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The role of cardiac resident macrophages in heart repair following myocardial infarction in mice

JIA Daile, ZHANG Jinghong, CHEN Qixin, HU Kai, SUN Aijun’, GE Junbo’
Department of Cardiology, Zhongshan Hospital, Fudan University, Shanghai Institute of Cardiovascular Diseases, State Key
Laboratory of Cardiology, National Clinical Research Center for Interventional Medicine, Shanghai Clinical Research Center for

Interventional Medicine, Shanghai 200032, China

[ Abstract] Objective To explore the role and mechanism of cardiac resident macrophages in heart repair after

myocardial infarction in mice. Methods Macrophage-specific Cre tool mice (CX3CR1“ER YFF

mice) with doubly transgenic mice
(R26"Toma*PTR nice) were hybridized to obtain cardiac resident macrophage-specific red fluorescent labels in mice. Sixty
Cx3crl Y R26™PTR hybrid mice were randomly divided into 4 groups: Sham group, DT+Sham group, MI group, and DT+MI
group, with 15 mice in each group. MI group and DT+MI group underwent myocardial infarction modeling by ligating the left
anterior descending coronary artery. The DT+MI group mice were induced to deplete resident macrophages in the heart tissue using
diphtheria toxin (DT) to establish a cardiac resident macrophage knockout model. On the 5th day after myocardial infarction
modeling, heart tissue slices of mice were stained with H-E to observe inflammation infiltration and myocardial infarct size were

calculated; on the 14th day of modeling, echocardiography was used to measure cardiac function-related parameters in mice, and

mRNA expression levels of inflammatory cytokines were detected. Results Compared with the MI group, the DT+MI group mice
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showed a significant reduction in cardiac resident macrophages ([53.75+4.62] vs [6.37+1.25], P<<0.05). On the 14th day after
myocardial infarction modeling, compared with the MI group, the DT+MI group mice had significantly increased left ventricular
end-diastolic diameter ([5.11£0.22] mm vs [5.9240.26] mm, P<<0.05) and left ventricular end-systolic diameter ([4.7740.17] mm
vs [5.38+0.16] mm, P<<0.05), while the ejection fraction significantly decreased ([27.76 £1.201% vs [17.61£0.94]%, P<<0.05);
in addition, the DT+MI group mice showed increased expression levels of inflammatory cytokines, increased inflammatory cell
infiltration, and significantly larger myocardial infarct size. The protein expression levels of NF-kB/p-P65 in DT+MI group mice
were significantly higher than those in the MI group ([0.28+0.14] vs [1.09£0.12], P<<0.05). Conclusions

macrophages play an important role in heart tissue repair after myocardial infarction by reducing inflammation cell infiltration and

Cardiac resident

myocardial infarct size.

[ Key Words ]

L WU B S5 10 77 55 b 2 35000 LA 95 08
RHPET I R BRI 2 — " B 2y
(& J&, B2 MBS 7 . I 5 5K & 5L e il
il 5 55 25 ) BRI T 2 O USSR I T TR
EC WUREBEF 22 0 ) 3 oy (0 B AT SRR &, FLi%
AE BT 0 W A8 R B S AT AE R A T B
I 4 A g O U D G i e e . DRB AR
G RE AN, O JIE A& BN ) BE R YT & 6
B

SIEURTIL Lt E VTN Z N R 1 ORI VR N SR NS
L AR EERS S E W H AR, O E B 20 M T A B 2
Wit R O BEE MER IR AE— A R AR, T
JEMAR RS FISIRERY 3 AN RN, MR
BHLMBEEE AR (major histocompatibility
complex, MHC ) -1IZ8H1 CC #afLH T2k 2 (C-
C chemokine receptor 2, CCR2) W%, Hh
CCR2 MHC-1I"", CCR2 MHC-II"*" 1 CCR2'
MHC- 11", %25 MHC- 11 i E W21 ( CCR2
MHC- II"*" Fl CCR2'MHC- 11 "™" ) EAG 4b BRI 3%
PURMIIEE, 76 Wl Pl CHEE ] . CCR2
MHC- 1" J2&0oWE L W20 i ) = B2 4, R R T
IR W BB, = Bm o R A R, R T A
ST B0 LA B T 02 el R sh Dk A=, e LR
FEIG MBS h R AR EBEAE T . OG0 SR 20 i 2 54
CCR2, X2 —FEEMBEMHEFZIK, 55
NLRP3 RM/MEM . HEBi)E, BRAZ% A
FWE ) CCR2 MHC- 11™" W20 i 26 15 755 7K S A A1
RIEW, 41455 NLRP3 RAE/MAKI K ASEH, {2
E O R B 1] TL-1B B ™ kg R B,

cardiac resident macrophages; myocardial infarction; cardiac repair

A At i O MO DU 1 W 4 P S M B, ) 4
Jal Az an SR A, nl RASGE O LS )5 B A2
Fy o DL, RO IR W 20 ) B 1S B
Wil ik, ML NS RAE R KB 2
AR AR, R T WU SE S O LA B3R I
HAFEERE L

ASBIF R T o JUFE T Wt 200 6 3 2% 7 B/ ) B A 28
FURRBRAIY 37O I B AE I e 240 i % JULAE S
JE L UIRE . RAEKF AL WUEESE I AR A, |
TEARVT O JIE IS 5 I 4 i A O UBE AL S O i 1B R
H B FTAIALA .

1 HRS5H®

1.1 ZEX%shthfeoa BEREAMES 5 % Cre T.H
BU (Cx3er1™ ™ """ /NEL ) FIRUER 5% 56 /N B
(R26™™ "™ /NEL) W [ e A AR Y R
B A BRA T o /N BRAESE B B v ol B2 e 552
Usenib7/ I RN 3 878 IR ST S B e W
Wi, PRSI s IS BRI . R DL ORI
BF], AN AR, AHRPOK # Cx3erl™ /)
U5 R26™™™ ™ N ZAE, SR 8~ 12 JE MEHE
Cx3crl ™ ", R26" ™™ Zuxg N LA N
44 . BFARY (Sham 41 ) . AR RHRTF R
41 (DT+Sham 41 ) . OWUESERAIA (MI4)
MR R O UL (DT+MI 4 ) |, &
415 H/AhRL.
12 E2&RXA B EIFMEAMREER (diphtheria
toxin, DT ) Mg H £ Sigma 2y Fl; LY6G Fl
CD68 Sy e Hi ikl B 9¢[E Abcam A H); NF-



REIGREES: 202458 H #3148 R4

Chinese Journal of Clinical Medicine, 2024, Vol.31, No.4 605

kB/p-P65 I H 32 [# Cell Signaling Technology
NG

1.3 AR My

1.3.1 WG AERMA  MI4IA DT+MI 41/ B
BOWUEFERIL . DL 2% SERUGE BRI, ORI
B, THEAETEHIRTIA, HirEsEk FHH
TGN, FE5r ZRER B VUMD B, B M, (.0
BE MR TR BR M, 6-0 Z e 2.0 B2y
3 mm AEZEFLAERTRE S . A5FLIE S MG IR A
HEBR B s b i 25 <, S8 G WL RIEZ k. Sham 20
F1 DT+Sham 41 /)N B O W SEMR FAREAY .0
JE A 18] B 5, 6-0 22 R AEFE A2 0 H- 4
3 mm A ARTRE T 280, gL HAaP IR
OV FE A

132 OREESRAEERTENREAR  Cx3-
erl "X R26T P /N Y R26 A7 £UHE A Td-
tomato Fric LA & I MERE R 3Z & ( diphtheria toxin
receptor, DTR) , i H .4 A 46258 6FRric; Cre-
LoxP R4 HHifi A YFP, Ja 3By /a7 A B ot

Tamoxifen

Pric o (A 55 IF X 3 s i 2 s /N BRHE
10 d, 5% Cre-LoxP RS JAsh 8y, 15 /NR
Jir AT Cx3erl bric By B W 40 iy A7 8 (L DL Je 21 8
9. BEETEARGWER, A EOPRCH§R
¥ - B WG A i 3R S R IR B Cx3er W5 4 Jifd % 5
G - S EAR ) i L= N s Y Y A =N
211

133 R E SRR IRAER  Cx3erl™ /)
B R26™™ N A58 1Y JE AR R 53 Cx3erl -
creER 1 R26"™™ "™ JL[R , fhBHIFEH 10d,
Cx3erl HRAAAME (WEWEARAE ) Y creER #%
P, HE A A VI BR tdTomato & X i Y
STOP J¥41, fii tdTomato JEH15LIFRIE, 5 1Al
LLEIYHEE 6 WS, /NEUTAY IR B A i 1 3R
ik DTR. Fp/NRBAE G AT O NUEPEIE L, JFiE
S5 DT H5 5 PR R R A N 9 o7 B s 2 e . 720 L
RESCJS A RT 7 K, BRI DT 500 ng, K
Ja B RIS 250 ng, EFONUESIL)S 14 d
(E1) .

Diphtheria toxin/PBS
,ﬁ*ﬂ\

6 weeks

a

73 Day0 Day5 Day 14

CX3 Crl CreER-YFP. R26!(1T0mum DTR

TIE 2%

i{(@@
Cardiac function evaluation

Myocardial infarction
sample collection and analysis

E1  Cx3cr1 Y, R26"TOmHOPTR Ju s s BR O BILAE FEAS BY 00 R 47 B I 4 B Bl AR AR B A BT AR

Figure 1 Experimental protocol for construction of Cx3cr

ER-YFP T DTR . . .
1¢ :R26"“T°™PTR hyhrid mouse in myocardial

infarction model and cardiac resident macrophage knockout model

PBS: phosphate buffer saline.

1.4 SREFAEIF N A5 AR R 7O U T 1 A5
555 KFE 14 K, SR FHSUME L F kL 43 501 b 38 ¢
Mo HA9 H/NR, ONUBIEERSE 5 K, R
iR AR O, A IR R Y] A, 41
YA FFRAKEFPHLL (H-E) Ye(t, DU O MR
A7 15 155 40 i i 83 XoF o WU T 285 2 0 A3 36 T AR 11 5%
Wi, A AE R (% ) = A AL I B/ A 0 5
BX100%. DAL E RIS 14 X, fii

Vevo2100 i RGERE LB : 20K
HIN4E (left ventricular end-systolic diameter,
LVESD) . ZE0ZEEF AN (left ventricular
end-diastolic diameter, LVEDD ) | ZE.0y%E 4556457
%0 ( fraction shortening, FS) FIHF M550 (ejec-
tion fraction, EF ) %%,

1.5 RNA # B S0 2 F KK PCR D IUEESE
WA 14 K, BUNRZOEMLONHL, il



606 Chinese Journal of Clinical Medicine, 2024,

Vol.31, No.4

FIEIGRES: 202488H F315  F4

A TRIzol 35| #EHUE RNA, NanoDrop 2000 £l
RNA W, MRl &l cDNA,
GAPDH Li#5/%: CCCTTATTGACCTCA-
ACTACA, TiE5|#: TGGTGAGGGGCCATCCA-
CAGTCTTCT; IL-10 Lii#5|%1: AGCCTTATCGG-
AAATGATCCAGT, Fi#514%): GGCCTTGTAGA-
CACCTTGGT; TGF-B1 LiiF5|¥: TGTTAAA-
ACTGGCATCTGA, T~iE5|#: GTCTCTT-
AGGAAGTAGGT; IL-1B #5314 AGCTC-
TCCACCTCAATGGAC, TNi#54%: GACAG-
GCTTGTGCTCTGCTT; IL-6 [ii#514): TCCA-
TCCAGTTGCCTTCTTG, Fiii5|#: GGTCT-
GTTGGGAGTGGTATC; TNF-a Lif514.
ACGGCATGGATCTCAAAGAC, FiFs|4¥ .
CGGACTCCGCAAAGTCTAAG; IFN-y 5]
Y. ATGAACGCTACACACTGCATC, FiiF5l
#: CCATCCTTTTGCCAGTTCCTC.

1.6 ZAERREFE LPBILERS S K, U
BUDIEHZ, BT 4% ZRWEEPREE 2 h, Bl
EpRAS O] | T HUSEHTA OCT Mt &,
AT DR R B, BT A,
CD68 (1:300) FILY6G (1:300) —4t, BT
4°C VR, ARAE —BUR I & 2 HIAH B —
b, FREOCFF 2 he HIVEE G B UKED] AR

YFP RFP Merge

MI

DT+MI

AITESEOG G P g, A,

1.7 Western ¥7 i #2- NF-kB/p-P65 & & #4 % ik K
P DB A 5 K, BN B U BE
i, #1001 :1: 1A HLEPE RIPA SM# T
PMSF . 5 BN | SR w0 i 0 # w 2  ik
TR, WRE AR BERBIKE, SRR
% PVDF [ |, $& H 08 H AR5 B R/ xf
PVDF #1735, AN —hiE .
P —PorpE, FoHl e PR REA (1 :700) , W%
H2h, BHEAEMEZM, BCEE, K EER
HJ51%TE PVDF I, FEAb2E ROGTENAR 5B
NGRS 75 TS

1.8 %542 KA GraphPad Prism 8.0 #47
Gt hT, ThEER e sEoR, RAIBEIE
BoXs ¢ K56 KrgKifE (o) 4 0.05,

2 # R

2.1 SERAL B 4 IR SR B AR LR S
RALESE ML Z N ER Y RIETOLY AL R
(E2) 7R : DT+MI 4/ RO I 2 B 608
HEAVRNZ, aaitEnRmb. 5
MI ZHAH L, DT+MI 470N B0 JIE SR 0 200 Jf 4
B[ (53.75£4.62) vs (6.37+1.25) ,
P<0.05],

Magnification
80

60 |
40

20

Colocalization of RFP with
YFP macrophages

MI  DT+MI

B2 wEwmLatbi MIAS DT+MI AR O E AL S

Figure 2 Comparison of the number of cardiac resident macrophages in mice between myocardial infarction group

and diphtheria toxin + myocardial infarction group by immunofluorescence staining

MI: myocardial infarction; DT+MI: diphtheria toxin + myocardial infarction; YFP: yellow fluorescent protein; RFP: red

fluorescent protein. Original magnification: X 40.
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Figure 3 Comparison of echocardiography and cardiac function of mice between myocardial infarction group and
diphtheria toxin + myocardial infarction group

MI: myocardial infarction; DT+MI: diphtheria toxin + myocardial infarction. The representative images of echocardiography

include the parasternal long-axis view and M-mode image. "P<<0.05.
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Figure 4 Comparison of inflammatory cell infiltration and infarct size of mice

between MI group and DT+MI group

A: The effect of cardiac resident macrophage deficiency on LY6G" neutrophils and CD68" macrophages in the myocardium of

mice after myocardial infarction. Original magnification: X 40. B: The effect of cardiac resident macrophage deficiency on infact

size in the myocardium of mice after myocardial infarction. MI: myocardial infarction; DT+MI: diphtheria toxin + myocardial

infarction; PBS: phosphate buffer saline.” P<<0.05.

2.4 S RERALE a0 ISR RAR LR AT K
RT3, AT & PCRER (& 5A,
K SB) dom: O IE SR AT I A R AR 0t bk
O WUREFE /N IL-1B[ (0.4740.013 ) vs (0.66+
0.065) , P<<0.05]. IL-6[ (0.3840.044) vs (0.67+
0.065) , P<<0.05], TNF-a[ (0.334£0.043)

vs (0.73+£0.076) , P<0.05]. IFN-y[ (0.36=+
0.031) vs (0.84%0.071) , P<0.05]%{E R4
RFagr=A, Jl IL-100 (1.3540.11) vs (0.39+
0.03) , P<0.05]%1 TGF-B[ (4.82+0.42)
vs (1.9840.11) , P<<0.05] %541 48 40 [N 11y
I3



REIGREES: 202458 H #3148 R4 Chinese Journal of Clinical Medicine, 2024, Vol.31, No.4 609

= Ml M DT+MI
5 15 IL-1B 1.5 IL-6 15 TNF-o 1.5 IFN-y
g0 X 1.0 1.0
~x <
EQ
2505 0.5 0.5
Ex
& 0
Dayl14
200 IL-10 8 TGF-p

Relative mRNA level
(x10%/GAPDH)
o =

(=]

0
Dayl4 Dayl4 ®

Bs5 MIASDTMI E/NROEAATMMEF LR
Figure 5 Comparison of cytokines in the infarct tissue of mice between myocardial infarction group and diphtheria

toxin + myocardial infarction group

A: mRNA expression of IL-1p, IL-6, TNF-a and IFN-y in infarct tissue. B: mRNA expression of IL-10 and TGF-f in infarct
tissue. MI: myocardial infarction; DT+MI: diphtheria toxin + myocardial infarction; IL-1p: interleukin-1f; IL-6: interleukin-6; TNF-

o tumor necrosis factor-a; IFN-y: interferon-y; IL-10: interleukin-10; TGF-f: transforming growth factor-p.
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Figure 6 Comparison of NF-kB/p-P65 protein level in infarct tissue of mice between myocardial infarction group and

diphtheria toxin + myocardial infarction group

MI: myocardial infarction; DT+MI: diphtheria toxin + myocardial infarction.
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