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[ ZE] H®.: HiFEFEHIRRNA (circRNAs) B4 T401 (DPSCs) K IFIMBA (Exo) {2
HEN B E KN K 400 (HUVECs) U5 A4 57 28 8 i /A8 Th g /E T, OF BB AE SC o FAL . rgk: o
BV BN U R - AR A AR -JE AR DPSCs. T 40 M AR KT 3 %0 5 AL DPSCs F fikr L W& A
FRPE RSB . FH 3R RIE A DPSCs 5 HUVECs # 3 FRIK R, K a7 M 3L A IR-I AR DPSCs 4l |
AN VR -JE AR DPSCs 4 fE 4 ANE A -7 DPSCs 4 . 53 K- 41 s 434 Exo-OFE vector 4l . Exo-circ
0026827 OE 41 #l Exo-circRNA 124534 OE 41, 435l ¥ 4% I 95 8 5 19 OE vector, circ_0026827 OE Fl
circRNA124534 OE J&, 4B HAIMRG 3% LIS Exoo 4IMTHEGAF &8 (CCK-8) JAKM 44l HUVECS
g G M, SERF SR OB B PCR (RT-qPCR) 4 I 4% 24 Exo P If 48 A i AH 56 cireRNAs 338 K,
Western blotting ¥4 1l 2 5% 52 40 i F 3% 1 Exo bR W) AH G HE H R IEK P o S0 ik & 41 40 i Exo £5 BUK &
LA A B -7 5 S A U 4 B 1 WD Exo 4r B 0. B52R . FHR 2 40 L 2 TET A AR 0 R A 1 0 1 40
SMAEBUR 44 (CD44) (+) . FI4I TR 34 (CD34)(—) FMEEFAMEIE 1 (Stro-1)(+), & KK
fRDPSCs. CCK-8¥EKM , HF A UR-JFICDPSCs Al b, B S %5 I -J A DPSCs 41 4F A 2 U5 -
JE A DPSCs 21 3L 55 57 19 HUVECs 3458 I P B R BT (P<<0.01); 5B 15 I8 -J5 48 DPSCs 41 L3,
LA NAE F E-JFAR DPSCs 4 3L 15 37 59 HUVECs 3958 36 P B B B A% (P<<0.01) . 3R LB 31k R 4 iy
i BB W Exo AN kPR 9 (CD9) . #IMAE FH 70 (HSP70) FlME & R 101 (TSG101)
iRk M. SAMILRE SRR R AN L3 T P Exo APRIAE R 50~110nm, RT-qPCRIEAM , 53 A E-JFEA
DPSCs 4 Fe#e, B ANE 4 I -J5 AL DPSCs 2 Fi 4F AH 2 - )5 A DPSCs 4 Exo W circRNA 124534 Fl
circ_0026827 mRNA Fik K FH B (P<<0.01); HMARGIE-FICDPSCs A i, BHFEANES
U5 -JEAR DPSCs 4 Exo H circRNA 124534 Fl circ_0026827 mRNA 235 /K -1 0 L AR (P<<0.01); 341
Exo ' cire G515 S WM E KN 1 (SIPAILI) mRNA FEKF 2R LS5 %2 X (P>0.05).
Western blotting #6420, 5 Exo-OE vector 41 Fb#, Exo-circ_0026827 OE 4l HUVECs B2 b p38 2254
JEIGALE B (p-p3S MAPK) . IEMEAEKIHT A (VEGE-A), MmN ERKINTZIA2 (VEGFR2) |
MA5&HEE 1 (Ang-1) . EFEAMPEATERTF 1 (SDF-1) FMEFR4SBEEAM (MMP-9) & 1%k KT
Y E TR (P<<0.01); 5 Exo-OFE vector 4 b, Exo-circRNA124534 OE 44 HUVECs 41l ig /' p-p38
MAPK, VEGF-A, VEGFR2, Ang-1. SDF-1HMMP-9 % [ #ik/KFHH BT (P<<0.01). %4
HUVECs ¥ il{31# Bl Exo, Exo-OE vector 2 HUVECs & M N E a4 19 24k KR A s 5 Exo-OE vector 4H
Ib#E, Exo-cire_0026827 OE #H Fll Exo-circRNA 124534 OE 2 HUVECs 5 38 RUR HEF 19 28 AR DS, IFf
HES B IR #a 3 . S5 . 3 %38 cire_0026827 Ml circRNA 124534 1 i 3L 2F DPSCs 3 Ji #9 Exo %}
HUVECs Il 8 £ i — & {2 i /EH .
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Promoting effect of overexpressed circRNAs-modified dental
pulp stem cell-derived exosomes on angiogenesis of human
umbilical vein endothelial cells

LIU Jing, WANG Yan, HUANG Xu
(Department of Stomatology, Fifth Affiliated Hospital, Xinjiang Medical University,
Urumgqi 830011, China)

ABSTRACT Obijective: To discuss the role of circular RNAs (circRNAs) -overexpressing modified dental
pulp stem cells (DPSCs) -derived exosomes (Exo) in promoting angiogenesis of the human umbilical vein
endothelial cells (HUVECs) in dental pulp vascular regeneration, and to clarify the related molecular
mechanism. Methods: The primary DPSCs derived from deciduous teeth, adult wisdom teeth, and elderly
permanent teeth were isolated. Flow cytometry was used to detect the positive expression of surface marker
proteins in three kinds of primary DPSCs. Co-culture systems were established using three sources of
DPSCs and HUVECs, and the cells were divided into deciduous teeth-derived primary DPSCs group,
adult wisdom teeth-derived primary DPSCs group, and elderly permanent teeth-derived primary DPSCs
group. Additionally, the cells were divided into Exo-OE vector group, Exo-circ_0026827 OE group, and
Exo-circRNA124534 OE group; after transfection with adenovirus-mediated OE vector, circ_0026827
OE, and circRNA124534 OE, respectively, the Exo from the cell culture supernatant were isolated. Cell
counting kit-8 (CCK-8) method was used to detect the proliferation activities of the HUVECs in various
groups; real-time fluorescence quantitative PCR (RT-qPCR) method was used to detect the expression
levels of angiogenesis-related circRNAs in the Exo in various groups; Western blotting method was used to
detect the expression levels of Exo marker-related proteins in the supernatant of co-cultured cells. The
uptakes of Exo by the cells in various groups were verified ; angiogenesis induction experiment was used to
detect the isolation of Exo from cell supernatant. Results: Most cells expressed CD44(+ ), CD34(—),
and Stro-1(+ ), and were identified as primary DPSCs. The CCK-8 assay results showed that compared
with deciduous teeth-derived primary DPSCs group, the proliferation activity of the HUVECs co-cultured
in adult wisdom teeth-derived primary DPSCs group and elderly permanent teeth-derived primary DPSCs
group was significantly decreased (P<C0.01) ; compared with adult wisdom teeth-derived primary DPSCs
group, the proliferation activity of the HUVECs co-cultured in elderly permanent teeth-derived primary
DPSCs group was significantly decreased (P<C0. 01). cluster of differentiation 9 (CD9), heat shock protein 70
(HSP70), and tumor susceptibility gene 101 (TSG101) were positively expressed in the Exo from the cell
culture supernatant of three co-culture systems. The particle sizes of Exo from the cell supernatant in three
co-culture systems were 50— 110 nm. The RT-qPCR results showed that compared with deciduous teeth-
derived primary DPSCs group, the mRNA expression levels of ¢ircRNA 124534 and circ_0026827 in the
Exo in adult wisdom teeth-derived primary DPSCs group and elderly permanent teeth-derived primary
DPSCs group were significantly decreased (P<Z0.01) ; compared with adult wisdom teeth-derived primary
DPSCs group, the mRNA expression levels of circRNA 124534 and circ_0026827 in the Exo in elderly
permanent teeth-derived primary DPSCs group were significantly decreased (P<C0.01) ; there was no
statistically significant difference in the circ_signal-induced proliferation-associated 1 like 1 (SIPAIL1) mRNA
expression level among three groups (P=>0.05). The Western blotting results showed that compared with
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Exo0-OE vector group, the protein expression levels of phosphorylated p38 mitogen-activated protein kinase
(p-p38 MAPK) , vascular endothelial growth factor A (VEGF-A) , vascular endothelial growth factor
receptor 2 (VEGFR2), angiopoietin 1 (Ang-1), stromal cell-derived factor 1 (SDF-1), and matrix
metalloproteinase 9 (MMP-9) in the HUVECS in overexpression circ_0026827 and circRNA124534 were
significantly increased (P<C0.01) ; compared with Exo-OE vector group, the protein expression levels of
p-p38 MAPK, VEGF-A, VEGFR2, Ang-1, SDF-1, and MMP-9 in the HUVECs in Exo-circRNA124534
OE group were significantly increased (P<C0.01). The HUVECS in various groups successfully took up
Exo. The HUVECs in Exo-OE vector group showed a relatively flattened growth state. Compared with
Ex0-OE vector group, the HUVECs in Exo-circ_0026827 OE group and Exo-circRNA124534 OE group
showed a reticularly arranged growth state and a tendency to form tubular structures. Conclusion: The
deciduous teeth DPSCs-derived Exo modified by overexpression circ_0026827 and circRNA124534 has

a certain promoting effect on angiogenesis of the HUVECs.
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RS S TG BUR GG R A B AR . ARLR
FJE%¢ (apical periodontitis, AP) & 2 & 5 ML %
JE AR L 0 AR ] 2H 200 S0 A A, R O IR
FEMYSE R o AR BRI TR A I b v A R R B 1Y
PR O B g Sy O e, P AR CF I A T BT R
I P RO At o A ER /2 AR N R &
R A AP, AR PR RS
AP By IR RN 15%~85% . B A BER M H , T
il B S AR R T B PR, B s 40 % A
KA RS GY , MTF 2 FRERTE A RSO
PR EIS . HETRIRIT IR IRIT (root
canal therapy, RCT) FZFHEIME EEA, REIGIK
R R EEWE AL, HE IR B4
PEAAT IR AR SE I o AR I B2 1 H b 2 12 2 R E B
RBE A U WK S H 1 A BE DI AE L B — b
(e <SSO 1 7 43 I I 129 ) e X
B AR Y SF A BT - 2 B A1 86 A DR O A SRR L
AR BRI EE 4 HA MM F & . g SR T
SRR, B, SR Y I A AR X T AR 2
Ty

FHE T 4 ML (dental pulp stem cells, DPSCs)
J& TR A A, ATl R AR, Qg i
AN U ORI =R U D o R
N
endothelial cells, HUVECs) J& M ¥ Il & 4 il 19 &
B ST T AR AR 2 — o fHTC IR AE M 1) /)y R
T R #i DPSCs s LI A2 A HUVECs, # A GE
T BUHT A6 038 0 N A 2 08 21 200 T P L R 5 48 . I
A A e N T LA AE A RE R AR I A

(human umbilical vein

Dental pulp vascular regeneration; Dental pulp stem cells;

Human umbilical vein

Ji 5 I I o B B A I AR S5 A S e BT IS R G
ZEER T BRI & . Wik, A HBEIRADSE
DPSCs Ml HUVECs [ 45 15 97 2 75 B A e 212 il
A8 s WAEFE S LL A B 5 18 F 16 R G Z Il g
BEIE W R B W) A LS FESS R YRR ) o SIS AE
WA A R IE . KR RNAs (circular RNAs,
circRNAs) J&—Z& 97 RNAs, 544 RNAs b
A, HOE R ) B R B T R S B P S5, X
ST ELA TR By BebE, R AR 98 L 40 i AN 2H ZURR
SR X AKCE LR, ZE PR P RNASs BF 53 40
ZE TR Y cireRNAs LUH gl 45 10 3 5
75 Z R AR B R VIR OC, R E MU
RNA (micro RNA, miRNA) ) 48 1K 58 4 11 2%
A Rl miRNAs, 5 RNA %5 & 8 A8 L2 & ik
JE IR 8 -2 HUOAE BAE T R 43 cireRNAs i A fig
BEIFER DR ASESS5RNERLAAEREES S
PAT M DD e o A BIF 5E R A M 1A (exosome,
Exo) XF HUVECs i Il 4 2 s e T3 iy 52, Jf B
HAEHLE], B4R AP BAHCHR R it 5%

1 RS

1.1 @mR. . EZ2EAANFME HUVECs W H XN
Wi PE A AR A IR A F . RNA g4kt i) & .
TIANScript 11 ¢DNA % — # & i L 7 & .
FastUniversal 1t 4 %¢ Y6 & # PCR R # (SYBR
Green) Fl Bradford £ H i & & 3200 & 8 H R AR 4
fb (dbst) BHEABRAR (hE), HuTINGO &
NGk G 3 AL 5t = I AE RN A R ], Matrigel
WA 2% E BD A AL, WK A KR IR 2
(endothelial cell growth medium-2, EGM-2) 5& 4
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BrRw (FARKRET) 1A+ LONZA 2 A,
FITC- 45 i % 2 B3R & 1 G2a 7] A X M (IgG2a
Isotype control) #iiRak FITC-kricHt A (40 531k
B B 44 (cluster of differentiation 44, CD44) |
FITC-#5ic $L A H© 40 8 4 1k Bt J5t 34 (cluster of
differentiation 34, CD34) = FITC-#5ic ¥t A 5
M 4T B 1 (stromal cell antigen-1, Stro-1) HiA |
br N W W b p38 22 R 3 b oA B
(phosphorylated p38 mitogen-activated  protein
kinase, p-p38 MAPK) Z4i. & MNEEKK T A
(vascular endothelial growth factor-A, VEGF-A)
Hohr, i E N KA KB 7 2 K2 (vascular
endothelial growth factor receptor 2, VEGFR2) . Ifl.
B k"2 1 (angiopoietin-1, Ang-1) HHr. FEF4n
MafiT A N7 1 (stromal cell-derived factor-1, SDF-1) .
I 4 B & H B9 (matrix metalloproteinase-9,

MMP-9) i, H b BE-3-8F R OB A
(glyceraldehyde 3-phosphate dehydrogenase,

GAPDH) Z#i—hi. WFEMRe@EsRkENGC (5
W+ & OB ) (light+heavy
chain), IgG (H+L) | ZHuA1E Exo 20 8 ik 7]
SRS S | I N 2 G0 L = DI 1 /A i
circRNA 124534 OE Fil circ_0026827 OE i & ik ' 1%
SIYZFCE T A TR (1) ROARA A
AR, MR R R pADV-CMV-S-circRNA Il [ 1
JTCAEYEAR (RWF) BemABRA R, M Ok 1Y)
%€ LI B R AR 58 . Attune NxT it 2 4
JL A A Multiskan FC i #5115 38 B R B 4%
() AR HE, ECLIPSE LVIOON POL Yt
i B8 A ECLIPSE Ts2R {8 B 2¢ 6 W i il A H
NN = 3 S e A
1.2 3#%kBEDPSCs# o & 1WA LT HEHL
WA —A8FILE (&) MELE. MARHERTL
TG R BRRRAE , M@ 5, b TFREIRAE,
UG TR TT M EA T3 o HEBR A5 o SRy 2 1 it B G
PR AR AR 8 A h A7 BL L BARAE . KR EZ % T 5
5, H&EFEBrAERES, FERBBkAA
FREHY

LU A A BB U — 44 36 % WUAE T3 1R 1Y)
B PR UE R R T I PR BRRRAE A B
K, WEIBIRITMTHATIR A o HEBRBRE N 14 fd
FRAE TCHR 2F $6 A B 14 A SE g BRI . A A TRl 2
Z 55, JFEEBmAERES, FEERE

[immuno globulin G

WA BEH

LA N H 2 A LU A — 44 69 % AR
PRI S o g A bR 1 Ry 1 A R B RE S BT B R R
SUIZHT TG H R P sV OO I R A A e
i EEBEEA<1mm; FRMERE, A%, HE
W b 1 A BB AT 2R SRR e B DL R . A )
ZHARMGE, JH&E B RE R, RERKE
W BB,

FFEARE S K, H2Y A 2R BL Mt
P 1 P 5 mine 1A 50 mL Falcon B .04 fffin A
WHF 1000 pg L "HEF R . 1000 U-L ' FHERAM
0.25 gL "M M &\ X B 1X B M ih 2 b i
(phosphate buffered saline, PBS), ¥ K4 K45y
FWFEARBEL S, F4CTBEXELRE.,
4 CFAE L3R 1 X PBS 22 i vl 28 #2020 43 1 1
ROATRE/N/NB BT GentleMACS fi#f 55 2% L it
B BRI LL 300 g B0 10 mine AR 2 A UITE,
AL E N3 g L 1T RIRJEREM4 g- L P pEE
R, KR P WS T 37 CFIE 30 min, 455
P LL 300 g B0 10 mine 5 LW, MAE 10%
& 4 13 B 5 mL DMEM F12 58 4> 1 3% W Uk %
L, (EREGHIE . SRJG 277 WL 80 pm 4H il i 1]
BJE A 1 mL DMEM F12 58 4> 15 3% W & & JF AL
DPSCs It K %, (A& 40 5 AR LA 9 I A€ DPSCs
HEAT R B2 9250 .
1.3 AXam & 3 RKDPSCs £ @AFEH
FamiiEx HlALWER1IXI0L T EAR
DPSCs F 4 fifg B % . B 100 pl, 43 %1hn A FITC-
B i Tsotype contrl HT 1A 5 FITC-#5id 1 A CD44
i N CD34 8iH1 A Stro-14ifk, 4 CTF#EMHE 1 he
ML A A AT AT A, R4 A CD44 |
CD34 8 Stro-1" 4} BT (5 & 43 %, B R &5 (1 PH
FRMEHL
1.4 BRAKDPSCs5 HUVECs £ FikA 3 &
Mo A 2 B R 24 FL A1 MRS 35 A 40 i/ =
T3 g% . T2 24 AL 40 i 15 77 b 357 JFAR DPSCs,
RN E B 5E HUVECs, B3R 0C0 & 10% R
A= IS B DMEM F12 58 2 85 95 W . A4 AS [ o U4
JFAC DPSCs 5 HUVECs iy 3L 85 32 1k 2, ¥ 40 i 43
3L F PR - JFAC DPSCs 41 . AL A B 1 I - AR
DPSCs 41 F1 &4 AN AE -5 A% DPSCs 41, Hopi
JEARDPSCs o iPRIETFLA . A A NE .
1.5 mpasfiom KRN RKPpADV-
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CMV-S-circRNA 4 5 circRNAs ) o £ & .
circRNA 124534 OE Hl circ_0026827 OE it £ ik 9" 1
S L ETAEY OFE) AR #
R 2 ok R YT ) 3% HE MR BE A pAD V-
CMV-S-circRNA #) 2 5o i f, JF R 4T LA
JC A W AR D 58 B e R BURL 1Y AL SE 8 . OF
vector 21 iy FpL4f i 7 25 AUB0RE

B3 h Exo-OE vector#H . Exo-circ 0026827
OE 41 il Exo-circRNA124534 OE 4. 34143 5 A
7 - B AX DPSCs 73 5l 5% B 1% 7 A T 1 OF
vector, circ 0026827 OE # circRNA124534 OE J5 ,
B YR R IR Exo. 100 pL b AR R IE
ExoAHUVECsH, MREGSEEZREH HUVECS,
1.6 @ 3t %% & N & 8 (cell counting Kkit-8,
CCK-8) & #m 3 #F 332 4k 2 # HUVECs ¥ 7
W JFALDPSCs 5 HUVECS i 3555 37 1A & i 42
Wik 8hlm, WTFLEEMB/INE, BT 1N
24 ALK At NREICA MR .
CCK-8 2 5 06 ) - 28 4 Af 185 7 0% v, 42 PRl &
UL U] AT AR, 4 B B FE Y b A CCK-8 35
PSR FR 6 h, R EEFR T 450 nm i 4 40 W
BALWOGE (A) A, LA A{EAC 40 M 54 58 05 1,
SR E 6N E A
1.7 mEEHFLEFRPEX0ONSBREL (]
. Exo 73 8 15 43 B 5 DPSCs 15 37 B i /Y
Exo. 2k il Western blotting 3% il I& Exo #5 & 4 11 40
Motk Pt s 9 (cluster of differentiation 9, CD9) .
PP A H 70 (heat shock protein 70, HSP70) F1fif
o8 by Ji& K 101 (tumor susceptibility gene 101,
TSGI101) iy F R KK R 3B 5 i B WL g%
JHAHE Exo JE 8RB . R A KR AR 23 B A 0 B D
& Exo RO 434 FI 2 .
1.8 5 Bf % & & & PCR (real-time fluorescence
quantitative PCR, RT-qPCR) 3 # @] & 41 Exo P f
% A AR £ circRNAs & A KF R RNA i kit
& HE I Exo £ RNA . R A TIANScript I ¢DNA
9 — B A R R & R Sl cDNAL R
FastUniversal TR # 9% 1 & 7 PCR #UE 58 (SYBR
# 17 RT-qPCR Jx W . ¥ ¥ 51 ¥ A
circRNA 124534 FiE51 9 : 5-TGAGCTTGTGA-
GTGAGTGGT-3", circRNA124534 FiiFsI ¥ . 5-
GCAAGGAGAATGGCGAGATG-3. circ {5515
B4 5E #H LN 1 (signal-induced proliferation-associated

Green)

1like 1, SIPAIL1) L iiE51%: 5-TGAAACTGG-
ATGAACAAGGGAG-3', circ_SIPAIL1 F#i514¥) .
5-GCCGTCTGTGCCAACAAC-3', circ_0026827
WS 5-GCTGAAGAATTAAATC-3, circ_
0026827 Fii51 ¥ . 5-CGAAGTTCCGTCTACG-
GC-3'c GAPDH L5149 : 5-CGGACCAATAC-
GACCAAATCCG-3', GAPDH Fiii51#¥: 5-AG-
CCACATCGCTCAGACACC-3',
1.9 Western blotting # #& ®| 3t 3% 3 %8 o £ #
Exo 4% & # CD9.HSP70 = TSG101 % & & & K F
T 101 6 L 40 B 5 5% A 4 ML 35 = o im A 1 mL %
A7 EE 11 A R0 TR G R TR e SR A
RIPA %4 fiff W5 24 ik 20 B . B s 42 B2 Jf 5 JR o
K M Bradford & H Jit € & i ] & & B HE H ik
JE o 40 BEAR o AR E AT b e 5 R - R TN U Ik
Jiie ¥ 1 B 9K (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE), M5 % 2T
ENEH PAGE By B HI BT L F BN 2 PVDF B | o
i1 FH 5% Wi g W ks %F PVDF k47 3 . S fin—4i
TAEW, i A p-p38 MAPK (1:1500) . VEGF-A
(1:2000), VEGFR2 (1:2000). Ang-1 (1:2000) .
SDF-1 (1:1500), MMP-9 (1:2000) 1 GAPDH
(1:2000) —#L, 4 °CHiH 5 PVDF it [F &
R WH, WM P TAER, SR IgG =it
(1:6 000), =FiRfiH 5 PVDF BEILFEBE 1 h, il
JHEB U ECL A2 AOG IR Y xT H By 2% 47 5 .
1.10 X 4w Exo BB EALBKE X H
MIuTINGO Z 51| 44 R %F Exo H1 40 M 5 i ik 17 2 (5,
EvLINK % 310 Exo, CellLINK % o510 44 Jifd 5
R 8] B 9O A B 2% I IR Exo A1 41 i 5
Ji, 38 ad Merged B 7 %8¢ Exo 45t B2 M A1 0
2P AR iC AE R E G Ol . HAR LR B E & FE
A6 = KA PR A BR 2 FIAR R 58 B Exo S HCSE 5K .
1.1l eFAR-FFEEANEAmME LFR T
Exo2 &H o 6FLAIMIEE 57 e AL 9% — )2 Matrigel,
¥ HUVECs Bl B 25 F 6 FLAN M 5 2 M v, n A
EGM-2 58 25550 (4K F) . Exo-OF vector4d .
Exo-circ_0026827 OE4{HIExo-circRNA 124534 OEZH
HUVECs 4l Jfl 35 5% W h e 3 S R i i, 20 5l i
LA - AR DPSCs B 4e T 9% - 5 8 OF vector
5 circ_0026827 OE, = circRNA124534 OEJ&, 43
B ARAR 100 pL 40 -3 W Exo. K540 &+ 37 C
TER I 1 COMF A E LS 48 h, S i
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1.12 %# %54 R GraphPad v8 # #1754t
TF2EA T o T o R A 45 45 41 JFAR DPSCs 2 18 5 75
¥ CD44 . CD34 Fl Stro-1 1K 4 & IA FHME R | 40 i 3
B PR . AR cireRNAs 22 35 K - F 36 15 55 40 i
LW Exobr & ¥ CD9, HSP70 f1 TSG101 1 #
KA, R E RS, atsFow, ZURM
AR BRI R 7 25001, 2 M HEAR 348K
LU 388 SR M ST B AR ¢ KG 56 20 ) A AR 34 B0 R L A
KRG Tukey’ sfi%0 . LA P<<0.05 022 541 41t

RUYNESSN
TR N,

2 &% B

2.1 3#RKDPSCsR@AFEHEAMMERE
WL R R TR S RIA DL CD44(+) |

CD34( — ) M1 Stro-1(+ ), %% & J& X DPSCs.
WA,

2.2 3#EBFEKREZFTHUVECSHAFZNR SH
FP-FACDPSCs 4 (1.78+0.18) &, WMAHE
Wi PR - AL DPSCs 4] (1.3440.15) MZ4EAEF
I - )7 A8 DPSCs 4 3 15 % 19 HUVECs 1 58 15 ¥
(0.9240.11) B WML (P<<0.01). S5 AR &
U5 -JE A DPSCs 4t A, 5 & 48 A E 2 I - R AR
DPSCs 20 3£ 5 3% 19 HUVECs 14 78 1% £ 9] W [ 1%
(P<<0.01),

2.3 3 EERKZABUERLEFR T Exot) S
Bk 3L IR R MM SR LIE W Exo
CD9., HSP70 M TSG101 ¥k PE, 3Rh4k 5 ik
AP LW W Exo fife A 50~110 nm. WL 2,

Isotype control CD34 CD44 Stro-1
FITC(—) FITC(+) CD34(—) CD34(+) 1 CD44(+) Stro-1(+)
804_99.5% , 0.452% 1504 2% 0.069% 150 Cfggé‘;) 99.9% 60-3"0_](n ) 99.6%
“ 0.425%
. ~100] 1007 . 401
g g g g
[=} 40_ [=} o j=}
&) &) 501 &) 50 &) 20
204
10° 10" 10 10° 10 10° 10' 10* 10° 10* 10° 10" 10* 10° 10* 10° 10" 10* 10° 10*
FL1-H::FITC FL1-H::CD34 FITC FL1-H::CD44 FITC FL1-H::Stro-1 FITC
A B C D

A': Isotype control; B: CD34; C: CD44; D: Stro-1.
F1 RRAEAEWENR DPSCs BHEAFEYE H HikFRE R

Fig. 1 Positive expression rates of primary DPSCs surface markers protein detected by flow cytometry
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Lane 1: Deciduous teeth derived-primary DPSCs group; Lane 2: Adult wisdom teeth derived-primary DPSCs group; Lane 3: Elderly
permanent teeth derived-primary DPSCs group. A: Electrophoregram of expression of Exo markers in supernatants of cell culture; B: TEM

images of Exo morphology; C: Exosomes particle size analysis results.

B2 3FpEERERAEEBRT Exo WEE

Fig.2 Identifications of Exo in cell supernatant in three kinds of co-culture systerms

2.4 Z#MExo P oA RARK circRNAs & ik KF
S5FFIH-JFADPSCs AH He i, m N E 3% - JFEAR
DPSCs 41 fil & 4F A5 7 I - J5t 48 DPSCs 41 Exo

circRNA 124534 F1 circ_0026827 mRNA % ik /K E
WY BEAR (P<<0.01). 5 A % JR-JE 48 DPSCs
4 B, & AE NE F E-JR R DPSCs 4 Exo H
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circRNA 124534 Fl circ_0026827 mRNA # ik /K 5 1)
M BFEAE (P<<0.01). circ_SIPAILI mRNA ik/K
A R 2 R IEG I E L (P>>0.05), W& 1,
2.5 ZBMAHUVECs P eEALARAMEETFEGRL
KF 5 Exo-OE vector H L%, Exo-circ 0026827
OE #1 HUVECs ' p-p38 MAPK, VEGF-A,

VEGFR2. Ang-1. SDF-1fl MMP-9 #& H % ik /K
SEH B TR (P<<0.01). 5 Exo0-OE vector 4t
%, Exo-circRNA124534 OE 241 HUVECs 1 p-p38
MAPK., VEGF-A., VEGFR2, Ang-1. SDF-1 fI
MMP-9 # [ &k KB 8 I s (P<0.01) .
WLE3., F2HME 3.

#1 RT-qPCRIERMZH Exo ¥ ILE A BAH K circRNAs K KF
Tab.1 Expression levels of vasculogenesis-related circRNAs in Exo in various groups detected by RT-qPCR method

(n=6, x%s)
Group CircRNA 124534 Circ_SIPAILI Circ_0026827
Deciduous teeth derived-primary DPSCs 1.00+0.22 1.00+0.17 1.00£0.18
Adult wisdom teeth derived-primary DPSCs 0.44+0.08 1.1740.24 0.57+0.05"
Elderly permanent teeth derived-primary DPSCs 0.1540.04™ 1.11+0.13 0.264-0.03"~
F 59.590 1.294 69.440
P <20.01 0.303 <0.01
"P<C0.01 compared with deciduous teeth derived-primary DPSCs group; “P<C0.01 compared with adult wisdom teeth derived-primary DPSCs
group.

1 2 3 4 M,
VEGFR2 _ 151 000

Lane 1: Exo-OE vector group; Lane 2: Exo-circ_0026827 OE

group; Lane 3: Exo-OE vector group; Lane 4: Exo-

circRNA124534 OE group.
B3 24 HUVECs ¥ i A BN X 3 F SRk r ik I
Fig.3 Electrophoregram of expressions of angiogenesis-

related proteins in HUVECs in various groups

2.6 B HUVECs* Exo#B & HUVECs o & 4
AN 4 HUVECs ¥R I 8 Exo. Exo-OE
vector £ HUVECs £ Bl # 7 4 19 4= KR 25
5 Exo0-OE vector 4H L%, Exo-circ_0026827 OE 4H
Fil Exo-circRNA124534 OE 41 HUVECs 2 3 ¥
AR HEZ) R RKOR A, JF A HE S R R B
WL 4F15,

3 it i

DPSCs [ B i ] 78 5T T 48 i 5 A 5 = 19 o B
& G fig 1 A s P fiE . DPSCs R %5 5 Mok i (19 F
SRR = T SV 7 7 R N S =7
DL —Fp it (4 7y 2Rk A%, HCAR M BRI A, R N
FAEMF ST 7 4RilE . DPSCs B 16K £ [ 43 1k ¥ fiE
A 45 1Y 55 57 W T e AN Y BT B R 45 4 1 Vs AE BB
SR, DPSCs BIFETR . 595 A4 1k 75 ik 52 it 14 10
AR R I K . INEL A 4 B AR 153 19 DPSCs £711
BEBH RSy AT RR AT, I AR N R E S B 1
DERSE DPSCs M55 . £ F circRNAs 2 51
5 DPSCs I £ 101434k . cire_0026827 1E A miR-188-
3p BT AR R E 1 (Beclinl) /Runt #H ¢ 4%
53 ¥ 1 (Runt-related transcription factor 1,
RUNX1) {5 5 il i it #f DPSCs # 5l & 40 1k .
circRNA 124534 i 34 miR-496/ B & ¥ & H
(B-catenin) 15 & %l fi2 #f DPSCs ] B H 40 16 17 .
circ_SIPA 1L 1 #4188 i miR-617/Smad Z £ R 51 3
(Smad family member 3, Smad3) %12 # DPSCs
B e T R, AR SR e e AR B L -
P BN B4 R - RN AR NHE F R - )40 DPSCs 5
HUVECs 3L 3520k R 2 i HUVECs B4 G E 1 1Y
# 5, W 3 RT-qPCR & il 5 circ_0026827 .
circRNA 124534 I circ_SIPA 1L 17E 3R 3 Fl 3 J5 5
fDPSCs Exo Ik K 2 57, 4ikEmwm: 5
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# 2 Western blotting 343l Exo-OE vector 1 Exo-circ_002682 OE 41 HUVECs H Ifil 8 & & H 2 T/ 1 Rk K F
Tab.2 Expression levels of angiogenesis related proteins in HUVECs in Exo-OF vector and Exo-cirec_002682 OE groups detected

by Western blotting method (n=6, r4s)
Group p-p38 MAPK VEGF-A VEGFR2 Ang-1 SDF-1 MMP-9
Exo-OE vector 1.0040.13 1.00£0.11 1.00£0.09 1.00£0.10 1.00£0.11 1.00£0.14
Exo-circ_0026827 OE 2.11+0.19 1.6440.16 1.8240.15 1.5740.12 1.3340.08 3.24+0.27

t 11.81 8.07 11.48 8.94 5.94 18.04

P <20.01 <20.01 <20.01 <20.01 <<0.01 <20.01

#3 Western blotting Bl Exo-OE vector F1 Exo-circRNA124534 OE 4 HUVECs H il & & Ji M 2 |/ H Rk K F
Tab. 3 Expression levels of angiogenesis-related proteins in HUVECs in Exo-OE vector and Exo-circRNA124534 OE groups

detected by Western blotting method (n=6, x+s)

Group p-p38 MAPK VEGF-A VEGFR2 Ang-1 SDF-1 MMP-9

Ex0-OE vector 1.00£0.11 1.00£0.16 1.00£0.10 1.00£0.14 1.00£0.13 1.00£0.15

Exo-circRNA124534 OE 2.8440.25 1.81+0.17 1.37+£0.14 1.78£0.12 1.87£0.18 2.2640.21

t 16.50 8.50 5.27 10.36 9.60 11.96

P <20.01 <20.01 <20.01 <20.01 <20.01 <20.01
EVvLINK CellLINK Merged

El4 % BHMEETWESL HUVECs H Exo SEBUFSL (< 400)
Fig.4 Exo uptake of HUVECs in various groups observed by optical microscope( X 400)

A': Exo-OE vector group; B: Exo-circ_0026827 OE group; C: Exo-circRNA124534 OE group.
B5 A AR - S A U 4% 4 40 B b T VR Exo 22 BB EL (< 200)

Fig. 5 Exo separation in cell supernatant in various groups detected by angiogensis-induction assay( X 200)

FLA - AL DPSCs 285 32 1 HUVECs 11 58 fig p38 MAPK ¥ B AL 0% 5 . 83t p38 MAPK/
e, H circ_0026827 M circRNA 124534 78 3L 7F -1 VEGF-A/VEGFR2 {5 5 i fie gk i 4 A= mg ™. 7 HE
JE A DPSCs H Rk KV fem o L, BF5E I 7E 3L fi1] 5% A 1 A2 p38 MAPK {5 53 %A o i 15 431k
F - EAR DPSCs 1Y 3 iy I i 3K cire_0026827 5% A A . p38 MAPK {5 5 i 4 i A JA
circRNA 124534 ¥8 % 2 F circRNAs %F HUVECs [fil 190 5] 3 5% 40 A % 1 B R AN A Ak . 7
B A BLRE I B S P O At FE o UG HESE A1 (forkhead box protein
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Al, FOXA1) /S100A8/p38 MAPK i #f [ 2 41 41
Ab 1 4R E . Bk, p38 MAPK 1Y 7 Ak 2 42 i
A8 A A B B Sl B% 2 — o VEGFR2 38 i ¥
TR WENLEE 3948 (phosphatidylinositol 3-kinase,
PI3K) /#HE H I B (protein kinase B, AKT) /0
FL3h ¥ 7 A R H 1 (mammalian target of
rapamycin, mTOR) {55 il B #F HUVECs A9 Ifil
oo Y. Ang-1 R N A KW T
(vascular endothelial growth factor, VEGF) & Ifil %
Az B AR R T B Y (IR P A 9 VEGE/
Ang-1 {553 [ {2 3 i 45 A B RVRE PR S8 25 B T i
& %', SDF-1/# 4k W F CXC Z & 4 (chemokine
CXC receptor 4, CXCR4) Hlife X & h A~ F 5K
BB S RCE R0 A AR R T MMP-9 3 T 4
J& & A B 2 (matrix metalloproteinase-2, MMP-2)
ST B T 4 R AR U, A A A i AR v A T
[ fil 4 M Ah KL (extrace cellular matrix, ECM) #Y
JEA By, 25 0 R G AR i ECM B A 7
55 B BB /8 BURE AL oh 45005 9 5 D e 5
Jifr9ed 2R BE. R 7 o (tumor necrosis factor-a, TNF-a) Fl
I 4 )& & H ¥ 3 (matrix metalloproteinase-3,
MMP-3) 34 in MMP-9 9 3k FITE ALK -, ek i
AR . Ik, A BE SR A Y p-p38 MAPK |
VEGF-A. VEGFR2, Ang-1, SDF-1#1 MMP-9 &
MR A FR 5 08 i 48 2 ot B2 DDA OC . AT
zE BB~ . 5 Exo-OE vector 4 %, Exo-circ_
0026827 OE 4 #1 Exo-circRNA124534 OE #i
HUVECs & 8RR RS Y A2 KOR 2, I A7 HE 51 AL
Ok e, 4R 1 & GK cire 0026827 Al
circRNA 124534 & Hii 31 & DPSCs K ¥ 1) Exo Xf
HUVECs il & A= WA — & fE #E/E 1 ™ . H. Exo-
circ_0026827 OE #1 Fll Exo-circRNA124534 OE 41
HUVECs 4 p-p38 MAPK. VEGF-A. VEGFR2,
Ang-1, SDF-1fl MMP-9 & 1 £ ik KFETHE, &
IAEGE T R %518 .

2t F iR, circ_ 0026827 Ml circRNA 124534 v
AE AT A 145 A2 R TG P o 3 R IK cire_0026827
I circRNA 124534 & #i 1 7L °F DPSCs K i 9 Exo
Xt HUVECs Hfi 3 4E ifA — E fe BEE A, nl Ag it
— I T HE 3 HUVECSs 7602 1L 8 A iAR 5C U 1
I FH Y BE

P 55 SR A

A A A WA TR 2 58

fEE AN
X HZ 5H R WS ERE CRE, 25
B RAEFNE B, B S5 8 2 Hr e SO
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