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[HE] HEY #5 miR-27a 1 k09 ABTERIKN B2 418 (human umbilical vein endothelial cells, HUVECs)
FKIESMUMA exo (miR-27a) BE AL i B P A2 I U E W5 B BT & (glucocorticoids, GC) 55 1Y i B 3k IR 5L
(osteonecrosis of femoral head, ONFH) (GC-ONFH) ., 753% 4% exo (miR-27a) , JFil i B 5 HLEE . 4K ok: BR
ER4IHT . Western blot ISR} /5 & PCR (real-time fluorescent quantitative PCR, qRT-PCR) #1745 . R qRT-
PCR 74l exo (miR-27a) # 3% miR-27a % -5 4iHl MC3T3-E1 AUKR, ALP et | 40 e {0 K qRT-PCR PFAh
XF MC3T3-E1 4B MIREI o F7 808G R B 5 3 AN 96 3IF miR-27a #E [+ Dickkopf WNT Eﬂ;ﬁ%ﬁﬂﬁﬂ
2 (Dickkopf WNT signaling pathway inhibitor 2, DKK2) &7 A FEMLE], F-75 MC3T3-E1 40fii Nl id qRT-PCR,
Western blot & #§ R 4T 4 ik — 25 BAF iz ALHl . f)5, 3T SD KM GC-ONFH BiRIEIE exo (miR-27a) %I
ONFH M-I ER . &R BHHEE . JORPURRER 28T . Western blot Fl QqRT-PCR K ill 7R exo (miR-27a) F LAY,
i, exo (miR-27a) 1] miR-27a A 0B 1% FE MC3T3-E1 4 AR 42 = H i 68 1 o WG T B 3k PR T 7~
miR-27a 114 HIEH [ DDK2 {2 i o sh# 525 Micro-CT & HE Y25 IR R, RBEIKIES exo (miR-27a) B
T SD K[ GC-ONFH R HIRFEIE I . 4538 exo (miR-27a) AT AR FiA, IFAE— @ FRIE 3% GC-
ONFH,
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[ Abstract] Objective To investigate whether exosomes derived from miR-27a-overexpressing human umbilical
vein endothelial cells (HUVECs)—exo (miR-27a) can promote bone regeneration and improve glucocorticoids (GC)
induced osteonecrosis of femoral head (ONFH) (GC-ONFH). Methods The exo (miR-27a) were intended to be
constructed and identified by transmission electron microscopy, nanoparticle tracking analysis, Western blot, and real-
time fluorescent quantitative PCR (qQRT-PCR). qRT-PCR was used to evaluate the effect of exo (miR-27a) in delivering
miR-27a to osteoblasts (MC3T3-E1 cells). Alkaline phosphatase staining, alizarin red staining, and qRT-PCR were used to
evaluate its effect on MC3T3-E1 cells osteogenesis. Dual-luciferase reporter (DLRTM) assay was used to verify whether
miR-27a targeting Dickkopf WNT signaling pathway inhibitor 2 (DKK2) was a potential mechanism, and the mechanism
was further verified by qRT-PCR, Western blot, and alizarin red staining in MC3T3-E1 cells. Finally, the protective effect
of exo (miR-27a) on ONFH was verified by the GC-ONFH model in Sprague Dawley (SD) rats. Results Transmission
electron microscopy, nanoparticle tracking analysis, Western blot, and qRT-PCR detection showed that exo (miR-27a) was
successfully constructed. exo (miR-27a) could effectively deliver miR-27a to MC3T3-E1 cells and enhance their osteogenic

capacity. The detection of DLRTM showed that miR-27a promoted bone formation by directly targeting DDK2. Micro-CT
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and HE staining results of animal experiments showed that tail vein injection of exo (miR-27a) improved the osteonecrosis
of SD rat GC-ONFH model. Conclusion exo (miR-27a) can promote bone regeneration and protect against GC-ONFH

to some extent.

[Key words] MiR-27a; exosomes; osteogenesis; osteonecrosis of femoral head; human umbilical vein endothelial

cells; gene targeted therapy
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% B L IRFE (osteonecrosis of femoral head,
ONFH) & —Fl i W5 BHUEIG I, 1E R —FP IR
PERHE TR, W S BURE LIBE, 2 70% B35
AT EATHOCTT B, B E W RITEN AT
TS OBE" . MR &R (glucocorti-
coids, GC) 5|2 f*) ONFH (GC-ONFH) J& & ULAY
AR IRPES R 2 — " RIEREAEAF 5T, GC-
ONFH (1) &R LI ] LU 49 S 1l 325 i 8 R e R g
B DR, R i A A A
B M B4R GC-ONFH fit) g™

ANUMAAE Ry B DA 33 () KSR AR Bk, ©7EAR
Z G IRWF 5 Th R B BRI VR, 1 4n 8 6E 2%
fift . HAUBE RTAETT Y AR, SN 4l
LU MEASEAGE Tz ", HAKEE
B A AR E R ) P, R R B A 4T AR
PRI RATT 2R SR i A8 P B 40 ok
TRANIR BAT B B S ™ A B A T GC-
ONFH MR

miRNA & —FPEEIEgR IS/ RNA, TR
KT RS> miRNA 7 0 A i i 256
HZE, U miR-181a/b-1 il iF 41 F PTEN/PI3K/AKT
T A E AR, miR-130a X MSCs BB IR 73
- 2% 45 B BEAE FH , miR-335-5p 7E/]N A P S2 36
Hnl DR BEE IR BeAh, PERIE miR-27a IE
JA75 MSCs BIBCE 404k, 1135 miR-27a i E 1G58
H ALP G PEFIES TR, miR-27a ZEAR NSNS
7 K AR SR RE . BRI, miRNA ZEAR N 25
Dy R i, XA — e B BRI T AR TR
FRA T, PRS-k miRNA B4R e 3k — B
AL TR G Z 1™, K A5 P R 0 e VR
SR UAMAHIVE miR-27a Yz ik iA, AT RE = PR 4 ok
o Bl G5 RGE AR TR 1) H Y, NN A HE A
AR B — BT AT R

HHiT, A ¢ miR-27a 454 IL5E P9 K 240 ik U5 41
WATE GC-ONFH H IR 58 i A LR GE . PRI, A
F 5% 8 17 F4 HE miR-27a 18 F 38 04 1ML 4E P 2 440 LA R
GMIMA, B E AR A e T, AR GC-
ONFH #ERIrh ik H AR R, B AE MG ITHE

miRNA 4 2INB AR A4 57 1 B9 B Beht
1 MBEFE

1.1 KW R FEZwR LS

B 2 AR HEYE SD KL 18 H, (KiE 2y
250 g, W4 A P92 5830 R AF L R sy o o

AN B K N B 401 (human umbilical vein
endothelial cells, HUVECs; Jt50 4% [E & BA YA
HIRTAEAT]) ;5 miR-27a-3p mimics (N T & 7
miR-27a-3p #4#)) . miR-27a-3p inhibitor (A T4
B miR-27a-3p M5 ) . miR-27a-3p NC (miR-
27a-3p BRI B BAPEXT IR (i B 25 H R A
BRZSHE]) 3 MC3T3-E1 4 B K i 5L A
X £ . Dickkopf WNT {5 53 B 4101 il 71 2 (Dic-
kkopf WNT signaling pathway inhibitor 2, DKK2) i
Rkt (LI EUERRHCA RAR]) 5 S2m
PG E 7 PCR (real-time fluorescent quantitative
PCR, qRT-PCR) 51¥) (At 5t R E YR A BR A
7)) ; HUVECs & HE 375 (ScienCell A ¥+ RN
A, M) ;5 o-MEM FigR%E | FBS, HER-HHR
Mt (Thermo Fisher Scientific 28], F£H) ;
jetPRIME #; 443 & (Polyplus-transfection”SA /3
A, D ARG & 8 (cell counting kit 8,
CCK-8) . ALP Bt & | PR 4L e Al &L 75
ARl & (LIRS RAEYEARAGRA
F)) ; DKK2 $iif& . B-actin i/ (Abcam A H], 3£
E); ZRWEE. EDTA-BASIE . 7S bekntng S ik
B B-H TR R AN . PO MR W R . Hb ZEOK B
(Sigma ~H], HAS) o Bpri (650 RARA LR
AIRAF) ; HHEE.OHL (Beckman A H], f8E) ;
HT-7700 &5 HL 5% (Hitachi A 7], HA) ; N30E Hi
BRI IR AR A R AT .
1.2 HUVECs H)%s K 8 % Wil
1.2.1  #mesdc  BIERAF TWRA T H HUVECs T
39°C KPR B, JFLL 1 000xg B0 5 min;
s+ 3, I HUVECs & i i B Ao, 4%
Tl T T25 85350, 37°C. 5%CO, 18 I 55 35 46 15
I MANME K L 80% RlAHE, TR -
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EDTA {HALJG#E 1« 3 LR35, IRIEAKAE
DA TR -

1.2.2 et A o B 3 /8 HUVEGs UL
2.5x10° /mL % FEEHAN T 6 fLAR, 153% 12 h [543
A& miR-27a NC (miR-27a NC 41 ) 8 miR-27a
mimics (miR-27a mimics 2 ) B GLIR-& W) (fK IR
jetPRIME %% Qi @ I 5 e ) A T4%6 4L, kst
K55 24 h 5 TR R R

1.2.3 Maldedr O WS Y 36 h 5t
TR A B AR b . @ qRT-PCR A6 % 4
WOR . FEYL SR 48 h WWAEMIZHANAE, DA Trizol $2H 4
ML 6L RNA, B H 4 Sl cDNA, >R qRT-PCR i
F &R miR-27a FEK Rk, DU Ue 1E NS5
o DL 2 iR A T 40T, A5 4541 miR-27a
) mRNA fHX Rk G, 51975 L% 1. B CCK-
8 ILAGIM AL YG 1. Y 24, 72 h Ji, I8 CCK-8
R & UEHH A5 7715, K5l miR-27a NC 4, miR-27a
mimics ZLAHMIE J7, DIROGEE (A) HFRR; LIRS
24, 72 h K5 YL HUVECs 75 A%t IR .

1.3 HUVECs JMREHIIREUR £ 7E

1.3.1  Shabikeg 3R R HTR 3RO VA R I miR-
27a NC 20 F1 miR-27a mimics ZH (¥4I I %F i 43
A exo (NC) ZHHl exo (miR-27a) 20, BEARITH:: 4y
S HL miR-27a NC £ Fll miR-27a mimics 25544 48 h
JE B35, DL 300xg B0 10 min KFREE A 400 ; B
¥, PL2000xg B> 10 min EBRANIEHEH; B
i, LA 10 000%g 2.0 30 min 25 K A9 44 o A 5 2
gy ;s BT, Pl 10 000xg B0 90 min $2HLAM
WA 3 BV, H PBS E VRSN AR T BE 2 4 4k
I, FLL 10 000xg B0 90 min 48 B2l {1 4
WA

1.3.2 stttk e O BHHEBEWLE: B
exo (miR-27a) ZHAMUAMA, 375 5 HL 455 WL S A1 WA AT
o @ YRR ERESHT: B exo (miR-27a) ZH4h
WA, R G A IR BRI 53 B 7 43 B A MU AR B R A%
A . @ Western blot K : B exo (NC) ZH Al
exo (miR-27a) dHAMAMA, F RIPA 2L W 0L 4
SR, BCA B GR E A A VR B, IR VR B
JHEE 1 F AR, 4T SDS-PAGE Hijk, 100 V FiE
%, 5% BUIR IR BT R, I AE R B 1 — PR
P, LGS WA BH P 2 A AR W[ A WA R AR
(CD9) FIANMA Y HE 11 (Alix) ] P Jo o0 4 S 1
F45&Y) (Calnexin) , SR ECL 427 AOGIERFAT AL
1%, LL¥4li HUVECs JXTHIE, @ qRT-PCR il .
S HIHL exo (NC) ZH 1 exo (miR-27a) ZHAMNBA, [F]
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1.2.3 77 K miR-27a mRNA X ik, 519
FPHIILEE 1,
1.4 T FRiX miR-27a B HUVECs M i & 33
MC3T3-E1 AR 8 5L B 520
1.4.1 @i3E R A £ [F HUVECs HikE
Jh MC3T3-E1 41, R a-MEM e k5373E (%
10%FBS J& 1% 758 % -4 8 5 ) #1782 I8 M AG s
FE, A A RAR DA T . IR IR 56 3 4R
MC3T3-E1 410, 535 5P AK exo (NC)
exo (miR-27a) 3558 (FMMAHK BE R 5 pg/mL) , &
i EXO (NC) 4 Fl EXO (miR-27a) 41, DIl
MC3T3-E1 il h=s (A HEH .
1.4.2 Wiz O ALP Y I R4 ye(n . B
%41 MC3T3-E1 #4iiffl, BN UE A SRR (%
10 mmol/L B-HMBERL AN . 0.05 mmol/L Hi A if iR #
fi2 . 100 nmol/L HbFEKFANY a-MEM 78 24537 3L ) 1
7%, W3 7 d 17 ALP Y40, M5 R Image J F44:
R ALP Jeta fHME AN E 0t S 14 d 1706 R
gL, ARSI T 100 mmol/L 75 ke SNt
BESALAN T 30 min, M 562 nm KT AfH, @
qRT-PCR £l : 45, B EXO (NC) M
EXO (miR-27a) 4 MC3T3-E1 401, [7] 1.2.3 )74
I miR-27a mRNA FHXf A, LLKIFE miR-27a i
351 HUVECs SMB A 4 miR-27a B8 %
% MC3T3-E1 4iffih . K5, B EXO (NC) 4,
EXO (miR-27a) A 175 X HEZH MC3T3-E1 4L,
[] 35 G ) 1 - A O JE R B 85 % (osteocalcin,
OCN) . I AUJi )it alpha 1 %% (collagen type I alpha 1
chain, COL1A1) \ RUNX F & ;5% H T 2 (RUNX
family transcription factor 2, RUNX2) mRNA X} 3
ik, UL GADPH WS, 51975 W3 1.
1.5 I&IE miR-27a 2 F1E T @ DKK2 R ¥t K&
oSk
1.5.1 WAk Z Bk AR B 52 38 % Ye.2m I 1) B dE 52
¥ SLEGSr 6 4. NC (%5 5ifL) +miR-27a mimics
20 . NC+miR-27a NC 21, WT (Bf 4 #) +miR-27a
mimics . WT+miR-27a NC 241 . MUT (&2}
%) +miR-27a mimics 41 . MUT+miR-27a NC 4,
24 NC A TRIEASLIA R ZRIER, WT Al
MUT 41 T 83E miR-27a-3p J& 7 H 4247 DKK2
[ 3"UTR DX, e BRSO R il 15 56 R e ] i
G A TSEEG, 0 A LA DR
FESRAN L N E— 2 BE miR-27a J& 75 A DL )
DDK2 IR FRIA K-, B MC3T3-E1 4iiff, 73
5 FH miR-27a mimics, miR-27a inhibitor 2 miR-27a
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£ 1 qRT-PCRE|#1F7
Tab.1 Primer sequences for qRT-PCR

HH 519751 (5—>3')

Gene Primer sequence (5'—3")

COLI1A1 i GCTCCTCTTAGGGGCCACT
Forward

T ATTGGGGACCCTTAGGCCAT
Reverse

iff GCCGGGAATGATGAGAACTA
Forward

T GGTGAAACTCTTGCCTCGTC
Reverse

OCN i GCCATCACCCTGTCTCCTAA
Forward

TFiif GCTGTGGAGAAGACACACGA
Reverse

i CATCCCAGAGCTGAACG
Forward

Fi# CTGGTCCTCAGTGTAGCC
Reverse

Fif CGGCGGTTTCACAGTGGCTAAG
Forward

T CCAGTGCAGGGTCCGAGGTAT
Reverse

U6 it CGCTTCGGCAGCACATATAC
Forward
T AAATATGGAACGCTTCACGA
Reverse

DKK2 it CTGATGCGGGTCAAGGATTCA
Forward

Fiif CTCCCCTCCTAGAGAGGACTT
Reverse

RUNX2

GAPDH

miR-27a

NC e, #Yuirvka] 1.2.2; ¥EY4JE 72 h 20 51%
qRT-PCR Fll Western blot 745l DKK2 () mRNA
DIEASESIY S O

1.5.2 J4E miR-27a ¥26 DKK2 %5 MC3T3-E1 8 2,
ALK 0 F e ML Rk DKK2 1) MC3T3-El
M . I HBEH 5%10" 4~ /mL A MC3T3-E1 4H
MR WBIF R T 6 fLAR Y, ¥59% 12 h [
5 pg/mL REERE T EERE SR, NS & DKK2 i
TR, DRIEERG N 100 AR 12908 # A
AR ARG SR ) 5 B59% 12 h 5 B m 5
FRHE, ARELEFE 72 h I VDS A MRS FZE R
B, KR (29 90% ) dEAT AL 3%, I H
10 pg/mL MRS 2 0 ik 1 F2 E 18 DDK2 1Y
MC3T3-E1 4ifi 5. )i 33k DKK2 1) MC3T3-E1
YA LA K TF H MC3T3-E1 404> 5% 44 miR-27a
mimics Ml miR-27a NC, #5454 4 .
DKK2 (-) +miR-27a NC 2H (PP X A4 ) |
DKK2 (+) +miR-27a NC 2 (DKK2 i Fik4) |
DKK2 (=) +miR-27a mimics 2 (miR-27a i 3k
ZH) . DKK2 (+) +miR-27a mimics 20 (FRdH) . %

359

HAESFH IR 14 d [ 142 FEATHE RO, Bits
{052 562 nm P T A fH-
1.6 JE3RiX miR-27a B HUVECs SM i3t KR
GC-ONFH HI&Mm
1.6.1 SEaoar ik HWEENHEWRSE 1 AR SD
KRB 18 H, BEHLAT A IE 5 % B 20 | A5 AL L AT 3
M, B 6 K. BRI T T sh¥, #i I SCmk
[29]77 Wil K Bl GC-ONFH 5 7, 1F 3 % B2 K
RAERL, THIH T GC S 1 RFERHFIG AR
FEH Ik 5 3 %1k miR-27a B HUVECs SMB A
(100 g/ F1) . M2 B o 7 e 5 3
AL R A HOR R RALATES 10 1 U FRR
PAB 1R R A, inshstr St 7 LUK e .
1.6.2 Micro-CT MLl &R 4 A HOR BB i
Tk, 4% ZRTEEREE 24 ho WM BE kAT
Micro-CT 34, {81 Mimics Medical 21.0 /44 i,
T A AR i P 8 T AT O R T o I A X
{&FH (bone volume/tissue volume, BV/TV) | ‘B /N
JEJE (trabecular thickness, Tb.Th) . ‘B /NZ24H
(trabecular number, Tb.N) Fl'5 /NG & &
(trabecular thickness, Tb.Sp) o
1.6.3 HE FEWR B —MkEk, 1 10%
EDTA Jii45 4 J& (#1845 3 R4 1 IIBASW) - A
WA U1 (R )R 5 um) o P OROBA B I | A
CWEKA . ZEIRK e, B AT HE B @Ik
HHLIER,
1.7 SitEFE

¥ GraphPad Prism8 S84k /#4734 . %X
P AR B bR fE 22 320, ZA A L BCR RN R T
Z500T, I HLECR F SNK K256 s R 2 8] b 38Rk
FHARSEREAS ¢ K065 50 /K fE 0=0.05.

2 #R

2.1 HUVECs BIFE 3 R H5 <3l

JeEEMEL N, miR-27a NC 215 miR-27a mimics
201 HUVECs JEA—2, 2 5HCRRSINA A H
JE M T MT (1) . qRT-PCR A 7%, miR-27a
mimics 44 miR-27a mRNA X EEE RN
254.037+19.576, .3 & T miR-27a NC A1
1.004+0.017, ZR A5 1T% 2 X (1=22.390,
P=0.002) . CCK-8 filli7~, miR-27a NC £, miR-
27a mimics 20 X BB %5 YL 24 h i) A (H 5] R
0.61120.035, 0.618+0.030, 0.613+0.015, 72 h I} 435
9 1.95340.240, 1.994+0.186. 1.913+0.130; 3 44}l
TG 7 B SR B) ZE A 34 0 S R, 3 4 e s
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TG it L (P>0.05) o Ui IIHS H miR-27a i
FIK HUVEGs.
2.2 HUVECs SMNMERIIRENE £E
EFH A EZIR, exo (miR-27a) ZH AN S 4%
AREARAR (] 22) , 5SCHRIE"—80. 99K Bk
BT, exo (miR-27a) ZH 90.62% A AR £
S ARTE 30 ~ 150 nm JEH (K 2b) , 5 AT HFb
AR 2 S50 ML . Western blot ¥ 7 ,
exo (NC) ZHF1l exo (miR-27a) ZH CD9 I Alix 25 3%
KR BHE, JLFAR W, Calnexin 31k 4l
HUVECs WIAHZ (] 2¢) o A8 45 5L i B 1 i
PRPEBURT)
qRT-PCR £iill7R, exo (miR-27a) £ #M b4
miR-27a mRNA FXf £ 55 26.560+1.498, B
5T exo (NC) 4% 1.004+0.113, Z S A G #E
X (t=29.470, P=0.001) . FH] miR-27a i F LM
HUVECs #MMA BRI
2.3 J$3%3iX miR-27a B HUVECs 5p i & 3F
MC3T3-E1 4B & 43¢ B9 2 0
2.3.1 ALP & fe® F4 e EXO(NC)H.

1 Hf5 36 h AR ASME ( x100)
ZH; b. miR-27a mimics 2

a. miR-27a NC

Fig.1 Cell morphology observation at 36 hours after
transfection (x100) a. miR-27a NC group; b. miR-27a mimics

group

100 nm

WP (x10°~/mL)

EXO (miR-27a) #H Fl1%5 (A% HEZH ALP Y (2 B i £
B3 17.903%+1.343% . 33.199%+2.305%,
5.911%+1.639%, A {H43 74 4.0514+0.255, 8.729+
0.432, 1.789+0.221, EXO (NC) 41l EXO (miR-27a)
H B E T2 A R4, EXO (miR-27a) 4 %
T EXO (NC) 4, ZRHAG I X (P<0.05) .
LI 3,
2.3.2 qRT-PCR# M EXO (miR-27a) 2] MC3T3-
E1 Zi/fi miR-27a mRNA MiX R IAH B EST
EXO (NC) 4, ZRAGi2#E X (1=70.090, P=
0.000) . FH] miR-27a 11 F KM HUVECs SN
miR-27a W% % 2 MC3T3-E1 4. LA 4a.
BCE A DG HE R R A Ke 7R, EXO (miR-27a) 41
OCN F1 COL1A1 mRNA Hxf ik B EET
EXO (NC) A fzs XA, 2R B G222 L
(P<0.05) , EXO (NC) 4 Fl=s [ % B2 1] 22 7 To 4t
1% X (P>0.05) ; EXO (miR-27a) 211 EXO
(NC) 21 RUNX2 mRNA X} ik B E & T M
XTHRAH, 270500255 L (P<0.05) , EXO (miR-
27a) 41 EXO (NC) 4l 0] 2 F LG 12 & &
(P>0.05) . ULl 4b ~d.
2.4 miR-27a 2 FE T DKK2 #5754
241 MR F BRI R 50 R Fedn e P B DE 52
B BEOCE B R LA R R, WT+miR-
27a NC 4, WT+miR-27a mimics i . MUT+miR-27a
NC 4 . MUT+miR-27a mimics ZH 4 H ] 5 S50 5 43
B 98.111+2.239, 57.715+£2.594, 100.288+2.621 .
106.527+3.029, &7~ miR-27a mimics 7] LA 405
7% DKK2 3'UTR (W2 R BTGP, HXH 75 28
AF I DKK2 3°UTR W FEC R BTG I m, =KW
miR-27a A DL 440 ] DDK2 £ (1) 3’UTR X%
FEMHIER . WA 5.

CD9

Alix

B2 SMMELTFE  a exo (miR-27a) HiEH B UIEL (x50 k)

W 1. B4l HUVECs 2: exo (NC)#4 3: exo(miR-27a) 4

0 100 200 300 400 500 600 700
itz (nm)

Calnexin

1 2 3

©

Fi L RIMNIBA s b, exo (miR-27a) 4 HKTURIIRES 43T ; c. Western blot

Fig.2 Exosome identification a. Transmission electron microscopy observation (x50 k) ~Arrow indicated exosome; b. Nanoparticle tracking

analysis; c. Western blot assay 1: HUVECs 2: exo (NC) group 3: exo (miR-27a) group
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A2 N B0 AIESC 5 SR, 5 miR-27a NC 41 b
%%, miR-27a inhibitor 41 DKK2 /) mRNA F15& (14
f Feih i i F THE, miR-27a mimics ZH i 2 P&,
E R G E X (P<0.05) . WE 6, %W
miR-27a 7E MC3T3-E1 4 g 4 1] LL#E ) DDK2 Ff:f%
RHFREAKT,
2.4.2 miR-27a ¥216 DKK2 #F MC3T3-E1 & e 5 1L
K Hrn PERLYEIR, DKK2 i RikH b
ZEFT B K, miR-27a mimics HAfb 455 50D
SEBEIN, PEEAK A B 5 e A AR FEEE
MEHE . WWE 7, BHEXT B4 . DKK2 i k4 |
miR-27a T FE R4 HifgH A (539K 2.892+0.157
0.693+0.08 ., 8.679+0.409. 2.925+0.081, B5EAVEXT I’
LRI R A 25 S G2 L (P>0.05) 41, H
R B 25 A Geih2E L (P<0.05) o
2.5 JEFRiX miR-27a B HUVECs M 3$ X R
GC-ONFH B0
2.5.1 Micro-CT #itl  Micro-CT MER, HIEH
XL L, IR AE IR B S B T XA 2 T
28 BT R GEVEAR , B/ NS B H 25 PA T
AL T ARSI B s, (AR IA E
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each group (x40) From left to right for blank control group,
EXO (NC) group, EXO (miR-27a) group, respectively a. ALP

staining; b. Alizarin red staining
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Fig.4 qRT-PCR detection of related gene expression
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Fig.6 Intracellular validation experiments on target cells a.
Relative expression of DKK2 mRNA in each group; b. Relative
expression level of DKK2 protein in each group; c. Western blot
electropherogram  1: miR-27a NC group 2: miR-27a inhibitor

group 3: miR-27a mimics group
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Fig.7 Alizarin red staining to observe the miR-27a targeting
DKK?2 affected the mineralization level of MC3T3-E1 cells (x40)
a. Negative control group; b. DKK2 overexpression group; c.
MiR-27a overexpression group; d. Rescue group
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Fig.8 Micro-CT observation of femoral head microstructure in each group of rats  From left to right for normal control group, model group,

intervention group, respectively a. Cross-section; b. Sagittal plane
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Fig.9 Micro-CT quantitative detection of the bone tissue parameters of femoral head in each group of rats a. BV/TV; b. Tb.Th; c. Tb.N;
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