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ABSTRACT 

Cytokines are small, numerous immunoregulatory molecules that play an important role in immune and inflammatory 

responses. Interleukin-1 (IL-1) is an important cytokine in the body's defense against foreign agents, including bacteria, 

but when overproduced, it is a highly inflammatory molecule. Targeting IL-1 may be a relevant strategy in many 

inflammatory diseases including those caused by microorganisms. IL-1 exists in two main forms, IL-1α and IL-1β, and 

both are activated after maturation of their precursors. IL-1β is produced mainly by macrophage cells and plays an 

inflammatory role in many diseases, including infectious ones. IL-1β generates the inactive precursor pro-IL-1β that is 

cleaved by the caspase-1 enzyme and then becomes active. IL-1β binds to the receptor and triggers a signaling cascade 

involving the adaptor protein MyD88 and leads to activation of nuclear factor kappa B (NF-κB). Targeting IL-1 in 

infections reduces inflammation and improves the course of the disease. 
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INTRODUCTION 

Cytokines are small proteins that play crucial roles in cell signaling, particularly in immune responses (1). Among 

these, Interleukin-1 (IL-1) stands out due to its significant involvement in inflammatory processes and immune defense 

mechanisms (2). This paper explores the functions of IL-1 in the context of bacterial infections, highlighting its dual roles 

in promoting and regulating inflammation, as well as its potential as a therapeutic target. 

DISCUSSION 

Cytokines are a broad category of signaling molecules that mediate and regulate immunity, inflammation, and 

hematopoiesis (3). They include interleukins (ILs), interferons, tumor necrosis factors, chemokines, and growth factors 

(4). ILs are a group of cytokines that were first seen to be expressed by leukocytes (5). IL-1 is one of the most studied 

cytokines within this group and is known for its role in the inflammatory response (6). 

IL-1 exists in two primary forms as IL-1α and IL-1β, and both are produced after activation of their precursors (7). 

IL-1β is particularly significant in bacterial infections due to its potent inflammatory effects (8). It is primarily produced 

by macrophages, monocytes, and dendritic cells in response to microbial stimuli (9). 

IL-1β is synthesized as an inactive precursor (pro-IL-1β) that is cleaved by the enzyme caspase-1 to become active 

(10). This cleavage occurs within a complex known as the inflammasome, which is activated by various pathogen-
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associated molecular patterns (PAMPs) found on bacteria (10). The most well-characterized inflammasome in this context 

is the NLRP3 inflammasome, which responds to a variety of bacterial components and stress signals (11). 

Once activated, IL-1β binds to the IL-1 receptor type 1 (IL-1R1) on target cells, initiating a signaling cascade that 

involves the adaptor protein MyD88 and leads to the activation of nuclear factor-kappa B (NF-κB) and mitogen-activated 

protein kinases (MAPKs) which results in the transcription of pro-inflammatory genes and leads to the production of 

other cytokines, chemokines, and adhesion molecules that recruit and activate additional immune cells (12). 

The primary function of IL-1 in bacterial infections is to coordinate the inflammatory response, which is crucial for 

controlling and eliminating pathogens (13).  IL-1β enhances the migration of neutrophils to the site of infection, promotes 

phagocytosis, and stimulates the production of antimicrobial peptides (14). Additionally, it induces fever by acting on the 

hypothalamus, creating an environment less favorable for bacterial growth (15). However, the powerful inflammatory 

response driven by IL-1β must be tightly regulated to prevent tissue damage (16). Excessive or prolonged IL-1β 

production can lead to chronic inflammation and tissue injury, contributing to diseases such as sepsis, chronic obstructive 

pulmonary disease (COPD), and inflammatory bowel disease (IBD) (17,18). 

IL-1 is important for the immune defense against bacterial infections. Staphylococcus aureus is a bacterium that can 

cause severe infections such as sepsis and endocarditis (19). IL-1β plays a crucial role in recruiting neutrophils to sites of 

infection, which is essential for controlling S. aureus (20). However, the bacterium can evade immune responses by 

producing factors that inhibit IL-1β production or signaling. In Mycobacterium tuberculosis infection, IL-1β is involved 

in the formation of granulomas, which are structures that contain the infection (21). While beneficial in containing the 

bacteria, excessive IL-1β can lead to tissue damage and exacerbate disease symptoms (22). IL-1β contributes to the 

inflammatory response that clears the bacteria Escherichia coli, responsible for urinary tract infections (UTIs). However, 

excessive IL-1β can lead to discomfort and tissue damage in the urinary tract (23). 

Given the potent effects of IL-1β, its activity is subject to multiple levels of regulation. The production of IL-1β is 

controlled at the transcriptional level by NF-κB and other transcription factors (24). Additionally, the activation of pro-

IL-1β by caspase-1 is a tightly regulated process, requiring the assembly of the inflammasome. 

Once secreted, IL-1β activity is further regulated by natural inhibitors such as IL-1 receptor antagonist (IL-1Ra), 

which binds to IL-1R1 without inducing signaling, thus blocking IL-1β from exerting its effects (25). Soluble IL-1 

receptors can also act as decoys, sequestering IL-1β and preventing it from binding to cell surface receptors (26). 

Given the central role of IL-1β in inflammation and its contribution to tissue damage in bacterial infections, targeting 

IL-1β signaling represents a promising therapeutic strategy (27,28). IL-1Ra (anakinra) is already used in the treatment of 

various inflammatory diseases such as rheumatoid arthritis. In bacterial infections, modulating IL-1β activity could help 

control excessive inflammation and reduce tissue damage (29). For instance, in sepsis, blocking IL-1β could mitigate the 

overwhelming inflammatory response that leads to organ failure. However, such interventions must be carefully balanced 

to avoid impairing the host's ability to control the infection. 

CONCLUSIONS 

IL-1β is a pivotal cytokine in the immune response to bacterial infections and helps to orchestrate inflammation and 

control pathogen spread. Its potent effects on immune cell recruitment and activation are crucial for effective defense 

against bacteria but also pose risks of excessive inflammation and tissue damage. Understanding the precise mechanisms 

of IL-1β regulation and signaling provides valuable insights for developing targeted therapies to manage bacterial 

infections and their associated inflammatory responses. As research progresses, the potential for therapeutic modulation 

of IL-1β activity holds promise for improving outcomes in bacterial diseases. 
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