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[ Abstract] Melanopsin (OPN4),a G protein-coupled receptor, is spectrally sensitive to blue light at a
wavelength of 480 nm and is the third type of mammalian photoreceptor in addition to optic rods and cones. OPN4 is
primarily located in the dendrites and cell bodies of intrinsically photosensitive retinal ganglion cells and projects
received visual signals to non-visual regions of the brain. OPN4 plays an important role in the body by participating in
the circadian rhythm and regulating sleep, melatonin release and alertness. In visual development, OPN4 plays an
important role in the light reflex of the pupil, the regulation of dopamine synthesis in the retina, and influences
refractive development and myopia development. However, the role of OPN4 in inhibiting the development of myopia
and the role of dopamine in melanopsin-mediated photoregulation are still controversial. In future studies, observing
whether there are different regulatory mechanisms of OPN4-related cells involved in visual development may provide
new ideas and methods to control the progression of myopia. This article reviews the recent research on melanopsin’s
role in visual development from three aspects:its relationship with visual development, its relationship with circadian
rhythm, and its involvement in regulating retinal dopamine.

[Key words] Melanopsin; Circadian rhythm; Dopamine; Visual development

Fund program: Nankai University Institute of Optometric Sciences Open Fund Project ( NKSGY202309) ;
Tianjin Eye Hospital Science and Technology Fund Youth Cultivation Project ( YKPY2201); Tianjin Key Medical
Discipline ( Specialty) Construction Project ( TJYXZDXK-016A)

DOI:10. 3760/ cma. j. cn115989-20220528-00255

+ 567 -



- 568 - pAESI IR B 2 AR

2025 4F 6 H55 43 %55 6 ]  Chin ] Exp Ophthalmol, June 2025, Vol. 43, No. 6

PR AR RS A i - IE G S FRBER R 4, 70 o L5
T R LS LR 1 (R SRR LR ) Y LR
AEAE TP 20 MO AR AT 20 1, 5 0 IR 52 Ol R 8 e A G5
T AL 58 1 A9 P R b 2 2 1 Rl 4% A L 5 L 1 T A I B S
AR AR R B S 08 B AL O S R B
Forb PR RN R SR AR S 5 B A A Y I
W R AR R R R R A FEMRBR R b R R A
2 5 ALY X G B R 5 A R L e A 5 L R T i Ol &
AR R TR . A SR R R A
ARG TIE T BOIR E AT 25 08 L LASUY O B 480759 A8 9 5 40 58 2 & AL Y
MRER—FESF .

1 AEREAREENXE

MBRR, B UES, E—FOLO R, W 1EH MK+
W s B, I 26 Wl L 3l i R B 22 5 40 i eR R E T iE
BT TR LS B RO R AN M AN 8 A5 3 RO AR .
R O JE oA 3 AR X W R R 3 B RIS N R 5 AR R R
R 5 5 1 L I S R B R A FLBh
AR RGN RE M BT T RUR R G, 720 T 3 Y 0 A 5 %
B A AT A0 BB R RO, — B A R RS,
HAMBREDRIEMAE 1.5 d 2642 8.6 J& i B 7E 4L 7 it
FFUG 235 5 T R AL B R G 0 S B BE 0, L TR AT Uk 37/38
JH L2235 0L 2R 2K L B B 28 95 46l ( melanopsin-expressing
retinal ganglion cells, mRGCs) §t23 )i 2l % fil J5 #f 42 70 175 5 12
B FE DR (o-fos) X5 B IR0 S T R B 36 T L A B
S % 1 A7 AR 8RR O R 1 A A L, FE L R 3R R R /DN R B A
PO A 28 70 T LR P R AR R TR A K, ) BRER B A
o A i R A

R AT i mRGCs #7158 0L & & AL, mRGCs 7] L)
B G I B, Ao 7T LI Sk SRR A 4 32 6 IR A A S Y
G Ml A, I 5 2 LI BE G %A B VE . Chakraborty 451"
T gk 7 W R R R B /S BB B, e 5 A AL RURE LG
ANRTER R R MRS 4 B R AL, 16 J i 3 0 R R,
B 22 B i A ™ K S, R B IR A R L R R 5
1B 3 2 OB IEH DGR E 0 R R BE O R £ B R S 1%
o Zheng %A S I V5 T AT ML IR BRLASE T o 3o L 3R AL
T 900, W4 B W0 3R 00 I A R R B R B R R L 4R R B
AT R A A T B, AR PR R A AR T, 2 5 ML R
Ji& ; Stone 213 3 B AR A B WL HE A (8 53 W G L) L W
ZEHL R I 2R 1 BRIk 2% b LS R mRNA 3235 19 5 4219
Ak, R B RZE mRNA (19 B 51 A I 2l 30 B As s 2k E
WA R R AR S R B R R A W B R A A, AR E L T AR
T 5 I R I I — ok 2% 11 5 3 B 2 5 R A A K R R 4 T S
JEEATER R R . M2, X g R R R R 2 5
TR R, B 5 2R HLEA ¢, X JE 6 & F FL kR B A
FEAEM . SR, Liv 2l sh WS s KB, R RS SR
e A0 IR A 24 5 4 9 (intrinsically photosensitive retinal
ganglion cells,ipRGCs) A I A R FHH R . TEIEH M

AT T AR F O i 2 T BOL L D6 AL 16 i R A, AR Bl
ApJ, WCTIT AU ) A A S o G B 22 e Y T A PR R L 5
FEAE Ty ¥R 25 28 5 A T T 38 R R R BRI 5 # 3F i 7
SR RIS IR AL . MR R SR TR CR B, HM
FRF T RE A5 ) ) 20 3 WL A R, B R — P T

2 YRFREBEEAVTERTERSMARLE

B HIRIES YN T E N A R A AT O A b
I R A T B A O R A e £ I B - 5 R
AT RARAS S TE M2 B R AR P94 W 0 I R e E B
REJT R — R AEAL . B B IL T T3
FrA B AEBRNAT R DT RE AP, N2 Y B T A R e IR A SR
R BT A 00E B 1 A R O 2418 b {H B % A7 % 1Y 3
K JE G, 5 W ST HE R 2B 0 B 3 — R B R RS
S o B R N B I AR R SR U R L A
BNRZ D 40% AESCR B ES S TG BASE BB H R
G210 BLE IR W LE MR BR A A v MR R B Ik 46 M R AR
Pt e >

Ay TR R - B R BRI LR, S — AR ST
B L 5, el J8 B 3 B (PERI (PER2 \PER3) Fl R 78 8 % TIM |
CLOCK .BMALI( X % MOP3 & ARNT3) £ i ') . i [ Ji
o AL B A A AL IR 43 T (S ) 55 MR R T A N JE O & B
ZiEok ™, Stone /N BRI M I HL 88 BMALL 3 [H i bR
Je , /NBUE AT G EE B IR Bl K B R s AR, SR LK
AINHR DR UE BH A 9 b 52 i 4 i IR & B IR AR . TR SR SR
Mt AR GESEIERT ), & B4R XS AR Sl A= 4 Fn A 5 -, &
B i 2 JE 8B 7 0 A (CAno /) 2 SOIR 3k S 8 AR KR D
RIEH KR,

MR R G M & A VLS 090 Ak 221 4 B 21 A, 2 AT
VIBOEAE 5 B #2028 ipRGCs SR Z B2 . BT A
FEBW BN TR A, e EE R RNk A
ipRGCs M5 A, 8 &5 7 %l 58 K I B e 2 1R IR 1 R B Ak T 38 0
PO 2 2 I Ok 981 S 42 T AT . Bertolesi 45 0 78 AR Y TUMES )
AN E LB 1 % BT 2 il k00 S R R AN B, 4 8 R K - i
Fl mRGCs AR B 22705 20 Jfg SUAR 96 5 B I R 3 & & A
FegetE N AIRZ BB 2 o A LA R RE B I 43 o M M2 M3
M4 1 M5 Jk S Fh AT M R A 2 6 TR T I K R o
I EE G B RT A h kBRI L S IR T
Mo SRIRK S WL KA A LR &R 8 2 0
K 85 6 BUR T 480 nm SR LM Ca™ Py I LA SR
oMW E S o TR AL, & A B E 1) ipRCCs 415 B L
AHZE S A A R A 0 T R/ ot R A AR i T 5 A
)% 5% DX A 0 A0 A% . Hirb AR RO RS S R L
B B A X A%, X R B T A e s R KUY s
FZ2H5 T HRERABERTHRENG®E, WEBRTHEXES
HORER T AR ME SN IEN &R, R BRI A s Y s
BT A A BT B L S e R B AT 4



e St EG IR B 2L Ak 2025 4F 6 H 5 43 4555 6 ] Chin ] Exp Ophthalmol , June 2025, Vol. 43 ,No. 6 . 569 -

3 ARFATAMBRESBRENEH

% I Jie 2 W IO J o i — o 23 L TR IR BR B (S
SRR T A R, Z A S F 2k, Ko
D1.D2 D4 D5 7690 i 2 1k, JLF 47 76 T WL I [ 7 A 2% 20 i
BT L WA S R S A2 vl R R e SR
O B B A A A 2R R T T 2 K O A S e b
55 MR B A X B FE AR i AR P R I
22 1L B T I 5 40 D, K 5 i 42 AR T JBE R 3 0 1 B A
M1 % ipRGCs 9%l 56 52 5 2 2 e R TE K € 40 0 3% 4% , 9% 16 A
MR B 5 7 00 190 A U2, AT AR R e e E Y, 2
Pt B T 1 2 200 3 k5 i O ok % 3 B R 6 il ) 2200 TR 2 1
e B 2 O e G A PRI 1Y £ M ST TR K R
— RO, V8 5 K S 40 b 6 % A A R % 1A % U 4
M4 40 () 0 3 0 3 Y £ I M S A T T X s
ipRGCs A2 [k D2 52 (R AE JT, 2 i o 42 v 90 22 % i %
7J( S7. [36] R

Zhang %1774 L 2 B BR /N B 0L 0 1B 22 g i b 22 T
FRAC/N BHEAT 25, X U5 AR/ BUMN 28 98 HE A7 Hi A ARSI SiF
W] T % [ e it 28 96 %0 6 F B oL S 4 T 0L SR . Dkhissi-
Benyahya 45 ) 403 [R]RETIE W40 190 [ £ 43 7 165 4 2y B 1 22 B2 e
W BB ERGEENER T, R REE WML
B A R PER1-PER2 (936K . AT, B4 BF%E %, £ 12
e 2 5 W9 6T T 3 SRR T A LR A0, R XA S
BEARLE WS Hilt, MERREFRESRS ZO%S
JR I i — A

4 NG

ik R AR -l O AR LSS E 1, S 5 AL X
B AT 2 UL % R, O R AL R BT A
A F — R R PR A RIEBETE R, LR R T I 2
MG a2 5 R, BXH e A S8,
T Ji 256 30 W JE8 S A 2 ), DRD w28 B e ) e 3 o T R
WIECRE . A, LR R AL R R R £ kS 5 R
FOLR B B B R AF 7, & B — 2 it . 54
SRR, L SRR SRR A S SRR E =S
AEAEASTR] (9 98 22 AL, T S 42 il 3 40 R 4R B 9 AL g A
ik e
Pl AR 2 A7 4 R

£ % 3Lk

[ 1] Bellingham J, Wells DJ, Foster RG. In silico characterisation and
chromosomal localisation of human RRH ( peropsin ) —implications for
opsin evolution [ J/OL]. BMC Genomics, 2003,4(1) :3[2024-09 -
20]. https://pubmed. nchi. nlm. nih. gov/12542842/. DOI. 10. 1186/
1471-2164-4-3.

[2] Upton BA,Diaz NM, Gordon SA et al. Evolutionary constraint on visual
and nonvisual mammalian opsins[J]. J Biol Rhythms,2021,36(2) :
109-126. DOT:10. 1177/0748730421999870.

[3] Liebert A,Pang V,Bicknell B,et al. A perspective on the potential of

opsins as an integral mechanism of photobiomodulation;it’s not just the
eyes [J]. Photobiomodul Photomed Laser Surg, 2022, 40(2):
123-135. DOI:10. 1089/ photob. 2021. 0106.

[4] Sheng Y, Chen L, Ren X, et al. Molecular determinants of response
kinetics of mouse M1 intrinsically-photosensitive retinal ganglion cells
[J/OL]. Sci Rep, 2021, 11(1) : 23424 [ 2024 - 09 - 20 ]. https://
pubmed. ncbi. nlm. nih. gov/34873237/. DOI. 10. 1038/541598-021-
02832-9.

[5] Tam S,Brown LA, Wilson TS, et al. Dim light in the evening causes
coordinated realignment of circadian rhythms, sleep, and short-term
memory [ J/OL]. Proc Natl Acad Sci U S A, 2021, 118(39) :
€2101591118[2024-09 - 20]. https://pubmed. ncbi. nlm. nih. gov/
34556572/.DOI1:10. 1073/pnas. 2101591118.

[6] Ksendzovsky A,Pomeraniec 1J,Zaghloul KA, et al. Clinical implications
of the melanopsin-based non-image-forming visual system [J].
Neurology, 2017, 88(13) 1282-1290. DOI. 10. 1212/WNL.
0000000000003761.

[7] Provencio I, Jiang G, De Grip WJ, et al. Melanopsin: an opsin in
melanophores, brain, and eye[J]. Proc Natl Acad Sci U S A, 1998,
95(1) :340-345. DOI.10. 1073/pnas. 95. 1. 340.

[8] Sekaran S, Lupi D, Jones SL, et al. Melanopsin-dependent
photoreception provides earliest light detection in the mammalian retina
[J]. Curr Biol, 2005, 15(12) : 1099-1107. DOI. 10. 1016/j. cub.
2005. 05. 053.

[9] Kevany BM, Zhang N, Jastrzebska B, et al. Animals deficient in
C20rf71,an autosomal recessive retinitis pigmentosa-associated locus,
develop severe early-onset retinal degeneration [ J]. Hum Mol Genet,
2015,24(9) :2627-2640. DOI;10. 1093/hmg/ddv025.

[10] Allen AE,Storchi R, Martial FP, et al. Melanopsin contributions to the
representation of images in the early visual system[ J]. CurrBiol 2017,
27(11) :1623-1632. DOI:10. 1016/j. cub. 2017. 04. 046.

[11]Rao S,Chun C,Fan J,et al. A direct and melanopsin-dependent fetal
light response regulates mouse eye development [ J]. Nature, 2013,
494(7436) :243-246. DOI.10. 1038/ naturel1823.

[ 12] Dumitrescu ON,Pucci FG,Wong KY , et al. Ectopic retinal ON bipolar
cell synapses in the OFF inner plexiform layer: contacts with
dopaminergic amacrine cells and melanopsin ganglion cells[ J].J Comp
Neurol,2009,517(2) :226-244. DOI.10. 1002/cne. 22158.

[ 13] Chakraborty R, Landis EG, Mazade R, et al. Melanopsin modulates
refractive development and myopia[ J/OL]. Exp Eye Res,2022,214:
108866 [ 2024 — 09 — 21 ]. https://pubmed. nchi. nlm. nih. gov/
34838844/. DOI:10. 1016/]. exer. 2021. 108866.

[ 14]Zheng W,Chen Y, Zhou X, et al. Regulation of retinal melanopsin on
lens-induced myopia in guinea pigs[J]. Optom Vis Sci,2020,97(7) :
489-495. DOI:10. 1097/0PX. 0000000000001529.

[15]Stone RA, Wei W, Sarfare S, et al. Visual image quality impacts
circadian rhythm-related gene expression in retina and in choroid: a
potential mechanism for ametropias[ J/OL]. Invest Ophthalmol Vis Sci,
2020,61(5) : 13[2024-09~-21]. https://pubmed. ncbi. nlm. nih.
20v/32396635/. DOI:10. 1167/iovs. 61.5. 13.

[16]Liu AL,Liu YF, Wang G, et al. The role of ipRGCs in ocular growth
and myopia development [ J/OL]. Sci Adv, 2022, 8(23) : eabm9027
[2024-09 - 22 ]. https://pubmed. ncbi. nlm. nih. gov/35675393/.
DOI:10. 1126/sciadv. abm9027.

[17]Patke A, Young MW, Axelrod S. Molecular mechanisms and
physiological importance of circadian rhythms[J]. Nat Rev Mol Cell
Biol,2020,21(2) : 67-84.DOI.10. 1038/541580-019-0179-2.

[ 18] Czeisler CA, Duffy JF, Shanahan TL, et al. Stability, precision, and
near-24-hour period of the human circadian pacemaker[J]. Science,
1999,284(5423) : 2177 - 2181. DOI; 10. 1126/science. 284. 5423.
2177.

[ 19]Ruby NF, Brennan TJ, Xie X, et al. Role of melanopsin in circadian
responses to light[ J]. Science, 2002,298(5601) : 2211 -2213. DOI;
10. 1126/science. 1076701.

[20] Ciulla L, Moorthy M, Mathew S, et al. Circadian rhythm and glaucoma:



- 570 - pAESI IR B 2 AR

2025 4F 6 H55 43 %55 6 ]  Chin ] Exp Ophthalmol, June 2025, Vol. 43, No. 6

what do we know? [J].J Glaucoma,2020,29(2) :127-132. DOI; 10.
1097/1JG. 0000000000001402.

[21]Yi JS, Diaz NM, D “Souza S, et al. The molecular clockwork of
mammalian cells[ J]. Semin Cell Dev Biol, 2022, 126 : 87-96. DOI;
10. 1016/j. semcdb. 2021. 03. 012.

[22] Chakraborty R, Ostrin LA, Nickla DL, et al. Circadian rhythms,
refractive development, and myopia[ J]. Ophthalmic Physiol Opt,2018,
38(3) :217-245.DOI:10. 1111/ 0po. 12453.

[23]Stone RA,Pardue MT, Iuvone PM, et al. Pharmacology of myopia and
potential role for intrinsic retinal circadian rhythms[J]. Exp Eye Res,
2013,114:35-47. DOI.10. 1016/j. exer. 2013. 01. 001.

[24]Stone RA,McGlinn AM, Chakraborty R, et al. Altered ocular parameters
from circadian clock gene disruptions [ J/OL]. PLoS One, 2019,
14(6) : 0217111[ 2024 =09 - 22 ]. https://pubmed. nchi. nlm. nih.
gov/31211778/. DOI:10. 1371/ journal. pone. 0217111.

[25]Nickla DL. Ocular diurnal rhythms and eye growth regulation ; where we
are 50 years after Lauber[ J]. Exp Eye Res,2013,114 : 25-34. DOI.
10. 1016/j. exer. 2012. 12. 013.

[26]Bertolesi GE, Hehr CL, McFarlane S. Wiring the retinal circuits
activated by light during early development[ J/OL]. Neural Dev,2014,
9:3[2024 - 09 - 23 ]. https://pubmed. ncbi. nlm. nih. gov/
24521229/.DOI.10. 1186/1749-8104-9-3.

[27]Hattar S, Liao HW, Takao M, et al. Melanopsin-containing retinal
ganglion cells: architecture, projections, and intrinsic photosensitivity
[J]. Science,2002,295(5557) : 1065-1070. DOT: 10. 1126/science.
1069609.

[ 28] Palczewski K, Orban T. From atomic structures to neuronal functions
of G protein-coupled receptors [ J]. Annu Rev Neurosci, 2013, 36 :
139-164. DOI.10. 1146/annurev-neuro-062012-170313.

[29]Martin JT,Pinto J,Bulte D, et al. PyPlr; a versatile, integrated system of
hardware and software for researching the human pupillary light reflex
[J]. Behav Res Methods,2022,54(6) : 2720-2739. DOI: 10. 3758/
s13428-021-01759-3.

[30] Kusumoto J, Takeo M, Hashikawa K, et al. OPN4 belongs to the
photosensitive system of the human skin [J]. Genes Cells, 2020,
25(3) :215-225.DOI.10. 1111/gte. 12751.

[ 31] Witkovsky P. Dopamine and retinal function[ J]. Doc Ophthalmol 2004,

108(1) :17-40. DOI:10. 1023/b : doop. 0000019487. 88486. Oa.

[32] Grimes WN. Amacrine cell-mediated input to bipolar cells ; variations on
a common mechanistic theme[ J]. Vis Neurosci,2012,29( 1) : 41-49.
DOI:10.1017/80952523811000241.

[33]Prigge CL, Yeh PT, Liou NF, et al. M1 ipRGCs influence visual
function through retrograde signaling in the retina [J]. J Neurosci,
2016,36(27) : 7184 = 7197. DOI. 10. 1523/JNEUROSCI. 3500-15.
2016.

[34] Hirasawa H,Contini M, Raviola E. Extrasynaptic release of GABA and
dopamine by retinal dopaminergic neurons[ J/OL]. Philos Trans R Soc
Lond B Biol Sci, 2015, 370(1672) : 20140186 [ 2024 - 09 - 22 ].
https://pubmed. ncbi. nlm. nih. gov/26009765/. DOT: 10. 1098/ rsth.
2014.0186.

[35] Hayashida Y, Ishida AT. Dopamine receptor activation can reduce
voltage-gated Na* current by modulating both entry into and recovery
from inactivation[ J]. J Neurophysiol,2004,92(5) :3134-3141. DOI;
10. 1152/jn. 00526. 2004.

[ 36]Sakamoto K, Liu C,Kasamatsu M, et al. Dopamine regulates melanopsin
mRNA expression in intrinsically photosensitive retinal ganglion cells
[J].Eur J Neurosci, 2005,22(12) : 3129 -3136. DOI; 10. 1111/j.
1460-9568. 2005. 04512. x.

[37]Zhang DQ, Belenky MA, Sollars PJ, et al. Melanopsin mediates
retrograde visual signaling in the retina [ J/OL]. PLoS One, 2012,
7(8) : e42647[ 2024-09~-23]. https://pubmed. ncbi. nlm. nih. gov/
22880066/. DOI:10. 1371/journal. pone. 0042647.

[ 38 ] Dkhissi-Benyahya O, Coutanson C, Knoblauch K, et al. The absence of
melanopsin alters retinal clock function and dopamine regulation by
light[ J]. Cell Mol Life Sci, 2013, 70(18) : 3435 - 3447. DOI: 10.
1007/s00018-013-1338-9.

[39] Cameron MA ,Pozdeyev N, Vugler AA, et al. Light regulation of retinal
dopamine that is independent of melanopsin phototransduction[ J]. Eur
J Neurosci, 2009, 29(4) : 761 = 767. DOI. 10. 1111/j. 1460-9568.
2009. 06631. x.

IR F 91 :2024-10-10 £ 11 H 1 :2025-05-12)

(AR SCHm R X4 e )

W - AR - g

AFIR S PG T A B R

WEFEAE SCANAT it AT B I 200 G032 23 BT B9 WS 28, 7 ik B 20 SR A GE 127 O 16 A A3 , S 0 738 7 DAy B A% IR 37 472 3t )
AR B YORHA BT (AN RO YR BT BB R B3Rk U5 30) 2 A REAS T B IR YRk LE A A A 0 TR B 4 B % 22 5%
PEAG I U5 1 W A4 B8 52 ) 3R BT O vk e 5 2 MRS B G 3T ik CAnES A et sl it e Bk A A ik IERR i) 5
G BT AR B eI 5 ik B FR (I ¢ K 38 7 25 50 A7) L RS K v o 0B 5 25 S0 A ST BT I 0 AR A B TR K B TR R BT e IE
B 7 1, AN LT B TR R O 25 a0 A o SR AR ik Dl U ik B AR 0 55 () B e I I A 30 % 7T B ST S e A [T U 3 A R
o5 , AN E R B T H A OC I3 BT o GETT 2 A9 A6 38 /K M3 42 B Dy XSUOI A 36 s SR M A 36 o 38 SC A5 SR B 40 ) e 024 20 B 9 22 /T AW
LI B R R I

G475 12 R AT GB/T 3358. 1-2009/1S0 3534-1: 2006 48 124 1l 1L S 475 5 ) A R ME , STt 447 5 — HER T ARMA, inke
AAE s PO BT SESCRMA RS MO AEAR BN ARER TSSO o0 SR SO/ o, F S A SCRS F R 75 K5 il Ay 3C
INE X R R BN IESONE r, BT O R BUN r W08 RBUT R, A B A SUNS v R ECRS PR 5 A o
GET 2 AR g B A 8 R N LU L B L S R 2 T 22 S AT SR o R SR 3R U5 i TR X b2 R 2 S B R 3 T (AR R
FVE) B R o WSS 2 A 2 R ARB R A G AR I B E A P ELAY BB I RE SR AL P (BB BB I, 0 TR e i
PRI AN o F 5 0 RS RS R B R R B RS ) 7 4 2 R B 5 R A TR B i 4t 959% AT 5 IX
[ (o).

(AT i 413





