Bzl SPANDIDOS
7] ,§, PUBLICATIONS

BIOMEDICAL REPORTS 25: 124, 2026

Molecular mechanisms of macrophage migration
inhibitory factor in related diseases (Review)

LIPING CHEN!, XINYI KANG', XUEQIN ZOU', GENGSHENG WANG', QIUKAIE." and CHONGXU SHI*

lDepaﬂment of Obstetrics and Gynecology, Nantong First People's Hospital, Southeast University, Nantong Clinical College,

Nantong University, Nantong, Jiangsu 226001, P.R. China; 2Nantong Laboratory of Development and

Diseases, School of Life Science, Nantong University, Nantong, Jiangsu 226001, P.R. China

Received May 11, 2026; Accepted August 14,2026

DOI: 10.3892/br.2026.2197

Abstract. Macrophage migration inhibitory factor (MIF) is a
pleiotropic cytokine that exerts dual-faced, context-dependent
roles in physiological and pathological processes. While it
maintains tissue homeostasis and facilitates repair under
normal conditions, MIF acts as a ‘double-edged sword’
following tissue injury. As a primary initiator of early inflam-
matory responses, MIF regulates immune cell activation,
oxidative stress, and downstream inflammatory cascades.
The present review focuses on the molecular mechanisms
and therapeutic potential of MIF signaling in three critical
inflammation-related conditions: Cerebral infarction, athero-
sclerosis, and acute kidney injury. It is first delineated how
MIF signaling pathways drive disease progression or protec-
tion. Furthermore, recent advancements in MIF-targeted
therapies are summarized, and the intricate regulatory factors,
including dosage, timing, and microenvironmental cues, that
govern its bifunctional nature are examined. By highlighting
current clinical challenges and prospects, the present review
underscores the potential of MIF as a precise therapeutic
target for systemic inflammatory diseases.
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1. Overview of MIF

Macrophage migration inhibitory factor (MIF) is a versatile,
pleiotropic cytokine that serves as a central orchestrator of
complex signaling networks by interacting with multiple
cell-surface receptors. Under physiological conditions,
constitutively expressed MIF acts as a homeostatic guardian,
modulating cell survival, immune surveillance, and oxidative
stress response (1).

The biological activity of MIF is primarily mediated
by multi-component receptor complexes, with the type II
transmembrane protein cluster of differentiation 74 (CD74)
serving as the primary ligand-binding subunit (2,3). Canonical
signaling complexes include CD74/CD44, CD74/C-X-C motif
chemokine receptor 2 (CXCR2), CD74/C-X-C motif chemo-
kine receptor 4 (CXCR4), and the more recently identified
CD74/CXCR4/C-X-C motif chemokine receptor 7 (CXCR7)
trimeric complex (4). Depletion of CD74 has been shown
to significantly impair MIF-mediated biological processes,
such as inflammatory cytokine release and cell proliferation,
even in the presence of other co-receptors such as CXCR2 or
CXCR4 (5). Beyond CD74-dependent pathways, MIF can signal
independently. For instance, it can trigger the phosphoinositide
3-kinase (PI3K) survival pathway through direct engagement
with the CXCR7 receptor alone (3). Furthermore, proteolytic
cleavage of CD74 liberates its intracellular domain (CD74-ICD),
which translocates to the nucleus to activate nuclear factor-xB
(NF-«B), ultimately governing downstream programmed cell
death pathways and inflammatory gene expression (3).

In pathological processes, MIF acts as a key initiator,
sustaining and amplifying acute and chronic inflammatory
cascades by coordinating immune cell activation and recruit-
ment (6,7). Furthermore, it mediates cellular responses to
oxidative damage, particularly in sensitive tissues such as
the brain and kidneys (8,9). Given its central role in cerebral
infarction, atherosclerosis, and acute kidney injury (AKI),
MIF has emerged as a highly promising therapeutic target.
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Understanding the delicate balance between its homeostatic
physiology and pathogenetic driver effects is essential for
developing precise targeted interventions.

2. Literature search and study selection

To systematically synthesize existing literature, an extensive
database search was performed using PubMed/MEDLINE
(https://pubmed.ncbi.nlm.nih.gov/) and Web of Science
(https://www.webofscience.com/). The retrieval strategy
combined target keywords, including ‘Macrophage Migration
Inhibitory Factor’, ‘MIF’, ‘CD74’, ‘CXCR2’, ‘CXCR4’,
‘cerebral infarction’, ‘ischemic stroke’, ‘atherosclerosis’, ‘acute
kidney injury’, ‘AKD’, ‘ISO-1’, and ‘MIF polymorphisms’.
Eligible studies comprised peer-reviewed original articles,
meta-analyses, and comprehensive reviews focused on the
molecular mechanisms, receptor signaling, and therapeutic
targeting of MIF in neurovascular, cardiovascular, and
renal pathologies, alongside preclinical in vivo and in vitro
functional evaluations published in English. Conversely,
non-peer-reviewed preprints, conference proceedings, edito-
rial materials, retracted papers, duplicate records, and studies
devoid of clear mechanistic context were excluded. Given the
context-dependent biology of MIF, divergent experimental
findings were critically resolved by stratifying studies
according to disease stage (acute vs. chronic/repair phases),
genetic models (conditional cell-specific knockout vs. global
deficiency or pharmacological blockade), and the exposure
dynamics (dosage and kinetics) of MIF modulators.

3. Mechanism and therapeutic prospects of MIF in related
diseases

MIF in cerebral infarction. Cerebral infarction, commonly
referred to as ischemic stroke, results from sudden obstruc-
tion of cerebral blood circulation. This blockage causes rapid
ischemic damage, tissue necrosis, and neurological deficits
such as paralysis and aphasia (10,11). Ischemic injury triggers
an acute inflammatory cascade characterized by leukocyte
infiltration and the release of pro-inflammatory cytokines,
which together drive secondary brain injury, cerebral edema,
and infarct expansion (12,13). Furthermore, severe metabolic
impairments drive the overgeneration of reactive oxygen
species (ROS), accelerating mitochondrial dysfunction and
programmed neuronal death (14).

MIF is a central regulator in post-stroke neuroinflammation
and cell fate decision (15,16). Clinical evidence has revealed
that acute ischemic stroke triggers a marked upregulation of
both MIF and its primary receptor, cluster of differentiation
74 (CD74), which is directly associated with stroke severity.
Certain stroke models using Mif-deficient (Mif”") mice have
shown that baseline pro-inflammatory cytokines and CD74
levels remain unaffected, indicating potential compensa-
tory mechanisms (such as C-X-C motif chemokine ligand
12 (CXCL12)/CXCR4 signaling) (12). Ligand binding to the
CD74 receptor complex was found to initiate mitogen-acti-
vated protein kinase (MAPK) signaling, mobilizing peripheral
monocytes and macrophages into the ischemic lesion (17,18).
Crucially, hypoxia-induced MIF expression was demon-
strated to promote endothelial cell autophagy, triggering the

autophagic degradation of tight junctions (19,20). This break-
down was shown to compromise blood-brain barrier (BBB)
integrity, worsening vasogenic edema, intracranial hyperten-
sion, and tissue necrosis (19-21).

Paradoxically, MIF also exhibits profound neuroprotec-
tive effects within the vulnerable ischemic penumbra (16,19).
Mechanistically, intracellular MIF directly engages Jun acti-
vation domain-binding protein 1 (Jabl) (20,22). Under cellular
stress, free Jabl functions as a co-activator of c-Jun N-terminal
kinase (JNK) signaling; by binding Jabl, MIF suppresses INK
hyperactivation, thereby curbing stress-induced apoptotic
pathways (20,22). In addition, MIF limits neuronal loss by
downregulating the pro-apoptotic transcription factor p53 and
promoting the expression of brain-derived neurotrophic factor
(BDNF), a vital neurotrophin for synaptic plasticity and cell
survival (23-26).

Because penumbral apoptosis is potentially revers-
ible, salvaging cells in this region is a primary clinical
objective (27,28). The small-molecule MIF inhibitor,
(S, R)-3-(4-Hydroxyphenyl)-4,5-dihydro-5-isoxazole methyl
acetate (ISO-1) has demonstrated promising neuroprotective
efficacy (29). By blocking mitochondrial apoptotic proteins in
the penumbra and restoring endothelial tight junction integrity,
ISO-1 has been shown to preserve BBB function and mitigate
neurological deficits (21,29). Collectively, these findings high-
light the fine-tuned modulation of MIF as a viable therapeutic
strategy for ischemic cerebral infarction.

MIF in atherosclerosis. Atherosclerosis is a chronic, progres-
sive inflammatory disorder of large and medium-sized
arteries, initiated by the subendothelial deposition of choles-
terol-rich complexes (30,31). This localized lipid retention
triggers a self-amplifying ‘lipid-inflammatory loop’, wherein
non-resolving immune cascades accelerate structural vascular
remodeling (30-32).

In early atherogenesis, activated or injured endothelial
cells upregulate cell adhesion molecules, facilitating the
rolling, arrest and transendothelial migration of circulating
monocytes into the arterial intima (30). Within the subendo-
thelial space, these monocytes differentiate into macrophages,
which engulf modified low-density lipoproteins (LDL) and
transform into cholesterol-laden foam cells (31). Massive foam
cell accumulation fuels a robust pro-inflammatory milieu,
recruiting secondary immune cells and stimulating vascular
smooth muscle cell (SMC) migration and proliferation (32).
Recruited SMCs synthesize extracellular matrix proteins to
form a protective fibrous cap over a necrotic core composed
of apoptotic foam cells and lipid debris (32,33). In advanced
lesions, cholesterol crystallization, matrix degradation, and
microvascular calcification drive fibrous cap thinning and
plaque vulnerability; plaque rupture exposes highly throm-
bogenic core material to circulating blood, precipitating acute
vascular occlusion, myocardial infarction, or stroke (33).

MIF expression levels are closely associated with the
clinical progression of atherosclerosis (34). Under physi-
ological conditions, baseline MIF expression remains low
in resting endothelial cells and SMCs (34). During early
adaptive intimal thickening, MIF expression increases,
signaling its involvement in early vascular remodeling (34).
As lesions transition into active inflammatory plaques,
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MIF surges within foam cells, macrophages, SMCs, and T
lymphocytes (34). Mechanistically, MIF interacts with the
transcriptional coactivator Jabl to activate activator protein-1
(AP-1), amplifying downstream inflammatory gene expres-
sion (34). In advanced vulnerable plaques, MIF is heavily
enriched within the expanding necrotic core (34). A defining
feature of MIF in atherosclerosis is its non-canonical func-
tion as an ‘adhesion chemokine’ (35). MIF directly binds
to the chemokine receptors CXCR2 and CXCR4 alongside
CD74, inducing intracellular calcium (Ca?*) influx and
activating a2 and a4p1 integrins on monocytes (35,36).
MIF upregulates vscular cell adhesion molecule 1 (VCAM-1)
and intercellular adhsion molecule 1 (ICAM-1) expression
while stimulating C-C motif chemokine ligand 2 (CCL2)
production, together activating macrophage arrest and trans-
migration into the plaque (37,38). Once inside the lesion, MIF
promotes unregulated LDL uptake and drives the release of
pro-inflammatory cytokines such as tumor necrosis factor
(TNF)-a and interleukin (IL)-1p (37,39). Moreover, MIF
upregulates matrix metalloproteinases (MMPs), which
degrade collagen fibers within the fibrous cap, accelerating
plaque destabilization (39,40). Beyond intra-plaque inflam-
mation, MIF serves as a platelet-derived chemokine that
regulates local thrombotic responses following endothelial
erosion or rupture (41).

Given its multifaceted role in driving monocyte recruitment,
foam cell formation, cytokine cascades, and fibrous cap thin-
ning, MIF represents a high-value therapeutic target (35,37,40).
In preclinical mouse models, adenovirus-mediated Mif RNA
interference or neutralizing anti-MIF antibodies markedly
suppressed aortic inflammation, reduced lipid and macro-
phage deposition, and promoted the regression of established
plaques (42,43). Therapeutic inhibition of MIF activity has
been shown to stabilize atherosclerotic lesions by shrinking
necrotic cores, reducing foam cell counts, and preserving
stabilizing SMC coverage (35). Collectively, precision strate-
gies designed to selectively disrupt atherogenic MIF signaling
hold significant potential for cardiovascular and peripheral
vascular diseases.

MIF in AKI. AKI is a complex clinical syndrome character-
ized by a rapid decline in renal function over hours or days.
Clinically, AKI is diagnosed according to KDIGO criteria,
defined by an absolute increase in serum creatinine of higher
than 0.3 mg/dl (26.5 pmol/l) within 48 h, a 50% rise from
baseline within 7 days, or a sustained reduction in urine output
to <0.5 ml/kg/h for at least 6 h. AKI represents a major global
health challenge, affecting over 20% of hospitalized patients
and >50% of critically ill patients in intensive care units.
Beyond the acute phase, AKI is a critical risk factor for the
development of chronic kidney disease (CKD) and end-stage
kidney disease, carrying high long-term morbidity (with a
CKD transition rate of 25-43%) and mortality rates (with 1 and
5-year post-discharge mortality reaching up to 28 and 40%,
respectively) (44).

In the healthy kidney, MIF is constitutively expressed
across various cell types, including glomerular podocytes,
mesangial cells, tubular epithelial cells, fibroblasts, and leuko-
cytes (45). Upon renal insult, MIF is rapidly released from
damaged renal tubular epithelial cells, as well as infiltrating
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immune and vascular cells, to serve as a proximal driver of
local inflammatory cascades (46). Under severe ischemic,
toxic, or septic stress, hypersecreted MIF engages CD74 and
CXCR2/CXCR4 receptor complexes, triggering the expres-
sion of key pro-inflammatory mediators [TNF-a, IL-1p3, and
monocyte chemoattractant protein-1 (MCP-1)] and infiltrating
neutrophils, macrophages, and T cells into the tubuloint-
erstitium (47). Mechanistically, MIF binds to vimentin to
assemble and activate the NOD-like receptor family pyrin
domain-containing 3 (NLRP3) inflammasome, accelerating
caspase-1 cleavage and the release of pro-inflammatory cyto-
kines IL-1p and IL-18, which drive tubular cell pyroptosis and
renal injury expansion (48,49).

The role of MIF in AKI is multifaceted, context-dependent,
and governed by its local concentration, disease phase, and
tissue microenvironment (8). During the recovery and repair
phase, MIF acts as an essential survival factor (8). Through its
intrinsic thiol-protein oxidoreductase activity, MIF quenches
ROS, enhances glutathione synthesis, and inhibits lipid
peroxidation, thereby limiting tubular necrosis (48,50). In
ischemia-reperfusion models, MIF has been shown to promote
tubular epithelial cell regeneration, prevent tubular cell cycle
arrest, and mitigate subsequent renal fibrosis (47,48,50,51).
Consequently, Mif gene deletion often leads to exacerbated
overall tissue destruction and impaired tubular regenera-
tion (8,52).

Targeting the MIF signaling pathway offers promising
therapeutic avenues for AKI management. The catalytic
MIF inhibitor ISO-1 was found to markedly prevent NLRP3
inflammasome activation, attenuate pro-inflammatory cyto-
kine expression, and reduce pathological tubular damage
in preclinical AKI models (48,53). Ribosomal protein S19
(RPS19), released by apoptotic cells during tissue turnover,
functions as a crucial endogenous checkpoint (54). RPS19
directly binds extracellular MIF to block its receptor-binding
interface, thereby halting downstream NF-«xB activa-
tion and driving resolution of cisplatin-induced AKI (51).
Human pharmacogenetic studies have demonstrated that
functional promoter variants in the MIF gene, such as the
173G/C (rs755622, single-nucleotide polymorphism) and
the rs3063368, predict increased susceptibility to AKI
(such as post-cardiac surgery), heightened post-operative
mortality, and accelerated progression from AKI to
CKD (45,51,52,55,56).

In summary, MIF is a pivotal yet multifaceted orchestrator
in AKI pathophysiology. While its acute hypersecretion drives
destructive inflammation and pyroptosis, its baseline and
late-phase signaling support redox balance and tubular repair.
Delineating the precise therapeutic window, dosage kinetics,
and patient-specific genetic profiles will be essential for
successfully translating MIF-targeted therapies into clinical
practice.

4. Discussion

Divergent molecular mechanisms across disease contexts.
The biological impact of MIF is dictated by its interaction
with a diverse array of membrane receptors and intracellular
partners, leading to distinct outcomes across cerebral, cardio-
vascular, and renal pathologies (Fig. 1). In atherosclerosis, MIF
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Figure 1. MIF receptor signaling across stroke, atherosclerosis, and AKI. Stroke: Extracellular MIF engages CD74/CD44 and CXCR4/CD74 complexes
to activate MAPK/ERK, PI3K-AKT, and p53 signaling, promoting endothelial connection disruption, BBB hyperpermeability, cell death, and impair-
ment of neurological recovery. Atherosclerosis: MIF signals through CXCR2/CD74, CD74/CD44, and CXCR4/CD74 to stimulate Ga-PI3K-Ca®*-integrin,
MCP-1/NF-«B, and AKT/ERK pathways, driving pro-inflammatory responses, immune cell adhesion, and cell death. AKI: Interaction of MIF with
CD74/CD44, CXCR4/CD74, and CXCR2/CD74 activates NF-xB, MAPKs (p38/ERK), and Ca**-integrin signaling, promoting immune cell infiltration, tissue
damage, and renal function loss. MIF, macrophage migration inhibitory factor; AKI, acute kidney injury; CD74, cluster of differentiation 74; CD44, cluster of
differentiation 44; CXCR4, C-X-C motif chemokine receptor 4; MAPK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase; PI3K,
phosphoinositide 3-kinase; AKT, protein kinase B; pS3, tumor protein p53; BBB, blood-brain barrier; CXCR2, C-X-C motif chemokine receptor 2; Gai, G
protein ai subunit; Ca2*, calcium ion; MCP-1, monocyte chemoattractant protein-1; NF-«xB, nuclear factor-xB.

primarily dictates leukocyte recruitment and vascular homeo-
stasis via the CXCR4 and CCL2 pathways. The MIF-CXCR4
axis typically exacerbates plaque inflammation by recruiting
leukocytes into the subendothelial space (57). MIF simultane-
ously coordinates with CCL2 in SMCs to maintain macrophage
homeostasis, potentially limiting chronic inflammation under
certain microenvironmental conditions (58).

Renal MIF signaling is mediated by the CD74-NF-kB,
PTEN-induced putative kinase 1 (PINK1), and AMP-acitvated
protein kinase (AMPK) pathways (41,52-54). In sepsis or

cisplatin-induced AKI, MIF engages CD74-NF-«kB to amplify
the inflammatory response and induce tubular cell pyroptosis
through NLRP3 activation (59,60). Furthermore, intracellular
binding of MIF to PINKI1 inhibits mitophagy, leading to toxic
ROS accumulation (61). Conversely, in ischemia-reperfusion
models, MIF was shown to activate the AMPK pathway to
upregulate antioxidant defenses, thereby inhibiting ferroptosis
and protecting tubular integrity (46).

In cerebral ischemia, MIF signaling exhibits profound
complexity. Beyond compromising BBB integrity, MIF
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directly interacts with apoptosis-inducing factor (AIF) to form
a pro-apoptotic complex, which promotes AIF nuclear translo-
cation, driving chromatin condensation, DNA fragmentation,
and progressive neuronal death (19,62).

Regulatory factors governing the ‘double-edged sword’. The
functional transition of MIF from a protective to a lethal factor
is influenced by dosage, timing, post-translational modifica-
tions, and host microenvironments.

In cerebral infarction, high-dose intravenous MIF
(3.3 pg/kg) exacerbates BBB disruption and expands
infarct size, whereas a low-dose intraventricular injection
(120 ng/ml) provides neuroprotective effects, underscoring
an extremely narrow therapeutic window (16,19). Molecular
modifications can fundamentally alter MIF function. For
example, aspirin-mediated acetylation at the MIF-K78
site physically prevents its interaction with AIF, thereby
reducing neuronal apoptosis (62). In the progression of
atherosclerosis, the vascular protective effect of Mif gene
deletion is prominent in younger mice but diminishes with
age, suggesting that the systemic inflammatory environment
matures (37,58,63). Similarly, in AKI, MIF acts as an essential
survival signal during I/R injury via the AMPK-glutathione
redox axis, whereas it converts into a destructive inflamma-
tory driver during toxic insults (such as cisplatin) by driving
NF-kB-mediated cytokine storms (46,59).

Clinical challenges and prospects of MIF-targeted therapy.
Despite promising preclinical efficacy of inhibitors such as
ISO-1, translating MIF-targeted therapies into clinical practice
faces significant translational hurdles. In stroke, the CXCR4
antagonist AMD3100 suppresses microglial overactivation,
while the CXCR7 agonist VUF11207 reduces inflammatory
infiltration by limiting platelet activation (64,65). However,
the restricted dose-dependent paradox and narrow adminis-
tration windows hamper safe clinical trial design. Precisely
tuning MIF receptor pathways without compromising baseline
neuroprotective functions remains a formidable challenge. In
atherosclerosis, targeting the CD74 pathway, either through
cathepsin S inhibition or CD74 siRNA, has shown promise
in reducing plaque size and stabilizing the vascular environ-
ment (66-68). Nevertheless, key hurdles persist, including
achieving targeted in vivo gene silencing and navigating the
cell-type-specific functional diversity of receptors such as
CXCR?7, which complicates the selective inhibition of patho-
logical processes without disrupting physiological functions.
In AKI, antagonists such as repertaxin (CXCR?2) and plerixafor
(CXCR4) have demonstrated the ability to attenuate tubuloin-
terstitial damage and vascular leakage in AKI models (69,70).
Yet, because low-level MIF signaling is indispensable for
tubular cell regeneration and tissue homeostasis, long-term or
systemic MIF blockade risks impairing intrinsic renal repair
mechanisms.

Limitations of current evidence. While accumulated experi-
mental data highlight MIF as a key driver and therapeutic
candidate in cerebral, cardiovascular, and renal pathology,
several critical limitations in the current evidence base must
be acknowledged. Primarily, current mechanistic and thera-
peutic insights for MIF modulation rely on in vitro and animal
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model studies, with a absence of well-designed, large-scale
human clinical trials evaluating direct MIF inhibitors or
receptor-targeted biologics. Experimental heterogeneity
across animal species, genetic backgrounds, and injury proto-
cols generates divergent findings, while global Mif knockout
models often trigger compensatory developmental adaptations
(such as rewired chemokine networks) that mask the genuine
acute outcomes of therapeutic MIF inhibition.

Furthermore, an incomplete understanding of receptor-
specific MIF signaling poses a major mechanistic challenge.
MIF operates within a complex receptor matrix (CD74, CXCR2,
CXCR4, and CXCR7) capable of multimeric heterocomplex
assembly. How receptor availability, cell-surface dynamics,
tissue-specific expression, and ligand-biased signaling modulate
distinct or opposing cell fate decisions across different disease
microenvironments is yet to be fully elucidated.

Finally, translational barriers impede the clinical applica-
tion of MIF-targeted interventions. Developing safe human
therapeutics requires precise navigation of the narrow thera-
peutic window of MIF, balancing the preservation of beneficial
baseline/repair signaling with the suppression of harmful
acute hypersecretion, while avoiding off-target toxicities
or impaired tissue regeneration. Additionally, despite estab-
lished associations between specific MIF promoter variants
[such as -173G/C (rs755622) and -794 CATTS5-8 (rs3063368)]
and disease risk, extensive longitudinal studies validating
circulating MIF levels or precision genotype-guided patient
stratification in clinical practice remain scarce.

5. Conclusion and future directions

MIF serves as a central orchestrator of innate immunity
and tissue repair, profoundly influencing the trajectory of
cerebral, cardiovascular, and renal pathologies. Far from
being a simple pro-inflammatory mediator, MIF functions as
a context-dependent ‘double-edged sword’ whose biological
impact is strictly governed by its local concentration, release
kinetics, and microenvironment-specific receptor interactions.
While low-level signaling is essential for redox balance and
physiological cell survival, hypersecretion drives unchecked
inflammatory cascades and tissue necrosis.

Despite the compelling efficacy of small-molecule inhibi-
tors (such as ISO-1) and receptor antagonists in preclinical
models, translational progress remains constrained by two
fundamental hurdles. First, due to the broad functional plei-
otropy of MIF, unselective systemic blockade risks disrupting
indispensable homeostatic repair processes. Second, the
marked ‘dose-response’ paradox, where high doses exacer-
bate damage while micro-doses confer protection, defines
an exceptionally narrow therapeutic window that severely
complicates clinical protocol design.

To overcome these translation barriers, future research
must shift from global inhibition toward high-precision modu-
lation. Priority should be given to mapping spatiotemporal
timing thresholds, developing cell-type-specific receptor
antagonists, and exploiting post-translational modifica-
tions (such as site-specific acetylation) to selectively silence
pathological cascades while sparing tissue repair. Ultimately,
integrating systems-biology frameworks with functional phar-
macogenetics (such as MIF-173G/C profiling) will be essential


https://www.spandidos-publications.com/10.3892/br.2026.2197

6 CHEN et al: MIF IN DISEASES

to establish safe, personalized therapies for diverse ischemic
and inflammatory disorders.
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