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Abstract

AIM: To analyze hepatitis C virus (HCV)-specific immune response in chronically infected patients under triple therapy with interferon-α (IFN-α) plus ribavirin and CIGB-230. 
MATERIALS AND METHODS: CIGB-230 was administered in different schedules regarding IFN-α plus ribavirin therapy. Paired serum and peripheral blood mononuclear cells (PBMC) samples from baseline and end of treatment were analyzed. HCV specific humoral response was tested by enzyme-linked immunosorbent assay (ELISA), neutralizing antibodies were evaluated by HCVcc neutralization assays, PBMC proliferation was assayed by carboxyfluorescein succinimidyl ester staining and IFN-γ secretion was assessed by enzyme-linked immunospot (ELISPOT). Data on virological and histological response and their association with immune variables are also provided. 
RESULTS: From week 12 to week 48, all groups of patients showed a significant reduction in mean leukocyte counts. Statistically significant decrements in antibody titres were frequent, but only individuals immunized with CIGB-230 as early add-on sustained the core-IgG response, and the neutralizing antibody response was enhanced only in patients receiving CIGB-230. Cell-mediated immune responses also tended to decline, but significant decrements in IFN-γ secretion and total absence of core-specific lymphoproliferation were exclusive of the control group. Only CIGB-230-immunized individuals showed de novo induced lymphoproliferative responses against the structural antigens. Importantly, it was demonstrated that the quality of CIGB-230-induced immune response depends on number of doses and timing of administration in relation to the antiviral therapy. Specifically, the administration of six doses of CIGB-230 as late add-on to therapy increased the neutralizing antibody activity and the de novo core-specific IFN-γ secretion, both of which associated positively with the sustained virological response.
CONCLUSION: CIGB-230, combined with IFN-α-based therapy, modifies the immune response in chronic patients. These evidences shed light in the design of more effective therapeutic vaccine interventions against HCV. 

© 2013 Baishideng. All rights reserved.
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Core tip: We assayed, for the first time, the concomitant administration of CIGB-230, a DNA-based therapeutic vaccine candidate against hepatitis C virus (HCV), and unpeginterferon-α (IFN-α) plus ribavirin therapy to chronic, treatment naive, HCV genotype 1b infected patients. We showed that CIGB-230 enhanced the neutralizing antibody response and induced de novo proliferative and IFN-γ secretion responses in the context of the antiviral therapy. The quality of the induced immune response depended on both the number of doses and the timing in which they are administered in relation to the antiviral therapy. Particularly, the increments in neutralizing antibodies and IFN-γ associated positively with the sustained virological response.
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INTRODUCTION

Hepatitis C virus (HCV)  poses a significant challenge for the worldwide public health, since it infects approximately 3% of the world population[1], of whom 80% will develop a chronic infection[2] if not timely and appropriately treated. Recently, an era of rapid advances in the development of specific antivirals has come to life[3, 4]. In the clinical setting, the combination of the most advanced antivirals, boceprevir and telaprevir, with the present standard of care, peginterferon-α (pegIFN-α) plus ribavirin, have shown their capacity to induce higher sustained viral response (SVR) and lower relapse rates than pegIFN-α plus ribavirin alone, in genotype-1-infected patients, but this genotype remains persistent in 30% of treated patients[4, 5]. Additionally, current therapies comprise multiple adverse effects that lead to contraindications in many cases[4, 5] and do not provide long-term protection against reinfection.

Given these elements, the development of vaccine strategies remains attractive although, so far, they have not demonstrated significant clinical impacts[6]. In HCV chronic infection, a critical obstacle facing any vaccine candidate is the already established immune response, which is characterized by impairment of both the innate and adaptive responses[7-10]. Indeed, it is reasonable to consider that these defects may result in uncontrolled viral replication, which could be linked to the non-attainment of a SVR. In this respect, studies have given clues of the pervasive effects of high HCV viral load on virus specific T cells[11]. There exist evidences that HCV-specific T cell dysfunction can be reversed by viral clearance after antiviral therapy, at least in the early stages of the infection[12], although functional restoration may be incomplete[13]. Nevertheless, immune restoration seems more achievable in face of a moderate, instead of a high viral load. In this sense, the combination of therapeutic vaccine candidates with antiviral treatments, allowing the vaccine to function in a scenario of reduced viral load, seems a more promising strategy. 

Previously we demonstrated the capability of CIGB-230, a vaccine candidate based on the mixture of a plasmid for DNA immunization, expressing HCV structural proteins[14], with recombinant HCV core protein particles[15], to modify HCV-specific neutralizing antibody response and to induce de novo (newly generated) cellular immune responses against HCV core in chronically infected individuals, non-responders to previous IFN-α plus ribavirin treatment[16]. In the present study we assayed, for the first time, the impact of the concomitant administration of CIGB-230 and unpegIFN-α plus ribavirin antiviral therapy on HCV-specific immune response in a cohort of chronic, treatment naïve, HCV genotype 1b infected patients.
 MATERIALS AND METHODS
Study population

The clinical trial (Protocol code: IG/VHI/HC/0701; Public Register Code: RPCEC00000074) was conducted at the National Institute of Gastroenterology (Havana, Cuba), and was approved by the institutional ethics committee and the National Regulatory Authority (CECMED, Havana, Cuba). Written informed consent was obtained from every patient. All procedures were conducted in accordance to the national ethics guidelines and the Helsinki Declaration of 1975, as revised in 1983. The study included 92, treatment naive patients, positive for plasma HCV RNA, genotype 1b, with diagnosed chronic hepatitis by liver biopsy and no other documented cause of liver disease. Exclusion criteria were pregnancy, nursing, co-infection with HIV or active HBV infection, liver cirrhosis or hepatocellular carcinoma, uncontrolled chronic diseases, blood disorders, immunosuppressive/ immunomodulatory drug consumption 6 months previous to treatment, autoimmune diseases, severe allergy and suspected acute infection disease. Demographic and histological data of patients involved in the study are shown in Table 1. Histology was evaluated on baseline and week 72, by liver biopsy analyzed according to Ishak score[17]. 
Study design and interventions

The study was a Phase II, randomized, controlled, double blinded clinical trial. All patients received conventional IFN-α-2b (3 × 106 units, subcutaneously, three times a week) and ribavirin (1000 or 1200 mg daily, according to body weight) for 48 weeks. Additionally patients were randomly distributed to five groups according to CIGB-230 treatment, as shown in Figure 1. The control group (n = 30) received 12 vaccine placebo inoculations. Other 2 groups received 6 inoculations of CIGB-230, one (n = 16) starting simultaneously with the antiviral treatment as early add-on (E6), and the other (n = 15) starting on week 12 of therapy as late add-on (L6). The remaining two groups were inoculated 9 times with CIGB-230, one of them (n = 16) as early add-on (E9) and the other (n = 15) as late add-on (L9). All inoculations relating the vaccine candidate or the placebo took place once every four weeks. To maintain the blinding of the study, placebo administrations took place in the immunization groups, once every four weeks, on weeks not corresponding to vaccine candidate administration, according to the immunization schedule. CIGB-230 immunization consisted in the intramuscular administration of 0.5 mg of pIDKE2 plasmid mixed with 0.05 mg of Co.120 recombinant protein in saline solution. Components of CIGB-230 were manufactured under sterile conditions, with at least 98% purity[16]. Blood samples were drawn on week 0 and 48 to evaluate HCV specific immune response. The virological response (presence of HCV RNA by RT-PCR UMELOSA, detection limit 101.7 UI/mL, Centro de Inmunoensayos, Havana, Cuba) was assessed on weeks 0, 12, 48 and 72. Complete early virological response (cEVR) and SVR are defined as undetectable HCV RNA on weeks 12 and 72, respectively. 
Antigens for analytical determinations

The recombinant protein NS3 is expressed in modified Escherichia coli and purified to 90%[18]. E2.680 recombinant protein is expressed in modified Picchia pastoris yeast and purified to 85%[19]. Recombinant Co.120 employed for immunization was also used for immunological evaluations. All the recombinant proteins correspond to a genotype 1b strain. 

White blood cells counts

White blood cells counts from whole blood were performed by using an ABX Micros 60 hematology analyzer (ABX Diagnostics, Montpellier, France). These analysis, were carried out at the clinical laboratory of the Cuban National Institute of Gastroenterology using routinely validated methods. Results are given as 109 cells/L in the case of leukocytes and as% in the case of lymphocytes.

Evaluation of antibody response against HCV antigens

To detect human antibodies to HCV capsid, E2 and NS3, an in-house ELISA was performed[20]. For each individual evaluation, the cut-off value was established as at least 3 times the mean reactivity of a panel of 48 anti-HCV negative samples (UMELISA, Center for Immunoassay, Cuba). Titration was carried out by interpolation into a curve constructed by serially diluting a positive control sample of known reactivity. 

Evaluation of neutralizing antibody response against HCV

For the evaluation of the neutralizing capacity of HCV-specific antibodies, total immunoglobulins were purified by Protein A-Sepharose 4 Fast flow (Amersham Biosciences, United Kingdom). Neutralization assays were performed essentially as described before[21]. Briefly, cell culture HCV (HCVcc, genotype 1a-2a chimera) and purified antibodies (50 μg/mL) were preincubated for 2 h at 37°C before they were put in contact with Huh7 target cells; after 4 h, culture medium was replaced with fresh complete medium and cells were further incubated for 48 h. Finally, E1-specific immunostaining was carried out with E1-specific antibody and fluorophore-taged antibody (anti-mouse Alexa 488). Foci forming units were counted in an Axiophot 2 microscope. Results are shown as% of HCVcc infectivity = (foci forming units in the presence of antibodies/ foci forming units in the absence of antibodies) × 100. A sample was considered positive if at least a 50% reduction in the infectivity of HCVcc was observed in the presence of antibodies, compared to the absence of antibodies. Paired coded samples corresponding to each patient were evaluated simultaneously to avoid inter-experiment variability.

Peripheral blood mononuclear cells preparation

Peripheral blood mononuclear cells (PBMC) isolation and preservation was performed essentially as previously described[20]. After quick thawing in a 37 °C water bath, cells were adjusted to 2 × 106 cells/mL in complete RPMI medium (Sigma-Aldrich, United States) with 10% FBS and then incubated at 37 °C for a resting period of 16 h.

Evaluation of PBMC proliferative response against HCV antigens 
PBMC proliferation against Co.120, E2.680 and NS3 assays were performed essentially as previously described[20]. Cells were labeled with 6 μmol/L of CFSE (Fluka Biochemika, Switzerland), and stimulated in duplicate cultures of 0.25 × 106 cells, with protein antigens (8 µg/mL) in complete RPMI with 5% human AB serum (Sigma-Aldrich, United States) (RPMI/5), for 6 d at 37°C. Cells incubated with medium alone and concanavalin A (ConA, Sigma-Aldrich, United States, 5 μg/mL) were considered the negative and positive controls, respectively. Cells were analyzed by flow cytometry (Partec Pass III, Germany). The stimulation index (SI) was calculated by dividing the proliferative frequency (%) in the presence of antigen by the proliferative frequency (%) without antigen. For each individual antigen, the cut-off value was established after the evaluation of samples from 10 HCV RNA negative (UMELOSA, Center for Immunoassay, Cuba) donors: ≥ 2.5. De novo responses are defined as those responses that were not detected on baseline evaluations and became detectable after treatment.

Evaluation of IFN-gamma secretory response against HCV antigens

The ELISPOT assay was performed essentially as previously described[22] in nitrocellulose-backed microtitre plates (Millipore, France). Anti-IFN-γ (1-D1K clone, 5 µg/mL) and biotinylated anti-IFN-γ (7-B6-1clone, 0.5 µg/mL), both from Mabtech (Sweden), were used as capture and detection monoclonal antibodies, respectively. Previously, cells had undergone a 72-hours stimulation period with proteins (8 µg/mL in RPMI/5) at 37°C; 0.2 × 106 cells were transferred to the ELISPOT plate, in duplicate for each condition. Cells incubated with medium alone and concanavalin A (5 μg/mL) were considered the negative and positive controls, respectively. ELISPOT plates were incubated for 24 h at 37°C. Spots were revealed with extravidin-peroxidase (1:800; Sigma-Aldrich, United States) followed by 0.5 mg/mL of AEC (Sigma-Aldrich, United States) solution. Spot counting was performed in a stereomicroscope (Carl Zeiss, Germany). For each individual antigen the cut-off value was established after the evaluation of samples from 10 HCV RNA negative (UMELOSA, Center for Immunoassay, Cuba) donors: average spot number at least twice greater than that obtained in the negative-control wells, and at least 50 spots/106 PBMC for E2.680 and NS3, and 180 spots/106 PBMC for Co.120. De novo responses are defined as those responses that were not detected on baseline evaluations and became detectable after treatment.

Statistical analysis

SPSS 15.0.0 Software for Windows was used to carry out statistical analysis. Normality was analyzed by Shapiro-Wilk Test. Paired t Test or Wilcoxon Matched Pairs Test were used to compare the magnitude of a given response in a group between the two evaluated time points. For comparison of the number of positive samples at the two evaluation time points, in a given group, McNemar Test was used. Comparisons of the magnitude of the responses among all groups of patients in a given time point were performed using one way ANOVA or Kruskal-Wallis test. Frequency comparisons among the groups were performed by Fisher Exact Test. Correlations between variables were analyzed by Spearman’s rank correlation coefficient. Relationships between nominal variables were analyzed by Correspondence Analysis. Significant differences were considered for P < 0.05.
RESULTS
Humoral response generally diminishes in IFN-α plus ribavirin treated patients, but the neutralizing activity may be enhanced by CIGB-230 

Antibody responses against core, E2 and NS3 are summarized in Table 2. No significant differences in terms of response frequency or antibody titres were detected among the different groups in any evaluation time point. In all groups, more than 80% of patients showed a detectable IgG and IgM response against core and NS3 on both evaluated time points (Table 2). Regarding antibody titres against these antigens, statistically significant reductions were generally observed on week 48 (week 48), in the majority of the groups (Table 2). In the case of E2, a tendency to a decrease in antibody titres was also often observed in the case of IgG (Table 2). 

The study of the associations between baseline humoral responses and the histological data showed that taking all the patients in one group, IgG response specific to NS3 correlated positively with week 0 necroinflammation (R2 = 0.27; P = 0.01; Figure 2). It is worthwhile noticing that both in the control group (Table 2), as well as in the immunized patients as an only group, a significant reduction in NS3-specific IgG was detected on week 48 when compared to week 0 (NS3-specific IgG titre for the immunized patients: 43335 vs 29243; P < 0.0001). 
On the other hand, the analysis of the neutralizing antibody response (Table 2) showed no differences with respect to the percent of individuals with positive response among groups, or in each group between both time points. However, L6 group showed a statistically significant enhancement in the neutralizing antibody response, between week 0 and week 48, while the control group did not (Table 2). Particularly, L6 group did not evidence a decline in the virological response from week 12 to week 72 (Table 1), and the significant enhancement in the neutralizing antibody response was observed in patients achieving the SVR (week 0 infectivity: 79.2 vs week 48 infectivity: 55.5; P = 0.024), in contrast to virological non-responders (week 0 infectivity: 66.9 vs week 48 infectivity: 66.9; P = 0.99). 

CIGB-230 generates de novo HCV core-specific cell-mediated immune responses in IFN-α plus ribavirin induced leukopenic state

As expected, lymphoproliferative responses were scarcely detected in treatment naive patients (Table 3). A global tendency to the disappearance of the immune response was observed towards week 48. At this time point the control group showed a complete absence of core-specific lymphoproliferative responses (Figure 3). Nevertheless, in the immunized groups all the responses against HCV structural antigens were de novo generated after CIGB-230 treatment. In fact, on week 48 a statistically significant difference was detected between CIGB-230 early add-on groups (E6 + E9) and the control regarding the frequency of core-specific responses (P = 0.04). Additionally, a statistically significant difference was evidenced in core-specific lymphoproliferation between CIGB-230 early add-on groups (E6 + E9) and the control on week 48 (1.04 vs 0.79, P = 0.018), as well as between virological responder individuals from CIGB-230 early add-on groups (E6 + E9) and virological responder individuals from the control on week 48 (1.13 vs 0.65, P = 0.008). We also observed that in E6 group, one of the de novo core-responders was also a de novo E2-responder. This patient, although a late virological responder, achieved a SVR.

The correspondence analysis showed that in the control group, E2-specific proliferative response, at both evaluation time points, was associated to the presence of serum HCV RNA on week 48 (P < 0.05). Moreover, the study of the baseline associations between lymphoproliferative responses and the histological data showed that taking all the patients in one group, E2-specific response correlated positively with fibrosis (R2 = 0.24; P = 0.03; Figure 4). Remarkably, this immune response, which was associated to a bad prognosis, regarding both virological and histological responses, was significantly reduced in immunized patients (week 0: 1.49 vs week 48: 1.01; P = 0.02), while the control group did not show a significant change (week 0: 1.53 vs week 48: 1.65; P > 0.05; Table 3).

According to PBMC availability, IFN-γ secretion against HCV antigens was also assessed. A trend to the disappearance of the responses was observed on week 48 (Table 3). However, significant decrements against all evaluated antigens were only observed in the control group; although, in the rest of the groups the small number of assayed samples could be masking possible differences.

Notably, on week 48, L6 group showed a greater frequency of de novo IFN-γ responders against core than the control group (P = 0.03; Figure 3). The correspondence analysis showed that in this group, the positive association between an individual increase in at least a 1.5 factor in this effector mechanism and the SVR was near the statistical significance (P = 0.06). Moreover, taking into account patients showing the increase in the neutralizing antibody response and/or in the IFN-γ secretion in L6 group, a statistically significant correspondence was detected with the SVR (P = 0.02). In this group none of the week 72 RNA positive patients showed any increase in these effector mechanisms. 
It is important to note that these changes in HCV-specific cell-mediated immune responses took place in the context of a significant leukopenia induced by IFN-α plus ribavirin treatment. The leukopenic state was already significant on week 12 of treatment in all groups of patients. Regarding lymphocyte counts, only the control group showed a significant decline on week 48 (Table 4). 

CIGB-230 induces differential courses of cell-mediated immunity in virological responder and non-responder patients under therapy with IFN-α plus ribavirin
We also asked whether there were any differences in HCV-specific immune responses associated to differing virological responses in immunized and non-immunized individuals. In fact, no differences in SVR rates were detected among the different groups. Decrements in the magnitude of several of the immune variables were detected (Table 5). Week 48 virological non-responders of the control group and CIGB-230-immunized week 48 virological responders showed a significant decline in E2-specific IgG; but in the latter, the decline was exclusive of relapsers, as it was verified in a separate analysis (relapsers: P = 0.02; SVR: P = 0.10). 

Regarding cell-mediated immune responses a statistically significant reduction in IFN-γ secretion was only noted in the week 72 virological non-responders against core (Table 5). On the other hand, in the non-immunized patients no significant changes were detected in the lymphoproliferative response. However, in CIGB-230-treated week 48 virological responders a significant decline was verified against E2 (Table 5). 

In the control group no significant correlations were found between cell-mediated immune responses and the histological findings, when virological responders and non responders were analyzed separately. Contrariwise, in the CIGB-230-immunized virological non-responders baseline proliferative response against all tested antigens showed a positive correlation with week 72 necroinflammation or fibrosis (Figure 5A-D), and week 48 core-specific IFN-γ secretion showed a positive correlation with both histological parameters on week 72 (Figure 5E-F). 
DISCUSSION
IFN-α has been for long a cornerstone in the standard of care for HCV chronic infection. Nevertheless, its administration at therapeutic doses leads to several adverse events[23] which, together with those related to ribavirin, provoke frequent dose adjustments, treatment interruptions or contraindication in certain patients[24, 25]. Hematologic toxicity is one of IFN-α plus ribavirin’s common adverse events[26, 27]. Correspondingly, in our study from week 12 to week 48, all groups of patients showed a significant reduction in mean leukocyte counts. Nonetheless, mean lymphocyte counts were not significantly reduced in any of the immunized groups, unlike the control. This difference could be in support of a possible immune stimulating effect of CIGB-230 vaccine candidate.

In this context, despite being diverse and frequent since baseline, the humoral response against HCV antigens tended to decline with treatment in all groups. Significant drops in NS3-specific IgG observed here have been also previously reported in IFN-α or IFN-α plus ribavirin responder individuals[28]. In our work, only individuals from E9 group were able to sustain the IgG response to the capsid. Further analyses revealed a significant decline in E2-specific IgG in control non-responders and immunized relapsers, which could be indicating that these antibodies are pivotal for viral control. In fact, several E2 epitopes have been identified as targets of neutralizing antibodies[29]. Interestingly, in this study we observed that the neutralizing antibody response was only enhanced in a CIGB-230-treated group, while no significant reduction in this effector mechanism was observed in any of the groups. Modification of the neutralizing antibody response by CIGB-230 was also detected in a previous clinical trial[16]. In the present study it should be noted that in the L6 group, which showed a significant enhancement of the neutralizing antibody response, the typical fall in the percent of virological response that has been described for pegIFN plus ribavirin therapy from week 12 to week 72[30] was not observed. Additionally, in this group we detected significantly greater induction of de novo core-specific IFN-γ ELISPOT responders with respect to the control. HCV specific IFN-γ secretion has been previously associated to the clearance of HCV infection[31] and our results support this fact, since patients with detectable viral RNA on week 72, either immunized or not with CIGB-230, show a significant decrement in the core-specific IFN-γ secretion.

The observed effect in the virological response in the L6 group might be related with the enhancement of both effect or mechanisms, neutralizing antibodies and core-specific IFN-γ ELISPOT response, because a positive association was found between the increase in at least one of them and the achievement of a SVR. It is likely that, in this case, the moment of vaccine administration in relation to both, the stage of the antiviral therapy and the typically associated viral kinetics, might play a pivotal role in the generation of effector and memory cells in a timing, quality and quantity able to favorably impact viral control rates. 
HCV-specific cell-mediated immune response, in correspondence with previous studies, was scarce before the initiation of therapy[32, 33] and showed a trend to the disappearance during treatment. Similar results have been reported by several[34-36], but not all studies[12, 37]. This contradiction makes difficult to draw definitive conclusions regarding the actual impact of IFN-based therapy on immune-mediated HCV clearance; although, the immune modulatory and antiproliferative properties of IFN-α and ribavirin have been clearly described[38-42]. Nonetheless, our results indicate that the inclusion of CIGB-230 is capable of changing the immune context of patients under IFN-α plus ribavirin treatment. 

In addition to the above mentioned findings, despite IFN-α induced leukopenia, CIGB-230 administration was able to induce significantly greater numbers of de novo core-specific lymphoproliferative and IFN-γ responses, than antiviral therapy alone. In a previous clinical trial, CIGB-230 had already demonstrated its capacity to induce de novo cell-mediated immune responses against the structural antigens in chronic patients, non-responders to therapy[16]. Certainly, in the present study conducted in treatment naïve patients, the percent of de novo responses were inferior to the expected according to previous results, which might be most probably due to the immune modulatory effects of the combined therapy. Contrariwise, Wedemeyer and colleagues showed that the immunogenicity of IC41 peptide vaccine candidate was not affected when administered as late add-on to the standard treatment[33]. This discrepancy may be attributable to the differences in the mechanisms of action of both vaccine candidates: peptides, not requiring extensive processing for presentation vs DNA, requiring full process of expression and processing. Additionally, the samples of chosen patients also differ: treatment naïve vs early virological responders. Particularly, the characteristics of the population sample may be critical determinants of treatment outcome, since several host factors have been found to be associated with therapy response[43-45]. In fact, in our exploratory study, in which randomization by single nucleotide polymorphisms, HLA, viral load or histological damage was not performed; differential predisposition to IFN-α plus ribavirin therapy response was observed in the different groups, the impact being evident in cEVR rate. In this sense, comparison among different groups of patients may be misleading and the effect of therapeutic interventions should be analyzed in an intra-group basis, comparing baseline with end of treatment outcome. 
The study of HCV-specific cell-mediated immune responses in chronic patients has frequently shown that specific proliferation and cytokine secretion are not commonly associated[33, 46], and may be differentially affected by IFN-α based therapy[47]. Our results suggest that the early and late add-on schedules differ in their capacity to induce de novo HCV-specific proliferative and IFN-γ responses. This phenomenon may be directly linked to the timing of vaccine administration in relation to the antiviral therapy. In fact, it has been observed that a leukopenic environment promotes changes in lymphocyte physiology and induces T-cell proliferation through homeostatic peripheral expansion[48]. It has been suggested that the immediate period of lymphopenia after cytoreduction provides a unique therapeutic window for immunotherapy[49], but the intensity of this proliferation and the characteristics of the resulting cells, in terms of proliferative and cytokine secretion capacity, will depend on the degree and duration of lymphopenia[50-52]. In our study, in the early add-on schedule the specific antigen was administered at the initiation of the antiviral therapy, before the stabilization of lymphopenia at its nadir. These conditions might be favorable to stimulate the development of proliferating uncommitted cells, while in the late add-on; the more stable, chronic-like lymphopenic environment could be suitable for the generation of proinflammatory IFN-γ secreting cells.

Additionally, it cannot be ruled out that the shape of the immune variables tested in this trial depends also on the characteristics of each of the different immunization schedules, regarding the number of inoculations, as well as the moment in which they are evaluated. Further understanding on the mechanisms governing the differential induction of HCV specific proliferation and cytokine secretion in the context of triple therapy with CIGB-230 and IFN-α plus ribavirin is needed to finally achieve the ultimate goal of generation of multifunctional cells, which have been found associated to the resolution of the disease, while frequently monofunctional cells have not[53]. 

Several data support the idea that the hepatic damage due to HCV infection is mainly immune-mediated[54-56]. Our quest to find relations of immune response and therapy outcome showed an association between the E2-specific lymphoproliferative response and the hepatic damage. This result, together with the association between this type of immune response against E2 with the incapability to clear the viral RNA in the control group, might be implicating E2-specific lymphoproliferative response in the generation and/or maintenance of the histological damage, and the worse prognosis of treatment outcome. The causality of this relation demands a more detailed study regarding epitopic specificity as well as the characteristics of the cell populations involved. 

In conclusion, our results are evidences of the immune depressive effects of IFN-α plus ribavirin therapy on HCV-specific immune response. They show that CIGB-230, in this unfavorable context, is capable of modifying the immune response established in chronic patients, and that the quality of the induced response will depend on both the number of doses and the timing in which they are administered in relation to the antiviral therapy. Particularly, the administration of six CIGB-230 doses as late add-on to therapy increased the neutralizing antibody activity and the de novo core-specific IFN-γ secretion, with a positive impact in the virological response. Nevertheless, SVR rates observed in the triple therapy including CIGB-230 were lower than those reported for the recently licensed direct acting antivirals[57]. This fact obviously calls for more research regarding the optimization of CIGB-230 administration. The information obtained in this work sheds light in the design of more effective therapeutic vaccine interventions against HCV, given the fact that any strategy must change the already established immune response, which is usually the result of decades of infection and failed attempts to control it. Future studies must explore other immunization schedules with CIGB-230 aiming at the generation of polyfunctional cells, rather than monofunctional ones. Therefore, regardless of IFN-based therapy’s potential to reduce HCV viral load, the success of its combination with therapeutic vaccination cannot be taken for granted, given its antiproliferative properties; hence the optimal immunization schedule is still to be defined.
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Background
An era of rapid advances in the development of specific antivirals against hepatitis C virus (HCV) has come to life. Nevertheless, approximately 30% of genotype-1-infected patients remain persistently infected after therapy. Additionally, current therapies comprise multiple adverse effects and do not provide long-term protection against HCV reinfection. Therefore, the development of vaccine strategies remains attractive although, so far, they have not demonstrated significant clinical impacts. 
Research frontiers
A critical obstacle facing any therapeutic vaccine candidate against HCV is the already established immune response, which is characterized by impairment of both the innate and adaptive responses. The combination of therapeutic vaccine candidates with antiviral treatments, allowing the vaccine to function in a scenario of reduced viral load, seems a promising strategy.
Innovations and breakthroughs
In the present study we assayed, for the first time, the impact of the concomitant administration of CIGB-230, a DNA based vaccine candidate, and unpeginterferon-α (IFN-α) plus ribavirin antiviral therapy on HCV-specific immune response in a cohort of chronic, treatment naïve, HCV genotype 1b infected patients. The administration of six doses of CIGB-230 as late add-on to therapy increased the neutralizing antibody activity and the de novo core-specific IFN-γ secretion, both of which associated positively with the sustained virological response.

Applications
The demonstration that the quality of CIGB-230-induced immune response depends on number of doses and timing of administration in relation to the antiviral therapy sheds light in the design of more effective therapeutic vaccine interventions against HCV.
Terminology
Sustained virological response (SVR) is the reduction of HCV viral RNA to undetectable levels up to six months of follow up after the end of therapy. 
Peer review
The manuscript titled “HCV-specific immune responses induced by CIGB-230 in combination with IFN-α plus ribavirin “is an interesting phase II clinical study evaluating the effects of triple therapy INF- α plus ribavirin and CIGB-230 in treatment naive, HCV genotype 1b infected patients and found that CIGB-230 modifies immune response in chronic patients and immune response depends on number of doses and time of administration in relation to antiviral therapy. Overall, it is a well-structured and organized study, which provides new potential option for future treatment of HCV patients.
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Figure 1 Study design. The control group (n = 30) received 12 vaccine placebo inoculations. Other 2 groups received 6 inoculations of CIGB-230, one (n = 16) starting simultaneously with the antiviral treatment as early add-on (E6), and the other (n = 15) starting on week 12 of therapy as late add-on (L6). The remaining two groups were inoculated 9 times with CIGB-230, one of them (N = 16) as early add-on (E9) and the other (n = 15) as late add on (L9). All inoculations relating the vaccine candidate or the placebo took place once every four weeks. To maintain the blinding of the study, placebo administrations took place in the immunization groups, once every four weeks, on weeks not corresponding to vaccine candidate administration, according to the immunization schedule.
Figure 2 Baseline correlation between total IgG titre against NS3 and necroinflammation in patients of the study. Data refer to all the patients included in the study. Antibody titres are given in arbitrary units, necroinflammation was evaluated by liver biopsy according to Ishak score[17]. Statistically significant differences were considered when P < 0.05 (Spearman’s rank correlation). 
Figure 3 Frequency of hepatitis C virus-specific cell-mediated immune responses induced by CIGB-230 in combination with interferon-α plus ribavirin on week 48. A: Frequency of lymphoproliferative responses against hepatitis C virus (HCV) antigens. aDenotes a statistically significant difference between the CIGB-230 early add-on groups (E6 + E9) and the control group regarding the frequency of de novo core-specific responses (P = 0.04); B: Frequency of interferon-γ (IFN-γ) secretion responses against HCV antigens. aDenotes a statistically significant difference between L6 group and the control group with respect to the frequency of de novo core specific responses (P = 0.03). Significant differences were considered for P < 0.05; Fisher’s Exact Test. In the figure “De novo positive” refers to responses that were undetectable on week 0 and became detectable on week 48; “Positive” refers to detectable responses on week 48 that were also detectable on week 0, and “Negative” refers to undetectable responses on week 48.
Figure 4 Baseline correlation between E2-specific lymphoproliferation and fibrosis in patients of the study. Data refer to all the patients included in the study. E2-specific lymphoproliferation is given as stimulation index, fibrosis was evaluated by liver biopsy according to Ishak score[17]. Statistically significant differences were considered when P <0.05 (Spearman’s rank correlation). 
Figure 5 Correlations between hepatitis C virus-specific cell-mediated immune responses and histological parameters in patients of the study. Data refer to CIGB-230 immunized patients who were not able to clear viral RNA after treatment (virological non-responders). Lymphoproliferation is given as stimulation index; Interferon-γ (IFN-γ) secretion is given as spot forming cells/106 cells; histological parameters were evaluated by liver biopsy according to Ishak score[17]. Statistically significant differences were considered when P <0.05 (Spearman’s rank correlation). 
Table 1 Demographic, virological and histological data of patients included in the trial n (%)
	
	Control Group
	Group E6
	Group E9
	Group L6
	Group L9

	Demographics1 and virological response 

	
	n = 30
	n = 16
	n = 16
	n = 15
	n = 15

	Age (yr)
	Mean ± SD
	48.5 ± 7.4
	47.4 ± 9.1
	42.6 ± 7.9
	47.3 ± 7.5
	45.3 ± 7.3

	Sex
	Feminine
	12 (40)
	11 (68.8)
	8 (50.0)
	11 (73.3)
	9 (60)

	Sex
Body Mass Index
	Masculine
	18 (60)
	5 (31.3)
	8 (50.0)
	4 (26.7)
	6 (40)

	
	Mean ± SD
	26.7 ± 2.8
	24.8 ± 3.5
	28.6 ± 4.6
	25.3 ± 5.0
	24.9 ± 4.4

	Race
	White 
	16 (53.3)
	12 (75.0)
	11 (68.8)
	10 (66.7)
	8 (53.3)

	Race 
Response to treatment2
	Black
	4 (13.3)
	3 (18.8)
	3 (18.8)
	4 (26.7)
	3 (20.0)

	
	Mixed
	10 (3.3)
	1 (6.3)
	2 (12.5)
	1 (6.7)
	4 (26.7)

	
	cEVR
	18 (60.0)
	10 (62.5)
	9 (56.3)
	7 (46.7)
	4 (26.7)

	
	SVR
	14 (46.7)
	8 (50)
	8 (50)
	7 (46.7)
	2 (13.3)

	Histology3
	
	
	
	
	
	

	Week 0
	
	n =30
	n = 16
	n = 16
	n = 15
	n = 15

	Necroinflammation
	Mean ± SD
	6.7 ± 3.6
	6.4 ± 3.2
	6.1 ± 3.3
	5.1 ± 3.4
	7.0 ± 4.1

	Fibrosis
	
	1.6 ± 1.4
	1.9 ± 1.3
	1.4 ± 1.4
	1.6 ± 1.3
	2.3 ± 1.8

	Week 72
	n
	19
	13
	14
	9
	8

	Necroinflammation
	Mean ± SD
	3.3 ± 2.5
	3.8 ± 2.2
	3.2 ± 2.8
	4.9 ± 3.0
	5.6 ± 3.2

	Fibrosis
	
	1.3 ± 1.5
	2.1 ± 1.3
	1.1 ± 1.3
	2.1 ± 1.6
	2.5 ± 1.6

	
	
	
	
	
	
	


1Corresponding to baseline; 2By intention to treat; 3According to Ishak score[17]. cEVR: Complete early viral responders; SVR: Sustained viral responders; REL: Relapsers; NR: Nonresponders.
Table 2 Humoral and neutralizing antibody response
	Antigen
	　
	　
	Control group
	E6 group
	E9 group
	L6 group
	L9 group

	　
	　
	　
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value

	Humoral response

	Capsid
	IgM
	Seroc
	96.1
	96.1
	-
	100
	100
	-
	100
	100
	-
	100
	100
	-
	100
	100
	-

	
	　
	Titre
	108.9 ± 96.4
	57.3 ± 81.9
	0.002
	269.3 ± 313.5
	107.4 ± 105.3
	0.003
	210.8 ± 223.0
	98.3 ± 104.2
	0.008
	310.5 ± 338.4
	273.8 ± 530.7
	ns
	174.9 ± 182.5
	170.7 ± 221.6
	ns

	
	IgA
	Seroc
	84.6
	73.1
	ns
	86.6
	66.6
	ns
	86.6
	86.6
	-
	92.8
	85.7
	ns
	100
	91.6
	ns

	
	　
	Titre
	12.0 ± 20.8
	10.0 ± 16.2 
	0.02
	48.2 ± 76.9
	23.6 ± 26.6
	0.01
	38.3 ± 49.2
	29.3 ± 34.4
	ns
	34.1 ± 38.5
	24.8 ± 41.3
	0.006
	30.3 ± 25.6
	22.9 ± 26.9
	ns

	
	IgG
	Seroc
	96.1
	96.1
	-
	100
	100
	-
	100
	100
	-
	100
	100
	-
	91.6
	91.6
	-

	
	
	Titre
	30056.0 ± 39875.0
	17913.7 ± 24413.0
	<0.001
	49443.7 ± 40431.0
	24135.7 ± 23793.0
	0.002
	30604.8 ±
	28932.5 ± 24813.0
	ns
	42400.4 ± 73634.0
	31502.8± 62453.0
	0.04
	52700.6 ± 69336.1
	33379.0 ± 52006.1
	0.01

	
	
	
	
	
	
	
	
	
	22036
	
	
	
	
	
	
	
	

	E2
	IgM
	Seroc
	34.6
	19.2
	ns
	33.3
	26.6
	ns
	13.3
	13.3
	ns
	57.1
	35.7
	ns
	25
	33.3
	ns

	
	
	Titre
	7.1 ±
	9.7 ± 14.5
	ns 
	7.8 ± 4.7
	7.8 ± 2.4
	ns
	5.9 ± 2.0
	5.9 ± 1.9
	ns
	8.7 ± 3.7
	8.8 ± 5.5
	ns
	11.4 ± 19.1
	9.4 ± 7.2
	ns

	
	
	
	3.5
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	IgA
	Seroc
	15.3
	11.5
	ns
	6.6
	6.6
	ns
	6.6
	0
	-
	14.2
	0
	-
	0
	0
	-

	
	　
	Titre
	5.8 ± 1.8
	5.6 ± 1.6
	ns
	5.3 ± 1.3
	5.3 ± 1.3
	ns
	5.3 ± 1.3
	5.00 ± 0
	ns
	5.7 ± 1.8
	5.0 ± 0
	ns
	5.0 ± 0
	5.0 ± 0
	ns

	
	IgG
	Seroc
	61.5
	80.7
	ns
	46.4
	66.6
	ns
	86.6
	86.6
	ns
	71.4
	71.4
	ns
	66.6
	83.3
	ns

	
	
	Titre
	325.9 ±
	222.8 ±
	ns
	245.2 ±
	176.5 ±
	ns
	611.8 ±
	468.1 ±
	ns
	585.3 ±
	415.2 ±
	ns
	214.5 ±
	159.4 ±
	ns

	
	
	
	380
	221
	
	355
	216
	
	671
	707
	
	1055.8
	644.8
	
	306.4
	205
	

	NS3
	IgM
	Seroc
	92.3
	84.6
	ns
	100
	100
	-
	93.3
	86.6
	ns
	100
	92.8
	ns
	100
	91.6
	ns

	
	　
	Titre
	171.0 ± 428.8
	33.1 ± 43.9
	<0.001
	211.1 ± 300.6
	62.18 ± 69.55
	0.003
	55.7 ± 85.7
	23.6 ± 14.2
	0.04
	94.7 ± 146.0
	132.3 ± 334.7
	ns
	214.3 ± 297.3
	110.6 ± 192.2
	ns

	
	IgA
	Seroc
	76.9
	50
	0.008
	66.6
	60
	ns
	66.6
	26.6
	0.03
	57.1
	42.8
	ns
	83.3
	75
	ns

	
	　
	Titre
	30.2 ± 87.6
	24.1 ± 75.9
	<0.001
	83.7 ± 240.4
	16.3 ± 18.4
	0.009
	12.0 ± 7.7
	8.2 ± 3.6
	0.005
	20.3 ± 31.8
	19.8 ± 41.4
	ns
	47.8 ± 82.9
	53.1 ± 100.2
	ns

	
	IgG
	Seroc
	96.1
	96.1
	-
	100
	100
	-
	100
	100
	-
	100
	100
	-
	100
	100
	-

	　
	　
	Titre
	15907.0 ± 15723.0
	9684.0 ± 12663.0
	0.002
	11881.0± 7195.0
	6493.0 ± 5575.0
	0.001
	10695.0 ± 10046.4
	5166.0 ± 5304.0
	0.02
	8135.0 ± 8076.2
	4570.0 ± 5277.1
	0.03
	13893.1 ± 11677.0
	8806.2 ± 8510.0
	ns

	Neutralizing antibody response
	

	Positive (%)
	46.2
	46.7
	ns
	66.7
	58.3
	ns
	35.7
	14.3
	ns
	23.1
	30.8
	ns
	41.7
	41.7
	ns

	Infectivity (%)
	71.0 ± 77.7
	58.7 ± 26.6
	ns
	52.6 ± 24.7
	51.0 ± 20.0
	ns
	61.7 ± 25.1
	76.1 ± 22.8
	ns
	73.5 ± 29.4
	60.8 ± 23.8
	0.04
	53.2 ± 26.5
	53.2 ± 26.5
	ns

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　


Seroc: Seroconversion; ns: Not significant. Seroconversion data are presented as percent of samples with detectable antibody responses. Titre and infectivity data are presented as mean ± standard deviation, except for IgA response against the capsid in the control group, which is presented as median ± rank. Statistical values refer to time dependent (week 0 vs week 48) differences in one group (McNemar Test and Paired t Test or Wilcoxon Signed Ranks Test). Significant differences were considered for P < 0.05. Positive (%) refers to the percent of samples with detectable neutralizing antibody response. Infectivity (%) = (foci forming units in the presence of antibodies from a patient/ foci forming unit in the absence of antibodies) × 100.
Table 3 Cell-mediated immune responses

	Antigen
	
	Control group
	E6 group
	E9 group
	L6 group
	L9 group

	
	
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value

	Lymphoproliferative response

	Capsid
	Total n
	25
	25
	
	14
	13
	
	15
	14
	
	13
	14
	
	12
	11
	

	
	Positive (%)
	4
	0
	ns
	7.1
	15.4
	ns
	20
	14.3
	ns
	38.5
	7.1
	ns
	8.3
	18.2
	ns

	
	SI1
	1.2 ± 0.8
	0.8 ± 0.5
	ns
	1.1 ± 0.6
	1.2 ± 0.9
	ns
	1.8 ± 1.2
	2.5 ± 3.4
	ns
	2.3 ± 2.0
	1.5 ± 1.2
	ns
	1.5 ± 0.8
	1.7 ± 1.8
	ns

	E2
	Total n
	25
	23
	
	13
	9
	
	14
	10
	
	13
	10
	
	12
	9
	

	
	Positive (%)
	16
	8.7
	ns
	7.7
	11.1
	ns
	21.4
	0
	ns
	23.1
	0
	ns
	13.3
	0
	ns

	
	SI
	1.5 ± 1.8
	1.6 ± 3.1
	ns
	0.9 ± 0.7
	1.2 ± 1.2
	ns
	2.2 ± 2.2
	0.6 ± 0.3
	0.04
	2.3 ± 2.4
	1.1 ± 0.6
	ns
	1.4 ± 1.1
	1.2 ± 0.8
	ns

	NS3
	Total n
	24
	21
	
	13
	9
	
	13
	10
	
	13
	10
	
	12
	8
	

	
	Positive (%)
	8.3
	0
	ns
	7.7
	11.1
	ns
	7.7
	0
	ns
	30.8
	0
	ns
	8.3
	0
	ns

	
	SI
	1.2 ± 0.9
	1.0 ± 0.6
	ns
	1.2 ± 0.8
	2.0 ± 3.5
	ns
	1.7 ± 1.4
	1.1 ± 0.4
	ns
	2.0 ± 1.3
	0.9 ± 0.4
	0.03
	1.3 ± 0.8
	1.1 ± 0.5
	ns

	IFN-γ ELISPOT response

	Capsid
	Total n
	24
	22
	
	13
	9
	
	11
	7
	
	12
	9
	
	9
	7
	

	
	Positive (%)
	16.7
	9.1
	ns
	23.1
	0
	ns
	27.3
	12.5
	ns
	8.3
	27.3
	ns
	33.3
	0
	-

	
	SFC
	151.4 ± 228.4
	38.2 ± 67.3
	0.003
	232.9 ± 466.2
	49.8 ± 94.1
	ns
	422.4 ± 731.7
	50.5 ± 80.1
	ns
	120.9 ± 112.4
	101.0 ± 89.5
	ns
	330.0 ± 214.7
	116.0 ± 125.3
	ns

	E2
	Total n
	15
	16
	
	10
	7
	
	5
	4
	
	6
	4
	
	2
	4
	

	
	Positive (%)
	20
	12.5
	ns
	10
	0
	-
	0
	0
	-
	0
	20
	ns
	50
	0
	-

	
	SFC
	84.6 ± 117.9
	42.0 ± 82.4
	0.04
	96.8 ± 144.1
	31.2 ± 54.8
	ns
	245.7 ± 409.4
	3.9 ± 1.7
	ns
	19.9 ± 14.4
	30.0 ± 33.6
	ns
	120.6 ± 73.9
	23.3 ± 24.8
	ns

	NS3
	Total n
	17
	12
	
	9
	4
	
	1
	4
	
	7
	3
	
	4
	3
	

	
	Positive (%)
	15.4
	8.3
	ns
	11.1
	0
	-
	100
	0
	ns
	100
	0
	-
	25
	0
	-

	
	SFC
	132.1 ± 259.7
	52.0 ± 97.4
	0.03
	329.1 ± 452.3
	2.5 ± 3.5
	ns
	110.8 ± 0
	7.92 ± 10.7
	-
	31.3 ± 30.8
	26.9 ± 23.5
	ns
	260.7 ± 315.7
	15.2 ± 8.4
	ns


Data on number of positive samples are presented as percent of total evaluated samples. Stimulation index and spot forming cells data are presented as mean ± standard deviation. Statistical values refer to time dependent differences in one group (week 0 vs week 48; P < 0.05, Wilcoxon signed ranks test). 1A statistically significant difference regarding core-specific lymphoproliferation was observed among the groups on week 0 (P = 0.04, Kruskal-Wallis test), but the multiple comparison test was not potent enough to indicate which of the groups accounted for the difference. SI: Stimulation index; ns: Not significant; SFC: Sport forming cells/106 cells.
Table 4 Leukocyte and lymphocyte counts in hepatitis C virus chronically infected patients treated with interferon-α plus ribavirin 
	Groups
	Control Group
	Group E6
	Group E9
	Group L6
	Group L9

	Total number of patients
	30
	16
	16
	15
	15

	Baseline leukocyte counts 
	mean ± SD
	6.7 ± 2.1
	7.0 ± 1.5
	7.7 ± 2.3
	6.4 ± 2.0
	7.0 ± 2.2

	
	(Min; Max)
	(3.5; 12.1)
	(4.2; 9.0)
	(3.8; 12.2)
	(4.0; 11.1)
	(2.0; 10.5)

	Week 12 leukocyte counts
	mean ± SD
	4.5 ± 1.5
	4.4 ± 1.8
	5.0 ± 1.5
	3.7 ± 0.9
	4.7 ± 0.9

	
	(Min; Max)
	(2.3; 9.0)
	(2.3; 8.4)
	(3.1; 7.3)
	(2.7; 5.1)
	(3.4; 6.8)

	Week 48 leukocyte counts
	mean ± SD
	4.3 ± 1.3
	3.6 ± 1.2
	4.4 ± 1.5
	3.7 ± 1.3
	4.9 ± 0.9

	
	(Min; Max)
	(2.5; 7.6)
	(1.6; 6.7)
	(2.3; 7.6)
	(2.5; 6.6)
	(2.9; 5.8)

	Statistics (P value)1
	
	<0.001
	0.001
	<0.001
	0.001
	0.013

	Statistics (P value)2
	
	<0.01
	0.001
	0.001
	0.001
	0.023

	Baseline lymphocyte counts
	mean ± SD
	37.8 ± 8.6
	35.7 ± 7.6
	33.7 ± 7.5
	36.7 ± 10.7
	37.6 ± 8.7

	
	(Min; Max)
	(22.8; 58.8)
	(21.8; 52.5)
	(19.8; 53.8)
	(18.3; 51.4)
	(25.4; 50.7)

	Week 12 lymphocyte counts
	mean ± SD
	38.2 ± 9.7
	34.6 ± 6.9
	30.5 ± 8.0
	36.1 ± 9.5
	36.5 ± 7.5

	
	(Min; Max)
	(20.3; 52.9)
	(22.0; 44.1)
	(15.8; 47.4)
	(22.5; 55.2)
	(25.3; 52.0)

	Week 48 lymphocyte counts
	mean ± SD
	32.0 ± 8.9
	37.1 ± 8.3
	31.2 ± 6.9
	34.9 ± 11.3
	33.1 ± 6.2

	
	(Min; Max)
	(13.3; 57.8)
	(19.5; 50.9)
	(21.3; 45.0)
	(19.8; 54.0)
	(23.5; 42.3)

	Statistics (p value)1
	
	ns
	ns
	ns
	ns
	ns

	Statistics (p value)2
	
	0.004
	ns
	ns
	ns
	ns


1Week 12 vs baseline in one group; 2Week 48 vs baseline in one group (Differences were considered significant when P < 0.05; Wilcoxon signed ranks test for leukocyte counts, Paired t test for lymphocyte counts). Results are given as 109 cells/L in the case of leukocytes and as% in the case of lymphocytes. ns: Not significant.
Table 5 CIGB-230 administration induces differential courses of cell-mediated immunity in virological responder and non-responder patients under therapy with interferon-α plus ribavirin

	
	
	HCV RNA (-) on week 48 
	HCV RNA (+) on week 48
	HCV RNA (-) on week 72
	HCV RNA (+) on week 72

	Immune response
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value
	week 0
	week 48
	P value

	CIGB-230 immunized patients

	IgG
	core
	32193.3
	15486.7
	0.0001
	22068.7
	15130.5
	ns
	32193.3
	15486.7
	0.003
	22920.0
	15130.5
	0.0041

	
	E2
	272.3
	103.5
	0.0061
	50.0
	295.3
	ns
	138.8
	103.1
	ns
	254.3
	138.7
	ns

	
	NS3
	8277.2
	2969.1
	<0.0001
	7177.4
	5555.5
	0.006
	8013.1
	2900.1
	0.002
	7263.8
	5555.5
	0.0002

	IFN-γ
	core
	69.2
	15.0
	ns
	88.8
	57.5
	ns
	68.8
	18.3
	ns
	76.3
	43.5
	0.041 

	
	E2
	17.4
	5.6
	ns
	10.8
	5.8
	ns
	22.5
	5.2
	ns
	10.8
	5.8
	ns

	
	NS3
	14.6
	2.5
	ns
	38.8
	16.3
	ns
	15.0
	0
	ns
	26.3
	15.1
	ns

	SI
	core
	1.3
	1.0
	ns
	1.4
	1.0
	ns
	1.3
	1.0
	0.04
	1.4
	1.0
	ns

	
	E2
	1.0
	0.9
	0.0061 
	0.9
	1.2
	ns
	1.0
	0.8
	ns
	0.9
	1.2
	ns

	
	NS3
	1.2
	1.0
	ns
	0.9
	0.9
	ns
	1.2
	1.1
	ns
	1.1
	0.9
	ns

	Control patients

	IgG
	core
	26820.1
	9096.3
	0.001
	14778.9
	10761.0
	0.008
	28066.9
	12800.0
	0.002
	14778.9
	8873.2
	0.0005

	
	E2
	85.7
	233.1
	ns
	339.3
	94.5
	0.04
	85.7
	185.0
	ns
	339.3
	155.0
	ns

	
	NS3
	5150.3
	2856.7
	0.001
	15003.7
	10833.1
	ns
	5150.3
	2856.7
	0.003
	15003.8
	8577.9
	ns

	IFN-γ
	core
	78.7
	19.1
	0.041 
	60.3
	15.6
	ns
	80.4
	35.0
	ns
	60.3
	14.0
	0.02

	
	E2
	39.5
	6.6
	ns
	5.0
	0.0
	ns
	36.2
	7.5
	ns
	32.5
	2.5
	ns

	
	NS3
	35.9
	4.1
	0.031 
	11.6
	ne
	-
	47.7
	13.0
	ns
	12.9
	4.2
	ns

	SI
	core
	0.9
	0.8
	ns
	1.2
	0.8
	ns
	1.0
	0.7
	ns
	1.1
	1.0
	ns

	
	E2
	0.8a
	0.8
	ns
	1.8a
	1.4
	ns
	0.8c
	0.7
	ns
	1.4c
	1.4
	ns

	
	NS3
	0.8
	0.8
	ns
	1.5
	1.1
	ns
	0.8
	0.7
	ns
	1.2
	1.1
	ns


Median values are shown. SI: Stimulation index; ns: Not significant; ne: Not evaluated. Differences were considered statistically significant when P < 0.05 (Wilcoxon Signed Ranks Test). 1Not significant when virological relapsers and non-responders were separately analyzed. a,c Indicate differences between virological responders and non responders, on both evaluation time points (week 48 and week 72) (P < 0.05, Unpaired t Test). 
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