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[ Abstract] Objective To investigate the inhibitory effect and underlying mechanism of gamma-secretase
inhibitor blocking Notchl signaling on retinal neovascularization caused by oxygen-induced retinopathy ( OIR) in

mice. Methods To establish the OIR model, 7-day-old pups of C57BL/6J mice were exposed to 75% oxygen
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together with their mother until postnatal day (P)12. On P12,the mice were transferred to room air. All the mice were
randomly divided into three groups,OIR group as control group, OIR+DAPT group and OIR+DMSO group receiving
1 wl intravitreal injection of gamma-secretase inhibitor ( DAPT,10 mmol/L) and 1:20 DMSO dilution respectively.
The right eye was taken as experimental eye. The mice were euthanized on P17 and the eyes were harvested to obtain
retinas for further investigation. The total proteins were extracted from the retinas. The relative expression levels of
Notch1 signal pathway and its downstream Hesl,the markers of M1 phenotype inducible nitric oxide synthase (iNOS)
and M2 phenotype arginase-1 ( Arg-1) microglia were measured by western blot. Retinal flat mounts were made and
the retinal vessels were stained with isolectin B4 (IB4) to investigate the relative retinal neovascularization areas
which was calculated as the ratio of neovascularization area/retinal area. The mumber of the neovascular endothelium
cells beyond the inner limiting membrane was observed by hematoxylin-eosin staining. The use and care of animals
complied with ARVO statement. This study protocol was approved by the Animal Ethics Committee of Guangdong
Provincial People’s Hospital ( No. KY-Z-2021-2015-01).
and Hesl in OIR+DAPT group, OIR group,and OIR+DMSO group were 0. 68+0. 06 and 0. 70+0. 08,1. 00+0. 00 and
1.00£0. 00,1.03+0. 08 and 1.02+0. 07, respectively, with statistically significant differences among them ( F=70.62,
53. 65;both at P<0.01). Compared with the OIR group and OIR+DMSO group, the expressions of Notchl and Hesl

Results  The relative protein expression levels of Notchl

were significantly reduced in OIR+DAPT group (all at P<0.01). The relative protein expression levels of iNOS and
Arg-1 in OIR+DAPT group, OIR group,and OIR+DMSO group were 0.74+0.07 and 1.49+0.12,1.00+0. 00 and
1.00+0.00,1. 04+0. 10 and 0. 94+0. 07, respectively, showing statistically significant differences ( F=31.63,89.32;
both at P<0.01). Compared with OIR group and OIR+DMSO group, the expression of iNOS in OIR+DAPT group was
significantly reduced, and the expression of Arg-1 was significantly increased (all at P<0.01). The relative
neovascularization area and the number of neovascular endothelium cells beyond the inner limiting membrane in OIR+
DAPT group, OIR group, and OIR +DMSO group were (8.82+2.71)% and 38.17+3.29, (22.32+5.34)% and
60. 83+5.11,(20.27+3.36) % and 58. 67+4. 75, respectively, showing statistically significant differences ( F=33.72,
39. 44 ;both at P<0.01). The relative neovascularization area and the number of neovascular endothelium cells in
OIR+DAPT group were significantly reduced in comparison with OIR group and OIR+DMSO group (all at P<0.01).
Conclusions Intravitreal injection of DAPT can inhibit the retinal neovascularization in OIR mice through blocking
Notchl signaling activation and promoting retinal microglia polarization from M1 to M2 phenotype.

[Key words] Microglia; Retinal neovascularization; Gamma-secretase inhibitor; Notchl signaling; Oxygen-
induced retinopathy; Mice
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Expressions of Notchl signaling and microglia-associated proteins in OIR mice retina
A : Electrophoretogram of expression of Notchl signaling and microglia-associated proteins B :Comparison of
relative expression levels of Notchl signaling and microglia-associated proteins among three groups
Compared with OIR+DAPT group, *P<0.01 ( One-way ANOVA ,LSD-¢ test,n=6)
retinopathy ; DMSO ; dimethyl sulfoxide; DAPT: gamma-secretase inhibitor; iNOS: inducible nitric oxide

OIR ; oxygen-induced
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Figure 2 Retinal flat mounts of OIR mice showing neovascularization (IB4,bar=1 mm) and histopathology of retinas showing the number of
endothelial cells beyond internal limiting membrane ( HE X400,bar=100 um) A :The retinal vessels stained with IB4 (red) and retinal neovascular
tufts. The neovascularization area was reduced in OIR+DAPT group compared with OIR group and OIR+DMSO group B:Comparison of neovascularization
area among three groups Compared with OIR+DAPT group,“P<0.01 (One-way ANOVA,LSD-¢ test,n=6)

internal limiting membrane The neovascularization had cluster appearance and many nuclei were stained blue in OIR group and OIR+DMSO group. The

C: Vascular endothelial cells beyond the

number of endothelial cells beyond the internal limiting membrane in OIR+DAPT group was significantly reduced compared with OIR group and OIR+DMSO

group D :Comparison of the number of endothelial cells beyond the ILM among three groups

ANOVA,LSD-¢ test,n=6)
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OIR ; oxygen-induced retinopathy ; DMSO ; dimethyl sulfoxide ; DAPT ; gamma-secretase inhibitor

P Notch1 {5553 [ (1) 1% 1k , {2 f#F OIR /)N BT 1k i #R
D) FEE /N fid S M A P ML A8 ) M2 7R AL A | 1 T 400 ok 0 1)
FEHT 2B ML AE TR . WF5E R B, Noteh 1 {5 5 38 i 76 /&
FHME 0 g B BT A 00 A T BRI A Ak b e i AR
FIE, Sun &5 % OIR K BLAY BF 58 & BE, 40 46
Notch1 {553 % J5 0] B AIG 1L 35 100 9 5 b VEGF-A |
VEGFR1 Fil VEGFR2 3= 3k I ] ¢ 35 L 1) J5E 1 48 &%
&, Lobov 2" % OIR /N LM BF 58 % BR, #0 7 Notchl
15538 B% W a0 1m0 75 5 1 0L IR0 JIBE O A A 2 A0 ) R
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B0 ML TR R IR TEHE T X . IR WS R R B A
il Notchl {55538 % n] 235 OIR F A4 #8 M0 I 1ML 48 % 77
HARBPEIEE R — B B, RO IR R IE
Notchl {5 5 i % 10 ] 55 90 19 15 /) iz Jot 46 i A A 9
KR

ZINIE 5 240 i A T S PN T ) B A N, A 4
R PO JEE A ol P S5 G A B I A7 45 ey 56 R e v R 4 R A
AR M R IE Ak A /N T A0 MR AR 4 TR A
P9 SR BE A F o (tumor necrosis factor-a, TNF-a) | FH 4l
Jfg A% (interleukin, IL) -6 #1 1L-18, 5 & 4 4L RAE K
7o M2 T E AL IR /NI ST 2R i 23 2 40 8 TR -, 32 B A
A4 KA F B (transforming growth factor-B,TGF-B) |
IL-10 F1 TL-23 25, HAT 3 ] S8 AE | #2828 37 S fe ik 4
ZUBEE RN D5 R, IL-10 B A 4 9F 1 8 1E %
A DR I A8 A B A 5 R M A ) i, 2 F- L A
LFUEAL I A A . TGF-B 7 LI JBE v LAy 22 o 7 2
VEJT, G0 2 45 400 1) JIE 4ok 28 70 1) 20 A B A3 R I 48
B A I R B A A A AR i A Y R 4G
fr5e B 460 Li 5T xE OIR /1 BUAY i 5 22 91
P12 2 P17 {/)8 SO 0 T A= il A5 ) P 2R 4 19 R 2 7%
Ao/ o 20 i 22y ML RY . AR 5T A R A7 S AR I
BT A= 1 Y G B B B i #0 #) Notchl {5 55 3 i A
RS /N G T 0 L 8 R A, B2 A8 5 1 19 /) G 4 i ) M2
TAREAL, T A R > M1 TR /NI Jo 48 i 53 i TNF-o |
IL-6 I IL-1@ 25 AT IR 1, 33 I I 8 1A 52 40 Jtd v 37
7o b, 15 A 8 /0N I 5t 40 i 15 0L A8 1P B2 40 I 1] )
S I R A B M R DM OE T R, R
b MU B A A /0N IG5 240 i %o 400 19 JE I 3 % 7 A —
Ry . Usui-Ouchi 46 1 7 2 7, /)N 62 1 440 i o
TGF-B 52 A 1y k2 7T B I Jon ek 400 0 5237 A4 1f 4 JF: 7T S
KT AR ML T AR A I ], 3 — 2B IR 52 TGF-B 75 4k 45 1L
PO JE 1L A K R85 ) 5 A P bR B AR IR T
SRS L I ORI £ L D O B I B g R N i T
20 HE e M2 YR A T A AW AL R R A= A
TE W

2% b ik, Notchl 5538 % ) i 77) DAPT 3 55 {4
U TR SRS AT AT 2048 /)y OTR /)y BRI 199 JIE 3 A4 I A7 T R, Ik
A G P SR I N B A R R 4ERE OTR /) B
PO J5E I A8 IE 5 6, 3 BB A T T Bkl 5 4 i) Notchl
15 5 T8 B 005 1, 2 T 0T 42 /N 5 J5 40 L ) R 1 3 28D R 5
LAY o AR 45 R O A0 I 55T A I A 4R A T OB
FRINR T L FURING T SRS
FlEEMR A AR A WA TE R 25 o o
fEERBAR RG-S 50 BB 32 2B A% 55T

WSO 3k PN A IR A ORI A 5 T L 2 5 S R L S
T B WCE R T I8 SRS FME

2%

[ 1] Campochiaro PA. Molecular pathogenesis of retinal and choroidal
vascular diseases[ J]. Prog Retin Eye Res,2015,49:67-81. DOI; 10.
1016/j. preteyeres. 2015. 06. 002.

[2] Das A, McGuire PG. Retinal and choroidal angiogenesis:
pathophysiology and strategies for inhibition[ J]. Prog Retin Eye Res,
2003,22(6) : 721-748. DOI:10. 1016/j. preteyeres. 2003. 08. 001.

[3] Mettu PS, Allingham MJ, Cousins SW. Incomplete response to anti-
VEGF therapy in neovascular AMD ; exploring disease mechanisms and
therapeutic opportunities [ J/OL ]. Prog Retin Eye Res, 2021, 82 :
100906 [ 2022 - 06 = 16 ]. http://pubmed. nchi. nlm. nih. gov/
33022379. DOI:10. 1016/]. preteyeres. 2020. 100906.

[4] Mehanna CJ, Abdul Fattah M, Haddad S, et al. Anti-VEGF therapy for
persistent neovascularization after complete panretinal photocoagulation
in proliferative diabetic retinopathy [ J ]. Ophthalmol Retina, 2019,
3(6) :473-477. DOI:10. 1016/j. oret. 2019. 02. 001.

[5] Selvam S, Kumar T, Fruttiger M. Retinal vasculature development in
health and disease[ J]. Prog Retin Eye Res,2018,63:1-19. DOI. 10.
1016/j. preteyeres. 2017. 11. 001.

[6] Graeber MB. Changing face of microglia [ J ]. Science, 2010,
330(6005) : 783-788. DOI;10. 1126/science. 1190929.

[7] Boeck M, Thien A, Wolf J, et al. Temporospatial distribution and
transcriptional profile of retinal microglia in the oxygen-induced
retinopathy mouse model [ J]. Glia, 2020,68(9) : 1859-1873. DOI;
10. 1002/ glia. 23810.

[8] Usui-Ouchi A, Eade K, Giles S, et al. Deletion of TgfB signal in
activated microglia prolongs hypoxia-induced retinal neovascularization
enhancing Igfl expression and retinal leukostasis [ J]. Glia, 2022,
70(9) :1762-1776. DOI:10. 1002/ glia. 24218.

[9] LiJ,Yu S,Lu X, et al. The phase changes of M1/M2 phenotype of
microglia/macrophage following oxygen-induced retinopathy in mice
[J]. Inflamm Res,2021,70(2) : 183 -192. DOI; 10. 1007/s00011-
020-01427-w.

[10]Cheng Z, Yang Y, Duan F, et al. Inhibition of Notchl signaling
alleviates endotoxin-induced inflammation through modulating retinal
microglia polarization[ J/OL]. Front Immunol, 2019, 10 : 389 [ 2022 -
06-18]. http://www. ncbi. nlm. nih. gov/pubmed/30930891. DOI.
10. 3389/fimmu. 2019. 00389.

[ 11]Smith LE, Wesolowski E,McLellan A, et al. Oxygen-induced retinopathy
in the mouse[ J]. Invest Ophthalmol Vis Sci,1994,35(1) : 101-111.

[ 12] Radtke F,Fasnacht N, Macdonald HR. Notch signaling in the immune
system[ J | . Immunity,2010,32( 1) : 14-27. DOI. 10. 1016/j. immuni.
2010. 01. 004.

[ 13]Radtke F,MacDonald HR, Tacchini-Cottier F. Regulation of innate and
adaptive immunity by Notch [ J]. Nat Rev Immunol, 2013, 13 (6) :
427-437.DOI.10. 1038/nri3445.

[ 14]Siebel C, Lendahl U. Notch signaling in development, tissue
homeostasis, and disease[ J]. Physiol Rev,2017,97(4) : 1235-1294.
DOI:10. 1152/ physrev. 00005. 2017.

[15]Yao L, Kan EM, Kaur C, et al. Notch-1 signaling regulates microglia
activation via NF-kB pathway after hypoxic exposure in vivo and in vitro
[J/OL]. PLoS One,2013,8(11) : e78439[2022-06-29]. http://
pubmed. ncbi. nlm. nih. gov/24223152. DOI: 10. 1371/journal. pone.
0078439.

[16] Arumugam TV, Chan SL, Jo DG, et al. Gamma secretase-mediated
Notch signaling worsens brain damage and functional outcome in
ischemic stroke[ J]. Nat Med,2006,12(6) :621-623. DOI.10. 1038/
nm1403.

[ 17]Grandbarbe L, Michelucci A, Heurtaux T, et al. Notch signaling
modulates the activation of microglial cells[ J]. Glia, 2007,55(15) :
1519-1530. DOI:10. 1002/ glia. 20553.

[ 18] Yuan Y,Rangarajan P,Kan EM, et al. Scutellarin regulates the Notch
pathway and affects the migration and morphological transformation of
activated microglia in experimentally induced cerebral ischemia in rats

and in activated BV-2 microglia[ J/OL]. J Neuroinflammation, 2015,



BB IR B2 Ak 2022 4F 11 HEE 40 %5 11 ] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

- 1037 -

12:11[2022-06-29 ]. http://www. ncbi. nlm. nih. gov/pubmed/
25600517. DOI;10. 1186/512974-014-0226-z.

[ 19]Lobov IB,Cheung E,Wudali R,et al. The DIl14/Notch pathway controls
postangiogenic blood vessel remodeling and regression by modulating
vasoconstriction and blood flow [ J ]. Blood, 2011, 117 ( 24)
6728-6737. DOI:10. 1182/blood-2010-08-302067.

[20]Sun W,Li J,Li Y,et al. Gamma-secretase inhibitor, DAPT, prevents the
development of retinopathy of prematurity in a rat model by regulating
the delta-like ligand 4/notch homolog-1 ( DLL4/Notch-1) pathway
[J]. Med Sci Monit, 2019, 25 : 492 - 499. DOI. 10. 12659/MSM.
913828.

[21]Reichenbach A, Bringmann A. Glia of the human retina[J]. Glia,
2020,68(4) : 768-796. DOI.10. 1002/ glia. 23727.

[22] Rathnasamy G, Foulds WS, Ling EA, et al. Retinal microglia-a key
player in healthy and diseased retina[ J]. Prog Neurobiol,2019,173 :
18-40. DOI:10. 1016/j. pneurobio. 2018. 05. 006.

[23]Ouyang W, 0 “Garra A. [L-10 family cytokines IL-10 and IL-22: from
basic science to clinical translation [ J]. Immunity, 2019, 50 (4) :

871-891. DOI.10. 1016/j. immuni. 2019. 03. 020.

[24]Braunger BM, Leimbeck SV, Schlecht A, et al. Deletion of ocular
transforming growth factor B signaling mimics essential characteristics of
diabetic retinopathy [ J]. Am J Pathol, 2015, 185 (6) : 1749 - 1768.
DOI:10. 1016/j. ajpath. 2015. 02. 007.

[25]Yun JH, Park SW, Kim KJ, et al. Endothelial STAT3 activation
increases vascular leakage through downregulating tight junction
proteins ; implications for diabetic retinopathy[ J].J Cell Physiol,2017,
232(5) :1123-1134. DOI:10. 1002/ jcp. 25575.

[26]Mehrabadi AR, Korolainen MA, Odero G, et al. Poly ( ADP-ribose )
polymerase-1 regulates microglia mediated decrease of endothelial tight
junction integrity[ J]. Neurochem Int,2017,108 : 266-271. DOI 10.
1016/j. neuint. 2017. 04. 014.

(MR F 91:2022-08-20 % [a] F 18] :2022-10-15)

(A SC i 4 - T+ 035 )

EE (R

AR E P 38 S48 BB 2 1R AR A

AMD : 4F % AH 5 14 5 B AF 14 (age-related macular degeneration )

ANOVA ; B[R & J7 2243t (analysis of variance)

BUT . {H & i 24 5} [8] ( breakup time of tear film)

DR ;4 FR 95 70 ) 5955 42 ( diabetic retinopathy)

EAU : 52564 B B G % M 45 45 5 4 (experimental autoimmune uveitis )

EGF . 3 7 4= K [H F (epidermal growth factor)

ELISA . i Bt % 3% W B ] %€ ( enzyme-linked immunosorbent assay)

ERG : ¥ I} i e, & ( electroretinogram )

FFA ;5% 56 & IR JE Il 5 1% 5 (fluorescein fundus angiography)

FGF : 2T 4 20 Jifd A= 1< P 1 (fibroblast growth factor )

GFP . 4 {6,%5%¢ Y6 5 H ( green fluorescent protein)

IFN-y:y T % (interferon-vy)

IL: F 4l g 4 2 (interleukin)

IOL: A\ T SR & (intraocular lens)

IRBP ;) [a] 52 4 40 85 2K ¥ i 45 & %% [ (interphotoreceptor retinoid
binding protein)

LASIK : i 43 0 £ B AL 5 B8R (laser in situ keratomileusis )

ICGA ;5| W% 43 1fil % 1 5% (indocyanine green angiography)

LECs: R & [ K2 41}l (lens epithelial cells)

miRNA : f#/» RNA (microRNA)

MMP . 3 i 4> & 5 M i ( matrix metalloproteinase )

mTOR I F. s ¥ 22 & 0 & 2 ¥ & H ( mammalian target of

rapamyecin )

MTT . Y F 3 18 % 1wk &5 ( methyl thiazolyl tetrazolium)

NF . % %% 5% ] T ( nuclear factor)

OCT: Y640 T W7 2 $1 4ifi ( optical coherence tomography)

OR : fl; % L ( odds ratio)

PACG : J5l & PEM] f 7 % YE IR ( primary angle-closure glaucoma)
PCR . 3B & Fi 4% 2 /2 b7 ( polymerase chain reaction )

RGCs ; #0 ’¥ JI5 15 21 Jfd, ( retinal ganglion cells)

POAG: it & 1 IF £ #1735 Y6 HR ( primary open angle glaucoma)
RB - L 14 5 B 240 2 )i (retinoblastoma)

RPE : #1l & I {1, & | J¢ (retinal pigment epithelium )

RNV . ¥ 9 i 35 A= 1L 45 ( retinal neovascularization)

RP . #1962 745 1 (retinitis pigmentosa)

ST v: BE Gt {H 43 W8 1 B ( Schirmer | test)

shRNA ;5§ % J¢ RNA (short hairpin RNA)

siRNA ; /N T3 RNA (small interfering RNA )

a-SMA : a- 3 LUL 3N & I (a-smooth muscle actin)

TAO : FF R i A6 5& AR 9% ( thyroid-associated ophthalmopathy )
TGF . 54k 4= K [N 7 ( transforming growth factor)

TNF : Jif 98 IR B8 Fl - (tumor necrosis factor)

UBM ;. #8 75 4= ¥ B #3445 (ultrasound biomicroscope)

VEGF ; il % N Bz 4k K [F 7 ( vascular endothelial growth factor)
VEP . ¥4 5 & Hi {7 ( visual evoked potential )

FRAM AT 58 € Hp 4 5L 36 AR 7 2 75D

Cri A Sz IR A 2 s ) S vl R EEE SCE TR0 T A T [ e S0 1) b R 22 5| SR A (CSCD) A% 1L, A 11,96 T,
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1% :0371-87160872

(A T i3 7)





