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WE HK R EFEILZ LW KK FHE LK T %% (bone marrow mesenchymal stem
cells ,BMSCs) m. B o1kt #2  BMP-2/RunX2/0OSX 1z 5 i@ ¥t % ., FHik H3Eieh% 3 X BMSCs E*ﬁ
WA 3t BR LR SR I 2A R A7) A 4, TR 4R 4a BT 0. 2% — W A 2 #RAm OS & v DMEM/F12 3% 7 L 3& 7%,
g 20 pg/ml & 578 B F RBEAT TR, 4 4) H 425 20 pg/mL & F % &5 8 1ug/mL NOGGIN fﬁ
R G T,9 RGN st shit i (ALP) &k, B F 4 €k P MBS LY % E ,RT-PCR 40 s
FAEEE (] ARKR ESEGRFHES) A BMP-2/RunX2/0SX 12 5@ % A0 % B Foy 4t kik, R
LA RBAAE , R Z TG RE 55 BMSCs ALP EH3gR SEYEEEZEK, | ARER.EHE
G A B E G RE T, R B A% 4 F BT BMP-2 RunX2 4= OSX #) kL & R 3 (P <0.05), &
A b 3k 57 4 BMSCs ALP #FHEAK(P <0.05), 454 % 54‘“‘&1‘%4&, | BRER.BFSEGERTHES
FIEKFHI&(P <0.05), 58 20 wg/mL %% 7% % Z 483 BMP-2/RunX2/0SX 13 5 il %12 # BM-
SCs T w A ot 42,

FEER RSN R S R R B R R T 4986 BMP2/RunX2/0OSX 13 5 i@ % ; B 41
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ABSTRACT Objective To explore the effect of total flavonoids of Herba Epimedium (FHE) on
BMP-2/RunX2/0OSX signaling pathway in promoting osteogenic differentiation of bone marrow mesenchy-
mal stem cells (BMSCs). Methods Passage 3 BMSCs were randomly divided into the control group, the
experimental group, and the inhibitor group. BMSCs in the control group were cultured in 0. 2% dimethyl
sulfoxide + Osteogenuxic Supplement (OS) fluid + DMEM/F12 culture media. BMSCs in the experimental
group were intervened by 20 pg/mL FHE. BMSCs in the inhibitor group were intervened by 20 pg/mL FHE
and 1 pg/mL NOGGIN recombinant protein. At day 9 alkaline phosphatase (ALP) activity was measured.
Calcium nodules were stained by alizarin red staining and the density was observed. The transcription ex-
pression of osteogenic differentiation-related proteins (type 1 collagen, osteocalcin, and osteopontin)
and related factors of BMP-2/RunX2/0OSX signaling pathway was assayed by RT-PCR. Results Com-
pared with the control group, ALP activities were enhanced and the density of calcium nodules signifi-
cantly increased; type I collagen, osteocalcin, and osteopontin expression levels were increased in the
experimental group. The expression of osteogenesis-related transcription factor was also increased in the
experimental group. Noggin recombinant protein inhibited FHE promoting BMSCs osteogenesis in the in-
hibitor group. Compared with the experimental group, ALP activity decreased (P <0.05), the density of
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calcium nodules was lowered, expression levels of type I collagen, osteocalcin, osteopontin significant-

ly decreased (P <0.05) in the inhibitor group. Conclusion

20 pg/mL FHE promoted osteogenic differen-

tiation process of BMSCs by BMP-2/RunX2/0OSX signaling pathway.
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PO B R LM 25 A U s . TR,
FR—FhE TR AT B R RO IR T
GG PR IR A X B B A A HL A
(T BRAIF R ROt R B, 7 F A
v iR /] LA S i i 18] 78 BT 41 MY (bone marrow
mesenchymal stem cells ,BMSCs) il{ &4+t , 4
WF5E 3 T BMP-2 5l % 0F 5% 7% °F- 45 S B 355 BM-
SCs st A BB AL ) 53+ HILH

57T %

1 Y 4 IR IE S SD K5 H, Mk
AR, A E 2 40 g, W B RS E e SR SR s YA
R H] B A A6 TE S : HNASLKJ20122049

2 24y ZiMIETLIEA JULT TR R, AT
JUTL e B Bt 2 2 B A= AL b 8 e g = . 4RO s
KRR PR B 75 % LR, R 25 koK L s
SRR A | o TR Wt e o He A7 2liAb , PR 298 VR T4
P TR A S R A R (IR o A B B R VR AR
mi R FHER A3 066 B VA T A5 T 42 B A 22 = 48 S v T
N T78% ), HARBGH N 22. 16 mglg. 75 M T
E AR, BAE LR, IR ECH] K 0. 02 mg/mL
FVR F7E MR ) (£ 0. 2% — TR AR I AE W , LA
25 P L ST 6 2 1) 240 i 2 S

3 ikH 5{#s DMEM/F12 (Hyclone A7,
KHIE) , Fetal Bovine Serum ( Gibco A ), ) ,
0.25% JEE i (& EDTA) ,PBS #3711 . 41 Jifd 2 gk T
(b R PR B AR A PR W) ), A o it R Joia 42 1L 77
(hAdEE AR By A R A W) | i 2R i (Hy-
clone A d], K FII) , — H £ f1 ( DMSO, Sigma
/Nl ), Recombinant Murine NOGGIN = 4H & H
(Peprotech 4], 3 ), (ALP) Assay Kit Based
on IFCC(2007) ( Ly Sk ABRA T, &) , Os-
teogenuxic Supplement (R&D 7y A, 3£ [H ), Cell

Counting Kit 5 GREENspin ZHZ1/41 i RNA i1
BULH & (b at e S E bR A R E R A R A A,
PCR %71 & .DNA Marker (Jt =& 4EHEWHAH
FRAFD)  PERLK (PUPefb TR A BR AR . 24 fL
BiF7 M (Corning A W], 35 [H ) , TS100-F 5] 5 A1 2 i
448 (Nikon A #], HAS) ,L-3180 I [ 32k k43
(BRI R A R A A, CO, 1HIRKIEFE
(SIM AT GG (IR s A BRA F ) , Mod-
el680 M filitRiY ( Bio-RAD /A H), £ [ ) , #3550 Al
(Sigma v, £ H) AREIRAEE (Haier , 1) o

4 4534 &% BMSCs iiEiAES S MME% 3k
(7], R A 4B B8 BE 2 5 57 3145 54X BMSCs . 58
ISR RN, R A M T S TS 4 10 3 L
L4, 16 % P3 48 BMSCs, DL 45 5256 T . B K
B 479 P3 f£ BMSCs , 4% 5 x 107 LI B #:70 T 24
UM, 7 40 MO Rl 55 80% ~90 % B, 2264k B 455 35 ik,
TN AN S A L 78 BRI ) OS Ki R 3Lk A7 it
IAEES . KA 3 4H 4 BRA1(0. 2% — I 3T
Bhn OS & fin DMEM/F12 X% 3% 3 ). 52 36 4
(20 pg/mLVEFAE SH N 0. 2% — H IL WA OS
Wi DMEM/F12 155758 ) il 5141 (20 pg/mL 3%
FFERIEEII 1 pg/mL NOGGIN 41 & 1 0. 2%
T HIEEAN OS Wi DMEM/F12 $533:48) . LUE %
2 ~3 Rkt 280557 9 K, 0T RAT Rl

5 WEHRAR RAI Ty v

5.1 ALP EMIE WMEIHEFNE3.6.9 K,
2mf ] PBS IR UE 3 3, A 21 M i 57 200 L,
10 000 r/min B.0> 5 min, B35, R ALP As-
say Kit Based on IFCC (2007 ) 7 H R AT fit§ K 4%
i (3 3k ) W 4 B 24 A W ) ALP 3E 1, T
505 nm AL E G EEARIUIE AA fmin, THELRE i
i ALP 35 /1 :ALP(U/L) = AA /min x2 713,

5.2 AG{LgEIE SRRk T
P9 KJg, LBRIERE I PBS ¥k 3 1K,95% &
BEfEE 10 min, =28 KEEVE 3 I,2% P R4 (pH
4.1) 37 CY15,30 min,PBS M ¥k 5 i, T4 3 H
WEAH . B NOESHIE B 5 A 251 S AR Ak

5.3 MEMEEA—I BEE (Collal) /B4
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5 H (osteocalcin, OCN) ‘& # %5 H ( osteopontin,
OPN) & BMP-2/RunX2/0SX {55l #f mRNA #ik
JKE (1) #HR GREENspin ZH41/41 s RNA R
PP & UL A TR U AL S RNA 5 i 35 57
3£.,0.1 mol/L PBS &k 2 i , 41 24 it 47 24,
IIAGFE R 70% LB, 7053 WKAT , W AR 240 W T 1 FfS
: RA #1,4 °C 13 000 r/min .0 60 s, FJE W&,
700 pb ZE H W RWI, # % 60 s, 4 <C
12 000 r/min&.0> 30 s, FFK W, I 500 pL ¥k
RW,4 C 12 000 r/min &5.0> 30 s, 7K, R VL
10, K T B AR RA IR A IR S E L 4 C
13 000 r/min .0 60 s, 5B, K W B A RA JICA
1.5 mL EP & v, -0 AR e (8] 355 A7 A T 4% Bl /K
40 pl, = ¥HCE 1 min,12 000 r/min, 2.0 1 min, Uk
ENRJZMAR . F IR HIFi-MML-1V cDNA %5 —%5 & il
R G VLR 20 wL KWK R (ANTP Mix 4 pl,
Primer Mix 2 pL, RNA Template 4 pL,5 x RT
Buffer 4 uL,DTT 2 ulL,HiFi-MML-1V 1 pL,RNase-
Free water 3 pL) , itz MR B L ,42 Chi
# 40 min,70 CHFE 15 min, (2)RT-PCR [ : &
2 x EasyTaq PCR SuperMix 7] & il 25 pL [0
1A% (cDNA #i#z 0.5 pL, . FiE51 494 1 ul,
PCR SuperMix 12.5 pL,ddH,0 10 pL) , /572 C
FEH 8 min,PCR KL ™ )2k F 1 % B b 8 Jee v vk
30 min, Bio-BEST200E % i it 14 & 4t M 5% 4% It
R, [RE %A Imaged 1. 46 ik 38 1% 50, If
HEAT LA FHEDR 51 e m s A 0 i 2 R R A BR A ]
GG T I SO EE WL 1. XL ALP F AL
H SR [ S S A5 5 B 7 A A X 2 ok i J A ) o
5 K.

&1 HEER R51Y7)

A 8143 PR
(bp)

7:5'-TTGGCCGTATCGGACGCCTG3’

GAPDH Fifi:5'-GAGCAATGCCAGCCCCAGCA-3' 876
-i:5'-CCCAGACCACCGGCTGGAGA-3’

BMP-2 Tiii:5'-CGACACCCGCAACCCTCCAC-3’ 903
i :5"-TGAGCGACGTGAGCCCGGTA-3'

Runx2 Tii:5'-CGTGTGGAAGACAGCGGCGT-3' 883
-i:5"-GCCCACTGGTGCCCAAGACC-3’

0sX Fifi:5'-CCCGTGGGTGCGCTGATGTT-3 829
3#7:5'-CCTGGCAGGTGCAAAGCCCA-3’

OCN Fif:5'-TGCGCTTGTAGGCGTCCTGG3' 800
4 :5'-TGCCTGTTCGGCCTTGCCTC 3/

OPN “Fifi:5'-TCCAGGCTGGCTTTGGAACTCG-3' 800
i:5"-GACGTCCTGGTGAAGTTGGT-3/

Coltal T:5’-AGCCACGATGACCCTTTATG-3’ 588

6 SiteEdrik SRJH SPSS 19.0 bRk 1T
BARHT AT RBTRL X £5 R, 4L HEECR R
R 2N AL FE R t K, P <0. 05 B 225
fgitE .

# R

1 %41 BMSCs ALP iGMEHb# (£ 2) #H T
B 3.6.9 K, SXT AL A, SCa AL 40 e 9 ALP %
PETF 51, Bl VR 24 S B 00 1] 170 2B, 440 i 284 f
W ALP 5 PR BT, HER 9 Kimwmr, X il
ALP G PR 1.36 £, 5254 A, 1l 5120 BM-
SCs ALP {0 B f#fK (P <0.05) .

K2 K4 BMSCs N ALP iEMEHE (UL, x +s)
ALP 5t
M n
$3K 6 K 9K
W 5 326.40 +4.24  397.38 £9.13 432.73£16.97 "
FH 5 433.35:7.312 535.92+14.50*2 588.67 £18.51 %
MK 5 287.74+4.794 360.83+8.76*4 354.13+7.77*4

TE: SAYIH 3 KRELE, * P <0.05; 5% B840 A 0] H ¢, 2P <
0.05; 55441 A L %%, 4P <0. 05

2 HAWZEELE(EA)  SXIRA L,
S L B4 T B W R 5 S S 2 U, 4 ) 4
B2 T T b

T AJXIIRAL; BASKE
el COuAMRIFIAL & kB
TN A ESLEE T

E 1 BMSCs 5 /a7 9 RAHELL 1Y UL
(BRAG)

3 &4 BMSCs i /b A S F Rk K F- L
B(FE3,E2) SXREA R, LKA Collal .
OCN % OPN L g (P <0.05) ; 554 b,
7] 40 Col1al,OCN K OPN ik # &A% (P <
0.05),
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%3 %41 BMSCs i HHEH

RIKFHEL (x£s)
A n Collat OCN OPN
X HR 5 0.557 £0.002 0.648 +0.004 0.540 £0.003
S 5 0.686 +0.007 * 0.813 £0.004 *  0.639 £0.004 *
I 5 0.275+0.003% 0.054 +0.001°  0.194 £0.002*

W SRR AL, P <0.05; 53284 L4k, 2P <0. 05

X 4

774 il

GAPDH
Col1a1

OCN
OPN

876 bp
588 bp

800 bp
800 bp

2 %41 BMSCs JiUH S H 7 R ik HLIK A

4 Wizl BMSCs BMP-2/RunX2/0OSX {&5 i %
MRNA FRK LA (4, 3) R BHE
3 BMP-2 Fl RunX2, - — 25 15 T i 3
OSX (W sk32ih , H 2 I — 7 iy i [a] 448 Pk , 725 =
(55 9 Kipcimo 50T HRAL HL i, S 56 2 BB HH 5 3 5f
¥ BMP-2. RunX2 ., OSX ik & W] i 39 (P <
0.05).

X HEZH SR
3d 6d 9d
GAPDH 876 bp
BMP-2 903 bp
RunX2 883 bp
OSX2 829 bp

B3 Wizl BMSCs BMP-2 .RunX2 .0SX
MRNA ik H ik E

i

PR AR, % A A RAE PR R A S R AR
E BRI AR AN RSN D SRR, R R A
TAERFMELR, SR T — M 2 A ROmAR = 118

SR AR T VR AR IIA T B B I 2 B,
JRFAMAE 0 FEARBIST P, LK 420 pg/mLiE
R ST 2 AR R A A HT I ALP WS E, A
B A A CER 1 mRNA 353k, {8 HE45 45 15T 5L,
ARt B A0 A e R R B S, S R
Wl —5 ",

VB —Fh NIRRT P 7, RIRME MR Y% K BE
FENLIR N 3R 5% b F 2 45 7 5 55 4, o TR
BMP-2 ik, #E1fi ik BMSCs &5 4k ik g1
SR, 78 MR N BMP-2 {5 538 B 5 AL B R
AT RE . AFFEH ,RT-PCR 455 R, 50 R4H
BT EAE BT BE W BB R BMP-2 B St Rk,
BMP-2 fgif i 5 40 e i R M ) BMP- 1 £ . BMP- I
RIS TR Z IR R LS A R /b Smads 1T, {2
i R-Smads 5 Co-Smads ZFHH AN 5 E 4
HiL S S P 3 R 3l XSk A 50 SR A ( OSE 7 51)) 45
A FFJEHT Cbfal/Runx2 M H T iF OSX H&[H iy %% Al
Fik U PR NG RCE IEIE R DL R
75 5 E A0 AR 7 £ 5k, 41 OCN L, Colla 1,
OPN'"") | AHF5% 7% , BMP-2/RunX2/0SX 13 =i %
257 20 pg/mL EFE4E SEEfE BMSCs & & &
SAEHHERE, 1 wg/mL NOGGIN 41 & 11 g [ AK 21
FLPS ALP (A3 P, 30 ] 2 = 22 5 B X 40 i N ALP
T PE RO VR 5 0 RE AR = 2 0 TR 2 32 240 i
B AR S LR (0 22k K F L 4 OPN 5 SLAE 3 i1 45
SEATBOTE S, 2 BELRS T TR 2 A R A T 40
TE R A 451 AR HEVE . B BE AT %0, BMP-{5 53
PREBEAE ] (1 ng/mL NOGGIN T2 & [1) REW W4
120 pg/mLEE7E B H X BMSCs 5 [ il B 43 1k
IFEH]

VRS MR BMSCs R [ 85 ML 5 S
HRRBEATRE S A 2%, I HARZ(E S MBS,
T4 ML E BMSCs Z0 b N s 4 Y 4 L
il Rk — 25T

*4 W4 BMSCs BMP-2 .RunX2.0SX mRNA FEikKF I  (x £s)

255 n Fisf (1] BMP-2 RunX2 0SX

pagi 5 3K 0.145 +0.006 0.260 +0.003 0.107 £0.002
EHPS 0.135 +0.004 0.233 £0.004 0.082 +0.003
£ PN 0.079 +0.003 * 0.196 +0.005* 0.078 +0.005*

S 5 H3 K 0.224 +0.004% 0.480 +0.003% 0.368 +0.005%
%6k 0.254 +0.005% 0.720 +0.004 "% 0.558 +0.005* %
E PN 0.345+0.004 " * 0.727 +0.014 "%+ 0.752 +0.014"

T ARG 3 RILE, * P <0. 05 5% AL R ] Hude, ©P <0.05
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