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Low level laser therapy (LLLT) affects various biological processes, and it is said that the
non-coherent light of the light-emitting diode (LED) has a similar action. The purpose of this study wasto
examine the effects of LED light on the proliferation and differentiation of osteoblasts-like MC3T3-E1
cells cultured in osteogenic differentiation medium (ODM) over the long term. Cells were irradiated with
red LED light of 630 nm at three doses; 0.5J/cm?, 1.5J/cm? or 3.0J/cm?for the cell proliferation activity
assay, and at 0.5J/cm? for the osteogenic differentiation activity assay. The former activity was checked by
counting the number of viable cells using Trypan blue dye. The latter activity was evaluated by alkaline
phosphatase (ALP) staining and examining the mRNA expression of the osteopontin (OPN) gene using
real-time quantitative PCR. The number of viable MC3T3-E1 cells showed a tendency to increase after
theirradiation at all three energy densitiesin comparison with a non-irradiation group (control group). In
particular, there was a remarkable 3.34-fold increase in the group irradiated with 3.0J/cm? on day 7 after
starting the culture. On culture day 15, there was a tendency for the red LED irradiation group (0.5
Jlem®) to exhibit more staining for ALP than the control group, and the expression of OPN was
significantly higher in the irradiation group on culture day 16. In conclusion, low level red LED light can
enhance MC3T3-E1 cell proliferation and osteogenic differentiation when the cells are cultured for a
relatively long time.

INTRODUCTION

Lasers have been used extensively in a wide rahgeedical fields, including oral surgery, since Mian
first succeeded in exhibiting the oscillation okthuby laser in 1962 [10, 24]. It is known that I@power
irradiation with a laser shows various low-leveddatherapy (LLLT) effects, such as sedation aridkibng,
the promotion of blood flow, the promotion of wouheéaling and the promotion of osteogenesis in human
tissues, and various biological effects have beponted [11, 12, 18]. Various kinds of lasers aedufor LLLT,
and the helium-neon (He-Ne) laser, which emitsligitt with a wavelength of 633 nm has been usedhamy
studies [2, 5].

In addition to the He-Ne laser, the wavelength aagdf the red light of light-emitting diodes (LEDpgs
recently been demonstrated to activate cells asidis, and it has been elucidated that this lightpromote
healing [15, 20, 21]. LED produce non-coherenttligthereas lasers are coherent light. Howevehefdctions
of the red light are the same clinically, it may fessible to use an LED apparatus instead of a, laggch
would be beneficial because LED devices are moseeffective and easier to operate [14].

Kim et al. found that bone marrow mesenchymal stetts (MSCs) cultured in osteogenic differentiation
medium (ODM), which contains ascorbic acid afwdjlycerophosphate dexamethasone, were promoted to
undergo osteogenic differentiation by irradiatiothwed LED light [8]. Peng et al. reported thad ieED light
promotes osteogenic differentiation and reducespthéferation of MSCs in ODM which contained osgeaic
supplements, although it promoted proliferation alidl not lead to the osteogenic differentiationM$Cs in
normal medium without osteogenic supplements [1@h the other hand, Pagin et al. reported that
osteoblast-like MC3T3-E1 cells, which are a ceheliderived from mouse calvaria, exhibit increased
proliferation but no change in differentiation iredd by irradiation with red LED in short-term cukiiin ODM
[13]. However, there have been few reports that have imeaihthe effects of the red LED light in the
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MC3T3-E1 cells induced to undergo osteogenic difidiation, and there has so far been no study hhat
observed the longer-term changes induced by red it&Diation.

Therefore, the purpose of this study was to ingasti the effects of red LED light with a wavelengft630
nm on the proliferation and differentiation of asttéast-like MC3T3-E1 cells cultured in ODM overdatively
long period.

MATERIALSAND METHODS

Cell culture

MC3T3-E1 cells, which are a cell line derived franouse calvaria that can differentiate into ostesibla
were disseminated in cell culture dishgs (00mm, Falcon) containing alpha minimum essemtiadium
(«MEM) with 10% fetal bovine serum (FBS) and 1% aiatiic-antimycotic solution (Penicillin G 10,000 U¥m
Streptomycin 10 mg/ml, Amphotericin B 25 pg/ml, itnegen). The cells were maintained in culture &t &
in a humidified 5% C@atmosphere. The culture medium was changed eveeg tihays, and the cells were
passaged once. The resulting osteoblastic preccedsrwere used for our experiments.

Irradiation with thered LED light

LED irradiation was carried out using a LED-basedide (DAICO MFG CO., Ltd., Kyoto, Japan). Cells
were exfoliated using trypsin EDTA by a conventioneethod right before the second-passage cultuedd c
reached confluency. After disseminating the MC3T34€lls into ODM containing 50 pg/ml ascorbic acid
(Wako), 10 mMp-glycerophosphate (Sigma-Aldrich) and®M dexamethasone (Wako), we allowed them to
attach onto the culture dishes. Twenty-four hotwsfthe dissemination, red LED light (wavelengtt680 nm,
power density of 20 mW/cthwas irradiated from 20 mm above the cell layer.

Experimental groups

The MC3T3-E1 cells irradiated with LED light werelttired ong100mm polystyrene plates (Falcon) for the
cell proliferation assay and real-time quantitatR€R assays to assess the osteogenic differentiatia on
16-well polystyrene plates (Falcon) for the assesarof ALP staining (LED (+)). Cells that were notdiated
with the LED were used as the control group (LEP. Furthermore, the energy density of the LED wetsat
three different rates: 0.5 J/émi.5 J/crhand 3.0 J/ciduring the cell proliferation assay, and theseevefined
as LED (+) 0.5J, LED (+) 1.5J and LED (+) 3.0J pexgtively.

Céll praliferation assay

MC3T3-E1 cells were disseminated at 15%&6lls per one dishp(100mm) and LED light was irradiated
onto the cells at an energy density of 1.5 3/éen 15 minutes. The number of viable cells withyJan blue
staining was counted using a hemocytometer (DHCMNYGdn culture days 0, 3 and 5 after the irradigtiamd
was compared with that in the control (non-irragitgroup (Figure 1).

MC3T3-E1 cells were seeded

LED irradiation
(Wavelength : 630nm, Power density : 20mWm

| ,

| | Day3, 5 7, 10, 14, 15, 16 - -
Day 0 Day 1 ' !

Days for evaluation

Figurel. Experimental schedule

Then, a comparison of the effects of different ggeadensities was carried out. Cells were disseraihat
2.5x10 cells per dish 200mm) and cells were exposed to LED irradiatiparaenergy density of 0.5 J/&i%
minutes), 1.5J/ci(15 minutes) or 3.0 J/ng30 minutes), and the number of viable cells wasmted on culture
days 0, 3, 5 and 7 after the irradiation (Figure 1)
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Osteogenic differentiation assay

Alkaline phosphatase staining and the assessmefiheofexpression of osteopontin (OPN) mRNA, as
determined by real-time quantitative PCR, wereiedrout.
a. Alkaline phosphatase staining

A total of 0.3x10 cells were disseminated per wedj (5mm) of 16-well plates, and the cells were
irradiated with LED light (0.5 J/cfrenergy density). The culture medium was removed,cells were rinsed in
PBS once on culture days 5, 7, 10 and 15. The welte then fixed by adding a 4% formaldehyde sotutn
ice for 10 minutes. After the cells were rinseddevin PBS, ALP pre-mixture substrate liquid (Wak@s added,
and was allowed to react at 37C for 30 minutes. Subsequently, the cells wereeotesl under a
phase-contrast microscope, and the findings wempaoced with the control group (Figure 1).
b. Expression at osteopontin (OPN) mRNA deter mined by real-time quantitative PCR

A total of 1.5x10 cells were disseminated per dish 100mm), and were irradiated with LED light (0.5
Jlenf). Cells were exfoliated using trypsin EDTA as usaraculture days 0, 14 and 16 (Figure 1). In adaoce
with the method described by Shigeoka et al. [Li&ing a Fast SYBEGreen Cells-to-Ct'Kit (Applied
Biosystems, USA), the expression level at OPN mRiNte cells was calculated using a Step®rieeal Time
PCR System (Applied Biosystems) and was normalizedthe level of glycelaldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA, which was used as a&dkmeping gene. The primer sequences used for
amplification are shown in Table 1.

Gene Forward primer (5-3) Reverse primer (5>3’)

OPN  GAGATTTGCTTTTGCCTGTTTG TGAGCTGCCAGAATCAGTCACT

GAPDH TGCCCAGAACATCATCCCTG TCAGATCCACGACGGACACA

Tablel. Primer sequences for the real-time quantitative BGésteopontin (OPN) and GAPDH

Statistical analysis
Student's t-tests were used to evaluate the diffee between the sample of interest and its ragpect
control. The level of significance was set at §%60.05).

RESULTS

The proaliferation of MC3T3-E1 cellsfollowing irradiation with red LED light

Figure 2A shows the number of viable cells on geltays 0, 3 and 5 after red LED irradiatian I(ED (+),

x: LED (-) (control group)). The number of viable cells in the nondiadion (control) group, which were
disseminated at 15x4@ells/well on day 0, increased to 30.5%a0d 46.7x1bcells/well on culture days 3 and
5. On the other hand, the number of viable celthénLED irradiation group increased to 39.0%a0d 55.5x19
cells/well on culture days 3 and 5.

Figure 2B shows the results comparing the diffemdrgy densitiesCé: LED (+)0.5J,0: LED (+)1.5J,A:
LED (+)3.0J, x: LED (-) (control group)). The number of viable cells in the contgobup, which were
disseminated at 2.5xi@ells/well on day 0, increased to 8.75%124.5x10 and 33.7x1bcells/well on culture
days 3, 5 and 7. On the other hand, the numbeiatfer cells exposed to 0.5 J&mED light increased to
11.2x1d, 38.7x1d and 53.7x1b cells/well on days 3, 5 and 7. The 1.5FcAreated group had values of
12.7x10d, 31.5x1dand 55.7x1bcells/well, and those treated with 3 Jfdmad values of 11.2x1026.7x10and
112.5x10 cells/well, respectively, on culture days 3, 5 d@nd
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Figure 2(A) Figure 2(B)
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Figure 2. The proliferation of MC3T3-E1 cells in the irradidtgroup (LED (+)) was higher than that in the noadiated
group (LED (-)), and differences were observeddouo in a time-dependent manner.

(A) The number of viable LED (+) cells was increasedL8- and 1.28-fold compared to LED (-) cells attwre days 3
and 5 p<0.05, both time points).

(B) The number of viable LED (+) cells showed a tengetacincrease compared to the LED (-) cells attiale points
examined (days 3, 5 and 7), regardless of the graegsity. The number of viable cells was signifittaincreased in the
LED (+)0.5J and LED (+)1.5J cells on day 5, an@lirLED (+) cells on day 7p<0.05). Of note, the number of viable cells
increased by 3.34 times in the LED (+)3.0J cellslap 7 compared to the LED (-) cells.

Osteogenic differentiation of M C3T3-E1 cellsfollowing irradiation with red LED light
a. Alkaline phosphatase staining

Figure 3 shows representative images of the ALRista on culture days 10 and 15 after red LED
irradiation. Staining was not seen in any of thatad cells, or in the groups exposed to LED iredidin group
until day 10. Staining was seen in both the irreiaand non-irradiated groups on day 15, but th® LE
irradiation group showed a tendency to have highkening.

D10

Figure 3.The left column shows the LED

non-irradiation group (control group), and
the right column shows the LED irradiation
group. The upper panels show the findings
on culture day 10, and the lower panels

show the findings on day 15. Representative
images are shown. The ALP activity was
: o measured using an ALP staining kit. The
_ i irradiation with red LED light was thought
to increase the ALP activity of MC3T3-E1
R A cells.
LK o )
ot
; L
SN ‘
LED (_) LED (+) Bar 200um

b. Expression of osteopontin (OPN) mRNA

Figure 4 shows the expression of OPN mRNA, as detexd by real-time quantitative PCR, on culturesday
0, 14 and 16 after red LED irradiation. An increadeexpression was observed on day 16 in both BB L
irradiation group and non-irradiation group (cohtgooup). However, the LED irradiation group hadjter
expression, with a ratio of 1.7 timesmpared with non-LED irradiation group.
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Figure 4. The results of the quantitative analysis of theNORRNA expression. The expression of OPN in théDLE
irradiation group was significantly higher on cuéuday 16 than that in the non-irradiation gropg0(05). The data are
shown as the fold-change in expression comparétetoorresponding values on day 0O just after LE&diation.

DISCUSSION

In this study, we evaluated the proliferation amstieogenic differentiation of MC3T3-E1 cells whiclens
cultured for a relatively long time in ODM afteradiation with red LED light of 630 nm. In previousvitro
studies, many researchers have showed that thigepatibn and differentiation of osteogenic cefids, such as
MC3T3-E1 cells, are promoted by low power laseadiation [1, 13, 14, 19, 22, 23]. While lasers etniherent
light and LEDs emit non-coherent light, both brialgout a similar photobiological effect when usedhvihe
same irradiation parameters [13-15, 20, 21]. Inipaar, we found that the red light (630-690nm)ja& power
does not cause negative effects such as carcinsigersnd affected various biological processes7[69].
According to a previous report that examined traifgration and differentiation of osteogenic cetlse energy
density of LED extends over a wide range of 0.2/d®dand is not definded [8, 13, 14].

In this study, we first confirmed that the irradbat group showed a significant increase in the remudf
viable cells on culture day 5 in comparison wite thon-irradiation group, which was induced by iraéidn
with an energy density of 1.5J/&nWhen we reduced the number of cells initiallysdiminated on the plates,
and found that the irradiation group had a morenttimee-fold increase in the number of viable cétls
comparison with the non-irradiation group on dagt The energy density of 3J/&ém

The previous experiments by Pagin et al. used MTBI2ells, and they examined the effects of LEDtlig
on the cell proliferation activity using an enexgnsity of 3 and 5J/cmUnlike our results, their results showed
that there was only a significant difference in te#l proliferation at 24 hours after irradiationtiw5J/cnf, and
there were no significant differences in the psshition of the irradiated and non-irradiated grogfisr that
point [13]. Since we did not perform irradiationtiaé energy density of 5J/énit is hard to compare the results.

However, there are several advantages of our stadyared to their study. The first point was thaingn
cells died during the early stage of culture inittetudy, which may suggest that their time poiot the
evaluation was too early. They used 96-well pldtestheir cell cultures(31.2 cells/mrfy). In contrast, we
cultured cells using a largep 100 mm) plate and reduced the number of cellseepKonger culture periods
when we performed the comparison of the differevrgy densities(3.1 cells/mm). As a result, we were able
to examine the cell proliferation activity untillure day 7 under the irradiation condition (3¥ms same as
that Pagin et al. performed, which was a much lotigee than in the study by them.

The second point is that Pagin et al. examinecdc#fieproliferation activity by performing the MTTssay,
while we used the Trypan blue exclusion assayhénMTT assay, the number of viable cells is measbesed
on the mitochondrial activity. The number of celts48, 72 and 96 hours after irradiation was likelatively
low in their study, because the mitochondrial agtidecreases within 48 hours after plating. Weleded the
dead cells based on Trypan blue staining, and coedpe irradiation and non-irradiation groups bgasuring
the number of viable cells remaining.

To evaluate the osteogenic differentiation, we eéradhthe ALP staining and the expression of OPN rARN
The MC3T3-E1 cells were not stained for ALP up titure day 10, regardless of whether they weraliatad.
However, the LED irradiation group showed a tengenchave higher staining than non-irradiation grothen
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cells became confluent on day 15. Thus, it was estgg that red LED light increased the ALP activfy
MC3T3-E1 cells. Quarles et al. stated that the AlcRvity reaches a peak before the cell proliferastage is
over and the bone matrix matures [16]. In our stuldg cells were cultured for a relatively long ¢iro allow
them to proliferate, and it was thought that thifedénce in ALP activity between the irradiatiorogp and
non-irradiation group may have been due to thetfattthe cells had proliferated for a longer time.

It is not possible to directly compare the resaftsur study with those reported by Pagin et agause they
detected the ALP activity using an absorption gpactter after the cells were lysed. However, thesults also
did not show any significant difference in the sellntil culture day 14 [13]. Although the detailf the
experiments, including the irradiation conditiondahe dissemination of cells were different, Kimaé and
Peng et al. also investigated the effects of LEBdiation on osteogenic transformations using MS@sch are
undifferentiated bone marrow cells with prolifevaticapacity and the ability to differentiate intovariety of
cells, including osteoblasts. In their study, acréase in ALP activity was observed at a relativeglyly stage of
culture, from day 3 to 10, following LED irradiatid8, 14].

In the present study, we confirmed that the expwassf OPN mRNA in the irradiation group was
significantly increased compared to that in the-imoadiated group on day 16. Considering the resfat ALP
staining above, because both ALP and OPN are krasvmarkers of the relatively early stage of oststiu
differentiation [3, 4, 17], it was suggested tha¢ frradiation of cells with LED increased the ditntiation
toward osteoblasts, at least at this stage. Irsthidy, we did not investigate using marker gepeshfe late stage
of differentiation (the appearance of mature odssib), but studies using such markers would b nmdtive.

In summary, red LED light irradiation at a waveldngf 630 nm promoted the proliferation and osteige
differentiation of MC3T3-E1 cells cultured in ODMf a relatively long term in our experimental syste
Furthermore, we consider that it is necessary fdiicge to elucidate the specific mechanisms thatrobcell
proliferation and osteogenic differentiation adinin the presence and absence of LED irradiation.
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