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Abstract

AIM: To achieve a better understanding of the molecular mechanisms of microRNA expression changes involved in hepatocellular carcinoma.

METHODS: In this research process, patients were not treated with antivirals, immunosuppressants or immunomodulators for at least 6 mo before collecting serum. The study population was composed of 35 outpatient hepatitis B virus (HBV) cases and 12 healthy control cases from the Affiliated Hospital of Inner Mongolia Medical University (Inner Mongolia, China) from July 2013 to April 2014. The 35 HBV cases were divided into two groups: a hepatocirrhosis group with 20 cases and a liver cancer group with 15 cases. All 35 cases carried HBsAg. The diagnostic criteria followed the European Association for the Study of the Liver 2012 (EASL2012) standards. MicroRNA (miRNA) was extracted from a control group of patients, a group with hepatocirrhosis and a group with liver cancer and its quality was analyzed using the human V2 microRNA expression beadchip. Cluster analysis and a radar chart were then applied to the miRNA changes.

RESULTS: The miRNA-qualified rate of human serum samples was 93%. The concentration of a single sample was > 200 ng/L and the volume was > 5 L. All miRNA serum samples were uncontaminated by the genome. The Mann-Whitney test showed significant differences in miRNA between each group, with a detection P-value of < 0.05. Illumina software was set up with Diff Score set to ± 13, meaning that P = 0.001.There were significant changes in miRNA expression between the three groups. miRNA-183 was the most up-regulated, followed by miRNA-373. miRNA-129 and miRNA-188 were both strongly down-regulated and miRNA-378 was down-regulated a small amount. The liver cancer group had greater changes, which indicated that changes in miRNA expression levels were caused by hepatocirrhosis. The liver cancer disease course then further increased these changes. In the pentagon created by these five miRNAs, three groups showed significant deviation. The liver cancer group had a bigger deviation trend. The chart indicated that miRNA expression changes occurred in the hepatocirrhosis group, which increased in the liver cancer disease course and were irreversible.

CONCLUSION: There was a significant relationship between the irreversible up-regulation of miRNA-183/373 and down-regulation of miRNA-129/188/378 and incidences of hepatocirrhosis and liver cancer. 
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Core tip: There was a better understanding of the molecular mechanisms of microRNA (miRNA) expression changes involved in hepatocellular carcinoma, associated patients with aggressive malignancy and poor prognosis. The 35 hepatitis B virus cases were divided into two groups, a hepatocirrhosis group with 20 cases and a liver cancer group with 15 cases. 12 healthy people were used as a control. There were significant changes in miRNA expression between the three groups. miRNA-183 was the most up-regulated, followed by miRNA-373. miRNA-129 and miRNA-188 were both strongly down-regulated and miRNA-378 was down-regulated a small amount. The liver cancer group had greater changes, which indicated that changes in miRNA expression levels were caused by hepatocirrhosis. The liver cancer disease course then further increased these changes. 

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common human malignancies worldwide, especially in East Asia and South Africa[1,2]. Due to its high malignant potential, HCC ranks as the third leading cause of cancer death in the world, resulting in almost 600000 deaths each year. Despite great improvements in treatment options, the long-term survival of patients with HCC remains unsatisfactory, with a 5-year survival rate of 20% to 30% reported in the literature. The treatment of advanced and metastatic HCC presents many challenging problems[3-5].

Carcinogenesis and the progression of HCC are multistage processes that involve many growth factors, oncogenes and tumor suppressor genes. Elucidating the molecular events underlying the tumorigenesis of HCC is important for its screening, prevention and treatment. In recent decades, many factors involved in the pathogenesis of HCC have been identified, including p53, Rb, PI3K, Akt, MAPK and many others[6-10]. However, the molecular mechanisms of HCC are still largely unknown.

Recent studies using DNA microarray techniques have identified unique gene expression profiles in hepatitis B and C virus-associated HCC[11,12]. Gene expression profiling also allows us to distinguish HCC from normal tissue or preneoplastic lesions and to evaluate metastatic or recurrent potential. These unique genes or gene products associated with malignant transformation and recurrent or metastatic potential may serve as molecular markers for early diagnosis and allow prediction of prognosis and responsiveness to therapy[13-15].

Although vaccination could reduce the incidence of hepatitis B, hepatocirrhosis and liver cancer remain major global health problems, the treatment of which poses many challenges. The World Health Organization reported 3.5 million new cases of chronic hepatitis in 2013 and 0.7 million deaths of chronic hepatitis patients from liver failure, cirrhosis and primary hepatocellular carcinoma[16-18]. The pathogenesis of HCC remains unclear. The inhibition microenvironment, comprising inhibitory receptors, inhibitory cells and immunosuppressant cytokines, can accelerate disease progression. In this study, the serum from hepatitis B virus (HBV) infected patients was used to analyze the different disease courses of HCC.

MicroRNAs (miRNAs) are short non-coding RNA molecules, similar to siRNAs. miRNAs consist of 20-25 nucleotides and their sequences are complementary to the 3’ untranslated regions of messenger RNAs. Binding results in inhibition of translation and gene silencing. Research has shown that thousands of human protein coding genes are regulated by miRNA[19-22].

It is suggested that miRNA plays an important role in the regulation processes of cell growth and development. miRNA is widely expressed in tissues and also in different types of cancer tissue. Research has shown that miRNAs can regulate the expression of target genes, thereby regulating liver cell proliferation and differentiation[20,21]. 

As such, miRNAs are significant in the ability of the liver to maintain normal physiological processes. To study the biological functions of miRNA, miRNA target genes must first be identified. Although miRNA has been studied intensely, the identification of miRNA target genes is still very challenging because each miRNA has hundreds of target genes and each miRNA can have a different regulatory process for each target gene. In recent years, studies have found that miRNA can bind to the 5’-UTR and the promoter region. This greatly increases the difficulty of studying miRNA but also provides ideas for understanding its complex biological functions[19-21].

The development of microarray technology, which allows us to undertake parallel analyses of many genes, has led to a new era in medical science. New genomic high-throughput technologies, such as RNA microarrays, considerably facilitate the molecular profiling of human tumors. Thousands of genes can now be analyzed in a simple hybridization microarray. The expression profile of a single tumor reflects the state of events of an individual malignancy at a certain time point. To generalize the findings and provide conclusive evidence for the involvement of a molecular alteration, it is often necessary to analyze several hundred tumors. Using traditional molecular pathology, such verification could take several months or even years to complete. To facilitate translational research in a large scale manner, technology was developed recently for making high density arrays of tumor tissue specimens. These arrays can be used for rapid miRNA evaluation of gene copy number and expression in thousands of tumors simultaneously. Current research is mostly concerned with the differentiation of one particular variable, such as HBV infection, environmental carcinogens, metastasis and recurrence, and sensitivity to chemo agents. It is rare for five kinds of gene expression profiling to be used. We have combined RNA microarray and TMA techniques to identify differentially expressed genes in the development and progression of human HCC[23-25]. In this study, we investigated the correlations between miRNA and clinical pathological characterization and our findings provide a comprehensive understanding of the molecular mechanisms of HCC and some new potential therapeutic targets.

MATERIALS AND METHODS
Survey and respondents

The study population was composed of 35 outpatient HBV cases and 12 healthy control cases from the Affiliated Hospital of Inner Mongolia Medical University (Inner Mongolia, China) from July 2013 to April 2014.

The 35 HBV cases were divided into two groups, a hepatocirrhosis group with 20 cases and a liver cancer group with 15 cases. All 35 cases carried HBsAg. The diagnostic criteria followed the European Association for the Study of the Liver 2012 (EASL2012) standards.

Patients with other hepatitis or HIV infections, other causes of liver damage, autoimmune disorders or neoplasm were excluded from the study, as well as pregnant or lactating women. In this research process, patients were not treated with antivirals, immunosuppressants or immunomodulators for at least 6 mo before collecting serum.

Medical Ethics Committee of Inner Mongolia Medical College approval was obtained and all patients involved had previously provided their written, informed consent to have their clinical and pathogenic information used for research.

Extracted miRNA

Blood samples were collected at the first hospital visit. Serum was separated and stored under -80 ℃. MiRNApure Mini Kit (Cat. No. CW0627) was purchased from CWBiotech Ltd. Nucleic acids and miRNA were extracted separately from the serum in accordance with the instructions. 

Major equipment

Electrophoresis apparatus and slot were DYY-6B and CQU-200, the gel imaging instrument was Gel Doc 2000, and the spectrophotometer was NanoDrop 2000.

Statistical analysis

Logarithms were used to convert data with positive skew into a normal distribution. For homogenous data, analysis of variance, Student-Newman-Keuls and Pearson’s correlation were used. For inhomogeneous data, Kruskal-Wallis, Games-Howell and Spearman’s correlation analysis were used. All analyses were carried out using SPSS 17.0 software (SPSS Inc, Chicago, IL, United States). Values less than 0.05 were considered to be statistically significant.

RESULTS

Quality inspection of miRNA

The miRNA-qualified rate of human serum samples was 93%. Three serum samples did not meet the requirements. Optical densities at 260-280 nm were between 1.7 and 2.1. The concentration of a single sample was > 200 ng/L and the volume was > 5 L. All miRNA serum samples were uncontaminated by the genome. The results of electrophoresis of miRNA in a 1.2% agarose gel are shown in Figure 1, displaying the correct molecular weight and a high concentration of miRNA.

miRNA gene expression profiling

Human miRNA from the Illumine Corporation were used as the gene chip, tested on the Illumine BeadArray. The human V2 miRNA expression beadchip was tested for quality control, including a negative control, a PAP control, query oligo annealing controls, mismatch controls, array hybridization controls and contamination controls.

Calculation of miRNA expression

GenomeStudio (Illumina) was used to calculate the signal value of each point on the gene chip after scanning by the BeadArray Reader software (Illumina). The Mann-Whitney test showed significant differences in miRNA between each group, with a detection p-value of < 0.05. Illumina software was set up with Diff Score set to ± 13, meaning that P = 0.001. The scatter diagram shown in Figure 2 was drawn by the software, without the negative logarithm loop. The red line is the cut-off line: the upper parts were > 1.5-fold and the lower parts were < 0.67-fold.

Cluster analysis

Cluster3.0 software was used to analyze the differences in miRNA between each group. MiRanda was used for miRNA target prediction (http://www.microrna.org) which is shown in Figure 3. Three groups showed significant changes in miRNA expression. The expression of five important miRNAs changed. miRNA-183 was the most up-regulated, followed by miRNA-373. miRNA-129 and miRNA-188 were greatly down-regulated and miRNA-378 was down-regulated a small amount.

The quantization map

The quantization map shows the expression difference in human serum between these five miRNAs. The radar chart in Figure 4 shows the changes in each miRNA in comparison to the baseline of the control group. 

In the pentagon created by these five miRNAs, three groups showed significant deviation. The liver cancer group had a bigger deviation trend. The chart indicated that miRNA expression changes occurred in the hepatocirrhosis group, which increased in the liver cancer disease course and were irreversible.

DISCUSSION

Hepatocellular carcinoma, an aggressive malignancy with poor prognosis and one of the most common tumors in humans, has become a leading cause of cancer-related death in adults from Asia and Africa. Despite advances in the diagnosis and treatment of HCC, the prognosis of patients with HCC remains dismal. The poor prognosis of HCC has been associated with recurrence and metastasis[17-24]. Therefore, a better understanding of the molecular mechanisms involved in HCC development and metastasis is needed. 

Early diagnosis is essential for cancer prevention and control. Previously, we found that a specific course of liver cancer disease had a different protein expression and different miRNA regulation. Recurrent chromosomal aberrations are often observed in HCC but little is known about the role of functional non-coding sequences, particularly miRNA, at the chromosomal breakpoints[14-16].

miRNAs are small non-coding RNAs that function as key regulators of gene expression at the post-transcriptional level. They play important roles in cell proliferation, differentiation and apoptosis. 

A study from Anhui Medical University investigated the functions of miRNA-183 in HCC and discussed the construction of an artificial miRNA cluster expression vector[26]. The miRNA-183 expression profile from HCC tumor tissues and adjacent normal liver tissues were compared using real-time PCR. The results showed that miRNA-183 was significantly up-regulated (2 to 300 fold) in 68% of tumors. The author suggested that miRNA-183, which is up-regulated in HCC, repressed the expression of the tumor-suppressor PDCD4 post-transcriptionally and inhibited TGF-1-induced apoptosis in human HCC cells. Therefore, miRNA-183 may play an important role in HCC development. Their artificial miRNA cluster efficiently expressed mature miRNA and miRNA procession suppressed the expression of the protein with miRNA host genes. Moreover, their artificial miRNA cluster on cell cycle arrest was more effective than single miRNAs.

Disturbance of miRNA expression and function results in tumors. Different miRNA have different roles as they regulate the expression of different target genes. miRNAs that originate from the same pre-miRNA transcript can have different functions, such as miRNA-371/miRNA-373. A study from Kunming University of Science and Technology showed that the molecular mechanisms of miRNA-373 related to the occurrence and development of tumors[27]. The real-time quantitative PCR results showed that there was a 6.684-fold decrease in miRNA-373 in BCSCs compared to MCF-7 cells and that EIF4A1 was a target gene of miRNA-373. However, our study found that more miRNA-373 was found in serum from patients with liver cancer and hepatocirrhosis, which may be due to differences in the cancer types.

The results from the bioinformatics prediction showed that miRNA-373 targeted genes involved in cell proliferation, apoptosis, cell cycle regulation, cell signal transduction, ontogenesis, tumor suppression and other closely related genes involved in tumor development and metastasis. These results indicate that some of the imbalance between the expression levels of key miRNAs might be important in breast and liver cancer occurrence.

A study from the National Engineering Center for Biochip in Shanghai investigated the diagnostic value of serum miRNA, including miRNA-129 in colorectal cancer (CRC)[28,29]. They identified 10 serum-specific miRNAs from patients with CRC. A set of serum-specific miRNAs, including miRNA-129, that are considered to be biomarkers for CRC detection were validated by RFQ-PCR. The area under the receiver operating characteristic curve for this set of serum miRNAs reached a maximum value of 0.914 with a sensitivity of 77.78% and a specific sensitivity of 100% for CRC. The set of serum-specific miRNA-129s may become a group of feasible and effective indices in the screening and early diagnosis of CRC, which we also found in our study.

A study from Central South University found that miRNA-188 was frequently down-regulated in HCC[30]. miRNA-188 expression was correlated with clinicopathological characteristics and the prognosis of HCC. miRNA-188 inhibited HCC cell proliferation and metastasis in vitro. Its direct downstream target was AAC11.

A study from Soochow University found that miRNA-378 may suppress the growth characteristics of HBV-related HCC by directly targeting the IGF 1R 3’-UTR and inhibiting its expression[31]. 

Additionally, it was reported that 22 miRNAs were often amplified or deleted in HCC and that miRNA-151 was correlated with intrahepatic metastasis of HCC, which we did not find in our study[32]. miRNA-151 was often expressed together with its host gene FAK, focal adhesion kinase, which significantly increased HCC cell migration and invasion in vitro and in vivo, mainly through miRNA-151-5p, but not through miRNA-151-3p. As such, more research into miRNA, tumor invasion and metastasis of HCC is needed.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is one of the most common human malignancies worldwide, especially in East Asia and South Africa. MicroRNAs (miRNAs) are short non-coding RNA molecules, similar to siRNAs. Recent studies using DNA microarray techniques have identified unique gene expression profiles in hepatitis B and C virus-associated HCC. As such, a better understanding of the molecular mechanisms of miRNA expression changes involved in HCC is needed.

Research frontiers

A study from Anhui Medical University investigated the functions of miRNA-183 in HCC and discussed the construction of an artificial miRNA cluster expression vector. A study from Kunming University of Science and Technology showed that the molecular mechanisms of miRNA-373 related to the occurrence and development of tumors. A study from the National Engineering Center for Biochip in Shanghai investigated the diagnostic value of serum miRNA, including miRNA-129, in colorectal cancer. A study from Central South University found that miRNA-188 was frequently down-regulated in HCC.

Innovations and breakthroughs

A better understanding of the molecular mechanisms involved in HCC development and metastasis is needed. Early diagnosis is essential for cancer prevention and control. Previously, the authors found that a specific course of liver cancer disease had different protein expression and different miRNA regulation. Cluster analysis and a radar chart were applied to the miRNA changes. By using a gene chip, large-scale integration detection could be made at one time which was more meaningful for the same specimen.

Applications

Early diagnosis is essential for cancer prevention and control. The conclusion from the present study is helpful for early diagnosis and intervention. Drug development might be a process change of miRNA expression.
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Overall, this study is well designed and the manuscript is well written.
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FIGURE LEGENDS
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Figure 1  The result of electrophoresis of microRNA by 1.2% agarose gel. m: RNA marker; Arabic numbers: Representative of the specimen’s number.
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Figure 2  Scatter diagram of the calculation of microRNA expression by BeadArray reader software (Illumina).
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Figure 3  The results of the microRNA cluster analyzed.
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Figure 4  Radar chart showing the changes of each microRNA.
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