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ABSTRACT

Effects of 660 nm radiation on human gingival
fibroblast (HGF) and MC3T3-E1 cells

Chan-Ho Park, D.D.S, M.S.D

Director : Prof. Yeong-Mu Ko, D.D.S.,Ph.D.
Depar tment of Dental Science

Graduate School of Chosun University

Photobiomodulation by light in the red to near infrared range (630-
1000 nm) using light-emitting diode (LED) arrays has been shown to
accelerate wound healing, improve recovery from ischemic injury in the
heart and attenuate degeneration in the injured optic nerve.

In this study, we have fabricated the 660 nm red LED illumination
controller and LED array module and evaluated the proliferation and
differentiation of preosteoblast MC3T3-E1 cells and cell migration of
human gingival fibroblast (HGF) cells under different light intensity
and illumination time.

To investigate the 660 nm LED effects on MC3T3-E1 and HGF cells,
cells were exposed to LED irradiation at illumination time of 5, 10,
15, 20 min and light intensity of 8.5 mW/cm’. The proliferation and
differentiation of MC3T3-E1 cells were evaluated by MIT assay and
Alkaline phosphatase (ALP) activity, respectively. In addition, cel
migration of HGF cells was investigated by two-dimensional migration
assay and three-dimensional transwell migration assay.

According to the 660 nm LED irradiation experiment results are as

fol lows.



1) Exposure to LED light intensity of 8.5 mW/cm’ and illumination time
of 5 min significantly increased MC3T3-E1 cells proliferation and cell
differentiation, suggesting that 660 nm LED stimulates cell in a
t ime—dependent .

2) The number of migrated HGF cells showed the largest increase in
exper imental group under LED light intensity of 8.5 mW/cm® and
illumination time of 5 min.

3) The migration rate of HGF cells showed the fastest in experimental
group for culturing time of 12 hr after LED light intensity of 8.5

mW/cm® and illumination time of 5 min.
These data that suggest 660 nm red light exposure may be helpful in

postoperative wound repair of HGF cells and proliferation and
differentiation of MC3T3-E1 cells.
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Fig. 1. Experimental setup for LED illumination system.

Fig. 2. Red LED module with power LED array.



HM2&. X222 HE(MCT3-E1) & X247 2 A E(HGF) HHF

2 A0 AFEE MC3T3-E1 Z=2KME=E F FSHE0UMN SHE AMEZEF
AN American Type Culture Collection (ATCC, CRL-2594)0IA IGHALCE. Al
T2 a-MEM(Alpha Minimum Essential Medium with ribonucleosides,
deoxyr ibonucleosides, 2 mM L-glutamine and 1 mM sodium pyruvate, but
without ascorbic acid/GIBCO, Custom Product, Catalog No. A1049001)HHXI
ol growth factor& M33t= 10% (w/v) fetal bovine serum (FBS, PAA

Laboratoris.inc A15-751)1t &M K@l amphotericin (Lonza walkersville MD

USA 0719)S E&06N 5% CO.0F 232 &= 37C €02 incubatorlA 48A12+ BH
AUSIACH. 2l HUBEE S 2HE 4MC MEE incubatorOlA 1
2 SOt Hiiotd AS0l AISSHACE.

XN2ER2AMIE HGF(CRL-2014)= AMEUNHAM XISZHUAM SHE MEF=Z
OMEM(Dulbecco’ s Modified e Eagle Medium)Oil 10% (w/v) FBS2} &HAHKIQI
amphotericing Z&0ot0 5% C0.2t =& = 37C €0, incubator il Al 48AlI2¢
BHSHRCH el HUHHLS SohA 2HE 4HI0 MIEE incubator Ol Al
12 =0t Biot A&E0l ALSotRULCEH
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A3 &E. & XM EE

0o

2 A AEES 7CUHA oD, 20l 28 MEo M2stA Hit=
Z XA M2l 8.5 mW/cmPoll Al 0

SAE2 MT assay& ZItotA 1), MEZ3t= alkaline phosphatasegd s =
ot &ItotRUL XSEFZMIES EFAXRUH &0l 0= s
JIRIGHH MIZSl Ols)HelE 2EotRULH. A2ERIAMES 0lsHel &It

g2 3-dimensional transwell migration assay? 2- dimensional

_u.=1j
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migration assay (wound healing assay)Z2 ZAMGtHLCE.



M4Z&E. XSDHAE SAEBIHMIT assay)

BHZE MIZ= BHXIE 2% MAHS = PBS (phosphate buffered saline,
Sigma, USA) £ 0IE5I0 MN=GIA20 trypsin/EOTAS A2 EIIGHH HHY
SANZ2E ZelARUCH Zele MO0l FBSOF ZE&EE HIiXIE &EDIIotH Bts
£ FXNAZI = FYZeIIE 01E6HH MEE =&ToIRUCH. AHZ0 BHXE
EHIIGIO CHAl 2% A2l & ZHIE MZ0] HOtE 12-well plate®l 22
ot

—_

x 10° cells/wel 12 W& Ch. MZ= 37COHAM 5, 10, 15, 20&8= & %=
AE & = MITE &It EXHAHO 2 A0 MAHL= 2i8 08 & 0l
T2o 2= (Isopropy! alcohol, Sigma, USA)ES 0lE3dt0 ZolotRLH. 2%

£ =dot)| ol ErSH= 96-well platedl 2= 200

V]
reader (Thermal Fisher SCIENTIFIC, USA)S 0Ol&5dt0 540 nmOIlA &

r
o

1o



M5Z&E. X22HE 23 HIHALP assay)

MC3T3-E1 MIZEHHSF 24A12t = 2StHHXIE wWHGtD 20ICH 23HHHAIE

MotACH. L= = well platetil € cell mediaZs HHGHLD PBSZ 23l

MEst =, N lysis bufferE welld 150 p & Z0A 200 22t wise
mixE Ol&E6t0 shaking otUCH., ATHIHE OIZctH wel ILHOI EMot= Al
EZE F=0t0 microtubelll &2 =, 4C, 2500 rpmUl A 102 =S¢t A =22
ot AZSHES MZ2 microtubelll |HF1D icelil E2GtULCH. 302 =2t
J7CUHMN FEE st =, 1.2 N NaOH 600 p 12 &It 405 nmUIA S
2T E =JOIH ALPEHAES HAGHACH. A H22 1 mg/ml BSAE AtE
ol H=EEMHES HZIs = 5922 nmUilA EZEE 6L, EEd=HA
CZPH HHME =55 ZFoUL



Nl 6 2. 2- dimensional migration assay (wound healing assay)

12 well plate@ 1 pl0l 2x10°902 MIE2IF TI&S HGF NMIZE WSSt

AIZHOl RILtH Z2&E 200 pl yellow tipS 0IE0H LAMS AXHE

. AMHE F F HGF BHHHXIC! DMEME 01 &30t0 33 MIEGHACEH. Al

8.5 mW/cm®* AIJI2 660 nm =4 LED 2= 5, 10, 15, 208 S =

ot & & Q&I S0I&ES 0120t0 ot ZA0A 50 S48 2EZ

SFGIH ALNE B F=ALD CHAl 37C, 5% C0, =52 CIRHIOIHMNA 12
2

ANZtS BHe = S8 2H2=Z 5 222 AXS B0 F1 ChAl 2R HI0]

41 ol
2 N
a

>

EHOIA BHZS OFHCH & XZAF & 24A12H01 XILFH CHAl 8 B AFRIZ & O]
=1 HIE O[F=2= AR, AHNMS =60 wound areaE MA B S
L =21 (ohOlAl wound area- 12h = 24h O XIt & wound area/2/12h
= 24h)2 SAIE 01200 HGF MIEZS OI=82 HAHGHUL.



Ml 7 #. 3-dimensional transwell migration assay

A MOl 2100 B HAIO MEIF 90% MAKXNEZE HiYold =YD
trypsinS OIE6tH BHY HAIZFH HMEE =2cl& = 4T 1000rpmOllA 32
Sot 24 22Iot ME pelletE =HIGHACE. trans well(Corning #3401)
64 chamberE Z=HIgt £ SHUEZZ0 = 1% BSA, LIH Xl 5JH2] wellS DMEM
BIXIE 0I5t 37COHA 1AlI2tSe DEGHUCEH. 1AIZ2E0l XILIH 6IHS)
wel IOl 25 DMEMS E0{F=10 dHUETZ0= FII2 POGF(MZO0IF =&AH)
E8 ul EHFACH Z2E welll 1 ml =0 2x10°2 MZ=IF Z&EE
£ 5 N DrSCE. 8.5 mW/cm®  AIJI2l 660 nm red LEDE 5&, 102,
152, 208 XZAGtH = = 37C, 5% €0, =<2 incubator Al 8AlZ2t

HiZEt = transwell filtere MIEE DASID HAMSIH F=UCH (HEMA 3

0H1

staining kit: Fisher #122-911) M2 1& S NXZE &SI =10 2
10 St il MEMHE SM6tH = = SF=0l transwell chamberE
S Y N SMAALSS HAHSIACH. HS2 0el RFE2 ZHotd HES
H Bt=SOAM  transwell chamberlf filterOl &0tU= SMAAUE ZAAH
H IHROI S0t & = &KX S0/Z2 0180t 5 A4S &= XFS
o MES BNHE & MZES =5 MO 29 & MEZE =5 AL
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Xl 8 &. Rhodamine-phalloidin 2} DAP| HE S 2 MY

12 well plateOl S0I1Z2= Z15mm cover slipE E0H= Z 3MILH HHRFS
MC3T3-E1 MIEZE 1ml =0 2x10°2 MIE#D} ZESL =2 £2 MO IHESH
SHCH. 24AI12t0] Kl = 8.5 mW/cm®  MI2ISl 660 nm red LEDE 52, 10=,

152, 208 =02 Aot & = 37C, 5% C0. =52 incubatoriiM 302
OF i LSIRACEH. 30201 XLHH 12 well plateOl &HE BHLUHXIE HIAGtH
0! =1 D-PBS(Dulbecco's Phosphate Buffered Saline, pH 7.3)E OIE35t%4
NEStAUCH. 4% 2| paraformaldehydeE OIE0tH 152 =0 MEZE DEGHH
=1 D-PBSUHOI 522 SAIAIA MESIH = = 0.1% Triton X-100 2+ 1%
BSAGI EH 58 =02t RAAIH & FMAIA0 MZ0 HFE = Us AEH
2 o= AL PBSE =il St 100H 3| M &l
Rhodamine—phal loidin(Invitrogen, R415) A2 Y10 152 SO F-acting
HMBIA LD D-PBSE 0230 O3 58 SO+ 3 =

Imm I8 cover glass ®0l S HAMol == DAPIAIC! Fluorescence
mounting media(Vector Labs , H-1200)2t &M Rhodamine-phalloidin &4
= NEE cover slipg =d UL, €&Z&0IE= 0l&Eot 100X, 200X<
& WMo Z FME F-actin filament2t FEMO 2 M= 4ol 00|
2

S BHBIAT

O
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Fig. 3 Growth of preosteoblast (MC3T3-E1) cell as determined by the MTT
assay after their exposure to 660nm red |ight LED.
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Fig. 4 Changes in the ALP activity of preosteoblast(MC3T3-E1) after
their exposure to 660nm red light LED.
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Fig. 5 Fluorescence images of MC3T3-E1 cells immunostained with
phal loidin-rhodamine (red, F-actin) and DAPI(blue, nuclei) on
different LED irradiation time at 1 day (a) control, (b) 5 min (c)
10 min (d) 20 min (X 100 Fluorescent Microscope).

Fig. 6 Fluorescence images of MC3T3-E1 cells immunostained with
phalloidin-rhodamine (red, F-actin) and DAPI(blue, nuclei) on different
LED irradiation time at 1 day (a) control, (b) 5 min (c) 10 min (d) 20

min (X 200 Fluorescent Microscope).
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Fig. 7 Effect of LED in human gingival fibroblast

(HGF) for

three-dimensional migration assays with precoated transwell chamber

(a) control (b) 5 min (c) 10 min (d) 20 min.

_18_



LED irradiation time

control 5min

=
=

Cell migration
rate(um/h)
- ..l

12 h

24 h

Cell culturing time after 5 min irradiation

m Control

O 5min

_—

12h 24h
Fig. 8 Effect of LED in human gingival fibroblast (HGF) for

two—dimensional migration assays conducted with a wound healing assay

after 5 min LED irradiation.

_19_



LED XIERYS A0l 91, 0| UKl &&= & 2oz B0g1
UL, HIME, 23 2SHE, ZZ2HE, 8R0tHEZ 22 ChYE MEZ
FOo| HEES SEAY =2DH0| ofLet SAXIZS Jtsdgs B2HF1D /U
CH22% c8t M 18 Z2212A19 ST 20T UACH? ABHIZ0 2
St LED XI2R¥el SO0|& Sdt= OFADIX ZANE Xl ZpASLE, M 28 =2et
A A2 AS AZICE HRFDIF BDEJACHE A2 2=2AIHILHH
(cyclooxygenase)eA°| Moll&E&1W ZZAEIZ2ME (prostaglandin) E2 &4
o AMlE LED X2l SHASHRO IHsHS AIAEICH?® L5 MMPs2

AR oA B0E D JACH
MIZL==0lA =HMOA 2= &(near infrared light, NIR)Z0l <2l

photobiomodulation2 J|&E&
S, O 2 HMESAD HER
X

HAl
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o]l

tA =Ck. Cytochrome oxidase= X AH
Z-=EN LS s &
£ 8 R0ot= integral 9 CHHMAD MMM Z2ELAOIS 20 CH
A JHXID ACH. GOS0l 660-680 nm =

cytochrome oxidasetilA HNEES SIHAIZI= SAI0 OIE2=2(0¢
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Ch.% LED XNI2QES Sol IR LN AN HSD0o KO 0l NS
0l 430t RoiAdeE =HEst W&, ZAME, A, Al2t d2l0 HE5S X
A, E2 BA ZAIE Z386te A0l Ml SR0OICH. De Morias S2 FE
2ol 2AHAN st LED XISRE M M &= 2oIXME (low-level laser
therapy; LLLT)S| SIAZE NS ZABIQCH? 12 X £ A0IMEO0l
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