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MiR~210-3p FEUNI R Sl Btk o TR B fn e g~

o B, R, WERES, BT, WER, AFKET

(1 DA Bl R, LR 2610535 2. JLaUR=# 8 = B pia sh At se i, Jbat 100191)

WE: [BR]) BT/ RNA (microRNA, miR) —210-3p 54 U4 K FUBBEFL T 40 (bone marrow mesenchymal stem cells,
BMMSCs) X AUETETERIRE M, [k ] AANEFE KR BMMSCs, BEHLA 3 41, 4051028 A IR . miR-210-3p B34l (3g5%
41) . miR-210-3p M1 (BIHILL), LA TAHRARIMNEG b3 . Ky g . AT RER, LIRS R o e s S s o
AL ;s SR qRT-PCR R UAHR FRAEPI Y mRNA kAR [R] 54 3 18 BMMSCs 1) CD44 F1 CD90 2 FHPEZR A, CD34 i
CD45 2 FIMERIE, 7G5 T4 i R PR AR E . 525 X IR XT LE, 358 ZH 1Y miR-210-3p AY mRNA ik I 34 hn
(P<0.05), TMHIZHAY miR-210-3p BY mRNA ik B EHMH (P<0.05). 4HMIIEFE OD {H . Transwell 4UMTH . PHRLIYL (AL
DB = AR A IG5 41> 25 RSP ZH (P<0.05); THRTRANHAT O Yt A i IR Z Sk O IR 4] <25
FIXF A<Ml 2H (P<0.05). qRT-PCR A, mUEFRILEER, f4E ALP Fil Belap-2 7Y mRNA AHXTZR A& B /5 AR 1S58
> X IR SMHIZE (P<0.05); TiAEFIAIER , UG PPARy F1 LPL ) mRNA FIAT ikt 2 SR U B SR 20 <25 [ 0]
IR <MHIL (P<0.05). [£5i] A5 R miR-210-3p AIEHER R BMMSCs Bid 51k, Ml e, w4
A ML TE AT RS o

KR /N RNA (miRNAs), HBEEET T, mEst, st
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Effect of Mir—210-3p transfection in rat bone marrow mesenchymal stem cells on their osteogenic capacity // YANG Meng',
YUAN Fu—zhen’, DENG Rong—hui’, ZHAI Xiao—qing', LIU Ze=zhong', YU Jia~kuo’. 1. School of Clinical Medicine, Weifang Medical Univer-
sity, Weifang 261053, China; 2. Institute of Sports Medicine, Peking University Third Hospital, Beijing 100191, China

Abstract: [Objective| To explore the effect of microRNA (miR—210-3p) transfection in rat bone marrow mesenchymal stem cells

(BMMSCs) on their osteogenic capacity. [Methods|] Rat BMMSCs were isolated and cultured in vitro, and were randomly divided into 3
groups. The cells in the blank control group, MiR-210-3p enhanced group (enhanced group) and miR—210-3p inhibited group (inhibited
group) were given transfection with the corresponding genes in vitro respectively. The cell biological behavious were detected, involving pro-
liferation, apoptosis and migration, as well as osteogenic differentiation and adipogenic differentiation, in addition, qRT-PCR was used to
detect mRNA expression levels of corresponding markers. [Results] The third generation BMMSCs obtained in this study were positive for
CD44 and CD90, negative for CD34 and CD45, which were consistent with the surface antigen characteristics of mesenchymal stem cells.
Compared with blank control group, mRNA expression of miR—210-3p in enhanced group was significantly increased (P<0.05) , whereas
which in the inhibition group was significantly inhibited (P<0.05) . The OD value of cell proliferation, Transwell cell migration and alizarin
red staining calcium deposition count were significantly ranked from high to low as the enhanced group>blank control group>inhibition
group (P<0.05) . Conversely, the apoptosis rate and oil red O staining lipid drop count were significantly ranked from low to high as the en-
hanced group<blank control group<inhibition group (P<0.05) . As results of qRT-PCR assay, the mRNA relative expression level of osteo-
genic genes, including ALP and Bglap—2, was significantly ranked from high to low as the enhanced group>blank control group>inhibition
group (P<0.05) , whereas the mRNA relative expression levels of lipid—expressing genes, including PPAR<y and LPL, were from low to high
as the enhanced group<blank control group<inhibition group (P<0.05) . [Conclusion] In this study the miR-210-3p does promote osteogen-
ic differentiation, inhibit adipogenic differentiation, reduce apoptosis, and promote cell proliferation and migration of BMMSCs in rats.
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(8] 75 T 41 Bl (mesenchymal stem cells, MSCs) ,
WA EBEMH TR (B T4 (BMMSCs) . i
KRR E] 7R T 40 (adipose—derived mesenchymal
stem cells, ADMSCs) F1&J&] i1 S U %) 1] 78 5 -1 24 Jifd
(peripheral blood—derived mesenchymal stem cells, PB—
MSCs) A2 TR L EF TP IRZ ) ZRE4 i,
AT AFEEM R 20N . 0 A0 AR 107 20 e
FIRET "o TS BT 20 L 5 A ) R 2 bR 4
B M B HATRORRET R, R TEIRYT i
e B0, B BTBARE S4B S i R T D Y SR
SPE B (critical-size bone defect, CSD) ™, 5 HAh
] e T EAR L, B o 40 T2 A 4 i
B4 G BE 3 K s B8 0 T 8 W L A B R
e e R, FEME AR LR MSCs I AETERS AR
AMAFTERAR . BT, T AR AE Uk 4
A, FEAHLNMAN BEA RO AL B B o S )il

MicroRNA  (miRNA) J& — J& /N (19 4 2 7% 5 4
RNA, A58 a0 mRNA B (2 mRNA Rk
TERE G A AT AR 0 B RWRAL A ITRA
WFFE, 24 iEdE R U] miRNA 588858006 % UIAH G,
I ELXE T ¢ B R I 5 5+ 4 M A R At
FHE 1, Wu % &I miR-1260a 1] LA 3E i 1)
il HDAC7 I COL4A2 3k L35 BMMSCs B Al
AR . MiR-5106 AT LLEE (] SIK2 FI SIK3 JE A
LAfie gt BMMSCs B A0 346 1o Xu &5 0 [ ffF
FELEE R LI MSCs 73 1Y miRNA-128-3p ] DL i
FE15]) Smad5 fESECE LM BTG . Lin 58
WFFEIESE miR-181d-5p (14 N & Al fi2 #E BMMSCs 11 1%
Bt FIRBFSTRW], miRNA 45 R0 {5514 5
AR AR IS P, DT R) 75T 40 LY K
Hooh R R CEEMEN . AU R
ik miR-210-3p i HXF BMMSCs Jil 8 . g1k
FISENR , JF HXS A g 58 . T SRS RE )

S
1 #R5FE

L1 R RUE BRI 20 M i 7 B

ARSI 283 AU R 2E AR Y B AR 2 S VF T,
EHEHEE S LA2019357, 10 HAKRE 4 100~120 g Y
Sprague—Dawley MEVER B, @A COZFE, Ffk
JEBRERLAL, Sregaws, EAERE MRS, fAETemk
MRib gz i (PBS) (&R3%, ) . 5iFR
R, hiehEiks, R, JFESA 10%k
1976

41 (FBS, Gibeo, ) ) a—MEM 35 5% h
(Gibeo, ZE[H), 5%C0,, 37CFEIR, MAEMA R
K 80%~90%IF, 1 0.25% RN, LA 1:3 Bk
B R TR g 3 UG RAFLIMER) BMMSCs.
1.2 BMMSCs HY%5E

WA 3 ARAE KRS R AP MSCs, 21 2% Ml
(Assay Buffer, ®35%, ) By 285, H
0.25% /7 EDTA WIJEREHAL; MASH 10%FBS 1Y
a-MEM Z EiHk . B0 R 400, USRI
HKAEMA 5Sx10° 14, FFH 100 pl Assay Buffer 5
25, A S ul CD34-PE (Gene Tex, 3 [H ) |
CD44-FITC (Biosciences, 5[ ) , CD45-FITC ({#
% P, CDY0-FITC (Biolegend, ) Y E AL
K, ACHIEIFH 30 min, FHMIA 1 ml Assay Buffe &
BEVE 2 WS, S Assay Buffer B E 500 pl, 2
AL (Biosciences, FEME) /M4 mbric
1.3 M2 SRS e

BEYLRT 1 d, B BMMSCs LA 2x 10°/FL A 25 5 422 Fol
FEAREUAR Lo R T HEEF YA RIOR AN RE R A i
5% 29%FBS (SR ARG E A1 12 he PR
Pl & R UL, {8 A Lipofectamine 2000 (Invitro-
gen, FHE) B 50 nmol/L miR—-210-3p mimics 1100
nmol/L. miR-210-3p inhibitors (HilH A4y, HE) %
LR AR, 25 A IR UM 5 pl Lipofectamine
2000, THESRA FAAIMEMIA 5 pl Lipofectamine 2000
150 nmol/L miR—210~3p mimics, 514 4 4 i fin
A 5 pl Lipofectamine 2000 F1 100 nmol/L. miR-210-3p
inhibitors. 48 h JF AR IS T LA A6
14 Kl gy
141 A% CCK-8 Al

IEEYL S, K BMMSCs L 5x10°7/4LAY %35 B4 mh
1E 96 fLAR Y, JFFERE A TR SR 12, 24, 48, 72
he FERNEFELS, FEALHAIA 10 pl CCK-8  (Dojin-
do, HAY) T ARV 90 pl Bt Br 3L 5 2 h )5,
38 EEFRY (Biosciences, FEME) 1 450 nm 4b W 5L
WRE
1.4.2 G2 R 0 i i 1

ML YL 48 h I, FH 0.25% A% EDTA H B
Ak, TR PBS PRV ANMLS , AR5 LR 540 An-
nexin V— Alexa Fluor 647/ P1 JHT- R & (B4
R, hED, EERELFMAET, 1S5
min. ¢l TN (Biosciences, J2[E) K
S
143 ZHMOEREA I
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Transwell /N2 SCEG Gl BMMSCs H9iE#% o B
Pefg . AT XEE RN A AR It EE . K
210 A e NS B B FEEMASA
10% FBS (58 &R AN T R IEE
10h J5, FEBET S MAMHZ R S
min, H 0.1% %5 f 4944 20 min, 7E PBS H iR+
7 BB BB (Nikon, HAS) o ), T 3
A DXL EER A A RS RE T
144 FFHERN (FHERAGE)

1 6 LA TN AGE 1 0.1% B LA B 5 0 72
MU, TEEEHE . BT ERES 3R
BMMSCs LA 2x10° /LAY FEFERD RIS FUMR D o S 240
K F] 409% ~60% filt A BF, K miR-210-3p mimics Al
inhibitors 3 /%% Y 2] BMMSCs H, 25 (%) B4 47
Bl Lipo 2000 4%, BEULZE iy, (i ACE 7 fe s
FHe (Cyagen, EH) HIT1HSF. 2d . 5T
7d JEHEATY A, WHRAYE S min, JFETEMEE T
S AR O
1.4.5  FEFRURR

WCAESS 3 48 BMMSCs, DA 1x10%/FL A %5 ) 3 2]
AN SN A E] 609%~80% A BT, K miR-
210-3p mimics Al inhibitors 43 51| %% 4t £ BMMSCs 1,
23 P BRZH JEAT 2400 Lipo 2000 F5 4% . B YL 45 o i
IR A3 753, (Cyagen, 2H) AT R
PEULH A T R e . AR 7 d BT Y,

TMEL O VYL 20 min, BT FULEE I P4 A T2 A%
1.4.6 qRT-PCR #:il]

R il & B 0 B, B TRIzol (Thermo, 32
B BAHRIBUS RNA. SR JF DL il & (Ther-
mo, FEE ), W HIFE AL cDNA, RS9 E
i PCR (real- time fluorescence quantitative PCR, ¢
RT-PCR) i®#| & (Takara, HAY) #EF7%E & PCR X
Mo MiR-210-3p. ALP. Bglap-2. PPARy. LPL,
U6 Al GAPDH 5|9y ) M 3 2 W B R A7 RN E
s i GADPH fE Jy ALP. Bglap-2. PPARy Al
LPL BN Z 5L, U6 1E 2 miR-210-3p Y NS 4k
Ko #AELER . RONARZRBCH] . RN S5 e Y
Z MU B AT . A AT 12 20 it
1o BAFESIERT 3 REE /0T, s L5 ¥ sy if
113 . A4 H IS B mRNA A7 X ik
i, q RT-PCR 5955 L& 1.
1.5 Seib2aorik

K H SPSS 22.0 AT S b . AR R
MFE 3R, HREDELL £ 2 TR, WRRIERM
BF, SRR R 25001, PIM LU BRI LSD .
TR RAEIES A, SR Krushal-Wallis H K55,
W L3R ] Mann—whitney U K53, P<0.05 K22 5%
EEWMES-3'8

& 1 RT-PCR 5|45

FEH LIS (5-3) NS (5-3)
ALP GCCATCGAGGAACTTTCAGA TGTTCCCGAAAAATCTGGAG
Bglap—2 CGTTTAGGGCATGTGTTGCC TGCCGTCCATACTTTCGAGG
PPARy GGACTCGAGGAGGTCAAGAAG GGGAGTGGTCATCCATCACAG
LPL TGCAGGATCGGAACGTCAATTA AAATGAGTTGGTAAGGCAGGGT
GAPDH ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT

2 5 R

2.1 BMMSCs BY%45E 5 miR-210-3p AYHE YRR

JEAC AR TR RS . 4 d 5 UER B4 i
5 . HIEAUIMAEE LS 2 70%~80%HT, 2 1:3
FEEAR . 2o A AR KI5 3 18 BMMSCs 2 [
Fric, 455 B/ 318 BMMSCs [ CD44 il CD90 &
PHYEZ A, CD34 il CD4s EBItERE (KD, &4
[F1] 0 0 T 440 B 1) 2R DL R ARRALE o

fdi ] Lipo 2000 #4 miR—210~3p mimics Fll inhibi-
tors FEYLBIANAE . 48 h JFUEE AT T qRT-PCR
R, g5R 2, Has X A, Hsmal )
miR-210-3p FK ik B B3 fin (P<0.05), 41 il 2H iy
miR-210-3p FKikhZ | (P<0.05)
22 HffdgEE . T ANERS

CCKS8 Ml 5 41 M3 56 1% J1 1 OD {H45 3k 2, Bl
BRI HERS , 3 440 e S 5 OD A ¥ W 3 (P<
0.05). 12 h i} 3 ZHAYHE%H OD {H 1Y 22 57 e it2¢
S (P>0.05), {H 24 h 148 h i} 3 218 OD {2253 A

1977
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HEite#E L (P<0.05), 72 h i} 3 416 OD {HZ 57 FEAE 1 OD {E i & AR 50 2 > 25 1 %] BR4H >
KB E g (P<0.05), 24, 48, 72 h 3 21 BMMSCs 1 Hld, ZRAEG¥FE X (P<0.05).
200{ 150 300;
] 250~
= 567 2 250
@] o "] 200
§ ] 5 150 § 5
1007 S ] o S 150-
100 sl 100—: P2
50-: )‘33—{ 50’: 50
] : P ]
R SR 1';3E_A YN Uocilocmuprnes ;?TCA e 0w T gy O e b e g
Kl 1 BMMSCs i 2 40 it %6 & 45 la: CD34, (HPEZR L 1b: CD45, HPESR L 1c: CD44, FHME RIS 1d:

CD90, PR

240 MO ARG I BMMSCs 18 08 145 5 UL 1] 2 #11
F2. SRWAMLL, 3 AT R EERMK (P<
0.05) . T = AR U AN 4 >25 [0 RE2H >
HEamZ, AR 3 LRI TR A 22 R A e

X (P<0.05),

Transwell 4fi fif i #5460 25 2R UL K] 3a~3c FIER 2,
20 T B e = AR U R i 2 > 1R R 2 > 41 1)
H, ERHAGHFE L (P<0.05),

=
o
=

<4Q1(0.32%) Q2(1.23%) 1074 Q1(0.21%) Q2(0.24%) 1|J?—E Q1(0.11%) Q2(0.99%)
105‘5 10°3 10°3
5 | 5] 5
A0 <102 P
w m w w
o o o ]
10*4 10* 104
10° 2 10°3
- Q3(3.60%) s Q3(1.21%) ,]4(86.50%) Q3(12.40%)
10° 4 T T Ty 1 0° [t rTrrTTTT, 4- Tt |||||5 T |||||||s T ||||||||? 10 |||||||1|l|||||||4| T 'l||||5 T ”““]3 T ||||||||?
0 10% 108 10% 107 0 10 10 10 10 0 10 10 10 0
FITC-A @ FITC-A @ FITC-A @

Kl 2 341 BMMSCs 408 -7 N4 A I 25 58 2a: 25 (XS RE AL

BMMSCs FH T

2.3 NE S AR

P E A P R LY A 0L B 3d~3f, THEZER I
2, WEIRAIESER IR 2, 02 09 45 £R DT AR
25 PO R A A 3R ORI T s A R il 4 2
B, 34EZERA G E X (P<0.05),

PR R O et UKl 3g~3i, THEZEHRIL
2, BRI K 2 S U TR 2H <25 U0 IR A <
i, ZRBAGIE L (P<0.05).

24 HREY mRNA BRIA

qRT-PCR A& #5 4% mRNA ik 7K 0L 3 2,
s (x4 tege, SR AI il i Rk i, 4
15 ALP F1 Bglap—2 i mRNA HIXf ik &35 8 5 71
(P<0.05); #M#I1ZH ALP mRNA B B [#{% (P<0.05) ,
{H Bglap—2 mRNA UAHXTRIEZE RG22 E X (P=
0.31) . IX A HE 5 10 i) 41 5% e i 1] vk B2 A OC . AH
1978

A,

2b: WS, i BMMSCs BUE TS 20: ML, Rk

[, S AL, BRI BAE FAREN, A
% PPARy Fl LPL ) mRNA MR}k i FFEAK, 1
I BT, 2R GIEE L (P<0.05).

%

3 it
AT BB R B2 miR-210-3p 1] 4 B ik
KEL BMMSCs 8504k, il sihg sk, HET, I
SR B B B3R 7 2 I R T I 7 JE R P, B 4e
It et AR AT 200 7RG B FAR
FFERB], miRNA 55850 A SCTF5 0 BMMSCs
#9434k "' Taipaleenmiiki "7 [FIJET T miRNA £ 5 8%
MR EYVEFT, A miRNA S22 BRI B 5 A% v i
B AR SRR, JF BT BE S B O T AR

JYRUAR FZ W T H . KER SRR L], miRNA
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16 MSCs B fbrhie G 2 oCHE MM ER] . itk
ERER Y, ©BoR B JLF (miR-1260a M,
miR-5106 "', miR-128-3p (sl miR-181d-5p bl
P MSCs BURE k. ABTSE IR X K B BMMSCs 43
TAHR ARG M YL Ab B B, 5 2 20 B o R 2 e @
E5ER TR O 11 ALP I Bglap—2 & 38,
TMEL O Je @i 18 S Ui 53 K PPARy Hl LPL
A XS #2308 i i 5 R, Asgharzadeh 45 ) AT 45

23 0 R

Transell

PHRAYE

L 0 Yefa,

3 341 BMMSCs % Y ab 5 A 2L A PER I 255 3a~3c: Transwel

R FW 1 A miR-210-3p A2 E A 47 1l ok U5 1Y
MSCs HsC B ALY 704k . Hu 25 1 i i A miR-
210-3p/ B -Wi iR — %5 (B tricalcium phosphate, B-
TCP) / BMMSCs 32281677 &UR I 5 8l , U
RAFRBEERCR . R0, AT R IR miR-210 ¥
AR RS2 . ASHEFELESSAIE miR-210-3p fE

fie kR B BMMSCs BT 731 (19 S Aty 3 7 — 22 45

TIHEA K R BMMSCs USR]

Hasm e

I

TR (x200), w] DLAHARIERS s AR

HESRZE > PO BRADS IR 3d~3f: BRI RLLY A (x200), AT DUEGZSTHi i m AR R 1 3 4 > 45 10 B2 >4
M4l 3g~3i: FFMARIMEL O Y (x400) FJ WLARIH i th IR s MU B 21 <28 O IR <l 2

AW 5% i Kk B miR-210-3p BE 9% 1 #F K B
BMMSCs ZHMI3G56 , IR S AERRLFE A TN
miR-210 #1477 Z0t5E, 2Lk T2 miR-
210 #0bR, ANUAESRARFCH 7 HLZE i A8 A B
DNA $ 4% S0 . 40 At 33 7 A0 40 B 1 rh . 2 4 T AR
FH P Lu 58 Y I AESE 45 SR R W] miR-210-3p Wit
FEIR T LI HE 1 IR 20 i 1 B 5 . SR, Yang
At 120 3 3o 3k 38 miR-210-3p & 30 HAE AR S i fi
R AN e, JF HAERR U A 0 %6 3K miR-210-
3t T B e e i AR K . He %5 0 & B miR-210-
3p A A T HAT LA Iscu ZEARAM A 2 38 0 3 i 1 o

AN A E ;. I ELISIER S5 S N B A
it 38 miR-210-3p (155 Jed 4 A i, e S Jg 19 A=
KeZ 2 H . EAIIT 0, Yu 55 P 23 miR-
210-3p A ik vl Lk HOC2 40 it vh i85 S 1
YUMEPH T, 1 Xu &5 7 45 R R B miR-210-3p Ak
A EHE caspase-3 WAL KTE FAR AT T-. 2L
RS R S S SRR T R R T AN A R 2 5
A AR 5 % R B BMMSCs 41 i #E 47 miR-210-3p 119
b IR e B ELAG (8 20 A 410 1) 240 O T
YE

1979
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2 3 ZH BMMSCs MR (x+s) Sk

ity IR (n=3) SR (n=3) Ml (n=3) PfE
CCK-8 i) (0D {H)
12h 0.72+0.06 0.72+0.02 0.67+0.04 0.444
24h 1.26+0.05 1.36+0.03 1.13£0.07 0.017
48 h 1.54+0.11 1.82+0.09 1.39£0.10 0.016
72h 1.73%0.09 2.33+0.13 1.48+0.07 <0.001
P1E <0.001 <0.001 <0.001
AR TR (%)
L 3.39+0.34 1.24+0.06 12.2620.10 <0.001
Y] 1.15+0.09 0.38+0.11 1.02+0.02 <0.001
PH <0.001 <0.001 <0.001
transwel ZIHIFRERE (%) 45.67+9.57 83.67+7.76 20.00+2.45 <0.001
PERLALETEETIE (%) 46.3346.58 72.40+4.18 19.20+2.29 <0.001
LR AR R (%) 12.44+3.09 1.54+0.90 25.27+4.05 <0.001
qRT-PCR #:ll (FHXS ik i)
miR-210-3p 1.00+0.03 5.52+0.59 0.54+0.05 0.008
ALP 1.00+0.03 5.51+0.28 0.62+0.01 0.002
Bglap2 1.00+0.02 3.19+0.24 0.89+0.08 0.003
LPL 1.00+0.08 0.75+0.05 2.45+0.04 <0.001
PPARYy 1.00+0.05 0.52+0.05 1.60+0.07 <0.001

A WF 5% i & B miR-210-3p HE % {2 7 K B
BMMSCs 400 # . 12 Yang ' & He ' 25 (0TS 45
IR miR-210-3p M 4EMLTERS . 17 Xu 55 2 Y
gE LRI miR-210-3p A5 AT LA/ D g A g 20
MIAIERE FIRZE . X AT B 5 AU FP IS S Ye A5 R 22
S K. PIABTEN K B BMMSCs 44T miR-
210-3p ik & BILRRIS AL U A0 MU AL

28 F TR, miR-210-3p mimics A | 3 K B
BMMSCs 4 miR-210-3p #i5, L# ALP. Bglap-
2 mRNA XTI G, $E @0 fRas 1 ARxT L], Bk
JEIARNT L . PPARy. LPL mRNA AIXf ik, fiE
TEBEAMIGSE . IERERE S I A RO AR T Al
FW, miR-210-3p T2k BMMSCs X T35 5 f4:
FIEFEA R N P B TR AT — 7 PG R S
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