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Cytoprotective effect of Nrf2 expression on hyperglycemia-induced
oxidative stress in pancreatic NIT-13-cells

NING Mengli , DING Wenjun, ZHANG Fang
(College of Life Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract It is well known that hyperglycemia results in oxidative stress in diabetes mellitus, which
causes pancreatic B cell dysfunction. However, this cytoprotective effect of Nrf2 on hyperglycemia-
induced oxidative stress in pancreatic B cell is not fully understood. In the study, reactive oxygen
species (ROS) and insulin synthesis and secretion as well as nucleus NF-E2-related factor 2 ( Nrf2)
expression in NIT-1B cells were determined after treatment of 48 h with low glucose (LG, 5.5
mmol/L) , high glucose (HG, 27.6 mmol/L) , or LG plus H,0,, respectively. We found that HG
significantly induced ROS generation and decreased insulin synthesis and secretion in NIT-1( cells.
However, HG-induced oxidative damage was improved by nucleus NF-E2-related factor 2 ( Nrf2)
expression. The results suggested that activation of Nrf2 through promotion of nuclear accumulation
plays an important role in protection against hyperglycemia-induced oxidative injury.
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R 9 o — Rl L e LW A R A A A 1 9%
Joat L T B AN T RE G5 A b R e R
AEFICHEAE . e B 40 AR Y 3 T RE A A
50U R R IEEAFOCR RS B 40 L 3E ik i
WAL BT i 89455, 45 O 731 JBR B 22k
1 T AL PR S5 2H 2% 4 AT 4 1 R DT 4E 7
PR B IR 7EME PR (8 B AR N R B 4 i
KM=z 2l A i, S EOLTRE 2 Y. S B
A Y D RE S I F B BAE A AR R R R
B 53 (GSIS) RET I R U RS 2T 4k 1A
TR L [R] 2 ) A (Maf A) JBRAR+ 4517 R J5AE
— 1(Pdx-1) S B 240 8 4 188 5 25 e
SR FE RS T 5 B AR S RS
JEAHSE . GSIS TIREHIR SIS B N — R G5
FER 1 3RIA B U B ARG, GSIS DIRE A Bl &
B B AN RE L2 o3 W IR B 2K LR AN RE
A AAI , W PR 0 — A5 k.

NARTE S B HCT 257 A K il B
BRGNS R IAA QRN =R F AR €1y IN = RPZY
ARZS AT, A0 1) - 8L 1 — OB ST 40 e AR AR
Wi B o 2 7E AR D B S PR AU (ROS, reactive
oxygen species) , ROS 774 2330 A A N BT R
AT BR 22 A2 00 ROS , {75 40 il R 5 76— 4> 44k
W JESE IR S, 24 ROS A 7 4R | i i 40 i 1)
SR R B8 7 B, 20 Mk 23 K 2E AR .
LRI, B BT A AL RE T F LA H At 2H 2L
2255, Fol ALY B AL (SOD ) Ay 12 ATk b B9
30% ~40% , 4+ e H o A g A 4R AL AU
TORIFRER) 5% ~15% , LR B H U 45 5 3%
F AR B

Nrf2/ARE ( NF-E2-related factor 2/antioxidant
response element ) J& 41 i N 51 22 ) T E AL (R 518
pEMONe2 & A% R T NF-E2 ( nuclear factor
erythroid 2) FAHSCH T, I 2 A4 A4E T RFIE B 45
i T A R Sk | P R R T Ak A5 5 AR A SR
B T —ROE BT, Nef2 7 40 i
N5 H 8 %2 8 1 Keapl ( kelch-like ECH
associated protein 1) 254, 8% Keapl 5 76 408
B b, 323002 R A F1 60 R 8 7 1
AT ARG FEBEAR KT 240 P 1 3 S K
Fhi i, WG PEERE S 5 Keapl 454, BE Nef2 A
B Nef2 ARG 53T F (ARE) 454, 3l
M4 AL i Bl (NQO-1) 45 1 AH Bt 41k iy Y 3%

TR AN Nef2 R BRI, AR 5
DU 2R R A IR & ER Nef2 FEHE
PGS AIER & B 40 i Ak 451 1 i)V I BIL A 3 A
THAE.

J TRV Nef2 HRBTEHE S R AR B 41 i
SAAA T A FRBILTR , FRATT T el e B XS NIT-
1REy B 4TS J1 AR A ROS A2l R R 45
S5 3 WA S LA BT 8RR N- 2Tt
& R ( NAC, N-acetyl-L-cysteine ) | Nrf2 i & 7
tBHQ" P 1 750 45 0 7 BT B SE Nef2 7E
B/ ROS 520 [ 5 B 20 -5 15 23 M0 JB &
EPL(IELINN

1 MREFE

1.1 SERE##
111 4tk

/N BUBE S R 40 NIT-18 40 i b 5t Ko
P 2 iR A e ik A EEY.
112 RS

RPMI 1640 5¢ 48577 \PBS 22 il (&R
wisent A H] ) s RPMI 1640 JoHi B 353 (35 1# Gibeo
OSE) IR AR LTE (A PAA A7) 5 41 1 57
M (32 Nune 25 7)) 5 0HETHEGES (5 SRS AL
A A PR T s RNA 390 538057 & (26 [ Promega
/NH)) s Anti-Lam B ( 32 [E Bioworld 23 ] ) ; Anti-
Nif2 ( 35 [E RND A ] ) ; Tris-base ( 3¢ [E Amresco 2y
) s NaCl ( [ 25 8 Bk 7 i) b st AT BRA R ) 5
TWEEN ., N-Z [ 2 Bt 4 #2 . tBHQ. D-glucose
Anhydrous ( & [E sigma 23 A ) ; 5 00 777 B (AR
TR B A D HR A PR AT ) s BE R R/ R R
— UM B HRP-F3 1 1 240 S/ Bt /b B =90
RIPA I8 45 1 B 57 ( PMSF ) , B 400 RNA
PHGRF A& UlraSYBR Mixture ( 652 B M 404
YR A B F]) |, Krebs-Ringer HEPES 2% i1 i
(dbst b AR SE AR R , 1 A
(ROS) K70 & (h B3 = RAEYHARAH) ;
H,0, (E 2B ARG FRA /) |, MiA% - MR
) A a0 & (b a3 ) R R D R AT R
Al ) s/ ERUBR B 3R A A 3R] & (6 B ALPCO
AT s BCA H e B IR & (b at JEF i AR M 4
RABRAT).

CO, 1 B % A ( MCO-ISAC,
Japan) K A 2 K6 M { ( MK3, Thermo, USA) |

Sanyo,
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% I) B W #5 1 ( TriStar LB 941, Berthold,
Germany ) 2% & AR R 48 (A5 F i A= 9
HARA R 2 7)) . RT-PCR ( Mx3000P, Stratagene,
USA).
1.2 EWHE
12,1 JREZRENE

NIT-1B 40fLfH RPMI 52485 35 55 (& 10% iR
A-1ME ,100 U/mL HEEZRM 10 pg/mL #EHR) ,
TEMANEEE 5% CO, 137 CIHIR ST B 55
R Bk 3] 80% , LA 2.0 x 10° /4L i) 40 Jif 5%
NG AR T 6 FLAN RS FRAR. K D-7 45 B
WM A RPMI 1640 JC B 5% 57 5 I il I8 (LG,
5.6 mmol/L) 5E#(HG, 27. 6 mmol/L) 557 %
FRANMARE RS T 24 h J5, 20 I IR | bl A
B+ H,0, (50 wmol/L) , Ei## + NAC (5 mmol/
L) =B + tBHQ (20 wmol/L) .= ## + Brusatol
(120 nmol/L) At ¥ 48 h ( J5 1] 52 56 A0 FRAH [A] ) .
PBS {5 VL0 Jifl 3 3, Krebs-Ringer HEPES 2% i i
W3R 1 h. FH&A 25 mmol/L 3 % 9 Krebs-
Ringer HEPES H 1 h, LI&C%J:(%E{&, 13 000 rpm
B0 2 min BRAEZRIANAE, H IR ALPCO S &R
SN 85 8 I L 3 v R B R
[ S, 76 6 FL 40 &5 3= Ak b B LA 150 nL
RIPA 24 (& 1% PMSF) 24 40 i, % ] BCA
RN B i, FH 0 BB SR 4 R R
1.2.2 4R IS PR A KF s

PLS x 10 /LAY % B2 A0 BB Fh 1 24 FLOFIRE
Rt b A 8 A FATALEE SR 24 b A
IR [ 4 2 A4 Ab BE 48 b Ji5. DCFH-DA #4841
(LR 40 wmol/L) A ZIfLAR 1, M F 30
min J& ,PBS W ¥k, 2o 4 S FATFLAE DO B A
TFHATOO R, HoAy 4 AT FLEFLINA 0. 4
mol/ L NaOH % fiff 240 Jid , 4 4 Jifd 54 it W L 200 L
A E] 96 LA G i FH 2 D e s bR A3
5E DCF (485 ~538 nm) %G58 FE. [Al, R FH BCA
FE R H &, H Z#F 0 E{E (U/mg protein )
KRR X % R OB A.
1.2.3  Western blotting il

PL 3.0 x 10° /4L A% BEKs 4 ML 35 T 60 mm
ANILH BRI 4 ASFATAL, 5557 24 b InA ik
ANF 2 R4 PR 48 h J5 , 4 ILANA 1 mL PBS,
FHAH L) 7K 4 J e 52 0 R, 4R T 1.5 mL

Eppendorf 4 77,800 rpm, 0> 5 min, W5 41 fo FE
. AR — Mo 88 4 B0l & PR UM A% 2R
1. K% FH 10% SDS-PAGE % i 43 85 % 2 1 ik,
JH H 2 REEASCH- B M v RO o PR B B S R 2T 4 25
b 5% A EE B 1 h. X AR 1 Marker, #
A N2 54108 NS Lam B 194545 43 90 55 1)
Tk AR —HT (1 pg/mL Anti-Nrf2 5 1 pg/
ml, Anti-Lam B) 1,4 CiHEWE. H&H 1% W
TBST &3 3 i , K5 & A Nef2 19 2574 i A HRP #5
CREPT RPUIR 1G, & Lam B [ 2537 A
HRP ARICHISETT R PR 1gG I E 1 h 5, #if7
WEEAG.
1.2.4  SEHFSEGE & PCR 43Hr 3k FI 3k

P 2.0 x 10° /LAY %5 BEW 40 B 4570 T 6 LA
MR FE M, B 5% 24 h S, A b R [ A A
AEFR A8 h J5, FH M 4l RNA $2 Bt 5] 2 42 B4 i
AL RNA Fe B8 B A5 47 A, 8 4li7K R S L
) RNA 1: 100 #i B 5, 430606 TH(A260/280 ) Tl
FE RNA WRFE  Fi B8 RNA 39 5% S350 & d BH -1 g
FTIHE SRS 06, 9O e 5 PCR SR Dt ekbik,
BAFHEMBIPFFIME 1 s, AR 10
pL, TEHZ5.95 °C, 10 min FiZE ;95 °C,30 s,
56 °C,30 5,72 °C,30 s,35 MG ,95 C,1 min,
56°C,1 min, 95 °C, 45 s. 54 % /i MxPRO-
Mx3000P 4545317

F1 THEEEE PCR EESIMEFS

Table 1 Primer sequences for real-time PCR

A 519 52l
Insulin ~ Forward 5" - AGCGTGGCTTCTTCTACACACC -3’
5" = AGTGCCAAGGTCTGAAGGTCAC -3’
5" — ATCCAGTCCTCCATCAAGATTCG -3’
5" — AACAAGTTAGTCCCTCGGCCA -3’
5" — CAGCCCTGAGCTTCTGAAAACT -3’
Reverse 5’ - GAGCCCAGGTTGTCTAAATTGG -3’
Maf A Forward 5" - CATCCGACTGAAACAGAAGCG -3’
5
5
5

Reverse
NQO -1 Forward
Reverse

Pdx -1

Forward

" — CGCCAACTTCTCGTATTTCTCC -3’
" — GCTACAGCTTCACCACCACAG -3’
" — GGTCTTTACGGATGTCAACGT -3’

Reverse
B —actin  Forward

Reverse

1.3 SZito

KH Graphpad prism5. 0 {4 2E 47 5L 2 5
22087 (one way ANOVA) F1 t K565, 5256 504 L)
SEIE + *ZT?YE%(mean + SD)%‘%/{'\‘. P <0.05 g
I BEA G E X
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2.1 SHEXT NIT-1 BE S B 4 A Ih BE &

2]

SIS R R S B AN Th B B, T AT
HESL T ONIT-13 2 o b A A AR 25 2L WU | 28
T AL B 48 h 5, NIT-1B 4010 GSIS Thig 5

2.0

—
o
=

insulin secretion/(ng/mL)

~
=
=

relative mRNA expression
of Pdx-1(fold change)

glucose/(mmol/L)

B FEH MR EFRE(E 1(a)). 52
AARE , AL IS Pdx — 1 Maf A FER 357K B
ETRFECE (b)) UEBA R B 4 A S
ST R T RESZ . (OB + H,0, (50 pmol/L)
AEFRJE NIT — 18 4 & 285 il 5 40 /K - B
R, T LAHERT RS S B NS RS 4
fB i R INBEST TR S ROS ML K.

1.5+

relative mnRNA expression
of Insulin(fold change)

relative mRNA expression
of Maf A (fold change)

glucose/(mmol/L)

NIT-18 425 1.6 LG + Hy0, \HG 4bBE 48 h J& , ELISA A6 5 5% K 50 (a) , RT-PCR A4S Insulin (a) , Pdx-1,
Maf A(b) FR A F LR, *p<0.05,* *p<0.01, " <0.001 vs. LC.
E1 S NIT-18 HEEREE R0 2m

Fig. 1 Effect of high glucose on insulin synthesis and secretion in NIT-1  cells

2.2 HEFESH ROS £ X NIT-1B 44
by k= kA

S T G R R S B AN i T fE b
Bt ALl FR AT S AL B A NIT-18 40AE AT T
WA S RO AE ) H,0, 1SR B B [ s
K N- 2B 2F b R ( NAC) Kb B S 40 it 9 375
A BRNAE. R 2 (a) Fin, m BB NIT-18
0 48 h 5, 4L ROS 7KF Tt H,0, Zb3[H
KBS NIT-18 4l ROS 2: . $i8 L) NAC (5
mmol/L) 4 it N Y ROS A= 7= & [ A%, 1 2(b) .2
(c) 45T, AL BEAY NIT-18 40 5l 5 43
WK FHE R 3R A 1 1 & T 1%, Pdx-1, Maf A %
PR ) 2k i o T I, U BH s A4 TS B Al
L A5 43I B 5 ZE DI BE. H, 0, Ab B R 5 3R
Oy A ROK A R B, Pdx-1, Maf A FE R 1)

Fehta R [ oAb T 2H 45 R — B0 R TR AT
BEA] BESE I ROS X B 40 MLl e /™ A= 52
NAC ZbFE 5, NIT-18 4 i R 5% 28 430 5 & i )
REXAS 2K &, BN B ROS, B xd 2% B 41
DIfe 2T B, Uk = B i ROS AR B i fife
5 B 4R TIRER.
2.3 Nrf2 \#ZREX S5HEHF S NIT-18
2 B S AL Rz AR Th BE RO 32 I

RWFGE N2 AR Rk A SR B 40
P S Ak I RN D B R VR, 43 i OB (OB +
H,0, &0, & + NAC, &b + (BHQ ., /& b +
Brusatol A& ¥ NIT-18 4H fd 48 h, Western blotting
I A0 B AZ P Nef2 AKSE (AR k. 5 A0 Ak 2 28 A+
Lb, B AL B2 Nef2 I AL 22, NQO-1 LR Y
Tkt FE, UL R B REUE TTE N2 AR RIS,
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NIT-1B 4ifiZ LG LG + H,0, HG HG + NAC 43 3I4b3 48 h 5, DCFH-DA #REHRCN 4 A ROS £E 7K Y- (a) , ELISA 1A fBE ) 3
43U (b) ,RT-PCR A Insulin(b) , Pdx-1, Maf A FERFiAE (c). *p<0.05, “p<0.01, *p<0.001 vs. LG,"p <0.01 vs. HG.
2 EHEES NIT-1B 48 ROS 4 B3 FE B = & B4 i B 851

Fig. 2 Effect of high glucose-induced ROS production on insulin synthesis and secretion in NIT-1 {3 cells

IF BT i A AL B mRVA 1) 335, tBHQ
(20 wmol/L) YEFH NIT-18 J&, Nef2 (1) AAZ B8 i,
NQO-1 Bk B, (K 3(a) 3(b)), [AH
JBE R S A M RER S (K 3 () 3(d)). i
WIAMIEIE Nrf2 BB 65 22 fif = B 0T 198 5% B 4 i 1)
407, 98 F 1B ( Brusatol 120 nmol/L) ZbF NIT-
1B 45, 40 M Nef2 5 H 2 NQO-1 mRNA fy%
IRKFETFEH R (K 3(a) 3(b)),NIT-1B 4AAH)
JBRE 2 oy 5 A e J1 2 B 40 (B 3 (e) .3
(d)), 5 WL AR Lot 405 5 ™ o, BB Nef2 A
%32 BTG ST i B 20 A A S Ak 4 A i

KW EBE S Maf A Pdx-1 FER B9 1K
w N(E3(c)). KL (BHQ 45, Pdx-1
FRM RV A, 0 Maf A R 5 54l
LB AR (B3 (c)). Bl 3 (e) NS R
N, tBHQ AT LA/ =l 5 | S A 4R Y ROS A2 %,
Brusatol {8 2l i P9 A% ROS A= a3 i, 1. HH 41 IR 18
T6 Nrf2 Y58 NIT-18 4Pt AL ae o, fR 3 g
5 B AHMA RS AR S R AP RE. LR Nef2 A
W3R 5 PSP E LB, 3 — 2515 B ROS, -9
JEE 5y B 4 At o 52 v A i S AL 4.



306

BRI

RV

(a)
Nucle:
Nrf.
Lam E
HO,

NAC

tBHQ
Brusatol

insulin secretion/(ng/mL)

relative mRNA expression
of Pdx- I(fold change)

——— —

LG LG HG HG HG HG
+ -

- - -+ - -
- - - - + -
- - - - - +

relative intensity of nuclear
Nrf2 /lam B (fold change)

2
o o

relative mRNA expression o
of NQO«fold change)

relative mRNA expression

relative mRNA expression

DCF flouresence

R

1.5

|

o
W
L

of Insulin(fold change)

<
=)
1

) i

<
in

of Maf Afold change)

g
=

(fold change)

NIT-1 B 40Mi%: LG LG + H,0, HG HG + NAC HG + tBHQ.HG + Brusatol b3 48 h /5, Western-blot 146
IANHIAZ N Nif2 B934 (a) , RT-PCR 348 NQO-1 L3k . NIT-18 44 LG .HG HG + (BHQ .HG
+ Brusatol £bFH 48 h J5 , FH ELISA BEAGIN 5 2543 (b) , RT-PCR LA Insulin(¢) , Pdx-1, Maf A(d) ZEH Y
Fik 4R, DCFH-DA R4 LK 4T N ROS 7K F-(e). *p <0.05, *p <0.01, " <0.001 vs. LG;*p <0.05,%)p
<0.01,"p <0.001 vs. HG.

3 Nrf2 N#&FREXT NIT-1B AR S 4L R 3 Th e

sEAl)

Fig.3 Effect of Nrf2 on HG-induced oxidative stress and insulin synthesis and secretion in NIT-1 B cells
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3 it Pdx-1 FER A F AR TR SR T RS

W DR £ AR P %) 5 B K S B LIA
KRR, B B A0 R AR A A5 40 7 R DR
R R R e T AR . ISR, KRB
B A INS-1E [R 52 B9 Y s R, HE e i R
B A IR T e A7 2450, N T £ S
HRHRIE , R AR A% 3l 2o AN B T PN R AN e oA
TN FRATHR & B, R A /N BRONIT-18 41
J& A0 N ROS KT RS = A 5 i)
RESZ 4. PUAEILTT] NAC ¥ Bk ROS J& BERS K & Ik
S E AW D EE, U5 R A A S ROS
(77 2 S0 NIT-108 4 h fE.

Nrf2 25 40 e 420 Ak 68 7 AH O 1 3 22 19 4%
S R, A2 S 40 M AR L B, 0 STk R 9 3
T AN P B AR BT, Nef2 B B AR
R ARBTG5, 46 = 20 I A e S fb R
F1P0 WSRO EREE T, AR L P
Y (CAECs) H Nief2 8% ROS 30 , 3 L 11 4H
PUE AL 1) 23k, AT A& I, =R T, NIT-
18 4L Nef2 AAZ3S 2 T AHBL L NQO-
1 B3k F iR {5 NIT-18 400 & i 5 20 e 15 %
I BEZNSZ 240107, VLR Nef2 A9 30T A RESRPL I
1 S S (0 AR B I, Nef2 AKZ R 3 T AR
PRI 3 TRAN JE DL G2 fife 8040 I 80T ol ok ) 453 403
SCHRHRAE , FIBE P B BB A% B0 N 3 sh k7 L An
ML ( ASMC) N Nif2, Ji 2 I AH B S AL Bl 0 2k, 42
AN PR RE T L ST e RE S S A2
WIS N B2 20 M0 HMEC-1 " iy Nef2, B3 1T ARt
AL B AY R A, B A0 Y BT R Ak RE T,
HMEC-1 %32 8 AR 3 15 @bk Nief2 J5 , HMEC-
1 40PN ROS FH, 4G 71 F R FRATT1H
RER L, Nef2 35 7 (BHQ 305 T Nef2 {5510 1%
9 T ARPUE AL EE 6 kKT FEAR T 40N ROS
K TR E T NIT-18 40fEE S 24 5 5 4
WTIRE , 5341 Nef2 $ 8 75045 I8 735 BE A VR H A
B2, U Nef2 33 g T AHBT S Ab i R 1k /K [
TR HED R NIT-18 41 N ™ 24 1 S04k 0 4.
b, Nef2 3850 77025 24 4 mT DA ke ok k0 Ik s 1R
BB B AN G S ik 5 2

Pdx-1 5 Maf A 295 B &% 28 Jk 5 2 3k 19 %
FESEIR T, S 2R TR 3Rk K 1Y 28 AL VT AR
K WEGE 2 B, ZDF MR K RS B 4l A e iy

B 4L BTC-3 N Maf A KD By ik & F 27,
AT L B, 76 = WA, NIT-18 4 Hd N 1Y
Pdx-1 5 Maf A SEPR IR YT 8, 16 B i 5
Pdx-1 5 Maf A FER P FRBIHR S Z WA K. 5
A EE , Y404 NAC 1BHQ AbFE S |, H: Pdx-1 3
HE A B HE Maf A SER R IE RS
PR B2 VAT B 25 S, UARH Pdx-1 S5 R 3%
I NS EAR R O R N U), T Maf A HE
() Zeak T R T e A e A S VR Y. 5
AVFR RN KW SRR RS B A
microRNA-204 B 1% F% i mRNA T Maf A £
(k| I R A 5 R A A >0

KA RS TR 5 B AN 4 Ak 1 35, 2F T 52
M 2 &2 2545 LRS- WA DT BE , T Nrf2. REAE KT X
P 43, Nrf2 W] AR Sk 25 W 8 450, 0 356 A A B2 1Y
Nrf2 0 ST T30 7 W DR T B A 81 2 5 3L

S 3k
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