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Regulatory effect of transcription factor E4ABP4 on pathological myocardial

fibrosis through the AMPK-TGF-B1/SMADS signaling pathway

Huang Derong ,Wen Qing,Su Yuchen
(Department of Cardiovascular Surgery , Affiliated Hospital of Zunyi Medical University)
[Abstract] Objective : To explore the effects of transcription factor adenovirus E4 promoter—binding protein (E4BP4) in regulating
pathological myocardial fibrosis through the adenosine monophosphate—activated protein kinase (AMPK ) —transforming growth factor
(TGF)-B1/Smad homolog 3(SMAD3) pathway. Methods : A mouse model of myocardial fibrosis was established, and the expression of
E4BP4 was determined in the model group and the sham—operation group. Primary cardiac fibroblasts were isolated , cultured , activated
by angiotensin Il (Ang I ), and divided into the following groups: Ang Il +E4BP4 group (transfected with E4BP4 overexpression
plasmids) , Ang Il +siE4BP4 group (transfected with E4BP4 interfering plasmids) , Ang Il group, and control group (without Ang II
treatment). The fluorescence intensity of a—smooth muscle actin (a=SMA) was determined by the immunofluorescence assay , the cell
viability by the cell counting kit, the expression of E4BP4,a—SMA, collagen type I (collagen 1 ),and collagen type Ill (collagen I )
by polymerase chain reaction, and the protein expression of TGF-B1, AMPK,and SMAD3 by Western blot. Results : Compared with the

sham—-operation group, the model group showed significantly in-
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JhER R, Bmal o creased myocardial fibrosis degree (38.46 + 1.21 vs. 3.39 £ 0.39, 1=
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ESTE M 4 A 2 KR B (%5 %A A A m-ZK(2024) —78.564, P=0.000) and E4BP4 protein expression (0.96 + 0.03 vs.
— % 327]; LT AE R B AR B [% 5 EFHESHZ (.75 £ 0.03 , 1=—11.480, P=0.000). In vitro experiments found that
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446 H AR : hutps:/link.cnki.net/urlid/50.1046.R.20250217.1510.012 677.591, P=0.000) , cell viability (91.30 2.39 vs. 123.74 +2.60,
(2025-02-18) F=132.696, P=0.000) , and the levels of o =SMA (1.26 = 0.09 vs.

the mean fluorescence intensity (0.05+0.01 vs. 0.42+0.03, F=
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3.59 +0.86, F=52.274, P=0.000) , collagen 1 (1.16 +0.11 vs. 3.79 + 0.89, F=55.336, P=0.000) , collagen Il (1.23 +0.13 vs. 2.92 +
0.36, F=119.929, P=0.000) , TGF-B1 (0.66 = 0.04 vs. 0.96 + 0.02, F=142.954, P=0.000) , and p—~SMAD3/SMAD3 (0.81 + 0.03 vs.
1.37 £ 0.02, F=739.609, P=0.000) in the Ang Il +siE4BP4 group were significantly lower than those in the Ang Il +E4BP4 group. The
expression of p~AMPK/AMPK in the Ang Il +siE4BP4 group was significantly higher than that in the Ang II +E4BP4 group (0.89 +
0.01 vs. 0.58 + 0.02, F=284.541, P=0.000). Conclusion : E4BP4 plays a crucial role in the regulation of fibrosis. Inhibition of E4BP4
expression exerts an anti—fibrotic effect by activating AMPK and inhibiting TGF-1/SMAD3 pathway.

[ Key words ] myocardial fibrosis ; adenovirus E4 promoter—binding protein ; adenosine monophosphate—activated protein kinase ; trans-

forming growth factor—3 ; Smad homolog 3
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2R R AL R R . RS H RN 2 4R L
A TTZH T B BRG] AR SE 2 TERE AN
R 2 B XoF LT AR A R S P R R U R T T

96 7 B4 B 3 F 45 4 & 1 (adenovirus E4
promoter—binding protein, E4BP4) , M 8% 5 b #% K 1
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112 FZH] Trizol RNA 4B (Life, 25 ) ; 41 E
H 32 B0 & (B2 = oK) 5 ¥k H 2 (bicinchoninic
acid, BCA) 8 71 B2 7 1200 & ( R 38 = K, P0010S) 5 3R
M 8 LM (B 2E 2 K, FFP24) ; Masson — 6,4 {6,371
5 R o A% DU A PR A B 1) 5 240 i 3 8 A 3 7)
(cell counting kit, CCK)-8(KGA317-2, IT o5 HL A= 9 ) s ik
AR F & (Qiagen 218161, RN 5 riboSCRIPTTM mRNA/In-
cRNA % & W 5% xC X Vi (polymerase chain reaction, PCR)
Starter Kit 157 & (] M 86 1% ) ; Uni-Reverse Primer( I
18 ) ; miRs Forward primer (]~ M 818 ) ; Ang II (HY-13948,
MCE, 2 ) ; pcDNA3.1-E4BP4 siE4BP4 (A FHA W, L5 ) 5
B & BB RS 05 4 (P1622, db 50 3% 1 3 36 X £ R A BR A
"l L 4 I E A (A8020, db s KK E ), M kK B
(RJ239676, FE 3k &, &) , ik : p-SMAD3 (ab63402, % [
abcam) ,p—AMPK-al fl a2 (ab133448, % [F abcam) , TGF-B1
(ab215715, %% [F abcam) , E4BP4(abh309508, abcam) ; AMPK -«
1,2(ab207442, abcam) ; H il 18 -3 % i & (glyceralde-
hyde—3-phosphate dehydro—genase, GAPDH) (ab181602 , % £
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abcam) 5 90 : 90 Bl HRP IgG (H+L) (GB23303, 77X Ser-
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L13 FZAUE  WKURY) A HUR A 5 A AL (R R 3R 4y
F]) s RNA W% AL (31 Bio—Rad 23 ) 5 A (LB 4 471485 43
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LR YE Y 2T (7, ff FH Image—pro—plus 6.0 437 0 3 J8 iR £F 4
T RS R R 2 R 4388 (collagen volume fraction, CVF) (%) o
TP R 2 0K, 1R 25<3%

1.2.4 .0 JULZH 21 RNA £2 B0 K mRNA 3K A I
TRIzoL AR BLO ILZH 2 P B RNA . B 100 g 2 4058 Jlps oK
ARSI T mLL Trizol ¥, 8520 5 T Y S5 1A HUE RNAs.
HEREE T g £ RNAs LR 10 WL K SREA T3t , T
7+ cDNAs A =20 COKFATRAF . SIPBEHTT . T B
(collagen type I ,collagen I ): L7545’ ~-TAAGGGTCCCCA

ATGGTGAGA-3", i [#)5'~GGGTCCCTCGACTCCTACAT-
375 A JRL 25 H (collagen type TN, collagen 1)« #5149
5’-CTGTAACATGGAAACTGGGGAAA-3", Fii#51#)5°-CC

ATAGCTGAACTGAAAACCACC-3" ;a—SMA: L5145 -

CCCAGACATCAGGGAGTAATGG-3", Fil#5|4) 5’ ~TCTAT
CGGATACTTCAGCGTCA-3" ;E4BP4: |54 5’ CTTTCAG
GACTACCAGACATCCAA-3", FiF5141 5’ ~GATGCAACTTC
CGGCTACCA-3" ;GAPDH: #5145’ ~-GAGAAGGCTGGGG
CTCAC-3", Fi## 314 5" ~GTTGTC ATGGATGACCTTGGC~
37 MR B A G 13 BH A3 B A 20 pL AR FR, W AN 195 °C
10 min FUAEYE, 95 °C 5 s 48, 60 °C 30 s ik F172 °C 30 s 4E
it i1 40 MG E LA . H R R SR
Fik . CQMEE X BN PCR 4 13 Fit vh @5 50 i 1A 3 1)
T Z G A, Rk R R 2. ACq=
EzzfAACqO

1.2.5 U JULAL SR AR EBURTER (A DR ER A 37 0 R0
JEZH 21200 mg, 4 “CHE TR Ja HLAOR WA 20 30, R R A
P A U W A5 T R, A IS S B L BE 4 AT (radio—
immunoprecipitation assay , RIPA) 24 , f2BUEH F . HRIE
BCA B S AT 2R P &, 0T e S G PR 4 — 3R TR s Tk i
#E JKE B 7Kk (sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis, SDS-PAGE) [ F£ 2% i 7.3 10 min, HL 80 pe &
FE&L A, 10% SDS-PAGE HL Pk (80 V, 30 min, #8 )5 100 V,
60 min) ; LA 4 CIEHTHES . F (R 150 mA, 12% B
50 min, 8% JBE%% 90 min) ; 5% BlE4FE 5 50 mL £ 41 1 h;
— PP R E4BP4 TG Hiff (1:1 000) AL K AMPK-al,2
IgG Hi A (1:720) b Bl p-AMPK-al (BEF2 1k T183) Fl o2
(BB AL T172) IeG Pk (1:720) fadi R TGF-B1 1gG Hifk
(1:900) BBt p-SMAD3 (BFER 1L S204) TG HLIA(1:900)
L L SMAD3 TgG HiiA (1:900) . N2t L GAPDH 1gG 3t
#(1:1000),4 CHFH 17, AT S BEbR I E 0 B 1gG
(H+L) Z$Hi(1:5000) Z IEWEH 2 h, B 5w 5% W (3 vl B 5 43
A:B:C=1:1:1 HONRE), SHE AN G 15 s, TEEEIE A%
R G RO R A EME 5 T Image lab B HEAT 8 11 25705 43
M, I HBREE 450 IR BE(E S GAPDH 4545 IR BE A LU AT 5
AN Fik b

1.2.6 ODNEMREFAEAN MY 48 55 G e SD KRR
FLER(0~1 ), Wik 8 )5 [ THRAE &, R 44 T
RIS 0> BRI, BT 5L 29 1~2 mm’ 7 5 R, A
4 mL 7 PH BT Ak 3 min, USCHE T Fh ARV, AT FH 22 3 0 A 1
O3B AT AN, S DR B 4, A 7 mL 10% JiG 4
1M 37 (fetal bovine serum, FBS) #f: /R 11 Bl ok & Eagle B 5
(Dulbecco’s modified eagle medium, DMEM) ,37 “C 5% COzﬁpﬁ'fé
KRR, R AN T 2 80% ~ 90% I 55 WA M #EAT BT,
Y 0 025 K T0%% I, 4 e e o AR G 5 6l T 0 7 R
7K 2 1l (angiotensin I, Ang 1T ) 3l 3 A5G e JBoR A [ #4753
20, R G A PR SR BRZE B G EABPA T4 Bk (siE4BP4)
(50 nm) # Jy siE4BP4 21 , 5 {fi Fil Ang 11 (200 nm, 37 °C 5%
CO, eI 5597 48 h) J5 % UL 5 43 1) %% Y E4BP4 =335 5T
Hi (pcDNA3.1-E4BP4) (250 ng/mL) # 5E S A (Ang Il +E4BP4
) i G siE4BP4(50 nm) & A (Ang 11 +siE4BP4 41) i A
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EURFNE R Ang T 5544 6 hJ5 76 6 FLAR H0m AL &
BN 10% (58 A K5 3535 1 mL; 48 h 5 48 410 i 5 17 )5 2
LIl

BRI S A A A, 96 FLARL, 1X10°A~/4L IR 21 )R T
37 °C 5% CO, 3% 24 h; 7£ 34 1.5 mL EP 45 H & AT A 25 ulL
TC 1ML 3% DMEM, 43 514 A 100 ng/mL., 250 ng/mL, 500 ng/mlL
pcDNA3.1-GFP Buh , IR 5 s Mt y) — 1.5 mL EP 4, A 75 pL
TJCIfiL 7 DMEM, Jil A 1.5 wL GP-transfect—Mate 5% Y7 , 75
JPIRA), FEIRACE 5 min J5 X543 210 S BURLIY 3 4> EP
L FAMRA, FIRUE 20 min; W7 96 FLAR T R TR
FLIA 50 WL JE MLV (9 DMEM 3 $ 5% Y1 4 W3 i A 96 4L
W RIS AR A IR T 4 ~ 6 h /5% 100 wL 7% 10%
FBS () DMEM B 553 . 37 °C ,5% CO, #3535 24 hF
WLER I A, ff ] Image—pro—plus 6.0 TTE i YR | g =
J 986 B 40 B UL 28 B B 41 B Ux100%. 45 5 B oR
250 ng/mL HFE YRR 70% , 5541 500 ng/m L IHE YRR IF R
AW AR B LLEPE 250 ng/mL S HEIT 5 22500
1.2.7  SIEDEIERE T a-SMA 34 5 65 B Al CCK-8 61
PREFAEAMLE T ORETECHE K45 A A SR
FRANPEIC R LA K % 70% 247, U IR -, W Rk 2% vh 5k
7K (phosphate buffered saline, PBS) Fii#4 ; 7~ 2.4% 2 5 H i
E A 50.5% triton-X100 (PBS I i ) &5 i 8 1% 3 min, 32 ¥
J5 FH 4.1% BSA 35 P41 30 min , WE JF PV, T AR B 01—t
vimentin(1:100) ,a=SMA (1:200) ,4 “CiI %I ; Wk —¥i,
PBS R YEJ5 M — 40 (1:100) ,37 “CHFE 1 h, #E0; WE —
P, PBSIZ VR, etk 47, 6- & FE-2- K FEM| L (5 pg/mL) ,
5 min, PBS {2 % )5 T F PBS R R [#l . fifi il Image pro plus
6.0 {4 7 12t 43 745t LoD fi , P06 % B (E=10D {i L\ B
B A3 A X IBE R . @CCK-8 R il - 4454 e J5 1) 400 il 96 FL
M, A AL IX10* A4, e A [R] 9 15 3% 3, 4541 100 pL; &F
FLIA 10 wL CCK-8& 5, BT 1 3240 P 2 h, BAR (A
450 nm P A AR AL WA o KE L WO (0 K s
1 G AR B SRy iz LG AR, WO R 2, A 3R A M A7 375 9
1R AL GE RE D AR . A IS FE %= 2 LB -2
SLSIRENICON TN SIRER =L SIREREI I
1.2.8 20 (ERIBOCRVER (T B s . ARSI AR R
T B 5 A7, 76 0 5% 37 0L P A RIPA 46 0k, 42 BUR 7R
Fo AR4EBCA R & AT M &, 3% B3k 1.2.5 5 kil
E4BP4  AMPK . p~AMPK . TGF-B1.p-SMAD #1 SMAD (%% 4
Fikw I GAPDHAE NN ST B AR Rk & .
1.2.9 4 s RNAs RYSRECM A A F 4 i A &L
i (1 mL Trizol/0.2 mL &4 ) 7843 FLAL A , B3 Wom A 254k
TR, B0 )5 70 I, A 75% JE7K L BE(1 mL Trizol/
1 mLIG/K Z ) BE0% , T4, il A RNase—Free water 20 pL %
fif, AR 5 RNAs o iR B2 /5, I 1 g i RNAs 2
1.2.4 75 #1185 E4BP4 . Collagen [ . Collagen I Fl a—SMA 2

FEY iR

13 %hit®sk

K SPSS 22.0 G iR kAT b B . T i BEORER A
BB = bR 2 (a2 5) TR A5 A IR 2500 A 2 ol FH M 37 B AR
R o N | S g & TR IR = & W VAR e R VA A LU AL
FE ) (M, (P,s, Pys) |, WEREAS HE AR FHBR RIS 56 5 118008 BRI
RFR 2 QLI ECECR TR 5 K 56 5 2 20 D) o B ) OR FH B
RO 225347, 355 2R LSD K56 5% Dunnett”s T3 #5254 T
ZHIF IR A . A3 K T @=0.05

2.1 BAMADRCEASEY K, SHETE

A8 S, SEURZHAET 2 L, 430 TS 40 d FT45 d,
P ARLLRIET A7 /N RGO MR A A & I, B 2 /)
R OEIEROIIREREIR, BEAIZH LVEDD Al LVESD {634
KPEFARL, I LVEF /DT IRFARA, X RB G E
SCE T, ETA) s BUA O 20 L 2147 Masson G (0 % B . A%
RO LT A HES AL, A0 A 3 Ak 22, ) 5 00 K o i e
T 20 SUITRR, IR T AR 2H 0 LA SLHED N 24 5% 20 i DL
AR, MR WAL YR A L (K IB) . syt 24
CVF{HA B BRI CVF I 3 TP AU, 2 R A ST
BX(ELD,

F1 2ACHEEBNEMOCMALKRERRIBLE (x+5)

a5 LVEED LVESD LVEF CVF
(mm) (mm) (%) (%)

BRTARM  354+021 220+0.17 68.78+4.59 3.39+0.39

(n=10)

A2 379+0.13  2.80+0.18 49.77+5.04 3846+ 121

(n=8)

ol -3.053 -7.336 8.262 -78.564

PAH 0.008 <0.001 <0.001 <0.001

2.2 AEANZA BABPA Ao o YeAUAT & F A F Y] I e
B, 2 AL EONALIE T 4k

a—SMA .collagen I .collagen Il i mRNA FkIKF R B,
LA A 1 2235 (1.00 £ 0.00) 2%, a~SMA . collagen |
Hll collagen I PEALAYZH K35 5553710 3.20 + 0.43(1=-14.513,
P<0.001) .4.78 +0.93 (t=—11.480, P<0.001) Fl 2.25 + 0.46 (1=
-7.735, P<0.001) , B i TR F AR 4L (E 24) ;8 T B
E4BP4 (1 2 3545 B0 , 43 3 FH PCR 1 4 558 B 36 5 32 0+ T
E4BP4 7E 2 A R IK , S5 L R W] 1A 4] E4BP4 i) mRNA
FE IR TF RN (2.13 £ 0.36) 1%, B F AR B0
(t=—-15.348,P<0.001) (|#] 2B) ; 7E 4K [ R 35 J5 1 , E4BP4 7E 1%
TR 2 AR Y 4 1) 2% 3k i 43 i 2 (0.75 £0.03 vs. 0.96 =
0.03) , FE AU 2 B i &5 i T AR 4 (1=—11.480, P<0.001) (&
2C.D).
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JE58 B B R 5 T Ang 1140, 10 E4BP4 323K J5 , Ang 1T +
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BN, ZFHR G

X (F=132.696,P<0.001)(2).

Xof HE 4

Ang T4

Ang Il +E4BP44H
205 a-SMA B8R =50 pm
El3 GERANNEHEMRTEMM -SMALREFR

Ang I +siE4BP44H

2.4 ¢ EABPA FA T AR LT YAt AR & 4 08 ok KT

B EARM R AE A AL AN PR T E4BP4 mRNA 367K
I G5 B . E4BP4 mRNA AY R IK 7 Ang T ZH3 % IR 40
B % T, 7E Ang 11 +E4BP4 2158 Ang 11 2000 W75 , B e
siE4BP4 J5 , EABP4 mRNA 7E Ang Il +siE4BP4 21 [ 15 ¢
Ang Il +E4BP4 41 Ang 11 AU BT, Z A G
M (F=55.810,P<0.001) , B AL Y i 01 (2 3) -

ST W EABPA X £ Ai AL bR AR W 3R A RS A A TFSE

— T AT Y A0 R T 2T A A e BR S (a-SMA |



BERERKFZR 2025 £5 50 £5 5 # (Journal of Chongging Medical University 2025.Vol.50 No.5 )

— 645 —

F2 HBHETFIHVHIEREMALTEMITE N LB (x +5;0=5)

151, p~AMPK/AMPK [ 2235 /K - W] i P ik ; Ang [T +E4BP4 20
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