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Background/Aims: Dendritic cells (DCs) play a key role in immune responses through antigen presentation and

cytokine secretion. Hepatitis C virus (HCV) is able to escape elimination by the immune system and often establishes a

chronic infection. To investigate whether DC dysfunction is involved in this process, we have studied monoycte-derived

DCs (Mo-DCs) and plasmacytoid DCs (pDCs), which produce large amounts of IFN-a, from chronic HCV patients and

healthy donors.

Methods: We have assessed TNF-a and IFN-a production by pDCs using intracellular staining after total PBMCs

stimulation with unmethylated CG dinucleotides (CpGs). The induction of allogeneic T cell proliferation by immature

Mo-DCs was measured using the MLR assay. The up-regulation of maturation markers and the production of TNF-a in
response to LPS were analyzed using flow cytometry and ELISA, respectively.

Results: We have detected comparable frequencies of pDCs producing TNF-a and IFN-a in both chronic HCV

patients and healthy donors and we have found that immature Mo-DCs from both patients and donors similarly induce

allogeneic T cell proliferation and mature and secrete TNF-a in response to LPS.

Conclusions: Our results demonstrate that both pDC and Mo-DCs are not impaired in HCV infected patients.

q 2004 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Successful elimination of a pathogen requires a robust

innate immune response and efficient priming of adaptive

immunity. Dendritic cells (DCs) are central in both these

processes through two functions, induced by the recognition

of pathogen-associated molecular patterns (PAMPs) in

peripheral tissues at the immature stage: (1) secretion of

pro-inflammatory cytokines; (2) maturation, characterized

by migration to the lymph nodes, processing and presentation
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of antigens engulfed in the periphery, and up-regulation of

co-stimulatory molecules such as B7.1 (CD80) and B7.2

(CD86), leading to efficient priming of naı̈ve T cells [1,2].

DCs can be of lymphoid and myeloid origin [3]. Myeloid

DCs respond to activation producing large amounts of TNF-

a and IL-6 and, to a lesser extent, IL-12 [2]. Blood

monocytes can be considered precursors of myeloid DCs

[3–5]. Plasmacytoid dendritic cells (pDCs) are lymphoid

DCs that produce high amounts of TNF-a and IFN-a when

stimulated with endogenous or pathogen stimuli and for this

reason are proposed to have a central role in the elimination

of intracellular infection, such as viral infection [6].

Hepatitis C Virus (HCV) is a positive strand RNA virus

of the flaviviridae family infecting about 200 million people

worldwide and leading to chronic infection in a high
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percentage of individuals [7,8]. A sizeable fraction of

chronically infected people develops liver diseases such as

hepatitis and cirrhosis or hepatocellular carcinoma (HCC)

[7,8]. Apparently, the immune response against HCV is

often not sufficient to lead to the elimination of the virus.

A number of causes for this impairment have been

proposed, such as hypervariability of the virus [9,10],

inhibition of Natural Killer (NK) cell function [11,12],

inefficient induction of T cell responses [13–15] or

dysfunction of DCs.

The latter aspect has been addressed in previous studies

which assessed the function of monocyte-derived DCs (Mo-

DCs) from chronic HCV infected patients [16–20]. Some of

these studies indicate that Mo-DCs have impaired allo-

stimulatory capacity [17–20], suggesting a variety of

mechanisms such as the reduction of basal IL-12 transcrip-

tion [20], the loss of maturation capacity [18], infection of

Mo-DCs by the virus [19] or increased IL-10 production due

to interaction with HCV Core or NS3 [17]. It was also

shown that DCs transfected with Core and E1 HCV proteins

are poor stimulators for allogeneic and autologous T cells

[21]. However, the viral infection and replication in PBMCs

including monocytes from HCV patients, investigated in

many studies during the past decade, is still controversial

[22–24]. Moreover, there is no evidence for the expression

of HCV proteins in Mo-DCs from chronic HCV patients.

A recent report shows that Mo-DCs from chronic HCV

patients mature in response to TNF-a and stimulate allogeneic

T cells normally [16]. In addition, it was previously shown

that DC dysfunction is restricted to HCC conditions in both

HCV and Hepatitis B Virus (HBV) infected patients,

independently of which type of viral infection determines
Table 1

Principal features of patients chronically infected with HCV

Patient. Sex Age (year) Genotype Viral loa

1 M 58 1b 4.32!10

2 F 36 1b 1.14!10

3 M 40 1a 2.53!10

4 M 51 1b 8.24!10

5 F 61 1b 4.54!10

6 M 42 1b 4.54!10

7 M 40 1b 4.76!10

8 M 67 2a/c 4.90!10

9 F 54 1b 2.50!1

10 F 46 Unknown 5.00!1

11 M 71 1b 8.50!10

12 M 59 1b 5.00!10

13 M 70 1b 4.30!10

14 M 51 3a 9.60!10

15 M 41 3a 5.00!10

16 M 36 3a Unknown

17 M 61 1b 2.90!10

18 M 36 4c 1.07!10

19 M 29 3a 2.65!10

20 M 60 1b 2.50!10

Patients 1–10 are used to obtain Mo-DCs. Patients 11–20 are used to analyse pDC f

indicates alanine amino transferase. A indicates inflammation activity score (max
the HCC [25]. Clinical observation of chronic HCV infected

patients does not reveal signs of impaired immune responses

like opportunistic infections [26], even in end stage liver

disease, indicating that chronic infection is not caused by a

general block of immune responses, but rather by a failure to

respond specifically to HCV.

Two recent studies show largely similar frequencies of

pDCs in untreated chronic HCV patients versus healthy

donors but discrepant results regarding IFN-a production by

pDCs. One of these studies concludes that the antiviral

therapy may be responsible for reduced IFN-a production

[27,28].

In the light of these contradictory observations, we

decided to compare the function of Mo-DCs and pDCs from

healthy donors and chronic HCV patients. We found that

HCV Mo-DCs show normal ability regarding maturation,

allo-stimulation and cytokine secretion compared to those

of healthy donors. Similarly, pDCs from healthy donors and

chronic HCV patients show comparable cytokine pro-

duction in response to unmethylated CG dinucleotide

(CpG) stimulation. We conclude that both myeloid and

plasmacytoid DCs are normal in chronic HCV patients,

suggesting that other reasons have to be considered to

explain the frequent failure of the immune response to

eliminate HCV.
2. Materials and methods

2.1. Patients and healthy donors

Table 1 shows the principal clinical features of the patients involved in
this study, followed at the Gastroenterology and Hepatology Unit, Azienda
d (IU/ml) ALT (GPT) (U/l) Histology

grade

Histology

stage

5 185 A7 F1
6 53 A11 F3
5 32 A6 F0
5 100 A9 F6
5 72 A5 F0
5 51 A6 F1
5 73 A7 F2
5 144 A12 F1

0 35 A11 F5

0 67 Unknown Unknown
5 63 A2 F2
6 63 A2 F2
5 348 A3 F2
5 70 A3 F3
5 207 A3 F3

158 A1 F2
5 48 A3 F4
5 285 A2 F1
6 124 A2 F1
5 84 A3 F3

unction. None of the patients had undergone antiviral treatment. ALT (GPT)

imum 18). F indicates stage of fibrosis (maximum 6).
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Ospedaliera Universitaria Pisana, Pisa and at the Institute of Internal
Medicine, University of Trieste, School of Medicine, Trieste. All patients
are HCV positive (anti-HCV Ab and HCV-RNA positive), HIV/HBV
negative with chronic hepatitis and not previously treated with interferon
therapy. Buffy coats from healthy donors tested serologically negative for
HIV, HBV, HCV, were obtained courtesy of Blood Transfusion Section,
Alta Val D’Elsa Hospital, Poggibonsi. Informed consent was obtained prior
to all blood donations. The study protocol was approved by the institute’s
ethical committee and conforms to the ethical guidelines of the 1975
Declaration of Helsinki.

2.2. Cell preparations and cultures

PBMCs were obtained from patient blood and healthy donor buffy coats
by Ficoll Hypaque (Amersham Biosciences, Uppsala, Sweden) density
gradient centrifugation, according to standard protocols. Immature Mo-
DCs were generated as described [5]. Briefly, highly purified (O98%)
monocyte population was obtained from PBMCs by MACSw (Miltenyi
Biotec, Bergisch Gladbach, Germany), using a one step positive selection
of CD14C cells with anti-CD14 coated magnetic microbeads (Miltenyi
Biotec). Monocytes were then cultured using six well cell culture cluster
(Costarw, Corning, New York, USA) for 6 days in RPMI-1640 medium
(Invitrogen Life Technologies, Carlsbad, California, USA), supplemented
with 10% of Fetal Calf Serum (FCS) (Hyclone, Logan, Utah, USA), 1%
Penicillin–Streptomycin–Glutamine solution (PSG) (Invitrogen Life tech-
nologies), IL-4 (10% supernatant from IL-4 secreting cell line, kindly
provided by A. Lanzavecchia, Institute for Research in Biomedicine,
Bellinzona, Switzerland) and 50 ng/ml of GM-CSF (Leucomaxw, Novartis,
Basel, Switzerland). Immature DCs were washed and cultured for the
experiments in RPMI-1640 medium supplemented with 10% FCS, 1%
PSG, using 96 well U-bottom cell culture cluster (Costarw). To analyse
pDC function, total PBMCs were cultured as described for immature Mo-
DCs, and pDCs were identified by BDCA-2 expression.

2.3. Flow cytometry

Surface and intracellular staining of cells was performed according to
standard protocols using mouse monoclonal anti-CD86-FITC or -PE, anti-
CD83-FITC or -PE, anti-HLA-DR-FITC or -PE (Becton Dickinson, San
Jose, California, USA), anti-BDCA-2-PE (Miltenyi Biotec), anti-TNF-a-
APC (Becton Dickinson), and anti-IFN-a-FITC (ImmunoKontact, Abing-
don Oxon, UK). Flow cytometric analyses were performed using a
FACSCalibure cytometer (Becton Dickinson).

2.4. MLR

Allo-stimulatory capacity of immature DCs was evaluated through a
standard MLR. Briefly, irradiated and washed DCs (Stimulator cells) were
mixed with allogeneic PBMCs from healthy donors (Responder cells) in an
increasing Stimulator/Responder ratio and cultured for 5–7 days. The cell
cultures were pulsed with 1–2 mCi of [3H] thymidine (Amersham
Biosciences) during the last 16–18 h. The incorporation of [3H] thymidine
in proliferating cells was measured by a liquid scintillation counter
(Packard, Palo Alto, California, USA).

2.5. Measurement of cytokine production

TNF-a production in culture supernatants was quantified by specific
standard sandwich ELISA, using capture B154.9 and biotinylated B154.7
mouse monoclonal antibodies, kindly provided by G. Trinchieri, Schering
Plough Corporation, Lyon, France.
3. Results

Mo-DCs were derived from CD14C monocytes purified

from PBMCs of healthy donors and chronic HCV infected

individuals as described in Section 2. Mo-DCs from the two
groups of people were routinely controlled for differen-

tiation and were similarly positive for CD1a, negative for

CD14 and displayed the same morphology in light

microscopy (data not shown).

A hallmark of DC maturation is the up-regulation of

maturation markers in response to a variety of endogenous

or pathogen-derived stimuli. Therefore, we assessed the

expression of HLA-DR, B7.2 (CD86) and CD83 in response

to LPS. After culture with LPS for 48 h, Mo-DCs from

chronic HCV patients up-regulate B7.2 (CD86), CD83 and

HLA-DR similarly to Mo-DCs from healthy donors (Fig. 1).

Fig. 1(A) shows the average of mean fluorescence intensity

(MFI) values of Mo-DC maturation markers before and

after LPS stimulation, from two groups of 10 healthy donors

and 10 chronic HCV infected patients. In Fig. 1(B),

representative results from an individual healthy donor

and a chronic HCV patient are shown. Flow cytometry

histograms show expression levels of the indicated

molecules before (thin line) and after (bold line) LPS

stimulation. A principal feature of DCs is to prime T cell

activation. To assess directly this function, we used

immature Mo-DCs as stimulators in a MLR assay.

Fig. 2(A) compares the average stimulation indices (SIs)

of Mo-DCs from 10 healthy donors (white bar) and 10 HCV

infected patients (black bar), at a Stimulator/Responder

(S/R) ratio of 1/20. In Fig. 2(B), a representative experiment

is shown, performed with Mo-DCs from a healthy donor and

an HCV infected patient at the indicated S/R ratios. In

Fig. 2(C), the thymidine incorporation in MLRs using donor

or patient DCs are compared. Our data clearly indicate that

Mo-DCs from HCV infected patients stimulate allogeneic T

cells as well as Mo-DCs from healthy donors.

TNF-a is a pro-inflammatory cytokine with pleiotropic

activity and a central role in the innate immune response.

Therefore, we measured by ELISA the secretion of this

cytokine by Mo-DCs in response to LPS. As shown in

Fig. 3, HCV Mo-DCs produce similar amounts of TNF-a as

compared with Mo-DCs from healthy individuals, and both

groups display a similar degree of variability in the TNF-a
response to pathogen stimulation.

Another important DC subset involved in innate immune

responses are pDCs, identified by the specific expression of

BDCA-2 [29] which secrete high amounts of TNF-a and are

the principal producer of the antiviral cytokine IFN-a. To

assess the function of pDCs in HCV patients, total PBMCs

were stimulated with CpGs and production of TNF-a and

IFN-a by BDCA-2C pDCs was analyzed by intracellular

staining. Fig. 4 shows the TNF-a and IFN-a production by

pDCs from healthy donors and chronic HCV patients. In

Fig. 4(A), the average percentage of TNF-a and IFN-a
positive pDCs from groups of 10 patients and 24 donors is

shown, while in Fig. 4(B) and (C), production of TNF-a and

IFN-a by pDCs from a healthy donor (B) and a chronic

HCV patient (C) are compared. Our data demonstrate that

cytokine production by pDCs from chronic HCV patients is

similar to that of healthy donors.



Fig. 1. Chronic HCV patient and healthy donor Mo-DCs respond similarly to LPS by up-regulation of maturation markers. A, average of MFIGSD of

B7.2 (CD86), CD83, HLA-DR maturation markers with (white bar) or without (black bar) LPS stimulation in HCV patient and healthy donor Mo-

DCs. B, comparison, as representative example, of B7.2 (CD86), CD83, HLA-DR fluorescence histograms before (thin line) and after (bold line) LPS

stimulation, between a healthy donor and a HCV patient Mo-DCs. Cells from 10 different healthy donors and 10 HCV patients were assessed. LPS was

used at 100 ng/ml.
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4. Discussion

HCV frequently establishes a chronic infection, clearly

indicating the inefficiency of the immune response to

eliminate the virus. Among the studies focused on the

causes of this failure, some groups proposed defective

functions of HCV patient Mo-DCs [17–20]. In order to

re-evaluate and extend these findings, we compared the

function of both Mo-DCs and pDCs from chronic HCV

patients and healthy donors. Our study clearly demonstrates

that DCs from the two groups of individuals display similar

capacity to induce innate and adaptive immune responses.

Our results are in agreement with a recent study which

showed that Mo-DCs from chronic HCV patients undergo

normal TNF-a dependent maturation and that immature and

mature Mo-DCs from healthy donors and chronic HCV

patients display a similar ability to stimulate allogeneic
and influenza-specific autologous T cells [16]. We extend

these findings to LPS induced DC maturation, showing

comparable T cell allo-stimulation and up-regulation of all

maturation markers studied. In addition, we evaluated the

ability of Mo-DCs to induce the innate immune response,

using the production of TNF-a in response to LPS as

functional readout. TNF-a is the major cytokine produced

by Mo-DCs and has a pro-inflammatory activity with a

central role in innate immune response [30]. Our results

show that Mo-DCs from patients and donors respond to the

pathogen stimulus with a comparable TNF-a secretion and

similar degree of variability. A number of studies showed

that Mo-DCs from HCV patients have impaired ability to

induce T cell responses compared to that of healthy donor

DCs, in terms of proliferation or IFN-g secretion by

allogeneic PBMCs or by autologous or allogeneic CD4C
T cells [17–20]. These divergences cannot be accounted for



Fig. 3. Chronic HCV patient and healthy donor Mo-DCs produce TNF-

a with similar efficiency. TNF-a quantified by sandwich ELISA in

culture supernatant of healthy donor and chronic HCV patient Mo-

DCs stimulated with LPS at 100 ng/ml. We used 10 different healthy

donors and HCV patients. PO0.3 (Student’s t-test).

Fig. 2. Chronic HCV patient and healthy donor Mo-DCs have

comparable allostimulatory capacity. (A) Average of stimulation

indices (SIs)GSD in MLR at the Stimulator/Responder ratio of

1/20, using as stimulator cells immature Mo-DCs from healthy

donors (white bar) or from HCV chronic patients (black bar).

Allogeneic PBMCs are used as responder cells. 10 different healthy

donors and HCV patients were analyzed. (B) Representative

example of SIs at different Stimulator/Responder ratios, in two

MLRs performed using healthy donor (white circle) or HCV patient

(black circle) Mo-DCs as stimulator cells. (C) Thymidine incorpor-

ation in two MLRs with donor (white square) and HCV patient

(black square) Mo-DCs as stimulator cells. SI is the ratio of cpm

between samples with stimulator plus responder cells and samples

with responder cells alone.

Fig. 4. pDCs from chronic HCV patients and healthy donors show

comparable TNF-a and IFN-a production. (A) AverageGSD of

percentage of TNF-a and IFN-a positive pDCs, as revealed by

intracellular staining, in 24 healthy donors (white bar) and 10 HCV

chronic patients (black bar). (B) and (C) Dot plots of BDCA-2C gated

pDCs stained for TNF-a and IFN-a from a healthy donor (B) or a

chronic HCV patient (C). PBMCs were incubated overnight with CpG

2216 at 10 mg/ml. Brefeldin was added after 4–6 h of stimulation at final

concentration of 2 mg/ml.
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by any apparent difference between the patient groups

(Table 1). As suggested by Longman et al., slight

differences in the culture conditions may affect the

efficiency of DC differentiation and effector function.
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While the experimental procedures in the above mentioned

studies are very similar, different effects were observed and

therefore, different explanations for the observed immuno-

stimulatory defect of the HCV patient DCs were put

forward. In fact, two studies concluded that immature DCs

from HCV patients lost the co-stimulation capacity because

of the reduced IL-12 basal transcription and CD86

expression [20], or the inability to mature in response to

TNF-a [18]. However, examining carefully a number of

maturation markers, neither we nor Longman et al.,

observed defects in maturation in response to either LPS

or TNF-a [16]. Another study showed that patient and

healthy donor DCs had comparable maturation capacity in

response to TNF-a and suggested that the viral infection of

DCs could be the principal cause of the DC impairment,

finding HCV positive strand RNA of unique sequence

variants in patient DC cultures [19]. However, discordant

results about HCV infection and replication in PBMCs and

consequently in monocytes were obtained in the past decade

[23,24]. An explanation for the discrepancies could be that

the findings of HCV RNA in PBMCs from HCV patients is

due to passive absorption of the circulating virus to the cells

[22]. In addition, no study reveals HCV protein expression

in Mo-DCs from patients. Interestingly, Sarobe et al.

showed that HCV patient Mo-DCs have normal capacity

to stimulate T cells but become functionally impaired only

upon expression of HCV core and E1 proteins induced by in

vitro transfection with adenovirus. These results indicate

that even if DCs or their precursors are infected by HCV in

vivo, this infection is not able to induce intracellular

expression of HCV structural proteins sufficient to cause DC

dysfunction [21]. A more recent study proposed that the

reduced immuno-stimulatory abilities of immature DCs are

caused by autocrine action of IL-10 induced by the presence

in culture of Core and NS3 HCV proteins [17]. It is unclear

whether this encounter between maturing DCs and HCV

proteins occurs in vivo, given the relatively high amounts of

protein employed and the rather narrow time window during

which modulation of DC function appears possible. In

addition, the inhibitory effects of the HCV proteins are

overcome upon DC maturation. It could be that DC

dysfunction observed in HCV patients is only indirectly

linked to the viral infection. In fact, a previous study found

impaired DC allo-stimulatory capacity in the clinical state

of HCC, in HCV or HBV patients, regardless of the type of

viral infection [25]. However, a definitive explanation for

the divergence between the results shown here or by

Longman et al. and previously published data still has to be

found.

In the light of the normal functional activity of Mo-DCs

found in this study, we decided to investigate also cytokine

production by pDCs. These cells have the unique feature to

produce high amounts of IFN-a in response to endogenous

and pathogen stimuli such as CpG [6]. IFN-a is the major

antiviral cytokine with a primary role in the modulation of

immune response [31]. Our results indicate for the first time
that HCV patient pDCs have similar ability to produce

IFN-a and TNF-a compared to healthy donor pDCs in

response to CpGs, clearly indicating that the antiviral

functions of pDCs are unaffected in HCV infected patients.

Recently, a study that directly correlated the blood pDC

count with IFN-a secreted by total PBMCs stimulated with

Herpes Simplex Virus 1 (HSV-1), observed a comparable

frequency of pDCs in PBMCs from healthy donors and

untreated HCV patients [28]. Because HSV-1 is a potent

stimulus for pDCs, these results reinforce our data, even if it

is not possible to exclude indirect effects on IFN-a secretion

due to HSV-1 stimulation of other cell populations. Another

recently published work shows a minimal reduction in pDC

frequency in PBMCs from untreated HCV patients, while

a significant decrease in IFN-a production by pDCs

stimulated with CpGs is observed [27]. At present, we

have no explanation for this discrepancy, and in particular,

the type of CpG used in the two studies is the same.

In conclusion, our study shows that both DC subsets

display normal effector functions during chronic HCV

infection. These and published [16] results are consistent

with the observation that HCV infected patients have no

signs of generally impaired immune response [26], which

would be expected in the case of DC dysfunction.
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