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fluorescent protein GFP MSC
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12), 13)  

cementum protein 1
CEMP-1 CEMP-1

CEMP-1

13), 14) CEMP-1 CEMP-1
PLAP-1/asporin

cementum attachment protein CAP BSP
CEMP-1 alkaline 

phosphatase ALP  osteopontin OPN  osteocalcin OCN BSP
CAP 13), 15 CEMP-1

CEMP-1

16), 

17)  
in vitro

12), 18), 19) in vivo
β- 20

β-catenin/Wnt 21

β-catenin/Wnt
 

β /Wnt Wnt
dishevelled Dvl axis inhibition protein Axin

glycogen synthase kinase 3β GSK-3β β
β β

β



T-cell factor TCF / lymphoid enhancer-binding factor LEF
22), 23)  

β-
β-TCP

1  

MSC MSC
MSC

 
β /Wnt Wnt Wnt1 Wnt3a

Wnt8 Wnt3a in vivo
24)

25), 26) Wnt3a
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Wnt3a MSC Wnt3a

 
 
 
 
 
 
 
 
 
 



 
 

2 Wnt3a  
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Wnt3a  
 

 

18), 19), 47)

 
β /Wnt

20), 21) MSC

 

12), 18), 19)

 
β /Wnt Wnt1 Wnt3a Wnt8

Wnt3a
24)

Wnt3a

 
MSC

Wnt3a  
 
2.  
 
1)   

 
 JCRB ( )

UE6E7T-3 hTERT HPV



E6,E7 hMSC Dulbecco’s modified 
Eagle’s medium (Sigma-Aldrich St. Louis MO) 10 FBS
GIBCO Buffalo NY 100 units/mL penicillin 100 μg/mL streptomycin
1 ng/ml fibroblast growth factors-2 (FGF-2) 10 
cm (Corning Durham NC) 37 CO2

3  

Minimum Essential Medium Eagle Alpha 
Modificaton (α-MEM; Sigma-Aldrich 10% FBS, 100 units/mL penicillin
100 μg/mL streptomycin 10 cm 37
5 3  
 
2)  
 

hMSC 12 well dish 20,000 cells/cm2

α-MEM 10% FBS  100 units/mL penicillin 100 μg/mL streptomycin
0.1 μM dexamethasone (Sigma-Aldrich) 10 mM β-glycerophosphate (WAKO

) 50 μg/mL ascorbic acid (WAKO) 6
6

Wnt3a (R&D Minneapolis MN) 7
 

 
 

3) Real-time PCR  
 
7 phosphate buffered saline (PBS)

SV total RNA isolation system (Promega Madison, WI) total 
RNA cDNA Transcriptor First Strand cDNA Synthesis Kit 
(Roche Basel-Stadt Switzerland 2.5μg total RNA

KAPA SYBR Fast qPCR KAPA BIOSYSTEMS Wilmington
MA Eco Real-Time PCR System Illumina San Diego CA

mRNA  95 3
 60 30 40  

CEMP-1 CAP ALP OCN Axis inhibition 
protein 2 Axin2 β-catenin bone morphogenetic protein 2 BMP-2
brain-derived neurotrophic factor BDNF mRNA housekeeping 



gene glyceraldehyde 3-phosphate dehydrogenase GAPDH
Ct

 
 

4) Wnt3a 2  
 

hMSC 12 well dish 20,000 cells/cm2

α-MEM 10% FBS  100 units/mL penicillin 100 μg/mL streptomycin 0.1 
μM dexamethasone (Sigma-Aldrich) 10 mM β-glycerophosphate (WAKO

) 50 μg/mL ascorbic acid (WAKO) 6
6

Wnt3a  200ng/ml (R&D Minneapolis MN) 7
Wnt3a  13 Wnt3a  7 20

Wnt3a  14 CEMP-1 CAP
ALP OCN mRNA real-time PCR  
 
5)   

 
Nørgaard 27) hMSC 12 well dish

20,000 cells/cm2

Wnt3a 200 ng/ml 20
99.5% ethanol 10

PBS 10% Sigma-Aldrich : 2.8%
pH6.4 1

IX73 Olympus
10% cetylpyridium chloride(Sigma-Aldrich) 200 μl

(N=3) (Thermo Scientific Waltham  
MA) 550 nm  

 
6) RT-PCR  

 
P75  TrkB  BMPR1a BMPR2 mRNA RT-PCR

Total RNA cDNA
cDNA ( )

94  30 57  30 72  30
40 PCR PCR 2.0 %



, , luminescent image analyzer 
ChemiDoc XRS Plus Bio-Rad Hercules CA

GAPDH
 

 
 

 
hMSC Wnt3a

CEMP-1 mRNA Wnt3a
Wnt3a 200 ng/ml CEMP-1 mRNA

p<0.05 A
12 24 CEMP-1 mRNA

p<0.01 1.8 ( B)  
CEMP-1 mRNA MSC Wnt3a

CEMP-1 β /Wnt
mRNA

 
Wnt3a

Wnt3a MSC
CEMP-1 CAP OCN mRNA

ALP Wnt3a 1
3 A-D  

Wnt3a
Wnt3a

Wnt3a

hMSC Wnt3a
hMSC Wnt3a    

hMSC Wnt3a Wnt3a
Wnt3a Wnt3a 1.4

p<0.05 4 A B  
BDNF TrkB BMP-2 BMPR1a

BMPR2 Wnt3a 1
Wnt3a 1

BDNF p75 Wnt3a
Wnt3a



Wnt3a 1
p75 mRNA Wnt3a Wnt3a

TrkB BMPR1a BMPR2 Wnt3a
5  

 
 

 
 
CEMP-1

MSC
MSC in vivo

 9) hMSC
 

hMSC Wnt3a
CEMP-1 CAP mRNA ALP OCN DSPP

Wnt β- Axin2
mRNA LiCl

CEMP-1 CAP ALP OCN mRNA 12), 18) 

C3H10T1/2 Wnt3a β
/Wnt ALP OCN mRNA 30)

β /Wnt
 

Axin2 β /Wnt β
/Wnt 12) 

Wnt3a Axin2 negative feedback loop
33)  

DSPP

31) DSPP
mRNA Wnt3a hMSC DSPP mRNA

 
Runx2 Osterix 32)

Osterix
33) Wnt3a Osterix 24) 

Osterix CEMP-1 Osterix
CEMP-1  



OCCM-30 β /Wnt
34), 35)

Wnt3a LiCl
12), 36)

β /Wnt
hMSC

Wnt3a
 

28), 29) BDNF BMP-2
mRNA BDNF p75

Wnt3a 1 Wnt3a
p75 β /Wnt

Wnt3a
BMP-2 BDNF

BMP-2 BDNF Wnt3a
BMP-2 BDNF

hMSC
BMP-2 BDNF

BMP-2 BDNF
 

hMSC Wnt3a
CEMP-1 CAP mRNA

BMP-2
BDNF

Wnt3a

in vivo
 

 
 
 
 
 
 
 
 



 
 

3 CEMP-1  
 
 

β /Wnt Mitogen-activated protein kinase (MAPK) 
CEMP-1  

 
.  

hMSC Wnt3a
Wnt

β /Wnt ALP
OCN Runx2 mRNA β /Wnt

mRNA 30) β
/Wnt CEMP-1

 
Wnt3a hMSC CEMP-1 β /Wnt

β /Wnt
Dickkopf1 Dkk1 ICG-001 DKK-1

β- /Wnt LRP5/6
β- /Wnt 37) 

ICG-001 β- /Wnt
CREB binding protein CBP CBP β-

β- /Wnt
38)  
β- /Wnt MAPK

39 40 41) /Wnt Erk p38
Jnk MAPK Wnt3a

hMSC CEMP-1 MAPK  
 

 
 

1)  
 

hMSC 12 well dish 20,000 cells/cm2

α-MEM 10% FBS  100 units/mL penicillin 100 μg/mL streptomycin



0.1 μM dexamethasone Sigma-Aldrich 10 mM β-glycerophosphate WAKO  
50 μg/mL ascorbic acid WAKO) 6

6 7
Wnt3a R&D 200ng/ml 12  

 
2) - /Wnt MAPK  

hMSC 6 β /Wnt
DKK-1 8nM Peprotech Rocky Hill NJ ICG-001 20 μM

Adooq bioscience Irvine CA Erk PD98059 50 μM
EMD Millipore Bikkerica MA p38 SB203580 10 μM EMD 

Millipore Jnk SP600125 5μM EMD Millipore Wnt3a (200 
ng/ml) 30 6

 
 
3)  

Wnt3a 12 hMSC PBS SDS
sodium dodecyl sulfate

10
100 15% SDS-

polyvinylidene fluoride
PVDF Bio-Rad 1 100 V PVDF

5% Tris-bufferd saline TBS Tween TBS-T
CEMP-1 Abcam

Cambridge UK 1:1,000 Can Get Signal Solution1
 4 PVDF

TBS-T 5 3 horseradish peroxidase
IgG R&D TBS-T 1:6,000 1

TBS-T 15 3
 ClarityTM Western ECL Substrate Bio-Rad

luminescent image analyzer ChemiDoc 
XRS Plus Bio-Rad  
 

PCR   
Wnt3a 12 hMSC PBS Total RNA

SV total RNA isolation system Promega cDNA
Transcriptor First Strand cDNA Synthesis Kit Roche 2.5 μg total 



RNA KAPA SYBR Fast qPCR Eco 
Real-Time PCR System Illumina PCR

 95 3 / 60 30 40
GAPDH CEMP-1 mRNA ΔΔCt

CEMP-1  
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Wnt3a hMSC CEMP-1 CEMP-1
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8 A-C PCR
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8 D-F
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Axin2 mRNA



β /Wnt
Wnt3a β /Wnt

CEMP-1  
Erk p38 hMSC Wnt3a
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protein-1 AP-1 45)
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F9 Wnt3a p38 MAPK
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β
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PCR  

Gene Forward primer Reverse primer 

GAPDH 5'-TCAGCAATGCCTCCTGCAC-3' 5'-TCTGGGTGGCAGTGATGGC-3' 

CEMP-1 5'-AGAACCTCACCTGCCTCTCC-3' 5'-GATACCCACCTCTGCCTTGA-3' 
CAP 5'-CTGCGCGCTGCACATGG-3' 5'-GCGATGTCGTAGAAGGTGAGCC-3' 
ALP 5'-TCAGAAGCTAACACCAACG-3' 5'-TTGTACGTCTTGGAGAGGGC-3' 
OCN 5'-GCAAAGGTGCAGCCTTTGTG-3' 5'-GGCTCCCAGCCATTGATACAG-3' 
DSPP 5'-AGTGACAGCCAGAGCCAAG-3' 5'-CCTATCCCATTACCAAACT-3' 
β-catenin  5'-GCTACTGTTGGATTGATTCGAAATC-3' 5'-CCCTGCTCACGCAAAGGT-3' 
Axin2  5'-CCCCAAAGCAGCGGTGC-3' 5'-GCGTGGACACCTGCCAG-3' 

BMP-2 5'-CCGCTGTCTTCTAGCGTTGC-3' 5'-CCTGAAGCTCTGCTGAGGTG-3' 

BDNF 5'-GGATGAGGACCAGAAAGT-3' 5'-AGCAGAAAGAGAAGAGGAG-3' 
 

 
 
 
 
 
 
 



 
 
 

RT-PCR  

Gene Forward primer Reverse primer 

GAPDH  5'-CGACCACTTTGTCAAGCTCA-3' 5'-AGGGGAGATTCAGTGTGGTG-3' 

p75  5'-CTGGACAGCGTGACGTTCTCC-3' 5'-CTGCCACCGTGCTGGCTATGA-3' 

TrkB 5'-CATGTTACCAATCACACGGAGTA-3' 5'-CCATCCAGTGGGATCTTATGAAA-3' 

BMPR1a 5'-TTATTCAGCTGCCTGTGGTCTGTGC-3' 5'-GGATTGTGGGCCCAGCATTCT-3' 

BMPR2 5'-CTGGCCAAACAACCAACATAGT-3' 5'-CGCCACCGCTTAAGAGAATAG-3' 

 
 

 


