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Decrease and dysfunction of dendritic cells correlate with impaired
hepatitis C virus-specific CD4" T-cell proliferation in patients with
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Introduction

Summary

Through the production of stimulatory and suppressive cytokines, dend-
ritic cells (DCs) regulate virus-specific immune responses that are crucial
to virus eradication. To explore a possible role of DCs in the persistence
of hepatitis C virus (HCV) infection, in this study we analysed peripheral
blood DCs (PBDCs) in patients with chronic hepatitis C (CHC) compared
with those in both healthy seronegative (HSN) controls and a group of
subjects who had spontaneously resolved infection, defined as healthy
HCV-seropositive (HSP), and we evaluated the relationships between
PBDCs and HCV-specific CD4" T-cell reactivity. The number of PBDCs,
their immunophenotype and expression of regulatory cytokines were eval-
uated by flow cytometry on whole-blood samples. HCV-specific CD4*
T-cell activation, proliferation and cytokine production were evaluated in
cultures of peripheral blood mononuclear cells (PBMCs) stimulated
in vitro with HCV peptides. We found that PBDCs from CHC subjects
were numerically reduced and showed lower interleukin-12 (IL-12) and
higher IL-10 expression than those from HSN controls. PBDCs from HSP
subjects were similar to those from HSN controls. HCV-specific CD4*
T-cell proliferation was less frequent and vigorous in CHC than in HSP
patients and was directly related to the number of PBDCs and their IL-12
production but inversely related to their IL-10 production. Taken
together, these results seem to suggest that cytokines of DC origin con-
tribute to the regulation of HCV-specific immunity in CHC patients and
indicate that PBDCs may represent a novel non-invasive tool for immune
monitoring of these patients.

Keywords: hepatitis C virus; peripheral blood dendritic cells; interleukin-
10; interleukin-12; T-cell proliferation

in vitro culture of peripheral blood monocytes (PBMCs)
from patients with chronic HCV hepatitis (CHC), have

Dendritic cells (DCs) are the most potent antigen-
presenting cells in antiviral host defence and many viruses
directly or indirectly affect DCs to subvert the immune
response and establish infection in the host.' Modifica-
tions of DCs during hepatitis C virus (HCV) infection are
currently under intense investigation. Maturation and
functional defects of monocyte-derived DCs, obtained by

been reported by some authors but not confirmed by oth-
ers, possibly because of differences in culturing conditions
[reviewed in ref. 2]. Because data obtained from mono-
cyte-derived DCs may not be representative of in vivo
functions,” more recent studies have been performed by
analysing directly ex vivo peripheral blood DCs (PBDCs).
PBDCs can be divided into two subpopulations on the

Abbreviations: BrdU, 5-bromo-2’-deoxyuridine; CHC, chronic hepatitis C; DC, dendritic cell; ELISA, enzyme-linked
immunosorbent assay; FLU, influenza virus vaccine; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HSN, healthy
seronegative; HSP, healthy HCV-seropositive; iAl, incomplete activation index; IFN, interferon; IL, interleukin; LPS,
lipopolysaccharide; mDC, myeloid dendritic cell; PBDC, peripheral blood dendritic cell; PBMC, peripheral blood mononuclear
cell; pDC, plasmacytoid dendritic cell; PHA, phytohaemagglutinin; PI, proliferation index; Thl, type 1 helper T cell.
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basis of their expression of the B-integrin CD11c. CD11c"
myeloid DCs (mDCs) express myeloid markers and, upon
encounter with pathogens, secrete interleukin-12 (IL-12),
which drives type 1 helper T-cell (Thl) responses associ-
ated with the generation of cellular immunity.* Plasma-
cytoid DCs (pDCs) lack myeloid markers, express the
IL-3 receptor o-chain CD123 on their surface and are
the main producers of interferon-a (IFN-a), which also
drives Thl responses and is endowed with direct antiviral
properties.” Both subpopulations may play therefore
an important role in controlling viral infections. Most
authors agree that in CHC patients PBDCs are substan-
tially reduced, with reduction involving both mDCs and
pDCs.>'! Moreover, PBDCs appear to be functionally
impaired, with reduced production of IL-12 and IFN-o
documented in various studies.””'> However, to our
knowledge, the production of IL-10 by PBDCs from CHC
subjects has never been investigated. IL-10 of DC origin
plays a central role in the regulation of T-cell responses,
with predominant suppressive effects that counteract
the action promoted by the above mentioned stimulatory
cytokines."” Increased production of IL-10 during HCV
infection may therefore contribute to the high propensity
of HCV to cause chronic infection, this last associated
with weak HCV-specific T-cell responses.'®'> In the pre-
sent study we analysed PBDCs from CHC patients, inclu-
ding their production of IL-10, and we correlated PBDC
parameters with T-cell responses against HCV peptides.
To explore the role of DCs in the persistence of infection,
PBDCs from a cross-sectional cohort of CHC patients
were compared not only with PBDCs from healthy sero-
negative (HSN) controls, but also with a group of sub-
jects who spontaneously resolved HCV-infection (healthy
HCV-seropositive; HSP). Finally, because monocytes are
antigen-presenting cells and represent DC precursors both
in vitro and in vivo, we extended our analyses to periph-
eral blood monocytes.

Materials and methods

Study population

A group of CHC patients and two control groups of HSN
and HSP subjects were enrolled into the study. CHC were
selected in our centre from among patients attending for
regular follow-up, while the two control groups were
enrolled among blood donors in Milan. Peripheral fresh
heparinized blood samples were obtained from 42 HSN
(male/female: 23/19; mean age 46 * 15 years), 19 HSP
(9/10; 50 = 13) and 26 sex-matched and age-matched
CHC (12/14; 54 £ 11) subjects. All donors tested negative
for human immunodeficiency virus (HIV) and hepatitis B
virus. All HSP individuals tested negative for HCV RNA
and had normal indices of cytolysis. The clinical charac-
teristics of CHC patients are summarized in Table 1. His-
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tology data were analysed if a liver biopsy taken within
24 months of enrolment was available. Data were evalu-
ated according to an international scoring system for
chronic hepatitis.'®'” All CHC patients were treatment-
naive at the time of blood collection. Ethics approval was
obtained from the local Institutional Review Committee
and a signed informed consent was obtained from all
participants.

Virological methods

Anti-HCV antibodies were assayed by a third generation
enzyme-linked immunosorbent assay (HCV 3-0 ELISA,
Ortho Clinical Diagnostic System, Raritan, NJ). Reactive
samples were confirmed using a supplemental recombin-
ant immunoblot assay (RIBA 3-0, Ortho Clinical Diagnos-
tic Systems). HCV RNA was detected by an in-house
reverse transcription—polymerase chain reaction assay
with nested primers of the 5 non-coding region of the
HCV genome. HCV genotype was determined using the
Innogenetic Line Probe assay (Inno Lipa HCVII, Immuno-
genetics, Ghent, Belgium).

Immunophenotypic analysis and counting of PBDCs

Whole peripheral blood samples were analysed by three-
colour flow cytometry (FACScan; Becton Dickinson, San
Jose, CA), as previously described.'"®*° PBDCs were iden-
tified as mononuclear cells that lacked lineage cell markers
(Lin: CD3™ CD14™ CD16 CDI19™ CD207; Caltag Laborat-
ories, Burlingame, CA) but expressed human leucocyte
antigen (HLA)-DR (Becton Dickinson); myeloid and plas-
macytoid subpopulations were identified as DCs expres-
sing CD11c (Caltag Laboratories) or CD123 (IL-3 receptor
a-chain) (Pharmingen, San Diego, CA), respectively. A
representative analysis is shown in Fig. 1(a). Estimates of
the absolute numbers of PBDCs were calculated from the
proportion of DCs recorded by flow cytometry in the
mononuclear gate multiplied by absolute mononuclear cell
count measured using a standard haemocytometer. The
expression of CD80, CD83 and CD86 (Pharmingen) by
Lin~ HLA-DR" cells was measured to assess the activation/
maturation state of the PBDCs.

Cytoplasmic cytokine expression by PBDCs
and monocytes

The expression of IL-12 and IL-10 by PBDCs and
monocytes was determined by flow cytometry in whole-
blood samples, as previously described.'®>° Lipopolysac-
charide (LPS) was used as a stimulator because it is
known to be the optimal stimulus for this experimental
model."®*"** Whole-blood samples were incubated with
or without 100 ng/ml LPS (Sigma, St Louis, MO) for
5 hr, in the presence of the protein transport inhibitor
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Table 1. Characteristics of CHC patients participating in the study

PBDCs and CD4* T-cell reactivity in CHC

Age Viral load Histology
Patient ID (years) Sex Genotype (Ul/ml) ALT AST (Knodell HAI score)
CH1 47 M 3a NA 120 50 9 + 4 = 13; cirrhosis
CH2 53 F 2a/2c¢ 530000 135 75 5+41=6
CH3 47 F 2a 690000 85 37 3+40=3
CH4 61 M 1b 610000 44 40 7+3=10
CH5 64 M 2a/2c 580000 166 90 6+1=7
CH6 52 F 1b 365000 68 48 3+1=4
CH7 32 F 3a NA 81 60 7+1=238
CH8 52 F 1b 850000 93 62 74+3=10
CH9 62 F la/1b NA 75 46 3+41=4
CH10 37 M 3a NA 61 27 6+2=238
CH11 65 F 1b NA 88 75 9+3=12
CHI12 60 M 1b 510000 69 45 74+3=10
CH13 59 M 1b 61000 69 44 NA
CH14 54 M 1b 585500 70 29 4+1=5
CHI15 38 M 4 575000 66 38 3+40=3
CHI16 63 F la 620000 87 46 9+1=10
CH17 59 F 2a/2¢ NA 77 57 NA
CH138 42 M 3a 62800 50 30 9+1=10
CH19 65 F 2a/2¢ 22200 86 74 NA
CH20 63 M 2a/2¢ 253000 83 88 NA
CH21 51 F 4 NA 28 34 5+ 4 = 9; cirrhosis
CH22 68 F 2a/2c 162 86 73 8 + 4 = 12; cirrhosis
CH23 66 F 2a/2c¢ 450000 409 332 8 + 4 = 12; cirrhosis
CH24 63 M 2a/2¢ 520000 34 23 NA; clinical signs of cirrhosis
CH25 33 M 3a 139000 318 160 9 + 4 = 13; cirrhosis
CH26 55 F 1b 51200 84 93 9 + 4 = 13; cirrhosis

ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not available.

Viral load defined by quantitative polymerase chain reaction (PCR) at time of blood draw (Amplicor; Roche Molecular Diagnostics, Pleasanton,

CA).

Histology was evaluated by using the Knodell histological activity index (HAI) and a more recent international scoring system for chronic

hepatitis.'®"”

brefeldin-A (10 pg/ml; Sigma) added during the last
4 hr to allow intracellular accumulation of cytokines.
Cells were then fixed, rendered permeable and stained
with cytokine-directed monoclonal antibodies (Caltag
Laboratories).

In vitro assays for CD4" T-cell reactivity

The reactivity of CD4" T cells was assessed by flow
cytometry as previously described.”> The PBMCs were
cultured for 6 days without stimulation, or with phyto-
haemagglutinin (PHA) (10 pg/ml; Sigma), influenza
virus vaccine (FLU) (A/Taiwan, A/Shangai, B/Victoria;
24 pg/ml; a kind gift from Prof. Clerici, University of
Milan), or 10 pg/ml synthetic HCV peptides. One peptide
from the core (C39-63), one from the envelope (E;238-
262), and two from the non-structural region (NS;1384—
1401, and NS31406-1415) were used; these had been
previously selected as the most immunogenic among 38
peptides chosen from sequences of HCV 1b strain on the
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basis of their ability to bind to the most common HLA
molecules present in the Italian population.”” A non-anti-
genic HIV peptide (p23) was used as negative control.
Cultures were performed in duplicate. 5-bromo-2’-deoxy-
uridine (BrdU, 20 pm; Sigma) was added during the
last 6 hr and lymphocyte proliferation was assessed by
flow cytometry as BrdU incorporation by CD4" CD25"
lymphocytes. Supernatants were stored at —20° for fur-
ther analyses. The degree of HCV-specific CD4" cell pro-
liferation was expressed as the proliferation index (PI),
calculated from the fraction of CD25" BrdU" CD4" cells
found with antigen divided by that found without anti-
gen. A significant PI in response to HCV peptides was
defined as being >2.75, which was the cut-off value
greater than the mean PI plus three times the standard
deviation obtained in a group of 16 HSN controls. The
degree of CD4" T-cell incomplete activation was evalu-
ated in the same samples and was expressed as the
incomplete activation index (iAI), similarly calculated
from the fraction of CD25" BrdU™ CD4" cells.
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Cytokine measurement in culture supernatants

The release of IFN-y and IL-10 in the supernatants was
measured by specific sandwich ELISA, using commercially
available pairs of monoclonal antibodies (Endogen,
Woburn, MA), according to the manufacturer’s instruc-
tions.

Statistical analysis

All statistical analyses assumed a two-sided significance
level of 0-05. The Mann—Whitney U-test and the Fisher
exact test were used for comparisons between patients and
controls; the Wilcoxon signed-rank test was used to analyse
the effects of in vitro stimulation. The Spearman rank test
was used to describe correlations. Overall P-values for
secondary comparisons used a Kruskal-Wallis test (a non-
parametric analysis of variance) and, given an overall
P < 0-05, pairwise comparisons to the control group were
conducted using Dunn’s multiple comparison adjustment.**
Data analyses were performed with OPENSTAT3 software.

Results

Enumeration of PBDCs and monocytes

The median frequency of total PBDCs in the mono-
nuclear cell population was significantly lower in CHC
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plasmacytoid PBDCs

using the Mann—Whitney U-test.

(0-80%) compared with HSN (1-52%, P < 0-001) and
HSP (1-25%, P < 0-001) subjects. As shown in Fig. 1(b),
the absolute number of PBDCs was also significantly
lower in CHC than in HSN and HSP subjects. The
decrease in PBDCs involved both PBDC subsets: the
median frequency of mDCs in CHC patients was 0-44%,
compared with 0-72% (P < 0-001) in HSN controls, and
0-69% (P < 0-001) in HSP subjects; the median frequency
of pDCs was 0-20% in patients with CHC, compared with
0-32% (P < 0-001) in HSN and 0-27% (P = 0-002) in
HSP subjects. The absolute numbers of PBDC subsets are
reported in Fig. 1(b). Within the group of CHC patients,
the frequency of mDCs was significantly lower in subjects
infected with HCV genotype-2 than in those infected with
the other genotypes (Kruskal-Wallis test followed by
Dunn’s multiple comparison adjustment, P < 0-05). The
frequency and absolute number of PBDCs and their sub-
sets were not correlated with HCV viral load, nor with
hepatic disease activity, measured as transaminase levels
or Knodell index. The number of monocytes was simi-
lar in the three groups (HSN: 0-57 x 10°/ul; HSP:
0-60 x 10°/ul; CHC: 0-59 x 10°/pl).

Immunophenotype of PBDCs

PBDCs from CHC patients appeared less activated than
PBDCs from healthy controls, as the percentage of CD80*
PBDCs was lower in CHC (median 2-77%) than in HSN
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(4-55%, P = 0-03) and HSP (3-53%, P = ns) subjects,
although the frequency of CD86" PBDCs did not signi-
ficantly differ between patients and controls (median
percentage HSN, HSP and CHC: 71-43, 69-36 and 64-35,
respectively). Similar results were obtained when data were
expressed as mean fluorescence intensity (not shown).
PBDCs from CHC were also less mature, as assessed by a
lower percentage of CD83" PBDCs in these subjects
(0-66%) than in HSN (1-44%; P = 0-035) and HSP
(1-20%; P = 0-021) subjects. The activation and matur-
ation states of PBDCs did not correlate, in the CHC group,
with either HCV viral load or hepatic disease activity.

Cytokine production by PBDCs and monocytes

PBDCs from patients with CHC differed from PBDCs
from healthy controls in their expression of the regulatory
cytokines IL-12 and IL-10. Incubation of whole-blood
samples with LPS induced in all the groups a significant
increase in the percentage of PBDCs expressing either
IL-12 or IL-10 (HSN, HSP and CHC: P < 0-001). Yet, as
shown in Fig. 2(a), the percentage of IL-12" PBDCs upon

(a)
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50
Figure 2. PBDCs from patients with chronic
HCV-infection have expression of
cytokines. (a) of PBDCs
expressing LPS-stimulated IL-12 was signifi-
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PBDCs and CD4* T-cell reactivity in CHC

LPS stimulation was significantly lower in the CHC group
than in the HSN and HSP groups. Moreover, the percent-
age of PBDCs constitutively expressing IL-10 was signifi-
cantly higher in the CHC group than in the HSN and
HSP groups. Similar results were obtained when data
were expressed as mean fluorescence intensity (not
shown). Within CHC patients, the frequency of IL-10"
PBDCs inversely correlated with the Knodell index
(Fig. 2b). No significant correlation was found between
PBDC expression of cytokines and viral load or specific
HCV genotypes.

The production of regulatory cytokines by monocytes
was similarly partially impaired. Incubation of blood sam-
ples with LPS induced a significant increase in the per-
centage of monocytes expressing either IL-12 or IL-10
(HSN, HSP and CHC: P < 0-001). The percentage of
IL-12" monocytes upon LPS stimulation was significantly
lower in CHC patients (19-67%) than in the HSN
(26:97%; P = 0-05) and HSP (24-11%; P = ns) groups.
The percentage of IL-10" monocytes in unstimulated or
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and controls; nevertheless, similarly to PBDCs, in CHC
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patients the frequency of IL-10" monocytes was inversely
correlated with Knodell index (Fig. 2c¢).

HCV-specific CD4" T-cell responses

Proliferative responses to PHA and FLU did not differ
between the CHC, HSN and HSP groups (median PI to
PHA: 1253, 116-3, 110-8; FLU: 10-4, 11-6, 12-7, respect-
ively), thus confirming the notion that CHC patients are
immune-competent.””> The analysis of the HCV-specific
CD4" T-cell responses revealed that lymphocytes from

HSP and CHC patients were reactive to viral peptides,
while lymphocytes from HSN controls did not show any
positive proliferative response to any HCV peptide used.
Lymphocytes from CHC patients had positive prolifera-
tive responses to HCV peptides at a lower frequency than
those from HSP patients, with positive responses (i.e.
with PI greater than the positive cut-off value of 2:75) to
at least one peptide observed in 52-:2% of CHC compared
with 70-6% of HSP patients, and positive responses to at
least two peptides in 21-7% compared with 47-1% (P =
ns). Figure 3(a) shows the frequency of subjects with
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Figure 3. HCV-specific CD4" T-cell proliferation is vigorous in subjects with spontaneous control of HCV-infection, but impaired in patients
with chronic infection. (a) Representative flow cytometric analysis of CD4" T-cell proliferation upon stimulation of PBMCs with (right column)
or without (left column) an HCV peptide. After culture of PBMCs for 6 days with BrdU incorporation allowed during the last 6 hr, cells were
double stained with TriColor-cojugated anti-CD4 and PE-conjugated anti-CD25 mAbs. Cells were then fixed, permeabilized, subjected to partial
DNA denaturation, and stained with FITC-conjugated anti-BrdU. Flow cytometric analysis was performed within 24 hr. Gated on CD4" cells
(R1, upper row), cell proliferation was assessed as incorporation of BrdU by CD25" cells (lower row). The degree of HCV-specific CD4" T-cell
proliferation was expressed as the proliferation index (PI), calculated from the fraction of CD25" BrdU" CD4" cells found with antigen divided
by that found without antigen. (b) Percentage of subjects, in the groups of HSN (white bars), HSP (grey bars) and CHC (black bars), with a sig-
nificant PI to the indicated HCV peptides. A significant PI was defined as being >2-75, which was the cut-off value calculated from the group of
16 healthy HCV-seronegative controls. P-values were calculated using the Fisher exact test. (c) Intensity of CD4" T-cell proliferation to the indi-
cated HCV-peptides in the three groups. Mean + SEM from 16 HSN (white bars), 17 HSP (grey bars), and 23 CHC (black bars). P-values were
calculated using the Mann-Whitney U-test. (d) The intensity of CD4" T-cell incomplete activation was calculated in the same subjects as in (b),
from the proportion of CD25" BrdU™ cells.
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positive proliferation to individual HCV-peptides in the
three groups. The proportion of responders among HSP
patients was significantly higher than among HSN controls
upon stimulation with any peptide. The proportion of
responders among CHC was lower than among HSP (P =
ns). As shown in Fig. 3(b), similar results were observed
when the intensity of the proliferative responses, expressed
as PI, was evaluated. PI in response to all individual pep-
tides were significantly higher in HSP than HSN, and
lower in CHC than HSP. The reduction of proliferative
responses in CHC reached statistical significance when the
overall responses to individual peptides were considered
(PI: 2-12 versus 3-06; P = 0-007). To investigate whether
the impaired HCV-specific proliferation of CHC lympho-
cytes could be related to an incomplete activation, we
measured the CD4" T cells that did express CD25 after sti-
mulation but did not incorporate BrdU. Indeed, the iAl
was higher in CHC patients than in HSP patients upon sti-
mulation with all the individual HCV peptides (Fig. 3c).

Cytokine production by PBMCs

The production of IFN-y and IL-10 upon stimulation of
PBMCs with individual HCV peptides did not differ sig-
nificantly between CHC and HSP subjects (Fig. 4a). In
CHC, but not in HSP, subjects the levels of IL-10 were
inversely correlated with PI (Fig. 4b).

Correlations between PBDCs and CD4" T-cell
reactivity

As shown in Fig. 5(a), in the comprehensive group of
HCV-exposed individuals composed of CHC and HSP

(a)

PBDCs and CD4* T-cell reactivity in CHC

patients, the CD4" T-cell proliferative responses to HCV
peptides were directly correlated with the number of
mDCs. The same proliferative responses were correlated
directly with the percentage of IL-12" PBDCs (Fig. 5b)
and inversely with the percentage of IL-10* PBDCs
(Fig. 5¢). These correlations were more evident when the
production of cytokines upon LPS stimulation was con-
sidered. No other significant correlations were found
between CD4" T-cell reactivity or cytokine production
and parameters measured on PBDCs and monocytes.

Discussion

Reduction of PBDCs in CHC patients has recently been
reported by several groups, with some conflicting results
on whether either mDCs or pDCs or both subsets are
affected.*>'"?%*” In this study we observed a significant
reduction of both mDCs and pDCs that was comparable
with the other reports. The reason for this reduction is
still unclear. It has been proposed that liver injury per se
may lead to a paucity of PBDCs either by affecting DC
mobilization from the bone marrow, or by increasing DC
migration to the liver.® Another possibility is that, as
demonstrated for other viral infections,”®>> HCV itself is
responsible for DC reduction, by mechanisms that may
include injury of infected DCs or DC precursors, recruit-
ment of infected cells to the lymph nodes, or interference
with the differentiation process of DCs from their precur-
sors. Our results seem to suggest that direct and indirect,
viral and non-viral effects may all contribute to the
reduction of PBDCs in CHC. In fact, the lack of correla-
tion between PBDC count and viral load in our pati-
ents, yet reported in other studies,”®>*” may suggest the
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contribution of liver injury and indirect viral mechanisms.
On the other hand, the more pronounced mDC reduction
in patients infected with HCV genotype 2 may reflect a
different cell tropism of the different viral clusters, sug-
gesting a role for direct viral effects. What is evident from
our results is that, whatever the mechanisms involved,
active HCV infection is needed to affect the number of
DCs, because HSP subjects, characterized by the sponta-
neous resolution of their HCV infection with persistently
undetectable viraemia, have PBDC numbers similar to
HSN controls.

By including the HSP group we could also demonstrate
that in HCV-exposed subjects the number of mDCs,
which are the main promoters of T-cell immunity,*
directly correlate with the proliferative responses of HCV-
specific CD4" T lymphocytes. This is an important new
finding that may allow better clarification of the signifi-
cance of DC reduction in these patients. In a similar
manner to previous observations in a different setting
composed of CHC women and their children,® here we
could confirm that CD4" T-cell-proliferative responses to
HCV peptides are less frequent and vigorous in CHC
than in HSP, possibly because of an incomplete cell acti-
vation. As in that study, here we could also demonstrate
that the production of IL-10 by PBMCs stimulated with
HCV peptides was inversely correlated with CD4" T-cell
proliferation in CHC patients but not in HSP patients.
The role for IL-10 in impaired T-cell reactivity during
chronic HCV infection, which we had previously demon-
strated with inhibition experiments,”> seems therefore to
be supported in this clinical setting.

Moreover, the centrality of IL-10 in the modulation of
immune responses during HCV infection seems to be

290

were determined using the Spearman rank test.

strengthened by the inverse correlation found in this
study between the production of IL-10 by PBDCs,
expressed as percentage of cytokine-secreting cells, and
HCV-specific CD4" T-cell proliferation. This observation
is worthy of note, because IL-10 of DC origin is known
to direct the differentiation of anergic T cells from naive
precursors and is therefore expected to contribute to the
impaired T-cell reactivity that is associated with the per-
sistence of HCV infection.'***> We also observed that
PBDCs from CHC have an impaired ability to produce
IL-12, the main regulatory cytokine that is able to pro-
mote the cell-mediated immune responses that are crucial
for the detection and elimination of virus-infected cells.”®
This finding is in accordance with previous studies that
reported reduced IL-12 production in different experi-
mental models.””'> What we add is that IL-12 produc-
tion by PBDCs is preserved in HSP patients and that it
directly correlates with HCV-specific CD4" T-cell prolifer-
ation. Notably, monocytes showed a pattern of cytokine
production similar to that of PBDCs. But, unlike cytokines
of DC origin, IL-12 and IL-10 produced by monocytes
did not correlate with T-cell functions. Therefore, taken
together these findings seem to support the growing con-
viction that DCs play a central role in the immune dys-
regulation leading to chronic HCV persistence.

While T-cell functions correlated uniquely with DC
parameters, the Knodell histological activity index (HAI)
score inversely correlated with the production of IL-10 by
either DCs or monocytes. This observation may highlight
the dual role of IL-10 in CHC patients. In fact, by skew-
ing tolerogenic T-cell responses, IL-10 of DC origin can
hamper the Thl responses, which on the one hand are
fundamental to the eradication of HCV infection, but on
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the other hand are responsible for liver injury caused by
an immune Thl response against HCV-infected hepato-
cytes.”?®  Moreover, IL-10 of whatever origin can
potently inhibit the production of almost all pro-inflam-
matory cytokines and chemokines.” Therefore, the pro-
duction of IL-10 in CHC patients, while it may be
detrimental to the control of viral infection, may be
favourable to the prevention of overwhelming liver
inflammation and injury.

In conclusion, the present study clearly indicates that
during chronic HCV infection PBDCs show numerical
defects and functional alterations that are not present fol-
lowing spontaneous resolution of HCV infection and that
correlate with HCV-specific CD4" T-cell impairment.
Although further studies are needed to clarify whether the
number and function of peripheral DCs reflect those of
liver DCs, the present study seems to indicate that cyto-
kines of DC origin may contribute to the regulation of
HCV-specific immunity in CHC patients, and provides
evidence that PBDCs may represent a novel non-invasive
tool for immune monitoring of these patients.
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