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(A) The beam profile of the blue laser (wave length; 405nm, continuous wave). Mouse mesenchymal stromal cells were
irradiated for 180 sec at various laser power densities. Scale bars = 200
(B) Histochemical analysis of laser irradiated mouse mesenchymal stromal cells.
Calcium deposition of laser irradiated mouse mesenchymal stromal cells was stained by Alizarin red-S (magnification:
% 50). At 5 days post-irradiation, calcium deposition had increased around the cells in a dose-dependent manner.
Calcium phosphate deposition was evaluated by von Kossa staining (magnification: X 50).
The area expressing alkaline phosphatase (ALP) activity was stained (magnification: x 50).
Laser irradiated samples displayed immunopositive staining for osteocalcin, a marker of osteoblast differentiation
(magnification: X 100).
Scale bars = 200 (for Alizarin red-S, von Kossa, and ALA staining) and 100zm (for osteocalcin immunostaining).
(C) The quantitative calcium content increased after laser irradiation relative to non-irradiated cells. Calcium content
increases varied with laser energy. *, p<0.01: significant difference between the calcium content of laser-irradiated
MSCs and controls.
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Intracellular location of mCRY1 (A) and mPER2 (B) proteins in mouse mesenchymal stromal cells 24 hr after laser
irradiation. Cells were double- labeled with DAPI (blue, upper panel) and mCRY1 or mPER2 (red, center panel). The
lower panel provides a merged image. mCRY1 and mPER2 localized to the cytoplasm prior to laser irradiation. After laser
irradiation, proteins translocated to the nucleus. Scale bars =30.m
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Relative levels of mCry1 mRNA

Non- laser
irradiated cells

Laser irradiated
cells

3. mRNA levels of mCryl in mouse mesenchymal
stromal cells 24 hr after laser irradiation
(100mW/cm?) and in non-irradiated cells.
Samples were normalized to mRps18. The mRNA
levels of mCryl decreased after blue laser
irradiation relative to non-drradiated cells. *,
p<0.01: significant difference between the
relative mRNA levels of laser irradiated MSCs
and controls. :

E
Lo

DOWFNZ & Y PER, CRYANF T ¥ A 7w —D
AP L TL B LG A Per,
Cry DESEHEHENL, ZDXHTLT
BETIHMORHT T 4 T 74— Fw o4
Lo TY XA LR E N TV B, 29
v 72 Ebox iSO F ¥ - F 7 EF 5B
DN X LA TR o 7R E L
T, ¥—HFFA TN AL2DBEIRENDL D
LD o T0D, RIFEOFR T, <
7 2 Bl I WSRO T V2 % 4£405nm @ L —
Y— % B3 5 2 & T, CRY1OMIE M R
R A SN E AT EE CRYLA HO
HBLENH SR ENTE (H3),
BLIZINETIEFHE S IERAM O L —F—

RV —F—ic X Y Gl ERB T SR B LA

& TR A~ D 3 AL I R ikdt

Mg~ DB AESE I 120 T D il

b

AR CIETOMAI L Y L— ¥ — 5o
AW 7 e & % 5 AT o T & 7050
T DWT ORI L7225, MBRRZ AR
2L —F - ko TS BN Y 7
NAAT = FERINSUIMI L LT 5,
LLLT 20 F o T T4 FIc ks & L
TWw 54 H, "Why doesn’t everyone use it?” -

157

(275)

M—ENTWRW L —F—{G/T X —F 72)
T, TRETHALT SN TH B RS
Pl PSR L, TRz HE 2
o EME M, MIRPE IS D W T O 1T &
ENRBEETHLEELTVD,

3, AWFZEIE () HAZEMHRELZ B0
REMPEOM EZI T bDTH S,

Zhh5OMRDE - :

L——E% - eI s 2008,
W JEENIZE S & B ICE L TiiCh o T
BY, WIS THH LWBHE - B
DBFEDWIEAEINATO N T WS, AFTH
BTV —F— - AiB L3 Hl
B ZF0—30ThY, 5K ENL0OH
SRS L -2 AN - B LT
DIFFERERP AR END LHHEL T b, Rl
CRETIE, FIvrFUNI—YATFA, &
RAFE TR H AR AIZ OV T O 21TV,
BUEN 5 L — W —[E3ED B Wikl L v
ITMRL AL ETHEDTVEY, ThETHD
N DR E» LR LA EIE, L—F
— BETAA G BETAEVRS S
ETHD, TNLOA DALY, iHTHL
—F— A - FER AR EIC ko TR E
ZY, ThbE - OFOMH LT R A RS L
FTWL BN H D, FRE LRIl R T
LEo7ody, BanflbypoMHLTEt
IANF—%, TRPLEA AV RELC
ft % % 1 56 % W, LLLT % Photodynamic
Therapy (PDT) % Hulo& LB wHHREDOY
— & U TR FIT & B - HikoH
FEHBL TS,

X [

1) Mester, E., Szende, B. and Gartner, P: The effect
of laser beams on the growth .of hair in mice.
Radiobiol. Radiother. (Berl). 9. 621-626, 1968.

2) Roelandts, R.: .The history of phototherapy:

something new under the sun? -J. Am. Acad.

Dermatol. 46: 926-930, 2002.

Mester, E., Spiry, T, Szende, B. and Tota, J. G.:

Effect of laser rays on wound healing. Am. J. Surg.

122: 532-535, 1971.

Lanzalame, R. J.: Why doesn’t everyone use it? J.

Clin. Laser Med. Surg. 21: 335-336, 2003.

Mester, E. and Jaszsagi-Nagy, E.: Biological cffects

3)

4)



(2

6)

7)

3)

9)

10)

11

12)

13)

14)

15)

16)

17)

18)

76)

of laser radiation. Radiobiol. Radiother. (Berl). 12:
377-385, 1971.

Azevedo, L. H., de Paula Eduardo, F, Moreira, M.
S., de Paula Eduardo, C. and Marques, M. M.
Influence of different power densities of LILT on
cultured human fibroblast growth: a pilot study.
Lasers in medical science 21: 86-89, 2008.

Brondon, P, Stadler, 1. and Lanzafame, R. J.: A
study of the effects of phototherapy dose interval
on photobiomodulation of cell cultures. Lasers
Surg. Med. 36: 409413, 2005.

Chen, C. H,, Hung, H. S. and Hsu, S. H.: Low-
energy laser irradiation increases endothelial cell
proliferation, migration, and eNOS gene expres-
sion possibly via PISK signal pathway. Lasers Surg.
Med. 40: 46-54, 2008.

de Castro, J. L., Pinheiro, A. L., Werneck, C. E. and
Soares, C. P: The effect of laser therapy on the
proliferation of oral KB carcinoma cells: an in vitro
study. Photomedicine and laser surgery 23: 586-589,
2005.

De Oliveira, R. E, Oliveira, D. A., Monteiro, W,,
Zangaro, R. A, Magini, M. and Soares, C. P:
Comparison between the effect of low-level laser
therapy and low-intensity pulsed ultrasonic
irradiation in vitre, Photomedicine and laser surgery
26: 6-9, 2008.

Eduardo Fde, P, Bueno, D. F, de Freitas, P M.,
Marques, M. M., Passos-Bueno, M. R, Eduardo
Cde, P. and Zatz, M.: Stem cell proliferation under
low intensity laser irradiation: a preliminary study.
Lasers Surg. Med. 40: 433-438, 2008.

Eduardo, F. P, Mehnert, D. U., Monezi, T. A,
Zezell, D. M., Schubert, M. M., Eduardo, C. P. and
Marques, M. M.: Cultured epithelial cells response
to phototherapy with low intensity laser. Lasers
Surg. Med. 39: 365-372, 2007.

Evans, D. H. and Abrahamse, H.: Efficacy of three
different laser wavelengths for in wifre wound
healing. Photodermatol. Photoimmunol. Photomed.
24: 199210, 2008.

Gao, X., Chen, T, Xing, D., Wang, F, Pei, Y. and
Wei, X.: Single cell analysis of PKC activation
during proliferation and apoptosis induced by laser
irradiation. J. Cell. Physiol. 206: 441-448, 2006.
Gavish, L., Perez, L. and Gertz, S. D.: Low-level
laser irradiation modulates matrix metalloproteinase
activity and gene expression in porcine aortic
smooth muscle cells. Lasers Surg. Med. 38: 779-
786, 2006.

Gulsoy, M., Ozer, G. H., Bozkulak, O., Tabakoglu,
H. 0. Aktas, E, Deniz, G. and Ertan, C.. The
biological effects of 632.8nm low energy HeNe
laser on peripheral blood mononuclear cells in
vitro. J. Photochem. Photobiol. B. 82: 199-202, 2006.
Hawkins, D. and Abrahamse, H.: Biological effects
of helium-neon laser irradiation on normal and
wounded human skin fibroblasts. Photomedicine
and laser surgery 23: 251-259, 2005.

Hawkins, D. and Abrahamse, H.. Influence of
broad-spectrum and infrared light in combination

158

IS Y

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

BHEEREE - 20124E12H

with laser irradiation on the proliferation of
wounded skin fibroblasts. Photomedicine and laser
surgery 25: 159-169, 2007.

Hawkins, D. and Abrahamse, H.: How Long After
Laser Irradiation Should Cellular Responses be
Measured to Determine the Laser Effect? J. Laser
Appl. 19: 74-83, 2007.

Hawkins, D. H. and Abrahamse, H.: The role of
laser fluence in cell viability, proliferation, and
membrane integrity of wounded human skin
fibroblasts following helium-neon laser irradiation
Lasers Surg. Med. 38: 74-83, 2006.

Hawkins, D. H. and Abrahamse, H.. Time-
dependent responses of wounded human skin
fibroblasts following phototherapy. J. Photochem.
Photobiol. B. 88: 147-155, 2007.

Houw, J. F, Zhang, H., Yuan, X, Li, J., Wei, Y. J. and
Hu, 8. S.: In vitro effects of low-level laser
irradiation for bone marrow mesenchymal stem
cells: proliferation, growth factors secretion and
myogenic differentiation. Lasers Surg. Med. 40. 726-
733, 2008.

Houreld, N. N. and Abrahamse, H.: Effectiveness
of helium-neon laser irradiation on wviability and
cytotoxicity of diabetic-wounded fibroblast cells.
Photomedicine and laser surgery 25; 474-481, 2007.
Houreld, N. N. and Abrahamse, H.: Laser light
influences cellular viability and proliferation in
diabeticwounded fibroblast cells in a dose- and
wavelength-dependent manner. Lasers in medical
science 23: 11-18, 2008.

Hu, W. P, Wang, J. ], Yu, C. L., Lan, C. C., Chen,
G. 8. and Yu, H. S.: Helium-neon laser irradiation
stimulates cell proliferation through photostimula-
tory effects in mitochondria. J. Invest. Dermatol.
127: 20482057, 2007.

Kreisler, M., Christoffers, A. B., Willershausen, B.
and d’Hoedt, B.: Effect of low-level GaAlAs laser
irradiation on the proliferation rate of human
periodontal ligament fibroblasts: an # vitro study.
J. Clin. Periodoniol. 30: 353-358, 2003.

Kreisler, M., Christoffers, A. B., Willershausen, B.
and d’Hoedt, B.: Low-level 809nm GaAlAs laser
irradiation increases the proliferation rate of
human laryngeal carcinoma cells in vitro. Lasers in
wmedical science 18: 100-103, 2003.

Liu, Y. H, Ho, C. C., Cheng, C. C, Hsu, Y. H. and
Lai, Y. S.. Photoradiation could influence the
cytoskeleton organization and inhibit the survival
of human hepatoma cells in vitro. Lasers in medical
science 21: 4248, 2006.

Marques, M. M., Pereira, A. N., Fujihara, N. A,
Nogueira, E N. and Eduardo, C. P: Effect of low-
power laser irradiation on protein synthesis and
ultrastructure of human gingival fibroblasts. Lasers
Surg. Med. 34: 260-265, 2004,

Mirsky, N., Krispel, Y., Shoshany, Y., Maltz, L. and
Oron, U.. Promotion of angiogenesis by low
energy laser irradiation. Antioxid. Redox Signal. 4:
785790, 2002.

Mirzaei, M., Bayat, M., Mosafa, N., Mohsenifar, Z.,



7% 45

32)

33)

34)

35)

36)

37)

38)

39)

41)

42)

43)

Piryaei, A., Farokhi, B., Rezaei, F, Sadeghi, Y. and
Rakhshan, M.: Effect of low-level laser therapy on
skin fibroblasts of streptozotocindiabetic rats.
Photomedicine and laser surgery 25: 519525, 2007,
Miyata, H., Genma, T., Ohshima, M., Yamaguchi,
Y., Hayashi, M., Takeichi, O., Ogiso, B. and Otsuka,
K.: Mitogen-activated protein kinase/extracellular
signal-regulated protein kinase activation of
cultured human dental pulp cells by low-power
gallium-aluminium-arsenic laser irradiation. Inf.
Endod. ]. 39: 238244, 2006.

Mognato, M., Squizzato, F, Facchin, F, Zaghetto,
L. and Corti, L.: Cell growth modulation of human
cells irradiated in vitro with low-level laser therapy.
Photomedicine and laser surgery 22: 523-526, 2004.
Moore, P, Ridgway, T. D., Higbee, R. G., Howard,
E. W. and Lucroy, M. D.: Effect of wavelength on
low-dntensity laser irradiation-stimulated  cell
proliferation in vifre. Lasers Surg. Med. 36: 812,
2005.

Mvula, B., Mathope, T, Moore, T. and Abrahamse,
H.: The effect of low level laser irradiation on adult
human adipose derived ‘stem cells. Lasers in
medical science 23: 277-282, 2008.

Mvula, B., Moore, T. J. and Abrahamse, H.: Effect
of low-level laser irradiation and epidermal growth
factor on adult human adipose-derived stem cells.
Lasers itn medical science 25: 33-39, 2010,

Pal, G., Dutta, A, Mitra, K, Grace, M. S,
Romanczyk, T. B,, Wu, X., Chakrabarti, K., Anders,
J., Gorman, E., Waynant, R. W. and Tata, D. B.:
Effect of low intensity laser interaction with human
skin fibroblast cells using. fiber-optic nano-probes.
. Photochem. Photobiol. B. 86: 252-261, 2007.
Pereira, A. N,, Eduardo Cde, P, Matson, E. and
Marques, M. M.: Effect of low-power- laser
irradiation on cell growth and procollagen
synthesis of cultured fibroblasts. Lasers Surg. Med.
31: 263-267, 2002.

Pinheiro, A. L., Carneiro, N. S., Vieira, A. L.,
Brugnera, A, Jr, Zanin, F. A., Barros, R. A. and
Silva, P. S.: Effects of low-level laser therapy on
malignant cells: in vitro study. J. Clin. Laser Med.
Surg. 20: 23-26, 2002.

Poon, V. K., Huang, L. and Burd, A.: Biostimula-
tion of dermal fibroblast by sublethal Q-switched
Nd:YAG 532 nm laser: collagen remodeling and
pigmentation. J. Photochem. Photobiol. B. 81: 1-8,
2005.

Posten, W., Wrone, D. A, Dover, J. S, Arndt, K. A,
Silapunt, S. and Alam, M.: Low-level laser therapy
for wound healing: mechanism and efficacy.
Dermatol. Surg. 31: 334-340, 2005.

Pourzarandian, A., Watanabe, H., Ruwanpura, S.
M., Aoki, A. and Ishikawa, I.: Effect of lowlevel
EriYAG laser irradiation on cultured human
gingival fibroblasts. J. Periodontol. 76: 187-193,
2005.

Reddy, G. K.: Photobiological basis and clinical
role of low-intensity lasers in biology and
medicine. J. Clin. Laser Med. Surg. 22: 141-150,

159

BHOV-¥F—IcX Y51 3B SN2 EMMER

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

57)

277

2004.

Schindl, A., Merwald, H., Schindl, L., Kaun, C. and
Wojta, J.: Direct stimulatory effect of low-intensity
670 nm laser irradiation on human endothelial cell
proliferation. By. J. Dermatol. 148: 334-336, 2003.
Skopin, M. D. and Molitor, S. C.: Effects of near-
infrared laser exposure in a cellular model of
wound healing.  Photodermatol. ~Photoimmunol.
Photomed. 25: 75-80, 2009.

Taniguchi, D., Dai, P, Hojo, T, Yamaoka, Y., Kubo,
T and Takamatsu, T.: Low-energy laser irradiation
promotes synovial fibroblast proliferation by
modulating pl5 subcellular -localization. - Lasers
Surg. Med. 41: 232-239, 2009.

Tuby, H., Maltz, L. and Oron, U.: Low-level laser
irradiation (LLLI) promotes proliferation of
mesenchymal and cardiac stem cells in culture.
Lasers Surg. Med. 39: 373-378, 2007.

Vinck, E. M., Cagnie, B." ], Cornelissen, M. J.,
Declercq, H. ‘A. and Cambier, D. C.: Increased
fibroblast proliferation induced by light emitting
diode and low power laser irradiation. Lasers in
medical science 18: 95-99, 2008. ,
Vinck, E. M., Cagnie; B. J., Cornelissen, M. J.,
Declercg, H. A. and Cambier, D. C.: Green light
emitting diode irradiation enhances fibroblast
growth impaired by high glucose level. Phofomedi-
cine and laser surgery 23: 167-171, 2005. -

Zungu, 1. L., Mbene, A. B., Hawkins Evans, D. H,,
Houreld, N. N. and Abrahamse, H.: Phototherapy
promotes cell migration in  the presence of
hydroxyurea. Lasers in medical science 24: 144-150,
2009. .
‘Wong-Riley, M. T, Liang, H. L., Eells, J. T, Chance,
B., Henry, M. M., Buchmann, E, Kane, M. and
Whelan, H. T.. Photobiomodulation :directly
benefits primary neurons functionally inactivated
by toxins: role of cytochrome ¢ oxidase. J. Biol
Chem. 280: 4761-4771, 2005. o
Pastore, D., Greco, M., Petragallo, V. A. and
Passarella, S.: Increase in <-H+/e-ratio of the
cytochrome ¢ oxidase reaction in’ mitochondria
irradiated with helium-neon laser. Biochem. Mol
Biol. Int. 34: 817-826, 1994.

Sutherland, J. C.: Biological effects of polychro-
matic light. Photochem. Photobiol. 76: 164-170, 2002.
Karu, T. I. and Kolyakov, S. F: Exact action spectra
for ‘cellular responses relevant to phototherapy.
Photomedicine and laser surgery 23: 355-361, 2005.
Barolet, D., Duplay, P, Jacomy, H. and Auclair, M.:
Importance of pulsing illumination parameters in
low-levellight therapy. Journal of biomedical optics
15: 048005, 2010. ) )
Chu, J., Wu, S. and Xing, D.: Survivin mediates self-
protection through ROS/cdc25¢/CDK1 signaling
pathway during tumor cell apoptosis induced by
high fluence low-power laser irradiation. Cancer
Lett. 297: 207-219, 2010.

Karu, T. 1., Pyatibrat, L. V. and Afanasyeva, N. L.:
Cellular effects of low power laser therapy can be
mediated by nitric oxide. Lasers Surg. Med. 36: 307-



58)

59)

60)

61)

62)

63)

64)

65)

66)

68)

69)

70)

71)

(278)

314, 2005.

Lan, C. C, Wu, S. B,, Wu, C. S, Shen, Y. C,
Chiang, T. Y., Wei, Y. H. and Yu, H. S.: Induction of
primitive pigment cell differentiation by visible
light (helium-neon laser): a photoacceptor-specific
response not replicable by UVB irradiation.
Journal of molecular medicine 90: 321-330, 2012.
Lim, J., Sanders, R. A, Snyder, A. C, Eells, J. T,
Henshel, D. S. and Watkins, J. B., 3rd: Effects of
low-level light therapy on streptozotocin-induced
diabetic kidney. J. Photochem. Photobiol. B. 99: 105
110, 2010.

Santana-Blank, L., RodriguezSantana, E. and
Santana-Rodriguez, K.: Theoretic, experimental,
clinical bases of the water oscillator hypothesis in
near-infrared photobiomodulation. Phetemedicine
and laser surgery 28 Suppl 1: S41-52, 2010.

Silveira, P. C., Streck, E. L. and Pinho, R. A.:
Evaluation of mitochondrial respiratory chain
activity in wound healing by low-level laser
therapy. J. Photochem. Photobiol. B. 86: 279282,
2007.

Wu, S, Xing, D., Gao, X. and Chen, W. R.: High
fluence lowpower laser irradiation induces
mitochondrial permeability transition mediated by
reactive oxygen species. J. Cell. Physiol. 218: 603-
611, 2009.

Wu, Z. H,, Zhou, Y., Chen, J. Y. and Zhou, L. W.:
Mitochondrial signaling for histamine releases in
laser-irradiated RBL-2H3 mast cells. Lasers Surg.
Med. 42: 503-509, 2010.

Plaetzer, K., Kiesslich, T, Krammer, B. and
Hammerl, P.: Characterization of the cell death
modes and the associated changes in cellular
energy supply in response to AlPcS4-PDT.
Photochemical & photobiological sciences 1: 172-177,
2002.

Massey, V.: The chemical and biological versatility
of riboflavin. Biochem. Soc. Trams. 28: 283296,
2000.

Eichler, M., Lavi, R, Shainberg, A. and Lubart, R.:
Flavins are source of visiblelightinduced free
radical formation in cells. Lasers Surg. Med. 37: 314-
319, 2005.

Kushibiki, T. and Awazu, K.: Controlling osteogene-
sis and adipogenesis of mesenchymal stromal cells
by regulating a circadian clock protein with laser
irradiation. Infernational journal of medical sciences
5: 319-326, 2008.

Kushibiki, T. and Awazu, K.: Blue laser irradiation
enhances extracellular calcification of primary
mesenchymal stem cells. Photomedicine and laser
surgery 27: 493-498, 2009.

Schafer, F Q. and Buettner, G. R.: Redox
environment of the cell as viewed through the
redox state .of the glutathione disulfide/glutathione
couple. Free Radic. Biol. Med. 30: 1191-1212, 2001.
Storz, P: Mitochondrial ROS-radical detoxification,
mediated by protein kinase D. Trends Cell Biol. 17:
13-18, 2007.

Liu, H., Colavitti, R, Rovira, II and Finkel, T.

160

e aE

73)

74)

75)

76)

77)

78)

79)

80)

8D

82)

83)

84)

PHEEKRE + 20124E12H

Redox-dependent transcriptional regulation. Circ.
Res. 97: 967-974, 2005.

Irani, K., Xia, Y., Zweier, J. L., Sollott, S. J., Der, C.
J., Fearon, E. R, Sundaresan, M., Finkel, T. and
Goldschmidt-Clermont, P. J.: Mitogenic signaling
mediated by oxidants in Rastransformed fibro-
blasts. Science 275: 1649-1652, 1997.

Schreck, R and Baeuerle, P. A.: A role for oxygen
radicals as second messengers. Trends Cell Biol. 1:
3942, 1991.

Droge, W.: Free radicals in the physiological
control of cell function. Physiol. Rev. 82: 47-95, 2002.
Lavi, R, Shainberg, A., Friedmann, H., Shneyvays,
V., Rickover, O., Eichler, M. Kaplan, D. and
Lubart, R: Low energy visible light induces
reactive oxygen species generation and stimulates
an increase of intracellular calcium concentration
in cardiac cells. J. Biol. Chem. 278: 40917-40922,
2003.

Borutaite, V., Budriunaite, A. and Brown, G. C.:
Reversal of nitric oxide,, peroxynitrite- and S-
nitrosothiokinduced inhibition of mitochondrial
respiration or complex I activity by light and thiols.
Biochim. Biophys. Acta 1459: 405-412, 2000.
Guzzardella, G. A, Fini, M., Torricelli P,
Giavaresi, G. and Giardino, R.: Laser stimulation
on bone defect healing: an in vitro study. Lasers in
medical science 17: 216-220, 2002.

Leung, M. C, Lo, S. C, Siy, F. K. and So, K. E:
Treatment of experimentally induced transient
cerebral ischemia with low energy laser inhibits
nitric oxide synthase activity and up-regulates the
expression of transforming growth factor-beta 1.
Lasers Surg. Med. 31: 283-288, 2002.

Moriyama, Y., Moriyama, E. H. Blackmore, K.,
Akens, M. K. and Lilge, L.: In vivo study of the
inflammatory modulating effects of low-level laser
therapy on iNOS expression using biolumines-
cence imaging. Phofochem. FPhotobiol. 81: 1351-
1355, 2005.

Tuby, H., Maltz, L. and Oron, U.: Modulations of
VEGF and iNOS in the rat heart by low level laser
therapy are associated with cardioprotection and
enhanced angiogenesis. Lasers Surg. Med. 38: 682-
688, 2008.

Eichler, M., Lavi, R, Friedmann, H., Shainberg, A.
and Lubart, R: Red lightinduced redox reactions
in cells observed with TEMPQO. Phofomedicine and
laser surgery 25: 170-174, 2007.

Rizzi, C. F, Mauriz, J. L., Freitas Correa, D. S,
Moreira, A. ], Zettler, C. G, Filippin, L. I,
Marroni, N. P. and Gonzalez-Gallego, J.: Effects of
low-level laser therapy (LLLT) on the nuclear
factor (NF)-kappaB signaling pathway in trauma-
tized muscle. Lasers Surg. Med. 38: 704-713, 2006.
Lee, C. Etchegaray, ]. P, Cagampang, F R,
Loudon, A. S. and Reppert, S. M.: Posttranslational
mechanisms regulate the mammalian circadian
clock. Cell 107: 855-867, 2001.

Fu, L., Patel, M. S, Bradley, A., Wagner, E. F. and
Karsenty, G.: The molecular clock mediates leptin-



VHAE BRIV - -tk VBB SN B EMMER (279)

regulated bone formation Cell 122: 803-815, 2005. 1999.

85) Kawasaki, S., Ebara, S. Nakayama, K. and 86) Kushibiki, T, Tajiri, T, Ninomiya, Y. and Awazu,
Takaoka, K.: The E-Box' motif, recognized by K.: Chondrogenic mRNA expression in prechon-
tissue-specific nuclear factor(s), is important for drogenic cells after blue laser irradiation. J.
BMP-4 gene expression in osteogenic cells. Photochem. Photobiol. B. 98: 211215, 2010.

Biochem. Biophys. Res. Commun. 263: 560-565,

Regulation of the biological function by low level laser therapy
Toshihiro KUSHIBIKI, Takeshi HIRASAWA, Shinpei OKAWA and Miya ISHIHARA
J. Natl. Def. Med. Coll. (2012) 37 (4) @ 267 — 279

Abstract: Low level laser therapy (LLLT) is mainly focused on the activation of intracellular or
extracellular chromophore and the initiation of cellular signaling by using low power lasers. Over
the past forty decades, it was realized that the laser therapy had the potential to improve wound
healing and reduce pain and inflammation. In recent years, the term “low level laser therapy
(LLLT)” has become widely recognized. This review will summarize the various light sources,
principles of dosimetry, and several parameters of LLLT that are employed in clinical treatment.
Furthermore, we will describe the mechanisms of action of LLLT at a cellular level. Finally, our
recent research results that LLLT enhanced the cells differentiation will also be described.

Key words: Low Level Laser Therapy (LLLT) S intracellular chromophore
/ regulation of cells function
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