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i &k B AE G (Furin) 48, 55 5% % £ % PCR #0 MIR155HG .miR-133a-3p #= Furin & A K ; MTT % 4] 4m e
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F1A(P21) B N E A K EF(VEGF) . [ B R %G (Col-1) .a-FH ML & (a-SMA) £ ik ; % b E MR %
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Effects of IncRNA MIR155HG on proliferation, migration, differentiation and colla-

gen synthesis of myocardial fibroblasts by regulating miR-133a-3p/Furin axis
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[ ABSTRACT] Aim To investigate the effect of long non-coding RNA MIR155 host gene (IncRNA MIRISSHG) on
proliferation, migration, differentiation and collagen synthesis of myocardial fibroblasts and its molecular mechanism.
Methods Mouse myocardial infarction model was constructed. ~ Myocardial fibroblasts were isolated and divided into
silent control group, silent MIR155HG group, silent MIR155HG and inhibitor control group, silent MIR1ISSHG and inter-
ference miR-133a-3p group, silent MIRISSHG and over-expressed Furin group.  The expression levels of MIRISSHG,
miR-133a-3p and Furin were detected by quantitative real-time PCR.  Methyl thiazolyl tetrazolium colorimetry was used to
detect cell viability.  Cell migration was detected by Transwell experiment. ~ Western blot was used to detect the expres-
sions of cyclin D1, cyclin-dependent kinase inhibitor 1A (P21), vascular endothelial growth factor ( VEGF), collagen
type 1 (Col-1) and a-smooth muscle actin (@-SMA).  Targeting relationships between MIR155HG and miR-133a-3p,
between miR-133a-3p and Furin were detected by luciferase report experiment. Results In the heart tissue of myocar-
dial infarction model mice, MIRIS5HG and Furin were highly expressed, and miR-133a-3p was lowly expressed ( P<
0.05). After inhibiting MIR155HG expression, the cell viability, migration cell number and cyclin D1, VEGF, Col-1,

a-SMA expression levels of myocardial fibroblasts were significantly decreased, while P21 expression level was significantly
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increased (P<0.05).

MIR155HG targetedly regulated miR-133a-3p, and miR-133a-3p targetedly regulated Furin.  In-

hibition of miR-133a-3p expression and overexpression of Furin reversed the inhibition effect of inhibiting MIR1IS5HG ex-

pression on proliferation, migration, differentiation and collagen synthesis related proteins of myocardial fibroblasts.

Conclusion Inhibition of MIRI5S5SHG expression can inhibit the proliferation, migration, differentiation and collagen syn-

thesis of myocardial fibroblasts, which may be related to the regulation of miR-133a-3p/Furin axis.

O WU FE SR G PR L # UL & fa JE , 5 I
JESECOWUREZE A N O U BE S R AT
YA MRS mE Ak, A AP I R UTRL, e R S5k
OWUR AR 27 44k, 51 8O ThBERR RS> Rt #F 5T
LU 5 O LA dE Ak 19 K AL, R BB A T
O WUEBE S5 0o WLET 4 A 42 A 0F 5 7 1) FNE Y7 HE A5
WFoT % B 45 3 i RNA (long non-coding RNA , In-
cRNA) #14#/)» RNA ( micro RNA , miRNA , miR) ¥ %
5598 i 0 WUEF 4 Ak 0 WURE K 1Y K A KRR
MIR155 i F 3K ( MIR155 host gene, MIR1S5HG) J&
—Ff IncRNA, W57 3 B 18 0 1 5208 8 35 1L 7
MIRISSHG =383k , H 28 38 7K V- Bifi s 15 ™ 2 A
WiFtE Y WESEHRE miR-155 5.0 WUBEBE TS A
B A K IR K RO L4121 miR-133a
BN, Rl A AR K R B1 (transforming growth
factor B1,TGF-B1) & [ 3k F 51 AR S5 A W38 i 5
miR-133a ATRES 5 [ & & il K B O ILET 4
1 O EBE S O F7 3 5 K B L miR-133a 3
BT, i F R miR-133a W00 IUEEBE 5 10 LT
7= B cireRNA NCX1 3 3 miR-133a-3p 7] 41l
O AL B O T A et MO LR 455 L A ST AR
TEVTER FRAREE 1 (Furin ) 35 K B8 38 52 30 ) .0 LS £F
RN OR T W AN e b [ B4 P B i
TR 1) 4 g A0S B TR, BTG O LA BB 30 72 v /o0
WLEFLE ALk 20 SR MIR155HG X LR 2T 2
YU IE GE TS | oAl RS S5 B ) 52 e B AL
Tl AT R, A S B AERESE MIR1ISSHG X0 )L
BLEF AL 20 L ) 38 5 3RS | o0 A R I T 114 5 i)
K HPLHER S miR-133a-3p #1 Furin HX,

1 #RFTTE

1.1 SEIEzh#

6 ~8 JE 4t CSTBL/6] /N EL, SPF &, ki &
0gxat ,WETHRERKFZLE PO, 304
YR ¥ 3E & . SCXK ( #)2013-0032, 1 ~3 H# SD #
EABRIR,SPF &, M, WE THMNAFLK S
My G B 4 T AE 5 SYXK (7 )2012-0045

1.2 {FEMR

fig 4 o 7% \DMEM 3% 3= 21 % & Gibeo 2 7 5
Trizol X |, K # F X &, % B % € & PCR
( quantitative real-time PCR, qRT-PCR) X 7| & 1§ #
* Progema A & ; W ¥ X & 4 % 2 ( methyl
thiazolyl tetrazolium, MTT) t. & % 1K 7 & & A& & W
KAl & . ZFT ?@i(bicinchoninic acid, BCA ) i 7!
& RIPA & g RALR  + = b FE 50 B 40 K 79 0 Bt 1E
Bt F M, 7K (sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE) R | &1 H Z = K £ 4
AR s ik W B % E Abcam /A 7 ; Transwell
/NE Matrigel f% T % & BD A & ; K & B
HEHFA MK 7 & W @ b Solarbio /A ] ; Lipo-
fectamine™ 2000 %% 423X 7| W B % E Invitrogen /A ] ,
Thermo FC B A7 LW B % & Thermo A & ; % o & 1
45 B B A Olympus /A ]
1.3 (O AUEFEE B R ST

# C57TBL/6J /N R AL B F A48 ALAE
RERA, XARRS AR ELLELARFELS
AE TR, Bk A X 5 3% K B b % 44 JE
JEE A REE AN E R A AW IT KK 1.5 em,
BB, EECTET42~3 mm & F 8-0 WER
Wi e B AL AR B0 Bk, AR R S AR R0 B ST
Btm, BFARARTRE, A4, CMERF A
4 B JE BN, B R, -80 CHRFAE A,
1.4 A AHEBBR T BIEFETE

SD # AR BRILEA 5% L8 H&HF, Rl &4
TP B ECH 0 BE; Ak B 2 % o 7 ( phosphate
buffered solution,PBS) & it , =% £ 2 & H A 4L,
B, R R A, B £ B A 10%
4 i W) DMEM 3 35 K & & 4 j, ¥ 48 T 37 C
B x4 F 3527 90 min, & B R U BE 20 L, i R TG B A
MBI ERHMATUNE, ARERY ZAN, 41
F#ER AR K, BB, ¥ aH2~3 M0
7 IR A 4 4 L 0 LR A B R 10%
Jig 4 o 7% B9 DMEM $5 5% i & 37 °C 5% CO, &% T
BEF 2 R¥ 1K, B E 90% £ 4 Bt 3t
THMAER, 3 ~4 RABATEEER,
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1.5 HmERS5HHE

H# MIRISSHG T 2k %t B8 it 4 MIR155HG 77 2k
TR B e T 00 LR 4F 4 40 f o, 4 B30 O T Bk R BR
4 Y12 MIRISSHG 41 ;¥ MIRISSHG I % 7k 4
715 miR-133a-3p #1 4| 4 %t B i 4 .miR-133a-3p 7
4 Furin 1T % 3% TR 345 ¢ B 00 LK A 4 40 e
B BT b T B MIR15SHG #0470 %1 4 % B8 41 9
% MIRISSHG ## F # miR-133a-3p 4. 71 %
MIRI55HG Fn 1t % %k Furin %1, # % 3 4% B Lipo-
fectamine™ 2000 i 7| & H AT 1E
1.6 HE ZfaF0 Masson &

NIEBH B )E R 4% £ REEEE 24 h, ¥
AR ARGEY . AEQEFHAFARLS pm
BEHESTF,60 CTHRAE; —WRERESN
B2 R, AR 30 min, 85 LA BLUKE B9 L8 2 AL
BEETABA, HEXANEWHH#IT HE L6 |
Masson %2
1.7 qRT-PCR #& il MIR155HG, miR-133a-3p #0
Furin B3R iEKFE

BB F A A oo AUAE FUAHE A A DN RS B
RNA, &4 40 5 7f 48 h G & B & RNA, ¥ RNA
R # F i cDNA, % B qRT-PCR & 7| & 6 F 3 9 2
ATPCR, BENMFREINEL , EHLHEHI CS5
min,95 °C 30 s,60 °C 30 s;72 C 30 s, 4 40 M 1E
;60 CHEK S min, HxtFKEER 2 KiH&E,
MIR155HG #1 Furin A GAPDH % K %, miR-133a-3p
PL U6 H W %, MIRISSHG E % 3| 4 ¥ 7. 5'-
CCCAAATCTAGGTTCAAGTTC-3", T ¥ 3| 41 J¥ 71 .
5'-CATCTAAGCCTCACAACAAC-3"; Furin F 3 3| 47
¥ 7 . 5'-ACTAACACTGTGCCCTGGTGGAG-3', T i
5l 4 J¥ 7 . 5'-ACCCTGGACAGGTAGGTTGGGTA-3';
GAPDH _E % 5| 4 /¥ % . 5'-TGTTGCCATCAATCAC-
CCCTT-3', T ¥ 5l 4 /¥ % : 5'-CTCCACGACGTACT-
CAGCG-3'; miR-133a-3p L % 5| 4 ¥ #|: 5'-GGC-
CTTTGGTCCCCTTCAAC-3', T i 5| 4 7 #]. 5'-
CAGTGCGTGTCGTGGAGT-3';U6 L i 5| 4 /¥ 7 .5'-
CGCTTCGGCAGCACATATACTA-3', T~ % 8| 41 J¥ 71 -
5-CGCTTCACGAATTTGCGTGTCA-3'; | 47 &1 t ¥
AT EWTAENEAK,

1.8 MTT ik 4paiE

&4 20 ML FE 7 24 48 96 h 5 B FL 4 Al N 20
pL B9 MTT %%, #5088 4 h Ja 7 £ L& R, &1l
AN Z B A A 150 wL, 3k % KB 10 min {# I 7 &
A EEAR LT K K 570 nm 4L A WU O (absor-

bance, A)fH ., #HE N (%)= L4 A H/E G xF
PB4 AEX100%, LHEE3 K,
1.9 Transwell SEE&4E M 20T TS

W & 4 4a e, G SR R, X 200 L A
F Transwell /NE FE #3524 h 5, RERFE, A
WMABRE L FE M PBS ik, 4% % R FEE
7 30 min, FH 0.1% 4 & % %€ 10 min, B &R
WAETELMI AR S M GFHATIHEATE, &
NEL3 R,
1.10 Western blot i E A RIE

HU MR 48 h FRIEE B ,BCA KAl &
MeEEaRE, BE AR IHEATRRE GBI E K
MKEHERRM _ACHBEL, B S% HIEmH =
EEA L h, A mN—F(1:1000),4 CHEHE
W, TBST $EE ; im N — 40 (1 = 2 000) % I 5 & 90
min, TBST %t % ,ECL £ X % % ; /| ChemiDoc XRS
+ % 2 SN Quantity One % X 4047 25 1 2 4
DEALATHREME, FafxtkEAKF=HH %
WK AE/B-actin KW R EE, BAKAFBL3
NEE
.11 POkHEMmRE IR N MIRISSHG 1 miR-
133a-3p A& miR-133a-3p # Furin B#EE X R

A4 # 4 miR-133a-3p 4 & L & By MIRI55HG #n
Furin B 4 A fn 2 % A 5% F & B 5k ik 80K, K 24 7
B 2 B Ok fr miR-133a-3p il 4 1
ALK A e R, BB B AR ROk R B E
M,EBREL 3K,
.12 SitZESH

S BAE 2 SPSS 20.0 441, B R B A wxs
R, HARBRAT R, SARLRFARLEE S
Z= AT, 4118 P AR L LSD-r A e, L P<O0. 05

2 &% R
2.1 DAERERBENROCAAR HE F &M
Masson B EELER

O UEESE /N B0 L ) A 22 HE Je 0 4k 3
Jai , DR R A O B AT AR R, I AT 4
A HERR LA R, HESI S5 2K L. Masson
PEME ALY R, 0 LA G 5 R 2 B
5B VR IR T UL T2 Ak ; SR AE 2H GG WV A, R i kL
SCR L IPNSRINY IR RAEAR O VL Ra R o A )
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1. D AFESEAREDNR HE #2250 Masson 28 55 7F B (200x)

J

Figure 1. HE staining and Masson staining identification of myocardial infarction model mice (200x)

2.2 MIRI55HG ;miR-133a-3p #0 Furin Z£/0AILAE JE
EEUNRO AR P FRIE

S FARAA L, O WU A A2 /N B0 JIE 20
gl MIR155HG 33k 7K F i 2 7+ 5, miR-133a-3p
FIRK i 2 BEAIR, Furin 3835 7KF 3 455 (P<
0.05;% 1),

% 1. qRT-PCR # il MIR155HG ,miR-133a-3p #1 Furin 7£
DAEFREE/NR O AEE AR HIRIE (n=3)

Table 1. Expressions of MIR155HG, miR-133a-3p and
Furin in the heart of mice with myocardial infarction detec-

ted by qRT-PCR (n=3)

I3 MIRI55HG ~ miR-133a-3p Furin
BFARL 1.00£0.15  1.00+0.08  1.00+0.17
DWUBEZERTIZE 3.43+0.21  0.2920.06  3.53+0.23
t 28.248 21.300 26.538
P 0.000 0. 000 0. 000

2.3 #PH MIRISSHG FRi& Xt 0 LR £F £ 48 i 4%
H ER AR SRR m

SUCBO LA LE , DTER MIR155SHG 410 LAY
LPHEARIE T MIR1SSHG 3Rk /K- 1557 48 196 h
(20 BEL TS 07 3% 20 R S 4 B SR B AE F D1( Cyelin
D1) & W B2 A ¥ (vascular endothelial growth
factor, VEGF) | I B Jit it & 1 ( collagen type 1, Col-
1) o-"Fi WL 3N 35 H ( a-smooth muscle actin, a-

SMA ) A /K- 24 18 25 WA, 200 it 0 393 2 P A0 4
T W A9 i 57 1A ( eyclin-dependent kinase inhibitor
1A, P21) AR RETHR (P<0.05; 151 2 K 3 %
2).

2. Transwell 2384 2 £H:0 LR ST 4E AR 75
Figure 2. Myocardial fibroblast migration in two groups de-

tected by Transwell experiment
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3. Western blot # iUl /(s AILEL £F 4E 4 B8 Cyclin D1,P21 VEGF,Col-1 #1 o-SMA EHRIE(n=3)
2H I3

Figure 3. Expressions of Cyclin D1, P21, VEGF, Col-1 and a-SMA protein in myocardial fibroblasts in two groups detected
by Western blot (n=3)

a b P<0.01, 52k %t AR

2. MH MIR155HG REXHO AL LT 4 AIGTE AT B R HEXEBRIZMZM(n=3)
Table 2. Effect of inhibition of MIR155HG expression on myocardial fibroblast proliferation and migration, and the expres-

sion of related proteins (n=3)

émﬂ@iﬁjj ( A570 nm )

il MIR155HG TRAEEY
24 h 48 h 96 h (~/HP)

DU YT FEZH 1.00+0.07 0.32+0.03 0.82+0.08 1.39+0. 12 98.51+8.90

UUER MIRISSHG 41 0.32+0.05 0.31x0.02 0.37+0.06 0.75%0.07 45.67+6. 84

t 23.715 0.832 13.500 13.820 14.122

P 0. 000 0.418 0. 000 0. 000 0. 000

2.4 MIRI5SHG 5 miR-133a-3p HIEB[E X &

i1 LncBase [ ¥l i ] & 75 MIR155HG 5
miR-133a-3p FAAELS B LA (K 4) o SOUREHR S
S R, SR X BEAL A EE, miR-133a-3p AR
AILH b % Y MIR15SSHG B 48 AU (wild type, WT)

FEIR BRI GH D TR BTS2 AR (P<0. 055
% 3) ;M Y MIRISSHG %€ 78 A ( mutant type,
MUT) Rk 2R A4 1) 20 i 25 S 28 i Pk T 1 35 25 57
ST AL E, DTER MIRISSHG 41 miR-133a-
3p RILKFRBETHE (P<0.05;44)

MIR155HG-WT 5 ... UUUUGUCCAGGUUAUUCACUGUAACCAAA... ¥
miR-133a-3p 3’ ...ACCAACUUCCCC uGcGuuu 5’
MIR155HG-MUT 5 .. UUUUGUCCACCAAAUUCACUGUAUGGUUU... &

& 4. MIR155HG 5 miR-133a-3p &SI 5

Figure 4. Binding site of MIR155HG to miR-133a-3p
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*® 3. WL R EE N O AL £ 4 4 B s MIR1SSHG
5 miR-133a-3p BELEX R (n=3)

Table 3. Targeting relationship between MIR155HG and
miR-133a-3p in myocardial fibroblasts detected by dual lu-

ciferase activity (n=3)

Yy Furin 57 A8 713 5R 400 04 40 it 2 D' 2 BTG 2
FEAR(P<0. 0553 5) 5 MiHE Y Furin 28748 BIF IR 4
A0 I S R G PR TG B 2 . S UTERXT IRl
FLE, UTER MIR1SSHG 4 Furin 3235 7K - i & BRI
5yt B MIR1SSHG F1H il 49 X B 40 A1 He, Ui #R

e FICH WA MIRISSHG AT miR-133a-3p 41 Furin % ik K F
MIR155HG-WT MIR155HG-MUT BT (P<0.05;%6) .
LR %o} e 2 1.00+0. 09 1.03£0.12
miR-133a-3p B 0.31+0.07 1.01+0.13 % 4. qRT-PCR #U:OALRR £F 4 40 B th MIR15SHG 3R i3
: 18.155 0.339 miR-133a-3p RIEBIFM (n=3)
P 0.000 0.739 Table 4. Effect of MIR155HG expression on miR-133a-3p
expression in myocardial fibroblasts by qRT-PCR (n=3)

2.5 MIRISSHG @538 miR-133a-3p 842 Furin =~ 741 miR-133a-3p
e 3o VLB NS FR 4 1.00£0. 18

i) StarBase 935 Fil 57 Furin 5 miR-133a- YER MIR155HG 41 3.0420.25
3p FELA LA (K 5) . PORRBHRE Ll R, 19.866
SR IR L, miR-133a-3p BLIL 4L P 0.000

Furin-WT 5 .. GCCAUCAUAGGAAGGGACCAAG... 3

miR-133a-3p 3’

GUCGACCAACUuUCCCCUGGUUU 5’

Furin-MUT 5 .. GCCAUCAUAGGAACCCUGGUUG... 3

5. miR-133a-3p 5 Furin &SI
Figure 5. Binding site of miR-133a-3p to Furin

R 5. VLS EERTE E N0 AL £F 4 40 B miR-133a-3p
5 Furin EBRX &R (n=3)

Table 5. Targeting relationship between miR-133a-3p and
Furin in myocardial fibroblasts detected by dual luciferase

activity (n=3)

G ER WG I
!
Furin-WT Furin-MUT
R %o 44 1.00+0. 08 1.01+0.11
miR-133a-3p B 0.35+0.06 0.98+0. 13
t 19. 500 0.529
P 0. 000 0. 604

2.6 MIRI5SHG i#3F miR-133a-3p/Furin 4> F
Y0 ILRK £F 4 40 B ) 2 Bl A 40 22 4T 4
SUTERT B AL E , DTBR MIRISSHG 410 LK,
AT 48 196 h (A MU TE ) AT 4 A B K
Cyclin D1 \VEGF ,Col-1 ,a-SMA Fik 7K i & FEAK,
P21 RBKF B ET & (P<0.05); 50K
MIR155HG 41 A kb, UL Bk MIR155HG F1 T & miR-

133a-3p 41 JLER MIR155HG Flid #355 Furin 4101
LT eI 57 48 .96 h B AN ILIE 1 1T A% 40 Ok
& Cyclin DI \VEGF ,Col-1,a-SMA Fik /K- i & Tt
i, P21 FRIKIKP B E R (P<0.05; K 6 181 7 .3
7).

% 6. 1%l MIR155HG #1 miR-133a-3p 334 %t Furin 3%
YN (n=3)
Table 6. Effect of inhibition of MIR155HG and miR-133a-

3p expression on Furin expression (n=3)

S Furin
TUBRT IR 1.00=+0. 08
JTER MIR155HG 41 0.33=0. 06"
PLER MIR15SHG F il 4y % & 20 0.34=0.07
JUER MIR1SSHG T4 miR-133a-3p 40 0. 89+0. 09"
F 197.322
P 0. 000

a }j P<0.05, 5T IEZH He# ;b o P<0. 05, 5308k MIR155HG Fl
TPt A LR
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TTEEMIR155HGHN MEAMIR15HGHD

MEARTERA SLEAMIR155HGE FtmiR-133a-3p4H EERIEFuringd

? :
Nl
00 % % N
-

6. Transwell SEIE46 M 4 2800 AILAY £F 45 40 B 3T 7%

Figure 6. Myocardial fibroblast migration in four groups detected by Transwell experiment

N g
R R
F OSF L
& o O
g o S &
SO
& S o R A
- > hd BMIR155HGZA
Cyclin D1 S e S—— E iMBAMIR155HG 1 F Htanti-miR-133a-3pZE
1.5~ 1 mBMIR155HGH T FixFurinf
poy I — —
VEGF 4l s a— o ¥ 1.0
®
Col-l Wil e  w— — e
B o5
T
CSVA - — — — =
P-acin el e w_— — 0.0
N >
N &
(@) ¢

7. Western blot il 4 2B BILEY £F 4E£H B8 Cyclin D1,P21  VEGF,Col-1 1 a-SMA EHERIE(n=3) a i P<0.05, 5%
Xt HEZH L ;b R P<0. 05, S5UTHR MIR1SSHG 414,

Figure 7. Expressions of Cyclin D1, P21, VEGF, Col-1 and a-SMA protein in myocardial fibroblasts in four groups detected
by Western blot (n=3)

% 7. MIR155HG i#id miR-133a-3p/Furin 7 FHiEE O A HEMIEEMTIBREBXEARIE(n=3)
Table 7. MIR155HG regulates the proliferation and migration of myocardial fibroblasts and the expression of related proteins
through miR-133a-3p/Furin molecular axis (n=3)

i AL 1 (Asro ) TR A
24 h 48 h 96 h (A~/HP)
DB B2 0.31+0.08 0.83+0.08 1.430.11 99.58+8.72
TLER MIR155HG 21 0.320.07 0.3520.07" 0.78+0. 05" 46.31£6.38"
PUER MIR1SSHG T4 miR-133a-3p 41 0.29=+0.06 0.75+0.06" 0.79+0.06 89.3448. 16"
JUER MIR155HG Filid 23X Furin 41 0.31=0.07 0.78+0.07" 1.12+0.07" 93.41+8.24"
F 0.288 88. 652 149.714 84.392
P 0.834 0. 000 0. 000 0. 000

a K P<0. 05, 5UTERXT FRAL LL# ;b oA P<0. 05, 5 UTER MIR155HG 4 Hb#k
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3 %W it

O WUVBTFE 2 ™ A5 35 NS R A0 Il A
Y5 Nl B T UUE At 2 A O WL B 1A 0 AL
AT 4 41 G 1 18 5 A B8 BE 7 3 i 5 o4k R LR
LRYEA I, AR HE T 0 WILAE B - 35 0 LET 4 b
JELO ) BFE B IncRNA 7] 2 5 8450 LR 4 7
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