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<BEE>

RIFIBRIZHB T D REEORIFIL, BROTRICKESEET L LEbh TS, BUE
TIZFEEHE U7 KR b v LHBIKIS> Mineral trioxide aggregate (MTA) % FHU =7
VT KR E LT EEERIESEASH SN TWD, L L, RO BEHEEREET
(IR — 72 B FE H T D ATRENE DS 8 2 7o IR TRk BB I CRATT D 2 L b
2L R\, Z OSBRI T D2 01E, LY RIS R 2T 0B
HHEBZONTWD, ETBEERGTFEDOEMRE VI ENL TS, WHiIZIB W TRIE
A RIIEREICED 5 L ZE 2 5N TV, BIRICB W TEMLEN VI L 2 5
BHIZZIEDSE Z 0 L9 VREE, b LT TIIRIENR Z > TEY, 5B bEHRDK
JEIZS B IND RN HDH Z EEZBE LRTNIER GV, DT OERKRIZIEV T
RO EWERIE LT 5720101, Bk E AT 5 & RSO RIEEZ 2> K
H—)L T L ERMATHLEEZBND.

AR, O L — =S 2 A RIS IR 92 2 L2 ko ¢, AlGTRIGIREE, M
ek, KRR, RSSO REZEL 2N E L& LV L —F—1h
J& (Low level laser therapy ; LLLT) 23 EH &I TV 5. HEHZB W TH BER L —HF—|X
FOWRFEMEAZIGA L, LLLT (& X 2 R EMEROERAER, B0l 2 ALk
FAEEVER OEERISH DI STV A, L LA S, MO FICITEN
DRDHND. T O DM RTEDE NN L D D), BEEFRIZ LS
H DO, FWETHERITHDDO LK TPED ORI TE RN EZ 265, £
ZCARBIFETIE, HER L — Y — ORI RE OB T A T2 2 L 2 AR L LTI
BHCERZ G DY, RIHIEME TICBIT 5 660 nm £ 721X 810 nm D8 K L —H—TD
ALP JETE, Osteocalcin (OCN) @ mRNA FE8L, AR LAEHT DY:th, Bone morphogenetic
protein (BMP) -2 D ¥ /X7 BHRBUZ DWW T 21T o 72, T ORGSR, MERUFEEIZ -~ 660
nm FREEEE 810 nm AL S H HORETH ALP iEMHED EF, OCN mRNA FIL&DO A E 7
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HAN, von Kossa GL D YL DGR AFEO HALz. L L, BMP-2 OFBLUZEI LTI, 660
nm JREEETIT control (L~ EITHIIN L TV 5 725 810 nm FREBE CITA B 72250580
NN E NS RER &R0 Tz,

BT, RIED I VAT 4 =—H—"T % prostaglandin E, (PGE,) 11EER I 'L
RICBED S LZEZ 6N TR, b MEHEZEMIE (hDPC) (6 LK E TR+ 2 Z &
(& & o TREARRRTE AR AMEE S 41, @B TR 2 2 L 12 K o TEEARRZ s Bl & 4
B eV THMEO@E A O LWV O HENDH D, BMP OFEFASLHBUIIIENE 7 I AL A
TAT—Z LI VFEINTND EORENS, BMP DR 7 F LT % smad IZ1E
H L,hDPC (Z31F 5 BMP-2, VU %k smad1/5/8 (Phosphorylated smad1/5/8 ; P-smad1/5/8) ,
smad6 FEHUIKTT D il PGE, 3 XL OEIR L — Y — D B2 Mt L1z, ZORE, &
JEJE PGE, 2 ¥ L 78 Tl von Kossa Yo DY ME DD 23588 B L= 23, 1K 660 nm
H L <K 810 nm ONER L — W —Z 5 L7212 PGE, Z NI L7 HE T, HEHIIK
BE L [FIRRE DY 238D 70, F - MFITTHE & e, SR PGE, iININEE Tl BMP-2 B LY
smad6 DIBR - FBLEOHMNFRD B A7z, 660 nm O L—F — R § %12 PGE, IR Z1T -
TZHETIE, BMP-2 OB FFHBLEOHMNNGRO HiL5H—F T, smadé DIBIAT-FBLEIT
FERE S IZIFE D S 7203572, 810 nm O L—F—[R &4 D PGE, #SIEETlX, BMP-2 &
smad6 DEARFHRELEITILICEATIH L RBRETChH o2, —FH, KL—¥F—HRHFTD
smad6 D ¥ /37 EFBLIL PGE, ININEE & [FIFREE O T BB H v/,

PlXv, Hh%E—EIZ L7 660 nm, 810 nm D72 %3 B O Y8Rk L — W —% H\ iz
& E, WEOWEE CHAABIZROMEE S iz, £72 PGEy 12XV, AR ] 2358
57z, 660 nm O HEAK L —H — (T smad6 Z #9225 Z & 12 K o T PGE, 12 K DAl
FANHER 2T BT Z AR STz, £72, RHIITO 810 nm OYHER L —H—T
IZ PGE, |2 & 2 WEARLRRE A E M 2 4T B3 6 0D, BMP-2 & smad6 %41 S 7220 Bl il
RS2 & D 2 E AR S T,



<GhE>

RIFTRIRICB T D HBEDOIRIFIL, B O TRICKRESEET L LSO TV 5. Hifkh
EH OMED I L2ERAR, TRbbE8 A TEDLND Z ENEE L. BUETILEH
L 72 H KR A v o 7 HBUKISS Mineral trioxide aggregate (MTA) % W2 /L A
BEARE LESEEMENERIGH SN TS M2 LaL, KEED LY W55 % f
WIS E B BEE TIE, OO IO 72 O BRI CE R S 2 L, SRR A AT
D2 LR MEBERFE 2 TR T B - ORI RITE < RV L P ShTn
%. 77, MTA £ 2> M, Linu 512 X 5 T ProRoot MTA & Biodentine % V7= [H 784
HEOIRFRGE O BIRRAE 21T > 72 ) Bd 0, 2RO 88.5% & &\ VU TH
HENTHDENR, RBICRE ST RE LEAIKIEL D R0 b PEET S LHE ) &h
TW5. EEHICBWCTRIE & MR RITESECED B2 5 TEY, BKIC
BWTEBLE D LE L 72 5 BRI R A R T 72 DI X RO RIEA = hr—
VTH T ENMEATHS.

RIEDTr L HIVAT 4 =—H—"T 5 prostaglandin E, (PGE,) (FMEBEEF LI
PHEZZHNTED, b i M URIREE TR 2 2 & 1T & o Tl Rk
TER A ARHE U, SR TR T 5 2 &2 X o TR A I S b & v EtEo
X & Fo = L REE Y ST A, X 51T Bone morphogenetic protein (BMP) D{EFS
RGO E, RIEWETFIDNAT 4 =—F—ICX VST DL LE0HE D Nd 5.
BMP (3B E O Tl bRV VETERR E R TIR 0 —o L @i Y Sh, B RO
ok, BOFRAE, ki, BAEICESELG L TEY, FF BMP-2 1358 ) BB SEEIEH &
A% &V, MC3T3-El #ldiZ BMP-2 Z/EH] S8 % Z & T ALP IGMEDME i LAk
FERRED AN L 72 & WS EN ST\ D @ F72 BMP-2 1%, #iiic1T 5 R b
DEF LM ~D MBS URRE R 2 T2 b0 L EZ 5N TS Y . BMP O

T T IAREEIZIZEIZ smad 3B 5 LT 5D & &4, smadl, 5, 8 1ZZ4LE1L BMP L& ¥
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—I L0 U Ul S PRSI 21TV, smad6, smad7 1%, BMP ¥ 7 UREZ 95 &
WS TS T 2253512 50, 1 uM PGE, 7° smad6 DFE LA (£ L, smadl, 5,8 D U
VL EIET S5 LI Ko T, BMP VU UREE IR L, AR A TR E T S &
OWE Y RBHD. oz L6 e MEEEREMN (WDPC) IR B EEE PGE, Ik D
AR A OPNHNZ 1L smad6 3B 5- L T\ 5 &G ST 5.

— 77, IR TIEH OV L —F =N 2 AR T2 2 itk - T, AR
AR, MRLE, KRR, MRIRIEEDONREGL e HNE LR v~
——J59 (Low level laser therapy ; LLLT) 285EH S T3 P L—F— 3R EWEIC
FoT, HERL—Y—, "RV —F—, IR L — =8 R L — =R LTI LS.
BUE, BHEERIE~OERIZL—F =2 AW EZ <RI T D, FEk L —
Y1 RN, T72bbASB LM h~E 7 1 v o ORIIURE MRV Z & 2 F
LT, RN E T X —RNEET 2 MfEEE L —F— & LTaHnTn
219 HwAHCB W TS HER L — P — 3 Z OF R R ZIGA U, LLLT 12 X % # A%
OWHRIER 7, Bl bl T 2 BRI SR EIER 20 ORRRIS A IR ST
5. B 2%, v MR SER L —F— (810 nm) % 1.0 W T 10 PRSI % =
L2 X - T, ALP, type I collagen (Coll-1) , dentin sialoprotein (DSP) MDFEELNTLHE L, 4K
ERERI O R LI LS L, 810 nm RO L—H —MI %175 Z & THIKILDE
FRAEHE D B DA 2 ey LT 5. £ 72, Theocharidou™ (%, b b HBEREMlEIC -8k
L—H— (660 nm) % 140 mW THET2 = &1 L - T, BMP-2, DSP, Osterix DJEHLN L
HEL7ZZ &2 B, 660 nm @ LLLT 23 A JKAETE AR E I A 272 L e LTV D, & H 1T/
2552 12 k5T, 660 nm (20 mW) & 810 nm (1.0 W) DK L —HF—(Z T b pilisss
A (human Dental pulp cells : hDPC) (ZHSF Z4TV>, 660 nm TlE BMP-2 @, 810 nm Tl
BMP-2, 4 S BLEN N L, SR A ES e VW O BERHDH. LKLY, lE
ESYEIZHBUVT, 660 nm 3 5L 810 nm DK L —+—% hDPC (242 = & T,
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WARRIE R BEMEE SN D Z b0 d. L LARnS, 2 E TOMEIZL ——0

\

)40 BRI RERNZ 2203 & 0 BEARRRI ARE DV M IIZ £ 5 b D722 D7)y, BT RRRH]
(X Db DD, B TR0 5 R A-H35E 5 ORI 28858137 it T
R F XU, WRUNDFMEZIRY 2 G5 2 &73, FEK L —F — Ok
TERREDI T 235 ECHhEE b EX BILD.

VLB X O ARIETIE, A L — — ORI ARE DT 2 A2 Z L2 ARV &
LT, FEATICET S R OMECERZ A DY, hDPC X7 2 8K L —F —
DOIEAERRIZ AR & 3l L 72, S 12, PR L —F— DR OPIEMEMA 2 Matd 2 B
T, AL —Y —% hDPC I[ZS L, &iRE PGE; Z RIJ L 72 R A8 T OB IE R RE

DUWNTRAT L7,

<HkHE FE>
1. ffaksE
falx, HEDA 7 —h Rartr Ma+01KdT> CRIE AR, 20 O BH D

FEIESFRIER I £ 0 P ST 56 = KR o th kLR 2 S A E D L, 10% Y TR
JRifiE (FBS), 100 pg/ml penicillin G (VAR 1L, Japan) 2 WL 72 o-MEM %
W E L THWT COy A > F 2 _X—F 2T outgrowth S, 6-8 {RAES X &7
f% hDPC & L CHERIZHW - (KERE S 1 EC15-009 H AR FA 7 iy “ fim BRSE A 2

).

2. HREHSRIE

/

i
)

=

ARER T, RRDPROFER L —F—2FH LTS, $72bb, ik 660 nm
(Osada Lightsurge Square #X{F##%, Osada, Japan) & 810 nm (Osada Diotrron 1000V, Osada,
Japan) ZHIJ & LT L7z, 228, ABFEO L —F—DRFFMHFITONTIE, =
D L—P—AEE D)% 300 mW IZHE— L, K 10 cm EJ5 7 5 FRETHEEIH 2 EE 35 mm

& LT600 DS 21T~ 7=, B2 3 28813, Mila% 35 mm dish (ZF5fE L7-1%, M
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SHBHAG 24 WRIRTIC FBS IREZ 2 %2 LC, MSERTNICE & %Z Phosphate buffered
saline (PBS) (Z4A2#a LS 24T o 72, W14, BHEH5HILZ B-glycerophosphate (2 mM) &
TAILEVER (50 pg/ml) EETeEiM (fRACEEER) (2T 3 H Z LI A A
1TV, K 30 HiEEs#& 217> 72 (Fig. 1).

.PGE, {Z & % hDPC D XLE]

L—H—RE73 5.2 %5 hDPC OREAHARTE R )4 2 RIE DB & T+ 272912,
L——WBE 21T > 72 O 10 uM PGE; (Cayman Chemical, USA) % ¥/ LEs#
AT 2T

. ALP &M

ALP {EPEDMIEIL Oshima 5 * OHIEITHE - TIT-7-. T2 5, 35 mm dish [ZT
1~19 AMEEE 21T > 7ol Z PBS (2T 2 B L, 0.1 M glycine-NaOH buffer, /5 &
L T 8 uM p-nitrophenylphosphate Z i1z, 37°C, 30 47 fi] -1 > F =~<— K L, 0.1 MKzt 7

NU D AEIMZBOSEE LS, R 415 nm (28T DWW ZJE U7, BERTETEI
1 47 1258 L 7= p-nitrophenol 1 umole % 1 munit & L7=.
. Von Kossa 4xt4,

FRGT % 30 H RIER 2 L 72 i BEHEIRIZ 35 1) A IKALAS B TR R O 178 % von Kossa Yetia %
AT T 72 97205, 30 B HOWHMAIZR LT, 10%4/0~ U ¥ (Wako,
Japan) |Z T30 MEE L, BEEZRZREKIZTYRE, S%IHRREIKIC T 1 RFMER, 758
AKIZTHHE L, 5%F AmifE) MU U LK T 3 SEETEE S, WK T THREE,
calcified nodule DL A #BIZ2 L 7-.

. Real-time PCR f##T

total RNA % #5112, One Step SYBR® Primescript' " RT-PCR KIT II Perfect Real Time

(Takara, Japan) % i\ Cii#iz 5 4%, Thermal Cycler Dice® Real-Time System (Takara, Japan)

12T Real-Time PCR f#HT 21T o 7=. AMEHTIZIE Osteocalcin (OCN) , BMP-2, smadé,



GAPDH 4 7' F A ~— (Table 1) %2 Zfii f L7=. 42°C5 43, 95°C10 B CHHEE 21T\,
95C10 4y CAEM S, 7T=—U VB IOMHERGE 60°C T30 D2 A7 v FIET
50 cycle 1> 7-. EEIEIL, GAPDH 22 hr—/L & L AACtiEE W CEFRE LT,

. ELISA 7%

FRET 72 BERI O B 2B L, BMP-2 O % L X7 & OHIE % Quantikine
ELISA Kit® (R&D Systems, USA) % U T micro plate reader (MTP-450 Lab, Corona
Electric, Japan) (2 C{T-7=.

. Western blot £

35 mm culture dish THFE, FI 24 FFEIRTIZ 2%FBS % &0 o-MEM (2R HIAHL L
7=. Hi%# ® hDPC % 100 uM phenylmethylsulfonyl fluoride (PMSF) , 0.2 mM ethylene
glycol tetraacetic acid (EGTA) , 2 mM ethylenediaminetetraacetic acid (EDTA) &A1 5

Cellytic M Cell Lysis reagent (Sigma Aldrich, USA) 2 CiafiFE L7z,

Bradford 52T, # X7 B &OFHFE LN L 7= D5 sodium dodecyl sulfate (SDS)
sample buffer (New England Biolabs, USA) % /il % 5 43 ffA&#6 L 72%%, 15,000 rpm T 1 53]
mODEE L% o BiEE Y v e LT, 7.5%0 SDS polyacrylamide gel electrophoresis
(PAGE) f1%~ /L (Mini-PROTEAN TGX Gels, Bio-Rad, USA) 2 CESIKENE, inGHEE
(HART A F—%E, Japan) #fH L C= brk/Ln—RfE (Bio-Rad, USA) ~#:5 L 7.
& D14 skim milk (Becton Dickinson, New Jersey, USA) I[CTHEIR T30 7 2y ¥ 7%
1TV, —IkEURZ =R T 2 KeffIRESOS S8, ZREUAZ =R T 90 /rfIFEARICEIS S
7. —RPUA L LT, P Phosphorylated (P-) smadl/5/8 Hif& (1/1,000) , HT smad6 HLik
(1/1,000) , & 7=13Ht B-actin FUA (1/2,000) Zfk L7=. Pk & LC, HRP kbt v
X IgG HLikZ it L 7=. ECL prime Western Blotting detection system (GE Healthcare, England)
Z W TR 21TV, X7 4 v A (Hyperfilm, GE Healthcare, England) 12/

SETHRAEZMHE L.



8. MRtHALER
55 N HE MM YR (SD) TR L7z, AEZEOKRTICIL Tukey test &

AV, AEKEE 1% LN 5% THRIE LT-.

Table 1. Real-time PCR {EIZFAW=& 7T A ~— DI FLAL S

Primer Sequence Size

OCN Forword 5'-CCCAGGCGCTACCTGTATCAA-3' 112b
Reverse 5'-GGTCAGCCAACTCGTCACAGTC-3' P

BMP-2 Forword 5'-CTGGCTGATCATCTGAACTCCACT-3' 94 b
Reverse 5'-TCGGGACACAGCATGCCTTA-3' P

Forword 5'-GAGTACAAGCCACTGGATCT-3'
smad6 104 bp
Reverse 5'-ATGCTGGCGTCTGAGAAT-3'

Forword 5-AGGCTAGCTGGCCCGATTTC-3'
GAPDH 123 bp
Reverse  5'-TGGCAACAATATCCACTTTACCAG-3'




Laser irradiation

v

Cultivation in
calcification
induction medium

—

Fig. 1 SEHRigEs

Production of
BMP-2 protein
(ELISA)

Production of
smad6, P-smad1/5/8
protein

(Western blot)

OCN, BMP-2, smad6
mRNA expression
(Real-time PCR)

[ |

ALP activity

Calcified nodules
(Von Kossa stain)

3 hour

Day 14




<HEE>
1. YER L — P —RRE A & IT 4 hDPC @ ALP iE M~ F 2
ALP JEMEIT L —H — R % T R TORICB WO TRIFMIC ER2Z R 5N, 13 HEA

— 27 L L& TR LT (Fig. 2A).

4.0

—{}— control
—0O— 660nm
—— 810nm

35

3.0

25

2.0

1.5

ALP activity (mU/well)

1.0

0.5

0.0

1 5 7 9 11 13 15 17 19
Day

Fig.2A (KL —H—HSHE D ALP {EMEDRFHZ AL
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9 H, 11 H, 13 HD ALPIEMEICBWT, b o0 L —V—WEEEY, o0 b —/LEE
EOMNCHEREN FRZ3BD7-. 93, 11 A, 13AF0RIZBNTH2O0 L ——R

FREOMIZB W TAHBERZEIRD b~ 7= (Fig 2B) .

3.6 * —
o # T
— _
o f ' I =
34 — T
iR
T
= I
© 3.2
=
e~
-]
£ T
— 3 nE
z
-z
5 2.8
> 2.
[a )
—
< 2.6
9 11 13
Day

Ocontrol M660nm E&10 nm

Fig. 2B Y8R L —H—MG£ 9 H, 11 H, 13 H D ALP {EE~DRF 2

EITE I AR HER 75 (*p<0.05 **p<0.01) .
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2. R L — P — RS &IF T hDPC @ OCN mRNA FEH &~ B8
FEET 14 BB OMIIEECIBWT, o2 ha—/LfE L S, 660 nm FEETEE, 810 nm HRS#E
2 mRNA B EOAERBENNED SN 200 L —F—BEEICB W THE R E

TR Lo 7= (Fig. 3).

®
* 1
1
0 I I '

control 660 nm 810 nm

ok
tn

Relative Quantity
(Osteocalcin/GAPDH)

[

tn —

Fig.3 Ya{k L —4 —MREH KIFF hDPC ® OCN mRNA FEH &~ 5
HEER L — Y — R 14 B % DO hDPCIZ351) 5 OCN mRNA FE Bl & 0D Lk % Real-time

PCRVEIZE V{7572 (*p<0.05).

12



3. R L — W — % BB &7z hDPC (2 K D A3 KA o Yets,
L—H—H42:5 30 B H @ von Kossa e lZ 6T, L—HF—RHFHELEHEHICH a v
ha— URE L T, e OB KRR bz, L= — D EDEWNIONT, A

R 22T Hive o 7o (Fig. 4).

control 660 nm 810 nm

Fig. 4 “PEKL—Y—IZ L2 AIKICI R~ DR

MK L — Y — %522 30 H H @ hDPC (2% L T von Kossa Y42 %17 7-.
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4. YER L — P — BB LITT hDPC @ BMP-2 Z > /87 B FEE B~ D
BMP-2 A FI T, FRET 72 BRI oML EIF I BT, 660 nm FRETEHIZ = b —L
BEL R LA ERZ VXV EEOINEZRDT-. o ha—/LiEL 810 nm BEHEEL D

FIZRBWTHERZ VX7 EEOHEINTHED b/ -7 (Fig. ).

200 *

[
tn
(=]

100

Lh
<

Concentration of BMP-2 (pg/ml)

(=]

control 660 nm 810 nm
Fig.5 PR L—% —RH72 KIT$ hDPC @ BMP-2 & /X7 BREBLEA~ DR
MR L — Y — MU 72 B #% O hDPC (236517 5 BMP-2 ¥ /87 B BLR O ik %

ELISA HEIZ K VAT 272 (*p<0.05) .
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5. YHER L — P —I3 KOV PGEy (2 X B A KA Ye e~ DR
Hil% 30 H# ? von Kossa Y2212 T, control £ & b~ 10 uM PGE, 2 #8425 = &
IZ X > THREMEORD BRBO BTz, L L L —Y—%REd 25 2 L2k > T PGE, s
BRI AR OB R 258D 7. L—HF— DR OEWIZOWNT, R 2T

b BN 7= (Fig. 6) .

10 uM PGE,
660 nm
810 nm

Fig. 6 ERL ——3 L O PGE, 1T & 5 41 R Yt~ D 55
PR L — —BRSTE KL OV 10 uM PGE, fill %5578 30 H H @ hDPC 2%} L T von Kossa

Yt Z 471077,
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6. R L —H —3 L PGE, ® BMP-2 mRNA RH &2 5 % % 28
FRST 1 IR§[#]#% © hDPC (235 C, control #, % 810 nm @ L — % — % M L 721% PGE;,
VRN U7 (810 nm+PGE %) (2~ C, PGE, #sINEE, #7660 nm O L — W — % R &

L 724 PGE, & iR L 72#¥ (660 nm+PGE, #f) @ 2 £ T BMP-2 LA F R HIMHFED

vz (Fig.7).

2.5 ok ook
. r ww M

ok 1
1T 1
I T I T I 1

control PGE: 660 nm+PGE: 810 nm+PGE:

Relative Quantity
(BMP-2/GAPDH)

e
i

Fig. 7 58K L —4—3 LN PGE, ® BMP-2 mRNA RHL &2 5 2 5 %

\S}

PER =PRI LT 10 uM PGE, #iliE#% 1 Fffil#2 hDPC (23517 % BMP-

mRNA JEH & i % Real-time PCR {512 X W4T -5 7= (¥*%p<0.01).
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7. YR L —H—F5 LTV PGE, @ smad6é mRNA FH &2 5 2 5 B4
S 1 R hDPC (28T, control FEIZEE, PGE, 2N T 52 L1k - T
smad6 FILOFELREEMMNERD vz, £72 PGE, B, L—Y—BH2{T7-o72 8

H 5 DOREZEW TS control £ & [FIFEE F T smad6 FEBLOJD 23580 7z (Fig. 8) .

2.5
*

e f #
T 1T 1
0 I T I T . T ' 1

control PGE: 660 nm+PGE: 810 nm+PGE:

Relative Quantity
(smad6/GAPDH)

=
Ln

Fig. 8 Y- {Kk 1 —+—3 X ' PGE, ® smad6 mRNA R &2 5 % 5 %
SR L —F — R3S L OY 10 uM PGE, il 1 F¥#1#% 0 hDPC 123513 % smad6 mRNA

FEBLE D b % Real-time PCR (12 L W 1T-> 7= (¥p<0.05).
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8. YKL —H— LN PGE, ® smad ¥ /37 EHBUI G- 2 5 B
HRGT 3 IR§fH]#% 0O hDPC (23T PGE, iNINEE Tl P-smad1/5/8 DIEBLITFER S H L7220

ST, FER L —PF— %G T2 Z L1255 T P-smadl/5/8 OFRILNGED b, £

7o, TRTOFIZBNT, smad6 DFELRBD L. EHIT, PGE, ZININT 25 Z &I

& o T smad6 FEBLEDOHMNAFED H L7228 660 nm D Y-ER L — P —Z G425 Z &1T

X o T smad6 FHEDOHADNED HiL7-. —F5 810 nm D E(K L —HF —FREFE Tl

660 nm MRS EHIfEZR smad6 FEBLE DA ITERD b -7 (Fig. 9).

smadé - «—52 kDa
Psmadl/5s R t B B S0kDa

B-actin <45 kDa
10 M PGE,  — + + +

660 nm — — + —

810 nm — — - +

Fig.9 ‘PHE{RL —¥—8 KL O'PGE, D smad % > /37 BRI G 2 5 2
B R L — P —BRE S XV 10 uM PGE, §ilit% 3 F#fi$% @ hDPC (Z351) % P-smad1/5/8,

smad6 ¥ /N7 E RO Lk & western blot £ K VT o 7-.

18



< B>

HEER L — I, R BEI e U CHURIEANE ORI AR (e 2 e e & DA FHPEA
B S AU T D, R L — W — ORI A BRSOV CEIRR S 2 1, 810 nm DY
KL —W—2NH T MEBEMIRIC S L7 & &, MIIEERE S B L= 2
IS ER L — Y — RIS E AV E R LTS, £ DS 2L, 660
nm OER L — P =2 THRE Lz & &, b MRS RO REEE S A BN
T2 LD EEROEEE L — I — RN 2 ERI L0 S LT DL R
L= —% T EIC BV TE DR D S&RiTk 2 TH 0, LR RCRE

HEOEWPHNCL Db DRON, WRICED S ORONEHRIT 28581347
TR, & 2C, AL TIRRER L — Y — OB RO 2 R+ 2 L %
HEJE LT MR ICERZEDYE, REASRMETICRIT S, 660 nm £721% 810 nm D
BAK L —H—TD ALP iM%, OCN mRNA FH, AIKALAEHi OB, BMP-2 OFEBLIZDOU
THFTEITo 7.

B R T MO b~ —H—D—2 L LTHbLND ALP I, U VBT AT L
EIKRGIRT DR THLHZ b, B RrX 7 X2 4 FOfEERELZHET SR
U AR L, BARIER A RE ST B2 N TWD P s T,
FIRACHIHNCEEAE S, @OV ALPTEMERRO 5D E VI HE BNENTND Z b,
AEER T AR 2 I T2 2 L TR & B X 7o, T OFER, ALP IE LT L — W —
N Z TR TOREICB W T I3HEZE—27 & L, NI EAA RS9 HH O ALP
EHEICBNT, Eboo L —F—WEHES, 2 he— e oMIchERIEME A%
T, FotEEMR R RSB SN D ARTFMRO b~ — T —Th D
OCN*"? O mRNA FHEH L —V —H5 24752 2Tl > b — VBRI~ A B
BN Z 388 7= von Kossa Yeta, T &, MR D8R L — - — KBTI T, BEERZ AL
DIEHERZRD BT, EH S 3D 1E, 80 mW DA L —F — % a1 58 kL —
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P—MGT 5 L, MK O b — L& ik UC ALP IEENAEIC EF LTS 2
LERBELTWA, £, (a5 1L, 810 nm O¥EER L —H— % b b REERSHIEIC
SRR 2 &, BRSO e — /L i LT OCN EEAENAEICHEN L Z
EERWE LTS, &5 Matsui B 20 1L, EEEIRIC SR L — P — (810 nm) % 1.0
W O TREZITH) 2L T, HF v Xar0—2THY, BB TEDOEKIZ
BI5- LT D & EHLTU 5 HSP27 O mRNA FBLS —RIZFHE S, MALRRRESE & o /<
7B DIBLOWK, ALP JEMEDOHENN K A IRALAETIOTERIE KRB AT D Z L2 LT
W5 ZDOZ LD, KEEDO L—F—RFAHIC/ERT 2 Z £I2 Lo T, ALP IEMER
L, AR RES T b0 LHERITE 5.

BMP (3B MO, B DIAE, iR, HAEICESEL L TEY, FHZ BMP-2 |34
N7 BERIEEER 263 % & \Wibit, MC3T3-El Mifdic BMP-2 #/E&E5Z & T
ALP {EMEDMIEME URFRHARZRRBEA BN L7 S W o s A & Tnd 9. £/ BMP-2 (3,

LB DRI DG M~ D 3 LI B S LI HAE R A RET 5 6 D L&
ZHNTNDY Z b, KRERTIZBMP2 DX 7 BERBBEICOW TR ZIT- 7=
i RAZ BN T, BMP-2 13 660 nm FURFE CTHBLEDOHIINNFEO b d Z &% L, 810 nm
BB CIE Yy b — VBRI HS, FRREITRD b o7z, Rosa » BiL, 7 v k

BT 5F OIREIRFRIZ% T 5 LLLT 35 X U recombinant human BMP (thBMP) -2 D Zh 512
DUNT, LLLT & thBMP-2 Z RN L 72 RO 2 et L, LLLT ¥l % 721X thBMP-2
BHMEY SHAEOFIHICE > TROERBOBEBEARE L ERELTWND. ZoHRE
DY, PR L —Y— L BMP-2 ORI RIS I 3D &) Z R
D, L L2y s 660 nm FREHHEE L 810 nm FRFEHCR W TESL L ORKSEMAIZE N

b AR 7R B M T O T2 b 2200 BT, BMP-2 O X X 7 ERBLEICAE
RENRBD LTI LI, BERROFR o7,

— CHBEITRRE M A TR T D LIEERFEEART 52 s, ik
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TRIE & BRI T BRSO D L BEZ DN TWD. RIEDT I NNVAT f =—H —
T % PGELIZHOWTHAD Y13, b bRl 2 K2 PGE, (0.1 uM PGE,) THil
W% & AARRE R MIETE S 4L 5 23, mRE PGE, (1 uM PGEy) HIK C I AE AR AR 03 B
HlED L) THEEOBE EFREOZ L ERE LTS, RIEWT I VNV AT 4 =—X
—IZ X VSN TS BMP 1L, AFEMEYE O T TR b HRVVETER 2 R’ D —>
L an Y BIEMROSME, BORAE, MR, BEICESES LTS, BMP 25
TGF-B A—/"—=T 7 I U =N L7 Z—IZHEE LICEEOMBEAN~D T 7 F U RZEITEIC
smad /T LTIz 5. BIEE C smad ITFLEA T S /M E SN TE Y, 20
1 O K A smad, AR smad, I smad @ 3 FEEICHE T 5. B smad TH
% smadl, 5, 8 DENENN BMP LEFZ—I2L0 U UgbIi, AR smad TH D
smad4 & FEFRAL smad OWT RO DEEERETER L, BN~EBITT D2 EICE v 7 )
IGREEZAT 5. P smad T 5 smad6 & smad7 [ ZFFRA smad DL 7 X —I12 XD
SEAGIZHES, b L <UIFFERM smad ISR D 2 &I Ko THE smad & AT smad
DEGRRERET S Z LIC k> TEOERZMHIT 5. ZESICEY 'Y, 1 uM PGE,
75 smad6 DIEHL AL L, smadl, 5,8 DV LA HET L2 LICL>T,BMP &7 L
{REZ I L, BAMERZIET 2 L oWERH D, TLEAD 0%, v M
|Z tumor necrosis factor-a (TNF-a) , IL-1B, IL-6 Z N L 72 & &, AIRACISHHWER 2 &IF3 2
EEWELTND. 20X D ICRIEREOMARI B W TR BT IS S b & vz
5. BRI W TERLEDS LI L 72 D WBEIZRIES R Z 0 3 U REE, LT3 T
ICRIENL Z o TEY, 5% BEIORIRIEICES L SNDARENRH D Z L 2B L7
THIE7R 6720, 2O DERRIZIB WD TP O EWERETE 2 LT 5 720121, il
WEBKT D ERFCEORIELZ T hr— LT D EBRATHD EEZBND,
IR L — P — L, BRI 2, FIREEROA S £729E S
1T TV 5. Honmura’” 5137 v b O EBRIKIEET /L Z2/ERL L, SIEFBIZEE L
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— =% L7z & 2 A, SMERIERAET OME Z MO, S OFEE, W
TRTOFAITBOTRIED 20~30%%E L7z & o@E R’ H 5. £ Shimizw™ 513,
KL F— L — =GN J o TP A b L R 23205 7o RS IE 2 5 O PGE, 3
KO IL-B EAZARICIHET 22 L THRIEDRPEZ 2 L 0HmEL LTS, 2
OOWEND, FEE L —F—DROFRIEFEN Z2FH LT, Mlalc5 s 2 2 RIED
TR TEDHO TRV ES 2 T2, & 2 TR T, [R5 Tz 5 660 nm
F 7213 810 nm O HEIR L — Y — & BST L 72 hDPC IZ4F L C, @R PGE, & fili% X t4¢
JiE & BRI AR D BIFRIC DV THRAT L7, 2 OFE R, PGE, fIEE & PGE,+660 nm FR 4T
FEITAtho> 2 BEICEE~T BMP-2 @ mRNA FEHEIZBWTHERBMZR O, S 61T,
PGE, FII4RE I 3 BEIZHEX smad6 @ mRNA HELEIZBWCHEZREMNNED b,
western blot V£IZ3 T4 PGE, FIJ#E TiX smad6 D ¥ > /X7 BB RIE S 4,
P-smadl/5/8 D% 1 /X7 EHBLNH] S 4172, F£ 72, von Kossa Yt 5 PGE, FIIPHHE Tl
BRI B 23 STz, Z 0 2 &b, PGEHIKIZ & - T BMP-2 234411 L 7243, smad6
DI HEEIM L T=72D, F O smad 7 smad1/5/8 DV gl 2 U U 7= 7= HRE AR
FERDMHl S 7z EHERI S D, LA L 660 nm+PGE, FRETHEETIE PGE, FRMEEIZ L,
smad6 O FE B INA588 5 A7 P-smad1/5/8 DFEHLHI NN & MR OREEZ RO, 2
D Z &, 660 nm OHEK L —H —Z T 5 Z LI K > T smad6 DFEHAMH S
72728, P-smad1/5/8 BFIL L o 7 F NMRENEAFFRIZR £ TE o722 E M I S
%. ZHUZKE L, 810 nm+PGE, FREIETlE, BMP ¢ mRNA HLUZBI LTI PGE, HIIEHE &
FEA~_F BT L7, Western blot 1512330 T PGEy HIEHEE & LE~ smad6 D FEBLASIH] X
AU, P-smadl/5/8 DFHIMEME SN TND H DD, 660 nm+PGE, FRFHHEDRFE KR /2 75
XD B0z, LArL, von Kossa Yetah & PGE, BIBAEE & 0 AERHLARFE B AMERE X
NTWD ZENDND. UL, BMP2 23195 Z L 12 &V smadl/5/8 D U »Ffb 3 e
Te L9 660 nm+PGE, FUFHE T ORI O L ITRRDERIZEF R 5.
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W AT K D RIS DT DT, Nicolau 6 %0 1%, ~ 7 2RI~ L — —
FRE 24TV, 655 nm D AT L — P —TIIM O YR & B S 4172028, 830 nm DT RS+
L— P —=TII T T REENFEOMFNRD LN D EHELTWD, SHICHEELE T
> MIFIEO X = FU TS 28k % QIR O L—F—MRE 2170, 415, 633, 650,
725 nm TIL ATP & &N L TV 503, 477, 511, 554 nm O R TIEIHMM L2 &9
WERDHD P 20X S IEAEMESFICE O THIINIC B2 5 BRI A~ |
W b ONZREWENFET D E SN TNWD, b 0L EEE 2, hDPC 2B\
THRRICR R DWRWINARY bV b OB ENFAET 5 2 &, £72 hDPC
IZBWTHERIZE Y B WMBIEROTFR & oD Z LRl Sz, LEXD,
660 nm DH-EK L —H—|% smad6 AT 25 Z &2 Ko THHMIERRE Z T S5
ZEDURBEENT. £, FHFITO 810 nm O MEEK L —H— Tl BMP-2 & smad6 %

I S22 RI OBEREFTZ A E R IR % 2 & 23 HEHI S 7.

< Sy >

/1% —EIZ L7z 660 nm, 810 nm DR 5 E DKL —HPF—&2 H o b &, Wi#H
D THALRIZ B OMBIE STz, 572 21 RAT K 2 ot i 22 AR R TR R B 0D g |2 B
W27 DRI 123, B DR DM TIX BMP-2 OFBIRICITENA L. £i2
660 nm DK L—H—(F smad6 Ziil$ 5 Z & 1Z K> T PGE, I K 2 WEAE AT Bl i
ERMZITHHET Z RS/, £z, [ To 810 nm D H¥-E(K L —H% —TIL PGE,

\Z & AR R ER 2T BT H 00, BMP-2 & smad6 % 4 X 720 Bl O il S
DT EBHERI ST
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AGmC1E, “Effect of Ga-Al-As Laser Irradiation at Wavelengths of 660 or 810 nm with
Constant Output on the Ability of Human Dental Pulp to Form Hard Tissue” (International
Journal of Oral-Medical Sciences #8#{ T &) ¥ L ORI /112 L DK 660 nm &5 810
nm OEER L —H RGN b BRI 3T D BRI RRE I M IE IR (R
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Abstract

Dental pulp preservation greatly affects prognosis in conservation treatment of teeth. Ideally,
dental pulp is enveloped with hard tissue, consisting of dentin produced by the pulp itself.
Calcium hydroxide preparations and mineral trioxide aggregate (MTA) are direct calcification
methods in current clinical use. The direct pulp capping method involves the use of a calcium
hydroxide preparation; however, owing to its high alkalinity, this preparation can result in pulp
inflammation and formation of a necrotic tissue layer. Therefore, methods resulting in more
reliable hard tissue formation are required to protect the pulp. Pulp inflammation promotes hard
tissue formation, and reparative dentin is formed. Hence, hard tissue formation from dental pulp is
closely related to inflammation.

Numerous studies have attempted to promote hard tissue formation, using Ga-Al-As laser
treatment of human dental pulp cells (hDPCs) to develop auxiliary method to direct pulp capping.
These studies aimed to investigate the induction of hard tissue formation by the dental pulp with
lasers at single or different wavelengths; however, it is difficult to compare their reported effects
because of differences in output conditions and/or irradiation duration to promote hard tissue
formation. Few studies have investigated which factors associated with hard tissue formation are
affected by laser wavelength.

Prostaglandin E, (PGE;) , a chemical mediator of inflammation, is involved in reparative
dentin formation, and stimulation of hDPCs at low or high PGE, concentrations promotes or
inhibits hard tissue formation, respectively. BMP activity and expression are regulated by
inflammatory cytokines and chemical mediators. BMP2 is also involved in the differentiation of
stem cells into dentinal blast cells in the pulp and in the acceleration of hard tissue formation.
SMAD family proteins contribute to BMP signaling; SMADI1, 5 and 8 are phosphorylated by
BMP receptors and promote downstream transcription, while SMAD6 and 7 suppress BMP
signaling.

The present study aimed to elucidate the mechanism underlying the induction of hard tissue
formation by Ga-Al-As lasers and the difference in hard tissue formation of cells exposed to
Ga-Al-As lasers at 660 or 810 nm under the same output conditions, through comparison of ALP
activity, calcified nodule staining, bone morphogenetic protein 2 (BMP2) mRNA expression, and
hard tissue formation. To study the effect of Ga-Al-As laser irradiation on BMP2 signaling, we
focused on their anti-inflammatory effects. We evaluated the ability of hDPCs stimulated with
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PGE,; at the same concentration to generate hard tissue following irradiation with a Ga-Al-As
laser at 660 or 810 nm under the same output conditions.

Laser treatment at these two wavelengths did not result in any clear difference in hard tissue
formation; however, BMP2 expression differed on irradiation at the two wavelengths. Therefore,
we hypothesized that different intracellular pathways are activated at the two wavelengths. We
further analyzed BMP signaling in response to laser treatment to test this hypothesis.

Consequently, treatment of hDPCs with semiconductor lasers with the same output indicated
that irradiation at 660 nm enhanced their ability to form hard tissue through suppression of
SMADG6; however, irradiation at 810 nm enhanced hard tissue formation via a mechanism that did
not involve BMP2 and SMADS.
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