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Colony-forming assay of MCF-7 cells treated with conditioned media from

BMMS-03
Control: MCF-7 without treatment of BMMS-03 conditioned media; BMMS-03: MCF-7 cells treated with

10% BMMS-03 conditioned media.
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Fig. 2 The proliferation of MCF-7 cells in presence of
conditioned media from BMMS-03 measured by MTT
assay
Control: The proliferation of MCF-7 cells without conditioned media;
BMMS-03: The proliferation of MCF-7 cells in the presence of
conditioned media from BMMS-03 stem cell cultures (P <0.01 wvs

control).
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Fig. 3 Expression levels of -catenin, Bcl-2, c-Myc, PCNA
and survivin in MCF-7 in presence of BMMS-03
conditioned media by Western blot analysis
Control: MCEF-7 cells without conditioned media; BMMS-03: MCF-7

cells treated with conditioned media from BMMS-03 stem cell cultures.
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Fig. 4 Identification of (3-catenin in MCF-7 cells by immunoflourescence staining
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Fig. 5 Expression levels of Dkk-1 in MCF-7 and BMMS-03
cells by Western blot analysis
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Fig. 6 Antibody against Dkk-1 abolished the inhibitory
effects of conditioned media from BMMS-03 on the MCF-7
cells
1: MCEF-7 cells without conditioned media; 2: MCF-7 cells treated with
conditioned media from BMMS-03 containing normal rabbit IgG; 3:
MCF-7 cells treated with conditioned media from BMMS-03 after
neutralization of Dkk-1 activity by the rabbit anti-human Dkk-1

antibody.
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Fig. 7 Effect of overexpression of Dkk-1 on -catenin and
c-Myc in MCF-7 cells transiently transfected with
pcDNA3.1 (-) -Dkk-1 by Western blot analysis
(a) Overexpression of Dkk-1 in MCF-7 cells transfected with pcDNA3.1
(-)-Dkk-1 by Western blot analysis. /: MCF-7 cells transfected with
empty vector of pcDNA3.1(-); 2: MCF-7 cells transiently transfected
with pcDNA3.1(-)-Dkk-1. (b) downregulation of B-catenin and c-Myc
in MCF-7 cells transiently transfected with pcDNA3.1 (-)-Dkk-1 by
Western blot analysis. /: MCF-7 cells without transfection; 2: MCF-7
cells transfected with empty vector of pcDNA3.1(-); 3: MCF-7 cells

transiently transfected with pcDNA3.1(-)-Dkk-1.
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Fig. 8 Effect of conditioned media from BMMS-03 cells
transiently transfected with pcDNA3.1 (-) -Dkk-1 on f-
catenin and c-Myc in MCF-7 cells by Western blot analysis
(a) Overexpression of Dkk-1 in BMMS-03 cells transfected with
pcDNA3.1 (-)-Dkk-1 by Western blot analysis. /: BMMS-03 cells
transfected with empty vector of pcDNA3.1 (-); 2: BMMS-03 cells
transiently transfected with pcDNA3.1(-)-Dkk-1. (b) Downregulation of
B-catenin and c-Myc in MCF-7 cells became stronger by conditioned
media from BMMS-03 cells transiently transfected with pcDNA3.1 (-)
-Dkk-1 by Western blot analysis. /: MCF-7 cells without conditioned
media as control; 2: MCF-7 cells treated with conditioned media from
BMMS-03; 3: MCEF-7 cells treated with conditioned media from
BMMS-03 transfected with pcDNA3.1(-); 4: MCF-7 cells treated with
conditioned media from BMMS-03 after transient transfection of
pcDNA3.1(-)-Dkk-1.
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Fig. 9 Effect of conditioned media from BMMS-03
transfected with pcDNA3.1 (-) -Dkk-1 on proliferation of
MCF-7 cells by MTT assay
1: MCF-7 cells without treatment; 2: MCF-7 cells treated with
conditioned media derived from BMMS-03 cells; 3: MCF-7 cells treated
with conditioned media from BMMS-03 transfected with pcDNA3.1(-);
4: MCF-7 cells treated with conditioned media from BMMS-03 after
transient transfection of pcDNA3.1(-)-Dkk-1. ("P< 0.01 vs control,’P <

0.05 BMMS-03+ pcDNA3.1(-)-Dkk-1 vs BMMS-03).

3 it it

P4 S TR v T R IZ T i
PR - 3 L 240 1 N 9 s N ) IR 98 s A B 9
RFRAZ /N, AR FHLHRIANE S, A SCER RIS,
(i) 78 5014 B EL A 42 400 ) i 8 40 L %) A 0L A%
A0 FRATT B 58 N FH AR BT v T B S 58 0 MTT
SEEG, HIPAESE BMMS-03 0] 78 5T T4 Bl 1 45 11 5%
TR A IIH MCF-7 FLIR s 40 /e . o 1 ik —
A L HLE], BATTERT T ) e i e A
AR AR 23 1) P 8 AP 0 R 42 DKL~ 55 e 988 4
JHL R R A L Bk 2 IR K B, Wnt 5 5l
AN 40 ) 38 B RN 1 B Pk A OGN
YER S T HL 5 g i 2 R S 5 UIAH 9%, Wint 82
J b B T, LLE AN 55 o g KO PRI AR
WIEERN. Wt 1 5 2 464 i i Fz Fdd B2
AR B IR 22 ) LRPS/6 AR KRS &, 530 Wat
AT, AW BMMS-03 40 Jif 5% fF 35 7 A T T
MCEF-7 400, SE(7 MCF-7 41/ B-catenin 3%
AR Y. Wt &A% 1) AR AL N, 3 SR i O R
1 B-catenin ()i A HERR, Bl RIE AN AZ 930S $E 5L
DRI ) 208 SR SETIL IR . a9 B R 25 JAIE S, B-catenin
FIHESELA c-Myes Bel-2. PCNA Al survivin 1)1k
W22 T H0HL B 1is M e DG G B ARKT I T
£ BMMS-03 41 Ji 4 {1+ 55 IR Al J5 MCF-7 41 i
B-catenin [ R IE K, LLLAE 40 i 5t A0 48 i 4%
GO AR L. S5 WoR, 4 BMMS-03 41 4%
B IR AE S, MCF-7 41 i /4 41 Bt 5% R0 41 i A%
N I¥) B-catenin B o/, AL, bk gk LR B AE
BMMS-03 4ii i 185 7= A T~ MCF-7 4 i Y
1K) Wnt/B-catenin I& 1252 21 T #H).

Y24 Wnt {5 5 @421 -1, Dkk-1 g
L5z 4k LRP5/6 KAEAHH AR, i Wat
AL A7 SCHERHRE , TR) g 0T 40 R AT 1) 4 Ak
53 W DKk-1 DA~ [/ HE 710 S8 vh B AT TR ) 78 o
T8 S A R SR E T MR 4 i, K I MCF-7
41 e+ Wnt/B-catenin 155 5 & 4252 2] T H0H], AR 4
XS5 AT HERL, P THE H A) 70 5T T 40 o) e
RIEFVHIEH AN 7Rl fe 5 Dkk-1 A8 A T
UESEX R, FATTHE Je i S e B T vk LA T
MCF-7 4il fia il BMMS-03 4 fifd /1 Dkk-1 (1) A 7K
-, ARG Dk-1 RIAIKP R R, A TESE
DKK-1 2 917 il e 40 e 1 A7 2% DR 7~ 4 it T A ol
T2 e B TR) 78 0 4 i A S SR P DKRK-1 1)



2007; 34 (7) FEE:

18 7 BR T ¢MAaFE AT DKk-1 30&| FLAR =40 Wnt/B-catenin iRERILIRHFR

- 707 -

ER, — 7 EATRA T budkrppisics, g5 R 8o
o PF 55 9% W Bk Dkk-1 Bt 4k A5 B 2 9 59 0
MCF-7 4l i # B-catenin Al c-Myc & 1A [ 41 i /F
Mo o —Jrii, AT H AR B # 3 B0 oR AT
BMMS-03 41 filif & 3A Dkk-1, RIS A TR
A gE— 2 s Xt MCF-7 4l ffid 1 B-catenin A1 c-Myc
I FRHAE R MCF-7 20 B 386 58 i $0 ) 4E H .
AN, N BE DR e b2 R AT MCF-7 40 i 3R 15
Dkk-1, [F]4E 8] G304 MCF-7 41 g rf B-catenin Al
c-Myc IERIA. 8 iR, [A] 78 0+ 40 M sy 7k F 36
15 DKK-1 A2 400 e g 20 S P 2 B PR Al 0 )
Z AF B IR W ) Dkk-1 #0147 MCF-7 40 fg b
Wnt/B-catenin 15 5 & 42, M T 2087 40 o 14 5
e J19k59.

MU RRN, (8] 78 5T 40 B 2 A H0 6 e
AR AL, o L ) 7 5T 40 i
F BB FERE I Dk-1, 18 17T b A ) e 40 i vp
Wnt/B-catenin {55 5 & 247 0. IX—&5 L NIKIK F
FHF-40 67 I 85 7 BRR SE Rl IR0 T8 i sk
B AKYE. ) DKK-1 72 $00JeE 40 o 5 58 1) A= 0 v
PERR 7, AHSZETRATIA R, 3 H O A) 78 5+ 40 Jf 4 i
Ji e 40 B IR R DN 2 —, SLTEAR IR o> T WL A Tk
BRI, H A S SCHRARIE ,  TA) 78 5 4 Ao b
Jed 2 B 2 R 1) 50 i L AT 0 B AR 5 4 AN
[F a5 B, oAU E AT v AE 2. AR 5Es R
WoR, B g I A R AR, S
Khakoo 54 IH [ 45 A AH— S SR, A5G 78 it
20 0 i I 40 i 1 R A ELA (AR I RE,
FATHEN AT BeAERT T 5 25 E N HT AN [R] b e 40 i
EILEEP S

2 % x ok

1 ReyaT, Clevers H. Wnt signalling in stem cells and cancer. Nature,
2005, 434 (7035): 843~850

2 Varga A C, Wrana J L. The disparate role of BMP in stem cell
biology. Oncogene, 2005, 24 (37): 5713~5721

3 Androutsellis-Theotokis A, Leker R P, Soldner F, et al. Notch
signalling regulates stem cell numbers in vitro and in vivo. Nature,
2006, 442 (7104): 823~826

4 Gaspar C, Fodde R. APC dosage effects in tumorigenesis and stem
cell differentiation. Int J Dev Biol, 2004, 48 (5~6): 377~386

5 Chen G, Shukeir N, Potti A, et al. Up-regulation of Wnt-1 and
beta-catenin production in patients with advanced metastatic
prostate  carcinoma:

potential pathogenetic and prognostic

20

implications. Cancer, 2004, 101 (6): 1345~1356

Moon R T, Kohn A D, De Ferrari G V, et al. WNT and beta-catenin
signalling: diseases and therapies. Nat Rev Genet, 2004, 5 (9):
691~701

Joubert A, Bianchi P, Maritz C, et al. Influence of prostaglandin A2
on Bax, Bcl-2 and PCNA expression in MCF-7 cells. Biomed Res,
2006, 27 (4): 157~162

Muncan V, Sansom O J, Tertoolen L, et al. Rapid loss of intestinal
crypts upon conditional deletion of the Wnt/Tcf-4 target gene
c-Myc. Mol Cell Biol, 2006, 26 (22): 8418~8426

Byun T, Karimi M, Marsh J L, et al. Expression of secreted Wnt
antagonists in gastrointestinal tissues: potential role in stem cell
homeostasis. J Clin Pathol, 2005, 58 (5): 515~519

Mao B, Wu W, Li Y, et al. LDL-receptor-related protein 6 is a
receptor for Dickkopf proteins. Nature, 2001, 411 (6835): 321~325
Yamaguchi Y, Itami S, Watabe H, et al. Mesenchymal-epithelial
interactions in the skin:
fibroblasts  inhibits melanocyte
differentiation. J Cell Biol, 2004, 165 (2): 275~285
Yaccoby S, Ling W, Zhan F, et al. Antibody-based inhibition of

increased expression of dickkopfl by

palmoplantar growth and

DKK1 suppresses tumor-induced bone resorption and multiple
myeloma growth in vivo. Blood, 2007, 109 (5): 2106~2111
Etheridge S L, Spencer G J, Heath D J, et al. Expression profiling
and functional of wnt
mesenchymal stem cells. Stem Cells, 2004, 22 (5): 849~860
SRR, ARVE L, I, 45, NG LB 78 5040 M0 1 23 25 2
LR . B TT R 2240 (HARBHERR), 2006, 39 (1): 107~110
Zhang X D, Xu Z L, Ye L H, et al. Acta Scientiarum Naturalium
Universitatis Nankaiensis, 2006, 39 (1): 107~110

Chua C W, Lee DT, Ling M T, et al. FTY720, a fungus metabolite,

analysis signaling mechanisms in

inhibits in vivo growth of androgen-independent prostate cancer. Int
J Cancer, 2005, 117 (6): 1039~1048

Kaiser M J, Tiegs G, Neuhuber W L. Close apposition of
dynorphin-positive nerve fibres to lymphocytes in the liver suggests
opioidergic neuroimmunomodulation. Histochem Cell Biol, 2003,
120 (3): 213~221

Fagioli F, Berger M, Brach del Prever A, et al. Regression of
metastatic osteosarcoma following non-myeloablative stem cell
transplantation. A case report. Haematologica, 2003, 88 (5): ERC16
Omuro Y, Matsumoto G, Sasaki T, et al. Regression of an
unresectable  pancreatic tumor following nonmyeloablative
allogeneic peripheral-blood stem-cell transplantation. Bone Marrow
Transplant, 2003, 31 (10): 943~945

Khakoo A'Y, Pati S, Anderson S A, et al. Human mesenchymal stem
cells exert potent antitumorigenic effects in a model of Kaposi’s
sarcoma. J Exp Med, 2006, 203 (5): 1235~1247

Wang J, Shou J, Chen X. Dickkopf-1, an inhibitor of the Wnt
signaling pathway, is induced by p53. Oncogene, 2000, 19(14):

1843~1848



- 708 - EYFEEEYEHRE Prog. Biochem. Biophys. 2007; 34 (7)

Investigation of Inhibition of Wnt/f3-catenin Pathway in Breast Cancer
Cells Mediated by Dkk-1 Released From Human Mesenchymal Stem Cells’

QIAO Ling, XU Zhi-Li, TAN Xu, YE Li-Hong™, ZHANG Xiao-Dong™
(Key Laboratory of Bioactive Material of Ministry of Education, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract Growing evidences show that mesenchymal stem cells (MSCs) home to tumorgenesis and inhibit tumor
cells, however, the molecular mechanisms underlying are unclear. The human mesenchymal stem cells (hMSCs)
derived from human fetal bone marrow in 4 months were established without immortalization, designated
BMMS-03 cells. In order to clarify the molecular mechanism underlying, the effect of conditioned media from
hMSCs on human breast cancer MCF-7 cells was examined. The results showed that conditioned media from
BMMS-03 cells were able to decrease the colony-forming units and proliferation of MCF-7 cells by
colony-forming assay and MTT assay. Western blot analysis revealed that (-catenin and its target gene c-Myc,
Bcl-2, PCNA and survivin were downregulated in MCF-7 cells treated with conditioned media from BMMS-03
cells. In addition, the treatment significantly reduced [-catenin nuclear assembly in MCF-7 cells by
immunoflorescence staining. The finding demonstrated that the expression level of Dkk-1 in hMSCs was much
higher than that in MCF-7 cells. Moreover, treatment with the antibody of rabbit against Dkk-1 abolished the
inhibitory effects of conditioned media from BMMS-03 on the tumor cells. Conditioned media from BMMS-03
cells transiently transfected with pcDNA3.1(-)-Dkk-1 produced stronger downregulation of (-catenin and c-Myc
expression in MCF-7 cells. The transfection with pcDNA3.1 (-)-Dkk-1 in MCF-7 cells resulted in the
downregulation of B-catenin and c-Myc as well. The data suggest that hMSCs are able to decrease the malignant
phenotype of tumor cells in vitro. Taken together, hMSCs may suppress tumor growth via Wnt/B-catenin pathway,
in which Dkk-1 released from the hMSCs is responsible for the depression.
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