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MZE BB RITmiR-3729A45Runx2* s B m e s A hg ¥ a3k 18T Target Scan .miRanda#y RNAhybrid#k #3700 3 45 Runx2
# #RNA (miRNA), A R % b & #4024 L B 530 35 EmiR-372 3T Runx284 25 4-4% 13 JA Western blotting# M miR-3723F Runx2 &
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miR-372-mediated downregulation of Runx2 inhibits osteoblasts mineralization
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Abstract Objective To investigate the regulatory effect of miR-372 on Runx2 expression and its impact on osteoblast mineralization.
Methods Bioinformatic software (Target Scan, miRanda, RNAhybrid) was used to predict microRNAs (miRNAs) that target Runx2, the
binding ability of miR-372 to Runx2 was confirmed by dual-luciferase reporter gene experiments. Western blotting analysis was performed
to evaluate the regulatory effects of miR-372 on Runx2 protein expression. Osteoblast mineralization was induced using ascorbic acid and
B-glycerophosphate treatment. The functional impact of miR-372 mediated Runx2 regulation on osteoblast mineralization was assessed by
measuring Alkaline Phosphatase (ALP) activity and mineralized nodules formation. Results Dual-luciferase reporter gene experiments
confirmed direct binding of miR-372 to the Runx2. Western blotting indicated that overexpression of miR-372 in transfected osteoblasts
signficantly suppressed Runx2 protein expression,while silencing miR-372 led to elevated Runx2 protein levels. After mineralization
induction, ALP activity and mineralization quantitative detection showed miR-372 reuced ALP activity (P < 0.05) and inhibited minerali-
zation (P < 0.05) by suppressing Runx2 expression, which was more obvious especially after Runx2 silencing. Conclusion miR-372 can
inhibits osteoblast mineralization by downregulating Runx2 expression.

Keywords Runx2; miR-372; osteoblast; mineralization
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25 #17 % BLCULABIE 1 11 il miR-320¢ FimiR-372-
3p/miR-373-3p# ik FiERunx2, T AL HE A F JE 1)
T 20 ) B A3 Ak HET, O6 T miR-3724F iU H 4
LA Ak r B AR A LA T8 AS B8 2ok AR G R A 93
DI Runx 2 miRNAFF 247 52 50 5090 , %83 miR-
3729445 Runx 2568 B 20 LA™ AR 1) 5200

1 HRE7®

L1 #k

ANE'E293 (HEK293) 4 g (i [ k27 B gt 7
By IR W) R 51 23 SR ), A 4R HIh FOB.19
(3 [ i B 5% 3% ) O P o0), Top 10/ 52 285 200 T
(At 5t R AR A= AL BHA BR 2 7)) s DMEME; 7 5 |
DMEM : FI12(1 : 1) IR 05 et (G2
HyCloneZ ), PCRI® 1] Bl P VIl . T4 DNA%
FE0 (H ARTaKaRaZs A ), mirVana™ miRNA Isolation
5 & (32 [E AmbionZ 7)), Il ¥ BigDye Terminators
Cycle Sequencing Kitid 7 £ | 5% ' 3 {4 15 ok (52
& Applied Biosystems”s 7] ), miRNA BHP4X] #E (miR-C) .,
miR-37241 ] 7] (siR-372) (th [l RiboBio2 7)), #
2R 05 P A I 3R] (36 [ PromegaZ 7)), Runx2 %
GAPDHYUA (3£ [Habeam /2 #)), LI ML AR (B~ H i1 %
R £ (B-glycerophosphate,3-GP) 7§ R £1.S . @ AL 175

=1

Jot Jk (3 [ Sigma /), B M 8% % [ (alkaline phos-
phatase , ALP) i i 1) & (R 5t AR ) TR 5T
FE) o

1.2 ik

1.2.1  FEERERAF N 45 Runx 2/ miRNAs : £ H Target
Scan (http: //www.targetscan.org) .miRanda (http : //www.
microrna.org/) FIRNAhybrid (https : /bibiserv.cebitec.uni-
bielefeld.de/mahybrid/ ) %/ F50 145 Runx 2/ miRNAs .,
miRNA [ mirSVRAME K /N5 Runx2 mRNAZLS 4 1,
S L, M mirS VR ZME /N 5 H AR B E 4 I AH DG AT
FEARE %5/ fImiR-302 .miR-372 . miR-495/F h ] 1%
IFFEXT G2 i 2ok U3 G 2R Tl 5 PR S ) 2D Tk 52
miR-372 5Runx2%5 & 77 5 ik, P I %% BtmiR-3724F
H BB TERT S o

122 YA E 3% 5 41X HEK29340 g K2 A A8 4
J TR SR R, B 3R L4 0 R £ 10% FBSIY
DMEMA.DMEM : F12(1 : 1), §1%7 55 & Fl 4k
B AE3T CS5S%CO MMM AN E T /Y15 324 Hh 85
I, R K RE2~3 dEE RS SR BN A A F)
80%H} FH0.25% Il Ak A1t

123 514 B AR 2 F HIPrimer Premier5.0
AR BEITPCRE 751, 5149 B AL I Invitrogen /A F]
A WAL,

51451

Tab.1 Primer sequences

Gene

Primer sequences

Runx2-WT F:5’-GACTAGTTCCTTCTCAAACCCACCT-3’
R:5’-CGACGCGTAAATCAAACACATGACCCA-3’
miR-302 F:5’-CGGGATCCTGTTACAGGTTAAAGGAT-3’
R:5’-CCCAAGCTTTGAGCTGCGGTCAATAC-3’
miR-372 F:5’-CGGGATCCTTGAGTGTTACCGCTTGAGA-3’
R:5’-CCCAAGCTTGGAGCCATTACAGCCAGA-3’
miR-495 F:5’-CGGGATCCGAGCCAACTTACCTGATGC-3’
R:5’-CCCAAGCTTTCGCCAACTGTGCCTGT-3’
Runx2-Mut F:5 -ATATGTGTGTTTGTTTCACGCCGGCTTAAAAAAGCCAGTGT-3’
R:5 -ACACTGGCTTTTTTAAGCCGGCGTGAAACAAACACACATAT-3’
siRunx2 F:5’-GATCCCTCTGCACCAAGTCCTTTTTTCAAGAGAAAAAGGACTTGGTGCAGAGTTA-3’

R:5’-AGCTTAACTCTGCACCAAGTCCTTTTTCTCTTGAAAAAAGGACTTGGTGCAGAGG-3’

Underlined restriction endonuclease sequences; bold target gene mutation sites; bold italics interference sequences of the target genes.

K FHTRIzol: $& O BB 4 g SARNA, F1)
T BB RN A 5% 55 1 DNA L )W &5 16 °C 30

min,42 °C 30 min, 85 °C 5 min,4 °C 10 min, lLcDNA
R TPCRY 3G, IF AT = M alifb . FHTASE R
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(77 ¥, ¥ & A miR-302 .miR-372 HImiR-4954% & i/
JiYRunx2 3" AEFHIEIX (3 untranslated region, 3" UTR)
e R Bl U) a4k 5, % 4% $pMIR-REPORT Lu-
ciferase#d 145, ¥4 @t Bf A= BIRunx2%¢ Y6 J5i #7 (Runx2-
WT) o KmiR-302 .miR-372 .miR-495 ,siRunx25 | ¥ ¥
uiti5) ABamH T \Hind Il Y] J5 A s , 1B k5 %
1% #|pSilencer 4.1-CMV neo#Z {A , ¥4 ##miR-302 .miR-
372 .miR-495% 35 Ji BL Sz Runx2%5 5 T HERNA K
IR JBURE (siR-Runx2), 3% #2277 ) e 1k 3 8 32 25 20 1l
rhv, B AL P M v B AT DN AT %5 5 o FH Quik-
Change Site-Directed Mutagnesisiz 5] &5 4 5¢ A5 AU
Runx27%¢ 6 k7 (Runx2-Mut) , % & A1 A2 B[R B .
1.2.4 WU G E B 2 P 52 50 ) % T 48 IEmiR-
372 5Runx245 4 B J1 : 4 i % 5 Runx2 mRNAZS &
fiE 1 f 3 BImiRNA , LApMIRZS K 5k (PMIR) 1
0 P IR K miR-C  miR-302 .miR-372 ,miR-495
539 5 PMIR \Runx2-WT3 ik 2 14 K 1 5 36 K il
Joz b7 A ] % YL HEK 29341 i, 48 hJ XL ' 2 il A
I 22 45 76 Lumat LB 950745 =X & Y6 AL K I 4% YL 41
01 2 ' 3R R 1, SRR AR 1) 2 R
YENCHR B, S5 RV VB O 3 W G B L AR X ¢
FEAB =FE A 3% L 2R 8 o B B R O R
it ¢ G5 o LA BEANREAR3AN B FL T I 2B 1
PIE VAT HL AT, B 4 5256 5 K 3UK o A B iEmiR-
372%FRunx2 3* UTRAYHE [ /E I, AmiR-CAE A 4N
X B8, BFPMIR . Runx2-WT & Runx2-Mut 3 1A #5844 /3
S5 miR-372 . miR-C B M B % 5 28 il o by e [ 7 e
HEK2934i i1, 48 )i i1 AN 7 1 .

1.2.5 SR 2 SEPCREGMImiR-3723 14 : 42 x 104
FRCE A3 PP 2 6L AR T, miR-C \miR-372 )¢siR-372
O G e A, 5 5 48 W AR A5 L AN, 2 R
mirVana™ miRNA Tsolationisfl &/ F AL AL HmiRNA,
LAU6 snRNAYE R N2, Fi| HiTaqMan microRNA Assays
S E B PCRIEGH &R I miR-3721 3k

1.2.6  Western blotting#; M miR-372%f Runx23% ik 1)
P35 VE . IGAPDH N N 2, #miR-C .miR-372.
siR-372 MesiR-Runx2 43 5% e NS A0, 5 U Je 48
b, PREIUAS 2 20 B A 1 00 A VR B o B R -
VR TR R B JE HL VK 0 5 0, 7 R PVDFIES S 44 S
AS% R W Bl AU TBST, S IR B A 1.5 h, Pl S
— P4 CHEE R VRIS 5 i 2sg, & il

WEE2 ho FRRPERE S , fh2 RO i (a5 5 g
HHChemiDoc™ MP Systemitt 17 W%, @agﬁkﬁ:image
lab A TS 6 45 5L K BE 43 BT Ab 3L
1.2.7 ALPJI%E :miR-C .miR-372 ,siR-372 }siR-Runx2
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S, I R B RO B0 e A BTE W I
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12 h, SR 5 PEA 7B e (150 W, 5 shkablalfs) o5
U, BTG W, BCATE I 2 8 MR B, 4% IRALP
A G ARAE D TR, H 2 D BE R AR (SR 1 1405 nm
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o
1.2.8  H gy g ta 5P i s 01k
10K, PBSHIPE 40 i, 2 B [& %2 1 h, PBSHIPESIK,
PE R LR Tris-HCLH £ pH8.3, F0.2% 95 F 41
P 830 min, 50% B A0 )5, 25 AR TR 8 B AR
25 WABESORE T WA Gy 8 FH M i B A 45797 G SR 1L
PIIANE K A AN 8 S0 o Ol W R S E 2 i
P AR ARSI 4 562 nmAMEAS I S BE AR, B2 15031~
BAL, R REE 3R,
1.3 Gl

K HISPSS 28.08F 17 4t 11 2% 43 Hr , 1 4t % kLA
X s, 22 FLBCR G 56, 2220 8] e AR A ]
Rl EMHT. P<0.0SHERAGIFE L,

2 #R

2.1 FESARAF TN A5

3R AE L A A T 25 R R, S Runx 225 G 1Y
miRNAsHE 12>, 36 BB 92 45 70 HmirSVRAMELAK 1
miR-302 .miR-372F1miR-4951F J ) 2 WF 58 %) 42 A
P e 2 AR A A mirSVRAME, miR-3024-0.628 7,
miR-3724-0.632 4, miR-495}-0.537 5. H: HmiR-
37240 H /), i miR-372 5 Runx2%5 & 1 ek, W
K1,
2.2 HOCERBRETE TS

EjmiR-CZHXT L, 55 Y Runx2-WTZ A E AR A miR-
3024H Runx2 11 9 S AH [ AR55% , miR-37240 Runx2/1)
B 6 A % 1£65% , miR-4954H Runx 21 %¢ S 1 [ A%
53%, 1] WLmiR-372%} #4 4 Runx2 3’ UTR# ik JFi ki
FRECR G T e B3 (P < 0.05,K24) .5
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PMIRZH AH LY , miR-3727] B I [ AR Runx2-WT2 ik Jiii
B E TS (P < 0.05, E2B), 11 % Runx2-MUT

Target: Runx2 3’ UTR refNM_001015051.3
Length:3 247
miRNA : has-miR-372-3p

Length:23
mfe:-25.1 keal/mol
Target5' U GUGUU UCA A3
AUGU uGuu GCAGCACUU
UGCG ACAG CGUCGUGAA
miRNA 3' AGUUU A 5'

mfe:—25.1 keal/mol

R UKL ) G R S AT S
2.3 SR ERPCREMIMIR-372%54

E1 miR-3725Runx2 3’ UTREAHEETRER
Fig.1 Schematic diagram showing the predicted binding site of miR-372 in the Runx2 3’ UTR region
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A, luciferase activity analysis to validate miR-302, miR-372, and miR-495 bindings to wild-type Runx2-WT 3 "UTR; B, luciferase activity analysis com-

paring miR-372 binding to Runx2-WT versus Runx2-MUT. * P < 0.05.
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Fig.2 Dual-luciferase reporter gene experiments validation of miRNA targeting
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Fig.3 Results of real time PCR

2.4 Western blotting Il Runx2 85 17K~

Western blottingZ % i 7, 5miR-CZ4H A1 H , miR-
37220 Runx28K [1 72 35 32 £ 0 il , siR-Runx22H Runx2
B FRIAZ BN HI T Sk 1 2 5 siR-37240 ZE VT B miR-
372J5 Runx2 28 [ K-35 0 W1 &, 9IE 5 T miR-372%F
Runx2 0 fR#E ] 4, DLl 4.
o&(y

v v
N S X =

S N R R
GAPDIT St S — S
B4 Western blotting#&IRunx2®E B & ik 7k F

Fig.4 Runx2 protein expression levels in osteoblast cells of
each group by Western blotting analysis
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siR-3724H ALPI¥) 35 ¥ (193.5 + 5.09) 4 /11168% , siR-
Runx2ZH ALPAY I 1 (60.5 + 2.44) 4 15%48%; i G 5"
TR 557 R B, 5 miR-C4H (238.0 + 17.52) A e, miR-
3724HALPHY 1% 1 (97.5 +8.69) [ {1£59%,siR-3724H
ALPI 3% 1 (377.5 £ 16.26) 14 Ji1158% , siR-Runx24]
ALPIAI% 1 (69.5 +9.35) (4 71% (P < 0.05)
2.6 ARG R g B E

LA T 10K, R A Y AL R IR,
miR-CZH U B AR Z5 15T s miR-37220 ] I =y

miR-C miR-372

N AR AR, T LA 25 15 TE A5 siR-37241 DL
I ACES I PR AR M RS A i
R R G siR-Run 2 WLELAE U M-k, Tt /D
HICRAE, TER kg (B15) o2 il e 45 20
7R, 5miR-C4H (0.79 + 0.04) A Hb , miR-37240 85" 1k
{8 (0.40 + 0.03) AR, siR-37220 57 1L A (2.47 £ 0.02)
B & 38 0, siR-Runx2 20 5 1k (0.32 £ 0.04) £ IK
(P<0.05) .

siR-372 siR-Runx2

---- h
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Red arrows indicate areas shown in high magnification insets.
E5 HRAELBTMZABRRYUHNY LEE
Fig.5 Mineralization assessment by Alizarin red staining of calcium deposits in each group
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