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 OE HM 54 T8 -F @i (DPSC) kR SM b4k (Exos) i %2 5 B ¥ A et T AR B AMMER, Jiik
$®#E30 RSPFASD KK, 5 A% B AR Siba Lt RBAaRs TAE EAM ShaEiRrn TR
K(CP) KRR 44 10 R XA, FRAAE LM F — & T B F 484 F DPSC-Exos =4+, bk 34
K BT B RR 2 AT (CEJ-ABC) 36 8 BT B4R B AL, 3378 T JA BT 20 i (PDLSCs ) , 5~ A *T P20 2 3
YA STRRLE R T AL 3R SLEA 2R3 S b Ju N DPSC-Exos, WAk MR am 0B it A5 48 71 G Fhse A 54D T
M 5 26 48 A8 Runt 48 % £ F B F-2( Runx-2) mRNA ‘B #%& & (BSP)mRNA 2 & & & & H 0, g8 stma k&
FRALAILFFELAERAR KT AART IR HHF FH, BIAKRF I EMIZE, RN LA
R HEZ2GRTHBAGEIL, BB AET AT SOKE L FA X R A A AL K i miiZ A8 A s 4, #4 b
B R ILRR .38 & B ARG i AS 09t L, ARV K R CEJ-ASC 3B & Aad T 2F 2080 B 91 & ; £ %48 K & CEJ-ASC
BB AR T AR A BEAL(P<0.05), 24h 72h B S0, 525040 20 f6 OD AABER T *F F4L9A 29+ 35 12h 24h &
P EI Rt AL R AR T B B A 5 (P<0.05), FRHAMBSLETHEMR T HRANIAS
(P<0.05), % ¥ %048 i Runx-2 mRNA ,BSP mRNA Runx-2 & & BSP % & 404k T *F B 2000 2 7+ % (P<0.05) ,
45 DPSC-Exos 742 4 B X K R £ s 524k , AR B Bk A2 & | Fl BF DPSC-Exos TT423F PDLSCs 41 it 69 38 74 &
EAE ), 3 5% PDLSCs 4@ M6 B AL RE Ay, L AULH T 46 55 A% Runx-2 BSP Ak A X,
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The effect of extracellular vesicles derived from dental pulp stem cells on
alleviating periodontitis and promoting periodontal tissue regeneration
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Abstract : Objective To analyse the role of dental pulp stem cell ( DPSC)-derived exosomes ( Exos) in alleviating
periodontitis and promoting periodontal tissue regeneration. Methods Thirty SPF-grade SD rats were selected and divided
into control, model and experimental groups, in which the control group was not given treatment, the model and experi-
mental groups were established as chronic periodontitis (CP) rat models,with 10 rats in every group and the experimen-
tal group received DPSC-Exos injections into the palatal gingiva of the bilateral maxillary first molars. The distance from
the enamel bone boundary to the top of the alveolar ridge (CEJ-ABC) and periodontal tissue changes were compared
among the three groups of rats. Periodontal ligament stem cells (PDLSCs) were selected and divided into a control group
and an experimental group,no treatment was given to the control group ,and DPSC-Exos was added to the petri dish of the
experimental group,to compare the migration ability, proliferation ability,,and the number of calcaneal nodules of the two

groups,and to detect the expression of Runt-related transcription factor-2 ( Runx-2) mRNA, Bone Salivary Protein
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(BSP) mRNA,and protein expression of the cells in the two groups. Results No abnormalities were observed in the

periodontal tissues of rats in the control group;in the periodontal tissues of rats in the model group,there were disorders

in the arrangement of collagen fibres,a large number of inflammatory cell infiltration, obvious proliferation of epithelium

in the pocket with a shift towards the root,and resorption of the alveolar bone ;in the periodontal tissues of the experimental

group , there was a reduction in the infiltration of inflammatory cells compared with that of the control group, and the

epithelium of the gingival sulcus did not have obvious proliferation and shift towards the root. The CEJ-ASC distance of

rats in the model group was significantly higher than that of the control group; the CEJ-ASC distance of rats in the exper-

imental group was significantly lower than that of the model group (P<0.05). The OD value of the cells in the experi-

mental group was significantly higher compared with the control group in the 12h,24h and 72h time points ; the migration

rate of the cells in the experimental group was significantly higher compared with the control group in the 12h and 24h

time points (P <0.05). The number of cellular calcium nodules in the experimental group was significantly higher

compared with the control group (P<0.05). The number of cellular Runx-2 mRNA, BSP mRNA , Runx-2 protein, and

BSP protein was significantly higher in the experimental group compared with the control group ( P<0. 05). Conclusion

DPSC-Exos can reduce inflammatory symptoms and decrease the degree of bone resorption in periodontitis rats, while

DPSC-Exos can promote the proliferation and migration activities of PDLSCs cells,and enhance the osteogenic differenti-

ation ability of PDLSCs cells,the mechanism of which may be related to its mediation of Runx-2 and BSP expression.
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P2 7 J& K ( chronic periodontitis , CP ) f&—Ff
DA 5 | S 1Y 98 E A RRAE B 9500 , S — R g M 8
iE AR G JE A S RAR AR 2T 4
IR B B R 22 ) S N A R 7 55, CP AN
T B R A GUAN AT 304 0 52 i S 2 LI D R
T DIRE, [l 2x 52 me A8 A, X R AR i
TR E I CP RN R, A5 B R
BEE, ZF IR AR I R T8y S 42 CP itk i
5 2 (EXE T R 8 A G AR
W fii CP R85 2F Ji 2H 24 ik B RO 0
Mo BRAERFFTIAN, 4 86 T 40 Bl ( dental pulp stem
cells, DPSC) Al fie o 10 B 73 1075 5 UL
B 4k R 5 86 8 JE 4L L5540 DPSC Ah ik ik
(exosomes , Exos ) & DPSC 21 Jitd 43 W 1Y fitd 7 3 90
HANLUBRE G i G2/ E R A
DPSC-Exos X} J& 41 21 F-A= BIL I it A B, DA ke
ARSLR PR SPF 4 SD R PDLSCs 4/ WL
Y2 BIESHT DPSC-Exos ¥Hg % CP FI{EHE T
HAFEEN

1 #MEHE

1.1 — A F#

PEFE 30 L SPF 2% SD KR, W) T B0 3k Al 52
W shYA BR2S v (525 3 ) A 72 17 AT IE S SCXK
(J11)2020-030) , 4 77 7 2 IR (24 ~27) °C B ¥
(40~60)% ,12h JGB/12h BEEFREE A h k2K

K, FRBEACHEZ: 57 23w il i (202205A051)
PEHE A JE 1B+ 4 if ( periodontal ligament stem
cells, PDLSCs) , 14 T g 5e G AE Wik 2= Ho R A BR
N, T 10%FBS 1 DMEM/F12 5355 5T
37°C \5%CO, RiFeA 533,
1.2 7%
1.2.1 DPSC-Exos $2HC  HPRIBH A 45 J5 5 4K bk
NABERRSEHE A, JCRE A5 0F U 186 3R, i &
TR, T 37°C 5%CO, i FRAah 155, f 40 i
AR ZE 60% ~80% A JBEEE F B TH L AL 18, LSS
5 4% DPSC 4 fitg, A LPS % i 24h, PBS 15Uk, &
M 55 3% 48h, W B 40 e b 35 W, 3000g &5 0>
30min, %4 1% 5000g/min &> 30min, 15 FiEHk
AR, S A SN AR BURA R TR 215 4C i E it
% ,1000g/min 5.0 60min, YLIE B A Exos, Exos %
fift 28 RIPA 2LRS2 0PI RSV S T/ L.,
1.2.2 5770 1) sh¥ses, w4 30 2 SPF
9% SD R EL, 43 R %) BRZH BEAU A | S 2 ot
MRAHRES T A0 HE, AU 2] SCaG 2 37, CP KRR
AU R ZH R SRR T B 7K A SRR 1 , B 4mg/ mL
LPS ¥ 45T R B A0 XU 2 — 28 24 ) 2 it 3
5F,5uL/3d, I 5T 28d, LI e b A0 XU A —
JEE F I A o i 45 T DPSC-Exos ¥ W 1 57, 1 /1
A ARG 4 R, 2) dHAfLSE S, #EHE PDLSCs 4
T, o0 Jg i B ST 2 W BRARN 45 T AL B S8R
HFEFEM A A 10pg/mL B DPSC-Exos A , 75
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T 7d JE AT HAb R A, BAHIRE 6 MR AL, B
SERL 3 UM A SR
1.3 WLEIEAR

1) Micro-CT $## K, AbBERER, HUR B 65
KU 5 [X., 49% 22 5 H i &) % 48h, & F Micro-CT
FH, =2 S I g 3 AR BB R A
2 8IS TH ( cementoenamel junction and alveolar bone
crest, CEJ-ABC) fF & .

2)HE Je e, UK RS F X AR, R H
10%EDTA 44 ¥ W #F 17 I 4% Ak 38, A6 BE & I it
KA AT R AT ORARRS -, B
B ST

3) CCK-8 SZEaA N, B PDLSCs 4 i, 2:FRIH
BRSO 90 L B fif 5 7 56 A 10pL CCK-8
VW, 37°C A 2h, MR AL T 450nm 40 & OD
B, LALLM 12 .24 [ 72h 34 FERE

)RR SEE RN, e PDLSCs 2 M & B3
TR TRy 1x10° A/ LAY % BEFERT T 24 FLAR
H SRS TR, 400 T 0,12 24h WA
FARR SR FH AN B R IR 725 A Image J TH5E I AT Wi 2l
PDLSCs 4T3, 12/24h 40T %% = (Oh %I
JRVLSE-12/24h KPR TEIE ) /0h RIJR T8 EE X 100%

5)4MIPE R 2L YL 5, L+ PDLSCs 4 it K
AT, AN 1x10° /LAY M T 6 4L
M, s 2H AL 14d J5 352550, PBS T VE, 45 T
49%% B F S [ %E, PBC W VE, A T RO @
Smin, PBS W5k, Wi BE N WS IF Lb 55 W 41 240 Jfa 45
ELRE G

6) PT-PCR ¥l , PDLSCs 4 fifg /341 kb B 45
HUEL RNA 300 5% 5 J5 it 514, Hirb RUNX2 J7 51
( E¥%: 5 -CTTTACTTACACCCCGCCAGTC-3 ;
Ui#:5° -AGAGATATGGAGTGCTGGTC-3" ) ; BSP J:%]
(_F#%:5’ -CGAACAAGGCATAAACGGCACCAG-3" ; T
.5’ -TTCTCCATTGTCTCCTCCGCTGCT-3" ) VK i3
ZMEFECE PCR VK (10pL TB Green Premix Ex
Taqll 0. 8uL. PCR Forward Primer ( 10uM) | 0. 8L
PCR Reverse Primer( 10uM) 0. 4L, Rox Reference
Dyell (50x)** 2uLDNA 4 6l K F 7K 20l
Total RNA) , &5.0> 30s {2, Stagel ( M) .1 4>
PG, 95°C 30s; Stage2 ( PCR JZ v/ ) : 40 15 ¥R,
95°C APk 55,60°C IR K AEff 345, HEAT S, i 5% 4%
FE CT B, LB M 20 40 A Runt AH G K K -2

(Runt-related transcription factor 2, Runx-2) mRNA |

‘HUEFE H (Bone sialoprotein, BSP) mRNA ik,

7) Western Blot £l Runx-2 25 H \BSP # H #&
ik, PDLSCs #4434 Ab 35 45T PBS iUk, RIPA
S, BCA YLK 8 Mk 3, il %5 SDS-PAGE JZ,
HLUK T4 2 PVDF B8, & T 5% WBiAs 4 Wb A7 £ P
SEFE N—4T B 5 PR, BIORAD #E Mg 1%
RYHAT R, 0T Runx-2 #1 BSP & A,
1.4 %it%5%

K H SPSS20. 0 #HA750HT, LA wes TR B
BE, I LR A S, AR AS ¢ A 50, 19 2 AN [] B ]
MUCECR I E I 5 22 34T 53 A1) e AR B
2T 2250 (F K5 ) , 3k — 20 P9 LR
SNK . DA P<0.05 NAEGIFE X,

2 #HR

2.1 BaAXRAEEHEN

popiEE N W A N e T Y RIVE N
FRUA SR A0 20T DL e S 4 A HES Z55L R R
Y MR , 48 PN b He B AR B I H 1 AR O R RS B A
{0, R AE 2B W SIS 1O 5 5 3 2 KRR JR 4
AUIRE 20 M I i 500 BRI iRV b i oA DL A
e R AR s 9SO, LR 1,

EAANBAKXRATAAL B ARAAKRI T AN
L0 AHEBRERATRAAR,
A1 REARNKATALLR(HE & x100)
2.2 &K CEJ-ASC ¥ 5
FEARIZH AR CEJ-ASC 5 5 AH 5 T X6 HE 20 B 2
ThiE ; 5256 41 K B CEJ-ASC FE 25 AH 8 T4 751 25 W
B (P<0.05), W1,

%1 &K R CES-ASC ¥E & W4 (mm,x+s)

28 51 n CEJ-ASC 38 3
X B4 10 0. 1520. 03
AL 10 0. 32+0. 08"
F 10 0.2120. 06"
F 21. 849

P <0. 001

& 5B, P<0. 05; 5 B A L8 4R L P P<0. 05,
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2.3 #%8 PDLSCs 40 AeL3g 35 B it 451 L

PIZH (] 12h OD {HICGE 27 2 X, Fifi 5 i (]
HERS , AHN T X0 B4, S 2 4 i OD fH% %7 I i
TH (P<0.05) ;12h 24h B 5 b S286 2 40 i T 7%
ARG T BELL A & T35 (P<0. 05) . WLER 2,1/ 2,
2.4 W4 PDLSCs 20 i B 5 A B & d Rk
B 4545 R GA L

SZISZH AN MY Runx-2 mRNA . BSP mRNA  Runx-2
1 BSP & AR T X R B B T+ (P<0.05)
ST 2 A 6 2 75 AR AH AT 6 BR A B R
(P<0.05), %3 K 3,4,

%2 WAm PDLSCs 40038 s JU B iE 4% B W45 (x+s)

oD 14 ZHE/%

5]

12h 24h 72h 12h 24h
AL 0.19£0.09 0.30+0.11 1.81x0.23 12.09+2. 14 29.37:9.18
S 0.23+0.10 0.38%0.14 2.29+0.28 25.185.07 47.20+10.16
SRR (F/P) 25.516,<0. 001 23.196,<0. 001
AR (F/P) 18.125,<0. 001 18. 560, <0. 001
REHR(F/P) 19.755,<0. 001 20.577,<0. 001

Oh

24h

B2 ¥4 PDLSCs 48 it A sL I35 (X 100)

*.3 40 PDLSCs i B oL £ A |
A% B G BAG 5 RGA g (xts)

WA Runx-2mRNA BSP mRNA Rumx-2%& BSP&&  H474%
ABA 1.02:0.21  1.01x0.23  0.68+0.18  0.510.22  1.92+0.76
FHA 1.40£0.36  2.85:0.16  1.090.25  1.58+0.43  2.36x0.70
t 4.547 32.660 6. 642 11. 101 2.130
P <0.001 <0.001 <0.001 <0.001 0.038

e R

%t B8 40 F g LE
B3 72 PDLSCs al B ok &G RXED

Y4 -

VE LA HITR B A TR,
H4 Wmampss e e&m(x100)

3 itig

CP S I R e 5 L 8 Al 2 A0 1 2 4 B 6
W, TR KRR S T, Bk A T
it 7 B D DL, X R Y R A T R S L
MR BRI A (B A Wi ) & CP IIARARA
Jror ikt A0 A B s i AT H TS
MR

DPSC & A 8] 58 15 1 40 i, BA 1 21k
e, R R B ST & B, DPSC B A B s R
TRIT R LR SE T Bl 0, TS Bl
G E R /NGRS A R
HAFAEMER . Exos & HF % /Ny T 1Y 8K
WY RS, %4 miRNA [ Exos, M & 40 (5 B IF
PET SZ RN A R R 2, Lu 5 5T R
PDLSCs ¥ Exos i1t miR-31-5p/eNOS {55 53 %
W T R B IR U D T R 2 T R AN
MR, PRILAHFZE I, DPSC-Exos A] fEH A 2
HEF R HB AN, A SCEE AR R KR
JEV 2R U J S 2T e RS 25 AL, B K R A A Y
R, A8 N R 4 A I HLEE AR T R RS R L
[ B A7 2 R ST 0 5 ST 2K BRI R A 2%
SiE 20 R T B R 2 i, AU ZH K B CEJ-ASC
P A AR ) BRZH B S T 5 S 4 K B CEJ-ASC
B B AR TR A2 W] B IR, Ui P] DPSC-Exos Ab
PR3 CP KR R LSVRAE , D% A 45 Rk
PR, T k3 CP R RUEAR . Sk &5 o
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FAERAIE , IZ T8 s, LA SHED %5 58 414k I
B9 Exos AJ LU i 35 e 0 145 4 B SR 1t
AR /N Rl s Dt 5 A A R AR BRE 3 B F Sfr
A A BEAL SV, ol AR A 18 7 T fE
A I RIBYT

OF JE A SV A B EE T I O SRS B b
AR R VAR R PDLSCs 41 i 1) 3
B TR T A RE 1% T R L AU A B
BEE L, ARG 24h 720 B SCE A 40D OD {H
AR T X BAZH B 2 TH 575 12h 24h I s, S5 20
YRR RS AR B T 6T BRZH IR S8 T i, SO 2 40 i
OD {H F T % AR 3 T X B AL B 8 T, SE56 41
21t 5 455 A R A A T IR A B T L D
DPSC-Exos AJ{E # PDLSCs 2 ffd 114 3% 78 K2 3T #4 0
3l fiE ik PDLSCs AL A ARSI 534k, [R]EEAS
TR, S35 2H 20 Bl Runx-2 mRNA | BSP mRNA |
Runx-2 5[, BSP #& AR T X f 4 B | 7t &
Runx-2 J2 S0H A0 CHE 1, 7 S 10 5 S5 PR ]
A0 0 R 20 5, BSP 1B 5 B A i
KA Ak T 52 0 B R 40 S M KR R R
J1t50  DPSC-Exos A fE i 3 /1 5 Runx-2 mRNA |
BSP mRNA Y31k 4% PDLSCs 41 itd i i 431k
871, TG 2 2 JR A 2L R

2E [ ATk, DPSC-Exos A Y 4% CP K B4 SiE e
AR, BE AR B W i B B, [ B DPSC-Exos I {2 #F
PDLSCs 4 i Y 3% 58} 3 % 1% 30, 3% 5% PDLSCs 4fi
LA R S ARE T, AL T B 5 A% Runx-2,
BSP Fikfi X,

FBF R AAEHHVARELEHA BN R,

SE 3k
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