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Photobiomodulation Mediated by Red and Infrared Light:
A Study of Its Effectiveness on Corneal Epithelial Cells and Wound Healing
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In this study, we have investigated the effect of photobiomodulation (PBM) on corneal wound healing, using a low-power light-emitting diode (LED)
at different wavelengths. We found that LEDs with wavelengths ranging from 623 to 940 nm had no significant cytotoxic effects on corneal epithelial
cells. The effect of PBM on promoting cell migration was analyzed by scratch assay, and it was found that PBM at 623 nm significantly increased
cell migration and promoted wound healing. Furthermore, the expression of genes related to cell migration and wound healing was analyzed, and
it was found that PBM at 623 nm upregulated the expression of the genes FGF-1 and MMP2, which are known to promote cell proliferation and
extracellular matrix degradation. These findings suggest that PBM with low-powered light at specific wavelengths, particularly 623 nm, could be
utilized to treat corneal injury.
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Zha vl 0] 7V HRE ZoR, Zuhg BEshe &
9] )52 s &H 02 AEES Aol HHE A5
o}z 4w 24e 222 430 o8] A WAL 4 9
s}t ol 74 A9 A0l mZo] A& SR,
ol %, BE R4, o2, 33 52 SUST AH B
olo] Al Bgolt 7R OR olgh zhure, Zhuelzt e
P WA E, ) olvt ol AWEE Y
of 71857 eAEE ZutEeow Qg AEAE A2
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Zyut Ayl o] A 7F A]fEE B9, epidermal growth
factor (EGF)x= 41 A2 9 714 -G HA| oA 4t 3+
< S 8t opye} g B2 Y (fibronectin) A/8< A=
Sto] A3} o] 52 AT, &ato] gt Wk o & -1
I TNF-a2} 22 954 Ale]E7Rlo] W= 1 hepato-
cyte growth factor (HGF), keratinocyte growth factor
(KGR} 22 A= FAFHY, [nsulin-like growth
factor (IGF)%} transforming growth factor-beta (TGF-p)
= 7133 9 Ao A2 o] Eote} S A5t v
S AS A AR 4TS B AG BPS ANGE

Photobiomodulation (PBM)2 &4 mto] 7FAgA
9 24 AHEHS 7|Hto 2 FUS A3 TR RAL
st} Q29 7152 A=, A 2 ABA71= A 2o g
FH= FojdEt. FAg 9 ZHYHA2 Alx ff nEZE
ool A Z-85l= cytochrome ¢ oxidase (CCO)e} T2 &
2 EALo] =% o] adenosine triphosphate (ATP) g
A& Z7HN71I A E9] AR S-S SHAZIH . PBM ]
Y WY 2470 JA AHE X6 5 2 352 &
Shshe B} Qe Ao 2 HIE

| Qb A= RS, vl B 7] 5l (meibo-
mian gland dysfunction, MGD)9] M2 AaHOZ
intensive pulsed laser (IPL) At&o] &7}sfar QUi
IPLZ 2Rl 7|84 == BrlE 985t i, =7
E 89 s|RZERI0] E5Eo] FH 51 A5E TR
Ao LEAQ A 7o o] "t FH Aol TEH,
A& B9 PBM BIE o83t A 2HE A|ZF A (cell
proliferation) & A|3Zo|5(cell migration) &A1, 417 A AY
, AR AA T oSS HAUSE S5 A A J
S 24T 4 e Aoz yepdohB M Ty Zat AR X
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2.1, M= HHQ¥

2 AT BAEAE A4 3871388993 A9
£ AL A1 5US ol AP AHSAHS: PO1-
202303-02-001). Human corneal epithelial (HCE) A|x%
+ American Type Culture Collection (ATCC, VA, USA)
O 2 HE gttt A2 vieF 8= corneal epithe-
lial cell basal medium®l corneal epithelial cell growth
kit (apo-transferrin, final concentration 5 ug/mL: epi-
nephrine, final concentration 1.0 uM; Extract P, final
concentration 0.4%; hydrocortisone hemisuccinate, final
concentration 100 ng/mL; L-glutamine, final concen-
tration 6 mM; Rh insulin, final concentration 5 ug/mL;
CE growth factor, final concentration 0.2%)2} 1% peni-
cillin/streptomycin (100 U/mL penicillin, 100 mg/mL
streptomycin), 183 YA Z penicillin-streptomycin-
amphotericin B solution (final concentration penicillin:
10 units/mL, streptomycin: 10 ug/mL, amphotericin B:
25 ng/mL)& $7}5t9] complete medium & THEo] A}
£3513oH, AlZE 37 €, 5% CO, 5 G704 vigs
Aot BE NZESZ ATCCoA AAZE Z2EFC| ot A
tufrS 2Pstlon, AHuiG Aol primary AlZ-§
trypsin-EDTA (0.05% trypsin; 0.02% EDTA)E A& 5}o]
=271 3 trypsin neutralizing solutionS 715k0] A3
O] &4 9, B Aol MEZEE 800 rpmOlA 20 TZE
5+ B WA BHAIA okl A7 Al aiA] D -
7H29] A|FE2 W5 ATCCOlA] ufisto] AR8-atTE Al
9] g2 A3 e A o] whet 24-well plate T 6-well plate
o 247+ 5 x 10" cells/well, 2.5 x 10° cells/mL9] HE&

2R,

22. 3¢

Aslo] AR-E LED (Solis® high-power LEDs for mi-
croscopy; Thorlabs Inc., NJ, USA)= §4 oHgo] 24zt
A =623, 660, 740, 850, 940 nm= |10 g2toto] 24~
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well plateol] A=At ZF AP x40t} 24-well plate?]
R A upAa S 14ske], @Y welloflvt LED7F &
ATE| =& 5T}, 24-well plate dh5-ofl&= ZETHO] Q= Al
A(PD300-MS; Ophir Optronics Solutions, Jerusalem,
Israe)E AAoto] vpAT S BT FFS S5, A=
Alzof] RAFstE E LED 2E9 S dAsHA sttt
AAG A = ol4kalgta A 32ulg7](Forma 371; Thermo
Fisher Scientific, MA, USA) Wol AX|sto] A9 & A3
740l FAEES sHAtHIH 1(a)l. LED 27 BE9] &9
ZA04 £8 AFEZLS AHE20|E|(USB4000; Ocea-
nlnsight, FL, USA)E AH&-ste] S4sdH1H 1(b)l. Ze
Aggo) A LEDS] F oflvA] %2 3-10 J/cm® HL]A
EA i

23. NMEM=E =4

M| REE-L FZ-Cytox kit (DaeilLab, Seoul, Korea)&
Argsto] Akl 1t AokSls AlZe] gaa
A4 (dehydrogenase)® water soluble tetrazolium salt
(WST)E ¥hg-A1#, 232 A9] =84 Z 20 (formazan)
o] YAH= ¥ FTFEE EHoto AlZ HEES 574
sl 94, HCE M EZZ 24-well plateol(5 x 10* cells/
well) Al (seeding)otl 24417t 57t BIFAIA o] FabH
AZ RIS thg, HCE Al &of] ML = 623, 660 nm) ¥ &
9] LED (A = 740, 850, 940 nm)Z 5 J/cm?, 10 J/cm*9]
ouA= FAFSEAL, 24413 52t 37 T, 5% CO, ¥+ #<
71014 72 aigstelet. o2, vigHl 2t well G EZ-
Cytox &8 100 ul¥ H7IgE H, 4A1ZF 3 F712 v
(incubation)stth. FBEE S4o] 4, 18 J= REH
Al £ & microplate reader (Epoch; BioTek, VT, USA)
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£ 0]-&5to] 450 nmollA FFEE SHSIUH AxE AEE
< G RARE oHA] g2 159 8% FAE VISl E jH A
o H|-& ZEo = AAlSHT

2.4, NEO|S &%

HCE MZZ 6-well plated] 2.5 x 10° cells& £F3}0]
247t B9 ¥R ok, e EE 200 pl T9 9
F2 07 vbzo] A9 GYSoR gt AlZH FYgo & &
2 dUsHA AZ HFeE Fojdrh. FHollle FHoA &
el Al Zz2ZH(cell debris)> WA AAE &3l 2HAHA
AAsHL, L Q5H "ozl YA Al2s EIF A4S
2]4]9<=(phosphate-buffered saline)& ©]&3slo] A|Zgt
T, A = wekgict, ojuf, AT A (scratch)® F919
AM|EZE Olympus CKX53 @773 (Olympus, Tokyo, Japan)
< &l 40x Hi&olA s 7k o]-&sto] AbRl &
g3t o]F, AT A H A X 2. 2404 AAH v} -2
F A 270 =E3AZ] F 24417 59t F7F (37 °C,
5% CO,)staL, AlxEolso] 18P ou|A & A7]|er 22 =1
o2 Ao g FYgitt

2.5. Real-time PCR

ZF 3P o AP Aol E9] ojHgt £ Wd] 7
S t|AE=RE FAFSHIAL, real-time polymerase chain
reaction (PCR)}Z F3sto] #d F-AA] LHS £451%
ok 6-welloll HiFE A|zo] 44719 Alxols AEZ 3Tt
%, RNeasy kit (Qiagen, MD, USA)E ©|-&5}of mRNAE
25t 225 mRNA 1 puge PrimeScript™ RT Re-
agent Kit (Takara Biotechnology, Tokyo, Japan)2} A%
ApollA] AAgE T2 EFO| ubet cDNAE &35kt g4
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Fig. 1. Representative picture of the experimental setup and emission spectra of light-emitting diodes (LEDs). (a) LEDs were irradiated to the
24-well plate from the top and a single-well-shaped mask was fixed on the top surface of the well plate to prevent LED light from being irradiated
to adjacent wells. The power of LED light transmitted through the mask was measured with a photodiode sensor to derive the amount of light
energy irradiated to the sample. (b) Normalized spectra of LED light sources.
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cDNAE A2 2 Power SYBR Green PCR Master Mix
(Applied Biosystems, CA, USA) Al2F7} &35} Quant-
Studio 3 real-time PCR system (Applied Biosystems,
CA, USA) 71715 0|83} real-time PCRS 4333t
4 Avks 27T method 2 A2l rAgo 2 AAE S
o, 7PAFAAHhousekeeping gene)ZA1 9] glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH)2] &S o
ZF 02 A5t FFsKHnormalization)E 4385199t B
Z F7d2ol| gt ol (primer) g = 3 10] UERHTH

2.6. 34 Xz

H A3 9] glo]E+= GraphPad Prism 5 (GraphPad, CA,
USA)E AH&sto] E4= o, Add3k= 5542l 39HE
Ao H+ + FFHAE YElt 115 719 Aol= un-
paired two tailed t-test H<S o]83ato] FoJE B4t

Table 1. Primer name, sequence, and target gene used in the present study

Name Sequence (5' > 3') Target Gene
hGAPDH_F accccttcattgacctcaac GAPDH
hGAPDH_R cttgacggtgccatggaatt

hIL-1a_F ggtagtagcaaccaacggga L1
hIL-1o_R cttcatcttgggcagtcaca “
hTGF-B1_F gggactatccacctgcaaga
TGF-B
hTGF-B1_R cggagctctgatgtgttgac
hIGF-2_F caccctccagttegtctgtg
IGF-2
hIGF-2_R ttgggtgggtagagcaatca
hFGEF-1_F agcccacagagcctgaattt
FGF-1
hFGF-1_R caggaaggacaaaagggage
hCOL3AI_F cctccaactgctectacteg Col3A1
hCOL3A1_R tcgaagectctgtgtecttt
hMMP-2_F gctggagaaccaaagtctga MMP2
hMMP-2_R cagtgccctcttgagacagt
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7} upAto] gz AL whE HCE AlZ9] AHA A-f(wound
healing) Y= AR, TS (monolayer) 22 4
H Azo] Az & vHE0] 11 Alo]E A7} o] E(migra-
tion)otHA Y Whs G3HE Itk AlZES] AT
AL BT FAsHA FAFI o[ 1Y 3(a), 0 hl, 2 o E
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Fig. 2. Cell viability measurement by red light-emitting diode (LED) and infrared LED irradiation with fluences of (a) 5 J/cm’ and (b) 10 J/cm®.
All groups showed no cytotoxicity compared to the control group. Every assay was performed 3 times and the results are expressed as mean +
standard deviation (SD). An unpaired two tailed t-test was used for comparisons between two means.
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Fig. 3. Images of cell migration assay of human corneal epithelial (HCE) cells. HCE cells were inoculated into 6 wells at 2.5 x 10’ cells per well.
The next day, cell monolayers were scratched using a sterile 200 uL pipette tip followed by the indicated LED irradiation. (a) Scratched cells were
exposed to 623, 660, 740, 850, and 940 nm LED light with an intensity of 33.3 mW/cm’ and total energy of 10 J/cm’. (b) Scratched cells were
exposed to 623 nm LED light with an intensity of 0, 3, 5, and 10 J/cm’. Cell migration was observed using an inverted microscope (Olympus
CKX53; Olympus) and a digital camera at 0, 24, and 48 hours after scratching. (c) Cell wound area at 24 and 48 hours after wounding [(healing
area/wounding area) x 100%].
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WZ(24 h, 48 h) 243 23 9 3(b)e Zo] 623 nm 3 FHAEY ¥HE real-time PCRE $3sto] 451t
ZAF 159 AlEols it/ tiREQ H| ZAREC] H|8] S7F IL-1a, TGF-B, IGF2, fibroblast growth factor 1 (FGF-1),
5= Ao] TEE Qo o] AA A§ WA OoZ AAstA Col3A1, matrix metalloproteinase-2 (MMP2) A %}9]
£ A3 3% 3(0)°A Eolk 623 nm2] 3 J/cm® RARE] dS th2Ql v RARE Bl wet 23, FGF-13 MMP2

A 7V e A A% ANE BAT 4 A9l f7Rte] Wdo] foHoE S7HHS BATAOH, [GF-2
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3.3. Real-time PCR FEATAA B0 AT BAY 3 JAHLY 9
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Fig. 4. Effect of 623 nm light-emitting diode (LED) irradiation on the expression of migration-related genes in human corneal epithelial (HCE)
cells. The expression of the target gene was analyzed by real-time polymerase chain reaction (PCR) in HCE cells. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the endogenous control gene for the normalization of mRNA expression. Relative expression of (a) IL-1a,
(b) TGEF-b, (c) IGF-2, (d) FGF-1, (e) Col2Al, and (f) MMP-2. The data presented are the mean + standard deviation (SD) of three independent
experiments. P < 0.05 compared with the control (non-irradiation group).
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Joml? E7)9] Zhut A AL o] E3t FVIsH= Ao
2 2ay up Qo 2 A7 Avo| A IGF-29] B2, v|=
BAACE Fo/do] TrubA] ARt tE2tol Hls B
ZAREOIA Sk A TET 4= AJTH1.0 £ 0.22 vs.
9.28 £ 6.65, P < 0.05).
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