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Abstract

BACKGROUND: /n vitro studies have shown that simvastatin can stimulate osteogenic differentiation of bone marrow mesenchymal stem
cells, but the mechanism is unclear. Recent studies have shown that the Hedgehog signaling pathway is crucial for osteogenic differentiation

of bone marrow mesenchymal stem cells.

OBJECTIVE: In combination with Hedgehog pathway blocker (cyclopamine), to observe the effect of simvastatin on osteogenic differentiation

of rat bone marrow mesenchymal stem cells in vitro.

METHODS: Eight 4-week-old Sprague-Dawley female rats, SPF grade, were used in this study. The rats were killed by cervical dislocation
and removed of bilateral femur and tibia under sterilization conditions. The second generation of bone marrow mesenchymal stem cells was
randomly divided into four groups: control group cultured with osteogenic induction medium; simvastatin group cultured in the induction
medium containing 107 mol/L simvastatin; simvastatin+cyclopamine group (combination group) cultured in complete culture medium
containing 5 pmol/L cyclopamine for 2 hours and then cultured in the induction medium containing 107 mol/L simvastatin; cyclopamine group
cultured in the osteogenic induction medium containing 5 umol/L cyclopamine. After 7 days of culture, alkaline phosphatase staining was used.
The levels of type | collagen and osteocalcin were evaluated by immunofluorescence and western blot assay. Alizarin red S staining was

performed at 28 days of culture.

RESULTS AND CONCLUSION: Compared with the control group, the simvastatin group had more alkaline phosphatase positive cells and
calcium nodules, and higher type | collagen and osteocalcin fluorescence intensities (P < 0.05). All the measurement indexes except for
osteocalcin fluorescence intensity and protein expression were significantly lower in the combination group than the simvastatin group (P <
0.05). All the measurement indexes in the cyclopamine group were significantly lower than those in the control group (P < 0.05). To conclude,
simvastatin can promote osteogenic differentiation of bone marrow mesenchymal stem cells via Hedgehog signaling pathway that cannot be

completely blocked by cyclopamine.
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1.1 %3 RS .

1.2 BFRAME  F20164:6 H £20174F12 A a4 db
TR Z At S5 2 e B T8 I B i R S 56 =5 58 il o

1.3 #M#t 4R MEHESPFHSD KR8 R, )5 & (75+
10) g, W H LR EBFEAEDRBIE R D HRA T, VFaliES:
SCXK(57)2009-0015. 3{kfhiT(Merck, 3:H), &l
KB S 1) 8 4 K 5 AR TS 1) 102 mmol/L, 3o I RS 1 S 0
¥, -20 CHiE17#% M . Hedgehog il # FH 71 5 # 1
(Sellect, ), FH — F 3 FEBEI&EFE RS 255 T-80 C
B AE, I UERR T 5 % H - DMEME B 77 5L (HyClone /A 7,
EH); mrEsEREG g S (Basoa ], HHE); 4HfvE
RAFI AT E( LA EZERE AR, PE); HihhHsg
FEfi ik (Abcam/A &l , S£[E); R Gli1 8.5 % 44 (Santa Cruz
A, FRE)ZE,

14 7k

141 HEERAR MM R EERE KRR
VEATESD KRR, TR T 5 XU R & F R, 23B%
T, RS AR EL A A AP IDMEME: 75 3L AR i &
PRV BRI, USRI, 1 000 r/minES 0210 min, {RH
FEBYCIE, F10 mLBB TR S B AT R Am i B, e
BB Y, BT37 C. B9 HN5%C0H
B AE AT B3R, AR AR Kk 80%-90% k& 5 mT kAT
1 20640, B a R IR TR R R, AR
KRR, INN0.25% 2 I B AL, B N sE
7 £ M A B T IR VORI B v e vl A2 N v 5 1, A

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



Xing L, Gao JY, Wang XX, Chen YJ, Chi BJ, Tian FM. Simvastatin promotes osteogenic differentiation of bone marrow mesenchymal stem cells.
Zhongguo Zuzhi Gongcheng Yanjiu. 2019;23(25):3961-3966. DOI:10.3969/).issn.2095-4344.1769

NGB FRIEL AL R, A T ARG IR, R
BT WELE.

FHEEFE T AR TR REE

»
W)
>
=
o
Tz
B
==
B
Tz
b
&

BFEARIGFREFIR: 24 h 4000 EE 5 HEAT W UCE BT, 48 h R T &R,
ZJER2d 8 3d Wi 1 K. REAREFE9d A, AiAKIE
80%-90%Fil & J5 P HEAT 1 1 2 44K

AR 9-12.d fef 1 %, it 3K

AL E 20 NI SR AN R T AR 35 R 5 S A R M AR T A 27
AR DA BT B R Tl €0 8 BR 240 e (0 5 9 B R e T
gl

i K5 ST RAACER TR B S I A0 TR 5 2tk

1.4.2 SEIOONAH R ACSE R IR 785 T4 A A ) S 24
FHUEHAT RO 5 4555, BN a4 : OXF IR s
FH SRR (EH 10 mmol/L B-H MR B ER Y. 50 mg/Li
I IMEZFIDMEMSE &35 72 50 5535, TR NBIMEXT IR, @-F1k
fhyT4: FH & 45107 mol/L AR AT 1 i i 5 355 97 2 ks
Frs @FARAMIT+AWTFIZ: FH &5 pmol/LIAE B 1) 58 4 85
FRETCN2 W5, 5 yT 4 B A %107 mol/L
FEARARIT (I RE 5 SR R IR, @OHWIRIA: HEF
5 pmol/LIRHE BH (1) il B 15 3 1 77 A 1 7702,

15 ZEZINKIEAF

1.5.1 BRMEBERREE YL A4LANH o TN R 555K
JERE AL, LA1.5x107 L4 B vk B 2 F T 190 B 41 e
12FL0RH, wSAe )y, FH3NEI, T EHT7
K, ALY C F 160%,  Fehm i B 1k Il e £ 18 771
o Un B AT R R T S £

152 PHRAMBYE SAREIHFHIRE8RITH R
LA et 1 FH 23 oo B 1 e - A 7ES70 nm e (E . &
AN35 mmEFFEMLIIA A mLACH]1710% S04k 175 b ke,
BT RER =B 5015 minjg AL 200 L&Y
AL taid, FE AN e T L AES70 nm ROt 5
B, SHEEIMEA.

1.5.3 RETIYEIERN [ BHRE, M ENEE 4
AP 5)  T N2 J5 ST RAT S e DG G 2 o I & 46 X
HA29LM, IR, 40 g/L£ B P EE[E 5E40 min, HL
HAME Fr i E Tkt i IR E TR &S, FH1xPBSHE
3%, %5 min, F0.1%TritonX-10078 15 41 i )€ J 4b 38

20 min, FI— kR Ec fl H K A4 R LAGIT (1

50). T AJKRJE(1 2 500). H452(1 : 100)7 s 40 E A
4 Cik#, WHMAxPBS# ¥E3k, & X5 min,
DyLight488 % DyLight594 tx it (4T e st /s B 1% 6 9t
F PR B e dl pl— s el 1 e J5L(1 < 500). Gli1 (1
1500). ‘B (1 :500)], 37 C#ELME1 h, HH1xPBS
MRS, RS min, FFICH RS T4 )5 F 5 A DAPI )3 &
110180

P.O. Box 10002, Shenyang www.CRTER.org

AR, d5FE S 7RI 26 AR g IR A IR L % .
RIS S, FHimage pro plus 6.0 &4 73 #r
A 5 R OB A

1.5.4 Western blottaill T B B RELRIL 44
453 3 T N 24 5 557 K47 Western blotfl, MR 1 L
HANMRE TR0, BRI, B RIS T & R Hk
TN B~ H M B 1 B HRPRRIC (4 £ i S B E B IgG
(1 5000)FE A, EEME1 hEERBERE, B
T,

1.6 Guit ot HHE Se 0 K @ T EXCEL S, R
FISPSS 17.0 8 Mt 1T Ab ¥ . R FH B R & 7 Z 4 i
(Oneway-ANOVA) Lt 45 %20 2 [t 26 5%, T 4L 1A] Ll R
LSD-t K56, S2Be¥dE Lixzs®or, P<0.05 8% %4 8%
PR .

2 %53 Results

21 FHMRART@leBSASe R EREFT2 h,
A AL EELN N S HGAR T, ATRE B b e R aliA, 4015 57
27 d, BEAZ BT ST IO I EE - 6 5] 78 5
T4, 22— mtEEK: 4HAMLS 25T, 14 d)5,
IR 5 S etV T AR A B, BERE IR I R 19 0 240 fu A AR
AR, AT =T, S ARAMTT + BRI 77 2 A BRI 7R 2 T A5 4
NI, REBOVHEKERKRIE.

22 mMEBERREER E LR AT RAT L B IR G Y
o, e RGBTSR HIRIL S, . Ay T ZH 0t R ZH ik
MBI NG U LB, A OIEH)T, FTtEdnEE, Eflfh
VT + BEL U 771 2 5 3 AR At 7T 2EL A A 240 B >, 8 L BEL 77 2L B
PR A H A CBUR,  BH T2 5% (0 0n] B ZH A HLIH %
%, WE.

23 BELOHRELR HHAF8RINITHRAFG RO,
g5 TR MR 2 SR ARV T A 45 T U %, G B iR,
S AR YT + SEL W 771 2 % EL W 771 4505 45 795 T L b, et
o ACEETHRTINST0 RO EEAE, - Hufh T4k
FEAR 23 TR AL(P < 0.05), AR Ath yT +BEB 77 20 %
JEAE 2 F AT E ot iT 4L, H 2w T B A 4l(P <
0.05), [sHLI7 77 2L IR e JBE A 2 35 AIK T X IR 4H(P < 0.05), L
E2 K%k

F1 BERAE 28 RARLAREEENH (xts,n=3)
Table 1 Quantitative analysis of alizarin red S staining results at
28 days of treatment

e 6 EEE (570 nm) F{i P

Xt IR 2 1.550.15 20.816 <0.001
EARABIT A 1.9420.23

SEARARTT + BRI 40 1.22+0.16°

L b7 7501 4. 0.81+0.172¢

FvE: SXTHRALLLEL, 2P <0.05; HEARAMTTALEL, PP <0.05; S5EAfhiT+

FHITRIZH L, °P < 0.05.
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R2 WBAHETRFZEAM | BEREFHREARE (xts)
Table 2 Mean fluorescence intensity of type | collagen at 7 days of
treatment

4159 n  CPHTROGHRE FAi P8

o HE 2 5 41.343.41 60.867 <0.001

FE AT 5  46.12£2.932

SRy T+BELT 2L 5  35.91+2.26°

EL BT 71 2. 5 24.73+1.56%

E: SXRALE, 2P <0.05 S5¥RMbiTHILE, °P<0.05; HERfhiT+
FRIT A LLEL, °P < 0.05.

25 SERXFEELMNESMmML T TS LHRE H
BRTEAEMFF RS, PERRETFZ, FRAOTAS
SXof RS- 17 e o B 2 S T S B M 7 (P > 0.05), 4%tk
T +BEIKT 77 20 5 S AR 7T 4H 1 205 V6 08 1 22 5 T B8 3
X(P>0.05), H8&EMAFMIT+BIFIARERE ST
FELMT 71 2H.(P < 0.05), “H 4% 2% 7E LW 71 2 2 058 2 K T xS e
41(P < 0.05), W.3R3FIE4.

R3 BAHETREZAMPEHBRFIIARE (xts)
Table 3 Mean fluorescence intensity of osteocalcin at 7 days of
treatment

| n  CEEYOHRE F {8 Pd

o HE 2 5 19.43+0.46 59.761 <0.001
FAR AT 4L 5 20.33+1.82

SEARARTT +BELIT TR 5  16.63+0.76

EL BT 71 2. 5 13.61+1.24

ik SXHALLLE, 2P <0.05; Sy fRAbiT+BLMRIZLELEL, °P < 0.05.

2.6 Western blotéml 1 R iR, B45E &AM ERA %4
TR T R JEAE AR A YT 43R0k B2 T IR 4L(P <
0.05), ARt T+ BEWT 74 5 5% T2 Ath VT 4 (P < 0.05)
HBE & T HK4(P < 0.05), 7EFHMRIA L EZET
WTHEZH(P < 0.05); 4R 245557 R¥EARAMTT A 50 R B4 3w %
KRR EE (P> 0.05), FA%MIT+BELWHIA S #4%
Ty T R RIE 2 e L R E R (P > 0.05), F{RAthiT+
L7 71) 25 2R s 2 3 = T BT I ZH(P < 0.05),  BH I
SR RIE B E T XHRL4(P < 0.05), WR4FES.

R4 KAFTXR | BRFE BEREANRE (x£s,n=3)
Table 4 The expressions of type | collagen and osteocalcin
proteins at 7 days of treatment

2H 5 T A5 B R

ot 41 0.695+0.134 0.675+0.047
FARAMTT 4L 1.222+0.0762 0.726+0.084
AR AT +BE W 720 0.669+0.090° 0.612+0.073
L b7 7511 4. 0.432+0.1072 0.304+0.027%

ik EXRAIE, 2P <0.05; S RMITAHE, °P <0.05; H¢{kitiT+
FEITZE L, °P < 0.05.
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Figure 1 Alkaline phosphatase staining of the cells at 7 days of treatment (x100)
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Figure 2 Alizarin red S staining of the cells at 28 days of treatment (x40)
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Figure 3 The expression of type | collagen under fluorescence
microscope at 7 days of treatment (x200)
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Figure 4 The expression of osteocalcin under fluorescence
microscope at 7 days of treatment (x200)
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