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(Rheumatoid arthritis,RA)

(osteoclasts)

    Cyr61 ( Cysteine- rich angiogenic inducer 61) CCN

B Cyr61 Cyr61

Cyr61

Cyr61

Collagen-Induced Arthritis(Chaplet et al.)

Cyr61 Cyr61

Cyr61

: statin statin

simvastain matrigel

simvastatin

statin in vitro

simvastatin FoxO3a (nuclear translocation) FoxO3a

Cyr61 Cyr61

simvastatin FoxO3a
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FoxO3a (acetylation) (phosphorylation)

FoxO3a

SIRT (luciferase assay) Cyr61

SIRT1 FoxO3a

(co-immunoprecipitation) SIRT1 FoxO3a

simvastatin SIRT1 FoxO3a Cyr61

Simvastatin SIRT1 FoxO3a Cyr61
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Abstract 

Rheumatoid arthritis is chronic, inflammatory, systemic, autoimmune diseases 

characterized by chronic arthritis leading to progressive joint erosions. Inflammation 

recruits immune cells such as macrophage to the site leading to bone erosion. The 

recruitment of inflammatory cell is the major risk factor in the arthritis and the 

mechanism is needed more research. Cyr61, the CCN family, named CCN1 has been 

reported plays an important role in RA patients. Cyr61 mRNA has a significant increase 

in RA patients and promotes macrophage migration. In our collagen-induced 

arthritis(CIA) model, Cyr61 expressed and seems to recruit macrophage to bone 

resorption area means that it may promote macrophage infiltration and resulted in CIA 

progression. In vitro, treatment of Cyr61 recombinant protein direct promoted 

macrophage migration and enhanced CCL2 chemokine expression in U2OS. Thus, 

Cyr61 has the ability to deteriorate RA progression. 

Statin, a cholesterol synthesis inhibitor, has been reported to have a potential in 

therapy of arthritis. To investigate the effect of arthritis, we administrated simvastatin to 

joint space and led to alleviate CIA progression. By local injection of simvastain, this 

way of administration can avoid the liver-specific characteristic. In U2OS cell, 

treatment of simvastatin decreased Cyr61 expression via activation FoxO3a. 

Simvastatin activated FoxO3a through promoting its nuclear translocation. FoxO3a 

activity is mediated by post-transcriptional modification that includes phosphorylation 

and acetylation. Phosphorylation at Thr32, Ser253 and Ser315 leads to nucleus 

export and acetylation attenuates FoxO3a DNA binding affinity. Simvastain activated 

FoxO3a through decreasing its phosphorylation and acetylation. Thus, nuclear FoxO3a 

bound to Cyr61 promoter and repressed transcription. Deacetylation of FoxO3a seems 

to SIRT1-dependent manner. Treatment of Simvastatin enhanced SIRT1 activity and 
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promoted FoxO3a interaction. The references related to statins on FoxO3a 

phosphorylation are much clear than acetylation. We found a way that statins mediate 

FoxO3a acetylation  

In summary, simvastatin represses Cyr61 expression through promoting FoxO3a 

deacetylation and nucleus translocation in vitro. In animal model, simvstatin alleviates 

CIA progression, decreases Cyr61 expression and promotes FoxO3a nuclear 

translocation that correlated with in vitro data. By confirming the SIRT1/FoxO3a/Cyr61 

pathway, it will be a potential target in therapy of RA. 
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1.1  (Rheumatoid Arthritis) 

(Rheumatoid arthritis)

(Synovia membrane)

(Bone remodeling)

(Bone resorption and Bone formation) (osteoclast)

(osteoblast)

1.2 Cyr61

(Bone erosion) 2006

Christian S. Haas cDNA microarray

Cyr61 1 Cyr61

(osteonecrosis) 2 Cyr61

    Cyr61 IGFP-10 (microarray)BALB/c 3T3
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3,4 CCN1/Cyr61 CCN CCN

CCN2/CTGF CCN3/Nov CCN4/WISP1 CCN5/WISP2 CCN6/WISP35

CCN (extracellular matrix)

6 CCN (angiogenesis)

(wound healing) (arthritis) (tumors)

    Cyr61 (RA) S. Radke

Cyr61 (osteonecrosis)

Cyr61 RA

RA (RA progression)

(RA) Cyr61

(fibroblasts)

(extracellulat matrix) TGF-�

CCN2 ECM (deposition) 2005 Norifumi HM

chondrosarcoma-derived HXS-2/8 (model of human artivular chondrocytes)

pro-inflammation ( TGF-� ) Cyr61 CCN2

Cyr61 CCN2 regenerative molecule7 Cyr61

(RA) (inflammation)

(synovial blood vessels) synovial cells (hyperplasia)

(infiltration of mononuclear cells)8

synovial cells hyperplasia

(local hypoxia and hypoperfusion)9
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10 Brown Ra

(RA patients)

(angiogenic factor)11 (growth factors)

(infiltration) (pannus)

12 RA melanoma3 fetal 

bovine bladder smooth muscle cells13 Cyr61

(hypoxia) Cyr61

RA

1-3. Simvastatin

Statin HMG-CoA reductase inhibitor (cholesterol)

(rate-limiting) (inhibitor) Endo Kuroda

mevastatin lovastatin simvastatin fluvastatin atorvastatin

… statin

14 statin 15

16 �-amyloid 17 T 18 Simvastatin

osteogenic 19

statin 20

statin

simvastatin

2008 simvastatin

21 statin statin

statin
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statin statin

statin 21

1-4. FoxO3a Cyr61

 Fork head (Drosophila melanogaster)

Fox O family(FoxO) FoxO

FoxO Akt/PKB Ser259

Thr32 Ser315 Akt/PKB

Akt/PKB Akt FoxO

FoxO DNA 14-3-3 (nuclear

export) 22 FoxO

ubiquitylation

UV DNA FoxO

FoxO

(apoptosis) (cell cycle arrest) DNA (DNA repair)

(oxidative stress resistance) (longevity) (muscle 

growth and atrophy) 23 FoxO 3

(phosphorylation) (acetylation) ubiquitylation

FoxO FoxO3a Cyr61

FoxO3a (vascular smooth muscle cells, 

VSMC) Cyr61 (transcriptional repressor)24 FoxO3a

Cyr61 Cyr61

FoxO Cyr61
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1-5. Sirtuin FoxO3a

    Sirtuin Silent information Regulator 2 protein (Sir2) protein deacetylase

(isoform) acetyl-lysine

(histone) 25 Sirtuin

SIRT1 26

sirtuin FoxO1

FoxO1 (nuclear translocation)27 FoxO3a

sirtun histone FoxO

Situin FoxO
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CIA CIA

simvastatin Cyr61 FoxO3a

in vitro (U2OS) TNF-� Cyr61

simvastatin simvastatin TNF-� Cyr61

SIRT1 FoxO3a Cyr61

simvastatin SIRT1 FoxO3a Cyr61

 Simvastatin SIRT1/FoxO3a Cyr61

1. Simvastatin Cyr61

2. Simvastatin SIRT1 FoxO3a

3. Simvastatin SIRT1

4. SIRT1 FoxO3a

 Simvastatin CIA

1. simvastatin CIA

2. Simvastatin FoxO3a

3. Simvastatin Cyr61
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    Simvastatin (Merck) Proteinase inhibitor cocktail (Roche) Immunization Grade 

Bovine Type II Collagen Incomplete Freund’s Adjuvant (Chonderx) Matrigel™ 

Basement Membrane Matrix, LDEV-Free (BD) BCA Protein Assay Reagent (Pierce)

Arrest-In reagent (Openbiosystem) OPTI-MEM (Invitrogen) Dual-Luciferase kit 

(Promega) Chromatinimmunoprecipitation kit (Upstate) SIRT1 activity assay (Sigma)

FoxO3a (Millipore Abcam Abnova) pThr32-FoxO3a (Millipore) Cyr61 (Santa Cruz)

�-tubulin (Sigma) SIRT1 (Abnova) Lamin B (Abcam) Acetyl-lysine (Abcam) CD68

(Chemicon) BCATM Protein Assay (Thermo)

U2OS osteosarcoma from Homo sapiens with osteoblast 

phenotype) (ATCC) Dulbecco’s Modified Eagle’s 

Medium(DMEM) complete growth medium(10% L-glutamine Antibiotics)

37 C CO2 5%

3.3 Transient transfection 

6X105 cells/6cm 10% FBS/DMEM (

) OPTI-MEM 21�l Arrest-In+50�l

OPTI-MEM 4�g DNA+50�l OPTI-MEM 10

6  DMEM/Complete medium

24
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3.3

PBS RIPA lysis buffer (50mM 

Tris pH 8.0 150mM NaCl 1% NP-40 0.5% Sodium deoxycholate 0.1% SDS

Proteinase inhibitor ) 1.5 ml

12000 rpm 10

BCA 30�g Sample loading dye 

(0.5M Tris-HCl 20% Glycerol 10% SDS 20% �-mercaptoethanol 1% bromophenol 

blue) 10 10

3.4 / (Macnaughton TB, J Virol., 2002 3928-35) 

PBS 1ml PBS ( )

1.5ml 6000rpm 4 20 1500�l

Nucleus extraction buffer (100mM NaCl 10mM Tris-HCl pH 7.4 1mM EDTA 1%

NP-40 proteinase inhibitor) P1000 pipette 4

6500rpm 20 4 1.5 ml

9000 rpm 1 4 100 �l RIPA lysis 

buffer( proteinase inhibitor) 10 10 12000

rpm 20 4 1 4

3.5  Western blot 

(polyarcylamide)

6~15% loading

sample loading dye 100 10

10 SDS-PAGE
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(Fermentas)

(transfer membrane) Hybond C-extra nitrocellulose 

(Amersham Pharmacia Biotech) (Hofer)

(Glycine 43.23g; Tris 9.08g; Methanol 600ml; H2O to 3L) 100

90~120 5% (

TBST)blocking

4 C

TBST(Tween-20 0.25% Tris) 20

(HRP-labeled antibody)1 8000 TBST

( ) ECL (Pierce) X

Catalog Source

Cyr61 1:2000 Sc-13100 Santa Crus 

FoxO3a 1:2000 #07-702 Upstate 

FoxO3a(Thr32) 1:500 #07-695 Upstate

�-Tubulin 1:3000 T5168 Sigma 

Lamin B 1:2000  Abcam 

SIRT1 1:1000  Abnova 

    

    

3.6

56 C xylene 30 (100% 75%



�

20�
�

50% 2dH2O) PBS citrate buffer 95 C 10

10 PBS 3

3% H2O2 10 PBS 5 0.1% Triton-X100 5 PBS

5 CAS blocking buffer 10 1 FOX3a

(abcam ; ab47409) 1:300 Cyr61 (Santa cruz ; sc-13100) 1:200 CD68 (CHEMICON ; 

MAB1435) 1:200 4 30 wash buffer (0.05% 

tween-20 in PBS) 5 Envision Dual Link system peroxidase

15 DAB 1.5 2.5 ( ) Hematoxylin 

conterstatin 10 15 running buffer

3.7  (Immunoprecipitation) 

simvastatin TNF-� 600�l Co-IP lysis buffer 4 20

1.5ml BCA 1mg

1�g/ml 30�l Protein-A 4 30min pre-clear 4 12000rpm

1.5ml 1 2.5�g 4

30�l Protein-A 4 30 6000rpm 1 500�l PBS

Tip 2X protein sample loading dye

10 8000rpm 1 western blot

3.8 Collagen induced arthritis in Rat model and simvastatin treat 

Collagen preparation 5ml 2mg/ml protein solution: 5 ml 0.05M 

acetic acid 10mg collagen 4

4 Protein solution:adjuvant = 1:1 1mg/ml
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200�l

Simvastatin/Matrigel preparation  Matrigel 4 200�l matrigel 

Solution simvastatin 25mg/ml

90 5mg simvastatin 14

4mg Simvastatin PBS 200�l

43

3.9 Chromatin Immunoprecipitation  

CHIP assay kit ( Upstate #17-295) Salmon Sperm  

DNA/Protein A  Agarose(Upstate #16-157C)

5’-CCAACCAGCATTCCTGAGAT-3’ 5’-CGTATAAAAGGCGGGCTCC-3’ U2OS

TNF-� Simvastatin formaldyhyde (1%) 37

C 10 PBS 1 ml PBS( )

1.5ml 2000 rpm 4 C 10

200 �l SDS lysis buffer (1% SDS 10mM EDTA 50mM Tris-HCl pH8.1)

DNA( 25~30% 5 5

2 ) 13000 rpm 4 C 10 1.5ml

10 CHIP dilution buffer (0.01% SDS 1.1% Triton X-100 2mM EDTA 16.7mM 

Tris-HCl pH8.1 167mM NaCl) 75�l salmon sperm DNA/Protein A 

agarose-50% slurry 4 C 30 pre-clear

1 2�g 4 C 60�l salmon 

sperm DNA/Protein A agarose-50% slurry 3 4 C 1000rpm 1

low salt(0.1% SDS 1% Triton-X100 2mM EDTA 20mM 
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Tris-HCl pH8.1 150mM NaCl) high salt(0.1% SDS 1% Triton-X100 2mM EDTA

20mM Tris-HCl pH8.1 500mM NaCl) LiCl immune complex(0.25M LiCl 1% 

IGEPAL-CA630 1% deoxycholic acid 1mM EDTA 10mM Tris-HCl pH8.1) 3

250�l elution buffer(1% SDS 0.1M NaHCO3) 15

500�l 20�l 5M NaCl 65 C 4 DNA

10�l 0.5M EDTA 20�l Tris-HCl pH6.5 2�l 10mg/ml proteinase 

K 45 C 1 DNA PCR

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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4.1 TNF-� Cyr61

Cyr61 arthritis 2006

RA Cyr61 Cyr61

28 29 Cyr61 arthritis

Cyr61 arthritis

    Arthritis

arthritis TNF-�

TNF-� NF�B MAPK

death signaling

TNF-�

TNF-� TNF-� Cyr61

U2OS(osteosacoma)

HOB(human osteoblast)  TNF-� Cyr61

(Fig.1A, B) TNF-�
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4.2 Simvastatin Cyr61

    2009 Je-Ken Chang simvastatin osteogenic

17 statin

20 statin

2008 review

simvastatin 21 statin

statin

statin

simvastatin T

simvastatin arthritis

simvastatin Cyr61 U2OS

simvastatin (1, 10�M) TNF-� 24

simvastatin Cyr61

(Fig.2A,B) simvastatin Cyr61
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4.3 Simvastatin FoxO3a Cyr61

Simvastatin Cyr61

Cyr61 Forkheak O family FoxO3a 24

FoxO3a (transient) TNF-� 48

Cyr61 (Fig.3A)

FoxO3a FoxO3a

FoxO3a /

AKT/PKB FoxO3a FoxO3a

U2OS TNF-�

30 FoxO3a (Fig.3B) TNF-� FoxO3a

Simvastatin (1, 10�m)

FoxO3a (Fig.3C) simvastatin FoxO3a

4.4 Simvastatin FoxO3a

simvastain TNF-� FoxO3a

FoxO3a TNF-�

simvastatin TNF-� simvastatin

FoxO3a (Fig.4) simvastatin

FoxO3a FoxO3a
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4.5 Simvastatin FoxO3a Cyr61

simvastatin FoxO3a

2007

(vascular smooth muscle cell, VSMC) Cyr61 FoxO3a

FoxO3a Cyr61

2007 FoxO3a

AAAGCAAACA Cyr61 610 base piar (Fig.5A)

FoxO3a Cyr61

(chromatin immunoprecipitation) FoxO3a Cyr61

TNF-� simvastain 3

simvastatin FoxO3a Cyr61

(Fig.5B) simvastatin FoxO3a

Cyr61
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4.6 Simvastatin FoxO3a

FoxO3a FoxO3a

FoxO3a K245

FoxO3 FoxO1 DNA

30 FoxO

FoxO3a FoxO3a

SIRT131 SIRT1 FoxO3a

SIRT1 FoxO3a

32 FoxO3a

Cyr61 FoxO3a TNF-�

simvastatin (Fig. 6) simvastatin

FoxO3a FoxO3a

FoxO3a
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4.7 Type II collagen

(collagen induced arthritis)

1997 David type II collagen Freund’s adjuvant

4 6 Rat

12

CIA

(pannus) (cartilage) (bone)

(Fig.7A,B) pannus

(mesenchyme and bone marrow-derived cells)

(cytokine)

(cartilage) (bone) Cyr61

(bone erosion) Cyr61 (Fig.7C) CD68

Cyr61 (macrophage)

(Fig.7D) Cyr61
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4.8 Simvastatin

    Statin

arthritis 33 Statin

34 statin

statin statin

(microenvironment) 21

matrigel simvastatin

simvastatin

CIA model normal saline

simvastatin X simvastatin

(Fig.8A) normal saline (Fig.8B)

normal saline simvastatin

(Fig.8C,E) Simvastatin

normal saline (Fig.8D,F)

simvastatin

Cyr61 FoxO3a CIA

simvastatin FoxO3a

(Fig.9A) (Fig.9B)

FoxO3a simvastatin

FoxO3a

(Fig.4) Cyr61
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Simvastatin (Fig.9D) (Fig.9C)

Cyr61

Cyr61

Cyr61

Cyr61
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5.1 Simvastatin Cyr61 FoxO3a

TNF-� Cyr61

(Fig.1A, B) Cyr61 1

Cyr61 Cyr61

Simvastatin (Fig.2A,B) 2004

Forkhead family FoxO3a Cyr61

24 (U2OS) FoxO3a Cyr61

(Fig.3A) simvastatin FoxO3a Cyr61

FoxO3a post-tanslational modification

insulin IGF-1

IL-3 EGF NGF 22 FoxO3a

(Thr32 Ser253 Ser315) DNA NLS

14-3-3

35 Ser253 Akt kinase 36 Ser315 SGK kinase

37 Thr32 Akt SGK

Akt SGK FoxO FoxO

DNA 14-4-3

23

FoxO3a

TNF-� U2OS TNF-� FoxO3a

(Thr32) 30 (Fig.3B)
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FoxO3a TNF-� simvastin FoxO3a

simvastatin (Fig.4B) simvastin

FoxO3a

FoxO (acetylation) FoxO

DNA

DNA

FoxO histone acetyltransferase  

p300/CBP p300/CBP-associated factor (PCAF)38

histone or non-histone deacetylases SIRT1 HDACs39

FoxO

FoxO 40 SIRT1 FoxO

41 FoxO

FoxO context-specific

manner42 FoxO

phosphoenolpyruvate (PEPCK) glucose 6 phosphate catalase

Fas ligand (FasL) tumor necrosis factor related apoptosis inducing ligand 

(TRAIL) FoxO

simvastatin FoxO3a U2OS

simvastatin FoxO3a Acetyl-lysine

FoxO3a simvastatin FoxO3a

() FoxO3a

Cyr61 simvastatin FoxO3a

Cyr61

U2OS simvastatin

FoxO3a FoxO3a
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Cyr61 simvastatin

FoxO3a
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5.2 Simvastatin Cyr61 collagen induced arthritis Rat

Cyr61 simvastain CIA

bovine type II collagen

booster

collagen cross reaction

granulation tissue RA

(neovasculation)

granulation tissue infiltration

Cyr61 Cyr61

chemotasis Cyr61 RA

RA (pannus)

collagenase RA

RA CIA

CIA

statin CIA progression

statin

statin

statin

BMP-1 43 statin

44

2006 statin liver specificity low oral bioavailability
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statin statin

(bone microenvironment)

statin

statin matrigel statin

100�l matrigel 4 mg simvastatin

14

simvastatin CIA

simvastatin

(normal saline) (Fig.8B) X (Fig.8A) HE

staine(Fig.8C,D,E,F)) CIA simvastatin

CIA Cyr61 FoxO3a

simvastatin Cyr61 FoxO3a

FoxO3a (Fig9A)

simvastatin (Fig9B) CIA

FoxO3a Cyr61 in vivo

in vitro

U2OS CIA

simvastatin FoxO3a Cyr61

CIA simvastain

CIA Cyr61

Cyr61

CIA Cyr61

(osteoclasts)
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Fig.1 TNF-� Cyr61

U2OS HOB starvation TNF-� 20 ng/ml RIPA 

lysis buffer BCA WB blot Cyr61

A) human osteoblast B) U2OS 
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Fig.2 Simvastatin TNF-� Cyr61

U2OS HOB starvation simvastatin 3

TNF-� 20 ng/ml 24 RIPA lysis buffer BCA

Western blot Cyr61 A) human osteoblast B) U2OS 
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Fig.3 Simvastatin FoxO3a Cyr61

A) U2OS FoxO3a TNF-� (20ng/ml) 24 B) U2OS starvation

TNF-��(20ng/ml) C) U2OS starvation simvastatin

3 TNF-� (20ng/ml)30
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Fig.4 Simvastatin FoxO3a

 U2OS starvation simvastatin 3 TNF-�

(20ng/ml)30 FoxO3a /
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Fig.5 Simvastatin FoxO3a Cyr61

A) Cyr61 FoxO3a B) TNF-� 30

FoxO3a Fox PCR FoxO3a Cyr61
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Fig.6 Simvastatin FoxO3a

starvation TNF-��(20ng/ml) simvastatin (10�m) IP: FoxO3a

Western blot: acetyl-lysine 
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Fig.7 CIA Cyr61

CIA A,B) HE stain C) Cyr61 D)

CD68
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Fig 8. Simvastatin CIA

NS: normal saline ST: simvastatin treat A) X C, D, E, F) HE stain 
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�

�

�

�

�

�

�

�

�

�

�

�

Fig.9  Simvastatin FoxO3a Cyr61
A B) FoxO3a C D) Cyr61

�

�

�

�
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