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Transcriptional Regulation of Human Osteopontin in Hepatocellular
Cacinoma Cells

Zhao Shen’an, Mei Xinyu, Qiao Xiaojing, Liu Xueni, Qiao Shouyi*, Wu Yanhua*
(School of Life Science, Fudan University, Shanghai 200438, China)

Abstract Osteopontin (OPN) is a secreted glycophosphoprotein which is important in cell adhesion,
migration, body immune, etc. Recent studies recognized the essential role of OPN in carcinogenesis and tumor
metastasis through regulating extracellular cell matrix (ECM) degradation and remodeling. OPN is significantly
up-regulated in multiple cancers including hepatocellular carcinoma (HCC), and is relevant with the malignancy.
However, the molecular mechanism of OPN regulation remains largely illusive. In our study, in order to investigate the
regulation mechanism of OPN gene SPP! in hepatocellular carcinoma, the full-length promoter (pSPPI) was cloned.
Deletion and point mutation analysis demonstrated that —24~—17 region is essential for the transcriptional activity
of pSPP1. Overexpression of AP-1 factor subunit c-jun, but not c-fos, can significantly enhance the transcriptional
activity, and EMSA assay proved the direct binding of c-jun to pSPPI. Moreover, overexpression of c-jun can

effectively induce endogenous OPN expression, which is demonstrated by both Western blot and qRT-PCR assay.
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Taken together, our findings recognize AP-1 factor as a key mechanism of OPN regulation in HCC cell, which brings

new insights into HCC diagnosis and gene therapy.
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F F 2 R DN A$hH $2 15 71 & (AxygenA @) Hg
H I 9 40 fiHep-3BI#) % [A] ZiDNA(gDNA). KL%
eDNAHIEAR, §HSPPI JE 31 F 5 FpSPPI, ¥
FpGL3 i i 4 /4 (Promega /s &) H . PCRY™ 1 [ 4
KEI W B CA B B ) Fr B B An=R 1 s o

SPPIMD2JE 3 F F Bt s R A8 kg & F A
QuickChange £ % 4% il 7] £ (Stratagene 2 &, USA),
MR FE AL R Ui B 54T . pCMV-myc-cjunflpCM V-
myc-cfos FURLSZ W T8 T T 18 - (Fh B BB Eilg A
R T R o AR AT
1.2 ZHREIEF M ERRTAE R

Hep-3B. SK-HEP-1%SMMC-772141 ji £ 7% T
DMEMSE 2R 73T, N & 10%6 4 I35 (Gibeo A ),
B T37 °C. 5% CO M MAMANEE I F=40 . 4Hi
FEAR G 18~24 h, Fr4l BB & & A80%IH}, LALipofectin
2000(Invitrogen A &)l A4 e iR HEA T JTORL % G o

#&1 PCR5|4F7
Table 1 The primer sequence of PCR

H B2 SMF 5

Target gene Primer sequence

SPPI-P F: 5-CGG TAC CTG AGA GAG GCC TTG GGA CTA GGA-3'
(=2 178~+402 nt) R: 5-CCT CGA GAT CGG TGG TTT CCG TTC TTT TGA-3'
SPPI-P1 F: 5-CGG TAC CTG AGA GAG GCC TTG GGA CTAG GA-3'
(-2 178~687 nt) R: 5'-CCT CGA GAA TAC TAT TAC CTA GGT CAT GGG-3'
SPPI-P2 F: 5-CGG TAC CTT GGG AGA AAA ACTA GAA AAA AAA-3'
(-998~+402 nt) R: 5'-CCT CGA GAT CGG TGG TTT CCG TTC TTT TGA-3'
SPPI-D1 F: 5'- CAC GGT ACC TAG TGC CAT TTG TCT AAG-3'
(-473~59 nt) R: 5-CGC TAG CCC TGC TCC CAC ACT T-3'

SPPI-D2 F: 5-ACG GTA CCA AGT GTG GGA GCA GG-3'

(=57~+180 nt)

R: 5'-CGC TAG CCA CAA CCC AGT AGC AA-3’
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F5RfE . ARPEPromega /s W FE LI B AT .
1.4 SLEEZEPCRIEMMRNASE F

Y% G4 J524~36 h, LATrizolilf)(Axygen/s 7]
FEERNA, FEEL1~2 ng RNA 555 i cDNA(TaKaRa /Ay
AR, S [FIcDNAR R 20~ 10015 1 R,
KFSYBR PremixEx Taq(TaKaRa/~ 7)) 4T 2% )t & &
PCRE M. AHIK 51 PP A IR 2 i 7 o
1.5 Western blot

U e G fE36~48 h, LASDSZ AR 2L fik 4 Hfa 3k
BUSEH, ZW10 min. HHEBIFEI00 VLT, it
10% SDS-PAGEZE H HLJKk 70 B, {2 He L4412 ZPVDF
JE Lo MR CASYo it IE 9k T~ =R S 3 A1 hy A —
PLT4 °CiF B, A BRI 2 AL VB bR iC 1 —
YL B 45 min, PAECL(enhanced chemiluminescence)
5 KOG A (Pierce 7)) i 52 JF7E B R &R 4t
ERE T
1.6 BRITHSLH

DL 4 P #% B 1 i 32 457 B(Thermo Scientific v
m ) RIZE A, £:10 pLEE F 520 fmol A=) R Axic i)
P BRIR AT 72 S I T % 75 30 min[¥ 5 4 20 pL, 4 %%
Mbuffer 21 pg poly(Di:dC)], 3& 4+ PE NI 25 & 1k R

2 RT-PCR3|¥F5]
Table 2 The primer sequence of QRT-PCR

H K] ElEZ 2l
Target gene Primer sequence
c-jun F: 5'-TCG ACA TGG AGT CCC AGG A-3'
R: 5'-GGC GAT TCT CTC CAG CTT CC-3'
SPP1 F: 5-CCG AGG TGA TAG TGT GGT TTA TGG-3'
R: 5-TGG ACT GCT TGT GGC TGT GG-3'
GAPDH F: 5'-GAA GGT GAA GGT CGG AGT C-3'

R: 5'-GAA GAT GGT GAT GGG ATT TC-3'

%3 EMSAIR$FS
Table 3 The probe sequence of EMSA assay

H 3 X izl

Target gene Probe sequence

SPPI-D2w.t. 5“GAA AACCTCATGACACAATCT CTCCGCC-3'
SPPI-D2mut 5“GAA AAC CTCATC CTACAATCT CTCCGCC-3'

AP-1 consensus  5'-CGC TTG ATG AGT CAG CCG GAA-3'

H ]I 02 pmoldE AR IEERET, X I8 41 [F] B N
2 pmolii A AR M AEIRICIREN . WH G, FEMh55 uL
loading bufferi& &, 7150 VHLE Fi#id6.5% PAGEE
Ak LYK B, YRR B R b, SRR T245 nm
EAMEIR T AZILS mine AR K LAS PRI & 15 min.
I BRI S A i 1 4 PR B 15 min, Befii s BA
ECLAY, % & 6 1R 771 £ (Thermo Scientific2y 7)) & 5% I
TEBEI G R G ARG, AHSCIRET 7 B n K3 T
(InvitrogenA F] H %) -
1.7 BIEAIE

B FH ¥ 38 B br fE 22 (mean+S.D.) R 7, 2 0]
PIHCR F e 56, P<0.053K 7R 2 5 i3, P<0.013£ 7R
ZE R

2 H#R
2.1 SPPIE R )T HY e bE R EE RIR MM

I HBIMASTE £k 73 #r 4 A4 T30 NSPPIT JE )
T IX I AT T R 4R A7 55 2 Kbya A, CARF
I A i Hep-3B ¥ 2 PR 2 R ASEAR, 3386 3R 151% )5 3))
TR [X 5k 4= KSPPI-P(=2 178~+402 nt). LA
ZAKE BT (PR, 338 AN BT, 25l
fir 44 AP1(-2 178~—687 nt)FIP2(—998~+402 nt).
L IRDNA X B ¥ 0 8 B pGL3#H 35 2 IR 5 ks v o
BT AR/ 4 3 40 SR W) 45 58, o] ILas N1 B
I B/ INRF B BB TIUH o o R 7 % 22 e 40 i
ZSK-HEP-1 }Hep-3B, H DLW FH Bl 25 2 A
RGN R e 2 B R R S i v 1k o P
IBA7R, pGL3-P2 5pGL3-PAH L, #% i s i 2 80
F#°F(Hep-3B)ak_I J+(SK-HEP-1), MipGL3-P17E i fl
I P8 O 25 T SR TS I, SRS SPPIEE A
SR P B TG = A TE—-687~+402 X [] o

N T ik AR N S A X, K P2 A
Wr I AR AA, 43 51 ND1(—473~-59 nt). D2(-57~+180 nt)
FID3(+156~+402 nt)(E1C). L5 ER A [F 1) 72
BT EEE, g5 A DR, A HAUAD2IX B R
B T P2 i S O T 1, $E7RSPPIE 31 IID2IX 2
F2 B B A S T R e X B
2.2 SPPIBENT LAP- 1A THEEREMLEE

PR 5 55 K7 43 W K1 R B, TED2 X 45, 3= %
g 2 S B A R e S R T AP-145 &40 A, T4
NTGACACAA, i T—24~17X, HFRD24N I 4
J& B X8 B RS B A HAMAP-145 & 47 2. AP-1
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(A) (B)
SPPI-P -P1 -P2 Marker
- S S, 2000bp  SPPI-P 2178
‘-;:" w— p— -
§s 1000bp  SPPI-PI21I8 Tuc]
} s 750 bp SPP1-P2
500 bp 0 100 200 300
Relative luciferase activity (%)
©) (D)
SPPI-D1 -D2 -D3 Marker
- - [_" oHep-3B
500 bp SPPIDL 413 2 F =SK-HEP-1
. SPPI-D2 57 +180 T -
Y 250 bp L *x
§ v Al SPP1-D3 +156 +402-
: B . 100 bp |
. o . 0 200 400 600

Relative luciferase activity (%)

A. B: SPPIRJAEK A )T (PYRE T (P, P2)MIXUFOGEE R 1 & 2 KRB ill; C. D: BT A(D1. D2, D3)IXNZE 3R A 15 2 R Rk kil .
SEU67E SK-HEP-1/1Hep-3B W P4 Bk HH HEAT, SZI6 T 8 & 31K, **P<0.01, HPALAHEL(AFIB); **P<0.01, 5D14IMH L (CHID).

A,B: full length SPPI promoter (P) and two large truncates (P1 and P2) were cloned and luciferase activities were assessed in both SK-HEP-1 and Hep-
3B cells. Values are indicated as the mean+S.D.; C,D: three small truncates (D1, D2, D3) from P2 fragment were further constructed and luciferase
assay was conducted in SK-HEP-1 and Hep-3B cells. n=3, **P<0.01 compared with P group (A, B); **P<0.01 compared with D1 group (C, D).

Ell SPPIRZHF & XEREMAHERIERIEE DN

Fig.1 SPPI promoter construction cloning and activity analysis

(A) RPN LN—— |
X

21400 5 500

E 2

=1200 g 400

72} o3

£ 800 5 300

& 2

‘s 600 o 200

= 2

o 400 £ 100

B =

= 200 ~ 0

c 0 400 800

Vector c-fos c-jun c-jun (ng)

A: JNERE G AP-1 15 F-c-junflic-fos W D2VE PE IS M . S A7 53K, **P<0.01, 55 Vector#HLAH LL; B: ##5HH M RALKISPPI & 3))FD2-mut,
AL L0, 400, 800 ng c-juniRik FikL, 7 HIX D2 X D2mutiE P IR . SEIR ML B 3K, **P<0.01, Hc-jun 0 ng41AHEL
A: SK-HEP-1 cells were co-transfected with AP-1 factor c-jun and c-fos respectively, and luciferase activities were further assayed. Values are indicated

as the meantS.D., n=3, **P<0.01 compared with Vector group; B: point mutations were introduced into the AP-1 site inside SPP/ promoter before
luciferase assay was conducted. n=3, **P<0.01 compared with c-jun 0 ng group.

E2 SPPIBZIFAP- 1AL SHIESE S
Fig.2 Transcriptional activity analysis of the AP-1 binding-site on pSPPI

AR ST TN 5 R A K S e 3 B A R G
T I, A L TT BB X D2 ) e S A G EEVEAE A
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i Yy AP- 15 3% K 1 1) 85 1 W s c-junBlc-fos, fa il
D2k W7 1 (1) e s s e PR, 45 AT L, AR IR
c-junfg, FIFR E IR FRIA K B3 A 3R
18 c-jun i — 52 mD2 1) e s i M, (R L g
c-Tos X D2V P & A 5 M (K12 A) -

N TR Bk SR, RATAED2IAP-145 6 7T
b 51 N3 B 1) R AR (TGACACAATR AE N
TCCTACAA), i % ND2-mut, F44 5 ApGL3 5 ki BA
BEATXCRZEBE T S5 REIR, MR AR
AAED2 [ 5 B 55 35 P 55 25 B, 10 HLE#] 7 D2
X4 c-jun i B 2 (KE12B)

2.3 SPPIEZFS5AP-189E A R-DNAE {EIIE

N1 PAE D2 FAFE A DI RE AP-145 6
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JOt, BATAT T BB L. DLAKIRES R IT
(1) 4E lE SMMC-772 1 H2 BN U % B 1, LASPPI A
B FD2IX [ AP-145 G467 s 7 FI R THRET, 43 3l LA A=
YIEFRCHIERE . AR SRR ET DL R AR bR iC i 2848
REHHATIZ R O 45 A B IT R S 56, LASCHRIR T 1
AP-145 G R 5T P HIAE B PEXS IRUS, 3 s, 4
YIEARCISPPIE B FiREF e S E A 454, JF
FRIC AR RAARET R AR ICIRET 52 E AL &,
1M AR M AEARICRE AR . 2 THREF 58
SEA HIER 21 RN S B RO BARRF A
2.4  AP-1%%5 3R A1 XF BT 2 40 A R 1 OPNRY 3%
BIEEEREE

R ) A A S S R S B I FR R, TE o
SPPIJA 3+ L HAP-145 & Jo AR nT Rt H % 5% 1
PR R CREMEIEN . it — D RAEAP- 155 5% A
T R g5 A 7 6 PR M OPNER A 1 4% 7E i, &
AII7ESK-HEP-1 i 41 fd o % Gec-jun 5 Kl 7 4 U5
PEOPNI R iA 4k, SLH) 2 EPCRAL L 1 Western
blotSZE46 73 7] MmRNAZK - A1 8 H 7K FERH, AP-1
BT [ e-jun R AT DL, 25 42 R PEOPNH 3R
L KF(Kl4).

3 g

OPNZE [KSPPIAL T 4 ti4k4q13, 74N F
F6A~ N 7 2H ik, g A 1) B A 2R FIOPN & — Ff
W RGDZE M 51 1) 43 b M B A, VE NN i 22 TH 52

(A)
c-jun __4

OPN

B-actin S ——

0 400 800 (ng)

BRI -
AP-1 SPPI-promoter
[ 1 I |
Biotin-labled probe - + - T + +
Competitor — - - —  mut wt
Antibody — — — - —

c-jun —

Free probe—

AP-1 consensus
SPP1-P(w.t.)
SPP[-P(mut)

CGCTTGATGACTCAGCCGGAA
CAGAAAACCTCATGACACAATCTCTCCGCC
CAGAAAACCTCATCCTACAATCTCTCCGCC

FERE: DASTHERAR 3 B AP- 145 Fr 54 E BT HEPREL 442 LASPPI
SR T EIAP- 145G A0 SO RER, 5 SMMC-7721 JH-6 20 i 4% 2 141 i
B, PATEROT LR . PREFDVEM R T 5 uArid, Se4MEambI4n
NI & (110065 AEFRIC I BREF BUARFR1C 1Y R RAEIREL o
Left panel: a consensus AP-1 binding site was used as the positive control;
Right panel: the AP-1 site from SPPI promoter was labeled with biotin
and incubated with SMMC-7721 nuclear extracts after cell transfection
with c-jun. 100-fold excess of the competitor wildtype oligonucleotides,
mutant oligonucleotides and anti-c-jun antibody were added as indicated.
E3 BT B L EAP-15 R E Fe-jungi B 5SPPIF
T LAP- 14 &S EE
Fig.3 Electrophoretic mobility shift assay (EMSA)
demonstrating c-jun protein binding affinity to AP-1 on pSPP1

(B)
c-jun __.4
3 Hk
°
5
~ = k%
~NE o
52
2E
58
- %
0

0 400 800
c-jun (ng)

A SNEFGEANF B c-jundR & FURL, XF SK-HEP-14 2 Hh OPN &t H FUR A & KIFE I, B: AMIREE B A R 71U ) c-jun3& ik BTk, % SK-HEP-14Mil

tFSPPI mRNAFE 3 /KF HIF2M -

A: SK-HEP-1 cells were transfected with c-jun at different dosages and OPN protein were investigated through Western blot; B: SK-HEP-1 cells were
transfected with c-jun at different dosages and endogenous SPP/ mRNA were investigated through qRT-PCR.

El4 Western blotFlqRT-PCR % EAP-13% % E Fc-jun LB 2 40 AIEOPNAY IR K T
Fig.4 Western blot and qRT-PCR assay demonstrated c-jun inducing OPN expression in HCC cells
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f&integrin a,fs« CD44 T A I B LK, 2 511
ECMI) & i LA Sz B ARG, I AE 22 Pl 1 fieh 8 v g ik
MR B iz 2%. i, 72 HE T OPNAE L4 B H
Mg V) %1 )5 5 CD44 1) A RENS 75 T 40 M (1 42 22 1R 1
o, MR 1 i A2 0T, S T OPNAE T 4 iR 4%
o EE TR, £ W 2R OPN Y 1~ S HAH
KTy RE I % N F TS R R IR I SRS, OPNII{E
5 T I DL R IE S @ AR R O A G B ) 9%
R RYE AT HIBI 7T 45 2R, OPNAEAS [A] f s 22
RS A FhefiE i A RIS TR AN LA R AR ]

AP-1 5 & O AN 1) 5 e A K e 7% % U A
K — KA1, HESWH 3 EHR T E N
c-jun M c-fose JEdiE T BE b, 22 it fifd 4 RIS AT
PABIE AP-1%6 5 52 & W, 1€ i h AP-17] BL 5
YRR R AL AR AL R BORGR DY, FL
Ji b R AP K 2 A B A R v (B T A R R
RS AP-1 75 3% 2k AT DL o 40 i 1) %% 7% A AR 2% RE
J1o BRIGZ AN, GRS AP- 12 i3k 40 4= 22 e 77
Ak (1 Dy #e AL I & BHCD444) T 19, % T OPN
5 CD447E it 5 7% 7% v %5 U i BAE OC &, ] DL
MIAP-13& 7218 7] B 2 5 29 5E HOPN) R 15 1
8. 75 RCE g0 HE R, AP-138 I T 40 B A K R
(hepatocyte growth factor, HGF){i¢ #EOPN] 3£ 1%,
H.c-junfllc-fos iV 550 UE AT UL )5 3+ - B AH B
BN R 25 A P, RSN K- IE LA, AP-1H04%
HIESE 5 OPN I % s B0id A 554

TATTHI I 70 45 R A8 7~ 78 s 4E i, AP-13%
12 & OPNEL i 128 1 SR B PE AL A1), FErP AP-1 5K 0%
fc-junAl -+, 1M dEc-fose B . FAEH . BERITH
SEIGE B T c-jun’ik [ 5 OPNS [KISPPL )G 8 7
B2 F24~—17HIAP-145 & o 50 B3 B AR, @i
JA B2 T A /A i DR 2E DR R A, FRATTHIE
SEAL A AP-145 647 ST IID2 [X 38 5 A i 5% 10 4% 5%
WOE ISV, Z X BRSOk DL R AEAP-1 456 07 i
FIN RUTRAL ) 2 A JA B R B AR S PO I e
F G, Britbz 4h, SMIE IS R B c-junfe 8 L DI {2
3t 9 4 B A OPNEE [K] 1) 32 15 7K 1, #EmRNA
T EHKE EBERUE. Tk, A D ER
I8 T 40 B OPNY % s 1A 5 ML, WiChen
2515 52 R 4 I HCCLM6 HR % 57 R F-e-Myb g
% 5 OPNEE RISPP1 5 3 1 45 & I 1 i 5 s i 1k,
FI FH siRNAHI 8 40 i P YR c-Myb, 7] OPN [ K&

N R, R A G L T . R22EETT. Guo
LHRR, HEMEAFOPNE FF U —A A S
[ (inducible nitric oxide synthase, iNOS)1E #H ¢,
Hep-G241 it o — % 4k & (nitric oxide, NO)fE % 7
FOPNZEAISPPIN #35%, fleidt B FARIE . X LERT
FLaE R 2 S R S 1 A8 AS [R] - 44 B - OPN
TR WP A, R iR T - OPN AT
e 2| Z BRI HEER- . Bk, E¥RM
WEFE R, FRATEHE A Bh HARL T B, A R s i 4
[10) 3 [R] e k1 R AH DG PE 2 #fr, 1E— 2D 1 BHOPN Y
FC At 2 S R 1) ELAE I 28, 23 JFF i Ok A R g o
& HR AN [A) 7 s A P LI FEOPN R I 428 vh i i 4%
DIREM EIRR R

ZR ERTIR, A SO LR i 4 B T
Mol B 7B M B OPNIR % s R = ML, #2878
it FAP- 115 5 18 #% S ILOPNZL 1A 1 4% 1) 7] R
P, Il R e 5 72 112 bR e Y I T R AR [R)
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