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Research progress of TRIMs protein family in tumors
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Abstract: The tripartite motif (TRIMs) protein family has E3 ubiquitin ligase activity among most of its members. They participate in multiple cellular processes and signaling pathways in living organisms, including cell cycle, growth, and metabolism, and mediate chromatin modification, transcriptional regulation, post-translational modification, and cellular autophagy. Previous studies have confirmed that the TRIMs protein family is involved in the development of various cancers and correlated with the prognosis of tumor patients. Here we summarize the biological roles of the TRIMs protein family in cancers.
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Introduction

A tumor is a complex pathologic process caused by dynamic regulations of multiple factors and various signaling pathways. The mechanisms of tumor occurrence and development have already been widely studied. However, most tumors have inconspicuous or mild symptoms at the early stages that are not easily detected, resulting in missed diagnosis and misdiagnosis. Clinical diagnosis of tumors at the middle and advanced stages always leads to adverse consequences, such as low survival, poor prognosis, and high recurrence. Comprehensive studies on tumor biology have paid close attention to the tripartite motif (TRIMs) protein family, and some of its members are involved in the progression of multiple malignancies. TRIMs play important regulatory roles in the development of liver cancer, lung cancer, colorectal cancer (CRC), breast cancer (BC), and gastric cancer (GC), and are expected to become potential molecular targets for cancer treatment and prognosis (Mandell et al., 2020).

An overview of the tripartite motifs protein family

The TRIMs protein family is referred to as the highly conserved RING-B-box-coiled-coil family (Reymond et al., 2001) that exists in multicellular organisms and is reckoned an E3 ubiquitin ligase-active protein with over 80 family members in the human genome (Mandell et al., 2020). It is characterized by three zinc-binding domains from the N-terminal to the C-terminus, one RING-finger domain (RING-finger domain), one or two zinc-finger namely B-boxes including B1-box and B2-box domains, and highly variable coiled-coil domain (coil-coil region).

The RING domain of TRIMs determines substrate specificity by providing docking sites for E2 conjugates and facilitating ubiquitin ligation to confer TRIMs protein E3 ligase activity, including ubiquitin molecules and ubiquitin-like molecules (UBLs) just like the small ubiquitin-like modifier (SUMO) and neural precursor cell expressed developmentally downregulated protein 8 (Nedd8) molecules (Yang et al., 2020). E3 ligases are in charge of substrate recognition and specificity because they move ubiquitin or UBLs molecules from E2-conjugating enzymes to the substrates (Yang and Xia, 2021). The majority of TRIMs are E3 ligases due to their RING-finger domain; in this way, which can regulate the ubiquitination of different substrates. Interestingly, in some TRIMs that lack the RING domain, their B-box domain can utilize the E3 ubiquitin ligase activity and endow them by offering the E2 ubiquitin-conjugase enzyme a binding site to ubiquitin (Yang et al., 2020), which is similar to the function of RING domain. In humans, there are eight TRIM subgroups with no RING domains, such as TRIM14, TRIM16, TRIM20, TRIM29, TRIM44, TRIM66, TRIM70, TRIM76, TRIM76, and TRIML2, which still have ubiquitin ligase activity because of an occult RING-like fold in their B-box domain (Hatakeyama, 2017).

B-box is further categorized into B-box1 and B-box2 based on the residues of the coordinate zinc ions, and the second binding site of B-box1 is cysteine, while that of B-box2 is histidine, with B-box1 preceding B-box2, but some TRIM proteins contain only one B-box2 (Reymond et al., 2001). Though it is shown to conduce to the human innate immune response to the infection of HIV (Diaz-Griffero et al., 2009), the function of the B-box domain has not yet been completely understood.

The coiled-coil (CC) domain is thought to have enzymatic activity in the interaction of homodimers. It can promote higher-order oligomerization or the formation of heterooligomeric complexes with other TRIMs (Wang and Hur, 2021). The X-ray structures of the CC in all TRIM proteins identified so far show antiparallel arrangements of homodimers, with the catalytic RING domain located on the other side of its rod-shaped central CC domain (Fiorentini et al., 2020). TRIMs share a common overall structure, but the CC has various effects on the overall structure and function of TRIM proteins. In addition, the TRIM family proteins have a complex C-terminal region (C-terminal domain), including the C-terminal subgroup one signature (COS) domain, SPIa and the ryanodine receptor (SPRY) domain, SPRY-associated (PRY) domain, NHL repeats (NHL) domain, bromodomain (BROMO), serine-type IG domain (FIL), fibronectin type III repeat (FNIII), acid-rich region (ACID), Meprin and TRAF homologous domain (MATH), ADP-ribosylation factor family domain (ARF), and transmembrane region (TM) (Hatakeyama, 2017). The SPRY domain is the most common in the human body for mediating protein-protein interactions (Mandell et al., 2020).

Surprisingly, not all TRIMs have all three domains. Some TRIMs can replace one of the three domains but retain the order of the remaining domains. Some TRIMs-like proteins that are not formally grouped into the TRIMs protein family have two of the three domains in the same conserved order (Wang and Hur, 2021).

The TRIMs protein family has been shown to implicate various biological processes, such as development, transcription, and signal transduction (Tocchini and Ciosk, 2015). TRIMs also have been demonstrated to regulate cell proliferation, cell division, and cell metabolism. They can promote or inhibit cell transformation of tumors, mediate chromatin modifications, gene transcription, and post-translational modifications, interact with pathogens, and regulate autophagy (Jaworska et al., 2020).

The tripartite motifs protein family in liver cancer

Hepatocellular carcinoma (HCC) is the sixth most common cancer type and the second leading cause of death worldwide; one of the most common malignant primary liver cancers, accounting for about 85% of cirrhosis-diagnosed patients, and the 5-year survival rate is only 18%. HCC has an insidious onset, high malignancy, and poor prognosis (Hao et al., 2021). Therefore, exploring the occurrence and mechanism of HCC is of great value in improving the prognosis of patients.

Current studies show that in HCC, TRIM3, TRIM16, TRIM26, and TRIM50 of the TRIMs protein family are poorly expressed, while TRIM11, TRIM21, TRIM25, TRIM31, TRIM32, TRIM52, and TRIM66 are over-expressed. This indicates that the TRIMs family proteins play various roles in HCC.

Low expression of TRIM3 was found to be associated with a poor prognosis in patients with HCC (Chao et al., 2014). Further research revealed that TRIM3 over-expression could induce cell cycle arrest at G0/G1 phase and inhibit cell proliferation, migration, invasion, and colony formation (Huang et al., 2017). TRIM16 can inhibit HCC migration, and invasion in vitro and in vivo through down-regulating ZEB2 expression in a proteasome-dependent pathway. Knockdown of TRIM16 can promote HCC migration, invasion, and epithelial-mesenchymal transition (EMT) (Li et al., 2016). EMT is a process of morphological conversion from epithelial to mesenchymal phenotype, providing mobility for cancer cells to generate metastasis (Li et al., 2016). The down-regulation of TRIM26 contributes to a worse prognosis of HCC patients. TRIM26 silencing can promote HCC cell proliferation, colony formation, migration, and invasion (Wang et al., 2015). The proliferation, colony formation and invasion abilities of HCC cells were significantly suppressed after TRIM50 expression was up-regulated. The possible mechanism is that TRIM50 directly targets zinc-finger transcription factor SNAI1 (Snail) for extensive degradation, reverses the Snail-mediated EMT transition, and thus acts to inhibit the development of HCC (Ma et al., 2018). These studies suggest that positive modulation of TRIM3, TRIM16, TRIM26, and TRIM50 may be novel therapeutic strategies for HCC development.

Over-expression of TRIM11 was reported to be closely associated with HCC progression and patient survival (Chen et al., 2017). TRIM11 knockdown reduced the expression of p-PI3K and p-Akt proteins in HCC cells, thus inhibiting the activation of PI3K/Akt signaling. The expression of TRIM11 has a negative relationship with p53 and can play its carcinogenic role in HCC by down-regulating the p53 pathway. TRIM11 can inhibit HCC cell proliferation, migration, invasion, and the EMT process in vitro through the above-mentioned two pathways (Liu et al., 2017; Zhang et al., 2017). TRIM21 was highly expressed in HCC, and TRIM21 genetic ablation protected the liver from oxidative injury and reduced the occurrence of HCC by suppressing the p62-Kelch-like ECH-associated protein 1 (Keap1)-NF-E2-related factor 2 (Nrf2) pathway (Wang et al., 2021). Another study reported that p15INK4b-related sequence/regulation of nuclear pre-mRNA domain-containing protein 1A (RPRD1A) interacted with TRIM21 by increasing the aggregation of p62 and Keap1 to promote nuclear translocation of Nrf2, which further contributes to the progression of HCC (Feng et al., 2021). However, the down-regulation of TRIM21 was associated with a poor prognosis in patients with HCC (Ding et al., 2015). Given the discovery of the different roles of TRIM21 in HCC, more experimental studies are needed to explore the mechanism of TRIM21 in HCC.

TRIM25 may lead to the activation of the Keap1/Nrf2 pathway through direct ubiquitination and degradation of Keap1 by E3 ubiquitin ligase, eliminating the production of reactive oxygen species in response to endoplasmic reticulum stress, thus promoting HCC cell survival and growth (Liu et al., 2020). TRIM31 can promote HCC progression by targeting the tuberous sclerosis complex 1 (TSC1)-TSC2 complex for degradation and further over-activating the mammalian target of rapamycin complex 1 (mTORC1) pathway (Guo et al., 2018a). Another study shows that TRIM31 knockdown directly promotes p53 polyubiquitination and proteasomal degradation at the K48 site, and activates the AMPK pathway, thereby promoting HCC cell resistance to nest loss apoptosis and reverses nest loss apoptosis (Guo et al., 2018b), a type of programmed cell death that occurs when cells lose contact with the extracellular matrix and other cells form. These findings suggest that TRIM31 can be a therapeutic target for metastatic HCC.

Cui et al. (2016) demonstrated that TRIM32 is positively associated with histological grade, tumor size, and hepatitis B surface antigen (HBsAg) in HCC patients. TRIM32 over-expression accelerated the G1-S phase transition of the cell cycle, which in turn promoted the rate of cell proliferation. Additionally, among the drugs for HCC, TRIM32 also induced resistance to oxaliplatin in HCC therapy and predicted a poor prognosis in HCC patients (Cui et al., 2016). Zhang et al. (2018) found that TRIM52 expression was positively correlated with tumor size, tumor lymph node metastasis (TNM) stage, and tumor number. TRIM52 up-regulation promoted cell proliferation, migration, and invasion of HCC cells through the ubiquitination of PPM1A. Furthermore, up-regulation of PPM1A inhibited TRIM52-mediated cell proliferation, migration, and invasion, and enhanced PPM1A activity or expression could be used as a therapeutic strategy to prevent and treat HCC (Zhang et al., 2018). Fan et al. (2019) found that TRIM66 is involved in the regulation of glycogen synthase kinase-3β (GSK-3β) phosphorylation and β-catenin expression. TRIM66 over-expression promoted activation of Wnt/β-catenin signaling, which significantly promoted the proliferation of HCC cells, colony formation, and invasion ability, and thus acted as oncogenic proteins in HCC, indicating the potential of TRIM66 as a target for HCC therapy (Fan et al., 2019).

In conclusion, the TRIMs protein family mainly regulates HCC metastasis to pose important clinical significance in the diagnosis, treatment, and prognosis of HCC.

The tripartite motifs protein family in lung cancer

Lung cancer is one of the most commonly diagnosed cancers in the world and the leading cause of cancer-related deaths, with an estimated 2 million new cases and 1.76 million deaths each year. Lung cancer is classified in terms of pathology into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), of which NSCLC is the most common type (Thai et al., 2021). In recent years, progress has been made in the pathogenesis, diagnosis, and treatment of lung cancer, but overall survival still needs to be improved.

The TRIMs protein family shows an important role in lung cancer. Among the TRIMs protein family, TRIM13, TRIM56, and TRIM72 are down-regulated, while TRIM11, TRIM15, TRIM23, TRIM29, TRIM32, TRIM35, TRIM37, TRIM46, TRIM59, and TRIM65 are up-regulated in lung cancer.

TRIM13 over-expression in a xenograft mouse model inhibited tumor growth and induced apoptosis in vivo, and the possible mechanism was to inhibit cell proliferation and induce apoptosis by regulating the nuclear factor kappa B (NF-κB) pathway (Xu et al., 2019). The expression of TRIM56 in lung adenocarcinoma (LUAD) was reduced and associated with a poor prognosis, and the over-expression of TRIM56 inhibited the invasion and migration of LUAD cells (Lu et al., 2021). TRIM72 inhibited tumor progression and stress granule formation by modulating oncogenic protein G3BP2 activity in NSCLC (Li et al., 2021a), which is a potential therapeutic target.

TRIM11 over-expression was observed to significantly reduce lung cancer cell growth and invasiveness, which was correlated with poor outcomes of patients (Wang et al., 2016). While TRIM15 over-expression in NSCLC was associated with a poor prognosis (Han et al., 2019), TRIM15 knockdown reduced tumor cell proliferation and metastasis in vitro and in vivo, whereas ectopic TRIM15 expression promoted cell proliferation and metastasis. The possible mechanism is that TRIM15 promoted NSCLC progression by promoting Keap1 ubiquitination and degradation-mediated Nrf2 stabilization (Liang et al., 2022). TRIM23 over-expression was associated with high expression of NF-κB, poor cell differentiation, poor overall survival (OS), and disease-free survival (DFS), and was associated with a poor prognosis in LUAD patients with platinum-based adjuvant chemotherapy (Zhang et al., 2020a). TRIM29 down-regulation can inhibit cell proliferation, invasion, increase the chemosensitivity of cisplatin in human lung squamous cancer cells, and subsequently exert potent antitumor activity and chemosensitization (Liu et al., 2015). TRIM32 up-regulation was associated with a poor prognosis of lung cancer patients and could promote the proliferation, migration, and invasion of lung cancer cells by activating the Janus kinase 2/signal transducer and activator of transcription 3 (JAK2/STAT3) pathway (Yin et al., 2019). TRIM35 over-expression promoted lung cancer cell proliferation, migration, and invasion and promoted tumor formation in vivo (Zhang et al., 2020b). Knockdown of TRIM37 inhibited NSCLC cell proliferation and tumorigenesis by inhibiting the Wnt/β-catenin signaling pathway (Ding et al., 2018). TRIM46 expression was positively correlated with tumor size, TNM stage, and metastasis, and TRIM46 over-expression increased cell proliferation and cisplatin resistance in LUAD cells by enhancing glycolysis through activating AKT/HK2 signaling (Tantai et al., 2022).

TRIM59 could regulate the initiation of autophagy by negatively regulating the transcription of the beclin1 (BECN1) gene through the NF-κB pathway and trigger the autophagy protein cascade as well as the TNF receptor-related factor 6 (TRAF6)-mediated K63-linked BECN1 ubiquitination, which is related to the inhibitory effect on NF-κB activation observed by TRIM59 (Han et al., 2018). This study indicates the role of TRIM59 in lung cancer by regulating the level of autophagy. Moreover, a recent study showed that tumor-derived exosomal TRIM59 can convert macrophages via regulating ABHD5 proteasomal degradation to activate the NLRP3 inflammasome signaling pathway to promote lung cancer progression by IL-1β secretion (Liang et al., 2020). Knockdown of TRIM65 was confirmed to induce TNRC6A ubiquitination and degradation, regulate miR-138-5p expression to inhibit autophagy, and also attenuate the in vitro and in vivo chemical resistance of NSCLC cells after drug cisplatin treatment, indicating that TRIM65 plays a role and provides new insights into NSCLC autophagy-mediated chemoresistance (Pan et al., 2019).

Taken together, these results suggest that the TRIMs protein family may be a novel and promising target for the prognosis and treatment of lung cancer.

The tripartite motifs protein family in colorectal cancer (CRC)

CRC is the third most common malignancy in the world, and CRC patients always have a high mortality rate and a low survival rate. Despite the significant progress in the development of CRC therapies, new effective molecular biomarkers are still needed (Xie et al., 2020).

Among the TRIMs protein family, TRIM21, TRIM58, and TRIM67 are down-regulated, while TRIM6, TRIM24, TRIM28, and TRIM39 are up-regulated in CRC.

TRIM21 is reported to serve as a therapeutic target for CRC by negatively regulating cell proliferation, adhesion, tissue remodeling, and angiogenesis, as well as a pro-inflammatory response (Zhou et al., 2021b). TRIM58 down-regulation can promote CRC cell invasion and cause a poor prognosis, but TRIM58 over-expression can strongly inhibit CRC cell invasion mainly by decreasing the expression of EMT and matrix metalloproteinase (MMP) genes (Liu et al., 2018). TRIM67 appears as a tumor suppressor in CRC. It is shown to enhance the stability of p53 by disrupting the p53-MDM2 interaction to inhibit the occurrence and progression of CRC (Wang et al., 2019).

In a recent study, TRIM6 over-expression in CRC cells can decrease B-cell translocation gene 2 (BTG2/TIS21) stability by increasing TIS21 ubiquitination through E3-ubiquitin ligase activity and also increase FoxM1 expression and phosphorylation to promote CRC cell proliferation (Zheng et al., 2020). TRIM24 is found to be inversely correlated with the prognosis of CRC patients, and TRIM24 knockdown can inhibit CRC cell proliferation and colony formation. The effect of TRIM24 on CRC cell proliferation is due to its activation of YES-associated protein (YAP) signaling (Xie et al., 2020). Another research indicates that TRIM24 over-expression can facilitate the in vitro and in vivo growth of CRC cells, up-regulate vascular endothelial growth factor expression to consequently stimulate angiogenesis, and promote cell progression via the Wnt/β-catenin signaling (Tian et al., 2022). TRIM28 over-expression is identified to have a relationship with the recurrence and poor prognosis of CRC patients, possibly through its translational repression of the Krüppel associated box (KRAB) domain transcription factor family (Fitzgerald et al., 2018). TRIM39 up-regulation is also associated with a poor prognosis in CRC patients, but its knockdown can inhibit CRC progression (Hu et al., 2021). In addition, it is found that TRIM39 is a positive regulator of autophagosome-lysosome fusion. TRIM39 can inhibit the ubiquitination of Ras-associated protein Rab7 at the K191 residue to promote Rab7 activity, and TRIM39 deficiency inhibits the p53 autophagy flux in a Rab7 activity-dependent manner, thereby inhibiting CRC development.

In summary, the above studies also suggest that TRIMs play an important role in CRC development. They may be explored to be potential biomarkers in CRC treatment.

The tripartite motifs protein family in breast cancer (BC)

BC is one of the most common tumors and is the second leading cause of cancer-related deaths in women worldwide. As observed in the TRIMs protein family, TRIM31, TRIM35, TRIM44, and TRIM72 are down-regulated, while TRIM3, TRIM6, TRIM39, TRIM47, and TRIM59 are up-regulated in BC.

Guo et al. (2021) found that TRIM31 down-regulation was negatively associated with BC progression, and TRIM31 expression was associated with tumor size, Ki67 expression, TNM stage, histological grade, and lymph node infiltration of BC patients. TRIM31 can promote BC cell proliferation, migration, and invasion. TRIM31 may promote BC progression by regulating the ubiquitination of p53 (Guo et al., 2021). Low TRIM35 expression was associated with poor prognosis of BC patients, and TRIM35 inactivated AKT signaling by increasing the ubiquitination of PDK1 to inhibit BC cell proliferation (Wang et al., 2022a). TRIM44 played a role in BC progression by promoting BC cell proliferation and migration through enhancing NF-κB signaling, and it was an independent prognostic factor for distant DFS and OS in patients (Kawabata et al., 2017). Over-expression of TRIM72 inhibited BC cell proliferation and invasion and reduced tumor growth and metastasis in BC xenograft tumor models. Additionally, under a hypoxic tumor microenvironment (TME), decreased TRIM72 expression can induce lactate production and may contribute to the TME to further activate PI3K/Akt/mTOR signaling pathway, which ultimately results in BC progression (Wang et al., 2022b). Thus, TRIM72 could serve as a potential therapeutic target for BC.

It was demonstrated that TRIM3 over-expression was closely associated with low survival in BC patients treated with the estrogen receptor drug tamoxifen (Ye et al., 2021). The up-regulation of TRIM6 expression in BC promoted STIP1 homology and U-Box containing protein 1 (STUB1) degradation through the ubiquitin-dependent proteasome and subsequently activated YAP1 signaling to promote BC growth and migration (Wei et al., 2021). TRIM39 knockdown significantly inhibited BC cell proliferation and arrested the cell cycle at S-phase (Ogura et al., 2022). TRIM47 expression was positively correlated with the shortened DFS in patients with postoperative endocrine therapy, and TRIM47 over-expression activated NF-κB signaling, which contributed to the resistance to endocrine therapy in BC (Azuma et al., 2021). This suggests that TRIM47 can be a potential diagnostic and therapeutic target for endocrine therapy-refractory BC. TRIM59 was shown to promote BC growth, migration, and invasion by inhibiting the p62-selective autophagic degradation of the programmed cell death protein 10 (PDCD10). And then, PDCD10 can mediate RAS homolog family member A (RhoA)-Rho-related coiled-coil kinase (ROCK) 1 signaling to promote BC migration and invasion (Tan et al., 2018). Further research found that depletion of TRIM59 suppressed BC metastasis by promoting RNFT1-induced K63 polyubiquitination and SQSTM1-directed autophagic degradation of PDCD10 (Tan et al., 2019).

These studies suggest that TRIMs act as a significant role in BC and may be a valuable prognostic biomarker for BC patients.

The tripartite motifs protein family in gastric cancer (GC)

GC is the second most common cause of cancer death. Surgery and radiotherapy are the main treatment methods for GC, but they are prone to relapse. Therefore, more diagnostic and therapeutic biomarkers are found to better improve the quality of survival and prognosis of patients with GC (Joshi and Badgwell, 2021).

Among the TRIMs protein family, TRIM3 and TRIM16 are poorly expressed in GC, while TRIM15, TRIM23, TRIM47, and TRIM 54 are over-expressed in GC.

Low TRIM3 expression was shown to have a correlation with shorter OS and was an independent predictor of poor prognosis in GC patients (Farhadi et al., 2022). Low TRIM16 expression in GC was found to increase the expression of three oncogenic proteins, β-catenin, cyclin D, and B-cell lymphoma 2, which was suggested as a possible risk factor contributing to GC progression (Afshar et al., 2021).

The expression of TRIM15 and TRIM 23 were higher in GC tissues than that in normal tissues, and over-expressed TRIM15 and TRIM23 were found to be positively associated with the depth of tumor invasion, lymph node metastasis, distant metastasis, TNM stage and shorter OS in GC patients, which were independent adverse predictors and therapeutic targets (Yao et al., 2018; Zhou et al., 2021a). TRIM47 was significantly correlated with tumor differentiation and the TNM stage of GC patients. The role of TRIM47 in GC development resulted from the regulation of NF-κB, EMT, hypoxia, and apoptosis-related signaling pathways (Xia et al., 2021). TRIM54 showed a negative association with the OS of GC patients and significantly enhanced the proliferation, migration, and invasion of GC cells (Cao et al., 2022).

These researches show a significant relationship between TRIMs family members and the clinicopathological features of GC patients. TRIMs will be used as a prognostic biomarker for GC patients.

The tripartite motifs protein family in other cancers

Some TRIMs family members also take their roles in other cancers. TRIM15 expression is found elevated in pancreatic ductal adenocarcinoma and associated with a poor prognosis of patients. It interacts with apolipoprotein A1 (APOA1) through its PRY/SPRY domain and induces APOA1 degradation through its RING domain to promote pancreatic cancer cell invasion and metastasis (Sun et al., 2021). Down-regulation of TRIM50 in pancreatic cancer is shown to have an association with low survival in patients, and its over-expression suppresses cell proliferation and inhibits the EMT process by degrading Snail1 in pancreatic cancer cells (Li et al., 2021b). TRIM26 expression is up-regulated and plays an oncogenic role in bladder cancer. It promotes cell proliferation, migration, and invasion through the Akt/GSK3/β-catenin pathway (Xie et al., 2021). TRIM22 activates NF-κB signaling to accelerate its degradation by binding to a negative regulator of NF-κB (IKBα) in glioblastoma (Ji et al., 2021).

Conclusion

Great achievements have been made in the diagnosis and treatment of tumors, but more diagnostic value and efficacy evaluation of biomarkers are still needed. It has been confirmed that the TRIMs protein family is closely related to liver cancer, lung cancer, CRC, and GC (Table 1). Through important regulatory signaling pathways such as p53, Wnt/β-catenin, Keap1/Nrf2, and NF-κB signaling pathways, the TRIMs protein family regulates cell proliferation, cell cycle, metastasis, and sensitivity to chemotherapy drugs, thus playing a role in different tumors (Fig. 1). But the mechanism of TRIMs protein family in tumors is not completely clear. Therefore, a more in-depth study and biological mechanisms of the TRIMs protein family in tumors can provide new targets for tumor diagnosis, treatment, and prognosis.
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Figure 1: The mechanisms of the tripartite motifs (TRIMs) protein family are involved in human cancers. TRIMs protein family plays an important role in hepatocellular carcinoma (HCC), lung cancer (LC), colorectal cancer (CRC), breast cancer (BC), and gastric cancer (GC) by targeting PI3K/Akt, p53, Kelch-like ECH-associated protein 1 (Keap1)/NF-E2-related factor 2 (Nrf2), mammalian target of rapamycin complex 1 (mTORC1), Wnt/β-catenin, YES-associated protein (YAP), and p62 signaling. Blue arrows indicate the “inhibiting effect” and orange arrows indicate the “promoting effect”.
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TABLE 1

The molecular mechanisms of the tripartite motifs proteins in cancers

Cancer types Expression in Molecular mechanisms References
tumors
HCC
TRIM3 Low Induce cell cycle arrest at GO/G1 phase Huang et al. (2017)
TRIM16 Low Inhibit ZEB2 expression and EMT Li et al. (2016)
TRIM26 Low - Wang et al. (2015)
TRIM50 Low Induce Snail degradation Ma et al. (2018)
TRIM11 High Activate PI3K/Akt and down-regulate p53 Liu et al. (2017), Zhang et al. (2017)
pathway
TRIM21 High Activate p62-Keapl-Nrf2 pathway Wang et al. (2021), Ding et al. (2015)
TRIM25 High Activate Keapl/Nrf2 pathway Liu et al. (2020)
TRIM31 High Activate mTORCI and inhibit p53-AMPK Guo et al. (2018a), Guo et al. (2018b)
pathway
TRIM32 High Accelerate G1-S phase transition Cui et al. (2016)
TRIM52 High Activate the ubiquitination of PPMI1A Zhang et al. (2018)
TRIM66 High Activate Wnt/-catenin pathway Fan et al. (2019)
LC
TRIM13 Low Inactivate NF-xB Xu et al. (2019)
TRIM56 Low - Lu et al. (2021)
TRIM?72 Low Inactivate G3BP2 Li et al. (2021a)
TRIM11 High - Wang et al. (2016)
TRIM15 High Activate Keap1-Nrf2 pathway Liang et al. (2022)
TRIM23 High Activate NF-xB Zhang et al. (2020a)
TRIM29 High - Liu et al. (2015)
TRIM32 High Activate JAK2/STAT3 pathway Yin et al. (2019)
TRIM35 High - Zhang et al. (2020b)
TRIM37 High Activate Wnt/p-catenin pathway Ding et al. (2018)
TRIM46 High Activate AKT/HK2 pathway Tantai et al. (2022)
TRIM59 High Inhibit the NF-«kB pathway and activate Han et al. (2018), Liang et al. (2020)
NLRP3 inflammasome pathway
TRIM65 High Induce TNRC6A degradation and suppress Pan et al. (2019)
miR-138-5p expression
CRC
TRIM21 Low - Zhou et al. (2021b)
TRIM58 Low Decrease the expression of EMT and MMP genes Liu et al. (2018)
TRIM67 Low Enhance p53 stability Wang et al. (2019)
TRIM6 High Decrease TIS21 stability Zheng et al. (2020)
TRIM24 High Activate YAP and Wnt/B-catenin pathway Xie et al. (2020)
TRIM28 High Repress translation of KRAB transcription Fitzgerald et al. (2018)
factor family
TRIM39 High Inhibit Rab7 ubiquitination Hu et al. (2021)
BC
TRIM31 Low Induce p53 ubiquitination Guo et al. (2021)
TRIM35 Low Increasing PDK1 ubiquitination Wang et al. (2022a)
TRIM44 Low Enhancing NF-kB pathway Kawabata et al. (2017)
TRIM72 Low Activate PI3K/Akt/mTOR pathway Wang et al. (2022b)
TRIM3 High - Ye et al. (2021)
TRIM6 High Promote STUBI1 degradation Wei et al. (2021)
TRIM39 High Arrest the cell cycle at the S phase Ogura et al. (2022)
TRIM47 High Activate NF-kB pathway Azuma et al. (2021)
TRIM59 High Inhibit p62-selective autophagic degradation Tan et al. (2018)
of PDCD10 Tan et al. (2019)
GC
TRIM3 Low - Farhadi et al. (2022)
TRIM16 Low - Afshar et al. (2021)
TRIM15 High - Zhou et al. (2021a)
TRIM23 High - Yao et al. (2018)
TRIM47 High Activate NF-kB pathway Xia et al. (2021)
TRIM54 High - Cao et al. (2022)
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