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N3] Wk 2£ =2 18 03 P 5 2= X AR o I8
U251Z0 B E A9 5%

w7 & &
(FEIREE LR 22 B I 55 — B B 42 b}, E P 400010)

HE 3F 4R K 4L K 24 M (nonsteroidal anti-inflammatory drugs, NSAIDs) 4638 3% 1k 77 25 4h &
Bf 98 b ey e oS AR R . ARG IRk b Rt iR A A 2R £, RAMTITEAAX 4
FEAL S R AR ) T B 3T & BRAK A 2 78] ok & 3F 2 U25 1 4m 1R 38 28 Fo 7~ R T 69 %5 v, FF L )
RT-PCR#A=Western blot#a ] %| %k £ F 3 ABCG2. MDRIFMRP1#)#%f., 4R 2T, 20 umol/L%|%
£ FATIRIR B U251 a8 3 A K374 (P>0.05), TTAE A K tm i A & Jgﬁ’i}ﬂ 0.8 mg/LIT & %4
F220 pmol/L 7| %k £ F B4E-0.8 mg/LIF &% 40 5 4 B 4048 bk 4m oL 38 74 B & F [4(P<0.05), EL3|"k £ F
TR T B A B AL R T B A 4009 A RIpFI4E R o4 B 5 (P<0.05); 72 hg a4 f) T F & 4 fe
T B & A3k £ S 40 tm e T B0 R T F 33 m(P<0.01), (2R B R BEA IR £ F AR E LA T
& b+ # %8 2 (P<0.05); RT-PCRA=Western blotiE 5% %] & £ ¥ 4£ 4% T HABCG2. MDRI14=MRP]1
89 3K (P<0.05) B 2 I E R EARMUE, RT3 £ F A 8838 3% o] & F xR /g U251 4m i el 2 K

FIVEA, EAE Gk 2 F TR AR e R LA X,
FEIR R IR MR L AT AR

Enhanced Cell Toxicity of Adriamycin by
Indomethacin on U251 Glioma Cell

Huang Ning, Cheng Yuan™®
(Department of Neurosurgery, Second Affiliated Hospital, Chongqing Medical University, Chongqing 400010, China)

Abstract Nonsteroidal anti-inflammatory drugs (NSAIDs) can enhance cell toxicity of chemotherapy on
tumor cells. In this experiment, indomethacin with non-toxicity dose was screened out. When U251 glioma cells
were treated with adriamycin alone or adriamycin combined with low dosage of indomethacin, the cell proliferation
and early apoptsis rate were observed by MTT and flow cytometry, respectively. The impacts of indomethacin on
ABCG2, MDR1 and MRP1 were detected by RT-PCR and Western blot. The results showed that cell growth was
not influenced by 20 pmol/L indomethacin (P>0.05) which was used as a non-toxicity dosage. Compared with
control group, proliferation rate was decreased (P<0.05) when exposured to 0.8 mg/L adriamycin or 20 pmol/L
indomethacin combined with 0.8 mg/L adriamycin, but proliferation rate was lower in indomethacin combined with
adriamycin group than that in adriamycin alone group (P<0.05). The early apoptosis rate was increased in U251

cells treated with 0.8 mg/L adriamycin alone or 20 umol/L indomethacin combined with 0.8 mg/L adriamycin for
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72 h (P<0.01). However, early apoptosis rate was higher in indomethacin combined with adriamycin group than
that in adriamycin alone group (P<0.05). The results of RT-PCR and Western blot showed the levels of ABCG2,
MDRI1 and MRP1 were down-regulated significantly (P<0.05) by indomethacin in a dose-dependent manner. The

results suggested that indomethacin enhanced cell toxicity of adriamycin on U251 glioma cells and the mechanisms

were involved in down-regulation of drug-resistance genes.

Key words

JR TSR 7 A 22 2R e IR 1¥140%~50%, kAR
Werre PIFFEARME L), AR5 AT ik HH ZE 1)
BT F B AR 2 HUR PR AT AN U, R T
ARIMA JG AT Ja, &8P 354 A2 s L 12~15
A HW DRk, 358 5 i 5T 6 TR ST R U PR T
) R BT R R B A ERIG IR E . A
it 98 2 BH, JE 5 4K 28 5t 2 24 Y (nonsteroidal anti-
inflammatory drugs, NSAIDs)#¢ 3 5 [ J87 % 5 A6 J7
PR BB o G S S P G RO ) A T 24 2 R A
ATPHCHYE 2590 10 S Dh Re 9 59, BRI ARTT 259 6
LNt N N TR (K LR DR o8 IS N M
TE I MTTAN i 20 5 A i S5 09 W 56 = HL A 1 5 o]
B 2O0] M IR A0 A A AR PR FH 0 5 105 | e
JEER R 253 [NABCG2. MDRIFIMRPIIF, 45
75 T NSAIDsHE 5 Jixe 5 988 41 i 646 57 24 ) 0sk vk 1
N R

1 #RIERHE
1.1 EZiRX7

DMEM i Bl 55 IR L iR /4 LT A /3 2 3R W
H 2 [E Hyclone /s 7]; Annexin V-PE/7-AAD 134 7]
I A I AR YRR AT PR T RNAZL R
W WSO . DNASRS MR 14 5 190340 A
TaKaRaZs ] ; FLIRJE Y 24 25 [ (breast cancer resistance
protein, BCRP). P-# % [ (P-glycoprotein, P-gp) A/l
B-actin$t 74 ) H 3£ [E Santa Cruz/A &5 £ 24 i} 24 41
K & 1 1(mul-tidrug resistance-associated protein 1,
MRP 1) [ H [ o A2 G A2 W) BORA BR A il g b
I H 5L [E Sigma A 7] B 25 2% AR = 124
1.2 ZfasES

U251 5ded 40 e A op R Bt bk d Rk
TR A S A A b s BT A M, B5 9% T
F10%E- 3% . 100 U/mLT 2 2 M1100 pg/mLiEE
FDMEM HET FR AL h . BiIRA1T 437 °CL 5%
CO,\ ML o

glioma; indomethacin; adriamycin; drug-resistance gene

1.3 MTT:Aa N0 AEE5E

O 5504 K 3 U251 40 i 42 4 L8 0007 4
L2 T F96FL AR h, WU BE 5 3EAT 25 T . M JS
FFFLINAN20 pL MTTH kSR 774 h, 77 LG E A
DMSO 120 pLFE /35 10 min, 492 nmi KA I Af
LB FEAE (D)
1.4 Annexin V-PE/7-A AD R 55 46 ) 48 B =

4t f i TN AUbch, fEfL2x10° gl . A
0.8 mg/Li 75 2 50.8 mg/L P % % 420 umol/L1|
W36 2 Ab U255 140 72 his ol ds . PBSYEAN i
P, N1 uL Annexin V-PEFIS pL 7-ADD1- 41 Jifd
B RAY, EIRE10 min, A 40 AT
iog/ I8
1.5 RT-PCR

TrizolyZ: $2 B 41 Ml SIRNAJF K 3L & #% 5%
cDNA. 3" 1 51 ¥ Jj: MRPI(Forward: 5'-CCG TGT
ACT CCA ACG CTG C-3"; Reverse: 5'-CTG GAC CGC
TGA CGC CGT GAC-3', 326 bp); MDRI(Forward, 5'-
CAT GCT CAG ACA GGA TGT GAG T-3'; Reverse:
5-AGT AGC GAT CTT CCC AGA ACC T-3', 310 bp);
ABCG2(Forward: 5'-TAA AGT GGC AGA CTC CAA
GGT TG-3'; Reverse: 5'-CCA ATA AGG TGA GGC TAT
CAA ACA-3', 266 bp); S-actin(Forward: 5'-GAC CCA
GAT CAT GTT TGA GAC C-3'; Reverse: 5-ATC TCC
TTC TGC ATC CTG TCG-3', 594 bp). ¥ #414N:
94 °CiAZ S min; 94 °CAE130 s, 54 °Ci k305, 72 °C
HEAH35 s; 30 MR, fe 572 °CHEMHI10 min.
1.6 Western blot

FHRIPAZ fif 5 2 H 40 Mo 25 (1 FHBC AV Ml £
FIHR B o REFLIR3S ng B FFE S H vk, FHPVDF L,
B IN—did °CiE . I AHRPERIC I —Ht
FELE3T °CHE A1 h/GECLE Y. LUB-actiny N2, H
Quantity One 4.6 73 HT & 452l 6% Bl H W&
H5 WS HE R H &R ERIEAHRKE
1.7 SFitESH

FT A Hods B3I (n=3) I LAxts R om, K ek
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M5 2200 Wr, P<0.05 0 725 HAT B2 1k

2 H#R
2.1 W|BREEFFERITU2S1AEKAIE M

20 umol/LM5| W S& 5 7524, 48, 72 hAtU25141
J 2 T B A R4 T (P>0.05), 40 wmol/LI [ 35 3
X AET2 hEEFIHIU25140 f 2 K, 80, 160 wmol/Ly|
Wi 5 o7 76 AN [R) 1 1) 22 g S 5 PRl U25 140 A 1) A K
(K)o DHUk, S5 i 2590 5 5 6] 1 5T 988 4 5 1)
R, 20 pmol/LIgIWSEF4% F T J5 825556 . 0.2, 0.4,
0.8 mg/LF 55 2% 0% 5 U251 40 i i 34 e AN [ R F5 k)
U251 40 o F 384 58, 1H.0.1 mg/LFi 5 2% 20 630 56144 )
(#2).
22 MGRREFEESME R REU25140 /1S
SR B S22 M

a0 o 53 e B FLH10.8 mg/LR &2 F 2 A
0.8 mg/LBi 7 Z 420 umol/LIGWE 3 41, &1
FT7R, 24, 48, 72 h) H.H0.8 mg/LFi 2 25 2H 41 i 184 5
3k Rt IR B75.01%49.59% . 54.93%+9.02%
45.80%+8.24%; 0.8 mg/LI 7 2% B 4520 pmol/Lig|
5 S 41 41 M 3 5E 43 ) b o) B4 143,37 %+8.26%
19.18%%3.92%. 15.80%+4.99%. %45 K o, M|k
I SRR O] 5 2% A A P o) 2 % A S B A A

E Y/
23 WREFKENERNRRIBUSIHMER
HATRS M

7% T 41072 hJ5, 1 F Annexin V-PE/7-AADX{
VTR il REE b D e Wi N O s TR ST AZN
(K2), 5% I 2H(1.93%+0.23%)H LE, 0.8 mg/LE 57 %

Z A
oB

Cell survival rate(%)

24h

48h 72h

A: 0.8 mg/LB 825 40; B: 0.8 mg/LBi 27 25K 5720 pmol/LAg|WESE =40,
*P<0.05, **P<0.01, 524 hx fUZLAHLL; 4P<0.05, 44P<0.01, 548 hxf
HRALAE LG **P<0.01, 1572 hx HRAUAR L. "P<0.05, Bl 27 Z Ik 75 15 Wk
Tl AR AU E .

A: 0.8 mg/L adriamycin alone group; B: 20 umol/L indomethacin
combined with 0.8 mg/L adriamycin group. *P<0.05, **P<0.01 vs
control of 24 h; 2P<0.05, 24P<0.01 vs control of 48 h; * *P<0.01 vs
control of 72 h; *P<0.05 vs indomethacin alone group.

E1 BIREFEKENERNMEEEFENZIT

Fig.1 The influences on cell survival rate after treated with

indomethacin combined with adriamycin

F 1 NEIREBIMEELIZU2S1ZHMEDET

Table 1 The changes of U251 cells D values with indomethacin at different concentrations

D1t
! D values
Time Ho AL 20 pmol/LMg| IS5 7 40 pmol/LM|IWk5 % 80 pmol/LMg| 136 160 pmol/LIg | 56 3
Control group 20 umol/L indomethacin 40 pmol/L indomethacin 80 umol/L indomethacin 160 pmol/L indomethacin
24 h 0.303+0.023 0.294+0.037 0.296+0.040 0.221+0.034* 0.204+0.036*
48 h 0.433+0.040 0.417+0.052 0.403+0.054 0.239+0.049" 0.159+0.047"
72 h 0.553+0.051 0.566+0.035 0.385+0.0674 0.259+0.045% 0.117+0.0974

*P<0.05, 5524 hxt IALAH EL; 7P<0.05, 1548 hotf BE4LAH EL; 4P<0.05, 1572 hi IALMIEE .
*P<0.05 vs control of 24 h; *P<0.05 vs control of 48 h; 4P<0.05 vs control of 72 h.

R2 FREIREMSRABU2S1AAEDET L

Table 2 The changes of U251 cell D values with adriamycin at different concentrations

Dfii
I 1) D values
Time of HEL AL 0.1 mg/LF 5 2% 0.2 mg/LF 45 %% 0.4 mg/LF 57 2% 0.8 mg/LF % 2%
Control group 0.1 mg/L adriamycin 0.2 mg/L adriamycin 0.4 mg/L adriamycin 0.8 mg/L adriamycin
24 h 0.325+0.023 0.318+0.033 0.309+0.034 0.276+0.038* 0.218+0.041*
48 h 0.465+0.034 0.451£0.043 0.338+0.038" 0.292+0.013% 0.221£0.033"
72h 0.571£0.054 0.565+0.048 0.428+0.030% 0.301+0.0424 0.190+0.0374

*P<0.05, 524 hxf fALA LL; *P<0.05, 1548 hxf B4 LE; 4P<0.05, 1572 bt B 4LH L.
*P<0.05 vs control of 24 h; *P<0.05 vs control of 48 h; 4P<0.05 vs control of 72 h.
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S EF 5
EF 53 =%

a . ] a1 a.

< <9 < <4 < <4

< 7 . <~ <

=~ ] P R o~ ] ~ .
=1 g | 930.23% =3 TT84%E081%] = 34%+1.23%
QS T M T T T ‘:2“- = T T = T T

10° 10! 10? 103 10* 10° 10! 102 10° 104 10° 10! 10? 10° 104
Annexin-PE Annexin-PE Annexin-PE
A XTHRAL; B: P8R 4L, C: P8 RIS IV e =4l

A: control group; B: adriamycin alone group; C: indomethacin combined with adriamycin group.
E2 MEHEPMGKEBIREENAME R BT R

Fig.2 The influences on early apotoposis rate after treatment with indomethacin separated or combined with adriamycin

21(7.84%+0.81%)F10.8 mg/LFi 5 2B 7520 pmol/LHj|
WRe 55 3 2H (19.24%+1.23%) 41 o - 95 12 L ] e =5 1
Z(P<0.01), {H B 57 F2 1545 Ml Wk 56 <7 21 509 0 T4 i
B 451 A5 B T ] 5 2% 2 B 1 (P<0.05) . = ZH 22 ) 41 i
T RS2 R
2.4 W5| W 35 3E 3T U251 40 B it 24 B A mRNA SR 1%
R

A0 I 53 S 2 16 R AL 20 pumol/LIg 5 S 401
0.8 mg/L %% 2 2H F110.8 mg/LF % 2 Bt 7520 umol/L
WIVESE 4. AZT72 hFAUG SO RNA IR AT
RT-PCR. 455 7R, 20 wmol/LW| W5 40 15045 1 %6}
W4 ABCG2. MDRIFIMRPI mRNAYJ T ifi(P<0.05);
0.8 mg/LPn % 2 520 wmol/LAg| W 5E 7 21 ¢ o i fif
FH0.8 mg/LF %3 2 41 = A DA I mRNAZK PR B
(P<0.05)(KI3H143). %45 it B JC i B 55 25 A7 11
545, 20 pmol/LWg| Wk 3% == 23 g 401 HlABCG2. MDRI
MIMRPIFJmRNAZKIA .

ADR: — - + +
INDO: — + - +

ADR: [i[%5 3 INDO: WL, 25 Xt AL, mIbese =20, foh

A5 P 0 2 2% 2 ] 8 R K 5 W 5 o b B AL TR ABC G2 MDRIF

MRPI mRNAIE

ADR: adriamycin; INDO: indomethacin. ABCG2, MDRI and MRP1

mRNA expression in blank control group, indomethacin group,

adriamycin group and indomethacin combined with adriamycin group.

E3 RT-PCRO#TBIVREEEREWMAERMNRIE
Fig.3 Expression of drug-resistance genes after treatment
with indomethacin by RT-PCR

%3 TEIALIELHABCG2. MDRIFIMRPIHEN Rk 2
Table 3 Relative expression quantily of ABCG2, MDR1 and MRP1 in different groups

[SNIHE 2PNV |

Target genes/proten

EEROYICEE]
Control group

IS Sl

Indomethacin group

LIEES i

Adriamycin group

R 2 2 R 15 I 5 2 40
Indomethacin combined

with adriamycin group

MDR]I/-actin mRNA 0.378+0.017 0.068+0.029*
P-gp/B-actin protein 0.516+0.045 0.185+0.028*
ABCG2/p-actin mRNA 0.324+0.019 0.09440.011*
BCRP/B-actin protein 0.381+0.035 0.115+0.034*
MRP1/f-actin mRNA 0.512+0.021 0.334+0.040*
MRP1/B-actin protein 0.213+0.032 0.113+0.027*

0.345+0.046 0.127+0.044"
0.407+0.040 0.137+0.043"
0.349+0.046 0.134+0.041%
0.411+0.020 0.183+0.013*
0.468+0.027 0.289+0.018"
0.193+0.017 0.066+0.010%

*P<0.05, 525 IR LA LE; #P<0.05, 5B 241 LE .

*P<0.05 vs control; “P<0.05 vs adriamycin group.
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(A)
ADR: - - + +
INDO: - + — +
-— ——. M - BCRP
W P-gp
— 'MRPI1
P e -- B-actin
(B)
- — - BCRP
P-gp
. MRP1

— — ——

Indomethacin(umol/L)
Control 20 40 80 160
Ar A BT, Wl SESE 2L SO R B R 2R A RS 7 2R I ]
WA S = Kb T2 i 24 2 3R B AN IR BESII S - X5 BCRP P-gp
HIMRP1 & HRIE I .
A: expression of drug-resistance related proteins in blank control group,

indomethacin group, adriamycin group and indomethacin combined with
adriamycin group; B: expression of BCRP, P-gp and MRP1 proteins in
U251 cells with different concentrations of indomethacin.

E4 ZEARENTELAGIREFERRMAZTAMRIE
Fig.4 Expression of drug-resistance proteins after treatment
with indomethacin by Western blot

2.5 Western blot#& 3| ixE Z 3T E B RIE
ppAl

LI mRNAZE H AL, W10 56 3 21 55 4 1 xR 2
P-gp. BCRPFIMRP1H 1A 1) i 1y i 27 25 1
MR 5 < 21 5 P A P o) 5 35 20 =N 2 B R
AR S B A 4ARIERS) . MR SE
XF IR = AN 2 2 AR T SR 30 R ARORs
(P<0.05)(14B).

3 g

IR TR (1) 2 25 2 M 3 A AT 2 ph 22 40 B
B P ) M B, AL T e B ABCHL 38 K 1) R IA
Ko ABCHL I8 1k X % ATPE: 4 £ 30 % 15(ATP
binding cassette transporters), £ N 2K ) ¥F £ % 7
Ji e v Py T A A, GE S 5 R O T T
%o ABCEERARUEK T I K ia AR K, &4
O R B 1494 ABCHE X 0] 43 A7/ Tl e = 1) I
Bl tLHABCA-ABCGY ., & A7 WF 5T 1 5K, e o 98
iy 245 P 3= 2 5 P-Fh B Rk B4 kP, P-gpig tH

MDRI1(ABCB1) i f5 (1) 57 T 41 Jfd JI5 % 11 ¥ 170 kDa
FRERS O SR . AN R RE R MOBIE 25 R, e
B0 Tk A B R AT 2 ) 2 H T A DT B AT i
37 2500 B I 5 BUMR iRt 245 P-gpid g 2 B 4%
WV, B AT 250 M PN 6 7% 48 g ob el 3 oo
G R A TS B 250 . BT 9T R BN, P-gpid &
35 T S8 0 400 M N B, 3 e X Y P S B  f
G 22 B A7 25 IR U . MRP1 L4 ABCCL, 5
MDRI1 [ J& T ATPZ: & b K00, IR v it 3¢
KT, AR R 25 A, MRP TN BE I B2 b6 52 Ky
0 M B ML T 25 % A i, i Lo v 2 e IR
(glutathione, GSH) T JGST-X 4, K a7 41 i h 1T
S 2 HE I, BCRPHABCG2E: 4wt J&T-ABC
FIE G, 18k s h BE PSR BT &
k38 =P, BCRPIi 24 14 S5 P-gpAHALL, 1 68 FHATP
IKFR B ) B R R BT A P 2 A
AN FBUR TR AT I

AT 2E S W R TR Ak Y A 25 BRS04
UIE S T NSAIDsANY f8 % i i #1 HI1L-6-Stat3 . Akt/
PKB. B-catenin/T-cell factor. MAPKZ%: A5 5 1 i A7
LV DAL 93 IR (1 14 5 R4 28 Rt
JRT YR ToUOL i FLIE R R U R 25 5 R ABC K ik 1) %
1k LHR A7 2508 N S 6 4 T %) £ 07 i 4 v S e ok
ALY B U AED . Matsunaga 6151 B 50 0 4 1]
W] 57 2% 1 K B BN 1 195 40 K 562 FRITC 503 51l Ay
250, 20.2 nmol/L, >4 R iR PRk TT 24 73 il Bk 45 g
5 Mb PR AZ A0 JS1Cso i X 92> 2450, 5 nmol/L, H:
BLAI Ry 5 PR 5 <=4 7 1 1L 995 40 i - MR P L ) R0
ElahianZ5EUOMb, 4F 52, NSAIDsIE i #11 I ABCG2 1) 7%
P 11 2 KR AR L g 40 FRIMLCF -7 (1) A= A ol
ERT HT, 58T W36 3 BT B (1 i 98 32 2800
S B2 E 5 AR P9 A2 v 35 B il i TR (1)
ARSI D SR IE T I SE S A4k
IT 2GR FH 3G 5 1 GH R ST 9R8 40 JR P 41 A X —
LG AR R R ILAE ML E

ARSI R I, W SE S H B et i u251 48 1l
5 1 I R IR B OB, b HE B B 2 A A
JH B WG| 0 56 S AR B 56 J J 08 1) 2B K s i, FRATT 9T i
H TG4 B P R 5 DR S < 5 (20 pmol/LYE A Ji5 45
SEUO T T A 2R A A 0 e TR 4 I ) 2R K
RBATRIN, 0.1 mg/LB 5 251541124, 48, 72 hjm 4l
JE A FH, LD PR T e A i TR R A Rk i
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BRI

ZPSER AR AE — e R 2510 . MTTZS R E0R,
0.8 mg/LFi 5 2 it 7624, 48, 72 hiliHIU25141 184
B, 4305520 pmol/LIIWSEF A8 IS, 9 GE 6]
VERITE I 25 0 XAt B AR W 52 £1)0.8 mg/LI 25 5%
FEFRAN 72 5 e B S B A e LR T, (R
FF BEFEY KT P HZXT025 140 2 R T4 H
PATWAESE T I b 52 B A7-7E 5 15, 20 pmol/Lig| Wk
FEW R N HU25141 s HABCG2. MDRIAIMRP1
mRNAFIE 17K, BRI 5 3500251 40 f o) i 2% 25 4 M
ThfeIkss, 4o p B 2 25 2 S 39 D0 i 4 = AT 97 28
NSAIDs I 1 i rifi 24 355 DA (1 2 14 1] fig A 2 aot 1 1)
AP-1(activating protein-1)B{NF-kB=K 5L I 1], ABCH%
1B R FGEFE R 0 )3 2 176 & T AP-TRINF-«BI1) 45 &
HAT, P TS ABCHE IS PR S IE N i 5 1 45
e e dEABCH DA ()R, PRI 1 AP-1 HINF-«B
NSAIDsHfil]Ji5 3 S5 24555 PR IE R PP,

PZAIE S Ay N DR I FH VR 56 = A 2k A 97 i 2 35
BT LASE Ry AT 200 IR SR8 AT AR T BB AK
Pt R S0 Fe At o W1 5 S R A 108 5 S TR TR 245K
PE, B AT 2900 i IR 4t i i) AR KA E L, A
FRA B I e TR A T B 25 . AR, AR SE
B0 6T W [ S = I i 24 5 DR B 1 1 LA 43
FEHLH M AR NS, 5 S0 5008 T R AR FH
15 5 I 55 7 L.
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