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We constructed a prognostic risk model for colon adenocarcinoma (COAD) using microRNAs (miRNAs) as biomarkers. Clinical data of patients with COADs and miRNA-seq data were from TCGA, and the differential expression of miRNAs (carcinoma vs. para-carcinoma tissues) was assessed using R software. COAD data were randomly divided into Training and Testing Sets. A linear prognostic risk model was constructed using Cox regression analysis based on the Training Set. Patients were classified as high-risk or low-risk according to the score of the prognostic model. Survival analysis and receiver operating characteristic (ROC) curves were used to evaluate model performance. The gene targets in the prognostic model were identified and their biological functions were analyzed. Analysis of COAD and normal cell lines using qPCR was used to verify the model. There were 134 up-regulated and 140 down-regulated miRNAs. We used the Training Set to develop a prognostic model based on the expression of seven miRNAs. ROC analysis indicated this model had acceptable prediction accuracy (area under the curve=0.784). Kaplan-Meier survival analysis showed that overall survival was worse in the high-risk group. Cox regression analysis showed that the 7-miRNA Risk Score was an independent prognostic factor. The 2,863 predicted target genes were mainly enriched in the MAPK, PI3K-AKT, proteoglycans in cancer, and mTOR signaling pathways. For unknown reasons, expression of these miRNAs in cancerous and normal cells differed somewhat from model predictions. Regardless, the 7-miRNA Risk Score can be used to predict COAD prognosis and may help to guide clinical treatment.




Keywords: colon adenocarcinoma, The Cancer Genome Atlas (TCGA) database, miRNA, prognosis, target genes



Introduction

Colon cancer is among the most common malignancies worldwide and is associated with high morbidity and mortality (1). Colon adenocarcinoma (COAD) is the most common type of colon cancer. The potential clinical strategies for treatment of COAD include surgery, chemotherapy, radiotherapy, and targeted therapies. However, because of the incomplete understanding of the pathogenesis of COAD, there are no targeted treatments currently used in clinical practice. Chemotherapy regimens are generally is limited by poor drug bioavailability, multidrug resistance, and high toxicity, and these can lead to significant adverse effects and reduce treatment efficacy (2). Further studies of the pathogenesis and progression of COAD are thus needed so that new treatments can be developed.

High-throughput sequencing and related developments have led researchers to examine the roles of different microRNAs (miRNAs) in different diseases. Initial research on miRNAs reported that they did not encode proteins and suggested that they had no biological function. More recent research showed relationships of the expression of multiple miRNAs with tumor pathogenesis and progression, and with patient prognosis (3–6). The systematic study of specific miRNAs may provide a general understanding of tumorigenesis, help to elucidate the pathogenesis of different human malignancies, and lead to the development of novel tools that can be used for treatment and prediction of prognosis.

In the present study, we developed and validated a prognostic risk model using miRNA-seq data of COAD from The Cancer Genome Atlas (TCGA) database. We then analyzed the functions of genes that were the predicted targets of the miRNAs in the model. Finally, we verified the reliability and effectiveness of the differential expression of miRNAs in the model using qPCR experiments in normal and cancerous cells. The general goals of this study were to determine the relationships of different miRNAs with COAD, and to identify specific miRNAs that may be used as biomarkers to supplement the traditional histopathological prognostic factors and improve the individualized treatment of COAD patients.



Methods


miRNA and Clinicopathological Data

COAD transcriptome expression data and clinical data were downloaded from TCGA (https://cancergenome.nih.gov/) and subjected to filtering as follows: i) Primary Site: Colon; ii) Project: TCGA-COAD; iii) Disease Type: adenomas and adenocarcinomas; iv) Data Category: transcriptome profiling; and v) Data Type: Isoform Expression Quantification. The miRNA data [Release version 16.0 (March 22, 2019)] included 39 paracancer tissues and 398 colon cancer tissues. Clinicopathological data of 385 cases were also downloaded. ActivePerl (version 5.26, 64-bit) scripting language was used for integration and extraction of miRNA expression data and clinical data. R software (version 3.6.1) and specific R packages (described below) were used for data processing and analysis. All data were from TCGA, and no further ethical approval was required. All relevant regulations regarding TCGA data access and patient privacy protection were followed.



Screening for Differentially Expressed miRNAs

The miRNAs differentially expressed in COAD were screened using the edgeR package in R software. The screening criterion was log2(fold change) greater than 1.5 and the cutoff for the false discovery rate (FDR) was 0.05. A volcano map of differentially expressed miRNAs was drawn using the ggplot2 package in R software.



Establishment and Evaluation of a Prognostic Risk Model

COAD patients in this study were randomly assigned to a Training Set or a Testing Set (1:1 ratio). In the Training Set, hazard ratios (HRs) from univariate Cox regression analysis were used to identify miRNAs significantly associated with overall survival (OS), and all significant miRNAs (P < 0.05) were selected as candidate miRNA biomarkers. The candidate miRNAs were then incorporated into a multivariate Cox regression analysis. The importance score of each miRNAs was calculated by supervised principal component analysis, and important miRNAs were selected using 10-fold cross-validation to construct a prognostic risk model based on miRNA expression as follows:

	

The miRNA prognostic model from the Training Set was used to calculate prognostic scores of the Testing Set and of all patients with COAD. The Training Set, Testing Set, and all patients with COAD were classified as having high-risk or low-risk, based on the median prognostic score in the Training Set. Kaplan-Meier survival curves were used to verify survival differences between the high-risk and low-risk groups. Time-dependent receiver operating characteristic (ROC) analysis was used to assess the predictive power of the prognostic rm2isk model. Then, the prognostic risk model and clinical parameters were analyzed using univariate and multivariate Cox survival analysis to identify the prognostic value of the independent prognostic model, with the results presented as forest plots. These analyses were performed using the survminer, caret, glmnet, survival, and survival ROC packages in R software.



Predicting Target Genes in the Prognostic Risk Model and Establishing the miRNA-mRNA Co-Expression Network

Three databases (miRDB, miRTarBase, and TargetScan) were used to predict the target genes. To improve prediction accuracy, each gene classified as a target was listed in at least 2 databases. Venn diagrams were drawn using the VennDiagram package in R software.



Biological Function Analysis of Target Genes

Gene ontology analysis (GO) was used for annotating genes and gene products. This analysis contains terms in three categories: cellular component, molecular function, and biological process. The results of GO analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis were drawn using the BiocManager, clusterProfiler, enrichplot, ggplot2, colorspace, and stringi packages in R software. A P-value below 0.05 was considered significant.



Cell Culture

Human normal colonic epithelial cells (HCoEpiC) and human colorectal adenocarcinoma cells (HT29, SW480) were routinely cultured in a 5% CO2 cell incubator with high glucose DMEM containing 10% fetal bovine serum, penicillin (100 U/ml), and streptomycin (100 μg/ml). The medium was changed every 2 or 3 days. When the cell confluence reached about 90%, passaging was conducted (1:2 ratio). After all cells were in the logarithmic growth stage, they were washed with a PBS buffer solution and collected for subsequent experiments.



Real-Time Polymerase Chain Reaction and Statistical Analysis

Total cellular RNA was extracted using the Trizol reagent (Invitrogen, USA) and RNAs were reverse-transcribed into cDNAs using the miRNA First Strand cDNA Synthesis Kit (Sangon Biotech, China). All miRNA levels were assessed using the miRNAs qPCR Kit (Sangon Biotech, China) and the ABI7500 system (Applied Biosystems, USA). Small nuclear RNA U6 was used as an internal reference. There were three replicates for each sample, and the cycle threshold (Ct) values were averaged. The relative expression of each miRNA was calculated using the 2−△△Ct method. Supplementary Table 1 lists the primer sequences. Data were proceeded by SPSS 20.0 software. All continuous values are presented as mean ± standard deviation. The P value was considered to be statistically significant at the 5% level and P value < 0.05 was considered statistically significant.




Results


Work Flow

We examined miRNA data from 380 COAD tissues and eight adjacent normal tissues and clinical data from 385 patients with COADs to develop a prognostic risk model (Figure 1). All data were from TCGA.




Figure 1 | Identification of miRNAs and clinical data from TCGA, development of a predictive model, and predicting the targets of the seven miRNAs in the model.





miRNA and Clinicopathological Data

We excluded 39 patients whose total survival time was less than 1 month, and enrolled 346 patients with COADs (Table 1). There were 189 males and 157 females and the age range was 30–85 years (median: 68 years; mean: 66.35 years). We then randomized these patients into a Training Set (n = 173) and Testing Set (n = 173). These two groups had no significant differences in clinical characteristics (all P > 0.05).


Table 1 | Demographic and clinical characteristics of COAD patients from TCGA.





Screening for Differentially Expressed miRNAs

Analysis of the miRNA data from COAD tissues (n = 380) and paracancer tissues (n = 8) indicated there were 274 differentially expressed miRNAs (Figure 2A). There were 134 miRNAs (48.9%) with significant up-regulation and 140 miRNAs (51.1%) with significant down-regulation.




Figure 2 | Differential expression of miRNAs in patients with COADs (volcano plot) (A) and Using of the 7-miRNA Risk Score to predict survival status and survival time in the Training Set (B), Testing Set (C), and all patients (D). A Red: up-regulated miRNAs [log2(FC) > 1.5, P < 0.05]; Green: down-regulated miRNAs [log2(FC) < 1.5, P < 0.05]. B–D Green: alive; red: dead; dotted vertical line: risk score curve separating the low-risk and high-risk groups. FC, fold-change.





Establishment and Evaluation of Prognostic Risk Models

Multivariate Cox regression analysis of the Training Set led to the following prognostic risk model based on the expression of seven miRNAs (Table 2):

	


Table 2 | Parameters in the prognostic risk score* for COAD based on the expression of seven miRNAs.



Thus, three miRNAs (miR-193b-5p, miR-193a-5p, miR-3648) were associated with increased risk of death, and four miRNAs (miR-194-3p, miR-21-3p, miR-3677-3p, miR-125b-5p) were associated with reduced risk of death. Analyses of the Training Set, Testing Set, and all patients indicated that each high-risk group had a greater mortality rate than each low-risk group (Figures 2B–D).

Kaplan-Meier analysis of the Training Set showed that the 3-year survival rate of the high-risk group was significantly lower than that of the low-risk group (P = 7.508×10−5). Analysis of the Test Set and of all patients led to similar results. These results thus suggest that the 7-miRNA Risk Score can be used to predict 3-year survival in patients with COADs. Moreover, the ROC curves of the Training Set, Test Set, and all COAD patients were relatively smooth, and the area under the curve (AUC) for each dataset was greater than 0.7, indicating the model had an acceptable prognostic performance (Figures 3A–F).




Figure 3 | Use of the 7-miRNA Risk Score for analysis of survival times (left) and receiver operating characteristic analysis (right) of the Training Set (A, B), Testing Set (C, D), and all patients (E, F). “+” represents censored data in (A, C, E).



Univariate Cox regression analysis (Figure 4A) showed that TNM stage, T stage, N stage, metastasis, and 7-miRNA Risk Score were significantly correlated with prognosis (P < 0.05), but age and gender had no effect. Multivariate Cox regression analysis indicated that the 7-miRNA Risk Score was an independent prognostic factor (HR = 2.874, P < 0.001), but none of the other examined variables had significant effects (Figure 4B).




Figure 4 | Cox regression analysis of 7-miRNA Risk Score for overall survival in COAD. (A) Univariate analysis. (B) Multivariate analysis.





Identification of miRNA–mRNA Regulatory Network

We used three different databases (miRDB, miRTarBase, and TargetScan) to predict the genes targeted by each of the seven miRNAs in our model (Figures 5A–G). The Venn diagram for each miRNA shows the number of target genes from each database and number target genes that any two or three databases had in common. These results led to the identification of a miRNA-mRNAs regulatory network that shows the relationships of these seven miRNAs and their target genes (Figure 5H).




Figure 5 | Prediction of genes targeted by each of the miRNAs based on the miRDB (red), miRTarBase (green), and TargetScan (blue) databases (A–G, Venn diagrams) and the resulting miRNA-mRNA regulatory network (H).





Gene Ontology Analysis and Kyoto Encyclopedia of Genes and Genomes Enrichment Analysis

GO and KEGG enrichment analysis showed that the target genes were mainly enriched in the MAPK signaling pathway, PI3K-AKT signaling pathway, proteoglycans in cancer signaling pathway, and the mTOR signaling pathway (Figures 6A–D).




Figure 6 | GO enrichment analysis of target genes that function in biological processes (A), cell composition (B), molecular function (C), and KEGG pathway enrichment analysis (D). The size of each circle correlates with the number of genes in the pathway, and color depth represents the −log10(FDR) value. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.





qPCR Verification of Results

We verified the results of our model by performing qPCR analysis in HCoEpiC cells, HT29, and SW480 cells (Table 3 and Figure 7). These results showed that five of the seven miRNAs—miR-193a-5p, miR-193b-5p, miR-3648, miR-194-3p, and miR-125b-5p—were significantly down-regulated in COAD cells and that two of the miRNAs—miR-21-3p and miR3677-3p—had no significant difference in expression between the two cell lines.


Table 3 | Relative expression of seven miRNAs from the prognostic model in normal colon cells (HCoEpiC), colon cancer cells (HT29, SW-480).






Figure 7 | Expression of seven miRNAs from the prognostic model in human normal colonic epithelial cells (HCoEpiC) and human colorectal adenocarcinoma cells (HT29, SW-480). *p < 0.05; **p < 0.01.






Discussion

In this study, we identified differentially expressed miRNAs in COAD by screening TCGA using bioinformatics technology, and we then integrated the expression data with clinical parameters of patients to establish a prognostic risk model, the 7-miRNA Risk Score. The model showed good prognostic performance in the Training Set, Testing set, and in both sets together, and ROC analysis of 3-year overall survival indicated that each dataset had AUC values greater than 0.7. Importantly, our multivariate Cox regression analysis demonstrated that the 7-miRNA Risk Score was significantly and independently associated with prognosis. Our analysis predicted that the target genes and their pathways were mostly related to cancer: MAPK signaling (7), PI3K-AKT signaling (8), and mTOR signaling (9). All of these pathways have well-established roles in the development and progression of gastric cancers. Our results thus indicated that the 7-miRNA Risk Score has potential use for prediction of molecular pathogenesis, clinical progression, and prognosis in patients with COADs. Clinical studies are needed to establish whether the 7-miRNA Risk Score can help in the early diagnosis and individualization of treatments in patients with COADs.

Three of the seven miRNAs in our prognostic model—miR-193a-5p, miR-193b-5p, and miR-3648—were associated with high risk, in that high expression correlated with poor with OS. In agreement with TCGA data, miR-193a-5p, miR-193b-5p, and miR-3648 expression were greater in normal cells than COAD cancerous cells. Interestingly, there have been inconsistent results regarding the effects of mir-193a-5p in different cancers. In particular, Zhang et al. (10) reported that downregulation of mir-193a-5p was associated with lymph node metastasis and poor prognosis in colorectal cancer. However, in vitro and in vivo studies of pancreatic cancer reported that overexpression of miR-193a-5p contributed to metastasis (11). Only one study provided an extensive examination of mir-193b-5p, and the results suggested that this miRNA may function as a tumor-suppressor by targeting CD44v6 in breast cancer (12). A previous study of miRNA-3648 reported that upregulation of this miRNA led to inhibition of TCF21, and thereby promoted the invasion and metastasis of bladder cancer (13). However, there are no previous reports of the roles of miR-193b-5p and miR-3648 in COAD.

Our TCGA analysis indicated that four of the seven miRNAs were associated with reduced risk: miR-194-3p, miR-21-3p, miR-36 77-3p, miR-125b-5p. Previous studies found that miR-194 functioned as a tumor suppressor. For example, Xia et al. (14) reported that miR-194-3p reversed the effect of SLC12A5 and ZFHX4 in promoting the proliferation, invasion, and metastasis of lung adenocarcinoma in vitro and in vivo based on their analysis of twist1-centric ceRNA networks. Abuduaini et al. (15) found that miR-194-3p inhibited the metastatic biological behaviors of spinal osteosarcoma cells by repression of MMP-9. There are different reports on the effects of miR-21-3p and mir-125b-5p in cancer. Some research (16) suggested that miR-21-3p suppressed growth and induced apoptosis in HepG2 cells by targeting MAT2A and MAT2B, but other research (17) found that suppression of miR-21-3p enhanced TRAIL-mediated apoptosis in liver cancer stem cells by suppressing the PI3K/Akt/Bad cascade via regulation of PTEN. Another study found that inhibition of miR-21-3p led to significantly decreased proliferation and invasion of ovarian and prostate cancer cells (18). There is evidence that miR-3677 is negatively associated with OS (19), but the specific mechanism remains unknown. Currently, there is very little known about the specific function and mechanism of these four miRNAs. Further studies of their relationships with COAD are necessary, as are in-depth studies of their biological functions and potential mechanisms.

Our ROC analysis indicated the AUC value of our model was between 0.7 and 0.8 in the Training Set, Testing Set, and in both datasets together. Notably, the results of our univariate and multivariate Cox regression analysis showed that the 7-miRNA Risk Score was significantly and independently associated with OS (HR = 2.874, P < 0.001).

Yin et al. (20) identified eight key miRNAs closely related to colorectal tumorigenesis by examination of eight NATs, seven colorectal adenomas, and 15 colorectal cancer tissues. However, they did not demonstrate the prognostic potential of these miRNAs as biomarkers for colorectal cancer. Moreover, their sample size was small, so the results may be biased. In contrast, we used 346 COAD samples from TCGA to develop a prognostic model that had satisfactory accuracy for predicting the prognosis of COAD patients.

However, there are some shortcomings in this study. First, the data that were randomly assigned to the Training Set and Testing Set were from a single database. Ideally, a separate set of data should be used as an external Testing Set. Second, the follow-up time of COAD patients was relatively short (average: 30.4 months) and the rate of loss to follow-up was relatively high, and this may affect the reliability of the survival analyses. Thus, it is necessary to recruit more COAD patients and conduct long-term follow-up studies to verify the results presented here. In addition, the complex effects and specific mechanisms of the seven miRNAs identified here need further study. Data from other cohort studies may be useful in validating our conclusions. We are currently collecting clinical specimens and additional data to further evaluate the predictive efficiency of the 7-mRNA Risk Score and its potential clinical utilization.



Conclusion

We used TCGA to develop a prognostic model for COAD based on the expression of seven miRNAs. ROC analysis indicated this model provided satisfactory performance for the Training Set, Testing Set, and both sets together. The results of our qPCR experiments, which compared the expression of these seven miRNAs in normal and cancerous cell lines, were somewhat contrary to model predictions for reasons yet to be determined. Regardless, our 7-miRNA Risk Score has the potential to predict prognosis in patients with COADs. This model identified a relationship between the expression of seven different miRNAs with COAD, and the results suggest that specific miRNAs may be used as biomarkers to supplement the traditional histopathological prognostic factors. More generally, our results suggest the 7-miRNA Risk Score may be used to predict treatment response, potentially enabling more precise and personalized treatments for COAD patients in the future.



Data Availability Statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Author Contributions

GZ made substantial contributions to the conception and design of the study. GJZ contributed to the data acquisition, and data analysis, and interpretation. YZ and ZZ contributed to the drafting of the article or critically revising it for important intellectual content. All authors agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of the work are appropriately investigated and resolved. All authors contributed to the article and approved the submitted version.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.560136/full#supplementary-material



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Kotelevets, L, Chastre, E, Desmaële, D, and Couvreur, P. Nanotechnologies for the treatment of colon cancer: From old drugs to new hope. Int J Pharmaceutics (2016) 514(1):24–40. doi: 10.1016/j.ijpharm.2016.06.005

3. Kong, W, He, L, Richards, EJ, Challa, S, Xu, CX, Permuth-Wey, J, et al. Upregulation of miRNA-155 promotes tumour angiogenesis by targeting VHL and is associated with poor prognosis and triple-negative breast cancer. Oncogene (2014) 33(6):679–89. doi: 10.1038/onc.2012.636

4. Li, BS, Zuo, QF, Zhao, YL, Xiao, B, Zhuang, Y, Mao, XH, et al. MicroRNA-25 promotes gastric cancer migration, invasion and proliferation by directly targeting transducer of ERBB2, 1 and correlates with poor survival. Oncogene (2015) 34(20):2556–65. doi: 10.1038/onc.2014.214

5. Mokutani, Y, Uemura, M, Munakata, K, Okuzaki, D, Haraguchi, N, Takahashi, H, et al. Down-Regulation of microRNA-132 is Associated with Poor Prognosis of Colorectal Cancer. Ann Surg Oncol (2016) 23(Suppl 5):599–608. doi: 10.1245/s10434-016-5133-3

6. Wang, K, Liang, Q, Wei, L, Zhang, W, and Zhu, P. MicroRNA-608 acts as a prognostic marker and inhibits the cell proliferation in hepatocellular carcinoma by macrophage migration inhibitory factor. Tumour Biol (2016) 37(3):3823–30. doi: 10.1007/s13277-015-4213-5

7. Zhou, G, Yang, J, and Song, P. Correlation of ERK/MAPK signaling pathway with proliferation and apoptosis of colon cancer cells. Oncol Lett (2019) 17(2):2266–70. doi: 10.3892/ol.2018.9857

8. Leystra, AA, Deming, DA, Zahm, CD, Farhoud, M, Olson, TJ, Hadac, JN, et al. Mice expressing activated PI3K rapidly develop advanced colon cancer. Cancer Res (2012) 72(12):2931–6. doi: 10.1158/0008-5472.CAN-11-4097

9. Chen, Y, Lee, CH, Tseng, BY, Tsai, YH, Tsai, HW, Yao, CL, et al. AZD8055 Exerts Antitumor Effects on Colon Cancer Cells by Inhibiting mTOR and Cell-cycle Progression. Anticancer Res (2018) 38(3):1445–54. doi: 10.21873/anticanres.12369

10. Zhang, P, Ji, DB, Han, HB, Shi, YF, Du, CZ, and Gu, J. Downregulation of miR-193a-5p correlates with lymph node metastasis and poor prognosis in colorectal cancer. World J Gastroenterol (2014) 20:12241–8. doi: 10.3748/wjg.v20.i34.12241

11. Li, M, Wu, P, Yang, Z, Deng, S, Ni, L, Zhang, Y, et al. miR-193a-5p promotes pancreatic cancer cell metastasis through SRSF6-mediated alternative splicing of OGDHL and ECM1. Am J Cancer Res (2020) 10:38–59. doi: 10.2139/ssrn.3457400

12. Hu, S, Cao, M, He, Y, Zhang, G, Liu, Y, Du, Y, et al. CD44v6 Targeted by miR-193b-5p in the Coding Region Modulates the Migration and Invasion of Breast Cancer Cells. J Cancer (2020) 11:260–71. doi: 10.7150/jca.35067

13. Sun, W, Li, S, Yu, Y, Jin, H, Xie, Q, Hua, X, et al. MicroRNA-3648 Is Upregulated to Suppress TCF21, Resulting in Promotion of Invasion and Metastasis of Human Bladder Cancer. Mol Ther Nucleic Acids (2019) 16:519–30. doi: 10.1016/j.omtn.2019.04.006

14. Xia, W, Mao, Q, Chen, B, Wang, L, Ma, W, Liang, Y, et al. The TWIST1-centered competing endogenous RNA network promotes proliferation, invasion, and migration of lung adenocarcinoma. Oncogenesis (2019) 8:62. doi: 10.1038/s41389-019-0167-6

15. Abuduaini, R, Miao, X, Xu, J, Che, L, Zhou, W, Guo, Z, et al. MicroRNA-194-3p inhibits the metastatic biological behaviors of spinal osteosarcoma cells by the repression of matrix metallopeptidase 9. Int J Clin Exp Pathol (2018) 11:5257–64. 

16. Lo, TF, Tsai, WC, and Chen, ST. MicroRNA-21-3p, a berberine-induced miRNA, directly down-regulates human methionine adenosyltransferases 2A and 2B and inhibits hepatoma cell growth. PLoS One (2013) 8:e75628. doi: 10.1371/journal.pone.0075628

17. Zhu, Y, Tang, H, Zhang, L, Gong, L, Wu, G, Ni, J, et al. Suppression of miR-21-3p enhances TRAIL-mediated apoptosis in liver cancer stem cells by suppressing the PI3K/Akt/Bad cascade via regulating PTEN. Cancer Manag Res (2019) 11:955–68. doi: 10.2147/CMAR.S183328

18. Báez-Vega, PM, Echevarría, VIM, Valiyeva, F, Encarnación-Rosado, J, Roman, A, Flores, J, et al. Targeting miR-21-3p inhibits proliferation and invasion of ovarian cancer cells. Oncotarget (2016) 7:36321–37. doi: 10.18632/oncotarget.9216

19. Qin, L, Huang, J, Wang, G, Huang, J, Wu, X, Li, J, et al. Integrated analysis of clinical significance and functional involvement of microRNAs in hepatocellular carcinoma. J Cell Physiol (2019) 234:23581–95. doi: 10.1002/jcp.28927

20. Yin, Y, Song, M, Gu, B, Qi, X, Hu, Y, Feng, Y, et al. Systematic analysis of key miRNAs and related signaling pathways in colorectal tumorigenesis. Gene (2016) 578:177–84. doi: 10.1016/j.gene.2015.12.015



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.

Copyright © 2021 Zheng, Zhang, Zhao and Zheng. 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-11-560136-g001.jpg
MiRNA data from TCGA

(380 COAD tissucs and 8 Chitiical data RORLYOGA
s iy (385COAD cases)
l l
274 differential expressed ]
Quality control and
genes (134 up-regulated and ity co
140 down-regul ) normalization: 346 cases

v

I

Randomly divided into
training st (173 cases) and
testing set (173 cases) by 1:1

L

A prognosticrisk model (7-miRNA) based on the training sct was
established and validated by qPCR

Model predictive ability was evaluated in training set, testing set and
all patients, respectively

Prodicting 7-miRNA target genes of model and their functions






OEBPS/Images/fonc-11-560136-g006.jpg
‘GeneRatio

P —

[

[E——

TOR e sty

.
v i
GeneRatio
o
.






OEBPS/Images/fonc.2021.560136_cover.jpg
’ frontiers
in Oncology

Screening of mMiRNAs as Prognostic
Biomarkers for Colon Adenocarcinoma
and Biological Function Analysis of
Their Target Genes





OEBPS/Images/M2.jpg
ETOgMGStic Tiek soor

=0.053 3 oI~ 14~ 3p)
+(~0.798 x mik ~21 - 3p)
+(~0.429 x mik — 3677 ~ 3p)
+(=0.381 x mik - 125b — 5p)
+(0.441 x mik — 193b — 5p)
+(0.431 x mik — 193 5p)
+(0.858 X miR — 3648)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Screening of miRNAs as Prognostic Biomarkers for Colon Adenocarcinoma and Biological Function Analysis of Their Target Genes

      

        		

          Introduction

        



        		

          Methods

        

          		

            miRNA and Clinicopathological Data

          



          		

            Screening for Differentially Expressed miRNAs

          



          		

            Establishment and Evaluation of a Prognostic Risk Model

          



          		

            Predicting Target Genes in the Prognostic Risk Model and Establishing the miRNA-mRNA Co-Expression Network

          



          		

            Biological Function Analysis of Target Genes

          



          		

            Cell Culture

          



          		

            Real-Time Polymerase Chain Reaction and Statistical Analysis

          



        



        



        		

          Results

        

          		

            Work Flow

          



          		

            miRNA and Clinicopathological Data

          



          		

            Screening for Differentially Expressed miRNAs

          



          		

            Establishment and Evaluation of Prognostic Risk Models

          



          		

            Identification of miRNA–mRNA Regulatory Network

          



          		

            Gene Ontology Analysis and Kyoto Encyclopedia of Genes and Genomes Enrichment Analysis

          



          		

            qPCR Verification of Results

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-11-560136-g003.jpg
Survival rate
02 04 05 08 10

00

Survival rate
02 04 08 08 10

00

08 10

s

Survival rate

00

Y
= :
En
- g2
g3
L =
— Sl st sy
Time (year) False positive rate
N
=] s
=k,
Ea
23
23
2:
—— | ———
Time (year) False positive rate
==
42
I N
—— Y | .

o 2 4 68 8 B 1w
Time (year)

00 02 04 0s 08 10
False positive fate





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
niR-194-3p
niR-21:8p

miR-3677-3p.
MiR-1250-5p
niR-1930-5p
niR-193a-5p.
"iR-3648

Coet

0855
-0798
0429
0381
0.441
0431
0858

HR

0519
0451
0651
05683
1554
1508
2359

5% CI

038390795
0242-0837
0462-0918
0451-1.034
097-2478
1008-2346
1441-3862

C1, conficance inteval; oo, regression coeficien; HR, hazard ato.

P value

0.008
0012
0014
0071
0084
0.046
0.001

‘Prognostciskscore = (-0.655 xmR-194-3p) + (-0.798 x miR 21-3p) +(-0.429 x mA-

5677-30) + (-0.881 xmiA-1250-50) + 0441 x MA-198b-5p) + 0,431 MiR-193-5p) +

0858 x mR3638)

PSR





OEBPS/Images/table3.jpg
Name HCOEPIC cell

R 19305
mR-19%-6p

R 9648

mR-194.3p 2

nR21-3p 292120106

R 3677-3p 289220114

R 1250-5p 815320381

1 = FHOOEID va. FT20 oot P& = HOGIC va. EV-400 coll

HT29 coll

115820126
1701 2 0.122
12532009
215120101
3011 20114
26580109
1966 £ 0090

SW - 480 cell

200620119
18132 0.120
1549 2 0098
236920114
322820129
296320118
249520108

P2 value

<005
<005

<005
0289
o5
<005





OEBPS/Images/fonc-11-560136-g007.jpg
‘Relative Quantity

= HCOEpIC cell
— 729 coll
10 — W40 cell

& &P
'\Ji‘*f# «*‘R«*«\&?





OEBPS/Images/fonc-11-560136-g005.jpg
miR-194-3p miR-21-3p miR-3677-3p

i Il i

Targetsean TargetSean

miR-125b-5p € miR-193b-5p r miR-193a-5p

ST it

TargtSean

miR-3648

" IR ikurbue

TargerSean





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/M1.jpg
Prognostic score = (p1 x expression of gene - 1)
+ (B2 x expression of gene2)
(i ¢ expieadon of tas )






OEBPS/Images/fonc-11-560136-g004.jpg
pralue
e oo
oender o720
sage  <omr
T om
N
T
ikSeore ot

Hazard ratio
10221 000-1045)
10am0656-1816)
2rsez0s2-a701)

ssssazor-617s) |

235507443 100)
sss0ass-015)

'
.

o

e

200020030929, 1

PYRIOE e

pualue
a0 oo
gender 0875
sage o057
T oom
N oms

M ose
riskScore <0001

Hazard atio
1o711004-1080)
1008171768
2em0emz-6 150)
18430995-3414)
10208021735

.
e
——

T+
08580280-3271) 14—

T T

Elatat o





OEBPS/Images/fonc-11-560136-g002.jpg
ST v o
g I z
28 I i
g g
g3 ' 2°
S I .
88 ‘ 5
TR ' b
g I 3o

-

°
xo =8
g° g°
8 3o
so 2o
== -
g
N o
3o 3o

5 % w0 % %0 700 750 200 250 300 350

Patients (increasing risk socre) Pationts (inoreasing sivk soore)





OEBPS/Images/table1.jpg
Variable Toal  TrinngSet TestngSet * P

0=346)  (n=173) (0=173) value
Age at diagnosis 6535+ 66.34+12.16 6635+1298 1091 0569
ears) 1256
Gender 0.145 0746
Male 189 % @
Female 157 i &
Stage 5991 04112
' 62 % 28
I 13 54 ”
" % 51 a7
v 50 29 21
T Stage 1293 0.731
T 8 4 4
2] 62 35 2
240 " 123
' 17 19
0969 0325
205 % 107
141 75 L3
1496 0222

206 144 152
50





