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Abstract: Acute pancreatitis (AP) is an inflammatory disease of the pancreas characterized by 

premature activation of digestive enzymes and acinar cell damage, leading to local and systemic 

inflammation. Recent studies have highlighted the crucial role of the monocyte–macrophage 

system in the pathogenesis of AP. 
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Introduction 

Acute pancreatitis (AP) is an inflammatory disorder characterized by premature activation of 

intrapancreatic enzymes, acinar cell injury, and the development of a robust inflammatory 

response. 

In recent years, growing scientific interest has been directed toward elucidating the role of innate 

immune cells, particularly monocytes and macrophages, in the pathogenesis of AP [71]. These 

cells act not only as primary effectors of the inflammatory response but also as key regulators of 

its dynamics, influencing both local and systemic processes of tissue injury [55]. Damage to 

pancreatic acinar cells and the release of damage-associated molecular patterns (DAMPs) initiate 

the activation of pattern recognition receptors (PRRs), such as Toll-like receptors (TLRs), 

expressed on the surface of macrophages [18, 29, 59]. A particularly important role in this 

process is played by TLR4, the activation of which triggers the NF-κB and MAPK signaling 

pathways, leading to the expression of pro-inflammatory cytokines such as TNF-α, IL-1β, and 

IL-6, as well as chemokines and adhesion molecules [22, 41, 61]. 

Analysis of the previous researches 

The relevance of studying macrophage activity in acute pancreatitis is determined by their ability 

to modulate inflammation through polarization into distinct phenotypes [6, 47]. Classically 

activated macrophages (M1) exhibit pronounced pro-inflammatory activity, exacerbating tissue 

damage, whereas alternatively activated macrophages (M2) are associated with anti-

inflammatory and reparative mechanisms [75]. An imbalance between these macrophage 

subpopulations contributes to the chronicity of inflammation, fibrogenesis, and the development 

of multiple organ dysfunction [21]. 

Current evidence indicates the multifaceted involvement of macrophages in the pathogenesis of 

acute pancreatitis, ranging from the initiation of the inflammatory cascade to its resolution and 

tissue remodeling [57]. Macrophages produce reactive oxygen and nitrogen species, promote the 

activation of the NLRP3 inflammasome and cytokine synthesis, modulate angiogenesis, 

participate in the formation of neutrophil extracellular traps (NETs), and interact with 
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components of the adaptive immune system, thereby contributing to a coordinated and integrated 

immune response [40]. In severe forms of acute pancreatitis, macrophages also contribute to the 

development of a cytokine storm, which underlies the systemic inflammatory response and 

multiple organ dysfunction [15]. 

Thus, macrophages represent a key element in the pathogenesis of acute pancreatitis, with 

significant therapeutic potential. Their polarization, activation signaling pathways, and 

interactions with other cellular components of the inflammatory microenvironment constitute 

promising targets for the development of immune-targeted therapies [12]. The study of 

molecular mechanisms regulating macrophage function is of great importance for understanding 

the pathogenesis of the disease and for the development of new, effective strategies for the 

prevention and treatment of acute pancreatitis [6]. 

Monocytes and macrophages, as key cells of the innate immune system, play a crucial role in the 

initiation and progression of the inflammatory response, as well as in the development of 

complications, including systemic inflammatory response syndrome (SIRS) and multiple organ 

dysfunction [64]. 

The monocyte–macrophage system consists of circulating blood monocytes and tissue-resident 

macrophages [48, 63, 69] and specialized resident cells. Under physiological conditions, these 

cells perform key functions such as phagocytosis of pathogens, antigen presentation, regulation 

of immune responses, and maintenance of tissue homeostasis. During the development of 

inflammation, they become active participants in innate immunity by producing a wide range of 

inflammatory mediators, including cytokines, chemokines, and reactive oxygen species. 

Damage to acinar cells is accompanied by the release of damage-associated molecular patterns 

(DAMPs), which activate pattern recognition receptors (PRRs), including Toll-like receptors 

(TLRs) on the surface of macrophages [28, 32, 50]. Among them, TLR4 [52, 75] plays a key role 

by initiating the activation of the NF-κB signaling pathway [26] and the synthesis of pro-

inflammatory cytokines, including TNF-α, IL-1β, and IL-6. This process forms the basis of the 

inflammatory cascade in acute pancreatitis. 

The signaling pathways activated by TLR4 [1], initiate a cascade of intracellular events 

involving both the MyD88-dependent and TRIF-dependent pathways, which lead to the 

activation of transcription factors NF-κB [3, 72] and AP-1. In experimental models, blockade of 

TLR4 [4] or MyD88 has been shown to reduce the severity of the inflammatory response, 

confirming the critical role of these mechanisms in the pathogenesis of acute pancreatitis. 

Activation of the NLRP3 [39] in macrophages is another key component of the inflammatory 

response. Activation of the inflammasome leads to caspase-1 activation and the release of active 

forms of IL-1β and IL-18, which amplify inflammation and contribute to the development of a 

systemic inflammatory response. Targeted blockade of NLRP3 [16, 17] may represent a 

promising therapeutic approach for the treatment of acute pancreatitis. 

Macrophages are involved in the generation of reactive oxygen and nitrogen species, which, on 

the one hand, provide antimicrobial activity, but on the other hand, exacerbate tissue damage 

through oxidative stress—an effect that has been confirmed in several experimental models of 

acute pancreatitis. 

Macrophage polarization [19, 74] is a determining factor in the modulation of the immune 

response. M1 macrophages exert pro-inflammatory effects, promoting the synthesis of cytokines 

and inflammatory mediators, whereas M2 macrophages are involved in tissue repair and the 

resolution of inflammation. In acute pancreatitis, a predominance of M1 macrophages is 

associated with sustained inflammation, enhanced tissue injury, and a higher risk of systemic 

complications [38, 74] is associated with an intensified inflammatory response and extensive 

tissue damage. 
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The balance between M1 and M2 macrophages significantly influences the outcome of the 

disease. Modulation of macrophage polarization [2, 24] A shift in polarization toward an M2-

dominant response may serve as a potential therapeutic strategy to reduce inflammation and 

stimulate reparative processes in pancreatic tissue. 

Macrophages actively interact with other innate immune cells, including neutrophils, 

contributing to the formation of neutrophil extracellular traps (NETs), which can offer protection 

against pathogens but also exacerbate tissue damage when excessively activated. 

In addition, macrophages play a crucial role in coordinating with cells of the adaptive immune 

system by participating in antigen presentation and the activation of T lymphocytes, thus shaping 

a complex and integrated immune response in acute pancreatitis. Monocytes and macrophages 

also participate in the regulation of angiogenesis and extracellular matrix remodeling. Their 

activity is associated with the synthesis of growth factors such as VEGF and TGF-β, which can 

contribute both to tissue repair and to the development of fibrosis [34, 66] during chronic 

inflammation. Persistent activation of macrophages [8, 67] and the sustained predominance of 

the M1 phenotype promotes the transition from acute inflammation to a chronic process.  

As part of the systemic inflammatory response, macrophages contribute to the development of a 

cytokine storm—a condition characterized by excessive production of pro-inflammatory 

cytokines such as IL-6, IL-1β, and TNF-α. The cytokine storm is one of the key mechanisms 

underlying the development of multiple organ dysfunction [14, 49] in severe cases of acute 

pancreatitis. Studies have shown that blockade of key cytokines can attenuate the severity of the 

systemic inflammatory response, thereby reducing the risk of multiple organ dysfunction and 

improving clinical outcomes.  

 

Fig. 1. Systemic model of the pathogenesis of acute pancreatitis [46] 
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Modern experimental models of acute pancreatitis have confirmed the relevance of macrophage-

related therapeutic targets. Alcohol abuse, exposure to bile acids, and toxic agents stimulate 

acinar cells to increase the production of lysosomal and digestive enzymes. This is accompanied 

by inhibition of exocytosis and the formation of intracellular colocalization of zymogen and 

lysosomal granules, leading to premature fusion and activation of cathepsin B and trypsinogen 

within acinar cells. These events—associated with disrupted Ca²⁺ and ATP homeostasis—

represent a critical step in triggering necroptosis and apoptosis pathways, including the RIP3–

RIP1–MLKL cascade, ultimately resulting in necrotic changes in pancreatic tissue [74]. Toxic 

agents inhibit exocytosis, leading to intracellular colocalization of digestive and lysosomal 

enzymes and activation of cathepsin B. This, in turn, triggers cell death signaling pathways—

including the RIP3–RIP1–MLKL cascade—and results in necroptosis of acinar cells, thereby 

exacerbating pancreatic tissue damage [9, 51]. 

Specifically, inhibition of TLR4 [14, 30, 45], blockade of the NLRP3 inflammasome [27, 43] 

and suppression of NF-κB signaling pathway activation [74] demonstrate a pronounced anti-

inflammatory effect by reducing the severity of necrotic changes and the level of systemic 

inflammatory response. These findings provide a strong rationale for considering macrophages 

as a promising therapeutic target in the pharmacological treatment of acute pancreatitis. 

Promising therapeutic approaches may include drugs that promote the shift of macrophage 

polarization [36, 60] toward the M2 phenotype, modulation of specific anti-inflammatory 

cytokine production, as well as gene and cell-based technologies aimed at regulating macrophage 

activity [37, 75]. In addition, the study of biomarkers of macrophage [53] may contribute to early 

diagnosis and prediction of disease severity in acute pancreatitis. Modern experimental and 

clinical studies are focused on identifying therapeutic agents capable of targeting key molecular 

mediators of macrophage activation. Among the most promising targets is TLR4 [71], NLRP3 

[35, 42], caspases, the JAK/STAT signaling pathways, as well as NF-κB [25] and AP-1. 

Inhibitors of these pathways have demonstrated the ability to reduce the intensity of the 

inflammatory response, decrease the extent of necrosis, and prevent the development of systemic 

complications. 

In the future, combined targeting of multiple pathways may play an important role—for 

example, the use of TLR4 [11, 54, 65], which may provide a more pronounced therapeutic effect 

and reduce the risk of systemic complications. Conducting clinical studies in this area appears to 

be both relevant and promising. Thus, an in-depth understanding of the molecular mechanisms 

regulating macrophage activity provide [5, 73], will enable the development of effective targeted 

drugs capable of preventing the progression to severe forms of pancreatitis and its complications, 

including multiple organ failure [62, 74] and chronic inflammation. Effective regulation of the 

macrophage system may become the key to successful treatment of this disease. 

An important component of the pathogenesis of acute pancreatitis is the involvement of 

macrophages in the development of the systemic inflammatory response, which is often 

accompanied by multiple organ dysfunction [33]. The systemic inflammatory response is 

characterized by an excessive release of pro-inflammatory cytokines—TNF-α, IL-1β, and IL-6—

and the activation of cascades that lead to increased vascular permeability, hypotension, and 

impaired microcirculation in vital organs. 

A particularly important role in this process is played by the synergistic interaction between 

monocytes and macrophages [23, 44, 73] with endothelial cells, which contributes to the 

disruption of vascular wall integrity and promotes neutrophil migration into tissues. The cytokine 

storm in acute pancreatitis, induced by macrophages, is one of the key factors in the development 

of severe forms of the disease, including septic shock and multiple organ dysfunction.  

From an experimental standpoint, it has been demonstrated that macrophages activated under 

conditions of hypoxia and oxidative stress exhibit increased expression of genes responsible for 

the synthesis of pro-inflammatory cytokines and genes associated with inflammasome activation. 
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This contributes to the development of a severe inflammatory cascade even in the presence of 

limited primary pancreatic tissue injury. 

Fibrosis of pancreatic tissue, as one of the late complications of acute pancreatitis, is closely 

associated with chronic macrophage activation [20] and their interaction with fibroblasts. M2-

polarized macrophages produce a range of growth factors, including TGF-β, which is a key 

mediator of fibrogenesis. This leads to enhanced collagen synthesis, remodeling of the 

extracellular matrix, and the formation of fibrotic scar tissue. 

Consequently, chronic activation of macrophages [58] promotes the transition from acute 

inflammation to chronic pancreatitis. Effective modulation of macrophage activity [10] may 

become the key to preventing the progression of fibrosis [31, 68] and preserving the functional 

activity of the pancreas. 

In several models of acute pancreatitis, the use of anti-TNF-α agents, IL-1β blockers, and TLR4 

inhibitors has been associated with a significant reduction in systemic inflammation and 

decreased mortality. These findings highlight the high therapeutic potential of immuno-targeted 

approaches [56], were accompanied by a marked reduction in systemic inflammation and 

decreased mortality. These findings underscore the high therapeutic potential of immuno-

targeted approaches. 

The development of personalized medicine focused on the assessment of macrophage activation 

markers may serve as a foundation for predicting the severity of acute pancreatitis and selecting 

the most effective therapy. The use of biomarkers will enable the evaluation of monocyte–

macrophage system activation and help predict the risk of systemic complications. A 

comprehensive investigation of macrophage [73] A comprehensive investigation of macrophage 

interactions with other immune cells, their polarization, involvement in tissue remodeling, and 

contribution to the systemic inflammatory response is a necessary step toward the development 

of effective therapeutic strategies for acute pancreatitis. This area remains highly relevant for 

both fundamental and clinical research. 

Conclusion 

Thus, the involvement of the monocyte–macrophage system in the pathogenesis of acute 

pancreatitis is multifaceted. These cells not only initiate the inflammatory response but also 

actively regulate its course, contributing to the development of systemic complications, multiple 

organ dysfunction, and chronic disease progression through tissue fibrosis. 

Current research is opening new therapeutic perspectives aimed at modulating macrophage 

activity and suppressing key inflammatory pathways, which may significantly improve treatment 

outcomes in patients with acute pancreatitis. 
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