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Mechanism of osteoblast apoptosis induced by dexamethasone via the protein
kinase C pathway

Zhong Xing', Zhang De-zhi?, Han Hong-bin®, Li Kai*, Yang Zhi-yang', Fu Wen-ju' ('Liaoning Medical
University, Jinzhou 121001, Liaoning Province, China; 2Department of Orthopedics, the First Affiliated
Hospital of Liaoning Medical University, Jinzhou 121001, Liaoning Province, China; *Department of
Scientific Research, Peking University Health Science Center, Beiing 100191, China; “Peking University
Health Science Center, Beijing 100191, China)

Abstract

BACKGROUND: Dexamethasone can improve the cell apoptosis and decrease the number of osteoblasts and
bone cells through increasing the time of cell cycle. Protein kinase C is a kind of intraecellular singnal transduction
pathways, and there are related reports on the relationship between protein kinase C and cell apoptosis.
OBJECTIVE: To investigate the mechanism of dexamethasone-induced osteoblast apoptosis via protein kinase
C intracellular signal transduction pathway.

METHODS: Fetal rat bone marrow mesenchymal stem cells were collected for osteogenic induction, and the cells
were divided into dexamethasone group, phorbol group and star cytochalasin group. The cells in the
dexamethasone group were added with 1x1 0 mol/L dexamethasone, the cells in the phorbol group were added
with 1x10® mol/L dexamethasone and 1x10” mol/L phorbol, while the cells in the star cytochalasin group were
added with 1x10°® mol/L dexamethasone and 1x107 mol/L star cytochalasin. The proliferation and inhibition of the
cells in different intervention groups were observed, and the content of protein kinase C in the cell membrane and
cytoplasm was measured.

RESULTS AND CONCLUSION: Dexamethasone could induce apoptosis significantly, and after added with
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phorbol, the apoptosis was increased significantly; while after added with star cytochalasin, the apoptosis was decreased
significantly. After added with dexamethasone, the content of protein kinase C in the cytoplasm was significantly
decreased, while increased in the cell membrane. At different time points after added with dexamethasone, the change
of the content of protein kinase C in the cytoplasm and cell membrane was most significant at 30 minutes. The results
indicated that mechanism of dexamethasone-induced osteoblast apoptosis was correlated with protein kinase C, and
dexamethasone was the agonist of protein kinase C. After the cells were stimulated, the protein kinase C in the
cytoplasm will moved to the cell membrane, and then the content of protein kinase C in the cytoplasm was decreased,

while increased in the cell membrane.

Subject headings: osteoblasts; dexamethasone; bone and bones; protein kinase C; pherbols; mechanotrasduction,

cellular
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Figure 1 Standard curve of protein kinase C
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Figure 2 Osteoblasts obtained with enzyme alternating
method (Inverted microscope, x100)
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Figure 3 Observation of osteoblasts obtained under inverted
microscope (Alizarin red staining, x100)
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Figure 4 Observation of osteoblasts after cultured for 30 d
with alizarin red staining (x40)
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Figure 5 Apoptosis flow diagram of the control group and the

model group induced with 1x10® mol/L
dexamethasone
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Table 1 Analysis of variance of the cell activity (absorbance
value) in the blank control group, dexamethasone
group, phorbol group and star cytochalasin group by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay
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P <0.01.
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Figure 6 Cell activity (absorbance value) in the blank control

group, dexamethasone group, phorbol group and
star cytochalasin group
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Table 2 Analysis of variance of cell apoptosis rate in the blank

control group, dexamethasone group, phorbol group
and star cytochalasin group

FabR 20 8] = HNAESF SR
PO 524.499 68.390 592.889
HhE 3 8 11
70 174.833 8.549

FfE 20.451

&S 0.000

-
=

Fl2H
A EEE B: MhIRIAMERILL
-
2
”
]
Teu
Rt

=

:F. - o | T
1wl ' 1?0 aef
F2H

=T

C: fhizea D: EMEERA

e S EAAN M T2 (5.06741.693)% . Hi LK AAE T 4
Mo P8 T2y (18.627+3.756)% U B 4 40 M U T %
(25.653+2.480)% - 2 A B AL A1 ALIH T2 (8.33343.327)%»
BRI 2 HT(F=20.451, P < 0.054), i3] Phikas 2T
2 A KA 5 A A IR T TR

Bl 7 A4, MFERIABEAVA . Phik B AR A I B 4
i
Figure 7 Apoptosis flow diagrams of blank control group,

dexamethasone group, phorbol group and star
cytochalasin group
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Table 3 Measurement of content of protein kinase C in

cytoplasm of the blank control group and at different
time points after induced with dexamethasone (A)

]| BUR B2 HIW T
THA 0.165 0.164 0.179 0.169
TN HBZE KA 10 min 0.153 0.151 0.153 0.152

30 min 0.164 0.164 0.170 0.166
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Vs IIASBIERHL 10 min AN 05K S B C FEBIRAT, 30 min 115
SEGHT, 60 min b T4 AL

R4 FEHHPAIANRIE R TTIE A B 5] 40 i 2
WG C SRMNEE
Table 4 Measurement of content of protein kinase C in cell
membrane of the blank control group and at different

time points after induced with dexamethasone (A)
205 AW 2K 3 EHE
FHA 0.155 0.155 0.159 0.156
TN Hb 28 K A2 10min  0.177 0.173 0.180 0.177
30min  0.167 0.167 0.147 0.160
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Table 5 Analysis of variance of content of protein kinase C in
cytoplasm and cell membrane of the blank control
group and at different time points after induced with
dexamethasone
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5 : - :
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‘ JNE
e . v ‘
S Ll HEE Loyl F WE
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HAREE 0.000 8 0.000
B 0.001 11
7210
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Figure 8 Changes of contents of protein kinase C in the

cytoplasm and membrane at different time points
after induced with dexamethasone

3 14 Discussion

IR P b ZE KA ] G SO A A R AT S0 I 7
HBIERART AL, LB R RN B AL R AN B TR
Y, U AN RV S PR KA T
B R S A L B R A A A SR T g gk
SR P R 40 M A RS R, A i 40 M P
I i A P T DA R R4 02N, L s
U ZE KA (AN 1R 17 5 2T bt R AR X ol 4
HEEI s o

UG AT HH S VR I SR U SR M U T LA
2 E AW C KIS, P AL & A FEECH
@R MGTT Trik. A EEEC 2 B IR MBS (1
EEEAN DN s (A i) N R R Sl el
FERT. RAMMECS UM, FEx A
R SRETRIETEN . AEHDRAS N ARG S R
PEAC Al B 228 S5 S AN L 2 AR o, T

P.O. Box 1200, Shenyang 110004 www.CRTER.org



(@:]%2 WWW.CRTER.Org

WGEE, JEHEMIEHIRREC, KMuislEE4. 5
JEF= 4 BEME H i (DAG)FILEET . 4. 5-—ffiR, Hr
DAG/Z i & HIMECH EE AN R, &) B
RABBEC, BBOS 0 8 SR CAE 5% {7 31 40 i B 5 A
S MRS BERT Ay Ak RE M40 M FE A RN M T TS
BRIERIA . il tt 5 5%,

HZE KA SRR B A RE TS RHLRIIR S, B
Krox20/EGR2, MPK-1, #& 4k 4 K K 7 B-Smad ,
camp/PKA, B-catenin. H §T40iufe Sl M IEASE 1R
ff, AL I E 2 W EAHRZ ), pkbR A BEECZ (M
TERWBASEIRG, AFE, AN, Tl adiEc
WML —H, pka, pkb, &EEMMCERKIL M
2 X RA k9T

ST B 2R S U T A B R C R ), SR
AT A 5 18 N AR TR R T 2R BRI M B RS S S R AT
(AT, i B InAn i TR o (E PIIR AT DL ik
LERAEIOEAY ORe o SRAT NN b5 == s B AN CEY 4 e figsigan )i o)
BEFE G MR TGN, e 2 R 4 Y A IR n
ERWDIEH TR

TN HEZEKARD 5 % (1) 85 I C A Wb, i
BN R B CER (1R B BRSOk
%, NiZAERAWRECEAMNERIIEFE. HRK.
JEHRILTRAE A ZE K AR 10 minith & (B B C 281K 5%
K, 30 minifJLFWE B R EEKF, 30-60 mindf )18
12052, 60minB R JR LG /Ko 32 IH 41 o ol Hb 5K
P RS2 N TR )50, 0 R — B TR 22 1 Bk 359
FERAR RO B B 500, 40 IR e IS N M TR
(AL o

MRIAT TR A YR N R, R R Al
WL E FRIZET: . 40T SRR ZE AN, i
S NI N ) BN/ 13 ) BN 1 o
WAL 2 40 M T R AR, R R OK - R AR S R
BEAIPE, 7R T 1R 40 R N B SET . 9T
RIE: G ks A MFE R S 4 AT A VIR R,
P20 R T ok b Ak s B A AR B B T
SRR BB MR, KR TAER TSN RE
ANER AL IR T R T P L 5 A7 T Ak 7 s ) T
AR LIE, PTILE TS B Mg T, mPTHLIE
KA BER 40 A T2 b2 g iR Re Pk, 1ma
BB C 1S 2 75 BB RE N, 38R (1 SREC I 1R 3
WA LR A B RERE, BAAERE T & —E
MR, Afr BRI,

TEZ 5Tt F—AE A AT R80T, F— 25 ~EF ity
S, B oAFE AT RIS, TAREAE ., W, A, X
W, F—HERL, FAHETER, FEEFIF AT,

P 7 5 RAR T BAET ] READ K E R4

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

LR AR A B 2R A R A58

EEEZES. Rl R T ey B EF4 2009 F

{Ethical issues in animal experimentation) 48 % sh #1622 5

(AR I

FARAE: RERRFERE @A TR S,
&, 3 Krox20/EGR2, MPK-1, #:4t 4 ¥k B ¥ B-Smad,
camp/PKA, B-catenin. B AT 4@t 4% 518 3538 R 2R 44,
Stk FiB A Z 18 B ANBS R, pKbIRE € 4 BE C2 18] 49 4F ) 4.
REH, FeHhE, AR, FAEagiBCR AN F
#—#F, pka, pkb, B O HEBECEFEEFARZEWKXEA
Hd—FHR.

TEZ R XFHRAES, HIBAEH, NERTEME,
KRR, LIV, RAERG, REHEEFLEB, Lok
AR BE R FARGFI, WERLE, LTaR.

4 HEY#EK References

[1]  Pennington JM, Millar J, L Jones CP, et al. Simultaneous
real-time amperometric measurement of catecholamines and
serotonin at carbon fibre 'dident' microelectrodes. J Neurosci
Methods. 2004;140(1-2):5-13.

[2]  Marciniak D, Furey C, Shaffer JW. Osteonecrosis of the
femoral head. A study of 101 hips treated with vascularized
fibular grafting. J Bone Joint Surg Am. 2005;87(4):742-747.

[3] Hong D, Chen HX, Yu HQ, et al. Quantitative proteomic
analysis of dexamethasone-induced effects on osteoblast
differentiation, proliferation, and apoptosis in MC3T3-E1 cells
using SILAC. Osteoporos Int. 2011;22(7):2175-2186.

[4] Kosa JP, Kis A, Béacsi K, et al. The protective role of bone
morphogenetic protein-8 in the glucocorticoid-induced
apoptosis on bone cells. Bone. 2011;48(5):1052-1057.

[5] De Vries F, Bracke M, Leufkens HG,et al.. Fracture risk with
intermittent high-dose oral glucocorticoid therapy. Arthritis &
Rheumatism. 2007;56(1):208-214.

[6] Ross EJ, Linch DC. Cushing's syndrome-killing disease:
discriminatory value of signs and symptoms aiding early
diagnosis. Lancet.1982;2(8299):646—9. PMID:125785

[7]1  Adinoff AD, Hollister JR. Steroid-induced fractures and bone
loss in patients with asthma. N Engl J Med. 1983;309(5):
265-268.

[8] LoCascio V, Bonucci E, Imbimbo B, et al. Bone loss in
response to long-term glucocorticoid therapy. Bone Miner.
1990;8(1):39-51.

[91 Weinstein RS, Jilka RL, Parfitt AM, et al. Inhibition of
osteoblastogenesis and promotion of apoptosis of osteoblasts
and osteocytes by glucocorticoids. Potential mechanisms of
their deleterious effects on bone. J Clin Invest.
1998;102(2):274-282.

[10] Zauli G, Rimondi E, Celeghini C, et al. Dexamethasone
counteracts the anti-osteoclastic, but not the anti-leukemic,
activity of TNF-related apoptosis inducing ligand (TRAIL). J
Cell Physiol. 2010;222(2):357-364.

[11] Canalis E, Bilezikian JP, Angeli A, et al. Perspectives on
glucocorticoid-induced osteoporosis. Bone. 2004;34(4):
593-598.

7211



X, F IFRBE TR 1) 2 50l C 217

(@'-:]-?‘_}2 WWW.CRTER.Org

(2]

[13]

[14]

(18]

[16]

(7]

(18]

[19]

(20]

(21]

[22]

7212

Rubin MR, Bilezikian JP. cal review 151: The role of
parathyroid hormone in the pathogenesis of glucocorticoid-I
nduced osteoporosis: a re-examination of the evidence. J Clin
Endocrinol Metab. 2002;87(9):4033-4041.

Roth J, Palm C, Scheunemann |, et al. Musculoskeletal
abnormalities of the forearm in patients with juvenile
idiopathic arthritis relate mainly to bone geometry. Arthritis
Rheum. 2004;50(4):1277-1285.

O'Brien CA, Jia D, Plotkin LI, et al. Glucocorticoids act directly
on osteoblasts and osteocytes to induce their apoptosis and
reduce bone formation and strength. Endocrinology. 2004;
145(4):1835-1841.

Wang FS, Ko JY, Weng LH, et al. Inhibition of glycogen
synthase kinase-3beta attenuates glucocorticoid-induced
bone loss. Life Sci. 2009;85(19-20):685-692.

Hill PA, Tumber A. Ceramide-induced cell death/survival in
murine osteoblasts. J Endocrinol. 2010;206(2):225-233.
Weinstein RS, Manolagas SC. Apoptosis and osteoporosis.
Am J Med. 2000;108(2):153-164.

Weinstein RS, Jilka RL, Parfitt AM, et al. Inhibition of
osteoblastogenesis and promotion of apoptosis of osteoblasts
and osteocytes by glucocorticoids. Potential mechanisms of
their deleterious effects on bone. J Clin Invest. 1998;102(2):
274-282.

Canalis E. Clinical review 83: Mechanisms of glucocorticoid
action in bone: implications to glucocorticoid-induced
osteoporosis. J Clin Endocrinol Metab. 1996;81(10):
3441-3447.

Weinstein RS, Jilka RL, Parfitt AM, et al. Inhibition of
osteoblastogenesis and promotion of apoptosis of osteoblasts
and osteocytes by glucocorticoids. Potential mechanisms of
their deleterious effects on bone. J Clin Invest. 1998;102(2):
274-282.

Smith E, Coetzee GA, Frenkel B. Glucocorticoids inhibit cell
cycle progression indifferentiating osteoblasts via glycogen
synthase kinase-3beta. J Biol Chem. 2002;277(20):
18191-18197.

Weinstein RS, Nicholas RW, Manolagas SC. Apoptosis of
osteocytes in glucocorticoid-induced osteonecrosis of the hip.
J Clin Endocrinol Metab. 2000;85(8):2907-2912.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[3%]

[36]

Calder JD, Pearse MF, Revell PA. The extent of osteocyte
death in the proximal femur of patients with osteonecrosis of
the femoral head. J Bone Joint Surg Br. 2001;83(3):419-422.
Eberhardt AW, Yeager-Jones A, Blair HC. Regional trabecular
bone matrix degeneration and osteocyte death in femora of
glucocorticoid- treated rabbits. Endocrinology. 2001;142(3):
1333-1340.

Jih-Yang Ko , Feng-Sheng Wang, Increased Dickkopf-1
expression accelerates bone cell apoptosis in femoral head
osteonecrosis, Bone 46 (2010) 584-591.

Hampson G, Fogelman I. Clinical role of bisphosphonate
therapy. Int J Womens Health. 2012;4:455-469.

Leclerc N, Noh T, Cogan J, et al. Opposing effects of
glucocorticoids and Wnt signaling on Krox20 and mineral
deposition in osteoblast cultures. J Cell Biochem. 2008;103(6):
1938-1951.

Camps M, Nichols A, Arkinstall S. Dual specificity
phosphatases: a gene family for control of MAP kinase
function. FASEB J. 2000;14(1):6-16.

Xu N, Liu H, Qu F, et al. Hypoxia inhibits the differentiation of
mesenchymal stem cells into osteoblasts by activation of
Notch signaling. Exp Mol Pathol. 2013;94(1):33-39.

Canalis E. Notch signaling in osteoblasts. Sci Signal. 2008;
1(17):pel7.

Kitase Y, Barragan L, Qing H, et al. Mechanical induction of
PGE?2 in osteocytes blocks glucocorticoid-induced apoptosis
through both the B-catenin and PKA pathways. J Bone Miner
Res. 2010;25(12):2657-2668.

Lombardi G, Di Somma C, Rubino M, et al. The roles of
parathyroid hormone in bone remodeling: prospects for novel
therapeutics. J Endocrinol Invest. 2011;34(7 Suppl):18-22.
Davis RJ. Signal transduction by the JNK group of MAP
kinases. Cell. 2000;103(2):239-252.

[Heath JK, Atkinson SJ, Meikle MC, et al. Mouse osteoblasts
synthesize collagenase in response to bone resorbing agents.
Biochim Biophys Acta. 1984;802(1):151-154.

Lin GL, Hankenson KD. Integration of BMP, Wnt, and notch
signaling pathways in osteoblast differentiation. J Cell
Biochem. 2011;112(12):3491-3501.

Lombardi G, Di Somma C, Rubino M, et al. The roles of
parathyroid hormone in bone remodeling: prospects for novel
therapeutics. J Endocrinol Invest. 2011;34(7 Suppl):18-22.

P.O. Box 1200, Shenyang 110004 www.CRTER.org



