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Abstract

AIM: To establish a cisplatin (DDP)-resistant
human esophageal carcinoma cell line (Ecal09/
DDP) and to explore the mechanisms respon-
sible for the reversal effect of docosahexaenoic
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acid (DHA) on DDP resistance.

METHODS: A DDP-resistant esophageal cancer cell
line (Ecal09/DDP) was established by exposure of
Ecal09 cells to gradually increasing doses of DDP.
The effects of DHA on cell proliferation and DDP
resistance in Ecal09/DDP cells were determined by
MTT assay. The expression level of P-glycoprotein
(P-gp) was detected by Western blot.

RESULTS: After 6 mo of induction, Ecal09 cells
in culture medium containing 1 pg/mL DDP
grew stably and the resistant index was 15.9.
DHA at concentrations < 1.560 pg/mL had no
obvious inhibition on Ecal09/DDP cells (P >
0.05); however, DHA could enhance the cyto-
toxicity of DDP to Ecal09/DDP cells in a dose-
dependent manner (P < 0.05). The half inhibitory
concentration (IC;) for DDP in Ecal09/DDP
cells was 3.50 pg/mL * 1.04 pg/mL. When com-
bined with 0.195 pg/mL, 0.390 ug/mL, 0.780
pg/mL, or 1.560 pg/mL of DHA, the ICs, for
DDP decreased from 1.99 ug/mL * 0.11 pg/mL
to 0.83 pg/mL + 0.22 ug/mL (P < 0.05). DHA
significantly increased the reversal index and
down-regulate the expression of P-gp in Eca109/
DDP cells (0.99 £ 0.12 vs 0.52 + 0.08, P < 0.05).

CONCLUSION: DHA possesses a reversal effect
on DDP resistance in Eca109/DDP cells by down-
regulating the expression of P-gp and enhancing
the killing effect of DDP on drug-resistant cells.

© 2013 Baishideng Publishing Group Co., Limited. All
rights reserved.
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BB AR o 2 dm ek, 9T =+ =8
7 M B% (docosahexaenoic acid, DHA)i# # A&
& #%Ecal09/)If 44 (cisplatin, DDP)4a . 5 DDP
a4 it 25 4 A B AU

ik KRR 3 YR 40 2h a2 R LR B4 A
W3k i AR AA fm iedk; MTTk 4RI DHA
*FEcal09/DD P4 io3g 38 % v, 3wt 2h 4 4%
£, Western blot# M Ecal09/DDP % it £ P-
& & (P-glycoprotein, P-gp) & ik /K-

LR %6 motyik -, Ecal094a st £ 4
1 ng/mL DDP#y3& ik PAag A K, @245
#(resistant index, RI)#15.9; DHAKR B £
1.560 pg/mLVATF, *FEcal09/DDP % it é4 4
¥ & B W H 4E A (P>0.05), 125 DDPHER A
KA 4838 mDDPATEcal 09/DDP 28 it 64 A
H 2R EARME(P<0.05); 1 ng/mL DDP}
Ecal09/DDP4a g4 ¥ 24 %) 7% (1C ) 4 3.50
pg/mL+1.04 pg/mL, % %% 50.195. 0.390.
0.780. 1.560 pg/mLaIDHARKA &R B, 2
Ecal09/DDPm fitL g 3 F 4 41 R (1C50) AR 1.99
ng/mL+0.11 pg/mL%4%%]0.83 pg/mL+0.22
ug/mL(P<0.05), # 314 #4544, It 4k 2 FI7H)
Ecal09/DDP% feP-gp & K K -F, P-gpAaxf &
X FA0.99£0.12 £0.52 £ 0.08(P<0.05).

412 DHALSDDPHA 5 A id i T iHEcal09/
DDP%a JP-gpth £ ik /K T i 23 DD P4 i 25,
e 3 DDP Yt 25 2m Bt 04 7 4% 46 ) .

© 2013FRINIBEBERETERATAE.

REEH: Z+ BN HER; 225 Z; Ecal09/DDP;
JiEsh; P-HEEH

BROFRIR: = =85 i BR LA R R SR T % )
F I 3TEcal 09/ 44 (cisplatin, DDP)2m iL ) 3% 74
IHEAER, B 2R ARSI, T3t I fm i T A
GAER B =+ =S R 5 1 ng/mLIRsATEA, T
vAi# #Ecal09/DDPm e it 25 1, H 23R FAR
bk, F) B4k 2 2 T AP-#%& & (P-glycoprotein,
P-gp) &k & Ak AE. M F AR T =+ =B ER
(docosahexaenoic acid)i@ i T 78 Ecal 09/DDP 2 it fiZ
L P-gpetat KA 1 ARG an L ed % 2h a2 AL,
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T TE 2 B 1 e A Aty HL R R Ja S
B 4 (cisplatin, DDP)ZIR K &8 1k y
()75 1L 259, AH 68 9 40 R 1W 22 2451 24 (multi-
drug resistance, MDR) A 1 4b77 2591157 %5
A IMD R 1) /2 v IRMDR 7k 2 —. HE{E
NN SR QI BUR | [PS B 2 N S SN NN
BRI PR TR AHIF ST LA R 1) £ /5 90 40
Ecal09/DDPAXT %, #R3 —+ —f /NI (doco-
sahexaenoic acid, DHA)i¥ # Ecal 09/DDP4H ffl X
DDP it 2575 FH X BLEI, 5188 F e, %
BRI 22 24T 24 100 0 SR A S AR AR

1 SRIATSE

1.1 A4 B AKECal09. & AU
T ZMEMKH R (bicinchoninic acid, BCA)& [
SE TS E R st A IR R AT R
ANFEL A TBRANHIR(DHA)E H £ ESigma iy
Tl VS EA(DDP 10 mg/2 mL)W [ 1l 4554
HIZA PR ], RPMI 164040 g 55 7500 1 56 F
Gibcondl; NEMLTEW B gAY TR ARE
PR 2 w5 DU AR %M 4 (methyl thiazolyl tetra-
zolium, MTT)I [ 3& E AmrescoA &]; - HIFEY
M (dimethyl sulfoxide, DMSO)W [ _Eifg A{24k
2254 B w; P-Bl 85 171 (P-glycoprotein, P-gp)
B BEPUAAIE [ 35 [ Abcam /s Wl A H I iEE-3-
1l & i Z0 M (gly ceraldehyde-3-phosphate dehydro-
genase, GAPDH) £ v IR BRI AL )i
Frac (9 30 H 56 [H Santa Cruz/A ).

12 7%

1.2.1 w3 NEEEMMEcalO9E S A
10% /N L35 (IRPMI 164015 35 (45 75 5% 2100
U/mL J 4575 2100 pg/mL), & 137 ‘C. 50 mL/L
CO, M HIFIVE L 45 R 5557,

1.2.2 &% & Ecal09/DDPw 2 tm it i # 7 K
FH 338 48 200 40 I O P R A S S
EEEcal09/DDPI 25 41 Jf. HOM 2 A= KW 1)
Ecal 0941 Ju 427 T3 AR PMI 164055 75
o, MR £0.02 pg/mL KD D PO TS 36 24
10% PR ) TR AR EAT #5597, K H B4 1B
BE IR, A VK S IR A I, B R 1 45
PR, Wt R E ek, HEBARAETE ST ng/
mL DDP{ R 7Rkt A e A K.

1.2.3 MTT# 4 M DHA*Ecal09/DDP %1 it 3%
a8y a: DO BUE KN Ecal09/DD P4 Y,

2013-11-28 | Volume 21 | Issue 33 |



KIRT, F. o ISR 2 EEEca109/DDPABIEY EBMZIB A | 3697
Wi £ E

4R (ug/mL) Al IR (%) $4A(ng/ml) AlE IR (%)
WRAE 0.918+0.051 = DDP(1) 0.705+0.045  23.224
DHA(0.195) 0.910+0.025 0.915 DHA(0.195)+DDP(1) 0.581+0.030° 36.754
DHA(0.390) 0.901 +0.011 1.852 DHA(0.390)+DDP(1) 0.532+0.027°  42.070
DHA(0.780) 0.888+0.027 3.312 DHA(0.780)+DDP(1) 0.517+0.039°  43.704
DHA(1.560) 0.864 +0.037 5.861 DHA(1.560)+DDP(1) 0.452+0.038" 50.784
DHA(3.120) 0.843+0.011°  8.148 DHA(3.120)+DDP(1) 0.548+0.031°  40.305

°P<0.05 vs WIRLAE. DHA: _+_fi/\&BR; DDP: JIRf3; IR: 4B
FREEE IR,

0.25%JBBE v 1k, V4241 ik 15 45 X 104y /mL
BebhFo6 LAl Mkt TRt b, BEALEERPS X 10°4
AR, 557724 h, 440 (DXL A
AT 254 kb 38, (2)DDPA: Z9K % 41 pg/mL
[J)DDP; (3)DHAHAL: fi5 LbFiRE 24k 40.195.
0.390. 0.780. 1.560. 3.120 pg/mL{JDHA;
(9DHA+DDPAL: 4E0A1 pg/mLIDDP, #11
AN LRI EMDHA. S415M R AL, dh8ah79772
h, MTTVEN T & FLBOGEEA)E, T840 ik K
15 2R (inhibition rate, IR). IR = (1-525: 414 Y918
/5% HEZHA 35 1E) X 100%.
1.2.4 MTTi# M DHA*Ecal09/DDP 4 ftL it 25
P 15 AEAE R A AL BE ) SRS 5k 1.2.3, F%
TR/ 45259, (1)DDPAL: £ LA BRI 29K i
70.0625. 0.125. 0.250. 0.500. 1.00. 2.00.
4.00. 8.00 pg/mLDDP; (2)DHA+DDP#:
LIRS R BE (D D PAL 43 ) N 23R B
0.195. 0.390. 0.780. 1.560 pg/mL{{JDHA,
HSANEAL, HFE72 h, MTTIENEA{E, 165
IR, MY FHSPSS17.0%k {1 R I AL [E] )47 (BlissiZ%)
S DDPXEcal09/DD Pl i) 21 B3 sl vk Ji
(ICs), FEVI- 54 Mu i 24539 4% 55U (reversal index,
RI).

RI = ICso(HUIIRE 2580/ 1Cso(BUIIRE 25 4)+300
7).
1.2.5 Western blotix# M Ecal09/DDP4m feL i
P-gp&ik: 7241525 (1)DDPA: I ALK
J1 pg/mLIFDDP; (2)DHA+DDP4A: s in A%
W1 pg/mLEIDDP, FINA LU N 1.560
pg/mL DHA. #2413/ FATE AL, £59772 h. bk
0, P 200 25 93 2R AP 0 L 4 P R B
BC A i FI 52 #4140 i 8 1 S0k 8, R
7ESDS-PAGE#E I 1 HLUk, 4 8 HH# 2 NCJEE
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°P<0.01 vs DDP(1 pg/mL)ZH. DHA: —+ _fig/\I%#ER; DDP: I
£8; IR: AHIREIBIR.

b, N 5% R Wk 35 1, FHTBSTYER3 K,
A4 CWE IR, K HR TP, R
3K NN BRAR I S A AR 1 — b, SRR
RISV 1 h, ECLEE A, Western blot&{% ]
GelPro32#K 43 T K BEAH, LA H K8 A P-gp K i
{8/ 2 % (F1G APD HK J¥ {8 4 P-gp I & 14 A1 %t
Kk,

Beit A3 HISPSS17.048 b H %) SE it
PaBEAT /3T, T F5hs Llmean + SDR R, BIREA
PR ICR ek 56, 2 R AR BBk FH O 22
SrHT. AP<0.05 4 % 74 Gi v 2 3L

2 R

2.1 M3 Ecal09/DDP 25 4m ity K ik 3 254
JE IR B RF AR S5, D146 molfifs 2,
Ecal 0941 fifiE£ES1 ng/mL DDPIHR; IR AR
EAK, RIA15.9, & X A Ecal 09/DDP(fiy DDP]
T AN ).

2.2 DHA*tEcal09/DDP % 64 3¢ 54 % v L5
PR ARLE, MDHAWKEEAE1.560 pg/mLL
T XFEcal09/DD P4 i A= K T Bt 4 i 4 H
(P>0.05)(#1), {HAI1 pg/mL DDPIEEili i )ik
JE A 3 DD P AT Ecal 09/DD P ity A= KAk
I (P<0.01), PA1.560 pg/mL DHARL R I (%
2).

2.3 DHA* Ecal09/DDP %m fitL ¢4 wf 25 1% 254
A HXEcal09/DD PN AL TE B 2 55 4 F i
DHA(1.560 pg/mLyu[H ELF), 51 pg/mL DDP
I FH T AN R R B2 (1) 385 5 B ca109/D D PAT 1)1 24
PE, WA A DHAK L T, W fe 5t 7e
Thim, RIREMBIM. SDDPAIMLL, %57 B3
(P<0.05, %3).

2.4 DHA*TEcal09/DDPm it f b P-gp & ik 69 %

HEAFFRT
—t=m At
st AT 5 20 8L 58
5 R T %A &
HAuH, FE g
FAMRG A
s el R
5% F i ZBHEH
A2 E AR
20 ALSGC-7901 44
YER . 4k RAE R
=+ =B R
st AT S 2m o A
RN
ViVER, Bl AT 38
Jm AL I 2 6 B
R, ALF 0 S bm
ok EP-# &G
# Rk, 5 A
N
R TRERM
ERAR—K
REWSE, X FE
BE T 6 H A T
Y 3 A 4m fe
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WA # 3 = kDa 1 2
REBWMEAT %

2 Wt 25 4 BF 5 B P-gp
%, 0% a2 170

O P-gp B KR

PR 248 (ug/mL) ICsolpng/mL) RI

% m it p.gp  DDP() 350+1.04 _ .
A& HLARIE  DHA(0.195)+DDP(1) 199+011 176

WAT=F=8  pLa0390)+DDP(1) 158+042° 222 37

W B R R ' omE :

mit %A  DHA(.7801+DDP(1) 112£023° 3413

YAt s %M A&  DHA(1.560)+DDP(1) 0834022 422
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°P<0.05 vs DDP(1 pg/mL)4H. DHA: —+ _fiR/\I%#ER; DDP: I
83; RI: IVZP5LIEET

" Western blot&f !} .7k, DHA 5 DDPEEA1E
FEcal09/DDP41iffl, Ecal09/DDP4IfiP-gpR ik
0 (P<0.05, K1, 2).

3 1iE

I8 22 245 24 2 41 e g 0 A B 2 AT i R v
— EUN SR AT 250 7 A T 2 P, 8 J] I
fl &4 IG5 MR AL R I 2 1 7 AR A
SCI 25 (0T i R 25 I, 2 2 25 02 3 35 Rg
A7 R T R R 22—, FCm 25 B 2 2 Rl
R R A 4 . v I 88 40 B 1 22 24 24 1
CL S A H = IR VA YT ORI R U 9,

P-gp & T ANl iRt 1, & FPATPAK
HER 2 IE A, e LUKARATP= A 1)
AE FRE 41 N R 29 A, AT a2 4 i A TR
HIT 2L, T BT 9 WAS e AT R R
JIRE AN f, o LA dRe 22 24t 2451 DRIk, R 4
JBE b P-gp ik B Ze 0k 5l ) e S &6 2 e 40 i
AMDRWHEEHL 2 —. 4 H T P-gpi)
FIE NI A R 0GR, H Ak 22
A A I8 (mitogen-activated protein ki-
nases, MAPK)f5 51l % /£ P-gp /- IFIMDRH1
HEIEH, 25 TP-gplRik iyl b
K HIBWRA 2T R P-gp i 2K
MG, B2 E R, AR FEE R, N
MR T AR . 4w AREER) N M P-gp
RIK TSN T P2 HIMDRANG 2 .

T RN IR Bn-3 A 2 N LR R I R
(n-3 polyunsaturated fatty, n-3 PUFA). I
FUUE S DH ARG 00 7L Mg < 98 45 2 i o
S AN PR S 5, 5 S R A B R L (AL
TG AN W AT ARIE DA 5 R HEP T3-S Al p3 8
MAPKGE # Js S R T o gk A7 e, i
T S MBIBel- 2RIk . R EBax Al
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B 1 Western bloEHMIDDPFIDHA+DDPXIP-gpZRIAHISZ
0@. 1: DDP 1 pg/mL2H; 2: DHA 1.560 pug/mL+DDP 1 pg/mL4H.
DHA: —+ fie Mg, DDP: IFiFH.

1.20

1.00 - T
0.80
0.60
0.40

0.20

E AN FHRE(P—gp/GAPDH)

0.00

1 2

2 DHA+DDPX4Ecal09/DDPiZ44RiEP-gpFRIKHVEZINA.
1: DDP 1 pg/mL4H; 2: DHA 1.560 ug/mL+DDP 1 pug/mL#H.
*P<0.01 vs DDPZH. DHA: — il NIHER; DDP: IR

Caspase3 [ FRIE A L. MAh, I LK AEDHA
T LA A bR 4 B 1 22 2T 2k, B R
A WX AT 250 I OB 0 RN
T R B 5 8 S AR A . % T 24 A B A A A R T
R IA SCHRHE . TR 2560 R D H ARG
J£(<1.560 pg/mL)IXFEcal09/DD P iE 4
BT, A R 2 T v W SR I HE X Ecal09/
D D P4 i (1 38 5 4 i 45 T, L 52 B AR 1
T /> RIDHA B S5 68 e 4 B 1 o3 45 4
I 7= 20 1R S &5 R 22, AT L3 Y % 7t
Ecal09/DDPLEEIDHAWKE. 4558 IR, 1.560
pg/mLEL R ) EEDHA R pg/mL DDPEEH], AT
LU %% Ecal 09/DDPAH IR 24 7, H S FEAK
sk, FI e R HP-gp & A RIE K. W)
R TDHAM L FiHEcal09/DDPAA g i |-
P-gp ik 35 2 18 105 7 b 98 40 B 1) 22 245 24 L 1.
KT P-gpM B RPN A e Tk PR
R

4 SEXE
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AT, P&y 2011; 26: 745-747
2 Gan SY, Zhong XY, Xie SM, Li SM, Peng H, Luo
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7 “RCCSEH ERUBFEAMITIA+)” . AR RIEAT6 448F1 1 SUERMIFIZ 5 VRN, T H & TR R &8 5, I
WP 245 0 3 RO s BIMRAR D, 3 RO TITE AR h 45 23 R 2 BIA+. AL A-. B+, B, CZ6M
GG, o ArBUBIATIDINETS%:  AG O I T IUHT5%-20%; A-(F &A% O BT AT 20%-30%; B+(#EFX
LIAFDIRT30%-50%; B(— BT ERT50%-80%; C(H 2 1 T1) 4 80%-100%.

(49

TR

Baishideng® WCJD | www.wjgnet.com

Bt 98 % 2wt 2h if
AR R RR
. ZAAR B AR
Hﬂ% E 3y kAt

PHM, LR
T, BHER &Y
W R 92 AR

2013-11-28 | Volume 21 | Issue 33 |



