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B = F S BMSCs B & 5 L AL ) 1y 5 3 8t R

AR SR, TR ESFR
(EHRAFF_ERFTHER, KA 130000)

[E@im] BHMARF@migd; g
[hE4S%ES] R816.8 [XEkFRiIRAE] A

%8 2 )5 B B AN SE (postmenopausal osteoporosis, PMO)
BB LB 2 KR IR T S R 0 AT BT
PMO J& H T 00 25 45 L) RE T B W ME SR KT B AR5 R B 5
T B 440 0 ) i O A0 9 TS 80RO 25 2R s i G 4G L B 0
JRE VAV 1y — b A 5008 o ARG L R LR I AR L 5
&7 1 (hormone replacement therapy, HRT) X} PMO, &
G T RAFRRCR . Hh =R & HRT /97 9 = Z 4L
. WEWCER B T2 0 AR W A AN, 6T At R Y B L A A
SIARIEIAT L . T I HE R e B A AR P R Y B
T AP FEN MR E AT O S T A0 R A0 e 1k .
HE T 52 WA B T A R . VT AR M IS E o R T AN B R R
FRIA YT B BB A 1 R DG T 5 & 32 00 .

H i 7E 4 R TR AU v A 2 19 T A0 i = A w28, B
AT 40 L R0 VS i T A M . VRIS T 400 A el T 3 A 3 ) R i T
Z R —EH R . BB A 785 T 41 (bone mesenchymal stem
cells, BMSCs) /2 H Jif )2 2k Y5 #4944 T 20 ML, IR G LA TROR
i 5 TSN 38 450 3, & o 4148 R 3 2 0 b - 2
BMSCs H A 2 In] 43 {6 ¥ g o 7238 25 19 45 71 7, BMSCs 1] & 3
R BRI A T 1) 9 44k
1 BEFHZEEE BMSCs B89 KB HLH

BEAE N B BT f ) & A 3 802 i T 5B 40 Mg Bl R Ttk
A Rt TR AL B B L JORE . HAFH A
20 ML T RE L BE TG AL A R BB A R R R R
PR & R B 5 W BB A B T RE Y T R B R AT

WE SR R S AR R E AR R e R R A
A, HRMEBMEMFEAWELRSEZ —. W EX BMSCs
BA L A i i Ag o AL AR T HAaZ BT B A —
1 ) AR BPES . BMSCs 1 IR 15 B0 4 Ak 47 A2 2 — Fitt 1
(I P O T O S  (R 2 = vl 1197 N =  1
BMSCs 1 536 RE I BE AR, 1] B8 107 400 JE 1 A 35 58 1) i el T
Tk 1 40 0 ) i Ao B 0% Ak A A o R B D R s B L R
B R IEAF I B

YEF B AT XU (1986 — ), A BE P I, 7E 100 L, EREM R BRI, 2

[XEHS] 1671-8348(2015)23-3294-03

1.1 M R 71K (estrogen receptor, ER) ER & T Z k8
G, MR AE I B X R . ER 45 ERa I ERB PIFH
W, WP A BRI U TR ERe FETE RS E LT
ERR A LU He R ik 1k A2 . Wi7E ERa $245 0. ERR 7] 1 4“8
BRI LR, ERJTEZREATZMAMMALR, 54
ML R o3 Ak G B S5 B B B AR OG . BEAE BF SR 52, BM-
SCs £ IRTEE ER M 2355, M 3 K& H i ik 15 BMSCs #£
T ER & AR S PSS G T #0E ERa F1 ERB. 7™ A2 AH B 19
AW RERION . W 5 52 A 03X R TEL AR T 2 R R
HACHMEMER. AR RIS MM E EEE i ERa E
FHT BMSCs, 8 58 g 15 P . ER S B 2 B MWK 7E T
B A R MEECR R R R R 4G . ER BT
DI ER. 22 535 16 85 A B (MAPK) J8 B% BB & R A 1R
(1-2CBMP-2) Bl Wt i 4 500 55 0 2 . 35 11 ) FF 0
MRS S . B, 2 45 0 AH DG TR %58 i ER X A0 4 T
B IR TE KT 52 2% (45 5 3 % R 245

1.2 BIEEXkEEE(BMPs)/Smad i} BMPs J§ T # 1k
H K [H F-p(transforming growth factor Beta, TGF-B) #8 K ji% ,
Je— K5 T UM B AERE T ENAETES
Smad i % B EE B UIAE . Hoh BMP-2 B A R 5 09 5B 75
FRE S . A2 EAEN] BMP-2 R RLE S A 7 5 40 Y AR R
GrAEE o MR AT LA S R 3 IR FE R T 46 S B BMP-2, ik
7 A 308 1 ) BB 40 e 46T . BMIPs i Af 1 4 A T BMSCs
R S R 22 /5 R O 32 A TS Smad 2 1 3 % .
SR B 2 ) ) 3T i 4 5 Smadl, SmadS Fl Smad8 @ 2
AT Ak BMPs f5 5 5% S5 0 AR KB AR
5 BMP-2 mRNA %35 B G . BCE AR 25 9 001 9% B2 i Calka-
line phosphatase, ALP) , I TR J5 B 85 R S5 ¥4 TH | . 01 45
WA — 0 2, A L A T R A T R AR
WAk BMP-4 132 ] 8] 78 5T T 44 i A 42 18 43 Ak A 9 4 i
M+ —. Lambertini 27 % B, M % & o o7 D43l 52 1
BMP-4 X 2 g 1) BB 3 AR 1 344 T
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1.3 Wnt/B-catenin {5 58} Wnt/p-catenin 15 5 i@ # & &
MR — R EEAER., Wnt 2—285 & L RERY
WEEE (1% 28 A n] LUGE HF AR BB 40 A Y A K O AR i
20 B R A LT L A A g W M SR B A AN B R A 4
b AR BB A1 AR F S Wne 38 B 19 3800 5 06, 3 Fh 7F AL
A FE AR PED) . Wnt/B-catenin {5 5 #% #] L@ L 5 ER A
6T % A B AR AR HE 18] S 5 AE 40 ife (mesenchymal progeni-
tor cells, MPCs) ) it 434610 . BMSCs J2& il 41 i (49 57 74 41
Mil Z — , B-catenin B [ A 8 HIT M 40 M0 04 3 5 L 53 b 55 A A T
S B HEEEMH. Wnt/B-catenin {5 5 i f% 7] LA %% BMP-2
PR Hop B-catenin 8 O [A] 75 5T 40 I BB 0942 i 1 2
1 3 3 5 0 BMIP-2 f9 I 24 T 5 B - ELIX Fh AR T AT LA ER
BHWE 77 ICT 182780 ERa il B 55 7 35 Ir 6 1R . 4@ s M R
155 BB 0 (5 5 38 % T A 2 i S 4 9 i 2 A A A L S 1R
EEC) I RESuN T
1.4 NO/NOS{ES3@gk NO a LLE 3 B 40 I 3 A . 76 %
B 2 M 43 Ak 3k 7 b R AR . NO 1 F KL LS T 380
R 5 (cGMP) 1 % & Ll 43 cGMP B 1 FH T ol 1 40 1l 9
AT NOS i ] %] L-NMMA ( NG-Monomethyl-L-argi-
nine) A] LA3E £oF 70 1 8§ 09 35 M BL W NO X 58 4 16 09 300 38 1E
Mo BEAEATZR &I L-NMMA i . 17p-M — /i
B ALP 8 0 NGB B 2 F M R, N
T — A AL & & B (endothelial NO synthase, eNOS) £t [&] B [ )
AINER S R 40 R ME R O P A R . BT AE NO/
NOS {545 38 . WE B 28 7] e 258 i W 5 NOS XF NO 1 i sk
P HOR NO E R DT XS 88 7= A 4 4 A . 4k, Fukumo-
to ZETR R B, 17 ME T ] E BRI b NO W i
3% T RE AR 2 HE T NO/NOS 53 8% A 3 8B Ll Z — .
1.5 MAPK {5558 MAPK {558 8% ) 2 A 76 T 4 i 7
b kS AT I B R A P s 2 S T R
BOE M. EFRNEOE S NS R £ . MAPK g4
1% p38MAPK ., 41 il 4ME 5 8 17 i B (extracellular-signal regu-
lated kinase, ERK1/2) fll c-Jun %4 3& ¥ 3 A (c-Jun N-terminal
kinase, INK), = ¥ £ 5 T BMSCs W i & 4 b it 72, H
P38 F=ZE X 4 M i 4 Ak R AE A L 1 ERK 32 %2 5% 1) 41 il 49 34 %
W, Liao 5 R B, 4 % 5 ¥ W (genistein) B A7 K F
17p-Mf —FERVE A, #E B S ERa 2N F XS 75
MAPK {383 - o] 52 21 5B 40 I 53 4k R A o 3k 1N 1 3% 3k
TR M E G, AATR AR BEER AL
W EAEE A L/ F ERL 300 ERK RN JNK 5@ #% . I 75
SR s . FRURY B AR A mT i R A e, RS S ALP
AT R R 3% 3k, B M F 093X R AR AT LL B ER #5458 ICT
182780 #1 P38MAPK #5 Ht 3 SB203580 Ji BH >t , 42 75 55 4R
AW LLEEEMN T ER, Hif 30 EJT T P38 MBS A
5. Niu %™ & 80, BMP-2 i G & 2 L 77 78 & P38 M
ERK1/2 3 #% 080 3% 4 A o3 — J7 I IESE 1 MR 175 3 BM-
SCs 1 8B 43 Ak v 1) 4% 4% 38 35 AH 38 S AR AR A 6 &R
2 BHREFSHEBESULIBIHNE RAMH-RXR

U8 2R A AR F AR R A A R v 1 Rl B RO
FWEE M. A8 % MEBER T /5 BMSCs 1y 45 3 it 1
B P RUNX2 A OCN S5 3F 17 #5 I & B , Mt 38 2 % BM-
SCs 11 Ji B {2 #E 7 FAEAR R0 42t 90 B B A 700 o 40t 1 % 1
TEME BB 1X107° mol/L i f5 h B Y, (HAH KA 2
Y 8 25V A0 M D A ) DA B R RRUE VR R, AT
S R R E R X AT RE S MR R A S AR L
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WISEA G, 7 O 4E 5 ME R R P v B2 19 AR G 8] L, Hong
SFUR R IALER-R L B AL R Y W A T 5B R 2 R
OB L 12 AU RE 08 A o T BE AR B B BT 7 d. I O
I8 I S50 v B8 A T A L i R ok R VR MO B L 3R
HUIR G5 25 EAT A R N I AR R BT L TR 5 30 45 SRt B8y W 5

3 & '

WEM R AE A HRT Wy — &4 C & M Ttk
PMO W3697 I OIS T RAF A I RO . X7 T e i & {2 if
BMSCs si# L ALH F 5%, H i & 4 &3 T BMPs/Smad.
Wnt/B-catenin,NO/NOS #l MAPK % £ 4 {5 5 %, ER /E K
Y ERIMRRIED S T XSS E RN E 5. 8
BT S IR A A S R4 . M R N R A A 8 1
T W 25 F RS B AEMERCR 79 0 B e AT A AE 3 — 28 )
FI . (1) B AR SC Ak o M 38 % % BMISCs B T 951 K 35 43 5% i B0k
S J7 1% R B B ME O R v R E D AE R AR E L AT R R
Jit 248 A TR R A AR SR I T S — S R () #E
SV T, M URER R R A R A TR LG R L R R D B
ke AT R0 43 o A B 0 S5 Mk BE iR SOk R I L HLSE g R
e ME IR I S PR T SR BE ) 2 R AR S R L A R A S A R
K52 ) o] 4 1005 B AR HE AL A i — PR R (3R
FH ARSI 52 56 F 5% Bk 38 2 %) BMSCs 19 i B R i fE B A — &
iy JR B . BMSCs 4 N B8 4 5 2 B0 AR N &2 Z2 SR BRI 52w ,
o 4 ) 43 Ak T 1) E BRI 2 A T AR L R R
T A DRI [

25 TR R R 3 T g B U L R R 2
BLA » A O T 40 M A% A 36 97 B — 26 52 R In] A, 8 Oy Mt SRR
YT B T A i S 5 s 4 A T RE AR T AL Sy A AR S R 1Y
1RYT BEE BHIE LA

S ik

[1] Matsumoto Y, Otsuka F, Takano-Narazaki M, et al. Es-
trogen facilitates osteoblast differentiation by upregulat-
ing bone morphogenetic protein-4 signaling[ J]. Steroids,
2013,78(5) :513-520.

[2] Zou J,Yuan C, Wu C, et al. The effects of platelet-rich
plasma on the osteogenic induction of bone marrow mes-
enchymal stem cells[J]. Connect Tissue Res, 2014, 55
(4):304-309.

[3] Roeder E, Henrionnet C, Goebel JC, et al. Dose-response
of superparamagnetic Iron oxide labeling on mesenchymal
stem cells chondrogenic differentiation: a multi-scale in
vitro study[ J]. PLoS One,2014,9(5) :e98451.

[4] Supokawej A, Kheolamai P, Nartprayut K, et al. Cardio-
genic and myogenic gene expression in mesenchymal stem
cells after 5-azacytidine treatment[ ] ]. Turk J] Haematol,
2013,30(2) :115-121.

[5] Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts,
and prospects[ ] . J Clin Invest,2005,115(12) :3318-3325.

[6] Gao B,Huang Q.Lin YS,et al. Dose-dependent effect of
estrogen suppresses the osteo-adipogenic transdifferentia-
tion of osteoblasts via canonical Wnt signaling pathway
[J7. PLoS One.2014,9(6) :e99137.

[7] Zhang M,Chen FM,Wang AH,et al. Estrogen and its re-
ceptor enhance mechanobiological effects in compressed

bone mesenchymal stem cells[J]. Cells Tissues Organs,



3296

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

2012,195(5):400-413.

Chen FP, Hu CH, Wang KC. Estrogen modulates osteo-
genic activity and estrogen receptor mRNA in mesenchy-
mal stem cells of women|[ ] ]. Climacteric, 2013, 16 (1)
154-160.

Xu S. Lin J, Liu W, et al. Osteodifferentiation of bone
marrow mesenchymal stem cells after transfected by
lentiviral vector mediated bone morphogenetic protein 2
[J]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi, 2013,
27(11):1380-1385.

Zhou S, Turgeman G, Harris SE, et al. Estrogens activate
bone morphogenetic protein-2 gene transcription in mouse
mesenchymal stem cells [J]. Mol Endocrinol, 2003, 17
(1) :56-66.

Lv H,Huang X,Jin S,et al. Strontium ranelate promotes
osteogenic differentiation of rat bone mesenchymal stem
cells through bone morphogenetic protein-2/Smad signa-
ling pathway[J]. Nan Fang Yi Ke Da Xue Xue Bao,2013,
33(3):376-381.

Toom A, Arend A.Gunnarsson D, et al. Bone formation
zones in heterotopic ossifications: histologic findings and
increased expression of bone morphogenetic protein 2 and
transforming growth factors beta2 and beta3[ ] ]. Calcif
Tissue Int,2007,80(4) :259-267.

Lambertini E, Penolazzi L., Aquiari G, et al. Osteoblastic
differentiation induced by transcription factor decoy a-
gainst estrogen receptor alpha gene[ J]. Biochem Biophys
Res Commun,2002,292(3):761-770.

Rawadi G, Vayssiere B,Dunn F,et al. BMP-2 controls al-
kaline phosphatase expression and osteoblast mineraliza-
tion by a Wnt autocrine loop[J]. ] Bone Miner Res, 2003,
18(10) :1842-1853.

Colaianni G, Brunetti G, Faienza MF, et al. Osteoporosis
and obesity: role of Wnt pathway in human and murine
models[ J]. World J Orthop,2014,5(3) :242-246.

Gao Y,Huang E,Zhang H.,et al. Crosstalk between Wnt/
B-catenin and estrogen receptor signaling synergistically
promotes osteogenic differentiation of mesenchymal pro-
genitor cells[J]. PLoS One,2013,8(12) :e82436.
Armstrong V], Muzylak M, Sunters A, et al. Wnt/beta-
catenin signaling is a component of osteoblastic bone cell
early responses to load-bearing and requires estrogen re-
ceptor alpha[J]. J Biol Chem, 2007, 282 (28): 20715-
20727.

Saura M. Tarin C, Zaragoza C. Recent insights into the

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

FTHRESF 2015458 A% 44 %% 23

implication of nitric oxide in osteoblast differentiation and
proliferation during bone development [ J]. Scientific
World J,2010(10) :624-632.

0'shaughnessy MC,Polak JM, Afzal F,et al. Nitric oxide
mediates 17 beta-estradiol-stimulated human and rodent
osteoblast proliferation and differentiation [ J ]. Biochem
Biophys Res Commun,2000,277(3):604-610.

Fukumoto T, Tawa M, Yamashita N, et al. Protective effects
of 17 beta-estradiol on post-ischemic cardiac dysfunction and
norepinephrine overflow through the non-genomic estrogen
receptor/ nitric oxide-mediated pathway in the rat heart[ ] ].
Eur J Pharmacol,2013,699(1/3) :74-80.

Suzuki A, Guicheux J,Palmer G,et al. Evidence for a role
of p38 MAP kinase in expression of alkaline phosphatase
during osteoblastic cell differentiation[ ] ]. Bone, 2002, 30
(1):91-98.

Liao MH, Tai YT, Cherng YG. et al. Genistein induces
oestrogen receptor-o gene expression in osteoblasts
through the activation of mitogen-activated protein kina-
ses/NF-kB/activator protein-1 and promotes cell mineral-
isation[ ] ]. Br J Nutr,2014,111(1):55-63.

Song L., Zhao J,Zhang X, et al. Icariin induces osteoblast
proliferation, differentiation and mineralization through
estrogen receptor-mediated ERK and JNK signal activa-
tion[J]. Eur J Pharmacol,2013,714(1/3):15-22.

Wang PP,Zhu XF, Yang L,et al. Puerarin stimulates os-
teoblasts differentiation and bone formation through es-
trogen receptor, p38 MAPK,and Wnt/B-catenin pathways
[J].J Asian Nat Prod Res,2012,14(9) :897-905.

Niu Y,Li Y,Huang H.et al. Asperosaponin VI,a saponin
component from Dipsacus asper wall, induces osteoblast
differentiation through bone morphogenetic protein-2/p38
and extracellular signal-regulated kinase 1/2 pathway[]].
Phytother Res,2011,25(11):1700-1706.

RIBEAE, FRG 48 45 MEVER 0 MO P AR 1 /) BB
¥ 78 5T T 200 B 1 R AR LT . E A R AT, 2012,
16(19) :3433-3437.

Hong L.Krishnamachari Y.Seabold D,et al. Intracellular
release of 17-f estradiol from cationic polyamidoamine
dendrimer surface-modified poly (lactic-co-glycolic acid)
microparticles improves osteogenic differentiation of hu-
man mesenchymal stromal cells[ J]. Tissue Eng Part C
Methods,2011,17(3) :319-325.

(W B39 :2015-02-08 &[] H 31 :2015-07-28)

T A A A A A A e e e N e N A

i

E

2

T o BN IZSCHEIRAE B 1L Gl IR M7 L R SR AR 5T
I B IE

1

AT 2015 4F 44 35 20 ) 2774 T A5 — A SCR A BR YD B 20 SR B IR T S A 4 BRI IR GE R A X L

(EREZF)VREH
—O—afEtA=+H




