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Abstract 
 

Interleukin 1 (IL-1) is a pro-inflammatory cytokine with important roles in innate immunity 

and tissue homeostasis. Inflammation is crucial as it protects the host by reacting against 

pathogens and repairing tissues however, improper use of the inflammatory cascade results in 

pathogenesis of several acute and chronic diseases. IL-1 together with the NLR family pyrin 

domain containing 3 (NLRP3) inflammasome are key players in inflammation and modulate 

cardiac function as well. Literature concerning the role of IL-1 and the inflammasome is 

reviewed, together with a concise narrative overview pathways affected during signaling. 

Specific examples of the role of IL-1 in pathogenic outcomes in cardiovascular disease (CVD) 

are also reviewed.   
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Introduction 

 

Interleukin-1 (IL-1) is a pro-inflammatory 

cytokine assembled by the innate immune 

system. It acts on innate immune cells as well 

as on lymphocytes during adaptive immune 

responses, for instance, naïve T-helper cells 

can be differentiated and maintained with the 

help of IL-1 (1).   

IL-1 was initially referred to as an 

endogenous pyrogen since it increases body 

temperature, resulting in pyrexia which is the 

hallmark of inflammation. The IL-1 family 

consists of 11 members and 10 receptors, of 

which IL-1α and IL-1β are the most 

commonly studied. IL-1 receptor antagonist 

(IL-1RA) regulates their activity since it binds 

to the IL-1 receptor instead of IL-1α and IL-

1β  (2). The IL-1 receptor is a heterodimer 

made up of IL-1Ra and IL-1R accessory 

protein (IL-1RacP) sub-units. IL-1α or IL-1β 

binding with the IL-1 receptor induce the 

synthesis acute phase and pro-inflammatory 

proteins a via a signal transduction cascade, 

contributing to the inflammatory response. 

Most of the IL-1 family members act 

indirectly on immune processes. Activation of 

nuclear factor kappa light chain enhancer of 

activated B cells NF-κB, IL-1β directs 

transcription and gene expression of 

cyclooxygenase type 2 (COX-2), type 2 

phospholipase A and inducible nitric oxide 

synthase (iNOS), resulting in the production 

of prostaglandin-E2 (PGE2), platelet 
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activating factor (PAF) and nitric oxide (NO). 

Thus, the biological effects of IL-1, mediated 

through the aforementioned signal 

transduction products include: pyrexia, 

diminished pain threshold, vasodilatation and 

lowered blood pressure. NO and PGE2 also 

significantly affect immune responses, such 

that PGE2 non-specific T-cell suppression is 

highly prevalent (4). Moreover, IL-1 

signalling modulates reparative processes 

through regulation of gene expression in 

fibroblasts and smooth muscle cells, achieved 

by altering the Matrix 

Metalloproteinase/Tissue Inhibitor of 

Metalloproteinases ratio  (5).   

IL-1β signalling induces release of secondary 

pro-inflammatory cytokines and chemokines 

including IL-6,  tumour necrosis factor α 

(TNFα) , and granulocyte colony stimulating 

factor (G-CSF), which provide for the 

transient development of the inflammatory 

disease (6). IL-1β is a powerful pro-

inflammatory cytokine which is activated via 

two stages: IL-1β precursor is synthesised 

consequent Toll-like Receptors (TLRs) 

activation. Then, pro-IL-1β is transformed to 

mature IL-1β with the aid of caspase-1 which 

activates pro-IL-1β by cleaving it. IL-1β 

causes vasodilation, recruitment of 

leukocytes through IL-8 and activation of 

neutrophils, leading to phagocytosis, 

degranulation and oxidative burst activity to 

occur (3). 

Interleukin-1 in 

Atherosclerosis  
 

Patients who have elevated inflammatory 

markers such as C-reactive protein (CRP), are 

at more risk of suffering from cardiovascular 

disease (CVD) even if otherwise healthy (7). 

In patients with a history of CVD, decreased 

C-reactive protein (CRP) levels result in a 

similar decrease in the incidence of CVD 

when compared to decreased LDL-

cholesterol levels (8). In the past decades, 

atherosclerosis has been defined as a type of 

inflammatory disease. Pro-inflammatory 

lipoproteins running in the circulation 

increase the permeability of endothelial cells 

thus, more lipids and inflammatory 

macrophages (or foam cells) subside in the 

tunica intima of the blood vessels. Cholesterol 

plaque develops, which consists of a necrotic 

core and a fibrous cap (9). Over time, this 

deposition induces the production of 

cytokines including IL-1α, NLR family pyrin 

domain containing 3 (NLRP3) inflammasome 

activation, IL-1β and IL-18 (Figure 1). This 

deposition of fats and cholesterol clogs the 

vessels causing disruption in blood flow and 

is partly attributed to elevated expression of 

IL-1β and IL-1R in plaques and the more they 

are expressed, the more severe is the disease 

(10). IL-1 has various effects on cells 

involved in atherogenesis, mainly the 

endothelial cells, smooth muscle cells and 

macrophages.  

When IL-1β acts on endothelial cells it 

enhances the expression of intercellular 

adhesion molecule-1 (ICAM-1) and vascular 

cell adhesion molecule-1 (VCAM-1) (11). IL-

1β also activates chemokines such as 

monocyte chemoattractant protein-1 (MCP-

1). This attracts phagocytes which are active 

mediators in CVDs. IL-1β further acts on 

smooth muscle cells by directing the 

production of platelet-derived growth factor 

which can direct smooth muscle cell 

proliferation (12). IL-1β also stimulates 

further plaque growth and rupture, which 

together factors contribute to atherosclerosis 

that may result in the formation 

atherothrombosis (13).. Necrosis and 

apoptosis are frequent events which occur in 

atherosclerotic lesions and these can activate 

IL-1α and IL-1β as well (14). IL-1 also 

induces activation and liberation of another 

noteworthy cytokine; IL-6. IL-6 stimulates 

hepatocytes which in turn increase the 

synthesis of fibrinogen which boosts 



  

   33 

thrombosis and plasminogen activator 

inhibitor (PAI) which in turn restricts 

fibrinolysis. 

IL-6 also directs hepatocytes to boost 

synthesis of C-reactive protein (CRP). Thus 

IL-1 amplifies the inflammatory response due 

to a single IL-1 molecule inducing multiple 

IL-6 molecules which further activate the 

expression of several pro-inflammatory 

mediators, further promoting atherogenesis 

and the development of several other CVDs 

(12). 

It is essential to highlight the importance of 

the balance which needs to present between 

IL-1 and IL-1Ra. Nicklin et al. (2000) utilised 

a IL-1++/IL-1Ra—mouse model to investigate 

the effects of an imbalanced IL-1 and IL1-Ra 

ratio. Through this model, IL-1 was 

unopposed and as a consequence, the mice 

developed severe vascular inflammation 

together with the occurrence of several 

inflammatory cells across the wall of the 

arteries. The vessel walls were observed 

stenosed and collapsed leading to infarction 

(15). Other in-vivo rodent outline the 

atherogenic properties of both IL-1α and IL-

1β. The first strain consisted of mice deficient 

in apolipoprotein E (ApoE). When the bone 

marrow of the first strain of mice was 

replaced by an IL-1α or IL-1β deficient one, 

these mice presented with reduced atheromas 

when compared to the control mice which 

received the wild type bone marrow (17). 

Notably, in this study, IL-1α deficient mice 

presented with greater protection against 

atheroma formation rather than when mice 

where deficient in both IL-1α and IL-1β. 

Thus, compound deficiency of both IL-1α and 

IL-1β, does not give additional protection in 

atherosclerotic lesion formation (18). The 

second strain consisted of mice lacking in 

low-density lipoprotein receptor (LDL-R) 

with overexpression of IL-1Ra. The mice in 

this strain presented with significant reduction 

in atheroma formation. ApoE deficient mice 

deficient in IL-1Ra, presented with reduced 

plaque formation in the root of the aorta but 

not in the brachiocephalic artery. Deficiency 

of IL-1Ra also resulted in differences in the 

structural remodelling of the endothelium and 

collagen resulting in the maintenance of the 

atheroma’s fibrous cap (18). This may thus 

demonstrate IL-1Ra’s role in protecting  

against atheromatous plaque rupture (19).  

High cholesterol levels induce the IL-1β 

precursor to be cleaved to active IL-1β. This 

Figure 1: A visual representation of the role of IL-1 in the process of atherosclerosis. 

Retrieved from Abbate et al., 2020. 
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occurs due to the deposition of cholesterol 

crystals in plaque which direct the activation 

of the NLRP3 inflammasome by activating 

cathepsin B in the cytoplasm (20). Indeed, 

experiments performed on LDL-R deficient 

mice with NLRP3, apoptosis-associated 

speck-like protein containing a CARD 

domain (ASC), IL-1α or IL-1β deficiency fed 

a  high fat diet, resulted in a significant 

reduction of atherosclerotic lesions when 

compared to the mice with wild type bone 

marrow (21). Mice with an irregularly 

functioning inflammasome and caspase-1 

deficiency coupled with reduced ApoE or 

LDL-R, were considered to be protected 

against inflammatory reactions when 

compared to mice that are ApoE or LDL-R 

deficient but have a functional caspase-1 (22). 

This demonstrated the crucial role of caspase-

1 as a mediator in activating pro-IL-1β to IL-

1β and further progression of inflammation. 

The extent to which NLRP3 inflammasome is 

expressed in plaque has been shown to 

correlate with the severity of the CVD (23). 

Another study however shows that ApoE 

mice with a dysfunctional NLRP3 

inflammasome, does not decrease the severity 

or the incidence of atherogenesis (24). The 

reason for which these studies produced 

opposite results with regard to the role of the 

NLRP3 inflammasome in atherosclerosis still 

remains indefinite thus, further studies need to 

be implemented to rule out the proper role of 

the inflammasome.  

Interleukin-1 in Myocardial 

Infarction  
 

When the ventricular cardiomyocyte 

undergoes necrosis following an infarct, an 

inflammatory cascade occurs which functions 

to clear away the damaged tissue and replace 

it with fibrous tissue resulting in with 

scarring. Contents within the dying 

myocardial cells are released and an 

inflammatory response initiates via activation 

of the innate immune system. Receptors at the 

cell surface sense the released ligands as 

danger signals and activate cytokines and 

chemokine pathways (25). The NF-κB system 

is activated which causes endothelial cells to 

upregulate the expression of adhesion 

molecules. Chemokines bind to their 

receptors on circulating leukocytes and these 

infiltrating leukocytes remove the infarct 

composed of necrotic cells and debris (26). 

Consequently, cytokines and growth factors 

are induced which adjust extracellular matrix 

metabolism and activate fibroblasts and 

endothelial cells causing healing to shift from 

the inflammatory to the proliferative phase 

(27). Then leukocytes undergo apoptosis and 

are removed from the area whilst myocardial 

fibroblasts at the area of infarction 

differentiate into myofibroblasts which 

produce a vast amount of extracellular matrix 

proteins (28). New vessels start to form 

surrounded by a muscular coat whilst 

uncoated vessels start to regress. 

Inflammatory cells, fibroblasts and vascular 

cells undergo apoptosis resulting in mature 

scar formation made up of collagen (28). As 

healing is taking place, ventricular 

remodelling occurs. This includes the 

remodelling of both necrotic zone and non-

infarcted zone of the ventricle. This may 

result in ventricular hypertrophy resulting in a 

deterioration of cardiac function (5). IL-1 

family members are highly expressed in 

myocardial infarction and a clinical analysis 

confirms that serum IL-1β levels increased in 

patients with acute myocardial infarction 

(AMI) soon after chest pain sets in. However 

other studies did not record increased serum 

IL-1β levels in patients with AMI. The 

discrepancy in these aforementioned studies 

may have occurred since IL-1β may bind to 

large proteins such as α2 macroglobulin or to 

the IL-1R2 receptor. As a result, serum IL-1β 

levels could be harder to detect (5). IL-1Ra 

levels were also significant in AMI patients. 
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Indeed, IL-1Ra levels were significantly 

elevated in patients with AMI and IL-1Ra 

expression occurred ahead of release of 

necrosis markers. Such levels of IL-1Ra 

correspond with the degree of cardiomyocyte 

loss (29). IL-1α acts as a warning biomarker 

early on in the onset of AMI, and it activates 

IL-1β activity via activation of the NLRP3 

inflammasome (30).   

IL-1 signalling also induces the inflammatory 

response after infarction takes place. In IL-

1Ra null mice, decreased neutrophil 

recruitment was observed together with 

enhanced neutrophil apoptosis. This was 

suggested to occur since because IL-1 has the 

ability to prolong neutrophil survival by 

preventing their apoptosis (31). IL-1 pro-

inflammatory effects may intensify injury via 

several pathways. For instance, enhanced 

neutrophil levels may result in direct 

cardiomyocyte death and IL-1 signalling, 

which may activate matrix degradation thus 

enhanced matrix remodelling of the ventricle 

takes place.  Thus, evidence in IL-1Ra 

deficient mice shows that IL-1 may contribute 

to injury, but it does not aggravate it (31).  

 

IL-1 produces several effects on the 

myocardium: it induces apoptosis alone or 

alongside other cytokines such as interferon γ 

(IFN γ) and TNFα (5). This further promotes 

cardiac muscle injury. IL-1 causes 

cardiomyocyte hypertrophy by elevating 

expression of atrial natriuretic factor and 

repressing Ca2+ regulatory genes (32). IL-1β 

represses cardiac function as well via NO-

dependent and NO-independent pathways and 

also via inhibiting c-adrenergic agonist which 

elevates cardiac contractility and cAMP 

accumulation. Apart from IL-1 leaving its 

effects directly on cardiomyocytes, it also 

influences gene expression of several cells 

which aid in infarct healing (Figure 2). IL-1 

activates both endothelial cells and 

leukocytes. These induce adhesion molecule 

production and integrin expression 

respectively. Moreover, IL-1 also induces 

macrophages and endothelial cells to produce 

chemokines. These attract leukocytes to site 

of injury via chemotaxis. Fibroblasts are also 

affected by action of IL-1 and are involved in 

the reparative process. In IL-1Ra null mice,  

fibrosis following inafrct was significantly 

reduced (5); demonstrating the crucial effect 

IL-1 has on fibroblast activation and 

migration to the site of injury. Additionally, 

Figure 2: The effects of IL-1 on mediators of infarction and healing. Retrieved 

from Bujak and Frangogiannis et al., 2009. 
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IL-1β enhances expression of angiotensin II 

type 2 receptors on cardiac fibroblasts, thus 

allowing for fibrous tissue build up (33). 

Transforming growth factor- β (TGF- β) is a 

pro-fibrotic mediator which was also reduced 

in infarcts conducted in IL-1Ra null mice, 

causing less collagen to be deposited in the 

healing scar and the area around the infarct 

(34).  

IL-1 upregulates matrix metalloproteinase 

(MMP) synthesis, resulting in reduced 

collagen deposition and consequent matrix 

degradation (35). Suppression of the 

inflammatory response may be advantageous 

due to it reducing the extent of fibrosis of the 

infarcted ventricle. Collagen deposition and 

MMP expression are downregulated in IL-

1Ra null infarcts thus interstitial remodelling 

is decreased (36). Finally, IL-1 enhances 

angiogenesis but the mechanism through 

which this is carried out is still unknown. This 

is shown by a study which involved three rat 

models that had undergone IL-1 inhibition in 

which new vessel formation was suppressed 

(37).  

Interleukin-1 in Arrhythmias  
 

Several studies performed on guinea pigs 

show that IL-1 is able to lengthen 

cardiomyocyte action potential (AP) via 

modifications in Ca2+ channels function (38). 

A recent study highlights the role of IL-1α in 

prolonging the action potential whereas IL-1β 

mediation resulted in extra-systolic patterns in 

rat atrial cardiomyocytes (39). Another model 

of diabetic mice outlines IL-1β acting in a 

similar fashion to IL-1α in lengthening the 

action potential and IL-1β also diminishes the 

K+ current and upregulates Ca2+ entry in 

cardiomyocytes. These IL-1β induced 

modifications are responsible for arrhythmia 

generation. These arrhythmias can be 

successfully eliminated by treatment with IL-

1 receptor antagonist or by inhibiting the 

NLRP3 inflammasome (40).  IL-1β is 

reported to inhibit L-type Ca2+ channels and 

inhibits expression of 

sarcoplasmic/endoplasmic reticulum calcium 

ATPase (SERCA) and phospholamban (41).  

IL-1β also leaves its effect on connexin 43 

(Cx43), which is  a crucial protein present in 

gap junctions of cardiomyocytes and is a main 

contributor to the unity of the cardiomyocytes 

allowing them to beat in synchrony as a single 

unit (42). Thus cardiomyocytes may be 

disconnected from one another as a result of 

IL-1β Cx43 downregulation.  

Interestingly, IL-1β is upregulated during 

atherosclerosis and AMI. Similarly, models of 

atherosclerotic mice post infarction showed a 

threefold elevation in IL-1β levels expressed, 

together with a twofold decrease in Cx43 thus 

resulting in a corresponding elevation in 

ventricular arrhythmias (43). In a case-

controlled study in which 122 patients had 

atrial fibrillation and 63 patients acted as 

controls, it was noted that IL-1 levels were 

remarkably higher in atrial fibrillation (AF) 

patients thus showing the great role IL-1 plays 

in progression of arrhythmias and atrial 

fibrillation amongst other cardiovascular 

diseases previously mentioned (44).  

Conclusion  
 

The recognition of the part IL-1 plays in 

inflammation together with the discovery of 

specific external signals which trigger the 

inflammatory cascade, are crucial providers 

for the proper apprehension of the aetiology 

of several human diseases. This field of study 

is of increasing interest within the in the 

medical community . The biology of IL-1 has 

is polarised since it provides both beneficial 

and destructive contributions to patients’ 

response to infection and injury. The IL-1 

cytokine family together with the NLPR3 

inflammasome are vital in responding to 

injury and are the key contributors to the 
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CVDs. Pre-clinical and clinical studies of IL-

1β blockade have been demonstrated to be a 

promising approach in in the treatment of 

CVDs. Thus, IL-1β inhibition presents us 

with promising occasions where we can 

combat inflammatory diseases.  Patients with 

risk of recurrent inflammation present with 

elevated CRP levels and benefit immensely 

from IL-1 blockade. Notably, the 

advancements made in this area of study were 

immense throughout the years, but numerous 

questions remain unanswered, and more 

studies need to be implemented. For instance, 

whether specific inhibition of exclusive 

cytokines or common receptors (e.g. IL-1Ra 

by anakinra which blocks both IL-1α and IL-

1β) represent suitable therapies in CVD has 

yet to be confirmed. Nonetheless, we have 

entered an exciting era in which the clinical 

benefits from decades of research done to 

outline the role of immune and inflammatory 

pathways in CVDs can be consolidated. 
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