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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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o5a], HED) , BCA 8 ik B I 22 355 & (Beyotime 23
w) L D) Pl R I AR G (R R, R

), TRIpure Total RNA Extraction Reagent ., Entil-
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(radiant exposure , J/cm®) = R %5 B (power density ,
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BCA # 1 J8 I s 3050 6 I s R b S 2 1 o
WRE L ALP I 5 12057 G000 72 AR AS 0 L N ALP 5 1
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1.6 # & 4% F40 hSCAPs s F 7 1L

hSCAPs 22 jl 175 T B 9 256 21 KI, 2Bk I
TH W, PBSTEVE 33 , 22 R BE A1/ 30 min. PBS{H
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1.7 RT-PCR#: hSCAPs ¥ 5 /B 48 X 25 I 4 K ik
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LI GAPDH b N £ B8 | {ifi Fi] EnTurbo™ SYBR Green
PCR SuperMix 2t 71| &5 17 52 B 28 45 4% S 1 (RT-
PCR) 73 A1 4 2H 40 B8 v 5B AH OC ik PR s 1 18t 7R il
(alkaline phosphatase, ALP) | & 5 2 (osteocalcin,
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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 *F s, ‘A 48 % & & 89
Ak

WE s SRR R 714 KA, XS BB 41 fn
5 Jlem® 2L AN, (5 FH RIPA s 5 1 2 A 9 5 HU 20 it
SR, BCA S5 1 Jon e B 0 s 3K 7] 20 T o L f )
RO AR MR B, SEAT T T eE SR R B 2R TN U T
i B3 JE HL UK (SDS-PAGE) |, %% R J5 , A 8 AT 22

WE L b BEE —B0, 0, B R Ak 2= &t (en-
hanced chemiluminescence , ECL) 5347 852 .
1.9 %hitF 5H7

K HISPSS 17.0 #EATGE 2700 W o 45 R 2EATT7
Z 5P RS , Shapiro-Wilk 16 PEAT IEZSYERL S, >R H
o2 I R 1 5 22 3 W idE AT Z2 IR LU #K L LSD
5 EAT AN IR H T AR AS B RO P L85 T )
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2.1 hSCAPs 8 5 & 35 o 5

5 d J5 Rl UL 40 D\ AL 2 He i ZTe s N R AR
K, 2ER®BRIE, WK la, 55352520 d, o] W40 04

TRlG, WE b B HS 3G, E R A
DASZE IO, WL Les UBE 55 3 Jil Ja , il 2L O ¢
o] UL o B IR, UL 1d. A M A E A R
55 3 X hSCAPs 11 1 4t Jif 3% i #7575 4 CD24 . CD9O
CD146 ik 2 fHYE , i 1l T A0 M R AR 54 CD34 |
CD45 SEBAYE, 2 WA ZAS A9 40 i J T 18] 7 5 1+ 40 i
R, ILE 2,

a: primary hSCAPs crawled out from the edge of tissue on day 5 (X 40); b: the cells tend to fuse on day 20 (X 40); c: results of

alizarin red staining (X 40); d: results of oil red O staining (X 100)

Figure 1 Isolation and culture of human stem cells from apical papilla
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2.2 CCK-8# M LED £t % % SCAPs ¥4 74 ¢ % *h)

HR 4 CCK-8 Kl i) 45 5 22 il 43 2 hSCAPs 19 4E
K2k, WLIE 3a, SXFRRLIAH L, AL IRIG 26 1.3
5.7 19K, S0 20 12 i 3 {2 F hSCAPs US4 . Ol
WS4 1 R (1 Jem* 4 vs. XFHRZH , P=0.002; 3 J/em®

CD45-FITC-P1

The expression rates of
CD24, CD34, CD45, CD90,
and CD146 in SCAPs were
respectively 15.57%, 0.81%,
0.35%, 98.70%, 42.42%

-10°0 10 10° 10° 10° .
BLANKPI Figure 2 Flow cytome-

400 try identification of hu-
350; man stem cells from api-
300€ cal papilla

o B2 oA I
150- AARRELL T 40

S T O T

2 ovs. XFHRAL, P=0.001;5.7 J/em* 4] vs. XF IR, P<
0.001) .57 K (F=51.110,P<0.001) .55 9 K (F=
83.743,P<<0.001) , £5 ' HE 21 1) 241 L 365 4 136 7 352
FXIMEA . SRS 3K,3.5.7 Jem 41 B 20 e 34
Bl R I = TR IR ZH (F=106.942, P<0.001) . Ot
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BRI 5 5 K, AN S Jem® 2H 5 7 M B0 55 8 41 Ji9 184 5 e
F1(F=18.199,P<0.001) . IHAk, 75 £ K I st [a] i

N
[

=7 Jlem®
=5 J/em®

3 J/em®
= 1 J/em®

~*= Control

. o S
N (=) N [=}

OD value (450 nm)

o o

=}

0D value (450 nm)

Days @

B REZH 2 18], hSCAPs BY 4l o i e Rt A5 22 57, L
& 3b.

2.5 w &

BB« fyy EE Control
2.0F ’ @ 1 J/em®
150 LR 3 Jlem?

B 5 J/em®
Lo Rt - 7 Jlem’
Yy
0.5
0.0
Days @

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

B3 LEDZIyEX AMRISFL Sk 120 B 58 14 52 i)

2.3 ALP % &4 ALP € &40 LED 4r % 3+ hSCAPs
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O W OEIS S 14 RASABEE 7T R 6A
W, WL 4a, ALP T PG 25 5 WoR e E US55 7
KNG 14 K, E IR L ALP 36 M i3 T IR 4 5 R IR
87K ,3.5 1T Jem® 412 #E hSCAPs 1 ALP 1 14
(F=9.380, 3 J/em” 4 vs. X} FEZH , P=0.006;5 J/cm®
ZH vs. XF AR ZH , P<<0.001;7 J/em®ZH vs. X BB 2H , P=
0.008) ; FEAS IR Z 0], 5 J/em® 41 ALP 15 M e 5
(5 Jlem®*# vs. 1 J/em*2H , P=0.002;5 J/em*ZH vs. 3 J/
em® 4, P=0.043; 5 J/em® 4 vs. 7 Jlem® 4, P=
0.032) ; EHRJF 45 14 K, AL 3 J/em® F1 5 J/em® ZHAE i
hSCAPs 1Y) ALP i 4 (F=36.867, 3 J/em® 41 vs. X} IR
ZH,P=0.035;5 J/em># vs. % T4 , P<0.001) ,5 J/
em® 41 &5 H A Ot IR 4] W & ALP IE M (P<
0.001) ; [ If, 6 IS 55 14 K45 HAR o H Lo 7
FH = 19 ALP K-, DLIE 4b
24 #HE4EF4AM LED 24858 % hSCAPs 7 1L 49
v

PER YOG R ILK Sa, PR L0 5E K 45
B (F=8.763) L 5 J/em® ZH fiE FE hSCAPs 5™ 1k
(P<0.001), H 5 JemH Wy #fb g5 1 ki mm T 1
Jem?® . 3 Jiem®* F1 7 Jiem* 4H (5 Jiem* @ vs. 1 J/em® 41,
P=0.002;5 J/em*’ 4 vs. 3 Jlem*2H .P=0.004;5 J/cm®
Hus. 7 Jem 4l ,P=0.001). F1.3.5F17 J/lem’ LED

OGRS , A A AR 25 SRk 4 A S T
X HEZH Y 104% . 105% . 118%F1 102% , ULl 5b.
2.5 RT-PCR # | LED £t 3£ % hSCAPs &, ‘B 48 % %
R &K KR 8 % oh

NG T K, S Jem® 48 %5 B4 M
hSCAPs H ji B AH 3¢ % Hl ALP (F=784.697, P<
0.001) , OCN (F=3 563.798, P<0.001) , OPN (F=
511.775,P<0.001) , BSP(F=150.117, P<0.001) fl
Runx2 (F=713.872,P<0.001) )% ik, %A 43t
L GRS 14 K, 5 Jlem® 4 F I hSCAPs /1
ACE R 6 3 P ALP (F=601.905, P<<0.001) . OCN
(F=779.152, P<0.001) . OPN (F=1120.033, P<
0.001) \BSP(F=1736.171, P<0.001) Fil Runx2 (F =
206.170, P<0.001) B 3RikK , Z R A G222 L, 0
Kl 6.
2.6 Western blot # M| LED £r 3% %} hSCAPs %, ‘B 48
Xk E G kK KT H R

Western blot 25 R W78, 5 Jlem* HTESE 7 K ALP
(F=172.997, P<0.001) . OCN (F=465.951, P<
0.001) . OPN (F=207.232, P<0.001) . BSP (F=
209.934, P<0.001) F1 Runx2 (F=585.258, P<
0.001)FEHMFERE LW, ZFHARIT2E L.
5 Jem® 7655 14 K LA ALP (F=110.244, P<
0.001) . OCN (F=182.052, P<0.001) . OPN (F=
38.148, P=0.003) . BSP (F=65.461, P=0.001) #I
Runx2 (F=79.046, P=0.001) E I £k, ZHF H
Agitv WA T,
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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

0
Control 1 J/em® 3 J/em® 5 J/em® 7 J/em®

Day 21

Day 7

Control

1 J/em®

0
Control 1 J/em® 3 J/em® 5 J/em® 7 J/em®
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stem cells from apical papilla
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< <

7 Jlem®

gzz a: microscopic images (X 40) after alizarin red staining; b: the re-
z sult of quantitative detection of alizarin red. * : vs. control group,
%1'5 P <0.05; #: vs. the other irradiation groups, P<<0.05
7; 1O Figure 5 Effect of red LED on the late stage of osteogenic
Sost differentiation of human stem cells from apical papilla
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unx e

Day 7

Relative RNA quantity

IS
1

* @8 Control
3 @ 5 )/cm’
2
1
0
ALP  OCN  OPN BSP  Runx2 Q
Day 14

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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