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MG53, a member of the tripartite motif protein family, possesses multiple functionalities due to its classic membrane repair function, anti-inflammatory ability, and E3 ubiquitin ligase properties. Initially recognized for its crucial role in membrane repair, the therapeutic potential of MG53 has been extensively explored in various diseases including muscle injury, myocardial damage, acute lung injury, and acute kidney injury. However, further research has revealed that the E3 ubiquitin ligase characteristics of MG53 also contribute to the pathogenesis of certain conditions such as diabetic cardiomyopathy, insulin resistance, and metabolic syndrome. Moreover, recent studies have highlighted the anti-tumor effects of MG53 in different types of cancer, such as small cell lung cancer, liver cancer, and colorectal cancer; these effects are closely associated with their E3 ubiquitin ligase activities. In summary, MG53 is a multifunctional protein that participates in important physiological and pathological processes of multiple organs and is a promising therapeutic target for various human diseases. MG53 plays a multi-organ protective role due to its membrane repair function and its exertion of anti-tumor effects due to its E3 ubiquitin ligase properties. In addition, the controversial aspect of MG53’s E3 ubiquitin ligase properties potentially causing insulin resistance and metabolic syndrome necessitates further cross-validation for clarity.
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1 INTRODUCTION
The basic structure of the tripartite motif (TRIM) protein family consists of the N-terminal RING, B-box, and curly helix region TRIM protein (Nisole et al., 2005). Given the high conservation of the triple domain in TRIM proteins, it plays a similar role in cells. The vast majority of TRIM proteins contain RING-finger domains that are primarily involved in ubiquitination in their N-terminal region (Meroni and Diez-Roux, 2005). The binding of the B-box domain to zinc has been shown to play a role in innate immune system defense (Ozato et al., 2008; Esposito et al., 2017). The curly helical domain mediates the interactions between TRIM proteins, allowing proteins to assemble into high molecular weight complexes (Koliopoulos et al., 2016). The variability of the C-terminal domain facilitates the multifunctionality of TRIM proteins, which are pivotal in regulating intracellular signaling and transcription, as well as innate immunity, autophagy, and tumorigenesis (Hatakeyama, 2017).
TRIM protein 72, also known as MG53, was discovered through protein library screening in 2009 (Cai et al., 2009a). The molecular structure of MG53 protein is composed of the N-terminal RING, B-box, and curly helix regions. Except for the carboxyl end which has a SPRY domain, the protein is structurally similar to other members of the TRIM family. The relative molecular weight of the MG53 protein is 53kD, consisting of 477 amino acids (Weisleder et al., 2008) (Figure 1). MG53 is mainly expressed in the heart and skeletal muscle, and RNA analysis has shown that there also exists a small amount of MG53 protein expression in the kidneys, lungs, and cornea (Jia et al., 2014; Duann et al., 2015; Chandler et al., 2019). MG53 is involved in various physiological and pathological processes, including acute membrane repair, intracellular vesicle transport, and skeletal muscle ischemic preconditioning (IPC).
[image: Figure 1]FIGURE 1 | Structure of human MG53 protein. The human MG53 protein consists of the N-terminal RING, B-box, and curly helix regions, as well as the carboxyl terminal SPRY domain.
Furthermore, MG53 has been proven a key factor in regulating membrane repair during skeletal muscle injury (Lee et al., 2010).
At present, MG53 has important biological functions, which are crucial for maintaining the normal physiological structure and biological functions of tissues and organs. The therapeutic effect of MG53 depends on its classic membrane repair function and anti-inflammatory ability (Whitson et al., 2021). However, MG53 emerges as a pivotal regulatory factor in the context of impaired glucose metabolism and plays a role in the inhibitory mechanism governing muscle regeneration, potentially impeding treatment outcomes (Wu et al., 2019). Furthermore, recent research has demonstrated the anti-tumor effects of MG53 in various types of cancer including small cell lung cancer, liver cancer, and colorectal cancer. Importantly, these anti-tumor effects are closely related to E3 ubiquitin ligase activities (Du et al., 2023). MG53, akin to a thorny rose, poses a challenging research issue in terms of balancing its relationship and effectively harnessing its therapeutic effects. This review aims to delve into the therapeutic prospects of MG53 while critically examining its positive and negative effects.
2 MECHANISM OF TISSUE REGENERATION AND REPAIR BY MG53
The tissue repair and regeneration capabilities of MG53 are mediated through four distinct mechanisms, namely, acute cell membrane injury repair, anti-inflammatory function, stem cell rejuvenation, and anti-virus effects (Figure 2). These modes operate independently yet synergistically with one another.
[image: Figure 2]FIGURE 2 | Function of human MG53 protein. The human MG53 protein exhibits four distinct functionalities: membrane repair, anti-inflammatory action, stem cell regeneration and anti-virus effects. The membrane repair function enhances the PI3K survival signaling pathway while inhibiting cellular apoptosis. Its anti-inflammatory capability mitigates NF-κB signaling pathway activation and reduces cell death. Moreover, the regenerative potential of stem cells is activated by MG53 while concurrently suppressing oxidative stress response (Whitson et al., 2021). MG53 also alleviates virus-induced lung injury by alleviating cytokine storms and inhibiting cell pyroptosis. (Created with BioRender.com.)
2.1 Repair of acute injury to the cell membrane
MG53 exhibits reparative effects on acute cell membrane injuries (McNeil, 2009). Existing studies have summarized the process of membrane repair mediated by MG53 into three main stages. First, the entry of extracellular calcium and oxidants triggers local dynamic responses, followed by the generation of membrane damage signals leading to MG53 oligomerization (Cai et al., 2009a). Subsequently, non-muscle myosin IIA interacts with MG53 and recruits intracellular vesicles containing MG53 to the injury site (Lin et al., 2012). Second, polymerase I and transcription release factor recognize exposed cholesterol at membrane damage sites and bind MG53 with its associated intracellular vesicles to form membrane repair patches (Zhu et al., 2011). Third, upon reaching the membrane, MG53 binds to phosphatidylserine (PS) and serves as a protein scaffold for membrane repair components, such as muscular dystrophy (Hwang et al., 2011; Lek et al., 2013). Finally, the local elevation of Ca2+ promotes the binding of membrane repair patches and plasma membranes, and reseals the membrane to complete the repair (McNeil, 2009). A study demonstrated that recombinant human MG53 (rhMG53) can ameliorate acute lung injury (Jia et al., 2014) while targeting the RISK signal with MG53 enhancing membrane repair and improving ischemic brain injury (Yao et al., 2016). Furthermore, rhMG53 modulates the transforming growth factor beta (TGF-β) signaling pathways to enhance fibrosis remodeling and ultimately facilitates corneal healing (Chandler et al., 2019). In summary, the acute cell membrane repair effect of MG53 is associated with the attenuation of cellular apoptosis and the activation of phosphatidylinositol 3-kinase (PI3K) survival signaling pathway.
2.2 Anti-inflammation
The anti-inflammatory function of MG53 is beneficial for tissue damage repair. A study found that knocking down MG53 leads to the activation of nuclear factor-kappa B (NF-κB) signal transduction, which is related to the lysine receptor (Sermersheim et al., 2020). MG53 inhibits toll-like receptor 4/NF-κB pathway and reduces lipopolysaccharide-induced neurotoxicity and neuroinflammation in vitro and vivo (Guan et al., 2019a). Moreover, research has demonstrated that MG53 suppresses the NOD-like receptor thermal protein domain associated protein 3/caspase-1/interleukin 1β axis and safeguards human umbilical cord-derived mesenchymal stem cells (hUC-MSCs) against inflammatory damage induced by lipopolysaccharide (Ma et al., 2020). Recent research has indicated that MG53 can alleviate airway inflammation responses in asthmatic mice by regulating the NF-κB pathway (Tan et al., 2023). The anti-inflammatory effect of MG53 is associated with the NF-κB and cell apoptosis signaling pathway.
2.3 Stem cell regeneration
The stem cell regenerative capacity of MG53 also plays a pivotal role in organ repair. A recent study demonstrated that the combined therapy involving MG53 and hUC-MSCs effectively mitigates cellular apoptosis while enhancing PI3K/protein kinase B (Akt)/glycogen synthase kinase three beta signal transduction, ultimately promoting neurogenesis (Guan et al., 2019b). MG53 also has a protective effect on bone marrow stem cells (Li et al., 2020). Furthermore, tissue plasminogen activator MG53 mice exhibit remarkable capabilities for dermal wound healing, as well as damage repair and regeneration. Numerous studies have also demonstrated that MG53, present in the bloodstream, functions as a muscle cytokine, which facilitates tissue damage repair and regeneration compared with wild-type mice from the same litter (Bian et al., 2019). The regenerative effect of MG53 on stem cells is related to reducing oxidative stress and increasing stem cell survival.
2.4 Anti-virus
A research found that MG53 also has anti-influenza virus infection effects in recent years. An animal experimental study found that rhMG53 can alleviate influenza virus infections in mice. Following mechanism studies have indicated that rhMG53 alleviates virus-induced lung injury by alleviating cytokine storms and inhibiting cell pyroptosis. Moreover, the therapeutic effect of rhMG53 has no effect on viral titer, which is conceptually different from current influenza therapies that directly target viruses (Kenney et al., 2021). Therefore, rhMG53 biological agent can provide a frontline treatment for organ preservation in influenza virus infections and other pathogen-related infections, especially when encountering novel pathogenic viruses such as severe acute respiratory syndrome coronavirus type 2. rhMG53 can also provide a new treatment option (Kenney et al., 2021). Research on the antiviral aspects of MG53 is relatively limited, signaling a novel area of exploration for new functions of MG53 and further research to reveal the relationship between MG53 and viruses.
3 PROTECTIVE EFFECT OF MG53 ON MULTIPLE ORGANS
MG53 has a protective effect on multiple organs, mainly related to tissue repair and regeneration, and its mechanism of action mainly includes acute cell membrane injury repair, anti-inflammation, stem cell rejuvenation, and anti-virus effects.
3.1 Protective effect of MG53 on skeletal muscle
MG53 was first reported as a central component in the plasma membrane repair process (McNeil, 2009). When the skeletal muscle cell membranes sustain damage, the intracellular oxidative environment changes, inducing MG53 protein to bind to PS. This phenomenon leads to the recruitment and concentration of MG53 at the site of the muscle fiber rupture, mediating the accumulation of vesicles at the damaged site and promoting the re-closure of the cell membrane. The fusion of vesicles and plasma membranes requires the involvement of calcium, as well as the mediation of caveolin-3 (CaV3). The interaction between MG53 and CaV3 is crucial for cell membrane repair (Cai et al., 2009b; Weisleder et al., 2009; Lek et al., 2013). The newly proposed model for membrane repair involves the formation of cap and shoulder proteins, which are closely associated with MG53 (Demonbreun and McNally, 2016).
The protective efficacy of MG53 against muscle injury has been validated in multiple preclinical animal models, primarily focusing on skeletal muscles. Duchenne muscular dystrophy (DMD) is an X-linked recessive genetic disorder with limited therapeutic options, characterized by muscular structural damage and impaired muscle function. An animal experiment transfected DMD mice with adenovirus expressing human MG53 and revealed the ability of MG53 to mitigate muscle damage in the mouse model through its membrane repair mechanism (Zhu et al., 2015). In addition, amyotrophic lateral sclerosis (ALS) is a fatal neuromuscular disease characterized by progressive loss of motor neuron and muscle atrophy. Studies have shown that systemic administration of rhMG53 protein in ALS mice can protect the diaphragm from injury, maintain the integrity of neuromuscular junctions, and thus slow down the progression of ALS disease (Yi et al., 2021).
3.2 Protective effect of MG53 on heart
3.2.1 Ischemia/reperfusion (IR) injury
MG53 can alleviate (I/R) injury. Myocardial infarction, a prevalent cardiac disease, can result in arrhythmia, heart rupture (HF), heart failure and even sudden death in severe cases. Timely restoration of blood perfusion (reperfusion) during myocardial infarction represents the optimal approach to prevent myocardial cell death. However, reperfusion often triggers malignant arrhythmia, leading to secondary damage to the myocardium—known as I/R injury. Currently, the treatment for cardiac I/R injury remains uncertain, with only a limited number of interventions demonstrating efficacy (Kohr et al., 2014). Research has found that MG53 is an important cardio-protective factor involved in the protection against cardiac I/R injury (Liu J. et al., 2015). Similar to endogenous MG53 protein, exogenously administered recombinant MG53 also confers cardioprotection against I/R injury (Zhao et al., 2003). The reduction of cardiac I/R injury in MG53 may be attributed to two mechanisms: 1) Akin to its reparative effect on skeletal muscle cell membranes, MG53 also exhibits a reparative effect on the plasma membrane of cardiac cells (Wang et al., 2010). When myocardial injury occurs, MG53 recruited at the site of injury forms a p85-PI3K/MG53/CaV3 complex with CaV3 and activates the reperfusion injury rescue kinase pathway. 2) The cardioprotective effect of MG53 after IR injury may be related to IPC, which reduces organ damage by briefly blocking blood flow and then restoring perfusion before the pathogenic factor takes effect (Evrengül et al., 2003). IPC is recognized for its ability to avoid severe I/R injury and significantly reduce I/R-induced injury (including reducing myocardial infarction area). Studies have observed that IPC can prevent IR-induced decrease in MG53 expression, and maintaining or enhancing MG53 expression may be one of the cardiac protective mechanisms mediated by IPC (Cao et al., 2010). In addition, recent research has indicated that p55 γ protects the heart against I/R-induced necroptosis by activating the MG53-receptor-interacting protein kinase −3 signaling pathway, a foundational mechanism for IPC-induced cardioprotection (Li Z. et al., 2023).
3.2.2 Cardiac arrhythmias
The normal expression of MG53 is crucial for maintaining cardiac rhythm stability. A study revealed that MG53-mediated membrane transport maintains cell surface K current density to ensure the integrity of myocardial cell action sites (Masumiya et al., 2009). Studies have shown that MG53 expression decreases with myocardial Ito, f—a prominent electrophysiological remodeling issue in myocardial hypertrophy, thereby increasing the susceptibility of the heart to ventricular arrhythmias (Liu et al., 2019). In addition, MG53 may be involved in the occurrence of atrial fibrillation. The common pathogenesis of atrial fibrillation is atrial structural remodeling, and fibrosis is one of the most direct forms of this remodeling process (Sagris et al., 2021). The activation of the TGF- β1/Smad pathway is closely related to the degree of atrial fibrosis and structural remodeling, contributing to the promotion of fibrosis and playing a key role in the formation of atrial fibrillation (Gramley et al., 2010). Research suggests that MG53 may function upstream of the TGF-β1/Smad pathway. MG53 regulates the differentiation of myofibroblasts and promotes cell migration, proliferation, and extracellular matrix synthesis, ultimately leading to atrial fibrosis. In addition, clinical studies have found that MG53 is expressed in the human atrium, and its level increases with the degree of atrial fibrosis, which may lead to atrial fibrillation (Guo et al., 2018).
3.2.3 HF
MG53 can improve HF symptoms. The remodeling of myocardial structure is the main cause of the occurrence and development of HF (Boorsma et al., 2020; Dibb et al., 2022). Researchers have studied the relationship between HF and NF-κB signaling pathway. The NF-κB signaling pathway is an inflammation pathway, and studies have shown that inhibiting NF-κB signaling has a positive effect on HF in mouse models (Poma, 2020). Recent studies have observed the increased activity of NF-κB in HF in humans and mice, whereas the expression of MG53, a negative regulatory factor of NF-κB, is reduced. In addition, long-term treatment with rhMG53 reduces NF-κB activity and improves the contractile function of the mouse heart (Wang et al., 2021). An animal model lacking δ-glycan showed that the overexpression of MG53 can activate cell survival kinases such as Akt, extracellular signal-regulated kinases, and glycogen synthase kinase-3, which improves mouse myocardial contractile function and alleviates HF symptoms in mice (He et al., 2012).
3.2.4 Cardiomyopathy
MG53 can alleviate hypertrophic cardiomyopathy, which is a primary myocardial disease characterized by pathological hypertrophy of the myocardium (Brieler et al., 2017; Teekakirikul et al., 2019). Previous studies have shown that the Akt signaling pathway is associated with myocardial cell hypertrophy (Firth, 2019). A research found that when MG53 is consistently expressed at high levels, the ubiquitination and degradation of insulin substrate receptor 1 (IRS-1) increase, leading to the decrease in mammalian target of rapamycin (mTOR) phosphorylation and the downregulation of Akt signaling, ultimately alleviating myocardial cell hypertrophy (Ham and Mahoney, 2013). Previous studies found that NF-κB signaling pathway is important in cardiac development and is associated with the development of cardiac hypertrophy (Poma, 2020). In addition, studies have shown that MG53 overexpression inhibits NF-κB activity and reduces myocardial hypertrophy (Bryant et al., 2018). Dysfunction of the cardiac transverse (T)-tubule membrane system in the heart is a characteristic of end-stage dilated or ischemic cardiomyopathy, and maintaining normal development and integrity of the T-tubules in the heart is crucial for improving ventricular hypertrophy. Studies have shown that MG53 levels are significantly upregulated in chronic pathological left ventricular pressure overload, which increases membrane vesicle transport and antagonizes T-tubule injury, ultimately inhibiting myocardial structural remodeling. In addition, MG53 deficiency can exacerbate myocardial hypertrophy and dysfunction, which further exacerbates myocardial disease (Xu et al., 2020). MG53 can also alleviate symptoms of septic cardiomyopathy. A study showed that the intravenous injection of rhMG53 can alleviate myocardial damage and improve cardiac function in animal models of infectious cardiomyopathy (Han et al., 2020).
The normal expression of MG53 levels is crucial for maintaining cardiac function. MG53 may become a new protagonist in the precise treatment of cardiomyopathies with the deepening research.
3.3 Protective effect on other organs
In addition to the skeletal muscle and heart, MG53 also plays important physiological roles in non-muscular tissues due to its membrane repair function (Figure 2). The overexpression of endogenous MG53 and the exogenous administration of recombinant MG53 protein play an important role in the repair and prevention of acute injury in lungs and kidneys with low MG53 expression (Li H. et al., 2022). In addition, rhMG53 alleviates virus-induced lung injury by alleviating cytokine storms and inhibiting cell pyroptosis (Kenney et al., 2021). In the kidneys of mice with MG53 gene knockout, I/R-induced renal injury is more pronounced, and the intravenous injection of recombinant MG53 protein can alleviate I/R-induced renal injury (Liu et al., 2020). Similar to results in kidneys, current studies have suggested that MG53 can also alleviate I/R-induced lung, brain, and liver injuries in mice (Yao et al., 2016; Yao et al., 2017; Gouchoe et al., 2024). In tissues lacking MG53 expression, the administration of exogenous recombinant MG53 protein has been shown to facilitate brain injury repair (Yao et al., 2016) and enhance wound healing in cases of corneal injury and burns (Wang et al., 2016; Chandler et al., 2019). Moreover, latest research has indicated that MG53 can alleviate skin damage caused by nitrogen mustard (Li H. et al., 2023).
The protective effect of MG53 on multiple organs is attributed to its plasma membrane repair, anti-inflammatory, stem cell regeneration and anti-virus functions (Kenney et al., 2021; Whitson et al., 2021). Hence, MG53 has a potential clinical value in human diseases. However, its application in the treatment of clinical diseases is yet to be realized. Further research is warranted to facilitate the clinical translation of MG53 (Figure 2).
4 ANTI-TUMOR EFFECT OF MG53
Since the discovery in 2019 of potential anti-tumor effects associated with MG53 (Chow et al., 2019), MG53 has exhibited anti-tumor effects in various types of tumor, including lung, colon, and liver cancers (Figure 3). Currently, these effects may be attributed to the characteristics of their E3 ubiquitin ligase (Du et al., 2023).
[image: Figure 3]FIGURE 3 | Therapeutic effect of human MG53 protein. MG53 has demonstrated significant therapeutic potential in various diseases due to its membrane repair function, including alleviating muscle malnutrition and facilitating myocardial reperfusion, acute lung injury, acute liver injury, acute kidney injury, brain injury, corneal injury, and skin burn treatment. The E3 ubiquitin ligase properties of MG53 may contribute to exacerbating cancer cachexia and muscle atrophy. Moreover, the controversial aspect of MG53’s E3 ubiquitin ligase properties potentially causing insulin resistance and metabolic syndrome necessitates further cross-validation for clarity. MG53 also exhibits anti-tumor effects in diverse malignancies, such as small cell lung cancer, liver cancer, colorectal cancer, tongue cancer, melanoma, breast cancer, and renal clear cell carcinoma; these anti-tumor effects are closely associated with the E3 ubiquitin ligase activity of MG53. (Created with BioRender.com.)
4.1 MG53 and lung cancer
The treatment modalities for non-small cell lung cancer (NSCLC) have made significant advancements in the past decade; however, the 5-year survival rate of patients with metastatic non-small cell carcinoma remains considerably low due to multiple mechanisms of drug resistance. Despite the advent of precision medicine offering promising prospects for small cell lung cancer treatment, a pressing need to explore targeted therapeutic approaches remains (Arbour and Riely, 2019). The potential therapeutic application of MG53 in the treatment of NSCLC treatment was initially discovered (Chow et al., 2019). Research findings indicate that MG53 expression is significantly downregulated in metastatic tumors of NSCLC patients compared with non-metastatic tumors, and the knockout of MG53 promotes the growth and metastasis of lung tumors in mice (Chen et al., 2015). Furthermore, a study in vitro demonstrated that the administration of rhMG53 protein effectively suppresses stress granule formation and augments the cytotoxicity of cisplatin against human NSCLC cells (Li et al., 2021). The investigation of MG53 for the treatment of NSCLC is still in the preliminary stage and needs further research to facilitate its clinical translation.
4.2 MG53 and colorectal cancer
Colorectal cancer ranks the second leading cause of global cancer mortality, projecting an estimated 1.2 million deaths by 2030 (Arnold et al., 2017; Keum and Giovannucci, 2019). Recently conducted studies have demonstrated the anti-colorectal cancer effects of MG53. Investigations have revealed that MG53, functioning as an E3 ubiquitin ligase with the ability to target cyclin D1, hinders the proliferation of colon cancer cells by impeding the cell cycle in the G1 phase and inducing ubiquitin-dependent degradation. Furthermore, when exposed to colorectal cancer carcinogens, MG53 knockout mice exhibit more severe tumor progression compared with their wild-type counterparts (Fang et al., 2023). In a murine tumor xenograft model of multidrug-resistant colorectal cancer, several studies have demonstrated that the combination therapy of doxorubicin and rhMG53 exhibits a significant reduction in tumor size compared with monotherapy with either doxorubicin or rhMG53 (Gupta et al., 2022). The MG53 protein level was found to be significantly lower in colon cancer tissue compared with adjacent tissues in clinical samples of cancer patients. Similarly, decreased levels of the MG53 protein were observed in the serum of patients with colon cancer (Chen et al., 2018). Moreover, low levels of MG53 in tumor tissue were associated with poor prognosis in colon cancer (Fernández-Aceñero et al., 2020). The aforementioned evidence suggests that MG53 exhibits an anti-colorectal cancer effect.
4.3 MG53 and liver cancer
The TRIM protein plays a crucial role in the survival, growth, aerobic glycolysis, immune infiltration, and invasion of liver cancer cells (Lu et al., 2022). A study revealed that MG53 exerts inhibitory effects on the malignant progression of hepatocellular carcinoma through its regulation of Ras-related C3 botulinum toxin substrate 1 (RAC1) ubiquitination and degradation while enhancing the chemosensitivity of hepatocellular carcinoma cells to sorafenib treatment by blocking the RAC1/mitogen-activated protein kinase signaling pathway (Ma et al., 2022). However, contrary to findings in patients with colon cancer, a high MG53 expression in patients with hepatocellular carcinoma may be associated with low overall survival rate (Dai et al., 2021). This observation highlights the heterogeneity of MG53 expression across diverse tumor tissues and needs further investigation into the secretion patterns and localization of MG53 during tumorigenesis.
4.4 MG53 and other cancers
In addition to exerting anti-tumor effects in lung, colorectal, and liver cancers, studies have demonstrated that MG53 significantly suppresses the proliferation, invasion, and colony formation of tongue cancer cells. Furthermore, the genetic knockout of MG53 accelerates tumor progression in mice (Yin et al., 2019). A study demonstrated that the overexpression of MG53 in melanoma cells confers enhanced resistance to dacarbazine treatment, thereby highlighting its potential as a valuable strategy for improving chemical resistance (Li X. et al., 2022). An analysis of ubiquitin-related genes in the cancer genome atlas queue revealed an association between MG53 and the prognosis of renal clear cell carcinoma (Wu et al., 2021). MG53 can also impede breast cancer progression by suppressing the activation of the PI3K/Akt/mTOR pathway (Wang et al., 2022). Further investigation is warranted to explore the potential anti-tumor effects of MG53 in various malignancies.
Current research strongly suggests that MG53 represents a significant therapeutic target for tumors. However, the precise mechanism underlying its anti-tumor effects remains elusive. Furthermore, the question of whether MG53 is secreted by tumors during their development or if muscle-secreted MG53 circulates to the tumor site poses a challenging issue that has yet to be investigated.
5 MG53 PROMOTES THE OCCURRENCE AND DEVELOPMENT OF VARIOUS DISEASES
As mentioned above, MG53 has multi-organ protective and anti-tumor effects, but E3 ubiquitin ligase activity determines its adverse effects in the occurrence and development of many diseases. For example, MG53 can negatively regulate muscle synthesis and cause muscle atrophy, as well as lead to diabetes cardiomyopathy, metabolic syndrome, and insulin resistance (Figure 3).
5.1 MG53 negatively regulates myogenesis
In cellular contexts, compelling evidence suggests that MG53 functions as a negative regulator of insulin-like growth factor (IGF)-induced myogenesis (Jung and Ko, 2010). MG53, as an E3 ligase, degrades insulin receptors and IRS-1 in a ubiquitin-dependent manner (Song et al., 2013). This capability attenuates the tyrosine phosphorylation of IRS-1 and Akt induced by IGF-1, ultimately exerting a negative regulatory effect on skeletal muscle development (Yi et al., 2013). Findings of previous studies have demonstrated that MG53 overexpression in C2C12 myoblasts exerts an inhibitory effect on the phosphorylation of IRS-1 tyrosine induced by myogenesis and IGF-I, whereas silencing MG53 yields contrasting outcomes (Jung and Ko, 2010). Moreover, MG53 has been shown to induce the ubiquitination and subsequent degradation of focal adhesion kinase (FAK), another kinase, which is believed to exert inhibitory effects on muscle production (Nguyen et al., 2014). This phenomenon pertains to the regulation of heterochromatin remodeling mediated by FAK, the orchestration of myogenin expression during skeletal muscle development, and the modulation of gene expression implicated in membrane fusion (Nguyen et al., 2014).
5.2 MG53 can cause diabetes cardiomyopathy
Diabetes cardiomyopathy, characterized by myocardial lipid accumulation, hypertrophy, fibrosis, and cardiac dysfunction, accounts for over 50% of mortality in patients with diabetes (Penpargkul et al., 1981; Trost et al., 2002). It manifests as a unique heart disease with reduced glucose utilization and increased oxidation of free fatty acids in the heart, which leads to lipotoxicity, myocardial cell death, and myocardial fibrosis (Avagimyan et al., 2022). The MG53 overexpression has been demonstrated to induce diabetes cardiomyopathy in mice by activating receptors through the upregulation of peroxisome proliferation α and the inhibition of insulin signal transduction (Liu F. et al., 2015). However, the pathogenesis of diabetes cardiomyopathy remains elusive (Jia et al., 2018).
5.3 MG53 can cause metabolic syndrome
The RING domain of MG53 represents a distinctive structural feature of E3 ubiquitin ligase, facilitating the degradation of skeletal muscle IRS-1. In addition, the downregulation of IRS-1 expression can induce systemic insulin resistance (Yi et al., 2013). Metabolic syndrome, characterized by a cluster of disorders including central obesity, dyslipidemia, and hypertension, poses a significant threat to human health as it elevates the risk of cardiovascular disease and type 2 diabetes (Eckel et al., 2005). Given that skeletal muscle accounts for 70%–90% of insulin-mediated glucose processing, the occurrence of metabolic syndrome is closely associated with systemic insulin resistance (Qi et al., 2016). Consequently, skeletal muscle insulin resistance plays a pivotal role in the development of metabolic disorders, and aberrant MG53 expression can contribute to skeletal muscle insulin resistance. Therefore, MG53 assumes a critical function in the pathogenesis of metabolic syndrome. Findings have indicated that the absence of MG53 protein expression does not result in systemic insulin resistance and metabolic disorders, even when a high-fat diet is consumed (Joazeiro and Weissman, 2000). In summary, current research has demonstrated that MG53 mediates the degradation of IRS-1 via ubiquitination, resulting in systemic insulin resistance and ultimately metabolic syndrome. Further research is needed on the relationship between MG53 and insulin resistance.
However, the role of MG53 in insulin signaling and diabetes is controversial. An animal experiment constructed db/db mice with sustained elevation of MG53 in bloodstream. The study found that MG53 did not change the insulin signal transduction and glucose processing in db/db mice. This finding indicates that MG53 may not participate in the development of diabetes (Wang et al., 2020). In addition, a study showed that MG53 is not a key regulatory factor in the insulin signaling pathway in skeletal muscle through vitro and in vivo experiments (Philouze et al., 2021). A case-control study of 107 patients with type T2 diabetes and 105 subjects without insulin resistance-related diseases found a lack of association between the levels of MG53 and T2 diabetes (Andaç et al., 2023). Another clinical study found that MG53 could not mark cardiovascular risk and all-cause mortality in patients with type 2 diabetes (Bianchi et al., 2023). The research above shows that MG53 has lacks association with the occurrence of insulin resistance and diabetes. More in-depth research is needed on the relationship between MG53 and negative inotropic effects, diabetes cardiomyopathy, and metabolic syndrome.
6 DIALECTICAL ANALYSIS OF THE BENEFITS AND DRAWBACKS OF MG53 TREATMENT
6.1 Optimizing the protective effects of MG53’s multi-organ protective function
MG53 exerts a protective effect on multi-organ by its plasma membrane repair function, encompassing skeletal muscle and myocardial injury, as well as the healing process of acute lung injury, acute kidney injury, corneal damage, and wounds. However, the E3 ubiquitin ligase characteristics of MG53 contribute to the development of various diseases such as diabetes cardiomyopathy and metabolic syndrome, posing significant challenges for the clinical application of MG53. Thus, MG53 can be considered a double-edged sword (Zhang et al., 2016). The optimal utilization of its inherent advantages and the employment of diverse technical approaches to mitigate potential drawbacks are of immense importance. For instance, investigations have successfully attenuated insulin resistance induced by MG53 through targeted disruption of the interaction between MG53 and IRS-1 (Lee et al., 2016). The MG53 mutant currently under construction exhibits the ability to circumvent its E3 ubiquitin ligase activity (Lv et al., 2022), thereby offering a novel therapeutic approach for diabetes, muscle injury diseases, and cardiovascular disorders.
6.2 Optimizing the anti-tumor effect of MG53: harnessing E3 ubiquitin ligase activity and monitoring adverse effects
Current research has demonstrated that the anti-tumor efficacy of MG53 is intricately associated with its E3 ubiquitin ligase activity (Du et al., 2023). However, the E3 ubiquitin ligase activity elicits negative inotropic effects, potentially exacerbating cancer cachexia during MG53 treatment, given that a continuous decline in muscle mass represents the primary hallmark of this syndrome (Argilés et al., 2018). Once the tumor progresses to the stage of cancer cachexia, patients’ treatment response and quality of life significantly decline. Therefore, when utilizing MG53 as a therapeutic agent for cancer, it becomes imperative to modify its administration to delay the onset of cancer cachexia as much as possible. Furthermore, given that MG53’s E3 ubiquitin ligase activity can induce insulin resistance, blood glucose levels must be closely monitored during MG53-based cancer treatment.
Future research should focus on elucidating the mechanism of the action of MG53 in tumors, glucose metabolism, and muscle development. On this basis, efforts should be made to preserve the anti-tumor therapeutic ability of MG53 while mitigating its side effects. Currently, MG53 mutants, which retain membrane repair function without compromising glucose metabolism, have been developed by eliminating the E3 ubiquitin ligase properties of MG53 (Lv et al., 2022). However, in the context of cancer treatment, the E3 ubiquitin ligase of MG53 appears to play a pivotal role. Therefore, an imperative challenge for future research lies in harnessing the potent anti-tumor activity of MG53 while mitigating its potential adverse effects. In light of these forthcoming research difficulties, several prospective approaches can be explored: 1) endeavoring to selectively activate MG53 at distinct sites to elicit anti-tumor effects without compromising glucose and muscle metabolism; and 2) delving deeper into the intricate and multifaceted interplay between the E3 ubiquitin ligase of MG53, anti-tumor activity, glucose metabolism, and muscle metabolism. These endeavors hold promise as key avenues toward resolving this conundrum.
7 SUMMARY AND PROSPECT
Since the initial report on the biological function of MG53, its crucial physiological and pathological roles in skeletal muscle, myocardium, and other various organs have been elucidated, highlighting its potential therapeutic value. Particularly noteworthy is the recent discovery of MG53’s anti-tumor effects across multiple tumor types in 2019. However, although controversies exist, studies have found that MG53 can induce insulin resistance and negative inotropic effects, which require careful consideration. More in-depth research is needed on the mechanism of MG53 in glucose metabolism in the future, and a dialectical view of the advantages and disadvantages of MG53 is crucial for its research and clinical translation.
Furthermore, the current research on the functionality of MG53 predominantly relies on animal models. As an endogenous protein, MG53 exhibits minimal toxicity and elicits negligible immune responses in the body (Weisleder et al., 2012). However, its potential adverse effects pose limitations to clinical trials involving MG53. To overcome these challenges, technological advancements should be employed to mitigate the adverse effects associated with MG53 treatment. In addition, fostering interdisciplinary collaboration between biochemistry and medicine is crucial in facilitating active clinical experimentation. These endeavors will accelerate the development of MG53 protein as a novel therapeutic agent for diverse ailments such as tumors, cardiovascular diseases, and skeletal muscle injuries.
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