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Abstract
AIM: To investigate the effect of miR-106b on tumor progression in hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC).
METHODS: A total of 120 patients who underwent liver resection for HCC at National Cheng Kung University Hospital were enrolled in the present study. MicroRNA (miRNA) array was first used to screen the miRNA expression profiles in HCC patients. The clinical records were retrospectively analyzed, and correlations with the miRNA expression profiles were evaluated. The mRNA expression levels of the miR-106b-25 cluster (miR-106b, miR-93 and miR-25), and MCM7 in tumor and non-tumor samples were quantitated using quantitative real-time reverse transcription-polymerase chain reaction (q-RT-PCR) analysis, and correlations in the levels of miR-106b, miR-93 and miR-25 expression were calculated. Kaplan-Meier overall and disease-free survival rates of HBV-associated HCC patients were analyzed using the log-rank test based on miR-106b expression. The comparison of the miR-106b expression levels in patients with different clinical outcomes was analyzed using Mann-Whitney U tests. Furthermore, a hepatitis B virus X protein (HBx) expression plasmid was transfected into Huh7 and Hep 3B cells. The expression levels of the miR-106b-25 cluster and MCM7 in HBx-expressing Huh7 and Hep 3B cells were detected using q-RT-PCR. 
RESULTS: miRNA array screening showed that miR-106b and its cluster, miR-93 and miR-25 were up-regulated in HCC patients (P < 0.01). The value of miR-106b expression in HBV-associated HCC patients was significantly higher than that in HCV- (P < 0.05) or non-B/non-C- (P < 0.001) associated HCC patients. The expression of the miR-106b-25 cluster was significantly higher in tumor tissue (P < 0.001) and associated with the host gene, MCM7, in clinical specimens from HBV-associated HCC patients. Furthermore, the expression levels of miR-106b, miR-93 and miR-25 were positively correlated in HBV-associated HCC tissues (miR-106 vs miR-93, r = 0.75; miR-93 vs miR-25, r = 0.69; miR-106b vs miR-25, r = 0.33). The overall and disease-free survival curves showed that high-miR-106b expression was correlated with the poor prognosis of HBV-associated HCC. HCC differentiation was significantly correlated with miR-106b expression (P < 0.05). Lower miR-106b expression levels resulted in the well differentiation of HCC. Moreover, the expression of the miR106b-25 cluster and MCM7 was up-regulated in Huh7 and Hep 3B cells after transfection with the HBx expression plasmid.
CONCLUSION: The data obtained in the present study suggests that HBx enhances miR-106b transcription to promote tumor progression in HBV-associated HCC.
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Core tip: The role of miR-106b in tumor progression of hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) and how it be regulated are still unclear. In this study, we analyzed the expression levels of miR-106b in HBV-associated HCC tissues and correlated the data with clinical records of patients. Our results indicated that miR-106b expression was up-regulated and related with tumor progression in HBV-associated HCC. In addition, hepatitis B virus X protein may contribute to enhance the transcription of miR-106b. These findings provide potential diagnostic and therapeutic targets for HBV-associated HCC.

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks among the 10 most common cancers in the world and is a major cause of cancer death in Southeast Asian countries[1,2]. The carcinogenesis of HCC is a multi-factor, multi-step and complex process, associated with chronic and persistent hepatitis B virus (HBV) infection[3,4]. Chronic hepatitis infection causes liver inflammation damage, subsequent fibrosis, liver cell regeneration and liver cell proliferation leading to the malignant transformation of the liver[5]. Most HCC patients die as a result of the rapid tumor progression and hepatic resection or transplantation is the only potential curative treatment for HCC patients when the HCC is diagnosed early[6]. However, the effective diagnostic and therapeutic targets remain unclear.
Several mechanisms of HBV-related tumorigenesis have been proposed[5]. HBV X (HBx) protein has recently been implicated as an oncoprotein in HBV-related tumorigenesis and HCC progression[7,8]. Previous studies have shown that HBx modulates cytoplasmic signal transduction pathways, such as Ras/Raf-1, through the transactivation of cellular signaling molecules to promote HCC proliferation[9]. 
MicroRNAs (miRNAs) are small non-protein coding gene (19-22 or 19-25 nucleotides) with important role in the regulation of gene expression at the post-transcriptional level[10]. Studies have demonstrated that miRNA plays a role in the regulation of fundamental cellular processes, including development and proliferation, cell fate determination and apoptosis[10,11]. Nearly 60% of human genes are controlled through miRNAs[11]. Several studies have shown that miRNA might affect on numerous types of cancer, and the dysregulation of miRNA has been associated with certain cancer types[11-14]. The dysregulated miRNA promotes or suppresses tumorigenesis through the down-regulation tumor suppressor gene or oncogene expression[15,16]. The miR-106b-25 polycistron is located within intron 13 of the minichromosome maintenance protein 7 (MCM7) genes on chromosome 7q22.1[17]. The results of previous sequence study indicated that miR-106b-25 is homologous with the known oncogene miR-17-92[18]. Previous studies have shown that the miR-106-25 cluster is overexpressed as a group of oncogenic miRNAs in many cancer types including prostate cancer, breast cancer, and gastric cancer[14,19-21]. MCM7, the host gene of the miR-106b-25 cluster, belongs to a family of the minichromosome maintenance (MCM) complex, comprising six replication proteins including MCM2, MCM3, MCM4, MCM5, MCM6 and MCM7 (termed MCM2-7). Previous studies have implicated MCM7 in the replication licensing and synthesis of DNA[22,23]. The expression of MCM7 can be a prognostic indicator in diverse cancers, such as prostate cancer, ovarian cancer, endometrial cancer, etc[24-26]. Moreover, the dysregulation of MCM7 might be involved in tumor development and associated with the miR-106b-25 cluster.
In the present study, we analyzed the expression levels of miR-106b in HBV-associated HCC tissues and correlated the data with the clinical records of patients to clarify the role of miR-106b in tumor progression and regulation in HBV-associated HCC. These results indicated that miR-106b expression is up-regulated and associated with tumor progression in HBV-associated HCC. In addition, HBx might enhance miR-106b transcription. Thus, these findings highlight a potential diagnostic marker and a therapeutic target for HBV-associated HCC.

MATERIALS AND METHODS
Patients and HCC tissue
A total of 120 patients who underwent liver resection for HCC at the National Cheng Kung University Hospital from September 2012 to July 2015 were enrolled in the present study. Informed consent regarding use of specimens for this research was obtained from all patients and all protocols were reviewed and approved through the National Cheng Kung University Hospital Institutional Review Board. The patients were regularly followed up at clinical visits every 1 to 3 mo after curative surgery. The patients included 94 (78%) males and 26 (22%) females ranging in the age from 34 to 90 years (mean age 61.6 years). The median follow-up time was 35 mo (range, 1 to 118.8 mo). At the end of the follow-up, 25 patients had died of disease. HCC patients were divided into two study cohorts: 12 patients with distinct types of HCC were included in the 1st cohort to screen the miRNA expression profile using miRNA array, and the other 108 HBV-associated HCC patients were enrolled in the 2nd cohort for further analysis of the role of miR-106b in HBV-associated HCC. The characteristics of the HCC patients are listed in Table 1. The HCC tissue specimens were collected during surgery. The clinical records of the patients were retrospectively analyzed and correlated with the miRNA expression profiles. In the survival analysis, the mean of miR-106b level in adjacent non-tumor tissues was defined as the threshold (0.4 arbitrary unit from q-RT-PCR analysis). Samples with miR-106b expression levels higher than the threshold were classified into the “high-expression of miR-106b” group. Patients with levels lower than the threshold were classified into “low-expression of miR-106b” group. The overall and disease-free survival rates of patients were calculated using the Kaplan-Meier analysis.

Cells
Human hepatocellular carcinoma, Hep-3B 2.1-7 and Huh7 cells (American Type Culture Collection) were maintained in Dulbecco’s modified Eagle’s medium (DMEM, Hyclone) and minimum essential medium (MEM, Hyclone) containing 10% fetal bovine serum (FBS, GIBCO) and 100 IU of penicillin, 100 g of streptomycin, and 0.25 g of amphotericin B per milliliter, respectively. The cells were cultured in a humidified incubator with 5% CO2 at 37 ℃.

RNA extraction and real-time RT-PCR
Total RNA was extracted using the RNeasy Plus Mini Kit (QIAGEN) according to the manufacturer’s instructions. A total of 500 ng RNA was used to synthesize cDNA using a quantitative reverse transcription (RT) kit (Qiagen). The expression levels of miRNAs were analyzed using the TaqMan MicroRNA Assay Kit (Applied Biosystems) according to the manufacturer’s instructions. The mRNA levels of human GAPDH and MCM7 were detected using the validated specific primers/probes of TaqMan Gene Expression Assays (Thermo Fisher Scientific) and the TaqMan Universal PCR Master Mix (Thermo Fisher Scientific). Real-time PCR assays were performed using the StepOne Real-Time PCR System (Applied Biosystems). The signals for miRNAs and inducible cellular MCM7 mRNAs were normalized to a small nuclear RNA, RUN48 and the mRNA signal of the housekeeping gene, human GAPDH.

Plasmid and transfection
The HBx protein expression plasmid was isolated and purified using the Plasmid Midi Kit (Qiagen). The Plasmid was transiently transfected into Hep-3B 2.1-7 and Huh7 cells using HyfectTM DNA transfection reagent (LEADGENE) according to the manufacturer’s instructions. The expressions of HBx protein in the cell lines was confirmed using q-RT-PCR with HBx-specific primers/probe.

Statistical analysis
Statistical evaluation was completed using GraphPad Prism software version 5.01 (GraphPad, Inc., San Diego, CA, United States). The normal distribution of variables was assessed prior to selecting the tests to use for statistical analyses. The W value for the Shapiro-Wilk’s method and the D value for the Kolomogorove method were used in the tests for normality. The values of miRNAs and MCM7 mRNA were analyzed using either the nonparametric one-way analysis of variance or unpaired t test, and the survival rates were analyzed using log rank analysis. The correlation between the patient outcomes and the miR-106b expression profiles were analyzed using Mann-Whitney U tests. The results are expressed as the mean ± SEM. A P value of less than 0.05 (P < 0.05, P < 0.01, P < 0.001) was considered significant.

RESULTS
miR-106b expression was up-regulated in HCC patients
Dysregulated miRNAs is a common characteristic of human tumors that could play an important role in oncogenesis or tumor suppression. To investigate the different miRNA expression profiles in HCC patients, we used miRNA array to analyze the miRNA expression patterns in 12 patients with distinct types of HCC including HBV-associated HCC, HCV-associated HCC, and non-B/non-C HCC in the 1st study cohort. The top 12 dysregulated miRNAs in HCC patients are listed in Figure 1A. miR-106b and the members of its associated cluster, miR-93 and miR-25 were up-regulated in HCC patients (Figure 1A). The value of miR-106b expression in HBV-associated HCC patients was significantly higher than that in HCV- (P < 0.05) or non-B/non-C- (P < 0.001) associated HCC patients (Figure 1B). Furthermore, the levels of miR-106b expression in the 12 patients were confirmed using q-RT-PCR. In most cases, the values of miR-106b in the tumor regions were higher than in non-tumor regions (Figure 1C). These results indicated that miR-106b was significantly up-regulated in the tumor regions of HCC patients, particularly HBV-associated HCC patients.

miR-106b-25 cluster was co-transcribed with its host gene, MCM7 in HBV-associated HCC
miR-106b is located in an intergenic region embedded within intron 13 of the MCM7 gene in chromosome 7q22.1. This miRNA belongs to a cluster comprising miR-93 and miR-25 (Figure 2A). To determine whether the miR-106b promoter transcribes the associated gene or this gene is co-transcribed with the host gene, MCM7, Mass array EpiTyper was performed to detect the methylation landscape of MCM7 in the 12 patients. The results demonstrated that only the promoter and 3’-UTR of MCM7 could be detected within the methylation landscape suggesting that miR-106b is also co-transcribed with its host gene, MCM7 in HCC (data not shown). To further confirm whether the expression of miR-106b is higher in the tumor tissues of HBV-associated HCC patients, we expanded the sample size to 108 patients and validated the miRNA levels through q-RT-PCR in the 2nd study cohort. The results showed that the miR-106b levels were significantly higher in tumor tissues compared with normal tissues (P < 0.001) and this phenomenon was observed in more than 70% of HBV-associated HCC patients (Figure 2B). In addition, the expression of miR-93 and miR-25 was significantly up-regulated in the tumor tissues of HBV-associated HCC patients (P < 0.001) (Figure 2C and D). The mRNA expression level of the MCM7 gene was also significantly increased in tumor regions compared with the adjacent non-tumor regions (P < 0.001) (Figure 2E). Furthermore, the expression of miR-106b, miR-93 and miR-25 showed a positive correlation in HBV-associated HCC tissues (miR-106 vs miR-93, r = 0.75; miR-93 vs miR-25, r = 0.69; miR-106b vs miR-25, r = 0.33) (Figure 3A-C). These results indicated that the miR106b-25 cluster is up-regulated in the tumor regions and co-transcribed with its host gene, MCM7 in HBV-associated HCC.

Up-regulation of miR-106b expression corresponds with decreased survival time in HBV-associated HCC patients
We further evaluated the relationship between the miR-106b expression and clinical outcomes in HBV-associated HCC patients; the patients were divided into two groups, high miR-106b expression and low miR-106b expression and the overall and disease-free survival rates in these two groups were analyzed. The data showed a negative correlation between the miR-106b expression level and survival time of HBV-associated HCC patients (Figure 4A and B). Relatively poor overall and disease-free survival rates were observed for the individuals in the high miR-106b expression group (overall survival in the 5th year: 65%; disease-free survival in the 5th year: 40%) compared with the low miR-106b expression group (overall survival in the 5th year: 93%; disease-free survival in the 5th year: 57%) (P < 0.05). These results demonstrated that poor prognosis is correlated with HBV-associated HCC patients with higher miR-106b expression.

miR-106b expression levels are correlated with HCC differentiation
The demographic and clinical features of patients were retrospectively analyzed and correlated with the miR-106b expression profiles to determine the specific features associated with miR-106b expression. HCC differentiation but not underlying liver disease, microvascular invasion, tumor number, tumor size, recurrence after surgery, and pathological staining were significantly correlated with miR-106b expression (Table 2). The miR-106b expression level in patients with well HCC differentiation (2.24 ± 0.44 a.u.) was significantly lower than that in patients with moderate (5.32 ± 1.00 a.u.) and poor HCC differentiation (4.85 ± 1.02 a.u.) (well vs moderate, P=0.0359; well vs poor, P=0.0145). These results indicated that low levels of miR-106b expression result in well HCC differentiation.

HBx promotes miR-106b expression in HCC cells
Next, we investigated the mechanism of how miR-106b expression is regulated in HBV-associated HCC. HBx protein is necessary for HBV replication and acts as a trans-activator for the modulation of the signaling pathways involved in the HBV replication and HCC development. To determine whether HBx protein contributes to the regulation of miR-106b expression in HBV-associated HCC, we used an HBx protein over-expression system. Huh7 and Hep 3B cells were transiently transfected with an HBx-expression plasmid, and subsequently the expression levels of the miR-106b-25 cluster and MCM7 were analyzed. The levels of miR-106b, miR-93, and miR-25 were significantly increased (all P < 0.05), peaking at 6 h post transfection in both Huh7 and Hep 3B cells (Figure 5A and B). The MCM7 mRNA levels were also gradually increased after 6 h post transfection compared with the un-transfected control group in both Huh7 (P < 0.01) and Hep 3B (P < 0.05) cells (Figure 5C and D). These results suggested that the HBx protein might contribute to the up-regulation of the miR-106b-25 cluster and MCM7 in HBV-associated HCC.

DISCUSSION
HCC ranks as the third leading cause of cancer-related deaths worldwide with increasing cases in many countries[1,27]. Increasing evidence has shown that many miRNAs are dysregulated in HCC and play a crucial role in the development of HCC by affecting cell proliferation, apoptosis, migration, etc[28]. Therefore, the identification of a key miRNA associated with tumor progression in HCC could provide an accurate marker for diagnosis and a new direction for a novel therapeutic approach. In the present study, we found that miR-106b plays an important role in tumor progression in HBV-associated HCC.
Recent studies have demonstrated that several miRNAs are involved in the life cycle and infectious processes of HBV and HBV-associated liver diseases, including fibrosis, cirrhosis and HCC[29,30]. Herein, we observed the up-regulation of the miR-106b-25 cluster in HCC, particularly in HBV-associated HCC. The expression of miR-106b, miR-93 and miR-25 was positively correlated in HBV-associated HCC tissues, consistent with the results of previous study showing a similar correction pattern in gastric cancer, suggesting the co-transcription of miR-106b-25 in biosynthesis[31]. Interestingly, the correlation coefficients between each other were not consistent, indicating that additional mechanisms might be involved in the regulation of miRNA expression. Notably, the up-regulation of miR-106b but not miR-93 and miR-25 expression corresponds to decreased survival times, increased recurrence rates and HCC differentiation in HBV-associated HCC patients (data not shown). This effect might reflect the different biological functions of individual miRNAs. Previous studies have indicated that miR-106b and miR-93 directly target the cell-cycle inhibitor, CDKN1A (p21), and miR-25 inhibits cell apoptosis through the down-regulation of a the pro-apoptotic gene, BCL2L11 (Bim), in gastric cancer[31]. Other studies have shown that miR-106b is not only involved in cell cycle inhibition but might also play an anti-apoptosis role in cancer cells[32]. The data obtained in the present study, support the idea that miR-106b has a greater effect on promoting tumor progression compared with the other members in the same cluster.
However, HBV-associated protein regulates the expression of several miRNAs to assist with viral replication and survival and HCC development[33,34]. In a previous study, we showed that HBx protein up-regulates mTOR signaling through IKKβ to increase cell proliferation and VEGF production in HCC[35]. Furthermore, HBx protein is highly expressed in the cytoplasm of hepatocytes after HBV infection, thereby promoting tumorigenesis through the induction of mitochondrial dysfunction, involving several signaling pathways associated with tumorigenesis through the regulation of non-coding RNAs (ncRNAs) and epigenetic changes[8,34,36]. The results of present study showed that HBx over-expression promoted the transcription of miR-106 in HCC cell lines. This finding might explain why miR-106b was remarkably up-regulated in HBV-associated HCC but not in other types of HCC. However, the precise regulatory mechanism of HBx in miR-106b expression should be further investigated. 
Based on these results, the miR-106b-25 cluster was co-transcribed with its host gene, MCM7 in HBV-associated HCC. Previous studies have indicated that MCM proteins are involved in critical steps of DNA synthesis[37]. MCM proteins bind to DNA replication origins during the initiation step, and subsequently the MCM proteins provide the helicase activity to unwind the template DNA ahead of the fork for DNA elongation. In primary gastric tumors and normal mucosa, the mRNA expression of MCM7 is precisely correlated with the expression of the miR-106b-25 cluster[18]. The detailed regulatory mechanism between miR-106b-25 and MCM7 and whether MCM7 is involved in the miR-106b-mediated influence on HBV-associated HCC need to be further examined.
In conclusion, the results of present study indicate that miR-106b is up-regulated and co-transcribed with its host gene MCM7 in HBV-associated HCC. The up-regulation of miR-106b expression corresponds with a decrease in survival time, and an increase in the recurrence rate and HCC differentiation in HBV-associated HCC patients. Furthermore, HBx over-expression increased the RNA levels of the miR-106b-25 cluster and MCM7 in human hepatocellular carcinoma cell lines. These results suggest that HBx enhances the transcription of miR-106b to promote tumor progression in HBV-associated HCC. These findings provide a potential diagnostic marker and therapeutic target for HBV-associated HCC.
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FIGURE LEGENDS
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Figure 1  miRNA array analysis of the miRNA expression patterns in patients with distinct types of hepatocellular carcinoma (n = 12). A: The top 12 miRNAs significantly dysregulated in the tumor regions of hepatocellular carcinoma (HCC) patients based on statistical results (P < 0.01); B: miR-106b expression levels in tumor regions of patients with hepatitis B virus (HBV) -associated HCC, HCV-associated HCC, and non-B/non-C HCC; C: q-RT-PCR analysis of miR-106b expression values in the tumor and adjacent non-tumor regions of patients. Fold-increases were calculated after comparing the results with the miR-106b expression levels in normal liver samples. Data represent the mean ± SD. aP < 0.05, bP < 0.001 vs HCV. 
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Figure 2  The mRNA expression levels of the miR-106b-25 cluster and MCM7 in tumor and non-tumor regions of hepatitis B virus-associated hepatocellular carcinoma patients (n = 108). A: Schematic representation of the miR-106b-25 cluster of miRNA (miR-106b, miR-93 and miR-25) within the 13th intron of the MCM7 gene. The yellow boxes represent pre-miRNAs. The blue boxes represent mature miRNAs; B-E: miR-106b (B), miR-93 (C), miR-25 (D), and MCM7 (E) expression levels in the tumor and non-tumor regions of hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) patients, determined using q-RT-PCR. bP < 0.001 NT vs T. a.u.: Arbitrary unit.
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Figure 3  The correlation analysis miR-106b vs miR-93, miR-106b vs miR-25, and miR-93 vs miR-25 expression in tumor regions of patients with hepatitis B virus-associated hepatocellular carcinoma (n = 108). A: The correlation between miR-106b and miR-93 expression; B: The correlation between miR-106b and miR-25 expression; C: The correlation between miR-93 and miR-25 expression. Data represent the correlation coefficient (r). a.u.: Arbitrary unit. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.
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Figure 4  Kaplan-Meier overall and disease-free survival curve of patients with hepatitis B virus-associated hepatocellular carcinoma based on miR-106b expression (n = 108). Hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) patients were divided into two groups including miR-106b low (n = 20) and miR-106b high (n = 88) groups based on the expression levels of miR-106b. A: Overall survival curve; B: Disease-free survival curve. Log-rank test was used for statistical analysis. P < 0.05 was considered significant.
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Figure 5  The mRNA expression levels of miR-106b-25 cluster and MCM7 in hepatitis B virus X protein-transfected hepatocellular carcinoma cell lines (n = 3). The hepatitis B virus X protein (HBx) protein expression plasmid was transiently transfected into Huh7 and Hep-3B cells. miR-106b, miR-93, miR-25, and MCM7 expression levels at 0 (control), 6, 12, and 24 h post transfection were detected using q-RT-PCR. A: miRNAs expression levels in HBx-transfected Huh7 cells; B: miRNAs expression levels in HBx-transfected Hep-3B cells; C: MCM7 expression levels in HBx-transfected Huh7 cells; D: MCM7 expression levels in HBx-transfected Hep-3B cells. Data represent the mean ± SD. aP < 0.05, bP < 0.01, dP < 0.001 vs control. a.u.: Arbitrary unit. HCC: Hepatocellular carcinoma.
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Table 1  Characteristics of hepatocellular carcinoma patients in the present study1
Characteristics
Patient numbers n (%)

1st Cohort (n = 12)
2nd Cohort (n = 108)
Total (n = 120)
Gender



   Male
  8 (67)
86 (80)
  94 (78)
   Female
  4 (33)
22 (20)
  26 (22)
Age (yr)



   < 50
0 (0)
15 (14)
  15 (13)
   ≥ 50
  12 (100)
93 (86)
105 (87)
Viral infection



   HBV
  5 (42)
108 (100)
113 (94)
   HCV
  6 (50)
0 (0)
  6 (5)
   Non-B/Non-C
1 (8)
0 (0)
  1 (1)
HCC differentiation



   Well
1 (8)
20 (19)
  21 (18)
   Moderate
  8 (67)
76 (70)
  84 (70)
   Poor
  3 (25)
11 (10)
  14 (11)
   Unknown

1 (1)
  1 (1)
Pathological staging



   Stage Ⅰ
1 (8)
39 (36)
  40 (33)
   Stage Ⅱ
  9 (75)
51 (47)
  60 (50)
   Stage Ⅲ
  2 (17)
18 (17)
  20 (17)
1A total of 120 hepatocellular carcinoma (HCC) patients were divided into two cohorts. A total of 12 HCC patients with distinct types of HCC were included in the 1st cohort, and the remaining 108 hepatitis B virus (HBV)-associated HCC patients were enrolled in the 2nd cohort.


Table 2  Correlation analysis of clinical outcomes with miR-106b expression profiles (n = 108)1

Patient numbers n (%)
P value
Significant2
Underlying liver disease

0.374
NS
   Liver cirrhosis
39 (36)


   Non-cirrhosis
69 (64)


HCC differentiation



   Well vs moderate
24 (22) vs 74 (69)
0.036
a
   Well vs poor
24 (22) vs 9 (8)
0.015
a
   Moderate vs poor
74 (69) vs 9 (8)
0.238
NS
   Unknown
1


Microvascular invasion

0.856
NS
   Yes
30 (28)


   No
78 (72)


Tumor number

0.798
NS
   Single tumor
87 (81)


   > 1 tumor
21 (19)


Tumor size (cm)3

0.812
NS
   < 5
72 (67)


   ≥ 5
36 (33)


Recurrence after surgery

0.687
NS
   Yes
58 (54)


   No
50 (46)


Pathological staging



   Stage Ⅰ vs stage Ⅱ
39 (36) vs 51 (47)
0.968
NS
   Stage Ⅰ vs stage Ⅲ
39 (36) vs 18 (17)
0.625
NS
   Stage Ⅱ and stage Ⅲ
51 (47) vs 18 (17)
0.575
NS

Total patients, n = 108
1The patient characteristics are summarized based on the clinical outcomes. Demographic and clinical features of patients were retrospectively analyzed and correlated with the miR-106b expression profiles; 2The correlation between miR-106b expression values and the patient numbers of each clinical outcome parameter were analyzed using Mann-Whitney U tests. aP < 0.05 was considered significant; 3Tumor size represents the maximum diameter of the tumor nodule. The diameter of the largest nodule was 16 cm. NS: No significant difference; HCC: Hepatocellular carcinoma. 
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