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Abstract 

Inflammation is a fundamental and protective biological response, yet when it becomes chronic and unresolved it emerges as 

a central driver in the pathogenesis of many of the most burdensome human diseases. The molecular machinery governing 

the inflammatory response, when persistently activated, contributes to progressive tissue injury and organ dysfunction. This 

narrative review comprehensively examines the molecular mechanisms of inflammation and clarifies how these mechanisms 

participate in the development of chronic diseases. The cellular sensing of danger through pattern recognition receptors, the 

activation of the nuclear factor-κB (NF-κB) signalling pathway, the assembly of the NLRP3 inflammasome, and the resulting 

production of pro-inflammatory cytokines and lipid mediators are described in an integrated manner. The distinction between 

self-limiting acute inflammation and persistent low-grade chronic inflammation is emphasized, since the failure of resolution 

is now recognized as a key pathological event. The review further details how these molecular processes converge on the 

pathogenesis of atherosclerosis and cardiovascular disease, type 2 diabetes and metabolic dysfunction, cancer, 

neurodegenerative disorders, and autoimmune conditions. The role of specialized pro-resolving mediators and the therapeutic 

opportunities arising from targeting inflammatory pathways are also considered. By synthesizing current mechanistic 

understanding with its clinical consequences, this review provides both a conceptual framework and a practical reference for 

researchers and clinicians. In sum, the work positions chronic inflammation as a unifying mechanism across diverse diseases 

and underscores the value of resolution-based and pathway-specific strategies for prevention and treatment. 
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1. Introduction 

     Inflammation is one of the most fundamental protective 

responses of the body, serving to eliminate harmful stimuli 

such as pathogens, damaged cells, and irritants, and to 

initiate tissue repair (Medzhitov, 2008). It is an 

evolutionarily conserved process that, under normal 

circumstances, is tightly regulated and self-limiting. The 

classical signs of redness, heat, swelling, pain, and loss of 

function reflect the underlying vascular and cellular events 

that characterize the acute inflammatory response. The 

success of this response depends on its precise initiation, 

amplification, and, crucially, its timely resolution. 

     Although acute inflammation is generally beneficial, it is 

now widely recognized that inflammation which fails to 

resolve becomes a major contributor to disease (Medzhitov, 

2010; Nathan and Ding, 2010). When the inflammatory 

response persists, it transitions into a chronic, low-grade 

state that can silently damage tissues over months or years. 

This concept of chronic inflammation as a common basis for 

diverse pathologies has reshaped the understanding of many 

non-communicable diseases (Furman et al., 2019). The 

persistence of inflammatory signalling, rather than its 

initiation, is the feature most strongly linked to chronic 

disease. 

     At the molecular level, the inflammatory response is 

orchestrated by a network of sensors, signalling pathways, 

and effector molecules (Takeuchi and Akira, 2010). Pattern 

recognition receptors detect danger signals and activate 

intracellular cascades, of which the nuclear factor-κB (NF-

κB) pathway is among the most central (Liu et al., 2017). 

These cascades culminate in the production of cytokines, 

chemokines, and other mediators that coordinate the 

recruitment and activation of immune cells. Dysregulation at 

any of these molecular nodes can convert a protective 

response into a pathological one. 

     The link between these molecular mechanisms and 

chronic disease has become a major focus of biomedical 

research (Furman et al., 2019). Conditions as diverse as 

atherosclerosis, type 2 diabetes, cancer, and 

neurodegenerative disease share inflammatory pathways in 

their pathogenesis. Understanding how the same core 

mechanisms contribute to such varied diseases offers the 

prospect of common therapeutic strategies. This shared 

molecular basis is increasingly viewed as an opportunity for 

prevention and treatment. 

     This narrative review aims to provide an integrated 

account of the molecular mechanisms of inflammation and 

their role in the development of chronic diseases. It begins 

with an overview of the inflammatory response and the 

distinction between acute and chronic inflammation, 

proceeds to the key molecular pathways, and then examines 

how these mechanisms drive specific chronic diseases. The 

review closes by considering the resolution of inflammation 

and the therapeutic implications that follow from this 

mechanistic understanding. 

2. The inflammatory response: an overview 

     The inflammatory response can be broadly divided into 

acute and chronic phases, which differ in their duration, 

cellular participants, and outcomes (Medzhitov, 2008). 

Acute inflammation develops rapidly following infection or 

injury and is characterized by vasodilation, increased 

vascular permeability, and the recruitment of neutrophils to 

the affected site. These events are driven by mediators 

released by resident immune cells and damaged tissue, and 

they serve to contain and eliminate the inciting stimulus. In 

most cases, acute inflammation is self-limiting and is 

followed by a coordinated phase of resolution that restores 

tissue homeostasis. 

     Resolution is now understood to be an active, tightly 

regulated process rather than a passive fading of the response 

(Medzhitov, 2010; Serhan, 2014). Specialized pro-resolving 

mediators promote the clearance of apoptotic cells and 

debris, the cessation of neutrophil recruitment, and the return 

of the tissue to its normal state. When resolution proceeds 

successfully, the inflammatory response leaves no lasting 

damage. The failure of these resolution programmes is a 

critical event that allows inflammation to persist. 

     When the inciting stimulus is not eliminated, or when 

resolution fails, inflammation becomes chronic (Nathan and 

Ding, 2010). Chronic inflammation is characterized by the 

persistent presence of macrophages, lymphocytes, and 

plasma cells, and by simultaneous tissue destruction and 

attempted repair. Unlike acute inflammation, the chronic 

form is often of low intensity but long duration, and it may 

be clinically silent for extended periods. This sustained, 

smouldering response is the form most closely associated 

with chronic disease (Furman et al., 2019). 

     The contrast between these two outcomes is fundamental 

to understanding the role of inflammation in disease. A 

controlled, resolving response protects the host, whereas a 

persistent, non-resolving response damages it. Figure 1 

summarizes the two contrasting trajectories of the 

inflammatory response. The molecular events that determine 

which path is taken are the subject of the following sections. 
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Figure 1. Two contrasting trajectories of the inflammatory response: resolution and a return to homeostasis, or persistence and progression 

to chronic disease. 

3. Molecular mechanisms of inflammation 

     The inflammatory response is governed by a 

sophisticated molecular network that senses danger, 

transmits signals, and generates effector molecules 

(Takeuchi and Akira, 2010). This section describes the 

principal components of that network, beginning with the 

receptors that detect inflammatory stimuli and proceeding 

through the major intracellular signalling pathways to the 

mediators that execute the response. 

3.1. Pattern recognition receptors and the initiation of 

inflammation 

     The inflammatory response begins with the recognition 

of danger by pattern recognition receptors (PRRs), which 

detect conserved molecular structures associated with 

pathogens or tissue damage (Takeuchi and Akira, 2010; 

Kawai and Akira, 2010). Pathogen-associated molecular 

patterns (PAMPs), such as bacterial lipopolysaccharide, and 

damage-associated molecular patterns (DAMPs), released 

from injured cells, are sensed by families of receptors that 

include the Toll-like receptors (TLRs) and the NOD-like 

receptors. Toll-like receptors, located on the cell surface and 

within endosomes, are among the most extensively 

characterized of these sensors (Kawai and Akira, 2010). 

Upon ligand binding, PRRs initiate intracellular signalling 

cascades that activate transcription factors and drive the 

expression of inflammatory genes. The engagement of these 

receptors thus represents the critical first step that couples 

the detection of a threat to the mounting of an inflammatory 

response. 

3.2. The NF-κB signalling pathway 

     Among the signalling pathways activated downstream of 

PRRs, the nuclear factor-κB (NF-κB) pathway is the 

principal regulator of inflammatory gene expression (Liu et 

al., 2017; Lawrence, 2009). In the resting state, NF-κB 

dimers, commonly composed of the p50 and p65 subunits, 

are held inactive in the cytoplasm by inhibitory IκB proteins. 

Stimulation of receptors such as TLR4, the tumour necrosis 

factor receptor (TNFR), and the interleukin-1 receptor (IL-

1R) leads, through adaptor proteins such as MyD88 and 

TRAF6, to activation of the IκB kinase (IKK) complex. The 

IKK complex phosphorylates IκBα, marking it for 

proteasomal degradation and thereby releasing NF-κB to 

translocate into the nucleus. Once in the nucleus, NF-κB 

drives the transcription of numerous pro-inflammatory 

genes, including those encoding TNF-α, IL-1β, IL-6, 

cyclooxygenase-2 (COX-2), and inducible nitric oxide 

synthase (iNOS) (Liu et al., 2017). The canonical NF-κB 

signalling cascade is illustrated in Figure 2. Because this 

pathway sits at the heart of inflammatory signalling, its 

deregulation is implicated in a wide range of chronic 

inflammatory diseases. 
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Figure 2. The canonical NF-κB signalling pathway, from receptor activation at the membrane to pro-inflammatory gene transcription in 

the nucleus. 

3.3. The NLRP3 inflammasome 

     A second pivotal molecular mechanism is the 

inflammasome, a multiprotein complex that controls the 

maturation of certain pro-inflammatory cytokines (Broz and 

Dixit, 2016). The best-characterized of these is the NLRP3 

inflammasome, which is assembled in response to a broad 

range of microbial and endogenous danger signals (Swanson 

et al., 2019). Its activation typically requires two signals: a 

priming signal, often delivered through TLR-NF-κB 

signalling, that increases the expression of NLRP3 and the 

precursors pro-IL-1β and pro-IL-18; and an activation 

signal, provided by stimuli such as extracellular ATP, 

potassium efflux, reactive oxygen species, or particulate 

matter, that triggers assembly of the complex. The 

assembled inflammasome, comprising NLRP3, the adaptor 

ASC, and pro-caspase-1, activates caspase-1, which in turn 

cleaves pro-IL-1β and pro-IL-18 into their mature, secreted 

forms and cleaves gasdermin D to induce the inflammatory 

cell death known as pyroptosis (Swanson et al., 2019). The 

assembly and outputs of the NLRP3 inflammasome are 

depicted in Figure 3. Dysregulated inflammasome activity 

has been linked to metabolic, cardiovascular, and 

neurodegenerative diseases. 

 
Figure 3. Assembly and activation of the NLRP3 inflammasome, leading to caspase-1-dependent maturation of IL-1β and IL-18 and to 

pyroptotic cell death. 

3.4. MAPK and JAK-STAT signalling 
     In addition to NF-κB and the inflammasome, the 
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mitogen-activated protein kinase (MAPK) and Janus kinase-

signal transducer and activator of transcription (JAK-STAT) 

pathways contribute substantially to the inflammatory 

response (Takeuchi and Akira, 2010). The MAPK cascades, 

which include the ERK, JNK, and p38 modules, are 

activated downstream of many inflammatory receptors and 

regulate the production and stability of inflammatory 

mediators. The JAK-STAT pathway transduces signals from 

numerous cytokines, including IL-6 and the interferons, and 

amplifies and sustains inflammatory gene expression. 

Together with NF-κB, these pathways form an 

interconnected signalling network whose combined output 

determines the magnitude and character of the response. 

Crosstalk between these pathways provides multiple points 

at which the response can be amplified or, conversely, 

therapeutically interrupted. 

3.5. Inflammatory mediators 

     The effector arm of the inflammatory response comprises 

a diverse array of mediators, including cytokines, 

chemokines, and lipid-derived molecules (Medzhitov, 

2008). Pro-inflammatory cytokines such as TNF-α, IL-1β, 

and IL-6 coordinate the systemic and local features of 

inflammation, while chemokines direct the migration of 

immune cells to the site of injury. Lipid mediators derived 

from arachidonic acid, such as the prostaglandins and 

leukotrienes, contribute to vasodilation, pain, and leukocyte 

recruitment. The balance between these pro-inflammatory 

mediators and their anti-inflammatory and pro-resolving 

counterparts ultimately determines whether inflammation 

resolves or persists. The principal inflammatory mediators 

and their functions are summarized in Table 1. 

Table 1. Major inflammatory mediators and their principal functions. 

Mediator Class Principal function 

TNF-α Cytokine Promotes inflammation, endothelial activation, and cell death 

IL-1β Cytokine Activates immune cells; drives fever and systemic inflammation 

IL-6 Cytokine Induces the acute-phase response; sustains chronic inflammation 

IL-18 Cytokine Promotes interferon-γ production and immune activation 

Chemokines (e.g. CXCL8) Chemokine Direct the migration of leukocytes into inflamed tissue 

Prostaglandins Lipid mediator Mediate vasodilation, pain, and fever 

Leukotrienes Lipid mediator Promote leukocyte recruitment and vascular permeability 

Reactive oxygen species Reactive species Antimicrobial activity; cause oxidative tissue damage 

IL-10 Cytokine Anti-inflammatory; limits and helps resolve the response 

Pro-resolving mediators Lipid mediator Actively promote resolution and tissue repair 

4. Inflammation in the development of chronic 

diseases 

     The molecular mechanisms described above do not act in 

isolation; when chronically engaged, they converge on the 

pathogenesis of a broad spectrum of diseases (Furman et al., 

2019; Chen et al., 2018). This section examines how 

persistent inflammation contributes to several of the most 

important chronic conditions. The shared involvement of 

common pathways across these diseases is illustrated in 

Figure 4. 

4.1. Cardiovascular disease and atherosclerosis 

     Atherosclerosis, the principal cause of cardiovascular 

disease, is now firmly established as a chronic inflammatory 

disorder of the arterial wall (Libby, 2012). The retention and 

modification of lipoproteins within the vessel wall trigger 

the recruitment of monocytes, which differentiate into 

macrophages and ingest modified lipids to become foam 

cells. These cells, together with activated endothelial and 

smooth muscle cells, sustain a local inflammatory milieu 

rich in cytokines such as IL-1β and TNF-α. Inflammasome 

activation by cholesterol crystals further amplifies this 

response and contributes to plaque progression and 

instability (Libby, 2012). The clinical importance of this 

inflammatory mechanism is underscored by evidence that 

targeting IL-1β can reduce cardiovascular events. 

4.2. Type 2 diabetes and metabolic disorders 

     Chronic low-grade inflammation, often termed 

metaflammation, is a central feature of obesity and type 2 

diabetes (Hotamisligil, 2006; Hotamisligil, 2017). In the 

setting of nutrient excess, expanding adipose tissue becomes 

infiltrated by macrophages that adopt a pro-inflammatory 

phenotype and secrete cytokines such as TNF-α and IL-6. 

These mediators interfere with insulin signalling and 

contribute to insulin resistance, a key step in the 

development of type 2 diabetes (Donath and Shoelson, 

2011). The NLRP3 inflammasome, activated by metabolic 

danger signals, links nutrient surplus to IL-1β production and 

islet dysfunction. Thus, the same molecular pathways that 

mediate host defence also underlie metabolic disease when 

chronically engaged. 

4.3. Cancer 

     The relationship between inflammation and cancer has 

long been recognized and is now understood at the molecular 

level (Coussens and Werb, 2002; Grivennikov et al., 2010). 

Chronic inflammation can promote tumour initiation, 
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progression, and metastasis through several mechanisms, 

including the generation of reactive oxygen species that 

damage DNA, the production of cytokines that support cell 

proliferation and survival, and the creation of a 

microenvironment conducive to angiogenesis and immune 

evasion. NF-κB and STAT3 signalling are particularly 

important in linking inflammation to cancer, as they regulate 

genes that govern both inflammation and tumour cell 

survival (Grivennikov et al., 2010). Inflammatory conditions 

affecting various organs are associated with an increased risk 

of malignancy, illustrating the breadth of this connection 

(Chen et al., 2018). 

4.4. Neurodegenerative diseases 

     Inflammation within the central nervous system, termed 

neuroinflammation, is increasingly implicated in 

neurodegenerative diseases such as Alzheimer's disease 

(Heneka et al., 2015). Misfolded and aggregated proteins are 

recognized by pattern recognition receptors on microglia and 

astrocytes, triggering an innate immune response and the 

release of inflammatory mediators. Although initially 

protective, sustained activation of glial cells contributes to 

neuronal injury and disease progression. The NLRP3 

inflammasome has been specifically implicated in the 

neuroinflammatory response to protein aggregates (Heneka 

et al., 2015). This mechanistic understanding has raised the 

possibility of targeting neuroinflammation as a therapeutic 

strategy. 

4.5. Autoimmune and inflammatory disorders 

     Many autoimmune and chronic inflammatory disorders, 

including rheumatoid arthritis and inflammatory bowel 

disease, are driven by dysregulated inflammatory signalling 

(Liu et al., 2017). In these conditions, the persistent 

activation of pathways such as NF-κB leads to the sustained 

production of pro-inflammatory cytokines that perpetuate 

tissue damage. The success of biologic therapies that 

neutralize TNF-α or block IL-6 signalling in these diseases 

provides direct evidence of the causal role of these 

mediators. These disorders illustrate how the failure to 

restrain inflammatory signalling translates into chronic, 

organ-specific pathology. 

 
Figure 4. Chronic low-grade inflammation as a shared mechanism converging on the development of major chronic diseases. 

Table 2. Representative chronic diseases and their underlying inflammatory mechanisms. 

Disease Key mediators / pathways Inflammatory contribution 

Atherosclerosis / CVD IL-1β, TNF-α, NLRP3 Macrophage-driven plaque formation and instability 

Type 2 diabetes TNF-α, IL-6, NLRP3 (metaflammation) Adipose inflammation and insulin resistance 

Cancer NF-κB, STAT3, reactive oxygen species Tumour promotion, survival, and immune evasion 

Alzheimer's disease Microglial activation, NLRP3 Neuroinflammation and progressive neuronal injury 

Rheumatoid arthritis TNF-α, IL-6, NF-κB Sustained synovial inflammation and joint damage 

Inflammatory bowel disease TNF-α, NF-κB Chronic mucosal inflammation and tissue damage 

5. Resolution of inflammation and therapeutic 

implications 

     The recognition that resolution is an active process has 

transformed the approach to treating inflammatory disease 

(Serhan, 2014). Specialized pro-resolving mediators, 

including lipoxins, resolvins, protectins, and maresins, 

actively terminate inflammation and promote the return to 

homeostasis. The failure of these resolution programmes, 

rather than excessive initiation alone, is increasingly viewed 

as central to chronic inflammation. Strategies that promote 

resolution, rather than simply suppress inflammation, 

therefore represent a promising therapeutic direction. 
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     At the same time, the molecular pathways described in 

this review offer numerous targets for intervention (Tabas 

and Glass, 2013). Agents that inhibit specific cytokines, 

block inflammasome activation, or interrupt key signalling 

nodes have shown benefit across several chronic diseases. 

However, because inflammatory pathways are also essential 

for host defence and homeostasis, such interventions must be 

carefully balanced to avoid impairing protective immunity. 

The challenge for future therapy lies in selectively targeting 

pathological inflammation while preserving its beneficial 

functions. 

6. Conclusion 

     The molecular mechanisms of inflammation lie at the 

intersection of host defence and disease. A response that 

evolved to protect the organism becomes, when chronically 

engaged and inadequately resolved, a powerful driver of 

pathology. This review has traced the molecular logic of 

inflammation from the recognition of danger by pattern 

recognition receptors, through the central NF-κB signalling 

pathway and the NLRP3 inflammasome, to the production 

of the cytokines and mediators that execute the response. It 

has further shown how these same mechanisms converge on 

the pathogenesis of atherosclerosis, type 2 diabetes, cancer, 

neurodegenerative disease, and autoimmune disorders, 

establishing chronic inflammation as a unifying thread 

across otherwise disparate conditions. The growing 

appreciation that resolution is an active and targetable 

process, together with the identification of specific 

molecular nodes amenable to therapeutic intervention, offers 

genuine hope for the prevention and treatment of these 

diseases. A continued, integrated understanding of 

inflammatory mechanisms and their clinical consequences 

will be essential to translate this knowledge into effective 

strategies that reduce the global burden of chronic disease. 
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