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ABSTRACT 

The functioning of the heart is determined by the extracellular matrix composing it and the dynamic 

equilibrium of different types of cells. Different cardiovascular diseases such as acute coronary syndrome are 

always accompanied by the death of cells and chronic/acute inflammatory reactions. Caspase-dependent 

pyroptosis is categorized by path activation, resulting in NOD-like receptors, particularly the inflammasome 

of the NLRP3 and its downstream inflammatory effector factors interleukin. The findings of this study have 

resulted in the growth of therapeutic approaches based on pyroptosis regulation. The paper discusses the 

relationship between pyroptosis and acute coronary syndrome.  
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INTRODUCTION 

The death of cells is crucial to maintaining basic biological functions and tissue homeostasis, and its 

alterations have important implications in the pathology of diseases. Since the death of cells was initially 

described in the mid-20th century, numerous types of cell death are defined depending on variances in 

biochemical and morphological characteristics (Place & Kanneganti, 2019). The function of the cardiovascular 

system and the maintenance of the normal structure needs a balance between the formation of cells and 

death in the organs and tissues of the cardiovascular system. Excessive death of cells (including pyroptosis) 

often results in organ and tissue dysfunction (Paradies et al., 2018).  

Pyroptosis is important in the pathogenesis of different cardiovascular diseases and is a highly 

regulated process of cell death. The process is considered as a target for therapeutic intervention to curb 

cardiovascular diseases. This study provides an overview of pyroptosis's functional role and evidence in 

acute coronary syndrome (ACS). 

Overview of Pyroptosis: 

Pyroptosis is a form of programmed death of cells that is supplemented by an inflammatory 

response. Programmed death of cells is defined as the autonomous, ordered cell death controlled by genes to 

maintain a balance in the human body (homeostasis). On the other hand, non-programmed death of cells is 

defined as the necrosis of cells involving passive cells’ death if exposed to chemical or physical stimuli in the 

surrounding (Qin et al., 2017).   

Moreover, programmed death of cells can always be prevented by cellular signal transduction 

inhibitors, while non-programmed death of cells cannot. Pyroptosis is activated by different pathological 

stimuli, including inflammation, hyperglycemia, oxidative stress, and controlling various microbial infections 

(Qiao et al., 2019). 

Pyroptosis is classified by rapid disruption of the plasma membrane followed by the release of pro-

inflammatory mediators and cellular contents such as IL-1β and IL-18. Unlike many cytokines, IL-1β and IL-

18 are not removed by the classical endoplasmic reticulum. Rather, they are produced as inactive biological 

precursor proteins cleaved before their secretion as bioactive cytokines (Qiu et al., 2019). At first, IL-1β is 

synthesized as a molecule of active precursor that must be cleaved at the position of amino acids by caspase-1 

to produce IL-1β p17 that is actively mature.  

Nevertheless, mature IL-1β is considered a pro-inflammatory mediator recruiting innate cells 

immune to sites of infection and modulating adaptive immune cells (Qiu et al., 2019). The same mature IL-1β 

is essential for interferon-y production and cytolytic activity potentiation of T- cells and natural killer cells 

(Qiu et al., 2019). It may also polarize the T-cells towards Th2 or Th1 profiles together with other cytokines. 

Pyroptosis primarily involves the canonical caspase-1 dependence pathway and the non-canonical pathway 

of caspase-4,5 and caspase-11.  

The inflammasomes are triggered by the cells such as NLRP3, which is absent in pyrin or melanoma 2 

through pathogen-linked molecular patterns actions as well as molecular patterns that are associated with 
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danger under hyperlipidemia stimulation, inflammation, and HG (Zheng & Li, 2020). After the NLRP3 

activation, the NLRP3 N-terminal pyrin domain acts as a scaffold to nucleate speck-like protein that is 

connected with apoptosis which contains caspase recruitment, and activation domain that also contains a 

caspase recruitment and activation domain as well as a pyrin domain (Reboredo-Rodríguez et al., 2018).  

Through the pyrin domain, there is the interaction of the sensor molecules by the ASC with pro-

caspase-1 that initiates its self-cleavage to form a mature body of caspase-1. Additionally, the triggered 

caspase-1 then recognizes the inactive precursors of IL-1β and IL-18 and converts them into inflammatory 

cytokines that are mature (Ruan et al., 2018). The formation of the pores of the membrane thus, promotes 

inflammatory factors’ release, swelling of cells, and pyroptosis.  

 

Figure 1: Inflammasomes reaction to danger-associated molecule presence triggering a certain cytokine 

pathway. 

In the non-canonical route, the lipopolysaccharide component of the Gram-negative bacterial cell 

wall is determined by caspase-4,5 in human cells and caspase-11 in mice. The caspase-4/5/11 then initiates 

pyroptosis after cleaving GSDMD. Simultaneously, the NLRP3 inflammasome is activated by the amino-
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terminal GSDMD-N by caspase-1 processes IL-1β and IL-18 (Ding et al., 2019). Under the stimulation of 

pathogens, ligand connecting recruits the adaptor protein of the myeloid differentiation protein 88 to the 

domain of TIR in the region of the cytoplasm of the IL-1β and IL-18 receptor, leading to the 

autophosphorylation, activation, and recruitment of IL-1R-associated kinase.  

 

Figure 2: Activation of stages of NOD-like receptors NLRP3. 

The receptor then releases the 1R-associated kinase that autoubiquitinates itself, activating TGF β- 

activated kinase 1 (Dong et al., 2020). The IKB kinase complex is then activated by TAK1 to release NF-KB 

from IkBa-mediated inhibition. Pyroptosis is then initiated after the NLRP3 inflammasome is activated. Nek7 
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is an important NLRP3 inflammasome activation component that is grouped as a factor regulating 

microtubule spindle formation and network nucleation during mitosis (She et al., 2019). 

In the system of pyroptosis, Nek7 is involved in the provision or formation of a regular signal 

functioning upstream of NLRP3. Nek7 as a microtubule dynamics regulator might facilitate the interaction 

between ASC and NLRP3 (Sun et al., 2020). 

Pyroptosis is considered a combination of necrosis and apoptosis involving the loss of the integrity of 

the plasma membrane and cellular contents release. The domain of GSDMD-N mediates small pores’ creation 

with a diameter of approximately 13nm in the membrane of the plasma. The pores allow the passage of 

caspase-1 and mature IL-1 β (Murphy & Steenbergen, 2013).  

Moreover, the cells often seem to form spherical vesicles and become osmotically swollen around the 

nucleus. As the cell increases, the nucleus is condensed and spherical, as well as the fragments of DNA. 

Pyroptosis can be seen by Hoechst 33342/PI double staining, lactate dehydrogenase release, and electron 

microscope (Mynbaev et al., 2014).  

Pyroptosis and Acute Coronary Syndrome (ACS): 

Acute Coronary Syndrome is a chronic illness classified by abnormal deposition of lipids in the heart, 

obstructing the flow of blood, and subsequent rupture of plaque. Both adaptive and innate responses of the 

immune, involving B lymphocytes, T lymphocytes, neutrophils, macrophages, and monocytes, are important 

for the progression and initiation of the acute coronary syndrome (Aki et al., 2020). The death of cells can be 

seen in acute coronary syndrome and is essential in the progression and development of ACS lesions.  

Pyroptosis is involved in the progression and creation of ACS by enhancing the release of various 

inflammatory factors as well as linked to plaque stability (Zhaolin et al., 2019). NLRP3 is the famous 

inflammasome that closes the gap between inflammation and lipid metabolism due to crystals of cholesterol. 

Nevertheless, low-density lipoprotein that is oxidized can trigger the inflammasome of NLRP3 to induce 

pyroptosis (Aki et al., 2020). 

Vascular Endothelial Cell Pyroptosis in ACS: 

Vascular endothelial cells (VEC) are considered barriers between the vascular wall and blood. The 

damage of the VEC is the starting point of ACS lesions. Injury of the endothelium is always accompanied by 

different types of deaths of cells such as pyroptosis (Toshihiko et al., 2020). The integrity of the vascular wall 

is ruined after pyroptosis leading to local deposition of lipids, instability of plaque, the formation of ACS, and 

sudden death. 

Caspase-1 is expressed abundantly in humans as plaques. Thus, pyroptosis is involved in the 

hardening of plaque and the formation of ACS (Wang et al., 2018). The inflammasome pathway of caspase-1 

can sense inflammatory mediators or elevated lipids, including DAMPs. Proteins related to pyroptosis are 

then up-regulated, including IL-1 β, caspase-1, and NLRP3, which activates the VEC pyroptosis. Pyroptosis of 

the vascular endothelial cells promotes the development of ACS, increases vascular permeability, and results 

in the loss of endothelium integrity (Wang et al., 2020).  



 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

326 

Hyperlipidemia induces the production of ROS via an NADPH oxidase-dependent pathway that 

triggers caspase-1 and NLRP3, leading to pyroptosis of the endothelial cells and inflammation (Li et al., 2021). 

Early hyperlipidemia enhances the recruitment of monocytes and activation of EC through the caspase-1, 

protein-1, and sirtuin-1 activator pathway and exacerbates ACS. In the ApoE and caspase-1double knockout 

mice, monocyte recruitment is inhibited (Li et al., 2021). The action decreases the adhesion molecule 

expression and the secretion of inflammatory cytokine and cytokines. The outcome provides new insights for 

the development of target drugs in ACS (Li et al., 2021). 

 

Figure 3: schematic of the primary molecular pathways in pyroptosis in VSMCs and VECs in ACS. 

Smoking cigarette is a primary risk factor for ACS and other cardiovascular diseases. Nicotine 

enhances ACS by inducing vascular endothelial cell pyroptosis. Additionally, nicotine increases the generation 

of ROS, induces downstream production of IL-1β and IL-18, cleaves pro-caspase-1, and activates the 

inflammasome of NLRP3, which are all inhibited by the caspase-1 inhibitor (Wang et al., 2014).  

In the mouse model of ApoE−/−, the exposure to nicotine promotes the development of ACS by 

increasing the pyroptosis of VECs. However, the expression of NLRP3 can decrease the lesion area of ACS and 

deposition of lipids in the root of the aorta (Noda et al., 2017). 

A study by Ouyang et al. (2017) supports the function of mitochondrial ROS generation, 

mitochondrial calcium fluxes, and mitochondrial adaptors in the activation of inflammasome (Lei et al., 2018). 

Mitochondrial-derived mtROS is considered as the major source of cellular ROS as well as excessive mtROS is 

connected with the progression of ACS. The common environmental metal pollutant is Cadmium, which can 
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cause ACS (Duan et al., 2020). The Cadmium triggers the inflammasome of NLRP3 and the production of 

downstream caspase-1 and IL-1β by inducing the mitochondrial ROS that mediates VECs pyroptosis thus, 

promoting the development of ACS (Kuang et al., 2017).  

Nevertheless, MicroRNAs are endogenous, and they mediate oxLDL-induced pyroptosis of the 

vascular endothelial cells. After the down-regulation of TET2, abnormal methylation of DNA takes place, and 

the dysfunction of the mitochondria induces the production of ROS that activates the inflammasome of NLRP3 

(Dziuba et al., 2020). The action results in the activation of caspase-1 that enhances the oligomerization of 

GSDMD, which activates the formation of pores in the membrane, fragmentation of DNA, and release of 

mature IL‐1β and IL‐18 from cells. The action then causes a response of sterile inflammation that contributes 

to the pyroptotic death of cells, thus promoting ACS (Lin et al., 2020). 

Macrophage/Monocyte Pyroptosis in ACS: 

The function of adaptive and innate factors of immune in ACS is being valued. The plaques of ACS are 

categorized by the deposition of lipids in the arterial wall, fiber cap, and infiltration of the immune cells (Mu 

et al., 2020). In early lesions referred to as fatty streaks, the foaming of macrophages and deposition of lipids 

can be seen, making complex lesions come out after a certain period, accompanied by necrosis and apoptosis 

(Pang et al., 2020).  

A fibrous cap covers the necrotic core, and the T-cells, mast cells, and macrophages activate its 

shoulder region, producing pro-inflammatory mediators, which can make plaques unstable. The action can 

cause fibrous cap rupture resulting in tissue infarction and embolization (Xi et al., 2020). Although 

macrophages’ death in early lesions of ASC is important, a decrease in the number of cells in the plaque can 

lead to inflammatory response attenuation and reduction in the matrix metalloproteinase synthesis (Liu et al., 

2020). 

However, macrophages’ death in advanced lesions enhances the instability of ACS plaques and the 

formation of necrotic cores. The death of macrophages in the lesions of ACS causes the release of intercellular 

lipids, proteases, cytokines, and growth factors to the inflammatory response, thus promoting thrombosis 

and plaque rupture, causing ACS (Murphy & Steenbergen, 2013). 

Low-density cholesterol of lipoprotein and serum total cholesterol is considered CHD risk factors, 

and oxLDL has a significant effect on ACS. The oxLDL-induced macrophage pyroptosis is essential in plaque 

stability and the formation of ACS. The crystals of cholesterol, as well as oxLDL in the area of plaque necrosis, 

activates caspase-1 and NLRP3 for cell pyroptosis induction (Jian et al., 2016). The phenomenon leads to the 

release of IL‐1β and IL‐18 macrophages that exacerbate inflammation and ACS. Nevertheless, triglycerides 

are ACS risk factors that can activate pyroptosis and aggravate the disease (Gan et al., 2020). 

IL‐1β of the IL‐1 family is a crucial cytokine of pro-inflammation primarily produces by activated 

macrophages/monocytes. On the one hand, neutrophils, macrophages, and monocytes are activated by IL‐1β; 

on the other hand, Th17 and Th1 are induced, thus participating in the initiation of immune and inflammatory 

responses (Hu et al., 2018). Moreover, IL‐1β depletion inhibits ACS and decreases the area of ACS plaque in 
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IL‐1−/−  and Apo E−/− (Giampieri et al., 2019).  

The lack of mtDNA inhibits the development and formation of ACS. RHO0 cells resist apoptosis, and 

the mtDNA depleted cells resist oxLDL-induced pyroptosis of cells by decreasing ROS production and then 

inhibiting NLRP3 inflammasome activation. Nonetheless, the mtDNA absence does not affect the oxLDL-

induced potential of the mitochondrial membrane and intracellular accumulation of lipids (Zhao et al., 2020). 

Mitochondria are linked to cardiovascular diseases, and the rupture of the mitochondrial potential of the 

transmembrane is an indication of the apoptotic cascade.  

The depicted disruption takes place before apoptotic features appear in the nucleus. Once the 

potential of the transmembrane collapses, apoptosis is irreversible (Xu et al., 2018). Additionally, CD36 is a 

membrane glycoprotein present in different types of cells such as platelets, adipocytes, microvascular ECs, 

macrophages, and monocytes. Macrophage CD36 takes part in ACS lesions formation by connecting with 

oxLDL. CD36 is important in the uptake of oxLDL and the formation of cell foam that is the first crucial ACS 

phase (Yang et al., 2018). CD36 deletion can also inhibit ACS lesions formation. 

Platelets CD36 enhances the inflammation of ACS and takes part in thrombus formation after ACS 

plaques rupture. Nonetheless, CD36 deletion suppresses IL‐1β production and targeted CD36 inhibition can 

decrease the concentration of IL‐1β plasma as well as cholesterol crystals deposition in the plaque of ACS, 

thus inhibiting the progression of ACS (Yang et al., 2018). The human periodontal pathogen of diseases links 

with the innate receptor of immune, scavenger receptor-B2, and Toll-like receptor-2.  TLR2 and SR-B2 

promote the activation of NLRP3 inflammasome as well as the production of IL‐1β, thus inducing pyroptosis 

and enhancing the development and formation of ACS (Yu et al., 2019). 

Pyroptosis of Vascular Smooth Muscle Cells in ACS: 

Vascular smooth muscle cells are important in vascular injury repair through functional and 

phenotypic transformation. Activated vascular smooth muscle cells have advanced migration and 

proliferation abilities that promote the repair of the walls of blood vessels (Hacker et al., 2019). However, in 

ACS chronic inflammation, the function and phenotype of arterial vascular smooth muscle cells become 

abnormal, leading to differentiation of the VSMCs and increased extracellular formation of the matrix in the 

plaque region (Guo et al., 2019).  

AIM2, one of the HIN-200 family of proteins, is important in inflammasome activation. HFD increases 

the expression of intercellular cell adhesion molecule-1, GSDMD-N, and AIM2. The overexpression of AIM2 

increases the area of plaque lesion as well as pyroptosis of the vascular smooth muscle cells leading to the 

activation of ACS. AIM2 mediates the activity of GSDMD through the ASC caspase-1 pathway (Gong et al., 

2020). Pyroptosis of the VSMCs is also related to the stability of ACS plaques. The reason is that the molecules 

involved in cell pyroptosis are often expressed in unstable plaque as opposed to stable plaques.  

Moreover, in the arterial intima, the extracellular matrix created by the vascular smooth muscle cells 

such as elastin and collagen are significant fibrous cap components that constitute the ACS plaque (Zeng et al., 

2019). The depicted component is linked to the stability of plaque and ACS events. Numerous macrophages 
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and VSMCs die in the late lesions of ACS. The showcased VSMCs death in ACS might make the fibrous plaque 

cap unstable and fragile and induce ACS (Yu et al., 2020). 

 

CONCLUSION 

Research on different cardiovascular diseases and pyroptosis has rapidly progressed. Many pieces of 

research have confirmed the significant function of pyroptosis in cardiovascular diseases, precisely, ACS, 

where different stimuli result in the dysfunction of the mitochondria. In turn, the overproduction of ROS 

activated NLRP3 inflammasome and increased nuclear NF-Kb translocation that induces pyroptosis to take 

place in the VSMCs, CMs, and ECs. Moreover, disorienting related molecules in the pyroptotic pathway (IL‐1β, 

caspase-1, AIM2, and NLRP3) affect the progression and occurrence of pyroptosis and ACS, which may 

provide a potential target for treatment for other cardiovascular diseases. 

Acknowledgements: 

This work was supported by grants from the Special Funds for the Innovative Construction of Hunan 

Province (No. 2020SK4010), the Special Funds for Science and Technology Plan Project of Hengyang 

(No.2019jh426001), the Project of Health Commission of Hunan Province (No. B2019108, 20201533) and the 

Research Project of University of South China (No. nk2020106). 

 

REFERENCES 

1. Aki, T., Funakoshi, T., Noritake, K., Unuma, K., & Uemura, K. (2020). Extra cellular glucose is crucially 

involved in the fate decision of LPS-stimulated RAW264. 7 murine macrophage cells. Scientific reports, 

10(1), 1-13. https://www.nature.com/articles/s41598-020-67396-

6?elqTrackId=7b08a0a2835e4a4abc6b066dc32f1ca9  

2. Ding, H. G., Li, X. S., Liu, X. Q., Wang, K. R., Li, Y., Wen, M. Y., & Zeng, H. K. (2019). Hypercapnia promotes 

microglial pyroptosis via inhibiting mitophagy: implication in neuroinflammation in hypoxemic adult 

rats. https://www.researchsquare.com/article/rs-10406/latest.pdf  

3. Dong, Z., Peng, Q., Pan, K., Lin, W., & Wang, Y. (2020). Microglial and neuronal cell pyroptosis induced by 

oxygen-glucose deprivation/reoxygenation aggravates cell injury via activation of the caspase-1/GSDMD 

signaling pathway. https://www.researchsquare.com/article/rs-14822/latest.pdf  

4. Duan, H., Zhang, X., Song, R., Liu, T., Zhang, Y., & Yu, A. (2020). Upregulation of miR-133a by adiponectin 

inhibits the pyroptosis pathway and rescues acute aortic dissection. Acta Biochimica et Biophysica Sinica, 

52(9), 988-997. https://doi.org/10.1093/abbs/gmaa078 

5. Dziuba, D., Veremchuk, S., & Loskutov, O. (2020). INFLUENCE OF ACUTE CORONARY SYNDROME ON 

INTRAOPERATIVE DYNAMICS OF IL-6 DURING CORONARY REVASCULARIZATION. EUREKA: Health 

Sciences, (5), 16-21. 

https://pdfs.semanticscholar.org/a728/28e9d19e4f10d0f5aade64dd5b15d18402eb.pdf  

https://www.nature.com/articles/s41598-020-67396-6?elqTrackId=7b08a0a2835e4a4abc6b066dc32f1ca9
https://www.nature.com/articles/s41598-020-67396-6?elqTrackId=7b08a0a2835e4a4abc6b066dc32f1ca9
https://www.researchsquare.com/article/rs-10406/latest.pdf
https://www.researchsquare.com/article/rs-14822/latest.pdf
https://doi.org/10.1093/abbs/gmaa078
https://pdfs.semanticscholar.org/a728/28e9d19e4f10d0f5aade64dd5b15d18402eb.pdf


 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

330 

6. Gan, P., Baicu, C., Watanabe, H., Wang, K., Tao, G., Judge, D. P., ... & Sucov, H. M. (2020). The prevalent 

I686T human variant and loss-of-function mutations in the cardiomyocyte-specific kinase gene TNNI3K 

cause adverse contractility and concentric remodeling in mice. Human Molecular Genetics, 29(21), 3504-

3515. https://doi.org/10.1093/hmg/ddaa234 

7. Giampieri, F., Afrin, S., Forbes-Hernandez, T. Y., Gasparrini, M., Cianciosi, D., Reboredo-Rodriguez, P., ... & 

Battino, M. (2019). Autophagy in human health and disease: novel therapeutic opportunities. 

Antioxidants & redox signaling, 30(4), 577-634. 

https://www.liebertpub.com/doi/abs/10.1089/ars.2017.7234  

8. Gong, W., Shi, Y., & Ren, J. (2020). Research progresses of the molecular mechanism of pyroptosis and its 

related diseases: immunobiology, 225(2), 151884. 

https://www.sciencedirect.com/science/article/abs/pii/S0171298519301664  

9. Guo, M., Yan, R., Yao, H., Duan, L., Sun, M., Xue, Z., & Jia, Y. (2019). IFN regulatory factor 1 mediates 

macrophage pyroptosis induced by oxidized low-density lipoprotein in patients with the acute coronary 

syndrome. Mediators of inflammation, 2019. https://www.hindawi.com/journals/mi/2019/2917128/  

10. Hacker, T. A., Diarra, G., Fahl, B. L., Back, S., Kaufmann, E., & Fahl, W. E. (2019). Significant reduction of 

ischemia‐reperfusion cell death in mouse myocardial infarcts using the immediate‐acting PrC‐210 ROS‐

scavenger. Pharmacology research & perspectives, 7(4), e00500. 

https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1002/prp2.500  

11. Hu, Q., Zhang, T., Yi, L., Zhou, X., & Mi, M. (2018). Dihydromyricetin inhibits NLRP3 inflammasome‐

dependent pyroptosis by activating the Nrf2 signaling pathway in vascular endothelial 

cells. Biofactors, 44(2), 123-136. https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/biof.1395  

12. Jian, J., Xuan, F., Qin, F., & Huang, R. (2016). The antioxidant, anti-inflammatory, and anti-apoptotic 

activities of the Bauhinia championii flavone are connected with protection against myocardial 

ischemia/reperfusion injury. Cellular Physiology and Biochemistry, 38(4), 1365-1375. 

https://www.karger.com/Article/Abstract/443080  

13. Kuang, S., Zheng, J., Yang, H., Li, S., Duan, S., Shen, Y., ... & Li, J. (2017). Structure insight of GSDMD reveals 

the basis of GSDMD autoinhibition in cell pyroptosis. Proceedings of the National Academy of Sciences, 

114(40), 10642-10647. https://www.pnas.org/content/114/40/10642.short  

14. Lei, Q., Yi, T., & Chen, C. (2018). NF-κB-Gasdermin D (GSDMD) axis couples oxidative stress and NACHT, 

LRR, and PYD domains-containing protein 3 (NLRP3) inflammasome-mediated cardiomyocyte pyroptosis 

following myocardial infarction. Medical Science Monitor: international medical journal of experimental 

and clinical research, 24, 6044. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128186/  

15. Li, F., Xu, D., Hou, K., Gou, X., Lv, N., Fang, W., & Li, Y. (2021). Pretreatment of Indobufen and Aspirin and 

their Combinations with Clopidogrel or Ticagrelor Alleviates Inflammasome Mediated Pyroptosis Via 

Inhibiting NF-κB/NLRP3 Pathway in Ischemic Stroke. Journal of Neuroimmune Pharmacology, 1-19. 

https://link.springer.com/article/10.1007/s11481-020-09978-9  

https://doi.org/10.1093/hmg/ddaa234
https://www.liebertpub.com/doi/abs/10.1089/ars.2017.7234
https://www.sciencedirect.com/science/article/abs/pii/S0171298519301664
https://www.hindawi.com/journals/mi/2019/2917128/
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1002/prp2.500
https://iubmb.onlinelibrary.wiley.com/doi/abs/10.1002/biof.1395
https://www.karger.com/Article/Abstract/443080
https://www.pnas.org/content/114/40/10642.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128186/
https://link.springer.com/article/10.1007/s11481-020-09978-9


 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

331 

16. Li, S., Li, Z., Yin, R., Nie, J., Fu, Y., & Ying, R. (2021). Knockdown of dual oxidase 1 suppresses activin A-

induced fibrosis in cardiomyocytes via the reactive oxygen species-dependent pyroptotic pathway. The 

International Journal of Biochemistry & Cell Biology, 131, 105902. 

https://doi.org/10.1016/j.biocel.2020.105902 

17. Lin, Y., Liu, M., Chen, E., Jiang, W., Shi, W., & Wang, Z. (2020). Bone marrow‐derived mesenchymal stem 

cell microvesicles stabilize atherosclerotic plaques by inhibiting NLRP3‐mediated macrophage 

pyroptosis. Cell Biology International. https://doi.org/10.1002/cbin.11526 

18. Liu, J., Liu, D., Li, M., Wu, K., Liu, N., Zhao, C., ... & Liu, Q. (2020). Identification of a nonsense mutation in 

TNNI3K associated with cardiac conduction disease. Journal of clinical laboratory analysis, 34(9), 

e23418. https://doi.org/10.1002/jcla.23418 

19. Mu, Z., Zhang, H., & Lei, P. (2020). Piceatannol inhibits pyroptosis and suppresses oxLDL-induced lipid 

storage in macrophages by regulating miR-200a/Nrf2/GSDMD axis. Bioscience reports, 40(9). 

https://portlandpress.com/bioscirep/article-abstract/40/9/BSR20201366/226337  

20. Murphy, E., & Steenbergen, C. (2013). Did a classic preconditioning study provide a clue to the identity of 

the mitochondrial permeability transition pore?. Circulation Research, 113(7), 852-855. 

https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.113.301950  

21. Mynbaev, O. A., Eliseeva, M. Y., Kadayifci, O. T., Benhidjeb, T., & Stark, M. (2014). Inhibition of oxygen 

scavengers realized by peritoneal macrophages: an adhesion prevention target? International journal of 

nanomedicine, 9, 5259. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4238895/  

22. Noda, K., Tane, S., Haam, S. J., D’Cunha, J., Hayanga, A. J., Luketich, J. D., & Shigemura, N. (2017). Targeting 

circulating leukocytes and pyroptosis during ex vivo lung perfusion improves lung preservation. 

Transplantation, 101(12), 2841-2849. 

https://journals.lww.com/transplantjournal/Fulltext/2017/12000/Targeting_Circulating_Leukocytes_a

nd_Pyroptosis.9.aspx  

23. Ouyang, L., Zhang, L., Liu, J., Fu, L., Yao, D., Zhao, Y., ... & Liu, B. (2017). The Discovery of a small-molecule 

bromodomain-containing protein 4 (BRD4) inhibitor induces AMP-activated protein kinase-modulated 

autophagy-associated cell death in breast cancer. Journal of medicinal chemistry, 60(24), 9990-10012. 

https://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.7b00275  

24. Pang, H., Wang, N., Chai, J., Wang, X., Zhang, Y., Bi, Z., ... & He, G. (2020). Discovery of novel TNNI3K 

inhibitor suppresses pyroptosis and apoptosis in murine myocardial infarction injury. European journal 

of medicinal chemistry, 197, 112314. 

https://www.sciencedirect.com/science/article/pii/S022352342030283X  

25. Paradies, V., Chan, M. H. H., & Hausenloy, D. J. (2018). Strategies for Reducing Myocardial Infarct Size 

Following STEMI. Primary Angioplasty, 307-322. 

https://library.oapen.org/bitstream/handle/20.500.12657/23198/1006955.pdf?sequence=1#page=308  

26. Place, D. E., & Kanneganti, T. D. (2019). On the Road to Discovering the Elusive Executioner of Pyroptosis. 

https://doi.org/10.1016/j.biocel.2020.105902
https://doi.org/10.1002/cbin.11526
https://doi.org/10.1002/jcla.23418
https://portlandpress.com/bioscirep/article-abstract/40/9/BSR20201366/226337
https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.113.301950
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4238895/
https://journals.lww.com/transplantjournal/Fulltext/2017/12000/Targeting_Circulating_Leukocytes_and_Pyroptosis.9.aspx
https://journals.lww.com/transplantjournal/Fulltext/2017/12000/Targeting_Circulating_Leukocytes_and_Pyroptosis.9.aspx
https://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.7b00275
https://www.sciencedirect.com/science/article/pii/S022352342030283X
https://library.oapen.org/bitstream/handle/20.500.12657/23198/1006955.pdf?sequence=1#page=308


 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

332 

The Journal of Immunology, 202(7), 1911-1912. 

http://jimmunol.in/Journal_Immunology/2019/pdf/Volume202Issue7/1911-1912.pdf  

27. Qiao, L., Wu, X., Zhang, J., Liu, L., Sui, X., Zhang, R., ... & Xi, X. (2019). α‐NETA induces pyroptosis of 

epithelial ovarian cancer cells through the GSDMD/caspase‐4 pathway. The FASEB Journal, 33(11), 

12760-12767. https://faseb.onlinelibrary.wiley.com/doi/full/10.1096/fj.201900483RR  

28. Qin, C. Y., Zhang, H. W., Gu, J., Xu, F., Liang, H. M., Fan, K. J., ... & Hu, J. (2017). Mitochondrial DNA‐induced 

inflammatory damage contributes to myocardial ischemia-reperfusion injury in rats: Cardioprotective 

role of epigallocatechin. Molecular medicine reports, 16(5), 7569-7576. https://www.spandidos-

publications.com/mmr/16/5/7569  

29. Qiu, Z., Chen, X., Yin, L., Chen, W., Xu, Y., & Jiang, B. (2019). Stomatin‐like protein‐2 relieves myocardial 

ischemia/reperfusion injury by adenosine 5′monophosphate-activated protein kinase signal pathway. 

Journal of cellular biochemistry, 120(2), 2323-2335. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.27561  

30. Qiu, Z., He, Y., Ming, H., Lei, S., Leng, Y., & Xia, Z. Y. (2019). Lipopolysaccharide (LPS) aggravates high 

glucose-and hypoxia/reoxygenation-induced injury through activating ROS-dependent NLRP3 

inflammasome-mediated pyroptosis in H9C2 cardiomyocytes. Journal of diabetes research, 2019. 

https://www.hindawi.com/journals/jdr/2019/8151836/  

31. Reboredo-Rodríguez, P., Varela-López, A., Forbes-Hernández, T. Y., Gasparrini, M., Afrin, S., Cianciosi, D., ... 

& Giampieri, F. (2018). Phenolic compounds isolated from olive oil as nutraceutical tools for the 

prevention and management of cancer and cardiovascular diseases. International journal of molecular 

sciences, 19(8), 2305. https://www.mdpi.com/1422-0067/19/8/2305  

32. Ruan, J., Xia, S., Liu, X., Lieberman, J., & Wu, H. (2018). Cryo-EM structure of the gasdermin A3 membrane 

pore. Nature, 557(7703), 62-67. https://www.nature.com/articles/s41586-018-0058-6  

33. She, Y., Shao, L., Zhang, Y., Hao, Y., Cai, Y., Cheng, Z., ... & Liu, X. (2019). Neuroprotective effect of glycosides 

in Buyang Huanwu Decoction on pyroptosis following cerebral ischemia-reperfusion injury in rats. 

Journal of ethnopharmacology, 242, 112051. 

https://www.sciencedirect.com/science/article/pii/S0378874119306816  

34. Sun, R., Xiang, T., Tang, J., Peng, W., Luo, J., Li, L., ... & Tao, Q. (2020). 19q13 KRAB zinc-finger protein 

ZNF471 activates MAPK10/JNK3 signaling but is frequently silenced by promoter CpG methylation in 

esophageal cancer. Theranostics, 10(5), 2243. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7019175/ 

35. Toshihiko, A., Takeshi, F., Kanako, N., Kana, U., & Koichi, U. (2020). Extracellular glucose is crucially 

involved in the fate decision of LPS-stimulated RAW264. 7 murine macrophage cells. Scientific Reports 

(Nature Publisher Group), 10(1). 

https://search.proquest.com/openview/813f2dc82bc9a367063f50c8e4acc762/1?pq-

origsite=gscholar&cbl=2041939  

http://jimmunol.in/Journal_Immunology/2019/pdf/Volume202Issue7/1911-1912.pdf
https://faseb.onlinelibrary.wiley.com/doi/full/10.1096/fj.201900483RR
https://www.spandidos-publications.com/mmr/16/5/7569
https://www.spandidos-publications.com/mmr/16/5/7569
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.27561
https://www.hindawi.com/journals/jdr/2019/8151836/
https://www.mdpi.com/1422-0067/19/8/2305
https://www.nature.com/articles/s41586-018-0058-6
https://www.sciencedirect.com/science/article/pii/S0378874119306816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7019175/
https://search.proquest.com/openview/813f2dc82bc9a367063f50c8e4acc762/1?pq-origsite=gscholar&cbl=2041939
https://search.proquest.com/openview/813f2dc82bc9a367063f50c8e4acc762/1?pq-origsite=gscholar&cbl=2041939


 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

333 

36. Wang, L., Niu, H., & Zhang, J. (2020). Homocysteine induces mitochondrial dysfunction and oxidative 

stress in myocardial ischemia/reperfusion injury through stimulating ROS production and the ERK1/2 

signaling pathway. Experimental and Therapeutic Medicine, 20(2), 938-944. https://www.spandidos-

publications.com/10.3892/etm.2020.8735  

37. Wang, Y., Jia, L., Shen, J., Wang, Y., Fu, Z., Su, S. A. ... & Xiang, M. (2018). Cathepsin B aggravates 

coxsackievirus B3-induced myocarditis through activating the inflammasome and promoting pyroptosis. 

PLoS pathogens, 14(1), e1006872. 

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006872&rev=2  

38. Wang, Y., Sun, J., Liu, C., & Fang, C. (2014). Protective effects of crocetin pretreatment on myocardial 

injury in an ischemia/reperfusion rat model. European Journal of Pharmacology, 741, 290-296. 

https://doi.org/10.1016/j.ejphar.2014.07.052 

39. Xi, X., Yang, Y., Ma, J., Chen, Q., Zeng, Y., Li, J., ... & Li, Y. (2020). MiR-130a alleviated high-glucose induced 

retinal pigment epithelium (RPE) death by modulating TNF-α/SOD1/ROS cascade mediated 

pyroptosis. Biomedicine & Pharmacotherapy, 125, 109924. 

https://www.sciencedirect.com/science/article/pii/S0753332220301141  

40. Xu, Y. J., Zheng, L., Hu, Y. W., & Wang, Q. (2018). Pyroptosis and its relationship to atherosclerosis. Clinica 

Chimica Acta, 476, 28-37. https://doi.org/10.1016/j.cca.2017.11.005 

41. Yang, F., Qin, Y., Wang, Y., Li, A., Lv, J., Sun, X., ... & Wang, L. (2018). LncRNA KCNQ1OT1 mediates 

pyroptosis in diabetic cardiomyopathy. Cellular Physiology and Biochemistry, 50(4), 1230-1244. 

https://www.karger.com/Article/Abstract/494576  

42. Yang, R., Yu, H., Chen, J., Zhu, J., Song, C., Zhou, L., ... & Zhang, Q. Limonin Attenuates LPS-Induced 

Hepatotoxicity by Inhibiting Pyroptosis via NLRP3/Gasdermin D Signaling Pathway. Journal of 

Agricultural and Food Chemistry. https://pubs.acs.org/doi/abs/10.1021/acs.jafc.0c06775  

43. Yu, L. M., Zhang, W. H., Han, X. X., Li, Y. Y., Lu, Y., Pan, J., ... & Liu, Y. H. (2019). Hypoxia-induced ROS 

contributes to myoblast pyroptosis during obstructive sleep apnea via the NF-κB/HIF-1α signaling 

pathway. Oxidative medicine and cellular longevity, 2019. 

https://www.hindawi.com/journals/omcl/2019/4596368/  

44. Yu, S., Zhao, N., He, M., Zhang, K., & Bi, X. (2020). MiRNA-214 promotes pyroptosis and inhibits the 

proliferation of cervical cancer cells via regulating the expression of NLRP3. Cellular and Molecular 

Biology, 66(6), 59-64. https://cellmolbiol.org/index.php/CMB/article/view/3641  

45. Zeng, C., Wang, R., & Tan, H. (2019). Role of pyroptosis in cardiovascular diseases and its therapeutic 

implications. International journal of biological sciences, 15(7), 1345. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643148/  

46. Zhao, Q., Zhu, H. P., Xie, X., Mao, Q., Liu, Y. Q., He, X. H., ... & Huang, W. (2020). Novel HSP90-PI3K dual 

inhibitor suppresses melanoma cell proliferation by interfering with HSP90-EGFR interaction and 

downstream signaling pathways. International journal of molecular sciences, 21(5), 1845. 

https://www.spandidos-publications.com/10.3892/etm.2020.8735
https://www.spandidos-publications.com/10.3892/etm.2020.8735
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006872&rev=2
https://doi.org/10.1016/j.ejphar.2014.07.052
https://www.sciencedirect.com/science/article/pii/S0753332220301141
https://doi.org/10.1016/j.cca.2017.11.005
https://www.karger.com/Article/Abstract/494576
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.0c06775
https://www.hindawi.com/journals/omcl/2019/4596368/
https://cellmolbiol.org/index.php/CMB/article/view/3641
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643148/


 et al., IJSIT, 2023, 12(6), 321-334 Gao Feng Zeng
 

IJSIT (www.ijsit.com), Volume 12, Issue 6, November-December 2023 
 

334 

https://www.mdpi.com/1422-0067/21/5/1845  

47. Zhaolin, Z., Guohua, L., Shiyuan, W., & Zuo, W. (2019). Role of pyroptosis in cardiovascular disease. Cell 

proliferation, 52(2), e12563. https://onlinelibrary.wiley.com/doi/full/10.1111/cpr.12563  

48. Zhaolin, Z., Jiaojiao, C., Peng, W., Yami, L., Tingting, Z., Jun, T., ... & Zuo, W. (2019). OxLDL induces vascular 

endothelial cell pyroptosis through miR‐125a‐5p/TET2 pathway. Journal of cellular physiology, 234(5), 

7475-7491. https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.27509 

49. Zheng, Z., & Li, G. (2020). Mechanisms and therapeutic regulation of pyroptosis in inflammatory diseases 

and cancer. International journal of molecular sciences, 21(4), 1456. https://www.mdpi.com/1422-

0067/21/4/1456 

50. Sun, R., Xiang, T., Tang, J., Peng, W., Luo, J., Li, L., ... & Tao, Q. (2020). 19q13 KRAB zinc-finger protein 

ZNF471 activates MAPK10/JNK3 signaling but is frequently silenced by promoter CpG methylation in 

esophageal cancer. Theranostics, 10(5), 2243. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7019175/ 

 

https://www.mdpi.com/1422-0067/21/5/1845
https://onlinelibrary.wiley.com/doi/full/10.1111/cpr.12563
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcp.27509
https://www.mdpi.com/1422-0067/21/4/1456
https://www.mdpi.com/1422-0067/21/4/1456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7019175/

