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454 miR-25-3p mimic T4 mCF %45 [ & & & ol (COLIAL) Il & & & ol (COL3AL) fo a-F & LIS & & (a-
SMA) Bk B KA 353 A, 3 BRI B 52 B e 2 A SR I 4E 5 BTG2 A& miR-25-3p #9 Furde A B, 5t A 5 4~
¥ miR-25-3p 483t mCF ¢ e ftn % L B A X a9V, HUH BT 504E % BTG2 7T iE 3 Am SOD2 mRNA #9482 H
LR R B miR-25-3p it BTG2 49 & ik & TR SOD2 89 K - 3k Mo 38 3% 4F 4L Aa % A B 69 Rk | K 4F
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[ ABSTRACT] Aim To investigate the effect of microRNA miR-25-3p on fibrosis-related gene expression in cardiac
fibroblasts and mechanism involved. Methods A mouse model of cardiac fibrosis induced by angiotensin Il ( Angll)
infusion was constructed, and the differentially expressed miRNAs in the fibrotic mouse myocardium were detected by miRNA

chip array.  Primary isolation and culture of C57BL/6 mouse cardiac fibroblasts (mCF) were performed, and a cell model of
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myocardial fibrosis was established based on Angll-treated mCF.

sis-related genes in mCF was studied.

25-3p on the 3’-untranslated region (3'UTR) of the B-cell translocation gene 2 (BTG2) gene.
was performed to detect the effect of BTG2 on the stability of superoxide dismutase 2 (SOD2) mRNA in mCF.

Expression of miR-25-3p was increased in the myocardium of Angll-infused mice and Angll-treated mCF.

The effect of miR-25-3p mimic on the expression of fibro-

The dual luciferase reporter gene assay was performed to verify the binding of miR-

Actinomycin D experiment
Results
miR-25-3p could

enhance the expression of fibrosis-related genes, including collagen type I alpha 1 chain (COL1A1) , collagen type Il alpha 1

chain( COL3A1) and a-smooth muscle actin (@-SMA) in mCF.
and BTG2 mediated the effect of miR-25-3p on promoting fibrosis-related gene expression in mCF.
could enhance the expression of SOD2 by increasing the stability of SOD2 mRNA in mCF.

BTG2 was confirmed to be a target gene of miR-25-3p,
In addition, BTG2
Conclusion MiR-25-3p

inhibited the level of SOD2 through targeting BTG2 in mCF, resulting in enhancing fibrosis-related gene expression and pro-

moting myocardial fibrosis.

/N RNA (microRNA , miRNA) J&2—2RKEFEZA K
19 ~ 25 MEAFBR B/ IR PEAE 4D RNATY, B
Al miRNA AT DU 4 il L P B IE 2 5 2 Fh A
P2t R AR O O VTR & A A LR
PRI O WLAN AP L R 2R SRR A 4K
JLA3 R E ) B S AR GO LA I 2 A A T AR
S S O IR S8 e e B g B s 3T
SES MM E DR, B E RS S
B0 Jy 3 v 50 WE SR TR A5 T fE N
FE, miRNA 258350 WLEF 4k (b b A2, A 5%
ZHEEAE FOBFSE & PR miR-199a-5p 18 1§ 1] T 2R A5 L
PR F 1 (sirtuin-1, SIRT1 ) 42 ¥E0 LT 4 4L A1 26
PR 22350075 T miR-23b-3p 3 o #1165 Ak AR K A
F B #3Z 4K (TGF-B type I receptor, TGFBR3) {i¢
HECLEF AR AR SRR 2Rk A WS IE 52 miR-
25-3p 38 oL B ] R A R X7 B 45 (67 S R 2 (B-
cell translocation gene 2, BTG2) i i 28 4 g 34 7,
X R = B LA A2 W A T AR A
{RILAE O LR A A b VR o NI 2

BTG2 /& BTG/TOB & [F 5% v % 5 tH Y 25 —
ANFEDH 7 Ji 200 M 1 200 R S0 4 S A o 4e A
T R BRI AT RAAE S e A i R
TR AN & A B b, 2 BE5E T 5 57 54 B
PR IR A 9 3 PR 33, BLAMAE v] DATERE St 5 7K
S b 3E i 5 A5 8 RNA (mRNA) B % 5E Pk 1y
FEEFER ) HErt AR EN BTG2 n i3 Y
O MBI FE 030 BTG2 76 H,0, BYHIEL T o] LA
LI Akv/Erk {55 80% GSK-38 FIEIFAZE D ifif
PO AR FET | A BF 5T 7R miR-21 7]
B A ) BTG2 FR 4P /N ERLC ILFD H9c2 4t il b 52
BT R A SRR

BEAE BT 5 78 miR-25-3p 1] GBS 5 .0 L& 4
B2 FIF AT AL 1 & i B, {2 miR-25-3p X
O ILEF AR IR A i A — B, R 5 22—

A BT G 20 WLET 4 AL i A T KL, A SOt
5% T miR-25-3p XJ/IN O LA T4 41 ( mouse car-
diac fibroblasts ,mCF) 274 fb AH S FE R 2 3R 1 8 455
YEH, IFUESE miR-25-3p i i #L[5] BTG2/SOD2 il %
PR O LT 4EAL VR AL

1 #RTEE

1.1 SE3zhY

mITMNFEGRFHY PRGN ~3 K
SPF % C57BL/6 3L/ B, # 7 i & % SCXK (4 )
2013-0034, AXW M LB KEAREK
B E R & F [ #k T EEFLE 2017015A
T 1o
1.2 EZilH

DMEM/F12 ¥ # £ # M 5 4 f %, 0.25%
EDTA- % & 4 B ( Gibco) 71 Ang I # K ( Sigma) ;2 X
SYBR Green Mix, # # 3 ik 7| & ( TaKaRa) ; Lipo-
fectamine 2000 % Oligo, Trizol X 7| ( Invitrogen ) ;
RIPA 2@ (Z = K) ;& A% EiXF| & 4xloading
buffer 12 & Maker( Thermo) ; ECL 1k 2 & 4 Ml 1%
#| % ( Millipore ) ; miR-25-3p. U6 3| 47 . miR-25-3p
mimic 1 BTG2 siRNA ( 7]~ ML A 5 54 R ) ;
JiUAL R B 7] £ ( Omega ) ; PVDF % ( Whatman ) 5 7%
K& B E AR K A 2 ( Promega /A & ) ; DNA -3
B Wik 7] & ( Qiagen /A 7 ) ; COL3A1 ,GAPDH & |
F30 1 B P ( Protein Technology ) ; COLIA1 i A
(Thermo ) ; a--F ¥ AL AL 1 & & ( a-smooth muscle
actin, a-SMA ) 30 #& ( Abcam ) ; BTG2 7t 1K ( Protein-
tech) ; #8 &, 1. 4 5 1k B 2 (superoxide dismutase 2,
SOD2) #L & ( Cell Signaling Technology ) . p-Smad3 T
& (Signalway antibody) ,Smad3 i & ( Signalway anti-
body) ;PCR 5| 4 #1 Invitrogen A& & K (K 1),
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* 1. PCR3I¥F%
Table 1. The primers used in PCR assay
)
e R (5'—3) o
COLI1A1 F:GGCAAAGATGGACTCAACGG 196 bp
R:AGTAACGGCCACCATCTTGA
COL3Al F:CTGGCGGCTTTTCACCATAT 190 bp
R:TCTCCGCTCTTGAGTTCAGG
Acta2 F.CACTACCATGTACCCAGGCA 216 bp
R:CATTTGCGGTGGACAATGGA
BTG2 F:GGGTTTCCTCTCCAGTCTCC 192 bp
R:ACCTTGCTGATGATGGGGTC
GAPDH F:CAAGAAGGTGGTGAAGCAGG 200 bp

R:CCACCCTGTTGCTGTAGCC

miR-25-3p RT:GTCGTATCCAGTGCGTGTCGTGGA 70 bp
GTCGGCAATTGCACTGGATACGACTC
AGACCG

F:CATTGCACTTGTCTCGGTCTGA
R:GTGCGTGTCGTGGAGTC

U6 RT:GTCGTATCCAGTGCGTGTCGTGGA 160 bp
GTCGGCAATTGCACTGGATACGAC

F:GTCCGCGTGCTCGCTTCGGCAGC
R:GTGCGTGTCGTGGAGTC

1.3 mMEZEHKENEFTFESMRONFHELETR
0.9% # A F T E % Ang Il 5K , & % %4 /D R AR
F LR 1.46 mg/ (kg + d) (28 K) Wy 7 B H BT
B Ang I BB MNE S HEBER T (M RAF
MNEEHAEELAR), READREERBENK
FERBRANBEAEFE, BREEZBEZ2EBEAK
Ang Il 3 B BN AN AR W, 3611148 7% 28 K, X #
FET DL sy A N B LA 4 AL
1.4 Masson Z @
WAEBRENESXE LT URE/NR, A
WA DNEFHACECHALR, & —F %A 10%
R B AR B B R, BRI RFATHAK EA R
AR EERI|RE, AR ET ERAENALY
KEE X 4 pm K/NEYE G Y, 4 3 Masson
ZEREERATRE EE&NMAEESLES N2
B AR R M BT 1T A AL FE A R R AR 4 3 (collagen
volume fraction, CVF) th ] ,CVF (% )= & J& T 1R/ &
A X100% , B G 7T LAtk #% Ang T =4 /ML G
BFARANRCINAFEMEE,
1.5 #FHENROBFHEMEE 5 E FEFNLIE
RICH & 1 ~3 X SPF % CSTBL/6 L/N Bob
JE, BT KE L6 PBS b, £k F B+

N JERE SN —H B 50 mL B E PR E A
ETHMA, REXAFH#EE T EE TREHA
4 EDTA #7 0. 125% Jff & & B 3¢ 57 58 i 4 R Fe ok AT
HA, B AMA~5 RREFENEHFE T2
HEeHAEARNERER, BOFLFE EEAK
I G4 A B TI5 4 3 A 2 B %R 90
min, T QA FR T AEEBE & EKEERE
B £ 5 #0353 90 min B R AR Mo A 40
A8 TR, X AEE T MUK L 56 BT F B mCF, % 4
B A4F |y mCF R 572 P2 KRB SHATHAMRAE
1.6 mRNA Rk

ARtk 2k BTG2 9 mCF &t B8 4 ffg 5 4T
mRNA %k 2 H ., mRNA Rk XA 5 42
atrm EERER AR M TR, HRT . HEE
J& B B RNA K AT 4 5 3 973 o K AT e
%9 ¢cRNA #£4t, cRNA # 4t 5 Arraystar mRNA Array
(8X1I5K) kkit M i F W EMH B B4 5 X
Agilent Scanner G2505C 33 f | Agilent Feature Ex-
traction Software 11.0. 1.1 AT e 28 &5 &
1.7 qRT-PCR #&il

Trizol % # B mCF # 87 % RNA, #% ® 1 pg %
RNA , im N A8 B2 & # B9 RNA, 3F m A 4 pl 5XPrime-
Script RT Master Mix ¥ 1T X # & 1% | ¢DNA, #% &
10 wL & ##AT L i 2 & PCR 4  BTG2 DL K 4F 4
.48 % £ B9 mRNA AK-F(GAPDH % 5 ), B
1 pg & RNA, iz X\ 4 pL 5xPrimeScript RT Buffer
1 pL RT Enzyme Mix # 0.2 uL 4 % miR-25-3p RT
514 £ B U6 RT 5| 47 #E 4T miRNA R 3 (R 3 %%
., 3B B AK cDNA Ja, ML U6 W& B A
miR-25-3p A-F,
1.8 Western blot ¥l

Yk IE H AR RIPA 247 2 1 40 L 45
15 ~20 min, & &R I _EE E & G 2 2300 E
ERBWRERHATEGEENRK,99 ChALKE
10 min, 2P 58 FR JE BEAT IR T M Bt P 6 v vk 52 B
EEAHATRRKT URKFEAN S TFREAN B
K REEHMEREGHBEPVDF L HA 1 h
J& , B R AR BB — AR 3t PVDF fi£ 4 CH K,
A FU R B F B e T2 anti-COLLAL , anti-COL3A1
anti-SOD2 ,anti-p-Smad3 ,anti-Smad3 (1 : 1 000) ;anti-a-
SMA(1 : 3 000) ;anti-BTG2 (1 : 500) ; anti-GAPDH
(1:5000), 7JE3 K&, AR o =
(1:5000)Z®BE 1 h, XA ECL A LKAED
% , I H Image J #EAT K JE 247
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1.9 WEtHEBEHRESEFEKN

¥ BTG2 #y 3'UTR & 4 5§ miR-25-3p 2 || # 42
Hy 45 A0 5ty BTG2 3'UTR JF 7| 4+ 3l # 2 %] pGL3-
promoter F R 1, LA B E A KL FBHRE A
pGL3-BTG2W1W2,, FF| fl & & 1% % K 7l & BTG2
t 3'UTR 5 miR-25-3p = [&] By 7 > 4 & AL & 7 71 3
AT R LA 22 A8 B B A BN R & miR-25-3p pGL3-
promoter-BTG2-TIW2 #2 pGL3-promoter-BTG2-W1T2,
LB, A B A R AL 2 B # AR pGL3-promoter-BTG2-
TIT2, # 200 ng 2 417 % & B 4 it # 50 nmol/L
miR-25-3p mimic 1 20 ng pRL-TK W & it # 4 4% 4
PEABEE (HEK)293 40 o, 42 4 24 h 5, 0l 2 %
K %t & B (FL) frilg B OL % (RL) &, A
FL/RL # 48 %t B % #] B miR-25-3p 5 BTG2 # &
3'UTR W& A 1EH
1.10 RNA FEMRIE

¥ mCF 25 F B i om % |\ BTG2 ff o 2 R %
W, B mEH N w2 o/L A HE D%
BHEEED 25| B0 h4h8h 12 h fo

24 h, LA & & PCR 4  SOD2 mRNA % ik K F, DL
IHF BTG2 % SOD2 mRNA # & M A &% .
.11 SitFabeE

AR BB W 51t 47 21 5L B GraphPad Prism 8
BN E, TERHH KA vxs X WA K
KA A Z A AR B E R 200, A
Bonferroni X 1 By ¢ A %6 AT 41 7] 7 B &, P<
0.05 AN ZREFAUFEN,rHEERAED
H 3R EWE R B,

2 # B

2.1 miR-25-3p FTELALA SR RIE LR

Masson #2555 BH, Angﬂ?@?f}a IR WLET 4
PR RN (& 1A) , qRT-PCR 4551 T miR-
25-3p FER AL AL/ UL B E TS (B 1B)
1€ Ang [T AL FE ) mCF P 5 £F 4E{L A1 G A9 COL1AT
COL3Al fl a-SMA R L (& 1C) , H miR-
25-3p R BETHE (E D),

P<0.001 B &
8229 poot
£ 2.0 f
c\ll [&]
%g 15
oc 1.0
el
T3 05
S
% 0.0
.{\\Qé\o =2 '(s\\\)é‘\o
N §
¥ N
C e\ 3 Vehicle D
\]6‘(\\G P\(\g 515 Hl Ang I Plﬂfﬂ o 0015
T 1)
170 kDa | === === ( COL1A1 @ P'ﬂ|01 P<,0_|_001 cu\'.,l c P<0.01
£10 ¢ -2 0.010
139 kDa ~ w=—| COL3A1 o T8
o
T ©

A A A
o coh o«s‘\w qee® poo®

1. miR-25-3p 7E O ALET 4 h R E

A g Masson ¢4 7R Ang I1HETE/D BUC LA LR BE s B 29 qRT-PCR A3 miR-25-3p 7E A& AR AP 4 Al BLO L AR5

C 9 Western blot #5il] Ang Il Z4bBEAY mCF H* COL1A1 ,COL3A1 il a-SMA A3k ;D i qRT-PCR E
ST Ang 11 4L FEAY mCF H miR-25-3p FIARRS 235,

Figure 1. Expression of miR-25-3p in cardiac fibrosis

2.2 miR-25-3p 38 mCF 4L EXERMRIE
J T WFSE miR-25-3p XF£F 4E A AH G KL [H 638 1
200, 2K Lipofectamine 12 71 43 51| [1] mCF Hr §% e

Scramble Fl miR-25-3p mimic, Western blot Z553 7,
BEYe miR-25-3p-mimic IR EHN mCF H 5 £F4E LA
JEELA COL1AT,COL3AL il a-SMA [JFRIE ([ 2) .
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Scramble  miR-25-3p mimic 2.3 BTG2 1A miR—25-3p MEEMNEE
170 kDa | - — COL1Af FIH A= W15 B, 2% W 3l (https ://www. mirbase.

129 KDa = = s COL3A1

42 KDa — O -SMA

org/ ; https://starbase. sysu. edu. cn/) #Y TargetScan

36 KDa ———— G APDH miRanda I PicTar 5 3 15 I 25 2R 7R miR-25-3p

1 Scramble

F315 BTG2 3L 19 3'UTR BN TE R S 55 A0

5 1.5 ™=mmiR-25-3pmimic ;g ¢ F(EI3A) , AEECEBRIZE R R, miR-25-3p 1
g " WA T HOC R, 1H 557 miR-25-3p F T T
% rop e P<0.01 51145 BTG2 3"UTR ) 1 280 ~ 1 287 {15 B AN A1,
S 0.l ﬂl ml WL PEVE IR U1 ([ 3B) . miR-25-3p
g (AT LB 4 mCF tf BTG2 mRNA (9535, t1AE 5
a 00 H AR BTG2 94K (K F (1€ 3C A1 3D) ., Western

COL1A1  COL3A1 «-SMA

2. miR-25-3p 1%3& mCF F T 44k
BXEERRIE
Figure 2. miR-25-3p enhances fibrosis-related

genes expression in mCF

blot 55 7R, 24 miR-25-3p mimic F1 BTG2 siRNA #%
Yt mCF I, miR-25-3p mimic Fll BTG2 siRNA 1] — %
PEHb 9 58 mCF A 45 2F 2 £k 45 Fr A7 5 1) COLLAL
COL3A1 Fll a-SMA HJ3RIL (K 3E) . MeAb, BRim s
Tt FRIE BTG2 1 DL % miR-25-3p 15349 mCF 1
COLIA1 ,COL3A1 Hl a-SMA A3 (K 3F)

A B 15 C c 15
o P<0.05 S P<0.05
E P<0.01 [OR )
Positon 996-1 003 0f BTG2 3/ UTR &'...GAGUUCUCAAUCACUGUGGAAUA.. 610 = meg1o
©
miR-25-3p 3'... AGUCUGGCUCUGUUCACGUUAC K] 2 85
505 §<3205
Position 1 280~1 287 of BTG2 3' UTR 5' ... AUUUAUUGUAGAUGUCFLll?cl)Alli\LlJA... % & g2
i €
mR253p 8 AGUCUGGCUCUGUUCACGUUAC s 00— . 00— ¢
pGL3-promoter + _ - - - - ‘fb&\o ((\\6\
GL3-BTG2-WT - + & - = -
EGLS—BTGZ-HWZ -~ - o+ - - o <obe
pGL3-BTG2-W1T2 - = - - + - 9,
pGL3-BTG2-T1T2 - _ - - - 4 L&
Scramble + + — = = - ((\ er
N iR-25-3p mimic — - + + + + & M
© R o ¥ 0
@ Q&\\@ Q@\& & b\zﬂ’ﬁfb %C'(o@&\@(
» 2 @ 5 @ N ax~ X
D & P E & P & F o° o8 1O <O
@ & & L .RQ GO S PR
© & SR NN o
17 kDa [ BTG2 170 kDal( = — } COL1AT 170 kDa [ = | COL1A1
129 kDal «w. s <= | COL3A1 129 kDa |~ == = === |COL3A1
36 kDa GAPDH 42 kDa| = | & -SMA 42 kDa [ - -SMA
510 P<0.01 17 kDal === = | BTG2 17 kDa === = |BTG2
£ 36 kDal —— —— | GAPDH 36 kDa [ = mm e = | GAPDH
E 0.8 === Scramble mm Vector+Scramble
+ iR-25-3p mimic mmm Vector+miR-25-3p
o 0.6 = =l P _ OE-BTG2+Scramble
g S5 Si-BTG2 P<0.05 8 === OE-BTG2+miR-25-3p
?5: 0.4 Ch Po.05 N 1.5 P<0.01 P<0.05
S I 1.5 P00l <0001 rl T P<001P<0.05P<0.01P<0.01 I poos
0] 0.2 =) T P<0.01 aioF mr— i [
= o P. 0 01 - o -
m 0.0 - .({\\0 é 1.0 P<O o5 - P<0.05 ?5: .
& & £05 -I Ii £ S
(ofb -— T -—
s 200 200
& COL1A1 COL3A1 o-SMA BTG2 COL1A1 COL3A1 o-SMA BTG2

& 3. BTG2 +'5 miR-25-3p X 1&{E mCF F4 L RE

A MR BT miR-25-3p J¥8145 BTG2 JEH IS5 & (0 51 5 B S 2 MR 15 FE R SCHIE S miR-25-3p JF515 BTG2 )4 Hi5%
25545 C A qRT-PCR E &= 43T mCF #4% miR-25-3p mimic & BTG2 mRNA [ 3%ik7KF ;D & Western blot & JKJ¥ 7 #F mCF —F?JK
miR-25-3p mimic 5 BTG2 MY A /KF 5 E S Western blot XK JE43HT mCF 4334 44 miR-25-3p mimic A1 BTG2 siRNA HY,
mCF A 44545 COLIAL COL3AL T a-SMA Kk K P51k s F 24 Western blot K BE ST IR #5432 ik BTG2 mJ LA i

miR-25-3p % 4 mCF H' COLIA1 COI3A1 ,a-SMA k3N,
Figure 3. BTG2 mediates the pro-fibrotic effect of miR-25-3p on mCF
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2.4 SOD2 +& BTG2 MMFIF N HXER M RIE

mRNA Fik ikt i 45 R oK, i %3k BTG2 7]
5l mCF #1523 4~F1 421 3EHEE 1.5 50 By
Fhms FIREAR T IR (B 4A) , ik 26 22 5 3k 1y FE K ]
REZ S5 M5 A G i ARG B P e S A
YreEd B (3R 2) o SERTE & PCR Sk 45 51 K
W HE 2 5.0 WLET 4k Ak )8 #2540 5C 17 3L Tefbi3 |
Smad7 1 SOD2 ZEf ik , 45 R WoRid ik BTG2 7]

A OE-BTG2 vs. Vector volcano plot
300 T

200 %3
i up

nosig

« down

-log,,(FDR)

O —

-5 -10 -5 0 5 10 15

VI i SOD2 ik (K 4B), Western blot 455
Wi R, B 8 A T 3k BTG2 7] L L 1# SOD2
K- (B 4C) , R D S50 Bow . A
£ D e M AL B A A T IR, Kk
BTG2 £ A1 %) 5 &5 Y SOD2 mRNA 7KF- (& 4D) .
Western blot 455 27~ . LK SOD2 7 LI HE mCF
KA TSR COL1IAL  COL3A1 Hl a-SMA £ iA LA
s Smad3 55 (E4E)

@

—Vector
mm OE-BTG2
r P<0.05

0_ N ﬁi e

Tgfbor3 SOD2 Smad7

N W A~ O
T

-
T

Relative mRNA expression
(fold change)

log,(FC) = Vector
C o 15 mm OE-BTG2 D =15 —e—\Vector
o N 2 7| PRI b 001 <5 —=OE-BTG2
R 2 3 i %E
25 kDaEI sop2 X 1.0F o 1O
o o
< O o
17 kDaEI BTG2 & 7 ] g
% 0.5F gg 0.5 2
o500 e ] GAPDH © |
o o’ X 1 1 1 1 1
0.0 2 0.0
r()((\\()\e 500% SOD2 BTG2 Oh 4h 8h 12h24h
E ot ;
¥ — Scramble _ P<0.05
170 kDa | = s | COL1A1 §2.0— == 5i-SOD2 Pfﬂln :g‘ 1.5
130kDa | = | COLBAT & . &
42 kDa | s s | o -SMA g B I 210
©
25 kDa |we— s | SOD2 &1 0 UE)
55 kDa | *»= sm= | p-Smad3 9 & 05|
<05 K]
55 kD@ | e e | Smad3 ohe g
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Figure 4. SOD2 mediates the effect of BTG2 on suppressing the fibrosis-related gene expression in mCF
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Table 2. Dys-regulated genes in mCF by over-expression

of BTG2

ZESEEE B RERARES | 2R T RS
4.55 Up Ptges -2.97  Down Tgth2
3.23 Up Fgf23 -2.79  Down Ttga8
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