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Abstract
Aim: To investigate the effect of microRNA on insulin-like growth factor binding protein-3 (IGFBP-3) and hence on insulin-like growth factor-II (IGF-II) bioavailability in hepatocellular carcinoma (HCC).
Methods: Bioinformatic analysis was performed using microrna.org, DIANA lab and Segal lab softwares. Total RNA was extracted from 23 HCC and 10 healthy liver tissues using mirVana miRNA Isolation Kit. microRNA-17-5p (miR-17-5p) expression was mimicked and antagonized in HuH-7 cell lines using HiPerFect Transfection Reagent, then total RNA was extracted using Biozol reagent  then reverse transcribed into cDNA followed by quantification of miR-17-5p and IGFBP-3 expression using TaqMan real-time quantitative PCR. Luciferase reporter assay was performed to validate the binding of miR-17-5p to the 3’UTR of IGFBP-3. Free IGF-II protein was measured in transfected HuH-7 cells using IGF-II ELISA kit. 
Results: Bioinformatic analysis revealed IGFBP-3 as a potential target for miR-17-5p. Screening of miR-17-5p and IGFBP-3 revealed a moderate negative correlation in HCC patients, where miR-17-5p was extensively underexpressed in HCC tissues (p = 0.0012), while IGFBP-3 showed significant upregulation in the same set of patients (p = 0.0041) compared to healthy donors. Forcing miR-17-5p expression in HuH-7 cell lines showed a significant downregulation of IGFBP-3 mRNA expression (p = 0.0267) and a significant increase in free IGF-II protein (p = 0.0339) compared to mock untransfected cells using Unpaired t-test. Luciferase assay validated IGFBP-3 as a direct target of miR-17-5p; luciferase activity was inhibited by 27.5% in cells co-transfected with miR-17-5p mimics and the construct harbouring the wild-type binding region 2 of IGFBP-3 compared to cells transfected with this construct alone (p = 0.0474). 
Conclusion: These data suggest that regulating IGF-II bioavailability and hence HCC progression can be achieved through targeting IGFBP-3 via manipulating the expression of miRNAs.
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Core tip: miR-17-5p was extensively underexpressed in hepatocellular carcinoma tissues, while insulin-like growth factor binding protein-3 (IGFBP-3) mRNA showed significant upregulation in the same set of patients. In HuH-7 cell line, miR-17-5p directly targets and downregulates IGFBP-3, consequently elevating the level of free insulin-like growth factor-II (IGF-II). Thus, manipulation of microRNAs can potentially control the activation of the oncogenic IGF axis.
Habashy DA, El Tayebi HM, Fawzy IO, Hosny KA, Esmat G, Abdelaziz AI. Interplay between microRNA-17-5p, insulin-like growth factor-II through binding protein-3 in hepatocellular carcinoma. World J Hepatol 2016; In press
Introduction

The insulin-like growth factor (IGF) signaling pathway is composed of IGF ligands, IGF receptors and insulin-like growth factor binding proteins (IGFBPs) which work in unison to regulate cell growth, differentiation, proliferation, and apoptosis. This axis is activated when the IGFs, IGF-I and IGF-II, bind to the insulin-like growth factor-1 receptor (IGF-1R) and activate a series of downstream signaling pathways controlling the cell cycle
 ADDIN EN.CITE 
[1,2]
. IGFBPs are transport proteins which bind to IGF-II with high affinity thereby prolonging their half-life and circulation turnover, and negatively regulate the activity of IGFs by controlling their binding to IGF receptors3[]
. The levels of IGFBPs are modulated by various IGFBP proteases, such as matrix metalloproteinases (MMPs), which regulate the bioavailability and activity of IGFBPs, by mediating their proteolytic cleavage
 ADDIN EN.CITE 
[4]
.

Multiple IGF axis members were found to play an important role in hepatocellular carcinoma (HCC) pathogenesis. IGF-II was found to be overexpressed in HCC and to promote tumor cell migration, proliferation and extra-hepatic metastasis
 ADDIN EN.CITE 
[5-8]
. Moreover, our research group has shown IGF-II to be overexpressed in peripheral blood monocytes of HCC patients, and this aberrant expression was directly correlated with elevated serum levels of alfa-fetoprotein (AFP) and poor prognosis
 ADDIN EN.CITE 
[9]
. IGF-1R was reported to be upregulated in 59% of HCC tissues in which it was associated with poor prognosis and tumors exceeding the Milan criteria
 ADDIN EN.CITE 
[10]
. The tumorigenic effect of IGF-1R was reversed through its efficient blockage by combination of two IGF-1R antibodies which dramatically reduced liver tumor growth
 ADDIN EN.CITE 
[11]
. On the other hand, IGFBP-3 expression was found to be inversely correlated to HCC metastasis and proliferation
 ADDIN EN.CITE 
[12,13]
.
The potential regulation of IGF axis members by microRNAs is an appealing subject of investigation. We have previously shown that miR-615-5p downregulates IGF-II expression and forcing its expression reduces tumorigenesis in HCC
 ADDIN EN.CITE 
[14]
. miR-122 was found to suppress IGF-1R expression thus inhibiting HCC progression
 ADDIN EN.CITE 
[15,16]
. Conversely, we have demonstrated that forcing the expression of the oncomiR miR-96 leads to the upregulation of IGF-1R and IGFBP-3 expression, while forcing the expression of the oncomiR-182 leads to the downregulation of IGF-1R and the upregulation of IGFBP-3 expression
 ADDIN EN.CITE 
[17]
. On the other hand, our research group reported that  miR-155 induces the expression of IGF-II and IGF-1R and downregulates IGFBP-3 expression18[]
. Nevertheless, the regulation of IGF-axis members by microRNAs still needs further investigation, particularly for the IGFBP-3. In silico analysis revealed IGFBP-3 as a potential downstream target for several microRNAs, one of which is miR-17-5p. This microRNA is an oncomiR that belongs to miR-17-92 cluster
 ADDIN EN.CITE 
[19]
. We have previously shown miR-17-5p to be significantly downregulated in non-metastatic HCC tissues compared to healthy tissues, where forcing its expression in HuH-7 cells resulted in enhancement of tumor cell growth, proliferation, migration, and colony-formation
 ADDIN EN.CITE 
[20]
. Therefore, this study aimed at identifying the impact of this important microRNA on IGFBP-3 expression, and consequently on the IGF-II bioavailability, and hence on HCC tumorigenesis.

Materials and Methods

Bioinformatics

Bioinformatics algorithms microrna.org, DIANA Lab, and Segal lab were used to predict microRNAs that may target IGFBP-3.

Study subjects
This study included 23 HCC patients who underwent liver transplantation surgery in the Kasr Al Aini Hospital, Cairo University, Egypt. Ten healthy liver tissues were obtained from the healthy liver donors. Healthy donors were non-diabetic, non-hypertensive and negative for hepatitis B and C viruses (Table 1). The study was approved by the ethical review committees of the German University in Cairo and Cairo University, and is in accordance with the standards set by the Declaration of Helsinki. All participants gave their written informed consent. All patients were non-metastatic with no extrahepatic manifestations and no vascular invasion. Most of the patients (65.5%) had more than one focal lesion as indicated in the pathology report and were subjected to clinical assessment as shown in (Table 2).

Cell cultures and transfection of microRNA oligonucleotides

HuH-7 cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Lonza, Switzerland) supplemented with 4.5 g/L glucose, 4 mmol/L L-glutamine, 10% fetal bovine serum and Mycozap (1:500, Lonza, Switzerland) at 37 °C in 5% CO2 atmosphere. HuH-7 cells were transfected with mimics and inhibitors of miR-17-5p (Qiagen, Germany) (Qiagen ID: MSY0000070 and MIN0000070, respectively). All transfection experiments were carried out in triplicates using HiPerFect Transfection Reagent (Qiagen, Germany), according to the manufacturer’s protocol; the experiments were repeated three times. Cells that were only exposed to transfection reagent are designated as mock. Cells transfected with miR-17-5p mimics are designated as miR-17-5p, whereas cells transfected with miR-17-5p inhibitor are designated as anti-miR-17-5p.

mRNA and microRNA isolation from liver tissues and HCC cell lines

mRNAs and microRNAs were extracted from liver tissues and HCC cell lines. Fresh liver samples (HCC and healthy tissues) were collected during surgery and were immediately snapfrozen in liquid nitrogen. The specimens were manually pulverized in liquid nitrogen, and about 100 mg of tissues powder were used for large and small RNA extraction using mirVana miRNA Isolation Kit (Ambion, United States), according to the manufacturer’s protocol. HCC cell lines were harvested 48 h after transfection according to HiPerFect Transfection Reagent protocol and total RNA was extracted using Biozol Reagent (Bioer Technology, China). 

miRNA and mRNA quantification

The extracted microRNAs were reverse transcribed into single stranded complementary DNA (cDNA) using TaqMan MicroRNA Reverse Transcription Kit (ABI, United States) and specific primers for has-miR-17-5p and RNU6B. mRNA was reverse transcribed into cDNA using the high-capacity cDNA reverse transcription kit (ABI, United States) according to the manufacturer’s instructions. Relative expression of miR-17-5p and RNU6B (for normalization) as well as IGFBP-3 and beta-2 microglobulin (B2M; as housekeeping gene for normalization) was quantified using TaqMan Real-Time quantitative PCR (ABI Assay IDs: 002308, 001093, Hs00365742_g1 and Hs00984230_m1, respectively) using StepOne™ Systems (ABI, United States). Relative expression was calculated using the 2–ΔΔCT method. All PCR reactions including controls were run in duplicate reactions.

IGFBP-3 3’UTR construct and luciferase assay

The two predicted target sites for miR-17-5p on IGFBP-3 3’UTR were each designed as sticky ended oligonucleotides flanked by Sac I and Xba I restriction sites, and ligated into the pmirGLO Dual-Luciferase miRNA Target Expression Vector (Promega, Germany) to form the two wild-type (WT) constructs. Also, two mutant constructs (MUT) were designed where 3 nucleotides from the binding region had been deleted from each site. The first target site is denoted as WT1 and its mutant form as MUT1; the second target site is WT2 and its mutant form is MUT2. The forward and reverse primer sequences for each construct are as shown in (Table 3). HuH-7 cells were seeded in 24-well plates and either WT or MUT constructs were transfected by lipofection technique using SuperFect Transfection Reagent (Qiagen, Germany). The following day, the cells were co-transfected with miR-17-5p mimics using HiPerFect according to the protocol (Qiagen). After 48 h, luciferase assay was performed using Steady-GLO Luciferase Reporter System (Promega, Germany) according to the manufacturer’s protocol. After 5 min, luminescence was measured at 545 nm. Luciferase experiments were done in triplicates.

Quantitative detection of free IGF‑II protein
Free IGF‑II protein was measured in the cell culture supernatant from miR-17-5p mimicked, miR-17-5p antagonized, and mock untransfected HuH-7 cells, using the human IGF‑II ELISA kit (CUSABIO, China), according to the manufacturer's instruc​tions. Absorbance was measured at 450 nm in a microplate reader.
Statistical analysis

miRNA and gene expression data analysis was performed according to the 2-ΔΔCT method. An assessment of the normality of data was done as a prerequisite for all the statistical tests to identify the correct statistical methods to analyze our data with. We used Shapiro Wilks test since the size of the sample is less than 50. The normality test for miR-17-5p and IGFBP-3 screening experiments of "Healthy controls" and "HCC patients" showed that the dependent variable, "RQ", isn’t normally distributed since the significant value of the Shapiro Wilks test is less than 0.05, so the data significantly deviate from a normal distribution, with an exception in the data obtained from IGFBP-3 expression in the healthy controls were found to be normally distributed. In view of this fact the statistical significance of the data was analyzed by performing the non-parametric Mann-Whitney test. The degree of the relationship between linear related variables was measured by the Pearson r correlation test. The normality test for the transfection and binding confirmation experiments showed that the data are normally distributed; therefore the parametric unpaired t-test was used. The specific types of tests, when applicable, are indicated in the figure legends. All data are presented as mean ± standard error of the mean (SEM). All tests were 2-tailed and a two-tailed P value < 0.05 was required for statistical significance. All the data were statistically analyzed using GraphPad Prism 5 software.
The statistical methods of this study were reviewed by Dr. Nihal Aly Etman, Department of Statistics, Mathematics and Insurance, Faculty of Commerce, Ain Shams University.
Results

Bioinformatics

miR-17-5p accession number and mature sequence were retrieved using miRBase database (<http://www.mirbase.org/>). In silico predictions were carried out using three different softwares, and results showed IGFBP-3 to be a potential downstream target to miR-17-5p, where the microRNA was predicted to bind to the 3’UTR of IGFBP-3 at two different regions. The interactions between miR-17-5p seed sequence and its target sequence on the 3’UTR of IGFBP-3 are as shown in (Table 4). Where, the seed sequence of miR-17-5p is shown in bold and italic, while the target sequence of the 3’UTR of IGFBP-3 is underlined. The lines indicate complementarity between the binding region of the mRNA and the seed sequence of the microRNA, while the dots indicate mismatches or GU wobbles.
Expression profile of miR-17-5p and IGFBP-3 in non-metastatic HCC liver tissues

Expression of miR-17-5p in non-metastatic HCC tissues (n = 23) (0.318 ± 0.109) was significantly lower compared to healthy tissues (n = 10) (3.488 ± 1.267, p = 0.0012; Figure 1a). On the other hand, the expression of IGFBP-3 in the same non-metastatic HCC tissues (5.913 ± 1.294) was significantly higher compared to healthy tissues (1.352 ± 0.272, p = 0.0041; Figure 1b). 

Correlation analysis between miR-17-5p and IGFBP-3 mRNA expression in HCC tissues

IGFBP-3 mRNA was quantified in all HCC tissues and correlated to miR-17-5p expression in the same patients. Using Pearson’s statistical method of correlation, miR-17-5p expression was found to be moderately inversely correlated but not statistically significant with IGFBP-3 transcript levels in all HCC tissues studied (r = -0.3244, p = 0.1310; Figure 1c). 
Impact of miR-17-5p on IGFBP-3 mRNA in HuH-7 cells 

HuH-7 cells were transfected with miR-17-5p mimics and transfection efficiency was achieved with an observed 250 fold increase (p = 0.0470) in miR-17-5p levels in transfected cells (266.6 ± 113.2) compared to their respective untransfected mock cells (1.069 ± 0.1927) (Figure 2a). Mimicking of miR-17-5p in HuH-7 resulted in a significant downregulation of IGFBP-3 mRNA levels (0.6527 ± 0.1021) compared to mock untransfected cells (1.069 ± 0.1502, p = 0.0267).  Conversely, inhibitors of miR-17-5p in HuH-7 cells showed a tendency of increase compared to mock untransfected HuH-7 cell lines (Figure 2b).

Impact of miR-17-5p on free IGF-II protein in HuH-7 cells
In miR-17-5p mimicked HuH-7 cells, there was a significant upregulation in the amount of the free IGF-II protein (1.045 ± 0.05255) compared to mock untransfected HuH-7 cells (0.8344 ± 0.06783, p = 0.0339). Antagonizing the expression of miR-17-5p had no effect on the amount of the free IGF-II protein compared to the mock HuH-7 cells (Figure 3).  
Confirming IGFBP-3 as a direct target of miR-17-5p

To confirm that miR-17-5p directly targets the 3’UTR of IGFBP-3, wild-type constructs (WT1 and WT2)  were designed where each of the two predicted 3’UTR target regions were inserted downstream to a luciferase reporter gene in pmiRGLO vector. To assess that the effects were due to specific binding to these binding regions, a mutant construct for each binding site was also prepared in which 3 base pairs were deleted from the predicted binding sequence in the 3’UTR of IGFBP-3, to form mutant constructs MUT1 and MUT2, respectively. Also, in a set of cells, empty pmiRGLO vector was transfected as a control to ensure that miR-17-5p mimics have no effect on the vector itself. For each binding region, experiments were performed by transfecting HuH-7 cells with either the construct containing the WT 3’UTR binding region of IGFBP-3, or the construct containing the MUT 3’UTR binding region. Then miR-17-5p mimics were co-transfected with the vectors or constructs and luciferase reporter activity was assessed. In cells transfected with WT1 construct, luciferase activity was not affected upon co-transfection with miR-17-5p mimics (Figure 4a). On the other hand, luciferase activity was inhibited by 27.5% in cells co-transfected with miR-17-5p mimics and WT2 construct (72.48 ± 2.383) compared to cells transfected with the WT2 construct alone (100.0 ± 9.432, p = 0.0474) (Figure 4b). In contrast, in cells transfected with either MUT1 or MUT2, no change in luciferase activity was observed upon mimicking with miR-17-5p (Figure 4a and b). The inhibition in the luciferase activity observed only in the WT2 construct indicates direct targeting and transcriptional inhibition of IGFBP-3 by miR-17-5p mimics through only one of the two predicted target regions. 

Discussion 

The regulation of IGFBP-3 by microRNAs has not been extensively studied but recently our research group showed that the oncomiR miR-155 represses IGFBP-3 expression in HCC cell lines18[]
. In addition, we showed an increased expression of IGFBP-3 upon forcing the expression of miR-96 and miR-182
 ADDIN EN.CITE 
[17]
. To the best of our knowledge the IGF-II bioavailability has never been investigated after targeting IGFBPs with microRNAs, therefore in this study, we aimed at identifying a new microRNA which could regulate the IGFBP-3 and consequently the IGF-II bioavailability, and hence influence HCC tumorigenesis. In silico analysis revealed IGFBP-3 as a potential downstream target for miR-17-5p (Table 4), a microRNA which we have previously shown to have oncogenic properties in HCC
 ADDIN EN.CITE 
[20]
. 

No correlation analysis was previously done between miR-17-5p and IGFBP-3 expression in HCC patients, therefore non-metastatic liver tissues of HCC patients were screened for that purpose. miR-17-5p was markedly downregulated (Figure 1a) while IGFBP-3 was significantly upregulated (Figure 1b) in the non-metastatic liver tissues of HCC patients compared to healthy controls. This goes in line with previous studies showing IGFBP-3 to be highly expressed in breast and esophageal cancer
 ADDIN EN.CITE 
[21,22]
. But on the other hand, it contradicts other studies that reported reduced IGFBP-3 mRNA expression and protein levels in metastatic HCC patients
 ADDIN EN.CITE 
[12,13]
. Moreover, the repression of miR-17-5p in HCC tissues (Figure 1a) corroborates our previous results that showed a significant downregulation of miR-17-5p expression in non-metasatic HCC patients
 ADDIN EN.CITE 
[20]
, but nonetheless it contradicts other studies in metastatic HCC tissues23[]
. These disparities can, however, be attributed to differences in the cohorts of patients included in the various studies, with regards to stage and etiology of the disease as well as other factors such as ethnicity, gender and age. Of note, the results of the correlation analysis revealed a moderate negative correlation between miR-17-5p and IGFBP-3 expression in HCC patients (Figure 1c), suggesting that IGFBP-3, as predicted by in silico analysis, may in fact be under the posttranscriptional regulation of miR-17-5p.

In order to investigate the effect of miR-17-5p on IGFBP-3, transfection experiments were performed by forcing miR-17-5p expression in HuH-7 cell lines and the expression of IGFBP-3 mRNA was assessed, where it was found that upon forcing miR-17-5p expression in HuH-7 cells, there was a significant downregulation in IGFBP-3 expression (Figure 2b). This finding further implies that miR-17-5p may target and regulate IGFBP-3 expression. As revealed by in silico analysis, the 3’UTR of the IGFBP-3 transcript contains two exclusive putative binding sites for miR-17-5p. In order to validate IGFBP-3 as a direct downstream target of miR-17-5p, a WT and a MUT luciferase reporter gene construct was prepared for each binding region on the 3’UTR of IGFBP-3. Using these microRNA-target expression constructs, it was demonstrated that forcing the expression of miR-17-5p significantly decreased luciferase activity only in the construct harboring the WT2 binding region of the 3’UTR of IGFBP-3 target gene (Figure 4a and b). This interesting finding indicates that only one of the two putative binding sites is in fact functionally active and that miR-17-5p effectively targets and inhibits the transcription of IGFBP-3 by directly associating with this specific target region. This unusual observation has also been found in colon cancer where bioinformatic tools predicted two target sites on the oncogene Friend leukemia virus integration 1 (Fli-1) for the tumor suppressor miR-145; however, upon measuring the luciferase activity only the construct harboring one of these two predicted target sites of Fli-1 showed a decrease in luciferase activity by more than 50% upon miR-145 mimicking, while the other construct harboring the second target site did not respond to miR-145
 ADDIN EN.CITE 
[24]
.

Since IGFBP-3 is a crucial negative regulator of the bioavailability of IGF-II, therefore the levels of free IGF-II protein were quantified in the media of miR-17-5p mimicked and mock untransfected HuH-7 cells. The results showed a significant increase in unbound IGF-II in miR-17-5p mimicked HuH-7 cells compared to mock untransfected cells (Figure 3). This in turn confirms that miR-17-5p regulates IGF-II bioavailability through direct targeting of IGFBP-3. In this regard, the biological function of miR-17-5p appears to simulate the effect of another regulator of the IGF pathway, the MMPs, whose overexpression leads to the decrease in IGFBP-3 and subsequent increase in IGF-II bioavailability
 ADDIN EN.CITE 
[25]
. 

In conclusion, the findings of this study shed light on the important role of the oncogenic miR-17-5p in hepatocarcinogenesis, where this microRNA was found to increase IGF-II bioavailability by directly targeting and repressing IGFBP-3 expression. Hence, manipulating microRNA expression might be a compelling potential therapeutic approach in preventing HCC progression.
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Comments
Background

insulin-like growth factor-II (IGF-II) is a major activator of the oncogenic IGF axis, often overexpressed in hepatocellular carcinoma leading to the promotion of tumor cell migration, proliferation and metastasis. IGF-II protein bioavailability is controlled by a class of insulin-like growth factor binding proteins (IGFBPs) 1-6 which regulate the binding of IGF-II to its receptor, IGF-1R. Very few studies have investigated the regulation of IGFBPs by microRNAs.
Research frontiers

Recently, microRNAs have entered the first clinical trials investigating their therapeutic potential in primary liver cancer.
Innovations and breakthroughs

This is the first study to investigate the effect of a microRNA on an IGFBP and consequently on the IGF-II bioavailability.
Applications

miR-17-5p affected IGFBP-3 and consequently the level of free IGF-II which could allow for the activation of the oncogenic IGF axis. This suggests that microRNAs can be manipulated to regulate the activation of this axis.
Terminology

microRNAs are approximately 22 nucleotide long single stranded, small, non-coding RNA sequences that post-transcriptionally regulate gene expression by binding to the 3’UTR of their target mRNA, suppressing its translation or causing its degradation.
Peer-review
the study is well planned involves proving of a concept by bioinformatics tools and then confirming in vitro and patient’s tissues.
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Figure 1 Expression profile of miR-17-5p and insulin-like growth factor binding protein-3 and their correlation in liver tissues. The expression of miR-17-5p and IGFBP-3 were investigated in 10 healthy and 23 HCC liver tissues using TaqMan qRT-PCR and normalized in each sample to RNU6B endogenous control for miR-17-5p and B2M for IGFBP-3. A: miR-17-5p expression was down-regulated in non-metastatic HCC patients compared to healthy liver tissues (p = 0.0012). B: Regarding IGFBP-3, its mRNA expression showed a significant higher expression in HCC tissues compared to healthy tissues (p = 0.0041). Statistical analysis was performed using the Mann-Whitney test. C: Relative quantitation (RQ) values of miR-17-5p and IGFBP-3 mRNA in HCC tissues were analyzed using Pearson’s method of correlation. A non-significant inverse correlation was found with Pearson’s r = -0.3244 (p = 0.1310). bp < 0.01. HCC: Hepatocellular carcinoma; IGFBP-3: insulin-like growth factor binding protein-3.
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Figure 2 Impact of miR-17-5p on insulin-like growth factor binding protein-3 mRNA expression in HuH-7 cell line. A: The expression of miR-17-5p was determined by TaqMan qRT-PCR in HuH-7 cells transfected with oligonucleotide mimics of miR-17-5p, 48hr. post-transfection, relative to their expression in mock untransfected HuH-7 cells. The expression of miR-17-5p was normalized to RNU6B endogenous control. Transfection of miR-17-5p mimics increased miR-17-5p levels in HuH-7 by 250 fold compared to mock cells (p = 0.0470). Unpaired t-test was performed. B: HuH-7 cells were transfected with miR-17-5p mimics or inhibitors, and the relative expression of IGFBP-3 was determined using TaqMan qRT-PCR, relative to mock untransfected cells, and gene expression was normalized to endogenous control B2M. IGFBP-3 mRNA expression was dramatically suppressed upon mimicking of miR-17-5p compared to mock cells (p = 0.0267), while inhibitors of miR-17-5p showed a tendency of increase compared to mock cells. Unpaired t-test was performed. ap < 0.05. IGFBP-3: insulin-like growth factor binding protein-3.
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Figure 3 Impact of miR-17-5p on free insulin-like growth factor-II protein in HuH-7 cells. HuH-7 cells were transfected with miR-17-5p mimics or inhibitors. The free IGF-II protein was measured in media of mimicked and antagonized HuH-7 cells using an IGF-II ELISA Kit. Free IGF-II protein, measured at λmax = 450, was found to be significantly increased upon mimicking of miR-17-5p expression compared to mock untransfected cells (p = 0.0339), while inhibitors of miR-17-5p showed no effect on the levels of free IGF-II protein levels compared to mock cells. Unpaired t-test was performed. ap < 0.05. IGF-II: insulin-like growth factor-II.
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Figure 4 insulin-like growth factor binding protein-3 is a direct target of miR-17-5p. For each target sequence, experiments were performed by transfecting HuH-7 cells with either empty pmiRGLO vector, or the construct with the wild-type (WT) miR-17-5p target region insert, or the construct with the mutant (MUT) miR-17-5p target region insert. Then miR-17-5p mimics were co-transfected with the vectors or constructs. A: Luciferase activity was not affected in cells co-transfected with miR-17-5p mimics and WT1 construct compared to cells transfected with the WT1 construct alone. B: On the other hand, luciferase activity was inhibited by 27.5%, in cells co-transfected with miR-17-5p mimics and WT2 construct compared to cells transfected with the WT2 construct alone (p = 0.0474). The cells transfected with either of the mutant constructs (MUT1 or MUT2) show no change in the luciferase activity upon mimicking with miR-17-5p. Unpaired t-test was performed. ap < 0.05. ns: not significant; IGFBP-3: insulin-like growth factor binding protein-3.
Table 1 Characteristic features of non-metastatic hepatocellular carcinoma patients and healthy controls

	HCC and cirrhotic patient parameters 
	Average ± SD

	Mean age
	49 ± 13.5

	Sex: male/female 
	22/1

	Ethanol abuse
	None

	AST (U/L) 
	100.5 ± 65.8

	ALT (U/L) 
	85.6 ± 95.6

	Alkaline phosphatase (U/L) 
	110.2 ± 60.7

	Serum albumin (g/dL) 
	4.6 ± 1.5

	Serum AFP (ng/mL) 
	155.7 ± 22.3

	HCV Ab 
	100%  (23/23 HCC patients)

	HBV Ab 
	17.3% (4/23 HCC patients)

	Healthy control (liver donor) parameters
	Average ± SD

	Mean age
	31 ± 10.5

	Sex: male/female
	7/3

	Ethanol abuse
	None

	HCV Ab
	None

	HBV Ab
	None


HCC: hepatocellular carcinoma; HCV: hepatitis C virus; AFP: Alpha fetal protein; HBV: hepatitis B virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
Table 2 Number/sizes of focal lesions according to Milan criteria

	Patients                                      
	Number of focal lesions
	Size of focal lesions

	Patient 1                                      
	3 focal lesions
	1.5 cm, 1 cm and 1 cm

	Patient 2
	Unifocal
	2.5 cm

	Patient 3                                      
	3 focal lesions
	2 cm, 2.5 cm and 3 cm

	Patient 4                                      
	3 focal lesions
	2 cm, 2 cm and 3.5 cm

	Patient 5                                      
	Unifocal
	1.5-2 cm

	Patient 6                                       
	3 focal lesions
	3-4 cm, 1 cm and 1 cm

	Patient 7                                       
	Unifocal
	4 cm

	Patient 8                                       
	3 focal lesions
	4 cm, 1 cm and 1 cm

	Patient 9                                       
	3 focal lesions
	1 cm, 1 cm and 1.5 cm

	Patient 10                                     
	Unifocal
	2.5 cm

	Patient 11                                     
	2 focal lesions
	1 cm and 1.7 cm

	Patient 12                                     
	3 focal lesions
	1 cm, 1 cm and 1 cm

	Patient 13                                     
	Unifocal
	3 cm

	Patient 14                                     
	3 focal lesions
	3 cm, 1.5 cm and 2 cm

	Patient 15                                     
	3 focal lesions
	1 cm, 1 cm and 4 cm

	Patient 16                                     
	2 focal lesions
	3 cm and 1.5 cm

	Patient 17                                     
	2 focal lesions
	1.5 cm and 3 cm

	Patient 18                                     
	3 focal lesions
	2.5 cm, 2.5 cm and1.5 cm

	Patient 19                                     
	3 focal lesions
	1.5 cm, 1 cm and 1 cm

	Patient 20                                     
	Unifocal
	2 cm

	Patient 21                                     
	Unifocal
	1.5 cm

	Patient 22                                     
	3 focal lesion
	3 cm, 2.5 cm and 1 cm

	Patient 23                                     
	Unifocal
	3 cm


Table 3 The forward and reverse primer sequences used in the wild type 1 and 2, and the mutant type 1 and 2 insulin-like growth factor binding protein-3 3’UTR constructs

	Primer name
	Primer sequence

	WT1 Forward 
	5’-CAATGGTAAACTTGAGCATCTTTTCACTTTCCAGTAGT-3’

	WT1 Reverse
	5’-CTAGACTACTGGAAAGTGAAAAGATGCTCAAGTTTACCATTGAGCT-3’

	WT2 Forward
	5’-CGTCGAAGCGGCCGACCACTGACTTTGTGACTTT-3’

	WT2 Reverse
	5’-CTAGAAAGTCACAAAGTCAGTGGTCGGCCGCTTCGACGAGCT-3’

	MUT1 Forward
	5’-CAATGGTAAACTTGAGCATCTTTTCATCCAGTAGT3’

	MUT1 Reverse
	5’-CTAGACTACTGGATGAAAAGATGCTCAAGTTTACCATTGAGCT-3’

	MUT2 Forward
	5’-CGTCGAAGCGGCCGACCACTGACGTGACTTT-3’

	MUT2 Reverse
	5’-CTAGAAAGTCACGTCAGTGGTCGGCCGCTTCGACGAGCT-3’


WT: wild type; MUT: mutant type.
Table 4 Predicted target region-seed sequence binding for miR-17-5p on the 3’UTR of insulin-like growth factor binding protein-3
	Target region
	hsa-miR-17-5p (seed sequence) binding to
IGFBP3 (target sequence)
	Target sequence position on 3’UTR of
IGFBP3
	6mer/7mer/8mer

	Region 1
	miR-17-5p   3'gaUGGACGUG-ACAUUCGUGAAAc 5'
                              ||: ||    : | |  |        ||||||
IGFBP-3      5'aaACUUGAGCAUCUUUUCACUUUc 3'
	196-204
	6mer

	Region 2
	miR-17-5p   3’GAUGGAC- GUGACAUUCGUGAAAC 5’
                          |    ||__    |||||___      |||||| 

IGFBP-3      5’ CGGCCGACCACUG-----------ACUUUG 3’
	335-343
	6mer


IGFBP3: insulin-like growth factor binding protein-3.
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