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Abstract
Macrophage migration inhibitory factor has emerged as a central regulator of tumor 
progression and immune evasion. Initially identified as an inflammatory cytokine, it is now 
understood as a multifunctional signaling molecule that integrates hypoxia, metabolic stress, 
oncogenic activation, and tumor microenvironmental remodeling across diverse malignancies. 
Through pathways involving cluster of differentiation 74, cluster of differentiation 44, and 
C-X-C motif chemokine receptor 4, macrophage migration inhibitory factor promotes 
proliferation, survival, angiogenesis, epithelial-mesenchymal transition, invasion, and 
metastatic competence. It also shapes the tumor microenvironment by enhancing suppressive 
myeloid infiltration, macrophage polarization, cluster of differentiation 8-positive T-cell 
exhaustion, regulatory T-cell accumulation, and impaired antigen presentation. These 
combined effects position macrophage migration inhibitory factor as an immunometabolic 
mediator linking chronic inflammation with malignant adaptation and therapeutic resistance. 
Elevated signaling is associated with poor prognosis and reduced response to chemotherapy, 
radiotherapy, targeted therapy, and immune checkpoint blockade. Overall, macrophage 
migration inhibitory factor represents a mechanistically important and translationally relevant 
target whose clinical value will depend on precise biomarker-guided therapeutic integration.
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Introduction

Macrophage migration inhibitory factor (MIF) is a key mediator at the intersection of 
inflammation and cancer biology. Tumor progression is increasingly recognized as being 
driven not only by intrinsic genetic alterations, but also by dynamic interactions between 
malignant cells and the stromal, vascular, metabolic, and immune components of the tumor 
microenvironment. In this sense, inflammatory cytokines have a major impact on the growth 
of tumors by influencing both antitumor immunity and the behavior of cancer cells. MIF is a 
cytokine, originally found to modulate innate immune responses, and has been increasingly 
acknowledged as a multifunctional molecule that is implicated in a variety of hallmarks of 
cancer, such as proliferation, survival, angiogenesis, invasion, and metastatic progression [1, 
2].

Through its interactions with macrophages, stromal cells, vascular compartments, and 
immunological populations, the MIF cytokine family has been demonstrated to promote 
microenvironmental remodeling in addition to its direct action on tumor cells. These 
observations support the view that MIF functions not merely as a marker of inflammatory 
activation, but also as an active mediator of tumor progression [3].. There has also been a 
growing interest in the role of MIF in tumor immunity. Multiple studies have indicated that 
MIF can participate in the immunosuppressive mechanisms in the tumor microenvironment 
through mechanisms such as antigen presentation, recruitment of suppressive myeloid 
cells, dysfunction of T cells, and expansion of regulatory immune cells. In cancer, MIF may 
promote a switch from chronic inflammatory signaling to chronic immune suppression by 
these mechanisms.

The relevance of MIF in translation has further grown by studying its receptor network 
and related family members. CD74 has become an important signaling partner with 
prognostic and immunological implications in various malignancies, and CD44 has been 
identified as a signaling component of the MIF-CD74 receptor complex [4, 5]. Furthermore, 
D-dopachrome tautomerizes (DDT, also known as MIF-2) and has expanded the functional 
complexity of the MIF signaling family [6, 7]. The evidence in this field so far indicates that 
the MIF axis should not be viewed only as a single cytokine axis, but rather as an integrated 
signaling network, especially in the context of biomarker development and therapeutic 
targeting [8, 9]. Evidence also suggests that MIF signaling is associated with aggressive 
tumor biology in several malignancies, including melanoma, breast cancer, lung cancer, 
and broader pan-cancer contexts. High MIF activity has been linked to immune changes, 
macrophage-associated phenotypes, and poor clinical features in several tumor systems [10, 
11]. In the same way, in melanoma and thoracic malignancies, MIF is a signaling molecule 
that may play a role in tumor progression and drug resistance [12, 13]. Furthermore, pan-
cancer analyses indicate that MIF could serve as a more general oncologic biomarker with 
immune associations [14]. In this context, this review is aimed at exploring the function 
of MIF in the regulation of tumor progression and immune evasion. Special focus is 
devoted to the molecular organization of the MIF signaling network, its involvement in the 
intrinsic and microenvironment-dependent processes in tumor cells, and its newfound 
role in immunometabolism adaptation and therapeutic resistance [15]. Furthermore, the 
translational implications of MIF for biomarker development, therapy responsiveness, and 
future precision-oncology strategies are addressed.

Objectives of the study:
1.	 To examine the molecular biology and signalling architecture of MIF and the MIF 
family in cancer, with particular emphasis on unconventional secretion, CD74-centred 
receptor complexity, CXCR4 interaction, and the overlapping but distinct roles of D-DT/
MIF-2.
2.	 To evaluate the role of MIF in tumor progression and immune evasion across 
cancer systems, focusing on tumor-cell proliferation, survival, epithelial-mesenchymal 
transition, metastasis, tumor microenvironment remodelling, suppressive myeloid 
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recruitment, T-cell dysfunction, and immunometabolism adaptation.
3.	 To assess the translational significance of the MIF axis in oncology, including its 
value as a biomarker and its therapeutic potential in relation to therapy resistance, 
immunotherapy responsiveness, and biomarker-guided precision treatment strategies.

Molecular Biology of MIF and the MIF Family

Discovery, structural organization, and unconventional secretion
MIF is a highly conserved multifunctional protein that plays important roles in 

inflammation, immune regulation, cellular stress responses, and cancer biology. MIF is a 
cytokine classified as inflammatory but is now known to be a member of a larger signaling 
family that includes D-dopachrome tautomerase (D-DT/MIF-2) and has both common and 
distinct biological functions [16]. One distinctive feature of MIF biology is its unconventional 
secretion pathway. In contrast to most classical cytokines, MIF is not secreted via the 
endoplasmic reticulum-Golgi secretory pathway. Rather, the intracellular MIF can be 
mobilized and quickly released upon cellular stress conditions. This mechanism can be 
important in situations of sustained extracellular release of stress-associated mediators, such 
as in tumors where oxygen levels, oxidants, metabolic instability, and chronic inflammatory 
signaling are all present.

Receptors and co-receptors: CD74-centered signaling complexity
The biological effects of MIF are highly dependent on receptor context, in different tissues 

and disease conditions. In addition to its classical role of antigen presentation, CD74 has been 
identified as a major receptor for MIF and has become an important signaling molecule in 
the biology of cancer. CD74-dependent MIF signaling has been associated with cell survival, 
immune regulation, and tumor progression in tumor systems [17]. Further complicating 
MIF signaling are interactions with other co-receptors and chemokine-associated receptor 
systems. MIF has been demonstrated to interact functionally with CXCR4, which has led to the 
idea that MIF signaling shares characteristics with chemokine-mediated signaling pathways 
[18]. Moreover, CD74 was found to be a functional receptor for MIF on activated CD4+ T 
cells, further expanding the role of MIF signaling in adaptive immune regulation and tumor-
associated immune remodeling [19]. These findings suggest that MIF signaling is regulated 
by multiple receptors, which can have a variety of effects on inflammation, oncogenesis, and 
immune regulation.

D-DT/MIF-2 overlaps with MIF and conformational regulation
The closest homolog of MIF, D-dopachrome tautomerize (D-DT, also known as MIF-2), 

is an important member of the MIF signaling family. While there are some structural and 
functional similarities between D-DT and MIF, the present evidence does not suggest that 
D-DT is merely functionally redundant. Rather, there seems to be overlap and divergence 
between MIF and D-DT signaling, adding more complexity to the biological and therapeutic 
interpretation of this pathway. Conformational regulation also seems to be a key aspect of 
D-DT biology, and pathway activity might be regulated not just by alteration of expression 
levels, but also by dynamic structural variation of the protein [20]. Oxidative stress, receptor 
availability, and microenvironmental conditions may be particularly important in cancer 
settings, which could impact downstream signaling behavior. Thus, DDT can be viewed as 
a distinct mechanistic member of the MIF signaling family in terms of considering pathway 
biology and therapeutic targeting approaches [21].

Table 1 provides an overview of the primary ligands, receptors, signaling partners, and 
downstream signaling pathways of MIF-family signaling in cancer, highlighting the complexity 
of the receptor assemblies for CD74-mediated signaling, the signaling interaction of D-DT/
MIF-2, and the roles of the signaling pathways in tumor progression, immune remodeling, 
and therapeutic targeting.
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Upstream Regulation of MIF in the Tumor Context

Hypoxia, metabolic stress, and oncogenic control of MIF
Rather than representing a constitutive activation state, microenvironmental stress 

conditions seem to play a significant role in the expression of MIF in tumors. Aggressive 
tumors are defined by hypoxia, nutrient limitation, oxidative stress, and chronic inflammatory 
signaling, which can lead to upregulation of MIF as one of a set of mechanisms for cellular 
stress-adaptation. The MIF promoter polymorphism (rs755622) has been linked to immune 
activation in glioblastoma, indicating that genetic variation of the MIF regulation could 
affect the interaction with the tumor microenvironment [22]. This regulatory variation 
could influence the response of tumors to hypoxia- and inflammation-related transcription. 
Further experimental data from oral squamous cell carcinoma (OSCC) suggest that MIF is 
involved in stress-adaptation pathways. In this case, UVB-induced apoptosis and reactive 
oxygen species buildup were shown to be enhanced by MIF knockdown, indicating that MIF-
mediated signaling may be involved in cellular defense under oxidative stress (23). Taken 
together, these results indicate that the expression of MIF seems to be tightly coupled to 
stress responses associated with tumors and helps to adapt malignant cells to metabolic and 
oxidative stress.

Table 1. Core molecular architecture of the MIF signaling system in Cancer
 

Component Molecular / functional 
identity 

Main receptor or 
interacting 

partner 
Principal signalling / 

mechanistic role Relevance in cancer Key 
citation(s) 

MIF 

Highly conserved 
multifunctional protein 

involved in 
inflammation, immune 

regulation, cellular 
stress responses, and 

cancer biology. 

Primarily CD74; 
also interacts 

with chemokine-
associated 

receptor systems. 

Acts as a stress-responsive 
extracellular mediator 

linking inflammatory and 
microenvironmental cues to 

cellular responses. 

Contributes to tumour-cell 
survival, immune 

regulation, and tumour 
progression in cancer 

contexts. 

(16) 

Unconventional 
MIF secretion 

MIF is released through 
a non-classical 

secretion route rather 
than the conventional 

ER-Golgi pathway. 

Stress-associated 
intracellular 

release 
mechanisms. 

Allows rapid mobilization 
and extracellular release of 

MIF during hypoxia, 
oxidative stress, metabolic 
stress, and inflammatory 

activation. 

May support sustained 
extracellular MIF 

availability in stressed 
tumour 

microenvironments. 

(16) 

CD74 

Major receptor for MIF 
and signalling molecule 

beyond its classical 
antigen-presentation 

function. 

Binds MIF and 
supports CD74-

dependent 
signalling 

complexes. 

Enables receptor-dependent 
signalling linked to survival, 
proliferation, and immune 

regulation. 

CD74-dependent MIF 
signalling has been 

implicated in tumour-cell 
survival and tumour 

progression. 

(17) 

CXCR4 
Chemokine receptor-

associated component 
of the broader MIF 
receptor network. 

Functionally 
interacts with 

MIF. 

Extends MIF biology into 
chemokine-like signalling 

programs. 

May contribute to 
migration-related, 
inflammatory, and 

tumour-
microenvironmental 

responses. 

(18) 

CD74 on 
activated CD4+ T 
cells 

Functional MIF receptor 
expressed on activated 

CD4+ T cells. 

MIF-CD74 
interaction in 

adaptive 
immune-cell 

contexts. 

Links MIF signalling to 
adaptive immune regulation. 

Supports the relevance of 
MIF-CD74 signalling in 

tumour-associated 
immune remodelling. 

(19) 

CD74-centred 
receptor 
complexity 

MIF signalling operates 
through receptor-

context-dependent 
interactions rather than 

a single linear ligand-
receptor pathway. 

CD74 with cell-
type-specific 

receptor context 
and additional 

signalling 
partners. 

Determines how MIF 
signalling is translated into 

survival, immune-regulatory, 
or inflammatory outputs. 

Helps explain tumour-type 
and cell-type variability in 

MIF-associated effects. 
(17, 19) 

D-DT / MIF-2 

Closest homolog of MIF 
with partial structural 
and functional overlap, 

but not complete 
redundancy. 

Overlaps partly 
with the broader 

MIF signalling 
family. 

Adds family-level complexity 
and potential compensatory 

signalling capacity. 

Important for interpreting 
therapeutic strategies that 

target MIF-family 
signalling rather than MIF 

alone. 

(16, 21) 

D-DT 
conformational 
regulation 

D-DT/MIF-2 activity 
may be influenced by 

dynamic structural 
states and ligand-

induced conformational 
changes. 

D-DT structural 
interfaces and 

inhibitor-binding 
regions. 

Indicates that pathway 
activity may depend not only 
on expression level but also 

on protein conformation. 

Relevant for selective 
targeting and therapeutic 
development against MIF-

family members. 
(20, 21) 
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Inflammatory signalling, infection-associated stress, and tumor-promoting induction
MIF is also controlled by inflammatory and infection-related signaling pathways, which 

are often associated with tumor progression. MIF induction has been associated with 
chronic exposure to cytokines, activation of NF-kB, alterations in glucocorticoid signaling, 
and persistent cellular stress, which all involve long-term inflammatory adaptation 
within tumors. This correlation is seen especially in virus-related cancers. A role for MIF 
in HPV-driven head and neck squamous cell carcinoma in the remodeling of the cytokine 
microenvironment has been proposed, as HPV infection has been linked to increased MIF 
release (24). In a larger context, these findings suggest that in some tumor circumstances, 
MIF signaling may play a role in the interaction of infection, inflammation, and carcinogenic 
transformation (25). Collectively, available evidence suggests that MIF is a downstream 
mediator of tumor progression as well as a stress-responsive mediator that is regulated by 
microenvironmental conditions of inflammation and infection.

Epigenetic and non-coding RNA regulation of MIF expression
Apart from environmental and inflammatory regulation, the expression of MIF also 

seems to be regulated by epigenetic mechanisms and non-coding RNA-associated regulatory 
networks. These higher-order regulation processes may have special relevance in cancer 
due to their ability to fix adaptive phenotypes under chronic microenvironmental stress and 
therapeutic pressure. Epigenetic processes such as chromatin-associated and transcription 
regulatory mechanisms are possible ways by which the activity of MIF signaling may be 
affected in cancer and inflammatory diseases, as previously suggested (26). At the same 
time, MIF-associated signaling pathways may be post-transcriptionally regulated by non-
coding RNA pathways. The significance of post-transcriptional control in MIF-associated 
cancer biology is demonstrated by the fact that microRNA-mediated regulation has been 
shown to be involved in the regulation of MIF synthesis and proliferation in gastrointestinal 
cancer cells (27). These findings collectively imply that environmental stress, inflammatory 
signaling, epigenetic remodeling, and post-transcriptional regulation are all part of a complex 
and dynamic regulatory network that controls MIF expression.

Core Signalling Networks Downstream of MIF

CD74-dependent signalling and receptor complex formation
A central feature of MIF signaling in cancer is the context in which the receptor is 

found, especially MIF associated with CD74. CD74 is not only a binding receptor but also 
an active signaling platform that can be involved in microenvironment-associated cellular 
responses, proliferation, and survival. The connections between cell-surface CD74 and 
MIF in melanoma, which have been shown to support the tumor cells’ survival, thereby 
illustrate how receptor-mediated interactions contribute to cancer-cell persistence (28). 
Receptor-associated signaling patterns are also described in lung cancer, where spatial 
downregulation of CD74-related signatures has been linked to the development of invasive 
features in part-solid lung adenocarcinoma (29). Altogether, these data indicate that CD74 
expression and spatially associated CD74 signatures might influence tumor behavior and 
serve as a biological hallmark of receptor-associated signaling in tumor systems.

MAPK/ERK and PI3K/AKT/mTOR pathway activation
The most well-described downstream signaling pathways stimulated by MIF include the 

MAPK/ERK and PI3K/AKT pathways, two major pathways involved in the regulation of the 
proliferation, survival, and metabolic adaptation of tumor cells. The activation of the PI3K/
Akt pathway by MIF signaling has been associated with gastric cancer, in which MIF has been 
shown to regulate the proliferation of the tumor cells (30). In the same way, MIF signaling in 
CRC has been linked to increased malignant progression and activity of oncogenic signaling 
pathways (31). The activation of these signaling cascades can affect several other downstream 
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processes, such as resistance to apoptosis, cell cycle progression, and adaptation to stress. 
MIF may therefore function as an upstream coordinator that connects external inflammatory 
signals with intracellular survival and growth programs due to the substantial interaction 
between the PI3K/AKT/mTOR and MAPK/ERK pathways with other oncogenic signaling 
pathways.

Integrative signaling crosstalk, redox adaptation, and immunometabolic rewiring
MIF signaling beyond the receptor seems to be involved in a complex network of 

inflammatory, angiogenic, and immunometabolism regulatory pathways, instead of a linear 
signaling cascade. In colorectal cancer, Hsp90-mediated stabilization of MIF has been linked 
to continuous tumor progression, recruitment of macrophages, and angiogenesis, indicating 
that the interplay between MIF signaling and chaperone biology is linked to stromal 
communication (32). Further research in lung cancer has revealed that receptor molecular 
contexts, such as the CD74-ROS1 fusion transcript in non-small cell lung carcinoma, may 
be associated with biologically distinct signaling contexts (33). All this evidence is in favor 
of MIF signaling being involved in several regulatory pathways, such as inflammatory 
transcription factors NF-κB and AP-1, survival pathways such as STAT3, and redox-sensitive 
adaptive programs. Thus, MIF signaling is now regarded as part of a concerted signaling 
network involved in the inflammatory adaptation and microenvironmental remodeling in 
tumors.

The key players in the MIF signaling axis in cancer are summarized in Fig. 1. This 
figure depicts the major ligands MIF and D-DT/MIF-2, the main receptor-associated 
components CD74 and CXCR4, and the activation of signaling and redox-associated stress 
pathways. These signaling have been associated with tumor proliferation, survival, EMT/
metastasis, angiogenesis, macrophage recruitment/polarization, immune suppression, 
T-cell dysfunction, therapy resistance, and immunometabolism adaptation.

MIF as a Driver of Tumor Cell-Intrinsic Malignancy

Proliferation, cell-cycle progression, and survival advantage
Through the stimulation of growth-associated signaling pathways, it is becoming 

evident that MIF directly contributes to the growth and survival of tumor cells. The idea that 
MIF is actively involved in the regulation of tumor cell growth rather than only acting as a 
secondary inflammatory marker is supported by the fact that inhibition of MIF in bladder 
cancer resulted in a decrease in cell growth and cytokine expression (34). The same has 

Fig. 1. The MIF signaling axis in cancer: ligands, receptor complexes, and downstream pathways.
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been observed in pancreatic cancer, where the overexpression of MIF in tumor tissues has 
been correlated to tumor progression and malignant behavior (35). These observations 
collectively indicate that MIF-related signaling may help to maintain the viability of tumor 
cells and promote cell-cycle progression in the hostile microenvironment.

EMT, invasion, metastatic competence, and malignant plasticity
MIF signaling has also been linked to epithelial-mesenchymal transition (EMT), 

invasion, and metastatic progression. MIF has been demonstrated to induce changes related 
to EMT and enhance tumor aggressiveness in pancreatic ductal adenocarcinoma, and has 
been associated with the development of invasive and metastatic cellular traits (36). These 
findings indicate that MIF could be involved in wider malignant reprogramming processes, 
given its link to EMT, as well as the migratory capacity and therapy adaptation of cells. 
Finally, CD74-MIF signaling in melanoma has been linked to tumor growth and patient 
survival, which reinforces the role CD74-MIF signaling can play in determining the behavior 
of tumor cells under different biological conditions (37). Together, these studies suggest that 
MIF-mediated signaling can contribute to the shift to more aggressive and therapy-resistant 
malignant conditions.

Stress adaptation, tumor initiation pressure, and therapy-linked malignant persistence
MIF could also play a role in the persistence of the tumor by contributing to adaptation 

to environmental and genotoxic stresses. The MIF signaling family may be involved in 
the adaptation of malignant cells to DNA-damaging conditions in tumor initiation and 
progression, as both MIF and D-DT are implicated in UVB-induced carcinogenesis in non-
melanoma skin cancer (38). Similar findings have been reported in lung cancer, where the 
development of several primary lung adenocarcinomas has been linked to MIF-associated 
signaling, indicating a possible function for MIF in tumor-promoting field effects and 
long-term microenvironmental adaptability (39). Together, this shows that MIF signalling 
contributes to cellular stress tolerance, persistence under adverse microenvironmental 
conditions, and maintenance of malignant phenotypes during disease progression.

MIF in the Tumor Microenvironment

MIF-mediated remodelling of myeloid infiltration in the tumor microenvironment
MIF also plays a central role in the organization of the tumor microenvironment by 

influencing the recruitment and localization of myeloid-cell populations that are associated 
with tumor progression. In addition to its role as a soluble inflammatory mediator, MIF seems 
to be involved in creating an immunosuppressive microenvironment around malignant 
cells. In hepatocellular carcinoma, MIF was found to contribute to tuning the composition of 
phagocyte-lineage cells within the tumor by regulating mononuclear phagocyte infiltration 
(40). This finding has important implications for tumor-associated immune remodeling 
because the tumor microenvironment’s functional characteristics depend on the ratio of 
pro-inflammatory to tumor-promoting myeloid cells. Furthermore, it has been proposed 
that tumor-associated macrophages play a critical role in the tumor microenvironment in 
HCC and may encourage the advancement of the disease and resistance to treatment (41).

MIF-CD74 signaling, macrophage polarization, and immunosuppressive remodelling
Recent findings also indicate that MIF is involved in receptor-mediated signaling pathways 

that are responsible for the polarization of macrophages and the overall immunosuppressive 
remodeling. Single-cell RNA-sequencing research suggests that the MIF-CD74 axis may play 
a role in the immunosuppressive reprogramming of TAMs in the tumor microenvironment in 
gastric cancer (42). As changes in macrophage phenotypes can greatly impact the behavior 
of a tumor, disruption of signaling pathways associated with MIF may alter the balance of 
inflammatory and tumor-promoting immune contexts. Sphingosine-1-phosphate (S1P) 
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further highlights the importance of MIF signaling in immune modulation and vascular 
remodeling in the setting of colorectal cancer. A molecule involved in MIF signaling has been 
linked to the stimulation of angiogenesis and macrophage polarization (43). This indicates 
that MIF is part of a complex signaling network that includes inflammatory, stromal, and 
receptor-dependent pathways, which are all important in tumor adaptation and progression.

MIF-centered immunoregulatory networks and suppressive cell recruitment
Beyond macrophage remodeling, MIF also seems to be involved in a large network of 

immunoregulatory events of the tumor microenvironment, such as the recruitment and 
maintenance of suppressor immune-cell populations. MIF has been demonstrated to induce 
the growth and metastasis of tumors by inducing myeloid-derived suppressor cells (MDSCs), 
implying that MIF plays a role in the induction of local immune suppression (44). MDSCs are 
known as significant mediators of defective anti-tumor immunity, and these data suggest 
that they could be relevant to tumor progression and therapeutic resistance. Similarly, MIF 
is secreted by cancer stem cells and has a stimulatory effect on MDSC function and immune 
evasion in glioblastoma (45). Thus, further supporting a role for MIF in suppressive immune-
cell programming in the tumor microenvironment. In sum, current evidence suggests a role 
of MIF in the localization and functional programming of immune-cell subsets involved in 
tumor-associated immune remodeling and immune evasion.

Fig. 2 summarizes MIF’s function in immune evasion and tumor microenvironment 
remodeling. Hypoxia, inflammation, oxidative stress, and metabolic stress can all induce MIF 
secretion by tumour cells, and subsequent downstream signaling through the MIF-CD74 axis 
and other immunomodulatory pathways is shown.

Fig. 2. MIF-driven remodelling of the tumor microenvironment and immune evasion.
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MIF as a Central Regulator of Immune Evasion

Suppression of innate antitumor immunity and antigen presentation failure
Accumulating evidence suggests that MIF plays a role in the early events of tumor-

immune interaction in immune evasion, by affecting innate antitumor immunity and 
antigen-presentation mechanisms. The regulation of immune cell recruitment and 
functional programming in the tumor microenvironment is one proposed mechanism. In 
head and neck squamous cell carcinoma, MIF is linked to a decrease in the intratumoral 
accumulation of anti-tumoral immune-cell populations and to the creation of an intratumoral 
immunosuppressive environment, indicating that MIF signaling might be involved in immune 
remodeling that is supportive to the tumor (46). Further, CD74-related immune signals can 
also impact therapeutic sensitivity, as well as tumor immune recognition. In the context of 
cervical cancer, targeting CD74 from TAMs enhanced the therapeutic effect of neoadjuvant 
chemotherapy in combination with PD-1 inhibition, underscoring the importance of CD74-
mediated immune regulation in therapeutic responses against cancer (47). Together, these 
observations argue that MIF/CD74-mediated signaling events can help to subvert immune 
surveillance and immune-recognition events in the microenvironment of tumors.

T-cell exhaustion, exclusion, and checkpoint-linked immune dysfunction
MIF has also been related to several different types of T-cell dysfunction associated 

with tumor immune evasion. There is some evidence that high activity of MIF leads to 
T-cell exclusion, poor effector function, and suppressive immune conditions within tumor 
tissues. MIF is a clinically relevant and functional in vitro biomarker in multiple myeloma 
(MM), where it is associated with multiple disease-associated immune and survival-related 
states (48). Similarly, research on targeting MIF in head and neck squamous cell carcinoma 
(HNSCC) has shown that MIF may play a role in reducing T-cell immunosuppression in 
these tumors, suggesting that the MIF pathway is involved in promoting suppressive 
immune environments in tumors (49). Moreover, the simultaneous inhibition of MIF and 
PD-1 signaling has been shown to improve the response to antitumor immune responses, 
suggesting possible functional similarities between MIF-associated signaling and immune 
resistance mechanisms via checkpoint inhibitors (50).

Regulatory T cells and immunosuppressive cytokine landscapes
MIF not only affects myeloid populations and effector T cells, but it also seems to affect 

the biology of regulatory T cells and the greater immunosuppressive cytokine networks 
in tumors. This facet of MIF signaling is of particular interest because it connects chronic 
inflammatory signaling with the maintenance of a suppressive immune state, but not of 
productive anti-tumoral immune responses. According to experimental research, regulatory 
T cell enrichment and function in the tumor microenvironment are influenced by MIF-
associated receptor signaling (51). All of these findings suggest that MIF’s coordinated 
effects on immune-suppressive cells, inflammatory pathways, and cytokine-mediated 
immune control may contribute to the development of an immunologically tolerant tumor 
microenvironment (TME).

MIF, Tumor Metabolism, and Immunometabolic Reprogramming

Glycolysis, lactate-rich microenvironments, and metabolic competition
There are many similarities between tumor metabolism and immune suppression, and 

increasing data suggest that MIF might be involved in this relationship via its connection with 
the glycolytic and immunosuppressive tumor microenvironments. Single-cell transcriptional 
analysis of pancreatic ductal adenocarcinoma has revealed that immunosuppressive 
microenvironmental states emerge during the evolution of metastatic progression, suggesting 
that metabolic and immune remodeling progress in parallel during tumor evolution (52). 
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The glycolytic metabolism causes lactate accumulation and extracellular acidification, which 
have the ability to activate anti-tumor immune responses and induce adaptive survival 
mechanisms within the tumor cells. The metabolic regulation associated with MIF has also 
been explored in pancreatic cancer, revealing that MIF interaction with NR3C2 is linked to 
MAPK–ERK and AP-1 pathways in the regulation of reprogramming of glucose metabolism 
(53). Taken together, these observations indicate that MIF signaling should be viewed in 
the context of immunometabolism in a broader sense, where competition for nutrients, 
metabolic changes, and Tumor cell fitness and immune cell function are both impacted by 
microenvironmental stress.

Mitochondrial stress, lipid imbalance, and myeloid-cell dysfunction
MIF-induced immunometabolism remodeling might not be limited to glucose metabolism 

but also involve mitochondrial stress responses, lipid metabolism, and functional regulation 
of myeloid-cell populations. Single-cell transcriptomic analysis in pancreatic cancer has 
revealed types of tumor-associated macrophages with prognostic significance, emphasizing 
the role of restructuring the myeloid cells in the progression of the disease (54). These 
changes can correlate with changes in fatty-acid metabolism, mitochondrial adaptation, and 
oxidative-stress response, which can all result in suppressive immune phenotypes. Further, 
obesity can induce changes in the metabolism of the tumor microenvironment and promote 
the inhibition of antitumor immunity, thus further supporting the overall idea of how host 
metabolic state might affect tumor-associated immune remodeling (55). These observations 
indicate that the MIF signaling network may be integrated into a broader metabolic network 
that includes oxidative stress, lipid-rich microdomains, mitochondrial adaptation, and all 
that influences tumor-promoting immune conditions.

MIF as an immunometabolism checkpoint candidate
MIF signaling is involved in both metabolic adaptation and immune regulation, and it 

has been suggested as an immunometabolism checkpoint-associated pathway in cancer. 
This is especially true in pancreatic cancer, where transcriptional and epigenetic programs 
are tightly associated with immune-microenvironment organization. In pancreatic ductal 
adenocarcinoma, for example, the expression of m6A regulators has been linked to aspects 
of the immune microenvironment and prognosis, suggesting that post-transcriptional 
regulatory mechanisms may help stabilize metabolically adapted and immune-evasive states 
of cells (56). The idea that MIF-related signals should be comprehended in an integrated 
metabolic and immune-regulatory context is supported by the fact that immunometabolism 
interactions within the tumor microenvironment can influence the viability of tumor cells, 
the activity of immune cells, and their response to therapy (57). Additional mechanistic and 
clinical investigations will be needed, however, to establish the extent to which MIF can be 
considered to be a clinically applicable immunometabolism regulator in cancer.

MIF Across Major Solid and Hematologic Malignancies

Glioblastoma, CNS tumors, and thoracic malignancies
The increasing amount of data suggests that MIF has a role in the biology of glioblastoma 

(GB) and other cancers of the central nervous system through its activities in tumor 
maintenance, tumor microenvironment adaptability, and treatment resistance. As a result, 
MIF’s potential as a therapeutic target in neuro-oncology is gaining attention, particularly in 
relation to experimental and translational research (58). MIF-associated signaling has also 
been shown to be involved in tumor progression in thoracic malignancies; however, there are 
spatially and biologically heterogeneous mechanisms. Pharmacological inhibition of MIF has 
been demonstrated to inhibit the growth and mobility of lung cancer cells, indicating that MIF 
is involved in the malignant progression and adaptive behavior of tumor cells (59). Together, 
these results suggest that pathways involved in MIF may be of prognostic and therapeutic 
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value in CNS and thoracic malignancies with significant immune and microenvironmental 
characteristics.

Colorectal, gastric, hepatobiliary, and pancreatic cancers
High levels of MIF signaling have been associated with adverse clinicopathologic 

parameters in gastrointestinal and hepatobiliary tumors, but the major mechanisms seem to 
vary with the tumor type. In gastric cancer, the higher levels of MIF were related to increased 
angiogenesis and stage of the disease, suggesting that MIF activity relates to the progression 
of the disease (60). Single-cell and transcriptomic studies have also shown that the 
progression of gastric cancer and liver metastasis is driven by complex interactions between 
epithelial, stromal, and immune-cell populations, in which MIF-related signaling might be 
involved in microenvironmental remodeling (61, 62). The clinical significance of myeloid-
cell regulation becomes more evident in the case of pancreatic cancer, where the presence 
of M2-polarized tumor-associated macrophages (TAMs) is correlated with aggressive tumor 
behavior, indicating that macrophage-related immune phenotypes are important in the 
pancreatic tumor microenvironment (TME) (63). This is particularly relevant in pancreatic 
ductal adenocarcinoma, where disease behavior and therapeutic responses are heavily 
influenced by stromal remodeling, metabolic stress, and immune suppression.

Melanoma and genitourinary malignancies
MIF signaling also seems to be a significant factor in melanoma biology in terms of 

tumor-cell signaling and microenvironmental regulation. MIF-CD74 interaction has been 
demonstrated to control programmed death ligand 1 (PD-L1) expression in melanoma cells, 
indicating that receptor-associated MIF signaling may play a role in immune regulation 
and mechanisms of tumor immune escape (64). These results reinforce the idea that MIF-
related pathways might play multiple roles in both immune escape and facilitation of 
tumor-promoting microenvironments in melanoma. In other types of cancer, MIF-mediated 
signaling has also been studied in the context of tumor progression and therapeutic targeting. 
Specifically, oxidized MIF has been suggested as a druggable disease-associated form of MIF 
in cancer, thus bolstering the overall translational relevance of MIF-directed approaches 
(65). Despite the differences in their biological backgrounds, all of these studies point to the 
possible adaptability of MIF as a potential therapeutic target and biomarker candidate in 
many cancers.

Hematologic malignancies and cross-cancer synthesis
In haematologic malignancies, MIF seems to contribute to disease persistence, 

not only by direct effects on malignant-cell growth, but also by modulating immune and 
stromal microenvironments. Despite the fact that there are fewer studies in the field of 
hematologic tumors than in some solid tumors, the data indicate that MIF-related pathways 
might play roles in disease-associated survival, immune dysfunction, and adaptation of the 
microenvironment. Furthermore, oxMIF-targeting radioimmunotherapy has been shown to 
induce considerable tumor regression in animal cancer models, underscoring the therapeutic 
potential of MIF-targeting approaches in specific cancer types (66). The main functional 
activities of MIF in tumor progression and immune evasion are listed in Table 2. The table 
summarizes the roles of MIF in the tumor intrinsic mechanisms of proliferation, survival, 
EMT, metastasis, and angiogenesis, and in the remodeling of the tumor micro-environment 
by MIF-induced macrophage polarization, recruitment of MDSC, stromal support, and 
accumulation of Tregs.
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MIF and Resistance to Anticancer Therapy

Chemoresistance and resistance to targeted therapy
The growing evidence indicates that MIF is involved in therapeutic resistance by 

its role in survival signaling pathways and adaptive receptor-associated networks that 
maintain the survival of tumor cells during therapy. The role of MIF has been explored as 
a therapeutic target in colorectal cancer, indicating that MIF-related signaling pathways 
may be involved in the persistence of the tumor and adaptive escape to therapy (67). Other 
gastrointestinal malignancies have shown MIF-associated pathways to be significant in 
treatment responsiveness. In pancreatic cancer, targeting mast-cell activation has been 
found to improve chemotherapy response (68). This suggests a possible correlation between 
MIF signaling, adaptation of the tumor microenvironment, and therapeutic resistance. These 
results suggest that MIF could play a role in resistance to conventional anti-cancer strategies.

Table 2. Functional roles of MIF across tumor progression and immune evasion
 
Functional domain Role of MIF Key mechanistic 

processes 
Immune / tumor 

effect Cancer relevance Key 
citation(s) 

Tumor-cell 
proliferation and 
survival 

Supports tumor 
maintenance, growth, 

and survival-associated 
phenotypes. 

Tumor-maintenance 
programs, survival-

associated signaling, and 
reduced tumor-cell 

motility/growth after 
pharmacological MIF 

inhibition in lung cancer 
models. 

Increased 
tumor-cell 

persistence and 
resistance to 

growth-limiting 
conditions. 

Relevant to CNS tumors 
and thoracic 

malignancies, where MIF 
has been linked to tumor 

maintenance and 
therapeutic targeting. 

(58, 59) 

Tumor progression 
and aggressive 
clinicopathologic 
behavior 

Associated with 
advanced tumor 

features and disease 
progression. 

Increased MIF 
expression, angiogenesis-
associated signaling, and 
tumor-stage progression. 

More aggressive 
tumor 

phenotype and 
enhanced 

disease 
progression. 

Particularly relevant in 
gastric cancer, where MIF 

expression has been 
linked to angiogenesis 

and advanced stage. 

(60) 

Epithelial–stromal 
and metastatic 
microenvironment 
remodelling 

Contributes to tumor 
heterogeneity and 

microenvironmental 
complexity during 
progression and 

metastasis. 

Interactions among 
epithelial, stromal, and 

immune-cell populations; 
single-cell and 

transcriptomic evidence 
of complex tumor 

ecosystems. 

Supports 
metastatic 

adaptation and 
tumor-

supportive niche 
formation. 

Relevant to gastric cancer 
progression and liver 

metastasis, where 
cellular heterogeneity 

shapes disease 
behaviour. 

(61, 62) 

Myeloid-cell and 
macrophage-
associated immune 
remodelling 

Participates in tumor-
associated immune 

remodelling through 
macrophage-related 

phenotypes. 

M2-polarized tumor-
associated macrophage 

involvement, myeloid-cell 
regulation, and immune-

microenvironment 
organization. 

Promotion of 
suppressive or 

tumor-
supportive 

immune states. 

Important in pancreatic 
cancer, where M2-

polarized TAMs have 
been associated with 

aggressive tumor 
behaviour. 

(63) 

Melanoma immune 
regulation and 
immune escape 

Supports melanoma 
immune evasion 

through receptor-
associated signaling. 

MIF-CD74 interaction 
regulates PD-L1 

expression in melanoma 
cells. 

Enhanced 
immune 

checkpoint-
associated 
escape and 

tumor-
supportive 

immune 
regulation. 

Relevant to melanoma 
biology and immune-

microenvironment 
maintenance. 

(64) 

Therapeutic 
targetability and 
oxMIF-directed 
strategies 

Provides a potential 
therapeutic entry point 

through disease-
associated MIF forms. 

Targeting oxidized MIF 
and MIF-associated 

epitopes using selective 
therapeutic approaches. 

Potential 
enhancement of 

therapeutic 
specificity 

compared with 
broad MIF 
inhibition. 

Supports broader 
translational relevance of 

MIF-directed therapies 
across selected 
malignancies. 

(65, 66) 

Cross-cancer immune 
and 
microenvironmental 
adaptation 

Functions as a context-
dependent regulator 

rather than a uniform 
oncogenic driver. 

Interaction with stromal, 
immune, vascular, and 

metabolic components of 
the tumor 

microenvironment. 

Variable effects 
depending on 

tumor type, 
receptor context, 

disease stage, 
and cellular 

source. 

Explains why MIF may 
have different prognostic 

and therapeutic 
implications across CNS, 
thoracic, gastrointestinal, 

melanoma, pancreatic, 
and hematologic 

malignancies. 

(58-66) 
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Radioresistance, stemness, and adaptive survival
MIF signaling has also been linked to resistance to radiotherapy (RT) via cellular 

plasticity and survival-associated phenotypes. The MIF inhibitor 4-IPP suppressed stemness-
related phenotype and mesenchymal trans differentiation after irradiation in glioblastoma 
multiforme, indicating that the MIF-associated pathways might be involved in adaptive 
response to irradiation-induced stress (69). The observed associations with radio resistance 
may extend to MIF’s capacity to maintain therapy-tolerant cellular states, as these stem-
like tumor-cell populations can repopulate tumors after therapy. It is therefore possible that 
under certain circumstances, MIF-dependent signaling could be involved in minimal residual 
disease and tumor persistence after treatment.

Resistance to immune checkpoint blockade and hyper-progressive disease
The role of MIF in therapy resistance is receiving increasing attention because of 

its association with tumor-associated immune dysfunction and treatment-adaptive 
microenvironmental remodeling. These findings further support the therapeutic relevance 
of MIF-directed immune modulation (70). Overall, these findings indicate that targeting MIF 
could be achieved not only by blocking the signaling activity of MIF but also by redirecting 
immune responses against MIF-associated aspects of tumor-supportive mechanisms. 
This interpretation is significant for helping understand how MIF can promote immune 
suppression, stromal remodeling, and adaptive survival, which can lead to decreased 
sensitivity to therapy. While these results are still in the preclinical stage, they provide a 
basis for further exploring MIF and related pathways as potential regulators of therapeutic 
responsiveness and immune-treatment resistance.

CD74-linked response prediction and relapse-associated therapeutic failure
Since MIF signaling is heavily reliant on interactions with the receptor, therapeutic 

responsiveness may be dependent on the abundance of ligand and also the composition and 
pathway organization of the receptor. By causing microglial M1 polarization, blocking the 
MIF-CD74 axis has been demonstrated to increase the efficacy of radiotherapy in non-small 
cell lung cancer brain metastasis. This suggests that receptor-mediated MIF signaling may be 
targeted in particular tumor types to decrease metastasis and improve treatment outcomes 
(71). The findings suggest that malignancies with particular immune-microenvironment and 
therapeutic-response characteristics may be identified by focusing on the MIF-CD74 axis. 
Taken in the context of the association of MIF signaling to chemoresistance, radio resistance, 
and checkpoint-associated immune dysfunction, these observations indicate that a wider 
role for MIF-associated pathways in tumor persistence and treatment adaptation must be 
considered. Hence, the MIF-CD74 signaling axis could be a resistance mechanism as well as a 
possible biomarker for therapy-response stratification for certain malignancies.

Therapeutic Targeting of MIF

Direct inhibition of MIF and the problem of target complexity
The role of MIF in the survival, immune modulation, and microenvironmental 

adaptation of tumor cells has led to a growing interest in therapeutic targeting of this 
molecule. Small molecule inhibitors and isoform-selective approaches are of particular 
interest, but the structural and functional complexity of the MIF signaling network brings 
important challenges to therapeutic development. Experimental studies indicate that MIF 
can be a potentially relevant therapeutic target in glioblastoma by applying inhibitor-
based strategies (72). Another translational interest is that of oxidized MIF (oxMIF), a 
disease-associated conformational form of MIF that may be more specific than broad-
based MIF signaling blockade. It has been shown that oxMIF’s redox-dependent plasticity 
facilitates its binding to CD74 and therapeutic antibodies and may direct targeting as a more 
focused treatment strategy (73). However, the fact that MIF functions in multiple cellular 
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contexts, that receptors can be redundant, and that MIF has multiple downstream signaling 
outputs makes the development of effective MIF-directed therapies a challenge. All these 
considerations indicate that MIF inhibition alone might not be enough to achieve sustained 
therapeutic effects in various tumor types.

Antibody-based, receptor-directed, and MIF-family targeting strategies
In addition to small molecule inhibition of MIF, targeting the larger family of MIF 

signaling has emerged as an important area of investigation. Macrophage migration 
inhibitory factor-2 (MIF-2, also D-dopachrome tautomerase) was found to have flexibility 
in the C-terminal region of its structure, which is consistent with an induced-fit mechanism 
for selective inhibitor binding, lending credence to the possibility that D-DT/MIF-2 may be 
a target for therapeutic intervention among the MIF family of cytokines (74). This is crucial 
as D-DT/MIF-2 shares structural and functional characteristics with MIF, and MIF-family 
signalling may not be completely inhibited by blocking MIF alone. Thus, MIF and D-DT/MIF-
2 may be a more thorough pathway-inhibitory therapeutic option in tumor settings.

Combination therapy, preclinical evidence, and translational limitations
Based on current evidence, MIF-targeting strategies might work best in combination 

with other anticancer drugs. This idea is strengthened by the wide spectrum of MIF’s 
involvement in the survival of tumour cells, chemoresistance, immune suppression, and 
adaptation of the tumour microenvironment. While there are promising experimental MIF-
targeting strategies, the majority of evidence is still at the preclinical level. The identification 
of these biomarkers is hindered by incomplete stratification, the restricted patient-selection 
approach, and potential compensatory signalling events between other members of the 
family of inflammatory and MIF-related activity, such as D-DT/MIF-2-associated activity (75). 
Therefore, more selective, biomarker-driven and tumour-context-dependent therapeutic 
approaches will most likely be required in the future.

Fig. 3 summarizes the proposed translational framework of MIF signaling in oncology. 
The figure illustrates how hypoxia, inflammation, metabolic stress, and epigenetic regulation 
may activate MIF and D-DT/MIF-2 signaling pathways, thereby contributing to tumor 
progression, immune evasion, and therapeutic resistance. In addition, the figure highlights 
potential biomarker applications involving tissue MIF, circulating MIF, CD74, and oxMIF, 
as well as therapeutic strategies including MIF inhibition, CD74-directed targeting, and 
combination approaches with immunotherapy.

Fig. 3. Translational framework of MIF in oncology: from biology to biomarkers and therapy.
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Biomarker Potential of MIF

Tissue expression and circulating MIF as diagnostic and prognostic biomarkers
Due to its detection in both tumor tissue and circulating compartments, MIF has 

become a potential biomarker candidate that can reflect biologically relevant aspects 
of tumor behavior. MIF serum levels have been studied in clinical trials involving genetic 
polymorphisms and breast cancer, which suggest the possible importance of circulating MIF 
in cancer biomarker studies (76). Likewise, serum MIF has been studied as a serological 
biomarker in oral squamous cell carcinoma, where serum-based measurement of MIF could 
give complementary information to the expression of MIF in local tissue (77). These findings, 
in combination, indicate that MIF might be useful for the stratification of tumors based 
on aggressiveness, tumor burden, or risk of progression. But the existing evidence is still 
exploratory, and the potential of MIF in clinical practice may rely on its combination with 
histopathological, molecular, and immune-related parameters.

Integrated biomarker panels, immune signatures, and barriers to adoption
While single-marker methods are still appealing, the biology of MIF signaling indicates 

that its most promising clinical applications might be in the context of larger molecular 
and immune-signature strategies. The tumor-immune context of the immunological tumor 
microenvironment may have a substantial impact on the biomarker potential of MIF-related 
pathways, as demonstrated by the proposal of MIF as a diagnostic and prognostic biomarker 
for TAMs M2 polarization in triple-negative breast cancer (78). Based on these observations, 
biomarkers related to MIF may be most informative when combined with other parameters 
in a multi-parameter model that characterizes the tumor/immune interaction more fully.

This has been seen in other biomarker systems, including hypermethylation of NDRG4 
in gastric cancer, where diagnostic and prognostic action requires integration with disease-
specific molecular states (79). Thus, the main problems in using MIF-based biomarkers in 
clinical practice are biological heterogeneity, tumor specificity, standardization of assays, 
definition of cut-offs, and validating assays on independent patient cohorts. Thus, additional 
investigations will be required to validate MIF as a clinically useful biomarker in the field of 
oncology.

The key therapeutic and biomarker significance of the MIF/CD74/DDT signaling axis in 
cancer is summarized in Table 3. Potential therapeutic strategies are summarized, such as the 
direct inhibition of MIF, the targeting of oxMIF, the targeting of CD74, D-DT/MIF-2 targeting, 
combinations with immunotherapy, and combinations with conventional anticancer 
therapy. Furthermore, it discusses the possible biomarker use of tissue expression of MIF, 
circulating MIF, oxMIF detection, CD74 expression, and combined immune-signature panels 
for prognosis, prediction of therapy response, and patient stratification.

Future Directions and Unresolved Challenges

Context dependence and cellular source of MIF signalling
One of the major unresolved questions in MIF biology is whether MIF signaling is 

uniformly pro-tumoral or whether it is very specific to microenvironmental context, 
cellular source, and stage of disease. This issue is particularly important because as MIF 
can be synthesized by tumor cells, stromal populations, and infiltrating immune cells, 
which may play distinct roles in tumor progression and remodeling of the tumor immune 
microenvironment. This is particularly complicated in metastatic disease or the central 
nervous system setting. The MIF-CD74 axis might have clinical relevance within the brain 
metastasis microenvironment, as pathway activity in these tumors seems to be tightly 
connected to cellular composition and tissue context (80). Similarly, studies in gliomas have 
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shown that CD74 expression is largely restricted to microglia/macrophage populations and 
is associated with an M1-polarized immune milieu and longer patient survival, suggesting 
that MIF-receptor biology may vary according to cell type and immune context. It will thus 
be important to identify in future studies the source of the production of MIF, the respective 
cell populations responding to it, and the temporal change of the signaling activity in the 
premalignant, primary, and metastatic stages of the disease.

Redundancy, causality, and limits of current evidence
Another major challenge in the field is that much of the current literature remains 

associative rather than definitively mechanistic. These studies often show a correlation with 
high MIF activity and aggressive disease behavior, immune suppression, and poor prognosis, 
but they do not necessarily provide insight into roles for MIF that are direct, co-regulatory, or 
downstream effects of tumor adaptation. The complexity of the receptor, redundancy of the 
signaling, and behavior of stress-responsive pathways further complicate this issue. MIF has 
been demonstrated to act as a noncognate ligand of the CXC chemokine receptors, meaning 
that MIF signaling is not restricted to the canonical CD74-mediated pathways and overlaps 
with chemokine-like receptor signaling systems (81). Moreover, experimental data in ER-
positive breast cancer cells have demonstrated that chloroquine can promote ROS-mediated 
secretion of MIF and EMT, thereby revealing potential for treatment- or stress-related 
changes in MIF-related tumor-cell phenotypes (82). It will thus be important to perform 
more perturbation, longitudinal, and single-cell analyses in the future to delineate exactly 
how MIF acts mechanistically in various tumor microenvironments.

 
Translational 
domain Target / biomarker Mechanistic rationale Potential clinical 

application 
Main limitation / 

challenge 
Key 

citation(s) 

Circulating MIF 
biomarker 

Serum / circulating 
MIF 

Circulating MIF may reflect 
systemic inflammatory and 

tumour-associated 
biological activity. 

Minimally invasive 
biomarker 

assessment, risk 
stratification, and 

disease monitoring. 

Serum MIF may be 
influenced by non-cancer 

inflammation and 
systemic immune 

conditions. 

(76, 77) 

Breast cancer 
biomarker 

Serum MIF and MIF 
genetic variants 

MIF genetic polymorphisms 
and serum levels have been 
evaluated in breast cancer 

patients. 

Possible diagnostic, 
prognostic, or risk-

stratification 
relevance in breast 

cancer. 

Requires validation in 
larger and independent 

patient cohorts. 
(76) 

Oral squamous 
cell carcinoma 
biomarker 

Serum MIF 

Serum MIF has been 
investigated as a promising 

serological biomarker in 
oral squamous cell 

carcinoma. 

May complement 
tissue-based 

assessment and 
support non-invasive 

biomarker 
development. 

Specificity and clinical 
cut-off values require 

further validation. 
(77) 

Tumour tissue / 
immune-context 
biomarker 

Tumoural MIF 
expression with 

macrophage markers 

MIF biomarker value may 
depend on immune context, 
including association with 

M2 macrophage 
polarization. 

Prognostic 
stratification and 
identification of 

immune-remodelled 
tumour states. 

MIF expression alone 
may not establish 

causality or therapeutic 
dependence. 

(78) 

Integrated 
immune-
signature panel 

MIF with macrophage 
/ immune markers 

MIF may be more 
informative when 

interpreted with immune-
cell polarization and 

tumour-specific immune 
features. 

Multi-parameter 
prognosis and 

therapy-response 
prediction. 

Requires standardized 
immune panels and 

validated thresholds. 
(78) 

Comparator 
molecular 
biomarker 
framework 

NDRG4 
hypermethylation 

Other biomarker systems 
show that diagnostic and 

prognostic value often 
depends on disease-specific 

molecular context. 

Supports the rationale 
for integrating MIF 

with broader 
molecular and 

pathological markers. 

Findings from other 
biomarker systems 
cannot be directly 
transferred to MIF 
without validation. 

(79) 

Precision 
biomarker 
framework 

MIF-related 
biomarker panel 

Combines circulating MIF, 
tissue MIF, immune-cell 

context, and tumour-
specific molecular features. 

Biomarker-guided 
patient stratification 

and personalized 
oncology approaches. 

Requires assay 
standardization, cohort 
validation, and clinically 

meaningful cut-off 
determination. 

(76-79) 

 
 

Table 3. Therapeutic and biomarker implications of MIF/CD74/DDT in cancer
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Precision translation through spatial biology, single-cell profiling, 
and biomarker-guided therapy
Translation of these advances will probably require better patient selection for 

modulation of MIF signaling as opposed to indiscriminate targeting of MIF signaling. The 
next step in research should be to identify tumor cell states that are particularly reliant on 
the pathways associated with MIF and to identify biomarkers that could be used to predict 
responsiveness to therapy. Single-cell RNA sequencing and spatial profiling will likely play 
a role in this process. In recent years, tumor heterogeneity in gastric carcinogenesis has 
attracted attention, and single-cell RNA sequencing has proven to be a valuable tool for 
investigating the existence of unique tumor states and how this correlates with tumor clinical 
parameters and could lead to more personalized therapeutic strategies (83, 84). Future 
research will thus need to combine spatial biology, single-cell profiling, biomarker-based 
patient stratification, and therapeutic studies to develop rational MIF-targeted treatment 
strategies. This could be important for separating the tumors where MIF is crucial for the 
tumor progression from those where MIF is part of the inflammatory, metabolic, or immune-
microenvironmental adaptation process.

Conclusion

Macrophage migration inhibitory factor has emerged as a central regulator of 
inflammation-associated tumor progression and immune remodeling in cancer. The current 
evidence indicates that MIF is involved in various aspects of malignant progression, such 
as tumor-cell proliferation, survival, epithelial-mesenchymal transition, angiogenesis, 
microenvironmental remodeling, immune suppression, metabolic adaptation, and 
therapeutic resistance. Through its interactions with signaling partners such as CD74 and 
D-DT/MIF-2, the MIF signaling network appears to influence both tumor-intrinsic processes 
and the functional organization of the tumor microenvironment. Meanwhile, MIF’s biological 
function is very situationally dependent. The effects of MIF signaling could be different 
depending on the type of tumor, receptor composition, cellular source, disease stage, and 
microenvironmental conditions. This complexity is likely one of the reasons for the high level 
of translational interest in MIF, and it is likely also responsible for the difficulties of targeting 
the pathway therapeutically. While several therapeutic strategies have been proposed 
through experimental studies, such as MIF inhibition, receptor-targeting strategies, and 
biomarker-guided combination therapy, many are still at the preclinical stage and need to be 
clinically validated. Future advances in the field will most likely rely on a better understanding 
of the spatial and single-cell distribution of MIF signaling, biomarker stratification, and 
incorporation of MIF-targeting strategies with current immunotherapeutic and anticancer 
treatments. The body of research indicates that MIF plays a significant role in immune system 
regulation and tumor microenvironment adaptability, and more mechanistic and clinically 
confirmed studies are needed to define the therapeutic usefulness of MIF in oncology.
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