

[image: EPDR1 levels and tumor budding predict and affect the prognosis of bladder carcinoma]
EPDR1 levels and tumor budding predict and affect the prognosis of bladder carcinoma





ORIGINAL RESEARCH

published: 07 October 2022

doi: 10.3389/fonc.2022.986006

[image: image2]


EPDR1 levels and tumor budding predict and affect the prognosis of bladder carcinoma


Yue Yang 1,2,3, Hong Xu 1†, Han Zhu 1†, Dan Yuan 4, Hanchao Zhang 1,2,3,4, Zhengdao Liu 1,3, Faliang Zhao 1,3 and Guobiao Liang 1,3*


1 Department of Urology, Affiliated Hospital of Zunyi Medical University, Zunyi, China, 2 Department of Urology, Affiliated Hospital and Clinical Medical College of Chengdu University, Chengdu, China, 3 Medical College of Soochow University, Suzhou, China, 4 Department of Pathology, Affiliated Hospital of Zunyi Medical University, Zunyi, China




Edited by: 

Manoj Pandey, Institute of Medical Sciences, Banaras Hindu University, India

Reviewed by: 

Pei Yu, Stomatology Hospital of Guangzhou Medical University, China

Ali Amin, Rhode Island Hospital, United States

*Correspondence: 

Guobiao Liang
 lgb1111@126.com 


†These authors have contributed equally to this work and share first authorship


Specialty section: 
 This article was submitted to Molecular and Cellular Oncology, a section of the journal Frontiers in Oncology


Received: 04 July 2022

Accepted: 13 September 2022

Published: 07 October 2022

Citation:
Yang Y, Xu H, Zhu H, Yuan D, Zhang H, Liu Z, Zhao F and Liang G (2022) EPDR1 levels and tumor budding predict and affect the prognosis of bladder carcinoma. Front. Oncol. 12:986006. doi: 10.3389/fonc.2022.986006




Background

Bladder carcinoma is a common malignancy of the urinary system. The previous study showed that EPDR1 expression was significantly related to the carcinogenesis and progression of bladder carcinoma



Methods

We retrospectively reviewed the records of 621 patients who were newly diagnosed with bladder carcinoma between January 2018 and August 2020 at The Affiliated Hospital of Zunyi Medical University. We conducted immunohistochemistry of EPDR1 in tumor tissues. Meanwhile, tumor budding evaluation was also carried out by 2 independent experienced pathologists.



Results

80 patients were included in this study with a median age of 66 years (range; 42–88 years). 45% of the patients (36/80) were non-muscle-invasive bladder carcinoma patients, while 55% of muscle-invasive bladder carcinoma(44/80). The follow-up time was from 6 months to 36 months. We found that there were significant differences in expression of EPDR1 in the tumor pT stages(p<0.05), pM stages(p<0.05), and pN stages(p<0.05). Meanwhile, a higher expression of EPDR1 indicated a worse outcome for the patient(p<0.05). A tendency toward a worse status of the patient was accompanied by a high positive rate (p<0.001). Moreover, the IOD of EPDR1 had a positive relationship with TB (p<0.05). Furthermore, we found that EPDR1 and tumor budding could be crucial factors for affecting the prognosis of bladder carcinoma, even better than pTMN(Riskscore=(0.724)* pT_stage +(4.960) *EPDR1+(4.312)*TB).



Conclusion

In conclusion, bladder cancer patients with higher expression levels of EPDR1 had worse survival outcomes. The combination of TB and EPDR1 levels could predict the prognosis for muscle-invasive bladder cancer patients.
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Introduction

Bladder carcinoma is a common malignancy of the urinary system and is the tenth most common neoplasm in the world (1). According to the latest cancer database (2), approximately 440,000 new cases are confirmed to be bladder carcinoma each year, and approximately 160,000 patients die from bladder carcinoma each year. These numbers have been rapidly increasing over the years. Bladder carcinoma can be divided into two categories according to the pathological types: nonmuscle-invasive bladder carcinoma (NMIBC, approximately 75%) and muscle-invasive bladder carcinoma (MIBC, approximately 15%) (3). Moreover, bladder tumors easily progress and metastasize. Thus, NMIBC can easily progress into MIBC, which is the main cause of bladder carcinoma deaths. However, there is a lack of specific biomarkers that can predict tumor behaviors and the prognosis of bladder carcinomas.

The ependymin-related 1 (EPDR1) gene, also known as MERP1 and UCC1, was proven to be associated with a variety of tumors (4). In our previous study, we found that EPDR1 expression was significantly related to different grades and metastases in bladder carcinoma patients. Additionally, it might play a role in affecting the potential molecular mechanisms involved in the carcinogenesis and progression of bladder cancer (5). Therefore, we collected a large number of bladder carcinoma tumor tissues to explore and confirm the significance of EPDR1 in bladder carcinoma. Moreover, we used “tumor budding”, an emerging prognostic biomarker in solid cancers, to assist EPDR1 in predicting the prognosis of bladder carcinoma.

Tumor budding (or “sprouting”, TB) is usually defined as an isolated single cancer cell or small groups of up to 5 tumor cells that are scattered in the stroma at the invasive tumor cell front (6). It was first introduced in the pathology of tumors by Imai in the 1950s (7), and later, an increasing amount of evidence supported the prognostic value of tumor budding in solid cancers (8, 9). According to the International Tumor Budding Consensus Conference (ITBCC) (10), the tumor budding assessment of colorectal cancer (CRC) was included in a standardized reporting process for pathologists. Recently, Soriano also suggested that TB could be an independent predictive factor for MIBC (11).

In our present study, we aimed to explore the differential expression of EPDR1 protein in the pathology of graded bladder carcinoma and found a relationship between various expression levels of EPDR1 and TB and the prognosis of MIBC patients. We aimed to build a prediction model using the pathological results for EPDR1 and TB to predict the prognosis of bladder carcinoma patients, thus providing a reference for clinicians.



Methods and materials


Patients

We retrospectively reviewed the records of 621 patients who were newly diagnosed with bladder carcinoma between January 2018 and August 2020 at The Affiliated Hospital of Zunyi Medical University. All patients underwent partial or radical cystectomy. The final pathology confirmed the type of bladder cancer, and only urothelial cancer was included in this study. All the clinical data of patients were collected, and patients with less than 6 months of follow-up were excluded. Therefore, 80 cases were included in the analysis. This study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Affiliated Hospital of Zunyi Medical University ethical committee. All the patients agreed to participate in this study.



Immunohistochemistry of EPDR1

We collected 80 tumor tissues from the included patients, and these tissues were formalin-fixed and paraffin-embedded. Then, tumor samples were sectioned at 2 mm thickness and mounted on coated glass slides. After incubation in oven at 60°C for 30 min, heat-induced antigen retrieval was performed. The tissues were immersed in xylene and a descending series of graded ethanol concentrations for deparaffinization and rehydration. Endogenous peroxidase activity was blocked by H2O2, and antigen complexes were visualized by an Envision Flex Kit combined with goat serum. Antibodies against EPDR1 (1:80 dilution) were applied, and haematoxylin and eosin (HE) staining was carried out on all slides.

The staining results were examined by two experienced pathologists (Yuan Dan and Hanchao Zhang) with a microscope, and the final results were calculated by immunohistochemical image greyscale analysis of the integral optical density (IOD). Image-Pro Plus software was used to digitally quantify the percent area stained relative to the total plaque area and staining intensity. First, a micron-scale bar was added to the images to calibrate the Image-Pro Plus software before quantitative analyses. Then, we opened the immunohistochemical staining pictures that needed to be measured and converted the grey value to the optical density value in Image-Pro Plus software. The measurement parameters were set as the integrated optical density value (IOD). Furthermore, we circled the area to be measured, set the color selection, and calculated the IOD in the area. Finally, three sections were taken from each specimen to calculate the mean IOD value as the semiquantitative expression of EPDR1. The positive localization and semiquantitative expression of EPDR1 in each group were observed.



Tumor budding evaluation

Only muscle-invasive urothelial carcinoma patients (pT3 or pT4) who underwent radical cystectomy were included in this analysis. Based on HE staining, tumor budding was defined as an isolated single cancer cell or small groups of up to 5 tumor cells scattered in the stroma at the invasive tumor cell front. Low magnification (X100) was used to visualizing the entire tumor invasion front, and after finding the area with the highest TB density, TB was counted under high magnification (X200). Two independent experienced pathologists (Yuan Dan and Hanchao Zhang) carried out the quantification of TB. If the number of TB was more than 6, it was defined as high expression.



Statistical Analysis

STATA (version 13.1.) was used for the statistical analysis. Kaplan‒Meier curves and ROC curves were used to estimate survival. To explore the associations between EPDR1 and TB, chi-square (x2) and Mann‒Whitney U tests were used. Using a combination of certain vital clinicopathological covariates, such as age, pTMN, and metastasis, multivariate analysis was performed to verify the potential role of “EPDR1” in bladder cancer patients. All statistical tests are presented with a p value and estimates with a confidence interval of 95%. P <0.05 was considered statistically significant. The 3-year disease-free survival (DFS) and overall survival (OS) of the patients (n=80) were observed.




Results


Patient clinicopathological data

Eighty patients were included in this study, and the median age was 66 years (range: 42–88 years). Forty-two females and 38 males were diagnosed with urothelial carcinoma of the bladder. Forty-five percent of the patients (36/80) had nonmuscle-invasive bladder cancer, and 55% had muscle-invasive bladder carcinoma (44/80). The follow-up time ranged from 6 months to 36 months. The full basic characteristics of the included patients with bladder carcinoma are presented in Table 1.


Table 1 | Basic characteristics of included patients with bladder carcinoma.





Expression of EPDR1

All tumor tissues were subjected to immunohistochemistry for EPDR1 (Figure 1). We used immunohistochemical image greyscale analysis to calculate the integral optical density (IOD) of EPDR1 (semiquantitative analysis). We found significant differences in the IOD of EPDR1 in the tumor pT stage(pT1 stage, EPDR1 15.52 ± 3.28, p=0.001; pT2 stage, EPDR1 34.39 ± 3.89, p=0.001; pT3 stage, EPDR1 52.13 ± 11.52, p=0.004; pT4 stage, EPDR1 70.91 ± 9.24, p=0.005; Figure 2), pM stage(M0, EPDR1 30.19 ± 15.53, p=0.001; M1, EPDR1 50.02 ± 6.81, p=0.001; Mx, EPDR1 70.74 ± 2.44, p=0.033; Figure 3), and pN stage(N0, EPDR1 33.49 ± 17.75, p=0.014; N1, EPDR1 60.14 ± 11.72, p=0.005; Nx, EPDR1 71.04 ± 2.98, p=0.493; Figure 4). Notably, there was no significant difference in EPDR1 expression between the N1 and Nx stages (p=0.493).




Figure 1 | Immunohistochemistry(IHC) of EPDR1 in different pT-stage of bladder cancer. stage: T1, (A) IHC x200 and a: IHC x400; stage: T2, (B) IHC x200 and b: IHC x400; stage: T3, (C) IHC x200 and c: IHC x400; stage: T4, (D) IHC x200 and d: IHC x400.






Figure 2 | Integral optical density(IOD) of Immunohistochemistry (EPDR1) in different clinical tumor stages(pT stage) of bladder cancer. Gragh: mean IOD of EPDR1 in different pT stages(left p<0.05); table: Tamhane multiple comparisons within Groups of different pT stages of bladder cancer(right: pT1 stage, EPDR1 15.52 ± 3.28, p=0.001; pT2 stage, EPDR1 34.39 ± 3.89, p=0.001; pT3 stage, EPDR1 52.13 ± 11.52, p=0.004; pT4 stage, EPDR1 70.91 ± 9.24, p=0.005).






Figure 3 | Integral optical density(IOD) of Immunohistochemistry (EPDR1) in different clinical metastasis stages(pM stage) of bladder cancer. Gragh: mean IOD of EPDR1 in different pM stages(left p<0.05); table: Tamhane multiple comparisons within Groups of different pM stages of bladder cancer(right: M0, EPDR1 30.19 ± 15.53, p=0.001; M1, EPDR1 50.02 ± 6.81, p=0.001; Mx, EPDR1 70.74 ± 2.44, p=0.033).






Figure 4 | Integral optical density(IOD) of Immunohistochemistry (EPDR1) in different clinical lyphm node stages(pN stage) of bladder cancer. Gragh: mean IOD of EPDR1 in different pN stages(left p<0.05); table: Tamhane multiple comparisons within Groups of different pN stages of bladder cancer(right: N0, EPDR1 33.49 ± 17.75, p=0.014; N1, EPDR1 60.14 ± 11.72, p=0.005; Nx, EPDR1 71.04 ± 2.98, p=0.493).





Tumor budding

Forty-four muscle-invasive bladder cancer patients were included in this analysis. Based on haematoxylin and eosin (HE) staining of tumor tissues, 2 independent experienced pathologists evaluated the number of TB cases. We defined a sample as highly positive if the number of TB cases was more than 6 (Figure 5). A tendency toward a worse status of the patient was accompanied by a high positive rate (Figure 6, p<0.001). Moreover, the IOD of EPDR1 had a positive relationship with TB (Figure 7, p<0.05).




Figure 5 | Hematoxylin-eosin staining(HE x100, x200). (A) A low tumor budding case(Low TB x100) and (B) low tumor budding case (the black square lesion in (A) was set to x200). The black circle indicates a cluster of cancer cells inside the circle where TB was less than five. (C) A high tumor budding case (x100) and (D) a high tumor budding case (the black square lesion in (C) was set to x200). There were 6 or more budding foci, which were isolated single cancer cells (allows) or a cluster composed of fewer than five cancer cells (black circle).






Figure 6 | Kaplan-Meier survival curves of different tumor budding(TB). The number of TB was more than 6, we defined it as a high expression. Red line: tumor budding high; blue line: tumor budding low (p<0.05).






Figure 7 | The relationshp between tumor budding(TB) and IOD of EPDR1(p<0.05). * represent a significance of statistic difference.





Survival statistics

Based on the median IOD of EPDR1 (median IOD of EPDR1 = 34.85), we divided the patients into two groups: high and low EPDR1 expression. Kaplan‒Meier survival curves were generated to determine the relationship between EPDR1 and the survival rate of bladder cancer patients. We found that high expression of EPDR1 indicated a poor outcome (Figure 8, p<0.05). Using a combination of certain clinical and pathological covariates, such as age, sex, pTNM, tumor size, and TB, a Cox regression algorithm was conducted to explore the risk factors and build a predictive model for bladder cancer patients(Riskscore=(0.724)* pT_stage +(4.960) *EPDR1+(4.312)*TB, Figure 9). We found that EPDR1 (p=0.001), TB (p=0.033), and pT (p=0.016) could be crucial factors affecting the prognosis of bladder carcinoma.




Figure 8 | Kaplan-Meier survival curves of different IOD of EPDR1. Based on the median IOD of EPDR1, we divided the patients into two groups as high and low expression of EPDR1. Red line: IOD of EPDR1 low; blue line: IOD of EPDR1 high(p<0.05).






Figure 9 | Cox-regression algorithm analysis of the risk factors in bladder cancer patients.EPDR1(p=0.001), TB(p=0.033), and pT(p=0.016) could be crucial factors(Riskscore=(0.724)* pT_stage +(4.960) *EPDR1+(4.312)*TB). * represent multiplication.






Discussion

Bladder cancer causes approximately 200,000 deaths per year worldwide (12), and it has different disease-specific mortality rates for noninvasive tumors and invasive tumors. The most common and effective treatment for bladder cancer is surgery, but over 50% of muscle-invasive tumors recur within 2 years after cystectomy (13). With higher grades and more invasive BLCA, patients are more likely to experience widespread metastasis and cancer death (14). However, the lack of specific treatments and predictions for most advanced bladder cancers is a challenge for urologists.

In our study, we found that the expression of EPDR1 in tumor tissues was significantly associated with the grade, metastasis, invasion, and survival of bladder cancer. These results were consistent with our previous study (5). EPDR1 was highly expressed in bladder cancer patients with high tumor stages (pT), wider metastases, and positive lymph nodes, all of which indicate a worse prognosis. Similarly, a study by F. Gimeno-Valiente showed that the expression of EPDR1 was upregulated in 101 colorectal cancer (CRC) patients in a prospective cohort, and they found that a high level of EPDR1 expression is associated with T and M parameters in CRC (15). Their research also supported the inclusion of EPDR1 in gene panels that can be used to improve the molecular subtyping of CRC. In several other works in the literature (16–19), the gene expression profile of EPDR1 was also elevated in other cancers, such as hepatocellular carcinoma, pancreatic adenocarcinoma, and stomach adenocarcinoma. Our previous study found that EPDR1 was closely associated with AKT1, PIK3CA, and FGFR3 (5). Previous studies (13, 19) have demonstrated that PTEN/PI3K/AKT/mTOR signalling pathways participate in bladder carcinogenesis. Thus, we speculated that EPDR1 could affect the progression and metastasis of bladder cancer. Ultimately, EPDR1 may be an actionable target in bladder cancer. In this study, we focused on the pathological features of EPDR1 and tumor budding and further investigated the potential clinical prognosis of EPDR1 and the survival of bladder cancer patients. Finally, we attempted to quantify the risk of differential EPDR1 expression and tumor budding with a predictive model for bladder cancer patients.

Considering the lower invasiveness and better prognosis of NMIBC compared with MIBC, tumor budding was infrequently observed in the pathological specimens of NMIBC (20). Therefore, our study explored tumor budding in MIBC. In our study, a high level of positive expression of tumor budding indicated poor survival; thus, we suggest that tumor budding is a parameter for worse overall survival in muscle-invasive bladder cancer (MIBC) when compared with NMIBC. Recently, many studies have also supported the notion that tumor budding is related to bladder cancer outcomes. In a study by Markus Eckstein (20), 92 patients with stage pT1 NMIBC were enrolled, and a higher expression of tumor budding was observed in a more aggressive and invasive stage of pT1 NMIBC with a worse outcome. Nicolas Brieu conducted a study that was comprised of 100 MIBC patients, and their findings showed that tumor budding provided prognostic value for muscle-invasive bladder cancer patients and could even serve a better model than TNM staging (21). Although tumor budding could be a potential important risk factor for bladder cancer, there were certain specifically crucial factors, such as pTMN stages, that predicted the prognosis of bladder cancer patients. A combination of more clinical and pathological covariates could help urologists have a better understanding and comprehensive assessment of the prognosis of bladder cancer patients.

In this study, we found that bladder cancer patients had shorter survival rates, and higher expression of EPDR1 and higher positivity for TB were detected in MIBC tumor tissues when compared with NMIBC. Previous studies (12, 13) had already demonstrated that MIBC were more aggressive than NMIBC, thus MIBC could easily progress to distant metastasis. To a certain extent, our study showed that EPDR1 and TB could represent the invasiveness of the bladder tumor cells. Moreover, we also demonstrated that the expression of EPDR1 had a positive relationship with TB (p<0.005). Combining several factors, we built an ideal prediction model for the prognosis of muscle-invasive bladder cancer patients (Riskscore=(0.724)* pT_stage +(4.960) *EPDR1+(4.312)*TB, Figure 9), and EPDR1 (p=0.001), TB (p=0.033), and pT (p=0.016) could be crucial factors. The results of the analysis even suggested that EPDR1 and TB could be more valuable for the prognosis of muscle-invasive bladder cancer patients than TNM staging.

In conclusion, bladder cancer patients with higher expression levels of EPDR1 had worse survival outcomes. The combination of TB and EPDR1 levels could predict the prognosis for muscle-invasive bladder cancer patients.



Data availability statement

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



Ethics statement

The studies involving human participants were reviewed and approved by affiliated hospital of Zunyi Medical university ethical committee (KLL-2021-300). The patients/participants provided their written informed consent to participate in this study.



Author contributions

Methodology, writing-original draft preparation, YY. Software, HX and HZ. Formal analysis, DY and ZL. Data curation, FZ and HCZ. Writing-review and editing, GL. All authors contributed to the article and approved the submitted version.



Funding

Special fund for Training outstanding Young Scientific and technological Talents of Guizhou Province, Grant Number 2015 (31), Project of Affiliated Hospital of Chengdu University, Grant Number Y202224.



Acknowledgments

Thanks for the project: “Young Crops of Talents” of The Affiliated Hospital of Chengdu University.



Conflict of interest

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



References

1. Lenis, AT, Lec, PM, Chamie, K, and Mshs, M D. Bladder cancer: A review. JAMA (2020) 324(19):1980–91. doi: 10.1001/jama.2020.17598

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

3. Patel, VG, Oh, WK, and Galsky, MD. Treatment of muscle-invasive and advanced bladder cancer in 2020. CA Cancer J Clin (2020) 70(5):404–23. doi: 10.3322/caac.21631

4. Apostolopoulos, J, Sparrow, RL, McLeod, JL, Collier, FM, Darcy, P K, Slater, HR, et al. Identification and characterization of a novel family of mammalian ependymin-related proteins (MERPs) in hematopoietic, nonhematopoietic, and malignant tissues. DNA Cell Biol (2001) 20(10):625–35. doi: 10.1089/104454901753340613

5. Yang, Y, Zhang, H, Liu, Z, Zhao, F, and Liang, G. EPDR1 is related to stages and metastasize in bladder cancer and can be used as a prognostic biomarker. BMC Urol (2021) 21(1):71. doi: 10.1186/s12894-021-00843-2

6. Lugli, A, Zlobec, I, Berger, MD, Kirsch, R, and Nagtegaal, I D. Tumour budding in solid cancers. Nat Rev Clin Oncol (2021) 18(2):101–15. doi: 10.1038/s41571-020-0422-y

7. Hase, K, Shatney, C, Johnson, D, Trollope, M, and Vierra, M. Prognostic value of tumor "budding" in patients with colorectal cancer. Dis Colon Rectum (1993) 36(7):627–35. doi: 10.1007/BF02238588

8. Ueno, H, Ishiguro, M, Nakatani, E, Ishikawa, T, Uetake, H, Matsuda, C, et al. Prospective multicenter study on the prognostic and predictive impact of tumor budding in stage II colon cancer: Results from the SACURA trial. J Clin Oncol (2019) 37(22):1886–94. doi: 10.1200/JCO.18.02059

9. Kemi, N, Eskuri, M, Ikalainen, J, Karttunen, TJ, and Kauppila, J H. Tumor budding and prognosis in gastric adenocarcinoma. Am J Surg Pathol (2019) 43(2):229–34. doi: 10.1097/PAS.0000000000001181

10. Lugli, A, Kirsch, R, Ajioka, Y, Bosman, F, Cathomas, G, Dawson, H, et al. Recommendations for reporting tumor budding in colorectal cancer based on the international tumor budding consensus conference (ITBCC) 2016. Mod Pathol (2017) 30(9):1299–311. doi: 10.1038/modpathol.2017.46

11. Lorenzo, SL, Ordaz, JG, Pontones, MJ, Villarroya, CS, Hernandez, G S, Saez, MI, et al. Tumor budding: Prognostic value in muscle-invasive bladder cancer. Urology (2019) 130:93–8. doi: 10.1016/j.urology.2019.04.006

12. Richters, A, Aben, K, and Kiemeney, L. The global burden of urinary bladder cancer: an update. World J Urol (2020) 38(8):1895–904. doi: 10.1007/s00345-019-02984-4

13. Nadal, R, and Bellmunt, J. Management of metastatic bladder cancer. Cancer Treat Rev (2019) 76:10–21. doi: 10.1016/j.ctrv.2019.04.002

14. Tran, L, Xiao, JF, Agarwal, N, Duex, JE, and Theodorescu, D. Advances in bladder cancer biology and therapy. Nat Rev Cancer (2021) 21(2):104–21. doi: 10.1038/s41568-020-00313-1

15. Gimeno-Valiente, F, Riffo-Campos, AL, Ayala, G, Tarazona, N, Gambardella, V, Rodriguez, FM, et al. EPDR1 up-regulation in human colorectal cancer is related to staging and favours cell proliferation and invasiveness. Sci Rep (2020) 10(1):3723. doi: 10.1038/s41598-020-60476-7

16. Chen, R, and Zhang, Y. EPDR1 correlates with immune cell infiltration in hepatocellular carcinoma and can be used as a prognostic biomarker. J Cell Mol Med (2020) 24(20):12107–18. doi: 10.1111/jcmm.15852

17. Gregorio-King, CC, McLeod, JL, Collier, FM, Collier, GR, Bolton, KA, Van Der Meer, GJ, et al. MERP1: A mammalian ependymin-related protein gene differentially expressed in hematopoietic cells. Gene (2002) 286(2):249–57. doi: 10.1016/S0378-1119(02)00434-1

18. Liang, X, Bai, J, and Chen, B. Overexpression of EPDR1 has an antitumorigenic effect on breast cancer in vitro. Int J Clin Exp Pathol (2020) 13(10):2628–36.

19. Chu, CH, Chang, SC, Wang, HH, Yang, SH, Lai, KC, Lee, TC, et al. Prognostic values of EPDR1 hypermethylation and its inhibitory function on tumor invasion in colorectal cancer. Cancers (Basel) (2018) 10(10). doi: 10.3390/cancers10100393

20. Eckstein, M, Kimmel, C, Bruendl, J, Weber, F, Denzinger, S, Gierth, M, et al. Tumor budding correlates with tumor invasiveness and predicts worse survival in pT1 non-muscle-invasive bladder cancer. Sci Rep (2021) 11(1):17981. doi: 10.1038/s41598-021-97500-3

21. Brieu, N, Gavriel, CG, Nearchou, IP, Harrison, DJ, Schmidt, G, Caie, PD, et al. Automated tumour budding quantification by machine learning augments TNM staging in muscle-invasive bladder cancer prognosis. Sci Rep (2019) 9(1):5174. doi: 10.1038/s41598-019-41595-2



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 Yang, Xu, Zhu, Yuan, Zhang, Liu, Zhao and Liang. 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-12-986006-g006.jpg
[BATAINS JUIID

100

50

== [.OW tumor budding

=& High tuomr budding

10

20

Survival times( Months)

30

40





OEBPS/Images/fonc-12-986006-g001.jpg
A THC x200

pe






OEBPS/Images/fonc-12-986006-g004.jpg
1dddd 30 dOL

Tamhane Multiple Comparisons

pN stage 10D of EPDR1(Mean + SD)
No 33.49+17.75
Ni 60.14+11.72
Nx 71.04+2.98%

Comparison between groups: Comparing with No, “P<0.05,

*p<0.05

p.value
0.014
0.005
0.493

Comparing with Ny,





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        EPDR1 levels and tumor budding predict and affect the prognosis of bladder carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods and materials

        

          		

            Patients

          



          		

            Immunohistochemistry of EPDR1

          



          		

            Tumor budding evaluation

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient clinicopathological data

          



          		

            Expression of EPDR1

          



          		

            Tumor budding

          



          		

            Survival statistics

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-986006-g009.jpg
Riskscore=(1.145)* pT_stage +(3.767) * EPDR1+(2.119) *TB

Variable p
Gender 0. 699
Age 0. 257
Tumor size —0.091
pT_stage 1. 145
EPDRI1 3. 767
TB 2.119
pN stage —0. 700

TB: Tumor budding

Cox-regression Algorithm

SE

0.702

0. 548

0. 638

0.475

1. 142

0.992

0. 785

Wald 32

0.993

0. 220
0. 020
0.801
10. 885
4.564

0. 797

P

0.319

0.639

0. 887

0.016

0. 001

0.033

0.372

HR(95%CI)

2.012

1. 293

0.913

3.142

43. 243

8. 322

0. 496

(0. 509-7. 962)

(0. 442-3.781)
(0. 261-3.193)
(1.238-7.978)
(4. 614-405. 291)
(1. 191-58. 136)

(0. 107-2. 311)





OEBPS/Images/fonc-12-986006-g002.jpg
1dddd 39 dO1L

60

40

20

T4

Tamhane Multiple Comparisons (Within Groups)

Distant metastasis 10D of EPDR1(Mean + SD)
Tl 15.52+3.28

T2 34.39+3.89"

T3 52.13+11.52%

T4 70.91+9.24™#4

Comparison between groups: Comparing with T, *P<0.05, Comparing with T, fp<

0.05, Comparing with T3, 4P<<0.05

p-value
0.001
0.001
0.004
0.005





OEBPS/Images/fonc-12-986006-g007.jpg
LdddH 3O dOIL

60

Low

p <0.05

Tumor budding

High






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





OEBPS/Images/fonc.2022.986006_cover.jpg
, frontiers ‘ Frontiers in Oncology

EPDR1 levels and tumor
budding predict and affect the
prognosis of bladder carcinoma





OEBPS/Images/fonc-12-986006-g005.jpg
L L MY ( .

SN I PE AN Lh-NR Wbl .".." ';_;!
xylin-eosin staining (HE x100) He
Vo 4 \J s ) B At ‘{;"- y .',{ {‘r B ¢

0, 3 €8,

taining (HE x

27

N
¥4
Ay

) X ¢ e ZAMROY X3 LAF'R«:‘ ﬁ"f',‘:‘i". - e ol l,’h "i"g 4
Hematoxylin-eosin staining (HE x100) Hematoxylin-eosin staining (HE x2






OEBPS/Images/fonc-12-986006-g003.jpg
Ldddd 3° dOl

Tamhane Multiple Comparisons (Within Groups)

pM stage IOD of EPDR1(Mean + SD) p-value
Mo 30.19+15.53 0.001
M 50.02+6.81" 0.001
Mx 71.74+2.44'* 0.033

Comparison between groups: Comparing with Mo, "P<0.05, Comparing with My,

#p<0.05





OEBPS/Images/fonc-12-986006-g008.jpg
[BAIAINS JUDIRJ

100

50

—— IOD of EPDR1 (Low)
—— 10D of EPDR1 (High)

10 20 30
Survival times (Months)

40





OEBPS/Images/table1.jpg
Chararters Number

Patients 80
Age (year) Mean (SD) 66.3 (11.6)

Median [Min, max] 66 [42,88]
Gender Female 42

Male 38
pT_stage Tl 26

T2 10

T3 28

T4 16
pN_stage No 70

N1 6

Nx 4
pM_stage Mo 64

M1 10

Mx 6
Grade Low 32

High 48
Invasiveness Yes 32

Not 48
Tumor size(cm) Mean (SD) 2.65(1.98)
Survival statistics Disease-free survival (DFS) 37.50%
(3 years) Overall survival 76.25%

(08)





