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(=] HIY HiHiFgi e d: K ® T (hepatocyte growth factor, HGF) Bt 58 T 4 & 4 T H 9 ( bone morphogenetic

protein 9, BMP9) 75 5/N BRBH 1] 78 5T T 40 i ( C3H10) AU E sr L iy 2, FFERITFL T RE MY 43 FHLH . D5k AW 5
A5 BMP9 7E C3H10 41 it i 3 32 35, W B 156 A 20 ng/mL JIF 41 il A= 4 P F HGF 55 C3HI0 4 iy, Real-time PCR #5 il

C3HI10 J 8 J3 A AH 2 KB 45 25 1 (osteocalcin, OC) A5 1y 25 I (osteopontin, OPN ) B Xl mRNA 7K K525 4k ; Western
blot #5:i1] OC .OPN (/)7 (4 3235 K ; ALP Yefe J ALP 328045007 C3H10 21 i 455 2 i ( alkaline phosphatase , ALP) Jf 4 [
AL PEER LT S YLk I 40 Pl 1) 475 3 T AR ; Real-time PCR 45 I 28 W15 5 38 % Smadl/5/8 FE 75 T i F2 Y R 38 K
i BMPO HupbfEHBETSS: CIHI0 A a) SiB 7 10 404k, I 3G oR 40 M ALP 35 0% , 5k HGF 75 45559 1 BB i A H LB
55 BMPY X HH nJ i 25 1 5 C3H10 40 AL e S MR 4 OC 5 OPN i mRNA K 2 [ #3A7KF (P <0.05) , fie i ALP 7§
P, KM A E5ER DT HGF BERIEL Smadl/5/8 {5578 #% mRNA Fik/KPBEM S (P <0.05) . g5 JFAEARKETF
AR B9 BMPO 155 C3H10 20 M A H 4L nfE v R Rl ad s Smad 22 L5538 HOR SEIAY

[ ]  BIEEEAED 9 MR+ B BE 0 585 T 40 M s i
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HGF promotes osteogenic differentiation in mesenchymal stem cells induced by bone
morphogenetic protein 9

Hui Hui, Luo Cong, Bi Yang ( Laboratory of Stem Cells, Key Laboratory of Child Development and Disorders of Ministry of Education,
Chongqing Institute of Pediatrics, Chongqing International Science and Technology Cooperation Base for Child Development and Disorders,
the Children’ s Hospital of Chongqing Medical University, Chongqging, 400014, China)

[ Abstract | Objective  To determine the effect of hepatocyte growth factor ( HGF) combined with
bone morphogenetic protein 9 ( BMP9) on the induced osteogenic differentiation of mesenchymal stem cell
(MSC) line C3HI10 and investigate the possible underlying mechanism. Methods  C3HI10 cells were treated
by recombinant adenovirus expressing Ad-BMP9 infection and HGF (20 ng/mL) induction. The expression of
osteocalcin (OC) and osteopontin (OPN) at mRNA and protein levels were determined by real-time PCR and
Western blot analysis respectively. The activity of alkaline phosphatase ( ALP) was detected by ALP staining
and activity assay. Calcium deposition was detected by Alizarin Red S staining. At last, the mRNA expression
of Smadl/5/8 was analyzed by real-time PCR. Results = BMP9 alone induced the osteogenic differentiation of
C3HI1O0 cells and increased the ALP activity. HGF alone slightly induced osteogenic differentiation, while
significantly promoted the BMP9-induced OC and OPN expression (P <0.05), ALP activity, and calcium
deposition. Furthermore, HGF induction resulted in significant increase in the transcription levels of Smadl/5/8
(P<0.05). Conclusion  HGF synergistically promotes the effect of BMP9 on induction of osteogenic
differentiation of C3H10 cells, and this effect maybe due to the activation of Smad signaling pathways.

[ Key words | bone morphogenetic protein 9; hepatocyte growth factor; mesenchymal stem cells;
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B BE 8] 78 T 40 #9 ( mesenchymal stem cell,
MSCs) & —2KHA B IR EHTRE ) M2 W LI RE 2
AE T4 i, 15 Dy i S8V TR b i b 40 i w1z B
Gt SRR IR T B R o MSCs 40k B 4
L RE AT AN A2, R 5 H il RS 5 PRI ) 4 15
FAc MR R MSCs 53k fe J1 02 HRTIRE R .
A K HEEH (bone morphogenetic proteins, BMPs) &
Ak K A F B (transforming growth factor-g, TGF-B)
GG OL , FL 1 TR, ELAT B0 i PR 1 iy
ST o BMPO H T OA Ry 2 B AR A R Y
BMPs 22—, # ] 2 N T 8 A0 i 5 R B WF
g A BRI T BMPO 78 B85 R 48 AR AT
A Fpife— B IRAWTTE , (H SR A T 0 80E 1 P 2 3R
BMPO R B2 —FiA &1 FFAE A BT, A0 AR K
T (hepatocyte growth factor, HGF ) {1 & — Fh iR 25 il 42
MR T, AR 2F 2 FhAn i 5% 558 ) oAk
i T8 — A K 7% MSCs BUH 20 675 S 19 A BRAE
FH R AERA A5 5 ) o8 240 il R Bk 5 A T R 4R
f. HA HGF 5 BMP9 HX5 5% MSCs 85 /LI s
NOABAHRIE . AW R HGF 5 BMP9 BX A 1F H
X MSCs BB 73 A I 5 S 800, 9028 20 A vl fERY
B, 2 MSCs B A5 &80 v T3 21 41 TR 43 18
I B¢ B

1 HE5HE®

1.1 &4 5 A

/NSRBI 5 5T T 200 Ak C3H10 \HEK293 44 Jifg
BIRERR 2= E L3 B B LBHIT ST B T 40 M 52 e == (A7, 3%
ik BMP9 #5575 Ad-BMPO X BB % Ad-GFP ¥4 iy 2 Jin&F
HAF B 2l 3 )1 82 S8, HGF W [ 35 [ Sigma A,

DMEM Basic 35555 RN ML 1 A 25 F Gibeo 2 H] 5 21 il
ZUE W 55 [E] Promega 2\ ] ; % 1 8% B2 i ( alkaline phospha-
tase, ALP) 7 & K 1l 3, 7] £ . Naphthol AS-MXphosphate alkaline
solution Ffl Fast Blue BB Salt 3§ 4L S JF4NAEA & A F S5 1E
FAHE R polybrene 31 [ 3¢ [ Sigma 2\ W] 5 = 4l 5 RNA i
FEWOAR & (B0 AT (PCR I & 7 4% 5% 77 & i DNA
marker ¥ B J0IE A Z8 50 AE Y EARAE R A5/ BoR IR Y B-
actin —47 OPN —41  FEH0 B ZH0 2K I OC —HT  FHi =
Br¥e 9 S5 [E Santa cruz A F], PCR 519 AR FE R A 74 o
1.2 %44

W C3HI0 Lh 1 x 107 /FLAY %5 B HFh 1 24 ALAR, B R 101K,
Vet o4 AR AR B i R - DGFP 4 I AT IR B Ad-
GFP;(@BMPI 4 fil A Jii 5 7 Ad-BMP9; @HGF 4 : il A HGF
(20 ng/mL) Koxt B 2 Ad-GFP; @WBMP9 + HGF 41 : i A fit
T Ad-BMP9 K& HGF(20 ng/mL) o 44UITAG REAE I3 5 77
polybrene (FZHKE 10 pg/mL) , 5 3 d 47 —YCERRR, &

M3 ANE L.
1.3 Real-time PCR #:] 5} R 1 BMPO | 5% B 48 % & @
% Smad 135 4--F mRNA 7K-F 44 £ ik

C3HI10 M5S0 3 REAH 10 K, 4l 8 RNA P
TGRSR IO ZH A0 B RNA, 36 4 ) cDNA, DL
53 d REANIEN, 5 AR % BMPI (L35 4 :5-GACGC-
CTATGAGTGTAAAGG-3', F i 5| #): 5'-TCCCCTCATAGTGG-
TACTTG-3") .Smad {5238 % (Smadl 75| 4: 5'-AAGCTGT-
GGACGCTTTGG-3", Fiif 5] #: 5'-ATCCAGGGAGCGAGGAAT-
3';Smad5 [ {iF8#: 5'-TTCCATCCCCTGCCAGTA-3', R iiF
¥: 5'-GCCTCTCGGTGCTCTCTG-3" ; Smad8 | i 5| 4. 5'-AC-
CAGGAGGCACATTGGA-3', F i 8| #1: 5'-AGCCGTGCTGG-
TAGTTGC-3") SEAHICHE A, L5 10 d BYREA S AR, 97 1% g
BHIZEE N (OC L5114 : 5'-CCTTCATGTCCAAGCAG-
GA-3', FUiB|#¥: 5'-GGCGGTCTTCAAGCCATAC-3'; OPN | ijff
24 5'-CCTCCCGGTGAAAGTGAC-3', Fiif 5| #: 5'-CTGTG-
GCGCAAGGAGATT-3"), DL B-actin ( I W7 8] #): 5'-AGG-
GAAATCGTGCGTGAC-3', F i 5] #): 5'-CGCTCGTTGCCAAT-
AGTGA-3") NS . IR FR 7 :cDNA 2 pg, R3]
P45 10 ng/wL £ 1 pL,2XSYBR Green JZ Wi 7.5 pL, ik £
20 pL, KW ZEH:72 °C 3 min;94 °C 3 min;94 °C 10 5,55 °C
20 5,72 °C,20 s, 3540 AMEF; Bf 4 65 ~95 °C 455 s H
0.5 C M.
1.4 %M 5 B2 B (alkaline phosphatase, ALP) & 1 6%

M

%4 C3HI0 ffiFs 3 oAb 5E 7 K, W s s 57 4, PBS 52k
338, BFLAN 100 WL 400 S i 24% 5 min J5,15 500 x g B0
3 min, 17 S pl 2 EP %, A 1 x LUPO buffer 15 wL, ALP
5 pL, 325 WLIRGRR, WHRG G, EiRk THROCEE
30 min, U EL AT EL . SRAT BCA A6 40 Jifg P SR
H &, KR IE ALP 3G R E B 45
1.5 mEsmRiEEe

C3HI10 4 A4k 5 7 K, 3 K353 56, PBS Yk 3 Ik,
T ZE By AS-MX B 14 B F2 6 v VR0 Rn PRl 1 i AU ER IR & T
250 wl.,37 CHEOLMEF 30 min; PBS P %, 72065 T WA
5o BAMEGL (o R 1 50,
1.6 HFE4 S FermssHdinm

C3H10 4iiffifs i34k 21 d, W F LN RE IR 3, T PBS ik
3, EALINA 200 WL 4% 19 HH 5 5 10 min; 57 25 H E, PBS
VW 3 Wk, BALIIA 250 pl 2% [ £ 41 S,37 CHFF 30 min,
BT TSR AL B UL B e T 3R 25, PBS YRR G L BE T
WA S
1.7 Western blot #& OC .OPN & & /K-F 85 & ik

C3HI10 53 10 d J5$2Hss 4 il s 8 A, i BCA T2 |
FIVREE B 20 pg 22 10% SDS-PAGE 75 [ HL K 4MBIJ5 , A 250 mA
{HHL i 2 PVDF I I =R T 5% WIS 4E 93364 1 ~2 h [ TBST
VERE 3 I AN BT B-actin (101 000 % &) . /N BT OPN
(1:200 F#%) L LL2EHT OC(1:200 Fike) 4 °C 31 VR4 Bilm
A HRP FRICHY ST R PF 1gG(1: 1 000 # %) , EiRIEE
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1 h,ECL %5, 1 Image J 3443 M4~ 255 K BE A, LA OC
K OPN 5 B-actin JK B HUAE R OC T2 OPN fyAHXS ikt
1.8 “its ot

V. SPSS 19. 0 BT 2E 50T, LI R DL x 25 36
N, B2 A) R ) LSD-1 K 56, 22 41 22 1) A B R 36y 22
50T

2 HR

2.1 BMP9 @& #ak & & (kL

A2 B B B i , AR KRS R, IR 3 d BB ER
BMP9 8L 4 4 U i) 58 KB 3 K 60% ~70% (& 1) 5 Real-
time PCR %% 5 i 7% : BMP9 7E BMP9 #4H & BMP9 + HGF H 54
EFk, AR B 5[ BMP9 4 (14.39 £0.11) ,BMP9 +
HGF 4. (15.46 £0.16) ,P <0.05], HULIRIF T 5L 504
SR AT {51 B 2 e 3 0 ] Ee i

(A ' B
A:BMP9 41;B:BMP9 + HGF 41
1 EZARRFS BMPY Bt C3HI10 3d FZRBRUIENE  ( x100)

2.2 XZFFHamE &G OC OPN ¢ £k o

C3H10 #5474k 10 d, Real-time PCR %5 % i 7% : HGF 5
BMP9 /e ¥ AT 5 5 OC J OPN JEH Rk (P <
0.05) ,BMP9 [{{EFi3# T HGF,BMP9 + HGF §¢441 OC & OPN
MIERA W T HMPEFA (P <0.05), OC mRNA ik
GFP 4{(1.01 £0. 14) ,BMP9 41 (8.59 = 0.95) ,HGF 41(3.43 =
0.37) ,BMP9 + HGF 4 (38.00 = 1. 86) ; OPN mRNA # ik & .
GFP 4{(1.01 0. 13) ,BMP9 4 (10.36 0. 87) , HGF £ (3. 85 =
0.26) ,BMP9 + HGF 2 (43.72 +0.93) , Western blot & il 7 14
KRS, a#—F [ OC HEH £k : GFP 24 (0. 13 £0.03),
BMP9 41 (0.91 + 0.05) ,HGF £ (0.42 +0.04) ,BMP9 + HGF
ZH(1.39 £0.05) ; OPN 7B (1 #£ k& GFP 41 (1. 15 £0.05),
BMP9 £(0.70 £0.03) ,HGF 44 (0.37 +0.04) ,BMP9 + HGF £
(1.16 £0.01) ,P<0.05], WK 2,

GFP 2

BMP9ZH  HGF#H BMP9+HGF H

0C(38x10°)—
OPN(55x10°)—
B-actin(43x10°)—

2 FE4IEHE OC K OPN EEFIXIER
2.3 HGF {Zi# BMP9 ¥ F C3HIO 2 je-T-3 i A %1%
i P A I A 1 A o PH A R 1 bR . C3HIO 40 i

V7 d, ALP Jeta g 7R : BMPO Hhi Gy C3HI0 5 5L 40
fadg %, i HGF 5 BMPO Jk [a] £ i 41 i 4 20 M0 2 25 4%

(E3) . ALP {6 M Al 45 R 22 1 : BMPO 41 ALP JEHE3E5H
15 BMP9 44 Lt , HGF Bl FHZH X ALP 3 1 5% 5 55
BMP9 5 HGF B4 1AL ALP 34 oAl 20 B S 15 (P <
0.05) [ ALP i #: GFP 41 (2 205. 33 = 273. 50 ), BMP9 4]
(5 726.00 + 593. 97) , HGF 41 (2 793. 33 = 285.03), BMP9 +
HGF 2[ (14 781.00 + 1 537.19),P < 0.05 ], 523 4% 5 4 1]

HGF X BMP9 75311 C3H10 it 7 1 e 7oAk B fE HEVE T

C

A:GFP £1;B.:BMP9 #1;C.HGF #1;D.BMP9 + HGF 1
3 ALP LENBARLLEAREBHBREEESTL (LM x100)

2.4 HGF %% BMP9 %% C3HIO0 m ftuk 29 & 5 41k

B R LR 0 M B 2 F R I S A G 0 5 A, S [) PR 2%
ALFRANAE 21 d JESE S PR AT S Yo KB (1&] 4) . 5 HGF BMP9
Bl A FEZE A HE, BMPO + HGE 21 (1445 £5 25 1 B 8 800, 32 5%
HGF {i£ 3F BMPO 755119 C3H10 4 Jfd 6 i A 5o B4k

A:GFP 28;B:BMP9 £1;C:HGF 48;D:BMP9 + HGF 41
El4 HERASFEURTELEAFRTR (LM x100)

2.5 HGF {%# 7 BMP9 i %69 Smad & 242 5 i@ %

C3H10 55 4 ¥ 3 d, Real-time PCR %53 /5. HGF 5
BMP9 565 Ab PR 1Y) Smad £ 88{5 5530 [ mRNA 23k g 1N
(P <0.05),7f BMP9 B2 /E 41 oA B3 (E 5) .
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35r mcrpP4l ab
= BMP9 4
30F W HGF 4
= BMP9+HGF 2
25}) ab
5@} a
2.0}
"
= 15}
=
= 10} =
0.5}

Smad1 Smad5 Smad8
a:P<0.05 5 GFP 401b45;bh:P <0.05,5 HGF 41t
5 Real-time #] Smadl/5/8 mRNA RiX[ER

3 g

MSCs BLAT 3K 9 22 [0 AL Vs RE RIS AE 1 , 7640
L ZH M 5 AT B AR 1 R R B, — B 44
TREEEAGR 1 B 5T $A A, T MSCs 76 B 434k gt i o
3% Wnt, TGFB K BMPs % /5 S pE 5

BMPs J& T TGF-B 4l s (A T # 5 %, Jee—Fh £ 2h
BN AN M A K- P 7. BMPs 2 H R /A B 1 . HLi
—BEABIF TS5 B A 20 R, i PR AT T L
QU I, T A 2R KB BMP9
Y£R8 BMPs ZE5E 1 2 — , HA 1R A5 T MSCs 1l
SMARIRE T, ELBCE SRS A T e BMPs g5 Y . R
1M1}, BMPO 55 B 43 A B R0 18 A e it — 2 B 4 2
fi it MSCs 171 Fl TR AR TR R . BFSEIE],
BMPO 741 25 — 2 M 0 14 F W 00 45, i3 ) HAZ 1] 76
T2 R MR B EE R AR5 ST
7E BMPO 5 5 1) ) 5% i B o T RE R B 0 [F] 19 1
FHH—IOJ .

HGF J&—Fift 2 32 ¢ 1) 78 5 40 g 43 b 1) 2 Sh RE 4
DR, T UG HEA 2253 58 K B R R K Wi e, 7 7T 1)
S I A 43R 55 IR R 2 AR HE TR O L R L PA 21
YU B 5, Wen %1 % B, 5 ¥k ) HGF fig 6 {2 oF
MSCs (1) 34 58 B /1, MSCs 7E W& 4 fb i 72 43
HGF 75 550 45 A2 A, FLAR ¥ B2 9 HOF (20 ng/mL)
AL E MSCs 1 B 434k s 84T WF55 & & BL HGF & i
B RER A M BT 22 i TR v N ) T R B A
w5 IR AT HOF 78 8 43 Ak i i v e 25 3
FHEZRE .

AWFFE A A HGF 5 BMPO Fph s 56 A /E H F
C3H10, 45 R - 74440 HGF Hph/E i F C3HI10,
Bl ol R S M B S AR O L R T AR GRS A
AL B A Y A D A B e A 2R b R e, HLE

H/E g BMPY Sl /E I 55, 1fi HGF 5 BMP9 BX &
VEFHREts o2 7E C3H10 20 i 45 it i B 45 bR iy 22
ik, X Ui HGF REfE ¢ #f BMPO 7E C3H10 H (1) il &
SRR, FF H HGEF 5 BMPY 78 i 43 4k 1) B [F)
FRE T BB

BMPs-Smad 155 %2 BMPs 1755 5 404 1Y &
%)y 3, Horp Smadl/5/8 5 BMPs [ 4E L R % V.
Smad1/5/8 J&F TGF@s ik AMH 1 BMPs {13 %
ZHREY BT 2 A% Smad K. BMP 454
1 1A B 22 /R 90 2R 22 AR W] L5 5 Smad1/5/8
PR AL PE T 5 AL T B A ML | Rl Smad 2 9 AE
3 5 VA HAh A5 55 30 B AL [T i T A . i FRAT]
255 7R Smadl/5/8 #E C3HI0 i 3L Al F R
BMPO 17 235 A5 Smadl/5/8 43T 1) mRNA /K-
Fo3k, iR — P57 /N B P45 338 BMPO 5 5 il i
SRS Smadl/5/8 55 4%, HB iR Ak 76 M8 X
BER L HER BMPY N LA, ORI Smad 155
T AN B 3 e %35 . HGF i S 411 Smadl/
5/8 {55 TINFRE B =, BMP9 + HGF 4] 5K
o5 PR LR AT T4 HGF BEfZ A 5% il Smad1/5/8 )
Fak i AR BMPs 740 Hh 4 G FHE A5, fiE
% @ 5 BMPY (¥ /£ 1, BMP9 5 Smad 4} 145
G, it —2 RS HGF 3458 Smad B /EH , X —
R F] BEAE HGF fiE F BMP9 155 C3H10 21 i g B 43
PR B E AR

28 bR, AR SE B R T O Al i AR K B B ]
BMP9 fig it 5B AL VE 0 2 R T HGF AT g
eIt R Smadl/5/8 [13R3A iS58 BMPO ) i
BB F—4, BATHIERAIRT HGF P Smad {5
S AR T AL
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[RgR] MR AR X EERRBRAL s IS 5% CT

[FREESES] Re04 [ XERIRER] B

SEHE EF s 5 CT K284 M T WA 2 W, SR 0 IE7E 12
5 CT KA i B AT RE R A O IR BRI L A vE O I REA 2 L SO
URPEIR S, 228 BF OB SR CT R H 25 e i, B0 MU 1
# ot FL 3R FRAE” ( dependent venous contrast pooling) M| K i
PUINZAE G AT LA GG Rt AL, 75 0 2 52 (8 3 B, AT 17
TARHEEN L], BUR A .

1 AR

B, k70 2 A 1 d JCWE i DR B K
1E SR BEif Y7 et e, i e B Be F 2013 4F 8 A 11 H
BARBERZRE . Foizig b B h BT IR, SRR A
Be A A (Al 37 °C, 04 123 /min, IfiLJE 77/56 mmHg, TEFPE
SRS TV, PRI D A, 1 b0 B T AR
AT P 24 A 5 1l 5 Ak 3 S e AR B ICU i — 2B i24R
e AN ICU J5 BRI ZS T (88 #M B T e S5 A0 B TR 25 5700 L 1
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(400042 FLPK, 55 = B[R KA KPR e P A MRHIF S8 B O B )

P [r] A8 A O B AT 4 R 58 CT K. CT A £ i
A1y 18 :40 , A5 Ao 7 v 5 B DA s A i o oxek BE R0 AR AIE ™, S
RIZE GRS AL R (9] ICU, 19:46 f 38 A O MESREE , 57 BLC il 2
S DB R E DAL TR SR ZS , RSk , IR 25 R il
B @A 2T DRI ST, @2k O ik, @
feidsrfl. CT Kaf 2K B K@ a7 th Be, Bt 5
JETZ,

A CT YL GE 2\ &) 64 HE VCT, H 442 % 120 kV,
360 mA. HERHIAIE 350 o/ L, i FGHH AR 3.5 mL/s, S fkIE
I 24 s, CT 35 [R50 /i 28O JIE N G5 32 90, T s i ik i
FEFNIARR (P LA) | BT Mk 1) 7 Bk BT A 68 E 50 9 AR (1]
1B) 475 H BRI R AR I R R (P 1C) ¢

ACTHBRETELZSHEALLEY A, THESKE
IR TV R BT A b A b AR C A B # ki
ik 1R
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