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Abstract
AIM: To investigate the role of miR-125b in regulating monocyte immune responses induced by hepatitis C virus (HCV) core protein.

METHODS: Monocytic THP-1 cells were treated with various concentrations of recombinant HCV core protein, and cytokines and miR-125b expression in these cells were analyzed. The requirement of Toll-like receptor 2 (TLR2) or MyD88 gene for HCV core protein-induced immune responses was determined by the transfection of THP-1 cells with gene knockdown vectors expressing either TLR2 siRNA or MyD88 siRNA. The effect of miR-125b overexpression on TLR2/MyD88 signaling was examined by transfecting THP-1 cells with miR-125b mimic RNA oligos.

RESULTS: In response to HCV core protein sti​mulation, cytokine production was up-regulated and miR-125b expression was down-regulated in THP-1 cells. The modulatory effect of HCV core protein on cellular events was dose-dependent and required functional TLR2 or MyD88 gene. Forced miR-125b expression abolished the HCV core protein-induced enhancement of tumor necrosis factor-, interleukin (IL)-6, and IL-10 expression by 66%, 54%, and 66%, respectively (P < 0.001), by inhibiting MyD88-mediated signaling, including phosphorylation of NF-Bp65, ERK, and P38.

CONCLUSION: The inverse correlation between miR-125b and cytokine expression after HCV core challenge suggests that miR-125b may negatively regulate HCV-induced immune responses by targeting TLR2/MyD88 signaling in monocytes.
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Core tip: Increasingly many studies have shown that microRNAs are critical regulators of the innate immune response. Many anti-pathogen pathways, including the pattern recognition Toll-like receptor (TLR)-mediated signaling pathway, are known to be regulated by a network of microRNAs. Here we investigated the possible role of miR-125b in regulating the monocyte immune responses induced by HCV core protein through TLR2/MyD88 signaling. Our findings indicated that miR-125b may function as a negative regulator of HCV-induced cellular events, which may provide insight into the role of miR-125b in the innate immune responses of monocytes to HCV.

INTRODUCTION
Hepatitis C virus (HCV), one of the primary causes of chronic hepatitis, end-stage cirrhosis, and hepatocellular carcinoma (HCC), contributes to an estimated 200 million chronic infections worldwide and 3-4 million or more each year[1]. HCV is a small enveloped RNA virus belonging to the Flavivridae family. The HCV genome encodes a polyprotein precursor of approximately 3000 amino acids that is processed by host and viral proteases into at least 10 different proteins. The viral core protein, a major cleaved product of HCV polyprotein by host peptidases, is known for its role in mediating HCV-induced pathogenesis. The RNA-binding HCV core protein is involved not only in the formation of the viral nucleocapsid but is capable of directly interacting with various host cell components, resulting in cellular dysfunction and carcinogenesis[2].
HCV not only infects hepatocytes, but it replicates in other immune cells, including B cells, T cells, NK cells and monocytes/macrophages[3,4]. It has been postulated that HCC is a consequence of prolonged liver injuries induced by chronic and persistent HCV infections. Numerous reports have indicated that defective host innate and adaptive immune systems are the major culprits facilitating the inability of the host to eradicate viruses[5]. While there is clear evidence that the synthesis of anti-viral cytokines, interferon (IFN)- and IFN- were defective in chronic HCV infected patients[6], various others cytokines, such as tumor necrosis factor (TNF)-, interleukin(IL)-6 and IL-10, were excessively expressed in patients with HCV viremia[7]. These skewed cytokine productions have been suggested to play a key role in liver injury, viral persistence and the progression to chronic HCV infection[8].  
Monocytes/macrophages function as both innate immune cells by killing pathogens directly, and producing anti-pathogen cytokines and as adaptive immune cells by presenting antigens to other immune cells to produces antibodies. Although monocytes/macrophages dysfunction has been documented in patients with chronic HCV infection, particularly defective response to TLR ligand stimulation[9], the precise mechanism as how these cells are involved in the pathogenesis remains unclear.

MicroRNAs are highly conserved endogenous non-coding small RNAs that act as translational repressors to regulate a wide range of biological processes[10]. MicroRNAs have also been implicated in the pathogenesis, diagnosis and therapeutic aspects of HCV infections[11]. Recent studies have shown that several microRNAs, including miR-21, miR-146a and miR-155, were involved in regulation of virus-host interactions and may play important roles in the pathogenesis of HCV infection[12-14]. 

Since miR-125b is highly expressed in peripheral blood mononuclear cells, particularly in monocytes/macrophages[15], and its expression was found to be inversely associated with better treatment outcome of chronic HCV infection[16], we explored the role of miR-125b in modulating HCV-induced events in monocytic THP-1 cells. Here we show that miR-125b expression was negatively correlated with HCV core-induced cytokines expression in a TLR2/MyD88-dependent manner. 

MATERIALS AND METHODS

Cell culture and reagents

The THP-1 human monocytic leukemia cell line was obtained from the Institute of Biochemistry and Cell Biology at the Shanghai Institute for Biological Sciences and cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, penicillin (100 IU/mL), and streptomycin (100 mg/mL). Bacterial HCV core recombinant protein was obtained from Immune Technology Co., China. Stability-enhanced miR-125b RNA oligonucleotide, miR-125b mimic (miR-125bM), and the control non-targeting RNA oligonucleotide were purchased from GenePharma.

RNA extraction and real-time quantitative reverse transcription-polymerase chain reaction analyses of cellular and miRNA genes
Total RNA (cellular and miRNA) was extracted from 1-3 × 106 THP-1 cells using TRIzol reagent (Life Technologies). For cellular gene expression, first strand cDNA and real-time quantitative polymerase chain reaction (RT-qPCR) analyses of TLR2 and MyD88 were performed according to the manufacturer’s instructions (Kakara). The following PCR primers were used in this study: TLR2 (F: 5’-TGGCATGTGCTGTGCTCTGTT-3’; R: 5’-AGCTTTCCTGGGCTTCCTTTT-3’);  MyD88 (F: 5’-CTCCTCCACATCCTCCCTTC-3’; R: 5’-GCTTGTGT​CTCCAGTTGCC-3’); internal control -actin (F: 5’-CA​CGATGGAGGGGCCGGACTCATC-3’; R: 5’-TAAAG​ACCTCTATGCCAACACAGT-3’). The reaction conditions for PCR were 95 ℃ for 60 s, 53 ℃ for 60 s, and 72 ℃ for 60 s for 40 cycles, followed by an extension at 72 ℃ for 8 min. The relative gene expression of TLR2 and MyD88 was calculated using 2-ddCt, where ddCt = (Ct[gene]-Ct[-actin]) and Ct is the crossing threshold value returned by the PCR instrument for each gene amplification.

To measure miRNA expression, total RNA was reversely transcribed at 16 ℃ for 30 min, 42 ℃ for 30 min and 85 ℃ for 5 min using miRNA gene specific primer (has-miR-125-5p and U6 snRNA NR_004394; Applied Biosystems). MicroRNA expression was determined by quantitative PCR using TaqMan Universal PCR System (Life Technologies) in 20 L reactions, containing 1 L TaqMan probes. The reaction was performed at 95 ℃ for 10 min, followed by 95 ℃ for 15 s and 60 ℃ at 60 s for 40 cycles. Expression of target genes was calculated as relative to that of the internal U6 snRNA.

Short interfering RNA knockdown vectors and transfections
TLR2-short interfering RNA (TLR2-siRNA) and MyD88-siRNA were constructed as previously described[12,13]. In brief, double-stranded oligonucleotides corresponding to the 164-182 position of TLR2 gene (NM_003264) or the 880-898 position of the MyD88 gene (NM_001172566) sequences were selected according to BLOCK-iT™ RNA Designer (Life Technologies) and cloned into Bsa I/Sac I sites of the pBSilence1.1 plasmid (Sirui Biologicl Co.). The recombinant plasmids were verified by sequencing from both ends. Silencing of TLR2 or MyD88 in THP-1 cells was performed using Lipofectamine 2000 (Life Technologies) and 50 nmol/L siRNA vector DNA according to the manufacturer’s protocol. Cells transfected with empty pBSilence1.1 vector was used as a transfection control. Twenty-four hours after transfection, the cells were analyzed for RNA (by RT-qPCR) or protein (by Western blot) expression.

Transfection of miR-125b mimic or control RNA oligos was similarly performed using Lipofectamine 2000. Six hours post transfections, the cells were treated with 5 g/mL HCV core protein and incubated for an additional 6 h at 37 ℃ prior to further assays.

Enzyme-linked immunosorbent assay

The levels of TNF-, IL-6 and IL-10 in the supernatants were measured using a human ELISA kit (elabscience) according to the manufacturer’s instructions. The detection ranges of TNF-, IL-6 and IL-10 are > 8 pg/mL, > 4 pg/mL, and 7.813-500 pg/mL, respectively. 

Western blot analysis

Cell lysates were prepared in a sodium dodecyl sulfate (SDS) sample buffer [62.5 mmol/L Tris-HCl (pH 6.8), 2% SDS, 10% glycerol, 50 mmol/L 1,4-dithiothreitol, and 0.1% bromophenol blue] containing a mixture of protease and phosphatase inhibitors. Lysates (25 g) were separated on 12% acrylamide gels and transferred to a nitrocellulose membrane in Tris-glycine buffer containing 20% methanol. The membranes were then blocked with 5% milk in 1 × Tris-buffered saline and 0.1% Tween-20 for 1 h at room temperature and probed with various diluted primary monoclonal antibodies overnight at 4 ℃ with constant rocking. After extensive washing, the membranes were incubated with horseradish peroxidase-conjugated anti-mouse immunoglobulin G (Boster Biological Tech) at room temperature for 2 h. Protein expression was determined using a chemiluminesence method (Thermo Scientific). Antibodies recognizing TLR2, total NF-Bp65, phosphor-NF-Bp65 (Abcam), MyD88(Bioworld), phospho-ERK (Cell Signaling), and phospho-P38 (Santa Cruz Biotech) were used to probe the membranes. To control protein loading, the blots were stripped and re-probed with an anti-glyceraldehyde 3-phosphate dehydrogenase antibody (Xianzhi Lifescience).

Statistical analysis

Data are shown as mean ± SEM. Unpaired two-tailed Student’s t-test was used to compare two independent groups. Graphpad 5.0 software (San Diego, CA) was used for all statistical analyses, and P-values < 0.05 were considered statistically significant. 

RESULTS

HCV core protein up-regulates TNF-, IL-6 and IL-10 expression and down-regulates miR-125b expression in THP-1 cells
We first tested whether treatment with HCV core protein regulates miRNA expression. THP-1 was incubated with various concentrations (0.5, 1, 5 g/mL) of HCV core protein for different time periods. Expression of miR-125b, miR-146 and miR-155, along with selected cytokine genes (TNF-, IL-6 and IL-10) was examined by RT-qPCR analyses. Consistent with those of Yao et al[17], our results (Figure 1) showed that HCV core protein could directly stimulate THP-1 cells to express TNF-, IL-6 and IL-10. The induction was dose-dependent; HCV core protein at 0.5 g/mL significantly induced these cytokines more than two folds. The induction was also rapid; it peaked at 6 h after HCV core protein stimulation and slowly leveled off through the study period (24 h).

In parallel to the cytokine induction, miR-146 and miR-155 expression was also induced (data not shown)[12]. In contrast, miR-125 expression was down-regulated by HCV core stimulation in a dose-dependent manner. The miR-125b expression reached the lowest level (decreased by 68%) at 6 h with 5.0 g/mL HCV core protein challenge. An inverse correlation between miR-125b expression and that of cytokines suggests that miR-125b may play a regulatory role in HCV-induced cellular responses.

TLR2 or MyD88 genes knockdown abolishes the suppressive effect of HCV core protein on miR-125b expression
TLR2 and its downstream signaling protein Myd88 play a prominent role in HCV core-induced inflamma​tory responses[18]. We employed a gene knockdown strategy to test if TLR2 or Myd88 could be directly involved in the repression of miR-125b. THP-1 cells were transfected with siRNA plasmids that could silence TLR2, MyD88 or the control plasmid for 24 h. The transfected cells were challenged with HCV core protein at 5 g/mL for an additional 6 h. The miR-125b level was detected by RT-qPCR analysis. As shown in Figure 2A and 2B, we found that TLR2 and MyD88 mRNA and protein were reduced more than 2.5-fold when cells were transfected with these siRNA plasmids. When these transfected cells were exposed to HCV core protein, miR-125b expression was significantly restored compared to that of control-transfected cells. (P < 0.05, n = 3, Figure 2C). This result suggests that the suppression of miR-125b expression by HCV core treatment depends at least in part on the TLR2/MyD88 signaling.

Upregulation of cytokines by HCV core protein is abrogated by the miR-125b mimic

The inverse correlation noted between cytokine and miR-125b in HCV core protein-treated cells prompts us to examine whether miR-125b can directly participate in regulation of these HCV core protein-induced events. We transfected THP-1 cells with a chemically modified miR-125bM (miR-125b mimic) RNA oligos or the control RNA oligos for 24 h, followed by HCV core stimulation at 5.0 g/mL for 6 h and examined the expression of TNF-, IL-6 and IL-10. The effectiveness of miR-125b mimic transfection is shown in Figure 3A. In the experiment in which cells were treated with HCV core protein (Figure 3B), we found that transfection with control miRNA had no effect on the enhancement of cytokine expression by HCV core stimulation but that transfection with miR-125b mimic abrogated upregulated expression of TNF-, IL-6 and IL-10 by 66%, 54% and 66%, respectively, compared with the control. These results indicate that overexpression of miR-125b down-regulates HCV-mediated cytokine induction.

MiR-125b mimic suppresses TLR2/MyD88 signaling

To understand the mechanism of miR-125b in regulating cytokine expression in HCV core protein-treated cells, we performed immunoblot analyses to determine the expression levels of the signaling molecules possibly involved in the TLR signaling pathways. THP-1 cells were transfected with or without miR-125b mimic and incubated with 5 g/mL HCV core protein. The expression of various TLR signaling proteins was analyzed. As shown in Figure 4A, expression of TLR2 and MyD88 and the phosphorylation of their downstream signaling proteins ERK1/2, NF-Bp5 and p38 were up-regulated by HCV core treatments. The transfection of cells with the miR-125b mimic did not change the expression of TLR2 or NF-Bp65 but slightly down-regulated that of MyD88. In contrast, the phosphorylation of NF-Bp65, p38 and ERK1/2 was significantly down-regulated. Quantitation of three independent experiments showed two-fold down-regulation (Figure 4B).

DISCUSSION

In this study, we used recombinant HCV core protein-treated THP-1 cells as a model to investigate the interaction between HCV and monocytes. HCV core protein has been shown to be capable of directly interacting with various cellular proteins including TLR2 and resulting in activation of TLR2-MyD88 signaling cascade in monocytes[18]. In agreement with these findings, our current findings indicate that HCV core protein can induce a similar profile of cytokine production in THP-1 cells. We further extended the study by demonstrating for the first time that treatment with HCV core protein suppressed the expression of miR-125b in a dose- and time-dependent manner (Figure 1). In addition, we demonstrated that this suppression was dependent on the TLR2/MyD88 pathway (Figure 2). However, the mechanism by which miR-125b expression is inhibited by HCV core protein treatment remains unknown.

MiR-125b has gained special interest in the field of cancer research because of its dysregulation in a broad variety of tumors[19]. Studing its role in tumorigenesis suggests that miR-125b could have the opposite effect depending on cellular context; miR-125b is upregulated in some tumors such as colon cancer and hematopoietic tumors, suggesting its oncogenic potential capability of facilitating cell proliferation and blocking apoptotic pathways[20,21]. On the other hand, miR-125b is down-regulated in other types of tumors, such as mammary tumors and HCC. The overexpression of miR-125b inhibits HCC cell proliferation via promoting apoptosis and other anti-tumor mechanisms[22].

Our finding that forced expression of miR-125b suppressed HCV core protein-induced cytokine production (Figure 3) and phosphorylation of the TLR/MyD88 signaling cascade (Figure 4) supports the notion that miR-125b suppresses HCV core protein-mediated events by inhibition of TLR2/MyD88 signaling. Although many receptors, signaling molecules, and transcriptional factors of the TLR signaling pathways have been verified to be regulated by various miRNAs[23], the molecules targeted by miR-125b in the TLR2/MyD88 signaling pathway remain unknown. Like other microRNAs, it is assumed that miR-125b exerts its biological function by directly targeting the 3′ untranslated (3′UTR) region of genes. Target site predictions using web-accessible miRNA database search programs (http://www.microrna.org,http://www.miRBase.org and http://www.targetscan.org) identified a miR-125b target site within the 1.3 kB 3′UTR of murine MyD88 mRNA. A study by Wang et al[24] indicated that the treatment of mouse macrophages with a miR-125b inhibitor induced MyD88 expression and that cellular transfection with a murine miR-125b mimic down-regulated the reporter gene activities mediated by 3′UTR MyD88 construct. These results provided clear evidence that murine miR-125b suppresses TLR/MyD88 by directly targeting MyD88 mRNA. We are currently testing this hypothesis by transfecting HCV core protein-treated THP-1 cells with the 3′UTR of MyD88 reporter construct.

In summary, our findings indicated that miR-125b may function as a negative regulator for HCV core protein-induced cellular events, which may provide insight into the role of miR-125b in the innate immune responses against HCV in monocytes. Our study may lay some groundwork for the development of a novel therapeutic approach for treating HCV core protein-induced inflammation and immune activation.

COMMENTS

Background

Macrophages/monocytes have been shown to be important immune cells mediating both innate and adaptive immunity in hepatitis C virus (HCV)-infected patients. Many anti-pathogen pathways, including pattern recognition Toll-like receptors (TLRs) mediating signaling, are known to be regulated by a network of microRNAs. MiR-125b is highly expressed in peripheral blood mononuclear cells, particularly monocytes/macrophages; however, its role in regulating monocyte immune responses induced by HCV has not yet been investigated.

Research frontiers

Recent studies have shown that several microRNAs, including miR-21, miR-146a and miR-155, are involved in regulation of virus-host interactions and may play important roles in the pathogenesis of HCV infection.

Innovations and breakthroughs
This is the first study to report that miR-125b may negatively regulate HCV core protein-induced host immune responses by targeting TLR2/MyD88 signaling in monocytes.

Applications

The present findings indicated that miR-125b may function as a negative regulator for HCV induced cellular events, which may provide insight into the role of miR-125b in the innate immune responses against HCV in monocytes. This study may lay some groundwork for the development of a novel therapeutic approach for treating HCV-induced inflammation and immune activation.

Terminology

MicroRNAs are highly conserved endogenous non-coding small RNAs that act as translational repressors to regulate a wide range of biological processes. They have also been implicated in the pathogenesis, diagnosis, and therapeutic aspects of HCV infections. miR-125b is highly expressed in peripheral blood mononuclear cells, particularly in monocytes/macrophages, and its expression is inversely associated with better treatment outcomes for chronic HCV infection.

Peer-review

The authors investigated the possible role of miR-125b in regulating monocyte immune responses induced by HCV core protein. This study found that cytokine production was up-regulated and miR-125b expression was down-regulated by HCV core protein treatment through TLR2/MyD88 signaling in THP-1 cells. Overexpression of miR125b resulted in suppressed MAPK and NF-B activity and cytokine production. This research is novel and manuscript presentation and readability are good. Additionally, the manuscript is well organized and its results are sound with respect to the integrity of the paper.
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Figure Legends
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Figure 1  Increased cytokine expression and decreased miR-125b expression in hepatitis C virus core protein treated THP-1 cells. THP-1 cells were treated with HCV core recombinant protein at a final concentration of 0.5, 1.0 or 5.0 g/mL and incubated for 6, 12 or 24 h. The levels of tumor necrosis factor (TNF)-, interleukin (IL)-10, and IL-6 in culture supernatants were analyzed by enzyme-linked immunosorbent assay. The cellular miR-125b levels were determined by real-time quantitative polymerase chain reaction. The data are representative of three experiments and shown as mean ± SEM.
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Figure 2  TLR2-MyD88 pathway dependent HCV core protein-induced miR-125b repression. TLR2 (A) or MyD88 (B) mRNA was analyzed by real-time quantitative polymerase chain reaction (RT-qPCR) and protein lysates were analyzed by Western blot at 6 h post transfection. The transfected cells were infected with HCV core protein at 5 g/mL for 6 h and miR-125b expression was detected by RT-qPCR analysis (C). Cell data are representative of three experiments and are shown as mean ± SEM (P < 0.001 by unpaired two-tailed Student’s t-test).
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Figure 3  The miR-125b mimic abrogats hepatitis C virus core protein-induced upregulation of cytokines. A: Real-time quantitative polymerase chain reaction analysis of miR-125b levels in THP-1 cells transfected with 0.4 nmol/L miRNA negative control (miR-control) or miR-125b mimic (miR-125b M), respectively; B: Twenty four hours after transfection, cells were treated with 5.0 g/mL HCV core protein for an additional 6 h. The concentrations of tumor necrosis factor (TNF)-, interleukin (IL)-10 and IL-6 in culture supernatants were analyzed by enzyme-linked immunosorbent assay. These data are representative of three experiments and shown as mean ± SEM (P < 0.001 by unpaired two-tailed Student’s t-test).
[image: image5.png]P <0.05

p-ERK1/2
£ <0.001
—

0.0




Figure 4  MiR-125b suppresses phosphorylation of NF-Bp65, ERK1/2 and p38. A: THP-1 cells were transfected with control or miR-125b mimic (miR-125bM) for 24 h, followed by incubation with hepatitis C virus (HCV) core protein at 5.0 g/mL for 6 h. Western blot analysis of Toll-like receptor 2 (TLR2), MyD88, NF-B, phosphorylated NF-B, phosphorylated ERK1/2 and phosphorylated P38 in the collected cells; B: Densitometric quantification of the western blot data was performed using Quantity One Software. These data are representative of three experiments and shown as mean ± SEM (P < 0.05, P < 0.001 by unpaired two-tailed Student’s t-test).
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