGE 43 &5 , i %% % PVDF I F ] 5% iR Y3
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*&1 RT-PCRI|#1F%I%&
Tab.1 Sequences of RT-PCR primers

PCR;™
FAs RN
(bp)

FEN 5IYFES(5 -3 )

3% GGCTGCCCAGAACATCAT
GAPDH_ NM_008084 175
Rt CGGACACATTGGGGGTAG

3 GTGTTACGGATGAGTGTTTCTT
FGF-2 NM_002006.4 106
T CCAGTTCGTTTCAGTGCC

| CCAGCGGTGAAGAAGGAAA—

GAG
Col T N NM_007743.2 154
F ¥ GAACCACGATTGCCAGGAG-
GAC
I3 GGCAACAGCAGGTTCACATA
Col T NM_031163 131

T ATGGGTGCGATGTCAATAAT

i CAGAGTTAGTGGAGGGTGTGA
ACAN __ NM_007424.2 152
T AGACCCTGGGAAGTTTGT

3% CCTTCATGTCCAAGCAGGA
ocC N NM_007541.2 161
T GGCGGTCTTCAAGCCATAC

3% GTTCCTGCACAGCTTCACAA
oPG NM_008764.3 121
“Fiif AAACAGCCCAGTGACCATTC

i CCTCCCGGTGAAAGTGAC
OPN N AF515708.1 124
T CTGTGGCGCAAGGAGATT

F¥ CAAGGTTTACGGGCTCATGT
Fzdl NM_021457 178
T GTAACAGCCGGACAGGAAAA

¥ AACCTCGGCTACAACGTGAC
Fzdd NM_008055 150
F¥ TGGCACATAAACCGAACAAA

i AGGCATCCCGATTTTCTTTT
Fzd5 NM_022721 170
FiiE TGAGCGAGGGCAGAGTATTT

F¥ TCCGACGCTTGAAGAAAACT
Fzd6 NM_008056 155
“Fiif CAACCCCAGGTCCTCAAGTA

i CTGTTCCGAATCCGTTCAGT
Fzd8 NM_008058 155
N CGGTTGTGCTGCTCATAGAA

Fif GCCTCGGAGATGGTGGTA
Wnt3a NM_0095222 125
T TTGGGTGAGGCCTCGTAG
3% TTGGCCACGTTTTTCTCC
a
Fiif TGGCTGCAGAGAGGCTGT
i TTCGGGAAGGAGCTCAAA

Wni7a NM_009527.3 120
Fiif GCCACAGTCGCTCAGGTT

Wnt5 NM_009524.3 125

e 1 BB TR (collagen 1), 75 FH R M (aggrecan, ACAN) , ‘& 5 25 1
(osteocalcin,OC) "B 472 (osteoprotegerin, OPG) , HHFE[1 (osteopontin
OPN) , 5 532K (frizzled , Fzd) , GAPDH J2& H-Ih -3 BRI S

Wy IR 1~2 hy TBST PeiE 3 W, A fehi/NR FGF-2 —
Hi(1:200 Fi ) FU/IN BB/ B-actin 2AHE(1: 200 FiB) ,
o/ Col T —4 (1:500 Fii ) 4 Cad & ; BN, 20 Bl A
HRP B3 1 50 S B EHE R 1eG (1:1 000 F R ), 25 I 1
1 h; TBST Wl 3 W5 ECL &G4 .

1.2.5 SEUCZS s aE A f AR RAFY C3H10 41
2x10° LR T 96 FLARH , 41N BE 5 4% Lipofectamine™
2000 P EBA B HETT g TR SR FFL 100 wl 4% DNA (pg):

Lipofectamine™ 2000( ul)=1:3 4%, 535I7E 24 48 72 h J5[H)
FALINA 25 ul MTT(5 mg/ml), 5535 4 h J5 , WL LN R
W, LRI 150 pl AR, 73 15 min, 145 54
FEATUEA . B S RE SO A LG EE(E (A 50 ) o LABIE] A
R, WG BE (N, 22 A s v i 2R
1.2.6 YNSRI C3H10 ANRFE S Eh% g 72 h
Ji PR AL WCEF EP A5 N, 1 000 /min B0 5 min, 57
I, BEER R 2% vl (phosphate buffer, PBS) ¥t 2 ¥R & JH Hiv
(1 70% (AFR L) C R E , T4 M AR S b 40 B 5 A 30
1.2.7 PR B Y R R B JE 433 C3H10 41 I AE AL
ik 7 d 5, PBS 1k 2 1R, 4% % B W EE R 237, P 25108
K 2 W, BFIR S min, I 19 A REE IR e 2 h, PR Al
W58 WSS T P e A
13 %it o

Bt AL + bRUEZE (v = 5) R, R Excel 2003 #E77
Gt A, 3 N LLBCR B R 2 07 220, P LR
LSD-¢ K, KK #E «=0.05,

2.1 B#KRE FCGF-2 #k I

PCR 4 14 ki pAd—Trace—FGF=2 K H LA FGF-2,
PCR 7=¥28 1.5% M BN 5E B R TK 73-AT , WT UL 24 651 bp 1)
R H AT, /NS T — S0 1A),
22 AMAGKFLUAR A pIRES2-EGFP-FGF-2 #5552

T TR pIRES2-EGFP-FGF-2 BRI (Bgl Il Sal 1 )
FEIZE 1.5% M3 e B R Fa vk 43 BT, 1T W24 651 bp 1 H 1)
FERI S5 AN 5 300 bp 344 Be (] 1B), KN 5 1t —
5, M H R R B OBl A Fh E AR

1 2 3 4

5300 bp 5000 bp

3 000 bp
2 000 bp
1 500 bp

1200 bp
900 bp 1 000 bp
615 bp 700 bp 615 bp 750 bp
500 bp 500 bp
300 bp
100 bp 250 bp

100 bp

B. HYJFH pIRES2-EGFP-
FGF-2 2 Bgl Il \Sal 1
U] 77 ) S 5 2 2R
1. PCR #3474 ;2. DNA Marker II ;3. S41Jih; pIRES2-EGFP-FGF-2
XUEFY 74 ;4. DNA Marker DL5000

A. PCR 4 B8R IGE A
FGF-2 sk

B 1 EE FGF-2 PCR =4k Bk 8 ik B K B 46 At
pIRES2-EGFP-FGF-2 W& £ 7E
Fig.1 Gel electrophoresis of PCR products of FGF-2 gene and
double restriction enzyme analysis of recombinant plasmid
p|IRES2-EGFP-FGF-2
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23 TR ARSE R LG 04 92 R RS ILIR

HE BRS¢ pIRES2-EGFP-FGF-2 20 [k FlIpIRES2—
EGFP 752844 48 h Ji , e 9 L AUBE T Al WSR3 5% (. 5L R
FIRFA (] 2) , 28 IR IREH R LAk (08 R A R A

C. 25 [0 AL

A BEYTORL FGF-2 21 B. 28 ARG Yt iRZL
B2 FGF-2 %3 C3H10 41 48 h ERIT K BRIEEMEZ(100 %)
Fig.2 Fluorescent microscopy of C3H10 cells at 48 h after the

transfection with FGF-2(100 x )

2.4 pIRES2-EGFP-FGF-2 & 4 i 5 /A~ § FGF-2 A B &
C3HIO0 it & ik

RT-PCR 734 78 | pIRES2-EGFP-FGF-2 T 41 Jif b %
Yed] FGF-2 1 mRNA AHX %G SKOF 2 5 T 2 X R (F=
43.28,P=0.000 3), FUZ 2 Tmage 3K {2172 8 04T, 2 57
Gt F i X (F=85.450,P=0.000), Western blot 7387 /R,
TE4 A B-actin FiE—BUWIE ML T, pIRES2-EGFP-FGF-2
A R G Y A TR 43 B i 24 24 kD AR W] UL H 98 H
i, UL A FGR-2 2K AN #ak 5 (2.392 = 0.295) W 4 i
T3 RARIL YL 0T HRZH (0.940 = 0.104) 228 %] IR 2H (0.809 +
0.163) (F=85.450,P=0.000) , ifij =5 AR AR5 Ye vt HAZH Ko 4 1 %o B
4 FGF-2 RAMFIEA BT #E L (E 3),

1 2 3

A. RT-PCR 71

1 2 3

FGF=2 - A 54 KD

i S S

B. Western blot 2341
1. FGF-2 ¥ YLt ;2. 23 BAAKE YL Xy HAr ;3. 25 Fouf e
& 3 RT-PCR K Western blot #&ill & A 40H1 FGF-2 mRNA
MEBMNRIEKTE
Fig.3 Transcription level of FGF-2 mRNA and protein
determined in each group by RT-PCR and Western blot

2.5 MTT #Am FGF-2 id &k x¢ C3H10 2m JL 38 54 4% 77 49
kG

AL AN ARG T R 2 WA 4, s LY 24 h 5, #5414
HFELE NS 48 h Ji FGF-2 F Y 41 AN i 55 25 4R A4 i Yo 3o) it 21
RS 0 RSB N, 22 RA it L (F=11.966, P=
0.001), ¥REHFR FGF-2 BEAEH# C3H10 45

1.0 9 o FGF-=2 YL b

0s ] ™ ZE R et 2
| e e
0.6
K
< 047 T
024 7
Uy | T T
24 48 72
1Rl (h)

a. P=0.003,b. P=0.000, 5 2 %} IEZHAH Lt

B4 &4H C3H10 HMMAyERK L
Fig.4 Growth curve of C3H10 cell in each group

2.6 H P im AL X6 5L B B AT

Tt 2K 20 LA SRS 5 21 4 4 e ) 0 45 A n 5% 2 A 5
i, G2 BAFN S HH s WA B A 34 5 06 4 R P 28 =G A e 34 4
FEEL (proliferation index, Prl)=(G2+S)%, il LI& H} FGF-2 %%
YL A Prl 5 55 (52.347 +£3.265) , [d) 2 X IRAHAH L 2E H A
it L (F=26.534,P=0.001) , 3 B L 20 i 40 i 1 5 g
J158 R FGF=2 X} C3H10 AR (et anit s 225y 3400VEH

=] = o
o N S8
— — — 1
= =) =3
=N =N =)
I I T
(o'} o™ (o'}
38 38
= = i =
=) =3 o
o o o
o o o

0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
FL2-W FL2-W FL2-W

A FGF-2 G2 B =SB IR Cos P Rgl
B 5 mMARIaM &AL E SR
Fig.5 Proliferation of C3H10 cell in each group by flow cytometry

2.7 FGF-2 it & ik 3t C3H10 s B Aok kB 3547 mRNA %
TR Col Il % & Kk KT % v
WE 6 f5% 3 ias ,FGF-2 YL Col [ ,Col T ,ACAN

* 2 FGF-2 ERIRIEX C3H10 AREAHARZME (x +5,%,n=3 )
Tab.2 Effect of FGF-2 overexpression on cell cycle of C3H10 cell (x +5,%,n=3)

215 Gl S Prl
FGF-255Y 4 47.653 +3.265 10.490 = 1.914 41.857 = 1.356 52.347 +3.265"
23 A YRS B 20 82.527 = 10.079 6.300 = 3.667 11.173 £ 6.435 17.473 £ 10.079
BN GEE] 83.910 + 5.561 7.7867 £2.517 8.303 +3.916 16.090 + 5.561

a5 2 XTHEGLAH EE, #=26.534, P=0.001
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mRNAFI G SEAKCETh i HL25 5 Ge it 2 7 SL(P<0.05) 1
TR BR OC OPG .OPN mRNA % sg /K- T W] i T
(P>0.05), [Al i} Western blot K 7% Col 11 45 11 f 35 7E
FGF-2 YL d B 5 v 1 2 X AR (81 6B) , 78 FGF-2 id %
IR HE C3H10 4H A il 0 1) 434k, 6 3000 B A

AT U ——— o
A FGF-2 G2l B AS#RIARE YT IAZ]  Coas st iRal
1 2 3
Ot St G e s of G101 s
GAPDH 175 bp
Fig.7 Toluidine blue staining of C3H10 cell in each group(100 x )
2.9 FGF-2 it &k st Wnt 135 @ 9540 % #54F mRNA #43K
ACAN _ 152 b Wt {5548 F7F C3H10 MyBERIFE AR 58 480, bz
A Fzd1 Fl Fzd8 XI55, FGF-2 #4420 Wnt5a J Fzd8
ocC 161 b 3L .
Rttt s KPR A S (P00,
n (P>0.05) (/8 8 Fl% 4)  $75 Fzd8 & C3H10 40/irh Wnf5 5
OPG 121 b S N N N N
o ' RS 1 FOF-2 i T F I8 WiSa & Fad8 42k,
A. RT-PCR 73#7
1. FGF-2 Bl ;2. 2RI Yexd BRAL ;3. 2 (1%L : 2 ’
1 2 3
Fzd5
| RGP SR 2. ARSI o [ >
16 AT-POR 0 Viestom biot Kol AR R 4B o | —————
mRNA EEAN BT s [ >
Fig.6 mRNA and protein expression of chondrogenesis and
osteogenesis markers in each group by RT-PCR WntSa _ il

o A. RT-PCR 437
2.8 WIERRIEF & H5H FGF-2 i & ik 23 C3H10 28 45 5%

PR e RAE S k6 R

AN F R R Y (5 RN R 7 TN FGF-2 3L ged]
F 4 A 0BT S IR SE LT (0 5 | B A I BT T S K Y
WHREERAE M 2 XM IR ARG A, F—2IESE FOF-2 i 3Rk
AT E C3H10 FCl oAk, 380 HARR S i S 1 36

1L FGF-2 Y252, 23 s IR YeXT IR 5 3. 28 P 0 R4

E 8 RT-PCR #&ill&HMAE Wnt {55 5> FRABXZMHE
mRNA Hy5RiE K F
Fig.8 Determination of transcription level of Wnt pathway
molecule mRNA in each group by RT-PCR

% 3 RT-PCR ®illB &R EEtr mRNA 7K F
Tab.3 mRNA expression of chondrogenesis and osteogenesis markers by RT-PCR

Wil Col I Col Il ACAN ocC OPN 0PG
FGF-20EYL2  136.364 £28.792'  100.978 £3.659"  96.788 = 13.572"  79.321£29.687  98.194£26911  109.955 +26.979
IEMARLYTIEL] 87.118 £27.083  64.305+16.316 5818323338  50.796 % 16.644  82.977+24.682 78303 +31.448
RO E) 65.887 £23415  60.674+ 12908  42286+24.547  44587+12.069  67.938£21376  51.825+17.695

FAY 5.574 10.026 5310 2.368 1.150 3.755

P{H 0.043 0.0122 0.047 0.175 0.378 0.088

5 2 SR HLER 2, P < 0.05
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%4 RT-PCR#&ll Wnt {555 FRHEXZME mRNA #IFRizKF
Tab.4 Determination of transcription level of Wnt pathway molecule mRNA by RT-PCR

il Fzd1l Fzd4 FzdS Fzd6 Fzd8 Wni3a Wnit5a Wni7a

A4l 126.193£31.536  94.536 +22.632 103.011 +8.182 79.551£15.021  71.435+13.249*  94.186+12.537  69.710 +5.545*  58.005 + 22.243
B4l 133.681 +2.760 112.147 £ 3.249 100.459 £ 11.614 60.317 £ 12.155 113976 £4.764  92.065+10.814  93.185+6.100 51.413 +27.871
C4l 133.081+34.19 114.219 £ 4.173 102.059 + 14.531 58383 +11.280  131.101 £10.195  98.769 + 9.837 02454 +7.488  45.778 +32.448
F{E 0.058 1.949 0.036 2.461 28.110 0.285 12.926 0.145
PAH 0.944 0.223 0.964 0.166 0.001 0.762 0.007 0.868

AZL:FGF-2 Y4 s B A1« 25 2R AFG Yo X B4 C 41 248 AT IR s a0 5 2 XFHRZT LL4, P < 0.05

3o #

FIHT, SCE R TR DGR 5 R SN e Ty
MO X — MR TIF T — Rt P, 22
P AL S5 20 M 200 S 2R A P - =Rk,
22 AR A PR X DG R B N IR AR S M B R
EHEEAEM, B r SR I B S 1 2 ik
H RN FA AR K A (transformating growth fac—
tor, TGF) ‘B IEA &4 H (bone morphogenetic pro—
tein, BMPs) . S =R T (insulin-like growth
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