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Abstract

BACKGROUND: Stem cells from human exfoliated deciduous teeth are widely used in the field of tissue repair and regeneration, but the tissue regeneration
effect has limitations in practical applications. Using miRNA to intervene in the directional differentiation of stem cells from human exfoliated deciduous teeth
is an important development direction for tissue repair and regeneration in the future.
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OBJECTIVE: To investigate the effect of miR-26b on the neurogenic and angiogenic differentiation of stem cells from human exfoliated deciduous teeth.
METHODS: Dental pulp stem cells were isolated and extracted from human exfoliated deciduous teeth, and induced to differentiate into nerves and blood
vessels. The expressions of neurogenic markers Nestin, NSE, Blll-Tubulin, and angiogenic markers CD31, VEGFR2, ANG-1 and miR-26b were detected. Dental
pulp stem cells were divided into blank control group, miR-26 overexpression group, and negative control group. RT-gPCR, cell immunofluorescence staining,
and western blot assay were used to detect the expression changes of related markers of neurogenic and angiogenic induction of stem cells from human

exfoliated deciduous teeth in each group.

RESULTS AND CONCLUSION: (1) Stem cells from human exfoliated deciduous teeth had multi-directional differentiation potential and could differentiate

into osteogenesis, adipogenesis, neurogenesis, and vasculogenesis. (2) The expression level of miR-26b increased during the neurogenic and angiogenic
differentiation of stem cells from human exfoliated deciduous teeth. (3) Compared with the blank control group and negative control group, the mRNA
expression of neuroblast-related genes BllI-Tubulin, Nestin, NSE and angiogenesis-related genes CD31, VEGFR2, and ANG-1 in stem cells from human exfoliated
deciduous teeth in the miR-26b overexpression group was significantly increased (P < 0.01), BllI-Tubulin, Nestin, CD31, and VEGFR2 protein expression was
significantly increased (P < 0.01). The above results show that overexpression of miR-26b can promote the neurogenic and angiogenic differentiation of stem

cells from human exfoliated deciduous teeth.

Key words: stem cells from deciduous teeth; miR-26b; neurogenic differentiation; angiogenic differentiation; pulp regeneration; engineered stem cells
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0 5|= Introduction

THERR A o 2 1 s v 22 R I 0 T8 A o SR
(AR . A B R R SR R ) X A R R AN AT 3 4
Tl IR 3D TR b 7 g &= BN O P SN L 1 R = B
Fiho Mo FEGE T ARk B R EIA 52%, X R A it
St N ER DA — U A B A . iR
I7 5% H R PR _E A BRI 1 2R 7 ik B, RSB
B BARE VR IT O IER TARK RIS, (HAE & FhEE 2= (0 52 e
T, MFERERRER Y, IRERIT RN T e ER
JRARE SE LIERNABEHL, R A HEE IR
IS ER A A TREBRI R R, PR T B AR R
TFHE LA S 22 TSR FL S TR 91748 DL A SR T RE A R
8, FEERA R AR 2 B R E .

NIVEFLF F B T4 (stem cells from human exfoliated
deciduous teeth, SHEDs) fF7E T FLA4 F#EL L, KT 4b
U2 i 22 I ) 1, JEL A e H At SR 1) 76 R 40 B SR
ZS RS 3, BN SHEDs A7 T I 5 8 [ 2k &, B
AR BN A Re 7T, AR HLIE eI A T
gipE, BRI — BT E . miRNA 541
FsiE . TR 2RI UM P, miR-26b A2
mIiRNA KR — 01, iR IA miR-26b A LUEIE P K7 41 i
A ANAENE, DASE o i P R A S 3. S A A I
FERfE ) ™ thAh, ZIF R miR-26b 251458 7
JR A AE P R, I miR-26 {2k SHEDs (158 .
4T SHEDs HAT (1K) 2 8] 43 AL BE /1, A2 miR-26b 7E
B) 78 J53 T 40 B AR ) S R B B AR, SR IR AR AR A
PRI miR-26b F SHEDs i 28 Al s L 434k BE 1 IR 52 ),
B AE N A BEAR R R 3 (V6 T S 8T 1) SR S

1 #EF1753E Materials and methods

1.1 &kt Y PRI

1.2 BFE AL S2E6 T 2021 4F 11 H £ 2023 £ 1 HfE
SN EERFR AR TR S T 40 M S 56 o0 Je ST M R RER
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7T g 15 o i AR 2 2 9 R 400 56 B o
1.3 ##+ DMEM fILhEE; 722k (Gibco, K ) HEF T
BrFR R WAL EGRI & (B0, TN ) L N g
i S 55772, (Lonza, Fit:): JiGZF I (Gibco, KM );
T ML #2815 G 15 97 2% (Gibeo, SE[E ); B27(Gibeo, K )
KA ERK T (Pepro Tech, SE[E ); Bl B AT 4EAH
KK~ (Pepro Tech, £[H ); WEH 555775 (Biological
Industries, L%l ) Lipofectamine 2000(Invitrogen, 3% [ );
miR-26b mimics miRNAs( 5352, ¥ ); mimics X8 (3
M2y, i), Fesciliil & (TakaRa, [H74%); RT-qPCR
77 & (TaKaRa, H 4%); Rabbit anti-Nestin(Proteintech,
=] ); Rabbit anti-B III -Tubulin (Affinity, 3£ ); Rabbit
anti-CD31(Affinity, &[E ); Rabbit anti-VEGFR2(Proteintech,
% [H ); Rabbit anti-GAPDH(Abcam, [ ); Cy3 #5id SEPL %
IgG(H+L) (Biosharp, |/ ); ECLALZSOGIA & (oK, b
¥ ); BCA EEEIREENE IXAE (R R, i ): i
(Beckman, 3£[H ); SDS-PAGE #t iR BiC il ik & (B a K, Lk
); CFX96 SLZI %6 7E & PCR {X (BIO-RAD, [ ).
1.4 F¥7k
1.4.1 SHEDs [ 55597 1 2021 4F 11 f & 2022 4F 3
HIATEL, ST RN 22 I &8 H s =B i 4R 6-10 %)L&
(Rl oK B IE 3 BV i SR PR I AL FEAS, 3Rit 4 . B
IRFR G 75% LT IX LA A AT IH R, B S A PBS %
S, DLEBRREE . IEvEE S, RS NES
o5 T, B AR N R, HTREE A fE
MM, HREd 1 MRIENEOES, 37 CTKE
VH4K 30 min, 1000 r/min 2.0 5 min, 3 FiE, IS
Hor 0 10% JiG 25 L5 () DMEM 35 7R FR 5 &, BefhT- T25
B, AE 37 'C. RFAS 2 5%CO, B I AT JEARES
It PR KRl 268 B 60%-80% I, I 0.25% Jif
MM, L1 0 2 MRS, A I 25 3-5 4K,
T JG 80t 5t

AT ) S A DM R R OK 2 A AR B R,
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HAL S 2021 B HISE (179) 5, AESREJLIH I A
BIREAT s R
1.4.2 SHEDs %5 K % [n) 73 A Re Al B 3 4K SHEDs,
F R Ak J5 34T B0, NN 5 mL PBS il £ Bl 540 i 2 7,
A 1000 r/min £5.0» 5 min, 7% biEWR, Al PBS H &4
Fi, KA B TR Ry 1x20° LY, A3 BN 5 ul & FITC
POPRIC R PTA CD90. CD105 Hitdk, LLAEH PE G
PRIC B BTN CD34, CD45 Hiffk, 7£ 4 CHMF FEROLIEE
30 min, 1000 r/min 550> 5 min, % FiEW, F 300 uL
PBS H AN, SR)5 A Z v = M ks o

%5 3-5 4% SHEDs LL4F £L 6x10° 4™ 41 Jifd % & 2 f 1 6
B, A H A KRS & 60%-70% I, BCE S 4LmA
2 mL EE SR FRE, RS SAIA 2 mL e S S5
Fedk, R 3d ¥l 1R, BUBE S 21 d #HTIMAL O Jefa,
B 755 28 d AT I ALY,
1.4.3 SHEDs £ K s M5 54046 56 3-5 X SHEDs
PAREAL 3x10° AR B AT 6 FLAR, RRai ik 2R
60% il & FERT, BRI 27 S A N T ILIE #4155 1 97
3L (Neurobasal A 3755, 2%B27 UshNFf). 20 pg/L Wl A%
A AR KR 1L 20 pg/L 3 4 AR K TR S 1% AL
Bt ), BUMEESEIN 2 mL I8 P 475 S 1 0,
2dHl 1k, FEiFES 7, 14 d iBid RT-qPCR A6 I 5 f
2 #H 95 3 A Nestin, B I11 -Tubulin, NSE F1 i I % A 56 35
CD31, VEGFR2, ANG-1 {581k, {E¥5'F 14 d @4/
G955 8 T G R I B AR 22 e bR £ 4 B TIT -Tubulin K A I
I CD31 [IFRIE.
1.4.4 ZHME G o2 5 3 AR SHEDs LLAEFL 1.5x10° 4M4
L FERE AR T 6 FLAR, MRl 2 50% I ARG, 1%
WA REET LR (FAM) B4 ) miR-26b mimics F1 miRNAs
mimics 32 B8 Ui B #5 YL 35 SHEDs, 1 ik 4y #% 4« miR-26b
mimics 1) SHEDs, [H 4 X I8 25 fy %% % miRNAs mimics [}
SHEDs, ARIEATH G 7E AR . g6 h T,
G R B 8RRk, IR AR BAE T AT T
K% 24-48 h, TR EHE 3505
1.4.5 RT-qPCR A il % YL %3 A% FH Trizol 771 $2 HL #% 4
SHEDs [1] .52 RNA, iR 4# ¢ % 5% 12 771 4 450 FH 1 B s RNA 2
% 5% 5 cDNA, X F SYBR Green j%: 3 4T RT-qPCR ¥ %4,
PCR FEF %8 J: 95°C 30s, 95°C5s, 55°C30s, 72°C
30s, 40 MEH. LLUB MENHN S AN, i 27 ik
THE miR-26b [FIFHXTRIAE . FIYFFINEK 1.
1.4.6 RT-qPCR it % ik miR-26b J& SHEDs {42 & B,
M AHSIE R FRIE 5 3-5 48 SHEDs LLAEFL 3x10* /M4
L2 FERE R T 6 FLAR, 440 MR & A B 70% B, 43
TN TC ML 40 205 S 1% 3 56 R I P9 7 40 R i S s 7 5,
SHIES 3, 7, 14 RZ&IEES, A5 14N E RNA,
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Table1 | Primer sequences
HERH SIS (57-3')
miR-26b F: GCC GCT TCA AGT AAT TCA GG
R: TAT GGT TTT GAG GAC TGT GTA T
ue F: CTCGCT TCG GCA GCA CA
R: AAC GCT TCA CGA ATT TGC GT
NSE F: GAATTC ATG TCC ATA GAG AAG ATC TG
R: TCT AGA AGA GGA ATC ACA GCA CAC TG
Nestin F: CAAGGT GTT GTG CGA TGA CG
R: GGG CTC TGA TCT CTG CAT CTA C
B 111 -Tubulin F: GGC CAA GGG TCA CTA CAC G
R: GCA GTC CGC AGT TTT CAC ACT C
CD31 F: ACG GAA GTT CAA GTG TCC TCA G
R: GCT TTC CAC GGC ATC AGG GA
VEGFR2 F: CTG CCT ACC TCA CCT GTT TCC
R: CTG TCC GTC TGG TTG TCA TCT G
ANG-1 F: TCG TGA GAG TAC GAC AGA CCA
R: TCT CCG ACT TCATGT TTT CCA C
GAPDH F: CAG GAG GCA TTG CTG ATG AT
R: GAA GGC TGG GGC TCATTT

BT RT-qPCR #&J miR-26b (& IEK T,

LY SHEDs 2E K- fil & 29 70% B, 23 (AN BB 4., ot 321k
A R T of L 2H A 0 3R AT R AR 22 % R )35 404k,
IAESS 7, 14 RZ& 1L, JREUS RNA, 3@ 1d RT-gPCR fa il
JRAPLERRED) Nestin, NSE, B 11T -Tubulin L& i I/ A5 &
CD31. VEGFR2, ANG-1 mRNA Fik /K 51975 ILF 1.
1.4.7  AJE 9 Jeklid 221K miR-26b J5 SHEDs Af#H 28 K ik
MAEHREARRIE Y SHEDs A Kl & & 70%-80%
Jii s IEFRIA L S IR T HE ZH A M 53R4T R 28 % RIS 1) 5
SO0k, fE55 14 R ILFES . Hl % 40 F, PBS PRk 31K,
FEIX 2 min, 40 g/L 2 5 HEE A 5E 15 min, PBS Pk 3 X,
AR 2 min; 0.1%Triton X-100 1% 15 min, PBS $Ei% 3 X,
B 3 min; FH 3% BSA 7E = i FE 4 30 min, REHEHE
AN [Al ) — Pt (Rabbit anti-B III -Tubulin, Rabbit anti-CD31,
MiBELLfl 1 0 100), T4 CiEIIRA, PBSIEYE 3 X, T
W5 ming AP, TEIEWE 1h, PBS ¥ 3K, B
5 min;  BIA$LSE G KGR [ REEAT B A, 729 B A
BNWEL, 1 Image J B B TR R
1.4.8 Western blot £ il i %1% miR-26b J7 SHEDs Ji 1 22
KA G E FI RIS H% G SHEDs A= Kl & %2 70%-
80% o, HENTHRA . I FRak 2H A [T xeT R 2H 4t 3 AT B
P M WS, fEE 14 R&EHS, FERFR
e, PBSIHVE, M RBUE ORI A 7 0 R, &
O BIE, R BCA VLI E R HIKEE, MR LM
W, B ENE, BANKEMAEEEH, 31T SDS-PAGE
HLUK, BEBE, 5% WG 4- W53 1 h, I\ — $it (Rabbit
anti-B Il -Tubulin, Rabbit anti-Nestin, Rabbit anti-CD31.
Rabbit anti-VEGFR2, FikELtfil 1 @ 3 000)4 CHF &L,
e, IIANTHT (1 3000) HiREE 1 h, ECL LRI
o, RAFEUR, fH] Image ) 347 € &0 #7 .
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15 FEIRIEH: O SHEDs A4 K g7 2 0 Es 7,
14 R SRR EY) Nestin, NSE. B 111 -Tubulin DL A% i 1L &5
FrE4) CD31. VEGFR2. ANG-1 [{J3ik; (@ SHEDs i 54 1k
i AR miR-26b (13 1E; 3)id FKIA miR-26b J5 SHEDs A i
28 SO 5 3 o A 14 R AR 2 bR 4 Nestin, NSE.
B TIT -Tubulin A & i% if &5 b7 &4 CD31. VEGFR2. ANG-1 [
Fik; @iFFRIA miR-26b J5 SHEDs f 48 K B ML 75 5 73
1b5%5 14 K B 11 -Tubulin £ CD31 & 156 E & .

1.6 %t oA ffi I SPSS 21.0 i 4k 44 33k 4T BT A %k
P F M, THE R R xes For, PI4LE LR
Student’s t test, P < 0.05 NEFHEEHEME . XEGI
SoriEiE s R R G T K .

2 5B Results
2.1 SHEDs #93xfifesw 45%  JRAREIR 3-7d, BB T
MR MM HL S A, e, 2 2KRIE,
DAZHZA Sy rhots B T8UIR A DY J AR K. Al A AR5 2-4 h
FragmEEEAE K, PI= KRS = 80%, LA N —,
AHH IR 22 DPATHEZ B 5 AR (B 1) i =4 g AR A
SHEDs % [f $0 J5i CD34. CDA45 % ik N[ ¥, CD90. CD105
Tk NBATE (Bl 2). EHS 28 d B R YL, BNl
RPN AT BT S 21 d JHAL O Juft, 4
NIRRT YR S B T N T R, i RN AS— (B 3).
2.2 SHEDs At 2 BoR g AL i-ft 75RO 4R B A I
TG AP A AL A B TTT -Tubulin, Nestin, NSE Al
BRI A AH 6 K Rl €D31, VEGFR2. ANG-1 [l isiZE 4 i
(P<0.05)( & 4A, B). 3 14d 5RO ] WAL
JC bR B4 B 1T -Tubulin K R I8 AH G bR 4% CD31 1)
ik ([E 4C),

SHEDs J i 28 Fl1 I 175 50 A% - miR-26b (1) 321K X
# L (P <0.01)( Bl 5), 1X—45%42ER miR-26b )% 5%
K] B85 SHEDs Jl #2580 AY 41 il K Jl I/ P B A 440 it
TR
2.3 miR-26b T FAAEA ¢ I84E YL miR-26b mimics 6 h
J& B TN U 5% 3 DS 4 4 L PR L A o A S £
o Y48 h 5, FEELAHME RNA, @i RT-gPCR £ il
miR-26b R IA LAk, WIE 6 fiw, id#ikZH F miR-26b
(1) % 7 B Eb ok HEZEL 4R 5 T 49 20 1% (P < 0.001), 3t W miR-
26b mimics 7] #5232 5 miR-26b {E SHEDs 1% ik .
2.4 it & A miR-26b 12t SHEDs %)4b 2 B & 554t 706
S 7, 14K, S AXEAH. B R,
i G5 A A PP 4 A 5 K] B ITT -Tubulin, Nestin, NSE Al
B4 AH 52 2 Kl €D31, VEGFR2. ANG-1 [1J mRNA 7K F-15)
B2 (P < 0.01)( & 7).

EHFHME 14 K, SEXRA., BT RA
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B, ERIEHE MM A A B I -Tubulin, Nestin Fl1 i,
M4 A58 [ CD31, VEGFR2 () ik/KF34 T3 (P <
0.01)( & 8). fEFH T 14 K, it Bl
FIKAME TCH bR EA B T -Tubulin J B I AH AR &
W) CD31 ()55 LR B P A ZH 1 54k ([ 9).

3 1571 Discussion

B AR SR TR R JE, R T 40
SCBLF 6 A OO AT AT BB e 1 M P R v I
B S RC LR, X B B SLEE AT e AR A A
B A R S 1, SHEDs AR T #MI I7] 7 J5 i 408
A BRI AT & G RE 11, BFFC K B SHEDs mf @ it £
77 THI P4 28 P AR T R S B AR 07 S5 A 2 Th ek A ),
AL Gy, SHEDs A7 - I8 o FE AR A A7, LA B0 9 A I
BOAGRE ST, AAUAT Lok A I P B2 4, 3 mT B4y
WAVF 2 (R Bk I 2B RN 2 R AR R AR i UL T
—WHRE R, ZHEUE S 4 RS2 EL SHEDs, BT R EL )
SHEDs HA 5 A 78 i T4 AR BA EEATERS . e R B
A O, AR R S 41 B R 1 B i 5 SHEDs Ji,
PRER S LA 43 A, Rar il 1) j p 22 A O R B R i A
KN FHIRERIE, SRR —5 " 22, 12
7~ SHEDs 7E i 28 K F L 7 T 1Y) R 4f < 3% g, SHEDs
A R A T B AR 9 A AT 4

FHEFEIRIT R, T AN E S 2 SR IR
RIS, miRNA VR — KRNI RS TS RNA 431,
TR AR T AR N, 5K 5 miRNA R DL B L R )
mMRNA Z54, FE mRNA sl i HEE, Az 5S
MMM AR, . T4y MY g E
FERE B 9% % R I 16 4~ miRNAs 7E (8] 78 Ji 40 i #a 4k
2 ik, Hoh miR-26b I E A B E Y, 42
7 miR-26b 7F 8] 78 /i T 48 i o nT R R 5 A BB IR .
miR-26b & — i B AR 57 1K) miRNA, & BF 7 & B miR-
26b (EFRESZMAMBINE . SUETIHX, TF
1% miR-26b i 31 B 7] 78 51 240 B PR R A R AL
A 32 g J 18] 78 5 =248 6 4D RS T 43 A BV 6 = 44t L ) s o
Zt otk B Ak, LAY I SR B, miR-26b it
FAk ARt SHEDs 134 5E S OL 7%, DAL HE DI miR-26b A A
Y% SHEDs 5 [ 3 Ak A s g 0

SNEGIE miR-26b Xf SHEDs 44k Y52, JE ik RT-gPCR
I miR-26b 71 B A2 K & I8 5 T 204k ik R rh (1 3R,
4E LR miR-26b [k B A HLAA B 5 TR AR
P, 275 miR-26b 2 5 SHEDs iR #1145 J% J I 5 43 b, 1 1
AR, X5 Z AT ARE A 8 Y A b
i miR-26b & 752> 540 SHEDs B 2 FI R L5 704k g
38 3k I R A4 i e vk |3 SHEDs H miR-26b [ 38k &, I
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BE— D5 S e e 2 AL T [ 34K . 7E miR-26b FE
HF, 5RAE K i & UIAR S R R J t B 3RS A
RTFE, AR miR-26b FA {21 SHEDs A28 A I 73
WHIRETT o (EAFERRRZ, X T B 2 AH G 1Rk,
B AH 5GPl (R 0 A H AR A, HHEIIIX AT B 5 SHEDs
KIg Ty, BHAMERERREA R, KMEEEIIE
oA TT ) BB ). DL RS SR miR-26b 11
PERTRE RN —MIBE R YT SEE,  H DMERE A B 24 AR
AMEE

iZ W 78 AE B miR-26b W] 1Y 58 SHEDs 1) B i 28 J2 B
M A RETT, B0 0 20 Ao R 2 — A e B 3
RS & W AR AR, XA R AR B R ) 5 1
G, ELIEEE IR T KR B (S 25 B 1 B 15 4
Mo A K, BRI ULEE 3 Wl / & 3 U B
(phosphoinositide 3 kinase/protein kinase B/mammalian target
of rapamycin, PI3K/Akt) {5 5 38 % 55 7 #E 1 2H Jf1 (1 48 5 Je
TR B (A 78R T 40 M I A AR R % R 4 44k 5 DA
o B DN N P — A I AE S A Tl
PIBK & — P B R VG, W5 AL 0 PISK 2K 401 fa JiE L 1 PIP2
B AL N PIP3, 440 Py [ PIP3 K1 i, Akt g R
IR, BaE R Akt 7] LLUES BER I — RAEY E A,
S5 REE. . BRI E 2 R A YT
F2o T miR-26b Rl I #| PI3K/AKt 15 5 18 % 1) £ il 425 K]
Tl PTEN [8) B2 i807% %45 5@ % 57, 4875 miR-26b 1 5
SHEDs 4 LIV ZE AL . PTEN BN, H EEofe
ZBR PIP3 BERRIL ], H B RN PIP2, XA i A2 410 il
T PI3K/AKt {5 5 I B VS P8, PR PTEN 51N 2 PI3K/
Akt {55 3 % ) B AR AR R, Al ] PI3K/AKt (5
5 3R B D S T A0 ) 40 L ) A B A BT miR-26b X
PENT HA3 ##|{E ], PTEN /& miR-26b [1J B # ¥ F%, miR-
26b T DL 454 F) PTEN mRNA ) 3° UTR, 55 PTEN mRNA
) B8 A, AT 96k 2> PTEN 2R (4 23k B, g5 & DL 2%
I IE S A% S g B 45 R, HEI miR-26b - 1 AT HE 411
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Figure 1 | Morphology of stem cells from human exfoliated deciduous
teeth obtained under inverted microscope
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Figure 2 | Results of flow cytometry identification of stem cells from
human exfoliated deciduous teeth
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Figure 3 | Osteogenic and adipogenic differentiation ability of stem cells
from human exfoliated deciduous teeth
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Figure 4 | Neurogenic and angiogenic differentiation ability of stem cells
from human exfoliated deciduous teeth
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Figure 5 | Expression levels of miR-26b during neurogenic and angiogenic
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