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VPS4 series proteins play a crucial role in the endosomal sorting complexes required for the transport (ESCRT) pathway, which is responsible for sorting and trafficking cellular proteins and is involved in various cellular processes, including cytokinesis, membrane repair, and viral budding. VPS4 proteins are ATPases that mediate the final steps of membrane fission and protein sorting as part of the ESCRT machinery. They disassemble ESCRT-III filaments, which are vital for forming multivesicular bodies (MVBs) and the release of intraluminal vesicles (ILVs), ultimately leading to the sorting and degradation of various cellular proteins, including those involved in cancer development and progression. Recent studies have shown a potential relationship between VPS4 series proteins and cancer. Evidence suggests that these proteins may have crucial roles in cancer development and progression. Several experiments have explored the association between VPS4 and different types of cancer, including gastrointestinal and reproductive system tumors, providing insight into the underlying mechanisms. Understanding the structure and function of VPS4 series proteins is critical in assessing their potential role in cancer. The evidence supporting the involvement of VPS4 series proteins in cancer provides a promising avenue for future research and therapeutic development. However, further researches are necessary to fully understand the mechanisms underlying the relationship between VPS4 series proteins and cancer and to develop effective strategies for targeting these proteins in cancer therapy. This article aims to review the structures and functions of VPS4 series proteins and the previous experiments to analyze the relationship between VPS4 series proteins and cancer.
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1 Introduction

Aberrant expression or sporadic mutations in the endosomal sorting complex required for transport (ESCRT) have been observed in an increasing number of cancers (1), suggesting a potential link to the ESCRT pathway (2). Vacuolar protein sorting 4 (VPS4) is an ATPase that plays a crucial role in driving membrane constriction (3), making it a key functional component in the ESCRT pathway (4). In this article, we review the structures and functions of VPS4 proteins and analyze previous experiments to provide a comprehensive understanding of their role in cancer.




2 The structures and functions of VPS4



2.1 Overview of ESCRT

ESCRT is a hetero-multimeric protein machinery mediating inverse membrane remodeling (5). ESCRT proteins assemble on the cytosolic or nucleoplasmic side of the neck of the forming involution and work together with the ATPase VPS4 to facilitate membrane scission or sealing (6). The functions of ESCRTs can be generalized as follows: cytokinetic abscission, plasma membrane repair, vesicle budding from plasma membrane, endosomal sorting and ILV biogenesis (7), autophagy, repair of endo-lysosomal membranes (3, 8).

ESCRT is a complex of four subunits including ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III. VPS4, as an ATPase, is required for the disassembly of ESCRT-III polymer (9). ESCRT-0 is responsible for identifying and clustering substrates on membranes, making it the driving force for cargo clustering in the ESCRT pathway (3); ESCRT-I and II induce membrane bud formation and cargo positioning and then localize to the necks of membrane buds to recruit ESCRT-III subunits and activate scission; ESCRT-III shears the top of the budding body and releases the vesicles. This polymerization sequence drives membrane deformation and fission (10), which requires energy from AAA+ ATPaseVps4. The ESCRT-III subunits are disassembled through conformational changes induced by the VPS4 ATPases, which harness the energy derived from ATP hydrolysis (11). Figure 1 illustrates the complete ESCRT pathway.




Figure 1 | The ESCRT pathway. From the ESCRT protein standpoint, the process is initiated by ESCRT-0, which engages with ubiquitinated cargo (i). The ESCRT-I and ESCRT-II complexes bind with cargo and each other, which creates an ESCRT-cargo-enriched zone (ii) and is subsequently sequestered and sorted by ESCRT-III (iv and v). The nucleation site for ESCRT-III assembly is provided by the ESCRT-II complex. (iii), which drives vesicle budding (iv) and is subsequently disassembled by the Vps4 complex (v).



The initiation of endosomal ESCRT activity is facilitated by the binding of the ESCRT-0 protein HRS(Hepatocyte growth factor-regulated tyrosine kinase substrate) to the endosomal lipid, phosphatidylinositol 3-phosphate (PI3P), as illustrated in Figure 2(Created with BioRender.com). HRS is a protein that plays a crucial role in endosomal sorting and trafficking of ubiquitinated cargo. Together with the ESCRT-0 subunit STAM (Signal Transducing Adaptor Molecule), HRS binds to ubiquitinated cargo and to the coat protein clathrin, which helps to concentrate ESCRT-0 in endosomal microdomains. Other accessory proteins such as Eps15B, an endocytic adaptor protein that interacts with both HRS and clathrin and plays a role in the formation of clathrin-coated vesicles, also contribute to the formation of the endosomal microdomains that facilitate cargo sorting. HRS contains a PSAP motif that binds to the ESCRT-I subunit TSG101, thereby recruiting the heterotetrameric ESCRT-I complex. ESCRT-I can recruit ESCRT-II, a heterotetramer consisting of two EAP20 subunits, one EAP30 subunit, and one EAP45 subunit. This recruitment likely occurs through an interaction between VPS28 and the GLUE domain of EAP45, which also serves as another PI3P- and ubiquitin-binding platform. The two EAP20 subunits of ESCRT-II directly interact with CHMP6 molecules (12), and ESCRT-I can also make direct contact with ESCRT-III through interactions between VPS28 and CHMP6 in their respective subcomplexes (13). This generates a nucleation complex that drives the polymerization of ESCRT-III filaments consisting mainly of CHMP4, along with CHMP2 and CHMP3. The ESCRT-III subunits interact with the endosomal membrane through clusters of basic residues in their core domain, myristoylation (in the case of CHMP6), or an N-terminal amphipathic helix (in the case of CHMP4) (14). Recent studies suggest that VPS4 also plays an active role in controlling neck constriction and vesicle scission (15).




Figure 2 | Composition and Molecular Interactions of the ESCRT Machinery. CB, clathrin-box motif; FYVE, Fab1p/YOTB/Vac1p/EEA1 domain; GLUE, GRAM-like ubiquitin in EAP45 domain; MIT, microtubule interacting and transport domain; Ub, ubiquitin; UEV, ubiquitin conjugated enzyme E2 variant; UIM, ubiquitin-interacting motif.






2.2 Structures of VPS4

Vps4 enzymes play a crucial role in the ESCRT pathway by driving the exchange of subunits within ESCRT-III filaments and recycling them back into the cytoplasm using the energy of ATP hydrolysis (4). These enzymes are comprised of three distinct structural components (4): an N-terminal MIT domain, which binds the tails of ESCRT-III proteins; a central ATPase cassette includes large and small domains that facilitate tetramerization and ATP hydrolysis; and a β-domain insert located within the small ATPase domain, which binds an ATPase activator and ESCRT-III-binding protein-LIP5 (Vta1).

A study conducted in 2001 demonstrated that human cells express two non-allelic orthologs of the vacuolar protein sorting 4, namely hVPS4A and hVPS4B/SKD1, which share 80% identity and are involved in various intracellular protein trafficking processes (16). Both VPS4A and VPS4B utilize their microtubule interacting and transport (MIT) domains to bind to conserved sequence motifs located at the carboxy termini of the CHMP1-3 class of ESCRT-III proteins. The interaction between VPS4A/MIT-CHMP1A or VPS4B/MIT-CHMP2B complexes is reliant on this binding mechanism (17).

The active form of VPS4 is a hexamer complex that binds substrates in its central pore (18). By translocating ESCRT-III protein substrates through this pore, VPS4 unfolds them and drives membrane fission, ultimately leading to the recycling of ESCRT-III subunits (19). Any alterations to the structure or function of VPS4 protein could impact the membrane fission process mediated by ESCRT-III proteins and the subsequent recovery of ESCRT-III subunits.




2.3 Functions of VPS4

VPS4 ATPases play a crucial role in the ESCRT pathway by recognizing membrane-associated ESCRT-III assemblies and catalyzing their disassembly (20). During cytokinesis, the ESCRT pathway mediates the final membrane fission step of cytokinesis, which results in the permanent separation of newly formed daughter cells (21). The midbody adaptor protein CEP55 initiates cytokinesis by recruiting early-acting ESCRT factors ALIX and ESCRT-I (22). Subsequently, it promotes the recruitment and polymerization of critical ESCRT-II and ESCRT-III subunits, leading to the formation of filaments inside the midbody (23). These filaments, which are associated with the membrane, work in conjunction with the AAA ATPase VPS4 to constrict and cleave the midbody (24, 25).

ESCRTs bind to membranes, and influence their shaping, organization, properties and functions, either by binding to them directly or indirectly through other cytoskeleton elements (26). When binding with negatively charged membranes, the ESCRT-III components adopt an activated state that allows them to polymerize into filaments and spirals, and to interact with the AAA-ATPase Vps4 for polymer remodeling. Researchers Jukic et al. employed high-speed atomic force microscopy (HS-AFM) to study how the ESCRT-III proteins CHMP2A and CHMP3 facilitate membrane scission during cytokinesis. They suggested a model in which the CHMP2A-CHMP3 helices disassemble inside the cytokinetic necks, resulting in the constriction of the surrounding membrane tube and scission. In a study by Azad et.al, the process was observed in real-time using fluorescence microscopy and high-speed atomic force microscopy imaging. Their results confirmed the findings of Jukic et al. that CHMP2A-CHMP3 proteins play a crucial role in membrane tube constriction and scission during cytokinesis. CHMP2A-CHMP3-VPS4 is considered to be the minimum machinery necessary for membrane fission, which is of great importance in the formation of vesicles such as exosomes.

Moreover, VPS4 affects multiple cellular functions, including cell signaling, cell death, etc.





3 Possible mechanisms affecting carcinoma of VPS4

Recent research has highlighted the important role of VPS4 in cancer development and progression. Aberrant expression of VPS4 is associated with various types of cancer, including breast cancer, lung cancer, pancreatic cancer, etc, as Supplementary Figures 1, 2 show (27). Consequently, exploring the molecular mechanisms of VPS4-mediated cancer pathogenesis may pave the way for novel therapeutic approaches to cancer treatment.



3.1 VPS4 and cell division: cytokinetic abscission

The ultimate stage of cell division is cytokinetic membrane abscission (28), by which the cytoplasm of the parent cell is divided into two daughter cells. This process is controlled by a specialized organelle called the midbody (29), which forms at the site of cell division. Once the contractile ring has completed its constriction, the midbody (29) serves as a platform for the final abscission of the two daughter cells. This process is spatially and temporally regulated and requires the coordination of various proteins and pathways. The ESCRT pathway, especially the VPS4 protein, is essential for cytokinetic membrane abscission (30) and defects of VPS4 can lead to cytokinesis failure and the formation of multinucleated cells. In addition, abnormalities in VPS4 can lead to dysfunction of the checkpoint, resulting in erroneously replicated chromosomes still entering the daughter cells (31). Understanding the control of cytokinetic membrane abscission and the relevance of the VPS4 protein is critical for understanding basic cellular processes and developing innovative treatment techniques.

Cytokinetic abscission is influenced by checkpoints (32). ANCHR (Abscission/NoCut Checkpoint Regulator (33)) plays a critical role in regulating the abscission checkpoint, which serves to delay the abscission process in response to various mitotic issues, including incomplete nuclear pore reformation or chromatin bridges within the midbody. ANCHR achieves this regulation through its interactions with the most downstream component of the ESCRT machinery, namely the ATPase VPS4 (33). During cytokinesis, ANCHR and CHMP4C hold VPS4, which is capable of separating the two daughter cells, at the midbody ring until the abscission checkpoint signal is ended (34). When problems arise during mitosis, with the dephosphorylated of CHMP4C and assistance of other ESCRT-III-associated factors, the ANCHR-CHMP4C-VPS4 ternary complex is separated (4), and VPS4 is removed from the abscission sites. That results in the postponement of abscission (35).

Checkpoints function as DNA surveillance mechanisms that prevent the accumulation and propagation of genetic errors during cell division (36), whereas abnormalities or dysregulation of VPS4 implicate in the loss of the abscission checkpoint function, increasing the amount of mismatched DNA and allowing continuous cell division by compromising cells’ ability to exit the cell cycle. Cancer is associated with inadequate checkpoints, which allow substandard tumor cells to divide and grow (37).




3.2 VPS4 and cancer migration: through exosomes

Exosomes are small vesicles that contain a variety of bioactive substances, including DNA, RNA, and protein (38). Exosomes affect acceptor cells by interacting with extracellular receptors or being uptaken (39). Exosomes have been found to influence many biological processes through different molecular mechanisms, such as tumor immunity, tumor invasion, and metastasis (40). Vps4 collaborates with ESCRT-III to carry out specific membrane-remodeling actions that ultimately facilitate effective membrane scission during in vivo exosome biogenesis and recycle ESCRT-III subunits (11, 41). Jackson et al. reported the size and rate of formation of exosomes are regulated by Vps4 adenosine triphosphatase activity (42).

Exosomes have been identified as crucial mediators of intercellular communication in cancer, which ultimately leads to tumor progression. Furthermore, exosomes have also emerged as promising and progressing biomarkers for cancer (43). Cancer cells secrete extracellular vesicles that impact cancer progression by forming a tumor-promoting matrix and inducing fibroblast differentiation into cancer-associated fibroblasts (44). This differentiation depends on the triggering of alpha-smooth muscle actin expression and TGF-β signaling (45). Cancer-associated fibroblasts (CAFs) play a critical role in cancer invasiveness, and they also secrete extracellular vesicles that contribute to cancer cell invasiveness (46). As a result, extracellular vesicles released by cancer cells or CAFs have a direct influence on the matrix and other cells surrounding them, changing their functioning and driving cancer progression.

Recent studies have demonstrated that exosomes can impact metastasis by modulating the Epithelial-mesenchymal transition (EMT) and cancer stem cells (CSCs). Research by Lin H et all indicated (47), a decrease in miR-4454 can promote Vps4A and Rab27A expressions, which then induce exosome secretion and enhance the miR-4454 content in exosomes, thus accelerating the progression of liver carcinoma. EMT is considered a critical step in cancer cell metastasis (48). Han Q et al. discovered that Vps4A can mediate the PM localization and exosome release of β-catenin, consequently decreasing β-catenin signaling, and thereby inhibiting EMT and metastasis in HCC (49).

Exosomes secreted by cancer cells play an important part in the movement of cancer cells and the formation of premetastatic niches. These exosomes contain various molecules, including fibronectin, miRNA, proteases, and integrins, which can influence the extracellular matrix and facilitate cell migration and invasion. The fibronectin contained in these exosomes has been shown to be particularly important for cell migration (50). Tumor-derived exosomes can bind to individual components of the ECM, such as hyaluronic acid or laminin, and are rich in proteases that can degrade collagens, laminins, or fibronectin, leading to premetastatic niche preparation. These exosomes can also transfer metastatic capability between metastatic and nonmetastatic cancer cells (51). For example, extracellular vesicles containing miR-200, secreted by metastatic breast cancer cell lines, were shown to alter gene expressions and promote the mesenchymal-to-epithelial transition (MET) in nonmetastatic cells (52). Exosomes can also induce premetastatic niche formation in distant organs. Costa-Silva et al. found, in pancreatic ductal adenocarcinoma, exosomes were demonstrated to induce liver premetastatic niche formation in naïve mice. TGF-β secretion and fibronectin upregulation in recipient hepatic cells create a fibrotic microenvironment, while the macrophage migration inhibitory factor (MIF) contained within exosomes counteracts bone-marrow-derived macrophages leading to metastasis (53). Exosomal integrins also play a crucial role in determining organ-specific metastasis. Integrins are cell surface receptors that mediate cell adhesion and signaling, integrins α6β4 and α6β1 were associated with lung metastasis, and integrin αVβ4 was linked with liver metastasis (54).

Sylvain Loric et al. proposed that exosomes play an important role in the formation of mammary stem cells (MaSCs), which are probable candidates for breast cancer initiation (55, 56). In addition, Exosomes mediate epithelial-mesenchymal transition and the formation of cancer stem cells, playing a crucial role in tumor metastasis. Furthermore, exosomes can influence the extracellular matrix and facilitate cell migration and invasion. Stefańska et al. indicated (46) in their review that Exosomes can also induce immune suppression or promote tumor progression by affecting immune regulation and extracellular angiogenesis. VPS4 induces exosome formation and is vital in CSCs and cancer cell migration. Overall, the study of exosomes and their roles in cancer metastasis is an active area of research and has the potential to provide new insights into cancer biology and therapy.




3.3 Synthetic lethality between VPS4A gene and VPS4B gene

Synthetic lethality was first reported in 1968, which refers to the phenomenon that the simultaneous inactivation of two non-lethal genes will lead to cell death. At present, poly (ADP-ribose) polymerase inhibitors (PARPi) operate through a “synthetic lethality” mechanism with mutant DNA repair pathways genes in cancer cells, and PARPis are widely used in cancer such as ovarian cancer (57). There are two forms of VPS4 in the human body and recently it is confirmed that VPS4A and VPS4B are essential enzymes for the ESCRT pathway and have no substitution (58), loss of both is fatal (59).

VPS4B expression was significantly downregulated in colorectal cancer (CRCs) (60). Sheffer et. al (61) found that in immunocompromised NU/J mice, injection of HCT116 cells with the knockout of VPS4B and doxycycline (Dox)‐inducible VPS4A‐targeting shRNA expression (HCT116 VPS4B −/− shVPS4A) inhibits tumor growth in mouse. Neggers et al. also reported (62) that induction of VPS4A suppression in human VPS4Bloss SMSCTR (rhabdomyosarcoma) and SNU213 (pancreatic ductal adenocarcinoma) cancer cells result in near-complete tumor regression (SMSCTR) or potent tumor growth inhibition (SNU213) and improved survival in both models. They confirmed that suppression of VPS4A in VPS4B-deficient cells leads to selective accumulation of ESCRT-III filaments, resulting in cytokinesis defects, nuclear deformation, G2/M arrest, apoptosis, and significant tumor regression. In summary, there exists “synthetic lethality” of the VPS4A gene and VPS4B gene in cancer, especially in CRCs.

It is found that the ESCRT ATPases VPS4A and VPS4B score as strong synthetic lethal dependencies. VPS4A is essential in cancers harboring loss of VPS4B adjacent to SMAD4 on chromosome 18q and VPS4B is required in tumors with co-deletion of VPS4A and CDH1 (E-cadherin) on chromosome 16q (62). As a result, VPS4A and VPS4B may become high-priority therapeutic targets for malignancies characterized by 18q or 16q deletion. However, there is no experimental evidence that VPS4B depletion causes cell death in tumors with low or absent VPS4A levels.




3.4 VPS4 and signaling pathways

The role of Vps4 has been studied in various cellular signaling pathways, including the Wnt pathway. Rodahl et.al (63) reported that double deficiency in dVps4 and JNK signaling leads to the formation of neoplastic tumors in drosophila. Wnt signaling is one of the key cascades regulating development and stemness and is proven to be tightly associated with cancer (64). Typical Wnt signaling requires inhibition of Glycogen Synthase Kinase 3 (GSK3) activity (3). Taelman et al. reported that Wnt signaling triggers the sequestration of GSK3 from the cytosol into multivesicular bodies (MVBs), so that this enzyme becomes separated from its many cytosolic substrates (65). Furthermore, they investigated the role of Vps4 in the Wnt signaling pathway. A point mutation in the ATPase site of VPS4 (Vps4-EQ), cause a potent dominant-negative form that inhibited the formation of intraluminal vesicles and blocked Wnt3a signaling. They also tested the requirement of the ESCRT machinery for axis induction by Siamois, a homeobox gene activated by Wnt signaling, and found that Vps4-EQ mRNA was unable to inhibit Siamois secondary axes. This suggests that Vps4 is important not only for GSK3 sequestration but also for other downstream events in the Wnt signaling pathway. Overall, Vps4 plays a crucial role in the Wnt signaling pathway and could have implications for understanding diseases associated with disrupted Wnt signaling.




3.5 VPS4 and cell death: pyroptosis and ferroptosis

Cancer cells often have defects in cell death executioner mechanisms, which is one of the main reasons for therapy resistance. How to effectively induce cancer cell death, including cancer cell pyroptosis (41), ferroptosis, etc., has become a focus in the development of anticancer drugs. Many cells need to complete a set of effector programs before they die, which dependents on the ESCRT-drive membrane repair to allow cells to complete the programs before they die (66). ESCRT-III components primarily play a role in repairing damage to the plasma membrane and maintaining cell survival before cell lysis (67). VPS4, as the last step of the ESCRT pathway, plays important roles in various cellular death processes, and dysregulation or deficiency of VPS4 can affect cell death to varying degrees.

Pyroptosis is a form of regulated necrosis induced by the pore-forming protein gasdermin D (GSDMD) that damages the plasma membrane. Nara et al. proposed that during pyroptosis, after cytosolic caspases cleave GSDMD to form nanoscale membrane pores, CHMP4B is recruited to the plasma membrane and clusters around the neck to remove the GSDMD pores and preserving plasma membrane integrity, thus limiting proinflammatory cytokine interleukin-1β (IL-1β) and IL-18 release through GSDMD pores to inhibit pyroptosis (67). VPS4B ATPase is activated to dismantle the ESCRT-III complex after membrane scission (68).

Cancer cells exhibit an increased iron demand to enable growth compared with normal cells. This iron dependency can make cancer cells more vulnerable to iron-catalyzed necrosis, referred to as ferroptosis (69). As reported, the membrane damage caused by ferroptosis stimulus can be repaired by ESCRT-III-dependent membrane scission machinery (7, 70), Dai et al. also suggested that ESCRT-III confers resistance to ferroptosis cell death, allowing cell survival under stress conditions (71). If VPS4 is abnormal or dysfunctional, it could potentially disrupt the ESCRT pathway, leading to a reduced ability to repair the membrane damage and an increased likelihood of ferroptosis in cancer cells.

Dysregulation or deficiency of VPS4 can affect various cellular death processes, including pyroptosis, and ferroptosis. Additionally, dysfunctional VPS4 can reduce the ability to repair membrane damage, increasing the likelihood of ferroptosis in cancer cells. Defects in Vps4 can also affect pyroptosis, suggesting that targeting VPS4 could be a potential strategy for inducing cancer cell death.




3.6 VPS4 and Autophagy

Autophagy is a cellular mechanism in which the cell “self-eats” misfolded proteins and dysfunctional organelles to autophagosomes (APs) and subsequently deliver them to lysosomes for degradation (72). The study found that ESCRTs repair small lysosomal membrane pores by direct membrane sealing (73). Autophagosome biogenesis has a close relationship with ESCRTs (74), including VPS4. Defects in the fusion of APs and lysosomes are associated with Vps4 mutants in human cells (75). SKD1 is a member of the family of ATPases associated with cellular activities. Fujita et al. described that when a mutant of SKD1 that lacks ATPase activity [SKD1(E235Q)] was overexpressed in mammalian cells will cause an accumulation of basolateral recycling receptors, SKD1 regulates multiple steps of membrane transport out of early endosomes and the reformation of lysosomes from a hybrid organelle (76). It has been proven that the function of Vps4 in maintaining axonal autophagy is conserved in mammals, and Vps4 is essential and sufficient to promote autophagic flux (77).

VPS4 plays a crucial role in various cellular processes such as endosomal sorting, membrane trafficking, cytokinesis, and cell signaling transduction. Recent research has highlighted the significance of VPS4 dysregulation in cancer development and progression. Targeting the synthetic lethality of VPS4A and B genes may provide a novel therapeutic strategy for cancer treatment. In vitro and in vivo studies have shown that inhibiting VPS4 can reduce cancer cell migration and invasion. In conclusion, VPS4 plays a crucial role in various cellular processes, and its dysregulation has been linked to cancer development and progression.





4 Application of VPS4 in carcinoma

Research has shown that VPS4 expression levels are often altered in various types of cancer, and this dysregulation can have significant effects on tumor development and progression. In addition, VPS4 has been proven to affect a range of cellular processes, which are important for tumor cell survival and growth. Current research shows that VPS4 is related to tumor staging, prognosis, and treatment, and further relationships need to be explored.



4.1 VPS4B and Staging

The expression levels of VPS4B in different types of cancer have been shown to be associated with varying clinical and pathological factors, as well as with patient survival outcomes. Lin et al. conducted that there is a negative correlation between VPS4B expression and EGFR abundance in breast tumors, and high-grade or recurrent breast carcinomas have decreased levels of VPS4B expression, which indicates that VPS4B may have a tumor-suppressive role in breast cancer (78). Lin et al. conducted that in 2D and 3D culture systems of EGFR/HER2-expressing SKBR3 breast cancer cells whose VPS4B is selectively downregulated under hypoxic conditions, EGF-induced EGFR degradation is attenuated. EGFR signaling was responsible for cell growth, invasion, and metastasis in breast cancer (79). There is a negative correlation between VPS4B expression and EGFR stability in breast tumors (78). VPS4B is also positively associated with pancreatic cancer development. Transplantation of VPS4B-deficient pancreatic tumors into immune competent mice impairs autophagy and resulting in increased accumulation of CD8 T cell-derived granzyme B and tumor cell lysis (80).

In NSCLC, VPS4B showed high expression and a significant correlation with tumor size, histological differentiation, clinical stage, and Ki-67. Experimenters found, knocking down the expression of VPS4B (81) and analyzing the proliferation of A549 NSCLC cells via Western blot, CCK8, and flow cytometry assays indicate that loss of VPS4B could inhibit cell cycle progress and abolish the proliferation of A549 cells (82).Correspondingly, Y. Liu et al. also confirmed that knocking down VPS4B led to cell cycle arrest and reduced cell proliferation of HCC cells (82).

In summary, high expression of VPS4B is associated with tumor proliferation and poor prognosis, suggesting that VPS4B may become an important assessment factor in tumor staging.




4.2 Prognosis

As mentioned in 3.1, VPS4B is associated with the prognosis of various tumors. In order to have a further understanding of the relationship between the expression of the VPS4 gene and tumor, we downloaded the unified and standardized pan-cancer data set from the UCSC (83) database: TCGA TARGET GTEx (PANCAN, N=19131, G=60499), and further we extracted ENSG00000132612 (VPS4A) and ENSG00000119541(VPS4B) gene expression data in each sample. In addition, we also obtained from the TCGA prognosis study (84) previously published on Cell obtained a high-quality TCGA prognosis data set, obtained TARGET follow-up data from UCSC’s cancer browser (83) as a supplement, and excluded samples whose follow-up time was less than 30 days. Expression data and disease-specific survival data of corresponding samples are as follows (27) (Supplementary Figure 1, 2).

There is evidence to suggest that high expression of VPS4 may be associated with poor prognosis in certain diseases. It is important to note, however, that the relationship between VPS4 expression and prognosis is likely to be complex and may vary depending on the specific disease and context. Further research is needed to fully understand the role of VPS4 in disease progression and its potential as a therapeutic target.




4.3 Feasibility of application in therapy

So far, exosomes are emerging as promising new carriers for drugs and biotherapeutics in glioblastoma (85, 86). By combining exosome research with nanotechnology, exosome-like systems can be developed as a competitive approach for innovative targeted anti-cancer therapies (87). Moreover, exosomes contain microRNAs, proteins, and other biomolecules which reflect the physiological state and pathological characteristics of secretory cells. The use of exosomes as biomarkers is a promising approach in the era of liquid biopsy, especially in NSCLC (88) and glioma (89).

VPS4A and VPS4B are vesicle-fusing ATPases, which belong to the AAA-type (ATPase associated with a variety of cell activities) ATPase superfamily and promote the reaction of hydrolysis of ATP in the positive progress. The majority of AAA ATPases are singular (type I) or dual-looped (type II) homo-hexamers as their operative entities. The VPS4A/B end lysosomal sorting ATPase is typical type I (90). Specific AAA ATPase inhibitors are necessary in several well-studied forms of AAA ATPases due to structural differences (91). Drugs that operate directly on VPS4 are still under investigation. To learn more about the druggability of VPS4 proteins, we searched a public cancer comprehensive knowledge base canSAR(https://cansar.ai/) and found that VPS4A and VPS4B have druggable structures or enzymes, which are listed in Table 1 (92).


Table 1 | The druggable structures of VPS4A and VPS4B screened by the can SAR database.



VPS4A has a predicted structure in the alpha-fold database, which means 3d-based ligandability has been assessed and available. There are 3 chains 3D Structure of VPS4A, and experimental structural coverages 77 positions of 3 chains (93). Ligandable cavities of VPS4B are primarily in the ATPase family associated with various cellular activities (AAA) domains.

In general, VPS4A and VPS4B druggability is an attractive field of research, and it will be interesting to see how these proteins can be targeted for drug development.





5 Conclusion

VPS4 is critical for tumor biology through its roles in cell division, cell metastasis, cell death, signaling induction, etc. These functions of VPS4 make it a potential target for cancer diagnosis and treatment. As an important link in the formation of MVB, VPS4 may have a close relationship with the tumor microenvironment and immunomodulation, which is not confirmed yet. Moreover, VPS4B regulates apoptosis of chondrocytes via p38 Mitogen-Activated Protein Kinases (MAPK) in osteoarthritis (94) and Crohn’s disease (95), providing a possible pathway by which VPS4 series proteins affect tumors. Therefore, continued in-depth investigation is required. In conclusion, a thorough understanding of VPS4 will improve cancer clinical translational potential.





Author contributions

LH and YY analyzed and interpreted the data. SZ collected information. LH, YY and SZ worked equally as major contributors in writing the manuscript. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by the Natural Science Foundation Shanghai Project (23ZR1451600), Clinical Research Project of Shanghai Health Commission (202040455) and Shanghai Songjiang District Science and Technology Commission for funding the project (20SJKJGG139, 20SJKJGG304).




Acknowledgments

We thank Biorender (https://www.biorender.com/) for the assistance of graphics during the preparation of this manuscript.





Conflict of interest

The authors declare that there are no conflicts of interest regarding the publication of this article.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1203359/full#supplementary-material

Supplementary Figure 1 | VPS4A expression in different cancers

Supplementary Figure 2 | VPS4B expression in different cancers

Supplementary Figure 3 | VPS4A expression and disease-specific survival in cancer

Supplementary Figure 4 | VPS4B expression and disease-specific survival in cancer




References

1. Lucchesi, JC. Synthetic lethality and semi-lethality among functionally related mutants of drosophila melanfgaster. Genetics (1968) 59(1):37–44. doi: 10.1093/genetics/59.1.37

2. Alfred, V, and Vaccari, T. When membranes need an ESCRT: endosomal sorting and membrane remodelling in health and disease. Swiss Med Wkly (2016) 146:w14347. doi: 10.4414/smw.2016.14347

3. Wollert, T, and Hurley, JH. Molecular mechanism of multivesicular body biogenesis by ESCRT complexes. Nature (2010) 464(7290):864–9. doi: 10.1038/nature08849

4. Monroe, N, and Hill, CP. Meiotic clade AAA ATPases: protein polymer disassembly machines. J Mol Biol (2016) 428(9 Pt B):1897–911. doi: 10.1016/j.jmb.2015.11.004

5. Henne, WM, Buchkovich, NJ, and Emr, SD. The ESCRT pathway. Dev Cell (2011) 21(1):77–91. doi: 10.1016/j.devcel.2011.05.015

6. Schmidt, O, and Teis, D. The ESCRT machinery. Curr Biol (2012) 22(4):R116–20. doi: 10.1016/j.cub.2012.01.028

7. Horbay, R, Hamraghani, A, Ermini, L, Holcik, S, Beug, ST, and Yeganeh, B. Role of ceramides and lysosomes in extracellular vesicle biogenesis, cargo sorting and release. Int J Mol Sci (2022) 23(23). doi: 10.3390/ijms232315317

8. Borah, S, Dhanasekaran, K, and Kumar, S. The LEM-ESCRT toolkit: repair and maintenance of the nucleus. Front Cell Dev Biol (2022) 10:989217. doi: 10.3389/fcell.2022.989217

9. Hurley, JH, and Hanson, PI. Membrane budding and scission by the ESCRT machinery: it’s all in the neck. Nat Rev Mol Cell Biol (2010) 11(8):556–66. doi: 10.1038/nrm2937

10. Pfitzner, AK, Mercier, V, Jiang, X, Moser von Filseck, J, Baum, B, Šarić, A, et al. An ESCRT-III polymerization sequence drives membrane deformation and fission. Cell (2020) 182(5):1140–55.e18. doi: 10.1016/j.cell.2020.07.021

11. Lata, S, Schoehn, G, Jain, A, Pires, R, Piehler, J, Gottlinger, HG, et al. Helical structures of ESCRT-III are disassembled by VPS4. Science (2008) 321(5894):1354–7. doi: 10.1126/science.1161070

12. Yorikawa, C, Shibata, H, Waguri, S, Hatta, K, Horii, M, Katoh, K, et al. Human CHMP6, a myristoylated ESCRT-III protein, interacts directly with an ESCRT-II component EAP20 and regulates endosomal cargo sorting. Biochem J (2005) 387(Pt 1):17–26. doi: 10.1042/bj20041227

13. Im, YJ, and Hurley, JH. Integrated structural model and membrane targeting mechanism of the human ESCRT-II complex. Dev Cell (2008) 14(6):902–13. doi: 10.1016/j.devcel.2008.04.004

14. Buchkovich, NJ, Henne, WM, Tang, S, and Emr, SD. Essential n-terminal insertion motif anchors the ESCRT-III filament during MVB vesicle formation. Dev Cell (2013) 27(2):201–14. doi: 10.1016/j.devcel.2013.09.009

15. Christ, L, Raiborg, C, Wenzel, EM, Campsteijn, C, and Stenmark, H. Cellular functions and molecular mechanisms of the ESCRT membrane-scission machinery. Trends Biochem Sci (2017) 42(1):42–56. doi: 10.1016/j.tibs.2016.08.016

16. Scheuring, S, Röhricht, RA, Schöning-Burkhardt, B, Beyer, A, Müller, S, Abts, HF, et al. Mammalian cells express two VPS4 proteins both of which are involved in intracellular protein trafficking. J Mol Biol (2001) 312(3):469–80. doi: 10.1006/jmbi.2001.4917

17. Maity, S, Caillat, C, Miguet, N, Sulbaran, G, Effantin, G, Schoehn, G, et al. VPS4 triggers constriction and cleavage of ESCRT-III helical filaments. Sci Adv (2019) 5(4):eaau7198. doi: 10.1126/sciadv.aau7198

18. Caillat, C, Macheboeuf, P, Wu, Y, McCarthy, AA, Boeri-Erba, E, Effantin, G, et al. Asymmetric ring structure of Vps4 required for ESCRT-III disassembly. Nat Commun (2015) 6:8781. doi: 10.1038/ncomms9781

19. Han, H, and Hill, CP. Structure and mechanism of the ESCRT pathway AAA+ ATPase Vps4. Biochem Soc Trans (2019) 47(1):37–45. doi: 10.1042/bst20180260

20. Babst, M, Katzmann, DJ, Estepa-Sabal, EJ, Meerloo, T, and Emr, SD. Escrt-III: an endosome-associated heterooligomeric protein complex required for mvb sorting. Dev Cell (2002) 3(2):271–82. doi: 10.1016/s1534-5807(02)00220-4

21. Carlton, JG, and Martin-Serrano, J. Parallels between cytokinesis and retroviral budding: a role for the ESCRT machinery. Science (2007) 316(5833):1908–12. doi: 10.1126/science.1143422

22. Lee, HH, Elia, N, Ghirlando, R, Lippincott-Schwartz, J, and Hurley, JH. Midbody targeting of the ESCRT machinery by a noncanonical coiled coil in CEP55. Science (2008) 322(5901):576–80. doi: 10.1126/science.1162042

23. Morita, E, Sandrin, V, Chung, HY, Morham, SG, Gygi, SP, Rodesch, CK, et al. Human ESCRT and ALIX proteins interact with proteins of the midbody and function in cytokinesis. EMBO J (2007) 26(19):4215–27. doi: 10.1038/sj.emboj.7601850

24. Mierzwa, BE, Chiaruttini, N, Redondo-Morata, L, von Filseck, JM, König, J, Larios, J, et al. Dynamic subunit turnover in ESCRT-III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis. Nat Cell Biol (2017) 19(7):787–98. doi: 10.1038/ncb3559

25. Serrano, T, Frémont, S, and Echard, A. Get in and get out: remodeling of the cellular actin cytoskeleton upon HIV-1 infection. Biol Cell (2023):e202200085. doi: 10.1111/boc.202200085

26. Benoit, B, Poüs, C, and Baillet, A. Septins as membrane influencers: direct play or in association with other cytoskeleton partners. Front Cell Dev Biol (2023) 11:1112319. doi: 10.3389/fcell.2023.1112319

27. Shen, W, Song, Z, Zhong, X, Huang, M, Shen, D, Gao, P, et al. Sangerbox: a comprehensive, interaction-friendly clinical bioinformatics analysis platform. iMeta (2022) 1(3):e36. doi: 10.1002/imt2.36

28. Andrade, V, and Echard, A. Mechanics and regulation of cytokinetic abscission. Front Cell Dev Biol (2022) 10:1046617. doi: 10.3389/fcell.2022.1046617

29. Steigemann, P, and Gerlich, DW. Cytokinetic abscission: cellular dynamics at the midbody. Trends Cell Biol (2009) 19(11):606–16. doi: 10.1016/j.tcb.2009.07.008

30. Gulluni, F, Prever, L, Li, H, Krafcikova, P, Corrado, I, Lo, WT, et al. PI(3,4)P2-mediated cytokinetic abscission prevents early senescence and cataract formation. Science (2021) 374(6573):eabk0410. doi: 10.1126/science.abk0410

31. Mackay, DR, and Ullman, KS. ATR and a Chk1-aurora b pathway coordinate postmitotic genome surveillance with cytokinetic abscission. Mol Biol Cell (2015) 26(12):2217–26. doi: 10.1091/mbc.E14-11-1563

32. Petsalaki, E, and Zachos, G. The abscission checkpoint: a guardian of chromosomal stability. Cells (2021) 10(12). doi: 10.3390/cells10123350

33. Norden, C, Mendoza, M, Dobbelaere, J, Kotwaliwale, CV, Biggins, S, and Barral, Y. The NoCut pathway links completion of cytokinesis to spindle midzone function to prevent chromosome breakage. Cell (2006) 125(1):85–98. doi: 10.1016/j.cell.2006.01.045

34. Sadler, JBA, Wenzel, DM, Strohacker, LK, Guindo-Martínez, M, Alam, SL, Mercader, JM, et al. A cancer-associated polymorphism in ESCRT-III disrupts the abscission checkpoint and promotes genome instability. Proc Natl Acad Sci U S A. (2018) 115(38):E8900–e8. doi: 10.1073/pnas.1805504115

35. Thoresen, SB, Campsteijn, C, Vietri, M, Schink, KO, Liestøl, K, Andersen, JS, et al. ANCHR mediates aurora-b-dependent abscission checkpoint control through retention of VPS4. Nat Cell Biol (2014) 16(6):550–60. doi: 10.1038/ncb2959

36. Matthews, HK, Bertoli, C, and de Bruin, RAM. Cell cycle control in cancer. Nat Rev Mol Cell Biol (2022) 23(1):74–88. doi: 10.1038/s41580-021-00404-3

37. Sarkar, S, Sahoo, PK, Mahata, S, Pal, R, Ghosh, D, Mistry, T, et al. Mitotic checkpoint defects: en route to cancer and drug resistance. Chromosome Res (2021) 29(2):131–44. doi: 10.1007/s10577-020-09646-x

38. McAndrews, KM, and Kalluri, R. Mechanisms associated with biogenesis of exosomes in cancer. Mol Canc (2019) 18(1):52. doi: 10.1186/s12943-019-0963-9

39. Gurung, S, Perocheau, D, Touramanidou, L, and Baruteau, J. The exosome journey: from biogenesis to uptake and intracellular signalling. Cell Commun Signal (2021) 19(1):47. doi: 10.1186/s12964-021-00730-1

40. Kalluri, R. The biology and function of exosomes in cancer. J Clin Invest. (2016) 126(4):1208–15. doi: 10.1172/jci81135

41. Xie, S, Zhang, Q, and Jiang, L. Current knowledge on exosome biogenesis, cargo-sorting mechanism and therapeutic implications. Membranes (Basel). (2022) 12(5). doi: 10.3390/membranes12050498

42. Jackson, CE, Scruggs, BS, Schaffer, JE, and Hanson, PI. Effects of inhibiting VPS4 support a general role for ESCRTs in extracellular vesicle biogenesis. Biophys J (2017) 113(6):1342–52. doi: 10.1016/j.bpj.2017.05.032

43. Wang, X, Tian, L, Lu, J, and Ng, IO. Exosomes and cancer - diagnostic and prognostic biomarkers and therapeutic vehicle. Oncogenesis (2022) 11(1):54. doi: 10.1038/s41389-022-00431-5

44. Webber, JP, Spary, LK, Sanders, AJ, Chowdhury, R, Jiang, WG, Steadman, R, et al. Differentiation of tumour-promoting stromal myofibroblasts by cancer exosomes. Oncogene (2015) 34(3):290–302. doi: 10.1038/onc.2013.560

45. Webber, J, Steadman, R, Mason, MD, Tabi, Z, and Clayton, A. Cancer exosomes trigger fibroblast to myofibroblast differentiation. Cancer Res (2010) 70(23):9621–30. doi: 10.1158/0008-5472.Can-10-1722

46. Stefańska, K, Józkowiak, M, Angelova Volponi, A, Shibli, JA, Golkar-Narenji, A, Antosik, P, et al. The role of exosomes in human carcinogenesis and cancer therapy-recent findings from molecular and clinical research. Cells (2023) 12(3). doi: 10.3390/cells12030356

47. Lin, H, Zhang, R, Wu, W, and Lei, L. miR-4454 promotes hepatic carcinoma progression by targeting Vps4A and Rab27A. Oxid Med Cell Longev (2021) 2021:9230435. doi: 10.1155/2021/9230435

48. Giannelli, G, Koudelkova, P, Dituri, F, and Mikulits, W. Role of epithelial to mesenchymal transition in hepatocellular carcinoma. J Hepatol (2016) 65(4):798–808. doi: 10.1016/j.jhep.2016.05.007

49. Han, Q, Lv, L, Wei, J, Lei, X, Lin, H, Li, G, et al. Vps4A mediates the localization and exosome release of β-catenin to inhibit epithelial-mesenchymal transition in hepatocellular carcinoma. Cancer Lett (2019) 457:47–59. doi: 10.1016/j.canlet.2019.04.035

50. Sung, BH, Ketova, T, Hoshino, D, Zijlstra, A, and Weaver, AM. Directional cell movement through tissues is controlled by exosome secretion. Nat Commun (2015) 6:7164. doi: 10.1038/ncomms8164

51. Mu, W, Rana, S, and Zöller, M. Host matrix modulation by tumor exosomes promotes motility and invasiveness. Neoplasia (2013) 15(8):875–87. doi: 10.1593/neo.13786

52. Le, MT, Hamar, P, Guo, C, Basar, E, Perdigão-Henriques, R, Balaj, L, et al. miR-200-containing extracellular vesicles promote breast cancer cell metastasis. J Clin Invest. (2014) 124(12):5109–28. doi: 10.1172/jci75695

53. Costa-Silva, B, Aiello, NM, Ocean, AJ, Singh, S, Zhang, H, Thakur, BK, et al. Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver. Nat Cell Biol (2015) 17(6):816–26. doi: 10.1038/ncb3169

54. Hoshino, A, Costa-Silva, B, Shen, TL, Rodrigues, G, Hashimoto, A, Tesic Mark, M, et al. Tumour exosome integrins determine organotropic metastasis. Nature (2015) 527(7578):329–35. doi: 10.1038/nature15756

55. Loric, S, Denis, JA, Desbene, C, Sabbah, M, and Conti, M. Extracellular vesicles in breast cancer: from biology and function to clinical diagnosis and therapeutic management. Int J Mol Sci (2023) 24(8). doi: 10.3390/ijms24087208

56. Harmes, DC, and DiRenzo, J. Cellular quiescence in mammary stem cells and breast tumor stem cells: got testable hypotheses? J Mammary Gland Biol Neoplasia (2009) 14(1):19–27. doi: 10.1007/s10911-009-9111-2

57. Li, S, Wang, L, Wang, Y, Zhang, C, Hong, Z, and Han, Z. The synthetic lethality of targeting cell cycle checkpoints and PARPs in cancer treatment. J Hematol Oncol (2022) 15(1):147. doi: 10.1186/s13045-022-01360-x

58. Kuo, M, Chen, J, Holland, S, Lurie, E, Van, A-AN, Parlati, F, et al. Abstract 1816: identification of novel VPS4A inhibitors for the treatment of VPS4B-deleted cancers. Cancer Res (2022) 82(12_Supplement):1816. doi: 10.1158/1538-7445.Am2022-1816

59. Hoban, K, Lux, SY, Poprawski, J, Zhang, Y, Shepherdson, J, Castiñeira, PG, et al. ESCRT-dependent protein sorting is required for the viability of yeast clathrin-mediated endocytosis mutants. Traffic (2020) 21(6):430–50. doi: 10.1111/tra.12731

60. Sheffer, M, Bacolod, MD, Zuk, O, Giardina, SF, Pincas, H, Barany, F, et al. Association of survival and disease progression with chromosomal instability: a genomic exploration of colorectal cancer. Proc Natl Acad Sci U S A. (2009) 106(17):7131–6. doi: 10.1073/pnas.0902232106

61. Szymańska, E, Nowak, P, Kolmus, K, Cybulska, M, Goryca, K, Derezińska-Wołek, E, et al. Synthetic lethality between VPS4A and VPS4B triggers an inflammatory response in colorectal cancer. EMBO Mol Med (2020) 12(2):e10812. doi: 10.15252/emmm.201910812

62. Neggers, JE, Paolella, BR, Asfaw, A, Rothberg, MV, Skipper, TA, Yang, A, et al. Synthetic lethal interaction between the ESCRT paralog enzymes VPS4A and VPS4B in cancers harboring loss of chromosome 18q or 16q. Cell Rep (2020) 33(11):108493. doi: 10.1016/j.celrep.2020.108493

63. Rodahl, LM, Haglund, K, Sem-Jacobsen, C, Wendler, F, Vincent, JP, Lindmo, K, et al. Disruption of Vps4 and JNK function in drosophila causes tumour growth. PloS One (2009) 4(2):e4354. doi: 10.1371/journal.pone.0004354

64. Zhan, T, Rindtorff, N, and Boutros, M. Wnt signaling in cancer. Oncogene (2017) 36(11):1461–73. doi: 10.1038/onc.2016.304

65. Taelman, VF, Dobrowolski, R, Plouhinec, JL, Fuentealba, LC, Vorwald, PP, Gumper, I, et al. Wnt signaling requires sequestration of glycogen synthase kinase 3 inside multivesicular endosomes. Cell (2010) 143(7):1136–48. doi: 10.1016/j.cell.2010.11.034

66. Nozaki, K, and Miao, EA. Bucket lists must be completed during cell death. Trends Cell Biol (2023). doi: 10.1016/j.tcb.2023.02.008

67. Rühl, S, Shkarina, K, Demarco, B, Heilig, R, Santos, JC, and Broz, P. ESCRT-dependent membrane repair negatively regulates pyroptosis downstream of GSDMD activation. Science (2018) 362(6417):956–60. doi: 10.1126/science.aar7607

68. Yang, Y, Wang, M, Zhang, YY, Zhao, SZ, and Gu, S. The endosomal sorting complex required for transport repairs the membrane to delay cell death. Front Oncol (2022) 12:1007446. doi: 10.3389/fonc.2022.1007446

69. Hassannia, B, Vandenabeele, P, and Vanden Berghe, T. Targeting ferroptosis to iron out cancer. Cancer Cell (2019) 35(6):830–49. doi: 10.1016/j.ccell.2019.04.002

70. Liu, J, Kang, R, and Tang, D. Signaling pathways and defense mechanisms of ferroptosis. FEBS J (2022) 289(22):7038–50. doi: 10.1111/febs.16059

71. Dai, E, Meng, L, Kang, R, Wang, X, and Tang, D. ESCRT-III-dependent membrane repair blocks ferroptosis. Biochem Biophys Res Commun (2020) 522(2):415–21. doi: 10.1016/j.bbrc.2019.11.110

72. Mizushima, N, Levine, B, Cuervo, AM, and Klionsky, DJ. Autophagy fights disease through cellular self-digestion. Nature (2008) 451(7182):1069–75. doi: 10.1038/nature06639

73. Yang, H, and Tan, JX. Lysosomal quality control: molecular mechanisms and therapeutic implications. Trends Cell Biol (2023). doi: 10.1016/j.tcb.2023.01.001

74. Zhen, Y, and Stenmark, H. Autophagosome biogenesis. Cells (2023) 12(4). doi: 10.3390/cells12040668

75. Nara, A, Mizushima, N, Yamamoto, A, Kabeya, Y, Ohsumi, Y, and Yoshimori, T. SKD1 AAA ATPase-dependent endosomal transport is involved in autolysosome formation. Cell Struct Funct (2002) 27(1):29–37. doi: 10.1247/csf.27.29

76. Fujita, H, Yamanaka, M, Imamura, K, Tanaka, Y, Nara, A, Yoshimori, T, et al. A dominant negative form of the AAA ATPase SKD1/VPS4 impairs membrane trafficking out of endosomal/lysosomal compartments: class e vps phenotype in mammalian cells. J Cell Sci (2003) 116(Pt 2):401–14. doi: 10.1242/jcs.00213

77. Wang, H, Wang, X, Zhang, K, Wang, Q, Cao, X, Wang, Z, et al. Rapid depletion of ESCRT protein Vps4 underlies injury-induced autophagic impediment and wallerian degeneration. Sci Adv (2019) 5(2):eaav4971. doi: 10.1126/sciadv.aav4971

78. Lin, HH, Li, X, Chen, JL, Sun, X, Cooper, FN, Chen, YR, et al. Identification of an AAA ATPase VPS4B-dependent pathway that modulates epidermal growth factor receptor abundance and signaling during hypoxia. Mol Cell Biol (2012) 32(6):1124–38. doi: 10.1128/mcb.06053-11

79. Yarden, Y, and Sliwkowski, MX. Untangling the ErbB signalling network. Nat Rev Mol Cell Biol (2001) 2(2):127–37. doi: 10.1038/35052073

80. Frey, N, Tortola, L, Egli, D, Janjuha, S, Rothgangl, T, Marquart, KF, et al. Loss of Rnf31 and Vps4b sensitizes pancreatic cancer to T cell-mediated killing. Nat Commun (2022) 13(1):1804. doi: 10.1038/s41467-022-29412-3

81. Liao, Z, Thomas, SN, Wan, Y, Lin, HH, Ann, DK, and Yang, AJ. An internal standard-assisted synthesis and degradation proteomic approach reveals the potential linkage between VPS4B depletion and activation of fatty acid β-oxidation in breast cancer cells. Int J Proteomics. (2013) 2013:291415. doi: 10.1155/2013/291415

82. Liu, Y, Lv, L, Xue, Q, Wan, C, Ni, T, Chen, B, et al. Vacuolar protein sorting 4B, an ATPase protein positively regulates the progression of NSCLC via promoting cell division. Mol Cell Biochem (2013) 381(1-2):163–71. doi: 10.1007/s11010-013-1699-2

83. Goldman, MJ, Craft, B, Hastie, M, Repečka, K, McDade, F, Kamath, A, et al. Visualizing and interpreting cancer genomics data via the xena platform. Nat Biotechnol (2020) 38(6):675–8. doi: 10.1038/s41587-020-0546-8

84. Liu, J, Lichtenberg, T, Hoadley, KA, Poisson, LM, Lazar, AJ, Cherniack, AD, et al. An integrated TCGA pan-cancer clinical data resource to drive high-quality survival outcome analytics. Cell (2018) 173(2):400–16.e11. doi: 10.1016/j.cell.2018.02.052

85. Galardi, A, De Bethlen, A, Di Paolo, V, Lampis, S, Mastronuzzi, A, and Di Giannatale, A. Recent advancements on the use of exosomes as drug carriers for the treatment of glioblastoma. Life (Basel). (2023) 13(4). doi: 10.3390/life13040964

86. Luo, H, Zhang, H, Mao, J, Cao, H, Tao, Y, Zhao, G, et al. Exosome-based nanoimmunotherapy targeting TAMs, a promising strategy for glioma. Cell Death Dis (2023) 14(4):235. doi: 10.1038/s41419-023-05753-9

87. García-Fernández, J, and Fuente Freire, M. Exosome-like systems: nanotechnology to overcome challenges for targeted cancer therapies. Cancer Lett (2023) 561:216151. doi: 10.1016/j.canlet.2023.216151

88. Rao, DY, Huang, DF, Si, MY, Lu, H, Tang, ZX, and Zhang, ZX. Role of exosomes in non-small cell lung cancer and EGFR-mutated lung cancer. Front Immunol (2023) 14:1142539. doi: 10.3389/fimmu.2023.1142539

89. Wu, X, Shi, M, Lian, Y, and Zhang, H. Exosomal circRNAs as promising liquid biopsy biomarkers for glioma. Front Immunol (2023) 14:1039084. doi: 10.3389/fimmu.2023.1039084

90. Monroe, N, Han, H, Shen, PS, Sundquist, WI, and Hill, CP. Structural basis of protein translocation by the Vps4-Vta1 AAA ATPase. Elife (2017) 6. doi: 10.7554/eLife.24487

91. Zhang, G, Li, S, Cheng, KW, and Chou, TF. AAA ATPases as therapeutic targets: structure, functions, and small-molecule inhibitors. Eur J Med Chem (2021) 219:113446. doi: 10.1016/j.ejmech.2021.113446

92. Abad-Zapatero, C, Perišić, O, Wass, J, Bento, AP, Overington, J, Al-Lazikani, B, et al. Ligand efficiency indices for an effective mapping of chemico-biological space: the concept of an atlas-like representation. Drug Discovery Today (2010) 15(19-20):804–11. doi: 10.1016/j.drudis.2010.08.004

93. Mitsopoulos, C, Di Micco, P, Fernandez, EV, Dolciami, D, Holt, E, Mica, IL, et al. canSAR: update to the cancer translational research and drug discovery knowledgebase. Nucleic Acids Res (2021) 49(D1):D1074–d82. doi: 10.1093/nar/gkaa1059

94. Xu, L, Zhai, L, Ge, Q, Liu, Z, and Tao, R. Vacuolar protein sorting 4B (VPS4B) regulates apoptosis of chondrocytes via p38 mitogen-activated protein kinases (MAPK) in osteoarthritis. Inflammation (2017) 40(6):1924–32. doi: 10.1007/s10753-017-0633-2

95. Zhang, D, Wang, L, Yan, L, Miao, X, Gong, C, Xiao, M, et al. Vacuolar protein sorting 4B regulates apoptosis of intestinal epithelial cells via p38 MAPK in crohn’s disease. Exp Mol Pathol (2015) 98(1):55–64. doi: 10.1016/j.yexmp.2014.12.007




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Huang, Zhan, Pan, Bao and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1203359-g001.jpg
0660646

initation firecurtment i ESCRT-I assembly. WESCRT-laction v disassembly

@0 B ERH © SR @ escRen | —





OEBPS/Images/fonc.2023.1203359_cover.jpg
& frontiers | Frontiers in Oncology






OEBPS/Images/fonc-13-1203359-g002.jpg
s
cathin
cHPIsSTI

ESCRT-0 ESCRT-l ESCRT-II ESCRTI





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The role of Vps4 in cancer development

      

        		

          1 Introduction

        



        		

          2 The structures and functions of VPS4

        

          		

            2.1 Overview of ESCRT

          



          		

            2.2 Structures of VPS4

          



          		

            2.3 Functions of VPS4

          



        



        



        		

          3 Possible mechanisms affecting carcinoma of VPS4

        

          		

            3.1 VPS4 and cell division: cytokinetic abscission

          



          		

            3.2 VPS4 and cancer migration: through exosomes

          



          		

            3.3 Synthetic lethality between VPS4A gene and VPS4B gene

          



          		

            3.4 VPS4 and signaling pathways

          



          		

            3.5 VPS4 and cell death: pyroptosis and ferroptosis

          



          		

            3.6 VPS4 and Autophagy

          



        



        



        		

          4 Application of VPS4 in carcinoma

        

          		

            4.1 VPS4B and Staging

          



          		

            4.2 Prognosis

          



          		

            4.3 Feasibility of application in therapy

          



        



        



        		

          5 Conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
vpsiA

vesin

Compound

3150612

Su6053

316029

31320

9-2-amin-N.(5-(-ehloro-5 (phenylulfonamidolpy din3-y)- & metbylbisol. 2413
‘methylbutanamide;

NMS694; canSARI6053
NVS-A85A; conSARSH6029

CansARS231320

o

o

s

o1

1650280

1650260 s\

1650 500mM

1C50710mM





