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miR-21 X A ZF B BE T 20 Fe 18 58 B2 BB 43 1L B9 22

LRZ, A, XIGR, KR, AKX, ALW
RRHEHKFHREEER 2 E9A, =& 29 (650101)

[#E] BB %3 miR-21 X5 A i B T 40 id (human periodontal ligament stem cells , hPDLSCs ) 3 5 & h{ B
WISER , 5 7E R T 4 MOA T 28 R R B AL S0 Jemt . JAik AR 4 2B 4 B8 55 57 hPDLSCs , 3 it 3t =X 240 A A%
Faz I 2% T 43 F CD34 . CD45 . CD90 . CD105 X hPDLSCs i#£ 17 %5 22 , 2K i Lipofectamine 2000 ¥ miR-21 [} mimics
(pre-miR-2] ) \inhibitor (anti-miR-21) LA} 4% H (1 B XT B %% L 22 hPDLSCs . SEE42H - 3 275 4H (mimics 41 ) |
18 F& 3K B X B4 (mimics-NC ZH) 5 410 i B 4 %6 B8 2] (inhibitor-NC 41 ) . #01i 40 (inhibitor 2 ) o 55 i 2% 2 i
PCR A miR-21 %% Y40 % ; CCK-8 . it 2 41 M A A I hPDLSCs fr) 384 5 ; ¥ % 21 9% (5 K ) hPDLSCs 1 B fiE g A
Western blot A6 1 5l & AH & 6 K Runx2 [(94E I R35 . 58R  miR-21 ) mRNA 1A 5 mimics 21 %8 mimics-NC 21 B
. FI 5 , inhibitor 20 4% inhibitor-NC 2H BH . F& % (P < 0.05) . hPDLSCs 34 %8 K S B4 40 Mg LY 1] mimics 20 4% mimics-
NC 417} , inhibitor 2144 inhibitor-NC 413870 , 22 R A G F 8 (P < 0.05) . ZPE R LY ()5 , mimics 4197 b 45
5 22 T mimics-NC 24 ; inhibitor ZH 5L 45 715 70 T inhibitor-NC 2H ; Western blot %51 mimics 20 Runx2 & [ %5 & T
mimics-NC 41 , inhibitor 41 Runx2 2 [1 %35 &4 inhibitor-NC 2138/, 2 F A G112 L (P<0.05), #if miR-21
JE42 hPDLSCs 44 58 Rl B 13 734K

[%#8i7] MUMRNA; miR-21; FRWEA; AFEBETAME; #E; SEk;
WALES T B R SR T2 b
(RES%S] R718 [XHEKFEB] A [XEHS] 2096-1456(2020)09-0569-06 TR - A
[BIRZEREKX] DRZ, e, X30®, 2. miR-21 XA J8 -1 408 58 K s A B2 ma )], 15 9
B iG, 2020, 28(9): 569-571.

Effect of miR-21 on the proliferation and osteogenic differentiation of human periodontal ligament stem cells
MA Lingzhi, SHI Jiaozhuang, GE Wenbin, ZHANG Kun, YU Bing, LIU Yali. Department of Orthodontics, the Affiliat-

ed Stomatological Hospital of Kunming Medical University, Yunnan 650101, China

Corresponding author: LIU Yali, Email: 123460772@qq.com, Tel: 86-15319285026

[Abstract] Objective To explore the effect of miR-21 on human periodontal ligament stem cells (PDLSCs) prolifer-
ation and osteogenesis and to provide a theoretical basis for the stem cell treatment of periodontitis. Methods hP-
DLSCs were isolated and cultured with the enzymatic tissue block method, and surface molecules (CD34, CD45, CD90
and CD105) were detected by flow cytometry. An miR-21 mimics (pre-miR-21) and inhibitor (anti-miR-21) were trans-
fected into hPDLSCs by Lipofectamine 2000. The experiment groups: mimics-NC group, mimics group, inhibitor group,
and inhibitor-NC group. The transfection efficiency of miR-21 was determined by qRT-PCR. Proliferation was detected
by CCK-8 and flow cytometry. The osteogenic differentiation ability of hPDLSCs was determined by alizarin red stain-
ing. Western blot was used to detect the protein expression of osteogenic related genes: Runx2. Results The mRNA
expression of miR-21in the mimics group was significantly higher than that in the mimics-NC group; additionally, the ex-
pression in the inhibitor group was significantly weaker than that in the inhibitor-NC group (P < 0.05). hPDLSCs prolif-

eration and the S phase cell ratio in the mimics group were stronger than those in the mimics-NC group(P < 0.05); those
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in the inhibitor group were weaker than those in the inhibitor-NC group (P < 0.05). After alizarin red staining, the mim-

ics group was found to have more mineralized modules than mimics-NC group, and the inhibitor group had fewer than

that in the inhibitor-NC group. Runx2 protein expression in the mimics group was higher than that in the mimics-NC

group (P <0.05), and expression was lower in the inhibitor group than in the inhibitor-NC group (P < 0.05). Conclu-

sion miR-21can promote the proliferation and osteogenesic differentiation of hPDLSCs.

[Key words] microRNA; miR-21; periodontal tissue regeneration; human periodontal stem cells; prolifera-

tion; osteogenesis differentiation; mineralized module; runt-related transcription factor-2
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N JE B+ 4 ff9 (human periodontal ligament
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SR I LS miRNAs 23K % ', miR-21 Rk i 5+
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O FA S W T PR A, I E S A AE o H miR-
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1.1 EZXA LS
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%, 1 E),PBS(Hyclone, £ [H) , 8 R HHR
(Gibeo, FE [ ) , 0.25% /25 1 ( Gibeo , 52 [F ) , Lipo-
fectamine 2000 (Invitrogen , 3¢ [E ) , 4 Jifg J&] A 45 ] 1
7 & (Sysmex, H A ), CCK-8 i 71 & (35 e % |
), CD34(PE #5ic) .CD45 (PE #1ic ) .CD9O (FITC
pric) .CD10S HLMR (FITC HRIC) , fbi A Runx2 B if
(Abcam, £ H) , B3 % 7 )¢ Pt (Proteintech , &
), BN 8] 78 o1 1 40 B G 5 S A B 3 ik
i F & (Cyagen, 3£ [F ) , CO, 55 #% 6 (Thermo, 32
), 30 8 A 22 W 3o DA & A & 48 (Olympus, H
A, A A (Partec , 75 E ) | pre-miR-21 Az H: ¥
P %} B8 pre-miR-21-NC, anti-miR-21 & H: B ¥ % 18
anti-miR-21 (HLIH, ), S22 E it PCRAX (&

e, EE),
1.2 hPDLSCs 8 % & 3% 7x %2

ZRE MR E, B ERK¥AWE DR E
B A8 B2 D1 234t o [ 2, WO BE IR AE 6 T s B4R
BR i fE AT IS F , AR 12~ 16 2 . BfR4
ZUHR 4y B K5 9% hPDLSCs , JEAR 55 35 ZE AL A3k
70%0, BT 3% . BUP3 X hPDLSCs, & 2% Jifi
A L3 A9 PBS PR PR UK, TR A0 vk B 1 x 10°
A~/mL, A PE F5iC 4 CD34 ,CD45 il FITC Fric i)
CD90.CD105 [ HLIA , #EE 4 CHEE 30 min, % 2%
JiE A I3 Y PBS YR, INA 1 mL 19 & 2% )16 4
I35 1Y PBS H Ak, Yt =X 40 A B AILR 2R A 7 455
1.3 @mfest i

FEAN LR A 22 70% )5 , BB 45 0 AN 3 5 5 ST IR
a-MEM K7 7 305 % K5 7% , "k H i F Lipofectamine
2000 i#£17 pre-miR-21 & anti-miR-21 4%, pre-miR-
21 2 miR-21 B, 1k 5= & B B2 miRNA 3L
B K SR AFEAE B miRNA ; anti-miR-21 /& miR-21
TS, A 2= ) B2 miRNA B RS | A4
I, 5 AR 5 0 B AR, 2 540 P9 IR miRNA
BRIk o SEE 4 R ad F ik 4 (mimies 4 ) i 5%
i BH M X% BB 2H (mimics-NC 2H ) . 91 1 2H (inhibitor
ZH) M BIPEXT IR ZH (inhibitor-NC4H ) . #544J5 24 h,
S 8O i PCR R U 5% Yo %, 519 7 90 = I
%1,

&1 5IYFE5
Table 1  Primer sequences
Primer Sequence
miR-21-F 5'-GTGCAGGGTCCGAGGT-3’
miR-21-R 5'-GCCGCTAGCTTATCAGACTGATGT-3'

pre-miR-21-NC-F
pre-miR-21-NC-R

5"-UUUGUACUACACAAAAGUACUG-3'
5'-AAACAUGAUGUGUUUUCAUGAC-3’

anti-miR-21-NC 5'-CAGUACUUUUGUGUAGUACAAA -3’
uve6-F 5"-CTCGCTTCGGCAGCACA-3’
U6-R 5'-AACGCTTCACGAATTTGCGT-3’
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1.4 hPDLSCs %m .38 78 45

141 CCK-8 &  0.25% I B 4 1k P3 18 hp-
DLSCs , ¥ 20 il LA E5 L 4 x 10° 370 T 96 FLAR
4T miR-21 J anti-miR-21 Y55 YL | SCUG 0 4H . i 36
i BA X B ZH (mimices-NC 2H ) . 33 3235 2H (mimics
H ) ] BH A % B 4 (inhibitor-NC 2 ) . #10 #il 2H
(inhibitor 21) o 43 HIFESE YL 5 1.2.3 .4 d, PR 1Y
I 7€ 7€ 450 nm WAL WOLE . BHKSIME
fL, W EE 3R, BHARERES M CCK-8 1 &
LR

142 4HAEJE IR S5 0% 48 h )5, 0.25% R B 53
FHAL A ALARAR, B0 7 35, A1 mlL (%) 26 Jf &
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A A AL
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1.5.2  Western blot £l 5 F #H ¢ 25 1 Runx2  7£
BUCE AT T dJE SR B ORI e W . 4T SDS-
PAGE HL ¥k , TR 56158, 10% BERR Wik £ 041 2 h,
n—40,4 CWFHE LR, I —HUWEE , TBST VLR, %%
5 B SE I IR 53T o
1.6 %itFiik

fdf FH SPSS 18.0 ZE 1248 A4 3 Bt L 128 95 R
x x5 e, R BRI 2R U7 22 03 Hr RV AL AR ST ¢ Ar
5,P <0.05 HERAGITEE L,

2 % R

2.1 hPDLSCs # R 4K 3% fxfo 2 2
JEARH A B 55 7 d e R T AR S K

RIE o AL 10G 1 hPDLSCs 2E KR ZS RA4F , 5L iy

AR bR AR (P 1) o

a: on the 6" day, primary hPDLSCs were seen around the tissue block
(% 100) ; b: after passage, hPDLSCs showed typical vortex - like
growth (x 100) ; hPDLSCs : human periodontal ligament stem cells
Figure 1  Primary culture of hPDLSCs

| Bl hPDLSCs JifRHE 5%

(1.51%) .CD45(1.01%) , & 33k 8] 72 5t 32 1 bR 9
CD90(94.16% ) .CD105(98.33% ) (K 2) .

Gate: R1 Gate: R1

OA
1 10 100 1000 0.1 1 10 100 1000

FL2-PE FL2-PE
c) Ld)

a: hPDLSCs showed low expression of hematopoietic stem cell surface markers : CD34(1.51%) ; b: hPDLSCs showed low expression of hemato-
poietic stem cell surface markers: CD45(1.01% ) ; ¢: hPDLSCs showed high expression of mesenchymal surface markers: CD90(94.16% ) ;
d: hPDLSCs showed high expression of mesenchymal surface markers : CD105(98.33% ) ; hPDLSCs : human periodontal ligament stem cells

Figure 2 Surface molecules of hPDLSCs were measured by flow cytometry
B2 A I hPDLSCs % HidrR 54
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2.2 % )5 miR-21 mRNA # & ik

Yt J5 24 h, il iF qRT-PCR # hPDLSCs
miR-21 A mRNA % ik 7K 3, mimics 20 9] & T
mimics-NC £H , 1M inhibitor £H %) 3534 BH i X T inhibi-
tor-NC 4, 2R HA G (P < 0.01) (K3),
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Figure 3 Relative expression of miR-21 in transfected
hPDLSCs detected by qRT-RCR
3 S B PCRAG I B /5 miR-21 mRNA 3R A
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In the first 24 h, there was no significant difference in the cell
proliferation level of each group. From 24 h to 96 h, the prolifera-
tion in the mimics group was significantly promoted and that in
the inhibitor group was significantly inhibited
Figure 4  Proliferation of hPDLSCs after overexpression
and inhibition of miR-21
B4 miR-213d KI5 L A5 hPDLSCs Y3 5H fE

2.3.2 hPDLSCs 40 il RS A I 28 3 =X 4t Jf AR
& B S) , mimies 2H S 40 9 L 1] Ky (14.67 +
0.14) % , % mimics-NC 41 (10.84 + 0.64) %W 5. 14 fini
(1=10.127,P < 0.01) , 5 inhibitor-NC £H S 1 40 iy Lt
1 (11.72 + 0.57)%*H L. , inhibitor 41 S 1 41 i1 L. 5l
(7.35 +0.36) % BIg /> (1 =-11.334, P < 0.05) .
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510 502

383 377
=

255 2 251
o

128 126

0 1 t 1 0 T t T

0 1024 2048 3072 4096 0 1024 2048 3072 4096
FL9 FL9

Figure 5 Cell cycle of hPDLSCsafter overexpression and inhibition of miR-21
BS miR-21 123k KAl & hPDLSCs F4i 5 3]

2.4 hPDLSCs BB &) 2 4L 89 4

241 WHRLYE PERAPARE, FLARERIR,
mimics 21 9 5 €25 B 1 5= T mimics-NC 241, inhibitor
21 ' 4, B AT inhibitor-NC 4H ; 7648 & 8 1 - W0
ZZ, mimics 4142515 I 2 T mimics-NC 21, in-
hibitor ZH47A£45 15 BH {2 /DF inhibitor-NC 2H (51 6) .

2.4.2  Western blot £l i & #H X & 1 Runx2 A%
BB 7 d)5, i3 Western blot £ 1M 5% & 4H 56 85 1
Runx2 & [ 72 35 7K F , mimies 20 P % & T mimics-
NC 41 (¢ =12.798) , 1i inhibitor 41 1 & 35 B i IK F
inhibitor-NC 41 (1 = =12.098) , 22 5+ A Gi 12478 X
(P<0.05) (7).,
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a: mimics-NC; b: mimics; c: inhibitor-NC; d: inhibitor (X 100)
Figure 6 Images of mineralized nodules by alizarin red staining after overexpression or inhibition of miR-21 in the 4 groups
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The expression level of the osteogenic related protein Runx2 in the mimics group was significantly higher

than that in the mimics-NC group, amd the expression in the inhibitor group was lower than that in the inhibi-

tor-NC group. mimics vs. mimics-NC*, P < 0.05. inhibitor vs. inhibitor-NC*, P < 0.05

Figure 7 Protein expression of Runx2 after overexpression or inhibition of miR-21
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miRNAs 42 —JE 75 0 L 3h ) v B A s 1y
2 A 2R A SRS RNA, HERE 8 o S5 80 3L B i 3 S
T IX (3"UTR) B S FC AT, 518 mRNA (1) ELHZ R fif 5%
FHPREZ 2], T2 5 40 i i) S A A= 2t 7

oy e 3G 5 ET A, B miRNA A g
Rl 2 A R A R 3K 0 miR-21 2 T 17 5 4 (4
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Ak ABATY A &8 43 48 A 38 i ROS A8 15 728 £ 4 3
B FIT 1 3 5357 5 Trohatou 25 F 52 miR-21 18 1 78 7
Sox2 1 £ 55 [8] 78 5t + 41 il (mesenchymal stem cells ,
MSCs ) f4 38458 1434k, ; Zhang 2517 % 98 miR-21 i
N R TR] 78 5T 4 2 (human amniotic membranem-
esenchymal stem cells, hAM-MSCs ) [ 34 58 ; 7 2% 5
HUNBRUA B BB AR R miR-21 BRI S
Bk 3 TR B O T R A M R B miR-
21 #E ] Sprouty 125 F- i ] 70 5T 1 40 B 1) 55 H 49
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AN R LM, Runx2 MY ER FIKOF 3%
miRNA P45 miR-21 7k — Fh v 78 (1) 42 B 15 7
T, Z 55 Runx2 BU5E 15 AWF5T 4
R E/R, miR-21 xﬁﬁunx-zﬁmmiﬁ?yﬁﬁﬁo Xing
21220 50 B S B 4 ok A B A8 405 /0 L TG S 95 I
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R L e vk di ] Lipo 2000 %% 4% pre-miR-21 & anti-
miR-21 % hPDLSCs , I /F% {ik hPDLSCs H' miR-21
(235, 3 qRT-PCR K il miR-21 (55 YL 3%
HEBR % Yeis5n) A% S0 i 4 . it CCK-8 L ik
21 A A ARG 000 4 A 14 7 LD, & IR miR-21 RE A4 i
hPDLSCs B934 %8 , 5 Zhang 55" WF 57 — 2 8 1 o4
41 Fll Western blot A5 i1 43 AL € 71, A& B miR-
21 1F [a] ¥ # hPDLSCs H B 0] 434k, iX 5 47 4
& B miR-21 2 5 MSCs B B /b —5 . %
b ARWESE & B miR-21 fEHS 1 3 8 4 hPDLSCs 1)
338 5 RN R H 1 434k, 1B T H AR A B R 6 R
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