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Abstract 

Macrophage Migration Inhibitory Factor (MIF) is a multifunctional cytokine that plays a pivotal role in 

immune regulation, inflammation and disease pathogenesis. Unlike classical cytokines, MIF exhibits 

unique structural and biochemical properties, including enzymatic activity and non-classical secretion, 

enabling rapid immune responses. This review aims to provide a detailed overview of the molecular 

structure, biosynthesis, signaling pathways, functional properties and pathophysiological roles of MIF, 

with a focus on its therapeutic potential. A narrative synthesis of current literature conducted integrating 

findings on MIF structure, receptor-mediated signaling, immune functions and involvement in various 

diseases, as well as also analyzed recent advances in therapeutic targeting and biomarker 

applications. MIF regulates key signaling pathways, including MAPK/ERK, PI3K/Akt, and NF-κB, 

influencing inflammation, cell survival and immune responses. It plays critical roles in physiological 

processes such as host defense, tissue repair and immune homeostasis. Dysregulation of MIF 

contributes to inflammatory, autoimmune, metabolic, cardiovascular, infectious diseases and cancer. 

Emerging therapies targeting MIF, including small molecule inhibitors and monoclonal antibodies, 

demonstrate promising clinical potential. MIF serves as a central mediator linking immune regulation 

with disease progression. Despite its therapeutic promise, challenges related to its multifunctionality 

and complex signaling networks remain. Future research should focus on targeted interventions and 

precision medicine approaches to optimize MIF-based therapies. 

Keywords: Macrophage migration inhibitory factor, cytokine signaling, inflammation, immune 

regulation, therapeutic targeting 

 

 

INTRODUCTİON 

Cytokines are an eclectic family of 

miniature signal proteins that are central to 

the regulation of immune actions, as well as 

to physiological homeostasis. They are 

engaged in numerous biological processes, 

such as cell proliferation, differentiation, 

inflammation and apoptosis. The cytokines 

are significant in the process of interaction 

between immune or non-immune cells in 

order to synchronize the reply to infection, 

harm and stress. However, the asymmetry 

in the generation or release of cytokines 

significantly attributed to the development 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.28942/atuj.v6i3y2026.159


Aliyarbayova A.A., Hasanov  İ.A. , Unal G.     ATU Jurnalı        (2026) 03:02                                               Azərbaycan Tibb Universitetinin Jurnalı  

                                                                                                                                                                                                                                         2026 

  

35 

of other pathological disorders, including 

chronic inflammatory diseases, 

cardiovascular issues and cancer [1]. 

Because of the intricacy of the cytokine 

networks and their pleiotropicity, cytokines 

are the focus of both the health and the 

diseases and accumulating evidence is 

linking the existence of circulating 

inflammatory mediators to the risk and 

progression of cancers [2]. 

Macrophages are one of the greatest 

providers of cytokines in the body and they 

are crucial to the immune system control. 

These are very plastic cells that respond to 

the environmental cues and can take 

different functional phenotypes depending 

on the physiological or pathological 

circumstances. Macrophages are involved 

in the host defense, repair process and 

homeostasis of inflammatory processes in 

tissues. They can coordinate the 

recruitment or activation of immune cells 

due to cytokines and chemokine. One of the 

major pathogenesis of such chronic 

respiratory illnesses as chronic obstructive  

pulmonary disease is a macrophage 

functional alteration [3]. Furthermore, such 

chemokine as CXCL8 and CXCL12 show 

the complexity of the cytokine signaling 

pathways as they regulate the circulatory 

leukocytes and define the pathogenesis of 

some diseases [4]. 
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Among the cytokines that initially identified 

is the so-called Macrophage Migration 

Inhibitory Factor (MIF) that holds a niche in 

the field of immunology. In 1960, MIF was 

initially defined as the soluble factor that 

was released by activated T lymphocytes 

and inhibited the macrophage migration, 

initially associated with delayed-type 

hypersensitivity reactions [5, 6]. Over time, 

it has been determined that MIF is 

developed by tremendous masses of cells 

incorporating macrophages, T cells, 

epithelial cells and endocrine cells. 

Compared to a number of classical 

cytokines, MIF constitutively expressed, 

accumulated within cells, extremely rapidly 

released in response to stress or 

inflammatory stimuli. MIF has structural and 

functional differences with the majority of 

other cytokines. It is also multifunctional 

because it possesses an enzymatic activity 

along with cytokine-like activities [7]. MIF 

can regulate immune response by binding 

to such receptors as CD74 receptor and 

chemokine receptor that consequently 

causes vital intracellular signaling 

pathways to become active. The pathways 

participate in the control of inflammation, 

cell division and survival, therefore, the 

primary role of MIF in the immune system 

regulation. Moreover, MIF is the only one 

that has the capacity to prevent 

glucocorticoids' immunosuppressive 

effects while maintaining inflammatory 

responses even on the condition of 

regulation [8]. 

The biological significance of MIF also 

supported by the fact that MIF plays a role 

in numerous diseases. MIF levels observed 

to be high in inflammatory and autoimmune 

diseases such as rheumatoid arthritis and 

systemic lupus erythematous, where it 

identified in the cause of chronic 

inflammation and tissue destruction [9]. 

Additionally, macrophages mediate 
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inflammatory processes that are significant 

in cardiovascular diseases and cytokine-

mediated signaling pathways influence the 

emergence of the disease and therapeutic 

target treatment [10]. Because of its 

multifunctional character and its 

fundamental position in the pathogenesis of 

diseases, MIF has become a possible 

treatment target. Additional research that is 

underway is also trying to explain its 

molecular structure, signaling cascades 

and interactions with other cytokines in 

order to develop certain therapeutic 

interventions. The review at hand attempts 

to provide a better description of the MIF, its 

chemical construction, and functionalities 

and how participated as a cytokine in 

disease. One of the purposes of the review 

is to introduce the importance of MIF in 

physiological and pathological processes, 

how translated into the synthesis of 

available information regarding the 

molecular character and the biological 

activity of this substance and determining 

the way of research in the future. 

The Macrophage Migration Inhibitory 

Factor (MIF) is a structurally conserved 

cytokine that has unique biochemical and 

molecular features that distinguish it among 

classical cytokines. It is a gene that is found 

as chromosomes 22 and manifests in many 

immunological and non-immune cells. MIF 

is a small protein that is enzymatically 

active and has a distinctive trimeric 

structure, which allows to interact with 

receptors and to transmit a signal. The 

secretion of it is not classical and 

multifunctional making it so important in 

immune regulation, inflammation, and 

pathogenesis of diseases.  

The gene MIF, or macrophage migration 

inhibitory factor, is on the chromosome 22 

(22q11.2) which expressed constitutively in 

a broad immune and non-immune cells. It is 

quickly induced in reaction to inflammatory 

and stress-related conditions, which 

emphasizes its role in immunological 

processes and pathogenesis of diseases. 

MIF is a low-sized protein made up of 114 

amino acids and its molecular mass is 

about 12.5kDa [7]. It is interesting to note 

that it does not have a classic signal peptide 

and it is released through a non-classical 

pathway. MIF strongly conserved in all the 

species, which means that it plays an 

essential role in evolution in terms of 

immune regulation and cellular 

communication [11]. The crystallographic 

studies have been used to elucidate the 

three-dimensional configuration of MIF, 

which is a homotrimeric structure 

composed of three different subunits. 

These three-fold structures create a central 

channel, which is very vital in its biological 

action and in relations with receptors. The 

structural organization facilitates the work 

of MIF in immune signaling and 

inflammatory mechanisms. The monomers 

are bound at the interface and the catalytic 

sites are found with Proline-1 (Pro-1) being 

one of the active residues. These regions of 

the active site promote both the enzymatic 

activity and functional versatility of the 

protein and facilitate its role in immune 

regulation and disease processes [12].  

MIF has unique biochemical properties, 

such as tautomerase enzyme activity, 

which unlike most classic cytokines 

distinguishes it. There is still no clear 

understanding of the nature of the 

physiological contribution of this activity, 

but it presumed that it has a role to play in 

its pro-inflammatory activities. Moreover, 

MIF has an effect on the macrophage 

activation and polarization, as a result on 

the immune responses and the 

inflammation. The multifunctionality of its 

enzymatic and cytokine-like characteristics 

complement each other. These 

biochemical characteristics also support 
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the dual nature of MIF as a signaling 

molecule and an enzyme, which is 

important to emphasize its importance in 

the immune modulation and 

pathophysiology [13]. 

 

 
              Figure 1. Schematic diagram shown the features of MIF. 

 

Figure 1 illustrates the main structural and 

biochemical properties of MIF such as its 

gene and protein properties, three-

dimensional structure that is homotrimers 

and its enzymatic properties. It emphasizes 

the preserved amino acid structure, 

catalytic positions like Pro-1 and its 

involvement in the pro-inflammatory and 

macrophage activation effects as a non-

standard chemokine and immune regulator. 

Produced by a large diversity of immune 

cells and MIF are likewise tightly controlled 

at the transcriptional or post-transcriptional 

levels in non-immune cells. In contrast to 

classical cytokines, MIF is not stored in 

vacuoles of the cell walls, but is released 

via a non-classical secretion pathway (in 

response to infection, hypoxia, and 

inflammation). It is released rapidly and is 

thus able to induce early immune signaling. 

The role of MIF production and secretion in 

inflammatory and immune-mediated 

conditions, as well as dysregulation in 

functions of play a key role in immune 

homeostasis and pathophysiology. MIF 

secretion and regulation is a closely 

regulated process that requires a number of 

cellular sources and stimuli as illustrated in 

Table 1. 

 

Table 1: Molecular Mechanisms Governing MIF Biosynthesis and Secretion 

Biological 

Process 
Description Reference 

Cellular Sources Immune and non-immune cells; predominantly macrophages [14] 
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Regulation 
Transcriptional and post-transcriptional control by inflammatory 

mediators 
[15] 

Secretion Non-classical release from intracellular stores [16] 

Stimuli Infection, hypoxia, oxidative stress, inflammation [17] 

Role Cytokine production and leukocyte recruitment [18] 

 

The major processes involved in the MIF 

biosynthesis, control, and secretion 

summarized in Table 1, which briefly 

presents its cellular location, regulatory and 

release pathways. These processes further 

discussed in the following subsections and 

illustrated how they contributed to immune 

regulation and pathogenesis of diseases. 

Macrophage Migration Inhibitory Factor 

(MIF) is a ubiquitous expression in both 

macrophages, T lymphocytes, dendritic 

cells, epithelial cells, and other 

immunological, as well as non-immune 

cells of endocrine tissues. Among them, the 

most important source is macrophages 

since the latter are at the center of immune 

surveillance and inflammatory processes. 

The wide cellular localization of MIF also 

indicates the significance of MIF in the 

coordination of innate and adaptive 

immunity. The rapid mobilization of immune 

challenges is made possible by its 

constitutive expression which enables it to 

respond quickly to stress and infection. The 

prevalence of this indicates the role of MIF 

in physiological control as well as the 

pathogenesis of diseases, especially those 

involving inflammatory and immune-

mediated mechanisms [14]. 

MIF both transcriptional and post-

transcriptional levels of expression are 

tightly controlled stage so maintained an 

equal immune response. Other cytokines 

and especially interleukin family members 

are also important in regulating the 

expression of MIF gene using complicated 

signaling pathways. MIF is improved 

quickly by inflammatory pathways, such as 

those induced in infection or tissue 

damage. This control mechanism enables 

immune cells to react effectively to external 

stimuli and at the same time achieve 

homeostasis. Nonetheless, the disorders in 

the regulation of these pathways may lead 

to overproduction of MIF that causes 

persistent inflammation and the emergence 

of the disease. Therefore, it is crucial to 

regulate MIF expression to avoid excessive 

or insufficient immune responses and avoid 

pathological consequences [15]. 

In contrast to the classical cytokines, MIF 

released through a non-classical pathway, 

which circumvents the endoplasmic 

reticulum- Golgi apparatus. Rather it is 

accumulated in ready intracellular pools 

and is released immediately in response to 

stimulation. This special secretion system 

allows MIF to perform the role of an early 

communicator in immune responses 

allowing instant communication between 

cells. There is also the lack of a signal 

peptide which makes MIF unlike classical 

secretory proteins. Quick the activation of 

inflammatory pathways and immune cell 

responses can be achieved by rapid 

release of MIF. The non-conventional 

approach of secretion also increases its 

utility in the functional sense and 



Aliyarbayova A.A., Hasanov  İ.A. , Unal G.     ATU Jurnalı        (2026) 03:02                                               Azərbaycan Tibb Universitetinin Jurnalı  

                                                                                                                                                                                                                                         2026 

  

39 

emphasizes its significance as a key 

regulator of acute and chronic inflammatory 

states [16].  

The release of MIF provoked by numerous 

stimuli, among which mentioned microbial 

products, hypoxia, oxidative stress and 

inflammatory signals. These stimuli cause 

immune cell activation and the massive 

release of MIF into the extracellular space. 

Also, chemokine binding and receptor-

mediated signaling pathways play a role in 

controlling MIF release, which is indicative 

of its incorporation into larger immune 

networks. The implication of cytokines and 

chemokine interaction on the coordination 

of immune responses emphasized by the 

role of chemokine systems. This release 

process, which triggered by the presence of 

stimuli, makes sure that MIF released 

during severe immune ones, which allows a 

proper response to pathogens and affects 

the process of inflammation [17]. 

MIF secretion is one of the essential factors 

in the etiology of several inflammatory and 

immune mediated illnesses. As an 

upstream regulator, MIF increases 

inflammatory cascades through stimulation 

of production of cytokines and recruitment 

of leukocytes. It is an important mediator of 

the disease progression due to its capacity 

to connect cellular stress signals with 

immune activation. High levels of MIF are 

linked with chronic inflammatory diseases, 

in which recurrent stimulation of immune 

systems results in the destruction of tissue. 

MIF has therefore attracted interest as an 

attractive therapeutic target. It is necessary 

to comprehend its dynamics of secretion 

and regulation in order to create specific 

interventions that would allow regulating 

excessive inflammation and achieve better 

clinical outcomes [18].  

 Receptors and Signaling Pathways. 

Macrophage Migration Inhibitory Factor 

(MIF) has its living actions by binding to 

certain cell surface receptors, usually the 

CD74 receptor; commonly conjugated with 

other receptors like CD44 and chemokine 

receptors. These interactions promote 

various intracellular signaling pathways 

such as MAPK/ERK, PI3K/Akt and NF-kB 

that control cell survival, cell proliferation 

and inflammatory response. MIF alters 

immune cell activation, cytokine production 

and gene expression via these signaling 

pathways and is a key mediator of 

physiological regulation, as well as of 

disease development [19]. MIF has 

biological actions that counteract through 

engagement with distinct cell surface 

receptors, predominantly CD74, which has 

the high affinity binding receptor. CD74 also 

has a tendency to bind with co-receptors 

such as CD44 to mediate signal 

transduction and the resultant cellular 

responses. In addition, MIF also interacts 

with chemokine receptors and can be an 

uncharacteristic chemokine, including 

CXCR2, CXCR4, and CXCR7, which 

mediate the formation of immune cells and 

inflammatory processes [20]. MIF and its 

receptors have a relationship that is crucial 

to the immune system regulation and 

pathogenesis. On the one hand, these 

receptor complexes activate several 

signaling pathways that influence the 

macrophage behavior including migration, 

activation and polarization. The MIF role in 

leukocyte traffic and inflammatory response 

enhanced by the activity of chemokine 

receptors; ties the interaction of receptors 

with immune control processes to a larger 

scale that observed in autoimmune and 

inflammatory diseases [21]. The binding of 

MIF triggers a number of intracellular 

signaling pathways in response to its 

receptors, including the MAPK / ERK 

cascade that regulates cell proliferation, 

differentiation and survival. The pathway 

plays a vital role in the mediating process of 
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inflammatory responses and immune cell 

activation. 

  

 
Figure 2: Schematic Diagram Shown Interaction of Receptor-Mediated Signaling 

Network of MIF 

 

As shown in Figure 2, MIF can interact with 

cell surface receptors, such as CD74, CD44 

and chemokine receptors (CXCR2, 

CXCR4, CXCR7), triggering the activation 

of MAPK/ERK, PI3K/Akt, and NF- kB 

pathways. All these signaling cascades 

control production of cytokines, cell survival 

and immune response and eventually 

leading to inflammation, macrophage 

activation and disease progression. The 

amplification of cytokine production and the 

overall enhancement of the immune 

process are signaling facilitated by MIF, 

which occurs in case of illnesses [22]. MIF 

also initiates PI3K/Akt pathway that 

enhances cell survival and resistance to 

apoptosis. It also leads to the activation of 

NF-KB pathway that is a significant 

regulator of inflammatory expression of 

genes. It reported that MIF interacts with 

the tumor suppressor protein - p53 and 

reduces its functions and, therefore, results 

in cell survival and proliferation under 

stressful conditions [23].  The clinical 

implication of the MIF involvement in these 

signaling pathways is of significance 

particularly in cancer and inflammatory 

diseases. MIF is an emerging possible 

therapeutic target. These are MIF-

neutralizing antibodies, the presence of 

which in clinical studies has demonstrated 

the possibility to control the progression of 

the disease and improve the therapeutic 

outcomes of patients with advanced 

malignancies [24]. 

MIF's function in innate immunity is it 

regulates the activation of macrophages 

the phagocytic function and the cytokine 

generation process. It enhances the 

reaction of the innate immune cells to 

respond rapidly to the pathogens and stress 

signals. Furthermore, MIF influences the 

macrophage polarization to a pro-

inflammatory one that needed to protect the 

host but may eventually result in the 

emergence of the disease in case of a 

chronic disease [25]. MIF in adaptive 

immunity controls the T-cell activation, 

proliferation and differentiation thereby 

determining antigen specific immune 
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response. It aids in the preservation of the 

immune activation through the regulation of 

cytokines production and the lymphocytes 

recruitment. MIF also plays a role in 

preserving immune memory as well as 

augmenting of the inflammation signaling. 

The regulatory issues of such processes 

also can result in the emergence of chronic 

inflammatory diseases and immune-

mediated pathology [26]. 

Macrophage Migration Inhibitory Factor 

(MIF) has a wide range of functional ability 

that spans over immunological, 

inflammatory, hormonal and enzymatic 

functions. It has a crucial part in the control 

of innate and adaptive immune responses, 

in the regulation of macrophage activity, T-

cell functions and cytokine production. MIF 

is also a strong pro-inflammatory mediator, 

which increases immune signaling and 

leukocyte recruitment. It also overcomes 

immunosuppression caused by 

glucocorticoids, and it is enzymatic which 

demonstrates that it is multifunctional in 

keeping the immune balance and is a part 

of disease pathogenesis [8]. 

MIF is a powerful pro-inflammatory cytokine 

that regulates other inflammatory mediator 

production and release. It enhances the 

manufacture of cytokine such as TNF- α, IL-

1, and IL- 6 that enhances the inflammatory 

processes. MIF is an upstream mediator of 

the inflammatory process, which is part of 

the disease process of the condition 

showing hyperirritable immune reactions 

[27]. MIF also plays a role in the process of 

cell recruitment of the leukocytes because 

it recognizes with the chemokine receptors, 

and helps in the movement of the cells into 

the inflammatory areas. It elevates the 

adhesion molecule expression and there is 

trafficking of immune cells. These functions 

are fundamental to effective immune 

responses but at excessively elevated 

leukocyte recruitment, tissue destruction 

and chronic inflammation ensues 

particularly in autoimmune disease and 

other degenerative diseases [28].  

 

Table 2: Functional Roles of MIF in Immune and Inflammatory Processes 

Category Function Role Description Reference 

Immunological 
Innate 

immunity 

Macrophage 

activation 

Enhances phagocytosis and 

cytokine production 
[25] 

Immunological 
Adaptive 

immunity 
T-cell regulation 

Controls activation, 

proliferation, and immune 

memory 

[26] 

Pro-inflammatory 
Cytokine 

signaling 
Amplification 

Upregulates TNF-α, IL-1β, 

IL-6 
[27] 

Pro-inflammatory 
Leukocyte 

recruitment 
Migration 

Promotes adhesion and 

immune cell trafficking 
[28] 

Hormonal/Enzymatic Dual activity 
Immune 

modulation 

Counteracts 

glucocorticoids; enzymatic 

functions 

[29] 

 

Table 2 outlines the key functional activities 

of MIF in immunological, pro-inflammatory 

and enzymatic fields. This table gives a 

brief idea about its various biological 

activities, and the further subsections below 

discuss these functions in detail with 

highlighting their importance in immune 

regulation and diseases progression. 

MIF represents certain peculiar hormonal 

actions since it counter-regulated by the 

immunosuppressive effect of 

glucocorticoids. In spite of the fact that 
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glucocorticoids should prevent 

inflammation, MIF is dominant and it 

continues to keep the immune system 

active despite control. This aspect renders 

MIF one of the distinctive cytokines and 

highlights its contribution to maintaining 

inflammatory reactions, especially in the 

stressful circumstances and chronic 

diseases [29]. Enzymatic processes are 

also present in MIF including the 

tautomerase process and oxidoreductase 

process, hence, this protein can be used as 

a multifunctional protein in cell processes 

(Table 2). Although the exact physiological 

functions of these enzymatic properties are 

under current investigation, it is believed 

that they influence inflammatory signaling 

as well as the cell metabolism. These 

biochemical features also reiterate the 

duality of MIF as a cytokine and an enzyme 

in the body in terms of immunological 

regulation.  

Macrophage Migration Inhibitory Factor 

(MIF) is a critical factor in host defense in 

order to orchestrate the action of innate 

responses as well as to increase the activity 

of immune cells, especially macrophages. It 

helps in quick immune reactions to 

pathogens and stress systems thus making 

sure that there are strong defense 

mechanisms. MIF is also involved in fine-

tuning of inflammatory processes, ensuring 

the balance in effective immune response 

and avoiding the over damage of tissue. 

MIF mediates the interactions between 

immune surveillance and controlled 

inflammation by coordinating the 

production of cytokines and activation of 

immune cells, which helps to maintain 

physiological stability and immune 

homeostasis in the normal condition [30]. 

The Macrophage Migration Inhibitory 

Factor (MIF) is also very important in many 

processes that occur in the body as it 

controls immune reactions, cell survival and 

tissue stability (Figure 3). It is useful in host 

defense as it increases innate immunity and 

suppresses inflammation. MIF promotes 

cell survival and proliferation by activating 

major signaling pathways as well. Also, it 

participates in tissue repair and 

regeneration by regulating the activity of 

immune cells and the production of 

cytokines. The significance of its 

involvement in the macrophage polarization 

and immune balance makes it significant in 

the sustenance of normal physiological 

functions.  

MIF has a considerable impact on cell 

proliferation and survival, activating cell 

survival promoting and apoptosis inhibitory 

signaling pathways. These mechanisms 

are vital towards the maintenance of the 

role of immune and vascular cells, 

especially during physiological stress. MIF 

controls smooth muscle cell behavior in 

vascular tissues and helps to remodel the 

structure, which is essential in ensuring the 

integrity of the vessels. With the help of 

these ways, MIF helps adaptive cells 

responses and secures the functionality of 

the tissues. The importance of it in the 

control of survival pathways makes it 

relevant in maintaining physiological 

homeostasis and cellular defense against 

the damage caused by stress [31]. 
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Figure 3: Schematic diagram shown the Role of MIF in Physiological Processes 

 

Figure 3 illustrates that the MIF controls the 

major physiological processes such as host 

defense, immune control, cell growth and 

survival. It helps to repair tissue, sustain 

vascular activity as well as polarize 

macrophages and keep immune balance. 

With such coordinated efforts, MIF is at the 

center of tissue homeostasis and the 

adaptation to physiological stress. The MIF 

plays other roles, which explained further in 

the subsection.  

MIF is a protective molecule that regulates 

the inflammatory reaction and cells 

regeneration after injury through repairing 

tissues. It improves the healing by 

regulating the production of cytokine and 

functions of immune cells, hence reduces 

tissue damage. Under acute injury to the 

kidney, MIF has shown protective 

properties in inhibiting cell injury and 

promoting regeneration. The functions 

show how it promotes tissue resilience and 

tissue recovery. MIF promotes 

physiological healing and repair processes 

by balancing the elements of inflammation 

and repair, as well as normal tissue 

architecture restoration [32]. 

MIF is a major mediator of macrophage 

polarization, which affects the pro-

inflammatory (M1) to anti-inflammatory 

(M2) polarization. This homeostatic 

equilibrium is necessary in keeping the 

immune homeostasis and repairing tissues. 

MIF controls the macrophage plasticity to 

make sure that there are proper responses 

to the immune system, whether it is 

inflammatory or recovery. This is because 

the immune system is capable of adjusting 

to altering physiological states through its 

regulatory capability to provide defense and 

regenerate. This control over macrophage 

activity highlights the need to use MIF in 

balancing between immune activation and 

inflammatory repair [33]. 

Besides its systemic processes, MIF is also 

important in ensuring homeostasis of 

tissues in specialized microenvironment 

like periodontal tissues. It controls immune 

signaling and cellular communications that 

are needed to maintain tissue integrity. MIF 
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provides normal tissue functionality and 

stability of the architecture by regulating 

localized inflammatory reactions and 

macrophage dynamics. These control 

mechanisms help to sustain protective 

immunity and avoid over-damage of 

inflammatory lesions. MIF, therefore, helps 

to ensure physiological balance, both 

systemic and local, and it is important to 

emphasize the importance of MIF in 

preserving normal tissue architecture and 

immune equilibrium [34]. 

Macrophage Migration inhibitory factor 

(MIF) is an important factor in the 

pathogenesis of a broad group of diseases, 

as it regulates immune and inflammatory 

reactions. It leads to the inflammatory and 

autoimmune diseases via the long-term 

effect of the production of cytokines and the 

activation of immunity [8].  

MIF enhances the development of tumors, 

angiogenesis, and immune evasion in 

cancer. It also participates in metabolic, 

cardiovascular and infectious diseases, 

balancing inflammation and cellular 

reactions and it is important to note that it is 

also a major founder of disease progression 

and a potential therapeutic goal.  

The MIF is an essential factor in the 

pathogenesis of inflammatory and 

autoimmune diseases that control the 

production of cytokines and the activity of 

immune cells. It is an upstream mediator, 

which increases inflammatory reactions 

resulting in tissue destruction in rheumatoid 

arthritis, sepsis or inflammatory bowel 

disease. MIF promotes chronic 

inflammation and cytokine signaling 

sustainment in autoimmune diseases, such 

as systemic lupus erythematous and 

multiple sclerosis. This cumulative 

inflammatory and autoimmune 

pathophysiology leads to tissue damage 

and severity of disease, which shows the 

key role of MIF in the process of these 

mechanisms [35]. 

 

Table 3: Pathophysiological Roles of MIF across Major Disease Categories 

Category Condition Role Description Reference 

Inflammatory/Autoimmune 
RA, SLE, IBD, 

MS 

Cytokine 

activation 

Drives chronic 

inflammation 
[35] 

Cancer Tumors Progression 
Promotes growth and 

angiogenesis 
[36] 

Metabolic 
Diabetes, 

obesity 
Inflammation 

Induces insulin 

resistance 
[37] 

Cardiovascular 
Atherosclerosis, 

MI 

Vascular 

effects 

Promotes endothelial 

dysfunction 
[37] 

Infectious Bacterial, viral 
Immune 

response 

Enhances defense, 

may cause damage 
[38] 

 

Table 3 summarizes the essential 

pathophysiological roles of MIF in different 

disease categories, and it will give the 

reader the overview of how it is involved in 

immune regulation and disease 

progression. Its particular contributions to 

individual disease conditions with 

underlying mechanisms and clinical 

importance elaborated in the following 

subsections. 

MIF is gaining acceptance as an important 

controller of cancer development and 

progression. It stimulates tumor growth, 

metastasis and angiogenesis by regulating 

tumor microenvironment and stimulating 

inflammatory signaling. MIF is also 

implicated in immune evasion that 
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modulates immune cell reactions and 

contributes to the survival of tumors. MIF 

affects the macrophage polarization to 

tumor-supportive phenotypes, which 

induces the further development of cancer 

through the activation of the pathways 

including STAT3. Such mechanisms lead to 

a higher level of tumor aggressiveness, 

vascularization, and resistance to 

treatment, which makes MIF one of the key 

factors of oncogenesis and a possible 

cancer treatment target [36]. 

MIF has a significant contribution to 

metabolic diseases like diabetes and 

obesity as it enhances chronic low-grade 

inflammation and insulin resistance. It 

promotes the metabolic imbalance through 

control of the inflammatory pathways that 

suppress the glucose metabolism and 

energy homeostasis. Further, MIF has a 

role in cardiovascular diseases, such as 

atherosclerosis and myocardial infarction, 

because it affects vascular inflammation 

and endothelial malfunction. Its 

involvement in the stimulation of immune 

cells connects the disturbances in 

metabolism to the cardiovascular 

complication. In such ways, MIF becomes a 

key mediator between metabolic and 

cardiovascular pathologies, which is 

important to note and a therapeutic target 

[37]. 

MIF is also a major innate immune regulator 

of host responses to bacteria, viruses and 

parasites in infectious disease. It also 

augments the macrophage activation and 

inflammatory signaling, which helps to clear 

the pathogen efficiently. MIF has a dual role 

and assists with the protective immunity, as 

well as, it may also contribute to the 

increase in the severity of the disease in 

case of overexpression. Excessive 

inflammation or tissue damage may occur 

with elevated levels of MIF especially in 

severe infections. In respiratory diseases, 

MIF play a role in the dynamics of immune 

responses and disease pathogenesis in 

relation to the changes in macrophage 

phenotypes. These results underscore the 

complicated task assigned to MIF in the 

process of maintaining the equilibrium 

between host defense and inflammatory 

injury [38]. 

The concept of therapeutic targeting of the 

Macrophage Migration Inhibitory Factor 

(MIF) has become one of the promising 

approaches in the treatment of 

inflammatory, autoimmune and malignant 

diseases (Figure 4). Potential strategies 

like small molecule inhibitors, monoclonal 

antibodies and immune modulatory therapy 

targeted to inhibit the interactions between 

MIF-receptor or to inhibit its enzymatic 

activity. These treatments can decrease 

inflammation, modify the polarization of 

macrophages and prevent the development 

of the disease. Moreover, MIF can be 

regarded as a promising disease severity 

and treatment response biomarker, so it is 

a significant object of targeted and 

precision-focused therapy development. 

Macrophage Migration Inhibitory Factor 

(MIF) has become a target of interest using 

small molecule inhibitors, as well as 

monoclonal antibodies to inhibit its 

migration in immune-associated and 

inflammatory diseases. The mechanism of 

action of these agents is preventing the 

interaction between MIF and receptors or 

inhibiting its enzymatic activity in order to 

decrease the process of inflammatory 

signaling and disease development. It is 

also important to note that targeting MIF 

can alter macrophage plasticity and 

immune cell responses, which suggest its 

curative potential in chronic inflammatory 

and regenerative disease. The creation of 

these inhibitors demonstrates an increasing 

interest in MIF as an immune dysregulation 
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mediator and a potential target of the 

therapeutic intervention [39]. 

 

 

 

 

 
                               Figure 4: Therapeutic Targeting of MIF 

 

Figure 4 shows the approaches to targeting 

the migration inhibitory factor (MIF) of 

macrophages and use of small molecule 

inhibitors, monoclonal antibodies. The 

ways inhibit CD74/CXCR receptors and 

enzymatic activity, which results in less 

inflammation, altered polarization of 

macrophages and lower tumor progression. 

It used clinically in the treatment of 

autoimmune diseases, cancer, and 

diagnostics, monitoring based on 

biomarkers and considered further in the 

following subsections. 

MIF monoclonal antibodies found to have a 

great potential of neutralizing its biological 

activity especially in cancer and in 

autoimmune diseases. These treatments 

expected to interfere with the signaling 

pathways mediated by MIF, which will lead 

to a decrease in tumor progression, 

immune evasion and chronic inflammation. 

Moreover, new cell-based therapies, 

including mesenchyme stem cell therapies 

can indirectly suppress the activity of MIF 

via immune modulatory actions. These 

modalities provide novel treatment 

opportunities because they act at several 

immune regulation levels and the 

opportunities of MIF-targeted therapies are 

further expanded [40]. 

MIF studied widely in clinical and 

experimental research as a target therapy 

and a biomarker. High amounts of MIF have 

been linked to severity of different 
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pathological diseases, implying that it 

would be useful in diagnosis and treatment 

follow up. Continued studies are being done 

to create more selective and effective MIF 

inhibitors which can be used in clinical 

practice. MIF-focused therapies used in 

combination with biomarker-based 

interventions to improve personalized 

treatment plans and increase patient 

outcomes in patients with inflammatory and 

immune-mediated diseases [41]. 

Although MIF has a therapeutic potential, a 

number of obstacles restrict the optimal 

targeting of the drug. The multifunctional 

character, prevalence and participation in 

protective, pathological mechanisms make 

it difficult to develop therapeutic strategies. 

Moreover, compensatory immune 

responses and cellular heterogeneity can 

also have an effect on treatment efficacy. 

The further study of the diversity of immune 

cells and the inflammatory signaling 

networks should be the key to the 

development of more specific and effective 

interventions. The future studies should aim 

at addressing these shortcomings to 

maximize on MIF-based therapies and to 

translate them into clinical practice [42]. 

Recent progress in Macrophage Migration 

Inhibitory Factor (MIF) studies has 

increased knowledge on the role of this 

molecule in the process of inflammation, 

immune compromises and disease 

development. Recent findings emphasize 

its role in cardiovascular pathology, 

remodeling of tumor microenvironment and 

polarization of macrophages, which 

strengthen the importance of this cytokine 

as a multifunctional one. According to the 

emerging therapeutic research, MIF can be 

used as biomarker or drug target in various 

ailments. Further studies ought to base on 

shedding more light on its dual protective 

and pathological functions, enhanced 

strategies of selective targeting and 

translation of the experimental results to 

effective clinical applications. 

Recent developments in the biological 

study of MIF have made it known to be a 

key mediator in inflammatory pathways and 

pathogenesis. Ample evidence is emerging 

that MIF plays a major function in the 

development of cardiovascular disease by 

regulating pro-inflammatory cytokines and 

immune cells, affecting vascular 

inflammation and remodeling. These 

results broaden the concept of MIF as a 

conventional cytokine, making it an 

important mediator of systemic diseases. 

Moreover, its role in various signaling 

pathways also highlights the significance of 

MIF in translational studies, in which the 

targeting MIF may expand new treatment 

opportunities that used to treat 

sophisticated inflammatory and 

cardiovascular diseases [43]. 

Recent researches have revealed that MIF 

is a key player in tumor microenvironment 

development because of its interaction with 

stromal and immune cells. MIF has been 

reported to be found in cancer-associated 

fibroblasts as one of the major contributors 

of immunosuppressive states that promote 

tumor growth and progression. MIF 

facilitates immune evasion, tumor cell 

growth and survival of tumor cells thus 

increasing cancer aggressiveness and 

resistance to treatment. The insights offer 

new directions to cancer treatment 

approaches, which focus on the possibility 

of interfering with tumor-supportive 

functions with the help of targeting MIF to 

enhance the efficacy of therapeutic 

approaches in oncology [44]. 

The future of MIF research aims at coming 

up with very specific therapeutic measures 

and its multifaceted role in the immune 

modulation. Innovations in the polarization 

of the macrophage have provided new 

opportunities in immunotherapy by further 
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connecting MIF functionality to immune cell 

differentiation and function. Nevertheless, 

several gaps in the research have not been 

filled, such as the necessity to provide 

specific targeting methods and a better 

comprehension of the dual functions of MIF 

in protective and pathological mechanisms. 

These issues will be required to apply the 

outcome of experiments to clinical practice 

and make the most of MIF-based treatment 

plans to various diseases [45]. 

CONCLUSION 

Macrophage Migration Inhibitory Factor 

(MIF) has become a versatile cytokine that 

is essential for inflammation, immunological 

control and pathogenesis of diseases. Its 

distinctive structural characteristics, such 

as enzymatic activity, non-classical 

secretion those are what make it unlike 

other conventional cytokines, allow quick 

immune response. MIF combines several 

signaling pathways, including MAPK/ERK, 

PI3K/Akt, and NF-kB, therefore, it controls 

cell survival, proliferation and inflammatory 

responses. Concisely, it is essential for 

mediating the relationship among innate 

and adaptive immunity, physiological and 

pathological effects through these 

mechanisms. Notably, MIF is the cause of 

a broad range of diseases, among which 

are inflammatory, autoimmune, metabolic, 

cardiovascular, infectious disorders and 

cancer. Its association with the disease 

progression is depicted by its position as an 

upstream regulator of cytokine generation 

and activation of immune cells. Meanwhile, 

MIF plays a role in both protective and 

pathological activities as it implicated in the 

physiological processes that are necessary 

to maintain host defense, tissue repair and 

immune homeostasis. MIF has therapeutic 

promise and there are still advances 

underway on small molecule inhibitors, 

monoclonal antibodies and immune 

modulatory approaches. Nevertheless, 

problems associated with its 

multifunctionality, ubiquitous expression 

and intricate networks of signals continue to 

be major obstacles to clinical translation. 

Future studies are needed to enhance 

specificity of the target, context-dependent 

functions and incorporate MIF-based 

techniques in precision medicine. In sum, 

MIF is an extremely important bridge 

between immune control and pathology, 

which has much potential in diagnostic and 

therapeutic innovation. 
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Xülasə   

Makrofaq Miqrasiyasını İnhibisiya edən Faktor (MIF) immun tənzimlənməsində, iltihabda və xəstəlik 

patogenezində əsas rol oynayan çoxfunksiyalı sitokindir. Klassik sitokinlərdən fərqli olaraq, MIF, sürətli 

immun reaksiyalarına imkan verən fermentativ aktivlik və qeyri-klassik sekresiya daxil olmaqla unikal 

struktur və biokimyəvi xüsusiyyətlərə malikdir. Bu icmal, MIF-in molekulyar quruluşu, biosintezi, siqnal 

yolları, funksional xüsusiyyətləri və patofizioloji rolları haqqında ətraflı məlumat vermək məqsədi daşıyır 

və onun terapevtik potensialına diqqət yetirir. MIF kimyəvi quruluşu, reseptor vasitəçiliyi ilə siqnal, 

immun funksiyaları və müxtəlif xəstəliklərdə iştirakı ilə bağlı məlumatları birləşdirən mövcud ədəbiyyat 

araşdırılmış, həmçinin terapevtik hədəfləmə və biomarker tətbiqlərindəki son nailiyyətlər təhlil 

edilmişdir. MIF, MAPK/ERK, PI3K/Akt və NF-κB daxil olmaqla əsas siqnal yollarını tənzimləyir, iltihaba, 

hüceyrə fəaliyyətinə və immun reaksiyalara təsir göstərir. O, orqanizmin müdafiəsi, toxuma bərpası və 

immun homeostazı kimi fizioloji proseslərdə mühüm rol oynayır. MIF-in pozulmuş tənzimi iltihaba, 

autoimmun, metabolik, ürək-damar, yoluxucu xəstəliklər və xərçəngə səbəb olur. Kiçik molekullu 

inhibitorlar və monoklonal antikorlar da daxil olmaqla, MIF-i hədəf alan yeni müalicə üsulları ümidverici 

klinik potensial nümayiş etdirir. MIF immun tənzimlənməni xəstəliyin irəliləməsi ilə əlaqələndirən 

mərkəzi vasitəçi rolunu oynayır. Terapevtik vədinə baxmayaraq, onun çoxfunksiyalılığı və mürəkkəb 

siqnal şəbəkələri ilə bağlı çətinlikləri qalmaqdadır. Gələcək tədqiqatlar MIF əsaslı terapiyaları 

optimallaşdırmaq üçün hədəflənmiş müdaxilələrə və dəqiq tibb yanaşmalarına yönəlməlidir.  

Açar sözlər: Makrofaq miqrasiyasını inhibisiya edən faktor, sitokin siqnalı, iltihab, immun tənzimlənmə, 

terapevtik hədəfləmə 
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Резюме 

Фактор ингибирования миграции макрофагов (MIF) — это многофункциональный цитокин, 

играющий ключевую роль в регуляции иммунитета, воспалении и патогенезе заболеваний. В 

отличие от классических цитокинов, MIF обладает уникальными структурными и 

биохимическими свойствами, включая ферментативную активность и неклассическую 

секрецию, что позволяет быстро реагировать на иммунные реакции. Цель данного обзора — 

предоставить подробный обзор молекулярной структуры, биосинтеза, сигнальных путей, 

функциональных свойств и патофизиологической роли MIF, с акцентом на его терапевтический 

потенциал. Проведен нарративный синтез современной литературы, интегрирующий данные о 

структуре MIF, рецептор-опосредованной передаче сигналов, иммунных функциях и участии в 

различных заболеваниях, а также проанализированы последние достижения в области 

терапевтического воздействия и применения биомаркеров. MIF регулирует ключевые 

сигнальные пути, включая MAPK/ERK, PI3K/Akt и NF-κB, влияя на воспаление, выживаемость 
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клеток и иммунные реакции. Он играет критическую роль в физиологических процессах, таких 

как защита организма, восстановление тканей и иммунный гомеостаз. Нарушение регуляции MIF 

способствует развитию воспалительных, аутоиммунных, метаболических, сердечно-сосудистых, 

инфекционных заболеваний и рака. Новые методы лечения, направленные на MIF, включая 

ингибиторы малых молекул и моноклональные антитела, демонстрируют многообещающий 

клинический потенциал. MIF выступает в качестве центрального медиатора, связывающего 

иммунную регуляцию с прогрессированием заболевания. Несмотря на его терапевтический 

потенциал, остаются проблемы, связанные с его многофункциональностью и сложными 

сигнальными сетями. Будущие исследования должны быть сосредоточены на 

целенаправленных вмешательствах и подходах прецизионной медицины для оптимизации 

терапии на основе MIF. 

Ключевые слова: Ингибирующий фактор миграции макрофагов, цитокиновая сигнализация, 

воспаление, иммунная регуляция, терапевтическое воздействие 

  

 


