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Abstract
AIM: To analyze hepatitis C virus (HCV)-specific im-
mune responses in chronically infected patients under 
triple therapy with interferon-α (IFN-α) plus ribavirin 
and CIGB-230. 

METHODS: CIGB-230 was administered in different 
schedules with respect to IFN-α plus ribavirin therapy. 
Paired serum and peripheral blood mononuclear cells 
(PBMC) samples from baseline and end of treatment 
were analyzed. The HCV-specific humoral response was 
tested by enzyme-linked immunosorbent assay, neu-
tralizing antibodies were evaluated by cell culture HCV 
neutralization assays, PBMC proliferation was assayed 
by carboxyfluorescein succinimidyl ester staining and 
IFN-γ secretion was assessed by enzyme-linked immu-
nospot. 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 pa-
tients showed a significant reduction in mean leukocyte 
counts. Statistically significant reductions in antibody 
titers were frequent, but only individuals immunized 
with CIGB-230 as early add-on treatment sustained 
the core-IgG response, and the neutralizing antibody 
response was enhanced only in patients receiving 
CIGB-230. Cell-mediated immune responses also tend-
ed to decline, but significant reductions in IFN-γ secre-
tion and total absence of core-specific lymphoprolifera-
tion 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 
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(SVR) and lower relapse rates than pegIFN-α plus ribavi-
rin alone, in HCV genotype-1-infected patients, but this 
genotype remains persistent in 30% of  treated patients[4,5]. 
Additionally, current therapies result in 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 impact[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 in-
nate 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 evidence that HCV-
specific T cell dysfunction can be reversed by viral clear-
ance 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 pro-
tein particles[15], to modify the HCV-specific neutralizing 
antibody response and to induce de novo cellular immune 
responses against the HCV core in chronically infected 
individuals, and non-responders to previous IFN-α plus 
ribavirin treatment[16]. In the present study, we assayed, 
for the first time, the impact of  concomitant administra-
tion of  CIGB-230 and non-pegIFN-α plus ribavirin an-
tiviral therapy on the 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 com-
mittee and the National Regulatory Authority (CECMED, 
Havana, Cuba). Written informed consent was obtained 
from every patient. All procedures were conducted in ac-
cordance with the national ethics guidelines and the Hel-
sinki Declaration of  1975, as revised in 1983. The study 
included 92 treatment-naïve patients, positive for plasma 
HCV RNA, genotype 1b, with diagnosed chronic hepa-
titis by liver biopsy and no other documented cause of  
liver disease. Exclusion criteria were pregnancy, nursing, 
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quality of the CIGB-230-induced immune response de-
pended on the number of doses and timing of admin-
istration in relation to the antiviral therapy. Specifically, 
the administration of 6 doses of CIGB-230 as late add-
on to therapy increased the neutralizing antibody activ-
ity and the de novo  core-specific IFN-γ secretion, both 
of which were associated with the sustained virological 
response.

CONCLUSION: CIGB-230, combined with IFN-α-based 
therapy, modifies the immune response in chronic pa-
tients. The study provides evidence for the design of 
more effective therapeutic vaccine interventions against 
HCV. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Clinical trial; DNA vaccine; Enzyme-linked 
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Core tip: We assayed, for the first time, the concomi-
tant administration of CIGB-230, a DNA-based thera-
peutic vaccine candidate against hepatitis C virus (HCV), 
and non-peginterferon-α (IFN-α) plus ribavirin therapy 
to chronic, treatment-naive, HCV genotype 1b infected 
patients. We showed that CIGB-230 enhanced the neu-
tralizing antibody response and induced de novo  pro-
liferative and IFN-γ secretion responses in the context 
of antiviral therapy. The quality of the induced immune 
response depended on both the number of doses and 
the timing of administration in relation to the antiviral 
therapy. In particular, the increases in neutralizing an-
tibodies and IFN-γ were associated with the sustained 
virological response.
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INTRODUCTION
Hepatitis C virus (HCV) poses a significant challenge for 
worldwide public health, since it infects approximately 
3% of  the world population[1], of  whom 80% will de-
velop a chronic infection[2] if  not treated timely and ap-
propriately. Recently, there have been rapid advances in 
the development of  specific antivirals[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 
been shown to induce a higher sustained viral response 



co-infection with HIV or active HBV infection, liver cir-
rhosis or hepatocellular carcinoma, uncontrolled chronic 
diseases, blood disorders, immunosuppressive/immu-
nomodulatory drug consumption in the previous 6 mo, 
autoimmune diseases, severe allergy, and suspected acute 
infection. Demographic and histological data of  patients 
involved in the study are shown in Table 1. Histology was 
evaluated at baseline and on week 72, by liver biopsy ana-
lyzed according to the Ishak score[17]. 

Study design and interventions
The study was a Phase Ⅱ, randomized, controlled, dou-
ble-blind 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 wk. Patients were randomized to five 
groups according to CIGB-230 treatment, as shown in 
Figure 1. The control group (n = 30) received 12 vaccine 
placebo inoculations. Two 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 (n = 16) as early add-on (E9) and 
the other (n = 15) as late add-on (L9). All inoculations 
of  the candidate vaccine or the placebo took place once 
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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)

Masculine 18 (60)   5 (31.3)    8 (50.0)   4 (26.7) 6 (40)
Body Mass Index 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)
Black      4 (13.3)   3 (18.8)    3 (18.8)   4 (26.7)    3 (20.0)
Mixed    10 (33.3) 1 (6.3)    2 (12.5) 1 (6.7)    4 (26.7)

Response to treatment2 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 16 16 15 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.

Virological response assessment (wk)            0                                      12                                                                          48                   72 

Immune response analysis (wk)                    0                                                                                                                     48

Immunizations (wk)                                     0        4        8        12       16      20       24      28       32       36       40      44

Control group P P P P P P P P P P P P

E6 group VC VC VC VC VC VC P P P P P P

E9 group VC VC VC VC VC VC VC VC VC P P P

L6 group P P P VC VC VC VC VC VC P P P

L9 group P P P VC VC VC VC VC VC VC VC VC

IFN-α and ribavirin therapy1

Figure 1  Study design. 148 wk of IFN-α-2b (3 × 106 units, subcutaneous, three times a week) plus ribavirin (1000 or 1200 mg daily, according to body weight)The 
control group (n = 30) received 12 vaccine placebo inoculations. Two groups received 6 inoculations of CIGB-230, one (n = 16) starting simultaneously with the antivi-
ral 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 (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 4 wk. To maintain the blinding of the study, placebo administrations took place in the immunization groups, once every 4 wk, on weeks not corresponding to vac-
cine candidate administration, according to the immunization schedule. IFN: Interferon; VC: Vaccine candidate; P: Vaccine candidate’s placebo.
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37 ℃ 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-tagged anti-
body (anti-mouse Alexa 488). Foci forming units were 
counted in an Axiophot 2 microscope. Results are shown 
as percentage 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, com-
pared to the absence of  antibodies. Paired coded samples 
corresponding to each patient were evaluated simultane-
ously to avoid inter-experiment variability.

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

Evaluation of PBMC proliferative response against HCV 
antigens 
PBMC proliferation against Co.120, E2.680 and NS3 as-
says were performed essentially as previously described[20]. 
Cells were labeled with 6 μmol/L of  CFSE (Fluka Bio-
chemika, Switzerland), and stimulated in duplicate cul-
tures 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 ℃. 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 
donors: ≥ 2.5 (UMELOSA, Center for Immunoassay, 
Cuba). De novo responses were defined as those responses 
that were not detected on baseline evaluations and be-
came detectable after treatment.

Evaluation of IFN-gamma secretory response against 
HCV antigens
The enzyme-linked immunospot (ELISPOT) assay 
was performed essentially as previously described[22] 
in nitrocellulose-backed microtiter plates (Millipore, 
France). Anti-IFN-γ (1-D1K clone, 5 µg/mL) and bioti-
nylated 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-h stimulation period with proteins (8 µg/

every 4 wk. To maintain blinding of  the study, placebo 
administrations took place in the immunization groups, 
once every 4 wk, on weeks not corresponding to vaccine 
candidate administration, according to the immuniza-
tion schedule. CIGB-230 immunization consisted of  
intramuscular administration of  0.5 mg of  pIDKE2 
plasmid mixed with 0.05 mg of  Co.120 recombinant pro-
tein in saline solution. Components of  CIGB-230 were 
manufactured under sterile conditions, with at least 98% 
purity[16]. Blood samples were drawn on weeks 0 and 48 
to evaluate the HCV-specific immune response. The vi-
rological response (presence of  HCV RNA by RT-PCR 
UMELOSA, detection limit 101.7 IU/mL, Centro de 
Inmunoensayos, Havana, Cuba) was assessed on weeks 0, 
12, 48 and 72. Complete early virological response (cEVR) 
and SVR were defined as undetectable HCV RNA on 
weeks 12 and 72, respectively.

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

White blood cells counts
White blood cells counts from whole blood were per-
formed using an ABX Micros 60 hematology analyzer 
(ABX Diagnostics, Montpellier, France). These analyses 
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 a percentage in the case of  
lymphocytes.

Evaluation of antibody response against HCV antigens
To detect human antibodies to the HCV capsid, E2 and 
NS3, an in-house enzyme-linked immunosorbent assay 
(ELISA) was performed[20]. For each individual evalua-
tion, 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 of  a curve con-
structed 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 Biosci-
ences, United Kingdom). Neutralization assays were 
performed essentially as described before[21]. Briefly, cell 
culture HCV (HCVcc, genotype 1a-2a chimera) and puri-
fied antibodies (50 μg/mL) were preincubated for 2 h at 
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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 sum-
marized in Table 2. No significant differences in terms 
of  response frequency or antibody titers were detected 
among the different groups at any evaluation time point. 
In all groups, more than 80% of  patients showed a de-
tectable IgG and IgM response against core and NS3 at 
both evaluated time points (Table 2). Regarding antibody 
titers against these antigens, statistically significant reduc-
tions were generally observed at week 48 in the majority 
of  the groups (Table 2). In the case of  E2, a tendency to 
a decrease in antibody titers was also often observed in 
the case of  IgG (Table 2). 

The study of  the associations between baseline hu-
moral responses and the histological data showed that 
taking all the patients as one group, the IgG response 
specific to NS3 correlated positively with week 0 necro-
inflammation (R2 = 0.27; P = 0.01; Figure 2). It is worth-
while noting that both in the control group (Table 2), as 
well as in the immunized patients as the only group, a 
significant reduction in NS3-specific IgG was detected at 
week 48 when compared with 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 percentage of  individuals among groups 
with a positive response, or in each group between both 
time points. However, the L6 group showed a statistically 
significant enhancement in the neutralizing antibody re-
sponse, between week 0 and week 48, while the control 
group did not (Table 2). In particular, the L6 group did 
not show 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 pa-
tients 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 infec-
tivity: 66.9; P = 0.99). 

CIGB-230 generates de novo HCV core-specific cell-
mediated immune responses in an IFN-α plus ribavirin 
induced leukopenic state
As expected, lymphoproliferative responses were scarcely 
detected in treatment naïve patients (Table 3). A global 
tendency for disappearance of  the immune response was 
observed towards week 48. At this time point the con-
trol 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 generated de novo after CIGB-230 
treatment. In fact, on week 48 a statistically significant 
difference was detected between CIGB-230 early add-

mL in RPMI/5) at 37 ℃; 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 ℃. 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 stereomicro-
scope (Carl Zeiss, Germany). For each individual antigen 
the cut-off  value was established after the evaluation of  
samples from 10 HCV RNA negative donors (UME-
LOSA, Center for Immunoassay, Cuba), with the average 
spot number at least twice 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 were 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 the Sha-
piro-Wilk Test. The 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 sam-
ples at the two evaluation time points, in a given group, 
the McNemar test was used. Comparisons of  the magni-
tude of  the responses among all groups of  patients in a 
given time point were performed using one way analysis 
of  variance or the Kruskal-Wallis test. Frequency com-
parisons among the groups were performed by the Fisher 
exact test. Correlations between variables were analyzed 
by Spearman’s rank correlation coefficient. Relationships 
between nominal variables were analyzed by correspon-
dence analysis. Significant differences were considered at 
P < 0.05.
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individuals. In fact, no differences in SVR rates were 
detected among the different groups. Reductions in the 
magnitude of  several of  the immune variables were de-
tected (Table 5). Week 48 virological non-responders in 
the control group and CIGB-230-immunized week 48 
virological responders showed a significant decline in E2-
specific IgG; however, in the latter, the decline was exclu-
sive of  relapsers, as verified in a separate analysis (relaps-
ers: P = 0.02; SVR: P = 0.10). 

Regarding cell-mediated immune responses, a statisti-
cally 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 lym-

phoproliferative 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. In contrast, in 
the CIGB-230-immunized virological non-responders, 
the baseline proliferative response against all tested anti-
gens showed a positive correlation with week 72 necroin-
flammation or fibrosis (Figure 5A-D), and week 48 core-
specific IFN-γ secretion showed a positive correlation 
with both histological parameters at week 72 (Figure 5E 
and F). 

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 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.
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DISCUSSION
IFN-α has long been a cornerstone in the standard of  
care for HCV chronic infection. Nevertheless, its ad-
ministration at therapeutic doses leads to several adverse 
events[23] which, together with those related to ribavirin, 
provoke frequent dose adjustments, treatment interrup-
tions or contraindication in certain patients[24,25]. Hema-
tologic 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 sig-
nificant 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 support a possible immune stimulating 
effect of  the CIGB-230 vaccine candidate.

In this context, despite being diverse and numer-
ous from baseline, the humoral responses against HCV 
antigens tended to decline with treatment in all groups. 
Significant drops in NS3-specific IgG observed here have 

also been reported in IFN-α or IFN-α plus ribavirin 
responders[28]. In our work, only individuals from the E9 
group were able to sustain the IgG response to the cap-
sid. Further analyses revealed a significant decline in E2-
specific IgG in control non-responders and immunized 
relapsers, which could indicate 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 neutral-
izing 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 
percentage 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 previ-
ously associated with 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, showed a significant decrease in the 
core-specific IFN-γ secretion.

The observed effect in the virological response in the 
L6 group might be correlated with the enhancement of  
both effector mechanisms, neutralizing antibodies and 
core-specific IFN-γ ELISPOT response, because a posi-
tive 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  antiviral therapy and the 
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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 < 0.010 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.
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typically associated viral kinetics might play a pivotal role 
in the generation of  effector and memory cells in a time, 
quality and quantity able to favorably impact viral control 
rates. 

The HCV-specific cell-mediated immune response, 
in accord with previous studies, was scarce before the 
initiation of  therapy[32,33] and showed a trend to disappear 
during treatment. Similar results have been reported by 
several[34-36], but not all studies[12,37]. This contradiction 
makes it difficult to draw definitive conclusions regarding 
the actual impact of  IFN-based therapy on immune-me-
diated HCV clearance; however, 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 administra-
tion 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 ca-
pacity 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 percentage of  
de novo responses was inferior to that expected according 
to previous results, which might be most probably due to 
the immune modulatory effects of  the combined therapy. 
In contrast, Wedemeyer and colleagues showed that the 
immunogenicity of  the IC41 peptide vaccine candidate 

was not affected when administered as late add-on to 
the standard treatment[33]. This discrepancy may be at-
tributable to the differences in the mechanisms of  ac-
tion of  both vaccine candidates: peptides, not requiring 
extensive processing for presentation vs DNA, requiring 
full expression and processing. Additionally, the samples 
of  selected patients also differ: treatment naïve vs early 
virological responders. In particular, 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 his-
tological damage was not performed; differential predis-
position to an IFN-α plus ribavirin therapy response was 
observed in the different groups, the impact being evi-
dent in the 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 com-
monly 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 re-
sponses. This phenomenon may be directly linked to the 
timing of  vaccine administration in relation to the antivi-
ral therapy. In fact, it has been observed that a leukopenic 
environment promotes changes in lymphocyte physiol-

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

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

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     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 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 ns       26.3       15.1 ns

SI Core         1.3      1 ns         1.4     1 ns         1.3      1 0.04         1.4      1 ns
E2      1         0.9   0.0061         0.9        1.2 ns      1         0.8 ns         0.9         1.2 ns
NS3         1.2      1 ns         0.9        0.9 ns         1.2         1.1 ns         1.1         0.9 ns

Control patients
IgG Core 26820.1   9096.3    0.0010 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 0.040       85.7  185 ns     339.3  155 ns
NS3   5150.3   2856.7    0.0010 15003.7 10833.1 ns   5150.3 2856.7 0.003 15003.8   8577.9 ns

IFN-γ Core       78.7       19.1    0.0410       60.3      15.6 ns       80.4    35 ns       60.3    14   0.0200
E2       39.5         6.6 ns      5     0 ns       36.2         7.5 ns       32.5         2.5 ns
NS3       35.9         4.1    0.0310       11.6 ne -       47.7    13 ns       12.9         4.2 ns

SI Core         0.9         0.8 ns         1.2        0.8 ns      1         0.7 ns         1.1      1 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 rank test). 1Not significant when virological relapsers and non-responders were separately analyzed. a,cIndicate differences between 
virological responders and non responders, on both evaluation time points (week 48 and week 72) (P < 0.05, Unpaired t test). HCV: Hepatitis C virus.
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ogy 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 immuno-
therapy[49], but the intensity of  this proliferation and the 
characteristics of  the resulting cells, in terms of  prolifera-
tive 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 ad-
ministered at the initiation of  the antiviral therapy, before 
the stabilization of  lymphopenia at its nadir. These con-
ditions might be favorable to stimulate the development 
of  proliferating uncommitted cells, while in 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 profile 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 un-
derstanding of  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 to be associated with resolution 
of  the disease, while monofunctional cells have not[53]. 

Several data support the idea that the hepatic dam-
age caused by HCV infection is mainly immune-mediat-
ed[54-56]. Our quest to find a relationship between immune 
response and therapy outcome showed an association 
between the E2-specific lymphoproliferative response 
and hepatic injury. This result, together with the associa-
tion between this type of  immune response against E2 
with the inability to clear the viral RNA in the control 
group, might implicate the E2-specific lymphoprolifera-
tive response in the generation and/or maintenance of  
the histological damage, and a poorer treatment outcome. 
The causality of  this relationship demands a more de-
tailed study regarding epitopic specificity as well as the 
characteristics of  the cell populations involved. 

In conclusion, our results are evidence of  the depres-
sive effects of  IFN-α plus ribavirin therapy on the HCV-
specific immune response. They show that CIGB-230, 
in this unfavorable context, is capable of  modifying the 
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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 the Ishak score[17]. Statisti-
cally significant differences were considered when P < 0.05 (Spearman’s rank correlation). 
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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. In 
particular, 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 on the virological response. Neverthe-
less, SVR rates observed with the triple therapy includ-
ing CIGB-230 were lower than those reported for the 
recently licensed direct acting antivirals[57]. This fact obvi-
ously calls for more research regarding the optimization 
of  CIGB-230 administration. The information obtained 
in this work sheds light on 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, re-
gardless of  the potential of  IFN-based therapy to reduce 
the 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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