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[Abstract] Objective: To investigate the roles of autophagy in dental pulp injury and repair process by observing
the changes of its expression after injury. Methods: Sixty 8-week-old male SD rats were exposed and directly capped
on the first maxillary molars. Rats were sacrificed on days 1, 3, 7, and 14, dental pulp repair was detected with
HE and Masson’s trichrome staining. Inflammation markers TNF-a, CD68. and autophagy proteins LC3B and Bec-
linl were detected by immunofluorescence staining. Damaged pulp tissue and dental pulp cells (DPCs) treated with
LPS in vitro were extracted to detect the expression of inflammation, mineralization, and autophagy genes by real-
time quantitate PCR. Results: Inflammation was increased gradually from 1st to 3rd day after operation, but no ob-
vious inflammation was observed at 14th day. New collagen fibers were formed (P<C0. 05). Autophagy related pro-
teins were mainly expressed on the cytoplasm and membrane of DPCs, odontoblasts, and vascular endothelial cells.
The mRNA level of tissue showed that inflammatory markers IL.-18, CD68, and TNF-a were peaked at 3th day and
then gradually decreased; the mineralization markers COL1, DSPP, and DMP1 were increased gradually after inju-
ry. LC3B and Atg5 reached the peak after 12 hours, decreased to the bottom after 24 hours, and then gradually in-

creased; Atgl2 and Beclinl showed a trend of decreasing first and then increasing. The trend of mRNA in DPCs

was consistent with pulp tissue (P <C0. 05). Conclu-

E2WE EZEARP¥AIS ('S :81870760.81570966) sion: During the process of dental pulp injury and re-
EEEN BRAQ990~ ), L Lo MEDR N - 7E 3, B o8 7 pair, autophagy participates in the development of pulp
1] 24 2 B 5 28 D B P inflammation and promotes the repair of pulp tissue.
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Tab. 1 Primer sequences for RT-PCR

548K
Rat GAPDH

S5 (5°—>3")

CAACTCCCTCAAGATTGTCAGCAA
GGCATGGACTGTGGTCATGA
AAGACAAGCCTGTGTTGCTGAAGG
TCCCAGAAGAAAATGAGGTCGGTC
CTTCTCATTCCTGCTCGTGG
GCTACGGGCTTGTCACTCG
TGCTGGTACTGCTTGTAGCC
GTGGCAGCCTTTTTGTGAGG
ACCTTTGGAGACGAAGACAATGGC
TGTCTTCACTGGACTGTGTGGTGT
GGGAAGCTCAGTGGAAGTAAAG
CTGCTGTGTCCCATGTTGTAT

F.
R:
Rat 1L-18 F.
R:

F.

R:

F.

R:

F.

R:

F.

R:

Rat COL-1 F:GCCTCCCAGAACATCACCTA

R:

F.

R:

F.

R:

F.

R:

F.

R:

F.

R:

Rat TNF-a
Rat CD68
Rat DMP1

Rat DSPP

GCAGGGACTTCTTGAGGTTG
GCACGCTTTTGCTCAGTGAA
GTTTCCACTCTCCAGCCGAA
CTTACCTGGCGTTGAGGGAG
GCACACATGGCTGAGGACTA
CAGGTTGCCTAGCAGAGGTC
GGCATGGACCAGAGAAGTCC
TATAGCAAAGAGCCCTGCCG
AACTGTGTGCCACAAGCATC
GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCATGG
F: TGGCTTATTACAGTGGCAATGAG

Rat Atgh

Rat Atgl2

Rat LC3B

Rat Beclinl

Human GAPDH

Human IL-18 GATG
R: TGTAGTGGTGGTCGGAGATTCGTAG
Human 1L-6 :GGTGTTGCCTGCTGCCTTCC

:GTTCTGAAGAGGTGAGTGGCTGTC
:CGTGGAGCTGGCCGAGGAG

: AGGAAGGAGAAGAGGCTGAGGAAC
:CTACTGGCAGAGAGCACTGG
:CTAGTGGTGGCAGGACTGTG

: TGACGAGACCAAGAACTGCC
:GCACCATCATTTCCACGAGC
:AAAGTGGTGTCCTGGTGCAT
:CCTGGATGCCATTTGCTGTG

F
R
Human TNF-a F
R

F

R

F

R

F

R

Human DMP1 F. TTCCTCTTTGAGAACATCAACCTG

R

F

R

F

R

F

R

F

R

F

Human CD68
Human COL-1

Human DSPP

: ACTCACTGCTCTCCAAGGGT
:CACTGGAGCCAATGCAGAAGA
: TGGTGGGGTTGTAGGTTCAAA
:CGTCCAAACCACACATCTCG
:GGTGAAGGTGGTTCCTCCG
:GTACCTAATATGTTAGGC
:CATGGATTATACACAATCCG
:CAGCGTCTCCACACCAATCT
:GCGGGTTTTGTGAACCTGAA
:ACACATTTGTTTGCTGCGGA
R: TGTGTAAACAAACGACGCCT

)RR R S S 2 O S Rl =

Human BSP

Human Atgh

Human Atgl2

Human LC3B

Human Beclinl
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WEE PR H PBS W ¥k, N A FITC 2864518 —
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JIKC1 2 5003 37 CHEF 30 min; PBS WUk A
DAPI(1 : 2000) , & it 44 4 5 min; PBS 5 Uk 5
W R S 2 W S R TR & U~ 38

1.3 SeiteF e RJH SPSS 17. 0 G4k 43 #r
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Fig. 1 Process of rat dental pulp injury and repair.
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Fig. 2 Expression of inflammation and autophagy proteins in rat dental pulp injury and repair.

T2 T HERAE R R R B G 45 SR o b

Tab. 2 The analysis of dental pulp inflammatory infiltration and collagen formation xEs
A6 T 45 A 0d 1d 3d 7d 14 d
IF 145 9 i ¥ Vil 1 B 0 24,0342, 11" 23.30+1, 972 5.8740. 64" 2.33+0.50"!
T D 7 B T AR 4.2041.30 4.40+1. 14 6.20+1.30"" 16.6042,51"" 33.60+2,30"2
50 dEH#, 1 P<C0.05, % 2 P<C0.001
x 3 FRESIE A E VR 0 RIS AL R T
Tab. 3 The analysis of dental pulp inflammation and autophagy proteins xEs
oRUlER 7N 0d 1d 3d 7d 14d
TNF-«a 6.50+1.29 67.50+£7.59"° 78.7543,78%° 37.254+4,11"° 11.50£2, 52!
CD68 7.00+1.58 55.00+5, 48 "2 73.50+7.55"" 45.75+6.65"* 6.00+1.63
LC3B 2.41+0.37 9.7040.13"° 7.5040.50"? 7.4540.60"2 9.1340.93"°
Beclinl 1.8240. 33 7.0940,17"° 6.66+0,45"" 6.9540,07"° 6.90+0, 23"

H:H0dHK, x1 P<<0.05, x2 P<C0.01, * 3 P<C0.001

WFRAEKE LW (K 2.8 3), EWHEHERTAR
S M2 T 25K LC3B il Beclind , 1M S2 56 41 v W 78
JSLA AR 5 240 L L A A0 L R R R X B A A Rk
T B3R IR 20 TR A0 B e, HLF B R 0518 2 o

FEnl UL A W R AR R AT .
12h

B 3 LPSifESA#E40A [ L™= A (X 200)

Fig. 3 Autophagy in LPS-induced dental pulp cells (X 200).

2.3 RE A BEH LU I F mRNA K43 #r
GERILFE 4, RAEFEHFR 1L-18.CD68, TNF-a 745 i
5 3 d Ik B W, B S & WK B 10 48 AR
COL1.DSPP 7E$i 73 J5 AHEL T 1E 7 4L 81338 6 T %
J& BT DMPL 7E 8455 )5 2 8 i . 4l i [ s e i
P B B LC3B 5 Atg fEfifi )5 12 h &
IRIRF 0 B S FEAR, 24 h 3k BARA F B W)
s Atgl2 5 Beclinl 7E 45 J5 21k 5 Je B S T
R, 25 BRI R ST 1 K R BE A E W ) O T
B 5 AR W, B WK CE S, BB w5 1k
B KRS —. hILaT W[ S 2 R
HiegE e,

2.4 CCK-8 Kxil£5 /81  LPS AbHUFEE 1.3.7
KA M3 MR DL A8 4L, 55 5 KA AT L LPS 4119
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AN M TE M T R4 (K 5,

F 5 LPS 0l 41 M3 P 1 e
Tab. 5 Viability of LPS-stimulated dental pulp cells xEs
415 1d 3d 5d 7d
pogiieil 0.2440.05 0.4140.01 0.65+0.03 2.024+0.05
LPS 2 0.234£0.04 0.43£0.02 1.01+0.03" 2.1440.05
TE : LPS 45 [l — i 6] (533 fRALAH L+ P<<0. 01
2.5 AMESRIETOCY G AR O A0 52 B

HAE VUG WO T A0 M W LC3B 7E 24 h Rk W]
. Beclinl 7F 12 h.24 h ¥ F3k,24 h FiE® 12 h
B (& 3.

2.6 FBEANMIAHCHE N mRNA KFEoH 458
W 6, RAETE IR TNF-a, IL-18.1L-6 Fil CD6S 7E
LPS #ill 3% 5 %5 HF 45 I+, TNF-o,CD68 i K5 7F

1d WIS B 06 TL-18,11-6 A9 R IATE 6 h A ik 3] &
W , Bifi J5 3 8 T B . B4k 38 bR COL1.DSPP.DMP1
K BSP 7E LPS Hill 5 #H#% T 1E # 813K K B N %
JE I LT, AWEAHCIE A Atgd 7EIEH AL H 4
HEIA Rk, LPS A H 5 Ik TR, M Atgl2 5
Atgh [F2 ka3 . Atgl2 Fil LC3B 7£ LPS Ab#
ERIEEFEBEE . Beclinl BYFEIXRTE 12 h AF L F]
1o U B T T R L (BFE 3 d B SR TR
3 itig

A5 S ST R 0518 AR, X R RS A AT
ELHE R BEAR OISR T BE 0018 S A 1 R rh B R Y
Fik, MRGREAAEX —SRP. AS 5 T 4§
SIEW RER R IR S SUEE . Ui
SIS W ST F WS P BEAOE B R BT R B R S

F 4 KEFREALEBOMEE R b R 071k B B e R R Y 3Rk B 4k
Tab. 4 Expression of inflammation, mineralization, and autophagy genes in rat dental pulp injury and repair x ks
FCRIUEER S 0d 1d 3d 7d 14 d
1L-1B8 0.0440.01 0.124+0.04"" 3.7540.547° 0.2940.12"" 0.06+0.01
TNF-a 0.001340. 0004 0.00170. 0003 0. 004040, 0003 "2 0.003040. 00052 0.001440. 0002
CD68 0.03+0.01 0.03+0.01 0.26+0.07"° 0.2240.05"° 0.024+0.01
COL1 236.90+4. 20 67.924+11.30"° 5.90+5. 66 597.60+13.12"° 524.60+10.60"°
DSPP 0.0940.01 0.03+0,027% 0.07+0.01"" 0.06+0,01"" 0.14%+0,02"°
DMP1 0.02%0. 004 0.044+0,02"! 0.0740.03""! 0.2040.07"* 0.5340,07"?
a0 4 A 0d 1/4 d 1/2d 1d 3d 7d 14 d
LC3B 0.51£0.16 0.9840.05% 1.1540.14"% 0.2240.048"" 0.3140.05"" 0.62%0.03 0.74%+0.13
ATGS 0.09+0.01 0.1440.02"" 0.2540.04% 0.0240.01"% 0.0720.02 0.06+0.01"" 0.06+0.01""
ATGI12 0.1040.01 0.04+0.01"% 0.1340.03 0.10+0. 02 0.20£0.03"" 0.2740.02"% 0.2440.02"*
Beclinl 0.4940.09 0.284+0.08"" 0.3940.03 0.4540.08 0.9440.07"% 0.8740.13"% 0.88%+0.09"*
FE:50dMI, »1 P<0.05, x2 P<<0.01
Fz 6 LPSES A HE40ME A0 07 b A w5k B Y Rk A8 1k
Tab. 6 Expression of inflammation, mineralization, and autophagy genes in LPS-stimulated dental pulp cells -t
o 0 4 A 0d 1/4 d 1/2d 1d 3d 7d 14 d
118 0.00140.001 0.040-40.003"% 0.00440.001"* 0.00140.001  0.00140.002  0.00140.001  0.000=0.000
TNF-a 0.36040.070 0.34040.060  0.42040.060  0.800+0.100"% 0.64040.020"% 0.280+0.060  0.1904+0.040 "'
CD68 0.13040.030 0.15040.030  0.2904-0.030 "% 0.3504-0.050 "% 0.2304-0.030"" 0.2004-0.030"" 0.110=%0.030
1L-6 0.100%0.010 0.9104+0.170"% 0.630-0. 0902 0.130+0.020  0.140£0.004  0.080%0.020  0.040-+0.010""
o U 4 A 0d 1d 3d 7d 14 d
COL1 0.0140£0.0010  0.00904+0.0010"* 0.0100£0. 0010 0.03004+0.0020"" 0.020040. 0020
DSPP 0.0030+0.0004  0.002040. 0005 0.0030+0.0002  0.0070+0.0010"? 0.0090+0.0010"*
DMP1 0.0005-£0. 0001  0.0002=0. 0000 " 0.0004£0.0001  0,0010+0.0001 "%  0.001140.0001"*
BSP 0.001540. 0002  0.001120.0001 0.001340. 0002  0.0030+0.0001"* 0.0020240. 0001
LAl i 7 0d 1/4 d 1/2d 1d 3d 7d 14 d
LC3B 0.56040.080  0.41040.080  0.81040.030"% 0.62040.060  0.42020.050  0.52040.080  1.10020.100"2
ATG5 0.00340.001  0.00140.000"% 0.00020.000"% 0.00140.000"% 0.00020.001 "% 0.00040.000"* 0.001240.000"*
ATG12 0.00440.001  0.00440.002  0.01020.002"" 0.004+0.001  0.003%+0.002  0.00640.001"*" 0.02020.001"?
Beclinl 0.02840.050  0.03440.006  0.07620.030"2 0.0400.001  0.02320.005  0.03020.005  0.03920.007

W50 d#k, » 1 P<<0.05, 2 P<<0.01,

* 3 P<C0.001
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gene, ATG), LC3 Ml Beclinl & B} [A] 4K it P 1%
EE X B 5 25 LB 4 R 2T B AR A oh g I
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20 g R

[ AR FE S5 R R A wgfie kA BE 2B .
AR S 3G N HE A 55 8 12 T 5T e B 548 52 4 A ]
UL W A 2 3, G A A S RE A0 I L SCF A B
L R 1 A P 0 L o B B L HL A W AR 2F A
MFRIKBEE T LB E R R T . AR A A
Wk 75 2 JUR RS A 5 40 i U2 b AT 23k TR AR B
A TR CF A BT 5 A AT RES S T A Ak
BHBE, AP AGELT S 40 525 UE
W I B 0 12 a0 B F AR S5 40 A B AR AR S
iR 5 UL WSS R — 0 5 A AT RE 2 08
2 AV AN N A% B 2R BT R A W A A0 LA i S B fE
A 28 5 A0 RGO B8 5 oAk, T e E 2 2L
SN AR 5 T A — 25 SR I W ] 50 40
SR B A W 5 TR S B A0 00 18 5 R b i AR
FHBLH] .

25 Bk, A WES 5 28 BERAE Y KA R L TR
PEFREHLUE S . AR FRATHS R B T 2459 £ 2t
B 98 AE T IR SR, LLYCHE F W hn bR F e 52 O gk 2
PRV A W AE 2F B8 R AE T IR LA KT BB 2 5 A i)
HARAE FIBLHE
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