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Advances in research of the anabolism effect of parathyroid hormone L/ Ning WANG Manyt: HE Liang .
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Abstract Parathyroid hormone regulates skeletal anabolism and catabolism and promotes osteogenesis through
intervening in various cell lines including osteoblasts osteoclasts bone lining cells and osteocytes and activating
multiple signaling pathways. This effect depends on intermittent low-dose administration. Numerous animal and
clinical trials indicate parathyroid hormone can treat osteoporosis effectively. Recently it has been discovered in
animal trials that parathyroid hormone could also promote fracture healing effectively. Parathyroid hormone may be
widely utilized in clinic as an osteogenetic promoter.

Key words Parathyroid hormone Osteoporosis  Fracture healing  Osteogenesis

1 PTH

PTH 84

3 )

5% ~20% @ PTH
3500D
Parathyroid hormone PTH PTH C-PTH
75% ~ 95%
PTH @®
80 PTH
1
PTH PTH
PTH
D
D, 1 25- OH ,-D;,
100035

Email doctorheliang@ sina. com PTH

PTH
N-PTHI1-34

la
1 25-



FEERAREE 20094 10 AP 15SHES 108 ChinJ O

, October 2009, Vol 15, No.10 779

FBERR IR -2 B ¥ A8 A 38 B% (AC-cAMP-PKA) fl B-
BEIE®E C-Ca’* -ZE B 3 B8 C 3 % (PLC-B-Ca’" -PKC)
BEREIFERH. BRI7E PTH AR 4000 £ 2B 3 #f
FORFIREZME, KPR 5 PTH MR35 IR E H X
BK (Parathyroid hormone related peptide, PTHrp) 45 & 4
PTH/PTHrp Z kB W EE™, 5 PTH &4 )5, PTH
BHES S HAABBEN Gs E|E BIE AC, f cAMP
Hin ;&A@ Gq BB I PLC, B4 DG #IE PKC
MIP3, BEAERA C HWEE N EEER. B
HEXRIEH, £ F PTH 5 PTH ®H % 1-34 F B
[PTH(1-34) 1¥74/E Al F PTH-1 & {k,PTH(1-34) &
ERTFPIHSZEEANENREANFTELEY
EE FHERBOERAMIEEEEAY .

PTH 12 3 & 8 & B8 75 FT B ok K570 £ B fa)
BB A 25 7 R . Wang & F &M E 3R/ RR
BHRRMARRA, FEMEL T PTHNH T RESH
B 434k , T 8] BT 0k 45 F PTH AR 2 AR B 40 IR A9 4
1, EWEBERR BRI |, BN &

PIHESEWEERETAR EEHAR. BEHA
AR . BHARSEASTHENARE,FHFEZHE
SR NMEBRAEREROERY (B 1). &
PR ,PTH 2 5@ R £ E £ 35 1000 &7, I
Ei % PTH(1-34) ([F &Y # & AC-cAMP-PKA i j%
1 PLC-B-Ca®* -PKC B B% ) .PTH(1-31) (4§ R E
AC-cAMP-PKA il B%) & PTH(3-34) (4% ¥ ¥ 1E PLC-
B-Ca’* -PKC i }%)iX 3 # PTH A B RISL BT, R
B AC-cAMP-PKA B B8 X R ¥ PTH (R B1ER , T
PLC-B-Ca™* -PKCEBEH A RAHA B MW R BIEA, T
RMBIME PTH B BER" . BEHREHA,
PTH B 7 i it # 75 AC-cAMP-PKA i B¢ R IE R & 1E
A, A B6F & PLC-B-Ca®* -PKC i B& LA & PLC JE4K#i
¥ PKC ifi B, B+ PLC-B-Ca”* -PKC i@ B Xt F PTH #
BEEARIELER, T PLC IEMBIHE PKC E B-
PTH(29-34) FHIR RN E S ER —R A REN
TRALAF R4, T 0 I LR E B T R R A N R A
R M™ . T PTH 4+ 5 AC-cAMP-PKA & i % 1%
REERAMA RSP, Run2 B— N EBUEFET,
H Runx2 #93E ¥ 2 PKA KB o Kakar 251
MR RN, PTH BN+ T4 WNT 15 58 B, M
AR R A F——Runx2 M Osterix U BT
¥ B4 7 B F——S0X9 1 SOX5 &y ik, W1
REEFSKBEHER.

BAX PTHRER#RBE ST EHNHACBEA,H
EHR PTH WEANBE M A RTELWE.,

B 1 PTH {3 A F E Al i 38 40 B
PHHERTEMAHWERUNSHRFFEM HP,PTH@
R AN S W, R N A M E A AN R
(Bone-lining cells) 434t 2% Tl RE 4k BB 40 M ; 410 i - 40 B 4= AL R 4k
K H (Sclerostin) ; MM A HARAERABEFUR LR FHAE. B
151§ 8% 3k (6]

2 PTHRITEBEHMA ST EBOTHR

HRRTERALNGYEZQE LT
SR A4k &£ K Dy, ¥ ¥ X # R ¥ IT (Hormone
replacement treatment, HRT) , S #F MM R FE AW
7 (Selective estrogen receptor modulators , SERMs) , — i
ER £k ( Bisphosphonates, BPs) , % 45 ¥ ( Calcitonin, CT),
PTH %, H P R# 4 28 o fl & Rl R #EE
Fio T PTH {E N —Fh BT RAR R , BN & R 2
WBITHFBRARNBHREY .
2.1 PTHRITEEHRMBBSIYER

7 PTH Y AT RIS # X B+, Alexander
A 11 & # B9 & 59 S (OVX) Swiss-Webster /v
AT B —TEE DL . & BRI X FRSC B R R B, AT T
TR X HR 4, PTH Y4 77 48/ BUAY B B A 0 T R 0
FE/NRE B (BV/TV) T MERT B 35% , B /NR
¥ H (Tb. N) 1 i% £ ¥ ( Connectivity ) B T & 7] 3 2
40% ,3% BB ¥ UL % (MAR) X B 7 B % (BFR)
BEHEM, FNESBRETERE AR MAR
B2 7 B & BE (Cortical thickness) #y3§ il 5 PTH W BA&
RER MR, KX RHHE BT, VX #RH
FA/NBT PTH B4 S 28 2 38 X 38 hn A% B 40 B 9 38 o
BRAPMNRARGHEEERET R

b, Akiko Tida-Klein %1 # 47 8 — T 7E 7 /&
B89 C57BL/6Y M ¥/ B b R A B 4N P OR 3 IR
(1-34) [+hPTH(1-34) ] 89 35 30 *F WL 4 2 , thPTH(1-34)
AT 83 3 /) BRURR B RE 2 5 8y B B (BMD),,



780 2009

10 15 10

Chin J Osteoporos October 2009 Vol 15 No. 10

BMC
rhPTH 1-34
Thomsen — °
PTH SDZPTS 893 (0174
PTH
Brommage ovX
thPTH 1-
34 1 pg/ kg d 5 pgl kg d 12
rhPTH 1-34
rthPTH 1-34 5 pg/ kg
- d BMD BMD BMC
14.3 10.8 8.6%
rhPTH 1-34 1 ovX
BMD
Bur ° rthPTH 1-34
ovX
thPTH 1-34 5 pg/ kg d
Endocortical mineralizing
surface Cortical area
PTH
PTH
2.2 PTH
thPTH 1-34
BMD PTH
Neer '° 17 99
1637 1
5
thPTH 1-34
thPTH 1-34 20 pg
40 pg thPTH 1-34 20
pg 40 pg 1 3 1000
mg/d D 400 ~ 1200 1U/d 18
thPTH 1-34 20 pg
40 pg 145 4%
PTH 0.35 95% CI
0.22~0.55 0.31 95% CI 0.19 ~0.50

65% 69% 3
6 3 3% PTH
0.47 95% CI 0.25 ~0.88 0.46 95%
ClI 0.25 ~0.86
3% 54% rthPTH 1-34
9~12
thPTH 1-34 20 pg 40 pg
BMD 9% 13% BMD
3% 6% BMD 2% ~ 4% BMD
rhPTH 1-34
BMD 3
thPTH 1-34 40 pg
3
8 8 18% 8 8 13%
69 6% 1
31% thPTH 1-34
BMD
2002 11 Eli Lilly
rhPTH 1-34 FDA
Zanchetta 7 Neer
101 thPTH 1-
34
thPTH 1-34 20 pg BMC

Total bone area Cortical bone

area Periosteal circumference

thPTH 1-

Polar moment of inertia

34 40 pg BMC
Endocortical circumference
Axial moment of inertia
BMD BMD
BMC rhPTH
1-34 BMD BMC
Hodsman  "° 12 2
217
rhPTH 1-34 50 75
100 pg 3 D
X BMD 3
BMD 3.0 5.1 7.8% BMC
BMD



2009 10 15 10 Chin J Osteoporos  October 2009 Vol 15 No. 10 781
BMD Adreassen % 27
PTH Wistar
Orwoll " 11 37 thPTH 1-34 200 pg/ kg d
437 rthPTH 21d 56 d 21 d
1-34 PTH
thPTH 1-34 20 pg 160% 208 % BMC
40 pg 3 1000 mg/d 190% 56 d PTH
D 400 ~ 1200 IU/d 11 270% 130%
BMD 3% 3 135% BMC 388%
9.8 55 711% BMD thPTH 1-34
40 7.1 6.2% rthPTH 1-34
20 pg 40 pg BMD BMD
BMC BMD BMD Jahng 2 3 OVX
rhPTH 1-34 BMD
3 hPTH 30 d
rthPTH 1-34 40 pg BMD PTH
BMD BMD PTH
BMD 3
Nakajima Sprague-
rthPTH 1-34 ! pragt
Dawley
3 3.4 53 18.7%
PTH
rthPTH 1-34
rhPTH 1-34 10 pg/ kg d
BMD
28d 42 d BMC
61% 119% BMD 46% T14%
3 PIH 32% 55% PTH
PTH
Adreassen  ? 10 g/ kg
3 Wistar d rthPTH 1-34
Nakazawa Sprague-
thPTH 1-34 60 pg/ kg d 200 pg/ kg
20d  hPTH 1-34 200 pg/ 134 10 pg/ ke d
kg d Ultimate load thPTH 1-34
75% External callus
volume 999 40 +hPTH Komatsubara thPTH 1-34
1-34 60 pg/ kg d 200 pg/ kg d
132% Alkhiary % thPTH 1-34 35
175% Ultimate stiffness 208 % d 84 d
253% 2% T2% PTH
BMC 76% 108 %
PTH BMC BMD

PTH



782

4 PTH

PTH

BMC

PTH

30

2009

10

15 10 Chin J Osteoporos October 2009 Vol 15 No. 10

HRT

PTH 3
HRT 4
BMD

BPs

31

BPs

PTH +

BPs

PTH

21-33

36

PTH
Skripitz

HRT

BMD

BMD

PTH

37 38

PTH

27

3
Cosman

HRT 1

CT PTH

PTH

32

20 23-26

34 35

thPTH 1-34

29

Skripitz

PTH

PTH
BMD

BMD
BMD PTH

PTH

Bauer W Aub JC Albright F. Studies of calcium and phosphorus
metabolism. J Exp Med 1929 49 145-161.

Gensure RC  Gardella TJ Juppner H. Parathyroid hormone and
parathyroid hormone-related peptide and their receptors. Biochem
Biophys Res Commun 2005 328 666-678.

Armamento- Villareal R Ziambaras K Abbasi-Jarhomi SH et al. An
intact N terminus is required for the anabolic action of parathyroid
hormone on adult female rats. J Bone Miner Res 1997 12 384-392.
Jilka RL. Molecular and cellular mechanisms of the anabolic effect of
intermittent PTH. Bone 2007 40 6 1434-1446.

Wang YH Liu YL Buhl K et al. Comparison of the Action of
Transient and Continuous PTH on Primary Osteoblast Cultures
Expressing Differentiation Stage-Specific GFP. J Bone Miner Res
2005 20 5-14.

Khosla S Westendorf JJ Oursler MJ. Building bone to reverse
osteoporosis and  repair fractures. The Journal of Clinical
Investigation 2008 118 2 421-428.

Li X Lu H Qin L et al. Determination of Dual Effects of
Parathyroid Hormone on Skeletal Gene Expression in Vivo by
Microarray and Network Analysis. J Bio Chem 2007 282 45
33086-33097.

Yang D Singh R Divieti P et al. Contributions of Parathyroid
Hormone PTH /PTH-Related Peptide Receptor Signaling Pathways
to the Anabolic Effect of PTH on Bone. Bone 2007 40 6  1453-
1461.

Krishnan V. Moore TLL. Ma YL et al. Parathyroid Hormone Bone
Anabolic  Action  Requires  Cbfal/Runx2-Dependent  Signaling.
Molecular Endocrinology 2003 17 3 423-435.

Kakar S Einhorn TA Vora S et al. Enhanced chondrogenesis and

Wnt-signaling in parathyroid hormone treated fractures. J Bone Miner



2009 10 15 10

Chin J Osteoporos  October 2009 Vol 15 No. 10 783

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Res 2007 22 12 1903-1912.
Alexander JM Bab I Fish S et al. Human Parathyroid Hormone 1-34
Reverses Bone Loss in Ovariectomized Mice. ] Bone Miner Res
2001 16 1665-1673.
lida-Klein A Zhou H Lu SS et al. Anabolic Action of Parathyroid
Hormone Is Skeletal Site Specific at the Tissue and Cellular Levels in
Mice. J Bone Miner Res 2002 17 808-816.
Thomsen JS Mosekilde LI Gasser JA et al. Long-time Therapy of
Ovariectomy-induced Osteopenia With Parathyroid Hormone Analog
SDZPTS893 and Bone Maintenance In Retired Breeder Rats. Bone
1999 25 5 561-569.
Brommage R Hotchkiss CE Lees CJ et al. Daily Treatment with
Human Recombinant Parathyroid Hormone- 1-34  1.Y333334 for 1
Year Increases Bone Mass in Ovariectomized Monkeys. J Clin
Endocrinol Metab 1999 84 3757-3763.
Burr DB Hirano T Turner CH et al. Intermittently Administered
Human Parathyroid Hormone 1-34 Treatment Increases Intracortical
Bone Turnover and Porosity Without Reducing Bone Strength in the
Humerus of Ovariectomized Cynomolgus Monkeys. J Bone Miner Res
2001 16 157-165.
Neer RM  Arnaud CD. Effect of Parathyroid Hormone 1-34 on
Fractures and Bone Mineral Density in Postmenopausal Women with
Osteoporosis. The New England Journal of Medicine 2001 344
1434-1441.
Zanchetta JR Bogado CE Ferretti JL. et al. Effects of Teriparatide
Recombinant Human Parathyroid Hormone 1-34  on Cortical Bone
in Postmenopausal Women With Osteoporosis. J Bone Miner Res
2003 18 539-543.
Hodsman AB Hanley DA Ettinger MP et al. Efficacy and Safety of
Human Parathyroid Hormone- 1-84  in Increasing Bone Mineral
Density in Postmenopausal Osteoporosis. The Journal of Clinical
Endocrinology & Metabolism 2003 88 11  5212-5220.
Orwoll ES Scheele WH Paul S et al. The Effect of Teriparatide
Human Parathyroid Hormone 1-34
Men With Osteoporosis. J Bone Miner Res 2003 18 9-17.

Therapy on Bone Density in

Andreassen TT Ejersted C Oxlund H. Intermittent Parathyroid
Hormone ~ 1-34  Treatment Increases Callus Formation and
Mechanical Strength of Healing Rat Fractures. J Bone Miner Res
1999 14 960-968.

Andreassen TT Fledelius C Ejersted C et al. Increases in callus
formation and mechanical strength of healing fractures in old rats
treated with parathyroid hormone. Acta Orthop Scand 2001 72 3
304-307.

Jahng JS Kim HW. Effect of intermittent administration of
parathyroid hormone on fracture healing in ovariectomized rats.
Orthopedics 2000 23 1089-1094.

Nakajima A Shimoji N Shiomi K et al. Mechanisms for the
Enhancement of Fracture Healing in Rats Treated With Intermittent
Low-Dose Human Parathyroid Hormone 1-34 . ] Bone Miner Res
2002 17 2038-2047.

Nakazawa T Nakajima A Shiomi K et al. Effects of low-dose

intermittent treatment with recombinant human parathyroid hormone

25

26

27

28

29

30

31

32

33

34

35

36

1-34  on chondrogenesis in a model of experimental fracture
healing. Bone 2005 37 5 711-719.
Komatsubara S Mori S Mashiba T et al. Human parathyroid hormone
1-34  accelerates the fracture healing process of woven to lamellar
bone replacement and new cortical shell formation in rat femora.
Bone 2005 36 4 678-687.
Alkhiary YM Gerstenfeld LC Krall E et al. Enhancement of
experimental  fracture-healing by  systemic  administration  of
recombinant human parathyroid hormone PTH 1-34 . ] Bone Joint
Surg Am 2005 87 4 731-741.
Dempster DW  Cosman F Kurland ES et al. Effects of Daily
Treatment with Parathyroid Hormone on Bone Microarchitecture and
Turnover in Patients with Osteoporosis A Paired Biopsy Study. J
Bone Miner Res 2001 16 1846-1853.
Shen V' Dempster DW Birchman R et al. Loss of Cancellous Bone
Mass and Connectivity in Ovariectomized Rats Can Be Restored by
Combined Treatment with Parathyroid Hormone and Estradiol. J Clin
In 1993 91 2479-2487.
Cosman F Nieves ] Woelfert L et al. Parathyroid hormone added to
established hormone therapy effects on vertebral fracture and
maintenance of bone mass after parathyroid hormone withdrawal. J
Bone Miner Res 2001 16 925-931.
Hodsman AB Fraher L] Watson PH et al. A Randomized Controlled
Trial to Compare the Efficacy of Cyclical Parathyroid Hormone Versus
Cyclical Parathyroid Hormone and Sequential Calcitonin to Improve
Bone Mass in Postmenopausal Women with Osteoporosis. J Clin
Endocrinol Metab 1997 82 620-628.
Black DM  Greenspan SL  Ensrud KE et al. The Effects of
Parathyroid Hormone and Alendronate Alone or in Combination in
Postmenopausal Osteoporosis. The New England Journal of Medicine
2003 349 1207-1215.
Kurland ES Heller SL. Diamond B et al. The importance of
bisphosphonate therapy in maintaining bone mass in men after therapy
with teriparatide
Int 2004 15 992-997.
Nozaka K Miyakoshi N

human parathyroid hormone 1-34 . Osteoporos

Kasukawa Y et al. Intermittent
administration of human parathyroid hormone enhances bone formation
and union at the site of cancellous bone osteotomy in normal and
ovariectomized rats. Bone 2008 42 1 90-97.

Andreassen TT Cacciafesta V. Intermittent parathyroid hormone
treatment enhances guided bone regeneration in rat calvarial bone
defects. J Craniofac Surg 2004 15 424-429.

Seebach C Skripitz R Andreassen TT et al. Intermittent parathyroid
hormone 1-34  enhances mechanical strength and density of new
bone after distraction osteogenesis in rats. J Orthop Res 2004 22
472-478.

Manabe T Mori S Mashiba T et al. Human parathyroid hormone 1-
34 accelerates natural fracture healing process in the femoral
osteotomy model of cynomolgus monkeys. Bone 2007 40 6 1475-
1482.

772



37

38

39

783

Skripitz R Aspenberg P. Implant fixation enhanced by intermittent

treatment with parathyroid hormone. J Bone Joint Surg Br 2001 83
3 437-440.

Skripitz R Aspenberg P. Early effect of parathyroid hormone 1-34

on implant fixation. Clin Orthop Relat Res 2001 392 427-432.

Skripitz R Andreassen TT Aspenberg P. Strong effect of PTH 1-34

on regenerating bone a time sequence study in rats. Acta Orthop

Scand 2000 71 619-624.

Skripitz R Andreassen TT Aspenberg P. Parathyroid hormone 1-34

increases the density of rat cancellous bone in a bone chamber a dose-

response study. J Bone Joint Surg Br 2000 82 138-141.
2009-06-02





