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(TIMP-D YW, 6 F B EE S AS (R B B 4015t 25 40 i R A5 %L, OVCAR-3/DDP-1,DDP-2 . DDP-3 41 i i1 ifit 24 45 4k vk
N 3.87.8.39.13. 42, it 25 40 Ji0 ¥4 %5 36 AN 440 R 3% i 2202, Go /G 300 400 MO 4990 386 A L S 399 400 i LE 4510 b, Ho B OVCAR-3/DDP-2,
DDP-3 53 A4t 22 AT it 24 8 L (P<C0. 05) . 535 4H A BX . T 245 40 A 11 Bl JH Tt 245 1tk 1 386 i {3 28 5 7% ik ) 7% 77 3
s, H it OVCAR-3/DDP-2,DDP-3 5 25 4% 4f Jfl Af L 25 5% A 48 i 5 5 X (P<C0. 05), 4l il b3 W+ MMP-2/ TIMP-2, MMP-9/
TIMP-1 FY L {5 B IBA TR 24 P O 38 Jn i 32 b T T 25 20 M0 5 55 AR A MO K BE 22 R 3 B 38 SL(P<C0. 05), £ v X JITAA it
2P 11 7 ARG R AIE S O S5 AN PO (%) 1R 2R R AL RS, T BRI 43 S T 25 40 i MMIP-2/ TIMP-2 . MMP-9/ TIMP-1 {8 1984 3¢,
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Ovarian cancer cells with different drug-resistant abilities: a comparison of migration and invasion capability
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[Abstract] Objective To observe the relationship between drug-resistance and invasive metastatic behaviors in ovarian
cancer cells, and to discuss the related mechanism. Methods Human ovarian cancer cell lines with different levels of cisplatin-
resistance, namely, OVCAR-3/DDP-1, -2, and -3, were established in witro. The cell proliferation, cell cycle, and cell
migration and invasion were assessed by MTT assay, flow cytometry, and Transwell migratory and invasive assays. The
protein levels of MMP-2, TIMP-2, MMP-9, and TIMP-1 in the culture supernatants were determined by enzyme-linked
immunosorbent assay (ELISA). Results OVCAR-3/DDP-1, -2, -3 cell lines with stable resistance to cisplatin were
successfully established. with the resistance indices being 3. 87, 8. 39, and 13. 42, respectively. Compared with the parent
cells, OVCAR-3/DDP-1, -2, and -3 exhibited a lower growth rate; the ratios of cells in G,/G; phase were increased and those
in S phase were decreased, with significant difference found between OVCAR-3/DDP-2 and -3 cells with OVCAR-3 cells(P<C
0.05). With the enhancement of drug resistance, the invasion and migration capabilities of OVCAR-3/DDP-1, -2, and -3 cells
were increased, with significant difference found between OVCAR-3/DDP-2 and -3 cells with the OVCAR-3 cells(P<C0. 05).
The ratios of MMP-2/TIMP-2 and MMP-9/TIMP-1 were increased in the cisplatin-resistant cells, with significant difference
found between the OVCAR-3/DDP-1, -2, and -3 cells with the OVCAR-3 cells (P<C0. 05). Conclusion Development and
enhancement of cisplatin resistance can promote the invasive and metastatic abilities of OVCAR-3 cells, which is partially related
to up-regulated ratios of MMP-2/TIMP-2 and MMP-9/TIMP-1 in the resistant cells.
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BITE AL 70% ~80 Y K B 58 & ZE M) B A S
b g K, SRR F AR TE &R 5w
E AU B 16 B SR IR T BOR 25 AT ) T
T X} BT 5595 A1 6T 24 ) 1 S SRR 7 A T 24 1 A
[, 5 B S 1 1R 28 5 A% ALY T 24 4R 28 2R T
(R R M A5, B AR X 1 2 F 9% 22 02 i ar i AT
FR) A B AT A SF A6 W R 8 DR kL P A 22 ] AT g
FEE R SCI C 5 ] P A2 3 Ok 8 22 1 06 IR
T 35 AT BE AE LE I I PR A DG M, TR AT i 1 T Y
WAER R, JCREXS O SL MR R A 2 R X,

F 4 )@ & A B (matrix metalloproteinases,
MMPs) 4 B B M Y 85 7K i Bl L T A 2800 i 40
JL A HE S5 5 iR A0 B R i b 2 A 5R BE BE D Y Y A
A, MMP-2 fl MMP-9 J& MMPs % ji% i 8 2 i,
B, e ARk 5 B L Y 3 A LR 2R G B RN I A R K
KRN EYIN L4 8 B AR Cssue
inhibitor of metalloproteinases, TIMPs) Bg 4§ 57 PE il
il MMPs B 3G H. 7T LS MMPs JE RS 2 4~ 1 ¢ 1
M E G Z R, TIMP-2 il TIMP-1 43l
J&= MMP-2 1 MMP-9 f9 4% 5 ¥4 90 &1 51, 15 2
FEOHEL W], MMP-2/ TIMP-2 . MMP-9/ TIMP-1 [i] ¥
7 R A L 2 B B R 2R e RS 1 FE R 2R L HH Wi
Z 55 57 59 Ak g i 25 P (8] A AR DG PE R oY . B Ut
ENTIERENS SVATIE S NG B ISR VU
LB ALyT T 24 M G 7 A F s, HAR 28 AT A 5
WYEAEY) AT IS IR E TIMP-2/MMP-2
TIMP-1/MMP-9 W AE A5 4k, R B 55 N B 5 46 248 g
P37 TR 245 1142 28 2 B 1] 14 5 2= % ) B HG L ) 422 it 4
A 1R S 56 RS AR 4R
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1.1 &AM Zminz AN E K010 KW vk
BN A R OVCAR-3 W T E BE 2 B 1 6 A= i
Bl Be 4 i BT (ATCC HTB-161) 5 i 4A (cisplatin,
DDP) I [ 7R 55 &l 25 : RPMI 1640 Fi 378 KX if
A 1MLIE A Gibeo 23 R 77 i s DU HY {8 0w 8 (MTT)
W H Sigma 2y A ; BEE I EEIN 3 Amresco 2\ ; itfh
A BE (P1) \RNase I A Amresco /A ] ; Matrigel % i
FEEBRW A BD A A, —20°C -7 ; Transwell /NE
W H Corning A &), ik Fi I i fL H A28 8 pm;
ELISA 7 &0 [ 1 va AW A R A A

1.2 mREARAathmpzegEs OVCAR-3 4

ML T 15 % i 2R L35 B9 RPMI 1640 K% 37 i Hp 0 BE
AR 37°C 5% CO. 1R R FE 1Y 15 35 48 v 15 5%
0. 25 %0 B2 1 il TH AL AL A8 . >R ] DDP ik B2 B Ji2 i
L OB AE KA A, A DDP ¥ 9%, DDP
FERE SRR E R 0. 25 pmol/ L VEFH 48 h, B
TR AR S 1G5 L 20 IR 5 A K S TSR K RE 1 A 3
20 R TE ) BF 25 90 W R S5 AR TC A T I 4 R 2 Ak
FE R E 29 50 %, IR AL, 1S in DDP W L H
Z DDP L4300 1.2.3 pmol/L, 43l 65 4~
OVCAR-3/DDP-1, OVCAR-3/DDP-2, OVCAR-3/
DDP-3, i 24 40 il 5 5 5 D) J5 . Ke 4i i 7 G 24 3% 5%
Berh a8 2 A H AT PR A AR AR B i 24 1 L HL 20 i
AR BT, PR AT 5 2L 4 L5

1.3 MTT &% m € mpesr DDP e9 L & S I
BREY LR R ML MTT 3546 I B b5 A -0 492 nm
WAL B (D), HXHHIHIR V) = —Jnzy
LD fE /X IBFL D {E) X100 % , 1Cs0 T8 2 8 5
50 %6 4 M A= K 40 i B 6% 245 W vk BE (1Cs0) o Tt 25 48 %X
(RD = 2540 1C,, /ZEARYNAE 1Cs0 .

1.4 fmpeA k&R AR e  BOFHUEK
W0 A 20 LA 3 2R A [m) s 24 46 B £ T 24 40 ML 2%
HLLSX 104 /L 380 T 24 FLEF MR, 21 FL/4H.
RHMA 3 FL AT B An g, 5 7 d. S A0
Kl 28, # Patterson 2 11 5 BE (K 4% 14 B[] .
Td=T X 1g2/(1gN, —1gN,) , N, i i isf 1] 41 g 54,
N AR 32 T /N A M8, T v Ny B N, /Y B[]
(h,

1.5 @i A WCHE XA I Y SR AR 40 i
3 L AN TR) M 25 A6 EE A T 25 40 i 4% 1< 10° 4>, PBS ¥k
Y, T5% % B (4°C) [ E i, b HLAT B L
15 min, 7 @ E W, ] PBS F- R ¥E% )G . 1A RNase
A PT, 2 0 B 6 Y2 8 30 min, B X 40 A0
W, A JE AN L) AL AN E R 3 IR
1.6 Az & R4S F 3 N5 5 A 40 M R 45 B B ifit
YA MEE IR 70 % ~80 Yo I , M T T F WA 4 40 kL,
TG 1ML 175 35 35 ) A R 200 R R R R A% 2 4 M o R
B 1 X104 /ml, 4% 2 X 10° A4/ (200 pl « FLD
TV /N2 L 8 RBE P 2% T 70 58 F0 9 4 Matrigel 56T
K (30 pl/}L) B Transwell /NZE, 24 FLHR T E 0 A
600 pl & 102 i 4 1L /Y RPMI 1640 8557, 7
37°C 5% COL MR AW FE R A M5 R A8 Th I E 24 h
J& U Transwell /N2, ] PBS & ¥E /D= I8 & W
], FH PBS =218 1 JC T8 #2840 25 /N 2 8 N 2% 1
HI AN S N TSR, W /NS M FLIERE 4% 2 &
F I [ 22 10 min JE 45 SR A g 5, 200 f5 24
B ™ SR 2 A M 5, Bk IR VR L A
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M MIAT A SR B LKA, Transwell /NE N £
I AT 4 Matrigel 8, HL /N 76 40 0 55 3% 46 b 10 97
BEE A 12 h, HRPRIEA M .
1.7 % k% &+ MMP-2, TIMP-2,. MMP-9,
TIMP-1 R EM 2 ¢ ELISA 57 & AE 350 454
B 5 OVCAR-3 fil OVCAR-3/DDP-1,-2.-3 3t 4
HAM FE W MMP-2, TIMP-2 . MMP-9, TIMP-1
MK, TSR EE 4k,
1.8 %itsa® R SPSS 13.0 G it 4k 4 it 17
g o B s LA b s Ko IR 22 7 L ECR T ¢ A
55 K IR K #E (o) R 0. 05,

2 & B

2.1 97 SR 4hwt 25 tm Bl R OW E L RCWT 25 35 0 8Y
A MTT SR AR R EAGE OVCAR-3
Xt DDP ) 1Cs0 4 (6. 2340, 15) pmol/ L, 41 it 2
4ig OVCAR-3/DDP-1,-2.-3 41 i % DDP 9 1C;,#&
W (22, 17 +0. 24), (55. 224+ 0. 32), (81, 42 +
0.35) pmol/L, OVCAR-3/DDP-1,-2,-3 4il Jiil %}
DDP #2548 8 (RD 43 5 0y 3. 74..8. 93.,13. 40,

2.2 ik Kb & AR ASR R R 4 AR AR i £ L
1, OVCAR-3 1 OVCAR-3/DDP-1.,-2.-3 41 Jity
FER A 14 s 18] 43 51 4 (29. 13 0. 46), (28. 61 &
0.34).(25. 79 £ 0. 32),(22. 53 £0. 41) h, M2
OVCAR-3/DDP-1,-2 -3 40l il ¥ 55 26 7% 40 i A= K 2%
18, H OVCAR-3/DDP-2 -3 4l g #F 7 £ 38 i 1] 55
OVCAR-3 W2 5 WA it 5 L (P<<0. 05, P<<

0.01),
60r == OVCAR-3
50+ —4— OVCAR-3/DDP-1
ol —/— OVCAR-3/DDP-2
S 'VCAR-3/DDP-3
2 gf * OVCAR *
~ ok
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B 1 37540 Rl R I 4 25 40 Re AR K il 4%
Fig 1
and OVCAR-3/DDP-1, -2, and -3 cells

Growth curves of OVCAR-3

* P<<0.05, ** P<<0.01 vs OVCAR-3; n=3, £

2.3 @AM A A AN (R DRI
T OVCAR-3 4 ifs, OVCAR-3/DDP-1.-2.-3 41 ifi

2R T Go/G LS W40 i b 451980 /0 . OVCAR-
3/DDP-1 5 OVCAR-3 b 2 % L5 it X, 1
OVCAR-3/DDP-2.-3 4 ifi 5 OVCAR-3 M It 2 &
YA S it L (P<0.05,P<<0.01),

x1 HEBEBAPESTER
Tab 1 Cell cycle of OVCAR-3 and
OVCAR-3/DDP-1, -2, and -3 cells
(n=3, x+ts)

Cell line Go/Gi S Gz2/M

OVCAR-3

OVCAR-3/DDP-1
OVCAR-3/DDP-2
OVCAR-3/DDP-3

41.3543.24  48.43+2.28
43.2644.34  46.13£2.04
62.4043.05% 28.33E1.64"
76.83+2.35" % 16.59+£1.47**

11.4240.51
10.73£2.21
8.05%1.26"°
6.4240.71" "

* P<C0.05, ** P<C0.01 vs OVCAR-3

2.4 WHmBpZAEREBITANKE RELEK
25 R (Bl 2A) £ W], ¥ % 18 h J5, OVCAR-3 Hl
OVCAR-3/DDP-1,-2 -3 (-4l fa 4=z 28 5%, 50 il A
(2345.14),(24+6.02),(82+9.87), (1183, 42)
1, OVCAR-3/DDP-1 5 OVCAR-3 L 2 7 L4
238 L OVCAR-3/DDP-2 -3 W 41 U411 245 21
ifL 1) ~F- 35 A A 22 AR o R SR A Al B 2L Y 2. 3 AR
3.7 R ERIA G X (P<C0.05,P<<0.01),

ERLR LR (E 2B £, K% 8 h 5,
OVCAR-3 1 OVCAR-3/DDP-1.,-2.-3 4 F ) 41 ity
IT# %, OVCAR-3/DDP-1 5 OVCAR-3 H# # F
TG4 X, OVCAR-3/DDP-2 -3 W 45 I 4 Tif
245 240 Jf 1) ~F- 34 40 A A F% B A iR R A AR A 1 2. 1
R 4.1 £, Z 5 WA G228 X (P<<0.05,P<
0.01),

Transwell /NE 458 B X1 245 M 0 5=
A RS 0 Y G iR BT SR 200 P A R D R RS S 1Y
{22806 ) Fvee o L VB R R E RS 1B 0 . EL T 24 1 i
5L PO AR W 2R AT O R
2.5 A fo & at2h am e MMP-2, TIMP-2, MMP-
9 #= TIMP-1 & &89 %k ik ELISA P46 I 4% 40 40 iy
EBWWPEARE RS S, oA AR L3 R
it 25 40 i b ¥ % MMP-2 fil TIMP-2, MMP-9 Fl
TIMP-1 & H & & ¥, 25 WA S E X
(P<C0.05,P<C0.01), H4 4 MMP-2, MMP-9 1§ %
IRBE I TR 4 40 TIMP-2, TIMP-1 #1315 3
JnfE , MMP-2/ TIMP-2 ., MMP-9/ TIMP-1 . {8 Fifi 41 itg
JIGEAEE i 245 P ) 1 5 TG 3G 0. A DA SR AR B B R A A
MMP-2/ TIMP-2 . MMP-9/ TIMP-1 {8}y b5 i, JE
it 25 B 983 40 e MMP-2/ TIMP-2 . MMP-9/ TIMP-1
BRI R R ZR AR E (R 2,
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Fig 2 Invasion(A) and migration(B) capabilities of OVCAR-3 and OVCAR-3/DDP-1, -2, and -3 cells
A Cell invasion was examined by Matrigel; B: Cell motility was examined by uncoated filters. After 18 h(A) or 8 h(B) incubation, cells in the
upper side of the filter were removed, and the invaded or migrated cells were fixed, stained, and counted. Left, representative pictures of cells.
Columns, mean numbers of invaded or migrated cells in five fields of triplicate wells from three independent experiments. Control: OVCAR-3

cells; 1: OVCAR-3/DDP-1 cells; 2: OVCAR-3/DDP-2 cells; 3: OVCAR-3/DDP-3 cells. * P<Z0.05, ** P<C0.01 vs OVCAR-3 cells

% 2 EARMINE AN L5 MMP-2, TIMP-2, MMP-9 #1 TIMP-1 & Bl &R %
Tab 2 Protein levels of MMP-2, TIMP-2,MMP-9,and TIMP-1 in cells of different groups
(op/[ng« L71]; n=4, x£5)

Group MMP-2 TIMP-2 MMP-9 TIMP-1
OVCAR-3 14.30+1. 36 13.0240. 89 15.57+2. 66 12.3040. 14
OVCAR-3/DDP-1 17.4143.37" 14.2942.87" 21.694+1.50" 15.4242.16"

OVCAR-3/DDP-2
OVCAR-3/DDP-3

25.1246.13* "
40.7244.58%~

19.1745.11"
21.36£4.73%~

39.45+3.54" "
62.47£6.71"~

22.85x1.77" "
27.85+£2.42%~

* P<20.05, ** P<C0.01 vs OVCAR-3 cells
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B Z 8] 1) 5 28 A0 ], 3 26 a] 31114 R A AT 5 6F i 98 3R
I R W T fE LA R

IR 297 R MO s ) i L AR
TF 5 FH VA B85 of 32 326 344 v 22 57 O B9 OVCAR-3 40 il
AN T A5 B2 1% UG 471 Tt 247 240 0 2R S A0, % | % MG Y
58BN 3. 74.8. 93,13, 40, Snow T4 Tt
248 B0 v ARCHE T 25 23 SR AR EE (<<5) (P EE (5 ~15) .
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J& TR RE 2 rh B i 25 L AF — 8 B R b A M B4l T
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i 245 240 il A= R I AL G218 L Go /Gy 3B ) 8 S 4, A i 3
BEARHCT B, Horh A1 BE TS 24 20 0 5 2% A 41 A L
BOA 25 0w A T2 B, (H BE 2 i 25 1 i 4
R 3X SO 0 A A v TR 2 A TP A L 2
AR L,

Transwell SEH 25 3 07w, 5 26 A 40 Jd AH L, 4
T 24 1 O S0 A i R AR 2R A v, H 5T 24
FEPEIEAH G 3R 78 AT It 25 5 1= 28 5% 7 00 Wl 47 1 —
FE Y RS AR, O 5% 40 A0 T T 245 )5 SE B iR e T
L W R BN 7 VAT MERE L R AT B T 24 I 6 41 i
M)A 22 e o AT o B HE I T B (EL i A B I Bt X
IIGTEER i 245 14 1) 3% T T, e 40 R ) 4% 22 B A BE O
Bif 2 35, Bk R BT 20, SR AR A L O A T
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B 25 5 (P<<0. 05)

g i SR e R R 2 LR
o L 40 B A 3 R (extracellular matrix, ECM) 1 &
fiff Sk — A Z% o R Y A T B I B, Al 2 O R R T
MEB GRS MEERAEYY  ANRLEIE#
B MMPs 5 HAK N 9 42U 5] TIMPs #4555
HERT S5 , 330 X6 48 15 1F & 4 200 TR R S B o6 E
BT R IR T SO I R R L IR B RS
WA TIMPs 6845 #3% MMPs 8§ 5, A B T s
A0 Y 32, T 9 TIMP W0 6] MMPs #9355
PE A0 iR 20 B Y B B B . MIMIP-2/ TIMP-2 il
MMP-9/TIMP-1 FAEAE B PR o AR 3R 3k, {5 ik 9
i AT 3 B MMPs fil (5% T8 TIMPs 9 3%
L HARK B R A s AR
S DA SR AS 1) 9 40 AR Sy Xk B A I B AN (6] it 24
P4 40 i 41 B i MMP-2, TIMP-2 1 MMP-9,
TIMP-1 # 1 3= 35 7K °F [7] B 3 &, (2 MMP-2 Al
MMP-9 3 755 ¥ %5 [a] 25 A5 %5 1 9 410 il X - TIMP-2
A TIMP-1 ] &, $£ 78 MMP-2/TIMP-2, MMP-9/
TIMP-1 LU AE 7T Bl 5 B9 5 98 20 0t 245 V4 i) 385 fin i 78
T2k A, A B bR (032 0 R G B T L X b 2K i
(R TR T A A R0 200 M 3 A B R A R R R
AT N R A A Z i, BRI, FRATT 4 T O B 9 A A
TEARAR M 25 Pk 0 W B, K A TR 28545 # AH C AR 5
BEABETE S BUR 2B OB M E AL I MMPs/
TIMPs L6 {E 3 5, A2 3 T AR 28 5% % 68 ) 1 $2
. X S IR Ik B B SR R G A% B A AT AL
R 22 AT RORA U I I B R H 2 e R L %
—5,

B A % D S5 9 i 24 R A2 2% 2 % 79 T AJL o 1 B
R R TFHATH AR DB Rk, ARk,
IR B 25 )RR IR ST O SR )2 IR GF L {H B B
B 5 AR AE AN O . T H T RS R
fIK IS R BT Z 0 BRI &k i 25142
22 VLN S 01 22 L 3 A0 A I R = AR I 4G e T4k
T T 245 RN 28 5 2 [R) 9 A OGP L 301 22 4% 10 o] [m] B 4
XoF T 2 1 B N 4 THT AT AR IR B — 0 E YR T T &R
o A PR b 2 0 1 TR L 4 R AT T R S K RS
A, EAT, MR 4R 28 e B RN 2 2 24 ) G R
5T 3 W 52 3 G, A R T 2 G B 1Y 2Bl
VFA & — RS B S5 P& Z 8 v BE AR 6 5 — Fh
Uise ErER R, O IR SRR 2 251t 2 iR 58
BERAT S B WL A, — S B IR T A N B e R
U B AT R A DS R B 2 R I T Ok
B . T 245 44t B bk 5 B B 7 ik L TR 28 66 0 JF 6 W
B X UL 2 2T G MR B R Z [ S R LA

Rt — 25 BRI 5T, A . 22 24T 24 35 PRS2 An {76 i 1 i
HIREHRRLBR AR EBRBNHLNFESS
i g8 i 245 O A VR R A 2% 1 B AR 15 5
A O AE

25 BT AW ST S T A I O S g AR A5 Pk i
2 1 38 iR 1 ) B, AR 22 B A R P 18 LS X T 24
S0 A M I R 2R W 2 AT R PR A B R L R
¢ U1 HLIE I 2 52 B AL R SC R T 2908
PR, M MMPs Al TIMPs [ % ik 2 & DL K&
MMPs/ TIMPs [8] (1) Fo 451 5¢ 5 68 75 Bl Ay OF 5L 9 1iif 25
TERWR WA E R — A TA R E#H 20
WFFEUESE
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