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HEE] BM 45SSIEsERARAZLI A (APCs) BUA ATy 10 4 A VE RIFLEIA AS I8, A5 B AE4R 1 4t i
H W2 5 4 YIS ML R 45S5 AR APCs U A B 5 10 0 ALmIE T . i KON B8R APCs, XA AR 2 e
AIMBZHZURIE . BUE | mg/mL 45SS VR ARG IR, A5 pH ANES FUREE . LBl ot HRLH | 45SS 241 3- F BLJi g’
(3-MA) 458541, 45S5%4H°/ 1 mg/mL 458517 S35 5% APCs, 3-MA 4585204 1 mg/mL 45S5 Him A [ w5 (3-
MA) . TEEEN#E T (Western blot) #6045 41155 S 1555 24 h )5 A WA G FIAE HH G A 1 38585 38 (LC3B) Al
P62 I FRIk, SR HOEE R A MEE N (RT-qPCR) Al F453% 7 dJ5 B 1 (BSP) . Runt HICH: sk H 1
2 (Runx2) ., FAAPHEREE [ (DSPP) HFAREEFAE-1 (DMP-1) Y3k, J0MmtEmmEG (ALP) @)
Wrifs SR 9% 7 d M ALP 15 1, BERL YO IA SRR 21 d LS M. SR 45SS BRI pH A
8.65£0.01, SXfMA 2R ILGH ¥ X (P>0.05); 45S5 P PR FRMAIRER FWE R (1.56£0.07) mmol/L, ¥

TXIEAL (0.08+0.01) mmol/L (P<0.05); 45S5ZHEREF MMM & TN (1.57+0.15) mmol/L, 5XJH4 2
SIG = X (P>0.05), Western blot 55 s, SXTRBAM L, 45S541 LC3B-1/ 1 HfE T . P62 ik

ik (P<0.05); 5 45SSZAMLL, 3-MA 45SS4ILC3B-11/1 AL, P62 FikFhm (P<0.05). RT-qPCR 454
N, SXEAAM L, 458541 BSP, Runx2. DMP-1 Fll DSPP FEik M ;5 45SS 4 AH L, 3-MA 45S5 44 BSP,
Runx2, DMP-1 fI DSPP R iAFEML (P<0.05), ALP Q@RI R PO E R W, SXT AL, 45854
ALP{GYERE SR, B ibas IS £ 5 45SS4IAH L, 3-MA 45S5 41 ALP i& PRI,
TGS TE B> . 2518 1 mg/mL 45S5 (RS i 41 i A WA 9F APCs 1 A i )7
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Bioactive glass 45S5 promotes odontogenic differentiation of apical papilla cells through autophagy
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[Abstract] Objective The mechanism of the odontogenic differentiation of apical papillary cells (APCs) stimulated
by bioactive glass 45S5 is still unclear. This study aims to investigate the effect of autophagy on the odontogenic differen-
tiation of APCs stimulated by bioactive glass 45S5. Methods APCs were isolated and cultured in vitro, and the cell ori-

gin was identified by flow cytometry. The culture medium was prepared with 1 mg/mL 45S5, and its pH and ion concen-
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tration were determined. The experiments were divided
into control, 45S5, and 3-methyladenine (3-MA) 45S5
groups. In the 45S5 group, APCs were induced to culture
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with 1 mg/mL 45S5. In the 3-MA 45S5 group, the autoph-
agy inhibitor 3-MA was added to 1 mg/mL 45S5. Protein
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immunoblotting assay (Western blot) was used to detect the expression of autophagy-associated proteins of microtubule-
associated protein 1 light-chain 3 (LC3B) and P62 after 24 h of induction culture in each group. Real-time quantitative
polymerase chain reaction (RT-qPCR) was used to detect the expression of bone sialoprotein (BSP), Runt-related tran-
scription factor 2 (Runx2), dentin sialophosphoprotein (DSPP), and dentin matrix protein-1 (DMP-1) after 7 d of induc-
tion culture. Cellular alkaline phosphatase (ALP) staining analyzed cellular ALP activity at 7 d of induction, and alizarin
red staining evaluated the formation of mineralized nodules at 21 d of induction. Results The pH of the 45S5 extract
culture medium was 8.65+0.01, which was not significantly different from that of the control group (£>0.05). The silicon
ion concentration of the 45S5 induction culture medium was (1.56+0.07) mmol/L, which was higher than that of the con-
trol group (0.08+0.01) mmol/L (P<0.05). The calcium ion concentration of the 45S5 induction culture was (1.57+
0.15) mmol/L, which was not significantly different from that of the control group (P>0.05). Western blot results showed
that LC3B- I/ ] ratio increased and P62 expression decreased in the 45S5 group compared with those in the control
group (P<0.05). By contrast, the ratio decreased and the expression increased in the 3-MA 45S5 group compared with
those in the 45S5 group (P<0.05). RT-qPCR results showed that the expression of BSP, Runx2, DMP-1, and DSPP en-
hanced in the 45S5 group compared with that in the control group (P<0.05), but the expression decreased in the 3-MA
45S5 group compared with that in the 45S5 group (P<0.05). Semi-quantitative analysis of ALP staining and alizarin red
staining showed that the ALP activity was enhanced, and the formation mineralized nodule increased in the 45S5 group
compared with those in the control group. The ALP activity weakened, and the formation mineralized nodules were re-

duced in the 3-MA 45S5 group compared with that those in the 45S5 group. Conclusion Cell autophagy participates in

the odontogenic differentiation of APCs induced by 1 mg/mL 45S5 in vitro.
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BARGRTHEAR]), R, BCAUN &, 2
Jo€ AL 1R 70 2R TR s I e B IS FEL UK. (sodium dodecyl
sulfate polyacrylamide gel electrophoresis, SDS-PA-
GE) X EFZmik ( BiFE R REYHAAR
D, Bl (A TAY TR AR S A RA
wl), EAL TSR REMERE | FRIRIR — 4R (diethyl
pyrocarbonate, DEPC) 7K . BCIP/NBT . {1 i 5
& (R ERARAF), 10xVEIRZE v
(Tris Buffered Saline Tween, TBST). 10x%& |4 H
R R b . 10xSDS-PAGE HLVK 2 il (b5t
PRI FLARARA T, — 1% PAGE BER TR
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RC, BEMGE | HIEORA . THIEEEA (Sigma 2y
A, EE), BEMXEH 1545538 (microtubu-
le-associated protein 1 light chain 3 beta, LC3B) i
& (Cell Signaling Technology /A 7], 3 ), SYBR
green B 545 W (polymerase chain reaction, P-
CR) TiE# . TRIzol {7 (Invitrogen A H], 3%
), Premix 8 [ ¥ 5% i 7 (TaKaRa /A w], H
A), 3-H FL R I (3-methyladenine, 3-MA)
(Apexbio 2y #l, FE[E), P62PiiK (Proteintech 2y
A, EED, RIS A (Wotthington 23 A
F% ), CD29. CD34, CD45, CD90, CDI105,
CD146 (BDZAH], ).

pHAY ( FIFAEERAAERA R A ), ek
KRG (L EAMRAE A RAR), &k
RV BRI (L R BT AR BT 2 U 0 A PR
wl), #4liK (ultrapure water, UP/K) #l (5
W EWBE A RRA ), fERABFE GEX%k
IR AR E]D), BRI AT . 2T ED
4, EHWIKARS . i F (BIORAD A H, 3£
E), CO,REFR4E . Witnil (Thermo/AH], E[E),
TEIRTR 2148 . ARIR & 20 HL (Eppendorf /A F]
EED, #E R (AR IR ST, BA).
1.2 SRk
1.2.1 APCs3ffF ., HEiFRFI%E

A S0 MR 2 I FL Sk 2 SV H U B A BE R
= e 11 s a0 1 A BH 1192 12~18 27 DR I Wy 7 22 4K B
M EE AT A, B AKE WS, SLwr
S AN B B R R B fe B L s A (8
LS . 2019-G036-01) o B 57 RV A TG 18 1
FRW T, EE G N PBS Mk A 0 3R 1A IR B 4%
BT, 4 hNSERURAIE R . TCR ] AU AR AR
PAFLRAH, IRFFEHA R 1 mm’ K/, 5
VeBs L, AU A 1 mL T 8B 2R
37 CAKITHAL B H AR, B a5 B
W, JIA 2 mL % 20%DMEM K329, #%FhT 6 1L
37 °C. 5%CO, MR P IR . &3 d
—REIRI, TR AR A IR B 70%~80% Jim HEA T4
REAEAR, B 2 FNss 4R T fa 225056 .

PO A K B R0 2 248 APCs, TH AL 250 )5
# 5.0}10°/mL Y 240 B, AR U200 uL fimA
EPEH, ROEHI—H (CD29 20 uL, CD34 20 uL,
CD45 20 uL, CD90 10 pL, CDI105 10 uL, CD146
20 puL; FAMEXT RN I PBS IR — e & ), et
VK F9FF 30 min, PBSIEVEESC 29K, AR E
i 200 H 240 A i ok g i A T XA N B AR T

Flowing Software 2.5.1 7 H14(¥
122 AWiG kB 458515 S 1 55 I A0 c & A pH
BT B A
HL T RO R AR WG M 3 45S5 K oK, B
PFAEIE T 180 CT KK 4 h, RIEREESH.
¥ 45S5 4 B8 1 mg/mL fil A DMEM K532, d5f 115t
HOFET37CHEFMT 240, BOREFESR
0.22 pum Jo i £ Sk At pE A8 L g, B 1 mg/mL (1Y
45SSIZHEIE IR ; AN 4585 () DMEM #5 37 W
37°CiZ#E24h, EL)5E FEZ0.22 um i JE 4%
U§, H DMEM 2R . ) LR 45 R $E 1 97 T
B 10% JiG 2R 1075 R 1% 5 55 R —5E 8 R IR
G, B 45855 24557 R DMEM 5 S 55 52
L 4585 12 $ 15 % Wi DMEM 12 $2 5% 37 W 4%
5mL, it pH A E W pH, & 11K & 5tk
N V2 B 055 TR R 8 1 B B VR (i g
ZEERRIN R A AT PR FI A2 ) o
1.2.3 HPEENiiyk (Western blot) il B WM AH G &
ELPESI
SEHG Ay AR IRLZH . 4585 41 F13-MA 458540, Xof
HEZH ) DMEM 5 S35 75, 45S541°0 1 mg/mL 119
45851 TR, 3-MA 4585 2H 9 1 mg/mL () 45-
SSiES R IR A A 5 mmol/L 3-MA, HUZE 41C
APCs L4 2.0x10*/mL ¥ 4R T 75 em? BE 330,
FRAE A Kl ik 80% HHC MEE 0 K. N A4S 415
SR SRR R 24 h, # BEK ) S Ul I B R B R
F, BCA B vk B 6 85 AR vk B2,
A UP KR 2 FIRE SR BEFR B R 1.25 pg/uL 11 ]
W, AR RRAARFL 1/5 #9 SDS-PAGE % 1 L FE 2%
Y, BCE R 1 pg/ul E AR, &R 95 °C,
5min, ffIEMARSLIE, -20 CRURRAF. HH
MLk, — PR B GAPDH A 1 : 2 000, P62 K
1:50000, LC3 K1 : 1000, —4ifBELHH1:
10 000, MESGZ%4 . (il H] Imaged B AF 1155 4571 K
FEAE, LA E WA G 8E F B A G 263k o AR A
AR AR, il BT
1.2.4 SERF7E65E i PCR (real-time quantitative po-
lymerase chain reaction, RT-qPCR) # {ill 4|
J WX 45855 5 APCs 18 A A 5 )7 1) 434k,
AH DG PR 3R 3K 1) 52 1)
ST Ay X B4 . 4585 41 F 3-MA 45854,
[ 1.2.3. U 410 APCs LA 1.5 1054N/1L Y %5 326
YU EEAD T 6 LR, TraiffisE KRl G ik 80% B id
FOR, MASAFRIEFRIEIERT 4, LRI
SRNA, M RNAZEE, 4% BRI A5 047 [ 5 s
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ML, Z5 U -20 °CLRAF . RT-qPCR A I B e i
fRFE 1 (bone sialoprotein, BSP). Runt A JCH; 5%
¥ 2 (Runt-related transcription factor 2, Runx-
2). AR IEFHE M 1 (dentin matrix pro-
tein 1, DMP-1) ., F AR & 1 (dentin sialopho-
sphoprotein, DSPP) AyZik. K4 HR 50 °C
2 min, 95°C 10 min (1PMEH, FAEYE); 95 °C
1555, 60°C 60s (40 Mg, PCRIIL); 95 °C
155, 60°C 60s, 95°C 15s (M E) . BSP,
Runx2, DMP-1. DSPP KNS5 YITFH] LK 1.
JNE GG S Ay g i 2R g th £, JEs 19
SRS R —, LLGAPDH IIN S, FIE
A 2722 B AR X mRNA kK, LI
R AR . RNA & AR, 2l BT
®£ 1 RT-qPCR3|#1F7I
Tab 1 RT-qPCR primer sequence

HEH 5P (57-37)

BSP F: GATTTCCAGTTCAGGGCAGTAG
R: CCCAGTGTTGTACAGAAAGTG
Runx2 F: TCTTAGAACAAATTCTGCCCTTT
R: TGCTTTGGTCTTGAAATCACA
DMP-1 F: AGGAAGTCTCGCATCTCAGAG
R: TGGAGTTGCTGTTTTCTGTAGAG
DSPP F: CTGTTGGGAAGAGCCAAGATAAG
R: CCAAGATCATTCCATGTTGTCCT
GAPDH F: GGAGCGAGATCCCTCCAAAAT
R: GGCTGTTGTCATACTTCTCATGG

1.2.5 4HBbd PEBEmRREE (alkaline phosphatase, ALP)
et [ BCA - it ko 41 A 17 W X 45S5 75
S APCs ALP I P52
SEER S RN ERA . BTARE S (OM) 4. 4585
ZHHI3-MA 458541, XJHEZH S DMEM 75 5 55 37 M
(RPBAYEXT HEZH ), OM 41 DMEM if5 5 8% 77 i
JA 10 mmol/L B-B4 2 H M 44 . 10 nmol/L Hh FEK
FAFT 50 mg/mL HLIRIMER (B FHAH: X REZH ), 4585
20} 1 mg/mL Y 45S5 5 S5 35 W, 3-MA 4585 4
1 mg/mL () 45851 S K =W F A S mmol/L 3-
MA., B 418 APCs L 1.5x 105/ /4L Y %5 5 15 44 it
FER T 12400, a4 AR KRG Ik 80% B, il
0K uIIMAKHFEREEFRWIEFRT7d, H48h
IR . IR BCIP/NBT (03X & i 45 4
o, WAEE TSR . BRI 2 N BE A1 A B A
F, BCA g sl & ki, BEbn M 2
562 nm, MELEEE (optical density, OD) fH.
1.2.6 PERL YA S G 7S B LML e a2 153 Bt
YA [ WX 458555 APCs AL RE 1 1 52 i)
SEH Ay AT REZL . OM4H . 45S5 41l 3-MA

45854, XFHRZH N DMEM % S 55 350 (HIBH P
TR ZH ), OM 40 5y DMEM % S B 55 b m A
10 mmol/L B-@ 2 H M 41 . 10 nmol/L i ZE K ¥ Fl
50 mg/mL HTIR LR (R PHME XS REZL ), 45S5 410
1 mg/mL Y 458575 S 55 32 P N A 10 mmol/L B-
iR H MR . 10 nmol/L Hb ZEKFAFI 50 mg/mL HL IR I
2, 3-MA 45S54H°M 1 mg/mL ) 4585 5 S 15 75 Wik
oA 5 mmol/L 3-MA . 10 mmol/L -2 H ii4h .
10 nmol/L b ZE K A FN 50 mg/mL HL I LR . WS 4
R APCs D 1.5x10° A4~/ 1) %5 B K 20 4280 T 12 £L
M, FRamfot Kaa ik 80% I, I8 MoK, 434l
IMA A FE SRR 221 d, BLIMA1mL
4% 22 T VPR [ 5 Y 1 52 30 min, 0.1% ph R L0 (0
W% P YL s 30 min, UP/KERFRIEPE3 W, Wik
Bi MMEIFAIC Sk . BALIA 100 mmol/L & fk
TS SE L IE A 1 mL, AR RCE 30 min [ £F
ML (58 il , REWAT MRS G, B4l
W 120 pL #8296 fLbl, RAL3AE L, Bbr
AL H 2 496 nm Ak, I %E 4540 ODfH..
1.2.7 Seitsorth

¥ M1 SPSS 19.0 # A #A7 Ge it o Al o R AW
pH . B 11k B 0 22 501 22 10 MR AG 08 A 22 SR MR AG 6
Jo, TSI REAR R . AUIEN . . ALP
TG PE R g 9 AT 22 5, 407 22551
R 7 2555 )5, RSN Iy 2301750 . 41]
22 A BT R, R LSD A 0 47 P L
o RUMEEEE P<0.05 AR 22 A Gt 248 X

2.1 APCs 5537 K % 5E

TEESIE IR, 3 1IUERH 3/CAPCs B
PR3 B) 70 5 20 B A S A ) KR TR 84 A (BT 1A
B). a4 ARSE R R, APCs PHM: 2 5 [a] 78 5
- 41 %) 40 B % 1 AR 1C 4 CD90. CD146, CD29
FICD105, A M2k i 1l 25 50 40 119 41 it 56 1 b
ic#CD34, CD45 (K 1C~H),
2.2 A5S5IRAEIG IR pH S B e

4585 12 L 15 5% W 5 DMEM 2 472 5% 37 W 1Y pH
KB TFWEIR 2, Gtk , 4585457
W pH ., 455 Tk 5 DMEM i $#& 55 F2 W AH E
THENBMES TSR XL (P>0.05), 458514
KR W RE B T ¥R B2 v F DMEM IR 455 92, —
HHPZESAZRITFE L (P<0.05).
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1 APCsHyRGFE K %52

Fig 1

R 2 45552 RIEFRKS DMEM iR RIEFR KA pH &
BTRE

Tab 2 pH and ion concentration of 45S5 extraction

culture medium and DMEM extraction culture

medium
BRI TR pH Si/ (mmol/L) Ca/ (mmol/L)
DMEM 8.60+0.03 0.08+0.01 1.65+0.18
4585 8.65+0.01 1.56+0.07* 1.57+0.15
e SXFRRAM L, *P<0.05,

2.3 45S5RSMERE APCs [ W AH a8 1 ik
B E B I AN 45S5 /RS XT APCs [ Wi AH ¢ 2

XFHEZH  45S54H 3-MA 458541 . 2.51
GAPDH | e @D S E 2.0
=
= 1.57
PO | NS e eS— &=
= 1.0
LC3B-T 2
- 2 0.51
S
LC3B-TT | — “ - -

(=]

Culture and identification of APCs

FFER AR, g5 IE 2, SXTIE4M L, 4585
4 P62 AHXS RIKREAL, ZRBEAGIHE L (P<
0.05); 5 45SSZHAMIEL, 3-MA 4555 41 P62 AHXf &
BT, AR TR, 2R HEAGIFE X
(P<0.05), SXFREZHAHLL, 45S5ZHLC3B-1/1 Lk
BAm, ZREA%T2E L (P<0.05); 54585
M, 3-MA 4585241 LC3B-11/1 s A%, 2
v T4, 2R BA5IT%E X (P<0.05).
SRR . 4585 58 APCs [ H ME/KSE, 3-MA )
il 4585 43 A W/ H

= Xf R
B o4 458541
z = 3-MA 458541

Zi: P62, LC3B-1 . LC3B-11 9%k, NS HGAPDH; fi: KEEMH/Hr, SXTHAIMLE, *P<0.05; 545SS4MLL, "P<0.05.
[ 2 SREEN I AR 45S5 ARSI APCs [ W kH 56 2 1 F K 52

Fig 2 Western blot detects the effect of 45S5 on the expression of autophagy-related proteins in APCs in vitro

2.4 ASSSRANE 1T A0 F WEAE E APCs B AR B 7
] o A A DG R i e 3k
RT-qPCR K 20 ffd [ W X5 458575 5 APCs il
A7 ) AR A DG SE I SRR i e, 25 5L DL A 3.
X A, 45S541 BSP. Runx2. DMP-1#
DSPPREHEIN, ZFA5IT#E L (P<0.05); 5

45S5 4L, 3-MA 458541 BSP, Runx2, DMP-1
I DSPP JE K LIk [N, ZRAZRITFE L (P<
0.05). Z5H L. 45S5 ik APCs i A% i Jr [n]
I3 AR AH 563 BSP, Runx2. DMP-1 1 DSPP [y %
ik, 3-MA #4585 AR HEFE
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6 49 5 . 4;
iz iz * i it ¥
5 T # D4 e
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B B 3 = = % HRH
< <21 = <2 458541
% ) " = . e 2 4 % 4 = 3-MA 458541
& ER <1 &1
@ El = %
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XA, *P<0.05; 545S5AHMIEL, "P<0.05,
Kl 3 RT-qPCRKINAIHE [ 15X 45S5 175 S APCs B AR 77 11 43 KA 56 SE DR 23 1) 5 1)
Fig 3 RT-qPCR detects the effect of autophagy on the expression of genes related to odontoblast differentiation of APCs induced by 45S5

2.5 45S5{RANHE A A {2 iF APCs ALP i PE (P<0.05); 5 OM4IAHLL, 455541 0D fHAE k25
A0 M 3 WX 4585 B5-F APCs ALP I PERYSZM RS2 X, 3-MA 458520 ODEFEAL, ZRA
WK 4, BiFRTdlm, XA, OMA 545850 Gitw 8 L (P<0.05); 5 45S5ZHAH I, 3-MA
Yo, 3-MA 45SSAIE Y59 . BCAEEmAMLE  45SS4ODHEME, ZRASIHFE X (P<0.05).
RER, SXIRAML, OMAMA5SSH ODET  S52REEH]: 45S5{23E APCs ALP I {E, 3-MA il

5, 3-MA 45854 OD{HFEAR, ZEFAGITH 8 X 45S5 AR FEE

Xif R OM%H 45854 3-MA 45854

0.61
%
T
04 T_ S
; g oMl

a = 45854
© = 3-MA 458541

0.2

0 .

b ARV e RREEIEE. T GRERST, SXPIRAMLEL, *P<0.05; 5OMAAMLL, "P<0.05; 545S5SHAMLL, “P<0.05,
[E 4 ML A EXT 45851755 APCs ALP If PE 521
Fig 4 Effect of autophagy on ALP activity of APCs induced by 45S5

2.6 A5SSIRSNEITANAE A NRIEIE APCs B LZE TR APRILE S, RO RR, X IRALLL g AR W]

B, B, OMZ545S5HIAH LY, 3-MA 4 n] i/
PR L g0 N A oS b B 2 22 B b aygy, @bt ske e g w ot Bos, HigE
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21dJ5, SXIEA4IMHEL, OM4], 458541 #13-MA
4585 ODE &, ZRARITFE L (P<
0.05); SOMZALL, 458541 OD{HTIE, 3-MA
458541 ODHFFAL, ZRALIT¥#E L (P<0.05);
R

-

OMZ

1.57

1.01 *

0D496 nm

0.54

) ) —

54585 I, 3-MA 45854 ODHIAK, %A
Gt L (P<0.05), 2550 . 45852 ik AP-
CsHfbZEIE R, 3-MA 5 4585 Ak EFH .

45S540 3-MA 458541

= XA

= oM4l

== 458541

=3 3-MA 458541

*H&
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