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[{HE] a4 FiTmRNA-141 SHEIES K AE I 2 (BMP-2) 755 A 3 30 kR4S 4k it 3845 15 F B AL il
ik U 24 Bl NGRTTHE s ke, F QRT-PCR K& FH 5t EP 7R 25462 11 miRNA-141 #11 BMP-2 1) mRNA K &5 H %35
K. 7E N FEsh ks E G gnie (HAVIC ) H F / FiE miRNA-141 15, 1 Von Kossa JL {0 b 4i a4k, I b
TR R & 5 (D5 ) mRNA Al BMP-2 85 H 6k ; W82 B i 5 2 R S 86 56 UF Dix5 /& 75 4 miRNA-141 [0
N 7 S BORAS AL/ BRI DS 32 R R = s omEs f6 /N B, 1/ F 98 miRNA-141 ik, 853 Von Kossa 4
HAR S omasfk, A BMP-2 SRk, 4% SIEW EIIOMEASU L, JGETHEE SR miRNA-141 [
FIEMER (1.0020.02 vs 0.35+0.06, P=0.01) , BMP-2 ) mRNA & 4& 26610 (P3=0.01) . £ HAVIC H?,
8/ F 8 miRNA-141 7] 304 /A2 #6454k (P=0.02 5% P=0.01) , F:F&AK/ FH &5 Dix5 mRNA 3236 (P#=0.01) K&
BMP-2 HH KIS (P=0.02 3 P=0.01) . BEOEEMHR S ILFSLIGIUE T Dixs A miRNA-141 [FEEERFE . B/ T
WSS AL/ miRNA-141 w305 / Ed454k (P ¥1=0.01) , JF#(% / JHE DIxS. BMP-2 mRNA K £ (14555

(P#1<<0.05) ; DIxS FEHAFIG/NET, |/ B miRNA-141 A5 0IREES (LA BMP-2 (92635, 4 +# miRNA-141
#U1) DIx5 JER PN BMP-2 25 111753 AN 32 3 ikoleas 1k
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Regulatory effect of microRNA-141 targeting DIx5 on bone morphogenetic protein-2 induced-calcification of
human aortic valve
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Department of Cardiothoracic Surgery, Changzheng Hospital, Naval Medical University (Second Military Medical University),
Shanghai 200003, China

[Abstract] Objective To investigate the regulating effects and mechanism of microRNA (miRNA)-141 on bone
morphogenetic protein-2 (BMP-2)-induced calcification of human aortic valve. Methods Twenty-four samples of human
degenerative aortic valve were collected, and the mRNA and protein expression levels of miRNA-141 and BMP-2 were detected
by quantitative real-time polymerase chain reaction and Western blotting. miRNA-141 was up/down-regulated in human aortic
valve interstitial cells (HAVICs), Von Kossa staining was used to show cellular calcification, and mRNA expression of distal-less
homeobox 5 (DIx5) and protein expression of BMP-2 were compared. Dual luciferase experiment was used to verify whether DIx5
was the target gene of miRNA-141. miRNA-141 was up/down-regulated in aortic valve calcification mouse models with or without
DIx5 knockout, Von Kossa staining was used to compare aortic valve calcification, and BMP-2 protein expression was detected.
Results Compared with normal aortic valve tissues, the expression of miRNA-141 was significantly decreased in degenerative
aortic valves (1.004-0.02 vs 0.35+0.06, P=0.01), while the mRNA and protein expression levels of BMP-2 were significantly
increased (both P=0.01). In HAVICs, the up/down regulation of miRNA-141 could inhibit/promote calcification (P=0.02 or
P=0.01), and decrease/increase the mRNA expression of DIx5 (both P=0.01) and the protein expression of BMP-2
(P=0.02 or P=0.01). Dual luciferase experiment validated that miRNA-141 directly targeted DIx5. In aortic valve
calcification mouse model, up/down-regulation of miRNA-141 could inhibit/promote calcification (both £<<0.05), and

decrease/increase the mRNA and protein expression levels of DIxS and BMP-2 (all P<<0.05); while in mouse model
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with DIx5 knockout, there were no correlation between miRNA-141 expression and valvular calcification or BMP-2

expression. Conclusion miRNA-141 can inhibit human aortic valve calcification via regulating BMP-2 by

targeting DIx5.
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B5 4k PE 3 3l Bk O % 9 (calcific aortic valve
disease, CAVD) F8&FE SRR . DL F 3 ko
B4k Ry 32 2 B ek AR PR . CAVD 4 & T2 4F
N, BEE 2 EN D ESACRRE IR, FORRIER
ARSI . CAVD %R i AR RN AR . R TR
B, 1eYERE . BEBE . A4Efk . Aok,
P REVE 5 Ak B A AT 2 5 s Ak 00, Ho
PR I 5 gl ko R AL AR L . M5B R
W7 e R R S R, B AS KRR
1 2 ( bone morphogenetic protein-2, BMP-2) f#
FE/EAH . W58 &P, BMP-2 1] 5% miRNA-141 i
P50 {0 miRNA-141 ¥ BMP-2 i T 131 ikl
AL B HARMLE AR . ASBFIE IR 51 3
KRGO . N 3= 2l Dk A RE 1] 5T 40 e ( human aortic
valve interstitial cell, HAVIC ) SZ 5 & = 3l ik A 5
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Eim sk R A 5 (distal-less homeobox 5, Dix5)
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1.1 #mzs A WedE 2018 4E 9 A £ 2019 4E 3 A
M EREE RS (B HEERY) KIFER#EZ E
S DR IE B AR 11 24 1) CAVD B35 03B 471 3230
JCHRERRE, I SRS 24 B 1E B A Bh R
WA R R R (SR AR ) R
R, BERENCEEMERE.

1.2 JEF A E AR B HAVIC #9 R AR 3 7 &
S PRIEEYS PBSIETE . 0.25% B Ml -EDTA
VWIS A, TIPS ) B A M2, PR A B i
3 mm X3 mm KN, BT AR B A,
37 CH MM E 2 ho IEEMPRE, BABEL
W, 3773Xg B 0> 5 min, WULHE. MMA 1 mL &
B DMEM #5550, 1R>), BASEFRIL, MG,
2 dJE PR AN A A R IR IS 80% 2 A7 B
AR, BF2 d¥eil 1 IR, 2 AR 3~4 041
BTGS2 FAXEIRAL (Con ) DAARUERE SR F5
15 SR 4L 10 mmol/L M ZE KA. 50 mg/L
#4425 C A1 10 mmol/L B- HimwsiRe ( 32 Sigma
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ovE) SRR R TSRS R 1A, JfuE
— A R R AR R A (Cal) | FIPEXTRRZE
(miR-NC ) . miRNA-141 % #f 4 ( M-miR-141 )
FImiRNA-141 4|20 ( -miR-141 ), AR 5 PFEA
13 DRERMEL M EBUEME DS
ApoE "' T/NEL 45 H . MEYE DIxST T ApoE T T /N
45 HU[SPF 2, W44 K5 (B 4B KRS ) 3)
Yscge e, SEER s AR ATIE S SCXK ()
2017-0003] , 45T 0.2% ey JE [ B 7 B AR e o
24 Ji, FEE TSRS /N AR, IF 4 s )
HEZH (Con) . miRNA-141 Fi# (miR-141 ") ZHF0
miRNA-141 [ (miR-1411) 2H, &4 15 B, ¥
7% 3 4 H Ja DASAE i F A FE /N R, W gE /N 328
[k E
1.4 gRT-PCR #:1 miRNA-141, DIx5 mRNA #= BMP-2
mRNA ¢ & & K F miRNA 2 % 53 7] & it
17 5 5% sk, R ¢ 5% 51 9 i 47 qQRT-PCR A5
W4 4 50 °C 2 min, 95 °C 10 min; 95 °C
15s. 60°C 1 min, 72 °C 34s, 3t 40/ 75 ¥,
miRNA-141 ) & ik VL U6 iy N £, DIx5. BMP-2
1) 2R3k UL B-actin N 2, FE KB AH X 2R3k 1R
27k AT A M. BIIR S U6 i 519
5"CGCTTCGGCAGCACATATACT-3', F iif 51 ¥
5"GAATTTGCGTGTCATCCTTGC-3'; miRNA-141
51 ¥ 5“GCAGTGTTGGATGGTTGAAGTATG-3';
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U519 5-“ATGTCACGCACGATTTCC-3"; D5 Fiiff
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1.5 & &9 AP i x4 m DIxS = BMP-2 & & #9
F ik fdi FH RIPA 2 i W ( 3 [E Thermo Fisher 23
A ) AT BRI B S AR L, R R B A
TTEERCHLUK S I . B0, o3l TAEMR B2
1 : 1000 —#%Hi (BMP-2 Hii {&, 3% & Abcam 2
Al; DIxS Prik, SEE Abgent 23 w] ) FTAEH B Ky
1 @ 5000 0940 (B AL DI BEAR 10 1) SR IR BT
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&, &M Cell Signaling Technology 23 7] ) AT
FR o O 5E UG 1# F ECL TAEW (22 E Thermo
Fisher AW ) @, M HEAMWFRBEEN. U
B-actin NN Z,

1.6 HAVIC 4 % #% ] 50 nmol/L /) miRNA-141
B M. miRNA-141 #10  #9 f B3 1 X B, DA
DharmaFect % 4% i #| & (3¢ [& Thermo Fisher
Scientific A 7 ) % YL FZE HAVIC B5 324 (40 i %
JE R 7.5X10%em’) 5 HAERKRE T (54 10%
FBS () DMEM ) #E—2E55 3258 5 4N 24 h.

1.7 Von Kossa & & & % £ ¥ & {#i A Von Kossa
& (32 Polysciences 2y Fl ) X 4 il Sz 2H 41 3
17 Von Kossa e fa, JEiEfr2l g mnbr. it
5, LA IR RIPHYE E L, Rt
B, (1) Qe BHrEgnibRic e 5
Ty BEALTTEL 500 MM (=f5EE T ) |, ARIERR
ICF5 %L (labeling index, LI; FHEANAECH Fr b H
) A AN EY, ERTRE G 04y, LI<25%
K14y, LIFE 25%~50% Z[8]°K 2 43, LI>50% K
345, (2) Y& oI A a)sE
AR R T 0~3 4, ST OIEAR—5, 4
WA @0 4y, BHEORREATT 1 0, HEL
It 2 4y, HE e A3 4. LI R
O T BB E N R A5

1.8 MR FEEIRELREEE L JH TargetScan
6.2 B AF K R miRNA-141 # 3L [N, 45 5% /R Dixs
PR AT e OB AR AL . RS 3~4 fR HAVIC
i, $ZAEFL 1X10° e FP T 6 FLAR, FIH
PCR 2 3 iU HAVIC 4 Jfd 1 1Y) cDNA B4R, #4224
T miRNA-141 85507 5514 DIx5 B:[F 3-UTR J#41,
1l A pGL3-basic ¢ 3 B Bk, T8 Wi 2 2
JEORE, T A R AN AR A 2 8 SR 8 iU RN 48
FE. %M Lipofectamine 2000 257 & 16 B - £ 174
1B, ¥ LR F 4 50k 2R 4R A1 miRNA-141 B304
miRNA-141 BRI HXT B (S5 Invitrogen 24 H] )
LEEYLHAVIC 24 h 5478 G RS JE R AT
DIEOGER RIEY), Kolls k OO GR S E; A
Stop&Glo 13{7l] ( 5&[E Promega 23 7] ) KilliEE 2
RS, HUIAE NS [RIE A6 25
REHEILTCE RO T4 AL P AT
WNEBFEME . DOCRBRE M =5 K R R S
PE(E /M F 0 R BRG T . SCRPEMERR 2 K.
1.9 it a2 A SPSS 21.0 B kT 4 it
2K HHERRRILL X s FoR, M 4LIE R

TSEARAS ¢ K 222 A LU BCR BRI 307 22004,
DAt/ N B R 22 S I T P LU . THECPERE A1)

BORTE - 830R, HIRIHEECR I o K. Rk it
(a) 24 0.05,

2 &% R

2.1 A 454K £ 3 Bk 3 miRNA-141 #= BMP-2 % A
T RATHE S KIEARE AL 24 4] 835 h 55 14 )
(58.3%), L 1061(41.7% ), FHI4FE# (63.7+4.6 )
&y IR RS KRS 24 HIrh B 13 4] (54.2% ) .
711 B (45.8%) , P (66.816.1) %
LA PE S L] . I AE IS 0 22 R I T Ge it 4
X (P¥J>0.05) . qRT-PCR K % [ i B[ 35 s A6 )
SRR, SIEE MRS, #5403 3h ol
21 miRNA-141 ) 3R 3K K FBE R (1.0040.02 vs
0.35+0.06, P=0.01) . BMP-2 mRNA Fik/K -1
& (1.00+0.01 vs 1.72+£0.12, P=0.01) . BMP-2
AR FEIR KR (1.00+£0.01 vs 2.14+0.17,
P=0.01, K1) .

Normal Degenerative calcification
M(

X 10%)
BMP-2— — 135

B-actin —| — S ; 5

B 1 IEEEFhEKEEIRITHSS L EFh ki T
BMP-2 EHRIEKTFE

Fig1 Expression of BMP-2 protein in normal aortic

valve and degenerative calcification aortic valve

BMP-2: Bone morphogenetic protein-2

2.2 HAVIC ¥ miRNA-141 5 BMP-2. DIx5 #
*% Con#l. Cal4l. miR-NC 4. M-miR-141 41
FT-miR-141 4140 151645533971k 1.00+0.05
1.5440.13. 1.50+£0.14, 1.35+0.14, 1.96+0.15,
5 Con ML, 4 A58 4 9 4n A L1553 ¥ 7
(P#J<0.05) ; Cal 205 miR-NC 24045 1k15 >
ZRTGFE L (P=0.12) ; M-miR-141 4%
Cal 4. I-miR-141 ZHFEAK (P=0.02, P=0.01) ;
I-miR-141 0% Cal AT+ (P=0.01) .

Con#. Cal4d. miR-NC 4, M-miR-141 2H
I-miR-141 21 40 it DIxS mRNA AR 2635 7K 435
4 1.0040.02, 0.96+0.02, 0.97+0.02, 0.76+0.14,
1.89+0.16; Con #1. Cal 41. miR-NC 4 DIx5
mRNA £k 27 ¥ TG 2#E L (P15>0.05) ;
5 Con # [t4%, M-miR-141 £HAY DIx5 mRNA F£ik7K
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SRS (P=0.02) , T I-miR-141 2H DIx5 mRNA %
kK FTEE (P=0.01) , I-miR-141 24 Dix5 mRNA
Fik/K P M-miR-141 4745 (P=0.01)
Con#. CalZH. miR-NC 2. M-miR-141 #H #
[-miR-141 ZH 40 il o BMP-2 85 A X 22 14 7K 43 1)
9 1.0040.02, 0.97+0.02, 0.99+0.02. 0.71%0.10,
1.9940.16; Con ZH. Cal 1. miR-NC 41 BMP-2 7&
HRBKFZ R TG FE L (PH#>005) ;
5 Con ZH [X#%, M-miR-141 £/ BMP-2 #& 1133k 7K
SEREAR (P=0.02) , 1fif I-miR-141 £ BMP-2 #E 4 %
KKF-THE (P=0.01) ; I-miR-141 ZH BMP-2 & [
FIRKFE M-miR-141 ZFHE (P=0.01) . WK 2.

AN AL
) ﬁC Y -‘2»'\
& A B
Y <o)
BMP-2 —f S |— 13.5

B2 BHEFRKAENKIMARE RS
BMP-2 B RiAKF
Fig 2 Expression level of BMP-2 protein in human
aortic valve interstitial cells of each group
BMP-2: Bone morphogenetic protein-2; Con: Control
group; Cal: Calcification group; miR-NC: Negative control
group; M-miR-141: miRNA-141 mimic group; I-miR-141:
miRNA-141 inhibitor group

23 MR A FEEIRE AR AN miRNA-141 6%
Ha¥esr S5 (pGL3-2 22k ) AL,
I F miRNA-141 # $#1 %7 F1 pGL3-3" UTR ¥% 4 4
Jt S5 B 20 5T R 1) ¢ 't 2R I I 1 B AR (0.90£0.04
vs 0.504+0.09, P=0.02) , #2&/8 miRNA-141 il
5 Dix5 19 3' UTR AHEAE I G, 5ok 1
Dix5 3 miRNA-141 BY#E L

24 R EFHHRIHEF miRNA-141 5 BMP-2, DIx5
# % % Von Kossa J¢ {4 g 75, Con4l. miR-141"
ZH 2 miR-141 21 /N5 3 S KRB ES 1015 5300 51
1.00£0.02, 1.89+0.10 % 0.62+0.10, miR-141 ~
H A5 5r5 Con 2138 = (P=0.01) , miR-141"
4554615 5 5 Con A FER (P=0.01) . Con4i.
miR-141" £ }% miR-141"4 Dix5 mRNA ik 537K F
51 A 1.00+£0.08, 1.98+0.27 M 0.54+0.07, BMP-2
mRNA 2 3k 7K 343 51 4 1.004+0.19, 1.83+0.23 I
0.43+0.16, miR-141 #H DIx5 il BMP-2 mRNA ik
FKE# Con 203 F+ 5 (P3<<0.05) , i miR-141F

ZH DIx5 F11 BMP-2 1) mRNA % 35 7K S48 Con 2H 24 [%
it (P¥7<0.05) . Con#l, miR-141" £} miR-141"
40 DIx5 8 1A K435 1.00£0.09 . 1.94£0.21
} 0.40+0.11, BMP-2 2 H £ i5 K F 4 5 A
1.00£0.11.1.904+0.19 %2 0.36 +0.07; 5 Con 414 L,
miR-141 ~ 41 DIx5 F1 BMP-2 & [ % ik K F ¥ 7 5
(P}¥<0.05) , ifif miR-141" 41 DIx5 #l BMP-2 &
FHZRk K EHREE (P1<<0.05) . VLKA 3,

Con miR-141" miR-141" 5/ 5109

DIx5 — g e [— 32
BMP-2 —| S— F — —-13.5

B-actin — (— Em—— —

B3 SHNREEKER DIxS & BMP-2 EERIEKTE
Fig3 Expression level of DIxS and BMP-2 protein in
aortic valve in each group
DIx5: Distal-less homeobox 5; BMP-2: Bone morphogenetic
protein-2; Con: Control group; miR-141 : miRNA-141 down-

regulated group; miR-141": miRNA-141 up-regulated group

H4 DIx5 5 R AR 0 32 20 KA Ak /) BRAS AR 3
TrFRERY T2 S35 57, 45 B8 Con 41, miR-141
74, miR-141" 41 BMP-2 & 1 % ik /K F 4 5 N
1.00£0.04, 0.9740.03, 1.02+0.03 (K 4) , 45
A543 505 1.00+0.05, 0.98+0.04, 1.03+0.03,
KRR TG 2B L (P¥)>0.05) .

Con miR-141"

BMP-2—| G—  —

B4 &4H DIx5 BERERR/NREZRKIEG
BMP-2 EERIAKF

Fig 4 Expression level of BMP-2 protein in aortic valve

miR-141"

M(X 10"
35

in each DIx5 knockout mouse group
DIx5: Distal-less homeobox 5; BMP-2: Bone morphogenetic
protein-2; Con: Control group; miR-141 : miRNA-141 down-
regulated group; miRNA-141": miR-141 up-regulated group

3 3t 8

VL2 RREE S5 T O RS b R,
JiR i Z AR AT 1 (insulin-like growth factor 1,
IGF-1) i #. BMP-2 il 4" . B4
i, BMP-2 32 2] DIx5 77, 36— R80T i
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miRNA J& EUAZ A4 — 2 PP 1) B AT R 4
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miRNA & 5O ER | L e
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miRNA-141 J& miRNA-200 % % 51, 768
Fe A s F b 2 45 BB /R, Yanagawa %5
o SN N o | A e S 1 i NI
miRNA-141 () KIKFEAR, 1M BMP-2 (151 & .
Ttoh 258 & B 7E /N FURE BT AT % P, miRNA-141
i 35 3 4] DIx5 18 35 BMP-2 75 5 09 i B 40 g 4
fk. A H I JCAF ST 1 B miRNA-141 3 3 BMP-2
T PR 32 Sl RIS Ak R AR

AW KB, 5 IEH 3 o) BOR B4 SUH L,
NABAT 8510 3 3l kA AR 2H 21 miRNA-141 15
IKREAR, T BMP-2 19 mRNA M % [ 2% ik 7K - 14
& 7 HAVIC 1, miRNA-141 % 330 %) 20 i 45 4k,
fEM, H DIx5, BMP-2 £ik7KF5 miRNA-141 &
RO 2 ] R o WU ZR T 5 i R S 565
7 DIx5 J& miRNA-141 4 B R0AR s 7ERZKF 13
miRNA-141 35 7] B/ )N B 5 20 Jiome 45 16 72 B2 I
U/ BMP-2 £1k, T miRNA-141 A #2240 S AF
FI; ML/ F 9 miRNA-141 %F Dix5 5 %/ B
F BRI AL S BMP-2 & [ 3635 TG54

CAVD 1l —FhaZ 4% 5 B 58 K 22 3E 52 )
W I G 2 AN A T2 ML B Mk R R, LA
YIRS AL i ASBAEf,  E AT JCA 8 2549 mT LA
Bi o A S L R, PR e 2 TP AR A A o 4 2
Mol CAVD i B ME— P8, AR S DAIESE T
miRNA-141 sl VE T Dixs #i] BMP-2 755 50
Bk s L ML, mn] Sk CAVD g Jo HUE ] R
R AT R HE B ARYE MU TR T RS
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