[image: Frontiers Logo]TRIM21: a multifaceted regulator in cancer

MINI REVIEW
published: 15 July 2025
doi: 10.3389/fcell.2025.1637451
[image: image2]
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Ubiquitination serves as a dynamic post-translational modification that enables rapid and precise regulation of cellular signaling networks. TRIM21, as an important member of the TRIM family, is a protein with E3 ubiquitin ligase activity. By specifically recognizing and ubiquitinating various substrate proteins, it plays a pivotal regulatory role in tumorigenesis and development. Moreover, TRIM21 has been found to play a multi-faceted role in cellular autophagy, metabolic reprogramming, immune escape, tumor proliferation, metastasis and resistance to cell death by regulating the stability and function of key proteins. In this review, we provided an in-depth understanding of the specific mechanism of TRIM21 in different biological processes and tumor types, which contributes to the development of novel targeted therapeutic strategies targeting TRIM21.
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INTRODUCTION
The ubiquitin-proteasome system (UPS) constitutes a tightly regulated mechanism for protein degradation, playing a pivotal role in sustaining cellular homeostasis. The dysregulation of ubiquitin-mediated proteasomal degradation has emerged as a hallmark for tumors (Cockram et al., 2021). The tripartite motif (TRIM) protein family represents one of the largest classes of single protein RING finger E3 ubiquitin ligases, containing more than 80 members with diverse cellular roles in intracellular signaling, immune response, autophagy, and tumorigenesis (Hatakeyama, 2017; Liu et al., 2020; Huang et al., 2022). TRIM21, initially discovered as an antibody-binding protein in autoimmune diseases, exhibits a multidomain architecture that underpins its function. TRIM21 possesses an N-terminal RING domain with E3 ubiquitin ligase activity, a B-box domain, a coiled-coil domain, and a C-terminal substrate-binding domain (PRY/SPRY) (Figure 1). It has been found that TRIM21 participates in the regulation of biological processes, such as autophagy, signal transduction, immune response and tumorigenesis. Moreover, TRIM21 exhibits a context-dependent dual role in cancer progression (Table 1). It can act as both a tumor suppressor or a pro-tumor driver according to diverse cellular microenvironment. Here, we will review the biological role of TRIM21 in human malignancies and discuss possible therapeutic interventions targeting TRIM21 for cancer treatment.
[image: Diagram illustrating a protein domain structure with four segments: RING (positions 16-55) linked to E3 ubiquitin ligase function, B-box (93-123), Coiled coil (128-238), and SPRY domain (268-465) associated with substrate-binding.]FIGURE 1 | The domains of tripartite motif 21 (TRIM21) protein.TABLE 1 | The dual role of TRIM21 in different cancer types.	Cancer type	Phenotypic effects	References
	Pro-tumor effects of TRIM21
	Glioblastoma	TRIM21 overexpression promotes invasion and growth of glioblastoma	Li et al. (2023a)
	Gastrointestinal stromal tumors	TRIM21 overexpression promotes imatinib resistance	Cui et al. (2024)
	Nasopharyngeal carcinoma	TRIM21 knockout activates cytotoxic T cell-mediated anti-tumor immunity in response to radiation	Li et al. (2023b)
	Pancreatic ductal adenocarcinoma	TRIM21 knockout sensitizes tumor cells to ferroptosis	Gong et al. (2023)
	Pancreatic Cancer	TRIM21 knockout inhibits tumor proliferation and gemcitabine resistance	Fan et al. (2025)
	Anti-tumor effects of TRIM21
	Breast cancer and colorectal caner	TRIM21 overexpression inhibits anchorage-independent growth of SK-BR3 and HT29; TRIM21 knockout promotes the growth of SK-BR3 and HT29 in vivo	Liu et al. (2023a)
	Renal cell carcinoma	TRIM21 overexpression inhibits tumor growth	Chen et al. (2023)
	Triple-negative breast cancer	TRIM21 overexpression suppresses M2 macrophage polarization and tumor progression	Zhang et al. (2023)
	Colorectal cancer	TRIM21 overexpression sensitizes regorafenib therapy in colorectal cancer	Ye et al. (2024)
	T cell acute lymphoblastic leukemia and prostate cancer	TRIM21 knockout promotes cell proliferation	Cheng et al. (2020)


REGULATION OF TRIM21 EXPRESSION AND FUNCTION
TRIM21 expression has been found to be regulated by transcriptional mechanisms. For instance, TRIM21 expression is upregulated by stimulation with interferon (IFNs) induced by interferon regulatory factors (IRFs) (Yang et al., 2009). However, the detailed mechanism of TRIM21 transcription remains to be explored. Post-translational modification is essential for the stability and functions of TRIM21. The mutual regulation between TRIM family members has been reported. A direct mutual regulation between TRIM21 and TRIM8 has been found in lung and renal cancer cells, by activating their proteasome pathway via Lys48 (K48)- linked ubiquitination (Wang et al., 2023). UBE2M has been found to mediate the neddylation of TRIM21 and promote ubiquitination degradation of Von Hippel-Lindau (VHL) tumor suppressor by increasing TRIM21 and VHL interactions (Lu et al., 2023). TRIM21 is oxidized at C92, C111, and C114 to form disulfide bonds that lead to its oligomerization and decreased E3 activity (Yang et al., 2025).
BIOLOGICAL ROLES OF TRIM21 IN HUMAN MALIGNANCIES
Accumulating studies have shown that TRIM21 positively and negatively regulate carcinogenesis in different context of cancers. It has been reported that TRIM21 participates in sustaining cell proliferation, autophagy, tumor proliferation, metastasis and anti-tumor immunity. In this section, we primarily discussed the regulatory role of TRIM21 on these different biological processes in human malignancies.
Regulating cellular autophagy
Autophagy is an evolutionarily conserved self-degradation process essential for cellular homeostasis under stress (Mizushima and Komatsu, 2011). This pathway relies on ATG proteins and core complexes including the ULK1 initiation complex, PI3K-Atg14 complex, ATG9A vesicle delivery system, and ATG12/LC3 conjugation systems, which collectively regulate autophagosome formation, maturation and degradation (Miller and Thorburn, 2021). Recent reports have shown that TRIM21 interacts with multiple regulators and receptors of autophagy, including ULK1, BECN1 and SQSTM1/p62, therefore regulating cellular autophagy (Yang et al., 2025; Zhao L. et al., 2022). In gastric cancer stem cells, TRIM21 mediates the degradation of key autophagy protein ULK1 and induced the K63-mediated ubiquitination of ULK1to activate autophagy (Lin and Hurley, 2016; Zhao R. et al., 2022).
TRIM21 has been reported to directly interact with multiple autophagy machinery proteins and mediate the proteasomal degradation of these proteins (Figure 2) (Kimura et al., 2017; Zhao L. et al., 2022; Huang et al., 2024). ATG5 is a key player of the ATG12-ATG5 conjugation system that promotes LC3 conjugation to the autophagic membrane (Corkery et al., 2023). TRIM21 has been found to target ATG5 and mediate K48-linked ATG5 ubiquitination and degradation to block pro-survival autophagy in multiple myeloma cells. ATG14, an essential regulator for the fusion of autophagosomes with lysosomes, has also been identified as the substrate of TRIM21. Under glutamine starvation, TRIM21 mediates the proteasomal degradation of the key autophagy regulator ATG14 to inhibit autophagy (Huang et al., 2024). In hepatocellular carcinoma (HCC), interferon-related developmental regulator 1 (IFRD1) is upregulated by glutamine starvation to inhibit autophagy by promoting TRIM21-mediated degradation ATG14 (Huang et al., 2024). Reticulophagy regulator 1 (RETREG1) is a well-characterized endoplasmic reticulum (ER) autophagy (reticulophagy) receptor (Zhang et al., 2024). It has been found that TRIM21 ubiquitinates RETREG1 at K247 and K252 to promote its proteasomal degradation. Conversely, cytoskeleton-associated protein 4 (CKAP4) competes with TRIM21 to bind RETREG1, which protects RETREG1 from degradation. In hepatocellular carcinoma, stress-induced TRIM21 upregulation mitigates the function of RETREG1 to restore ER stress equilibrium (Mo et al., 2025). Collectively, TRIM21-mediated ubiquitination of autophagy machinery proteins is critical for regulating cellular autophagy.
[image: Diagram depicting the process of reticulophagy and autophagosome formation. It shows two main pathways: ER stress activating RETREG1 and TRIM21 leading to reticulophagy, and glucose starvation involving IFRD1 and ATG14 to activate TRIM21 and PI3KC3. The process progresses through stages of initiation, elongation, maturation to form an autophagosome, culminating in an autolysosome. Key proteins like ATG12, ATG5, ATG16, and LC3 are illustrated.]FIGURE 2 | Substrates of tripartite motif 21 (TRIM21) in cellular autophagy. Abbreviations: ER, endoplasmic reticulum; IFRD1, interferon-related developmental regulator 1; LIR, LC3-interacting region; RETREG1, reticulophagy regulator 1.Reprogramming cellular metabolism
Metabolic adaptation is an emerging hallmark of tumors. TRIM21-mediated ubiquitination of key metabolic enzymes or transcriptional regulator is involved in the regulation of cellular metabolism (Figure 3). Through glycolysis, tumor cells convert glucose into lactate and rapidly produce energy to support tumor proliferation (Paul et al., 2022). Hypoxia-inducible factor-1 alpha (HIF-1α) serves as a master transcriptional regulator of glycolytic genes (Semenza, 2003). In renal cell carcinoma, TRIM21 targets HIF-1α for ubiquitin-mediated degradation, thereby suppressing HIF-1α-dependent glycolytic programming in tumor cells (Chen et al., 2021). This regulatory axis demonstrates the critical role of TRIM21 in modulating cancer metabolism through post-translational control of metabolic transcription factors. c-Myc serves as a master regulator of aerobic glycolysis through direct transcriptional activation of glycolytic enzymes (Fang et al., 2019). Recent studies reveal that TRIM21 modulates this metabolic pathway by specifically recognizing c-Myc and catalyzing K63-linked ubiquitination at lysine 148. This post-translational modification targets c-Myc for autophagic degradation, leading to suppressed enolase 2 expression and consequent glycolysis inhibition (Ye et al., 2024).
[image: Diagram illustrating TRIM21 substrates in glucose metabolism and lipogenesis. Glucose enters the cell via GLUT1/4, going through glycolysis to form pyruvate. Pyruvate enters the mitochondria, forming Acetyl-CoA, which enters the TCA cycle. The process involves various enzymes, such as HK2 and PFK, with connections to pathways like the pentose phosphate pathway, lipogenesis, and substrates like SREBF1. Components related to TRIM21 substrates are indicated in pink.]FIGURE 3 | Substrates of tripartite motif 21 (TRIM21) in cellular metabolism. Abbreviations: ACLY, ATP citrate lyase; FASN, Fatty acid synthase; HK2, Hexokinase 2; G6PD, Glucose-6-phosphate dehydrogenase; PFK, Phosphofructokinase; SREBF-1, Sterol regulatory element-binding protein gene.The glycolytic intermediates can be diverted into the pentose phosphate pathway (PPP) to fuel nucleotide biosynthesis and generate NADPH, supporting cell proliferation and redox homeostasis (TeSlaa et al., 2023). TRIM21 critically regulates this metabolic branch by targeting glucose-6-phosphate dehydrogenase (G6PD), the rate-limiting enzyme of the oxidative PPP, for ubiquitin-dependent degradation. Mass spectrometry identified eight lysine residues on G6PD as ubiquitination sites, and mutation of these sites significantly stabilized G6PD (Cheng et al., 2020). Notably, oncogenic PI3K/AKT activation or PTEN loss suppressed TRIM21 expression, thereby elevating G6PD activity and PPP flux. Metabolites derived from PPP further potentiate AKT signaling and amplify tumorigenic metabolic reprogramming (Cheng et al., 2020).
Lipid metabolism fuels tumor growth by providing essential biomolecules and energy (Currie et al., 2013). FASN, the key enzyme de novo lipogenesis, is frequently overexpressed in cancers. FASN inhibition disrupts membrane synthesis, survival signaling, and energy homeostasis, making it a promising metabolic target for cancer treatment (Menendez and Lupu, 2007). FASN has been identified as a key substrate of TRIM21 (Gu et al., 2020). The nuclear neddylated PTEN dephosphorylates FASN to reduce the TRIM21-mediated ubiquitylation and degradation of FASN, and then promotes de novo fatty acid synthesis. ACAT1 acetylates GNPAT at K128, which represses TRIM21-mediated GNPAT ubiquitination and degradation. GNPAT represses TRIM21-mediated FASN degradation and promotes lipid metabolism and hepatocarcinogenesis. However, FASN acetylation enhanced its association with the E3 ubiquitin ligase TRIM21. Acetylation destabilized FASN and resulted in decreased de novo lipogenesis and tumor cell growth (Gu et al., 2020). In renal cell carcinoma, TRIM21 mediates ubiquitination-mediated degradation of sterol regulatory element binding transcription factor 1 (SREBF1) to inhibit the expression of lipogenic enzymes, thereby blocking lipogenesis and tumor development (Chen et al., 2023). Microsomal epoxide hydrolase 1 (EPHX1) metabolizes 2-arachidonoylglycerol (2-AG) into arachidonic acid (AA) and glycerol, and has been identified as a direct target of TRIM21 in pancreatic cancer. TRIM21 binds EPHX1 via its SPRY domain and induces proteasomal degradation through K33- and K48-linked ubiquitination at lysine 105 (K105). Functionally, EPHX1-derived AA promotes ferroptosis and suppresses tumor proliferation, whereas TRIM21-mediated EPHX1 degradation sustains AA depletion, thereby enhancing pancreatic cancer growth and conferring gemcitabine resistance (Fan et al., 2025). Collectively, the specific roles of TRIM21 in modulating tumor metabolism, especially lipid metabolism, and its interaction with metabolic networks require further exploration.
Regulating immune evasion
Immune evasion is an emerging hallmark contributing to tumor development (Galassi et al., 2024). Tumor cells employ a variety of immunosuppressive mechanisms to escape from immune surveillance by regulating the function of CD8+ T cell, tumor-associated macrophages and other components in the TME (Vinay et al., 2015). In this section, we focused on the role of TRIM21 in the regulation of immune evasion in different context of cancers.
TRIM21 has also been found to impair CD8+ T cell activation and anti-tumor immunity in some contexts of cancers. TRIM21 could catalyze the K63-linked polyubiquitination on programmed cell death-1 (PD-1) at K233, resulting in stabilization of PD-1 by antagonizing its K48-linked polyubiquitination and degradation to impair anti-tumor immunity of CD8+T cells (Shi et al., 2025). Conversely, TRIM21 deficiency significantly decreased PD-1 expression and activated cytotoxic CD8+ T cells, which sensitizes tumors to anti-CTLA-4 immunotherapy. In hepatocellular carcinoma (HCC), ependymin-related protein 1 (EPDR1) plays a regulatory role on PD-L1 expression to mediate immune evasion in a TRIM21-dependent manner. Mechanistically, EPDR1 binds to TRIM21 and reduce TRIM21-dependent degradation of IkappaB kinase-b to promote NF-κB-mediated transcriptional activation of PD-L1 (Qian et al., 2024).
To achieve immune evasion, tumor cells alter their expression of E3 ubiquitin ligases that regulate the function of CD8+ T cell and anti-tumor immunity. Among these E3 ligases, TRIM21 enhances the cytotoxic function of CD8+ T cell function within TME by promoting the K48-linked ubiquitination and degradation of the mitochondrial voltage-dependent anion-selective channel protein 2 (VDAC2). TRIM21-mediated VDAC2 degradation inhibits pore formation by VDAC2 oligomers for cytosolic mtDNA release, thus suppressing radiation-induced STING–type-I IFN signalling. Conversely, TRIM21 deficiency enhances VDAC2 oligomerization-mediated cytosolic mtDNA release, activates the cGAS/STING cytosolic DNA sensing pathway, potentiates the antigen-presenting capacity of tumor cells, and activates cytotoxic T cell-mediated anti-tumor immunity in response to radiation (Li JY. et al., 2023). Extracellular adenosine has been found at high levels in the TME, which creates an immunosuppressive microenvironment suppressing the anti-tumor effects of cytotoxic T cells (Zahavi and Hodge, 2023). TRIM21 functions as an E3 ligase that mediates the ubiquitin-proteasomal degradation of CD73, a pivotal enzyme mediating the conversion of ATP to adenosine (Fu et al., 2023). In triple-negative breast cancers (TNBCs), TRIM21 knockdown could stabilize CD73 protein and promote CD73-mediated adenosine accumulation, dampening CD8+ T cell function. Findings from a recent study showed that deubiquitylation of CD73 by OTUD4 counteracted its ubiquitylation by TRIM21. While TRIM21 promotes the degradation of CD73 protein, deubiquitination of CD73 by OTUD4 stabilizes CD73 and impair CD8+ T cell function via adenosine production (Zhu et al., 2024). Given this immune suppressive role of CD73, ST80 blocks the interaction between OTUD4 and CD73, to promote CD73 proteolysis and restore capacity to elicit anti-tumor responses of CD8+ T cell in immune-suppressive TNBCs.
Anti-phagocytic signals to avoid self-elimination by phagocytes are critical for governing the evasion of tumor cells from immune surveillance (Liu et al., 2017). CD47 is a tumor-associated antigen binds to and activates signal regulatory protein α (SIRPα), an inhibitory protein expressed on the surface of macrophages, allowing tumor cells to evade innate immune surveillance. TRIM21 has been identified as the E3 ligase that mediates the polyubiquitylation and degradation of CD47 at lysine 99 and 102. However, c-Src-mediated CD47 phosphorylation inhibits the interaction between TRIM21 and CD47, thereby abrogating TRIM21-mediated CD47 polyubiquitylation and degradation to promote immune evasion (Du et al., 2023). CD4+ T cells, a type of inflammatory cell, are crucial in supporting and sustaining antitumor immune responses, which are predominantly mediated by the release of cytokines into the tumor microenvironment. Activated CD4+ T cells exhibit high expression levels of CD40L, which in turn enhances the antitumor immune response. In breast cancer, TRIM21 mediated the ubiquitination and degradation of CCT2 to promotes CD4+T cell activation. impair the pro-tumor effects of CCT2. Mechanistically, exosomal CCT2 inhibited Ca2+-NFAT1 signaling, thereby reducing CD40L expression on CD4+T cell (Chen et al., 2024).
Sustaining cell proliferation
Sustained cell proliferation can be explained by mutations in oncogenes and tumor suppressors that regulate cell growth. The p53 tumor suppressor plays a key role in the maintenance of the genome integrity by inhibiting the proliferation of cells with damaged DNA (Blandino et al., 2020). Mutations in the p53 gene have been correlated with multiple types of tumors. Moreover, the proteasomal degradation of p53 tumor suppressor is regulated by polyubiquitination. TRIM21 has been found to promote tumorigenesis by destabilizing p53 (Hock AK and Vousden, 2014). However, TRIM21 directly interacted with mutant p53 but not wildtype p53, thereby leading to ubiquitination and degradation of mutant p53 to impair the role of mutant p53 “gain of function” in tumorigenesis. Conversely, TRIM21 deletion led to mutant p53 accumulation and gain of function to impair tumorigenesis (Liu J. et al., 2023).
The activation of proliferative signaling is also indispensable for sustaining cell proliferation. The canonical Wnt signaling pathway is closely implicated in tumorigenesis (Latour et al., 2021). Once bound by Wnt, Frizzled/LDL-recepor-related protein promotes translocation of β-catenin from the cytoplasm to the nucleus to activate T-cell factor (TCF)/lymphoid enhancer binding factor (LEF) and drive the upregulation of Wnt target genes for tumor proliferation (MacDonald et al., 2009). TRIM21 not only promotes K63-linked ubiquitination of β-catenin, accelerating its translocation into nuclei, but also increases β-catenin in nucleus by enhancing K48-linked ubiquitination of TIF1γ, another important regulator of β-catenin. TRIM21 forms a complex with the β-catenin upstream regulator, TIF1γ, in the nucleus and accelerated its degradation by inducing K48-linked ubiquitination at K5 site, to increase the level of nuclear β-catenin for tumor proliferation (Li Y. et al., 2023). Therefore, targeting TRIM21 is a promising therapeutic strategy for glioma with hyperactive β-catenin.
Regulating tumor metastasis
TRIM21-mediated ubiquitination is critical for protein stability, activity, modification, or cellular localization of substrate protein, therefore participating in the regulation of tumor metastasis. For instance, tyrosine aminotransferase (TAT) is a key regulator for liver metastasis of gallbladder cancer by potentiating cardiolipin-dependent mitophagy. Moreover, TRIM21 mediated the K63-linked ubiquitination on TAT at K136 to impair its dimerization and mitochondrial location, subsequently inhibiting tumor invasion and migration of gallbladder cells. Given that TAT as a pro-metastasis regulator, TRIM21 may exert inhibitory effects on liver metastasis of gallbladder cancer. However, Xiao et al. found that UBE2S could interact with TRIM21 and coordinately mediated the ubiquitination of lipoma preferred partner (LPP) via K11-linked polyubiquitination to promote the lymphatic metastasis of gallbladder cancer (Xiao et al., 2023). Hippo and its downstream effectors, the transcriptional co-activators Yes-associated protein (YAP) are critical transcriptional regulators involved in human malignancies (Zanconato et al., 2016). The Hippo signaling is regulated by a series of kinases, including MST1/2. TRIM21 functions as an inhibitory regulator on the metastatic potential of colorectal cancer by regulating Hippo/YAP signaling pathway. Mechanistically, TRIM21 mediated the K63-linked polyubiquitination of MST2 at lysine 473, leading to the formation of MST2 homodimer and increased kinase activity for the functional inactivation of YAP (Liu YX. et al., 2023). In addition, TRIM21 binds to PRMT1 via its SPRY domain to promote the ubiquitination and degradation of the oncogene PRMT1 in a K48-linked manner, thereby inhibiting the metastasis of colorectal cancer cells (Cao et al., 2025).
Resisting cell death
Ferroptosis is an iron-dependent regulated cell death characterized by excessive lipid peroxide accumulation. TRIM21 acts as a ferroptosis gatekeeper by targeting key proteins involved in ferroptosis. For instance, TRIM21 catalyzes K48-linked polyubiquitination and degradation of acyl-CoA synthetase long-chain family member 4 (ACSL4), a critical enzyme for incorporating polyunsaturated fatty acids (PUFAs) into phospholipids that dictates ferroptosis sensitivity, to promote ferroptosis resistance (Cui et al., 2024). In addition, TRIM21 binds ferroptosis suppressor protein 1 (FSP1) and mediates K63-linked ubiquitination at residues K322/K366. This modification promotes FSP1 membrane localization which is essential for its membrane translocation and ferroptosis suppression ability (Gong et al., 2023).
TRIM21 AS A PROGNOSTIC MARKER OF HUMAN MALIGNANCIES
It has been found that the expression of TRIM21 is dysregulated in a broad spectrum of malignancies. Both aberrant upregulation and downregulation of TRIM21 in tumor tissues has been found to be correlated with adverse clinicopathological characteristics and poor prognosis, suggesting its potential as a context-dependent prognostic biomarker. Therefore, it is essential to characterize the clinicopathological parameters affected by TRIM21 expression for guiding optimal therapeutic strategies in clinical practice. In 355 patients with nasopharyngeal carcinoma, high TRIM21 expression was correlated with shorter locoregional recurrence-free survival, disease-free survival, and overall survival times (Li JY. et al., 2023). In 120 glioma samples, high TRIM21 protein level was correlated with advanced tumor stage. Multivariate analyses revealed that TRIM21 was an independent indicator for overall survival of patients with glioma (Li Y. et al., 2023). In pancreatic ductal adenocarcinoma, TRIM21 was upregulated in PDAC samples compared with non-tumor samples. Kaplan–Meier survival analysis revealed that high TRIM21 protein level was negatively correlated with the overall survival of PDAC patients (Gong et al., 2023).
However, poor clinical outcomes have been observed in tumors with decreased levels of CTGF expression relative to normal tissues. In renal cell carcinoma, low TRIM21 expression was significantly positively correlated with tumor size, lymph node metastasis, and distant metastasis (Chen et al., 2023). In colorectal and breast cancers, TRIM21 protein levels were frequently downregulated in colorectal and breast cancers. Moreover, low TRIM21 expression was significantly correlated with poor clinical outcomes in patients with mutp53 cancers but not wtp53 tumors (Liu J. et al., 2023).
CLINICAL IMPLICATIONS AND FUTURE DIRECTIONS
Proteolysis-targeting chimera (PROTAC) has emerged as a promising technology for degradation of specific disease-related proteins (Zhao R. et al., 2022). Targeted protein degradation utilizes PROTACs to degrade cancer-related proteins by enhancing their bindings to E3 ubiquitin ligases for cancer treatment (Li and Song, 2020). Lu et al. developed a TRIM21-based PROTAC by functionalization of acepromazine, an anti-psychotic drug, into PROTACs to increase the interaction of TRIM21 with nucleoporin NUP98. Considering that aberrant protein assemblies are related to tumorigenesis, this TRIM21-based degraders promotes the degradation of nuclear pore proteins to impair nucleocytoplasmic trafficking (Lu et al., 2024). Fletcher et al. developed a TRIM21-based PROTAC to degrade Human antigen R (HuR), an RNA regulator, to inhibit tumor growth in pre-clinical models by regulating HuR-related biological process. A single domain antibody (VHH) was found to bind with HuR to inhibit HuR binding to RNA to impair tumor growth in vivo. The HuR-targeting TRIM21-based PROTAC has been exploited as a promising strategy for regulating HuR expression and exerting anti-tumorigenic effects in pre-clinical models (Fletcher et al., 2023).
As we have discussed in this review, TRIM21 have many functions in a broad range of biological processes. Recent studies have established TRIM21 knockout mice and found TRIM21 as a pivotal regulator of tumorigenesis in vivo by a genetic approach using transgenic or knockout mice. Notably, it is essential to decipher the interacting proteins or substrates of TRIM21 to determine the multi-functionality of TRIM21. Further studies are required to fully characterize the complex regulation of TRIM21 in different cancer contexts and to dissect its underlying mechanisms. Besides, the high-specificity targeting properties of TRIM21-based therapeutic strategy are especially important. Thus, future perspectives include the development of TRIM21-based therapeutic strategy and their effective delivery into cancer cells.
CONCLUSION
Ubiquitination serves as a dynamic post-translational modification that enables rapid and precise regulation of cellular signaling networks. TRIM21, as an E3 ubiquitin ligase, plays a multi-faceted role in tumorigenesis, metabolic reprogramming, immune escape by regulating the stability and function of key proteins. The diversity of its substrate selection and the specificity of the ubiquitin chain enable it to precisely regulate carcinogenic or tumor suppressor pathways. The complex regulatory network of TRIM21 suggests its great potential as a tumor therapeutic target, but its “double-edged sword” characteristics need to be overcome in the future.
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