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Background

EphAs are a class of ephrin receptors that belong to the membrane-bound receptor tyrosine kinases group. Accumulating experimental evidence has shown that the EphA family is involved in tumor progression, namely in cell proliferation, invasiveness, and metastasis. EphAs are a promising target for anticancer therapy. However, their role in breast cancer (BC) is still not well understood.



Materials and Methods

We used a series of bioinformatic approaches to analyze the expression of the EphA family members and investigate their prognostic value in BC.



Results

Lower expression levels of EphA2, EphA3, EphA4, EphA5, and EphA7 and higher expression levels of EphA10 were found in BC tissues compared to those in normal tissues. The expression levels of the EphA family genes were correlated with molecular subtyping but not with tumor stage. High expression levels of most EphAs indicated a better prognosis in BC.



Conclusions

This study suggested that EphA2, EphA3, EphA4, and EphA5 can act as tumor-inhibiting factors as well as biomarkers for the prognosis of BC.
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Introduction

Each year, worldwide, there are an estimated 1.5 million new cases of breast cancer (BC), which is one of the most frequently diagnosed malignancies in women (1). At present, the strategies for the treatment of BC include surgery, radiation, traditional chemotherapy, endocrine therapy, and targeted therapy. These treatments have greatly improved the progression-free and overall survival of patients with BC. According to the status of ER, PR, and HER2, BCs are divided into four subtypes: luminal A, luminal B, HER2-positive, and basal-like. Once identified, the knowledge on these BC subtypes can be used for clinical decision making to improve the rate of survival for BC. However, the morbidity and mortality associated with BC remain high. The major reason for this is the high recurrence and metastasis rates in patients with BC. Currently, the 5-year survival rate for BC is still less than 20%. Thus, it is necessary to identify reliable biomarkers and new therapeutic targets for BC.

Eph receptors (Ephs) form the largest subfamily of receptor tyrosine kinases (RTKs), with 16 members cloned (2, 3). Based on the types of their binding ligands (ephrins), they can be divided into two subclasses: EphA and EphB. The EphA subfamily has nine members, including EphA1, EphA2, EphA3,EphA4, EphA5, EphA6, EphA7, EphA8, and EphA10. Deregulated activation of the EphA family members has been found in various human cancers, such as lung cancer (4), gastric cancer (5), hepatocellular carcinoma (6), esophageal squamous cell carcinoma (7), and prostate cancer (8). Evidence indicates that EphA receptors are involved in regulating tumor growth, invasiveness, angiogenesis, and metastasis by altering cell proliferation, motility, invasion, and migration (2, 9). For instance, the overexpression of EphA2 contributes to the amplification of ErbB2 signaling, as well as the promotion of BC tumorigenesis and metastasis (10). Overexpression of EphA4 is significantly associated with migration in triple-negative BC (11). MiR-10a interacts with EphA8 and regulates the EMT process (12). Despite these meaningful findings, bioinformatic methods have not been used to explore the expression of the EphA family members in BC.

The EphA family has been identified as a new target for cancer treatment (13, 14). However, it has not been effectively used in BC. Many inhibitor and activator molecules have been designed to target the EphA family members (15–17). Some of them work by inhibiting the kinases of the EphAs, while some others work by inhibiting the expression of the EphA family members (18–20). However, our limited understanding of EphA activity and the EphA expression pattern in cancers represents a challenge in the application of therapeutic strategies. Thus, a thorough understanding of their involvement in BC is needed.

Bioinformatics provides an effective and feasible method for the analysis of tumors and has become an essential component of biomedical studies. The advantage of using bioinformatics is its ability to explore and collect various data from numerous studies in an unbiased way, which can help us obtain useful information about cancer progression. In this study, we investigated the expression profiles, mutation status, and prognostic values of the EphA family members using bioinformatics and identified prognostic factors for BC.



Materials and Methods


Oncomine Database Analysis

The Oncomine database (https://www.oncomine.org/resource/login.html) was used in this study to analyze the expression levels of the EphA family genes in different types of cancers. The p-value was defined as 0.01, and the fold change was defined as 2.



GEPIA Data Set Analysis

GEPIA is an online database consisting of 9,736 tumor and 8,587 normal control samples (http://gepia.cancer-pku.cn/index.html). The GEPIA database was used in this study to analyze the transcription levels of the EphA family members in BC. Student’s t test was used to produce the p value. The p value cutoff was 0.05.



UALCAN Database Analysis

UALCAN is a database that can analyze cancer OMICS data (http://ualcan.path.uab.edu/). In this study, the UALCAN database was used to analyze the correlation between EphA family member expression and molecular subtyping in patients with BC. Student’s t test was used to produce the p value. The p value cutoff was 0.05.



Kaplan-Meier Plotter Analysis

The Kaplan-Meier plotter (http://kmplot.com/analysis/) consists of a variety of genes in different types of cancers, such as breast (n = 6,234), ovarian (n = 2,190), lung (n = 3,452), and gastric (n = 1,440) cancer cohorts. In this study, the Kaplan-Meier plotter was used to analyze the prognostic significance of EphA family gene expression in patients with BC.



cBioPortal Database Analysis

The cBioPortal (http://www.cbioportal.org/) is attached to the Memorial Sloan Kettering Cancer Center for Cancer Genomics, and it can provide a comprehensive analysis of complex tumor genomics and clinical profiles in The Cancer Genome Atlas (TCGA). Using the cBioPortal database, we investigated the frequency and form of EphA gene mutations.



COSMIC Database Analysis

The COSMIC database (http://cancer.sanger.ac.uk) is a high-resolution resource for studying the effects of somatic mutations in all types of human tumors. In this study, the COSMIC database was used to analyze mutations in the EphA family in BC. Pie graphs were used to depict the substitutions of the EphA genes.



STRING

STRING (https://string-db.org/) is a database that collected all publicly available sources of protein–protein interaction. In this study, we conducted a protein–protein interaction network analysis of EphAs to explore the interactions among them with STRING.



GeneMANIA Database Analysis

GeneMANIA (http://www.genemania.org) is a website that provides information on protein and genetic interactions, pathways, co-expression, co-localization, and protein domain similarity of the submitted genes.



WebGestalt

WebGestalt (http://www.webgestalt.org/) is a functional enrichment analysis web tool. In this study, we explored the potential function of EphAs with WebGestalt. FDR Method is BH.




Results


EphA2, EphA3, EphA4, EphA5, and EphA7 Expression Is Lower, and EphA10 Expression Is Higher in BC Tissues

Eight EphA factors have been identified in humans. The expression levels of EphAs were compared between the cancer samples and normal samples using the Oncomine database (Figure 1). The results showed that the expression levels of EphA2, EphA3, EphA4, EphA5, EphA7, and EphA8 were reduced, but the expression levels of EphA1 and EphA10 were significantly increased in BC tissues (P < 0.01). To further confirm these results, the expression levels of the EphA family members were compared between the BC and normal tissues using the GEPIA database Figure 2. The results indicated that the expression levels of EphA2, EphA3, EphA4, EphA5, EphA6, and EphA7 were significantly lower in BC tissues than in normal tissues, and the expression levels of EphA8 and EphA10 were significantly higher in BC tissues. Consequently, we concluded that EphA2, EphA3, EphA4, EphA5, and EphA7 were downregulated, while EphA10 was upregulated in BC tissues.




Figure 1 | The mRNA expression pattern of EphA family members in different tumor types. The graphs generated from the Oncomine database show the numbers of data sets with statistically significant expression of EphA family in different types of tumor tissues and normal tissues. High expressions were showed in red block charts, and low expressions were shown in blue block charts. The threshold was defined with the following parameters: P-value of 0.01, fold change of 2 and gene ranking of top 10%. Cell color is determined by the best gene rank percentile for the analyses within the cell.






Figure 2 | The expression of EphA family in breast cancer vs in normal. The graphs generated from GEPIA database showed the EphA family gene expression in breast cancer tissues (BRCA) (n = 1085) compared with normal breast tissues (n = 291), *P < 0.05. The tumor tissues were shown in red and the normal tissues were shown in gray. The EphA family genes include (A) EphA1; (B) EphA2; (C) EphA3; (D) EphA4; (E) EphA5; (F) EphA6; (G) EphA7; (H) EphA8; (I) EphA10.





The Expression of EphA Family Members Is Typically Correlated With Molecular Subtyping But Not Tumor Stage

We analyzed the correlation between the expression of the EphA family members and molecular subtyping in patients with BC Figure 3. We found that most EphA groups varied significantly. EphA1 was significantly high in HER2-positive BC; EphA2 and EphA7 were significantly high in triple-negative BC, and EphA3, EphA5, EphA6, EphA8, and EphA10 were significantly high in luminal BC. The EphA4 groups did not show any significant differences. We further analyzed the relationship between EphA family member expression and tumor stage in patients with BC using the GEPIA database. Figure 4 The results showed that none of the EphA members differed significantly.




Figure 3 | The correlation between EphA family expression and molecular subtyping in breast cancer patients. The graphs produced from the UALCAN database showed the expression of EphA family genes in different molecular subtyping of breast cancer. The normal tissues were shown in red, the liminal types were shown in orange, the Her2-positive type were shown in green and the triple negative type were showed in brown. The EphA family genes include (A) EphA1; (B) EphA2; (C) EphA3; (D) EphA4; (E) EphA5; (F) EphA6; (G) EphA7; (H) EphA8; (I) EphA10.






Figure 4 | The correlation between EphA family expression and tumor stage of breast cancer patients. The graphs generated from the GEPIA database showed the expression of EphA family genes in different tumor stages of breast cancer. The EphA family genes include (A) EphA1; (B) EphA2; (C) EphA3; (D) EphA4; (E) EphA5; (F) EphA6; (G) EphA7; (H) EphA8; (I) EphA10.





High Expression of Most EphAs Predicts Better Prognosis in BC

To explore the prognostic values of EphAs in patients with BC, the Kaplan-Meier Plotter was used to analyze the correlation between the expression of EphAs and survival of patients with BC Figure 5. The Kaplan-Meier curve and log rank test analyses revealed that the increased EphA1, EphA2, EphA3, EphA4, EphA5, EphA8, and EphA10 mRNA levels and decreased EphA7 mRNA levels were significantly associated with recurrence-free survival (RFS) (P < 0.05) in all patients with BC. Furthermore, the increase in EphA3 expression was significantly associated with overall survival (P < 0.05), and the decrease in EphA6 expression was significantly associated with distant metastasis-free survival (DMFS) (P < 0.05).




Figure 5 | The prognostic significances of EphA family genes expression in breast cancer patients. The curves generated from the KM plotter database showed the prognostic value of EphA family genes. The assessments include RFS, OS, DMFS, and PPS. The high expression was showed in red curves and the low expression was showed in black curves. The log rank test was displayed at the upper right corner of every graph.





EphA3, EphA5, and EphA7 Gene Mutations Are Frequent in BC

Gene mutations may be an important form of low EphA expression. We evaluated the frequency changes of EphA mutations in BC samples using the cBioPortal database. The mutation frequencies of EphA1, EphA2, EphA4, and EphA6 were quite low, only 0.1% (Figure 6A). The mutation frequencies of EphA8 and EphA10 were even lower (less than 0.1%) (Figure 6A). The mutation frequencies of EphA3, EphA5, and EphA7 were high (0.5%, 0.6%, and 0.4%, respectively) (Figure 6A). Furthermore, we analyzed the mutation types of the EphA family members using the COSMIC database. The pie graph showed that the common mutation types in the EphA family members included missense substitutions, synonymous substitutions, and nonsense substitutions. The most common mutation types in EphA1, EphA2, EphA3, EphA4, EphA5, EphA8, and EphA10 are missense substitutions (Figures 6B–D).




Figure 6 | The mutation frequency and mutation types of EphA family genes in breast cancer patients. (A) The schematic diagrams produced from the cBioportal database showed the mutation frequency of EphA family through. (B) The pie graph produced from the Catalogue of Somatic Mutations in Cancer database showed the percentages of mutation types of EphA family.





Co-expression, Interaction, and Functional Analyses of EphA Family Members

Next, we explored the potential co-expression and function of the EphA family. We conducted a protein-protein interaction network to analyze the EphAs using STRING to explore the potential interactions among them. As expected, every of EphAs co-expressed with each other tightly (Figure 7A). Next, we explored the potential interactions partners with the key genes (EphA2, EphA3, EphA4, and EphA5). GeneMANIA results revealed that EFNA5, EFNA4, EFNA1, EFNA3, EFNA2, ARHGEF15, EFNB2, ACP1, NGEF, CHN1, ADAM10, EFNB1, EFNB3, BLK, MAP3K1, CDK5, FGR, YES1, EPHB2, and HCK were primarily associated with the modulation and function of EphA2, EphA3, EphA4, and EphA5 (Figure 7B). GO analyses were performed using WebGestalt. Among the most highly enriched functions in the biological process category, biological regulation, cell communication, metabolic process, response to stimulus, cellular component organization, multicellular organismal process, developmental process, localization reproduction, multi-organism process, cell proliferation, and growth were associated with the expression of EphA2, EphA3, EphA4, EphA5, and their interactions partners. The membrane, protein-containing complex, extracellular space, cell projection, nucleus, cytosol, vesicle, endomembrane system, envelope, cytoskeleton, endosome, membrane-enclosed lumen, and endoplasmic reticulum were enriched in the cellular component category. In the molecular function categories, EphA2, EphA3, EphA4, EphA5, and their co-expression genes were mainly enriched in protein binding, transferase activity, molecular binding, ion binding, lipid binding, nucleic binding, and translation regulator activity (Figure 7C). KEGG pathway analyses were also performed with these interactions partners. The result showed that these genes were involved in several pathways, such as Axon guidance and MAPK signaling (Figure 7D).




Figure 7 | Co-expression and functional analyses for EphA family. (A) Protein-protein interaction network of EphA family. (B) Protein-protein interaction network analyses for EphA2, EphA3, EphA4, and EphA5. (C) Bar plot of GO enrichment in cellular component terms, biological process terms, and molecular function terms for genes in (B) .(D) Bar plot of KEGG enriched terms for genes in (B).






Discussion

The high expression of EphAs in almost all types of solid tumors indicates aggressive phenotypes and poor prognosis in BC. However, our results seem to show the opposite. Based on our results, we concluded that EphA2, EphA3, EphA4, and EphA5 were down-regulated in BCs, and high expression levels of these genes indicated better RFS, suggesting that EphA2, EphA3, EphA4, and EphA5 act as tumor suppressors in BC and could be new biomarkers for its prognosis.

EphA2 is the most widely studied gene in the EphA family. Aberrant expression of EphA2 has been associated with many human malignancies, such as lung cancer (4), breast cancer (21), ovary cancer (22), esophageal cancer (7), colorectal cancer (23), glioblastoma (24), and melanoma (25). However, its function remains unclear. Overexpression of EphA2 has been reported to inhibit cancer cell proliferation and motility, indicating that EphA2 can act as a tumor suppressor (26). The expression level of EphA2 is elevated in malignant mammary glands, indicating that EphA2 may be an oncogenic factor (27). In our study, we found that the expression level of EphA2 was reduced in BC, and up-regulation of EphA2 predicted better RFS, indicating that for this type of tumor, EphA2 can act as a tumor-inhibiting factor.

High expression levels of EphA3 are associated with poor prognosis in gastric cancer (28), colorectal cancer (29), and hepatocellular carcinoma (30). In our study, we found that EphA3 expression was low in BC, and a high expression level of EphA3 predicted a better prognosis.

EphA4 is an essential factor for TGFβ-induced migration associated with later tumor stages, worse prognosis, and chemotherapy resistance, and can be regulated by TGFβ (11). In our study, EphA4 expression was low in BC, and high expression of EphA4 predicted better RFS.

In previous studies, the methylation of EphA5 was associated with later tumor stages and progesterone receptor-negative status in BC (31). However, the results of this study showed the opposite. Our data showed that EphA5 was significantly overexpressed in patients with luminal BC, and there was no correlation between EphA5 expression levels and tumor stage in patients with BC.

The data for EphA1 and EphA10 showed something meaningful. The expression level of EphA1 and its association with clinical parameters are factors that have been analyzed for various tumors, including gastric cancer, colorectal cancer, non-melanoma skin cancer, and squamous cell carcinoma (32–35). EphA1 is a regulator of ERα transcriptional activity in BC cells (36). In this study, we found that EphA1 was highly expressed in HER2-positive BC. It has also been reported that EphA10 is a promising drug target that is potentially useful for BC treatment. EphA10 is down-regulated in triple-negative BCs, and an anti-EphA10 monoclonal antibody can suppress tumor growth (37). The expression of EphA10 in other subtypes is not yet clear. In this study, we found that EphA10 was overexpressed in BC, especially in luminal BC patients, indicating that EphA10 may be a useful therapeutic target for patients with luminal BC.

Mutations in some Eph receptors are predicted to impair kinase function. Evidence shows that targeted null mutation of EphA4 causes defects in the anterior commissure (38, 39), indicating that mutation inactivates the function of EphAs. In our study, we found that mutations in EphA3, EphA5, and EphA7 are frequent, and their expression is low in BC. Thus, we believe that mutations are an important cause of EphA3, EphA5, and EphA7 inactivation. However, the clinical value of EphA mutations requires further study.



Data Availability Statement

The datasets analyzed for this study can be found in the Oncomine database, GEPIA database, UALCAN database, Kaplan-Meier Plotter database, cBioPortal database, COSMIC database, String, GeneMANIA database and WebGestalt database.



Author Contributions

XZ designed the study, analyzed the data, edited the figure, wrote, and submitted the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the Youth Program of National Natural Science Foundation of China (81802956).



References

1. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2019. CA: Cancer J Clin (2019) 69(1):7–34. doi: 10.3322/caac.21551

2. Pasquale, EB. Eph-Ephrin Bidirectional Signaling in Physiology and Disease. Cell (2008) 133(1):38–52. doi: 10.1016/j.cell.2008.03.011

3. Himanen, JP, Chumley, MJ, Lackmann, M, Li, C, Barton, WA, Jeffrey, PD, et al. Repelling Class Discrimination: Ephrin-A5 Binds to and Activates EphB2 Receptor Signaling. Nat Neurosci (2004) 7(5):501–9. doi: 10.1038/nn1237

4. Kinch, MS, Moore, MB, and Harpole, DH Jr. Predictive Value of the EphA2 Receptor Tyrosine Kinase in Lung Cancer Recurrence and Survival. Clin Cancer Res an Off J Am Assoc Cancer Res (2003) 9(2):613–8.

5. Nakamura, R, Kataoka, H, Sato, N, Kanamori, M, Ihara, M, Igarashi, H, et al. EPHA2/EFNA1 Expression in Human Gastric Cancer. Cancer science (2005) Jan96(1):42–7. doi: 10.1111/j.1349-7006.2005.00007.x

6. Bae, HJ, Song, JH, Noh, JH, Kim, JK, Jung, KH, Eun, JW, et al. Low Frequency Mutation of the Ephrin Receptor A3 Gene in Hepatocellular Carcinoma. Neoplasma (2009) 56(4):331–4. doi: 10.4149/neo_2009_04_331

7. Miyazaki, T, Kato, H, Fukuchi, M, Nakajima, M, and Kuwano, H. EphA2 Overexpression Correlates With Poor Prognosis in Esophageal Squamous Cell Carcinoma. Int J cancer (2003) 103(5):657–63. doi: 10.1002/ijc.10860

8. Walker-Daniels, J, Coffman, K, Azimi, M, Rhim, JS, Bostwick, DG, Snyder, P, et al. Overexpression of the EphA2 Tyrosine Kinase in Prostate Cancer. Prostate (1999) Dec 141(4):275–80. doi: 10.1002/(SICI)1097-0045(19991201)41:4<275::AID-PROS8>3.0.CO;2-T

9. Pasquale, EB. Eph Receptors and Ephrins in Cancer: Bidirectional Signalling and Beyond. Nat Rev Cancer (2010) 10(3):165–80. doi: 10.1038/nrc2806

10. Brantley-Sieders, DM, Zhuang, G, Hicks, D, Fang, WB, Hwang, Y, Cates, JM, et al. The Receptor Tyrosine Kinase EphA2 Promotes Mammary Adenocarcinoma Tumorigenesis and Metastatic Progression in Mice by Amplifying ErbB2 Signaling. J Clin Invest (2008) Jan118(1):64–78. doi: 10.1172/JCI33154

11. Hachim, IY, Villatoro, M, Canaff, L, Hachim, MY, Boudreault, J, Haiub, H, et al. Transforming Growth Factor-Beta Regulation of Ephrin Type-A Receptor 4 Signaling in Breast Cancer Cellular Migration. Sci Rep (2017) 7(1):14976. doi: 10.1038/s41598-017-14549-9

12. Yan, Y, Wang, Q, Yan, XL, Zhang, Y, Li, W, Tang, F, et al. miR-10a Controls Glioma Migration and Invasion Through Regulating Epithelial-Mesenchymal Transition Via Epha8. FEBS letters (2015) 589(6):756–65. doi: 10.1016/j.febslet.2015.02.005

13. Barquilla, A, and Pasquale, EB. Eph Receptors and Ephrins: Therapeutic Opportunities. Annu Rev Pharmacol Toxicol (2015) 55:465–87. doi: 10.1146/annurev-pharmtox-011112-140226

14. Xi, HQ, Wu, XS, Wei, B, and Chen, L. Eph Receptors and Ephrins as Targets for Cancer Therapy. J Cell Mol Med (2012) 16(12):2894–909. doi: 10.1111/j.1582-4934.2012.01612.x

15. Choi, Y, Syeda, F, Walker, JR, Finerty, PJ Jr., Cuerrier, D, Wojciechowski, A, et al. Discovery and Structural Analysis of Eph Receptor Tyrosine Kinase Inhibitors. Bioorganic medicinal Chem letters (2009) 19(15):4467–70. doi: 10.1016/j.bmcl.2009.05.029

16. Melnick, JS, Janes, J, Kim, S, Chang, JY, Sipes, DG, Gunderson, D, et al. An Efficient Rapid System for Profiling the Cellular Activities of Molecular Libraries. Proc Natl Acad Sci USA (2006) 103(9):3153–8. doi: 10.1073/pnas.0511292103

17. Chang, Q, Jorgensen, C, Pawson, T, and Hedley, DW. Effects of Dasatinib on EphA2 Receptor Tyrosine Kinase Activity and Downstream Signalling in Pancreatic Cancer. Br J cancer (2008) Oct 799(7):1074–82. doi: 10.1038/sj.bjc.6604676

18. Duxbury, MS, Ito, H, Zinner, MJ, Ashley, SW, and Whang, EE. EphA2: A Determinant of Malignant Cellular Behavior and a Potential Therapeutic Target in Pancreatic Adenocarcinoma. Oncogene. (2004) Feb 1923(7):1448–56. doi: 10.1038/sj.onc.1207247

19. Landen, CN Jr., Chavez-Reyes, A, Bucana, C, Schmandt, R, Deavers, MT, Lopez-Berestein, G, et al. Therapeutic EphA2 Gene Targeting In Vivo Using Neutral Liposomal Small Interfering RNA Delivery. Cancer Res (2005) 65(15):6910–8. doi: 10.1158/0008-5472.CAN-05-0530

20. Carles-Kinch, K, Kilpatrick, KE, Stewart, JC, and Kinch, MS. Antibody Targeting of the EphA2 Tyrosine Kinase Inhibits Malignant Cell Behavior. Cancer Res (2002) 62(10):2840–7.

21. Fox, BP, and Kandpal, RP. Invasiveness of Breast Carcinoma Cells and Transcript Profile: Eph Receptors and Ephrin Ligands as Molecular Markers of Potential Diagnostic and Prognostic Application. Biochem Biophys Res Commun (2004) 318(4):882–92. doi: 10.1016/j.bbrc.2004.04.102

22. Thaker, PH, Deavers, M, Celestino, J, Thornton, A, Fletcher, MS, Landen, CN, et al. EphA2 Expression is Associated With Aggressive Features in Ovarian Carcinoma. Clin Cancer Res an Off J Am Assoc Cancer Res (2004) 10(15):5145–50. doi: 10.1158/1078-0432.CCR-03-0589

23. Kataoka, H, Igarashi, H, Kanamori, M, Ihara, M, Wang, JD, Wang, YJ, et al. Correlation of EPHA2 Overexpression With High Microvessel Count in Human Primary Colorectal Cancer. Cancer Science (2004) 95(2):136–41. doi: 10.1111/j.1349-7006.2004.tb03194.x

24. Wykosky, J, Gibo, DM, Stanton, C, and Debinski, W. Interleukin-13 Receptor Alpha 2, EphA2, and Fos-related Antigen 1 as Molecular Denominators of High-Grade Astrocytomas and Specific Targets for Combinatorial Therapy. Clin Cancer Res an Off J Am Assoc Cancer Res (2008) 14(1):199–208. doi: 10.1158/1078-0432.CCR-07-1990

25. Hess, AR, Seftor, EA, Gardner, LM, Carles-Kinch, K, Schneider, GB, Seftor, RE, et al. Molecular Regulation of Tumor Cell Vasculogenic Mimicry by Tyrosine Phosphorylation: Role of Epithelial Cell Kinase (Eck/Epha2). Cancer Res (2001) 61(8):3250–5.

26. Wykosky, J, and Debinski, W. The EphA2 Receptor and ephrinA1 Ligand in Solid Tumors: Function and Therapeutic Targeting. Mol Cancer Res MCR (2008) 6(12):1795–806. doi: 10.1158/1541-7786.MCR-08-0244

27. Zelinski, DP, Zantek, ND, Stewart, JC, Irizarry, AR, and Kinch, MS. EphA2 Overexpression Causes Tumorigenesis of Mammary Epithelial Cells. Cancer Res (2001) 61(5):2301–6.

28. Nasri, B, Inokuchi, M, Ishikawa, T, Uetake, H, Takagi, Y, Otsuki, S, et al. High Expression of EphA3 (Erythropoietin-Producing Hepatocellular A3) in Gastric Cancer Is Associated With Metastasis and Poor Survival. BMC Clin Pathol (2017) 17:8. doi: 10.1186/s12907-017-0047-y

29. Andretta, E, Carton-Garcia, F, Martinez-Barriocanal, A, de Marcondes, PG, Jimenez-Flores, LM, Macaya, I, et al. Investigation of the Role of Tyrosine Kinase Receptor EPHA3 in Colorectal Cancer. Sci Rep (2017) 7:41576. doi: 10.1038/srep41576

30. Lu, CY, Yang, ZX, Zhou, L, Huang, ZZ, Zhang, HT, Li, J, et al. High Levels of EphA3 Expression are Associated With High Invasive Capacity and Poor Overall Survival in Hepatocellular Carcinoma. Oncol Rep (2013) 30(5):2179–86. doi: 10.3892/or.2013.2679

31. Fu, DY, Wang, ZM, Wang, BL, Chen, L, Yang, WT, Shen, ZZ, et al. Frequent Epigenetic Inactivation of the Receptor Tyrosine Kinase EphA5 by Promoter Methylation in Human Breast Cancer. Hum pathology (2010) Jan41(1):48–58. doi: 10.1016/j.humpath.2009.06.007

32. Inokuchi, M, Nakagawa, M, Baogok, N, Takagi, Y, Tanioka, T, Gokita, K, et al. Prognostic Significance of High Epha1-4 Expression Levels in Locally Advanced Gastric Cancer. Anticancer Res (2018) 38(3):1685–93. doi: 10.21873/anticanres.12402

33. Dong, Y, Wang, J, Sheng, Z, Li, G, Ma, H, Wang, X, et al. Downregulation of EphA1 in Colorectal Carcinomas Correlates With Invasion and Metastasis. Modern Pathol an Off J United States Can Acad Pathology Inc (2009) 22(1):151–60. doi: 10.1038/modpathol.2008.188

34. Theocharis, S, Klijanienko, J, Giaginis, C, Alexandrou, P, Patsouris, E, and Sastre-Garau, X. Ephrin Receptor (Eph) -A1, -A2, -A4 and -A7 Expression in Mobile Tongue Squamous Cell Carcinoma: Associations With Clinicopathological Parameters and Patients Survival. Pathol Oncol Res POR (2014) Apr20(2):277–84. doi: 10.1007/s12253-013-9692-3

35. Hafner, C, Becker, B, Landthaler, M, and Vogt, T. Expression Profile of Eph Receptors and Ephrin Ligands in Human Skin and Downregulation of EphA1 in Nonmelanoma Skin Cancer. Modern Pathol an Off J United States Can Acad Pathology Inc (2006) 19(10):1369–77. doi: 10.1038/modpathol.3800660

36. Gupta, N, Grebhardt, S, and Mayer, D. Janus Kinase 2–A Novel Negative Regulator of Estrogen Receptor Alpha Function. Cell signalling (2012) 24(1):151–61. doi: 10.1016/j.cellsig.2011.08.016

37. Nagano, K, Maeda, Y, Kanasaki, S, Watanabe, T, Yamashita, T, Inoue, M, et al. Ephrin Receptor A10 Is a Promising Drug Target Potentially Useful for Breast Cancers Including Triple Negative Breast Cancers. J Controlled release Off J Controlled Release Soc (2014) 189:72–9. doi: 10.1016/j.jconrel.2014.06.010

38. Dottori, M, Hartley, L, Galea, M, Paxinos, G, Polizzotto, M, Kilpatrick, T, et al. EphA4 (Sek1) Receptor Tyrosine Kinase Is Required for the Development of the Corticospinal Tract. Proc Natl Acad Sci USA (1998) 95(22):13248–53. doi: 10.1073/pnas.95.22.13248

39. Kullander, K, Butt, SJ, Lebret, JM, Lundfald, L, Restrepo, CE, Rydstrom, A, et al. Role of EphA4 and EphrinB3 in Local Neuronal Circuits That Control Walking. Science. (2003) 299(5614):1889–92. doi: 10.1126/science.1079641



Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Zhang. 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-11-619949-g002.jpg
EphA3

EphA10






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Expression Profile and Prognostic Values of EPHA Family Members in Breast Cancer

      

        		

          Background

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Oncomine Database Analysis

          



          		

            GEPIA Data Set Analysis

          



          		

            UALCAN Database Analysis

          



          		

            Kaplan-Meier Plotter Analysis

          



          		

            cBioPortal Database Analysis

          



          		

            COSMIC Database Analysis

          



          		

            STRING

          



          		

            GeneMANIA Database Analysis

          



          		

            WebGestalt

          



        



        



        		

          Results

        

          		

            EphA2, EphA3, EphA4, EphA5, and EphA7 Expression Is Lower, and EphA10 Expression Is Higher in BC Tissues

          



          		

            The Expression of EphA Family Members Is Typically Correlated With Molecular Subtyping But Not Tumor Stage

          



          		

            High Expression of Most EphAs Predicts Better Prognosis in BC

          



          		

            EphA3, EphA5, and EphA7 Gene Mutations Are Frequent in BC

          



          		

            Co-expression, Interaction, and Functional Analyses of EphA Family Members

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-619949-g006.jpg





OEBPS/Images/fonc-11-619949-g004.jpg
A L 8 - < Sy






OEBPS/Images/fonc.2021.619949_cover.jpg
, frontiers
in Oncology

The Expression Profile and
Prognostic Values of EPHA Family
Members in Breast Cancer





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-619949-g007.jpg
S chartof ot Componinctgoris 0w

[T T————





OEBPS/Images/fonc-11-619949-g001.jpg





OEBPS/Images/fonc-11-619949-g003.jpg
{ﬁéé'gé%*é;é;%;

uuuuu
wwwww

O H[E
H-
L

i s R
¢ oo bttt o e — o i R
,,,,,, o L ! LE2D
P 5
i {- i -
2 - . T i, T
T T ]
I I | ) ; | |
T Em e e = N






OEBPS/Images/fonc-11-619949-g005.jpg





