[bookmark: OLE_LINK707][bookmark: OLE_LINK708][bookmark: OLE_LINK709][bookmark: OLE_LINK718][bookmark: OLE_LINK719]Name of Journal: World Journal of Gastroenterology
[bookmark: OLE_LINK485][bookmark: OLE_LINK486][bookmark: OLE_LINK661][bookmark: OLE_LINK514][bookmark: OLE_LINK515]ESPS Manuscript NO: 25000
Manuscript Type: ORIGINAL ARTICLE

Basic Study
[bookmark: OLE_LINK3]Dominating expression of negative regulatory factors downmodulates major histocompatibility complex Class-II expression on dendritic cells in chronic hepatitis C infection

Tomer S et al. Negative regulators in hepatitis C infection

ShalluTomer, Yogesh K Chawla, Ajay Duseja, Sunil K Arora

Shallu Tomer, Sunil K Arora, Department of Immunopathology, Postgraduate Institute of Medical Education and Research, Chandigarh 160012, India

Yogesh K Chawla, Ajay Duseja, Department of Hepatology, Postgraduate Institute of Medical Education and Research, Chandigarh 160012, India

Author contributions: Tomer S and Arora SK contributed to the conception and design of the study, acquisition, analysis and interpretation of data; all authors drafted the article and made critical revisions related to the intellectual content of the manuscript, and approved the final version of the article to be published.

Supported by Council of Scientific and Industrial Research, No. 27 (0262) 12/EMR-II.

Institutional review board statement: The study was reviewed and approved by Institute Ethics Committee, Post Graduate Institute of Medical Education and Research, Chandigarh. All blood samples from the patients were taken after informed consent and ethical permission was obtained for participation in the study.

Conflict-of-interest statement: Authors declare no conflict of interest.

Data sharing statement: Technical appendix, statistical code and dataset are available from corresponding author at arora.sunil@pgimer.edu.in. Participants consent form was not taken for data sharing but the presented data are anonymized and risk of identification is low.

[bookmark: OLE_LINK479][bookmark: OLE_LINK496][bookmark: OLE_LINK506][bookmark: OLE_LINK507]Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Sunil K Arora, MSc, PhD, MNAMS, Professor, Department of Immunopathology, Postgraduate Institute of Medical Education and Research, Sector 12, Chandigarh 160012, India. arora.sunil@pgimer.edu.in
Telephone: +91-172-2755192
Fax: +91-172-2744401

Received: February 17, 2016
Peer-review started: February 19, 2016
First decision: March 31, 2016
Revised: April 26, 2016
Accepted: May 4, 2016
[bookmark: _GoBack]
Article in press:
Published online:

Abstract
AIM: To elucidate the molecular mechanisms leading to development of functionally impaired dendritic cells (DCs) in chronic hepatitis C (CHC) patients infected with genotype 3 virus.

METHODS: This prospective study was conducted on the cohorts of CHC individuals identified as responders or non-responders to antiviral therapy. Myeloid DCs were isolated from the peripheral blood of each subject using CD1c (BDCA1)+ DC isolation Kit. Monocytes from healthy donor were cultured with DC growth factors such as IL-4 and GM-CSF either in the presence or absence of hepatitis C virus (HCV) viral proteins followed by LPS stimulation. Phenotyping was done by flowcytometry and gene expression profiling was evaluated by real-time PCR.

RESULTS: Non-responders [sustained virological response (SVR)-ve] to conventional antiviral therapy had significantly higher expression of genes associated with interferon responsive element such as IDO1 and PD-L1 (6-fold) and negative regulators of JAK-STAT pathway such as SOCS (6-fold) as compared to responders (SVR+ve) to antiviral therapy. The down-regulated genes in non-responders included factors involved in antigen processing and presentation mainly belonging to major histocompatibility complex (MHC) Class-II family as HLA-DP, HLA-DQ (2-fold) and superoxide dismutase (2-fold). Cells grown in the presence of HCV viral proteins had genes down-regulated for factors involved in innate response, interferon signaling, DC maturation and co-stimulatory signaling to T-cells, while the genes for cytokine signaling and Toll-like receptors (4-fold) were up-regulated as compared to cells grown in absence of viral proteins.

CONCLUSION: Underexpressed MHC class-II genes and upregulated negative regulators in non-responders indicate diminished capacity to present antigen and may constitute mechanism of functionally defective state of DCs.
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Core tip: The study was aimed to understand the mechanisms of dendritic cells dysfunction during chronic hepatitis C (CHC) infection. The findings highlight the association between different immune response genes and viral persistence in non-responders to antiviral therapy. Up regulation of negative regulators and down-regulation of molecules involved with antigen presentation seems to associate with non-responsiveness to antiviral therapy. Some novel pathways can be targeted to achieve better management of CHC patients.
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 INTRODUCTION
Hepatitis C virus (HCV), a positive sense single stranded RNA virus, infecting around 180 million people worldwide, is becoming a significant global health problem[1,2]. Transmitted through infected blood and body fluids, it is responsible for chronic hepatitis, which ultimately leads to life threatening liver diseases like fibrosis, cirrhosis, steatosis and finally causing hepatocellular carcinoma (HCC), thus a need for liver transplant[3]. Genotype 3 of HCV being more prevalent in South Asia, accounts for more than 50% of all the genotypes[4]. Although more patients infected with genotype 3 respond successfully to therapy as compared to genotype 1, yet approximately 25%-30% patients fail to achieve sustained virological response (SVR) and are considered as non-responders (NR) to antiviral therapy containing IFN-α and ribavirin, offered till recently[5,6].
Dendritic cells (DC) are professional Antigen- presenting cells (APC) having the unique property to induce a primary immune response[7]. Antigen uptake, processing and presentation to naïve T-cells for activation of the immune system are the main functions carried out by DC. There have been studies reported from our laboratory which showed that DC are numerically, functionally and phenotypically dysfunctional in patients infected with CHC[8,9]. The study also showed that functionally defective monocyte-derived dendritic cells (moDC) from CHC patients who did not achieve SVR, failed to reconstitute the capacity to mature, indicating that the dysfunctional status of DC in CHC patients was directly associated with the persistence of the virus.
The expression of many genes is responsible for regulation of DC maturation. They involve genes associated with antigen processing and presentation[10], interferon α, β response[11,12], cytokine signaling[13], adhesion and migration[14], phagocytosis[15], interferon responsive elements[16], anti-inflammatory process[17], negative regulators of JAK-STAT pathway[18] and genes involved in TLR mediated signaling[19].
Effective cellular immune response directed against HCV is mediated through T-cell and DC crosstalks[20]. A subdued adaptive immune response in chronic HCV patients might be due to the suboptimal antigen presentation and signaling via impaired DCs in these individuals. So, in the proposed study, we wanted to find out whether this non-responsiveness to standard anti-viral therapy in a proportion of CHC patients is associated with the virus-modulated expression of certain genes, which may culminate into dysfunctional status of DC (maturation as well as functional defects). So, we planned to investigate the expression levels of a set of selected genes in the myeloid dendritic cells (MDC) of CHC patients with the hypothesis that, an analysis of the association of immune response genes and non-responsiveness to therapy may reveal molecular mechanisms of DC dysfunction in the non-responders.

MATERIALS AND METHODS
Ethical statement
The study was approved by the Institute Ethics Committee of the PGIMER, Chandigarh (Reg. No. NKG/947). An informed written consent was obtained from all the subjects before taking blood samples.

Subjects and sampling
A total of 20 CHC patients were recruited for the study. Patients were divided into two groups on the basis of response to therapy in terms of SVR i.e. HCV RNA negative at 24 wk after cessation of antiviral therapy. Patients achieving SVR (SVR+ve) were considered as ‘Responders’ whereas those who failed to achieve SVR (SVR-ve) were termed as ‘non-responders’. Responders (n = 10, MDC-R) and Non-responders (n = 10, MDC-NR) were recruited on the basis of inclusion and exclusion criteria. Inclusion criteria included patients positive for anti-HCV antibodies and serum HCV RNA, HCV RNA genotype 3 only, no prior history of any treatment for HCV, negative for auto-antibodies (ANA, SMA, LKM, AMA and PCA) and non-viral factors (alcoholism, inherited metabolic disorders). Exclusion criteria included patients with HBV, HCV genotype 1, 2 or 4, HIV and other co-infections, patients with regular use of hepato-toxic drugs and alcohol intake and any evidence of auto-immune or metabolic disease. Venous blood was taken in heparin vacutainer vials (BD) from each recruited patient in the hepatology clinic of PGIMER, Chandigarh. Age and sex matched healthy volunteers were recruited as control subjects (HC; n = 10). Inclusion criteria for HC included those subjects who had normal liver function tests with no history of jaundice or viral hepatitis infection in the past.

PBMC isolation and enrichment of myeloid dendritic cells using magnetic beads
Plasma was stored at -80 0C before isolation. From heparinised blood, peripheral blood mononuclear cells (PBMCs) were isolated by ficoll-hypaque density gradient centrifugation using Hisep (Himedia, Mumbai, India). MDC enrichment was performed by using CD1c (BDCA-1)+ Dendritic Cell Isolation Kit (MiltineyiBiotec, Germany) following manufacturer’s instructions. Briefly, the procedure included two steps: In the 1st step, CD1c (BDCA-1) expressing B cells labeled with CD19 magnetic microbeads got depleted by separation over a MACS column placed in a magnetic field of a MACS Separator. In the second step, CD1c (BDCA-1)+ MDC labeled with CD1c-Biotin and Anti-biotin microbeads in B cell depleted flow-through fraction were retained within the column and eluted after removing the column from magnetic field. These cells (MDC) were used for further experiments.

Flow cytometric analysis for purity check
PBMCs and MDCs (10 μL each) were stained with fluorochrome-labeled antibodies (2 μL): Allophycocyanin (APC)-conjugated anti-HLA-DR, Fluorescein isothiocyanate (FITC)-conjugated Lineage Cocktail 1 (Lin1: CD3, CD14, CD16, CD19, CD20, CD56) and Phycoerythrin-Cy5 (PE-Cy5) –conjugated anti-CD11c from BD Biosciences (San Jose, CA, United States) for 15 min in the dark. Cells washed with staining buffer for 5 min at 1400rpm were re-suspended in buffer for acquisition on Flowcytometer (FACS Calibur, BD, United States). Percent purity was calculated.

Generation of monocyte-derived DCs from HCs PBMCs
Monocyte-derived dendritic cells (moDCs) were derived according to the method described by Romani et al[21] and modified in our laboratory[8]. Cells were cultured in the presence (moDC-Ag) or absence (moDC-N) of HCV viral proteins. Briefly the PBMCs were isolated from venous blood as described above. Cells were suspended in RPMI 1640 medium (Sigma-Aldrich) and monocytes were made to adhere for 2 h at 37 oC (Plate adherence method). After incubation, non-adherent cells were removed. Adherent cells were cultured in the DC culture medium (DCCM) consisting of RPMI 1640 supplemented with: 2 mmol/L L-glutamine, 5 mmol/L HEPES buffer, 100 IU/mL penicillin and 100 μg/mL streptomycin, 10% fetal bovine serum (GIBCO), 20 ng/mL recombinant human GM-CSF (Peprotech Asia) and 20 ng/mL recombinant human IL-4 (Peprotech Asia) at 37 oC in a humidified incubator with CO2 volume fraction, 50 mL/L CO2 for six days. The cells were cultured in different sets as: either in presence or absence of viral proteins: core, NS3, NS4 and NS5 (Peprotech Asia). At the end of six days, these moDCs were stimulated with bacterial lipopolysaccharide (LPS) and further cultured for 48 hours in maturation cocktail which comprised of DCCM with LPS (500 ng/mL). On the 8th day, moDCs were harvested and gene expression studies were carried out.

Gene expression analysis (RNA extraction, cDNA preparation and real time PCR)
MDCs and moDCs were centrifuged and dissolved in 1ml TRIzol (Sigma, United States). RNA was extracted and reverse transcribed to cDNA using the RT2 First Strand Kit (Qiagen, Germany) according the manufacturer’s protocol, and cDNA was stored at -20 °C till further use. A custom PCR array (RT2 Custom Profile PCR Array Human, Qiagen) was designed which included a panel of immune-stimulatory genes (ISGs) and genes involved in DC functioning (Table 1). Real-time PCR was undertaken using RT SYBR Green Master Mix (Qiagen, Germany) in a 96-well PCR plate pre-dispensed with primers in a Light Cycler 480 (Roche, Germany). Values were normalized against housekeeping genes (GAPDH, β-actin) in the same sample. Each experiment included positive PCR control (PPC), reverse transcription control (RTC) and human genomic DNA contamination (HGDC) control. Ct values were obtained for calculation of delta-CtCt and further analysis.

Statistical analysis
Statistical analysis for viral load (baseline and 4 wk) and other clinical features were done using GraphPad Prism software v 5.03 statistical package. Parametric and non-parametric t-tests were carried out and P < 0.05 was considered significant. For flow cytometry results, Cellquest software (BD Biosciences, United States) was used. Analysis of up-regulated and down-regulated genes was done using web based online software RT2 Profiler PCR array data analysis version 3.5 software. To check interactions and associations between different genes, string software available online was used.

RESULTS
Clinical and demographic details of patients
A total of 20 patients were recruited for the study. Their clinical and demographic parameters like gender, age, genotype, liver enzyme (AST-ALT) levels, total bilirubin/conjugated bilirubin, Alkaline Phosphatase (ALP) levels were recorded (Table 2). At the baseline, there was no significant difference in the viral loads of responders vs non-responders, but when compared between baseline vs 4 wk (at RVR - rapid virological response) the viral load became undetectable in responders, while remained detectable in non-responders although was significantly decreased (Figure 1). Also, the degree of liver fibrosis (LSM - liver stiffness measurements) which provides useful information in prognostication, therapeutic planning, and assessment of the impact of treatment in chronic liver diseases, was significantly increased in non-responders (P < 0.05), which suggests that the persistence of virus in the liver leads to cirrhosis of the liver.

Flow cytometric analysis of MDC
For phenotyping and purity of the isolated MDC, the cells negative for Lineage (CD3, CD14, CD16, CD19, CD20, CD56) and dual positive for CD11c and HLA-DR were gated. Percent enrichment of MDC was 65% after magnetic sorting as compared to 10% in PBMCs before sorting.

Gene expression profiles by PCR array
The gene expression profiles of the selected genes (as in Table 1) using custom-designed PCR array are shown in the heat map of genes indicating the differentially expressed genes (Figure 2). The genes upregulated or down-regulated are shown in Figure 3.

Upregulated genes
Non-responders (MDC-NR) vs Responders (MDC-R) group: Genes involved in negative signaling of JAK-STAT pathway, such as suppressor of cytokine signaling (SOCS1; six-fold, SOCS2, SOCS4 and SOCS5 all two-fold) and genes involved with down-modulation of immune response such as Indoleamine 2,3-Dioxygenase (IDO1) and Programmed death-ligand 1 (PD-L1) were found to be significantly upregulated (two-fold or more) in non-responders as compared to responders to therapy (Figure 4).
Further, the genes for antiviral innate response such as TLR, ISGs and JAK/STAT pathway were also found to be up-regulated in non-responders as compared to responders to antiviral therapy.TLR3 which is activated by viral RNA (HCV RNA) was four-fold up-regulated whereas TLR4 and TLR7 showed two-fold up-regulation in non-responders. The genes for Interferon regulatory factors (IRF 7 and IRF 9) and the Interferon stimulatory genes (ISG15 and ISG20) were also found to be significantly (six-fold) upregulated in non-responders. Further, the genes involved in JAK-STAT signaling, the STAT1 and STAT2, showed two-fold upregulation along with the increased expression of IFN-induced proteins with tetratricopeptide repeats (IFIT1; six-fold, IFIT3; two-fold), IFN-Inducible transmembrane family (IFITM1; two-fold), Interferon-induced GTP-binding protein encoding gene (MX1, MX2; both two-fold), 2′,5′-oligoadenylate synthetase (OAS1; six-fold, OAS2; two-fold), IFN-inducible genes (IFI6; two-fold, IFI27; two-fold, IFI35; four-fold), Adenosine deaminase acting on RNA (ADAR; two-fold) and eukaryotic translation initiation factor 2-alpha kinase 2 (EIF2AK2; two-fold). Also gene associated with apoptosis such as Fas cell surface death receptor (FAS) showed increased expression (two-fold) in non-responders to antiviral therapy.

moDC from healthy donor differentiated in presence (moDC-Ag) or absence (moDC-N) of viral proteins: Sixteen genes were upregulated in the moDC differentiated from monocytes grown in presence of HCV viral proteins as compared to the cells grown in absence of proteins. Amongst these, included the chemokine and their receptor genes (CXCR3, CXCR6, CXCL12, CCL8; all two-fold) and Toll-like receptor genes (TLR2, TLR4, TLR9; all two-fold).

Downregulated genes
Non-responders (MDC-NR) vs Responders (MDC-R) group: The genes downregulated in non-responders as compared to responders included the genes belonging to MHC-Class II family (HLA-DPB1, HLA-DQA1, HLA-DQB1) and Superoxide dismutase (SOD), the enzyme involved in transforming toxic superoxide anion radicals into hydrogen peroxide and oxygen for protecting DNA from oxidative stress showed two-fold reduced expression in non-responders as compared to responders (Figure 4).
	
DCs from healthy donor grown with (moDC-Ag) or without (moDC-N) viral proteins: A decreased expression of 21 genes in the cells grown in presence of viral proteins was observed as compared to the cells grown in absence of proteins. The genes found down-regulated (two-fold) include the ones involved in innate response and Interferon signaling (EIF2AK2, IFI27, OAS1, OAS2, MX1, IFIT1, IFIT3, GBP1, GBP2, ISG20); the genes involved with DC maturation (CD83, LY75, LAMP3) and genes involved in delivering co-stimulatory signals to T-cells (CD40, CD80, CD86) (Figure 4).

DISCUSSION
Non-responsiveness to antiviral therapy has been linked to defective phenotype of MDC by previous reports including our laboratory[8,9]. This indicates a direct association of immune defects with response to treatment in CHC, which could be attributed to many reasons such as (1) defect in IFN-α interactions with its receptors on MDCs, (2) defect in signal transduction machinery after this interaction, and (3) abnormal expression of certain transcription factors and immune response genes which are involved with the activation and maturation of DCs.
Although it has already been reported that there are functional and maturation defects in MDCs during CHC infection, yet the molecular mechanisms involved have not been fully elucidated[8]. The present study was designed with a view to understand these mechanisms and the role of different immune response genes that are involved in regulation of DC functions and may be associated with non-responsiveness to therapy and viral persistence during CHC. In order to achieve the objectives, gene expression profiles were studied in MDC isolated from the peripheral blood of CHC patients put on standard anti-viral treatment consisting of Type 1 IFN and ribavirin, some of those who achieved SVR were termed ‘responders’ and those who did not achieve SVR were termed ‘non-responders’. The differentially expressed genes were identified after analysis of the expression profile results. Further, these findings were confirmed in an ex vivo moDC model where gene expression profiles were analyzed in monocytes from a healthy donor, differentiated to DC, either in presence or absence of some HCV proteins, using same custom-designed PCR array. Interestingly results from both these experiments although not exactly overlapping, yet revealed the set of genes down-regulated in ‘non-responders’ or in cells grown in presence of viral proteins were those, which are involved with DC maturation and function. Similarly the genes that were found to be up-regulated in these cells were mainly of the negative regulators of DC functions suggesting that the continuous presence of virus or viral proteins in individuals infected with HCV, would facilitate the development of functionally defective phenotype of DCs in these individuals. 
The monocytes cultured and differentiated in the presence of HCV viral proteins to dendritic cells in a culture system ex vivo, in the present study, induced the development of a defective phenotype of DCs with hampered maturation capabilities in a similar manner and also confirmed the findings from CHC patient experiments as described above. The analysis of gene expression profiles of these cells revealed downregulated expression of some important genes associated with DC maturation (LAMP3 and LY75), co-stimulatory signaling (CD80 and CD86) and many immune-stimulatory genes, the ISGs (EIF2AK2, IFI27, OAS1, OAS2, MX1, ISG20, IFIT3, IFIT1, GBP1 and GBP2), which are the first line of defense in innate antiviral immunity, suggesting that persistence of HCV down-modulates the host defense mechanisms and make conditions favorable for its own survival. These results are consistent with the earlier reports, which also indicated that different HCV viral proteins disrupt the host IFN signaling and ISGs to establish chronic infection[22].
Entry of the virus in the host results in up-regulation of many TLRs like TLR2, TLR3, TLR4, TLR7, TLR8 and TLR9 on PBMCs and monocytes[23]. The expression of TLR3, TLR4 and TLR7 was also found to be increased on the MDC of non-responders in our study, suggesting the immune activation due to the constant presence of viral RNA. Besides, RARRES (Retionic acid receptor responder protein 1), which is also activated by viral RNA, was also upregulated in non-responders. The TLR7 and RARRES cause IRF7 activation and induction of Type1 IFN gene, leading to activation of JAK-STAT signaling and upregulated expression of STAT1, STAT2 and IRF9, which further lead to enhanced expression of ISGs namely IFIT1, IFIT3, ISG15, ISG20, ADAR, GBP1, PRKRA, EIF2AK2 (PKR), IFITM1, MX1, MX2, OAS1, OAS2, IFI16, IFI27 and IFI35. The administration of exogenous IFN and upregulation of ISGs may be effective to a certain limit because virus replication and copy number gets significantly reduced from baseline to week 4 (RVR) in these patients, but complete removal was not achieved as viral load was still detectable, which suggests that there are other factors that are associated with the persistence of the virus.
The possible reasons may be attributed to dampening of the immune response (functionally impaired immature CD4+ cells) by Type 1 IFN, which leads to impaired T-cell immunity as evident in these patients. Moreover the genes important for optimal antigen presentation like MHC-II (HLA-DP, HLA-DQ) and co-stimulatory molecules (CD80, CD86) as well as the homing receptors like CCR7 were all found to be down-regulated in MDC from non-responder patients as compared to responders in our study, which again supports the hypothesis that such maturation defective DCs with hampered antigen-presenting and migration capabilities would be responsible for the generation of functionally impaired set of immature T-cells, which are incapable of clearing the virus in CHC. Also, it has been reported earlier that excessive or prolonged IFN-αβ signaling is associated with severe disease in HIV infection and favors the replication of virus in the host[23]. Although HCV has different mechanisms to down-regulate Type 1 IFN production, still ISGs are induced in infected hepatocytes in most of the chronically infected CHC patients. Earlier reports suggest that HCV patients having high pre-existing levels of ISGs are less likely to respond to IFN-α therapy in comparison to those with lower levels[24].
Besides, the genes for factors such as SOCS1, SOCS2, SOCS4 and SOCS5 which negatively regulate the inflammatory pathways such as JAK-STAT signaling[25]; PDL1 responsible for exhaustion of T-cell function and its blocking on DCs shown to enhance T-cell activation[26,27]; IDO1 which alters DC by decreasing its APC function and capable of suppressing local T-cell immune responses and promoting systemic tolerance[28], were all up-regulated in non-responders. Our findings corroborate the study reported earlier that up-regulation of PD-1 and SOCS-1 inhibitory molecules mediates functional impairment of the early immune response during HCV infection[29]. 
The expression of CD209 (DC-SIGN), a molecule expressed more on immature DCs and involved in innate immune responses also plays a critical role in viral pathogenesis, was also upregulated in non-responders[30,31]. Immature DCs bind more strongly to E1 and E2 (HCV Envelope proteins) through DC-SIGN with a difference in internalization pathway. These HCV viral like particles are targeted to non-lysosomal compartment in immature DCs and are protected from lysosomal degradation[32]. Thus, HCV may use DC-SIGN as an entry portal and facilitate viral infection of nearby hepatocytes and also use these DCs as reservoirs resulting in establishment of viral infection. HIV gp120 also binds to DC-SIGN and results in horizontal and vertical transfer and also helps in spreading the virus in the host[33].
HCV induces chronic increase in hepatic oxidative stress which plays an important role in pathogenesis of HCV[34]. Expression of genes of the factors involved with stress conditions such as Heme Oxygenase (HMOX1) was up-regulated in non-responders, suggesting higher oxidative stress in these patients. Since the HMOX1 catabolizes heme to bilirubin, this might be responsible for significantly higher bilirubin levels observed in non-responders as compared to responders. The HMOX1 being mainly expressed in immature DCs and its overexpression induces down-regulation of co-stimulatory molecules on DCs, might be responsible for inhibition of T-cell proliferation in CHC[35]. On the other hand, SOD responsible for transforming toxic superoxide anion radicals, showed down-regulated expression in non-responders resulting in increased levels of reactive oxygen species (ROS) and oxidative stress in these patients, might be responsible for increased apoptosis of cells, which is also supported by up-regulated expression of FAS gene observed in these patients in our study. Thus, these patients are unable to destroy superoxide anion radicals, which are normally produced within the cells and are toxic to biological systems. Earlier report has also shown increased levels of HMOX1 and decreased levels of SOD2 in PBMC of patients with CHC[36].
In summary, our study indicates that there is up-regulation of negative regulators and down-regulation of molecules involved with maturation and antigen-presentation on DCs of non-responders. This imbalanced state, possibly modulated by the continuous replication of HCV, results in the generation of maturation-defective phenotype of DCs which are not capable of presenting the viral antigens to the naïve T-cells and lead to the generation of functionally defective immature T-cells incapable of clearing the virus (Figure 5). Whether this defective state of DCs in these patients is the cause or effect of viral persistence, is not really clear, but possibly this vicious cycle might be the cause of non-responsiveness to anti-viral therapy. Never the less, the study points to some novel pathways that may be targeted to achieve better management of this chronic disease.

COMMENTS
Background
In patients infected with hepatitis C, it had already been reported that dendritic cells are numerically, functionally and phenotypically dysfunctional. Also functionally defective monocyte-derived dendritic cells (DCs) from chronic hepatitis C (CHC) patients who did not achieve sustained virological response (SVR) failed to reconstitute the capacity to mature, indicating the dysfunctional status of DC in CHC patients, however the molecular mechanisms regulating this defect have not been elucidated.

Research frontiers
Previous experiments have indicated that CHC patients having dysfunctional dendritic cells led to therapy non-responsiveness in these patients.

Innovations and breakthroughs
The expression profile of selected genes related to hepatitis C virus (HCV) infection have been studied in various hepatocytes cell lines but, the role of dendritic cells in non-responsiveness to antiviral therapy has not been elucidated as yet.

Applications
The molecular profile of dendritic cells on their role to standard therapy may be used in better prognosis and will help in designing newer therapeutic modalities that might help in better management of non-responders who do not respond to extended regimens to antiviral therapy.

Terminology
SVR - HCV RNA negative 24 wk after cessation of treatment. It is the best predictor of a long-term response to treatment.

Peer-review
The paper of Tomer S et al discusses the effects of HCV on DCs isolated from PBMC of IFNα-treated HCV patients. The comparisons in gene expression have been done between the responders and non-responders to treatment vs DC from healthy donors exposed or not to HCV proteins. This is an interesting attempt to elucidate the role of HCV-infection in impairment of DC function and to link this situation to non-responsiveness to IFNα treatment, which provides a promising connection to translational research.
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Figure 1 Difference between viral load in responders to antiviral therapy (at 0 and 4 wk) vs non-responders (0 and 4 wk). No significant difference in the viral loads of responders vs non-responders at baseline, but when compared between baseline vs 4 wk (at RVR - rapid virological response) the viral load became undetectable in responders, while remained detectable in non-responders.
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Figure 2 Heat map showing the expression of all the genes in different groups recruited. Graphical representation showed up-regulated and down-regulated genes in all the recruited groups. NR: Non-responder; HC: Healthy controls; HT: Healthy treated; RESP: Responder.
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Figure 3 Clustergram showing up-regulated and down-regulated gene expression in dendritic cells of A: moDCs from healthy volunteer differentiated in presence of HCV viral proteins (Test group) and moDCs differentiated in absence of viral antigens (control group); B: Responders and non-responders. Graph showing the differentially expressed genes in different groups. Green represents the lower expression of a particular gene and red represents the higher expression of a particular gene in that particular group as compared to control.
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Figure 4 Mult-igroup plot showing A: up-regulation of down modulatory genes (negative regulators) in MDC-NR (non-responders) as compared to MDC-R (responders); B: Down-regulated genes in MDC-NR (Non-responders) as compared to the MDC-R (Responders); C: Down-regulation of genes involved with DC maturation and co-stimulatory molecules in the cells differentiated in the presence of viral antigens (moDC-Ag) as compared to cells without antigens (moDC-N). The genes which are negative regulators of JAK-STAT such as suppressors of cytokine signaling (SOCS), protein inhibitors of activated STATs are up-regulated in non-responders as compared to responders whereas the genes which belong to MHC class II family such as HLA-DPB1, HLA-DQA1 and HLA-DQB1 and dendritic cell maturation marker such as CD83 is down-regulated in non-responders as compared to responders.
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Figure 5 Interactions between different interferon stimulatory genes and negative regulatory genes of immune system. Using string software, possible interaction pathways between different Interferon Stimulatory genes and Negative regulatory genes were drawn. Negative regulators such as SOCS, PIAS when upregulated results in the inhibition of STAT and GBP genes which in turn result in the induction of transcription of many genes involved in innate immunity and interferon signaling such as IRF7, IRF9 and ISG20. ISG: Interferon stimulatory genes.



Table 1 List of selected genes for custom PCR array
	CD209
	CSF1R
	ADAMDEC1
	PDCD1
	HLA-DPB1
	HLA-DQA1
	HLA-DQB1
	HMOX1
	ITGB2
	CD40
	CD80
	CD86

	CD83
	LY75
	LAMP3
	ARHGDIB
	CCL5
	CCL8
	TLR2
	CCL22
	CCR7
	CXCR3
	CXCR4
	CXCL6

	CXCL9
	CXCL10
	CXCL11
	CXCL12
	CXCL16
	ITGAX
	ICAM1
	VCL
	TLR8
	NFKB1
	NFKB2
	CD1A

	CD1B
	CD1C
	CD52
	S100A4
	RELB
	IDO1
	CD274
	IFNAR1
	IFNAR2
	IRF1
	IRF3
	CD44

	IRF7
	IRF9
	STAT1
	STAT2
	ADAR
	EIF2AK2
	IFI6
	IFI27
	IFI35
	OAS1
	OAS2
	OAS3

	PRKRA
	SOD2
	MX1
	MX2
	ISG15
	ISG20
	IFIT1
	FAS
	LITAF
	IFIT3
	IFITM1
	ITIH2

	GBP1
	GBP2
	PIAS1
	PIAS2
	SOCS1
	SOCS2
	SOCS3
	SOCS4
	SOCS5
	IL28B
	TRIM22
	RARRES3

	TAP1
	TAP2
	RELA
	TLR3
	TLR4
	TLR7
	TLR9
	GAPDH
	ACTB
	HGDC
	RTC
	PPC




Table 2 Clinical characteristics of study subjects
	Parameter
	Responder
	Non-responder

	Mean viral load (IU/mL)
	6.09 ± 0.29
	5.97 ± 0.81

	Mean age (yr)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]42.0 ± 2.8
	47 ± 2.9

	Male/Female
	6/4
	8/2

	Mean TB/CB (mg/dL)
	0.75 ± 0.10
	1.25 ± 0.20

	Mean AST (U/L)
	94.77 ± 23.40
	102.3 ± 12.7

	Mean ALT (U/L)
	155.4 ± 45.2
	111.2 ± 18.3

	Mean AP (U/L)
	94.50 ± 8.20
	160.00 ± 24.44

	Mean A/G (mg/dL)
	1.25 ± 0.10
	1.74 ± 0.10

	(Fibrosis) Median LSM (kPa)
	6.10
	23.50 (P = 0. 01)


TB/CB: Total bilirubin/conjugated bilirubin; AST: Aspartate transaminase; ALT: Alanine transaminase; AP: Alkaline phosphatases; A/G: Albumin/globulin; LSM: Liver stiffness measurement.
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