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Parathyroid hormone activates protein kinase C via phospholipase C-independent signaling pathway
LI Junging, JIANG Jianming, FENG Ruigiang, et al. Department of Spinal Surgery, Nanfang Hospital,
Southern Medical University, Guangzhou 510515, China

Corresponding author; YANG Dehong, Email; drmyang@ yahoo. com

Abstract: Objective To determine whether PTH activates PKC/PKC-delta via PLC-independent pathway
using the reporter of PKC or PKC-delta activation based on fluorescence resonance energy transfer ( FRET).
Methods HEK293 cells were transfected with C kinase activity reporter (CKAR) or C-delta kinase activity
reporter { PKC-delta). After incubation for 72h, FRET was measured with or without stimulation of phorbol
esters (TPA). The activation of PKC or PKC-delta could be judged by the change in FRET. HEK293 cells
were co-transfected with either CKAR or PKC-delta plasmid or PTHRI plasmid. Stimulation of PKC or PKC-
delta by PTH(1-34) or G1R19(1-34) or 0. 1% trifluorcacetic acid( TFA) were demonstrated by monitoring
the change in FRET after 72 h. Results TPA increased the CFP/YFP emission ratio (C/Y) in HEK293
cells transfected with CKAR or PKC-delia plasmid. PTH (1-34) and GIR19 (1-34), but not 0. 1% TFA,
increased C/Y in HEK293 cells co-transfected with either CKAR or PKC-delta plasmid or PTHR! plasmid.
Conclusion PTH binding to PTHRI can activate PKC and PKC-delta via PLC-independent signaling
pathway.
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H D% PKA #1 non-PLC/PKC £S5 2 BT A %15
PLC/PKC &R, BEUEFSHEHBHT S, B #
PKCEEMNFETERKCTFEHABRME
R PKC A F 4 HERBRENHRAL 5%
HEYBEMAN P HBAY % ERFEEA
AEEHBERN PKC HEE  EATERARMRA
R ARQEE, AMAZHTEEERAMARE
A TG M5 B il PKC A1 PKC-delta 3 1& 19 7
E—ETRAEREBEAMKI PKC £ PKC-
delta HFMMES T, FEHFHEMNEHAT PTH S
PTHR1 &4 J3 I8 & PLC dE K& 72 & i& PKC 1
PKC-delta, SHT AR R E R — B,

BHF 1, PKC 8 7% 4R & 5 F 1 PKC-delta B 1&
&4 F R CFP # YFP Z A # A T FHA2 B i%
AKBEHE SR SR % PKCERKEDRERYE
PKC-delta fEFH Y, B F CFP B9 % 55 i #1 YFP
K zEEES, LY CFP M YFP M5 (B &
R Wi e, CFP 52 8 B & 8T B X ¥ 8 & YFP & 3%,

X—dBRE K LIRER K (FRET), CFP A1
YFP %5 (BB B0 09 ol 25 H o CFP A YFP (%€
B, ELE C/Y B, B, H#
1% B9 PKC 3 PKC-delta 8% B2 L H 1% R HE IR BT, R
0T R kg & 4 08, CFP I YFP B %5 (6] BE
BOMIRE, R4 C/YBERE, B, CYH
M AP % PKC Bt PKC-delia S9347%

TPAERM C/Y R EXRHTRIRERF
FEE MM A E A & PKC Bt PKC-delta (75 i T
BB, W7 N4 4 CKAR Jfi ki 1 PKC-delta S H7 89
HEK293 40/, B B # PTH(1-34) R BT & C/
Y M, B 7 3§ PRHRI JihL ¥ HEK293 4§
M JEVRE &0 PTH(1-34) BET LUfE C/Y A, Xk
%*H,PTH(1-34) 5 PTHIR 4R EEMA, #HH
s34 PTHR1 ffiki 55 CKAR B8 5 PKC-delta AL B9
HEK293 401, ¥ 7% ¢cAMP/PKA F1 non-PLC/PKC #
R§¥E PLC/PKC {5 5% 267 GIRI9(1-34) [ # 18
MY C/Y M, EMH GIR19(1-34) o] i i3 PLC 3k
R &R RIS PKC # PKC-delta, X EZER5HA
MBIRER -3 WPTHR3 M) BREEREREE S
PTH Z{RE9 4000 N B #3058 PLC™! BAZFH M
WIEBA T PTH(3-34) 7] LA##% PKC™™™, WH, R
1% cAMP/PKA #1 non-PLC/PKC i J%  PTH 3l
ik GIR19 (1-34), [7] PTH (1-34) — ¥, o] L ¥ 1%
PKC-delta!™ , ZEBHH{AN , HIFSE T GIR19(1-34)
% PLC JRAREUE B T #4 BUE R L A3
BEHEE",

AtRF, EERATHRHE Y, PTH 24K
FXBEERN AN ARE, FATHLRBEN
FRREME W, BEEH B PTH 2 RUKKRS]
BT C/Y WY, TiE PTHRI Ba ML 2 F &
PRSI EHE R 91, X —EBF LRIET AR
FEAZUNEE. BE BRACFPHEARE LY
¥ % 434nm, THFF 1L 405um By A H ML K CFP,
RUTEERT LR A W, {8 405nm iF R 7E CFP ¥ %
HBHEZHN, LR PHEERFHME YFP HFER
FRET %,

B ANMWERFEEBIEHNT PTH 5
PTHRI % & Jf i@ if PLC FE4K #ii& £ %1% PKC f1
PKC-delta Bt M HEEHRK . HEXX &
EEERNFEAN B DI ENTE - HHR.

B M K22 M 5 5 Alexandra C Newton #(48 & BF

SRRt CKAR L, i K% Jun Guo ¥ {2424t PTHRI M &L,
X% Richard Bringhurst B Z R HtH R T R EH,



YHEEBRELRE 201264 FF 18 %5 48  Chin J Osteoporos, April 2012, Vol 18, No. 4 299

[1]

[2]

[3]

(4]

6]

(8]

[91

(10]

[ # % x m ]

Rey A, Manen D, Rizzoli R, et al. Evidences for a role of p38
MAP kinase in the stimulation of alkaline phosphatase and matrix
mineralization induced by parathyroid hormone in esteoblastic
cells. Bone,2007,41(1) :59-67.

Shimiza M, Carter PH, Kbatri A, et al. Enhanced activity in
parathyroid hormone-( 1-14 ) and-( 1-11 ) ; novel peptides for

probing ligand p Endocrinology, 2001, 142
(7):3068-74.

Verhaar HJ), Lems WF. PTH-analogs: comparable or different?
Arch Gerontol Geriatr,2009,49(2) :e130-2.

Jeon 1. H. ,Puleo D. A. Alternating release of different bioactive
molecules from a complexstion polymer system. Biomaterials,
2008,29(26) :3591-8.

Pettway GJ,Schneider A,Koh A, et al. Anabolic actions of PTH
(1-34) : use of a novel tissue engineering model to investigate
temporal effects on bone. Bone,2005,36(6) :959-70.

Valenta A, Roschger P, Fratzi-Zelman N, et al. Combined
treatment with PTH (1-34) and OPG increases bone volume and
uniformity of mineralization in aged ovariectomized rats. Bone,
2005,37(1) ;87-95.

Wang YH, Liu Y, Rowe DW, Effects of transient PTH on early

proliferation, apoptosis, and bseq differentiati of
osteoblast in primary osteoblast cultures. Am J Physiol Endocrinol
Metab,2007,292(2) ; E594-603.

Rickard DJ, Wang FL, Rodriguez-Rojas AM, et al. Intermittent
treatment with parathyroid hormone (PTH) as well as a non-
peptide small molecule agonist of the PTH1 receptor inhibits
adipocyte differentiation in human bone marrow stromal cells.
Bone,2006,39(6) :1361-72.

Takasu H, Guo J, Bringhurst FR. Dual signaling and ligand
selectivity of the human PTH/PTHIP receptor. J Bone Miner Res,
1999,14(1) :11-20.

Yang D, Guo J, Divieti P, et al. Parathyroid hormone activates
PKC-delta and regulates osteoblastic differentiation via a PLC-
independent pathway. Bone 2006 ,38(4) :485-96.

[}

(12]

[13}

(14]

[15]

[16]

[17}

[18]

(19}

Armamento-Villareal R, Ziamb 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(3) :38492.

Dossing DA, Radeff JM, Sanders ], et al. Parathyroid hormone
stimulates translocation of protein kinase C isozymes in UMR-106
osteoblastic osteosarcoma cells. Bone,2001,29(3) :223-30.
Jensen TE, Maarbjerg SJ, Rose AJ, et al. Knockout of the
predominant conventional PKC isoform, PKCalpha, in mouse
skeletal muscle does not affect contraction-stimulated glucose
uptake, Am J Physiol Endocrinol Metab,2009,297(2) :340-8.
Vialin JD, Zhang J, Tsien RY, et al. A genetically encoded
fluorescent reporter reveals oscillatory phosphorylation by protein
kinase C.J Cell Biol ,2003,161(5) ;899-909.

Azarani A, Goltzman D, Orlowski J. Structurally diverse N-
terminal peptides of parathyroid hormone ( PTH) and PTH-
related peptide (PTHRP) inhibit the Na*/H* exchanger NHE3
isoform by binding to the PTH/PTHRP receptor type I and
activating distinct signaling pathweys. J Biol Chem, 1996, 271
(25).14931-6.

Janulis M, Wong MS, Favus MJ. Structure-function requirements
of parathyroid hormone for stimulation of 1,25-dihydroxyvitamin
D; production by rat renal proximal tubules. Endocrinology, 1993,
133(2):7139.

Jouishomme H, Whitfield JF, Chakravarthy B, et al. The protein
kinase-C activation domain of the parathyroid hormone.
Endocrinology,1992,130(1) :53-60.

Chakravarthy BR, Durkin JP, -Rixon RH, et al. Parathyroid
hormone fragment [ 3.34] s;imulales protein kinase C ( PKC)
activity in rat osteosarcoma and murine T-lymphoma cells.
Biochem Biophys Res Commun,1990,171(3) :1105-10.

Yang D, Singh R, Divieti P, et ‘al. Contributions of parathyroid
hormone ( PTH )/PTH-related peptid p ignaling
pathways to the anabolic effect of PTH on bone. Bone,2007,40
(6) :1453-61.

(R A #47:2011-11-18)



