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ABSTRACT 

Cytokines are proteins that mediate the immune response and act as signaling molecules in inflammatory processes. 

Pathogens activate the immune and inflammatory response which is mediated by cytokines. The most studied cytokines 

in the inflammatory response are interleukin (IL)-1, tumor necrosis factor (TNF), and interferon (IFN)- These cytokines 

intervene to attack pathogens but their overexpression causes inflammation. In bacterial infections, IL-1β is secreted and 

induces nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) activation with subsequent release of 

other pro-inflammatory cytokines, such as TNF. This cascade of inflammatory cytokines can be very harmful and can 

even lead to death. Sepsis is a severe systemic infection with IL-1-mediated NF-kB activation that leads to dysregulation 

of inflammatory mediators, contributing to the disease. In sepsis, NF-kB activation is crucial for the host defense 

mechanism, but can also induce a “cytokine storm” that leads to multiorgan failure and death. Viral infection activates 

NF-kB to control virus replication and spread, but excessive activation can contribute to inflammation and lung damage. 

In conclusion, understanding the mechanisms of IL-1 in NF-kB activation in infections is important for more effective 

therapy. 
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INTRODUCTION 

Cytokines are small proteins released by cells, particularly those of the immune system, that act as signaling molecules 

to regulate immunity, inflammation, and hematopoiesis. Infections can trigger a wide range of immune responses, among 

which the production of cytokines is crucial.  

In infections, cytokines are activated after pathogen recognition (1). When a pathogen (such as bacteria, viruses, fungi, 

or parasites) enters the body, immune cells recognize it through pattern recognition receptors (PRRs) such as toll-like 

receptors (TLRs) (1). These receptors detect pathogen-associated molecular patterns (PAMPs) and damage-associated 

molecular patterns (DAMPs) (2). 

The recognition of pathogens leads to the activation of immune cells, which then release cytokines. Cytokines, such 

as interleukins (ILs), interferons (IFNs), tumor necrosis factors (TNFs), and chemokines, play vital roles in orchestrating 

the immune response and, when they are overexpressed, induce inflammation (3). 

Pro-inflammatory cytokines such as IL-1, IL-6, TNF-α, and IFN-γ promote inflammation to help eliminate pathogens 

(4,5). Anti-inflammatory cytokines, such as IL-10 and TGF-β, regulate and suppress the inflammatory response to prevent 

excessive damage to the host (6). 
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A severe, uncontrolled release of pro-inflammatory cytokines can lead to a "cytokine storm," which can cause systemic 

inflammation, multi-organ failure, and even death (7,8). This condition is observed in severe infections like COVID-19, 

influenza, sepsis, and certain autoimmune diseases (9). 

Rheumatoid arthritis is mediated by the excessive production of TNF-α and IL-6 which leads to chronic inflammation 

in the joints (10). In inflammatory bowel disease (IBD), there is dysregulated cytokine production involving TNF, IL-12, 

and IL-23, which causes chronic inflammation in the gastrointestinal tract (11). In systemic lupus erythematosus (SLE), 

the overproduction of IFN-α and other cytokines contributes to systemic inflammation and organ damage (12). 

Immunodeficiency disorders also involve the dysregulation of cytokines and other immunoproteins, including 

antibodies. Disorders like Severe Combined Immunodeficiency (SCID) involve deficiencies in cytokine signaling 

pathways, leading to a severely compromised immune response (13). 

Additionally, certain cytokines can promote tumor growth and metastasis. For instance, IL-6 and IL-8 are associated 

with tumor progression in various cancers (14). Conversely, cytokine-based therapies (like IFN-α and IL-2) are used to 

treat some cancers by enhancing the immune response against tumor cells (15). However, this treatment is still being 

investigated and further studies are needed to improve this therapy. 

Understanding the role of cytokines in infections and related disorders is critical for developing therapeutic strategies. 

Targeted therapies that modulate cytokine activity (e.g., monoclonal antibodies against specific cytokines) have been 

developed to treat various inflammatory and autoimmune diseases, showcasing the importance of cytokines in both health 

and disease. 

DISCUSSION 

IL-1 is a key pro-inflammatory cytokine involved in various immune responses and is a potent inducer of 

inflammation. It exists in two forms: IL-1α and IL-1β, with IL-1β being the most extensively studied due to its role in 

inflammatory processes. IL-1β is produced primarily by activated macrophages and plays a critical role in host defense 

against infections (16). It acts by binding to the IL-1 receptor (IL-1R) on target cells, initiating a cascade of signaling 

events that lead to inflammation and immune activation (17). 

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) is a family of transcription factors that regulate 

the expression of genes involved in immune and inflammatory responses, cell proliferation, and survival, and it is a central 

regulator of the immune response (18). NF-κB is activated in response to various stimuli, including cytokines such as IL-

1, microbial products, and stress (19). The NF-κB family consists of several proteins, including RelA (p65), RelB, c-Rel, 

p50, and p52, which can form various dimeric complexes to modulate gene expression (18). 

IL-1 induces NF-κB activation by binding to IL-1R, causing the recruitment of adapter proteins and the activation of 

TAK1 and IκB Kinase (IKK), which leads to NF-κB translocation (20). IL-1β binds to the IL-1 receptor type I (IL-1RI) 

on the cell surface. This receptor complex also includes the accessory protein IL-1 receptor accessory protein (IL-1RAcP). 

Upon IL-1 binding, the receptor complex recruits adapter proteins such as myeloid differentiation primary response 

(88MyD88) and IL-1 receptor-associated kinase (IRAK) (21). These adapters facilitate the downstream signaling cascade. 

The formation of the receptor complex leads to the activation of transforming growth factor-beta-activated kinase 1 

(TAK1). TAK1 plays a crucial role in transmitting signals from the IL-1 receptor to downstream effectors. TAK1 activates 

the IκB kinase (IKK) complex, which consists of IKKα, IKKβ, and NF-κB essential modulator (NEMO) (22). The IKK 

complex phosphorylates the inhibitor of NF-κB (IκB), leading to its ubiquitination and subsequent degradation by the 

proteasome (23). The degradation of IκB releases NF-κB dimers, predominantly the p65/p50 complex, allowing them to 

translocate into the nucleus (24). Once in the nucleus, NF-κB binds to specific DNA sequences in the promoters of target 

genes, initiating their transcription. 

The role of NF-kB in infection 

In bacterial infections, IL-1β-induced NF-κB activation plays a critical role in orchestrating the host immune response 

(25). For example, during infection with Escherichia coli or Staphylococcus aureus, the activation of NF-κB leads to the 

production of pro-inflammatory cytokines, chemokines, and adhesion molecules (26). These mediators enhance the 

recruitment and activation of neutrophils and macrophages to the site of infection, facilitating the clearance of bacteria. 

Sepsis is a severe systemic inflammatory response to bacterial infection that is characterized by excessive cytokine 

production, including IL-1β (27). NF-κB activation in sepsis leads to the upregulation of inflammatory mediators like 

TNF and IL-6, contributing to the pathophysiology of the disease (27). Dysregulated NF-κB activation can result in a 

cytokine storm, leading to multi-organ failure and high mortality rates. 

In viral infections, NF-κB activation is crucial for the host defense mechanism. Viruses such as influenza and HIV 

exploit the NF-κB pathway to enhance their replication and evade the immune system (28). 
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Influenza virus infection activates NF-κB, leading to the production of type I IFNs and pro-inflammatory cytokines 

(29). While NF-κB activation is essential for controlling viral replication and spreading, excessive activation can 

contribute to lung inflammation and damage. 

HIV-1 utilizes NF-κB to promote its replication. The virus activates NF-κB to enhance the transcription of its genome, 

integrated into the host cell DNA (30). Persistent NF-κB activation in HIV infection is associated with chronic 

inflammation and immune activation, contributing to disease progression and co-morbidities (31). 

In COVID-19, severe cases are often characterized by the hyperactivation of NF-κB, leading to a cytokine storm (32). 

Elevated levels of IL-1β, IL-6, and TNF are observed in critically ill patients, contributing to acute respiratory distress 

syndrome (ARDS) and systemic inflammation (33). 

NF-κB activation also plays a role in the immune response to fungal and parasitic infections (34). Infections caused 

by Candida species trigger NF-κB activation, leading to the production of pro-inflammatory cytokines that are essential 

for fungal clearance (35). However, excessive inflammation can result in tissue damage and contribute to disease severity. 

In malaria, caused by Plasmodium species, NF-κB activation in response to parasitic infection leads to the production 

of inflammatory cytokines (36). While this response is necessary for controlling parasite replication, dysregulated NF-κB 

activation can contribute to severe malaria pathology, including cerebral malaria (37). 

Targeting the IL-1/NF-κB signaling pathway holds therapeutic potential for managing infectious diseases that are 

characterized by excessive inflammation. Several strategies are being explored including IL-1 blockade, NF-κB 

inhibitors, and cytokine modulation. 

Agents such as Anakinra (IL-1 receptor antagonist) and Canakinumab (anti-IL-1β monoclonal antibody) have shown 

efficacy in reducing inflammation in conditions like sepsis and COVID-19. By inhibiting IL-1 signaling, these therapies 

can attenuate NF-κB activation and its downstream inflammatory effects. 

Direct inhibitors of NF-κB signaling are also under investigation. These include small molecules that inhibit IKK 

activation or NF-κB translocation. However, due to the broad role of NF-κB in immune responses, careful consideration 

of potential immunosuppressive effects is necessary. 

Modulating the balance of pro- and anti-inflammatory cytokines can help control excessive NF-κB activation. For 

example, enhancing IL-10 production or signaling can provide an anti-inflammatory counterbalance to IL-1β-induced 

NF-κB activation. 

CONCLUSIONS 

IL-1-induced NF-κB activation plays a critical role in the immune response to infections. While this pathway is 

essential for pathogen clearance and immune activation, its dysregulation can lead to excessive inflammation and tissue 

damage, contributing to the pathology of various infectious diseases. Understanding the intricate mechanisms of IL-1/NF-

κB signaling and its impact on infectious diseases opens avenues for targeted therapeutic interventions aimed at 

modulating inflammation and improving clinical outcomes. 
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