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Research progress on the metabolic regulatory
mechanisms of coronary collateral circulation
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ABSTRACT Coronary collateral circulation (CCC) develops in response to coronary artery stenosis or
occlusion and helps maintain myocardial perfusion and attenuate ischemic injury. Shear
stress and signaling pathways play crucial roles in collateral vessel formation, while
metabolic status is a key determinant of individual variability in collateral growth capacity.
In recent years, metabolic reprogramming has been recognized as a fundamental basis for
endothelial plasticity and vascular regenerative potential. Glycolysis, fatty acid oxidation,
and mitochondrial metabolism play essential roles in endothelial cell migration,
proliferation, and redox homeostasis. Aging and metabolic disorders impair collateral

%5 H 2 (Date of reception): 2025-12-24

% —1E#& (First author): ZKZE M, Email: zhulingping@csu.edu.cn, ORCID: 0000-0001-6749-8737

{#{51E%& (Corresponding author): A15F, F/TLEEN, Email: baiyongping@csu.edu.cn, ORCID: 0000-0002-6355-5842

£ £ T1H (Foundation item): [E% [ AR #3L4:(82571795, 82470350, 82325006, 82270446, 82171579, 82001487); iiEs 4 A ILAHHF
FEI1H(20257¢0001); S48 5046 = BHIF LT H (MRS & RLAH AR T H 5 421004008); HIFTE [ AARR#3E4:(20255750681). This work was
supported by the National Natural Science Foundation (82571795, 82470350, 82325006, 82270446, 82171579, and 82001487), the Hunan Provincial
Major Basic Research Program (2025Jc0001), the Scientific Research Program of Furong Laboratory (the Program of the Department of Science and
Technology of Hunan Province; 421004008), and the Natural Science Foundation of Hunan Province (2025JJ50681), China.

FFHFRER(Open access): A SCEAFHITAIEZZVFAT UM, FLVFER =05 B 44 B8 44 -JE Rl M FH -5 1R 78 25 4.0(CC BY-NC-ND 4.0)f )5 =X,
TEATAT A DA XS ] . AZ4&AAE i (https://creativecommons.org/licenses/by-nc-nd/4.0/) .

©Journal of Central South University (Medical Science). All rights reserved.



TN SAEFR RGN B RR M, 2

625

vessel formation by disrupting these metabolic pathways. Immunometabolism also

profoundly influences coronary collateral circulation, with M2 macrophages promoting

angiogenesis through fatty acid oxidation. Energy metabolism, aging-related metabolic

dysfunction, and immunometabolism all affect the development of coronary collateral

circulation. Metabolic intervention strategies may therefore enhance collateral vessel

formation in ischemic heart disease.
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Figure 1 Mechanism of coronary collateral circulation formation

A: Pre-existing collateral artery. B: Significant stenosis: Increased shear stress across pre-existing collateral arterioles triggers

macrophage recruitment. C: Macrophages secrete pro-proliferative factors to promote collateral artery formation. D: Mature

collateral artery restores blood perfusion. PO,: Partial pressure of oxygen.
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Figure 2 Glycolysis and vascular regeneration
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A: ECs rely on glycolysis to promote vessel formation. B: Loss of the glycolytic activator PFKFB3 in ECs impairs vessel
formation. VEGF: Vascular endothelial growth factor; ECs: Endothelial cells; PFKFB3: 6-Phosphofructo-2-kinase/fructose-2,6-
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Figure 3 Aging of endothelial cells and imbalance of energy sensing pathways

RTK: Receptor tyrosine kinase; mTORC2: Mammalian target of rapamycin complex 2; PI3K: Phosphoinositide 3-kinase; Akt:
Protein kinase B; PIP2: Phosphatidylinositol 4,5-bisphosphate; PIP3: Phosphatidylinositol (3,4,5)-trisphosphate; AMPK: Adenosine
5’-monophosphate (AMP) -activated protein kinase; FOXO: Forkhead box O; LKBI1: Liver kinase B1; SIRT: Sirtuins; TCA:

Tricarboxylic acid; NAD": Oxidized nicotinamide adenine dinucleotide (oxidized form); NADH: Reduced nicotinamide adenine

dinucleotide; LKB1: Liver kinase B1.
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Figure 4 Phenotypic transformation and metabolic regulation of macrophages

IL: Interleukin; LPS: Lipopolysaccharide; IFN-y: Interferon-gamma; iNOS: Inducible nitric oxide synthase; OXPHOS: Oxidative
phosphorylation; FAO: Fatty acid oxidation; PPP: Pentose phosphate pathway; FAS: Fatty acid synthase; ROS: Reactive oxygen
species; TNF-a: Tumor necrosis factor-alpha; Argl: Arginase-1; CCL: Chemokine (C-C motif) ligand; TGF-f: Transforming growth
factor-beta; M-CSF: Macrophage colony-stimulating factor.
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