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Bone morphogenetic proteins and prostate carcinoma
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[ Abstract ]
the morbidity of PC have greatly increased in China. Bone morphogenetic proteins ( BMPs ) and their receptors ( BMPRs )

Prostate carcinoma ( PC ) is one of the most common male malignancies in Western countries, and recently

are expressed in prostate and PC tissues. BMPs can induce ectopic bone formation, cell chemotaxis, cell differentiation
and embryogenesis. Some BMPs and BMPRs are expressed on PC cells and can be used as the prognostic markers for the
development, progression and prognosis of PC. BMPs modulate the biological behaviors of PC cells in a diverse manner,
depending on the cell type, cell differentiation state and local microenvironment. BMPs also play important roles in the
progression of PC, especially in promoting PC metastasis to bone, accompanied by a strong osteoblastic reaction. Study on
the relationship between BMPs and PC can help to explain the development and metastasis of PC, and provide a theoretical
basis for PC therapy.

prostate neoplasmas; bone morphogenetic protein; bone metastasis
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AR TR R AR A8 T 91 B 0 2, e 51 A
Jii M Hogw 55 Al 0 4 R WL 55 BMP2 . 41 il %
Smad8 Fl Smad4 5 [ 3¢k i AR S Bk S5 5 AR e
) JRA 52, F ) & BMP2 FI4H i Smadd 2 3
5T R 8 R 0 1R 8 Tk 1 o A OE R
G 43 AT FN5E JC L UK UE 5, BMPs 5% % i 53 4
£ 46 I F 15 ( growth differentiation factor 15,
GDF15 )TERTH B 9 FHT 51 B L Rz P9 9 728 4 Jifd v 3=
K TEIEH ATS MR A0 AR R R 263k, B 191 i aes 1) -
WIRAENTRES GDFIS B M RIAA K. 26 RA
FeZ w5 BRAERTSI BRI L, 29 Bni 5 iR L
B PR AR R 51 B i 41 21 b BMP2 .BMPS 1 BMP7
(14 35 R4 DL T, 5 B30 2 I PR 7 s 4 i 47 A
HA PSR FIE, T 10% ~30% RIHT A IR _E Kz Py 1
A AR TR AG X S I PR DR el A |, B R 48 BMPs
SR8 DUBC B 2 R 9 e kA R R R
— AR

NHIH IR 40 i &2 PC-3 Al DU-145 FE £ A
BMP4 mRNA, PC-3 4iifffiif %35 BMP3 I BMP2 mR-
NA. IEH KEFTZIRAZIEIS BMP2 3 4 F16 mR-
NA. KEATHI IR 4 M R PA T 23R 35 BMP3
mRNA . BMPs X} 1E 5 141 B 40 M i A K 1T 510 i o
BRI A= 24T Ry B LA B RE 5 R ORI B TR
BEZEH. IEWH AR R P EE BMP2 4,
5.6 F17 SFE MRS, Kb DL BMP2 4 F17 Rk
B, TE2 LB R 0 w9 i 41 21, BMP2
4 B3R, I BMPT (131K 8 &% T 1E % A 51
it o Gleason 73{E =7 WA i IR 988 I & 3040 A2k
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VE MRS RS 12 Wibr &, BMPR- 11 Dh g Bk 2kl B
ST R AN SO PR
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PIFEH B ATIR A — R AR 4518 . BMPs BR8]
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J J] 39 25 A 8 M BB ( eyclin-dependent kinase,
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REAT S BMPT 0k 22 1A 51ty 27 it o 4 i
% PC-3 I DU-145 8%, L p21, &Ik CDK2 i
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BMPs [ %3244 5 2k REAS I ) PC-3 4il g 7E °
BMP6 RefZi it b p21 .p18 F1pl9 5§ CDK M4
FAlH DU-145 40 M 28 KO0 RL B 45 5 H i
BMPs AEf%5 i  CDK 18 A2 400 il 1iy 5] B des 240 i 34 5
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CaP 4L 5 , (2 BEMER RS2 AR5 S5 7% 5 3 Ak
FHSCHER IR, 78 ZS3IKHT C4-2 NN A g%
FXELER (RN SR R B f 58 BMPT 1 34
BT C4-2 ANMIFPRL T 2 T, 40 M3 5 e ) o AR Ak,
{HRTEEOASE T , A1M3E 58 52 ENH0 ], Ui BMP7
(430 A FH 55 1 50 B 200 B o PR S AT A Sy ke
FZ8: R
BMPs X 17 571 i 9 240 10 1) 5 350 352 i R e B g

IRA M. BMP-6 ALt PC3M il Jila 3 A= , 181
Hehn PC3M F1 DU145 4T F S 4= 283 B2, AR
HLH & 06 16 DNA 454 /0460 # #7-1 ( inhibitor of
DNA binding/ differention-1, Id-1 ) Fl1FE i 4> J& £ H i
( matrix metalloproteinase, MMP Yy 4glisto]
SR UE W, H 41 R 9 AN 2% 38 SR 3R 38 BMPY Al
BMP10, F¢ B & 7E F 40 22, BMP9 Fil BMP10 3
Ik B 1E BT A B 240 B A R A AR K L - SR
B RZ2FIT %, BMPO 1 BMP10 38 i 75 5 1 41 i
FEAHRRL YR TR M AR K . BMP10 i 4 i P8 T
A Smad EARHH &S, 1M BMP9 & Smad K& 12,
$E78 BMP9 11 BMP10 £ 1if 51 B 98 v VE S Jif 8 4 41
SEPRR TR R AR

3 BMPs 517 EEE®D

S 2 A e e 7 1) e DL ER A 22—, O HL
W RIS . RIS IRA LI T - F A E
VR FIAE BRI B e 3% 5 A Pl S BEAE H  Jie 2H 41
AP ) - 240 2 R AR )RR R A RE
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A F e B 2 B o B2 U R 2 SR R R I
S ZUPEAT RS 200 L 3% B A 0 R B i i, (EL
AiEa GRS . BHANR B
T TR R A K PR AT i A7) e 200 A 1)
NEFERS T L GUF AR N I B, 107 57 1 i 4 o7
AR BV P REA in 3B 4 i S e A 22 o A A1
AR, T E — 2D (e JE B 56 F% . 1 2] i A 7
HAT AL TR RENE FRAT (R 2R 1 | DAL 1 B P e 3
F AR PR SE R B, TGF-B L B 2F 4 4f i AE 4 R 7
(fibroblasts growth factor, FGF )N %-1 ( endothe-

lin-1, ET-1) . Be& Z M BMPs 25 1] € 5 1 5] g 98 4
B 2 It R A T

PCR M 25 R FE W], Z80% A B 5% 7% BT8R
TR 2 BMP6 JE K 5K, i 7E B3 A f o 7%
HI 9 s 2H 2 P oK I, BMP6 %635, BMP6 mRNA &
WAL A KA B A T8 e 5 k0
R ALYA 2 208, M 7E IO B i 4 i ds
R PERTE BR3E A M A h FR R IGEE LT AR
ik, 7R BMP6 ik 5 Hig IR 0 & A B A A
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BMP6 I AE 2 T 51 B 9 B 5% R 1 bR A Y. De
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IR 1 ( bone sialoprotein, BSP ) A1 BMP6 1 FBH 1
FEIERAT R 65% (28/43 VFI 67% (29/43 ), Wi
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Ko BMP6 Hl BSP ik 58 4 # AH G, T iy Jit v e
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A B R 0 B, 10 )[R B 2Rk Bk 3 R
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N, 5 IEH AT BRI L R AR B, DR M R 8 R
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E TS I 40 ML 2R 1) 238 5 L B0R G B v e
WERASC, A H AR RS BMP7 BB 10 ] F A
T PN AR 4 A K T 0 oA T T 40 I P ) 9
MOAE R TG . VE# A, BMPT 18 45 F1 4
K NATFIRR Y | fe KA 72 R A BB i H 2,
BMP7 Rl DIHRTH b B — B a4 22 i 7%, #8275 BMP7
AR RIRYT RS I B e B 18— o, IR TT
BRI T Ry R A 5%

Masuda 25 () B 55 ) 3 B, 75 1F 5 B 20 41
RASE] BMP7 B335, 5 B B 7 B8 (19 48 IX.
BMP7 mRNA ik 7K - 4 25 15 T 3 ] [l 1E % 41 21,
PE7R BMPT (52235 5109 g B A A %, i 51 i
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FEE R AL 2N IR BMPT B4 AT RE 2Ok IR T i
Sk, DHT /£ T i 2 IR b e 4n i Js , H BMP7
mRNA Fh/K -1 35 4w, Ul A A8 ik of BMP7 3%
IR EA MEBER U . KU R AT R R
K HIRT S IR 41 41 b BMP7 357K &A%, BMP7
REAS 5 3 1 41 B 98 21 JfL Smad #5121k, b L LU
Smads AL Y. BMP2 F1 BMP7 LI K
75 AR ATE i AN TR R 28 . KT 9 e
A AR LAPC-9 P T 2R RULE 14k , 8 Jl J5 T A 1k
PERUEFELE A, IF HLF% g BMPs S04 3k 85 1 i
DRI 60 400 ) ol 235 ) A 2 0, 2 7 3o 410 ) ) 8
BMPs A5 1= AT LA ] 71 A 0 28 X B D 33 e
R B R R IR o 9 e ) A R R
b R BT AR, ST SV E R AR
AN R TR N R O KA
IR e A R 1 A5 H NSRS R
I W ZUEAT B A0 B A R o 20 e A A
F (AR FGF FEE & R AR A K R 55 )Y
L HAE RN A 3 ) H P bone tropism ), I HLAEfS
RTG53 W6 B ET-1 01 DR i B 27 4 55 (A 7 1 5
( urokinase-type plasminogen activator, uPA )} 5
HA TR TR A KR T RZ K, i TCF-g AR SZ
AR 25 A1 & 25 1 ( parathyroid hormone-related protein,
PTH-rp )H1 BMPs 45, 5 Hii 81 it 73 WA 1Y) kalikrein 2 F71
AUH AR 4 S5 BT R ( prostate-specific antigen, PSA )#H
HAER, RE08 i 1T 51 i g8 A0 B P RE 2 1Y Chfa Al
MSX 45 H G S R I R 38 , Tk 26 X - RE A5 15
IR 3k 5 45 B FE ( osteonectin, ON ) 45 % ( os-
teocalcin, OC )F1 BSP %5 iU H 40 Ml br 54 . 1) B i
A7) 8 200 TR A 00 i e () 3Rk Y £ 1B, )
JE SRR 19K Sl A BT, A AT RE 4R B — b 7
B FIIETT R 5 M SRS R e

TERIA B S A TN S ok B v, BMPs 5 HAth
A A PR A LA P 3 v B AR (5 I P B A
A K + ( vascular endothelial growth factor,
VEGF )2 B 248 L 0% 38 16 A JoT, 115 470 i 9 240 L 5% LA
R U MRS VT8 i U 38 VGEF. BMPs
REAZI TS IR A 2 C4-2B F VEGF mRNA &
HE AR, JF B BMP7 AERSI5 1L VEGF )& 30
5, H R TR T B R B b, BMPs RE 6% 1 i
VEGF RYEHME S 4L , VEGF {2 i 5] B s
s (07 1815 A8 X A B> I 4 A TN T
( hepatocyte growth factor, HGF WEN{Z58 71 iz 5 )
LA AR R PR 7, f2 0 PR e R AR I A
PN AR SD SE G IE 52, HGF BEf% I I8 A 5] Ji 6 40

( PC-3 1 DU-145 )y BMPR-1 #l BMPR-II % ik, f:
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PG R A A, REE 5050 MR R
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W) B G 27 i %) 2 9 B e e WL, R AR A2 W
IR AR BESC I AR IR A o

[ % T )

[1] Wang H, Noulet F, Edom-Vovard F, Tozer S, Le Grand F, Du-
prez D. Bmp signaling at the tips of skeletal muscles regulates the
number of fetal muscle progenitors and satellite cells during devel-
opment [ J]. Dev Cell, 2010, 18 (4 ): 643-654.

[2] Buijs JT, Petersen M, van der Horst G, van der Pluijm G. Bone
morphogenetic proteins and its receptors: Therapeutic targets in
cancer progression and bone metastasis [ J . Curr Pharm Des,
2010, 16 ( 11 ): 1291-1300.

[ 3] Horvath LG, Henshall SM, Kench JG, Turner JJ, Golovsky D,
Brenner PC, et al. Loss of BMP2, Smad8, and Smad4 expression
in prostate cancer progression [ J]. Prostate, 2004, 59 ( 3): 234-
242.

[4] Doak SH, Jenkins SA, Hurle RA, Varma M, Hawizy A, Kynas-
ton HG, et al. Bone morphogenic factor gene dosage abnormalities
in prostatic intraepithelial neoplasia and prostate cancer [ J J.
Cancer Genet Cytogenet, 2007, 176 (2 ):161-165.

[5] Yuen HF, Chan YP, Cheung WL, Wong YC, Wang X, Chan
KW. The prognostic significance of BMP-6 signaling in prostate
cancer [ ] ]. Mod Pathol, 2008, 21 ( 12 ): 1436-1443.

[6] KimlIY, Lee DH, Lee DK, Ahn HJ, Kim MM, Kim SJ, et al.
Loss of expression of bone morphogenetic protein receptor type Il
in human prostate cancer cells [T] Oncogene, 2004, 23 (46 ):
7651-7659.

[7] Tomari K, Kumagai T, Shimizu T, Takeda K. Bone morphogenet-
ic protein-2 induces hypophosphorylation of Rb protein and repres-
sion of E2F in androgen-treated LNCaP human prostate cancer
cells [ J]. Int J Mol Med, 2005, 15 (2 ): 253-258.

[8] Kumagai T, Tomari K, Shimizu T, Takeda K. Alteration of gene
expression in response to bone morphogenetic protein2 in andro-
gen-dependent human prostate cancer LNCaP cells [ J ]. Int ] Mol
Med, 2006, 17 (2): 285-291.

[9] Miyazaki H, Watabe T, Kitamura T, Miyazono K. BMP signals
inhibit proliferation and in vivo tumor growth of androgen-insensi-
tive prostate carcinoma cells [ J . Oncogene, 2004, 23 ( 58 ):
9326-9335.

[ 10 ] Haudenschild DR, Palmer SM, Moseley TA, You Z, Reddi AH.
Bone morphogenetic protein ( BMP )-6 signaling and BMP antago-
nist noggin in prostate cancer [ J ]. Cancer Res, 2004, 64 (22 ):
8276-8284.

[11 ] Qiu T, Grizzle WE, Oelschlager DK, Shen X, Cao X. Control of



+ 588 -

Fp R A= iR YT 24,2010 4E 10 H,17(5)

prostate cell growth: BMP antagonizes androgen mitogenic activity
with incorporation of MAPK signals in Smadl [ J ]. EMBO J,
2007, 26 (2 ): 346-357.

[ 12 ] Morrissey C, Brown LG, Pitts TE, Vessella RL, Corey E. Bone
morphogenetic protein 7 is expressed in prostate cancer metastases
and its effects on prostate tumor cells depend on cell phenotype and
the tumor microenvironment [ J ]. Neoplasia, 2010, 12 (2): 192-
205.

[ 13 ] Darby S, Cross SS, Brown NJ, Hamdy FC, Robson CN. BMP-6
over-expression in prostate cancer is associated with increased 1d-1
protein and a more invasive phenotype [ J ]. J Pathol, 2008, 214
(3):394404.

[ 14 ] Shaw A, Gipp J, Bushman W. Exploration of Shh and BMP parac-
rine signaling in a prostate cancer xenografts [ J |. Differentiation,
2010, 79 (1): 4147.

[ 15] Ye L, Kynaston H, Jiang WG. Bone morphogenetic protein-9 in-
duces apoptosis in prostate cancer cells, the role of prostate apopto-
sis response4 [ J ]. Mol Cancer Res, 2008, 6 ( 10 ): 1594-1606.

[16 ] Ye L, Kynaston H, Jiang WG. Bone morphogenetic protein-10
suppresses the growth and aggressiveness of prostate cancer cells
through a Smad independent pathway [ J ]. J Urol, 2009, 181
(6): 2749-2759.

[17] Buijs JT, Henriquez NV, van Overveld PG, van der Horst G, ten
Dijke P, van der Pluijm G. TGF-beta and BMP7 interactions in
tumour progression and bone metastasis [ J ]. Clin Exp Metastasis,
2007, 24 (8 ): 609-617.

[ 18 ] Graham TR, Agrawal KC, Abdel-Mageed AB. Independent and
cooperative roles of tumor necrosis factor-alpha, nuclear factor-kap-
paB, and bone morphogenetic protein-2 in regulation of metastasis
and osteomimicry of prostate cancer cells and differentiation and
mineralization of MC3T3-El osteoblast-like cells [ J ]. Cancer Sci,
2010, 101 (1): 103-111.

[ 19 ] Rentsch CA, Cecchini MG, Thalmann GN. Loss of inhibition over
master pathways of bone mass regulation results in osteosclerotic
bone metastases in prostate cancer [ J ]. Swiss Med Wkly, 2009,
139( 15/16 ): 220-225.

[20 ] Lai TH, Fong YC, Fu WM, Yang RS, Tang CH. Osteoblasts-de-
rived BMP-2 enhances the motility of prostate cancer cells via acti-
vation of integrins [ J ]. Prostate, 2008, 68 ( 12 ): 1341-1353.

[ 21 ] Dai J, Hall CL, Escara-Wilke J, Mizokami A, Keller JM, Keller
ET. Prostate cancer induces bone metastasis through Wnt-induced
bone morphogenetic protein-dependent and independent mecha-
nisms [ J ]. Cancer Res, 2008, 15, 68 ( 14 ): 5785-5794.

[ 22 ] De Pinieux G, Flam T, Zerbib M, Taupin P, Bellahcene A, Wal-
tregny D, et al. Bone sialoprotein, bone morphogenetic protein 6
and thymidine phosphorylase expression in localized human prostat-

ic adenocarcinoma as predictors of clinical outcome: A clinicopath-

ological and immunohistochemical study of 43 cases [ J ]. J Urol,
2001, 166 (5): 1924-1930.

[ 23 ] Dai J, Keller J, Zhang J, Lu Y, Yao Z, Keller ET. Bone morpho-
genetic protein-6 promotes osteoblastic prostate cancer bone metas-
tases through a dual mechanism [ J ]. Cancer Res, 2005, 65
(18): 8274-8285.

[24] Ye L, Lewis-Russell JM, Kynaston H, Jiang WG. Endogenous
bone morphogenetic protein-7 controls the motility of prostate canc-
er cells through regulation of bone morphogenetic protein antago-
nists [ J 1. J Urol. 2007, 78 (3 Pt1): 1086-1091.

[ 25 ] Buijs JT, Rentsch CA, van der Horst G, van Overveld PG, Wet-
terwald A, Schwaninger R, et al. BMP7, a putative regulator of
epithelial homeostasis in the human prostate, is a potent inhibitor
of prostate cancer bone metastasis in vivo [ J ]. Am J Pathol, 2007 ,
171 (3): 1047-1057.

[ 26 ] Masuda H, Fukabori Y, Nakano K, Shimizu N, Yamanaka H. Ex-
pression of bone morphogenetic protein-7 ( BMP-7 ) in human pros-
tate [ J ]. Prostate, 2004, 59 ( 1 ): 101-106.

[ 27 ] Yang S, Zhong C, Frenkel B, Reddi AH, Roy-Burman P. Diverse
biological effect and Smad signaling of bone morphogenetic protein
7 in prostate tumor cells[ J ]. Cancer Res, 2005, 65( 13 ): 5769-
57717.

[28] Feeley BT, Gamradt SC, Hsu WK, Liu N, Krenek L, Robbins P,
et al. Influence of BMPs on the formation of osteoblastic lesions in
metastatic prostate cancer [ J]. J Bone Miner Res, 2005, 20
(12): 2189-2199.

[29] Dai J, Kitagawa Y, Zhang J, Yao Z, Mizokami A, Cheng S,
et al. Vascular endothelial growth factor contributes to the prostate
cancer-induced osteoblast differentiation mediated by bone morpho-
genetic protein [ J ]. Cancer Res, 2004, 64 (3 ): 994-999.

[30 ] Ye L, Lewis-Russell JM, Davies G, Sanders AJ, Kynaston H,
Jiang WG. Hepatocyte growth factor up-regulates the expression of
the bone morphogenetic protein ( BMP ) receptors, BMPR-IB and
BMPR-II, in human prostate cancer cells [ J ]. Int J Oncol, 2007,
30 (2): 521-529.

[31] Ye L, Lewis-Russell JM, Sanders AJ, Kynaston H, Jiang WG.
HGF/SF up-regulates the expression of bone morphogenetic protein
7 in prostate cancer cells [ J ]. Urol Oncol, 2008, 26 (2 ): 190-
197.

[ 32 ] Vitk MS, Petrigliano FA, Liu NQ, Chatziioannou AF, Stout D,
Kang CO, et al. Influence of simultaneous targeting of the bone
morphogenetic protein pathway and RANK/RANKL axis in osteo-
Iytic prostate cancer lesion in bone [ J ]. Bone, 2009, 44 (1 ):
160-167.

[ KFEEHE] 2010 -05-10
[ AxXHmE] W

[f&EEHI] 2010 -08 -28



