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Role of TLR4-mediated NETs formation in isoproterenol-induced heart failure in
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Abstract Objective To examine the impact of Toll-like receptor 4 (TLR4)-mediated neutrophil
extracellular traps (NETs) formation on isoproterenol (ISO)-induced heart failure (HF) in aged mice.
Methods The mice were randomly divided into Control group, Model group, TAK-242 (TLR4
inhibitor) group, LPS (TLR4 agonist) group and LPS+DNasel (NETs inhibitor) group, with 8 mice
in each group. The HF model was established by continuous infusion of ISO through an osmotic
pump, and TAK-242, LPS, and LPS+DNasel interventions were administered during the last week
of infusion for 7 consecutive days. ELISA was used to detect the N-terminal pro-B-type natriuretic
peptide (NT-pro BNP), cardiac troponin | (cTnl), interleukin-1p (IL-1p), interleukin-6 (IL-6), tumor
necrosis factor-o (TNF-a), and serum and myocardial tissue myeloperoxidase-DNA (MPO-DNA)
and neutrophil elastase-DNA (NE-DNA) levels. HE staining was used to observe the pathological
changes of myocardial tissue. Masson staining was used to observe the deposition of collagen fibers
in myocardial tissue. Immunofluorescence was used to observe the colocalization of Ly6G and
MPO in myocardial tissue. The protein expressions of TLR4, MPO, NE and cit-H3 in myocardial
tissue were detected by Western blot. Results Compared with the Control group, the end-diastolic
interventricular septal thickness (IVSD), left ventricular end-diastolic diameter (LVEDD) and left
ventricular end-systolic diameter (LVESD) in the Mode group significantly increased (P<0.01),
fractional shortening (FS) and ejection fraction (EF) significantly decreased (P<0.01), and the
myocardial structure was significantly damaged. The myocardial collagen fiber precipitation, serum
NT-pro BNP, cTnl, IL-1p, IL-6 and TNF-a contents, MPO-DNA and NE-DNA contents in serum
and myocardial tissue significantly increased (P<0.01). The co-localization of Ly6G and MPO and
the expression of TLR4, MPO, NE and cit-H3 proteins in myocardial tissue significantly increased
(P<0.01). After TAK-242 intervention, the above indicators were significantly reversed, while the
injury was further aggravated in LPS group. DNasel treatment could partially alleviate the
deterioration of myocardial structure and function induced by LPS. Conclusion TLR4 and NETs
are abnormally elevated in the myocardial tissue of aged HF mice. Treatment with the TLR4
inhibitor TAK-242 effectively suppresses NET formation, attenuates inflammatory responses, and
enhances cardiac function in aged HF mice.
Keywords heart failure; Toll like receptor 4; neutrophil extracellular traps; inflammation;

isoproterenol; cardiovascular diseases
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111 LW AWFFEA 18 A# CGE#%) MMk C57BL/6I /N, fAJFiE 30~359, WH
SRR SR E W, ANAE PR RIIE S . SCXK (58) 2022-0012. 1 FRFAET: iR EE
22 °C£2 °C, AHXTREE 50%45%, EROGIRA 12 h AR, sh A dik . Yok,

1.1.2 EERF FHE LA Gsoproterenol, 1SO) . TAK-242. fig % ¥ (lipopolysaccharides,
LPS) . DNaselll§ [ 3% 5l MedChemExpress 2 #]; /MR N A B ZUF 4K (N-terminal pro-
B-type natriuretic peptide, NT-pro BNP) . O HUIES & | Ccardiac troponinl, ¢Tnl) « F4f
fi/~Z Cinterleukin, L) -1B+ 1L-6. R RFERF o (tumor necrosis factor-o, TNF-a) ELISA
Rl & B s A, D RS E Yl (myeloperoxidase, MPO) -DNA Flrf
Fr 4 35 I (neutrophil elastase, NE) -DNA ELISA A7) & B sty FE 8 4= Mkl
HAKRARA; LyeG. MPO. TLR4. NE. K& H3 C(citrullinated histone H3, cit-
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1.2.1 SERSMH K HF HHEEIH1 8 L 40 X C57BL/6J /N ERFfAL 4> & Control £ Model 4.
TAK-242 (TLR4 #ifiI75]) 40, LPS (TLR4 3N 4R LPS+DNasel (NETs il 5)) 41,
320 8 K. Bk Control 2040, HAR &AL/ B T 1SO 55 HE /NEREAL, B
TR 0.3% JRELLL AN (50 mglkg) JRRIE/NER, T NRE TR FRBEMAIEE, Rk
#%1vE 1SO 3 JA[30 mg/(kg €), VAfET 0.002% 53 MERVAE], T Control £ /)N BUAE N 1235 WU
B HTE 0.002% UMM ER AR -

122 AHETWM BEEHIE SO M5 1, TAK-242 44, LPS 1R LPS+DNasel41/]M ),
oy RS TAK-242 (2 mg/kg, 1%/d) « LPS (3.12 ug/H/d) Al DNasel (50 pug/H/d) ,
1 Control 11 Model L8 iy G & AR 3R K, &S 7 d.

1.2.3 LITHEEFRAFR  RREEAT 12 h /N BRUAS BN ARIK, /N BURRIEE J5 DLAVEMO [ 8 THRIE &
SRR B, KA/ R, T A LE KMV RKE M B R.050 &, TE
&5k AR R BB Cinterventricular septal thickness, IVSD) AU E &P 5K K IANE (left
ventricular end-diastolic diameter, LVEDD) . 70 = UR4E AR #I 1% (left ventricular end-systolic
diameter, LVESD) Z5RZM&E 3 NOah i, BCFEME, JRHRE M4k % (fractional
shortening, FS) M4 Ifi 73 %51 (ejection fraction, EF) .

124 ELISAYERR OUReRZAE G, DNREREREUML, AL 3 000 r/min &L
15min, Y BIETRAEIN . LS 300HE G AR ZE /N B, RGE RGO T, 5 e AR B L B
LS PBSIRA G AN, AL O BB . 28 ELISA il iak7m) & it 1
i, 450 nm KA RO (Absorbance, A) . 1H5E & 41/ RUIILIEH NT-pro BNP. cTnl.
IL-1B+ IL-6+ TNF-a /K, PR IMLE A CIIHZH MPO-DNA A1 NE-DNA 7K.

1.25 HE F&F Masson Jotts. HULNIHLAE T 4% 2 HHFREER A € 48 h j5 47 A i
A, HIVEY) R . LIPS HE A1 Masson etk 7 & i B Pk T e th, MR/ R
OOV SR R 2 AR SR AT 4 R PTIE  l, FA IR AT

1.26 HERN HULIHLAE T 4%2 KPR EE 24 h 537 OCT @i, Yl
A 0.5% Triton X-100 {2 15 min, 10%!L 2 MiEE ] 2 h, IMA—4$i (Ly6G. MPO, 1:500
M) 4 CCFEIER, PBSIEYE 3K, BB FINAZERAACH ZH, =WRIFE 2 h,
FETPUNA DAPI, E=ERFE 15 min, PBS iE¥E 3 KJad fr, e R TSI I,
1.2.7 Western blot K] HCO AL, 5 RIPA AR MBEIR GG 2137, 4G RIPA 35
SV RHIEE T, BCAEMIE IR . AT SDS-PAGE Hijk. %, 5%Mt AR
M= 1h, TBST P 3 %, JIA—Ht (TLR4. MPO. NE. cit-H3. GAPDH, 1:1000
MikE) 4 °C VKA AL . TBST e 3 7, MM HRP #RidHI L EHT R —Ht (1:3 000 i
B, EIREE 1h. ECL (2 RIER M, 4 Imaged B AF4 19 H TLR4. MPO. NE.
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1.3 ZiihsabE SR FH SPSS 26.0 Hi1 GraphPad Prism 8.0 #AT Hdis 7 M7 Fl & e 2] . 45 B3
PASHriEZzE (XE£S) FoR, ZAEIBCRARE R Za i, FARLECKA LDS-
t 7riri%, P<0.05 AZERA S E Lo

2 &R

21 FHDBOTHRELLE 5 Control 41HL%, Model 41/ IVSD. LVEDD #! LVESD FF
# (3 P<0.01) , FS Al EF [ (34 P<0.01) ; 5 Model 415, TAK-242 41/M& IVSD.
LVEDD #1 LVESD [#{%, FS 1 EF Ft& (3% P<0.01) , ifi LPS 41/Mi& IVSD. LVEDD #1
LVESD Jt#&, FS Fl EF Bk (3 P<0.05) . 5 LPS 4HLt#, LPS+DNaselZH/M& IVSD.
LVEDD F1 LVESD F#fik, FS #l EF JI7 (¥ P<0.05) . WA 1.

B 1 #ANROINEEHE
Fig.1 Comparison of cardiac function of mice in each group

a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group;
“P<0.01 vs Control group; ¥P<0.05, *P<0.01 vs Model group; © P<0.05, 24 P<0.01 vs LPS group.
2.2 FHARMFE LY IR EW K REEFEFRKFE 55 Control ZLELHL, Model 41/ L%
s RS bR & NT-pro BNP.cTnl & #5EFEAR IL-1B+ 1L-6 TNF-a 7K F 55 (3 P<0.01);
5 Model 415, TAK-242 4/ IMEH NT-proBNP. ¢Tnl. IL-1B. IL-6+ TNF-o /K F-[%#
fi& (¥ P<0.01) , 1y LPS AbBENIHE— Dl H Tt (# P<0.05) 5 5 LPS A EL4L, LPS+DNasel
/NERUMIE NT-pro BNP. ¢Tnl 2 IL-1B IL-6. TNF-a /K&K (5 P<0.05) . WK 2.



B2 AR ARG S R REEFRPRKF
Fig.2 Levels of serum myocardial injury markers and inflammatory indicators of mice in
each group
a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group;
“P<0.01 vs Control group; ¥P<0.05, #P<0.01 vs Model group; # P<0.05, 4 P<0.01 vs LPS group.

2.3 FHANRONALIREETN ONAL HE B R EIR, Control 4/ O IIZHEY
ZER SRR, HEHERI ST . Model ZHA1 LPS L3 B H oL 40 M B /b, e By o, 4R
Wi e HEF L. TAK-242 405 Model 2045 B 2 238, 17 LPS+DNasellBt &+ i th
Xf LPS i LR BABEER. WE 3.

3 HUANDBROPALHREZETL =00
Fig.3 Histopathological changes in myocardial tissue of mice in each group 200
a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group.
2.4 FZHAROINALRREAENIIEHER 0N Masson Y45 R 278, 5 Control
A EE%L, Model ZH /)N UG WLZH 23R R 2 4RI E B R 3 22, 47 DL AR 44 ™ 5 ;. 5 Model
RS, TAK-242 A/ RO HUH SR EFEGTE DD, T LPS 4/ BRC LA SRR R 2T 47T
% 5 LPS LA, LPS+DNasel4/N O IAH R R L 4EDive kb . W 4.



B 4 FH/ROIERR RS ERTTREIL ><200
Fig.4 Precipitation of collagen fibers in myocardial tissues of mice in each group >200

a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group; Blue
areas represent collagen deposition.

25 FHPARIMEXOYHALK S MPO-DNA il NE-DNA &  ELISA Kl & 41/ R s
L Z T MPO-DNA 1 NE-DNA /KF, 550278, 5 Control 41H0%:, Model 41/ Ifi
B ML HIZHZ T MPO-DNA 1 NE-DNA JK-FJtHm (3 P<0.01) ; 5 Model ZHELEL, TAK-
242 /N R KO ZIH MPO-DNA il NE-DNA KPR (3 P<0.01) , 1 LPS 4b#E
Wt — B mE T (33 P<0.01) : 5 LPS A E#R, LPS+DNaselZH /) BUMLIE & O ULZH R
MPO-DNA F1 NE-DNA /K- [#{k (3 P<0.05) . HLI& 5.
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Fig.5 Levels of MPO-DNA and NE-DNA in the serum and myocardial tissues of mice in

each group



MPO-DNA and NE-DNA levels are presented as absorbance values measured at 450 nm. a: Control
group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group; “P<0.01 vs
Control group; #P<0.01 vs Model group; # P<0.05, #“P<0.01 vs LPS group.

2.6 FHNROIELRS Ly6G 5 MPO FLEA/KF 5 Control 4EL#EL, Model ZH/)N B O
VAL pr e PR A AR 54 Ly6G 5 NETS #5548 MPO JE 5 27K -1 (P<0.01); 5 Model
HIbEr, TAK-242 /N ROIEZH Ly6G 5 MPO 3 5E 7 /KK (P<0.01) , LPS 4/)
OO AL Ly6G 5 MPO g fiK - s (P<0.01) 5 5 LPS #HLb%:, LPS+DNasel4 )
OO ZF Ly6G 5 MPO g A KRR (P<0.01) . LI 6.

B 6 FA/PFOIARF Ly6G 5 MPO FLERLKF
Fig.6 Co-localization levels of Ly6G and MPO in myocardial tissues of mice in each group
a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group;
""P<0.01 vs Control group; #P<0.01 vs Model group; #“P<0.01 vs LPS group; Bar=20 pm.
2.7 FBHAROPHELAH TLRA, MPO. NE. cit-H3 EEHRIXE 5 Control £ HL#, Model
H/NEOILIZHZH TLRA, MPO. NE. cit-H3 R HRAE TS (1 P<0.01) ; 5 Model 41t
B, TAK-242 /NG ZH TLRA. MPO. NE. cit-H3 £ FIRIZ & 4% (3 P<0.0D) ,
ifii LPS AbEE M —5 il H T+ (38 P<0.01) ¢ 5 LPS 41H#, LPS+DNasel41/) BG4
2l TLR4. MPO. NE. cit-H3 HAREEFEL (# P<0.05) . WK 7.



K7 ZHPMRONALR S TLRA. MPO. NE, cit-H3 BEAXZE
Fig.7 Expression levels of TLR4, MPO, NE and CT-H3 proteins in the myocardial tissues
of mice in each group
a: Control group; b: Model group; c: TAK-242 group; d: LPS group; e: LPS+DNase | group;
“"P<0.01 vs Control group; #P<0.01 vs Model group; #P<0.05, 24 P<0.01 vs LPS group.
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