T B B % KR Z
P Nl
AR 2R S X

CCN3 £ B b ¥ » 34 ILK, p38, INK & AP-1 #54& 3 ju
BMP-4 %3 -

CCN3 increases BMP-4 expression through ILK, p38, INK and AP-1
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ALP : Alkaline phosphatase

AP-1 : Activator protein 1

BMP: Bone morphogenetic proteins

Cbfa-1 : Core-binding factor al

CCN : CYR61/CTGF/NOV

ChIP : Chromatin immunoprecipitation technique
CT : Cystin knot

IGF : insulin-like growth factor

ILK : Integrin-linked kinase

MTT : 3- (4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
OB cell : Osteoblast cell

OC cell : Osteoclast cell

OC : Osteocalcin

OPG : Osteoprotegerin

OPN : Osteopontin

Osx : Osterix

PTH : Parathyroid hormone



RANKL : Receptor activator for nuclear factor k B ligand
RANK : Receptor activator for nuclear factor « B

Real-time PCR : Real-time polymerase chain reaction
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RA N BT P ARER AT WTARE > RALIER A LA -
BMPs( ‘5 5. & &) & /& # TGF- 3 (transforming growth factor-beta)ty Z 2 — » & F
B R R LA R fe B oAb Ao B AR A R IR > CCN(CYR61/CTGF/NOV)%&
B45 R NEER > 4 BHCCNIECCNG6 - mCCNE G v £ A ¥ integrins & 31 8. 1%
G feigibdm g f o CONIHMNFHH B AR T &atey o X > CCN3fnBMP 2 ]
B 14 B A4 R 40 o #4194 A qQPCR (quantitative polymerase chain reaction ) 3% 47 %5 31, »
12 B 04 AR B 42 lBMC3T3-E1 F » CCN3/NOV & 3% juBMP-4# X B & 3, » {2 & H»n
BMP-2F2 BMP-7 & 4£ 47 % % - ILK (Integrin-linked kinase) #p#)] % KP392 ~ p38:4tp 1| %
SB2035804a INK#p ] #| SP600125 @ #p %] CCN3 &9 /5 A /£ CCN3 &g 2l 8% T - ILK#Y
Kinase activityfop38 » INK#9#5 EE 1L 34 € 5 v o sboh » 4% %= il 42 42 p38 mutant ~ INK
mutant ~ ILK siRNAFe AP-1724% H B4, & T RCCN3 ey 4E  » B b > 4 F 532 240 4]
Bl Fodp ] K E &) B s R~ 0 CONJRIEAP-1/E A A AHBMP-A4ey 2 & » T E R
ILK ~ p38FuINK &3 BAR H 845 591 o 4845 F ik > HAIah & RE T CCON3 I & B 4
B 3 HILK ~ p38FuINK#y &1L » & 4 AP-1-dependentik 41| 3% 75 BMP-484 % 38, -

Megs - B EE ~ B~ CCN& G ~ AP-1# 4k K+

Vi
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Osteoblast cells are important for balance of bone mass. To increase bone strength,
mineralization of osteoblast cells are necessary. Bone morphogenetic proteins (BMPs)
are member of transforming growth factor-beta superfamily, has been reported that plays
important roles in osteoblastic differentiation and bone formation. The CCN proteins
contain six members, namely CCN1 to CCN6, otherwise, the CCN proteins can integrate
and modulate the signals of integrins. Among them, CCN3 is critical to skeletal
development. However, the relationship between CCN3 and BMP are largely unknown.
We found that CCN3/NOV stimulation increased mRNA levels of BMP-4, but not BMP2
and BMP7 by using qPCR assay in mouse osteoblastic cells MC3T3-El. ILK
(Integrin-linked kinase) inhibitor (KP392), p38 inhibitor (SB203580) and JNK inhibitor
(SP600125) inhibited the potentiating action of CCN3. Stimulation of CCN3 increased
the kinase activity of ILK and phosphorylation of p38, and JNK . Otherwise, transfection
of cells with dominant-negative mutant of p38, JNK , ILK siRNA and AP-1
oligonucleotide, inhibited the action of CCN3. Moreover, the use of pharmacological
inhibitors or genetic inhibition revealed that ILK, p38, JNK signaling pathway were
potentially required for CCN3-induced AP-1 activation and subsequent BMP4
up-regulation. Taken together, our results provide evidence that CCN3 enhances BMP4
expression in osteoblasts by an AP-1-dependent mechanism involving the activation of

ILK, p38 and JNK pathways.

Key words : BMP ~ osteoblast ~ CCN protein ~ AP-1 transcription factor

Vil
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FHRREMEABRZINIER  CRASREZNRTRZ— EARARA
B FI > AU E IR AR E

ARA—E T EE TR P FELeRTHEFE -2
50 RAEA  HEERALER T @ibe 508 SR FTENRK TRETEHRZ
(Osteopenia)Fv B H #h #4JE (Osteoporosis) e £ B IAGH RBRE T > A=A HE LR
B EFEH 2RBMKE —ABERTATER AR LT N5 LRAIE
MR EE  EAETERE N ZART@IEY) A XIE > BRIFETE SO R T
o AEREBREFRAERFR B -

F#—FRA AREBZFEHRD RRFALGH B HRAENFTIT - ot
B FRARERET  REAER @l H K H mi b R F R F FoR R e
FRh e R FHIRE » RTEMFSHMARETHR  FHAREHE L -

Z_ AT B B K € ko sk 8% & (BEstrogen) v & F 4k B & (Parathyroid hormone) € % %
RF A R dm B o MRS E € 3E B 3% he IGF-1 (Insulin-like growth factor-1) ~ OPG
(Osteoprotegerin)~ TGF-p~RANKL F%1&(Receptor activator for nuclear factor kB ligand)
xR Wy % & R F e (Rogers and Eastell, 2005; Srivastava et al., 1998;
Teitelbaum, 2000) ; & F #k A% (Hyperparathyroidism)f= £ 1t & X € #& 4 PTH &
(Fatayerji et al., 2000; Seeman, 2003) > # PTH <] A 445 A f iR B éa i & ~ 3 3%
RANKL %3 ~ 4] OPG - BL 2K B 8 354 £ 695 B 5T R B 778 F Fo ik 4a i 69 R
FHT o LB T AR R A — AR T e tER AR R e
BYVER o f5]4o ¢ MR E 4R 7k (Estrogen replacement therapy) e BA 3] B 887 &
'H 58 ¥ #7(Bone turnover)#u3¥ juw g g %5 E (Bone mineral density) - Bisphosphonates &
o E F R A AP BB 0 AF R BARCEF e IR R B AL BARAE B o AR T i Lk I R AT
A& ER 0 sk K g3 v 3L % B & - bisphosphonates #o T 38 F 3 5t (Jaw



osteonecrosis)<L A f& A 44 il 14 (Maerevoet et al., 2005; Rodan and Martin, 2000) -

Z AT REER > TCFB R F R EGHN FRYELAIFFEL > B
B F T 242 i B 4 o 4 36 2 A 504k o T CCN (CYRG1/CTGE/NOV) % — B/ i F
AEEG 2505 - BT ARk @R EFATERE - THHKEHE CCN
EORBELERET IR AAERTEBLLTIETEE > Rk CON #3038 i %
JE 7R & A %5 % (Katsube et al., 2009) -

R BEH

I

R BE
(—) ~ CCN3 & T fe 1Lt F m fis hmik 43 BMP-4 & & -
(=) ~ &3t CCN3 pli#1z4E BMP-4 Z 5 xRl % > £TFELHE
ILK/INK ~ p38/AP-1 L8428 647810 M 75 B30 8 B84 o

- BRAERR

iy

#F CCN3 T LB #) ILK/INK & p38 3 8. 3848 B iE4b AP-1 > & MR 4§ fa
Bt F &9 BMP-4 &% & % mRNA X3, &3 fo -



A SUBREEE
— BB RAS

FHRREZODEERARME S I T > B b efofoba i b 49 K H (Extracellular
matrix) A7 48 ik ° & calcium hydroxyapatite IT & 0 4F 4% 4w B s K H i AT HE AL
(Mineralization)% > Bp ] 8% F & 38 5% £ (Ducy et al., 2000) » fR bz 9h > BT AR Z B &
Fu A A% B /7 (Mechanical stress) > 7 38 5428 B4 & ¥ (Remodeling)zh sE(Fig. 1) » &
FPEBRBLERERW BT FLETERA -

AFBEVTA AR EN @G L — AR E @i (Osteoblast) » & & F 3 A
= B a i (Osteoclast) » & E %55 5 = & F & (Osteocytes) » & mR, B 4= i 32 4%
R FRABRBRFT@BFEF@Bmag g > €M RENELR W
(Hematopoietic stem cells)#Fv 5 &% fd] 3E #4 4a iz (Bone marrow mesenchymal stem cells,

BM-MSCs) -
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Fig. 1 The bone remodeling preocess

Bone remodeling sequence. A cartoon depiction of the sequential action of osteoclasts
and osteoblasts to remove old bone and replace it with new bone. For simplicity of
illustration, the cartoon shows remodeling in only 2 dimensions, whereas in vivo, it
occurs in 3 dimensions, with osteoclasts continuing to enlarge the cavity at one end and

osteoblasts beginning to fill it in at the other end (Kearns and Kallmes, 2008).



REEEAEESEE SEFELABENEAYR T @R T EHI RELY
Re Ry B IR UAERA R R e o ERF IR EFEIL SR FBRAE
R B2 5 A K3 (Golgi apparatus)fe ¥ F 8948 9 H 49 (rough endoplasmic
reticul) & #,(Canhao H et al., 2005(Mackie, 2003) - Fx 1% > X b5 B %8 J € 4 N\ 5 58
G PR T @i > B8R #5 1L o0t F g (Osteoid) o

R 4a e £ &% Cbfa-1 (Like core-binding factor a-1)#Fv Osx (Osterix) 3k H &9 3H
¥ A9 HF F A 3L Wnt/B-catenin 3818 &, @ S LA R F b B 6 AL B A o T R F
fa ffL e ho FT AR L e B 7 H P a9 A R e iR 1@ pre-osteoclast cells b &Y
RANKL #» RANK (Receptor activator for nuclear factor k B)i& 4774 B 1F A 693 & - &
T2 BB ik OPG (soluble decoy receptor) » OPG & #2 RANKL &4 - b
FET RANKL f» RANK &R ZAFH » stk T 8% F 4a i 69 AL Fo 7E 4L 0 AT LA
RANKL #o OPG = [d] 4 P4k & T 8 4= B 699 iy B & H(Gori et al., 2000)(Fig.
2)c BERFTAARGRELARTERABRFS » BF/EREE 2-3 BayFh] » 22
% & =18 A # #c 47 £ & (Harada and Rodan, 2003) -
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Fig. 2 The preosteoblastic/stromal cell regulated osteoclastogenesis.

RANKL, expressed on the surface of preosteoblastic/stromal cells, binds to RANK on
the osteoclastic precursor cells. M-CSF, which binds to its receptor, c-Fms, on
preosteoclastic cells, appears to be necessary for osteoclast development because it is the
primary determinant of the pool of these precursor cells. RANKL, however,is critical for
the differentiation, fusion into multinucleated cells, activation, and survival of
osteoclastic cells. OPG puts a brake on the entire system by blocking the effects

of RANKL(Khosla, 2001).



RTREAET @b AR ARAN ATl Tt TRET 2=
REY T MAABRGFTHRBBE 2T AF @ie ¥4 organic matrix
FREg 4 > 3697 ¥ B 4 it (Periosteal)fv 79 & 4m i B ATHRALVE R » Hémpn d P o &
R ARG £ M s o B iR E BAF A ARG 0 B b F et Ak
mechanosensors » B #4948 2 %o mg, B o4 B AF A & AT BF ~ 47 R i 4T &R & (Knothe Tate
et al., 2004; Manolagas, 2000; Seeman and Delmas, 2006) - 5 38 K & B8 2 89 ta f,
WK A TN NI AR B 0 BT AT A A o sb R B R B~ BT
mineralized matrix & 49 & I Fo f5 8 o 45 9] 892 0 5 b dm i 40 Ak R IE F SR A0
RPEMERLIEEER Y - T~ B 5 4 i fo bone-ining cells 89 ZABHE 3 > F 4t
BRI FBGRETFETER - AR FBRE PRMET R -

L EORE BTHITEFEANRE > FHRLBLEHBILER - FHEOGBEILL
organic matrix ¥ ] /&4 &) calcium Fu phosphate 7z}, solid calcium phosphate - 38
% solid calcium phosphate € 7 s, crystalline apatite > {8 & JLBF &9 & IR E & R 5
Y 0 R FE TR 3 o o apatite 894 [IACRE A4 €3 o AL E AR R E GG %
(Collagen fibrils) 4% & 44 78 % & 5% (Hole zone regions) L B 45> mB R & G4k 4 L Kk
ATHRAL &R & Bk g Fo DARAL B Iy o B - F B R & G M4 LRI E BRI e~ R
% b 3R, 0 matrix b B9 HRA Lt B 45 o

B BAHEAL B 45 050 R T 4 B 9 89k B B2 & i 37, calcium phosphate $8:41 » ™ matrix
vesicles ~ extracellular membrane-bound structures & %1 sz A% 'F %= i &9 plasma
membrane o K $bkr Bz 8% v matrix vesicles & #£ &y 3 #& Fo 274 calcium phosphate B 4
/| MEBEZERL  EXEAIENA R T EEREM -

AL — 2R g IEFRR 0 —/ XN HF 0%RELHBMELR ° &
My A2 1% o AR H B4 R R AR 0 B e BB FE o 3K orgainic X EH A
WA B kb0 s {2 R BRI KB REGNRE FRIRD - AR
IE#A R > JEBR & & (Non-collagenous) & B 48 Ak 69 2L & » $EHIRICEA A IEH £



ZofeR APk R T RFRE -

B B RERTIETAM TR HEERRTRE 0 Bl
A A R 2 JE (Osteogenesis imperfecta) ~ 4% #4147 & (Metabolic diseases) ~ 44 % D #L
M 44) 1% 7% (Vitamin D-resistant rickets) o F 8a#i% F oY R IEF €% BB H 4 R BT
BRI TR T i3 b ) Bhy R % 91 RER7  5R 69 7% % 2R & a7 B o R B 69 R P47 o



=~ #FHAMES
(—) ~ BHm%& G-4 (BMP-4):

BMP %4 % shae &£ KB -F > B » TGF-f %% - BMP % E S dimpig 4+ - 17
FogAth AT AMEREIZNNREALSETIE  RFT - R ALBENS R °

1. #

P A 49 BMPs 3 A gi KM AT Be & G (4 A 50~100 18 Bz S BL ) AR A 20 i 2R
H—4& BMP #4 A 7 18 cysteines » H ¥ 1B cysteines € %2 g% cystin knot (CT) »
% t18 cysteine @ 92 % — 18 F 58 AT R AL - BMP 4 FAein & R 5 A4 E Kay AT
ek 8 ° %1% 1 dibasic site 477 %] > F b C-terminal F/L &% g #%ZF H - BMPs

% P 4K signal peptide ~ pro-domain Fu mature peptide (Fig. 3) °

Signal peptide Pro-domain Mature peptide

Fig. 3 The structure of BMPs (Modified from Dijke et al.)

BMPs consist of a signal peptide, pro-domainand and mature peptide

% 4o L% B i BMP 8% > BMP AT 88 & € 47 %] signal peptide » #: % & fTAE A&
AbfoE BBt > MmpeEEn b ~ A A EMH Y BMP 8% > pro-domain &4 3

t7 & 4% v1 E](Luyten et al., 1989) o

2. I%E
BMPs S4B A S > RATUAFERET TR R > 5 82AF 5
JFESAE T AT BRE T UTR4H BMP # FRTE RITRML B R L



BMP 5T #5548 8k 7 fu B IR 5~ A5 BERG 3BT R > Z AT ¥F % B R 3 F » BMPs
B F B BRRG A F AR 0 A B SR A e B BB A R JE w69 & £ (Hogan, 1996) - M
% B A4 E1ER ¢ BMP %% % BMP-2 -~ BMP-4~ BMP-5~ BMP-6~ BMP-7 #u BMP-9

(Table. 1)

BMP Gene locus Function Receptors and inhibitors

BMP-| &p2l It is 2 metalloprotease that acts on procollagen I, T, and TI1. It &5 Type I mceptors
mvolved in cartilage development

BMP-2 0pl2 Acts a5 a disulfide-linked homodimer and induces bone and cartilage ACVRIA, ACVRIB, ACVRIC,
formation. It is a candidate as a retmoid mediator. Plays a key rolein ACVRLI-BMPR (BMPRIA
osteoblast differentiation BMFRIB)

BMP-3 14p22 Induces bone formation Type I receptors

BMP-4 14q22-923 Regulates the formation of teeth, limbs and bone from mesoderm. It ACVR2A, ACVR2B, AMHR2,
also plays a role m fracture repair BMPR2

BMP-5 fplll Performs functions in cartilage development

BMP-6 fpl2.1 Plays a key role in jomt mtegrity m adults Type 1T receptors

BMP-7 20q13 Plays a key role in osteoblast differentiation. It also induces the Betaglycan
production of SMADI. Also key m renal development and repair

BMP-2 lp35-pi2 ITnvolved in bone and cartilage development

BMP-9 Promoting chondrogeruc differentiztion of human multipotential Ligand mhibitors
mesenchymal cells

BMP-10 Ipl4 Play a role in the trabeculation of the embryonic heart Cerberus, Chordin, DAN, Decorin,

Follistatin, Gremlin, Lefty, LTBPI
BMP-15 Xpll2 May play a role in oocyte and follicular development Noggm, THBSI

Table. 1 The list of BMPs (quote from (Xiao et al., 2007)

In this table, it shows the function, gene locus, receptors and ligand inhibitors.

BMP2 i@ ¥ A REEARETRE - FHREFTEHRMAE  BMP4 AI R R 3R
EE B L BMP-6 &R AR RILRFéafe £ 5 f£ 308 B BT LLAMT & R B
BMP-7 mRNA £ > 12 L AR A MG R EBRAH 269 (Zhao et al, 2002) - F B
PR F i — %0 > BMP-2 v BMP-7T B B S ke R Ak
TE) o BFHEBREBE T 0 BMP-2 fu BMP-7 &% [ 3 8 fm i & 84 8 5% B F Runx2
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Fu Osterix FR3AIE » A MRS E LR -BMP-T8r 2 2 R €A AME F 4 ~ Whk ~
EEERGUYE BMP-S ZRARRE > ABERERNFRTH D - ATYEL -7
1% Y1518 Sh R A H:1a  BMP-6 K 4 £ & & 2L 3 §4 7 694516 (Luyten et al., 1989)

(=) ~ &% %8 (Osteopontin ;OPN)

OPN ¥ 4 1985 & Franzen fv Heinegard %31, > A BEILEE R G > #3304 LA
A R $23% A ¥ — & & (Smith and Denhardt, 1987; Swanson et al., 1989)- 4& i& R ]
ey B AL ~ BB ~ R G KRG - T A A RF 4 F 269 OPN - H 5 Fd 25~75 kDa
7~ % -OPN A phosphorylated (Salih et al., 1997; Salih et al., 1995; Sorensen et al., 1994)
#u non-phosphorylated (Barber et al., 1999; Chambers et al., 1992; Chang and Prince,
1993; Kubota et al., 1989) #& % K #% 4 > phosphorylated OPN % * & :#471/F A &
AIAE > 2 OPN & Av cell surface receptors %, extracellular matrix & & o
OPN 282 3E % % 69 A fom 1B » 54w © ek # (Reinholt et al., 1990) ~
fn % 37 4 (Asou et al., 2001) ~ )& ~ & X R JE Fn fE 78 #2 #2 (Denhardt et al., 2001) - OPN
REZMAEZ— BFRSTEFANBEMER -
OPN fe 7% F 4o 8, F 09 T fE AR A b Bn 36 2% ~ e AF A F B A AL - sbsh
ERFNEITRFTE  OPN € R RERCHFTALE Y - B Wik F i
At ~ 3 4 B ha3g ALP (Alkaline phosphatase) &y 7% 4

N

(2) ~ F45% (osteocalcin ;0C)

FEEL T B REGEASEREHASLES > R Ty
weo WA A BNRBAEG  FHEB L FHEBILYETEL RFLAFTEL KRB
A2 a) biomrker e AEXR LB SHYAERR T~ A ZFo 4t AT AIE > fldo !
TGF-B ~ TNF-a ~ 1,25-dihydroxyvitamin D3 % % -
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(m) ~ dxPEeiEE A8 (Alkaline phosphatase ;ALP):

ALP % membrane-bound ectoenzymes > AFa8&) ALP 7] 4 & v #& » 4 5] 4 tissue
nonspecific - intestinal ~ placenta Fv» germ cell » H ¥ tissue nonspecific 24 &£ A 5% &
R ae iR FEREAMTREE - T HARRAERS > R T ALP 2282
% 0 Bk ALP T4 & B 8 45,3 F &4 biomarkr » R JE B %= B /X 34K A€ -

=~ CCN (CYR61/CTGF/NOYV)

CCN %3k & —BHAE e 48089 /) o F 25 & & (Matrix protein) A7 48 %, » &L8 7 4
A B > 4% d CCN1 £ CCN6 (Table. 2) - CCN F 538 &M 43288 > A4 n1t
(Differentiation) ~ #% 47(Mirgation) ~ 4 & (Proliferation) ~ %= jif, %5 % (Cell adhesion) %
=) A (Katsube et al., 2009) - & &k % 3 89 CCN % #% A cysteine rich 61(CYR
61/CCNI1) » connective tissue growth factor (CTGF/CCN2) » F= nephroblastoma
overexpressed (NOV/CCN3) » x A B R E G F BT FARET
A A g e CON Rk o

12



CCN First Synonymialss  NMnumber cDMAlength  Location

nomendature reported known as) (humnan/mouse) (human/mouse) (humanimousa) MGRE RO

Cell migration,

1p31-p22/3 angiogenesis, cell
1990 Cyr61, CEF10, NM_001554.4/

CCH1 1146 /1140 H2, 3729  adheslon, apoptosis,
IGFBP10 NM_010516.2 oM gestrulation,
tumorigenesis
Fibrogenesis,
osteogenesis
CTGF, Fisp- B8g23.110 .
3 NM_001901.2/ ; chondrogenesis,
K 1991 12 HCS24  NM_owzr7  10%0/1047 ASBU IO ongogeness, diabetic
" nephropathy,
tumarigenesis
BgP4.1A15
1992, NM_002514.3/ : Angiogenesis,
RS 1994 N IGFBPY - \\ioigapa  1074/1085 DHIBEES  yumorigenesis
NM_0038822, 1104, 1035/ Bg24.1-924.3/
CCN4 1998 WISP1, ELM-1 NM_080838.1/ NA NA NA Tumorigenesis
WISF2; CTGF- 20q12-gi3.i/
CCNS 1998 L, 1Cop-1 NM_003B81.2/NA 753/ NA NA Tumorigenesis
NM_003880.3, 1065, 1119/
CCNB 1998 WISP3 NM_198239.1/ NA NA Bg21 / NA Tumorigenesis

Table. 2 CCN family members and their known functions. (quote from(Zuo et al.)

CON AR FHtnFTEARL A A0kDa > H B A JEwiaMay & - Con %
YA 30%ZE S0%E94E FEEFEML » M CCN &G 44 40%~60%48 4L 8 i 2 B 7 7))
(Fig. 4) -

13



Module | Module Il Module Il Module IV

SP IGFBP vWC TSP CT

O _I:I Hinge
o By 0P / \\
oBs 0P 0ghy 0Py
O pB3 HSPG [ ayB;
HSPG
o B3

Fig. 4. Schematics of CCN protein structure and localization of their integrin
binding sites. The six CCN proteins include CCN1 (CYR61), CCN2 (CTGF), CCN3
(NOV), CCN4(WISP-1, ELM1), CCN5 (WISP-2, COP-1), and CCN6 (WISP-3).
They share significant structural homology, including an N-terminal secretory
signal peptide (SP), followed by modular domains (illustrated in different colors)
with sequence homologies to insulin-like growth factor binding protein (IGFBP,
module I), von Willebrand factor type C repeat (VWC, module II),
thrombospondin type 1 repeat (TSP, module III), and a cysteine knot containing
carboxyl domain (CT, module IV). Throughout the four modules are 38 cysteine
residues that are highly conserved. CCNS uniquely lacks the CT domain but
conserves domains I-III. A protease-sensitive hinge region with no sequence
homology among the CCN proteins separate domains II and III. Specific binding
sites (black and hatched bars) for several integrins and HSPGs have been identified
for CCN1 and CCN2. (Chen and Lau, 2009)
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Modules | ] ] v

Structrual
Boalas IGFBP VWCICR TSP1 51K
1 24 94 a7 164 226 273 282 364 381
CONt —I— T — ——
1 27 a7 100 167 196 243 252 334 349
CCN2

107 174 203 250 260 342 357
CoNs — S ——

1 47 117 120 186 213 260 269 351 367
cens — N — N — A — . ——

1 24 94 97 164 191 238 250
cens — I — N — A ———

1 46 116 119 180 206 253 264 346 354
cene — I — N — I — N ——

Fig. 5 Structural comparision of the six CCN proteins (quote from(Zuo et al.).
The amino acid sequences of the six human CCN proteins were compared. The
locations of the four structural domains are shown. It is noteworthy that slicing

variants of some CCN transcripts are not shown.

CCN & & B W £ 3 it & B (functional domains)fr 48 &, * % %] & modules I~TI1~T11
IV (Fig. 5) > LA TFAE 4 %] 91 48 sb w9 B o AE & 3k - Modules | #v IGF (insulin-like growth
factor) A4 B A & E A » f CCN2 $## insulin-like factor 4 #4& &9 841
(Vorwerk et al., 2002) o
Modules II ;& von Williebrand factor type C (VWC)Z & &) module - ¥ & F
YR JE % & & - Modules III & thrombospondintype 1 44 € & & 3% > £ m i ds 2 L 3y
HERAE  HPoyhgiakflse s CCN1 & integrin 69 4 &4 - Modules IV =& 2%
CTey CEs > 1 CCN5 £:2% CT &k » CT ## von Williebrand factor type C i#
474148 oligomerization & JE % & % (Bork, 1993) -

f CCN & & &y —F N-terminal modules (Modules [ #v II)#2 — C-terminal
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modules (Modules 11T Fo IV )[4 24 ¥T 4 84 i 3k B /5 7 & 4 (Desnoyers, 2004) » CCN

% & £ % modulation Fv 4m g 4} B 7 (Extracellular factors)i& /7454589 X Z4/E A - CCN

F e 7] % & &k B F(Growth factor) ~ % g 5 % (Cytokines) 3% 4m ig & /7 (Cellular stress)

Fr 525 o CCN 7 #4538 #% integrins ~ BMPs ~ VEGF ~ Wnts Fv Notch #4938 1% -
CCN %% ¥ & protein ¥ 8 R E 4 2hkE » L TFR—— & !

(—)> CCN1EZBSERT - aBNAapid

CONl EHMBERLAF MG M HE L TBE » 8 E R 65 W17 (cell
migration) ~ . & #7 4 (angiogenesis) ~ %a gL %k 2 (cell adhesion)#v a i, )8 ¢ (apoptosis) e
CCNI1 3% o v 4a it & @ 49 integrins( &4 a6B1 » avBS ~ avP3 ~ aMB2)F ¥k 15 sk 4 7718
#2(Desnoyers, 2004) - £ & 4afig P > CCNI1 £ 1B integrins 37 & £k % Fv #% 4T (Babic et
al., 1999; Leu et al., 2004) = f AL AL A 48 fg 42 » CCN1 #v integrin a6Bl & &5 8k T E&AT
%% & % & (Heparan sulfate proteoglycans, HSPGs) #8 Z A F > 3 sb3A & 4m f 3k £ o
#%4T(Leu et al, 2004) - & A Z MG F48F » CCN1 F2 CCN2 g2 2| A Kk B F 4y
up-regulated  R] G EF @it % o CCN1 fu CCN2 BT T AL dH a6l &
HSPGs 3 B A% Y& 3 4% 45 4 B 48§ %6 4 (Chen et al., 2001) -

(=) CCN2AEHBF - wpfZEhapBTHERAGTAL

CCN2 e F R BAN K ~ FHIAw 8k F 4o g ¥ (Thn, 2002) - & £ B#2 2 Cen2
#% » B 45 %5 %a B ££ pro-adhesive, pro-inflammatory, pro-angiogenic & B &4 % 31, b 34
A 4 (Kennedy et al., 2007) « Cen2 knockout % R4 — A FBpZE~ > B AR A
BE 3 B R 2 v B A2 R Sk 3 T & 8 % 3§ (Baguma-Nibasheka and Kablar,
2008) - iz sk R 3 A B B ALE S (Skeletal dysmorphisms) ~ &4 4 Bt 9h 8 &) 48 %,
(Extracellular matrix components) ~ &’V % § 4= fitz 649 3% 4 (Chondrocyte proliferation)

& 4 3% 4% 2 (Katsube et al., 2009) -
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(Z)> CCN3IEZGSEEBI - CHE TR E

L E g4 0 CCN3 Fu CCN1 ~ CCN2 g RFaMm ey A & > CCN3 R
S e Bk P o 5 do LA~ RF B SRAo A 48 3E B3R B 4E R (Katsuki et al., 2008) -
Ccn3 mutant £ & B A BB F SRR EF 69 &3, > 40 ¢ & PLE(Cardiomyopathy),
WU % %575 (Muscle atrophy) (Heath et al., 2008) o & A $8HEE5Ak 79 & %= 32 » CCN3
& d integrin a6fl ~ avp3 ~ aSP1 ~ HSPGs 424 tafi gk 2 > mPBEH afuf2 /T R %8
integrins avp3 ~ a5B1 (Lin et al., 2003) - b4 » CCN3 7T 4 hematopoietic progenitor
cells it 2 AFEBY 7542 0 Fu ik P &9 fibulin-1 # sx 48 44 (Thibout et al., 2003) -
f ot LB T > CON3 RAREZ M b Miesh & a > AEFIHA - &
B 8y s Av progenitor cells &9 541t ~ 4 K Fu gk, #(Katsuki et al., 2008) -

()~ CCN4 & &#4 Wnt RABE

CCN4 f£ % F &4 [l 3 4m f(Mesenchymal) ~ AT 5% ‘B 4@ B (Preosteoblastic)fv #k - 4m
j(Cartilage cells) F & % #,(French et al., 2004) - 3t 9t CCN4 truncated form — 2 #% 32
B B A B A& of B B85 48 69 & %3 ) 7y se(Yanagita et al., 2007) « CCN4 & 3 & #p
#] Wnt/B-catenin F 49 c-Myc &A% F 2542 mip 4] A (Su et al., 2002; You et al.,
2002) -

() CCNSEB#Hltapst kRioES M

CONS RV AMARR PR ABBIKB YA AR CAA S A%
— M ey s (Gray et al., 2007; Jones et al., 2007) e CCN5 42 o % -F 75 BL(Vascular
smooth muscle)#2 /& heparin induced gene’ B & $13% 4 (Anti-proliferative) 43 4 (Lake et
al., 2003) - Heparin & 42| % FFM A @ET B L 3w CCNS &R =E ~
Whltmpp ey s ke gy > 2T H N ey E AT RABRSNE E(Lake et al,
2003)>CCNS5 &4 overexpression £ & [$ 1K 3k & 4 /8 & & B&(Matrix metalloproteinase-2,
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MMP-2)& M &k b FiFLéa fn s iE 1 - AR &) g B Efe MMP2 & 3% o
BF > CCNS5 % 3,7 2V (Lake and Castellot, 2003) -

(R)> CCON6 ZGAEFTRILABERFTFRERHENAE

Cen6 ARG RGEFo AFERBABH > Bl @ BITHBREEREZE T RRE
(Progressive pseudorheumatoid dysplasia, PD)#v B ¢ [5 M 5 WL JE & (Autosomal
recessive skeletal disorder) » H % PD & i% sk 3k B R %k R A% 3% 7 38 (Hurvitz et al.,
1999) - {2 fu AFAFE R » £ R FHRAERIELHERZ Y » CCN6 EIFLHKE
% 64 %1 3 (Kutz et al., 2005) °

W~ CCNIHBFRURZIEE

CCN %% B A cysteine 895k & ° FIBGA S ARG L1584 BRIE
BH BB AE K it g BB BB 0 sbINMEEE R & B R4 A & (Brigstock,
1999) - # 2 NOV/CCN3 R SR A s B S RAFE - RO AM R > £3F
% @k ey 1t £ AH NOV/CCN3 &3 B &I - (1)4£WL5 4 i (myoblasts) 45 7 AR AL
& (myotubes)&y i@ A2 F > T# 2 NOV/ICCN3 895 &R - Q)e-g3Las ey 2
A+ > NOV/CCN3 FEiEzF % s fldo P A& LG ~ B ILA > HH KT -
H o e 2 AERG S R 184242 > NOV/CCN3 89 & 3L & 3% hu(Su et al., 2002) - (3)4¢ 2
oMo TR RSN EeE > BRELSH KEH NOV/CCN3 Fu type 11
collagen (% chondrocyte marker) (Perbal B et al.,2001) - (4) & Wilms’ tumor #Fv &% F
98 > NOV/CCN3 Fo sk F 51t A & v1 B2 (Yu et al., 2003) -

KA EFI A > T4 4 NOV/CCN3 #A s F ey b EGFAIE - 218
NOV/CCN3 & 5 fE A Bh¥ 7 B& 697 s AR B ~ ho & ik B & AR 89 4% 5] > B AT ) R AF 4o o
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% ~ Activator protein-1; AP-1

iR Fos, Jun o ATF Ri%&k G @ B EaHE6RB&E T
AP-1(Jochum et al., 2000; Shaulian and Karin, 2002) > AP-1 complex # sz A Jun-Jun
48 p% &9 homodimer Fv Jun-Fos %8 % 849 heterodimer: 12 ;& LA Jun-Fos %8 % 89 heterodimer
4 DNA B vt > F —4 CREB v ATF % & G4 & 5814 AP-1 5bH ¢ -
AP-1 i mpp s 8 > dE A AP-1 & FRAvTR T B 44 Feds e i
&I o AP-1 B9 RRTH Afo LR TR 2/ERA ~ A L REAE M
BELTMN -

Cho AP-1 2815 S 09 A RBAR T > &35 it~ A ATRBOEA
Fikgt% o LRARPLEF P > Fos fv Jun B G T4 > R d#a : — 4 c-Fos~ FosB ~ Jun
D> A @Eey R AFEFER B — A cJun~JunB - Fra-1 » #WEIEF &2
Aey - IEREE R A B BARNBRT > AP-1 X 8 H L5 ey fs(Table. 3) -

N AP-1 HERURZIBE

FRE A KA B IFHIRB T e iefo s § e A HIE E AP-1 sy (E
%% Fos ZiR)HNE Mg A BE -

BB @B o AP-1 897E T 4% TGF- S ~ PTH ~ 1,25-dihydroxy vitamin D £f
3% %5 (Karsenty and Wagner, 2002) » 234 2 R F e g nb3g £ 8L - Am B =
AR IHAF > Fos fu Jun R G & E AR > Amtalost R E 242 iR /Liaf - £ 3
EMXEMR FEF Fra2 folunD RAKREZGERE - AXATHARLTHER
c-Fos, Fra-1 4 2BE LB > ML MR T RFHEAEZE 4 %1t (Table. 3) -
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Knockout Phanotypes Affected organs and call typas
cfos osleopatrosis bone, oseaclosts
FosB nurturing delact brain, hypothalamus
Fro- embryonic lethality [E9.5) exira-embryonic fisswe, plocenta
Fro-2 lethal ot birth |unpublished)
cdun embryonic lethality [E12.5) liwer, hepatoblosis ond heart culflow froct
JunB embryonic lathality ([EB—10) axtro-embryonic fisswe, plocanta
JunD mala sterility berstis, spermafogenesis
Tronsgens.  Promoters Phanotypes. Affectad organs and call types
cfos Hakk oskecsarcoma bone, ostechlasts
FosB H2k" none
AFosB TCRp impaired T cell differentiation  thymus, immahwe thymocyles
MSE oskeosclarosis bone, osfecblosts
Fro-1 H2kE oskeosdlerosis bone, osteablasts
Fro-2 CMy occulor malfermations eya, anlerior ays struchsras
cJun HZkE nong
JunB ubiquitin C nong
CD4 anhanced Th? matwatian thymus / CD4 thymocyles
JunD nat reported

Table. 3 A summary of the phenotypes of mice harbouring genetic modifications
of the different fos and jun genes. Most important insights regarding the specific
functions of AP-1 proteins in mouse development were obtained from loss of
function experiments.
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5~ HHEFR
—~ TmHH
(—) ERHRSE:
1. %mB6 3% % 48 (Incubator)
2. 9T R/ e kR E #(UV/Visible spectrophotomer DU-800,
Beckman Couler, USA)
3. % ke kR B sF(Multi-spectrophotometer)

4. PBpegiR A BEiE 44 RJE %5 (Applied Biosystems)

(=) T& 4= fr(Cell line) :

1. £ &3 & %80 #k(mouse osteoblastic cell line; MC3T3-El)
2. FA¥ F 4= i Fk(osteoblast-like cell line ; MG-63)
(ATCC)
(%) éhaixF(Cell Culture) :

1. Dulbecco’s Modified Eagle Medium (DMEM)
a-minimal essential medium (a-MEM)
Fetal bovine serum, penicillin/streptomycin (P/S)

4 fR, 38 K m

nal

(Gibco Inc, NY, EUSA)
(m) Bpes¥ 4 85:245 R & (Real-time Polymerase Chain Reaction ;

Real-time PCR) :

1.  TRIzol
2. DEPC
3. RNA # cDNA 2 %

(Invitrogen, CA,USA)
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4.  Isopropanol, Chloroform
(J.T Baker, NJ, USA)

5. SYBR Green mix
(Biotech)

6. Oligo dt

7.  GAPDH primer

8. BMP-4 SYBR Green Gene probe
(MDBio Inc, Taiwan)

() ®&F 2R’ (Western blotting) :

1. Acrylamide

2. BCATM protein assay kit
(Pierce, IL, USA)

3 0.5 Tris bufter

4 1.5 Tris bufer

5. PMSF

6. Na3VO4

7. Aprotinin

8. NaF

9 Tween20

10. Glycine

11. Tetramethylethylenediamine (TEMED)
(Amresco Inc, Ohio, USA)

12.  Ammonium Persulfate (APS)

13. PVDF (Immobilon-p)
(Millipore, MA, USA)

14.  ECL, Western blot Develop& replenisher, Fix& replenisher,

BioMax light Film
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(Kodak Inc, NY, USA)

(35) ##E (Antibody) :

1. p-JNK, p-p38
(Cell signal, MA, USA)
2. JNK, p38, B-actin, ILK, p-Gsk3p, Gsk33, BMP4, anti-mouse, anti-rabbit,
c-jun B¢
(Santa cruz Biotechnology Inc,CA,USA)
3. o5Bl,avP3,avB5 ZHiuEE
(Millipore,CA,USA) -

() mfaig i’k (Cell transfection) :

1. Lipofectamine 2000
(Invitrogen)
2. DN-JNK
(d8 Dr. M. Karin, University of California, San Diego.CA #Z4t)
3. DN-p38
(& Dr. J. Han, South-western Medical Center, Dallas, TX $24)
4. ILK siRNA
5. FAK siRNA
6. c-JunsiRNA
(Santa cruz Biotechnology Inc, CA, USA)
7.  AP-1 oligonucleotide
8. AP-1 oligonucleotide scramble

(MDBjio Inc.)
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() A#E BMP-4 %% ##77% (Human BMP-4 Immunoassay):
1. A%a BMP-4 % 7% 5 #7 Kit
(R&D Systems)

() &Y %% suRF s (Chromatin Immunoprecipitation Technique, ChIP):

1. EZ Chrp™
(Millpore, CA, USA)

2. Gel/PCR DNA Isolation system
(Viogene, CA, USA)

(+) wmpFERRBE N . (MTT assay, 3- (4,5-cimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide):

1. 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
(Sigma-Aldrich, CA, USA)

(+—) #ape# 47 & % (Cell migration assay):

1. Transwell

(Costar, NY ; pore size, 8-um)

(+=) #&4t (Mineralization):

1. Vitamin C

2. B-glycophosphate

3. Ailzarin red stain

4. Cetylpyridinium chloride
(Sigma-Aldrich, CA,USA)
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(+=) £%BHX%éE& (Immunofluorescence):
1. c-Jun —R&4LEE
2. rabbit — % 35
(Santa cruz Biotechnology Inc, CA, USA)
(+m)HE 4% 5 (Others):
1. CCN3
Actinomycin D
Cycloheximide
KP392
SP600125
SB203580

Curcumin ~ Tanshinone I1A

© N ok WD

DMSO
(Sigma-Aldrich, CA, USA) -

=~ R®RF*%
(—) éapa3zk (Cell culture):

* B % B 48 §8 £k (mouse osteoblastic cell line; MC3T3-El) ~ #5 i F % fg
(MG-63) » » 33844 o-MEM & DMEM 3 %% # %44 o-MEM Fo DMEM 43|
AuN 2.2 Fn 3.7 #0455 B & 4n(Sodium bicarbonate) » 3t X IN B # (HCL) #% pH 38 %
2 74> B 022 um @JE 25 (filter)iBJE - A& wA 10 %P5 4 f 7% (fetal bovine
serum) ~ 100 pg/ml 4% & 7k /4248 & (P/S) e MC3T3-El fo MG-63 %a it 3% & A2 35 % 48
(incubator)#® » HEIRIE A 37°C > 5% CO, » # 2~3 R&KLH—K

ta ey fE B F A m P e eIt AR R H 0w A 10 £ F 84 phosphate buffered
saline (PBS) (0.02 % KH,PO4 ~ 0.02 %KCl ~ 0.8 % NaCl ~ 0.216 % EDTA )4 #7& it 7%
—& » BhoA 1 ZF trypsin (5 0.05% trypsin ~ 0.02% EDTA) » &% Bh % i 57 B 35
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FmjEIR o EF 3TCHER 2~3 542 > EaiRastm » o R T 2REk > T A
FisnmhmEsg QY BE@BRE - miR%EE 0 R 10 2SR F @A
B BB BIERBE 1S BEECE P N EIEE.S 1500 pm -~ 5 548 0 B EFE
RIEE o BB B @A R AU 9RAE 0 X 2x10° B AR/10 A5k
BREFEAAEEmM T o

(=) 4apgdg g (Cell transfection) :

#] A Lipofectamine 2000 (Lipo-2000) $2%:% > X414 7| Bl € 2 DNA & 3%
(g g & h lug/well) W 1.5ml#ESE P > w99 ul 2 serum 32 HRK - B I E
# &4 H 2 u/well 89 Lipo-2000 7 98 ul % serum-free 3 &HRZ ¥ *» ## 8 5 o4 -
A wE RS A E RIS RIRA 2 A Lipo-2000 3%k > 9 RE 1L E 30 o4k
B —F ' well Loy R A R R B, A 800 ul serum-free 3 &% 1% B He A 200
ul 2 Lipo-2000/DNA » BH 37°C 2 % 5558 % 24 /6% o

() ®\F B E% (Western blotting) :

BB R ENREAFIRARRIE R R RIET % RANARERZNGEE

B oo 3 RIS J 48318 polyacrylamide Tk ik 0 ARIZRENB| i EE SR B F > P
AR A& S -

Finfp sl 3T CAEMITRML > HIIBRR > U PBS FhmRhdhiz o o

A RIPA buffer 120 pl # a5 » K E 30 5548 - AE| QB TAEN 1.5 ml 4

FRXE P 0 213200 rpm B0 4C 15 n484% 0 Ko R EFR AL EN

15ml EREF - RIOUARAEEETE > MERGRE AU ERE R

TRESTOnm #fE > ESHEARERRERIKAZTEOEIRE - A30 ug %%

EBA'E w5 1% sample buffer » LA E Eh 54 sk 5 548 > £ 10% SDS-PAGE

o #k 6 H (120 voltage &9 ER#ATE R 1 N BF) o 5% 1B B8 B e L 48 Ep
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(Polyvinylidene fluoride membrane ; PVDF membrane) 5 » #: Z N8 FAE P IE 4%
Transfer buffer 1% 4§ & A 4°C 400 £RILHEP 2 /) NBF o BEPLKENS S5 % BASWH
2z TBS-T &t sz & Blocking buffer 15 ml 7% 84 % 1 /N85 - B 82 TBS-T #fEx —
BIA 10ml 2 4CHER | orR—R4%& > g TBS-T Ak 4 K> HR 1S 54 -

BTFRARE TBS-THEX K 10 ml AEBRPHERE L EF > EFERRU
TBS-T %t 4 k% 4% > Aw Enhanced chemiluminescence (ECL)ZE1% °» AR & B Rk
% Band H 33, -

(w) Bp &5 % 4-B5iE 44 X & (Real-time polymerase Chain Reaction; Real-time PCR):

SYBR Green %4 #4232 2 SYBR Green % 5t % %] & 454 %] DNA & 3% 32 5% &9
minor groove b - MRk&EE Lay B R A IEFMIFGEL > L HE K GEE DNA
HH e mmE R & EBIHGERARKAGER R KT BAENRL G4
RS BAEMWRE SR T AR cycle BRI B E LA S Al XARRE
BAK > BP @RS cycle BBF A AEARIR] R LA 0 AR B GBRSET R M
DNA & & °

4 6 FL3g K m P w500 pl 49 TRIzol > Féafa 25/ » RE 1.5 ml L3k
SEPIFE S 54 o B 100 pl &45 (chloroform)B| 2Lk & | 24% > XA E B
T E 3 548 o BMERECE AL 4C ~ 13,200 rpm &S 15 4548 0 B FFERAR
Z2¥ey 1.5ml B o % 0 BAivA% F 4y isopropanol B Fu ey iR A48 10 548 - B %
48 4°C ~ 11,000 rpm & 10 548 > $LB5 T & R, RNA pellet Ju B 4e 4 2 800 % K 2R
EFERERE A Tml &g 75 %@ EH » H A 4C ~ 7,500 rpm #5548 o kA
BB M ERCELETRT AL HivA 10-30 ul DEPC K =% RNA > #4745
#-80°C /K4 o 45 3 BCE 49 RNA pellet B 1 ul Ao b 99 pl 8§ DEPC k4% » #] A
Beckman DU-800 UV/Visible spectrophotometer 2] & RNA jE & » i & A260/280
£ 1.8~2.0 2 R » 4% RNA 96 E R b H -



1£ i MMLV % RNA # 5t cDNA > 5 Bf4o F -

(kg% P pe 1 ploligo dT~1 ul 10 mM Dntp ~ 1 pg RNA » suA DEPC
K ZE 20 ul> iR A% %N PCR # %5 65°C 5 5-4% 1% RNA denature 44 B 2L 4°C 1 »4& -
(2)Au A 4 ul 5X First-strand buffer #o 2 ul 0.1M DTT 7% A PCR # % 37°C 2 4% o
()& & A A 1 ul MMLV » & A PCR # % 37°C 50 %-4% - 70°C 15 4-4% » Bp & cDNA -

# 8 F A8y cDNA B 1 ul » SYBR Green mix B 5 pl » primer (F)& primer (R)
LB 0.5 ul > #:3% 2A DEPC K n E 20 ul - #§4k A& & Applied Biosystem StepOne i
AT 10 4% 95°C ~ 10 #48 95°C ~ 1 448 60°C ~ 15 £ 95°C ~ 1 4% 60°C £ 45 18 1%
B OPTATRIZAREE > R AR R mliate 2% -
Primer & 7] 4F

MC3T3-E1 (Mouse) :

Mouse BMP-4 (F) : GGTGTGGATGCCGCTGAG

Mouse BMP-4 (R) : GGTATGTGTAGGTGGTTGAATGG
Mouse GAPDH (F) : CCACCCAGA AGACTGTGGAT
Mouse GAPDH (R) : CACATTGGGGGTAGGAACAC

MG-63 (Human) :

Human BMP-4 (F) : AGCATGTCAGGATTAGCCGA
Human BMP-4 (R) : TGGAGATGGCACTCAGTTCA
Human GAPDH (F) : TGAACGGGAGCTCACTGG
Human GAPDH (R) : TCCACCACCCTGTTGCTGTA

() A% BMP-4 %% %5 # 7% (Human BMP-4 Immunoassay):

BMP-4 immunoassay & 57 ik A BEAGRE] 0 B F AT TR B E A Gy E
BT E - 54818 CON3 RIFHB AR ERZ - BRI EFRER > & AL 96
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LA 5 %) v A 100 ul & assay diluent RD1-61 £ 4548 well> 3 2 su A 50 pl &4 standard
Fo samples * KRB AL TR T84 2 /N8F o hoA 400ul &9 wash buffer 7Fkw@ =k » &4
¥4 wash buffer % 2% % » HAvA 200 ul conjugate » FB T B 2 NFE#E R - 1K
BERFRGTHROR » &1 —RTEDRI > swA 200 pl substrate solution » £ F
BT KK E 30 5414 0 AuA 50 pl & stop solution &k R E o £ 30 2-4E P9 24 540
% 570 nm & FAEF R 0 AT B 2 BAE Ik E R pg

(X) e 'd %% ik Ms (Chromatin Immunoprecipitation Technique ;

CHIP):

7 48 3:8% CCN3 R 32 1% 49 MC3T3-El tmfa B » su A 54 pl 49 formaldehyde 7% &
TR TAER 10 4% > 245w 54 ul &4 glycine #p )] formaldehyde 4 A > £ B F 1%
A S péEmAE KL o B %49z medium 42 - B PBS Fk=—R - &fE—RE%
PBS #u A SDS Lysis buffer ¥f F o 4§ 4m s S| BT 2R 34742 5% & &> # 4% 24 13200 rpm
B 10 48 > B EE iR 0 45 1B 50 pl & 4% input ~ B B 150 ul Ao 30 ul protein
A/G #2020 pl & cjun FE A — K °

#8347 1P 4% 8945 5% 24 13200 rpm B0 1 548 4K 5 fw A Low salt ~ High salt
Licl salt #v TE » % %34 4 3% %44 24 13200 rpm 2.8 1 448 - 5k &% TE Buffer % % >
Au Elution buffer 100ul 7% 15 4% » 24 13200 rpm 3.0 1 54818 W& L F & o
LHFRER 2 K > 4% 200 pl -

e Input Fv Ip 4 &% ) 85 o A SM NaCl 8 pl> 65°C pu#k 4 /N85 5 3 2 Au 1ul RNase
A 37CF4HM 30 mins ; &#H A4 ul 0.5 M EDTA » 8 ul 1M Tris-HCI » 1ul
protease K 1 45°C fm#k 1~2 /NBF o

B2 A 0.5 ml GP buffer fv 44.4 ul & isopropanol ;24344 » &% £ GP™
column 2| tube k> o Atk 4% B4 13200 rpm 800 1 548 B X R suA 0.5 ml Wn
buffer F= Ws buffer 14 £ %] 24 13200 rpm & 1 454844 £ 12 ERR © 32 column 74 3] #7
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89 tube k> Ao 20 ul &4 Elution buffer & B 2~3 5444 L4 13200 rpm & 1 548
e Elute # 2k &) DNA i# 4T PCR > PCR #44 %4 DNA 7 pl ~ BMP-4 primer 1pl -

dNTP 0.4 u1~MgCl, 1.5 pul~10x buffer 2 ul~Taq 1ul> vk E 20 plo 2 12 B & 2 % DNA

B 3aERI00VI0 5548 > BUAUV BRRY > B ERGERABABALKIBT -
BMP-4 /| %

BMP-4 primer (F) : CTGCTCACAGCCTGTTTCAA
BMP-4 primer (R) : TGGGCTTCCCTGAGTTTAGA

(®) %4t (Mineralization):

Ha AL T 5% 8 2~3 R B I AH R R 5 AL E|(B-glycophosphate 10 mM
& Vitamin C 50pg/ml) » B854 FRE &) CCN3 B fl#k - A+ R A A » #5 ta B oA
PBS # % ~ 48 HARE & 15 504% ~ PBS ok > 2 Alizarin red stain #47 % &43:8 1
NN L BRBEBKRE R AL Loy Alizarinred - ¥ K thtain 2 & 45 F L B4R &
#3888 > B4E A 10% cetylpyridinium chloride 74 F Alizarin red > A 550 nm & 514

WATHE -

(\) Wi ER B EF % (MTT assay):

JREEL A m B kR P 7E dm Bk 67 3% 9 AR &, B% % (Dehydrogenase) 7T #%
(3-(4,5)-dimethylthiahiazol-2-y1)-2,5-di-phenytetrazolium bromide MTT) ==
tetrazolium& & vl - M ik & &, e 4 formazone » M 56t B 48 i & R B A AR & B
% 0 MR R E & LBk Y formazone - # 14 F£ /v ADMSOE & & & st B4
formazone ° & 14 ML ELISA reader 540 nmB| & R 5614 » BP ] UiF sutm o f2 75 & o

Hmpn B EI6FLE T > B —FLR G e BB 4 A500058 > e Bkitig 0 Rip
BRI 3BRIR  maserum-free3E KR o 5w AR B iR B %438 RASNBG1Z 0 Ju
AMTT30%4% ~ %42 35 %% » B — FLiF v A 100 ml DMSO » # 4% MAELISA reader 570
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B ERNME > PTG oo EEa4E  c RABZIEF A A KB
ERARREZ BMinH A KIFEW -

(1) @47 E 5 (Migration assay) :

% i #% 4T B B F oA transwell (Costar, NY ; pore size, 8-um) 24 FL# A #k » X
WAER 2X 10" Bt g o £ 200ul serum-free 3% &% B transwell 9 L& » £ TF
AT B R 69 CCN3 & 300ul serum- free 32 4% » #% ®] 37°C ~ 5% CO, 344
Py & 24 NBF o B LUAR HIRE T 15 5453 A 0.05% crystal violet Z @&, 15 4% -
TR & mip A tets ki 0 B PBS Fik o e BATEIES TR RN > B UM

St mint s > HH R BRITRIA 24T

(+) %% %HKk%EéE (Immunofluorescence):

J& 12mm &9 335 R M A 24 BAE 0 £ LR AEH MC3T3-El fmfe > B LUK ) B
25457 CCN3 » A& S84 4] Bl 414k 30 748 > B4 CCN3 > &% 24 /N8F 214 LA
PBS Fik- £ ERT B EMRE T 15 548% % A PBS Ak =R &#& Triton-x100
0.25 % 5 5484% > YA PBS FR=R ; fo A c-Jun —RILEEE R —/NBF4% 0 2L PBS
FRZR AT _RIUEBR— R A PBS FRZR - REERKA LHLE
— ;% mount solution & F3k R > BAE A3 Fildt R > 48 A 5 574 L dn £ BAU4E
F4fr(Laser Scanning Confocal Microscopy) & 4718 ] o

(+—) &3ta#:
NE B4 R LA Sigma plot 43 SR EAT 04T B IR & R R H t & 2 (paired
-test)st B o Hr o BIELE R L. meant S.E. 2 R X TAE -
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— ~ CCN3 3 fuik B 40 he &Y R AL M JF 4a B 3% & Fu f8 4T

BMP-4 £ HRBEMEEFETERNAL > THBREL Tyt -5
AT ~ BRAb W AR AR R e A3k a0 22 0R) o B gk 0 AP ER AR CCON3 8 Rl 2 T €124
RE R ey AR ST RAIAI A MTT assay 4547 MC3T3-El # F fa otk 19 938 &
(3 B EBRTEIR > &d CCN3 REGEE, 3, 10, 30, 100 ng/ml) f| % » 4= 50 3% 4
5 3t & BA 8832 Ao(Fig. 6A) o

BTRBRMKELRFT@EATTREBITRE > MimwigRTER - BLA
Fi Migration assay > #7 MC3T3-El i F ta otk B TH AL - B ERFHEHR > AL F R
Bl iR &9 CCN3 (0, 3, 10, 30, 100 ng/ml) %%k » #4715 L It & BA 88 3% /m(Fig. 6B) -

AR AR R e B AE AT FAE A B 0 LA hRIL A eI AE B BRARAL 0 B LS
F R EEE CCN3 (0, 3, 10, 30, 100 ng/ml)Fv differentiation agent (B-glycophosphate
10 mM #= Vitamin C 50 pg/ml) &) #1% > #IA Alzarinred 4t &84T 54 -  E &R
#$40 > 4£ CCN3 30 ng/ml #4;E % F > mineralization & BL8A%8 > B2 M £ B
(p<0.05)(Fig. 6C) °

= ~ CCN3 # 4u BMP-4 85 k3,

WRBLZ AT T AT 50 LR B afe ¥ CCON &G ZEsEAfEILE BMP R a8y E
4o Rk AR F M BMP & 62 % ¢ <2 CCN3 ey pl#m &R & &>
1 A Real-tme PCR 4-#F MC3T3-El ¥ F otk > dERFHER  £LTHAERE
5 CCN3 2 T »BMP-4 mRNA 7 o 28 % 3> 3% 85 2 M £ £ (p<0.05)’ {2 %7 BMP-2
#2 BMP-7 it & % & (Fig. 7TA) - L& —H B4 T RFRAS CCN3 > 5 £ BMP-4
mRNA 89 % 3R 8 - B F %4 FEF4% > £ CCN3 30 ng/ml #]:#F » BMP-4 mRNA
expression #IBAFE > HiEAA F M £ & (p<0.05) (Fig. 7B) o 4 3% 1L Western blot 4-#7
BMP-4 %G %3, B EHRERE T4 f£ 12 oE2 1% A 5816 2 99 8832 hu(Fig. 7C) -
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=~ $ERAFE R 40w B A 58 3F 4 5 BT B4R CCN3 A8 e BMP-4 & 3

% 744 BMP-4 AR RB > REL G EMBEEHEEZHH > A KMET
48 45 Fu 2 2Z Hp ) B ¢ acinomycin D Fv cyclohexamide °

#| B Real-time PCR 4#F MC3T3-El @ ja ey BMP-4 & 3.8 %1t £4F CCN3
30 ng/ml Z AT » A actinomycin D (10 nM)#v cyclohexamide (10 uM) 5t ] %% 30 4-4% -
ER P R4eT CCN3 gyt Fafin 0 H BMP-4 A3 A MR > (22 L5 BliE
w4 BMP-4 AR &R 2 A MM H > B EH £ E(P<0.05)(Fig. 8) - A L& R
K& F @ CON3 Rl% - &R EMNBITHREABFFA 1 sE5E BMP-4 AR
AR e

9 ~ a5p1 Fu avPs integrin LR ¥ A& CCN3 73l Ae ey BMP-4 %k 3,

B2 AT B 45 42 » CCN3 & & avB3 ~ 5Pl & avB5 % integrin v 42 1% %= L Zb
FFo B e e A 4TYE A (Lin et al., 2003) o B gk > &AM %0 CCN3 & if i@ fq 48
integrin &91%3% » J24E T A58 & 4 » iR m BMP-4 A R 693 v - & L4 F a5,
ovp3 B avB5 Huihg 30 5 s AT P Ao4E A 0 BT L CCON3 > &1 24 /) 8544 H B
RNA > B HE mRNA R & - B & R1F 40 0 o581 Fo avP5 #p4] BMP-4 K B & 3
bt AW 0 CCN3 £ Bk dmfE integrin H#ATAE WL » BEBREMER
(p<0.05)(Fig. 9) -

%~ ILK 4% CON3 W &M B ¥

Z_ AT 8 UK AF 4o 0 ILK Foda o 9 69 4 AR, ~ #8450 75 16 H 4 K B #4(Tseng et al,
2010) » H pbFk 8% iE 4 MC3T3-El fmfatk ™ > ILK & F &2 2] CCN3 | %% i #%
FAL o B HAI L JBRE T AR T e B e % 3] CCN3 #li4k4% » ILK 441 £ 7% /6 BMP-4
A E6y54E F o B b KA R4 ILK siRNA B #F ILK #p 4] %] KP392 3 uM) > &8 F
Bt RiF 4 0 dsa BMP-4 X R AR AL H - B8 FE £ £ (P<0.05)(Fig.
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10A) - #: % LA Western blot 47 > #2 4 ILK siRNA 4% & sx 5 %a it > 1ILK &9 % &G BA 28
& (Fig. 10A) -

e RIE—F AR ILK 248 p-GSK-3p =T A HEBALHEH HA - &RER
£ 10 4-484% > ILK Kinase activity 3% #u(Fig. 10B) °

A ~ p38Fv INK £ CCON3 493 & 14 B 3548 ¥

p38 Fu INK 358 % MAPKs £% 2 —» H ¥ p38 2 AHF LB X RIE ~ ta
Fod kAo iE o AT AT 40 p38 LB ity iet EBERMAE @™
INK #3585 12 fm io ALk 87 £ 46 A £ £ 34 (Hu et al,, 2003; Matsuguchi et al.,
2009) -

¥ #9142 A Real-time PCR #4754 # < & % 714 F SB203580 (10 pM)#f=
SP600125 (10 uM) 30 #4844 H A CCN3 %% > T4 3 L BMP-4 X R LB EAMWEHE
& 3 2% A& 5 %48 % p38-DN Fv JNK-DN » £ BMP-4 L H XA EHBAMMA D > B
BE % % B (p<0.05)(Fig. 11A & 11B) -

3% LA Western blot 34T 4047 ° & B & és R4F %0 > p-p38 Fu p-INK £ 10 4-4%
EAGHBACR BB 0 B p38 fu INK £ & HIZES BB ILR L > REEF el
% CCN3 #3544 > 4= B P9 84 p38 Fu INK 7% M & 3% o> 12 & R €3¢ hu(Fig. 11C & 11D)-

% 7388 ILK F= p38 ~ INK &) L T a5 R4% - &A1 ui% e s s KP392 R 32 30
D48 2 1% BT CCN3 - &y Fandd K15 40 > p-p38 Fu p-INK ey i ERIL R R E k) >
{2 % p38 v INK &k 3 B4E47 2 % > HF ILK A7 p38 #u INK L #%(Fig. 11E) »

©~ AP-1 £ 84 CON3 693 & S 2548 &

AP-1 BB T ER SR L Kb SR Elas flo
Fos, Jun #= ATF % #: % & (Jochum et al., 2000; Shaulian and Karin, 2002) - i 4£ 2 AT
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R B Y AT @R IEAR - Fos 4o Jun & & €4 5 B % 3,(Jochum et al.,
2001) c Btk 74540 APl 2 F A F @i CCN3 hli#tk > EZ oA RFEL
A4 A T AP1 dp#) % Curcumin (10 uM)#v Tanshinone IIA (3 mM) - & Real-time
PCR FEn 4 R340 6T Hp 4| H4% > BMP4 KRR AR ERWEBHER > HEBEMEZR
(p<0.05)(Fig. 12A) -

BT RiE— S EIAS 0 £ A AP-1 oligonucleotide ## % & B e > A
AP-1 oligonucleotide % AP-1 &4y 5 F A EAZFEE » 2 AP-1 28 £ {55 K4Q
L+ £ BMP-4 AR AH 2 EA GHEIK - & Fig. 12B B85 4540 > tbAe scramble 3% #|
48 > #2% AP-1 oligonucleotide &) MC3T3-El 4mfig » BMP-4 X R k3R &+ E L A5
TR BEBEM £ R (p<0.05) -

A~ CCN3 3 ju c-Jun $§43L 3 A dm fo 42

@B % B R 0 @EILH S & Gk c-Jun AL AP-1 &4 0 245 tm il
¥/ BMP-4 KR KR E > EMmwikE T i o KM 5 EHE c-Jun siRNA £
MC3T3-El fafatk N » #3 2% Real-time PCR fv Western blot & & - & B 5 B & 4% 40 >
## % c-Jun siRNA 8§ BMP-4 A Rfv kG 23 2 » thAe R by CCN3 # 4 AT
B M £ E(p<0.05)(Fig. 13A) » 8 % 19 LL Western blot 447 c-Jun & & » 43,
£ 10 54814 > Kbkt & 30 8A B4 3% Jm(Fig. 13B) -

BE AR RREALEERA@ILE Fo) c-Jun kg > 25 &4 CCON3 Rl
ZTEAN@BLN BT HARNETRGEREF PXATRERT AL > e
%3] CCN3 #3060 54814 B & & 4 iy B 384 N\ B 4% (Fig. 13C) 5 35 & 4&F Eagdp
%] %) SB203580 ~ SP00125 ~ Tanshinone ITA #= Curcumin 44 » c-Jun #43 A %a f 4% 64
R, & A B FF AR (Fig. 13D) -
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| ]
]— avB5, a581

Mﬁ%@n

pMP-4 Prolifgfation
expression _—

— Mineralization

|

nucleus | c-Jun
LT

HBERERBEAARM TR T/ §LAELRRT @ T 4T CCN3 > 7T 4k d

EAL ILK, p38, INK & & » {8 84 W F c-Jun /E A » 1843 BMP-4 8y R 3R, E ¥ fu -
H BMP-4 R B ER G THERFT Rt ER - 212 HN w47 H
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RIFZ AT T 4F40 - CON &K & PR FIRFH9 B & CCN1 2 CCN2 - & 43K
3t CCN1 f£ A28 F 78 F » 518 avp3/ FAK/ ERK/ AP-1 #.48 » ¥ ok 4a B 45 4T 64 4%
#](Tan et al., 2009) ; CCN2 f& &k ‘B 4= i ¥ 12 4% 7 38 & Kt 4] (Smerdel-Ramoya et al.,
2010) ; A&k CCN2 #:% Smad 4% » #4153k F %8 he 3% 4 (Smerdel-Ramoya et al.,
2008) o A CCN3 frigiRzt e XK S A B T A A A & > i @ £
B % P CCN3 A7k & 384 fa & (Perbal et al., 2008) ; ££ WL A B 8% (Musculoskeletal) i
P > i CCN3 K R 8y % 3, & (Manara et al., 2002) o

Fo CCN2 48 EL° CCN3 & 5 €18 s H #38 £ S b D R B A 7 - &8 ! CCN
EafEAIFFHRMEEE > B CON3 CHEE TRAEILA ~ RF ~ FBfodp ey
%% % (Katsuki et al., 2008) > i & #2 -0 CCN3 X R > & 1% F 5 Fv O ik 89 25 & % FA(Heath
etal.,, 2008) » LA Lty EERIRE B AL » CON3 8 F tm B s F oh e 2 Pl oy il 44
REFEE—FAR - BAREEREREN CONI AT AM D FHE GeRAME
I~ #EERF AP-1 AdE - TR REEGBMP-HEARE KR > MIgKELREF o
(MC3T3-E1)#9 55 4t -

THEEREZ R G T @iefo R B e e e L RAIE MR 0 F R R e ie RL S
BT ERRF@BEt BY S aR Bl st RERNEEGIET S > flho !
BMPs ~ OPN ~ ALP #= OC - L ififr#g > BpA BMPs £ 40 % > BMP-2 - BMP-4
#o BMP-7 fx BAZ A A fF - Lau % A(2009)4% A £ BUBA & # § 15 & 4 T BMP-4
&) R %% > 443 T #% core-binding factor alpha-1 (Cbfa-1) Fo ALP &3 B % 31,8 K 183
Ao AR da R3S & e oAb o b SUBK B9 & REE S KB T F 6 BMP-4 3% mR B SR RRALIE
AR BABR] AL AP ASER AR BMP-4 2R F 7T LA R F e iR e T AR o BN E
BEARABELEBET  FRAETRNEFT@BMCITI-EN)RE » Bt R TR La)&E
£ A rr £ E(Lauetal., 2009) o

MR e R R TR = — AR T e E - —ARHA
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AR 48 e ey function o b —FE k7T 4 54 A MTT assay 48 R 4= Bg 69 4 A&
(proliferation)ig % > U R Bl E R B lafl )b f2E - NI BB EREEY
RE > BILEER S KREALEFHRLME - BF > TR LBRE AT T ®IT
HAER > BT 8 0 BT AE A e B A% 4T (Migration assay)#LE o RIEZ AT HY
X kBt 0 CCN2 3t & A4 BMP-2 > 4% 5 3k 7 % ji 3% A (proliferation) v 4~ 4t
(differentiation)#2 & (Maeda et al., 2009) -

R CCN3 # 7k B 48 i, proliferation ~ differentiation Fv mineralization 5 %F 4%
RELPAAED o Bleau AM £A (2007) %R B £ EB E e+ > CCN3 @4
H proliferation ; % 4 Benini S % A(2005)%% F 4 Ewing’s tumors ¥ > CCN3 [ 4 &
¥p %] 4= B 69 proliferation - RIFAB T AR - AR AR Fafed » CCN3 #Hn
proliferation Fv» migration )4 & ARG B - 2N AT & ° B AT RA XBLT
BE O AEARRENTRER T4 CON3 (RiHRLy Rk £ A H 8 -

Tang % A(2003)&4 51 745 t » BMP *T4¢ organic F 324 H F 5-#k & R > sLoh R
TARAE B F EH7 6 A (de novo)Fe F IR T AR, o AE B4 T 86k ~ BFEipHIE > BR
BMP-4 mRNA %R gD » 3R A BMP-4 K G084 & de novo #48 FH# &
AR M IEEAT salavage(E L) o B T R — B AR ILR% AR B IR R
A 12 B2 4% BMP-4 & & 7 LA mature form #% 2 > f5 24 /NEF A AR LR IR
HIRSE HELERBTABETHRA Tang FARBHEBRZREMS -

WIE 4oty Bk » CCN3 @ d3 06B1 ~ avB3 & o5B1 Az F sk B (Lin et al,
2003) » B A AE A avB3 ~ aSPl & avps +AobiEE - 3 0L aSPl Av avps &I B
B R F 4afie, » £ BMP-4 mRNA KB &ZRTH > wk3RAARETR T » CCN3 £:BY
P EATRIE -

Tseng % A8 XBKT 40 » KA MIRIET » ILK £ 85 & 4 e o0 BMP a9
Bd o BRI RS RERIETAE > TUAHZ A ILK & 594 R F 4o

iEled o ARG R PR K I KP2392 Fuik it [LK-siRNA % > BMP-4 mRNA
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EKRERDT » TRA LK A TARESFEARE T o PR RFIRANIR ILK g2 38
GSK3pB - %3, & Kinase activity 3% 4v » 3B F ILK 28 H P o

BATA R CCN3 W RERS ZEHNEBHBE ENAFTIREFTERTIER
R VIR KB BT 5 CCN3 R R B TR 510 F B>
¥ ik Flafe gy it o B FH BRRE ©R A H R AE B B RATR  FIRAE
BRRGBMABRFREREY  CRATHREZNHAR T X — - B RHF R AL
A TERBTERBRAREHN CON3 R FHAZAGIER A RN -
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Fig. 6 CCN3 increased bone mineralization but not proliferation and migration.

(A) MC3T3-EI cells were stimulated by indicated dose intervals (0, 3, 10, 30,100 ng/ml)
for 48 hr, and proliferation was determined by MTT assay. (B) MC3T3-EIl cells were
stimulated by indicated dose intervals (0, 10, 30, 100 ng/ml) for 24 hr, and cell
migration was determined by migration assay. (C) MC3T3-E1 cells were stimulated by
indicated dose intervals (0, 3, 10, 30, 100 ng/ml) and differentiation agent
(B-glycophosphate 10 mM and Vitamin C 50 pg/ml) for 15 days, and bone cell
mineralization was determined by Alzarin red stain. Results are expressed as the mean +
S.E. * p<0.05 compared with control. * p<0.05 compared with CCN3-treated group.
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Fig. 7 CCN3 increased BMP-4 expression.

(A) MC3T3-E1 cells were treated with CCN3, and the BMP-4 mRNA expression was
determined by qPCR. (B) MC3T3-E1 cells were treated with CCN3 for indicated dose
intervals (0, 3, 10, 30, 100 ng/ml), and BMP-4 expression was examined by qPCR. (C)
MC3T3-El cells were treated with CCN3 for indicated time intervals (0, 6, 12, 24 hr),
and BMP-4 expression was determined by Western blot analysis. Results are expressed
as the mean = S.E. * p<0.05 compared with control.
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Fig. 8 Transcription inhibitor and translation inhibitor suppress CCN3 induced

BMP-4 expression.

(A) MC3T3-E1 cells were pretreated with transcription inhibitor (actinomycin D 10nM)
for 30 mins follwed by stimulation of CCN3 (30 ng/ml). The BMP-4 mRNA expression
was examined by qPCR. (B) MC3T3-E1 cells were pretreated with translation inhibitor
(cyclohexamide 10 ¢ M) for 30 mins follwed by stimulation of CCN3 (30 ng/ml). The
BMP-4 mRNA expression were examined by qPCR. Results are expressed as the mean
+ S.E. * p<0.05 compared with control. *p<0.05 compared with CCN3-treated group.
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Fig. 9 0a5B1 and avpS integrin involved in CCN3-induced BMP-4 expression.

MC3T3-El cells were pretreated with a581, avB3 or avp5S antibody for 30 mins
followed by treating CCN3 (30 ng/ml), and BMP-4 expression was determined by qPCR.
Results are expressed as the mean + S.E. * p<0.05 compared with control. * p<0.05
compared with CCN3-treated group.
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Fig. 10 Involvement ILK signaling pathway in CCN3-mediated BMP-4 expression.

(A) MC3T3-E1 cells were transfected with ILK siRNA or pretreated with KP392(3 1 M)
for 30 mins followed by treating CCN3 (30 ng/ml). The mRNA expression of BMP-4
were determined by qPCR. Otherwise, cells were transfected with control of ILK siRNA
for 24 h, the protein expression of ILK was examined by Western blot analysis. (B)
MC3T3-El cells were treated with CCN3 (30 ng/ml) for indicated time intervals (0, 10,
15, 30, 60, 120 min), and cell lysates were immunoprecipitated(IP) with an antibody
specific for ILK. Immunoprecipitated proteins were separated by SDS-PAGE and
immunoblotted with anti-pGSK3 5 or GSK3 5. Results are expressed as the mean +
S.E. * p<0.05 compared with control. * p<0.05 compared with CCN3-treated group.
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Fig. 11 Involvement p38 and JNK signaling pathway in response to CCN3 in

osteoblasts.

(A) MC3T3-El1 cells were pretreated with P38 inhibitor (SB203580 10uM) and
transfected with DN-P38 followed by treating CCN3 (30 ng/ml) and BMP-4 expression
was determined by qPCR. (B)MC3T3-El cells were pretreated with JNK inhibitor
(SP600125 10uM)) and transfected with DN-JNK followed by treating CCN3 (30 ng/ml)
and BMP-4 expression was determined by qPCR. (C) MC3T3-Elcells were treated with
CCN3 (30 ng/ml) for indicated time intervals (0, 10, 15, 30, 60, 120 min), p-P38 and
p-JNK expression were determined by Western blot analysis. (D) MC3T3-Elcells were
pretreated with KP392 (3uM) for 30 mins followed stimulation with CCN3 (30 ng/ml)
for 1h, and p-p38 and p-JNKexpression was determined by Western blot analysis.
Results are expressed as the mean + S.E. * p<0.05 compared with control. * p<0.05
compared with CCN3-treated group.
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Fig. 12 CCN3 increased AP-1 activity in osteoblasts.

(A) MC3T3-El cells were pretreated with AP-1 inhibitor (Curcumin 10 uM or
Tanshinone IIA 3 pM) for 30 mins followed by treating with CCN3 (30 ng/ml) and
BMP-4 expression were determined by qPCR. (B) MC3T3-E1 cells were transfected
with scramble or AP-1 oligonucleotide for 24 hr and BMP-4 expression were
determined by qPCR. Results are expressed as the mean + S.E. * p<0.05 compared with
control. * p<0.05 compared with CCN3-treated group.
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Fig. 13 CCN3 increased c-Jun translocation into cell nucleus.

(A) MC3T3-E1 cells were transfected with c-Jun siRNA followed by treating CCN3
(30ng/ml), the BMP-4 mRNA were examined by qPCR. Otherwise MC3T3-E1 cells
were transfected with control of c-Jun siRNA for 24 hr, the protein expression of c-Jun
were examined by Western blot analysis. (B) MC3T3-Elcells were treated with CCN3
(30 ng/ml) for indicated time intervals(0, 10, 15, 30, 60, 120 min), p-c-Jun expression
were determined by Western blot analysis. (C) MC3T3-El cells were treated with
indicated time intervals (0, 60, 120 min), and translocation were examined by
Immunofluorescence technique. (D) MC3T3-El cells were pretreated with upstream
inhibitors for 30 min followed by treating CCN3 (30 ng/ml) for 1 hr, and the
translocation into nucleus were detected by Immunofluorescence technique. Results are
expressed as the mean + S.E. * p<0.05 compared with control. *p<0.05 compared with
CCN3-treated group.
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