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(FHE] BB K3 miR-152-3p i@ i$ 8 32 s 57 0 55 5 B 1(DUSP1)R3‘7‘%’L?"I¢H"fa‘%iir\s"kf"ﬁ“i ) & R
@H@(BMS&)&*‘/\%W’FH Fik BRERABEARBKRE AR ELFHMAREIT BMSCs 4 & 3EH A
%2 # M miR-152-3p . DUSP1 mRNA 4k ik B 2% 4 5 4 ) & 28 48 i, miR-152-3p . At B 85 B (ALP) | ﬁ“ﬁ’ B
4% 8 2(BMP-2)mRNA %&:V,Lm miR-152-3p 55 DUSP1 #9%2% % % ,# @ DUSP1.p38 £ % R ELEZ G i
B (p38 MAPK) BsME 5 A ¥ il 1/2(ERK1/2D)F B o kik, &R L EA BMSCs o, i Z K B
358 % % BMSCs miR-152-3p mRNA & 2 7 % ,DUSP1 mRNA & A BAK(P<{0.05), 5% G4 xR,
#4210 miR-152-3p mRNA % X %A%, ALP.BMP-2 mRNA %&£ 7 % (P <{0.05), TargetScan 34 % # L 3.,
DUSP1 3'UTR 4 A miR-152-3p #4415 5, S5 BAA T GAkE, 4 421 DUSP1 mRNA 3'UTR 4 &
RAF B 35 A AR 2T & A F%ﬂ&,DUspl E Y &k FH, pp38 MAPK/p38 MAPK. p-ERK1/ERK1. p-
ERK2/ERK2 & & & A B (P<{0.05), &t 4&& X miR-152-3p TAL 8t & M & B Sk 37 & BMSCs & B &
A, 48 A AUl ?VE 538¥% DUSP1 &£, 474 MAPK i@ % 4 %,

(@A) AR F KR B8N AR T 00 R B 510 80 RNA-152-3p; 34 50 55 82 85 1
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Effect of miR-152-3p on osteogenic differentiation of BMSCs in steroid induced

necrosis of femoral head by regulating DUSP1"
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[Abstract] Objective To investigate the effect of microRNA (miR)-152-3p on osteogenic differentia-
tion of bone marrow mesenchymal stem cells (BMSCs) in steroid induced necrosis of the femoral head by reg-
ulating dual specificity phosphatase 1 (DUSP1). Methods The bone marrow was taken from the healthy peo-
ple and the subjects with steroid induced femoral head necrosis for conducting the isolation,culture and identi-
fication of BMSCs. The expression levels of miR-152-3p and DUSP1 mRNA and the expression levels of miR-
152-3p.alkaline phosphatase (ALP) and bone morphogenetic protein 2 (BMP-2) mRNA after transfection
were detected to verify the targeting relationship between miR-152-3p and DUSPI1. The expressions of
DUSP1,p38 MAPK and ERK1/2 proteins were detected. Results Compared with BMSCs in healthy people,
the expression level of miR-152-3p mRNA in BMSCs of the subjects with steroid induced femoral head necro-
sis was increased,while the expression level of DUSP1 mRNA was decreased (P <C0. 05). Compared with the
blank group and control group, the expression level of miR-152-3p mRNA in the transfection group was de-
creased, while the expression levels of ALP and BMP-2 mRNA were increased (P <C0. 05). The Targetscan
software analysis found that DUSP1 3'UTR contained the miR-152-3p binding site. Compared with the control
group and blank group, the relative activity of DUSP1 mRNA 3'UTR wild-type luciferase reporter plasmid in

the transfection group was decreased,the relative expression level of DUSP1 protein was increased,and the ex-
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pression levels of p-p38 MAPK/p38 MAPK, p-ERK1/ERKI1, p-ERK2/ERK2 protein were decreased (P <C0.05).

Conclusion Low expression of miR-152-3p can promote the osteogenic differentiation of steroid induced nec-

rosis of femoral head BMSCs,and the mechanism may be related to regulate the expression of DUSP1 and in-

hibit MAPK pathway.
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WM IR Sk IR B 3 O e I K 0 N AR R
JoT U 2 BT S A 0 L I PR R AR A 46 R Sk A5
RFE BB Sk IR O TT D RE R A 45 . miRNA £ —
PR 2R L 4%/ RNA 4, ] 78 5% 5% 5 98 15 36 R 3
ik S5 AR IEEE Sy Ak 8 TS 2 R B AR B T
e, BRSSP L R IR Sk YR AE AT fiE R IR B
ZAEF PRI — 2 miRNA 235 ok 28, 98 5 40 1
B BE PR 2R 3K L X I W i B8 W) 2 5T T 4l i (bone marrow
mesenhymal stem cells, BMSCs) & 4346 18 ml T4
S IE R B A MAE . A HGE R, miR-152-3p
e 3 FEK B il 38 19 BMSCs w3 3k 1 3, {H 5t H o %
F M E L IR FE BMSCs J8E 446 AE I K AL v JC B
WiEWR . AW E S 4 miR-152-3p XF & M BB
SLIRFE BMSCs Jd 40 b i AE L BT AL
1 #REHE®E
1.1 m#stF

g 2019 4E 1 A & 2020 4F 1 H Mo E Bt
10 FlH02 B3R M BB Sk IR BB 1 AT S 067 B4 AR R
K10 1 B A IR SR AL 414 10 mL, SR M f
R X AR AL (50, 63 £ 7. 15) & ws.
(51.87+£8.09) % |, A5 2 B B 10 B 22 0 23 4L 1
(CZSZXYY20190006) , BF 53 XF 52 4 H & 2 2 501 [H)
= U
1.2 ZZRAANFMNE

Lipofectamine™ 3000 X7 \ i3 4F 1L 75 . DMEM K%
FREE R U (GFEBR G R B A FD . miR-152-3p
NP RNAGIRNA) (B4 X NC-siRNA i i (55
[E Applied Biosystems 2\ &), 3£ i 2¢ )¢ & & PCR
(RT-PCR) IR & (15 [ Qiagen 24 7)) » F Bt A XU 5
PE#E R 1 (dual specificity phosphatase 1,DUSP1)
p38 Z2 LR Ak B B B (p38 mitogen-activated pro-
tein kinase,p38 MAPK) B 1t p38 MAPK (phos-
phorylated-p38 MAPK, p-p38 MAPK) . ig M5 5 4
B B 1/2 (extracelluar signal-regulated kinase,
ERK1/2) . # 2 1t ERK1/2 (phosphorylated-ERK1/
2,p-ERK1/2)—¥t R I FEHi R 1gG i (FEE Abcam
25 FD  DMIL-PH1 #1638 A 22 W 6o (6 [ ok R &R
GABRAFD .
1.3 7%
1.3.1 BMSCs 9 & B ABREZ

BN R R B L R R i 2,
T % 5 mL PBS B0 RITIRA 6l & 4B . &

T 1.073 g/mL bk B 40 M 43 89 W B 0 8 N, 2 000
r/min .0 30 min, B0 8 cm, IEE H IR Z A
i, & F 5 10 % 86 4 1 L AR 5 DMEM K 3%
Fe AN 5X10° /em®, 37 (C.5% CO, £ 7= 48 55
IR RN 3 d e 1 REEIR M. WA A KAl A
HK=80% IR N IS 0. 25 % M H .0, 02% ED-
TA AN 1 mL.1 ¢ 2 {548 L % 3 3 37 55
FRH, dk S d SR . SCOR O 3 AR AR MY, B N 4K BM-
SCs 4 e A2 .

1.3.2 RT-PCR #&mfE AL #HEAREKEFKFLE
# BMSCs ¥ miR-152-3p.DUSP1 mRNA % i&

UM BN L3R 1 I B Sk R AR FR A N R K
BMSCs, Trizol ¥ #2 BUE RNA, 4lifk, i3 % % 3515 5
*EE cDNA, WK % : SYBR® Premix Ex Taq™
12.5 pL,cDNA #ihf 2 pL. E RS04 1 pL. RN
595 CHIASIE 5 min; 95 ‘CAEME 5 $3;60 CiB A IE
120 s,40 MER ., 1P miR-152-3p: LFE5 19
5-TCG TCG AAG TGT TTC AGC A-3", FiEs| ¥
5-TGG CAC CTC TCA AGC GTC A-3', DUSPI:
FIE5IY 5'-GAA CTT CAG TGT TCG TGC A-3',
T#5I# 5'-CTC GCA CTG TCC GTC AAG A-3',
GAPDH: #5319 5-AAT CAC TAC GTC CAC
TTC T-3', Fi#514 5'-CTG GTT GTC ATC ACA
CTC G-3", #EMH Ik, WA Ik %5747 . L GAPDH
N2, i E miR-152-3p, DUSP1 mRNA #f % % ik &
(2 8Ty
1.3.3 mpai R 5um

B 0 1 BB Sk 3R 26 X B2k K3 BMSCs, L
F10% R4 1% DMEM K32 315 9% . 4 M fl & B 5k
70 % Bt AR F8 Lipofectamine™ 3000 %% 44 iR 7 146 B 45
Yy DLy miR-152-3p-siRNA 4l i/ oy # YL 41 .
YL NC-siRNA J5TRL 40 B A S XF BRZH, oK 2841 fof 420 38
BMSCs W25 4, #Y% 48 h Jm . &3] B W0 5 W 8¢
I YU 3 3R (R B (0,08 ' At T 45/ 4 S B X 100 %) » T
825 WG ECEYE.

1.3.4 # IS E&MMM miR-152-3p mRNA k&

BU1.3.3 Panie . 3R T 96 FLi. S HiE 5 ANE
fL. ZHMOIGBE S, LA Trizol ¥EHEEUE RNA #2081, 3.
2 L BRIHEAT RT-PCR K& I, S AR R L 244 .51 9
PR — 3, 114 miR-152-3p mRNA A8 X} 3 ik 7K
‘TIZ‘(27AACT)O
1.3.5 B AR vty
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B3, 3 Wi, B2 R T 96 FLAR . 4l il % 2 X
10' /em®, AR E 70 % ~ 80 % . 5 15 7 W o e 1
BIAEPH RS 5, B2 d HH 1 IR,
B3 E A 12 K, RT-PCR K 5l B 28 59 by 25 3 K B
4 B BR Bl (alkaline phosphatase, ALP) VB IES K4 &
I 2(bone morphogenetic protein 2, BMP-2) mRNA
FHXF R IR K, VEAR B o BE T .
1.3.6 miR-152-3p 5 DUSP1 #4 e &) % 4 Bk

F A5 B 224K F TargetScan ¥4 il miR-
152-3p 5 DUSP1 3'UTR W45 & i &5, & miRNA
AT REZS A 07 5 1) DUSP1 mRNA f% 3'UTR ki b
WA T A Y TR A B2 5 A I %, #% e i
24 h, BOWBUE K BMSCs, 78 96 FLAR N 4ERD, M2
A K & 70% , % DUSP1 mRNA 3' UTR B 4 #I
F1 28 A8 RIS 6 K W 3R 5 Ok 5 N 20 5 98 6 R iR
B pRLTK $4 Y s [ d] e dl X BR 4L, G & 48
hoo AN 2 0 3R Bl BE L A A X 9 O R Tl T M R K
WG R /1 B 9 I M .
1.3.7 DUSPI1.p-p38 MAPK/p38 MAPK,p-ERK1/
ERKI1.p-ERK2/ERK?2 & & % it

1.3, 3 i, PBS EUE 2 Wk, vk 24, 4 C
12 000 r/min B> 10 min, B.02FER 8 ecm, B FIE K .
THEWHRIEATE A E &, I B RS v, B KIS 10
min, A8, BERE LK, S B AR B i 5 %6 i g
¥ 1 h, Sl DUSP1,p-p38 MAPK, p38 MAPK,
p-ERK1, ERKI1, p-ERK2, ERK2 —#{ (1 * 1 000),
4 CHERET ., TBST BEME 4 ¥, 4% 10 min,
=%l 2500), FAME 2 h, TBST PR 4 K,
AKX 10 min, 1 ECL 5, B2, UHMWEA
s B S GAPDH 2 KAt & H &
AR 3k
1.4 %itzan

KM SPSS19. 0 e it H kA7 53 I BER L
x s Foon ER TR ECR H R O 2 08T
PP HL AR LSD: 2 80. DL P<<0.05 WZERAS
E-9'8
2 % ES
2.1 BMSCs @mfa &%

BMSCs 2K ARIE , 3 I Ay ML Y Bl 2F 2 240 A A= K
Kigi 5 8~10 K, 4ifigAE K ik 80 % LA b, LI 1,
2.2 RREHE% BMSCs ¥ miR-152-3p. DUSP1
mRNA & ik bt

Sl RN L E, R T RE Sk IR BE B BMISCs
' miR-152-3p mRNA £ ik 7 &, DUSPI mRNA %
KR (P<<0.05), L 1,
2.3 B E

BE N R R B YL 2 A J iR 91, 1206, % R4
EEL A 89, 45 %, Al TR 2255, WK 2,
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Nt
& 1 BMSCs 40 Bl 2 75 ( < 200)
*®1 £ miR-152-3p . DUSP1 mRNA Lt (2 L)

215 n miR-152-3p DUSP1
TR A 5 1.0340. 28 1.0240.17
WRERELIFIFEE 5 2.84+0.32 0.4740.11
t 9.518 6.074
P <<0. 001 <<0.001

xFERLE

B
& 2 BMSCs ## G BB THEBRAER(X200)

2.4 A4 miR-152-3p mRNA & ik w2t

BLsH miR-152-3p mRNA 35 (0. 48+0. 17) 5
AAEA 1. 1240, 18) KB (1. 1340, 21) K, 22
A G E L (P<C0. 05) 525 F12H 5 % B4 [ #% 2%
SEGHFE L (P>0.05), %4 miR-152-3p mR-
NA R, ZR A 5% E X (P<<0.05),
2.5 Awmimpe ALP.BMP-2 mRNA % ik bk

%2 ALP.BMP-2 mRNA £k #2258 51
R (P<C0.05), H525 (gl % Al i, e ge i
ALP.BMP-2 mRNA £k Tt m (P<<0.05);: & HA Y
X HEZH ALP . BMP-2 mRNA ik L, 2 5 LG5 iH2%
EN(P>0.05), %2,

x2 £40 ALP.BMP-2 mRNA FRiAELH (7 +5)

21 5 n ALP BMP-2

2 5 0.85+0.05 0.79+0.07
Xf HR 40 5 0.86=40.07 0.78=+0.08
Heyed] 5 2.4140.09" 1.86+0. 08"
F 780. 032 326. 469

P <<0. 001 <<0. 001

"L P<C0.05, 5 A B P<<0. 05, S X TR L.
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TargetScan #{F 5 #F & #iL, DUSP1 3'UTR &/
miR-152-3p MZE & 17 4, WK 3. 441 DUSP1 mR-
NA 3"UTR 54 558 5l K il 41 5 50k 40 % 35 2 18
B ERASFE L (P<0.05) ;44 DUSP1 mR-
NA 3"UTR 2845 % 5¢ 5 & il 2 45 5k A0 % 3 4 (E He
WL ER TG E X (P>0.05), S5XBAMZ G
20 LA 5 e 2 DUSPL mRNA 3'UTR B A4 #5682
il i 5 SR AH X I PR R B (P <<0. 001) ; X Bt 5 =2
F 4 DUSP1 mRNA 3'UTR 54 1 5¢ 5t K B 4t 75 5
A TG A L4, 2 RGP >0, 05), L
% 3,

DUSP1 3'UTR 5'gcagguuuguuuuca(li(lb?\(liLlJ(liau 3!
miR-152-3p

3' gguucaagacaguaCGUGACu 5'
3 miR-152-3p 5 DUSP1 3 UTR &SR ATME R

2.7 RMmieintEa Rk i
% 41 DUSPL. p-p38 MAPK/p38 MAPK. p-
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ERK1/ERK1.p-ERK2/ERK2 FHH Fik L4, 25 A
Giit 2 E L (P<C0.05), 5725 (141 XA b, % e
41 DUSP1 # [R5 . p-p38 MAPK/p38 MAPK,
p-ERK1/ERKI1,p-ERK2/ERK2 %K 1 % ik &AL (P <
0.05); 25 4 4H F xf B 46 DUSP1, p-p38 MAPK/p38
MAPK,p-ERK1/ERK1,p-ERK2/ERK2 % H % ikt
BL2ER G EE L (P>0.05), WWE 4.5 4,
£3 WHAEBIBER

a1 . W A RSO M4l A AR TN R WS
JORL R 1 P AE JORL R R 3 P A

HHA 5 1.0540. 14 1.0240.13

XHRH 5 1.02+0. 17 1.04+0. 11

Bgd 5 0.46+0. 11 0.99+0.12

F 27.335 0.219

P <20. 001 0. 807

“LP<C0.05, 52 A" P<<0. 05, S R4 HLE.

x4 BHEXBEAREILR(ZL5)

215 n DUSP1 p-p38 MAPK/p38 MAPK p-ERK1/ERK1 p-ERK2/ERK2
2 HAH 5 0.35+0.05 0.86+0.08 0.7140.05 0.69+0.06
X R 5 0.37+0.04 0.85+0.07 0.72+0.07 0.67+0.08
P 5 0.62+0.08" 0.4140.03" 0.25+0.02" 0.14+0. 02"
F 32.333 81.189 138. 654 140. 337

P <0. 001 <0. 001 <0. 001 <0. 001

" P<C0.05, 525 AR P<<0. 05, 5T IR4 A,

DUSP1

p38 MAPK

p—p38 MAPK

ERK1

p—ERK1

ERK2

p—ERK2

GAPDH
=HH A
B4 RAVXEEEAMITE

xiERLE

3 T it

PR B Sk YR E A e TR W DL L 22 R,
AR5 R R R S DDA G . BRI G
BARIT kY. BMSCs 2 —F ZRE T4, 3 g &
TEOHT Koy Ak REAE 22 Bl A 418 & Tl b 1 AR
FAS . FER 2 AR QU VE I Sk R B R A v IR R
N BMSCs B 73 1k BE T 0% S 4% — 2 1R . 22 i 5
RTTIZOGTE . WO R B B B T i 3R R kR AT
AET| & BMSCs 4 58 | i H 68 71 98055 , (EL AL W 4 A B
B, AT HRIE RS R VR Sk R SE B A AE

BMSCs Uifig &R M4, Hol s BMSCs 3 %4 fig 71 3 ik
EER= i e SN Y7 RTS8 A F E R R =S
I #H BMSCs BB e 16 i 38 45 LLER 587 19 12 I
FAEYT S, B BRI AR T A B i, AT
EEE Y,

miRNA J&— &I AE g 5 5055 /N 43 F RNA,
Al 245480 ) mRNA 3" UTR, &/ mRNA % 5% 5 #
P mRNA JA 4 40 JA5 5 38 B, = 5 R 5 41 i 3
WAk R ZE T S R, A RE oRY L 7E BM-
SCs H 5 | 43 Ak iE 7% S5 4 i 2B W1 2= T fig b, miRNA
KIE—EE N, HA £/ miRNA 2 5% BMSCs
BH 53 . miR-152-3p F miRNA ZKE M A Z — . B¢
UESE AT 2 55 8 45 20 M 3 58 L o Ak 08 T A D R L AR O AR
B R A 5B BN kA A — s E A Ak
miR-152-3p X} 3 2 £ I 3k YR 38 8 % BMSCs 431k
PR E . APFIE SR BN M R
SLIRFE f 3 BMSCs H7E7E miR-152-3p w5323k, AL
20 ALP.BMP-2 mRNA % ik FF & . 3 75 % % 5 miR-
152-3p A 38 R P e Sk JRFE BMSCs 1B 74k .

Wik L 30 4 20 i v SRk I L AR K R AT A i 2 A
15 538 B B80S  MAPK {5 538 il 2 Hoh 2 — ., #f
FERBMYY  MAPK GBS S5 W T AR K
55 22 b s 30 A 30 R, O 200G T 51 K 4 M o
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AT s AN AR AR R PESE TS . DUSPL S XU S 1R & M
BERR I R W 52 2 — T AR AR TR0 R P Rl
AR e AT KR L 2. DUSPL &
T MAPK 4§57 5 M40 61570, 68 70 ] MAPK 15 53l %
Yok A 4 1 IS I L SR B S L A A L A R GE
BRM  MAPK {5 538 B E 1 51 % DUSP1 gDNA
Yeta SR H LS DUSPL %3, 2 54100 L 72 .
{H H AT 5L DUSP1 1E i & M 8 sk 3R 58 BMSCs H 3%
EWFgE /0, HE miR-152-3p & 7 i 33 8 4% DUSP1

K52 M BMSCs 434k AL anfe] i & ol 1, A 58
KB, U M E Sk R FE B E BMSCs R U AT £
miR-152-3p & & ik, if /£ £ DUSP1 ik % i5. Tar-
getScan 43 #1 & ¥ DUSP1 3'UTR A miR-152-
3p W45 A L a5, 28O F il 3 R miR-152-3p 5
DUSP1 Z [i] 2 48 ) ¢ & , 278 miR-152-3p A #1 a]
¥ DUSP1, 5 4h. 5«4 DUSP1 & A £ ik TH &
p-p38 MAPK/p38 MAPK,p-ERK1/ERK1,p-ERK2/
ERK2 [ F£I8FFAK , 2R K 35 miR-152-3p A #f1 ]
P4 DUSPL ik, M il MAPK 15 53 B , i I 5% )2

KRR 3KX miR-152-3p K 4FAE HE i R M BH Sk IR 58 BM-
SCs B L EH M EZENH Z—, HARIE KD

BB W DUSP1 2 35 02 15 ] = A= A1 e AR H 4 5 A &
W R AT IR AT
25 F AR, K 5235 miR-152-3p ¢ ¥ % & M A%
B3k R P8 BMSCs 18 43 1k, AF F AL AT GE 5 9 4%
DUSP1 £k, Ml MAPK {55 A ¢, ABFRAK
S L Ath 3 B R AT 0 B, IR R I8 miR-152-3p & 1E
HRa Z Mt 0, S RT3 — LA ST,
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