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Tk 2485 A D0 TS P B2 4 i RE/Z6A 0.3 .6, 12 h; 75 6 RE/Z6A 40 i 43 hy 1F & X PR 41 | ke 420 41 i 3k 480 +si-ANGPTL4
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[ Abstract] Objective To investigate the role of hypoxia-induced angiopoietin-like protein 4 ( ANGPTL4)
expression in experimental choroidal neovascularization (CNV).  Methods Twenty-seven SPF male C57BL/6J
mice aged 6—8 weeks were selected. Eighteen of the mice were used to establish a laser-induced CNV model. On the

7th day after laser photocoagulation, success of the modeling was verified using optical coherence tomography
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angiography (OCTA) and fundus fluorescein angiography ( FFA). The retinal pigment epithelium ( RPE) -choroid-
sclera complex was extracted for protein analysis before modeling and on the 3rd and 7th days after modeling. The
relative expression levels of ANGPTL4 and vascular endothelial growth factor ( VEGF) at different time points were
detected by Western blot. Additionally, frozen sections of mouse eyeballs on day 7 after modeling were prepared and
the expression and cellular localization of ANGPTL4 were observed by immunofluorescence. RF/6A cells,derived from
monkey choroidal retinal endothelial cells, were treated with 200 pwmol/L cobalt chloride ( CoCl,) in the culture
medium for 0,3,6,and 12 hours. RF/6A cells were also divided into a normal control group,a hypoxia group,and a
hypoxia+si-ANGPTL4 group,and cells were transfected with a plasmid containing si-ANGPTL4 sequence. The relative
expression levels of ANGPTL4 and VEGF proteins in each group were detected by Western blot, and the differences in
tube formation among the groups were observed by tube formation assay. A total of 27 male C57BL/6] mice were
randomly divided into CNV group, CNV+si-NC group,and CNV+si-ANGPTL4 group, with 9 mice in each group. In the
CNV+si-NC and CNV+si-ANGPTL4 groups,si-NC and si-ANGPTL4 were respectively injected into the vitreous cavity
after the CNV model was established. Fluorescence leakage in mice was observed by FFA , and the length, thickness
and area of CNV was observed using OCTA and immunofluorescence staining of choroidal flat mounts. The relative
expression levels of ANGPTL4 and VEGF proteins in each group were detected by Western blot. All animal
experiments were conducted in accordance with ARVO Statement on the Use of Animals in Ophthalmic and Vision
Research. The experimental protocol was approved by the Affiliated Hospital of Nantong University ( No. S20220822-
902). Results Before modeling and on the 3rd and 7th days after modeling, the relative expression levels of
ANGPTL4 protein were 1.00+0.00,1.58+0.05,and 1. 90+0. 04, respectively, and the relative expression levels of
VEGF protein were 1.00+0.00, 1.31 £0.05, and 1. 84 £ 0. 04, respectively, with statistically significant overall
differences ( F'=528.934,390. 424 ,both P<0.05). Among them,on the 3rd and 7th days after modeling, the relative
expression levels of ANGPTL4 and VEGF proteins were significantly higher in CNV group than in the control group
(all P<0.05). The tissues of each layer of the retina were clear in the control group,while neovascularization could be
seen growing under the retinal neuroepithelial layer in the CNV group. Compared with the control group, ANGPTL4
expression was significantly increased and colocalized with vascular endothelial cells in the CNV group. After CoCl,
treatment of RF/6A cells for 3,6,and 12 hours, the relative expression levels of ANGPTL4 and VEGF proteins were
higher than at 0 hour, with statistically significant differences (all P<0.05). Compared with the control group, the
relative ANGPTL4 protein expression was increased in the hypoxia group and significantly decreased in the hypoxia+
si-ANGPTL4 group,showing statistically significant differences (both P<0.05). The number of tube formations in the
control group, hypoxia group,and hypoxia+si-ANGPTL4 group were 12. 67+1.53,19.64+1.56,and 17.01x1. 04,
respectively , with a statistically significant overall difference ( F=33.091,P<0.01). The number of tube formations
increased in the hypoxia group and hypoxia+si-ANGPTL4 group compared with the control group,and the number of
tube formations decreased in the hypoxia+si-ANGPTL4 group compared with the hypoxia group, with statistically
significant differences (all P<0.05). Relative expression levels of ANGPTL4 and VEGF proteins were significantly
lower in the CNV + si-ANGPTL4 group than those in the CNV group ( both P <0.05). The CNV area was
significantly lower in the CNV +si-ANGPTL4 group than in the CNV group and CNV +5i-NC group ( both P<
0.05). Conclusions Hypoxia-induced ANGPTL4 promotes experimental CNV formation in wvivo and in wiiro.
Inhibiting ANGPTL4 can reduce CNV formation and leakage.

[Key words] Choroidal neovascularization; Hypoxia; Angiopoietin-like protein 4; Choroidal endothelial
cells; Small interfering RNA
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1.1 #he

L1.1 SERahY LMk IE  6~8 ik SPF
CSTBL/6] HEPE/INBR 54 H, W 1 38 Ko 52 5 3l ) v
o /NRTE 12 h S/ WE 8 6 b 4 5%, ml B i 2 BOK I
BY . B s S5 A E S IR BT S ph 2 56 T
TEMRABLFIRL Iy WF 58 b T s Wy i 5 B, S 38 05 RE
TR 2 BT R BE B A B e DL o WAL A HE (i ST
$20220822-902) . Jix Mk ik 2% R AL ) R R A0 B &R
(RF/6A) Wy B [ RL 7 Be b 20 i %

1.1.2  FFEH MALES  RPMI-1460 1537 X 10% 15
ALY 75 55 R /B R R WAL 0. 25% iR 2 g (36 [
Gibco 7y #] ) ; Lipofectamine 3000 %% 4t i 7| & ( 3£
Invitrogen A ) ) ;siRNA (Bl 71 BB RHEY A ) 5 1%
& b Z 40 (9% [ Tocris Bioscience 23 A ) 3 & J7 G L R
BRI ( HAZS KRR ath)  FOe K (S H
Akorn A H]) s 45t ANGPTLA Hifh (#18374-1-AP , % [H
Proteintech 2\ &) ) ; a3t VEGF L {4 (#ab52917, 3 [H
Abcam 7y 7)) 5 1B4 $0 fA& (% % H A5 # FL-1201, 3
Vector Labs /2] ) ; FPL CD31 Fi & ( AF3628-SP , £ [H
Biotechne /A @) ) ; FITC Fric th 2EPr 4/ /) B 1gG ( H+L)
(3% E ABclonal Biotech 73 #] ) ; IH [& B A& 1 19 si-
Angptl4 } si-NC (B M Generalbio /A ®] ) ; BCA 5 H ik
JE I 5E 50 & RTPA 2L SDS-PAGE B i 1 7 &
( B B RAEWHARA R A s34 98 B AL 7 KOkl
7 & (£ [H eBioscience A H]) . £ WK IR IKIRIT ¥t
BL(Vision One, 3¢ [ Lumenis 23 7)) 5 MR A & 8 (56 [
Ocular Instruments 2 &) ) ;4= ¥ B 4 5% ( Leica DM2000,
TEIE Leica 23 m)) 5 #7050 U565 A0 T W7 2 459 4 1l 48 1%

( swept-source optical coherence tomography angiography,

SS-OCTA) % (VG200D, 3% FH SVision Imaging A H]) .
1.2 i

1.2.1 #ObiAES CNV BRI, R BENLE 7 %
VR 18 HU/NEL, FH 0. 5% 13 B L 2 B I T SRR T
0275 FE ML R e IR RS IR . SR B 532 nm %
JeHEAT OGO EE, L BE LA R 100 wm , B G B[] S
100 ms, ZjHy 200 mW ' T AR RS AT B B 1E 4 IR B
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R AEMAE KN LB, a0l FEFRERE
5 F1 10 min ZRA5 BRI ER , FIBOR k3 9. 3 P f «
TR 0 G5 A RS EAH B I 7T 206 1 9 7 0%
JEN A A 098 o 2a 9 0k XA K SF 1 8
U4 2b 2%, R Image] B OCTA El{ZH CNV
PSNTTE AR ER gl
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HIEErp [ E 2~3 h, H% 8 wm KGR o KUl R
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(1:200) 7 4 CFWEAE K. A FITC F7id 1L FEH0 %
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TR B E O LA AN A K O, A0 e
ik 80% I} 3¢ & K F% WL, B IR Eh 2% vh W ( phosphate
buffered saline ,PBS) ¥t 3 i, Il A 0. 25% JiE 25 (1 B 4
& 2 min, 5 40 B0 AR B R IE S, 0 58 4 B AR S T
b, Y5 W T 240 L ol 200 L 4 B B VR o R AN R
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B0 5 min, ¢ W, B0 8 ToIn A S8 4 By R
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1.2.5 5i4b%i% S RE/6A 4N B8 BRIy e ~r
200 pmol/L S AL 4l ( CoCl, ) Jim A 3% % 2k, ¥4 £ {4 &b 41
Ji A2 B ST, 43 1 B 9% RF/6A 4 0.3.6.12 h,
IS CoCl, () 40 il A R X B4 . R ] Western blot
A £5 A i b ANGPTL4 \VEGF £ [ K1k & .
1.2.6 4oyl b ¥ RE/6A 215 Ry 1E Xt
WAL fh 480 20 Rk 48 +si-ANGPTLA 41, 1F % % B4R
5T 25 A B AR 4 RN i 4R+ si-ANGPTLA 2 1 D
CoCl, b3 | [ B fife 48 +si-ANGPTL4 4 3#F 47 40 Jifd %% e |
1 A0 M2 Rl F 6 FLAR T IE B o8 A B R AL G 3R, Al iR
Bk 2x10° A/FL, 1w A K . # BB Lipofectamine 3000
U RSN AAMK B E 4~6 h,
RPMI1640 ¥ ¥ 4 M, 7€ & f 10% fis 4 I 35 )
RPMI1640 14k ZLME & 48 h, SCHE 41 i i 47 J5 22 52 5 o
si-ANGPTL4-1 5 %1 . 1F ] 2] % % 5'-CAGAUGGAG
GCUGGACAGUATAT-3", JZ [A] 5] ¥ & 5'-ACUGUCCAG
CCUCCAUCUGATAT-3";5i-ANGPTL4-2 5 %1 : 1 [ 5| ¥
1 5'-CCUGGGAAGCCUACAAGGAATAT-3', JZ [l 5] #)
4 5-UCCUUGUAGGCUUCCCAGGATAT-3"; B 1 % Y
si-NC JF %: IF [7 5] % & 5'-UUCUCCGAACGU
GUCACGUATAT-3", % [ 5| ¥ A 5'-ACGUGACACGU
UCGGAGAAATAT-3', %YL J5 6 h, {5 5 76 B i s
WA Y% . Rl Western blot 35 £l RE/6A 21 fifg
H ANGPTLA 5 11 3R 35 K7, DA DN &% Je 208 . 1k 4%
YU B si-ANGPTLA-2 HEAT 5 82355 .

1.2.7 Western blot 45 45 H (% 2 1 AH X 35 &
TR SRS E A 3.7 KA AL I 6 HU/NER, I
T 0. 5% 1% B b 2244 I Ak S8 /N BRI RPE-Jik 2%
- 4 145 CoCl, 1 FH F RE/6A 4l )5 0.3 .6,
12 h, WSCHE 45 2 200 i 5 6 /0N B RPE-Jik 2 5t - U8 &2 45 4R
HVAH M 5] 0% F & B R0 9 RIPA ZZopgrp . B0
14 8.5 ¢m,12 000 r/min B.0» 15 min, U5 15, H
BCA Lk N & Lk B2 B EI AR SO AE 95 °C F m#A
10 min ,}5 25 5 00 5 U RE S A 10% SDS-PAGE 405, %
% %] PVDF &, H M5, ¥ K 5 — H1 ANGPTL4
(1:1000) \VEGF(1:500) .GAPDH(1:2 000) 7 4 °C
TWEFE SR, WH ] TBST whkJ5 , 44 15 BUR i 4
YRR — B E 2 h, B RS B, L
GAPDH N Z, R ] Tmage J R AF M & 2R 11 2% K &
B, B E O Rk, LMy EE 3R
1.2.8 WELRUEGLPEREHMWLE I
200 wl Matrigel fil A 24 FLIEFE ML, 7E 37 C T HE
30 min, (i JCEE &, K 4 M 53 S o0 BR AL I A AL FAIR
A +si-ANGPTLA 4, W55 35 % 48 h J5 , B 20 g 4% 13 £L

2x10"° A4 i B2 FhF & 0. 5% i 2F 1 3 (9 RPMI1640
BiFet b, BT 37 °C 5% CO, Bi 3R h 15 5% 24 h, {5
B TR AL AR NG . R EER S A
PP, Bk = 80 O HME . LR ER 3 K.
1.2.9 ZjWui sk Es RBES 1 LK ER
27 FUNEL, R I BEHLE 7 32 20K LB ML 5 CNV 41,
CNV+si-NC 41 f1 CNV +si-ANGPTL4 41,4541 9 H,CNV
YRS TATAT 254 T 7 ; CNV +si-ANGPTL4 4 fil CNV +
si-NC 41 53 Ji K 2 pl % 0.1 nmol JH [ [ & i fr)
ANGPTL4 siRNA i B ¥4 X] B siRNA i3 5 51 /) 7 3% 5
PR I EEZE A siRNA B A 5K 10 1 A3 e
G RL 25 d) FREAF 0 40 M 2 53 P o ORR B 9T [ 2 /D B
Jo AT IR R Y R R RN . T ARG S
1 mm b 5 BB 00080 5 O SR A, 58 i 5 ) 4
MY 10 s, IREEMFLIE . BOEREEES 7 KL%
NEL
1.2.10 k&g 5 i Wgg CNV il JesE)s 56 7 K,
FEIC 3 HUNE, /N BUBE S 1 0. 5% 13 L L 2 4 ) Ab
BE .o i /N BRI BR 7 BB T 4% Z PP EE 1 h,
T K S TR T 2 oA IR ) 4 4 4L 8, 47k ok R T B2, 0 S
250 0 JIEE 5 RPE-Jik 45 15 — L IR A2 4 {4 LA A 484+ 0
JBCFPIR X FR BT Ry 4 58l o FH 1% 2 3 18 F kAT
F ], 7E 0. 5% Triton-X 100 A % & 38 1% 30 min, PBS
Peik 3 U, A ANGPTLA(1:1 000) .CD31(1:20) —%%
fE4 CRIEHE IR, PBS P¥k, A 240 %/ /D KR
IeG(H+L)7E= IR T E 2 ho 76 PBS ik ik )G , K &
G T 88 7 b, S DAPT (B P W B o 2%
DGR BT T OB Ik 4 A R OF e . i B 5O R
DAPI # 3¢, 4k 8 % Yo bR ic ANGPTLA [, 41 a9 %
Fric CD31 #EH . SCHmr B 3 I,
1.3 Sk

X% A SPSS 23.0 #1 GraphPad Prism 8. 0 {4 i 47
Gt Hr AR . TR % RHZ: Shapiro-Wilk £ 55 1E 52
RIESSA,LL vxs KR, 4L L Levene £ 5 iF
LI T o ALK S bR A R B R Ry 24
3 Hr AL P LR LSD- K . P<0.05 hy 22 &
EENES- 3@

2 #R

2.1 PGS CNV BRI EE 7 4% 40 ANGPTLA FlI
VEGF 2K [ A 63k i L 5%

RS 7 d,FFA R CNV 2 U 1 A B 2 8 Kk,
OCTA 7 L 199 JBE TG IfiL 487 )22 14 B CNV I 3 JlC A%, 3 A
B (LA B) o 3 BT M i 4 /5 553 7K, ANGPTL4
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El  D:ANGPTL4 Fil VEGF HE (M X ik i lb#  F=528.934 390. 424, ¥ P<0. 05. 5 3 #5741
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Figure 1 Establishment of laser-induced CNV model and comparison of the relative expression
levels of ANGPTL4 and VEGF proteins A:FFA showed that the leakage area of CNV increased
significantly on the 7th day after model establishment B:OCTA showed that blood flow imaging in the
avascular layer of the retina was observed on the 7th day after model establishment C:
Electrophoretogram of ANGPTL4 and VEGF protein expressions by Western blot D :Comparison of the
relative expression levels of ANGPTL4 and VEGFE proteins F = 528.934,390. 424, both P <0.05.
Compared with before modeling, “P<0. 05 (One-way ANOVA ,LSD-¢ test;n=06)
3rd day after modeling; 3;7th day after modeling OCTA ; optical coherence tomography angiography;
ANGPTL4: angiopoietin-like protein 4; VEGF: vascular endothelial growth factor; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase
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Figure 2 Tissue localization of ANGPTL4 ( x50, scale bar=50 pum)
group , the expression of ANGPTL4 was significantly increased in the CNV group and was co-localized with

Compared with the control
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Figure 3 Changes in the expression of VEGF and ANGPTL4 in RF/6A cells after hypoxia induction A

Electrophoretogram of VEGF and ANGPTL4 protein expression at different time points
relative expression levels of VEGF and ANGPTL4 proteins at different time points

P<0. 05. Compared with 0 h,*P<0.05 (One-way ANOVA ,LSD- test;n=3)
factor; ANGPTLA4 : angiopoietin-like protein 4; GAPDH : glyceraldehyde-3-phosphate dehydrogenase
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Figure 4

B : Comparison of the relative expression of ANGPTL4 protein among different groups
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C : Tubular structure formation
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Figure 5 Comparison of fluorescence leakage and the expression of VEGF and ANGPTL4 in mice among
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CNV + si-NC group; 3: CNV + si-ANGPTL4 group ~ VEGF: vascular endothelial growth factor; ANGPTL4 .
angiopoietin-like protein 4; GAPDH ; glyceraldehyde-3-phosphate dehydrogenase
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