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[Abstract] Objective To investigate whether neuropsin (Opn5) affects the autophagy in mouse retinal ganglion
cells (RGCs) by regulating the nuclear translocation of early growth response 1 (Egr-1). Methods RGC-5 cells
were cultured in vitro. Cells transfected with Opn5-short hairpin RNA (shRNA) lentivirus served as the shOpn5 group
and cells transfected with scramble shRNA served as the shRNA control group. Cell proliferation was detected by Cell
Counting Kit-8 (CCK-8) assay before transfection, and at 24, 48, 72, 96 and 120 hours after transfection, and
apoptosis was analyzed by flow cytometry. Reverse transcription-quantitative qPCR and Western blot were performed
to detect the expression of Opn5, Egr-1, and autophagy markers (LC3-11/1 ratio, p62, Beclin-1). The
colocalization of OpnS with Egr-1, LC3, or p62 was examined by double immunofluorescence staining. Autophagic
flux was evaluated using the mRFP-GFP-LC3 tandem fluorescent protein system. The interaction between Opn5 and
Egr-1 was verified by co-immunoprecipitation (Co-IP), and the subcellular localization of Egr-1 was analyzed by
nuclear-cytoplasmic fractionation. Results Compared with the shRNA control group, the cell proliferation rates
were significantly reduced at 96 and 120 hours after infection in the shOpn5 group (both P<0.001). The apoptosis
rates at 72 hours after infection were (9.88+0.17)% and (5.44+0.15)% in the shOpn5 group and the shRNA
control group, respectively, with a significant difference between them (P <0.001). Compared with the shRNA
control group, both mRNA and protein expression levels of Opn5 and Egr-1 were significantly decreased, and the
expression levels of the LC3-11 / [ ratio and Beclin-1 proteins were upregulated, while the expression level of p62 was

significantly decreased in the shOpn5 group (all P<0.001). Dual fluorescence system revealed enhanced autophagic
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flux. Co-IP confirmed a direct binding between Opn5 and Egr-1 in the shRNA control group, and the binding was
reduced in the shOpn5 group. The results of the nuclear-cytoplasmic fractionation assay showed that the ratios of nuclear
to cytoplasmic distribution of Egr-1 protein in the shRNA control group and the shOpn5 group were (80.53+7.96)%
and (13.47+1.48)%, respectively, with a significant difference between them (P<0.001). Conclusions  Opn5
negatively regulates autophagy in RGCs by mediating the nuclear translocation of Egr-1, thereby influencing Egr-1

transcriptional activity. This finding provides a novel mechanistic insight into the role of photoreceptor protein Opn5 in

the development of myopia.
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PR A B ) T, S T A A U500 s, 4 Ko AR
i R A 2000 4E 1Y 22% 2 51 & 2020 4E 1Y 34% , it
2050 4EHE I A BRIE 50% M AT SEARSR IR
o AF I AR A e, © i L B A ) B A5 1 1 2
W i 28 9L 1 (neuropsin, Opn5) J& — Ff Xf 380 nm
AP G E IR N - S N o s R W L 2
A7 2l ifl ( retinal ganglion cells, RGCs) , #F5¥#£ 1 ,360 ~
400 nm P B 18 0] W28 5% (violet light, VL) 7] i 5 Opn5
R0 i A%, 2 35 400 o B R AR 5 0 /Dy B AR
JE L AR R AL B (1) B R
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LR AT R (B RS i 2y I LTI 3¢
RGCs B Uk 0 Jf FEREIL SRR 523 o B0 F RGCs HY
i BRI, AT BRI TR AN A R S T TSR iR AR, 2
FEIRE RS Egr-1 MR B S LT
(AEEY 08 A = B L R ol N S I PN S < R T
i, Egr-1 A4 40 @ g, JE T S A0 T . R
17, 2 E AL T 40 M A OpnS , 2 7538 1 94 1% Egr-1 1
BEALAR T W RGCs /9 A W T AE, H Al M AT 2. A
WFFEiE I HEE OpnS R B9 RGC-5 A B 1L, R S8 4%
5% OpnS-Egr-1 3 g% 8 ¥ B W 1y 20 1 HL , 5 12 i AL
W75 5 B2 A B 0 s A

1 HR57%

L1 FERR S

/1N BRI o 22 0 A0 ML &R RGC-5 Wy [ o [ B o
b W40 ZE . Opn5 48 & & RNA (short hairpin RNA |
shRNA ) 18 95 7 WURL ( F i 3 BLAE I R 22 R A A 5
i TR 3R & (SE [ BD 23 ) 5 Trizol 155 & (56 [

Invitrogen /A & ) 5 PrimerScriptTM K 350 & SYBR
Green RT-PCR 7 & (REFEAYW TREARAA) G
A ML B I (38 [ Gibeo 24 W] ) s DMEM JE il 55 77
B (2 [ HyClone 2% ) ) ; 4 M i+ £l ) & 8 (Cell
Counting Kit-8, CCK-8) ( I i DU 24 1y Bl £ A R 2
Al) s dE B4R BOEUR & BCA 3 A &R I K 7R &
(PR E MR ECA R A W) s IR R 47,6- 2k
FL-2- R 5|k (47, 6-diamidino-2-phenylindole, DAPT) |
By s iR & (I R ER AR ) 5 ot
Opn5 Z FofEhLiA (2 [H Sigma 24 7)) ;s BT Egr-1 FH
W OEE-3-fE BR Mt A B8 ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) £ 7o 3k FITC Fric 1l 241
B =9t Fluor594 Fric 1 3 H0 Bl =40 (36 [ Affinity 23
Al) s AT p62  Beclin-1 F1 LC3B £ 3¢ EHUIK , 56 bR
iC BT LC3 Al p62 Hifk (3£ [ Abcam A ) s 9EEhRIC
Hbt OpnS PR (SE[E Thermo 24 7] ) .

1.2 F¥:

1.2.1 Z0fEE SR s g Ko a5 RGC-5
A4 5x10° 4~/ ml 1% B Bl 6 FLAR | A 40 i f
B IR 60% ~T0% I FEA7 15 5 7 L o R 4 T 592 56 7
SE B HEIE L S B (MOT = 20) , 73 1) 4% € 4 1) scramble
shRNA 18 55 75 AL (shRNA XJ i 41) 2 Opn5 4[] 1
shRNA 1835 % Uk (shOpnS 21) 5 & A 5 pe/ml it
JHg 1) 56 4= 55 IR BR IR L I A dn i 3 R L b s L 16 h
J5 B R B e A IR IR AR S B IR R T2 h R, T
P WA T WA (96 8 1 RIB N O A D DA
BRSO & A 2 g/ ml BRI 75 2K A B 57 2
PEATHR ST, HZ RN R E R RN AR R . Wi
AN AR HE — 2L i AR E AN R A9 GFP 1 5 1 >
90% ., shOpn5 J3 %1 K. 5'-CCGGCGCTATCTGAAGA
TCTGTTATCTCGAGATAACAGATCTTCAGATAGCGTTT
TTG-3'. ¥ LA RS & F Qe il R 8 T &% 10% ik
L 1% 7 659 % 1) DMEM B 3 36 h, €5 37 °C |
5% CO, ML FINE B BE FRAR R 15 9% ,2~3 d B4 — kB
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TR FE AN AR K B 2 80% @A i, & R 4 B
0. 25% [ 35 F B HEAT AL A2 A0, T T ) 2252 5

1.2.2  CCK-8 ik Ao I #4520 20 MO 5o v 1k O 80k
K40, Lh 1. 5x10°4~/ml )% & 4250 T 96 LA (4F
11100 wl) 5596 24 b 5 HET 40 4L , AR 2E T 37 C
B IR, ol TG IR 0,24 ,48.72.96 F
120 h, HFLAMA 10 pl CCK-8 Ak ,37 CHMEMH 2 h
J& A TR BR A GE 450 nm AL B IROE R (A) H
1.2.3  SEmbaet e B PCR KL 2% 21 40 )l OpnS Al
Egr-1 mRNA L3k 4% 88 1. 2.1 JriR J7 ik 7 4H 40 220
JEL, 43 ) T IR i R S 72 h SR AN, 5 R R R
B0 % B PBS BRI VR TR AN 2 Wk B AL A
0. 25% JR 25 B AL 20 1 min, T 20 022 [ )5, A &
L B 58 4 B 3R HE 2 1B T AL 5 B 40 8 B 7 22 5 0
E,T 4 °C.1000 r/min 2.0 5 min, i 5 20 MU0 TE .
P A R AEAE UK B AT LLAERE RNA FRUE P . R H] Trizol
TR SR IO B RNA {5 TR 20 6O BE TG RNA
2l i 5 B, BOR A260/A280 WA T 1.8~2.0,
540 RNA FEA YR 58 — 0 % O 500 ng/pl, I fii J
PrimeSecript RT Master Mix {7 & 1 wg & RNA Jx#%
F A cDNA. 5| ¥ FF Hl: OpnS IE [0 5'-
GCCTGGATTCCTTATGCG-3', fz [a] 5'-TGACCTGGTA G
ATGATTGG-3'; Egr-1 1E 1] 5'-CGATGGTGGAGACGAG
TTA-3', 2 [A] 5'-AAGAGGTCGGAGGATTGG-3'; GAPDH
1E M 5'-AGGTCGGTGTGAACGGATTTG-3', [ [n] 5'-
TGTAGACCATGTAGTTGAGGTCA-3', Fr A 5| W 1 L
A TR TR B A IR A w5 e S8 I 92Ot & i
PCR W & Z 40 °F : SYBR Premix Ex Taq II 10 pl,
E 514 (10 wmol/L) 4% 0. 8 wl,cDNA Fidg 2 ul,
KB AFEIK 6.4 wlo W& 95 C HiAR 4 30 s;
95 CAEME 5 5,60 CiR K IEAH 30 s, 3k 40 NMEH,
IV = iR 3 iR IR 7 R INTREE 7/ K i o S D)
GAPDH Jk [{ fF: 2 9 2, R 1 27" 315 OpnS J
Egr-1 mRNA AHXf k&, P scdn iy~ # 8 3 I,
1.2.4 Western blot 34 il 45 20 40 i ' Opn5  Egr-1,
LC3-T/ 1 P62 Beclin-1 T3k 2 £ 4 Kk
SRR shRNA Xf B4 5 shOpnS 20 3 & J% 4 41 i
(6 fLMR¥HE %) 5 F5 B 9 2k, I BUS 19 PBS L Uk ik
A 3 UK AL A 180 wl &5 2K 1 1 40 1 7] i RIPA
S, UK 1 2286 30 min; 40 T Wi BE SRR L B RS
ZHEH 1.5 ml BB P, VKIS 10 min )5 T 4 C |
15 000xg Z5 4 T B0 15 min, /NI EIF W . R
BCA ¥k B I 350 & %€ b 3 9P i 2 R
A S H RGBS, A& W 10 min

i P A, B A 15 pg EH, & 10% 1 SDS-
PAGE HLJK 43 B J5 4% ED 28 PVDF JiE 5 8 JIE & 1 Pk
1% &= 1 ) 1] 30 min, TBST (& 0. 1% Tween-20) ¥k
3 (AR 5 min) J5, 435 m A LC3B(1:1000) P62
(1:5000) .Beclin-1(1:2000) Ff1 GAPDH (1:3 000)
—H0,4 CHEF LA TBST P 3 YK (FFIK S min) , il
AHHRE =40 (1:5000) M E 1 h, TBST YRR 3 1K
(B S min) . A1 H ECL fb 2= A6 & 25,
Bio-RAD & iR & 48 K 5 K&, Image] B A 43 #r 4%
WOKEEAE , LA GAPDH Sy N2 IR 3H58 4 H br 48 B A A
ik,

1.2.5 st MARid kM Opns 5 LC3-10/1 |
P62 Egr-1 1 & 7 & F ik ¥ W 4 40 Ml 4% 2 x
10° A~/ml % Ji 33 b 8] 24 fLAR, & T 85 9740 P 85 57
24 b, WG FE IR, PBS B UE 3 IR (K S min) 5 T ATl
B 4% Z R W BER W (PBS BLdl) , = R E E 15 min;
PBS i ¥k 3 WG, A 0.3% Triton X-100 [#j PBS %
W, = IR 10 min; PBS ¥ 3 I, A 1% BSA, =
WRE P T b W S PR, EAE AT 1% BSA i B i
Opn5(1:200)  LC3-T /1 (1:200).p62(1:200) .
Egr-1(1:100) —4t,4 CHFH & 7% ; PBS 15 1k 3 K (1
S min), fin A AH B FITC 45 32 = Ht (1:200)
Fluor594 Fric 4T (1:200) , = R EEOGIHEF 1 h; Bl
i MIE B BITETRAG DAPL 238 B b B8 e K
FE R, R FIBOE S R A B AUEE WO I T A A
AT R AL BT T LUAR [R] 2 50k 4 BHR 63 x5
G s B O10%, g % B ] 200 ms, Z-stack K
0.5 pm, B ff ToR R M (B KRR R A <4 095) . R H
Image J B #E4T Rolling Ball ¥ 540k (212 =50 &
) HAREE (OpnS 8 p62) #Y 7658 & LK
Mean Intensity=[ X ( H bR K IBGQ R E-F 5B RME)/
HARK IR A ] . APEAh OpnS 5 p62 B 2L 5E 7% 4L,
TEI 30 AN LA 14, 43 1) 5 HOH: OpnS 3@ JE (FITC, 4%
0,) F p62 i IH (75 Jo B p62 F i , W i A LC3
XY o () AR AR 5 B AT B e ) IER b E AR X
DGR R . R H] Pearson AH 3¢ 5 FUF Al 19 38 18 2%
HAES M2 B &R, MR PR E =(1-
rshopnsgﬂ/rshnmu g )x100% ,

1.2.6  fE Ity ikl Opns 5 Egr-1 i A0 H.E
A 2.4 klcEgmME, InA R @R T 4 CH
fi# 30 min, F 4 °C .15 000xg £5F F &0 10 min, J |
1 IF R A BCA YA % & 8 VR B2 5 A Opn5 ¢ 55 1
— P BEATECT 4 CWERE K, FEIA Protein A/G Bt
JEFEREEE T 4 CHEE 2 h, T 3 000 v/min( B0
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8.6 cm) M FE L 5 min WAEREER , 24 1% 22 wh il vk %
3~4 %, MA 1xSDS EFEZE bl T 95 C fin#4 5 min
Vel H . J5%: Western blot 2B 58 [F] 1. 2.4, i1 A Opn5
(1:1000) Egr-1(1:5000)f1 GAPDH(1:3 000)—%$¢
SRR —HU AT, 9 #E1T ECL B3
1.2.7 BB ik Al Egr-1 85 [ 16 40 M A% F0 40 i
R A B 5x10° ~ 10X 10° A4, F 4C
500xg Z5 14T B0 3 min, /a0 W B B 5 i O IR i 5
WA ; B () PBS Y 4 M DT 3E 2 3R, ) 240 Jf It o€
FIA 400wl 9048 19 4% 5T 70 B 42 JOWR A, it JiE 4k 3 1R
5, BT UK ER Y 24% 20~30 min; 78 4 °C (1 200xg 4%
PG S min, I8 FVE W 2 ) — TR 193 G
B B R A G 5 TR S A M D0 UE ] PBS H
T4 °C .2 000xg Z5 4T B0 5 min, 5% 3, Fr i3 UL
BRI 4 A% 20 43, 200wl PRAFIE B R s B 20 )
W4T JG 8 Western blot 43 ¥, # i 43 B8 B2 4E & FEAE VK
EE 4 CHEE T AT, 4R 1A e ok
1.2.8  JisUan o A RGN 25 L L g T8 O 4%
200 1 12 5 7 R O o8 IR S R I Gk JS 72 h 5
ZHEFR AL, W0V 1 PBS B R R A0 1 WG A
0.25% A 1, T 37 C &M T IHAAL 1 min; 2 117
WEHH R ELE R, T 4 C.300xg 5T B0
5 min, WCEE A1 ML UTTE ; FH W04 19 PBS B 20 M0, If 4
AN 2 1x10°4/ml, B 100 wl 41 i B i 2 7 50
B RIS wl Annexin V-PE F1 5 pl 7-AAD ¢
O, BRIEYE, TER (25 C) LK THE
15 min; 5 7 45 90 )5, 37 B ) 548 oA 400 pl i
1) 1xAnnexin V 25 & 22 b, JFT 1 h Py B ALAG I 240
FAT-%, Ll Annexin V-PE NHEARH5R . 7-AAD N4 Ak F
B DU R A TR oy R T A (Q3 2R 5
AR T A0 A (Q2 G FR) E 4 bh 2 Fi . A 2H 52 90 k37
6,
1.3 Sib20rik

Sk Hl SPSS 24.0 %k 4 i A7 B R 4 M, R H
GraphPad Prism 8. 0 #fF #4748 1 /E &, i &3 BEORHEK
¥ 28 Shapiro-Wilk £ 50 iiF 5245 & IE S0 i, DL axs &
IRo PN SECCBOR I S FEAS ¢ K 3 o SR AL
B, L P<0.05 HESHS % E X,
2 H#R
2.1 Opn5 @OBACRIUE XS Egr-1 1 3RI57481k

SEHF 2¢Ot E 5 PCR 45 R 2 7, shOpn5 4 Opn5

mRNA FH%f £ A5 0.51+0. 04, B i ik T shRNA %
WA, 25 G125 X (1=16.47,P<0.001) ,shOpn5

2 41 B i 0503 Ry (48.30£5.22) % 5 shOpn5 4 Egr-1
mRNA Fi%f 35 5 H 0.46+0. 03, B i fik T shRNA %
M, ZRA 518 L (1=14.91,P<0.001),
Western blot 45 3 il 75, shOpn5 20 Opn5 il Egr-1 25 H
X FEE R 0. 13+0.02 F1 0. 19+0. 03, ¥ B B A% F
shRNA X} HRZH 1Y 1.46+0.03 F1 1.71+0.07, 2 F 4
Gtk X (1=32. 14 87.33,% P<0.001) (E 1),
2.2 & ZH A ARG A T T AR T

CCK-8 #5455 7R , 20 Jf 3% 5 1% 7 B 85 57 B ()
SERC T 4G 5% . shOpnS ZH 41 il 75 J& G J5 48 h B JF 4 &
PR 1 GE A G, ARG IS 96 5 120 h iy 3 A=
A B AL F shRNA XF 4], 2R B A S il E X
(¥ P<0.001) (A 2) .,

15 = hRNA XS 20

shRNA AR 231
= shOpn5 4

XTHRZH shOpnSHl  Jiih:

Opns (@R W [ 41000
Fgr-1 - [ 61000

GAPDH |- | 36000
El 1 &4 Opn5 #0 Egr-1 mRNA REBRIE A2 M4 Opn5
Fl Egr-1 mRNA A X £ 3k K-l 8 5 shRNA X B4 AH 1L, " P<
0.001 (Jh 7 HEAS ¢ K555, n=3) B:4& 4l Opn5 #l Egr-1 YR [ KA
RLPKIE  shRNA:J& % RNA;OpnS: ML E 1 ; Egr- 1 FIH A KX
MR T 13 GAPDH : H- il 8 -3 R i L Aty

Figure 1 The expression of Opn5 and Egr-1 mRNA and protein
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Figure 2 Comparison of cell proliferation activity at different time
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group, "P<0.01 (Independent samples ¢-test, n=3) shRNA: short
hairpin RNA; Opn5: neuropsin
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Tt X 200 A G 0 4 O T DAPI
G BN, &Y )5 72 h, shOpn5
A4 M T & (9.88
0.17) %, i % f= T shRNA X B 2
(5. 44£0.15) % , 22 7 LA 51T
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T o N W) WU 5 (&l 4) .
Opn5 5 p62 [y 3 i R 5T %
W HE Ry (35+6) %, #2 7~ Opn5 fif
G5 B AR bR & 9 1) 2 (8] 3 g
MRARRAET BFNA, mRFP-
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278, shOpn5 21 41 Jfi mRFP 2¢ 5%
5 1Y W A 5O 0
1 22.90+1. 84, 5 % & F shRNA
XTHEZH 9 10.60+0.77 (1= 4. 16,
P<0.01) (& 5) , F W] 7 B AR 5 5 il 0K fh & MG 22 0%
fiff aok R 5, B WAL S PR R PR T

PCR #4045 5% 5. 7%, shOpn5 4] LC3B-TIFI Beclin-1
W AR XS 22654 B 1.82+0. 20 F1 2. 34+0. 27, # 1]
T shRNA Xf B4, 22 R A Gt 2% 2 L (¥ P<
0.01) ([ 6A) . Western blot 45 5 g 7%, 5 shRNA X
MEZHAH L, shOpn5 ZH 20 g 7 LC3- 11 F1 Beclin-1 £ [ A
Xf 3k i B R TR T p62 5 AR N 6 8 1 B B A,
Zm WA E () P<0.001) (1 6B,% 1),
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Figure 4 Fluorescence staining images of Opn5, LC3, and P62 in each group (%200, scale bar=
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(B TA) 5 e 545 R R, shOpn5 4 Opn5 5 Egr-1
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e A5 S A, S A X s AR A0 P (I
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