W [E 41 B A=) 24224 Chinese Journal of Cell Biology 2016, 38(10): 12141221 DOI: 10.11844/cjcb.2016.10.0191

ZEE B EHNRIZEBERT
5 4% 4 A A E S Bz R BY1E

= B EEH BIk F O
(TR 22, T3 1 28 B B — R, T 315010)

HE A48 E(pterostilbene, PTE) 2 —HPA 20449 3o KA BA L 5089 R K 2540, 122 H A 1A
# AL 4a R (nucleus pulposus cells, NPCs)#94E Al vA BAUH| K 4n. % 3 3% /< SD KRR AKNPCs, KA
CCK-8#7PTE#) a4, ELISA. Real-time PCRA=Griess7 ik 2 # PTEXTIL-1P% 5 449 #84% 40 e
K IE R 49 %57k, Western blot. %, 7% 5% /.. NF-E248 % I -F2(nuclear factor erythroid 2-related factor 2,
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Pterostilbene Inhibits Inflammation in Rat Nucleus Pulposus by

Promoting the Nuclear Translocation of Nrf2

Wu Wei, Zhang Haijun*, Gu Zhiqian, Luo Hao
(Department of Orthopedics, Ningbo NO.2 Hospital, Ningbo University School of Medicine, Ningbo 315010, China)

Abstract Pterostilbene (PTE) is a natural drug with the ability of inhibiting inflammation and oxidative
stress. However, the effect of PTE on the inflammation in nucleus pulposus cells (NPCs) and the related mechanism
have not been reported. In this study, primary NPCs of SD rats were cultured, and the cell viability was analyzed
by the CCK-8 analysis. ELISA, Real-time PCR and Griess test were used to detect the effect of PTE on the inflam-
mation induced by IL-1p. Western blot, immunofluorescence, siRNA for nuclear factor erythroid 2-related factor 2
(Nrf2) were used to analyze the role of Nrf2 in the inhibitory role of PTE on the inflammation. The results showed
that the treatment of 20 pmol/L PTE for 24 h had no effect on cellular viability. PTE could inhibit the production
of nitric oxide (NO) and prostaglandin E2 (PGE2) induced by IL-1p, as well as the mRNA level of inducible nitric
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oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) (P<0.05). The result of Western blot showed that PTE in-
creased the level of nuclear Nrf2 protein but decreased the level of cytoplasmic Nrf2 protein (P<0.05). The study

by immunofluorescence showed that cytoplasmic Nrf2 was transferred into the nuclei. After transfection of Nrf2

siRNA and validation by Western blot, the inhibitory effect of PTE on those inflammatory mediators was attenu-
ated (P<0.05). These results indicated that PTE inhibits the inflammation induced by IL-1p in NPCs through pro-

moting the nuclear translocation of Nrf2.
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¥ 5 A B % 2PVDF(polyvinylidene difluoride)
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e g F 20 M4 FH AlphaEaseFC 4.0% 13472347 o
1.7 Real-time PCR
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Al Y 25 i (1) JC TR K BEAT A 2 . Mo, COX-2, iNOS
MGAPDHI 510 K1 7s . Fik20 pLir) s A4
ZIMA B 1, P LightCyclersk i 5& #PCR
Z4i(Roche, Mannheim, Germany) AT S WV, [ W FE
JF M 95 °CHAZPE10 min; 95 °CAZPELS s, 56 °CiR
k1 min, 72 °CHEH1 min, JL40MFGIR. [ W 45
o 5 HCHE, FEM A N 2 3 N GAPDHIEAT b AL,
MRNA 2 58 A FH 24 ) g i A T
1.8 NOKFEESE

BRI 0P BINO 2 18 7K P8 I 48 i i)
Griess /7125 o IR T T Th Fd (K 7 VA AT Ab 3,
2 R 8 2 RN R IR iR B3 U5 I 21196
FLBR 1, Griessi®R AL 500N 2196 FLAR 1) L35
W, 37 °CHFE 3 mine 7EREFR(X_FH 540 nmff)
WA . NOI) 7 Bl o br v it 42 24701
CAIEC N
1.9 BEEX Se & I B ZE (ELISA) 7 47

FRIBHT A BT 7 V240 24 h)m, AR 40 i -
TEW. I Abcam 2y 1] [ELISA J5 1: 8 TPGE2UK 5

%1 COX-2. iNOSTNGAPDH3 |5
%1 Primer sequences for COX-2, iNOS and GAPDH

R F1)(5'—3") Pubmed/¥ &

Gene Sequences (5'—3") Accession No.

COX-2 Forward  GGT GAAAAC TGT ACT ACG CCG A S67722
Reverse ~ ACT CCC TTG AAG TGG GTC AG

iNOS Forward  GAAACT TCT CAG CCA CCT TGG AB250951
Reverse ~ CCG TGG GGC TTG TAG TTG AC

GAPDH Forward  TGA TTC TAC CCA CGG CAA GT M17701

Reverse

AGCATC ACC CCATTT GAT GT




=

FEAR O R I (i EN R A R A U 3 A 0 2R S 4

1217

%2 Nrf2 siRNAKI 55
%2 The sequences of small interfering RNAs (siRNA) for Nrf2

514 Jit FFI(5'—3)

Primer Direction Sequence (5'—3")

Nrf2 Sense GGC AUU UCA CUG AAC ACA AdTdT
Antisense UUG UGU UCA GUG AAA UGC CdGdG

Negative control Sense UUC UCC GAA CGU GUC ACG UdT
Antisense ACG UGA CAC GUU CGG AGA AdTdT

(1Pl . PGE2 ELISATA Y 1) sk 2452.8%x107° mol/Lo
1.10 Nrf2 siNRAHIEE

Nrf2 siRNA) & 11 2 2% SCR[11], BAK 751 W
2, i B I B ARAT R A A A R HEA% A0
THALE T, TE6 LA PR FLIN A 2x 1041 fE, 5371t
Bo ¥ YL Al HInvitrogen /s # [ Lipofectamine 2000
AT B g AR JL 7 1 AR B Invitrogen 2 7] [ #5 F
T gy f548 h, WA vE AL BT VA AT
T AR R P 0 AR 1) () sIRNATE 4 % BRNA
YL IS Western blothsr il 4 T4 YL i 8508
1L.11 Fit=Ea4Hh

AN TR) 4 22 Tl (1) 22 S A8 5 22 43 ST ANO VAR
T80, f FSPSS 154k £ 44(SPSS Inc., Chicago, IL,
USA). W7 25§14 2 7+, 48 F Bonferroni /7 V2idE
TP ) 23 AT, P<0.05 0 2= 5 AT 4l 5 X

2 %R
2.1 PTEX[R{XBEZ 404 AR 1 B 220

T 5CIH I CCK-872: 43 HTPTEXINPCsiih 77 5 o
1~80 umol/LAS [A] ¥ i IIPTEAF: 24 h), CCK-84) #t

z

Change in cell number relative to control

Dose-depend
1.54

0 1 5
PTE (umol/L)

10 20 40 60 80

KB, 1280 umol/L PTEAL FE Ji5 FRINPCsHF 7 AH X} T %F
FEZH I 21 B#(P<0.05, KE1A), 171~60 pumol/L PTEAL
5 INPCsiE 1 IF8A KA R A%, 20 pmol/L
PTEALEE0~72 h)iE, AT AL BE72 h)iE INPCs 1) 41 M 7%
FIRAH IR F(P<0.05, F1B), iX 27K, 20 pmol/L
YEFI0~48 Wt 40 i ()35 T %A 56 . PRI, 20 pmol/L
YEFI24 hoAy i SRR 5T A T AR E F N fa)
22 REEAFISEZMEEPIL-1PESHRIEN
fREZKTE

NO. PGE2. COX-2HIiNOS & H W HAEA IR,
AHIEFUAL X 28 ZERE A JFOW S PTE X NPCs 45 [ [V,
AVEH o IL-1pA] LAW] A2 #ENPCs™ A= K [INOA
PGE2(P<0.05, EI2AM1E2B). H TiNOS ™ 4:NO
(1) BN, (R, IL-1B7] LA W2 EiINOS mRNA >
(P<0.05, E2C), MNPCsH COX-2 mRNA] 7K ~F
9 1 T IL-1B 1 5 H 1 B 2 489 hn(P<0.05, E2D). {H
J&, 20 pmol/L PTE) Fo Al A I RENPCs 1) % 4 /- it
() 7K F- 3 A B S 5, T 24 1L-1BAPTESL [A]/F H
if, PTE W] LA S ITL- 13T v ) S RE A R I 7K1
(P<0.05, KI2A~K2D).

=

Change in cell number relative to control

Time-depend

—_
W
1

—_
(=]
1

o
W

0-

0 2 4 6 12 24 36 48 72

Time (h)

A: AFEFIEAIPTEM: 24 hJGNPCsiF J1; ##P<0.01, 5% 410 umol/L PTE)HL#%. B: 20 umol/L PTEAEHI A I ) JFNPCsif 17; #*¥P<0.01, 45

XFHEZH (0 h) bR

A: the viability of NPCs treated with PTE for 24 h; **P<0.01 compared with control group (0 pmol/L PTE). B: the viability of NPC treated with
20 umol/L PTE for different time; **P<0.01 compared with control group (0 h).
El1l PTEXNPCsi& /189500
Fig.1 Effect of PTE on the viability of nucleus pulposus cells
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A: NPCs L3 NO% &; B: NPCs_LiiF ' PGE2 % &; C: NPCsH'COX-2 mRNAZKF; D: NPCs1iNOS mRNAZK T, #P<0.05, **P<0.01 .
A:NO level in the supernatant; B: PGE2 level in the supernatant; C: COX-2 mRNA level in NPCs; D: iNOS mRNA level in NPCs, *P<0.05, **P<0.01.
E2 PTEXIL-1p{E A TNPCsH KRN FAI M
Fig.2 Effect of PTE on the inflammatory mediators in nucleus pulposus cells treated by the IL-1p
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(RBE N, 4 A% N2 () B S g i T, T 4
Nrf2 /1) & 5% 80~ B, JUH 220, 40 pmol/LIFJPTE
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P20 BT N2 R AR AL 7 o 4 e P 58 K
P, TE 2P N2 3 o A A A0 s, i Bk
5S40, 110 umol/LIYPTEAE 24 his, 41 iit%
N2 7 B W T v, TR R N2 7 R A
FBE; 20 pmol/LIJPTEAE H24 hji5, Nrf2 1 B3 A {E
A0 A% b, T4 AT B B R, X Rk — 20 B,
PTE{#E TNPCs N2 (1A% #4555
2.4 TEANrf2iDH K IEE X BRI B L Sz RY
RIPAER

0 ERNAG 77 155K P8 41 B A% H BN 7K P,
Ml — SN R2AE e I . #ENrf2 siRNA

HYLNPCs 48 hJg, {20 umol/L PTEALEE 24 h,
Western blot4h 3 & T, AHX|F-#% 4t Control siRNATY]
A0 g, NPCsH o 1% 1 (FINrf2/K 7 B G R B, i AR 1
FIPTERINPCs#Z H [{INrf2/K 1t W] & K B&(P<0.05,
KI4AMI E4B). 40 il #% b N2 /K > 1 3 5, PTE
FIIL-1B1E H '~ INPCsH [INO. PGE2. COX-2#ll
INOSHHXS T-PTEFIIL-1B4F N ¥ 1E 5 41 i (FNO
PGE2. COX-2HINOS/K-F- W i J+ 5 (P<0.05, El4C~
KI4F), 1X Ui BANTf2 (1) T 3 7] LU PTEXS 20E A7 it
RAIAE - o
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TR B UL PR R R W L,
MDD N IR 5 32 22 1 BUW N 21, DRI, 2% 14
IDDIL A FEE W IG AR Lo BAR H T K& RE
R T 4] ZZARIDD, {H SZIDDIKIHL IR AR, B
ZAIEER N5 AR, BEAZ 0 AE SO S
FHTECMIP) B fif 46 W A 2 5 BUDD . 211 Ji [
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@5 .
.
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Z
=
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50 pm \ of ® S0pm’

—_ _ ® o —
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A: NPCsIENrf27K 5 B: UJFINrf27K 15 C: AN AZNrf2 45417 (1)1 58 540475 D: JRTIN 24517 (1252 540415 E~M: Seig 5863 HTNPCsHINTR2 (17K

T-o #P<0.05, **P<0.01, 5% 410 pmol/L) L

A: nuclear Nrf2 level in NPCs; B: cytoplasmic Nrf2 level in NPCs; C: semi-quantity analysis of the Nrf2 level in nuclear; D: semi-quantity analysis of

the Nrf2 level in cytoplasmic; E-M: immunofluorescence analysis for the content of Nrf2. *P<0.05, **P<0.01 compared with control group (0 pmol/L).
B3 PTEXJIL-1B{EF TNPCsH Nri2#% 4t B 19 {E

Fig.3 Stimulatory role of PTE on the nuclear translocation of Nrf2 in nucleus pulposus cells

AHIF SR H R AR B TR B o3 il AR IR PTE K 419 161
NPCs/™ A= 2 fE A it B7 IEMMPs [ 7= 25 A1 410 4l
ECMI A, thitk, PTERT BE R A ¥ A5 11 U5 ¥G1DDIY)
Bl .

i1 H #TA JCPTESE L ARNPCs 1 (I AF 5% v A
WARIE, Bk, AWFST R 2 W S0 NPCs i v )
(52 m . BT 9% & B, 20 pumol/LAE 124 hxf T"NPCs
() 20 JH 3 7 AT S M. AT AL, NikhilZE02% B,
1~100 pmol/L PTEAE F24 b/ B W 41 i e A 75
P, {H 244 I I TR ZE K 4272 hik, 30 pmol/LI¥PTE

R RT DA 1] 0 40 )35 )

IL-1PB/2 28 BV {2 J0E B A% 41 PR 28 5 0 23 ik e Y.
(1040 M R 7, ASHIE 5 JRIE S R B, LT L4 = COX-
2. NO. PGE2HIINOSHI/KF-. Hrh, COX-2HIPGE2
& RAE ST I AL IR ) A B, PTER LA
FIHITL- 1335 F 18 2R A BT 1) 7K ~F, 3X Ui BHPTE 1] g
A — P R AR AR R i 25 . (R, HE AR
Hh At ) R 22 RH A TR 2% 3 BINPCs IR 20E N, L
WPy B L SRR
BUAH R o R0 A0 B A0 55 I 1) B i 1 ) A 458 1 44 3% 2
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NPCsH1iNOS mRNA/K -, *P<0.05, **P<0.01.

A: nuclear Nrf2 level in NPCs; B: semi-quantity analysis of the nuclear Nrf2 level; C: NO level in the supernatant; D: PGE2 level in the supernatant; E:
COX-2 mRNA level in NPCs; F: iNOS mRNA level in NPCs. *P<0.05, **P<0.01.

El4 TENrf2fIHI R IBEXINPCsE (LM AR 1E

Fig.4 Downregulation of Nrf2 inhibited the protective role of PTE on oxidative stress in nucleus pulposus cells
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