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(# ZE] H B 58 R R 5 11 ( bone sialoprotein, BSP ) % ZL A 5% MDA-MB-231 4 [l PI3K-AKT {3 538 % (14 5 i .
77152 BSP R PUTER AL MDA-MB-231 41( f#iFk 231B0-BSP27 )Z H41 A BSP( recombinant human BSP,thBSP )#1 PI3K-
AKT #139) LY294002 AbFHJ5 , Western blotting Kl BRI AKT 7K 7484k, 52 B € 5 PCR K illl caspase-3 . cyclin D1 mRNA
FRKF, MTT Bk 0 40 a4 A AE 0. 45 2R 15 BSP 3 R A 1.3k B 4F B8 21 231BO-Scrambled 41 a4 H, BSP % R UL 2K ()
231BO-BSP27 40l BSP B [ #AH 8 FIH( 74.32 £2. 18 )% ( P <0. 01 ); AKT Bl b /K B & FR&( 33.30 £2.61 )% ( P <
0.01),1fi caspase-3 Fll cyclin D1 mRNA FERA N EFFFIRREC 1,000 £0.000 vs 1.733 +£0.039,1.000 +0. 000 vs 0.370 +£0.012;
¥ P <0.01 );231BO-BSP27 40 fifi 345t fiE /1 B3 FRE( P <0. 05 ). AMEZIN thBSP 2 H 351 [ 231BO-Scrambled FI 231BO-
BSP27 40f8 AKT BEBR LK 17.86 £2.27 )% FI( 33.78 +1.51 )%( ¥ P <0.01 ),231BO-BSP27 4 /ifi caspase-3 mRNA ik [
& 1.000 0. 039 vs 0.541 £0.091,P <0.01 ) .cyclin DI mRNA kT #E( 1.000 £0. 000 vs 2. 921 +0.032,P <0.01 ), f£ i
231BO-Scrambled A1 231B0-BSP27 4N AYIE5H( ¥4 P <0.01 ). LY294002 NIFE % thBSP % 231BO-Scrambled F1 231B0-BSP27
4 AKT BERR LG A/E I P <0.05 ), fff 231BO-BSP27 41/l caspase-3 mRNA FikFHE( P <0.01 ). cyclin DI mRNA Fik A
(P<0.01), %R 40 FEBE ) FRE( 2 P <0.01 ), Z518:BSP il it PI3K-AKT {3 53l % Ve ¥ 7L MDA-MB-231 4 fifd
caspase-3 Fl cyclin D1 433k, I 52 00 41 B ) #4478
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Effect of bone sialoprotien on PI3K-AKT signaling pathway of breast cancer
MDA-MB-231 cells
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510006, Guangdong, China; 2. Center of Medical Research, Guangzhou General Hospital, PLA Guangzhou Military Area
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[ Abstract ] Objective: To investigate the effect of bone sialoprotein ( BSP ) on the PI3K-AKT signaling pathway in
breast cancer MDA-MB-231 cells. Methods: BSP-silenced MDA-MB-231 cells were treated with recombinant human BSP
( thBSP ) and the PI3K-AKT specific inhibitor .Y294002. Western blotting analysis was used to detect the phosphoryla-
tion of AKT, qPCR was conducted to evaluate caspase-3, cyclin D1 mRNA expressions, and the proliferation of cells was
analyzed by MTT assay. Results: Compared with the 231BO-Scrambled cells in control group, BSP protein expression in
BSP-silenced 231B0-BSP27 cells was significantly lower ( 74.32 £2.18 )% ( P <0.01 ), and expression level of AKT
phosphorylation was also significantly lower ( 33.30 £2.61) % ( P <0.01 ), resulting in up-regulation of caspase-3
mRNA level ( 1.000 +0.000 vs 1.733 +0.039, P <0.01) , down-regulation of cyclin D1 mRNA ( 1. 000 = 0. 000 s
0.370 +£0.012, P <0. 01 ), and the inhibition of 231 BO-BSP27 cells growth ( P <0.05 ). After treatment with exogenous
thBSP, the phosphorylation of AKT was increased in both 231BO-Scrambled and 231B0O-BSP27 cells [ ( 17. 86 +
2.27)% ,(33.78 £1.51 )%, P <0.01 ]. thBSP treatment decreased caspase-3 mRNA (1.000 £0.039 vs 0.541 +
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0.091, P<0.01 ) , and increased cyclin D1 mRNA ( 1.000 +0.000 vs 2.921 +0.032, P<0.01) expression in 231 BO-
BSP27 cells, and stimulated the proliferation of 231 BO-Scrambled and 231B0-BSP27 cells ( P <0.01 ). Furthermore, rh-
BSP-induced activation of AKT was reversed by LY294002 in 231BO-Scrambled and 231B0O-BSP27 cells ( P <0.05 ),
with an increase in caspase-3 mRNA and decrease in cyclin D1 mRNA expression in 231B0O-BSP27 cells ( all P <0.01 ),
causing proliferation inhibition in 231B0-Scrambled and 231B0O-BSP27 cells ( P <0.01 ). Conclusion: BSP can regulate
the mRNA expressions of caspase-3 and cyclin D1, and affect the proliferation of breast cancer MDA-MB-231 cells through

the PI3K-AKT signaling pathway.
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‘B ME Y 2 £ 1 ( bone sialoprotein , BSP ) J& — Fft
e LR R AL IR TL ABE B A i 0 AL 20 SRR S PRl
Ji& )74 1, J& T SIBLING( small integrin binding lig-
and N-linked glycoprotein )8 F U5 % . B A wFgEt
B, FLUAR IR 40 B d 3 FAK( focal adhesion kinase )-
ERK( extracellular signal-regulated kinase )17 5 %% &
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N HABAR 7 R ERREEF AN . A5 B TR
BRI BSP JERI TR L2 SN chBSP X FLARSE MDA-
MB-231 Zi}fd PI3K-AKT 1553 i ) H R i# caspase-
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1.1 E&#4

BSP FE R0 B 7L AR 95 240 Ok MDA-MB-231BO-
BSP27 .S ATJCK kL pSilencer-scrambled [ X} HE
i 98 40} Bk MDA-MB-231BO-Scrambled , 43 5] fij &
4 231BO-BSP27 . 231BO-Scrambled, {1 ] 0 %5 X ]
PHELEE Bt 2 22 S B0 BHAAE 2. DMEM 15352 350 A
BUIN o 35 2 W B 2 R A BR A /), B 4R 13 W A
Hyclone Al SHT A BSP HUKIA H Santa Cruz 23
AL Bt N p-AKT1/2/3 Hiik bt N AKT Hiik .
HRP-LIEHT B 1gG —FUA HRP-1LE4i %R 1gC 4t
I H Cell Signal Technology /A Fl, f#$it GAPDH £
FLRE TeG HUIARN A Jb ot BEAE 2028 ], RIPA 24§
W A T H R AR MR A BR A R ECL ROt
¥ .PVDF 0 A Millipore 2Y 5], rhBSP 25 H 1 B
R&DZA A, PIBK-AKT i S M il 5 LY294002 1 A
Enzo Lifescience 23 ], TRIzol 33|04 H Invitrogen 2y
H],MTT I H Sigma 28wl 055 SE &4 H Pro-
mega /A A, SYBR Green [ Z¢ )t 1 PCR X5 & 14
H Roche 23 H], 519t ISR A WA .
1.2 ¥k

MR 5 40 M Bk 231BO-Scrambled 1 231BO-
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BSP27 Ml & 10% Jig 4= 1L 3% /) DMEM 3% 57 W 7F
37 C 5% CO, HIFERE AN 720 P G570 R
G IR AL AR 4 T X B0 A K I Y A e
JRREEE LIS , H A A M2, DL 3 < 10° /FLEEFD T
6 fLE IR, 8595 24 h 5, Bl 5 B, B
SIMA 1.5 ml &% thBSP( 400 nmol/L ), rhBSP( 400
nmol/L ) + LY294002 ( 20 wmol/L ) B JC IfiL i5 % 37
e, B 3 AN AL, IF DTG LI B 3R AR S X RE
37 C 5% CO, TR A0 s 250 M k285 5% 24
h 5 #E 7 e 2585

1.3 Western blotting ¥ 4m it BSP AKT #4 % i&

FLIEE A 28 vhBSP A1 LY294002 4b B 5,
21 it 24 i Y 4 T A0 M B B 11, BCA IR AT R 1
o H120 g 55 & GV R b 28 P JS 23R4T SDS-
PAGE, %KX J5 #: % & PVDF I5; & 5% I Bg W 83 ()
TBST Z R s E P 1 hs LA TBST i B 1) K T
A BSP BEFEHLAR( 1: 200 Fi B ) BT p-AKT H
TEREPURBLMARC 11 000 BB ) L RPLA AKT
(1:1 000 % B ) =X % HL N GAPDH £ 37 & bt 14
(1:3 00077 K ) ,4 CHEIRIIAL ; i TBST #i B HRP
FRIciy —Ht( 1:2 000 Fi ke ),37 CHFH 60 min; MIA
ECL BHUE YW, X i 6% . Quantity One
BAFHAT T RSO IR EE A, L GAPDH 1
2, 1155 BSP .p-AKT & AN Rk i .

1.4 Real-time PCR A& 28 i, ¥ caspase-3 . cyclin D1
mRNA #) % &

FLIRIE 40 2 rhBSP 1 1Y294002 4b F 5, LA
TRIzol — 7% A AL Fh BEHUEL RNA, 224050000
T SE B RNA B9 R4, DL 4 pg & RNA
PR i B3 e Sy i) G U ] & L5 —BE ¢DNA, 4K
JF LA cDNA AR #E 47 2¢ 5 S B 5 it PCR A
ST : caspase-3 L5149 5'-TCAGGCCTGC-
CGTGGTACAGA-3', T iiF 51 ¥ 1 5'-AGCATGGCA-
CAAAGCGACTGGA-3', ¥ 3 7 ¥ 24 189 bp; cyclin
DI EE5I# K 5'-TGCCGTCCATGCGGAAGAT-3,
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W51 %N 5'-CACAGAGGGCAACGAAGGT-3', §”
B =¥ Sk 411 bp, N Z B B-actin G W
( QT01680476 ) 1 QIAGEN /A&, § 14 7= K 104
bpo RN &M :95 CHASYE 5 min;95 °C 15 5,59 C
60 s 3£ 50 NIE I, H Ar kB0 A X355 il
248N AR R, R A ACE= AClygy -

1.5 MTT ) 2 ins 74

VRO A K 140 B 3.5 x 10%/ml ), 1L 200
wl 2R A 96 FLATMEES 7, & 37 °C 5% CO, fAI
BER AN SR, B3R 12 h )5, 5 B, AL
A 200 wl 7 rhBSP( 400 nmol/L )FI rhBSP( 400
nmol/ 1) + L.Y294002( 20 wmol/L A JG IfiL 75 5 77 2% ,
¥k 3 ANE AL, FF LN i 85 R 5AE ) BR( 200
wl)o 37 C 5% CO, AR FRA N KT FE 24 h
J&i , BEALAN 5 mg/ml MTT 20 ul, F37 C 5% CO, &5
FRAAAREEMF T 4 h, W BR A B3R, Bl DMSO
150 wl, 4 7% Vs fife 5 40 FP g, BE R AG 2 1 570 nm,
FE AR DU 6% BEEC D)o
1.6 %itsam

BHELL x + 5 o, R H SPSS13. 0 Gt it 4 ik
AT AT, 2HLIH) AR B R 28 5 25 04, T T LR
FH e #36:,P <0.05 8L P <0.01 #RERALIF

2 7% R

2.1 231BO-BSP27 fafieF BSP & & & ik T

Western blotting Kzt R B oR, 5 231BO-
Scrambled 40 ifi #H Lt , 231 BO-BSP27 4l fii f BSP &
FKP B R ARG, A i AR IA (74,32 2. 18 )%
(El1,P<0.01),

ARl — —
caroe - A —

E 1 231BO-BSP27 #ffish BSP EARIE T
Fig.1 Decreased expression of BSP
protein in 231BO-BSP27 cells
1: 231BO-Scrambled cells; 2: 231BO-BSP27 cells

2.2 BSP #F MDA-MB-231 Zmft AKT 5B AL 648 35
5 231BO-Scrambled ZH g #H k., 231 BO-BSP27
H p-AKT A XJ 26 3K 7K -9 4> (133,30 + 2. 61 )%

(P<0.01), rhBSP fE ] J5, 231BO-Scrambled F
231BO-BSP27 4 i p-AKT AHXF 26 ik 7K F 5 ) 42
i (17.86 +2.27 )% MI(33.78 +1.51 )% ( P <
0.01 );LY294002 NI fiE B BAMH| rhBSP % AKT A9k
TEVER, p-AKT FHXS 235 7K 740 50l T R ( 31. 49 =
3.81)% H1(26.98 £1.05)%( P<0.01 )X Bl 2)., H
AT UL, BSP XFFLARJEE MDA-MB-231 40j8 AKT f75
PEEAT B0 AR VE D i R HE DL PI3K
s Iy LR

Ll - erambled 231 H-BYPT

rhHEF
LY Uikl

et S .
kT
Cad'aH e — - — ——

2 BSP EEE rhBSP 3t MDA-MB-231
ZHBE p-AKT 1 AKT F3EHI 500
Fig. 2 Effects of BSP gene silencing and rhBSP on p-AKT
and AKT protein expressions in MDA-MB-231 cells

2.3 BSP xf MDA-MB-231 282 caspase-3 #= cyc-
lin DI mRNA 7K-F 65 %R

5%} B 2H 231BO-Scrambled 4 ffd # H , 231BO-
BSP27 4l caspase-3 mRNA #H X & ik 7K B i
TR P <0.01 ), cyclin DI mRNA H %} 2 3k 7K 5F B
BREARCP <0.01)( 1), 1 thBSP 1EHE ., ff
231BO-BSP27 4 il caspase-3 mRNA H X} & 35 K F
BB TR P <0.01 ), cyclin D1 mRNA FHX} 21k 7K
VI TR P <0.01 );LY294002 1) #43BHLIT rhB-
SP X} caspase-3 il cyclin DI mRNA 33K 7K -5 1
(%£2). I W BSP il it PIBK-AKT 15538 % 14 4%
caspase-3 I cyclin DI mRNA 3Rk,

#®1 BSP EETEX MDA-MB-231 48/
caspase-3.cyclin D1 mRNA Fi% 501
Tab.1 Effect of BSP gene silencing on caspase-3
and cyclin D1 mRNA expressions in MDA-MB-231 cells

mRNA relative quantitiy

Group

Caspase-3 Cyclin D1

231BO-Scrambled 1.000 +0. 000 1.000 +0. 000

231BO-BSP27 1.733+£0.039"" 0.370 £0.012" "

** P <0.01 vs 231BO-Scrambled cells
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%2 rhBSP #1 L'Y294002 %t 231BO-BSP27
ZHAf e caspase-3.cyclin D1 mRNA FRiXRI M
Tab.2 Caspase-3 and cyclin D1 mRNA expressions in
231BO-BSP27 cells treated with rhBSP and 1L.Y294002

mRNA relative quantitiy

Group
Caspase-3 Cyclin D1
231B0O-BSP27 1.000 +0.039 1.000 =0. 000
231BO-BSP27 + rhBSP 0.541 +0.091"* 2.921 +0.032" "

231BO-BSP27 +
rhBSP + .Y294002

0.971 £0.023%% 0.722 £0.018%*

** P <0.01 vs 231BO-BSP27 cells; “*P < 0. 01 ws
231BO-BSP27 + rhBSP cells

2.4 BSP %F MDA-MB-231 4m fieL3% 34 649 % %)

MTT #; ] 231BO-Scrambled A1 231B0O-BSP27
AN AE thBSP A1 1LY294002 1F H 5 iU B4 58 6 7, 45
B(OK 3) %R, 5 231BO-Scrambled # £, 231BO-
BSP27 4 i 5 g 71 AR P < 0. 05 ) il PR A% 240 i
2% vhBSP /EH 24 h 5 , B4FH A8 13500 4 BH S 4 =
(P <0.01),LY294002 BEHS 7 #0 I rhBSP {12 4 i 34
BEAE R, fof A 20 B A S B R D A B T RRC P <
0.01 ). Ft$E/R,BSP Alif o PI3K-AKT i ¢ i
20 L B

|.8
|6
1.

1.1
k8
k.1
[[E]

il pedid

%] B-H&12

230 Scrmmbled

B3 MTT #ill BSP %t MDA-MB-231 4HRa 1858 6% 7189 %200
Fig.3 Effect of BSP on proliferation of
MDA-MB-231 cells as detected by MTT assay
*P <0.05 vs 231BO-Scrambled cells; 22 P <0.01 vs control;
44P <0.01 vs +rhBSP + LY294002 group

I

AN S B A R RS 2 — . BSP
e R P BRI R R B W e R L B
1994 4F Bellahcence * B YK Ml iRk T BSP 7E 5 & A
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Fibsd OB A RZE BRI B RO R
EAIAMACHE 9 ) ¢ i A A T 4 Ao B g A e
RAEEEAE M, B H EARAE AL R 1 0 A T4 .
WEAEFFT ELIESE, BSP J2& R 317 A~ 2 3 R 4 W 1 40
WEH A E— 16 DNEIERR M HKE S 75, 5
S HE AN B I 4 W B i A R AR ) AE AR
RIS HAA A 3 A IHAEVESS F R N SRS L b ) 25 4
B C Kb, CRuG&AH —B A R FER
OLVB3{9W )2 B RS- H - R TT )4 ER( Arg-Gly-
Asp,RGD )FFF1' ) 3% RGD £ JIkANE AT -5 40 fifd &
FERT S AR M e AR R AT R S S A R
SEAE IE N FUIR I AN M S B AN R

BAERRE—KH o A B WIS M it 4 &
Y B 5 5 — R AR R 1, VB — R 2
Jif0 28 T 2 AL 22 b i 8 20 R 91 G L R RE 4 i )
FEIK A AN B AL T SN AL R] A B B, 53 AhiA
YRR S5 51518 oy 1 G 2 FME 5 500
T FAK' ' B T R ( integrin-linked ki-
nase, [LK )/ PI3K' "' %5, & 5 41 fifg & Fh /4 39 1) fig
AR AL

PI3K-AKT {5 5@ B AE G R Flif— P HEZE
FoHSmie  EANFUIRIE R AEME R R EEH S
YEFH . AKT fE b —Fh 22 & 2/ 75 2 1R 2 11 il 2
PBK MR FEME A Z —. — 7 AKT 8@
PH S5 575101 PI3K 30% =M SE &, H 3 &
AR AT 5 ) — 7 TG AL 9 AKT i —25
ST UEHA T4 caspase-3 Fi5 T [, Caspase-3 &
YA T A R LA T AR IE R TS0, LACTE TR
fitg 50 SAEAE BT T, 905 5 308 5 LR 1 1
S R E AN A AT CyelinD1 A 40 g
MG, #EA S B SCHM G 2 A il B R L LR
VI A DNA & A5 AEAT, 29 cyclin D1 3 3
IKETREAR R G, W, A UE AN AR AT A S 5 20
JL g e 41 R O A% 5% K 7 nuclear factor
kappa B, NF-kB )14 2 A LM S 20 M 7
TR 8% . AKT MBEIR 1k K v] AR b i
PI3K 3% VE M FE bR 2 Bt PI3K {35 538 & (905 14k, T 1%
T % PI3K AT LY294002 7] LLBH W AKT Ay
W

Gordon 25V HR 3B T M8 40 g b BSP RE T D
P FAK-ERK 155 % S8 48, 42 28 Jib 732 20 fta 3% 4 5
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caspase-3 mRNA ik, [A]Af_E i cyclin DI mRNA 7K
- A4 i AR K, 9152 T BSP LR R I MDA-
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