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(# ZE] H®: HHEEED 1 (Tx-1) i Rk it NF-B {5538 B4 1-H 408 L e 25+
(MPP ™) 53 1 K LG 4% 20 MR PCL2 4 it S Ak 7 i 403 i/ AL, 3R IA & R 1 R MLkl s ik R 1.3 F 5
mmol/L MPP* 48445 PC12 ZHfitd , MTT 32 K6 1000 20 6 3% 3 , 1 D 3 750 <6 G 00 40 M 338 380+ 4P 107 9835 s 7L 1 e
(LDH) i %Ak 9 1 AL i (SOD ) 3% 14 Je 79 i (MDA ) % #, Western blot 45l 4 Jifd o Trx-1 F K35, LA 3
mmol/L MPP* 48445 PC12 4ifitl, LA & Ad-Trx-1-GFP J5 51l () 155 BRI Y # 37 Trx-1 52k 63K (1 0 4 2R3 40 I AR, R )
MTT % | 15 F 5 & 1 Western blot 235l #5:i Trx-1 31 F36%F PC12 41 77 A4k B 3SR Al NF-kB 15 538 I 1952
Wi, 457 NF-«B {5530 B8 0% 500 65 B 8 (PMA) /EFH T4 MMP ™ Zb ¥ i) P12 21 g, 2L 30G NF-kB {5 53l 5% X}
PC12 21 M3 3 A4 AR PRI 5 ) 5 25T NF-kB {55308 % 410 1] 79 ks o — A (220 Ik R iR & ( PDTC) £ I F Tex-
1 3 3RIK 1 MPP ™ #5145 PC12 4 M, WAEE Trx-1 3 kil it NF-«B {5530 B X5 PC12 4t i 175 77 A4 Ak 1 98505 B 119 5%
Wi, Z5R:1.3 15 mmol/L MPP " REMS B B FEAIK PC12 4l My 77 .40 L& i -k SOD 16 Al iis iy Trx-1 8 H 3R
P, THER AR 3% b LDH 3% 4 0 MDA %4, H 3 mmol/L MPP* 1 5 mmol/L MPP* (i 4E F B . A T 1 mmol/L
MPP* (P <0.05) ,7i 3 mmol/L MPP* I 5 mmol/L MPP" [A] ) 22 5 LG 1124 B & . Trx-1 33 F ik BENS W . s 55
MPP * %} PC12 i L 1% 77 i il Ve P B 5 1 A 7 S48 49 F NF-kB {5 538 B 7 b o NF-kB {5 538 & (19 305 12
HET MPP ™ % PC12 20 i35 I3 (A4 il 45 A e L5 5 ) S8 AL B 6 49 , T4 i) NF-kB {5 53 B U3G98 T Trx-1 3 %3k
Xt MPP* 514751 PC12 ZHM A PR AP VE T . 8538 s Trx-1 1 35K T3d i NF-kB {5538 B MPP ™ 15 F R PC12 4fi g i1y
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Trx-1 over-expression attenuates oxidative stress injury in MPP " -induced

PC12 cells by regulating NF-kB signaling pathway

CHEN Wei-wei, WANG Min, WU Ming-hui
( Neurology Department, Hubei Jianghan Oilfield General Hospital, Qianjiang 433124, China. E-mail: zu03233 @ 163.
com)

[ABSTRACT] AIM;: To investigate the inhibitory effect of thioredoxin 1 (Trx-1) over-expression on oxidative
stress injury in 1-methyl-4-phenylpyridinium ( MPP " ) -induced rat pheochromocytoma PC12 cells by regulating NF-«B sig-
naling pathway. METHODS ; The PC12 cells were damaged by treatment with MPP* at 1, 3 and 5 mmol/L, and the opti-
mal concentration of 3 mmol/L. was selected. The cell viability was measured by MTT assay. The oxidative stress indexes
lactate dehydrogenase (LDH) activity, superoxide dismutase (SOD) activity and malondialdehyde ( MDA) content in the
cell culture supernatant were detected, and the protein expression of Trx-1 was determined by Western blot. Lentiviral in-
fection with Ad-Trx-1-GFP sequence was used to establish a model of MPP * -treated PC12 cells with Trx-1 over-expression.
The effects of Trx-1 over-expression on the cell viability, oxidative stress responses and NF-kB signaling pathway were de-
termined by MTT assay, commercial kits and Western blot. The effects of phorbol 12-myristate 13-acetate (PMA) , an acti-
vator of NF-kB signaling pathway, on the viability and oxidative stress of PC12 cells were observed. The NF-kB signaling
pathway inhibitor pyrrolidine dithiocarbamate (PDTC) was used in MPP " -treated PC12 cells with Trx-1 over-expression,
and the cell viability and oxidative stress responses were measured. RESULTS: The viability of PC12 cells, SOD activity
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in the supernatant and protein expression of Trx-1 were decreased, while LDH activity and MDA content in the supernatant

were increased significantly by treatment with MPP* at 1, 3 and 5 mmol/L. The effect of MPP* at 3 mmol/L and 5 mmol/

L was significantly greater than that at 1 mmol/L. (P <0.05), and no significant difference between 3 mmol/L and 5
mmol/L was observed (P >0.05). The inhibitory effect of MPP" on the viability of PC12 cells, and the oxidative stress

injury and activation of NF-kB signaling pathway induced by MPP ™ were significantly attenuated by over-expression of Trx-

1. The inhibitory effect of MPP " on the viability of PC12 cells and the oxidative stress injury induced by MPP* were pro-

moted by the activation of NF-kB signaling pathway, while the protective effects of Trx-1 over-expression on the MPP " -trea-
ted PC12 cells were enhanced by the inhibition of NF-kB signaling pathway. CONCLUSION: Over-expression of Trx-1
protects MPP " -treated PC12 cells from oxidative stress injury by regulating NF-kB signaling pathway.
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RUBE SR WAt & 0o MTT G5 (fiE 5. M2128) Fil
MPP* (#it*5: D048 ) Iy { Sigma; it 4 1ML 75 (#t 5 -
SH41289) iy H Gibco-Brl; =4 DMEM 5374 (5.
SH30022.01C) g § HyClone ; i NF-kB p65 PriA (#t
5:2459) FIHT IcB-a HUK (HE5:3465) Wy H & [ HL
BN F] RIPA 2480 (L5 : POO13C) W /I ¥
R RV T B p-IkBa HUK (L5 : ab7219)
FIHL p-NF-kB p65 HLiA (45 :ab95022) 1 F Abcam;;
B B-actin HifA& (5. 160916 ) ) [ Santa Cruz; SR
AR EEFR G T 5T (5 :160915) 1 Tk 5t A2
AN E] 3 T ¥ (malondialdehyde , MDA ) & 12 £6; il
& (5220150816 ) | 46 Ak 4 1B A6 i ( super-
oxide dismutase, SOD) & Jj k& I i ) & (it 5.
20150722) #1 %L 2 B & 1§ ( lactate dehydrogenase,
LDH ) {if J3 6550 & (#4645 : 20150713 ) W F e %
A BRA ] o

2 FHiE

2.1 mpexdc RS 10% 64 078 1Y & H
DMEM 555 3:T 37 C | 5% CO, R4 55 7748
e LRSS PC12 M, PRIRCR 4 AU £ K 40
PEAT L

2.2 RAfempBifimiesieg ks K PCI2 4
DAFFFL 5 x 10" ASFIE T 96 FLANARAR -, K HLBEHL 5>
A control 41 (I AZFEIEFFW) 1 mmol/L MPP ™ 4]
(IMAMEH 1 mmol/L #J MPP* ) .3 mmol/L MPP*
HOIM AW A 3 mmol/L i) MPP* ) A1 5 mmol/L
MPP* A (INAHE S S mmol/L i) MPP™ ) o H T4
WUREFRAA N LG TR SR T MTT A 0 240 i %
73,1 G A 40 A E I W LDH A1 SOD 13 14 I
MDA %5, J5 ], % PC12 40kt L5 control 41
(IAZFE R IR 3 mmol/L MPP ™ 25 (I Ak By
3 mmol/L fJ MPP* ) 1 3 mmol/L MPP* + fff Jjk fig
( phorbol 12-myristate 13-acetate, PMA ) 2 ( jn A ¢ B
S 3 mmol/L f) MPP* 1 NF-kB 34155 PMA) , &
MPP * F1 PMA YEH] 24 h J5 , >R F MTT 32 A6 000 40 o 0
J3, GRG0 IS WCh LDH 1 SOD fy 7 14: K
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2.3 MTT:k#mldmpe® 5 K MPP 4bHi 24 h |5
() PC12 40 LA AEAL 3 x 10* A~ 2= 96 FL41 i A
RN RS 24 b S, BALINA 20 pL MTT 32055
(HRBER 5 g/ LMER 24 h, FEREFRMR, IMA ZHBEE
PRV Al MTT 25 4 b A ASORS: T 45 20 240 M 7
490 nm LRI (A) fH. DAZSA] A {8 5 X I8
A BEME 53 H T 2 A A XS 7 o

2.4 i ki LDH = SOD 7% H & MDA 4%
At AR RS FRAE TR Y PC12 400 3% 0, AR P
A& LA B /i Kl LDH 1 SOD 3% 4 & MDA
i

2.5 Western blot 40 & g K -F R RIPA 4ji
SYA AR E PC12 A0 Y 6.8 11, IR R BCA 3L 5E
HOEN . ME ARSI A SRR B S hik
TR ASYE 3 ~ 5 min J5, R ARG INAE 4% DL B
fL 50 pg AL FFER SDS-PAGE B LH 4743
B, RRHIKSS T S 2 PVDF B . IR U5k
WeBE N 5% 1) TBST i B0 1 b J5 , in A $ P B
e THL(1:1000) F4 CFMEE 24 he FEFR
J& R FHEAMR R I 10 min, YR 3 S, A EHA]
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AR GEBR G AL 22 2 650 G =5 P B2 o't , Bk
WG R G AT

2.6 omAaRF K EUERIN PC12 4 LI
fL1 x10° AR 2 6 FLAN MR |, K IR HL S
A control ZH (N AZEE B 52K ) .3 mmol/L MPP*
(JMA 3 mmol/L MPP* #£ff 48 h) .3 mmol/L MPP*
+ NC 41 ( Ad-GFP 73 2 {11 [ 04 % B0 0 = Rk e 24
h J5, A 3 mmol/L MPP* YEf 24 h) il 3 mmol/L
MPP* + Trx-1 41 ( L% Ad-Trx-1-GFP J¢ 51 ()18 55 2
YL 24 h J5 A 3 mmol/L MPP* fE] 24 h) , T
FEAR 5 IR 2 60% Rl LB AR BE SR, A 6 mg/

=1

L polybrene , Jf-i¢ it S 56 73 41 LA MOL = 10 i A& J55
FEHEATIR G, . Horh, Ad-GFP 23 241 B P X RS g
BEFIET Ad-Trx-1-GFP J7 81 118 95 8 2 402 1t U
AR BV SN, R R IR R T R
A A F . YL 48 h 5, 4 H2R ] Western blot
K 4 o Trx-1 NF-kB p65 . IkBa . p-NF-kB p65 Fl
p-TBar FEE F7KF, MTT 3246000 200 it 9 47176 23, 151
AR 2 M L 7 W LDH F1 SOD {1 1 Kz MDA &
o JGHIsZE 5% 3 mmol/L MPP* + Trx-1 + Hng
ot — A0 & 3 Y R R ( pyrrolidine  dithiocarbamate ,
PDTC) 240 ( LA Ad-Trx-1-GFP J7 51 {1 12 o5 75 Jlk e 24
h J5, /A 3 mmol/L MPP* Fil NF-«kB {Z 53 J& 1
# PDTC {EH 24 h) , 218055 B 2% YL FH 25 24 4b B 25 o
J& R MITT 32 0700 65 43 3 A 00 248 77 5% 258 R 4
Jitd b3 - LDH A1 SOD it K MDA & &,
3 FitFESH

KA SPSS 22. 0 #EATHEIT2E43 ro SE I KA LA
BPR = AR 22 (mean = SD) K7, PIALIR] Ho AR F 0
SEAEAS ¢ K, 22 4 IR LG Bl B PR R 5 22 0 A, 4
] Z2 8 LR ] SNK-¢ K56, L P <0.05 22 57
gt E .

# R

1 MPP "33 PCI12 4HA6 S BB 9= 0

W 1.3 #15 mmol/L ) MPP* Zb 3 PC12 4
Jf124 h J5 , 5 control ZHAH L, PC12 i i 14 1% 71 Fi 40
JfL 3B W SOD 137 1 B 8 B AT, T 40 A 3 vk
() LDH % 1 MDA & 58] 8 7t (P <0.05) ; H. 3
mmol/L MPP* 15 mmol/L MPP* JJ/EFHBH & KT 1
mmol/L MPP* (P <0.05), 1M 3 mmol/L. MPP" F{I 5
mmol/T. MPP " 2 [i] 22 S o &i i B E M (P >0.05) ,
W1, HUSHISRHA] 3 mmol/L MPP " #4750

MPP * 3t PC12 4 ff1i% 1. L5 & LDH #1 SOD ;&4 K% MDA & 28820

Table 1. The effect of MPP " on the cell viability, the activity of LDH and SOD, and MDA content in the culture supernatant of PC12

cells (Mean +SD. n=3)

Group Cell viability (% ) LDH ( x10°U/L) MDA ( mol/L) SOD ( x10° U/L)
Control 100.00 +10.09 34.40 +4.60 12.75 +1.13 46.70 £3.23

1 mmol/L. MPP* 82.60+7.30" 49.60 +5.50" 17.31 £1.24" 38.32£2.25"

3 mmol/L. MPP"* 51.20 +6.10"* 78.20 +6.40** 27.57+1.55** 27.13 +2.31**
5 mmol/L. MPP* 48.70 +6.80** 83.10 £6.80"* 29.73 £1.79** 25.34 +2.36**

*P <0.05 vs control group; *P <0.05 vs 1 mmol/L MPP " group.

2 MPP" 3% PC12 4ifrh Trx-1 &R RIZHIFM
ANFMEREE (1.3 F1'5 mmol/L) [ MPP * 3l PC12

M) , Trx-1 25 A RIBEL control ZH B AR (P <

0.05) ; H 3 mmol/L MPP " 4115 mmol/L MPP * 2H 4

Jiirp Tex-1 25 H B9 R B KF B EALT 1 mmol/L
MPP * 2H, 11 3 mmol/L MPP* £ %1 5 mmol/L MPP * £

Bl 22 e gt it e B & (P >0.05) WL 1.
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Figure 1. The protein expression of Trx-1 in PC12 cells was detected by Western blot. Mean +SD. n =3.

*P <0.05 vs 1 mmol/L MMP"* group.
Western blot #&ill] PC12 i Trx-1 EHMRIEER

3 Trx-1 i3FREX PC12 400 S 4K R 89 220

Western blot 45 % i 7,3 mmol/L. MPP* 24 41l Jifg
H Trx-1 25 F 19 2235 K- B AKX T control 2H (P <
0.05),3 mmol/L MPP* + Trx-1 £ & F 3 mmol/
L MPP* 41 (P <0.05), i 3 mmol/L MPP* + NC 4
553 mmol/L MPP " 4[] 1Y) 22 - e G i+ W4 (P >
0.05), WK 2.3% 2. 5 control 4 # It., 3 mmol/L
MPP * figfi% B i FA PC12 48 B4 355 1 F40 i b 375
H1 SOD (G PE (P <0.05) , H i 2 7 &5 41 M _F 3 i
f LDH 1% Fl MDA &5 (P <0.05); 5 3 mmol/L
MPP* 4{AH It ,3 mmol/L MPP* + Trx-1 £ 49 1%
J1F0 SOD {EPE & THE (P <0.05) , 1 LDH i ¥4
MDA & i E A% (P <0.05) ;3 mmol/L MPP* + NC
205 3 mmol/L MPP " 41 [H] 4l i1 7% 77 \LDH 5 1 .SOD
G PEF MDA & 2 R R it B EE (P >
0.05), %2,

E1

“ P <0.05 vs control group;
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Figure 2. The infection efficiency of lentivirus was detected by

Western blot.
2 Western blot # {2 J& 2 A BUER R

4 Trx-13d%E3t PCI2 2R T NF-«B {5 SiE 50
=]

Western blot 455 i 7~ , 4520 PC12 4 Jfig 7 NF-«B
p65 Fll IkBa & 1R E M EFH LI B &
(P>0.05) ;3 mmol/L MPP* ZH 4 fifi} p-NF-«kB p65 Fl
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Table 2. The effect of Trx-1 over-expression on the cell viability, and the supernatant LDH and SOD activity and MDA content of the

PC12 cells under MPP*

stimulation (Mean =SD. n=3)

Group Trx-1 expression

Cell viability (%) LDH ( x10° U/L)

MDA (umol/L)  SOD ( x10° U/L)

Control 1.00 +0.12 100.00 £11.30
3 mmol/L. MPP* 0.63 £0.05" 50.60 £6.40"
3 mmol/L. MPP* + NC 0.68 £0.06 " 52.30 £5.40°
3 mmol/L. MPP* + Trx-1 1.74 0. 14" 82.30+7.56 "

34.40 +4.60 12.75+1.13 46.70 +3.23

76.50 £6.80" 24.51 £1.35" 28.45 +2.71"
75.10 £7.20" 25.30+1.48" 27.64 £2.94"
57.18 +5.40*" 19.11 +1.43** 37.16 +2.38*

*P <0.05 vs control group;

p-TkBa /Y 2 F1 7K F- 2 B 8. % T control 21 (P <
0.05),3 mmol/L MPP* + Trx-1 Z1 1 p-NF-kB p65 Fil
p-IkBa 192 7K F-4¢ 3 mmol/L MPP " 21 ] i [41I%
(P<0.05),1M 3 mmol/L. MPP* + NC 245 3 mmol/L
MPP " ZH[H] ) 22 S L Ge 1T 2# B & (P >0.05) , WL
3.%3,

R < ]
& o & Xe 0\¢
P-NF-KB p65 v WD G e
NF-kB p65 S R R cmwse
p-IKB(x e e D G
IR, — | — it
Bractin Wi . ol

Figure 3. The protein levels of NF-kB signaling pathway-related
molecules detected by Western blot.
3 Western blot 1] NF-«B {5 S i@ % 18X BB HI KT
5 NF-xB {5S@#x PC12 2050 &L R B =20
5 control 414kt ,3 mmol/L MPP * £[{ il control +
PMA 25 41 g (1) 1% 1 F1 SOD 1§ 14 ¥ B 53 AR (P <
0.05) ,1f LDH {if £ #1 MDA & & ¥ 8] 8.7k m (P <

*£3 Trx-1j3

T FRiEx MPP* #I3# T PC12 4+ NF-kB {52

*P <0.05 vs 1 mmol/L. MPP " group.

0.05) ;257 100 pg/I. NF-B {5518 # B ) PMA
AbFRIS B B I5E T MPP X PC12 4 i M podm il 1
FHHINEE T 4R SR a5 (P <0.05) , 3% 4,
6 Trx-1 &5t NF-«B {5 S @ H 42 MPP* Xt PC12
AR AL R IR G

3 mmol/L MPP " 2 il i 1) 77 1 SOD 7% 14 B &
KT control 4 (P <0.05) ,LDH 154 F1 MDA & &)
BH . 55 T control ZH (P <0.05); 457 100 pmol/L
NF-«B {55 5 38 J% il 7] PDTC 5 Trx-1 3 £ ik )5
MPP* it PC12 40 i (1 b i /5 Fi 35 B 55 (P <
0.05) ; [t 4T PDTC J&5, Trx-1 332 k% & MPP*
N PC12 4 475 7 R0 2 S8 A IO 40 49 1 1
FW] B3G5 (P <0.05) , LK 5,

15

ARFFEH LA 1.3 F1 5 mmol/L MPP* b i A Bl g
B AN PC12 40 24 h )5, PC12 40 i i A7 35 R
A E 3 VR SOD I W b KK, 1 41 e b 35 v
LDH 5 F1 MDA &5 5 B g 7+ %5, SOD & — Fh i 4%
HEABH B T Ak o ok AL S R B A AL, HLE T )
AR AT [RE2 S B ALAAR 3 B el R 1 B ) K/ s MDA
SE— PR BT A, LB S 0% v I AT ) 422 s AL
TR Z B i RO O RE S s LDH 20 240 i i 9
FE AN A AT B, 200 B 30 37 & 2F A i LDH B ik
FEEFE A0 LDH 36 1 /N o] 50 1 Sz ke
HE 20 S P 5 475 R 5 — 3 R A i I A i 4Rk

it

1B A X E B KRR

Table 3. The effect of Trx-1 over-expression on the protein levels of NF-kB signaling pathway-related molecules in the PC12 cells

stimulated with MPP " ( Mean +SD. n=3)

Group p-NF-kB p65 NF-kB p65 p-IkBa IkBa
Control 1.00 £0. 08 1.00 £0.07 1.00 0. 11 1.00 0. 08
3 mmol/L MPP* 1.89+0.15° 0.94 £0.09 1.48 £0.13" 0.94 £0.10
3 mmol/L. MPP* + NC 1.81+0.14° 0.97 +0.08 1.52+0.17" 1.35+0.15"
3 mmol/L MPP* + Trx-1 1.31 0. 12" 1.05 0. 11 0.76 £0.06 ** 1.25+0.14

* P <0.05 vs control group;

*P <0.05 vs 3 mmol/L. MPP " group.
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&4 PMA xf MPP" RIi# T PC12 #fiE f1, LiEF & LDH #1 SOD j& 14 % MDA &M
Table 4. The effect of PMA on cell viability, the activity of LDH and SOD, and MDA content in the culture supernatant of PC12 cells

with MPP " stimulation ( Mean +SD. n=3)

Group Cell viability (%) LDH ( x 10’ U/L) MDA ( umol/L) SOD ( x10° U/L)
Control 100.00 +9.20 31.40 £4. 10 13.75 +1.57 44.78 £3.33
Control + PMA 63.31 £8.22" 54.76 +7.81" 21.83£2.39" 23.79 +2.14"
3 mmol/L MPP* 49.60 +6.10" 78.50 £6.50 " 25.51+1.48" 27.18 +2.64"
3 mmol/L MPP* +PMA 28.70 9. 56" 96. 18 +5. 80" 33.11 £1.54* 18.12 +2.51*

*P <0.05 vs control group; *P <0.05 vs 3 mmol/L. MPP " group.

&5 Trx-1i7$E NF-«B {5 S@ 3t PC12 4iE 71, £iF i - LDH #0 SOD &£ R MDA 2 &/F M
Table 5. The effects of Trx-1-regulated NF-kB signaling pathway on the cell viability, LDH, SOD activities and MDA content in the

culture supernatant of PC12 cells with MPP* stimulation (Mean +SD. n=3)

LDH ( x10° U/L)

MDA (wmol/L) SOD ( x10° U/L)

Group Cell viability (% )
Control 100.00 £12.03
3 mmol/L. MPP* 51.70 £5.60
3 mmol/L. MPP* + PDTC 65.42 £5.71"
3 mmol/L MPP* + NC 49.50 £5.10
3 mmol/L MPP " + Trx-1 62.20 +7.83"
3 mmol/L MPP* + Trx-1 + PDTC 75.16 +6.13%

32.19 +4.60 12.47 +1.13 45.47 +3.07
75.58 +5.80 23.58 +1.35 26.24 £2.53
66.24 £6.19" 19.49 +1.88" 35.07 £3.28"
77.61 £7.30 26.17 £1.42 24.37 £2.67
63.45 +5.40* 18.51 +1.43* 38.64 +2.21*
48.81 +7.27¢ 10. 11 £2.17¢ 43.36 +2.04%

*P <0.05 vs 3 mmol/L MPP* group; P <0. 05 vs 3 mmol/L MPP* + NC group; “P <0.05 vs 3 mmol/L MPP* + Trx-1 group.

IO B E B AR o S5 SR I MPP T X PC12 4
H—E W, A S PC12 4R AL 4

ARBFFELL 1.3 F15 mmol/L MPP* 4h 3 5 , PC12
A Trx-1 723235 B 852 BP0, 3278 Trx-1 7] B
FEMAA AR R AR R R h R A B . @it i
T Ad-Trx-1-GFP 381 (1) 1855 75 2R A4 i oy - 9 Trx-
1 %35)5,3 mmol/L MPP ™ 5|2 /) PC12 4 L 715 %
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