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: Short wavelengths of light are harmful to the retina, and

photoreceptor cell death is a major feature of retinal
degeneration. Although many experiments investigated the
detrimental effect of glare on retina, it still has been
difficult to draw conclusions due to many interfering
factors, such as environmental circumstances, the source
and setting of light emission, and/or and the differences
between animal strains and sex. To study the morphological
changes of the retina after short-term and long-term
i1llumination, CH7BL/6 mice with both genders and different
ages (8 weeks and 36 weeks) were exposed to commercially
available LED lights (1000 lux irradiation for 45 days,
4500 lux irradiation for 7 days). Cell morphology was
examined by histological analysis and the changes of
rhodopsin, opsin-1, Z0-1, N-Cadherin, Iba-1, PAX6, GFAP and
PCNA proteins in retinal tissue were also studied by
immunohistochemistry. The results demonstrated that lower-
intensity but prolonged LED exposure caused severe
degeneration of cone cells and disruption of tight
junctions and adherent junctions between photoreceptor
cells and Miiller cells. In addition, activated microglia
and Muller cells were also detected in the 1000 lux, long-
term LED illumination group. Furthermore, the course of
retinal degeneration progressed more rapidly in female and
older mice than in age/sex-matched mice under the same
light conditions. Therefore, it can be known from this
experiment that different LED lighting conditions will lead
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to different starting locations of retinal damage, and
damage starting from columnar cells or starting from cone
cells will lead to different disease progression and
pathways of subsequent retinal degeneration.

Retina, Photoreceptors, LED, Glial cells
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Abstract

Short wavelengths of light are harmful to the retina, and photoreceptor cell death is a major feature of retinal
degeneration. Although many experiments investigated the detrimental effect of glare on retina, it still has
been difficult to draw conclusions due to many interfering factors, such as environmental circumstances, the
source and setting of light emission, and/or and the differences between animal strains and sex. To study the
morphological changes of the retina after short-term and long-term illumination, C57BL/6 mice with both
genders and different ages (8 weeks and 36 weeks) were exposed to commercially available LED lights (1000
lux irradiation for 45 days, 4500 lux irradiation for 7 days). Cell morphology was examined by histological
analysis and the changes of rhodopsin, opsin-1, ZO-1, N-Cadherin, Iba-1, PAX6, GFAP and PCNA proteins in
retinal tissue were also studied by immunohistochemistry. The results demonstrated that lower-intensity but
prolonged LED exposure caused severe degeneration of cone cells and disruption of tight junctions and
adherent junctions between photoreceptor cells and Mdller cells. In addition, activated microglia and Miller
cells were also detected in the 1000 lux, long-term LED illumination group. Furthermore, the course of retinal
degeneration progressed more rapidly in female and older mice than in age/sex-matched mice under the same
light conditions. Therefore, it can be known from this experiment that different LED lighting conditions will
lead to different starting locations of retinal damage, and damage starting from columnar cells or starting from
cone celis will lead to different disease progression and pathways of subsequent retinal degeneration.

Keywords: Retina, Photoreceptors, LED, Glial cells
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Table 2. Macular thickness measurements in each ETDRS* region by gender in 220 healthy eyes using Topcon SD-OCT system.

MACULAR REGION MACULAR THICKNESS IN 220 HEALTHY EYES (MEAN * SD)
Males (n=132) Females (n=88) p value for gender difference
¢ 42 ] | Fovea (innermost 1 mm ring) 232.68=21.07 pm 222.87+18.72 ym <0.0001
Inner 3 mm ring
Superior 294.31%20.74 pm 284.88+12.03 ym 0.0002
Inferior 290.85:16.48 um 282.05%10.85 um <0.0001
Nasal 296.88=18.67 um 286.52*+13.61 um <0.0001
Temporal 278.55:26.65 pm 270.08+:16.12 ym 0.0002
Outer 6 mm ring
Superior 249.40+15.04 pm 243.85+10.48 ym 0.003
Inferior 245.46=14.69 um 239.49+11.43 um 0.02
Nasal 271.71£16.03 pm 264.67+12.87 ym 0.005
Temporal 234.26=18.90 um 229.58%12.63 um 0.0007
Mean Macular Thickness (average from all 266+14.20 pm 258.21£10.03 ym <0.0001
9 regions of ETDRS* map

*ETDRS - Early Treatment Diabetic Retinopathy Study [(15).
doi:10.1371/journal.pone.0037638.t002
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B IR Kimre s g X 1P "“‘3[18](%]"-—)

Fe L EL S R RS RE R ET 1R G @ AL R Kl chim e i R
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?%*?Msg)i LED “%1t5 » B & % ¢ outer Segment EHEBPII(RLZ ) m X&) HAkBEiRIE

+ e LED ’%_fé v Rk fw %2 outer segment ;iﬁv:f fegt o @ epd | B outer segment F"*m:é’;l‘;% x
ezl BRI s preb Ay R T, A M R LED kREw Y o AREN A S H we (RGC) I
ke %']tt(vacuolar degenerat1on) om B ik LED kBRIP4 € i = | £ fw¥e outer segment H= &7

450 B ke i3t g A fo il LED kPR e B E - Rep [ Bl o § BT A o B4R
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PIRE B HE e e b 0 (e o B RIRCD BT R R
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Rhodopsin
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FRE - EFROIEDELIE ke RiF c Eig2 £ X wule] &0 H opsin-1 &R A

W3
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W ER) e
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BB Ed | BAprt o OIM edf 2 { 2 BkE » ¥ #2 B Z0-1 B K > 2 0L Y B %
#]* 3] N-Cadherin ¢ adherens junction > @ f# & = &l e %¢ » Z0-1 f= N-Cadherin 7% 48 £
TARF & &2 BLerdBfgp i > £ X o B e %o OLM i 7 P 3] N-Cadherin :u 55 > & 2 L E 8 ¥
s ptebiap R LED Rl P o 3t OPL 2 IPL BLZ T 5 70-14c N-cadherin Bk 5L 1 3 - B &
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n-Cadherin Dapi Merge
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W-- EFF3RRNIEDEEREI IR NP REIH - ﬁéf; [ BEp>B%A LEDET »¥3
§ ¥R kwmre e Miller cell B eng it P ARk » Rm ok it [ 8¢ > 5% & LED %4 ¢ & 20-1
% N-Cadherin eh& mE = "% ¥ T IL¥TEF DAL -

#

AR AR ER TR T AR RATRE S LED Bk B R e F o BLR D2 Pam"oﬁi@ﬁ.
¢ ERP P wmefesikmizICERY 7R cFFFT AP Rk § FRARLS }@"3_:}5 o R kmee
1 rhodopsin € wfefe k3 » m i s hk I R kime (S ¢ A4 k3 P Rk ‘m”e,’%;— [187 >
Hempd £ ankor g4 ROS e # { 5% [19] ) Horg s chg Rwiedp gt o kfek £ { 5 f£[20]
[21] > thuv 2 #h o AR f PR E AR B LR - R ﬂ@\ﬁw\gz“iiq%%
BAE4] daRpEn? > R E R TR RT3 42424530 rhodopsin # 36 & gz > TE M 1 -
¢h phototransduction cascade ¥ & 2 § it B4 [22] - 41k ' %2 ch outer segment ¥g'E et g % 'me >
= q,\,lﬂg- e@mﬁwmﬁ B P WD e A o Contin & A eFF 3 ¢ 4R D] 0 AR G s F e
Wi A A BT AR ERIFR SRR R[] AAFL Y o BB AP HR MG R HLED 12 AR
.spwm mﬁr&ﬂ%,&m”e“ﬁe TOBEEAL o AR MR R S d B ke B AL R Ak T i
Moo SEAEAS AL T EE Y PPEGS TR LRAT THA T R o G RPE6S ) BRI 0 4R e il 36
¢ ¥ % j&_inner segment ¥| outer segment Eﬂs\ﬂiﬂ‘x Feo @ JeaRARGE Bov e B8 i (mistrafficking)
fofg B [23] 0 2 b & RPEGS ) BUAR WY LB T 4R 30 hnRNA 2 LB A F T % > @ rhodopsin
mRNA # BE Pl P Bgec % [24] o Zhang % A chF % ¥ & B I & RPEGS v LRAT & #4319 >
apo-rhodopsin & 5] ¥ PR RN 0 AR e aid IL,T};}E g [25] AT AT T
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Apienid & o A 1000 lux LED s w)@ o 48Kk e chi® it i B v 4k w92 { $ - Retinoid isomerase
(RPE65) f= lecithin-retinol acyltransferase (LRAT) ¢ % 2248 % 5cd % + A (retinal pigment
epithelium, RPE)“ mll cisretinal #% » 57 AR RRF L ERRTEHP P dr- P H L #p
# 11-cis retinal # £ € 318448 39 7 & ¥ R & f- cone-opsin *#f% > ¥ 1l-cis retinal #¥*
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