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Effect of Curcumin in Reversing Resistance of Human Colon Carcinoma Against
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[ Abstract | Objective: To construct oxaliplatin ( L-OHP) drug-resistant cell line HCT-116/L-OHP in
human colon cancer, in order to observe the reversal effect of curcumin ( cur) on its drug resistance, and
preliminarily explore the possible drug resistance mechanism. Method: The concentration gradient increasing
method was used to gradually increase the L-OHP concentration of HCT-116 in parental colon cancer cells, and the
cell line HCT-116/L-OHP resistant to L-OHP was established. The cytotoxicity of L-OHP and curcumin to
HCT-116 and HCT-116/L-OHP cells was detected by cell counting kit-8 ( CCK-8) method to observe whether
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curative resistance could be reversed. Western blot was used to detect the expressions of drug-resistance-related
proteins. Real-time PCR was used to detect changes in related genes. Result: Human colon cancer cell line
resistant to L-OHP were successfully established and named as HCT-116/L-OHP, with a drug resistance index of
12. 6. Compared with HCT-116 cell lines, the expression levels of resected and repaired cross complementation gene
1 (ERCC1) protein and gene in HCT-116/L-OHP cell lines were significantly increased (P < 0.01). The
expressions of B-cell lymphoma-2 ( Bel-2 ), glutathione-s-transferase-consciousness ( GST-consciousness ) ,
multidrug resistance-associated protein ( MRP) , P-glycoprotein ( P-gp) and apoptotic inhibitory gene ( Survivin)
also increased significantly (P <0.01). After the treatment with different concentrations of curcumin (5, 10, 20,
30, 40 wmol-L "), the expression of ERCC1 decreased (P <0.01), and the expressions of Bel-2, GST-r,
MRP, P-gp, Survivin also decreased to different degrees (P <0.05). Conclusion; HCT-116/L-OHP cell lines
have a stable drug resistance, and its drug resistance mechanism may be up-regulated with the expression of
ERCC1, which leads to the up-regulation of Bcl-2, GST-w, MRP, P-gp, Survivin and other related proteins,
and enables tumor cells to acquire drug resistance. Curcumin can reverse the drug resistance of HCT-116/L-OHP,
and its mechanism may be to reduce the expression of ERCC1, thereby down-regulating the expressions of Bel-2,

GST-77, MRP, P-gp, Survivin and other drug-resistant related genes and proteins, and increase the sensitivity of

tumor to L-OHP, so as to reverse the drug resistance of tumor cells.
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(Sigma 24w, 5 MKCD2451) , il Iy LA/ — 1
FE VAN (DMSO ) %5 A , #5055 77 WM B 22 T 5 Wk
(DMSO A AR B3 $ <0.01% ) 5 395 e 53] iscript
c¢DNA synthesis kit,iQ SYBR Green Super mix ( Bio-
Rad A &), fit 5 43 5 & 1708891, 1708882 ) ; Kl Hit A
FrCREPLA ERCCL, BRI B e BE TR Bel-2, Bt
NH e SR MRPL, S0 N 2 5e BE PR Survivin,
BBt N £ 78 B HT ik PGP, 1l £ T N £ 7 B 1 1K
GST-m , B-HLEH 2 1 (B-actin) H { ( Abeam 2 7 , 41t
S5 ab2356 ,ab692 ,ab24102 , ab469 , ab103477 ,
ab53943 ,ab8229 ) ; trizol ik | ( Ambion 2\ F], it 5
135306) .
1.3 {¢g% Epoch HI4 K #5 X (3£ [E Bio Tex
2yl sBX43 B IE ¥ 9¢ Ot W i BT ( H A4S Olympus 23
Fl) s DMI3000B 7 2] ¥ 5¢ ot 2 ol e (78 = ok~ 22
w]) ; BSC1300- 11 -B2 %Y A= ¥y 42 445, CJV1000-Y %l
HA TAE G (b 2R 4R 2 w)) 5 HFOO 1 240 Jifd 1%
FER (P E g S A A ) s ChemiDoe XRS + # 4
Ak 2 kO BE K AR 23 Ht & 48, Mini-PROTEAN
Tetra % I 15 ML 3k £ 4t , Mini Trans-Blot %Y %% ¥ B[ i
A Y (L Bio-Rad 2 7)) ;7500 B 5L 94 )t 5E 4
£ Bk U (Real-time PCR) (€ ABI A H])
NanoDrop2000 4% 8 & H 2> #74% ( 26 E Thermo 2y
CIDRS
2 FHiE
2.1 gt N &5 T g R vb R B A0 L Bk HCT-116/
L-OHP Bk K0T 45 i i HCT-116 20 i
A5 x 107 A~/mL 4l g 42 %0 F 55 32 1L op o A7 40 00
REJG KRG IR SRy L-OHP i B 1 mg- L7
WAk e i3t . 5 ~7 d Ja , AL, £ 34K,
20T AE A 2 B IR O o R e A I, I B IR S
L-OHPHi Il & 2 mg- ™", 4k 2L AL R 35 3% B 41 i e v
A K E B WG I L-OHP (%) 57 & Wk B2, B % 40 i 7T 7
L-OHP 10 mg- L™" {4 55 3% 0 b Fe a2 2E K, bt i 40
Ji IV 2 B 4k £ 44 S HCT-116/1-OHP,
2.2 CCK-8 £l HCT-116/L-OHP fiif 25 45 % "
M4k HCT-116, HCT-116/L-OHP 4 Jit] , i £ 2 40
J B R T 96 FLAR , AL 3 x 107 A & 37 T
CO, Fi SRk S 3G 5% 24 h, WU B3R A, 5 55 3 00
AN TF Bk By F 4R (1, 2, 5, 10, 20,
50 mg-L~") A4 3 AN AL, R IR 259 o 2
FIA . BEALARTR D 200 L 750 & T 55 F5 46 15 5%
48 h, ZHIEIRWL, BEALIAF CCK-8 157 10 pL 1Y
FiFR W 200 wL, 4e (5 2 h, FEAR AL 450 nm P % L 0%

6 A, 38 HCT-116 #1 HCT-116/L-OHP iy %k
PRI PE (1C50 ) s AF G R = Ay /A iy X 100% 5 411
il =1 - f7% 2 T 25 F8 8L (RI) = 1C,, (HCT-116/
L-OHP) /IC,, (HCT-116) ,
2.3 CCK-8 i I AN [|] e FiE 22 v 2% %) gk 40 i
HCT-116 % fiit 25 46 i HCT-116/L-OHP 4 Jii #4 () 1
FBAEIE A 4k HCT-116 &% HCT-116/L-OHP 4
0, 7 £ BP0 M, B2 R T 96 LA, AL 3 x 10°
A58 37 C 5% CO, 5 FR Ak 235 9% 24 h, B B
IR, 355 IR WA [A] ot vk £ B R (5,10,
20,30,40 pmol-L™") A3 3 A4 AL, [Al i B2 A fn 24
Wz . RALLARBUR 200 pl; FRRCE T R 5%
FEYEFR 48 h, RHBE IR, B LI A & CCK-8 i
10 pLEYE5F5 K 200 WL, Je 8 2 h, figH5 4L 450 nm i
S AL AT 2 . IF DL 25 W) 0 AN [ ik B R 4
B A7 15 R AE T B a2 4L Y 1C, 6
2.4 EPHF AR ET I (Western blot) £ ] HCT-
116/L-OHP it 25 40 ffd & 25 4t 38 [ J5 ERCC1, Bel-2,
GST-m,MRP, P-gp, Survivin 25 H I £ 15 LG40 WH
> HCT-116 240 ( IF % 40), HCT-116/L-OHP ( # #I
ZH), HCT-116/L-OHP ( Cur {Ik ¥ & 10 pmol - L7")
ZH ,HCT-116/L-OHP ( Cur H1 ¥ FF 20 pmol - L™") £,
HCT-116/L-OHP( Cur & ¥ Bf 30 pmol-L™") 4, HL
HCT-116 4 ffd &z HCT-116/L-OHP 41 ffd , 25 A~ [7) ¥k B
L RIS I L 40 M, i A 21 R R, T
4 °C,12 000 r-min ' Z5.0> 10 min, $2 B4 55 2R 1,
B A RE S 30 g 45 SDS-PAGE HL ¥k )5 ,100 V i J&
Hyk 2 h, 7 B E A, KRG HATHE, mA—$it
ERCC1(1:500), P-gp (1:500),Bel-2(1:500),
GST-mw (1 = 2 000), MRP1 (1 : 50 ), Survivin
(1:5000),B-actin (1 :500), & &, # I A = $i
(1:2000) VsS4 2% K ol B I AR &R e k4T
ECL k27 06 5, 1] Tmage J B & 2 11 4540 19
j}?ﬁiﬁﬁ?ﬁﬁﬂﬁ’ﬁ-actin EAEINS, BN E
1 2% 5 N 28 10 250 I BE A Y LU B e 9 2
F B 2RIk IR o
2.5 Real-time PCR # ] ERCC1, Bcl-2, GST-r,
MRP,P-gp, Survivin mRNA ik L5860 4 [F] 2.4
T, FH trizol 4R LA RNA, FIE AR ALK I RNA 4f
JEFVMREE . H] RNA R 5L S wg HFAT S ) % 5% AR g
D22 () RNA Mk B2, 1F 38300 5% 5 5 g T 75 19 RNA
o RWAKRZR N 20 pL, 5 sk N 540 42 C |
[ 60 min,70 °C,5 min £ |k & B, —20 C {17 1§
Mo PCR R BLK & 20 WL, PCR B 4540 95 C
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5 min,95 °C 30 5,60 °C 30 5,72 °C 30 s,40 MG,
72 C 10 min, R 2 kP17 45 R HroR 15 4%
mRNA BYAHXT RN . B 514 h e o 2k Rt
HARAFRA M, W1,

F2 B F AT A A MM HCT-116/L-OHP 5 & & 40 i@ #%
HCT-116 {EEMH R Z M (x 5,0 =3)

Table 2 Effect of Oxaliplatin in inhibiting proliferation of
HCT-116/L-OHP and HCT-116(x +s,n =3)

*1 5|#HF7
Table 1 Primers sequences
HE) FEF(5'-3") K /bp

ERCC1 % ATGTCTGACCACCGTGAA 188
T TGTTCCAGAGATCCAAATGTG

Bel-2 % GCCTTCTTTGAGTTCGGTG 83
T# AGTCATCCACAGGGCGAT

GST-m %% CAGGAGGGTCACTCAAAG 437
T CAGGTTGTAGTCAGCGAAG

MRPI |3 GGCATCTCAGCAACTCGTCTT 250

Fii# ATTAGCTTCCACGTCTCCTCCTT
i AGCTCATCGTTTGTCTACAGTTCG 403
Fif TCCACGGACACTCCTACGAGT

P-gp( MDR1)

Survivin i AAGAACTGGCCCTTCTTGGA 313
i CAACCGGACGAATGCTTTT
B-actin i CATGTACGTTGCTATCCAGGC 268

T CTCCTTAATGTCACGCACGAT

451 L-OHP/mg-L ! 1 L 356 5 40 ) R %

HCT-116 1 40.34 +3.10
2 35.51 4. 66

5 42.07 +4. 84

10 51.07 +1.35

20 65.18 £2.91

50 69.29 +0. 65

100 94,51 +4.22

f_f;lpm/ 1 7.55 £2.02
2 3.05 £4.71

5 8.59 = 1.40

10 10.95 £2.95

20 22.13 £0.70

50 41.67 2. 16

100 58.39 +3.77

2.6 HiitcEarAr SR SPSS 24.0 83t B X AL
AT 43 AT, 38 2 2tk R A IC, 18, BT A s
F ox s oK B2 7 200 A i) 2 57,
P <0.05FK /R ERA G L,
3 #£8
3.1 A 45 g T B Vb R 4R 46 M Bk HCT-116/
L-OHP (¥ # 37 3k 8 T L-OHP (¥ Mif 25 4 i
HCT-116/L-OHP, H 4 K R & K &, HCT-116/
L-OHP4i g 7] 76 & 6 mg-L ™' L-OHP {4 1% 5% Wi b 4
¥} #%, L-OHP {E {1 HCT-116 40 Jfi 4 IC,,
5.70 mg- L™, & 3% {% F i A HCT-116/L-OHP 4
i 1C,, (71.68 mg-L™') (P <0.01) ,RI 3} 12.6,
fFahEm gy, Wk 2,
3.2 ZR RN HURAN M AR HCT-116 K it 24 41 g
HCT-116/L-OHP (3455 0 1 /F - 76 AR v B 22 8%
RIMVEM T, GO 40 i bk HCT-116 F it 24 44 Y
HCT-116/L-OHP {1y 14 5 41 i 5 15 w5, B0k 40 itk
HCT-116 %1 25 41 Mg A% HCT-116/L-OHP 14 5 #1
I W5 Cur ¥R BE 1S 55 B 3 3 5 0 R R
Me HILG I 25 W3k 3,
3.3 3% ¥ £ X} HCT-116/L-OHP 4 Jfi ERCCI,
Bel-2,GST-w, MRP, P-gp, Survivin 25 H 2 15 Y 52 Wi
5 1F % 4 A0 H, #  44 ERCCIL, Bel-2, GST-mr,
. 66 -

®3 E#ZH3 HCT-116 K HCT-116/L-OHP 4 f1 77 & R H &
(x+ts,n=3)
Table 3 Effect of curcumin on survival rate of HCT-116 and

HCT-116/L-OHP cells(% +5,n =3)

25 53) Cur/pmol -, ™" 21 it 156 5 39 7 2R/ %
HCT-116 5 1.29 0. 11
10 1.84 +0.17
20 0.30 +0. 04
30 0.22 +0.01
40 0.22 +0. 02
f_f;lpm/ 5 1.04 £0.08
10 1.23 £0. 19
20 0.29 £0.01
30 0.23 +0. 06
40 0.17 £0. 01

MRP,P-gp, Survivin 2 H X X W B FH F+ & (P <
0.01); 5 # A 24 b &, & %® K (10, 20,
30 pmol-L ") 4t ¥ J5 ERCCI1, Bel-2, GST-7, MRP,
P-gp,Survivin TR H LB EF T (P <0.01), Bk
FEMME . WL 4,18 1,

3.4 £ E X418 ERCCI1, Bel-2, GST-mr, MRP,
P-gp,Survivin mRNA RiEM M SiE% 4 b,
570 4l ERCC1 , Bel-2 , GST-1, MRP , P-gp , Survivin
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20 51 W B/ wmol - L="  ERCC1/B-actin Bel-2/B-actin GST-m/B-actin MRP/B-actin P-gp/B-actin Survivin/B-actin
E# - 0.68 +0.02 0.72 £0.05 0.70 0. 01 0.29 £0.01 0.30 £0.01 0.47 £0.02
iR - 0.89 +0.01" 0.98 +0.05" 1.08 +0. 02" 0.83 +0.01" 0.67 +0.01" 0.64 +0.01"
LWE 10 0.63 £0.01% 0.75 £0.02% 0.69 £0.01% 0.56 +0.02% 0.41 +0.02% 0.31 +0.01%
20 0.50 =0.01% 0. 60 £0.03% 0.54 +0.01% 0.52 £0.01% 0.38 £0.01% 0.25 +0.02%
30 0.58 +0.02% 0.44 +0.02% 0.44 0. 02% 0.32+0.01% 0.36 +0.01% 0.16 +0.01%

S IERA LR P <0.01; SHML L P <0.01,

ERCC1 M S W% S s 36 kDa

Bcl-2 S S SRS SR S 26 kDa

GST-r ‘e S W we s 23 kDa

MRP ‘..."woma

ST TR

———

A B C D E
ATEFRUL;B. BEAIZH ;C ~ E. 32152 (10,20,30 pmol - L") 4
B 1 ERCC1,Bcl-2,GST-w, MRP,P-gp,Survivin & B &% B ik
Fig. 1 Electrophoresis of ERCC1, Bcl-2, GST-w, MRP, P-gp,

Survivin protein expressions

-actin

%®5 XM ERCCL,Bcl-2,GST-w, MRP,P-gp, Survivin mRNA 3%

mRNA F kBB E TR (P <0.01) s G A AL,
% ¥ & L i & Wk B 41 ERCCI, Bel-2, MRP, P-gp,
Survivin mRNA FiAHE T (P <0.05,P<0.01),
Zw R @ & W E 41 ERCCL, Bel-2, GST-mr,
MRP, P-gp, Survivin mRNA 3£ ik 8 F [E L (P <
0.01) ; e BEHCBIME, WS,
4 tig

55 L 1 8 R UL R T A TE R PR X T e
45 B g AT 0 B RNRT O IR AR T 2 2
WA AT 25 97 %00t o 2 D IR, LA E i e A B
By, 55 T 25 AH DGl 09 S 0 i 4 1RGSR P AT D
R T3 S LA R i R T A R A e AR
SR H Y 2 W 4% % 8 R 2 T BE S A HCT-116/
L-OHP 20 g #k 09 i 25 P 9 48 58 AL o A 2 56

IR (x+s,n=3)

Table 5 Effect of curcumin on expressions of ERCC1,Bcl-2,GST-, MRP,P-gp,Survivin mRNA (x +s,n=3)

24 4] e/ umol - L ERCCI Bel-2 GST-7r MRP P-gp Survivin
% - 1.01 £0.18 1.03 £0.15 1.00 0. 11 1.03 £0. 17 1.04 £0. 15 1.04 £0.25
FEAR - 3.63 +0.79" 3.47 0. 34" 1.79 +0. 13" 2.52+0. 19" 2.93 0. 18" 3.17 0. 13"
EWE 10 2.50 =0.20% 2.73 £0. 14¥ 1.48 +0.21 1.94 £0. 15 2.35 0. 19% 2.09 0. 13%

20 2.39 0. 34> 2.12 +0. 16% 1.28 £0. 16> 1.73 0. 14% 1.91 £0. 16> 2.09 =0.22%
30 1.70 +0.20% 2.16 +0.21% 1.22 +0.15% 1.64 +0. 10% 1.65 +0.08% 1.89 +0.20%

e SIEWA R P<0.01; SHEIY] LY P <0.05,” P <0.01,

R A L 2 5 Y 245 200 B L A A A A o S o B b
HVBA T HE B3 i b T, B R RO e . LA
[ 51 2T T 245 200 M e 490 7 3R A AR T S AR, S
g5 R on AR T SL T BAT — G T 24 1 it 24
2R Mk o B0 B N TR 24 20 i A 0 A 22 T
>R FAS [R) e J3E 19 22 B 3R A T ke 40 g bk HCT-116
DAL Tirt 25 240 ffd bk HCT-116/1-OHP J5 , W% 2 4 7] e
JEE W) 22 B 3T T 245 40 Ok 5 AR A ok B 4 o R T
W I 25 57, 0 ] 22 15 3% ) 1 24 A A7 AT R A ) 41
VR A, EL R AT o B AROEE , Hhy B, W7 A Dy 2 B R X

HCT-116 4 Jfl i X 5870 ) 51 A T 24 P A 3 5 200
AL HCT-116/L-OHP 40 g th ERCC1 [ 1k
Y 8 T o A U 4 i Ak HCT-116, Bel-2, GST-mr,
MRP, P-gp, Survivin ¥ 3% ik 1 B 2 & F S0 40 il .
Bel-2 o 4% S 4 L 5 18 L PN Jo 1Y) B R R AR A AR L
S A0 R T SRR PR Rl DL AR R T R T A R
WO TR 0 % T T2 0 Survivin & —Fh BT
PR T RE DR A 22 b g vh A ek A i e A i 1Y
WaEE U R R MR W 25T . GST-m I E 1L T 4
M) GST-w I, J& T 4 e H k5% # i — Fh W 7Y,
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5 i 25 19 ¢ & om0 A SCERE I, GST-m 1Y
35 AT e 5w Boh g 0 K A kR IR B R A
GST-w o] 54bS7 25 a6, Wi 25 E R (2 3 25 )
L0 A0 A A0 T 7 A i 2 P-gp R 22 24T 24 AR OC 2R
FI (MRP) J& 28 Wiy 2 24 it 25 5L [H], W9 % [m] )8 T ATP
Sie B EE N R R A, G 4N
250 2 i 2 A A I 4 R P 24 4 vk R T AR
IR 20 MO T 25 R A A L W T
it 25 240 v 22 Bt v Gk o AR R BF Y R, P-gp 7E
R s A v 19 396 35 KT 5 4 i Y i 2 B A T
I AHSC M, P-gp 13 BE 3K W] S 8K W 98 77 A R R
PETI 25, J 3 AL )T K Wi R E Y, Bel2,
GST-m,MRP, P-gp, Survivin %57 [ 19 F & T & 28
HCT-116/L-OHP fif 25 () 42 w55 . H 17 ok 58 & 3L,
BHZE 250t 245 1) 32 SR A 9820 25 W 3 IO SR Ll
sF LRSS KBRS Bk PR X 2R A i 5
A= 1) DNA & 9 0 i 52 M & 32 % DNA 2 &2 6 )
o T BRI B AR AR £ DNA, HO 25 i AL
HATHE S DNA B R w H G, B HERVBRERE
(NER) R4t /2 N K i HE W DNA #ifh g &1z,
BB E M2 T DNA #5045 0 B3 HLH , £ Wi F
FEIESE  NER i f8 ih iy JE R R Gk % 5 45 B i 5
UL K AT BUMEAR O o PIBR ERCCL AT 19 5 4
ik, & — B A 10 248 F % DNA J¥ 31, &K
15 kb, Hga 4 (7= ¥4 ERCC1 FEH ., 7E&% HRY)
o A8 5 sk A S 3 BR B AR L 2 NER 3% 48 1Y ¢ B
P ERCC1 & [ Fl XPF #4 i, ERCC1-XPF & — §
A, 78 DNA [ 45 45 15 51 A1 ) &0 b 21 3 22 4E H
ERCC1 ik id & ) DNA $ £ 18 &2 0 e J) 4 &, i
Je X A 28 245 ) %) IR P B R R AT, 2 B Ik g Y T
2y, IR AE EFSE R & B, ERCCL i % 17 iR &2
AV e B0 5 o) Bk, OF 5 B A i BB A
B RO A S A S 4 SR U IE 52 4 i o T
Z54M s HCT-116/L-OHP ) ERCC1 ik &3 30 55 ,
H Bel-2,GST-1r, MRP, P-gp, Survivin %5 it 24 #H 3¢ &
F AL 2 38 ey, U B 45 B i X BV R A0 B T 2
ERCC1 BE[H Y 5 0 RIK B UIAH G, Z W R JE—Fb
W Z W, AL 454 C, 1,0 0.7, R K AA
BU A, B L K 3vf i b Jg 40 M it 245 45 0 1 25 1
IREIE 7PN S 82 & 5 Sk oy R e i =P 1)
A BP9 HO-8910 Ji £ 7% i 9 th WL e % J5 B A 41
A F B N 2 R 2 W WL 2 R 4 ik 3 9 2]
6 HepG2 A FHIF A S H M T, ©A M
R GEAIE 52 22 B 22 AT LASE 2 A [R] (04 BIL 1 305 % i g 20 P
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AR 24, i e A7 RUCR o % oK M 8 | T 25 A —
R0 5 A T R DG BIE 5 2 B 222 o 2% ml ol 5 4 o) P-gp
Foak, A MRPL, N BT T2 7 Bel-2, 40 il
Survivin F 2 ik 45 22 Bl gk 42 0 5 45 B i 20
ARG A RS 2 2 W R G, BB 22 8 R ke
I3E hn ERCC1 1R 3K B W FEAR , [/ I Bel-2, GST-mr,
MRP, P-gp, Survivin (] 2K JR AR, 1300 22 8 &= 7]
P ERCCL By 2 ik, 8 4 i 25 40 5C 28 1 Y %
K, DT B T 24

B NE e O NEL N 7R R DR S
HCT-116/L-OHP [ 1iif 24 ¥ B A7 00 5 4 AT, HAE AL
7T BE S 38 o A ERCC (93235, AT 20 Bel-2,
GST-m,MRP, P-gp, Survivin %5 25 H i) £ &, DL >
96 240 JH XS A9 28 W 04 S0 HE 386 i 248 1 PN 25 Wk
00150 fe 200 i 8 B AR e R 20 O T, DA TR S e
AN 0 Z 25 2 1k . H 28 R HA RS M B Ok
JR 6 WL, IR I, 22 88 3A T R Bl — iRt 1 45
% e ik 245 30 5 5, ELAT — 5 B4 I R L T B (R ) R
FRY IO P T o
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