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Abstract

:

Emerging research findings have shown that a centrosomal protein (CEP55) is a potential oncogene in numerous human malignancies. Nevertheless, no pan-cancer analysis has been conducted to investigate the various aspects and behavior of this oncogene in different human cancerous tissues. Numerous databases were investigated to conduct a detailed analysis of CEP55. Initially, we evaluated the expression of CEP55 in several types of cancers and attempted to find the correlation between that and the stage of the examined malignancies. Then, we conducted a survival analysis to determine the relationship between CEP55 overexpression in malignancies and the patient’s survival. Furthermore, we examined the genetic alteration forms and the methylation status of this oncogene. Additionally, the interference of CEP55 expression with immune cell infiltration, the response to various chemotherapeutic agents, and the putative molecular mechanism of CEP55 in tumorigenesis were investigated. The current study found that CEP55 was upregulated in cancerous tissues versus normal controls where this upregulation was correlated with a poor prognosis in multiple forms of human cancers. Additionally, it influenced the level of different immune cell infiltration and several chemokines levels in the tumor microenvironment in addition to the response to several antitumor drugs. Herein, we provide an in-depth understanding of the oncogenic activities of CEP55, identifying it as a possible predictive marker as well as a specific target for developing anticancer therapies.
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1. Introduction


Cancer is universally acknowledged as one of the most critical public health issues with a high rate of mortality [1]. Tumorigenesis is a complicated process influenced by cellular origins, tumor location, and genetic mutations, as well as acquired and inherited molecular abnormalities [2]. Although numerous medications and therapies have been developed for treating cancer, patients have consistently been dissatisfied with the existing options because of significant drug-related side effects, drug resistance, expensive healthcare expenses, and missed targets. Consequently, there is still a pressing must for the investigation of more accurate tumor biomarkers and the detection of potential therapeutic targets. The continuous progression in sequencing technologies has aided in the emergence of numerous public cancer databases, such as the Cancer Genome Atlas (TCGA) [3,4]. The availability of these databases puts our hands on a massive amount of information regarding several types of human cancers. This plentiful data required integrated analysis to study the behavior of a list of detected oncogenes, the mechanism of their tumorigenesis, their expression effect on cases survival, and their roles regarding the response to immunological or chemotherapeutic agents [5].



Centrosome proteins are categorized as scaffold proteins that govern mitotic spindle as well as microtubule tissue, making them crucial to the cell cycle [6]. Centrosome protein 55 (CEP55), also known as FLJ10540 and C10orf3, was first identified as a crucial element of abscission, the final phase of cytoplasmic division that regulates the physical separation of two daughter cells [7]. CEP55 resides in the centrosome throughout the entire cell cycle, the mitotic spindle throughout mitosis, and the midbody throughout cytokinesis [8]. Cytokinesis is tightly regulated during cellular division and involves the CEP55-dependent recruitment of multicomponent subunits to the midbody [8]. CEP55 has been discovered as both a cancer-associated antigen as well as a cancer–testis antigen [9], whereas the latter are proteins that are ordinarily expressed in the testes, but their expression becomes more widespread in cancers [10]. Recent research has demonstrated that CEP55 promotes carcinogenesis and regulates the PI3K/AKT signaling pathway [11]. The link between CEP55 overexpression and the formation and progression of several malignant cancers, particularly breast, stomach, or lung malignancies, is supported by considerable recent findings [12]. The knockdown of CEP55 can not only restrict the viability and proliferation of tumor cells but also induce their apoptosis [12].



While it has been proven that CEP55 performs a significant function in the progression of several forms of cancer, there has been a lack of investigations analyzing the collective aspects of CEP55 in a panel of human cancers, and because of that, we performed this comprehensive pan-cancer analysis. Utilizing the TCGA project and publically available databases, the current study started with a differential analysis to confirm the elevated CEP55 expression in tumor versus normal tissue and correlated this expression with the grade, stage, and metastasis of several human cancers. Following that, we correlated CEP55 expression in tumors with patients’ survival and analyzed the possible mutations and alterations in the targeted gene. Lastly, the study investigated the impact of CEP55 expression on the infiltration of immune cells and the response of a growing tumor to numerous chemotherapeutic drugs where the performed enrichment analysis of CEP55 with tumor interacting and correlated proteins put our hands on possible mechanisms of CEP55 tumorigenesis induction.




2. Materials and Methods


2.1. CEP55 Differential Expression in Cancerous and Normal Tissues


The current study started by employing two major databases to explore the differential expression of CEP55 between cancerous and normal tissues. These databases were TIMER2 and GEPIA2 [13]. Additionally, the Human Protein Atlas (HPA) was utilized to explore CEP55 levels in patients diagnosed with various types of cancers [14]. Following the assessment of differential expression, we aimed to analyze the potential correlation between CEP55 and both tumor stage and grade, where the TISIDB repository was examined for that purpose [15]. The last evaluation in the current stage was the assessment of CEP55’s potential roles for metastasis, and the current study utilized the TNMplot web tools for that purpose [16].




2.2. CEP55 Differential Protein Expression


After assessing CEP55 differential transcriptional levels in cancerous versus normal tissues, we ran the same assessment but on a protein level where the UALCAN tool was utilized for that purpose [17]. The tumors that exhibited significantly elevated levels of CEP55 protein were analyzed for their IHC images under the HPA web server [18] in order to evaluate the staining status of CEP55 in those tumors versus the corresponding normal tissues. The figures were obtained from the human protein atlas (HPA), and the staining intensity was also reported for every sample in HPA where the staining of CEP55 in cancerous tissue was obtained from the “pathology” tab under HPA, and for comparison, we obtained the staining of the same protein in a corresponding normal tissue in the “tissue” tab under HPA database.




2.3. Survival Prognosis Analysis


In order to assess CEP55 as a potential prognosis biomarker, we utilized the “survival analysis” module under the GEPIA2.0 database [13]. This module offers “overall” and “disease-free” survival assessments, where both of which were explored for CEP55 in a panel of human cancers.




2.4. Gene Alteration Analysis


For the current assessment, the cBioPortal web server [19] was used to explore the genetic alteration profile of CEP55. We explored four slots under the cBioPortal webserver to run the current assessment. Firstly, “Cancer Types Summary” was utilized to analyze the different types of CEP55 genetic alterations in a panel of human tumors. Secondly, we explored the “Plots” tab to study mutation types of CEP55 under tumor conditions. Thirdly, the “Mutations” tab was used to find the amino acid sites on CEP55 with reported mutations. Finally, the “Comparison/Survival” slot was utilized to find the potential correlation between CEP55 mutations and the clinical outcome.




2.5. CEP55 Differential Phosphorylation and Methylation Assessment


Gene methylation is a major cellular controlling mechanism to regulate the expression of that gene [20], while protein phosphorylation of some oncoproteins has been attributed to their activation and stimulation of cancer progression [21]. Regarding the assessment of CEP55 differential methylation, the SMART web application [22] was employed, while the UALCAN web server [17] was used to analyze the phosphorylation status of CEP55 in cancerous tissues versus normal ones.




2.6. Immune Cell Infiltration Analysis


The tumor microenvironment is characterized by the infiltration of different types of immune cells with various functions. Myeloid-derived suppressor cells (MDSCs) and cancer-associated fibroblasts (CAFs) are considered essential immunosuppressive cells in the tumor microenvironment [23,24]. We asked whether the oncogenic roles of CEP55 are correlated to the infiltration of these immunosuppressive cells; thus, the current study employed the TIMER2 database [25] to study the correlation between CEP55 expression and the infiltration of the above-mentioned cells.




2.7. Assessment of Potential Correlation between CEP55 and Different Immunoregulators


CD8 T cells have important roles in fighting against growing cancer; where under tumor conditions, these cells become exhausted, and these exhausted CD8 T cells are characterized by the expression of several immune checkpoints [26]. At this stage, we aimed to study the possible correlation between CEP55 upregulation in cancerous tissues and the levels of different immune checkpoints (CTLA4, PD1, LAG3, and TIGIT) where the TISIDB repository was employed for that purpose [15]. Chemokines are immune molecules with different roles in the tumor microenvironment; where some of them were associated with tumor suppressive functions, such as CCL14 [27], others were mentioned for their tumor-stimulating activities, for example, CXCL8 [28]. Due to their important roles in the tumor microenvironment, we explored the potential correlation between CEP55 and both CCL14 and CXCL8 also through the utilization of the TISIDB repository [15].




2.8. Association of CEP55 with TMB and MSI


Tumor mutational burden (TMB) and microsatellite instability (MSI) were nominated as predictors of response to immune checkpoint inhibitors (ICI) [29]. Hence, the association between CEP55 and both TMB and MSI is important to predict the response to ICI in patients with elevated levels of CEP55, where we used the Sangerbox platform [30] to run this assessment.




2.9. Interference of CEP55 with the Activity of Chemotherapeutic Drugs


Chemotherapeutic agents represent an important choice for cancer treatment [31]. At the current stage, we utilized CellMiner [32] to explore the possible correlation between CEP55 expression and the activity of several chemotherapeutic agents.




2.10. CEP55 Interacting Network


In this final assessment, we aimed to detect and analyze CEP55-interacting and correlated proteins. Regarding interacting ones, the STRING database [33] was utilized for that detection, while the GEPIA2 database was employed to detect the top 100 proteins correlated with CEP55 in the tumor microenvironment. Moreover, the “Gene Corr” tab under the TIMER2 web server was used to generate a heatmap demonstrating and confirming the correlation between CEP55 and the top 5 correlated proteins (as predicted from the GEPIA2 database). Following that, Venn diagram viewer (http://bioinformatics.psb.ugent.be/webtools/Venn/, accessed on 28 January 2023) was used to find the common interacting and correlated proteins with CEP55 where after duplicates removal, the generated protein list was submitted to the DAVID database [34] to perform enrichment analysis.





3. Results


A list of cancer names and abbreviations mentioned in the current study is demonstrated in Supplementary Table S1.



3.1. Multiple Human Cancers Experienced Upregulation in CEP55 Expression


We first used TIMER2 to assess the differential expression of CEP55 between cancerous tissues and normal ones in a panel of human tumors. It was found that BLCA, BRCA, CHOL, COAD, ESCA GBM, HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, PRAD, READ, STAD, THCA, UCEC (p < 0.001), CESC, KICH (p < 0.01), PAAD, and PCPG (p < 0.05) experienced significant upregulation in CEPP55 expression (Figure 1A). Following that, we utilized the GEPIA2 database to analyze the differential expression for the tumors that lack “normal tissue score” for expression comparison in the TIMER2 database. It was found that seven tumors, namely, ACC, DLBC, OV, SARC, SKCM, THYM, and UCS, demonstrated significant upregulation in CEP55 expression versus the corresponding normal tissues (Figure 1B). It is worth mentioning that only one tumor, namely, LAML, experienced the opposite pattern where CEP55 expression was significantly higher in normal tissue versus cancerous one. Analyzing cancers by tissue revealed that the CEP55 protein was overexpressed in several human cancers (Figure 1C), where patients with thyroid, testis, and liver cancers came at the top of this list. As a next step, we investigated the correlation between CEP55 overexpression in tumor tissue and tumor grade and stage. The output from the TISDIB server revealed that KIRC, LGG, LIHC, UCEC (p < 0.001), HNSC, OV, and PAAD (p < 0.01) experienced a positive correlation between CEP55 expression and tumor grade (Figure 1D). Moving to the tumor stage, ACC, KIRC, KIRP, LIHC, LUAD, UCEC, and LUSC (p < 0.001) showed a positive correlation between CEP55 expression and tumor stage (Figure 1E). Finally, the correlation between CEP55 expression and metastasis was studied based on the data of the TNMplot server, where the upregulation of CEP55 expression was positively correlated with the metastasis progression in the tumors of the breast, kidney, liver, lung, and pancreas (Figure 1F).




3.2. CEP55 Demonstrated Elevated Protein Levels in Cancerous Tissue


The previous stage of the analysis revealed increased levels of CEP55 mRNA in cancerous tissues versus normal ones. At this stage, we aimed to analyze the potential elevation of CEP55 at a protein level. Figure 2A–E demonstrate that CEP55 protein expression was significantly elevated in breast cancer, glioblastoma multiforme, HNSC, ovarian cancer, and PAAD in comparison to the corresponding normal tissues. In addition to that, we explored the IHC figures of these tumors and their correlated normal tissues, and the findings matched with the results of differential protein expression as the staining for CEP55 was low or even undetected in normal tissue, while it was moderate to intense in the corresponding assessed tumors (Figure 2A–E).




3.3. Interference of CEP55 with the Clinical Outcome


At this stage, the GEPIA2 database was employed to study the potential effect of CEP55 on the patients’ survival under two models, namely, “overall survival” and “disease-free survival”. Starting with overall survival, eight tumors, namely, KIRC, KIRP, LUAD, PAAD (p < 0.01), ACC, LGG, LIHC, and MESO (p < 0.001), exhibited a positive correlation between CEP55 levels and the clinical outcome (Figure 3A). Moving to disease-free survival, 11 tumors, namely, KIRC, MESO, PAAD, SARC (p < 0.05), LGG, PRAD, THCA, UVM (p < 0.01), ACC, KIRP, and LIHC (p < 0.001), demonstrated a positive correlation between the level of CEP55 and the clinical outcome (Figure 3B). Collectively, seven tumors (KIRC, KIRP, PAAD, ACC, LGG, LIHC, and MESO) experienced a positive correlation between CEP55 and the patients’ survival under both of the studied modules, a finding that supports the reliance on CEP55 as a potential prognosis biomarker.




3.4. Analysis of Genetic Mutations in CEP55


The cBioPortal website was utilized to study the genetic alterations in CEP55. Firstly, the types of CEP55 genetic alterations were highly variable between the studied tumors. We cannot simply detect one type of genetic alteration as a dominant one. The mutation was the dominant alteration reported for CEP55 in UCEC, BLCA, SKCM, and LUAD. On the other hand, amplification was the most reported CEP55 alteration in UCS and OV, while deep deletion represented the highest percentage of CEP55 genetic alterations in PRAD, SARC, and ESCA (Figure 4A). Moving to the assessment of the mutation types, missense mutations were found to be the most reported ones, where the amino acid number 239 was the highest reported site in CEP55 for missense mutation with six reported cases (Figure 4B,C). The final step in the current assessment was the evaluation of CEP55 alterations’ effect on the clinical outcome where the output from the cBioPortal revealed that there is no correlation between the studied factors in terms of overall, disease-free, disease-specific, and progress-free survivals (Figure 4D).




3.5. Differential Phosphorylation and Methylation Analysis of CEP55


Phosphorylation and methylation status have been correlated with protein activity and gene regulation, respectively. Regarding phosphorylation, one site (S428) on the CEP55 amino acid sequence was found to be significantly phosphorylated in HNSC and breast cancer. Moreover, another two sites on CEP55, namely, S23 and S436, were also significantly phosphorylated in HNSC versus corresponding normal tissue (Figure 5A). Moving to the methylation analysis, CEP55 CpG-aggregated was found to be significantly hypomethylated in BLCA, BRCA, CESC, COAD, ESCA, HNSC, KIRC, LIHC, LUAD, LUSC, PAAD, PRAD, READ, and UCEC (Figure 5B). Collectively, phosphorylation and methylation can be considered potential cellular mechanisms that control the activity and expression of CEP55 in normal tissue versus cancerous ones.




3.6. CEP55 Correlates with Immune Infiltration in Several Tumor Types


Immunological characteristics of the cells that infiltrate the tumor can largely affect the clinical outcome. From the previous sections, we found that CEP55 is highly expressed in tumor tissue and predicts a poor clinical outcome; therefore, we aimed to correlate that with the immune cells that preferentially infiltrate the tumor in a correlation with CEP55 upregulation where we targeted two types of cells with reported immunosuppressive activity, namely, MDSCs and CAFs. Starting with MDSCs, around 90% of the analyzed tumors demonstrated a positive correlation between MDSC and CEP55, with only one tumor, THCA, that showed a negative correlation between the same factors (Figure 6A). Moving to CAFs, eight tumors, namely, ESCA, GBM, KICH, KIRC, KIRP, LGG, PCPG, and THCA, showed a positive correlation between CEP55 and CAFs infiltration. Collectively, six tumors (ESCA, GBM, KICH, KIRP, LGG, and PCPG) showed a positive correlation between CEP55 and the infiltration of both MDSCs and CAFs, where Figure 6B illustrates the scatter plots that show the correlation between CEP55 and MDSCs infiltration in these six tumors.




3.7. CEP55 Positively Correlates with Immune Checkpoints and Immunosuppressive Chemokines


Under the chronic condition of stimulation in cancer, CD8 T cells start to express immune checkpoints that limit the cytotoxic ability of that cell. Moreover, several chemokines have been reported to have immunosuppressive activity under tumor conditions, where CXCL8 is an example of these chemokines. Starting with immune checkpoints, four of them, CTLA4, LAG3, PD-1, and TIGIT (that have been targeted as antitumor therapeutic targets), have shown a positive correlation with CEP55 expression in three different tumors, namely, KIRC, LIHC, and THCA (Figure 7A–C). This finding defines the exhaustion induction roles of CEP55 on CD8 T cells as a possible mechanism for tumor progression under elevated levels of CEP55 in cancerous tissues. Moving to the chemokine correlations, CEP55 has shown a positive correlation with the immunosuppressive chemokine CXCL8 in approximately 60% of the assessed tumors (Figure 8). Matching these results, CEP55 exhibited a negative correlation with CCL14, a chemokine that exhibited antitumor activity, in around 85% of the analyzed tumors.




3.8. CEP55 Expression Patterns Correlate with TMB and MSI


TMB and MSI have been nominated as genomic biomarkers for cases that have the potential to be responsive to immune checkpoint inhibitors. Hence, it was important to analyze the correlation between CEP55 and TMB, and MSI. Firstly, LGG, PCPG (p < 0.01), GBM, LUAD, PRAD, UCEC, TGCT, COAD, STAD, SKCM, KIRP, and ACC (p < 0.001) showed a positive correlation between CEP55 and TMB (Figure 9A). Additionally, UCEC, KIRC, UCS (p < 0.05) PRAD (p < 0.01), GBM, LUSC, SARC, COAD, STAD, and READ (p < 0.001) exhibited a positive correlation between CEP55 and MSI (Figure 9B). Collectively, six tumors, namely, GBM, PRAD, UCEC, COAD, STAD, and KIRC, demonstrated a positive correlation between CEP55 and both TMB and MSI; thus, CEP55 can be used as a biomarker for the response of the patients of these tumors to immune checkpoint inhibitors.




3.9. CEP55 Negatively Correlated with IC50 of Several Chemotherapeutic Drugs


After analyzing the correlation between CEP55 expression and different immunological components, we asked if CEP55 levels could interfere with the activity of chemotherapeutic antitumor agents to obtain guidance for chemotherapeutic selection for cancer patients with high CEP levels. Our analysis revealed that CEP55 expression was negatively correlated with the IC50 of five drugs, namely, bafetinib, cyclophosphamide, imexon, lomustine, and vorinostat (Figure 10).




3.10. Enrichment Analysis for CEP55 Interacted-Correlated Proteins


According to the above-mentioned findings, CEP55 directly correlates with cancer patient survival and interferes with several immunological components; hence, the potential molecular mechanism of CEP55 oncogenic functions should be studied. Here, we started by exploring the top 50 interacting proteins with CEP55 relying on the data from the STRING database (Figure 11A). Following that, the top 100 correlated proteins with CEP55 were collected from the GEPIA2 database, where the proteins KIF11, MK167, CDK1, PLK1, and CCNA2 represented the top 5 proteins correlated with CEP55 in the tumor microenvironment that influence immune cells in TME (Figure 11B). For more confirmation, the “Gene Corr” module in the TIMER2 webserver was employed to investigate the correlation between CEP55 and those top five proteins in a panel of human tumors, where a generated heatmap (Figure 11C) confirmed the significant positive correlation in all of the analyzed tumors (except for CEP55 and PLK1 in TGCT, the correlation was insignificant). Using a Venn diagram, we determined that KIF14, ECT2, and KIF23 were the common members of the intersection of the CEP55 interacting and correlated proteins (Figure 11D). Enrichment analysis for the combined two lists (CEP55-interacting and CEP55-correlated proteins) after duplicate removal was the last stage of analysis in the current study. Regarding KEGG pathway analysis, “cell cycle” was generated as the top pathway for the analyzed genes, which could explain the mechanism of CEP55 roles in carcinogenesis as it interacts with specific proteins to stimulate the cell cycle (Figure 11E). Furthermore, GO enrichment analysis indicates that CEP55-interacting and correlated proteins are primarily associated with the biological mechanisms of “cell division”, “cell cycle”, and “mitotic cell cycle” (Figure 11F); with the molecular functions of “protein binding”, “ATP binding”, and “microtubule binding” (Figure 11G); and with the cellular components of the “nucleus”, “cytosol”, and “nucleoplasm” (Figure 11H).





4. Discussion


Cancer is categorized as a major cause of human death, where interventions such as routine surgical resection, radiation, immunotherapy, and chemotherapy have been utilized, but several individuals have failed to receive a positive response and are still suffering [35]. CEP55 takes part in cytokinesis, and its abnormal expression is associated with genomic instability, a hallmark of cancer [36]. Several studies have analyzed the oncogenic roles of CEP55 in individual tumors. CEP55 upregulation was correlated with the improved phosphorylation of AKT, which finally promoted cell proliferation in gastric carcinoma [37]. CEP55 can also activate the PI3K/AKT pathway as an oncogenic mechanism in hepatocellular carcinoma [38], and through the same mechanism, CEP55 was found to activate the proliferation of human glioma U251 cells [39], osteosarcoma [40], and esophageal squamous cell carcinoma [41]. The activation of cell motility via JAK2–STAT3–MMPs cascade was another reported mechanism for the oncogenic activity of CEP55 in hepatocellular carcinoma [42]. CEP55 was also negatively correlated with the clinical outcome in multiple human tumors, including liver cancer [43], non-small cell lung cancer [44], esophageal squamous cell carcinoma [45], and ovarian epithelial carcinoma [46]. It was not a surprise that the knockdown of CEP55 can suppress cell proliferation [47], and modulating its overexpression through microRNA targeting inhibited cell proliferation and migration [48]. As mentioned above, several studies have investigated the oncogenic roles and effects of CEP55 in individual human tumors; therefore, we directed the current study to analyze the complex behavior of CEP55 in a pan-cancer model.



In the current study, CEP55 was found to be upregulated in most of the analyzed human cancers versus the corresponding normal tissues, which is considered a traditional feature of oncogenic proteins [49]. Cancer stage and grade are essential values to predict the clinical behavior of malignancies and select the most appropriate therapies [50]. Moreover, cancer metastasis is a hallmark of cancer that was considered the key cause of failure of cancer therapy and mortality [51]. As a result, it was important, after confirming the upregulation status of CEP55 in cancerous tissues, to ask for the consequences of this upregulation on tumor stage, grade, and metastasis. The current study reported that KIRC, LGG, LIHC, UCEC, HNSC, OV, and PAAD showed a positive correlation between CEP55 expression and tumor grade, while ACC, KIRC, KIRP, LIHC, LUAD, UCEC, and LUSC showed the same correlation between CEP55 expression and tumor stage. Finally, the upregulation in CEP55 expression was positively correlated with the metastasis progression in tumors of the breast, kidney, liver, lung, and pancreas. Another concern of the current study was the effect of CEP55 on the clinical outcome. Survival analysis is an essential investigation point in cancer studies, as it reflects the state of disease progression and the individual’s response to medical interventions [52]. The output from the GEPIA2 database revealed that seven tumors, namely, KIRC, KIRP, PAAD, ACC, LGG, LIHC, and MESO, experienced a positive correlation between CEP55 and the patients’ survival in two studied models (overall and disease-free survivals). This result matches with the recently reported role of CEP55 overexpression in the poor prognosis of cancer patients [53], a point that nominates CEP55 as a potential prognostic biomarker in multiple human tumors.



The human cell is able to control the expression status of its genes through several mechanisms, where gene methylation represents a major mechanism for that regulation [54]. As a general rule, tumor suppressor genes are hypermethylated to be silenced under tumor conditions [55]. On the other hand, genes with oncogenic rules usually experience a hypomethylated status to be activated in the state of cancer progression [56]. Therefore, gene methylation assessment is an important research point in cancer studies where it has been correlated with the early detection of cancer [57]. A hypomethylation status has been reported for several oncogenes, including AQP1 in salivary gland carcinoma [58], LINE-1 in colorectal cancer [59], and ELMO3 in lung cancer [60]. Matching with these oncogenes, CEP55 was found to be significantly hypomethylated in BLCA, BRCA, CESC, COAD, ESCA, HNSC, KIRC, LIHC, LUAD, LUSC, PAAD, PRAD, READ, and UCEC versus normal tissues. Protein phosphorylation is a major cellular post-translational modification that represents a crucial regulatory mechanism for many proteins and receptors [61]. Malfunction of specific proteins’ phosphorylation has been detected in several tumors [62]. Due to its significance, phosphoproteomic analysis has been employed to detect certain therapeutic targets for antitumor treatments [63]. In the current study, one site (S428) on the CEP55 amino acid sequence was found to be significantly phosphorylated in HNSC and breast cancer, and another two sites, namely, S23 and S436, were also significantly phosphorylated in HNSC versus corresponding normal tissue, a feature that can be connected with the hyperactivity of CEP55 that finally led to tumor progression.



The tumor microenvironment is characterized by the infiltration of lymphocytes with varying functions. The interference of oncoproteins with the amount, kind, and phenotype of the infiltrating immune cells could be a possible mechanism for cancer progression, where some oncoproteins are correlated with the enhanced infiltration of components with immunosuppressive roles [64]. MDSCs and CAFs are two major cells that infiltrate the tumor and have immunosuppressive activity [65]. MDSCs have different variable roles starting from the inhibition of antitumor immune reactions and stimulating cancer growth and metastasis [66] and moving to the promotion of resistance against antitumor drugs [67]. CAFs are highly enriched cells in the tumor microenvironment, functioning to stimulate tumor progression [68], where a deep understanding of CAFs biology can be employed to find out novel antitumor targets [69]. Due to their immunosuppressive roles, we expected that CEP55 could enhance the infiltration of these cells as a possible mechanism for its tumorigenesis functions. Matching with that, our analysis revealed six tumors, namely, ESCA, GBM, KICH, KIRP, LGG, and PCPG, with a positive correlation between CEP55 and the infiltration of both MDSCs and CAFs. CD8 T cell was another cell that was correlated with CEP55 in the current study, as we aimed to find the possible correlation between CEP55 and the CD8 phenotype (not the infiltration like MDSCs and CAFs). CD8 T cells have major cytotoxic functions, but under chronic stimulation conditions, such as cancer, these cells become exhausted [70]. A hallmark of CD8 exhaustion is the expression of surface molecules called immune checkpoints that act as a brake to hinder the cytotoxic ability of activated CD8 [71]. These checkpoints have been targeted by monoclonal antibodies, an approach that has revolutionized the branch of tumor immunotherapy [72]. The current study asked if CEP55 can contribute to the exhaustion of CD8 T cells where three tumors, namely, KIRC, LIHC, and THCA, exhibited a positive correlation between CEP55 level and the expression of the checkpoints PD1, CTLA4, LAG3, and TIGIT, which are important indicators of CD8 T cell exhaustion. After investigating the roles of CEP55 in the infiltration of immunosuppressive cells and the hindrance of cytotoxic cell activity, the current study asked if CEP55 has extended roles that could include other immune components, such as chemokines. CXCL8 is a chemokine that has tumor-stimulating functions. It is released from tumor-associated macrophages and improves the metastatic potential of a tumor [73]. It was also correlated with the progression and invasion of esophageal squamous cell carcinoma [74]. On the other hand, CCL14 is a chemokine with antitumor activities. It modulates the cell cycle and promotes apoptosis [75]. Moreover, the upregulation of CCL14 was associated with a more favorable prognosis in ovarian cancer patients [76]. Matching with its oncogenic roles, CEP55 was found to be positively correlated with CXCL8 and negatively correlated with CCL14 in most of the current study-analyzed tumors. These results put our hand on a valuable component of the immune system, besides the cells, that can be modified by the action of CEP55 as a part of its oncogenic roles.



The final assessment performed in the current study was the enrichment analysis for CEP55-interacting and correlated genes. The combined gene list was enriched for cell cycle and cell division for molecular function enrichment, which confirms the oncogenic behavior of CEP55 by stimulating cell division in cancerous tissues. It is worth mentioning that three proteins, namely, KIF14, KIF23, and ECT2, were found to be common in the two lists of CEP55-interacting and CEP55-correlated proteins. KIF14 promotes tumor progression and metastasis and acts as a predictor of poor prognosis in human gastric cancer [77]. It also stimulates AKT phosphorylation and contributes to chemoresistance in breast cancer [78]. In addition to that, KIF14 promotes tumor invasiveness and correlates with poor prognosis in prostate cancer [79]. Moving to KIF23, it also stimulates cell proliferation and is associated with cancer progression [80,81,82]. The oncogenic behavior of these shared proteins was extended to ECT2; ECT2 regulates the Rho/ERK signaling axis to promote tumor recurrence [83] and is associated with poor clinical outcomes [84]. This interacting network of CEP55 should be deeply investigated in future studies, as it could represent a potential pathway for antitumor therapeutic targeting.




5. Conclusions


CEP55 is an oncoprotein that demonstrated upregulation in cancerous tissues in multiple human tumors, and this upregulation was positively correlated with tumor stage, grade, metastasis, and poor clinical outcomes. Here, we investigated the interference of CEP55 with multiple cells and immune components, where our findings suggest this interference as a potential mechanism for the CEP55 oncogenic acts. We also investigated the pathways for CEP55 molecular interactions and nominated its interaction with three proteins—KIF14, KIF23, and ECT2—as a potential pathway for tumor progression that can be targeted for therapeutic interventions where computational tools can also be employed through a cheminformatics approach to analyze the binding of several molecules to these targets, an approach that could be translated later to effective anticancer drugs.
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Figure 1. Differential expression of CEP55 in a panel of human tumors versus normal tissues and the correlation with tumor grade, stage, and metastasis. (A) Differential expression of CEP55 based on the TIMER2.0 output; (B) differential expression of CEP55 based on the GEPIA2 database output (C) levels of CEP55 in several human cancers examined by HPA; (D,E) tumors experiencing a positive correlation between CEP55 expression and tumor grade and stage, respectively; (F) tumors experiencing a consistent positive relationship between CEP55 expression and tumor metastasis; *: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001. 
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Figure 2. Assessment of CEP55 protein levels in terms of differential protein expression between cancerous and normal tissues in addition to the IHC staining. (A) Breast; (B) glioblastoma multiforme; (C) HNSC; (D) ovarian; (E) pancreatic cancers. 
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Figure 3. A heat map with detailed survival graphs of the tumors that experienced a positive correlation between CEP55 level and the clinical outcome under the studied modules. (A) Overall survival; (B) disease-free survival. 
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Figure 4. Analysis of CEP55 genetic alterations. (A) The frequency of CEP55 reported genetic alterations in a panel of human tumors; (B) reported mutation types for CEP55; (C) sites of CEP55 with reported genetic alterations; (D) survival graphs representing the correlation between CEP55 genetic alterations and the clinical outcome. 
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Figure 5. Investigation of the differential phosphorylation and methylation status of CEP55 in malignant vs. normal tissue samples. (A) Tumors and sites that experienced significant hyperphosphorylation in tumor tissue versus normal one; (B) CEP55 CpG-aggregated methylation status in normal tissues versus cancerous ones; *: p-value < 0.05; ***: p-value < 0.01; ****: p-value < 0.001. 
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Figure 6. (A) A heatmap demonstrating the correlation between CEP55 and the infiltration of 2 immunosuppressive cells (MDSCs and CAFs); (B) scatter plots of the tumors that experienced a positive correlation between CEP55 and infiltration of both MDSCs and CAFs. The plots show the correlation with MDSC infiltration. 
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Figure 7. Plots showing the positive correlation between CEP55 expression and the levels of immune checkpoint inhibitors (CTLA4, LAG3, PD1, and TIGIT) in (A) KIRC, (B) LIHC, (C) THCA. 
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Figure 8. Tumors that experienced a positive correlation between the expression levels of CEP55 and CXCL8. 
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Figure 9. Correlations of CEP55 expression with immune checkpoints, MSI, and TMB. (A,B) Radar charts illustrating the overlaps of CEP55 with TMB and MSI, respectively. 
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Figure 10. Plots of chemotherapeutic agents showed a negative correlation between activity and CEP55 expression. 
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Figure 11. CEP55-proteins network and their enrichment analysis. (A) Map representing top 50 CEP55-interacting proteins; (B) plots demonstrating the positive correlation between CEP55 and the top 5 correlated proteins; (C) heatmap demonstrating the positive correlation between CEP55 and the top 5 correlated proteins in a panel of human cancers; (D) Venn diagram demonstrating the common CEP55-interacting and correlated proteins; (E–H) KEGG/GO enrichment analysis for the combined list of CEP55-interacting and correlated proteins. 
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