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1.1 RXFI5EE

MWCNTs W B NGRS, S BOCHR[ 15,16 ] 77E X MWCNTs sEfT4lifl, gl B i i i o
FAEBIRAUCT O L M AN AS49 1 [ E R B LA A BLE AR 5T B s Dulbecco’s modified Eagle
medium ( DMEM) 5535504 F| Gibeo A5 JAZEILF (FBS) | 27,7 - &P E . ZBRAE (DCFH-DA) | y-
[ *P]ATP #3iCFl Sephadex G-25 W4 [ Invitrogen 23 7l ; $ p65 Y& . $T IkBa HUIK | BT B-actin HLIK | BT
PARP /& F1 Alexa fluor 488-IgG —Pil F Santa Cruz /A 7 ; N-Acetyleysteine (NAC) I H Sigma 2 7 ;
Enhanced chemiluminescence ( ECL) i3] &4 [ Pierce 23 F.

F[E Bio-Rad 680 MfiFR{¥; Axiovert 200 2t f8 E W 5% ( Carl Zeiss /A H]) ; Coulter Epics XL i =4
ffif% ( Beckman 2] ) 5 Tes SPS #6328 A2 B 1% ( Lecia 2] ) .
1.2 RIEiTFE
1.2.1 M3 R Ko e 78 B2 (ROS) B9 A KE AS49 AIfEE =T 10% fR - 17 | 100 U/mL &%
B R K100 pg/mL HER R DMEM Ki323E | BT 37 C 24 5% CO, WFEh 1575, £5 AS49 41
MK 2 80% ~90% I APIRASIE, ARSI BE i) MWCNTs 20 R AR . MWCNTS 438O 2 18 SCik
[ 17 ] 5977 3 B ik il 4. MWCNT 08 AR R SE R HE B BC ], #8575 5 min, FE0 TR G (.
ZOCHR[ 13 ] 7, FZEOEHRE DCF-DA 254 i =X 4l i AR I 2 41 i 8 ROS 7K F-. DCF-DA i#E A 4l iy
J& , SFREEVERNL 2 iR ARk 27,7 - A AP (DCFH) , DCFH 88 4 B 2 Al 401k S0 45 41
b, ARARDSER 2,7 - E PR (DCF) , A3 DCF Ztom B R T i Be4i s ROS 7KF-.
1.2.2 BERREKIT A R L (EMSA) S MR SCHR[ 12 7 iE Tl & I 4R Y. NF-xB [R) 7 AUs% 52 4%
HRRIRENF 4N 5'-AGTTGAGGGGACTTTCCCAGGC-3", 5" L) y-[ ¥ PTATP #xic, F Sephadex G-25 4
EFRICHY BT IR. 2 MR SCHk[ 14 ] )78, T EMSA B:15E NF-«B DNA Y25 &30 M. [R]IRHE S BiA 2
HIA 100 5 ARFRICH) NF-xB ZEA% BRI 0 T4 S M T ik .
1.2.3 i ®zyotmil 4% 28 PR A R 2172 i, LA 5% BSA/0. 15% Triton X-100
B TR ALEE 30 min. fIIHT p65 FriAk (ARFLEL 1: 1000) , T4 CHEFF 1 ; /il Alexa fluor 488 A3iC
B HU(ARRLEL 1:400) , T 37 CIRHE | h; SRJ5 ML e 2 Qe e, 20imvt, T, B A)E, F#
FEH IR AR 0 AR L R A
1.2.4 EaWaEon SEICER[12] 74, #2280 MWCNTs 4035 A9 AS49 20 i 2 8 A IR 75 it
BL50 wg 2 RETHZE 12% B SDS-PAGE Hijk . PVDF B 568 KIS 5, 550 p6s Bk . BT IkBa #1
& | Bt B-actin Fri& K AT PARP Hifh T 4 CER LK, ARG SHNM —IERNE 2 h; BEERETH
ECL il & T Btk sy,
1.2.5 Gt 48 R SPSS 10.0 GEiH 514 %) 2% 4L 548 17 ANOVA B K 2 07 2700, R
Student’s Newman-Keuls 777X Z R 1T HLEC, ¥ p <0. 05 % SUNA B EHE2E 5.
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R Cy . SWONTs | T R4 IR M S5 0575 S 400/ ROS, B HLHAHE 4018 7 B A bL
I A ROS B A N R AR ) B P ON (TR 2 —. CNTs 1T A LR AN g T
JIMARCAS | T3 R IR B A 2RI IR SRt 3, LWL T RE S5 ONTs 8 AN R 60
HES2 MWCNTS X AS49 41 Y AL R S0 , FRATRFSEEARSE DCF-DA Ykl AR ROS F975
fe. HPRRUL, 5 DCF-DA SEASIILIS , 22 Maflg e 2 =Mtk 27, 7'-— A AL IR (DCFH)
DCFH #8208 B 7 Al AL 55 ROS AU, AEURERE I 21, 7'- 5L (DCF) , Killl DCF
RS VAT R BB ROS K-,

ST AN (1) i B A s (L 2) M E AS49 LN DCF (998 3RS, 45 5% Wos,
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' A549 418 ROS E’JF%(EH) L E R
MWCNTSs 4B T fili [B) Bz 4 "0 | 1 g 20 g R B
G T4 1) 26 08¢ 31 £ SRR @mr . B P iy
S W], MWCNTSs 5 41 Ji 43 full J5 A6 e ot ik A 200 O v S i——
RS SN k7 BT 7ES 2 AL N7 5 TR LN Fluorescence intensity
P AR , XA eSS MWCNTSs 204 fitd i &5 = Fig.1 ROS generation in A549 cells exposed to
A ROS B E ML MWCNTs measured by flow cytometery
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Fig.2 Fluorescence microscopies(A,—A,) with DCF staining(B)
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(A;) Control; (A,) 50 pg/ml MWCNTs; (A,) 100 pg/mL MWCNTs; (A,) H,0,. (B) * p<0.05, #* #p<0.01 us.

untreated control. p(MWCNTs)/(pg + mL 1) a. 0; b. 50; c. 100. d. H,0,.
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Fig.3 Effects of NAC and GSH on MWCNTs-induced Fig.4 Effects of MWCNTSs on NF-«B activation in
ROS generation in A549 cells A549 cells assessed by EMSA
p(MWCNTs)/(pg - mL~1): a. 05 b. 505 c. 100. p(MWCNTs)/(pg - mL~1): a. 0; b. 50; c. 100.
# p<0.05, * *p<0.01 vs. untreated control. d. LPS; e. competitor.

2.2 MWCNTs %5 A549 408 NF-«B DNA & &i&4

YRR ZE NI TE S ARG, 85 Je s R4 8UR AR S AR R N, FF 75 i R LR 3R 5K
PSR AE R TR AL TR T4 g, 1T 51 & 98 9E R, Efﬁﬂﬂiéﬂz/\hﬁj ‘1. MWCNTs 7] 53 fifi 4
BURAERN, SEDEANME TNF-ac, TL-18 SEANMPR F RS 7). NF-wB & —Fh S 51877 RAE | S i A
IR S BB SRR U O, ARSEERTT MWCNTSs Xt A549 4 NF-xB 76 P (52 mi.
ANTF]FR)E: MWCNTs AbH AS549 41ff1 2 h 5, EMSA 255 (K1 4) 7R, MWCNTs 55 A549 4iififi-h NF-«B
DNA Z5A 6 PE, 200 2R A, 2238 A amilst d, A 100 5 RAric FVE G E B & W MWC-
NTs 1755 1) NF-xB DNA 4547% Mk, 1iFS2 NF-«B DNA 1454 BA w5 BERe S k. B Bl gt 1 Wos, W
# MWCNTs FH A9, A549 Zifit% NF-«B p65 EH%%LL@?&*?%[ B 5(A)]; i A549 413 IkBa
U BEE MWCNTSs 1) & A3 Iz i e [ 18 5(B) . X BE85 R 5 SWCONTs 1 T _F B 4] 52 HaCaT
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Fig.5 Effects of MWCNTSs on the levels of nuclear p65(A) and cytoplasmic IkBa(B)

determined by Western blotting
p(MWCNTs) /(g - mL~"): a. 0; b. 50; c.
2.3 ROS 7£ MWCNTs %5 NF-«B & EFH1ER

100. d. LPS.
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%5 NF-«xB, AP-1 Fil MAPK 84 5515 5 s 538 PR 0%
b, P G S TR Y R R s, N e E 40 i 2
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IS AS49 4l AL N R NF-«B 16 M. O T i —
ABIHI ROS 7E MWCNTs 35 5 A549 41l NF-«B 1 1
HVE T, DAL H) NAC AL B A549 41 fitg 30
min, F EMSA #: A549 40l NF-kB DNA %% & 1% P
RS, NE 6 BT LIE Y, NAC AERH A MWCNTs X
A549 Ziffl NF-«B DNA 255G M il SRR 25 R
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FTE PN p6S AR B T(A) ], #—HHiE
ST 6 MZER. EAEEAR[ K 7(B) 1R, &
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Fig. 6  Inhibitory effects of NAC on MWCNTs-in-
duced NF-«B activation measured by EMSA

NAC FibBEJS B A549 2l . MWCNTSs i%55 NF-kB p65 & [ HIA% 515 LA S A0 TkBa 25 1B B A2
B, DL EZERIR, MWCNTs 55 AS49 40 NF-xB 935 L7716 AL BRI ML, 5 RS9k
PRI SWCONTs ) 25 3036 NF-«B BUHLEI AL ROS #0E NF-«B BIHLHI 1 A2, Al AES5 ROS *f
IkBa WIAL2EE A 3¢, BRI o o H B 0 2 si il B R 1 B9 98 35 1 B R 32 ) NF-«B 976 PEPY . MWC-
NTs 38 52 S AR AL HI TG NF-x B, Ay B B 40K 25 BRSO HL R AL T BT A
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Fig.7 Effects of NAC on translocation of p65 into the nucleus examined by immunofluorescence confocal microscopy

(A) and on the levels of nuclear p65 and cytoplasmic IxkBa determined by Western blotting(B)
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Multi-walled Carbon Nanotubes Induces Nuclear Factor-«B
Activation in A549 Cells

YE She-Fang1 *, WEN Wen', WANG Yi—Fangl , LIN Cui-Lin', WU Yi-Hui', ZHANG Qi-Qingl' 2
(1. Research Center of Biomedical Engineering&Department of Biomaterial, Key Laboratory of Biomedical
Engineering of Fujian Province, Research Center of Biomedical Engineering Technology of Xiamen City,
College of Materials, Xiamen University, Xiamen 361005, China;

2. Institute of Biomedical Engineering, Chinese Academy of Medical Sciences & Peiking Union Medical College
Key Laboratory of Biomedical Materials of Tianjin, Tianjin, 391002, China)

Abstract  The present study was undertaken to examine the effects of multi-walled carbon nanotubes
(MWCNTs) on nuclear factor( NF)-«B activation in human A549 lung epithelial cells. Cultured A549 cells
were stimulated with various concentrations of MWCNTs in the presence or absence of antioxidants. The intra-
cellular generation of reactive oxygen species( ROS) was detected by means of flow cytometry analysis with a
redox-sensitive fluorescent probe 2',7'-dichlorfluorescein-diacetate. NF-xB activity was measured by electro-
phoretic mobility shift assay ( EMSA). The protein levels of p65 and I«kBa were assessed by Western blot
analysis. Translocation of p65 into the nucleus was examined by immunofluorescence confocal microscopy.
The results showed increased ROS and NF-«B activity in response to treatment of A549 cells with MWCNTs.
MWCNTs stimulated nuclear translocation of the p65 subunit of NF-«kB, IkBa phosphorylation in A549 cells.
Treatment of A549 cells with antioxidants prior to adding MWCNTs resulted in a significant reduction in ROS
generation, NF-kB activity, p65 translocation and IkBa phosphorylation in A549 cells. These results indicate
that MWCNTs are able to induce NF-«B activation in A549 cells mediated by oxidative stress.
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