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CTGF jfixkii#: OPG/RANK/RANKL 121 1%
18 1 5 B5 Ak v i 17 H

2 B kT
WE BN HERGHHLVERRET(CTGF) e Esh ki &
AR RS, AR RSNE SRR BN K 3l ik
S LA M ( A7xS ) SR AT I ASS 5 A4S TR pe) gt ) 3 ot i 3% A
OS5 S I RS BT F] . AN AL Y CTGF-siRNA ki, >R
FH RT-PCR F1 Western blot /M 40 Jfitf CTGF Ry E A&, N
i€ CTGF X4 S L VE R K A I BE L5 7 20 . R
PEE LY IS CTGE % A7r5 40454k i 52 ma | 5% ] ELISA
PRI A7xS 4 M b M B R I ( ALP) By G AR Ak, R A
RT-PCR 5 A7x5 40M0h OPG . RANK 1l RANKL () %351
B, &R ATS WERAEFS IR R 48 h, 55X IRAIH L,
CTGF-siRNA ZZMfi 7 CTGF )2 35 12 A, Ui W 40 g i 3
Yt CTGF-siRNA [T ki, 5 #8180 41 th 4%, CTGF-siRNA 2]
ATr5 ML A AEE T B 0, ALP TS HEREAR (P <
0.05) ,0PG . RANK 1 RANKL {3835t F (P <0.05) , £
it UUER CTGF Beff i/ i 85 i T 1Y A7rS 4R AR5 1k
FAR ALP A9T5 M, P84 OPG/RANK/RANKL 155538 %, A
T E 22 3 bk i B 5 40 P 1 R FEVE
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148 55 4k ( vascular calcification, VC) F& 3 ik i
FEREAL AL BT WE PR | L 48 285 RS AR
BRI AE AR B 18 IR ELR B . Ve 1k
PR 2 U MU R0 38 I SE A48 g 1Y e (K R
Z—2 BRI ( osteoprotegerin , OPG ) A Jif J
IRFEIR 32 A R W A =2 — , E A T 4 o]
T B AT B, AR 2 00 B ORI T, A A% TR 7 kB
%Mﬁﬁﬂﬁ%@aﬁg(receptor activator of nuclear fac-
tor kB ligand, RANKL ) A8 9% 5 i ‘& 41 il 3¢ & 1)
RANK 255, (e A1 40 i 44 53 A A AL IE st
BRI Y REMTFE R Ve R
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PO 7k - R S

1% S WL ( vascular smooth muscle cell, VSMC)
1] R A0 B Y SR A A R H A R g
AA OPG/RANKL/RANK 7E il 5 B - 1 L 41 ffd i
AR R ] B RIVFA P R TR, S54RA
414 K A F ( connective tissue growth factor, CTGF)
Je—FiHT 349 DNEIERRA A, 4> T 5N 34 ~ 38 ku
2 e R 1 4 W K. A W5 R B CTGF
AR AR OPG 73, H- 4 RANKL i3RI,
$&7 CTGF R AE [H] 42 1 ) J80 2RI -1 4 i 355 A i A
o B2 CTGF J& 7575 M A 45 1k i 4 v RE A% 1 i 1)
12 OPG/RANK/RANKL {5 5 3 fi#% A 52 Wil 95 i ¢ 2
(0 JE R — L I BIE 9T . R, W 5 i TR
AifErh CTGF A, M PR Sl 5 45 AR Y, 9503 1
i ki CTGF X OPG/RANK/RANKL {553
BEAYIREAE R

1 R

1.1 ZHHBEMEE KM HE L ATS
R R 2 B A B 5 B 2 T A R
TBD /A 7 ; Opti-MEM 1 DMEM W [ 5% [H Gibco 2
F];CaCl, F1 10 mmol/L B-H MR E: I A 3 H sig-
ma /A ) ; Lipofectamine™ RNAIMAX 14 H 32 [& In-
vitrogen 2 W) 5 Pt 3R ZLVE RS B g R &0 B B
FLA 5 AR A FR 2 7] 5 Boldine il AR234960 Iy [ 38
MCE 7 7] 3 Bt 1 il 00 7 3050 4 0 1) et g
IR A BR 2N 7 ;s TRIzol 1477114 [ 25 [ Ambion 2
H], SYBR FAST qPCR Master Mix Il [ 35 [E KAPA
Biosystems 2\ H] ; BCA £ [ vk B2 I o 1270 65 0 1 b
5t solarbio /AT ; LBS#111112100 CO, 18 I 3% 35 46 11
H 25 [H LabServ™ /A 7] ; BM-38XD 18] & 7¢ ) i i 55
W [ b i B A S 1% £ A7 BR A 7] 5 CFX-Connect 96
7t & PCR W A £ [E Bio-Rad A #l ; AMR-100
FiEE bW B B A 25 A BR A 7] 5 Tanon-5200 42
H B fb2E RO A iR RERHE A BRA A,

1.2 HRaEESE  KEARAEN ATeS 20 D i ZAURE B
L FE 37 COKET e am b e | Fr A ) 2 B
DEH L IIA 4 ml 584355 5 (90% DMEM + 10%
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FBS) ,1 337 r/min &.0> 3 min, 5 75, 4010 858
BT ml A BRI, A 4 ml
SEREFRIE BT 37 °C 5% CO, M TR NRE R,
1.3 dRagERaM  HUET 24 h, 5 x 10° 40
MR T 1.5 ml e iEFR AT, 435 100 pmol
siRNA 15 pl Lipofectamine® RNAIMAX Hi BT 250
pl Opti-MEM Hr 242000 5 YIRS, & il T # i 5
min, PFHERIR S G EIREF 20 min, K 500
pl IRAWINE S A AR 1.5 ml B 5 455 37 3k
XS B 5 AR BT 37 °C 5% CO, 35
FEAAT B UL 4 h J5 ¥R o8 G SR G 9R 24 h,
K RT-PCR F1 Western blot ¥ 1% A [H CTGF
[ ZRIRTEN

1.4 PSS REIMBER DA  WE ATS 410,
PRI AN BRI R 1 x 10° A/ml, 5 1 ml 20 i &
WA 12 fLARh, B F 37 °C 5% CO, B 3248 h 1%
IRt &, 1 4 M U BE 45 4k 3% 5% 5 [ DMEM + 10
mmol/L B-H M#EREE (BGP) +3 mmol /L CaCl, |17
AT 51, 755 0,12.24 48 72 h, B4
M35 FEARHEA TG eI, A T Sk CTGF 76 E 3l ik
MBS VE T H 525000 7 4H . RERREH AN dE
AFAFART b 3 BEIZH . A705 205 S 454k ; AR234960
PN ATS A 4510 )5, AR234960 $# 3h 7
(10 pmol/L,12 h) kb B ; CTGF-siRNA 40 A7rS #ijiEg
BRA51L )5, CTGF-siRNA % YL 4b 31 ; siRNA-NC 4 .
A7 YIS SA51L)5 | siRNA-NC % YL 4b # ; Boldine
IR 4 . A7eS 40 M55 = 45 16 )5, Boldine 4110 i 55
(80 wmol/L, 12 h) 4t B ; Boldine + AR234960 #1 .
VSMC #iffeif5 485105 , 56E1T Boldine (80 wmol/L,
12 h) i 50 Ak 38, P AT AR234960 ¥ 30 7 (10
wmol/L,12 h) Ab¥E

1.5 BEELALEE ¥ 12 FLBRP Y A7S 4T 5
JE s R LI, S AN PBS YE3 k., M 4% £
B W [E 52 30 min J5 W2 4% SR PR, A
2 ml PER LY, F IR Y 30 min, ZZIH/KHVE, 75
{38 5O W N S BRI R

1.6 M REESES (alkaline phosphatase , ALP) i& 4
il B 12 FLARTP ) AT MBS A2 B
W, W E S A PR EE R E A, B EE A
0. 03 ml XZE /K, M2 5 H oA 0.03 ml FEAS ) Brife
BN 0.03 ml FRUEW; B A 0.5 ml 22 i il
0.5 ml FJRH, TR ES,37 C/KIE 15 min J5IMA
1.5 ml S 7E 520 nm A IS OGEE
1.7 WHEEE qRT-PCR  H 1 ml ¥ TRIzol fil A

A M 3R A TP HR LA RNA SR 54 RNA w55 550
cDNA , i J5 ¥l 45359 cDNA #E47 PCR 4734, [ o
TN T E 95 °C 3 min;95 °C .5 5,56 C .10 s,
72 °C 25 s(40 cycles) ,ic £ ¥s, LI ER 3 X,
KA 2 7% mRNA BYAHXT & &, PCR 514 R
DR — A 48 L VR A7 PR /A 8, 51907 5 W
1,

£1 31953
—

3144 Fx il R
K/ (bp)

CTGF-F TTCCCGAGAAGGGTCAAG 143

CTGF-R GCTCGCATCATAGTTGGGT

OPN-F ACAGTATCCCGATGCCACA 136

OPN-R GCTGGTCTTCCCGTTGC

RANK-F TCACAGCCTCCGAATGG 242

RANK-R CAGGGTAGGCAACTGTCATC

RANKL-F TCGGGTTCCCATAAAGTC 138

RANKL-R  GAAGCAAATGTTGGCGTA

GAPDH-F  CAAGTTCAACGGCACAG 138

GAPDH-R CCAGTAGACTCCACGACAT

1.8 Western blot #EH &AM EH, K H
BCA R &I E B Y & i, 20 pg ST INABE
JiEHf (CBC i 12% 1953 BS SR 5% WM AR S ) , W 4 g
EJE 80 V 40 min, 432 i 1E k120 V 50 min, fHJE
90 V %% [ 50 min,5 % BiE kY S A 4 CER,
IIA—$HL(CTGF 1 : 500; GAPDH 1 : 1 000) % i i
H 1 h, VS — 31 ( Goat anti-Rabbit IgG 1 : 10 000)
FIRWE 1 h, MA ECL &G & T4 H ahib#
RN A, LI ER 3K,

1.9 Zit%4&E R GraphPad Prism 8.0.1 4t
TR T G A A B S5 R x £ s ok, 24
i) LR R R 2 7 22 730, P < 0. 05 A2 5 A 48

S-S
2 H#R

2.1 ZERESSHERIME RO POEER DR
B AR S 12 h G REE A B g 4 ()
BEAL 25T (TR A A £ 6 T RE S PR T 40 i A5 1k
BFERANAY CaCl, ARTEVE T & LAY ) |, A5 1L RLAE S
BF[E] A 48 h B E5 4045 3G £ iR E 2 72 h
i, A5IE s Sad BE,  AE fb s T &2, IS 1L
BRI T 0 e AR E]) R 48 b,

2.2 HELFMEETH CTGF RiAKFERMER #;
Yt CTGF-siRNA IRk 5 , 555 M4 g, B P
HEZL A7 v5 4l L CTGER A X 2 318 1 22 S L4831+
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1 A7rS RSB RIZER PERL x200
A:0 h;B:12 h;C:24 h;D:48 h;E:72 h

2 CTGF-siRNA X Rf55 46 M50 §5 K 21 x 200
A XTHRE B AERIZH ; € AR234960 3 EIFI4 ;D : CTGF-siRNA 41 ; E ; siRNA-NC £ ; F; Boldine #1540 ; G : AR234960 + Boldine ZH

7% ¥, CTGF-siRNA-1 ., CTGF-siRNA-2 il CTGF-siR-
NA-3 2 A7:5 4l b CTGF #HX AR EAL, 2 5
HEFa X (P <0.05) 50k 2, 45 REWHEE
e siRNA F 3K FURLIS REA FFIK CTCF K5 &

%2 CTGF-siRNA F1 Western blot #& il %4t J5 4B
i CTGF HIRIEKFE(n=3)

205 CTGF(mRNA) CTGF
popiict 1 0.85 +0.005
CTGF + siRNA-1 0.16 £0.01 " 0.48 £0.02
CTGF + siRNA-2 0.59 £0.05* 0.66 £0.007 *
CTGF + siRNA-3 0.58 £0.02* 0.66 £0.02*
BH X R 0.95+0.05 0.84 +0.01*
FA8 272.9 440. 4

S5Xt 4L E . * P <0.05

2.3 CTGF-siRNA X4 5 &2 0m 18 2 ]
A SRR ZE AR L, sIRNA-NC 2145 Ak 45 1 i 3L AR
WA 75 4k, CTGF-siRNA , AR234960 + Boldine /I
Boldine Il 2H (1) 55 4k 45 75 3 2>, AR234960 i 501 7]
ISR EE T L

2.4 CTGF-siRNA XH4ARaR) ALP iF R0 ALP
TP E S5 R R Q& 3 (F =204.3) , 5HEAI4AH
[t ,siRNA-NC 21 ALP #9735 P 3 AR A 224k, CTGF-

siRNA 2H , AR234960 + Boldine ZH F1 Boldine 1] ] £H
(1) ALP TG PEREAR (P <0. 05) , AR234960 145340
# ALP B93EEF R (P <0.05)

B3 A7r5 dfa iy ALP iEE
A XFIRA B BRI AL € AR234960 #5741 ; D: CTGF-siRNA
#H ; E: SiIRNA-NC #; F: Boldine I il 54 ; G : AR234960 + Boldine 2 ;
S5 BEAH HEE. * P <0.05

2.5 CTGF-siRNA 3t 48 B8 Ff OPG, RANK,
RANKL FRIEH M H3K 3 Al M, SHABVA AL,
siRNA-NC #H OPG .RANK ,RANKIL f{) 3k £ FeAS %
F 7254k, CTGF-siRNA . AR234960 + Boldine #1 Boldine
NI 2H Y CTGF \RANK \RANKL A £ 3A AR (P <
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%3 A7r5 i CTGF.OPG RANK #1 RANKL HyFEKFE(n=3,x+s)

20531 CTGF RANK RANKL

X IR 1 1 1

T 8.67 +0.63 0.38 +0.02 14.07 £0.75 11.21 +0.89
AR234960 455 22.32+0.71" 0.22+0.01" 40.35 +4.01* 21.84 +1.47*
CTGF-siRNA 4.84+0.16" 0.75 0.02* 7.86 £0.47* 6.61 £0.61"*
siRNA-NC 8.31 +1.23 0.37 +0.05 15.89 +1.81 9.87 +1.17
Boldine 1 7) 2.02+0.29* 2.83+0.16* 1.88+0.21°" 3.68 +0.33"
AR234960 + Boldine 3.68 £0.53* 1.87 £0.11* 3.94 £0.52* 5.45+1.06"
F 1 391.7 193.1 164.9

5% R bE . " P <0.05

0.05),0PG F£iXHETFE (P <0.05), AR234960 i
B34l CTGF , RANK ,RANKL )ik 8T H (P <
0.05) ,0PG Fikm[EML(P <0.05)

3 itig

VC 2 A8 M4 T LB IR 5 52 & W i LT
(9, T AR B AE 'O R T, VC 5 3h kol AR Al
b IR B BRI B O LA K 45 22 o s 2 1)
AHG S0 MU0 15 2 9 25 1 1 o FE 26 1) o 22
o Bl TR EN O i AR S = AT A 16 K
S R M5 IR & A R A B i i, 5 A
SERVF L2 0 I A P ™ B S 3 BN E MO fEERE I
BT 5B K E RO ES0 AT ;R A]
TG 1 R B R R 1 AR e AR RO R O A
TRy kA J B L R , A I A A5 Ak 1) A S5 BT
HHAEEIRIRE X, A5 RO HGE 15 e
I HISR AT 10 mmol/L B-H il AR L ( BGP) 1 3
mmol/L. CaCl, /55 A7+S 4HAEE54k , UERH T LBk CT-
GF fEfg /> A7x5 AR5 1L

ALP & —FRAEBE 551 T RS A il iR — F R
A U I B R, ) A TR E R g B
MG EAEAIZY, B RERS ML IE T B LMl 5 PPi (1)
AKER AR A5k, B FT E Bl E B R I S
HA: B4 B R & A2 b i — S B R HEAE
TR HEAE Y R, v P ALP K5 IR B
JiA AL FBE R ) 40 v EL A A e, O LA B g
FW] ALP J2 I 37 i B AR 1A Ak BT 0 5 1 IR
PRI, REAIR ALP (1935 1 BE A A 3070 B 165 45 4k 1Y)
A RS iR CTGF-siRNA BE A S50 44K ALP 1Y
W,

OPG/RANK/RANKL 15538 i 75 I8 42 1l - 240 i
TR K g EEDEEREREEM, OPC Wity
RANKL 254, BHWr RANK 5 H454 ) M il &
W, AR BRI A R A S 56 rb o

Bk Y ATeS fff CTGF 3 A VT ER, B 7" RANK,
RANKL F& R 7K [ AR, OPG 35 KK 7, i L
B CTGF J:H BEAZE 12455 OPG/RANK/RANKL {5
S B T R A0 A AL RE R . [, Liu et al'
WFFE K B, &1 B 3% 1L 17 RE 7% 38 3 9% 15 OPG/RANK/
RANKL #170 i] 1fn 48 ~F ¥ WL Y BB o 4k, G 808 1k
VSMCs MY 750 381 g i 96 780 1) e R0 A o aod A, 0F
SIS A I i, S T i — 20 BT R
A5 Fl OPG/RANK/RANKL 13 53 % 1149384 3
1 ( AR234960) F13 17 ( Boldine ) F i, %€ OPG/
RANK/RANKL 15 53 5% 4 40 Ja 45 Ak i S i, AR 52
Kok B R, A AR234960 )5, RANK il RANKL
FERKSFE T, OPG 3[R 7K B, 40 it 45 1k 25 45
W% {HHIA Boldine J&, RANK A1 RANKL 3 [X 7K
SE TR, OPG S K 7, 40 A5 1k 25 5 0 b, X
VEHITTER CTGF A 5 Boldine A AR A HYMER , i —
AAEW] T CTGF A 2 i i % 9 OPG/RANK/
RANKL {5553 [ M 3 2400 1 4 A 85 4k 1 H
ZE LTI AR ST BT T ATS AR A A £k
B 3E 3 S G RE UL ER CTGF 3 K BE % D 4% 1M 45
S UL A A R B, FEAIR ALP 3 P, 4R OPG/
RANK/RANKL 5538 [ , M4 il 3 20 bk i 45785 1k
(R, R I A S A R YT B A TR R A
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Effect of CTGF in vascular calcification by regulation of aortic
OPG/RANK/RANKL signaling pathway

Wu Wei, Cheng Long, Wang Jie, Yang Chuanlei, Shang Yuqiang
(Dept of Cardiac and Macrovascular Surgery, The Central Hospital of Wuhan, Tongji Medical
College , Huazhong University of Science and Technology, Wuhan 430000 )

Abstract Objective To explore the effect of connective tissue growth factor ( CTGF) on aortic calcification and
its mechanism. Methods In vitro rat vascular smooth muscle cells ( A7r5) were used for vascular calcification
model construction, and the time of calcification was determined using Alizarin staining. The cells were randomly
divided into 7 groups to determine the effect of CTGF on calcification. Cells were transfected with CTGF-siRNA
plasmid, and the expression of CTGF in cells was detected by RT-PCR and Western blot. To determine the effect of
CTGF on cell calcification, cells were randomly divided into 7 groups. Alizarin staining was used to analyze the
effect of CTGF on calcification. ELISA was used to detect the alkaline phosphatase ( ALP) activity. RT-PCR was
used to determine the expression of OPG, RANK and RANKL in A7r5 cells. Results The optimal time for calcifi-
cation of A7r5 was 48 h. The expression of CTGF was reduced in the cells of the CTGF-siRNA group compared to
the Control group, indicating that A7r5 were successfully transfected with the CTGF-siRNA. Compared with the
model group, the expression of calcified nodules was reduced, the activity of alkaline phosphatase significantly de-
creased (P <0.05), and the expression of OPG, RANK and RANKL was also significantly downregulated in the
CTGF-siRNA group (P <0.05). Conclusion CTGF-siRNA attenuated A7r5 cell calcification and alkaline phos-
phatase activity induced by high phosphorus and calcium, and regulated the OPN/RANK/RANKL signaling path-
way, so as to play a therapeutic role in aortic vascular calcification.

Key words CTGF-siRNA; vascular calcification; OPG/RANK/RANKL signaling pathway



