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WE: B MAERGFEARGITENEKE T ER(MGF-C24E) FI8 AEA T B ARERFRENER . 7
& PRONESR RSB 4, 23 X Al B L SR A 1 38 ( REAF 12% , 45 3R 0. 5 Hz) Fl MGF-CR24E (50 mg/L)
BEAER, ZEEE R HAR 7RI MGF-C24E 1£ FX AR B A E B FRA G5 R, 3 A 2 & PCR Bk
ERGRTRER. &8 SWRAM, DENRHAKLERETFRAER 1 866 A, K FREEF1 1134, F
TERA 753 4 MGF-Ci24E AbBRAH e 2 2= B3Rk B2 1 178 A, o FIREE 796 4, MAEE 382 4, GO 447
REUPENERERRRGEEE 3, HERRZIEFN FEW LA E S 208 40 M R 7 505 5
MFNEFHEFERE. €8 PCREIBERBIENEFRAERN GER TRLER . &it ERRXEIHE
TR TR MGF-C4E 1E FIR BB MR B B R 32 BB 28 i IRHE3U , O e 22 F MGF-CR4E 57 B 1R
DASRADRE I RIEA R PR 4 T F A .

XEW: WEANE; HAERKET; NMAORE; EEGR; BERE,; AMER

HESHES: Q291,R 68 NERIRER: A

Effect of MGF-Ct24E and mechanical stimulation on gene expres-
sion of osteoblasts

LIN Fu-Chun®®, ZHANG Bing-Bing®®, XIN Juan®®, XIANG Yan®°, XIAN Cheng-Yu®®,
DENG Mo-Yuan®®, PENG Qin*", WANG Yuan-Liang®® (a. Key Laboraiory of Biorheological
Science and Technology, Ministry of Education; b. Research Center of Bioinspired Materials Science and
Engineering of National “985 Project Program” of China, Bioengineering College, Chongqing University,
Chongging 400030, China)

Abstract; Objective To identify the differentially expressed genes of osteoblasts under the stimulation of mecha-
no growth factor E peptide( MGF-Ci24E) and mechanical stress by microarray analysis. Methods Primary os-
teoblasts were cultured in vitro, which were subjected to mechanical stimulation ( with the mechanical strain of
12% and frequency of 0.5 Hz) and MGF-Cit24E treatment(50 mg/L) , respectively. The gene expression profiles
were analysed by cDNA microarrys and quantitative PCR was used to validate the microarray data. Results

Compared with the control group, 1 866 genes were found to have differentially expressed in the mechanical load-
ing group, in which 1 113 genes were up-regulated, while 753 genes were down-regulated. 1 178 genes were
found to have differentially expressed in the MGF-CR24E group, in which 796 genes were up-regulated and 382
genes were down-regulated. GO analysis suggested that the gene expression profile of MGF-Ci24E group was
consistent with that of the mechanical loading group and differentially expressed genes were mainly involved in cell
proliferation and differentiation, response to mechanical stress and mechaotransduction. Conclusions The mi-
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croarray analysis showed that MGF-Ct24E treatment had similar effects with the mechanical loading on the gene
expression of osteoblasts, which might provide a novel approach to study the usage of MGF-CR4E for treating

bone repair in the absence of mechanical stimulation.

Key words; Osteoblasts; Mechano-growth factor ( MGF ) ; Mechanical stimulation; Microarray; Gene expres-

sion; Cell culture

B 40 B e R AU ) R 4 S 2 — , 1%
HIRE B EREMT R P T 0 REA, B2
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SPRBUBNEANML . DRI, 5 0 TR ORI A L A
WEAT BRI, 3R IR PR B AR B
R AREZEWME, PFFREY, DR B EES A
P LR A I TR A D I S B T A G B R R
B AT BT B, PR R AR R R
RIS TE , F H BB AR 3F AU 40 MRk — R T AR
KR T 1 4 K B T ( mechano-growth factor,
MGF) **! . TksMFFE KB, MGF B H & PE kB E
BR R EE s E S50, 24 DEFEBRH A kB, MGF -
Cr24E) B #F 5L B | 1A 40 fit MC3T3-E1 34 78 A 1T
B ERFAME T s (N 280 % B, MCF-CR4E B
AR B BB T . 1M P B AY A B B
AR —E T F RN H B H KOV BB,
AR, MGF AE 2R 0 3 13T B4 240 B o 7 7 40 X J
240 L R DR 3R 3K M S e R LA 5 T R BRI AL
REW? ASCE B AEE I FRIB K247 R MR v )
B MGF-Cr4E B 2AE R US40 M A 52 0, @
FERFRIRTE 53-Hr MGF-CR24E 4 FI IRz g 3 A H
5% ] o

1 HRSE

1.1 FERFIMLF

DMEM # 5% ¥ ( Gibeo, 3£ &) ; L FJif 4 1. 75
(TBD, /1 [ ) ; TRIzol &3] ( Invitrogen, £ [& ) ; RNA
A & (Qiagen, L E) ; & B PCR 5 (RARE
1t) ; SYBRGreen( TOYOBO, H 7<) ; Flexcell 4 000 &
AP S F B R Gt (Flexercell, 3 H ) 5 K42 N
HRIKE L R (Agilent, £ H ) 5 5 b 32150 &
(Agilent, 2 &) ; 51 ¥ i1 E R IR A ) & B ; MGF-
CRAE AR E A,
1.2 4ApatEs

BUHAL ~3d@SDR R, AR BEEFREN

R B B TR P A B S SR AR 4 £
AU TG , 0. 25% [ R (& EDTA) 14k, 3
fRAREE SR, SER A 3 AURLE 4HH.
1.3 ZHfasbiE

A SEH R A Flexcell 4 000 J& 34 41 2# I8 &
4 ( Flexcell 4 000 cell stretching unit) X} 20 i 47
MR K55 3 AU E 4 1 x 10 4~/ FL
3l 6 FLIPERRSE SRR 3G 2 d, Fe i e B bk
L Ut e o ] A KRS AR E JR , 3 2% WG 4 1M
TH AR LRGSR 12 h, ¥ 6 FLHPE RS SR AR b
WAk 12 N 4 \MGF-Cr4E Lb 38 2H FaXf e 2H 3
Ho JIFMBLHE 2% fa 4 MLIE B DMEM 558
A 12% YRR REAETE 0. 5 Hz ST gk 8 h; MGF-
C24E JbHRA - 2% BG4 IS & 50 mg/L MGF-
Cr4E FyRERi 53t BRA AR 8 h,
1.4 5 RNARERFEER#3

g L RS E A 4T, ] TRIzol 1457] — 2P ¥k
HIIEAH A 2 RNA, DL RNA AR5 55 %
Ba 55t Cy3 FRic cDNA,SRJG 5 Agilent 4 x44K K
AFER R0 4258 IR Agilent Jt5 4%
TR GV ES R E ARG 65C 3L 17 h,
W3t i, BT )5 F§ Agilent DNA Microarray Scanner 3
AT A, RIBEOERRME S
1.5 BREESH

S Hi Agilent Feature Extraction ZX{4- #7752
IR A R P05 5 R BT, LA GeneSpring GX
APPRUEAL AL 3T B D0 B LU AE (S5 36 /% IR
H) >2 VR W 1B 3 22 5 AR HE A 2 1 22 AR
EE R, W Gene Ontology ( GO) ${#E FE (http.//
www. geneontology. org ) X i & H i 22 5 32 38 2 [N 32
FIEEAAR (GO) 4i#71. EASE MG it 5 4047
GO frh £ R RIXK P A, H Mk M3 FPR
( Benjamini false discovery rate) %f P {H 1% 56 45 5 i
FIRIE
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1.6 & PCRBIF

MEEGRSERPHERRIEIEEFITER
PCR 35iE, 519175 W& 1. A FIEREU ) #E 4,
MGF-Ct24E 4hFH2H A FRLH A RNA B 2 pg & RNA
5T cDNA, Dk cDNA WA 17 5 & PCR ¥~
B, 50 R 94 CHASYE S min,94 CAEM: 30 s,
57 CiR:k 30 5,72 “CHEH 30 s, 3k 35 MEHR

#1 PCR3[#F7
Tab.1 Primer sequences for gPCR

HA Bk 2]
P2 R F5'ACCCGTCACATTCGCCTTGCTC 3
T R5ACCCTGGGCTTTCACTATTCTCC 3
T i F5CTGCATTTGCGAAGTGGTIG 3°
T R5GTTTGGGCTTGACAGAGGAATAC 37
Lefbgs i F5CGCGGAGAACACTGCCCACC 3
T R5CGGCAGCTTCATCCCATACTT 3
Figf T F5GGTGCCGGTTGAAGCTTAAAAG 3°
T R5TTGGAGATGTAGGAGGTGCTTGT 3~
. i F5ACCCCGTGCTGCTGACCGAG 37
Proctin T R5 TCCCGGCCAGCCAGGTCCA 37

£2 NFEMBFAHM MGF-CR4E AryERRik GO XB( STRAMLL)

2 &R

2.1 A1ZEMmFHAS MGF-C24E AR EEF
xiE

5% AR LG, 26 1 A B it Fr o drep 3
RBT 1866 MEFR AR, H i1 113 4,
NE 753 4~;MCGF-CR24E b BAH 3L 8 90 25 5 K3k
HE 1178 A, Mot EJREE 796 4, T R E 382
o HRAE GO THEE /AT IE I, Hrix 2622 F 22 K 7 i
T 3 K& = ¥5 3 #2 (biological process) , 40 i 2H,
43 cellular component ) , 43 T B fiE ( molecular func-
tion) , X P <0.01,FPR <0.01 /E Rk B & ME
SR MBI , 15 ) 7727 84 A MGF-Cr24E AbFE
HE) GO Ihfigdt R E (LA 1) . WIIBERE R
KTES T RIN, J12MER A FI MGF-C4E LbFH4 1
EZREFEZHWMER GO KA RZHIEZ 4 ;W
BEWEFREERNYS G T 4045 5% 40 iR
HREMEAH T 40 M X R 7 R e
NE RSN EE BT LBhE B A B G 5 0 T 1R
TRE2)

Tab.2 Differentially expressed GO terms in mechanical loading group and MGF-Ct24E group ( compared with the control group)

JIEE AR MGF-C4E 41
GO e GO AR
P P x10° FPR x 10* HHE Px10% FPR x 10*

G0 ;0000910 ity 14 10 4 12 400 1
G0 ;0007059 Wk E 20 10 3 18 30 0.2
G0:0030278 BT 23 20 6 18 2 000 4.3
GO:0009612  HLARKI L (I 0F 7 24 20 6 18 5 000 10
G0 ;0060348 BRE 48 0.02 0.02 37 2 0.01
GO:0000278 75 4443 2440 i JEI A 36 2.5 0.9 34 0 0.000 6
G0 ;0001525 M EE 44 0.3 0.2 33 60 0.2
G0 ;0001501 BHMAGZRE 69 0.05 0.04 56 0 0.000 6
G0:0016477 TR 73 20 5 64 0.2 0.002
G0:0042127 21 1 T A 121 0.6 0.3 107 0 0

i fuH 5
G0 ;0000777 Wil ok 13 30 4 13 20 0.06
G0 ;0005819 LR 34 0.01 0.005 32 0 0
G0:0030016 WUR A 4 26 30 4 24 10 0.03
G0:0031012 o1 SN TR 51 5 0.8 40 50 0.1

SR
G0:0003779 M EABE S 48 2 2 39 6 0.06
G0:0019899 [istagas 98 0.02 0.04 76 0 0.001
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Fig.1 Gene expression profiles of GO term in mechanical loading group and MGF-Ct24E group ( compared with the control group)

(a)—(c) GO terms in mechanical loading group, (d)—(f) GO terms in MGF-Ct24E group

2.2 AHEmFHAE MGF-C24E 438 46 h 5 40 i
BE. SUEXEENERRIA
TR I :MGF-CR24E Ab3H 4] 55 J7 2 L 41 i)
E A RIS R TE P B 40 B AL T B
BARRRIARRIE (L3R 3) , e R N KRB KR
HPBAEAR B, 7ERL M MGF-C4E {EH]
T, R4 R 2 R B B 2 e A R G A R A
Tk B, BB A0 BE I B A B S D ERL JBURH G
HEXMBETHE, & BEEREBSE (Mnp9,
Mmpl3) RS [ (Col2al, Collla2)  ZkH £ EAH
K H (Comp, Uema) &,
2.3 N1EMFLAS MGF-C24E B AT 5 /%
HSHXERNERRIZ
JIZENNER LA MGF-CRAE 4 b 55 20 B 3 R 7
R AR MRS ZAE T BEEERES, A

MGF-C24E 4+ & [N 1 22 F R BB B XHE T 51
MM (RFEA) o MAREBERET Wo {55
P& TGF-B {55 fg &K K, MGF-C4E 4
Wnt {5538 I RIRE & A g 22 R 3835, {3 TGF-B
{55 R L W B M 3858, (R A oo 2 H A A 22
Sk,
2.4 qPCR BiF&R

RGN (W22 RSB AKEMEAEFTE B i &
YERIAS [ D RE Bk 1gtbp5 (Fefr2 Illm Figf %5 4 N3k
H 1T E PCR T AR IERE RIS H i 45 31, 4
AFER R Figf il Fgh?2 f25 R 5 80R s (Lt 2
R &R e—, WAL H qPCR K
Hlm S RFZ R RIREHI O 1K, 12,
4K Lgfbps B FEZRFIRFHRUMF O LEHR. B
&I 4 MEREMZRRLEEMERBLHHSE
A AR EA B, LB R SRR 25 1T {5 .
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Tab.3 Differentially expressed genes associated with cell proliferation and differentiation

EFRIBFE
HEHEFHIS E- S ik
JIEmEA MGF-C24E 41
NM_001033883 CXCL12 Ak E FEL A 12 10.66 9.08
NM_001047843 RPAL EHIEE Al 6.99 5.55
NM_031761 FIGF c-fos R EKEF 13.679 13.15
NM_053683 NOX1 NADPH &4k 1 9.689 7.78
NM_022194 Mim HANE 1 Z AR 16.89 20.24
NM_012712 FGFR2 A A K E 2k 2 3.13 2.98
NM_012943 DLX5 FESHERETS 4.46 2.45
NM_053554 PICALM BB AR S S EA R RN 4.87 2.16
NM_021691 Twist2 twist ¥ EHF 2 3.37 4.90
NM_012588 IGFBP3 BEEEAKEFEEEAS -17.62 6.10
AF139830 IGFBPS B EREKETESESS -10.64 -8.43
M
NM_171991 Cenbl 21 S5 328 1 B 4,38 3.72
XM_342494 Bublb 2T 56 7 1 B Bubl BBt 3.41 3.07
NM_171993 Cde20 20 a2y SR 20 [R) YR 3.30 3.75
NM_001024801 Zw10 ZW10, F 2Rtk 3.20 3.71
41 M S R
NM_031055 Mmp9 SREREAN9 —4.64 -3.28
NM_133530 Mmp13 SRAEEEA13 -8.23 -3.37
NM_001106121 Ucma KRR RCR L R A DG I I IR -11.34 -7.51
NM_212528 Coll1a2 BB, 27 X1, 02 -13.52 -15.09
NM_012929 Col2al BB, AL, ol -15.78 -15.63
NM_012834 Comp WEERERED -17.42 -17.86

T = "R FGET WA RLR , MCF-CR24E 4 b 5 40 I3 A8 - (A DG R R i 22 R 3k i 3 5 1 2 g4l — 3

3 g

REBTIIRM, 1 24 B R RIET A 2B
AL, S ARSI AT S B R BN
Ha AN RS FAE ), Ho i e 38 i, (HLIA
129% Firfi i 28 (LS4 o AR R Bl BE T . BRTER
Him LA RSN ST R BRI/ E T 8 b, i
ML B BGR ™ o AU 1A IR SR
1 12% B9 R 1500 BB AR BE 8 b, 34T B T % A
WRIBTERE . MR A R,
ACEI AT S — A Bh 8 B AR, 5 40 B AR
BEsE S, TR PR SIS N R BR MGF-
CR2AE VR JTIEBE 12 2F B A 20 M3 7, 7e 2 K F 1

IR B S5 FE AR 5C B 2 R R A B LA, TS5 04k
HHR AR N R R ALK A Agilent K
Rt H 41 R 8 38 X 7 2 T 2 4H f MGF-
C24E KB 1) R 40 MU 2R 4T 28 DX SR AR 0, 46
B BB MGF-CR2AE /E B A 4,
HAERENRREN AR, TCERE S B X
A R 22 5 R IR L R EEA— B

it 22 5 AR B N I S0 AT , A ST BRAE L ) R 38
M MGF-CR4E fEHIT , BB 41 -5 415 2] DNA
AR K S A AR K B N R A W E BIA,
-5 M AH 5 B4 40 B A0 28 S i PR 32 K W S 2 T
RE—25 N PIE X B AR 3 S A R AR T
HE SR PR b, R I7 B A 200 35 A 30 0 B
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Tab.4 Differentially expressed genes associated with mechanotransduction
ZERRIMER
AP35 E- SR Eiiipa
Ik o=l MGF-CR24F 4
AR A S 1
NM_133530 Mmp13 SRAEEEA13 -8.23 -3.37
NM_001033883 CXCL12 #b N PRk 12 10. 66 9.08
NM_022190 ACAN FH=SEZ -3.77 -2.71
NM_031055 Mmp9 EREFRHEEE9 -4.64 -3.28
Wt {5538 B
NM_024139 CHP WEEEN p22 4,62 2.39
AF167308 SFRP1 SRS AE e A 1 -7.06 -5.93
NM_001100700 SFRP2 SrinER A EE 2 -2.31 -3.30
NM_053738 WIF1 Wnt 6] FF 1 2.34 3.08
TGF-B f5 5@ 8
NM_001013038 GDF6 HE=RKAMHET 6 3.20 2.82
NM_001025718 MGC112830 R T2 4.89 3.23
NM_031132 TGFBR2 HAERKET,pZAET 2.06
NM_001013062 THBS1 IR 1 3.13

[_] microarray(loading)
microarray(MGF-Ct24E)

25+ qPCR(loading)
Il qPCR(MGF-Ct24E)

2

Fold change(test/control)

E3 EEPCRER
Fig.3 Results of quantitative PCR analysis

GEI G e ) opila e 2ok O = REIR IR AN
Jio SEI AR JRITA MGF-CR4E 1R 4TS, 5
HEAMRMH NS (Uema, Comp, Col2al %)
FIXPIRE TR, BT Z 1 BRI R

H: P (Opg, Opn, Bsp %) REAZ R R, MEH B
B AR AR B R B L [ (ALP) RIA B
E MR BCEASREE NI RS 4 KR
AL, f 3 BB A B B GV, T BB A s i
FER WL 22 5 R I8 ] BB B L 0 M3 H MGEF-
CRAE R , AL T4 RE B B, I By BOR B 3R 1K
ST MM AR R R N, 22 AR G R P 5

o 200 [ 1 B e 440 R JE 3 A 26 26 [ ( Cxell2, Cde20),
Cenbl, Zwl0 48) KX B & L IIESL T 3X — W .
Ucma J&:—FCE 2L R ARG, 7R 5K B 40 M 43
fbrh 5 Col2al R ZRIL, FIVE N — KB ATAE 5%
SYWEFRTEARES . EAHH Ucma FH AN
BB e S IR 1 2 3 R K B 4 L A, 1R BB A )
VAR R P B e oAk B R B AR
HEE TR, AR TR MR ETE R, i MGF-
CRAE fEFIM4IAR PRI T R S5 R . T8 8
RERE ™, Twist2 SLFE B E T R 40 M55 B
R B, BB A0 AR AR Twis2 RIB TR K
AN E AR T R E R R T
VAR RER F T Twist2 ZE R 30w/ B =2, B f1 0
MGF-C24E ffEI¥ B LI T Twist2 ZE K F
K, DT 66 B0 400 L 43 P 5 DR 1 38 32 S o o
AR SRS, BUEFIIS 5T EE,
RIETIRE, BRI B E S 2R E WS, B I fE
A 2 A T R T R A AR B O B 4T Y
BRGNS, Lisignoli ' MBFx Bn kB F
Cxel12 W] S5 2B 3F B 4 L R 35 5, 75 = T RUAR D
MIFRE. B ERR# T Cxell2 ZLE K FEIE, 7E
MGF-Ci24E 4 tp H AR RIAE B, BB A R K
B Coll FEEERTR, RKEMERKEFHERES
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WP REEAEEMIER, IGFs (IGF-1,
IGF2) #1 IGFBPs 2 B4l S ER N EE A
KPRV A B MR TR & EE RN E
T, IGFBP-S fE-5 40 B Ah 3 S 3 1 45 4, U
5 404 AL R B BR R Y T IGFBP-3 1195
FEIRIBE N T B E 40 AR B R B R . R
F1F1 MGF-CR24E 1& A ¥ (& 18 IGFBP-5 #I IGFBP-3
FEH R FRIN T E T U8, DT B 400 B B 53 Ak 0
1B 20 T R, AR 1 B A R A S TRV

Zr LR, B 7RISR D7 AR E R X
S i I PR 33K T T B B 1B S S UM R RN, B
VEF1IR 020 o 5 R 2% 1A i th 36 AR — 3K, MGF 7E i
= B AR S ZE 5 7 11 T 2 B 14 -5 0 3 3L
FIRILIL , TCSBE 2R B 16 B2 3 72 v 0L ) TR A 2 A e
AR T — R . 249K, MGF R IERER
AR R TR AR 2B 18 B 1) R 8UR T 2 i — i 5%
TFE B, A SCAUNEE (] 3 35 3% T T 3 oy B EL AL TR 3R
IREIRL , 5 B B ST R A — A B SR B
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