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Objective: Serum microRNAs (miRNAs) may serve as biomarkers in various cancers. Our study aims to explore the roles of miR-497 and miR-1246 in hepatocellular carcinoma (HCC).

Methods: The expression levels of miR-497 and miR-1246 were measured by RT-PCR. A correlation analysis was conducted between the expression levels of miR-497 and miR-1246 and clinicopathological characteristics of patients. The receiver operating characteristic (ROC) curve was applied to evaluate the diagnostic efficacy in HCC. In addition, bioinformatics tools were also utilized to predict the potential targets of miR-497 and miR-1246.

Results: The expression level of miR-497 in HCC was significantly down-regulated compared with the control group while the miR-1246 revealed a significantly higher expression level in HCC. There was a significant correlation demonstrated between the expression levels of miR-497 and miR-1246 in preoperative serum of HCC and the differentiation degree, Tumor Node Metastasis (TNM) classification, and metastasis. The expression levels of serum miR-497 and miR-1246 were significantly associated with the diagnosis, prognosis, and overall survival rate of patients with HCC. Moreover, the potential target genes of miR-497 in HCC include ARL2, UBE2Q1, PHF19, APLN, CHEK1, CASK, SUCO, CCNE1, and KIF23. The low expression of these nine genes is associated with a better prognosis of HCC patients. AUTS2 is a novel target gene of miR-1246, and its low expression is significantly related to the low overall survival rate of HCC patients.

Conclusions: miR-497 and miR-1246 are possibly involved in the progression of HCC by regulating target genes, respectively, and could serve as biomarkers in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most prevalent cancers in the alimentary system. It ranks sixth in terms of morbidity and fourth on the list of cancer-related deaths worldwide. Due to the remained difficulties in identifying early-stage cases and the high possibility of tumor recurrence and metastasis after resection operation, HCC still poses a huge threat to human health and survival (Villanueva, 2019). Hence, profound study into the mechanism of tumorigenesis and the discovery of biomarkers with high sensitivity and specificity aiming HCC for the early diagnoses and prognosis monitoring are both essential.

MicroRNAs (miRNAs) are short, single-stranded non-coding RNAs of 18∼22 nucleotides. They down-regulate the expression levels of target genes post-transcriptionally through binding to the 3′untranslated region (3′UTR) of their mRNAs, by which way they modulate various cellular events including apoptosis, cell cycle, proliferation, and invasion and play key roles in tumorigenesis and malignant development (Gebert and MacRae, 2019; Treiber et al., 2019). Recent researches have discovered that altered expression levels of miRNAs in HCC are bound up with biological behaviors and clinicopathological characteristics, making miRNAs pivotal factors in tumorigenesis of HCC (Borel et al., 2012). For example, miR-30a-5p can inhibit glycolysis and increase sensitivity to sorafenib through targeting CLCF1 in HCC, indicating modulating the expression level of miR-30a-5p has a promising therapeutic effect on HCC patients (Zhang et al., 2020). Meanwhile, miR-145-5p can promote tumor progression by inhibiting SPATS2 (Dong et al., 2020). In view of this research progress, miRNAs attract increasing research interest as potential targets in HCC diagnosis and treatment.

Recently, we found that miR-497 and miR-1246 differed in the expression of hepatocellular carcinoma by a large number of literature searches. Several studies focused on the effects of miR-497 in tumor growth (Chae et al., 2019; Hong et al., 2020). Ding et al. (2016) demonstrated that SSRP1 was down-regulated by miR-497, displaying an inhibited characteristics of proliferation and migration in HCC. It was also reported that miR-497 inhibited HCC metastasis by targeting NF-κB/SALL4 axis (Zhao et al., 2019). MiR-1246 is considered to act as an oncogene, which is up-regulated in the majority of cancers, stimulating tumor growth through affecting genes functioning in proliferation, apoptosis, and metastasis (Peng et al., 2019; Xu et al., 2019; Lin et al., 2020). It was described that the expression level of miR-1246 was significantly increased in HCC tissue, which was consistent with the in vitro test on HCC cell lines (Sun et al., 2014; Chuma et al., 2019; Huang et al., 2020).

Circulating miRNAs have been proven to be stable in peripheral blood so that it is feasible to extract circulating miRNAs from patients suffer cancer (Heneghan et al., 2010; Moshiri et al., 2018; Kovesdi et al., 2020). Further, the mini-traumatic advantage of blood samples makes a continuous test of circulating miRNAs in vitro possible while also guarantees good repeatability (Pratama et al., 2020). Therefore, abnormal expression levels of circulating miRNAs can serve as potential biomarkers for disease diagnosis, individualized treatment, and prognosis monitoring (Sharova et al., 2016; Todeschini et al., 2017; Valihrach et al., 2020).

Accordingly, through investigating serum expression levels of miR-497 and miR-1246 in HCC patients, our study aimed to explore the diagnosis value of miR-497 and miR-1246 in HCC and their relationship with the clinicopathological characteristics of HCC patients. In addition, this work also screened and enriched the target genes of miR-497 and miR-1246 to analyze the potential regulatory mechanisms of miR-497 and miR-1246 functions.



MATERIALS AND METHODS


Clinical Samples

In total, 50 patients (30 males and 20 females) diagnosed with HCC from January 2014 to January 2015 in Huashan Hospital Affiliated to Fudan University were taken as the experimental group (HCC group). The ages ranged from 20 to 70, and the mean age was 45 ± 7.2 years. Based on TNM stages, the numbers of patients with TNM I + II and III were 24 and 26, respectively, and the numbers of patients with TNM N0 and N1 were 31 and 19, respectively. In terms of differentiation, there were 30 well and moderately differentiated cases and 20 poorly differentiated cases. The HCC group underwent follow-up surveys within 70 months after surgical resection. The control group consisted of 50 healthy subjects examined during the same period, including 28 males and 22 females. Sample sizes and power calculations were not performed for the study. The study design was approved by the Medical Ethics Committee of Huashan Hospital Affiliated to Fudan University and the informed consent forms were obtained in full.



Standard Technique

The inclusion criteria were patients who were diagnosed with HCC based on pathological examinations and Nation Comprehensive Cancer Network (NCCN) clinical practice guidelines in hepatobiliary cancers.

The exclusion criteria were patients with other cancers or hematologic diseases; the occurrence of severe HCC complications or immune system diseases; confirmed poor compliance due to severe psychiatric disorders; and an unwillingness to participate in this research.



Sample Preparation and Serum Total RNA Extraction

In total, 5 mL elbow vein blood was adopted from each patient, centrifuged at 4,000 rpm for 10 min to separate the serum into a clean EP tube, and stored at −80°C. Serum total RNA was separated and purified using the TRIzol method. Analyzing the quality and concentration of total RNA by NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, inc.). Agarose gel electrophoresis was applied to ensure the integrity of the total RNA. Storing total RNA at −80°C for RT-qPCR.



RT-qPCR

In sum, 1 μg total RNA was reversely transcribed into cDNA using miScript II RT Kit (Qiagen GmbH) at 37°C for 1 h and then at 95°C for 5 min. Synthesized cDNA samples were stored at −80°C. The RT-qPCR was carried out strictly according to the miScript SYBR-Green PCR Kit (Qiagen GmbH) and each data was repeated three times. Caenorhabditis elegans miR-39 (cel-miR-39) was adopted as the control. The amplification reaction program was as follows: initial denaturation at 95°C for 15 min, then 40 cycles with each cycle at 94°C for 15 s followed by annealing at 55°C for 30 s, finally extended at 70°C for 30 s. The primers for RT-qPCR were as follows: miR-497 forward, “5′-CAGCAGCACACUGUGGUUUGU-3′”; miR-1246 forward, “5′-AAUGGAUUUUUGGAGCAGG-3′”; cel-miR-36 forward, “5′-UCACCGGUGUAAAUCAGCUUG-3′”; and miScript universal reverse primer, “5′-AGCCGAAGTGAGCCACTGAA-3′.” The 2−ΔΔCT (cycle threshold) method was used to obtain the relative expression levels of miRNAs.



Serum AFP Quantification

Serum AFP level was quantified using an electron chemistry luminescence immunity analyzer (Roche Diagnostics) according to the manufacturer’s instruction. The reference value of serum AFP was 0–7 ng/mL.



Bioinformatics Analysis

MiRDB and mirDIP databases were used to predict the potential target genes of miR-497 and miR-1246. The differential expression of potential target genes of miR-497 and miR-1246 in HCC was obtained from the GEPIA website1. The GO function, KEGG, and REACTOME pathways were used for enrichment analysis. The prognostic effects of potential target genes of miR-497 and miR-1246 in HCC were obtained from the Kaplan-Meier Plotter website2.



Statistical Analysis

Statistical analysis was carried out using SPSS 19.0 (IBM Co.), and the results were presented as the mean ± standard error. Figures were depicted by GraphPad Prism 7.0 and Photoshop CS6 software. Statistical analysis between two groups was performed using Student’s t-test, and analysis between multiple groups was assessed by one-way analysis of variance (ANOVA) followed by a Student-Newman-Keuls post hoc analysis. Correlation analysis was performed using the Spearman rank test. Independent-Sample t-test was applied to analyze the values between two groups. ROC analysis was used to evaluate the diagnostic efficacy of miR-497, miR-1246, and AFP in distinguishing HCC patients from controls. The survival curve was displayed using the Kaplan-Meier method. P < 0.05 was considered significant.



RESULTS


General Information of Subjects

The general information of subjects in the HCC group and control group is listed in Table 1. There is no significance between subjects from the two groups in terms of basic clinical data including gender, age, body mass index (BMI), drinking history, smoking history, and education level (P > 0.05).


TABLE 1. General information of the HCC group and the control group.
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Expression Levels of miR-497 and miR-1246 in Tissue and Serum of HCC Patients

In our study, the expression levels of miR-497 and miR-1246 in carcinoma tissue and adjoint tissue of each subject in the HCC group were tested. The results showed that the expression level of miR-497 in the HCC tissue was significantly down-regulated when compared with the paired adjoint tissue (P < 0.001, Figure 1A left) while the miR-1246 revealed a significantly higher expression level in carcinoma tissue (P < 0.001, Figure 1A right). The same expression levels profile was discovered in the serum. Compared to postoperative serum and the controls, preoperative serum miR-497 level was significantly down-regulated (P < 0.001, Figure 1B left) while miR-1246 significantly increased (P < 0.001, Figure 1B right). Thus, the results indicated the involvement of miR-497 and miR-1246 in the tumorigenesis and development of HCC as well as the potentiality of serving as biomarkers in early diagnosis of HCC.
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FIGURE 1. Expression levels of miR-497 and miR-1246 in HCC tissue and serum. (A) Relative expression levels of miR-497 (left) and miR-1246 (right) in HCC tissue and paired adjoint tissue. (B) Relative expression levels of miR-497 (left) and miR-1246 (right) in preoperative, postoperative, and healthy serum. ***P < 0.001.




Correlation Between Levels of miR-497 and miR-1246 in HCC Pathologic Specimens and Clinicopathological Characteristics of HCC Patients

Further research focused on the statistical analysis between tissue levels of miR-497 and miR-1246 and clinicopathological characteristics of HCC patients, as shown in Tables 2, 3. The HCC tissue level of miR-497 was associated with tumor size (P = 0.047), TNM staging (P = 0.046), differentiation (P = 0.011), and metastasis (P = 0.002), but it was independent of gender, age, α-fetoprotein (AFP) level, condition of virus infection, alanine aminotransferase (ALT) level, aspartate aminotransferase (AST) level, and cirrhosis (P > 0.05). The MiR-1246 level was found to be correlated with TNM staging (P = 0.024), differentiation (P = 0.010), and metastasis (P = 0.011), and all factors showed statistical differences. Gender, age, AFP level, condition of virus infection, ALT level, AST level, cirrhosis, and tumor size were unrelated to miR-1246 level (P > 0.05).


TABLE 2. Correlation between expression levels of miR-497 in HCC tissue and clinicopathological characteristics of patients with hepatocellular carcinoma.
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TABLE 3. Correlation between expression levels of miR-1246 in HCC tissue and clinicopathological factors of patients with hepatocellular carcinoma.
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Diagnostic Values of Applied Joint Detection of Serum miR-497, miR-1246, and AFP Levels to HCC Patients and Healthy Controls

For determining the diagnostic values of serum miR-497, miR-1246, and AFP levels, ROC curves were drawn to analyze the Area Under Curve (AUC), sensitivity, and specificity (Figure 2 and Table 4). The AUC of serum miR-497 for HCC diagnosis was 0.726 [95% confidence interval (CI) is 0.628–0.810] with a sensitivity and specificity of 74.0 and 66.0%. The AUC of serum miR-1246 for HCC diagnosis was 0.865 (95% CI is 0.783 to 0.925) with a sensitivity and specificity of 82.0 and 80.0%. For further research, the ROC curve of the combination of miR-497 and miR-1246 for HCC diagnosis was drawn and the AUC was calculated to be 0.750 (95% CI is 0.653 to 0.831) with a sensitivity and specificity of 94.0 and 70.0%. Intriguingly, when AFP was taken together with the combination of miR-497 and miR-1246, the most robust capacity of discriminating HCC was shown whose AUC was 0.955 (95% CI is 0.837 to 0.958) with a sensitivity and specificity of 94 and 86.0%.


[image: image]

FIGURE 2. ROC curve can distinguish HCC patients from the control. Compared with 50 healthy controls, the ROC curve evaluated the diagnostic performances of serum (A) miR-497, (B) miR-1246, (C) AFP, (D) miR-497 + miR-1246, and (E) miR-497 + miR-1246 + AFP.



TABLE 4. AUC and the corresponding 95% CI of serum microRNA and AFP in patients with hepatocellular carcinoma compared with healthy controls.
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Correlation Between Serum Levels of miR-497 and miR-1246 and Prognosis of HCC Patients

To unveil the potential value of miR-497 and miR-1246 in prognosis monitoring, a survival analysis was conducted on HCC patients. Kaplan-Meier survival curves were depicted to assess the relationship between high or low miRNAs expression levels and the general survival situations of HCC patients. The median survival time of the HCC group was 46.527 months (Table 5). Kaplan-Meier analysis demonstrated that a low level of miR-497 was significantly related to the decreased survival probability of HCC patients (P = 0.040) (Figure 3A). However, the miR-1246 level showed a contrary tendency that a high level of miR-1246 was significantly related to the decreased survival probability (P = 0.040) (Figure 3B). The results indicated the potential values of miR-497 and miR-1246 in the prognostic evaluation of HCC patients.


TABLE 5. Correlation between serum miR-497 and miR-1246 levels and survival duration of HCC patients.
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FIGURE 3. Kaplan-Meier overall survival curve was made based on preoperative serum miR-497 (A) and miR-1246 (B) relative expression levels. The high expression group and low expression group were founded on the median expression level.




Exploration of miR-497 and miR-1246 Target Gene

In order to investigate the mechanism of action of hsa-miR-497 and hsa-miR-1246, we utilized online databases to predict their target genes. We took the intersection of the results of miRDB and mirDIP databases and analyzed the target genes. Go function annotation included biological process (BP), cell composition (CC), molecular function (MF). And the KEGG and REACTOME pathways enrichment analysis were performed. To have a better understanding, all the results were visualized (Figures 4, 5).
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FIGURE 4. Databases, gene ontology terms, and the KEGG pathway were used to enrich the potential target genes of miR-497. (A) The predicted target genes of miR-497 were obtained from the database. (B) Target genes of miR-497 were significantly enriched in biological processes by BP analysis. (C) Target genes of miR-497 were significantly enriched in the essential components of cells by CC analysis. (D) The most significant result was protein binding, and at the same time, predicted genes were enriched in ATP binding, protein serine/threonine kinase activity for MF analysis. (E) The predicted target genes of miR-497 were mainly concentrated in some signal pathways.
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FIGURE 5. Databases, gene ontology terms, and the KEGG pathway were used to enrich the potential target genes of miR-1246. (A) The predicted target genes of miR-1246 were obtained from the database. (B) Target genes of miR-1246 were significantly enriched in biological processes by BP analysis. (C) Target genes of miR-1246 were significantly enriched in the essential components of cells by CC analysis. (D) The most significant result was protein binding, and at the same time, predicted genes were enriched in protein binding, and also expressed in poly (a) RNA binding, protein kinase binding, and chromatin binding. (E) The predicted target genes of miR-1246 were mainly concentrated in some signal pathways.


A total of 258 predicted target genes of miR-497 were obtained from the database (Figure 4A). It should be noted that because the number of possible target genes of miR-497 is large, we chose 258 genes with high possibility (Target Score ≥ 90). BP analysis showed that the target genes of miR-497 were significantly enriched in biological processes like positive regulation of transcription from RNA polymerase II promoter and positive regulation of transcription, DNA template, etc. (Figure 4B). CC analysis showed that target genes were significantly enriched in the essential components of cells (Figure 4C). For MF analysis, the most significant result was protein binding, and, at the same time, predicted genes were enriched in ATP binding, protein serine/threonine kinase activity (Figure 4D), etc. The predicted target genes of miR-497 were mainly concentrated in PI3K/Akt signal pathway, proteoglycan in cancer and p53 signal pathway (Figure 4E), etc.

A total of 155 predicted target genes of miR-1246 were obtained from the database (Figure 5A). BP analysis showed that the target genes were mainly enriched in positive and negative regulation of transcription from RNA polymerase II promoter, ion transmembrane transport (Figure 5B). CC analysis showed that the predicted target genes of miR1246 were significantly expressed in the cytoplasm, plasma membrane, nucleus, nucleoplasm, cytosol, and other cell components (Figure 5C). MF analysis showed that miR-1246 was significantly enriched in protein binding, and it was also expressed in poly (a) RNA binding, protein kinase binding, and chromatin binding (Figure 5D). KEGG and REACTOME pathways analysis showed that the target genes were mainly enriched in the cAMP signaling pathway, adrenergic signaling in cardiomyocytes, ion homeostasis, and so on (Figure 5E).



The Expression Levels and Prognostic Analysis of miR-497 and miR-1246 Target Genes

As we all know, a lot of evidence supports a negative correlation between miRNA expression and target genes. We first used the GEPIA database to identify differentially expressed genes between hepatocellular carcinoma samples and normal samples (screening conditions are | Log2FC| Cutoff is 1, q-value Cutoff is 0.05). Subsequently, 1,484 up-regulated mRNAs and 733 down-regulated mRNAs were identified (Figure 6A). After a comprehensive analysis of the up-regulated mRNA and miR-497 target genes, we further identified 14 miR-497 target genes with up-regulated mRNA in hepatocellular carcinoma samples (Figure 6B). These genes are ARL2 (ADP ribosylation factor like GTPase 2), HSPG2 (heparan sulfate proteoglycan 2), UBE2Q1 (ubiquitin-conjugating enzyme E2 Q1), PHF19 (PHD finger protein 19), CPD (carboxypeptidase D), APLN (apelin), CHEK1 (checkpoint kinase 1), CASK (calcium/calmodulin-dependent serine protein kinase), SUCO (SUN domain-containing ossification factor), PPP1R11 (protein phosphatase 1 regulatory inhibitor subunit 11), CCNE1 (cyclin E1), KIF23 (kinesin family member 23), TMEM183A (transmembrane protein 183A), and FASN (fatty acid synthase). As shown in Figure 6C, the expression levels of 14 genes in hepatocellular carcinoma samples were significantly higher than those in normal samples, and the difference was statistically significant (P < 0.05). The Kaplan-Meier Plotter website was used to evaluate the prognostic role of these 14 genes in hepatocellular carcinoma. As shown in Figure 6D, the low expression of ARL2, UBE2Q1, PHF19, APLN, CHEK1, CASK, SUCO, CCNE1, and KIF23 has a better prognosis and has statistical differences.
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FIGURE 6. Identify the candidate targeted genes of miR-497 and its prognosis analysis. (A) Differentially expressed genes between HCC samples and normal samples from the GEPIA database. (B) The intersection of miR-497 target genes and the differentially expressed genes down-regulated in the GEPIA database were obtained. (C) The expression levels of ARL2, HSPG2, UBE2Q1, PHF19, CPD, APLN, CHEK1, CASK, SUCO, PPP1R11, CCNE1, KIF23, TMEM183A, and FASN between HCC samples and normal samples were obtained from the GEPIA database. (D) The prognostic analysis results of ARL2, HSPG2, UBE2Q1, PHF19, CPD, APLN, CHEK1, CASK, SUCO, PPP1R11, CCNE1, KIF23, TMEM183A, and FASN in HCC were obtained from the Kaplan-Meier Plotter website.


Similarly, after the comprehensive analysis of down-regulated mRNA and miR-1246 target genes, we further identified two miR-1246 target genes with down-regulated mRNA in hepatocellular carcinoma samples (Figure 7A). These genes are AUTS2 (activator of transcription and developmental regulator AUTS2) and SLAIN1 (SLAIN motif family member 1). As shown in Figure 7B, the expression levels of these two genes in hepatocellular carcinoma samples were significantly lower than normal tissues, and the difference was statistically significant (P < 0.05). The Kaplan-Meier Plotter website was used to evaluate the prognostic role of these two genes in hepatocellular carcinoma. As shown in Figure 7C, the high expression of AUTS2 has a better prognosis, and there is a statistical difference (P < 0.01).
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FIGURE 7. Identify the candidate target genes of miR-1246 and its prognosis analysis. (A) The intersection of miR-1246 target genes and the differentially expressed genes down-regulated in the GEPIA database were obtained. (B) The expression levels of AUTS2 and SLAIN1 between HCC samples and normal samples were obtained from the GEPIA database. (C) The prognostic analysis results of AUTS2 and SLAIN1 in HCC were obtained from the Kaplan-Meier Plotter website.


Based on these findings, a potential miR-497-mRNA or miR-1246-mRNA regulatory network can be established, namely, miR-497-ARL2/UBE2Q1/PHF19/APLN/CHEK1/CASK/SUCO/CCNE1/KIF23, or miR-1246-AUTS2/SLAIN1, which contributes to the occurrence and development of hepatocellular carcinoma.

For requirements for a specific article type please refer to the Article Types on any Frontiers journal page. Please also refer to Author Guidelines for further information on how to organize your manuscript in the required sections or their equivalents for your field3.



DISCUSSION

Hepatocellular carcinoma constitutes more than 90% of liver cancer cases and is considered to be related to various etiological factors, which mainly include hepatitis B virus, hepatitis C virus, and alcohol abuse (Luu et al., 2020). HCC has an insidious onset and a slow progression stage, making the early clinical manifestations atypical. A large proportion of HCC patients are not properly diagnosed until the mid-late stage, which means the loss of the best treatment period (Yang and Heimbach, 2020). Thus, requirements for elevating early diagnostic rate and overall survival probability are being stressed by clinical doctors. For now, the main treatment methods of early-stage HCC are still surgical. In recent years, strategies of HCC remedy have been improved to some extent while the high postoperative complication rate remains unsolved (Mak et al., 2020). Therefore, discovering sensitive markers has great significance to early diagnosis and prognosis improvement of HCC.

Clinical diagnosis of HCC mainly depends on the comprehensive analysis of hepatitis virus infection condition, cirrhosis background, the non-specific clinical manifestation of the digestive system, laboratory indexes, and radiology data (Forner et al., 2018). However, due to the invasive procedures and the relative lack of sensitivity and specificity, it is urgently necessary for us to acquire non-invasive biomarkers to detect HCC. MiRNAs can stably exist in circulation by forming inclusion bodies and exosomes, which makes it possible to obtain and test miRNAs from biological fluid, serum, and stool samples (Valihrach et al., 2020). Thus, serum miRNAs have been considered promising biomarkers for HCC diagnosis.

Massive miRNAs have been proved to be associated with cancer progression and are differently expressed among normal tissue and tumor tissue (Goodall and Wickramasinghe, 2020). Interestingly, miRNAs can serve as both oncogenes and tumor suppressor genes based on parameters including miRNA types and tumor classifications, participating in a series of biological processes and pushing forward immense influences on tumorigenesis, development, and metastasis (Anastasiadou et al., 2018).

Previous studies have already proved that miR-497 level is down-regulated in several cancers. For example, Yang et al. (2016) demonstrated that down-regulated miR-497 was closely associated with a more significant chemoresistance of cervical cancer through the overexpression of TKT, finally affected the reactive oxygen species (ROS), cell proliferation, and viability. Down-regulated miR-497 participates in various pathways by indirectly stimulating the expression levels of target genes. As displayed in the study of Duan et al. (2020) a low level of miR-497 increased the HMGA2 level, resulting in the elevated growth and invasive capacity of HCC cells in vivo and in vitro. Meanwhile, an un-regulated miR-1246 level has been revealed in many malignancies. In the research of Yang et al., a high level of intracellular miR-1246 reduced the GSK-3β level, followed by the activation of the Wnt/β-catenin pathway, accounting for the initiation and enhancement of Epithelial-Mesenchymal Transition (EMT), which finally led to the metastasis of lung cancer cells (Wu and Yan, 2020). The same mechanism and pathway were proven to exist in liver cancer stem cells by Chai et al. (2016) who laid the foundation of HCC drug resistance and tumor recurrence.

Our study has revealed that the expression of miR-497 was significantly down-regulated in HCC tissue and the preoperative serum while a significantly higher level of miR-1246 was detected in HCC tissue and preoperative serum than that in the healthy controls. In the meantime, the down-regulated miR-497 and up-regulated miR-1246 levels were closely associated with the TNM staging, differentiation, and metastasis condition of HCC, suggested that miR-497 and miR-1246 might play important roles in HCC onset and development with miR-497 acting as an oncogene and miR-1246 acting as an anti-oncogene, respectively.

It has been reported that miR-497 and miR-1246 can serve as biomarkers in various tumors. For instance, research by Du et al. (2015) demonstrated that down-regulated miR-497 not only played a key role in the anti-apoptosis effect in bladder cancer but was also being closely related to the tumor burden of bladder cancer patients. Shi et al. (2020) have discovered the overexpression of serum miR-1246 packaged in exosomes and the association with TNM staging, showing the potentiality of serving as a diagnostic biomarker in gastric cancer. In our study, the sensitivity and specificity of serum miR-497 in HCC diagnosis were 74.0 and 66.0%, respectively, while the sensitivity and specificity of serum miR-1246 in HCC diagnosis were 82.0 and 80.0%, respectively. Providing that combining serum miR-497 and miR-1246 together for HCC diagnosis, the sensitivity and specificity reach 94.0 and 70.0%, respectively. The most robust diagnostic efficacy was presented by the triad of miR-497, miR-1246, and AFP, with the AUC, sensitivity, and specificity of 0.955, 94.0, and 86.0%. All the evidence suggests that miR-497 and miR-1246 can behave as biomarkers with excellent sensitivity and specificity that might be empowered for the early diagnosis of HCC, and the diagnostic efficacy can be even higher when AFP is incorporated into the combination.

We also found that serum miR-497 and miR-1246 levels were not only related to the preoperative tumor-bearing condition of HCC but were also related to the prognostic outcomes of HCC patients. The low level of serum miR-497 and high level of serum miR-1246 were associated with an unfavorable prognosis of postoperative HCC patients. Nevertheless, we believe that validating the mechanisms behind the influences of miR-497 and miR-1246 on various clinical factors in HCC will help to elucidate the correlations better.

MiRNA exerts its effects by inhibiting the expression of multiple target mRNAs. Based on the known target gene databases (miRDB and mirDIP), it is predicted that 258 mRNAs are the targeted regulatory molecules of miR-497, and 155 mRNAs are the target genes of miR-1246. The rich results of the GO analysis, KEGG, and REACTOME pathways showed that most of the potential target genes of miR-497 are significantly related to transcription, and PI3K Akt signal pathway, proteoglycan in cancer, and p53 signal pathway are the majority. Most potential target genes of miR-1246 are related to positive and negative regulation of transcription from RNA polymerase II promoter and ion transmembrane transport. The PIcAMP signaling pathway, adrenergic signaling in cardiomyocytes, and ion homeostasis predominate in signaling pathways.

One miRNA can target multiple mRNAs, and target mRNAs are usually tissue-specific. In order to test the predictive power of miR-497 and miR-1246 in HCC and verify their potential target genes, the expression levels of these mRNAs were further checked through the GEPIA database. Interestingly, it was confirmed that fourteen genes (ARL2, HSPG2, UBE2Q1, PHF19, CPD, APLN, CHEK1, CASK, SUCO, PPP1R11, CCNE1, KIF23, TMEM183A, and FASN) in miR-497 are highly expressed in hepatocellular carcinoma. And nine of the genes (ARL2, UBE2Q1, PHF19, APLN, CHEK1, CASK, SUCO, CCNE1, and KIF23) are related to the overall survival time of hepatocellular carcinoma patients. Simultaneously, we predict that two genes (AUTS2 and SLAIN1) regulated by miR-1246 are very lowly expressed in hepatocellular carcinoma, and the high expression of the AUTS2 gene among them is correlated with the longer overall survival time of hepatocellular carcinoma patients.

As a member of the ADP ribosylation factor (ARF) subfamily, ARL2 is highly conserved and ubiquitous in eukaryotes. Recent studies have shown that the expression of ARL2 in hepatocellular carcinoma is significantly increased, involved in the cell cycle regulation and DNA replication process of hepatocellular carcinoma, and may be used as a prognostic indicator (Hass et al., 2016). UBE2Q1 is a specific E2 ubiquitin-conjugating enzyme, which acts as an oncogene in hepatocellular carcinoma. Studies have shown that in vitro experiments, inhibiting the content of UBE2Q1 can significantly inhibit the proliferation of hepatocellular carcinoma cells, and lead to G1 arrest in HepG2 and BEL-7404 cells (Chang et al., 2015). PHF19 is a member of the polycomb group (PcG) that encodes a protein that functions by maintaining the repressive transcription state of many developmental regulatory genes. In addition, it has been proven that PHF19 plays an important role in the molecular etiology of HCC. Overexpression of PHF19 can promote the migration, invasion, and proliferation of HCC cells in vitro and participate in the regulation of the expression of cancer-related proteins (Xu et al., 2015). APLN is the endogenous ligand of the seven transmembrane G protein-coupled receptor (GPCR) APJ (APLNR). It is often upregulated in primary HCC and can be activated by phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathway. APLN plays carcinogenic a role in the development of hepatocellular carcinoma and is a promising drug target for the treatment of hepatocellular carcinoma (Chen et al., 2019). CHEK1 is an evolutionarily conserved Ser/Thr kinase that mediates cell cycle arrest after DNA damage, and studies have reported that the oncogene CHEK1 is overexpressed in HCC and is associated with poor prognosis (Xie et al., 2014). The SUCO gene is located at the 1q24.3 site of humans and encodes the ossification factor of the SUN domain. Studies have shown that SUCO is up-regulated in HCC tissues and is involved in the cell cycle, cell metabolism, and cell proliferation. The high expression of SUCO is significantly related to the low overall survival rate of HCC patients and may be a potential diagnostic biomarker for HCC (Yue et al., 2019). CCNE1 is the regulatory subunit of cyclin-dependent kinase 2 (CDK2), believed to control the transition from static cells to the cell cycle. Sonntag et al. (2018) found that genetic inactivation of CCNE1 prevented the development of hepatocellular carcinoma in mice to a large extent, and was the main driving force for the initiation of HCC induced by DEN. KIF23 is a member of the Kinesin superfamily proteins family. It transports membrane organelles and protein complexes in a microtubule and ATP-dependent manner and participates in the proliferation and cycle of hepatocellular carcinoma cells. The high expression of KIF23 is significantly related to the shorter overall survival and disease-free survival of hepatocellular carcinoma patients and is an independent prognostic factor for the poor prognosis of hepatocellular carcinoma (Li et al., 2020). CASK and AUTS2 genes have not yet been reported on the mechanism of their involvement in hepatocellular carcinoma. These two genes are more likely to become the new target genes of miR-497 or miR-1246 in hepatocellular carcinoma cells.



CONCLUSION

In conclusion, miR-497 and miR-1246 may be involved in the onset and development of HCC. Serum miR-497 and miR-1246 have good diagnostic sensitivity and specificity, and the addition of AFP will further increase the sensitivity. Furthermore, miR-497 may inhibit the biological process of HCC by regulating these nine genes ARL2, UBE2Q1, PHF19, APLN, CHEK1, CASK, SUCO, CCNE1, and KIF23. MiR-1246 may promote the development of HCC by inhibiting AUTS2. Therefore, miR-497 and miR-1246 may be new biomarkers robustly related to HCC diagnosis.
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