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Background: Breast cancer (BC) is the prevailing malignant tumor, with its prevalence and death rate steadily rising over time. BC often does not show obvious symptoms in its early stages and is difficult to distinguish from benign breast disease. We aimed to find a distinct group of miRNAs utilizing serum as a non-invasive biomarker for early BC diagnosis.Methods: Herein, we mainly include the screening stage, testing stage, and verification stage. In the screening stage, 8 miRNAs associated with BC were selected and analyzed via literature reading, and the expression of the above miRNAs in BC was further verified by bioinformatics and included in the research analysis. In the testing phase, quantitative reverse transcription polymerase chain reaction (qRT-PCR) was deployed to select the five miRNAs with the most significant expression differences in 15 BC patients and 15 benign breast controls to proceed to the next stage. In a subsequent validation phase, the five miRNAs obtained from serum samples from an additional 75 BC patients and 50 benign control patients were evaluated using RT-qPCR. The diagnostic capacity, specificity, and sensitivity of candidate miRNAs were estimated with the receiver operating characteristic (ROC) curve and area under the curve (AUC). Finally, the optimal diagnostic combination model with high sensitivity and strong specificity was constructed by using the above 5 miRNAs.Results: The BC patients reported a significant decline in mir-10b-5p, mir-133a-3p, mir-195-5p, and mir-155-3p levels in serum levels contrasted with those in benign controls. Additionally, BC patients experienced elevated mir-195-3p levels than in benign controls. We implemented ROC analysis to evaluate its diagnostic capacity for BC. We demonstrated that all five miRNAs had robust diagnostic capability, with an AUC above 0.8. We developed a conclusive diagnostic combination model consisting of these 5 miRNAs in order to enhance the diagnosis accuracy. This model demonstrated a high diagnostic value, as shown by an AUC of 0.948.Conclusion: The serum biomarker panels composed of five miRNAs identified in this study (mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p) provide hope for early, non-invasive, and accurate diagnosis of BC.Keywords: breast cancer, microRNA, diagnosis, biomarker, bioinformatics
1 INTRODUCTION
Breast Cancer (BC), a very prevalent and aggressive malignancy, seriously endangers women’s health and lives (Xu and Ma, 2020). Based on the statistics of the International Agency for Research on Cancer (IARC) in 2022, BC is the second-highest worldwide occurrence rate, surpassed only by lung cancer. There are nearly 2.3 million new instances and over 660,000 new deaths attributed to BC (Bray et al., 2024). The choice of treatment and prognosis of BC patients are closely related to early detection (Murobushi Ozawa et al., 2020). Over the last several years, the survival rate of BC patients has shown significant improvement due to ongoing advancements in screening and treatment techniques. However, the overall 5-year survival rate for patients in the late stages of the disease remains at a mere 20% (Bray et al., 2018; Harbeck et al., 2019). Early diagnosis of BC disease, further guidance of treatment, and improvement of prognosis are the key tasks in BC research at present. The commonly used auxiliary examination methods in clinical practice include breast ultrasound, molybdenum target, and tissue biopsy (Liu et al., 2022), among which tissue biopsy is currently the preferred method for obtaining tumor molecular information (Wu and Chu, 2022). In view of the limitations of existing early screening methods, new screening approaches are required to be developed and applied in clinical practice.
MicroRNA (miRNA) is a single non-coding RNA sequence with a length of 20–22 nucleotides that is present in several organisms encompassing humans, animals, plants, and other bodies and participates in RNA-mediated gene silencing. With people’s understanding of miRNA, studies have found that abnormal expression of miRNA genes will cause dysfunction and lead to diseases, especially cancer-related diseases (Gebert and MacRae, 2019), which has high reference value in distinguishing normal tissues and tumor subtypes. At the same time, due to their relatively simple molecular structure, their high tissue specificity and stability, and their ease of quantification and amplification, miRNAs are promising potential biomarkers.
Abundant evidence has shown the significant involvement of miRNA in developing several malignancies, including clear cell renal cell carcinoma (Shi et al., 2021), oral squamous cell carcinoma (Ran et al., 2024), and prostate cancer (Enokida et al., 2016). Research has shown that miRNA has an essential involvement in the biological processes of cancer cells, encompassing proliferation, differentiation, apoptosis, and invasion. It has emerged as a significant element in controlling cancer onset and progression (Khan et al., 2019). The issue of specific miRNAs as markers of tumor diagnosis and prognosis has been gradually paid attention by more and more scholars, which provides a new idea for the development of cancer diagnosis and treatment.
Current research results have confirmed that the miRNA expression could be linked to the occurrence and prognosis of BC (Aggarwal et al., 2020), but the impact of many miRNAs on its development is still unknown. We aimed to construct a specific set of miRNA combination models to explore their value in the diagnosis of BC and help timely identification of BC patients.
2 MATERIALS AND METHODS
2.1 Subjects and ethical statement
Herein, 90 patients with BC and 65 volunteers who served as benign controls were incorporated. The recruited patients were all patients who were admitted to the Department of Breast Surgery of the First Affiliated Hospital of Xinjiang Medical University from March 2023 to March 2024. All patients with BC were confirmed by preoperative puncture or postoperative histopathology. None of the patients included in this study had undergone any clinical treatment prior to the collection of serum specimens. The enrolled patients were all primary BC without metastases or other cancers. The TNM system used for staging classification and HER-2 status in all patients was diagnosed by assessment of histopathological parameters. None of the benign control volunteers had any history of acute or chronic diseases or other tumors. This investigation was examined and granted acceptance by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University. The circumstances of the research were elucidated to all individuals, and each participant had perused and endorsed an informed consent form. In addition, the collection of serum samples and other research procedures strictly aligned with the relevant regulations of the Medical Ethics Committee of our hospital.
2.2 Collection and processing of blood samples
The following collection and sampling procedures were used to obtain serum specimens from patients and controls: Following admission, a sample of 5–10 mL of circulating blood in the morning while fasting was provided from all participants. The sterile tube containing without anticoagulant was implemented to take blood and then centrifuged at 3,000r at ambient temperature for 10 min. The supernatant was moved to a microcentrifuge tube and kept in a refrigerator at −80°C for future investigations.
2.3 Research design
The study was conducted in four stages. First, we searched for and screened 8 different miRNAs significantly related to BC expression as candidate biomarkers via a large number of literature reviews, and bioinformatics was used to further verify the differential expression of the above miRNAs in breast cancer. Second, additional testing and validation of these potential biomarkers were conducted. During the testing phase, the comparative levels of potential miRNAs in the serum were assessed with quantitative reverse transcription polymerase chain reaction (RT-qPCR) in 15 BC patients and 15 benign controls, selecting the top 5 miRNAs that showed the most significant differences at this stage for further study. Subsequently, the number of participants and replicated the aforementioned procedures were raised using serum specimens from 75 BC patients and 50 benign control patients. The aim was to confirm the findings from the prior phase. The expression levels and diagnostic potential of selected miRNAs were verified, and the diagnostic combination model consisted of candidate miRNAs to improve diagnostic sensitivity and specificity. Finally, the potential biological functions of candidate miRNAs related to BC generation were explored with bioinformatics analysis.
2.4 RNA extraction and detection
miRNA was extracted by miRNA extraction kit (DP503, Tiangen)on mycycler instrument (T100, Bio-Rad, USA) under reverse transcription conditions of 70°C for 10 min, 4°C for 2 min, 42°C for 60 min, 70°C for 10 min. The ABI QuantStudio 5 was used to conduct qPCR, which included denaturing at 95°C for 10 min, followed by 40 cycles of denaturing at 95°C for 15 s and annealing and extension at 60°C for 1 min. Every specimen was subjected to three technical duplicates. Each transcript concentration was afterward normalized to cel-mir-39 (caenorhabditis elegans microRNA-39) and mRNA level with the 2−ΔΔCT technique for analysis (Livak and Schmittgen 2001) (Supplementary Table S1). The comparisons were conducted using the two-way ANOVA analysis in GraphPad Prism software (Version 8.0, San Diego, CA).
2.5 Bioinformatics analysis
The expression levels of five miRNAs in breast cancer tumors were analyzed using the Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/) (Filippi and Mocanu, 2023). Related target genes in miRDB, mirTarBase, and TargetScan databases in five miRNAs were analyzed using miRWalk (http://mirwalk.umm.uni-heidelberg.de/), and Venn diagrams were drawn to visualize the results. The main biological functions of miRNAs, their prediction pathways, and linked functions were ascertained with Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG).
2.6 Statistical analysis
The data in this research was analyzed using SPSS software. The Shapiro-Wilk normality test is implemented to evaluate the adherence of continuous variables to a normal distribution. Categorical variables are shown as percentages for various groups, whereas continuous variables that follow a normal distribution are reported as the mean ± standard deviation. A P-value below 0.05 was deemed significant. The miRNA levels in BC and benign control specimens were compared using a t-test for continuous variables, while a χ2 test was used for categorical variables. Each potential miRNA diagnostic efficacy was assessed with the receiver operating characteristic (ROC) curve and the area under the ROC curve (AUC). The specificity, sensitivity, and overall diagnostic capabilities of each miRNA were assessed using these measures. In addition, we calculated the Jorden index (J = sensitivity + specificity −1) to ascertain the ideal integration of miRNAs that produces the greatest levels of sensitivity and specificity for diagnostic purposes.
3 RESULTS
3.1 Confirmation of candidate miRNAs
We selected and refined the selection of BC-related candidate miRNAs via a large number of literature reviews to reviewing the results of previous experiments, selected BC-related miRNAs as candidate miRNAs for subsequent research in this study (Table 1). The miRNA precursors produce two complementary functional mature miRNAs, generally processed from the 5 and 3′end arm of the precursor, respectively named “-5p” and “-3p”, which target different sites (Alsharafi et al., 2015). Therefore, a total of 8 complementary miRNAs were incorporated in this investigation. We used bioinformatics tools to further validate the differential expression of the above miRNAs in BC. Through the analysis of the expression content of target miRNAs in 1109 invasive breast cancer tissues (Tumor) and 113 normal tissues in the TCGA database, it was found that the target miRNAs (miR-10b-5p, miR-10b-3p, miR-133a-5p, miR-133a-3p, miR-155-5p, miR-155-3p, miR-195-5p, miR-195-3p) was expressed differently in the above unpaired tissues (p< 0.05; Supplementary Figure S1). In addition, similar results were obtained in 112 pairs of paired breast cancer tissues, with significantly lower levels of target miRNAs expression in the tumor group than in the normal group (p< 0.05; Supplementary Figure S2). In addition, in our study, we utilized the TCGA database to validate the diagnostic value of the above-mentioned miRNAs in breast cancer patients (Supplementary Figure S3). The results showed that mir-10b-5p, mir-133a-3p, mir-155-3p, mir-195-3p and mir-195-5p all showed high diagnostic efficiency (AUC>0.9). We conducted an RT-qPCR analysis on a random subgroup of 15 BC patients and 15 individuals with benign controls to evaluate eight specific miRNA levels in the serum (Figures 1A–H). Our study found significant differences in the mir-10b-5p (Figure 1B), mir-133a-3p (Figure 1C), mir-155-3p (Figure 1E), mir-195- 3p (Figure 1G), and mir-195-5p (Figure 1H) expression levels.
TABLE 1 | Diagnostic value of different mirnas in patients with breast cancer.
[image: Table 1][image: Figure 1]FIGURE 1 | Differential expression of 8 candidate miRNAs. This phase comprised 15 BC and 15 control serum specimens.
3.2 Clinical and demographic features of investigation subjects
We incorporated 155 subjects, including 90 BC patients and 65 volunteers with benign breast lesions. Table 2 displays the clinical and demographic features of the participants throughout the testing and validation stages, with a mean age of 49.9 ± 7.5 in the BC group and 44.5 ± 9.8 in the benign control group. Participants did not change significantly in age or menopausal status. The average age of participants enrolled in the study after the enlarged sample was 51.5 ± 7.0, and the average age of the benign control group was 40.4 ± 9.5. They have significant differences in age and menopausal status, which may be due to hormonal effects. Reproductive factors such as age and menopausal status are particularly closely related to the occurrence of BC (Shah et al., 2022). We further analyzed whether the expression of these five miRNAs was associated with clinicopathological features in breast cancer patients. In our study, we found that the expression of miR-10b-5p was significantly associated with Her-2, T stage, N stage, different stages of cancer, and PAM50 subtype (Supplementary Table S2). The expression of miR-133a-3p was found to be significantly correlated with Her-2, T stage, and different stages of cancer (Supplementary Table S3). However, when patients were stratified by pathological TNM stage, PR status, and HER2 status, no significant differences in mir-195-3p, mir-195-5p, and mir-155-3p expression were observed (Supplementary Tables S4–S6). According to these outcomes, additional analysis particularly prioritized these five miRNAs. After univariate analysis, we found that all five miRNAs included in the analysis were significantly linked to the occurrence of BC (Table 3). Due to the strong collinearity of the molecules, it is impossible to conduct a multi-factor analysis.
TABLE 2 | General demographic characteristics of study participants were included.
[image: Table 2]TABLE 3 | Single factor analysis of occurrence of 5 miRNAs and BC.
[image: Table 3]3.3 Diagnostic value of 5 candidate miRNAs
We increased the number of samples incorporated in the investigation to verify the efficacy of five particular miRNAs as serum biomarkers for BC screening. We comprised 75 BC patients and 50 controls with benign conditions. The RT-qPCR method was deployed to assess the relative serum levels of 5 miRNAs. The BC patients demonstrated significant elevation in mir-10b-5p, mir-133a-3p, mir-155-3p, and mir-195-5p levels contrasted with benign controls (Figures 2A–E). The BC experienced an elevated mir-195-3p expression level contrasted with benign controls (Figure 2D). These five miRNAs’ diagnostic effectiveness was evaluated with ROC curve examination. The AUC for each miRNA is shown in Figures 2F–J. The Jorden index was next used to determine the appropriate threshold, specificity, and sensitivity for diagnosing BC using the five miRNAs (Table 4). The ROC curve analysis revealed that mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p had promising diagnostic capabilities for BC, with respective AUC values of 0.85, 0.84, 0.87, 0.62, and 0.83.
[image: Figure 2]FIGURE 2 | The validation phase of five selected miRNAs involves the use of Relative expression counting and receiver operating characteristic curve (ROC) analyses. This phase comprised 75 BC and 50 control serum specimens. The area under the curve (AUC) of the five miRNAs were: 0.845 [95% CI: 0.776–0.914, p = 0.014 (F)] for miR-10b-5p (A), 0.841 [95% CI: 0.775–0.908, p < 0.001 (G)] for miR-133a-3p (B), 0.827 [95% CI:0.757–0.897, p < 0.001 (H)] for miR-155-3p (C), 0.622 [95% CI:0.524–0.720, p< 0.001 (I)] for miR-195-3p (D), and 0.866 [95% CI: 0.805–0.926, p = 0.007 (J)] for miR-195-5p (E), respectively. *p < 0.05, **p < 0.01,***p < 0.001.
TABLE 4 | Optimal threshold, specificity and sensitivity of 5 miRNAs for the diagnosis of BC.
[image: Table 4]3.4 Construction of optimal diagnosis model
In the experimental stage, we found that mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p had good diagnostic ability for BC. Hence, we conducted an investigation to estimate whether combinations of many miRNAs exhibited greater diagnostic efficacy for BC and determined the optimal integration for BC diagnosis from all possible miRNA combinations (Table 5). Our study found that almost all of the models constructed except for the three diagnostic models, 15, 17, and 21, had extremely high specificity (>0.90), suggesting that all models could accurately identify the occurrence of BC. In addition, our study found that models 4, 19, and 24 all had high diagnostic values (AUC >0.90), possibly because they jointly included miR-10b-5p and miR-195-5p, which were the best diagnostic in a single miRNA. Model 25 was composed of 5 miRNAs. This model had extremely high diagnostic capability, and the ROC curve showed an AUC of 0.948 (95% CI: 0.914 − −0.981; Specificity = 100%, Sensitivity = 79%). The formula of the model is: Logit (p = 0.757) + (46.427 * miR - 10 b - 5 P) + 29.354 * (miR-133a-3P) + (20.170 * miR-155-3 P) + (3.144 * miR - 195-3 P) + (17.138 * miR - 195-5 P). The outcome is superior to each separate miRNA, as seen in Figure 3.
TABLE 5 | Specificity and sensitivity of all combined models of 5 miRNAs.
[image: Table 5][image: Figure 3]FIGURE 3 | The ROC curve assessment for the five-miRNA panel. The five-miRNA panel consisted of mir-10b-5p, mir-133a-3p, mir-155-3p, mir-195-5p, and mir-195-3p and the AUC of five-miRNA panel was 0.948 (95%CI: 0.914 to 0.981; p < 0.001; sensitivity = 0.79; specificity = 1.00).
3.5 Bioinformatics analysis of 5 miRNAs
We used miRNAWalk2.0 to explore and visualize the potential target genes of mir-10b-5p, mir-133a-3p, mir-155-3p, mir-195-5p, and mir-195-3p (Figures 4A–E). In addition, the potential target genes of the above 5 miRNAs were included in KEGG pathway enrichment analysis and GO function to analyze their potential functions further(Supplementary Table S7). The results indicate that the genes targeted by mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p possess a significant function in the pathways and processes that are crucial for the genesis and progression of cancer. The GO analysis findings indicated that the aforementioned miRNAs mostly participated in biological processes such as WNT-mediated cell-cell signaling, WNT signaling pathway, and mitosis cell cycle phase transition (Figure 4F) and were also mainly involved in cell junction, transcriptional regulatory complex, transferase complex, and the transfer of phosphorus-containing groups and other cell components (Figure 4G). In addition, our study found that they are also involved in molecular functions encompassing DNA-binding transcription factor binding and protein serine/threonine kinase activity (Figure 4H). KEGG analysis results showed that the above five miRNAs play a role mainly through mediating microRNAs, PI3K-Akt signaling pathway, and cell senescence in cancer (Figure 4I). The target gene enrichment in these pathways indicates their possible involvement in controlling crucial cellular processes linked to the development of tumors.
[image: Figure 4]FIGURE 4 | Target gene prediction, GO function annotation, and KEGG pathway enrichment analysis of 5 miRNAs by miRWalk3.0. (A–E) Target genes of mir-10b-5p, mir-133a-3p, mir-155-3p, mir-195-5p, and mir-195-3p. Biological process (BP) analysis (F), cellular component (CC) analysis (G), molecular function (MF) analysis (H), and KEGG pathway enrichment analysis (I).
4 DISCUSSION
BC is one of the prevailing types of malignant tumors. In recent years, BC incidence and mortality have increased year by year, and the age of onset has shown a younger trend (Fan et al., 2014). BC usually does not show obvious symptoms in the early stages, is not easy to detect in the course of routine physical examination, and is difficult to distinguish from benign breast diseases. However, as the disease progresses, the tumor may become malignant and metastasize, leading to a poor prognosis. Hence, the early detection of BC poses a significant challenge. Biomarkers offer a beneficial role in facilitating the BC clinical diagnosis. Currently, some serum markers have been found to have a certain relationship with the onset of BC (Barzaman et al., 2020) and have been clinically verified. Recently, several non-coding RNAs have also been investigated for their potential involvement in assisting in the detection of BC. MiRNAs are short fragments of non-coding ribonucleic acid (ncRNAs) that exist in biological fluids. Due to their high tissue specificity and stability, miRNAs have been increasingly applied to distinguish normal tissues from tumor subtypes (Mishra et al., 2016). Prior investigations have reported that plasma miRNAs can be used as a biomarker to detect BC.
In this study, 8 miRNAs with diagnostic potential in BC were selected through an extensive literature review. Bioinformatics tools were used to further verify the differential expression of the above miRNAs in BC. Serums of 15 benign controls and 15 BC patients were examined to detect the diagnostic significance of these 8 miRNAs in BC. The findings of our study validate that the mir-10b-5p, mir-133a-3p, mir-195-5p, and mir-155-3p levels were significantly mitigated in comparison to the levels found in healthy individuals. Additionally, the mir-195-3p expression level was greater in BC individuals compared to healthy controls. The variations in expression indicate that miRNAs could have a role in the growth and advancement of BC. ROC curve analysis demonstrated that all five of the aforementioned miRNAs had significant diagnostic potential, indicating that these microRNAs show potential as non-invasive biomarkers for the early detection and diagnosis of BC. We then expanded the sample size to 75 BC patients and 50 benign control patients for further verification. Based on the above five high-quality miRNAs, we have successfully built the best diagnostic panel with high sensitivity and strong specificity. Prior investigations have explored the diagnostic performance of each of the 5 miRNAs mentioned above separately, but no studies have included the above 5 miRNAs together in the diagnostic tool. Our study found that the integrated panel demonstrates superior diagnostic accuracy and performance compared to each individual miRNA. Therefore, the above five miRNAs combined into a diagnostic combination panel could be regarded as a new biomarker for the BC diagnosis.
Both Mir-195-3P/5P belong to the mir-195 family and are contributing to the tumor’s occurrence and development. Zhao et al. (2014) showed that contrasted with the healthy control group, the serum miR-195 level in the early BC group was reduced by more than two times, revealing that miR-195 might be used as a biological marker for the early BC diagnosis. Our study reached a similar conclusion. In addition, our study also found that two complementary mature miRNAs of miR-195 have good diagnostic value. Out of the five individual miRNAs that were analyzed, mir-195-5p demonstrated the most effective diagnostic capabilities, with exceptional sensitivity and specificity (65% and 100%, respectively). Within the diagnostic panel we developed, mir-195-3p stands out as the only miRNA that exhibits overexpression, specifically in cases of BC. Prior research has shown a correlation between mir-195-3p and BC. Nevertheless, the mechanism by which mir-195-3p contributes to the development of BC has not yet been investigated. Mir-195-5p is regarded as a new predictive indicator for rectal cancer (Bayat et al., 2022). Cervical cancer reported a hindrance in mir-195-5p expression level compared to the control group. This decrease in expression may hinder the malignant advancement of cervical cancer, specifically targeting YAP1 (Liu et al., 2020). These studies provide data suggesting that miR-195 might serve as a biological marker for diagnosing BC.
Prior investigations have reported that the miR-10b family contributes to various tumorigenesis and metastasis processes. It has been proved that the serum miR-10b-5p expression level in early hepatocellular carcinoma (HCC) patients is significantly increased, and miR-10b-5p has a high diagnostic value (ROC = 0.934) (Cho et al., 2020). Furthermore, prior investigation from our research group has shown a significant connection between the miR-10b-5p expression and the molecular subtypes of early invasive ductal carcinoma (Guo et al., 2018). Additionally, subsequent investigations by our research group have revealed that high miR-10b-5p expression serves as a protective factor for patients with breast invasive ductal carcinoma, leading to reduced rates of recurrence and mortality. It might serve as a promising treatment target for individuals diagnosed with breast-invasive ductal carcinoma. In conjunction with this research, we posit that miR-10b-5p could operate as a new biomarker for identifying and anticipating BC prognosis in patients.
Mir-133a-3p has also been ascertained as a significant controller of HCC and could potentially operate as a non-invasive biomarker for diagnosing HCC patients (AUC = 0.67) (Liang et al., 2018). Furthermore, elevated expression of mir-133a-3p was found in non-small cell lung cancer (NSCLC) patients contrasted with the control group. Nevertheless, the accuracy of this diagnosis still has to be confirmed by further verification (Xue et al., 2020). Currently, there are insufficient investigations determining the connection between mir-133a-3p and the BC diagnosis. Our investigation is the initial to find that mir-133a-3p has a strong ability to distinguish BC from benign breast diseases (ACU = 0.84), and it is also the first study to include it in the diagnostic tool.
As a miRNA that regulates the core role of cancer, miR-155 has been found to be highly correlated with gynecological tumors (Fan et al., 2018), digestive system tumors (Nassar et al., 2021), and hematological system tumors (Zheng et al., 2019), and more and more proof demonstrates that its 3p chain possesses a certain contribution in these fields. Zhang et al. (2019) found that compared with the paired normal tissues, the miR-155-3p expression level in BC tissues was shown to be lower, which aligns with our study findings. The results of our investigation indicate that the miR-155-3p expression level could function as a biomarker for the early detection of BC, demonstrating a high degree of sensitivity, specificity, and accuracy.
Moreover, we performed bioinformatics analyses using miRNA Walk 2.0 to predict potential downstream target genes for these miRNAs. The KEGG pathway enrichment analysis indicated that these genes were mostly enriched in several cancer pathways, such as the Wnt, PI3K, and P53 signaling pathways. Prior research has shown that miR-10b-5p may expedite the process of glycometabolic reprogramming in gliomas by stimulating the PI3K/Akt pathway (Li et al., 2024). Moreover, mir-133a-3p has been confirmed to impact the progression of thyroid cancer (Xia and Jie, 2020) and prostate cancer (Tang et al., 2018) by participating in the PI3K/Akt pathway. Mir-195-5p is regarded as a possible therapeutic target for renal cell carcinoma because it modulates the WNT pathway in this kind of cancer (Chen et al., 2017). mir-195-3p, which belongs to the same family, is also believed to contribute to the proliferation, migration, and invasion of cancer cells in renal cell carcinoma (Jin et al., 2017). In addition, mir-195-3p has also been confirmed to participate in multiple cancer pathways in lung adenocarcinoma (Lao et al., 2022) and hepatocellular carcinoma (Mei et al., 2022), thereby affecting the occurrence and development of malignant tumors. Mir-155-3p, a crucial element in the cancer pathway, has been discovered to control the proliferation of colorectal cancers (Li et al., 2021). The dysregulation of mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p in BC indicates that they could operate as valuable diagnostic and prognostic biomarkers for this condition. To summarize, our data provide more evidence of the function of miRNA in the development of BC.
MiRNA-based biomarkers provide several benefits, such as their resilience in serum samples, capacity to be detected non-invasively, and possibility for early diagnosis. In this study, five miRNAs with high correlation with BC were selected from clinical samples to draw a diagnostic model with higher diagnostic efficiency, overcoming the shortcomings of single miRNA diagnosis. A better distinction between the BC population and the breast benign disease population provides the possibility of early diagnosis of BC by combination model. At present, researchers in various fields are working to explore and confirm blood-based biomarkers. Some scholars have also found that some miRNAs can be implemented as potential diagnostic indicators for BC patients. However, some researchers believe that the sensitivity and specificity of a single marker assay are low, which is not enough to meet the clinical needs of diagnosing diseases, so some studies have confirmed that the combined analysis of several target miRNAs can find that the combined miRNAs have higher accuracy, sensitivity and AUC, and have a more convincing diagnostic basis. Elhelbawy NG et al. (Elhelbawy et al., 2021) reported that mir-148a and mir-30c had better diagnostic efficacy in BC than traditional CA 15-3 and CEA. Nevertheless, the current investigation possessed a limited sample size and the combined diagnostic efficacy of the two miRNAs was not explored, which may affect the reliability of their diagnostic value. Kumar et al. (2023) constructed a combined diagnostic model of three miRNAs for non-invasive diagnosis of triple-negative BC. However, the team has not yet validated it in other BC subtypes. Five kinds of miRNAs with individual diagnostic efficacy were included in our study. A diagnostic model composed of mir-10b-5p, mir-133a-3p, mir-195-5p, mir-195-3p, and mir-155-3p was developed as a diagnostic marker for BC, which is conducive to timely intervention and treatment decision-making. Improved patient management. Nevertheless, more validation studies involving bigger groups of individuals are necessary to verify the diagnostic accuracy and therapeutic usefulness of these miRNAs.
5 CONCLUSION
In this study, we preliminarily identified BC-associated serum miRNA markers and looked for 5 serum miRNAs that possess the capacity to be implemented in BC screening and early detection. Furthermore, we have effectively developed a diagnostic panel using these 5 miRNAs, which exhibits exceptional diagnostic performance, sensitivity, and specificity. This breakthrough offers a novel avenue for the timely detection of BC.
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.
ETHICS STATEMENT
The studies involving humans were approved by The First Affiliated Hospital of Xinjiang Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
YJ: Conceptualization, Writing–original draft. XH: Data curation, Methodology, Writing–original draft. YW: Methodology, Software, Validation, Writing–original draft. JW: Data curation, Investigation, Writing–original draft. YL: Investigation, Software, Writing–original draft. DY: Validation, Writing–original draft. CG: Funding acquisition, Resources, Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The investigation received funding from the Regional Collaborative Innovation Special Project (Science and Technology Assistance to Xinjiang Program) (2022E02136), the National Natural Science Foundation of China (32260186), Xinjiang Uygur Autonomous Region Youth Science and Technology Top-notch Talent Program (2022TSYCCX0029), Xinjiang Uygur Autonomous Region Outstanding Youth Science Fund (2024D01E22) and National Health Commission Medical Science and Technology development research center (WKZX2023WK0109).
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2024.1482927/full#supplementary-material
SUPPLEMENTARY FIGURE S1 | Differences in the expression of miRNAs in the TCGA database between unpaired breast cancer tissues and normal tissues.
SUPPLEMENTARY FIGURE S2 | Differences in the expression of miRNAs in TCGA database between paired breast cancer tissues and normal tissues.
SUPPLEMENTARY FIGURE S3 | The TCGA database was used to verify the diagnostic efficiency of the target miRNA in breast cancer.
REFERENCES
 Aggarwal, T., Wadhwa, R., Gupta, R., Paudel, K. R., Collet, T., Chellappan, D. K., et al. (2020). MicroRNAs as biomarker for breast cancer. Drug Targets 20, 1597–1610. doi:10.2174/1871530320666200428113051
 Alsharafi, W. A., Xiao, B., Abuhamed, M. M., and Luo, Z. (2015). miRNAs: biological and clinical determinants in epilepsy. Front. Mol. Neurosci. 8, 59. doi:10.3389/fnmol.2015.00059
 Barzaman, K., Karami, J., Zarei, Z., Hosseinzadeh, A., Kazemi, M. H., Moradi-Kalbolandi, S., et al. (2020). Breast cancer: biology, biomarkers, and treatments. Int. Immunopharmacol. 84, 106535. doi:10.1016/j.intimp.2020.106535
 Bayat, A., Raad, M., Sharafshah, A., Ahmadvand, M., and Aminian, H. (2022). Identification of miR-195-5p as a novel prognostic biomarker for colorectal cancer. Mol. Biol. Rep. 49, 6453–6457. doi:10.1007/s11033-022-07462-6
 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca-a Cancer J. Clin. 68, 394–424. doi:10.3322/caac.21492
 Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., et al. (2024). Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca-a Cancer J. Clin. 74, 229–263. doi:10.3322/caac.21834
 Chen, S., Wang, L., Yao, X., Chen, H., Xu, C., Tong, L., et al. (2017). miR-195-5p is critical in REGγ-mediated regulation of wnt/β-catenin pathway in renal cell carcinoma. Oncotarget 8, 63986–64000. doi:10.18632/oncotarget.19256
 Cho, H. J., Eun, J. W., Baek, G. O., Seo, C. W., Ahn, H. R., Kim, S. S., et al. (2020). Serum exosomal MicroRNA, miR-10b-5p, as a potential diagnostic biomarker for early-stage hepatocellular carcinoma. J. Clin. Med. 9, 281. doi:10.3390/jcm9010281
 Dwedar, F. I., Shams-Eldin, R. S., Nayer Mohamed, S., Mohammed, A. F., and Gomaa, S. H. (2021). Potential value of circulatory microRNA10b gene expression and its target E-cadherin as a prognostic and metastatic prediction marker for breast cancer. J. Clin. Laboratory Analysis 35, 35. doi:10.1002/jcla.23887
 Eichelser, C., Flesch-Janys, D., Chang-Claude, J., Pantel, K., and Schwarzenbach, H. (2013). Deregulated serum concentrations of circulating cell-free MicroRNAs miR-17, miR-34a, miR-155, and miR-373 in human breast cancer development and progression. Clin. Chem. 59, 1489–1496. doi:10.1373/clinchem.2013.205161
 Elhelbawy, N. G., Zaid, I. F., Khalifa, A. A., Gohar, S. F., and Fouda, E. A. (2021). miRNA-148a and miRNA-30c expressions as potential biomarkers in breast cancer patients. Biochem. biophysics Rep. 27, 101060. doi:10.1016/j.bbrep.2021.101060
 Enokida, H., Yoshino, H., Matsushita, R., and Nakagawa, M. (2016). The role of microRNAs in bladder cancer. Investigative Clin. Urology 57, S60–S76. doi:10.4111/icu.2016.57.S1.S60
 Fan, L., Strasser-Weippl, K., Li, J.-J., St Louis, J., Finkelstein, D. M., Yu, K.-D., et al. (2014). Breast cancer in China. Lancet Oncol. 15, E279–E289. doi:10.1016/S1470-2045(13)70567-9
 Fan, T., Mao, Y., Sun, Q., Liu, F., Lin, J.-S., Liu, Y., et al. (2018). Branched rolling circle amplification method for measuring serum circulating microRNA levels for early breast cancer detection. Cancer Sci. 109, 2897–2906. doi:10.1111/cas.13725
 Filippi, A., and Mocanu, M. (2023). Mining TCGA database for genes with prognostic value in breast cancer. Int. J. Mol. Sci. 24, 1622. doi:10.3390/ijms24021622
 Gebert, L. F. R., and MacRae, I. J. (2019). Regulation of microRNA function in animals. Nat. Rev. Mol. Cell Biol. 20, 21–37. doi:10.1038/s41580-018-0045-7
 Guo, C., Fu, M., Dilimina, Y., Liu, S., and Guo, L. (2018). microRNA-10b expression and its correlation with molecular subtypes of early invasive ductal carcinoma. Exp. Ther. Med. 15, 2851–2859. doi:10.3892/etm.2018.5797
 Han, J.-G., Jiang, Y.-D., Zhang, C.-H., Yang, Y.-M., Pang, D., Song, Y.-N., et al. (2017). A novel panel of serum miR-21/miR-155/miR-365 as a potential diagnostic biomarker for breast cancer. Ann. Surg. Treat. Res. 92, 55–66. doi:10.4174/astr.2017.92.2.55
 Harbeck, N., Penault-Llorca, F., Cortes, J., Gnant, M., Houssami, N., Poortmans, P., et al. (2019). Breast cancer. Nat. Rev. Dis. Prim. 5, 66. doi:10.1038/s41572-019-0111-2
 Hosseini Mojahed, F., Aalami, A. H., Pouresmaeil, V., Amirabadi, A., Qasemi Rad, M., and Sahebkar, A. (2020). Clinical evaluation of the diagnostic role of MicroRNA-155 in breast cancer. International Journal of Genomics, 2020. 
 Huang, S.-k., Luo, Q., Peng, H., Li, J., Zhao, M., Wang, J., et al. (2018). A panel of serum noncoding RNAs for the diagnosis and monitoring of response to therapy in patients with breast cancer. Med. Sci. Monit. 24, 2476–2488. doi:10.12659/msm.909453
 Itani, M. M., Nassar, F. J., Tfayli, A. H., Talhouk, R. S., Chamandi, G. K., Itani, A. R. S., et al. (2021). A signature of four circulating microRNAs as potential biomarkers for diagnosing early-stage breast cancer. Int. J. Mol. Sci. 22, 6121. doi:10.3390/ijms22116121
 Jin, L., Li, X., Li, Y., Zhang, Z., He, T., Hu, J., et al. (2017). Identification of miR-195-3p as an oncogene in RCC. Mol. Med. Rep. 15, 1916–1924. doi:10.3892/mmr.2017.6198
 Khan, S., Ayub, H., Khan, T., and Wahid, F. (2019). MicroRNA biogenesis, gene silencing mechanisms and role in breast, ovarian and prostate cancer. Biochimie 167, 12–24. doi:10.1016/j.biochi.2019.09.001
 Kumar, V., Gautam, M., Chaudhary, A., and Chaurasia, B. (2023). Impact of three miRNA signature as potential diagnostic marker for triple negative breast cancer patients. Sci. Rep. 13, 21643. doi:10.1038/s41598-023-48896-7
 Lao, Y., Li, T., Xie, X., Chen, K., Li, M., and Huang, L. (2022). MiR-195-3p is a novel prognostic biomarker associated with immune infiltrates of lung adenocarcinoma. Int. J. General Med. 15, 191–203. doi:10.2147/IJGM.S350340
 Li, P., Weng, Z., Li, P., Hu, F., Zhang, Y., Guo, Z., et al. (2021). BATF3 promotes malignant phenotype of colorectal cancer through the S1PR1/p-STAT3/miR-155-3p/WDR82 axis. Cancer Gene Ther. 28, 400–412. doi:10.1038/s41417-020-00223-2
 Li, S., Mao, L., Song, L., Xia, X., Wang, Z., Cheng, Y., et al. (2024). Extracellular vesicles derived from glioma stem cells affect glycometabolic reprogramming of glioma cells through the miR-10b-5p/PTEN/PI3K/akt pathway. Stem Cell Rev. Rep. 20, 779–796. doi:10.1007/s12015-024-10677-8
 Liang, H.-W., Yang, X., Wen, D.-Y., Gao, L., Zhang, X.-Y., Ye, Z.-H., et al. (2018). Utility of miR-133a-3p as a diagnostic indicator for hepatocellular carcinoma: an investigation combined with GEO, TCGA, meta-analysis and bioinformatics. Mol. Med. Rep. 17, 1469–1484. doi:10.3892/mmr.2017.8040
 Liu, X., Papukashvili, D., Wang, Z., Liu, Y., Chen, X., Li, J., et al. (2022). Potential utility of miRNAs for liquid biopsy in breast cancer. Front. Oncol. 12, 12. doi:10.3389/fonc.2022.940314
 Liu, X., Zhou, Y., Ning, Y.-e., Gu, H., Tong, Y., and Wang, N. (2020). MiR-195-5p inhibits malignant progression of cervical cancer by targeting YAP1. Oncotargets Ther. 13, 931–944. doi:10.2147/OTT.S227826
 Mei, J., Lin, W., Li, S., Tang, Y., Ye, Z., Lu, L., et al. (2022). Long noncoding RNA TINCR facilitates hepatocellular carcinoma progression and dampens chemosensitivity to oxaliplatin by regulating the miR-195-3p/ST6GAL1/NF-κB pathway. J. Exp. and Clin. Cancer Res. 41, 5. doi:10.1186/s13046-021-02197-x
 Mishra, S., Yadav, T., and Rani, V. (2016). Exploring miRNA based approaches in cancer diagnostics and therapeutics. Crit. Rev. Oncol. Hematol. 98, 12–23. doi:10.1016/j.critrevonc.2015.10.003
 Mohamed, A. A., Allam, A. E., Aref, A. M., Mahmoud, M. O., Eldesoky, N. A., Fawazy, N., et al. (2022). Evaluation of expressed MicroRNAs as prospective biomarkers for detection of breast cancer. Diagnostics , 12 (4), 789. doi:10.3390/diagnostics12040789
 Murobushi Ozawa, P. M., Jucoski, T. S., Vieira, E., Carvalho, T. M., Malheiros, D., and De Souza Fonseca Ribeiro, E. M. (2020). Liquid biopsy for breast cancer using extracellular vesicles and cell-free microRNAs as biomarkers. Transl. Res. 223, 40–60. doi:10.1016/j.trsl.2020.04.002
 Nassar, F. J., Msheik, Z. S., Itani, M. M., El Helou, R., Hadla, R., Kreidieh, F., et al. (2021). Circulating miRNA as biomarkers for colorectal cancer diagnosis and liver metastasis. Diagnostics 11, 341. doi:10.3390/diagnostics11020341
 Ran, L., Li, W., Zhang, H., Lin, J., Zhu, L., Long, H., et al. (2024). Identification of plasma ha_circ_0001230 and ha_circ_0023879 as potential novel biomarkers for focal segmental glomerulosclerosis and circRNA-miRNA-mRNA network analysis. Kidney and Blood Press. Res. 49, 310–325. doi:10.1159/000538825
 Shah, A., Haider, G., Abro, N., Bhutto, S., Baqai, T. I., Akhtar, S., et al. (2022). Correlation between age and hormone receptor status in women with breast cancer. Cureus 14, e21652. doi:10.7759/cureus.21652
 Shen, J., Hu, Q., Schrauder, M., Yan, L., Wang, D., Medico, L., et al. (2014). Circulating miR-148b and miR-133a as biomarkers for breast cancer detection. Oncotarget 5, 5284–5294. doi:10.18632/oncotarget.2014
 Shi, L., Wang, M., Li, H., and You, P. (2021). MicroRNAs in body fluids: a more promising biomarker for clear cell renal cell carcinoma. Cancer Manag. Res. 13, 7663–7675. doi:10.2147/CMAR.S330881
 Sun, Y., Wang, M., Lin, G., Sun, S., Li, X., Qi, J., et al. (2012). Serum MicroRNA-155 as a potential biomarker to track disease in breast cancer. Plos One 7, e47003. doi:10.1371/journal.pone.0047003
 Swellam, M., Zahran, R. F. K., Taha, H. A. E.-S., El-Khazragy, N., and Abdel-Malak, C. (2019). Role of some circulating MiRNAs on breast cancer diagnosis. Archives Physiology Biochem. 125, 456–464. doi:10.1080/13813455.2018.1482355
 Tang, Y., Pan, J., Huang, S., Peng, X., Zou, X., Luo, Y., et al. (2018). Downregulation of miR-133a-3p promotes prostate cancer bone metastasis via activating PI3K/AKT signaling. J. Exp. and Clin. Cancer Res. 37, 160. doi:10.1186/s13046-018-0813-4
 Wu, H.-J., and Chu, P.-Y. (2022). Current and developing liquid biopsy techniques for breast cancer. Cancers 14, 2052. doi:10.3390/cancers14092052
 Xia, W., and Jie, W. (2020). ZEB1-AS1/miR-133a-3p/LPAR3/EGFR axis promotes the progression of thyroid cancer by regulating PI3K/AKT/mTOR pathway. Cancer Cell Int. 20, 94. doi:10.1186/s12935-020-1098-1
 Xu, B., and Ma, F. (2020). Breast Cancer Expert Committee of National Cancer Quality Control Center; Breast Cancer Expert Committee of China Anti-Cancer Association; Cancer Drug Clinical Research Committee of China Anti-Cancer Association. [Guidelines for clinical diagnosis and treatment of advanced breast cancer in China (2020 Edition)]. Zhonghua Zhong Liu Za Zhi Chinese. 42. 10, 781–797. doi:10.3760/cma.j.cn112152-20200817-00747
 Xue, W.-X., Zhang, M.-Y., Li, R., Liu, X., Yin, Y.-H., and Qu, Y.-Q. (2020). Serum miR-1228-3p and miR-181a-5p as noninvasive biomarkers for non-small cell lung cancer diagnosis and prognosis. Biomed Res. Int. 2020, 9601876. doi:10.1155/2020/9601876
 Zhang, L., Chen, T., Yan, L., Xu, H., Wang, Y., Li, Y., et al. (2019). MiR-155-3p acts as a tumor suppressor and reverses paclitaxel resistance via negative regulation of MYD88 in human breast cancer. Gene 700, 85–95. doi:10.1016/j.gene.2019.02.066
 Zhao, F.-l., Dou, Y.-c., Wang, X.-f., Han, D.-c., L, Z.-g.V., Ge, S.-l., et al. (2014). Serum microRNA-195 is down-regulated in breast cancer: a potential marker for the diagnosis of breast cancer. Mol. Biol. Rep. 41, 5913–5922. doi:10.1007/s11033-014-3466-1
 Zheng, Z., Sun, R., Zhao, H.-J., Fu, D., Zhong, H.-J., Weng, X.-Q., et al. (2019). MiR155 sensitized B-lymphoma cells to anti-PD-L1 antibody via PD-1/PD-L1-mediated lymphoma cell interaction with CD8+T cells. Mol. Cancer 18, 54. doi:10.1186/s12943-019-0977-3
Conflict of interest: The authors assert that the work was performed without any commercial or financial connections, which may be seen as a possible conflict of interest.
Copyright © 2024 Jing, Huang, Wang, Wang, Li, Yelihamu and Guo. 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.
OPS/images/fgene-15-1482927-t001.jpg
Sample type Case group Control group AUC Sensitivity ~Specificity References

Target miRNA

miRNA-10 Serum 61 48 075 079 077 Dwedar et al. (2021)
Serum 99 | I 077 060 093 Mohamed et al. (2022)
miRNA-133 plasma 76 27 0.79 — = Shen et al. (2014)
miRNA-155 Serum 99 ry 0ot | 087 090 Mohamed et al. (2022)
| plasma 41 2 0.70 078 0.75 Itani et al. (2021)
Serum 36 | 36 s | 078 089 Hosseini Mojahed et al. (2020)
Serum 158 107 082 083 080 Huang et al. (2018)
Serum ‘ 40 30 099 097 094 Swellam et al. (2019)
Serum 99 2 075 100 051 Han et al. (2017)
Serum 152 | 40 o7 | 085 070 Eichelser et al. (2013)
| Serum 103 55 080 065 082 Sun et al. (2012)
miRNA-195 Serum 210 | 102 0.859 0.69 0.89 Zhao et al. (2014)






OPS/images/fgene-15-1482927-t002.jpg
Testing phase (n = 30) Validation phase (n = 125)

BC(n = 15) Control (n = 15) BC (n = 75) Control (n = 50) P-Value

Age, year 499 £75 445+ 98 0.10 515 +7.0 404 £95 <005

Postmenopausal status, n (%)

Premenopausal 9 (60) ‘ 11(733) 28 (37.3) 37 (740)
‘ 070 <005

Postmenopausal 6 (40) 4(267) 47 (62.7) 13 (26.0)





OPS/images/fgene-15-1482927-g003.gif
Senaltivity (TFR)

o

02

02 04 08 08
'1-Specificity (FPR)





OPS/images/fgene-15-1482927-g004.gif





OPS/images/fgene-15-1482927-t005.jpg
No Accuracy
1 miR-10b-5p + miR-133a-3p 086 067 100 0.80
2 miR-10b-5p + miR-155-3p 082 057 100 074
3 miR-10b-5p + miR-195-3p 086 072 100 083
4 miR-10b-5p + miR-195-5p 092 076 094 082
5 ‘miR-133a-3p + miR-155-3p 089 073 100 084
6 ‘miR-133a-3p + miR-195-5p 086 065 1.00 079
7 miR-133a-3p + miR-195-3p 086 065 1.00 079
8 miR-195-5p + miR-195-3p 089 065 1.00 079
9 miR-155-3p + miR-195-3p 084 067 1.00 | 080
10 miR-155-3p + miR-195-5p 088 065 1.00 [ 079
1 miR-133a-3p + miR-155-3p + miR-195-3p 088 072 1.00 0.83
12 miR-133a-3p + miR-155-3p + miR-195-5p 089 072 100 083
13 miR-155-3p + miR-195-5p + miR-195-3p 086 064 1.00 0.78
14 miR-10b-5p + miR-133a-3p + miR-155-3p 090 077 1.00 [ 086
15 miR-10b-5p + miR-195-5p + miR-195-3p 094 085 088 0.36
16 miR-10b-5p + miR-155-3p + miR-195-3p 085 063 1.00 | 0.78
17 miR-10b-5p + miR-155-3p + miR-195-5p 092 095 078 0388
18 miR-10b-5p + miR-133a-3p + miR-195-3p 089 064 1.00 0.78
19 miR-10b-5p + miR-133a-3p + miR-195-5p 092 072 100 I 083
20 miR-133a-3p + miR-155-3p + miR-195-5p + miR-195-3p 088 072 1.00 083
2 miR-10b-5p + miR-133a-3p + miR-155-3p + miR-195-3p 0.90 083 086 084
2 miR-10b-5p + miR-133a-3p + miR-155-3p + miR-195-5p 094 080 096 0386
2 miR-10b-5p + miR-155-3p + miR-195-5p + miR-195-3p 093 073 098 083
4 miR-10b-5p + miR-133a-3p + miR-195-3p + miR-195-5p 093 073 1.00 [ 084
2 miR-10b-5p + miR-133a-3p + miR-155-3p + miR-195-5p + miR-195-3p 095 079 1.00 0.87






OPS/images/fgene-15-1482927-t003.jpg
Total(N) Univariate analysis

Characteristics
OR (95% CI) P-Value

‘miR-10b-5p 125 0.019 (0.004-0.090) ‘ <0001 ‘
miR-133a-3p 125 [ 0.000 (0.000-0.001) ‘ <0.001 ‘
miR-155-3p 125 | oo (0.000-0.003) ‘ <0001 ‘
miR-195-5p 125 0.231 (0.131-0.408) ‘ <0001 ‘
miR-195-3p 125 [ 9.052 (2.242-36.551) ‘ 0.002 ‘






OPS/images/fgene-15-1482927-t004.jpg
rget NA Accuracy
miR-10b-5p 050 085 069 096 080
miR-133a-3p 041 084 064 100 078
miR-155-3p 0.54 083 070 090 078
miR-195-3p 074 062 047 092 065
miR-195-5p 0.96 087 0.65 1.00 0.79






OPS/xhtml/nav.xhtml
Contents

		Cover

		Diagnostic value of 5 miRNAs combined detection for breast cancer		Background

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods		2.1 Subjects and ethical statement

		2.2 Collection and processing of blood samples

		2.3 Research design

		2.4 RNA extraction and detection

		2.5 Bioinformatics analysis

		2.6 Statistical analysis





		3 Results		3.1 Confirmation of candidate miRNAs

		3.2 Clinical and demographic features of investigation subjects

		3.3 Diagnostic value of 5 candidate miRNAs

		3.4 Construction of optimal diagnosis model

		3.5 Bioinformatics analysis of 5 miRNAs





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Genetics

Diagnostic value of 5 miRNAs
combined detection for breast
cancer





OPS/images/fgene-15-1482927-g001.gif





OPS/images/fgene-15-1482927-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





