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Abstract: Objective To establish a triple negative breast cancer cell line MDA-MB-231 with the
characterization of cisplatin (DDP) resistance, and investigate its biological mechanism of drug resistance.
Methods A DDP-resistant human triple negative breast cancer cell line MDA-MB-231/DDP was obtained
discontinuously by gradually increasing doses of DDP. The drug resistance of MDA-MB-231/DDP cells was
evaluated by MTT assay. The variation of intracellular concentration of DDP in MDA-MB-231/DDP cells was
evaluated by HPLC. The expression of MDR1, BCRP, MMP7 and GST-n were detected by Real-time PCR.
Results The cisplatin, 5-Fu and CTX were acting on MDA-MB-231/DDP and the resistance fold (RF) were
9.80, 4.43 and 2.21. After treated with 6pg/ml DDP for 24h, the concentration of DDP in MDA-MB-231 and
MDA-MB-231/DDP cells were (47.10£2.37)ng/(5x10% cells and (6.30+1.64)ng/(5x10") cells (P<0.01). The
expression of MDR1, BCRP, MMP7 and GST-t mRNA in MDA-MB-231/DDP cells were 15.39, 13.73, 22.52
and 44.90 times the expression of those in the parent cells. Conclusion A drug-resistant cell line MDA-
MB-231/DDP with high resistance fold is established by discontinuous induction and gradually increasing
doses of DDP. The resistance mechanism may be associated with the increased expression of ABC transporter.
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negative breast cancer, TNBC ) . %V BIF[ 79 %F
A UAIR YT M BTHER2 A [y 7 AN U, b7
EHFEPRGT T IEAkRUE LM, TNBCX
K5 FNRIE S FE AT (breast cancer susceptibility
gene-1, BRCA1 ) AHICHY LB WAL SA25 245 9)
T A R R, SR AR
AR U TNBC A 3 AN B MCE A B s i A=
fe, HHAART 59—k, TRl RN f
R BRI YAIT MRS, Bl Azt 2y
PE, 5280 T RO Z B B . AL DI
§1 (cisplatin, DDP ) WIESZH, A =HIHERL IR
HMIRMDA-MB-231 5 X 4, SR HZE AL
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(fL5: 130403 ) , 5-% 0% Mg e 3 5 i 3 i
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ZWA2A1305034A ) , {35 I BRI A 115 E
TR 2 A A PRA F (415 130403 ) o L-15%A
FEARW . BRd I . B . BERREhZZ v (PBS)
¥ 2 E Gibco A 7 s DU JEEEME I ( methyl-
thiazolyl tetrazolium, MTT ) & DMSOXJIEH i
THAYHERAT ., TRIZOBEBGAFIE . R H
B RIS e E B PCRIA | & A H A TaKaRa/Zy
Fl SEHTSEOLE S PCRAT S 9138 S A4 T4
(Kif) fARAFEE R BBz {b Akt ( phospho-
rate-Akt, p-Akt) . LAkt (total-Akt, t-Akt) . NZ
GAPDH ( ¥IAHife s pEhiiR ) K HARN ) — 41
Y5 F S [E Cell SignalingZs w] .
1.2 J5i%
1.2.1 s sR

N =B FL e 4 ARk MDA -MB-23 1l 5
E R E B FHE A, % 10% 884 Mg LS
REFWREFE, RFRBPIMA100 w/LEFEZE M0
mg/mIEERE R . BT37°C. 5%COfE IR 774 h s
F%, U H WLE A0 M I BE 17 0 I F 4 . M REAE K R
U LR AN 22025 % IR AR I A A, 28 R X8
228 N E 57 s
1.2.2 MDA-MB-231/DDPTif 24 itk HE 37

KRB LM g, Freih kg

DD P/ 2 = B 7L 9 4 M Ak o BBORE 0 K 4
MDA-MB-2314iiffl, #8557, MADDP,
i HAE FHHEE M 100 ng/ml, 4kLeligs, dE
W, HEHRF100 ng/mlZy vk BE B 2 1715 A0 BB AE ik
WEREA K . LR & Y8 MDDP R e
JEARSERE IR, EMIR, ERR 2SR B H B AT
M RETE SR R e A . 1R A BiDDPYY
JEEEHIAE (200~500 ) ng/mlZ fa], 2537 345
—MRERE 1Tt 25 4 il ¥k MDA-MB-231/DDP ( DDP
HeFFURE N4 ng/ml) |, FTA LR 7E(S HIDDPR: %2
S Je B X K I AR T
123 A e R A5 S st )l o

BOGEcA KW, ARRESRIEFHMDA-
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ul, ¥R3%10 minfe/niE i B, F R mEpa o
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Fi R ARG A KR, AR (%) =
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il %, SR FHSPSS16. 0% {41153 24 Wy 2= Ko il e g
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%ﬁ (RF ) =Hﬁ1é§éﬂiﬂ’@1&o/%2|§éﬁﬁﬂ’@1&o
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A S B4 K MDA -MB-23 1 FIMDA -
MB-231/DDP4AE, 435I PAZS F185FR S DDP J&
6 pg/mli) & 2GR SR 24 him, AR A4
A IFITEL, PBSHPPE3RSGE, IIAXZEKT ml,
APV VR, 37°CTF AR 55 min (T0W)
REVREEF 3R, BB T IETC T 5 A i,
14 000 r/min .00 10 min, B35 R 20 B 29070

A FEREIFHFMDA-MB-231fIMDA -
MB-231/DDPH iR 15 9 4t B 2 i 1 1 A F 461
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A950 mIAHffa g, B E2. 5. 10, 20,
5071100 ng/mINFUAEA ) 24 i 2L A A A Am v - A
T E ARERNZE . DDPYEE A6 ng/mlfd & 251557
TR AFAT T PR 248 0 L g S A A it o

IBL T AR v A s RN A0 i 2R A T 45900l
IANARI (37.5 ng/ml SALERL ) A1 = 2B mifA
ZHAEHRHN (DDTC) % (0.25 mol/L) 50 pl,
FEA, 37°CHEE30 min, HEERE, MAS00 ul
A5, WHERE 1 minBAT4hEE, 14 000 r/min.005
min, FEZEBCNATAEE BIRRNRE S o B R
HERE R RO AR A (CLHER 12608 ) 5 @ikt h
Diamonsil C18 (2) 5u 150x4.6 mm, #FiH25°C;
Rl 4 4254 nm; R AR B R K H 2
=25:40:35, i1 ml/min; FEFEEES0 pl, PA37.5
ng/mIE LR AR, kg i AU DDP Y i ik
FEFA TR, PRI A2 Y= 4814.1X
1.9217 (R>=1, n=5),
1.4 Tt 245 AH S SE PR A

FHITRIZolE 2 BUMDA-MB-231 2 MDA -
MB-231/DDPAH LAY B RNA, 4366 VLI 5E H:
Sl S B . e I S AR 6 10 B 5o A A 4
MRNAR 5, A ficDNA, #f—4FMDRI .
BCRP, MMP7., GST-n5|%) 5 NZGAPDH5| ¥4
¥ (BIYIMHREENEL) o Real-time PCRESHH
Rotor-Gene 68F43HT, i 45 W AEA I CHE,
SR AR 2 2 - AR H A JE DR R AR 0 ik
i, TS FEAZ R R 2ZE R
=1 SIMERE
Tablel Primers for Real-time PCR

Primer Sequences(5'-3") I:rf;gllz;tp)
MDRI F: CCGCTGTTCGTTTCCTTTAG 136
R: CTTCTTTGCTCCTCCATTGC
BCRP F: AAGCCTCAATGTTCCCTGGT 101
R: ACTTTCCTTCCTGCCTGCTC
MMP7 F: GTCTCTGGACGGCAGCTATG 123
R: GAGCCTGTTCCCACTGTAGC
GST-n F: CACTCAAAGCCTCCTGCCTA 127
R: TGCTGGTCCTTCCCATAGAG
GAPDH F: GCACCGTCAAGGCTGAGAAC 138

R: TGGTGAAGACGCCAGTGGA
Notes: MDR1: multidrug resistance genel; BCRP: breast cancer

resistance gene; MMP7: matrix metalloproteinase7; GST-n: glutathione

S-transferase-n gene; F: forward; R: reverse
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2.1 JBAEMEE

BOWEUAE K BIMDA-MB-231f1 MDA-MB-231/
DDPAH LA, #0576 5] B AH 25 2 f0sE T WL
UG MBS IR . n] IWMDA-MB-23 141 ifd 2
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E1 MDA-MB-231%MDA-MB-231/DDPAAFERZSTEL (x
200)
Figurel Morphologic change of MDA-MB-231 and MDA-

MB-231/DDP cells (x200)

A[EIH EEDDPAE FHIMDA-MB-23 1 4 fif] &z MDA-
MB-231/DDP4H}I24 hi5, #5432 A M A4 A8 5] |
AN, A AN ORI PN R R K
B & DDPY R =, 4UAET- ML, MiMDA-
MB-231/DDPAH A A fa i BE 5, TEASHN, RS
R4f. HH[FMEZEDDPIEHT, MDA-MB-2314 il
R IE R TR MM, AR AR /N
W, WE2.

2.2 EKHhER. G E

R T o N S R T I N ) [
Bl PR A — 222 5 . MDA-MB-231/DDP4i L f#)
AERKKEMDA-MB-23 140 il 18, A= il Ze i &)
RN, W3 R, AR AR 2R
MDA-MB-231/DDP4H Hi i % 4 A4 184 ek 1)
(159.14+3.31) h, BB K FMDA-MB-231¥%4
AR (126.60+5.72) h, 2ZESHALGIT¥E L
(P<0.05) .

2.3  MDA-MB-231/DDP4H i i 26 52 FE e 254
SR 5 HT

MTT: K MMDA-MB-231 HIMDA-MB-231/
DDPXDDPICso%3 ) R 17.72F1173.70 pg/ml,
MDA-MB-231/DDP4il jig X} DD P ) Tiif 25 45 %4
( resistance fold, RF ) “49.80, W.[Kl4,
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Figrue2 Effect of different concentration of DDP on morphologic change of MDA-MB-231(A) and MDA-MB-231/DDP(B)

cells after 24h (x200)
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Figure3 Growth curves of MDA-MB-231 and MDA-
MB-231/DDP cells
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Figure4 Effect of different concentration of DDP on
proliferation inhibition rate of MDA-MB-231 and MDA-
MB-231/DDP cells
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Table2 Drug sensitivity of MDA-MB-231 and MDA-
MB-231/DDP cells (x+s)

1Csy(mmol/L)

Resistance fold of MDA-
Drug MDA-MB-
MDA-MB-231 231/DDP MB-231/DDP
5-Fu 0.79 3.5 443
CTX 8.56 18.92 2.21

MB-231/DDP4ifits NDDPAYH L, BFh A 43531 5
6 pug/mlf)DDP#Efih24 hf5, MDA-MB-23 14 g4
DDPH B (47.10+2.37 ) ng/ (5x10%) cells,

MMDA-MB-231/DDP4i gl }y (6.30+1.64)
ng/ (5x10%) cells, W& ER HAGIT¥E X
(P<0.01) , WS,

(mAU)
2.5

MDA-MB-231

2.0

14 MDA-MB-231/DDP
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I9 (min)

ElS MDA-MB-23151MDA-MB-231/DDP4H Bl I $A K E
FigureS Intracellular concentration of DDP in MDA-
MB-231 and MDA-MB-231/DDP cells
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AR 4 52 5 50 5 S0 il B B Bl A7 00 LA
i SR W pCRAcCRYETNBC & 34 i 2% 5 Tk
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PEFURR I T o0 8 - —Fh At bk . BN Aha s 2
PRI T BT 5 2R AT 24 MOk O AR, TR X
P L R e T 24 A AR AT B T, R R f
DDP -5 119 — BH 1 LB 8 i 245 4 R R LA 3E
ARSI 2 1 U ST MDA -MB-23 14 Jfi 5 DD P )
Tiif 225 A AR, T 2 A AR R 4% Ay b 83 Tk 245 4 G
WFFE S LN B I SR Y, HAT SR, X
DDP i 255 505 519.80, X IABEMEME . 5-FUK 5%
WEHAT AN [ RR BE AT 25
FLERIEMDR B L6 2 44, ¥ k24 H
R, 2PN EEkgik, FEMATE: (1) ATP
244 ( ATP-binding cassette, ABC ) ¥4z tE %%
IRHEIN . XS A R A T R4 L B A,
o 5 i Z2 25T 24 5 3 e o 25 VI Y 2 P- Wi 2R 1
(P-gP) . FLBY=MmI 2581 (breast cancer resistance
protein, BCRP ) F1Z Z;ifif 2541 & 1 ( multidrug
resistance-associated protein, MRP ) 2£1° | ABC#%iz
R —RATPIR MBS B 1, BTt
b, BAOMEAR IR, Y RA R s v
HgagEt, AT PRSI 29 E N B E EE A LR N
I P s B Ao, B YITEARE N Y 2
R b, PR A 20 . AR SR ST IR ABC
n LI . IR . I S 2 g
(2 2t 2 h i s EEA AT, B kB, M
MR BN EEBCRPAY KA, KIERFATER
LR g A AR P BCRP R A 5 T ER FH A 40 i ik -
YamadaZ:" % BIABCC1, ABCG2, ABCCI14:4
W K TTNBCLL R HER2FLIME W EL F T
H1EHA (disease-free survival, DFS ) v HAth Iy %1 2%
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Figure6 Expression of MDR1, BCRP, MMP7 and GST-t mRNA in MDA-MB-231 and MDA-MB-231/DDP cells
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RS F B MR A 2 ATy, (3) iER
B S 25 R AR U sz, S S R I HE
WIDNAFHFN ARG T (Topo 1) FYZKF T Feak i
FrekAs . (4) ffdE RGO CEER YRR N s
W AR H KA RS (GST) Ay Fak B m sl i
PERE SR R ZG PR (S) TR A AT 15 A OGN
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i 93 A B P AR ST 25 < S B AN LA 1 R4
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i 245 240 Mk Sy AR T 24 2 1A DG Y S RIMDR 1
JBCRP A K A mRNA % 35 ¥ 3 E A 4 fIMDA -
MB-23 14l B B3 . s, FRA1i8 &k SIMDA-
MB-23 1/DDP4 T 24 (1) Je A S Z2 R L S [ 4
(), a5 i MDR % YA 5G () GS T LA St MMP7
o DXRFRATHE— 05T 2 25T 25 1 ELAR P A
HEIEMEM, WOMIRIK B SR I = AL
Z UM Iy S8 285 1 el
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