HhE AR AR T 24 hitp://www. biother. org
Chin J Cancer Biother, Jun. 2009, Vol. 16, No. 3 <243 -

Yy ad
DOI: 10.3872/j. issn. 1007-385X. 2009. 03. 007 o JEREBIEST o

BRI FL IR BRI E b CGRP X4 AL B 402 OPG #1 RANKL 3K i% 2
¥ O RBR,R O B M EFE.%R F(LEXRERF WEEFANARER WBAFA, EiE 200233)

[ T HAU: IFLARE AN S B 40 5 FR B FLAR AR B P S TR B , WL A LM P 55 v A5 2 R AL G JIRC calci-
tonin gene-related peptide , CGRP )X R A & ( osteoprotegerin,, OPG ))SZQD]EM?I? kB 2R 1k A I AA( receptor acti-
vator of nuclear factor-kappa B ligand, RANKL; X FRBYE 40 it 43tk H 7 ) Fak Y32 00 T35 K B v FUIR A 40 MDA-MB-
231 B MDA-MB-435 5 8B4 MG63 FLi55% , dr Wil FL i s B % B 3R . 17 CGRP( 1 x 10° mol/L )T, i /] RT-PCR
1 Western Blotting $ AAG I T-/5 OPG Hl RANKL 7£ mRNA FIE 1K F-2RA 0725k, 45 A : MG63 5 MDA-MB-231 &, MDA-
MB-435 L5 323785 HF , RANKL mRNA & 25 K FH5 , 1 OPG mRNA FiIEE H /K265 F B ; CGRP AL B 5 , Fh 35 32 FRBs o
RANKL mRNA &%57J<¥W& OPG mRNA & 1K BT (¥ P <0.05). 4510 FLIG % 40 i A I8 5 5B 40 e OPG/
RANKL fli 3% , 15 10 ] G 02 15 1 B 40 Bl 990 95 1k, s s - M R s CORP T30l sl g L V81 V6 P, 6 LB 15 6 B2 (W3R 7
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[ KEEIT ] RS R SC MR PR R AR ; i AR s PP 22 5 i 0 B 43 f IR -7

[ FE4%ES ] R737.9; R730.2 [ XHtiRE"E] A [ XEHS ] 1007-385X( 2009 )03-0243-05

Effects of calcitonin gene-related peptide on osteoprotegerin and RANKL
expressions in osteoblast cells in bone metastasis microenvironment of breast
cancer in vitro

YANG Chen, ZHAO Hui, YAO Yang, WANG Zhi-yu, CHEN Ping “( Department of Oncology, Sixth Peoples Hospital
Shanghai Jiaotong University, Shanghai 200233, China )

[ Abstract ] Objective: To observe the effect of calcitonin gene-related peptide ( CGRP ) on the expression of osteopro-
tegerin ( OPG ) and receptor activator of nuclear factor-kappaB ligand ( RANKL ) in osteoblast cells through an in vitro
breast cancer cell and osteoblast cell co-culture system. Methods: The metastatic breast cancer MDA-MB-231 or MDA-
MB-435 cells were co-cultured with osteoblast MG63 cells to establish an in vitro microenvironment of bone metastasis of
breast cancer. After treated with CGRP( 1 x 10° mol/L ), OPG and RANKL mRNA and protein expressions in osteoblast
MG63 cells were examined by RT-PCR and Western blotting. Results: Expression of RANKL in osteoblast MG63 cells
was up-regulated at both mRNA and protein levels when osteoblast MG63 cells were co-cultured with breast cancer MDA-
MB-231 or MDA-MB-435 cells, while those of OPG in osteoblast MG63 cells were both down-regulated ( P <0.05 ). After
treatment with CGRP, expressions of RANKL in osteoblast MG63 cells were down-regulated at both mRNA and protein
levels, and the expressions of OPG mRNA and protein were both up-regulated ( P <0.05 ). Conclusion: Breast cancer
MDA-MB-231 and MDA-MB-435 cells can promote osteolysis of osteoclast cells via regulating the expression of OPG/
RANKL axis in osteoblast cells. CGRP can reverse the osteolysis of osteoblast cells induced by breast cancer cells and may
serve as a potential therapeutic agent for treatment of bone metastasis of breast cancer.

[ Key words ] calcitonin gene-related peptide( CGRP ); breast cancer cell; osteoblast cell; osteoprotegerin( OPG );
receptor activator of nuclear factor-kappaB ligand ( RANKL )
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[ 45 25 3 PRI AH G BR( calcitonin gene-related pep-
tide, CGRP ) J& —Fh & 37 MR KM W £ ik, #F
58 R, CGRP FE 15 ML FLC LB A O JILAE
FERYME S A AR £ AR KR R U LR Y
PR BV A R R AR . % CGRP B2 2T
AEAE M5 e B R A A T R DX I A o3 A, R Y
CGRP 5 H 41 /9 CGRP Z k%54, 2 5Lk
S AT oy SRR A 5 A R AN R Lt A
7E CGRP WY REMEZ 4K, CGRP 15 3 1K 1] B B He 4
il B A L M B

B FLUI RO W WIS A R TR 2 — o i
FUHRIER 7 B T S 1) B R G = C R 5 IALAE |
PR B AF )™ R R AR A AR S R S AR A
. Gy i i 24 ) oA A S G M R e e A A
HP I SR A DA i PR 2 i G A AR L

MISEHTE B, LM e A o B RO
200 TV B A P T A R AT B A S PR o,
WO BB A . AR ST ST FL R 20D MDA -
MB-231 J2 MDA-MB-435 5 (& 4l MG63 1355
FRASLRL, AL P LR R B e B T ER B, U] RT-
PCR [ Western blotting %5 77 % , W8 2L I e 4 i 5
A0 A % 5 0 i 5 R B R (osteo-
protegerin, OPG ) & 2l Md#% A 7 B 52 4R 1% 4 K il
A( receptor activator of nuclear factor kappa B ligand,
RANKL ; SRR B 4 70 AL N 7 )mRNA K 26 Y
Fik, HET T A CGRP X LRI & 5 B WA S5 vh iy
AR BIRZNR , B WTRT T P BRI

1 RS

1.1 SR 2%

R AN MG63 T i Rk B 41 i A, FLAR
4R M MDA-MB-231 K MDA-MB-435 Il § ATCC,
A0 AL AR KR R, N BRSO3 N AE G K
( hCGRP)Ig A At T FER AR AR A /. Gk
MyEC FBS )W A M DY 2= B ) TR M B R
Al DMEM b5 SR (&5 5 2= ABE & R & 100

U/mD)W H 35 iAW BE 25 A RS /. TRIZOL 251
& H Invitrogen 23 ], M-MLV % —4%% ¢cDNA & h{
A& PCR ¥ 8 & A Bl A T AY) T/
AR S R AFL,
1.2 SRS R BB AR T3 440

FARARKT IR0 3 Bl M LA 10% i 4 13 1)
DMEM il 4t ffl 2 i . B LIEFR 5 x 10° 4> MG63
4T 6 FLAH ;4300 5 x 10° 4~ MDA-MB-231 1§
MDA-MB435 FHrp 2 fLrr, BALIL I 10% B4
M7 A9 DMEM SR 729 1 ml, Bph el 4% 3% 24
h 5, R W % 1 ml TG0 DMEM &5 B 3% 5%
W, 12 h J5 48 & CGRP( 10 ~° mol/L)[) DMEM 5
BERE IR . 528G 6 41, X IRAL AT CGRP, VAT 4H
J 1 x 10" mol/L CGRP. #k£:H55% 48 h J& , 4 &
RNA B EHAT T —25 5050
1.3 RT-PCR # | OPG #= RANKL mRNA #4 % i&

A RNA $5 B A I 56 R ] TRIZOL 357 & #%
AR B AN M B RNA, B A AR R I 5 3
WPEFIAERE , JH % RNA FOEHRE N 1 pg/plo

cDNA 55— 85 & ik I M-MLV 5 —## ¢DNA
A RGRF B, =L 20 Wl VAR R, B BATR (1)
Oligo dT 0.5 pg..h RNA 5 ug, fiNJG RNase H,0 & %¥
%12 pl;70 °C 5 min,4 °C 30 s, B0 5 s;(2)H015 x
RT Buffer 4 pl.dNTP Mixture( £ 10 mmol/1 )2 VI
RNase 1 5] 1 wl, IR G500 5 5,37 C 5 min;
(350 M-MLV i 5 R 5 1 wl, 1RG5 37 C 60
min,70 °C10 min, BP5¢ % cDNA 55 —#E 195 % .

PCR FFHB I 1. PCR KW ZR 20 pl, B cD-
NA 2 pl,Jill 10 x buffer,dNTP 1 ul,Taq DNA 2457 0.5
wl, E A 19045 1l Bk 12.5 Wl JRBiAAH:95 °C
3 min FVAME;94 °C 60 s %‘@;B—actin\OPC S RANKL 4y
BIF 53 C 48 C I 51 CIRK 60 5372 °C HEK 60 5330 4~
TIEER,72 °C 10 min ZRGEMH, HPCR §7 45741 6 wl LA
1% BEIEHREEI 7 0.5 mg/ml JRALZEE ), Bk, 2
T BHBR, W A OCE A, ARRE R B-actin 4%
R FLAEE R H LR AR

&1 PCR3¥
Tab. 1 Primers of PCR
Fragment
Gene Sense primer Anti-sense primer
length ( bp )

B-actin 350 GACCTGACAGACTACCTCAT AGACAGCACTGTGTTGGCAT

OPG 527 GGACCACAATGAACAACT TAGCAGGAGACCAAAGAC
RANKL 194 CCAGCATCAAAATCCCAAGT CCCCAAAGTATGTTGCATCCTG




W RS BUNFLRE BB HOREE T CGRP X RUE 4 OPG Al RANKL ik 5200 .45 -

1.4  Western Blotting #2-] OPG F= RANKL % & 64 & ik

fdiFH RIPA 24 240 B 4ih $2 5085 11, BCA YA R Y
Ei. FHEZ PVDF B E 5% Wilg - Wh 041 2 h
J& , B — Bt ( B-actin, 1: 2 000; OPG, 1 : 200;
RANKL,1: 200 )4 CiZ#. 0. 1% TBST 7 min ¥ 3
i, FH 0. 1% TBS FifAI . —Pi( 1:2 000 ), = EMFE
1 h,0.1%TBST 7 min ¥ 3 i, ECL 25, 5 H &
H OPG/B-actin Sz RANKL/B-actin REEFTER
1.5 “itsFam

A ER 3 W, IR R« 25 R
/No IH] SPSS10.5 Seit i, & A1 F Ze i A
TTEA 2R T 225317 -

2 & B

2.1 BEMAIUIRE B AR P CORP % B
4 i, OPG A= RANKL mRNA % ik #9%

RT-PCR #5145 5 i 75, MDA-MB-231 K2 MDA-
MB-435 5 MG63 3% 5= BN ZL g B 5% 7 T 3R
Bg, AT MG63 FliE %, OPG mRNA (1315 B
WA ( P <0.05), T RANKL ) mRNA 23k 7
(P<0.05), CGRP 4 PR )5, 5 4% A b B4 H 4%,
RANKL mRNA [ 235 F ¥, ifi OPG mRNA ) ik
(P <0.05); MDA-MB-231 2 MDA-MB-435
ANFRiE RANKL, (HIR 7 #3235 OPG( & 1.2 ),

MIZ34d 56THY IO

LEIL K

RAME]

E 1 CGRP X EBMEFZEREARLIERERSR
R B 40 A OPG #1 RANKL mRNA &% H) 800
Fig. 1 Effect of CGRP on expression of OPG and RANKL
mRNA in osteoblast MG63 cells co-cultured with breast
cancer MDA-MB-435 or MDA-MB-23 cells
M: DNA Marker; 1: MG63 cells; 2: MG63 + CGRP; 3: MG63 +
MDA-MB-231; 4: MG63 + MDA-MB-231 + CGRP;
5: MG63 + MDA-MB-435; 6: MG63 + MDA-MB-435 + CGRP;
7: MDA-MB-231; 8: MDA-MB-231 + CGRP; 9: MDA-MB-435;
10: MDA-MB-435 + CGRP
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Fig.2 Expression of RANKL ( A ) and OPG ( B ) mRNA in
osteoblast MG63 cells co-cultured with breast cancer
MDA-MB-435 or MDA-MB-23 cells treated with CGRP
*P <0.05 vs MG63; ©P <0.05 vs MDA-MB-231 + MG63;

4P <0.05 vs MDA-MB-435 + MG63

2.2 BMASULSEE B HBMAE T CGRP 3 5B
40 i, OPG % RANKL & & & ik 69 %)

MDA-MB-231 % MDA-MB-435 5 MG63 $£3% 3%
BN ZLIRIE 5 B OAEE , OPG 1 R K FEAIR,
RANKL & H 253800 ; CGRP 4b 2 25 E I W Mo 14
OPG #1783k  H &M RANKL & HHIZA( ¥ P <
0.05,&13.4 ).

B EE]]

HANELLIR MK

3 CGRP i B MEMILREARILIERER
F B4R OPG #1 RANKL % A &% /%200
Fig.3 Effect of CGRP on expression of OPG and RANKL
protein in osteoblast MG63 cells co-cultured with breast
cancer MDA-MB-435 or MDA-MB-23 cells
1: MG63; 2: MG63 + CGRP; 3: MG63 + MDA-MB-231;
4: MG63 + CGRP + MDA-MB-231; 5: MG63 + MDA-MB-435;
6: MG63 + CGRP + MDA-MB-435
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Fig.4 Expression of RANKL ( A ) and OPG( B ) protein in
osteoblast MG63 cells co-cultured with breast cancer
MDA-MB-435 or MDA-MB-23 cells treated with CGRP
*P <0.05 vs MG63; “P <0.05 vs MDA-MB-231 + MG63;
4P <0.05 vs MDA-MB-435 + MG63
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FLI I T R B 0 22 D T PR R SO, AL
98 2 L 2 L 0 ) s M ol T R
B AR NS I A A% R B 32 A3 AR i
i ( receptor activator of NF-kB ligand, RANKI.; ¥ FR
T B 2 A o0 A DR ) 45 40 i BT, 3 T B B i
AR B oAb A U A B, 4 B R P L DA
17385 1S Sy ¥ e RS o, s i, O s B i
b, 0B BRI R 4 %% A6 A 4 R 7-B( transforming
growth factor-B, TGF-B ). H J& & & 4= & 11 ( bone
morphogenetic protein, BMP )Z& 4 [X 1 X fEHF
TR 2, 2 R 0 L 36 7 L T B PR 3R C
H TG4 L TE N 1) 22 e B e R i e R P R
W K RANKL 3k 35", P95 RANKL f93%
K R AR I A AT X — B EE 2R , RING YT B
R E i O — R

RANKL. RANK. OPG ¥ TNF # 55 H i) —
51, RANK J& RANKL fHE— 32 {4 ; OPG Rk T2

5 B E U AE I AR 2 4140, & RANKL AYHSZ 14,
A5 RANKL 35 4+E45 4 RANK 7.

RANKL 5l 40 M) RANK 455 5, il
G R R T NF-kB )1l ¢-Fos . c-sre . c-Jun N-K ¥ i
fi#( c-Jun amino-terminal kinase , JNK ) c-myc . F5
B2 i calcineurin ), p38 Lk M 22 & TR -5 & R
P Akt/PKB i 42 51 B R 5 40 M 9 — R 9 Bl 1 9
W R, (0 2 P AR 43 Ak A7 T Al A A
B A, T AL T . RANKL Xk B 4 i
AR K, 30 7 1 2 3 I ) B R A, T 391 O B
YERI' ), i OPG Tf BT RANKL 5 RANK %54 1
R B AR AR ) Ak AE TR SR, T
B 20 0L A R W T M, R B A e T
RANKL F1 OPG 1 L@l g 1 i 20 i A5 19 5 T
WA & A R B AN G A 12 AE LR | R 5
BH B R 1 I RANKL/OPG 1315 &
FHE . AR, BT RANKL 5 RANK 4 {F
FH AT LA S B 15 200 A ey, 0 1T 9 Lk e 1 A%
By RN Kostenuik 28 5 1y 5236 0, A RANKL
PATE B U AR ( denosumab ) 1] DL A B S A
RANKL 3 5 5 20 /) B A 1 B W A5 18 o 4

BFSE 10 RIESE, BN MR 4 A 3 000 ~ 3 500
A~ CGRP Z A&, CGRP 5 Wi B 445 & , itk i 4
%L, Ballica 7' & BR, 16 45 Sk B 8 3h 7 191
it 2635 CORP AYFEIE /N B Ry 1598 1 ok B 1)
PR RN B B3N, Schinke' ! % B, CGRP
FEPRFRBRBE T CT 238 H /MR TR R~
W2 IR h ™ (4B B B A . Ishizuka ' BF9E B,
CGRP 1 B4l 2< H B B R 2 o RANKL i 3
HEAH T BB 4 i, #2785 CGRP J2& & B 15 Al 1

W TSR 15T, (L LR FEBUR, E A 07
.

TELEE IR AT, FURBR I A0 B A B O R BB A
G 20 AR T A 0 A K A S
S AL AU 5 B A AR SRR SRR R T AR
PIFUNR i B e B A B% . L I8 40 B2 MDA-MB-231
J MDA-MB-435 5 B 4 il MG63 3555 6 Jil 5,
K RAE, 55 Thomas HYSZHE 2 M — 8., ASLH 4%
R 78, MDA-MB-231 Dl &z MDA-MB-435 AN % ik
RANKL, 1% 3 ik 98 3 = OPG, 1fii CGRP Ay 1 ] %t
OPG MYKIBTEA M . 7EFL IR 40 e MDA-MB-231
J MDA-MB-435 4 ffl & #h I35 35 218 T, MG63 4l
Jitd RANKL A9 3A38 01, OPG 1 223K T [, 42 - FLIR
57 440 e P o Y A A A AR R, R i
(=] I 1B = o Y 7 L = R = K
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S 2 I F W], CGRP 7E 1 x 10 ~° mol/L Wk g i
PR 4 M N cAMP F8 e 3, I B 3o 4 i %
A cAMP (177 R KRR B Hh 5 | i MG63 41 g
BT E TR 2 NI EAR ST e 1 x 1078
mol/L ¥ () CGRP 17T Wil 5L 55, WL4E CGRP X H
MG KA B 55 5 T B I R B OPG K
RANKL 915 fEH . 78 CGRP fEHF MG63 41 fifg
J& , RIELATHH] RANKL B335, {23 OPG 3L Y
Fik , $E7~ CGRP W 38 2 ok 200 410 ol o - &4 e 144
T, SETT R R S G E MO E R AR S EL
BRgE AN AR AP LR S 454, CGRP ()T 131, [ 1]
DIPI] RANKL (92635, 2 iF OPG iRk, XKW
CGRP AEIE 18735 RANKL/OPG £ 1k 3151 05 - 4
FOLA T, S L AT A8 3 B 2L Rt A X e A )
fRHEVEF

gi b r ik, 2L 40 M B R Y E 40 OPG/
RANKL % () g3k , 1 17 ] B8 42 1 A B 440 A 10 3% 1
T R ERE IR 5 T CGRP W) OPG/RANKL %1,
7B AT S 30 A L e 200 PR %) A1 V5 BV T, DA A B
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