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Research progress of the treatment on osteoporotic disease with glycogen synthase kinase-3
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Abstract: Osteoporosis is a systemic metabolic disease. Its main character is the reduction of bone mineral density which easily
leads to osteoporotic fractures. Glycogen synthase kinase-3 inhibitor can inhibit glycogen synthase kinase3 activity thereby
promoting the expression of Wnt-channel and its downstream genes and proteins. It mainly promotes the proliferation and
differentiation of bone marrow mesenchymal stem cells and osteoblasts while inhibits the activity of osteoclasts. It regulates bone
cell microenvironment to achieve the treatment of osteoporotic disease. Now we review the research progress of glycogen synthase
kinase-3 inhibitor in the treatment of osteoporotic disease.

Key words: Osteoporosis; Glycogen synthase kinase-3 inhibitor; Wnt signaling transduction pathway

( Osteoporosis OP) ( Glycogen synthase kinase3 GSK-=3)
N Wnt
N op .
N GSK3
12 )
1 Wnt
S 1.1 Wnt
Wnt N Wnt N
3 N
N o Wnt
(81260273) 3 ! Wnt/B-catenin Wnt
(2013GXNSFAA019269) ( Canonical Wnt pathway) Wnt/

* : Email: drlibing@ 139. com ( Wnt/caz+ ) Wnt ( Planar cell



2016 9 22 9

Chin J Osteoporos September 2016 Vol 22 No.9 1189

polarity PCP) Wnt
catenin
° . Wnt/B-catenin » Wnt
( Frizzled Fz)
5/6 ( Lipoprotein receptor related

Wnt/B-

protein 5/6 LRP5/6) Fz
( Dishevelled Dv) ( Casein kinase
1 CK1) ( Axin) |

( adenom atous polyposis coli APC)
3B( glycogen synthase kinase 38 GSK-

3B) o Wnt
GSK3p3 B-catenin B-
catenin / Wnt
B-catenin
T
/ (T cell factor/lymphoid
endancer frator TCF/LEF) c—
myc cyclin D1 [
1.2 Wnt
opP | I
Wnt/B-catenin
Wnt/B-catenin
LRP5

( Osteoporosis—
89

pseudoglioma syndrome OPPG)

( High bone mass HBM) " . oP
Wnt/B-catenin
Wnt N B-
catenin
~CnX43
11 12
B OPG/RANKL
%, Wnt Frizzled
LRP5
LRP5
sFRP1
15
1.3 Wnt
Wnt/B-catenin
oP

o Dkk1 . Sost.

WisesFRPs. Wifl | Cerberus
GSK-3B. Axin, APC. CKla
Wnt/B-catenin

o Wnt/B-catenin

Wnt/B-catenin

Wnt N
B-catenin B-catenin/TCF
o Sclerostin Sost
Sclerostin
Wnt
—Sclerostin
Padhi
( AMG 785)

Sclerostin

( Scl-Ab)

oP ' .

B—catenin ~ Wnt
B-catenin Wnt
o GSK3
LY603281318 )

B-catenin

( LiCL+ Chit99021
B-catenin

GSK3

GSK3

2 3

2.1 3
3( Glycogen synthase kinase-3

GSK3)

/ 20 70

7 . GSK3 N N

Wnt/B- +Hedgehog Notch
. . GSK3
2 :GSK3a  GSK3p
51  47ku GSK-3p3

Wnt NF-«B



1190 2016 9 22 9 Chin J Osteoporos September 2016 Vol 22 No.9
" . GSK3 o GSK3
GSK3 90% o ATP
GSK3a  GSK-3p 85% ATP o
93% 19q13.2 ATP
3¢q13.3. GSK3p 600
GSK-3p3 S/TXXXS/T( P) GSK-3BSer9 ATP
X GSK3
S/TXXXS/T( P) 2~3 GSK-3 o ATP
C / Paullon . N N N
GSK3 ®5 ATP
. GSK3 TDZD
D, GSK-3
B-catenin o ATP GSK-3
GSK3p ATP ( )
N ATP 500
N B-catenin o GSK-3p ATP o
AP B-catenin CREB Myc CHIR99021 N GSK3
NF«B o GSK3a-3 CHIRON
GSK3 B-catenin Gli ATP
Wnt/B-catenin Hedgehog
P, *? . GSK3
GSK-3p GSK-3pB GSK3
GSK-3B3Ser9 ATP o
GSK-3B3Ser9 (Li*) GSK3
Akt( PKB) .PKC.PKA. GSK3 ATP
4 EGF . GSK3pB GSK3a-B
GSK3p GSK o Li
GSK3p3 ; PKA PI3kinase—
GSK3 ( GSK3 Akt C-o; Li” B-
binding protein GBP) . ( axin) .axil  conductin 2-pp2 A-Akt Akt
o GSK3p Wnt GSK3 ;
o Li* pp4 inhibitor2
2.2 3 GSK o Li
GSK3 GSK3
GSK3 2
1 3
Table 1 Category of glycogen synthase kinase3 inhibitor
i Pa;lllones\lndiru;)ifll(i ymenialdi51.1;1}43‘3;1%(1%( N ):ZPyrimidines( ) .Pyridines( ) . Aloisines
ATP Li \TDZD( thiadiazolidinones) M1 VAF102B  AF150. p24.GBP.L803 .
2.3 3 GSK-3pB GSK-

3B B-catenin



2016 9 22 9

Chin J Osteoporos September 2016 Vol 22 No.9 1191

0 GSK3 GSK3p3
B-catenin
GSK-3 o
GSK3p
Wnt
GSK3
. LiCl GSK3pB
GSK3 LiCl
1 15 X
;15
HE
; Western blot B-
catenin N N
Wnt/B-catenin
LiCl =,
Loiselle Alayna E. 43 ( connexin 43
Cx43) Cx43
GSK3 LiCl
26
6 4
GSK3 LY60328131-8 2
LY60328131-8
27
GSK3 GSK3
Wnt/B-catenin
3 3

(0]

op :

. GSK3p  pB-
Axin/APC/GSK3p
GSK-3

catenin
GSK3p3
GSK3p3 B-catenin
Wnt/B-catenin

S A

3.1
( Bone marrow mesenchymal

stem cells BMSCs) .

BMSCs

28

BMSCs
o GSK3
BMSCs Wnt/B-catenin B-
catenin
* o Zhu Zhenzhong GSK3

5mM LiCl  MSCs

RNA
GSK3p

GSK3 SB216763
GSK-3p3
MSCs * . Bain
C3HI10T1/2 cells
LiCl B-catenin
. Kulkarni

GSK3

B-catenin

ALP mRNA

603281318
60328131-8 C3H10T1/2
cells B-catenin

sialoprotein. collagen alphal. OC. ALP.

Runx2
603281318
( V) .biglycan. osteonectin. Runx2 mRNA

GSK3

collagens a( 1) .«



1192 2016 9 22 9 Chin J Osteoporos September 2016 Vol 22 No.9
BMSCs * . Masaki Arioka LiCl GSK-3B
LiCl ~ C3HIOT1/2 cells LiCl LiCl GSK-3pB
Wnt/pB-catenin B-catenin
Li,CO, ®,
Micro CT Li* 3.3
* . De Bore LiCl  Wnt3A ( Osteoclasts)
hMSCs Wnt
Wnt hMSCs
»
ALP * . Shuanhu Zhou 42 OPG/RANKL/RANK
hMSCs GSK3 LiCl Wnt/B- RANKL
catenin LiCl RANK
hMSCs
. OPG
3.2 RNAKL RANKL-RNAK
( Osteoblasts) “ . Wnt/B-catenin
o OPG/RANKL/
RANK
50ng/ml RANKL RAW264. 7 N
GSK3p3 B-catenin N Ad-GFP RAW264.7
o GSK3 N Ad-B-catenin  RAW264.7
GSK3p3 Wnt/B-catenin B- Ad—-{3-catenin
catenin N RAW264.7
o Marsell R Wnt/B-catenin
GSK3 AZD2858 N
B-catenin R
AZD2858
20mg/kg
AZD2858
Wnt/B-catenin
GSK-3 B-catenin
o Masaki Ariokaza LiCl
¥, C. Galli LiCl C3H10T1/2 cells
LiCl RAW-D cells
LiCl Wnt/B-eatenin LiCl
2
N * . Rika Nakanishi
( secreted frizzled—related protein 4
4 Sfrp4) Sfrp4 Wnt/B-catenin
LiCl GSK-3p3
Sfrp4 GSK-3
7. Armstrong GSK-3
Wnt/B-catenin GSK3 GSK3



2016 9 22 9

Chin J Osteoporos September 2016 Vol 22 No.9

1193

LiCl

10

11

12

GSK-3

GSK3 LiCl

Kanis JA' Melton LJ Christiansen C et al. The diagnosis of
osteoporosis J . Journal of Bone and Mineral Research 1994 9
(8):11374141.

Kanis JA  McCloskey EV ~ Harvey NC et al. Intervention
Thresholds and the Diagnosis of Osteoporosis J . Journal of bone
and mineral research: the official journal of the American Society
for Bone and Mineral Research 2015 30( 10) : 17474753.
Mathavan N Turunen MJ Tagil M e tal. Characterising Bone
Material Composition and Structure in the Ovariectomized ( OVX)
Rat Model of Osteoporosis J . Calcified Tissue International
2015 97(2) :134444.

Silva AK Yi H Hayes SH et al. Lithium chloride regulates the
proliferation of stem-ike cells in retinoblastoma cell lines: a
potential role for the canonical Wnt signaling pathway J .
Molecular vision 2010 16:36.

Krishnan V. Bryant HU MacDougald OA. Regulation of bone
mass by Wnt signaling J . The Journal of clinical investigation
2006 116(5) :1202-4209.

Saito-Diaz K Chen TW Wang XX et al. The way Wnt works:
Components and mechanism J . Growth Factors 2013 31(1):
131.

Basler K. The many faces and

Embo J 2012 31( 12):2714-

Valenta T Hausmann G
functions of beta—catenin J .
2736.

Korvala J Jippner H Mikitie O et al. Mutations in LRPS
cause primary osteoporosis without features of Ol by reducing Wnt
signaling activity J . BMC medical genetics 2012 13( 1) :26.

Morimoto M Kerouredan O  Gendronneau M et al. Dental

abnormalities in Schimke immuno-esseous dysplasia J . Journal

of dental research 2012 91( 7 suppl) : S29-S37.

Nemoto E  Koshikawa Y Kanaya S et al. Wnt signaling

inhibits cementoblast differentiation and promotes proliferation
J . Bone 2009 44(5):805-812.

Minear S Leucht P Jiang J et al. Wnt proteins promote bone

regeneration J . Science translational medicine 2010 2( 29) :

29ra30-29ra30.

Laine CM  Chung B-D Susic M et al. Novel mutations

affecting LRP5 splicing in patients with osteoporosis-pseudoglioma

syndrome ( OPPG) ] . European Journal of Human Genetics

2011 19(8) : 875-881.

Friedman MS Oyserman SM  Hankenson KD. Wntl1l promotes

19

20

21

22

23

24

25

26

27

osteoblast maturation and mineralization through R-spondin 2
J . Journal of Biological Chemistry 2009 284(21):14117-
14125.
Glass DA 1I Karsenty G. Molecular bases of the regulation of
bone remodeling by the canonical Wnt signaling pathway J .
Current Topics in Developmental Biology Vol 73 2006 73:43-
+.

Gaur T Wixted JJ Hussain S et al. Secreted frizzled related

protein 1 is a target to improve fracture healing J . Journal of
cellular physiology 2009 220( 1) :174-481.

Padhi D Jang G Stouch B et al. Single - dose placebo -
controlled  randomized study of AMG 785 a sclerostin

monoclonal antibody J . Journal of Bone and Mineral Research
2011 26( 1) :19-=26.

Embi N Rylatt DB Cohen P. Glycogen Synthase Kinase - 3
from Rabbit Skeletal Muscle ]
biochemistry 1980 107(2) :519-527.
Steinbrecher KA Wilson W Cogswell PC et al.

European Journal of

Glycogen
synthase kinase 3 beta functions to specify gene-specific NF-
kappa B-dependent transcription J . Molecular and Cellular
Biology 2005 25(19) : 8444-8455.

Takahashi-Yanaga F. Activator or inhibitor? GSK3 as a new
drug target J . Biochemical pharmacology 2013 86(2):191-
199.

Ribas J Bettayeb K Ferandin Y et al. 7-hromoindirubin3 =
oxime induces caspase-independent cell death J .

2006 25(47) :6304-6318.

Oncogene

Patel DS Bharatam PV. Selectivity criterion for pyrazolo 3 4-
b pyrid az ine derivatives as GSK3 inhibitors: CoMFA and
molecular docking studies J . European journal of medicinal
chemistry 2008 43(5) :949-957.
Cohen P Goedert M. GSK3 inhibitors: development and
therapeutic potential J . Nature reviews Drug discovery 2004 3
(6) :479487.

Tsai LK Leng Y WangZ et al. The mood stabilizers valproic
acid and lithium enhance mesenchymal stem cell migration via
distinct mechanisms J . Neuropsychopharmacology 2010 35
(11) :22252237.

Kulkarni NH Onyia JE Zeng Q et al. Orally Bioavailable GSK
- 3a/f Dual Inhibitor Increases Markers of Cellular
Differentiation In Vitro and Bone Mass In Vivo J . Journal of
Bone and Mineral Research 2006 21( 6) :910-920.

Cui M NiuY Liu G etal. Protective effects of lithium chloride
on bone loss in hindlimb unloading rats J . Acta Academiae
Medicinae Militaris Tertiae 2010 32( 14) : 15124515.

Loiselle AE  Lloyd SAJ] Paul EM et al. Inhibition of GSK3
beta Rescues the Impairments in Bone Formation and Mechanical
in  Osteoblast

2013 8

with  Fracture Healing

Plos One

Properties  Associated
Selective Connexin 43 Deficient Mice J .
(11):10.

Guo X Wang X-F. Signaling cross-talk between TGF-8/BMP
and other pathways J . Cell research 2009 19( 1) :71-88.



1194

28

29

30

31

32

33

34

35

2016

22 9

Chin J Osteoporos September 2016 Vol 22 No.9

Gimble JM  Zvonic S Floyd ZE et al. Playing with bone and fat
J . Journal of cellular biochemistry 2006 98(2) :251266.
Gambardella A Nagaraju CK O “Shea PJ et al. Glycogen
synthase kinase - 3«/@ inhibition promotes in vivo amplification
of endogenous mesenchymal progenitors with osteogenic and
adipogenic potential and their differentiation to the osteogenic
lineage J . Journal of Bone and Mineral Research 2011 26

(4):811-821.
ZhuZ Yin ] Guan ]

et al. Lithium stimulates human bone

marrow derived mesenchymal stem cell proliferation through GSK
- 3B -
FEBS Journal 2014 281(23) :5371-5389.

Bain G Miiller T Wang X et al. Activated B-catenin induces

dependent B - catenin/Wnt pathway activation J .

osteoblast differentiation of C3H10T1/2 cells and participates in
BMP2 mediated signal transduction J Biochemical and
biophysical research communications 2003 301( 1) : 8491.
Arioka M Takahashi F Sasaki M et al. Acceleration of bone
regeneration by topical application of GSK-3 inhibitor ]
Journal of Pharmacological Sciences 2014 124:95P95P.

De Boer J] Wang HJ Van Blitterswijk C. Effects of Wnt
human

proliferation and  differentiation  of

Tissue engineering 2004 10( 3-

signaling on
mesenchymal stem cells J .
4) :393401.

Zhou SH Eid K Glowacki J. Cooperation between TGF-beta
and Wnt chondrocyte  and  adipocyte

pathways  during

differentiation of human marrow stromal cells J . Journal of

Bone and Mineral Research 2004 19( 3) : 463-470.
Marsell R Sisask G Nilsson Y  Sundgren-Andersson AK

36

37

38

39

40

41

Andersson U Larsson S et al. GSK-3 inhibition by an orally

active small molecule increases bone mass in rats J . Bone
2012 50(3) :619-627.
Galli C Piemontese M Lumetti S Manfredi E et al. GSK3b—

inhibitor lithium chloride enhances activation of Wnt canonical
signaling and osteoblast differentiation on hydrophilic titanium
surfaces J . Clinical Oral Implants Research 2013 24( 8):
921927.
Nakanishi R Akiyama H Kimura H et al. Osteoblast -
Targeted Expression of Sfrp4 in Mice Results in Low Bone Mass
J . Journal of Bone and Mineral Research 2008 23(2):271-
277.
Armstrong V] Muzylak M Sunters A et al. Wnt/beta-catenin
signaling is a component of osteoblastic bone cell early responses
to load-bearing and requires estrogen receptor alpha J . Journal
of Biological Chemistry 2007 282(28) :2071520727.
Charles JF Hsu L-Y Niemi EC et al Aliprantis AO
Nakamura MC. Inflammatory arthritis increases mouse osteoclast
precursors with myeloid suppressor function J . The Journal of
clinical investigation 2012 122( 12) :4592.
Zhong 7 Zylstra-Diegel CR  Schumacher CA et al. Wntless
functions in mature osteoblasts to regulate bone mass J
Proceedings of the National Academy of Sciences 2012 109

(33) : E219742204.
LiH LuY ShenL etal. Wnt/beta—catenin signaling pathway

in inhibition of Raw264.7 cell differentiation J . Basic &
Clinical Medicine 2013 33(9): 11554159.
( 1 2016-03-04; :2016-0545)

W%%%%W%%%%A&%%ﬁ

b

hwwﬁ%&v&w

i

82 — 198 %

Mwﬁ%&%w



