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Abstract; Bone homeostasis is a dynamic equilibrium which is associated with bone formation mediated by
osteoblasts and bone resorption mediated by osteoclasts. Intermittent PTH treatment increase bone formation
by enhancing osteoblast number and activity. Studies in vivo and in vitro have shown that the cellular
mechanisms of anabolic effects of PTH include: recruitment of osteoblast precursors, attenuation of
adipogenesis, activation of bone lining cells, and inhibition of osteoblast apoptosis. PTH binds to PTHR1
and then activates downstream cAMP/PKA and PLC/PKC signaling. The underlying molecular mechanisms
of PTH anabolic effect are incompletely understood, however, there are increasing reports about molecular
participants in mediating PTH bone anabolic action, such as IGF1, TGFB, Wnt, and FGF. This paper
reviews the recent advances. '
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(DEZEFHRRAG I BRES; (D WEHE
BN ESRENEHARKCE, FRSLHERR
WHRERE; Q) REAREATRRTEFR AR
BB, R B X LA R BB, R B
EREEIMMARERRREERERHRN R
J& , —EB 5 LR AR B A A AR B A, KR
BERRATBE, BRBEFRPHART L, REH
METRAENAREEERTRE,

2 PTH/PTHR1 R H{ESiEE

PTH B R FIR T R g M A M =4 ,
BBA PTH 4 84 NEEMAE, B KW PTH
N Ko 1-34 MEEMEAENFH 0 EE, Bkl
BK bR B9 & PTH1-34"7, PTH 3 (KA PL4 % 3
% . PTHR1, PTHR2, PTHR3, PTHR1 & PTH #I
PTHrP ( parathyroid hormone-related protein, B 4R &%
BHEXK)EENZE, BT CEARBRZRER
BHRA,EESH T EHMNEM, 7@ cAMP/
PKA XA & PLC/PKC i % T iif % & H # % 35,
PTHR2 ¥ ER TR, i, BRURZAELHA,
ZZAEAREES PTHP 454, M4, Rubin % )5
Ofh 4B H T PTH/PTHP 3 #r 2 4k , KA F#
% PTHRI1 1 PTHR2 # [l 4) , 7 PTHR3 7EMg 2L 30
VHBRAEER,

PTH/PTH:P 5 PTHRI & & B e £ BEALE
. BBARANZANEARBREHRHE . O&Ed
Gas #75 cAMP-PKA %12, @ifixt Gaq #i% PLC 32
BOBIEN PLC —FEERAT IP3 BT ARASE
FES; B—F AT DAG 55, i 8% PKC,
@&t Gal2/Gal3 #¥% PLD™' | 53 PKCa %% 3
iR’ . @PTH E T LUE S c-src MBS,
BAEMNAREA PTHAIHUEAERRRETESS
cAMP/PKA &2 8 #5035, i PTH3-38 4 & PTH7-
34 ¥4 PLC/PKC {55 R BHK"

3 PTHRAYEESHNAMES TFHH

3.1 PTH ZH a1 REAMAE I RE AN
MEEEE N AREARE A EEAMRE, X
B R RIE A AT AR B B R,
T B A9 SR B 2 PTH 1 551 81 B0 B 4 RSB 3, 1R 3 4
1k TE/ANR TS, B I PTH AL B R A 4 0 A $ 45
BAFHEA 4(H4) (K%, 5 hn 48 K8 554 4 B
F p27"" A p21 R, BAEBIA KRS PTH
MR AR ELEP cyclinDl HEAB D,

AR H A F p27 ", p21°7 A pl6 M F KK
M, Runx2 £ (8 76 R T 40 M i B 40 L AM 4L 19
PR EE , Krishnan %" 5795 % 59 PTH 7] Li# fn
Runx2 M RE R &R EE, REWREAR SN
BB AR, Jilka %" F FIE T PTH 4% 4 ~6 A
BAOAR, KB Z/NREREENREAREENE M
2 ~3 45, 3F B H ARB 40 M B o 4 a2 A o T AL B
HH M T,
3.2 PTH #0# B& R 48 ML A9 4 B

4% 18] 35 R F 40 L ( bone mesenchymal stem
cell, BMSC) R—# EWRETHIM, A A ME T 58
BR T AL RE R BAH R RE R
EIEWAKRE, SRy BYEEMEZE
( peroxisome Proliferator-activated receptory, PPARvy)
AR 4 M A g a1 B8 F , 1§ L8 PPARy
AT RE MY 40 s s &k, PTH | B &b
i@t MAPK {5538 B (8 PPARy BERRML, R ELH
FEWTH" . & F BMSC B &k 2k 0 g i 40
B ALy BLE 40 BT, B A 4 M 020 T BB R A
SR £, seah, F A PTH [H 4k 2 A )
ERTHARMOHARELR - EXBR KEX . RTH
R R0 B 4% 5 B A Yy X BE B 40 B TR B
SfEF% PTH BT,
3.3 PTH &4 40 MU 1k R BB 40

FHARABESERLXERE KA K.
Dobnig % """ #f¢ i# PTH [R] i &b 7% i it 3 11 B 4 40 0
RITEHER B A BB A R. Gasser £/ th & B 7
B PTH 4028 8 ~ 10 h 7] LUR B 60K B A K% 3 AL
TUEBEERGE A AN, Leaffer 5 7| A
PTH Rt B/NBJE R, B R R E M BLE 4
BEEM ANBEZERHREON SR ARELD,;
PTH 0 BE L, BEMBERERE AREERD
FHAKED. UEHRRATH AR P
B4R, 7€ PTH [A] i b 38 )5 B A2 40 M ¥ 1 o LA
BIKE ‘
3.4 PTHWH M EARMALT

BRERH KB X THIE PTH 4 B0 & R AR
EHRBREARER TR, Jika £ F 8
PTH G4t ¥ 4 ~5 A #&) SAMR1 #1 SAMR6 /MR,
HRRAPTHRLEMNAEB R ; #—-LHARA
BABA/NRB A AREBRAE T, TIEEEH
HHATBOSHREAREREM, Sowa 1
) F 8] B PTH &b 7 MC3T3-E1 40 i I 2 UMR106
HHRFR, K PTH B /M Smad3 M REWD 7
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MEEAT, - RS %3, @M% PTH &
B3 1o 858 BB 40 B o hL BB e Th B, 2 T 4 o A
T, 7 PTH H Wb B3 B o, fi A =% H Bel2
FMRAEM,RATEA Bad EHREBD,

3.5 PTH Mm@ HARMKE ‘

(B 7 PTH 7 38 hn 5B 40 Afg 30 2 #0105 1 9 (6] B
MHEAREHEFEFEM. Iwaniec %' % 5 7
PTH At/ RSB 40 M F ik & A R B B 3 i
Xu %P FFE T PTH 4628 6 B #8/0 K 22d, I 1§
&% K. CTX LA K& TRAPSH #yk ¥ B % 1# fin,
Machado %' | F |8 ¥} PTH ( 10nmol/L) 4t ¥ BMSC
& 3 RANKL/OPG () He 3 45 xf HR R 38 fn 37 %, DA
EBFFE R [E bt PTH BE 7T LA fn & & B AT DA 4R
HERY
3.6 PTH @ id 40 f 5 F ) B2 & 45 R o B T L1 A
3.6.1 IGF-1:B5% 4 KHF 1(insulin-like growth
factor-1, IGF-1) & 1% i i & 40 Mo 534k 71 4 77 8 43
Fo BRI T PTH & i cAMP 4K #i i) 7 L AR
i#t IGF-1 # & ", Bikle %' %I /il [d] #i PTH
(80pg/kg) AL 3 A # IGF1 -/ - MR 2w, % /DR
B5 % i B BB B % (bone formation rate,
BFR) LA KB B R B A N, Miyakoshi %'
5w % IGF1 -/ - /MR I8 Wy PTH (160ug/kg) 4 38
10d, %/ BB B B A o BMD A A4k, T B A4 A/
RN 40% o 54+, Wang %1 F B 3L 60 A A
M4 B AR IGF-1 (K% 3 A # /) B (osteoblast-
specific IGF-1 IGF-1R
OBKO) , [&]167 PTH(80ug/kg) 4b 58 2w % B/ BB
NIEB RS AN, #—# K, Yamaguchi %0
RIE T (6] BT PTH(80pg/kg) AL 7H 10w #% () R 5 K %
K JEEH) 1 (insulin receptor substrate-1, IRS-1) & /)
Baw, RHHKRE BB U REHR BMD REgHm,
i EF A4 /N BMD 310 10% ~20% . DL EBFFE KW
IGF-1 fef£i% PTH R & & BAF 5 P AT Sk,
3.6.2 TGF-B.¥ %4 KHF B(transforming growth
factor, TGF-B) 7] LA i 5 B & 40 ffa ) 3% 5 A 43 4L LA
R B, Bt K8 PTH @ LIE
PKC i % ¥4 2 TGF-B1 Rk LA Ki#i it PKA & #%
¥ TGF-B2 W%k, BAME ,PTH RIS % &
o0 iy % i B 3 T R TGF-B1, B J 9 TGF-B1 {2
B R A FE T 4R 44 9 LR B B, A T 3% B T
B PTH-Smad3 & i i ¥ ©- ¥k A5k ¥ K TGF-B *f
REARE A RABBN . 8N TCF-BfFS5
PTH (S HFAEMEIER,

receptor null mutation,

3.6.3 Wo.Wnt fFSRBRERREMEHERP
EETHHEENER, Wnt {55507 Frizzled
##FE B 1 (Frizzled-related protein-1,FRP-1) 8 &
H AW PTH R B4 RAEMBB™, Wnt 3
=Kk LRP6 -/ — /5B 7] LA FH iy PTH %} CREB #1
ERK MBE AL, Ml BB A A An 5 2 E OC §
#3807 ;PTH,PTHR1 P K& LRP6 7] LUK B — A4 =
TEEY . LRP6 RE# AL, N2 € B-catenin
BIRED, R MR Wnt R HhZ— BFRER
LRPS 7 PTH RBEHESFRAELAN™ s K
E & ¥ SOST 45 A9 sclerostin ;2 Wnt/B-catenin
G 5@ R B-catenin KM HIF, SOST ;T XKk FH
BB, SOST BER /DB BB FRIE(LAE, ZEEFAE
/NELP PTH & LU SOST B3Rk , AT 48 fn & %
B KRB KRB, B SOST it %% 5 & K /MR
PTH b BE KA RAER BB . X Ui &H s
#l4>F SOST # PTH )5 A #| F PTH f4 {2 &
BAER™ . #4h,PTH 3 F Wnt {5 SR 2 F i HAb
SFRHEEERTIRRDIRB#S

3.6.4 FGF/FGFR: RAZEMEEKEF/ RA %
40 g 4 K B T 5% 1K (fibroblast growth factor/fibroblast
growth factor receptor, FGF/FGFR) EB B A K LT
PEEEEEM, HP FGFR3 iRk B AR
AU REMERBEEER NREFRFRL
ACH). Z P KR F A 2 (
hypochondroplasia, HCH) H A B X EF A &
(thanatophoric dysplasia, TD) A X ERKBEXEA
2HRF B R UK B K IE (severe achondroplasia
with developmental delay & acanthosis nigricans,
SADDAN) % ;Tii FGFR3 BB /MR EA N B R R,
fE% FGFR3 Wi th2Z — ,FGF2 R /MR EH N B
MREEB TYFRNRRURBEEREBEERD,
Hurley %"/ £ F[E iy PTH 4b 5 FGF2 MR/ R,
ERZ/PREFEERAEHE, EIFRB/R PTHI-
34 REE# N FGF2 Bifs a9 LB 4 M cyclinD1-cdk4/
6 .Runx2 [l }z Bel-2/Bax #3555, #A8 FGF2 &R
%7 PTH1-34 {2 B A MM LU R A
TH{ER ;3 B PTHI-34 S EHRRKM ESERAS
BT FCR2 BB ZH. Wi EHA RAE
MC3T3-El 40 #1874 /51 5 iU 4 Mg b , PTH1-34 [q]
Wb ¥ AT L fn FGF2 .FGFR1 Pl & FGFR2 fy ik,

4 RE
PTH EBRATMERBMN BT P REER

( achondoplasia,
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