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Abstract
Introduction: Myocardial infarction (MI) leads to irreversible cardiomyocyte loss and progressive ventricular remodeling largely driven by
oxidative stress, inflammation, and mitochondrial dysfunction. Mitsugumin 53 (MG53/TRIM72) is a muscle-enriched membrane-repair
protein that has emerged as a multifunctional regulator of cellular antioxidant responses, mitochondrial integrity, and anti-inflammatory
signaling. This review synthesizes current evidence on the MG53’s mechanisms and therapeutic potential in MI.
Methods: We performed a narrative review of preclinical and translational literature focusing on MG53 in cardiac injury. Databases
searched included PubMed and Google Scholar (through 2025), using keywords “MG53,” “TRIM72,” “myocardial infarction,” “isch-
emia-reperfusion,” “recombinant MG53,” and “cardioprotection.” Relevant mechanistic studies, recombinant protein interventions, and
reports on the MG53's systemic effects and safety were prioritized.
Results: Preclinical studies demonstrate that MG53 promotes plasma-membrane resealing, preserves mitochondrial membrane potential,
reduces mitochondrial ROS production, attenuates mitophagy, and upregulates endogenous antioxidant enzymes (e.g., HO-1, catalase,
SOD). Recombinant human MG53 (rhMG53) or MG53 overexpression reduces infarct size, limits cardiomyocyte apoptosis, and improves
functional recovery in rodent ischemia-reperfusion models. Additional benefits include suppression of NF-kB-mediated inflammation and
modulation of necroptotic pathways via RIPK1 ubiquitination. However, there are conflicting data: chronic MG53 upregulation in some
models has been associated with insulin signaling perturbation, and human data remain limited with variable reports on the cardiac MG53
expression and circulating levels. Safety, pharmacokinetics, and optimal delivery strategies for hMG53 require further characterization.
Conclusion: MG53 represents a promising cardioprotective target for Ml through multimodal actions on membrane repair, mitochondrial
protection, and antioxidant gene regulation. Translation to clinical therapy will require rigorous preclinical safety profiling, clarification
of MG53's systemic metabolic effects, and well-designed early-phase studies to evaluate pharmacology, dosing, and efficacy in humans.
Future studies should explicitly address human expression patterns and reconcile metabolic concerns to safely harness MG53-based in-
terventions.
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Introduction

Myocardial infarction (MI) injury constitutes a sudden
impairment that often leads to permanent disabilities and
disruptions of muscle and cardiovascular functions (1).
According to the World Health Organization (WHO),
cardiovascular diseases are the leading cause of death
globally, accounting for an estimated 19.8 million deaths
each year, of which more than 85% are due to heart attack
and stroke. Beyond mortality, MI imposes a substantial
economic burden on healthcare systems and society,
including the costs of acute treatment, long-term care,
and rehabilitation. Furthermore, survivors of MI often
experience a significant reduction in quality of life due
to chronic heart failure, recurrent hospitalizations, and

physical limitations, which collectively underscore the
global impact of this condition (2, 3). MI injury occurs in
two stages: initial ischemic injury can cause direct harm
to the structure of cardiomyocytes, while mechanical
tissue deformation triggers secondary injury, resulting in
ventricular wall damage, edema, increased cardiac load,
inflammation, and cellular death (4). This secondary injury
represents the progression of MI and serves as the catalyst
for long-term physical and functional cardiac changes, often
resulting in permanent disability for affected individuals (5,
6). The secondary injury is primarily caused by oxidative
stress, which leads to cardioinflammation, damages
cardiomyocytes, promotes cell death, and ultimately results
in chronic heart failure in MI cases (7). There are complex
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relationships between MI, inflammation, and oxidative
stress (8). Following cardiac ischemia, multiple pro-
inflammatory factors are released into the bloodstream.
These include interleukin-1 beta (IL-1p), interleukin-6
(IL-6), interferon gamma (IFN-y), tumor necrosis factor
alpha (TNF-a), plasminogen activator inhibitor-1, and
transforming growth factor beta (TGF-). Their combined
activity exacerbates the ischemic condition of the heart
by promoting oxidative stress (9, 10). Previous reports
indicated a strong correlation between oxidative stress
and these factors, highlighting oxidative stress itself as a
factor that exacerbates the production of inflammatory
cytokines (11). It has been shown that oxidative stress
triggers inflammatory cascades through the activation of
monocyte chemoattractant protein-1 (MCP-1), TNF-q,
IL-1p, and IL-6, resulting in cardiovascular complications
following MI (10, 12). Additionally, oxidative stress
activates matrix metalloproteinases (MMPs) that degrade
gap junction proteins, leading to cardiomyocyte damage in
MI, and likely contributing to cardiovascular disparities in
MI patients (13). Oxidative stress is recognized as one of the
initiators of cell death following cardiac injury (14) and is
generated at high levels in MI hearts and stimulates cellular
death (15). The predominant cell death process in the
secondary injury of MI is apoptosis, a form of programmed
cell death triggered by the activation of caspase enzymes
(16). The Mitsoguminin 53 (MG53) protein, a member
of the tripartite motif (TRIM) family, plays a crucial role
in protecting against various pathological conditions by
inhibiting inflammation and apoptosis, promoting tissue
regeneration and repair, repairing cell membrane damage,
and modulating detoxification processes (17). Additionally,
MG53 enhances antioxidant capacity by upregulating the
expression of antioxidant genes such as heme oxygenase-1
(HO-1), catalase, superoxide dismutase (SOD), and
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidoreductases (18, 19). Given these functions, MG53
shows promise as a therapeutic agent for mitigating cardiac
damage resulting from cardiovascular injury. This analysis
explores the role of oxidative stress in MI pathogenesis and
the potential of targeting the antioxidant signaling pathway
of MG53 to alleviate MI-induced oxidative damage.

Methods

Strategy

A structured approach for identifying all of the preclinical

and translational literature focusing on MG53 in cardiac

injury.

o Databases: PubMed and Google Scholar (through
2025)

o Keywords: MG53, TRIM72, myocardial infarction,
ischemia-reperfusion, recombinant MG53, and
cardioprotection

o Filters: Relevant mechanistic studies, recombinant
protein interventions, and reports on MG53’s systemic
effects and safety were prioritized.

Study Selection

o  Title and abstract screening by at least two independent
reviewers

o  Full-text review of potentially eligible studies

o Disagreements between reviewers regarding study
eligibility or data extraction were resolved through
discussion and consensus. If consensus could not be
reached, a third reviewer was consulted to make the
final decision.

Data Extraction

o Author(s), year of publication

o Study design and setting

o Population characteristics (e.g., sample size, age, sex)
o Interventions (if applicable)

o Outcomes measured

o Main findings and conclusions

Critical Appraisal
o To ensure that only high-quality evidence informs
conclusions

o To assess the internal validity and applicability of each
study’s findings

Results

Oxidative Stress as the Major Source of Cardiopathology
in MI

Oxidative stress stands out as the primary contributor to
the secondary injury of MI, characterized by an imbalance
between oxidants and antioxidants, which subjects cells
to biochemical and physiological damage (20). Free
radicals are molecules with unpaired electrons that can
react with and damage cellular components due to their
reactivity and instability (21, 22). These molecules are
typically categorized as reactive oxygen species (ROS)
and reactive nitrogen species (RNS) (23). Mitochondria,
the powerhouse of the cell, generate ROS as byproducts
of oxygen metabolism, including various compounds like
hydroxyl radicals, singlet oxygen, peroxides, hypochlorous
acid, superoxide, and alpha oxygen (24). RNS, with longer
half-lives compared to ROS, consist of peroxynitrite,
nitroxyl anion, nitrogen dioxide, nitrosonium cation,
and S-nitrosothiols. Numerous enzymes are involved in
the formation of free radicals, and the function of these
enzymes in generating oxidative stress has been previously
reviewed (25).

Indeed, oxidative stress is known as a primary and
powerful source of cardiac inflammatory responses caused
by secondary injury following MI, playing a crucial role
in the development of pathophysiological complications
and cell death mechanisms post-MI. Through employing
isoproterenol myocardial injury models, it has been
established that oxidative stress has a devastating
function in the pathophysiology of cardiovascular injury
(26). Studies point to the fact that activating MMPs,
mitigating tight junction protein expression, implementing
changes in the cardiomyocyte structure, and induction
of inflammatory signaling pathways are instigated by
oxidative stress (27). Also, the role of oxidative stress in
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the development of cardioinflammation and cell death
by activating Ca?* (28), TGF-p1 (29), and intercellular
adhesion molecule-1 (ICAM-1) (30) signaling pathways
in MI has been demonstrated. Another study conducted
on cardiomyocytes reported that oxidative stress-induced
MMP2 expression was attributable to the activation of
activator protein 1 and/or nuclear factor kappa B (NF-
kB) post I/R injury (31). As a consequence, it confirms
that oxidative stress signaling is the principal mechanism
underlying cardiovascular impairments associated with
MI injury, and inhibiting the formation of oxidative stress
has been proposed as a direct approach to developing MI
therapy. Despite efforts to treat oxidative damage through
exogenous antioxidants or introducing antioxidant genes,
clinical trials have not shown significant therapeutic benefits
(32, 33). Therefore, addressing oxidative damage-related
complications and potentially activating endogenous
antioxidant genes via antioxidant peptide therapy presents
a promising therapeutic strategy (34).

Opverall, oxidative stress emerges as the central driver
of secondary injury after MI by promoting inflammation,
cardiomyocyte apoptosis, and tissue remodeling. These
insights highlight the importance of targeting oxidative
stress—related pathways, which provides the rationale for
investigating MG53 as a potential therapeutic modulator
in MI.

Oxidative Stress and Mitochondrial Damage in MI
Mitochondrial dysfunction resulting from oxidative
stress has been extensively studied in the pathogenesis
of MI due to its critical role in cellular respiration and
various biochemical processes. Oxidative stress can impact
mitochondria, which play a key role in the generation of
oxidative stress (35). Therefore, oxidative stress-induced
mitochondrial dysfunction is a significant focus in
understanding the pathogenesis of MI. Oxidative stress
affects mitochondria in several ways. It induces mutations
in mitochondrial DNA, disrupts the respiratory chain, and
disturbs Ca?* homeostasis. Together, these impairments
contribute to cellular dysfunction and may lead to
tissue degeneration. Oxidative stress primarily targets
mitochondrial DNA, inducing mutations and altering its
structure and functions (36). Another significant target for
oxidative stress is the mitochondrial respiratory chain. The
mitochondrial respiratory chain consists of five complexes,
namely complexes I, II, III, IV, and V. This series is located
in the inner mitochondrial membrane, with the first four
complexes constituting the respiratory electron-transport
chain. Mitochondrial free radicals are generated at complex
I and complex III of the electron transport chain, with
complex III being the primary source of mitochondrial
ROS generation. Two initial steps identified as direct
tissue damage are energy depletion and disruption of Ca**
homeostasis. The impairment of coronary blood flow is a
major mechanism of the primary injury in MI (37).
Considering the pathophysiology of MI, mitochondria
play a key role in cell death. In MI-induced mechanisms
of apoptosis, mitochondrial membrane integrity, Ca*, and

ROS are involved (38, 39). The mitochondrial apoptotic
pathways are categorized as caspase-dependent or caspase-
independent. The cytochrome complex (Cyt-c) plays a
crucial role in caspase-dependent apoptosis, whereas the
apoptosis-inducing factor (AIF) is essential in the caspase-
independent pathway of apoptosis in MI (40, 41). ROS
triggers Bax-dependent mitochondrial outer membrane
permeabilization and induces the mitochondrial release of
Cyt-c and AIF (42). The efflux of Cyt-c activates caspases,
especially caspase-9 and caspase-3, resulting in DNA
fragmentation (43).

Another mechanism involved in apoptosis is the
dysfunction of the regulation of intracellular Ca** levels by
the endoplasmic reticulum (ER) (44). Studies have shown
that calcium exchange between mitochondria and ER,
facilitated by the mitochondria-associated ER membrane
(MAM), plays a prominent role in MI-induced apoptosis,
and caspase-12 is implicated as an important mediator in
mitochondria-ER-induced apoptosis (45, 46). Furthermore,
in the process of cardiac remodeling following an MI,
lysosomal proteases stimulate proteins of the Bcl-2 family.
This provocation also indirectly triggers a mitochondrial
apoptotic pathway, exemplified by the TNFa/apoptosis
signal-regulating kinase 1 (ASK1)/c-Jun N-terminal kinase
(JNK) signaling cascade (31) (Figure 1).

In addition to MG53-related mechanisms, several other
therapeutic strategies have been explored to directly
target mitochondrial dysfunction in MI. Mitochondria-
targeted antioxidants, such as mitoquinone mesylate
(MitoQ) and visomitin (SKQ1), have shown promise in
reducing ROS generation and preserving mitochondrial
integrity (47). Pharmacological interventions that stabilize
the mitochondrial permeability transition pore (mPTP),
including cyclosporine A, have also been investigated to
prevent cell death during ischemia-reperfusion (48, 49).
Furthermore, enhancing mitophagy and stimulating
mitochondrial biogenesis through peroxisome proliferator-
activated receptor-y (PPAR-y) coactivator-la (PGC-1a)
activators or sirtuin signaling has been suggested as a means
to restore mitochondrial homeostasis (50). Metabolic
modulators that improve mitochondrial energy efficiency,
such as trimetazidine, represent another potential avenue
(51). Together, these approaches highlight the therapeutic
value of preserving mitochondrial structure and function,
and position MG53 within a broader spectrum of
cardioprotective strategies.

Recently, there has been significant focus on the
development of antioxidant therapies to protect the
heart in MI due to advancements in understanding the
mechanisms of oxidative stress-induced apoptosis (12, 52,
53). The role and mechanisms of proteins like MG53 in
controlling antioxidant genes to alleviate oxidative stress
post-MI have been extensively studied. For instance, in
2022, Gamper-Fedos et al. (54) proposed a new mechanism
where recombinant human MG53 (rhMG53) treatment
could be a promising strategy to reduce cardiac damage
and enhance cardiac function in patients post-ischemic
injury. Their study demonstrated that rhMG53 treatment
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Figure 1. Schematic presentation of oxidative stress-induced in mitochondrial damage and cardioinflammation in myocardial infarction (MI). Reactive oxygen
species (ROS) and reactive nitrogen species (RNS) are the primary sources of oxidative stress in Ml injury. ROS/RNS activate matrix metalloproteinases (MMPs),
transforming growth factor-beta (TGF-B), and other intermediary inflammatory genes, leading to inflammation and cardioinflammation. Additionally, ROS or RNS
activate different inflammatory cytokines such as interleukins IL-1p and IL-6 and interferon-gamma (IFN-y), which contributing to cardioinflammation. Oxidative
stress also induces mutations in mitochondrial DNA, impairs the mitochondrial respiratory chain, and disrupts Ca2* homeostasis and defense mechanisms,
ultimately causing mitochondrial damage and activating caspases, leading to cardioinflammation. This figure is an original schematic created by the authors.

preserved mitochondrial membrane potential, reduced
mitochondrial ROS production, and decreased mitophagy
in cardiomyocytes under oxidative stress conditions.
However, the study lacked an evaluation of mitochondrial
function, which could further clarify the effect of MG53
on preserving mitochondria post-ischemia/reperfusion
(I/R) injury. The activation of MG53 as an antioxidant-
promoting transcription factor has been shown to mitigate
mitochondrial dysfunction and oxidative stress-induced
cardiac damage in MI (55). Therefore, understanding the
signaling pathways and interactions between MG53 and
mitochondria could pave the way for utilizing MG53 as
a targeted protein therapy for cardioprotection and other
applications in regenerative medicine.

In summary, mitochondria serve both as a major source
and a vulnerable target of oxidative stress in MI, leading to
apoptosis and impaired cardiac function. Considering the
ability of MG53 to preserve mitochondrial integrity, this
section underscores why MG53 may represent a promising
candidate for mitochondrial-targeted cardioprotection.

Oxidative Stress and Cardiac Remodeling in MI

Structural changes in the heart are inevitable consequences
of MI, with left ventricular remodeling being a crucial
response to these changes (56, 57). The alterations in the left
ventricular wall result from intracellular and extracellular
changes in the myocardium (56). Various factors, such as
oxidative stress, inflammatory reactions, local ischemia,
myocardial cell death, and the production of ROS and
inflammatory cytokines, contribute to the biological

responses in left ventricular regeneration post-MI (56). All
these factors are correlated and result in chronic changes
such as left ventricular dilatation with left ventricular
dysfunction, which can be referred to as one of the most
important factors specifying the prognosis of patients with
MI. The degree of left ventricular remodeling can predict
mortality and morbidity in patients with MI (56).
Known as pivotal molecules for inducing cell death,
ROS directly damage tissue, with their main sources being
mitochondria, phagocyte NADPH, and xanthine oxidase
(58). As mentioned earlier, ROS and inflammation have
a reciprocal relationship, where ROS can stimulate the
production of inflammatory cytokines, and vice versa,
inflammatory cytokines can stimulate the formation of
ROS (59, 60). In the chronic stage, ROS and inflammatory
cytokines contribute to the degradation of collagens, the
main structural component of cardiomyocytes, leading
to left ventricular (LV) dilation, a process facilitated by
the activation of MMPs (61). Studies on transgenic mice
overexpressing the antioxidant protein SOD have shown
a significant reduction in infarction size, highlighting the
adverse effects of ROS (62). Additionally, in a study on
cardiac hypertrophy, the overexpression of long non-
coding RNAs (LncRNAs) controlled cardiac hypertrophy
by increasing the expression of transcription factor
specificity protein 1 (SP1) through the stimulation of the
MG53 signaling pathway (63). Recent research has also
demonstrated the role of MG53 in necroptosis, a regulated
form of necrotic cell death mediated by receptor-interacting
protein kinases (RIPKs). In this process, ROS promotes the
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interaction between MG53 and RIPK1 (64, 65).

Therefore, fine-tuning ROS levels in the body could be
crucial for treating human ailments. Activating the MG53
signaling pathway may be a potential therapeutic strategy
to protect the heart from MI-induced cardiovascular
impairments. Future studies should focus on investigating
the role of ROS in modulating MG53’s function in cardiac
preconditioning and post-conditioning.

Collectively, oxidative stress-induced ROS and
inflammation drive structural remodeling of the left
ventricle, which is closely linked to long-term prognosis
after MI. Thus, strategies that activate MG53 and fine-tune
ROS levels may help to attenuate maladaptive remodeling
and improve cardiac outcomes.

MG53 as a Potential Therapeutic Target for MI

MGH53 is a multifunctional protein that, due to its anti-
inflammatory and anti-oxidative characteristics, enhances
plasma membrane repair and modifies myocardial
malfunction caused by various disorders (66, 67). The
membrane repair function of MG53 in cardiovascular
diseases is accompanied by changes in the oxidative state
of the cell. For example, MG53 in ischemic preconditioning
(IPC), which is regarded as the most potent intrinsic
protector against M1, plays a role. Specifically, a moderate
short-term increase of intracellular ROS can trigger MG53
secretion from the heart via H202 protein kinase C-delta
(PKC-98) dependent mechanism, and extracellular MG53
can participate in protection against IPC injury. Lack of
MGS53 increases the damage caused by oxidative stress in
IPC conditions (68, 69), as evidenced by the knockdown
of MG53 enhancing H202-induced cardiomyocyte
death. Conversely, the overexpression of MG53 protects
cardiomyocytes against oxidative stress-induced cell death
(70).

Several preclinical studies have provided direct evidence
for the cardioprotective role of MG53 in MI and related
conditions. For example, Cao et al. demonstrated that
the overexpression of MG53 in mice significantly
reduced infarct size and preserved cardiac function after
ischemia-reperfusion injury, establishing MG53 as a
primary determinant of cardiac ischemic preconditioning
(70). Similarly, Shan et al. showed that MG53 secretion
is promoted through H202-activated PKC-§ signaling
during ischemic preconditioning, and knockdown of
MG53 aggravated cardiomyocyte death (68). More recently,
Gumpper-Fedus et al. have reported that treatment with
rhMG53 preserved mitochondrial membrane potential,
reduced mitochondrial ROS production, and decreased
mitophagy in cardiomyocytes under oxidative stress
conditions (54). Beyond MI, systemic administration of
rhMG53 has been shown to extend lifespan and attenuate
age-related cardiac dysfunction in mice by suppressing
NF-kB-mediated inflammation and restoring antioxidant
protein expression (71). Collectively, these studies support
the therapeutic promise of MG53 and suggest that both
protein-based therapy (thMG53 administration) and gene-
modulation strategies hold potential for clinical translation

in the treatment of ML

MGS53 plays a central role in ameliorating cytotoxicity
and inflammation, which are characteristic features
associated with aging, ischemic and chronic diseases caused
by increased oxidative stress. MG53 can direct efforts
towards exposed phosphatidylserine (PS), a lipid with a
negative charge, to facilitate the repair of various damaged
tissues. In normal healthy cells, PS is located on the inner
leaflet of the plasma membrane. However, when the cell is
damaged, PS is distributed to the outer leaflet of the plasma
membrane, which serves as a signal for apoptosis detection.
In this scenario, cell membrane repair proteins such as
Annexins and MG53 converge at the injury site with the
assistance of lipid rafts and form a cell membrane repair
patch through the stimulation of macrophages (54). In
relation to aging, biochemical and histological studies have
demonstrated that systemic administration of the rhMG53
protein daily increases the survival of aged mice at the end
stage of their life through the reduction of oxidative stress
in the condition of myocardial damage. Aging significantly
increases the NF-kB mediated inflammatory response and
decreases the expression of antioxidant proteins in heart
tissue, which were partially recovered by the long-term
administration of rhMG53, leading to reduced cardiac
inflammation and ROS production (71). After an ROS
attack, the protein MG53 binds to cardiolipin. Cardiolipin
is a type of phospholipid located on the surface of the inner
mitochondrial membrane (72). MG53 then transfers this
lipid to the surface of the outer membrane. This function
of MG53 helps preserve mitochondrial integrity after
oxidative stress by repairing the mitochondrial membrane.
This mechanism is similar to the one this protein uses
for plasma membrane repair. This process helps reduce
the accumulation of mitochondrial ROS and mitigates
mitophagy (54). Overall, these events subsequently lead
to the upregulation of endogenous scavenging enzymes,
including cellular antioxidants such as heme oxygenase
1 (73), catalase, SOD (74, 75), and oxidoreductases like
NADPH (76), which have fewer side effects compared to
exogenous chemical antioxidants (Figure 2). Also, as a
broad-spectrum antioxidant transcription factor, MG53
has the capability to modulate several genes. In vitro studies
have shown that MG53 knockout mice are significantly
more susceptible to oxidative stress and inflammation
compared to wild-type mice (77). Cell-endogenous
antioxidants mediate the protective effects of mesenchymal
stem cells as well (78). Mesenchymal stem cells play an
important role in cardioprotection in conditions of
MI through the delivery of CircRNAs, which reduce
oxidative stress through an MG53-dependent mechanism
and prevent myocardial damage (79). In several other
cardiovascular pathophysiological complications, including
I/R injury, sepsis-induced myocardial dysfunction, and
diabetic cardiomyopathy, dysfunction of MG53 has been
associated with oxidative stress. The activation of MG53
is therefore considered a desirable approach to reduce the
pathogenesis of these disorders (19).

Recently, the effect of rosuvastatin, an anti-cholesterol
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Figure 2. The mechanisms of MG53 activation. Oxidative stress activates
MG53 through H202 protein kinase C-delta (PKC-8), phosphatidylserine
(PS) distribution, and cardiolipin-dependent mechanisms. Subsequently,
activated MG53 triggers the activation of endogenous antioxidant genes
such as heme oxygenase 1 (HO-1), catalase, superoxide dismutase (SOD),
and nicotinamide adenine dinucleotide phosphate (NADPH), inducing
cardioprotection. This figure is an original schematic created by the authors.

compound, in the restoration of cardiomyocytes in
myocarditis conditions has been investigated (80). As a
cholesterol synthesis inhibitor, rosuvastatin inhibits the
NF-«B signaling pathway through an MG53-dependent
mechanism and prevents the progression of apoptosis
and damage caused by oxidative stress in hyperglycemic
conditions (81). These findings could introduce MG53 as
a novel potential drug target for myocarditis.

Altogether, preclinical and mechanistic studies
consistently support MG53 as a cardioprotective factor
with antioxidant, anti-apoptotic, and membrane repair
functions. These findings provide a strong foundation
for considering MG53-based interventions as future
therapeutic approaches for ML

While current evidence strongly supports the
cardioprotective potential of MG53, several questions
remain to be addressed in future research. First, more
detailed mechanistic studies are required to delineate
the molecular interactions of MG53 with mitochondrial
and antioxidant signaling pathways. Second, the safety,
pharmacokinetics, and optimal delivery methods-
rhMG53 or MG53-based gene therapies- must be carefully
investigated in preclinical and clinical settings. Third,
exploring the role of MG53 in diverse cardiovascular
contexts, such as diabetic cardiomyopathy, myocarditis,
and heart failure with preserved ejection fraction, may
expand its therapeutic scope. Finally, large-scale clinical

trials will be necessary to validate the efficacy and long-
term outcomes of MG53-based interventions in patients
with myocardial infarction. Together, these directions
will help translate MG53 research into effective clinical
applications.

Discussion

MG53 (TRIM72) has emerged as a multifunctional
cardioprotective protein, which has been shown to
promote membrane repair, limit oxidative stress, and
sustain mitochondrial integrity after myocardial infarction
(MI). Studies show consistently that either recombinant
human MG53 (rhMG53) or overexpression of MG53
can limit infarct size, decrease apoptosis, and improve
cardiac recovery by mechanisms that involve stabilization
of mitochondrial membrane potential, inhibition of NF-
kB signaling, and upregulation of antioxidant enzymes,
such as HO-1 and SOD. Despite these encouraging results,
several challenges remain to be solved. Evidence shows that
chronic elevation of MG53 might have adverse metabolic
effects from the impairment of insulin signaling that is
associated with chronic elevation of MG53. In addition,
discrepancies with respect to the expression of MG53 in
human myocardium raise limits of application of laboratory
results to the human situation. In addition, the long-term
pharmacokinetics, immunogenicity, and optimal delivery
methods of rhMG53 need to be further investigated and
clearly defined. Nevertheless, MG53 represents a promising
target for therapy. It is the conjunction of membrane
repair with mitochondrial and antioxidant protection.
More studies are needed to define its relevance in humans,
define safe and effective dialoging recommendations, and
investigate whether MG53 therapy can be integrated into
current reperfusion and cardioprotective studies.

Conclusion

This review highlights the crucial role of oxidative stress
in the development and progression of MI, including the
activation of inflammatory cytokines, TGF-f, caspases, and
cardiomyocyte injury. It also underscores the potential of
the MG53 signaling pathway as an antioxidant defense
system capable of mitigating these harmful effects. Proper
functioning of MG53 is essential for cardiac repair and
maintaining homeostasis, yet MI disrupts MG53 secretion
and downstream signaling, thereby aggravating oxidative
damage. Importantly, MG53 represents a promising
therapeutic target for MI. Therapeutically, MG53 can
be targeted through strategies such as rhMG53 protein
administration, gene therapy approaches to enhance
MGS53 expression, or small-molecule modulators that
activate MG53 signaling pathways. These approaches may
strengthen endogenous antioxidant defenses, preserve
mitochondrial integrity, and promote cardiomyocyte
survival following ischemic injury. Overall, the MG53
signaling pathway provides a novel and attractive direction
for the development of targeted therapies against oxidative
stress—induced cardiomyopathy in MI. Future studies
should further explore the translational potential of

6 | Journal of Kerman University of Medical Sciences 2026;33:4052



MG53 as a Cardioprotective Target

MG53-based therapies and their role in improving clinical
outcomes in patients with MI.
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