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HFFERIEY NF-«B LiASERE/NEE 1
(B pEIEFS

Rod8 hmdn vt AKERAR
(PR3 i B S T I PR T A S, K 300071)

TE M8 A (osteopontin, OPN)Z 5 i#5 2 Fi s S i A WOG H B A G, M (b gn it #%. ASE A i/ T 1
(calpain small subunit 1, Capnd)5 Mg & VIMC, FEVF2 Mg R R A A m2kik. T OPN Lk 41 MuiT %
B FHLE], B RS FEFE I, RT-PCR. S ED7E K “f VRS 7 S5 7Rl T 40 fa h OPN X Capnd ¥ 1F H &
HATAT A ER s m . 4R EoR, 7 HepG2 I fflh it 315 OPN J&, Capnd (1)) sh T #5306 E B8 15, [ mRNA &
EAPRIEKTHREE L. 75 HepG2 40 Hur WA siRNA Tt OPN [F5R15 7] 5 3 Capnd )3 8)) % 56 1% 1 2 1) 05 WA ),
Al mRNA J 8 A B IE KPR 2 25 R, AL e sk R -kB(NF-B) HI 01 57 PDTC Wl i ) i1 ik 3635 OPN 3 L
HepG2 4 Capnd 9 L. “Hi@4” sLiEox, OPN W LLE i Capnd {34 TR . Kk, WA,

OPN jiiif NF-«kB i Capnd f3&i%, R mife gt i 40 T AS 3K — R IR HE— 20 ) Wi 40 32 % 1) 20 7 AL BA

KR CEHWEA, SEANDNE L, kKT B, HE, T

FROES Q257

IR 7% S RO R BUR AL BRI, R
Mr #& 1 (osteopontin, OPN) & 45 &5 [ [ /N I & 1
(calpain small subunit 1, Capn4){EF5H [ i 98 20 23
HERIEAR =12, ARSMITST KL OPN HI Capnd 4 A
AR B e 4 LT AL 1R e ). OPN g g AE A —
Tl 5 AT ORI BERR AL R 1, Senger %P1
1979 fEHRIE, WARR O FLIU T Wbk 00 40 0 1 2
1 1 (early T lymphocyte activation 1, Eta-1)£174)
5 1 1 ( secrected phosphoprotein 1, SPP-1)%.
AR, ORI A L, OPN T 541 1
JiE 24K CDA4 SRS 22 45 G RAEAE IS, S b
MM W B SR S DA OGN, R
Wges B A IR Ay IR S L 52 R A 2R
HE R IATL Capnd J& T-45 8 1 ¥ (calpain) R 4t
Z ARG w-calpains 71 FLE) W) - H R |2 &
ik, p-calpains x& H—1> 80 ku [ KA A4 37 BE AT —
A28 ku /N5 R A B ) S — 3R Ak, Hopax
AN FER A 444 Capnd.  Capnd A 4945 25 1 1)
— /NI 3L, FE Calpain fie 2 41 i (1) i %
BE TSR A R R A EE A AR F e,
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WG R 3 N 7 -kB(NF-xB)i& 1202, Jfik— i
TG AHOCHE N, k4l it #% . {22 OPN Al
Capnd 2 M2 EH MR H ARG, Tt
— PRV OPN (e b 41 M3 B 46 F 1 23 i Lokl
AT T B 40 f o OPN % Capnd (115101,
KB OPN #] LLiE ik NF-«B I i fiT 9% 411 i HepG2
H1 Capnd [W3RIA, B (e 41 .
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1.1.2 Wl #EORZ2FS, OMEM Al DMEM 4
HukE IR I T Gibeo AHl; RPLA g WahE A
(B-actin) 1 7T B HTAA(1 1 20 000)I4 T Sigma-Aldrich
Awls RPL A Capnd B3¢ B HLAR (1 2 1 000) I
T+ Chemicon 24 7] ; B I 4 AL WUl b (1)) 3
THUIE T R A kO DA 2 R AR A H
Lipofectamine 2000 A1 TRIzol i 5] & H Invitrogen
A s M-MuLV % ¥ 5% [i§ 4 T TaKaRa A #] ;
PDTC J#J-F* Sigma-Aldrich 74 ;5 43 4 875 ¥y
afi s g Al 7).
1.1.3  JiUki. pGL3-Capnd Jy A< 556 =5 46 4 1) oo e
A Capnd J& 201 7 51 1K 58 38 B 2 2 DA 28044
PRL-TK i 9 2 B84 pCDNA3-OPN 4
FEf OPN 2K [ ELA% L 2 A,
1.1.4 siRNA J741. B8 m) &4 82 1 OPN FI4T 2 1
fifg/NF 2 1 Capnd mRNA [/ RNA T30 BE )™
INBU DRI IR AR ARG Si-OPN: 5" GCC-
ACAAGCAGUCCAGAUUATAT 3'(IF X 4%), 3’ dT-
dTCGGUGUUCGUCAGGUCUAA 5’ ( [z X % );
Si-Capn4: 5’ GCTTTTGTTCTCTCUGTUCATAT 3’
(IF X %), 3’ dTdATCGUUUUCUUGUGUGTCUTG 5’
(R SLHE).
1.2 {AAEtESE

HepG2 41l Jfs 5% ] GIBICO 2w 2E 77 ) DMEM
(& 10%iB4-13%, 100 U/ml F 8 2%, 100 U/ml
MRBER 2R IR, 76 37°C .V 5% CO, 511 T CO,
B R
1.3 Capnd BHIFRIRE

MEPE SCHRRIRTED, BT $E ) Capnd J3 31741
) PCR 51#%(_L3if: 5 CGGGGTACCTCCCTTAG-
TGAGCGGACCGAAAAC 3', Fiif: 5" CCGCTC-
GAGGGGTATCTCTGAAACCTATGGGC 3'), LA
HepG2 il LK 41 A #itl, 47T PCR &4, 4714
Ja WP IEAATE PCR P14 Kpn T 1 Xho T XU,
R A BL N 4 4K pGL3-Basic, 13354 Capn4
JAB) 1 A B4 FORL pGL3- Capn4.
1.4 REEEREN

W R 5 55 R 3 4A (pGL3-Capn4 Al pRL-TK) Al
OPN siRNA 5 ELA% KI5 iUk pCDNA3-OPN 4% 4t
A, HiEE ROCEMREANS . iR
48 h JEH AR G, ARG
SN 15 min J5 &N 40 M R AR ) IF S 2
1.5ml B0 . 12 000 r/min &0 10 min, 8 1
BN O B —ANFI 1.5 ml 208, 28

ANEA 100 Wl 2 Z BN E S2 T (LAR 1) I 250
MGG AR, TR, B OO
SRR, 2 s PAiT S, WE 10 s G ekt 2
N 100 pl 267 K57 (Stop & Glo reagent),
PR K P C B, RIS 3l 5 9% 6 Rl R
N, WGE 10 s JERDEH . AR ES 3 k.
1.5 RT-PCR

53Tt Capnd PCR 5|#)(_Li: 57 CCCCC-
ACGCACACATTACTCCA 3’, Fiff: 5 CGCTAT-
CCATCACGGCCACCAT 3')fl GAPDH PCR 5|4
(LJ7: 5" GGTCATCCCTGAGCTGAACG 3', N
Ji: 5 TCCGTTGTCATACCAGGAAAT 3'), M
TRIzol —#57%, M HepG2 Fl HepG2 it % ik OPN
J -4 OPN (P40 H 43 5 F2 B RNA. HU 1 g
&L RNA, N M-MuLV S5 SR EAT s B s il
cDNA % 1 8%, #RJ5#2 70C, 10 min Ki% K
BESRT, B2 wl cDNA 1E MR, 347 PCR Jx
. PCR SN 44 k: 94T 30, 54C 30s, 72C
30s, 4L 30 MEFR. HUS wl PCR 7=t i b st
JRHLK, WU CRER D, AT P ERE R
1.6 RIEENTEHHT

FATIYA 1) PBS PEd i 2 ¥k, AR5 04 Mo 24 /g
#(10 mmol/L Tris-HCI, pH 8.0, 1 mmol/L EDTA,
150 mmol/L NaCl, 1% NP-40, 1 mmol/L PMSF,
1% SDS, & H B4 6| 7)) oK L J5CE 20 min, 4°C
12 000 r/min 5.0 20 min, W& G R0 0. B
30~40 pg CE & AT SDS-PAGE, HL#;
4 PVDF Bt b, F 5% B s 99k = i 35 141 2 h,
IAN—80, 250 HTA Capnd HL4(1 1 1000
Fe), BT B-actin (1 20 000 Fik). iR H
3h, TBS-T ¥, T 200 N B o S840 ) i
WK% P, EWERTE 1h, TBS-T UL, N
Hom A ECL (il & T = 3%, A
AESERGI ST 3 K.
1.7 “GOAE” XK

7E HepG2 AN MufE 4 48 h J&, RS ML ARk UT
FFRBURHE “—7 FIRMIRRER IR0, H
PBS ZE4f 2 ¥k, IIABriERs Rk ek gt Tk
JG P 0. 6. 24 1 48 h I 708 & WA EE T & 40 i
) 350403 DX AT R A DG EE 25 9T 41
1.8 FHitEL

SIS HA K x o+ s RoR, N spss13.040 11
BAE, KM Student’s ¢ Fr B BEATGE 20
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2 &% R W1 HepG2 th 43 M5 5% 20, 50 1 100 nmol/L 48

2.1 7ERFE4HAE HepG2 # OPN 25 L Capnd
#I1ER
7t HepG2 48 Jf vh 43 7l W I %% %% 0.1, 0.2,

0.3 wg (2% 0.5, 1. 2 pg) OPN [ A% £ i& ik
pCDNA3-OPN i #ik OPN, #£4L)5 48 hiliid Jizh
TR L], RT-PCR 502 B2 U5 LA I Capnd
(R0 i TE . mRNA %Ik & ILE Rk
0. 25K, 75 HepG2 41 i it %35 OPN Ji5
5 X A AL, Capnd 7E 3 3 1 10 % 05 P .
mRNA F Ik KL A TP B3 R D, JF
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Fig. 1 OPN was able to upregulation
of Capn4 in HepG2 cells
(a) Reporter gene assay showed that the promoter activity of Capn4 was
enhanced by overexpression of OPN in a dose-dependent manner in
HepG2 cells. Values represent x + s (n = 3). *P < 0.05, ps. HepG2 cells,
by Student's ¢ test. (b) RT-PCR showed that expression of Capn4 at
mRNA level was upregulated by overexpression of OPN in a
dose-dependent manner in HepG2 cells. GAPDH were used as internal
controls. Results shown are representative of three independent
experiments. (¢c) Western blot analysis revealed that expression of Capn4
at levels of protein was upregulated by overexpression of OPN in a
dose-dependent manner in HepG2 cells. B-Actin were used as internal

controls.

1] OPN [f]/NF 4t RNA #ili] OPN [ 1L, %
48 h J5 18I A ) AR5 JE . RT-PCR A2 El1 ik
J7VEAT M Capnd (15 8)) 1 53 PE . mRNA 7KF
MR ARIAE O, 85 R EoR, 1F HepG2 il
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Fig. 2 OPN RNAI resulted in downregulation
of Capn4 in HepG2 cells

(a) Reporter gene assay showed that the promoter activity of Capn4 was
reduced after knockdown of OPN with indicated doses of siRNAs
targeting OPN mRNA in HepG2 cells. Values represent x + s (n = 3).
*P < 0.05, vs. HepG2 cells, by Student's ¢ test. (b) RT-PCR showed that
knockdown of OPN with indicated doses of siRNAs targeting OPN
mRNA resulted in reduction of Capn4 mRNA expression in HepG2
cells. GAPDH were used as internal controls. Results shown are
representative of three independent experiments. (c) Western blot
analysis revealed that knockdown of OPN with indicated doses of
siRNAs targeting OPN mRNA resulted in reduction of Capn4 protein
expression in HepG2 cells. B-Actin were used as internal controls. I:
20 nmol/L; 2: 50 nmol/L; 3: 100 nmol/L.



2010; 37 (5)

KIEE: BMEARE NF-«B LIS EOR/TE | (REAEARTR

*537-

2.2 OPN i&id NF-kB i Capnd RIZRIE

1. HepG2 41l Ik I 4% 4% 0.3 g OPN [ FLA%
FIE TR pCDNA3-OPN I &31A5 OPN Ji, 7EFEYLIT
4 fu 43 5 N 20 wmol/L 50 wmol/LFT 100 wmol/L
NF-«B [l 5] PDTC. 24 h 5, @idE8) s
FE[R . RT-PCR A4 BN J7 v 46 Capnd J3 31
WEPE. mRNA JKSE KR RIS O, 2R ER,
71 HepG2 4}l 3 ] NF-kB F1401 7] PDTC /£
Ja. HXTHAIARLE, ik ERIE OPN 81 Capnd
JA B TSR TE . mRNA /K B 85 A R KPR IA
(1) L3 35 32 2 B B A (1B 3), O 5 AR R 4 R
PE. g R, R 40 B OPN i@ it NF-«B
i/ Capnd 3RI5.
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Fig. 3 NF-kB was responsible for the upregulation
of Capn4 mediated by OPN in HepG2 cells

(a) Reporter gene assay showed that the promoter activity of Capn4 was
suppressed by treatment with PDTC in a dose-dependent manner in
HepG2 cells with overexpression of OPN. Values represent x + s(n = 3).
*P < 0.05, vs. mock HepG2 cells, by Student's ¢ test. (b) RT-PCR
showed that the upregulation of Capn4 mRNA mediated by OPN was
attenuated by treatment with PDTC as indicated doses in HepG2 cells.
GAPDH were used as internal controls. Results shown are representative
of three independent experiments. (c) Western blot analysis showed that
the upregulation of Capn4 mediated by OPN was attenuated by
treatment with PDTC in a dose-dependent manner in HepG2 cells. /:
HepG2; 2: HepG2+OPN; 3: 20 pmol/L; 4: 50 wmol/L; 5: 100 pmol/L.
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Wik “ G LA T HepG2 4l
HepG2 i ik OPN 40 il % HepG2 i % ik OPN
a4k Capnd 40 MUIT# e ) 0484k, 45 R EoR,
7 HepG2 i ffih it %75 OPN JG 4 LT 4% fig )y W =%
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Fig. 4 OPN promoted the migration ability of HepG2

cells through upregulating Capn4
(a) Wound healing assay showed that OPN was able to promote the
migration of HepG2 cells. After 48 h transfection of HepG2 cells with
pCDNA3-OPN or pCDNA3-OPN and siRNA targeting Capn4 mRNA,
the migration ability was examined by wound healing assays. Images
were taken from wound healing assays at 0, 12, 24 and 48 h in a
phase-contrast microscope (100 x ). Black arrows indicate the wound
edge closure of monolayer cells. Results shown are representative of
three independent experiments. /: HepG2; 2: HepG2+OPN; 3: HepG2+
OPN+Si-Capn4. (b) The average migration distances of the wound edge
in three independent experiments. Compared with HepG2 cells, HepG2
cells transfected with pCDNA3-OPN (HepG2 +OPN) exhibited a much
greater ability to repair the wound (*P < 0.05 »s HepG2 cells, Student's
t test). However, the greater migration ability could be suppressed by
knockdown of Capn4 in a time dependent manner (**P < 0.01 »s OPN-
transfected HepG2 cells, Student’s ¢ test). [1: HepG2; [0: HepG2+OPN;
M : HepG2+OPN+Si-Capn4.
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PR IF 95 4l ffie b OPN W] i@ it NF-«B i& 12 I iff
3 i it Capnd [k, BHJE, NH “fi@s” sekidt—

HHH I OPN J& 2870 AR . B B i) iR 1
WESE BRI EN, BT/ NS REAIAN
Uity K &5 W 2% 11 &K % (small integrin-binding ligand,
N-linked glycoproteins, SIBLING)™, #H X} 73 1 Jiit
HAN 44 ke, B TR EARHER - HER - K
A2 R (RGD) = Ik 41, 8 ik 55 41 o 5 2 1 52 44
oVE3 B ZMEAEN, 5N FAREMEL. F
FHAE RS, OPN 255 2 M 2 2 4% B 1) A L3 B
i, WFSUKIL, OPN 5Mman oA, W, %
R M B UIAHOC, A1 2 M b es 41 i S JL o #4123
TR, OPN I 05 5 Mg A Az R JEAH G
SR RIE, (R0 Mo AL o i) A, FIA LA 0T
R e e R, R IR R e, OPN W] LAY
LA K A P B, N g by BB IR AL o v 45 3%
SiaZH5MEY E, Cun Bl LS R 4 1
CD44 &4y, S5 bi™. SCIRIE, HWHE
HZz5REZMNESES, Wi FIEMN c-Src/
EGFR/ERK Fl PI3-K/Akt/IKK @, Hil5 o« VB3
LR ZRE A TEF NF-«B iG>, gE—0 g gt
Ji IR B B A DL IR G MMP-2 I BESs RIERIL, {2
BERL AR, SEA TR, BRI T, 45
# (1M Calpain 7] LLKs p53. Bel-2. Bel-xl. Bid.
Bax. caspase-3. caspase-7 I caspase-12 %51 J )i
e, (e M T A . BEE . TR, N
WP KL Capnd 5 MRHFEHUIAESG, iS5 RasGAP
J SerinB2 AH LA R EAN BT =29, SRifu, 7E
P2 1T 40 M0 3T #2 F OPN 5 Capn4 1) 28 & i A

=4
B

AHWEFAE R AN HepG2 ik 3k OPN J& &
L, Capnd [f1)3 3] TG mRNA FRik KA
SRR AT RAE R L, $oR T4 OPN
X Capnd H AW AER . HEmr, 78 FF 40 i
HepG2 F#£ 4 OPN siRNA, T3 OPN [k, &
I Capnd 11 )8 3l 1 %35 . mRNA K& & HE A
I3 U KR -6 SR T N I VS s A 1 1
HepG2 " OPN E.#5 F il Capnd 4. i
iR, OPN A LB 0% NF-kB 242 B EE 7% M1 o6
SERMRIE, FEUIMITE. Bk, FA N
JEAN A OPN A il NF-kB i&42 1/ 47 Capnd 11
KiL. T UEEXAME R, AL 1L OPN [
HepG2 4 }fu b 3 ] NF-xB ) 4101 il 571) PDTC FH b
NF-kB &2 )5, KIL Capnd [f)21L 52 2 0] 405,

AT R, FHEA1E HepG2 Wil #&ik OPN 55
Xf B4 HepG2 4l MuAH LL, L BT #% GE 1 W 15
9, e #EIA OPN ) HepG2 41 g M 1] siRNA
T4 Capnd J5 41 BT fig 152 21 W 5 40k
I, AREEHR LI OPN nlil it i Capnd (i 3ET ¥
MMITH. BRTENHRER R E R W k23N, £
TR, X — R P 5 T R
TR THUE], RIS 1R 97
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Osteopontin(OPN) Upregulates Calpain Small Subunit 1(Capn4) via Nuclear
Facter-kB in Promotion of Hepatoma Cell Migration®

ZHANG Xuan, YE Li-Hong™, ZHANG Xiao-Dong™
(College of Life Sciences, Key Laboratory of Ministry of Education for Bioactive Materials, Nankai University, Tianjin 300071, China)

Abstract

genes involving many signal pathways. Calpain small subunit 1 (Capn4) plays important roles in tumor metastasis.

Osteopontin (OPN) is able to enhance migration of tumor cells through activation of metastasis-related

The mechanism of migration of hepatoma cells mediated by OPN was investigated by reporter gene assay,
RT-PCR, Western blot analysis and wound healing assay. It was found that OPN was able to upregulate the
expression of Capn4 at the levels of promoter activity, mRNA and protein in human hepatoma HepG2 cells. The
treatment with PDTC (an inhibitor of NF-kB) could abolish the upregulation of Capn4 mediated by OPN.
Moreover, wound healing assay showed that OPN was able to promote the migration ability of hepatoma cells
through upregulating Capn4. Thus, It was concluded that OPN is able to upregulate Capn4 through NF-kB in
promotion of migration of hepatoma cells.
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