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Abstract

AIM: In the present study, antibody and peripheral
blood mononuclear cells (PBMC) proliferative
responses against hepatitis C virus (HCV) antigens
were evaluated in HCV chronically infected patients.
METHODS: Paired serum and PBMC samples
were taken six months apart from 34 individuals,
either treated or not, and tested by enzyme-linked
immunosorbent assay (ELISA) and carboxyfluorescein
succinimidyl ester staining.

RESULTS: Over 70% of the patients showed specific
IgG and IgM against capsid, E1 and NS3, while HVR-1
was recognized by half of the patients. An increase
in the levels of the anti-capsid IgM (P = 0.027) and
IgG (P = 0.0006) was observed in six-month samples,
compared to baseline. Similarly, a significantly higher
percent of patients had detectable IgA reactivity to
capsid (P = 0.017) and NS3 (P = 0.005) after six
months, compared to baseline. Particularly, IgA against
structural antigens positively correlated with hepatic
damage (P = 0.036). IgG subclasses evaluation
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against capsid and NS3 revealed a positive recognition
mediated by IgG1 in more than 80% of the individuals.
On the contrary, less than 30% of the patients showed
a positive proliferative response either of CD4+ or
CD8+ T cells, being the capsid poorly recognized.
CONCLUSION: These results confirm that while the
cellular immune response is narrow and weak, a broad
and vigorous humoral response occurs in HCV chronic
infection. The observed correlation between IgA and
hepatic damage may have diagnostic significance,
although it warrants further confirmation.
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INTRODUCTION

Hepatitis C virus (HCV) constitutes a major health
problem, since it is infecting an estimated 170 million
people worldwide. Probably, the most characteristic
feature of this virus is its propensity to cause chronic
infection, which is established in the majority of
cases and has become a leading indication to liver
transplantation in Western countries''. The burden of
HCYV infection is even more dramatic due to the absence
of preventive or therapeutic vaccines. Additionally, the
best available treatments, based on pegylated interferon
plus ribavirin, are generally effective only in 50% of
cases”. Thus, the development of new treatments and
prophylactic interventions is currently a priority.
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Despite almost two decades of intense research,
since its description by Choo and coworkers” correlates
of protection have not been entirely established for
HCYV infection. The specific humoral response to acute
infection is considered of relatively low titer and delayed
in time from the moment of infection™”. Antibodies
directed to the capsid protein are the first ones to be
detected”, and have been determined to be principally
of IgG and, secondly, of IgM classes in chronic
infection!”. Particularly, the significance of IgM anti-
HCV capsid in chronic infection has been studied™.
Results indicate that IgM anti-HCV capsid occurrence
is directly related to viremia levels™ and these antibodies
have been found to decrease or disappear in patients
in disease remission and increase when the disease
reactivates after therapy”. Another feature reported as
characteristic of HCV-specific antibody response is its
restriction, except for the capsid, to the IgG1 isotype,
the rest of the subclasses being pootly prevalentm.

Evidence for a significant role of antibody responses
in viral clearance seems conflicting, since it has been
observed that subjects with antibody deficiencies may
spontancously clear HCV infection”. Several epitopes
of the envelope glycoproteins have been identified as
targets of neutralizing antibodies"”. However, in the
majority of the patients, chronic infection is established
in spite of their presence!'!!, probably due to their
absence or low titers in early phases of the infection”

On the other hand, the importance of a sustained,
multispecific CD4+, as well as CD8+, T cell responses,
targeting numerous epitopes early in infection, has
been highlightedm"l(’]. In persistently infected patients,
CD4+ and CD8+ T cells are found at low frequencies
in peripheral blood, but seem to be compartmentalized
in the liver'”. It has been demonstrated that, in most
subjects, a detectable cell-mediated immune response
1s generated at the onset of acute infection, but this
response progressively disappears in those where HCV
infection becomes persistent“gl. Impaired production
of interferon-gamma (IFN-y) and interleukin- (IL-) 2,
as well as incapability to proliferate i vitro, have been
demonstrated for CD4+ T cells of chronically infected
patients“&zoj. Similarly, CD8+ T cells of persistently
infected subjects fail to produce IFN-y and tumor
necrosis factor-alpha (TNF-q) in functional assays”"*.

In this work, we aimed at evaluating HCV-specific
immune response in chronically infected patients,
treated or untreated, using paired blood samples taken
6 months apart. IgG, IgM and IgA levels, as well as
IgG1-4 subclasses and peripheral blood mononuclear
cells proliferative responses against HCV core, envelope
and NS3 antigens were measured. Additionally, we
studied the relationship between immune parameters
and patients’ demographic characteristics.

MATERIALS AND METHODS

Study population
The study cohort included 34 patients with chronic HCV

Characteristic Value
Age (y7)

Mean + SD 48+11

Median (Interquartile range) 49 (39-54)
Race (/%)

Caucasian 31/91.2

Black 2/5.8

Mixed 1/2.9
Body Mass Index (kg/m?)

Mean + SD 264+45

Median (Interquartile range) 26.4 (23.3-28.9)
Gender (n/ %)

Female 22/64.7

Male 12/35.3
Possible source of infection (11/ %)

Transfusion/surgery 27/79.4

Unknown 7/20.6
Treatment (11/ %)

IFN-a + ribavirin 23/67.6

IFN-o 1/2.9

Untreated 10/29.4
Hepatic damage' (/%)

Undetermined 9/26.5

Mild 15/44.1

Moderate 7/20.6

Severe 3/8.8
Alcohol consumption (11/ %)

Yes 4/11.7

No 30/88.2

'Necro-inflammatory activity.

genotype 1 infection. The enrolment of patients was
conducted at the National Institute of Gastroenterology
(Havana, Cuba). Written informed consent was
obtained from every patient prior to start of the study.
All procedures were conducted in accordance with
the national ethics guidelines and the Declaration of
Helsinki, as revised in 1996. A patient with chronic HCV
infection was defined as an individual with detectable
HCV RNA and sustained liver injury for more than
6 mo, as monitored by liver function tests [alanine
aminotransferase (ALT)/aspartate aminotransferase
(AST)] and/or liver biopsy, scored according to the
Ishak system. Patients were either treatment naive or had
been treated with the interferon-a, IFN-q) and ribavirin
combination during the study period, except one subject
who had received IFN-a0 monotherapy. Blood samples
were taken at baseline (T' = 0) and 6 mo later (T = 0).
Demographic data of patients involved in the study are
shown in Table 1.

Antigens

The recombinant proteins Co.120™ E1.340% and
NS3™ are expressed in modified Escherichia coli and
purified to 90%, except E1.340 which is purified to
85%. E2.680 recombinant protein is expressed in
modified Picchia pastoris yeast and purified to 85%",
The HVR-1 peptide comprises amino acids 384-414
(TGTYVIGGTAARGVSQFTGLFTSGPSQKIQL) of
the E2 protein”. All the recombinant proteins and the
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HVR-1 synthetic peptide correspond to a genotype 1b
strain. Peptide pools individually comprising the whole
sequence of the capsid, E1 and E2 proteins of HCV-1a
strain were also used for Peripheral blood mononuclear
cells (PBMC) proliferation assays. These peptides were
18 amino acids in length, ovetlapping adjacent peptides
by 10 amino acids. Peptide pools were kindly donated by
Dr Naglaa Shoukry (Centre de Recherche du CHUM,
Montreal, Canada).

Evaluation of antibody response against HCV antigens
To detect human antibodies to HCV structural antigens,
96-well microtiter plates (Costar, Cambridge, MA, USA)
were coated with 100 pL of Co0.120 (10 ug/mL), E1.340
(10 ug/mL), HVR-1 synthetic peptide (2 ng/mL) or
NS3 (5 pug/mlL) diluted in coating buffer (50 mmol/L
carbonate buffer, pH 9.6) followed by 16-h incubation at
4°C. The wells were washed four times with 0.1% Tween
20 in phosphate buffered saline (0.14 mol/L NaCl,
0.003 mol/L KCI, 0.01 mol/I. Na2HPO4, 0.001 mol/L
KH:POs, pH 7.5) (PBST) and blocked with 200 pL. of
PBST containing 2% skim milk (Oxoid Ltd, England) and
5% goat normal serum (blocking solution) for 1 h at 25°C.
After four washes with PBST, each well received 100 pL
of a 1:10 dilution of human sera in blocking solution
and the plates were incubated at 37°C for 1 h. Sera were
diluted 1:80 in blocking solution for the evaluation of the
specific response against E1.340. The plates were washed
four times with PBST. Then, 100 pL of horseradish
peroxidase-conjugated goat anti-human IgM, IgA or IgG
secondary antibodies (Sigma, St Louis, USA), 1:10000,
1:25000 and 1:30000 diluted, respectively, in PBST
plus 2% skim milk, were added and the plates were
incubated at 37°C for 1 h, followed by four washes with
PBST. IgG subclasses were evaluated with the secondary
biotinylated antibodies against human IgG1, IgG2, IgG3
and IgG4 (Sigma-Aldrich, St Louis, USA) respectively
diluted 1:24000, 1:5000, 1:5000 and 1:1000 in blocking
solution. After four washes with PBST, an additional
1 h incubation step at 37°C with extravidin-peroxidase
conjugate (Sigma, St Louis, USA), 1:1000 diluted in PBST
plus 2% skim milk, was carried out followed by four
washes with PBST. In every case, positive reactions wete
visualized with o-phenylenediamine (Sigma-Aldrich, St
Louis, USA) 0.05% in substrate buffer (0.1 mol/L citric
acid, 0.2 mol/L NaH:POs, pH 5.0) with 0.015% H:0:
(Merck, Germany) as substrate. Reactions were stopped
with 50 pL of 2.5 mol/L H2SO4. Measurement of
absorbance (A) at 492 nm was made in a Sensldent Scan
reader plate (Merck, Darmstadt, Germany). At least two
human sera, anti-HCV negative by UMELISA (Center
for Immunoassay, Cuba), were used as negative controls
in each experiment. Anti-HCV positive human sera (as
tested by UMELISA, Center for Immunoassay, Cuba),
having a known antibody titre of at least 1:150 against
the corresponding antigen, served as positive controls.
The cut-off value to consider a positive antibody (Ab)
response was established as twice the mean 4s92um of the
negative control sera.
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PBMC preparation

Blood anticoagulated with acid citrate dextrose (1:9)
was processed within 2 h after sample collection.
PBMC from HCV patients and a healthy individual
were isolated using Ficoll-Paque PLUS density gradients
(Amersham, Oslo, Norway), and adjusted to 5-10 X 10°
cells/mL in freezing medium consisting of nine parts
of foetal bovine serum (FBS; Hyclone) and one part of
DMSO (Sigma, Deisenhofen, Germany). PBMC were
stored for 16 h in 1°C freezing containers (Nalgene
Nunc International, Rochester, New York, USA) at 80°C
and then transferred into liquid nitrogen until use.

Evaluation of CD4+ and CD8+ T cell proliferative
response against HCV antigens

T cell proliferation assays were used to analyze HCV
specific T cell responses against proteins Co.120,
E1.340, E2.680 and NS3 or peptide pools covering
core, E1 and E2 HCV proteins, depending on patients’
PBMC availability. Cryopreserved PBMC were thawed
quickly in a 37°C water bath, and washed twice with
R10 medium. After a 16-h resting period at 37°C
and 50 mL/L of COz2, cells were washed twice with
PBS, adjusted to 20 X 10° cells/mL and labeled with
4 umol/L of carboxyfluorescein succinimidyl ester
(CFSE) for 8 min at room temperature in the dark. The
reaction was stopped by adding 1 volume of human AB
serum (Sigma-Aldrich, St. Louis, USA). Next, PBMC
were washed twice with PBS and once with RPMI 1640
medium (Sigma-Aldrich, St. Louis, USA). Cells were
finally adjusted to 2 X 10° cells/mL and stimulated or
not with the peptide pools (1 pg/mL) and proteins
(2 pg/mL, except for NS3, of which a concentration
of 5 pg/mL was used) for 6 days at 37°C and 50 mL/L
of COz:. Cells incubated with media alone were
considered as negative control. Concanavalin A (ConA,
Sigma-Aldrich, St. Louis, USA, 5 pg/mL) was used
as positive control. Cells were harvested, stained with
surface antibodies and analyzed by flow cytometry. Anti-
CD4 allophycocyanin (APC) (clone # 11830), anti-
CD8 phycoerythrin (PE) (clone # 37006) and anti-CD8
APC (clone # 37006) monoclonal antibodies, 4 pg/mL,
2.5 pg/mL and 5 pg/mL respectively, wete from R&D
Systems (R&D Systems, Minneapolis, USA). The
stimulation index (SI) was calculated by dividing the
proliferative frequency (%) in the presence of antigen
by the proliferative frequency (%) without antigen. The
stimulation index was considered positive if = 2.5 after
peptide stimulation and = 3 after protein stimulation.

Statistical analysis

GraphPad Prism version 4.00 statistical software
(GraphPad Software, San Diego, CA) was generally used
to carry out statistical analysis. Unpaired ¢ test (for data
sets with a Gaussian distribution and equal variances)
and Mann Whitney test (for data sets with non-Gaussian
distribution or different variances) were used to compare
the magnitude of a given response between the two
evaluated time points. For comparison of the number of
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Isotypes Percentage of patients with a positive response against the
indicated antigen
Core E1 HVR-1 NS3
IgG 91.1 70.8 51.5 88.2
IgM 76.4 78.7 5.8 79.4
IgA 52.9 39.3 12.1 50

Percentage of patients with a positive response
against the indicated antigen

IgG Subclasses

Core NS3
IgG1 85.2 82.3
1gG2 17.6 39.3
1gG3 11.7 121
IgG4 484 78.7

positive samples at the two evaluated moments, Fisher’s
exact test was used. Correlations between variables wetre
analyzed by Spearman’s rank correlation coefficient,
using SPSS 11.5.1 Software for Windows. Significant
differences were considered when P < 0.05.

RESULTS
Study subjects

The present study was designed to evaluate the specific
immune response against HCV in genotype 1 chronically
infected patients, in a 6-mo follow-up period. Of the 34
patients initially enrolled in the study, only 31 could be
contacted for a second blood extraction 6 mo later. In
this cohort, 73.5% of the patients were over 40 years of
age, 67.6% had been treated with the standard combined
therapy with IFN-qo and ribavirin and only 11.7% of the
individuals reported to consume alcohol. Over 73% of
the patients had undergone a liver biopsy and of them,
64.7% showed a mild to moderate necro-inflammatory
activity, as measured by Ishak scores. Table 1 summarizes
the principal demographic characteristics.

Humoral immune response to HCV antigens
The reactivity to HCV antigens was assessed in serum
samples from 34 patients chronically infected with
HCV. All the patients displayed a positive antibody
response against several of the evaluated antigens. At
baseline, IeG and IgM reactivities were present in more
than 70% of the individuals against Co.120, E1.340
and NS3 proteins (Table 2). Regarding the reactivity
towards HVR-1, IgG could only be detected in half of
the individuals; still, it was dominant over the rest of
the evaluated classes. IgA was generally less frequently
detected than IgG and IgM against all antigens.

The assessment of the reactivity of the IgG
subclasses, at baseline, against the highly conserved
capsid and NS3 antigens, revealed that their recognition

Alcohol consumption  Specific treatment  Hepatic damage'

IgM® R=-053" R=0313 R =0.107
P=0.01 P =0.071 P =0.609
IgA R =-0.402" R=0.238 R =0422"
P=0.019 P=0.176 P =0.036
IgG’ R =-0.383" R=0257 R =0.100
P=0.028 P=0.149 P =0.635
IgG4 R=-0.717° R=0418" R =0.401"
P =0.000 P=0.014 P =0.047

'Necro-inflammatory activity; 2IgM positive response to HCV structural
antigens; ’IgG positive response to HCV HVR-1 peptide; R = Spearman’s
correlation coefficient; *Significant correlation at 0.05 level; "Significant
correlation at 0.01 level.

was mediated by IgG1 in more than 80% of the patients
(Table 3). At the same time, in 78.7% of the individuals
a positive IgG4 response could be detected against
NS3, while it was detectable only in nearly half of the
samples against Co.120. IgG2 and IgG3 were detected
in a small percent of the tested samples against both
antigens (Table 3).

The reactivity of the main classes IgM, IgA and IgG
against Co.120 and NS3 was not only assessed at baseline
(T = 0), but also 6 months later (T = 6) (Figure 1). The
comparison of these two time points revealed that there
was a significantly higher percentage of individuals with
a positive IgA response against both antigens at T = 6
(Co.120 52.9% vs 88.4%, P = 0.017; NS3 50.5% s 88.4%,
P = 0.005). Interestingly, none of the patients lost the
specific IgA reactivity from baseline to the end of the
study: instead, the observed increase was totally due to
de novo responses at T = 6. Regarding the magnitude of
the response, a statistically significant difference was
observed in the IgG and IgM classes against Co.120
(Figure 1A). The mean reactivity was higher at T = 6
when compared to baseline (IgM 0.6419 »s 0.9099,
P =0.027; IgG 0.7802 »s 0.9532, P = 0.0000).

Correlation analyses between demographic variables
and humoral responses revealed that alcohol consumption
was negatively correlated with the responses of the
main classes IgM (P = 0.01), IgA (P = 0.019) and IgG
(P = 0.028), as well as 1gG4 (P = 0.00000182) (Table 4).
On the other hand, positive IgG4 positively correlated
with the fact of being treated (P = 0.014) and the grade
of hepatic damage (P = 0.047). Additionally, the hepatic
damage, expressed as necro-inflammatory activity, also
correlated with IgA (P = 0.036), while fibrosis did not
(P =0.487).

T cell proliferative response to HCV antigens

PBMC were analyzed in a proliferation assay for their
capacity to expand in response to stimulation with HCV
antigens. Samples from both T = 0 and T = 6 were
evaluated. Depending on patients PBMC availability,
the response to the structural antigens was evaluated by
stimulation with the corresponding recombinant protein
and a peptide pool. Cells were surface-stained with anti-
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Figure 1 Comparison of antibody reactivity to HCV recombinant C0.120 (A) and NS3 (B) proteins in serum samples from baseline (T = 0) and 6 mo (T =
6) of follow-up. Symbols represent individual values. Only samples showing a positive reactivity are displayed. The horizontal lines represent mean values. Letters
over brackets indicate statistical significance (a denotes differences in response magnitude, °P = 0.027, *P = 0.0006; b denotes differences in the number of positive

samples, P =0.017, °P = 0.005).
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Figure 2 Comparison of CD8+ T cell proliferative response to HCV structural and non-structural antigens in baseline and six months follow up samples.
Bars represent mean stimulation index of positive samples only. Error bars represent standard deviation of the mean. Numbers above bars indicate percent of positive

samples.

CD#4 to evaluate whether the CD4+ cell subpopulation
proliferated when stimulated with specific HCV antigens.
Particularly, a specific proliferative response was neither
detected against the capsid and NS3 proteins at T = 0
nor to E2 at T = 6 (data not shown). Only 10% of the
evaluated samples showed a positive response to the
capsid at the end of the study, being this antigen the less
frequently recognized. The highest percent of positive
samples (25%) was detected towards E2 at baseline,
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followed by NS3 at T' = 6 (20%), while E1 protein was
always recognized by 14% of the individuals. None of
the patients showed a positive proliferative response
against more than one antigen.

On the other hand, the analysis of CD8+ cells
allowed the identification of specific responses to all
the tested antigens, except to E1 at T = 6 (Figure 2).
However, these responses were present in less than
15% of the patients against each antigen. Two patients
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showed a positive proliferative response simultaneously
against the capsid and E1 proteins at T = 0, while
another individual recognized E1 at baseline and also
E2, 6 months later. CD8+ cells of only one individual
proliferated against all tested antigens (capsid, envelope
and NS3 proteins) at T = 0; unfortunately, this patient
could not be contacted for a second blood sample, and
therefore, the persistence of this peculiar response could
not be assessed. Taking into account the results of both
CD4+ and CD8+ cell proliferation, we did not detect
any patient in which the two time-point samples were
consistently positive throughout the study.

DISCUSSION

In this study, we assessed HCV-specific immune
responses in a group of HCV chronically infected
patients at two different time-points six months apart.
The evaluation of the antibody response against viral
antigens revealed that all the patients displayed a positive
antibody response against several of the evaluated
antigens. Specifically, in the majority of patients the
reactivity was dominated by IgG and IgM, both in terms
of number of positive patients and the magnitude of
the response. Particularly, the presence of IgM anti-
HCV-capsid antibodies have been regarded as a negative
prognostic marker of response to treatment”” and
a factor associated to recurrence of hepatitis and its
severity in HCV-infected liver transplant recipients™.
Therefore, their presence in our cohort of chronic
patients reinforces the notion of their inefficacy in this
phase of the infection. Our results are in agreement
with previous works reporting elevated prevalence of
both immunoglobulin classes in chronically infected
patientsp’w. These studies only refer to the specific
response to the capsid protein; our results extend this
notion to other antigens such as E1 and NS3.

Among the IgG subtypes, IgG1 has been, by far, the
most frequently found against all tested viral antigens[s’gol.
Moreover, it has been reported that the antibody
response to most HCV antigens is highly restricted to
this subclass”, the rest of the subclasses being rarely
detected. This response restriction to IgG1 has lead
studies aiming to find relations of antibody production
to long-term outcome after therapy. In fact, it has been
observed that IgG1 specific to an N-terminal epitope
of the capsid protein decrease in complete responders,
while remain unchanged in non-responders. Therefore,
these antibodies have been proposed as markers of the
efficacy of IFN-o therapym. Our results showed a high
prevalence of IgG1 against the capsid, and also against
NS3, HCV’s most conserved antigens. Nevertheless,
78.7% of the patients also showed a positive 1gG4
response against NS3. It is of general knowledge that
in chronic viral infections in humans, viral proteins
generally elicit the IgG1 and IgG3 subtypes and
to a lesser extent, IgG2 and IgG4. IgG4 has been
frequently found dominating in responses to prolonged
P2 2and has been identified as a
major component of circulating immune-complexes in

antigenic stimulation

chronic hepatitis B virus-infected individuals™. Given
that antibodies of IgG4 subclass do not activate the
complement system through the classic pathway and
have a low affinity to Fc-y receptors, their presence is
considered a factor that may contribute to chronicity.

The assessment of correlations between immunological
and demographic variables in our study revealed that
IgM to structural antigens, IgG to the HVR-1, IgA
and IgG4 responses negatively correlated with alcohol
consumption, indicating that this habit may dampen the
potentiality for generating a diverse immune response.
In contrast, the fact of having been treated with the
standard therapy positively correlated with the presence
of 1gG4 responses. Regarding the involvement of IgG4,
it has been obsetved that the nonselective modulatory
effect of IFN-o treatment may contribute to widen the
diversity of specific IgG subclasses profiles in hepatitis
B virus infection, contributing to the high participation
of IgG4[‘W. To our knowledge, this effect of antiviral
therapy has not been assessed specifically in HCV
infection, but seems a plausible hypothesis supporting
our findings.

Another positive correlation that could be detected
was that between hepatic damage, expressed as necro-
inflammatory activity, and IgA response. It has been
observed that TGF-f1, which is produced by hepatic
stellate cells and Kupffer’s cells, induces the isotype
switching to IgA in B lymphocytes proliferating in
vitro””. This cytokine is a prominent profibrogenic
factor during inflammation, tissue regeneration
and fibrogenesism and in line with this, it has been
demonstrated that HCV patients have elevated levels of
circulating TGF-B1 versus controls””. To our knowledge,
whether there is a direct relation between serum IgA
and TGF-B1 circulating levels in HCV chronic patients
has not been explored so far. Nevertheless, our results
warrant further studies, although they do not point out
to a direct correlation with fibrosis, but rather with the
necro-inflammatory activity. On the other hand, the
liver plays an important role in IgA clearance, and the
loss of hepatic function due to chronic inflammation
and damage may reduce normal IgA catabolism, and
contribute to its accumulation in serum”. Therefore,
the observed correlation might be probably indicating
that IgA increase is a consequence, rather than a cause,
of hepatic damage.

Additionally, IgG4 responses positively correlated
with hepatic damage. As previously discussed, IgG4
has not been usually found as a dominant component
of HCV specific immune response. Therefore, the
implications of the presence of this subclass have not
been explored so far in patients chronically infected
with HCV. Nevertheless, a series of inflammatory and
autoimmune diseases, in which IgG4 have a strong
participation, have been described: these are known as
IgG4-related sclerosing diseases”™. In general, these
disorders are characterized by high serum IgG4 levels,
which are closely associated with disease activity,
in a context of chronic lymphocyte infiltration and
fibrosis of the affected organsm]. Although the role of
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IgG4 in these disorders remains obscure, it has been
suggested that the formation and accumulation of
immune complexes and the activation of the alternative
complement pathway contribute to disease activity™”
Further studies with larger cohort of patients are needed
to definitively discern the real role of IgG4 in chronic
hepatitis C as well as in other chronic inflammatory
disorders.

We also evaluated the proliferative response of
PBMC of chronic patients against stimulation with
HCV antigens, in paired samples taken six months
apart. Only a small percent of samples showed a
positive response against each of the tested antigens.
Morteover, the great majority of the patients displayed a
detectable proliferation only to a single antigen and this
response was never constant in the two evaluated time
points. These results are in agreement with previous
works reporting instability, low frequencies and a small
number of targeted epitopes by both CD4+ and CD8+
T cells in peripheral blood of chronic patients"*'"**,
The characteristic asymptomatic course of this disease
hinders the accumulation of immunological data
regarding the very eatly phase of the infection; therefore,
it has been difficult, so far, to discriminate between
primary T cell failure and early T cell exhaustion or
deletion, once chronic infection has already been
established. In fact, both phenomena seem to operate
in different patients and equally lead to persistencew.
Many mechanisms are postulated to be involved in T
cell failure, namely impaired antigen presentationm’m,
reduced cytokine secretion by antigen presenting cells™,
immunomodulatory effects exerted by different viral
factors™* and increased levels of CD4 + CD25"" Treg
cells™’

In summary these results confirm that in patients
chronically infected with HCV, either naive or non-
responders to the standard therapy with IFN-q, plus
ribavirin, cellular proliferative responses are rarely
detected, usually weak, not sustained and narrowly
directed. On the other hand, the humoral response is
characterized by a broad representation of antibody
classes and subclasses, some of which have not been
demonstrated to contribute to viral clearance, but rather
to persistence. Particularly, the association of specific
IgA response to necro-inflammatory activity paves the
way to further studies to confirm its utility as an easy-to-
measure marker of increased histological activity.
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Background

Correlates of protection against hepatitis C virus (HCV) are extensively
pursued in nowadays research. Early, vigorous and sustained peripheral blood
mononuclear cells (PBMC) proliferative responses specific to HCV have been
regarded as pivotal for viral clearance. On the other hand, antibody responses’
contribution is still controversial and the significance of specific antibody classes
during chronic infection has been investigated.

Research frontiers

So far, in HCV infection, the most extensively studied antibodies are those
directed to the capsid protein. Several data indicate that IgM anti-HCV capsid
occurrence is directly related to viremia levels. Additionally, HCV-specific
antibody response is regarded as restricted to the IgG1 isotype, except for
the capsid. The rest of the classes and IgG subclasses have been found very
rarely represented, and therefore their significance in acute and chronic HCV is
unclear.

Innovations and breakthroughs

Correlation analysis between demographic variables and humoral response
confirmed the negative influence of alcohol consumption on the immune
response, particularly on responses of the main immunoglobulin classes.
On the other hand, 1gG4, an IgG subclass characteristic of chronic antigenic
stimulation, positively correlated with the grade of necro-inflammatory activity
and the fact of being treated with the standard therapy; the latter already
demonstrated for hepatitis B virus (HBV), but not for HCV. Additionally, for the
first time a positive correlation between necro-inflammatory activity with HCV-
specific IgA was found.

Applications

Particularly, the association of specific IgA response to necro-inflammatory
activity paves they way to further studies to confirm its utility as a non invasive,
easy-to-measure marker of increased histological activity in chronic HCV
infection.

Peer review

An interesting study assessing the humoral response in chronic HCV patients.
The association of elevated IgG and globulins with fibrosis have been described
as referenced. It is an interesting observation to find IgA specific to HCV
antigens.
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