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Abstract

BACKGROUND: Recently simvastatin has been shown to stimulate osteogenic differentiation and bone formation, but there is no
report about the effect of simvastatin on the bone development of young rats.

OBJECTIVE: To evaluate the effects of simvastatin on osteogenic relative genes of proximal tibia trabecular bone and osteogenic
differentiation of bone marrow stromal cells (BMSCs).

METHODS: Twenty 1-week-old Sprague-Dawley young rats were randomly and equally divided into simvastatin and control
groups. Rats in the simvastatin group were treated with a subcutaneous injection of simvastatin [5 mg/(kged)] for 2 weeks, while
rats in the control group were treated with placebo for 2 weeks. The expressions of bone morphogenetic protein-2 (BMP-2), matrix
metalloproteinase-13 (MMP-13), and vascular endothelial growth factor (VEGF) of trabecular bone in the tibia were analyzed by
immunohistochemical staining. BMSCs harvested from the rat femur were osteogenic-differentiation cultured. Alkaline
phosphatase (ALP) staining was performed on day 14, real-time PCR analysis was applied to investigate the BMP2, RUNX2,
Osterix, MSX2, DLX3, DLX5 mRNA expressions during osteogenic differentiation in vitro on day 21, and von Kossa staining was
detected on day 28.

RESULTS AND CONCLUSION: O There was no significant difference in the expressions of BMP-2, MMP-13, and VEGF
between simvastatin and control groups. @ The percentages of ALP positive-stained cells were about 30% and there was no
significant difference between the two groups (P > 0.05). & There was no significant difference in the expressions of BMP-2,
RUNX2, Osterix, MSX2, DLX3, DLX5 mRNA in osteogenic differentiation-induced BMSCs. @ von Kossa staining demonstrated
that dark brown calcified spots in various sizes were observed, but there was no significant difference in size and density between
simvastatin and control groups. A subcutaneous injection of simvastatin [5 mg/(kg+d)] for 2 weeks could not remarkably affect
osteogenic relative genes of bone trabecula and osteogenic differentiation of BMSCs.

Liu XN, Zhang L, Tian FM, Zhang H, Han DC, Niu JQ, Zhang L. Effect of simvastatin on bone formation and osteogenic
differentiation of bone marrow stromal cells in young rats.Zhongguo Zuzhi Gongcheng Yanijiu yu Linchuang Kangfu. 2010;14(7):
1152-1156. [http://www.crter.cn  http://en.zglckf.com]
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HREIHEPTEZMHARA 725 7F
A & 42 % 1 2(bone morphogenetic protein-2,
BMP-2)7E MR B« BREPHHEENEH,
REQLHEF BEAE LT 40 /L (BMSCs) In] B 1 40 il 73
s IR RE T . H5 54 J8 25 11 1 (Matrix
Metalloproteinases, MMPs)Z i I i 51 1T LLRE
fEAANE S SR E R 8N
K A -7 (vascular endothelial growth factor ,
VEGF)nJ LUl i [ 49 Wb 55 43 W id 12 e 1t T
J#. RUNX2, Osterix. DLX3. DLX5. MSX2
T AR o4 1) R A R ) LA T
LB R IE S 2 BT KB 5 - 19994,
Mundy“5 37 22 Ml 5 9 v i 26 AL 45 -
By TAE N IRl T 2R 2595 mT LG 5 BMP-2 )5 )
TIEYE, BARERIMEEE I BIER, §H5ER
N I/ Bl Sk 55 B SR ST S S A T AR
BB IS IN50% o b5 ARARY T AR IR
B AYIR B HR TR i -8, S
95457 SD& RS Bz Ry S Ay T, A
AT R 21 B /NGB T AR O IR 3k BA K
B B T A0 B i A TR R M

1 #MRFNTE

Wit BN RS

BfiE) Rt A5 F2007-03/2008-127E b
TR = 2 Bt B B S5 3 5

FARE: ST AR I SD K 20 H (b
o 0 R AR SIS S SR G TR At 4214 d SD
B, 7diEgRE, BERETR. I EHKIES
SCXK(1)2007-00015), AJi#E17.5~19.5 g.

SEG kR v 6 B ) b R A 2006 4 B2
BRI RAT TR L3P M Fe S &

Ly
FERAFIRE:
FERFIRALE KR
FARAMTT Merck, 3[H
HETAEG Bioare, = A
212 5 RNA $2H Kit intrigen, [
JREEF Kit A TR A
P i PCR A & TOYOBO
P i PCR #7144y Corbett Research, ¥ AF]iF
BMP-2. MMP-13. VEGF [ R /A

Z uREPUA

PV6001 e LML~k P A2 A ]

KT A

RIS K RY AN ST . 20 11 B I SDOK BB
WA A siedl . X 4240, 2010 5. 4
A5 e 2 5 2 A T W S R . B AR
I3 B 10% 7K £ 5 (300 mg/kg )i e bk, 4t
RVAILY/L I

KEIR: TIOHL: KRS TS by T
(simvastatin, DMSO. PBS)[5 mg/(kg*d)], 4>
3RSy, EBE2E). WHRAL: 4552 I IR
(PBS. DMSOWRAW, 3ik/d, #EH:2)4),

WRAKLIE: TSR T 5 fE — I 2
Yy PBSI1 8 2R 2R IE, TR B 1 B A1
AL, S BMP-2. MMP-13. VEGF %)% 41 41
T2 geth,,

BB EESEFEREN: PO K &
BMSCs | i1y Ji 7535575, frdifiigsE14d
Sy BEAT I R B A s 21dR HIReal-time
PCRZK MIBMP2. RUNX2. Osterix. MSX2.
DLX3. DLX5% i i F HAH L HE I mRNATK
ik, 28 diftfTvon Kossajifh.

GEAL S RE . HHLUSH T Y
P14, 54 um, #pve001 G s 21 24U R 1 i
YUt KD 2 s A KA, INABMP-2, MMP-
13, VEGF £ s BEHUAF LA IR 75250

SEALAEZREEGHN: BATIA 2Tk
BRI R R EUR, TER—Janm A,
IR BEHLIE 4 RLEF, DIBMP-2, MMP-13,
VEGF #IA (1 3O BEAE A S T 53 HT o

RNAIRERFOR S5 R AT BESE 140 Mo e 1A
AN S FR21 dJE,  SREECEE IR 4 1 s
RNA, L1 mL/1074N4i i in Trizol 35 3=+
SR 5 F Trizol V2 [ 3 AE M AR SR LR RNA . B
RNA 11 LN A R s e VA& 270 °C 10 min,
% . cDNA= 4 .

SIMIH EBE TEMABRATDSH:

EE 514

BMP-2-F 5’ -AAGGCACCCTTTGTAGTGTGTGG-3" ;
BMP2-R 5’ -CATGCCTTAGGGATTTTGGA-3’ ;
MSX2-F 5’ -TCACCACGTCCCAGCTTCTAG-3’ ;
MSX2-R 5" -AGCTTTTCCAGTTCCGCCTCC-3’ ;
RUNX2-F 5’ -GCGTCAACACCATCATTCTG-3";
RUNX2-R 5’ -CAGACCAGCAGCACTCCATC-3;
Osterix-F 5’ -ACTCGGGACTCGGTTGTAGG-3;
Osterix-R  5° -TGGGTGCGCTGATGTTTGCT-3";
DLX3-F 5" -AAGTTCGTAAACCCAGGAC-3’;
DLX3-R 5" -GGTGGGAATTGATTGAGCT-3’;
DLX5-F 5 -GCGCTCAACCCATACCAG-3’;
DLX5-R 5’ -ACTCGGGACTCGGTTGTAGG-3;
GAPDH-F 5’ -GAGTCAACGGATTTGGACGT-3;
GAPDH-R 5’ -GACAAGCTTCCCGTTCTCAG-3’.
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RO R NVAR R : BAARI25 L, £u45: Real time
PCR MasterMix 12.5 pyL, 5/#)(10 pmol/L) %1 pL,
cDNARH2.5 uL, ZDEPC/K8 L.

RAME R N4 F: 50 'C 2 min, 95 °C 10 min,
95°C 15s, 60 'C 1 min, 50 Mk,

BAMBRENEMEESTHRIE: AACUEMN &
B M ik 5 7 . ACt=Ct(gene)-Ct(GAPDH) ;
ANCE=(Ctyy e =Clissesenn ) FE I ZH —(Cyg g i~ Cligsnenn ) X
MR .

A FE ] 5 A 2 356 N GAPDHAE L 5 5 hn HE 4
R I DX B N 23 5L X GAPDH, - LGB AE 48 3k 2 Ak
H,

FEMEIGIR: OSLI0 A RN AR Lot N
BMP-2. MMP-13. VEGF%[X 1 fkik . @BMSCs]i
FSCE A0 A5 T A e e e S G R R 2 A A Tk R
Yetty, @BMSCs i) i 4l i 75 3 2 A0 ok A2 AH G R -
BMP-2. RUNX2. Osterix. DLX3. DLX5. MSX2 mRNA
FKIEKF . @BMSCs 1] 5 4l i 5 5 43 A ik 72 v von
Kossa #:ffi,

Wit T TEEE: W AEREE R 1R,
AR ST L APEAL

B F S S K @ T EXCELEE 2, %ok
t R ESRACHE . SIS HE Lixes R, LIP < 0.05% R~
RCRTE Y-S

21 ZERHMEEN>MN  LEIEPFAKH20H, 582
4, SNSRI

22 REAsfeFRELER WE1.

#1 BMP-2. MMP-13. VEGF el 745 R
Table 1 Immunohistochemical staining of BMP-2, MMP-13, and

VEGF (xxs, A)
Item Simvastatin group Control group
BMP-2 2 128.990+226.479 2 142.489+109.507
MMP-13 1329.444+113.783 1 385.673+129.402
VEGF 1861.276+184.093 1798.786+185.736

BMP-2: bone morphogenetic protein-2; MMP-13: matrix
metalloproteinase-13; VEGF: vascular endothelial growth factor

b: Control group

Figure 1 Alkaline phosphatase staining shows that the blue
spots are positive cells (arrows, x200)

B B G et e D Ik A (7K D7, x200)

LT, BMP-2. MMP-13. VEGFZ:PA 1)1k
SR 2H 5 0] BR AL TR) 2 S R (P > 0.05).
2.3 BAEERREEE EER QIMEEEIRE14R, LKA
B W IR I8(0.30£0.13) %, XfHE 41 (0.28+0.15)%, 4eff
F 2 20 i (2 5 B (0 ) LU A 7E30% e A, 22t B B
PR X (P >0.05), WK1,
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24 vonKossaf & REHAMMmEFEE28d, Lvon
Kossa Jetin] W /NANSEGL Sk SR RS 4 i, FER/N
AR 2R R EER S, K2,

a: Simvastatin group

b: Control group

Figure 2 Von kossa staining shows the black nodules are
calcified spots (arrows, x100)
B2 Von kossa Yett, PAELET LA (TR, x100)

25 RealtimeR#FF-REoBER LR BMP2.
RUNX2. Osterix. MSX2. DLX3. DLX5 mRNAZ X
TP S8 55 56 FR A ) 22 55 G I 35 v (P > 0.05), L
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#* 2 BMP-2. RUNX2. Osterix. MSX2, DLX3. DLX5 mRNA
=5

Table 2 mRNA expressions of BMP-2, RUNX2, Osterix, MSX2,

DLX3, DLX5 (xs)
Iltem Simvastatin group Control group
BMP-2 0.990+0.021 1.020£0.020
RUNX2 1.000£0.019 1.020+0.035
Osterix 1.000£0.010 1.010£0.017
MSX2 1.000£0.019 1.020£0.020
DLX3 0.990+0.021 0.990+0.010
DLX5 1.010£0.019 1.020£0.020

BMP-2: bone morphogenetic protein-2

3 itit

H Mundy!" I =% A% A 7T H A7 0 1 T2 B 4 B
K, TEARAMN BB BE ST -8, A 8 T AT T
SRR HTEAR ABIEFT 8120, R AR T T R
WS MR ISR, AT U S T
IEE T RE . N SREE . EEX DR
AT HAT (R H T AR AT 4. Oxlund S5EUSILUAS 5
FIHE (20 mg/kg, 2ik/d) FEARMYT P02 50 KR 3AS
H, WA E A % RS S
B RIS AR A T AR AR 12 K i T i In 2 i1 % FE 1)
[, RS BB B E . Edwards 25U4UR IAE At
TTRLINE T SER AL v 25 B RO IR AR LU T 3%
M3 . Wilkie ZEUSIRIRFRR IR /N EE[10 mg/(kged)]
BRIV S AR Ay T R R4 s 25 O RO R T R B, HLE
EiI N Rl AN I 0 % Y &E £ Y O NTITE AR SR DS
SRR 2577 3R IE AR A T AN BE R OVXCOK U
JRGAAET], Yao SO K RAT 2GR AR60 d 545 T
AR AR ARITTO, 1, 3, 10 mg/(kg+d )] T-#60d J&
RN T AN BERH 112 BRSO U TR B ) 25 2K,
[F) ot AN B (R A U1 02 R B T . Maritz 3 018)
B S B6 A0 S 20 BT T IR12 F3F At VT 2K 254 S AN T+
T () 2 A A T 1E R0 2% B LK B % R i BT
R, 45 SL R AT SIS 25 W R AR BRI % R v R
[20 mg/(kg  d)] ) == AR AT T[] B SR 3By T8 A B e,
I 7E 25 9 5K BRUTE R ABUR B, = AR At VT 0] B i 4 i AR
WA S RO L, RS AR REL L 25 09 SR BB s &
o Anbinder [ FTH B AR SE = ARABL YT 1) DU s &2
JE B A 110 Hsia %5 ORI R 7T P A R IR
TR AR B A A 25 K AE Y, SukiyamadF R
O AR AT AR R BT DU 1 (BMP 5 5 11 = 4 & TE
Jfo AR SR R R R VRS AR YT 5 mglkg
AL RE BT 8, 4 SR b3 B A G R BMP-2.
MMP-13. VEGFIEIE IR .

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

BMP-22 #:4k 4= K IR 1 (TGF-B)#E % Ik 1 BMPs [
— I, REAEIEIE T 40 M s A 434k, Mundy S5
TF 0 R B AR At VT 0T DA 3E 11 41 i BMP-2 1) 34 fid
K. MMP-130] S8 OVX KRMEEELR, 5
ANBEECH « ENRAAR Y A A S UATR B AT DR,
Stein 5K I T 5= 350 H = Ay T MR (i ik i TE
BRI R B ] DAAI ) 986, T LA3R s MMP-13 125 KK T,
HE BB T % 514 5 COXFT A 5 1 20E I N A %o
VEGF 1] UL #2 4FE F - 1 B 41 i 1 2y & AT 5% i) & T2
o FFFUR IR AT AT LA E B 40 L VEGF [f13%
IR ARSI R R I LA BCE A DG R B SO BT
SERG BT SR AR A O, I ST A it — 25
FHRRN o

BMSCs A5 Z [l /- fbigk e, A0 BMSCs i) Bk
AN, E T ALE T RE 2R OSAA TR 7 5 5 T B
A E IR & XA E A . BMP-2, RUNX2,
Osterix. MSX2. DLX3. DLX5 2 %E 5t T4 Jfd i) Ji 15 43
NN A I e S TR N I S TR
VAR YT AT DL BMP-2:4 532 111 5% 0 5 i 4 i 23 4k 1141,
WA TR 52 AR At VT AT LAY HE RUNX2 55 B AH ¢ R
TR kR0, fE 528 bl i Real-time PCRJT K701,
KR BMP-2. RUNX2. Osteix. DLX3. DLX5.
MSX23E K £ iE KRRk, Bl Pk B ER . von Kossa
Yett IR RIS % AL 2 (R AFAE 22 5

it oM RN, AE e AT T B R v BRI Sk
K, &R RS AL ), mh
SR BN 2 Ky OB AA R B PR, DR 2%
FEAR IR S5 A REAIE S AR A YT R s RE T R S5 LU
A G OF 2577 BER R N 259 5 1EH
TR EA M, KD EXMLRERE. @52
B T FI SR — . @%N A S AR, MRS T
FARATTIEH

gi b, AR TN 45 2T e A VR e v e —
W, WRASRERE AR I sl e 25 A i, 4
Ja R IR AR R e IS0, LAR AP BRI R R 250 1.
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