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1.1 ##Y

1.1.1 40 ffukk. P& Hs578T i U #k (Kjell Grankvist
8 £ 8 2%, Umea University, Sweden) £ i 2 %
(doxorubicin Dox) fii & £ 7& 3K #3 MW 25 kk
Hs578T/Dox. id 3 ik caveolin-1 4H /iy ¥k Hs578T/
Dox+cav-1 PL I8 (%) BEE Hs578T/Dox +vector HL
T E R B A ) B T,

1.1.2 s2%:zh 4. X5 F BALB/C 41 5l A v [ B2
RSB SIS T, 4~6 R, fAE 10~
12 g #R5R, BEML AL, AR 15 W g T i 4RI R
KB SER e SPF 1Al FR .

1.1.3 A5 RPMI 1640 41 k5 7756 L- & W%
TR EA(DMSO). MTT. il A B B b R
KA TREN ] JR2F M5 B PAA Laboratories
GmbH A 7 ; £ % -HEMA & )i JIiZ (2-hydroxyethyl
methacrylate) 4y [ Sigma /A #]; Matrigel J& it 25 4
I B BD A Al 42 22/ %E Millicell 1 [ Millipore
A

1.2 7&

1.2.1 41 a5 35 MO 82 Ad H 5 10% it 245 1 |
2 mmol/L L- & & W% /) RPMI 1640 £575%, 7EfH
L 37°CL 5% CO, Z&AHRAE TR FR, 41 5 2 0 RE
A MR A0 B TS TN A KA

1.2.2 Z4HHKGER. 46 4°C R 100 mg/L Matrigel
R EL R TV 1R 96 FLARL,  FEAL 200 pl (20 pg),
SWTC B APE T BT UK AN 2 4k 20
10% fifi 21 L 7 RPMI1640 15 7% 9 6 15 41 Mo B
5x10%ml. FEFLANA 200 wl (10* AN)40 L. 7£ 37°C 5%
CO, B FR A Th 55 9% 60 min HUHH . PBS 3y 3 i, ¥t
P AR BEAN L. 0N T LT 1640 B 5% A & 1)
5 g/ml MTT 50 pl. 4423597 4 h th ik DMSO 724>
PR EE S, 550 nm YK AR OO i W .
4 8 NEAL.

1.2.3 ZIHGEAERNR 22050 . Albini @1 v 112 28/
SR G0 A A M T 20 A 2R BE ) & 5 I,
TEARS M B AR T TR B I R, a5 R
Ly ROWLT e 4 I V032 3T Ak e RN 4 i bk
SRR B AR BE . A0 MITAE RS, TG Il RPMI1640
Ri TR0 AT AN MR 9% 36 h,  BOE BIEWL I
T Yk 3% % 3 1 (fibronectin) ¥ £ & 2.5 mg/L, & A
millicell 1222 /N [T S AE D @GR 7. ¥ H 1%
13 mm FLARR 8 pum (1) 3R B IR TG o FL I BN AR

BN BN E 2 A, A5 48 b Bk K,
THAGE L. PBS Ut 3 1K, TG RPMI1640 il # 4
JHEA 5x10%/ml, £ Wi i G (oA W 40 JH 3 ) 95% LA
b AR RN E B E T IO 0.2 ml (1x
10° N4, Br g rh 9% 6 h, HURNTALIE, H
100% F P fig sk 8 L b e T 4l s, P2 [ 5 A
PN SN G R 3 AN R o G R T
JUYJE 5 A mifis (400 %) B FALET Al Mo %, THEF
VB A 5 AFEAR, THEIHGIT . 40
228K, $ERTLE 4°C fllfi Matrigel 8 i 25 1%
B A 5 i I TR kAL B 3 TRl L 100 pl (70 pg)
Matrigel J5&, JENSEFRAR T 4 h &4 H. AR AR
AT AR

1.2.4  HURSLPIT AT I, AR ¢ LI T3R50 P et
wit, HEE -HEMA LIRS T K OB, Hl4%
%10 g/L £ 5 - HEMA % K55 72 PBS W
Ve 3, RGN 2 ml £ -HEMA ¥ i B 9
JiE, TRPRE FRT&H. SHlBR 1x10° 41,
BIF R IELE 10%)8 24 L3 RPMI1640 5577+ . 76
Wi R g% 24 h o, B0 RGN, 70% 185 K ]
JE TS WAL BE (PY) B0, K F i =l i 7 kA
DA T Fe 5. ML 5 ANbRA, THE 50T
1T,

1.2.5 RS T PRI iR 00 A4 R R Al AR AR 7R
WORH2E KA M, W G A U T AE 95%
PL b, G RPMI1640 55 5% vk Wik, i ik
Sx10%ml 4 fo B9, W HX 0.1 ml (5x10° A4) 40 g =
TR 2 L L N 2 LD = L W P R o
TMEFFRAR . @ WD R A K. B T AR A
EAE VE45. BR2H 40 M 4y 4% % 15 H BALB/C #R,,
WS 4 J S, A e S I A i A g BRAS 7
1.2.6 SEihTrik. SEREIR DL v + s £on, WEMER
B oK ¢ K5, A R Spss11.0 A4 #7.
PLP < 0.05 G422 L.
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2.1 YHREFSIME

P R 4 g U e A KB, A N
WA M AERKMBIEMIESLH, LEEN,
Hs578T/Dox-+vector 4 i i B JE 25 52 15 T 510 42
¥, th &2 % (K la), caveolin-1 i & % iX 1)
Hs578T/Dox+cav-1 4 il JE & Ak AE AR 4k, i RE 5 K
WIE, DKM e, 4> 241858 T Rl 0 4 V% S U
AR, X AT AR A L ELAT A (R I RE AR A R ) AR B R
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Fig. 1 Cell form of Hs578T/Dox cells was photographed
under a bright-field microscope

(a) Cell form of Hs578T/Dox cells stably transfected with vector

(control). (b) Hs578T/Dox +cav-1 cells showed long and abundant

filopodia formation.

2.2 ZHAERL KIS

S RGBT AL o0 T 40 e AR KA 7% 2 A
eH EE RS, A0 A HE B AN R 4 i 2L AT 3%
e SCRRAGRYAEY) BEAE R i HOO 40 i i R
I3 MO HINIE B 55 BE A A i 3% 2 R 4 B A= )5
1F 60 min K4 TR, FLJw HsS78T/Dox+cav-1 4
JI#k 55 Matrigel Jt 57 £ 1 45 & 10 B W e T
Hs578T/Dox+vector 41 i #£((0.897 + 0.163) vs (0.633
+0.053), P<0.01, & 2), JiJe4n JfORGB BE o i 4
IS A I %) e 4 B N5 2 5 0L P S 4
¥ G 20 2R ) Jo 2 1) SRS B s 8, AT o A oK
TX 2 5 B R RS A K ) S5l Caveolin-1 I 5 3E
kW E A T HsS78T i 24 40 BUAKR IR B RE ), wf
DAHEM, X Fh AR A0 T4 7% 20 i 15 ik B B4 23R
Mg EAK, TERGHE MR 2 TG R,
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Fig. 2 Caveolin-1 promoted adhesive rate of Hs578T/Dox
cells
The adhesive rate of Hs578T/Dox cells was quantified as described in

methods. Values are x + s of five experiments (P < 0.01).

2.3 {ARETEHEAIRZERE
it Iea (1) A 0 4 e g 452 2% A KR 40 i Bt 7t N

R BRASTERE By, AR A R 240 o [ R o 2 56
TR R, AT AL FLIE Hs578T/Dox+cav-1 41 il kk
{1 2 13 A T AT AE A 4 28 WA E ) LE Hs578T/Dox +
vector 41 Uik B 3858 (K 3a~d). Kl 3e WoRIEHER
R e mE, T Eikmt, BIFE6eh)E,
Hs578T/Dox+cav-1 4 B4 iz gl L, 2k
OB PN T 20 B 08 B2 T HsS578T/Dox-+vector 28 iy
¥R((107.8 + 10.9) vs (80.8 + 8.07), P<0.01, [ 3e);
EN Rt 28856 7, Hs578T/Dox+cav-1 4l f#f &
FEWLIR Matrigel JE B RVER,  1E ANTFLIR P9 1) 48 i
Bt T Hs578T/Dox-+vector 41 i 1k ((68.8 + 9.88)
vs (25.6 + 5.41), P<0.01, [ 3e).
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Fig. 3 Effect of caveolin-1 on cell migration and invision
of Hs578T/Dox cells
(a),(b) Migration assays were carried out in a 24-well millicell unit on
polycarbonate filters with 8-pwm pores after 6-hour-incubation period.
The cells that had passed through the filter into the lower wells were
stained and photographed under a bright-field microscope. (c), (d)
Invasion was carried out on polycarbonate filters coated with Matrigel.
The cells that had passed through the filter were stained and
photographed. (e) The migration and invasion was quantified as
described in methods. Values of inserted cells are (x = s) of five
experiments (P < 0.01). B : Hs578T/Dox+cav-1; [O: Hs578T/

Dox+vector.
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24 MEREAT

TENP IR RS I R, SRR 40 i A ZH 231 i
T E N ML MR S K N, R 25 T R BT 3
FF, XS0 MOk S B R FRIP LT, RO K
U8, Z 5 -HEMA 2 — M s+ R 5, Hifehs
TR AT AE AN M JC VR AR K, fEBIRIR A I 4n g
E 55 240 1R 7 TR SEL A 4 5 2 ik 1 5 A 2 B
P TR0 ARAMERL O SRS, LSRN, BRI
1) Hs578T/Dox+vector 41 il 7L 51 43 A7, AL /DB
AN B ], TR B FE K Hs578T/Dox+cav-1 41 it
BORE, WA SR AP, By o
24 h, Hs578T/Dox +cav-1 40 fitd W 1= 8 % &
Hs578T/Dox+vector 4 Hd B 2. T F%((8.79 = 1.54)% vs
(16.42 + 1.42)%, P<0.01, & 4). Caveolin-1 £ [/1]
T R IEAE MR HsS78T i 24 40 M bk iy o 2k S 09 T2 g
DA B BEGR, 1K A DR B\ MR AP Ak A A
AT 3 7% 1) b e 240 T A 380 38 e B U o4 AR I RS P 432
22T 1 A 6 Wiy A B T R A I ) JR) RN S 22 (1)
Plss.
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Fig. 4 Caveolin-1 inhibited anoikis of Hs578T/Dox cells
Cells were detached and then maintained in suspension in
poly-HEMA-coated plastic Petri dishes for 24 h.
Hs578T/Dox+tvector and Hs578T/Dox+cav-1 cells were analyzed by
flow cytometry (FCM). (a) Hs578T/Dox+vector, Al (apoptosis index):
15.8%. (b) Hs578 T/Dox+cav-1, Al: 9.23%.

Apoptosis in

25 RRMEE

MR RN R FLJw Hs578T/Dox +vector 4 il
Ja, WE 4, BORTE MR (B Sa). T
Hs578T/Dox-+cav-1 4 4zl 15 HAREL, 28
JEs (Kl Sb). F&AE R I BRI AR 28 AR, SR
JRZRM, AN . W 4 i, P EA
(0.8 + 0.45) cm (&l 5¢). HE J BE YL (0, &5 T M %2,
i IRe 40 i 5 g e A, K N R . MEIRE
oy BRI, A% R AR, AT A% A 24,
FEar bR AT R AR ST (K 5d). — BHUSOR AR B
AR, U] LA KNS — R i B i B
(¥ 5e). HE JR A A UE SE N S Mg 4 2L, S i

g LA AL (K] 56). 7L, caveolin-1 &5 1B WA
BET FL9 HsS578T it 24 40 B AE R B4 P (kL i
Jeg Az A F5 .

(a) (b)

Fig. 5 Caveolin-1 promoted tumor formation and
metastasis of Hs578T/Dox cells in nude mice

No tumor formed (a) and tumor formed (b) on BALB/C nude mice

bearing human breast Hs578T/Dox+vector and Hs578T/ Dox+cav-1cells

on day 28 after the injection, respectively. (¢) Tumor of nude mice from

(b). (d) HE histological examination of tumor from (c¢). (e¢) Lung

metastasis tumor from B nude mice. (f) HE histological examination of

metastasis tumor from (e).

3 W .

FUI e Lok WEVE IR, R 2R A S MR %
R P 1 S A 2 e e R e g T g R
AR B RE IR NI TN IR 16 7 326 156 R0 ) Wy i
Ja B EE SC CARE, FLE HsS78T 4
RIAS AR AR B P IR . A SC ) 40 Ak Py ke S 56 A
FORIL, BRI HsST8T it 24 41 AR 7E 4R Bl AR
ANRE R, (Hik Rk caveolin-1 ) Hs578T/Dox 4
L, I FRARE) 100%,  FF H IR AT I8 i 7% 1 IR
% 1% K caveolin-1 & ZE I A= KALHE T T H )
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PURSTT IR, 2 IR 40 Bl i 6 R R 40
BN R I — AN e P 5. IR 40 o 2k S H T2
()T SR AE T 2Ry 3 6 3t 7 40 PR R T % S T
el 7w TE L FRATT R B 5T R IR e Bl Rk
caveolin-1 (1) Hs578T Ifif 2 40 My bk A7 7 30 9 i bt
KM TR M E RSN Tk, X2
Hs578T/Dox+cav-1 {1 Fl B2 T oAl B Jed F1 & A= it
A EERZEZ . Ravid MR I, caveolin-1
AT LA P MCF7 40 SR T it kA4, Al
S0 g A T AR A AE AL % AKT (55
AT P P53 MM pp340 B TETE, THEBE
FFEAE KT (IGF-IR) KA 5.

JiRg {5 22 1 AR A AR T A 2 b (R R 48 s i
9o ) FEI AL R (DB IRR EEL A | I TR o o A 5 S {1
B8R FERR N RN, IFRR S5 AT 0 J 21
R AS R AT UE S, gl M PR a8, e
1 4% B 2 T (PRSP AR 2 32 AR 58 22RO 2 1 1
M, Ay RIS TRBCE FRAEREAE . 22
RO A2 A 98 40 AR 28 RS 4R B B v e kS 2 224 H.
caveolin- 11t F AL 4 il I & B KRB ALK, 1k
AR, TEAFA S 90 M= 22545 G ) i 1
I —350. Ho S5UA7E It 40 A 50 bt &3,
HIRRZ 22 me Mg 4i i, HAT S i e
I A 454, R caveolin-1 £ & & & B N ).

IR 45 22 i 0 R 14 A R TR g i L) )
UG R AT EL B R, (RIS, AT
SRy A A R T SR R AR AR R, Ay SR e Ak
NG AT RGB Re I3 5e, AR T 7% A A
Ik PN Rz BSORPAE SA7 ZH ZR 1) s e A T K. 18 3l
D3P 14 iAo 4 B PR g ZH AR R TR, A
FeIE i) iz R ge f gt — 2 A G, RA TR
Jibggg [ B3, Fe A1 R caveolin-1 32k (18 b st e
Hs578T/Dox 4 M IT HEFIMR 28 e 7 B 1 0. (H2
KT caveolin-1 X2 2268 1 E R LA — L8 A [F] 1)
HIE, Lee 55094 18 & 2 K 1A caveolin-1 1] T
MTLn3 40/l EGF 52 /&35, 40 O 2 A T4 JE
TEA i FAEA3 E T, ARG, fh 2 R K,
T A 4 L PRV AT A4S B ) BRGNS G B 7 T2 e
%559 . Hayashi S50 3E 3 A A8 caveolin-1 J[A]
(1) NIH3T3 4 f 112 28/ % S0 h R B H T Y 5 1)
1R 28R ), TR AN BT caveolin-1 2 (A 1
NIH3T3 4 i 2 g )1 424k,

USRI A R AR, caveolin-1 BRI
JE IR AC,  IF HMe 40 g 1 1) caeolin-1

JIT A0S JEAN G I (IR S F IR R
FE S8 R I e Y, iR W caveolin-1 X i
Je 1) AR AT (R HEAE 09720, caveolin-1 75 IR AR 1
IEAE MR 28 a2 AR D — AN PR 758 =2 ik PR 7
WA A 1. H T A A XN AR i ) ok s AN AR K
MY BeAT 5%, FrbL, caveolin-1 52 Wi e A= 4 2 5 4k
RAEAE 0 BARPLRI A& 2 R it — 20 IR A
5T
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Promotion of Invasion and Metastasis in
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("Department of General Surgery, Xuanwu Hospital, Capital Medical University, Beijing 100053, China;
JCenter For Systems Biology, Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract

doxorubicin-resistanted cells, Hs578T/Dox +cav-1 was as experiment group which up-regulated caveolin-1 by

To investigate the effect of caveolin-1 on invasion and metastasis of human breast carcinoma Hs578T

introducing the pCl-neo caveolin-1 gene, and Hs578T/Dox +vector introduced the pCl-neo vector was as
controlled group. It was revealed that caveolin-1 in Hs578T/Dox cells is an important factor for mediating
filopodia formation, which may enhance the invasive of cells. Hs578 T/Dox+cav-1 cell formed long and abundant
pseudopodia and only few filopodia were detectable in Hs578T/Dox +vector cells. It was shown that adhesive
capability of Hs578T/Dox cells enhanced with up-regulated expression of caveolin-1 protein(P<0.01). Introducing
the caveolin-1 gene into Hs578T/Dox cells enhanced their migration and invasive capability, as revealed by an in
vitro chamber invasion assay (P <0.01). Apoptosis index of Hs578T/Dox +cav-1 group resulting from loss of
cell-matrix interactions decreased comparing Hs578T/Dox+vector group(P<0.01). Caveolin-1 inhibited anoikis of
Hs578T/Dox cells and that allowed survival of cancer cells during systemic circulation, thereby facilitating
secondary tumor formation in distant organs. The efficacy in vivo of caveolin-1 was tested using cells xenografted
into nude mice. Each mouse in both fifteen-mice groups were hypodermically injected with equivalent doses of
5x10° cells from Hs578T/Dox +cav-1 or Hs578T/Dox +vector. Tumors in Hs578T/Dox +cav-1 group were all
formed after injection followed for 4 weeks, while no one in Hs578T/Dox +vector group. Lung metastasis was
found in one mouse injected Hs578T/Dox+cav-1 cells. In conclusion, up-regulated caveolin-1 level in Hs578T
doxorubicin-resistanted cells markedly elevates their capacity to tumor invasion and metastasis.
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