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MUC21, also known as Epiglycanin, is a high-molecular-weight glycoprotein with transmembrane mucin properties. It consists of a tandem repeat domain, a stem domain, a transmembrane domain and a cytoplasmic tail. MUC21 is expressed is observed in normal tissues in organs like the thymus, testes, lungs, and large intestine. Research has shown that MUC21 is expressed in esophageal squamous cell carcinoma, lung adenocarcinoma, glioblastoma, thyroid cancer, melanoma, and various other malignant tumors in distinctive manner. Additionally, tumor invasion, metastasis, and poor prognosis are linked to it. Some researchers believe that MUC21 has the potential to become a new target in cancer treatment. This review aims to deliver a comprehensive overview of the glycosylation, function, and research progress of MUC21 in multiple types of cancer and infectious diseases.
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1 Introduction

Mucins are a class of highly glycosylated large proteins composed of a series of tandem repeat sequences (TR), including proline, serine, and threonine residues (1). These sequences form a central region, and on the epithelial cells, they create a protective barrier (2). Mucins are divided into secreted and transmembrane types. Secreted mucins include MUC2, MUC5AC, MUC5B, MUC6, MUC7, MUC8, MUC9, and MUC19, which can exist in gelation and non-gelation forms (3). Transmembrane mucins consist of a transmembrane domain and a cytoplasmic domain, including MUC1, MUC3A, MUC3B, MUC4, MUC12, MUC13, MUC14, MUC15, MUC16, MUC17, MUC20, MUC21 (Epiglycanin), and MUC22 (4, 5). The MUC family, not only being a critical component in defending against pathogenic microorganisms, is also perceived as a promising target for human tumor diagnosis, treatment, and prognosis.

Mucins are the main components of the mucus layer, playing a role in the body’s anti-infective mechanism (6). In the development of infectious diseases, mucins play a crucial role, and are regulated by cytokines (7). As a transmembrane mucin, the expression of MUC21 is correlated with periodontal inflammation, gingival Amebic infection, Type 1 diabetes, RSV (respiratory syncytial virus) invasion, Mycoplasma pneumoniae pneumonia infection, and the severity of COVID-19 (8–13). The molecular properties of mucins are extremely complex, and extensive research is still needed to fully understand their role in maintaining mucus and resisting infections.

Mucins have garnered significant attention in tumor diagnosis and treatment, with some such as MUC1 and MUC16 being extensively utilized in the research of blood serum diagnostic markers (14, 15). MUC1, the initial mucin to be recognized, has been linked to pancreatic cancer upon its discovery (16). Its presence has been observed in the majority of epithelial cells (17). Additionally, studies have shown that MUC1 is elevated in different types of tumor tissues including breast cancer, ovarian cancer, lung cancer, and colorectal cancer (14). MUC16 (CA125) is the largest transmembrane mucin, which is overexpressed on the surface of ovarian cancer cells and enters the bloodstream, it has become one of the recognized serum biomarkers for ovarian cancer (15). MUC16 is also a significant and promising biomarker for the diagnosis and progression of lung cancer, with the level of its elevation detectable in the blood, which can aid in early diagnosis of pancreatic cancer (18, 19). Here, we introduce a new mucin MUC21, which is the murine mucin’s human homolog (1). Recent research has found that the MUC21 glycoform can differentiate between esophageal squamous epithelial cells and esophageal squamous cell carcinoma (20), and is downregulated in laryngeal squamous cell carcinoma (21). It also closely correlates with the development of lung adenocarcinoma with EGFR mutations (22). MUC21 is a unique immunohistochemical biomarker that distinguishes between lung adenocarcinomas and epithelial mesotheliomas (23). In addition to inducing glioblastoma survival and migration through STA/AKT pathway, MUC21 also regulates SLITRK5 gene expression, thereby controlling Hedgehog signaling pathway to promote melanoma progression (24, 25). MUC21 can also be used as a specific phagocytosis regulatory factor to predict the recurrence and efficacy of thyroid cancer (26). In summary, MUC21 exhibits specific expression in tumor types such as lung adenocarcinoma, melanoma, and glioblastoma, making it a potential candidate for the diagnosis, treatment, and prognosis of these tumors.




2 Simple description of MUC21

In 1975, Epiglycanin, a type of mucin, was first reported to be expressed on the surface of glycoproteins in highly malignant TA 3-Ha cells (27, 28). TA 3-Ha originated from a spontaneous tumor in A/HeHa mice in 1949, and is a variant of TA 3 cells (29). In recent years, Itoh and his colleagues discovered a new transmembrane mucin, which was identified as the human counterpart of mouse Mucin 21 (Epiglycanin), and was named MUC21 (1). Mucin, as an epithelial defense molecule, is commonly used as a target for tumor diagnosis and treatment in clinical settings (2). Additionally, there have been observations indicating that mucin expression and glycosylation undergo changes in the presence of infections and other diseases (30).



2.1 The structure of MUC21

This new mucin’s MUC21 gene is located in the human MHC I region (1). MUC21 is a high-molecular-weight glycoprotein that possesses transmembrane mucin functions. It is composed of a mucin domain, which consists of 28 different tandem repeat sequences (each repeat sequence corresponds to a serine/threonine-rich region), a stem domain, a transmembrane domain, and a cytoplasmic tail (1).




2.2 The MUC21 glycoform

Mucins are present on the outer layer of epithelial cells and are thought to have a crucial role in protecting epithelial cells (6). In addition, they are involved in a range of processes, such as the renewal of epithelial cells, the differentiation of cells, adherence of cells, and the transportation of substances to mucous epithelial cells (2, 31). O-glycosylation is an important post-translational modification that influences the biophysical, functional, and biochemical properties of glycoproteins (31, 32). In particular, the mucin-type O-glycans have several cancer-associated structures, including the T and Tn antigens, and sialylated T antigens. The presence of tn and T antigens is associated with the aggressiveness of cancer cells (33, 34). When the biosynthesis of glycans on the MUC21 stops, the formed MUC21 may have a lower degree of glycosylation, and these structural changes could potentially alter the adhesion, invasiveness, and metastatic properties of the cell (35). Therefore, by delving deeper into the mechanisms and functions of glycosylation, researchers can uncover new ways to target glycosylation-related diseases and develop novel therapeutic interventions.

The recent pathological studies rely on monoclonal antibodies targeting the specific glycoform of human MUC21, providing evidence for the hypothesis that glycoform play a significant role in determining malignant behavior (36). Tian et al. utilized three antibodies to identify the different epitopes of MUC21. One of them was a polyclonal antibody targeting the 20 amino acids in the cytoplasmic tail, while the other two were monoclonal antibodies (mAbheM21C and mAbheM21D) that bound to MUC21 with different glycosylation forms (20). mAbheM21C binds to Tn-MUC21, T-MUC21, and sialylated T-MUC21, while mAbheM21D binds to unmodified MUC21 and Tn-MUC21 core peptides (20)(Figure 1). Further investigation into the recognition and unique functions of MUC21 glycoform may provide novel strategies for tumor diagnosis and treatment.




Figure 1 | Schematic diagram of hypothesized glycosylation of MUC21 expressed in CHO-ldlD, CHO-Lec2, and CHO-K1 cells. (A) Unmodified MUC21 core peptides are expected to be transduced in CHO-ldlD cells, which lack the ability to produce Gal and GalNAc. (B) Non-glycosylated Tn-MUC21 is expected to be produced in CHO-ldlD cells (MUC21 containing GalNAc residues is co-cultured with GalNAc). (C) T-MUC21, composed of GalNAc and Gal, is expected to be produced in CHO-Lec2 cells (CHO-Lec2 cells lack the ability to prolong sialic acid along their carbohydrate chain). (D) Sialyl T-MUC21, composed of GalNAc, Gal and sialic acid, is expected to be produced in CHO-K1 cells.







3 MUC21-specific glycoform tumor correlations

Specific glycosylation of MUC21 has been implicated in the development of multiple tumors. For example, differentiated and undifferentiated esophageal epithelial cells can be distinguished based on the glycosylation type of MUC21 (20). The latest research indicates that specific glycosylated MUC21 may be involved in the development of lung adenocarcinoma with EGFR mutations (22). In addition, the over-expression of human T-MUC21 and sialylated T-MUC21 confers cells with anti-apoptotic characteristics, whereas unglycosylated MUC21 and Tn-MUC21 do not possess this characteristic (37, 38). These findings underscore the importance of glycosylation in regulating the function of mucins. Moreover, through the development of specific antibodies targeting the MUC21 cytoplasmic tail, researchers have also discovered the expression of MUC21 in the cytoplasm of glioblastoma cells (25). Hence, a mounting array of data suggests that the biological functions of mucins are determined by the glycosylation type, and the development of tools that can accurately and efficiently detect the glycosylation type of mucins and other antigens on tumor cells will aid in treating tumors.



3.1 Esophageal squamous cell carcinoma

Research has indicated that the alteration in the MUC21 glycosylation can be used to differentiate between esophageal squamous epithelium and esophageal squamous cell carcinoma (20). MUC21 is expressed in the squamous epithelium of the esophagus, where its O-glycosylation extension form is visible in normal squamous epithelial cells. However, the MUC21 expressed by esophageal squamous carcinoma cells does not attach O-glycosylation (20). Hence, the invasiveness of tumors may be related to the shortening of O-linked polysaccharides (33, 34). The results suggest that the biological traits of MUC21 may depend on its glycosylation (20). In summary, further research on the regulation of the MUC21 glycoform could potentially provide new strategies for the diagnosis and treatment of esophageal squamous cell carcinoma.




3.2 Lung adenocarcinoma

Mucins are highly glycosylated proteins, their function is related to glycosylation (39). In normal conditions, mucins function as a protective barrier for lung epithelial cells (2). However, when the regulation is disrupted, these proteins will promote tumor development and metastasis (40). Mucins aid in determining the pathological biological characteristics of tumor cells, such as MUC1 (CA153) and MUC16 (CA125), which are used as biomarkers for monitoring malignant tumors (14, 15). Recent studies have shown that MUC21 is the main cause of the difference between lung adenocarcinoma and lung squamous cell carcinoma (41). Specifically, lung adenocarcinoma exhibits upregulation of genes related to mucin O-chain glycosylation, suggesting that the detection of MUC21 expression may serve as a targeted treatment for lung adenocarcinoma (41).

Recent studies have found that MUC21 is expressed in lung adenocarcinoma (36), and is associated with the invasive behavior of tumor cells (42). Ahmad and colleagues also discovered that MUC21 shows high levels of expression in the micropapillary structures of lung adenocarcinoma, especially during the transition from pure lepidic to micropapillary tumors through the presence of low papillary lepidic lesions (35). This suggests that MUC21 may be associated with the formation of micropapillae structures in lung adenocarcinoma. Further studies are needed to elucidate the specific mechanisms by which MUC21 contributes to the pathogenesis of lung adenocarcinoma and explore its potential as a biomarker for predicting disease progression and treatment response.

Moreover, the development of EGFR-mutated lung adenocarcinomas may also be associated with MUC21 protein, which exhibits specific glycosylation states (35). Among them, the micropapillae structure is crucial for the promotion of tumor development, thus potentially determining the malignancy potential of EGFR-mutated lung adenocarcinomas (43). This is supported by the use of polyclonal antibodies targeting different glycosylation states of MUC21, together with two monoclonal antibodies (heM21D and heM21C) to detect the MUC21 protein, which were named MUC21P, MUC21C, and MUC21D. The polyclonal antibody MUC21P binds to the cytoplasmic tail, monoclonal antibody MUC21C binds to Tn-MUC21, T-MUC21, and sialyl T-MUC21, while monoclonal antibody MUC21D binds to unmodified MUC21 and Tn-MUC21 (20, 35). While MUC21P and MUC21C are expressed in the micropapillae structure or low papillary structure, MUC21D is only expressed in the micropapillae structure (35). This indicates that MUC21D is associated with micropapillae structure. High expression of MUC21D and MUC21P is associated with lymphatic invasion, whereas MUC21D high expression is associated with poor RFS (no recurrence survival) in patients (35). These results imply that frequent lymphatic invasion is the basis of the invasive biological behavior of the micropapillae structure, and the expression of MUC21D is highly correlated with the invasiveness of the micropapillae structure. Therefore, detecting MUC21D may serve as a prognostic indicator for predicting the recurrence of EGFR-mutated lung adenocarcinomas.





4 MUC21 regulates cellular functions

MUC21 has been found to have a significant impact on tumor development and is also involved in various essential biological processes. These processes include cell apoptosis, cell adhesion, and cytotoxicity. Additionally, understanding the complex role of MUC21 in these processes can provide valuable insights into underlying mechanisms of disease and potential treatment strategies. Ultimately, further research on MUC21 and its multi-faceted role in cellular functions can lead to advancements in the field of medicine and potentially improve patient outcomes.



4.1 The expression of O-glycosylated MUC21 enhances the cell’s anti-apoptotic ability

Increasing evidence suggests that mucin expression is associated with the invasive and metastatic abilities of cancer cells (44). When MUC1 or MUC13 is highly expressed, the anti-apoptotic capacity of cells increases (44, 45). Additionally, previous studies have indicated that epithelial cancer cells with O-glycosylated MUC1 possess resistance to apoptosis (46). Therefore, O-glycosylated MUC21 may also be associated with the cellular anti-apoptotic capacity.

Tian et al. discovered that the anti-apoptotic capability of CHO cells expressing O-glycosylated MUC21 increased, with the expression of T-MUC21 and sialylated T-MUC21 in these cells imparting an anti-apoptotic characteristic (37). Conversely, the expression of unmodified MUC21 or Tn-MUC21 did not endow these cells with an anti-apoptotic trait (37). Considering previous findings, it appears that the TR and intracellular proteins of MUC21 are also necessary conditions for anti-apoptosis, thus, the potential anti-apoptotic mechanism of MUC21 may be related to its specific glycosylation (37).




4.2 MUC21 regulates cellular adhesion

In recent years, it has been discovered that cell adhesion plays a crucial role in tumor development and metastasis (47). The anti-adhesive and steric hindrance properties of mucins are vital in many biological processes (39). During the process of tumor development, the reduction in cell adhesion function can lead to an enhancement in cell-to-cell interactions, which is a crucial factor in promoting tumor growth (48). These interactions facilitate the survival and migration of cancer cells into the bloodstream, and the formation of metastases in distant organs from the primary tumor (48). MUC21, the first mucin discovered to be linked to cancer cell advancement, inhibits cell adhesion by creating steric hindrance on the cell surface (39). Yi et al. observed significant morphological changes in cells after MUC21 transfection, identifying a TR structure in MUC21 as mediating the loss of cell adhesion, leading to a loss of cell adhesion ability (39). This demonstrates that, through the highly glycosylated TR domain, MUC21 prevents cell-to-cell and cell-to-matrix interactions, thereby inhibiting cell adhesion and cell-cell, cell-matrix adhesion through steric hindrance (39). Reduced cell adhesion promotes cell invasion and migration functions, thereby leading to tumor metastasis, especially pronounced in lung adenocarcinoma (36).

The micropapillary structure of lung adenocarcinoma is closely associated with cancer cell metastasis, often leading to poor prognosis (49, 50), and it has a strong correlation with lymphatic metastasis, lymphatic invasion, and non-bronchiolar alveolar carcinoma subtypes (51). Miyoshi et al. hypothesized that the reduction in cellular adhesion of micropapillary lung adenocarcinoma could be due to the modulation of lymphatic vessels, which promotes cell invasion and spread, thus affecting tumor metastasis (52, 53). Additionally, evidence suggests that micropapillary-structured cancer cells can disrupt the entire calcium-binding-to-connectin-to-actin network, thereby influencing the disassembly of adhesion junctions and the release of non-adherent invasive and metastatic cells (52). A growing body of research suggests that tumor metastasis is linked to a decrease in cell adhesion (54). In summary, MUC21 expression can affect the formation of micropapillary structures, thereby promoting the development of lung adenocarcinoma.




4.3 MUC21 resists cytotoxicity mediated by T cells and NK cells

Immunotherapy is currently a hot topic in cancer treatment research, yet the efficacy of these treatments is far from optimistic due to the cancer cell’s capability to suppress immunosuppression (55). As a result, it is essential to identify these immunosuppressive pathways and create novel approaches to combat the immune system resistance exhibited by cancer patients to immunotherapy. MUC4’s spatial blocking effect aids in the evasion of the immune system’s attack by cancer cells (56). Notably, some studies have demonstrated that on the cell surface, MUC4 can diminish the effectiveness of anti-cancer medications by inhibiting the identification of targeted cells (57, 58). Furthermore, the MUC21 on the surface of tumor cells inhibits the interaction between cytotoxic T cells and MHC molecules on tumor cells (59, 60). Moreover, MUC21 purified from TA3-Ha cells can also produce immunosuppressive effects in vivo (42). In summary, MUC21 can serve as an effective immunosuppressant, inhibiting CAR-T cell and CAR-NK cell anti-tumor functions, thereby protecting the cancer cells from attack by NK and CD8+T cells (61). This is accomplished through the generation of spatial blocking, hindering the interaction between immune cells and cancer cells, which plays a crucial role in immune system escape (61). This indicates that blocking MUC21 could be a valuable approach to improve cancer immunotherapy.





5 The mechanism of tumor development related to MUC21 and its clinical implications

The family of mucins plays a role in multiple stages of tumor growth, such as cell adhesion, transition between epithelial and mesenchymal states, signaling within cells, and the creation of the tumor microenvironment (62). Metastasis of tumors depends on the anomalous activation of various pathways within tumor cells and the creation of intricate microenvironments. These microenvironments play a role in facilitating the invasion and spread of tumor cells (63). The precise mechanisms by which mucins contribute to tumor invasion and metastasis are still being studied, but it is clear that they play a crucial role in shaping the local tumor microenvironment (2). Among them, mucin family member MUC21 is highly expressed in glioblastoma, thyroid cancer, melanoma, and lung adenocarcinoma, and plays a significant role in their development. Numerous research results indicate that MUC21 has the potential to serve as a blood serum biomarker and therapeutic target. In summary, understanding the role of mucins in cancer progression may lead to the development of targeted therapies aimed at disrupting these interactions and inhibiting tumor growth and metastasis (Table 1).


Table 1 | MUC21 expression related tumors.





5.1 Glioblastoma

Wang et al. discovered that MUC21 is aberrantly overexpressed in human glioblastoma (GBM) tissues and cell lines, and correlates with the clinical and pathological features as well as tumor recurrence in GBM patients (24). Their research also indicated that in vitro, MUC21 has the ability to enhance the activity and movement of GBM cells, as well as stimulate tumor growth in vivo (24). The migration and invasion of GBM cells could be affected by MUC21 through its impact on cell adhesion in this research (24). They indicated that MUC21 may inhibit cell-cell extracellular matrix interactions and interfere with cell-cell adhesion, thus suppressing cell-cell adhesion molecules and surface integrins, and ultimately impacting tumor metastasis (23, 36, 53). Further research also found that MUC21 can promote the development of GBM through the STAT3/AKT pathway, providing a basis for MUC21 to serve as a potential serum biomarker and therapeutic target for GBM patients (24). By targeting MUC21 or its downstream signaling pathways, it possible to inhibit the spread of GBM and improve patient outcomes. Overall, this study provides valuable insights into the role of MUC21 in GBM progression and highlights its potential as a therapeutic target.




5.2 Thyroid cancer and melanoma

Recent research has revealed a noteworthy increase in the expression of MUC21 in thyroid cancer tissues (26). Furthermore, the expression of MUC21 is significantly linked to the outlook of individuals with thyroid cancer, identified as a potential marker for predicting prognosis (26). Previous studies have shown that the presence of MUC21 is elevated in metastatic melanoma tissues, and individuals with high levels of MUC21 tend to have poorer overall survival rates (25). Furthermore, the study has confirmed that overexpressed MUC21 significantly inhibits the function of SLITRK5, thereby activating the downstream Hedgehog signaling pathway (25). Among them, SLITRK5 is identified as a key player in inhibiting the Hedgehog signaling pathway, which plays a critical role in controlling cell growth and specialization (64). The overexpression of SLITRK5 has been shown to enhance the growth, movement, and invasion of melanoma cells (25). This suggests that SLITRK5 may play a significant role in the development and progression of melanoma, a type of skin cancer. Additionally, by targeting SLITRK5 or modulating its activity, researchers may be able to develop new therapeutic strategies for treating melanoma and potentially other cancers that involve dysregulation of the Hedgehog signaling pathway. While the exact functioning of MUC21 is not yet fully understood, it is essential in the progression of thyroid cancer and melanoma and can serve as a significant prognostic indicator.




5.3 MUC21 can serve as a negative biomarker

Currently, the most optimal diagnostic methods for distinguishing between epithelial mesothelioma and lung adenocarcinoma are still under investigation. There is no absolute immunohistochemical marker that can be used for differential diagnosis of epithelial mesothelioma (65). Due to the clinical growth patterns and histological similarities between lung adenocarcinoma and epithelial mesothelioma, it is often misdiagnosed as epithelial mesothelioma. Recently, a discovery was made highlighting the potential of MUC21 as a new negative marker for distinguishing between mesothelioma and lung adenocarcinoma. It was found that the expression of MUC21 was significantly different in lung adenocarcinoma and epithelial mesothelioma. The expression of MUC21 is low in epithelial mesothelioma, but high in lung adenocarcinoma (23). This finding suggests that MUC21 could be a valuable tool in accurately diagnosing these two types of cancer, potentially leading to better treatment outcomes for patients. Further research and validation of MUC21 as a diagnostic marker could greatly impact the field of oncology by improving the accuracy and efficiency of cancer diagnosis. In conclusion, the discovery of MUC21 as a negative marker for mesothelioma and lung adenocarcinoma represents a significant advancement in the field of cancer research and holds promise for improving patient outcomes in the future.





6 The antimicrobial activity of MUC21

Mucins play a significant role in the development of infectious diseases. Over-expression of transmembrane mucins can disrupt cellular polarity and intercellular interactions, affecting the integrity of the epithelial barrier (7). During the microbial infection process, mucins in the mucus layer play an important role in host immunity (66). Not only are mucus layers physical barriers, but they are also composed of complex molecular systems with significant immunomodulatory and antibacterial properties (67). Furthermore, bio-enzymes may weaken the mucin’s glycan barrier, allowing bacteria to invade mucosal tissues (68). Studies have shown that the novel transmembrane mucin MUC21 is involved in the defense against infection by pathogenic microorganisms. Mucus and mucins play a significant role in protecting the body from invasion, and the specific defense mechanisms are not yet fully understood.



6.1 Anti-infective effect of MUC21 in oral cavity

The first line of defense of the mucosal epithelium is the mucin barrier (6). Mucin serves as both a medium for the growth and food source of commensal bacteria, in addition to binding to invading microbes (69). MUC21, a member of the mucin family, aids in protecting epithelial tissues from pathogen invasion and also protects the host’s microbiome (6). A whole-genome expression profiling study revealed that the expression level of MUC21 in healing gingival tissues significantly increased. Moreover, the expression levels of epithelial and connective tissues also enhanced during the healing process, suggesting that this transmembrane mucin is associated with the healing of oral mucosa (70). RSPO4 has been identified as a potential risk gene associated with periodontitis. Scientific studies have demonstrated that upregulation of RSPO4 results in a notable enhancement in the levels of MUC21 expression, thereby impacting the expression of genes associated with host defense and the integrity of barriers (8). Moreover, when gingival epithelial cells are infected with the parasite Trichomonas gingivalis, MUC21 is the mucin gene that is upregulated most significantly (9). In summary, it was observed that the expression of MUC21 significantly increased in oral epithelial infection or damage, providing evidence for its important role in maintaining the integrity of oral barriers. This indicates that changes in the MUC21 gene are closely related to pathogen infection, and its expression has certain protective effects on the epithelial cells.




6.2 Anti-infective effect of MUC21 in intestinal tract

The mucus layer plays a vital role in the intestinal barrier by inhibiting bacterial passage and safeguarding the mucosa of the intestines (10). The mucus layer is not only a physical barrier, but also composed of a complex molecular system, which have important immunomodulatory and antibacterial activities, such as mucin and antimicrobial peptides (67, 71). Transmembrane mucins, such as MUC21, can serve as a source of energy for commensal bacteria, playing a crucial role in the regulation of specific microbial species in the mucus layer (69). Research has indicated that patients with type 1 diabetes experience physical and biological alterations in their intestinal barrier. These changes are linked to disruptions in bacterial communities responsible for regulating mucus and imbalances in the immune system (10). Loss of intestinal barrier integrity causes the symbiotic gut microbiota to activate islet reactive T cells and contributes to the development of autoimmune diabetes (72, 73). Therefore, the integrity of the intestinal barrier and the function of the mucus layer are closely related to the pathogenesis of human pancreatic autoimmunity, which causes disease (10). In summary, by protecting the integrity of the intestinal barrier through regulation of mucins, maintaining the stability of the microbial and immune systems, a new direction for the research of autoimmune diseases has emerged.




6.3 Anti-infective effect of MUC21 in respiratory tract

The respiratory tract’s mucosal surface is primarily composed of mucus, which is primarily composed of mucins (74). The primary roles of mucus are to shield the epithelial surface from harm and promote the clearance of substances entering the lungs (74). When diseases occur, abnormal expression of mucins can lead to dysregulation of the mucus barrier function, ultimately resulting in pathological changes (6). It has been reported that respiratory syncytial virus invasion can strongly induce upregulation of MUC21 (11). Additionally, MUC21 is not only among the highly elevated mRNAs in bronchoalveolar lavage fluid obtained from children with severe atypical pneumonia induced by Mycoplasma pneumoniae (12), but also the level of MUC21 mRNA expression is strongly correlated with the severity of COVID-19 (13). From the above research findings, it can be concluded that changes in MUC21 expression are highly correlated with the onset, progression, and prognosis of respiratory tract infections and other diseases.





7 Summary and prospects

This paper reviews the expression, structure, and biological functions of MUC21 in various complex tumor types, as well as its role in infectious diseases. MUC21, a glycoprotein with high molecular weight, serves as a transmembrane mucin found on the exterior of healthy cells, playing a crucial protective function. Although the overexpression of MUC21 can improve the mucosal barrier and protective function, thus preventing infection, it often occurs abnormal expression in the development of several malignant tumors, and plays an important role in the development and metastasis of tumors. Research has shown that within the MUC21 domain, there exists a TR domain that has the ability to impede cell-to-cell and cell-to-matrix adhesion by altering TR-dependent steric hindrance. This ultimately boosts the invasive and metastatic capabilities of cancer cells (39, 48). Moreover, a number of studies have shown that MUC21 is involved in the invasion and development of malignant tumors such as lung adenocarcinoma, melanoma and glioblastoma, and it has become a promising therapeutic target for the development of targeted therapies.

The advancement of antibody engineering, ADCs, CAR-T cells, CRISPR-Cas9 technology, and genetically engineered mouse models has revolutionized the landscape of targeted therapy (75). By providing new tools and approaches, these advancements are driving progress towards more effective and personalized treatment options. The continued exploration and utilization of these technologies are crucial for advancing the field of medicine and ultimately improving patient outcomes. For example, the presence of MUC21 glycoform shows a significant correlation with tumor growth. As a result, creating antibodies that target the specific mucin glycoform found in tumor antigens can greatly improve cancer therapy. Secondly, it is found that ADCs method can be used to clear the cancer cells expressing MUC21, which may be a promising targeted therapy (61). Moreover, it is a good method to treat tumor by regulating the downstream signal molecules of MUC21. Unfortunately, we know very little about the downstream signal molecules and related signal pathways of MUC21. Further, immunotherapy plays a crucial role in addressing the elevated rate of tumor recurrence in clinical practice. Research on utilizing anti-MUC21 antibody in immunotherapy is anticipated to shed light on the practical significance of MUC21 in managing diseases. This could lead to significant advancements in medical treatments and potentially improve patient outcomes. Ultimately, the implications of this study could have far-reaching effects on the field of medicine and offer hope for more effective treatments in the future. In addition, the research and application of MUC21 serum detection can provide great convenience for the diagnosis, treatment and prognosis of tumors. Therefore, collaborative endeavors are required to create enhanced targeting agents and appropriate animal models for assessing MUC21-focused treatments (75).

In summary, MUC21 is likely to possess the capability to enhance the migration, invasion and metastasis of multiple cancer cells. This suggests that MUC21 may play a crucial role in the progression of tumors, offering valuable insights into its specific functions in the field of tumor biology. Clarifying the roles of MUC21 in these aspects will contribute to the diagnosis, treatment, and prognosis of tumors. Moreover, due to our limited knowledge of the antibacterial mechanisms of MUC21, this presents a significant challenge for our future research.





Author contributions

ML: Writing – original draft, Writing – review & editing. HL: Writing – review & editing, Writing – original draft. TY: Writing – review & editing. ZL: Writing – review & editing. YKL: Writing – review & editing. YT: Writing – review & editing. YZL: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Itoh, Y, Kamata-Sakurai, M, Denda-Nagai, K, Nagai, S, Tsuiji, M, Ishii-Schrade, K, et al. Identification and expression of human epiglycanin/MUC21: a novel transmembrane mucin. Glycobiology. (2008) 18:74–83. doi: 10.1093/glycob/cwm118

2. Hollingsworth, MA, and Swanson, BJ. Mucins in cancer: protection and control of the cell surface. Nat Rev Cancer. (2004) 4:45–60. doi: 10.1038/nrc1251

3. Dong-Hee, L, Sang-Haeng, C, Yoon, P, and Hyung-seung, J. Mucin1 and mucin16: therapeutic targets for cancer therapy. Pharmaceuticals. (2021) 14:1053. doi: 10.3390/ph14101053

4. Bhatia, R, Gautam, SK, Cannon, A, Thompson, C, Hall, BR, Aithal, A, et al. Cancer-associated mucins: role in immune modulation and metastasis. Cancer Metastasis Rev. (2019) 38:223–36. doi: 10.1007/s10555-018-09775-0

5. Dhanisha, SS, Guruvayoorappan, C, Drishya, S, and Abeesh, P. Mucins: Structural diversity, biosynthesis, its role in pathogenesis and as possible therapeutic targets. Crit Rev Oncology/Hematol. (2018) 122:98–122. doi: 10.1016/j.critrevonc.2017.12.006

6. Sara, KL, Philip, S, Niclas, GK, Victoria, K, and Michael, AM. Mucins in the mucosal barrier to infection. Mucosal Immunol. (2008) 1:183–97. doi: 10.1038/mi.2008.5

7. Breugelmans, T, Van Spaendonk, H, De Man, JG, De Schepper, HU, Jauregui-Amezaga, A, Macken, E, et al. In-depth study of transmembrane mucins in association with intestinal barrier dysfunction during the course of T cell transfer and DSS-induced colitis. J Crohns Colitis. (2020) 14:974–94. doi: 10.1093/ecco-jcc/jjaa015

8. Avneesh, C, Jun, S, January, W, Huseyin Gencay, K, Pervin, D, Raquel, C, et al. RSPO4 is a potential risk gene of stages III–IV, grade C periodontitis through effects on innate immune response and oral barrier integrity. J Clin Periodontol. (2022) 50:476–86. doi: 10.1111/jcpe.13758

9. Xiaoqiong, B, Ricarda, W, Henrik, D, and Arne, SS. Entamoeba gingivalis causes oral inflammation and tissue destruction. J Dental Res. (2020) 99:561–7. doi: 10.1177/0022034520901738

10. Marta Lo, C, Ilaria, C, Roberto, F, Martina Antonini, C, Angelica, N, Vittoria, P, et al. Alterations of the intestinal mucus layer correlate with dysbiosis and immune dysregulation in human Type 1 Diabetes. EBioMedicine. (2023) 91, 104567. doi: 10.1016/j.ebiom.2023.104567

11. Ma Del Rocio, B-L, Boyang, P, and Antonieta, G-P. Differential mucin expression by respiratory syncytial virus and human metapneumovirus infection in human epithelial cells. Mediators Inflammation. (2015) 2015, 347292. doi: 10.1155/2015/347292

12. Way, K, Man, G, Mengxuan, Y, Fanzheng, M, Deli, L, Ruipeng, L, et al. Transcriptome analysis of bronchoalveolar lavage fluid from children with severe Mycoplasma pneumoniae pneumonia reveals novel gene expression and immunodeficiency. Hum Genomics. (2017) 11:4. doi: 10.1186/s40246-017-0101-y

13. Smet, A, Breugelmans, T, Michiels, J, Lamote, K, Arras, W, De Man, JG, et al. A dynamic mucin mRNA signature associates with COVID-19 disease presentation and severity. JCI Insight. (2021) 6:e151777. doi: 10.1172/jci.insight.151777

14. Gendler, SJ. MUC1, the renaissance molecule. J Mammary Gland Biol Neoplasia. (2001) 6:339–53. doi: 10.1023/A:1011379725811

15. Bast, RC, Xu, F, Yu, Y, Barnhill, S, Zhang, Z, and Mills, GB. CA 125: the past and the future. Int J Biol Markers. (1998) 13:179–87. doi: 10.1177/172460089801300402

16. Batra, SK, and Hollingsworth, MA. Expression of the human mucin gene, Muc 1, in normal tissues and metastatic pancreatic tumors. Int J pancreatol. (1991) 10:287–92. doi: 10.1007/BF02924167

17. Patton, S, Gendler, SJ, and Spicer, AP. The epithelial mucin, MUC1, of milk, mammary gland and other tissues. Biochim Biophys Acta. (1995) 1241:407–23. doi: 10.1016/0304-4157(95)00014-3

18. Xu, M, Wang, DC, Wang, X, and Zhang, Y. Correlation between mucin biology and tumor heterogeneity in lung cancer. Semin Cell Dev Biol. (2017) 64:73–8. doi: 10.1016/j.semcdb.2016.08.027

19. Liu, L, Xiang, J, Chen, R, Fu, D, Hong, D, Hao, J, et al. The clinical utility of CA125/MUC16 in pancreatic cancer: A consensus of diagnostic, prognostic and predictive updates by the Chinese Study Group for Pancreatic Cancer (CSPAC). Int J Oncol. (2016) 48:900–7. doi: 10.3892/ijo.2015.3316

20. Tian, Y, Denda-Nagai, K, Kamata-Sakurai, M, Nakamori, S, Tsukui, T, Itoh, Y, et al. Mucin 21 in esophageal squamous epithelia and carcinomas: analysis with glycoform-specific monoclonal antibodies. Glycobiology. (2012) 22:1218–26. doi: 10.1093/glycob/cws082

21. Wang, J, Liu, D, Gu, Y, Zhou, H, Li, H, Shen, X, et al. Potential prognostic markers and significant lncRNA-mRNA co-expression pairs in laryngeal squamous cell carcinoma. Open Life Sci. (2021) 16:544–57. doi: 10.1515/biol-2021-0052

22. Matsumura, M, Okudela, K, Nakashima, Y, Mitsui, H, Denda-Nagai, K, Suzuki, T, et al. Specific expression of MUC21 in micropapillary elements of lung adenocarcinomas - Implications for the progression of EGFR-mutated lung adenocarcinomas. PloS One. (2019) 14:e0215237. doi: 10.1371/journal.pone.0215237

23. Kai, Y, Amatya, VJ, Kushitani, K, Kambara, T, Suzuki, R, Tsutani, Y, et al. Mucin 21 is a novel, negative immunohistochemical marker for epithelioid mesothelioma for its differentiation from lung adenocarcinoma. Histopathology. (2019) 74:545–54. doi: 10.1111/his.13775

24. Wang, L, Zhang, X, Liu, J, and Liu, Q. MUC21 induces the viability and migration of glioblastoma via the STAT3/AKT pathway. Exp Ther Med. (2022) 23:331. doi: 10.3892/etm

25. Liu, X, Xiao, Y, Xiong, X, and Qi, X. MUC21 controls melanoma progression via regulating SLITRK5 and hedgehog signaling pathway. Cell Biol Int. (2022) 46:1458–67. doi: 10.1002/cbin.11817

26. Medicine, YZJ. The specific phagocytosis regulators could predict recurrence and therapeutic effect in thyroid cancer: A study based on bioinformatics analysis. Med (Baltimore). (2023) 102:e33290. doi: 10.1097/MD.0000000000033290

27. Codington, JF, Linsley, KB, Jeanloz, RW, Irimura, T, and Osawa, T. Immunochemical and chemical investigations of the structure of glycoprotein fragments obtained from epiglycanin, a glycoprotein at the surface of the TA3-Ha cancer cell. Carbohydr Res. (1975) 40:171–82. doi: 10.1016/s0008-6215(00)82679-8

28. Codington, JF, Sanford, BH, and Jeanloz, RW. Glycoprotein coat of the TA3 cell. Isolation and partial characterization of a sialic acid containing glycoprotein fraction. Biochemistry. (1972) 11:2559–64. doi: 10.1021/bi00764a001

29. Hauschka, TS, Weiss, L, Holdridge, BA, Cudney, TL, Zumpft, M, and Planinsek, JA. Karyotypic and surface features of murine TA3 carcinoma cells during immunoselection in mice and rats. J Natl Cancer Inst. (1971) 47:343–59.

30. Masatomo, K, Yuki, I, Yukie, O, Motohiro, K, Kyoko, S, Susumu, K, et al. Natural antibiotic function of a human gastric mucin against helicobacter pylori infection. Science. (2004) 305:1003–6. doi: 10.1126/science.1099250

31. Chugh, S, Gnanapragassam, VS, Jain, M, Rachagani, S, Ponnusamy, MP, and Batra, SK. Pathobiological implications of mucin glycans in cancer: Sweet poison and novel targets. Biochim Biophys Acta (BBA) - Rev Cancer. (2015) 1856:211–25. doi: 10.1016/j.bbcan.2015.08.003

32. Stanley, P. Golgi glycosylation. Cold Spring Harbor Perspect Biol. (2011) 3:a005199–a. Biology PSJCSHPi. doi: 10.1101/cshperspect.a005199

33. Springer, GF. T and tn, general carcinoma autoantigens. Science. (1984) 224:1198–206. doi: 10.1126/science.6729450

34. Brockhausen, I. Mucin-type O-glycans in human colon and breast cancer: glycodynamics and functions. EMBO Rep. (2006) 7:599–604. doi: 10.1038/sj.embor.7400705

35. Ahmad, A, Matsumura, M, Okudela, K, Nakashima, Y, Mitsui, H, Denda-Nagai, K, et al. Specific expression of MUC21 in micropapillary elements of lung adenocarcinomas – Implications for the progression of EGFR-mutated lung adenocarcinomas. PloS One. (2019) 14:e0215237. doi: 10.1371/journal.pone.0215237

36. Yoshimoto, T, Matsubara, D, Soda, M, Ueno, T, Amano, Y, Kihara, A, et al. Mucin 21 is a key molecule involved in the incohesive growth pattern in lung adenocarcinoma. Cancer Sci. (2019) 110:3006–11. doi: 10.1111/cas.14129

37. Tian, Y, Denda-Nagai, K, Tsukui, T, Ishii-Schrade, KB, Okada, K, Nishizono, Y, et al. Mucin 21 confers resistance to apoptosis in an O-glycosylation-dependent manner. Cell Death Discovery. (2022) 8:194. doi: 10.1038/s41420-022-01006-4

38. Nishida, J, Shichino, S, Tsukui, T, Hoshino, M, Okada, T, Okada, K, et al. Unique glycoform-dependent monoclonal antibodies for mouse mucin 21. Int J Mol Sci. (2022) 23:6718. doi: 10.3390/ijms23126718

39. Yi, Y, Kamata-Sakurai, M, Denda-Nagai, K, Itoh, T, Okada, K, Ishii-Schrade, K, et al. Mucin 21/epiglycanin modulates cell adhesion. J Biol Chem. (2010) 285:21233–40. doi: 10.1074/jbc.M109.082875

40. Imayavaramban, L, Moorthy, PP, Muzafar, AM, Dhanya, H, Prabin, DM, Sukwinder, K, et al. Mucins in lung cancer: diagnostic, prognostic, and therapeutic implications. J Thorac Oncol. (2015) 10:19–27. doi: 10.1097/JTO.0000000000000404

41. Marta, L, Isabelle da, P, Mohamed, M, Marina, V, Thilde, T, and Elena, P. Distinct signatures of lung cancer types: aberrant mucin O-glycosylation and compromised immune response. BMC Cancer. (2019) 19:824. doi: 10.1186/s12885-019-5965-x

42. Fung, PY, and Longenecker, BM. Specific immunosuppressive activity of epiglycanin, a mucin-like glycoprotein secreted by a murine mammary adenocarcinoma (TA3-HA). Cancer Res. (1991) 51:1170–6.

43. Rosell, R, Matsumura, M, Okudela, K, Kojima, Y, Umeda, S, Tateishi, Y, et al. A histopathological feature of EGFR-mutated lung adenocarcinomas with highly Malignant potential - an implication of micropapillary element. PloS One. (2016) 11:e0166795. doi: 10.1371/journal.pone.0166795

44. Sheng, Y, Lourie, R, Lindén, SK, Jeffery, PL, Roche, D, Tran, T, et al. The MUC13 cell surface mucin protects against intestinal inflammation by inhibiting epithelial cell apoptosis. Gastroenterology. (2011) 140:S–635. doi: 10.1016/S0016-5085(11)62626-7

45. Gimmi, C, Morrison, BW, Mainprice, B, Gribben, JG, Boussiotis, VA, Freeman, GJ, et al. Breast cancer–associated antigen, DF3/MUC1, induces apoptosis of activated human T cells. Nat Med. (1996) 2:1367–70. doi: 10.1038/nm1296-1367

46. Zhao, Q, Piyush, T, Chen, C, Hollingsworth, MA, Hilkens, J, Rhodes, JM, et al. MUC1 extracellular domain confers resistance of epithelial cancer cells to anoikis. Cell Death Dis. (2014) 5:e1438–e. doi: 10.1038/cddis.2014.421

47. Cavallaro, U, and Christofori, G. Cell adhesion and signalling by cadherins and Ig-CAMs in cancer. Nat Rev Cancer. (2004) 4:118–32. doi: 10.1038/nrc1276

48. Labelle, M, and Hynes, RO. The initial hours of metastasis: the importance of cooperative host-tumor cell interactions during hematogenous dissemination. Cancer Discovery. (2012) 2:1091–9. doi: 10.1158/2159-8290.CD-12-0329

49. Miyoshi, T, Satoh, Y, Okumura, S, Nakagawa, K, Shirakusa, T, Tsuchiya, E, et al. Early-stage lung adenocarcinomas with a micropapillary pattern, a distinct pathologic marker for a significantly poor prognosis. Am J Surg Pathol. (2003) 27:101–9. doi: 10.1097/00000478-200301000-00011

50. Amin, MB, Tamboli, P, Merchant, SH, Ordóñez, NG, Ro, J, Ayala, AG, et al. Micropapillary component in lung adenocarcinoma: a distinctive histologic feature with possible prognostic significance. Am J Surg Pathol. (2002) 26:358–64. doi: 10.1097/00000478-200203000-00010

51. Kamiya, K, Hayashi, Y, Douguchi, J, Hashiguchi, A, Yamada, T, Izumi, Y, et al. Histopathological features and prognostic significance of the micropapillary pattern in lung adenocarcinoma. Mod Pathol. (2008) 21:992–1001. doi: 10.1038/modpathol.2008.79

52. Miyoshi, T, Shirakusa, T, Ishikawa, Y, Iwasaki, A, Shiraishi, T, Makimoto, Y, et al. Possible mechanism of metastasis in lung adenocarcinomas with a micropapillary pattern. Pathol Int. (2005) 55:419–24. doi: 10.1111/j.1440-1827.2005.01847.x

53. Cao, H, Ye, D, Zhao, Q, Luo, J, Zhang, S, and Analyst, JKJ. A novel aptasensor based on MUC-1 conjugated CNSs for ultrasensitive detection of tumor cells. Analyst. (2014) 139:4917–23. doi: 10.1039/C4AN00844H

54. Cavallaro, U, and Christofori, G. Cell adhesion in tumor invasion and metastasis: loss of the glue is not enough. Biochim Biophys Acta. (2001) 1552:39–45. doi: 10.1016/S0304-419X(01)00038-5

55. Vinay, DS, Ryan, EP, Pawelec, G, Talib, WH, Stagg, J, Elkord, E, et al. Immune evasion in cancer: Mechanistic basis and therapeutic strategies. Semin Cancer Biol. (2015) 35:S185–S98. doi: 10.1016/j.semcancer.2015.03.004

56. Komatsu, M, Yee, L, and Carraway, KL. Overexpression of sialomucin complex, a rat homologue of MUC4, inhibits tumor killing by lymphokine-activated killer cells. Cancer Res. (1999) 59:2229–36.

57. Nagy, P, Friedländer, E, Tanner, M, Kapanen, AI, Carraway, KL, Isola, J, et al. Decreased accessibility and lack of activation of ErbB2 in JIMT-1, a herceptin-resistant, MUC4-expressing breast cancer cell line. Cancer Res. (2005) 65:473–82.

58. Kalra, AV, and Campbell, RB. Mucin impedes cytotoxic effect of 5-FU against growth of human pancreatic cancer cells: overcoming cellular barriers for therapeutic gain. Br J Cancer. (2007) 97:910–8. doi: 10.1038/sj.bjc.6603972

59. Friberg, S Jr. Comparison of an immunoresistant and an immunosusceptible ascites subline from murine tumor TA3. II. Immunosensitivity and antibody-binding capacity in vitro, and immunogenicity in allogeneic mice. J Natl Cancer Inst. (1972) 48:1477–89. 

60. Codington, JF, Klein, G, Cooper, AG, Lee, N, Brown, MC, Jeanloz, RW, et al. Further studies on the relationship between large glycoprotein molecules and allotransplantability in the TA3 tumor of the mouse: studies on segregating TA3-HA hybrids. J Natl Cancer Inst. (1978) 60:811–8. doi: 10.1093/jnci/60.4.811

61. Lee, D-h, Ahn, H, Sim, H-I, Choi, E, Choi, S, Jo, Y, et al. A CRISPR activation screen identifies MUC-21 as critical for resistance to NK and T cell-mediated cytotoxicity. J Exp Clin Cancer Res. (2023) 42:272. doi: 10.1186/s13046-023-02840-9

62. Kufe Donald, W. Cancer KDJNr. Mucins in cancer: function, prognosis and therapy. Nat Rev Cancer. (2009) 9:874–85. doi: 10.1038/nrc2761

63. Steeg, PS. Tumor metastasis: mechanistic insights and clinical challenges. Nat Med. (2006) 12:895–904. doi: 10.1038/nm1469

64. Sun, J, Shin, DY, Eiseman, M, Yallowitz, AR, Li, N, Lalani, S, et al. SLITRK5 is a negative regulator of hedgehog signaling in osteoblasts. Nat Commun. (2021) 12:0–. doi: 10.1038/s41467-021-24819-w

65. Attanoos, RL, and Gibbs., AR. ‘Pseudomesotheliomatous’ carcinomas of the pleura: a 10-year analysis of cases from the Environmental Lung Disease Research Group, Cardiff. Histopathology. (2003) 43:444–52. doi: 10.1046/j.1365-2559.2003.01674.x

66. Bose, M, and Mukherjee, P. Microbe-MUC1 crosstalk in cancer-associated infections. Trends Mol Med. (2020) 26:324–36. doi: 10.1016/j.molmed.2019.10.003

67. Phoom, C, and Elizabeth, MN. Defensins, lectins, mucins, and secretory immunoglobulin A: microbe-binding biomolecules that contribute to mucosal immunity in the human gut. Crit Rev Biochem Mol Biol. (2016) 52:45–56. doi: 10.1080/10409238.2016.1243654

68. Govindarajan, B, Balaraj, BM, Sandra, S-M, Komal, R, Michael, SG, Pablo, A, et al. A metalloproteinase secreted by streptococcus pneumoniae removes membrane mucin MUC16 from the epithelial glycocalyx barrier. PloS One. (2012) 7:e32418. doi: 10.1371/journal.pone.0032418

69. Hansson, GC. Mucins and the microbiome. Annu Rev Biochem. (2020) 89:769–93. doi: 10.1146/annurev-biochem-011520-105053

70. Yun, W, and Dimitris, NT. Human gingiva transcriptome during wound healing. J Clin Periodontol. (2017) 44:394–402. doi: 10.1111/jcpe.12669

71. Richard, LG, and Lora, VH. Epithelial antimicrobial defence of the skin and intestine. Nat Rev Immunol. (2012) 12:503–16. doi: 10.1038/nri3228

72. Chiara, S, Ilaria, C, Marta Lo, C, Lorena De, G, Federica, F, Roberta, L, et al. Loss of gut barrier integrity triggers activation of islet-reactive T cells and autoimmune diabetes. Proc Natl Acad Sci United States America. (2019) 116:15140–9. doi: 10.1073/pnas.1814558116

73. Ningwen, T, Jian, P, Fuqiang, L, Elke, G, Youjia, H, Xiaojun, Z, et al. Microbial antigen mimics activate diabetogenic CD8 T cells in NOD mice. J Exp Med. (2016) 213:2129–46. doi: 10.1084/jem.20160526

74. Rose, MC. Mucins: structure, function, and role in pulmonary diseases. Am J Physiol. (1992) 263:L413–29. doi: 10.1152/ajplung.1992.263.4.L413

75. Ashwini, PA, Sanchita, R, Prakash, K, Ashu, S, Imayavaramban, L, Wade, MJ, et al. MUC16 as a novel target for cancer therapy. Expert Opin Ther Targets. (2018) 22:675–86. doi: 10.1080/14728222.2018.1498845




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 © 2024 Li, Li, Yuan, Liu, Li, Tan and Long. 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-14-1410761-g001.jpg
1 [ e————y
— e (@) ctmn

[ S





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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        MUC21: a new target for tumor treatment

      

        		

          1 Introduction

        



        		

          2 Simple description of MUC21

        

          		

            2.1 The structure of MUC21

          



          		

            2.2 The MUC21 glycoform

          



        



        



        		

          3 MUC21-specific glycoform tumor correlations

        

          		

            3.1 Esophageal squamous cell carcinoma

          



          		

            3.2 Lung adenocarcinoma

          



        



        



        		

          4 MUC21 regulates cellular functions

        

          		

            4.1 The expression of O-glycosylated MUC21 enhances the cell’s anti-apoptotic ability

          



          		

            4.2 MUC21 regulates cellular adhesion

          



          		

            4.3 MUC21 resists cytotoxicity mediated by T cells and NK cells

          



        



        



        		

          5 The mechanism of tumor development related to MUC21 and its clinical implications

        

          		

            5.1 Glioblastoma

          



          		

            5.2 Thyroid cancer and melanoma

          



          		

            5.3 MUC21 can serve as a negative biomarker

          



        



        



        		

          6 The antimicrobial activity of MUC21

        

          		

            6.1 Anti-infective effect of MUC21 in oral cavity

          



          		

            6.2 Anti-infective effect of MUC21 in intestinal tract

          



          		

            6.3 Anti-infective effect of MUC21 in respiratory tract

          



        



        



        		

          7 Summary and prospects

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2024.1410761_cover.jpg
& frontiers | Frontiers in Oncology

MUC21: a new target for tumor treatment





OEBPS/Images/table1.jpg
Muc21

expression
degree

Function

Lung
adenocarcinoma

Thyroid

Glioblastoma.

Melanoma

Epitheloid
mesothelioma

Laryngeal
squamus
<l carcinoma

Esophageal
squamous
el carcinoma

High expresion

High expression

High expresson

High expression

Low expression

Low expression

Nowo-
dycosyion
ves

Participate in the formation of
micropapilastructure, decrease cell
adiesion and promote tumor metasass

Tt vas significanty related to the
recurmence-frce sunvival of
thyroid cancer.

Regulation of STAVAKT pathway induces
survival and migeation of gliobhstoms.

Regulate SUITRKS and Hedgehog.
signaing pathways o control the
desclopment of melanoma.

Itis used to diffrentiate from
lung adenocarcinoma.

1t may be relted to the development of
aryngesl squamus cel carcinoma.

“The shortening or absence of O-glycans.
in MUC21 is often assocated with the
aggressiveness of cancer.





