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phosphatase, ALP) & A X 7] &€ ALP &k, # 2 ICA mEAR SR E, &E ICA RE T AT R
F4mfie, MC3T3-E1 7 X5 i ] % 8F £ & PCR % (real time-polymerase chain reaction, RT-PCR) #: i
B SR A% 8 (BMP) = Wnt/B-catenin 1z 5 i@ %48 % 4 -F (BMP-2 .Runx2 . B-catenin.cyclinD1) & B
%A, ICA %315 BMP . Wnt/B-catenin 1z 5 i %47 ) 77 (Noggin .DKK-1) B & F TR a7 & ‘B 48 f. MC3T3-
E1 5,8 248545 & e K4t E A % Western blot 40 BMP-2 & & &2 T, R ICA {23t a7
AR i MC3T3-E1 A B 21%, B 10 °mol/L ICA 1Rt 51t dk /1 7%, xR 2a k4, ICA 4690 2 LA
BMP #= Wnt/B-catenin 1z 5 i& % 48 % 4 -F (BMP-2, Runx2 . B-catenin. cyclinD1) mRNA % ik (P <
0.01). Noggin = DKK-1 #8474 a7 & /B 28 i MC3T3-E1 454¢, AL i F B o-AE A Bt 49 £ el 2, 5 ICA
HOAE R LA ICA 5 DKK1 B4 F 76 BMP2 &% & 2 X K-F FHE(P<0.01), i ICA THdid
Wnt/B-catenin /BMP-2 43 5 i@ 43 4= 27 s 7 20 i MC3T3-E1 49 B 4L o
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ABSTRACT Objective To observe the osteogenic differentiation mechanism of icariin (ICA) in
promoting pre-osteoblasts MC3T3-E1 cells. Methods  After incubating MC3T3-E1 cells by different con-
centrations of ICA (10" —=10 ®mol/L) for 3,6, and 9 days, alkaline phosphatase (ALP) activity was de-
tected using ALP activity kit, and then the optimal concentration of ICA was determined. After incubating
MC3T3-E1 cells with the optimal concentration of ICA after 7 days, the gene expressions of bone morpho-
genetic protein (BMP) and Wnt/B-catenin signal pathways related molecules such as BMP-2, Runx2, B-
catenin, and cyclinD1 were detected using RT-PCR. After MC3T3-E1 cells were incubated by ICA +BMP,
or ICA +Wnt/B-catenin signal pathway inhibitors (Noggin, DKK-1), the calcification degree was observed
using alizarin red S staining, and the BMP-2 protein expression level was detected using Western blot.
Results ICA promoted osteogenic differentiation of MC3T3-E1 cells. The maximum stimulatory effect of
ICA was observed at the concentration of 10 “*mol/L. Compared with the control group, mRNA expression
levels of BMP-2, Runx2, B-catenin, and cyclinD1 could be obviously up-regulated by ICA (P <0.01).
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MC3T3-E1 calcification could be inhibited by Noggin or DKK-1. The reduction of calcium deposits was
more obviously observed when they combined together. Compared with ICA alone, combined ICA and

DKK-1 could decrease the BMP-2 protein level (P <0.01). Conclusion

The Wnt/B-catenin/BMP-2 signal

pathway might be responsible for the enhancing effect of ICA on osteogenic differentiation.
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MBI, R0 1T Z . AMFR R B, R
(icariin, ICA) JREFEM FEIG M7, ICA fgfe it
BIEEEE, W E R REE, b7 1A B A ik
AR A ICA B B S AR B 4 T AL S FEA
FICA a7 B B ANME 19 . HIES R EHEA
(BMP) J& Wnt {553 B 7E 5 8 BB AR # v 2
RIEHTERPBAEH S . ARSI B e ICA
PEFT R E 40 MC3T3-E1 il i Ak i) 43 AL, 45
T BMP 1 Wnt {5538 #% 7 b i 72 & A 7EAH |
fEHLS

MHETE

1 41 FIESCE AN MC3T3-E1 2 i [a] 55 B2
Bt H R A H

2 W ®BFEF(ICA, B T AEWAHRA
A]), 820 mg ICA % T 1 mL DMSO 1 784317 ,
VR P L 10wl 7 T 19. 6l DMSO f, B 75 5]
29.6pL 1 x 10 *mol/L B, FW R 2pl ¥ T
18 pL DMSO 1,753 20 wL 1 x10 *mol/L 78K .
R b BT SRR R T A5 1 x 10 7% 1 x
10 °.1 x10 °.1 x10 " mol/L 1EfE k. 25t F
BE IR LA B 1 000 A% i A Wk (107° ~107"°
mol/L) ) TAEW

3 RAALE  «-MEM £53:3L (2 [E Hyclone
ONED T - BER R AU /NE Y (EE GIBCO 2
H]) ;0. 25% JiEf# +0. 02% EDTA ¥ (G E 2y
FARA BT s BUIR i 2 A 2 K b (R DORH G 2 9
BEARA BT 5 Gt i B s ( ALP ) 37 1 A 0 3 59)
(R A A FRA W) ) 5 —H AR ( DMSO, 3£ 5
Amesco A H)) ;B - HIMBEEREh F1 6 &K 21 (£ [ Sig-
ma-Aldrich) ; Wnt {553 #3175 ( DKK-1 ) 4 ifg [
T (3£ E R&D Systems); BMP {5 % i % 1l il I
(Noggin) 4iiifi[H 7 ( 2 PeproTech Inc) ;BMP-2 #ii
K (L E Santa Cruz) ; 8 43 it Maker |0 5% 5% i
& AP 7 PCR 77 & (52 M %i Fermentas ) ;
Trizol (3% [# Life Technologies ) ; fifi #5{% ( 25 [E Bio-

icariin; MC3T3-E1 cell; osteogenic differentiation; Wnt/g-catenin/BMP-2 signaling path-

Tek Instruments. Inc) ; H1 K1Y Fl Real-time PCR ¥
(% Bio-Rad) ; PCR {X (f%[E Eppendorf) ; Olym-
pus IX -70 AU E A5 ( HA Olympus) .
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4.1 ZMERESE FUSCE 4N MC3T3-E1 #5575
a-MEME; #2356 (& H 10% B A /N ELTE .100U/mL
MHE -8R E BB R REGESAM N1 x
10 % mol/L B - Hih®RR 1 .0. 05 mg/mL Pk I iz |
1 x10 "°mol/L #IZEKH) 1, & T 37 € ,5.0% CO,
PRI 72 47 v o IO B0 A K 0 T AR 40 M MC3T3-
= I R R B ST v 1 U o = 5 8 1 O S I
10° AL B 7 x 10* AL He 5 12 50 21 96 FLAR K 12
fLAR

4.2 ALP VPRI KT R 40 MC3T3-E1
FERNE] 12 £LAR, R H 23 5 S A ICA HEEN 0,
107"°.107°.10®.10 7,10 °.10 °*mol/lL a-MEM¥j;
FH,PNT M BH3 NEASL. T 6 R RE
R, 2.5 x 10° r/min, B0 10 min, Bt _E 3 % A
ALP JEPEA 0 £ e ALP & PR il 45 25 (AL
(PR 50 pl, FE TR 50l , Bz 7K 30 pl) (ArifEAL
(S 50 pl, B 50 pl,0.02 mg/mL Mty i
N 30 ) JJ5E L (G2 0Pk 50 b, FEFK50 L,
R 35 W 30 pb) o FEor A 37°C /K 15 min,
FALINA A5 150 pl, BEEERIRS, K
520 nm & #5fL OD fH.

4.3 BMP-2, Runx2. B-catenin, cyclinD1
MRNA KR SR 52 B € & PCR (RT-
PCR) . Wil E 40 MC3T3-E1 4ifigdshs] 12 1L
M, &F 37°C,5.0% CO,HREFAH T , KHIMAEE
ICA ¥ h 0 (XF HR2H) & 10 ° mol/L (ICA 4) 1 a-
MEM K53R5E . Ao A widl, 4l 3 N EfL. TH7
KIG#H Trizol i FIFZHRANALE RNA J5 )% 5% 0 cD-
NA. RS S )75 3R 1. RNVARZR N 20 pL,ff
AR .95 CHILEZETET min,95 C7E1E10 5,72 CiE
KBEMT 15 s ,45 DFED, H4 P 2L AG I B 55 00 i P 2
B-actin WEUHZ LA Y B0V A A5 JE Bl mRNA A
XA R 20 S R T
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x1 51WFFIR

KR4 S19F5I(5" -3") 519K (bp)

BMP2  [ji#:CCAAGAGACATGTGAGGATT 708
T TTAGTGGAGTTCAGGTGGTC

Runx2  Iiff: GGAATGATGAGAACTA 175
Fii#:ACCGTCCACTGTCACTTT

B-catenin _Eji#: GATTTCAAGGTGGACGAGGA 150
T it: CACTGTGCTTGGCAAGTTGT

cyclinD1  [ji7: GAGAAATGTACTCTGCTTTGCTGAA 110
T : GGGCTGTAGGCACTGAGCAA

B-actin  |-ii7: AGATGTGGATCAGCAAGCAG 102

Tit: GCGCAAGTTAGGTTTTGTCA

4.4 HMUESAREE RV RO, KT
BB M MC3T3-E1 #5802 12 fLk, i I CE 755
Bigrdk, BT 37°C,5.0% CO, M IRAA T, K H #%
DA 79 4 4k 3 440 i %) BE2H (0 mol/L ICA ), ICA 41
(10 °mol/L ICA), 1 + N 41 (10 ° mollL ICA +
200 ng/mL Noggin),| + D #{ (10 °mol/L ICA +
200 ng/mL DKK1),1+N +D #{(10 °mol/L ICA +
200 ng/mL Noggin + 200 ng/mL DKK1), %} 2
KU, ESR 9 21 Ko FEERFREL, 4% Z R W
% 30 min, PBS ¥t 3 i, 1% #§ E 2 % W &
10 min, WZEKYE 3 i, PIHR BB T AR EG 45 .

4.5 BMP-2 HH LR AKFERM SR West-
ern blot 75, K FTBCH 4 MC3T3-E1 #0212 1L
e, BT 37 C,5.0% CO, fHIEREFHM b, R H LU
A4 A HR A0 A, X EE 4 (0 mol/l ICA ), ICA 4
(10 °mol/L ICA),D 41 (200 ng/mL DKK1),l+D
Z4(10 °mol/L ICA + 200 ng/mL DKK1)., T-#i 7
RIGUCAEANAL, I AGE 5 19 RIPA 25 24 3R B An
LR, (] BCA 2Kl 2 1k B2, e il 28 V9 Ok 1k
WetEe (SDS-PAGE) , AL IV B, B AE % AL v
IIAZE T Marker Fric, HLUKEFE IR, Bl PVDF I
THE&HA 5% BIETikH) TBST # B n)—t, #E K E
4 CWFE KR, G ETHESR 5% BT By
TBST #i B HRP FRric i — i, 8K L= HIFE 2 h,
VERS S b2 ROt B R . Rll44l BMP-2 &
Tk,

5 Stk KR SPSS 20.0 #4175k
P HT o THRERILL X s TR, AR 25 7R HA
BRI 0T WA LR ¢ RS P <0. 05 5
EE M-

# X

10 R[AHBE ICA X TR 41 s MC3T3-E1 ALP
EHERS (B 1) 50 molll ICA 4%, ICA R

[Fi) 9 J3 2 BE 14 5 /i A H 48 . MC3T3-E1 ALP i
(P <0.05) .10 °mol/L ICA 41 ALP & td Hfthvfe 2
Y HER TG E X (P>0.05), FHK 10 ~°
mol/L &4 ICA feidife bk i (P <0.01)

270.18+
=

S0.16- I = . s .

£0.144

£0.12-
i)
2.0.101
T

220.084 [
—

<0.064 |

0 107 10° 10® 107 10° 10°
ICAHE (moliL)

7¥:5 0 mol/L ICA #H[L#:, *P <0.05;n 43
1 OR[EIMREE ICA XFHITECHE 40 MC3T3-E1
ALP 1E MR

2 ICA XFRiCE A0 MC3T3-E1 BB /b Al 3¢
F A (BMP-2 ,Runx2 , -catenin, cyclinD1) mRNA
TR (K 2) SRR A, B A oAb ik B2
10 “mol/L ICA {F Il i 46 il MC3T3-E1 412 7
K5, BMP-2 , Runx2 . B-catenin, cyclinD1 mRNA
FIRAAFBRERIE (P <0.01) .

26 BEE A
' E== ICA4L
<22
Z
£1.84 . *
g
5141
[0]
1.0
0.6 -

BMP-2

Runx2  B-catenin cyclinD1

T SRR, TP <0.015n N3
B2 ICA XRG4 MC3T3-E1 A /bl e 3 A
(BMP-2 \Runx2 .B-catenin .cyclinD1) Fik /K- f &2 i

3 ICA KA 550 B AT AL A 41 it MC3T3-E1
Ja XA AL sZ (181 3)  ICA dLE5 k2 1 4k B
Wi T HAA A, 25 BMP & Wnt/B-catenin
FEEE (1 + N+ D 4) 85 e Ecs ik . A
Ja (1 +N +D 41) 854k b i 2 .

4 K4 BMP-2 EEHERKTLE(E4)  5Xf
M L8, ICA 4] BMP-2 %3k i (P <0.05); 5
ICA 4 1t#,D .| +D 4 BMP-2 F&ik ¥ H 1855 (P <
0.01),
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A HXTHRZ ;B S ICA ZH;C J 1+ N ZH;D 1 +D 4H;E 1 +N +D 4; H A1.B1.C1.D1.E1 R Ea @R T A2,

B2.C2.D2 .E2 Kb Lryetn, iR M54k x 100

3 ICA HA M F LR 40 MC3T3-E1 454k M

1 2 3 4
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B-actin s S S e 424D
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2 3 4

HE: A 44 BMP-2 B8 1 A HLIKIE B 441 BMP-2 28 AN ek 4t (B-actin Jy 15n Jy 3) 51 Iyt
BAZ152 Yy ICA 4133 % D 4154 Jy | +D 41; SHRLL A, “P <0.055 5 ICA 41 HA%, “P <0. 01
4 K4 BMP-2 E£LILHE

Wit

AR A 25 W) A7 A — SR RN
e 22 1 2 3 FF I DA P b S B0 R R RO AT
OB E WP A I RRAL B . BN
BT AR G b R P 2R SRR U 2
BT R Z — o ICA J& TR 78 1 — Fh 3 20 15 1
B4, FCAT B B A 1 FH A B 28 R BF 5 B
Chen KM %5 J] ICA i Kk Bl B 7] 76 5 1 40 i
(BMSCs) i & B, ICA fig {2 #F 41 i 11 3 5, 3% 9%
ALP [, BRILZ AN, i BFFE 3B ICA BE il %
B 4 L ) R O AR F LR T, R s Al R &
T8 ICA FEVR P S Bt 2 B B0 RS 1Y
ﬁ‘ﬁ[g,m] .

A SERG KB ICA fgfie i i B 40 M MC3T3-E1
B, 5 ALP 35, H.10 °mol/L ICA {2501k
RET R A S v . R m A5 R B ICA {2 BM-

SCs M /ML EGEHE N 1 x 10 °mol/L, =4 It Hk
JEZF A RE St ICA SR IEAS [A] K 40 B Fh 26 i AS )

BMP S&HHE SN YR N BB T 0B 1 — KRt £
JOR, AT 75 S R B RN Y B A 2 Al o
fLEERE R, AN AT AL BE . BMP K HETC A
20 ARG, Hoh BMP-2 iAo 2 16 7 i o il ik —
e S AUE AN 7. Smads % /& BMPs 74
M5 A% T R v A A F R R A BT, 24 B
FEICA WIHTH BB AL 11 43 T P 32 24 P e BMP/
Smad {53, Hsieh TP ") L3l ICA T &
40 )5, BMP-2 . Smad4 . Runx2 , OPG mRNA #% ik
e, AT & P ICA REHEE BMP-2 \Runx2 3
IR AR = S R R R A oAk
WOF-254) ] ICA 438 BMSCs J5, Runx2 Bz 4% 2
FkMEE . EH LI ICA BE LI ALE i MC3T3-
E1 BMP {5553 5 A ¢ -+ BMP-2 \Runx2 mRNA
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FE3K, B4 fd ] Noggin Jo& 85 45 45 A= i b, JIF 52
ICA i BMP {553 B4 i i o1k o

Wnt {5 5588122 5 NMERE EK ML
¥, 2 Wnt/B-catenin {5 53 % 2 5 8 ¥ L B 4i g
534k B T8 B, 5 B B A E 1 & A 45 % D) %
2 Li XF 2 % 3 ICA figil i Wnt/B-catenin
S5 E B B 149 £ (osteoprotegerin, OPG)
PR B /0N B A 1 T i 30 I F 5T kB ICA B 2k
BMSCs "®! Bk BUSH AR 41 5 (UMR-106) 7/
JH A, IF K B Wt/B-catenin {5 558 i AH 5C HE [
KRB & EH M ICA b I HT AL 40l
MC3T3-E1 J5 B-catenin & cyclinD1 ik &,
FH DKK-1 4 A e 85 4555 0 Wizl . $7R Wint {5
Sl S5 ICA ek ML

TEMR NG & B LA SR & AR i i FE v BMP T Wint
SR ERENER, HE AL EEN. ¥
5 Wnt {5 =i g e fe i BMP K& BMP-2 .BMP-4
1 BMP-7 ik, JEfE 16 BMP e . A
WF9E % BRAE B G 40 i b B-catenin REHIL BMP-2 1
AR, Verhoeven MC 2120 7E IR BE T £ (1400 JE
B EZ B Y L #E R R B, #0E Wnt/B-catenin {55
i B RE AL I BMP W JE o Ath 1738 228 388 4% 43 A7 i 5K
Wnt/g-catenin {553 {7 T BMP {1 i, Cho YD
PV A Wnt3a 19 4 1 5 3R 2 TR AR 40
MC3T3-E1 BH7EIG A LB T 70 W 2 M 4M ) BMP-
2. Zhang R %2 %31 BMP 1 Wnt/g-catenin {55
R A T 0 B P B TR A A3 Ak
eSS BHAE M, IF H ik & B Wnt/B-catenin {5 5
BEREAE M LUFE S BMP-2 TR . FEF UL EF5R 3
AR, ZEH N FUKF & B0 ] Wit/B-catenin {5 5 il
HJ5  ICA {2 3F BMP-2 A& A% A4 RE 1 B Sk 55, $2R
BMP 5 Wnt/B-catenin {55 % Al REAF7E5C BAEH,
ICA AJREj# 1+ Wnt/B-catenin/BMP-2 {5 5 % ¥4
HiSE 4 MC3T3-E1 By 41k .

2% I, BMP #il Wnt/B-catenin {553 %2 5 ICA
PR i /8, H WG 3E % 2 RIAE eSS BAE AT, 7T REi
1t Wnt/B-catenin/BMP-2 {5 53l % i % Ay B 20 Y
MC3T3-E1 By RLH 401k, HoAtiE #5252 5 ICA 14
B AR E— 2 F TR SE .
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