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- ABSTRACT -

The Role of Glycogen Synthase Kinase 3 in Apoptosis

and Differentiation of Osteoblasts

Differentiation of osteoblasts is critically involved in bone formation and requires several
signal pathways. One of the important pathways is the Wnt signaling where GSK3f plays a

key role in regulation of P-catenin activity, a major effector, through phosphorylation.
Glucocorticoids (GCs) are known to induce osteoporosis via a decrease of differentiation and
apoptosis of osteoblasts and osteocytes in part. However, the detailed mechanism of GC-
induced osteoporosis has not been clearly determined.

This study showed that dexamethasone (Dex) induced apoptosis of MC3T3-E1 osteoblasts
through the GC receptor. Dex activated GSK3p, and inhibition of GSK3f by lithium, a
pharmacological antagonist, or gene knock-down by siRNA prevented the Dex-induced
apoptosis. Unexpectedly, Dex also activated p38 mitogen-activated protein kinase (p38
MAPK); however, the inhibition of p38 MAPK further increased apoptosis in Dex-treated
osteoblasts. These results suggest that p38 MAPK might protect against Dex-induced
apoptosis of osteoblasts.

Etoposide, a genotoxic agent, increased apoptosis of C3H10T1/2 osteoblast progenitor cells
by the activation of both caspase-3 and GSK3p. The pharmacological inhibition (lithium) or
gene knock-down (siRNA) of GSK3[B protected the cells from apoptosis. This is quite
similar to the results of Dex-induced apoptosis. In addition, etoposide decreased expression

of Bcl-2, an anti-apoptotic protein, in the C3H10T1/2 cells. LiCl completely recovered the



Bcl-2 expression as shown by both the mRNA and the protein expression levels.

It has recently been reported that Dex decreases differentiation and mineralization of
osteoblasts, but its mechanism is not certainly understood. The present study also showed
that Dex were associated with osteoblast differentiation by employing MC3T3-E1 cells, an
osteoblast cell line. Dex decreased osteocalcin mRNA level compared to that of un-treated
cells at an early differentiation period. Interestingly, Dex continuously accumulated the
expression of heat shock protein 25 (HSP25). Gene knock-down of HSP25 by siRNA
recovered osteocalcin expression up to control level. Furthermore, treatment with lithium
decreased HSP25 expression and also recovered osteocalcin expression. These results
suggest that HSP25 induction was associated with osteoblast differentiation via osteocalcin
modulation and mediated by GSK3p.

In summary, Dex-induced GSK3[ activation triggered apoptosis of osteoblasts and was
associated with osteoblast differentiation. Therefore, GSK3[ appears to play a key role in the
fate and function of osteoblasts. The results of this study provide additional insights into the

pathogenic mechanism of GC-induced osteoporosis.

Key words: Osteoblasts - Apoptosis - Dexamethasone (Dex) - GSK3f3 - p38 MAPK -

Etoposide - Differentiation - HSP25 - Osteocalcin

ii



TABLE OF CONTENTS

ABSTRACT +#+eereesersessarsesssseasasessassessseasissessessasasssssessesassesassessessessssssssns i
TABLE OF CONTENTS :+eseeseeseesessessessesuesssessassessassasssiesssssessessesssessassesnns i
LIST OF FIGURES +++++eeeseeseesessessessessesssessasessassessssessessssesssssessessesssessannas vii
L INTRODUQGCTION :veereeeesseereeruessesiesieesiestisssseeiteatessessessssssesseeseesssssseseens 1
A. Wnt/B-catenin signaling - wwsseesseesseessemssmmsssisseissei i 3
B. GSK3P i1 apOPLOSis: -+ - wseesseesseesseessemssemsssusstisiissiissiis s 5
C. p38-mitogen-activated protein kinase in apoptosis -« +weeeseessessessnssceseens
D. BCI-2 +oevverrrreereententiie et st sttt ettt et 6
E. Heat SROCK PIOtEin 25 «-w-swrseereersesresssereersesseestesessiseseessessssseessessessesssanens 7
F. AIms Of this Study «+eessseessesssessessemssessemsstisiiissiii e 10
II. MATERIALS AND METHOIDDS ++veeeereessesseseeruessesiesseseesieiiesresesssnsseeseenss 11
A, MATERIALS -+ewveveereessesseseeruessensenieaiesiessesesieiesseeseessssessessesseneens 11
1. REAGENLS +++vreeseeseessesseessmssesssis sttt bbb 11
D MALELIALS +++-vverversrrseerressersernsasiensierietietsetsett et etbesb e esbe b e b aes 11
B. METHOIDS +vevveeverseeseassesserseastasteaseestestissessesessissasssssessessessessasesses 12
L. Cell QUILUTE -+++everrerseesseesesremsemsanieertestisisiressessessessatestesreessassaesas 12
2. Cell Viability @ssay -« essessessssesssesssisssisssisseis i 12
3. Trypan blue Stailing <+ - wssessssesseessesssemssemsssisiissiisiisssi e 12
4. Mitochondrial membrane potential Analysis -+ sessesseessemseensieseinceess
5. FlUOrESCEnCe SAIMINE « -+ wssessseesseessesssssssessseissiissiissiisis s 13

iii



6. Tdt-mediated dUTP-biotin nick End Labeling staining ««--««ssssseeeeeeeeeeees 13
7. Caspase-3 ACHIVILy «+rrseeerssrsssmssrssesssmsstissis st 14

8.  Western blot analysis «« e eeseesesmsssmsmissis i i 14

9. Small interference RNA transfection -+« ---s-sereesererereressesesmieisssarereans 15

10. REVEISE franSCIIPHION s wwssrseessessesssmssesstussssisssisiissis st 15

11. Polymerase chain Feaction « - s rersssrrssseresssrisssrisesiss 15

12. Alkaline phosphatase activity - wsseeesssresssssrrsssnesssereissnrinsns 16

13. Alizarin red S Stafning -« wwssweesseseessssermssssrsssss s 16

14, LuCiferase activity -+ essessemssesssemsssniinsis st 17

15. Statistical analysis - --swrsseressserssmssssssssss s 17

Part 1.

Glucocorticoid induces apoptosis of osteoblasts through the activation of glycogen

synthase kinase 3[3

III. RESULTS -+

1. Dex induces apoptosis of osteoblasts through caspase activation

2. Glucocorticoid receptor mediates Dex-induced apoptosis in osteoblasts

3. Dex induces GSK3[ activation in osteoblasts

4. GR stimulated by Dex reglates the phosphorylation of GSK3[3

5. Dex activates p38-MAP in osteoblasts

6. Gene knock-down of GSK3p and p38-MAPK

IV. DISCUSSION

v



Part I1.

Glycogen synthase kinase-3beta regulates etoposide-induced apoptosis

via Bcl-2 mediated caspase-3 activation in C3H10T1/2 cells:----weeoeeeeeeeeeseneeeneens 37
TII-B. RESULTS s+eeeveessseessseeessueesueesstuenntueenntieentiesiteesietnsieesstieensaeenseesnness 38
1. Etoposide induces apoptosis in C3HI10T1/2 cells «wewereerrrresreememeeseeneeenes 38

2. Etoposide induces osteoblast apoptosis via GSK3[ activation, which is prevented

by gene SilenCing ........................................................................... 41

3. Etoposide induces apoptosis via GSK3[ activation, which is prevented by gene

SilenCing ...................................................................................... 44
4. Bcl-2 is mediated by GSK3 in etoposide-induced apoptosis «---«w-wewweeeeeeeeee 47
IV DISCUSSION ..................................................................................... 49
Part II1.

Dexamethasone regulates osteocalcin via heat shock protein 25 and GSK-3p

in Oste()blast Differentiation ....................................................................... 51

III RESULTS .......................................................................................... 54
1. The expression of HSP25 during osteoblasts differentiation ««--«--+sseesseeseese 58
2. Effects of Dex on osteocalcin expression in osteoblasts «-««-wxeseeseesseesceeees 58
3. Effects of knock-down of HSP25 on osteocalcin in osteoblasts -:«-«-«eeeeeeeeees 58
4. Lithium controls expression of HSP25 and osteocalcin «--«+«esereeeeesseeeeeneenes 62

IV DISCUSSION ..................................................................................... 63



v CONCLUSION ..................................................................................... 67

REFERENCES:+eveeeeesrreeeastueettanteettitieentiees st esstteesnieessttes e e 69
—Z’LT,‘} Q9 9}: ............................................................................................. 79

vi



LIST OF FIGURES

Fig. 1. The processes of osteoblast and osteoclast differentiation ««=«-«sseseeeeerereeeeeeeee: 1
Flg 2 Effects Of glucocortiCOid on bone Cells ...................................................... 2
Flg 3 Wnt Signaling pathway in the presence Of Wnt ............................................. 4
Flg 4 PrOtein structure and homolog Of HSP25 .................................................. 8
Fig. 5. Biochemical activity and cellular properties of HSP25 = -weooeeveesneeseesenneennen 9

Flg 6 Hypothesis Of thiS StUdy ...................................................................... 10

Part 1.

Fig. 7. Dex induced apoptosis in mouse osteoblast cells --wwreweereesrermeemeeneeneenee 20

Fig. 8. Inhibition of glucocorticoid receptor reduced Dex-induced apoptosis ==« 22

Fig. 9. The activation of GSK3f in MC3T3-El cells by Dex «««eeereeereeeeserseeneens 26

Fig. 10. The phosphorylation of GSK3 by GR antagonist «--«--re-eeeeesreereereeneeene 28

Fig. 11. Expression of phospho-p38-MAPK and inhibition of p38-MAPK in Dex-induced

apoptosis e s eeseeseeteeseataeasentestaensetestnsenesenannsetonensetortnsttostestnonsorsnrtnone 29

Fig. 12. Effects of gene silencing of GSK3f3 and p38-MAPK on osteoblasts apoptosis -+ 32

Fig. 13. The suggested scheme of Dex-induced apoptosis of osteoblasts «-«w«wsseeeseeeeeee 36

Vil



Part I1.

Fig. 14. Etoposide induced apoptosis in C3H10T1/2 cells «--wwreerereerereereeseemeneenene 39
Fig. 15. Etoposide induced GSK3p activation in C3HI10T1/2 cells +---wreererereeneeeeeeees 42
Fig. 16. Effects of GSK3[ siRNA on etoposide-induced apoptosis «««-«+«ssereererenesees 43

Fig. 17. LiCl inhibited caspase-3 activation and apoptotic cell death in etoposide-induced

apoptosis ..................................................................................... 45
Fig. 18. Effects of LiCl on etoposide- or staurosporine-induced apoptosis «««-««--««==+-- 46
Fig. 19. Effect of LiCl on Bcl-2 expression in etoposide-induced apoptosis --««+-«+--+--+ 48
Part III.
Fig. 20. Effects of Dex on mineralization in MC and MC14 cells «+---e-eeeeereereeeneeeees 53

Fig. 21. Effects of Dex on Hsp25 expression during osteoblast differentiation in MC

and MC14 CCHS .............................................................................. 54
Fig. 22. Dex increased HSP25 expression in MC cellg --eeeereereerresremenenneeneeeenee 55
Fig. 23. Effects of Dex on osteoblast differentiation markers in MC cells -««-eeveeeeeeeeee 57
Fig. 24. Osteocalcin expression in MC and MC14 cells «-wereereererereremsemeesneneeeene 58

Fig. 25. Effects of HSP25 siRNA on gene expression and ALP activity in MC cells -+ 59

Fig. 26. Lithium inhibited Hsp25 expression induced by Dex in MC cells ««+-eeeeeeeeees 60

Fig. 27. Effects of lithium on the HSP25 and osteocalcin expression in MC cells-««-+++ 61

viii



Fig. 28. Dex decreased the osteocalcin activity in MC cells ««+-wreeeemeeemeneremreeeene 62

Fig. 29. Dex signaling was transduced through GR in MC cells --weeeerererereemneeneenes 65

Fig. 30. Schematic signaling in osteoblast differentiation «--«--«wsreresrereeeeseresneeeees 66

Fig. 31. Schematic diagram of this study

1X



