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[HZ] HBY Fid kN4 (light-emitting diode , LED ) ZLYE X A 581 41 il (human dental pulp stem cells ,
hDPSCs ) BUE /B A B A3 AL RS2 i S AL . ik AR SEIR Ao Ol o BRI B 25 01 S o Ar it vl . 2 S
T4k 55 9% hDPSCs, 7E 0. 1.5, 10 wg/mL JIE Z 4 (lipopolysaccharide , LPS) Jl 34 T , CCK-8 #: 46 1] hDPSCs 14 78
it LPS I3k B . B8 CC 4L (B kAT ) \LPS+CG 41 \LPS+CG+LED JE IR 4L (e 435 2.4 .6.8..10 J/em?) .
55 7 RAEAT OB IR 5 (alkaline phosphatase , ALP) 4 (6, J 3 M0 2 , 55 B 5 5% o it PCR A ALP | ol 41 i 4
SR SE R T (osterix , OSX) A A 5 36 i 25 (H - 1 (dentin matrix protein-1, DMP-1) | 7R e 8 H (dentin sialo-
phosphoprotein , DSPP ) Jt [l 2 ik 15 100 , 27 21 R AT Ph 28 21 Yo 0 L 5 2515 8 & o0 b7, i i fe oG IR . e
LPS+CG 4H . LPS+CG+LED £H (#fEfE &) , ELISA A58 1.3 .5 .7 K Mg R FE A 1~ o (tumor necrosis factor-a,
TNF-o ) } 191 % -1B (interlenkin-1B , IL-1B ) #&iA# . Western blot 12 46 21 it /b I8 15 25 1 38§ 1/2 (extracellular
regulated protein kinases 1/2, ERK1/2) . c-Jun 2 & 7K %t 34 B ( c-Jun N-terminal kinase , JNK) .p38 . £l it 7N 15 25
1 5 (Cextracellular regulated protein kinases 5, ERKS ) N W iR AL A I F ik . 20 I BT ERK1/2 . JNK . ERKS5 . p38
18 %5 , Western blot G457 K ALP . OSX .DMP-1 . DSPPZE |11k, &8 CCK-8 45 /8 10pg/mL LPS 7
SR 7E45 5.7 K hDPSCs B4%8 A% T-0.1.5 pg/mL LPS 2H (P < 0.05) , J5 23 #% 10 we/mL 1E S LPS H38 ik BF
ALP 8 S 16 , ALP ,0OSX \DMP-1 \DSPP f)35 K 36 1K 7K A B 46 45 15 %2 1 45 JL 7R LPS+CG+4 J/em® 4135 5 T H:
fl b A (P < 0.05) 0 4 J/em® LED ZLGAR WU /A A B o3 A RE T ik, M R JG 225 B f g i . ELISA 45
IRHE 5.7 R, LPS+CG+LED 4 1) TNF-o 5 1L-18 % 53 W4 3% 35 5t I F LPS+CG 41 (P < 0.05) . Western blot 4%
BB IR 4 Jlem® LED £L Y642 3 p-ERK1/2 . p-p38 . p-JNK . p-ERKS5 85 112 3% ; 43 51 FELWWT 38 % )5 , LPS+CG+LED+
U0126 (41 ERK1/2) ,SP600125 (il INK) . BIX02189 (# il ERKS) 41 ALP ,0SX . DMP-1,DSPP % [ 3 ik &Ik
T LPS+CG+LED £H (P < 0.001) , LPS+CG+LED+SB203580 (1 il p38) 1 ALP . OSX . DMP-1 4K [ ¢ i5 & 55 LPS+
CGH+LED 41 e B B E 257 (P> 0.05), £ LED 200G dE R AEFRSE T hDPSCs /A 4 B 44k , oA
ML o] A8 A3 i L H ERK1/2 JNK \ERKS {5 5 8/ 2 E [ F TNF-« 5 TL-18 BEUA 2% .
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[Abstract] Objective To study the effect of light-emitting diode (LED) red light on the osteogenic/odontogenic dif-
ferentiation of human dental pulp stem cells (hDPSCs) and its mechanism were discussed. Methods This study has
been reviewed and approved by the Ethics Committee. hDPSCs were cultured by tissue block enzyme digestion. The pro-
liferative capacity of hDPSCs was detected by the CCK-8 at days 1, 3, 5 and 7 under stimulation with 0, 1, 5 and 10
pg/mL lipopolysaccharide (LPS), and the LPS stimulatory concentration was screened. The CG group (mineralization in-
duction), LPS+CG group, and LPS+CG+ (2, 4, 6, 8, and 10 J/em®) LED red light groups were set. On day 7, alkaline
phosphatase (ALP) staining and ALP activity were determined. Relative expression levels of the ALP, osterix (0OSX),
dentin matrix protein-1 (DMP-1) and dentin sialophosphoprotein (DSPP) genes were measured by gRT-PCR. On day 21,
alizarin red staining and calcium nodule quantitative determination were performed to screen the best light energy. The
LPS+CG group and LPS+CG+LED group (optimal energy) were set up, and the secretion and expression levels of tumor
necrosis factor-a (TNF-a) and interleukin-13 (IL-1B) were detected by ELISAs on days 1, 3, 5 and 7. The relative ex-
pression levels of the extracellular regulated protein kinases 1/2 (ERK1/2), p38, c¢-Jun N-terminal kinase (JNK), and ex-
tracellular regulated protein kinases 5 (ERKS5) proteins and their phosphorylated proteins in the MAPK signaling path-
way were detected by Western blots. After the pathway was blocked, the relative expression levels of the ALP, OSX,
DMP-1, and DSPP proteins after LED red light irradiation on day 7 were detected by Western blots. Results CCK-8
assays showed that the proliferation of hDPSCs induced by 10 pg/ml LPS was lower than that of the 0, 1, and 5 pg/mL
groups on the 5th and 7th days (P < 0.05), and 10 pg/mL was selected as the LPS stimulatory concentration in the follow
-up experiment. ALP staining, ALP activity, gene expression levels of ALP, OSX, DMP-1 and DSPP and calcium nodule
quantification in the LPS+CG+4 J/cm® group were higher than those in the other treatment groups (P < 0.05). 4 J/em’
LED red light had the strongest ability to promote osteogenic/odontogenic differentiation and was used as the LED light
energy density in subsequent experiments. ELISA showed that the secretion and expression levels of TNF-a and IL-13
in the LPS+CG+LED group were lower than those in the LPS+CG group on the 5th and 7th days (P < 0.05). Western
blot analysis showed that 4 J/cm® LED red light promoted the expression levels of the p-ERK1/2, p-p38, p-JNK and
p-ERKS proteins. After the MAPK pathway was blocked, the expression levels of the ALP, OSX, DMP-1, and DSPP pro-
teins in the LPS+CG+LED+U0126 (ERK1/2 inhibitor), SP600125 (JNK inhibitor), and BIX02189 (ERKS inhibitor)
groups were lower than those in the LPS+CG+LED group (P < 0.001). The protein expression levels of ALP, OSX and
DMP-1 in the LPS+CG+LED+SB203580 (p38 inhibitor) group were not significantly different from those in the LPS+
CG+LED group (P> 0.05). Conclusion In inflammatory conditions, LED red light promotes osteogenic/odontogenic
differentiation of hDPSCs. This effect may be attributed to enhancement of the ERK1/2, JNK, and ERKS signaling path-
ways, which reduces the production of the inflammatory cytokines TNF-a and I1-13.

[Key words] human dental pulp stem cells; lipopolysaccharide; —inflammatory environment; light-emitting diode;
red light;  osteogenic/odontogenic differentiation; MAPK signal pathway; osterix; dentin matrix protein-1; dentin
sialophosphoprotein
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PEH IG5 B 5 5 kB LPS A i hDPSCs DNA &
£ 0 RN = R 5 O 7 szl (iR U T R 2
TR T E 0 196 2, D035 I T AR RE L ™ EE ]
EAMIFE T, P, B R R AT AT LPS T 3k
KA T hDPSCs 7316 i 40 i T 4518, A B T
B AR AU R AR SRR IR T R

K T W4 (light-emitting diode , LED ) £ 655
FE T 5 TR SR AH T PR AT X B O it i AR
SR 7R ARG S BBORE AN 2 3 R S e EE R A
i I HAN 2 2 A A i 3 A T . A
SIS R W, LED 21652 i 24 B 1 40 Jf A= 4K B
R TORETRE LS SUE FECE A o T
UL LED 1% AT 2 6 1 240 A 1) 40 A 7= A= 52 ), (.
LED £L Y6 X LPS Jir £ 1 #5858 T hDPSCs A H /K
AR 5 e A iR

20 M 1% 53 Ak 32 B A5 5 38 % R AR I PR 60 O
5,4 22 5y 24505 A6 B F U (mitogen - activated
protein kinases , MAPK) (E5 KN S IME S
B AL SO, A 4 A S5 < 200 1 A9 775 2 1 O
1/2 (extracellular regulated protein kinases 1/2, ERK1/
2) . c-Jun 2 KL K 9 ¥ i (c-Jun N-terminal kinase,
JNK) | p38. 4 il 41 8 15 25 H L B 5 (extracellular
regulated protein kinases 5, ERK5) , 7E 1 17 4l ifd
T RGBT GBAR R T A R G R E B
B E AR ARSI E i LPS 4 A A 5
PEIRET , #R5T LED £1 63 5 hDPSCs Jil 7/ B A% 5t
G K AE IBLL, S 2 F A Bl 48 52 B 42 4t
SR o

1 #RFnFE

AL 38 3 7Y R BE R R A B e e R B e
FRH L (L5 : 20211119003 ) .
1.1 EZRXAANE

o-MEM (BL, L3 s PL g iG 4= i (DU 22
AW, ED 50.25% R MTE AR (3R = R A,
HE ) s LPS (3K, 11 [E ) ; BCIP/NBT B 1 4 1% i
ity R & R KAEY, P ) ;02% 5 Ry
W(EREE, PE); —$t Ryt A): CD34-APC,
CD44-PE . CD45-FITC , CD73 - PE, CD90 - PE $ji /&
(Ebioscience, & [# ) ; — 4T (FFHT ) : HRP-Goat anti
Mouse (ASPEN, 1 [# ) ; —#T (24T A ) : GAPDH
(ab181602, Abacam, & [# ) | JNK . p-JNK (#9252, #
4668, CST, 2 [H ) . p38.p-p38 (AF6456, #4511, Aff-
biotech, 3% [ ) | ERK1/2. p - ERK1/2 (ab184699,

ab201015, Abacam, % [ ) \ERKS5 . p-ERK5 (#3552, #
3371, CST, £ & ) . #if 4 B FR i (alkaline phospha-
tase , ALP) (ab133602, Abacam , 9% [H ) . il B 40 M 45
S M 5% T (osterix, 0SX) (DF7731, Affbiotech,
F ) AL U H -1 (dentin matrix protein-1,
DMP-1) (PA5-120492, Thermofisher, 3% & ) . 7% i
W | 4 (dentin sialo phospho protein, DSPP)
(DF14398, Affbiotech, £ [E ) ; —Ht (£ %) : HRP-
Goat anti Rabbit (AS1107, ASPEN, # [& ) ; U0126
(MCE, € [ ) ; SB203580 (MCE, 3¢ [# ) ; SP600125
(MCE, 32 ) ; BIX02189 (MCE, 3£ [H ) ; CCK-8 1L 5
& (APExBIO, 3¢ [5 ) ; BCA £ e B2 il o il 37 &
(HEsmAL) (= KA, F D ; el il 1 1t A I
Hl& A RKAEY, T E ) ; SYBR Green PCR A5 &
(ELK, H [ ) ; ELISA 358 & (LRH4E , h = 21 )
SDS-PAGE % Ji il #3807 & (R = KA, h i) .
LED £L5GAT (T6, 4 7%, H 5 5 il 3k B 98 A6 DAY
(Multiskan™ FC, Thermo , 35 [H ) ; {38 B AH 22 9¢ )6 ik
% (DMi8, Leica , fi [ ) ; ¢ Y6 22 &8 PCR Y ( QuantStu-
dio6 Flex System, Life Technologies, * ) ; SDS -
PAGE H1 7K1 (165-8000, Bio rad,, & ) .
1.2 hDPSCs 894 & 3%~ 52

BBV R 1 Bk R B T M 15 g A AR5
F14) 9 f e B 179 555 — 5 o 5 PR E VA T e B AR PR Y
BB 2F , 1% 20% (vhv) 5 %% 2 -5 75 = 10 PBS 15 Uk
2RI, T AR T U A RE K B I, TR 86
RO T BEAL 2T, PBS th k5 IR BBy 8y gl 21, 1
Y5 B b 2k B0 B 15 2 g i B
W A 15% (vlv) 75 55 R -45%5 R FBS . 1% (v/v)
HER-HEEREMN -MEM B35, T 37 °C.5% CO,
N MR IR B 3 d AR . AR S IE
JEAR, 24 4R K5 B 3K 80% ~ 85% T, FH e i s 1k 1%
R, BUA KRS 11 PR I R4 T I 22 5286

HCE 34040 i, 1 5 PBS B R A0 L, 45 A
CD34-APC . CD44-PE . CD45-FITC . CD73-PE . CD90-
PE HUiA, B S0 FIE R 30 min, It =X 41 A ASOR: )
FmPUEAR G Y . B 310N LA 2x10° 4> /mL %
JERFTF 6 FLAR T, FR AN 2 809% % 14 I T 4 A&
BIHESFMEIRSES. BT 47 ALP (4,21 df7
PER YL EFNMEL O Yeta, IF o R BT T,
1.3 LPSRE i it

hDPSCs £ 0.25% Ji& i 15 1k , 250, 2 1k J5 L)
2x10° /4L . 200 o L/AL 3450 4 40 i 22 96 L AR
2 P o¢ BB 5 AE B2 R0 A A0 M 0 L TR e —
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PBS. 37 °C.5%CO. M & 4635 2 % 5, I H T 4
F AR E LPS(0.1.5.10 pg/mL) A 8 B 37 4
RAREINDESBE2 AR, 9 TRFRE 1.
3.5.7 K [a]— i [a) 4 B CCK-8 32 751 £ kG I 41 fitg 155
B 1, 8 A (G 5 #E 450 nm % K Ab OD A,
1.4 LED4r 4tz ml 2

R i R 2 i A S 5, 2 LED 21056 & 3t
KT HE B kG BE ST R4 2 em B, ARIEA R LT %
SEPE (W/em?) =6 B TR (W) /B A (em?) , T &
e B BN 66.7 mW/em?, i 15 2 24 IR IR OG-
(Jlem?) =G L 2% B (W/em?) x I A] (s) , 3154545
IR IR ARG R B 2 .4 .68, 10 Jem® i}, I 46 R
iF ] 7 30.60.90,120.150 s, %M — Kid N
1d,F#E48 himiE—ik,
1.5 LED k3% £ 52 2R 3% F hDPSCs & B/ % T A
R AE e

HR A S35 1.3 2551, 10 we/mL 2R J5 22 LPS Hill 3%
W, B CC(H i) 4 \LPS+CG 4 I LPS+
CC+ AR RER (2.4.6.8.10 J/em®) Y BB 4L ; 5 L5
T FREEHN 10 mmol/L B-H M BERR £ +50 we/mL 4k
A= 2 C+10 mol/L b ZE KA +10% (v/v) FBS+1% (v/v)
HEE-WEEM o-MEM 1553 . hDPSCs 48
0.25% B REE L 281k B0 A SE 2R SR EL L
2x 10~ /mL % FE B A BB SR ML ep , A0 Rl A =
70% 5 %53 20N A AR5 SO HET TR
1.5.1 ALP 3 Jd el e 40 i Ab FRER 7 AR
P& BCIP/NBT S (63875 & Ui B 45, 40 Mo 35 Uk . 1 2 I
PEAT B B R 3 Y % €5 15 i, 810 B S U R
R MG . AbFHER 7 K, A0 225 I B i A 4
Ji 24 % W, 12 000 rpm 250> 5 min, W B HE
W o ARAE BCA K500 G BB 45, Wl AR A0 2 I KA
562 nm [ 4-FL OD fA , 2 il 2 PR i Hh 26 R 110 4%
Ab 32 R VR B AT T R AR 3 )
W, 96 FLAR 5 B 25 (AL, B dh FL LA SRR S LT
IUAKHR, TAEW , AL & 2 ARl . BRI )G
37 CH# B 10 min, FEFR O 2 #4450 nm (1755
FLODfH . MRIEA XIS AL HEL ALP 1 1
1.52  qRT-PCR | hDPSCs & B /)8, o 7 5t 43 1k
FHIEEE R AL BRES 7 K, Trizol 15 42 BUZH i L
RNA, ¥ C $2 BUHY 5 RNA 65 CZ8 M 5 min, 57 B %
AVK EFRAE . MR ANA 2 wL AY 5%RT Master Mix .
RNA template, Nuclease - free Water AN EE 10 pl,
WARIR A L LA 37 °C, 15 min; 50 °C, 5 min; 98 C,
5 min; 4 CFE ¥ 47 ) N % 56 cDNA . AR 3%

SYBR Green PCR {51 & 16 B 45 17 PCR ¥ 34 ,
AR K295 °C,3 ming 95 C,5 ;56 C, 10 s,
72 °C,25 s, JEFR 40K ;65 C,55;95 °C,50 s, 514
FEAN LR 1, ARIEA 271+ ALP . 0SX . DMP-
1 . DSPP 3P A X ik & o

x1 519F5
Table 1 Primers sequence

Gene Primers sequence Length/bp

GAPDH  F: 5-CATCATCCCTGCCTCTACTGG-3" 259
R: 5-GTGGGTGTCGCTGTTGAAGTC-3

ALP F: 5-GGACGATGGCTCTGATGACC-3" 250
R: 5-GGTTTCGCAGTACAGCTCCC-3"

0SX F: 5-TTGATTAGGGGGATCCCTAATAT-3" 307
R: 5-TTTGAATCTGATCCTAGAGAAAGC-3°

DMP-1  F: 5-TGTCTCAGGTGAGAAGAGGAATG-3" 185
R: 5-ACCCTTCCATTCTTCAGAATCC-3"

DSPP  F:5-CATCTCCTAGCAAGATCAAATGTG-3" 190

R: 5-TGGAATATGTAGAAAAACTCTTCCC-3"

ALP: alkaline phosphatase; OSX: osterix; DMP-1: dentin matrix protein-
1; DSPP: dentin sialophosphoprotein

153 PR Y R m e A b
5521 KARYE TG R e Ui I g vk L 18 Jm
P R S YW e 4 5 min, 8] B 0B N R
FA B . ARSI A1 mL &AL 7SSt
WE V55 WK, 70 53 U A, AR 23 4 ) 96 LR Hhom A
200 LA AR, B SR A v s 2 S E AL, LM
A 200 WL G A A 7S BE BE S W o 5 FH A S0
£ 562 nm AL OD A . AR5 3545 b #i 4l
BELETY

1.6 ELISA 3 m 52 X g% 4m oL B -F & ik

R S8 1.5 45 8, 4 J/em® & LED 210618 7Y
10 we/mlL LPS FIF R M FREE T BB/ AR 5 434k
B fi A BE B, J5 2R e 8 4 J/em® XoF 41 it 0 £ 45 A
BEE 434 . LPS+CG 4, LPS+CG+LED 4 .

B hDPSCs P 2x10*4™/mL . 2 mL/IL42% 4 T4 55
LA, 20 B Al 5 22 70% J5 3% 43 A1 K B 175 5 9
JFHETT LED ZI0GHR I, 0 SE 805 1 K, B 3 d 4
WigRdk, T o285 1.3.5.7 RICH A I8 1
FEEW AR (AL FE DM G #7225 ) L, 3 500 rpm X 20 min
B0 AP A LV, R TIR SIS 4 AR 1 mL
IEW . MRS ELISA 5% & Ui B 45, 96 FL A% £
B ARHEA T INRE S I, fALiR E 2RI, BAR)E
37 CIE 60 min, 8 & LIS WIFH T, InA &6
FIJ5 37 CHEE A4 15 min, £ 1F K2 5 AR
D P4 R 450 nm OD o AR a2 2031545 b 3
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ZHAE1.3.5.7 K40 43 3 g IR B8 T F- - o (tumor
necrosis factor-o, TNF-a) }2 F1 41 il 41 2% - 1B (inter-
leukin-1B,TL-1B) e JE .
1.7 Western blotil & MAPKZ 5 i 3448 % & & & iA

2 Ak BB 7 O 4t A A 3 2 A S B
SDS-PAGE HL VK ¥ 20 we 25 1546 % 2 PVDF B L
5% Wi RE AW 1h, KERE PG 4 CnA—#t
( p-ERK1/2 |, ERK1/2 | p-p38 . p38 . p-JNK | JNK .,
p-ERKS \ERKS .GAPDH) i % . TBST Pk ¥ 3 ¥k, Jin
AHGREM 40, IR H 30 min, TBST PR 4 1K
J& , BE ] ECL % W #E 47 4k 2% & O, IF 38 i Alpha-
EaseFC 2443 ¥1 H #5347 1) OD{H .. GAPDH/E NS
ZEMA T LPS+CC 415 LPS+CG+LED 41 ERK1/2
p38 . JNK .ERKS5 K W% fb. 25 FH AH X R ik 5t

% B LPS+CG 41 . LPS+CG+LED 41 . LPS+CG+
LED +U0126 ( 41 il ERK1/2) 41 . LPS+CG +LED +
SB203580 ( #11 #ll p38) 41 . LPS+CG+LED+SP600125
(4 %1 INK) 2 . LPS+CG + LED + BIX02189 ( 41 i
ERKS)ZH . 4fEAbHEEE 7 K, Western blot 1245 1 £
AbHEZH ALP ,OSX . DMP-1,DSPP 2 F A XS ik &
1.8 %o

SPSS 27.0 AT Ge 15 40 A, iF i BORER T
B bR 22 AT A | 4 (B 508 e R F PR &
7224570, P<0.05 HESHAS =R L, H
GraphPad Prism 6 %2

2 & R
2.1 hDPSCs#3gir 5 %%

FHEA UG FREE 7 KRBT v W2 21 8 LA
2 D A DA r e i) R SRR A S AR
DRI, U LF 4 4 ke . A& AR5 AT D0 41 ik
ARRESRLEEHS -3 (K 1la & 1b).

5 =X hDPSCs K 470 J5 G I 235 2R O - A] 78 5
T4 B 2 T B AR AR 2 PR R AR . CD44 . CD73 .
CDIO (1) &35 FMIK K 99.93% . 93.75% .99.81% - 1
I 28 52 24 U5 40 Bt 35 T 50 s AR ) B 63k < CD34
CDA45 1) 335 RN 0.68% .0.09% (K 1c) o HUH
R T7dE AP MR E A (E 1d) .
WEBER20dE, ERAPEE T WK —1
CLYARLS T AT TR Z 18] (K 1e) o BUIRIA 21 d
J& L O Qe e 5E T AR )2 HED A 41 L iR T
B PRAERR o 40 A S o (81 1)
2.2 RERELPS ik 5F hDPSCs ¥4 74 89 % vf)

CCK-8 /R 45 1.3.5.7 K,0 pgmL LPS 4 5
1 pg/mL LPS ZH 34 58 T i 3% 25 % (P = 0.894, P =
0.998,P = 0.965,P = 0.870) . 5 wg/mL LPS 4] 7£ %
5 REEFEET 0 wg/mL LPSZH . 1 wg/mL LPSZH (P <
0.001,P <0.001)., 10pmg/mL LPS H1ELE 5.7 Kt
FEAR T 0 pg/mL LPS 41 .1 pg/mL LPS.5 pg/mL LPS
H(HSK:.P<0.001,P<0001,P=0.009, 5
7 K :P<0.001,P<0.001,P=0.002)(K2)., i

M CD-44PE - P1 M CD73-PE - P1 M CD90-PE - P1
0 0 1
200 :w-::
]
E1s0 g
H 2 150
N o
100 100
50 3 50 3
T T T AVO T e et
PE-A PE-A
M CD34-APC - P1 M CD45-FITC - P1
7 500
o
g £
3 H
007 * 200
160 Fz o F3—
0 ’ 0 - - T o
RUL L VI 070 100 0 10t 10 a0t 0f w00 w0t 108
APC-A FITC-A PE-A

a: the cells around the pulp tissue mass grew radially (x40); b:
the growth morphology of the cells was long spindle-shaped (X
100). c: the surface antigen markers of mesenchymal stem cells
(CD44, CD73, CD90) were positive, and the surface antigen
markers of hematopoietic cells (CD34, CD45) were negative; d:
ALP staining of hDPSCS were uniformly blue-stained (x40); e:
alizarin red staining showed red calcium nodules distributed be-
tween cells (x40); f: orange-red lipid droplets were distributed in
cells (x100); hDPSCs: human dental pulp stem cells

Figure 1  Culture and identification of hDPSCs

1 hDPSCs 1537 5 % %
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TR ACE)
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T LPS+CG 4H (& 3a) . ALP E =45 H /R LPS+CG
20 ALP 15 AR T RCE 4L (P = 0.007) , JE IR ZH ALP 16
F1 ¥ T CG 45 LPS+CG 4H (¥ P < 0.001) , LPS+
CG+4 Jlem® 21 ALP 3% Jy & T HABOG IR (¥ P <
0.001) (&1 3b) .

%57 R qRT-PCREZME {LEER ALP OSX .DMP-1
DSPP %A 45 R s, CG 4H 5 LPS+CG 4t i &
5 (P =0968, P =0.267, P = 0902, P = 0.449) ,
LPS+CG+2 J/em® .4 J/em®. 6 J/em? . 8 J/em* 203 & T
CCHl 5 LPS+CG4L(P<0.05), LPS+CG+4 Jlem® 4
BT LPS+CG+2 J/em?. 6 J/em®. 8 J/em® . 10 J/em® 21
(vs. LPS+CG+6 J/em®, ALP: P = 0.017; OSX: P =
0.001; DMP-1: P = 0.007; DSPP: P = 0.013, Hi 42 15
P<0.001), H LPS+CG+8 J/em®#H OSX.DMP-1 .
DSPP % 35 fik T LPS + CG + 6 J/em®4H (P = 0.016,
P =0.013,P<0.001), LPS+CG+10 J/em’ 2 ALP 32
KT LPS+CG+8 J/em*4H (P = 0.004) (& 4) .

LED ZIt5R R 21 dJ5 , R a e a 45 R Won
CG AHZEY 0 £ T LPS+CG 4, LPS+CG+4 J/em®
FEEET YL g H 2 H K, B H A LPS+CG+J% IR
G EE T e B R (B Sa) o 54517 & 45 R R
LPS+CG 4 5 45 47 & & /> F CC 41 (P <0.001) ,

LPS+CG LPS+CG+2 J/em®  LPS+CG+4 J/cm’

e LPS+CG+6 J/cm® LPS+CG+8 J/cm® LPS+CG+10 J/em®

ALP activeity (U/g)

o0 pg/mL LPS
o = | pg/mL LPS
£ 5 pg/ml LPS
% o B aBY =10 pg/mL LPS
g apy
14 op
QU
0 lB T T T
1 3 5 7
Day

a: vs. 0 wg/mL group, P <0.05; B: vs. 1 pg/mL group, P < 0.05;
v: vs. 5 pg/mL group, P < 0.05; LPS: lipopolysaccharides
Figure 2 Effect of different concentrations of
lipopolysaccharides on the proliferation of human
dental pulp stem cells
B2 AN AR 22 o0 A T 20 3 A 1Y

A0

LPS+CGHL A 254 E i £ T LPS+CC 4 5
CGCAL (¥ P <0.001),LPS+CG+4 J/em>4H 55455 7 hE
Z T HAh LPS+CG+IE A2 (#4 P < 0.001) (& 5b) 6
2.4 LED £ %% s X 2R3 T hDPSCs # 4L Bf £
JE B 0 Rk

ELISA 25 58 W, 40 i 43 3 TNF-o 5 IL-18 Y
B RS TE S, 551K, INF-o 5 IL-1B 1943
W JC A W25 (P = 0.887,P = 0.066) . 3K,
LPS+CG ZH 1Y TNF-o 5 IL-1B B9 /0 W 32k S 8 T
%1 K (P<0.001,P =0.034), LPS+CG+LED 4 )
TNF-a SIL-18 b fm T4 1.5.7 K (P<
0.001) , H LPS+CG #4119 43 Wb 5 {IX T LPS+CG+LED
H(P<0.001), % 5K,LPS+CG 41 i TNF-a 5
IL-1B MRk & TH 1.3.7 KR (¥ P<
0.001) , LPS+CG 41 1 43 Wb & =5 T LPS+CG+LED 4

a: microscopic observation of

ALP staining in LPS+CG+4 J/cm’

—_
(=3
=}

80

60 group was deeper than that in
40 CG and LPS+CG groups (x40) on
20 day 7; b: ALP activity assay of

LPS + CG + 4 J/em® group was
higher than other treatment groups
on day 7. a: vs. CG group, P <
0.05; B: vs. LPS+CG group, P <
0.05; y: vs. LPS+CG+2 J/em®

group, P < 0.05; 3: vs. LPS+CG+4 J/em® group, P < 0.05; &: vs. LPS+CG+6 J/em® group, P < 0.05; {: vs. LPS+CG+8 J/em® group, P < 0.05. Treat-

ment: LPS: 10 pg/mL lipopolysaccharide; CG: mineralization induction

Figure 3 Effect of LED red light on the ALP activity of human dental pulp stem cells in inflammatory environment
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These were the mRNA expression of mineralization related genes after 7 days of 4 J/em® LED red light illumination. ALP: alkaline phospha-

tase; OSX: osterix; DMP-1: dentin matrix protein-1; DSPP: dentin sialophosphoprotein. a: vs. CG group, P < 0.05; B: vs. LPS+CG group, P <
0.05; y: vs. LPS+CG+2 J/em® group, P < 0.05; 8: vs. LPS+CG+4 J/cm’® group, P < 0.05; &: vs. LPS+CG+6 J/cm® group, P < 0.05; {: vs. LPS+

CG+8 J/em’® group, P < 0.05. Treatment: LPS: 10 pg/mL lipopolysaccharide; CG: mineralization induction

Figure 4  Effect of LED red light on the expression of mineralization related genes in human dental pulp stem cells in

inflammatory environment

B4  LEDZLEXT AL FREE T A 1 20 ML A AR 53 R 28 10 52 il

2.0
. aBy
T:u’ 1.5 0‘5 .
: 1.0 af > apy
e

LPS+CG LPS+CG+2 J/em®

LPS+CG+4 Jlem® 5 0.5 o

LPS+CG+6 J/em’ LPS+CG+8 J/cm® LPS+CG+10 J/em®

F FS o &

O QY O \Q
Q% NN N ch\\ \
¢ cS’ &

O
N @% I
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a: microscopic observation of alizarin red staining after 21 days of 4 J/em® LED red light illumination; b: quantification of calcium nodule-
safter 21 days of 4 J/em® LED red light illumination. a: vs. CG group, P < 0.05; B: vs. LPS+CG group, P < 0.05; y: vs. LPS+CG+2 J/em®
eroup, P < 0.05; 8: vs. LPS+CG+4 J/em® group, P < 0.05; &: vs. LPS+CG+6 J/cm® group, P < 0.05; {: vs. LPS+CG+8 J/cm® group, P < 0.05.

Treatment: LPS: 10 wg/mL lipopolysaccharide; CG: mineralization induction

Figure 5 Effect of LED red light on the formation of calcium nodules in osteogenic/odontogenic differentiation of human

dental pulp stem cells in inflammatory environments

B5 LEDZLYGXE R PR T A K86 T 40 M A F A BT o A 85 45 19 8 i B w2 il

(P<0.001), %57k ,LPS+CG 4 5 LPS+CG+LED
H I TNF-a 5 1L-18 I /3 bR A IR T4 5 R (P <
0.001) , H LPS+CG+LED 4 (43 # ik I T LPS+
CG#(P=0.002,P=0.011)(K6),
2.5 LED 4L %A% MAPK 12 5 i 348 3% % 4 3R 3%
T T R T 2w B kB R T AR R Ak
MAPK {55538 i 8 L Rk an &l 7, 55 7 X, LPS+
CG+LED 4 ) p-ERK1/2 . p-p38 . p-JNK [ #H X} 2 ik
18 T LPS+CG 4 (P < 0.001) , LPS+CG+LED i
i1 p-ERKS AHXS ik i 5 T LPS+CG 4H (P = 0.003) .
A hn MAPK i % BH ¥ 71 B5F, LPS+CG 24 ALP,
0SX .DMP-1.,DSPP % [ £ ik & B Ik T LPS+CG+

LED 2 (P <0.001); it A MAPK i [ FH ¥ 57 J5
LPS+CG+LED+U0126 ( #i il ERK1/2), LPS+CG +
LED+SP600125 (1] JNK) .LPS+CG+LED+BIX02189
(417 ERKS)41 ALP,OSX . DMP-1,DSPP % [ % ik
YK T LPS+CG+LED 41 (ALP: LPS+CG+LED us.
LPS+CG+LED+SP600125 (#ll il INK) , P = 0.004, H:
44 P<0.001) ; LPS+CG +LED +SB203580 ( 41
p38) ZH Y ALP ., OSX . DMP-1 & 4 % A 5 LPS+
CG+LED 41 A b 3 JC b % 22 =% (P = 0.065, P =
0.193,P = 0.099) , DSPP # [1 3 ik 7K T LPS+CG+
LED#4 (P <0.001) (& 8),
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Treatment: LPS: 10 pg/mL lipopolysaccharide; CG: mineralization induction; LED: 4 J/cm® LED red light illumination. TNF-a: tumor ne-
crosis factor-a; IL-1B: interleukin-1B. a: vs. LPS+CG group on day 1, P < 0.05; B: vs. LPS+CG group on day 3, P < 0.05; y: vs. LPS+CG
group on day 5, P < 0.05; 3: vs. LPS+CG+LED group on day 1, P <0.05; &: vs. LPS+CG+LED group on day 3, P < 0.05; {: vs. LPS+CG+

LED group on day 5, P < 0.05; *: P <0.05

Figure 6 Effect of LED red light on the expression of inflammatory factors during mineralization of human dental pulp

stem cells in inflammatory environment
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(850 nm, 80 mW/cm’) fi 2 48 F+ FL 2 7 B 1 41 a0
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LED Z1 %4 53 59 42 A B8 X 8] 70 53 1 40 ifd ™= A= R
OREERY/E 233 VA

R N S S| AR 2 i T s
B R AL TR . E hDPSCs A2 K Ak ) R PE 3R
Bid, 1T 0. 1 ug/mL LPS [958 5 R oA g 22 5%
5.10 pg/mL Y 5 HCRAR IR FEAR , 50052 4 0t
FEAE R — B, I 10 wg/mL LPS 75 48 5F 1
WBE . ARG A hDPSCs 7F 10 we/mL LPS 3 T 19
WAL S LAy 052 7 d ALP B (RS R i
7 58 FEAR , U 10 pg/mL LPS XF hDPSCs Y 18 /
B A T A3 AW R ], 5 Sattari 55 i 18 (1Y)

a: Western blot showed the expression of MAPK
signaling pathway protein after 7 days of 4 J/em®
LED red light illumination; b: quantification of
protein expression 7 days of 4 J/cm® LED red
light illumination.Treatment: LPS: 10 pg/mL li-

LPS+CG popolysaccharide; CG: mineralization induction;
LPS+CG+LED

LED: 4 J/em® LED red light illumination. MAPK:

e mitogen-activated protein kinases; ERK: extracel-

lular regulated protein kinases; JNK: c-Jun N-ter-
minal kinase. **: P < 0.001, ***: P <(0.001
Figure 7 Effect of LED red light on the
@ expression of MAPK signaling pathway dur-
ing mineralization of human dental pulp
stem cells in inflammatory environment
B 7 LEDZDEX R T AT #ET
20 ML MAPK {5538 [ 32 35 1 52 1)
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a: Western blot showed the protein expression; b: quantification of protein expression.Treatment: LPS: 10 pg/mL lipopolysaccharide; CG: min-
eralization induction; LED: 4 J/em® LED red light illumination;U0126: ERK1/2 inhibitor; SB203580: p38 inhibitor; SP600125: JNK inhibitor;
BIX02189: ERKS inhibitor. ERK1/2: extracellular regulated protein kinases 1/2; JNK: c-Jun N-terminal kinase; ERKS: extracellular regulated

protein kinases-5; ALP: alkaline phosphatase; OSX: osterix; DMP-1: dentin matrix protein-1; DSPP: dentin sialophosphoprotein. **#: vs. LPS+

CG+LED group, P < 0.01; *#%*: ps. LPS+CG+LED group, P < 0.001

Figure 8 Effects of LED red light on the osteogenic/odontoblastic differentiation proteins of human dental pulp stem cells in

inflammatory environment through MAPK signaling pathway
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