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BT BRZ] TNF-a 41 \RSV+TNF-a 4 ; F H,0,i%5 %
HCECs &A= E AL MU N, 1% 1E # 2 \H, 0,41 \RSV+H, 0,
., R MTT ER D20 AETE 77 ; RT-qPCR S BEEX 9% W
BRI 22 ( ELISA) YA I AH 2C 98 5iE I F 1L—1 1L-6 1L-8 ¥
R R YL 0 1 B Western blot 546 M 4% A 7 - kB
p65(NF-kB p65) W FE ;27,7 - @ IOL B M LR R
(DCFH-DA ) % YGHREF A6 00 20 it P 3 M 48 ( ROS ) 7KF
Z R .7 HCECs &4 W H1, RT-qPCR [ ELISA Z5 548
N, 5 %R ZHAH L, TNF -« 49 HCECs IL-1 . IL-6,
IL-8HYFRIAKF- 34 i 25 F 5, RSV B34 )5, LA -
EAREE TNF-o 238 35 T B S BE D8 Y (1 K Western blot
SERI B R  TNF-o 20 NF-kB p65 ¥ % (1800, iiii RSV
AL PR AL f5 NF-kB p65 ZHe 2 2, 7F HCECs %
AR RS Y, MTT A1 DCFH-DA 28 GHRET YL 6,45 5 0 )
R, H,0, J 34 {#H HCECs 1% J7 . 3 F F#, HCECs P ROS
ByFeAERE 22 I RSV WAL BRG4GB & BT, H
RSV #l#l T H,0,¥5 % 1) HCECs P ROS A=A,
£518 . RSV X HCECs 1 % 4 F1 58 Ak B 3 s iy 2 A 91 61l 8
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Abstract

¢ AIM: To investigate the protective effects of resveratrol
(RSV) on inflammation and oxidative stress damage in
human corneal epithelial cells (HCECs).

¢ METHODS : The inflammation of HCECs was induced by
Tumor necrosis factor-o (TNF-o), and the experiment
was divided into: control group, TNF-a group and RSV+
TNF - o group. The oxidative stress response of HCECs
was induced by H,0,, and they were divided into normal
group, H,0, group and RSV+ H,0, group. MTT assay was
used to detect the viability of HCECs; RT - qPCR and
enzyme- linked immunosorbent assay (ELISA) methods
were used to detect the expression of IL-1, IL-6 and IL-8;
Immunofluorescence staining and Western blot were used
to observe the nuclear translocation of NF-«xB p65. 2’ |7’ -
dichlorofluorescein diacetate ( DCFH - DA ) fluorescent
probe was applied to detect the level of reactive oxygen
species (ROS).

¢ RESULTS:In the inflammatory response of HCECs, RT-
gPCR and ELISA showed that the expression levels of
IL-1, IL-6 and IL-8 were increased significantly in the
TNF-o group compared with the control group, the above
indicators were lower after pretreatment of RSV than
those in TNF-a group; Immunofluorescence staining and
Western blot showed that the nuclear translocation of
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NF-xB p65 was increased in TNF-o group, while it was
inhibited after pretreatment of RSV. In the oxidative stress
response of HCECs, the results of MTT and DCFH - DA
fluorescent probe staining showed that H, O, significantly
decreased the viability of HCECs and increased the
production of ROS in HCECs. After pretreatment of RSV,
cell viability increased significantly, and RSV inhibited the
generation of ROS in HCECs induced by H,0,.

e CONCLUSION: RSV has an inhibitory effect on
inflammation and oxidative stress damage in human
corneal epithelial cells, and it has been confirmed that
RSV inhibits inflammation by inhibiting the activation of
the NF-kB pathway.
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inflammatory response; oxidative stress response; NF-«xB
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H I, BR R AT 1 B R A AR B e, HL A BE R IR R R
i T RE A B B AR K B A HA YT O H £
JUEE BRI ORI R, IR TR 2 IR BRI 5 IR R R AR
A AR TR ARG B B0 5 IRER
iE AR AT B 2 AR N 2R SR R P )
72 W6 P 48 (reactive oxygen species, ROS) T 38 33 #U 0]
DNA K [ 5% 1 200 6 P 3 0% 375 5 4 B 495 o 81 e, 40
N ROS F 3k B A= ik A Ry S IR 3% 5 5 7 P9 1) HIR R 00 &
LI g E D BB (resveratrol , RSV ) J&—Fif
T Z W, BFFEIESE , RSV 75 #1445 5 4 W I vs AL 199 5 g
A AFWRAE G B B AR M A R AR s vh i] R BT AR A R BT
RGP AEA™  H HRT, RSV 78 IR 2 RAE i 1 0F 73
AHIE, K, A BF 5T BN A S B B 40 L (human
corneal epithelial cells, HCECs) #8371 1~ RSV B $T R FIHL &
ARAERT , LIS g MR 2 A AE AR036 7 4 (7 1) JEL it
1 AN 3%
1.1 #7444
1.1.1 44f HCECs 40l ( 35 [® ATCC) ,
1.1.2 FERKF  MIEIRSER F - (tumor necrosis factor—a,
TNF-o, 3£ [E R&D SYSTEMS) RSV ( 22 SIGMA) .RPMI-
1640 JE37 56 (3 Hyclone) SR I35 (fetal bovine serum,
FBS,3&[H Gibeo) \HHER RIRA W (F 8K 10x10°U/mL,
BEFE R 10x10° wg/mL, £ [ Gibeo) \2.5g/L JHETE (A i (
[ Gibeo) A& RNA $2HUAG & (AL RARAE M RHA
R T]) (LM SE R PCR 514 (LU 38 1 B AL PR HOR A R
v dl ) MMLV 3 5% 5% fiff . Taq DNA R & B ( 3£ H
Promega) . TB Green Premix Ex Taqll ( H A< Takara) . A
IL-6/1L—8 i B 4 725 A6 10 ( enzyme — linked immunosorbent
assay , ELISA ) i85 & (LB AE YR A R | ) (BCA
7B A e 337 A ( 35 [ Thermo) AR H - M0 3E H 2
B350 & (32 [E Thermo) # H marker( 3 [ Biotopped ) \#%
[ F-kB p65 (nuclear factor—kB p65 ,NF-kB p65) Hii{& ( ab
16502, 2¢ [ Abcam) . Histone H1 J1i & (ab 134914, 35 [#
Abcam) .GAPDH #i44 (ab 181602, 26 [E Abcam) ik 14

ALY (horseradish peroxidase , HRP) FriCAY L 2EHTf — P
(A11034, 35 [E Thermo ) . RDye 800CW LI 2 $i % — $i
(C70926-05, 2 [F LI-COR) .MTT ¥% ¥ ( 3% ¥ Soiarbio) .
ROS #3771 & ( 35 [ Soiarbio) ,

113 TENUHF|ER  CO, T ([ Heraeus) | il br YL
(3£ Bio Tek) ERToGE &R AP 1L (32 [E Roche) |
P BB ( H A Nikon) WU LT AN R R 58 (5 H
LI-COR) %A BT (3£ Bio Tek) .

1.2 Ak

1.2.1 @BEIESH  HCECs 4 2d #ik 1 K, 4o A= K 23 fl
AR, AR T AL 4l B O AT AR AR, B IR A,
RPMI-1640 3535 5:+10% FBS+1% 5t S ZROW, BT
37°C MRS ,5% CO, M R LR F% .,

1.2.2 Ff58 RSV WM R1EA

1221 XWHE LRI 3 H N BAHA TNF-a 4
(10ng/mL TNF-o $#) \RSV+TNF-a £ ( 10pmol/L RSV
AL 2h)

1.2.2.2 MTT xR MAE S AT E (0.5,
10.25.50 ,100pwmol/L) RSV 4351 4b #l HCECs 24h, T 4 4%
FRIH A MTT(Smg/mL) B8 4h J& , 2 BR45FL TR,
A Z I IEFHR ( dimethyl sulfoxide, DMSO) ¥ , 527 10min
Ji K FABEFR AU 22 3% 1 570nm Ak W % ( optical delnsity,
OD) {H, #3255 45 45 41 0 40 B3 0 < 40 TG ) = S8
2H OD {ti/ %} BE2H OD B x100% .,
1.2.2.3 RT-qPCR i&#& i & fE EF IL-1 #0 IL-6 % IL-8
MRNA FIHEXRIZE 40 4% 250 8 143 AL I 8O oz Ak
FH . TNF-o 2H 1] TNF-o 203 18h, i FH 20 it 34 RNA $2
IO S RO RNA W0 56 S ¢DNA J5 -20°C (47, R
FHSERT ¢ 6 78 B 6 R 9 18U 45 2 cDNA #E47 H 3L A
P IL-1 F¥F514 . GCTTCTCTCTGGTCCTTGG, R ii#5|
. AGGGCAGGGTAGAGAAGAG; IL - 6 | Ui 51 ¥.
CAAACTTCCTGGAGTTCACC, T % 5] #. TGTCCAATG
GACAGGATG; 1L - 8 I+ {if 5] #. ACCTCACTGTGC
AAATTCAG, F % 5| #¥: TATGACTCTTGCTGCTCAGC;
GAPDH I % 51 ¥ : TGCCCTCAACGACCACTTTG, F 1% 51
. CTGGTGGTCCAGGGGTCTTA ., ¥ 14 8 ¥ . 95°C Fil 25 1
3min,95°CAE M 12s,62°C iR K ZEAH 45, 2 40 NMEIF, &
fift 28 1 95°C )2 i 10s,65°C JZ i 1min, 97°C L 1s,37°C
IR 30s, UL GAPDH HINZ R 2t B H B
L mRNA B AEXF Rk &,
1.2.2.4 ELISA NS AMAMEIEFR B LFTPRERF
IL-6% IL-8 BIRERE A L5 1 1320 I A8 g
AbEE . TNF-o 241 TNF-o 403 240, 42 B350 & Ui 45
BORATEAE . A5 IR L0 R B BE A A o
KAHSBTARZA S I A AL T B ARSI A | 5 AL A
J& OD fEAC AARIERRZ h 7115 244 1L-6 1L-8 [
1.2.2.5 BB HHEEEM NF-xB p65 HI#ZEE A ER
Y1 i H22 S 56 15 T F 0 4 I SORE D AR B, TNF - 41
TNF—o 2b # 1h, 40 s A PBS ¥k &, 4% £ % Wk [H &
25min, PBS %% ,0.1% Triton X - 100 % #% J& 10min, 5%
BSA #f [4] 1h, PBS PEi%,4C T H — $L NF - kB p65
( Abcam,ab16502,1:200) iF 7%, PBS e, M T W&
HRP FRic i 1 2E 0% — i ( Thermo, A 11034,1:200) 1h,
PBS Y%, DAPI 444% 15min, PBS ¥, 50% HhE H, 9%
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Ot R LR A L A B NF—«B p65 5 I 1Y 1% 5%
(VAR
1.2.2.6 Western blot %4 il il R Fn ftZ th NF-«B p65 &
BHIFRIE AR 5 o IO B AL B, TNF -«
ZHH TNF - 20 B Th, 32 HCAH B 0% B 2 RN M A% 88 1, R
BCA WL E & A IR T . 5 SxE8E A LS MR TR
4 ,100°C 10min {8 AR VE AR 2 9 28 11 v B 1
FMEAR LR A RN BEREEE S (SDS-PAGE ) H1HL K
J5i >R JH PVDF [5G 1 5% R g 4 0 2= iR B P 1h, 3R, 43
A A—¥0 NF-kB p65 ( Abcam, ab 16502, 1:1000) . 4 /its
¥ M2 Histone H 1( Abcam,ab 134914, 1:1000) F1 £ i 5
N2 GAPDH( Abcam,ab 181602, 1:1000) ,4°C 3%, TBST
VERR 5 m A1l =E Pt S = $T (LI - COR, €70926 - 05,
1:5000) , = FFF Th, Pl E fl WAL AMEOE R R
Gt B/ EE 3R, fiH Image J BB 557
1.2.3 HF% RSV B ELER
12.3.1 TWHAHE LRk 3H EWH HO,H
(300pumol/ 1. H,0, 4 HCECs 24h) \RSV+H,0,4H (10pumol/L
RSV Fiikb B HCECs 2h,300mmol/L H,0,#li# HCECs 24h) ,
1.2.32 MTT ;ERMAMES  FHARRMKE (0,200,300,
400pmol/L) H,0,%3 B4 HCECs 24h, o #% 8 1.2.3.1
S A I 4 2505 AR N AL B F R 1.2.2.2 R A
BRIFAT I or ) 45 2H 40 3% 77
1.2.3.3 i F§ DCFH-DA R $+# i & A4 A #9 ROS 7k F

Y e 52 56 R o3 2 IR MO 2 AR PR, 10pmol /L
DCFH-DA #5415 37 T 37°C B 32405 5 40 i 20min
FH PBS M Z R MR L . WAL T WS A i 4 (0.5l
HYLR NG O, RS, R A R R S L 5 PBS H &,
488nm A WA, 525nm K FHE K 90 3 B AR I A% fL
BEICIR S

Giita 0 M . R SPSS23.0 L K GraphPad Prism8.0

AT S B B R AT 0 B, S A AR A A A A SR
AT, 5T SR 25 R 1) Z A ) LA R FH AR &R
P20 AT, 418 2 8 HU AR ] LSD—1 #5586, P<0.05 A 2257
Gt X,
24 R
2.1 AEIRE RSV 3t HCECs i# HBI& M MTT 458 8
7~ AN EHEE (05,1025 .50 . 100pmmol /L) RSV 43 1] 4k 3t
HCECs 24h J&5, 20 M 3% 71 43 5 2 (1100. 00 = 0. 00) % .
(106.40+2.76) % . (108.81+4.05) % . (102.20+5.12) % ,
(96.70+7.51) % . (67.23+2.91) % , Z S H G113 L (F=
11.98, P<0.001), 5 XF 0 41 ( Owmol/L RSV ) #f b,
100pmol/1. RSV 4141 M7 71 W i T % ( P<0.001) ; HA 4%
5 IR 22 ¥ TS24 72 L (P>0.05) , WA 1,
AWFFE SR 10pmol /L RSV HEFT R £E52 1
2.2 &4 HCECs &R fEE F IL—-1 #1 IL-6 & IL-8 mRNA
BT RIAEBELER RT-qPCR 4550 B8, A HIL-1
IL-6.IL-8 mRNA [JAHXf Rk, ZR A GRITFEE XL
(P<0.01), S5XFFEAH L, INF-a 40 IL-1 IL-6 IL-8
mRNA FYAHXT FRR 5 W] T (3 P<0.05) ;5 TNF-a 41
AL, RSV+TNF-o 2H IL-1 . 1L-6 . IL-8 mRNA HYAHXT ik
IR (P<0.05), W& 1, £ RSV A& T
HCECs #84E v 3 1L-1 TL-6 IL-8 3Rk,
2.3 FHA HCECs &5 L FHRIEEF IL-6 #1 IL-8 By
EAREILE ELISA 253 0o, A4 IL-6 . 1L-8 1Y

2040

120
T I T
Q0
= b
= T
R
60
=
30
0
\4 \4 \4 N\ \4
x@z’ M & & &S
D >
LS S R \Q@?

E1 AFERE RSV EA T HCECs B4 A& S °P<0.01 vs
XTHRAH,

*1 &4 HCECs RAiEEF mRNA T RIZE xts
205 IL-1 mRNA IL-6 mRNA  IL-8 mRNA
X HRZH 1.00+0.00 1.00+0.00 1.00+0.00
TNF-« 4 7.83£0.86"  12.43+1.07"  47.99+3.05"
RSV+TNF-a 4] 4.67£0.85°  4.72+0.96"  33.67+4.65°
F 23.89 49.29 56.38
P <0.01 <0.001 <0.001

. "P<0.01 vs XFIRH ;°P<0.05,"P<0.01 vs TNF-o 4,

*2 HBHEHCECs BHFBRLEFDIRERFHERRELLE

(XS, pg/mL)
2 51 IL.-6 IL-8
X BR ] 16.64+1.88 13.341+24.33
TNF-a 4 114.70+1.94" 945.50+116.40"
RSV+TNF-a 21 74.42+12.29° 631.90+32.64°
F 46.03 44.41
P <0.001 <0.001

. P<0.01 vs X IR ;°P<0.05 vs TNF-a £,

EHWRE, 2R AERIT¥E X (P<0.01), 55X E41H
b, TNF-a 41 1L-6 IL-8 AYFE [k B I 2 T+ 5 ( P<0.05) 5
5 TNF-oa HAH I, RSV+TNF-a 2H 1L-6 IL-8 1% 4K [k JiF
BRI (P<0.05) , W% 2, KB RSV AR 1T 40 iy
B BT RAEIN T IL-6 IL-8 AYZE (20

2.4 &40 HCECs NF—«B p65 R EEfILb 8 v e
MZER R SRR A, TNF-a 419 NF-kB p65 7t
Fric EEEP TN, R NF-kB p65 ¥ i% M 40 i
RN MA% ;5 TNF-a ZHAH L, RSV+TNF -« 41 NF-«B
p65 A K% & WL E D, IR 2, F W RSV AR H T
NF-kB p65 I .

2.5 &40 HCECs NF-«B p65 EAHHEMN RIZELL B
Western blot 453 B~ , X HRZH TNF-o 240 . RSV+TNF-a 2
i BTt NF - «B p65 & H B AH X & 35 & 5 5 N
1.08+0.07 .0.46+0.04 .1.22+0.05, 2 FH G it ¥ 2 L (F=
52.12,P<0.001) ., 5 X} M40 AH H, TNF — o 2H 28 ffd 55
NF-kB p65 & [1 19 #H X 2 1k & B B3k 2> (P<0.001) 5 5
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AP 4 . TNF-a 41 ~ RSV+TNF-a 41

NF-kB p65

DAPI

Merge

2 &40 HCECs NF—«B p65 HIIZEE g o

A
e T = 2

o W 21 TNF-a 41 RSV+TNF-a 4]
B 15¢ C 257
d b
I B T : o, ot l
i ®
g0 E |
T ¥
2 2 d
= = D ;. pendll?
£ £ 1.0f
7] b 0
Qos5r T ‘
o o
x. x.
L Lo 0.5]
0 - 0
S D & o B &
N o N
¥ &é &é A x&e
N\ N
(2) )
& &

3 $4H HCECs NF-kB p65 EHHIRIE A:Western blot 455 ; B 4lil fi ' NF-«B p65 1 [ A ik C. Q1% T NF-«B
p65 T AT ik & " P<0.01 vs XFHRZH ;' P<0.01 vs TNF-a 4,

TNF-oZH#H b, RSV+TNF -« ZH 40 il i ' NF-«B p65 25 1 5 TNF-o ZHAH o, RSV +TNF - ZH 40 i 4% h NF-kB p65
HYAR R 2235 5 I 4 %2 (P<0.001) . XFHRZH TNF-o 4 . FR ARG 2Rk 1 B s/ (P<0.01) |, LI 3,

RSV+TNF-o 2140 i #% H NF-«B p65 E HWHIXT £k E 2.6 RAEIRE H,0,3 HCECs i& IS  MTT 455 &l
439078 0.95£0.09 ,1.99+0.14 . 1.04+0.05, 22 F A G iH2#E /&~ A EHE (0,200, 300, 400pumol/L) H, O, 43 i &b #
Y (F=33.38,P<0.001), S5t INF-a ZH40M  HCECs 24h J7, 40M3% 143514 (100.00+0.00) % . (90.33+
¥ NF-kB p65 & F A X35 5 B 3 £ (P<0.001) ; 2.57)% . (61.2326.11)% (31.36+3.97) % , = 5 H G i1 #
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120 1501
90 -
~ 100} L
= b =
5 T "
4 60 =2 b
2 & 1
g
b 50
30 -T-
0 0
S T 2°
¥ N S 2
Vv ) » &
B4 FEREH,0,fEAT HCECs HIMIES  "P<0.0lvs  E5 44 HCECs BIFES "P<0.01 vs IE8 4 P<0.01 s
vy
EHH, H,0,41,
B 1o000r
A iF % 41 H,0, 41 RSV+H,0,41 ==
X . 800

B 6 &% HCECs ROS B A2t B IlEs T4 4IANE Y ls it ; B %G AT R I A 2L AL ROS 28658 3, P<0.05 ws IEH

2 ,"P<0.01 vs H,0,%H

B (F=64.32,P<0.001), 5IE# 4 (0pmol/L H,0,)
k,300,400mol/ L H,0, 2 40 a1 715 1E & 2 AH HL 347 B
TF&(P<0.001) ;200mmol/L H,0, 20 241 il 3 115 1E % £ 41
WEF TG = X (P>0.05), WK 4, AHF 5% k£
300pmol/L H,0, 1T JE L2525

2.7 RSV ¥} H,0,#5S HCECs 4k i 38 = /5 40 B 3% F1 4
G MTT 45 8w, IE# 41 H,0,41 RSV+H,0, 21 41 i
% 1143914 (100.00+£0.00) % . (61.23+6.11) % . (94.67 +
2.03)% , ERAEGHITFE L (F=31.94,P<0.001), H51E
WALM L, H,0,4]1 HCECs 36 1 2 T % (P<0.001) ; 5
H,0, 4140 b , RSV +H, O, 41 41 e 1% 77 B & 7+ /& ( P<0.01)
LIS,

2.8 RSV f HCECs ROS 7K F## Mg DCFH-DA #4f
Yeta J5 K ROS, 5 1EH# AU AH H, H,0, 4188 T 41 g &2 B
WA BAYES 4, ROS A B3 £ 5 H,0, 41 M 1,
RSV+H, 0, 4158 T 21 il 2 BL 0 5 1Y 55 BH 155 4%, ROS 19 4=
B W 6A . FHZEG /3 B AR D 45 2 ROS %1
SR IEH 20 H,0,20 RSV +H, 0, 2 (958 658 1 4 5l N
722.70+22.76 871.70+12.72 594.00+42.57 , £ FH G2
B (F=23.24,P<0.01), 5IEFW4MLL,H,0,4 %58
JE A B TR (P<0.05) ;5 H,0, 41/, RSV+H, 0, 4 %¢ ¢
S B ] S KA ( P<0.01) , UL 6B,

2042

3 1tig

A 52 AR BRI A0 TG 48 220, ff S T2 B0 A I
F )220 o FL G B )RR DL KT I A Az s RN G RE R 1A FHAE
PR R 1) TR e 2 15 A B A a5 B 1 At RS L P
FERIRIE EEBERWmZ—"" ., A RIE T, M
JIEE b iz A A7 400 25 BT SE X -, 5 BOIR 2 48 1Pk 4 i =
T T B 04 9 9 s vy 2 (1 4 i A8 A il R K B3, A
FCHT A i 4 AR B, 1 IR A T B g R
TNF-a fERINEAF N SR HCECs W BE DI 6E , 15 5 %
9iE S S RAPEAN M R T 36 1L-6 1L—8 FIEA A% 21 i #a
AL -1 (monocyte chemoattractant protein—1,MCP—1) [y
RN, 76 B S PR CHEAE SO i 58 R H
TNF-aff4MFAF HCECs JAE I

RSV J&— R RRFELE WA ) 2 By , BAT HL A Ak P
T PR PR P A Y ek S 2 R 2 EAE
ELIESE RSV i i 410 il NF-«B 38 [ 3006 76 2 Fh 4i i o %
FEHPTRAE ™ FEHRE, RSV Al 40 g R0 o 58 (5 % |
B NF—«B 38 % 04 0T D6 55 -5 47 0% R OGPk B B A8 A7
SR A 0 £, 28 R A R RE S, % F NF-kB 2
PRAE LI SN ) S BHR T PR, T g i s 2 AR 4 i
R (W TL-1B \L-6 . IL—-8 Il TNF—a 2 ) k)% 53% 1 £ 33 1)
IO S A, HE ) NF — kB 38 f 2 410 1) 98 5 79— 30 G B 5K
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Wg O, EHT, RSV E IR 28 R rh (W WF 5T A el A
FERVT T NF-«B 1E HCECs JE4E KN H AR AT, 7EASBF
FErf TNF—a B S, NF-kB p65 A A% &t W35 1 i,
1M RSV THALFEZH 5 NF—«kB p65 AR i &0/, £ W
RSV AT LU HCECs H TNF-o 355 (1) NF—«B 3 % (1) 3
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