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[Abstract] Objective To explore the effects of red LEDs on the proliferation and osteogenic differentiation of hu-

man stem cells from apical papilla (h\SCAPs). Methods hSCAPs were obtained by isolation, culture and flow cytome-
try in vitro and irradiated with 1, 3, 5, and 7 J/cm® red LEDs. The proliferation of hSCAPs was detected using a CCK-8
assay. The osteogenic differentiation of hSCAPs was evaluated using alkaline phosphatase (ALP) staining, ALP activity
assay and Alizarin red quantitative detection. The effect of 5 J/cm® red LEDs on the expression levels of the ALP,
Runx2, OCN, OPN and BSP genes and proteins was detected by RT-PCR and western blot, respectively. Results Red
LEDs at 1, 3, 5, and 7 J/em® promoted the proliferation of hSCAPs (P < 0.05). The effects of red LEDs with different
light energies on the proliferation of hSCAPs were different at different time points (P < 0.05). On the 7th and 14th days
after irradiation, red LEDs promoted the osteogenic differentiation of hSCAPs, and the effect of 5 J/cm® red LEDs was
the most obvious under osteogenic induction culture conditions (P < 0.05). Red LEDs (5 J/em®) promoted the expression
of the ALP, Runx2, OCN, OPN and BSP genes and proteins (P < 0.05). Conclusion Red LEDs promoted the prolifera-

tion and osteogenic differentiation of hSCAPs.
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1.4 CCK-8 % LED £t 5t 2+ hSCAPs ¥ 74 #9 % )

WA 4 4R hSCAPs #5501 96 FLAR , %5 FE 2 2 %
1040, B4R E S A EIFL, INA R 10% FBS B HE
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Table 1 Primer sequences of osteogenesis-related genes

Gene Forward primer sequence Reverse primer sequence
ALP GGACGATGGCTCTGATGACC GGTTTCGCAGTACAGCTCCC
OCN CACACTCCTCGCCCTATTGG GATGTGGTCAGCCAACTCGTC
OPN GTACCCTGATGCTACAGACGAGG CTCGTTTCATAACTGTCCTTCCC
BSP GGGGTCTTTAAGTACAGGCCA GCCCAGTGTTGTAGCAGAAAGT
Runx2 GGAGTGGACGAGGCAAGAGTT TGGTGCAGAGTTCAGGGAGG
GAPDH CATCATCCCTGCCTCTACTGG GTGGGTGTCGCTGTTGAAGTC

ALP: alkaline phosphatase; OCN: osteocalcin; OPN: osteopontin; BSP: bone sialoprotein; Runx2: Runt-related transcription factor 2

1.8  Western blot # M hSCAPs P s, ‘B 48 % & & %
Ak

BE s SRR R 714 KB, XS BR 41 Fn
5 Jlem®* 240, (5 FH RIPA s 5 1 2 A 0 55 HU 20 Jifg
SR, BCA 85 1 e B 0 s 32X 0 T o L A )
o R R B, SEAT T T eE SR R B 2R TN 0 I
i B JE HL UK (SDS-PAGE) |, %% R J5 , A 58 AT 32

TE L b BEE —B0, 0, B Rk 2% &t (en-
hanced chemiluminescence , ECL) 5347 52 .
1.9 it 57

K HISPSS 17.0 #EATGE 2700 W o 45 R 24T T7
5 PR , Shapiro-Wilk 16 PR T IESYERL S, >R H
52 I R 1 5 22 3 W it AT Z2 4RI LU #KC L LSD
B AT AN TR A T AR A S Ry PR LA T BT R
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a: primary hSCAPs crawled out from the edge of tissue on day 5 (
alizarin red staining (X 40); d: results of oil red O staining (X 100)
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DASZE IO, WL Les BUBE 55 3 Jil Ja , 2L O ¢
o] UL o B BRI, UL 1d . A M A A R
55 3 X hSCAPs 11 1 4t Jif 3% i #7575 49 CD24 . CD9O
CD146 ik &2 PHYE , i 1l T A0 M R AR 4 CD34 |
CD45 SEBAYE, A AS A0 240 i S T 1) 7 5 1+ 40 i
ER, L2,

X 40); b: the cells tend to fuse on day 20 (X 40); c: results of

Figure 1  Isolation and culture of human stem cells from apical papilla
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BLANKPI Figure 2 Flow cytome-

try identification of hu-
man stem cells from api-
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a: the CCK-8 growth curve of SCAPs; b: statistical differences between groups, a: vs. control group, P <0.05; B: vs. 1 J/em®
group, P < 0.05; y: vs. 3 J/em’® group, P < 0.05; &: vs. 7 J/em’ group, P < 0.05

Figure 3 The effect of red LED on the proliferation of human stem cells from apical papilla
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Control
Day 7 |
Day 7 a: macroscopic images and micro-
scopic images (X 40) after ALP
staining on 7 days and 14 days; b:
ALP activity of SCAPs after irradia-
tion on days 7 and 14. *: vs. control
Day 14 { group, P < 0.05; #: vs. the other ir-
radiation groups, P < 0.05
Figure 4  The effect of red
LED on the early stage of osteo-
Day 14 genic differentiation of human
stem cells from apical papilla
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50 a: microscopic images (X 40) after alizarin red staining; b: the re-
E -
IS sult of quantitative detection of alizarin red. * : vs. control group,
%1'5 P <0.05; #: vs. the other irradiation groups, P < 0.05
Z10 Figure 5 Effect of red LED on the late stage of osteogenic
2 8 8ona 2 2
S05f differentiation of human stem cells from apical papilla
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a: the expression of osteogenic related genes of hSCAPs on day 7; b: the expression of osteogenic related genes of hS-

CAPs on day 14. ALP: alkaline phosphatase; OCN: osteocalcin; OPN: osteopontin; BSP: bone sialoprotein; Runx2: Runt-

related transcription factor 2; *: vs. control group, P < 0.05

Figure 6 Effect of red LED on the expression of osteogenic related genes of human stem cells from apical

papilla
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