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Abstract: Postmenopausal osteoporosis (PO) is a systemic bone disease caused by estrogen deficiency and aging, which is
characterized by low bone mineral density ( BMD) and microstructural deterioration of the bone tissue, leading to the increase of
osteoporotic fracture risk. In the development of PO, the underlying pathogenesis is complex and multi-faceted. Estrogen deficiency
is an important cause of increased bone resorption and accelerated bone loss. At the same time, the lack of estrogen and the aging of
the body lead to an increase in oxidative stress ( OS) levels, which is one of the main mechanisms of PO. Treatment of elderly
postmenopausal osteoporosis is currently more effective with estrogen replacement therapy, but it also increases the risk of breast
cancer, uterine cancer, and cardiovascular events. Therefore, the search for effective anti-oxidative stress drugs to treat PO has
attracted the attention of more and more researchers. The natural plant compound represented by resveratrol (RES) is a natural
antioxidant with anti-oxidation and anti-aging effects. It can effectively treat PO through a variety of pathways to inhibit oxidative
stress in the body, promote osteogenic differentiation and reduce bone loss, and regulate bone turnover. In this paper, the anti-
oxidation mechanism of resveratrol in PO and its research progress are reviewed.

Key words: resveratrol; postmenopausal osteoporosis; oxidative stress

# 2 )5 B OB M SE ( postmenopausal osteoporosis, PO) HyME R = MEZ5[E , HAFE
G % (bone mineral density, BMD) #lH 2H 4!
HSWH . ZEaRHET R MO (R ER k2S£ B T3 25 # E Ab, IR B TR RO A 1 B T A KL
TUHE & IR H ) (2017FR467-063 ) 5 B 0] BE Bl A 2 WF 52 2k B 7 4 & G PO BRI T AN B i 2= 4, 5 4
(20195045) B R B E % 2 A, PO ELR N —
ORISR R Bl eyl 168com 2 ER R A ST TR, 48 R VRV T, = 52




FEE G2 20204FE 9 HEE 26 %5 98] Chin ] Osteoporos, September 2020, Vol 26, No.9 1371

— AR M A 22 3 PO R AR K AT RY
Fm L B AERA D AL B B AN IE B9 R
bR Fr e BT, I B A i W PO 3 e B K A
BLH I S H A 25T PO 259 i ok 0 Wi 89 BF R

H TR BT 5 R B, PO 1Y & A4 5 ME B K K F 1Y
T B F148 Ak R 3 (oxidative stress, 0S) 7K - F1 5 85
PIMHG, Hv,08 & PO R EE B RMHLEIZ —.
NMIEH RS T i P &AL HLE = 58 56 /4, 7T LUGE
il {1 A P TG Tl AL TH B SR By i, AT A B4 AL
YEF . S5 H A2 06 M4 (reactive oxygen
species, ROS) B9 7= A W &2 55 A AL Ab 3 B o 5L 49 fig
TR Fret, T30S, 0S KA J5 W] & A B 4 Al
AR B 40 M B SR AR A 0, B B AR A A RO 1
B, T 3L PO &R

F 22 7 B2 ( Resveratrol , RES) J2 —Fiff 2 Wy i1 4y
PR (3,54~ =REKLHE) BB NAH
H LRI R AR R RALR SR IR . RES
BA MR H B R PR PR SR PR
PRy % 2 | 2h R, B R W RES A DU
8B AR MR RRACHS O B A B R A RE Sy, 2
— R RARBIPLRALH] , B R By 1k A B AL
WERA G’ EL, WA AT PO BIER' |
RES IRREWS 15 MEM R 2 K455, K MM R FE 1
I HRAN T MEBOR B = AR A B BT

1 #ZFEREMREEULEHK

EAER, REAET MMM ES = %S PO
FHBE T BEHE,H PO WEREIFARETELNA
N MM E M= . BE5T &AL o 4h 78 M i R
AR B 52 A T B R 2RI S B & PO, HE
EREORIG RE ML . BIAM NI,
ROS 7 PO H{EH B9 4k . 7R IE A 4%
T, ROS FE 4R A B R W = 4= (B ROS B9 3 & Y
Rl TR, 4 M DL 2 T R4 DNA B9 5
B3 o X — F B0 AR AL AE ¥ R T B 40 ML AN BB AR
SRR 1 1 R s o T - 40 M DA L R Ay 4k, 8
it . W, 0S iS5 TR e
L, HE PO MR E,

746,08 W SR NELZ Z YA X . RN A
S S R B MERCR B W0 T ROS B 7= A It ik
5 TRt R LA, R AR E,
T 40 28 48 A 0 T S B8 08 ) 3 T i A MO L, 3 0 &
WA - PR 2 B A Y A

FISE AR B B AEH 08 BRE ST

2 BREABERTAZEERBEMRIESH
AL LH

RES ¥E 5 —# KR B BT A AT, 7T LUA S0k By
1R B OS SR A & K25, WA BIVAYT PO 1Y
ER . Hpwb Kbt E kPl 4. 8 s
SIRT-1 {i iF 18] 72 [ 1 40 i 49 1o 8 49 4k, 38 2 1 i
FoxO1 #1 4] RANKL 75 5 0 & 20 Mo 434k , 38 3 3 41
p66she BT BR Ak 410 i A5 B 40 it 0 T, ol 0 B Wt
/B-catenin {5 515 G2 Bk L 4 M5, RES 3£ 7]
YEFH 16 17 40 0 A0 s B 40 e A i LA oy 3B bR, 2
NG T 200 B B R 2 LA R R A ML 3 I 3 SR
X A b TLASHIL ) R T 4 3
2.1 [EEEMEEE I WOE SIRT-1 42 2 6] 38 R T 46 i
A sk

[i) 3 J5T - 48 il (MSC) /2 22 e 48 B, 7T LA 4316 B
R 2T B 45 4% 28 2R 40 i B BB 40 R A 4
H NG 07 2R BRI ) T AT A i Ao i
23| 0S [0, 38 W 30 i ROS | # f MSC 3%
A, 3G R, 1R AE D5 TR R (R D o ik HE
MSC 1, £ 19 ROS 68 & T 8 5 58 iy 40 i 45tk 4R
KEA i PPAR~2, Ml B R I 5 5% B 40 M 5 fb AH
KRR, I Runx2t™ %0 SIRTL (A ok e it 1
W A% R KA B £ BE B sirtuin 9 5% R BT L WK
KR —Fh T 2 FE ) Ot & A % S R FELE
(N-CoR) [A] £z b 11 ] PPAR~y2 By K35, DL 1 15 By
A A BT RUNX2 6 2 PR 2 SR 3o
AT, i 0S 7 By R ROS AT S 5L SIRTI
EE W RBY B2, BT RUNX2 3R 35 B,
PPARy2 ik, i, 78 ROS i B M T,
MSC 43 Ak 15 T s e

€. %1 RES 2 SIRT1 f9% L) , il i3 3 % SIRTI,
LiH7 RUNX2 FI-H 85 & (OCN) 1 3R ik, [ B A1) il
T e b B9 PPARY2 3Rik, NTTAE # T B & 1
B A, FEBEL L T AL S O 40 B A R R A . PR
PLL7E OS 33y SIRT1 25 1 3R 35 B W 32 9 i) 1 oL
T,RES UL H 41 A AL /8 F 336 T SIRTL FFfR T
MSC Y BE 4rfb, AT & T 91 PO IIPEH .

2.2 HEPEEET EPH FoxO1 # ] RANKL % &
F B 2 B 41k

6 20 52 4% AR e 40 A R D S I B
25 A 20 B DR T 9 52 i, T 90 R 30 A o) L 3
P CERTAEWD, XA e PR T T LA E



1372 FIEHE RS E 202049 A% 26 5% 98]  Chin J Osteoporos, September 2020, Vol 26, No.9

S5HA PR E 40 E R R 2 R S s 4 B NF-
kB(RANK)/RANKL/ OPG % 4 %t i B 41 Jfg 7= 4k &
Wg >, RANKL £ i 98 35 38 [N 1 (TNF ) 5 & i )%
LS RANK JE AR & 40 0K fil & 1% B 40 i A A
FHMEFRRL, EEEERGEENFE ", OPC
fE% RANKL & #0 il f, 5 RANK 45 & LI 9L
RANKL {1 B, AT 4 B 5 50

R, SR L AR R 0S &5 R B &
WA bR B B T B, 3+ OPG / RANKL
EoSRammu S mE e YL hE
B, ROS 4 1 SN, 8 7] LU 3 AL R Bt &
A RSF M, fff Runx2, [ OCN A1 T BUJE J 85 1 R 3k
W, FEUNRBPE R . M RES 8866 4% i &
BB L E AL, T dE RN R P A AL/ R E AL
# ', RES 7 fiE 6 5L 8% 0S IR H IR OPG /
RANKL {4 7 ( B OPG B3Rk 3558 5 RANKL ) 3%
TR RRAR ), 990 5 T 40 R A i o ek 5 e W W I B
IR BREER ™,

45T b, B RS RES #i i PO A & 48
JL 0 A B LA B e S AR A 0 1 R 3 23 i 3 PI3KY/
AKT 1% 538 8% b ¥ FoxO1 [ % FiGEvEscBle'™
£ ROS & A0, 40 M8 i b o8 1 & fL i 2 DNA $i
it 2 B i R ROR R Y A B # % ROS 19 A F ¥
Wl %R AL HE K BER fL A1 FoxOs ¥ 5% K+ 9 1%
P FoxOs R M T8 T XL HEE B KB P
—A 2, B A R R A A FoxO1, FoxO3a,
Fox04 F1 Fox06, £ % & 5 MM 1= . DNA & & Al
Bk ROS i A2 . [ 4 2 T BE 5 # , FoxO1
]38 o O NPT A AL R R Y 3R R R BT B R A AL
W (2 B H IR A 010 B AR S Ak W B AL B ) Y 3Rk
HKHLW ROS /A4, R EZEMHL OS fEM. M
FoxO1 3% 1k if ¥ 32 PI3K/ AKT {55 8 Ff A P il ,
FHIE FoxO1 Z A7t A i, N T FoxO1 1y
TLEALVER o Bartell 25 ] B M-CSF (7 I 41 jfg 42
PR A T) F1 RANKL 38 55 #00% AKT 14 FoxO1
SR BN T AL S A KO IR B T R
4 ff ik AL E (H,0,) WA, H,0, =R
Bl 1B 20 B 58 R IR, DA GO B Y R T
W T POMAKAE., shcw®R, H RES (YT
F U0 H R R, 8 1 #H PI3K/ AKT {5538 #% L8
FoxO1 A% 416 ¥, FoxO1 M55 s i is 18\ T o
A AL B AKE, 90 8 e H,0, B4 A
PO E A A L. R, FoxO1 AT 22 RES K%
T PO 15 FH (357 A e b Y

2.3 PFESELE A p66she [ BEER HLAD 1 AL
il

AR R MR R0 5 ROS 7K T i 2 6
B i 3% 2 11 p66she BB BR LA 1, Almeida
A5 B ST IRAIE B T p66she & H,0, 35 R B 40 i
P BB, p66she & — AR (LI SR, AT 1Y
LR & ROS A& I I 8040 M 8 T 2L ROS
14 m B, p66she JH T 7 Ser36 (£ H R 36) 4k 1
PKCB ({2 I8 T 15 5 0% & [ e Cp) M8 F &4
B RRAL T B WS P AL B S BT E S,
B AL B p66she 5 13 T £k 14, I 45 S A AL 3 i g
R H,0, k93 ROS, 8 ANEY H,0, S5 41
30 A3 37 o 6 A AL T T 4 T S A o
RES ] 58 35 4 p66she 155 WR 4k , B 1k /8 B 40
T2, B T OS X R 40 B R RS, K 3R T PO
ERPY

P66she BEER L ROS = AE 1 £ B BT £ )5
Wz — S LA NF-«B Sy 8% 69 % S48 >, NE-
kB &) IZ AP T B A P i — R R T R R
) A 40 B H, NF-«B (A 5 4 I8 kB 4
(IKK) () 5% 45 A T8 R B AE 40 ML i v . ROS =&
1 28 IKK BB IR Ak A A% R T X 66, B 3%
NF-kB {E LI A1 NF-«B 5 1 3 40 g #% v, — 7 1
o R 40 O T B 5240 , 5% — 77 T 6 RANK 5 RANKL
FEAE AL 3 T BB MM 44k . Wang 257
(BT FEHE SE , RES 3 i 305 IKK 335, H T PO K
B NF-xB (73 (B0 E A0 ML 290, % WM
PR Z R (ER) LLEL AR 7 =8 B 8240 il NF-«B
. T ER 76 R 40 M 3k 78 A T A1
M 5 % AT B £ R T NF-xB B 3E . SR, 7E PO
LR L P T B 2 MR SR T AT R
WA, T T B B 40 M A R Al NF-«B I B
B kT B T B, B R, 5T PO i
KA ORES DL M 805 RE 4R T B HE 30 ) NE-
kB B AR R TE A, H04B R0, A SR X 4L PO
iy kA R R
2.4 HEEEESE TS Wt /B-catenin {F 54 &
A2 SHE P 40 L 4

WF5E B, Wnt /B-catenin {55 515 5 iy 303 T 2
HERCE A A Y L Y Wt AR 5 5l 2 R4 A
I, %05 S m b B 0% o RIS B-catenin 75 2 3 5
AR BT 5 B R Y eI E S T 4 A
T/ e A4 K T (TCF / LEF) Z5 8 AR &
P, AT 412 5 22 b 800 R0 (0 3 %, (U R R S8 2 5 R



A T R A 2

2020 4E 9 H 45 26 %455 9 ]  Chin ] Osteoporos, September 2020, Vol 26, No.9

1373

2 Mo AL R AR B R TN W {5 S48 ST L) bk
JURN 20 M 4 A0 40 f 30 R R . TR B RS
FoxOs, FoxOs ifi i 5 B-catenin &5 & F fH 1k B-
catenin 5 TCF / Lef W& -5 F @ Wt {8 5
g,

fe 0S AR T B8 40 M3 i FoxOs 15 B-
catenin 3Z VRS &, M HT A i BE1E BR T Y e st A T
REVAMEM, M EW DT B-catenin 5
TCF 9254 i B-catenin / TCF 415 {1 % 55 i 75
N FoxOs 41 By ¥ %, I+ T B B-catenin By, i
WAl Wi (5558 B 1Y 15 T 2 2152, 3041 T 803 4
i G T A oAk, B AR LT 0S S PO &
i Sirtl B8 FoxOs % A= it £ Mt Ak M\ 17 40 ] FoxOs
Yj B-catenin (455, B8 0 A E 40 MO AEL 40 PR A 4 5E
B AR G R R R O T . RES 3 B
Sirtl, ¥ /> FoxOs 5 B-catenin W) &5 &, I #H| B-
catenin #1 5 #9F e , 2K 8 Wit /B-catenin {5 B
8 AR B B A g

3 BEERE

RGBTSR M EELEHERNE L
W, THR RS Z RECE B, %k, B R
FEREAR , B 3 KR 38 00, 46 25 I o o A O e —
F B A SR PR AL T Bk AR A 900 T7 B BT,
IR 1t ) W) LV TE Y 2 WL o S A 280 T T oK
BAENAT . MEBE S Z GO R BB E B R
JEDN (A BT I TRAT R S IR R AL 5 R W, ok
FIAH G I 77 AR R R v O R R . Rk S b
HEZMBEN, X5 484 J5 B FT 50 AL AE 1Y) 28 24 3
R, APERE—MEA AP B
B RARPUEALT o B AT LAIE 3 2 P 0 ) LAk B
B, TR A OB R AR, OE B R B R Y e
73, TSR ZL b B kAR P B AR DS R B B R
MR 44 S5 B B AS ¥ J i B4 45
BTG SIRT-1 {2 3 [6] 78 BT 1 44 M i i & 4 4k, b
FoxO1 4l il RANKL 5 5 1) % B 40 fu 45 4k, 0 1
p66she 4 82 {1k M 1T 411 451 5 B 20 M 0 12, B0HE Wt /
B-catenin 55 & T HE BB 40 M 35 58 . Hak mlfE
FHF A5 105 200 B A B At B TP i LA 4 1A, S 3
G T 400 RO 4 ik 20 L B B R B B 3 TR B, B
T AR AL ST A PR SR,
HRARENA AT A, H 51 L
A A REFTY , T BRI [ B8 07, ik 2 2 5 B o

B A

(1]

(2]

[3]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

( & % x # ]

Silva I, Branco J C. Denosumab: recent updale in
postmenopausal osleoporosis[ J]. Acla Reumalol Port, 2012, 37
(4): 302-313.

Wade SW, Siwader C, Fizpairick LA, el al. Eslimaling
prevalence of osleoporosis: examples [rom induslrialized countries
[J]. Arch Osleoporos, 2014, 9. 182.

PhERL, BROLI, SRR, & KN BN SFEER T RE
MR R R SE R L], H B BB A 2¢ 7, 2016, 22
(8): 1063-1067.

Baolin L, Inami Y, Tanaka H, et al. Resveratrol inhibits the
release of mediators from bone marrow-derived mouse mast cells
in vitro[ J]. Planta Med, 2004, 70(4) : 305-309.

WA, G5, UL, B ER PR BTG A BB S ) o R
[1]. R EE, 2019, 33(5); 392-396.

Mizutani K, Tkeda K, Kawai Y, et al. Resveratrol stimulates the
proliferation and differentiation of osteoblastic MC3T3-E1 cells
[J]. Biochem Biophys Res Commun, 1998, 253(3): 859-863.
Weitzmann MN, Pacifici R. Estrogen deficiency and bone loss:
an inflammatory tale [ J]. J Clin Tnvest, 2006, 116 ( 5):
1186-1194.

Droge W. Free radicals in the physiological control of cell function
[J]. Physiol Rev, 2002, 82(1) . 47-95.

Bai XC, Tu D, Liu AL, et al. Reactive oxygen species stimulates
receptor activator of NF-kappaB ligand expression in osteoblast
[J]. ] Biol Chem, 2005, 280(17) . 17497-17506.

Rached MT, Kode A, Xu L, et al. FoxO1 is a positive regulator
of bone formation by favoring protein synthesis and resistance to
oxidative stress in osteoblasts[ J]. Cell Metab, 2010, 11(2);
147-160.

Saeidnia 8, Abdollahi M. Toxicological and pharmacological
concerns on oxidative stress and related diseases [ J]. Toxicol
Appl Pharmacol, 2013, 273(3) . 442-455.

Lean JM, Davies JT, Fuller K, et al. A crucial role for thicl
antioxidants in estrogen-deficiency bone loss[ J]. J Clin Invest,
2003, 112(6) : 915-923.

Cervellati C, Bonaccorsi G, Cremonini E, et al. Bone mass
density selectively correlates with serum markers of oxidative
damage in post-menopausal women [ J]. Clin Chem Lab Med,
2013, 51(2): 333-338.

Baksh D, Song L, Tuan RS. Adult mesenchymal stem cells:
characterization, differentiation, and application in cell and gene
therapy[ J]. J Cell Mol Med, 2004, 8(3): 301-316.

Denu RA, Hematti P. Effects of oxidative stress on mesenchymal
stem cell biology [ J]. Oxid Med Cell Longev, 2016,
2016 2989076.

Picard ¥, Kurtev M, Chung N, et al. Sirtl promotes fat
mobilization in white adipocytes by repressing PPAR-gamma[ J].
Nature, 2004, 429(6993) . 771-776.

Brunet A, Sweeney LB, Sturgill JF, et al. Stress-dependent

regulation of FOXO transcription factors by the SIRT1 deacetylase



1374

ol WO Vo

2020 4 9 A5 26 5585 9 ] Chin J Osteoporos, September 2020, Vol 26, No.9

[J]. Science, 2004, 303(5666) : 2011-2015.

sex sleroids[J]. J Biol Chem, 2007, 282(37) . 27285-27297.

[18] Tseng PC, Hou SM, Chen RJ, el al. Resveralrol promoles [30] Almeida M, Han L, Ambrogini E, el al. Oxidalive slress
osleogenesis of human mesenchymal stem cells by upregulaling slimulales apoplosis and aclivales NF-kappaB in osleoblaslic cells
RUNX2 gene expression via the SIRT1/FOXO3A axis[J]. J via a PKChela/p66shc signaling cascade: counler regulation by
Bone Miner Res, 2011, 26(10): 2552-2563. estrogens or androgens [ J]. Mol Endocrinol, 2010, 24 (10):

[19] Lee SH, Kim TS, Choi Y, el al. Osleoimmunology: cylokines 2030-2037.
and Lhe skelelal system[ J]. BMB Rep, 2008, 41(7) : 495-510. [31] Migliaccio E, Giorgio M, Mele S, el al. The p66shc adaplor

[20] Zupan J, Koemadina R, Marc J. The relationship belween prolein controls oxidalive stress response and life span in
osteoclastogenic  and  anti-osteoclastogenic  pro-inflammatory mammals[ J]. Nature, 1999, 402(6759) : 309-313.
cytokines differs in human osteoporotic and osteoarthritic bone [32] Pantano C, Reynaert NL, Van Der Vliet A, et al. Redox-
tissues[ J]. J Biomed Sci, 2012, 19 28. sensitive kinases of the nuclear factor-kappaB signaling pathway

[21] Tto S, Hata T. Crystal structure of RANK ligand involved in bone [J]. Antioxid Redox Signal, 2006, 8(9-10) ; 1791-1806.
metabolism[ J]. Vitam Horm, 2004, 67 19-33. [33] Raisz LG. Pathogenesis of osteoporosis: concepts, contlicts, and

[22] Wang X, Chen L, Peng W. Protective effects of resveratrol on prospects[ J]. J Clin Invest, 2005, 115(12) ; 3318-3325.
osteoporosis via activation of the SIRT1-NF-kappaB signaling [34] LiP, Wang Y, Liu X, et al. Atypical antipsychotics induce
pathway in rats[ J]. Exp Ther Med, 2017, 14(5): 5032-5038. human osteoblasts apoptosis via Wnt/beta-catenin signaling[ J].

[23] Zhao L, Wang Y, Wang Z, et al. Effects of dietary resveratrol on BMC Pharmacol Toxicol, 2019, 20(1): 10.
excess-iron-induced bone loss via antioxidative character[J]. J [35] Clevers H. Wnt/beta-catenin signaling in development and
Nutr Biochem, 2015, 26(11) . 1174-1182. disease[ J]. Cell, 2006, 127(3) . 469-480.

[24] Teng YL, Jiang XT, Ma FF, et al. Resveratrol provents [36] Rodda SJ, Memahon AP. Distinct roles for Hedgehog and
osteoporosis by upregulating FoxQ1 transcriptional activity [ J ]. canonical Wnt signaling in specification, differentiation and
Tnt T Mol Med, 2018, 41(1) ; 202-212. maintenance of osteoblast progenitors [ J]. Development, 2006,

[25] TLiu JW, Chandra D, Rudd MD, et al. Tnduction of prosurvival 133(16) ; 3231-3244.
molecules by apoptotic stimuli: involvement of FOX03a and ROS [37] Almeida M. Unraveling the role of FoxOs in bone—-insights from
[1]. Oncogene, 2005, 24(12) . 2020-2031. mouse models[ J]. Bone, 2011, 49(3); 319-327.

[26] Katoh M, Katoh M. Human FOX gene family (Review)[]J]. Tnt [38] Xk, FoxO1/p-catenin 15 5 18 B 75 il B 40 I S A6 B 3 Y
T Oncol, 2004, 25(5) . 1495-1500. ER EHLRIATA [ D], 2 M K5, 2014

[27] Subauste AR, Burant CF. Role of FoxOl in FFA-induced [39] Zhao XL, Chen JJ, Zhang GN, et al. Small molecule T63
oxidative stress in adipocytes [ J ]. Am J Physiol Endocrinol suppresses osteoporosis by modulating osteoblast differentiation
Metab, 2007, 293(1) . E159-164. via BMP and WNT signaling pathways[J]. Sci Rep, 2017, 7

[28] Bartell SM, Kim HN, Ambrogini E, et al. FoxO proteins restrain (1) 10397.
osteoclastogenesis and bone resorption by attenuating H,0, [40] Kim HN, Han L, Iyer S, et al. Sirtuin] suppresses
accumulation[ J]. Nat Commun, 2014, 5. 3773. osteoclastogenesis by deacetylating FoxOs[ J]. Mol Endocrinol,

[29] Almeida M, Han L, Martin-Millan M, et al. Skeletal involution 2015, 29(10) ; 1498-1509.
by age-associated oxidative stress and its acceleration by loss of (ks B B . 2019-08-21;1& |/ H £ . 2019-10-23)

( J:}ié% 1332 ﬁ) [14] Cohen A, Fleischer J, Freeby M J, el al. Clinical characlerislics

[12] Qiao L, Liu D, Li € G, et al. MiR-203 is essential for the shift and  medication use among premenopausal women with
from osteogenic differentiation to adipogenic differentiation of osleoporosis and low BMD: the experience ol an osleoporosis
mesenchymal stem cells in postmenopausal osteoporosis[ J]. Eur referral cenler[J]. J] Womens Health ( Larchmt) ,2009,18(1):
Rev Med Pharmacol Sci,2018,22(18) :5804-5814. 79-84.

[13] [15] Callegari ET, Garland SM, Gorelik A, el al. Delerminanls of

Valdimarsson O, Kristinsson JO, Stefansson SO, et al. Lean
mass and physical activity as predictors of bone mineral density in
16-20-year old women [ J]. J Intern Med, 1999, 245 (5)
489-496.

bone mineral densily in young Australian women; resulls from Lhe
Safe-D study[ J]. Ostecporos Inl,2017,28(9) :2619-2631.
(Y F8 B 37 : 2019-10-12; 4% In] H ] . 2019-11-02)



