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Caveolin-1 {Ei# FLJ& Hs578T
T 2520 kKR ZEfnEER -~

HRERY F Y FHERY X RF?2 IERY o RD HKELO

CEMERKFERER YN, bxT 100053;
wh EM A YYBER R REEYETFR B, 65 100101)

WE B HEEEREAREE caveolin-1 i R IAFLFE HS578T i 25 41 f £k Hs578T/Dox+cav-1 A4 44 40 i £k Hs578T/Dox+
vector, FRIT caveolin-1 H A XY 25 My A Mk A R SMB REB LT W. 51T caveolin-1 RIEKIE I, Hs578T/Dox+
cav-1 A AL KR, WREKMME, HHH G ™ T8 44% Hs578T/Dox+vector 41 f4K((0.897 + 0.163) vs (0.633
0.053), P<0.01). RFE/MERK LI, Hs578T/Dox+cav-1 BEEB AL HME, FEHF en THEAMABENO A BREL
Hs578T/Dox+vector 41 ik B8 E ((107.8 + 10.9) vs (80.8 + 8.07), P<0.01), 12 FTHEIR matrigel 55 3 B HEA B A K40 i
KL RIHE ((68.8 + 9.88) vs (25.6 £ 5.41), P<0.01). BiFHEF M Hs578T/Dox+cav-1 41 fi bt Hs578T/Dox+vector 41 fil 58 7 5
RE, FEHMXTRIERAMEALSR, 24 h RRHRA A THEE T ((8.79 £ 1.54)% vs (16.42 + 1.42)%, P<0.01). XRHH
RAEERINPIARR RS GEAFRIAES, DIEP R Fe 41 R E RIRTEL T 5 £ B8], Hs578T/Dox+vector 21 F7ERR B K T
TR SRR P ABESUE, T Hs578T/Dox+cav-1 ZUHREER 15 JURR, &WERME, FHERZ (0.8 + 045) com. KI— R
SR B T WAL e ¥ 58 . HE W B A A R WM AmREE S, ARsEFEENE. LREREY, caveolin-1 Xf
Hs578T W B AR 2. BB A0S RE Y BRRSER.

X8R caveolin-1, FLJ& HsS578T #ifif, R%, ¥
ERAES Q756. R730

CaveolaeZh 4 2 — T 41 I J53 B 121 P 1M1 B3 BT TE
HIERGH, RESHTEENGESEIHERA.
Caveolin-1(cav-) & KAz EHEA, FMMEEK. £
KHFETXRREY, ©~_ YA Y FH R
FZ—. Caveolin-1 3 E L IEJ otk 7q31.1 L &,
WA E Z KRB HERMBR, % LA R
R—MEER. H2, X—RSEERZ 2B
Hurlstone SFM B, A28 55 i) Bebed 2488 40 B 3R

XA T G R IR R R AR R R AER.
PEE MR A PEAE K . B U EAT N 2B B,
AT ENKAEZL, KEGSAIFPREAD
Caveolae Z5#J 1 caveolin-1 EALSHEWE, LIS
NAE BT AT P ka4 fF I S2 T

TERATTHHF caveolin-1 X it I8 40 Mo it 25 ¢ 45
A RER B, FRATI4k T8 A FLE HSS78T Bl B & i
2k 4l B (Hs578T/Dox), BT HREHE R AREE

B CAVI LR EEWL, FHEMEERM
Trp53, Apc 1 Rb A [E], @Bk CAVI BADRHIFA
SBREEMNE. BT %% HLME QR T
(Western-blot) 7 AR AHE B, A R 4R
FAM R caveolin-1 FHARIERIGMAE D ERZ —
B T #ERE caveolin-1 75 iy /E B K
M, Liscovitch PR H “XNEER” Hit. M@
TER R BB I 72 o 2 A W7 & B PR 5 38 4k
B, fEfE R AR, caveolin-l EARERIK,

caveolin-1 i 3 ik 4H g 22 A A4 2 4R 5 Fh AL/ AR AY
AR caveolin-1 3 81 40 B 44 P 4k M3 B 3%
BRerim.
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1 MEIGE

1.1 ##

1.1.1 #pakk. IL% Hs578T 4 MEEK (Kjell Grankvist
{8+ W%, Umea University, Sweden) % Bl B &
(doxorubicin Dox) i #% 3 7 3K B/ W 2 #%
Hs578T/Dox. i % iX caveolin-1 48 g ¥k Hs578T/
Dox+cav-1 PA & & )%} B8 #& Hs578T/Dox+vector U
T EFF B A Y YR R,

1.1.2 £¥zhY. R BALB/IC #FWHTEE
SRR YR 4~6 AR, &E 10~
12g B8, BEHS4H, 84 15 R AT yHER
KEFENY)EK .0 SPF HAFRE.

1.1.3 i&57. RPMI 1640 40 f3E SR &L . L- HEBERL-
—REFH(MDOMS0). MTT. BEEAEKE LR X
KAEMTEAT,: B4 mEW E PAA Laboratories
GmbH A 7; %% -HEMA %t Ji i (2-hydroxyethyl
methacrylate)J H Sigma A &); Matrigel ZE i & A
¥ B BD 2 H]. 122 /NZE Millicell # B Millipore
AF.

1.2 Fi*k

12,1 MAEFANE FHEHE 10%H4mFE -
2 mmol/L L- B & BLRE 1) RPMI 1640 5555, 7E18
#37C. 5% CO, £ BT IEH, ARPENEEE
AR MBAREENEKEE.

1.2.2 ZARKMHRE. 7 4°C T 100 mg/L Matrigel
R TA R 96 FLIR, Bl 200 pl (20 pg),
FERETEAMG TRT. SIREKPAREHILE L,
10% it 4 If 35 RPMI1640 55 3% ¥ & /F 40 IR B W
5x10%ml. AL 200 pl (10° ™A, 7E 37°C 5%
CO, H: 37 F P %3¢ 60 min BUH. PBS phdk 3 38, ¥t
HARIGEMMR. MAXIME 1640 B FHE B K
5 g/ml MTT 50 pl. 4£4E35 3% 4 h F 1. DMSO 74
VR &Y. 550 nm KRR UM B ROCEAE. 8
HAME 8 NETL.

1.23 FAMITHENFREZRE. AlbiniO¥ 1R &
FHiAR R AR AR REE ST,
RS REEMERN T RBNEBEHERE. K48
SRE R T P A B BT A RE S AT 48 B Ah 3
FARIREARRE ). BREHRE, FTIMiEF RPMI1640
BRBGHITHMRIESE 36 h, BolELER, A
&F 4 3% 85 B A (fibronectin) I B £ 2.5 mg/L, BA
millicell B DMZN TEEIBURFR. BER
N 13mm fLA2K 8 pm K ERBEMILEENE

ZhE L TE2ZE. MHEESE 48 h P e KN,
W4k 880, PBS ¥t 3 ¥k, EILiE RPMI1640 #i & 41
FBWR 5x10%ml, & By IR 2 5 R U 48 FU T 7 95% LA
L 8IEENELZRMAHAKER 02 ml (1x
100 NI, BESRA SR 6 h, BUTHTFLER, H
100% PEEMERER L XTARE, PREEE MK
ARELRe. EMETARFABERNAR, 1 E
KU 5 AN EfE (400 £%5) R T ULET A s, wHEF
Wk SEAM S AREA, TFESHBEHMTIVE. 4
B RK, RFT7E 4°CRAMR Matrigel 25 R A K,
BB M ILE R4 L 100 pl (70 pg)
Matrigel %, BABEFRAE T 4 h BE&H. HKBE
FEEAE RS

1.2.4 FRERTRAN. RiE X ER T AR #
wit, KL E -HEMA FERET LKZEE, #Hl%&
A 10 g/L £ % - HEMA ¥ 3. ¥ 35584 PBS #
Ye3im, REME 2ml 5 -HEMA EH SR
&, TRERETRTEM. SEER 1x10° MK,
BIF B FRTE 10%5 4 3E RPMI1640 M+ . 76
WREEF 2405, BOWREMK, 70%EE
E . BUL RS (PT) Befa a5, KA M 4 R T
WA T IR, BHARW 5 MR, HHEIEH
%

125 BEETHEERRKE. WER MHEEEE.
BxAEKHam, amKRarRilEgheE 95%
Bl b, B #E RPMIN640 B IR bl , &Ik
5x10%ml 4B OB, "E 0.1 ml (5x10° )4 L &
B, BEMTHRBIBET. BN EBEREARTE
REFHT. SN EEK. SIPEETIL K
EAE V¥4 A M5 51#M 15 R BALB/C # K.,
WEE 4 FjE, MR R br A R AR A
1.2.6 At ERBIE x + s on, BEHR
BXA R, £WEBIER Spss11.0 3 44#7.
BLP<0.05 BAIF#REN.

2 & R

2.1 HRARSWER

PR RS A NEREE KM, EME T ESEN
BAREKANMAEANRBSEL, LBERXH,
Hs578T/Dox+vector 40 fu W5 BE JE 245 2% B L sl G AR
., th 2% (HE la), caveolin-l T & £ & 1Y
Hs578T/Dox+cav-1 L EF K ETH, HEEK
B, HRKMMNE, SRMETRNES SRS
R, XTTREAEIL R A T8 47 s B A K B AR Bt R
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Fig. 1 Cell form of Hs378T/Dox cells was photographed

under a bright-field microscope
(a) Cell form of Hs578T/Dox cells stably transfected with vector
(control). (b) Hs378T/Dox +cav-1 cells showed long and abundant

filepodia formation.

2.2 SRBEKLEHRLS

S RS BT 20 URE R T4 i A IR R LA
AR E AR 3, AN S0 L S (R ] L
oo SRR S B ER AR 0 X 20 e T AR
binta Fuxrﬁ“-%zt:fhnﬁmzw B A B
£ 60 min R4M55Fh, L8 Hs578T/Dox+cay-1 4l
itk 5 Matrigel %ff;ﬁ El I R T
Hs578T/Dox+vector 4 JL#£((0.897 + 0.163) vs (0.633
+0.053), P<0.01, [ 2), e an Bk i g b it
om0 A1 e ST 1 0 40 B 2 55 45 7 g oz
L B 5 ) 5k . i) et < B e ,UumméaTx.
T T2 IR e 15 AE 1 A9 80, Caveolin-1 [ 2
BB EIE T HsS78T T 27 40 B ke ) i B s ”I

CAEI, XA T-5E R 41 0 5 Ik e B w4
Mg e B, ERE M2+ AR .
1.0~
2
; 0.6
é 04
02-
0

Hs578/D+cav-1 Hs578/D+vector

Fig. 2 Caveolin-1 promoted adhesive rate of Hs578T/Dox
cells
The adhesive rate of HsS78T/Dox cells was quantified as deseribed in

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

2.3 YRREIEREFNIR K1
AT P e B 55 IR 42 28 A R0 A0 ML 5

AU AR FEFE ), B ARt LA 40 i v R o A A %
T FeAT) A BLFLE HsST8T/Dox+eav-1 ’:’!IIJﬁLﬁz\'
(%) £ 12 A AT 4 042 2 7 5K B ) L HsST8T/Dox +
vector i HL kI 1% ’u"l(l*] 3a~d). [él 3e BoRIEAER
{RAEM I A, ATk g, ¥BFEenE,
Hs578T/Dox+cav-1 4 ﬂf'_f’"’%’b'f;—&fjilfl‘l‘i"&fl, it
AN ) 40 e K0 8w T Hs578T/Dox+vector 2 i
#R((107.8 = 10 9) vs (80.8 = 8.07), P<0.01, [ 3e):
e fuf2 22 R, HsS78T/Dox+cav-1 21 M bk %
FEA R Mamne] HERUEAEHT,  HEAGRALIEE A B 1
Bt T HsS78T/Dox+vector 41 i #((68.8 + 9.88)
55 (25.6 £ 5.41), P<0.01, & 3e).
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Migrate Invasion

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-jum 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 microscape. (c), (d)
Invasion was carried out on polycarbonate filters coated with Matnigel.
The cells that had passed through the filter were stained and
photographed. {¢) The migration and invasion was quantified as
described in methods. Values of inserted cells are (r + ) of five
experiments (P < 0.01). W : HsS78T/Dox+cav-1; E: Hs578TY
Dox+vector.
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24 MAKHEAT

ER T SR RS RL R T, AR A I AR 1
i E A ML TR N, R L T
Eo e 1) R I (R T Y
TP B HEMA R T R0, e
FME AT AN L e, 44 41
EE A0 A 0 A 20 M 35 3 o i 7 A oK L
T R AL BT, SRR, G
[ Hs578T/Dox+vector AT 142 40 4, 478
AL ER TR BRI
B, AR <
24 h. Hs578T/Dox +cav-1 A M i 1= 45 4 4
Hs578T/Dox-+vector A1 MAW & B FR((8.79 + 1.54)% ns
(16.42 = 1.42)%, P<0.01, |4 4). Caveolin-1 #[Tf1
T ATLAE G HsSTST i 24 41 Mukk (1470 % L0 Tk
JIFFEUIAR, 3 A A LRI ER A3k A1 430
T4 A% (1 TR0 20 M )i 2 M 0 0 42
A 10 A R R 1 P B 1 (1 B
flz.

=)y Lo

-
T

1024 & 1034
HASTRT/D Feav-1

Fig. 4 Caveolin-1 inhibited anoikis of TsS78T/Dox cells

Cells were  detached and  then

ained in suspension  in

poly-HEMA-couted plastic Petri dishes for 24 h. Apoplosis i
HsSTRT/Dox+vector and HsSTST/Dox teav-| cells were analyzed by
flow eytometry (FCM). () HsS78T/Dox+veetor, Al (apoptosis index):

15.8%, (b) HsST8T/Dox-+cay-1, Al 9.23%.

25 BRMEE

BRI R 1 R L HsS78T/Dox +vector 41 il
I B AR, KA R A (19 Sa). i
HsS78T/Dox+cav-1 4 fid3ft 15 SR, 4308k
T (1 Sb). B ORI DK R 2 1, Stk
1w TS 1 1= S T S O =
(0.8 = 0.45) cm (4 Sc). HE i 3T 4 (0, 5 F A4
DR e ] RS 73 8 o TR N a1 2 AN 11

i S HNMLMR R U] G, AT WA SR
A bRA ] RV FEARIE (1) 5d). - LA RR B
PENIEER AU ) LA AN NS TRE R B i B

(I Se). HE B £ 15

AR AL,

R

Wi I AS AHALL (19 SE). L, caveolin-1 Az (710 242
# ] HsSTST (15 245 40 P 400 B 1A A PR Bk

LRI ER

Fig. 5 Caveolin-1 formation  and
metastasis of HsS78T/Dox cells in nude mice

No tumor formed (1) and tumior formed (b) on BALBC nude mice

promoted  tumor

bearing human breast HsS78T/Dox-+vector and HsS78T/ Dox+cav-Icells
on duy 28 after the injection. respectively. (¢) Tumor of tude mice from
(b). (d) HE histological examination of tumor from (¢). (¢) Lung

metastasis wmor from B nude mice. (1) HE histological examination of

metastasis wmor from (e).
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Ja LA
MASTE ¢ 8
SR, b

STST i) 24 20 H bA: 71 18 14 14

ANTIE ) U caveolin-1 [ HsS78T/Dox 4
it ILF 100%, JF HAIAT g 5 i

B 3K caveolin-1 fL IR L LA T 19045 h
FrRrikdis.
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T RZ: Caveolin-1 {ZHFLIE HsSTST TR BRI « 29 .

PR EET-EE S, RNEAREIELR RS
¥ BB — /N TR &, MEH Rk EET
I SRR AE T 23X S i 7% 40 B e 8 # T B AL Al
FETHE. BRINIARRAEHE LRI RE
caveolin-1 [¥] Hs578T i 2541 Bk RF T E5& M5t
REBHTUBRIABESZHFHE TR, X2
Hs578T/Dox-+cav-1 £ 48 LK T i M RGR F R A A
EBRMEEREZ —. Ravid ZE I, caveolin-1
ha] LLINEI L MCF7 R BT E A, #
MEER FAEMEK. EAVNE S5 RE AKTES
#f2. P PS3 A M pp340 HATEH:, FaBES
EHAEKETAGF-IR)K A %K.

R iR A KT % LRI A 40 Ve iy
RARALAR. HhEE. MEFNGESHEESEER
BEEBARBARN, FHEAEFTHRABEALR.
B TEIESE, BARMFKEES), fFHlR2
R/ ERMMR B s BERELZRHNENE
H, WM EEE X F. BIUVEFRNERIEH. £
ROy R IEFE A MR B dE I B v e E EAEH.
caveolin-1 T RIXFHMEEERKR BTN, Mmh
RKMHRE, BEAFRHEHHIRHEBEE S
R —3H. Ho F7EfiEa Rt R M, B
FRORMBZR%BRIMMENE, EFEmMHE
it R85, BWME caveolin-1 EAESERZMINM.

JilRg 12 22 68 J7 BB I R TR iy AR I ) ()
JRR R & TR, (RMR R, BT
AR I Rk LR AR K AR, A T b i
BOlE &M HMRE IR, ERTEB A RE
BKE N R A M AL A 4R 8] P e M TR, B 3hiE
FIRIBGE AL M A MR R i AR RN R TRIBR, A
BERTZRBHAE S ERLLES, BEWREDS
Jiseg EIBR0. BATTR IR caveolin-1 23k 84 in 4 FLE
Hs578T/Dox 4 fEHITHEFUR 2266 T B 1454, (H2
KT caveolin-1 MR Z2RE ST IE b — AR
il , Lee ZUR1E H 4 % iX caveolin-1 &l T
MTLn3 4t EGF R AKiEM:, 40Mth 2 T &,
HEHRTPERB/BREE, #8445, hREEKEE,
AT 58 40 B R 35 e 7 BRAR A SR B R 4R 7% . e
%55 . Hayashi ZU45E S A\ R A caveolin-1 A
B NIH3T3 fIfAERFE DNELR P RILE T8 M
BREEBR S, TIRABFAEZR caveolin-1 EE K
NIH3T3 4 fii2 2268 )1 B F &k

—eesp O R B2, caveolin-1 3 i
BRI RARAMAK, I HEA RS LK caeolin-1

FramsgIve—e (B3 A2 A B AR BB s,
7 — M B K A, BEIE R caveolin-1 X i
98 A KA R 3EVE B 02, caveolin-1 7E R A K
IEHERR T 2 — SR R 2R HR T
WOMER 8. H AT IR A b X 4 B SR YE AR K
MrEXH 5. Bk, caveolin-1 S i i3 A= 4 22 454K,
REEH B EENSIR20H G —PEAN
.
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Promotion of Invasion and Metastasis in
Human Breast Carcinoma Hs578T/Dox by Caveolin-1°

ZHENG Ya-Min”, LI Fei’, QI Bao-Ju", WU Ping?, SUN Hai-Chen", LIU Shuang”, CHEN Jian-Wen®>"
("Department of General Surgery, Xuanwu Hospital, Capital Medical University, Beijing 100053, China;
?Center For Systems Biology, Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract To investigate the effect of caveolin-1 on invasion and metastasis of human breast carcinoma Hs578T
doxorubicin-resistanted cells, Hs578T/Dox +cav-1 was as experiment group which up-regulated caveolin-1 by
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. Hs578T/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.

Key words caveolin-1, breast carcinoma Hs578T cells, invasion, metastasis
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