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Pefa 25 R R, DUKEAHTAL FN Vimentin  o-SMA 28658 B 38 T 25 (0 TR A1, Z0-1 28 658 B 559 T 25 FOouf IR 41
D1 B4+ VAS2870 41 1 D1 4% B +GKT137831 41 FN ., Vimentin . a-SMA 7% 5638 8 55 F D1 4% 2 30 41, 20-1 9% %
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[ Abstract] Objective To observe the influence of nicotinamide adenine dinucleotide phosphate ( NADPH)
oxidase (NOX) 4 inhibitors on epithelial-mesenchymal transition (EMT) of human retinal pigment epithelial ( RPE)
cells induced by bevacizumab.  Methods The cultured ARPE-19 cells were divided into blank control group,
bevacizumab group, bevacizumab + VAS2870 group and bevacizumab + GKT137831 group. Cells were cultured with
0.25 g/L bevacizumab,0. 25 g/L bevacizumab plus 3 pmol/L VAS2870 (a NOX4 inhibitor) ,0. 25 g/L bevaczumab
plus 20 pmol/L GKT137831 (a NOX4 inhibitor) for 72 hours according to grouping. No intervention was
administered to the blank control group. The mRNA and protein expression levels of NOX4 and EMT markers

including fibronectin ( FN) , vimentin, a-smooth muscle actin ( «-SMA ) and tight junction related protein zonula
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occludens-1 (Z0-1) were measured by real-time PCR and Western blot assay,and the expression levels in different
intervention groups were compared. The expressions of NOX4 and EMT markers were verified by immunofluorescence
staining.  Results There were statistically significant differences in the relative mRNA and protein expression levels
of FN, vimentin, «-SMA, Z0O-1 and NOX4 among blank control group, bevacizumab group, bevacizumab + VAS2870
group and bevacizumab +GKT137831 group (mRNA:F =97.07,195.40,722.40, 38.56,70.81;all at P<0.001.
Protein; F'=23.09,64. 58,58.19,26.97,63. 19;all at P<0.001). The relative mRNA and protein expression levels of
FN,vimentin, a-SMA and NOX4 were significantly higher and the relative mRNA and protein expression level of
70-1 was significantly lower in bevacizumab group than those in blank control group (all at P<0.05). The relative
mRNA and protein expression levels of FN, vimentin, a-SMA and NOX4 were significantly lower and the relative
mRNA and protein expression levels of ZO-1 were significantly higher in bevacizumab+VAS2870 and bevacizumab+
GKT137831 groups than those in bevacizumab group (all at P<0.05). The immunofluorescence intensity of FN,
vimentin and a-SMA was stronger and the immunofluorescence intensity of ZO-1 was weaker in bevacizumab group
than blank control group. The immunofluorescence intensity of FN, vimentin and «a-SMA were weaker and the
immunofluorescence intensity of ZO-1 was stronger in bevacizumab + VAS2870 group and bevacizumab + GKT137831
group than those in bevacizumab group. Conclusions NOX4 is involved in the bevacizumab-induced EMT of human
RPE cells, the degree of which can be reduced by NOX4 inhibitors.
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L1.1 4iffRis  ARPE-19 20 R Wy T b ¥ 38 1 4R
YR A R AW

1.1.2 F2El0 A& DMEM/F-12 1557 58 G 4
Mg %% R -5 R (3 E Gibeo 24 7)) ; I & H 4t
( Fi 1+ Genentech 2 7)) ; NOX4 1 #i] 5] VAS2870 Fi
GKT137831( £ [E MCE A w)) s 9 LG 4 1 = &1 RIPA
20 PR 2R AR A TP R B R R (L I R E R A
PR W) s PCR G50 & (1 5t v E % A ) B 1 13 A7 BIR
INF) 3 Trizol (4, 6-— bk 3t -2-75 F 15| W& (47, 6-diamidino-
2-phenylindole , DAPT) | %t $it A Z0O-1 — 37 ( 40-2300)
(2 H Invitrogen /A 7] ) ; %Pt A Vimentin —$7 (10366-
1-AP) 488 Fric L F i IgG(H+L) (SA00013-2) ( &£
Proteintech A ] ) ; 52 $T A\ a-SMA —${ ( ab32575)
"Prt N FN — $ii (ab2413) G Hit A NOX4 — #7
(ab133303) . H Jily B -3-#% B2 I & B ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH ) —3j; (ab8245) A ¥
REARICEHUR P (ab150077) (B[ Abcam 23] ) ;4L
RO (3£ 1 Millpore 23 ®] ) o T75 40 i 55 5% i ) 6
LA (3 [ Corning 22 W] ) 5 BWOGH Al AL A B AE (H
7% Nikon A H]) ;3 6 E # PCR {X . Western blot Fg jk %
(3£ Bio-Rad A7) o

1.2 i

12,1 #Mudfsr v sl RIS A R %L 10% i
A= MY 100 U/ml (R B0 ) 75 %5 R FBE 4 R IR B W
f) DMEM ¥: 33 4 76 37 C AR B34 5% CO, K55 48
S ARPE-19 4ifif,3~4 d 40, #4050 RPE
A4k 1x10° A~/ml geFp T 6 FLACH , i85 60% ~70%
il Iy BE 45 O % A 2% JIG A IfLYE 19 DMEM/F-12 1% 37
B 0K AN M 4 S A L BRAE L DU AR R A L DL AR R
PL+VAS2870 L A1 DL AR 4T+ GKT137831 2, Horh = [
Xof B ZH AN ASCAE AT Ak B, DD AR B gE L DL AR R B+
VAS2870 21 1 U1 AR B4 +GKT13783 1 4 4% % 3 v 43 51 i
A 0.25 /L DU AR B $H7.0.25 ¢/L Dl R B Hi+3 umol/L
VAS2870.0. 25 g/L D& H$H7+20 wmol/L GKT137831 4
ZiIEFE 72 h,

1.2.2  SZIFS% 6 & & PCR LA I 4% 40 40 g b FN
Vimentin .a-SMA \ZO-1 2 NOX4 mRNA {55 a4
AL AN, FH Trizol $2 IO P A B RNA 42 B350 &
UL AL 5y cDNAL 51T E B8 gk AR Y HoR
AR 2 A it JF & e FNCGE 5 51 ) P 85 -
GGGACCGTCAGGGAGAAAA-3", I [0 51 ¥ )& %1 . 5 -
CGAGATATTCCTTCTGCCACTGTT-3"; Vimentin F [f] 5|
Y4 :5-GCAGGAGGCAGAAGAATGGTA-3", J% || 5|
Y% %] :5-GGGACTCATGGTTCCTTTAAGG-3 "; a-SMA

E [ B9 F 5 :5-GGTGACGAAGCACAGAGCAA-3", J
81 9 15 %1 : 5 -CAGGGTGGGATGCTCTTCAG-3; ZO-1
E B ) E 51 5 -AGGATCCATATCCCGAGGAAA-3 ",
K1 Bl 9 % 5 5 ~CGAGGTCTCTGCTGGCTTGT-3 *;
NOX4 iE [5 5| ¥ ¥ %1 : 5 -CAACTGTTCCTGGCCTGACA-
3, M B W) F 51 :5-GCAACGTCAGCAGCATGTAGA-37;
GAPDH IF [ 8] % ¥ %]: 5 ~CATGTTCGTCATGG
GTGTGAA-3 ", Jz In] 5] ¥ J¥ %1 : 5 -GGCATGGACTGT
GGTCATGAG-3", 3% Jfl ABI7500 Real-Time PCR % %;,
}% I8 Real Master Mix( SYBR green ) i 5] & vd B 45 0 A
WA AT PCR o W45 1F:95 C #4230 s,
1 MEF ;95 CASPE 5 5,60 °CiB ok 30 s, ¥ 3 40 ME
W, Lz AR 3 K, UL GAPDH h N &, R H
27 PRI AL DY A A X A

1.2.3 Western blot 345 4% 20 40 g & FN | Vimentin .
a-SMA ZO-1 [ NOX4 HH KRB 45 4 a0 g 1 2
fiff 2% MORAE UK 1 24 0% 30 min J5ULEE RS 10 s, B0
4410 cm,4 °C .12 000 r/min BS.[> 10 min J5UR4E 15,
K JH BCA R A i 0] & i AR VR BE . FF SR IR
SR 30 pg 7R EAEZE M P W 10 min, JiT 5 53 4L
10% 5 V3 M BBk i 6 J6e P VK, 5% BP0 R 4F 4 R,
50 o/L AR A4 W Z iR E A 1 h, —$i 4 CHEF LA (FN
M NOX F BELb #1124 2 1 : 1 000, Vimentin , a-SMA Fl
ZO-1 fi B LL 1 4 2 122 000) ; ¥ 5, i i AH W — 47t
(1:2000)7EE i FIFE 1 h, FRRUERRIE (] Gel-Del
BERE R & 58 (£ H Bio-Rad A w)) i B 155 7
fbo L GAPDH fE R N Z 8 11, K ] Tmage] A% 53

1.2.4 20 ey 28 e Y K il FN | Vimentin , a-SMA

M ZO-1 H A FRIBH A K ARPE-19 41 i £ Fi 21
6 FLAR T, e I S 00 21 b BE AR M S, 5 2 B AR O
2 £h 2% m i ( phosphate buffered saline, PBS) ¥4 3 ¥,
i T 40 ¢/L £ B EE[E & 20 min, PBS PE¥% 3
W, KM o-SMA F1 Vimentin I F A £ 4> $¢ 0.2%
Triton X-100 AL 40 g 1 min, ¥ NOX4 i} 0.5%
Triton X-100 3% K41 30 min , &7 ZO-1 1 EN 1 R %
&, BRI PBS YE¥R 3 U5, B 2 AR B3 0 10% B
1L 8 F7E 37 CEFHA] 30 min, 1: 200 i B — L, I 18
4 CHAM T HE R, PBS BEU G 7E % IR T K 20 i ]
FITC $RIC A 9 HL 9 TG (1:200) ESEHFE 1 h, PBS I
VRN IF AT DAPT 52 3% 40 i 4%, 1 FHOL 49 4l 3k 3R 4
OB A AR R
1.3 Sib2orik

KM SPSS 19. 0 Geit 2 b eAT g it o0 o A0F
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% PR ¥ B 26 Shapiro-Wilk 6 56 UF 52 52 IF &40 1,
PLoass o, 25 X IR 4L DL AR BB 41, 0L 4K 3 4t +
VAS2870 21 | U1 £k 840 + GKT137831 41 ] M A4 1L 4% %
FHER R T 22 4 B, 40180 9 1 LE 8¢k JH SNK-q £ 36
P<0.05 2 5 A4 G158 3L,

2 #R
2.1 FAYHe FN Vimentin .a-SMA ZO-1 % NOX4
mRNA FHXJ 38 5 LA

25 AR 2 DL AR B BT 4 | DL AR BT + VAS2870 4
101 A% B8 BT + GKT137831 41 4 ffie # FN . Vimentin .

a-SMA . ZO-1 F1 NOX4 mRNA FH %f & ik i 20 7] 44
MESWAE St B L (F=97.07.195.40,722. 40,
38.56.70.81, % P<0.001), H f Il f% 88 Hip 40 FN
Vimentin .a-SMA F1 NOX4 mRNA #f % & ik & B 5 5
T2 (X 4, 20-1 mRNA AHXf R B BE T2 A
XA, 22 S A Ge it B X (1 P<0.05) . DA HR
HL+VAS2870 41 Fl I A% ¥4 + GKT137831 4144 Jfa b
FN . Vimentin ,a-SMA f1 NOX4 mRNA #f %t 3 ik 5 B
BALTF AR AT L, 20-1 mRNA A7 X 5 & B B &
TR HH, ZR A G 7#E L (¥ P<0.05)
(£ 1),

£1 HAMR FN Vimentin a-SMA ZO-1 % NOX4 mRNA 13 RIZE L E (xxs)
Table 1 Comparison of mRNA expression of FN,vimentin, a-SMA ,Z0-1 and NOX4 in cells among various groups (xzs)

A H mRNA A X 3k 5

4154 B A

FN Vimentin «-SMA 70-1 NOX4
23 X 4 3 0. 670+0. 046 0.768+0.011 0.751+0. 029 1.277+0.014 0.44620.011
AR H A 3 1. 002+0. 086" 1. 000+0. 030" 1. 000£0. 022° 1.003+0. 091° 1. 007+0. 089*
1A% B4+ VAS2870 4 3 0. 605+0. 025" 0. 630+0. 021" 0.345+0.018" 1. 662+0. 007" 0.297+0. 057"
1% %40 +GKT137831 41 3 0.272+0. 008" 0.559+0.019" 0.241+0.010" 1. 674+0. 129" 0.259+0. 008"
F {4 97.07 195. 40 722. 40 38.56 70. 81
P 1 <0.001 <0. 001 <0. 001 <0.001 <0.001

B 525 U IRAL B, P<0. 055 5 T ER BT 41 AR, " P<0. 05 (AT R Jy 243 B7, SNK-q Ki 1)

FN: [ 45 % $ 8 4 ; Vimentin: JF 8 H ; «-SMA

o1 WUULEH & 15 Z0-1: PAT4/INHE 2R 11 -15 NOX 370 [ J50 A T i A V2 4 2% T 4 A Tl
Note ; Compared with blank control group, “P<0. 05 ; compared with bevacizumab group,hP<0. 05 (One-way ANOVA SNK-¢ test) FN:fibronectin;a-SMA ;

a-smooth muscle actin;Z0-1:zonula occludens-1; NOX ; nicotinamide adenine dinucleotide phosphate oxidase

2.2 AR T FN ., Vimentin , o-SMA . ZO-1 FI
NOX4 # [ X 36 1k i A

Western blot £ ] 45 R & /5, 25 [ X R 41 FN |
Vimentin ,a-SMA J NOX4 4547 JK B 55 F DU AR B Hi 41,
20-1 %71 JK B 5 T DUAR S P 4 5 DU AR it + VAS2870
ZH F1 D1 AR BA 4T +GKT137831 41 f# FN | Vimentin , a-SMA
I NOX4 Zty JK B2 55 T DUAR AT 4L, 20-1 5570 K o
FOURBABA(E 1) o 25 X IRAL  DUAR A Tl DL 1K
FHT+VAS2870 2 Al DI AR L Hr + GKT137831 41 FN |
Vimentin .a-SMA .ZO-1 F1 NOX4 [it 55 4 A 4 #6535 5 4
R H i 25 A G2 8 L (F=23.09 .64.58.58.19,
26.97 .63.19, ¥ P <0.001), H v U1 {& 8 Hp 20 FN,
Vimentin .a-SMA Fll NOX4 %5 (I HH A 25 20 B & T
25 N B, ZO-1 B AR R 2R 3k o B B AR T 28 xR
4, 223 HA G FE () P<0.05) , DR BT+
VAS2870 41 F1 I % ¥4 +GKT137831 41 FN . Vimentin
a-SMA Fl NOX4 & [ 4 XF & 35 2 B 2 AL F DL AR Bt
H,20-1 AN R IR S T IR A, 25
WA G L (¥ P<0.05) (£ 2),

1 2 3 4
o [ — -
Vi [ ——

NOX4 | g G S— —

B 1 JAMEEMT HREWEAR NOX4 EARIEHEKE 1.4
X A 52 LA B BT 2H 5 32 DU 8 4T + VAS2870 54 DL AR B4 +
GKT137831 41  FN: £F 4 i #% #& [ ; Vimentin: J J¥ & H ; «-SMA;
oI WLENE 5 20-1: B0 2 -1 NOX . i J5U A 1t il e 1582 08
THHTRA AL ; GAPDH . H- il /8% -3- 0 R I S

Figure 1 Electrophoretogram of EMT markers and NOX4 expression

among various groups I :blank control group;2:bevacizumab group;
3: bevacizumab + VAS2870 group; 4 : bevacizumab + GKT137831 group

FN :fibronectin ; a-SMA ; a-smooth muscle actin;ZO-1;zonula occludens-
1;NOX; nicotinamide adenine dinucleotide phosphate oxidase; GAPDH

glyceralde-3-phosphate dehydrogenase



e St gG IR B 2L Ak 2022 4F 6 HES 40 4555 6 ] Chin ] Exp Ophthalmol , June 2022, Vol. 40, No. 6 . 511 -

%2 LA FN Vimentin . a-SMA ZO-1 & NOX4 T G183t ik B L8 (xxs)

Table 2 Comparison of FN ,vimentin, «-SMA ,Z0-1 and NOX4 expression in cells among various groups (xzs)

S [ 2 AR X 2

4151 N

FN Vimentin a-SMA 70-1 NOX4
23 X IR A 3 0. 622+0. 065 0. 466+0. 085 0.570+0. 032 1.695+0. 209 0.5190. 042
DLAR B 20 3 1.002£0. 016" 1.003+0. 021* 1.0000. 022* 1.002+0. 041° 1.007£0. 089"
4% %4+ VAS2870 2H 3 0.423+0. 157" 0.566+0.041" 0.529=+0. 058" 1.932+0. 112" 0. 448+0. 099"
LAk B4+ GKT137831 £ 3 0.305+0. 155" 0. 655+0. 039" 0.452+0.077" 2.032+0.074" 0.275+0. 076"
F {4 23.09 64. 58 58.19 26. 97 63.19
P i <0.001 <0.001 <0.001 <0.001 <0.001

1528 R IR AL A, P<0. 055 T AR B 2] He e, P P<0. 05 (BRI 5 )5 2% 42 BT, SNK-q Ko )

FN . 2] 4 % 3 % 1 ; Vimentin ; i JE 25 19 ; «-SMA ;

o= WLLE) 2 115 20-1: P BU/IN 2 1 - 15 NOX 2 a0 i R0 08 Pt e g I e — Vﬁ@&i&ﬂﬁ@ﬁ
Note ; Compared with blank control group,*P<0. 05 ; compared with bevacizumab group,”P<0. 05 ( One-way ANOVA ,SNK-q test)  FN:fibronectin; a-SMA ;

a-smooth muscle actin;Z0-1:zonula occludens-1;NOX ; nicotinamide adenine dinucleotide phosphate oxidase

2.3 KA EMT bR & R IBE O

B E B e Y 2 B FN 223658 1 40 il 1 Ik
BT, BEREYE . DR HT A FN 52 5% 58 B B o F

25 P A 4, DL AR B BT + VAS2870 41 i DL % 26 B +

GKT137831 2 FN %¢ G B 5 B B U 55 . Vimentin Hl
a-SMA EZFEFHMIT, B RGO, WA
41 Vimentin Fl o-SMA %¢ 58 B B 58 25 (10 fR 41,
DUAR B 4T + VAS2870 4 A1 DU AR B4t + GKT137831 2 4%
DR BT AL 9 5 B W ek 59 . Z0-1 SR E T4
H@Eﬁ BREGON. DR PLA 20-1 92058 5 W] 5 55

23 PN BRZH, DL AR B 4T + VAS2870 ZH il L 4% B 4t +
GKT137831 455 & B 5 F DUAR bl (K 2) .
2.4 S 0 B AN DL AR BT 2H 20 i NOX4 £ e 5
USSR VAR

Yo 5 6 Y 8 25 B B R, NOX4 3 363k T 41 g
B, RO, 5 A BAM L, AR R b
NOX4 2% 5 FE W] i 50k (&1 3) o

3 Wit

1 VEGF 3857 Ak 22 HR 07 A= 1 78 1 92 s 28 o5 L
JIAR AR Y A A A R 4T 4R AL T R
J13k4 0 RPE 4 T4 45 E W M ShE £ 6 &
2, H EMT 5900 W27 4 Ak & Ll 4 5> . RPE 41
[ EMT 3o F2 I J 02T 4 40 1t R 200 i, 5% 7 25 40 Jifa 4
BRIy, 5 5 0 L AL ST AR DR AE
Pt VEGF 3897 [RI B £F Ak i A2 HAT BB X,

VP2 I KA 58 IA %, ROS J& % IE
HACH B R AR @, A3 A b Fn H,0,, FE 4
M5 5 i AR R ) F e B AR (H AR
AR HCRAS TS, ROS 77 A 38 22 ) 2 5 350 40 ffw 9 15 0 e
FHLRAERE T AL AT B R B, DL AR BT

Ak PR i )5 AT ROS 1T 4 A AR G 57K P T,
It ROS 7t RPE 4 Jfid (i) EMT job 7% b 2 42 4 ]

75 FUR AR AL DURHAT+VASI8I04L DR HT+CKTI37831 41
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Figure 2 Immunofluorescence staining of EMT markers among

various groups (DAPI X200, bar=20 um) FN mainly expressed in
extracellular matrix, vimentin and «-SMA in cytoplasm, and ZO-1 in cell
membrane, all of which showed green fluorescence, and the nuclei
presented blue fluorescence ( DAPT). The immunofluorescence intensity
of FN, vimentin and a-SMA were stronger and the immunofluorescence
intensity of ZO-1 was weaker in bevacizumab group than those in blank
control group. The immunofluorescence intensity of FN, vimentin and
«-SMA were weaker and the immunofluorescence intensity of ZO-1 was
stronger in bevacizumab+VAS2870 and bevacizumab+GKT137831 groups
than bevacizumab group FN: fibronectin; o-SMA ;: a-smooth muscle

actin ; Z0-1;zonula occludens-1
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Figure 3 Immunofluorescence staining of NOX4 in bevacizumab
group and blank control group ( DAPI X200, bar=20 um) NOX4
was mainly expressed in cytoplasm, showing green fluorescence. Nuclei
presented blue fluorescence ( DAPI). The immunofluorescence intensity
of NOX4 was higher in bevacizumab group than blank control group

A :blank control group B:bevacizumab group
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