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Research progress on the involvement of macrophages in myocardial ischemia
reperfusion injury mediated by NF-kB signaling pathway
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[ Abstract ] Myocardial ischemia reperfusion injury ( MIRT) has become one of the most serious complications
affecting the clinical outcome of patients with cardiovascular diseases. The immune inflammatory response of macrophages is
closely related to the occurrence and development of MIRI. Many studies have shown that the NF-kB signaling pathway can
participate in MIRI regulation by influencing the polarization and inflammatory state of macrophages, pyrodeath, infiltration
and other functions, and is a potential target for MIRI therapy. Therefore, this article will review the research progress of
NF-kB signaling pathway between macrophage function and MIRI regulation.
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Figure 2 NF-kB mediates the pathological process of myocardial ischemia-reperfusion injury by regulating multiple functions

ALGOET M, JANSSENS S,
Myocardial ischemia-reperfusion
inflammation [ J]. Trends Cardiov.
366.

SHEN S, WANG Z,

SUN H,

of macrophages

[4]

HIMMELREICH U, al.

et
injury and the influence of
asc Med, 2023, 33(6) : 357-
[5]

et al. Role of NLRP3

inflammasome in myocardial ischemia-reperfusion injury and

ventricular remodeling [ J ].

28. €934255.
HEUSCH G, GERSH B J.
and stral

myocardial infarction

reperfusion: a continual challenge

Med Sci  Monit, 2022,

[6]

The pathophysiology of acute

of protection beyond

Eur Heart J, 2017, 38

legies

[J]. [7]

(11) . 774-784.

ZHUANG L, ZONG X, YANG Q, et al. Interleukin-34-NF-kB
signaling aggravates myocardial ischemic/reperfusion injury by
facilitating macrophage recruitment and polarization [ J ].
EBioMedicine, 2023, 95. 104744.

FAN Q, TAO R, ZHANG H, et al. Dectin-1 contributes to
myocardial ischemia/reperfusion injury by regulating macrophage
polarization and neutrophil infiltration [ J]. Circulation, 2019,
139(5) : 663-678.

SUN W, LU H, CUI S, et al. NEDD4 ameliorates myocardial
reperfusion injury by preventing macrophages pyroptosis [ J].
Cell Commun Signal, 2023, 21(1): 29.

DAIY, WANG S, CHANG S, et al. M2 macrophage-derived



2024 4 34 4

Chin J Comp Med, April 2024, Vol. 34 ,No. 4 145

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

exosomes carry microRNA-148a to alleviate myocardial ischemia/
reperfusion injury via inhibiting TXNIP and the TLR4/NF-kB/
NLRP3 inflammasome signaling pathway [ J]. J Mol Cell
Cardiol, 2020, 142: 65-79.

DONG X, JIANG J, LIN Z, et al. Nuanxinkang protects against
ischemia/reperfusion-induced heart failure through regulating
IKKB/IkBa/NF-kB-mediated macrophage polarization [ J ].
Phytomedicine, 2022, 101 154093.

WU Z, LIAO F, LUO G, et al. NRIDI deletion induces
rupture-prone vulnerable plaques by regulating macrophage
pyroptosis via the NF-kB/NLRP3 inflammasome pathway [ J].
Oxid Med Cell Longev, 2021, 2021, 5217572.

MUSSBACHER M, DERLER M, BASILIO J, et al. NF-kB in
monocytes and macrophages-an inflammatory master regulator in
multitalented immune cells [ J]. Front Immunol, 2023,
14 1134661.

SEN R, BALTIMORE D. Multiple nuclear factors interact with
the immunoglobulin enhancer sequences[J]. Cell, 1986, 46
(5): 705-716.

ALHARBI K S, FULORIA N K, FULORIA S, et al. Nuclear
factor-kB and its role in inflammatory lung disease [ J]. Chem
Biol Interact, 2021, 345. 109568.

YU H, LIN L, ZHANG Z, et al. Targeting NF-kB pathway for
the therapy of diseases; mechanism and clinical study [ J].
Signal Transduct Target Ther, 2020, 5(1): 209.

HONG L, WANG S, GUO J, et al. Bacterial TIR domain-
derived peptides inhibit innate immune signaling and catabolic
responses in chondrocyte [ J]. Mol Biol Rep, 2019, 46(2):
2493-2504.

HAYDEN M S, GHOSH S. Regulation of NF-kB by TNF family
cytokines [ J]. Semin Immunol, 2014, 26(3) : 253-266.
COOPE H J, ATKINSON P G, HUHSE B, et al. CD40
regulates the processing of NF-kB2 p100 to p52 [J]. EMBO J,
2002, 21(20) : 5375-5385.

DEJARDIN E, DROIN N M, DELHASE M, et al. The
lymphotoxin-beta receptor induces different patterns of gene
expression via two NF-kB pathways [ J]. Immunity, 2002, 17
(4):525-535.

CLAUDIO E, BROWN K, PARK S, et al. BAFF-induced
NEMO-independent processing of NF-kB2 in maturing B cells
[J]. Nat Immunol, 2002, 3(10) . 958-965.

NOVACK D V, YIN L, HAGEN-STAPLETON A, et al. The
IkappaB NF-kB2 pl00
osteoclastogenesis [ J]. J Exp Med, 2003, 198(5); 771-781.
TANG T, CHENG X, TRUONG B, et al. Molecular basis and

function  of controls  stimulated

therapeutic implications of CD40/CD40L immune checkpoint
[J]. Pharmacol Ther, 2021, 219 107709.
VAN DER HEIDEN K, CUHLMANN S, LUONG L A, et al.
Role of nuclear factor kB in cardiovascular health and disease
[J]. Clin Sci, 2010, 118(10) ; 593-605
CUMMINS E P, BERRA E, COMERFORD K M, et al. Prolyl

hydroxylase-1 negatively regulates IkB kinase-B, giving insight

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

into hypoxia-induced NFkappaB activity [ J]. Proc Natl Acad Sci
U S A, 2006, 103(48) : 18154-18159.

LETAVERNIER E, ZAFRANI L, PEREZ J, et al. The role of
calpains in myocardial remodelling and heart failure [ J].
Cardiovasc Res, 2012, 96( 1) : 38-45.

KEJJ, YU F X, RAO Y, et al. Adenosine postconditioning
protects against myocardial ischemia-reperfusion injury though
modulate production of TNF-a and prevents activation of
transcription factor NF-kB [ J]. Mol Biol Rep, 2011, 38(1):
531-538.

FRANTZ S, HU K, BAYER B, et al. Absence of NF-kB
subunit p50 improves heart failure after myocardial infarction
[J]. FASEB J, 2006, 20(11): 1918-1920.

ZHOU J D, LIN H, LV T T, et al. Inappropriate activation of
TLR4/NF-kB is a cause of heart failure [ J]. Cardiovasc Innov
Appl, 2022, 7(1): 73-89.

WANG Y, ZHENG Y, QI B, et al. a-Lipoic acid alleviates
myocardial injury and induces M2b macrophage polarization after
myocardial infarction via HMGB1/NF-kB signaling pathway [ J].
Int Immunopharmacol, 2023, 121 110435.

VAN FURTH R, COHN Z A. The origin and kinetics of
mononuclear phagocytes [ J]. J Exp Med, 1968, 128(3) : 415-
435.

ZAMAN R, EPELMAN S. Resident cardiac macrophages:
Heterogeneity and function in health and disease [ J]. Immunity,
2022, 55(9) : 1549-1563.

LEID J, CARRELHA J, BOUKARABILA H, et al. Primitive
embryonic macrophages are required for coronary development
and maturation [ J]. Circ Res, 2016, 118(10) ; 1498-1511.
BAJPAI G, SCHNEIDER C, WONG N, et al. The human heart
contains distinct macrophage subsets with divergent origins and
functions [ J]. Nat Med, 2018, 24(8) : 1234-1245.

YUNNA C, MENGRU H, LEI W, et al. Macrophage M1/M2
polarization [ J]. Eur J Pharmacol, 2020, 877 173090.

LI'Y, DONG M, WANG Q, et al. HIMF deletion ameliorates
acute myocardial ischemic injury by promoting macrophage
transformation to reparative subtype [ J]. Basic Res Cardiol,
2021, 116(1): 30.

WANG W B, LI J T, HUI Y, et al. Combination of
pseudoephedrine and emodin ameliorates LPS-induced acute lung
injury by regulating macrophage M1/M2 polarization through the
VIP/cAMP/PKA pathway [J]. Chin Med, 2022, 17(1): 19.
KUBOTA A, FRANGOGIANNIS N G.
myocardial infarction [ J]. Am J Physiol Cell Physiol, 2022,
323(4): C1304-C1324.

SONG M, CUI X, ZHANG J, et al. Shenlian extract attenuates

inhibiting M1

Macrophages in

myocardial ischaemia-reperfusion injury via
macrophage polarization by silencing miR-155 [ J]. Pharm Biol,
2022, 60(1) ; 2011-2024.

XU M, LI X, SONG L. Baicalin regulates macrophages

polarization and alleviates

injury via inhibiting JAK/STAT pathway [ J]. Pharm Biol,

myocardial ischaemia/reperfusion



146 2024 4 34 4 Chin J Comp Med, April 2024, Vol. 34, No. 4
2020, 58(1) : 655-663. targets [ J]. Mediators Inflamm, 2012, 2012 416036.

[38] YAN M, YANG Y, ZHOU Y, et al. Interleukin-7 aggravates [50] YAO Y, LI F, ZHANG M, et al. Targeting CaMKII-39
myocardial ischaemia/reperfusion injury by regulating macrophage ameliorates cardiac ischemia/reperfusion injury by inhibiting
infiltration and polarization [ J]. J Cell Mol Med, 2021, 25 myocardial inflammation [ J]. Circ Res, 2022, 130(6) . 887
(21) : 9939-9952. -903.

[39] QIG M, JIALX, LI YL, et al. Adiponectin suppresses [51] CILDIR G, LOW K C, TERGAONKAR V. Noncanonical NF-kB
angiotensin II-induced inflammation and cardiac fibrosis through signaling in health and disease [ J]. Trends Mol Med, 2016, 22
activation of macrophage autophagy [ J]. Endocrinology, 2014, (5): 414-429.

155(6) : 2254-2265. [52] LIU Z, MAR K B, HANNERS N W, et al. A NIK-SIX

[40] WANG X, DU W, LI Y, et al. Macrophage-enriched Sectmla signalling axis controls inflammation by targeted silencing of non-
promotes efficient efferocytosis to attenuate ischemia/reperfusion- canonical NF-kB [J]. Nature, 2019, 568(7751) ; 249-253.
induced cardiac injury [ J ]. JCI Insight, 2024, 9 [53] XU H, CHEN Y, XIE P, et al. Remimazolam attenuates
(5): el73832. myocardial ischemia-reperfusion injury by inhibiting the NF-«B

[41] WANE, YEAP X Y, DEHN S, et al. Enhanced efferocytosis of pathway of macrophage inflammation [ J]. Eur J Pharmacol,
apoptotic cardiomyocytes through myeloid-epithelial-reproductive 2024, 965: 176276.
tyrosine kinase links acute inflammation resolution to cardiac [54] FUJIWARA M, MATOBA T, KOGA J I, et al. Nanoparticle
repair after infarction [ J]. Circ Res, 2013, 113 (8): 1004 incorporating Toll-like receptor 4 inhibitor attenuates myocardial
-1012. ischaemia-reperfusion injury by inhibiting monocyte-mediated

[42] HOWANGYIN K'Y, ZLATANOVA I, PINTO C, et al. Myeloid- inflammation in mice [ J]. Cardiovasc Res, 2019, 115(7):
epithelial-reproductive receptor tyrosine kinase and milk fat 1244-1255.
globule epidermal growth factor 8 coordinately improve remodeling [55] s s , LOX-NF-
after myocardial infarction via local delivery of vascular kB [J]. , 2023,
endothelial growth factor [J]. Circulation, 2016, 133(9) . 826 54(1) . 151-159.

—-839. CAO BY, CHEN J L, SHI X X, et al. Mechanism of Compound

[43] FRACCAROLLO D, THOMAS S, SCHOLZ C J, et al Danshen Dripping Pills against myocardial ischemia based on
Macrophage mineralocorticoid receptor is a pleiotropic modulator LOX-NF-kB pathway [ J]. Chin Tradit Herb Drugs, 2023, 54
of myocardial infarct healing [ J]. Hypertension, 2019, 73(1) . (1) 151-159.

102—-111. [56] ZENG M, WEI X, WU Z, et al. Simulated ischemia/

[44] CHEN J, JI K, GU L, et al. HMGA1 promotes macrophage reperfusion-induced p65-Beclin  1-dependent autophagic cell
recruitment via activation of NF-kB-CCL2 signaling in death in human umbilical vein endothelial cells [ J]. Sci Rep,
hepatocellular carcinoma [ J ]. J Immunol Res, 2022, 2016, 6. 37448.

2022 4727198. [57] QI H, REN J, BA L, et al. MSTN attenuates cardiac

[45] ZHANG D, SHEN X, PANG K, et al. VSIG4 alleviates hypertrophy through inhibition of excessive cardiac autophagy by
intracerebral hemorrhage induced brain injury by suppressing blocking AMPK/mTOR and miR-128/PPARYy/NF-«kB [J]. Mol
TLR4-regulated inflammatory response [ J]. Brain Res Bull, Ther Nucleic Acids, 2020, 19: 507-522.

2021, 176 67-175. [58] DING H'S, YANG J, YANG J, et al. Fluvastatin attenuated

[46] DONG X, HAN X, ZHANG X, et al. A simplified herbal ischemia/reperfusion-induced —autophagy and apoptosis in
formula improves cardiac function and reduces inflammation in cardiomyocytes through down-regulation HMGB1/TLR4 signaling
mice through the TLR-mediated NF-kB signaling pathway [ J]. pathway [ J]. Mol Biol Rep, 2021, 48(5) : 3893-3901.

Front Pharmacol, 2022, 13, 865614. [59] GAO J, WANG Z, YE Z. Madder ( Rubia cordifolia 1. )

[47] WEN H, LU D, CHEN H, et al. Tetrahydropalmatine induces alleviates myocardial ischemia-reperfusion injury by protecting
the polarization of M1 macrophages to M2 to relieve limb endothelial cells from apoptosis and inflammation [ J]. Mediators
ischemia-reperfusion-induced lung injury via inhibiting the Inflamm, 2023, 2023 . 5015039.

TLR4/NF-kB/NLRP3 signaling pathway [ J]. Drug Dev Res, [60] ZENG C, WANG R, TAN H. Role of pyroptosis in
2022, 83(6): 1362-1372. cardiovascular diseases and its therapeutic implications [ J]. Int J

[48] LAPPAS M, YEE K, PERMEZEL M, et al. Sulfasalazine and Biol Sci, 2019, 15(7): 1345-1357.
BAY 11 - 7082 interfere with the nuclear factor-kB and IkB [61] GE G, BAI J, WANG Q, et al. Punicalagin ameliorates
kinase pathway to regulate the release of proinflammatory collagen-induced arthritis by downregulating M1 macrophage and
cytokines from human adipose tissue and skeletal muscle in vitro pyroptosis via NF-kB signaling pathway [J]. Sci China Life Sci,
[J]. Endocrinology, 2005, 146(3) . 1491-1497. 2022, 65(3) : 588-603.

[49] LEEJ, RHEE M H, KIM E, et al. BAY 11-7082 is a broad-

spectrum inhibitor with anti-inflammatory activity against multiple

( J2023-10-24



