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Background

We aimed to establish a novel epithelial-mesenchymal transition (EMT)-related gene prognostic index (EMTGPI) associated with biochemical recurrence (BCR) and drug resistance for prostate cancer (PCa).



Methods

We used Lasso and Cox regression analysis to establish the EMTGPI. All analyses were conducted with R version 3.6.3 and its suitable packages.



Results

We established the EMTGPI based on SFRP4 and SPP1. Patients in high-risk group had 2.23 times of BCR risk than those in low-risk group (p = 0.003), as well as 2.36 times of metastasis risk (p = 0.053). In external validation, we detected similar diagnostic efficacy and prognostic value in terms of BCR free survival. For drug resistance, we observe moderately diagnostic accuracy of EMTGPI score (AUC: 0.804). We found that PDCD1LG2 (p = 0.04) and CD96 (p = 0.01) expressed higher in BCR patients compared with their counterpart. For TME analysis, we detected that CD8+ T cells and M1 macrophages expressed higher in BCR group. Moreover, stromal score (p = 0.003), immune score (p = 0.01), and estimate score (p = 0.003) were higher in BCR patients. We found that EMTGPI was significantly related to HAVCR2 (r: 0.34), CD96 (r: 0.26), CD47 (r: 0.22), KIR3DL1 (r: −0.21), KLRD1 (r: −0.21), and CD2 (r: 0.21). In addition, we observed that EMTGPI was significantly associated with M1 macrophages (r: 0.6), M2 macrophages (r: −0.33), monocytes (r: −0.18), neutrophils (r: −0.43), CD8+ T cells (r: 0.13), and dendritic cells (r: 0.37). PHA-793887 was the common drug sensitive to SPP1 and SFRP4, and PC3 and DU145 were the common PCa-related cell lines of SPP1, SFRP4, and PHA-793887.



Conclusions

We concluded that the EMTGPI score based on SFRP4 and SPP1 could be used to predict BCR for PCa patients. We confirmed the impact of immune evasion on the BCR process of PCa.
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Introduction

Aging population has already been a social dilemma worldwide and accounts for almost 20.8% of the population by 2044 (1). Prostate cancer (PCa), one of the most common age-related diseases, ranks the second most frequent cancer and the fifth leading cause of cancer death in men in 2020 (2). Thus, improving the prognosis and quality of life of such patients is an increasingly important area in urology with population aging globally. PCa often suffers from drug resistance and progress to castration-resistant state despite using new potent antiandrogen drugs, like abiraterone and enzalutamide (3, 4). It is known that metastatic castration-resistant PCa (MCRPC) is the leading cause of cancer death with an estimated mortality rate of almost 28% for 5-year survival (5). However, there has been much division between urologists on the molecular mechanism of metastasis and tumor chemoresistance in PCa.

Epithelial-mesenchymal transition (EMT) is endowed with a migratory phenotype, allowing cuboidal epithelial cells into motile mesenchymal phenotypes and enhancing invasiveness and migration (6). EMT is characterized by cadherin switching, which is the downregulation of E-cadherin and other epithelial markers, and the upregulation of markers of mesenchymal markers, such as N-cadherin, vimentin, and Snail (7). Furthermore, many studies demonstrate that EMT involves in the invasion, metastasis, and cancer resistance of PCa through a variety of mechanisms (7–10). Thus, it deserves to develop gene biomarkers or signature associated with EMT to predict prognosis of PCa. Recently, some researchers have proposed several gene signatures to predict biochemical recurrence (BCR) of PCa, but most of these signatures enrolled more than 5 genes, limiting their clinical applications (11–15). Here, for the first time, we developed and validated an EMT-related gene prognostic index based on only two genes predicting BCR and drug resistance in patients undergoing radical prostatectomy or radiotherapy. Tumor immune microenvironment (TME) of PCa was also analyzed.



Methods


Data Preparation

Our study has been registered in the ISRCTN registry (No. ISRCTN11560295). We removed batch effects of GSE62872 (16), GSE79021 (17), GSE32571 (18), and GSE116918 (19) from the Gene Expression Omnibus (GEO) database (20) (Supplementary Figure S1). EMT-related genes were obtained from MSigDB (21). Weighted gene coexpression network analysis was used to find cancer-related genes defined by lrl ≥0.3 and p adj. <0.0001. Differential genes between tumor and normal tissues of GSE62872 (16), GSE79021 (17), and GSE32571 (18) were considered as llogFCl ≥0.4 and p adj. <0.05. Subsequently, we obtained candidate genes through intersection of the above gene sets and determine the independently prognostic genes after LASSO and Cox regression analysis. We constructed the following formula: EMT-related gene prognostic index (EMTGPI) risk score = 0.2365 * SFRP4 + 0.2595 * SPP1. BCR-free survival was the primary outcome. We externally validated the prognostic value of EMTGPI using the TCGA database and GSE46602 (22). Furthermore, we examined the diagnostic efficacy of EMTGPI for tumor chemoresistance using GSE42913 (23).



Function Analysis and m6A Analysis

We used the candidate genes to explore possible functions and signal pathways through gene ontology (GO) and Kyoto Encyclopedia of Genes and Genome (KEGG) analyses. GO analysis consisted of biological process, cell composition, and molecular function. Also, we classified the tumor patients in GSE116918 (19) into high- and low-risk groups based on the median of EMTGPI score, and gene set enrichment analysis (GSEA) was then conducted (24). We regarded p. adj. <0.05 and false-discovery rate ≤0.25 as statistical significance. The protein-protein interaction of SFRP4 and SPP1 was analyzed by GeneMANIA database (25). We conducted the m6A analysis as well.



TME, Drug, and Cell Line Analysis

We used the quanTIseq and ESTIMATE algorithms to analyze the immune infiltration levels of cells in TME (26–28). Immune checkpoint analysis was conducted as well. Differential expression between BCR and no-BCR group, prognosis of BCR-free survival, and Spearman’s analysis between parameters and EMTGPI were conducted for the above two analyses. We analyzed the potentially sensitive drugs of SFRP4 and SPP1 in the Cancer Therapeutics Response Portal (CTRP) and genomics of drug sensitivity in cancer (GDSC) through GSCALite (29). Moreover, the common cell lines of SFRP4, SPP1, and drugs were analyzed through the canSAR database (30). The study process can be seen in Figure 1.




Figure 1 | The study flowchart. WGCNA, weighted gene coexpression network analysis; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genome; GSEA, gene set enrichment analysis; EMT, epithelial-mesenchymal transition; EMTGPI, EMT-related gene prognostic index; mRNA, message RNA.





Statistical Analysis

We performed all analyses using software R 3.6.3 and its suitable packages. We utilized Wilcoxon test under the circumstance of nonnormal data distribution. Variables could be entered into multivariate Cox regression analysis if p-value <0.1 in the univariable Cox regression analysis. Survival analysis was conducted through log-rank test and presented as Kaplan-Meier curve. Also, the Spearman analysis was used to assess the correlations among continuous variables if they did not meet the Shapiro-Wilk normality test. Statistical significance was set as two-sided p <0.05. Significant marks were as follows: ns, p ≥ 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.




Results


EMTGPI Score and Its Clinical Values

We identified 13 candidate genes, and SFRP4 and SPP1 were used to construct the EMTGPI after LASSO and Cox regression analyses (Figures 2A–E). According to the median of EMTGPI score based on SFRP4 and SPP1, we divided the 248 patients undergoing radical radiotherapy in GSE116918 (19) into high- and low-risk groups. We observed that EMTGPI could be used as an independent factor of BCR-free survival after multivariate Cox regression analysis (HR: 1.904 (95% CI: 1.035–3.502), p = 0.038; Figure 2F). EMTGPI have lower diagnostic ability for distinguishing BCR from no BCR (AUC: 0.645; Figure 2G). Patients in high-risk group had 2.23 times of BCR risk than those in the low-risk group (p = 0.003; Figure 2H), as well as 2.36 times of metastasis risk (p = 0.053; Figure 2I). In addition, we observed that EMTGPI score increased with the increase of Gleason score (Figure 2J) and T stage (Figure 2K). In the GSE46602 (22) and TCGA databases, we detected similar diagnostic efficacy and prognostic value in terms of BCR-free survival (Figures 2L–O). Moreover, we found that high-risk patients had significantly higher risk of metastasis than their counterpart in the TCGA database (HR: 1.65 (95% CI: 1.07–2.55); Figure 2Q). For drug resistance, we observe moderate diagnostic accuracy of EMTGPI score (AUC: 0.804; Figure 2R).




Figure 2 | EMTGPI and its clinical values. (A) Modules and phenotype showing the modules associated with tumor and normal samples through WGCNA. (B) Volcano plot showing the DEGs. (C) Venn diagram showing the intersection of DEGs, tumor-related genes through WGNCA, and EMT-related genes. (D) Gene screening of LASSO regression. (E) Univariate and multivariate Cox analyses of genes after LASSO regression. (F) Univariate and multivariate Cox analyses of EMTGPI score and clinical parameters for BCR-free survival. (G) ROC curve of EMTGPI discriminating BCR from no BCR. (H) Kaplan-Meier curve for BCR free survival in terms of EMTGPI score (red lines = high risk; blue lines = low risk). (I) Kaplan-Meier curve for metastasis-free survival in terms of EMTGPI score (red lines = high risk; blue lines = low risk). (J) comparison between Gleason score groups for EMTGPI score. (K) Comparison between T-stage groups for EMTGPI score. (L) ROC curve of EMTGPI discriminating BCR from no BCR in GSE46602 (22). (M) Kaplan-Meier curve for BCR-free survival using GSE46602 (22) in terms of EMTGPI score (red lines = high risk; blue lines = low risk). (N) ROC curve of EMTGPI discriminating BCR from no BCR in TCGA database; (O) Kaplan-Meier curve for BCR-free survival using the TCGA database in terms of EMTGPI score (red lines = high risk; blue lines = low risk); (P) ROC curve of EMTGPI discriminating metastasis from no metastasis in TCGA database. (Q) Kaplan-Meier curve for metastasis-free survival using the TCGA database in terms of EMTGPI score (red lines = high risk; blue lines = low risk). (R) ROC curve of EMTGPI for drug chemoresistance. EMTGPI, epithelial-mesenchymal transition-related gene prognostic index; ROC, receiver operating characteristic; BCR, biochemical recurrence; WGCNA, weighted gene coexpression network analysis; EMT, epithelial-mesenchymal transition; mRNA, message RNA; DEGs, differentially expressed genes. *p 0.05; **p 0.01; ***p 0.001; ns, no significance.





Function, Drug, and Cell Line Analysis

We found that the candidate genes primarily participated in cell junction assembly and organization, contractile fiber, actin binding, cell adhesion molecule binding, extracellular matrix (ECM) binding, focal adhesion, and vascular smooth muscle contraction (Figure 3A). The possible genes interacting with SFRP4 and SPP1 included ITGA5, ITGA8, RUNX2, NARFA, MMP7, CD44, and so on (Figure 3B). We observed that high-risk patients were highly enriched in ECM receptor interaction and lysosome (Figure 3C). The most possible hallmarks associated with high-risk patients were EMT, angiogenesis, TNFA signaling via NFKB, TGF beta signaling, motorc1 signaling, MYC targets V1, protein secretion, interferon gamma response, IL2 STATA5 signaling, DNA repair, p53 pathway, coagulation, ultraviolet (UV) response UP (genes upregulated in response to UV radiation), and so on (Figure 3D). PHA-793887 was the common drug sensitive to SPP1 and SFRP4 (Figure 3E), and PC3 and DU145 were the common PCa-related cell lines of SPP1, SFRP4, and PHA-793887 (Figure 3F).




Figure 3 | Function, drug, and cell line analysis. (A) GO and KEGG analyses. (B) Gene interaction network through GeneMANIA database (25). (C) GSEA C2 analysis. (D) GSEA hallmark analysis. (E) Upset plot showing common sensitive drug of SFRP4 and SPP1. (F) Upset plot showing common cell lines of SFRP4, SPP1, and PHA-793887. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genome; GSEA, gene set enrichment analysis; GDSC, genomics of drug sensitivity in cancer; CTRP, the cancer therapeutics response portal; BP, biological process; CC, cell composition; MF, molecular function.





TME and m6A Analyses

We found that PDCD1LG2 (p = 0.04) and CD96 (p = 0.01) expressed higher in BCR patients compared with their counterpart (Figure 4A), and both checkpoints were significantly associated with BCR-free survival (HRs were 2.555 and 1.610 for PDCD1LG2 and CD96, respectively; Figure 4B). For TME analysis, we detected that CD8+ T cells (p = 0.042) and M1 macrophages (p = 0.024) expressed higher in the BCR group, while neutrophils (p = 0.048) presented the opposite expression (Figure 4C). Moreover, stromal score (p = 0.003), immune score (p = 0.01), and estimate score (p = 0.003) were higher in BCR patients, while tumor purity (p = 0.003) was lower in BCR patients (Figure 4D). For m6A analysis, radar plot showed that EMTGPI was significantly associated with IGF2BP1 (r: −0.24), IGF2BP2 (r: −0.15), RBM15B (r: 0.2), HNRNPA2B1 (r: 0.23), RBM15 (r: 0.21), and RBMX (r: 0.25) (Figure 4E). We found that EMTGPI was significantly related to CTLA4 (r: −0.15), HAVCR2 (r: 0.34), LAG3 (r: −0.25), PDCD1 (r: −0.14), SIGLEC15 (r: −0.19), CD226 (r: 0.14), CD96 (r: 0.26), CD47 (r: 0.22), KIR3DL1 (r: −0.21), KLRD1 (r: −0.21), CD2 (r: 0.21), and LAYN (r: 0.12) (Figure 4F). In addition, we observed that EMTGPI was significantly associated with M1 macrophages (r: 0.6), M2 macrophages (r: −0.33), monocytes (r: −0.18), neutrophils (r: −0.43), CD8+ T cells (r: 0.13), and dendritic cells (r: 0.37) (Figure 4G).




Figure 4 | TME and m6A analysis. (A) Heatmap comparing immune checkpoints between BCR and no BCR group. (B) Univariate Cox analysis of immune checkpoints for BCR-free survival. (C) Comparison between BCR and no-BCR group for TME cells. (D) Comparison between BCR and no-BCR group for TME score. (E) Radar plot showing correlation between m6A-related genes and EMTGPI score. (F) Radar plot showing correlation between immune checkpoints and EMTGPI score. (G) Radar plot showing correlation between TME parameters and EMTGPI score. TME, tumor immune microenvironment; epithelial-mesenchymal transition-related gene prognostic index; BCR, biochemical recurrence. ns, no significance; *p < 0.05; **p < 0.01.






Discussion

With an aging population worldwide today, the problem of PCa receives increasing attention. The cadherin-switched property of EMT has been observed in more aggressive tumors, resulting in the decrease of intercellular adhesion, loss of epithelial cell polarity, de-differentiation into an amorphous cell, and increased motility (6, 31, 32). Downregulated E-cadherin and upregulated N-cadherin have been reported to be closely associated with progression and poor prognosis in PCa patients (33–35). In addition, EMT could promote the presence of CRPC and targeting N-cadherin inverts this process effectively (36). Due to these definitive evidences, the EMT-related biomarkers are warranted to be studied. In this study, we firstly developed and confirmed that EMTGPI could predict BCR probability and drug resistance effectively for PCa patients undergoing radical prostatectomy or radiotherapy. SFRP4 controls WNT signaling and is thought to play a role for tumor aggressiveness (37). SFRP4 overexpression in both androgen-dependent and androgen-independent cell lines resulted in a morphologic change to a more epithelioid cell type with increased localization of β-catenin and cadherins (E-cadherin in LNCaP, N-cadherin in PC3) to the cell membrane (38). Previous studies showed that SFRP4 overexpression was linked to advanced tumor stage, high classical/quantitative Gleason grade (p < 0.0001 each), lymph node metastasis (p = 0.0002), and a positive surgical margin (p = 0.0017), and SFRP4 expression was an independent predictor of recurrence after prostatectomy (HR = 1.35; p = 0.009) (22, 37). In addition, SPP1 is a cardinal mediator of tumor-associated inflammation and facilitates metastasis. Pang et al. (39, 40) showed that SPP1 could promote enzalutamide resistance and EMT activation in castration-resistant prostate cancer via PI3K/AKT and ERK1/2 pathways. Compared with the previous studies (11–15), we included two different genes in our study, and these two genes have confirmed their roles in the progression of PCa and are closely associated with the EMT. Moreover, we provided a simpler prognostic gene formula from the perspective of EMT.

We also indirectly demonstrated that EMT is implied in the process of PCa progression and chemoresistance, which was similar to the previous study, indicating that EMT drives docetaxel resistance and promotes the risk of recurrence in PCa patients (41).

Previous studies indicated that the plasticity of EMT tumor cells, which are in a transitory state between epithelial and mesenchymal programs, made it possible to accomplish the invasion-metastasis cascade, rather than the mesenchymal-like tumor cells that have fully completed the EMT program (32, 42). Compelling evidence showed that transforming growth factor β (TGF-β) is a potent inducer of EMT and chemoresistance in multiple cancers, including PCa, through small mothers against decapentaplegic homolog-independent or homolog-dependent signaling pathway (9, 32, 43–47). We further confirmed the impact of EMT and TGF-β signaling on PCa through ECM interaction according to the GSEA analysis.

The antitumor immune cells include CD8+ cytotoxic T cells and effector CD4+ T cells, natural killer cells, dendritic cells, M1 macrophages, and N1 neutrophils in the TME (48). Dendritic cells secreted chemokines like CXCL9 and CLCL10, and CD8+ cytotoxic T cells were recruited into the inflammatory niches through the expression of CXCR3 (48–50). M1 macrophages within TME are usually considered protective cells due to their proinflammatory function and tumor cell killing (48). Also, we found EMTGPI was highly associated with HAVCR2, CD96, CD47, and CD2. All of the above immune checkpoints could contribute to immune evasion through inhibiting the function of host antitumor cells, such as T cells and natural killer cells (51–54). Given the higher score of M1 macrophages, CD8+ T cells, immunity, and estimate in the BCR group, we proposed the presence of immune evasion in the progression of PCa. In most solid tumor, abundant matrix is usually associate with poo prognosis, and the prostate stroma accounts for more proportion in the process of prostate growth and differentiation (55, 56), which has been called “reactive stroma” and are used to assess PCa-specific mortality in diagnostic prostate needle biopsies (57). In this study, we also observed that stromal score was higher in the BCR patients than no-BCR patients, and this score was positively associated with the EMTGPI. In terms of tumor purity, previous studies showed that low tumor purity was associated with unfavorable prognosis and immune-evasion phenotype in gastric cancer (58), and most recognized prognostic indicators were no longer significantly effective under different tumor purity conditions (59). Similarly, we observed that tumor purity was lower in the BCR patients than no-BCR patients, and this score was negatively associated with the EMTGPI, which both suggested that the tumor purity might play an important role in PCa treatment and prognosis assessment.

Previous study showed that HNRNPA2B1, an m6A methylation regulator, was not only highly expressed in patients with high Gleason score but also significantly associated with unfavorable BCR-free survival in PCa patients (60). Similarly, we observed a significantly positive correlation between HNRNPA2B1 and EMTGPI. PHA-793887 could inhibit the proliferation of multiple tumor cell lines (such as PC3 and DU145) in vitro and in vivo through inducing arrest of cell cycle and inhibiting phosphorylation of Rb and nuclear phosphoprotein (61, 62). In this study, we found that PHA-793887 might be a potentially sensitive drug, and PC3 and DU145 could be the studied cell lines for PCa patients. This study had several limitations. Firstly, the prognostic value of EMTGPI score was different between the GSE116918 (19) and TCGA databases for metastasis-free survival. We thought the different treatments used contributed to the result. Secondly, the estimated drug and cell lines were needed to be further confirmed in vitro and in vivo. Furthermore, the diagnostic effect of EMTGPI for tumor chemoresistance was warranted to be validated in larger samples as well.



Conclusions

We concluded that the EMTGPI score based on SFRP4 and SPP1 could be used to predict BCR for PCa patients. We confirmed the impact of immune evasion on the BCR process of PCa.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Author Contributions

Concept: DF. Data collection and processing: DF, XS, and QX. Software: DF, FZ, and DL. Supervision: LY. Manuscript draft: DF. Manuscript editing and review: all authors. All authors contributed to the article and approved the submitted version.



Funding

This program was supported by the National Natural Science Foundation of China (Grant Nos. 81974099, 82170785, 81974098, and 82170784), programs from Science and Technology Department of Sichuan Province (Grant No. 21GJHZ0246), Young Investigator Award of Sichuan University 2017 (Grant No. 2017SCU04A17), Technology Innovation Research and Development Project of Chengdu Science and Technology Bureau (2019-YF05-00296-SN), Sichuan University–Panzhihua science and technology cooperation special fund (2020CDPZH-4). The funders had no role in the study design, data collection or analysis, preparation of the manuscript, or the decision to publish.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.805571/full#supplementary-material

Supplementary Figure 1 | The process of merging four GEO datasets. (A) Upset plot; (B) box plot before removing batch effects; (C) box plot after removing batch effects; (D) density plot before removing batch effects; (E) density plot after removing batch effects; (F) umap plot before removing batch effects; (G) umap plot after removing batch effects.



References

1. Gitlin, LN, and Patricio, F. The Republic of Chile: An Upper Middle-Income Country at the Crossroads of Economic Development and Aging. Gerontologist (2012) 3):297–305. doi: 10.1093/geront/gns054

2. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

3. Attard, G, and Antonarakis, ES. Prostate Cancer: AR Aberrations and Resistance to Abiraterone or Enzalutamide. Nat Rev Urol (2016) 13:697–8. doi: 10.1038/nrurol.2016.212

4. Baciarello, G, Gizzi, M, and Fizazi, K. Advancing Therapies in Metastatic Castration-Resistant Prostate Cancer. Expert Opin Pharmacother (2018) 19:1797–804. doi: 10.1080/14656566.2018.1527312

5. Chen, Q, Yao, YT, Xu, H, Chen, YB, Gu, M, Cai, ZK, et al. SPOCK1 Promotes Tumor Growth and Metastasis in Human Prostate Cancer. Drug Des Devel Ther (2016) 10:2311–21. doi: 10.2147/DDDT.S91321

6. Odero-Marah, V, Hawsawi, O, Henderson, V, and Sweeney, J. Epithelial-Mesenchymal Transition (EMT) and Prostate Cancer. Adv Exp Med Biol (2018) 1095:101–10. doi: 10.1007/978-3-319-95693-0_6

7. Sweeney, JD, Debeljak, M, Riel, S, Millena, AC, Eshleman, JR, Paller, CJ, et al. Val16A SOD2 Polymorphism Promotes Epithelial–Mesenchymal Transition Antagonized by Muscadine Grape Skin Extract in Prostate Cancer Cells. Antioxidants Basel (2021) 10(2):213. doi: 10.3390/antiox10020213

8. Rajput, M, Singh, R, Singh, N, and Singh, RP. EGFR-Mediated Rad51 Expression Potentiates Intrinsic Resistance in Prostate Cancer via EMT and DNA Repair Pathways. Life Sci (2021) 286:pp120031. doi: 10.1016/j.lfs.2021.120031

9. Zhang, B, Li, Y, Wu, Q, Xie, L, Barwick, B, Fu, C, et al. Acetylation of KLF5 Maintains EMT and Tumorigenicity to Cause Chemoresistant Bone Metastasis in Prostate Cancer. Nat Commun (2021) 12(1):1714. doi: 10.1038/s41467-021-21976-w

10. Chen, Q, Gu, M, Cai, ZK, Zhao, H, Sun, SC, Liu, C, et al. TGF−β1 Promotes Epithelial−to−Mesenchymal Transition and Stemness of Prostate Cancer Cells by Inducing PCBP1 Degradation and Alternative Splicing of CD44. Cell Mol Life Sci (2021) 78:949–62. doi: 10.1007/s00018-020-03544-5

11. Luan, J, Zhang, Q, Song, L, Wang, Y, Ji, C, Cong, R, et al. Identification and Validation of a Six Immune-Related Gene Signature for Prediction of Biochemical Recurrence in Localized Prostate Cancer Following Radical Prostatectomy. Transl Androl Urol (2021) 10(3):1018–29. doi: 10.21037/tau-20-1231

12. Zhang, L, Li, Y, Wang, X, Ping, Y, Wang, D, Cao, Y, et al. Five-Gene Signature Associating With Gleason Score Serve as Novel Biomarkers for Identifying Early Recurring Events and Contributing to Early Diagnosis for Prostate Adenocarcinoma. J Cancer (2021) 12(12):3626–47. doi: 10.7150/jca.52170

13. Shao, N, Tang, H, Mi, Y, Zhu, Y, Wan, F, Ye, D, et al. A Novel Gene Signature to Predict Immune Infiltration and Outcome in Patients With Prostate Cancer. Oncoimmunology (2020) 9(1):1762473. doi: 10.1080/2162402X.2020.1762473

14. Long, X, Hou, H, Wang, X, Liu, S, Diao, T, Lai, S, et al. Immune Signature Driven by ADT-Induced Immune Microenvironment Remodeling in Prostate Cancer Is Correlated With Recurrence-Free Survival And Immune Infiltration. Cell Death Dis (2020) 11(9):779. doi: 10.1038/s41419-020-02973-1

15. Luan, JC, Zhang, QJ, Zhao, K, Zhou, X, Yao, LY, Zhang, TT, et al. A Novel Set of Immune-Associated Gene Signature Predicts Biochemical Recurrence in Localized Prostate Cancer Patients After Radical Prostatectomy. J Cancer (2021) 12(12):3715–25. doi: 10.7150/jca.51059

16. Penney, KL, Sinnott, JA, Tyekucheva, S, Gerke, T, Shui, IM, Kraft, P, et al. Association of Prostate Cancer Risk Variants With Gene Expression in Normal and Tumor Tissue. Cancer Epidemiol Biomarkers Prev (2015) 24(1):255–60. doi: 10.1158/1055-9965.EPI-14-0694-T

17. Sinnott, JA, Peisch, SF, Tyekucheva, S, Gerke, T, Lis, R, Rider, JR, et al. Prognostic Utility of a New mRNA Expression Signature of Gleason Score. Clin Cancer Res (2017) 23(1):81–7. doi: 10.1158/1078-0432.CCR-16-1245

18. Kuner, R, Falth, M, Pressinotti, NC, Brase, JC, Puig, SB, Metzger, J, et al. The Maternal Embryonic Leucine Zipper Kinase (MELK) Is Upregulated in High-Grade Prostate Cancer. J Mol Med (Berl) (2013) 91(2):237–48. doi: 10.1007/s00109-012-0949-1

19. Jain, S, Lyons, CA, Walker, SM, McQuaid, S, Hynes, SO, Mitchell, DM, et al. Validation of a Metastatic Assay Using Biopsies to Improve Risk Stratification in Patients With Prostate Cancer Treated With Radical Radiation Therapy. Ann Oncol (2018) 29(1):215–22. doi: 10.1093/annonc/mdx637

20. Edgar, R, Domrachev, M, and Lash, AE. Gene Expression Omnibus: NCBI Gene Expression and Hybridization Array Data Repository. Nucleic Acids Res (2002) 30(1):207–10. doi: 10.1093/nar/30.1.207

21. Subramanian, A, Tamayo, P, Mootha, VK, Mukherjee, S, Ebert, BL, Gillette, MA, et al. Gene Set Enrichment Analysis: A Knowledge-Based Approach for Interpreting Genome-Wide Expression Profiles. PNAS (2005) 102(43):15545–50. doi: 10.1073/pnas.0506580102

22. Mortensen, MM, Høyer, S, Lynnerup, AS, Ørntoft, TF, Sørensen, KD, Borre, M, et al. Expression Profiling of Prostate Cancer Tissue Delineates Genes Associated With Recurrence After Prostatectomy. Sci Rep (2015) 5:16018. doi: 10.1038/srep16018

23. Kubisch, R, Meissner, L, Krebs, S, Blum, H, Günther, M, Roidl, A, et al. A Comprehensive Gene Expression Analysis of Resistance Formation Upon Metronomic Cyclophosphamide Therapy. Transl Oncol (2013) 6(1):1–9. doi: 10.1593/tlo.12295

24. Liberzon, A, Subramanian, A, Pinchback, R, Thorvaldsdóttir, H, Tamayo, P, Mesirov, JP, et al. Molecular Signatures Database (MSigDB) 3. 0 Bioinf (2011) 27(12):1739–40. doi: 10.1093/bioinformatics/btr260

25. Stelzer, G, Rosen, N, Plaschkes, I, Zimmerman, S, Twik, M, Fishilevich, S, et al. The GeneCards Suite: From Gene Data Mining to Disease Genome Sequence Analyses. Curr Protoc Bioinf (2016) 54:1.30.1–1.30.33. doi: 10.1002/cpbi.5

26. Finotello, F, Mayer, C, Plattner, C, Laschober, G, Rieder, D, Hackl, H, et al. Molecular and Pharmacological Modulators of the Tumor Immune Contexture Revealed by Deconvolution of RNA-Seq Data. Genome Med (2019) 11(1):50. doi: 10.1186/s13073-019-0655-5

27. Yoshihara, K, Shahmoradgoli, M, Martínez, E, Vegesna, R, Kim, H, Torres-Garcia, W, et al. Inferring Tumour Purity and Stromal and Immune Cell Admixture From Expression Data. Nat Commun (2013) 4:2612. doi: 10.1038/ncomms3612

28. Zeng, D, Ye, Z, Shen, R, Yu, G, Wu, J, Xiong, Y, et al. IOBR: Multi-Omics Immuno-Oncology Biological Research to Decode Tumor Microenvironment and Signatures. Front Immunol (2021) 12:687975. doi: 10.3389/fimmu.2021.687975

29. Liu, CJ, Hu, FF, Xia, MX, Han, L, Zhang, Q, Guo, AY, et al. GSCALite: A Web Server for Gene Set Cancer Analysis. Bioinformatics (2018) 34(21):3771–2. doi: 10.1093/bioinformatics/bty411

30. Mitsopoulos, C, Di Micco, P, Fernandez, EV, Dolciami, D, Holt, E, Mica, IL, et al. canSAR: Update to the Cancer Translational Research and Drug Discovery Knowledgebase. Nucleic Acids Res (2021) 49(D1):D1074–82. doi: 10.1093/nar/gkaa1059

31. Thiery, JP, Acloque, H, Huang, RY, and Nieto, MA. Epithelial-Mesenchymal Transitions in Development and Disease. Cell (2009) 139:871–90. doi: 10.1016/j.cell.2009.11.007

32. Di Zazzo, E, Galasso, G, Giovannelli, P, Di Donato, M, Bilancio, A, Perillo, B, et al. Estrogen Receptors in Epithelial-Mesenchymal Transition of Prostate Cancer. Cancers (Basel) (2019) 11(10):1418. doi: 10.3390/cancers11101418

33. Gravdal, K, Halvorsen, OJ, Haukaas, SA, and Akslen, LA. A Switch From E-Cadherin to N-Cadherin Expression Indicates Epithelial to Mesenchymal Transition and Is of Strong and Independent Importance for the Progress of Prostate Cancer. Clin Cancer Res (2007) 13:7003–11. doi: 10.1158/1078-0432.CCR-07-1263

34. Tran, NL, Nagle, RB, Cress, AE, and Heimark, RL. N-Cadherin Expression in Human Prostate Carcinoma Cell Lines. An Epithelial-Mesenchymal Transformation Mediating Adhesion With Stromal Cells. Am J Pathol (1999) 155:787–98. doi: 10.1016/S0002-9440(10)65177-2

35. Jennbacken, K, Gustavsson, H, Welén, K, Vallbo, C, Damber, JE, et al. Prostate Cancer Progression Into Androgen Independency Is Associated With Alterations in Cell Adhesion and Invasivity. Prostate (2006) 66:1631–40. doi: 10.1002/pros.20469

36. Tanaka, H, Kono, E, Tran, CP, Miyazaki, H, Yamashiro, J, Shimomura, T, et al. Monoclonal Antibody Targeting of N-Cadherin Inhibits Prostate Cancer Growth, Metastasis and Castration Resistance. Nat Med (2010) 16:1414–20. doi: 10.1038/nm.2236

37. Bernreuther, C, Daghigh, F, Möller, K, Hube-Magg, C, Lennartz, M, Lutz, F, et al. Secreted Frizzled-Related Protein 4 (SFRP4) Is an Independent Prognostic Marker in Prostate Cancers Lacking TMPRSS2: ERG Fusions. Pathol Oncol Res (2020) 26(4):2709–22. doi: 10.1007/s12253-020-00861-9

38. Horvath, LG, Lelliott, JE, Kench, JG, Lee, CS, Williams, ED, Saunders, DN, et al. Secreted Frizzled-Related Protein 4 Inhibits Proliferation and Metastatic Potential in Prostate Cancer. Prostate (2007) 67(10):1081–90. doi: 10.1002/pros.20607

39. Pang, X, Xie, R, Zhang, Z, Liu, Q, Wu, S, Cui, Y, et al. Identification of SPP1 as an Extracellular Matrix Signature for Metastatic Castration-Resistant Prostate Cancer. Front Oncol (2019) 9:924. doi: 10.3389/fonc.2019.00924

40. Pang, X, Zhang, J, He, X, Gu, Y, Qian, BZ, Xie, R, et al. SPP1 Promotes Enzalutamide Resistance and Epithelial-Mesenchymal-Transition Activation in Castration-Resistant Prostate Cancer {{i}}via{{/i}} PI3K/AKT and ERK1/2 Pathways. Oxid Med Cell Longev (2021) 2021:5806602. doi: 10.1155/2021/5806602

41. Marín-Aguilera, M, Codony-Servat, J, Reig, Ò., Lozano, JJ, Fernández, PL, Pereira, MV, et al. Epithelial-To-Mesenchymal Transition Mediates Docetaxel Resistance and High Risk of Relapse in Prostate Cancer. Mol Cancer Ther (2014) 13:1270–84. doi: 10.1158/1535-7163.MCT-13-0775

42. Hassan, S, Blick, T, Thompson, EW, and Williams, ED. Diversity of Epithelial-Mesenchymal Phenotypes in Circulating Tumour Cells From Prostate Cancer Patient-Derived Xenograft Models. Cancers (Basel) (2021) 13(11). doi: 10.3390/cancers13112750

43. Roberts, AB, and Wakefield, LM. The Two Faces of Transforming Growth Factor Beta in Carcinogenesis. Proc Natl Acad Sci USA (2003) 100:8621–3. doi: 10.1073/pnas.1633291100

44. Pickup, M, Novitskiy, S, and Moses, HL. The Roles of TGF Beta in the Tumour Microenvironment. Nat Rev Cancer (2013) 13:788–99. doi: 10.1038/nrc3603

45. Ikushima, H, and Miyazono, K. TGF Beta Signaling: A Complex Web in Cancer Progression. Nat Rev Cancer (2010) 10:415–24. doi: 10.1038/nrc2853

46. Bhola, NE, Balko, JM, Dugger, TC, Kuba, MG, Sánchez, V, Sanders, M, et al. TGF-Beta Inhibition Enhances Chemotherapy Action Against Triple-Negative Breast Cancer. J Clin Invest (2013) 123:1348–58. doi: 10.1172/JCI65416

47. Marín-Aguilera, M, Codony-Servat, J, Kalko, SG, Fernández, PL, Bermudo, R, Buxo, E, et al. Identification of Docetaxel Resistance Genes in Castration-Resistant Prostate Cancer. Mol Cancer Ther (2012) 11:329–39. doi: 10.1158/1535-7163.MCT-11-0289

48. Lei, X, Lei, Y, Li, JK, Du, WX, Li, RG, Yang, J, et al. Immune Cells Within the Tumor Microenvironment: Biological Functions and Roles in Cancer Immunotherapy. Cancer Lett (2020) 470:126–33. doi: 10.1016/j.canlet.2020.01.011

49. Mikucki, ME, Fisher, DT, Matsuzaki, J, Skitzki, JJ, Gaulin, NB, Muhitch, JB, et al. Non-Redundant Requirement for CXCR3 Signalling During Tumoricidal T-Cell Trafficking Across Tumour Vascular Checkpoints. Nat Commun (2015) 6:7458. doi: 10.1038/ncomms8458

50. Spranger, S, Dai, D, Horton, B, and Gajewski, TF. Tumor-Residing Batf3 Dendritic Cells Are Required for Effector T Cell Trafficking and Adoptive T Cell Therapy. Cancer Cell (2017) 31:711–723.e4. doi: 10.1016/j.ccell.2017.04.003

51. Veldman, J, Visser, L, Berg, AVD, and Diepstra, A. Primary and Acquired Resistance Mechanisms to Immune Checkpoint Inhibition in Hodgkin Lymphoma. Cancer Treat Rev (2020) 82:101931. doi: 10.1016/j.ctrv.2019.101931

52. Harjunpää, H, and Guillerey, C. TIGIT as an Emerging Immune Checkpoint. Clin Exp Immunol (2020) 200:108–19. doi: 10.1111/cei.13407

53. Khan, M, Sumbal, A, and Hua, W. NK Cell-Based Immune Checkpoint Inhibition. Front Immunol (2020) 11:167. doi: 10.3389/fimmu.2020.00167

54. van der Leun, AM, Thommen Daniela, S, and Schumacher, TN. CD8 T Cell States in Human Cancer: Insights From Single-Cell Analysis. Nat Rev Cancer (2020) 20:218–32. doi: 10.1038/s41568-019-0235-4

55. Wu, J, Liang, C, Chen, M, and Su, W. Association Between Tumor-Stroma Ratio and Prognosis in Solid Tumor Patients: A Systematic Review and Meta-Analysis. Oncotarget (2016) 7(42):68954–65. doi: 10.18632/oncotarget.12135

56. Zhang, Y, Nojima, S, Nakayama, H, Jin, Y, and Enza, H. Characteristics of Normal Stromal Components and Their Correlation With Cancer Occurrence in Human Prostate. Oncol Rep (2003) 10(1):207–11. doi: 10.3892/or.10.1.207

57. Saeter, T, Vlatkovic, L, Waaler, G, Servoll, E, Nesland, JM, Axcrona, K, et al. The Prognostic Value of Reactive Stroma on Prostate Needle Biopsy: A Population-Based Study. Prostate (2015) 75(6):662–71. doi: 10.1002/pros.22957

58. Gong, Z, Zhang, J, and Guo, W. Tumor Purity as a Prognosis and Immunotherapy Relevant Feature in Gastric Cancer. Cancer Med (2020) 9(23):9052–63. doi: 10.1002/cam4.3505

59. Zhang, C, Cheng, W, Ren, X, Wang, Z, Liu, X, Li, G, et al. Tumor Purity as an Underlying Key Factor in Glioma. Clin Cancer Res (2017) 23(20):6279–91. doi: 10.1158/1078-0432.CCR-16-2598

60. Ji, G, Huang, C, He, S, Gong, Y, Song, G, Li, X, et al. Comprehensive Analysis of M6a Regulators Prognostic Value in Prostate Cancer. Aging (Albany NY) (2020) 12(14):14863–84. doi: 10.18632/aging.103549

61. Brasca, MG, Albanese, C, Alzani, R, Amici, R, Avanzi, N, Ballinari, D, et al. Optimization of 6,6-Dimethyl Pyrrolo[3,4-C]Pyrazoles: Identification of PHA-793887, a Potent CDK Inhibitor Suitable for Intravenous Dosing. Bioorg Med Chem (2010) 18(5):1844–53. doi: 10.1016/j.bmc.2010.01.042

62. Alzani, R, Pedrini, O, Albanese, C, Ceruti, R, Casolaro, A, Patton, V, et al. Therapeutic Efficacy of the Pan-Cdk Inhibitor PHA-793887 {{i}}In Vitro{{/i}} and {{i}}In Vivo{{/i}} in Engraftment and High-Burden Leukemia Models. Exp Hematol (2010) 38(4):259–69.e2. doi: 10.1016/j.exphem.2010.02.004




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.


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 © 2022 Feng, Shi, Xiong, Zhang, Li and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-805571-g003.jpg
LSaEC @ g e Do BP GO:0034329 cell junction assembly 513 3.28¢-04 nge»
 ccore NN

(8 G000y, FE 20151000 2.07e-

oW 92 BP GO:0034330 cell junction organization 5/13 4.10e-04 04
. 3.99-

BP G0:0006936 muscle contraction 513 7.90e-04 %
: : 1.72e-

cc G0:0043292 contractile fiber 6/13 3.69¢-07 -
cc G0:0030016 myofibril 513 9.52¢-06 e
cc G0:0031674 1band an3 5.29¢-05 e
MF G0:0003779 actin binding 513 5.32¢-04 -
MF GO:00s0839 el adhesion molecule w13 0011 0.005

binding
MF GO:0050840  extracellular matrix binding 213 0015 0.007
GO:0003779

) 8.96¢-

KEGG hsa04510 Focal adhesion /9 0.001 o
KEGG hsa04270 Vasculat smootiumyscle 39 0.005 0.004

contraction

(9]

=S8R
T

Enrichment score

[ T T
T[] I\I|IIII|IIIIHI

5 0.0+
£ 02
504
2
06
=4
08
] High
T T T T T T T T
0 2,000 4,000 6,000 8000 10000 12000 14000

Rank in Ordered DataSet
~ ECM_RECEPTOR_INTERACTION(NES=-1.8158 FDR=0.1291)

= LYSOSOME(NES=-17511,FDR=0.1710)
= OLFACTORY_TRANSDUCTION(NES=1.7588,FDR=0.2380)

E 0

g

00

H
£
£

Intersection Size
8

B

. i.&a.i&.&.n..z_
[l cosc-sPp1 .
Tooscsmros o I {
I crResee e 1

.

| cree-srree

Wm0 0

I 2000 2000 6000 S000 10000 12000 14000
Rank in Ordered DataSet F

~ EPITHELIAL_MESENCHYMAL. TRANSITION(NES-—1 9868, FDR=0.0045)
~ ANGIOGENESIS(NES—-1 8879.FDR-0.0167) g
~ TNFA_SIGNALING_VIA_NFKB(NES-1.7856,FDR-0.0301) £
~ TGF_BETA_ SIGNALING(NES -1 8042,FDR-0.0339)
~ MTORCI_SIGNALING(NES—1.7438,FDR-0.0371)

S_SIGNALING_DN(NES=1.6673,FDR=0.0606)
~ MYC_TARGETS_VI(NES=-1.6696.FDR=0.0704)
~ PROTEIN_SECRETION(NES=-1.6312.FDR=0.0857) B

.

~ INTERFERON_GAMMA_RESPONSE(NES=-1.5077,FDR=0.0852) PHA-703887

Intersection Size

< IL2_STATS_SIGNALING(NES=-1.6009,FDR=0.0975)

~ KRAS_SIGNALING_UP(NES—1.4471FDR-0.1224) [ seer I
= COAGULATION(NES~-1.4162.FDR~0.1235) _ SFRP4
~ DNA_REPAIR(NES 1 4695.FDR-0.1270)
——
~ UV_RESPONSE_UP(NES 1 4905FDR-0.1374) e i
= P53 PATHWAY(NES=-1.5067 FDR=0.1452) Set Size






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A Gene Prognostic Index Associated With Epithelial-Mesenchymal Transition Predicting Biochemical Recurrence and Tumor Chemoresistance for Prostate Cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data Preparation

          



          		

            Function Analysis and m6A Analysis

          



          		

            TME, Drug, and Cell Line Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            EMTGPI Score and Its Clinical Values

          



          		

            Function, Drug, and Cell Line Analysis

          



          		

            TME and m6A Analyses

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2021.805571_cover.jpg
’ frontiers
in Oncology

A Gene Prognostic
Index Associated With
Epithelial-Mesenchymal Transition
Predicting Biochemical Recurrence
and Tumor Chemoresistance for
Prostate Cancer





OEBPS/Images/fonc-11-805571-g002.jpg
orrelation coedficient
50 WGCNA
& owoous
e
40
o 05 i e
® 30
i L
El
@ 20
o
o e
erglon 10
-
0
i
45 -10 05 00 05 10 15
Tumor Normal Log, (Fold Change) DEGs mRNA EMT
D 12121211 1110101010888 88864322220 E F e .
Gene Hazard rafio (95%CI) Pvalue 'EMTGP! soore i
"3 Low Reterence i
0 Univarate analysis ; o 2257 (1.285-3.89) :fo— 0004
g 12 I % Reforence :
g SFRP4 1379(11364673) | —— 0001 o 0809 04081004 o o5t
g ! ki o :
o i1 SN 0567 (03540973 ——t 0039 u 1504 577917) ot 0408
F | ™ 2599 (10756287 1 003
™ 11067 (206548501) | —— <0001
2 1o El 1378(1132:4677) e cossonscore U
£ o Roferonce [
3 S ! o o e am
= 109 - I & Teanlossroe e Goes
] \ Mtarae anaysa i
£ SFRP4 1267 (1.030-1558) =05 o :
& 108 ! Low Retoronce !
SNA2 0718(04221.205)  +—o— 024 B Leteae: fss
107 ' i Reference |
- w 12400 04715311 et osss
PPt 1296 (1.051-1598) o [ e o go
——— ™ T e qots
03 06 09 12 15 0 5 10
G ., J 5
6 I
—_——
08 208 = —ns
_ £ s 54
3 ] 06 4] ® N
[ 8 s 5 —_—
= 064 s ] 2 o ns
z x P4 8 T .
= 8 g & '
3 044 02 K} S 34
© HR = 2.23 (1.32:3.77) = HR =2.36 (1.02-5.45) —— Low [}
@ Logerank P = 0.003 0.0 Logrank P =0.053
30 6 120 0 0 e s 120 27
Time (m) Time (m)
—_—
Low 12441710753 0 Low 124417107 53 0
00 02 0f 08 08 10 g e 12 94 40 0 High 124 12 94 40 0 e o o e
1-Specificity (FPR) e g Gleason score
K - L M N,
6 J— 1.0
—_———
— 0.8 208 0.8+
5 o e 5 =
® o 2 ] 06 @
Q —_— o 2 [N
3, ns E 064 g - E 064
g —E— . > Zoa =
9] . 3 o ]
@ 004 Logrankp =001 d 2
2 024 EMTGPI score 0 20 40 60 80 021 EMTGPI score
AUC: 0782 Time (m) AUC: 0630
1 Cl: 0.624-0.941 , Cl: 0.551-0.708
T T T v 10— Low 18 12 1 8 1 00 F———T————
0.2 04 0.6 0.8 1.0 High 18 " 5 2 0 0.0 0.2 04 0.6 0.8 1
1-Specificity (FPR) 1-Specificity (FPR)
O 1o P i Q10 R 1_0,—_%
508
= 08 08+
8 os . 2 —~
° 3 2 06 o
s a =3 o
204 £ 064 2 £ 06
o 2z 8 04 z
D02 2 2 2
HR =214 (1.28-3.58) 2 044 D02 A 2 044
0.0 Logrank P =0.005 © = HR = 1.65 (1.07-2.55) B ©
9 0.0 togrankp=0028 @
0 100 200 300 400 024
Time (m) EMTGPI score 0 100 200 300 400 EMTGPI score
AUC: 0622 Time (m) AUC: 0.804
Low 215 Tt 14 4 1 00 Cl: 0.552-0.691 N Cl: 0.554-1.000
X ow 21361 12 4 1
High 215 64 " 1 0 00 02 04 06 08 10 00 02 04 05 08 10
High 213 61 1 1 0

1-Specificity (FPR)

1-Specificity (FPR)





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-805571-g004.jpg
Immune checkpoints Hazard ratio (95% ClI) P value
cD274 1.153 (0.715-1.859) — 0.559
CTLA4 1.852 (0.816-4.203) r:—.—{ 0.141
HAVCR2 2.258 (1.144-4.456) :b—.—( 0.019
LAG3 0828 (0.337-2.032)  +e—t 068
PDCD1 1.965 (0.989-3.904) —— 0.054
PDCD1LG2 2.555 (1.158-5.637) p— 0.02
SIGLEC15 1.161 (0.687-1.963) H— 0.576
CD226 1.425 (0.917-2.215) b 0.116
cDg6 1,610 (1.048-2.473) o 0.03
cpaz 1.164 (0.686-1.976) H— 0573
CD200 1.136 (0.732-1.764) +—I 0.569
KIR3DL1 1.269 (0.572-2.816) Ho—— 0.558
KLRD1 1.670 (0.630-4.429) e 0.303
HHLA2 0.933 (0.415-2.098)  +—d— 0.867
SIGIRR 1.111 (0.674-1.831) »-‘b—< 0.68
cD2 1.184 (0.842-1.665) Hot 0.331
LAYN 0.986 (0.644-1.507) e 0.947
LI
D
2000
1500
S
° © NoBCR
g 50 © BOR
S
0
-500
-1000
Stromal score  Immune score  ESTIMATE score  Tumor purity
TME parameters TME score
E EMTGP! score F EMTGPI score G EMTGPI score
|GF28P3 1 ALKBHS LAYN 4 co274 Denditic cells 1 Stromal score
cp2 CTLAY
o Tregs d Immune score
RBMX IGF2BP1 SIGRR HAVCR2
& D8 T cells i ESTIMATE score
HHLA2 3 LAG3
METTL14 IGF2BP2 <
KLRDA PDCD1 CD4+ T cells Tumor purity
RBM15 HNRNPC KIR3DL1 PDCDILG2 NK cells ‘ Bells
HNRNPAZB1 METTL3 €p200 SleLECTs Neutrophils Macrophages M1
RBM158 CD47  cpgs  OD226 Monocytes Macrophages M2

W coisiation 8 Pvake B Conaistion 88 Pvakis B Correlation BB P value





OEBPS/Images/fonc-11-805571-g001.jpg
GSE79021 GSE116918
GSE32571 GSE62872

Removing batch effects and

extracting mRNA matrix

GSE32571, GSE62872,
GSE79021

WCGNA and differential
expression analysis

Tumor related genes and differentially expressed

genes EMT-related genes

Candidate genes f——9 GO/KEGG analysis

,7 Immune checkpoint analysis
GSE116918 —.

\— mo6A analysis

Lasso and COX

regression analysis

SFRP4 and SPP1 ) Protein-protein interaction
network

GSEA analysis; drug and cell
line analysis.
Analysis of tumor immune
microenvironment

Clinical correlations and

1

EMTGPI score —;

prognostic value

Validation: TCGA database;
GSE46602; CPA resistance:
GSE42913.

Relationship between immune
parameters and EMTGPI score






