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Abstract. Osteoporosis is becoming one of the major diseases in old age. It affects the health of the elderly, and was caused by
greater bone absorption than bone formation. Current research is focused on regulating bone anabolic signal transduction pathways,
inhibiting osteoclast bone absorption, and reduce bone remodeling to reduce bone loss. This article summarizes bone metabolism
related regulation pathways, including the MAPK signal transduction pathways, Notch signal pathway, Wnt/decide- catenin
signaling pathways, BMPs signaling pathways, PPAR-r signaling pathways, TGF-decide signaling pathways and Hedgehog signal
transduction pathways. Multiple signaling pathways cross each other, participate in the regulation of relevant factors in the
pathways, through activating or inhibiting cytokines at some key links, and play a major role in bone metabolism.
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7% 4L 8 T Ao 4k (RANKL) f1 & {47 & (OPG) KR
KEBEEEEEA, FFBEMHHERE T Runx2
mRNA fJ % ik, WH ERK {55 & 8 v LU &l &9
OPG % ik 1) & M {§ RANKL/OPG # Lt {E'* . ERK
1558 B 7] 3458 BB A M R T R A HE R F Runx2
mRNA, WA BB, A HEE

ERKS Al fE R i3 2 5% SCK fE #, A&
Gl/SHA4n 87, BMRIL SCK EEHA T K 78 5
22 M¥ 1% ERKS, ERKS B 40 f 4k K B F {2 18 4
Mt S KB ¥ S, W45 $ &8 (Cydin) DI
RAERBELSBTHEEAET A, ERK %4t
RAMGEEEENRE AREL T WHRET
LA K B F (TGF-1) (RIS R K E, %, [ A#E
FHEEAR . BHKMES 2k, T ERK1/2 X
AASEMERET AR EBERER TR AR
FHEF Runx2 WEREZMELRE. Runx2
RERBHEXENREBRE. B EQ
(osteocalcin, OCN) B #7% 13 (osteopontin, OPN) 4§
wFEx",

2 Notch ESiE K

Notch 7E i B 40 fi 43 4k i 72 4 B 30 B Br R ik it
190 0 AR 4 R ey A L A R L R B A R T B
KR ATMMHABERME R, BRFEA
(osteopportegerin, OPG) ,#% A F-kB 3% & i 1k B 7 (
receptor activator of nuclear factor kappa 8, RANK)
fHET kB ZEiFAE FAEE (ligandof receptor
activator of nuclear factor kappa 8, RANKL) 7 & i
MAY R REEEZEMER, OPC & RANKL H32
K, ZEEARFENHR B AR AT EF
HEFEHNRY. RANK M SHESRBE MRS,
BRI XEIYITZ—, & RANKL X —3 1k, RANK
FEEIHEAREEAEAEERET S RANKL &
&, T R R BB A L BRI R
KR ERT-MAYER; OPG 5 RANKL 43 3/ER T
BAEMBE, OPG @ EEFHL & RANK, %
B 40 B A A T 2 . RANKL 298 8 % i
MXBAREF ERESERAENHIZ XY
#REFREMDIES LB EEEENIERN. £EF4H
Jf A 5K B 40 IR S 40 B P BE R 3K, RANKL 1
AR REE D KB, X5 MR 5
REMBRKETEERTIHAEM . OPC A
B R 0 AR SR A OB A A
BHF. REENAER TS HEB RANKL 5HI)

B4 4k RANK 454, 3B B OPG/RANKL/RANK
R G, T PR B 40 S 75 5 0 B 4 N T 4 4 D
ML E5RE, FEEREARN AR L BRS
BT, oo R A4 B gk EY, OPG
RANKL [R5 7EHA, A KB R E B R RS,
—EEREREREHRRMMLMER, REFER
Y IR WAL o

Notch EH 3 ESFREFHAMTFRPENRER
310 450 S R BT R R i o 440 Notehl B Y%
BT LARE {% BMP9 % 5 &9 (8] 72 B T 40 B &9 LB o
{k,Notchl 7 BMPY iE A Bk h RIEEE
BREM, &RER,ME Notchl #3157 LIFEAR
BMP9 %59 iMEFs 41 i 49 ALP 3& ¢, 55 2L AR LA
R 89 B & bR &Y OPN 1 OCN M &K ik; M #l
Notchl 97 ¥ 7] LL 3 BMPO B3 LK AR & /I
PHBE/ BRI T RERR, KT BE
BB EE" . Notch FEHFERLTHESS
BMPs Xf LB ML 446, 3 H 5 Smads B H —
ERARRXYY, BFRE Y BMP2 o] LA FKEE
{¢ INK, 7 JNK £ % 25 & % K &9 mRNA K%, Fl ¥
BEENEL NTBESREHRIE",

3 Wnt/B-catenin £ =i 8§

Wnt/B-catenin FEH R A AT FHEABE A
A AL B L E AE Fl o Wnt/B-catenin 55 8 B 7
REHARAME AR TCIBPEEENAE
e, AR, EALRBREEN Wnt {5558 5%
EASERBEIFRESA —RANEXNER, Wt {5
538 B 6 89 % 52 2B (3 -B-catenin, 7 7E T 40 ML IR
W, Wnt EHES A BRFFWH RS THR
JE I ) Frizzled 2 B f3L 6] 3 & (LRP5/LRP6) M4
S5 KESESFEHMRE S, 41 &+ & 8-Catenin
Mz Mg, R EF LEF/TCF ERET 48
) Wnt/B-Catenin (£ S @B, HE T EHE c-myc,
Cyclin D1 .PPARy R EE, o OPG, # i
RHFBHER

Wt BEARRRERIABEAKREAPRHEERATY
BT, 4 ok 8] 7 5 T 40 1 1) BB 4l B Ay k. B H 4
FHLE A G . Wnt/B-catenin {5 5 8 B % 4
A —RI/NFFEANRE, BSHEB(Cad)
R—MEEES> FHMEA,N Cad BHHP— T,
HEAREKIBTH=YED, ERET AR
EAr A REEER, BH AN (Cad) KL N Cad
A M Wnt/B-catenin {55 38 B , ¥ 5L BLE 40 i 2 68
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BERR, B & B9 2 0 %1 B-catenin 7§ 19 B &t K& 8-
catenin R A LIS R FHAHEF AL, | BEHE
MESESERBE AMERSAAKE NG
A M Axin B AKX B-catenin # BEME, 1
HABIBAE TCF & SMEE TR F
Mk,

BEHES Wnt 55 R2MMENT LA, 6k
BT R R/ ZRIELE FERA L, 2HRE
M A R B M A, LR £ 4 4R MO RE NE R A i
Wnt 5% 2 A, BESHFHEMREF 50, Al
FHARUE ERAEREBREARE3 WETBREM
[21], B@EHF W fFEERERARRE TR
ik, SRR f A FE X Wne 58 B 9B M 1R
75 Wnt (55 @ B A2 B B B K 1 F Ak
R IE R AR

4 BMPs ESiE%

H ¥ A% (Bone morphogenetic protein,
BMPs) BTHBAEKHEF TCP-B BREFH—R,
mESMMEE N EEANEERA REEER.
BMP-Smad {555 538 M 68 % B B A0 M RO B 4 4
AL, A3 MSC & [0 4 5B 40 M, B JF 40 J iy 32
B, BE 40 M B LR Ak B S B A Y R B
Mo REEALYEERRES RO E 754K
BEREER B, BMPs AR B AR KRS
A4 B 1) 3 5 40 B, 1 G 4 4k R EK B 4 B R 4 A
FEISBENTTAMERYE, BAEETHAEBE,
MHEPREERNE BMP2 & BMP-7, BMP2 5
BEMNBRREEREHLBEZRAATE T,
BMP2 B MM B ARG EXHENEHREA,
Cbfal ,COL1Aal ,ME 2R 1, W81 BE PR BE , R i R 18
KEH 4 FMFRL, BMPs 1@ 3 BB 2B FEEL
BB R P Y p38, 8O B 40 M A v Bk
BASHENRE, BARIRS AR R EE
A", BMP i3t £ f i) BMP-Smad {5 5 il B A3k
LM MAPK {5 5@ B, M R H T Osterix Al
Runt-# % # % A F 2 ( Runt-related transcription
factor-2 , Runx2) gy 3%, Rimx2 2 iRB 41 B 440 B %
BRERETF. R THESL BIREFARSEFE
HE A, ERFRBARSIPREETENER.

BMP-Smad {55 % 5 ) # l 70 5% 65 #0 68 B % b
F#8 Osterix 1 Runx2 #F*iA5, Runx2 7] )5 Smadl
1 Sinad5 AH E 4 R T 3% 58 — & BB 40 B 2R % B A
BEMRAE . Osterix . Coll AR EE R . HFEEOMEH

A%, HPmi e R s Hm R Reds
S, BPT AR EREERSEHREESTRN
%5%h . BMP-Smad {551 B A ThRERE A3 % &5l
FRMEEEHEL, R B KRB, T BMP-Smad
MEESHNIEELSSFREBEIE, BMPs R{L
IS Osx Cbfal Dlx ¥ B # 5 R H FR&K,E
BEXHEMHEREFIREHTRAE,
BMPs X Osterix B8 37 tb Xt Runx2 & H i B , #54¢
MR ERBER

5 PPAR-r{5SE®

T E ALY Bk T Y BTS2 1K ( peroxisome
proliferator activated-receptors, PPARs) J& ¥ Z k8
FIE B o 8/8 Ry=A T8, H+ PPARy5 &
R BEAEY ., PPARWEHE R EEHELETH
B 1e e By 40 B B 4 P B 4 B Ak B e B
FHTF, R PPARyK BTG, IHEEHAEATHET
AEMBER L REARBLHFEEE K,
PPAR-y32h )38 o M1 ) NE-kB 9% % , # # RANKL
55123, M T 40 i 3 40 B A% 2 b B o 4
TNF-a, 3 /0 & 86 40 L f1 RANKL 2 58 40 ffd = i & 48
BEER ™ . PPARVABER BB LEE S5
XAFZREFREHEEEFEAEHA 2aA (Cbfal) FH
X . Cbfal @ i 5IXEHTTH( cBC) MEE,
EHEHARESFER)BSRER, N #H Hib
BE AR MR L, RS R 8 a1 R
BT B HRIE WntSa BE 438 i 59 4L PPAR-r i
S B BB 8] 70 R T 40 B s 5 T A T % 5 AR 4
A4, Ox-PAPCs Runx2 fil PPARy2 # FH F & H
HIRIE e BE 4 1k BE B B T2 A, R Runx2 JR B 40
0 - R I AR

6 TGF-B{Z5@k%

TGF-B R—A) " ZH%E WHMEHRMXKE
MREERET EZRFHATHRE, FBBHEK,
REERNEERAEEY W, TCF-8 AFH TR
AL pE BE ST, {E 0] 3 in BMP 54 B &, TGF-8
A 4% X e 18] - 20 BT A5 T 3R 0 T 4 40 B R AT AT
FF O 20 500 1 BCE A R A R R 4
o Ed B EBH Smad B2 5IE Smad B QA
AER, ERBRRAREES AT HMESEAk
RIFEEWERDL, EHH TCF-B ERINFE T
T3, REERAL/ FERYEEENZ SR
ERFFHEER ERAXERESY, T RZE



FEEEHNE 20164 10 HE 22 £5 10 Chin J Osteoporos, October 2016, Vol 22, No. 10 1339

BT A SRR, ST R S MM S R R L |
B2 B 1 B2 A8 S TR E A NBmL
BiESMEMEEIIRIERESY, AW TGF-8
MEES£SY, BMP2 TUHES AR B AR+
TGF-B8 M #A; TCF-B LA B AR EHAME F &
XFHiES BMP-2 ER B M P A RE, B MEBE
B, FEAHRER, TGF-B A% B & 4 M i
L T RE R E KRR EE SRR, BT R
BBIE MEK, 5% — 8035 AKT/NF-kB 3@ B, AT 0
HkSamK @, B4, BMP7/OPL i A%
CD14 + B4R Hmum L™,

Tgif2 it 5 DNA 54 5 5 TGF-8 M iE K
Smads A H.YE Fl AT 0% TGF-B fiz it 2= N 38 3% k49
Hil% sk, TGF-B AR A MA L AR E KB A A
¥, Tgif2 5B xd %] TCF-8 B 1A T 0 41 A% & 48 g
Mt KA TGF-B -7 T 4 b 2 & o, 76 3%
IBELXBRABERSNBRHAPESE XBER.
BrocF 8, (KM BE 9 TGF-8 i@ 3 32 B M-CSF B33k
1 RANKL/OPG B H.8 , {2 # OC 434k, 4 R 7E T %
B TGF-8 F, KM% M-CSF #1 RANKL g9 ik,
EET OPG [FiL,0C SHLZ B MH" .

7 Hedgehog 5 8i& &

Hedgehog {5 5 i B B Hedgehog {5 5 & H.
Piched ( Ptc) . Smoothened (Smo) 45 R M4k . Gli &
HAMTHEEF4A M., Hedgehog ;T WHKIFES
BH.ERSEA, NEREDIYBRRENTE R L
FRAEEMANIEM. Hedgehog [ LI7EA ] K
Bt Runx2 1 Osx MRk, LI{R#E MSCs [ B &
40 M 5346, MSCs [0 BB BRI i sk S BT e £
BEAERF Runx2, T 76 BB A0 7k 40 B 3 — 25 0 4L
BB AR RSP EEIER T Osx, Hedgehog {5
SEMES K Gli2 ATLUE M E 8 Runx2 R K, FR
MSCs B 44k ; B8 Osx £ik,O0sx fif T Runx2 Lk
W. GlifERT cyclin 4 % % 40 Mg 25 B ) 40 g A
., Hedgehog SHMESHEBIEMABVTRAHAR
W, Gl I EXRARIES ALP. BB ERZXK, &
MSCs £54k Pic Xf Hedgehog 15 5 38 B A2 f ¥/ 45 1
Fd,Smo & Ptc THMESHIHF, ARABRAR
S 5WEFEKIE, Smo 2 E Hedgehog {55 1%
BOTHZE, Gl & O KK R Hedgehog {5 5 i B
MBEAERET,

B2, BRE-MHERNSE, . BA -1 EX
B A K B F B, B AR A R B R A AR B B AT R

WK5EZ,ELRAAAEHERAFHRELER
AEERENEM, THESRE 2740 58 7
FAER RBHARBFHONEER, UREFREERY
HREMEM, 4R EEE &5 HLH B 55 8 K i IR
A (ELHE X B T 5 R 2 1 PR B — BB S, (AT
HEHRERRLEETRRRKPEF R EREE
Ao
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