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Abstract Besides the action on plasma lipid-lowering statins show a series of pleiotropic effects independent from
the cholesterol reduction. The ability of statins to enhance bone formation was first reported at by 1999 Mundy et
al. It has recently caused widely public concern due to the underlying stimulation of bone formation. It has been
followed by many scientists performing more experimental research about the statins and bone metabolism. Although
some have to hold up the effect that statins could stimulate the bone formation and inhibit the bone absorption with
conflicting results some have found a clear positive bone metabolic effect of statins and others have not. To further
analyze their exact mechanism and confirm detailed function on bone metabolic and discovery of bone-specific
statins and their bone-targeted delivery is the key offering great potential in the treatment of osteoporosis and other
metabolic diseases of bone and in the promotion of fracture healing.

Key words Statins Bone formation

-2 BMP-2
1
3-
3- A HMG-CoA
HMG-CoA
BMP-2
CaZ+
2
(C2006000580
063000 1999 Mundy ' 3

Email xiaoning. liu@ yahoo. com BMP-2



368

2008 5 14 5

Chin J Osteoporos  May 2008 Vol 14 No.5

-2 BMP-2
Sugiyama
5" BMP-2
BMP-2
BMP-2 mRNA
HMG-CoA GTPase :
GTPases Rho Rac  Rap
Rho Rho-associated kinase
BMP-2 }
NOS NOS
: BMP-2
Maeda *
MC3T3-E1
BMSC
Song ’
Baek ¢
10~ mol/L.
ALP
Maeda
MMP-1  MMP-13
Thunyakitoisal
HT1080
MMP-9
Hwang °*
caleycelin 10 Wang
MC3T3-El HSP 27
P 38 Silvia
10
MG-63
COL1A1 OCN
BMP-2 I Col I
L "
D1 Chfa

Maeda "
3 MC3T3-E1 ST2 UMR-
106
VEGF
VEGF
B Benoit
14 d
CBFA1 ALP COL 1
34 2.6 1.8 0.01
0.1 mmol/L
BMP-2 2.0 1.5
3.0 2.5
Sonobe P 107% mol/L.
3
3
ALP OCN
3
Mundy
50%
39% ~94% Edwards '°
BMD
Wilkie 17 0.1 mg
kg— 1, d— 1
Oxlund " 20 mg/kg 2
3
Jiang " pCT
10 mg kg™" d”'
5
Staal ®
HMG-CoA
HMG-CoA

21

Wang



2008 5 14 5 Chin J Osteoporos  May 2008 Vol 14 No.5
10mg kg™ d™" 54d 124
MLW MLV 4
MAR
Sibel Bauer
2
Wang
Chung *
Maritz > 12 3
20 mg kg™ d7!
Yao 20 ~ 40 mg/d
# 60 d
0.31310mg kg™" d”' 60 d
Skoglund » 120
mg kgfl' d!
14 d
21 d 5
Stechow
5
10 mg kg™ d™' 8
Sygiyama > thBMP-
2
ALP  TRAP
Saraf %
4 8

12

Meier

5.

40 mg
Ray

40 mg

5

35

LIPID *

48

4S

LIPID

36

33

369



370

10

11

16

2008 14 5 Chin J Osteoporos  May 2008 Vol 14 No.5
17 Wilkie D Bowman B Lyga A et al. Cerivastatin increases cortical
bone formation in OVX rats. J Bone Miner Res 2000 15 S549.
) 18  Oxlund H Dalstra M Andreassen TT et al. Statin given perorally
Mundy G Garrett R Harris S et al. Stimulation of bone formation . .
o din rod b e S 1999 286 19461949 to adult rats increases cancellous bone mass and compressive strength .
iro & ts tatins. e - .
;n TTL o anM " Ir((:)den 8 }:I‘S a Eq ) ;1enlze A4 C ) Calcif Tissue Int 2001 69 299-304.
am am ¢l
.uglyamd' ama . o'ms ' ¢ orr'lpaclm. o 19  Jiang Y ZhaoJ Gutierrez G et al. Effect of simvastatin on three-
simvastatin but not pravastatin  induce bone morphogenetic protein 2 dimensional trabecular architecture of ovariectomized rats. ] Bone
in human osteosarcoma cells. Biochem Biophys Res Commun 2000 Miner Res 2001 16 $296
iner Res .
271 688-692.
20  Staal A Frith JC French MH et al.The ability of statins to inhibit
Ohnaka K Shimoda S Nawata H et al. Pitavastatin enhanced L . .
bone resorption is directly related to their inhibitory effect on HMG-
BMP-2 and osteocalcin expression by inhibition of Rho-associated CoA reduct ivity. J B Mi Res 2003 18 88-96
) ) ) ] oA reductase activity. one Miner Res -96.
kinase in human osteoblasts. Biochem Biophys Res Commun 2001 21 Wang JW Xu SW Yang DS et al. Locally applied simvastatin
287 337-342. . . .
promotes fracture healing in ovariectomized rat. Osteoporos Int
Maeda T Matsunuma A Kawane T et al. Simvastatin promotes 2007 18 1641-1650
osteoblast differentiation and mineralization in MC3T3-El cells. 22 Sibel Serin Kiligeoglu Esra Erdemli. New addition to the statin’s
Biochem Biophys Res Commun 2001 280 874-877. offect. J Trauma 2007 63 187-191
soflg C GuoZ MaQ etal Slmvalm.statm induces - osteoblastic 23 Maritz FJ Conradie MM Hulley PA et al. Effect of statins on bone
differentiation and inhibits adipocytic differentiation in mouse bone mineral density and bone histomorphometry in rodents. Arterios-cler
marrow stromal cells. Biochem Biophys Res Commun 2003 308 Thromb Vasc Biol 2001 21 1636-1641
428-462. 24 Yao W Li CY Farmer RW et al. Simvastatin did not prevent bone
Back KH Lee WY Oh KW et al. The effect of simvastatin on the loss in ovariectomized rats. J Bone Miner Res 2001 16 S294.
proliferation and differentiation of human bone marrow stromal cells. J 25 Skoglund B Forslund G Aspenberg P. Simvastatin improves fracture
Korean Med Sci 2005 20 438-444. healing in mice. J Bone Miner Res 2002 17 2004-2008.
Thunyakitpisal PD Chaisuparat R.  Simvastatin -~ an - HMG-CoA 26 Von Stechow D Fish S Yahalom D et al. Does simvastatin
reductase  inhibitor reduced the  expression  of  matrix stimulate bone formation in vivo BMC Musculoskelet Disord 2003
metalloproteinase-9  Gelatinase B in osteoblastic cells and HT1080 48
fibro-sarcomacells. J Pharmacol Sci 2004 94 403-409. 27 Sugiyama T  Nakagawa T Sao C et al. Subcutaneous
7 . . Db e e e
Hwang R Lee EJ Kim MH et al. Calcyclin a Ca™" ion-binding administration of lactone form of simvastatin stimulates ectopic
protein  contributes to the anabolic effects of simvastatin on bone. J osteoinduction by thBMP-2. Oral Dis 2007 13 228-233.
Biol Chem 2004 279 21239-21247. 28  Saraf SK Singh A Garbyal RS et al. Effect of simvastatin on
Wang X Tokuda H  Hatakeyama D et al. Mechanism of fracture healing——an experimental study. Indian J Exp Biol
simvastatin on induction of heat shock protein in osteoblasts. Arch 2007 45 444-449.
Biochem Biophys 2003 415 6-13. 29  Bauer DC Sklarin PM Stone KL et al. Biochemical markers of
Ruiz-Gaspa S Nogues X Enjuanes A et al. Simvastatin and bone turnover and prediction of hip bone loss in older women the
atorvastatinenhance  gene expression of collagen type 1 and study of osteoporotic fractures. J Bone Miner Res 1999 14 1404-
osteocalcin in primary human osteoblasts and MG-63 cultures. J Cell 1410.
Biochem 2007 101 1430-1438. 30 Wang PS Solomon DH Mogun H et al. HMG-CoA reductase
LiX Cui Q Kao C et al. Lovastatin inhibits adipogenic and inhibitors and the risk of hip fractures in elderly patients. JAMA
stimulates osteogenic differentiation by suppressing PPARgamma2 and 2000 283 3211-3216.
increasing Chfal/Runx2 expression in bone marrow mesenchymal cell 31 Meier CR  Schlienger RG ~ Kraenzlin ME et al. HMG-CoA
cultures. Bone 2003 33 652-659. reductase inhibitors and the risk of fractures. JAMA 2000 83
Maeda T Kawane T  Horiuchi N. Statins augment vascular 3205-3210.
endothelial growth factor expression in osteoblastic cells via inhibition 32 Chung YS Lee MD ILee SK et al. HMG-CoA reductase inhibitors
of protein prenylation. Endocrinology 2003 144 681-692. increase BMD in type 2 diabetes mellitus patients. J Clin Endocrinol
Liu B Yu SF Pang SZ. Effect of simvastatin on the osteoclastic Metab 2000 85 1137-1142.
resorption and bone anabolism with murine calvarial organ culture in 33 Pedersen TR Kjekshus J. Statin drugs and the risk of fracture 4S
vitro . Chin J Osteoporos 2005 11 351-355 in Chinese . Study group. JAMA 2000 284 1921-1922.
Benoit DS Nuttelman CR  Collins SD et al. Synthesis and 34 Reid IR Hague W Emberson J et al. Effect of pravastatin on
characterization of a fluvastatin-releasing hydrogel delivery system to frequency of fracture in the LIPID study secondary analysis of a
modulate hMSC differentiation and function for bone regeneration. randomized controlled trial. Long-term Intervention with Pravastatin
Biomaterials 2006 27 6102-6110. in Ischaemic Disease. Lancet 2001 357 509-512.
Sonobe M Hattori K Tomita N et al. Stimulatory effects of statins 35 Ray WA Daugherty JR Griffin MR. Lipid-lowering agents and the
on bone marrow-derived mesenchymal stem cells. Study of a new risk of hip fracture in a Medicaid population. Inj Prev 2002 8
therapeutic agent for fracture. Biomed Mater Eng 2005 15 261- 276-279.
267. 36 Gurm HS  Hoogwerf B. The Heart Protection Study high-risk

Edwards CJ Hart DJ Spector TD. Oral statins and increased bone-
mineral density in postmenopausal women. Lancet 2000 355 2218-
2219.

patients benefit from statins regardless of LDL-C level. Cleve Clin J
Med 2003 70 991-997.
2007-12-26





