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[FHZE] B KB miR-27a 7K b A5 26 1T 410 i ( maxillary sinus membrane stem cells , MSMSCs ) JH Ak
TR P BRI E O, PR AR b SE BT A0 A R B . iR RSN SRR RS A T Al
Mo, Z S H 3R )5, RT-PCR A miR-27a YK . R L6052 R 1 1 40 5% 9% pre-miR-27a 1l anti-miR-27a
J& , RT-PCR 46 Il Runt A & %% 5% A T 2 (runt-related transcription factor 2, Runx2 ) Al BHHEA (osteopontin , OPN )
mRNA 3R 3k , Western blot £l Runx2 Fl OPN £ [ (1 363K o 5% % pre-miR-27a I 20 Jf 1 1515 5 55 97 )5 55 Bio-
Oss A&, AR UK B S AL AL, W4 miR-27a (R IR B 00 . S55R R EASE RIS T A0 2 iy
FES R R, miR-27a £ B K. miR-27a 1.d (i =3.795, P=0.023), 3 d(in =4.493,P=0.011),7 d (1 =
11.591,P < 0.001), 14 d(z = 12.542, P < 0.001),21 d (1 = 5.621, P = 0.008) A 5T 2 5 T-0 d 4. %54 pre-miR-
27a IR AU R A2 A S B RS, S AT IR L, B AR S Runx2 mRNA (1 =4.923,P =
0.007) K2 H (1 = 4.425, P = 0.008) 1 OPN mRNA (¢ = 5.253, P = 0.006) } & [ (t = 5.132, P = 0.006) 4% iA 5 W &[5
fi%e MR, % Ye anti-miR-27a A K I a0 52 26 B5S T 40 M 28 5B 15 545 37 )5 , Runx2(c = 3.925, P = 0.013)F1 OPN (¢ =
3.712, P =0.019) mRNA &3k & [L BT BRAE D Bt o A48 FR 1M 5 Bio-Oss 5 )5 , TEAR U T A L
I (HEE YL pre-miR-27a 1R L0 S2 F I T 41 M 5 Bio-Oss & A )5 , K 01 5% Z 5 40 i 7 AR U 5 00
BRI (= 7.219,P=0.002), £t miR-27a 0 [ P45 L 505 36 T 40 MO A A 431 o
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[Abstract] Objective To detect the expression level of miR-27a during the osteogenic differentiation of beagle
maxillary sinus membrane stem cells (MSMSCs) and explore the role of miR-27a in the osteogenic differentiation of

MSMSCs. Methods Beagle MSMSCs were cultured in vitro. The expression level of miR-27a was detected via RT-
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PCR after an osteogenic inductive culture was prepared. The mRNA expression levels of Runx2 and OPN were exam-
ined via RT-PCR, and the protein expression levels of Runx2 and OPN were examined via Western blot after the cells
were transfected with pre-miR-27a or anti-miR-27a. Finally, osteoprogenitor cells transfected with pre-miR-27a were
composited with Bio-Oss particles and subcutaneously implanted into nude mice to form ectopic bone formation models,
and then the inhibition of bone formation from miR-27a was observed in vivo. Results The expression level of miR-
27a in the beagle MSMSCs decreased after osteogenic inductive culturing. The relative miR-27a levels were significant-
ly decreased at day 1 (t=3.795, P =0.023), day 3 (t=4.493, P=0.011), day 7 (¢ =11.591, P < 0.001), day 14 (¢ =
12.542, P < 0.001), and day 21 (¢t =5.621, P = 0.008) compared with day 0. In addition, the expression levels of Runx2
mRNA (1 =4.923, P =0.007) and protein (t = 4.425, P = 0.008) were reduced after the cells were transfected with pre-
miR -27a. The expression levels OPN mRNA (1 =5.253, P =0.006) and protein (t=15.132, P =0.006) were also re-
duced. In contrast, the mRNA expression levels of Runx2 (¢ =3.925, P =0.013) and OPN (: = 3.712, P = 0.019) were in-
creased after the cells were transfected with anti-miR-27a, and bone formation was observed after the subcutaneous im-
plantation of beagle MSMSCs composited with Bio-Oss in nude mice. Nevertheless, ectopic bone formation was inhibit-
ed by pre-miR-27a-transfected beagle MSMSCs composited with Bio-Oss (z = 7.219, P = 0.0020). Conclusion MiR-
27a negatively regulates the osteogenic differentiation of MSMSCs.

[Key words] MiR-27a; Maxillary sinus membrane stem cells;  Osteogenic differentiation; RUNX2; OPN
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S AEET I miR-27a i 3R IR A5 Ak o 38 3 40 M 5 Ye b
ARAE miR-27a it Fe iR s AL 55 , K I B B A5 & 1)
F3578 4k, LR miR-27a 75 b A5 55 2 15T 40 At i
B R EH o 8 Y miR-27a WAL A
Bio-Oss ‘B K3 AH ARR U T #835F miR-27a 7644 P i
B ER

1 #EFFEE
L1 EEshdh e 29X
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e T R SR SR IR A w

Jit 2R 1L (Gibeo, 28 ) 5 11 Y 2 S i ( Gibeo,
FEH) ; FEE A EF (Roche, £ H ) ; a-MEM LA 55
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J¥ 5 o-MEM B 755 15 9 4k (U A8 4 ],
) & o-MEM &l 55 3% 55 10 mmol/L - i i iR
B .50 mg/L 4k E €. 107 mol/L #b ZE K 42 5 Lipo-
fectamineTM 2000 (Invitrogen , EH) pre-miR-27a
1 anti-miR-27a ( Ambion, £ H ) ; Cy-3 Fric 1Y pre-
miR negative control 1 anti-miR negative control ( Am-
bion, FEE) ; TRIzol Reagent (Invitrogen , FHE);DAB
IR & (Abcam, 95 [H] ) ; 5 )€ 5t PCR A I 7 &
(Takara, H 4% ) ; %2 $T K Runx2, OPN £ 5 [ 4T {&
(Abcam, Ft[H/ ) ; 2P FR IgG-HRP (Abcam, J< [#] ) ;
Bio-Oss ‘H #1 (Geistlich, Hi+) ; K% Pro 5.0 43 HT 5
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BT R CD146 55 BEHTIRHE 4 pg/mL AR FE A
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AR T RE B PLARAI AR L 1 x 10° 4~ /9L 3%
FhF 24 fLAR P, A BEFL 34, o-MEM BB 15 S 5
FRIERFE IR FEFE 1.3.7.14 .21 KUCHELNE, RT-
PCR K miR-27a ik o XFHRLL(0 d) M IR
., MR HE Gene Bank 4 E H R miR-27a #11 U44
PN, 51T S) L1,

519751

Table 1  Sequence of primers

Gene Primer

Productlength (bp)

RT:5'-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGAC Ceggaac -3

miR-27a F:5'-GGG TTCACAGTGGCTAA-3’
R:5"-CAGTGCGTGTCGTGGAGT-3’
F:5'-CCTGTATGATGATAAGCAA-3’

U44
R:5-GTGCAGGGTCCGAGGT-3’
F:5-GATCATCGCTGACCACCC-3’
Runx2
R:5-GACAGTAACCACAGTCCCATCT-3’
OPN F:5-CATGGTTGGCCTTATCCTG-3"
R:5'-CGATGCTGATCCCAATGTAG-3'
GAPDH F:5'- ATTCCACGGCACAGTCAAG -3’

R:5'- ATACTCAGCACCAGCATCAC -3’

73

102

165

146

418

1.4 R L4705 £ 8T @l 4% 3 pre-miR-27a #= anti-
miR-27a

AT TR A P3 AU I, IR R A , 24 FLE
FRM a-MEM 55 77 HE 807 A0 28 5 5 1 % 107 mLL,
99 wL a-MEM ;i B 1 wL Lipofectamine™ 2000 %% 4%
B, IR ACE 10 min, 55 H 95 pL a-MEM 5 57 3
X} 5 Wl pre-miR-27a o anti-miR-27a AT B o Ff
. gL 50| 1) 7 B 5 pre-miR-27a 5Y anti-miR-27a [
M B A A BRI IR L IR 7 10 min, JE J0HE
QAW B A 2= 25 L 24 fLIEFR AU, A AL
200 Lo SRJGHF 200 Wl 40 BRI A BIFE G 52 5
Yrp R ERIR ST . R E R 3 AL, (RIS BB RT IR
2l (4 9 %% Y% pre-miR negative control ¥ anti-miR
negative control ), 37 °C, 5% K& FL 3B 1) CO, 85 5% o
THEYL 8 h i, X% YLl cy3 #7712 1Y negative control
20 AT AR IR
1.5 RT- PCR# Runx2 #= OPN mRNA # & i&

ARG JTE A P3 AR L s 2 20 i A

1 x 10*AN/HLAEFR T 24 FLAR Y, 53591 % 4 pre-miR-
27a . pre-miR negative control | anti-miR-27a Fl anti-
miR negative control , FEUL IS 4 o -MEM % B 155
B gR 3 do HAlEE 3L, 3 dRR4nN,
RT-PCR £l Runx2 il OPN mRNA 1) %3k, R4
Gene Bank £ # J% " X Runx2. OPN 1 GAPDH 1Y
mRNA FFABIT51) . 5IF5 R 1.
1.6 Western Blot #] Runx2 #= OPN %& & # & ik
ARSI IR Y P3 AR b 5% 266 1 400 i LA
1 x 10* A /FLIEFP T 24 LA, 3 51 5% % pre-miR-
27a ., pre-miR negative control , anti-miR-27a #/1 anti-
miR negative control , 7% 44 J5 ¥ #ft a-MEM B H 15 %
BEARHERE IR 3 d, 3 dJn AR A, RIPA 22463 58
Sr SR AN, 12 000 g T+ 4 “CHES 0> 5 min, £ B 17
B R BCA I E EAWPBE . H 5 x EREGE b
VA A R R A BV L, 99 CA&WE 5 min, 7R
5% F) SDS 58 TR M T Jig B e v R K, B AL LR Dy
20 pL, 3 8 15 GAPDH, f Tkl # &
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PVDF Ji& I, 5% i i 95 8 =5 i B 2 h, DhAedi R
Runx2 3, OPN £ ¢ B BT AR (i B L 451 12 400) 154
—Hi,4 CHEF K, FPi% [gG-HRP (7 B L i) 1:
S500)1E A =90, M E 1 h, B fb 2 ROtk
5% , Alpha Innotech B¢ i 15 & G AR BURIMR . 25 21
FH Runx2 5 OPN 5 N2 GAPDH [ 8 4 457 JK A
FLfE R
1.7 Bio-Oss B #r &4t fik SR N F A2 B AF R

BALB/c # BT 01 45 18 F % BLIR 9% . BUAE
3T 7 HE BRI PR R 6005 2 B A B, B G pre
-miR-27a, % Y J5 0 o -MEM BB 5 5 B 37 3 15
23 do K411 0.1 mL(4 x 10°4~) 5 40 mg Bio-Oss
TE 37 CHIFEIR (20 v/min) T A 1 he KE EEEHE
430 mg/kg M8 I T T RR I RR B, B 2 G A Al M
Bio-Oss B B AH AT T, 486 o ROl a5
SR 3 d W40 i &2 A 40 mg Bio-Oss 1F b Xt 1R
. FAH3H,RIE 12 FASE, BUB I ()54
He, 4% 1) 22 58 F S [ 72 12 h, 5% A6l 1R 21 2L 45
WEES 2 h, £ B G HE Yo (o, fA IR, 541 Bl
Ve B 3 AU A, A S Pro 5.0 20 A 2 48 3 5058
BT R, 2 SR B R T R A e T AR A 4y B
TR o
1.8 %itFiE

K SPSS 19.0 B A A7 43t 45 Rl v x5 3R
N, P ) 00 e AR T e K 9 o ASTRI A miR-
NA &3k 5 R FH 5 52 00 i 19 7 22 50 Bt , AL 18] R L
R H Dunnett-t K255 #z38 7K - o = 0.05,

2 &% R
2.1 miR-27a £ K L 47 % 56 5 T a0 Je s B 5 13
Frit A2 b el R A T AL

K EERFET A S8E SRR AN
B 2EZRAGIT¥E L (F=2734,P=
0.002);50dHE,1d (1, =3.795,P=0.023) .3 d
(1y=4.493,P=0.011) .7 d (1,=11.591,P < 0.001) .
14 d(#,=12.542, P < 0.001) .21 d (1,=5.621, P=
0.008) M miR-27a ik i 22 7 WA G it Lo
ifi 25 BF 1] A 384 001, miR-27a 36 35 B WIREAIG, 14 d )
ik mBERRME D,
2.2 pre-miR-27a #= anti-miR-27a ¥ 3% 2 4|

I A AR JLiiy Cy3 Fnic i B PR X B 40 BT 2
Jo ek AR KBIE S Z MIE , 40 M 5]
LS (E12),

—_ —
=] )
L)

miR-27a #H % 1k
(=)
n

g
=}

0 1 3 7 14 21
A1) (d)

#:P < 0.05vs 0 d XA ;= P <0.01 vs 0d X
20 ;%% P < 0.001 vs O d X HRLH
Bl 1 K bamss FhE T A0 M A B s S AR S
miR-27a A5
Figure 1  Expression levels of miR-27a in

MSMSCs after osteogenic induction

\ ~~ N\ -
a: 2 ML % Gty Cy3 B (%) B At X RS, 4t i i it i) DL 21
EIOL(ES , BIEAH 22 BB (x 200) 5 b: AT WL, 3 &
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B2 R LA R T A0 M 5 e [ P X B
Figure 2 MSMSCs transfected with the negative

control

2.3 miR-27a % R L4 & 25 B T 29 e £ % Runx2
#2 OPN mRNA #3 H JL

20 M %% % pre-miR-27a J5 UE 15 S B 57 3 d,
Runx2 (1 =4.923,P=0.007) flOPN (1=5.253,P=
0.006) mRNA ik & B & [ A%, 5 %% 4 pre-miR
negative control [1Y [ 14 XF FEZH AH Lt , PR 4 e ik 1 2
SYEG TR (K 3a) . IEFE Y% anti-miR-27a
WEE SR 3 dJE, Runx2 (1=3.925,P=0.013)
FIOPN (1=3.712,P=0.019) mRNA A& T+HE 0
%, 5 Y% anti-miR negative control [ BH PE X B8 24
FHLG, I RA T2 A G2 L (E3b),
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M: Marker; 1.2 433 0 4 1% 2% pre-miR negative con-
trol FY Pt HR 2H /= Runx2 1 OPN k150 ;3 .4 2>
1) 9 40 3 5 % pre-miR-27a J5 Runx2 Fl OPN 22351
W5 5.7 43 590 A 40 i 2% e anti-miR-27a 7 Runx2 £l
OPN KA IF L 5 6.8 435 o 20 il % % anti-miR nega-
tive control [ B4 Xt M8 21 J5 Runx2 £l OPN 3%k 1%
Blo a:FEYL pre-miR-27a J5 % 1597 3 d, Runx2
FIOPN mRNA (5K ;b : F 4% anti-miR-27a J5 B 175
S RE5% 3 d, Runx2 Fil OPN mRNA [ K3k, *. P <
0.05 vs BAPEXTIBAL; #%. P < 0.01 vs 0 dXFHEL

’l‘ 3 %YL pre-miR-27a Fll anti-miR-27a 41 /iy

Runx2 F1 OPN mRNA [ ik

(=]
(=)
(=]

Runx2 OPN Runx2

4151 (o) ALl

OPN Figure 3  mRNA expression levels of Runx2

0

and OPN in MSMSCs after transfection with pre-
miR-27a and anti-miR-27a

2.4 miR-27a A% K 47 5 255 T 29 Je £ 3K Runx2
F2 OPN & & 9 1 L

I L 55 YL pre-miR-27a W5 5 S 3 d A,
Runx2 8 [ 2 14 1 B 0 PR AIG, 5 B0 1 % R AL AH L,
P R Rk 22 A Gt F L (1=4.425,P=
0.008) ; OPN &5 |1 335 1t W] {2 P AIG , 5 B X it 2
FHLG , PRI ) 2 A 22 5 A g it 8 (1= 5132,
P=0.006,K4),

, L5 anc
NC pre-miR-27a i]g mpre-miR-27a

Runx2
OPN
GAPDH

Runx2 s OPN

1331
% P < 0.01 vs XTHRAL .
4 YL pre miR 27a 4l }f§ Runx2 #1 OPN & 1)
ik
Figure 4  Protein expression levels of Runx2 and
OPN in MSMSCs after being transfection with pre miR
27a
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A WEFE K& B miR-27a 0 4 5 3 A T 19 5 e
i, H 5 ZFOG v 1) & 4 R R RS G
KRFY)S ) BESEUE I miR-27a 16 i i R
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) BMSCs BB o346 1 3 B2 v, miR-27a 3k FEAIG,
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PR Runx2 \ALP ., OPN Fl1 OC 235 B f F% %, ALP
TR A, 75 R 4T Y (o A5 5 5 I ek /b, 6 W miR-
27a 1 [A] 835 BMSCs i B 404k o Hassan 1A N
miR-27a 42 B 7 Ak 540 B 00 97 1) AR R 4
il MC3T3-E1 2 ffd 53 515 404k , miR-27a & 445 11
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A RES EE, **. P < 0.01 vs PAALINUSE & Bio-Oss 2 . B:Bone (‘B ZH41); CT: connective tissue (Z547F2H47) ; B 1 A =31 8 1|

B S &A Bio-Oss #1 BUZ T S i i il

Figure 5 Bone formation observed after Bio-Oss was subcutaneously implanted in nude mice
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