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[Abstract ]
(OPN) regulates cell migration and invasion in a variety of cancers, which

Background and Objective: Studies showed that osteopontin

associates with the activities of matrix metalloproteinase (MMP)-2 and MMP-
9. This study was to investigate the role of OPN in the proliferation and
invasion of human prostate cancer PC-3 cells and the possible functions of
I-kB kinase (IKK) in nuclear factor kappa B (NF-kB)-mediated signaling
pathways. Methods: OPN short-hairpin RNA (shRNA) recombinant plasmids
(PCs) were transfected into PC-3 cells and the different concentrations of IKK
inhibitors were used to inhibit the activities of IKKax and IKKB. The mRNA and
protein expression levels of OPN, MMP-2, and MMP-9 were detected by
real-time PCR and Western blot. The different cell cycles, cell proliferation,
and invasion abilities of PC-3 cells were detected by flow cytometry, MTT,
and Transwell chamber assays, respectively. Results: Compared with
untreated cells, the protein expression levels of OPN, MMP-2, and MMP-9 in
PC-3 cells transfected with PCs were decreased by 55.22% , 51.71%, and
28.35%, respectively, and the abilities of migration and invasion of PCs
were decreased by 45.48% and 51.96% , respectively (P<0.05). Moreover,
the inhibition of IKKB activity reduced the expressions of MMP-2 and MMP-9.
Conclusions: A shRNA expression vector-mediated OPN gene silencing can
inhibit the malignant physiological behaviors of PC-3 cells. IKKa may play a
crucial role in the OPN-induced activation of MMP-2 and MMP-9 via NF-«B-
mediated |-kB/IKKB pathway.
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RNA (RNA interference, RNAi) OPN ., (PGPU6/GFP/Neo-OPN2) o
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Table 1 Sequences

of osteopontin (OPN) short-hairpin RNA (shRNA)

OPN shRNA notation ~ Targeted OPN mRNA sequence Loop Reverse complement sequence Termination signal ~ Position in GenBank (J04765.1)
OPN1 CACCGCCATACCAGTTAAACAGGCT — TTCAAGAGA  AGCCTGTTTAACTGGTATGGC TTTTTTG 154
OPN2 CACCGCAGCTTTACAACAAATACCC  TTCAAGAGA  GGGTATTTGTTGTAAAGCTGC TTTTTTG 198
OPN3 CACCGAGCAATGAGCATTCCGATGT ~ TTCAAGAGA  ACATCGGAATGCTCATTGCTC TTITTTG 825
OPN4 CACCGCCATGAAGATATGCTGGTTG — TTCAAGAGA  CAACCAGCATATCTTCATGGC TTTTTTG 906

The OPN shRNAs were cloned into eukaryotic expression plasmid PGPU6/GFP/Neo to evaluate the efficiency of OPN gene silencing.

1.2.2 10% IKK (40 nmol/L
DMEM/F12 (1:1) ,  37°C.5% CO, 200 nmol/L IKK
PC3 48 h IKKR IKKa ),
IKK VI IKKa Lipofectamine 2000 , (PGPU6/
IKKB . IKK VI GFP/Neo-OPN) (PGPU6/GFP/Neo )
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75%, 48 h 600 PCR ACt  AACt RQ =24
pg/mlL G418 , mRNA o
, 1.2.4 Western blot OPN MMP-2/MMP-9
15 , PC-3 IKKa/IKKB
OPN shRNA , PCs, , RIPA
PCO, ,4°C 12 000 r/min 5 min (Sigma 3K18
123 PCR OPN .MMP-2  MMP-9 mRNA ), , BCA
RNA, o 20~40 pg 300 mA
DNA, PCR 10% SDS-PAGE 20 min, PVDF 5%
o 2, PCR :50°C 2 min, 2h 4°C ,
95°C 10 min,40 (95C 15 5,60°C 45 s), 1 h, . uvp
60°C 10 s , 0.5C, 170 , Gelwords ID Advanced V 4.01
o , ° 2,
2 PCR Western blot

Table 2 Primers used in real-time polymerase chain reaction and antibodies used in Western blot assays

Notation Primer sequence Amplification Primary antibody titre Corporation and Secondary antibody and titre Target potein
(bp) batch number (ku)
OPN  Forward, 5'-GTTAAACAGGCTGATTCTGG-3' 193 Rabbit OPN antibody SANTA, SC-20788 Goat anti-rabbit IgG/HRP 66
Reverse, 5'-CATGGTCATCATCATCTTCA-3' (1:400) (1:40 000)
MMP-2 Forward, 5'-TACACCAAGAACTTCCGTCT-3' 153 Mouse MMP-2 antibody ~ ZYMED, 35-1300Z Goat anti-mouse IgG/HRP 72
Reverse, 5'-GCCATCAAATACAATGTCCT-3' (1:300) (1:30 000)
MMP-9  Forward, 5'-GCAGAGGAATACCTGTACCGC-3' 196 Rabbit MMP-9 antibody ~ SANTA, SC-10737 Goat anti-rabbit IgG/HRP 92
Reverse, 5'-AGGTTTGGAATCTGCCCAGGT-3' (1:500) (1:50 000)
GAPDH Forward, 5'-ACGACCACTTTGTCAAGCTC-3' 210 Mouse GAPDH antibody ~ ProMab, Mah-2005079  Goat anti-mouse IgG/HRP 37
Reverse, 5'-GTGAGGAGGGGAGATTCAGT-3' (1:800) (1:80 000)
MMP, matrix metalloproteinase.
1.2.5 A )
, , 15% ,PBS , =(1- A/ A
3 RNaseA (10 mg/L),37°C 30 )x100% , PC3
min , (30 mg/L) 30 min, , .
Gy/G,.S.G,/M 1.2.7  Transwell 6 pg/mL
DNA , 3 8 pm ,
, ) 200 L , 60
1.2.6 MTT min, , 24
,0.25% , 96 , 0.5 mL 10%
100 pL(  1x10° ), 37C.  DMEM/F12 (1:1) 0.5 mlL, .
5% CO, o 3 , 5x10*/mL 1 mL
s 8d, . 24 h Transwell s 37C .5% CO, 24
5 mg/ml. MTT 200 pL, h, ,
4 h, , DMSO 150 pL, 95% 15~20 min, 15 min,
20 min, , 450 nm s 3 ,
(A4) 3, o : 50 mg/L Matrigel
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21 OPN shRNA OPN.MMP-2 ! PR PCS3 0 OPN mRNA
MMP-9 Figure 1 Osteopontin mRNA expression detected by real-
time polymerase chain reaction (PCR)
OPN shRNA A, amplification plots; B, melt curves; C, OPN mRNA relative
OPN , real-time PCR expressions in three groups.
PC-3 (PCS) OPN mRNA Sample 1, PC3 group; Sample 2, PCs group; Sample 3, PCO group.
, PC-3 (PC3)
(PCO) ° 1A, PC3 PCO PCs
1B ,
’ ) 1C pe3 GAPDH
,PCs OPN mRNA OPN
77.82%, (P<0.05), PCO —
PC3 (P>0.05) .
OPN shRNA MMP-2 MabeR
MMP-9 s Western blot :
OPN .MMP-2 MMP-9 ) 500GAPDH FFJOPN [ MMP-2 [] MMP-9
2 , PC3 ,PCs OPN . o0k § §
MMP-2  MMP-9 ol § §
55.22% 51.71% 28.35%), (P< n00 L % §
0.05), PCO PC3 100 | § ‘ \§
(P>0.05)., " N N
,OPN shRNA OPN
OPN ; MMP-2 MMP- 2 Western blot ~ PC-3  OPN.MMP-2  MMP-9
9 .
2.2 IKK IKKae  IKKB Figure 2 Expressions of OPN, MMP-2, and MMP-9 proteins
OPN MMP-2 MMP-9 detected by Western blot
40 nmol/L 200 nmol/L “P<0.05, vs. PC3 group and PCO group, respectively.
IKK PC-3
IKKB  IKKa , 3 .(1) 200 IKKa  IKKB , (
nmol/L  IKK PC-3 3 (2) 3), PC-3 ,200 nmol /L
40 nmol/L PC-3 . (3) IKK IKKa
PC-3 o Western blot 57.89% , 40 nmol/L IKK
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= 016 ' MMP-9 mRNA 56.52%
& o2 44.26% (P<0.01), IKKB
é 0.08 b MMP-2  MMP-9 .4
0.04 23 ., 7 5.6 )
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Figure 3 Expressions of IKKa and IKK proteins detected MMP-2 MMP-9 )
Group 1, PC-3 cells prei};azzesv\t;l}aln;())lgtnmol/ L IKK inhibitor VII; Western blot
Group 2, PC-3 cells pretreated with 40 nmol/L IKK inhibitor VII; PCR ( 5 ) ©
Group 3, untreated PC-3 cells. IKKa ( 5 1
4P<0.05, vs. Group 2 and Group 3; "P<0.05, vs. Group 1 and Group 3. ),

R{Q va. Sample ROQ vs. Sample RQ vs. Sample

[

RQ
= — [ ¥ o+
ol 1
e I
RQ
o = M W R L N
RQ
— k2 L e Lh Oh
(S I
[ h
b

uP

L 2 3 4 5 1 3 4 5 6 17 1 3 4 5 6 7
Sample A Sample B Sample (€
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Figure 4 Relative expressions of OPN, MMP-2, and MMP-9 mRNA in different groups detected by real-time PCR

A, OPN mRNA relative expression; B, MMP-2 mRNA relative expression; C, MMP-9 mRNA relative expression. The experimental groups are
as follows: Group 1, PC3 cells; Group 2, PC3 cells treated with 40 nmol/L IKK inhibitor VI ; Group 3, PCO cells pretreated with 40 nmol/L
IKK inhibitor VI; Group 4, PCs cells pretreated with 40 nmol/L IKK inhibitor VI ; Group 5, PC3 cells treated with 200 nmol/L TKK inhibitor
VI; Group 6, PCO cells pretreated with 200 nmol/L IKK inhibitor VI; Group 7, PCs cells pretreated with 200 nmol/L IKK inhibitor VI.

(P>0.05), IKKB ( 2 55.62% 51.47%,
1 ) OPN (P<0.01).
, MMP-2  MMP-9 2.3
19.72%  25.75% (P<0.05). IKK{ PC3 . PCO  PCs
OPN shRNA  RNAi ( 4 , 6 3 , PC3 ,PCs
1.2.3 ), MMP-2  MMP-9 DNA PC3
-
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Figure 6 Cell cycle distribution of PC-3 cells detected by flow cytometry

3 DNA (%)
Table 3 Analyses of DNA quantities in different cell 0 & PC3
cycles by flow cytometry (% ) = 351 —#- PCO I
I e 30 PCs T l
Group Hypodiploid DNA  Gy/G, phase S phase  G,/M phase g 1
PC3  3.61x0.83 40.23+0.54 14.26x+1.16 41.90£2.52 'E 23
PCO  3.40+0.76 37.83+1.71 18.80+1.56 39.97+0.91 :’é 20F
PCs  8.52x1.04* 43.40+1.07 15.76+1.28 32.33+0.83* ’g 15+
'P<0.05, wvs. PC3 group. Each group was assayed in triplicate CE.’,' Exy
experiments. ir
1 2 é 4 :5 6 7 8
8, PC3 ,PCs Culture time (days)
45.48%  51.96% (P<0.05),
7
PCO pPC3
Figure 7 Growth curves of PC-3 cells in three groups
(P>0.05), OPN shRNA
PC-3 OPN MMP-2  MMP-9
) N o - OPN
3 b
M OPN
) N 9
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Table 4 Comparision of cell proliferation, migration, and invasion of three groups

Proliferation Migration Invasion
Group
Culture for 5 Inhibition rate of The number of Inhibition rate of The number of Inhibition rate of
days (xs) proliferation (%) transmembrane (x+s) migration (%) transmembrane (x#s) invasion (%)
PC3 3.31+0.02 0 151.0 = 2.16 0 127.67+7.12 0
PCO 3.060.75 7.50 143.67+10.98 4.85 125.67+8.52 1.57
PCs 2.65+2.04 20.24* 82.33+ 6.38 45.48* 61.33+7.52 51.96*

“P<0.05, vs. PC3 group.

8 Transwell

Figure 8 Invasion abilities of PC-3 cells in three groups detected by Transwell assays (x400)

After stained with hematoxylin, the PC-3 cells are presented as irregular fusiform shape. The number of cells in picture A, B, and C are 114,

124, and 72, respectively. A, PC3 group; B, PCO group; C, PCs group.
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12l OPN
o OPN PI3K/AKT  ERK1/2
sl OPN
[1,14]
OPN
s OPN
tel OPN
OPN
tog OPN
PC-3
s OPN shRNA
PC-3 RNAI, PC-3
OPN o
RNAi mRNA
RNA (double strand
RNA ,dsRNA) ;
mRNA 5 o

R RNAi

RNA (small interfering RNA, siRNA)

RNAi;
shRNA
siRNA RNAi'®' ShRNA ,
RNA , RNA
siRNA ,
RNA ]
pGPU6/GFP/Neo U6
RNA I ,
siRNA ,
shRNA  RNAi
, RNA dsRNA,
RNAi, GFP Neo ,
) G418
PC-3
, OPN shRNA
RNAi, OPN shRNA
OPN .MMP-2  MMP-9 mRNA



| JemK

50 , . shRNA PC-3
, , PGPU6/GFP/
, OPN Neo-OPN2 PCs,
shRNA OPN shRINA OPN
, MMP-2 MMP-9 o PC-3 OPN MMP-2
MTT Transwell MMP-9 , PC-3
PC-3 S , N o , PC-
) \ 3 NF-«B MMP-2
, MMP-9 IKKB
o OPN shRNA o
PC-3 ,
[ ]
o [1] Rittling SR, Chambers AF. Role of osteopontin in tumour
NF-«kB progression [J]. Br J Cancer, 2004,90(10) :1877-1881.
, TIKK IKKa IKKB [2] Rudland PS, Platt-Higgins A, El-Tanani M, et al. Prognostic
, 1B significance of the metastasis-associated protein osteopontin in
NF-kB LQDJO human breast cancer [J]. Cancer Res, 2002,62 (12):3417-
3427.
’ [3] Shimada Y, Watanabe G, Kawamura J, et al. Clinical
N N significance of osteopontin in esophageal squamous cell
s MMP-2 MMP-9 carcinoma: comparison with common tumor markers [J].
R j7,9,21jO Phlhp [7,8] Oncology, 2005,68(2-3):285-292.
OPN MMP-2 [4] Desai B, Rogers MJ, Chellaiah MA. Mechanisms of
osteopontin and CD44 as metastatic principles in prostate
MMP-9 NF-«B IkBa/TKK cancer cells [J]. Mol Cancer, 2007,6:18.
MAPK/IKKa o [5] Jain A, McKnight DA, Fisher LW, et al. Small integrin-
Mercurio (0] binding proteins as serum markers for prostate cancer detection
JIKKa NF-kB , [J]. Clin Cancer Res, 2009,15(16) :5199-5207.
KK NF-«B [6] Castellano G, Malaponte G, Mazzarino MC, et al. Activation
of the osteopontin/matrix  metalloproteinase-9  pathway
° PC-3 correlates with prostate cancer progression [J]. Clin Cancer
’ IKKa OPN . MMP-2 Res, 2008, 14(22) :7470-7480.
MMP-9 s IKKB [7] Thalmann GN, Sikes RA, Devoll RE, et al. Osteopontin:
MMP-2 MMP-9 , possible role in prostate cancer progression [J]. Clin Cancer
OPN shRNA IKKB Res, 1999,5(8):2271-2277.
[8] Philip S, Kundu GC. Osteopontin induces nuclear factor
MMP-2  MMP-9 . _ _ _ e
kappa B-mediated promatrix metalloproteinasev2 activation
NF-«B OPN MMP-2 MMP-9 through 1 kappa B alpha /IKK signaling pathways,  and
,IKKB o curcumin (diferulolylmethane) down-regulates these pathways
Philip®®  Rangaswami " [J]. J Biol Chem, 2003,278(16) :14487-14497.
, Mercurio [20] N , [9] Rangaswami H, Bulbule A, Kundu GC. Nuclear factor-
OPN MMP-2 inducing kinase plays a crucial role in osteopontin-induced
MAPK/I kappa B alpha kinase-dependent nuclear factor kappa
MMP-9 , ,

OPN MMP-2  MMP-9

) PC-3
OPN shRNA OPN

B-mediated promatrix metalloproteinase-9 activation [J]. J Biol
Chem, 2004,279(37)38921-38935.

[10] Desai B, Ma T, Zhu J, et al. Characterization of the
expression of variant and standard CD44 in prostate cancer
cells: identification of the possible molecular mechanism of
CD44/MMP9 complex formation on the cell surface [J]. J
Cell Biochem, 2009,108 (1) :272-284.

[11] Denhardt DT, Guo X. Osteopontin: a protein with diverse



| JemK

, . shRNA RNA PC-3 51

functions [J]. FASEB J, 1993,7(15):1475-1482. small interfering RNA in human cells [J]. Nat Biotechnol,
[12] Prince, CW. Secondary structure predictions for rat 2002,20(5) :505-508.

osteopontin [J]. Connect Tissue Res, 1989,21(1-4):15-20. [18] Brummelkamp TR, Bernards R, Agami R. A system for stable
[13] Dai J, Peng L, Fan K, et al. Osteopontin induces expression of short interfering RNAs in mammalian cells [J].

angiogenesis through activation of PI3K/AKT and ERK1/2 in Science, 2002 ,296(5567) :550-553.

endothelial cells [J]. Oncogene, 2009,28(38):3412-3422. [19] Wadhwa R, Kaul SC, Miyagishi M, et al. Know-how of RNA
[14] s ) ) interference and its applications in research and therapy [J].

[J]. , 2006,25(7) :876-978. Mutat Res, 2004,567(1):71-84.

[15] Coppola D, Szabo M, Boulware D, et al. Correlation of [20] Mercurio F, Zhu H, Murray BW, et al. IKK-1 and IKK-2:

osteopontin protein expression and pathological stage across a cytokine-activated I kappa B kinases essential for NF-kappa B

wide variety of tumor histologies [J]. Clin Cancer Res, 2004, activation [J]. Science, 1997,278(5339) :860-866.

10(1 Pt 1):184-190. [21] Scorilas A, Karameris A, Arnogiannaki N, et al.

[16]

[17]

Gardner HA, Berse B, Senger DR.

antisense  RNA

Specific reduction in

osteopontin  synthesis by inhibits  the
tumorigenicity of transformed Rat 1 fibroblasts [J]. Oncogene,

1994,9(8) :2321-2326.
Paul CP, Good PD, Winer I, et al. Effective expression of

Overexpression of matrix-metalloproteinase-9 in human breast
cancer:  a potential favourable indicator in node-negative

patients [J]. Br J Cancer, 2001,84(11):1488-1496.
[ : ; : ]



