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CCN3 increases motility of human chondrosarcoma cell via FAK, PI3K, 
AKT and NF- B pathways 
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Abstract

Nephroblastoma overexpressed (Nov; CCN3), from the CCN gene 

family, which is involved in many cellular activities such as growth, 

differentiation, cell motility, adhesion and division. However, the effect of 

CCN3 on migration activity in human chandrosarcoma cells is mostly 

unknown. Here, we found that CCN3 increased the migration and expression 

of matrix metalloproteinase (MMP)-13 through the v 3 and v 5 integrin 

receptor in human chondrosarcoma cells (JJ012 cells). RGD peptide, v 3

and v 5 monoclonal antibody but not RAD peptide inhibitor inhibited the 

CCN3-induced increase migration and MMP-13 expression. Activations of 

focal adhesion kinase (FAK), phosphatidylinositol 3-kinase (PI3K), Akt and 

NF- B pathways after CCN3 treatment was demonstrated, and 

CCN3-induced expression of MMP-13 and migration activity was inhibited 

by the specific inhibitor of PI3K, Akt and NF- B cascades. Transfection of 

cells with FAK, p85, Akt, IKK  and IKK  mutant also reduced 

CCN3-induced cancer migration. Taken together, our results suggest that 

CCN3 acts through FAK/PI3K/Akt, which in turn activates NF- B, resulting 

in the activation of MMP-13 and contributing to the migration of human 

chondrosarcoma cells. 
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 (Tan et al., 2009)

 (Chow, 2007)

 (Extracellular matrix ; ECM ) 

MMP (Matrix metalloproteinase) (Egeblad and Werb, 2002)

(Integrin) MMPs Zn2+

MMPs

(McCawley and Matrisian, 2000)

CCN family

 (Chen and Lau, 2009; 
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Perbal, 2004) Nephroblastoma overexpressed (Nov; CCN3)

CCN family CCN3

 (Benini et al., 2005; Sin et al., 2009)

CCN3  (Perbal et al., 2008; Sin et al., 

2009) CCN3 integrin  (Ligand) integrin

... (Chen and Lau, 2009) CCN3

MMP

( ) CCN3 chondrosarcoma cells (JJ012 cells) 

( ) MMPs

( ) CCN3
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 (Chondrosacoma) 

 (Bone)  (Cartilage) 

(Articulation)

osteocyte osteoblast osteoclast

 (Poole et al., 

1993)

 (Chondroblast) 

 (Collagen fiber)  (Elastic fiber) 

 (Paulsson et al., 

1987)

 (Hyaline cartilage )  (Elastic cartilage)

 (Fibrocartilage)

 (Type  collagen)

(Skeletal dysplasias)  (Enchondromatosis)

 (Yu et al., 2003)
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MMPs

 (Aigner et al., 2006)

MMPs  (Page-McCaw et al., 2007) (Fig. 

1)
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Fig 1. Skeletal phenotypes of MMP mutants.  

(A) Long bones in mice and humans develop through the process of 

endochondral ossification, in which a cartilage template froms first and 

then is resorbed and replaced by mineralized bone. This process requires 

extensive matrix remodeling and invasion of new blood vessels. (B) 

Martix metalloproteinase-9 (MMP-9)- and MMP-13 null femurs display 

greatly expanded hypertrophic cartilages zones (HC; red line) and altered 

trabecular bone (TB; blue line). Despite this expansion, MMP-9 and 

MMP-13 null phenotypes eventually resolve, resulting in good bone 

formation. The MMP-9 MMP-13 double mutant has an even greater 

expansion of hypertrophic cartilage, and significantly and persistently 

shorter long bones. Images courtesy of D. Stickens, D. Behonick and N. 

Ortega, University of California, San Francisco, USA (Page-McCaw et al., 

2007).
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 (Classic chondrosarcoma)

(Dedifferentiated chondrosarcoma) 

(Mesenchymal chondrosarcoma)

 ( )  (

)

 (Fong et al., 

2007)
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 (Metastasis)

(Sporn, 1996) 1  (Detachment)

2

 (Duffy, 1996)

VEGF PDGF …  (Blood 

and Zetter, 1990)

3

 (Fig. 2)

 MMPs serine proteinase (Urokinase plasminogen activator, u-PA)

aspartic proteinase (Pepsin) cysteine MMPs u-PA

 (Cockett et al., 1998)
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Fig 2. A schematic of the metastatic process. 

A schematic of the metastatic process beginning with (a) an in situ cancer 

surrounded by an intact basement membrane. (b) Invasion requires 

reversible changes in cell–cell and cell–extracellular-matrix adherence, 

destruction of proteins in the matrix and stroma, and motility. 

Metastasizing cells can (c) enter via the lymphatics, or (d) directly enter 

the circulation. (e) Survival and arrest of tumour cells, and extravasation 

of the circulatory system follows. (f) Metastatic colonization of the 

distant site progresses through single cells, which might remain dormant 

for years, to occult micrometastases and (g) progressively growing, 

angiogenic metastases (Steeg, 2003).
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 (Matrix metalloproteinase MMPs)

MMPs  (Hood and Cheresh, 2002)

MMPs

 (Curran and Murray, 1999; Nagase and Woessner, 1999)

MMPs

domain  (Propeptide domain)  (Catalytic domain) 

 (Substrate domain) MMPs 

(Proenzyme) MMPs N

 (Knauper et al., 1996; Van Wart and 

Birkedal-Hansen, 1990) MMPs 28 MMPs

 (Fig. 3)

1. Collagenase

MMP-1 -8 -13 -18

galtinase MMP13

collagenase-3

2. Geltinase

MMP-2 -9 collagenase

laminin
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3. Stomelysin

MMP-3 -7 -10 MMPs

 (Matrisian, 1992)

4. Membrane-type MMP

MMP-14 -15 -16 MMPs

MMP-2 -13

5. MMP

MMP-4 -5 -6 -20  (Kuzuya and Iguchi, 2003)
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Fig. 3.  Schematic structure of MMPs.  

(a) Matrix metalloproteinases (MMPs) are expressed as pro-proteins. A 

conserved Cys residue in the pro-domain coordinates the zinc ion, which 

would otherwise be used for catalysis. The pro-domain is removed by a 

combination of a cleavage in the domain and a cleavage between the 

pro-domain and the catalytic domain. (b) Most MMPs share a conserved 

domain structure of pro-domain, catalytic domain, hinge region and 

hemopexin domain (1) All MMPs are synthesized with a signal peptide, 

which is cleaved during transport through the secretory pathway. MMP-2 

and MMP-9 have three fibronectin type II repeats in their catalytic domains 

(2) Membrane type MMPs (MT-MMPs) are linked to the plasma 

membrane either by a transmembrane domain or by a 

glycosylphosphatidylinositol (GPI) linkage, attached to the hemopexin 

domain (3) Minimal MMPs lack the hinge and hemopexin domains (4) 

MMP-21 has a truncated hinge domain. Drosophila melanogaster 

DmMMP-2 has an insertion of 214 amino acids into its hinge domain. 

MMP-23 (not shown) has a nonconserved N-terminal domain that consists 

of an immunoglobulin IgC2 domain and a ShKT domain; it is unclear if 

MMP-23 contains a Cys residue switch (Page-McCaw et al., 2007). 
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MMPs ECM  (Lochter et 

al., 1998) ECM

MMPs

 (McCawley and Matrisian, 2000) 

MMP-1 -2 -3 -9 -13  (Stetler-Stevenson, 

1996) MMPs

 (Coussens et al., 2002)

CCN3

  CCN family (Cyr61-CTGF-Nov family)

CCN1 (Cysteine-rich protein Cyr61) CCN2 

(Connective tissue growth factor CTGF) CCN3 

(Nephroblastoma overexpressed Nov) CCN4 (Wnt-induced 

secreted protein-1 WISP-1) CCN5 ( WISP-2)

CCN6 ( WISP-3) CCN

(Homology)  (Domains) 

insulin-like growth factor binding protein (IGFBP) von willebrand factor 

type C (VWC) thrombospondin type 1 repeat (TSP1) 

carboxyl-teriminal domain (CT) WISP-2 CT domain (Chen 

and Lau, 2009) CCN family N  (NH2-terminal) 
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secretory signal CCN family

 (Yang and Lau, 1991)

 (Fig. 4)
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Fig. 4. Arrangement of CCN domains.  

(a) A diagram showing the signal peptide (SP), insulin-like growth factor 

binding domain (IGFBP) in red, von Willebrand factor C repeat (VWC) 

in blue, thrombospondin type-1 repeat (TSP-1) in yellow and cysteine 

knot (CT) in green. The protein is split into two halves separated by a 

variable ‘hinge’ region. Some of the known binding partners of each 

module are also listed: insulin-like growth factors (IGFs); bone 

morphogenic protein 4 (BMP4); transforming growth factor b (TGF-b); 

LDL receptor protein 1 (LRP-1); and heparin sulphated proteoglycans 

(HSPGs). (b) A sequence alignment of the CCN protein family. The 

sections of the sequence corresponding to each domain are shaded 

according to the colour scheme used in (a) The asterisks highlight the 

conserved residues and include the 38 cysteines that form part of the key 

motifs of each domain. The three regions of the sequence that have been 

implicated directly in integrin binding are also highlighted. These areas 

are highlighted in bold text. The V2 site binds integrin v 3; the T1 site 

binds 6 1; the H1 site also binds 6 1; and the H2 site binds HSPGs. 

The alignment was constructed by the T-Coffee server (Holbourn et al., 

2008).
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CCN3 myeloblastosis-associated 

viruses avian nephroblastomas (Zeng et al., 2004) CCN3

primary tumor cell lines

CCN3

(Maillard et al., 2001; Manara et al., 2002) CCN3

 (Perbal et al., 2008) CCN3

 (Novel angiogenic)

CCN3 integrin receptor

(Proangiogenic) CCN3

(Neovascularization) (Lin et al., 2005)

CCN3 integrin ligand

integrin  subunit integrin v 3 v 5 5 1

6 1 CCN3

v 3 5 1 integrin  (Endothelial cell) 

 (Migration) 6 1 v 5 integrin

(Fibroblasts) CCN3

integrin 6 1 HSPGs (Heparan sulfate proteoglycans) 

 (Chen and Lau, 2009; Lin et al., 2005) 

(Table. 1)
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CCN3

MMPs cell adhesion receptors 

(Benini et al., 2005)
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Table 1. Specific CCN-integrin interactions and activities they mediate. 

(Chen and Lau, 2009) 

  Integrins are cell adhesion receptors that also regulate other cellular 

functions. They serve as the principal receptors for CCN proteins. 
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 (Integrin) 

    Integrin 

(Cytoskeletal elements)  (Matrix) 

integrin

 (Subunits) heterodimer receptor

18 8

24 integrin receptor (Guo and Giancotti, 2004)

    Integrin ligand ligand

 (Peptide) Integrin

ligand RGD

(Arg-Gly-Asp) RGD 5 1 v 3 v 5 v 6

b 3 v 1 ligand RGD

ligand YGDLR KQAGDV DGEA  (Ruoslahti, 1996) 

(Fig 5)



23



24

Fig 5. The Integrin Receptor Family 

Integrins are  heterodimers each subunit crosses the membrane once, 

with most of each polypeptide (>1600 amino acids in total) in the 

extracellular space and two short cytoplasmic domains (20-50 amino 

acids). The figure depicts the mammalian subunits and their 

associations 8  subunits can assort with 18  subunits to form 24 distinct 

integrins. These can be considered in several subfamilies based on 

evolutionary relationships (coloring of  subunits), ligand specificity and , 

in the case of 2 and 7 integrins, restricted expression on white blood 

cells.  subunits with gray hatching or stippling have inserted I/A 

domains (see text). Such  subunits are restricted to chordates, as are 4

and 9 (green) and subunits 2- 8. In contrast,  subunits with 

specificity for laminins (purple) or RGD (blue) are found throughout the 

metazoan and are clearly ancient (see text). Asterisks denote alternatively 

spliced cytoplasmic domains. A few extracellular domains are also 

alternatively spliced (not shown). Furteher information on integrin 

subunit structures and details of lignad specificity are given in several 

extensive reviews (Hemler, 1999; Plow et al., 2000; van der Flier and 

Sonnenberg, 2001).  
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integrin ligand

 (Inside-out)  (Outside-in) 

 (Adhesion)

 (Hood and Cheresh, 2002; Hynes, 1992) 

 (Wound healing)

inside-out

(Affinity) (Hood and Cheresh, 2002; Zhang et al., 1996) outside-in

(Signaling cascade) (Hood and Cheresh, 2002) FAK (Focal 

adhesion kinase) Src kinase paxillin

 FAK  (Non-receptor protein 

tyrosine kiase) 125kDa (Kanner et al., 1990)

FAK integrin receptor  outside-in signaling

FAK SH2 SH3 domains 

(SH2 domain for binding to phosphor-tyrosine SH3 domain for binding 

to proline-rich regions) integrin

FAK FAK C  (C-terminal) talin paxillin

Y397
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 (Desgrosellier and Cheresh, 2010; Webb et al., 2004)

FAK -/-

 (Cary et al., 1996; Westhoff et al., 2004) FAK
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:

 (JJ012) Dr. Sean P 

Scully (University of Miami, School of Medicine, Miami, FL) 

:   

A.

1. CCN3 (Rocky Hill,NJ,USA,Peprotech) 

2. Wortmannin LY294992 Akt inhibitor PDTC TPCK

Calbiochem, San Diego, CA, USA

3. NF- B inhibitor peptide (Enzo) 

4. RGD RAD (Louisville, KY) 

B.

1. DMEM (Sigma-Aldrich, Madison, MA, USA)

2. -MEM (Sigma-Aldrich, Madison, MA, USA)

3. fetal bovine serum (FBS) (Invitrogen Corpoation, Califormia, 



28

USA)

4. Gentamycin (Invitrogen, USA) 

5. Hycobian (Invitrogen, USA) 

6. Insulin (Invitrogen, USA) 

C.

1. BASTM protein assay kit (Pierce, IL, USA) 

2. Acrylamide Tris Tris-HCl SDS PMSF Na3VO4

Aprotinin NaF (Ameresco Inc, Ohio, USA) 

3. Tween20 Glycine (Ameresco Inc, Ohio, USA) 

4. Tetramethylethylenediamine (TEMED) Ammonium 

Persulfate (APS) PVDF (Immobilon-p) (Millipore, MA, 

USA)

5. ECL (Kodak Inc, NY, USA) 

6. Wester blot Develop & replenisher Fix & replenisher 

BioMax light Film (Kodak Inc, NY, USA) 

D.

1. p-FAK p-PI3K p-Akt p-IKK / p-I B p-p65 -actin

(Cell signal, MA, USA)

2. FAK-siRNA Anti-mouse Anti-rabbit FAK PI3K Akt

IKK / IkB p65 (Santa cruz Biotechnology Inc, CA, USA)
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3. v 3 v 5 5 1 integrin (Millipore) 

E.  (Real-time PCR) 

1. TRLzol (Invitrogen, CA, USA) 

2. DEPC (Invitrogen, CA, USA) 

3. RNA cDNA  (Invitrogen, CA, USA) 

4. Isopropanol Chloroform Oligo dt (J.T Baker, NJ, USA) 

F.  (Cell transfection) 

1. Lipofectamine 2000 (Invitrogen, CA, USA ) 

2. Luciferase substrate (Promega, WI, USA) 

G.  (EMSA) 

1. BCATM assay kit (Pierce, IL, USA) 

2. EMSA kit (Thermo, MA, USA) 

H.

EDTA -mecaptoethanol NaCl Deoxycholate HCl Sodium

bicarbonate bromophenol blue (Amresco Inc, Ohio, USA) 

1.  (Pippetman) 
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2. /  (UV/Visible spectrophotometer         

DU-800, Bechman Coulter, USA) 

3.  (Gel analysis system, EverGene        

Biotechnology, UK) 

4. PCR  (RoboCycler Temperature Cycler; Stratagene,  

La Jolla, CA) 

5.  (Applied Biosystems 7300;  

Applied Biosystems prism 7900, Applied Biosystems Inc,  

CA, USA) 

6.  (Muti-spectrophotometer) 

7.  (Incubator) 

 (Cell culture) 

DMEM -MEM =1 1

DMEM

powder NaHCO3 3.7 -MEM powder 2.2

NaHCO3 pH pH 7.2

1 liter 0.22 m

4
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A.

1. Fetal bovine serum  

4

55 30

50ml parafilm -20

2. Gentamycin

400 ml 450 l gentamycin (Final conc. 50 

g/ml) 

3. Hycobian

400 ml 45 l hycobian

4. Insulin

400 ml 11 l insulin

5. PBS (Phosphate balanced solution) 

    1X PBS 8 g NaCl 1.2 g NaH2PO4 H2O

 pH 7.4 1 4

B.

1.  (Subculture) 

culture medium (10% FBS)

 (37 5%  CO2)
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37

1X PBS 3~5 ml 8~10 ml 37

1 3 1 4

2.

3~5ml PBS

1 ml tripsin incubator 5ml

15 ml

 1500 rpm 5 1 ml

10% DMSO

-80

3.

-80 37

Cell  lysates
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A.

lysis buffer (RIPA buffer) 

modified RIPA buffer 1 ml 1ml RIPA

50mM PMSF 20 l 1000x protease inhibitor 1 l 50mM Na3VO4 20 l

1mM NaF 10 l sodium

orthovannadate phosphatase inhibitor aprotinin PMSF serine

protease inhibitor

B.  : 

1. medium 1X PBS PBS

2. 120 l lysis buffer (6 well)

3. 4 13200 rpm 15 eppendorf

 -20

A.  : 

1. BSA (2 mg/ml) 

2. Protein Reagent Assay Kit 
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B.  : 

1 0.5  0.25 0.125 0.0625 0.03125 mg/ml 6

BSA 10 l

96 well protein reagent assay kit A B

50 1 200 l 37  incubator

30 Bradford protein assay BSA

595 nm  standard curve  sample O.D.

 sample 

 (Western blot analysis) 

A.  : 

1. Sample buffer (5X)                               

stacking buffer (0.5mM Tris-HCl PH=6.8)             7.81 ml 

SDS                                             2.5 g 

glycerol                                         12.36 ml 

-meraptoethanol                                 6.25 ml 

bromophenol blue                                    2 mg 

50 ml

2. Lysis buffer 
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RIPA buffer                                         1 ml 

50 mM PMSF (8.71 mg in 1 mL DMSO)                 20 l

50 mM Na3VO4 (9.195 mg in 1ml PBS)                 20 l

1mM NaF (42 mg in 1ml PBS)                        10 l

1 g/ml aprotinin                                 10 l

1 g/ml leupeptin                                 10 l

3. TBS-T (20X)                    

Tris                                48.46 g 

EDTA                           0.5 M 

NaCl (PH=7.5)                                    58.44 g 

1

4. Running buffer (10X) 

Tris-base                              30.2 g 

Glycine                                            140 g 

SDS                              10 g 

5. Transfer buffer (10X)                                

Tris                                                30 g 

Glycin                                             144g 

1

6. SDS-PAGE 

Stacking gel (5%) 
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d.d.H2O 3 ml 

0.5 M Tris-HCl, pH 6.8  1.75 ml 

Acrylamide/bis (30%)  0.65 ml 

10% SDS                    0.1 ml 

10% APS                       0.1 ml 

TEMED                       0.012 ml 

Stacking gel (8%) 

ddH2O 11.5 ml 

1.5 M Tris-HCl, pH 6.8   6.3 ml 

Acrylamide/bis (30%)  6.7 ml 

10% SDS                    0.025 ml 

10% APS                       0.025 ml 

TEMED                       0.015 ml 

Stacking gel (10%) 

d.d.H2O 7.9 ml 

1.5 M Tris-HCl, pH 6.8   5 ml 

Acrylamide/bis (30%)  6.7 ml 

10% SDS                    0.2 ml 

10% APS                       0.2 ml 

TEMED                       0.012 ml 

Stacking gel (12%) 

d.d.H2O 8.2 ml 

1.5 M Tris-HCl, pH 6.8   6.3 ml 
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Acrylamide/bis ( 30%)  10.0 ml 

10% SDS                    0.25 ml 

10% APS                       0.25 ml 

TEMED                       0.01 ml 

7. Blotting buffer ( 5%) 

TBS-T                            50 ml 

5%                                        25g 

B.

Resolving gel  ( TEMED )

d.d.H2O

 ( 25 ) d.d H2O comb

stacking gel pipette

C.

5x loading dye 95 5

100V gel

D.

PVDF methanol
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PVDF gel

400 mA

PVDF 5% blocking

TBS-T 3  (15

) TBS-T 3

 (15 ) membrane  ECL kit solution I

II X-ray film

 (MTT assay) 

A.  : 

MTT [3-(4,5-Dimethylthizol-2-yl)-2,5-diphenylterazolium bromide ] 

working solution  (1mg/ml) 

A.

mitochondrial dehydrogenase MTT (1 

mg/ml) formazan

MTT assay

B.

96 well 1000
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CCN3 ( 10 30 100 ng/ml ) 37

incubator 48hrs PBS 50 l MTT solution

37  incubator 30  ( ) MTT 

DMSO 150 l 30 570 nm

 (Migration assay) 

Transwell (Costar, Corning Life Science, Acton, MA; pore size, 

8 M) 24 well transwell

Ly294002 Akt inhibitor PDTC TPCK NF- B inhibitor 

peptide wortmannin 30

MMP-13 siRNA FAK si-RNA FAK mutant p85 mutant Akt mutant

IKK  mutant IKK  mutant 15000 200 l sermu-free

transwell 300 l CCN3

sermu-free 37  incubator 16 18

1% formaldehyde 5 0.05% crystal violet 

30 PBS PBS
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lipofectamine 2000 1 l/well DNA siRNA 

(short interfering RNA) 1.5 ml 49 l

sermu-free medium 2 l/well lipo-2000 48 l

sermu-free medium 5 50 l lipo-2000 

serum-free medium DNA 1.5 ml

25 well 900 l sermu-free

medium 100 l plasmid/lipo-2000

1 ml well 37  incubator 16~24

RNA

CCN3 6 well PBS

0.5ml TRIzol reagent (Invitrogen Corpoation, 

California, USA) 5 1.5 ml

100 l chloroform 1 3 1100 

rpm 15 500 l isopropyl alcohol

10 1100 rpm 10 1 ml 75%

7500 rpm 5 DEPC
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Complementary DNA, cDNA

RNA M-MLV-RT kit (Invitrogen, Epicentre 

biotechnologies, Wisconsin, USA) total RNA complementary 

DNA

1.

DEPC                                             9 l

oligo dT                                1 l

dNTP                                               1 l

RNA                              1 g

12 L PCR 65 5 4 1

2.

5X First-strand Buffer                     4 l

0.1M DTT                                          2 l

PCR 37 2

3.   

M-MLV                                            1 l

PCR 37 50 70 15

 cDNA -20
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RT-PCR

(Real-time Reverse Transcriptase-Polymerase Chain Reaction) 

A.  : 

PCR PCR  (

“Real-time”) 

Real-time PCR TaqMan SYBR GreenERTM

(Invitrogen, Carlsbad, CA)

SYBR GreenERTM primer primer

DNA DNA

SYBR GreenERTM qPCR SuperMix PCR DNA

primer ( MDBio Inc)

B. primer

MMP-1

(sense) 5’-CGACTCTAGAAACACAAGAGCAAGA-3’  
(antisense) 5’-AAGGTTAGCTTACTGTCACACGCTT-3’ 

MMP-2

(sense) 5’-GTGCTGAAGGACACACTAAAGAAGA-3’ 
(antisense) 5’-TTGCCATCCTTCTCAAAGTTGTAGC-3’ 

MMP3

(sense) 5’- GTTAGGAGAAAGGACAGTGGTCCTG-3’  
(antisense) 5’- GGCATAGGCATGGGCCAAAACATT-3’ 

MMP-9
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(sense) 5’-CACTGTCCACCCCTCAGAGC-3’  
(antisense) 5’-GCCACTTGTCGGCGATAAGC-3’;  

MMP-13

(sense)5’-TGCTCGCATTCTCCTTCAGGA-3’  
(antisense) 5’-ATGCATCCAGGGGTCCTGGC-3’  

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

(sense)5’-ACCACAGTCCATGCCATCAC-3’  
(antisense) 5’-TCCACCACCCTGTTGCTGTA-3’

C.

mixture solution

cDNA (10-100ng)                  0.7-1 l

SYBR GreenERTM SuperMix                     5 l

   primer R (10 M)                                  0.5 l

primer F (10 M)                                   0.5 l

Applied Biosystems Inc prism 7900 (ABI prism 

7900, CA, USA) PCR

Luciferase

CCN3 12 well 

PBS report lysis buffer 10

13200 rmp 3 20 l 96 well
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80 l luciferase substrate

luciferase

Gelatin zymography 

A.

1. Non-reduced sample buffer

Stacking buffer (PH=6.8 , 0.5M Tris-HCl)              7.8 ml 

SDS                                 2.5 g 

Glycerol                                       14.36 ml 

50 ml bromophenol bule ( )

2. Tris-HCl (500mM) 

     Tris                            30 g 

500 ml PH=7.5

3. Coomassie blue

    0.125% Coomassie blue                            0.125 g 

    40% MeOH                                       40 g 

    10% Acetic acid                       10 ml 

100 ml

4. Coomassie blue destain buffer

    40% d.d.H2O                                     200 ml 

    50% MeOH                                      250 ml 

    10% Acetic acid                       50 ml 
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5. Gelatin gel

    d.d.H2O                                         6.03 ml 

    1.5M Tris-HCl (PH=8)                  2.5 ml 

    10% SDS                       0.1 ml 

    30% Polyacrylamide                               2.83ml 

    Gelatin (20mg/ml)                0.5 ml 

AP                            0.15 ml 

    TEMED                                       0.009 ml 

6. Develop buffer composition

    Tris-HCl (50mM PH=7.5)                          50 ml 

    10mM ZnCl2                   5 l

    1M CaCl2                                       0.25 ml 

    Triton-100X                                      0.5 ml 

    10% NaN3                                       0.1 ml 

B.

sample non-reduced sample 

buffer well 100V d.d.H2O

SDS  [Tris-HCl (50mM PH=7.5) + 

2.5% Triton-100] 30  Tris-HCl (50mM

PH=7.5) 15 MMPs

 develop buffer composition buffer 370C 50 rpm

15 coomassie blue
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coomassie blue destain buffer band

Student’s t-test p<0.05

Mean±S.M.
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CCN3 

(Metastasis) CCN3

CCN3

CCN3 (0 10 30 100 ng/ml) 

transwell migration assay  (16 ) CCN3

30 ng/ml

 (Fig. 6A) CCN3

 (Poliferation) MTT 

assay CCN3

CCN3

CCN3

(Fig. 6B)

CCN3 MMP-13

MMPs

RT-PCR Western blotting

gelatin-zymography MMP
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CCN3 MMP

MMP -1 -2 -3 -9 -13

 (Egeblad and Werb, 2002; Tan et al., 

2009) RT-PCR MMP -1 -2 -3 -9 -13

CCN3 24 MMP-13

mRNA  (Fig. 7A) CCN3

(0 6 12 24 ) Western blotting gelatin-zymography

MMP-13 MMP-13

time-dependent  (Fig. 7B)

MMP-13 si-RNA MMP-13

 (Fig. 7C) MMP-13

si-RNA  (Fig. 7D) CCN3

MMP-13

CCN3 v 3 v 5 integrin receptor

CCN3 5 1 v 3 v 5 integrin receptor

5 1 v 3 v 5

integrin receptor CCN3
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5 1 v 3 v 5 30

CCN3 24 Western blotting MMP-13

v 3 v 5

CCN3 MMP-13 (Fig 8A) migration assay

RT-PCR 5 1 v 3 v 5

30 CCN3 migration assay

v 3 v 5  (Fig. 8B)

RT-PCR v 3 v 5

MMP-13  (Fig. 8C) integrin

ligand RGD (Arg-Gly-Asp) 

RGD peptide integrin ligand

RGD CCN3 MMP-13 RAD

 (Fig. 8C) CCN3

MMP-13 v 3 v 5 integrin 

receptor

FAK

Focal adhesion kinase (FAK) 

non-receptor protein tyrosine kiase 125kDa

integrin FAK
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FAK integrin

Western blotting

CCN3  (0 10 15 30 60 120

) FAK (tyr397) FAK

10 30

(Fig. 9A) FAK si-RNA FAK mutant 

24 CCN3 migration assay RT-PCR

 (Fig. 9B 9C)

MMP-13 FAK 

CCN3

PI3K/Akt

integrin  PI3K/Akt

ERK JNK MEK/MAPK

Western blotting CCN3

CCN3 10 PI3K

 (Fig. 10A) PI3K/Akt

PI3K  (Ly294002 wortmannin)  30

PI3K mutant (p85) 24 migration assay
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RT-PCR MMP-13

 (Fig. 10B 10C 10D 10E)

PI3K CCN3 Akt

Akt  (Akt inhibitor) 30

Akt mutant 24 migration assay RT-PCR

MMP-13

 (Fig. 11B 11C 11D 11E) Akt CCN3

NF- B CCN3

CCN family

NF- B  (Lin et al., 2004)

CCN3 NF- B

Western blotting CCN3

(0 10 15 30 60 120 ) IKK / I B

time-dependent

 (Fig. 12C) NF- B inhibitor (PDTC TPCK

NF- B inhibitor peptide) 30 IKK IKK

mutant 24 migration assay RT-PCR
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NF- B mutant

MMP-13  (Fig. 12A 12B 12D

12E) B-luciferase

NF- B PI3K

inhibitor (Ly294002 wortmannin) Akt inhibitor NF- B

inhibitor (PDTC TPCK NF- B inhibitor peptide) 

CCN3 NF- B  (Fig. 13A 13B)

p85 Akt IKK IKK  mutant

NF- B NF- B

CCN3
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MMPs

 (Bremnes et al., 

2002; Page-McCaw et al., 2007) 

 (Fong et al., 2007)

MMP-1 -2 -3 -9 -13

MMP

CCN3

MMP-13 MMP-13

 (Yu et al., 2003)

MMP-13
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MMP

MMP

CCN3

 (Manara et 

al., 2002) Rudolf Virchow

 (Coussens and Werb, 2002; DeNardo 

and Coussens, 2007)

 (Joyce and Pollard, 

2009) CCN fmaily integrin receptor ligand

CCN3 integrin receptor

CCN3 integrin receptor transwell

CCN3

integrin receptor CCN3 v 3 v 5 integrin 

receptor

CCN3 Ewing
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sarcoma osteosarcoma  (Perbal et al., 2009; 

Perbal et al., 2008) Chronic Myeloid Leukaemia (CML) 

 (Melanoma) CCN3 down-regulated

MMPs

(Fukunaga-Kalabis et al., 2008; 

McCallum et al., 2009) Ewing's sarcoma

CCN3

CCN3  (Benini et al., 2005) 

… NF- B in vitro

integrin 

receptors ligand PI3K/Akt/NF- B

 integrin v 3 NF- B

 (Scatena and Giachelli, 2002) 

NF- B  (Lin et al., 2004)

MMP-13 si-RNA Ly294002 wortmannin  Akt 

inhibitor NF- B inhibitor (PDTC TPCK NF- B inhibitor peptide)

p85 mutant Akt mutant IKK  mutant  IKK  mutant

CCN3 MMP-13
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RGD peptide RAG peptide RGD MMP-13

RAG peptide

mutant NF- B

mutant NF- B CCN3

v 3 v 5 integrin receptor

MMP-13 PI3K/Akt/NF- B  (Fig. 14)
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CCN3 v 3 v 5 integrin 

receptor PI3K/Akt/NF- B

MMP-13
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Fig 6. CCN3 induced the migration activity of human 
chondrosarcoma cells. 
JJ012 cells were incubated with various concentrations of CCN3, and in 

vitro migration activities measured with the Transwell after 24 h showed 

that CCN3 (30 ng/ml) increased cell migration significantly (A). JJ012 

cells sere stimulated by indicated concentraction intervals (0 ,10, 30 and 

100 ng/ml) and proliferation was determined by MTT assay (B). Results

are presented as Mean±S.E. (n=3). * p<0.05 was compared with control.  
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Fig 7. CCN3-directed migration activity of human chondrosarcoma 
cells involves upregulation of MMP-13.  
JJ012 cells were incubated with CCN3 (30 ng/ml) for 24h or for indicated 

time intervals, cell lysates were then collected and the mRNA level of 

MMP-1, -2, -3, -9 and -13 was determined using qPCR (A). Cells were 

incubated with CCN3 (30 ng/ml) for indicated time intervals .The 

cultured medium and cell lysates were then collected. Both the protein 

level of MMP-13 in cell lysates determined by Western blot analysis and 

the enzyme activity of MMP-13 in cell lysates and supernatant 

determined using zymography were increased in a time-dependent

manner (B). Cells were transfected with MMP-13 or control siRNA for 

24 h,and in vitro migration was measured with the Transwell after 24 h (C) 

Cells were transfected with MMP-13 or control siRNA for 24 h, and the 

mRNA and protein levels of MMP-13 were examined using Western blot 

analysis (D). Results are presented as Mean±S.E. (n=3). * p<0.05 was 

compared with control. # p<0.05 was compared with CCN3. 
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Fig 8. CCN3 increased human chondrosarcoma cells migration and 
MMP-13 expression through v 3 and v 5 integrin receptor. 
JJ012 cells were pretreated with 5 1 v 3 or v 5 antibody (5 g/ml) 

after treating with CCN3 (30 ng/ml) for 24h, and MMP-13 expression 

was determined by Western blot analysis (A). JJ012 cells were pretreated 

with v 3 mAb (5 g/ml), v 5 mAb (5 g/ml) cyclic RGD (10 nM) and 

cyclic RAD (10 nM) for 30 min followed by stimulation with CCN3 (30 

ng/ml). The in vitro migration activity measured after 24 h showed that 

v 3 mAb v 5 mAb could inhibit the cell migration (C). The qPCR 

result show that v 3 mAb, v 5 mAb and cyclic RGD but not 5 1

mAb and cyclic RAD could inhibit the MMP-13 expression (C). Results 

are presented as Mean±S.E. (n=3). * p<0.05 was compared with control. 
#p<0.05 was compared with CCN3. 



69



70

Fig 9. Involvement of FAK-signaling pathway in response to CCN3 in 
chondrosarcoma cells. 
(A) JJ012 cells were incubated with CCN3(30 ng/ml) for indicated time 

intervals, and p-FAK expression was determined by Western blot analysis. 

Note that CCN3 activated the FAK pathway in JJ012 cells. (B) Cells were 

transfected with mutant and siRNA of FAK for 24 h followed by 

stimulation with CCN3 (30 ng/ml), and in vitro migration was measured 

with the Transwell after 24 h. (C) JJ012 cells were transfected with 

mutant of FAK for 24 h followed by stimulation with CCN3 (30 ng/ml), 

and the mRNA level of MMP-13 were determined by using qPCR. 

Results are presented as mean±S.E. (n=3). * p<0.05 was compared with 

control. #p <0.05 was compared with CCN3. 
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Fig 10. PI3K is involved in CCN3-mediated human chondrosarcoma 
migration and MMP-13 expression.  
JJ012 cells were incubated with CCN3 (30 ng/ml) for indicated time 

intervals, and p-PI3K expression was determined by Western blot 

analysis (A). JJ012 cells were pretreated with Ly294002 (10 M) and 

wortmannin (10 M) for 30 min followed by stimulation with CCN3 (30 

ng/ml) for 24 h, and in vitro migration was measured with the Transwell 

after 24 h (B). JJ012 cells were pretreated with Ly294002 (10 M) and 

wortmannin (10 M) for 30 min followed by stimulation with CCN3 (30 

ng/ml) for 24 h, and the mRNA level of MMP-13 were determined by 

using qPCR (C). Cells were transfected with mutant of PI3K (p85) for 24 

h followed by stimulation with CCN3 (30 ng/ml), and in vitro migration 

was measured with the Transwell after 24 h (D). JJ012 cells were 

transfected with mutant of PI3K (p85) for 24 h followed by stimulation 

with CCN3 (30 ng/ml), and the mRNA of MMP-13 were determined by 

using qPCR (E). Results are presented as mean±S.E. (n=3). * p<0.05 was 

compared with control. #p <0.05 was compared with CCN3. 
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Fig 11. Akt is involved in CCN3-mediated human chondrosarcoma 

migration and MMP-13 expression.  

JJ012 cells were incubated with CCN3 (30 ng/ml) for indicated time 

intervals, and p- Akt expression was determined by Western blot analysis 

(A). JJ012 cells were pretreated with Akt inhibitor (10 M) for 30 min 

followed by stimulation with CCN3 (30 ng/ml) for 24 h, and in vitro 

migration was measured with the Transwell after 24 h (B). JJ012 cells 

were pretreated with Akt inhibitor (10 M) for 30 min followed by 

stimulation with CCN3 (50 ng/ml) for 24 h, and the mRNA level of 

MMP-13 were determined by using qPCR (C). Cells were transfected 

with p85 mutant for 24 h followed by stimulation with CCN3 (30 ng/ml), 

and in vitro migration was measured with the Transwell after 24 h (D). 

JJ012 cells were transfected with p85 mutant for 24 h followed by 

stimulation with CCN3 (30 ng/ml), and the mRNA of MMP-13 were 

determined by using qPCR (E). Results are presented as Mean±S.E. (n=3). 

* p<0.05 was compared with control. #p<0.05 was compared with CCN3. 
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Fig 12. NF- B involved in CCN3-mediated human chondrosarcoma   

migration and MMP-13 expression.  

JJ012 cells were pretreated with NF- B inhibitor [PDTC (10 M) TPCK

(3 M), and NF- B inhibitor peptide (10 M)] for 30 min followed by 

stimulation with CCN3 (30 ng/ml) for 24 h, and in vitro migration was 

measured with the Transwell after 24 h (A). JJ012 cells were pretreated 

with NF- B inhibitor [PDTC (10 M) TPCK (3 M), and NF- B

inhibitor peptide (10 M)] for 30 min followed by stimulation with 

CCN3 (30 ng/ml) for 24 h, and the mRNA level of MMP-13 were 

determined by using qPCR (B). JJ012 cells were incubated with CCN3 

(30 ng/ml) for indicated time intervals, and pIKK / , p-I B and p-p65

expression was determined by Western blot analysis (C). Cells were 

transfected with mutant of IKK  and IKK  for 24 h followed by 

stimulation with CCN3 (30 ng/ml), and in vitro migration was measured 

with the Transwell after 24 h (D). JJ012 cells were transfected with 

mutant of IKK  and IKK  for 24 h followed by stimulation with CCN3 

(30 ng/ml), and the mRNA of MMP-13 were determined by using qPCR 

(E). Results are presented as Mean±S.E. (n=3). * p<0.05 was compared 

with control. #p<0.05 was compared with CCN3. 
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Fig 13. NF- B involved in CCN3-mediated human chondrosarcoma 
migration and MMP-13 expression.  
JJ012 cells were transfected with B-luciferase expression vector and 

then pretreated with inhibitor of Ly294002 (10 M) wortmannin (10 

M) Akt (10 M) PDTC (10 M) TPCK (10 M) and NF- B inhibitor 

peptide (10 M) for 30 min, before incubation with CCN3 (30 ng/ml) for 

24 h (A). JJ012 cells were co-transfected with B-luciferase expression 

vector and FAK mutant p85 mutant Akt mutant IKK  mutant IKK

mutant for 24 h, before incubation with CCN3 (30 ng/ml) for 24 h (B).    

Luciferase activity were determined. Results are presented as mean±S.E. 

(n=3). * p<0.05 was compared with control. #p <0.05 was compared with 

CCN3.
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Fig 14.  Schematic presentation of the signaling pathways involved 

in CCN3-induced migration and MMP-13 expression of human 

chondrosarcoma cells.  

CCN3 activates PI3K and Akt pathway, which in turn induces IKK /

phosphorylation, p65 Ser536 phosphorylation, whch leads to MMP-13 

expresion and increases the migration through v 3 and v 5 integrin. 


