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Progress of parathyroid hormone regulating bone metabolism via different signaling pathways SONG Meng-sheng,
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ABSTRACT  Parathyroid hormone is one kind of osteoanabolic agents widely used in clinic for osteoporosis. However,
parathyroid hormone needs to be further optimized in the treatment of osteoporosis due to its two-way regulatory effect of bone
formation with low-dose intermittent treatmentand bone resorption with high-dosecontinuous treatment. Hence,based on the
molecular mechanism of parathyroid hormone regulating bone metabolism,we conclude that parathyroid hormone regulates
bone metabolism mainly through the following signaling pathways: (1) Gs/cAMP/PKA signaling pathway,whichis the main
mechanism of parathyroid hormone regulating bone metabolism to lead to bone formation or bone resorption. (2) G,.,/PLC/
PKC signaling pathway , whose main function is to inhibit osteogenesis. (3)nonPLC/PKC signaling pathway, which is consid-
ered to playosteogenic effect, but whose specific content is not completely clear. (4) B-arrestin signaling pathway , which can
only induceosteogenesis without osteoclastic activation byreceptor desensitization and endocytosis. In this work , we will review
the specific contents and functions of the four main signaling pathways activated by parathyroid hormoneto find more opti-
malosteoanabolic agents. Among them,SOST and Dickkopf—1 monoclonal antibodies are novel targeted drugs. Parathyroid hor-
mone-related peptide that specifically activates the nonPLC/PKC signaling pathway or (3—arrestin signaling pathway is worthy
of further development and application.
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#E . Pk PTH 5l H AR 5% i 838 A O K (parathyroid
hormone-related peptide , PTHrP) , #: 2 F- 3 5 £ 1Y &
e AR HEF] . HETC A V2058 &I, A [R50 4 Sl
FH 75 = 3 B A AN ) 800 B PTH 2545 PTHIR J5 i
AR M5 Sl A 5 . PTHIR J&—Fh G & (A 85k
% 1K (G—protein—coupled receptor, GPCR) ,PTH 4 H
AL G G WG 1 3 2 S 0 PR R A R Rk A4
(1)Gs/cAMP/PKA {55 il #% . (2)G,1/PLC/PKC 12
S # . (3)nonPLC/PKC 15 53 §% . (4) B—arrestin {5
S EE A AR SO A G Bk PTH 385 B A Y
4 P ZAE 500 B N A SR TR B9 0 T R AT 25 0R
Bgh
1 Gs/cAMP/PKA £ 5i# %

Gs/cAMP/PKA il B F 4y H Hi i BT 58 i 2 19 5
5l i, & PTH 85 B A 2UC i 2 ZHLH . AR
il R A T 238 25 50 20 BN U A B0
T 7 A AN (] 8 A= R0

5] st PTH 7 BB 20 M A0 40 i vp 32 2408 i
Gs/cAMP/PKA {5538 % & 45 24 M ACHHE T . ©
GHEHE—Fh o B.y3 MMM = RIKE
M. PTH 5 PTHIR 45 & 5 #0306 G HH o W3 Gs I
TR Gs i — 20 WO I 7R P1L I (adenylyl cy-
clase, AC) G 1% 58 — {5 ¥ 85 2 1% 7 (cyclic adeno-
sine monophosphate ,cAMP) , Zli il [N cAMP f—/> 3
BN 0 TR (PG A (protein kinase A, PKA), J5 #&
IR AL — R I TR (55 NATD . Bk, ek
PR~ P8 IR 7 501 T 1 45 4 25 FI (cAMP—response
element binding protein, CREB) H: Ser 133 # PKA }%
Ser 129 # A B & WS -3 (glycogen synthetase ki-
nase—3,GSK-3) B 2 1k J5 ¥ , Ja sh i G ol o [
mF, BRIk CREB Rl st s &8 1 K%
(activator protein 1,AP1) 33k, & c—fos 1 c—jun, B
HAEB T B CE o R FE SRS, PKA iR g
38 15 38 3 7R LR IS 35 (collagenase—3 promoter)
W 1R Ak JF i RUNX2, %% 3¢ A ¥ RUNX2 J&§ T
RUNX ZJ6 , 7155 — F A S AH 5 Jk R A 5, HOHE Ak
DRI 955 200 i A= A8 9 IR, i T2 28 & A2 85 (bone
morphogenetic protein, BMP) , fif i Z #: A K K 7 (in-
sulin like growth factor,IGF) , {552 H 1 Wnt 25 ,
4 A0 3 B BRI I A8 A B T PR A, A
TCE A M A AT, RUNX2 38 BE R 5 1 & 40 i
U T 5L Bel=2 F1 P21 A= e s, #efil 41 o T2 ik
Bad % 3 D M T2 5 H 1 CARP-1(cell division
cyde and apoptosis regular protein 1) & 4, M 11 {8 40
JELJR T A7 BN B R 20 M AR S B, PKA J
5 M ¥ F C(protein kinase C,PKC) ¥ HE/FE A T Raf,

7% Raf/MEK/ERK MAPK {5 538 % , i RUNX2
AIAE A U 43 45 40 R A0 1 59 2 1 O ERKL/2 3%
15, il Thouverey 45 'WF5¢ & W, [t PTH ff:
FHT  PKA 3005 i p38a 22 24 53 Ak 25 1 ¥ ity
(mitogen—activated protein kinase , MAPK) , {&dF il &
0 S Ak o LR AR e MAPK (Y G 2R 4 3
155 PTH /i 15 FH o 25 JiE 45058 & 31 PKA 1]
BEAE E SL 5 S I CITEDL A 4%, 2B
2 15 2 R B R I 1 5, S IR B TR .

WAHMTE LB, [EErE PTH ET Gs/cAMP/
PKA {5 5 N W E B BAENES Wat/B-
catenin {555 8 A£ AE 38 B o Suzuki 55 VIFIY R B
Gs/cAMP/PKA {5 5 il %/ 5 GSK-3B 1w iz 1k I
FAGAE ], B—catenin [ 52 B0, 310 ML 5T A AR
R B-catenin KAEZE, WG T 4K 5 TCF/
LEF , 3% 5i A% A I8 5 PR A0 5% S F e 3k, DAL A 2 i
AL A A, IR L TS . Wan 88 TR R B
PKA BE#5 5 Wnt/B—catenin {5 5 i j# P 1) 1% % J2 JIE
2 MA S 1 6(LRP6) BER 1L , $2 5 B—catenin
R PR 3G 0B i o T AR, 25 W38 MR YT B B AL
it A B A R . AN T 2019 4R FDA it fEH]
TIRIT 4 28 J5 1 B 2T AU B BT 5 A E 1Y Romos-
ozumab , Jy fifi & & (sclerostin) i) TgG A 73 B Hi ik,
ffi B R E AR SOST J:HA i bR e, Hb
i LRP5/6 | Wnt & 45 G i, 2 SAE Wnt i
BEPIEIR . PTH [B] B8 T 4 Gs/cAMP/PKA {5
5 AR P SOST JE R 3R 3k, ik /B R A
MATAT 3G Jn BMD 5 e Ah, 76 B 40 M v PTH 42
Gs/cAMP/PKA {55 38 i i8 BE 0 1 55 — B Wit 38 £
157 Dickkopf-1(Dkk1) g5, {H PTH 4 Gs/
cAMP/PKA {5538 % #1  SOST % Dickkopf-1 33k
1) 52 A P 3 R B T A AL o AN T A, R L ) SR
WA i — 2L J IT

RN, PTH # %% Gs/cAMP/PKA {5 5l g4
RS RCEEH W EE, BN F-«B &%
G AL BB FHE K (receptor of nuclear factor—kB lig-
and, RANKL)/#; [ F -kB 3Z & i 4k A F (receptor
activation of nuclear factor —xB,RANK)/ & {4 ¥ &
(osteoprotegerin,OPG) 5 4t fie #F 0 - 41 M 2 1% .
RANKL Fh o8 40 73004 , HG 55 181 200 K 24 i
T ) RANK Z 6455 5, G B «B (nuclear
factor kappa—B ,NF-«B), 75 3 i & 40 i B 24 531k .
OPG 2 RANKL #5532k, 5 RANKL £54 )5 , 4
il RANK 35 4t , DA 0 2 H W i Lee 551738 i3 240
LB FR 5256 Kk B, % ZeE PTH 375 Gs/cAMP/PKA
{5 53 5, 3 5 0 40 M RANKL 23k, 53 RAN-
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KL/OPG FL i b T, 5 40 i A= s34 in o Ricarte %%
HE— 25 5% b BLRBLE 22 B, PKA B 2 1k 3L T iF
() £6 175 T B SIK2/3, i bR 5 & % CREB %% 515
H0E T CRTC2/CRTC3 1 B ik £k K 26 1 A A
124§ CRTC2/CRTC3 & A= A% %% v, T 3 i1 RANKL
Fik. Wb, e R PTHAERT T il B 1
s FRCEER, &RAETRI, %F LAHl
il b T H S PTH 08 W i fE T, B kA H A2 B %
A% BE 11, Abaloparatide 1f > —Fh PTHrP, 8 il 5 1
PTHIR ) RG 9%, 7= A= Jd B {5 5 O NE, 35 5 T i {5
5, R AR ST K R AR ) B RICR T E i T
YERBLEI R AL Ry Gs/cAMP/PKA {5 5 38 % 19 005
PR B RO ISR AEAE A il 220K 4R A
A7 A B FH A 530

2 G,u/PLC/PKC (£ &%

PTH 5 PTHIR 45 & J5 i #% G 11 o WL
Gq & GI1 WA, G a4 JE 85 2 B8 ¥ C (phospholi-
paseC,PLC) i fk % g Bt WL B 4,5 — % iR (phos-
phatidylinositol 4, 5—-diphosphate , PIP2) 7K fi#t 1 1 45 —
{5 {# JLE = B MR (inositol trisphosphate , IP3) F1 — ik
FH Il (diacylglycerol ,DAG) . H:rf  TP3 34 jin 41 fitg 1y
K B DAG JE— 300 PKC, #H# T AC,PLC 1Y
T AR VR B s R Bz R HATIAh
Gon/PLC/PKC {55 38 B 76 B 85 o 1) £ 22Ty e 2k 4
il A

Guo %' H —Fh DSEL %€ 45 /N L, 1% /) Bl fig
FIR AL PTHIR, Al LAELTG Gs/cAMP/PKA {55
% HNRRITE Gon/PLC/PKC (5 53E I . 45 R 3%
Y, 584 BN A B, DSEL %8 738 /0N BUCR Ak B
TS, RO B b SE AR K B A0 B A R OR
G/ PLC/PKC 15 5380 % £ B i 4B 40 i v iy /5
5 Gs/cAMP/PKA {5538 B FH B, HiI 4 4E 2% 4 40
JH60 80 (B 2 B A0 L A o i — 25 AR N SR R B
IEH R, DSEL 2848 /N Bl s AR BE b, X4
7~ Gon/PLC/PKC 15 5 3 6 76 5 A 19 /E F o]
AN EFHA . Ogata FFPV N T Gq JEHE i &k
(G JE /NG, & A R/ BURS J03 B R 2 I B 3
WA LR, RKY Gq/PLC/PKC 55K ER KT
FUETE B A0 7E . R IR dE 1, Gg/PLC/
PKC {5 5 38 % WY 30 4000 1 BB 48 L 0% 43 Ak i =l H: 3
Bl o HE—2EXF Gq K Gy FEPRAE mBr a9 /N L7 PTH
HAHATT , 455 B L R R B i 2 T AR
AR, R ERAIE_E R Gq/PLC/PKC 13 5 38 B 1 41
il VE ', Dela Cruz %2R FIZE I S258 , FIH Gy 3
DA e 2% 3K 1 % L /N BUIEB T Gy/PLC/PKC 5 5
A 08 P SRS e T A T o R I, G 0401 5510 1) 2 B

A A HE R R Ok B E R B A 25 W W R T 1)
Z—s

BT, Li 25 P vy e v/ BB R A P
YA R I (] r P B2 R 3 S hPTH (1-34) fil—Ff PLC
i P R Y PTHYP[GR(1-34) ], 25 R R 2 Jal i
ZH AT DX B R Rl R A 1R T, H GR(1-
34) 2R AT H BT A IR R A 5 IR T S R R A 4
B 20 B A D X R BH hPTH (1-34) 3407 1) PLC
I [ RE PR AR AT DO R A M A A, A R
WCHEF o Z ST IR FE 4 JE B0 2B 4 4 5 0
WEZES . HTERTES SR DB RICS 5 IE A
HAERE, B AR GR(1-34) 21 FL 0B 4 D8l Wi e e 12
W, B AL R 2 52 B 5 {H A 0 P A A R
FJERZ RN B, BEAh, GR(1-34) FH % 55 1 &
WA R AT VR TR B 3 X8, ek aE a9 X &
G UL, PLC 38 B BELWT T S s8R
I7 5 BH A PR E T ) PTHP $24L 8 5%

3 nonPLC/PKC EE@%K

PTH [ T 68 30E LR PR H HLE 5 38 B 40, it
9% &% I HAA GE 1% 7% nonPLC/PKC 1 538 % ,nonPLC/
PKC J2&: 4§ PKC-3 1Y #4076 AR T PLC A9 3405 o 1% 2%
i % 32 Bk PTH(29-34) J7 41 5 PTHIR A HAFEH]
S

H #i %t F nonPLC/PKC {55 %5 38 % 1) & Qi VE H
CA AP, BB T GR(1-28) Ml GR(1-34)
WP PTHeP SR #E17XF EEAF9E . GR(1-28) KBS
Gs/cAMP/PKA {5 %53 I, 1 ASRE LG G,/PLC/
PKC L4 % nonPLC/PKC {5 53 % ; GR (1-34) % g 3%
i Gs/cAMP/PKA {53 %t BE 1% 7% nonPLC/PKC
5 % i %, 50K 8 ¥ 75 G,./PLC/PKC {5 5 8
250 S Sk VR A R PTHP (19 B 481 8 JH 7= A= A [
) cAMP G RN, AR 4 P Rl PTHP fi i — 22 51|42
ILFE T RETS i1 nonPLC/PKC 15538 % .

RSN SE B0, Yang 45 ) F ik PTHrP X #ij %
B0 MC3T3-E1 #7788 55, 45 B E B GR(1-34)
b GR(1-28) HA H 5 (L 0 fb BE J1 o X4 /R non-
PLC/PKC {553 % 1 38 05 RE A 28 B 40 M 431k,
PR L B o BE AT, FE A B[] (48h) VR T, %08 B 1
i @ Lale 21 7 A R o (B 0= e 41 5 I ]
FHIEHLE AT A . RN SEE T Yang 557 7
C57BL/6]J /)N B [1] v Bz & 3 58 PTH (1-34) J i 3C
BTk i W P PTHP, & 38 nonPLC/PKC {538 B 19
WO RE I N K RN BRUIR R AR Ak
B /NGE B BRI RN 5 Li SF PV A
FHefit b E— B R & B, nonPLC/PKC {5 5 38 % 1
PO AT B /N B I, 2 TR 2
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NERE BB E TS . XS L F R T
nonPLC/PKC 155 i #% 7642 7F B 8 B L i 4 @ 6
M EZEAEH .

SR nonPLC/PKC {5538 #% iy ELAAK 4 45 K A
F9 T ATERIERE, ik, Tong PR EM,
nonPLC/PKC {5 53 i X v] 43 Wi fp . —Fp 5 PTH
(1-28) JF # A 3¢, HAK M PKA 303 ; 73 —Fh 5 PTH
(29-34) ¥ 5 A 56 , (H AR H PKA 336 o # A1 non-
PLC/PKC 15538 % 34 Be 110 1) ml B 4t B 0 T, 385 9
B ERE ST . ST I, R 5 EE nonPLC/PKC
G5 (B LR 2 Rl 4O PKA 305 (1) non-
PLC/PKC {5 5 3# #% ) i) PTHrP & 5304 %, 340 4
EWIHAIA 5 B4 2055 Wk PTH(1-34) 4841
BCH RE ST ARy F 0N HOR B 240 B A T A
FHA 55 0, 0 P B 55 s 1V R G 5o T s
JR B AAE BRI B O B i H N R R
H AR PTH & FaES MM H L. BT
nonPLC/PKC {5553 % 0y H 44 Py 25 1 AS 56 4 B ff
LR 5 P 0TS 1 A5 5 i 1 PTHYP e =2 58 £ (1) 38
55, PR 2 R AT IR A
4 PB-arrestin 5 5@ &

5 Gs/cAMP/PKA {5 5 iifi #% & G,1/PLC/PKC
15 7 il % A (6] 19 /2, B —arrestin {5 5 il % K 4 fi2
I BAE AR G 8 A s P, B-arrestin 4
B-arrestin 1 1 2 PAFP A4, [ &tk PTH AERTT,
B-arrestin2 {2 171 I8 97 8 11 5 B W2 fL i) PTHIR 25
B E A, LR G & s G A, ik #552
TR B T o B T 525 PR D i R i, 3508 4 32 MR ]
I BN, X 2T EURE G & G
FH G 3 B T Gs/cAMP/PKA {3 53 J% F 17 3 3| 4
il ,cAMP & Js sk 2, % 20 B TS R R AT T
OPG/RANKL L AE , 98 /0 i 15 40 e A2 B, ek 55 B I
WP, A B-arrestin 2 K HE LR E AR, 5
ERK1/2 .p38 J JNK %54 31155 PTHIR iz &4k, 3
16 MAPK 55 38 J% , 55 22 U 0 240 Me 3 4 5 v ik
FEIHI LR T, AR G 3 IS PKA & PKC,
HopE ERKL/2 i H AR T, 1 B-arrestin {55
A0 ERKL/2 $OG S218 50 R A, B R
A F s ) R O

bPTH(7-34) & —F e R M 340E B-arrestin 5%
I8 1) PTHrP, Gesty—Palmer 25 ™5l ¥ 52 56 0 78 36
W, (8] 8CPE B2 R 15 PTH(1-34) #il bPTH(7-34) , 1§
F BRI R AP AR B TE ALY o BT B-arrestin {55
I PR 1 2 AR B R AL, AN ETE G AR
AN A2 32 B W S, IS ikt bPTH (7-34) 5 PTH
(1-34) YA [A) A 7 T3 A 5 | i 4805 0 B W SO b o

P Tt o B, Barrestin {5 51 AUAE R T
AN ST B B A R AR BB AR E TR T TR A
P

5 RE2
WEE Z WAt R, B BB A IE IR YT

PRI B ST A IR Sy R )2 I T Il

IRHE LA HER , TEIRYT B B FAAE b o5 A %

AL, EAE A — 2. B AT T PTH 395 &R

WY 4 2% F2AE 50 B B AR N B AR RALE A A

DWEGE AR VE 22 R AR 73, Horh nonPLC/PKC

15 5 38 S HARBL ] o AS B A, A SRR R MM

J01 B A0 b B PTH 30T 19 45 2515 5l B8 N 25

B AL, £ A WAl A6 H AT PTH £z PTHRP, 4ip 2%

$& T 1 1) B MU 2R ) SOST Bz Dickkopf-1 £

ve BEHTR A B R B 1) 254 , 76 B 8 LA ik 5 o

) 2 —H 5 TR S MO nonPLC/PKC {5 558 # LA

L RS Barrestin {5518 #% 19 PTHrP, [H 45 A
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