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Combination of pyrrolidine dithiocarbamate and paclitaxel suppresses proliferation

and invasion of MDA-MB-231 cells

Yang Chunrongl‘ ’ , Zhang Hui'"? , Huang Wei'? , Liu Qiongl 2 (' Chongging Research Centre of Molecular Medicine and Cancer,

Department of Pathology, College of Basic Medical Sciences, Chongqing Medical University, Chongging, 400016, China)

[Abstract ] Objective To investigate the effect of the nuclear factor-kB ( NF-kB) inhibitor, pyrroli-
dine dithiocarbamate (PDTC) and paclitaxel on the proliferation and invasion of human breast cancer cell line
MDA-MB-231. Methods The MDA-MB-231 cells were treated with PDTC (100 pmol/L) or paclitaxel
(1 pmol/L) , or combined treatment. The effect of proliferation was analyzed by MTT assay. The cell cycle was
evaluated by flow cytometry. RT-PCR was used to detect the expression of NF-kB p65 mRNA. Western blotting
were used to determing the expression of NF-kB p65, MMP-9 and TIMP-1 in MDA-MB-231 cells after treat-
ment. The invasion ability of MDA-MB-231 cells was tested ty the invasion, migration and cell adhesion assay.
Results The cell growth was significantly slowed down and the cell cycle was arrested at G,/G, phase after
combined treatment. The expression of NF-kB p65 and MMP-9 was downregulated (P <0.05) compared with
paclitaxel treatment group, and the invasion ability of MDA-MB-231 cells was decreased after combined treat-
ment (P <0.01). Conclusion PDTC combined with paclitaxel effectively inhibits cell proliferation, induces
cell cycle arrest, and decreases cell invasion ability of human breast cancer MDA-MB-231 cells. Its mechanism
may be associated with PDTC inhibiting the NF-kB-related gene expression.
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1.1 MH Ak

NFLIRER A0 M Bk MDA-MB-231(ER BAPE) i 5 PRIERL R 24
IR A SR, PDTC i T35 [ Sigma 24 A, T NF-kB p65 .
MMP9 . TIMP-1 $it{&F Fibronectin ( FN) 3 [ Santa Cruz 2\ 7]
(USA) ,RT-PCR i & ( 3 [ TaKaRa A ] ) , 5% o1 8 PR -1
ANFEIBE A, Geltrex™ 3BT e WA ] Invitrogen 43 7] ( USA) |, Mil-
licell /N2 B Millprore /A &) (USA) , MDA-MB-231 4 Jify 3% 53
F4 10% FiA 4 5 1 RPMI1640 15323 ,37 °C,5% CO, i3
Fa =N RE
1.2 354

25 X BR2H (R N2 ) , PDTC 100 pumol/L 2y 2 B4R (MTT
H1FCM 3£ PDTC 25,50 200 pmol/L) , 2842E2 1 pmol/L
5% IR, LLSEN 100 wmol/L PDTC BF 2 h, i A 25 42 1%
BLWREN 1 pmol/ L HIKA HIZHH
1.3 mfedgzim &

B K39 MDA-MB-231 4iififg, 4% 2 x 10*/ml,200 pl/fL
FEFN T 96 fLAR . 2% ZH 40 M 53 0 35 5% 24 48 .72 h J5, A 20 pl
MTT(5 mg/ml),37 CYER 4 h, 3% 3, inA 150 pl DMSO, 4§
$2 10 min, BAR{Y 490 nm TN GEE[ D(490) ] iR 400 i)
&= (1-D(490) 525 2H/D (490) Xt HE4L) x 100% . FF41i% 5
ANEFL, LR ER 3 K,

1.4 Zmje B B 2

HHMMIEFE 3 d 5T AR A R, B R BT
1 ml 700 mol/L Z, W, [#15E ,4 C7% ; 5.0, A 20 mg/ml (4%
WERZIE TG 10 wl, 37 CAEH 30 min; i A 1 mg/ml @Ak 79 fiE
400 ul,4 °CYff 45 min, FCM 43H7E & MIRE o
1.5 RT-PCR 4#7

H A Z AL 3 24 b J5 , Trizol 15 $2IUA-ZH 4 ML 9 RNA,
DL S A3 20 () cDNA SHREAR , 46 NF-kB p65 9 5: F Fr B
NF-kB p65 (204 bp) I ii# J¥ %1: 5'-GGGAAGGAACGCTGT-
CAGAG-3', T ¥ J¥ %: 5-TAGCCTCAGGGTACTCCATCA-3',
GAPDH (542 bp) Fii#)%%1 .5 -GAGCCAAAAGGGTCATCATCTC-
3 R : 5 -AAAGGTGGAGGAGTGGGTGTC-3', PCR J% If
LB H:94 °C 3 min, 94 °C 30 s, 60 °C 30 s, 72 °C 1 min, 3£ 30
AEI, 72 °C 5 min, 15 g/L By IE Bl 5 K F UK 5347, Gel Doc
1000 HEREBARAC 2 2o HT1, L B W3 5 GAPDH (9™ 1% 2%
G B LA AR mRNA AHXT R A Ko
1.6 Western blot 24-#7

B ML AL PR 24 h 5, Ul PR EUE (1, 8% MR T
Pk 2 R I ELFRL UK B B U B R IR A 4 R L, S S
JA NF-kB p65 ,MMP-9  TIMP-1  B-Actin —¥i, 3% 5 I — 4t
%5 1 h,ChemiDocXPS KRG . B 1% HIEG 58
A (Quantity One) #4762 B FUME 04T, LH B S B-
Actin S5 BE B LUAEAE M8 I R AEXT & &

1.7 2% EHF%E
i Millicell /N8, ) 40 wl Geltrex ™ 44 AL, 37 °C 1

BN M 22 Ah 3] 24 h FERFT AR AT i B . L= InA
200 wl 2 1 x 10744 g ) G I35 4 808, T 25 i A 500 pl &5
10% RG4FI7E 9 RPMT1640 X535, 41 3 M fL. #5974 h,
INANG LY, =58 ( x400) T REHLZEE 5 A0 B 41 i 1E
Hicg, TR IRBMEARLEERZLE, H 1= R
Geltrex™ 3L JH % o
1.8 ‘fmfie- 3R R ABI 25

30 pe/fL FN 7 35 96 FLAR ,4 Cid . BSA 10 mg/ml, Ft4]
2 h,5 x 10*/ml U4k 30449 240 MU B % FH 200 pl/ AL, #FE 2 h, F
Y H MTT 3565 630 nm KR4 OB ([ D(630) 1,

AAEAE X B2 = [ D(630) 255 2H/D (630) X HRZH | x
100%
1.9 %it5om

HRE & +5 7R, %] SAS 9.0 Seit o, s &
AR [0 LB ¢ A6, 20 4 Rk =22 ) 0 LU B T B R R 7
F250HT o

2 HR

2.1 PDTC 5 %A B3t 4w i3 74 69 % %)

P24 1 50 T S 400 ) 40 A S 6 2 A D 252 7R - 1]
A, PDTC 25 .50 pumol/L 41 %} MDA-MB-231 4fi g 4= 4< i 4
AL T 442 2H (P < 0. 05) , i PDTC 100,200 wmol/L £ 5
SRR AL, 22 A ST L (P >0.05) . BRG U
B9 72 h PR AR W], 5 S AZ LA L 22 A BE it
(P<0.05), &5 REH] PDTC Bk 5 5542 i G 1 3 3 ik MDA-
MB-231 ZHMIHY BTG . WA 1,

%1 PDTC FAL#EXT MDA-MB-231 4584 KB $11/ER
[n=3, (x+5)% ]

255 24 h 48 h 72 h

25 A% R4 0 0 0

PDTC 25 pmol/L 41 7.546 £2.987%  11.649 £3.371* 17.554 +3.716*
PDTC 50 pmol/LZ1  11.957 £2.739%  14.035 £2.568% 21.674 +2.465*
PDTC 100 pmol/L 41  22.924 +5.182  27.343 +3.841  32.656 +4. 880

PDTC 200 pmol/L 2  24.852 +5.167  29.370 £3.605  35.491 +5.831

EAZEE 1 pmol/L 4 21.869 +4.511 27.280 +4.286  34.568 £5.577

kA 24 54.557 £5.942%  59.465 £1.284* 64.937 +3.695*

a: P<0.05 5% A8 1 umol/L 4L1bix

2.2 PDTC k%5 %45 B %t 4m e 5 21 049 % v!)

525 [0 BERALAR L, A BEAL AR I G0/ G 301 E 43 L T,
PDTC 100 pmol/L £H 3 (67.200 = 1. 948) % , S 3 4 Jif %4 yai />
(P <0.05) , H SRR, 38R AL B AL & A Go/ G 3
o BEALBE ML T Gy/M W5 (71,127 £8.912) %
A 2G4 Go/ G 40 L 51 (77. 173 £4.257) % , 525
X HALH(36.703 +3.728 ) % A1 G B 5 36, 22 50145 e b2 3% L
(P<0.05), WA 1,
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a: P<0.05,5% g Burti
AE @R am; B 484, C-F, PDTC 25,50,100,200 pmol/L
2 G RRA M
1 PDTC Bt & &44EE3t MDA-MB-231 48 i1 JE) HA 59 251
[n=3, (x£5)% ]

2.3 MDA-MB-231 #g i NF-kB p65 mRNA %A 69 % 4k

AbFHZH (0.273 +0. 119) FIEA FH252H (0. 368 +0. 033) 41
e NF-kB p65 mRNA ik ¥ AR, 525 A X B4 (0. 711 =
0.024) L2 R W E (P <0.05) . FEEAHSZS HAHAMLT R
HXER(P>0.05), WLK2,

M 1 2 3 4

«—GAPDH
542 bp

<NF-kB p65
204 bp

500 bp—

250 bp—

100 bp—
1.2 mm; 2. 8 45828; 3. PDTC 100 pmol/L 48; 4 . B4 %
41; M:DNA #+/

E 2 PDTC #2823 MDA-MB-231 £fffl NF-kB p65 mRNA

FRIZHIF00

2.4 MDA-MB-231 g f2. NF-kB p65 . MMP-9 TIMP-1
Eakik T

LB FRL 41 i NF-kB p65 \MMP-9 %5 [ %35 %K [ (0.279 +

0.165) ,(0.222 £0. 124) ], 575 A X HEZH [ (0. 600 +0.098) |

(0.516 £0.106) ]l , ZRAFIFFE L (P <0.05) , ¥4

Bl 52 HAA L, 23 A SR L (P>0.05) , KA

2520 (0.304 £0.146) (0.257 £0.111) ], 525 (4 %F B4 A 1L
BEBAL(P <0.05) , £ TIMP-1 (935K I%A B &%
M, W 3,

1 2 3 4

65x10>— — i <—NF-kB p65

92x10*— ‘ — - MMP-9

12 G882, 45840 ; 3:PDTC 100 pmol/L 284 . B4R 2540
3 PDTC F4#5EExT MDA-MB-231 4k NF-«B (p65) .
MMP-9 TIMP-1 3% (92201

2.5 MDA-MB-231 m 42 & 545 48 H o9 T AL

25 1% HR A 13 28 RS % S 6 1Y) o S 200 PR B 3 3 D (97
3) (109 +6) , A FHZH MDA-MB-231 41 g A% 1 5 41 f 450 P sk
A(32£1) (48 £3) (P <0.05); M2§IK& 5, 4o 5 40 i £
(14 £3) (18 + 1) I BAL T2 X IR (P <0.01) . Z5R K
PDTC B4 4542 BERE b 2 M MDA-MB-231 20 052855 R fig
F1, WE 4,
2.6 MDA-MB-231 #m L6 W 5649 T AL

EAZ L AN 1) A X 8 B4 >4 (0. 980 +0. 086 ) , PDTC 100
pmol/L ZH FIEEAZ BELHAH LU, R B4 (0. 371 £0. 060) AR (P <
0.05) 1M PDTC 5% #2 B3¢ & 16 FHBH Wt NF-kB {5 5-1% 538
J& ,MDA-MB-231 4Hififg%} ECM (4 7%h i 2 (0. 119 £0.012) B i
WSS, 52 AR L 22 A et (P <0.01)

3 g

NF-iB 2 — il o 22 (0 B DR 3 T D71 ek
ZREFUE AR NI AN & A7 (2 NF-«B
FRFEEE , G 1Y) NF-kB 1T L2 0F 2L R g 200 6 34
FHR IR ML T, e ZLIRIEE i K 2R R i 7
RS EEAEA

MMPs/ TIMPs 4 AH -7t G 36 240 70 JE 5 A e
fir AR | AT 52 W 0 A 0 1 92 ) N RS B
Horp MMP-9 2 5 ECM IV A |V R Js T B

A.masfRa; B, ¥A484,; C. PDTC 100 wmol/L 48 ;D BA A 2540
E 4 PDTC fng g3t MDA-MB-231 MR R HEBEENKZMm  (HE x400)
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fige ) e AR ) LA A LRI R B e i A e 49
B MEEA A, [, 1 32 40 sk iR g i 5 5
] AR50 2K 11 47 TIMPs™ | TIMPs 38 i 417
il MMPs (935 14 , 23520 i 40 35k o B SE 10 58 3, 1
LA 0 A5 A T R, BEL L 96 200 i 1 A It YA B
BERS ALY S mE MMP A1 TIMP 263k 1 13, 24
TIMP 3 = A5 B A 2 LABI ) MMP A 5 PR, 1 2 22 1]
S T, 2 S8 ECM 3k J38 R, M T 41 i
e (IR I 5 75

PDTC J& NF-kB (147 5 P4 il 7], 02— Fh s $i
AT, BEEE S ] NF-kB [ P65 W B {3 22 3K 541
il TcB B i, v NF-kB (K% 8% A7, DA 40 ) HE 7%
P SRR — R A PO 25 M T
B, R RS R A, I GO e 2R 1 48 i 53 24 BH
T Gy/M M, A SR AL T A sehat Bk
] PDTC F145AZ 4% MDA-MB-231 41 fifd A K H A5 1
AP HIVE T, AF 70 RN, , — A 1 5 40
(B FEBE T B SR B, 4R R AR A 7 G/ Gy 1 &5
W @R PDTC 100 pmol/L 54428 1 wmol/L % MDA-
MB-231 21 i3 58 52 W 1) 25 S TCGe T2 8 S B i %
BI/NT 50% , R e B2 v B L 258 79 e 25 40 %o 4 A2
T ATl

SRS T B5OR A R I BRI A 0 [R] B, e mg A
fiff 1B {4 IR 0, 1B 25 1 & A5 Wi AR A i ok e A
S ad SRAR i NF-kB 8 A4 A% | DA Jie 78 240 e 22 st
FAGE ARG AR T Hy 725" . Huang 251 $238
FRREREAS IkB-o B FEMR TS NF-kB, {2 i
WREIAT: . NF-«B e 8 nl e 5 i &k
JRPR T A B MMPs B4 56, AE BRI . A&
SLE Western blot A1 RT-PCR %5 .34 B /R o5 H X R 4H
54 i NF-kB P65 . MMP-9 & {4 fll NF-xB P65
B mRNA iR ¥ 74, 1 TIMP-1 23k %44 W A8 1k,
M MMP-9/TIMP-1 HCAE T+ &5 5 1fif PDTC W) e BHL B
NF-xkB, {#i 4 i NF-kB P65 Fil MMP-9 % [-1 335 #1 NF-
kB P65 ) mRNA 32353 F B, TIMP-1 31k 7% 45 1 B
S, E T MMP-9/TIMP-1 HfE FR& (P <0.05), 2
/R PDTC 562 B2 164 N S, BEWT T 58 25 R i
NF-kB (34 , Ja a5 538 5 e 2, ik
A% MDA-MB-231 2 Jifd (%) J& 5 4= 28 4H ¢ ik ] MMP-9,
TIMP-1 {12 5% 7KV, 2 T A A 1 220 M s 400 e 1 42 28
he). SRELEBFM LR WS RAHM. oI
NF-kB {55380 1 A0 38T 2 LR o 1 15 e ) DG S AL

Z—, WA EAR AR TS A

ABEFERE B PR 25 1) A2 B 55 NF-«B 45 57
PRSI PDTC BRG] T FLARE MDA-MB-231 4fiJifg
R, SR PR 25 006 20 M R 2R e R BE 1 ) R M S HIL R
LK, PDTC RER A0 ) 240 M A= 1< (5250 - R
k) , FEAK NF-xB POSmRNA ) 1K, [7] i a8 1o 41 ]
R R EE N MMP-9 (23R4I T SR AZBEXT NF-«B
(RS , NIRRT AR M AR 2R e AR BE 10 JLAtLAT oG
BLEIA Rt — 25T
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